Solutions
of

Mechanics Part-1l

Lesson 9th o 13th

By DC Pandey



Mechanics of Rotational

Motion

= Introductory Exercise 9.1
1. The mass distribution is at minimum

separation from the diagonal passing
through centre to opposite corners of the
cube, so, moment of inertia is minimum
about that axis.
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1 :jdl :Idme :j:kxz 2mx dx - x2

:2nkj: xOdx = %ka(;

M=J‘dm=J.kx2 - 2mx dsznkJ.:dex

8. I =(1x49% +2x 48% + 3 x 472

+...+49x12)
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100 50(50+1()3(100+1)
50x 51x100x 101 9

= -cm
6 g

3 05x51x 101
- 6
=043 kg-m?
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The disk with smaller dengity will have
larger radius and as I :i Mr?, so the

disk with larger radius will have higher
moment of inertia.

= Introductory Exercise 9.2

1.

-
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= Introductory Exercise 9.3
1.

1
=6t —2t2‘0 =4 rad/s

j;adt

aav

—_12x —¢2
2

(b) o (1s) = — 12¢ = — 12 rad/s?

do = odt

= co=j 2x 1072t dt =1072¢2

.. tan 60° =

e

1 1

0

1074 #

2% 10 2¢
=¢3=200/3 = ¢t=Ts

=I;—12tdt

=—6rad/s?

v

4

“«—X—><«——d—X—>

L=Lcu +m(;')0 X ;7)0)
=Iw+ (- mvR)

:lmR2 v - muR
2 R

=lva - muvR =—1va
2 2
:L:1 muR
2

3. L=m@xV=m&xi+y}j
x (v cos 45°1 + v sin 45°j)
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=m|=k-—-Sk|=—FZx-yk
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(x—x+4)l:1:2«/§mvf(

i+Hjj><(ucosoLi)

S

m

l 0

v

Ly, =mvx + mv(d —x) =muvdis a

constant and is independent of «, i.e.,
position of O.

()

777777

77777
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2g
3 .2
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5. It depends upon the distance, velocity A
and angle from the axis, which may not
given zero from a different point.

= Introductory Exercise 9.4

0

o
L m o= 3—g(l—sinG)
/ l

= Introductory Exercise 9.6

1 o 1.9
I,o 1. mghz—mv + oy
Loy =lo, = oy =% 2 ) 22
9 ? =-mv? + = x = mov?
MR Mo, 2 2 5
= = 7, 71,
MR? +2mR*> M +2m =gt =g

2. Asice melts at pole and flows to equator,
it gets distributed away from centre (as
equitorial radius is greater than polar
radius) such that moment of inertia
about axis increases which results in
decrease in angular speed (as Iw=
constant), this leads in increase in time

. Rotational KE = mgh —% mv®

5 2
8 7 8 7 8

period (as T-= —njor duration of day and
®

night.

3. True : (Reference previous problem).

= Introductory Exercise 9.5 .
2 2x ®

Qo
L y=U %t % [2x 2
' O o o \a, ® >
9 2a
=y ="« tan (90° — @)= — Y
1“) R cos (90° - 0)
2. mgh:§I@2 sin (90° - 0) = >
9 Ro
v
mg—(l—sin@)zé%-m2 cosezﬁ

0=+cos! (vj
Ro
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3.

ox =v; and o(x +2R) =v,
v
m[1+2R}:UZ
®
2Ro=vy — vy
Vg —U
w=22 "%
2R

= Introductory Exercise 9.7

f = fy =uN =nmg cos 6

(a) ma =mg sin 6 —pu mg cos 0

a =g (sin 6 —p cos 6)
b Rf =1 a
u Rmg cos E):ngQ(x

5 ugcos 6
o=—
2R

Work done by friction is zero only in
uniform pure rolling but not in
accelerated pure rolling. So, the
statement is false.

P
As the torque due to applied force is
anti-clockwise, so the point of contact

tries to slip rightwards and friction tries
to prevent it and so acts leftwards.

. As during rolling down, friction acts

upward which exerts a torque, thus the
angular momentum of the system is not
conserved. Even if we take axis of
rotation at point of contact, then
component of weight exerts torque, so,
statement is false.

. Force of friction will be zero, only when

there is uniform pure rolling, i.e., there
is no external unbalanced torque.
Thus, a = Ra
F, + F, 2rF; —rF.
g=_1"7"2 o=—"1 "72

I

and

as, a =2ra
Fl + F2 _ 2]"2
M I

2 2
7, 1_4Mr - _F, 1Jr2Mr
I 1

(2F, - F)
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Sotan O>p
And for toppling,

a a
mg sin 0 — > mg cos 60—
g 2 g 2

Sotan 0>1

(a) Cube will slide before toppling if
tan 6 <1, i.e.,p <land

e (b) Cube will topple before sliding if

tan 0 >1ie,n>1

77777

r:ZRF:Ia:a:?F;OLZOfor 2.

F=>0
i.e., even a slightest amount of force can
initiate motion of the disk.

7. Acceleration of point of contact is zero
only when there is uniform pure rolling
and no slipping.

. For rolling without slipping on
= Introductory Exercise 9.8 horizontal plane, £ =0
1. Impulse, I,, = Ap = mv

Angular Impulse, I, h = AL
=Im=ng2co=ngv
5 5

mvhzngv = h:%
5 5

For sliding,

mg sin 6 > mg cos 0

AIEEE Corner

= Subjective Questions (Level 1) 2. 71-1, +1,

LD =1x (1% +2%) +2(3? + 4%) =55kg-m”
4 3. N
. 0
1 3 < x>
2
2 I—%+mx2 — ml?

[=I,+1y +I;+1 ‘ xz—[7 1)12_12:”_1

=1, + + + S = —-— =— =

' m;2 ’ 4ml2 5mi® 1z 12 2 2

=0+ —+ml® + —— =
3 3
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4. e v, i jk
/
: 17" 9. m:%(f')x?):%3 40
L d 4 -3 0
¢ -1 (9-16k=-krads
25
10. v
Ma2 1 Ma2 P
I, = and I, =§ c= c
5 ICM + Mx? /
7. 7. lo
- - M
0, =20,
I_ R 2 1
M - = 0)0 25 O‘)C
N - CM _JE 2 Ly 2 joradss
2 R 2 01
=1/102—62 ~8cm 11. w=2= 2”2R Oxa
x x4+ S
6. n = M2 randr, = L — _
my +my my +my = x+2R =2« v
I= m1r12 + m17‘22 - * :215 s
Substituting the values we get, - ®“or SN\
m-m 2v
I=| —12_\p 12.
( my + mz) L2 m/s .
Av ____________ 1
7. \i) qm i rale {LIC
A() ‘ 0 R :
<—X—>dx §\ i
dI =dmx® =x*Ldx =x% (ox + P) dx 9/54'
=(ox? + Bx?) dx
1
T =IO(Gx3 +[3x2) dx = Va = 2 =92rad/s
1 1 ra,Io  2cos 60°
_ 4 3 s A n
_Zal +§Bl i j k
, . 13. t=rxF=|2 4 -2
8. In second’s clock, it takes 60 s by the 9 3 _9

seconds hand to rotate by 2m.

So,mzz—nrad/s:lrad/s. =i(_8+6)_j(_4+4)+l;(6_8)
=-2i-2k=-2(1+k Nm



14.

15.

16.

17.

18.

19.

20.

u? sin20
2g

=mu? sin 0 cos Ozému

rz?xﬁzg-mg: -mg

2

:% x 1% (2072)% =400 Nm

T="Tq0 + To0 + T30
=0+ 20 sin 45°x 0.1 + 30 sin 60° x 005

_ 153 f 3+ i_z.nNm

1=12c08 60°x 01 -10x0.25-9x%x 0.25
24 -19
_06_19 _ _166 _83
4 4 4 20
20 2x50x2n
2 52

Gzlouf2 = o=
2

=8nrad/s?
- o=ot =8trad/s? x 55 =40rad/s
9 = 91 + 92 + 93

=— o] + iy + 0t —— of
9 M1 2 175 %

O)Z(Xltl

= oy =2:2—50=4rad/s2

19 =l =003 x % =001 Nm

is the torque due to friction. Again,
Tl - T2 = IOLl

= T1 = Tg + I(X,l

or t; =001+003 x4 =013Nm

0=, + ot

= —20rad/s
=20rad/s —2rad/s® x t
40
= t=—8=20s
2

1 .
=~ Io? is same for + )

(As KE

21.

22.

23.
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t=Io=1MR?.©
2 t
240)(275
2
:1><20><(1j x T 60
2 2 3
_5,.8_20g
2 3 3
v—Io =X MR?* © —RF
2 v
20x1x8
:t’zMR = 2 4s
2F 2x 10
dt=n-d = M 2mx d
(a)dt=p- m-g~x—ugx-w~ e dx
2u M,
= ;zg 2dx
2uMg (R
== jo dx == uMgR
T a=LMR%
2
:a:éE,O—mo—wf
3 R
:>t_&:3Rw0
o 4pg
() 0 = wyt -+ o 2
_3Rw; 1 4pg 9R?
4ug 2 3R 16u2g?
3Rw% B 3Rw% _ 3Rw%
4ug  8ug  8ug
(@)t=1 o and 0=, —of
Lo Q0 _foo _16x9 g4
o T 4
(b)r—kt—ld—w:d :ktdt
dt 1

= Odm:jtﬁtdt
0
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2 o= g |20l
k
2
/><9x16:12\/g
k k

do

24, — =0=-10-5¢
dt

K=

(DO =

:sm:j(—10—5t)dt=—10t—gt2 te

at t =0, o=c=65rad/s

m:65—10t—g 2

(a)m(3s)=65—10x3—gx32

=35—§:§rad/s
2 2

=12.5 rad/s
do
b)— =0 = dO=odt
dt
= 6:65t—5t2—gt3
0=65x3 —5x 32 —g><33

=195 -45 - % =1275rad.

25. AD =j03codt =j(‘:’(12—3t2) dt

=12t—t3]z _36-9-27rad
A0 27 rad

=2_n=2nrad -

AD(2s)=12x2-23 =16rad
503 —0y =27 —16=9rad

So, in third second, N’ = 9 rad
2n rad

43;

=143

26. 0-6t-2° > 0-20_6_6
dt
= w=0att=1s
5. 000)=0 and 0(1)=6-2=4rad
:9(1)29(0)24_O:4rad/s
op ~0; 0-(6-6x0)
Yot -t,  1-0

=—6rad/s?

av

217.

28.

29.

30.

31.

32.

L=m-vcos0-r, tanGzﬂzl
dx

1 1
=1x2x —x4 = cos O=—
V2 V2

=42 kg-m?/s

m 2m

x 12 242
I:11+I2=33 43 .

8m12 _ mlg

_mi*
9
L=Io=ml’w»

L=mur+Io

=—(va + %mR%)jl}

=—zval:1
5

L=mur+Io
:—[2va+(mR2 +;mR2jco} k

=— {vaR + g va} k

=—Eval:1
3

AsIo=constant = T o« 1.

With increase in R, I increases and so is
T. So, length of day will increase.

I
Loy =l = oy :I—l 01
2

%MRZ
"1, 2 vz
5MR + mR” sin” 0
M +2m sin® 0 !




Ly :%x&‘ad/s

1+2x0.2x=
2

= i rad/s = % rad/s
1.2 6

33. I,o, =, + mr®) o,

mrzm2

0 — g

10x 1073 x 81x 107 x 90
100 - 90

=729 x 107 kg-m?

= I, =

L,
Wy 121

I, + 2mr? .

34. (a)

= ®
2 1
I, +2mny

1
_ 16+8x081 o evis
16 + 8 x 00225

_808

x 05 rev/s

=227 rev/s
b E; = %Iﬂ’ﬁ

= % (16 + 648) (W2 =399 J

1, o
=1
=9 20
:%(1.6+0.18) (227 x 2m)? =181J
(AW =E, -E, =181J-399J
=1411J

35. (a) (% MR? + mR2j ™ :% MR%o

E

1M+m
= (1)2217(,00
- M
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36. _2a,

Fcos0—-f, =m-2a ...()

1 9 a 1
—f)R=Ia=-MR?-% -2 MR
(fy = 13) =2 5 MRa

or fi — 1 :%Ma

From Eqgs. (ii) and (iii),

3 1
=—Ma and ="Ma
fis’ fi=5

.. F cos 6—%Ma =2ma

...(ii)

...(ii1)

4F cos 0

>a4=—"

3M +8m
f—3M 4F cos 6 3MF cos 0
174 3M+8m 3M +8m
ande:M 4FcosG_MFcos6

4 3M +8m 3M +8m
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2
37. ——>a ==
B = f 5ma
a f < % f . . 7
M E mg sin 6 — f =ma = mgsind =—ma
T 5
—>a , 5 . 2 .
F-T-f=Ma ..azggsme and f:?mgsme
=> F-2f=(M+m)a
T-f=ma (a) For minimum value of y,
fR:Ioc:%mRzoc: f:%mRoc f:umgcosezgmgsine
Ro-a=a = Rao=2a = f=ma oruzgtanezgtangooz%:“mm
L F-2ma=(M +m)a 5 257 3
= F=(M +3m)a (b)a=?><10><sin300=7m/sz
F
L= K mi 1
(c) For,p =2 —_—_
M +3m u 9 7\/5
38. F = f =umg cos 0
a=gsinb —pugcos 0O
=g (sin 6 —pcos 6)
; I EUR A
2 743 2
=5(1—1j:%m/s2
f 7 7
F+f=ma G 400 W 4° I_»L’m
(F-fR=Io=2mR%x =+ mRa 0 ] 0
2 2 < 7 >
1 |
F-f== ... (ii
f=gma W m@)?  4ml?
3 1 I,l=In= ®= ®
S F==ma and f =-ma 3 3
4 4
1 I, =—mlo
fmax =uWmg =—ma = a=4pg
4 41,

3 3
F__== ="m4 A
= L' ax 4ma 4m ng (] ! 0

=3umg =3x06x4x10=72N




T 24x81 9

42.

0
ou 3m,21

2m
2
(a)% o=2m (2u +v)l
where,2u =lo+v => v=—Ilo+2u
4ml? o =2m (4u - lo) |

6ml®w=8mul = 0):8—u=ﬂ
6l 3l
2
v=—&+2u:—u
3 3
3m - 41>

(b)T o=2m J3u +v) [

where, V3u =lo+v
Aml?o=2m (2J3u - lo) |
= 6mi%w = 4/3mul

V3 -4u
w=
6l
B 2w
31 NEY)

2
U=«/§u—lm=«/§u——u: u

NERNE

10. As, mghzl mu> +11(02 zl(m + L) v2
2 2 2
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= Objective Questions (Level 1)

1. I = ME?, which depends upon, mass and
its distribution about an axis.

1. 2
oono [T 2" R s
’ M M V2 2
p - Lo

3. N-2 - 2
21 21
mt—lmt

_ 2 _ot
21 47
21

1725 x — x 20
60

=287

1725
47 6

4. In pulling hands closes, external torque

is zero, so angular momentum remains
constant. Due to decrease in moment of
inertia, angular velocity increases and
KE increases.

5. I=1m
2
6. Masses cannot be compared as

distribution is not given.

7. Asthe displacement of point of contact is

zero, so work done by friction is zero.

8. Due to melting of ice, water spreads on

outer side of the pan, increasing moment
of inertia, which leads to a decrease in
angular speed due to conservation of

angular momentum.
1 I
Rotational KE 2 @

9. =
Translational KE  1,, >
2
1 2 U2
S MRV
2 e R
1Mv2 r?
2

7‘2

= v = constant, irrespective of the
inclination, but time is different because
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11.

12.

13.

14.

15.

16.

Mechanics-2

of different acceleration due to different
inclination.

Moment of inertia is maximum, when
masses are at maximum distance from
axis.

mgsine—f:maandezlazéa

I

2 2

" mgsinezf+me = 1+mR f
1 I
mgsin 0

=f=
mR?

1+

mR?

“1+2 6

As, there is no external torque, so
angular momentum is conserved.

As torque due to friction about any point
on horizontal surface is zero, so angular

moment about that point is conserved.

y=§x+1,tan6=§
4 2 4

=0=37°" = cosezg

Y
v=5m/s

172

L =muvr=3 x(5>< :jx % =6kg-m?/s

Due to elastic collision, velocity will
reverse and not angular velocity, so it

17.

18.

19.

will take some time to again settle to
uniform rolling. During this time there
will be sliping and its rotation will stop
for a moment.

Moment of inertia about an axis

perpendicular to the plane and passing
2

through centre of a square plate is

and about an axis passing through its

.1 Ma*®* Mad? .
plane is =- = =1, is same for
2 12
AA' and BB'.

Due to clockwise torque, the spool will
move rightward and so, will the centre of
mass.

Io, =2Io = 0=20
K, :%Im% =K, and
1 9
Kf =" x2I x o
2
:ilm%
AKzK}—nglhﬁ—%hﬁ
:ilm%
:_1.1[ o2 :_ﬁ
22 ° 2

R 2R
=4np I; x*dx = % pxct

R
zéfm(32R5——R5)=}génpR5
5 5
2R
M = .[2Rp 4mxPdx = 4Ttp1x3
R 3 R

:gnp@R3—R%:%§mﬁg

3M 124 3M 5
p= g =>I=—mrm" s R
28nR 5 287R
=91 yp?
35



21. Mx)=k+%x:k(1+§j

1 :ijdm :jéxQK(1+ %j dx

3
=kjl 2+ |dx
0 l

2 2
29, 1, -1 M _Ma
2 6 12

2 2
and I, =Il+M(%] :11+M_a
Ma?

2

2 2
23. I=ML +M(£—£j
12 2 4
MI? +ML2
12 16

24.

TTIrTTTTT?

“«—x—>
|

25.
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g -2sin® 9 =1Lo)2
2 3

= = 6—g-sin§
L 2

m m
n=l—=—=—andn =| ——|n,
my +my my +my

2 2
I =m17‘1 + mzrz

Substituting the values we get,
I- (mﬂ% 2

1 :jdl :szdm :ij -6-2y dx

:2csj.ac2 -xtan 0-dx
1 Lcos0
:26tan6-jx3dx :2c$tz;1n6~zx4

0

= % cL* tan Ocos®* 0

_Llga. 1.9 343

2 J3 16 32
M=J‘dm:J.cso2y dx
=2ctan ejxdx=20tan6-§x2

L cos©

0
=octan0-L? cos? 0

= [}.i.ﬁ:d}.ﬁ
J3 4 4
_4M
V312
= 33 M e 3y
32 /312 8
. 02
27, I=2'M(Ls1n45)
3
. 0\2 2
o MEsind5)7 (%sm 45°j
12 2
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_ mr L9 mr Y that is why both of them have same
3 24 8 moment of inertia. (As I =" MR?
(1 L9) 0
3 12 4 30.
= ﬂ MIZ2
12
=32y
12
-8 yr2
3
Mi?

2
2 2
28, 1-2. M Lo M ap) 2 L B
3 12 4

2 sl S
3 6 2
_A+1+15 0 10 40
6 3
29. Is both have same mass and same S S
radius, i.e., same distribution of mass, V2 6 62
JEE Corner
= Assertion and Reason T Mo? =3 pv?
5

1. It depends upon the axis, whether it is 25

parallel or perpendicular to the plane of Mv* = a1 mv?
rotation. So, assertion is not always 1., 25 ,
true. 5 ZE' Uq
2. Due to anti-clockwise rotation, friction 25 1 o
will start acting leftward, for which 91 9™t
translational speed will increase and 1, 21
angular speed will decrease till the - émvl ~ 95
moment, when pure rolling starts. So, 1
P <K
assertion and reason are both true but = 5””}1 <

not complete explanation.
Reason is true explanation of assertion.
3. Hollow sphere has larger moment of

inertia, such that it has lesser rotational
kinetic energy, so assertion is false.

Ry +Kg =Ry + Ky

Ns gk

Reason is true explanation of assertion.
Reason is true explanation of assertion.

As one goes from A to D, distance of
CM first decrease and then increase, so
moment of inertia also first decrease and
then increase by applying parallel axes
theorem. So, assertion is true but reason
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is false, as perpendicular axis theorem is 2.
also applicable.

8. If linear momentum is constant, then

angular momentum from a particular E
axis remains constant as the projection
of distance remains constant. So,
assertion and reason are both true but
not correct explanation. f
9. v, :v+Rw;vB:1/v2+R2(o2 F-f=ma
2
and vy =v-Ro fzgma:F:gma

= Vo >Upg >Uy
So, assertion and reason are both true
but not correct explanation.

10. Reason is correct explanation of
assertion. 3.

11. Here, reason is false as when plank was . .
at rest then work done by friction was
not zero.

= Objective Questions (Level 2)

1. a T 9
I-2x1 m()
3 4 \2
2
m (a)
M g 9
NERS +ﬂ.(3_aj
12 4 \ 4
f mfa2+ma27ma2
T+f=ma= T=ma,f =0, 12 4 3
I Py ma2
T-f==a=ma I
f r 12
mg-T=m-2a l2a m
= mg =3ma mg 6
8
= a==
3 :ma2(2X1+1x1+9x1j
i.e., acceleration of the ring is £ while 3 16 12 16 4 16
9 3 _ma2 2Jr 1 +9
that of block is ?g 16 [3 12 4
u 0 ma2 8 +1+27
— = X
ere, f 16 12
_3m0L2

16
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2 12 o T o
10

+=-=—mv° =

1
4. mgR ==mv
& 2 25

:ZF:§Ma = a:£
2 M

6. f:F—%Ma:F—gF _1r towards
right.

7. 2g—T:2aandTR:Ioc:I%

. 2x10
2+@
004

8. p(h+R)=(% RQJ-@

2p(h + R)
0n=—
3mR?

2m/s?

10.

11.

12,

13.

2p(h
Further, p = mv = m(Ro) = %

Solving we get, h =

N | S

T; =m—gande=mg
2

o

Ty <T,
Mg -T = Ma,
While, MgR = %MR%Q

OL2=2—g

" (X,l < OL2

%kx2 = Mgxsin 0

_2Mgsin 0
k

=X

(O]
~

— x—>dx

~d—F [

F+dF

", F+dF—F:dmw2x:%dx-co2x

m 0)2

l
2

2
F:m;’ ledx:%%(ﬂ _x2)

2
:lmmzl 1-%
2 12

v=ro=I[(a + bt) =la + Ibt

v(t=0)=la=1m x 10rad/s =10m/s,
v=10jm/s

. dF = x dx




14.

15.

16.

17.

ﬁ)zanj+an (-D=laj-lo*1i
=lbj-l(a+bd)?i

~

=5m/s? j-100m/s? i

H
iw2R
I
I
Ro. < L > a
. a
For pure rolling, o = —
R
- 2 2 2p %
Here,a,, =ai-Roai+ o' Rj
=R j
Qe = R
Q 0
A o ¢C B

Here, I, <1, <Igz <1,
=1, >Ip,1,<Igandl, >1,

R

Due to anti-clockwise torque by F and
rightward F, the point of contact has the

tendency to move rightward, so,
frictional force acts leftward.
For, no rotation of the spool, fR = Fr
r

>f=—F=f<F

f B f
From conservation of  angular
momentum,

muR =3mR?>® = ngi

18.

19.

20.

21.

22,

Mechanics of Rotational Motion | 19

As N provides clockwise torque about
instantaneous centre of rotation and rod
also rotates in clockwise sense with
increasing angular speed, so, normal
reaction does positive rotational work.

L=Jl:Ico:§mlzo)
=>wn=3d
K =112
2 J
2
11 s 9
3 m2I?
32 J
a m
N
h X > Vo
f
fL =umg

. 1=Nx - fg =0, as the block is not

toppling till, x > bi.e., % >b

or >%
Ho

~
ae’ |

mg

Z—1l >

Immediately after release, the free end
is in free fall and so, is the coin, thus
reaction on the coin is zero.

Fr=fRand Fcos6=f
Fcosf=F_
R
r r2
= cos=— = sin0O= 1——2
R R
2
= 0 =sin! 1—r—
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23. 25.

—
u u
v=——at =— —ugt
B 2 U8
_T_ umgR 5ug
I ng2 2R

24.

R/4

and a=gsinb + pgcos 6 » 5
v=at=ro=r(w, — of) E—Mgt=—u+§ugt
g(sin® +pcosO) t+rat=ro 3u 7
_ ro, PRE
ro + g (sin 0 + pcos 0) N t:3_u
B 04 x 54 Tug
1 o 1 2 2
2x =~ x g xcos 37 27. KE==2mv" +=-—mr-w
04 x 2 2 23
04 1 :mv2+1mv2
+g (sin 37° + = cos 37°j 3
2 %
04 x 54
=T 74 2 o\ 28. t=Ia
10(4+3+2j 1
5 5 = f-R=-mR?.a
04 x54 2
- 2x9 = f==mRoa==-ma

=12s

(1)

...(ii)



29.

30.

31.

PC = £sin 30°=
2

Instantaneous axis of rotation is at

points P.
1 _(mg)(PC)

1 I
Further,
mg — N = ma = m(PC)a

N =mg -m(PC)a

2
_ mg|1- PO }
I I
_ mgl1- m(l/4)”
[mzzJ (ZT
12 4
A g
7

a=ro= (£ cos 300j[mg(PC)}
2 I

(13 o)
El E G

rom v

32.

33.
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So, acceleration is towards centre and
resultant velocity is at an angle of 45°
with it.

2
F =ma and Fé = e
12
mL2
orma— =
12
or Lo =6a
Lo F

ap=—-a=3a—-a=2a=2"—
B 2 m

Instantaneous centre of rotation forms
an equilateral triangle, so, IA =L

v
 Lo=v or o=—
L

34. L = mvL cos 0 =constant =I®

35.

mulL cos 0
I

or M ot %, with increase of distance of

S o=

particle from origin, moment of inertia
increases, so, angular velocity

decreases.
L 1 M2 ,
Mg = =Z=.
€973 Y N

dT = gdm + *xdm
3g
= d
(g+ : xj " dx

=@(1+3—xjdx
L L

IL Mg dx
L3 |,
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2
36. mvész 0}
2
3 v
0):_._
2 L
Ji =mu I a——
, L
V="-0=—v
2 4 <J_' +& 5y

J1+J2 =mv’

oy +mu==—muv
4
or Jy =—1mv
4

37. L=Io+m-Ro-R =10 + mvR
o, o+ mR? o - mvR
Lo = T
I+ mR?) © — mvR
- I
38. As the point of contact has a net forward
velocity, friction acts in backward

direction, which tries to bring back the
disk at its initial position.

40 m/s

39. r@ =vcos 30°
dt

dsec30°w» =vcos 30°

= o= Ecos2 30°
d

_40m/s 3
- 30m 4
=1rad/s

40. Locus of all other points is an ellipse.
But locus of a point P such that, OP = 1
is a circle.

41. When A hits ground, velocity of all points
except O is vertically downward with no
horizontal component. And O, at rest.

42, mg—:—~—-0)2:> =2 /3Tg,

43.

f —\

ft =mv ...

and Rt = Io= g mR2o ..(Gi)

Friction will stop acting when,
v+ Ro=v, ...(iii)
From Eqgs. (i) and (i),

muR :ngQm = Rm:§v
5 2

From Eq. (iii),

U+§U_U 30_21)
o 0 70

9 \2
2 (7110] 2
As,v? =2s = s=— = =_0

2a 2 ) g
9( 2
(7 g
48. In case of pure rolling, displacement of

point contact is zero. So, work done by
friction is also zero.

49.
F > D » a
o
f
F—-f=ma
fR=Ioc=%mR2a
:lmRa:> lema
2 2
1 3
50. fzéma and F=ma+f=§ma.

Angular momentum is conserved about
a point which net torque is zero. Let this
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point is at a distance x above point of

contact, so 2. Y
fx) =F (x - R) T
or 1ma-x:§maz(ac—R)
2 2
or x=3kx-R) > —>X
or 3R =2x
or x 3B
= K
2 /Z
51. mgh = 1 [2 mrQJ o + 1mv2 mi2 12
213 2 IXX,=2-+2.m[j
2 2 2 2
==mv° + =mv” ==mv
(53]
=ml® | =+ =
6gh 6 2
VAT 4 o 2
5 = E ml = g l
2 2
59. g U sin 0 w2 mil?
28 I,, =4 =
6gh 9 2o
5 25 _2Th :m12(1+_):ém12
2g 125
2 i 2 2
v°sin” 0 l
2> v l.,,, =1,, +4m|—
53. x 2 KZZ 7z [ﬂj
@X2X§Xé ——mlz+2mlz—Eml2
_ 5 5 5 _144h 32
g 125 Ty =iy + 4m (é)
= More than One Correct _2 2 2 B o
Options 3 3
3.
1. 1mv2 + 1~Lv2
2 2 R?
4 g
I (3 1)
=>——=-=-=|m
2rR* \4 2
1
=—m
4
1 . .
= Ioy = 2 mR? = Disc or cylinder Resultant velocity of particles in region
) ABC is greater than that in CDA.
Lo =éCM +mR So, (KE) ;50 > (KE) op,
=5 R? Similarly, vge >vep = Kpe > Kep

and Vop =Upa = Keop =Kpu
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4. v
v
3v
u—-Ro=v
u+ Ron=3v
= u=2vand Ro=v
5.

3m/s c
I

P
J’_

4 m/s

3 _4andi- [ y? =x}1+E
x y 9
X _

o=2 :3m/s =10rad/s
r 03m

v, =£co=1x 10m/s =25m/s
2 4

1lmi®2 mi?2]| ,

== —+—| o

2| 12 4
oze? =% xox Li100
T 24 24 4

200 25 25 ;

65

Net acceleration at A is vertical, at Bit

may be vertical, at C it cannot be

horizontal and at E it may be horizontal

leftward.

(l lj o2ml?  2ml®
Lomy - -2 = 2 2
2 6 12 36

6 36 36
6
o +2+4_B 2
36
:mlzm
3
= lo=v
v
= »=—
l
AK :lmv2 —é[mz —7-3mu2;
mv =3mu
v
=>u=—
3
1 2_10[1 2}_1,”,)2
2 217213
2 3
=~ mov?

8. I =mk?=LmR?
4

J = mvandJ(h—R)—
-~ mv(h-R) = ZmR2




10.

For,sz(o,h—R:%R: hzngor

pure rolling.

If impulse is through centre of mass,
h =R, then there is no angular impulse
and no rotation.

...(1)

mgsinoa — f =ma = mgsina

...(ii)

=—ma = a:%gsina

2 2 3 .
fumgcos o, f =—ma=—m-—gsina
f <umg f 3 M E8

S 2mg sin o
~ bmgcos o

= u 2§tana

% Rzm:FmR2 +mR2}m'
:§ RQ(D/
2
, O
S0 ==
3
Vf =Ro' 3,‘7;‘ :2Rw'i=§Rco_A]'
Av =Ro l+4=@Rm
9 3
= Ap:mAv:%mRm
=Impulse

11.

1. I :gmrz,IH =§mr2,ID :émr

2.

3.
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UVa _ Vg
lcosO® [sin®

= Uy =V, cotd

. 4
= UO C0t37 = gvo

vy Vo 5v

0=—

y - lsin37° =§

= Match the Columns

2 2

(a) As I, is maximum for hollow
sphere, it takes maximum time to
reach at the bottom. — ¢

(b) As fall in height is same for all, so is
their KE — s

(c) Rotational KE is also maximum for
I;.—>q

(d) As rotational KE
Iy, so, its translational KE is
maximum. — p

(a) As Dis at maximum distance from
point of contact, so, angular impulse
is maximum for A — p

(b) Linear speed acquired will be same
for any point — s

(c) There can be pure rolling, if angular
impulse is such that velocity of
point of contact is zero. It is possible
when impulse is applied at A —» p

(d) Forward slipping will be there for
sure, if impulse is provided below E
ie,atC—r

(a) As the point of contact tries to move
downward, so, friction acts upward.
And the value of friction will be self
adjusting — p, s

is minimum for
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(b) As the point of contact is slipping
downward, so, limiting friction is
acting upward — p, r

(c) As the sphere is slipping upward, so,
limiting friction is acting downward
—>q,r

(d) As the sphere is slipping downward,
so limiting friction is acting upward
_) p’

. Radius of gyration K = \/7

/m(za)2 /3 _2a
ﬁ

= % mgh =(Translational KE) 4

=>b-os
(Rotational KE), =(Rotational KE)4
= 1 mr? o

5

2

5 5

N

1
-m
2

2 5 1
==—.—mgh==-mgh = ¢c—

5 14 me 7mg cwe
(Translational KE),

1 6
8 7 8 7 8

=d->s
L F=9 10
8

fi, =nMg =0.2x10x 10=20 N

F-f=ma,fR= meZ

=-mR
f 2m o 1
For,Ra:a,F:%maandf:Ema
fmaxzim max =20N
N

:>F:60N:103-t

=t =6s, i.e., there will be pure rolling
till
t=6s > a—>q,r

b—>p
c—os
lemazzzﬁzloN = t=3s
2 3 3
d—>q
. (a)Izlgmrz + mr? =§mr2 —>r
2 2 4
(b)Izgmr2 cmr? =L —>q
5 5
©I=2mr? s mr? =3 mr? 56
2 2

(d)I:%mr2 —>p
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= Introductory Exercise 10.1 4., yoTT TR
1. g =g—-Ro’cos? ¢ GM. M
_ A B
=g -637x10° F=—0s
2
XL“XCOSZ45O N g= F _GMB
(864 x 10*) M, 2
_ 27* x637x 107 GM, M,
& (864)2 For F'=—4
=g -00168 m/s” L, _F _GMy o
L Ag=g—g =00168 m/s? “ m, o
. 9 _3
2. g=g-Ro —gg 5. F=I choseszﬂédmcosﬁ
2 r
gg—Roa =% & ™ rdb.cos
%10 r -n/2
2g x GM /2
orw=,|—— |[————— _ m rn
V5R |5 x 6400 x 10° = [ Lpeos 040
B B 1 _ 2GMm
6400 x 103 1600 x 10° r?
1 */7 _ 2GMm _ 2nGMm
=~  =79x10"* rad/s B 2 2
40 x 10410 ”(Lj L
g T
3. g'= 5 =064g
[1 + ;j = Introductory Exercise 10.2

2 1.
- 1:0.64[1+—]
R

or 0.8(1+£j:1
R
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GM GM _ 3GM

V=V +V =- -
«" s R@ R R
2. §=E=L3=200 m/s?
m  20x10°
=200 N/kg i

3. BE=- ﬂiJrﬂ:j+ﬂl:1
ox oy oz

=—6xyi+3x%j+3y%zj+ y’k)
4. Only the variation is given along x-axis,

nothing is about y and z axis, so, the
statement is false.

5. ﬁ:_v’vz_@li+ﬂj+ﬂﬁj

x oy 0z
20(x + y) =—20[i + j
i’:Mﬁ:%[—zo(hj)]

=—10(i+3)
= F=10/2N
6. W=[dW = [F.ds=[mE (dxi + )
:mIExdx+ijydy
=1[ 7 2dx + 1 3dy
-0

= Introductory Exercise 10.3

1. Escape velocity is given to overcome the
potential barrier and just free the
particle from a system, such that its
total mechanical energy is just zero at
infinity. So, the statement is true.

GMm GM

2. K=—"—"—"—"="_Rm =gmR.
R R? g

1 1 1 9 1 9
3. Gm1m2 (—]:mlvl +§mzvz.

_ 10 |2%667x10 @1
- 20 + 30

_10x 106 /2><6.67
5
:\/§x105 m/s
3

=163 x 107 m/s

my
U, =—U; =20,

m,

=33x107° m/s
1 2 1 2 GMm
o = mu —-———-—-
2 2 R

=15% —(11.2)% km/s

=10km/s

GMm GMm

5. () AU =

R (1+nR

R
n GM

_ GMm (1

:n+1'R2 ’

(ii) K = AU:%mv2

[2AU
U = _—
m

2ngR
n+1

)
|

n
n+1

J mgR
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_2nr mv®  GMm

= Introductory Exercise 10.4 4. T ; -
v r r
1. AKl =AU . . L oM
= —mv? = m_0= 5~ Rm =mgR r
2 R R _ 2mr 2nr/r
= =v2e \/GM \/Gp4nR3
" 0 =/2x 6400 x 10% x 10 r 3
23
=842 x 10® m/s =82 km/s =11.2km/s - T2 — 47‘1—'"
2. In planetary motion areal velocity, i.e., GpgﬂRB
angular momentum and total 373
mechanical energy is conserved. = pT2 = GR®
3 my_GMm F R,pT? =% tant
9R  (2R)? or r~ R,p = =constan
- lmvf _GMm 5 m*v? _GMm
2 4R g 2
2
and M0 - GMm - _ GM
4R (4R)? 0 ,
- 1 2 - GMm (@) v =+15v, =1.220,
2 7 &R While, v, = 2v, =141p,, so, the
K 1/4 ’ e o . o’ ’
= it U 2 —~9:1 satellite will not escape from the
K, 18 1 planet, rather it will revolve in
—GMm elliptical orbit.
U, _oR 2 9.1 (b) As, v, :ﬁvo., while, v:2vo, ie.,
U —GMm 1 — 4 the satellite will escape.
2
4R
AIEEE Corner
= Subjective Questions (Level 1) 2. p
GM
Loa - F O AN
m, r g
_667x107 x2 !
- 2 DO O o
:8><@><10*11m/s2 AG 9 B Gm? c
_10 9 F = n21 g M 5 - COS 45°
=53 x 107" m/s d (~2d)
, _F _GM; 1 _Gm® [1+ij
2 m,, r2 21 d2 J2

=265x 107" m/s?

And the net force is directed along PB.
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4m 3m
///m\\\
m/ \2m
_ G m2m .
(ot/\/—)2
4J2 Gm?
a?
2
Z2WCOS3O°: */ngy
(2a) 4a
d+1
F=Id+l%'27‘dx:GMx(_lj
x x )y
- GM\ 1 1 |_ GMM
d d+1 dd+ 1D
_GM
"R
g' :G2M —EG_M_§:49 m/S2
4R? 2 R? 2
@g-GM ,_ GM _1GM
R*’° (R+R? 4 R?
Zi g =245 m/s?

GM
(b) g =—-and
g R?

P N
R R?
=1G—¥:§=49m/82
2 R® 2
Mg M
R (R + x)

=>@R-x) (R +x?=R?

=(R? -x*) (R +x) =R?
or R® + R%x —x?R - x3 =R3
orx® +x2 R—xR%2 =0
orx? + Rx —R? =0

v= 1R VR 15R]

- %[—R + BRI

:(JB—1)R

9- wp :mg andwe =mg _m0)2R
: o’R 47°R
Lw, =mg|l-——|=mg|l-—

g T

4 x 6400 x 103
4x64x%x1072
—7§@?—l
=1000 x 0997 =997 N

=g - m2 R=0

=1000 {1 -

=1000 {1 -

g apparent

g/R ==

3
e 271% o, 6400 107

=161 x 10?
=5026. 5s—14h

and o = .,/g/R

_ 1
8 x 102

11. g(h):%zg_o\)QR

el ol

o’R® 4n*R* 2R*
2¢  2T%*g T?

m

=125 x 1072 rad/s

orh =




12.

13.

0 6400 x 103}
86400

640 )

2 =1097 x 10°m ~ 11 km

my

There is no gravitational field at P due
to outer shell, so it has no effect. Only
m, has an effect at P. Thus,
Gm;m 4Gm,;m
F = =
(Rl +R, T (R, +R,)*
2

GM  GAM
x> (12R -x)
zero at P.
12R — x
x
= 12R =3x=>x=4R

(b) At the surface of second sphere,
GAM GM

V=-——
2R  10R

GM( 1)
= 2+
R 10

2.1GM
R

5 gives field to be

=2

At a distance y from the smaller sphere,

GM G4M

Vi=-T2
y  (12R -y)

Gravitation

__GM 14 4y
y 12R -y

| 31

as, V' =

N’<

oM {1 L4y }
12R -y
1( 2.1GM
e
12R + 3y _ 105

y12R-y R
. 12R? + 3yR =126yR — 105y
or 105y° —96Ry + 12R* =

y- %[9.6 + [06? —4x 105% 19)]

= £[9.6 +65]=77R,1.5R
2.1
14.
E = IdEcos 0
de 0s 0 = Jm G . Ard0.cos 0
12 2
2Gx 2G M _2GM _ 2GM
r rwr o Tt(L/n)2
2nGM
= %
15.
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@E, = M 4G ~10* V667 m/s =817 x 10* m/s
(3(,] 9a — 82km/s
GoM  8GM ®2x im? —gm? L - 1
DE,=——7 =" 2 2x10° 10"
(5 a) 25a 10 5
2 . JGM%
16. M =Idm :Iap.4nr2dr = ja M.élnrzdr )
0 o r 667 x 1071 x 10%°
a 2x 10°
= 4np0aj rdr
0 . [667
1 -107 [22L
=4np, ax ~a? 2
2 ~1.83 x 107 m/s =18 x 10* km/s
2o’ 20. h=— Y
3 o =
e G]\42 :G27tp§a % —v> /R
(2a) 4a 312
nGp ,a = (10x 10%) 5 =25x10" m
_ 0 (10x 103)
(6400 x 10%)
17. m 4
—925x10* km
21. 1mv2 = GMm
2 R+R
=v= /%” = JRg =./64 x 10° x 10
=8 x10° m/s = 8 km/s
22. (a)
Vo = Vioint * Vshen Gx400x1 Gx100x1
__Gm Gm Us=Up = 2 T s
R2 R Gx400x1 Gx100x1
__3Gm 8 2
1 1R GM ~100G (2 + 1) - 100(;(1 + 1)
18. émlﬂ =" (2/gR)> _Tm 8 2 2
1 ~100G x 2 =990 567 x 10! g
=5 m4gR — gRm 8§ 8
=75x107°J
=mgR (b) For E =0,
v =+/2Rg ) G x 400 G x 100
19. (2)2x Smu? = GM2 (g _ 1) _GM 2 (10-x?
2 r r r x 20
Gl \/6.67>< 1011 % 10%° = 10 _x =2:x=?m, i.e., the particle
u= =
r 10" has to be given such a velocity, that it



23.

24.

can travel from 2m(A) to ? m, then

after it will reach at B
K =AU={GX 400x1 G x100x 1J

+
2 8
G x400x 1
20/3

:100G(2+1j—100G(£+3)
8 1010

Gx100x1
10/3

=1225G =817x107°J

(a)
TE = AU + K:WTm—W—m+1mv2

2R 2
_GMm+1 GMm 3 GMm 3
9R 2 2R 4 R

=%><2x103><10><6400><103

mgR

:%x 6.4x10° J=96x 10 J

(b) TE' =AU + K’

GMm GMm 1 GMm

2 3R

GM""( o

x 103 x 10 x 6400 x 103

5
:—m R =—x
6 & 6

=§ x 64 x 10 J =107 x 10°J

Energy needed
=(107 -96) x 101°J=11x 10'°J
GM?  mv?
VF =
(a 4R? R
GM
b = T
d)v iR
p 2R _ 2R _ 4nRJR
v JGM/AR JGM
2
(O F - GMM _GM
2R 2R ,
() KE = - mo? =L ™
2 2 r
_r GMm _ GMm
25 2 or

26.

217.
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PE - _ GMm
r
TE =2 (KE + PE) :2(GM’” - GM’")
2r r
_ GMm
r
(b) PE = GM2m
r
. TE =- 2GMm and the satellites will

r
start falling towards the centre of

earth.

7 - 2R

3/2
2TCR as, T o« R¥

\/7
[ Bj 23/2 :2\/5
A

0

2nRVR

o
=]
ol
'ﬂ

U
S "’dc Uﬁ ﬂ‘cﬁ

S"‘

T =

G}

GM _2

21 x 10*
Uy =—F"—
28
YA _ 1587 km/h
£ = m.,
B2
+v, =3831km/h
() mu? :GMm b= GM
r r‘z ’ r
/667 x 107! x 6x 10*
8400 x 10°
=69 x 10° m/s =69 km/s

b) K :%mlﬂ :%x 10 x (69)% x 106J

km/h =2244 km/h

-9238 x 10'°J
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28.

29.

Mechanics-2

() U=— GMm
r
_ 667x 107" x 6x 10** x 10°
8400 x 10°
=-476x10J
(d)T:@ ZMS -9212h
1%
Mv* _GMm
R2 R2
GM 2nRI2  J2rRVR .
=v= ,T'= = ..(0)
2R v JGM
2
For earth-sun system, mvy _ GIZ;JQ m
\/W
= v, =4—— and
R
2nR  2nRVR .
TO == ...(11)
v, GM
From Egs. (i) and (ii)
1 2nRVR T, 1
5 =—==—yr=071yr
V2 JGM V2 2
(a)
E _GMm _GMm _GMm 1 R
'" R R+h R R+h
_GMm (1 - 6400) _15 GMm
R 7900) 79 R
2
E, =im? T mv _r GMm
2 2 r 2 r2
__GMm_
2(R + h)
_GMm | R | GMm|( 6400
R \2AR+h R | 2x 17900
_32 GMm
79 R
= E2 > E1

So, it requires less energy to take it to
1500 km above, than to put it in circular

orbit. aM.
(b) For, E, = E,. T’”

h _ GMm
R+h 2(R+H)

= h =R/2=6370/2=3185 km. Thus
for 3185 km height, energy required
to lift and that required to put in
orbit are equal.

(c) Similarly for 4500 km, energy
required to lift will be more than
that to put it in orbit.

= Objective Questions (Level 1)

1.

Centripetal force is required for circular
motion, which is provided gravitational
pull by earth on satellite.

In planetary motion total mechanical
energy and angular momentum (areal
velocity) are conserved.

Due to rotation and earth,
s =8 — R’ cos? ¢, where ¢=90° at
poles, such that at poles g . — g, which
do not depend on rotation of earth.

The particle has to be fired with escape
velocity, which is independent of angle
of projection.

Q
d
G.4M éTcx3
GM o R’
Vg=—cne,dV =- 3 dx
R X2
——%—Ag.xdx
AV=+_]‘;II’ _MG L pa 2y
R° ‘R 3 9
V=V, +AV= GM GM GM
R 2R 2R?
__3GM GM ,
2R 2R’

is the equation of a parabola



Gravitation | 35

(assuming earth to be of uniform 12. g= GM
density) R?
6. In electrostatics, jfv E-ds=2 andin = g _ £2
€ G R
-5 o -2
gravitation, - ¢ g.ds =4nGm 13. = (1 + h -8
y Bor =8 R 100
as ¢ =m and =G. B2
dme, = (1 + —j =100
R
7. In centre of mass system, o, = w, A
= 1+—==10
= T, =T, R
8. Field inside a shell is zero, so, a mass or h=9R
placed inside it do not experience any onR 2 T, R, 3/2 AR\¥?
force. 14. T = , . :(j
2R 27R  27R%? veM T, [Rl R
9. T = = = 3
v GM JGM =27 =8
R = T, =8T,
T, (R,\™ /12 1 T, =(84) x 8 min
T, (R, _(ij 202 15. g, =8 - 'R =g/2
365 2 p_
T, =2 =129 da = o R=g/2
SND) Y g
dA = “=\2r
10. In planetary motion, — =constant 2R

dt 10
L= |/
= AA o« AT 2 x 6400 x 10°

1
T 8/2x 10"
=88 x 10~* rad/s

16. Atcentre,V :—3G—MandV =— GM
¢ h R+h

rad/s

1
VhZEVC
GM__3 GM

R+h 4 R
4R =3 (R + h)

h=R/3
GMm GMm

R " 4R
GMm_GMm:§ GMm

R 4R 4 R

3
=—mgR
4 8.

U

17.

=

=AU =
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2 3/2

NGM
of planet.

19. v, = LM

18. T =

is independent of the radius

\/2 % 667 x 10711 x 734 x 1022
- m/s

17 x 10°

2 % 6! 4
1o PO

=2.4km/s =2.4 x 10° m/s

4 3
20. g = R’ =

R2
4
=§TEGpR o« pR
~py By =py By =20 R,
R,
= R,="l=R/2

21. g =g -&Rfor 8o =0,
10

— T
6400 x 10°

eff

o=,/g/R =

1
o =——rad/s, presently,
800 P Y

2n 2n
0)0 = —_—=

T 86400
® 86400

®, 1600x

ad/s

rad/s

=17.2

= 0=172 0, =x0,
= x=17.2

24.

25.

26.

27.

1 1 1 1 1
= — = — = — — —
T, Trel T, 6 24
3 17 _gn

24 8 s

2 2n 0w

0w =——=""==

s T 8 4

. According to Keplar’s law, T? o a?

External shell do not produce any field
GM,

a2

inside, so, E =

T 84 min
T2 2
U=U, +U, +U,
=O_Gm2 _2Gm2 =_3Gm2

a a a

2
AU:?JGm 3 _

t =42 min.
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JEE Corner

= Assertion and Reason
1. As PE is proportional to negative of

inverse of distance that is why PE
decreases with decrease in separation.
Thus assertion and reason are true but
not the correct explanation.

. Same explanation as Answer 1

. While going from A to B, PE first
increases, becomes maximum at middle
and again decreases. Assertion and

reason are true but not correct
explanation.

. E=- C(iil’ at zero, slope of V - x graph E
x

is zero if E is a function of x only,

otherwise ﬁ --VV. So, assertion is not

always true.

1, _GMm( R ]
mv° = 1

2 R "R+ W

1m4v2:G]Mm(1— E ]
2 R R+ N

R
"R+K HR+h
R WR+N)
R+h
= 4hR + 4hW =RK + hl
= 4 hR = Ri' —3hh' =(R - 3h)I/
Sh=4h—T L

R -3h

and

1

4 =

So, assertion is false.

. In planetary motion, angular
momentum of the planet is constant but
it is not true for the system. So, assertion
is false.

. Only geo-stationary satellites are on
equatorial plane, not all. So, assertion is
false.

is true for explanation of
assertion.

9.

10.

11.

1.

Assertion is true but reason is false (and
even Moscow is not at equator).

Both assertion and reason are true but
not correct explanation.

As, U=—GMim,K=%mv2 and

GMm
2r

r

E=U+K=-

GM . )
g =——,soas R is decreased, g increase,
R?

thus assertion is false.

= Objective Questions (Level 2)

GMm mv®> GMm

E = — , =
! 2R ’ 2R  4R?
IGM
= v=,[|—
2R
Finally, E, = - GMm + 1 ™ 402
2R 2 2
GMm 2
=— + mv
2R
AE=E, -E, = SMm o2
GMm 2
+ —— =mv
2R
. GM 1 GM o 1
2R 2 R? 2
See : Q. 5, P-92
See : Q. 5, P-123
szchosezj G.Mdm .\/§a
(W3a? +a?)? 2a
_ﬁ GMm
8 o
2 2 2
My =2. M 5 cos45°+GM2
R (W2R) 4R
o (1,1
R* (V2 4
GM 4 +2 J@wzﬁ+1
v = =
R 4.2 R 4
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10.

11.

Mechanics-2

—muv 1-=
2 "R r
rlmhz 2GM:GMm(1 R)
R R r
R 1w
r
or r= R
1- A2
_GaM
g_ y2
G M 4 4
y *TER3 3 3
3
2
mv
N =mg g R
2
=m(g-o?R) -
( )2 1)2
=m, m — _
g g Rg
{ o?R vz}
=mg|1l- -
& Rg
(@)2 R=0® R-2Y .oR
R
=o’ R-2vo
{ (oR - 2v)o 02}
—mg|1-— T2V
g Rg
According to Gauss’ law field inside the

cavity is uniform and depends upon the
mass of sphere of radius a.

U :_3GMm
¢ 2R
1 b2 3GMm
3G f
or v,
_ GM - dav
8= 725 - dr

= v:GMjr%
*r

r—2.5+1 r
=+GM———
-25+1 .
_-GM -2GM
15015 grto
2 2
12. MU _gcos300 G
(V/3R)
_ GM?
V3R?
GM
J3R
13. T2 «R® or TxR*? or T3 «R or
T? o 1
VR?
So, graph in (a), (b) and (c) are correct.
14. AW =AU + AK
= AU =AW - AK
—55-Ly1x32
2
=-10J
AV =AU _ 100ke
m
1 GMm
15. = ) Rl
2™ V2R

16.

242GM
=v= \/—T, it is independent of

angle of projection.
Gm2m Gm3m G3m2m

U =0-
a a a
_5Gm*  32m’
a a
U, =0 - Gm3m Gm2m G3m2m
a a a
_11Gm?
a
Gm?
AW =AU = (11-5-32)
a




1 5 GMm 3GMm GMm
17. —mv® =- + =
2 R 2R 2R
IGM
= v=,|—
R
18. nve
<~
R2
Mnv,R =mv (R + —j
2GM
= v==—nv v, =, ——
e e R
GMm _ GMm _1 m(nve)z —*ml)2
R 3 p
2
or lGim =1mn2v 2(1—4)
3 R 2 € 9
1GMm 1 92GM 5
= ———="mn .=
3 R 2 R 9
or n= 2 -Jo6
19. 2mu — mu =3mv
:>v:u/3;1mu2_3GMm—GMm
2 2R
_ |Gm
R
AU () =+ G XBm y2 %x?)m v?
or M 42 11 GM
3 29 R
2
A_—le:E
R? 9 3
20. v, =+2gR and
v, R
1 _ [ 8 = Jkg = (k)"
Ve, R, g,
o1, F--U__g2__m
dr r

mv? =6r? and%mv2 =3r3
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E=U+K =2r% +3r% =573
=5x 5% =625J
hY? 172 4g

F=mg,; =200x ~x10=889N

eff

-2 2
X muv

. mg(1+—) =
R R +x

2

= (R + x)?

v=\/g(R+x)

gR’
R +x

24.

= More than One Correct

Options

4 .3
L _GM_Ggﬂ‘Rp
ETR TR

>g xR

" 8,:8y:83=R,:R,:R;=1:
1
172
1
/3

v, =+28R

=, Uy U :\/glR1 :\/gZR2 :\/gSR3

4
_ 4 oGR
3P

N | =
[SCRIE

=g,/8y = 2

gl/g3 = 3
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2.

4.

Mechanics-2

=1:

DN | =
O | =

v
g Y1 =i =2and—1 =i =3

v, 12 vy, 13
A geo-stationary satellite revolves at a
height 36,000 km on equatorial plane
with a time period of 24 h.

Particle performs SHM inside tunnel
but not outside surface, so, if just
performs  periodic motion  with
amplitude, (R + h)
then
lmv2 _ 3GMm GMm _ GMm
2 2R 2R R
loGM
= v=,/—/—F
R
E(x) = G2m2 3 Gf;n
(r—x x
=Gm LQ —iz atx=0andr,E =
(r—x X

So, field first decreases and then
increases.

Vi) = —(sz + G’"’J
r—Xx X

:—Gm{ 2 +1}
r-x x

So, V first increases and then decreases.

As there is no mass inside B, So. field
between A to B is zero, i.e., potential
between A to Bis constant.

Gm _G3m

X2 ¥
Potential between B and C is not zero at
any point.

On exchanging masses, potential at
centre remains unchanged, but field
strength increases and its direction also
changes.

1 will stop at minimum height while 2
will have a tangential velocity.

10.

(Reference : Q. 18; P 132); and particle
2 will rise lesser height than 1, as 2 do
not looses its entire KE. And particle 1
returns earlier.

. While going from A to B, KE increases

and value of PE decreases, where speed
is minimum at A. Angular momentum
remains unchanged.

GMm
E, :_T: il
U, __GMm
2R
E, 1
:?,E2 =U, + K, —§U2
__GMm _E,
4 4
K 1 E
2 =_§U2 =75
v oc/m, 80, U, =21;1,Tocl
v

=T, :% T, asv o JG so with increase

in G,v increases and T decreases.

= Match the Columns
1.

GMm

Ur) =- PE

for r>R, ie.,

decreases continuously from A to B.
a—q
U(r) =i.e., From B to C, PE remains

constant = — mforr<R:>b—>s

Speed from B to C remains constant.
¢ — s As between B to C there is no
field, So acceleration becomes zero and

it increases from AtoB. d > r
m



Gravitational field at centre is zero,
a — r. Gravitational potential at centre

5Gm
== =b-s
”
With four masses, E :GTm
r
:>c—>pandV:—4Gm
r
=>d—>s
X
_ GM
y
(a)gz—%:—_xg’ _x L,
4y 4y y

4
3GM GM »*
(b) V() =— == + o0 L

2y 2y° 4
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GM «xy 1
———— =Y ="x—>q

2y 2y 2
GMm GMm

(d) V@2y) =

AW =AU=—"—-———
R

2R

1 GM 5
2 R2

:%ng:a—n*

mv . GMm 1 5 1GMm

— == -mv° == ——

2R 4R®* 2 4 R
=ing:b—>p

1 1 (GMm B GMmj

2 2\ 2R 3R

1 GMm 1
=— ———="mgR=>c—>s
12 R 12
AKzAUszgm—GMm

2R
:i%.mRzlng:d—)r
12 R? 2

. g =maximumatr=R = a —>q

g=0atr=0andr=w=>6->p

V =minimum atr=0=c¢ —> p
_3GM

2R
V=0xr=0o=d->s



1 1 Simple Harmonic Motion

= Introductory Exercise 11.1

1. F(x) =x% —6x

F. =F (x + Ax) — F(x)
=(x+ A0)% —6(x + Ax) —x? +6x

=2x Ax —6Ax
=—(6-2x) Ax
=-6Ax for «x

=—kAx = k=6N/m

2. v=mJA% —x2

=0

4 2
KE:lmv2 :1-m~§A2m2
2 2 4
zﬁ.lmA%,?
4 2
_3

(Translational energy)

PE =Translational energy — KE

=Translational energy — % (TE)

= i (Translational energy)

3. v=umyA% —x?
2

= A=

= 4P

v
0]
2

-\

.18 x 0.25)2

21

j +(0.05)2

=,/00075 + 00025

=4/001
=10cm

=01m

x = A sin (ot + 0)
X 5 1
= _ = = —
A 10 2
=sin((ot+6)=sing

T
=ot+0==
¢ 6

. (a) Maximum displacement

=15 cm = Amplitude.

) T = 2" :27:\/E
o) k

2 2
—on |2 - 2" _o735
150 53
1

(c)v===1.38Hz

'ﬂ

(d)TE—zmco 2A?

L9y 190 0152 =169
9 Ty

(e) U ppax = Ao =015x /120

=015x5+/3 =075V3 =1.3 m/s
A =10cm

8cm =10sin of; and 6cm =10sin ot

T = 271\/7 01
4><103 100
53x

. ot; =sin” (—) 53°=—
5 180

and ot, = sin1(3) =37°= 37m
5 180

bt :1(5375_37“j
2 180 180
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B z l6n 8T 2T 2=n o2 2
on 180 180 45 4500 Seoff = g2+ (r}
=14x1073 ] ;
6. () TE =1 m o?A2 = T=2n\/=2n —
2 8efr 4
[S 2 v
1 9 (g + QJ
Zx2x ( j -(1.5) r
9 4
nz 9 9Tr 147 2. (@ g =8+0a
16 ‘i 64 ~ T=2r| !
(1) 0.5 =1.5sin (4 +6) gta
(b) geff =g —-a
ity T . -1 1 i
= T + g =Sin 5 = T 227'[
nty g-a
0.75 = 15sm(4 +6j © gup =0 = T >
= Ty + I sin1(1j= z (d) 8o = \/g2 +a”
4 6 2) 6 l
= T=2n | ——<5
ty =0 (g% +a”)
AT 1
. / 3. Tl = aA®
7. )T = Zn\/i 2n 100 T
=2" J02=028s = AtzéatAe
0
(b) (F ) =-100 x 4 +10 . With increase in temperature,
ctual Fmax pendulum clock becomes slow.
2
X(ij _ 4. 16 At =L % 12x 107 x 86400 x 20
100 1000 2
(F, ) =—4 =1.2x864s
approx. / max.
L4 16y ~10.37s
%Error—¢x100%=i% 4. gff:—W_B:p_G
4 10 e m P
=04%
(4 :(1_2Jg:(1_1_10jg:%g
» Introductory Exercise 11.2 1 P
. LLLLIQLLLLLLL T oc —
1. At equ111br1um,2 N \/g
mU 1 AY
F sin 0 = Lo
sin =" s > T, =T |5t
F cos 6 =mg \ 2
2

= tanezv—

i \ -T g
rg i

2
or O =tan! v .
rg mg \\\
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= Introductory Exercise 11.3
1 _1 1 _2_1

“hy 2% k+k 2% k

= T =21 ™
k
2. T:ZR\/E=2TE /%
k 80
2n 2 0w
= =—=_—"=0314s
7400 20 10
3. v= Mo :1(M+m)vz=1kA2
M+m 2 2

N A-v M+m

k
A~ mu, /M+m
M+ m k

B muv,
JE (M + m)
4. T1:2n\/E;i:i+ 1
k kg 3k 3k+3k
1 1
= — 4+ —
3k 6k
2+1 1
6k 2k
m 1
T, =2n | — =— 1T,
2 T %k 12 1
i.e., time period becomes $ times.

2

= Introductory Exercise 11.4
1. 0

dx

I, =IdIC =.[x2dm =jx2 -0 2mxdx

=216 J.Rdex =% (R* —r%)

m :Jdm :IG~2nxdx:2nGJ‘rRxdx

= (R? - 1)

Iy =I, +mR? =

ST =2n L
\j mgl

%(R4 ) 4 oR? (R? - r?)

no

(R* - r*)

+ noR? (R? - 1?)

=2

(R -r’)g R

g =— +—
eff 9 9R

Forr -0 = [ =?

3R

and forr >R = [ 4 =2R

. Here, l 4 =35cm

and [=20cm

/l
As, T =2n L:2n —eff.
mgl g
1

l
> =" — T-ml Logr
mgl g
2. 200 g x 20cm x 35 cm

=14 x 10° g—cm2

= Introductory Exercise 11.5

1. Here, a; =40 cm and

ay, =30cm

(@) For, Ad=0,a =a,, =0 + ay
=40+30=70cm

(b) For, A =60°,

a= \/af + ag + 2a,a4 cos A

= /4% +3% +12=37 =61cm
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(c) For, Ap =90°, a = a% + a% 3 sin ~
— /4% 132 —=50cm sin | 1007t + — 3

T
(@) For, Ap=180°, a = a .. =a, —ay 4 +3cos g
=40-30=10cm 33
2. x=x, +x, = 4sin (100m0) =37 sin (1001&‘ BT J
) T
+3s1n(100nt+§j (a)Att:(),x:4sjn0+3sin§
:\/42+32+2x4x3cosg —iumts

(1) V oy = a® = 100m1/37 unit
(€) @y = ' a =(100m)*+/37 unit

AIEEE Corner

= Subjective Questions (Level 1)  , | _A¢®’ _Gua _87_

1. (a) 20x10%g=kx 7 x 102 AO Uy 16
2g 20 2n 2nx 1.6

= k= ——28N/masAmg kAx T=—-= =04s
[0 87
16
50 10~ _VUmax _ 10
) T = 2\/7 X A . 5nn 0102 m
20/7
-9 175>< 10~ 3 —084s 5. v zo)\/a2 —x? :2\/(0.2)2 —(0.05)2
o ,_Am-g _AF -2,/004 - 00025
Ax Ax =039 m/s
=%=180N/m @ =—o’x=—2 x0.05=—0.2m/s>
For,x=0,v=v,,, =A0=0.2x2
T=2 \/7 2 |—— =04 m/s
k g and a =a,;, =0
=2n =078s 6. x = A sin (ot + )
‘\/1800 A,
0+9
3. Upax =A0 =21 Av - 2 sin (0+9)
. 1
=2tx8x 1072 x 2m/s = s1n8—§
=3.2ncm/s =0.101 m/s om
or o0==
Uppax = AG? =4T°VEA 6
—4x7® x4x8x1073 7. e:ism(ﬁtwj
~1.26 m/s? 10 1005
_ _ _ = izlsin(0+ o)
« =kA=ma_,, =0.5x1.264 10 10
=0632N

= sin 6=1
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or =" = 9="sin [znt + nj (d)v = Awcos ot =0.08x 1.57 cos (n x 1)
2 10 005 2 2
= cos (40mt) =0
10 (@) a = w’x = 0? A =(1.57)% x 008 m/s>
8. x =5sin (201: + ;‘j =0197 m/s?
. 12. (@)u=w]A? —x? andv = 0/A% —x2
(a)v:O:cos(20t+):O R
3 u A" —xy
T T T T = = 2 2
u? A% i
b)a = 0—s1n(20t+3j—s1nrr 2 A? a2
~ 20t=n-T=F T = u? (A —af) =0* (A% —xf)
3 32 = W? —-v?) A% =@?x2 —v2x?)
(©) U =V, for,a =0ie.,att =— —UQx% oty —%
. (2n = A=l—5
9.x:As1n(Tj L v -
9 o b)u; = oA —xf;uy =0 A? —x3
and v=A-—cos(—t) _ _1
r \T uyxt —uixy |2
A=|271 7172
27 2n = 2 2
2=A-—cos -2 uy —uy
16 16 u
1
- =
or E:AcosE:A:lG\/Q:72m ® A2 _ 42
b1 4 T 1
10. x = A sin ot = 1
o 2x? —ulad 12
(a) x(4) = A sin == x 4 =0, M_x%
8 uwy —uf
So, distance travelled is 2A. In the -
next 4s it again travels 2A but from _ WU T

other side. 5
(b) x(2) = A sin g"x 2-A,

uj — u%
e., distance is travelled A in first =.3 5
2s and again A in next 2s but from 1 %2
other side. - T = 2n
11. (a) A =008 m s
2 _Ty X5 — X
o) T =4s,0=" = =157 rad/s =2n
Uy —Us
©T = 271( = p=d T2 13. E, =1kx%)
2
A X 08 o Nm @ U= —kx :h{x—oj
4* 2



14.

15.

11, o 1
Z.Zkxt ==FE
4 g 0 Ty
1 3
k U=E, --E,="E
0T 0 = %o
11, 5
M E=U ==.Zkx
22 °
1, (x 1
— k|20 | —Zpy?
(%) -3
= x =20
J2
At equilibrium, mg = kx,
m,
= xOZTg

At a distance y below equilibrium
position, spring energy and
gravitational energy, is given by

u=U, +U :%k(erxO)2 - mgy

=%ky2 + kyxo + %kx% —mgy
1, 9 mg 1, o
==ky" +k-y —+=kx
23’ y g0

1, o 1,9
=—ky® + Zkx
g Tt

—-mgy

If equilibrium position is taken as

reference frame, then %kx% can be

considered to be zero, such that
1, 9
U=k
2 Y

At mean position,

1 2 1 2
Zkd® == (m,; + my)v
2 o M 2
kd?
= U= Umax
my + my
Upax =A0=A k.
my
= A= ™ Umax
k
m, kd?

16.

17.

18.
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m
or A=d|—
my + my

(a) At equilibrium, F' = kx,,

= x :%=AandT=2n\/%

(b)W:de:j;‘%F—kx) dx

2 2 2
:Fxo—lkx%:F——F F
2 E 2 %
2 2 2
(C)k:FxO_Wzi_izi
E 2% 2
(a)xO:EZEZO.lm:IOCIn
k100
(b)E:U+K:1kx3+ L
2mu
7><100><(01)2 ><1><22:2.5J
()T = 27‘5\/7 27c\/7
100 5°
(d) = kA)2—f
( 2
= sz\/E
m
=2 100 =20 cm
V1
(e)U=%k(x0 + A)?
=% « 100 % (0.3)2 =4.5J
® U:%k(A—xO)Z
:% « 100 x (01)2 =054
max:; ?IlaX:iO‘)A2
2x 8x 1073
\/mA2 01 x (012
=4 rad/s

x:Asin(cot+E)
4

—01sin (415 + E)
4
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19. U=10+(x -2?* 22.
= F_—d—U——Z(x—2)=—2x+4
dx
F, =-2Ax l (

= k=2
(a) o= \/7 \f 1rad/s
(b) At mean position G- g mx3pm

U=10Jand K =26 -10=16J g(x)=7mx2 =§7thx

At extreme position Flx) = — mg(x) = - 4 pGma

U=26Jand K =0 A 3
© v, = 2K :—kx:kzganm

m
5% 16 =>F c—x
=4m/s i.e., the particle will execute SHM
m 3
T=2r|— =2
=Ao n\/; " 47pG

= A=4m
(A) U,y =26=10 + (x; — 2)

= x=4+2=6m

Upax» 20 =0=-2(x, -2

dx 93

= Xy =2m -8

.. particle oscillates between l
T =2n |—
x =2m to 6m g
4 _

20. T' = 2 % = \/7 2n, | ——— 4>< 27t><f
1 2n L4 1 2 \/: 24. mg =kxy; F, =F (x + Ax) — F(x)
2 2 g

=k(x+ Ax) — kx = kAx
U i m
=T =2rn|—
2 T A

g
:%\P:% ZR\P:%T 25. F, = —(kAx + AAxcg)
g £ . =—(k+Ac)Ax
21. K, =2K +2K =4K and T o —— _ m
VK "k + Acg
: r_|K _1
T V4K 2 \/100+20><10 1% 10% x 10
= T’:Z
92 AT 18

J_ﬁ
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; 1 2 1201 h3gHy
26. T, =2n | =2n |3 2n\35 =07
me ng 29. x:Asinmtandy:Asin(2mt+g)
=9 ;_d =A cos 2 ot ,
g
. ~A(1-2sin? mt):A[1—2’“—2J
and Ty =2r |— 0 A
T £ " y:A—Zx2 — equation of parabola.
= 4 _ |2 _ogi6 i
Ty 3 30. x:Asin(mt—S)JrAsin ot
27. i R .
R +Asin(o)t+j
@0“ E 3
§ = A sin ot + 2A sin mt-cosg
t=Ia =2A sin ot
k-re-rz—(%mrz +mr2)a So, resultant amplitude is 2 A.
2k 2 31. A=,/A% + A% +2AA cos 0
A=yt 0 0 1
9 m 3 =24 cos~ = oS — =~ =cos
- T =T _op |2 2 2 2 3
© 2k L Ap=0=2T
3

28. kx \va
4@ 32. x =x; + x5 =2sin100nt
T

+2sin (IZOnt + g]
I .
(a)x =2sin 1.25 © + 2sin (1.57: + 5)

:2sin(n+2)+2sin(2n—ﬁj
4 6

(kx -T)r=Io = kx—T:£-
-

N |

T . T
=—-2sin — - 2sin —
and T -mg =ma 4 6

kx—mg:(12+mja =—J2-1=-2414cm
r

(b) x =2 sin 25 © + 2 sin (3n+§j
=2sin(2n+nj+2sin(3n+n)
2 3

2n 2n I —9sin ~ —2sin ~
2 3

1 20 =2—\/§cm
2105+ 06x5 =027 cm

—ksz(i+mja

2
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= Objective Questions (Level 1)

1. x = Asin ot = é = Asin ot

. 2m 1 T
=sin — -t =—=8in —
T 2 6
2n b T
— =— = =—
T 6 12
a-L T 3T T
4 12 12 6

. Potential energy becomes maximum to

) . ... T I
maximum in time P whereas oscillation

takes a time 7.

So, frequency of oscillation is half of
frequency of potential energy.

i.e.,iasfocl:f_P:T_U:T_/zzl
2 T fy T, T 2

. vzw\/m = v? =0’ (A% —x?)
=02 + 0*x? = P A2
2 2
v . :
——5 + — =1, is an equation of
o' A A

ellipse.

or

. As initial and final distance of centre of

mass from the point of suspension is
same that is why the time period
remains same.

.

_4n—37c_n
6 6
v=0yA? —x? :lcoA
2
= A? —x? =A—2
4
= x2:§A2
4
orx=—>2A
T « l:>§— ll
T L

10.

11.

12.

13.

14.

= T, =0.89 Ty
i.e., Ty is 11% lesser than T}

As in (b) two parts of the function has
different frequencies their addition will
lead to periodic motion Lissajous figures
but not simple harmonic motion.

T =9n /% :2and2+1:2n‘/M}:4

M+ 4 M+4 9
= p = —
M M 4

5

T, =2n %andTZ =2n
T, [100 1

= 4 = |22 ==
T, V400 2

100

T;
T2:§1:1s
y =4cos nt + 4sin nt
:\/42+42+2x4x4cosgsin(nt+6)
= 44/2 sin (nt + 6)
Tl :275\/E,T2 :2TC ﬂ
ky ky
and T =2n mn
ky + Ry
1 k 1
ST iog = k§ and
7 4nrm T; 4n°m
1 _kAhk
T? 47’m
A Y Y
0 T T
a=-px=—a’x

S wo=,/p

Let the time in which X completes n
oscillations is ¢, then during that time Y
completes (n — 1) oscillations to come in
same phase.
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Therefore, t =4n =4.2(n - 1) F = — ma’x, so, the F — ¢ graph will be as
=42=02n = n=21 in (b).
I M
. kx:mg:k:m—g 22, T =2r MandE:Zn m
x k 3 k
T:2n\/M+m:2nM+m 3§: M+m
k mg 3 M
x :_M+m:§
(M +m)x M 9
=2m | ——— m 16
mg =>9m=16 M =
Po o meds 23. T 2\/5 in 0=k
% . T=2n z,mgsm =kx,
A
j_l_&__m: ﬁ :xozmgSIHO
Ay oy \/E ky k
— 2
m 24. d—;cz—nzx:—cozx
lal 125 dt
lal=o’x = o=,— = —
x 5x 10 > 0=T,
® lH
=/25 =5rad/s Voor 9 Z
_2rn 2n 1 1 1
—;—gs 25, —— =+
me, M m
- L mM
SMy =—y
mgl 4 M+m

— mr 3 k k(M + m)
_ 2 r w= =
mgr \/ 2g Meq mM
== kx = y=mx, is a straight line =yv=2 1 k(M +m)
2 27: 27'c mM

passing through origin. The answer will

be (d) as x? cannot have negative value 26. v V2 = oJ3;

(for real x). lal = o?x = o
S>3 =0 = m:ﬁ,vzﬂzﬁ
2r  2n
GM G-2M
27. g=——and g’ =
£ R &R
—lg
2
T L L _ |8
\/g T 82
. At positive maximum displacement T = ﬁ =2

force is also maximum but negative, as
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28. x =3 sin ot + 5 sin (ot + 37°)

29.

30.

—15cos ot

=3 sin ot + 15 sin (wt —gj

+ 5sin (ot + 37°)

5 3
37°
3 = 7 = /7
3 /
_-/R=13.89
15 15 15

When the two SHM are in same
direction, the resultant will also be SHM
and when they are in perpendicular
directions, they will form Lissajous
figures performing periodic motion but
not SHM. But at 37°, particle will not
perform SHM as well as not travel in
straight line.

K max = Umax

:%kx 102 =50 &

31.

K=K, —U:50k—%xkx62
_32k
:% Kmax :0'64 Kmax
A2
2 2

(a) is correct while (b) is wrong.
kx4x10% =mx 05

k 05
> ==

m 4x107?

_50_2

4 2

[k 25 5
w= _— = _— = ——

m 2 2

=353 rad/s

32. Ma, =-kx

1x2
_May _1x2_40om

X )
k 100

JEE Corner

m Assertion and Reason

1.

2.

3.

4.

For, x = A cos ot, particle is at x = A at
t =0, but the displacement is measured
from mean position. So, assertion is
false.
Assertion and reason are both true but
reason is not correct explanation.
Assertion is true while time period of
oscillation is 2x %, so, the reason is
false.
ﬁA = A sin ot
2

) 3

= sin of = —
2

- 2n ,_m

T 3

= t=
V3
2

For, % = A sin ot

S

_r

So, for A to
2

A,Atl :g_

o[~
—

= Lz

= t

12
So, forﬁA tolA
2 2

_Ir r_ 1
6 12 12
Reason correctly explains assertion.

= Aty

In uniform circular motion also particle
performs SHM, so assertion is false.



6. If spring is halved, then spring constant
becomes twice and as mass is halved,

then o = 2k =2 L =2 i.e., angular
m m
2

frequency gets double. Thus, assertion is

false.
7. Assertion is false as if F ¢ —x, then
motion will not be SHM.
T

8. For x=A cos ot between ¢ =0 to o
®

particle moves from one extreme to
mean position such that velocity and
acceleration are in same direction, i.e.,
angle between them is zero. Such that
a-v=—aAcos of x(— oA sin of) cos 0

cos 0=w®A%sin of cos otcos O as
cos O =cos 0° =+ 1,
then a- v = positive. Thus, reason is true
explanation of assertion.

9. In SHM, a = — »’x,

andT:%

(O]

acceleration

ie,0= || ———F——
displacement

So, reason is correct explanation of
assertion.

10. Only uniform circular motion can be
called SHM, so, assertion is false.

= Objective Questions (Level 2)
1. U= é kx®

- po2U_2x1_200 ...

X (042 16

T = 271\/7 ,/
125
=2n =2 g:@s
== 2n\/7: \/E, andlka2 :lmv2
k 2 2
_ JE
m

=
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2ma &
dP 2m v \'m
T dt T m
o[

k

_2ma_k _2ak
Y m Y

. ¥9 =10sin ot + 10 C cos ot

=/10? + 10?C? sin (wt + 0)
= 10W sin (ot + 0)

So, 10,1 + C? =40
=1+C% =16
=C =415

. x =2sin (5nt)

=x(03) =2sin (15 n)

=2sin(n+ﬁ)=—2
2

v=ofA? —x? =5m,22 2% =0

. x=Asin (%tj:A sin (nt}
16 8

x (2 = Asm[n 2) A

2
U= 2 A

:W:
LA 8I

=21 |— \/7
Vgeff g Vgeff

_\/,/102 RvE \/«/m

=193 s
. x=Asin ot = v =Awncos ot and
a=-o’A sin ot

v A%o” cos? ot
2 A0’ sin® ot

Q
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10.

2

v
v2 1 A2
or— =— 5
a 0 v

1- 2 2
Afw
v? 1 v?

a? & Al —0?
or v2e? (A%20? —0v?) =a?e?v?
or A?? —v? =a?
or v2=-a%+ A%
or y=-mx+C

i.e., a straight line with negative slope
and positive intercept.

_1 X 1OOOcm:25cm

Q“WF

= —[kx + (2kx cos 45°) cos 45°]

12.

13.

14.

15.

N[ =

For T'=minimum, or =0=——

od od d

12
=—|—+
ad de
1 d 1

=>Ty >T, >T, = T, >T; > Ty

Ty = 21t\/E

m
3
4 TC 7

T, TTC_T [

>Tg >To >Ty = T, >T3 >Ty
or T1<T3<T2

T_f(Tl +T2)_7 [2n\/7+2n\/7j
=l~2n\/E(1+lj 3“\P
2 k 2 2 k

U=2-20x + 5x* F——Z—U—ZO 10x

X

F =0atx =2,i.e.,x =2is the equilibrium
position.

As particle is released from x =-3, so
amplitude is 5 m.

Thus, maximum x coordinate is
2m+5m="7m.



16. T:Zn\/ﬁ _ L
k f

1
7 —on 37" ana T, —on

1- n)

ﬁ_ nm (1 n)
fo - nm (1 n)

17. x =R sin ot
3

U, =U, =—

B D=y

3

>x=—R
2
- BD=2x=+3 R
18. F YALA

elastic — 1

«Lppz 1,2
2 2

Similarly, Fp = -

_ya
Lm

", lTP =12TC L_m
2 2 YA

1 1
T=t+=T +—T
2 P Q

aP—

—%+2n Lm

v YA
19. 5=10sin ot

Il
1)
@,
=}

\

= sin ot =

= 2y
T

U
W

~
[

|
N|'ﬂ§|bﬂ®|?\ DO
+
[\

X12(1+EJT
12 \2 6
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6 3
2, [00
3 100
4n
= =0133s
0/10
20. x = A cos ot
= 5 cm =8 cos ot
= ot =09
Et—0.9
1.2
= t=%s=0.17
T
2 2
21, 7="m.4 ,m2
3 3 3 3
2 2
ma m(~3
+ = —a
3x12 3| 2
2ma® ma® ma?

257

(@)

mg
_2n _ ™

28 20 45

-1. 25(2“) 1957 =T+ L
® 4

22, t=

In one time period distance travelled
d; =4A. In one time period distance
travelled d, =4A.

In the remaining time %, distance

travelled d, = A.
- Total distance travelled =5 A

23. T :2n\/z,
8

T’:I.}.E
2 2
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(1(

Z g_

l\'JIr—t
OQIMN

'ﬂ

+

/ﬁ\

_(1
2
24. A-

N | Q

=04 m, ®=30rev./min

30x 2
_U n:nrad/s

T:%:2s
)

25. y=—2cos ot =2sin (mt—gj

=2sin ﬂt—— 2sin(Et——
2 3 2

06

26. x = A cos ot = %:Acos ot

1 T
= COS Wl =— =C0S —
2 3
2n,_m
T 3
= i=T
6

a/2 al2 3a
¢t Tl/e T

av

27. lal=0’A =g for weightlessness

highest point

o= \/E 2nf

28. U= K—— U, x
2
:l.lKAZ_lkx?
2 2 2
= x= A
J2
A 2n
~— =Asin =t
J2 T
21 b4
= _.t:_
T 4

Zx_sz«/?=4«/§A
™ o9 t T/8 T

30. x =A cos ot
Att=0,x=Aandt=_",

60
x =A cos m'l:@
6w 2
A—fA
Vay = p
~“o
6
_60A 1 J3
ox 2
30)A 3
31. \/7 /40 =4/200
=10v2 rad/s
32. ma =kx,
ma 2x5
=Xy =—0 = m
k 400
10

=—cm=25cm
4

= More than One Correct
Options
1. At equilibrium, 7 sin 6 =ma

T cos 6 =mg

and



= tane:g
g

T :\/T2 sin? 0 + T? cos? 0

=myg? + a®

2. x =A cos (ot + 0)
and v =- A sin (ot + 0)

at t=0,x=AcosOandv=—-»A sin 0

é =Acos 0
2
= 0 :cosl(lj =T
2) 3

3. At equilibrium, Mg = kx,
Mg 1x10

Sxy =—2 =
k 500

=>A=x-x,=45-42=3cm

% x1x 02 :% % 500 (0052 — 0022)

m=2cm

-1x10x 003
v= \/500 (00025 - 00004 —-06)

= /105 — 06 m/s
=+/045m/s

=104/45 cm/s

=30V5 cm/s

a :(02A:£-A:500

max
m

003 m/s?

=15m/s?
At natural length, U =0

4. T = 2n/ eff /
80

1
20 10’mff 3 6 2

3x; =6xy = x7 =2xy and x; + xo =6cm
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= 3xy =6cm

= X9 =2cm

and x; =4cm
1 1

1
~3v? + =602 =~k x (006)
271 "9 T g (006)

3v? +6v2 =18
= 0¥ +20% =06
Again, 3v; =6V,
= Uy =209;
5. 6v2 =06,v, =~/01
. By =myvy =601

6
=—— =19 kg-m/s
V10 &

. At,t =T, y=maximum = a = maximum

At,t:¥,y=0:> a=0= F=0

L v=mA? —x2

=02 =?A? - o®x?

=v? + 0?x? = 0?A?
i.e.,v-x graph is an ellipse.
a=-a’x

= y = — mx — straight line

. a=0atx=1, so,A=2—1=15m
2 2
2n 2n 2m _
— T s =063 s
® 100 10 5

Vpay =Aw=15v100 =15m/s

. Same phase means a phase difference of

2nn, i.e., their displacement, velocity,
acceleration are equal.

.y =3 sin 100nt + 4 (1 — cos 100mz) —

=3 sin 100nt — 4 cos 100nt — 2
=5sin (100nt + ) —

= Match the Columns

1. x =2cos ot +2

.. Mean position is x =2,
Amplitude is x =2
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Extreme positions are, x =4 and x =0
where, PE is also maximum.

While, PE is not zero between x =0to
x =4

U

0 A
U =4 + ax?, where, 20 =4 + aA®
1

=

|
b PP

€(£)-w-o( 2

U =4d = K(0)=20-4=16d
A A

K(—):20—U(—j=20—8:12J
2 2

. At t;, a#0, v#0 and x =0 but

a = positive

—x=-veandv =-ve

Atty,a=0,v #0and x =0at ¢,, area is
-ve, 80,V = -ve

and at mean position velocity is
maximum.

. x =2sin4nt, v =8ncos 4nt and
a =-327% sin 4nt

v =An=8ntm/s =251 m/s.

max

So, velocity never becomes 30 m/s
2 2n 1
T=—=—=C"s5,
o 4n 2
So, in 1 s particle completes 2
oscillations.

So, speed becomes 10 m/s, 8 times in 2
oscillations and velocity 4 times.

Ko =Smul, =Lx2x64n2 —640J
2 2
So, it becomes 400 J, 8 times in two

oscillations.
@ =32 1% =320m/s, in two

max
oscillations it becomes — 100, 4 times.

. x=4 +6sin nt.

_2n_2m

T 2s.

o =«
A=6mand-2<x<10
at t=0,x =4 m,

at tzls,leom.
2

at t=1s,x=4m.

att=§s,x=—2m.
2

and¢=2s,x =4 m.

So,

(a)10m >4 m %Stﬁl—)q
b)10m »>7m %St<1—>q
(c)7m—>1m 1<t<§—>r
2 2
1 3
(d) 10 m —»-2m éﬁtﬁier



12 Elasticity

= Introductory Exercise 12.1 9 a o FL_ 10* x 1 _ 1
y_F/A__FI YA 2x10° x4x10* 800
AL/l AAL ~Lem-0125¢m
FI 8
= AM=3x 3, %zYATZ=9O><106N/m2
1
= Al « —as Young’s modulus of A is 16 x 108
Y £ :Az%_lﬁzﬁ(dg_df)
twice of B, so elongation of A will be half 90 x 10 90 4
fB. 4x16
° dy = | =272 1 (02?2 = 0063
90 =
=0250 =250 mm
AIEEE Corner
= Subjective Question (Level 1) _900(g +a)
2 -4
1. Y:ﬂ:A: Fl :>7'cd :i 4x 10
ANl Y Al 4 YA 4x10* 400
= g+a= =
4Fl 900 9
d= 400
n YAl = Gy =g~ 8 =3464 m/s*
d- 4 x 400 x 3 F
T\21x107 x314x2x10° 3. (Xj =15x 10° N/m?
= 1073 L m = f _ L
=19x10°m=1.9mm 4F
F 1 =i = |5
2. [Aj 1,34 10° Nim? 7x 15 x 10
max
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B 4 x 100
314 x 15x 108
“10% | % _092mm
314 x 15

4 g Mtretrdx _pg o
YA Y
2
:>Al:g_[lxdx:&
Y 2y
102 2
S A0 IBXED g 98107 m
2% 2x 10
=49x10°% m
5. [Ej _mamitm)g g s
Ay A
8 x 108 1077
o 2 3107 X610 g,
10
=48 -30=18 kg

(Ej _mrm)g g, 08
A) T A,

8x10% x3x107"7
10

So, lower wire will break if m >14 kg.
i.e., maximum load which can be put on
hanger without breaking wire is 14 kg

6. E is both have

A
cross-section area and subjected under
same tension.

Al _F AN 1

I YA [ Y

.05k
s/ (e Ys 220

=>m=

~10=14 kg

same as same

7. B 2P _ 4P
A &
|4 P
h
B B
400 % (1030)* x 10
2x 10°
4 x(103)?

=212 kg/m?3

Mgl Vpgl Vip-o0) gl
8. Allz— 2_7
YA YA YA
Vogl
= A=Al —Al; =— 2=
YA
10 x800x10x3
nx (2x107%)?% x 8 x 10'°
:—@xlo m
7T
=-239%x10° m
9. p___ P _ —hpg 180x10°x9.8
’ AVIV AV /V 1078
=176 x 10° N/m?
10, y-F/4
AL/l
YA Al muv?
=F = 7 =mg + ;

l (YAAZ j
v=_|—|——-mg
\/m l

9 11 -6 -2
. 3 x 10" xtx4x107° x10 950
25 5

_\/1 (8“ x 103 — 250):309 m/s
5.5

mv2_pR-29~v2
R

11. 2F sin 0 =

sin 6~ 6

= F =w?

A

F=""R? £910 i
2R V4
3 4rn*v® mR?
2R
=2nv2 mR
FI _2nv® mRx2nR
A Al mr? Al
4% V2 mR?
Y nr?
[ =2nR
AR = Al 2nv2 mR>
2n nYr?
But m = @2rR)(1r?)(p)

A

’
Naa

= Al =



Substituting the values we get, 3
AR - 47°v?pR?
Y
2
12, Alzil:(mg+moa D1
YA YA 4.
(60 +6x 4 x 47” x 06) x 06
2x 10" x5x 107 5.
=38x10* m
13. 2T, + T, =mg ...
Al = Al, 6.
Tl T.l
AY, AY,
T, .
T, = ) ...(i1)

Solving these two equations we get,
T, = M8 and T, = me
2 4

7.
14. B A
— )
(a) At centre :
7=""q —[Ls Ja 8
9 0 9 P Qo

T L
o Stress=— = —pa
S ZP 0

(b) At distance x from end B :

. F=
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YA Al
= Foc1
l l
Ly

During free fall, stress developed in the
rod is zero, so there is no elongation.

 Ap 12x10° x107°
 AV/V  03x1073
=4 x 10° N/m?
2
Ezyﬁlzmv
A I IA
e | L F 4193 485107 x10°6
m A 10
=3 x 48x10" x 10 =1.2m/s
w:2:£:4rad/s
I 03
d
dl:ptgx xzﬁzﬂngxforx:l
YA A A 2
F 1
= — == pgL
Ao P8
ﬂ:_ﬁz_lo%
\4 p

:>Ap:—B%:2x109 x 1073

=2x 10% N/m?

9. System is bound or force is attractive
T, =m.a, =(xspla, \ when potential energy is negative.
Al:.[L Txdx :poaoL 10. Y: Fl _ Tll _ 7"21
0 Sy 2Y AN AU, -D AUy, -D
15. Energy stored in stretched wire = msAQ — T,y - =T, (I,-1
= Objective Questions (Level-1) = hly -Lh =(h -T)
Til, — Tyl
1. 0=— P asAV=A=B=w - =712 720
av T, T,
4 2
11. Al_Fl _mgl:mgl.l:pgl

2. Young’s modulus do not depend upon
length of radius of wire. It is constant for
a material.

YA YA YAl Y

2
Ay (B} _ g a1, —4al = 4nl
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12. Al:laAQ,U:lexAlzéYAATZ-AZ

_YA(AD)?  YAP? d* (AD)?
o2 2l
YAL o (A0)*

Al
Y o2 (A0)?

DO | =

LU=

== x 10" x 144 x 1072 x 400

ORI S

=72x 40 J=2880J
13. Al, =1 aAB=1x10"* x20m =2m

= Al, =1mm
F_yal
A l

=108 N/m?

-3
=10 x i
1

14, dT =p dx-a=pS dx- 10 =PSFo 4,
m  PSL
=F—0dx
L
dx<—XxX—>X

0 T

 T+dT (§\T>F0

S
T-dx F,xdx
YS  YSL
_F0L2
~ 2YSL
1 F,

2 YS
Al _ Fy
L 2YS

dl =

JEE Corner

= Assertion and Reason

1. Elasticity depends upon Young’s
modulus, which is more for steel as more
stress is required to produce same
strain, i.e., reason is true explanation of
assertion.

2. Assertion and reason are both false as
Bulk modulus of gas depends upon

thermodynamic process, while the
relation  between  pressure and
temperature also depends upon

thermodynamic process.

3. Assertion is false as Young’s modulus do
not depend upon length while reason is
true.

4. Assertion and reason are both true but
not correct explanation.

5. Reason truly explains assertion.

6. Assertion is not true as it is true only
with in elastic limit.

g B _p_1_ 1 3
B,y ™ 1 5/9 5
reason is also true but not correct
explanation.

is true and

= More than one Correct
Options
1. dW =F -dx =kx dx =%~xdx

2
woYA [l g YA 1p YA o
[ 70 L 2 2L

From graph, m, <mg

(Y_AJ < (Y_AJ
L)y \LJg
it is possible when, Y, <Y, or

A, <AgorL, >LgbutasY, =Y,
andL, =L, =>A, <Ap
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3. W, =Mg-l, U=kB*=1ma, S[ML'T 2] 57
2 2
1 (d) F =kx
Q=Wg—U=—Mgl [F]
2 =[hl=—
[x]
= Match the Columns = [MLT 2L 1]
1. (a) [stress]=[F1/[A]=[MLT 2L?] =[MT %] >s
= [ML1T 2] 2. Y= Ei or Fl =YAA
U [MLT2L] AML
_V_ [L]3 (a)FT:ZT:AlT%p,q
=IML™T ] — 7 M IT= AT > p
(b) [strain] = Al /1 =[M°L°T°1 > p, ¢

(c)AT:>§~L:>AZJ«—>r,s

[F/A] = [stress]

Y =
©WI=ro7 @Y =AY Sqr



1 3 Fluid Mechanics

= Introductory Exercise 13.1

:§x103+%x135x103
1. Fy =p, A=h, pgA and Fyz =hy pgA

17.5

ash, <hg=F, <Fy

1 4
p= T 30 OB g
A 425x10°

=6.92 x 10° N/m?

« hyprg=hypy 8

P2 M 100 4 o
p; hy 125 5

= (ly —11) p =25p; —275p,

25x1 275x08

136 136
2522

136
. () p, = pxry + hypg =(76 + 20) pg

1=

2

cm =0.22cm

=96 cm of Hg and p, — p; =20cm of Hg
Py =DPo —hopg =(76-18) pg =58 cm
of Hgand p, — p, =18cmof Hg

(ii) 13.6 cm of water = 1 cm of Hg, i.e.,
Hg in left limb will rise by 0.5 cm
and on right limb, it will fall by
0.5 cm. Thus difference in Hg level
will become 19 cm.

= Introductory Exercise 13.2

4 1
1. Vpsg=ngw g+5szg

4 1
:ps :gpw +gpl

S

== 10% kg/m® =35 x 103 kg/m ®

. Vp, =210 g, V(p, —p,) =180 g and

Vip, —p;) =120g
Ps —P; _180 _6
p, 210 7
_6_Puw
Ps
=p, =Tp, =7 x 10% kg/m?
ps —p; 120 4
ps 210 7
AP
Ps

= PZZ%PS =3 x 10° kg/m?

. As in equilibrium buoyant force and

weight balance, so in accelerating lift
both buoyant force and weight increase
such that there is no change in volume of
submerged wood.

. As w,, =w - B as water is placed in

water, so, apparent weight is zero.

. If a body is placed on water, then it

cannot displace water of more weight
than its own weight as in such case,
buoyant force will be more than weight
and the case buoyant jump up the liquid,
which is not possible.
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6. w+ Vpg =Vog =16x Tr dr
m = V(s -p) W =161 T r dr =8z TR’
=>£(G—P):12O(E—1J 3. é7'cr'3:27><é7'tR3
P P 3 3
:12Okg(1—1):120><0'4 kg = 80kg = r=3E
06 06 — R-r/3
7. The amount of water drink and the o AS =27 x 4nR? — 4w
volume of water displaced due to weight 2, )
of drank water remains same such that =4n [27 X 9 r j =8nr
water level do not change.
Vpg + mg = Vog AW =T AS =8 T
= Vio-p)=m 4, As wax seals thread capillaries which

sucks water, that’s why water cannot

3
= — =
a”(o=-p)=m spread over cloth and cloth becomes

1/3
a :{ m } waterproof.
G—p 5. (a)U:pl _p2 (R2 _r2)
05 1/3 4TEL
| - R?
{0.1x103} vo =P PR g
4nl
:]_0_1><51/3 r2
=10x 53 em =17 cm =Yo [1_132]
9. Vpg=06Vog
1 \ - 1_@ =2=2.25m/s
= p=0.60; =600kg/m 4
Vpg=08Vo, g (b)Atr=R=v =0
62 :ﬁ :%kg/m3 6 (a) d_V:E ﬁ [pl _p2]
7(.)588k‘/ 3 @B -
= m —
g n 4*x10° 1400
10. Vog=mg T8 1005x 10 20
— — — 2 ’
= m—Vc—A_ZhZG—nr h_;s ) 397 x 70 x 107
=nx(08x1077)° x3x 107" x 10° kg T 1005
— 7tx 064 x 3 '
nx Dot xog =7005x 107 m*®/s
=603 g 1
(b) ApocR—4
» Introductory Exercise 13.3 Ap, R
1. AW =F x5 =2TIx05 T
-2 -1 -3 1 2
=2x72x107° x 107" x 10 16

~1.44x107°J

2. p=2T aw-pdv =2 am2ar
r r

= Apy =16Ap; =224 x 10* Pa
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av. 1

. For new value of .

av ( 1005
dt 0469

=1.5x 102 m?/s

)(70 x10™*)m?/s

AIEEE Corner

= Subjective Questions (Level 1)

1. mg=Vog

3
:>Vp1g=ZVPQg

4
= P2 =§Pl

2. Vpg=0095NandV (p —o) g =0071
p-o_T71
p 96

o_,_71_25
P 96 96

96
22 6=3840kg/m?®
p= 25 g

3. V+2og=mg+myg

30
:>V:m1+m2 -2= g3—2cm3
c 10/ cem
=28 cm?®

4. T=B—W:V(c—p)g:mg(g—1J
p

=71.2(L—IJN
0.75
—LN 2373 N
3
5. Vog=Vpg+mg

- v="1" 50 m?
p ~ 1000 - 850
3

c -
—1 =03 m?

3
6. (2)pV =10g,(p-0) V=8¢

=1-2-08=2-02
p p

or p=0—02=5c

=5000 kg/m?

=6g/em?

1
V:E:2cm3 =2x10% m?3

p

M) (p-o)V=85g=1-2—085
p

= i =015
p

= o =015p =750kg/m?

.B=Vog=1cm? x1g/em?

x 980 cm/s? =980 dyne
W,p, =20 x 980dyne + 980dyne

=20580dyne =0.206 N
2

.a’p,g=d’xc,g+a’>(a-xo, g

ap; =xo,, +(a@—-x) o,

= alp; —o,)=x(c,, —0,)
X _Pi=0w _TT-1_ 67 g
a o, —OC 136-1 12.6

m w
= x =31.9 mm is in mercury and

28.1 mm in water.

F B-W
a="—=_—
m m
_Ve-pg
m
c 1
1% 1|g=[—-1
(p jg (0.4 )g
3 2
—g=147m/s
2g
po |25 _ 2229 (ps
a 14.
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10. B+ T=(M +m) g=T=18g -B ...()

(cos B —sin 0) p =(cos 0 +sin 0) ©

cos O(p—o)=sin 6(p + o)

. tan 0 = p-°
Equating the torques above point A, we p+o
have 600 g
4. p, =pp=>——°
(12g) (éj +(62)(]) = B@lj LR 800x 107
=8cg+———
or B=16g ..(i1) 25x107*
Substituting in Eq. (i) we have L F—95x 10" 600 _-80|g
T=2g =196N 800 x 10~
\4
B = x(1000(98) =16x 98 :(% _9% 102 x 780)g

L V=382x102m?

=(18775-156) g =31N
11. @ T=B-W=V(c-p(g+a

15. (h’l +1 +h’2)pwg=lpw g+h2 Pm 8

m
—F(G—p)(gﬂl) hipy =hy (P —Pw)

Pm ~Puw
SR S A

P Pw
136 -1
=22-1)(10+2)=24N =

F _B-W 24N

(b)a =— = =2 12 m/ss? 16.
m m 2 kg

xlem =126 cm

12. F:kx:nvzk—xorx=E 1]
A E 3
131x 10 x 0.5x 107* -1
(@)x; = m
131 . ]
JI81X08 L 10.9em /
30x 10% x0.5x 107* _
(b) xy = . ihdade m =2.5cm p() =xpg
60 (a) dF (x) =pg x . ldx = pglx dx
13. (r —rsin 0) pg =(r —rcos 0) pg F = pgl jh © dx =1pg In2
0 2

+(rsin®+rcos0)cg
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(b) dr (x) = dF(x) . (h —x)
=pgl (h —x) x dx
=pgl (hx —x%) dx
T = pgl j: (hx — %) dax

14 13)
cogt[Lnz Ly
pg(z 3

1 3
_ L oetn
6 PS

2 1
= =—h==h
V76" 73
17. 15p,8 =xp, &
x:15pw :Ecm:1.10cm
Pm

h=(15-110)cm =13.90cm
(a) Ap=15p,g
=15x 102 m x 10% kg/m? x 9.8 m/s?
=1470 N/m? =1470Pa

18. hp,8 =hepo8

Original level
of mercury

Hg

hipy = hypy
(30 + 3x)(1) =(4x)(136)
Solving we get, x = 0.584 cm.

20. p+pgh+ é pv? = constant
2OkPa-|-0+%p><32 :p+pg><l+%p>< 42

pzZOkPa—pg+%p(32 —4%)

=20x10% -9.8 x 103 + % x 103 (-7)

=(20-133)x 103 Pa
=67 kPa
18kPa+O+%px02

:p’+pg><1—i-%p><02

p =18 kPa - 9.8 kPa =8.2 kPa
21. v=.[2gd, R vt = t2gd andh=%gt2
1R R
2 2gd 4d
R?
"4
22. Au=avand Fu dt:%mv2

=d

1 2
=Zp.avdt.v
ZP

1 3
Fu==pav
2P

2
oF
= v= |—
pA
1
23. po =Py +pwgh—§pav
% v gh
V= Py &
| Pa
\/2><103><102x98
U=
13

2

=12.28 m/s

1 5 F 1 o, F
24. —pv° =— +pgh + =pu” =— + pgh
2P A pg 29 A pg




2 (@
-4\ 05
108110
05
2% 504 \/2 x 504
1-0002 0998

1 1
épvi1 +pgh, :ipvjzB + hgpg

=3.18 m/s

25.

vy Ay =vg . Ap

vy —vE =2(hg —h, g

2 Az
A[l—gJ:Z(hD—hA)g
AA

+10% x 10 x 0.5]

...(@)
...(ii)

2A hg 2x2x102 x 10
Va = 2 - 2
148 1-2
Ay 4
04 _ [16
3/4 3
=073 m/s
Vg =Uy - 073 m/s x = 146 m/s
5 2
26. ﬂ:Av:5OO cm®/s
dt
s.v; =100cm/s =1m/s
vy =250 cm/s
—25m/s
Pm ah=1 g Pu 5 —vP)
Ah:ﬂ
28P mPw
625 -1
= -197cm
2x 98 x 136
27. v, =2.7 P98
9 n
2 4x107° 2-1x10° x 10
9 1x107°
g x 10~% m/s =089 mm/s

Fluid Mechanics | 69

4 L
28. Q:E.R_ﬁ :811 Q
8 n L nR*
8x4x107°x107° x 066x 107
nx16x 10724
hpg:2X0'66><10+15

29.

30.

31. F =

32.

33.

—=h=315x10° m=315x 102 em

Uy OCT"2

énRB =2xénr3:>R=21/3r
3 3

= 22/3

7 (R2 %)
4n L

(e

Ap 9
Uy = (R2 - R?)
0 4 L 2

v=—2_

_7R2 (R} -1%)

dv -9
- .—=+10
A dx
=002 N

x 0.1 x 10><g
1

@ =102

dx
=103 N/m?

2T cos 0

rpg

_ hypy /cos 0,

Stress = E =n x 01 x §
A 5

h=

)
T,  hypy/cos 6
34 x136x671

9x1/1
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4T 4T
34. p, = p +7apb=p0 +T

p,V, =nRT and p,V, =2nRT

4T\ 4 3 4T\ 4 .3
+ = |x = 2=| p+— |x — mb
(p jx3na X (p > jx3 o

a
2a3(p+4—Tj:b3(p+4—Tj
a b
p@a® —b?) =4T (b* -2a?)
_p2a® -b%)
4 (b% —24%)
oT
35. po=p+§=p+hpg
oT 2x 007
= m
hpg 1072 x 10 x 10
=14%x10°%m =14 mm
36. p=p, +%andpolA=p(l—x)A

= R-=

b =Dy m

.pL_p_g
0 TR

T
S
—
o~
|
=~
+
K
[
| [\
~
< XxX—>

I-x | R
pOR l - _ £ -1 =
2T X X
or l 011m
X = =
p0R+1 105><1><10_5+1
2T 2x 506 x 1072
011
=400 - 101cm
7 41
1012

If seal is broken then water will start
rising in the capillary and will go upto a

T 0
height, p=2 0
) rpg
2 x 5 10~
B = x 506 x 10 COSG:l.OlcosO,

107® x 10° x 10

above i.e., it will make convex meniscus
as the tube is of insufficient length.

= Objective Questions (level 1)

1. Net force is zero, when a body moves
with constant velocity.

-2 -2
5. [y [l _[MLT 2] [L2](T)
[P] [ML™]
— [L2T71]: [MOLZTfl]

3. n OC% as with increase in temperature

fluidity increases.

4T\ 4 5 4T\ 4 5
4, +— |x=ma® + +— |x—=mb
(po aj 375 (Po bj 375
( 4Tj 4 4
:p0+— X — TC
c 3

po(a3 +5%)+4T (a® + bz):poc3 +4Tc?

(a) In vacuum, p, =0

:W:SCm
5. pp < py while, p, = po = pg
6. ku+Vog=Vpg=ku=V(p-o0g

. kuzm(l——}g:u__g(l_gj
P k P

7. Because of the pull due to surface lenses
of liquid at side B, the film will take a
concave shape in side A.

1
8. 3py =p, + pv

3
I 1/4 <107 _ /400 s

9. voerlandm crd®=vom?

2/3 /
vy _(my :(S_m)23=4:v 4o
v; \my m ?




10.

11.

12,

13.

14.

15.

16.

17.

18.

ad
dy

W=TAA =c(n4mw’® -4rnR?)

=4nc (nr? - R?)

Again R? = nr3,

W =4no(n.n¥® R? -R?)

W=4rR? (NY* -Do

F=-n

pPL=D +£ and p, = p +£
1 0 R, 2 0 R,
1 1 4T
= - =47 | — - — |=—/—
b2 — D1 ( R, RIJ R
r_1_1
R R, R
Pressure decreases along the direction of
flow for viscous fluid even in case of
uniform cross-section and here as
velocity increases with decreasing

cross-section presses further decreases.
So, correct graph is (c).

mg =6nnru,
%nr3pg=6nnrvt
L [ _ 9 x18x 107 x 30
2p g 2x 103 x 10
=/27x09x 108 =493 x10* m
=~ 0.5 mm
2T cos 0
=227 0= cos 0=0=0=90°
rpg

2
vmﬁ:%=@=FT:1
‘ v, \n 2) 4

=1y =Y _5ems
4

Py =hpg
h
= DPr+PE=Do =hpg
~ p. :%hpgzOB Py =08 x 10° Pa

Vszchwg = P=§Gw and

Vpg:%Vclg = c; =3p or

c; :3X§Gw =20,

19.

20.

21.

22.

23.

24.

25.

26.
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In sugar solution ice was less immersed
due to high density of liquid. But with
melting ice, density of sugar solution
gets decreased and ice gets more
immersed, displacing more liquid. So,
liquid level will increase.

As apparent weight of the downward
accelerating body decreases. So, that of
water also decreases and this leads to
decrease in magnitude of buoyant force.

Two limbs will have liquids at same level
only when their densities are equal
Le.,p=p,

As F,>F, and F, =F, +C, again,
f2 :FZ +Band fl :Fl thus fl >f2 Only
when, C > B but not in all other cases.
Thus, f; > f, is not always correct.

2(p; — py)

1
P1=py +opU =U=
2 P

9x Ly 10°
2

v = =10m/s

10?
Mg -V 6 g =Ma,
Vog-M-m)g=M -m) a,
M(g-ay)=Vog=M-m)(g+a,)
M (g -ay) -M(g +ay)=—m(g +ag)
-2Ma, =-m (g + a,)

_W_ 800
gh 10x 05x 1072

Vo, + Vo, =2V x 4x G,

=10* kg

= oy + 0y, =80y ...(1)

Vicy =Vy0,; Vioy + Vyoy
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217.

28.

29.

30.

31.

Mechanics-2

96, =35, (1 + GlJ

G2
8o, —0y)
G

...(i1)
280, —0y) =30, [1 +

165, —20, =30, [80“’]
Oy

2 2
=80, 0y —05 =120,
" G% -8c,09 + 126?0 =0

oy :%[scw +,/646% — 4802 ]
1

=-[86, *+40,]
2 () (e}

=60, or2c, Similarly for, 6; =25, or
6o,

. Specific gravity of them could be 6
and 2.

A x05%09x 103 x g + 100g
—Ax05x10®x g
=100=A x 05 x 01 x 103

= A :@ :2m2
50

(V-v)p, =382

while Vo =38.2-36.2=2¢
2 p—-Vp=382

(e}

or 2193 500 V193

or V =% em? =002 cm®
93

1 s F 1 .5 1
F=Zpgbh? =" == pgh® = pgD
5P ;=5 PEh = e

av =constant and v =

not depend upon p.
s_»pV

t ¢
_100x 107 x 136x 10% x 10x 60x 107°

60/72
=136x 072 W =098 W

32.

33.

34.

35.

36.

37. v

38.

Accordings to continuity, @,

:Qout
4x10°%=6x10° +5x10° +2x107°
+4x10% +8x107% + @
Q=-21x10"°% m?s

Mg =a? x%axpxg

= a®=4M/3p
= a=(4M/3p)V?
h_2Tcos 0

rpg
T, rhpg/2cos® hpcost®

- Tw _ =
T, rh'p'g/2cos & A p'cos 6

" _ 10x 1xcos 135°
342 x 136 x cos 0°
B 51 1
' 342x136 65
2T cos © 2T cos 0

rpg - VA /T pg

h

:>hoci

JA
b [A_[A
L= — = |— = 2
Th 4, A2

= hy =+2h; =201/2 cm
Volume flow rate =av = a+/2gh

..In steady state,

10* =(1)./2x 1000 x A
h=5cm
1072 x 2

05x 1072

_Ap
A,y

=4 m/s

2
Pt S pu? = py + L oo

1 2 1 2 2 2
= py :SOOOPa+%x103x4—%

x 10% x 16
P, =8000 Pa + 2000 Pa — 8000 Pa
=2000 Pa

8x4/3nr®=4/3 nR?

= R=2rv, «r’

= vy =4V; =24 cm/s
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JEE Corner

= Assertion and Reason

1.

The magnitude of normal force per unit
area is defined as pressure and so it is
scalar quantity, not a vector, so
assertion is false.

Assertion and reason are true with
correct explanation.

Assertion is false as p(h) = py + hpg
while p(2h) = p, + 2hpy
i.e., p(2h)=2p(h)

Vpg=WWhile,V(p—c)g=¥
p-o
p

2_

or 1-

©la w|n

= p =3o0. Assertion is true and reason
is correct explanation as

P W 4

o w-2w
3

Assertion is false as due to different
cross-sectional area and height of oil
columns will be different producing
different pressures which lead to
different water levels in the limbs of
U-tube.

Assertion is not always true as it also
depends upon the height from ground.

Assertion and reason are both true but
not correct explanation as v depends
upon P while R depends upon v.

Assertion is true and reason is correct
explanation as acceleration  or
retardation depends wupon force of
buoyancy which in turn depends upon
densities of ball and liquid.

Assertion is false as barometer
measures air pressure but on moon,
there is no atmosphere to exert pressure,
the barometer reading will be zero.

10.

11.

At P, liquid is in motion such that at that
point pressure is less than atmospheric
pressure. So, assertion is false.

Assertion and reason are both false as
force of buoyancy can be negligible only
when relative density of the body in very
high in comparison to that of air, it is not
true.

= Objective Questions (Level 2)

1.

2.

3.

tan 0 = a_ L =
g hl/2
= a=2¢
As ice melts, its volume decreases, so oil

level will decrease, and as volume of
water increases, so level of interface will
rise.

As water is under free fall such that it do
not exert pressure on side wall, so water
do not come out of the hole.

For translational
T+B=12g+24¢g

equilibrium

129

.. T=36g —-B=T <36g
24gx6+12gx12-Bx9=0

2x24x6
= BszXg=32g:>T=4g
B=%cg=32g
= v=%_64x102m®
o



74 | Mechanics-2

120 x 10% em?® /12 hy -
5. Q=Av:>v:Q: 0> 107 em 0s 11, x=—1 by
A 5m?2 2
=200 cm/s =2 m/s
5x2
UQZMZ : =10m/s
Ay
h
t= % and R =vt =10m/s !
& h
2
2x1
:0 s=25m =447m
6. dF =pgy bdx W, = Axpg . x = Apgx®

{Apg (hy - hy)?

12. Ap=hip1g + hypyg
=01x06x 10° x 10 + 002 x 10% x 10
=600 + 200 =800 Pa

1 9
13. Ap==pv
\P 2P
RAp  [2x5x10°
> V= |[—— = 73
F h sec 6 bd p 10
=[,  PgxcosObdx — 1010 = 32m/s
:pgbcoseéx2 zsece 14. v, =vg =0,
1 ) = P4 = Pp
=§pgbh sec 0 =h=0
dp dm d
- d 15, F=—=20— =20 — (pV)
7. v =2%=2gh dt dt "
P oh =2 pv A =2pA v?
= dz—c_p 16. p, = py +pgh
= Ap =pgh
8. tanO:E:A— p=ps
g L Pa — Po =pal
A =2 :dAZp = pal -
8 17. 12 QL -2ecmh pg =B=1— . yo g
20 2c cos 0 4 4
9. Pgp =Patm ——— = Patm — 5 and p
r R =y="@2L-2cm/h ?)
Pg =Ps +hpg = DPam L °
2 P2
= L" \2gh =nR* \/2gh4h I _lem/h ¢
= I? =2nR* dy

@ _
R-L/\2n =g~ tewh



18.

19.

dF =pgy . bdy =pgb ydy

=F(0 — h/2)=pgb j:/z ydy Z% pg bh®

r(o—>h/2)=j dF >(h/2-y)
w2 (h
=1, (——yj-pgbydy

2 3|
1 1) 1

= bh3[—j= bh®

PO 116 "24) a8 ¥

3 8 16
= pgbh® 1442;9 _ 5Piléh3
. (458—1jpgbh3 =Fxg
le pgbh?® = % Fh=F =% pgbh? = épg

(r —rcos 60°) pyg =(r —rcos 30°) 0

(cos 30°—cos 60°)p; =(cos 30°+cos 60°)p,
P1 _cos30°+cos60°_J§+1

py  cos 30°—cos 60° 3 -1
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_dp _d
Cdt dt
=, +vy)pV

_2r2 (p-o)g

e

_2x9x107% (2x 1260 - 1260) x 10
- 9x1.26

=2x1072 m/s=2cm/s
d (20-10) cm

2 cm/s

dm
20. F =y + —_—
(mv) =y +vy) 2t

21. v,

U1

2 2
22. (2p)(g) (%J - (3p)(g)(R J

2

< 20m >

60 x 1
60p, 8 =hp,g :hzTX=15cm

l; =15cm +20cm =35cm
V, =liA =35cc
24, mgsin37°:nA.%
33 2 U 3apgt
a’pg S =ma® - = n=
pg5 n : n 50
25. 2gHt=Rand%gtz=h

2
J2gH . %:R or 4hH:R2:>H:R_
8 4h

26. w +w+ B

, B \% m
=>m=m+—=m+—0c=m+—¢0C
g 2 2

7.2
~ m =10kg + =10.5k
g 2x7.2 g
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27. P v H

A 2 3 1

B 1 2 2

C 4 1 2
ForA,2+%x 1x32 +1x 1x 10 =165
ForB,1+éx 1x922 +2x1x10=23
ForC,4+%x 1x1% +2x 1x 10 =245
So, Bernoulli’s equation gives different
values for A, B and C. Thus, they do not
lie on same stream line.

F W-B Vpg-Vog

28. a="—= =

m m vpP

= (1 - Ejg, downward
p

=— (E - 1) g, upward
[

29. v = 2g(3H—x),R:v~t,andx:;

.. R=.2gB3H - x) \/g =2 .J(8Hx — x2)
g

For R =max, dr =0
dx
= i 3Hx — x>
dx

1

) 2.3Hx — 2

:x=%H=15H

v v
30. T = -—andF, - T = —
nA H 0 TlAzH

v

(BH -2x)

v F,
= n_:i
H A, +A,
AF,

TA + A,

31.

36.

hx08xg=50x1xg

25 mi
i25 m

:>h:5—0=625cm
08

Ah=(0625-50cm=125cm

. U =./2gh
. R=2/WH -h)

=x3 =2,/a(4a —a) =2/3a
x; =2 ,/3a (4a —3a) =2J/3a = x4 and

Xy =2./2a (4a —2a) =4a

%%
X; =%xg <Xg
A L A 3L A
il _fiZd +7id
52745 745 g
2 3d_5d
4 4 4
A L
H 5 4
pP=py + §+5 4124 g
A 3L
H 5 4
+| =+ -d
2 T A g



or v =,}§(3H—4h)

38.R:vt:‘/§(3H—4h) -\/@zwlh (BH - 4h)
8

= More than One Correct

Options
1. dv _2_ 2m/s
dx

F=nA %:10*3 x 10x 2 =002 N
X

For liquids viscosity decreaese with
increase in temperature as adhesive and
coheive forces decrease while for gases
due to in random motion with
temperature viscosity increases. Surface
tension decreases due to decrease in
adhesive force with increase in
temperature.

In opposite direction to the displacement
and it is possible only vertical direction.
As,F, =—AB=-cAx g

= F, o« —xirrespective of the value of x.

A1U1:A2U2, as A2 <A1 = Uz >v1
g_dv__av
dt dt

So, p + pgh + %ppv2 = constant

Py < P1
a3pg = a2lgc:> L f
a o
f is independent of atmospheric
pressure, f increases with decrease in ¢
and f decreases with decreases in p

2x 4h
vwo_N2h 14 N 8 2
vy J2g4h 2t 2xh 1

g

10.
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R, 2JhGBh-h) h-4h 1

R, 2.[4hBh—-h) J4h-h

P, > Pz and P, > P,
W=mg=Vpg, B=V .2pg =2W
Qair :g‘l”
B-W 2W-W
Aiquid = = =gT
m m

a, c and d are correct.

Aw, =ndr? . [2gh and
Ayvy =mr? \2g16h = 4nr® \[2gh = Ajv,
A, = Ay, =Q

After some time @, =0and @, #0

’

Vog=Vog = K:B:f= constant
V o

Respective of shape.

L fi=f=1s

as for 3rd area is uniform, A4 is
minimum.

for 2nd area is decreasing faster, A, is
Moderate.

And for 1st area is slowly, A, is
maximum

hg <h;and hy <h,

= Match the Columns
1.

v = [28hy,, v < Ay,

R is maximum when A = g

With increase in temperature, density of
liquid decreases. Furhter,
Upthrust F =Vp, g

or Foxp,
Upthrust F =Vp,g =V(x h)g
Foh
No solution is required.
F, —F, =Net upthrust

=Vip1& + Vapag
=Weight of cylinder in equilibrium.
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