XX Hints & Solutions %47

Rotational Dynamics

WARM-UP

Topic-wise MCQs
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2. (@
Vinax = VHs'd = {0.5x40x9.8 =14m/s
2
vV (43)? 7

@no =y T 20/3x98
or 9=60°

mV2

mo-N =R

mv?2

oo N=mg-—
g R

As Rg>Rp,and so Ng>Nj.

m=?=a-ﬁrad/s

tan®=v2/rg, tan®=H/1.5 r=200m,b=1.5m

v =36 km/hour =36 x (5/18) = 10 m/s.

Putting these values, we get H=0.075 m.

There is no change in the angular velocity, when
speed is constant.

Frequency of revolution is

18
V=—
60

18
AS, ® =21V =2Tx—
> 60

We know that, v=Rw®

18x2n 4

=0.Imx——s 1
60

=6nx107°ms”
Hence speed of particle is 6m x 102 ms™?

L
v=ro=wmn=—=constant [As v and r are
r

constant]

2 2
=Y U007 032
r 160

-V @—Uad/s
r 100

v=ro=0.5x70=35m/s
v=ro=20x10cm/s=2m/s
Average velocity

= 1km/s?

3 Total displacement _2m _oms
Total time 1s

16.

17.

18.

19.

20.

21.

(@ Here, v,=420rpm=7rps

S =21V = 2x£x7 — 44 rads™
7

®=0,a=-2rads>?

t_w—wo _L‘A
o -2

(d) Angular acceleration,

=225

0-0g 27‘C(V—V0)
t ot

o=

. 4500 _;
Given, v=4500 rpm = 60 S

1200 _;
Vo =1200 rpm = WS

t=10s
Substituing the given values, we get
27
—(4500 —1200)
60
10

_(D—(,OO

=11nrads 2 = 1r <180
T

= 1980 degs

©-wy _ 600m—200m

- 2
10 40m rad/s

d As a=

0’ -0l  (600r)° —(200r)

Now, 6 = =
20, 2x 407

6 =4000n

. 6 4000~
Number of revolution, N =——=
2n 2n

(b) Angular velocity is axial vector.
120x2m

= 2000

() Angular speed, o= =4m rad/sec

900

@ mi=¥x2n 30mrad/s, w; =0, t=60s

W —O®;
of =oj+ot  ooa=——l=
t 60
Here, —ve sign shows angular retardation.

@ a=oR

0-30m _ = rad/s?




23.

24.

25.

26.
217.

28.

29.

600x 2
(&) W,=600rev/min= —— " =20xrad/s
o=-2rad/s?, =0
using, = ,? + 200
= 0=(20m)?-2x2x0
0=10012
2
Number of revolutions = i = % =157
2 271

© o?=w0f-200=0=4nn?-200

2
(12
e =

2x4

= 200n’rad

. 27n = 200m® = n=1007 = 314revolutions
(c) Given, no. ofrotation n= 1800 rpm = 1800 rps
Time, t=2 minutes = 120s

21 x1800
—ra

Initial angular speed o, = ds™?

=60nrads
Final angular speed (as wheel comes to rest)
w=0

-0 60n-0 7

(@ Fromfigure,

-2

2
mv .
Nsin@ = T ()

Ncos© =mg

Dividing, we get
v2 2

tan = — or g=tan ~—
rg

(b) Since surface (ice) is frictionless, so the centripetal
force required for skating will be provided by
inclination of boy with the vertical and that angle is
given as

2
v

tan 6 = E where v is speed of skating &r is radius

of circle in which he moves.

V2
(b) Forbankingtan 6 =—
Rg

2

tan 45 = v =1
90x10
V=30m/s

30.

31.

32.
33.

34.

35.
36.

37.

38.

39.

40.

41.

42,

(b) For circular motion of aircraft,

5
r=9km, v =540 km h-*=540 x 18 =150 ms

2
Banked angle, tan6 = v M _1
rg 9x10°x10 4
0 =cot™* (4)
(@) Angle of banking is tan 6 = ﬁ—z—oz- 1
’ ‘ T rg 40V3x10 3
®)
(b) For negotiating a circular curve on a levelled road,

the maximum velocity of the car isv ., = \/urg

Here n=0.6,r=150m,g=9.8

-+ Vinax = +/0.6x150%9.8 ~30m/s

® F=p(mg)

Centripetal force F = mv2/r

pmg = (mv2" or = v2/pg

o 12?
0.4x10

(©) Vpax = J1rg =~/0.75x60x 9.8 =21 m/s

() Here,v=20ms™, r=100m,a; =3 ms?

36m

. . V2 20x20
Centripetal acceleration, ac =T = 100 =4ms

-2

The resultant acceleration = \/aZ + a2

=J(4)? +(3)% =+/25 = 5ms 2

(b) Dueto centrifugal force, the inner wheel will be left up
when car is taking a circular turn. Due to this, the
reaction on outer wheel ismore than that on inner wheel.

®)

(d) Centripetal acceleration, is always directed towards
the centre of the circle. The direction of centripetal
acceleration changes continuously. Therefore, a
centripetal acceleration is not a constant vector.

(b) Centripetal acceleration a,=v?2/r
It acts along the radius and directed towards the centre
of the circular path.

mv? 1
@ F=——. Ifmandyv areconstantsthen F o "
r
A_(r)
F, \n

2
mv L
(b) F =——. Forsame massand same speed if radius is
r

doubled then force should be halved.

N\ |\
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43.

44,

45.

46.

47,

48.

49.
50.

Sl

52.

N \\

a _0gxR_T/ R_R

@ B Toter 12T T [AsT = Tel
() They have same ®
Centripetal acceleration = o?r
ﬂ_ 0)2r1 _i
ay (,)Zrz Iy
@ mo? =mg
or o= \/g
r
r f 4
=21 |— = 27— =
T \/; i 98 4s
(b) Atthe bottom of the circle
2 2
T = mg+ﬂ = 2x10+2X4 =52 N.
r

(d) Inacircular motion,

2
2 az ( V2 ( 2V1\

Ly B v

(b) Net acceleratlon in non-uniform circular motion.

a=\/at2+a§= (2) +(ggg) = 2.7 m/s?

a, = tangential acceleration

2
a, = centripetal acceleration = VT

®)
(c) Radial acceleration is given by,

2 2

5 _

ar =V—=Q=2.5ms 2

r 10

Net acceleration, a = \/af ra? =22+ (25?2 =32ms™2

2
. mv
(c) Centripetal force, F = ¥

= v2 o r (Forsamem & F)

Vi =\/r_72£ [ npir,=3:4]
Vo 7 2

(d) Given, massof child, m=5kg
Radius of merry-go-round, R=2m

2n
= =2rad/s
Angular velocity, ® = 314

The centrifugal force on the child will be
F=Mo?R=5x22x2=40N

54.

55.

56.
S7.

59.

60.
61.

2

(@ Centripetal force F; = mTv andv=rx o

FC = mmz r= 200 X (02)2 X 70 = 560 N
(a) N cos 6

fsing

Clearly form the figure, N sin6 and f cos0
contribute to the centripetal force.

2

- Nsin@+fcosg= TV
R
2
@ a=—- (250) —625mis? = alg —6—85—638
®)
(d) As body covers equal angle in equal time intervals.

Its angular velocity and hence magnitude of linear velocity
is constant.
(c) Fromequation = w,+at

10

® _
orw=at:>a=T=—=2radS 2

1
Now, using displacement, 8 = wqt+= ot?

.'.9=%><2><(5)2 = 25rad

(c) Speed, v = constant (from question)

2
Centripetal acceleration, a = —

ra = constant
Hence graph (c) correctly describes relation between
acceleration and radius.

2
. Vv

(@ Acceleration = — towards the centre.
r

(c) Incircular motion,

2
ac=" o ov=yar= 18x50x1072 =3mls
% 3
Alsp, W=—=———=6rad/s
' 50x1072
0=ot=6x—r="
18 3

AV = 2vsin9= 2><3Sin£:2><3><1:3m/8
2 6 2



62.

63.

64.

65.

66.

(d) \elocity of car, V = 30 m/s
Radius of road, R = 300 m.
Tangential acceleration, a; = 4 m/s?

V2
Centripetal acceleration, ao = —
_30x30 3 m/s2

8= T3pp = 3Mis

Net acceleration is given as:

ar =+far2 +ac2 =(3)2 +(4)? —5m/s?

(c) Speed of body, v =20 m/s

Change in velocity in half revolution
N

I
NI

m

o

]
AV= vy —vi =-Vj-V] =-2V]
|Av|=2v=2x20=40m/s

(b) Centripetal force

2
mv FR
F=T0rV=1/F or, Vvoc+Rasmass ‘m’ and force

‘F’ is constant. ﬁzl

R,
Mo &_\/I_L
Vv, \R, V2 2
V2

(b) Radial acceleration, a, = e

Tangential acceleration, a, = a

Resultant acceleration, ag = /a2 +a?

(b) Linear speed is given as

V=or vocr
v r

Vv r_A=A

VB I

67.

68.

69.
70.

71.

72.

73.

74.

v_nae 1._
O | =re=z =l
(@ As time periods are same and so

@

() Torque, 7 =¥ xF

i ]k

=1 -2 1|=8i+10j+12k
5 2 -5

() Weknowthat T=F xF

The angle between t and T .
is 90° and the angle between

7 and F isalso 90°. We

also know that the dot 2

product of two vectors

which have an angle of 90° between

them is zero.

Therefore (d) is the correct option.

(b) Moment of inertia of disc about the axis along its

2
diameter is

Radius of gyration is | = Mk?

. R
on comparing k = ER
. 2
(c) Forsolid sphere, I = gmr2 =20

5
mr2=20x I 50
For thin spherical shell,

| =gmr2 =§><50=33.3 kg m?
3 3

©

A

The moment of inertia of the system of particle about XX' is

3
I=mx2=m (Isin60°)? = Zm|2

N\ |\
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75.

76.

77.

78.
79.

80.

81.

82.

N \\

() m=20kg,d=20cm .. r=10cm
The moment of inertia of a solid sphere about its
tangent is

2, 2 T 2

2
I=gmr +mr =gmr = —x20x10x10x 104

o~

=0.28 kg m?

1
(@ MOl ofasolid cylinder, 1, = Emr2

MOI of a hollow cylinder, I, =mr?
I1< I2

d I=Mk2:>k=\/%

(c) Torque = rate of change of angular momentum
(b) Moment of inertia of a uniform circular disc about its

diameter | = %MR2

Using perpendicular axis theorem, M1 of the disc about an
axis perpendicular to its plane and passing through the

centre, I' =21
MI of the disc about an axis perpendicular to its plane
and passing through a point on the rim.
I"=1' + MR%2=2| + MR?
1
— 2x1MR2 + MR? = 3MR2 =3><2(—MR2)
4 2 4
III :6'
(@ Moment of inertia of hollow cylinder about its axisis

I =M=(Rf +R§)

2
where, R, =inner radius and R, = outer radius.
Moment of inertia of thin hollow cylinder of radius R about
its axis is

I,= MR?
Given, I, =1, and both cylinders have same mass (M).
So, we have

%(Rf + R%) ~ MR?

(102+20%)/2=R?

R~16cm

(@ Power of the engine,
P=1tr=100x 100 =10 x 103W = 10kW

1
(@ Work done = AKE = El(wf - w%)
In this case, w,=0,
1
Work done = 3% 10 x 502 = 12500 J

Work done _ 12500
Time 10

So, average power = =1250 W

83.

84.

85.

86.

87.
88.

89.
90.

91.

@ As, Lo,=l o

I Iy 4
== = 3t = — =4 ~1
®y I X ®1 751 X3 =2 x 3n=4nrads
100

(@ Astheacrobat bends his body, then moment of inertia
1 will decrease and hence o of acrobat will increase as no
external torque is acting on the acrobat.

(@ x=2Lcos30°=[,/3

2

IZG[m(ZL) .
12

m, 2L

(c) About the diameter moment of inertia of the loop

3
mXZJ = 20mL2

1
= moment of inertia of the ring | = — mR? where R = radius

2
of the loop
M o p= o g =

Here, P (. 2nR 2mp

1 m \? m®

I:—m —_— =

2 \2mp 87t2p2
@
C
© - D~ ¢

.
.
.
.

-
I = M.l due to the point mass at B + M.1 due to the point
mass at D + M.I due to the point mass at C.

2
4 2 2 2 2
=2xm| — | +m(20)? =me? +2me? =3m¢
(ﬁj vz)

@

(@ Moment of inertia of the whole system about the axis
of rotation will be equal to the sum of the moments of
inertia of all the particles.

Y
0,3, O)I
3kg
0,0,9 (2000
(_2’_2’ 0) 1 kg 2 kg
4kg

I= I, +1,+1,+1,= 0+0+27 + 16 =43 kg m?

2
@ K=%= L2=2KI= Lol

L /ﬁ'_l_fK L _1 : :
L, \K, 1, K2 pohilm 12



92.

93.
94,

95.

96.
97.

98.

99.

100. (d)

101. (@) Radius of gyration of circular disc ky;s. =

N\ |\

() M.l ofauniformcircular
discof radius ‘R’ and mass ‘M’
about an axis passing through
C.M.and normal tothe discis

1 2
| =— MR
CM. =5

Y
A

From parallel

. 1
axis theorem oM

It =lcpy +MR? :%MR2+MR2 :gMRZ

(d) Moment of inertia of a hollow cylinder of mass M and

radius r about its own axis is Mr2.

(b) Because the entire mass of a ring is at its periphery

i.e., at maximum distance from the centre and | = Mr?

(@ According to parallel axis theorem of the moment of

Inertia I=1_, +md?

d is maximum for pointBso I about B.

(b) Thedistribution of mass about axis EF is minimum so

radius of gyration is minimum and therefore moment of

inertia is minimum about EF.

(€) In a hollow sphere, the mass is distributed away

from the axis of rotation. So, its moment of inertia is

greater than that of a solid sphere.

(b) By bending his body, he decreases his moment of
inertia. This would increase his angular velocity.

(@ Moment of inertia of the disc about an axis

. . . . MR?
perpendicular to it and through its centre is >

ZA

By the theorem of perpendicular axes, 1,=1,+1

As x and y axes are along two diameters of the disc. By
symmetry, the moment of inertia of the disc is the same
about any diametre. Hence,

1,=21,

BEIVIE
4

IX=Iy

IZ
2
160 160
"M 10
=>K=4m

1.2
1y =2 MR sl =

| = MK? =160 = K? 16

R
V2

Radius of gyration of circular ring Kring = R
1

&

Ratio — Kdise _
I(ring

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.
115.

®) K=%|m2
) o2
K —2(2)(&0) =2K

2
© E=%:>L=\/2EI

(@ Kinetic energy =1|m2 and for ring about its axis
2
passing through its centre and perpendicular to its
plane I = mr?

1
Hence, KE = 7 mrle?

1., 1 5
—lo®==mv
@ Slo"=3

%x3><(2)2 =%><12><V2:V=1m/3

L 1
(b) Kinetic energy, K= Elwz’
Angular momentum, L = lo
2 L2
|

K== = l=—
K=3 2K

(d) Sphere possesses both translational and rotational
kinetic energy.

1 ,(k2) 1, K2
Kg =K = =mu?|— |[==m =1
(d) R T:>2 L Lsz 2 L R2
i.e., the body is ring.
© 1I0)2=3603I=2X320=2X360=0.8kgxm2
2 (30)2  30x30

2
(d) Kineticenergy E = %

Ifangular momenta are equal then E och

Kineticenergy E = K [Given in the problem ]
If 1,>15 then K, <Ky
b) 112.(c) 113.(a) 114. (b)
(d) Torque about the CM is caused by friction because
the lever arm of the weight force is zero:
t=fR=la
f=pun=pmgcos 6

3 f _ la/R
H mgcos® mgcos

(gg sin e) (1 mRz) .
_ 13 3 2 =(—tan9)
R“mg cosf 2

Asthere is no slipping between any point of contact hence
distance moved by the man is 2L.
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in
116. (c) a=&le
1+ 3
MR
ais minimum, if I is maximum.
| x=MR?  [forring]
_gsin® gsin®
= Amip = MRZ 2
1+ ——
MR
117. (©) l,o,=Ilgmg (Given)
.oa_ls
Top a

1
Kinetic energy = 2 lo

1

2
(KE)a _ 2'A®A I (1a)
(KE)g %lezB I (Kj (Given (i)
|
=f Asl, <1 (Given) .. (KE),<(KE),

118. (d) Rotational kinetic energy is

2
Kg :%MZ =1Mk2(%) (- 1=Mk?and v=Rw)

2
1. ,(k?)
2"l
R2
. Lo . 1 .9
Translational kinetic energy is Kt =§Mv

As per question, K. =40% K

(2\ 2 2
lm Lk_) 40%1 Zork_zﬂz_
2 100 5
K2
For solid sphere, ? i
Hence, the body is solid ball.
119. (@ For hollow sphere,
2 > » _R* 3
= —mR° =mK — ==
| 3 = Z 2
(KE)R 1 1 2 X ,..
= = == =2 (given)
5 5

B (KE)TotaI B 1+&2 1+§
K 2

120. (c) From the work energy theorem
Given, Mass of disc, m = 50 kg
Speed of centre of mass v= 0.4 m/s

1 1
W = Change in Kinetic energy =0 - mv +— Ico

121.

122.

123.

125. (

\\_\\

2
W= 0_—mv L1+ K }——3mv
=_ §x50x0.42 =—6J
4
Absolute work, W] =
o)

For rolling on inclined plane,

_ gsin6 _ 10sin60° 10

a= =
1+ ! 1+1 ‘/§
MR? 2

m/s 2

X 2, .
=Em/5 (given) . x=
_K?
() For rlng,?=
K2

For disc, ? = 5

2
Emvz[lﬁgﬂ
(K‘E)ring _ R ring

R

0+ 262 4

)

(d) Thespeed of cylinder at the bottom of inclined plane is

Ve [2gh | 2gh  [4gh
- K2 1) \ 3
o 1+ =
\/1+ R? \/( +2)

_ KZ 1
(c) Forsolid cylinder, — 5

1 of. K2
(K'E)Total =§mv [1+_]

2
(KE) [1+g—] 140(1+;) 210J

(©)



126. (a)

a gsm(: _ gsm9=§

o 1+=
1+ R? 5

gsin®

127. (d) Asthe inclined plane is frictionless therefore all the

128. ()

bodies will slide down along the inclined plane with
same acceleration g sin 6.

K2
Time of descent o« —
R2
K2

Order of value of —-, Sphere < Disc < Ring

(0.4) (05) (.0
It means sphere will reach the ground first and at last
ring will reach the bottom.

ACCELERATOR
Topic-wise MCQs

1. (o
2. (@
3. (0

®

@
6. (@
7. (©
8. (o

N\ |\

Centripetal acceleration, a, = m’R

3 (271)2 x1.5x10™

-~ 6 1073 ms2
(365 x86400)

= a, the centripetal acceleration [Given].

m
v
42

If vis doubled, a'=——=4a
r

Minimum angular velocity i, =+/9/R

T =2—n=2n\/E=2n\/zESS
O min g 10

v=1/gr =+10x40 = 20ms™*

By doing so component of weight of vehicle provides
centripetal force.
The value of frictional force should be equal or more

2
. . . mv

than required centripetal force. i.e. pmg > ——
r

<
=<

F=mw’R F oc ®? (m and R are constant)
Ifangular velocity is doubled force will becomes four
times.
F=mw’R F oc R (m and o are constant)

If radius of the path is halved, then force will also
become half.

10.

11.

12.

13.

14.

15.

() Normal reaction N =weight mg N
thus the centripetal force required by

the car for circular motion is provided e
by the component of the force of Qe
friction b/w the road and the car n%g
tyres.

(c) Angle traced in first one second

01 =0, +%(2 x1-1) =% (Since ®,=0)

3
and in the next one second 65 =%(2x2—1) =?a
S
0,

(c) For the block P,
N=moi Rp =mojRg = Moz Re

1 1 1
= RaRpg:Rc=—"1—1—
0p O Oc
1 1 1
As, Ry,<Rg<R.=> —5 <5 <—5
Op O Oc
COA>COB>(DC
(d) From right hand thumb rule, the direction of angular

velocity is —k ..
(@ The velocity should be such that the centripetal
acceleration is equal to the acceleration due to gravity

2
%zg or v=,/gR

(d) Asspeed of car on circular track increases, so besides
the centripetal acceleration (ag), a tangential
acceleration (a,) also works at right angles to a.
Centripetal acceleration,

V2 _ (30)°
500

a, = =1.8ms2

Tangential acceleration, a, = 2ms™

. Resultant acceleration a = \/a? +a2
= ((1.8)2 +(2)2 =2.7ms?2

(b) Circumference=2nr= 27 x 20_ 40m
T

Distance travelled in 2 revolutions =2 x 40 =80 m
Initial velocity, u=0

Final velocity v = 80m/sec

Applying the formula, v2 = u2 + 2as
(80)2=0%+2x ax80—= a=40m/sec?
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16. @ L mL? ML
T=mg= =la= T3 ¢ " lrod =
T 3
; g
\\0/ Hence, angular acceleration o = 2L
mv2 21. (a) Torque about point (1,0, 3)isgiven by:
mor r=er=(?+3|2)x(2?+3])=3|2+6(+])+9(-i)
At the lowest point, as shown in the figure both mg ) A A
2 The vector in XY planeis r=1i+3j
and centrifugal force ™ _ will act in the same or
r The components of torque along r = W
r
2
direction So, T=mg LV A A A\ a A
r (—9i+6j+3k).(i+3j) 9
17. The particle is moving in circular path = = N-m
(@) p g p \/12 32 Ji0
R Rsind o A
- -~ -y 100 | 9i+5k | b5i
22. @ L=mlr =— —
Reos® T @ (1) 1000{ 100 } “100
md - 25 x10‘5(—|2)kgm2 st
!
23. (a) AngularmomentumL=rxp
From the figure, mg=Rsin 0 .. () -+ 7 and p are constant
mv® R 056 (i) <. Lis constant.
roo 24. (c) According to problem disc is melted and recasted
From equations (i) and (ii) we get into a solid sphere so their volume will be same.
I r 4
tan 9 = V_g bUt tan 9 = F VDiSC =VSphere = TCRéISCt = chRgphere
2 2 2 RD' _ 4 3 _ RD'SC .
heY _ 09" 5 095m=25m = TRpjsc (T'sc) =3 "RSphere [t = T' given
s 10
18. (a) Since water does not fall down, therefore the velocity = Riisc =8R3phere = Rophere =%

of revolution should be just sufficient to provide
centripetal acceleration at the top of vertical circle.

S0, I pisc = % MRI%isc =
v=4/(gr) ={10x (1.6)} = ,/(16) =4m/sec.

Moment of inertia of disc

' (given) . M(Ry)2=21

. . 2
Moment of inertia of sphere gy == MRZ e

5
2
v h
. tan® = — tan0=— )
19. (@) Weknow that tan6 R and tan@ . 2, (RDMJ =M(R L 2
, , 5 2 1077 10 5
b T )
Hence H: g — h= VRg 25. (b) Total moment of inertia is given by :

I = erlz + M2r22

20. (d)
|=M(l)2+M(l)2 M2 M2 i
2\2 2\2) 7 8 8 4

p{.f ’ Q 26. (d) Netmoment ofinertiais given by

MIZ MIZ MI?
1t h + =
12 12 6

Weight of the rod will produce the torque

N \\



27. () Momentofinertiaofrodis |

Radius of gyration is | = Mk?

On comparing radius of gyration is k =

28. @ o= Lo,
o, _ l0x100_50
27 60l 3

29. (c) Letpbethedensityofthe discs and t is the thickness

of discs.

ML?

rod =

&“n—
N

Moment of inertia of disc is given by

MR?  [p(nR*)t]R?
2 2

| «R* (Aspandtaresame)
4
| R
_2=(—2\J :>E=OL4:>OL=2
I, (R 1
30. (@
31. (b) Usetheorem of parallel axes.
ol
SELZANLI[AN. (&
32. @ I=" 25) =
3. (@ P=7
gn(Rg—Rf)
2 2 2 2
Ishell =EM2R2 _ngRl
3
3 (R2-Ri)

Putting values of M, and M, in eq. (1),

2M (R3 -RY)
shell =~ 2~ 3 _a.

5 (R3-R3)

34. ()

I =2x5%(0.2)% +2x2x(0.4)? =1kg xm?

35. (@ Momentofinertiaforring, | = leZ = mKl2

Radius of gyration K, = R,

Moment of inertia for solid sphere

2
I :gm'Rg - Radius of gyrati

K, =K, (given)

2
NK,= = [2R
O™ \EZ

2

R1= \/ng

. x=5

36.

37.

38.

39.

40.

41.

42,

)

)

@

)

®)

©

Moment of Inertia, I =1, +1,

2\ A%
=M, r2+M,r2 = 3[5] +5><(Ej

12 5x49
=—+ =0.12+2.45=257kgm2,

100 100 g
Moment of inertia of system about YY' |y
=1 +1,+1g
~LIvrz+3mr2 3 mR2 '

2 2 2

2 3

_ T mr?

2

When angular acceleration (o) is zero then torque on
the wheel becomes zero.
a(t) = 2t3 - 6t2

= d6 _ 6t —12t
dt

2

:a:d—lezt—lzzo
dt

s t=1sec.

Torque due to gravitational force = mg XIE

Torque
Moment of Inertia

Angular acceleration =

~ Mg I2_39

|
m /3

Angular momentum of body moving parallel to x-
axis is given,

L=hx(mv); as 'h' is constant so, angular
momentum remains constant.

1. - 112
Ei==lo? =251 (L =l0)
1=5100 =97, 1= 1oy
. 115
Similarly E, = =—2
21,
E_L. 1L_1
—L o EXx—LS£ =L | =
P, 1 L5 h (L)

=>E<E, 1>,
The disc may be assumed as combination of two semi
circular parts.

N\ |\
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Let | be the moment of inertia of the uniform 48. (o) Angular momentum, L =lw
semicircular disc

. N 1
Rotational kinetic energy, K = lo?

2 2
oo M M
2 2
43. (c) M.l of the plate about an axis perpendicular to its L lo _2
plane and passing through its centre K llmz ®
2
2
1o = Ma” T 2K
By parallel axes theorem ;yo a
A2 ) al2 l .L’_K’Xw_(K)(wJ UL
Ip=1 +m(—) =fma? A TLT K o k2 5T
A=lo \/E 3 L K o 2K\ 2m 4

49. (d) When the ball is hit by a cue, the linear impulse

2 imparted to the ball = change in momentum = my,

4. (o) |Cm=% (about middle point)

| | —RT /,)\ v

A A
NP g
( Angular momentum = Moment of momentum
< e log = (mvg)h
L/3 L/6 2 5, _5vph
v —mr-ey = mvgh or gy ——2 >
r
50. (@) Here,L=1.8kgm2s1 M=1.5kg,
®=0.3rads?
Angular momentum, L = lo
45 0) L=k%Mo (- 1=MK?)
or1.8=k%x15x(0.3)
1.8
2 = =
=K =15.03
=k=2m.
2 - PRI PN 51. (@ AngularmomentumL=m(vXxr
=>-F(-))+F@)=Fj+Fi=F(+)) @ a ! (vxm)
46. (@) Given,r=0.4m,a=8rads>2 _ 2kg($><r) L on
= =2 kg (4t jx5i - 2t
m=4kg, 1=7 dt g(atyx )
Torque,t=la=mgr = 4x10x04=1x8 N A -
16 =2kg(-20tk)=2kgx-20x2m2s 1k =-80k
= I= i 2kg — m? 52. (a) According to parallel axis theorem of the moment of
. . Inertia
47. (d) Weight of the rod will produce the torque =1 2
=y, +md

1 ml?
t=la=>mgx—= xa
2 3

d is maximum for pointBso ., about B.

53. (c) mgh=%mv2+%lm2

A
v

1 1
«— 12— or, mgh =Emw2R2 +EmR20)2

v
mg

252
. or, mgh=mon°R
Angular acceleration g

_3g PR

= S R

N \\

«— —
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54.

55.

56.

57.

58.

(@ In pure rolling wo_r_k done by friction, Oiction = 0-
Therefore, PE = KE. Initially, PE. = PE so finally,
KE,. =KE

ring sphere

ring sphere

. L. KEring

.. Ratio of kineticenergy= ———— =1

KEsphere

1.
X

() The given situation is

shown in figure.

According to conservation

of mechanical energy.

M-Ei = M-Ef

= Ui+ (KN + Ki

= Uf + (Knf + Kf 0o

Xx=7

O

=mgh+0+0-= 0+%Im2 +%mv2

1 1
= mgh + Eiw2+EmV2

VZ

. mgh = L tmre Y imye {Fordiscl=lmR2}
R? 2 2

2 2

=vV= 1/ggh v Jh

.. So speed depends on height of incline plane.
(@ Since the body rolls without sliding,

Soa,=0, up=0andv=c0r,(x=(xr

Since the body's acceleration a’/\

a is downward parallel to the
plane, therefore angular
acceleration of the body must
be in anticlockwise sense.
That means the friction must act up the plane to produce
an anticlockwise torque to produce anticlockwise angular
acceleration.

() Here,R=2m, M=100kg, v=200cms
=20x102ms™

Total kinetic of the loop = K + K,

Vv

a P

1 1
= EMVZ +§Iw2 [ for ahoop, I = MR?]
1 1 1

1
- EMvz +§MR2032 = EMvz +§Mv2 [ v=Ra]
= Mv?
Work required to stop the hoop = Total kinetic energy of
the hoop
Mv? = (100 kg) (20 x 102 ms™1) = 4]

(b) Acceleration of a rolling body down an inclined plane is

2
For solid cylinder, k? = RT

a= gsmle 239 sin®
1+= 3
2

59. (d) E=E(+E, =%mv2 +%I0)2

~Lmy? +1X[Emr2jw2
2 \5

2
==mv? +1mv2 =lmv2
5 10
1 2
E %mvz 7
60. (d) Translational K.E. = Rotational K.E.
1 2 2
—mv- ==l A =
> > S, V= Rw
1 2 2.1 9
—mR =—1
= > [0 > [0
= |=mR?

which is the moment of inertia of hollow cylinder
about its axis.

1 L k)| K2 o1,
K: ==mv°|1+—| | —= =—="fordisc
TE™ M Re) TR T2

L 041x(2)? X(E) ~1.23]
2 2

For translational motion, m
mg-T=ma ... o)
For rotational motion, T

62. ()

o
TR=la=17 .(2) .

Solving (1) & (2), mg
a= mg = mg = =

(m+Lj mR?  3m
RZ

m+-—s
From conservation of mechanical energy

2R?
63. (d)

(v2) (3v2)
1mv2+1| V_ =mg BL
2 2 | R2 4q
2
after solving | =% Which is for disc.

64. (d) Net work done by frictional force when drum rolls

down without slipping is zero.
M




Rotational Dynamics s-XIl/13

Wy = 0, Wyng + W,y =0

net — rans.
AKjrans, + AKg =0 70. @ \0
AKtrans = _AKrot' —
i.e., converts translation energy to rotational energy. -
65. (b) When a solid sphere is rotated in free space, there
¢) ¢)
0

will be no external torque.

ie, t=0 )
L _ . _ .
But == 95 where Listhe angular momentum. From Fig. (1), we have OC =r (radius)
dt Therefore, v =ro
Hence 1= a_ 0 = L =constant. Since, ® = constant, therefore v oc r

Now, form Fig (I1), it is clear that the distance, OP <
1 1
66. (d) Rotational energy= El(m)2 = E(sz)m2 OC <0Q=Vp<V<VqorVo>Vc>Vp.

2 2

1 71. () mghzgmv +%Iw

. . 2.2

Linear kineticenergy = —mo°R
2 1, lfMRZ\(v]z

. H H =—mv- + — || —
. Required fraction > 2( > ) R
1 2y 2
_ 2 (MKo __ K =%mv2 +%mv2 =%mv2
= =2 . p2
L mk?)w?+tme2r2 KR 1, 1 4
2 2 Rotation K.E.=va =Zx§mgh
12, 1 2
67. © E=SMvT+Zlo _MON 5 9.8x(3/3)=19.6]
3
2 1
I L2 Mr2 Y ST vz 073 72. (d) KGE.ofrotation = =10’
2 2 5 RZ 10 2
68. (c) When hollow cylinder sides with out rolling, it posses _lx(lmrz) 02
only translational kinetic energy, Ky =%m02 2
1
When it rolls without slipping, it possess both types =7 %20 (0.25)% x100x 100 = 3125 J
o 1, k2
of ineicenergy, Ky =Zmv?| L1+ | m PREVIOUS YEARS MCQs
Kt 1 1 1. (c) Childisattheinternal part of the system, so velocity
Ky [ k2) 2 of centre of mass will not change due to his movement.
L1+ ?J From law of conservation of angular momentum
, Loy + Lo, =1+ 1)o o
For hollow cylinder K = Angular velocity of system = LT 2%
R? l+1;
1 nl k2 - Rotaional kinetic energy = %(I1 +15) 0
69. (@ Timeofdescent t=—— —L1+ _ZJ 2 9
sinb\ g R - l(l 1) hoy + 10, | _ (Lo + 1h0,)
2 2702+, 2(1,+1,)
. B 2. (c
For solid sphere =% © 5
@ ©
Kz 2
For hollow sphere —-=—
R 3
(K2) (K2)
% (7)) |
Hollow solid 4

N \\



. . 2
Moment of inertia of a sphere = c ma?

Using the parallel axis theorem of moment of inertia, we
have

| = 2><zma2 +2(Ema2 +mb2j
5 5

= I= %ma2x4+2><mb2 =§maz+2mb2

3. (@ Sincewater does not fall down, therefore the velocity
of revolution should be just sufficient to provide centripetal
acceleration at the top of vertical circle. So,

v=4/(gr) = J{10x(1.6)} = /(16) =4 m/sec.

4. (b) For negotiating a circular curve on a levelled road,
the maximum velocity of the car is

Vimax = /Hrg

Here n=0.6,r=150m,g=9.8

“+ Vimax = v/0.6x150%9.8 ~ 30m/s
1 2
5 (b)Wehave 0= ooot+§oct
Here, @y =0,0 =5rad andt=1sec

1
:>5=§a x1? = o =10 rad/s?
(04
Now, 6, =E(2n—1)+030

10
0, = ?(2 x2-1)+0=15rad/sec.

6. (c) Thetension T, at the topmost point is given by

2
mv
T,=—2>-m
1= g
Centrifugal force acting outward while weight acting
downward.

The tension T, at the lowest point

2

mv
T,=—2+m
275 g
Centrifugal force and weight (both) acting downward
2 2
mvj5 —mvj
To-T{=—~%——=+2m
2— 1 20 g

vZ =vZ-2gh or v3—v? =2g(40) =80g

T,-T, =80mg

+2mg=6mg

2
mv .
7. b) Tigp=—"-m i
® Tgp=——-mg  -0) -
2 ) c TtOp
Thottom =——+mMg ...(ii)
Solving (i) and (ii) we get : Tootton
Ttop B V2 rg _E mg
Thottom Vit rg 81
8. (c) Tangential acceleration = ar
¥
Radial acceleration = I
2
or _or
- Ratio= ——=—-
Vir o V2
9. (b) Speed attop most point, v= /3rg
. . v 3rg
Centripetal acceleration, a_ = T == =3g
10. (a) The total mechanical energy remains conserved,
kinetic energy changes into potential energy and vice-
versa. At the highest point potential energy is
maximum and at the lowest point its velocity and hence
kinetic energy is maximum.
11. (d) We know in vertical circle velocity of a particle at
lowest point, v, =./5gr
velocity of particle at highest point, v, =./rg
So, KE at highest point of the vertical circle
1 mgr
K,=—mrg=——
T MO
and KE at lowest point of the vertical circle
1 smgr
K)= —m5gr=——
(K)=5mSgr=="
mgr
. CK,_ 2 1
So, required ratio Sho_2 =202
K, °5mgr 5
2
12. (c) Using law of conservation of angular momentum,
Lo =,
MR2  3( MR? 2
w=— Wy = Wy =—O
2 2 2 3

13. (b) Moment of inertia of rectangular sheet about an
axis passing through O,

I = 2"—2(612 +b?) = 2"—2[(80)2 +(60)°]

N\ |\
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14.

15.

16.

17.

18.
19.

20.

N \\

y o
c QéQ 80 cm
gl
> X
<+ 60cm—>

From the parallel axis theorem, moment of inertia about
(O}

lo = g + M (50)°

M 2 2
—(80° +60
lo 12( )

lo %(802 +602)+ M (50)2

1
4

(d) Ratioof M.lis

Mar? I

1
— =" 22 [AMp =M
MB(ZI‘)Z IB 4 [ A B]
Ig
or, lp=—

ATy

“mv

Rotational KE 2 LRZJ K?
TotalKE 1, Kk?) K2+R?

()

©)
@) I=§mr2

= lowr? =

= rl2 :(2r1)2 =1:4

11,
[asr,=2r,]
3MR? 3 _ 3
= =" A L
() Torque, 1= la

2
Fxp= MR x%

. MRw
.. Tangential force, F = T

() Conservation of angular momentum,
11001 = 1,05

or,Iw=2Iw1:ml=%
- 1
Original KE=2§ lw?
2
1 1 (O] |(JJZ
=2— = — - = —
New KE = 22 1 6] ZZI(ZJ 7

1 2 .2
Change in KE = 2 tet _lo”
2 4 4

21.

22.

23.

24.
25.

(©) According to question, | = 2kg m?
wq =60rad/s, ®=0
t =5min=5x60=300s

. 0 —0g
using, ® =wg+ot = a= .
_wz__Goz__lrad/SZ
300 300 5
Fort=2min

(,l)=(,00+OLt

= 60—%><120 =60-24 = »=36rad/s
Angular momentum,

L =10 =2x36=72kgm?/s
(d) From conservation of angular momentum, as net
torque on the system is zero

|1(,l)1=(|1+|2)(,l)2 :&z Il
o I+
Energy lost AE=E,-E,
1.7, 1 2
=—loy——=(l1+1,)o
5 1101 2(1 2) 2
r 2
12 o)
=—-0p Il_ |1+L2 —
2 | ( )(,l)f
1 2 |2 w |
=501 l=(lg+1p)—L— {_2= 1 }
L (l+12) o g+l
1 o[ 12+140,-12
=—(1)1 —_— =
2 I +1,

or, AE = 2| Nil2_ |2
2 |1+|2

|
(@) Theradius of gyration K = \/%

Moment of inertia of a thin rod about an axis perpendicular
to its length and passing through one end

| ML? ko ML
== - ’/_3|v| 7

TR TR
..K.L_\/§/L 1:/3
@

(d) If the polar ice melts,a part of water will shift from
poles towards the equatorial region and this water will
shift away from the axis of rotation of earth. Hence, the
moment of inertion will increase.

From the conservation of angular momentum,

L = lo = constant. As | increases, o will decreases. The
duration of day increases.



26. (b) Givenmassm =2 kg, radius of sphere R =0.5

K
ot = or, Kyt : Kirans =7?
terms
K 1Io)2 ngzwz 28.
ot _ 2 _5 _2 K ‘K =25
1 mRZOJZ 5 Mot 77 “trans .

Kirans 1 mv2
2

27. (@) Since linear densityis p, and total mass is m, we have

m=p(27R)
R m
2mp

Moment of inertia about tangent to the ring and parallel to
diameter. This is offset from the diameter by a distance R,
so use the parallel axis theorem.

I=U +MR2=%mR2+mR2 =%mR2

diameter

m
Substitute R=-—

2mp

3 m? 3m®
l=om-——— =33

2 4ncp 8n°p
(@ Given,
Kring _@
Kisc \/E

1 3

lting = MR? + MR? =§MR2

Kring = R\/%

102 2 5.2 o5
liisc =5 MR? + MR? == MR = Kgisc = Ry %,

R 3
‘. 3
e N2 V2 VB,
Kdisc R % 5 /K \/g

N\ |\



Mechanical Properties of Fluids

WARM-UP
Topic-wise MCQs

10.

(d) Hydraulic machines & lifts are based on
F
P, = h_R
k& At Ay
(d) Pressure applied to enclosed fluid is transmitted
equally in all direction according to Pascal law.
(b)
(a) Total cross-sectional area of the thigh bones
A=2(10x10% =2 x 103 m?
Force acting on the bones = mg = 40 x 10 = 400 N

F 400

Pav = A" 25102
(c) Letus consider a small dotted segment of thickness
dx for observation.
Since, this segment is accelerated
towards right, a net force is acting in
this segment towards right from the
liquid towards the left of ABCD.
According to Newton's third law, the
segment ABCD will also apply a force on the previous
section creating a pressure on it which makes the liquid
rise.
(c) Liquid pressure depends upon the height of liquid
column and is independent of the shape of liquid surface
and the area of liquid surface. The liquid at rest exerts
equal pressure in all directions.

=2 x 105 N/m?

. 3
(d) leen’ Ph/2 = _(pbottom)

h
= Po +pg—=—(po +pgh)

5
_Po _ # 5m
T 209 2x10° x10
(a) Equating pressure,
om0
nR?  n[20R]? -
2
(a) Px mD” _ mg or P =@pascal
nD?
4mg
or = atmosphere
D% x10°

(c) Here, m=50kg,D=1cm=102m,g=10ms"
. Pressure exerted by the heel on the horizontal floor is

_F_ mg  4mg _ 4x50kgx10ms
=—=— 2
A (D127 % 314x(10?m)
= 6.4 x 10° Pa

11.

12.

13.

14,

15.

16.
17.

18.

19.
20.
21.

22.
23.

24,

(b) The maximum force, which the bigger piston can
bear,m = 3000 kg, F = 3000 x 9.8 N
Area of piston, A = 425 cm? = 425 x 10~* m?
Maximum pressure on the bigger piston,
F _ 3000x9.8

Pz — = 77" —692x105Pa
A 425%10°4

The maximum pressure the smaller piston can bear
is 6.92 x 10° Pa.
(b) The gauge pressure at a depth of 50 m,
P = pgh = 1025 x 10 x 50 = 512500 Pa
(d) The total pressure at the given depth.
=P,+Ap=P,+pgh=1.01x 10°+ 1000 x 10 x 10
=1.01 x 105 + 10° = 2.01 x 10° Nm
=2 x10° Nm=2

h 1
(b) Po +§d9 =§(hd9 +Po)

hdg _ po , hdg
3 2 2

Hdg (1)2
2 o hdal =
=7 9%

h=3H=30m

Po +

. 2 _
(d) According to Pascal's law, a2 2
2

= k= WLrlJ =5x 103(01)

(d) -+ P=hpg=Poh, .. Pissame forall.

(¢) F=PA=pghA

=103x10x10x3x10*=30N

(a) When a highly soluble salt (like sodium chloride) is
dissolved in water, the surface tension of water
increases.

(@)

(@)

(b) When radius is doubled, increase in surface area
= 2x4n (AR? —R?) = 2x4nx3R? = 247R?

Work done = Increase in area x T = 24gR?T.

(c) Work done, W = TAA =c.4nr? = 4nr’s.

(a) Energy needed = Increment in surface energy
= (surface energy of n small drops) — (surface energy
of one big drop)
= n4nr?T — 4nR2T =4nrT(nr2-R2)

(c) Work done to increase the diameter of bubble from d
to W =2n(D?-d?) T =2x[(2D)2- (D)4 T
= 6nD2T

N\ |\




25.
26.

217.
28.
29.

30.

31

32.

33.

34.
35.
36.
40.

42.
43.

44,

45.

46.

47.

48.

N\ |\

(c) W=8rR2T . W R? [T is constant]
If radius becomes double then work done will become
four times

(b) Surface energy of combined drop will be lowered,
so excess surface energy will raise the temperature
of the drop.

(b) Surface energy = surface tension x increment in area

(c) Because energy is liberated
Surfaceenergy

(a) Surface tension =
Area

E
T=—
or A
4 3 4 3 .
(d) gﬂR =1000X§7tr [As volume remains constant]

R
R3=1000r3 = R =10r = r=E

(a) We know that angle of contact is the angle between
the tangent to liquid surface at the point of contact
and solid surface inside the liquid. In case of pure
water and pure glass, the angle of contact is zero.

(c) Wetability of a surface by a liquid primarily depends
on angle of contact between the surface and liquid.

If angle of contact is acute liquids wet the solid and
vice-versa.

(c) Tangent drawn at point of contact makes 90° with wall
of container.

(b) Both liquids water and alcohol have same nature (i.e.
wet the solid). Hence angle of contact for both is
acute.

(b) Since for such liquid (Non-wetting) angle of contact

is obtuse.
(d) 37. (c) 38. (a) 39. (¢
(b) 41. (a)

(d) The water rises to height h due to capilarity.
(d) Rise of liquid in a capillary tube,
h=ZScose, ol h_n_2
rpg r h, n 1
(b) When lift is accelerated downwards, the observed
weight of body in a lift decreases. Hence to counter
balance the upward pull due to S.T. on the liquid
meniscus, the height through which the liquid rises
must increase.

2T . . L.
@ h =%se ; The liquid will rise i.e., h is positive
P
if cosO is +ve; It is so if 0 < 90° or 0 is acute.
(C) rml:i:ﬁ :@—g

hr, h 22 1
1 rhy
hoc = . gy =rh, =h, =11 =2.4mm
(b) Mec T~ im=rhy=h, fz
h

== = 4.0cm
(b) cosO cos60°

49.

50.
51.

52.
53.

54.
55.

56.
57.
58.

59.
60.

61.

62.

63.

64.

66.

67.

68.

1
hoo—

(a) hee—

1
(b) hec T
(a) Water rises in plant fibres due to capillarity.

2T
(@) h= cos0 = rh = constant.

rdg

(d) Asthe liquid molecule inside the liquid is surrounded

equally from all sides, so net force on a molecule of
surface B will be zero.

Thus, the statement given in option (d) is correct rest are
incorrect.

@)
(b) Work done = 8rT[rf — ]

D? ¢?
=8nT |:T - T:| - 27‘C[D2 _ d2] T
(@)

(c) W=2x4rR?x o; Ris increased by a factor of 2.
So, W is increased by a factor of 4.

(d) Surface tension of a liquid is due to force of
attraction between like molecules of a liquid i.e., cohesive
force between the molecules.

(c) Angle of contact is acute.

(b) The surface tension of oil is less than that of water,
so the oil spreads as a thin layer.

@ h= 2 TcosO
'pg

if cos is +ve; It is so if 6 < 90° or O is acute.
(c) Excess pressure inside the soap bubble
r r

(c) Excess of pressure in a soap bubble, P = 4T/r i.e.,

; The liquid will rise i.e., h is positive

1 . .
P o«c = therefore pressure in a smaller bubble is more than
r

that of a bigger bubble. When two bubbles of different
radii are in communication, then the air flows from higher
pressure to lower pressure i.e., from smaller bubble into
larger one.

(&) When two drops merge together to form one drop,
the surface area of drop will decrease, due to which the
energy of bigger drop is less than the sum of the energy of
two smaller drops. Due to it, the energy is released.

(d)

(d) In the satellite , the weight of the liquid column is
zero. So the liquid will rise up to the top of the tube.

-2
(b) h=2—T=%=2.4xlo’zm=2.4cm
rdg 5x107*x10°x10
25c0s0
d) Sinceh =
(d) hog

if © is obtuse, cos 0 is negative. Hence h is negative and
water is depressed in the tube.
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69.

70.

71.
72.

73.

74.

75.
76.
77.

78.
79.

80.

8L

82.
83.

84.
85.

86.

N \\

(b) For capillary rise, according, to Zurin’s law
hyry = hyr,

6x1=h,x2
= h,=3cm
© h=2cscose oo hp

cos0O

rpg
Ow _ Nwpw  €osOp _10x1 ~ cos135°
Om  C0sOy hppm  cos0° —3.1x13.6
10x(-0.707) 1
© _31x136 6
©

(&) Surface tension = workdone per unit area in increasing
the surface area of a liquid under isothermal condition.

(b) Over a small temperature ranges, S.T. of water
decreases linearly with rise of temperature.

(d) Surfacetension =0.075 N/m;
diameter=30cm=0.30m
.. Force=0.075x%0.30=0.0225 N =2.25 x 10—2N.

(b)

(a) Because film tries to cover minimum surface area.

(d) Surface tension ofa liquid is due to force of attraction
between like molecules of a liquid i.e., cohesive force
between the molecules.

(&) Thesurface tension of liquid at critical temperature is
zZero.

(b) When a sparingly soluble salt (like detergent) added
to water, the surface tension of water decreases.

(& Most viscous liquid comes to rest quickly due to
dissipation of energy at a larger rate.

Hence, most viscous liquid comes to rest at the earliest.
(d) According to Stokes' law, the retarding force is
proportional to velocity. Initial velocity will increase. When
viscous force plus buoyant force become equal to the force
of gravity, the net force and hence acceleration become
zero. The spherical body then moves with a constant
velocity called terminal velocity.

@

2&2 -o
(b) Terminal velocity, Vr =%
2
2% (2 X 10—3) % (8.9 _1_5) ><103 «9.8
V =
K 9%6.5x1072

=9.9x10tkgms
(c) F=6mv,F =6mn(2r)(2v) =4F
(d) Sincethe steel ball is small therefore upthrust may be
neglected.
Now, 6rnrv,=mg or v, Ocm_?
n

(b) Initiallythe terminal velocity V of sphere of radius a is
W, ;= 6maV ..(i)
(W, = weight — Buoyant force)

As the radius is doubled, mass is increased to 8 times and
new terminal velocity will be

87.
89.

90.

91

92.

93.

94,

95.

8 W4 = 6rmz2aV’
from (i) and (ii) V' =4V
@) 88. (b)
() We know that for air bubble in liquid
2"29( ) 2rlg
Vr =V= - = — -
T on Pt =P|=nm ov Py —p)

(i)

2r?

=>n= gg(cs) [ p; =candp=0]
v

b voclPo

n

Vo _p-pop  m _78-12 X8.5x10*4 x10

Vi p-por My 7-8-1 13.2
=6.25x10"cms™!

(d) Fromstoke's law, F =6mmR v, and V = %nR3

F'=6mnR,y, (volume 8V= gn(ZR)g)

=6mn(2R)v=2F
(c) If pisthe density of the ball and p’ that of the another
ball, m for the balls are the same, but r'=2r

mg = 6nrnv (by Stoke's law)

So V’—X
' 2

(@ As the temperature rises the atoms of the liquid
become more mobile and the coefficient of viscosity falls.
(b) Letr be the radius of small drops of water.

R = radius of big drop formed

as volume remain same.

or, 6nmv=6m2mv’

4 3 4 3
S8 —=nr’——nR” =R=2r
3 3

Terminal velocity,

2
VT =§(P—G)fzg

) .Vl_(f 2
.'.VTOCr --E— E
10 (1) _
3E= B (~+ v, =10cm/sgiven)

=Vv,=40cm/s
() m=10"?poise

= 18kmh= 2090 _¢
V= LOKMIN= 600 ~2MB

| =5m

. v
Strain rate = T

i o : : hearing str
Coefficient of viscosity, n = Sneang SEss

strain rate
.. Shearing stress = n x strain rate

- 1072 xg =102 Nm=



96.

97.
98.

99.

100.
104.
105.

106.

107.

108.

109.

N\ |\

(b) When terminal velocity is reached then body
moves with constant velocity hence, accelesation is
zero.

©

(@ Stoke’sLaw

F=6mnrv

= F=6xnx(2x10%x(0.5x10°)x0.7
= F=~13.195x10%N

(c) Terminal velocity

vy =2p2(p=0)g
9 n
If p, 5, m are constant then V_ oc 12

Density = mass(w) _.m
volume(v) 4 3
—nr
8 64 64 3
—=——or,()==—r° r'=2r
B ()3 8
Vit r? r? 1

V_+:W:(2r)2 4

~ V4 =4Vr=4x3cms i =12 cms ™

() 101. (d) 102. (a) 103. (b)
@)
) ~A\V,=AV,
V. (d, 2_(3.75j2_§
TV, \d 2.5 2
() In steady state, A,v, = AV,
16
Tc><22><1=n><12><1/2gh = h=2—0=0.8m

Now, imagine a hole at a depth h, below the free surface of
the liquid. The height of this hole will be h,. Clearly, x
remains the same.

@ v=y2gn

But p = hpg or E:gh

p
2 /2x2x105
Y] P ———3 —ms!=20ms?
p 10

R2v = constant

@ v=.2gh

But hpg=p

p
hg= -
o

110.

111.

112.
113.

114,

115.

116.
117.

118.

119.

[2p /2.6.4x105
SLoV=E = ———— msl= L
0 800 ms—=40ms

(@) The height of water in the tank becomes maximum
when the volume of water flowing into the tank per second
becomes equal to the volume flowing out per second.
Volume of water flowing out per second = Av = A,/2gh
and volume of water flowing in per second = 80 cm?®/sec.
A,/2gh =80 =>3x+/2x980x h =80
3x+/2%x980xh =80

6400

= =1.1cm

1960x 3

© R=2{h(H-h)
Now, 3.3[H-3.3]=4.7[H-4.7]
or (47-33)H=47x47-33x33

22.09-10.89 11.2
Hs—— =——cCcm=38cm
1.4 4

=

or

(b)

(c) According to equation of continuity
AV AN, AV,

= 4x0.2=2x0.2+0.4xV,
=V,=1ms.

©

1 1
© Pa + E plvl2 +0=Pa+ Epzvzz + (plghl + nghg)

p
AsV, Vv, V= ’Zg(l‘h+ h, p—z) _

(b)

(c) \elocity of efflux

v=2gh = J2x10x0.2=2ms™}

(b) Beyond the critical speed, the flow of fluids becomes
turbulent as the flow loses its steadiness.

(@ 120. (b)

ACCELERATOR
Topic-wise MCQs

1.

(@ P;=P,+pgd,

P,=Py+ pgd,

AP =P,- P, = pgAd

3.03 x 105=10%x 10 x Ad = Ad = 300 m
(d) Depth,h=3m

density, p = 10®kg/m?

Acceleration due to gravity, g = 10 m/s?
Pressure at bottom is given by

P=pgh

P=10®x10x3

P=30x10%Pa
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3.

\V

(d LetP,, P,and P, be the pressure at points M, N and
O respectively.
Pressure is given by P = pgh

Now, P, =0 (~~ h=0) 7 Mg
P ii%i?a =15 pg ////<<\/////// 5 s
F(s)rce on upper part, \\\\\ \\\\\\\ 0_>g3'= 1508
K- (R +P) A
Force on lower part, F, = (P ; P3)
. Fh _5g9 5 1
"F, 20pg T2 4
@)

(a) Mass of liquid in horizontal portion of U-tube = Adp
Pseudo force on this mass = Adpa

Force due to pressure difference in the two limbs

= (hlpg - thg) A

Equating both the forces

Adpa _ad
(h,—h,) pgA=Adpa = (h,~h,) = b0A g
@ -
N~ — N~ —
Al A2
V,=3V, = Ah=3A,h
A =3A,

Pressure at the bottom of the vessel is
P =P, + 3gh = constant
h1
P, 1
(a)
(a) Mass of liquid in horizontal portion of U-tube = Adp

Pseudo force on this mass = Adpa
Force due to pressure difference in the two limbs

= (hlpg - thg) A
Equating both the forces

=1:1

Adpa _ad

POA g

(c) Since pressure is transmitted undiminished
throughout the fluid (Pascal's law)

(h,-h,) pgA=Adpa = (h,—h,)=

Al TC(5><5)
=—F =———(1350%x9.81) . 3
R Aze n(15><15)( x9.81) ~ 15x 10° N
The air pressure that will produce this force is
3
R A P

T A 1 (5x107°m)?

10.

11.

12.

13.

14,

15.

16.

17.

18.

(d) The pressure outside the submarine is
P=P,+ pgh

Pressure inside the submarineisP,.

Net pressure acting on the window is
P,=P-P,=pgh

=103kgm=3x 10 ms™ x 2000 m =2 x 107 Pa
Area of window is

A=50cm x50 cm = 2500 x 104 m?

Force on the window is
F=PA=2x10"Pax2500x10*m?=5x10°N
(b) Aliquid film has two surfaces,

so upward force = 2Tl

According to question,

Weight of the body hanged from wire (mg)
= Upward force due to surface tension (2TI)

2TI
m=-—

(a) Surface tension,

F 2x107?
2l 2x10x1072

(d) Force on one side of the stick

F,=T,xL=0.07x2=0.14N

and force on other side of the stick

F,=T,xL=0.06x2=0.12N

So, net force on the stick=F, -F,=0.14-0.12=0.02N

(b) Excess pressure inside an air bubble just below the

=0.1Nm™*

2T
surface of water, p; = I due to only one free surface

and excess pressure inside a drop,

2T
Py = T S PED,

(c) Pressure inside the bubble is

P, = P, +2S/r = 1.1 x 10° + (2 x 7.30 x 107%/1073%)
= 1.01146 x 10° Pa

(c) The total pressure inside the air bubble is

2 2
pt=p+p0+hpg=TG+po+hpg ("'p=76]
(b) The height of capillaryrise is
heel  Mu_fR)_04_4

“r=h, ) 033

(c) Forcapillary tube,
h,=18cm,d;=0.9d,
The height of capillary rise is given by

2Scos0 1 1
= =S hox-oc=

prg r d
hg (da) [ da ) 10
ha \dg) ~L0.9d,) "0
hB_%XhAzloxlszz



20.

21.

22.

23.

24,

25.

26.

N\ |\

(@ Asliquiddropisin equilibrium.
SoF.,=0

Boyant force + surface tension = mg
G%g +27RT = pVg

NFy+ Fp

- 4
—EnR3g [ V=R }

’ 3T 3x7.5x102N-m™!
(2p-0)g (2p-0)x10
3 15
= m=
20\/(2p—0) J2p-o
(c) Work done, W=S [2 x (Change in area)]
[+ there are two free surface]
W

2x(change in area)
=3x 102 N/m

cm

Surface tension, S =

- 3x107
2x10(11- 6)x (1072)?
(@) W=TAA=4rR?T(n¥3-1)
= 4 x 3.14 x (1072)2 x 460 x 10~ [(10%)Y3 1] = 0.057
(c) Work done = Change in surface energy

= W = 2T x4n (R - R?)
=2 x 0.03 x 4x[(5)2 - (3)4] x 104 = 0.4t m]

(&) As volume remain same i.e volume of two smaller
drops will be equal to volume of one big drop.
4 53 4 _3
2x—mr’ =—nR 3_-pR3
3 3 = 2r=R
3 1
R =
= 2 = (—j = 5 — 23
r r

Ui _T><2><(4Ttr2) B 2r2

d - =23:1
Ut Tx4nR? 2
23R?
o) E —ZXO 07 — =10° N/m?
r ~ 0.14x10"

. 2T
Pressure applied, =P, - = 10° - 108
=99 x 10° N/m?
(c) Water fills the tube entirely in gravity less

condition i.e., 20 cm.

217.

28.
29.

30.

31
33.

34.

35.
36.

37.

(@ Weight of the liquid column = T cos6 x 2nr.

For water 6 = 0°. Here weight of liquid column
W = 7.5 x 10N and T = 6 x 1072N/m. Then
circumference, 2nr = W/T = 1.25 x 107?m

F_ 6.28x107"

(b) T=r—=—"""""=5x107°N/m
2x3.14x2x10

2mnr
(c) Work done = Surface tension x increase in area of the
film
W=Sx AA
Increase in area = Final area — initial area
=10x (0.5+0.1)-10x0.5=1cm?
W=72x2x1=144erg

[ There are 2 free surfaces; .. AA=2x1].

(d) F,, = mg+2[T(2nR)] [T=75x102N/m]
-01+2[75><10‘3(02)] =0.130 N

(b) 32. (c)

(b) Given,

Angle of contact 6 = 30°

Surface tension, T = 0.05 Nm~!
Radius of capillary tube, r = 0.15 mm = 0.15 x 10-3m
Density of methylene iodide,

p =667 kg m=3
Capillaryrise, h= 2T cosh S\/
pgr 30},‘
\/é ‘\‘ 600 'o"
2x0.05x — r fy
= —=0087m ===
667 x10x0.15x10

(c) The height of liquid column in a capillary tube,

_2Sc0s® hy _ S P2 _ _
=Ty T h, S m (- S,=25,p,=2p,)
S |12
h, = |21 =h,=5cm=0.05m
(b)

(b) When the bubble gets detached,
Bouyant force = force due to surface tension

2nrTsin® = %nR3pmg

AN

s

r 4 3
= TxEx2nr=§nR Pwd

3 )
or, (ﬂ %)= MR Pud T(emr)  sind
=>r= R2 Zp_Wg
3T
@@ T,+Tcos(n-0)=T -
T,-T
cos (m—0) = B 10 0 ‘
T, -T.

= cose——l 2 T T2
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38. (c) Forfloatingdisc, F =0, . Fy . 46. () When acapillary tube is broken at a height of 6 cm, the
or R, +2urTcosd = W' : e__/'__’ height of water column will be 6 cm.
25cos0 h
or W +2nrTcosd = W'. As h= or —— = constant
M pry cos0
2T cos 8 6 6cos0° 3
39. (b) h= , Height in capillary depends upon the : = - =2
(b) rdg g pillary dep P " o507 cosg O COSO=—p—=7
surface tension of the liquid and surface tension of
soap water solution is less than water. So, height will 0 =cos L (_)
be less in second case.
40. (d) Atequilibrium, weight of the given block is balanced 2T cos O
by force due to surface tension, i.e., 47. (d) Ascent formula h—rdg
2L.S=W :hl -|-1><d2 : . . :
-2 hooT r, 6 and g and constant
or S W _LSAO0TN g gosnm hp T2 d
2L 2x0.3m 60 0.6 9
= X—=—
- 4S 50 0.8 10
41. (d) Excess pressure inside the soap bubble = —
r 4T 1
45 48. (a) AP =T AP o T
So the pressure inside the soap bubble = Py iy As radius of soap bubble increases with time
1
From ideal gas equation PV = nRT ~.AP i
49. (¢) Tx2nr+mg =F
(8+48J4n(rA)3 (©) 9T
PAVA _ n_A - rA 3 _ n_A
PsV n 45\ 4 n
8VB s (8+S}n(r3)3 B
rg/3
Substituting S = 0.04 N/m, r, = 2cm, rg =4 cm.
ng 1 ng
'S =E 'N =6. 4 4 3
B A L L or T ><2nr+p—nr?’g = gnr cg
42. (d) The excess pressure inside a bubble of soap is given 3 >
by pzﬂ. It means excess pressure inside the \/T
r R G >y
bubbles A and C is more than inside B. So, air will go 9(2p-0)
towards B from A and C. So, A and C will start 50. (a) = 2T and 2T
collapsing with the increasing volume of B. ' M= fpg hy = e

2Tcos6 _ 1 _hy 15 _2

43. h= = s=s : T(1 1
3 (C) rpg r h]_ r2 3 . h=h2—hlza[a—rlj.
( h=r, r2=r+50%0fr=§r) 1
5 \2( 2 51. (d) h w
New mass m, = nrzz hop=mn (E rl) (5 hl) p 52. (d) According to question, the situation can be depicted
as below,
= E(nrzh )p=§m
201
44. (d) When radius is decreased by AR, s
la
47R2ARpL = 4nT[R? - (R — AR)?]
= pR?ARL = T[R® ~R? + 2RAR - AR?] Sea S,

From, this we have, S|, cos 6 +S, =S,

2 -
= = AR is very small . .
PREARL=T2RAR [ y ] -~ 6 >90° and cos 0 is negative.

R_ 2T This implies that S, > S.. Hence, liquid does not spread
= “oL on solid surface.
45. (c) Thus, the statement given in option (d) is correct, rest

are incorrect.

N \\



53.

54.

55.

56.

S7.

(d) Given, radius of mercury drop, r=103m
Initial surface energy E, = surface tension x Area

E, =0.45 x 4nr? = 0 45 x 4 (107%)2
In|t|al volume =n x flnal volume
n(10‘3) =125x— dmps
1073
108=5R,, “ Rogy™ M

1 _3
So, final surface energy, E, = 0.45 x 125 x 47{TJ
Increase in energy = E, - E;
125
Increase in energy = 0.45 x 4x x (107%)%| — - -1
=4x0.45%x 47 x 106=2.26 x 10°]

(d) We know that terminal velocity is given by

2qr2
Vi = (o-p))
an

Here, we have no involvement of buoyant force. So remove
Py

2 -12 3
Then, v, = 2grep _ 2x10x10 ><510
9x1.8x10™
=123.4x10°m/s.

@ Using, v2—u?=2gh = v? -02 = 2gh = v =,/2gh

r’(p—o)g
n

After falling through h the velocity should be equal to
terminal velocity

2
lzghzzﬂ :>Zgh=
9 n

Terminal velocity, \, _ 2
9

4r'g*(p-o)’

81 n’
4 )2
:>h=—2r g(pzc) = hocr?
81n
(@ Terminal velocity is given by
212
vy =——(d-
T 911( P)g
vo 2 Mo (9-pp)
o g (apq)
(8-0.8)

v_Pz(ijzx(z]X o
= Vg \os) "\3)7(g-16) T WiVo=3:1
() When two drops of equal radius r combine to form a
big drop, the radius of big drop.

4 3 47'5 2 475 3
—nR®=—r"+—1r° or R¥=2r30rR=2%3r
3 3 3
2 2 1
Now R VR 5 =23 =43 .. Vy,=5x4Bcm/s

58.

59.

60.
61.

62.

63.

64.

b Given, v =v,

Egi[c _ ]_Egﬁ(c o)
9°n, 1~ Pw 971, 2P
n — —
~ Mw_o1-pw _32-1_1

n| Gz—pl 6—16 2

(b) Atequilibrium

47 4
mg = 6mmrv, or p?r g=6mmrv

L Ui orv,r=(v)x4=4cm/s
- - V. =(V =
Var (2r)2 T 2 T

©

(b) Using Bernoullie’s equation

P+%(v12 —v§)+pgh= P
:v§ =v12+2gh =V, =\/v12+29h

Equation of continuity, A\v, = A,v,

15
= (Lcm?) (1 m/s) = (Az) {\/(1)2 +2x10 xm]

4
10 =5x10"°m?

=10%x1=A,x2 = A,= —

(d) Using Bernoulli's equation
1 - 1 o
R +§Pl)1 +pghy =R, +§PUz +pgh,
For horizontal pipe, h, =0and h, = 0 and taking

1 , P 1 >
p 2,Weget:>P+§po—2+2pV

P
E-l—lpl) _]-pV2 =V = l) +—
2 2 2 \ p

(@ From the equation of continuity

ANv,= Ay,

Here, v, and v, are the velocities at two ends of pipe.
A, and A, are the area of pipe at two ends

P
P,=P,P,=—

vi_A_m48?® 9

TV, A n(64)? 16
(@ Fromtheorem of continuity A, V, =A; Vg
15%xV,=25%x102%60

—2
Ry =25><60><10 ><10=10le‘S
A 15

1 1
By Bernoulli's theorem, Pa +EPVA2 =Pg +EPVBZ

\U
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65.

66.

67.

68.

69.

Pa +% x1000 x (0.1)% =Pg +% x1000 x (0.6)?

=Pp +5= PB+%><1000><36><10_2

P,+5=Py+180 ..P,-Pg=175Pa
() Time taken for the level to fall from Hto H,

t:i\/Z [\/ﬁ—«/;
Ao\9

() Am,= Amy=Amg, we have

ApVp Py At = AgVopg At = AgVpppAt (i)
For flow of incompressible fluids,

we have, Pp = Pr = Pg

Thus, Eq. (i) reduces to,

= AVp=ARVR= AQvQ

Also, from the given figure we can also say that,
Ar>Ay> A,

(@ Fromthe Bernoulli's theorem,

1
Ppr—p2= EP(Vg —V12)
1
= py—p,= 5 X 1.3 [(120)°~ (90%)] = 4095 Pa

© Vi =V§+2gh

andA\V,=AV, V,
- A
Solving, A2 _ Mo l L
ALV +2gh
1 v,
AylA === 0

2 V& +2gn

4V = VZ +2gh

2
b _3V6
29

© =2 L1 - JR;]
-

According to problem T, =T,

\/ﬁ—\/E=\/E—O:>\/ﬁ=2\/E:>n=4
il il il
@

PREVIOUS YEARS MCQs

6.

7.

(c) \elocity of efflux

v=2gh = 4/2x10x0.2 =2 ms™*
(c) Workdone, W=S][2x (Changein area)]
[~ there are two free surface]
W
2x(change in area)

Surface tension, S =

- 3x1074
 2x10(11-6)x (1072)?
(d) If angle of contact is greater than 90°, then liquid
does not wet the solid surface.

(a) Change in pressure in soap bubble is,

2
wp=2(Z)-%
R R
(b) Since volume conserved, so Vg = Vg

=3x102N/m

4R =1000%nr3 =R=10r

3
Here,

r = Radius of small drop

R = Radius of big drop

Initial energy E, = 1000 (47r2S)

final energy E, = 4nR°S = 100 (4nr?S)
B 1 £ 1

So——=——==Lkf =—
E; 10 10

(b) Fromthe Bernoulli’s theorem

E;

1
P+ pgh + 3 pVZ = constant

(@) Let R be the radius of curvature of common surface
47

P =P+ Y andP,=P_ + o

4T
ANd P, -P,= —

N \\



8. (b) Since volume conserved, soV, =V, 15. (a) The condition for terminal speed (v,) is
Weight = Buoyant force + Viscous force
4 R% 210002 73 =R=10r F B=Vp,g
3 3 Vplg =szg +kVt2 v 2

Here,

r = Radius of small drop
) . o Vg(p1—py)
R = Radius of big drop e

Initial energy E, = 1000 (47r2S)

final energy E, = 47R?S = 100 (4nr2S 10 W=Vr, g
yE=m (nr'S) 16. () mx10=2x3x1072x oo
E 1 1
'-Ef_=1—025f=55i orm=6x10kg=6x10x10°g=06g
! 17. (a) With theincrease in temperature, the surface tension
2T coso of liquid decreases and angle ofzcontact also decreases.
9. d) We have, h = ) ) _
@ reg 18. (b) Terminal velocity, v, _2r"(P=po)y
Mass of the water in the capillary -~ 93‘1
oT cos6 2x(2x1077)“ x(8-1.3)x10" x9.8
cos =
m=pV =pxmurth= r2 moc r 9x0.83
p p X PXTre x g = maowx - 0.07 ms-L
r 1
m_z o orm,=2m;=2 M. 19. (c) Ry singledrop = 23 rg drop
U=TxA
2T cosO
10. (c) Weknowthath =~ So Uinitially 2% T x 4nr?
. " Ufinally 2
In a moving lift acceleration becomes finally - Tx4nR
=(g+a)=(g+29) =3 2 [
’ 9T =g _ 2 8 sy
b= 2Tcosd _ h (21/3r)2
~ p@Bg) T3
20. (d)
11. () Vor?
Ve _1 "
12. (a) E; =0~ A0 = surface energy per unit area ler—>
Height in the capillar
:Tai [...0-:T]: T.4nri2 g P y
4 4 _2scosf 1
Now, V; =V; :gnri3=64><§nrf3 h= ogr > hOCr
= =64r} =r,=4r, 21. () Terminal velocity vVocps —p,
So, ;= 0-A =T x 64 x .V _e&-o
r_2 Vi € —-o
Anrf =256T x - =16y
16 ! |:e2 —G:|
S Vo= \
So, AE =E¢ —E; =121+Tr? -0
= 127 %x0.075%0.12 22. (c) Using equation of continuity
=2.82 x 10 AV =AY, o T
L. Vi —
13. (c) Reynold’s number is given as R, _pVd L?/2gh =nr® /6gh
n
14. (b) For capillary rise, according, to Zurin’s law L*gh = r?r*6gh [] 3hA
hiry = hyry 1 1
6x1=hyx2=h,=3cm o L=(n)2(r)(3)a ORE:

N\ |\
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1
23. (b) FromJurin'slaw, hoc T or, rh = constant

24.

25.

@

@

2

r,h, =rh, A =T
h_h 2
- = A,= .
Iy hl 2 2
hy _hy i
3=—+==-= —_— = nrz
oy 9 2
r’ h
h,=3h,=3h 5 =9= —= =3h
r2 r2

According to question,
force F = 150 dyne 105x10™> N and

Surface tension T =7 x10~2N/m

-+ Circumference of the capillary x surface tension =
upward force

s2mT =F
-5
or, 2mr =E =% =15x10"°m
T 7x10”

=1.5%107? =1.5¢cm

Let radius of big drop =R

and of small drop=r

Volume of big drop = n(Volume of small drop)
4

—nR3 = n.inr
3 3

3

RE=nrP=R=n"3r
Surface energy of n drops,

E, = nx4nr®xT
Surface energy of big drop,

E, = 4nR°T

26.

27.

(c)

= nr? B nr?

"E R? (nl/a_r)z

2
nr- 1/3[

1/3
= =N w R=n""r]
203 2

or, ratio of energy, E,:E; =3/n:1
Surface area of the liquid drop A = 41R?
Let E be the surface energy of liquid drop.

When the drop splits into 512 droplets, the surface
area becomes

A, =512 x 4xr?[r = radius of smaller drop]

Comparing the volumes of bigger and all smaller
droplets, we get

R

ie. AR =s12xd e = =R
3 3 8

Total area of smaller droplets is
R 2
A, =512x4x nx(?j =8A
Change in surface area A, - A,
2
_ g B12XR o
64

=4n(8R* -R* )=7R’
Surface energy, E = AT [A=area, T =tension]

E, _AXT_8A
So, E AT A
0
" E,=8E
Rise of water in the capillary tube (h) is given by
_ 2Tcosh
pg(R-T)

In the given case,
cosb=1as0=0°
h :2—T
pg(R-1)

N \\



Kinetic Theory of Gases and

L] (]
Radiation
[ exercise 1: | WARM-UP Vo _ [Ty My [T,
Lol vz e Vimsn VTn Mo V(273+287) 32
1. (o 32 T
2. (d) Pressure exerted by a gas is given by = (_j =—20 =T, =360K=(360-273)°C =87°C
1mn , 1 4 20x 32
PZETV or PZEPV Pxp \/3R7T
10. RMS speed of gas, V. . =,[—— \Y/ T
Therefore, pressure exerted by a gas is directly @ P 98 Vims M ms 0T
proportional to the density of the gas. Initial temperature, T, = 27 + 273 = 300k
3. (d) Sinceithitsthe planewall parallel toy z—planeand it Final temperature, T,= 159 +273=432k
rebou_nds with same velocity, its y and z components of _ _ J432 —J300
velocity do not change, but the x-component reverses the % increase in RMS speed = ——————x100
sign. /300
Velocity_ after collision_ is (=v,, v, and v,). =Mxloo =19. 78 H~20
The change in momentum is 1r3z
—mv, - my, = - 2mv, 11. (@) rms speed is given by
4. (b) As the temperature increases, the average velocity 3RT
) - Vo o= |2
increases. So, the collisions are faster. rms M
2 ., 1(m
5. b p :%m\r;c and P =§(Ej xnx(2c)? =2P,. M, =4 Mo, =32
6. (None) Rate of change of momentum during collision RTpe _ [3RT02
_ mv —(—mv) _2mv N Mye \/ Mo,
At At h— M e —i—l
SO pressure .\ e To, Mo, 32 8
_N><(2mv) _ 10 ><2><10 ><10 =2N/m2 3RT
T AtxA 1x1 12. @ Vs =‘/V At27°C =27 +273=300K
7. (@ Therms speed of the gas molecule is
@ P d RO R
ve RT o F #Vims, ==y a1 Vims, = /=
M atT’=159+273=432
L V2 _ T2 _ M _u .. Percentage increase in the r ms speed
vi Ty \(273+27) 10 v v
. % change in rms speed is _ | s TS 00
11V v Vrms1
Vy — V. 101t 1
%AV =~2— 1100 =10 100 =10%
’ v, i ’ SR (Jaz2 300
_ _ M 20.78-17.32 .
8. (d) Therms velocity of a gas molecule of mass m is = R x100=| ———>— [x100=20%
/— (v300) ‘
v = 3KT oy o L M
™M=\ m ms = Jm 13. () We have
3RT
o Vims = ™, where M, = molecular mass

N\ |\

3RT T
(@ RMSspeed, v, = “/V = Vyms \/%
3

vV, =75% of v

rms, 0 v,

rms, N = Z rms, N

1

™o

Vims &
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14.

15.

16.

17.

18.

19.
20.

2\
(Vims )Hz = (Vims )0.2 X (Ej =500 x 4=2000m/s
(b) r.m.svelocity =—“3I\I/QIT

Equating r.m.s velocity expression for oxygen and
hydrogen molecular.

\/3R><20_ [3RxT
2\ 3

T=320K
@ V,=1,V,=2,V,=3,V,=4,V,=5
Root mean square speed is given by

5

122434415

5
average speed,

Vy+V, +V; +V, +V,
Vog =2 ; a0 (i)
_1+2+3+4+5
5

vrms_\/1l+22+32+42+52 5
avg

V2 +V2 +V2 +V72 V2
Vims =

f

Y 142+344+5 B - V113

(@) Pressure of an ideal gas

where m =mass and V = speed
,_1@mN .(sz_z{zm( " }
P=37 v 2)

p_2

Pl

= p:p'=2:1

[ T =const.]

1
(b) Vims OCT

/ 05 1
, 4

= V,=2 km/s.

T
- LIV /_
My Mg
as, T becomes double and M, becomes half
So, v, will become /4 timesi.e. 2 times.

@

(@) Root mean square speed is given by

3KT 1
Vims = ™ = Vrms OCM

. (Vrms)02 B /MH2 - (Vrms)o2 _\/z_l
B - N3

(Vrms )H V M 0, (Vrms ) H 4

2

21.
22.

23.

24.
26.

27.

28.

29.

30.

31.

32.

33.

34.

:>(vrmS)H2 =45 (Vys )O2 (-;(vrmS )02 =160m/s)

=4 x 160 =640 m/s

(c) Lighter the molecule, higher the average speed.
(¢) In equilibrium, the average kinetic energy of
molecules of different gases will be equal. That is

1 - 1 3
—mVv;C ==moVr° =| —kgT
5> MY 222 ( B)

(b) Average kinetic energy of gas molecues depends
on the temperature of the gas as

1 mv? = 3 kgT
2 2
(© 25. (a)
(@) rms speed is given by
3RT

M

=4 =32
/3RTHe
M He

_He _ 2 =
TO2 MO2 3 8
(c) The centre of mass of the gas molecules moves with
uniform speed along with lorry. As there is no change in

relative motion, the translational kinetic energy and hence
the temperature of the gas molecules will remain same.

3RT .
(@ Vims =4/——— M is least for hydrogen among the

hydrogen, oxygen, nitrogen and carbon dioxide.

©
(d) Translational kinetic enegy E = ngNT

Vims =

3RTp,
M 02

PV = %E [ kg NT =PV]
© Vol = (Veme) 3RTo,  [3R(300)
C 0, — H, .. -
rms)O, rmsJH, M02 \/ MH2
Mo 32
TO2 =300x —= =300x—=4800 K
H, 2
@
© v o [FRx28 ([T
oxg. = 32 L rms M

/3R 400
Vy = XT 0V, =2230.59 m/sec

(b) Root-mean square-velocity is given by

3RT . T
ms — V |.e., Vrms oC M

N\



35.
36.

37.

38.

39.

40.

41.

42,

N\ |\

1 43.
(Vims)O2 _ To, “ My, [_ 1
(Vrms)HZ THz Mo2 2
1 1930
© (Vims)O2 = (Vimg)Ha x— > T =965 m/s

@

(@) The average kinetic energy per molecule of any

ideal gas is always equal to

the temperature and is independent of the mass and 45,

nature of the gas.

3 . A
(a) > kgT = Ky where K_, is the average kinetic energy

of the proton.

-14

2Kay _ 2><4.l4><1(;3 J1=2X109K.

3kg  3x1.38x107°°JK~

Volume= mass _lmg
(@) Volume= density 4

46.

KE=2PV =2 x8x10% x = =5x10%

2 2 4

(d) The kinetic energy of a gas molecule is

f
K = K.E/molecule = EkBT

For diatomic gas, f, = 7 (At high temperature) 471.

f,=5 (Atlow temperature)
k_f_7
k, f, 5
(c) Forideal gas,
V=3mé P=3x10°pa
The energy of the gas is

3 3
E=§pV=§ x3x10°x3=13.5x10%]
() Temperature, T=77°C=273+77=350K

Boltzman constant, K =1.38 x 1072 J/K 49.

3
Energy is given by, E =3 KgT

3
E= 2% 1.38 x 1023x 350

1.5x1.38x350x10 23
1.6x1071°

E(eV)=4.52x10"%eV

E(eV)=

(c) Average kinetic energy of a gas is given by 50
E_lkT 51.
2

By T g _TE _ (127+273)x3.3x107%°

E & ° T (27+273)
400><3 3><10_20 5
e =44x1070)

3 kgT. It depends onlyon ~ 44.

48.

(d) Kinetic energy is given by
KE= 3 RT
2

since, PV=nRT
Heren=1
E= 3 PV =P= 2E

2 3V
2E
3V
(c) Aswe know that,

45x10°

— 292 _30%x108Nm
10x10™

(b) Pressure, P= =§

1
Kinetic energy, per unit volume, E = EPVZ ..0)

. 1.2 .
and pressure per unit volume, p = EPV ...(ii)
From Egs. (i) and (ii), we get

1 2
p==2E =ZE
L Pp=E32E =p=3
Hence, p < E.
(a) Average kinetic energy
3
E= E KBT “EocT

Therefore, at same temperature average kinetic energy of
O, molecule will be same asE.
(d) Given, Energy0.69eV=0.69 x 1.6 x 10-1°V

. N 3
Also average translational kinetic energy = EkT

=§x1.38><10_23T =0.6x1.6x107%

= T=5333K=(5333-273)°C=5060°C.

(@) The average kinetic energy of molecules is given by
3 .

KE,, = 5 KT. Soitdepends only on temperature

KE,: KE,=1:1
(b) For monoatomic gas, f=

. (Cp)1=(1+%)R=(1+— R="

w
(4]
Pyl

For diatomic gas, f=5

(d)

(c) Specific heat capacity at constant volume = x
specific heat capacity at constant pressure
C,=x%xC,

gR =x%><§R =Xx=60
2 2

% X

() The number of rotational degrees of freedom of a
monoatomic molecule is zero.
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53.

54.

55.
56.

S7.
58.

59.

60.

61.

62.

N \\

5
@ Given, Y =3
G5
C, 3

Percentage of heat energy needed to increase the internal
energy
nC, AT

C
_AU 100 = "SAT 100 =¥ <100
Q nCp dT Cp

=g><100 =60%

(&) 1additional vibrational mode adds two DOF

So,f ,=5+2=7
2 9 C 9
1+= - =P _= 49C.2=81C. 2.
So, Y= 7 7 Cy 7 =49C, =81C,,

(b) Adiatomic molecule has 1 vibrational DOF.
(b) Asimple pendulum, has 2 degree of freedom :
1 translational due to motion of bob.

and 1 rotational about string of pendulum.

(a) For agaswith n degree of freedom.

Specific heat at constant volume, C, =—

Specific heat at constant pressure,

n
—+1|R
Cp=(2+1).R ﬂz(Z j {””)
2 Cy E.R n
2
P
© As v= 1"
, 2
vép 330x330 1400 y=1+—
3y=—=—5><— f
p 10 1089 )
y=1.4 14=1+T
Cp
So, Y=—-=14 f =5
Cy

Since, for diatomic gas, the volume of y is 1.4.

Hence, the degree of freedom for diatomic gas is equal to 5
(d) Translational degrees of freedom =3

Rotational degrees of freedom =2

(h+2)R _
@) C—?C > (.Cp—CV—R)
&_ n
Cp n+2

(b) Law of equipartition of energy states that the

energy for each degree of freedom in thermal equilibrium
1

is EkBT- Thus each vibrational mode gives 2 degrees of

freedom (kinetic and potential energy modes)

corresponding to the energy 2><1k T =kgT

() Aflymovinginaroom has three degrees of freedom,
because it is free to move in space.

63.

64.
65.

66.

67.

68.
69.

70.

71.
72.

73.
74.

75.

(d) Weknowthat C, =—

Here,f=5+2=7 [+ 1Vib.mode=2DOF]
7

So, Cy =§R .

©

() No. of degree of freedom =3 K-N

where K is no. of atom and N is the number of relations
between atoms. For triatomic gas,

K=3,N=3

(€) Moles of He =

NN
N -

1
Molecules = - x 6.02 102 =3.01 x 102

As there are 3 degrees of freedom corresponding to 1
molecule of a monatomic gas.

. Total degrees of freedom = 3 x 3.01 x 102 =9.03 x 10%
(@) As degree of freedom is defined as the number of
independent variables required to define body’s motion
completely. Here f = 2(1 Translational + 1 Rotational).
Q
© C=Ti7s
(@) Work done is to be done is expanding the gas at
constant pressure.

(c) Arrigid diatomic molecule has 5 degrees of freedom
total internal energy of one mole of rigid diatomic gas is

u =§kBTxNA =gRT

; IFAT=0,C=cand ifQ=0,thenC=0

(- R=kgN,)

(d) Both are diatomic gases andC -C,=Rforall gases.
(b) For a monoatomic gas, the average energy of a

molecule at temperature T is ngT .

Internal energy U = gRT

V.3
Vodr 2
For an ideal gas, C, - C, =R
5
CP=—Randy=C—F’=E
2 Ccy 3

Cp 2
=y =1+—=
@ ¢,

() P-V diagram of the gas is a straight line passing
through origin. Hence P o« V or PV-! = constant
Molar heat capacity in the process PV* = constant is

R
C_y 1 1_x Here v =14 (For diatomic gas)
R
>C=——+—=C=3R
14-1 1+1
C



76.

77.
78.

79.

80.
84.

85.

86.
87.

88.

89.

90.
9L

92.

93.

() We know that ratio of specific heats,

2 2
Y= 1+H orn= Y1 [where n = Degree of freedom]

(b) Number of translational degrees of freedom are same
for all types of gases.

©) SinceCVi =0.67=Cy = g R, hencegasismonoatomic. ~ 3-

3 2
® Y=a=—o=fcv=gcp
R
Cp-Cy _—3CP _ECP_ 3
& R CP_3R
3 J J
(c) 81. (c) 82. (¢) 83. (a) 4,

(c) Water has highest specific heat capacity and hence
it is used as a coolant in car radiators as well as heater
in hot water bags.
(@) Initially black body absorbs all the incident energy
and so it is the darkest one. Black body radiates maximum
energy if conditions are same.
(b) According to Wein’s displacement law, AT = const.
() Temperature of surface of the sun was found out to
be 5791 k approx by using Stefan's lawi.e.
E=ocT 5.
where, E =amount of heat energy radiated/ sec area.

o = Stefan - Boltzmann constant.
(b) Black body has maximum radiated energy at same
temperature. 6.
() When light incident on pin hole, enters into the box
and suffers successive reflection at the inner wall. Ateach
reflection some energy is absorbed. Hence the ray one it
enters the box can never come out and pin hole acts like a
perfect black body.
(@) 7.
(@)

(© EoaT? (Stefan'slaw)
4 4
E
@ o[k :Ez(—m*o j —E,-16E. g
E, \T,) E, \273+273 :

ACCELERATOR

Topic-wise MCQs

N\ |\

(d) Pressure on the wall due to force exerted by molecule
on walls due to its rate of transfer of momentum to wall.

Inan ideal gas, when a molecule collides elastically with a S
wall, the momentum transferred to each molecule will be 10.
twice the magnitude of its normal momentum is

2 mv. For the wall EFGH, absorbs those molecules. 11.
Which strike to it so rate of change in momentum to it
become only mv so the pressure of EFGH would half of
ABCD. 12,

(b) As the relative velocity of molecule with respect to
the walls of container does not change in rocket, due to

the mass of a molecule is negligible with respect to the
mass of whole system and system of gas moves as a whole
and (g = 0) on molecule energy where.
Hence pressure of the gas inside the vessel, as observed
by us, on the ground remain the same.

3RT T
© v, .= [=— and, V =2V,me, = [— =
rms My rms¢ rms; T

= T,=4T,=1200k
Now, T,=1200K, T;=300K, n =

N |-
N ES
|
N

S0, Q=nCAT= = xR » 900
0, Q=NnCAT= 7>

Q=9360J
(d) RMS speed of gas molecule at NTP

Average speed of gas molecule at NTP

3RT
rms M
Vavg = \/ nM

The required ratio

Vims ’37'5
Vavg

(b) Mean free path A = R—ZT ShocT
V2rd?N AP
1500d _ 273 % = 20494
A 373
(C) Vrms Ve

SRT _112x10° [3x83LXT _ 49500
™ 2x1073

= T=10058 K~ 10*K

3RT 8RT
Vims = 1| and Vi = /-
(@ Vims M and Vay ™

1
3RT ( 5]5 8RT 3x22 5
/—= 1+— —_— =1+—
M X M = 7%x8 1JrX

x=28
(d) Given, temperature of oxygen molecules, T=27°C
Pressure of oxygen
RT 1.38x300x107%°

V21d?N,P 2x3.14%(0.3x107°)? x1.01x10°

=102x107° m =102 nm

(None)

(a) At 0 K, molecular motion stops. Hence, kinetic
energy of molecules becomes zero.

(d) Vipeoe VT
As temperature increases from 300 K to 1200 K that is
four times, so, v, will be doubled.

(c) Given,
R.M.S. speed of chlorine molecule,

Imean =
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Veq = 490 m/s 19. (d) RMS speed of gas molecule at NTP
R.M.S. Speed, v _ [3RT
rms — M
Vims = ‘/—3RT = Vg € \/I Average speed of gas molecule at NTP
rms M rms M
8RT
Vavg Y
Va Mc) M
e rve The required ratio
ver \Mar
= Vims _ 3_75
Var _ 70.9 ~133 Vavg 8
490 \39.9 20. (a)
=V, = 1.33 x 490 = 651.7 m/s 21. (a) Ratioofthe diameter of the molecules
d 1
. 1 3RT —==
13. (b) Using, t=——>—— ,where V,, = [ d 2
2nmd? vV, Mo o
Mean free path is given by
. tmﬂ [ . no.of molecules} .
' P |7 Volume J2nd?h
2
t, 500 P . M dz 2y .4
or == x ~4x10 A @2 1) 1
' 6x10° 2P /300 !

22. (@) Given,temperature, T=300K
14. (c) AsV, =15V,

= latm=1.01x10° N/m?
3RT BRT e Pressure, p o X
ml m, Radius, r =w=o.6x10‘1° m,
2 =2 T %225 k =1.38x1023 Jk 1 is Boltzmann constant.
My mmy Mean free path is given by
m__ 8T s k
m, 225x8 ”=—\/§ndzp
15. (C) (Vrms)Neon = (Vrms)He 1.38 10—23 300
RxT _ [Rx240 T _ o »= E < =22,105m
02 1 T o0p P =T=l2l2K 1.4141x (1.2x107°)*x1.01x10° =
16. (b) 23. (d) Given, we knowthat mean free path is given by,
17. (c) Given, o KT T M T P
Mass of first uranium isotope, M, = 238 units ~V2rd?.p P A T, P
Mass of second uranium isotope, M, = 235 units -
RMS speed of gas molecules, 107 _300 200, 157,46 _ 4 10m
AT . A, 400 600 2 3x2
V, =, [— =V oC —
rms \/ M rms 7T 24. (b) Mean free path
The required percentage L= kT
- 2
Yrms “Yimsy 100~ YML VM2 g4 Vand'®
Vrms, / T= Temperature
d = Diameter
_ /238 —~/235 %100 = 15.427 -15.329 %100 P = Pressure
V238 15.427 As radius gets doubled. So is diameter.
0.097 3 New mean free path will be
x100=6.34x10""x100 =0.634~0.64.
" 15.427 0634~06 Lo Kr kT L
3ov T 2r(2d)%2P  4x+2nd’P 4
18. () VYms= 1’— L
mass of the gas The mean free path = —

1

N \\



25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

N\ |\

(&) Mean free path,

1
r= J2rnd?
n = number density, d = diameter

1 Ixmw
fnn?» \/§><7t><2\/§><108><10 2

1 _
- d= Exlo %cm = d=5x10-4cm
(b) Mean free path in a gas is 100 times the interatomic
distance.
(@ Mean free path, ) =

=

1
J2nd?n

where,
n = number of molecules per unit volume,
d = diameter of the molecules
©)
(d) Given, temperature of oxygen molecules, T=27°C
Pressure of oxygen
RT 1.38x300x107%®

V21d?N,P 2x3.14%(0.3x107°)? x1.01x10°

Imean =

=102x10"° m =102 nm

3
(@ Awverage KE per molecule, K.E = 3 KT

Average Kinetic energy per molecule of the gas is
independent of mass.

KEa 1

KEy 1
(b) Total degree of freedom,
f=3+3+(4x2) [ 1vibrational mode is equal to 2DOF]
= f=14
Work done in adiabatic process is given by

wo PPV, NR(Ty-T,)
v-1 v-1
1x8.314 x(-10) B 2 8
=—————~— =-582] Sy=l+—-=2
(8 f 7
-
7
(d) Here, initial internal energy = Final internal energy
R F R F
—=mnRT; +—=n,RTy, =—=nRT +—=4n,RT
5 MRl 5 MRl =2 5 2
LLEURALVLP:
o T mRnR

(d) Heredegree of freedom, f=3 + 3 =6 for triatomic non-
linear molecule.

Internal energy of a mole of the gas at temperature T,

U =%nRT =gRT =3RT
(c) V=25x10°m3 N=1moleofO,
T=300K
Vs =200 rri/s

CA=E———

V2Nnr?

35.

36.

37.

38.

39.

. 1 <V>
Average time —=——= 200.Nnr? /2
T

_ J2x200x6.023x10%

25x1073
The closest value in the given option is = 1010

nx10718 % 0.09

(@ Here, nC,AT =%mv2
For monoatomic gas, C, = —

S AT = 1(5] -2 (30)2
2\n/ 3R
Lets assume mass per mole = 4 kg/mol
1 2 3600
_2><4><3R><30><30— R - X =3600.
(@ According to question VT = K and, TV*~1=cons.
SX=1=1=1-x=-1

. C=%+ C,, (For polytropic process)

co R BR_R .AQ=ncar =%xAT
-1 2 2
[here, n=1mole]
(c) Heattransferred,
Q=nC, AT as gas in closed vessel

To double the rms speed, temperature should be 4 times

i.e,T=4Tasv, .= \/3RT /M

Q_E xR (4T -T)

2
CP
&
or, Q=10000J=10kJ
(b) LetS, and S, be the specific heat per unit mass of the

gas at constant pressure and volume.
At constant pressure, heat required

= Ydiatomic =_&C -Cy = R:|

AQ =mS, xAT =160=mS, x50 ...(i)
At constant volume, heat required
AQ, =mS,AT = 240=mS, x100 ..(ii)

Dividing (i) by (ii), we get

s, S C
160 5 % 4 % 4 |..5_Cg,c
240 S, 'S, 3 C, 3 M,

(Here, f = degree of freedom)

w| b

2
= =—=14+—
v f

= f =6.

() Amount of heat required (Q) to raise the temperature
at constant volume

Q=nCAT ..(i)
Amount of heat required (Q,) at constant pressure
Q, =nC,AT (i)
Dividing equation (ii) by (i), we get

( C

22 =a-Q[F)

_ S
QG C 5)
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40. (a) gp— C,=R= Cp =C,*+R LoTe 20e _ 20x1.6x1019 _73.10%K
A GHR G R 3Kg  3x1.38x10°%
Cy Cy Cy Gy _ _ 5 7 5 4
) R i_ R 48. (c) n,=1mole n,=1mole, 159277
= y_1+CV :CV _y_ljcv_ -1 n1+n2 nl n2 = 1+1 1 n 1
41. (c) From Mayer’s formula, T Bmix—1 O 1 8,-1  Bpix -1 Z_l 44
C,-C,=R
MC, - MC, =R -2 S35
R dmix—1 2 1 2 mX =11
-G = 49. (a)
7o 7 5 50. (b) n,=2moles, T, =27°c=300K
42. (d) Cp =§ ; Gy =Cp - R=§R— RzER For monoatomic gas, f, =3
CP 7/2R 7 - UznlleRTl=2><3><§><300=900R
C, 5/2R 5 For diatomic gas, f, =5
43. (a) At constant pressure, n,=3moles, T,=127°c=400 K
, n,foRT, 3x5xRx400
dU=nCVdT=n§RdT U'= 222 2 _ 5 =3000R
dQ =nCpdT =n(7R] dT U'_S000R 10 10U
U 900R 3 3 )
and dW = nRdT 51. () The mean kinetic energy of a polyatomic gas per
5 7 molecule per degree of freedom is <K.E> /dof/molecule
SdUdQ:dW =—:—:1=5:7:2.
du:dQ 2 2 = 1KT
44. (c) Given, U=3PV +4 2
f f 1KT f—ﬂ
U="LnRT =L pv 2 <K.E>/molecule= | 5 -
52. (c) Foragas, Q=100J, AU=60J
f - - 8 nc,AT
SPV=3PV4d or fe6r . Q 100 5 _ MGAT 5 5 60
So f =6 AU 60 3 nc,AT 3
O Tin = ] ] . The gas is monoatomic.
Hence the gas is polyatomic. 53. (b) Fordiatomicgas, f, =5
45. (a) (C,) i Of two mixed is given as, fiR 5R
(€)o MG NG h2 2
" nen, Cp, =C +R=%+R§=C
1 3R 3 5R , For monoatomic gas, f,=3
2 2 _R_ap o3 c _BR_R
1+3 4 4 V2= 9 2
46. () M, =M, =2:3 Tixture = Th, = Tn, =30°C c ® 3C
f Now,_sz_ Cvzz_
< KE >/ molecule = EKBT v, 3R 3 7
2
3KeT, T
<KE >y, /molecule 5 ™8 H, 11 54. () Total internal energyu = n- RT for diatomic gas

= 3 )
<KE >y, /molecule > KaTh, f=5,n=4molesand T = 27°C = 27 + 273 = 300 K given

. i i ion KE of 5
47. (d) According to question, the translation of a Therefore u = 4 x EX8.31><300=24.39X1O3J

3
molecule of gas = Ekt or,u=24.39kJ
55. (a) From Wein’s displacement law, A, x T = constant

3 3 P — max. intensity is at violet = A, is minimum = temp
Ekt =eV = Ekt =10e maximum

N \\

According to the question,



56.
57.

58.

59.

60.

R —max. intensity is at green = A, is moderate = temp moderate
Q-max. intensity is at red = A, is maximum => temp minimum
Le., Tp >Tr> TQ

(©

(d) From Wien’s law, A, T = constant, where T is the
temperature of black body and A, is the wavelength
corresponding to maximum energy of emission. Energy
distribution of black body radiation is given below:

(i) U; and U, are not zero because a black body emits
radiations of nearly all wavelengths.

(i) Since U; corresponding to lower wavelength, U cor-
responds to higher wavelength and U, corresponds to
medium wave length, hence U, > U;.

(c) According to Stefan’s Law, the rate of loss of heat is

%= GA(Ty - T))xe

here 6 = 5.67 x 1078)/m? x sec.K?,
T,=527+273=800K,
T,=27+273=300K & A = 200x10~4m?

So, % =5.67x108x2x1072
[(800)* - (300)4] x 0.4
=~ 182 joule

3
() E=o xareax T4 T increases by a factor 2

1
Area increases by a factor 1

(c) Power radiated by the sun at t°C

= o(t + 273)* 4nr?

Power received by a unit surface

o(t+2739%4nr®  ro(t+273)*
47R? R?

PREVIOUS YEARS MCQs

(@ Wehave PV=nRT = V=§T
V=mT, wherem=slo _ MR
=mT, = peofv—Tcurve—?
Now, as m, > m, :ﬁ>ﬁ:>P2<Pl
PR R
f

(d) Weknowthat C, = ER
Here, f=5+2[-- 1Vib.mode=2DOF]

=7
7
So, Cy =§R
(@ Mean free path, ) = 1
J2nd?n

where,

n = number of molecules per unit volume,
d = diameter of the molecules

10.

11.

(d) To, =47 +273=320K

VH, =Vo,

3RTh, I3RT02

My, \/ Mo,
v o [BRT_ [T, _ 520
. rms m 2 - 32

320
= TH2 =E= 20K

1 1
ny=— mol,n, = —mol
(0) np= 7 molng =55 mo
By ideal gas equation,
PV=nRT =P oxn
P 32
3 _A — n_A = — = 16
P ng 2
() The average distance between two successive colli-
sions of molecule is

1
N
J2rd?n

. 3
(c) For monoatomicgas, C, = 3 R

<

. . 5
For diatomic gas, C', = ER

|

Ratio Cy " 3
I = — = e
C, 5y 5

‘I\)

N | o

(@) Each degree of rotation of diatomic molecule has

RT
energy - per mole.

3RT T
D) Vims =, [ o ; Vs % o[
(b) rms M rms M,

as, T becomes double and M, becomes half

So, v, will become J4 timesi.e. 2 times.
(None) Average kinetic energy per molecule

f

= —KT
2
3
AVKEy 2T 3
AVK Eo, gKT 5
(@ V,=2Vg:T,y=2Tg;Py= 2P,
PaVa PsVp
7 = Ts = naR =ngR
Na _ PaVaTg _ (2Rs)(2Ve)(Tp) _
Ny PeVeTa Ps Vg (2Tg)

N\ |\
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12.

13.

14,

15.

16.

17.

18.

@ Cp—CV:R:Cp:CV+R

¢, C,+R C, R
e e L L
CV CV CV CV
= —1+i:i— 1=C - R
Y C, C, Y v y-1
M+ n ny
b =
() vy-1  y1-1 vp-1
o 2o 1,1
Y- §_1 1_1
3 5
Loy 3
Sy 7"
(a) C,-C,=R ()
C
P _ .
C—V—Y ..(ii)
Solving (i) and (ii)
We get : Cp=ﬂ
y-1
-n Cp_ _
(d) C,-Cy=R, a— y=C,=1C,
7C,-C,=R=C,(r-1)=R
. C —_— R
SV (v-))
(b) Heat energy incident on the surface,
Q;=1000J/m

Coefficient of absorption, a = 0.8 coefficient of
reflection, r = 0.1 Heat energy transmitted in 5 minutes,
Q=2

wl=r+a+t =t=1-0.1-08=0.1

Q, = Q;x t x T (t = cofficient of transmitance)
Q,=0.1x 1000 x 5=1500J

o Co 7
(c) For rigid diatomic molecule, N
\

5 .
CV =7Cp (I)
Also, C -C, =R

5 2
or, Cp ——Cp =R = 2Cp =R
n= E =0.2857
7
(a) Ideal gas equation, pV = nRT
ml
pVv = o RT here, m' is the mass of the gas
. m' RT

and M molecular weight p = VM

19.

20.

21.

22.

23.

24.

. _PRT
- p o

m
np= v density of the gas

_PM _pM

RT  NKT'

p= m, where m= M mass of each molecule.
KT N

N is Avogadro, number

() We have given

R _o4 (i)

\
Here, R = universal gas constant
C, = molar specific heat at constant volume
We know that, Cp -C =R

v
C, -C, C
. =04 = 2=04+1=14
CV CV
iie. Y=14
The gas is diatomic in nature.

L 3RT
(b) RMS velocity is V, .. = NYE
1

M
Ratio of RMS velocity of helium to oxygen is:

Vi _ [32_2V2
Vo V4 1

Vims o

. 3
(c) For monoatomic gas, C,, = ER

5
For diatomic gas, C', = ER

. R t‘ . CV _g_R g

.. Ratio = c, =5 5
2

(c) Given,

P4

P2 25

1
RMS speed o< ﬁ

) . |p2_5
Ratio of rms velocities = ,|— =—
P 2

average speed
mean free path
1 Vavg — 600
frequency =T 3107
(b) Given, initial temperature = 127°C = 400K
Final temperature =527°C + 273 = 800K
The rms speed of gas molecules,

(c) Collision frequency =

—2x10% sec”L.

N \\



3KgT  [3K
v'rms=\/ n? =\/75(400)

3K

Ve = 78(800)
Vims _ [400 _ 1
Vims V800 42

Vims = ‘/E Vims

25. (c) (V,), =50m/sat T, = 77°C = 350K
T, = 150.5°% = 423.5K

(Vrms) T.
Vg o T = rmsla _ [To
me (Vrms )1 Tl

(Vrms)z 423.5
= =1/ =+121~11
50 350

(V,,), =50 x 1.1 =55m/s
26. (c)

27.

28.

29.

(b) Internal energy of an ideal gas:
U= i nRT
2
Substitutes the given values
2250 = g x 3R x 300

f=5
(b) For arigid diatomic gas,
f=5n=1mole

f 5 5
- Internal energy U = EnRT = Exlx RT = ERT

(b) For the given gas molecule, F =6
T=48°C=(47+273) K=320K
.. Total internal energy of the gas molecule is

AU = ng - g x1.38 x107% x 320J
1324.8x10723
=13248x102] =——————¢€V
1.6x10
=828 x 10 eV

N\ |\



Thermodynamics

WARM-UP
Topic-wise MCQs

10.

11.

12.

13.
14.

N \\

(d) Pressure, volume, temperature and mass are all macroscopic
variables which can be measured.

(d) Thermodynamics concerned with AH, AU and and AW.
(d

(@) Zeroth law defines temperature and first law defines
internal energy.

(c) Heat and work are not state variables. They are
energy, transfer to a system which change the internal
energy of a system, which is a state variable.

(c) Internal energy of an ideal gas depends only on the
temperature.

(@) Work is energy transfer brought about by moving
piston of a cylinder containing the gas, by raising or
lowering some weight connected to it.

(b)

(&) As we know,

AQ = Au + Aw (Ist law of thermodynamics)
= AQ=Au+ PAv

or 150=Au+100(1-2)=Au-100

o, Aul50+100=2501J

(b) For path iaf,

Q=50cal

W =20 cal

By first law of thermodynamics,

AU=Q-W =50-20=30cal. g

> f
For path ibf
Q'=36cal 1 1
W =2 i > b

o, W=Q'-AU

Since, the change in internal energy does not depend on
the path, therefore

AU '=30cal

S W=Q-AU'=36-30=6cal.

(c) Heat and work depends on the path taken to reach a
specific value. Hence, heat and work are path functions.

(d) Heatalways refers to energy transmitted from one body to
another because of temperature difference.

(b)
(b) AQ = AU + AW

15.

17.

18.
19.

20.

21.

22.

23.

24,

25.
26.
27.

©

(b) According tofirst law of thermodynamics
Q=AU+W

Given : Q = 2 kcal = 2000 x 4.2 =8400J

W =400

AU = Q- W = 8400 — 400 = 8000 J
(d) According tofirst law of thermodynamics
AQ = AU + AW
AU = AQ - AW
AQ =35J, AW = - 15]
. AU =35]-(-15J) =50J
(@)
(d) Thegiven statement is zeroth law of thermodynamics.
It was formulated by R. H. Fowler in 1931.
(d) Forthegas, Q =18J, W =-12]
Change in internal energy,
AU=AQ-W=18-(-12)=30J
(&) In thermal equilibrium the macroscopic variables

like pressure, volume, temperature, mass and
composition do not change with time.

@)
©

. 5
(c) For monoatomic gas, v = 3

For an adiabatic process, PV* = constant
For an adiabatic process, PV* = P'(V')

5/3
= pvI3- P'[%) (Given, v =%)

5/3
= P'=(8) P=(2P=32P

(@)

(@)

(b) Inadiabatic process, no heat is taken or given by the system
ie, AQ=0= AU =-AW

If AW is negative (work done on system), then AU increases &
temperature increases and vice-versa. So work done in adiabatic

change in particular gas (ideal gas) depends on change in
temperature.




28.
29.
30.

3L

32.

33.

34.

@)
(b)
@)
© Slope of adiabatic curve  (dP/dV)aqi

Slope of isothermal curve  (dP/dV )iso

C
So slope to adiabatic curve is v (= EPJ times of isothermal

curve, as clear also from figure.

Isothermal
curve

Adiabatic curve
() T,=273+27=300K
T, =273+ 927 = 1200K
For adiabatic process, P1~" TV = constant
=S P T T Y =P T,Y

1— 1-1.4
(A () (A _(@)“
T, ) TR 300
14 7

7
oy d0s) g d2) =P @) =2x128= 250 m

(b) Initial temperature (T;) =18°C=291K

\Y
Let Initial volume (V;) =V Final volume (V,) = s

According to adiabatic process, TVY =1 = constant

According to question, T,V," ™ =T,v,/

7
-]
=T,=293(8)5 =203 x 2.297 = 668.4K

N Cp 7
For diatomic gas y = —=—
C, 5
(c) CurveA, B shows expansion. For expansion of a gas,
Wisothermal > Wadiabatic
F)isothermal > Padiabatic
Tisothermal > Tadiabatic

= Slope of curve for isothermal change < slope of curve for
adiabatic change.

So, curve B shows isothermal change and curve Ashows adiabatic
change.

35.

36.

37.

38.

39.

40.

(b) Work done in any process is given as

we 22 —RVI
1-x

In adiabatic process,

P,V,' =PV,

5
v Y 1200 \3 5
P,=R|-21]| - 3 3
2 l[VZJ 75( 150 J =75(8)3

=75 x 32 = 2400 kPa

Here, x =y
PV, — RV, -
So, w=-22""11 _ 2400x150-75%1200 <10-3
1-vy 5
1-=
3

= 405000 x 10=2 =405 ]
(d) Under adiabatic change

T, (P = =t

2 1] v

== or To=Ty(P/Py) 7

T, (PzJ 2 =Ty (PL/Py)
1-(7/5)

T, =300(4/1) /9 ; y=1.4=7/5 for air

or T, =300(4)"%"
(@) Fromfirst law of thermodynamics,
AH = Au +w
In adiabatic process AH=0
Au=-w
() Inanisochoricprocess, nowork is done on or by the gas.
V is constant.
1
(a) For adiabatic process, \ o T1Y

And for isothermal process, temperature is constant.
Lety=1.5

1
then, V o« =5
T

Hence, (c) is the correct V-T graph.
-
Also for adiabatic process, PocT "
Lety=15

Then, Poc T

Hence, (d) is the correct P-T graph.

(d) Isobaric compression is represented by curve AO
Work done = area under AD

=2x102 x (3-1)

= 4 x 102 = 400 J.

N\ |\
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41.

42.
43.

44.

45.

46.
47.
48.
49.
50.
51.

52.

53.

N \\

(a) For adiabatic process Q = 0.

By first law of thermodynamics,

Q=AE+W = AE; ;= -W.

(b)

(b) Bursting of helium balloon is irreversible and in this
process AQ =0, so adiabatic.

(d) FromCtoD, V isconstant. So process is isochoric. From

Dto A, the curve represents constant temperature. So the process
is isothermal.

FromAto B, pressure is constant . So, the process is isobaric.
BC represents constant entropy.

(b) Heatengineis device by which a system is made to undergo
cyclic process that result in conversion of heat into work.
When gas (system) in heat P

engine undergoes process
152—-53—>4—1, then

work done by gas = area enclosed
by figure formed by joining 1, 2, 3, 4.
Work is positive if arrows move clockwise.

(b)

(b)

(b)

(c)

(a)

(c) The working of an air coditioner is similar to the
working of a refrigerator. An air conditioner removes
heat from the room, does some work and rejects the heat
to the surroundings. As air conditioner is put in the

middle of the room then due to continuous, external
work the room will become slightly warmer.

(d) The coefficient of performance of a refrigerator is given by
g2 Q
W Q-Q
Substituting the given values, we get
1. &
3 200-Q>
= 200-Q,=3Q, = 4Q,=200

or Q =2f20‘] =50J

W=Q,-Q,=200J-50J=1501]
(b) Here, Coefficient of performance (B) = 5
T,=27°C=(27+273)K=300K
T.
2__5-_T
-T, 300-T,
or 1500-5T, =T, or 6T, =1500

As,[3=.|.1

LT, = —15:0 = 250K

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

(a) External amount of work must be done in order to
flow heat from lower temperature to higher temperature.
This is according to second law of thermodynamics.

(c) For process to be reversible it must be quasi-static.
For quasi static process all changes take place infinitely
slowly. Isothermal process occur very slowly so it is quasi-
static and hence it is reversible.

(&) Slow isothermal expansion or compression of an ideal
gas is reversible process, while the other given processes
are irreversible in nature.

(a) First operation in carnot cycle is isothermal expansion.

(@)
T : :
d n= 1—_|_—1 So for  be high T, must be high and T,

must be low.

it
@ n=1"g,
T,=-23°C=250K, T,=100°C=373K
_ 4 250 _373-250
373
300 100

1
@ M=1"%00 200 2

n= %xlOO:ZS%

Hence, it is not possible to have efficiency more than 25%.
(c) Absolute zero temperature is practically not reachable.

(d) Efficiency, n= (1—%) x 100
1

,_q_(1-100) oo (1,-100-T,+100)
(T, —100) T, 100
0= T1=T2 ), 900,
T, -100

Comparing with n we get, the efficiency increases.

o (627 +273) - (273 + 27)

b
®©) 627 + 273

_900-300 600 2
~ 900

900 3

work = () x Heat = §><3><106 x4.2 1 =84x108]
W T 1200 400
2|11 i I B et

@ ( TZJ: Q ( 800)

.. Amount of heat energy supplied to the engine from the
source, Q =2400J.



ACCELERATOR

Topic-wise MCQs

1.

10.

11.

12.

N\ |\

(d) dUu=dQ-dw=(8x10°-6.5x%10%=1.5x10°J
dW=dQ-dU=10°-15x105=-0.5x 10°]

—ve sign indicates that work done on the gas is 0.5 x 105 J.
(c) GiventhatdQ=-30JanddW=-10J

E; =40 Jand let final internal energy = E,

So, dQ = Ef —E; +dW —30=E; —40-10;E, =201
© Q=mL=1xL=L;W=P(V,-V,)
NowQ = AU + W

or L=AU+P(V,-V,) .. AU=L-P(V,-V,)

(b) dw =PAV =1.01x10°[1671-1]x10° Joule

_ LODAOT o _ 40cal. nearly

AQ=mL=1x540,

AQ=AW+AU or AU =540-40=>500 cal.

(@) W =P(dV) = 0.01 x 105 (1671 1) x 10-% = 167 J
Q=AU+W

or AU=Q-W= mL-167 =540 x 4.2 — 167

= 2099 J
() w="i2= %m:zm

(c) Heat absorbed in a thermodynamic process is given
by AQ = AU + AW.

Here AU is same for all the three processes as it depends only
on initial and final states.

But AW, =+ Ve, AW, =0, AW, =~ ve

AQ, > AQy,
() -20= AU +50 = AU =-70.
From2 —1, AU =70KkJ.

Now 10 =70+ W = W =-60 kJ.
() AsAU=0inacyclic process,
AQ = AW = area of circle = nr?
or AW = 10° 1
(d) Work done = Area under the P-V curve
W = (80 kPa) (250 x 10-) kt 1/2 = 10 J
Since the arrow is anticlockwise,
Work done =-101J
(b) Work done = Area under the curve

= W=x(4-2)(400-100) =(2)x300

W = 300J

(d) In each cyclic process, AU = Ug ., = Ui = 0

13.

14,
15.

16.

17.

18.
19.

20.

21.

22.

(@ In an isochoric process volume remains constant
whereas pressure remains constant in isobaric process.

(d)
(b) By first law of thermodynamics,

dg=dw+du

. . V
(b) In an isobaric process, T- constant

Work done by gas, W=p(V,-V,) = u(T,-T).

Since, temperature changes, so does internal energy.
Thus, from the first law of thermodynamics, we can say
that, heat absorbed goes party to increase internal energy
and partly to do work.

(d) VT3=constant

1
= T(V)3 = constant (i)

For adiabatic process,

TVr-1 = constant (i)
Comparing Eqgs. (i) and (i),
1 4
—1== =_
YTEE3TTS
(@)
(c) For isothermal expansion process,
pv=p'x 2V [V =2V]
P
= Pp= 5

For adiabatic expansion
pVy =constant = p'V'=p" V"

5

n_P|2Vis_p
2 [16V} 64

() When heat is given to a gas in an isothermal change,

the result will be external work done by the gas, because

when there is an isothermal change, the temperature

remains the same.

Hence, AU=0

(b) Inisothermal process of an ideal gas, AU=0

So, AQ = AW (from first law of thermodynamics)

As the area under the curve represents the amount of the

work done, i.e.

AW=+20) = AQ=+20]

(@) Inisothermal process, temperature is constant. From

ideal gas equation,

PV=uRT

At constant temperature,

PV = constant
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23.

24.

25.

26.

217.

So, with decreasing pressure P, V must increase to keep
product PV constant. This inverse relation between p and
V is depicted correctly by curve A, where P decreases
with increasing V.

(d) For anisothermal process, PV = constant

Slope is given by

(3—5150 = —% )

For an adiabatic process, PV?= constant
.. Slope is given by

(ﬁ) _rP

v/ V

From Egs. (i) and (ii),
&),
dv ad ! dv iso

(c) Inisothermal expansion, V,>V,
As, work done in an isothermal process is given by

(i)

AW= yRT In 2
=u n Vl

In this case, AW, >0 = AW, = +ve

Similarly, in isothermal

compression, V, >V, = AW,<0 = AW,=-ve

(c) Inadiabatic process, heat remains constant. So, from

first law of thermodynamics,

AQ=AU+AW = AU+AW=0

When work is done on system,

AW = —ve = AU=-AW=+ve

As, AU=puC AT =+ve = AT =+ve

= Tincreasesor T,> T,

(d) For adiabatic process, pV¥ =TV = constant

y-1
T
- _ (ﬁ\
T, \M
Vi
Here, T,=2T, and V, =5

1" (1
2 =3 =y-1=lory=2

= pV’=pV?=constant

. dp p
=—tanp=——=-—
(c) Slope of isothermal curve ) v v
[ for isothermal process, pV = constant = pdV +vdp =0
d__p
orav T vl

Similarly, slope of adiabatic curve,
tang= i[constant] . (Bj
dav \Va4 \Y

[ for adiabatic process, pV' = constant]
As we know, y>1

28.

29.
30.

31

32.
33.

34.

ThUS, (Slope)adiabatic > (Slope)isothermal
(¢) .. No. of moles of oxygen,

128
=—=4mol
"=

For an isothermal process,
V.
W = uRT log, —%
W e v,
_ 150
—2.3><4><RTXIoglo7—5
= 2.3 x 1192 R log,, 2

(b)
(a) Ideal gas equation at constant pressure is given by
p AV =nRAT ()
~.Work done, W = p AV
W =nRAT ..(ii)
At constant pressure, heat given to gas is given by
Q=nCAT (i)
From Eqgs. (ii) and (iii), we get
ﬂ_nRAT_R_ R 2
Q nCpAT ¢, (Z) R 7
2
Given, W=101J
10 2
—== =351
Qe 77¢
(d) Using relation,
y-1 15-1 1
T2 _ (&\ Y

55 - 300

= T,=2T, = T,=2(273 +27) =600 K = 327°C
(b)
(c) Since, the given process is adiabatic, hence AQ = 0.
From first law of thermodynamics, we get

AQ =AU+ AW = AU = - AW
The process is adiabatic compression, therefore volume
decreases. Hence,

AW=-ve = AW=+ve
Thus, internal energy of the system increases positively
with change in temperature as gas is compressed
adiabatically.
(d) The process in which heat remains constant is called
adiabatic process.

In adiabatic process relation between temperature and
volume is given as:

TV = constant

N \\



35.

36.

37.

38.

39.

(b) The relation between temperature and pressure is
given by
PVY=constant (PV = nRT)

nRT nRT
=>V= =

p —]y = constant
P p
p™Y TY = constant
(b) Work done on the system, W = 166.28 J
Increase in temperature, AT=T,-T,=8°C
Work done in adiabatic process,

B nR(Tz —Tl)
= 1

w

8.314x8
vy-1

166.28 =

8.314x8

S0 XC 04 oy
166.28 =v=14

=y-1=

The gas is diatomic in nature.

(c) Thework done by a gas is maximum when it expands
isobarically.

(d) For mono-atomic, f =3

—l+g=§
V2T 3

For adiabatic PVY = constant (-.PV=nRT)

nRT

(TJVY = constant

v-1
T, V=T,V = 80(V)' " ¢

(27vy !

Final temperature of gas,

() P,=P:V, =V, V,=27TV
For isothermally
P,V,=P,V,
P, — PMi PxVv P
2 e ———
V, 271V 27
For adiabatic

P,VJ =PyV]

40.

41.

42.

43.

5

P 5 = p 3><§
EX(27V)3 =P3><V3:>E><(3) 3 =P3
The final pressure of the gas

P, = 9P

(b) The condition for adiabatic process is

TV¥-1= constant

Before compression, T,V, ¥ = const. (i)
After compression, T, V,*! = const. (i)
Dividing (ii) by (i):

T,V =T, v,

y-1 v-1
- Ez ﬁ - T,= ﬁ (T)
TV VA !

5
21
T, =(VX27J3 [400]=2><400= 900 K.
8V 4

Change in temperature,
AT =T,-T,=900-400 =500 K

T-T, w T,-T, W
d) n,=—L—=2="A and, ng =—4—32=—"2
( ) A -I—I Ql B T2 Qz
According to question, W, =Wp
LU B T-Ts T
Q T, Ti-T, T
T, +T 600+ 400
nTp=— 23 = = 500K

2 2
(b) Initially, n = 0.25

. T.
1- Tsik 05 = 075 = —sink

source TSOIJI‘C(-)

Touree = 230 _ 400k
souree ™ 0.75  0.75

Finally, n = 0.25 + 100% of 0.25
n=0.5

T.:
sk _ g5 - 05300

TSOLII’CE

= 1-
source

= Teource = 600 K
- AT = (600 — 400) K = 200 K = 200 °C

w_( % @_(1_4_00)
@ o T,) = Q 800
.. Amount of heat energy supplied to the engine from
the source, Q = 2400 J.

N\ |\



Thermodynamics s-XI11/45

44, (a) Efficiency of heat engine 48. (b) Q;=1000J, Q,=600J T, = 127°C =400K
Efficiency of carnot engine,
T 1 .0 ,
n =1—? :>Z=1—? [T, — sink temperature] Q,-0Q
n=W 100% or,n=~2—<Lx100%
3 . Q1 Q1
=4T =3Tor, T, =ZT (i)
1000 - 600
=—x100% =40%
1 . T,-58 o M="jgpp P =A0%
= —-=1- ..(ii)
2 T Q T
From equation (i) & (ii) Now, for carnot cycle Q_i =?i
S B L1 % riam
47T 274 7707 600 _ Tp . _600x400
; 1000 400~ %2~ 1000
Ty =, T=174C =240-273 = —33°C
49. (@) W,z=0, Wy~= PAV = nRAT = —nRT,
45. (c) Efficiency, n __Workdone _ W @ Wae BC 0
Heat absorbed  ZQ v,
WCA = NRT/N— = nR(2T.)/n2
=Q1+Q2+Q3+Q4=05 V, ( 0)
Q+Q '
* Qgc = NC,AT = (ﬂ\T
Here, Q, = 1915 J, Q, = - 40 J and Q, = 125 Be = Mepfl = 2 o
1915-40+125+Q,
ST tes15 0 Efficiency, n = = [M}
o Q |v/(v-Y
=1915-40+125+Q, =1020 = Q, =1020-2000
W T
=Q,=-Q=-980J =Q=9801J 50. (a) As we know an—zl—?z
. . 1 1
46. (b) According to question, n, =1, =1,
S _,_ 300K _3
o221 8.9 4 = N7 71200k 4
T T T3
) o 3 W 4 s 4
[ Three engines are equally efficient] ey =>Q =WX§3Q1 =12.6x10 3
T2 _T3_Ta Q.= 16.8 x 106J.
T T T3
. PREVIOUS YEARS MCQs
Ty T 0 | exorcise 3: |
. L @
Ta=yT2T4 (i) 2. (c) Internal energy depends only on initial and final state
From (i) and (ii) So, AU, = AUg
. Also AQ = AU + W
T, =(Tf T4)%; T,= (LT4) AsW, > Wy = AQ, > AQy
3. (@
- . T
47. (d) EfficiencyofengineA, n, =1-—, 4. (b
T 5 (o)
T 6. (o)
Efficiency of engine B, M, =1_?2 7.  (d) |AW]|=Area under P-Vdiagram
Here, n; = 1, _ % x (50 +10) x 103 x 150 x 10~
T T _ 3 3
T—l_?:-rz T, =30 x 150 x 107 = 4500 x 10

= 4.5 J. As volume is decreasing. So AW =-4.5]

N \\



10.

11.
12.
13.
14.

15.

N\ |\

By Ist law of thermodynamics

AQ= AU + AW

=0=AU-45

=AU=+45]

(@)

(@)

T
H

(b) Efficiency of heat engine isgivenasn=1-

For T,=447°CandT,=147°C

_ . 1474273 . 420 _ 300
M= 7073 720 T 720
For T,=947°CandT,=47°C

47 + 273 320
Ny =1- =1-

947 + 273 1220
= 900

1270520

S0, M _ @x—lzzo = 122 =M _g56
ny, 720 900 72x3 ups
@)
(b)
(d)
(d) Isochoric proceess dV =0
W=0 proceess 1
Isobaric : W = P AV = nRAT
NRAT
Adiabatic | W | = 1 O<y-1<1

As workdone in case of adiabatic process is more so
process 3 is adiabatic and process 2 is isobaric.
(b) When efficiency of carnot engine, = 0.2
Efficiency of a Carnot engine,
n=1—T—2 or, 0.2=1—T—2
T T

T
or -2 0.8 (I)

T

When T, is reduced by 50 K, its efficiency becomes 0.4
T, -50
1

04=1-

. T, —50 _
T
Dividing egn. (i) by (ii)

T, _08_4
T,-50 06 3

0 0.6 i)

= 3T,=4T,-2000rT,=200K

T, =50 200-50 _ 250K

From eqn. (i), Ty =

0.6 0.6
16. (b)
17. (d) T,=7°C=(7+273)=280K
T. T.
-1--22_1_
n T1:>T1 n
g0 _%0 1
100 100 2

T,=2xT,=2x280=560K
New efficiency, n' = 70%

T , 70 30 3

T :]__n =]l-——=—=—

1 100 100 10
10 2800

Tl’: ?X280=T=933.3K

Increase in the temperature of high temp.
reservoir = 933.3 - 560 = 373.3 K = 380 K
18. (d)
19. (b)
20. (b)
21. (b)
22. (d) Coefficient of performance,

T
CoP= 17,

273-20 253
T,-(273-20) T,-253
5T, - (5 x 253) = 253

5=

1518
5T, =253+ (5% 253)=1518 .. T, = 5 =303.6
or, T, =303.6 - 273 = 30.6 = 31°C

23. (d) P
Isothermal | Adiabatic

|

: Isobaric

|

l

|

! »\/

Since area under the curve is maximum for
adiabatic process so, work done (W = PdV) on the
gas will be maximum for adiabatic process.



Oscillations

WARM-UP
Topic-wise MCQs

=

10.
11.

b 2. ()

(c) Displacement, y =rsin ot

dy
V=—""=rmncosont

dt
dv _
:E =— - rsin ot
a=-o? LAy
(d) x(t)=Acos (wt+¢)
dx

V() = Ez—coAsin (ot +¢)

a(f)= % =— w?A cos (ot + §)

() Themotion of particle is circular or elliptic, when two
S.H.M. which are perpendicular to each other superimpose
on the particle. The particle moveson a
() Elipse ifamplitudes of two S.H.M. are different
(i) Circle, ifamplitudes of two S.H.M. are same.
@@ 7. (O
(c) Foraparticle executing SHM,
x =k sin? ot
On differentiation

‘j'j_’t‘ = 2ke(sin ot) (cos wt)

Again on differentiation

d?x
a= prea 2ko? cos2 ot

a = 2kw? cos2ot
The given equation does not satisfy the SHM condition.
(d) Simple harmonic motion is represented by a sine
function or a cosine function or a linear combination of both.
(d)
(d) Displacement equation is given as

X = Asin ot

dx
V=—=AmCos nt
dt

. T
=A sm( tz—)
()] [O)] 5

Acceleration of the particle is,

\ .
a= (<j:i_t = —An’sinot = Ax? sin(owt + 1)

12.

13.

14.

15.

16.

17.

Phase difference between acceleration and velocity is
n-L-05n
2

() Themotion of particle will not be SHM but that of its
projection on a diameter will be SHM. However the mation
of particle will be periodic because it has constant speed.
(c) Equation of motion y = a cos wt

a 1 b
= —=acosot=>cosont=—=ot=—
2 2 3

T
2nt W 3 % 4 2
—=—=t= = =—sec
3 2n 3x2 3
(@) Equation of two simple harmonic motion

y=Asin(ot+¢) (1)

. T

X = AS'"(Oﬁ +¢ +E] =X =Acos(ot +9) ....(2)
On squaring and adding equations (1) and (2),
X2 +y2 = A2
This is an equation of a circle. Hence, resulting motion will
be a circular motion.
(c) Displacement equation for SHM is

y = asin ot

1 .
2=4sincot:>§=smmt

= sin£=sinoat:>mt=£:>E.t=E
6 6 T 6
L
12 12

(c) Given, x(t) =20 cos wt
2n
X(t) = 20cos == .t
® T

x(t) =20 cos%.1= 0

(d) x=4(cosmt+sinnt)

- 4\/§{icosm +Lsin nt}

7" R

=42 {sin %cos nt+ cos%sin nt}

= 4/2'sin (nt +%)

Standard equation of displacement is:
x=asin (ot + ¢)
Comparing the given equation with standard equation

a=4+2

N\ |\




18.
19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

N\ |\

(b)
(@) Resultant displacement will be the vector sum of two
displacements:

S= /S +53 +25,S, C0s37°

. . . 4
= \/az sin® wt + b2 sin? wt + 2absin® ot xg

S= \/az +b? +8;;bsin ot

Which shows that the particle will perform SHM.
©

(b) The maximum amplitude is given by

o?A= (2nx 052 xA=¢g

10
(2nx05)?

(b) For aparticle executing SHM,
At mean position,

vV — maximum, a— minimum.

(@) Comparing given equation with standard equation
of S.H.M.

x=Asin(wt + ¢)

Amplitude

A=3m,0=2rs"

.. Maximum speed,

Vpax = Ao=3mx 2 st =6rmst
(@ InSHM,

A= Ao?and v, = Ao

- A= =1m

o=max_ 1 _5pgst
Vmax 0.5

(@ t=0,vmaximum. The motion begins from mean
position. So it represents S.H.M.
(@) Atpoint2,the acceleration of the particle is maximum,
which is at the extreme position. At extreme position, the
velocity of the particle will be zero.
d) V2= w?(A2-x3) .. (i)
and a2 = (0?x?) = o*x2 .... (i)
From above equations, we have

aZ

2 =—+®
Vv
0)2

It represents straight line with negative slope.
(@ \elocityin SHM is given by

Vv =mya? —y?

At y=4cm=0.04m,v=3m/s

. 3= oya? —(0.04)2 (i)

At y=3cm=0.03m,v=4m/s

. 4=ena? —(0.03)°

Dividing (ii) by (i), we geta=0.05=5cm

2A2:>y:mx+(:

...(ii)

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

(c) Given,x=10sin (Zt—%j

A=10and ®=2Hz

< o= oVA?—d? ~2\/10)? - (6
=2.100-36 =2x8=16ms™"

©
(@ Maximum velocity,
Vinax = a0

2na _ 2x3.14x7x107
Vimax 4.4

~0.01s

2n
Vmax :aXT =>T=

(b) Using v?=w? (a® — y?) we have

102 =02 (a®-4?) and 8% =@?(a®-5%);
50102 -82= w? (52-42) = (3w?) or 6=3 wor =2
or T=2n/lw=2n/2=mrs.

(b) Here,x=2x102cosrt

Speed is given by

v=d—x =2x102 nsinnt
dt
For the first time, the speed to be maximum,
singt=1
. . 1
of, sintt=sin® = mt=— or t= = =0.5sec.
2 2 2
(b) Att=1sec
x = Sin n(1+lj :sinﬂ =_£
3 3 2
So, V= oV A2 —x? =1 1—% =gm/8=157 cm/st

() Max. force = mass x max. acceleration
=m4n?vZa=1x4xn?x (60)2 x 0.02 = 288 2

(&) Themoation of the particle is periodic, (not oscillatory),
beacuse it returns to its starting point after a fixed time.
(b) Elasticity brings the particle towards mean position
and inertia needed to cross mean position.

() The motion of a planet around the sun is periodic
motion but not a simple harmonic motions.

(d)

(d) Initiallyt=0

X =acosat = —acos0°=a
Finallyatt=3

X =acos 3t =-3a

Total displacement = 2a

() Givent=1s

x=5003(2n+£) =5cos£=im
4 4

V2

. . .5
i.e., displacementatt=1sis —m

NG



Oscillations

42,
43.

44,
45.

46.

47,

48.
49.

50.

51
52.

53.

54.
56.
S7.

58.

N \\

() phaseattime, t=2nnt+ o

(d) As seen from figure after one
time period the bob return to its
equilibrium position, so diplacement
of the particle is zero, but distance
covered by the particle in one time
period is 4A (where Ais amplitude of
bob, when it does S.H.M.)

(b)

(@ For x=(-A), we have

-A=Asin(w x 0+ dp) or ¢, =—%
Sofor x < (-A), ¢ < (-m/2).

T
(d) E=0.5 sec = T =1sec

v= 1 1H
T z
(a) Atextreme position

. T
y=Asin (ot + §)=Ac03cot

Nowy = A/2 then A/2 = A cos ot = ot = cos™1 (1/2)
2n

—t===1t=T/6
T
(@)
(d) According to equation of SHM
X =Asinmt

A
Here, X=? andt=1

A .
.'.?=AS|nw x1 =Asin®

or, sin m—l o=l
’ 2’ 6
2w _
TG orT=12s

(c) As phase difference =§, the resultant path of

particle is an ellipse.

. A .
() x=Asinwtcoswt = Esm 2wt

(@) The amplitude isa maximum displacement from the
mean position.
2r  0.2x27m

c) Atcentre v —aw=a.—=
©) max T 001

=407

(d) 55. (d)
(@) Forsimple harmonic motion, F=—kx. Here, k=Ak.
() y=AsinPT+BcosPT

LetA=rcosH,B=rsin6

=y =rsin (PT + 0) which is the equation of SHM.
(c) Ify,=a;sinotandy,=a,sin (ot+0)=a,sin ot

2 2
Y. __ &
—12+y—§——=0 =>Y2=""N
af a; ad &

This is the equation of straight line.

59.

60.
61.

62.

63.

64.
65.

66.

() y=a(cosmt+sinwt)
1
coswt+—smoot}

= aV2
o

—=a+/2 [sin 45° cos mt + cos 45° sin w t]

— a2 sin (ot+45°) = Amplitude - a./2
(b)
(b) Total energy of the system is given by:

1

E=KE+PE= EkA2 (i)

If KE = PE, then

1
Lya? Z 2w pE =2(—kx2]
2 2

1[1 kAZ} _A
212 J2
(b) \elocity is given by:
v=-Awsin(ot + ¢) (i)
= Tl = 27'5
()
Kinetic energy is given by:

1kx2 =
2

1 1
KE =Emv2 = EmA2 ®? sin? (ot + ¢)

=mA2w? [1 -cos(2m + 29)]

2 T
= T, =£ T2=?l =T,=2T,

(b) Kineticenergy = Potential energy

lmwz(az —y2)=%mw2y2
a2 —y2 =2

2y =a’ =>y= \/_

@

1
@ E= %mszZ andK. E= > Mw?(A2 - x2)

Putting x —%or X* =

4
4
K.E.=lmw2( ] |: mo? Az}zﬁ
2 4
© v=o0 2—x =V \/Az—x
Atx=A/3
Atx=2A/3
2
/7_X /Az 4A% \f
5 9
K== —K——
978



67.

68.

69.

70.

71.

72.

T
© T=2

N2 .
5) =E(g|ven)

ButT=2n(

x_1

al 16

A=-16x=-16sinXx

For small oscillation, sin x = x
F=ma=-16sin x (sincem = 1kg)

=-dex=—16cosx

@ m=2g,x=8cos(50t+%)m
V, .. =An=8x50=400m/s

m

(KE), = V= X2 10X 400 400= 1603

© T==5,m=1kg,x=0.2m

2
2n  2nx2
= E 4 rad/s Potential energy,

U =%kx2 =%mmzx2 =%><1><42 x0.2x0.2 =0.32J
(d) m=1log=10x10°kg, U=(50x%+100)J

Restoring for F-—d—u
estoring force, F = ix

d
= F=—3 (50X +100) = ma=-(100x)

10
10x1078 T TXTTOX
= o*=10'= »=100

Frequency, f=ﬂ=@=5_05—1

2r 2n 1
(d) Here,m=4kg;k=800Nm=1;E=4]

= a="

In SHM, E=%m2 4=%><800><A2

2_8 _ 1 L a-01m

~'800 100
Maximum acceleration, a
_ka

m

= o?A

max —

o |K _800Nm™
m 4kg
(b) The kinetic energy of a particle executing S.H.M. is

given by

x0.1'm=20ms 2

K= %ma2 ®? sinet

where, m = mass of particle
a=amplitude

o = angular frequency
t=time

73.

74.

75.

76.
77.

78.

Now, average K.E. =< K>

1 . 1 .
= <§mco2 a2sinZet>= Emcoza2 <sinZ wt >

— 222 | —
—ZmC\)a 2

1
= —ma? (27'cv)2

4
or, <K>=n’ma’v?

1
(b) InSHM, Total energy, Ey =Emo)2A2

and, Kinetic energy, Ex = %mcoz(A2 - x2)

_ L mela? ( <sin?0 > =1)
4 2

(. o=2nv)

where x is the distance from the mean position.
At x=0.707A

Ex = %mmz(Az ~(0.707A%) =%mm2(0.5Az)
As per question, E, ., =100
Ex = 0.5(% mmzAz) =0.5x100J = 50J

(d) Kineticenergy, k = %mszz cos? ot

Potential energy, U = %mmzA2 sin? ot
K _ cot? ot = cot? T (210) =+
U 90 3
(b) General equation for displacement is x = Asin (wt + ¢)

Comparing with given equation, y = A cos (30°)
ot + ¢p=30°

- X=40 x%:ZO\@cm and A=40cm

1
Kineticenergy, K.E =Ek(A2 - Xz) =200

200 — lk(1600—1200)
2 100 x100
= 400 x 100 x 100 =k x 400 = k=10* SX=4
d E =%mw2a2 = Ewxa’
(@) P.E.ofbodyin S.H.M. at an instant,

1 1, 5
U=-m ==k
,Mmeny” =2 Ky

If the displacement, y = (a—x) then
1 2 1 2
U=-k(@a-x)*==k(x-
S k@-x)? =k(x-a)

(a) Ifdisplacement of particleisy, then

1
KE = Emmz(a2 ~y?) &PE.= %mwzyz

1 1
If KE = PE Zmw?y? = = mo?a® - = ma’y?
2 2 2
a
y2=a? y=—
y y=7

N\ |\



Oscillations

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

N \\

(d) Total mechanical energy is constant throughout the
motion and equals %mm2 A%,

o 1,
(c) Kineticenergy, K= Emv

= %mo)zA2 Sinz((ot +¢)
. 1
Potential energy, U= Emo)2 A2 cos? (ot +¢)

Total mech. energy = % me? A2
(@) K.E. of a body undergoing SHM is given by,

2 2 2

1 1
K.E.=Ema wz cos2 ot and T.E.=Ema [0)

GivenK.E.=0.75TE.
=0.75= 0032 ot = ot =%

X2 1
= =>t=—35
6x® 6x 27 6

(d) Potential energy of an object executing SHM is given as

=>t= =t

1
U(x)= 5 kx® = U(x) = %kA2 cos? ot

Att=I
4

U(x):%kA2 cos? (2—Tn><9 =0

(d) P.E.ismaximum at extreme position and minimum at

mean position.
Time to go from extreme position to mean position is,

T
t= Z; where T is time period of SHM

T
5s =Z: T = 20s.
@

@ PE =%Kx2 -E

2 =Kx
Athalfway PE. zlx(ij _2~ _E
2 \2 4 4
() P.E. changes from zero to maximum twice in each
vibration so its time period is T/2

(d) E= %mmza2

_ Loty
Potentialenergy(U) o y

Total energy (E) % mola? @

=E=10J

E a2

89.

90.

91
92.

93.

94,

95.

96.

97.

98.

99.

(¢) InS.H.M., frequency of K.E. and P.E.
=2 x (Frequency of oscillating particle)
(b) Soa=6cm,»=100rad/s
K max = %mwzaz =%x1x (100)? x (6x1072)? =18J

1

(b) Total energyu=§ka2

(d)

(c) n:i\/zy n’:i L:lxi\/z
2r\m 2r\4m 2 2z\'m

On putting the value of n we get n' =%

(d) T=27‘c\/§ Toc\/z

If ¢ is increased by 4 times, time period will increase by
two times.

(b) Amplitude, A=10cm=0.1m

Maximum acceleration of the block is

KA ( k)
amax=032A=F sz\/%)

_1000Nmtx0.1m

10ms2
10 kg
(2k)(k) 2k
K = —_—
© Ke=T"0k ~3
= Timeperiod, T =2n m_
Ve
=2 =1.414s
(d) The effective spring constant of two springs in series;
_ kika
kl + k2 '
. . m m(ky +kp)
T=2n|— =21 |[— 11772/
Time period, Tt\/; 1 kek,

(d) The effective value of acceleration due to gravity is

V@ +g?)

w2 = acceleration 2.0
@ displacement  0.02

@2 =100 or ®=10rad/s

100. (¢) Weknowthat T =2z JI
g

AT 100=220 100
T 21
If length is increased by 2%., time period increases by

1%.



101.

102.

103.
104.

105.

106.

T, M
m 1 1
d T=2n ,— ST e
@ ™A T \jMz
_. M2 __ [2m
TZ_Tl Ml _Tl M

T,=T;+/2 = /2T (where T, =T)

(b) Atresonance, amplitude of oscillation is maximum
= 202 -360+ 9isminimum
= 4w —36 =0 (derivative is zero)

=n=9

(d)

) T=2nlss /9 ; lg decreaseswhen thechildstands 4.
up.

(@) Frequency v' of driving force < frequency v of damped
oscillator.

(d) Thetime period T of a simple pendulum is given by

) O
g frequency(n)

Since,n x ¢
n_ 2
ny )
El (nz\z 3 2 9
= — = =| — =—
lp Am (2) 4
ACCELERATOR

Topic-wise MCQs

N\ |\

(d) Atmean position velocity is maximum

v 16
ie, Vmax =wa=>o=—"%=""=4

4
SV= a)«/az - y2 =83= 4\/42 - y2
=192 =16(16- y%) =12 =16-y = y = 2cm.
(@) Restoration force, F = mw2A

2
.-.EzmzAz(E] A
m T

Point A covers 30° =% in0.1s

2nx0.1

.. 2m covered in =12sorT=1.2s

.. Restoration force per unit mass,
F 4n2
m  (1.2)2

(b) Letequation of simple harmonic motion is

x=Asin(wt +3)
Itis given, A=0.5mand

x0.36 =% = (3.14)> = 9.87 N

2
wz_nzﬁs_l =£5_1
T 4 2

At t=0.55x=0.3ms00.3=0.5sin (wt+ )
:sin(ﬁxlﬁi):g: X 5=37°
2 2 5 4

= 8=37°-45°=-8°
So, equation of motion is

x=(0.5 m)sin[%t—Sc’}

(©) Velocity, v=wv A% —x? andacceleration = 2y

Now given,
a)2x=a)\/A2 —x? :w2.1=a)\/22 ~1°
2r 2m
Swo=\3 .T=2=22
o 3

A
@ Att=0,x=5==

= Initial phase, ¢ =30° = T

6
= x=Asin (ot+¢)

=10sin (Z—RHEJ =10sin (nt+£)
T 6 6

(@ y;=4sin (4nt+ g)=4cos4nt

Yo =3 cos (4nt) = 3 cos 4nt
The phase difference = 0, both are along the same line
AZ=42+32+2x4x3cos0°
AZ=(4+3)2 = A=T.
The resultant amplitude is 7 units.
(c) Equation of SHM

1-cos2at] A A
_ Asin2(qf) = A = |==—-Zcos2at
X(t) = Asin“ (at) [ 5 } 5 > o
2
{using sin2 0 =%}

Comparing = cos cot

g2 _2n [-,-wzﬁ} =" _rad/s[0sT =0.25]

2 2T T (02

. o=bmnradls

(b) Acceleration in simple harmonic motion is given by
la| = o?x

= 16=w?(4) = on=2rad/s

\elocity, v = oVA? —x?

2
’V /4
= A= —2+X2 = A= Z+16 = A=-17m
®



Oscillations

9. (d)

/3
/6

Lettime fromO0to A/2 ist;

and fromA/2toAist,

From the standard equation of SHM,
x=A,sin (of)

=

%zAsin (oty)

= ot = sin~1 (%) _I

6

then wt, = n/6
Using x = Agsinowt again
A=Asin o(t; +t,)

oty +t,) =sin1 (1) = g
Using (i)

mT T T

2 6 3

Dividing equation (i) by (ii) we get

L5
%)
=
10. (a)
11. (b)

N \\

t,=2t; =2x2=4sec

P(0)
i \P(t=0)
r (x)ti

30°

Olx(t)

X(t) = r cos(wt + 30°) = cos (ot + 1/6)
Equation of SHM is given by
x=Asin (ot + 8)

(ot + 8) is called phase.

A
When x = o then
. 1
sin (ot +68) = 2

:>oat+8=£
6

s
or (j)lzE

()

(i)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

For second particle, 1
L A
B :n_ﬁzs_” I
2 6 6 . S
dn  2¢m X=
S0 = — = = =0
d=02- 5 3 X
. 1-cos 2ot . 2
@ y=sinfot= ——-2 s period, T= % =2~
20 ©

The given function is not satisfying the standard

2
differential equation of S.H.M. jx—z =—w?y. Hence it
represents periodic motion but not S.H.M.

(b) We know that if t — oo, log ot diverges to oc.

Hence, it cannot represents any kind of repeated motion.

(b) Function (sin wt + cos wt)

represents a periodic function with period 27/.

In Option (a), Asin® (wt)? is not periodic function due to

cube of sine value and square of t value.

In Option (c),tan (cwt)® is not periodic function due to

cube of t value.

In Option (d), the function e®! is not periodic, as it

increases with decreasing time.

(c) Displacement equation for SHM is,

. . 2n
y = asin ot =asm7t

A
Ify= Ethen,

a c2nt . om . 2mt
—=asin— sin—=sin—
2 3 6 3

t==s
= 4

© & _ o?XT — 02T = ﬁ-r = 4’ = constant
X X T2 T
() Maximum particle velocity, is given by:
Ve = Aw =3x50=150ms?
(b) Amplitude of SHM,
Stroke length 1
2 T2

Maximum velocity is given as
Vi = ®A =100 % 1 =100 m mint

A= =1m

b = =1:102
O a3 (1000)?

@

b V=d—x=—4nxsin(2nt)

dt
\elocity is maximum when sin(2xt) = sin90°

ont=" o t=1-025s
2 4



22. (c) For SHM, y=Asin (2t + ¢) 30.

v=2Acos (2t + ¢)
At t=0,y=2m,v=4ms*

2=asin (2xo+¢):>sin¢=% ()
Also, 4 =2Acos (0 + ¢) = cosp = % (i)
Fromeqs (i) and (ii), we get 31.

sing = cosp = o= 45°

23. (d) From the given information it can be inferred that
points Aand B are equidistant from mean position.
Hence from diagram it is clear that time period of oscillation

is=2+2x2+2=8seconds. 32.

t=2sec

| | | |
\ \ \ \ \
—* % B
t=2
24. (b) Letthe equation of simple harmonic motion be,
X =Asin ot

[ o2asinot dt
Then, the required ratio is 20 _2 33.
T

—><0)2A
4

25. (d) y,=4sin(10t+¢)
Yy, =5 cos 10t

vy = % — 4005 (10t + )

vy = dy, _

ot —50sin 10t =50 cos (10t + n/2)

Phase difference between v, and v, = (d) —gj

; forx = A:>A—Asm2—t

2n
26. (d) x= Asmt > > T

34.
. T
Solving, t= 5
27. () y=0.2sin(10xnt+ 1.5m) cos (10nt + 1.51)
=0.15sin2(10nt+1.5m)
=0.1sin (20 it +3.0 ) [ sin2A=2sinAcosA]
2n 2n 1
i i =—=——=—=0.1sec
Time period, T o 20n 10

28. (b) x=12sin wt—16sin3 ot = 4[3 sin ot -4 sin3 of] 35.

=4[sin 3 wt] (By using sin 30 = 3sin 0 — 4 sin3 )
. maximum acceleration A = 3 (w)? x 4 = 360?

29. (c) Given,x=acos ot . (i)
y=asin ot (D)
Squaring and adding Egs. (i) and (ii),
= x2+y2=3a? [ - cos? ot +sin? ot=1]

This is the equation, of a circle
Clearly, the locus is a circular of constant radius a.

N\ |\

(c) Given4v2=25-x2

Differentiating with respect to t on both sides,

X
8va=-2xv=> a= 2
Motion is simple harmonic:

275_47E

2
So, o 1

=—and T=
4

2
(b) x=3sin (5nt+ 7/3) + cos (5nt + n/3)
Amplitude = X, = /32 +12 = 10,0 = 5

To2M_ 2 o4
o brn

(d) The resultant of three vectors shown in the figure is
2A (along the direction of 2).

3

Increasing
phase

ﬂ

A
(@) The phasor diagram ofSHM is

60°
60°

From phasor diagram,
J3A 509 \ 3
__2 __3 ih @
cos¢——A =5 [ A \ 12
Y
= t:—
b= 5
:Et:ﬁ
T
T Y .
S t==s ==s(given - T=
2% =% (given) [- T=6ms]
SoX=2

(d) Given, mass of particle, m=0.5kg
Force, F =-50(x) = ma

=0.5a=-50x = a=(-100x)
Comparing with a = w?x we get

®?=100
. Time period T = 2n = (Ej =£ = (2) - X
10 \5) 7x5 \35) 35
= X=22
(d) According to equation of SHM
X =Asinmt

A
Here, X:E andt=1

'.AzASina) x1
2
=Asino



40. (a) The given velocity-position graph depicts that the

. 1 b
or,sin ® =2, ¢ = 5 motion of the particle is SHM.
InSHM, att=0,v=0and X=X,
Z?n =% orT=12s So, option (a) is correct.
. A
36. (a) Given:T/2=0.5s 41. (b) K= lmwz(Az_xz) = lm(nzxz,atx:i -
Lo T=1s 2 2 V2
Frequency, 1 2.9 o
42. (c) Kineticenergy K =—mo"(a“ -y~)
1 1 2
f====-=1hz
T 1 2
If Ais the amplitude, then = 1 x10x (2_”) [102 - 52] =375 72 ergs
2A=50cm = A=25cm. 2 2
37. (b) Theblock and the piston will separate from each other 3 V2
- i i 1. 2.2 °
when the maximum restoring force just exceeds the “mo°y 2 ( a)
. . u » y u 4 9
weight of the block, that is 43, (d) —=t——=S>—= =—=U=45]
) E 1 mo?a2 a2 80 g2 16
Mmo*“X > mg 2
g 44. (c)
X>—=
= 2 3 2
: e
g 45. (c) E:lmwzaz35:61—235:4—2('.'a'=—a)
- x> > 2 E a E a 4
(Zﬂ) c 9 c
= =E'=—
T 16
oT 2 46. (a)
<. Minimum value of x==—- a1, (© _ . :
4r 48. (c) Atmaximum energy ofthe particle, velocity resonance
10x12 takes place, which occurs when frequency of external
=———— =0.25m periodic force is equal to natural frequency of
4x(3.14) undamped vibrations, i.e. o, = o
38. (@) Letx,=Asin(ot+ ¢;)andx,=Asin (ot +p,) Further amplitude resonance takes place at a frequency
X, =X, =A[SIn (ot +¢,) —sin(ot— ;)] of external force which is less than the frequency of
damped natural vibrations, i.e. ®; # og.
20t +d +0,) . (b, — un ’ 17 D
= 2Acos( : z)sm( . 49. (c) Atequilibrium

. . Mg =Kx=x=mg/k
The resultant motion can be treated as a simple

m
. . . . (0, —dy Now, with the extra mg stretch,
harmonic motion with amplitude 2A sin| ———|. k
2 the net stretch become
Given, maximum distance between the particles _mg _mg 2mg
.. Amplitude of resultant SHM Kk K Kk
=X+ A-X,=A v
(b, — 50. (@ Weknowthat T= 271\/:
2Asin (#) A k
2 M
= ¢,—¢ =73 From first case, 2 = 2x \/% ........ o)
39. (@) Equation of two simple harmonic motion
. M+2
y = Asin(ot + ¢) (D) In second case, 4 = 2n el )
. n Fromeg. (1) and eg. (2)
X= ASln(wt +¢ +5J =x=Acos(ot+9¢) ...(2)
4 M+2 2
On squaring and adding equations (1) and (2), >= =4=1+=
0 o S 2 M M
Xc+y-=A
Thisisan equation of a circle. Hence, resulting motion 2. 3> M= 2 kg
will be a circular motion. M 3

N \\
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52.

53.

54.

(@) Applying linear momentum conservation,
05%x3=(1+05)v or v=1m/s
By conservation of energy,
mean position

3m/s .
0.5kg 1kg
[T AT

/1.5
=,[— XV
k

After collision '
1 2 1. 2

mean position

|0.5kg 1kg
L

15 1
A= «1=—m =0.05m
= 600 20

A=5cm.
Time period of oscillation,

T_om /m1+m2 f LN
600 20 10

(@) Thesprings are in parallel.

Spring constant = 4 x 4000 Nm~1 =
M=40kg. d + 3
. Period of oscillation, = g 3
40 W am-w

T=2n|—— p= p=

16000 = 3

=E=1:>T=0.314s M
20 10

(@) Given: mass of the bodzy m= 500 g =500 x 10~3kg
spring constant, k = 8x® N m~1
The frequency of oscillation is

1 [K 1 | 8®Nm™?
V=Tt = [ =2Hz
2n\m 27 \500x10°kg

® t;=2r M andty= o [M
K ko

k. k
In series, effective spring constant, k = ——
k, +k,
fm(kl +kjp)
.. Timeperiod, T = L (1]
p ki (i)
2
Now, 2 + t2  drZm (1 1) 4n’m(ky+ky)
kika

2 +t2 = T2 [Using equation (ii)]

55.

56.

57.

58.

59.

60.

(d) Time period of pendulum doesn't depends upon mass
but it depends upon length (distance between point of
suspension and centre of mass). In first three cases length
are same so T =T, = T, but in last case centre of mass
lowers which in turn mcreases the length. So in this case
time period will be more than the other cases.

(b) Dlstance covered by lift is given by

=2
.. Acceleration of lift upwards

2
d &y_ d (2t) om/s? =2
~ dt? 5

(@ In damped harmonic oscillator amplitude falls
exponentially.

1
Atfter 100 oscillations amplitude falls to 3 times.

.. After next 100 oscillations i.e., after 200 oscillations

9
(d) In damped oscillation, amplitude goes on decaying
exponentlally
a=aye twhere b = damping coefficient.

Initially, %

1\ 1
amplitude falls to [Ej =— times.

= age 01007 T =time of one oscillation

1
= o—100bT
or -=¢
3

Finally, a = a,e™*200T or a = a,[e~100bT}?

ora= a X E} [from (i)]

ora=ay9.
bt

() ~A=Ape am (where, Ay = maximum amplitude)
According to the questions, after 5 seconds,

_b®) :
0.9Ay = Age 2m - @)
After 10 more seconds,

b(15)
A= Aoe_ﬁ ()]
From equations (i) and (ii)
A=0.729A,
Sooa=0.729
(@) LetT andT,bethetime period of the two pendulums

T1=27t\/I and T2=27t\/E
g g

As 0, < (, therefore T, < T,

Let at t = 0 they start swinging together. Since their
time periods are different, the swinging will not be in
unison always. Only when number of completed
oscillations differ by an integer, the two pendulums
will again begin to swing together

N\ |\



Oscillations

Let longer length pendulum complete n oscillation
and shorter length pendulum complete (n + 1)
oscillation. For unison swinging

(n+1)T, =nT,

(n+1)><27'c\/g=(n)><27'c g —=n=1
an+1=1+1=2

m PREVIOUS YEARS MCQs

(@) Speed = v = @a? —x2
= %\/az—azm = @

1
(d) Total energyin SHM = 3

Here, k = force constant
A=amplitude of S.H.M.

kAZ

Potential energy, = 1 kx?
x = displacement fror2n mean position
Kinetic energy = % kA2 —% kx?
AV
(2) A?

T :
(%T

2A

PE__ X
TKE AZ 2

(b) WeknowthatV =

InitiallyV = ®
Finally 3V = o, |A -

2A
Where A'= final amplitude (Given atx = —,

3
trebled)
Ondividing we get

A2 _ %
3
ZAJZ
3

= A'-

velocity to

_AA?

(@ Aswe know,
kineticenergy = % Mo’ (A2 - x2)

Potenti 1 202
otential energy —Emw X

%mm"’(A2 -x?)

10.

11.

12.

4 2
AN _4x2=x2= x2 =2 A2 5 x=—F%=A
5 \/g

® v, = dgl lelOOnCOS[lOOnt+3j

vy = Y2 _ 0 1sin nt = 0.47cos| xt + =
dt 2
‘- Phase diff. = ¢, =5~ = 2“;3" ==

(@ Inx = A cos wt, the particle starts oscillating from
extreme position. Soatt =0, its potential energy is maximum.
()
mean position
o A 0 A
@ °C__.

A
period total distance travelled = A+ A+ A+ A=4A
[as in each quarter starting from mean position it
travelles A distance as shown]
(c) Given:Pathlength=16cm

]Pin one time

<

16
- Amplitudea=—=8cm

Time period T= Zn\/: = 271,[— -2n><— =

Maximum velocity V,
= axz—n— BXE—g m/
= ;= 5 = 8mcmis

(b) Distancetravelled in one oscillation = 4a
total distance
Time

]

Average velocity =

JM s
=5 =4a [-.n=

=

(d) Timeperiod, T =27 %

and, frequenc n—l—i L
- frequency, == orVm
1

k
B=—7— =k=1007%m
4~ m

kA=mg = Az%

27
Vo= 0 A= ?A= 2mnA

_ 2n5xmg _ 10mxmx10 1
-k 100n’m
(d) Given, particle velocity, v=mm/s and time period
T=16s
Displacement of the particle, x = Asin ot
\elocity of the particle,

v =% = Aw cosmt .(h)
Angular velocity,

2

_2m_z2n_m =rad/s

T 16 8

\V



13.

14.

15.
16.

17.

18.

Now from eqg. (i),

n=Ax£xcos£x2
8 8

1—Acosﬂ—éi
8 4 82
. A=8/2m

1
(©) InSHM, KE = EmmZ(AZ— Y?)

2

2 4

2
= 1mu)2 (EAZJ
2 4

2

KEwhen vy =2 =12l a2(A
2 2 2

1  o(15 o
—mow’| —A
KEvy-pa _ 2 (16 _5
KEy-p2 1., (3A2) 4
2 164

. KEY=A/4 . KEY=A/2 =5:4
(b) Given: Time periodonthesurface=T

Height:h:%
New acceleration due to gravity at height h is
2
rslqm) o | () 5o
R+h R+B 3 9
2
Time period formula :
T'=2n |- o 2L 30 L 3T
) 49 2 g 2
(d)
(b) Angular frequency w = 2zn and
1 (K
n=—,[|—
2 \m
GivenK=25Nm?, m=01Kgw="?
_ L[5 5
2n\N0.1 2n

L0=27 Xi =5rads™t
27
@

(b) The time period T = zn\/Z where ¢ = distance
g

between the point of suspension and the centre of mass of
the child.

As the child stands up, her centre of mass is raised. The
distance between point of suspension and centre of mass
decreases ie length ¢ decreases.

<t
o T <T i.e., the period decreases.

19.

21.

22.
23.

24.

25.

point of suspension

LI LI

T
I~ b2

[\ 2

Case (ii) child standing  Case (i) child sitting
(d) Original time period,

/6
TO =2r |—
g

0116 2m (¢ T

- i T=2n/ =T T=0

New time period 9 2 \g 4

(@) Atany instant the total energy in SHM is

1
5 kAg = constant,

where A, =amplitude
k = spring constant
hence total energy is independent of x.

(@) Instationarylift, T = Zn\/g

I
g+a
(Here, a = acceleration of lift)

T_|9 _ |49 :T'=\PT
T g+a g+g 3
2
d)
(b) Att=1sec

x = Sin n(1+lj :sinﬂ = _ﬁ
3 3 2

So, V= oy A2 —x? =n,/1—% =gm/8=157 cm/s

(c) Thekinetic energy (K. E.) of particle in SHM is given by,
K.E :%k(AZ —x?):

In upward moving lift, T' =27

; S . 1
Potential energy of particlein SHM is U = Ekx2

Where A =amplitude and k = ma?
x = displacement from the mean position
At the mean position x =0

1
- KE.= EkA2 = Maximum, and U=0

d%x
(@) The equation of SHM, dt_2+ ox=0

d2X 2
5 =—-0oX = - X
dt
2n  2mn

= T:—:—
= o «/E:> © \/a

N\ |\



Superposition of Waves

WARM-UP

Topic-wise MCQs

(b) v=%=5ncm/s

(b) Equation of wave is, y = 2 cos 2r(330t — X) m
y=Acos (ot —kx)

On comparing o= 2x x 330
2nf =21 x 330 = f=330 Hz
(@ Comparing the given equation

y = 10-3sin(50t + 2x) with standard equation,
y=asin(ot—kx)

= wave is moving along —ve x-axis with speed

[ o=2nF]

v=2:v=@=25m/sec.
K 2

@
() Theequation of progressive wave propagating in the
positive direction of X-axis is

y=asin %(Vt—X)Or

y=asin (ot—kx)
(d) Consider the two waves of equal amplitude A and
equal frequency travelling in the same direction
y, (%, 1) =Asin (kx — ot)
Y (X, t) = Asin(kx — ot + ¢)
y(x, t) = Asin(kx— ot) + Asin (kx — ot + ¢)

ZA{ZSin{(kx—th(kx—wt+¢)}cosg}

2 2

= 2Acos%(kx — ot +%)

¢

The resultant amplitude is 2A cos 5

Magnitude of wave varies between 0 to 2A because the
given cosine function will vary from O to .

(c) Thereflected wave has the same shape as the incident
wave but it suffers a phase change of wor 180° on reflection.
This is due to the fact that the boundary is rigid and the
disturbance must have zero displacement at all times at
the boundary.

(@ Since, the boundary is not completely rigid, then a
part of the incident wave is reflected and a part is
transmitted into the second medium.

10.

11.

12.

13.

14.

15.

16.
17.

1
(d) Path difference (Ax) =50 cm = Em

2 2 1
Phase difference A = A= 0= A =n
A 1 2
Total phase difference =n —% = 2—;

— A=+a?+a?+23a%cos(2n/3) =a

(b) Since the sources are incoherent there will be no
sustained interference.

Hence at the given point,

Average intensity = Iy =1, + 1, + I3+ ... + 1;, =10l

a_3
=5231+az=5(a1—a2) a2_2

(C) al +az
a1 —a

L, (aljz 9

|2 B ao B 4
(d) Reflecting pulse will be inverted as it is reflected by
a denser medium. The wall exerts force in downward
direction.
(b) On reflection at a denser medium, change of phase
=n(radian)
(d) yz Asin (kx— wt) for the wave progressing along the
x-axis and for the reflected wave,
y'=Asin (kx + wt).
But the position of the rigid wall isat x =0.

For the given wave, its reflected wave

y' =—Asin (kx + wt).
(b) Given,y=0.3sin (0.157 x) cos (200 nt)
Sok =0.157 and w = 200t

orf=100Hz, v = — 2997 _ 4000mis
k 0.157
Now, using f _wv_4v_
21 21 |
22990 gom
f 100
C)

(b) After 2s, the each wave travelsadistance=2x2=4m.
The wave shape is shown in figure.

Thus energy is purely kinetic.

N \\



18.

19.

20.
21.

22.

23.

24.

25.
26.

217.

28.

29.

(d) Here,A;=A,A,=A, ¢=120°
The amplitude of the resultant wave is 30.

Ag = A2 + A+ 2AA, COS§

= JA? + A + 2AA c0S 120°

= JAZ L AZ_AZ ( €05120° = —%j

=Ag=A
(c) If two waves of nearly equal frequency superpose,
they give beats if they both travel in straight line and I _;,
=0 if they have equal amplitudes.

(@ The resultant amplitude is given by

31

Ag = VA2 + AZ £ 2AAC0s6 = y2A2 (1+ cos0)

=2 Acos 6/2

(b) Superposition of waves does not alter the frequency
of resultant wave and resultant amplitude

= a?=a%+a?+ 2acosp=2a2 (1 +cos )

= cosp=-1/2=cos2n/3 .. p=27/3

®

d y= \/1,smmt+\/,sm(wt+ )

Here phase difference = g

1 1 1 a+b

2 2
1
Resultantamp. = [ﬁj +(ﬁ] = gJ,B_ =

(c) Twowaves are said to be coherent, if they have same
frequency and phase.
@
(b) On reflection from rigid boundary, change of phase =
7. and from open boundary, no change of phase occurs.
(d) y=Asin (kx— ot) for the wave progressing along the
x-axis and for the reflected wave,

y'=Asin (kx + wt).
But the position of the rigid wall isat x =0.

For the given wave, its reflected wave 35.

y' =—Asin (kx + wt).

(@ When a sound wave gets reflected from a rigid
boundary, the particles at the boundary are unable to
vibrate. Thus, a reflected wave is generated which interferes
with the incoming wave to produce zero displacement at
the rigid boundary. At these points (zero displacement),
the pressure variation is maximum. Thus, a reflected
pressure wave has the same phase as the incident wave.

2
(d) Wave number K =7n =0.6cm™L
. &=lcm €=%=3(ljcm=15.7cm
2 06 2 0.6

32.

33.

34.

TC(2TC

2T
@) V_e(so)\r ~ D

v 2 s
v 3 §

(@) Let ¢, and ¢, be the lengths of closed and open pipes
respectively. (Neglecting end correction)

A )
(= >y =dtand = =0y =20

Givenn en o YoV LV v 1
NN M =N 805 TN, T A 20, 1, 2

(d) Because the tuning fork is an resonance with air

column in the pipe closed at one end, the frequency
2N-1)v

isn= % where, N=1, 2. 3....

different mode of vibration putting n = 340 Hz, v = 340

m/s, the length of air column in the pipe can be

(2N-1)340 (2N-1)  (2N-1)x100
= = m = cm
4%340 4 4

ForN-1,2,3,..weget/=25cm, 75cm, 125cm...
As the tube is only 120 cm long, length of air column after
water ispoured in it maybe 25 cmor 75 cmonly, 125 cm is not
possible, the corresponding length of water column in the
tube will be (120—25) cm =95 cm or (120—75) cm =45 cm.
Thus minimum length of water column is 45 cm.
(c) Critical hearing frequency for a person is 20,000 Hz.
If a closed pipe vibration in Nth mode then frequency of

(2N-1)v
4
(where n, = fundamental frequency of vibration)
Hence 20,000=(2N-1)x 1500 =>N=7.1=7

Also, in closed pipe
Number of over tones
= (No. of mode of vibration) - 1=7-1=86.

corresponds to

vibrationn = =(2N-1)n;

\%
fo =1 L,=L/2
® fo=f=7 = i,
(@ Thefundamental modes of vibration of a pipe closed

at one end and open at both ends (of same length) are

shown in figure.

k—rL—— | L 4
(b)

The wavelength in figure (b) is half of that in figure (a).
Hence the fundamental frequency in figure (b) is double
that in figure (a).

o f =2 x 512 = 1024 Hz

open
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36.

37.

38.

39.

40.

41.

42.

43.

\V

(d) For producing beats, their must be small difference in
frequency.

0) 3x Y —4x Y gple_3vV, 2_3
40, 200 fo 4 4v 8

(d) 5xl-X:1000rX(§— j =100
40 ¢ \4

or Y _1000r- =200 orv=200Hz
40 20

© *=¢,- 0,=295-105=19 cm
2

Third resonance will be observed at

A
(3= o+ =295+19=485cm

(&) The figure shows variation of displacement of
particles in a closed organ pipe for 3™ overtone.

For third overtone ¢ —%or A —% r& = ‘

79377

. . 1
Hence the amplitude at P at a distance 7 from closed
end is 'a’ because there is an antinode at that point.

d) | —(on_1*
(d) L=(2n 1)4

4L 4L
(2n-1) "t 201

Ay = 4L 4L and g = 2L 4 4L
4-1 3 6-1 5

(a) Equation of standing wave
y = 2A sin kx cos wt
y = Aas amplitude is 2A

A=2Asinkx

21 T 1 2 T T
——X=—=>X;=—Mand — X =—+—
p XT T Ty and Smx =ty

= x1=1.25m:> x2—x1=1m

(b) Second overtone of open pipe =§7V
1

Second overtone of closed pipe =—
2

44,

45.

46.

47,

48.

49.

50.

Sl

52.
53.

Since, ratio of frequency are same

3V _5 _h_4x3_6

Zfl 4€2 fz 2><5 5

Now, the ratio of fundamental frequencies
Vv

fi 20, 2y

—:-:_z . - .

, V4, 10:6=5:3
44,

(b) In stationary wave all the particles in one particular
segment (i.e., between two modes) vibrates in the same
phase.

@ If Vincident = & sin (ot —kx) and Ystationary = & sin (wt)
cos kx then it is clear that frequency of both'is same (w).
(d) Particles have kinetic energy maximum at mean
position.

(@ Waves A and B satisfied the conditions required for
a standing wave.

(@ Comparing given equation with standard equation

. 2nX  2mvt
y= 2asmTcosT gives us

2 _ T 5 =30
. 15

Distance between nearest node and antinodes

A 30 25

4 4 "
(b) Sincethe point x =0 is a node and reflection is taking
place from point x = 0. This means that reflection must be
taking place from the fixed end and hence the reflected

ray must suffer an additional phase change of  or a path

A
change of B

S0, if Yincigent = @ €08 (kx — wt)
= Yreflected = @ COS(—kX — wt + ) = — cos (ot + kx)

©)

. . Py
(b) Distance between the consecutive node = 2

but 7»=X=§so&=E

n n 2 n
b) 2A=60rA=3cm
(b) Equation of the component waves are:
y=Asin (ot—kx) and y = Asin (ot + kx)
where ot — kx = constant or wt + kx = constnat
Differentiating w.r.t. 't', we get
m—ki—f=0 and m+k3—f=0

_dX o

=2 =Landv=-2
d  k k

Q)
i.e., the speed of component waves is —



54.

55.

56.
57.

58.

59.

60.

61.

N\ |\

(c) For string xz%
p

where p = No. of loops = Order of vibration

Hence for forth mode p = 4= A =§

2
Hence v = n\ = 500 x 5= 500 Hz

(c) Let fundamental frequency be f.
Min. frequency of n'" overtone = (n + 1)f
Given, 2f = - 320 = f = 160 Hz

(b) foclorf=L: L' =fL
L L

(b) Two consecutive frequencies are 420 Hz and 480
Hz.

so the fundamental frequency will be 60 Hz.

1 450

Y 5x1073
Hence (b).
(b) The equation of stationary wave is

. 60 =/(=21m

X
y = 2sin [E} cos(48nt)

Compair with
y = Assin (Kx) cos (ot)
_2n ¢

Lo =30
L 15

. . A
Distance between node and next antinode X = N

x=&=§= 7.5units
4 4

(@) First overtone (3 harmonic) of the closed pipe of

. 3v

length |, is |y =—

O =t

First overtone (2" harmonic) frequency of the open pipe
of length 1, is

|2 = L
fo

As per question f, =1
L

T, 4
(b) The waves set up in a closed pipe are longitudinal
and stationary.
(c) The vibrations of second overtone or third harmonic
of a stretched string is shown in the figure.

From figure, number of nodes and antinodes will be 4
and 3 respectively.

62.

63.
64.

65.

66.

67.

68.

69.

(c) Speed of sound, v=330ms!
Length of pipe, L=30cm =30 x 102 m
In an open pipe, the frequency of its ' harmonic is given by

nv
Ly T wheren=1,2,3, .......

- 2Lo | 2x30x10%x1.0x10°

v 330

(d)
(b) For open organ pipe,
1=30cm, f=1.65 KHz

ni
==
2 v

f
(d) Third overtone has a frequency 7 n, which means

21 _2x30x107 x1.65x10°
330

Iy
L= Vi three full loops + one half loop, which would
make four nodes and four antinodes.

3\ 4
—=20A=—m
®) 2 3

4
Velocity, v= f; =240x 3= 320m/sec
Also f; = % =80Hz

(@) Total length of string £ =0, + (5 + (4
(As string is divided into three segments)

But frequenc
q Yo length

<

kg = 4L

@ nziﬁ,,n_zzf_l T
20\m ng L\ T
/ \/T1+(140‘:))T1 100 12
1 - =2:1

= X—=
P T 60 10
100
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70.

71.

72.

73.

74.
75.

76.

(d) In case of closed organ pipe frequency,

v
fn=(2n+1)ﬁ

for n=0,f,=100Hz
n=1,f =300 Hz
n=2,f,=500Hz
n=3,f;=700 Hz
n=4,1,=900Hz
n=5,f; = 1100 Hz
n=86, fy=1300 Hz
Hence possible natural oscillation whose frequencies<1250Hz
=6(n=0,1,2,3,4,5)
(b) Fundamental frequency of closed organ pipe
\Y%
S
Fundamental frequency of open organ pipe

Vv
0= 21,

\Y

V

3V
Second overtone frequency of open organ pipe = 2—|0

From question,

vV v ln=6l =6x20=120
4, 21, — 0T PTOXAI=LAM
(b) 3><L=4><L Orl_czﬂxizg
4l 2ly lp, 4 4v 8
1 /T 1
Frequency v=——,— - -
(b)  Frequency 2L\/; Ve
111
Lol l,==:=2:2=6:3:2
1-2-137 753
@
(@ L,=60cm v =256 Hz.
1T 1
V=—,— .. vo—
2L Vm
vi_Lo N Vlzvoﬂzzsex@ﬂom Hz.
VO Ll Ll 15

(@ Foropen pipe, n = Zlf , Where n is the fundamental
frequency of open pipe.

_v__3%0 _1
2n 2x300 20

As freq. of 1st overtone of open pipe = freq. of 1st

overtone of closed pipe
\ 3¢ 3 11

223"y 41.25
Zf 4€,: —T—ZXE— . cm

78.

79.
81.

82.

83.
84.

85.

86.

87.

88.

89.

(c) Given,

Density of wire p = 8 x 103 kg/m?3

Extension developed in the wire, AL =3.2 x 10™4m
Length of wire, L=0.5m

Young modulus of wire Y = 8 x 1010 N/m2
Fundamental frequency;,

f_ 1 [T_ 1 [yAAL | 1 [8x100x32x107¢
2L\p 2L\ pL  2x05\ 8x10%x05

= f=80Hz

© 80. (b)
(@ Frequency does not depend upon radius. As length
is doubled, fundamental frequency becomes half.

@

@ vocT
@)
@
N N N N

Total no. of nodes = 4

() n,=Known frequency =256 Hz, ng =?

X = 4 bps, which is decreasing after loading (i.e., x{) also
known tuning fork is loaded so n, ¥

Hencen, 4 —ng =x{ ... (i) Correct

ng—na¥=xd ... (if) Wrong

= Ng=N,—X=256-4=252Hz

(c) Letn be the frequency of fork C then

3n  103n 2n 98
Npa=N+—=——andng=N-———=—
100 100 100 100
but =5 5—n—5:n—100Hz
ut ny-ng=5= 100 =
op = (103)(100) _103Hz
100

() Asy=Aysin (2rn,t)
where Ay = 2A cos (tn zt)
Ny —Ny
2
Hence, the amplitude of vibration at any point changes
simple harmonically with a frequency equal to the
difference in the frequencies of the two waves.
(d Number of beats/s =n, —n,

An=n n _X(l_l\
=nmn= 50,

where Np =

_X(L_L)
-~ 2\100 1025

4x2x100x%x102.5
V= = 32800 ms!

\V



90.

91.
92.

93.
94.

95.
96.

97.

98.
99.

100.

101.

N\ |\

() n=n,~n;
Soong=n,En

(@)

(b) A tuning fork produces 4 beats/sec with another
tuning fork of frequency 288 cps. From this information we
can conclude that the frequency of unknown fork is 288 +
4 cps or 288 — 4 cpsi.e. 292 cps or 284 cps. When a little
wax is placed on the unknown fork, it produces 2 beats/
sec. When a little wax is placed on the unknown fork, its
frequency decreases and simultaneously the beat
frequency decreases confirming that the frequency of the
unknown fork is 292 cps.

@

(d) For producing beats, their must be small difference in
frequency.

©

(d) As number of beats/sec = diff. in frequencies has to
be less than 10, therefore 0 < (n; -n,) <10

(b) Frequency of vibration of a string in nth harmonic is

givenas f, —n.

2|

v= X280 ooms

Vv
240 =3
2

X
Fundamental frequency is given by:

f —f3=%=80Hz

f:—n_
n 3

®
(d) For first overtone, n =2
nv_2v v
°©7 21 2x50 50
Length of closed organ pipe, ¢, =/
Fundamental frequency;,

\
fo=—
¢4l
50
Since, f =f, = LY== =125cm
50 4 4
(¢) Incase of octave means, the frequency is in the ratio
of2: 1.
r_2
f 1
Also, f oc~/T

f—=\/f=3:T'=4T
f T 1

T =4 x4=16 kg -wt
(c) Frequency of nth harmonic in an organ pipe open
on both ends is given by:
nv 2vL
v=—>=n=—o

2L \%

o _ 2x1000x16.6x10% _
332

1

102.

103.

104.
105.

106.

107.

108.
109.

110.

(d) Fundamental frequency for an open organ pipe is,

Vv 330
=—— =——=165Hz
IT50  2x1

Number of tones present in the open organ pipe

G100 g6
v; 165

(b) %=%(n =number of loops)
(@)

(c) The fundamental frequency of an organ
pipe open at both ends is
A2

vo =2—"L (i) l

The fundamental frequency of an organ pipe closed at one end is

nn

Ve =0 (i) ] L
Dividing equation (i) by (ii) J\/
Vo v 4L 2

- x—
ve 2L v 1

(c) Harmonics in closed organ pipe :
ViiVy Vg =1:3:5:

So, only odd harmonics are present. = Il correct

For open organ pipe

. nv
Natural frequencies = v = oL N= 1,2,3 ..
Thus, even and odd i.e., all the harmonics are present.
(c) Beat frequency isgivenasn,-n,
v v

2=V Y
Ay M

1 1 200 — 202
2= (___) _
2:2 2= Z_V( 404 )

v =404 m/s

(c)

(b) From the given equations of progressive wave,
o, = 5007 and o, = 5067

Usingn = >~
singn = -

n, = 250 and n, = 253

Beat frequency = n, — n, = 253 - 250 = 3 beats per
second

Number of beats per min = 60 x 3 = 180

(d) Beats are observed when intensity at a point varies
with time and beat frequency is equal to the frequency of
oscillations of intensity at the point.

Intensity at a point not only depends upon the frequency
of medium particle also. Therefore, beats are observed
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111.

112.

113.

114,

115.

116.

when amplitude of oscillation of medium particles varies
with time. If the beat frequency at a point is equal ton, it
means, at that point amplitude of oscillation of medium
particles varies with frequency n.

Amplitude of vibrations changes not only at the point of
observation, but at all the points. Therefore, (a) and (b)
are wrong. Since the frequency of variation of intensity is
observed n times per second therefore, the maximum of
intensity is observed n times per second and the intensity
become zero n times per second. Hence, (c) is also wrong.
Obviously, only option (d) is correct.

(@ Since source of frequency x gives 8 beats per second
with frequency 250 Hz, its possible frequency are 258 or
242. As source of frequency x gives 12 beats per second
with a frequency 270 Hz, its possible frequencies 282 or
258 Hz. The only possible frequency of x which gives 8
beats with frequency 250 Hz also 12 beats per second

with 258 Hz.

(@ Given: Wavelength of first wave (A) =50cm=0.5m
Wavelength of second wave (A,) =51 cm =0.51m
frequency of beats per sec (n) = 12.

We know that the frequency of beats,

v v 12=v 1 1
= =___: = -
n=12=5""%, 05 051

= V[2-1.9608] = v x 0.0392

or, V= =306 m/s [where, v = velocity of sound]

0.0392

(b) For production of beats different frequencies are
essential. The different amplitudes affect the minimum and
maximum amplitude of the beats and different phases affect
the time of occurrence of minimum and maximum.

(c) Beats are produced. Frequency of beats will

11 1 . .
beg—z TR Hence time period = 12 5.

(d) The time interval between two successive beats

3 1 1
Beat frequency f; -,

() Tunning fork A, f, = 250 H,
Tunning fork B, fg = x

If, —fs| =5
250 - x = 5
X = 245 or 255

When it is loaded, it’s beat frequency is decreasing by
3 beat/sec.

Beat is decreased = frequency increased to 250Hz. So,
it initial frequency must be less than 250Hz

s X =245 Hz

ACCELERATOR

Topic-wise MCQs

(a) A=\/A12 + A2+ 2A A, COS O
where ¢ = phase difference
=[(x=vt+15)-(x-vt)] x 2n = 2nx1.5 = 3n

So, A=+52+32 +2.53c0s = /4 =2 cm.
(a)

(c) Compairing the given y=0.5 sin(% 400t—%x)
with standard equation

o=2"400 and k = 2~
A A

.. velocity of the wave v = o _ 2r 400 . V=400 m/s
k A 2n
Py

(a)
A. Reflected wave from a rigid boundary suffers a
phase change of r radians.

S Yy (% ) =asin (kx — ot + 1) = —asin (kx -

ot)
B. Reflected wave from an open boundary will be in
same phase with the incident wave.

2 Yy, (X, 1) =asin (kx - ot)
C. Atthe rigid boundary, the resultant displacement is

zero.
D. At the open boundary, the resultant displacement

=y (%, B+ Yy, (X, ) =asin (kx—ot) +asin (kx - ot)
=2asin (kx — wt)

@ n="2=06kg/m
f=5Hz, A=2¢=4m
v=nA=5%x4=20m/s

Using v= | & =T =202 x0.6=240 N
v
® n;=n,
T — Same
r — Same
| — Same
Frequency of vibration
p T

n=—

N \\



10.
11.

12.

13.

14,

As T, r, and | are same for both the wires
ni=n;
P1_ P2 .. -
\/* = \/* = Il S opp=4pg
(c) Atnodes pressure change is maximum.
(a) In case of independent sources, the phase difference
between them does not remain constant.
(@) A= 2A+A A
=(2+1)A aslocA? T4 A
/4
s = (N2+1)21,=58l,
(c)

(b) Intensity for coherent wave

A

— 0
L,=1,+ 1.+ 2,/1,1, cos 60

= 1,=1+09] +2 9|§.% =13,
Intensity for incoherent wave

l=1+1,=1+09l = I =10l
|

Y
|

10_ % (given) .. x=13

13
(@) y;=A;sink(x—vt)
y; = 12sin 6.28 (x - vt)
Y, = 55sin 6.28 (x — vt + 3.5)

Phase difference, Ag = k(Ax)=6.28x35="7n

A% = AZ £ AZ+2A1A, COSO

= A=/(12)? +(5)2 +2(12)(5)cos(7n)

=144+ 25-120 = \/49 = 7. mm

330
(c) The wavelength of sound source = 110~ 3 metre.

The phase difference between interfering waves at P is

T‘(5—4)=2—Tt

_Ad)_ 3

(SZP SiP) =
Resultant intensity at
2
P=1lg+4lg+ 2,/1g\/4l, cos?n =3l

(c) Path differences, Ax=S,D-S§,D=5-4=1m
The corresponding phase differences will be

¢=2TCA =2_711__
A 4 2

Using 1 =1, + 1, +2 \/l115 cos¢.

I=1g+1g+2Igly cos—=2|0

15.
18.

19.

20.

21.

22.

(a) 16. (a) 17. (a)
() Fundamental harmonic produced by open pipe,

v
1:open pipe ~
. v
And by closed pipe, fyoeeq pipe = o
fo_v 4l _2 e
g f—°=§x—=— fyif=2:1
c v 1
T

(@ Frequency of string, f

Frequency o \/Tension

Difference of f, and fg is 6 Hz.

If tension decreases, fz decreases and becomes f 'g
Now, difference of f, and f 'y = 7 Hz (increases)

So, fo> fg

fo—fg =6 Hz

= f, =530 Hz = fz; =524 Hz (original)
(a) For closed organ pipe, third harmonic

"2

(@N-1V 3V
=————=— (“N=2
40 { ( )
For open organ pipe, fundamental frequenty
NV
=0 zz' C-N=1)
According to question NV
g toquestion, &, =5
r= L 22D e
= T 3x2 3 T g Tooeeom

(a) Difference in two successive frequencies of closed
pipe

2v
— = = —=20H
Al =260-220=40Hz v, z

Which is the fundamental frequency of system of closed
organ pipe.

(@ Sound produced by an open organ pipe is richer
because (i) It contains all harmonics. No harmonic is
missing. (ii) Frequency of fundamental note in an open
organ pipe is twice the fundamental frequency is a closed
organ pipe of same length. Fundamental frequency of open

pipe, fy = 2_\:_ , fundamental frequency in closed pipe,

N\ |\
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23.

24,

25.

26.

27.

28.

29.

1
(@) From formula, fot /l = —ol
x\m f

[Given: f, :f,:f;=1:3:5]
=15:5:3
Therefore the positions of two bridges below the wire
are

15x100 nd 15%x100+5x%100 m
15+5+3 15+5+3
. 1500 2000
l.e.,, ——ocm,——cm
23 23

(c) The difference in frequency in open organ pipe is
given by:

nv
=20
Change in frequency,
Sf g MV MoV . OV SV
Ar=fy f2_2|_1 2L, ~ 2x06 2x09
_X{i i} _ﬁ(i_i) _
A= 5106 09]= 2= 2 \0s 0g) TTAOHZ

(a) Beat frequency is given by:
Vieat = V1 = V| =V, =111 -9|=2 Hz

@)

n T
(c) f o ; , where n = nth harmonic and is equal to

number of antinodes.

(@ Wavelength of the
standing wave is given by

C X >

A h s s1A —rts 2
22 2 2

(d) \elocity of wave on string

Vz\/f= /§><1000 =40m/s
n 5

Here, T =tension and p = mass/length

v 40
A=—=—m
Wavelength of wave T

Separation b/w successive nodes,

N
100

2~ 2x100

30.

31

32.

33.
34.

35.

36.

(c) It is given that tuning fork of frequency 256 Hz
makes 5 beats/second with the vibrating string of a piano.
Therefore, possible frequency of the piano are (256 + 5)
Hz. i.e., either 261Hz or 251 Hz. When the tension in the
piano string increases, its frequency will increases. As
the original frequency was 261Hz, the beat frequency
should decreases, we can conclude that the frequency of
piano string is 251Hz

(b) Tunning fork A, f, =250 H,

Tunning fork B, fg =x

[f —fgl=5

250-x=5

X = 245 or 255

When it is loaded, it’s beat frequency is decreasing by 3
beat/sec.

Beat is decreased = frequency increased to 250Hz. So, it
initial frequency must be less than 250Hz

 X=245Hz

(a) For open organ pipe,

3v

_ f=""
I,=72cm, 21,

. 5v
For closed organ pipe, f=—

41,
5V Bl 5x72
2, 4, ¢ 6 6 ~o60cm
(c)
(c) For metal wire, € = 1%, 6 = 8000 kg m=3,

Y =2x10"Nm?, ¢=1m
The fundamental frequency of the transverse wave,

11
fozi ’ﬁzi 2x10 ><0.01=250HZ
20N 6 2x1 8000

(a) For closed organ pipe,

v
Fundamental frequency, f = 2 f,-f=6
vV Vv 336 336
4, 4, 4x150x10 4s,
, =220 -22 100 -168cm
25 25

\%
(a) For open organ pipe, fo T

\"
For closed organ pipe, f¢ =

N \\



37.

38.

39.

40.

41.

YV 100> Y 100
21 4l Al
I A S 2"-3"_"_100Hz
20 4l

(d) Frequency N=— ,/ Where d = density
V=24 T here Vo« —
. ,/m 24 so here \/a

If the density of the material of the string B is 2% more
than that of A then

o1 v
2
d+dx—
\ 100
V \/d(loz \/10

(c) We have given, y = 0.03 sin(450 t — 9x)
Comparing it with standard equation of wave, we get
®=450k=9

o) 450—50m/s
"k 9

Velocity of travelling wave on a stretched string is given by

=F:>I=2soo
TR

p = linear mass density
=T=2500x5x1023=125N

3L 4
—=20rA=—m
) 2 3

1
” \d(1+0.2)

Velocity, v= f, =240x % = 320m/sec

24
Also f1 = TO =80Hz

() Given,y=0.3sin (0.157 x) cos (200 nt)
Sok =0.157 and w = 200

w 200
= v=—-= = 4000m/s
or f=100Hz, K- 0157
N i f= ﬂ = ﬂ = &
ow, using f==-=-r=2
I=£= 2><4000=80
f 100
(@) Ifaclosed pipe vibration in Nt mode then frequency
2N-1)v
of vibration n —u =(2N-1)n;

42.

43.

44,

45.

46.

47.

(where n; = fundamental frequency of vibration)
Hence, 20,000 =(2N-1)x1500=>N=7.1~7

Number of over tones = (No. of mode of vibration) — 1
=7-1=6

(d) Beat frequency = f, - f,
40_ v v - 10 v( 0.08 )
12 408 416 3 \4.08x4.16

=v=7072mls

(a) fy,=340+5=3350r 340 Hz

When fork A is filled, then beat frequency decreases to
2 beats/s.

It is possible only when

fy,=335Hz

(d)
§ ................................... e E

Fundamental frequency, f =50 Hz
linear mass density p = mass/ length = 20 g/m
mass of string, m = 18g

m 18 9
length of string, / =—=—m=—m
g g w20 10

A 9
from diagram E=€:>x=2€=gm

The speed of the transverse waves in the string

9
v=fk=50><g =90 m/s

(b) In organ pipe, for 51 harmonic

5v
frequency fs = w

Here,

v = Speed of sound

| = length of organ pipe

On substituting respective values,

5x324
L

we get405 = =/(=1m

(d) For second harmonic of open organ pipe,

the length given as L =n—2}“;n =2

So frequency of vibration is f =%

v v 360
100
(d) Fundamental frequency;,

f:

nv
f= 2 for fundamental mode n =

\\_\\



Superposition of Waves

48.

49.

50.

51.

= f= v =>f« 1 . f—l = L2
20 ¢ 4

Hence, ¢, = 60 cm

(b) Area of cross-section, A = 2 cm?

Speed of sound, v = 330 m/s
v 330 11

1201,
180 90

v =30:>€1=—m
40, 40, 4
Lzﬂzll():}fz:gm
40, 4, 4

Al = gl —52 =2m

Change in volume = AA/ = 400 cm3

Mass of water = pA(¢; - £,) (-~p=1g/cm®)
=1x4x10%=0.4kg=400g

1 /T
i f=— |—
(c) Frequency of tuning fork R
For T=6NandL=1m
116
f Y . e i
172\ m ()
For T=54Nand L=1m
1 |54
f =5 . e i
279 m (i)
h. 1 , Givenf,—f, =12 . f =6Hz

(b) Frequency of closed organ pipe
%
=(@2n+1)—
fo= )4e
For seventh overtones, n = 7
_ (@x7+)v _ 15v

T T a0
\'
Frequincy of open organ pipe = (n +1)2—€

8v fC_E_a_l
2wTf, 16 a

(&) Welocity v —\/7 \/7

[ -~ Compressibility, K =

Forn=7 f5= =a=16

1
B (Bulk modulus)

And both closed and open organ pipes vibrating in their
first overtone with same frequency

- Felosed = fopen

v _2v :L'ziL[V—ZJ
aL 2L 3 v

52.

53.

54.

55.

56.

57.

4

. P1
L — L 1 .. g =g
3 ’/Pz [ compressibility are equal]

SoX=4

(c) In a closed organ pipe, two waves travelling in
opposite direction (one incident and other reflected wave
from boundary) superimpose with each other to develop
a wave pattern which is standing or stationary.
Harmonics in closed organ pipe :

Vi iVo Vo =1:3:5:
So, only odd harmonics are present. = Il correct

. nv
Natural frequencies = v = oL

Thus, even and odd i.e., all the harmonics are present.
(b) Fundamental frequency,

2 ze\f Nf{ (a”d“'%

Also, Y =L = T_YAL ¢ 1 ATy
A A 20\ 1p

Putting the value of ¢, A%, pandyineq™. (i) we get,

or, f = 178.2 Hz

. nv \
(&) Given T 315 and ( )zg

n+1 420
—=——=>n=3
n 315

Hence 3x— = 315 = — =105 Hz
20 20

The lowest resonant frequency is when n = 1
Therefore lowest resonant frequency = 105 Hz.

(@) +/T/1 = constant; Tension decreases by a factor

(8—-1)/8, length decreases by square root of thisi.e., 0.77.
(a) Both Statement | and Statement Il are correct.
According to the property of persistence of hearing the
impression of a sound heard persists on our mind for

%s. Therefore, the number of beats per second should

be less than 10.
Hence the difference in frequency of the two sources
must be less than 10.

(b)

Fundamental frequency, f =50 Hz
linear mass density p = mass/ length = 20 g/m
mass of string, m = 18g

N \\



58.

59.

60.

61.

62.

N\ |\

. m 18 9
length of string, / = —==—m
9 g w20 10

A 9
from diagram E=€:k=2€=§m

The speed of the transverse waves in the string

9
v=fk=50><§ =90 m/s

T

1 .
f=— |— (T=Tension
(b) Frequency, 2\ ( )

2
b B ()
fi VT fy Ty

2

:(5—0) _ M9 =22, 1805009

30 180g 9
(d) n,=Known frequency =341 Hz, ng=?
X = 6 bps, which is decreasing (i.e., xJ) after loading
(from 6 to 1 bps)
X = 6 bps, which remains the same after loading.
Unknown tuning fork F, is loaded so ng
Hence n, —ng ¥ = x... (i) Wrong
ngl — N, =x... (ii) Correct
= Ng=np+Xx=256+6=262Hz.
(@) Ifthe original frequency of B (v;) were greater than
that of A(v,), A(v,), further increase in v should have
resulted in an increase in the beat frequency. But the beat
frequency is found to decrease.
Given, v,—Vg=5Hz
427Hz -Vg=5=Vvy=422 Hz.
(@ According to question there are two possible cases

Second harmonics

(250 +4) - 254 —
250
(250 — 4) |
246—1492

Therefore, unknown frequency is 254 Hz.

(c) The frequency of fork 2

= frequency of fork 1 + beat frequency

=200+4 =196 0or 204 Hz

Since, on attaching the tape on the prong of fork 2, its
frequency decreases, but now the number of beats per
second is 6. It is possible only when before attaching the
tape, the frequency of fork 2 is less than the frequency
of tuning fork 1. Therefore, the original frequency of
fork 2 was 196 Hz.

63.

64.

65.

66.
67.

68.
69.

70.

(@) Let the frequency of the fork A be v,,.
" V= Ly £4=(384+4) Hz = 388 Hz or 380 Hz
When one of the prongs of Ais filed, its frequency increases.
If v, =380 Hz, further increase in v, will result in decrease
in the beat frequency when sounded with B.
If v, =388 Hz, further increase in v, will result in increase
in the beat frequency when sounded with B.
Thus, the frequency of the fork Ais 388 Hz.
() n,~n,=4
Now, if tension in string A increased, then frequency of
string A increased and beats produced increased.
: nA > nB
n,=480H,
s N,=n +4=480+4=484Hz
(d) 'y, =5sin400xt, y, = 8 sin 408 mt
. ®,=400p, w,=408n
Number of beats per minute is

60[f, — | = 60‘2&_% _ 60‘400n  408x
n 2n 21 o
=240 cycle /min
@)
(b) 7»1 =50 cm.
Ao =51cm.
vaedT = V_ (T2 _ [273+20
Va2 \Th 273
= v,=319.23.
vtz 319.23 4000
A 050
v, 31923
vy =—%=——"" =625.94 = 626 Hz.
Ay  51x10~

No. of beats = v, —v; =14 Hz

©

(d) Thefrequency of the pianostring =512+ 4 =516 or
508. When the tension is increased, beat frequency
decreases to 2, it means that frequency of the string is 508
as frequency of string increases with tension.

(d Letf =f, Then

f,=f,+4

f=f,+2x4

f,=f,+3x4

fo = fy+ 19 x 4

Now, f,, = 2f; = f+19 x 4 =2 f,
= f, = 76 Hz

S0, f, = 76 + 19 x 4 = 152 Hz.



Superposition of Waves s-Xll/71

3 beats per second = 3 cycles of loud (max) and soft
m PREVIOUS YEARS MCQs eats p y (max)
(min) second
1. (d) Given: Wave equation: y = A sin (kx) cos (et) Each beat cycle per second
7 (maximum to next maximum) lasts:
k==% and w= 350
T= =_second > —=——=—second
350 foeat 2 2x3 6
wave speed v/ =2 = 22" _500m/s
k 77? 7. (a) Resultant intensity 1=11+15+2/l; 1, cos¢
2. (b) Inaclosed organ pipe, =1+1+2Ix1cos90° =21 +0=2I
Fifth Harmonics 8. (a) Mm=4l fi= v
A A A 4 |
N \ N N
Number of nodes = 3 when a closed organ pipe is filled with water up to 1
Ninth Harmonic of its volume,4the effective length of the air column
A A A A A decreases to : of its original length.
4
-1
N N Ny N WRELL 5
\ 5 16l
Number of nodes = 5 Af =f2—f1:>AF=15VE—f—;/|:AF=1Vﬁ
3. (d) Identify the angular frequencies Vi1
B B _ 2507 *(*)
o =250n =2nf; = f; = - =125Hz % _ V16 <100 = 25%.
0y = 2607 = 2nf, = F, = ZSOn _130Hz 4l
Tt -
Beat frequency: 9. (d) Resultant amplitude, A= \/ A? + AZ +2A A, cOSO
foear =|f1 — 2| =[130 —125) = 5Hz
1 1
Theat = ===0.2s
beat fbeat 5
4. (c) . .
5. (b) Let ¢, and /, be the length of open and closed organ Given, y;(x, t) = 4sin(Kx - ot)
. . 2 .
pipe. We have given ﬁ—l =3 and Yo (X, t) = ZSIn(KX — ot +2—§j
2
Frequency of third harmonic of the open organ pipe
2 Y pen organ pip  A=22 142 £ 252 4x005120° = V12 = 24/3
v
20, And tan ¢ = 2sin120 Ozﬁzi
Frequency of fifth harmonic of the closed organ pipe 4+2c0s120° 3 3
-V - Phase ="
41, 6
10. (d) Third overtone has a frequency 7n, which means
. _8V 45 6.3 9 L = three full loops + one half loop,
. Ratio SoX-=— . .
201 3V 5 2 5 which would make four nodes and four antinodes.
6. (a) f, =320 Hz, f, =323 Hz 11. (c) For closed organ pipe

= |f, - f,| =323 - 320| = 3Hz ngin,ing...=1:3:5:....

'’
f beat




12.

13.

14,

15.

16.

17.

N\ |\

(@) Here, Aj=A A=A, ¢=120°
The amplitude of the resultant wave is

P =[AZ + AZ + 2 Ay cos

/A2 + A2 + 2A Acos120°

=VAZ 4 AZ - A2
L AR=A
(&) The time interval between successive maximum

1 1
H HH P - S ——
intensities will be nl _ n2 454_450 4

(d) When two waves of almost equal frequencies f, and
f, reach at a point simultaneously, beats are produced.
Beat frequency, f,_ = (f, —1,)

Time interval between successive maxima

[ c0s120°= —1}
2

11
(fi-t)

(&) The wave equation is y = Asin (wt)cos (kx);
v = w/k = 100/0.01 = 10% m/s.

(b)

|
(a) Loudness (dB) = 10 log,, (I—ZJ
ref

fbeat

|
or 120 = 10 log,, [1012]: 1=1
2 2
Also | = 7 = 2:>1: S =>r= 1
4nr 4nr Anr 2n
=r=40cm

18.

19.

20.

22.

23.

24,

25.

(c) Here %=5.Ocm:/1=100m
v 200
Nn=—=——=20Hz
Hence 710
(D) Ny = 1y + 1, + 2141,

- Sum of maximum and minimum intensities

(c)
(a) Fundamental frequency of open pipe
SV _ 30 3504,
2 2x05
For closed pi n—i:>n— 332 = 2Hz
(a) For closed pipe Al Axd2 .

Vv
(a) Fundamental frequency of open tube is, v = ETR

where v is the velocity of sound in air and L is the length
of the tube

;- 330ms™
2x0.25m
The emitted frequencies are v, 2v, 3v, 4v, ...
i.e., 660 Hz, 1320 Hz, 1980Hz, 2640Hz,...
(a) Inopen organ pipe both even and odd harmonics are
produced.

= 660Hz

N
(c) In case of open pipe, N=-—"-where N = order of

2l
. . . nx 2l
harmonics = order of mode of vibration = N = v
480
=—x2x1=3 =
330 X ZX [Here v = 330 m/s]



Wave Optics

WARM-UP
Topic-wise MCQs

(c) Primary wave font and wave lets are equal because
light does not change medium. It is travelling only in one
homogenous medium.

(a) Bydrawing sphere of radius vt at each point of primary
wavefront and then drawing a common tangent at each
sphere, new position of wavefront can be obtained.

(b) When ABC wavefront passes through glass lens, its
velocity is reduced.

Vair
Volass =
nglass
where, v, and v, are velocities in glass and air,
respectively and n glass 19 refractive index from air to glass.
A A
B'/
B
C C!

Denser medium

At points A and C waves remain in glass for a short
duration, so they travel a larger distance while wave at B
covers a small distance as it remains in glass for a longer
duration (middle portion of glass in thick) and finally A' B'
C'is the position of new wavefront. It is concave in shape
as shown in the figure.

@ L_tan 30°; = cot30°
u

Using Brewster's law :

tan iB =p=cot 30° = tan 60°
iB= 60°

() 1'=1cos? 0 =1cos?(45°)

(=2

10.

11.
12.

13.

14.

15.

16.

() p=tani
= i=tan"}(n) = tan"1(+/3) = 60°.
(@)

(c) A slit would give divergent; a biprism would give
double; a glass slab would give a parallel wavefront. Edge
is downward.

Plane WF

(b) (Light bends
upwards)
Refracted

WF <«—

(b) Phase reversal occurs i.e. phase change = & takes
place on reflection, because glass is much denser than
water.

(@)

(b) Given, refractive index of medium p=1

Using Brewster's law, tan ip =u

increases
\Tel decreases

tan ip=1
ipztan—1 (1) =45°
As ip+r=90°
r=90°- Ip
=90° -45°
= r=45°

(a) According toBrewster's law, when a beam of ordinary
light (i.e., unpolarisded) is reflected from a transparent
medium (like glass), the reflected light is completely plane
polarised at certain angle of incidence called the angle of
polarisation.

() Using Malus' law :

I'=1,c0s%0

= 1,/2=1,c0s%0

, 1
cos“0=—
= 2

= 0=45°
(d) Angle of polarisation, i =60°

p=tani =tan60°= /3

-1 g 1
itical angle, C =sin [—j =sin [—j
Critical angle m NG

(c) Brewster’sangle,
i,=tan™(u) = tan"(1.5)

3
=tan™| o

N \\



17.

18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

\V

(@) From Brewster’s law

u=tanip
= u=tan60° =/3
. . sini
Using Snell’s law of refraction p= —
sinr
:>sinr-ﬂ=—8ir]600=£Xi
32 B
= r-sm‘l( ) 30°
2
(d)

(b) Angle between plane of vibration and plane of
polarisation is 90°.
(d) Theangle of incidence for total polarization is given

by tan6=n = 0=tan"‘n

() 1= 1ycos?6

I
Intensity of polarized light = ?O

= Intensity of untransmitted light = 1, —I?O |2°

(b) Intensity of light transmitted by polariser is half of
intensity of unpolarised light.

(b) aug =tan 6, where 6, = polarising angle.

or, aug =tan 60°

o, =3

Vg

c 3 X 10 3
or, v, —= 108ms~?
R

() Huygen’s wave theory fails to explain the particle
nature of light (i.e., photoelectric effect).

(b) Ifaplane wave of light travelling along the y-direciton
electric field may be along any direction in x-z plane
(i.e. y = ¢), hence wavefront may be represented by
y=c.

() Thelocus ofall particles in a medium vibrating in the
same phase is called wave front.

(b) On polarisation by reflection, the reflected and
refracted waves are at 90° to each other.

(®) 1'=1cos®0 = I cos?(45°)
%sz:l
J2) 2
() p=tani

= i=tan"}(u) = tan 1(+/3) = 60°.

30. (@)

31 (d)

32.

33.

34.

35.

p=tani, =tan60° = /3

41
ic =sin""—
3

1
SlnlC = =

W «/—

Required angle
=2x57.5+90=205°

Ok
A
SN
'/‘
B
.

A
(d) For minima, path difference A=(2n-1) >

. - A BA
Forthlrdm|n|man=3:>A=(2x3_1)E=7
(d) 1=a?+a3+2a5a,cos¢
Put a? +a3 =Aanda;a,=B .. | =A+Bcos ¢

@ 1=4l, 0052 ¢

At central posmon I, =41, . (1)

Since the phase difference between two successive
fringes is 2x, the phase difference between two points
separated by a distance equal to one quarter of the
distance between the two, successive fringes is equal to

5= (Zn)(l) - radian
4 2

(m)
= l=dlgeos? 2] =2ty )

I, 4l
Using (i)and (i), 7= 31

»
(8) InYDSE, 1,=1,Ax, =1, Ax,=

Intensity, | o< cos? — ¢



36.

37.

38.

39.

40.

41.

42,

43.
44,

N \\

o, 2
| cos 2 cos— |
_2— 2 3 :l —_l—l
_ - ) -
I | cos L cosm 4 4
2

(d) Intensity | oc 1 + cos ¢ where ¢ = phase difference

lp 1+c0s0° 141 2

lo 1+cosg 1+0 1

(€©) AXgy, =d=5000A. Given=3000A
Asi<d<2)r . n=3.
(d) xocD

. 1 ..
If d becomes thrice, then X becomes 3 times.

© p=p
DA D'A _
or T = @ =2D

(c) Distance of nth maxima, x = nx% o< A

As Ly <hg Xplue < Xgreen
@ 1o (@-a)?
, 2
V' in o (22 —a)
Clearly, the intensity of minima increases.
Againl . o (a+a)?
' 2
I'max o (2a + a)
Clearly, the intensity of maxima increases.
b _a? 9 a 3

C T === 0 —=—
() |2 a22 1 a, 1

lmax _ (3+2)% 16 4

lmin (3—1)2 41

(d)
(b) Given,
A, = 400nm=400x10°m
2,=5000 A =5000x1071m
=500 x 10°m
Distance between two consecutive fringes for wavelength
A, is B; and that for wavelength &, is 3,,.
N1y =NyB,

MD  A,D
= Mg ey

400 x1072 x D
d

5

45.

46.

47,
48.

49.

500x1072 x D
=n2 Xf

5x 400
ny, = =4
500
(b) Since, when the source S is on the perpendicular
bisector, then the central bright fringe occurs at O, which
is also on the perpendicular bisector.

If S is shifted by an angle ¢ to point S', then the central
fringe appears at a point O' atan angle —¢ (shown in figure
above), which means that it is shifted by the same angle
on the other side of the bisector. i.e. towards end B of
screen.

(c) The contrast interference will occur when there is
absolute darkness at the dark band due to destructive
interference, i.e. I, =1_; =0 and there is complete (max)
brightness at the bright band due to constructive
interference, i.e. I =1 = 4l,, which is possible only
when individual intensities are same.

So, I, =1,=1,

@)

(d) Thefringes are straight lines although S, and S, are
point source. If slits are used instead of point sources,
each pair of points would have produced straight line
fringes with increased intensities as shown below.

; | | | | | Path
3121 1 0 11 21 3l . difference

(c) Ifaistheamplitude of wave, then

=422 then 1, =a? =



50.

Sl

52.

53.

54.

55.

(d) Formaxima dsin® =na

. nL 8 . 4 4
SiNf=—=— = siNb== =t =—
FERETY = 5 = tano 3
Also tan6 = y . 24P
b V73
(@) Let 6 be the angular width in water. We know angular
width = q
= Angular width oc &
0 _Aw .
04 A, (i)
A A
NOW, oty = }La D_azg
Hence from eq. \(1) weﬁave
0 =§:>9=0.3°
04° 4
. ] AD
(@) Fringewidth = o

When the apparatus is immersed in a liquid, then A will
decrease ptimes and hence w is reduced p (refractive index)
times.100'=(5.5) o

P10

A 55

(c) Intensityata pointinYoung's double slit experiment
is given by

=1 +1,+ 2\/lil, cos¢

Here I, =1, =1, (say)

or 100/ (gj =(5.5) }”d—D =porpu=18

AtP

C = T o_ 1

S Ip—|0+|0+2|0 cosg =2+ 21, % 3 =3l,
AtQ

lg=1lg+ 1o +2l5c0590° =2I,

lp_3

lg 2

(c) Fringewidth, B;=2mm=2x103m
), =400 M ; 1, =600 M
=400x10°m =600x10°m

A
Fringe width ([3)- — > Ba 12
B M
9
N Bo - _ 600 ><10_9 3 3 B, =3mm
2x10 400x 10 2

. nax _ 25 (a,+2,)° 25
where a denotes amplitude.

ng or 53.1—532 =3a1+3a2

a1 —-ay

56.

S7.

58.

59.

60.

61.
62.

63.

or, 5a,—5a,=3a,+3a, or2a, =8a,

or, & =4 or La) _16—|—l

. b 1
(b) We have given, -1 ==
I, 4

= =4,

e =5,
i~ =1,

Imax +Imin _ 91+l 10 5 2a+l
lmax = Imin 91—l 8 4 PB+3
a=2 Pp=1
a_2_,
B 1
@
343

(b) Path difference =171.5) = S A

= odd multiple of half wavelength .
It means dark fringe is observed.

343
According to question, 0.01029= —— A
_0.01029%x2 _ 6x 105 cm
© 343
=1=6000A.

(a) For strong reflection, the least optical path difference
introduced by the film should by A/2. The optical path
difference between the waves reflected from the two
surfaces of the film is 2 pd.

Thus, for strong reflection, 2pd = A/2.

A 589

= 4_M=4><—125 =118nm.

(b) Phasediff. =—

271x2.1x1076
460x10710
(d) It will be concentric circles.

(b) For minima, phase diff. = odd integral multiple of
n=2n-1)x

Path difference = =7.692 nradian.

9

—0.0001
0.589x1073 1000

N\ |\



64.
65.

66.

67.

68.
69.

70.
71.

72.

73.
74.

75.

76.

77.

N \\

(d)

(b) Introducing a converging lens in the path of parallel
beam does not introduce any extra path differences in a
parallel beam. Rather it gives a more intense pattern on
the screen.

(c) Here, I, =1jand I, =4I,

|=|1+|2+ 2 |1+IZCOS¢

1
= 1o+ 4ly+2 XZ'O(_E)

=51,-2l,=31,
(a) For interference phase difference must be constant.
2D
d
.. fringe width 3 will decrease

(@ AsB= and Ap <Ay,

AD 5000x10°1%x0.9
- = m
d 3x1073
=1.5x10*m=0.15mm

@d B

(b) Fringewidth, B :}LTD

AD d
() BOCT as d—>§ sop—3p..n=3

A
© By
(a) Distance between two consective dark fringes

_AD_5000x107° x1

d 0.2x10°2 =0.25mm

@ B="g

VIBGYOR A increase
}LR > }LG > 7\‘5

So, PBr>PBc>Ps

_AD_ 6000x1071 x 2

= _4 =
b B q 4x10°2 3x10™*m=0.3mm

AD
) B= o =SBk
(b) Firstdiffraction minima is given by, nA =asin 6
1x6500=asin30°
a=13000 A = 1.3 micron

78.

79.

80.

81.

82.

83.
84.

85.

86.

88.

(d) If the width of diffraction bands increases the
wavelength of light also increases.

Hence, if yellow light is replaced by blue light, diffraction
bands become narrower.

(b) Theangular width of principal maximum is given by

20— 2%
a

(d) Width of central maximum

_2MD _ 2x600x1077 x2
T d T 1x107°
(b) If a converging lens of focal length fis placed after
the slit and the fringe are obtained on screen, then
separation of the central maximum from the first null of the
diffraction pattern is A/a.
If fis the focal length of the lens, then the size of screen
will be fA/a.
(d) Forfirst dark fringe on either side,

=2.4mm

dsin9=korﬂ=x
D

_AD
)
Therefore, distance between two dark fringes on either
side
20D

:2 = —_—
Y=

2(600 x 10*6mm)(2 x103mm)
B (1.0mm)

=24mm
©

(@) Angular width of central maxima is given by :
2% 2x6x1077

a  2x107*
(a) Condition for minimaisdsin =n\
For Ist minimadsin =2

0 —6x1073 rad

sinb=—=—=—- - 9=30°
a

Angular spread = 20 = 60°
(c) Because both source & screen are effectively at
infinite distance from the diffractive device.

(b) Condition for diffraction is
Slit width < wavelength of light

a
= a=>A By <1
(b) Given,

Diameter of the objective,
d=3.6m



89.

90.

9L

92.

wavelength of light,

A=540x10°m
o 1.22),
Resolving limit, d6 = 4
-9
40— 1.22x540x10 _183x10~°
3.6
=1.83x 107 rad.
1.22),
(c) Limitof resolution = 4
-9
_1.22x600x10"" _ 3510~ rad

250%1072

(b) Indiffraction, width of central maxima o A.
Wavelength of X rays is less than that of yellow
light, so the width decreases.
(d) Resolving power o (1/2.).

(RPy %, 5
(RP), A 4

(®) Agpue < Ageg- Therefore finge pattern will contract
because fringe width oc .

ACCELERATOR
Topic-wise MCQs

Hence,

N\ |\

@)

(d) Asi>ig,therecannot be any refracted wave. So, for
all angles of incidence greater than the critical angle, we
will not have any wavefront in medium 2. Hence, it is formed
in medium 1 (on same side of AB).

(@) Aplanewave AB incident at an angle i on areflecting
surface MN, then t be the time taken by the wavefront to
advance from point B to C. So, from the given figure the
distance BC = vt

where, v is the speed of light.

For obtaining reflected wavefront, a sphere of radius vt
should be drawn from the point A (see figure given in
question). The tangent CE drawn on this sphere represents
the reflected wavefront of AB.

[
(d) Z—Ecose

1
= C0s 0= T = C0s 0 = cos 45°

2
0=45°
(c) According to Malus' law
Here, 6 =60°
2

1 |
= 260° = | (—) =—0
s 1=1,c0s°60° = lo 5 4

10.

11.
13.

14.

(d) We know that when light strike the interface of two
media at Brewster’s angle, then reflected light will be plane-
polarized with its E vector vibrating in a single plane. Now,
if there will be no electric field vector then there will no

E vibrating in reflected light. So there will be no reflected
light.
(c) Speed oflight isdifferent in different mediaand different
medium has different refractive index.
Speed of light in medium 1
H2= Speed of light in medium 2

4
(c) Given, refractive index, u = 3

According to Brewster’s law when unpolarised light
strikes at polarising angle i, on an interface then
reflected and refracted rays are normal to each other
and is given by :

tani, = p

; 4
i =tan7? (—)
P 3

() Here Angle ofincidence, i =57
tan57°=1.54
Uglass = fan i
It means, Here Breswster’s law is followed and the
reflected ray is completely polarised.
Now, when reflected ray is analysed through a
polaroid then intensity of light is given by malus law.
i.e.1=1,cos?0
on rotating polaroid ‘0’ changes. Due to which
intensity first decreases and then increases.
(c) AtBrewster’sangle, only the reflected light is plane
polarised, but transmitted light is partially polarised.
© 12. (@

(b) p=tan ip =tan54.74° = [

2=S‘Ir?i=>sinr=1:>r=30°
sinr 2
49 A

(d) Given: , 1 A%

A _ BT

A, V1 1
orA =7A,

Imax — (A1+A2)2
(A -Ay)?

Imin

_(+1? _64_16
(7-1)°

3 9



15.

16.

17.

18.
19.

20.

21.

22.

23

24.

25.

N \\

(Maximum intensity) coherent interference

d - - - -
@ (Maximum intensity) coherent interference
n2|0
= — = n
nlo
ap 3
© =2==2
a 5

Imax _ (8 +3,)° _(3+5)° _16
(a-3)° (357 1
(c) For constructive interference path difference is even

Imin

A
multiple of >

©
(b) ¢=n/3,a;,=4,a,=3

So,A= \/af +a3 +2a,.8yC08) = A~ 6

(d) Resultantintensity Iz = 1y + I, +2./I11, cos¢
For maximum I, $=0°

= Ig= |1+|2+2m(ﬁ+£)2

(¢) The fringe width is given by, [3:7‘_[)
d

The angular width of fringe is given by

d_h_ 6x107
D B 0.12x10°3

(b) In an interference experiment, the spacing between
successive maxima or minima is called fringe width

i.e., fringe width, B JTD.

=5x 103 rad.

B 0133

b B =;=E=O.1cm

(d) The nearest white spot will be at the central maxima.
3 d d
4 2 4

So, the value of Ais 4.

() Given,D=200cm=2m

d=1mm=103m

Path difference
=65m=65x103m

We know that, path difference

_7AD (2x1-1)%p
o d 2d

13D 13x A x 200x1072
2d 2x1x1073

6.5x 1073 =

A=05x%x103x1073
=5x10~"m=5000 A

ni
Using relation, dsin®@=n\k =sin6 =—

26. (d) 5

-9
Forn=3, sing= o - 3x589x1077
d 0.589
=3x10"%0r 0 =sin"! (3x 107)
27. (b) Position of nth maxima from central maxima is given

= X, = L _ M =&=f(ﬂj
d2 nzkz 67\‘2 3 7\‘2

28. (d) Intensity of each source =1, = % = 25unit

If the intensity of one of the source is reduced by 36%
then I, =25 unitand

36 .
I, =25-25x——=16(unit
2 X300 = L6 (unit)

Hence resultant intensity at the same point will be
=1y +15+2ll, = 25+16+2/25x16 =81 unit

A
29. (b) Angular separation =E

For angular separation to be 10% greater A should be 10%
greater.

589
Now wavelength is (589 + ﬁ) nm

or (589 +58.9) nm, i.e., 647.9nm, i.e., 648 nm
30. (d
31. (c) Wavelength for which maximum obtained at the hole
has the maximum intensity on passing. So,
nAD
X=—
d

Cxd  1x10°x05x10° 1x10® 1000nm
nD N x50x1072 n n
n=1, A=1000 nm — Not in the given range
n=2,2=500nm
32. (a) Pathdifference between first and 11" bright fringe
=S,B (10 bright fringes) =10 A
=10x (6000 x 10")ym=6x10"%m

A

33. (c) Here A% =a? +a3+2aa,c088
v a =a,=a

. A% =2a%(1+cosd) = 2a° (1+ 2coszg—1)



34.

35.

36.

37.

38.

39.

40.

N\ |\

(b)

@

@

©

©

@

@

o
= A2 occoszz

Now, lcAZ - IocAzocCOSZg
o occoszg
2

Let nth fringe of 2500 A coincide with (n —2)th
fringe of 3500A.

.. 3500 (n—2)=2500x%n

1000 n=7000,n =7

.. Tthorder fringe of 1st source will coincide with 5th
order fringe of 2nd source.
K=1+1+ Il cos2r = 4l,

K'=1+1+2llcos2n =1,

4

. . D
As fringe width 8 = Ek

u=A+E+—+...
AT A

Mvacuum < Haijr SO }“Vacuum > }“Air
Therefore when chamber is evacuated fringe width 3
slightly increases.

D
Fringe width, B = %

Angular separation of the fringes is

g P _2D_2
D db d
Imax :(\/E"'\/E)Z = (V1 ++41)? =9l

Imin = (W =y12)% = (/1 -/41)? =1

For 100th max., dsin® =100A
-9 4
Sine:100x5000§10 :5><103 :0.5:1
1x10~ 10~ 2
. 1 1 1
s y=Dsinf=1x—=—=—
g 2"2
1<l

avg
If each source have equal intensity

41, cos? p/2 < 2I,
3n

1
cos? ¢p/2 < 5 i.e. g<¢<?

41.

42,

43.

44,

45.

() I=4lgcos 5

20

T 2n 2n y
or |=4Iocosz[ij (¢=7AX=7dB)

where B = %D (fringe width)

Putting I = 21, we get

_B_2D _ 4

y—4—4d =125x%x10""m

(d) Givend=.5mm=5x10"2cm
D=100cm.

X, = Xqq - X, =9.72mm.

nAD
nT o d

_ X,d  0.972x5x107

= = 4.86x105cm.
nD 10 x100

=A

(d) Imin ﬁ—l

QD

A
a

(d) Angular fringe width 6 = % =)

o
o
o

e.
So eW=£=
Hw

=0.30°

w\&‘

A
(d) For minima, path difference A= (2n— 1)5

For thirdminiman=3

A 5L
- (2x3-a_>A
=A=(2x3-D5==

2
46. (a) sin6,= q

.1 2\
or 92:sm (Fj

Given y=D(26,)=8x1072

or 1.5x2xsin‘1(%j =8x102= d = 0.005cm



47,

48.

49.

50.

Sl

(b) The width of the central maximum is given by

23D
d

= If d - 2d, then (3 decreases.

p

L2
. . sina

Also, intensity | = Iy {—}

o

ndsin®
a =
A
| increases as d increases
The central maximum will become narrower and
brighter.
(€) In Fraunhoffer diffraction, for minimum intensity,

where

Ax—m&
2

For firstminimum, m=1

(@) Weknowthat for maxima
bsin®=(2n +1)%

2n+1(h
2 b

So on decreasing the slit width, ‘b’, keeping A same,
sin 0 and hence 0 increases.

or sin®=

(b) separation of first minima = 2%}L

GivnD=1m,d=2mm =2 x 103m, A =500 nm
=500 x 10°m

First minima is separated by a distance = 2%%

_ 2x1x500x107°

271073 =0.5mm

(& Angular width of central maxima is given by,
Q=2)ra
Where,
A =Wavelength
a=Width of slit,

It does not depend on distance between slit and
source.

52. (b) Angular width®=2sin"1 (%) or, 0 A

0,=0=K\, . (0)

30
and92=9—exﬁ=k7n2
70
or,0,= — =Kk
2 10 2

...(ii)
Dividing eq. (ii) by (i)

70

Ko 10 A 7 7

Ko 10, h T 5 T = 4200A

@, 6 6000 10 2T 1g *0000=4200
PREVIOUS YEARS MCQs

1.

(c) Given,d,=0.2mm,d,=0.4mm
gD 1
d d
Brew =%
Hence, B is half so 50% decrement.
(@) Here,x;=2dandx,= /59

A
For, first minima, AX = 5

A
.'.Ax=X2—X1=\/§d—2d=E

Plane wave front

As, the light emerges parallel. So, plane wavefront is
formed.

© O-te@12=4=2n/3

= AXx(2n/\)=2n/3 = Ax=L/3

sin® = Ax/d = sin6 =2/3d = 6 =sin " (1,/3d)
(b) We have

Imax — (\/H"'\/E)z — (\/Z_\/DZ =2

Imin (\/E_\/E)z (\/Z—\/i)z 1

By componendo and dividendo

ImaX+Imin_9+1_E_§
lhax=Imin 9-1 8 4
So,x=4

N \\



6.

10.

11.
12.

13.

14.

N\ |\

(b) Fringswidth, p=12mm

4
Refractive index of water, = 3

The frings width is given by,

DA .
B= i 0]
Here, A is wavelength of light.
D is distance between screen and source.
d is distance between coherent source.
If the entire arrangement is placed in water then fringes

DA
width becomes B'=— ..... (i)

d
Dividing equation (ii) by (i), we have
B_»
B A

123 ( A &)
7 Y
= B'=9mm
(c)
(d) Itisaone of Fraunhoffer diffraction from single slit.
so for bright fringe where a is the width of slit.

= fB'=

asind=(2n +1)%

5 2 2asing _ 2x1.2x10"° x0.0906
2n+1 2x1+1

(b) Fringewidth B =%

=T7248A.

(d) Resolving power «,d
Resolving power of a telescope is proportional to the
diameter.

(None)

b 1.,.=@ +ta)andl . =(a,-a,)?

Imax+ Iminzajl.z'i'ag +a12+a§

= 2(@112 +a§)=2(l1+lz)
A

T 2usina 2N.A

NL.A. limit of resolution is decrease (c).

(b) Givend=0.2x103m,D=2m
and A=5x10"m

¢ d

AD 5x107x2 5x1077

From B=—= 3= 7)
d 02x10" 10~

.. B=5103m

Distance between 1st minima on either side

=5x10"3+5x107° =10x107° =10%m

15.

16.

17.

18.

19.

20.

21.

(b) Polarisingangle, tan 6 =p

C
Also, M =—
S0, v

v 1V
or, coto=— . @=cot '~
c c

(b) Resultant intensity for two coherent sources,
IR = Il+ |2 +21“1|2 COS¢

For two identical light waves, Iy =1, = |

1 =4l cosz% or, 1g xcoszg

(¢) Resultantintensity of interferring wave at ‘P’
I, =1 +1,+ 2l coso

T
For ¢==,
or ¢ 5

Again resultant intensity at ‘Q’

Ip =1+91=10I

lo=1,+1,+ 2/l cos¢

For ¢ = 7,1 = 1+ 91+ (-2,/9(1)%)
=101-61=4l
.. Difference between the resultant intensity
Al=1,- IQ= 101-41 =6l

() According to Brewster’s law, tani, = u

Clearly, Polarising angle depends on wavelength and
wavelength is different for different colours of light.
(&) Resolving power of a telescope is given by

d

RP=—
1.22%

1
RPoc=
As "

On decreasing the wavelength of light, resolving
power of a telescope increases.

(b) Linear width is given as:
2A

w=22
a

Substituting values

2x6000x10710 x 201072
0.01x107°
(a) Condition for minimaisdsin =n\
For Ist minimadsin =2\

:sine=&=g=1
a 4 2

Angular spread =26 = 60°

W = =24x1072 = 24mm

.. 0=30°



22.

23.

24.

(¢) InYoung’s double slit experiment, fringe width B isis

AD
given by: B=—
d
Given:d’=3d
AD
Let initial fringe width =By = e
o o _AD
Final fringe width =, = 3d

Bi_AD/d _ 1 _
B, AD/3d 1/3

AD
(d) InYDSE, B=E=O.3mm

Now, A’ =\ +20% of A = 1.2).
d’=d-25%ofd =0.75d
.. New fringe width is

AD 120D 1.2x0.3
P=¢ “omsa o7
(d) Intensity of unpolarized I
1 =37.5% of I,
1=0.3751,

After first Polaroid, intensity

=0.48 mm

IO
('1)=?

25.

Intensity offer the second Polaroid
I =1, cos?0

0.375l, = (%Ojcosz 0

c0s%0 =0.75 = cos0 = +/0.75

ot

€0s0 =——,0=cos
2

(c) Malus’s Law-
|

0

— 2 —
I=1,c05°0 = I3 = >

light is now polarized along the axis of first sheet
Second polarizer (30° from first)

I, = 1, cos? (30°)

2
:hx(ﬁj 33

2 - 8
Third polarizer (again 30° from second)

3l, 3 9l
I =1,c08%(30°) =0 x> -0

3 = I.005°(30°) 8 4 32

So,the ratio of intensities from the second and third sheets.
lp_31,/8 3 32 9% _4

I3 91,/32 8 9 72 3

answer is (¢)

N \\



Electrostatics

WARM-UP

Topic-wise MCQs

1.

w

(a) Gauss's law is valid for any closed surface, no matter
what its shape or size.
Q.
(c) By Gauss’s theorem, ¢ = i
Thus, the net flux depends only on the charge
enclosed by the surface. Hence, there will be no effect
on the net flux if the radius of the surface is doubled.
(@)
(b) The surfaces encloses the total charge
=4C+6C-3C=7C
SOTNEI=7C
(b) In case of cylinder for x > r

1 11
E= 2nkep 1

1 E_x

Ec—or ==
x  Ex X

1
(c) Energy density u = EkSOEZ
Uy = 1|<go(2|z)2
2
u_,
u

(b) 7

—— Gaussian surface

q
Total flux emerges from the system ¢1 = o
0

Therefore the flux linked with the cube ¢, =2i
€0

(@) E=(6i+5j+3k)N/C
A =30i m?
Electricflux, ¢ = E.A

= (6i+5]+3k).(301) = 6x30= 180 V-m

10.

11.

12.

13.
14.

15.

16.

17.

18.

(d)
(d) Electric field due to uniformly charged solid non-
conducting sphere is given by

1 Q
E=E¥r(forr<R) S Eor

So, electric field increases as r increases.

. q
(@) According to Gauss’ law, ¢ = o

As, ¢Sphere = Poype - ¢Sphere “hope =101
(a) By Gauss theorem,

Total charge inside cube

Total electric flux =

(b)
(@) .

€0 €

@]

>

Z
E = (8 +13])Nc ™%, A = 3jm?
Electric flux, 6 = E.A
L g= (3i+13]).(3]) =13 x13=39 Wb
(d) Net flux through the surface = ¢, — ¢,
_¢1 =qeﬂ
€0

By Gauss’s law, ¢,

enc = (02 —1)eg

(c) Electric field between the sheets

_(o1-09)
2¢g

Here, o, =c, E=0

(a) The electric field at a distance r from a uniform

straight wire is

£_ 2K _2x9x10°x0.2x10°°
3

r
(a) By Gauss' theorem,
H-q_,

(from Gauss’s theorem)

=12x103Vm1!

Electric flux, ¢ =L =

€0 €0




Electrostatics

19.
20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

N\

(c) For plane sheet of charge, E = o/(2¢,)
(d) Ifthereisonly one type of charge in the universe then
it will produce electric field. Hence Gauss's law is valid.

gSE.dE =0 if charge is outside

gSE.dg =9 charge is inside.
€0

(a) Gaussian surface cannot pass through any discrete
charge because electric field due to a system of discrete
charges is not well defined at the location of the charges.
But the Gaussian surface can pass through a continuous
charge distribution.

(d) All other statements except (iv) are in correct.

The electric field over the Gaussian surface remains
continuous and uniform at every point.

(a) According to Gauss’s law total electric flux through a

1 -
closed surface is — times the total charge inside that surface.
€o

Electric flux, ¢ = Si
0

. 2e
Charge on a-particle =2e .. ¢.= —

€p
(c) <j> E.dA=0, represents charge inside close surface is

zero. Electric field as any point on the surface may be
zero.

(a) Electric charge resides only on the surface of a
spherical shell. According to Gauss's theorem the total

1
electric flux over a closed surface is equal to the o
0
times the total charge enclosed by the closed surface.
(a) The flux is zero according to Gauss’ Law because it
is a open surface which enclosed a charge g.
(d) According to Gauss’ Law

= flux

fE. ds = Qenclosed by closed surface
€o

so total flux = Q/e,

Since cube has six face, so flux coming out through one

wall or one face is Q/6e,.

(c) If electric dipole, the flux coming out from positive

charge is equal to the flux coming in at negative charge

i.e. total charge on sphere = 0. From Gauss law, total

flux passing through the sphere = 0.

(a) Since —ve electric flux r

= + ve flux electric flux enclosed 1\

with a cylinder here |

.. Total Electric \1,

Flux = 0. L E
Qin

(c) By Gauss's theorem, ¢= ~_ -

Thus, the net flux depends only on the charge enclosed
by the surface. Hence, there will be no effect on the net
flux if the radius of the surface is doubled.

3L

32.

33.

34.

35.

37.
38.

39.
40.

41

_ Qenclosed
(C) ¢Tota| - €

0
¢Tota| = g =0
(a) Charge resides on the outer surface of a conducting
hollow sphere of radius R. We consider a spherical surface
of radius r < R.

By Gauss’s theorem,

(JS E.ds = - » charge enclosed
€0

2 1
or, E. 4nr =g><0 —E=0 ++++++

(d) Here, D=2r=44 mor=r=22m
6 =60 pC m=2
Charge on the sphere, q = 6 x 4nr?

22
=60 x 106 x 4 x - X (22)?=37x103C
(a) For the curved surface, 6 = 90°
.. 0=E ds cos90°=0.
) 36. (d)
(@ ¢=E.A=4i(21+3])=8V-m
(a) Here, E must be perpendicular to Y-Z plane,
i.e., area must be parallel to X-plane,
so ds = 20i units
- electric flux = E.d§ = (5i + 4] +9k).(20i) = 100 units
s A

(d) C=T; when d— o, C— 0

(d) If C' is the capacitance of each capacitor, then
c_
o=
.. C'=4C.

2C,

. (a) The maximum potential difference C can withstand

IS

Q
V==
C
The maximum potential difference 2C can withstand

is
Q

" ac
So, in parallel combination, we can apply a maxi-

Vi

mum potential difference of %

Total capacitance in parallel is C + 2C = 3C

Q) _3R
Total charge g = (3C) x (4C =7



42. (a) Due to insertion of a dielectric slab capacitance
increase by K times. The potential difference, the

1
electric field and the stored energy decreases by X

times.
43. (d) 44. (a)
45. (a) The equivalent circuit is shown in figure.
Cpg = 3uF.
B
2UF
1uF :[ 1uF
T\T&T
A
o
46. (a) V1 + V2 =10 and Evl =2CV,
Cl2
Il A 2¢
1 1
Vl V2
|,
' n
oV

On solving, above equations, we get
V,=8VandV,=2V.

47. (c) V,+V, = 1200
and 3V, =6V,
3uF 6uUF
A—1| 1 B
Vi 2 V2

On solving above equations, we have

V, =800V and V, = 400V
Now V, — Vg =400 ;
AsVg=0, .. V, =400 V
48. (c) The given circuit can be redrawn as follows
SuF

Ao}

15uF
| |

[l c

we

«—2000V —M8M8M8M8™>

15
VRAAE (5+15)><2000 =V, Vg =1500vV

= 2000 - Vg = 1500V = Vg = 500V
49. (b) Charge on each plate of each capacitor

Q=+CV = +25x10° x200 =+5x1073C

50.

51
52.

53.

54.

55.

56.
S7.

58.

(a) Capacitance of spherical conductor = 4neja
where a is radius of conductor.

><1=1><10_9
9x10° 9

-0.11x10°F =1.1x107°F

Therefore, C =

1
(d) COCE

(a) If d be the distance between the plates, then
\ 30

= —_—= = 10_6
E 30x10° m
Capacitance of capacitor,
C- gger A
d

8.85x10 2 x2.5x A
15 x 10°= o3
1
= A=6.7x10"m?
(a) Capacitance of spherical conductor
C =4neyr (i)
8V, = V.

4 4
= 8><§Ttr3=§TER3 = R=2r

Let capacitance of the bigger drop = C.

=88 (Using ()

C

Substitute R = 2r.
Cg 2r

or —=— C.,'=2C
C r B

(a) Final charge on the capacitor,
Q=CV=20x10"%x45=9x 107C.

20uF
it
22000 0
I
45V
(d) Since capacitance cz‘sfaA, as d decreases

capacitance increases.

(d)

(b) Asthe capacitor is isolated after charging, charge Q
will remains constant. When plate separation d increases,

then capacitance decreases as C=% and hence,

Q

potential increases as V = <

(d) When battery is disconnected, charge remains
constant. On introducing glass slab, capacity increases C
KSOA

= q where K = dielectric constant. Potential

. 1
difference V = % and energy stored u = 5 QV decreases.

N\
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59. (d) Given:(b-a)=1x103m ()
ab
=4 (—) =1x107°
and C =4ngg b_a x

1 ( ab )
9x10°\1073

= ab=9 ... (ii)

= 1x107°% =

From equations (i) and (ii)

Sl 1000b2-b-9000=0
b 1000
,_ 11 - 4(1000)(-9000)
21000

{Solving of quadratic equation}

| 1:436510° Y36 x10° _

b= =3m
2000 2000
60. (a) High K means good insulating property and high x
means able to withstand electric field gradient to a higher

value.

61. (c) Inthisprocess, capacity increases, so battery supplies
additional charge to capacitor.

62. (b) Cmedium = Kx Cair

63. (b)

64. (a) For parallel combination of capacitors,
C,=C +C,+Cy=4+6+12=22F
For series combination of capacitors,

1,1 1 11011
C. C, C, C; 4 6 12 2 ~ C=24F
S 2

C, 22

65. (a) The equivalent figure will be

|HF\®WF lpF\/\I;LP'

A 1uF B= A H

I pF pF Ip '\/‘Iul-

1/2uF
I
11

= A LB
I
Il
1 2pF

11
Ceq = 54‘5 =1 },lF

66.

67.

68.

69.

70.

71.

72.

73.

(a) Let the capacitance of each capacitor be C.
Equivalent capacitance of the two capacitor connected in
parallel, C,=C+C=2C

Equivalent capacitance of the two capacitor connected in

. CcC C
Series, Cs = m = 5
Given : Cp—Cp=CS=6pF

ie., 2C—%=6><10_6 F=C=4pF

(a) The equivalent circuit can be redrawn as
C

C
A C B
C

The equivalent capacitance between A and B is
C=4C=4x8=32uF
(@ C,=5uFR C,=(4+8+4)=16uF

VIR \v—( 16
BRI ARy A U

(a) In parallel grouping of capacitors
C=C +Cy+ . C,
(d) To get effective capacitance of 6 uF two capacitors
of 4 uF each connected in sereies and one of 4 uF capacitor
in parallel with them.
Two capacitances in series
1 1 1 11
S—=——t—— ==t
C C C, 4 4
1 capacitor in parallel
5.Coq=C3+C=4+2=6uF

(a) The equivalent circuit
is shown in figure.

2x2
Cpg=1+—7+1
AB 242

)63= 48V

1
2

B
1uF ]: 1uF
T\Iﬁ
Cg = 3uF. A

(b) C,=1pF C,=2pFandC,=4pF

To obtain least combination of capacitance when all the
capacitors are connected in series combination. The
effective capacitance C' will be,

1 1 1 1 1 1 7 4

— ==+t +—=l+-+—=—or C'=—pF

C Cl C2 C3 2 4 4 7

(@) Charge will be distributed between them in
proportion to their capacity as they have equal potential.
Hence, net voltage drop across two capacitors when

connected in parallel can be given as

yo _Towlchage _ Q+0 _ Q
~ Total capacitance ~ 3C

C+2C  3C

N\



Q _Q 5uC x 0.8
Q,=CV=Cx 25 == B adh e e
' 3 3 . Q= 08r02 M
Qz=2<:v=2<:><%=TQ 79 (B) C<C
: 2 C
74. (b) Common potential is given as PR B I S
C,+C, 2 C,+C, 2
AVETAVA 1T e
V=—r—"" 1) C, .G
Cl + C2 C = = Cl . > =
C]_ + C2 Cl + C2 2
_y,_10x200+20x100 _
V= 10+ 20 =133.3v Similarly, C < %
75. (d) The equivalent capacitance given as 80. (c) Equivalent circuit is shown
It Il a?
! )" 380a2 a? Ci=Ceq—
. —2%0% C, =C.. 2
50 pF 50 pF " Co™ g 1 equ 11
||
——— | s ile | .
100 pF 100 pF © A 50pF oA A b . ¢
? B B L
i —
50 pF " o @ L1, 1 1 _6:443 60
(1) (I @ T 207 e 13
S =C V—@ASC—GOC
ELEE S8 bgp—gd e m
50 pF 50 pF 1000F 50 pF In series, charge across each capacitor is same and is equal
P P to net charge.
(1 (IV) So, Qs =600C
Now 100 pF and 50 pF are in series, 82. (d) Let ‘n’ such capacitors are in series and such ‘m’
such branch are in parallel.
Cpg = 10030 _100x50 _100 .. 250xn=1000 .. n=4 .. (i)
100+50 150
8 16xn B
1 1 Also me=16 = m= g -8 ... (ii)
. b0 ¢ "o _
series  “~1 -2 -3 No. of capacitor = 8x 4 =32
1 1,11 83. (b)
Ceeries 2 3 6 84. (c) The circuit can be reduced to
3+2+1 6 ¢
NCERG !
Cseries; =1 “F E— —
77. (a)
78. (b) C=2pF CF2uF :é
H H The equivalent capacitance of the combination is
Q C,=C+C=2C
1 L i 85. (@
lovV=F TomooupT G AE Lo
I I 86. (a) In series —=—+—+— and charge on each
] 11 Lo C 1 G2 G
C4=2uF Cs=2pF capacitor Is same.
87. (b) Potential difference across the branch de is 6 V. Net
Equivalent capacitance Ceq=0.5pF capacitance of de branch is 2.1 pF
Charge given by battery So,q=CV=21x6uC=126puC
Q=CqV=05x10=5uC Potential across 3 pF capacitance is
Charge on C,, 12.6

V=—=42volt

N\
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88.

89.

90.
91

92.

93.

94,
95.

96.

97.
98.

N\

Potential across 2 and 5 combination in parallel is
6-42=18V

So,q'=(1.8)(5) =9 puC

(b) Work done = Change in energy

2
=1(C+9jv2 (3ij2 3cv
27" 2 2\ 2 4

Work = increase in potential energy

1 1
- 2
fh 1

9><109><8><

[ ><102

(dy U =§QV = Area of triangle OAB

@)

10°6x 12 x 1076

10x1072

(c) As battery is disconnected, total charge Q is shared
equally by two capacitors.

102 1 1,
4 2C 4
(d) When capacitor in removed from the battery its

Energy of each capacitor = @ 2/ é)

2
change becomes constant. Its energy y = Q" Asc
2C

decreases with increase in separation of plates and
so U will increase.

1
(c) Work done = energy stored = ECVZ.

@@ E =%CV2 =%><1><10_6 x (4000)? =8J.

(b) Here,C,=2pF C,=4pF
Potential difference applied, V=6V
In series combination, the equivalent capacitance will be,

eq= CGC _ (ﬁ) uF = EuF
C+C, 2+4 3
Electric charged stored,

Q=CV=(%><6)MC=8}JC

Energy stored in the system, U = %CV 2

_1 :x10_6><(6) J=24p)
(c) \'A IQII V4 Q v,
. | . 1] B
¢, G
In series combination, Q, = Q,
= Cy(V,-V)=C,(V-V)
= V(C+C)=CV+C,V,= V=" 0

©

1 2 1 2
© §C1V1 =§C2V2

99.

100.

101.
102.

103.

104.

105.

106.

107.

because total energy is transferred (given).
. %x 900 x107° x100% = % x100x 1078 x /2

V2=90000 = V=2300V.
(b) According to energy conservation, energy remains

the same.
1 1/C
= Uparallel = Useries = E(nc) V2= E(F) V2
= V' =nVv
(V' = potential difference across series combination)
V) iC A c
(C) [l [l
q:=CV
2VH i 2C ¥
QQ_ aCV G2 2C
tate Final state
From the c ange conservatlon
Q1 + q2 =0 +0;
ql + q2 = 5 CV ..... (1)
“_ % @)
c 2C
From equation (1) and (2)
5 + 10
==CV, g =—CV
q 3 a2 3 2
Aq? | A
AE="L 42
Loss of energy, 2¢, T 2¢,
2
(CV —5CV) (4CV —10CV)
_ 3 3
2C 2(2C)
_Aev2ilovi=tov2 S 2EXE (given)
. 18X 5 18 3 3 3

(d)

(b) By inserting the dielectric slab, capacitance (i.e.,
ability to hold the charge) increases. In the presence of
battery more charge is supplied from battery.

(b) Energy will be lost during transfer of charge (heating
effect).

(b) u= jCVdv—

| -

V2

NN

8107182
(c) Work done = %q_ (&0 )" =32x107%2]

C ~ 2x100x107®

2
11
b) U=U, U, =3 |+ _21
() e 2(c ci]

(5><10) (; ) 105 =3.75 x 1078
d) E= (3o|+4 jjNc =0
Now, dv = —Edf = (30| +40])(dXI +dyj+dzk)



= I((Sjﬁidv - -30] ;dx - 40] 02 dy

= V(1,2)-V(0,0)=-30x1-40x2

V(1,2) = - 110V
108. (d) Surface of metallic cube is an equipotential surface.
Therefore, electric field is normal to the surface of the
cube.
(b) Electric field is always zero inside a conductor.
If there is any excess of charge on a hollow conductor it
always resides on the outer surface of conductor. Therefore
inside a hollow conductor there is no charge and hence
charge density is zero.

109.

110. (a) Here, V() = volt

x2_4

We know that E = —d—V :_i 20
dx dx X2 -4

40x
(x% - 4)?
At X =4 um,
40x 4

E=+———— =+
(4% -4

o, E=+

160 10

— =+—volt/um.

144 9

Positive sign indicates that E is in +ve x-direction.

111. (b) As we move towards a positive charge distribution

. . odv . .. . . .
Vincreasesi.e., o s positive. The increase in potential

is steepest when we move exactly towards charge
distribution. But E is in a direction exactly away from
charge distribution, therefore E is in exactly opposite
direction in which increase in potential is steepest. Hence

E=——n.
dr

E-Mp 5
®) =75y

~|El=k(X% +y?) =kr
Given v = —kxy
Ecr
E =kyi +kxj
(d) We have
V = 3x2 \olt
-V

112.

113.

5
So, |E|=V-62+0%+0% =6

- A
In vector form, E =—-6I1V/m
114. (d)
115. (c)

ACCELERATOR

Topic-wise MCQs

1.

n

10.
11.

12.

13.

@)
(b)

@

(b)
(b)

(d)

@)

(d)
(d)

©
@)

(b)

o2ds q2

=2€0 k=2€0 de
(\/8.85 x107°

)2
= =0.5N
2x8.85x10 12 x1x1

g F__225

——15 1O4=1500N/C
q x10™

o 120x10°°
ek 8.85x107?x4

=3.389 x 108 N/C

) o2 _ qz
2egk  2¢q kds?
2
q 2
=—— 1 _  (.ds=4nR
32eq kn’R* ( )
2
(12><10_6)

- 4
32x8.85x10712 x1x9.87 x (10‘1)
= 5.151 x 102 N/M2

1
By Gauss's law ¢ = g(Qenclosed )

= Qenclosed = P0 = (—8 x10%+4 ><103)80
= —4x10%¢, coulomb
The net force acting on charge g should be zero.

Fo_1 4qzxq+ qu 0
dneg| 19 (1/2)

o/ )
(-5a, 0) ! w

-y

Using Gauss law,

Electric flux, ¢ =

@)

Yenclosed — @
€0 €0

Given,

Area of surface, A = 4m?
Electric flux, ¢ = E-A = EA(A)

N\
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14.

15.

16.

17.
18.

19.

(2?+6]+8IA<J'4(2?+]+I2J

J J
(4+6+8)
—— =12Vm

E, = E+E_E

L 280
(b) The x-component of electric field is constant and
does not contribute to net flux through the closed surface.
Due to y-component,

Incoming flux = —6 units (- y = 0)

Outgoing flux = 9 units (- y=1)

= (9-6) =T

€0
(c) Sincethe chargeis placed at the corner A, the electric
field direction will be parallel to the planes ABCD, ABGH

_a
By Gauss' law, Pnet 0

and ADEH. A
D 4 c
&> E
ala B
£ F

H G
. Flux through face ABCD,

o=E-dA
[As area vector is perpendicular to the plane]
= EdA cos 90° =0

(©)
(€) ¢=E(ds) cos®=E(2nr?)cos0°=2nr2E.
q e, ‘
L2
(c) L :
L 7'—

L
The given square of side L may be considered as one of
the faces of a cube with edge L. Then given charge q will
be considered to be placed at the centre of the cube. Then
according to Gauss's theorem, the magnitude of the
electric flux through the faces (six) of the cube is given
by
9= ale,
Hence, electric flux through one face of the cube for the
given square will be

R e

680

20.
21.

22.

23.

24.

25.

26.

2 4
(@ ¢ = EAcos0° —Ex% E=H¢2'
(@) By Gauss law \
I Edscos0=- |
&g
x’h
= E.2nxh= pX: 'Eﬁ?sE\
0 rd
¥
- g=PT DI
2¢, [
p 2t —~—
=>E=—x—=1
2, p y

(¢) Flux, = EA:EEOthO]]A

4000

=%(2f+3j)-(o.4f) =" (2x0.4) = 640 Nm?C™!

(c) Here, £ =24m,r= 4.6 mm = 4.6 x 10 m
q=-42x10"C

Linear charge density, A = %
_ 42107 e
- 2.4 T
L A
Electric field, E =
2mggr
~1.75%x1077

= = _6.7x105N C!
2x3.14x8.854x10 12 x4.6x1073

(@) Here, g =1C, g,=885 x 10712 C?N"'m?
Number of lines of force = Electric force

1
=4 =113 10m
&) 8.85x10

(@) E=Egyi +2Eq]

Given, E; = 100N/c So, E =100i +200]
Radius of circular surface = 0.02 m

Area = i =¥><0.02><0.02

=1.25x103i m2 [Loop is parallel to Y-Z plane]
Now, flux (¢) = EA cos6

- (1ooi+ 200]).1.25x10‘3icos 6° [0 = 0°]
=125 x 103 Nm?/C = 0.125 Nm%/C

__ 19

(b) E=—1— ;
dr ey r

dreyr

= Ar

=0= 4Tt80Ar3

N\



27.

28.

29.

30.
32.

33.

34.

35.

36.

N\

(b) Y

TE:3X 1oNc™

A=(10><30><10_4)j

Electric flux,

o=EA =(3><105)j.(10 % 30 ><10‘4)] =9 x 108Vm
1

(d) By Gauss's law ¢ = 8_(Qenclosed)
0

= Qenclosed = $€o = (-8 10° +4 103)50
= -4 x 10% ¢, coulomb.

(d) As source is disconnected hence Q = q; + q,, after
disconnecting from the source they are connected in
parallel, hence net potential difference = V, + V,, when
charged capacitor at different potentials are connected
together their always occurs a loss of energy in the form of
heat.

@ 3L (b
d) C,.=5uF.
(d) AB u 3uF
{|
I 2 ‘
110 11
A 3uF B
L%J
@) 20 uF EuF
__"7
g; 2000 Q
i
45V

Final charge on the capacitor,
Q=CV=20x105x45=9x 107C.
(d) When oil is placed between space of plates

2A¢ KAgg .

= ...C = ,If K = 2

oty oty
A

When oil is removed C'=% (2

On comparing both equations, we get C' = C/2
(c) Capacitance will increase but not 5 times (because
dielectric is not filled completely). Hence, new capacitance
may be 200 uF.
(a) Equivalent capacitance of two parallel capacitors 10
pF and 6 pF = (10 + 6)uF = 16 pF
This 16 pF capacitor is in series combination with 4pF
capacitor,

37.

39.

40.

41.

Equivalent capacitance of the entire combination
_16x4 64 o0
16+4 20
(d) As we know,
Total charge
Total capacity

Q, =C,V,, Q, =0, therefore

Common potential =

_ C0V1+0 _ Vl
27 Co+kCy 1+k
LV
Vs \) \)

(b) In series combinatiion of capacitors
Vg =V+V+V=3V

1 1.1 1 c

Thus, the capacitance and breakdown voltage of the

C
combinatioin will be 3 and 3V.

A
(b) Using the formula, C= SOT Capacitance of the
1st part (K, = 8)

_80Al2 _,e0A

C
1 d d

=4xC [ Original capacitance =C =% =1}

=4 uF
Capacitance of the 2nd part
4 Al2
C, = EO(d )=2€°dA=2C=2pF

They are in parallel .

Total capacitance =4 + 2 = 6uF
So, capacitance will increase 6 times
(b) Byusing

V =Ve R = 40 =500 VR = ¢ VR _ 4 /5
Potential difference after 2 sec

2
V' =V 2/CR —50(eYCR)2 = 50(%) =3

Fraction of energy after 1 sec =

1 2
7C(Vf) (EJZ_E
50) 25

c C=&+2=3pF
© 2+2
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42. (b) From figure, equivalent capacity of 3uF, 6 uF and 3
pF condensers is C, =12 pF.
Now, C_and condenser of 2 uF are in series. Thus, p.d.
across f uF condenser is,

VCp | 70x12x10°°
C+Cp 14x107°

43. (a) The charge on condenser C, =Q, =C,V
If it is connected across uncharged condenser of capacity
C,, then p.d. across C, is given by,

=60V

&:V_Cl
C2 C1+C2
44, (d)
CC 5x10 |
=Cuv=| 2222 v |22 11 10%% 200
. (B =G [c1+c2] (5+10)X g
=6.667 x 107*C
6. (a) v=aVitCaVe
C1+C2
:CK><0+CVO: CVO _ VO
CK+C  C(K+1) K+1
K- Vo-V
Vv
47. (d) 48. (c)
-4 ~12
Ak 5x107" |x5x8.85x10
49. (d) C=—=2 =( ) .
d 2x10”
=1.10x 101 = 11 x 10-12 F = 11pF
50. (b) In parallel, potential is same, say V
Q_GV_G
Q2 CV C;

51. (b) g;+9,=3q
-0,+tq,=9 =0, =¢

. SOA
Capacitance of the system = 4

X Y

-4

4,

o d
Potential difference between the plates = q

A
52. (¢) C=10uF ; d=8cm
c'=? ; d'=4cm
C:A_GO : Cal
d d

If d is halved then C will be doubled.
Hence C'=2C =2 x 10 pF = 20 uF

53.

54.

55.

56.
57.

58.

59.

.. SOA .
(c) Initially, Cq =4 - 18 uF (i)
When d’ = 3d and a dielectric medium is introduced,
K80A
C= =
N 72 uF
(i)
On dividing Eq. (ii) by Eq.(i), we get
k_n2_,
3 18
Dielectric constant, K = 12
. . SoA
(a) Initial capacitance, C; R
Final capacitance, C, = Keoh _ 2x1050A _ 20604
d d d
2
Co_208A d _ .
Cl d SoA
(c) When the battery is removed,
Q = constant
= CV=CV=C=C,
N EoA _ €oA -
d (d +1.6)—t(1——)
k
1
d=(d+16)-2 1—; K=5
(d)
(d) Capacity of parallel plate capacitor
C =k8_0A (Forairk =1)
So, 2% —8x10°"

d
Ifd— 7 and k. — 6 then new capacitance

c 6 80A 12 80A
= X — = - =
d/2 d

(©) @ =CV=10 x12=120uC

g, =C,V =KC; xV =5x10x12=600uC
Additional charge that flows
=Q, —0; =600-120 =480 C.
(d) When a dielectric slab is introduced between its
plates, its potential difference will become
vo Vo
K
where K is the dielectric constant of the slab.
Here V, be the potential difference between the plates of
an air filled parallel plate capacitor.

12 x 8 pF = 96 pF

N\



60.

61.

62.

63.

64.

65.

N\

k=Y
\%
AVS
= = LK=—=2
Here, V=4V, V =2V oV
Q
V=—
(b) V=3
By Gauss law
Charge on inner plates = - Q2
0,0 4 2 Q-Q, Qz (Ql Qz
_ —
S0,V ( 2C ) 2><1 =1V

(c) If dielectric is removed, capacitance decreases but
since capacitor is still connected to the cell. Potential
difference will remain same.

C,>C,andV, =V,
(b) Potential of both spheres will be same.

Qq_Q & &

C, C Q G
(d) When there is no battery, charge remains same while
potential difference and electric field decreases.

VO x3 VO ' EO x3 EO
e., = - B'=——=—
ie, Q' =Q\V 3 and 9 3
Battery is disconnected.
Q = Charge remains context
C'=KC  k
Q=CV ///IQ
Q=CV + -
Q=KCV
., Q V o o=
V = —_— + 4
KC K v

(d) LetV, andV, be the voltages across 3 uF and 6 uF
capacitors respectively. So,

V,+V,=900V (i)

As 3 uF and 6 uF capacitors are series, charges on each
is the same.

sl [
L]

900V

66.

67.

68.

69.

70.

i_ G
L CV,=CV, or @ C,
or V, =2V,
Substituting this value of V, in eqn. (i), we get
2V,+V,=900VorV,=300V
From eqgn. (i)
V,=900V-V,=900V-300V =600V
Now they are reconnected in parallel.

GHF_
3uF

_CV +CV, _ (3uF)(600V)+(61F)(300V)
C,+C, 3uF+6uF
=400 V

(d) Start with Cjand C, in parallel, then C, in series,
then C; in parallel, then C, in series and finally C in
parallel.

LetC,=C,=C,=2xand C,=C,=C,=xwherex =200
pF

Then, Ceq = gx

43
Ceyq =— x 200 pF = 409.5 pF
S0, Leq 21>< p p
C C 5C
() C, betweenPandR—3 >~ 5
C, betweenPandQ C+C=£
4 4
ratlo-f—g
6 3
n+1)n
(d) Cuq=C+2C+3C+.. +nC=( 2) C

(©) qy=C,V=10x12=120uC

gy =C,V =KC; xV =5x10x12 = 600uC
Additional charge that flows
=(q,—0, =600-120=480nC.

(c) The charge on the capacitor is Q = CV
=900 x 10°?Fx100V=9x10%8C
The energy stored by the capacitor is

1 2 1 1
=|=|cVé==QV = = -8
(2) 2Q 5 x 9 x 108 C x 100V

=45x10°)
In the steady situation, the two capacitors have their
positive plates at the same potential and their negative
plates at the same potential. Let the common potential
difference b v.” The charge on each capacitor is Q = CV.’
By charge conservation law, Q’= Q, this implies V’ = V/
2. The total energy of the system is

1 1
EQ’V’ = ZQ'V =2.25x1079)
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71.

72.

73.

75.

76.

77.

78.

(a) The given circuit can be redrawn as
C

4 HF\/ \/4 uF

A - B

4HF/\/\4“F

Therefore, the greer|13 circuit is a balanced Wheatstone
bridge and the capacitance in arm CD is ineffective.
As 2MF_ AuF
4uF  4pF
So their equivalent capacitance C, is
_ (4uF)(4pF)
 4uF+4pF
So their equivalent capacitance C, is

_ (4uF)(4wF)

 4pF+4pF
The effective capacitance between the points A and B is
Cpg=C,+C,=2uF+2puF=4puF
(a) In Ist case when capacitor C attached with battery
charged with the energy.
U,= U (stored energy on capacitor).
In IInd case after disconnect of battery similar capacitor
is attached in parallel with Ist capacitor then
Ceg=C'=2C.

(w C'=2C)

() IRV e I V2
2 2 G+ Gy

—6 4
_32x10°x10° 4 o)
2><121VC 36 6
V=< Y2 _BX0_,y
0 M7¢c Tcrc, 3+6

-6
E, =%c1v12 _3x10 °x16 _ 510763

_Q__ VG _63_,,
C2 C1+C2 3+6
6x100 x4

2

=12x107%]
(b) The loss of energy is given by

aE =1 &2 |y ) —0.0375s

2 C1+C2
(b) From figure, the equivalent capacity of the
combination is,

E, =%¢2V12 =

79.

80

81.
82.

83.

84.

85.

86.

s-X11/95
1 1 1 1 5
Rl R
C, 4 (4+4) 4 8
8
CsngF

Thus, E = =C,\V2 1.8, 100225
2 2°5

=1.8x107J) =1.8erg

1
(d)U=ECV2
1A€o) 21 2
= | =2 |(Ed)* ==A g E
U Z(d (Ed) b

1
. (c) Energy of given to conductor, U=ECV 2

1
or U=>x5x10"° x(800)? = 1.6 joule

2
(d)
(@) C,=1pF, C,=2uF, V, = 6kV, V, = 4kV
s Q=CV,=1x10°x6x103=6x1073C
Q,=C,V,=2x10%x4x103=8x 103C
As, Q,<Q,
Maximum charge that the capacitors withstand in series
combination is Q,
Quux = Q=6 x1073C

. o GG, _1x2_2
For series Combination, C = C,+C, 1+2 3t
-3
Vg = Jmax _ gxm Y
c 3 1078

(d) Q,=CVandQ,=CV
Applying charge conservation, CV, + CV, =Q, + Q,
CV,+CV,=2CV=V, +V,=2V

(d) Equivalent capacitance, S 1+ 1 + 1

€q

6
= Ceq =EMF

6
Charge supplied from battery, Q = I x11=6uC

Hence potential difference across 1 pF capacitor,

_%_6v
1

Qnet _ CV1+CyV, CV+2CV 3V
Cnet Cl + C2 2C 2
Decrease in energy AE = E, - E,

2

1., 1 2 1. (3V

= ZCV2+=C(2v)*-=2c| =
AE=73 2( ) 2 (2)

@ Vv, =

_cv?
4

1
(a) For parallel combination, E =§(C1+ Co+ C3)V2
E =%(25+30+45)(100)2 ()

For series combination, —E =%Cequ
X

N\



87.

88.
89.

90.
93.

94,

95.

96.

97.

N\

9g._1L L
X

2 ( 1 1 1 j
25 30 45

From eqn(i) and (ii), we get x =89

(b) The statement given in option (b) is correct but rest

are incorrect and these can be corrected as, When battery

is disconnected, charge remains conserved.

The plates are pulled apart, so capacity will decrease, so

there is an increase of voltage.

Now, capacity decreases, hence energy will increase as

. Q2)
charge is constant LE = —J
2C

(100)? ..(ii)

1 E
(@) LetE= ECOVOZ, thenE, =2E and E, = 5

Bx 4

SO E, =

1

(b) Field inside a hollow conducting sphere is zero but
potential inside is constant, being equal to potential on
the surface of the conductor.

() 91. (b) 92. (a)

(b) Potential inside the hollow sphere is same as that on
the surface.

(c) Electric potential inside a conductor is constant and
it is equal to that on the surface of conductor.

(b) The given point is inside the larger sphere. So,
potential at this point is the same as on the surface of the

sphere. The value is iq—l.

4ﬁ80 n
The given point is outside the smaller sphere. So, the
charge on the smaller sphere would behave as if

concentrated at the centre. The potential due to smaller

1
sphere is 4reg

T.
Applying principle of superposition of potentials, the total

R O O
potential is Amgg |, T |

(a) Electric field at a point is equal to the negative
gradient of the electrostatic potential at that point.
Potential gradient relates with electric field according to
the following relation:

_—dv

Codr

Eo_V_| Ny Vs Np
or ox oy~ oOXx

=f(2xy+23)+]x2+lz3xz2

f
(c) Using, V=V, =- J'i E.ds

= V,-V,=—Ed=V,-V,=-5E
= V,-V.=5E

98.

99.

(c) q,=+1x10%C,q,=-2x108C
q3=+3x 10_8C, q4:+2x 10_8Cq1_ R —

a=1m
o Joa_ a1 T
.o ><

= =—=—m
2 2 2 | RN
The electric potential at centre 0 isl / N\

N\ /
N 4
N,

/ \.

—

k
Vo =?(Q1+Q2 +03+0y) die—— a ——>0;

9x10°
1
V2

(c) k—rq =60mV

(1-2+3+2)x108=509V = 510V

V, = :(%nﬁ) ><125=%7IR3 = R=5r

Also, Q = 125q
KQ k(125q)

Potential on big drop, V=—=—7—
g drop R 5

kg
=257 ) =25x60x10%=15V

100. (b)

PREVIOUS YEARS MCQs

1

@
@

. o2 _ o2
@) 2¢gk 2¢ kds?

2
q 2
=———— (~ds=4nR
32eq kn’R* ( )

(12 x107 )2

- 4
32x8.85x10712 x1x9.87 x (10‘1)

= 5.151 x 10?2 N/M?
(c) The circuit can be reduced to

C
1|
1r

1L
1]
C
The equivalent capacitance of the combination is
Ce=C+C=2C
(c) Electric field between plates given by,
E- 0192

ZAEO

(Here, g, > q,)
The, the potential difference will be

Vepgd-H"%4_%~% ( co GoA)
2A<, 2C d




Electrostatics

6.

9.

10.

11.

12.

(c) Electricfield due to infinite sheet is given by E=2— ,
S

N
clearly | E | is independent of distance

-
$0,E =B, 5,

(d) All other statements except (iv) are in correct.

The electric field over the Gaussian surface remains
continuous and uniform at every point.

() Here, ¢ =24m,r=46mm=46x103m
qg=-42x107C

Linear charge density, A = %

_ —4.2x1077

=-1.75 x107/ C m!
2.4

Electric field, E =

2nggr

~1.75x10~"
= - —=-67x105N C!
2x3.14x8.854x1072 x 4.6x10

(d)

(b) Using Gauss's law, ¢ =Ei
0

Here, q = charge inside the closed surface

:q+(—2q)+5q :>¢=ﬂ
o o

.0

(c) Using Gauss law

J'E.dx _Q
€0
dA
EdA= 2> [ Q=0dA]
€0
=E= S
€0
o
(@ U= Z—C.As C = constant, U o g°

2
U U
o 022 =@ -gid
G 2

2
u 2 | G 1
)2 || __=
Laay < @+2) '[q+2j 144

G _1
Dm—ﬁ =120,=q,+2 = 02q,=2

=q,=10C

13.

14.

15.

16.

(c) For series combination,

1 1 1 C

_=_+_ = —
Cs C c= (¢ =3

- -

For parallel combination, «| C

— - -

C
(9)
C
C=C+Cm>C=2C =832/ 1 4.
P P C, 2¢ 4

(d) When two capacitors with capacitance C, and C, at
potential V; and V, connected to each other by wire,
charge begins to flow from higher to lower potential till
they acquire common potential. Here, some loss of energy
takes place which is given by.

GG, 2
Heat loss, H = ———2—(V, -V,
eat loss, 2(C1+C2)(V1 2)
In the equation, put V, =0, V,; =V,
C
C;=C.Cr=2
C ><9 C
Loss of heat = (Vy —0)? = V¢
.
2|C+—
2
AH =12
6

(b) In series combination of capacitors, the charge on each
capacitor is same.

. Q=CV, =GV,
Vo _ G4
Vi C, 1

(b) When two similar capacitors are joined in series, then
effective capacity is

111 2
C, C C C
_C
. CS—E

When joined in parallel, C,=C+C=2C
Since, C, - C, = 6pF

2C—E= 6
2

= 4C-C=12
or C=4yF

N\



17.

18.

(d) Potential energy of the system,

-2
AV
qe——a 4 a >q

uo L {qm L s, QZQ3}
dmeg| hp Rz T3

_ 1 _Q(—ZQ)+Q(—ZQ)+E}
dmeg| a a 2a

_ 1| 2 2 ¢
4neg| a  a  2a

1 __4q2 + £:| _7q2

B 47'C80 a 2a | 87'580&
(C) 1opcC
10 cm 10 cm
10 uC — 10 pC

Electrostatic PE of the system will be

K x10 %10 x 10712

U=3x 3
10x10™

~ 3x9x10° x10? x107 x 10"
102 x1072
U=3x9x109%x10°%9=3%x9=27]

19.

20.

21.

22.

(c) We know that,

__ 1 a .

" aragk 12 (0
and o= q2
4R

5. =0 % (4nR?) (1))

From Egs. (i) and (ii), we get
1 G(4TER2) 3 oR?
4ngnK r? :;‘OKr2

(c) Given,q; =0.1C,q,=05C,C=48x10°F
Increase in energy stored

=%[q§—qf]

B 1
2% 48x107°

=2500J
(d) Since, q is the charge enclosed by the surface, then

[(0.5)2 - (0.1)2}

the electric flux, ¢ = a.

€0
If charge q is placed at a corner of cube, it will be divided
into 8 such cubes. Therefore, electric flux through the
cube is

N\
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