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CHAPTER 3: ROTATIONAL DYNAMICS

Test Your Concepts-| . 4 (a) dl=x>(dm)=x*(Rox)dx [+ dm = Adx)
(Based on Moment of Inertia and
. . [
Applications) >
I
1. Axis A: I, = myd} +myd; = (3 kg)(1 m) + : S % ]
2 2 : dm
(5kg)(2m) =23 kgm i
: 2 | e
Axis B: Iy =m; (0)+m,(dy +d, ) =45 kgm ! o
, 2 2L
Axis C: I = my (d, +d, ) +m, (0) =27 kgm® . I=/10Jx3dx E
Axis D:1;,=0 q o.
Ip is zero because we treated the masses as point . <
particles and perpendicular distances are equal to zero. x L
2. For each mass we need its perpendicular distance from 0

the axis. For each axis, two masses do not contribute to
the moment of inertia. The other two are at the same
distance

3sin(53°)=24m
I,=(4kg)(24 m)*+(2kg)(24 m)’

= I=%(16L4)

= I=4A (1)
Now dm = Adx = Ayxdx

2L

= [,=346 kgm2
= M=jdm=lojxdx

I;=(1 kg)(2.4m)2+(3kg)(2.4 m?) =23 kgm? 5
3.  Moment of inertia of rod 1 about axis P is $2 2"
2 = M = /1 -
ml 2
3 2
. = M=2,[
——t
: So, [ =2MI’
02 7 e
e % (b) Similarly, in this case
cM 1=1mr
5 3
| 1.
5. L=—ML (1)
Moment of inertia of rod 2 about axis P, 12
i 12 Now, L=27r
L=—+m JE—)
RET) ( 2 = = ZL
So, moment of inertia of a system about axis P, " ,
ML
ml>  ml* ( I )” I,=2M ="
[=1+],=—+—+m| 5= 2’
T 2 §

i . I(Mff} |7
= I=— L \12 ) p?) 6

3
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6. Using parallel axis theorem
I, = I +ma*
I=I-+mb*
From (1) and (2)
Il—Izzm(aZ—bz)
7. (a) I=O+m(2d)2+m(\/§d)2+m(\/§d)2
= I=4md®+2md* + 2md*
= [=8md"
() 1=0+me®+me*+m(y2e)
= I=4m/*

8. J[=’[tntal =Ican +21|ids
2 1 2
= [=MR +2(EMR )
— I=(27Rho)R* +(7R% )R
= I=07R*(2h+R)

9. J[=’[total =Irocl +Ispheres
2
= I=l[m(SR)2]+2|:EmR2+m(ﬁﬂ'{] }
12 5 2
2 2 '
= I=§mR2+2(—mR2+—5mR2J
4 5 4

= I=mR2(§+é+§)
4 5 2

_ mR*

= I 0(15+16+250)

2
= 1=@(281)
20

= I[=14mR’
10. Given M = p(énff - E,1rb3 )
3 3
= M=§7Cp((13—b3)

I= Isphere of J[sphere of

radius a radius b

- (e e

.(2)

11.
12.

(D)

4 M
From (1), —mp=——
()39 Ly
2 E—P]
= [=—M| ——
5 [a3b3

Let ¢ be mass per unit area i.e., surface mass density,
then

M

o e -0

o=

Also I = Idisc - J[cavity

Now, about the said axis, we have
1

= g = E(nRza)Rz and

By Parallel Axis Theorem, we have

I

cavity = %( 'Til:az‘:’-)a2 + ( ﬂ:azo-)bz
a2

= oy = ma’o| —+b*
2

1 2 2 2 a* 2.
= I=E(£‘TR O']R —-maco E+b

= I=%J’IO'(R4 —a —2a2b2)

Using (1), we get
44 a2
I=1M[R d 22.51.!7)
2 R™-a

Moment of inertia of a semi-circular disc about an axis
passing through centre and perpendicular to plane of

2
disc, [ = MR
2

Using parallel axis theorem [=1I_, +Md’, d is the
perpendicular distance between two parallel axis
passing through centre C and CM.

MR* | 4R
2 3n
4R ]Z

= —=1€m+M(—
3r



o 2 97?
2 a\ aV
13. IT=m(0) +m (—J +m (—)
1 2| 5 3 5
o
= I=—(m+m,)
U
/o\m1
f":\\
AN
/ I A
a/ 1 \a
/. [ A
’ | \
/ I \
/! : Ay
mzd---é---:----é---bmz
2 | 2
14. k=R

By Parallel Axis Theorem, we have
=1 +Md*
= MR’= %MR"2 + Md*

= Md*= %MRZ

15. dm=odA

= dm=kx?)(2mxdx)
R

= M= Jdm = 2xk'[x3dx

4
= M:2m’c(%)

ICON

16.

17.

(D)

Hints and Explanations H.149

If dI be the moment of inertia of element, then
dl = x*dm
= dl=x* (2m’cx3dx)
R
= I= anRJ.dex
0

6 6
= I=2ﬂk(R—]=nk—R
6 3
But from (2) 7kR* = 2M 2
IZZMRZ wl
3 -
o.
2 T2 2
so, 1= ML mLt L <
3 4 3 XL
U
= JT:EmL‘2
12
z
m_LZI
3
mL?
‘L,vy
mL?
3

Moment of inertia of rod BC about an axis perpendicu-
lar to plane of triangle ABC and passing through the
mid-point of rod BC (i.e., D) is

B me*
12

According to Parallel Axis Theorem, moment of inertia
of this rod about the asked axis is

1

L =1, +mr
I m€2+ [ ¢ ]2 me*
=——+m = —
12 23) 6
A
/oM N
[
AT
-1430° 1
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So, moment of inertia of the system is

{2
1=312=3[—m J
6

ﬂz
- 1=
2
2 mfz
Siﬂce, [= (Mfotal )K = T
)2
5 Gmr="C
2
/
= K=—4
J6
Test Your Concepts-Il

(Based on Rotational Kinematics, Combined
Effect of Rotation and Translation Motion)

1. Angular velocity o = % = %(% ~3t24£%)
= w0=4-6t+3
(a) Att=2s
0=4-(6)(2)+3(2)
= w=4rads’
Att=4s
0=4-(6)(4)+3(4)°
= @=28rads™
(b) Average angular acceleration
-t 4-2
=  o,=12rads?
(c) Instantaneous angular acceleration is,

_do_ 4
di dt

= o=-6+6f

Att=2s,a=-6+(6)(2)=6rads™

4-6t+312)

Att=4s,0=-6+(6)(4)=18 rads?

2. The motion of disc is both translational and rotational, 3.

so the acceleration of any point P on the disc can be
expressed by

ap =ﬂpc+ac

For all the specified points 1, 2, 3 and 4, the accelera-
tions are shown in Figure.

R
2 o a
Re?
Ra >
Ra? oR 3 a
1 a 1 3 = l >
Ra
4
Ra?
Rad—l—Aa
4

The acceleration of point 1 is

But a]C = (alc )tangential + (alc )radial

= = (Ra)}+(Rw2)f and d- = ai

A

= i =(a+Rm2)§+(Ra)]

Similarly, the acceleration of point 2 is
52 = Ezc + E{'C

where, i, = (Ra)i -(Rw? )} and . = ai

N

= i, =(a+Ra)f—(Rw2)j
Acceleration for the point 3 is
where, i5c = —(Ra? )i —(Ra)j and G = ai

~

= i=(a-Re?)i-(Ra)]
Acceleration for the point 4 is

g = fyc +ac
where, 3, = —(Ra)i + (Rw?®)] and i = ai

A

= d,=(a-Ra)i+(Ro?)]
For particleat P, r =CP=1m

do d 2
=—=—(2t)=2rad
a=— dt( ) =2 rads

Att=1s, @=2rads " and @ =2 rads™

So,a,=ra=2 ms~?, a, = ro* =4ms>, a=2ms>
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Net acceleration of P is the vector sum of three terms 4,
a, and a, as shown in Figure below.

A

= dp=2i+(2c0s37° - 25in37°] )+
(~4sin37°1 - 4c0s37°7 )
= dp=2i+16i-12j-24i-32]
= ip=(12/-44]) ms?
Here o = 7 rads™
wg = 0
t=4s
_ ( —2) _ -1
(@) w=0+\rrads™/)x4s=4r rads

(b) 8= w0t+%(7r rads?)x(16 %) =87 rad

(c) Let the number of turns be n
= n(2r)rad = 8r rad

= n=4

The motion of the rod can be considered as super
position of pure translation and pure rotation.

As end A, the rod slide along horizontal surface, the
component of its velocity normal to ground should be
zero. So, we get

I
-7 +%c056 =0

ol
= U= ?COSB

(a) The tangential acceleration is constant and given
by
ay = ar=(60 rads?)(02 m)=12 ms™

Hints and Explanations H.151

In order to calculate the radial acceleration, we
first need to find the angular velocity at the given
time. So,

o=y +0t=0+(60 rads)(0.15's)
= ®=9rads™
Since ac = r@”, so

ac = 0’r=(81rad’2)(02m) =162 ms™
The magnitude of the net linear acceleration is

A=z +a> =202 ms

1 1
(b) Since 0=—at’ = —(60 rads™ )(0.25 s)’
2 2
= 0=188rad
= n:iz@zﬂﬁrev
2r 2w

Given that @, =0.2 rads™, R=10 cm =0.1 m. Since 7
rotates relative to O with constant angular velocity @, .
So angular velocity relative to C is

, =20y = 0.4 rads™
Modulus of velocity 7] = R, = (0.1)(0.4)
= [6/=0.04 ms™ =4 cms™
Modulus of total acceleration is
il = R
= dl=(0.1)(0.4)" =0.016 ms™
= |il=1.6cms™

The direction of its total acceleration (centripetal
acceleration) will be towards centre C.

Let the angular acceleration of the bobbin is o as
shown in Figure.

Blag-0) |-

Point B is directly connected with roof through string.
It means net acceleration of point B should be zero.

CHAPTER 3
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10.

aB=EBC +ac
= 0O=-ar+A
= o=— ..(1)
r

Similarly, point A on the bobbin is directly connected
with block. This means that the acceleration of point A
should be same as the acceleration of the block. So, we
have

tI_IA =[_IAC+(_IC
= a=ar+A ...(2)

From equations (1) and (2), we get

a=(é)R+A
r

r
R+r

=

At time f the bottommost point will rotate an angle
0=yt with respect to the centre of the disc C. The
centre C will travel a distance s = v;t.

y

From the figure, PQ = Rsin6 = Rsin(ayt)
and CQ = Rcosf=Rcos(wyt)
Coordinates of point P at time f are
1 =0M -PQ = vyt — Rsinwt
and y=CM-CQ=R-Rcosayt
So, P(x,y)=(vyt—Rsin(ayt), R-Reos(amyt))

The point A is translating as well as rotating, so the
velocity of the end A is the combined effect of rotation
and translation. The combined velocity of end A is
given by

20
where, w = VE Uc = Uy =7 and

loy I\ 2v

So, the resultant velocity of A is given by

Uy = \/vic + 0% +20,4c0c cos 0

where, 6 =90°+30° =120°

= U= \/vz +02+20% c0s120° =0
If 7, makes angle ¢ with the direction of 7, then

Vycsind
Vpccos0+0c

0= tanl(

vsin120°

_1( ] T
= ¢=tan | ——— |=—
veosl20°4+v/ 3
11. For particle P, r=CP=1m

= ro=(1)(5)=5ms"

Net velocity of P is the vector sum of v and ro as
shown in Figure.

~

Up = 2 + (5c0353°§ - 551n53°j)

= Tp=21+31-4]=(5-4]) ms!

Test Your Concepts-lll
(Based on Instantaneous Axis of Rotation,
Pure Rolling and Conservation of Energy)

1. For pure rolling, we have
Ky K2 2

Ky 25
So, translational kinetic energy at topmost point is

Kr = ;mg(hfZR)

= %mvz =§mg(h—2R)

= vz=§g(F172R) (1)

For the ball not to leave the track, we have

}’HI)Z

mg:T ...(2)
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Solving, equation (1) and (2), we have
h=27R
In case of frictionless track, there will be no rotational
kinetic energy, so
%mvz =mg(h-2R)
= v*°=2¢(h-2R) ..(3)

Solving equation (2) and (3), we get
h=25R

If m be the mass of the ball, then total kinetic energy at
Bis Ey =mgh

The ratio of rotational to translational kinetic energy
would be,

Ky 1" _2

K; k* 5
= K= gmgh and K; = gmgh

In portion BC, friction is absent, so rotational kinetic
energy will remain constant and translational kinetic
energy will get converted to potential energy. So, if H
be the height to which ball climbs in BC, then

mgH = Ky,
5
= mgH= ;mgh
= H= §h
7

Since speed of rod is v, so speed of centre of mass of
the cylinder and the sphere is v/2.
For a body rolling without slipping, the kinetic energy is

1 R?
K=KT+KR=Em¢;[1+EE)

So, for the rolling sphere and the cylinder, we have

2

1 v 1 3 2
Kotinger ==M| = | | 1+ = |=—m0
olinder =5 2[2) ( 2) 16 °

1 (v 2( 2) 7,
and K =—my| - || 1+= |=—mp
sphere 2 1(2) 5 40 1

The motion of the rod is purely translational, so kinetic
energy of rod is

L o
K. 4= Emv
The total kinetic energy of the system is
Ksystem = Krod + Kcylinder + Ksphere
1 3 7
= K —mv* + —m2v2 + —mlvz

system = 2

Hints and Explanations H.153

1 , 3 ) 7 )
Kyystem = —mo” +—(4m)v* + —(5m)o
ystem =2 16 40
= Kgystem = 1m:uz + émv2 + vaz
2 4 8
7\ 17
= K._,,_,tem=lrrz:f)2(1+§+—)=—mv2
i 2 2 4/ 8

The equation of motion for the centre of the sphere at
the moment of breaking off, N =0 is
2

mo

——=mgcost (1

R+r g @)
where v is the speed of the centre of the sphere at that
moment and 6 is the corresponding angle. The speed
v can be found by using the Law of Conservation of
Energy, according to which

CHAPTER 3

mo*  lw?
mgh = T + 7

2
where I = Emrz, V=1

and h=(R+r)(1-cosh)
From these equations we get

e 10g(R+7)
17/%

When the bead comes to its lowest position, then
change in gravitational potential energy of the bead is

AU =-mgh=-mg(2R) = -2mgR (1)
Similarly, change in kinetic energy will take place both
for the bead and the disc, so we have

AK= A’Kbead + AKclisc

2
Since @ =—
2 2
o oagMmt m?
2 4
= AK=%HIUZ (2)

By Law of Conservation of Energy, we have
AU+AK=0
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= -2mgR+ %mvz =0

8
=.|-gR
= i) 38

6. Angular velocity will be maximum, when the rod is in
the vertical position. Then by Law of Conservation of
Energy, we have

Loss in Gravitational Gain in Rotational

Potential Energy of | | Kinetic Energy
Centre of Massof | of the
the Rod Rod
Omax o/

w . ]

1
1
1
1
1
1
2

mgh = % Iwmax

/
where, h = 27 =/

1(m)(20)*
==

= mg() 2 3 Wax
= O = S_g
2

7. By Law of Conservation of Energy, we have

Loss in Gravitational Gain in Rotational
Potential Energy  |=| Kinetic Energy of
of the point mass pointmass + Disc

= mg(R):l L MR2 4 i | ?
2\2

dmg

= 0= |——
(2m+M)R

8. If v, be the velocity of the centre of mass of the rod,
then for end A we have

I
vA=v=(E]wvcm (1)
Similarly, for end B, we have
vB=29=vcm+(é)(ﬂ ...(2)
Solving Equations (1) and (2), we have

w=3—vandvc=E
! 2

Angular velocity of the rod can also be directly
calculated as

Urel _ 3?)

o1
Since, we know that the kinetic energy

1 1
K=K, +Kg = Emvfm + Elcmwz

1 (0)2 1( mi? ](311}2
= K=—m|—-| +—-| — || —

2 \2 2\ 12 [
= K= lmvz

2
Alternatively, we can calculate angular velocity of the
rod and velocity of centre of mass by IC method. Let

the IC of the rod be at a distance x from the centre of
mass of the rod as shown in Figure.

3 A A’
(ﬁ +x) e
2 e
¢ :_/» Vem= Ve
X |
| I w'k’)O
4] e

Since the rod will be in pure rotation about the IC so
forend A, we have

v:(é—x)w ..(3)

and for end B, we have
l
20=| —+x |@ .. (4
‘ ( 2 x) @

From equations (3) and (4), we get

x= L and o = £

6 !

Also, the velocity of centre of mass is given by

o)

Rotational kinetic energy of the rod is

1 1( mi? .
Kg==I,0° =—[m—J(3—U) = Emvz
2 2\ 12 ) 8

Translational kinetic energy of the rod is

2
K; = %mvz = 1m(9] = lmt:'2

@o2\2) 8
Total kinetic energy of the rod is
K=K R + KT

= K=Emv?‘+1mfv2 =1mv?‘
8 2
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Total kinetic energy of the rod also equals the rotational
kinetic energy of the rod about the instantaneous
centre of zero velocity (IC) and is given by

1
K= Elmwz = E(Icm +1ﬂmc2).£u2

1|:m!2 [1]2](31;]2
= K=—|—+m| - —

21 12 6 l

2

= K=1mv
2

The initial angular velocity imparted to the system is

wizﬁi\/i
2a 2a 2Va
B

By Law of Conservation of Mechanical Energy, we
have

Loss in Gain in Gain in
RKEof |=| GPEof [+| GPE of
System | | Particle ] | CM of Ring

2
= ;(m(Qa)2+2maz)(2 gJ =mg(2a+h)+

a
2

3mgh
2

27
= Imga =3mga+

= h=2b5a

mgh=Kp +K; = %mvz
where /i = ssinfl

= gssinf= sz

30” (3)(4)

§= — =
4gsind (4)(10)( )

1 =0.6m
2

Hints and Explanations H.155

11. By Law of Conservation of Energy, we get

1 1 1
—k? = —mv* + =1}
2 2 2
. 1o n2
Since v = Roy and [ = EmR , 50 we get

1
kx? = m( R*w; ) + ( 2 mR* )wf,

3

= k=ZmR’w}
2

= x=Ra, E
2k

12. In rolling without sliding on a stationary ground,
work done by friction is zero. Hence

Work doneby | ( Change in KE of
Applied Force | Cradle and Disks

= (30)(0.25)=%(9)(v2)+

1 1(1 2
2(5(6)(vz)+5(5x6xr2)z:—2)

= 75=13.50°

= ©v=0745ms"’

Test Your Concepts-IV
(Based on Torque and Applications)

1. Decrease in the height of centre of mass of the rod

o=

h=—(cos37° - cos60°)

=~ N

= h= 5(0.870.5)=0.15F.

By Law of Conservation of Mechanical Energy, we get

2
mgh = %Iowz = ;[”;sz

)
= 015/mg= ( %sz

= a,=(0"=09g (1)
Angular acceleration,
aw
(mg—)sm(37°)
_fo_\ "2
Q===
I Ly
3
= a,=la=09g )

CHAPTER 3
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Normal force, F, = (dm)iw® = 0.9gdm =9dm

Tangential force, F;, = (dm) for = 0.9gdm = 9dm
So, net force, F = \[F> + F? = 92dm

T=Flcos8

. T Flfcosf 3Fcosf
Since, 00 = —=———=
I mt"/3 mf

dw 3Fcos@
w—=
do m/

_ 3Fcos®
mf

= wdw a6

1] r [}

= .[wda} = S—J.COSQdQ
me

0 0

,6Fsin¢
= 0=,—
m/

The free body diagrams of the bodies and the pulley
are shown in Figure, then

Ty Ty o,
a
aT 20 kg l
20g 30g T Ty

for 20 kg mass, we get
T, -20g =20a (1)
for 30 kg mass, we get

30g-T, =30a .2)

ae
for pulley, we get
:(Tszl)R:Z(Tszl)
lmRz mR
2
25 -T, AT, -T
= o= ( 2 1)=0 ( 2 1] (3)
5R R
For no slipping, @ = Rt . (4)

Solving the above equations, we have

1=1.87 ms %, T,=233.5N and
T,=2382N

= v=+205=2x187%x2=273 ms™

0= g. & =273 rads™

=
R 01

. f:\/z—?: 2X2 1475
a 1.87

Atangle 6, we have by Law of Conservation of Energy
1 {
—lo" =mg—(1-cosf)
2 J 2

1me? 2 _mgl

= —— (1-cosH)

23 2
= mZ:STg(l—cosB) (1)
Sincea=;

m £inl!il

8 2° _ 3gsinf
m* 2
3

. 2
Since, a, = ro

= a=

= a,= Ly =3—g(17c059)
2 2

and a, =ro=—a= Egsin-ﬁ
2 4

f =ma, =m(a,cos6-a,sinb)

3gsind
= f:m(%gsinﬂcosﬂ— gs;m (1—c038))

= f= %mgsinﬂ(%ces@— 1J




Hints and Explanations H.157

a8
Further, mg - N = ma, 4 1 2
! o g=t_lp=-2p {~ 1=4a}
= N=m(g—ay) a 2 a
2a
= N=m[g—(asinf+a,cosb)] = = "
3 . 5, 3gcosf ]
= N=m|e¢-"¢sin?f-—2—""(1-cosh) 4
[g 48 2 Since,w=at=—g 2
m a8
= N="8(4_3sin26-6c0s6+6c0s20)
4 28
= w=4|-=
a

= N= %(1—3(:056)2

) , m
_ 8.  Equations of motion are, o
So, N=0 at6=cos_1(lj m,gsind —T = m,a (1)
3 =
Hence, it will certainly slip beyond that. TR 2T Q.
o= 1 = 7R . (2) <

Let o be the angular acceleration of the cylinder and a —mR* ™
) . . 2 XL
be the linear acceleration of two bodies U

and a=Ro ...(3)
Ty T

Solving these equations, we get

o

/\

@ = /=7 |a 2m,gsin@ My, g Sin @
m m l ag=| —=——|and T =| —=>—
| Ta ' [ 2my +1my J ( 2m, +my

T, T, mg

m,g Total energy of system when 11, is at a height /1 is mgh.
When m, reaches the bottom total energy, due to
For mass 11 energy conservation will still be mgh.
Ty —mg=mma (1) However, this mgh gets distributed to pulley as
For mass 11, rotational kinetic energy (: %I o ) and to mass 11,
m,g —T, =m,a (2 1,
For cylinder as trans}ation kinetic energy (= i ], so speed at
I_TR bottom is
o= (171) (3) - :
Emﬂl o= Jom = 4m,gsin6 ( 'h ]
2m, +m; ]\ sin@
For no slipping condition, we have
a=Ro ...(4) 2¢h
i : = v= |———
Solving these equations, we get 1+ (my /2my)
2(my —my )g

'(2",1 +2m, +m)R 9. Let a be the acceleration of truck. The free body
diagram of hemisphere in the frame of reference of the

M truck is shown in Figure.

and E=
T, my(m+4m,)

(a) Fcos®=Mgsin®
= F=Mgtan6

(b) f=0
"~ dmga 478 » UN
%maz a The centre of gravity is at G such that

3r
Since / = 6 0G= )
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ae
The hemisphere is in equilibrium in this frame of T 4mga 8¢
reference. Hence, net moment of all the forces about 12. a= 1 71 5 = o
bottommost point must be zero. 5
= mg(%sinﬂ}=ma[r—%cos@) Since w = @, + ot
; 2
_ 3gsinf S o-at=8 [ wy=0}
8—3cost a
( / ) 13. (a) W=AK
mg| —
T 2)_3¢8 1.5
10. a=—-= === ==
i m_f2 27 = 10 zlm
3

= (40x0.25)(iJ:1x4xm2
025) 2

= 30>=200

= ©=8.16rads™

A z g 40
o (b) Mass of the block is m = i =4kg

By Law of Conservation of Energy, we have

—_ ﬂ —_— 3
(@) ap=la= ) Loss in Gain in Gain in
i 3 GPE Df = KE Df + RKE

(b) ac= Py 4kgmass ) | 4kgmass) | ofpulley
(c) Since mg—T =ma

g c = mgh= 1 mo* + 1Imz

3g 2 2
= mg-T=m I 1 1
= rﬂg!*::—r/n(Rm)2+—Im2

= T= % 2 2

_ (4)(10)(5)=%(4)[l)m"'+l(6)w2

11. From the free body diagram, we get 16 2

2

= 200=2 4307
8
T = 0 =64

o

/ = @=8rads”

The difference in answers is due to the fact that
in the first case T =40 N and in the second case

T <40 N.
Mg
14. Equations of motion for the discs are,
Mg-T
a= (1 mg-T
M @ a=8 (1)
m
ok - g TR__2T o
S MK’ MR 2T URY2 mR
2= Rot .0 Similarly, we get
Solving these three equations, we get o = (TR 2T .(3)
’ M mR%-"2 mR
a="8andT7="%
3 3 = =0
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G Gr

T mg

For no slipping, a = Ret,

—_
=
Ras

Further, a - Ro, = Rey,

—_—
1
=

Solving these equations, we get

T=g,a=4—ganda2=2—g
5 5 5R
By Law of Conservation of Mechanical Energy,
Loss in Loss in Gain in
GPE of i |- RKE of
CMof | S;i? | Ring and
Ring ce Particle

= mgrsin60°+mg(2rsin60°) =

1( 3mr?

+m(2r)z)m"'

3\/§mgr _ Emrzwz
2 4

6g\/§
0=,——
11r

Since, 7 =mgrcos(60°)+mg2rcos(60°)

= T—Em r
7 8
Emgr
e ﬂf:%: 22 -
( simr + m(Zr)ZJ
2
_3mgr/2 3¢

o= 5=
11mr=/2  11r

Let us calculated the torque about O, so

M
= ng:(?+Mx2]a

p2

/
= o= where k2 = —
12

K2+ %%

For & to be maximum, we have
do
- = 0

dx

= x(=1)(k2+22 )_2(2x)+(k2 +x2)_1(1)=0

2
= 2x =1
k* + x*
Y 2
= r=—+x? {'.'k;l:{—}
12 12
= X= L
243
= o =a_ =&
s !
Test Your Concepts-V

Hints and Explanations H.159

(Based on Uniform and Accelerated
Pure Rolling)

1.

Mg F
_F-pyMg F
=TM M Hie&
F-u Mg )R '
and a=£=( 1‘“" g] =E[£—.ngJ
I L MR? R\ M
2
T
\a
mg sin®
= gsing-T (1)
m
Tr
o=— (2
1 @
a=ro -.(3)
Solving these three equations, we get
. g51r119
1+—

i‘”MT‘}1

NOTE: Compare the above result with rolling on
a rough ground and think what are the similarities
between the two.

Let us first draw the free body diagrams for cylinder,
pulley and mass. Then

a o T,

T — )
a C P
f M,

T, %9

CHAPTER 3




ICON

H.160 JEE Advanced Physics: Mechanics - 11

for 5 kg mass, 5¢ T, = 5a, (1)
T,-T;)R
for pulley, (171)2 =0 (2
S MR
for cylinder, T, + f = Mya, (3
T,-f)R
7(11 f)zlzﬂgl (4)
— MR
o Vi
AISO, a] = RIOEI . (5)
4y = Ry0, = + R0y ...(6)
Solving above equations, we get
Lot
27 8
4ot
= U=at= 28
11
For thin walled lawn roller, we have
= MR’
4,
F
1=MR?

f

>

For pure rolling to take place, we have
a=Ra
Also F-f=Ma

where a:Ra:R(%J
- m—{ﬂ)zi
MR*) M

M 2M
The free body diagram for cylindrical wheel is shown

in Figure (b).

3F
NI?
F
!ﬂ ) i‘ %:zo.BF
usN
\ i
Mg

(@) (b)

N=Mg—%=Mg—O.6F

For pure rolling a = Rt

0.8F - puN _ (R)(u,N)(R) _2uN

M 1MR7‘ M
2
= 08F=3(0.4)(Mg-06F)
= F=079Mg

Therefore, maximum value of F is 0.79Mg

I 2
—— =—=04 for sphere
mR> 5 P
1

2

2 = (.5 for disc and =1 for hoop
m

. 2
sin(30°)
For sphere, we have

1
. (9.8)(—]
g 8500 _ 2) _35ms™

I 1+04
mR?

= v=y2us=+2x35x4=529 ms!

1

;e mgsin0 _3x9.8x5
- .=

S 1+(LJ

I 04
a 35

Similarly, the values for disc and hoop can be obtained.

1+

=42N

S

Force of friction in this case will be backwards. For
pure rolling,

a=Ro
1 MgR - Fb
= —(F-uMg)= R["‘lg]
M 2 MR?
2
—

o

a
F
uMg
Solving this equation, we get
Fe 3uMgR
~ R+2b
Thus, maximum value of F can be
_ 3uMgR

M R+2b
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The free body diagrams for plank and cylinder are
shown in Figure. Also

f
1
al

for plank, we have

Fcos@ - f; = ma, (1)
for cylinder, we have

fi=fo=Ma -.(2)

R
(/R 0
EMR

a,=Ra ..(4)

and @, =a, + Ra ...(5)

Solving these equations, we get

= 4F cost f _ 3MFcos8

2T aM+8m’ ' 3M+8m
MFcos
and 2= 3M+8m

Equation of motion for the block is
mgsin®-T =ma
= (1)(9.8)sin30°-T =(1)a
= T+a=49 (1)

Equation of motion for disk is
TR

! vR?

2

T

MR

For no slipping, we have

Rac:a:g

o

2T

5

= T=25a

Substituting in equation (1), we get
35a0=49

= a

= a=14ms?

Free body diagram for cylinder and plank are shown
below, then

[}
‘f'-"'\.
f
p —»a
ad 4+—

11.

Hints and Explanations H.161

for plank, we have

F-T-f=Ma (1)
for cylinder, we have
T—-f=ma ...(2)
Ry 0
EmRz mR

for no slipping at A, we have
Ro—a=a
= Ro=2a .4
Solving these equations, we get
F
a=
3m+M

At P, we have

CHAPTER 3

h=(R-7r)(1-cos@) (1)
By Law of Conservation of Energy, we have
LossinKE of | _(Gainin
Rolling ) | GPE

2
= (%mv% —%mv2 )(%J= mgh

= fmvofimv =—mgh
= vz=v§fgmgh
7
4
lel
N/
v A
h i
by
mgcos® [

Equation of motion at angle 6 is,
2

muo
N —mgcosf =
J (R-71)

m 2 10 ]
N= vy ——gqh |+ mgcosf
(R—r)( 078 J
Substitute value of /1 from (1), we get

N=(%)(U%—NTg(R—?‘)(l—COSB))+

nig cosf

2
nmuy

(R-7)

= FE,=N =n7£(17c056—10)+
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Tangential force is the force of friction given by

f=

mgsin@  mgsin®
1+(k¥/r*) 1+(572)

= E=f =§mgsin6

Test Your Concepts-VI
(Based on Angular Momentum and its
Conservation)

1.

Let v, be the initial velocity and v its velocity in the
position when the thread forms an angle % with the

vertical. The ball experiences two forces, the gravita-
tional force and the tension of the thread. Moment of
these forces is zero relative to the vertical axis pass-
ing through the point O. Consequently, the angular
momentum of the ball relative to the given axis is con-
stant. So, we have

muy/sinf = mof ..(1)

0]

The ball moves in the Earth’s gravitational field under
the influence of an external force, the tension of the
thread. That force is always perpendicular to the
velocity vector of the sphere and, therefore, does not
perform any work. It follows that mechanical energy
of the ball remains constant

mog  mo’

—=—+mglcost (2
5 ) g )

Solving these two equations, we get

Uy =+/2¢(sect

(a) Applying the Law of Conservation of Angular
Momentum about the pivot, we get

Z mur) = (Isysfem )ﬂ)

= m U[LJ—{mr°dL2+m (L)Z}w
bullet 7 - 3 bullet 2

If m be the mass of the rod, then

mmd m
Mypllet =— =

6 6

(5 )

A @

mol _ 9ml?
12 24

_»
9L
(b) The desired ratio is,

1., [9mL2 ] 20\
I L (ij
Kpullet - l(ﬂ}vz - ( mo? J
2 6

Ksysfem 1
= —_— =
Kbullet 9

0]

o

Since, net external torque on the system is zero.
Therefore, angular momentum will remain conserved.
So,

Lo, = Lo,
J0)
I
where, I, =1, 0, = @y, I, = [ + mR?
[,
W, = 0 5
[+mR

By Law of Conservation of Angular Momentum about
centre of disc, we have

—ma
I ) =
= 0= e > |o
? —ma2+2m[—]
()]
= CU2=E

Applying Law of Conservation of Angular Momentum
about axis of rotation, we get

mor = (mro)r + o

1
where, [ = E(Zm)r2

A

L.

-~

|

v=4.gr

o

O

= (4m\/§)r =(mrm)r+%(2m)r2m= 2mr’w
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= w=2 5
r

Considering the sudden change in the linear momen-
tum of the particle caused by the impulsive tension |,
we have, by

Impulse — Momentum Theorem,

Impulse = Change in Momentum

= }:—mrm—(—4m gr]

= }=2m\/g7

(a) By Law of Conservation of Angular Momentum,
we get

Lo, =1L,
[%MRZ + mRZ)

N
= w2=(I—IJwD =Ty
: (S

E ) —(1+—2m]w
h = ]
M

Wy

1 1
(®) W=E;~E = Lo~ Lo}

2
= w=1(1MR2J(1+2’”) wp -
2\ 2 M

1( 1MR2 +mR* Jw%
2\2

1 2
= W =—mw§R2(1+—m]
2 M

The following two forces are acting on the particle.
(i) Normal Reaction (N)
(i) Weight (mg)

h =rcosf,

!

The torque due to the normal reaction N about centre
O is zero. The torque due to the weight is not zero, but
its component along a vertical axis passing through
O is zero. Hence, angular momentum of the particle
about the same axis will remain conserved. So, we have

moyrsiny = mor (1)

where, v is the speed of the particle at the topmost
position.

10.

Hints and Explanations H.163

Since friction is absent, so, mechanical energy will
remain conserved

= vz=v§—2gh ...(2)

Solving equation (1) and (2), we get

vy = \/2gr sech
= (o), =+28rsect,

According to Angular Impulse — Angular Momentum
Theorem, we have

m(20)
jﬁ = (Isystem )&)= 3

(0]

_dmlw
3

J

By Law of Conservation of Angular Momentum, we
have

Li=Ls {about bottom most point}

AN AN

1) ®
) =
&

= lw,=2(Io+mRo)

= [%mRz )wo = 2(%mR2m+ mR(wR))

L o0®
6

R

= v=wR=m%

Applying Law of Conservation of Angular Momentum,
Angular Velocity of disc is

Z mor; = (Isystem )CU

= muR= ( % m,R% + m;R* )w

mR [ 2m, ]( v )
= 0=7 v= —
Emsz + mle my +2m; J\R

where v is the relative speed of man with respect to
disc.

So, % = o, (the relative angular speed of man)

2m,
= w=—7"—'0,
(my+2my)
do _( 2m; \do
dt iy +2m, ) dt

CHAPTER 3
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11.

12.

Integrating we get,

¢=( 2m, JG
m, + 2y

Applying conservation of angular momentum, we get

leR=I(T§J+Mv2R

Let | be the linear impulse applied at the end B
and  the angular speed of rod, then by Impulse —
Momentum Theorem, we have

(D)

Also, on applying Angular Impulse - Angular
Momentum theorem, we get

}(é}=fw=m—fzw ..(2)

| =my,

Solving these two equations, we get

Linear speed of D (mid-point of CB i.e., centre of mass
of lower half) relative to C is
(1)
v=w| — |= _Uﬂ
4) 2
Force exerted by upper half on the lower half,

_mo’)2
- i ,"F 4

|

Substituting v = %UD, we get

B 9mv§
o

F

13.

14.

Linear momentum, angular momentum and kinetic
energy are conserved in the process.

Applying Law of Conservation of Linear Momentum,
we get

MV =mv

- y=", ()
M

Applying Law of Conservation of Angular Momentum
about the centre of the rod, we get

z Mor = ( Lyygem ) ©

[Mﬁz)
= mud=| — |@
12

= w:(li’;zd) ...(2)

Since the collision is elastic, so e =1

[Relative Speed] ~ ( Relative SpeedJ
of Approach of Separation
= v=V+od
Substituting the values, we get

m_ 12mod”

V=—04+
M M

m= 7M{‘2
124+ 12

Let @ be the angular velocity of rod just after the
impulse is applied. Applying Angular Impulse
Angular Momentum Theorem, we get

A
!
o }
a
J—bocf
2a
]

2
]a:Iw:(m(fza) +m(a2)]m

3]

7ma

= o=
For describing the complete revolution

%Iwz >mgh, where h =2a
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7, 2\ 8L Y.,
- Y ) e

= [>2m 781
3

15. Inthe process of motion of the given system the kinetic
energy and the angular momentum relative to the axis
of rotation do not vary. So, by Law of Conservation of
Energy, we have

1Iﬂ)ﬁ = lIcuz + 1mv2
2 2

2
Oof ___
(O] :
o) )V
r m

= Jwg=lwz+rfw2 ..(1)

By Law of Conservation of Angular Momentum, we
have

lw, =(I+m*)o .-(2)
where v* = v? + wir? ..(3)

Solving these equations, we get

5 = ONg :
1+
I
Test Your Concepts-VlI

(Based on Rolling with Slipping)

1. Let, a; be the linear acceleration of sphere (towards
right), 4, be the linear acceleration of plank (towards
left) and o be the angular retardation of sphere, then

m
=0y = s Hg
i
__pmg _5ug
2mrt/5 2r
pmg
pmg

) | |

Let pure rolling start after time f, then for pure rolling
to occur, we have
Or-v=0

= wr=2

Hints and Explanations H.165

= (wy—at)r=2(at)

Substituting the values, we get

f= 2rw,

9ug
1 20212
= 5= —a2t2 — %"
2 8lug

Initially there is forward slipping so, the friction is
backwards and maximum.

o

-

umg

Let velocity becomes zero in time t; and angular
velocity becomes zero in time f,. Then, 0 = v, —af;

(1)

v 0
= f=—==
a  ug
and 0=w, —at,
_ %

o

= I

where, o = w = 2148
mR*/2 R
_ R
2ug
Disk will return when
>t

t

The situation given in the problem is shown in Figure.

" Yﬂ \?

< . pf
Rw, t=0 t=t

In this case sliding friction acts on cylinder in forward
direction which increases its linear speed and decreases
its angular speed. Let pure rolling start after time f,
when final velocity be v, and final angular velocity be
@y, then we must have

CHAPTER 3
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s =Roy (as pure rolling starts)
For translational motion, applying the impulse
momentum equation, we get

ft=mv; -0
Initial momentum of the cylinder is taken as zero as it

does not have any translational speed.
= pmgt=mu (1)

For rotational motion, applying the angular impulse
angular momentum equation, we get

1 z) [1 z)vf
= | —mR" |w, — umgRt =| —mR" |— (2
(2 o — Mg ? R 2)
Dividing equations (1) and (2), we get
ugt -1
Ry —2ugt
= ugt=Rwo,-2ugt
;@R
3ug

During sliding, friction is the only force acting on the
cylinder and we know that the work done by the fric-
tion is always negative or loss in kinetic energy of
system.

At t =0, the kinetic energy of the cylinder is
1.,
E. =—lw,
i b 0
111 z] 2 1 -9
E.=—| =mR* |wy = —mR" w, .3
i 2( 7 0 4 0 ( )
Finally, when pure rolling starts, kinetic energy of
cylinder is

1 1
Ef=5mv}+51w§ ...(4)

During sliding the acceleration of cylinder due to
friction ( f = umg) is a=i= ug, thus after time f it
gains a velocity "
1
vy = ugt=—m,R
F=H8 3%

At this moment pure rolling starts, thus its angular
velocity at this instant is

v t
kst 1,
R R 3

From equation (4), final kinetic energy is

2 2
bl A2
2 3 2\2 3

1
= Ef=Emw§R2 ...(5)

According to Work Energy theorem, work done by
friction is

Wfrictirm = E‘f - Ef
Substituting the values of E; and E y from equations (3)
and (5), we get

1 1 55
friction = EmméRz - meﬂR
R S B
= Whicton = —EHI(DOR
Applying Law of Conservation of Angular Momentum
about bottommost point, we get
L‘: = Lf
2 2
= myyR=mvR+ ng ®

2
= myyR=moR+ Eva

= v=_U
7%
<+—3a v =Rw
li }V@ '! %‘V
Lmg e s >
Since, a = B8 _ g and v* = v} —2as
m
2
PR et
- =20 _ 49
2a 218
2
. 120
Oug

Till the pure rolling starts, friction ( f, ) is upwards and

it is maximum. Linear acceleration for y1=1/ J3is

. umg cos30° - mgsin30 0

m
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ie., the cylinder will keep on rotating at the same
place till its angular velocity becomes zero. Angular

L
V3
(umgcosB)R g

mR?/2 R

retardation, for g =-— and 6 =30° is

If t, be the time when the angular velocity of cylinder
becomes zero, then

0=w,-at
w, R
= t1=—0=L ..(1)
o g
S 3R
30°

Once, the angular velocity becomes zero, cylinder
starts rolling downwards with an acceleration

gsinf  ¢sin30° ¢

= 1+(1/mR?) " 1+(12) " 3

Also, s =3Rcosec(30°) = 6R

Let t, be the time taken by the cylinder to reach the
bottom, then

a g/3 g

So, total time t =1, +1,

:wLR+6 E

g 8

t

att=0 attime t
(v=0,w=0)

Since v= 1 +(-ug )t

= 0=y~ (ug)t

Hints and Explanations H.167

= t=0 ()
Hg

Also, o = wy + at

= 0=a, +(_5),11_th

2R
¢ = 2R (2)
Sug
Distance travelled is
s=v0£+%(—,ug)t2 M
24
- s=p (U_ﬂ]_l( )i L
Nug) 27 wg k=
% <
2ug =
Equating (1) and (2), we get
U _ 2Rw,
ug - SHg
50,

From conservation of angular momentum about bot-
tommost point.

2 2
= vaR=va+ng 0]
2
= vaR=va+gva ==

3 v =Ra
‘ }vo | }v

mg He———s———»

= 1=-17
Since, @ = B8 _ T
m
So, from v” = v - 2as
25
UZ _ 'UZ U% - EU%
We get s = — =
2a 2u.g
1205
5= ——0
Oug
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Since the cylinder does not slip over the plank, so it
is the case of pure rolling and hence we can take fric-
tion on cylinder in any direction, say towards right as
shown in Figure.

ap

-~ V\a
F pseudo — ma1‘_@‘
f

{

g
—
| M —F

Since friction on cylinder is acting towards right, so it
must act on the plank towards left. Let plank moves
toward right with an acceleration 4;, due to which the
cylinder will experience a pseudo force ma; towards
left, and hence it will roll towards left with respect to
plank with an acceleration a,.

Since we have used the concept of pseudo force, so
we must say that the acceleration 2, must be with
respect to the plank. Let the angular acceleration of the
cylinder during rolling be &, so we have

a2 = ROE
For translational motion of plank, we have
F-f=Mn (1)

For translational motion of cylinder with respect to
plank we have

ma, — f = ma, -(2)

For rotational motion of cylinder with respect to plank,
we have

fR=Iu
e

= f= %maz ..(3)
From equation (2) and (3), we get
ma, — Ema2 =ma,

3
= a1=Eaz ..(4)
Using equations (1), (2) and (3), we get
1 3
F——=ma, =—Ma
2t 2
_2F
" 3M+m

= iy

From equation (4), we get
3F
T3M+m
Since, a, is acceleration of cylinder relative to the
plank, so net acceleration of the cylinder is
I3
3M+m

Please note that in the equation a, = Re, a, is the accelera-
tion of cylinder with respect to plank. So,

a

Opey =M =0y =

A —ay F
R R(3M+m)

o=

Let us draw the situations at t =0 and at time ¢.
m%/ w7
o v
—p —Pp

f=uMg

att=0 at time t
when v = Rw

Taking forward direction as positive and CW sense as
positive, we get

a=ug
T uMgR  Sug
a=—=2—=—
I Zygz 2R
5
Now, at time t, we have
v=1y—(ug)t (1)
5ug)
and w=-w,+| —= |t (2
o ( R 2

Since at time t, we have
v=Rw

= uy—(ug)t =R[—m0+[5%f)t]

N f=2(vD+Rwﬂ)
7\ ug

So, speed of ball at time  is
o=y (gt

= v:vo—§(110+Rm0)

= U=%(5UO +2Ray)

10. Given y>tano

= umgcosw > mgsing
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Hints and Explanations H.169
(]

Since, 2 = (g cosa — gsinar) Single Correct Choice Type Questions

1. Since axis passes through ends of two rods and is
perpendicular to their length, so

1
a 11P=I3P=§n1£2

Slipping will stop say at time ¢, then

mM

V=10 E

= at=r(w,-at) ) =
o Moment of inertia of rod 2 about it CG is —m/> oD

= I= 0 =( "% ) \/3_, <
atre \ 3ugcosa-gsina and point P is at a distance ——(, so by Parallel Axis [l m
Theorem 2 U

If d, is the distance travelled during this time f, then

o r’w; (ucosa-sina)

\2
1

dy = ~a Y 12P=im£2+m(—\/§{J
2 2¢(3ucosa—sino) 12 2

ray (Hcosa—sine)

Also, v=at= - = 12P=lm£2+§mfz
(3ucosa—sina) 1
Once slipping has stopped, pure rolling continues if = L= Em 02
S tano 12
(o2 10 1 1
]+(mR2f"I) = J[tm‘al=(_0+_+_Jm€2
12 3 3
s tano _
1+2 - Imfm:(Mngz
12
tanor
= Uu>

= J[tm‘al = %mfz

Since, in the question it is already given that y > tana,

so the retardation of cylinder is given by Further I, = (3m) K2
, gsina gsina 2 3
a = : = —=—gsina 2 _ 2
1+(I:.f"mr2) 1"‘1,-""2 3g = (3m)k —Emf
If it travels a further distance d, under this new - ke ot
retardation a’, then 2
; 0 3122 (ucos e —sina )’ Hence, the correct answer is (C).
2750 2 .
20" (Bucosa-sina) (4gsine) 2. If we assume complete disc to be present, then it
_ would have a mass 4 times the mass of the sector.
So, d..=d +d;
Then, moment of inertia of the complete disc is
. r’wy (ucosa —sina) y 1 1
max = = — 2 - 2
28'( Jucose—sino )2 J[Cliﬁc - 2 MdiscR - 2 (4M5ectnr )R
[l+—3('llCOS(I—SiH(I)] Hencef Isecmr =Id£
2sinat 4

2.2 ) 1
. _ r @y (pcosor—sino) o ] L ur?
4gsina(3ucosor—sino)

max sector —
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Calculus Method:

s M

y 7

Consider an element of mass dm, thickness dx and
radius x of the sector.

dm = —M —2de = @xdx

)

4

If dI be the moment of inertia of the element, then
dl = x*dm

L
2

General Funda:

= [=-MR?

o S
CBH Ia
M

_14n2 12 _1yp2
H'gMR 12—§MR IS—EMR

Moment of Inertia Moment of Inertia
of a DISC of mass |= of a SECTOR of
M with radius R mass M with radius R
Hence, the correct answer is (A).

Since, Impulse = Change in Momentum, so
J=(2m)v

S p=d
2m
Angular Change in Angular
Also, =
Impulse Momentum
= )W = (Isystem )ﬂ)

= }€=(2mﬁ2)w

G
2mf* 2mi
So, vy=v+lw
J.J_T
2m 2m m
Hence, the correct answer is (C).

= U,=

1
Work done W = Elwz

If x is the distance of mass 0.3 kg from the centre of
mass, we will have,

I=(03)x*+(0.7)(1.4 - x)*

For work to be minimum, the moment of inertia (I)
should be minimum

dl
E=O
= 2(03x)-2(07)(14-x)=0
= (03)x=(07)(14-x)

e (0.7)(14) 098 m
03+0.7

Hence, the correct answer is (C).

=

Assuming mass of body to be m, the mechanical
energy is conserved in both the cases, so

2
1 1 1
Hence, —m(ivo ) = ~mvj + =1’
2 \4 2 2

If K be the radius of gyration, then
I= mKZ, S0

25 mK*
= —=l+—>
16 mR
= KzziRz
16
= K=ER
4

Hence, the correct answer is (B).
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Moment of inertia about the axis passing through
x=2R, y =0 shown by ® direction in figure is

11=%m1<2+m(212)2
. ;I%mgz (1)

Moment of inertia about the axis passing through y = d,
z = (), shown as dotted line in figure is

Iz=%mRz+md2 ...(2)
Equating (1) and (2), we get

lmR2 +md* = J mR®

4 2

1=

Hence, the correct answer is (B).

Let v be the velocity of centre of mass of ring just after
the impulse is applied and v” be its velocity when pure
rolling starts. Angular velocity @ of the ring at this

)
instant will be @ = —

P
G_. V @_. V’

Since, Impulse = Change in Linear Momentum, so we

have

J=mv

N ()
m

Between the two positions shown in figure, force of

friction on the ring acts backwards. Angular momen-

tum of the ring about bottommost point will be

conserved, so
Lj- = L;‘

= mor=mv'r+lw

7

v
= mor=mv'r+ (mr2 )— =2mv'r
r

Hints and Explanations H.171

So, from (1), we get
v

, I

= UV===—
2 2m
Hence, the correct answer is (B).

Since at t =0, P is at the top of rim, so

. (m+6
Up = 20, sin —

P

att=0 attime t

0 t
= 1,=2y COS(E) =2y, cos[%]

= 5= 4v§cosz(v—”t)
2R

CHAPTER 3

Att=0,0} = 40}

Also, vp =0 at point of contact i.e., when P reaches the
. . T #nR
bottomie,inatime t=—=—
2 1y

Hence, the correct answer is (B).

Let L be the length of the rod and F, the magnitude of
other force. If C is the centre of the rod, then

F-F=ma
= EF=F+ma ..(1)

Since the rod moves translationally, so the net torque
about C is zero.
F+
2 If'
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10.

11.

12.

2(F+ma)l
= L=————
ma
= L=2€(1+P]
ma

Hence, the correct answer is (B).

The free body diagram of arrangement is shown in
Figure.

A

Na

mg =N,
AlSO, ,UNl = N2
= N, =umg

Taking moment of forces about O, we get

umglsing = mg%cosﬂ

= tanf=—
2

= 0= tan"l(lJ
2u

Hence, the correct answer is (D).

Given, that [, is the moment of inertia of table and gun
and m the mass of bullet.

Initial angular momentum of system about centre
Lj-=(I0+n'1r2)wO (1)

Let @ be the angular velocity of table after the bullet is
fired. Final angular momentum

Ly =lpw-m(v-ro)r ..(2)
where (v-rw) is absolute velocity of bullet to the
right, then
From (1) and (2), we get

mor
0-ay)=

( 0 ) I+ mr?

This is also the increase in angular velocity
Hence, the correct answer is (B).

The rod will rotate about point A with angular accel-
eration given by

t_ Fx__3Fx

7_(;1;1(2}_111!:2
3

13.

14.

15.

! 3 Fx
—f=——
2 2ml

= d=<X

= a=

So, a-x graph is a straight line passing through origin
. 3F
with slope —.
2mf
Hence, the correct answer is (B).

The angular momentum of a body L may be expressed

as the sum of two parts,

(a) one arising from the motion of the centre of mass
of the body and

(b) the other from the motion of the body with respect
to its centre of mass.

i€ Ly = Loy +7op % p
= Etofal = Ec.M. +M ( Tom XUem. )
For this Problem
1,2

Ley =lo= EMR o and

M(FC.M. XU pp ) =MRuvqy, = MR(Ra)
= M(Foy XTem. )= MR?0

1

= Lyy= EMsz +MR*0 = %MR?‘&)
Hence, the correct answer is (B).

Total Revolutions is equal to area under the curve.
Area= ArAABF + ArABCD + Ar

Rectangle BDEF
2400 1A
60
600|F_\B
60 D c
E 8 16 24
= Area=1—(1800)(8%1(16)—(6OO)+SX@
2 60 2 60 60
- Area=7'200+:;l800+4800= 230

60
Hence, the correct answer is (B).

Applying conservation of energy, we get

)2 2
lan:lM[E) +1(£J(m)2 (1)
2 2 M 20 12



16.

17.

18.

ICON

Applying conservation of angular momentum, we get

(L) MI?
moy — |=—@
2) 12

= w:éﬂ ...(2)
ML
From (1) and (2), we get
1 1m¥? 1 2[3611‘1202}
2 2 M 24 M?I?
m  3m
= l=—+—
M M
= 1=4—m
M
M
= m=—
4

AF Cr
c /
N
A—-INA0 B
0
\‘D
Do

Lig=1yp=land Iop=Icp

If I, be the moment of inertia of the square plate about
an axis passing through O and perpendicular to the
plate, then by perpendicular axis theorem

(D)

Iy=ITpg+1pp =2

OR
IU =ICD +Ich' =2ICD (2)
From (1) and (2)

Hence, the correct answer is (A).

Net torque about O due to weights acting at midpoints
of the respective rods should be zero. Hence,

l,' f
mg(asiné[}D]:Mg[%sinBOD}
M sin60°

m  sin30°
Hence, the correct answer is (C).

Let a be the acceleration of the truck, then from FBD of
the block, taking torque about right edge from where
normal reaction is passing, we get

w(tJend)

19.

20.

Hints and Explanations H.173

h — Fpseudo =ma
In

= asgg
1

Final velocity of truck is zero, so we have

0=0 —2(%5;)!
_hvz

= %
Hence, the correct answer is (B).

[

Since, for pure rolling, we have

.

s S T o

Velocity of point P is resultant of two velocity vectors
as shown in figure. So,

Up =00 +0,]

- vrsin@ Y} [ vrcosf \
= Up=|v+ R | — R ]

~

= O =ﬂ)[(R+?‘Sin9)1A'*(?‘COSQ)j]

Hence, the correct answer is (C).

Moment of inertia of both the rods about an axis pass-
ing through their point of intersection O and perpen-
dicular to the plane of the rods is

m* mf* me?

0= Ty T

2 12 6
Now axis 1 and axis 2 are two mutually perpendicular
axes passing through Olying in the plane of two rods.
Then by symmetry, we have

CHAPTER 3
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21.

22,

o

Al 0B

-

D

Now, according to Perpendicular Axis Theorem, we
have

L+, =1,
me* 23.
= 2l =[=—
1 0 6
2
= Il=ﬂ
12

Hence, the correct answer is (C).

Let OA = x and OB =y as shown in figure

Then BC+CA="/

= ycosa+xcosf={ (1)

Differentiating both sides of (1) w.r.t. time ¢, we get

d_y) (d_x) _
(dt cos o + i cosf=0

dx
Since, —=v, =
a4
d
SO’(y)=UB=vcosﬁ
dt cos o

Here, negative sign implies that y decreases as t
increases.

Hence, the correct answer is (D).

Applying Conservation of Angular Momentum about
point of contact, we get

lw, =Iw+moR

4. 1
@_.v
=

= Iw0=1(%J+va

—+mR
R
_ o
= UT1T R
_+_
R I

Now Isnlid sphere < lrl'mllow

= Usglid < Vhollow
= 1<,
Hence, the correct answer is (C).

Considering an elemental mass dm on ring as shown
in Figure. Then

dm:[ﬂ)(ﬁde):M—w
2nR

Velocity of this elemental mass is

v =20,c080

= v=2v0cos¢=2vosin(§)
Kinetic energy of element is
1 , 1 ( 2.26)
dK =—={dm)v" =—(dm)| 4vysin”—
5 (dm)v” = - (dm)| dogsin” >
2

= dK= %(l—cosﬂ)de
2r

Total kinetic energy of segment ACB is

i
Mvg
2r
T
)
g o Mei _ Meg
2 n
Hence, the correct answer is (A).
= d—L = i(lw)
dt dt
d(Mﬁ 2]
T=—| —+mx" |@
dt\ 3



25.

26.

ICON

e
dx
= T=2mx—@ 27.
dt
Now, x =vt
= Tt
Finally, torque becomes zero.
Hence, the correct answer is (B).
No external torque is acting on the system, so angular
momentum is conserved. Further there exists no non-
conservative forces in the system, so total energy is
also conserved.
Hence, the correct answer is (B).
By Law of Conservation of Linear Momentum, we 28.
have
mu=mv+mV
= u=v+V ..(1)
u v
mQ— mQ—
a a
11 @
< EY
U >/
a a
m m
Just Before Just After
Impact Impact
By Law of Conservation of Angular Momentum about 59
centre of rod, we have
mua=moa+| — |
3
- u=0+2 ..(2)
3
Further applying the definition of coefficient of restitu-
tion (¢ =1) at the point of impact, we get
Relative speed of approach = Relative speed of
separation
= u=(V+aw)-v ..(3)
Solving these three equations (1), (2) and (3) we get,
2
V==-nand w= bu
5 5a
So, kinetic energy of rod is
2 2 2
1 2 1 m
K=Exmx(gu] +§x%x[%) 30
a
31.

= K= imuz
25

Hence, the correct answer is (D).

Hints and Explanations H.175

(%MRz +M,R? )m = %MRzm’

(Since the boy reaches the centre, so final angular
momentum of boy is zero).

= (lM‘f-Mb)ﬂJ:le’
2 2
= (100+50)w=1000"

= o= 37&) =15rpm
Hence, the correct answer is (C).

For the plank P

APTER 3

1
(KE )l"]ank = Em ( 20 )2

(KE )l"lank = 2?1’1U2

1CC
For the cylinder -

1 ., K?
(KE )Cylinder = Emv (1+ FJ

1 1
= (KE)cylinder = 2 mo* ( 1+ i] = mo*

(KE )Plank _ 2

(KE )Cylinder - 1
Hence, the correct answer is (B).

Let M be the mass of the square plate before the holes
are cut. If m be the mass of one hole, then

m:(MZJER
16R

Moment of inertia of remaining portion is
I=1 -4 hole

square

2_ ™M
T 16

2
= I= %(161{2 +16R2)—4[%+m(2R2)}

8

= I= gMR2 —-10mR?

Hence, the correct answer is (C).

. Conceptual the correct answer is (B).

Applying angular momentum conservation, we get

2[ }wn =I'e

m(21)

(1)
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I!

1 1 1

1 1 1
S

1 1 1

] 3 B 5 ]

1 1 1

I / I 12/

i i i

where, I,zm(Zl) +|:m(2I) +m(21)2}

1 12

_ m712+ 13ml* _ 14ml*
3 3
So, equation (1) becomes

2 ml*ay, = 1 mie’
3 3

Ir

@
=5 o=

Hence, the correct answer is (B).

32. By Law of Conservation of Angular Momentum

ol

()]

mv(“]= Is stem

2 about O
a 1 a :

mv(—]: —Ma2+M[—J w
2) |6 2

3v
= Ww=—
4n

Hence, the correct answer is (A).

33. By Law of Conservation of Energy
Loss in Potential energy = Gain in Kinetic energy

mgf(l—cosﬂ) = %mv2

mvz

= = 2mg(1-cos8)

At point of breaking
2

mv
mg cos6 = e

= mgcos®=2mg(1-cosh)

2
= cosf=—
3

Hence, the correct answer is (B).

34.

35.

36.

v

2(n-1R2)(21r—9)=%MR26

= dmm-2ml= %9

8mm
dm+ M
Hence, the correct answer is (D).

= 0=

At the critical condition, normal reaction N will pass
through point P. In this condition

Ty =0=1; (about P)

-
y
—— — ——

IAL/2-
fe

mg
the block will topple when

TF >rmg
= PL>(mg)%

mg

= F>—=
Therefore, the minimum force required to topple the
bock is

_mg

min = 5
Hence, the correct answer is (B).
Relative velocity is

|3p G | = 2Rwc0s 30° = 3Ra)

—

Ve

60°
60"

—

Vo

Hence, the correct answer is (D).
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37. When mis placed in left pan, m, is placed in right pan.
So,

H—x—m— (L — X)—»

A A

mgx =mg(L-x) (1)
When m is placed in right pan, 1, is placed in left pan.
So, n,gx =mg(L-x) ..(2)
Divide (1) by (2), we get

m?* = mym,
= m=mm,

Hence, the correct answer is (B).

38. f=umg, a=ug

T_HmgR _5gu
I 2 2 2R
5
a
f=umg
Now, t = =%
o
)
o o,
R_n
5

= 5y, =2Rw,
Hence, the correct answer is (B).

39, T="2

144

= 79=12ms’"
Hence, the correct answer is (D).

40. Axis of pure rotation will be the point of intersection of
the lines perpendicular to both the straight lines.
A line perpendicular to 2xr-3y=2 and passing
through (4, 2) is 2y+3x=16 and a line perpen-
dicular to 3x+4y=7 and passing through (1, 1) is
Jy—dx=-1

41.

42,

43.

Hints and Explanations H.177

The intersection of 2y +3x =16 and 3y —4x=-11is

(50 61]
17 17
Hence, the correct answer is (D).

Since, retarding torque is constant, so, angular retarda—

tionsay o will also be constant. Applying & = @] — 206
we get,
o, \

[?ﬂ] = wj - 200, (1)
) m
and 0=(%) - 208, (2) E
Solving equations (1) and (2), we get Iﬂ-.
-5 <
3 L
U

n . .
So, the disc will make — more rotations before it comes
to rest. 3

Hence, the correct answer is (B).

2
/= 7R
4
/
= Rz&

\2
Since, [ = mR? = m(%)

T
L {w 1" =10}
5

Hence, the correct answer is (D).
Ml of | (MI of Complete| (MI of Removed
Given |= Disc of —|  Portion of
Shape Radius R Radius R/3

= 1 remaining = Iwhole -1 removed

= I=

;(m)(mzBm(i)z*;m(?)z} 0

9M (R
where,m=o‘a=—2><7r[—] =M
R 3

Substituting in equation (1), we get
I=4MR*
Hence, the correct answer is (A).
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44.

45,

46.

If m be the mass of cube and a be the side of cube, then
the cube will slide when

F>umg ..(1)

and it will topple if torque due to F about P, is greater
than torque due to mg about P ie.,

.
Fa>| —|m
b)g
1
= F>Emg (2)
N=mg
T F
a
l -— P
force of friction=f ¥mg
H-%-H

From equations (1) and (2), we observe that cube will
topple before sliding if
u> 1
2
Hence, the correct answer is (D).

Mass of cotton pad after time t is
m = ut

Applying conservation of angular momentum, we get

2 2
(mor sz(mﬂr +utr2]w
2 2 2

2
Mar
= mgr2 = —”2 + ,Lufr2

m
= t=-L
2u
Hence, the correct answer is (B).
m
A
f| \
7/ 1 \
i/ I AY
0o N
1
YA
7 1 2 \
/ 1 \
SN A RN, W
m ¢ m

Hence, the correct answer is (B).

47.

48.

49,

When the string is cut the weight Mg of rod acting at
centre produces the torque about P.

L
= 71=Mg¢| —
o3)

Also, 1=1Iu

Hence, the correct answer is (D).

Tsin@=m(Lsinf)w’

= 324=(05)(05)0*
oo 3%
0.5x0.5

324
w=
0.5x0.5

= o= E =36 rads™
0.5

Hence, the correct answer is (B).

For equilibrium of rod (considering limiting friction),
we have

fi=N,
= uN, =N, (1)
Also,-W+N; + f,=0
= N;+uN,=W

= N +i’N,=W .2
f2
A
qu—A B
5m
h{* 4m
F W
_ e
A, 0



50.

51.

52.

Balancing all torques about point A, we get
. —W[%)+f2(3)+N2(4):0

W
= 3f2+4N2=37

= 3,[1N2+4N2=%

3
= #N1(3ﬂ+4)=ENl(1+ﬂ2)

U

2(3u% +4p) =3+34°
6u’ +8u=3+3u"

3 +8u-3=0

3 +9u—p-3=0
3u(p+3)-1(u+3)=0
(3u-1)(+3)=0
Since u # -3

L

1
= ﬂ=g

Hence, the correct answer is (B).

By Law of Conservation of Angular Momentum

(MR?)w = MR’ + 2mR20’

f

o o
P P
IDL
\-/
M !
Initially Finally

(i)
= o= w
M+2m

Hence, the correct answer is (B).

By Law of Conservation of Angular Momentum

me = (Isysfem )w

¢ Cm)20*  2m(4s?)
= MyU—= w= w
2 12 12

= o= i—j(anticlockwise)

Hence, the correct answer is (A).

(2N %
a o

53.

54.

55.

Hints and Explanations H.179

where g=—=2—= i
lmRz R
2
(ug) = _rey
Vp=5 —W)=—
Do 2
R
Since v, = ie, vy<rw, so f acts such that it

decreases v, and hence acts opposite to v, i.e., back-
wards. Also, the point of contact of disc with the
ground has non-zero velocity as v, < ra.

Hence, the correct answer is (B).

At the topmost point of the loop minimum value of
linear speed of centre of sphere is

So, translational kinetic energy at topmost point is

CHAPTER 3

2

1 1
K. =—mv" =—mgR
TS ’ 8

In case of pure rolling of a solid sphere the ratio of
rotational to translational kinetic energy is

K K _2
K r* 5
So, total kinetic energy at topmost point is

5+2 7(1 7
K=l — |K; ==| =mgR |=—mg¢R
(S)T 5(2g)10g

Now by Law of Conservation of Mechanical Energy,
we have

%ng: mg(h-2R)

= h=27R
Hence, the correct answer is (D).
For pure rolling, a.,, = Ret, where o = T Fi-R)
I ZmR?
F_z F:(Zh -R)
m 2 mR2
5
= h-R=04R
= h=14R

Hence, the correct answer is (C).

For a given perimeter area of a circle is maximum, i.e.,
distribution of mass is at a maximum distance from
the axis in case of a circle.

Hence, the correct answer is (A).
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56.

57.

58.

59.

60.

61.

Mass of the loop=M=Lp
Further if r is the radius of the loop, then

2nr=L

L
= r=—
2m
Moment of Inertia about XX’ is [ = %Mr2
2 3
= 1=3(tp) =
2 (2z)° 8rn

Hence, the correct answer is (D).

By Law of Conservation of Angular Momentum

mvr:(l )a}

system
= mor= (I+mR2)w
mor

 [+mR?
Hence, the correct answer is (A).

M
Mass of the element dx is m = Idx
This element needs centripetal force for rotation, so
M
dF = mxw” = (wazde

_ Mo’L

L L
= F=de =Ew2'[xdx
L 2
0 0

This is the force exerted by the liquid at the other end.
Hence, the correct answer is (A).

Friction is not sufficient for pure rolling. Therefore,
maximum friction will act upwards in all the three
bodies. So, linear acceleration a of all the three bodies
will be same and equal to ( g sinf - ug cos8). Therefore,
time taken by all the three will be same.

Hence, the correct answer is (D).

Linear velocity of all three will be same. However, ring
having maximum moment of inertia will have least
angular acceleration and hence least rotational kinetic
energy.

Hence, the correct answer is (A).

Atany angle 6,
2

mu
T=—+mgcos@
r

At mean position 0=10°

Andv=@

2
T:M*.n{g

r

= T=3mg

Hence, the correct answer is (B).

63.

64.

65.

2 X >
A B
) |

£, l TM

4 W 4
—[ [2—P—| [2—>

By Law of Conservation of Moments,

Total Clockwise | _ ( Total Anticlockwise
Moments B Moments

= W£=H(O)+(ﬁ)x
2 4 4

= x=—

Hence, the correct answer is (C).

11&)2:1Mv2
2 2
1

= 5(3)(9)=

(27)0?

= v=1ms™

Hence, the correct answer is (A).
Since L=1w

= L= (mrf2 )w
r L
when r becomes % L becomes 7

Hence, the correct answer is (A).

If v be the linear velocity of centre of mass of the spher-
ical body and  be its angular velocity about centre of
mass, then

v

2R

KE of spherical rolling body is

®
K = 1mvz + 1Iw2
2 2

1 1 ’
= K =-mv’ +=(2mR? )(9—2]
2 2 4R

= K1=%mv7‘ ...(1)

Speed of the block will be

v =v,,+Ro=2Rw+ Rew=3Rw
= v'=3Rw= (SR)(i)z 3
2R/} 2

So, KE of block is K, = %mv'l



66.

67.

68.
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From equations (1) and (2), we get
Ky 2
K, 3

Hence, the correct answer is (B).

T=Ar"

I
r

Further, by Law of Conservation of Angular Momentum
L = mur = constant

L
= U=—
mr
2
R An=E(LJ
T\ mr
2
= AM==p7
m
L2
= n=-3 {'.'—=constant}
m

Hence, the correct answer is (D).

According to Angular Impulse — Angular Momentum
Theorem, we have

T, = AL ..(1)
2usinf
8

|AL| = ‘I: =L | about point of projection

where, At = time of flight =

= AL=(musin@)(range)-0

(musin®)(u?sin20)

= AL=
8
- Ai=n11t3sinﬂsin26
8
5 e |_£_ muSSinBsiHZBI( g )
WA q 2usin®
- mu® sin(26)
= [f] =N

Hence, the correct answer is (C).

Equilibrium of m gives
T =mg {T =Tension in string}
Net torque about point of contact of spool should be
zero. Hence,
(2R)(Mgsiner)=TR
= 2Mgsino =mg
= m=2Msinax
Hence, the correct answer is (A).

69.

70.

71.

72.

Hints and Explanations H.181

M1=M2

= [(JrRlz)t]d1=[(:rR§)t]d2
where t is thickness of both discs.

2
= R—lz = d—z
R, d,
lMR% i
- 2 =2
1 d
~MR; “
2 mM
Hence, the correct answer is (B). (a4
b =
—-a
=(b-a)sin30° =
r,=(b-a)sin ) &
y
A L
U
Yo
30° .-
'4—b-a —H,,w\’.a/z 30° oy

0 30°\ e a-»l
rL ,"’

-

-
-

mvy(b—a)
2
Hence, the correct answer is (D).

= L=myyr =

Mg = ml e’

_ LM
f_2:r ml

Hence, the correct answer is (A).

a=—35
[+5)
mr®

Since v* — u* = 2as

= v*=2ah
2( mer* |k
o = ( 8 2)
[+mr

= U=

2 mgh
r 2
I+mr
2 mgl
I EIT ]}
r [+myr

Hence, the correct answer is (B).
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73.

74.

75.

The combined effect of translation and rotation is
equivalent to a single effect of rotation about the point
having zero velocity ie., IC just like the hoop being
pinned at IC and rotating about IC.

AY * V
o(c) "o=¢

So, this can be assumed as a pure rotation about point

of contact say O (i.e., IC) with angular velocity @ = %
where R is the radius of hoop. Speed of P will be

vP:(OP)m=(2Rsing]m
. (0
= vp=(2Rw)sm(E)

[0
= vp=20, sm(a)
Hence, the correct answer is (B).

I = mr’

I, =moment of inertia about any one of the diameters

= I=JI1+IZ=%mr51

Hence, the correct answer is (D).

L=m(7¥x7)
A

= L[=211 1 0
2 =2 2

L=2(2i -2j-4k)
= L=4i-4j-8k

= L =-8kgm%™
Hence, the correct answer is (D).

76.

77.

78.

Initially the spring force kx is less than mgsin6, ie.,
the cylinder is accelerated downward or force of
friction f is upwards. It will reverse its direction when
kx > mgsin6.

kx

f mg sin@

Hence, the correct answer is (D).

m:zandvcz()
R

Hence, the correct answer is (C).

Let friction act on cylinder in backward direction
N

\a(z Ra)

Mgsin60°

f

Mgcos60°

60°

—
—t
~—

Since, a = Rat
= mgsin60° - f = Ma

—
%)
=

Since fR =l
MR*( a
- m= {5
Ma
- f:T ...(3)

= Mgsin60° = %Ma

2

= a:—gsin60°=%
Mg

= f=—%
23

For sliding, we have
= f=uMgcos60°

At

= 2-3x=1
= 3x=1
1
= x=—-m
3

Hence, the correct answer is (A).
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79. Since spheres are smooth, so no transfer of angular
momentum takes place from A to B. However, sphere
A only transfers its linear velocity v to sphere B and
stops. Hence, we conclude that A stops but continues
to rotate with same angular speed @ and B moves with
speed of A but with zero angular speed.
Hence, the correct answer is (B).

80. Consider the origin at x=0. Let the equilibrium be
established at a distance r from origin.
Then by Law of Conservation of Moments

[12+22+32+.......+(1O[})2]=(1+2+3+ ....... +100)r

83.
(100)(100+1)(200+1) _ (100)(100+1)
6 2
201
r=—o0
3

= r=67cm

Hence, the correct answer is (B).

81. Angular momentum of system cannot remain con-
served as some external unbalanced torque is present
due to forces at axles. Kinetic energy is not conserved,
because slipping is there and work is done against
friction.

Hence, the correct answer is (C).

82. Letvand wbe the linear and angular speeds of the rod
after applying an impulse | at B. Then 84
Impulse = Change in Momentum

Ap Ag
/ -
Mo EWI : A
Vv I
CH c 3—’ = Al 5 - 1B
J—D B= B=
= mo=]
- (1)
m
Angular Change in Angular 85.
Also, =
Impulse Momentum

= Iw—](f)
2

mi? (F]
= —o=]
12 2

6/

= 0=—
ml

Hints and Explanations H.183

il
After the given time f= 12 the rod will rotate an
angle
6=

wt:(ﬂ)(@]zﬁ
ml J\ 12] 2

i G
= |ﬁp|=ﬁv=\ﬁi

Hence, the correct answer is (C).

Net external torque is zero. Therefore, angular momen-
tum of system will remain conserved, i.e.,

L!; =Lf

Initial angular momentum L, =0, so final angular
momentum should also be zero

CHAPTER 3

Angular
Momentum of [+
Man in CW sense

Angular Momentum
of Platform in =0
CCW sense

= mvrf(I )w=0

platform

w_mvor_(m)(l)(ﬂ
1200

= ©=07rads™
Hence, the correct answer is (B).

. Angular velocity of man relative to platform is

0, =0+ Doz +1 =12 rads™
r 2
If t be the time taken by man to complete one round
around the platform, then
2

t

@,

2r
=—s
12
Angle rotated with respect ground in this time is

2
r 2/\1.2 6
Hence, the correct answer is (B).

R
Angular retardation o = . ‘u.n;gz -
I mR® R

=

Since, w = @, — ot

o t_wo—w
o
o)
Wy —— R
3 :—2 :ML
Mg 2ug
R

Hence, the correct answer is (D).



ICON

H.184 JEE Advanced Physics: Mechanics - 11

86. Length of each side is 2L, so if r is the perpendicular
distance of wire from the centre of mass (in this case,
the geometrical centre), then

r=+3L
0
A
s
AL
/ 1 A\
VA T
’ | \
/I : r \\
' 1 \
/ N\
/ I \
' 1 \
A60° | Y
— | —»

The moment of inertia about O is
I= 6(Ione side )

2
I=6( m(2L) +mr2J
12

LZ
= I=6(mT+3mL2]=20 ml2

Hence, the correct answer is (B).
1

87. Moment of inertia about z-axis is — MR?

Perpendicular distance on y=x+c from origin is
0-0+4c|_ ¢

2 V2

According to Parallel Axis Theorem, we have

=1 +Md>

fl:d:‘

= -MR?=

1 c 2
—MR2+M —
2 (I]

N

Hence, the correct answer is (A).

88. I =4] +2Ma®

system sphere

= I = 4[%Mr2]+2Ma2

system

= 1 system

=§M(41‘2 +547)

Hence, the correct answer is (D).

89. Let u be the friction coefficient between sphere and
each wall. Free body diagram of sphere is

Net force on the sphere in horizontal direction is zero, so
N, cos60° + uN, cos60° = N, cos30° + uN; cos 30°

= N;+uN, =3(N, +uN;)

= Ni(1-3u)=N,(V3-p)
L M 3o
Nz_lfﬁﬂ

Substituting 1 = % we get,

1
Nl_ﬁ‘g 3W3-1 . 4

=1l+—

E_L[ 3-3 3
3
4
Since, fl =1+—
f2 #Nz 3

Hence, the correct answer is (B).

90. For Plank, Mgsin@+ f = Ma,
For Sphere, mgsin@ - f = ma,

—_ -
N =
— =

where a, —Ro =0,

—
[95)
=

a
e : /32
f
f
Mg sinf mg sin@
. 2
Smce,fR=(ng Ja ..(4)
Solving equations (1), (2), (3) and (4), we get
f=0

Hence, the correct answer is (A).

91. Sincer=Io

()

mi*w
3t
Hence, the correct answer is (B).

T=



92.

93.

94.

95.

96.

97.

ICON

1 1 o )
KE:Em(Ué)‘PE(mRz)(EO)

1 2 1
+E(3m)(\/§vﬂ) +§(m)(200 V' = 6mol
Hence, the correct answer is (B).
=3 g2
10 T
I
Hence, the correct answer is (D).

From conservation of angular momentum

(I = constant ), angular velocity will remain half. As,
1
K=-lo’
2

The rotational kinetic energy will become half.
Hence, the correct answer is (B).

Moment of inertia of semi-circular portions about x
and y axes are same. But moment of inertia of straight
portions about x-axis is zero. So, we have

Ix<1'.,
= Z2<1

Hence, the correct answer is (B).

By Law of Conservation of Angular Momentum
(Zrm)r] =(1, stem)w
about0 about0

L
= MVZ = (Imd abouto T Iinsectabout(] )ﬂ)

2 \2
. Mvzz[ﬂm(é] }
4 12 4

= MVE:ML2(1+1)LU

12 16
= MV£=ML2(£)(U
4 48
12V
w=——
7 L

Hence, the correct answer is (B).
RKE. = 1p?

2
= RKE.= %(2mr2 )(2]1'}1 )2

= RKE. =47*n* mr®

Hence, the correct answer is (B).

98.

99.

Hints and Explanations H.185

The rod will rotate about A. Therefore, by Law of
Conservation of Mechanical Energy, we get

Decrease in Increase in Rotational

Gravitational |= Kinetic Energy
Potential Energy about A
ry 1
= nrg(5)=EIAw2
(535
= mgl=|=2| — |
2) 20 3
mM
= m2=3—£‘r (1) (a4
4 L
o
[
o %
L
Vv

Centripetal force on CM of rod in this position is
!
F-= m( - )mz = Mi
2 2

Let F be the force exerted by the hinge on the rod
upwards, then

{towards A}

F—mg=mac =F-

mg

= F-mg= >

5
F=>

So, the force exerted by the rod on the hinge is gmg,
downwards
Hence, the correct answer is (B).

Assume mass of cylinder to be 1, radius R, then linear
acceleration of cylinder is zero when

mgsin6 = frictional force ( f ) upwards

. . T
Now, angular acceleration about C is o = i

2
= a=1£=._f
2 mR2 mR

= 2mgsin® 2gsin6
~ mR R
For no slipping between cylinder and plank, we have

=

a=Ro=2gsin0

Hence, the correct answer is (C).
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100. If ac is initial acceleration of centre of mass of disc
and « is its initial angular acceleration, then we have

101.

102.

T
lac +Ra
m
acl g
mv?
T 2R
FBD of disc FBD of particle
T =(2m)a,

Also, TR = %(214-1)112(1

T =mRo
2
o4
= B T =m(a,+Ra)
2R
2
= T+I+T=I—
2 mR
5T J?
5 —=——
2 2mR
2
5mR
T 2 2
= ac I I

“2m 5mR(2m) 10mR
Substituting all the values, we get
a,=4ms™

Hence, the correct answer is (B).
1, ( K )
mgh=—muv, 1+—
g 5 Mocu R

= lmvz =meh
10 "0m = g

h=l{vé_fﬂ]
100 ¢

Hence, the correct answer is (B).
KE of ball in position B=mg(R-r)

Since, it rolls without slipping the ratio of rotational
2

to translational kinetic energy will be k—z = %
r

Ky kK 2
e _R:_2:_
Ky v 5

= K; =§mg(R—f‘)

1 , 5
= —mv-==mg(R-r)
2 7 g

103.

104.

105.

106.

= . /lOg(;ir)

v 10g
nN=——~=
R-r \7(R-r)
Hence, the correct answer is (B).

=

By Law of Conservation of Mechanical Energy, we
get

mg(R—r):lnmz+1Im2=imz}2 (1)
2 2 10

2
mo

Also, N - mg = Ry ..(2)

Solving equations (1) and (2), we get
17
N=—m
= &
Hence, the correct answer is (D).
gsin@

Since, a =

Hence, the correct answer is (C).

According to Parallel Axis Theorem, we have
=1 +md*

In case of a circle, the distance d is equal from centre
of mass of the rigid body for all points lying on it.
Hence, the correct answer is (B).

Since, 7., =0

ext
= Iw=constant
= A(lw)=0
= wAl+[Aw=0
Ao Al

:> —
w I

Now, volume V = §ER3
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= ﬂ><1OO=3§><100
% R

Percentage increase in volume is 3%, so percentage
increase in radius will be 1%

2
Further, [ = ngz

Al _2AR

I R

Ao_ Al 2R _
0] I R

Hence, the correct answer is (A).

107. Applying Law of Conservation of Angular momen-
tum about A, we get

A B A~
4] V]
a a
R
= mua=lw

m(Za)z
0}

Y

N

= moa=

3v
= 0=—
4a

Hence, the correct answer is (D).

108. K=KT+KR

2 2
= K:l(Zm)(vz)+l(mR2 +@J(E)
2 12 R

(S 2T oS

= K=Zmo’
3

Hence, the correct answer is (D).

109. The rod will rotate about point A. Let a be the linear
acceleration of centre of mass of the rod and « the
angular acceleration of the rod about A. Then

T
\
Al 0
o
mg
mg—T=ma (1)
mgﬁ
Also, x=—= 22=3—g 2)
I m™ 2
3

Hints and Explanations H.187

Solving equations (1), (2) and (3), we get

7="¢
4
Hence, the correct answer is (A).

110. AC>BC> AB

A
5
3
379
B 4 c

Moment of inertia of a body depends on distribution
of mass from the axis of rotation. The mass is farthest
from the axis AB. So, I; is maximum and nearest from
the axis AC. So, I is minimum or [; <[, <I,.

Hence, the correct answer is (C).

CHAPTER 3

111. In case of pure rolling, we have
Ky K

Ky R?

for solid sphere Ke 2 and
Kr 5

for solid cylinder Kg = 1
KT

At the bottom, both have the same linear velocities, i.e.,
they have the same translational kinetic energies, so

5 2
imghl =§mgh2

h_1
h, 15
Hence, the correct answer is (C).

112, ert =AL

Since, 7= Fr, =(2t)(R+7)

t

= L:_[zt(Rw)dt =(R+7)f
0

Hence, the correct answer is (C).

113. The desired moment of inertia is

.
/’
7/
/

2

SN oxsino=r)
hY

i

/, X g
s dx
,
’

s
/’
’
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114.

115.

116.

x=+f

f
1= Jrﬂ: di"n(rl)2

x=—f —f

f

I= J‘(%dx](xsina)z

—f

2
ml
[=—sin’a
3

Hence, the correct answer is (B).

m@_«é _____

F

Uy

0,40,
Hence, the correct answer is (C).

By Law of Conservation of Angular Momentum

Iw = constant

. R I
Since R goes to —, so I goes to —;, hence @ goes to
n

2.’
n
n’o
{*+ lo = constant }
= o =no
2n 2@
= =n"=
T’ T
T 24
= T'=—==—
n n?

So, here we formulate a rule to calculate the new time
1
period. If Radius of earth shrinks by —(1>1) then
. . T, 24 ! .
new time period is — ie. — . So new time period of
n n

rotation also decreases.
Hence, the correct answer is (B).

R
Angular retardation o = T (umgR)
2 .2
=mR
5
_oKg
2R

117.

118.

119.

_ 5x0.1x10
o 2x1

= a=25rads”
Now, 0=w, —at

t:ﬂzﬂzlﬁs
o 25

Hence, the correct answer is (C).
. 1 5
Since 6 = —at
2
1 2
= 0= E( 2)(10)

=  0=100rads™

_6_100
2r 2«
= n=16

Hence, the correct answer is (B).

L_,
Il
M2R§ =4
MR

Let A be the linear mass density. Then
M, =(27R,)A and

M2=(2R’R2);|.
3
= R—§=4
Ry
= &=4§
Ry

Hence, the correct answer is (B).

ma coso

(pseudo force)

The sphere will continue pure rolling when
macos = ngsind

= a=gtanf

Hence, the correct answer is (D).
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120. In case of rolling without slipping, the point of
contact P on the ground is at rest. So, the cylinder
will rotate about P with angular acceleration

P
_Tp_ R
2
_2F
3MR

Hence, the correct answer is (B).
121. If m be the mass of sphere, then
I(x)=1=1_+mx*
I=I. atx=0

Therefore, 1 versus x graph is a parabola with
minimum value of I=1_at x=0. Therefore, the
correct graph is (B).

— X —>

Hence, the correct answer is (B).

122, Since, there is no external torque, angular momentum
will remain conserved. The moment of inertia will
first decrease till the tortoise moves from A to C and
then increase as it moves from C and D. Therefore, @
will initially increase and then decrease.

Let R be the radius of platform, m the mass of disc
and M is the mass of platform.

123.

124,

125.

Hints and Explanations H.189

Moment of inertia when the tortoise is at A

MR?

and moment of inertia when the tortoise is at B

2
L =mr* + ——
2

Here, rP=a+ [\IR2 —a* - vt]z
From conservation of angular momentum
ol = o(t)],
Substituting the values, we can see that variation of

o(t)is non-linear.
Hence, the correct answet is (B).

/('0, 4)

a0 00

L=muvr,

0-0-4] 4
whererl=!=—

V22

= L=(5)(3J§)(%]

= L=60 cgs unit
Hence, the correct answer is (D).

Conceptual the correct answer is (C).

AB

—=12
BC

= AB:DC=§andBC=AD=£

Similarly, m 5 = mpe = g

m
a.nd mBC =n1AD=E

CHAPTER 3
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Now [ =215 +1p+Ipe

- =T HE -

I=&m€2=im€2
4374 162

Hence, the correct answer is (D).

126. Let  be the angular velocity of the rod. Applying,
angular impulse equals change in angular momentum

about centre of mass of the system, we get

0]

1(5)-ro

= (Mv)(%)=(2)(MTL2]w

v
= @=-—
L

Hence, the correct answer is (A).

127. mgsin@ component is always down the plane
whether it is rolling up or rolling down. Therefore,
for no slipping, sense of angular acceleration should
also be same in both the cases. Therefore, force of

friction f always act upwards.
Hence, the correct answer is (B).

128. o
o d
M
Initially Finally

By Law of Conservation of Angular Momentum

(1MR2Jw=[1MR2 +1(M)R2]m’
2 2 2\ 4

5 ’

= 0=—0
4

, 4o

= o =—

5

Hence, the correct answer is (B).

129. Force of friction passes through point P. Hence, its
torque about P will be zero. Hence, only mg sin6 will

provide torque to ring about P.

130.

131.

132.

133.

Since, 7t = AL
= (mgRsin@)t=L
Hence, the correct answer is (B).

Let m be the mass of the disc. Then translational
kinetic energy of the disc is

1 2

KT=Emv ..(1)

As it ascends on a smooth track its rotational kinetic
energy will remain same while translational kinetic
energy will go on decreasing. At highest point.

Ky =mgh
= %mv2 = mgh

po (6)" _
2g 2x10

Hence, the correct answer is (B).

1.8 m

Since, net force on centre of mass is zero so, the centre
of mass will not move at all. Hence, the body can only
rotate about centre of mass.

Hence, the correct answet is (B).

In case of pure rolling bottommost point is the instan-
taneous centre of zero velocity.

Oﬂ)

Velocity of any point on the disc, v = r@, where r is
the distance of point from O.

= U >Ue>0p

Hence, the correct answer is (A).

At =25, A and B are at (0, 2m) and (0, 0) as
shown. Component of relative velocity perpendicu-
lar to ABis 2 ms™". So,

w=g=1 rads™
2

1\71=f
Ae
2m

> -
L

Bl v,=2f

Hence, the correct answer is (B).
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134. Let f be the friction on the ring towards right, a be
the linear acceleration and o be the angular accelera-
tion of the ring about centre of mass.

F

Point of contact P is momentarily at rest, about
Instantaneous Centre of Zero Velocity IC (located at
P), i.e., ring will rotate about P, so

t F(2R) F
qoP =

"I, 2MR* MR

For translational motion of ring, we have
F+f=Ma=MRo=F
= f=0
Hence, the correct answer is (B).
135. Since moment of inertia of a rod about an axis pass-

ing through one end, making angle 6 with it is

1= L sin2@
3

=]

e

Hence, I, =1, <I,

Hence, the correct answer is (B).

Loss in Gain in Gain in

136 Gravitational | _| Rotational Translational
’ P.E. of | KE. of KE. of
CM. CM CM.

cm

= MgR-MgR’ =(%I’w2 J + %M’vz

2y
{where R’=§ &M = ER’2€p= %:%

137.

138.

139.

140.

Hints and Explanations H.191

7 M
I S e
8 208 8

= 7MgR=(M (3})3,,,
8 s N2
14
= 0., =,—gR
cm 3g

Hence, the correct answer is (B).
Tangential Force = F; = ma=m(aL)=N

Limiting value of friction ( f;) = uN =uF;

ma:

= (f),, =UN=pumal (1)
Further if o is the angular velocity at time £, then
w=ot ...(2)

Also, the centripetal force is
E. = mLw*=mL(a??) ..(3)
For bead to slide F- > ( f; )

max

= mL(c??)> umolL

U

= t>, =
o

So, the minimum time after which the bead begins to

start is \/E
o

Hence, the correct answer is (A).

In pure rolling mechanical energy remains conserved,
therefore speed will be same in both the cases.
Acceleration of the sphere, a2, down the plane is pro-
portional to sinf. So,

ao<sinf
i.e., acceleration and hence, time of descend will be

different.
Hence, the correct answer is (B).

T=wxF7
= o=(2f)x(2i+2f)=4(j-7)
Hence, the correct answer is (B).

In uniform circular motion the only force acting on
the particle is centripetal

(towards centre). Torque of this force about the centre
is zero. Hence, angular momentum about centre
remain conserved.

Hence, the correct answer is (A).

CHAPTER 3
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141.

142,

143.

144.

[an]]

For Angular Momentum to be conserved 7,,, =
a 3 6
27 6 -12

= a=-1

Hence, the correct answer is (B).

Torque 7=TR

-~

= Ja=TR
1 2'
= | =MR" |=TR
2
1
= T=§MRG

= T:l(
2

50)(0.5)(4x)

= T=157N

Hence, the correct answer is (B).
T=FR=Io

= FR= ( %MRz ]a

2F
= o=——
MR

2F

M
1 1(@)
2 _2 M

= [ )t andB——

= 0= ( ]tz
MR

Hence, the correct answer is (C).

If m be the mass of the cube and # be the side of the
cube, then the cube will slide when
mgsin® > pmgcos6

= tanf>u ..(1)

145.

146.

147.

148.

The cube will topple if torque due to Mg sinf about P
is greater than torque due to mgcosé about P i.e.,

(mgsine)(a)> (mgcose)(a)

2 2

Since f, the force of friction passes through P, so
torque due to f about P is zero.

= tanf>1 ...(2)

From equations (1) and (2), we observe that cube
slides before toppling if

u<l
Hence, the correct answer is (B).
MI of the sphere about the diameter parallel to PQ is

1=3MR2
5

By parallel axis theorem, MI of the sphere about the
centre of mass is

I=1I_ +Md*
2 R
= I, =-MR* M(3 ) (1)
5 8
The MI about the axis PQ at a distance

4 8

d = 3R 3R %fromtheCMls

IPQ =ICm +M(d’)2

2 2
= IPQ:{EMRZ—M(%) }+M(%)
2

= Ipp= gMR2

= I(:R\/z
5

Hence, the correct answer is (D).

= MK*?

L=m(¥x3)

Direction of (7 x7), hence the direction of angular
momentum remains the same.

Hence, the correct answer is (B).

By Law of Conservation of Energy
1, ( K? ]
Mgh==Mpy 1+—
g 5 Ve R2
Hence, the correct answer is (C).

RKE.= %sz =1500

= %I(at)zzlSOO
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149.

150.

151.

= (1.2)(25)*+* = 3000

= =4

= t=2

Hence, the correct answer is (B).

Since, Impulse = Change in Momentum, so we get
J=mo ..(1)

v

4

where v is the linear speed of centre of mass of rod.
Also, Angular Impulse = Change in Angular

Momentum

= ]x:Im:(mT]w ...(2)
!

e V=—0 3
5 3)

where, @ is the angular speed of rod about point A.
Solving these three equations, we get
2

x==/
3

Hence, the correct answer is (B).
Let the extension produced in the spring due to rota-
tion be x. Then, for the body to be in equilibrium

E F

spring = centrifugal
= kx=m(/+x)o’

mlm®
= x=

k — mo*

Hence, the correct answer is (B).

For the cube to topple about P, we must have

Tp > Tg
3 £
3a
P
H-%-H
3a a
Fl — |>(mg)—
(5 )5
2
= F>-m
3 g

So, the minimum value of F is %mg

Hence, the correct answer is (C).

152.

153.

154.

155.

156.

Hints and Explanations H.193

Ty = 2MR?

1
IpiameTER = EMRZ

= Required Ratio=4:1
Hence, the correct answer is (B).

Conceptual the correct answer is (D).

Pd=1,0 wherel, = %mﬁz

. . Lt /!
Since the distance from A to C is - We getoe = ER

= m[w—f)ch [lmﬁz]w
2 3

= d=gf
3

Hence, the correct answer is (B).

sin@:E
d

Also, condition for banking is

2
v

tanf=—
8

2
= tan[sin"l(}—j)]z ¢
d rg

Hence, the correct answer is (B).

In case of pure rolling upto B, we have for a cylinder

|
|
th
|
I

Cc

After B: Rotational kinetic energy is constant (because
no torque is provided due to absence of friction) how-
ever translational kinetic energy increases.

CHAPTER 3
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157.

158.

159.

AtC:Kr = %n-zgh +mgh = gmgh

while K = %mgh

K
So, —L=5
Ky
Hence, the correct answer is (B).
ip= ﬁp“ +1,
Here, dp, =acceleration of P with respect to O, so

dp =dp;+dp ,

= dp= (apuf +ip, )+a(,

»d+ 1o

17 AR a,

where, i, , =tangential component of i,

and i, , =normal component of i
So, | +ip|=a+raand

|z'zpun‘=rw2

= |ap|= \/(a+ra)2+(rm7‘ y

Hence, the correct answer is (A).

In case (i) work done by friction is zero, while in
case (ii) it is non-zero.
Hence, the correct answer is (B).

P 2v

Q

U, =Upp =20

r

a,=—=—=
2R 2R R

Hence, the correct answer is (B).

2 4t 207

160.

161.

162.

163.

Let w; and o, be the final angular velocities when the
slipping has ceased. Then
vy Vp

7)1:02

[0)
. Angular ) [ Change in Angular
Since, [ Impulse J - ( Momentum ) %°
JR=1Iw, 2)
and J2R =4I(w, - ;) ..(3)

where, | is the linear impulse due to friction which
acts tangentially and is equal for both the cylinders.

Solving equations (1), (2) and (3), we get

[0
@, =y and @, = —>
2

Hence, the correct answer is (B).

The frictional force umg is the only horizontal force
acting on the two bodies. So, each body has an

acceleration X8 - ug in opposite direction. So,
m

relative acceleration is 2ug.

Hence, the correct answer is (B).

8
ag=—"—
1+M
2m
So, v = 2ah

= visindependent of R.
Hence, the correct answer is (D).

I=Mk>=(40)(05)
= 1=40(025)=10 kgm®

@y =1800x i—’; = 607 rads !

0, 60r

= a=-2=—"=27rads?
t 30

Also, 7=Io

= 1=201

Hence, the correct answer is (B).
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e
164. By Law of Conservation of Energy

1 K?
Mgh = EML%M(1+ FJ
2
For a cylinder — =—
y R* 2

4
= YoM =1/53h

Hence, the correct answer is (B).

165. Let V be the linear velocity of centre of mass of rod just
after collision and  be its angular velocity, then by
Law of Conservation of Linear Momentum, we have

mvy = Mu ..(1)

1/
v
<

Al

A

By Law of Conservation of Angular Momentum
about centre of rod, we get

Vi
mv@:(iJw ...(2)

For A to be at rest just after collision, we have

%wﬂ/ ..(3)

Solving equations (1), (2) and (3), we get
X=—
6
Hence, the correct answer is (B).

166. From the concepts of Projectile Motion.
2v

| v \
N\
\
\

1
1
A B

1
2r=—¢t
28’

:>f=\/5
8

Since x = AB=(20)t

= AB=40‘/E
8

Hence, the correct answer is (C).

Hints and Explanations H.195

167. Since L=muvr| and as 1| is constant, so L is constant.
Hence, the correct answer is (B).

168. Let | be the linear impulse imparted to the ball, then

o /911
Wg

Impulse =Change in Momentum

= J=my, ...(1)
Angular) ( Change in Angular
Also, =
Impulse Momentum
= jh:fm,j:%mrzmﬂ ...(2)
From equations (1) and (2), we get
5yh
Sy

Hence, the correct answer is (B).

169. The point P will have a velocity v, and a tangential

velocity v = (%Jw = %ﬂ inclined to each other at 60°.

1

l

[

:

| -

[ts

0¥ _F&)

2_ .2 Uj Uy 5
So, vp = v + i +2(2y) ) cos(60°)

2
Hence, the correct answer is (C).

170. Lo ~

(ﬂ)):%:%: 2¢' — = g¢
AT [2@51[1@5] vsing
g

Hence, the correct answer is (D).

171. Angular momentum, L = I
For the said axis, I = %m? 2

L=L€2w
3

Hence, the correct answer is (B).
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Multiple Correct Choice Type Questions

1 1
I, ==MR?* + —M/?
2 12

o I =iMR +LM(4R?)
2 12

= I= Ivr? + Lpr2 = 2 mr2
2 3 6

Also, I, = %MR2+%M(4R2)

1
2=E

1 11

= I MR2+§MR2 = EMR2

= L>land -1, = MR?
Hence, (A) and (B) are correct.

Due to Law of Conservation of Angular Momentum
L =constant

5 LAk

dt

dL , y .
= = must be perpendicular to A as well as L

S Al .

Further component of L along A is - x(say). Since
Al aL and aa =0

dt dt
= Y@n=aLip i

t dt dt

= = =x=constant
A

dL . =
Since m (or 7) is perpendicular to L, hence it cannot
change magnitude of L but can surely change direc-
tion of L.
Hence, (A), (B) and (C) are correct.

By Law of Conservation of Linear Momentum, we
have

~

mv?+nw}+mv(—])+ﬁ=ﬁ +0

Triangular
Wedge ABC

= ﬁTriangular = (mv)z

Wedge ABC
Since the net linear momentum imparted to the
triangular wedge is along x-axis and is non-zero, so the
centre of mass of wedge ABC will move along x-axis.

Hence, the correct answer is (B).

In the frame of rod, the small vertical rods will
experience centrifugal forces which forms a couple
in clockwise direction in the state given in problem.
To balance this couple force by hinge at A on the rod
must be downward and the force by hinge at B must
be upward.

The angular momenta of the vertical rod particles
about point O will be inclined to rod hence option (D)
is also correct.

Hence, (A), (B) and (D) are correct.

_2m(-v)+m(20) +8m(0)
2m+m+8m

V

c

=0 {OPTION (A)}
Further, by Law of Conservation of Angular

Momentum
w= Z mor,

system
about O

J[s stem
about O

I =[%(8nlr)(t§oa)2+m(2a)2+2maz]=30ma2

5{;51‘em
about O

Z mor, =(8m)(0)(0)+2m(-v)(-a)+

system
about O

m(20)(2a)

= E mur| = 6muva

system
about O

= (30ma2 )w= 6mua

- o== {OPTION (C)}
5a
Further total energy of the system E is
E= %Iwz = %mvz (OPTION (D)}

Hence, (A), (C) and (D) are correct.
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L =muvyrsinf

L = mugyh = constant

Also, |7 |=|%|=7
Since, dA = %(vodt]rsinﬂ

dA  muyrsind L

dt 2m 2m
Hence, (B) and (D) are correct.

V= ()i

Ay=0)
Hence, (B) and (C) are correct.

The mass M of the rod is

I I
M=J.;tdr=j(170r)dr= ﬁ
l 2

0 0

Position of centre of mass of rod from end lying on the
surface is

F =mal2 «

pseudo —

2i/3

I

4M 24
Giventhatf=ﬂ=_g=_ﬂg
3 3 3

F=2mg/3

10.

11.
12.

Hints and Explanations H.197

If N= %g, then for equilibrium of the rod, we have

Zr=0and ZF =0.
LF =0 gives, Fapplied = Fpseudo =Ma
2hg _ Ao
3 2

= a= 4

3 8
Similarly, £7 = 0 gives Fsinf = N cos6
- tang=L-= 3

a 4

= =37

Hence, (A), (B) and (C) are correct.

Fi=3ma { Net force=(Total mass )(acceleration )}

U

= (_10 = ——f
Since 7=
= Pb=(3mr2)a

Fb
= o= 5
3mr

Hence, (A) and (C) are correct.

L, =Io=MK*w (1)
L, =Iw+ MvR

= L,=MK*0+MR(wR)

= L,=MolK*+R?) 2)
From equations (1) and (2), we can see that

L, =2L;, when K=R and

L,>2L, when K>R
Hence, (B) and (D) are correct.

Conceptual (C) and (D) are correct.

W=y —ag
do

= r =W, —ag
¢ i

- oo

1 0
= —-log,(w,-a9)
a

=t
0

= log,(wy—a¢)-log, &, =-at

W= _
wy,

CHAPTER 3
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13.

14.

15.

16.

> ¢= %(1_ e ) {OPTION (A)}
Further, w = i—f = %%[l —e]

= 0= %[—t?—"f(—a)]

= o=ae" (OPTION (C))

Hence, (A) and (C) are correct.

When cylinder comes down, at the point where string
leaves contact with the cylinder is point of instanta-
neous rest, thus string does zero work.
e =)z
& = 2 Cw = 2 2 R = 1
Kr 1 2 1 2 2
2 2
Hence, (A) and (C) are correct.

The farther the mass is distributed from the Axis of
Rotation (AOR), the more the Moment of Inertia.

Al *Q oC | B

Here C must be towards heavier side and hence lies
between O and B.

= I;>Ih>I->1

Hence, (A) and (C) are correct.
Since L= ]!

Where | = mv is the impulse.
Also, L=1w

1m€2
3

= a‘.t:ﬂ
ml
L3
Kinetic energy = — = —
&= " om

{
andvc=m—'=ﬂ
2 2m

Hence, (A), (B), (C) and (D) are correct.

Particle P will have a velocity in vertical direction, when

17.

Rowcosa=7v

()
= a=cos | —
Rw

So, the required angle 6 is

9=ﬁ—cosl(i) and6=n+cosl(l)
Rw Rw

Point P corresponds to 8 =7 —cos™ ( Ri) and it has
®

velocity in vertically upward direction, while Q cor-
af v . I
responds to 6= +cos 1( R_] and it has velocity in
(0]
vertically downward direction.

Hence, (C) and (D) are correct.

If v, be the velocity of centre of mass of the cylinder,
@ be the angular velocity of the cylinder, then for no
sliding between plank A and cylinder C, we have

Ro-v,, =0 (1)
Similarly, for no sliding between plank B and cylinder
C, we have

Uy +RO=20 -(2)
Solving equations (1) and (2), we get

Ve = g and @ = S—;, clockwise

Below the centre of the cylinder at a distance x (say),
we observe a point which happens to be at instanta-
neous rest and this point is called the instantaneous
centre (IC) of zero velocity and the axis passing
through it is called the Instantaneous Axis of Rotation.
At this point, we have

Ve — X0 =0
Vm U2 R
= X= = - = —
® 3v/2R 3

The translational kinetic energy of the system is
K; =K, +K; +(KC)T

1 1 1 o\
= K =—m(2’0)2+7(2m)2’)2 +(8m)()
2 2 2 2

= Kr= 4mo?
Since the cylinder is in pure rolling, so the kinetic
energy of the system is

KT=KA+KB+(KC)

rolling

The kinetic energy in rolling is the sum of translational
kinetic energy and rotational kinetic energy and is
given by

Mo

1 K?
K1'nlling = E cm ( 1+ F J



18.

19.

20.

21.

22,

23.

ICON

2 .
1 v 1) 3
SO;(KC )rOHng:E(S]ﬂ)(EJ (1"‘5]:5”’1?}2

= K= 1m(ZU)2 +1(2m)v2 +§mv2
2 2 2

= K;= Emv2

Hence, (A), (B), (C) and (D) are correct.

Since, the broken away piece of mass m (say) has the
same linear speed as it had before detaching from
the disc, the angular speed of the remaining disc will
remain stay unchanged. Further, the linear speed of
the piece will first decrease and then increase due to
gravity. So, its angular speed about an axis passing
through O will first decrease and then increase.

v =Ro
24,
v [
‘ . |
Hence, (C) and (D) are correct.
. Angular | _( Change in Angular
Since ( Impulse ) - ( Momentum | >°
25.
L=r1t
= L=FQR)t

ie., L varies linearly with time.
Hence, (B) and (C) are correct.
Velocity of particle is 7 = @ x 7 and centripetal accelera-
tion is
d.=@x0=0x(@x7)
Hence, (B) and (D) are correct.

On a smooth horizontal surface, it can roll without
slipping if v = Rw and no external force is acting on it.

Hence, (A), (C) and (D) are correct.

On melting, moment of inertia increases and hence @
decreases.

Hence, (B) and (D) are correct.
Since cylinder will roll towards right and required

torque about centre of mass can be provided by friction
if friction acts in the backward direction.

Hints and Explanations H.199

fs
-+

Rough
Now F - f, =ma

Also, 7= fR=I_a= (1 mR>2 ]5
2 JR

1
== (2
= fo=yma @
Solving (1) and (2), we get
a= 20 and f, = E
3M 3

Hence, (B), (C) and (D) are correct.

CHAPTER 3

Point of contact P is at rest. Taking torque due to all the
forces about point P we observe that

Torque is clockwise if F is applied i.e., spool will rotate
clockwise.

Torque due to F, is zero i.e., spool will not rotate if F, is
applied, because F, passes through P.

Torque due to F; and F; is anticlockwise i.e., spool will
rotate anticlockwise if only F; or F, is applied.

Hence, (B) and (D) are correct.

Since surface is frictionless, the centre of mass of the
rod will fall along the straight line

il (isine)@ - Lng

= — =
dt 2 Jdt 2

dy ¢ .
= =—g=—w2c059+(—sin9]a

a2 2

2

14 4
= a=&c059+—asin9

2 2

Hence, (A) and (D) are correct.
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26.

27.

28.

Since the pulley has mass, so tension in both branches
of string must be different.

a

T
27 vT,
T,4

m, AT,
e
myg m, y
l
mg

Assume T; to be absent then T, provides a torque T,R
(in anticlockwise sense).

Now assume T, to be absent then T; provides a torque
TiR (in clockwise sense). So, Net Torque

T=T]R*T2R
= la=(T,-T,)R { r=la}
a a

In

= (TI_T2)=F (1)

Further for my

mg -1, =ma . (2)
and for m,
T, —myg = mya .(3)

Adding (2) and (3) and using (1), we get

my —m
0= 1~

my + 1y + (L"‘IR2 ]
Hence, (A), (B), (C) and (D) are correct.

When the centre of mass moves a distance S, then the
distance covered by the point of application of force F
is 25, therefore work done is W = F(25)

From Work Energy Theorem, we have

W=2FS= 1mv2 + llwz
2 2

20FS
v= } —_—
7M
Hence, (A) and (B) are correct.

Moment of inertia will decrease but radius of gyration
will increase because the distance of remaining mass
from the axis has been increased. Radius of gyration
depends on the distribution of mass from the axis.

Hence, (A), (B) and (D) are correct.

29.

30.

31.

ae

From symmetry we have

L=land I, =1, ..(1)
Also, by perpendicular Axis Theorem

Iy=l+1,=1,+I, )
From (2), we get

21, =21, [+ of (1)}
= L=I

Hence, (A), (B) and (C) are correct.

Ltﬂtal =L +L

about cm ‘em about O

= |‘T:O|=I(’[cm)‘a‘:-l-‘1]“/1‘031"1(ricmfmmO)I
CCW CW

Taking CW as positive, we get

|EO|=(;MR2)w+M(Rm)(3R)
= |I:O|=[§MR2J0)

Similarly, angular momentum about A is

LA = Jf‘abnn‘f am t Jf‘cm about A

= |I:A ‘ =(1mR2)w+0=(lmR2]w
2 2

Hence, (A) and (C) are correct.

When the body is on the verge of toppling, then we
can apply the equilibrium condition to get the desired
results. Also, if the body topples about the point P,
then the normal reaction will shift to this point as
shown in Figure.

mg

P
So,wehave EF =0 and £Z7=0
For translational equilibrium of the body
N=mgand F = f; = uN = umg
For rotational equilibrium of the body, taking torque
about P, we get

enf)

mg
F=""&
23



ICON

32.

33.

34.

For rotational equilibrium of the body, taking torque
about O, we get

5 o 53

1
H_Z\E
1 mg .
When p=2u,,. = N and F = i taking torque about
P,we get
8- 5)- ()
—=(V3a)-mg| = |=| —ma” |
JE( ) $2)7 12
= a=6—g
17a

Hence, (A) and (C) are correct.

Relative velocity between A and B along AB should be
zero. Hence

v, 8inf =g cosh

4o
= v, =v3co’c9=?{’

5
3
A\
4
[component of relative velocity ]
dicular to AB
Since, &= perpendicular to
AB
- w=vAcos«9+vBsm9
4
) )
3 N5)7 % 5) 5
o =3 A 5/ _ 2%

{ 3/
Hence, (B) and (D) are correct.

Conceptual (A), (B), (C) and (D) are correct.
2

K
In case of pure rolling, =% = , S0
P 8 Ky k*+1r?
K K, 2
R —1fora ring and —R = Z fora solid sphere.
Kt Ky

where, Ky =rotational kinetic energy and

K =translational kinetic energy

35.

36.

37.

38.

Hints and Explanations H.201

Therefore, fraction of its total energy associated with
rotation is

= i = 1 for ring and

1+1

2 2
= ——=— for solid sphere
P 2+5 7 P

Hence, (A) and (D) are correct.

If F; or F, is applied, the centre of mass of spool will
move towards right and it will rotate anticlockwise
about centre of mass. Hence, friction will be towards
left.

If F; is applied, centre of mass of spool will move
towards left and it will rotate anticlockwise about cen-
tre of mass. Hence, friction will be towards left.

If F, is applied, then the centre of mass of spool will
move towards left and it will rotate counter clockwise
and Fj in itself has a tendency of both. So, friction may
be zero, leftwards or rightwards depending upon the
moment of inertia, mass and radius.

Hence, (A), (B) and (D) are correct.

Since no external torque is acting on the system hence
L is conserved.

(Lstudent+5tonl )initial + ( Lwheel )initial = (Lstudeantool )final +

( iwheel )final

= 0+ io = (Estudeantnol )ﬁnal + (7Lﬂ )

= (istudenfﬁtool )ﬁnal = 21?_10
Hence, (A) and (C) are correct.

Speed of the bottommost point is zero but acceleration
is not zero. Friction force may be there if it is an accel-
erated motion but work done by friction is always
zero.

Hence, (A) and (D) are correct.

This figure makes us conclude that section AB and
BC have equal kinetic energy. Also, section ABC has
greater kinetic energy than section ADC and BC has
greater kinetic energy than CD.

B
v 2v
At R Cc
v
D

Hence, (A) and (B) are correct.

CHAPTER 3
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39.

40.

41.

L=mvh

2 .2
= L=m(vcos45){w]

28

vy =V cos 45°

v

mo® v*sin’ 45
L= wh——
W2g 28
2
Also, from h = v
4g
= v= 2Jg71
Also, L=—
\f
\/_
= L=m2gh°

Hence, (B) and (D) are correct.

When the net force on a rigid body is zero, then the
summation of moments about any point is constant.

Hence, (A) and (C) are correct.

By Law of Conservation of Angular Momentum
(%MRz]w=(%MR2 +MR2)w’

, @
= 0=
3
Loss in Kinetic energy=K; - K
Where K; = 1102 = Lmr2e?
2 1
1 2
Ki==(I ., )@
f 2( total)
= Kf=1(3MR2][1w2]
s2\2 9
1 2 2
= Ki=—MRw
c12

= Loss =(l - l)MR%2
4 12
= Loss= %MR?'GJZ

= Loss=g(1MR2w2J
3\ 4

42,

43.

1

= Loss= 2K-
3

Obviously, the lost energy must change to heat and
actually this energy is lost due to the presence of
friction which helps the two bodies attain a common
angular velocity.

Hence, (A), (B) and (D) are correct.
Initially, when rod is vertical, magnitude of normal
reaction is mg and only gravitational force is acting on

the centre of mass of the rod in the vertical downward
direction.

N CM

mg
0

I
1
I
| I
—

£
20039

Now consider the situation in the figure, then

Mg-N=Ma (1)
/ M/
Also, N| =cosb |=la=| — |a ...(2)
2 12
/
= a5=ac059 ...(3)

After solving (1), (2) and (3), we get
Mg
4
Hence, (A), (B) and (D) are correct.

N=

When seen from the frame attached to the plank, net
torque about P is zero, so we have

ma(R —ECOSGJ = ngsinG
2 2

f=uN

NP g

[ v —a

=N | t m [—F

f=uN lmg

0
- _ gsin
2 cos@



44.

When 0 =37°, we get a =5 ms™
Also, f = UN =ma

= umg=ma

= .urnin=£=1
g 2
For the plank, we have
F-f-f'=ma

= F-umg-2umg=ma

Adding equations (1) and (2), we get
F-2umg =2ma

= F=100N

Hence, (B) and (D) are correct.
2

Tcosf=mg and Tsin@= .
r

2
= v_ =tanf = tan(30°) =

. JE 0510 _
1.731

1
\/_

Now, PO = /cosf
= PO=(1)(0.86)=0.86 m

Also, r = /sinf = (l)[%]:[}.S m

ICON
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Reasoning Based Questions

1. When earth shrinks its angular momentum remains
(1) constant i.e.,
2 2
L=lo=“mR*x =" =constant
5 T
T oI e R* it means if size of earth changes then it's
moment of inertia changes. If radius is half so time
-2 period will become 2 = % =6 hr.
Hence, the correct answer is (A).

2. In the case of smooth surface, f, =0, whereas in pure
rolling motion friction can be present or absent.

Hence, the correct answer is (B).

CHAPTER 3

3. Perpendicular axis theorem is not valid for a sphere.

Hence, the correct answer is (D).

4. Ifangular velocity is constant then frictional force act-
ing on sphere is zero. In case of pure rolling velocity of
contact point is zero.

Hence, the correct answer is (B).

5. If system has only rotational kinetic energy than
momentum may be zero.
Hence, the correct answer is (D).

6.  As the person climbs up, normal reaction and friction
between the ladder and the wall both increases. This
decreases normal reaction from the floor, decreasing

limiting value of friction there. This increases the pos-
sibility of the ladder slipping.

Hence, the correct answer is (C).

7. Since net torque is zero angular velocity remains
constant.

Horizontal component of angular momentum is Hence, the correct answer is (A).

Ly =(m)(v)(PO)
= Ly =(2)(1.7)(0.86)=2.9 kgm’s '

Vertical component of angular momentum is
Ly =(m)(v)(0Q)
L, =(2)(17)(05) =17 kgm?*s™

Also, d—L

. ‘= |7|=mgr=(2)(10)(0.5)

= iL 10 kgm’s 2
dt

Hence, (A), (B) and (C) are correct.

8. Moment of inertia is then sum of 7” terms. We cannot
change all the r's, keep m'’s the same, and expect Zrn,7?
to remain unchanged.

Hence, the correct answer is (A).

9. Velocity of point of contact
v="0,,—Rw
When pure rolling occurs v, = Ro
= V=0
Also, frictional force provides torque which further
helps in achieving the pure rolling condition.

Hence, the correct answer is (B).
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10.

Vem: dem

Al

ro - >V

During the motion of rolling there is radial acceleration
toward the centre. Hence contact point moves
vertically upward.

-2
F=%R

f=0

Hence, the correct answer is (D).

11.

Hence, the correct answer is (A).

12. In sliding down, the entire potential energy is con-
verted into kinetic energy. While in rolling down same
part of potential energy is converted into kinetic energy
of rotation, therefore linear velocity acquired is less.

Hence, the correct answer is (A).
13. Frictional force on an inclined plane, for a disc is
1 .
=—gsina
f=38
Hence, the correct answer is (B).

14. As the block remains stationary
Ifx=0ie,F=N

Ify=01ie, f=mg
and £7=0

= T+ =0

Since 7; #0

= Ty #0and torque by friction and normal reaction
will be in opposite.
Hence, the correct answer is (A).

15. Ilwl = Izwz

If1,<I,

The diver does work by pulling his limps and thus, @
increases or rotational kinetic energy increases.

Hence, the correct answer is (A).
Linked Comprehension Type Questions

1. By Law of Conservation of Mechanical Energy, we

have
2
(3m)(2)(20)= 1 10? =%[M}wz g

2V 7

Angular _| Angular

Change in -
= , we get
o)
mpuise Momentum

prym&(

]1(31¢)=

13
= 3h“4Mmﬁ{E$%]

= | =§mﬁ 378

4
= h=§m 3g{=8m\/%

Hence, the correct answer is (C).

2. Let @ be the angular speed in opposite direction.
Again, applying Law of Conservation of Mechanical
Energy, we get

(3m)(g)() =10’ =8mf* (o)

ey



ICON

m’
Angul Ch, in Angul
Since, ( ngu ar) =( ange in Angu ar]’
Impulse Momentum

}2(30:I(w+w'):(16mfl)%\/%(1+%)

= }2=§m 6g£(ﬁ+l)=4m(ﬁ+l)\/?

Hence, the correct answer is (B).

Torque about point A is

=F(2R) =1«
R*
= F(2R)= [ &l Ja
2
_4F
3mR
So tangential acceleration of center of mass is
=Ra
4F
= ;=
3m

Hence, the correct answer is (D).

F

N,

|

mg
N, =mg

Hence, the correct answer is (B).

F+N, =ma,
F 4F
- net e
m

Hence, the correct answer is (C).

Hints and Explanations H.205

By Law of Conservation of Angular Momentum, we
have

2
(2m)(2u)(#) = %w—(m)(vl)(f)
A A
[0}
2m v
O— pC 0 pC
2u 2m
B B

Just Before Impact Just After Impact
= 4u=4w-2v
= 2u=2w-7v ..(1)

Since, for an elastic collision we have, e =1, so

Relative Relative
speed of |=| speedof | atpointC
approach separation
= 2u=v+lo ...(2)

From equation (1) and (2), we get

Hence, the correct answer is (C).

In this case, the component of velocity along AC
remains unchanged. Proceedmg in the same manner,

2mQ

we can just replace 2u by 2ucos(30°) = )= /31 and find v,.
A A A
®
X, 602
2u S _ J3u v
‘WC = ?—b C = 4—? C
u u
B B B
Just Before Just After
Imapct Imapct

Hence v—(zlﬁu—”
' 32 3

Speed of particle after impact is

vy =o't +u? \/_

Hence, the correct answer is (B).

—+LI =
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8.

10.

/'G)
T
umg vy, a4
i, = —#:mg =
! m
_ pmg
2= HE

If v; and v, be the velocities of plank and cylinder at
time ¢, then relative velocity of centre of mass of sphere
w.rt. plank is (v, +7; ). So, when pure rolling begins,
then
oo Ut
r

where v; = (ug )t and v, = (ug )t

Now,a=£= (.Umg)r
|

—mr

5

. a=é[ﬂ_8)
20 r

when pure rolling begins at time f, then

?)1+U2=?‘w

= (2ug)t=r(w,-oat)

5
= (2ug)t =rw0—(5,ug)t

o e Z[ roy ]
I ug
Hence, the correct answer is (B).
Since v, = (ug )t
Hence, the correct answer is (A).

1

2 rw,

(3]

9 ug

oy 2 rzmé
Fosl g

Hence, the correct answer is (D).

11.

12.

13.

14.

Let v be the velocity of centre of mass (also at C) of
rod and two particles and  the angular velocity of the
system.

10 ms™
--------- A ol A
o| C C/—\ >V
’Jm
fms™’
————————— B o B

By Law of Conservation of Linear Momentum, we
have

(0.08)(10+6)=(0.08+0.08+0.16)v
= pv=4ms’
Hence, the correct answer is (D).
Also, AB=CB=0.5m

Similarly applying Conservation of
Momentum about the point C, we get

(0.08)(10)(0.5)~(0.08)(6)(0.5) = [y --.(1)

(16)(3)

two particles = 12

Angular

where, [ =lqt+! +

system

2(0.08)(0.5)

= J[_f,ysl‘ern = 008 kgmz

Substituting in equation (1), we get
©=2 rads™
Hence, the correct answer is (C).

Loss of kinetic energy = -AK = K; - K

= —AK=%(O.[}8)(10)2+%(0.08)(6)2—
%(0.08+0.08+o.16)(4)2%(0.08)(2)2

= -AK=4+144-256-0.16

= -AK=272]

Hence, the correct answetr is (B).

By Law of Conservation of Mechanical Energy, we
have

1(1
mg(ZR)=E[EMR2+mRZ)w2

8mg
= o= |—0—
(2m+M)R
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m
. ” .
m
Initial Final

. M
Since, m = PY so we have

2
o= B
R

Hence, the correct answer is (C).

15. Let F be the force exerted by disk on the particle
(upwards). Then,

F-mg= mRw*
ng

F= L .
- mg+(2m+M)

~ mg(10m+ M)
T (2m+ M)

. M
Since, m = X so we have

3
F=M
’ g
Hence, the correct answer is (D).

16. Since the rod is in equilibrium, so
N, +N,=(2)(10)+4

= N{+N,=24N (1)
Ny N,
I Y Y
{ 4 /
2 b4 K
]
A B
Y A J
29 4N

Taking torque due to all forces about A, we get

14 ¢
N1(0)+(20)()+4(3]+N2€=0
2 4: | E—
—_ 1 - CCW
cW
= 10/+3/-N,/=0
= N,=13N ..(2)
From (1), we get
N;=11N

Hence, the correct answer is (B).

Hints and Explanations H.207

17. Just after hinge B breaks (and F is removed too) the
rod will not be in equilibrium. Let the new reaction at
A be N, then

2¢-N=2 (1)

M| W2
~—

R I

= a=

»P-lw M| =

So, from (1), we get
20-N= 2[ 3—3)
4

- 20-n=%
4

= N=5N
Hence, the correct answer is (D).

18. By Law of Conservation of Energy
[ Loss in GPE ] B ( Gain in RKE]

of CM of Rod of Rod
¢ 2
. (2)8(_.)=1((2)f sz
2 20 3
= o= 38
f

So, acceleration is
a,= (0" =3g=30ms™
Hence, the correct answer is (C).

19. Applying Conservation of Angular Momentum, we get

Z mory = (Isystem )ﬂ]

CHAPTER 3
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20.

21.

= (mu)L:(%MLZ +mL2)(;J

_ 3mu
T (M+3m)L

Since m < M, so, we get

=

3mu
ML
Hence, the correct answer is (C).

n
—_

—
)

0]

By Law of Conservation of Energy, we have

Loss in RKE Gain in Gain in
of Ball-Rod |=| GPEof |=| GPE of
System CM of Rod Ball

= %(%MLZ +mL2)w2 = Mg(%)(l—coseh
mgL(1-cos6)
(M +3m)Lo” =3g(1-cosf)(M+2m)
Since M = m, so
M+3m=Mand M+2m=M

> 0= 3Tg(l—cos@)

Sm_u 38[25m [BH
ML L 2

we(3)
= u=— —gLsm
m 2

Hence, the correct answer is (C).

Since angular momentum is conserved about the
hinge so there will be no change in angular momen-
tum of system, however the rod is hinged at support
and due to this the linear momentum changes. So,

Ap=ps-p

= Ap= |: (Lm)+M(L;uH—mu

= [n1+—)L&) i

= Ap:[m ](3mu)mu

= A;o:(E JSmu i
M

= Ap= Smufmu

= Ap= %mu

22.

23.

24.

But u = M ggLsin[g)
m\3 2

N3
= Ap= M\/%sin(g)

Hence, the correct answer is (D).

Applying Law of Conservation of Angular Momentum
about the hinge we get

mvx:fm:[Nf]w ...(1)
0] O_
A
I ®
L= ety

Q-

Also, by Law of Conservation of Linear Momentum,
we get

F =P

= mv:MUr=M(%w) ...(2)

From equations (1) and (2), we get
2L

X=—
3

Hence, the correct answer is (C).
me*

[=—
3

= m*=3I ..(1)
Further, let R be the radius of ring, then
[ =2nR
{

= R=—
2n

2
ene ol S
4r? 47

Hence, the correct answer is (B).

/=2(27R)
(
= R'=—
4
2mi? 3
I =2m(R)* = =(—JI
2 1672 \ 872

Hence, the correct answer is (D).



25.

26.

ICON

For block

0(6)= /2R, cosf

For the ball, we have, % = 2

= 1mv2 =§E
2 7

where E is the total mechanical energy, so

E =mgh, where h= gR, cos6

1
= 0(0)=, ?Ongcose
Now again proceeding in the similar manner, we get
_ 7Ry J‘ —d6 @
10g J vcos@

From equahons
R, =2R,, we get

1) and (2), on dividing and using

L_ 10
t, \7
= L>h

So, the ball will reach the bottom of the track first.
Hence, the correct answer is (B).

From equations (1) and (2), already calculated, when

27. 1,

28.

29.

30.

Hints and Explanations H.209

U
|7
(J‘III ~1

Hence, the correct answer is (C).
AL| 1
ACIRIPEI

At 2

Hence, the correct answer is (C).

) 5)

:[ 3+2 }(2):12.5 rad
2(0.4)
So, number of revolutions is
=i= 125 =1.99=2
2 2(3.14)
Hence, the correct answer is (A).
2 2
w-ak-L_ L
21 21
1
W=——(4-9)=-625
2004) ]
= |[W|=625]

Hence, the correct answer is (D).

C is the centre of mass of rod and O the combined cen-
tre of mass of system (ball + rod) after collision. If we
consider the origin at the centre of the rod, C, then the
combined centre of mass of ball + rod is at a distance

X .
) from C, as shown. Conserving angular momentum

about point O.

(3ol ol
mog| = |=Lw=|m|=| +—+m| =| |@
2 2 12 2

()
ol =
o= 2 __ b
(ﬁ}r(x_z] (12 +63%)
12 2

67

2
(6x+{—J
X

2
For ® to be maximum or minimum quantity (Gx +— J
should be minimum or maximum *

=

= o=

CHAPTER 3
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VO - M
MOy ;(y'z'i"(';gcb
Clel C e

Just Before Impact  Just After Impact

/
= x=

J6
2
42 ( 6x + £ ] /
Further ———* 2 at x=— is positive, hence at
¢ dx? J6 P '
x= E, the denominator is minimum and hence  is
maximum

Further at x=0, w=0, therefore @ will first increase
and then it will decrease.

Hence, the correct answer is (B).

31. Impulse|]|=Ap=|p; -p,

= |f\=P;—Pf(a5Pi>Pf)
Now, |J| will be maximum when p; or v, for ball is
least. vy will be least when the ball strikes at centre

of rod, because in that case v, =% (by Law of

2
Conservation of Linear Momentum). In all other cases,

one more term r®, will be added to this.

0 mu,
So,me=m(vo——°]=—“

Hence, the correct answer is (A).

32. Translational kinetic energy in both cases will be
equal but rotational kinetic energy in CASE-1 will be
less. This is because perpendicular distance of linear
impulse from the centre is less. So, angular impulse
imparted to the sphere will be less or @ will be less.

Hence, the correct answer is (C).

33. Friction will be in forwards direction in the case of
backward slipping just after being hit by the cue, i.e.,
Ro>v

By Angular Impulse — Angular Momentum Theorem,
we have

Jh=1w

where | is the linear impulse

35.

B

= h>

mR

= h>04R
i.e., in CASE-2
Hence, the correct answer is (D).

B_

mg

A ) ICO
P
mg

_%
8L
Hence, the correct answer is (B).

Let @ be the angular speed just before striking with
ground.

] O
N
v o
mg
Initially Finally
Decrease in Increase in
Gravitational |=| Rotational
Potential Energy Kinetic Energy
- 2
= mg(£ —EJ + mg(L —EJ = l[ﬂﬁ-mﬁ )mz
2 4 4 20 3

Solving this equation, we get,

w:l-ng
L

= v,=(04)w=Lo=11sL
Hence, the correct answer is (D).
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36.

37.

The distance of centre of mass of the system from point
Als
4

r=—

V3

Therefore, the magnitude of horizontal force exerted
by the hinge on the body is

F =centripetal force

= F=(3m)ro’

£
= F=(3m)| = |
o )
= F:ﬁmﬁmz
Hence, the correct answer is (C).

Angular acceleration of system about point A is

]m

T dmt

I o

Now, acceleration of centre of mass along x-axis is

e

Now, let F, be the force applied by the hinge along
x-axis. Then,

F.+F=(3m)a,

= F+F= (3?11)(;]

m
= FY+F=EF

' 1
= Fr=—£

' 4

F . .
= E= 7 along negative x-axis

Hence, the correct answer is (D).

38.

39.

40.

41.

Hints and Explanations H.211

If F, be the force applied by the hinge along y-axis.
Then,

F, = Centripetal Force
= PU = \/5 ml w*
Hence, the correct answer is (C).

If ground is smooth the body will rotate about O, so

1. 5
K==I,w
510

I
Paia
21,
where 7=F(2R)-F(R)=FR
2p2,2
o K= F°Rt
21,
Substituting the values, we get
2 2 2
< 107 (1)7(2) _50]

2x4
Hence, the correct answer is (B).

In this case the body will rotate about bottommost
point, so

22
B
2
o K:[F(4R)—F(3R)] 2
2[ I, +m(2R)’ ]
L ok PR
2 1y +4mR? |
(10)*(1)*(6)*
= ——
2[4+8]
= K=150]

Hence, the correct answer is (D).

Since both spheres are of equal masses and the second
sphere is at rest, so just after collision the first sphere
comes to rest and it will have only w i.e., it will slip
backwards. So, friction will be maximum and in
forward direction. Let v’ be its linear speed and o’
its angular speed when it again starts pure rolling.
Friction is passing through its bottommost point, so
we can conserve angular momentum about an axis
passing through its bottommost point and perpendic-
ular to plane of motion. So,

CHAPTER 3
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[)] o
= v
Just After  HMg When Pure
Impact Rolling Beging
Lj' = LI
2 2
= —( R? )w= —(mR2 )w’+ mv'R
5 5
2 2 ’
= —( R? )w= —(IFIRZ(U—J+W1U'R)
5 5 R
2
= ©v'=-Rw
7

Hence, the correct answer is (B).

42. Thinking on the same concept as discussed above, we

again have
m”
®_>V j @ v”
pmg
LJ' = Lf

2
= mouR= g(mR2 )’ +m(w’R)R

= 0'==-=
7R

Now, angular impulse imparted to the sphere is
2
AL=10" =(—MR2J(53)
5 7R
= AL= %va

Hence, the correct answer is (A).

43. In case of pure rolling

o= gsind
1+L
mR?

a is minimum when [ is maximum which is for ring

equal to nR% So,

inf 1
_ gsin =—0ms‘2

min

2 4
25 2x5
t = [—= —:2
:> max \]; (10] S
V 4

Hence, the correct answer is (D).

44. Minimum value of y required in this case is

tan@

2
1+ mRZ

I
[ is maximum for ring, hence minimum value of u
required for pure rolling will have maximum value for

ring. So, it will be the first to start slipping.

min —

Hence, the correct answer is (A).

a

_ 3apy

y 2

y 2

45, szmdxzp_o[mx_J
a a 2

0

Hence, the correct answer is (D).

J.(dm)x Jpﬂ(ﬂmxdx
0 0 !

46. x, = =
M 3apy
2
L z(__]S_
732 2)), 9

Hence, the correct answer is (C).

¥ r 3 4
7. 1= (s - jwdﬁ’_(T_]
a
0

a

a 4
0 0
I - 7;90613
AT 1
2
- 7Ma { M < 3P }
18 2
Hence, the correct answer is (A).
. Angular B Change in Angular
48. Since, ( Tmpulse ) = ( Momentum , 50 we get
7Ma®
n=1,m=
Ja=1a 18
18]
~ 7Ma
il
Sa
9
Cle l
J,
B



49,

50.

51.

ICON

B will pass through a point vertically above A when

%Jsz > Mg(24C)
2 2
)
20 18 \7Ma 9
M
= }>?,f70r1g
= }min=%\i70ag

Hence, the correct answer is (B).

At the time of pure rolling, we have
—0=0-T0Q

re
= U=—

Also, we have
1(1Icmw§)=1mvz+(1mvz+1lmw2]
202 2 2 2
2 2

= ﬂ=2vz

8
ol
4

Hence, the correct answer is (A).

When slipping ceases, we have
0=0-(pg)t

= o=(ug)t

1%

Cdug
Hence, the correct answer is (D).

L =(1mr2]w0
2
Lf=(;mr2Jw

. ),
Since @ = IO' s0

= f

2

|AL|=‘Lf7L,- =%mr [N

Hence, the correct answer is (D).

Hints and Explanations H.213

52. Since 0% —0v” =2(-pug)s

2

v
= §=—
2ug
2.2
LA
3208
Hence, the correct answer is (D).
53. 1:=1=E=5ms’1
m 2
_ m
(a4
L
y -
mk — oo » X Q.
1% <
.-
1 U
/
w_g_’(i]_ o6
I 2( mf* ] me
12
0= 6x10 =15 rads™

2x2

At point P, which is say at distance r from centre
where if, v and r@ cancel each other then that point
will be at rest just after impact.

5 1

—=—1m

15 3

Hence, the correct answer is (C).

v
Therefore, r=—=
1)

54. In the given time angle through which the rod rotates
is

9:@:15(1):5:60"
15) 3
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T (Dsin(e0r) <[ F4 3
= xA—g+(1)51n(60 )—(9+ 5 )m

1
=y, =1cos(60°)= 2 m

Hence, the correct answer is (D).

. Acceleration of block a = gsin(45°) - ugcos(45°)

§ & 8
= gg=-5-—==—C=
T2 22 22
and acceleration of cylinder a, = w (1)
1+
2mR’

where, [ = %(Zm)R2

I 1

2mR? 2
Substituting in equation (1), we get

2
Acceleration of cylinder a. = %

Hence, the correct answer is (D).

. The free body diagrams of the block and the cylinder
are as shown.

FBD of Block

FBD of Cylinder

Equations of motion are,
N, =mgcos(45°)+ uN, (1)

mgsin(45°)+ N; — uN, = ma ..(2)
UN; + N = 2mg cos(45°) ..(3)
2mgsin(45°)- N, - f =2ma ..(4)
(f-uNy)R
5(2?11)1{2

Also, o=

For no slipping, we have
a=Ro ...(6)
Solving these equations, we get
52

Hence, the correct answer is (B).

57.

58.

59.

In process A, T=5N
In process B, mg —T" = ma
= T'=(05-ma)<T

So, tangential acceleration will be greater in process A
than that in B.

Hence, the correct answer is (B).

The mechanical energy is conserved in both Aand B.
Hence, the correct answer is (A).

Let the a be the acceleration of C.M. w.r.t. plank, then

2umg =ma
= a=2ug ..(1)
mr?
Further, 7= p(mg)r= Ta
_ 2
¥

umg
umg

Let a, be the acceleration of point of contact due to
rotation.

ay=ra

= ay=2ug (2

Acceleration a” of point of contact w.r.t. the plank is
a'=a+a,

= a'=4ug

= a'=4ms?

Hence, the correct answer is (C).

I
g
= (=255

Hence, the correct answer is (B).

. Distance travelled by the cylinder w.r.t. plankin 2.5 s is

s=-vt+ %(2,ug)t2

= 5=-1875m

= |s/=1875m

After t = 2.5 s the velocity of cylinder is
v'=-v+(2ug )(2.5)

= o'=-5ms’

Remaining distance = 40-18.75=21.25m
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Hints and Explanations H.215
(]

Time taken to cover 21.25 m is

2125

= P=(180)(3)=120 N
r=S2 s a0 3

Hence, the correct answer is (C).
So, total time T =2.5+4.25=6.75 s

. 64. Let N be normal force between the wall and sphere at
Hence, the correct answer is (D).

the time of impact and At the time of impact, then

Let v, be the velocity of centre of mass, then NAt=Ap=8m (1)

Ra
Up =0y, — 7

2
- aP=Rw—R_m=R_w=Ufm FurtherR(yNAt):A(Im):(EmRz)(S) -(2)
2 2 2

e A — -1
Since v, =2 ms ™" { - Aw =5 rads }

{ Av=8ms™ }

= v, =Ro=4ms” ()

= @=4rads’ { R=1m}

CHAPTER 3

—4ms!
Now, acceleration of point P is v=ams

10— [.2 4 2
ap =10=jar + ay

RV Dividing equation (2) by (1), we get
= 10=,|a7 + [m"‘ —] 1
\ 2 H=—

4
= a;=36=6ms" Hence, the correct answer is (A).

If a_,, be the acceleration of the centre of mass then 65. Net linear impulseis |, =+/] 24

net —

Ra —
aT_aCm_7=6 = ]net=( l+luz)]
ud
= acm—ac—m=6
2
= a,=12ms?

Hence, the correct answer is (C).

. If f be the force of friction, then U >J

R T
F(Ej_ﬂa_m_(iml{ )a where, | = AP =16 Ns
F
= E—f=(5)(12)=60 (1) So, net impulse is fnef=[ /1+116](16)=4J1_7 Ns
Hence, the correct answer is (C).
F 1,
R/2 . =Iw 2
66. Rotatlolnal KE 2 _ K_2 { I= MK2, 0= Rw}
A Translational KE  1,,> R
2
‘ L Hence, the correct answer is (D).
_ _ _ 1.9
Also, F+ f =ma, =10x12=120 ...(2) RKE Em i %
From (1) and (2), we get 67. TE 1 R2) RE+K2
aF —1m2(1 + —2]
2 =180 K .
2 Hence, the correct answer is (D).
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68.

69.

70.

1 2
TKE ™  R?
TE 1 L. K*) R*+K*
—Mmv 1+P

Hence, the correct answer is (B).

At maximum height, both the sphere and wedge have
same horizontal velocity say v, then by Impulse —
Momentum Theorem, we have

[ Total Change in
(T pulse) = ( Momentum of Wedge] * (sphere)
= P=(dm)v+(m)v
= P=bmv

Just after sharp impulse is given to the sphere, let m,
be the angular velocity and v, be the velocity of centre
of mass of sphere, then by Law of Conservation of
Energy, we have

1mv§+llcmm§=(1mv2+1Icmw§)+1(4m)vz
2 2 2 2 2
1 5, 1 2
= —muy=—(bm)v" +mgh
el 2( ) g
4p?2 2p?
= h: 3 :—2
10m°g 5m'g

Hence, the correct answer is (A).

1 1 1
KE= (—mvz +=1_ 0} J +—(4m)v?
2 2 2

= KE:%(5n1)1)2+%Icmm§ (1)

Now, by Angular Impulse — Angular Momentum
Theorem, we have

Ph=1_, @, where h=04r= %r
2

" (ng

= 0= —=m—=
a
P

= wn =—
mr

So, from (1), we get

2 2
= 1(5m)(P) +1[2mr2 )(P)
2 5m 2\5 mr

2
KE = £
10m

Hence, the correct answer is (C).

71.

72.

Direction of velocities of two points of the rod A and B
are tangential as shown.

When we draw perpendicular on them, they meet at
O, the centre of sphere. So, the rod can be assumed
in pure rotation about an axis passing through O and
perpendicular to plane of paper (also called IAOR).
Since, the surface is smooth mechanical energy will
remain conserved. So, decrease in gravitational
potential energy of CM of rod = Increase in rotational
kinetic energy about IAOR

.
me*

2 —+mh2

E 12
where, h=y4-1= J3m

1(4)(4) ) )
= 4x10x+3= (2 5 +(4)(3) |o

= mgh= 2IMORw

= ©=32rads”
Hence, the correct answer is (A).
v.=ho= (\/g)(3.2) =55ms™

Hence, the correct answer is (B).

73-76. The correct answer is 73(A), 74(C), 75(B) and 76(A).

Combined solution to 73, 74, 75, 76

+——a
'\a
foofe h—
| |
F-f=ma ..(1)
f=ma, ...(2)
2
Also,a=£=1£ 2f ...(3)
2 mR? mR
2
and n, —Ro=u, ..(4)
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Hints and Explanations H.217
(]

Solving equations, (1), (2), (3) and (4), we get greater than zero. Since, 4/o” = 4kg —5g(1-cos@) has

3 F _ F F areal wat 0= rm, when
al-—_,ﬂz——_,f——,a——
4m dm = 4 2mR 4kg -5¢(1-cosm)>0
77. Moment of inertia of the system about the given axis, The particle will therefore, describe complete circle,
2

/ only when
1= B 20 = g2 (1) ¢

5

By Law of Conservation of Mechanical Energy in the > 2

two positions shown in figure, we get

5
1 k 2 1 = kmin = E
—~ [ _g] = —Iw* +mg2¢(1-cosf) + M
2 ! 2 Hence, the correct answer is (B).
3mgl(1-cosf) oc
o . 79. 1g-T=1a (1)
Substituting the value of I from equation (1), we get [
1
400" = 4kg —5¢(1-cosf) .2 Also, T(1)=(2)a &
A - T=g .2 -
(0]
0 = lg-la=1la U
= a= s 5ms
2
= T=a=5N [~ R=1m}
mO8B Hence, the correct answer is (B).
Initial Position General Position 1 1
= of? =— =
When the rod comes to instantaneous rest, @ =0, so, 80. 0= 2at 2(5)(16) 40 rad
we get Hence, the correct answer is (A).
4kg —~5g(1-cos6)=0 81. W=19=(5)(40)=200]
Substituting, k =2, we get cosf = 7E Hence, the correct answer is (D).
5

Lo 101 2 2
82. AK_ZMJ _2(2(2)(1) ](5><4)

= AK=200]
Hence, the correct answer is (C).

83. I= 4{M+M(£]Z}+ml{z

12 J2

In this position, 6 is an obtuse angle, so the height h of — =8 MR2mR2=20 kgm?
B above A is given by, 3

3\ 6/ Hence, the correct answer is (B).
h=2lcos(m-0)=2(| = |=—
> 84.

Hence, B rises to % above the level of A.

Hence, the correct answer is (C).
[

78. Since the particle is attached to a rigid rod, its motion
is restricted to a circular path. It will therefore, describe (4M+m)gsing— f =(4M+m)a (1)
complete circles if its speed at the highest point is



H.218 JEE Advanced Physics: Mechanics - 11

85.

86.

87.

.
Also, 7= fR=1| —

so, 7= fR (R]
Solving (1) and (2)

=28
24

Hence, the correct answer is (D).

From above we get
f=20a=pux28gcos(30°)

5
ST
Hence, the correct answer is (D).

CHE

att=0

at time t, when pure
rolling starts

Let pure rolling start at time ¢, then
Io-1I(-ag)=(fR)t
= lo+loy=(fR)t
1 2( v ]
—MR t
= MR RR )R
= Mv+Muyy=2ft
where f = uMg
Also, we have
Mv - My, =—ft
So, from (1) and (2), we get
_ I
3ug
Hence, the correct answer is (C).

ICON

Applying Law of Conservation of Angular Momentum
about the point of contact, because net torque on the

disc about the point of contact is zero, so

Linitial = Lfinal

Since, for a body in combined effect of rotation and

translation, we have
L=L, +m(Fx3)
50, Linitial = M0gR - I, and

Lﬁnal = MUR‘?‘Icm (0)

= MvOR—(lMszv—o = MoR
2 R

Mo,R
= %% apR
- p=2

2

Hence, the correct answer is (B).

88. Since Mv— Mo, = - ft

= Mo-Mo, =-u(Mg)t
= U-7y=—ugt

2
Now, since pure rolling begins at f = o

38
20y
= U-7v,=-Ug 303
= v= vo—zﬂ
3
= =2
3

This result can also be obtained by using Law of
Conservation of Angular Momentum, according to
which

89.

90.

MvgR ~ .0 = MR + 1

1 1
MvOR—(—MRz )—°=MvR+[—MR2 )3
2 )R 2" JR

MR
MvgR — 0% — MvR + #
Mv,R 3MR

2 2
v=20

3

Hence, the correct answer is (C).
L=morsinf

= L=(2)(4)(3)sin30

= L=12kgm’s™

Direction is found by Right Hand Thumb Rule
Hence, the correct answer is (A).

T = Frsin@

= 17=3Nm

Direction is found by Right Hand Thumb Rule.

Hence, the correct answer is (D).
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ae
Matrix Match/Column Match Type Questions

1. A-(r)
B (p)

C—(p)

D —(s)
mv —muy, =—Jth=—] ..(1)
mV =] ..(2)

muy =muv+mV

= Uy=v+V ..(3)

‘w
= V+—-v=7

I4
= v+vD=V+% ..(4)

¢ ANEL
Also, mvo(—)= mv[—]+[L]w
2 2 12

4
= vozv-v-?m ...(5)

From (3) and (5), we get
vl

6
So, from (4), we get

v+vn=§ﬁw ...(6)

Solving (5) and (6), we get

_ 120,
5¢
Vg v
Co—r F »F o—
(0]
o of 74
Just Before During Just After
Impact Impact Impact
So, we get
2
0=y

Hints and Explanations H.219

1 2
Final KEof Ball _ "™ 9
Initial KE of Ball % o 25

- Impulse Delivered to Rod (J) _2
Initial Momentum of Ball (mo,) 5

(Lf )md _ lo
(Lf )ball about CM muy ( % ]
_ m
me* J ('4
. (Lf)mdz(u ©2 =
!
(Lr )ball mvo[z') 5 &
1. - m_'[z J 2 I
EI 0] ) ( % 0] U
= i = >
V2 mV
N (Kl’Od )rotation — fzﬂi =3
(Kmd )translation 12v
A—>(qr1)
B—(p)
C—(s)
D-(q)
From graph in question, we see that
F=10¢t
Since a=Ra=R(§],where 1= F-f
m

10 1

F—20=(1) 20x1
-x10x1?
2

F—a

fnax = umg =20 N
= F=60N

So, when F=60N, friction reaches its maximum
value, i.e. slipping will start and F becomes 60 N at 6 s.

When f =10 N, then

F-10 10x1
=(1)| < X
10 E><10><12

= F=30N
Since F =10t, so F becomes 30 N at 3 s
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F——>a
f=10N

3. A-=(rs)
B-(p,q)
C—(s)
D—-(p,qrs)
Conceptual

4. A-(s)

B—(q)
C—(p)
D—(r)

(A) Moment of inertia of the frame about an axis 5,

passing through AC

6.
1 2
Iyc=4 mﬂg#4?)=mﬂ
A ( 3 3
Using parallel axis theorem, we get
Ip =1 +4m(i]2—gm!2+2ml2
rp=lac N 3
8
= Ip= gmlz
2ml? 5ml?
B) Iny = 2=
(B) Ino 3 3
Q---- C -Q
. 7.

(C) Igp =4x %m!z sin” 45° = %miz

R

Since, I, =1, +1,

w
- <

1

1

1

1

1 -~
4

1=

1

==X

O

3
Moment of inertia about an axis passing through D
2 2
In=1, +4m(£] = Eml?‘ +ml? = 7ml
2) 3
A= (q)

B—(p)
C—o(s)
D—(r)

In general, as v, = 2, sin( Q)

A—>(r)
B—(q)
C—()
D—-(p)

FmﬂALI:%MRZ
]br@LI:%MRZ
32
For (C), I = EMR
[
IbMDLI:EMR

A—(s)

B—(r)

C-(g)

D—(p)

For rolling without slipping, acceleration of point P at
bottom of cylinder equals the acceleration of plank, i.e.
2 ms™. So, we get

= Ro-a=2 ..(1)
For rolling without slipping, acceleration of point A at

the top of cylinder equals acceleration of the block B,
i.e. 6 ms™. So, we get

= Ro+a=6 ...(2)

where 1 is the acceleration of centre of mass of cylinder
towards left.
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6 mS_2 Ro
-—

a Ra
ms2

=

| Plank

Solving (1) and (2), we get
a=2ms "~ and o =1rads™
= 2a=4ms and o=1rads™
Further we have, for B,
myg =T =mpay
= mzg-T=mg(6)
For cylinder, we have

T= (mq,! )a =2mg,

= mpg-2m.,y =6my

oyl =
= 2my, = 4myg

cyl
- —X=2
mg

1
Also, (=1, + Ea’tz

where 4" is the acceleration at which the thread
unwraps from the cylinder, so

1 =Ra
1 2
= f=20+E(Ra)(2)

= (=20+8
= [(=28m
= Al=(-(,=28-20=8m

A—(p,s)

B—(p, 1)

C—(qr)

D—(p 1)

For the case of pure rolling (upwards or downwards),
the required value of friction acts in upward direction
and in case of slip (forward or backward) maximum
friction will act in backward or forward direction.

A=(q)
B—(s)

10.

11.

Hints and Explanations H.221

2
12=0+2(ﬂ]+m€2=(§)m£2
3 3

2
Iy = 4{£sin2 450} s
3 3

me=
D(p— 3 C
A ) ‘\\2
m2| L g
\“ 2
A 3 B

Note that I, = I; {- of symmetry}

CHAPTER 3

MI of rods AB and BCabout D ie., 4is

mi* (@JZJ

)2
(IAB)4=(IBC)4=H+’” 2 gmf
)2
- 1 =2[ﬂJ+2(Em£2J= 10,
3 3 3

A= (p,qr)
B—(p,qr)
C—(p.qr
D= (s)

Conceptual

A—>(r)

B-(p)
C—(p)
D—(q)

If total mass of disc be M, then mass of cut out portion

2
So, 11=1MR21m1(R) Dy
2 2 \2) 3

Also, by parallel axis theorem, we have
2
ﬁ( R J = A MR2
4 32

By perpendicular axis theorem, we have

L=+

2
Since, [, =1, +3M(R)
4 \2

2
and I =%+ﬂ(5)

.. Il
4 7 . J[diameter = E
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12,

13.

14.

15.

A= (p)
B—(s)
C—(p)
D —(r)
For all cases if | is the linear impulse, then

/

v==—
"

Ir

Also, 0=—=

E
where, 7, is the perpendicular distance from centre E
and v is rightwards.
For pure rolling @ should be clockwise and hence |
should be applied at A.
Ifitis below A, angular velocity is anticlockwise and it
will cause forward slip.

A=(q)

B—(r)

C—(p)

D—(r)

Lz

Since, =0, so L = constant, K = o and o = constant.
Insect first moves away from the axis, then towards it.
Hence, I will first increase and then decrease.

A= ()
B—(s)
C—(p)
D—(p)
gsinf I . o
= but 5=1 for a thin walled cylindrical
14— L mR
mR*
shell
o = gsin@ _8
2 4

- a_g_gsin@_i

R 2R 4R

N2
1 1 1 7]

Ky = —mv® = —m(at) =—m(&) ()
2 2 2 2

mgzt2 sin@ mg2t2
KT = =

- 2 8
. N2
KR=11w2=11( t)2=1(mR2)(gsm9) (12)
2 2 2 2R
2,2 . 2 2,2
- KR=mgt sin 9=mgf
2 8
A=(9)
B—(s)
C-(q

D - (p)

16.

17.

Since ¢ = lgﬁ
2

in@
= t= ,E,whereau gsmj
a

1+—
mR?

Moment of inertia I of hollow sphere is maximum,
hence 4 is minimum and f is maximum

Total kinetic energy equals mgh for all

K _ g, for solid sphere
T 5

K _ Z, for hollow sphere
r 3

Kr = l, for cylinder

K, 2

So, rotational kinetic energy is maximum for hollow
sphere.

o Ky . . .
Since — is maximum for solid sphere, hence it has
R
maximum translational kinetic energy.

A= (p,15s)
B—(qr1s)
C—(grs)
D—(p,1s)
Conceptual

A= (q)
B—(s)
C—(p)
D - (s)
For A: At 2, K, = mgh =E (say)

K, 2
Since, —% ==
T

2

= Ki= E=;mgk

~3 Mo

For B: At 3, Kyp1 = mg( g]

Since, Xr = 2
Kz

5 5 h) 5
Kir=—E=— — |=— h
= M=y 7(mg2 1"

For C: From 3 to 4, K will be constant, so
2 h) 1
At4d, Ky == mg— |=-mgh
R 7[ 85)=7™8
FOI‘D:At‘l—, KT:KTUtﬁl_KR

1 6
= Ky =m¢h-=mgh=—mq¢h
T = Mg - g 7 g
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18. A—(p,1)
B—(p 1)
C—1(qs)
D—(p,s)
Conceptual

19. A—(s)
B (p)
C—(p)
D—(qr)
Conceptual

200 A—=(q)
B (r)
C—(p)
D—(s)

Accelerationof 1 w.r.t.centre of massis ity o, = roi — wzrj

Since 0 = 0=l

= ) = flyjq + o Where i, = (Rat)i
L 24 r R,

= 4y =roi-o°r+Rai=(R+r)oi - o

Similarly, we have
- A 2.4 ’.‘_( 2 )': A
dy=-raj-o'ri+Roi =\Ro—-o°r)i —roj
_— A 9n 5 A 9
iy = —rai + w°rj + Rei = (R —ra)i + w1

iy =raj+w’ri+Rai =(Ra+m2r)i+mj

21. A—=(q)
B—(s)
C—(s)
D - (p)
I
SinceKz\f
2
Foraxis1, K= m(2a) =£a
3 3
m(2a)2 a
For axis 2, K =
3
mi: @
Foraxis 3, K=,— =—
V3
ma a
For axis 4, K =
“ 2

Integer/Numerical Answer Type Questions

1. Two forces are acting on the ball.
(i) tension (T)
(i) weight (mg)

Hints and Explanations H.223

Since the tension passes through O, so torque due to
tension about point O is zero.

So, 7,,, =Fx1,
where, r, = OP = 15in(30°) = 0.5 m
= m(g ( g)(05)

= 1,0 =(1)(10)(05)

m
+4
kL
-
o
<
I
Y

= T,,=5Nm

If v be the linear velocity of rod after impact (upwards),
@ be the angular velocity of rod and | be the linear
impulse at A during impact, then by

{ /] %,

T 10 Yo \0

A A
During impact

After impact

Impulse — Momentum Theorem, we have

J=8p=ps-p;
= J=mv-(-myy)
= J=m(v+v) (1)
Angular
Further by ( Angular} —| Momentum |, we have
Impulse
Theorem
4 ml*
—cosf |=lw=—+- (2
j[2cos ) ® T ) (2)

Since the collision is elastic, so at the point of impact,
e=1.

Relative speed | _ (' Relative speed
of approach of separation
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!
= v0=v+5wc059 -..(3)

Solving equations (1), (2) and (3), we get

61, cos @
f(1+3c0529)
For @ to be maximum, we have
do _
de
d 0
R %_(Lz)zo
? A6\ 1+ 3cos"6
R (1+3c0529)(—sin6)—cosB(—BsinBcosB)_0

2
(1+3c0526)

= 1+3cos’6=6cos*6

= 3cos?f=1

= cosf=

Gl

= #=3

For the block to be in equilibrium

F=f=pumg (1)
For block not to topple, we have
a a
Flb+= |<mg— (2
(143 )ems} U
- __..F
o]
CMy--*1---
I Iw
- mg
f=uN

a a
= pmg(b+EJ< mg(a)

a a
= (b+5}u < 5
a
2b+a
0.8b+04a<a
0.8b<0.6a
b 3

= —<—
a 4

So, (100bJ =75

a max

= 04=pu<

Uy

The equation of motion for the centre of the sphere at
the moment of breaking off, N =0 is
2

mo
—— =mgcost (1
R+r J M

where v is the speed of the centre of the sphere at that
moment and 6 is the corresponding angle. The speed
v can be found by using the Law of Conservation of
Energy, according to which

mo* o

=T

2
where [ = gmrz, v=rwand h=(R+r)(1-cos@)

From these equations we get

w=lwyR+ﬂ
17+*
R
10¢| R+ —
g( 16J
2
45)
16
10x10x17 x 16
= o0=,—
\ 17x1

= @=40rads™

I=2(§MR2]+2(§MRZ+Md2J

= 1=%Mkhﬂmf
2
[%(05)(%?) +2(0.5)(4)(2):‘10“4

(E+8)x104
5

= I=9x10"*

= N=9

= I

= 1

1=%x4oxw5f=5kgn2

Given, o = 240 X el =8 rads™
T 60

Since, 0 = ok

= a=—=
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Hints and Explanations H.225

o
FR 1 . 7
Further, o' = —= 0><05=1radsf2 = =0 =23
I 5 35ug  35x01x10
o 8
= ft=—=—=8s 1 2) 1(“8)2
/ Now, s, =5, =| vt == ugt® [—= = |t
o 1 ¢ [” 218 )73\

From mechanical energy conservation, we get

= sc—sp=(7x2)—%(0.1)(10)(4)—1(0'1)(10)(4)

202
= s5-5,=11m
éSO"
ZPEL

Also, v, -, = (1, ,ugt)(#zg)(t)

U!+K!=UI+Kf m
L 1, = 0,-0,=7-01x10x2- 2X10X2 oc
= mg Esm30 +0=0+51w L
= 0v.-v =4ms™ In-_
2 ¢ "p
13(1 1 m(1) | ,
= mg|=z ||z |+0=0+-| —|@ Hence, the remaining distance (12-11=1m) is <
2)\2 20 3 N
travelled in a time, XL
3
= w2=7g=15 f’=1=0.255 U
4
= o=V15 So, total time equals T =2+025=2255s
= n=15

9. Initial and final positions are shown in the figure. By
Initially the cylinder will slip on the plank, therefore Law of Conservation of Energy, we have
kinetic friction will act between the cylinder and the

Lossi Loss -
plank. If a, be the acceleration of plank, a. and «, be gsli; N G(;SE ;r; _ E;lg (1)rf1 (1)
the linear and angular acceleration of the cylinder, N ,
then of m CM of disc mass + disc
pm
c~ —g =-Ug
m
N Nl
A
N
! pmg — . |
| y — Loss in gravitational potential energy of mass 1 is
o 5R) 5mgR
frictionless el (s
Hmg surface mg(Zx 4 ) 2
mg (2,‘;])9 Loss in gravitational potential energy of CM of disc is
' R
mg( 2% R ] _ 18R
- (ymg](R)__'_Zu_g 4 2
‘ [m_R2 ) R Therefore, total decrease in gravitational potential
2 energy of system is
For pure rolling, we have _AU = SmgR N mgR _ 3mgR Q)

(Um“ )cylinder = vplank

= v.-Re,=7, Gain in 1'0ta’c10na-111 kinetic energy of system
(mass +disc) is AK = EI(;JZ

2
= ‘%f:vﬂ ygt(R)(%J(t)
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where I is the moment of inertia of system ( disc + mass)
about axis PQ

= [ =moment of inertia of disc + moment of inertia
of mass

(mR2 (R)"] [SRJZ
I=| ——+m| —| [+m| —
4 4 4
_15mR?

8

2

AK=1(15mR ]mz .3
20 8

Substituting (2) and (3) in (1), we get

2
ImgR = 1( 1omR )wz
20 8

16g

5R
Therefore, linear speed of particle at its lowest point is

[SRJ 5R [16g
= — |®0=—,|—=
4 4 V5R

= v=,/5¢R

I

= o=

= x=5

10. Let x be the distance of centre point C of rod from D.
Then,

F,-F=ma
= F1=3N
I Fie A
0.2m
)% D|—F,
x ol
HB

Further, 7. =0

= FEx=F(02+x)

= 5x=F(02+x)

= 5x=3(02+x)

= r=03m

So, length of rod is L=2(x+0.2)=1m

11.  Applying conservation of angular momentum, we get
I:j' = E f

= muvL=I1w

12. (a)

13. (a)

ae
(0]
M L
mo-L»
Before collision After collision
2
muL = (£+ ml® ]w
3
5 .
O.1><8[}x1=(0'9>(1 +0.1><12Ja)
8= ( i + i )w
10 10
4
8=—uw
10
@ =20 rads™
Angular retardation o = % = % =025 rads
Since o is constant, so
0= Wy — ato
w, 9
= fy=—=——=>36second
a 025
_do_st
dt 16

fy 0
= JBtdt = 716J’dw
0 9

= 4t2=-16(0-9)
= t=4x9

= t0=\/£

= fy3=6s

Maximum frictional force on the block can be

fmax = lumg
Therefore, maximum acceleration of block can be
m
amax=fmﬂx=‘u g=ﬂg
m m

S By =(04)(10) =4 ms™

If acceleration of truck, exceeds this value, then
slipping will start between the block and the
truck.

In the critical case when the block is about to topple
about A, normal reaction will pass through A.
So, the block is on the verge of motion and hence

f=ma ..(1)
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N =mg .(2)
The block will topple when,
Torque due to f about G > torque due to N about G

N
A
I
A " > f = frictional
mg force

Taking the limiting value, we get

Tf=TN
= (f) ()= (N)(b)

= (ma)(h)=(mg)(b)
b 0.6 )

= a_(h)g—(liz](lo)—Sms
So, if the acceleration of truck exceeds this value,
the block will topple about A.

(¢) The maximum acceleration/retardation at which
the block is not disturbed, is the smaller of the
two values, obtained above, i.e., 4 ms™

Hence, the maximum retardation can be 4 ms™

Since, 1 =72 kmhr™ =20 ms™

So, applying v” = u” - 2as { v=0}
= s=£ {'.'a=4ms"2}
2
= s=%=50m
u L=L
(80R2+@Jw=(0+2ogﬁ}wl

= o,=18w,=(18)(5)
= o =9rpm

15. If « be the angular acceleration of the hoop and a be
the acceleration of its centre, acceleration of m would
be a+ra.

If I be the moment of inertia of the hoop, then I = Mr?
Since, 7=Tr =10

Tr T

f=—=—

I Mr
and T = Ma

For m, we have
mg-T=m(a+ra)

Hints and Explanations H.227

N T
T
Mg mg
F.B.D. of hoop F.B.D. of block of mass m
Solving, we get
m
a= Mg = E =1ms™

(M+2m) 2

= T=1N

and o:=£=l=5rads_2
I Mr

CHAPTER 3

16. Between A and B, there is forward slipping. Therefore,
fricion will be maximum and backwards (right-
wards). At point B where v = Rw, ball starts rolling
without slipping and force of friction becomes zero.

[0) ]
B A
By Law of Conservation of Angular Momentum between

points A and B about bottommost point (because torque
of friction about this point is zero), we get

LA =LB

o
Yo

= m(0.7vy )R -1wy = mvR + 1o

Substituting @, = D w="andI= gmRZ, we get
R R 5

v= %UO = (%)(7) ms” =1.5ms™
17. FBD of plate w.r.t. truck is shown in figure.
Fy
g

Pseudo

X
force ma
y

mg

Equations of motion for centre of mass of plate is

ma—E\'

X
m
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18.

ay=0

= F,=mg=100N
Angular acceleration about A is

maR  2a

3.8 3R

2 mR?
2

Since a, = Ro

ma-F, 2
= ~=—q
3

m

= F=—ma==|—
-3 3\ 10

Absolute acceleration of centre of mass is
F

ae=—+= 3 =03 ms =30 cms ™
m 10

Since, o = 28 = E(QJ =1rads™
3R 3106

IETLL)THIN

The free body diagrams of the bodies and the pulley
are shown in figure, then

T Ts

a

f l
1049 309

for 10 kg mass, we have

T, -10g =10a (1)
for 30 kg mass, we have
30¢-T,=30a ..(2)
=
IE Ts

for the pulley, we have
(,-T)R _ 2(T,-T,)

1mR7‘ mR
2

R ﬂ[=2(T2JF1]=O.l(Tszl) 0
20R R

For no slipping, a = Rar .4

Solving the above equations, we get

a=4ms?, T, =500 N and T, =180 N

19.

20.

v=+2as =(2)(4)(2) =4 ms!

v

cu=—=il=40racls’1

R 0

2 IZ 2
f=\/E= L=1sec0nd

a 4

2
If moment of inertia of bigger discis [ = ——

. M(R2) 1
So, MI of small disc is I, = T = n

By conservation of angular momentum, we have
I I
oy +=—(0) =1, +-w
17y 27, 92

4o,

W, = 5

1
Initial kinetic energy is K; = EI o

Final kinetic energy K is

2 .
2 4 5 2 5
-4

K~k 5
= ph=| ——=[100% = —=x100=20%
K; 1
h=(48-20) m=28 m
Total kinetic energy of the sphere at B is

K =mgh

o —»

20m

g
. K, r* 5
In case of pure rolling, we have —- = — = —, fora sphere
K k° 2
1 5
= Ky =—mo*="mgh
T3 7 M8

O (Y0028 20 ms
- v-\/7gh-\/(7J(10)(28) 20 ms

Now, t = z—h

§
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o
. 2(20) 9 Let moment of inertia of triangular plate ADE about
10 ° its centroid (G’) be [; and its mass be 1,
= d=0vt=(20)(2)=40m - X\/g(a)l "
m = —x—| = =—
: (x/gazg"él) 4
1, ( a )2 m a®  ma®
- = 11 =— — ==
1212 4x12 4 192
0]
m

E

A

243 a
_ = m
102(4:1:);(2212) _%mRz i Gi V3 o
11
= IO:mRZ(S—%) 5 'E.
a
Distance GG =
1B, \f 23 23 <
Io=—mR L
2 So, MI of part ADE about centroid G is (O
1p=2( m)(2R ) —(%ﬁ-mdz) P sz_ﬁﬂ[ﬁ]
PN 3) 12 4l
where d> = R? +(2R)’ S
= 12=_
192
So, MI of remaining part is
P = p- 2 2 2
Jp _ma®_Sme® T 11l
g2R 12 192 12x16 16
= N=11
2 2 :
= Ip=24mR R 23. 1Jloml=rrtg(£sin.9J
2 4
37 o2 :
= [p=—mR 1(;11(4(1)2 (é‘)ZJ ) (a )
= - +m| — | 0" =mg| —sinf
20 12 4 4
37
lp_2 _%7 :
P2 7( ¢
- I, 13 13 =3 = E(ZJaf:gsinQ
2
22. Let the side of triangle be a and its mass be m = 24gsin6
7!
A
D E
B Cc
a

MI of plate ABC about centroid G is

2
ma

12

Triangle ADE is also an equilateral triangular of side %.
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ae
Now 2&  a, 25, Equation‘of motion for the block is
: : mgsin®—T = ma
= mgeos6 =N =ma, = (1)(10)sin30°~T =(1)a
= N=mgcos8—ma, = T+a=5 (1)
( l ) { ¢ } Equation of motion for disk is
= N=mgcosf-m| —a A= —o
4 4 TR
3gcosf) 4 LR
= N:mgcosﬂ—m( g<os ):;mgcosﬂ EMR
Rod begins to slip, when = o= 2
N -mgsin@=na MR

H S ST = ity For no slipping, we get

4 ing=m| Lo 2T
= ;ymgcos@—mgsm@-m[aw J Razazﬁ
- 4umgcosB mgsing = 6mgsind T

7 7 = a= 3

4 1
= ﬁymgww:;mgsin@ = T=15a
 nee ay Substituting in equation (1), we have

13 25a=5

So, #=4 = a=2ms>

. Applying Law of Conservation of Angular Momentum
about bottommost point, we get

2
26. Since,I=O+m(%) +ma*

Li:Lf X
2 F
=  myyR=mvR+ ng @ ‘
2
= mugR=movR+—-muR {w:%]
= ==y »
! B2z az ¢
= :Emaz_éma2
4 20

«—a v=Ro
|i 9—% (i }v

= N=25

. (a) By Law of Conservation of Mechanical Energy, we

umg ie——5——w have
Loss in Gain in
Since, 2 = B8 _ Mg and v’ =v) - 2as Gravitational | Rotational
" Potential Energy | | Kinetic Energy of

2 2 - §v§ of Particle disc + Particle

T -0 _ 49 11
2a 2.8 = mg(2R)= E(EMR?— +mR? ]mz
120 .
= Substituting the values, we get o - 8mg
49u,q N (2m+M)R

(12)(12)°

=078 oM

L owe 1(8)(5)(10) 4 rads”!
(10+40)05
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(b) If F be the force exerted by disk on the particle

(upwards), then

F - mg = mRo*
m
o
m
Initial Final
2
g
= F=mg+—=—
T am+ M)
N F=mg(10m+M)
(2m+M)
(5)(10)(50 +40)
= F=— —
(10+40)
= F=90N
28. Equations of motion for the discs are,
azmg—T
m
o = TR 2T
) = el
1 g2 mR
2
T
" Bla
T mg
Similarly, o, = 1TR _2
EmRz mR

= o =0

For no slipping a = Ra,
Further, 2 - Ra, = Reyy

Solving these equations, we get

2
T=-—5g=-¢and @, = -2
: a 5gan o :

= T=4N,a:8m572,a2=8rad572

29. (@) o= % X 27 =26.18 rads™

_mg 1

1
I:EX?’UX(D‘Z)Z = 0.6 kgm”

Now, @ = ot

30.

31.

Hints and Explanations H.231

0]
= oa=—=
t

and 7=1a =157 Nm

2,618 rads ™

b) 6= %afz = % x(2.618)(100) = 131 rad

() W:%xlxaﬂ:%x(0.6)><(26.18)2
= W=206]

Just after the thread is burnt, the forces acting on the
rod are as shown in Figure.

F

A

[ — 0.6 m—»
0.1m
|

CHAPTER 3

A\

4
W=20N F=kx=6N

Torque due to forces about O is
7=(20)(0.1)+(6)(0.6)=56 N

Angular acceleration about O is given by

T 5.6

+(2)(0.1)2J

I=[(2)(1)2
12

= a=30rads?

Now, a, = rar=(0.1)ex

= a.=3 ms ™ {downwards}
Since W +kx — F = ma,

= F=W+kx—mac

= F=20+6-(2)(3)
= F=20N

2
@, = 600 rpm = 600 X 6—’5 rads™

{revolutions per minute}
= wy=207rads”’

Let o be the constant angular retardation, then
W=, — ot

= 0=(207)-3(a)

o= E:r rads™
3

Further, o = %

If R be the radius of fly wheel and F be the tangential
force exerted by the brake lining on fly wheel, then
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32.

33.

7=UuFR
where I = %mR2

From the above equations, we get
we By SR N
3 1 mR
2
_10mmR
-
Substituting the values, we get
F- 10x22x20x0.12
3x7x0.1
= F=25143N

mR?

F

By Law of Conservation of Angular Momentum, we
get

(s

L Bl 8
L L L

= AT=(T2T1)=T1[?]I] (1)

where, [, = %MRZ and Al = %mRZ

where, M is the mass of earth, m is the mass of ice.
Substituting the values in equation (1), we get

(24x3600)(%x3><1019)

AT = 5
(—x6x1024]
5

=07s

Since, 7= (7 —# )x F

= 7=[(43]-k)-(i+2]+k)|xE
= ‘E=(3?+}—2]€)x(§+2}+3§)

k

-2|=71-11j+5k

3

il

1
—_ ) e
N = =

= |7]=4195 Nm
= x=195

ae
34. (a) By Law of Conservation of Angular Momentum,
we get
I]ﬂ)z = Izﬂ)z

35.

where @, = (0.5)(27) rads™
I, =1.6+2x4x(0.9)" =808 kgm’
I,=16+2x4x(0.15) =178 kgm®

and @, =05rads”

0, = (%)(05)(2@ =143 rads™

1

(b) E = Erlwf ==(8.08)(27x05)* = 40]

1
2
1
2
() W=E;~E =141]

E;= Iza)§=%(1.78)(2n:x2.27)2=181]

For equilibrium of cylinder in horizontal direction, we
have

NIZJUNZ ...(l)

For equilibrium of cylinder in vertical direction, we
have

N, +uN; =F+Mg .(2)

Solving these two equations with F=40 N, M=2kg

1
and = Py we get

N;=18Nand N, =54 N

F=40N

Since, Fd = u(N, + N, )r

1
PN +N,)r (g](18+54)(0.1)

F 40

= d=

= d=006m=6cm
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e
ARCHIVE: JEE MAIN
1. For equilibrium, 73 = 0 (torque about point B is zero) 4. Angular momentum conservation gives
T, T 2
o Y mol = (%]cw mi*o
50cm 50 cm (D(6)(1) 18 4
pie = w=—F——=—rads
A B 2
—> —+1
l 25cm 3
mg om Energy conservation gives
(M) 5 10 oy m
T, (100) - (mg )(50)—(2mg)(25)=0 E(T]m +§(mf ) = (m+ M)ry (1= cosf) o
1007, =100 (+(M)2 L
- A "8 where, 1 = m o
= T,=1mg m+M o
Hence, the correct answer is (D). - m;.,_ﬂ <
o (M B o9 ( ) I
2. For equilibrium, (7)p = 0 = 3t =(m+M) o J§(1-cosé U
= FR-mgx=0 18 \2
= (é](—s) =20(1-cos8)
6/\5
= 1c059=(18J(3J
5 /020
= cos@=1—§=E
50 50
= 0=63°

Hence, the correct answer is (B).

5. From free body diagram, we see that F;, = mg and

Fy= %{wzsinﬂ

Since, x = \R? = (R—a)*

R-aV
F= 1-| —
- 8 ( R ]

Hence, the correct answer is (D).

3. Since, both discs are rotating in same sense, so applying
conservation of an angular momentum to the system,

we get
[ Net torque about CM due to F, and F is
initial — “final
= Lo+ Lo, =(1,+1 )y Toet = Pv[gsinG)FH(gcoséa]
= (O.l)(10)+(0.2)(5)=(0.1+O.2)(wf) e
According to problem, 7, = ———sinfcos6
20 12
= fo =— .
3 Lo 2L M Leosn ) -
Kinetic energy of combined disc system is = mg| Hsmo || me Esm@ 58 =
2
1 , 1 20 mi*w* .
RKE:E(11+12)mf:5(0.1+0.2)(§J sinfcos@
0.3 )( 400 J 120 20 3¢
RKE=| — || — |=—=— 0=—=- (2
(2 9 ) 18 3) T e @

Hence, the correct answer is (D). Hence, the correct answer is (B).
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MR*  p(zR?)iR?

I: =
) 2
= J«<R
I, R' 1
e —1:—}1:—
I, R} 16
R 1
= —==
R, 2

Hence, the correct answer is (B).

Moment of inertia about O is

M M
I=—(12+B%)=2(80% +60%)
712 12
y
X
- O'
50 cm 40 cm
socm 30om
Y > X
60 cm

Moment of inertia about O” is obtained by applying
parallel axis theorem, so we have

Ioy = Iy +Md*

= JO,=%(802+602)+zv1(50)2

| M (502 + 602)
= 0 - M 12 =
Lo E(802+6fJ2)+1v1(50)2

= | =

Hence, the correct answer is (B).

Loss in KE is given by

1( LI
Loss = -AK = —| —-2 |(; — @, )
2\ I+,

= Loss= 1[
2

(I)(SI)} 5
w
41

= Loss =(1Im‘2)E
2 4

Loss 3

K; 4

I

Hence, the correct answer is (C).
Moment of inertia of the cone about the specified axis is
_ MR®
2
Hence, the correct answer is (A).

I

10. The moment of inertia of system about the specified

11.

axis is

I=m(0)2+(2)m(

%) +m(x/§€)2

2mi*
I= mT +2mi? = 3mi*

Angular momentum of system about the specified axis is

L=Io=(3m*)o
Hence, the correct answer is (B).

Consider an infinitesimal element of mass dm, length
dx at a distance x from the specified axis of rotation,
then

I= jrzdm = szldx

L

3 33
= Izloj(x2+x—de=l(L—+L—]
L 3 4

0
70,
V)

L L
Since M=Jlldx=jlﬂ(1+%)dx
0 0

= M:.lD(L+£)=:M—DL
2 2

I

= AUngM ..(2)
From (1) and (2), we get
2
I=1(3MJL"' _ 7ML
1203 18

Hence, the correct answer is (D).
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[ ] ]
1, 11 2] v 3 5 I_G_E
12. mgh== . === = =
mgh zmv +2(2mr (rz 4mv I, 23
1 Hence, the correct answer is (A).
= u=,-gh . 2
3 , ~(m-my)g  (my-my)gR
17. Sincea= I _(m o )R2+I
u 1 ’48}1 my+my+— 17
=—=—-—_|— R
ror\ 3
Hence, the correct answer is (C). o oo J3m 2{ (my —m, ]cg;Rz }h
13. [=1I,, +md’ (my+my )R*+]

cm

2 2 v 2(m, —m, ) ¢h

Mm—+m— = mk> = w=—= (1—2)23 m

1216 R \[(my+my)R2+1 o

. ﬁ 2 Hence, the correct answer is (B). I-II_-I
48

18. Mass of plate is o.

k=1]L R . <

48 M=jp(,r(Slsvrra.'r)=M L

Hence, the correct answer is (B). g 3 9

14. Since dI = r*dm R 5y R5
= IC=J‘(dm)1‘2:J‘p0r(2:rrdr)r2=%
0

ar ' 5
= I=I-+MR? =2;vrp0125(1+1]=M
3 5 15
2
= I= §(—er0R3 ]R2 S wr?
513 5
—  dl=c(2nrdr)s? Hence, the correct answer is (D).
—  dl=27(A+Br)rdr 19. If « be initial angular acceleration (before it slips off),
then
) 2
= Idl:Z;’rj(Ar3+Br4)dr mg(i)=1a=(£Ja
0 2 3
38
A ab —o
= I=2m4(—+a—) - 2(
4 5 '
Hence, the correct answer is (A) Angular speed acquire by the box in time 7 =0.01 s is
1 1 _ (38 _3x10%0.01 1 .
15. Rotational KE is RKE = Emv2 + Elmz w=of= ( 2% J(0.0l) = ~ox03 2 rads
1 K2 The angle by which it would rotate when it hits
= RKE= ) mvz(1+ E J =8.75x107* ] the ground is O=wt’, where, ®=constant and
Hence, the correct answer is (A). t' = time of fall = /E =1sec
&
16. From parallel axis theorem, we get
1
2 2 = 60== radian
Io=3xle[£) +M(i) }:sz -
5 \2 J3 10 Hence, the correct answer is (D).
2
dY 13 2 2 L 1(2 2)(0)
= — | == 20. For sphere, we have mgh,, = —mv" +—| —mR" || =
Now, I, Jﬂ+3M[ 3] de +Md p Shepn =5 € R
7
23 hy, = —mo* (1
IA = —Md?‘ = mg Isph 10 mo ( )

10
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For cylinder, we have
1, 1[mR2](v'J2 3,
MM tinder = =MV +=| — || = | =—mw
g cylinder 2 2 n
Ihg;ph _ 7x4 _ E
Ihcylil‘u:ler 10x3 15
Hence, the correct answer is (D).

dE
21. Since, 7=—
do

= 2k0=Ila
2k6

=> o=—
I

Hence, the correct answer is (A).

: 1. 5
22. Since, mgh= EI p@

(Zrm”z) v* B i
(rY g
2

2
For cylinder, 1, = l(ém,ﬂ )D_z _3 v
2\2 (r)y 4\g

For ring, h; =

1
2 mg

For sphere, 11, = 2 X

o)
g ()7 10(g

3 14
hy:hy:hy=2:—:—=20:15:14
1:1p iy 2°10

No given option is correct.

23. Applying conservation of angular momentum, we get

Hence, the correct answer is (C).

24. Since, @ = ot

Also, E = %Iwz =1200

- %><1.5(20r)2 =1200]

= t=2s
Hence, the correct answer is (B).

25. Applying conservation of angular momentum, we get

(Il +I2 )wcommon = J[]wl +120‘)2

1
Lo, + 4 5 2
=> 0 =0 =—— = X7 |
1

common c

26.

27.

28.

Loss in KE = (%Ilwlz + %szg ]—%(Il +1,) @}
2
~ AKE=-1T

Also, loss in kinetic energy is

](“’1‘“’2)2

Loss = —AK = l( Ll

2L+,
. Ml[f_)(w_]ﬂ
203 4 24

I 2

- AE=AK=-"12%

24

Hence, the correct answer is (D).
Since, x = x; + acosm;f and y = i, + bsinw,t
= v, =-ao;sin(@t), v, = bo,cos(wyf )
= a,=-aw; cos(wt), a, = by sin(wyt)
Att=0,x=xy+a,y=y,

a, = —aw} and a,=0

= f:m(—amlz)xyo(—lz)

= T= (myoawlz )k
Hence, the correct answer is (C).

Surface mass density is ¢ = kr*
R

Mass of disc, M = J.( kr? )2mrdr
0

4 4
= M= ZJrkRI= AR

Moment of inertia of the disc about the axis is
I=|dl =I(dm)r2 =j0'dAr2

-

(Kr2 )(Zirrdr )r?
t kR® 2
= I=|27kSdr =2 - Z MR
3 3
0
Hence, the correct answer is (D).

Since, 7 = 2ti — 3t*]
dF 5 s
= G=-—=2i-6
it 4

Att=2s,7=41-12j and 5=2i -12;



29.

30.

3L

= L=m(7x5)=2(4i -12])x(2i -12]) = 48k

Hence, the correct answer is (D).

Since 7 =Ior and @ = @, + at

= 25x2zr=(a)5
= o=10r

= z:(gmkz]a:[%](5x10‘3)(104)10n

= 7=20x10" Nm
Hence, the correct answer is (C).

For small sphere, %mj p= %
M 1 14
For sphere, I, :(—](ZR)z— =—
8 2 8
For disc, I, = 2( M]rz
508
Sphere (Disk) 2R
— +
vo4 go 7V/8
I-{MH}j_MW
5\s N4 ) 80
L_14x80 o
I, (8)

Hence, the correct answer is (A).
. c
Since, 0= —2
;
= dm= ﬁ2m‘dr
r
= m= ‘[dm =0,2r(b-a)

b
2
= I= 2?{0'0-[1‘26;’}‘= ETGO(EF -a)

Since, I = mk>

= Ziraﬂ(b—a)k2=m%(b3—as}
> Ty 2

= k =§(b +ab+a )

1(b3—a3)

3 b-a
Hence, the correct answer is (D).

k=

MR?

Sphere

Vi

()
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32. Applying conservation of mechanical energy, we get

’ 2
mg(isin?:[]"J = 1(£Jm2
2 20 3

3%
201

=

= ©=+30 rads™
Hence, the correct answer is (B).

33. The force per unit area P is

p-t_

CHAPTER 3

Torque due to frictional force is

R
T= ,uJ.(a'N )x = %Janzdx

T
0
3
T= ‘I.IFSX IZQZR = %yPR
.

Hence, the correct answer is (D).
34. Since, F - f =Ma

MR* a

Also, fR= R

a 2F

o=—=——
R 3MR
Hence, the correct answer is (B).

35. Since, 7=1,0
= 5Mygl - 4Mogf =[ 2M, (20) +5My* |

= Mgl =13M,*a
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36.

37.

38.

39.

40.

= a=S
137
Hence, the correct answer is (C).
Sil'lCE, I= JIspl'\eres + lrmcl
Mx4R* MR?
where, [ j=——=——
12 3

I =2 21\/112%41\/1122 =EMR2
spheres 5 5

= I= ( 1 )MR"2
5 3
=37 vir2
15
Hence, the correct answer is (D).

Let I, = KMI?
2 2
. IlzKM(E) M
16
So,I=1,-1

o 1= =E10
16 16

Hence, the correct answer is (B).
Since, T=17,+17,
where, 7, = (21 +3] ) x Fk = F(3i - 2])

%, = 6] x F(-sin30° - cos30°] ) = 3Fk
= 7=F(3i-2j+3k)
Hence, the correct answer is (A).
Since 1,=la
= F(2R)=2MR%«

1 F

P

I3 40
f=—=
MR 0.5%5

= @=16rads™
Hence, the correct answer is (A).

=

Since 7 = Frsin@
= 25=1xb5sinf
= sinf=05
= 0= r

6

Hence, the correct answer is (B).

ICON

41. Since I=1,+1,+I,
2 2 ’
I:%+2(%+MRZJ:3MRZ

Hence, the correct answer is (A).

M
42. Since, —(R?+ R} )= MR?

2
2, n2
- R- KR1+2-R2= 100;400= 550

= R=16cm

Hence, the correct answer is (C).

43. According to parallel axis theorem, we have

I(x)=1,+mx*
Hence, the correct answer is (C).
44. Since, L = mugr
Also, %mvé = %mvlz +mgh
= 0 =25+2x10x10=225
= 7y=15 ms '

= L=20x10"x15x20=6 kgm’s™
Hence, the correct answer is (D).

45. Moment of inertia of one of the outer disc about an
axis passing through point O and perpendicular to the

plane

1 9
I =EMR2+M(2R)2 = EMRZ

Moment of inertia of the system about point O,

1 1 9
Ip = =MR*+6I, = = MR? +6(—MR2]
2 2 2

MR?

Required moment of inertia of the system about point

Pis

I,=I,+7M(3R) = 5—25MR2 +63MR? = %Mﬂl

Hence, the correct answer is (D).
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46.

47.

48,

49,

OM
Mass per unit area of discis 0 = —
3

R2
2
Mass of removed portion is M" = Q—RMQ X 7:[ 1;) =M
T

Let moment of inertia of removed portion be I;

M( R 2R MR2
LMY )
213 3 2

Let I, be the moment of inertia of the whole disc, so

9MR?
I2 =
2
Moment of inertia of remaining discis =1, - I
_9MR* MR* _8MR’?
2 2
Hence, the correct answer is (D).

I = 4MR>

Moment of force will be maximum when line of action
of force is perpendicular to line AB.
A

tanf):g:l
4

Hence, the correct answer is (A).

X i2-x
AT ! 1)2]

o

Balancing torque about point of suspension X, we get

/
mgx:Mg(——xJ
2
!
= mx:ME—Mx

= m=[M£J1M
2/)x

This is equation of straight line with variables m and —.

X
Hence, the correct answer is (D).

As coin is at rest on rotating disc, centripetal force is pro-
vided by the friction force between the coin and disc.

f= mw’R

50.

51.

52.

53.

Hints and Explanations H.239

= umg= maw’r

w*r (27rv)2r
= yziz g

4 (35)° x1.25% 107
10
Hence, the correct answer is (D).

=604x107 = 0.6

= U=

Applying conservation of energy, we get
1 m? ] 2
mgh =mg/sino=—{ — |@
g 2( 3

= 6glsina=0"

= v=,/6g/sina

= Uve4sing

Hence, the correct answer is (D).

Applying law of conservation of angular momentum,
Le. L; =L, we get

12\/
L/6 L/3

Hence, the correct answer is (A).

2
Moment of inertia about z-axis is I, = >

N I 3
Momentof inertiaabout z’ axisis I = I, + mR* = = mR?

= [:1.=1:3
Hence, the correct answer is (B).

R mé?
Since, [ = % + m

1
02

= I:E(R2+é—]
4 3

If V be volume of cylinder, then V = (zR?)s

CHAPTER 3
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54.

m[ 17 €2]
=2 Lz
4\rmt 3

For I to be minimum, we have

a4\ 3

vV o2

= —S==
l 3
213

= V=——»
3

2’

= k="
3
3
:) —_—
R* 2
L_ 3
R \2

Hence, the correct answer is (D).

Torque at angle 6 is
T=Fr = Mg[gsinﬂ)
Since, 7= Io

: 2
lo= %sinﬂ, where I = MT

[
>

M? Mgl
= [—Ja=Tgsin9

3
L Lo [5ne)
3 87
. azi’:gsinﬂ
20

Hence, the correct answer is (A).

ICON

55. From figure, we conclude

56.

57.

mg—T =ma (1)
N . .. MR?
Moment of inertia of a uniform discis [ = T and an

acceleration is a = aR
Since, t=TR =Io
2
- o)1)
2 R

_Ma
)

= T

Substituting this value in equation (1)

mg—@—ma
2

(n+5)
= mg=a m+?

e 2mg
M+2m
Hence, the correct answer is (D).

1

Hence, the correct answer is (A).
Moment of inertia of the disc about the given axis

MR?
I D=~

2
2
M
Mass of removed portion is M"=—— x ?I'( RJ _M
R 4 16

Moment of inertia of removed portion about the given
axis, using parallel axes theorem is

) (2
R=olie N16) Lis )\ 16 ) 512

Required moment of inertia

2
I=Ip-Iy=~MR2 - MR 27 e
2 512 512

Hence, the correct answer is (D).
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58. Since, L=7xp = rpsin6i

= L=pri

ForCtoD

E=(%+a}mv(!€)

ForBto C
z:(%m]mv(m

Hence, (A) and (C) are correct.

59. Let the distance of central line from instantaneous axis
of rotation be r, then r from the point on left becomes
lesser than that for right.

=il

50, Vg poINt = @r’ < @r = vy, point

So, the roller will turn to left.
Hence, the correct answer is (D).

60. Since no external torque acts on the system, therefore
total angular momentum of the system about point O
remains constant. So, L; = L¢

.
= mv(—]:lm
2

_ moa
21
where, I is the moment of inertia of cube about its edge

2
a? (ﬁa] B ma* N ma* B 2ma®

= I=m—+m
6

2 6 2 3
moax3 3v  3x2

e} == —=
2x2ma®  da 4x03

Hence, the correct answer is (D).

=5rads”

61. For just one complete rotation, speed of the drum at
top position,

v=,/Rg, where R=125m
Angular velocity of the drum is
8

o
=—=
R VR

62.

63.

64.

Hints and Explanations H.241

= 0= /E rads_lzﬂ E1‘pm=271‘pm
1.25 2r\1.25

Hence, the correct answer is (A).

( Diameter of Sphere ) = ( Diagonal of the Cube )

= 2R=\/§a
2R
a=—

NG

Mass of Cube = m = pa’ =

m= 3M [ﬁJB
4R 3

= m—%
J3r

Since MI of cube is I = %ma2

CHAPTER 3

_4MR?

- 9\/511

Hence, the correct answer is (C).

I

Equation of motion for solid cylinder is

F-f=nm .1
Also, 7= fR=1Iu
For pure rolling, we have a = aR
_mR’ o
2 R
ma
= f=— 2
f= @
From equations (1) and (2), we get
F- i ma
2
= F= 3n'm
2

Hence, the correct answer is (C).

For a thin uniform square sheet

ma*
12

Ilz =1=

Hence, the correct answer is (C).
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65.

66.

67.

68.

69.

R=1(08)+(0.6)* =1m,v=ro=(06)n

Angular momentum of the particle about point O is
L=mouRsin90° = m(r®)R
= L=(2)(0.6)(12)(1)=14.4 kgm’s™

Hence, the correct answer is (D).

In this case L.changes in direction but not in magnitude.
Hence, the correct answer is (C).

Since, mg —T = ma ..(1)
Also, 7=TR=1u
= TR:(mRZ)(EJ
R
= T=m ...(2)

Substituting (2) in (1), we get
mg —ma = ma

g

= g=<
2
Hence, the correct answer is (B).

Applying conservation of angular momentum about a
point on ground

v=0
wo( %_’ m( @_’V
2

mr-@, = mr2m+ muor

= mrzmo = 2mur

ra,
= U=—o
2

Hence, the correct answer is (C).

Torque exerted on pulley is 7= FR

FR [ r]
_Is P
I I
Given that, F = (20¢ - 5¢ ), R=2m,I1=10 kgm_2
(2065t )x2

10

= o= (4! —# )

= O

70.

= d—w:(4f—t2)dt
dt
= do=(4t-1)dt

On integrating, we get

£

w=21"——
3

At direction of reversal of motion, @ =0
= t=6s

3

Since, m = 4 =21 - B

dt 3

3
= d@:[th—%]df

On integrating, we get
P

3 12
At,t=6s,6=36rad

= 2mn=>36

= n= ﬁ <6
2n
Hence, the correct answer is (B).
The free body diagram of pulley and mass
mg —T =ma

L el (1)
m

.
[m] 7

mg

mg

As per question, pulley to be consider as a circular
disc. So, angular acceleration of disc is
17 IR

a_?_T (2)

where, [ = %mR2 {for circular disc}

T=_"’”;“ (using (2)}
mRo
mg -

= a= : {using (1)}
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= ma=m —@ {“a—i}
75 " R
= a=2—g
3

Hence, the correct answer is (C).

71. By conservation of angular momentum, [ = constant
Since I firstly decreases and then increases 1 72
= mgh=—| m— |o
So, L first increases and then decreases 20 3
Hence, the correct answer is (D). 5
b= Fw m
72. The uniform rod of length ¢ and mass m is swinging = T g o
about an axis passing through the ?nd. Whgn the centre Hence, the correct answer is (D). wl
of mass is raised through £, the increase in potential =
1
energy is mgh. This is equal to the kinetic energy - I o’ &
L
ARCHIVE: JEE ADVANCED Vv
Single Correct Choice Type Problems 3. Angular momentum of a particle about a point is
1. At the verge of toppling, N; =0 L=Fxp=m(7x3)
(mgsin@)h = (mgcos@)r For Lo
|L|= (morsin®) = m(Rw)(R)sin90° = constant
Direction of L, is always upwards. Therefore, complete
Also, cosf = h Ly is constant, both in magnitude as well as direction.
' R
For Lp
= (mgsin6)h= mg(;—l)r
= sinf=—
R
Hence, the correct answer is (A).
2. Let the other mass at this instant is at a distance of x

from the centre O. Applying Law of Conservation of
Angular Momentum, we get

Ilﬂ)l = Izwz
2 L,|=(movrsin®)=(m)(Rw)(#)sin90° = (mR/w)
= (MRZ)(m)=[MR2+I§(§R] +E‘8/Ix2:|[2w) |
A Magnitude of L, will remain constant but direction of
x= ER L, keeps on changing.

Hence, the correct answer is (D). Hence, the correct answer is (C).
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4.

Since P has most of its mass concentrated at surface, so

Ip>1g
. gsind
In case of pure rolling, a = 1
I+—
mR

= gy >ap (as its moment of inertia is less)

Therefore, Q reaches first with more linear speed and
more translational kinetic energy.

Further, o = v
R

= WO«<v
= 0> 0pasvp>7,

Hence, the correct answer is (D).

v vcoso
v, =|2vsin |
= 1, =|2vsin(ot)|

Ve

pt

Lg

0 T2 T

Hence, the correct answer is (D).

AL _ 4 1)

T=—=—
dt dt

Now, x = vt

= Tecl

Finally, torque becomes zero.
Hence, the correct answer is (B).

Condition of sliding is
N
f
mgsing
mgcosf* O

10.

11.

mgsing > pmg cosd
= tanf>yu

= tan6>+3 ..(1)
Condition of toppling is

(Pngsine ) eus 0> (552 ) o

= (mgsin@)(%) > (n-zgcose)[ %)

= tan9>§ ...(2)

With increase in value of 6, condition of sliding is
satisfied first.
Hence, the correct answer is (D).

1 5,1 (v)z 30*
—mv~+—=I| —| =mg| —
2 2 \R 4¢

1
= [=-mR?
2

= Body is disc.
Hence, the correct answer is (D).

2 MR? = 2 (s + My
5 2
2 MR? =2 pr?
5 2
= r=——R

J15

Hence, the correct answer is (A).

On smooth part BC, due to zero torque, angular
velocity and hence the rotational kinetic energy
remains constant. While moving from B to C
translational kinetic energy converts into gravitational
potential energy.

Hence, the correct answer is (D).

MI of MI of MI of

Given |=| Complete Disc |-| Removed Portion

Shape of Radius R of Radius R/3
= 1 remaining = Iwhole -1 removed

1 2 |1 (RY
= 1=26OM)(R) —[Enf(g)

()] o

2
where, m=0'a=9—N£><7r(£] =M
R 3

Substituting in equation (1), we get
[=4MR?
Hence, the correct answer is (D).
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12,

13.

14.

15.

16.

17.

L=m(¥x7%)

Direction of (7x7), hence the direction of angular
momentum remains the same.

Hence, the correct answer is (D).

From conservation of angular momentum

(Iw = constant), angular velocity will remain half. As,
K =114
2

The rotational kinetic energy will become half.
Hence, the correct answer is (B).

In case of pure rolling bottommost point is the
instantaneous centre of zero velocity.

Velocity of any point on the disc, v = r@, where r is the
distance of point from O.

TQ>1e>1p
= Ug>0Vc>0p
Hence, the correct answer is (A).

In uniform circular motion the only force acting on the
particle is centripetal

(towards centre). Torque of this force about the centre is
zero. Hence, angular momentum about centre remain
conserved.

Hence, the correct answer is (A).

Let @ be the angular velocity of the rod. Applying,
angular impulse equals change in angular momentum
about centre of mass of the system, we get

(W (1)

J=Mv

i)
Lo

L
—|[=Lw
(3)
L MI*
= (Mv)(—]:(Z)[—]m
2 4
v
= w=—
Hence, the correct answer is (A).

Since, there is no external torque, angular momentum
will remain conserved. The moment of inertia will first
decrease till the tortoise moves from A to C and then

18.

19.

Hints and Explanations H.245

increase as it moves from C and D. Therefore, o will
initially increase and then decrease.

Let R be the radius of platform, 7 the mass of disc and
M is the mass of platform.

Moment of inertia when the tortoise is at A

MR?
I, =mR*+——
2
and moment of inertia when the tortoise is at B
R2
I, = mr? + ———

Here, r* =a* + [\/RZ -a? - vt]z

From conservation of angular momentum
o[, =w(t)],

Substituting the values, we can see that variation of
(#)is non-linear.
Hence, the correct answer is (D).

mgsin® component is always down the plane whether
it is rolling up or rolling down. Therefore, for no slip-
ping, sense of angular acceleration should also be
same in both the cases. Therefore, force of friction f
always act upwards.

Hence, the correct answer is (B).

If we assume complete disc to be present, then it
would have a mass 4 times the mass of the sector.
Then, moment of inertia of the complete disc is

1 1
J[disc = _Mdisch = _(4Msecf0r )Rz
2 2
I
Hence, I, = -4
4
1
= Jfsec'(or = EMRZ
Calculus Method:

CHAPTER 3
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20.

21.

Consider an element of mass dm, thickness dx and
radius x of the sector.

M 2mxdx _2M
(JTRZJ 4 R
4

If dI be the moment of inertia of the element, then
dl = x*dm

dnm =

= dI =x2(i—ﬂfxdx]

dI:i—]\ZA( Ydx)

R
= I=2R—Afjx3dx
0
1
= [=-MR?
2

General Funda:

ds <ds <is
TS >
M — =5 ~ IR
1,02 402 1002
Moment of Inertia Moment of Inertia
of a DISC of mass |= of a SECTOR of
M with radius R mass M with radius R

Hence, the correct answer is (A).

Mass of the loop=M=Lp
Further if r is the radius of the loop, then
2nr=L

L

= r=—
2m
Moment of Inertia about XX is [ = %Mr2

E__ sl
(2r)*  8n*

1==(Lp)

2
Hence, the correct answer is (D).

At the critical condition, normal reaction N will pass
through point P. In this condition

y=0=1; (about P)

22.

23.

24.

f—— ~ —

}L/E-»

f ¢
mg
the block will topple when
> ng
= FL>(mg )%
> p>8
2

Therefore, the minimum force required to topple the
bock is

pom

min 7
Hence, the correct answer is (D).

No external torque is acting on the system, so angular
momentum is conserved. Further there exists no non-
conservative forces in the system, so total energy is
also conserved.

Hence, the correct answer is (B).

The angular momentum of a body L may be expressed

as the sum of two parts,

(a) one arising from the motion of the centre of mass
of the body and

(b) the other from the motion of the body with respect
to its centre of mass.

ie. Ly =Lep +7om Xp
= L =Lem + M(rC.M‘ X E’c.M.)

For this Problem

Loy =lo= %Msz and

M(7e 1 X By, ) = MROgy, = MR(Ro)
= M(Fop Xy )= MR*0
= Lgg= %MRZm + MR 0= %MRzm.

Hence, the correct answer is (C).

Since spheres are smooth, so no transfer of angular
momentum takes place from A to B. However, sphere
A only transfers its linear velocity v to sphere B and
stops. Hence, we conclude that A stops but continues
to rotate with same angular speed @ and B moves with
speed of A but with zero angular speed.

Hence, the correct answer is (C).



25.

26.

27.

28.

ICON

By Law of Conservation of Angular Momentum

mv(£]= I w
2

system
about O

a
"2

0]

- et}

3v
= w=—
4n

Hence, the correct answer is (A).

A’ /C’
C
.
g Rk NVAYCS B
© I~
D
/
D Br

[ap=1yp=Tand Icp = Iy

If I, be the moment of inertia of the square plate about
an axis passing through O and perpendicular to the
plate, then by perpendicular axis theorem

Iy=ITpg+1pp =2
OR

Iy=Iep+Iep =2cp

(D)

..(2)

From (1) and (2)
Ip=Ip=1 {OPTION (A)}

Hence, the correct answer is (A).

Since L = mor, and as r, is constant, so L is constant.

Hence, the correct answer is (B).

Work done W = %Imz

If x is the distance of mass 0.3 kg from the centre of
mass, we will have,

=(03)x%+(0.7)(1.4-x)

For work to be minimum, the moment of inertia (I)
should be minimum

dl
e —_=

dx
= 2(03x)-2(07)(14-x)=0
= (03)x=(07)(14-x)

29.

30.

Hints and Explanations H.247

_(07)(14)
0.3+0.7
Hence, the correct answer is (D).

=098 m

Mass of the element dx is m = %dx

This element needs centripetal force for rotation, so

dF = mxw® = ( %xmzdx)

Mao’L
2

L L
= F= -[dF = %wzjxdx =

This is the force exerted by the liquid at the other end.
Hence, the correct answer is (D).

By Law of Conservation of Angular Momentum

CHAPTER 3

(MR?)w = MR*o’ +2mR%0’

® [}

O

Initially Finally

(i)
= o= w
M+2m
Hence, the correct answer is (C).

Multiple Correct Choice Type Problems

1.

Applying conservation of angular momentum about
hinge, we get

mLZ
mox =| mx?+— |o

3
_ Suwx
-0 [2+3x?
For o to be maximum, we have
dw —0
dx
B L
= xy= ﬁ
= 0= V3o
2L

Hence, (A), (C) and (D) are correct.

Applying conservation of energy (as the friction is
acting at the point of no slipping), we get

MgL

(1-cos60°)= %Ing
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12
Since [ = —
= 0= 38
2L
= aR_Lm;g:C’r_g
2 4

L
Also 7, = MgEsin(60°)= oo

3v3g
4L
For CM of the rod, we have

Mg—-N=Ma,

= a=

where, a, = aysin(60°) +ag cos(60°)

¥

2

L L
= a,=—0asin(60°)+—cos(60°)
2 2

HEUIEHE
a,=—| —=[+|=|= |l =
Y4 4 222
(9 3) 15¢
= ﬂy— E+§ g_ﬁ
= Mg—N=M(15—g]
16

N=28

16

Hence, (B), (C) and (D) are correct.
When the bar makes an angle 6, the height of its CM
(mid-point) is %cos@
Displacement of CM is
y= %(1 - c0s6)

Since, force on CM is only along the vertical direc-
tion, hence CM is falling vertically downward.
Instantaneous torque about point of contact is

7= mg(;sinﬂ]

= Tecsinf

ae
y
A
P
! RN
Vi
1 9\\\
L
x 0

L
Now, x = Esinﬂ and y = Lcos@

J‘:2 2

ok

+ ? =1
So, path of A is an ellipse.
Hence, (A), (C) and (D) are correct.

Let Q be the angular velocity of assembly perpendicu-
lar to axis of the rod, then for pure rolling, we have

am = ()

-2
.

e — N

& i
So, component of Q along z-axis is Qcos 6
w24 (o o
= Qcosfl=——=—=— o 1=~24q
£ 5 5 5 { }

So, (A) is correct.
Let L; be the angular momentum of assembly about its
centre of mass, then

2
et et (),

So, (C) is correct

If I, be the moment of inertia of assembly about and
axis perpendicular to axis of rod (marked as 2), then

2
"2=[%2+W2J+[—(4m§2ﬂ) +(4m)(2€)2}

= L= %maz +17mi* = %maz +l7m(24a2)

So, angular momentum of assembly about axis 2 is
L2 =1 ZQ



I L,=L,cos0-L;sing

v Lysing

1 am
L =(17ma2)(+24)
2 4 Jﬁa

= L2=(17ma2)(97Jr:17\/_maw

= L2c039=(17\/ﬁmazw)(\/52)_4J = (17)(24)171(12&)

5
Also, L;sin@ = (zmazm]( 1]
2 5

= Ly=L,cos0- Llsmﬁ—%ma w(%—%)

= L,= 80ma’w

So, (D) is not correct
Angular momentum of CM of assembly about O is

9¢
LCM about 0 = (5m )(Ucm )(?)

m(aw)+4m((2a)w)_9afw
5m 5

JT“CMabnutO = (5?‘1’!)(9“?0)][ 95[] 81?11(1 w(\/?)

So, (B) is not correct
Hence, (A) and (C) are correct.

where v, =

Velocity of point O is 5, = (3Rm)1

Also, |0pp| = % in the direction shown in Figure.

Rw/2

In vector form,
. Ro . ~ Rm
Upp = —TSIHSODI + TCOS\?}(

- Rw: ~3Rw:
= vpo=—T1 1 —k

Sll‘lCE, Upo = 'UP - T)O

Hints and Explanations H.249

V3

= Up= ERw;' + X2 Rok
4 4
Hence, (A) and (B) are correct.

The data seems to be incomplete.

Let us assume that friction from ground on ring is not
impulsive during impact. From linear momentum
conservation along horizontal direction, we get

(-2x1)+(0.1x20)=(0.1x0)+(2xv)

—-ve

»+Ve

Here, v is the velocity of CM of ring after impact.

Solving the above equation, we get v =0

So, CM becomes stationary.

Correct OPTION is (A)

Linear impulse during impact

1. Along horizontal direction is
J;=Ap=0.1x20=2Ns

2. Along vertical direction is
J,=Ap=0.1x10=1Ns
Writing the equation (about CM)

1 Ns

ccw cw
+ve -ve

Since, angular impulse equals change in angular
momentum, so we get

1x[£><1}—2x0.5><1=2><(0.5)2(w—i]
2 2 2 0.5
Solving this equation, @ comes out to be positive i.e. @

is counter clockwise. So just after collision, rightwards
slipping is taking place.

2 Ns

Hence, friction is leftwards.
Hence, (A) and (C) are correct.

— A
Ve = (v

A (7, =0)

Hence, (B) and (C) are correct.

CHAPTER 3
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8.

10.

In case of pure rolling,

mgsin@

f= 2

1+ mR
I

= focsin®

(upwards)

Therefore, as 0 decreases force of friction will also
decrease.
Hence, (C) and (D) are correct.

Due to Law of Conservation of Angular Momentum
L =constant

= L L= constant

d/- -
~(L-L)=0
= dt( )

= ZI:-d—L=O

= m must be perpendicular to A as well as L

Further component of L along A is % = x(say). Also
L0 Iy L
dt dt dt
{ Eid—L and d—A= [_}}
dt d
= A-L=constant
A-L

= ——=Xx=constant
A

Since Z—I; (or 7) is perpendicular to L, hence it cannot

change magnitude of L but can surely change direction
of L.

Hence, (A), (B) and (C) are correct.

From symmetry we have

I =land I, =1 (1)
Also, by perpendicular Axis Theorem

L=l +L,=1,+1, ..(2)
From (2), we get

21, =21, {~of(1)}

11.

12.

an
Hence, (A), (B) and (C) are correct.
2m(— 2
y 2 2mlzo)em(2o)+8m0) o prion )
2m+m+8m

Further, by Law of Conservation of Angular Momentum

(Is stem 0= 2 mory
about O
system
about O
1 2 2 2 2
Losem =| —(8m)(6a)”+m(2a)” +2ma* |=30ma
-a{;-outo 12

z mor, = (8m)(0)(0)+2m(-v)(-a)+m(20)(2a)

system
about O

= 2 mor, = 6mua
system
al;out (0]

= (BOmaz)w= 6muva

v

= o=g {OPTION (O)}
Further total energy of the system E is
E=10* =2’ (OPTION (D)}
Hence, (A), (C) and (D) are correct.
L=muv.h
2.2
o ogs m(vcos45)(v sin 45]
28
3 2 02
o g M ., usin 45
42 g 2¢

v, = vcos 45°

v

Also, from h = Z’—

8
= v=2J3?h
my

A
(2 )
T

= L=—hgives
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ae
= L=m2gh’
Hence, (B) and (D) are correct.
Reasoning Based Questions

1. Incase of pure rolling on inclined plane,

in@
- 8sin

I
1+—=
mR?

Isolid < Ihollnw
= Aglid 2 Anollow

Solid cylinder will reach the bottom first. Further, in
case of pure rolling on stationary ground, work done
by friction is zero. Therefore, mechanical energy of
both the cylinders will remain constant.

—  (KE)yoiiow = (KE)ggiiq = decrease in PE = mgh

Hence, the correct answer is (D).
Linked Comprehension Type Questions

1. The point A will be IAOR (i.e. instantaneous axis of
rotation). For no slipping, we have

(CL N
\
A
i
/
_-

Ro=(R-r)w,

%)
= w=0, 2

1
= KE= E(ZmRz)wz =mm§(R7r)

2

Hence, the correct answer is (A).
2. Ifheight of the coneish

Then, uN = mg

= um(R-r)w) =mg

g
w(R-r)

Hence, the correct answer is (C).

ﬂ)ﬂ -

3. Force on block along slot is the centripetal force, so

5 (m’vJ
mer =ma=m| —
dr

Hints and Explanations H.251

r t
. "
R (a'4
R [,2_%
1 4 I-II_-I
a2 ]| Ry RER &
4 2 4 4
= In E | E ot I
2 4 U
2
N . Ee“"
2
= —RZZ=R—2 200 L _0p =™
R_Z.?Zcm'ﬁ_R2
= r= 4 o 4 =Z(€mt+e—mt)
e

Hence, the correct answer is (C).
in

Since, F, = Fy, +2m (0,1 ) x ok + m{ ok x i ) x wk

i 2

= mroti=F_ + 2mvmtw(fj )+ mwri

= E,= 2mvrm}

Y()

Vf

Since, 1 = %( e 4 gm0)

= ﬂ='U =§( o _ g™ )
d " 4

= F =2mR—w(emt _m')wj
m 4

= F =mRm2(€m ot )j
m 2
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5-6.

Also, reaction is due to the disc surface, so

2 A A
F ke (e —¢ )]+ mgk

reaction — 2
Hence, the correct answer is (B).

The correct answer is 5(D), 6(A).

Combined solution to 5, 6

Following points must be kept in mind.

(i) Every particle of the disc is rotating in a horizon-
tal circle.

(ii) Actual velocity of any particle is horizontal.

(iii) Magnitude of velocity of any particle is

V=10
where, r is the perpendicular distance of that
particle from actual axis of rotation (z-axis)

(iv) When it is broken into two parts then actual
velocity of any particle is resultant of two velocities

vy =nw; and v, = 1,
Here, 1, is the perpendicular distance of centre
of mass from z-axis, @, is the angular speed of
rotation of centre of mass from z-axis, r, is the
distance of particle from centre of mass and o, is
the angular speed of rotation of the disc about the
axis passing through centre of mass.

(v) Net v will be horizontal, if v; and v, both are hori-
zontal. Since, v, is already horizontal, because
centre of mass is rotating about a vertical z-axis.
To make v, also horizontal, the second axis should
also be vertical.

Hence, the correct answer is (A).

1 2 1 2
~1(20)" ==kx (1
5 e 1)
1 2 1.,
—(21)(w) = =kx 2
5 (@) ) @
From equations (1) and (2), we have
M_5
Xo

Hence, the correct answer is (C).

Let " be the common velocity. Then applying conser-
vation of angular momentum, we get

(142D =12w)+21(w)

, 4
= 0=-0

Applying the concept that angular impulse equals
change in angular momentum. For any of the disc, we
have

L
Tt_I(2m)—I[§mJ

ae
2w
= Tt=—
3
2w
T=—o
3t

9. Loss of kinetic energy is ~AK = K; =K
1. 2.1 2l 14 Y
= -AK={=I1Q20) +=20)(® }—— 31 (—m)
{110t +2en(r |-Lon( 2
= —M(:lhu2
3
Hence, the correct answer is (B).
Integer/Numerical Answer Type Questions

1. Initially, 40N, = 50N,
cM

0 ]
1 i
N,I" s0em  — 40em N

For First Move:

CcM

N3 xcm o 40 cm N4

For translational equilibrium, we have

HyN3 = uN, (1)
For rotational equilibrium, we have
J.’N3=4UN4 (2)

= x=32um

For Second Move:

cMm
[ . J
N5'32 ¢m Xq 'Ng
For translational equilibrium, we have
UNs =N, (1)
For rotational equilibrium, we have
32(N5)=XRN6 (2)

= Xg=256cm

2. In case of pure rolling, mechanical energy remains
constant since work done by friction is zero. Further in
case of a disc,

1 2
Translational Kinetic Energy Ky """
Rotational Kinetic Energy - Ky -

11&)2
2
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e
v
Kr _ o’ _2 m ?
e)E)
2 R
= K;= g(Total KE)= gJt‘(
3 3
So, total kinetic energy is
om
I
K=§KT=§(lmvz)=§mv2 v
2 212 4 -
Substituting the values, we get
Since, decrease in potential energy equals increase in m
kinetic energy, so oo (4)(5x1072)(9)(0.25) o
3 45%1072(05)° T,
mgh:—n-r(v%fvf) [
4 = wo=4rads™ o
= 0;= 4 gh+v? 5. By conservation of angular momentum, we have g
3 Lo, =L,o, J
Given that the final velocity in both cases is same, so, | o | 0,
I I
N ‘ > >
value of v =, |~ gh+v; should be same in both cases.
= .
Ring - m, r
S [Ex10x30+ (37 E><10><27+('u ) | |
3 3 2 l l
a Initially Finally
= U,=7ms
1,02
3. Since angular impulse equals change in angular L EMR
momentum, so B [ I_]wl T e |
2 MR?+2(mr?)

Irdt: [w

t

J3F sin30°Rdt
jrdt

= W= = = w2=8racls"1

( 50(0.4)° J
50(0.4) +8x%(6.25)x(0.2)

=}

6.  Moment of inertia of this lamina about the point O is

0]
4m m

=(4m)(2R)2 3

I - mR*
(0.5)(0.5)(0.5)(1) : ’
3(0.5)(0.5)(0.5)(1 a
W= =2 rads _on2|q_ E
15(05)°)2 = fo=mk (8 2)
4. Applying conservation of angular momentum, we get - Iy= %m R2
2
2mor ———w=0

Similarly, MI about point P is

dmor 2

_ 3 2 | mR 2

= 0= I, ==(4m)(2R) —(—+md )
MR? P 2( ) ’
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where 42 = R* +(2R)*

@ . .
o ZR T
m

I, =24mR* - 12—1mR2

37
Ip—?mRz
37
Ip o 37
—:—:—:3
I, 13 13
2

Moment of inertia of system about diagonal of square is

I=2(gMR2)+2[gMR2+Md2)

5 5

I= %MR2+2md2
8 5Y

[—(0.5)(—) +2(o.5)(4)(2)}10“L
5 2

(§+8] x107*
5

1=9%x107*
N=9

I

I

ICON

There is no slipping between ring and ground, so f,
is not maximum. However, there is slipping between
ring and stick, so, f; is maximum.

f
f2

Moment of inertia of the ring about its centre of mass is
I=mR?=(2)(05)"=05 kgm?

Since, Ny — f, =ma

= N;-f,=(2)(03)=06N (1)
Also, a= Ra—RT R(fzgfl)R:Rz(f:}—ﬂ)
030 (A=)
(05)
= fZ_f1=O-6N (2)

Since stick applies a force of 2N on the ring, so we
have

N+ f2=(2)"=4 .3
Further, f; = uN; = (%] ...(4)
From equations (1), (2), (3) and (4), we get

P=36
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CHAPTER 4: GRAVITATION AND SATELLITES

Test Your Concepts-I
(Based on Acceleration due to Gravity,
Gravitational Field and Applications)

1.  Escape velocity from the surface of moon is

2GM,,
v, =
RH!

Substituting the values, we have

o Jz X6.67x10" x7.4 10>
‘ 1.74x10°

= 10,=24x10° ms™ or 2.4 kms™

2. Both the planet and the sun revolve around their
centre of mass with same angular velocity (say @)

r=n+t (1)
' 2 Gmym,
mR@" = nyho" = " .(2)
my ry r, mp
. - .

Solving these two equations, we get

m
m, +m,

m,

G(my+my)

3
r

Now, total energy of the system is
E=P.E+KE.
Gyt

and 0’ =

1 1
= E=- + 3 o’ + 5 o1

p

Substituting the values of 7, r, and @, we get
Gyt

S

3. (a) Gravitational potential at point P due to the ring,

M

E=

GMm
Vit +x
(b) When x a, a®+x*=x’
_GMm
x

= U=mV=-

= U=

{the potential energy of two point masses}

(© F= A ~GMm- i(az w2
dx dx
L o GMmx
(x2+a2)”

(d) When x a,a*+x*=x*

GMm
&2

and F,=—
{force between two point masses}
(e) Atx=0
F.=0
As the particle is attracted equally from all the
four sides.

{centre of the ring}

Net force on M due to the pairs 2M and 2M, 4M
and 4M, 5M and 5M, 7M and 7M, M and M is
zero. So, the only left out massis 3M and net force on
M is due to 3M, given by
G(3M)M

7

3GM* :
F= 7 ,along +x axis

F=

. Gm m
Given that F= —4-8

.
Since acceleration of A is a, = —

my
= a:a’A :i:—Gn;B (l)
mA T
Now if, F= Z"4™5 then
r
ah:izcﬁ
My
’ a .

r

CHAPTER 4
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6. Since, E= £
My

4N
E:—_?’
20x10™ kg

= [E=200Nkg™,along +x direction.

7. Let m; be the mass of the core and m, the mass of

outer shell, then

To calculate M we consider an infinitesimal shell

total?

§4=88 element of inner radius r and outer radius r+dr. If
B dm be the mass of this infinitesimal element, then

dm= (4Jrr2dr)p

‘ But, p=@
7

= dm =('O°RJ(4zrr2dr)
r

R %_G(ml-l-mz) = dm=(4nmp,R)(rdr)
R*  (2R)? g
= dmy=(m+my) = My = Jdm = 47?P0Rjrd?'
: 0
4 4 3 J ( 4 3 4 5 J 3
= 4 -1R’p, |=| =aR’ |p, +| =7(2R)’ - =zR 4mpoR
(3 pl) (3 SME 3 )P = Mg = p2° =27y’
= Adp=p+7py GM
= E(r)=—-
p 3 o Eo G(ZEpORS) _ TRGpy
8. L=mR 4R* 2
o gl 10. Field strength at the axis at distance x from the centre
n of the ring is,
Gravitational field at the centre of a semicircular wire GMx
of radius R is E=——Gn
262 (R +")
TR u
M
where 1= T «—F
P Q
ZG( T) A _Hd-n_ e 0O
_ X
= E= —( [ ) X
n
. 27GM
-T2 Consider an infinitesimal mass element PQ of length
Since F = mE { Eo F } dx, mass dm ata distance x from centre of ring. Then
22CM ' m dm = Adx
F= 2 " Force on this element will be,
GMAx
9. Since r(=2R) lies outside the sphere, so dF = Edm = 2 232 dx
(R2+x2)
GMtotal = o0
E=—7f forr2R GMAxdx
r = F=|dF= ——an
where M, ., is the total mass of the sphere. 0 ) (R2+22)"
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e
, dx 1 i
Smcej =— G{zr 3 _R3 p]
JR 422 R2+22 — f-_L3 ( ])
r 2
o r
= F=-GMA 1 From (1), we get
VR + 4% |, 3 s
GM( " -R;
11 b=
= F=-GMA I AR -k
£ GMA [ 0 for  r<R,
TR GM( r’ =R}
So, E, =| —- % for Ry<r<R,
11. At the equator, we have r" \R;-R; <
8.=g~Ra? Mt >R, e
60% of his weight at the pole means - r -
_60 _3 13. Reduced by 36% means the value is 64% the original o
87008758 g
&h 8
= Eg:g_sz 100 U
5 gRZ
2 Since g, = >
= Zg¢=Re’ (R+h)
5 2
4 R
= 0= 28 - ﬁ=(ﬂ)
5R
2x98 L RS
= o= [ R+h 10
5x6.4x10
= 10R=8R+8h

o [196 R

B 4 a
= 0=78x10"" rads Test Your Concepts-ll

12. For r<R,,wehave E, =0 (Based on Gravitational Potential, Potential
GM Energy and Applications)

For r>R,,wehave, E, =

1. First of all let us calculate the total number of interac-
tions between these eight particles. Since, total number
of interactions (N) between n particles is

n(n-1)

N = ch -
-1
= N= 8(8-1) =28
2
8 7
. A
Inside i.e., for R; <r <R, , we have 5O - 1------- 0 !
I I
’ I 1 1 |
;- N
r ! 14 I |
L | - L--03
where M’ is mass of shell from R; to r.So, O &
1 2
M'—EE(}‘S —RS)
BE) 1P Out of these 28 interactions, 12 interactions are due
M to masses at separation @, 12 interactions are due to
where p= (1) masses at separation v2a (the face diagonal) and 4

4 (03 b3
EE(RZ -R}) interactions are due to masses at separation /32 (the
body diagonal). So,
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oo o ) F)

- u=-r (12 N f]

2. Consider an infinitesimal element of the rod of length
dx ata distance x from m;.If dm be the mass of the
infinitesimal element, then

dm=de
L
M E& my
| | — ©
dm |
— X —

The gravitational potential energy of the infinitesimal
mass dm and the point mass 1, is

M
Grgdm __GmD(de]

dl=-
x X
GM n+Ld
= U=Jdu=—ﬂ J =
L X
U=—GMmﬂlogf(a+L)

L
3 u:_G}\/Im
GMm

So, the binding energy is |U|=——

ie., this much energy is required to displace the
particle from the centre of the ring to infinity.
4. Outside the sphere, we have

GMm
r

U=-

as if the sphere were a point mass concentrated at its
centre.

Even if the sphere is replaced by a thin shell, the gravi-
tational potential energy of the particle-shell system
will remain the same, because for the shell to the entire
mass is concentrated at the centre, so

GMm
r

U=-

5. Consider an elementary hemispherical shell of radius
r and thickness dr. If dm is mass of this shell, then

dm = L 1 Axcr?dr

1(4;{133)2
2\3

= dm= %rzdrf

Initial potential energy at O due to this element and 11 is

R
U, = -3 GMm

2 R

SO, Wf.‘)demal = Uf — uj — 0 _ _é GMH-I _ g GM??'I
’ 2 R 2 R
So, the work performed in the process by gravitational
[ 3 GMm ]

force is

2 R

Let gravitational field be zero at a point lying at
distance x from M. Then,

G_M= Gm
xZ (d_x)Z
-y \/H
= —=[—
X M
o 4 m
b M
(M ]
= x_[m.h/a d ..(1)
(_m ]
= (d X)_[\/M+\/E d ..(2)
Since, V, =" M (3)
-x X

Substituting (1) and (2) in (3), we get
Vp= —%(M + \/M )2

B Potential due to Potential due to
! shell at P particle at P
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Since point P lies inside the shell, so the potential
inside the shell is constant and equals the value at the

surfaceie., ———

__GM_GM
PR (R/2)

2
= W= ‘[dW _ oM self energy
0 2R
(b) See theory.

(a) Consider a mass element of length dx, mass dm
at a distance x from the centre of rod. Then

dm = Adx

The potential at the point P due to this infinitesi-
mal element is

dV——%—— Gdm
r vat +x2
S Ve~ GAdx

{ /
Since Jf(x)dx:2jf(x)dx,iff f(x) iseven
—f 0

dx

(x+ \fa2+x2)

,
= V= —ZGAJ-
0

dx
Also, J7=10 .
Vit +2? ’
!
V=—2Gﬂ.[loge(x+\lx2+az)| ]

0

Hints and Explanations H.259

(42 + 4 ]
i

= V= —ZG/ll()gt,[

(b) Again consider an infinitesimal element of length
dx, mass dm at a distance x from P. Then

dm = Adx
1axi i
X —»
| ¢ *p
:4—[_—H|4— L—Pid—(a—l_)-hl

1 1 1
1 1 |
1 < a »
L >,
! 1
[ [

q
— (a+l) ———> o
L
If dV be the gravitational potential due to this =4
element at the point P, then &
gy =-&im XL
* Y
v - _Gldx)
X
a+L i
= V=-GA J‘ =
X
a-L
a+L
= V= fG/l(logex\R_L]

=V =—Gllogf(%)

Test Your Concepts-lll
(Based on Relation between Gravitational
Field and Potential)

1. Since, dV =-E-di

A (2,1,0)
= JdV:— j (xf—Zy}+z§)~(dx§+dyf+dzl€)
B (0,2,4)
(2,1,0)
= V,-Vy=- J (xdx - 2ydy + zdz )
(0,2,4)
(2,1,0)
= V= [IZHZ"‘ZZ]
2 2 (0,2,4)

= Vip=3Jkg™

2. Since, dV =-E-di
= dV:—a(ydx+axdy)+b(zdy+ydz)
= dV:—[ad(xy]+bd(yz):|
Integrating we get,

V=—(axy+byz)+C
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3. (a) dV=-E-di
(0,0,0)
J.dV——J. yz+x] dx1+dy]+dzk)
(1,1,1)

(0,0,0)
= V,-Vy=- j (ydx+xdy)

= Viyp=- d(xy) {asydx+xdy=d(xy)}
(1L1,1)

,0,0) _
= VAB=_|:(XV)‘ 11)] 1]kg1

(b) dV=-E-di
A (0,0,0)
= J.a'V:— j E.-di
B (1,1,1)

0,
= -Vp=- j szydx+x3dy)
1,

(0.0,0)
(1,1,1)

= V= [(x y)| }:ng‘l

Since in both the cases, the line integral of the field is
an exact differential and hence both the fields are con-
servative in nature.

4, Since E-—(: aa_V+~aa_Z+£E;_IZ/)

oV
here — =6
where == 6xy
v =3x"+3y*z
dy

WV 5

z
= E=—(6xy)i-3(x*+y%)j - vk
5 (a) Given,V:a(xzfyz)

So, E=-VV =—2a(x?—y}')

8.

(b) Since V = axy
So, E=-VV = —ayi —ax]
V=bx- 3x2y + 2yz2

Since E=VV=(&:: +?; +£;:fc]

= E:(—5+6xy)§+(3x2 —222)}—4sz€

=-5i -5
(1,0, -2) I

= E=,/E§+E§+E§

E=+(-5)*+(-5)* 402 =52 Nkg !

= E

Since, E, = —[zg—:ﬂaa—Z)
where —V:ZO
dx
and a—V=20
dy

> E,=-20(i+])

Since, F = mE, =—(05)(20)(i + )

= F=-10(i+])
|Fl=102 N

Given, V:a(x2+y2)+bz2

Since, E=-VV

= E= —(2axf+2c1y}+2bzlz)

Hence |E|= 2Ja2 (x*+y7 )+ b2

T

[ vs v
- {ox ay] 0z

where, v i(2:c+3y—z)=2

dx  ox
aa— ;(2x+3y—z)=3
%— E%(Zx+3y z)=-1
= E=-2i-3j+k
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Test Your Concepts-1V
(Based on Conservation Laws, Escape
Velocity and Applications)

1. (a) Increase in potential energy is AU =U; -U;

GmM _[_GmM)
R+nR R

- Au=GmTM(1LJ

= AU=(L)(G—AZ/I)HIR
n+1/\ R

Since g—G—M
"R

= AU=-

2
= Al= (L]ng
n+1
(b) By Law of Conservation of Energy,
[Gain in GPE] ~ ( Loss in KE)

of m of m

= (L}frigR=lmv2
n+l 2

. /ZHgR
n+1

2. (U+K)atm=(u+K)surface

0+0 =_GMm +lmv2
2
2GM
v=,[——
R
- ()

= ©v=,2gR=112kms"
3. By Law of Conservation of Energy, we have
(U+K)at1m :(U+K)atﬂ.5m

G 1 1
_Gm1m7_ __bmm, n _mlvll +Emzvg (1)

i} i}
Further by Law of Conservation of Linear Momentum,
we have

my (0)+m,(0) = myo, +"’2(_UZ)

= mu; =0, .(2)
2
= Gmym, 11 =1mlvf+lm2 Mo
nont 2 2 1,

= Gmlmz(l—l)=1mlvf[1+m]
L ont 2 1,

Hints and Explanations H.261

my +m,
_\/2G(100)(L_1)
! 30 \05 1
20G
’01= —
3

= 0,=21x10" ms”
From (2), we get
0, =42x107° ms™

Let © is the minimum velocity, then by Law of
Conservation of Energy, we have

v
g___"-____LT_’__':___Q
M Cc M

(U+K)c=(U+K)m

(—m—m)2+1mvz=0+0
L 2

= ‘{):2(3—M
L

Our first job is to find a point where the resultant field
due to both is zero. Let the point P be at a distance x
from centre of bigger star.

G(16M)  GM
¥ (10a-x)
= x=8a {from O, }

i.e. once the body reaches P the gravitational pull of
attraction due to 16M vanishes and the gravitation
pulldue to M takes the lead to make m move towards
it automatically.

i.e. a minimum K.E. or velocity has to be imparted to
m from surface of 16M such that it is just able to over-
come the gravitational pull of 16M .

By Law of Conservation of Energy.

Total Mechanical | _ [ Total Mechanical
EnergyatA )\ EnergyatP

CHAPTER 4
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Total mechanical energy at A is

£, = Lm2, +[_G(16M)m_GMm]
mn 2a 8a
= EA=1mUr2ninGMm[16+1)
2 2a 4
. Eﬁzlmvz. _ 65GMm
2 ™ 8a

Total mechanical energy at B is
( GMm G(16M)m )
EB =| - -

2a 8a
o By=- MM gy S6M
2a 2a
= lm i‘lill = GMm(45)
2 8a

3 lSGM
= Unin =74y
2V

At minimum and maximum distances, the velocity
vector (7) makes an angle of 90° with radius vector.
Then, by Law of Conservation of Angular Momentum,
we have

muyty sing = mor ..(1)

where, m is the mass of the planet.

Further by Law of Conservation of Energy, we have
(U+K)ya=(U+K)p

(2)

2 ) 2 r

where, M is the mass of the sun.

Solving equations (1) and (2) for r using the concept
of quadratic equations we get two values of 7, one is
Tmax and anotheris 7 ;. So,

max

max

- 2r0K(1+\f1—K(2—K)sin2¢)

and 1, =~ (1- 1-K(2-K)sin?¢
2-K
2.2
where,K:ﬂ
GM
E=U+K
. E=_GMm 1 ;
R 2

ae
Butvf:zc—M
GMm 1 (ZGM)
== +—m
R 2 R
= E=0

Given that v, =11.2 kms ' = %

By Law of Conservation of Energy, we have

Ki+U;=K;+Uy
. %mvf—GMsm _ GM,m 040
r

€

where, r is the distance of rocket from sun

2GM, 2GM,
v, = | —+——
R, r

Since, M, =3x10°M, and r=25x10"R,

2GM, 2G(3x10°M,)
= U= +
R, 25x10*R,

ZGM(,[ 3x10° J
1+ 1
R 25x10

= U=
= 7= /ﬂxl?’
RE

= ov,~42kms™

Since the gravitational potential energy between the
disc of radius @, mass n1; and a particle of mass m,
placed at axis of disc at a distance / from centre is

U =2 (e ) (1)

axis
(12

1
1 2y
= uam:zcmgmlﬁ[(n;} 1}

72 2¢2
2Gmm,l | a
- o) )
a 2/
= ualxis=_%

Further, when the particle collides with the disc (at its
centreie., /=0), then

U _ 2Gmymy
centre —

{+of (D}

a
Applying Law of Conservation of Energy and using
the concept of reduced mass we get
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ae
(U+K)ax1s (u'l'K)cenfre —y |U|°<—
P
_Gm_ﬁﬂz+0:_z(M]+1mg Lo Uin,
/ a 2 uB I
where 1= —1"2 : . -
H - 2. (a) Just before the explosion, the orbital velocity is
M
2 1\ 1 mm, \ ., Uy = IG— corresponding to which the total
= Gmym, ] = Jv, R
a ) 2\ m+my energy associated with the satellite in the orbit is
) 1 NEGATIVE.
= v,= JZG(ml + 11, )( =-= When a mass Am is expelled very rapidly with =g
a speed v, then for the satellite to still remain (a4
R within the gravitational pull of the planet, the JTT]
f 2G ”R { 4G new total energy must still be negative. So Iﬂ-.
10. v =
1(rfanm)(vOFo,)waso ..(1) <
Vs < R 2 R T
Surface area of 1is A = 47R} = (0+7,)< —2?{M U

Surface area of 2is 4A = 47R3

2GM
= R,=2R = 1+0, ,[
Given that mass of planet 3 is My = M; + M, GM ZGM oM
4 4 4 5 = T =
= | =nR] |p= 37{R1 p+ SR'RZ p

3
GM
= R=R+R = Uri(ﬁ—l)\}?
= Rj=9R} (b) Sincetheterm (m— Am) cancels (see equation (1)),
= Ry= gy3 R, s0, no modification is needed.
3
= R>R>R 3. Since T2=4fc2[r—]
= U>0,>0 GM
" , o When the satellite is revolving close to the planet, then
3 _ol/3 2 _
= —=2=9" and ==2 r=R
U Y &3
3 = T’= 4:r2[ —]
= v_g —9 and 2= GM
m U

. (4 s
Test Your Concepts-V Since M= [ 3 ™ ),o

(Based on Satellites, Kepler’s Laws and , ., B
Applications = T =4z
PP ) G[ 4 )p
1. r,=R+R=2R
and 7; = R+3R=4R =  pT* = constant
Since, kinetic energy K = GMm 4. For the satellite to revolve in a circular orbit of radius
' 2r 1, the orbital velocity is given by
= K 1 GM
r I)G = |/ . (l)
Ky 15 _4R To
= —= =2 . .. . S
Kz 14 2R At maximum or minimum distances, veloc1ty 18
CMm perpendicular to the radius vector. So, on applying
Also, U=- Conservation of Angular Momentum and Mechanical

' Energy, we get



ICON

H.264 JEE Advanced Physics: Mechanics - 11

muyly COS O = Mur .(2)
and _CMmn = _GMm + 1mvz -..(3)
2 r 2

Solving these three equations, we get two values of r
ie, (1+sina)r, and (1-sina)r, . Therefore,

row =(1+sine)r, and r_. = (1-sino)r,

5. Let M be the mass of the sun and r be the distance
between the two stars, then

1y 2
n= r=—=t
my+m, 3
and n=—9m ="
m+m, 3
< r >
I 2
. Y .
M
my;=— mey=="=
155 2=
o5
Centripetal force on m, is ———= = 92
r r
2GM? 2
o 26 T = 1y1° :[—MJ(i)mz
9 r 3 3
L S
p
[2;:)2 GM
= — = —3
T r
2o dr’r?
GM
Since time period of earth around sun is
2. 47°R3
GM
= r=R

6. (a) Let the origin be at m; and the centre of mass be
at a distance r, from it. Then

. 11y (0) + ryr

1y + 11y
m
= r1=( 2 )r and
1y + iy
m, CcM my
ry i rp

ae
The centripetal force is provided by gravitational
force, so
mym

Solving these equations, we get

G(my +my)
= T
3
= T=2—E=2x d
G(my+my)
1.5
—lw 2
(b) Ki_2" L _mypy
K, 112(32 I, mn

. 2 2
Since, m1,0° = N,1,0

= 1yt =yl

L K (m(m) _m
Ky \my \'my My
L_ho_L_m

L, Lo I, m

d) L=Li+L=(L+)o

(c)

= L= (mlrf + mzrzz)m

1= mmz;“fdz N mzmlzdz ®
(ml+mz)2 (m1+m2)2

= L=pod
mm,
where y=—2- is the reduced mass
1y + 1ty

1 1
(€) K= E(Il +1,) 0’ :Eymzdz

For two satellites revolving around same planet, we
have

T_(n)"
I, \n
3/2 14)32
' 2x1
= TL,=T h =28[X—40) =56+/2 hour
n 10
Since, 0= 2
T

2

radhr™!
5632

) = z—z radhr™ and o, =
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o0

G(M)(M) _GM>
g AN 9. (a) F= sl
',VA ,/ “\ \\ (ZR) 4R
AP
'\ l\ O /rl '|
\\ \\‘__‘/ I’f

. s

\"‘-_B_..’_J‘,VB

Positions corresponding to maximum separation are
shown in figure, so we have

gy =T~ 04 =|vg|+|vs|  {for shown position) (b) <
=  Upq = ol + 4 . o MR o
2n 4 27 4 1 =
= Upy=| —=x%2x10"+="=x10" | kmhr
. [56@ 28 ] ~ w_‘jT_\/G_M &
A e A an3
= oy, = (0.1587 +0.2242) x10* kmhr™ MR V4R
BA I
3 3
= g, = 3829 kmhr Lo, 4R IR U
(0] GM GM

is the mass of earth (1) IR
Absolute velocity of particle would be:

[GM
Orbital speed of the satellite is v, =,[— , where M 2
G(M)(M GM
' (C) E=_M+2(%Iﬂ)2)=—§+1w2

M? M M?
5 = E=__G2R +(MR2)(G—3J=——G4R
v, =0+7) = ,|-7 = V1257, .(2) 4R
4 GM?
- So, binding energy is | E| = Ta
"= \[;VO Hence, this much amount of energy will be required to
separate the two stars to infinity.
Particle “ 10. Since, we observe that
rt =% +b*
Vo But b* =a?(1-¢?)
Since, v, lies between orbital velocity and escape = rf=at +a’ -a%e?
velocity, path of the particle would be an ellipse with = r=ga
r being the minimum distance.
Let #* be the maximum distance and v}, be the veloc-
ity at that moment.
Then applying the Law of Conservation of Angular B
Momentum and Conservation of Mechanical Energy,
we get
mo,r = moyr’ .-(3)
and L o - GMm _1 . GMum @ Total energy of a satellite in an elliptical orbit is,
oro27 GMm
Solving the above equations (1), (2), (3) and (4), we get b=- 24
r’:i and ' =r = EC=1mU37GMm=7GMm
3 2 r 2a
Hence, the maximum and minimum distances are o 1 5, GMm  GMm
= —mu - =- {r=a}

and r respectively. 2 a 2a
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fGM
U= —
a

= v.=R % {asGM=gR2}

11. Both the stars rotate about their centre of mass.

my

For the position of CM let Origin be at m; and CM be
at distance r, from origin. Then

1= "ol and =10
my + 1, ny + 1,
2
Also, myro” = Gm12m2 { 0= _E}
r T
Since, 1, = —2"
G(m+
o o= (ml3 my )
r
1/3
G(my+m,) |
- = [#] (1)
(0]
Applying Law of Conservation of Mechanical Energy,
we get
_ Gmym, __ Gmym, +1Wr2 Q)
r (Ri+R,) 2
1,

where, i is the reduced mass given by y =
1y + 11,

and v, is the relative velocity between the two stars
From equation (2), we get

0o 2Gm,m, [ 1 1 ]

! i \R+R, r

o= 2Gmym, 11
! 1y 1y Rl + R2 r
1y + 11,

= 0f =2G(my+m,) t 1
R +R, 1

Substituting the value of » from equation (1), we get

1/3
1 47* "
= [2G(m, + -
v, (ml mZ)[Rl"'RZ {G(m1+mz)T2} ]

Single Correct Choice Type Questions

1

—

axf [, VL2 +x* Y
N o -gF N
dFsing~c M
L dFsin i P
)

Nl dF

T

Let the mass M be placed symmetrically.

oo

I GM(Ad
= Fnet=JdPsine=j (Adx) L

P+ 22

o0

d
- E, =GMALJ‘ —
b X+ 17

MAL

net = G 2 (2)
L

E, = 2GMA
L

Hence, the correct answer is (C).

Let M be the mass of the planet and m the mass of
satellite. Then

Hence, the correct answer is (C).

r m
M A
(U+K),=(U+K)o
GMm 1 5, GMm
= - +0=—mv" -

V2 +r? 2 r
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Hence, the correct answer is (D).

jl+LG(de)m GM h+L
P:J LZ = mjx_zdx
X L
h h
h+l
GMm| x> |
= F
L \-2+1],
GMm( 1 1)
= F=e— | ————
L \h+L h
~ GMm
" h(h+L)

Hence, the correct answer is (C).

Gravitational field due to the ring at a distance
d= \/ER on its axis is

M ;H_R; T

' d=J3R
Y
R 1
8M
p__ GMd___\3GM
Rl o
3GM?
Force on sphere is F=(8M)E= J_Rz

Hence, the correct answer is (D).

By Law of Conservation of Energy, we get
(U +K )surface = (U +K )centre

Now, for a solid sphere, we have

usulfﬁfe :_GMm and ucenh'e :_Em—m
2 R
- _GMHI+1m(D)2=_EGMn1 lmvz
R 2 2 R 2
1 , GMm ( SGMm'J
= —mv=- - -2
2 R 2 R
1 2 1 GMm
= —mvt=———
2 2 R
o o [CM_Z
R _\/E

Hence, the correct answer is (D).

10.

Hints and Explanations H.267

m m
2
Since F = G 5
(2R)
If p be the density of each sphere, then
4 5 ]
m=| =R
(5]
2
G(E:’IRSPJ
= F= 3—2
4R

= F= gGﬂ'zsz4

CHAPTER 4

= Fo«R*
Hence, the correct answer is (C).

Since, ¢= fg{ (1)

Also, M = (%nR"” )p

13
_ ( 3M )
4mp

Substituting in (1) we get,

=G M[ @ )2!3
g 3M

o g MV
= Zpane =8(8)7(8) = 8

Hence, the correct answer is (C).

1
F, =< — and does not depend on the medium. Hence,
r

, FE

F1=Zl
1

Foe—s
Kr?

and when air is sucked, force will slightly increase in
vacuum, so

F
F2>ZZ

Hence, the correct answer is (C).

= d=2h
Hence, the correct answer is (B).
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11.

12.

13.

14.

Imagine an inverted hemispherical shell to be placed
on this shell so as to complete the spherical shell inside
which net gravitational field is zero. Net field can be
zero only when field at P is directed along c .
Hence, the correct answer is (C).

(u +K )surface = (u +K )R+7R

GMm 1 ,  GMm
- —my” =- +0
2 R+7R
GMm 1 , GMm
= - —my” = -
R 2 8R
v GM GM s 7(GM]
5 —=—-— = —=—|—
2 R S8R 2 8\ R
7GM
V=, [——
4R
Hence, the correct answer is (D).
2h
Since,g,;g(lE) {~h R}
= wh:w(1—%J
R
Rate of change of weight with height

Hence, the correct answer is (B).

Given that points P and Q located inside and outside
the planet have same acceleration due to gravity equal

tog.Thus
4
2
g(1—£]= gR 2=&
R) (R+h) 4
Lf:gandi=1
4 R+h 2
= h=R

Maximum separation between P and Q will be when
these are diametrically opposite. So, maximum separa-
tion is

oo =+ R+(R-d)
= Ip =R+ R+(R—%J R

4
Hence, the correct answer is (B).

15.

16.

17.

18.

19.

¢’ =g-Ra’*cos’ ¢
Atequator ¢=0°
= ¢'=g- Ro’
For g’ to be zero
\/E L rads™
R 800

Hence, the correct answer is (C).

4
G(—ERSP)
cM 3 4
R e

= g=pR

g:

R is increased by a factor of 2 i.e., to keep the value of
¢ to be the same, the value of p has to be changed by

a factor of 1 .
2

Hence, the correct answer is (C).
E= (igr
dE GM

Slope,
i.e., Slope, — PR

but M= és’rR3p
3

R3 p (p = density)
R’G,O

4
= Slope = 3 - constant

Hence, the correct answer is (A).

= F=-ai- b}
|F|=a? +1?
[F|_Va*+0?

m m
Hence, the correct answer is (C).

= |Accl=

Let R be the radius of earth and g the acceleration due
to gravity on earth’s surface. Then the desired ratio

(say x)is
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2
Since h R, so [1+%] ;1+2—ht

R
= x=(l—£](l+2—h]
R R

= J4f=1+E
R

From this expression we see that x increases linearly
with h.
Hence, the correct answer is (C).

20. E(r):[%)r where M:(%xRSJp

bl

Gr( 4 \ (4
= E(r)=R—;(§nR3p]=[§erG)r

Hence, the correct answer is (A).

21. Energy required to raise a satellite to a height / is

B GMmh
" R(R+h)

Further, if v, be the orbital velocity in the orbit, then

GM
vy =
R+h

1 GM
= KE:—mUé: "
2 2(R+h)
AE 2h
So, —=—
KE R

Hence, the correct answer is (C).

22, Gk

Since U = _GMm
R+h
So, U, =7GMim=7GMm
2R+ R 3R

23.

24.

25.

26.

Hints and Explanations H.269

GMm B GMm

and U, =- =
/" R+3R 4R

Hence, external work done W is given by

W=Au=uffu‘- =Gi\47m=G7Afxm7R
’ 12R R 12
W = MgR
12

Hence, the correct answer is (C).

Since, F = Gi;_”
9R
Also, F, = GMm _G(M/8)m

9R*  (5R/2)

- GMn-z_GMm 41 GMm

CHAPTER 4

= =—
27 9R? 50R? 450 R?
h_4
F 50

Hence, the correct answer is (B).
By the principle of superposition of fields
E=E 4
where, E is net field at the centre of hole due to entire

mass, E, is field due to remaining mass and E, is field
due to mass in hole = 0.

Since, E1=E=(G—I\j]r where 1‘=E
R 2
- E-M
2R

Hence, the correct answer is (C).

Initially field due to both is along positive x-axis. Due to
the ring, field will first increase and then decrease to zero
at centre. While field due to the solid sphere, will con-
tinuously increase in positive x-direction. On the other
side of the ring field is now towards negative x-axis.
Hence, the correct answer is (B).

Potential due to particle at the surface is V; = —G?M
and potential due to shell at its own surface is
v, = G(3M)

R

So, total potentialis V =V, +V, = —MTM

Hence, the correct answer is (D).



ICON

H.270 JEE Advanced Physics: Mechanics - 11

27.

my my
:‘ R >
V. = Potential at N Potential at
A7 Adueto A AduetoB
= V,=- % - % and
Similarly,
B Potential at Potential at
B=| BduetoA || BduetoB
Gm, Gm
= Veg=-—2-—L
TR VR

SinCE WA%B = m(VB *VA)

oW _Gm(ml—mz)(ﬁ—l)
A—B \/ER
Hence, the correct answer is (B).

1 1 1 1
28. E =G| 5+—+—+—+...
: {12 22 4t g ]

= E =G{1+1+1+1+...]

8 4 16 64
= Eg=G L] $ - Ist term
1- 1 “  1-Common Ratio
4G
Eg = ?

Hence, the correct answer is (B).

29. For a satellite revolving near the surface of planet, we
have

R3
T=2r o [ r=R}

Since, M=(%7rR3 ]p

:>T=\/3Tr
pG

ie, T isindependentof R.
Hence, the correct answer is (D).
30.

31.

32.

33.

34.

By Law of Conservation of Angular Momentum, we get
mvll’ = mvzr 2

= muoyr sin30° = mo,rn,

= o =200

Hence, the correct answer is (C).
Kinetic energy of satelliteis K = GZ;A—m and the magni-
r

tude of gravitational potential energy is

_GMm_GMm
rolr

U=

u
So, K=—
2

Hence, the correct answer is (B).

Total mechanical energy, at earth’s surface is

E=U+K=—GMm+%mvf
. 2GM
Since v, = ,|——
R
E=GMm+1m(2GM)=O
R 2 R

Hence, the correct answer is (D).

By Law of Conservation of Mechanical Energy, we get

GmM  GmM 1[12)2
_ == 4+ Kkl =
2R R 272
2
GMm( 1) kR?
= |2 |=
R 2) 8
12GMm
= k= e

Hence, the correct answer is (D).

By Law of Conservation of Energy

(U + K)surtace = (U +K),
GMm 1 ,  GMm

- +—mv" =~ +0

R 2 r

Mm 1 M
—G—m+5mkzvf=—e &
r

But o, = ’2G—M
R

GM 12(ZGM] GM
g 2 el P

R 2 R r
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(] ]
1 1-k?
= —=
r R
.__R
1-k*

35.

36.

37.

38.

Hence, the correct answer is (B).

When kinetic energy < E, total energy will be negative,
when kinetic energy equals E, total energy is zero and
when kinetic energy > E, total energy is positive.
Hence, the correct answer is (C).

For r<n

1y
— =constant
h g}

For n<r<n

Gm, Gm
V=—e—2_271
i) r

Slope of V-r graph 6;1 = GL;I
r

r
For V=—M, slope of V-r graph is
r

dv G(my +m,)

PR

At the boundary of outer shell, slope of V-r graph

changes from Gn;l to G(ml: m)
) h

Hence, the correct answer is (D).

ie., slopeincreases.

ZGMsrar
R

-11 30
. 3X103:\/2(6.67><10 )(3x2x10%°)
R
= R 9km

Hence, the correct answer is (D).

Gravitational force on each particle due to the other three
particles will provide the necessary centripetal force.

Hints and Explanations H.271

o IG_M[z\EﬂJ
R 4
Hence, the correct answer is (D).
39. dW=F.di=my(E-di)
= dW:mﬂ(4§+f)~(fdx+}dy]
= AW =my(4dx +dy)
Given that, W=0
= .dW=0

= |(4dx+dy)=0

= |d(4x+y)=0

= 4x+y = constant
= y+4x=2, satisfies the condition.
Hence, the correct answer is (A).

40. Total energy of a planet of mass m, in an elliptical

orbit is
E= _GMm { m =mass of planet}
2a
By Law of Conservation of Energy, we have
KE+PE=E
1 , GMm  GMm
= —mv - =-
2 r 2a
= v=,GM [ 2 1 J
roa

Hence, the correct answer is (A).

41. Since u= %ve
By Law of Conservation of Energy,
(U + K)gurface = (U +K),
GMm 1, -GMm
r

-GMm 1 (9 ZJ__GMm

+0

+—miu

+—m
R 2

Ut’
16

r

, 2GM
Since v} = e

GMm 1 9(2GM]__GMm

+—m—
R 2 16\ R r
_lGMm__GMm
16 R r
r=ER
7

Hence, the correct answer is (B).

CHAPTER 4
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43,

44.

[WorkJ - ( Increase in Gravitational J

done Potential Energy
h
Since, AU =S
h
1+—
R
W, = mgg _ mgR
1+ 2
R
- mgh
and similarly, W, = -
1+—
R
Since, W, = 2W,
mgR — 2mgh
2 14 n
R
= h= E
3

Hence, the correct answer is (C).
dA _ 1 o base x height

dt 2 dt y
oA _1ta)® [ e velt—
at 2 dt T
dA b
- _=_‘U b dA
at 2
Since, v=at, s0
> X
dA_abt 0
dt 2
Hence, the correct answer is (B).
= = ~dV ~d tn
E,=-VV=—|i—+j— |=klyi+x
e L

The work done by this field is independent of the path
followed between any two states i.e.

Wo0.0+(a.2) = Wo.0)(0.0)(a.0) = Wio.0)(a,0)(a.0)
Since, dW = mEg -dF
where dr = idx + jdy
= dW=mk(ydx+xdy)

(a,2)
= W=IdW=mk J d(xy)=mka®
(0.0)

= W=mka® {where m is mass of particle}

2
Wi0,0)=(a,0) =M0,0)=(0,0)>(2,2) = W[0,0)(1,0)5(a,0) = kA

Hence the field is conservative.
Hence, the correct answer is (B).

45.

46.

47.

Let ¢ be the surface density, then
M, =04rnR3, my = 64nR;

_GMA and VB — _GMB

A B

Since V, =

Va_ My Ry _ o(47R%) Ry R,

7V, MR, o(azk2)R, R,
B B K4 0(47TRE) A Bg
Giventhat,£=R—A=E
V;, R; 4
4
= RBZERA

Since the new shell formed also has same surface mass
density. So, we have
M, My  M,+My

o= = = ..(1)
AnR%  4mRZ 4nR?

From equation (1), we get

2
%=R_§ ...(2)
Mg B

2
and Ma*My K o
M, R

From (2) and (3), we get
R*=Rj +Rj

Now {MEs (Moeh) R
QT I

2

From (3), we have M:%

A RA

Substituting in equation (4), we get

vV _JRi+R; 5

v, R, 3
Hence, the correct answer is (C).

Since, T* = kr*

Y
T r
AT 34r
T 2vr

Hence, the correct answer is (A).

Net mass, M = [%ﬂ'(ZR)S - %nRS]p

where p is the density of the material of sphere. So,

p- M :( 3M )
%x[(ZRf—(R)ﬂ 287K’

Now V=Vip o Vi (1)

centre centre
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48.

49,

50.

GM,

GM
Vg = -1 =2
2R R

2R

where, M, :p[%ﬂ)(ZR)S =§M

and V; =

4 3 M
and M,=p| -7 [(R)'=—
’ p(S ] 7
Substituting in equation (1), we get
9CM

V= 51.

~ 4R
Hence, the correct answer is (B).

By Law of Conservation of Energy
(U‘l' K)surface = (U‘I' K)h
GMm 1 5  GMm

= +—mu” = +0
R 2 R+h
{~ At maximum height velocity is zero }
GMm 1 GMm
= - +—mgk =—
R 2 R+h
GMm 1GMm  GMm { GM } 52
= - += =- =—
R 2 R R+h R
= h=R

Hence, the correct answer is (B).

Null point
A m B c m D
—
Y a ®
0]

The direction of net gravitational intensity at various
points is shown above. Taking gravitational intensity
towards right as positive, the graph will be

Hence, the correct answer is (A).
GMm
R+h ( R
when taken from surface to /1 , we have
_ GMm GMm
STRen R
Now, when taken from h to infinity, we have

GMm)
R+h

Au1=—

AUZ=O_(_

Since AU, =AU,

53.

Hints and Explanations H.273

_GMm N GMm  GMm
R+h R  R+h
2(GMmJ_GMn-1

R+h R
= 2R=R+h
= h=R
Hence, the correct answer is (A).
2.3
Since —-= %
2 I

(Three earth radii from the surface means four radii
from the centre).

L 1
= T,=8T, =8(83) =664 minute

Hence, the correct answer is (C).

> X

Since angular momentum of the particle about origin
O, L=mub = constant, therefore, areal velocity of the
particle about origin O is constant. So, it sweeps equal
areas in equal intervals of time. Thus, area swept in
smaller time interval will also be smaller. Hence

A> Ay i (ty-t)<(t 1)

Hence, the correct answer is (B).

Gm

After perfectly inelastic collision, velocity of combined
mass will become zero. Therefore, if v be the desired
speed, then by Law of Conservation of Mechanical
Energy, we have

(u +K )r:SR = (U + K)surface

_(W_M)_(G"’M)w:—%%&m)vz

5R 5R
& Lopmypr o CMQm)  GM(2m)
2 5R R

U= seM = 2\/5'00
5R

Hence, the correct answer is (A).

CHAPTER 4
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Area Swept

54, Since Areal velocity = — -
Time for one Revolution of

Earth about the Sun
Further Areal velocity = ﬁ

Time for one
about the Sun

=  Area Swept= ( 2L )[ Revolution of Earth
Area Swept = %( 4.4x10%)(365 %24 x 60 % 60)

7x10%2 m?

Hence, the correct answer is (D).

= Area Swept

55. Force on element dx onrod is

JF = GM (de)
X

where dm = ﬂa’x
2R

2
o[
2R )42

ax e—

Total force on the rod is

2R 57.

2
PG
2R J x
R

om?( 1\[*
(Y
2R X
_GM?
4R?
Hence, the correct answer is (A).

. 2R

F

56. At height h=R, the distance of the particle from
centre of earth is r=2R.
Let v be the velocity at that point. Then by Law of
Conservation of Mechanical Energy, we have

v

_____ d{
Horizontal

i
'R

GM*( 1 1
=553 58.

(u+K)surface :(U+K)ath

1 ;_.__GMm_l_GMm_I_GMm
27 R R 2R

[GM
= v=.—
R

Let 6 be the angle of its velocity with horizontal, then
by Law of Conservation of Angular Momentum about
centre of earth, we have

mv,Rcos(45°) = morcosf

v,Rcos(45°)
= cosf=—-—--——
or
R 2GML
1
= cosB:%f:E
(2R), =~
R
= 6=60°

Hence, the correct answer is (C).

_GMm r2R

u(r)= r
__GMm , '<R

R

Hence, the correct answer is (C).

In a double star system, both stars revolve around cen-
tre of mass of system (C).

From the definition of centre of mass
MR =3MR’

R
= R'=-—
3

Hence, distance between two stars is

r=R+s =2
3 3

The gravitational force between them will provide the

centripetal force to revolve in the circle. Therefore, for

the smaller star, we have
GM x3M

(5)

= MRw*
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59.

60.

61.

62.

63.

27GM
W= .
16R
3
- 2_71' _on 16R
® 27GM

Hence, the correct answer is (C).

By Law of Conservation of Energy, we have
(U+ K)surface = (U‘I' K)h

GMm 1 (‘U )2 GMm
S | L) =Sy

R 2 R+h

) h

GMm 1 , GMm 1 (ZGM)
= U=-——+-my,=———+—-m| ——
R 8 R 8 R
Ly, - 3GMm
4 R
Hence, the correct answer is (C).
GMm GMm  GMm
E=——— Ef=-s=-—+
2r 2(3r) 6r
Energy Required is
sp=E, £ =S
3r
Hence, the correct answer is (C).
Since, W=U, -U;
2 2
Where, U = - 3Gm and U, =- 3G
rf r‘,
= W=U,-U :3Gm2{l—l]
LTy

where, G = 6.67 x10 ! Nmzkg’z, m=0.1kg, re= 04 m
and ;,=02m

Substituting the values, we get
W=5%x10"2]
Hence, the correct answer is (C).

The whole space can be divided into three regions
(i) 0<r<R, wehave F(r)=0

3
(i) R;<r<R, wehave F(r)= gerpm(r—R—%]
r

T‘Z

4 Ry -R;
(iii) R, <r<oo, wehave F(r)= gmpnz[#]
where, p is the density of material of the sphere.

Hence, the correct answer is (C).

The weight of the traveler first decreases, then becomes
zero and after that again increases.
Hence, the correct answer is (C).

04.

65.

66.

67.

68.

Hints and Explanations H.275

Since E = —d—V
dx
= —dV =_Edx

= —dV =K %dx
= —jdV=KJx*3dx

—3+1
= V=K( i J
-3+1

K

= V=—ri
2x? <
Hence, the correct answer is (D). (a4
_ Ll
Total number of interactions ="C, = n(n2 D Iﬂ-..
Hence, the correct answer is (D). <
Gravitational field due to element dx at origin is XL
Gla+bx?)dx U

dEg=—17——
X

Net field at O is
l+a

a
E, =JdEa' =GJ [x—2+b)dx
o

\ |+
R Ef(GaJ +Gbl
X o
= ES=Ga(11)+Gbl
a l+a

Hence force on mass m is given by

F=mE8 =Gm[a[1—L )+bl:|
o l+a
Hence, the correct answer is (A).

Net gravitational field inside a shell is zero. Hence, net
force on the particle will be zero i.e., the particle stays
at rest in its original position.

Hence, the correct answer is (D).

Angular momentum of earth remains constant even
after the hit because the meteor is coming radially
inward. However, the MOI increases by mR” as
meteorite strikes the earth at equator.

Iw = constant

= ldo+odl=0
do__di
o 1
. 2n dT  dl
Since w=—,we get —=—
T T I
2
HemcedT:ﬂTzznL _omT
I EMRZ 2M

Hence, the correct answer is (A).
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69.

70.

71.

72.

The gravitational potential at the centre of the ring is

M
R
irrespective of the distribution of mass

Since, We_,., =m (V.. - V¢)

V=

73.

Hence, the correct answer is (B).

When mass of the shell is 1, the potentialis V = _G?m

To add an elementary mass dm, the work done is
dW =Vdm = —G?mdm

This, net work done equals the gravitational self
energy, so

M .

J‘Gmdm GM? &

U=- =
R

2R

0

Hence, the correct answer is (D).

Given that v, = U—Z"

R* 1

82 _ 2 2R
R+h 2

R

R+h

= h=R
Since the satellite now stops and falls from this
height, using conservation of mechanical energy

ui+Ki=uJ‘+Kf
_GMm

_1
2

75.

Hence, the correct answer is (A).
Potential energy at a height of 2R from surface of
earth is
B GMm _GMm
R+2R 3R

and total energy of a satellite at a height 1 is
_ GMm
2(R+h)

Giventhat U=E

76.

ae
GMm GMm
= - =—
3R 2(R+h)
= h:E
2

Hence, the correct answer is (B).

CONCEPT OF REDUCED MASS (1)

Let 1, be at rest and think that 1, has been replaced
by u and is moving with velocity v. Then by Law of
Conservation of Energy

1 > 1 5 Gmm,
—my(0) +=uv” =——=+0
2 2 r
UL UL
where, 1 = reduced mass of system = ———=—
my + i,

2G (my +m, )
r

= 7=

Hence, the correct answer is (B).

Since U =1, = GTM

By Law of Conservation of Energy, we have
(u + K)surface = (u+ K)nf h
_GMm +lmu2 _ _GMm N 1m(0)2
2 R+h 2

_GMm N GMm _ GMm

R 2R R+h
h=R
Hence, the correct answer is (C).

=

Gravitational force between balls is
G 2
oS
(a-x)

For equilibrium of each ball, we have
2

Tsinf=——— (1)
a-x)

Tcosf=mg ...(2)
= tantS':Gim2
(a-x)"g

= @=tan G_mz
(a-x)"g

Hence, the correct answer is (B).

Since the torque on the planet due to gravitational pull
about the sun is zero, so angular momentum of the
planet about the sun is constant.

= mor; = constant

Hence, the correct answer is (B).
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77.

78.

79.

80.

81.

By Law of Conservation of Energy

(U+K)surface =(U+K)oo

-GMm 1 1
= m+—rri(£’>vﬁ,)2=[}+—m”o2
R 2 2
GM 997 1,
——+F=—v
R 2
Since vf:zc—M
Uf 9@5 1,
=5 —St+—FL=—v
2 2 2
= v'=8¢
= U=2\/EUL,

Hence, the correct answer is (D).

A lighter body inside a denser medium behaves like
a negative mass so far the gravitational force is con-
cerned even the air bubbles with negative masses will
attract each other.

Hence, the correct answer is (B).

According to Kepler’s Laws the planets sweep equal
areas in equal intervals of time. So,
for

Hence, the correct answer is (C).

By Kepler’s Second Law, we have

AA L mab
At 2M T
L mab
M T

where a is semi major and b is semi minor axis of
elliptical orbit.

P P
T
Hence, the correct answer is (A).

mzr(rﬁ+r ) rt,
= L:—

. dA L
Areal velocity o constant
m

Since, L =mursin®

ﬁ_ vrsing
dt 2
dA 0

= —om
dt

Hence, the correct answer is (D).

82.

83.

84.

85.

86.

Hints and Explanations H.277

2
Since, T = idll
v
2R 5 and R 6
% Yo

This is possible when R’ = 4R and v) = %ﬂ
Hence, the correct answer is (D).

Distance of second satellite from the centre of earth
becomes four times.
Since, according to Kepler’s Laws we have
T? < p?
= Tocr¥?
So, time period of second satellite must become
(4)"* =8 times
Hence, T’ =8T =(8)(90) =720 min
Hence, the correct answer is (D).

CHAPTER 4

The gravitational force provides the necessary centrip-
etal force for circular motion
Gm* B mo®

P R

1 |Gm
V== |—
2V R

Hence, the correct answer is (C).

Energy of the satellite at the surface of earth is

E =7GIVITm and energy of satellite at a distance

r=(2R+R)=3R from the centre of earth is
GMm  GMm

E,=— e
f~72(3R)”  6R

So, the energy required to launch the satellite is

Hence, the correct answer is (C).
o

E= fZHGGJ.SiHBdQ
0

= E=-210G(1-cosax)

>

dx
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87.

88.

89.

90.

91.

- E=—2nac(1—é]
V2 +R?
’
V=—2:r0'rG[l— ]
VP +R?

Hence, the correct answer is (C).

For all points lying in the plane of base of a hemispher-
ical shell, gravitational field is normal to the base and
hence this surface is equipotential. So, V,; =V =V
Hence, the correct answer is (D).

Since, Total energy = - Kinetic energy =-E
So, energy E will have to be supplied to escape the

electron to infinity.
Hence, the correct answer is (C).
u, =7GMm
R+h
GM ' oM h
S —m(l —) ——m(l—)
R R R R
{~h R}
GMm GM
= U,=- +mgh Vo= —
h R g { g Rz}

Hence, the correct answer is (B).
Since W = jf? dl

where F=myl and dl = dxi +dyj
(>3]
J. 2dx + 3dy
(1.1)
Since 3y+2x=5
= 3dy+2dx=0

= W=0
Hence, the correct answer is (A).

= W=m;

By Law of Conservation of Energy, we have
(u +K )initial = (u +K )final

2 2
_3Gm +3(lm(0)2)= _3Gm +3[1mvz)
d 2 2R 2

2 2
= 3(lmvz)=3(GlGl]
2 2R d

92.

93.

94.

Hence, the correct answer is (D).
(U + K )inigiar = (U +K).,

GM,m GM,m 1
R *—+EFHU =0

2 2
= 7= E(I\/IE,H’\/I,”)
r

Hence, the correct answer is (A).

Gm(ﬁdx)
du=-——t /
X
M ¢ m
I— ] — O
> — a—»
0X 1o X »
a+f
o u:jau:-G”—Mjﬁ
{ X

a

= U= __Gj\;lm loge(ﬂ)
4 a

Hence, the correct answer is (C).

By Law of Conservation of Mechanical Energy

U1+K1=Uf+Kf

GMm GMm 1 ,
- +0=- +—mo
R+h, R+hy 2
GM GM 1,
- +0=- +-v
R+R R+05R 2
GM 2GM 1 ,
——t——==7

2R 3R 2
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M _1,
6R 2
GM
= 1= (—
3R
Hence, the correct answer is (D).

95. Given that u. E. By Law of Conservation of Energy,
we have

(U"'K)surface =(U+K)oo

1
~mE+=mv? =0 { u:Gm—M}
2 R
= 0,=2E
Hence, the correct answer is (A).
GM
96. Total initial energy is E; = _Tm
GMm
Total final energyis £, =————
BY S 5 TR+ R)

Energy required = E; - E;

GMm GMm 5GMm
AE=- + ==
6R R 6 R
5
= AE= Eng

Hence, the correct answer is (D).
97. Time period of a satellite above the earth’s surface is

2 47°R? B 3n 3

T = = =—
GM C M Gp
EJirR“”

3

3n .
= ,DT2 = E = a universal constant

Hence, the correct answer is (A).

98. J‘ EydA=-4nm,G (Gauss Theorem for Gravitation)
s
Hence, the correct answer is (B).

99, M,=81M, m Agm
______ .0._______
R r
u:_cm(%+%)
p

= U= —GmMm(g+l)
R r

Hence, the correct answer is (C).

100. Since, we know that from Work - Energy Theorem,
W, = AU + AK

e

= Wy p=(Up-Uy)+(Kz—-Ky,)

101.

102.

103.

104.

Hints and Explanations H.279

= Wysp=m(Vp-V,)+(Kz-K,)
Substituting the values, we get
-10=2(Vp-V,)+4

= V3-V,=-7]kg™
Hence, the correct answer is (D).

Gravitational pull on satellite revolving in an orbit of

R
radius 37 is

_ GMm__ 4 GMm
( 3R JZ 9 R?
2
As weight of 1kg body on the surface of earth is
GMx1 .
2 =10N (given)
4GMm 4
L
9 R 9 9
= F=889N

Hence, the correct answer is (B).

Let r be the radius of the satellite. Then

2 =M

By Law of Conservation of Mechanical Energy,
(U+K)y=(U+K)s

GMm 1 Mm 1
" +-m(0) =—G—m+—mv2
2 R 2

r

2= 2CM M _ o o0
R r

[2 52
=  U=4U, -2y

Hence, the correct answer is (D).

L is conserved both in magnitude and direction.
Hence, the correct answer is (C).

Since, we know that areal velocity of planet is
constant. So, we have

CHAPTER 4
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105.

106.

107.

Areaof Ellipse ~ Area SAB

Period of Revolution AB
Area SAB
Area of ellipse

1{2?-%wxmq

mab

Hence, the correct answer is (B).

= tAB=(

Gravitational field inside the cavity is
= 4
E = —npGr
3
where p ismass density and 7 is separation between
centre of sphere and centre of cavity. Escape veloc-

ity from point A is calculated by applying Law of
Conservation of Energy according to which

(U+K)4=(U+K)eo
M
1, GMm G(?Jm_o

= - +
) mvesc R (@)

28GM
Hence, the correct answer is (A).

L=mor ..(1)

2
M
Also, o ¢ 2m ..(2)
r

¥

From equations (1) and (2), we get

L=mvGMr

1/2
= Locr?

Hence, the correct answer is (D).

Let us consider the shell when a mass m is already
piled on it by the agency. If V' is the potential on the
shell, then

v Gm
R
To add a mass dm further, we have
dW =Vdm
= dW= —G—mdm
R
M

108.

109.

110.

ae
2
W= L1GM
2 R
= W =Potential Energy of Interaction
Hence, the correct answer is (B).
o . . GMm
Total energy of satellite in the first case is E; = - 5
p
and in the second case is E; = CMm___ GMm
’ ( 3r J 3r
7| 2L
2
GMm(1 1 M
Energy increased AE = & ( —— —) = CMom
r \2 3 br
( GMm J
6r

x100% = 33.33%

So, percentage increase =

GMm
( 2r J
Hence, the correct answer is (C).
GM®  GM® _GM’
2(2R) 2R 4R
Hence, the correct answer is (C).

AE=U;-U,=-

With respect to earth, satellite appears after every
6 hours over same place. Since it is revolving in
opposite direction to that of earth, angular speed of
satellite relative to earth is

2r 2w
Opelative = Dsarellite T Pearth = ? = ?
2 N 2r
= — 4O = —
24 satellite 6
2r 2 & _
= Oueie =" "5 = radhr™

Hence, the correct answer is (C).




[ ] ]
2 5
”=(‘E”ZGJ e (R_J
3 20 2p6 5
9
2
e _3GM°
5 R
Hence, the correct answer is (C).
. M_A_L
dt T 2m
= 2mA

Hence, the correct answer is (C).

13, KE=M"_ F andpE=-SM"_op,
2r r
M
— TE=KE+DPE=_ M ~E,

2r
Hence, the correct answer is (C).

114. Since the satellite appears after every 8 hours above
the same place on earth, therefore its angular speed

. . 2
relative to earth is ? . Hence

2n
? = Wsatellite ~ Dearth
2n 2n 2n
— _— R
8 Tsatellite 24
2n 2n 2n 2m
= =t —=—
Tsatellite 8 24 6

= Tsatellite = 6 hl‘
Hence, the correct answer is (C).

115.  The system will revolve/rotate about an axis passing
through the centre of mass of the combined system.
Considering origin at the particle of mass 2m , we

have the centre of mass at a distance é from 2m
20
and ? from m .

The gravitational force of attraction between 2m and
m provides the necessary centripetal force to the mass

20 /
to revolve in a circle of radius ? for m or 5 for 2m .

(/3
—

116.

117.

118.

Hints and Explanations H.281

3Gm
= M= —
/
/3
= T=2r|—
3Gm
Hence, the correct answer is (C).
w=2
4
3
= Beff = 13

At equator, we have

3
Seff:g—Rﬂ’2=13

. a,z\/Ezz( £]=1XL
4R 2\ \R 2 800

o= b rads™
1600

Hence, the correct answer is (C).

CHAPTER 4

Let gravitational field be zero at a point lying at
distance x from M. Then,

G_M= Gm
X (d-x)
—y \/ﬂ
A A i
X M
L 4 m
X M
(M J
= x_(\/f\_/[+ﬁ d ..(1)
Since, V, =" - OM ..3)
d-x x

Substituting (1) and (2) in (3), we get

Vp=_§(\ﬁ+m)2

Hence, the correct answer is (D).

Total _ Total
Mechanical Energy . | Mechanical Energy o
1 M 1 GM
= —H'I(O)Z*G—T=EMU2*TNI
V(V3R) +R?
GMm _1 , GMm

10
2R 2
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119.

120.

121

122,

123.

124,

IGM
=, |—
R
Hence, the correct answer is (A).

By Law of Conservation of Energy, we have
(U‘I'K),m;s =(U+K)C
If my be the mass of the particle, then
Gmmo + l 'IO (0 )2 - Gmﬂ'fo ]. moﬁz
Vri+r?

1 G 1
= —m002 - 2o (1 ]
2 r

= = —ZGm(l—iJ

r U2

Hence, the correct answer is (C).
~ GMm

VA

U =

1

and U_f =0

= W=AU=me

Hence, the correct answer is (A).

Use Gauss Theorem for Gravitation.
Hence, the correct answer is (C).

E=-"—"
dr

Hence, the correct answer is (C).

Centre point is the unstable equilibrium position
where potential energy is maximum.

m

Hence, the correct answer is (C).
M
Since, ¢ = i—z =GMR™

Fractional change in ¢ is
Ag AM  2AR

g M R

A
= 2 05%-2(05%)=-05%
g

So, g will decrease by 0.5%

IZGM
V= [——
R

Fractional change in escape velocity is

v, 2M 2R

[4

Percentage change in escape velocity is
Ap, 1
2

(0.5-05)=0%

So, escape velocity will remain same.

Potential energy of an object of mass m on the
surface of earth is

Uew GMm
R
Fractional change in potential energy is
AU__AM AR
u M R
Percentage change in PE is
AU

—-05+05=0%
u

So, potential energy will remain same.
Hence, the correct answer is (C).

Multiple Correct Choice Type Questions

2
= %(RE +h)’ and v, = cM

R, +h

€

TZ

If h R,, then

T=2:rc\/E
8

= T =844 minute
Hence, (B) and (C) are correct.
_ —GMm

u;= =U iven
R (given)
AU:UI—U[=_GMm+GMm
(R+R) R
Au=GMm=_E
2R 2

Same is the case with potential.
Hence, (A) and (D) are correct.

At a point P lying outside both the shells, the field
will be due to both the shells as if they were point
masses with total mass (1, +11, ) concentrated at the
1y + iy

rZ

If P lies inside one shell and outside the other. Then
field at point P due to the shell enclosing it is zero and

centre. So, E:G( ) for r>r and r>mn.

is G—TZ due to the other shell.
r

If P lies inside both the shells, then Ep =0.
Hence, (A), (B) and (C) are correct.
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Similarly, as in SOLUTION to PROBLEM 3,
V= G(m+m,)
r
Which satisfies OPTION (A)
For the point P lying inside shell 1 and outside shell 2,
the total potential at P equals the potential at P due to

shell 1 plus potential at P due to shell 2.

for r>R;, r>R,

5 V- -G, N -G,
h r

S ey
noor

Which satisfies OPTION (C)

(Since field inside shell 1 is zero, so potential at a

point lying inside shell 1 is a constant and that equals

the value of the potential at the surface of shell 1 i.e.
Gy )

h
Similarly, for point P lying inside both the shells, we
have

Gm, Gm
V=-—1_2772
n g}
my M,
V=-G| —L+-2| for r<n
non

Which satisfies OPTION (D)
Hence, (A), (C) and (D) are correct.

Conceptual (A), (B), (C) and (D) are correct.

Inside the inner sphere field is zero but potential is
constant.

Between two, field is due to inner sphere and potential
is due to both but it is constant due to outer shell.
Outside the outer shell, field and potential are due to
both and it decreases in both the cases.

Hence, (A) and (C) are correct.

Velocity of Nature of Path
Satellite
v=1 Circular path around the earth.
v< 7 Elliptical path and body returns

to earth.

v>1, but <v, | Elliptical path around the earth

and will not escape.

V=7, Parabolic path and it escapes
from the earth.
v>7, Hyperbolic path and escapes

from earth.

Hence, (A), (B), (C) and (D) are correct.

10.

Hints and Explanations H.283

Net force towards centre of earth is mg’, where

(3

= mg’=%

Normal force N =mg’sin@
R

Since sinf =2

X

= sinf= £
2x

Constant and independent of x
Tangential force is given by

F = ma=mg’cos@
= a=g'cost

2
R
ye

X
= a=%\jR2 —45°

So, curve is parabolic and at x = g we have
a=0
Hence, (B) and (C) are correct.

Since cosf=

y-_M
R
GM
= V=—?R
= V=-gR

Hence, (C) and (D) are correct.

E-r and V-r graphs for a spherical shell and a solid
sphere are shown here.

For a shell

_/_ r
For a solid sphere
Hence, (A), (B) and (C) are correct.

CHAPTER 4
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11.

12.

13.

14.

15.

16.

17.
18.

Ee GMm
2a
So, E < m
E o< im,
Eol
a
Hence, (A), (B) and (C) are correct.
Thﬁ(mf {.,hm}
GM 2 2
2 : 3
Tc=——r, +1
()

By Law of Conservation of Angular Momentum
MU, 1y = MUprp

= UA I‘A = v‘prp

Hence, (B), (C) and (D) are correct.

Time period in both the cases is

R
T, =T, =2n,/— = 84.6 min
1=12 M

However, v, >, , because the difference in potential
energy between the extreme position and mean posi-
tion will be more in the first case.

Hence, (B) and (D) are correct.

dv

E =-—

£ dx
If E, =0, then V=constant and this constant may

also be zero.
Hence, (A) and (C) are correct.

At two positions, when the planet is closest to the sun
(perigee) and when it is farthest from the sun (apogee),
velocity vector is perpendicular to force vector ie.,
work done is zero. In one complete revolution work
done is zero.

Hence, (A) and (D) are correct.

The field inside the shell is zero and so potential inside
the shell is constant equal to the value that exists at the

. GM
surfaceie. ———.
a
Hence, (A) and (D) are correct.
Hence, (B) and (D) are correct.

By Law of Conservation of Mechanical Energy, we get
(U+K).. =(U+K),

Gm(dm) 1
+-u

vy

= 0+0=-
p

19.

20.

21.

ae
G(m)(4m) 1
S e —? (1)
r 2
where, 1 =reduced mass = M = dm and
m+4m 5

v, = relative velocity of approach

Substituting in equation (1), we get

10Gm
v, = ,/
-

From equation (1), the total kinetic energy is

~ G(m)(4m)
- r

AGm?
r

Net torque of two equal and opposite forces acting on
two objects is zero. Therefore, angular momentum will
remain conserved. Initially both the objects were sta-
tionary i.e., angular momentum about any point was
zero. Hence, angular momentum of both the particles
about any point will be zero at all instants.

Hence, (A), (B), (C) and (D) are correct.

K

= K=

When total force is zero, g, =0

_Gm
b

V=

For a shell of radius R,

GM
Vinside = Vsurface ==
shell R
Linsige =0 whereas
. _GM
tside —
outside 1‘2

So, plotof V' vs r is continuous whereas plot of I vs
r is discontinuous

Hence, (A), (B) and (C) are correct.

Orbital radius of first satellite is 2R and that of second
satellite is 8R.
For a satellite
GMm
2r
GMm
Ty
GMm
- 2r
Hence, (A), (B) and (C) are correct.

KE.=

PE.=

TE.=

Conceptual (A), (B) and (C) are correct.
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22,

23.

24.

25.

26.

27.

28.

According to Kepler’s Laws Areal Speed is constant.
Also, by Law of Conservation of Angular Momentum
L must be constant.

Hence, (B) and (C) are correct.

According to Right Hand Thumb Rule curl the fingers
of right hand in the direction of rotation then thumb
gives the direction of the areal velocity/angular
momentum.

Hence, (A) and (C) are correct.

Atcentre, V = —éG—M
2 R

and E=0
Hence, (A) and (D) are correct.

Gmym,
2

Hence, (A), (B) and (D) are correct.

GM
'UD= T

_ ~GMm

o

_ GMm

2

Hence, (A) and (D) are correct.

Forceon P is , attractive i.e. towards O .

u

K

Let CM of system be at a distance 7, from m and r,
from 2m . Then, mr; =2m(r—rn)

r 2r
= n=—and n=r-n=—
3 3

PPN
Since, T = ——2
Gm
2.3
Tf‘ _ 32y
27Gm

3 1

= TzacrE and szm_E
Hence, (A) and (D) are correct.

Conceptual (A), (B) and (D) are correct.

29.

30.

31.

32.

Hints and Explanations H.285

Distance from centre of sun and hence the kinetic
energy and potential energy keep changing.
Hence, (C) and (D) are correct.

-G
R
_ GMm
7 R+
(Work done) = (Change in G.P.E.)
= W=U —U——GMm[L—l)
e R+h R <
: . (a'4
GMm hy! [T
W=- 1+=| -1
- R ( R] } ~
Q.
GMm[_ 1 g
Mm 1
W=- 1-—-1
- R L R ] )
- WzGAIfTh
= W=mghforh R
Also, U; =—%,and
R
U, (h=R)=-SMn __CMmn
’ R+R 2R
= w=uffu,-=m7m
2R
1 GM
= W=—-mg¢R =—
"8 [ RZ}

Hence, (A) and (D) are correct.

2
T? = %(Rﬁ-hf

Since h R
253
o T2=MIN=2TR
GM
Also, v= 2R
T

= v is MAXIMUM

and total energy is E = _Gi\/I_Rm = MINIMUM
Hence, (A), (B) and (C) are correct.

Since, t =nT

= T=

8|5

t_
n
= T=12s

Now, AT =nAT
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At AT

t T

1 AT
So, —=—
40 2

= AT=0.05

Since, time period, T =27 ‘
8

AT 1%
T 2g

A
So, percentage error in g is 22 % 100%

% Error = —2% x100% = -2 % % x 100%

= % Error =5%
Hence, (A) and (C) are correct.

33. The force of attraction between any two point masses
is responsible for providing the necessary centripetal
force to a mass to revolve in a circle of radius r. Using
trigonometry, we get

(2 7
cos?:0=i=L
ro2r
I
= r=
2¢co0s30
= r—i
NG}
2 Gmm
= mre 2
{ 2 sz
= M0 =—
3 /
\/gGm
= o=
IE
g
T=2n——
\/anz
3
= T /2 and {OPTION (A)}
1
Tem 2 {OPTION (D)}

Hence, (A) and (D) are correct.

34.

35.

Distance of any mass from centre is

Mass is moving in circular path of radius r = %

Such that gravitational force on the particle due to
other two provides the necessary centripetal force.

=
a a
%)
Gm
= U=,—
a
27{(1) 3
. oT- \/5 _ 2ma
v 3Gm

Total kinetic energy of the particles is
2
K= 3(1,@2): 3Gm”
2 2 a

Potential energy U of the system is

2
u=_3(GA]
a

= Total energy E is

.
E=U+K=—§(GﬂJ
2\ a

.
= Binding Energy = %[ Gi}
a

Hence, (B) and (C) are correct.
GMm
2r
GMm
r
GMm
2r

1
Kinetic energy is always positive and KE o —
r

Kinetic energy, KE =

Potential energy, PE=—

and the total energy, E = -

Potential energy is negative and |PE| < !
.

Similarly, total energy is also negative and |E| !
r

Also |E|<|PE[, so from the graph we observe that A
is kinetic energy, B is potential energy and C is total
energy of the satellite.

Hence, (A), (B) and (D) are correct.
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36. At all the places potential will increase by GTM, 0
GM 3GM GM _ GM

I T T I ST

Hence, (C) and (D) are correct.
37. Conceptual (A), (B), (C) and (D) are correct.

38. Both the stars will revolve about their centre of mass.
So, if the centre of mass be at a distance x from 2m ,
then

2m(0) + mr T
3m 3

X=

So, r‘1=% and rzzé

® and T will be same for both the stars, so

1.5 1. 5
K, ==Lw" and K, ==L,
1750 2750

%)
Ky I~ 3 _9

T K L (r}
aly
3
Ll =11w and L2= Izw
= ﬁ=I—1=2
L I

Hence, (A), (B) and (C) are correct.

Reasoning Based Questions

é_L
dt  2m
Since L = constant

dA
= —=constant
dt

dA _11‘2@_ lf‘zfﬂ

Also, — = =
dat 2 dt 2
dA mrle L
—= = — = constant
dt 2m  2m

Hence, the correct answer is (A).

2. The torque on a body is given by 7= 6;—1; In case of

planet orbiting around Sun no torque is acting on it. So,
dL
=-0
dt

= L=constant

Hence, the correct answer is (A).

2 GMm

.~

0

. .1
3. Using energy conservation 2 my

10.

Hints and Explanations H.287

= o= 2= R

Hence, the correct answer is (A).

Although no gravitational field is produced inside a
symmetric shell, it produces a field at points outside of
shell.

Hence, the correct answer is (D).

Work will be done only in bringing the unit mass from
infinity upto the surface of shell because inside shell

there is no gravitational field and in moving inside the N
shell no work will be done. o
. Ll
Hence, the correct answer is (D). =
o1 2 o
8§ =8 R <
, 2h E
= &=g-8=g| %
dW d d d ( 2gh )
—=—(mAg |=m—(Ag |=m—| —
i an\"8) =48 dh( R
dW  2mg
— = ——==constant
dh R
Hence, the correct answer is (B).
in = G—Ag[(ng - yz )
2R
Atsurface, r=R,s0 V, = GTM
Atcentre, r=0,50 Ve = 3GM
2 R
3
= centre — EVS
= Vin > VS

V' is not same everywhere as indicated by V, .
Hence, the correct answer is (C).

The time period of satellite which is very near to earth
R

is givenby T = 27:\/: =84 min =1 hr 24 min
g

Hence, the correct answer is (A).

Work done in conservative field in cyclic process is
zero.
Hence, the correct answer is (A).

GM
Acceleration due to gravity is given by ¢=-—-,soiit
r

does not depend on mass of body on which it is acting.
Also, it is not a constant quantity because it changes
with the change in value of both M and r (distance
between two bodies).

Hence, the correct answer is (C).
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Hence, the correct answer is (C).

By Law of Conservation of Energy

Al = 11’@}1
2

(]
Linked Comprehension Type Questions 5
= ov=,-¢R
1. According to Kepler’s Law, we have 5%
T2 oc 13 Hence, the correct answer is (D).
2 .3 3
= T—"; r,_g 5. L V2
7 T2 r;‘
;2 3 vy
= Tm = (ﬂJ Te = 1 rl
T, 64 1)
Since Te =1 yr = K= 41'1
6x101° Y’ = 1r=4x10"km
= Tm = 11 (1 yl‘)
1.5x10 2mr nd o 27r,
s "= and v, = =TT
= TI,= 6X10m]l 1 4 2
"\ 15x10”) 7 = 2e(10°) |
32 1
2 f
= T,= ] r 4
5) 7 and UZ=M=,¢X104 kmh™!
Hence, the correct answer is (D).
= Speed of S, relativeto S; is vy,
Since orbital velocity v, is given by
GM '021 =-TTX 104 km.h_l
%=y Hence, the correct answer is (A).
GM,,, 6. w= L0
= (2),= » n—h
Hence, the correct answer is (B).
GM,,, GMm
= , 2R
r, 7. F={ ¢
( ) 0 , < R
= (; » Hence, the correct answer is (A).
[} m GMm
>
(%), _ [L5x10" _ [i15 2 o 2R
= T 8. F(r)=
(o, ) 6x10 6 dnGprm o
(%), _[5 5o
= E where pis density of sphere
(vo )e Hence, the correct answer is (C).
Hence, the correct answer is (A).
. v, 2GM
U - GMm _ GMm 9. Giventhat v,= E , where v, = e
i~ _T - R
R+ . IGM 2GM
Since v, =
1GM +h 2 R
= AU=U-U == = R+h=2R
775 R
= h=R
- AU= m?gR { g= G_I;/I } Hence, the correct answer is (C).
R 10. Since the satellite is stopped suddenly, so its kinetic

energy in this orbit becomes zero, however its gravita-
tional potential energy in this orbit is

GMm  GMm

R+h 2R
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Since (u + K)initial = (u +K )final

GMm 1 2 GMm 1 ,
- +-—m(0)" =- +=o
2R 2 R 2
1, GM
= v =—
2 2R

GM
= U=,]—
R

Also, we know that ¢ = fg_Af

> o= %"4:\/3?

Hence, the correct answer is (A).

11. T=2n F , substituting ¢ = (;—ﬁf we get,
8

3
T=2r R—
GM
Hence, (A), (B) and (C) are correct.

12. Maximum speed is attained by the particle at centre.
Applying Law of Conservation of Mechanical Energy
(from surface to centre), we get

(U +K )surface = (u +K )centre

_GMHI+1m(O)2 :_EGMn-l +1mv2

R 2 2 R 2
[ GM 3GM ) GM
v= 2| -+ = | =
R 2R R
Hence, the correct answer is (B).
B GmM
\M’z + x2
Hence, the correct answer is (A).

GMimx
5 )3,:"2

13. U=

14. Since F=
az +Xx
When x=0, F=0
Hence, the correct answer is (D).

15. Forsmall x ie., x

is
Fe _( GMm ]x

a , the force acting on the particle

a3

The negative sign showing that this force is directed
towards the mean position (i.e. position where F=0).
Hence the particle will perform oscillations about the
mean position i.e. the centre of the ring.

Hence, the correct answer is (B).

16.

17.

18.

19.

20.

Hints and Explanations H.289

Given that 7 =3.6x10" m, m=5000 kg,
0=4000 ms ™" and ¢ = 30°

Angular momentum of satellite
L=morsing

= L=>5000x 4000 x3.6x 10" x sin30°

= L=36x10"]s

Hence, the correct answer is (D).

Energy of the satellite is
GMm
r

E=K+U=%mvz—

1 1
K= Emvz - 5(5000)(4000)2

= K=4x10"]

CHAPTER 4

(6.67x10™)x(5.97 x 10*) x 5000
3.6x107
= U=-55x10"]
= E=K+U=-15x10"]
Hence, the correct answer is (D).
GMm
2a
So, semi-major axis a is given by
-GMm
T
6.67 x10™" x5.97 x 10* x 5000
2x(-15%10)

= a=66x10 m
Hence, the correct answer is (A).

U=-

Since E=-

Eccentricity (e) of the orbit is given by
22 )
G*M*m®
2x(-15x10°)x(3.6x104)’
(667x10™)" x(5.97x10%)" x (5000)°

= e=0.804
Since, semi-minor axis b is given by

b =a\jl—ez
= b=66x10"\1-(0.804)

= b=392x10" m
Hence, the correct answetr is (B).

= e=1+

Minimum distance 7, is

r. =all-e)

min
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21.

22,

23.

24.

25.

26.

27.

S = 6.6x107 x(1-0.804)
= 1 =129%10" m

Hence, the correct answer is (C).
Maximum distance ,,, is

e = 0(1+) = 6.6 X107 x (1+0.804)

= Iy =11.9%107 m

Hence, the correct answer is (C).
_ GMm _ GMm

T (R 4R

Hence, the correct answer is (D).

1

Mass of complete sphere,
4 o3
M=—-nR
3P

3
Mass removed M’ = 4E[R] p= 1M

312 8
Force due to hollow sphere F, at P equals force due
to solid sphere at P minus force due to removed mass

at P.
~GMm  G(M/8)m
4R (3R2)

k,

GMm[1 4
= F2= R2 4

GMm[1 1

= b L"_]

_ GMm[9-2

R 36

_ 7 GMm

T3 RE

Hence, the correct answer is (D).
b _GMm 36R? 9

E, 4R* 7GMm 7

Hence, the correct answer is (A).

= F

2

The system must revolve about the center of mass.
Hence, the correct answer is (B).

If we consider the origin at the heavier mass, then the

. . ! .
center of mass is at a distance gfrom the origin. So,

the heavier star revolves in an orbit of radius //3.
Hence, the correct answer is (C).

For m,

Gm(2m) (g] )
2 =m 3 ® ..(1)

28.

29.

30.

31.

ae
For 2m,
Gm(2m) 0\ 5
Adding (1) and (2), we get
4Gm* (4mf) s
—_—| —— |
¢ 3

3Gm
= 0= /—

Hence, the correct answer is (C).

32
1 (20 (2 ),
(K.E-)]ight=KL=E m(?] =(§mf]w

) 2 22
(KEheavy =Ky = %(2@( (o J _ mfgw

= K +Ky= %mﬁzmz
Hence, the correct answer is (A).

Acceleration due to gravity near the surface of shell
can be assumed to be uniform (1 R).

G(2M) GM

" (2R? 2R?

Since h= % gt

2h hR?
= t= |—=2, ﬂ—

g GM
Hence, the correct answer is (A).

Gm Gmh
U,=2¢h= 2| — |h=,—
ATV \/ ( 2R J \j R

From A to B, field due to shell is zero, but field due to
sphere is non-zero.

R
Hence, t,, <—
VA

R.’Z
GMh
Hence, the correct answer is (C).

= <

Since b R,sowehave K, =0

Potential between A and B due to shell is constant.
Applying the Law of Conservation of Energy, we get

= Ky=U,y-Uz=m(V,-Vg)

= %mvé =m(V,-Vz)



32-33.

34.

35.

ICON

GM GM

RO TR
GM
Y

Hence, the correct answer is (D).

The correct answer is 32(C) and 33(B).
Combined solution to 32 and 33

If m be the mass of satellite, then by Law of
Conservation of Angular Momentum, we have

mo, (2R) = mv, (4R)
=20, ..(1)

Also, by Law of Conservation of Mechanical Energy,
we have

(U+K)pg =(U+K)gg

= 7

GmM 1 , GmM 1 ,
= ———+-mvy=- +—mv,
2R 2 4R 2
12 5 GM(] ])

—\ vy — - | — ==
2(1 2) R (271
GM
= 405-0vi=——1
2T =n
GM

Since, v, =20,

fZGM

@_ GmM
n o (2R)
4R? (4R2J(2GM)
th=—yr = — || ——
1 1
GM cM N\ 3R
8R

?‘1 ==
Hence, the correct answer is (A).

Let M be the mass of the planet, n; be the mass of
the moon 1, m, be the mass of moon 2 and m; be the
mass of moon 3.
GM
B

25,2
=wR

= M= mzRg

2 Y 3 1
=( ”5) x(9x107) x ————
3%10 6.67 %10

Hints and Explanations H.291

11
- M=4zz2><81><10“><£

- M=48x10*
Hence, the correct answer is (D).

36. —=02

02x4x109

6.67 x107

= my=012x10" =1.2x10% kg
Hence, the correct answer is (C).

m3=

37. Centripetal Acceleration of Moon Il is

2r 2
a-=| —— | x9x10”
¢ [3><105)

= a-=4r"x0x107°

CHAPTER 4

= a-=~004ms?

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

1. A-({pq1);B->1);,Cot;D->(pqr1s)

Conceptual

2. A-(q;B-(();C—({p;D-(9

= E«=pR

At surface, V=-——=-
R

= VepR®

3GM

2R

At centre of a solid sphere field strength is zero.

centre —

3. A= (@B=();C—=(q;D-(p)E—()
At perihelion position planet is nearest to sun.

4. A p,q,rs 5B—=(p,qrs);C—(qrs);D—(pr1)

|'GM and E__GM??I

5. A—>(p) (q) C—>(q D-(q)
Due to rotation of earth, variation in value of g is

given by

=g - Rw* cos® ¢
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10.

11.

Atpole ¢ =90° so there is no effect of rotation of earth.
Atequator g" will increase if @ decreases.
Further, T will increase with decrease in @

From Kepler’s Third Law T?«<+*, s0 r should also

increase.
. Mm g . .
Since, E= - 5 ,sowithincreasein r, E alsoincreases.
r

A-mt),B=>(6);C—>(prD-=(q
Conceptual

A= (p);B—=(q;C—(s);D— (b

GM ,__GM
R R

Gravitational field of the earth is actually the measure
of acceleration due to gravity.

Atheight 1= R:

E=

, GM GM E

T (R+h) 4R* 4
e M
2R

1
ie, E’ decreases by a factor — and V” increases by a
factor of 2. 4

Atdepthd:%:
d) E
E=El¢-—=|==
[+-5)-3
v=-M (g2 p2)
2R
2
V'=_G_A§(3R2_R_J=_EG_M
2R 4 8 R

ie., E" decreases by a factor 1 and V” also decreases
11 2
by a factor R

A—=(q;B—=(s)C=(p);D—=(r)
Conceptual
A=(r,q);B—=(s);C—(p;D—(r)
Conceptual
A= (s);B—=(1);C—(p);D—(p)
Conceptual
A=(@);B=(q:;C=(p);D—=()
For planet revolving around sun in an elliptical orbit,
we have from Kepler’s Second Law

M_L

At 2m

mab_ L

T 2m

2mmab

= L = constant

Integer/Numerical Answer Type Questions

1.

Area that cannot be covered by the satellite moving in
an orbit of radius r as shown in figure is

47R*Nr? - R?

r

A=47R* -

- A=20R?
where, Q=27(1-cos8)

=

¥

= Q=2:r[1—

=

= A=4ER2(1
.,

= 16r> —16R* = 9¢?

4
= r=—=R=1515R
J7
r 4
= —=-—==151
R V7

Since, AW = F-d/
= dW= mEg -di
= dW=m(2;+3})-(fdx+}dy)
= dW=m(2dx+3dy) (1)
Since the particle is moved along the line
Jy+2x=5
= d(3y+2x)=0
= 3dy+2dx=0
= 3dy=-2dx
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= dW=0 { of (1)}

= W=0

Applying Law of Conservation of Energy, we get 5.

(U+K)s=(U+K)o

~ GMm  GMm
 JRPear? VAR

K, =0
Finally, when m passes through O, we have

GM 1
Up =2 and Ko = =m0’
R 2

Uy

Since (U+K),=(U+K)p

GMm 1 , GMm
= == oMU -
V3R 2 R
L, 25-1)em
J5R

1
1 \GM |2
= v=|2|l-— |—
{-5)7]
= x:Z,y:\/gandz:Z

5 2
v _(B) 5
- xz (2)(2) 4_1'25

By Law of Conservation of Energy, we have

(U+K)sm;fn(f =(U+K)atw

GmM 1

+—mu? =0-|-1m?)2
2 2

Hints and Explanations H.293

= o2=-(112)" +(15)" =125+ 225
= =10 kms!

By Law of Conservation of Angular Momentum, we
have

m(v,cos60°)4R = mvR

GMm 1 2 Mm 1 )
4R 2 R
1, 1, 3GM
= U -—yy=——r
2 2 4 R
= vc,:% 64x106—% -

= 7= 40002 ms™
= 7y =5656 ms™

(a) Let x be the displacement of ring, then the dis-
placement of the particle is (3-x) m. Since, no
external force is acting on the system and particles
are initially at rest, so the centre of mass will not
move. Hence,

(54x10°)x=(6x10%)(3-x)

= x=03m=30cm

(b) By Law of Conservation of Linear Momentum,
we have

0="5.4x10"0, -6x10°7,
= 1,=9 (D
By Law of Conservation of Energy, we have

(u +K )initial = (u +K )final

Gmym, 1 1
Bkl Emlvf + Emzvg‘

+0=
4% + 37 4

I \/6.67x10”x6x103
"V 100 100

= 1,=002ms™ =2cms™

= ©v,=97,=18 cms™

q
[+ 4
L
-
o.
<
L
Vv
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Potential at origin is

V=~ 2GM
a
Potential at point (0, 0, Z\Ea) is
Voo XM __ 2 GM

\Jaz+12r12_ N

By Law of Conservation of Energy, we get

(U+K)p=(U+K)p

- e e

= a=4and =13

Let v be the speed of the projectile at highest point
and r,,, its distance from the centre of the earth. By

Law of Conservation of Angular Momentum and Law
of Conservation of Mechanical Energy, we have

Moy sinet = mor, (1)
1 GMm 1 M
—mvﬁ——mz—mvz—G m ...(2)
2 R 2 r

Solving these two equation, we get
3R

T,
max
2

So, the maximum heightis k. =7, -R= 5
= #=2

A satellite which rotates with angular speed equal
to earth’s rotation has angular speed of revolution is
given by

10.

2
w:%,where T=24hr

When satellite moves from a point above north pole to

. : n .
a point above equator, it traverses an angle — . So, this
time taken is given by 2
’ ﬂ:""#2 T

T=—"2 ="=6hr
(2n/T) 4

By Law of Conservation of Energy, we have

(u +K )surface = (u +K )centre

u=0

7GMTH 1?1‘1(0)2=*§GMW+1 7)2
2 2 R 2
1 2 GMm
= M =—-"
2 2R

where m is the mass of the ball

/GM
= U=, —
R

Velocity of ball just after collision

, 1 |GM
v=ev==,—
2V R

Let r be the distance from the centre upto the point P,
where the ball reaches after collision. Then by Law of
Conservation of Energy, we have

(u+K)centre:(u+K)P

GMm
2R3

where Up = - (3R*-1?)



[ ] ]
Mm 1 CM
_EGJ+_HI 2 gn(BRZ_ 2)+0
2 R 2 2R
But v'=— G—M
R
M 1GM M
_EG m+_G m=_G T(3R2—}’2)
2 R 8 R 2R
1 [3R2—r2]
= ——=- 5
8 2R
= 22R%=24R*-8/
= 8r’=2R?
2
= r:":R—
4
R
= r=—
2
So, the desired distance, is
s=R+5+E=2R
2 2
= x=2
11. Atapoint P ata distance r from Moon, we have net

12,

gravitational field equal to zero

_G_M_G(SIM)
> (D-r)
= D-r=9r

= 10r=D

So, r= % from the Moon and % from the earth.

= x=9and y=10

= y-x=1

Consider an imaginary planet moving along a strongly
extended flat ellipse, the extreme points of which are
located on the planet’s orbit and at the centre of the
sun, the semi-major axis of the orbit of such a planet
would apparently be half the semi-major axis of the
planet’s orbit. So, the time period of the imaginary
planet T" according to Kepler’s Law will be given by:

BHE)"
- ey -3

So, time taken by the planet to fall onto the sun is

T T(1)?
f=—=—| —
2 2(2]

13.

14.

15.

Hints and Explanations H.295

*****

\ — )
\\ ’=L l’
. Tz
" — r—»
2
. f=£T=\FT=\F=1
8 64 32 [

= x=5
For point mass at distance r =3/

GMm Gm®
- =ma

For point mass at distance r =4/
M 2
G—n.: + G_n; =ma ...(2)
(40)° !

Equating the two equations, we have
GMm B Gm® _ GMm N Gm?®
92 2 1602 2

m m
—t———————-
<:;}7*—“ ¢

7GMm B 2Gm*
144 2

=3 GrR,p,
8 _ Ropy
gl.’ prf

Also, v, = J;g_R

v R '

L Y (SR (8] [P V12 3
vf gt’R(’ gt’ pp 11 4
v, 23 3 3

= —=—X—=—
v, 11 2 11

= 'Up=3kms’]

The gravitational field due to cylinder at a distance x
2GA

from its axis is Eg =
X

q
22
L
-
o.
<
L
Vv
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16.

17.

(2GA) mv*
= m| == |=—
X x

where 1 is the linear mass density given by
A= ;:)(J*:R2 )
= 2GpnR* =7

= v=R\2Gpr
1

= #=2
11 M
2.2 M, o
® en?y-( o
_______________
H—%—Hﬂ-g-ﬂ

Total angular momentum aboutcm L

Angular momentum of B about cm ) E

Lo e e ()
e

L

L.

The time period T of the satellite is

3 3
T=2m |~ =2r |—
GM gR
2.3 3
YLy
gR R

where, = 6400+ 1600 = 800 km = 8000x 10> m
and R=6400x10° m
Substituting these values, we get

= 6

—~

=

(8000x10°)°

2
(6400 10°)
Further, orbital speed,

2
o= [CM _ SR
r r
= 0= [(Lg]x(mooxlog)
8000 x 10

= p=7155ms"

T=2 =7071s

Let t be the time interval between two successive
moments at which the satellite is overhead to an observer
at a fixed position on the equator. Since both satellite

18.

and earth are moving in the same sense (i.e. from west
to east) with angular speed s and @ respectively so,

we can write the time of separation (¢) as
2r
W5 — Wp

t=

2

where Wg =2—E and ()3 =m

7071
,  86400x 7071
86400 - 7071
- 611x10°
79329
= +=7702s

Applying conservation of mechanical energy, we have
(U+K)atB = (u+K)atA
= Uz+Kz=U,+K,

= UB+O=UA+%mvﬁ

where U =mVy and U, =mV, , so we have
%mvi=uB—UA=m(VB—VA)

= UA=m (1)

Potential at A

Potential Due Potential Due

V, =| to the Complete || to the Spherical

Sphere at A Cavity at A
V. - _EG_M_(_GM']_ M _3GM
A7 2R r r 2R
where
4 R’
M= E:rrRap, r =E and M'=—nrip= dl
3 2 3 6
Substituting the values, we get
G| mpR® 3 5 2
V=~ =——-2mpR® |=-Z7GpR
A R[ 3 P, 3 P
Potential at B
Potential Due Potential Due
Vg =| to the Complete || to the Spherical
Sphere at B Cavity at B
GM /. ., 3GM’ )
Vy=——— (3R -2 )| -2 2=
TS (3% =r") ( 27
where
3
M=E]IR3,D, r _R and M’ =é:rr3p= PR
3 2 3 6
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11GM  3GM’ f4GM
8 R R 3R
G( mpR®  117pR’ 4 5 PGM
Vo=—| ———— |=——7GpR i =,|—
B R[ ) 6 3 P Since v, A
o V-V, = %J?.‘GPRZ Given that v, = N
So, from equation (1) = 26M - 4G_M\/ﬁ
R 3R
2 2
v=,[-nGpR
3P = N-= % =15 <
2GM - : o
Also, v, = R 20. Let E be the gravitational field at x due to the com- Ll
plete sphere. E
where M_, = M-M'= 7 Rp If E; be the field due to hole and E, be the field due to <
6 the remaining portion, then we have T
E=E +E, U
= = E=E-F
GM Gm
= 2 = ? - W s .(l)
x [ —
2
- 3
4 4 (R
here, M=—nR’p; and m=— (—)
where SRy and m==z| = | py
=
Substituting the values in equation (1), we get
= aCpR* [ 1 8
B )Ry e
. Atheight h, we have [x - 2)
2
gR
= (1) -
& (R+h) o =_(ﬁGp0R3J 1 8
. 8 B? ’ 6 [QR_E)Z (2RY’
Given that g, = g ih 2
Substituting in equation (1) we get, v WG R 4 2
= EZ = ——O[ —2 - —2 J
1 ( R }2 6 \9R* R
9 \R+h b TGpR(4-18
= h=2R o6 L9
Applying Law of Conservation of Energy, from A to 14
B, we get = b= 5—4”GPOR
(U+K) = (U+K)y ;
GMm 1 , GMm = b= (EJ”GPUR
- +-movt=— +0
2 R+h
Since I = 2R, so we have Since, E =( J?TG,ODR
a+20
1 , GMm GMm
Myt = - a7
2 R 3R =—
, a+20 27
v 2GM
= =— = a=7
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21. Figure shows the corresponding situation

ARCHIVE: JEE MAIN

Since the spaceship follows a parabolic trajectory
tangential to the moon. When at the surface of moon it
has speed equal to escape speed

[2GM
v, = ——
R

Now to transform it into a circular orbit, its speed
should be decreased to orbital speed v, given by

GM
Ay

So, change in speed is

Av=1v, -1,
= Av:(ﬁ—l) G—M
V R
= x=2

1. Since dn = pdV, where dV = 4nr’dr

= dm= (E](él:rrzdr) = dmkrdr
r

R R )
= M= J.dm = I4nkrdr= 47rk%
0

0

R

0

= M=2rk(R*-0)=27kR?

For circular motion, gravitational force will provide
the centripetal force so that

GMm m_if)2
R? R
G(27kR? ) m _ m_vz
R? R
= v=+21GkR
Time period T is given by
v 2nGkR
= T’«R

Hence, the correct answer is (C).

Let M be the mass of earth, M; be the mass of shaded
portion and R be the radius of earth.

Atheight 1, g, = oM

At depth h, we have

M 4
Mlsz1=—4 EE(R—h);": R3
E?IRS

M(R-h)’

Weight of body is same at P and Q, so
mgp =Mgo

= & =80

GM, GM

(R-h)* (R+h)

GM(R-h)’  GM

(R-hPR®  (R+h)

= (R-h)(R+h)' =R’

= R’-hR*-hWR-h’+2R*h-2RW* =R’




= R-RI*-K*=0

RE*-Rh-h*=0

= W +Rh-R*=0

_ —R+\R*+4R’

- 2

) —R+\/§R_[\/§—1)R

2 2

Hence, the correct answer is (A).

GM

Since, v, = |—
(4

U

= h

h

(U+K),=(U+K)g

-~

= ~GMm L —GMm +%mv’2 (1)
Also, vR, = 'R, -..(2)
Solving equations (1) and (2), we get

Rmax = SR{’

Hence, the correct answer is (B).
According to Gauss Law for gravitation, we have

E(47r?)= Jpo drridr
2 ( r? 2
= Er= 47(GIpU 1_F redr
0
3 5
r r
= |E|=E=4xG (]
Pl 3 TR
For E to be maximum, aE =0
dr
= r= \/ER
9
Hence, the correct answer is (B).

A
Given that E;; = ﬁ and V=0

X +a

V.t X
Since, j dv = —JEG -d¥

V. o0

Hints and Explanations H.299

Ax

3/2

——dx
(x244%)"

= V,-V.=-|

oo

Substitute x> + 4> = z i.e., 2xdx = dz

t Adz A
= Vx—0=—_f—m=(ﬁ]
2(z) z

X

o)
o L2ea?)? )L

B A B A

x 72 ¢ 12
(x2+a2)' (x2+a2)‘ <
Hence, the correct answer is (A). o
For orbit close to the planet, R+ /= R ul_'l
orbit — R <
L

2GM
SINCe, Vogeape =4/~ — U
R

Uorbit — i
Uescape ﬁ
Hence, the correct answer is (C).

=

GM GM
Since, g, = = ..(1)
ST R (3R2)
*
| h=Ri2
¢ (R
Also, g, = % ..(2)

Given that, ¢, = ¢,
GM  GM(R-d)

=
(3R2)’ R?
4 (R-d)
= —=—
9 R
= 4R=9R-9d
= bHR=94
a_5
R 9

Hence, the correct answer is (D).

At equator, we have g, = ¢ — Ro’

Forh R, wehave
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10.

Since, g1 =g,
_2gh
R
R*w?
28
Hence, the correct answer is (D).

Ro’

h=

Applying conservation of angular momentum, we get

—

- =~ v .
min
.~ Planet b I
\\rm\n rma)( L
Vinax S - P
rminvmax = rmaxvmin (1)
— Umax

Given that, v

# ¥min —
From equation (1), we get

Tmin _ l

rmax

Umin _

Um ax 6

Hence, the correct answer is (A).

The minimum speed will take the body to the neutral
point P after which the bigger planet will automati-
cally attract the body towards itself. So,

GM _ G(16M)

¥ (102-x)°

1.4

x (10a-x)
= 4x=10a-x
= x=2 (1)
Applying law of conservation of mechanical energy,
we get

_GMm _ G(16M)m _GMm _ G(16M)m

+KE=
8a 2a 2a 8a
= KE:GMm(i+EiE]
81 2a 2a 8a
. KE:GMm(1+648416)
a

11.

12.

13.

14.

15.

ae
= lmv2=GMm(§)
2 8a
e \/9OGM 3 \/SGM
NV 8 2\ &

Hence, the correct answer is (B).

W =196 — mRo*
Hence, the correct answer is (D).

Gravitational field on the surface of a solid sphere

GM
R
From graph, G—M; =2and G—Mzz =3
(1) (2)
M_1
M, 6

Hence, the correct answer is (D).

Initially, the body of mass m is moving in a circular
orbit of radius R. So, it must be moving with orbital
speed given by

GM
'y

After collision, let the combined mass moves with
speed vy, then by conservation of momentum, we get

{32

50,

= U =—
6

Since after collision, the speed is not equal to orbitial
speed at the point. So, motion cannot be circular.
Also, velocity will remain tangential, so it cannot
fall vertically towards the planet. Their speed after
collision is less than escape speed V20, 50 they cannot
escape gravitational field. Hence their motion will be
elliptical around the planet.
Hence, the correct answer is (A).

The escape velocity is

2GM
v, = |—
R

Hence, the correct answer is (A).
Since, U, + K, =U, +K,

GMn 1,
10R 2

GMm 1
il +§mv2
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o0
9( Mm) )
= = mvy = ~mu
10
9(1 gt =y
= —|= +-mui = —mo
10\ 2
= 7 —7; +07
10 ¢

= = % x(11.2)* +(12)°

= °=112.896+144

= ©=16.027 =16 kms™
Hence, the correct answer is 16.

16. Net force on 1 acting towards the centre of circle is

a 2(1 r
4.7 T3
Y 3
p! A r/ : \\
,’ : f'\\ /’ 1 \‘
! [ \\ /, [ ]
I] : A f’:a :
1 ! /’ \\ ! 1
N
g :}z
1™~ 2 %
Mv*  GM? 1
- _oM (ﬁ+-) po
[i a 2 \/E
V2
= ‘U2=G_M[1+L]
a 2\/5

= ‘GTM(H%) =1.16@

Hence, the correct answer is (B).

17. Let my; be the mass of rocket, then

GM,m, and E' = GM,,m,

€ Rm

Since V, =64V,

E=

PR; = 64pR;,
-~ R.=4R
o B _(My)(R =[i)(4)=l
E |\ M &, ) e 16
p-L
16

Hence, the correct answer is (C).

18.

19.

20.

21.

Hints and Explanations H.301

GM 2CM
E=—2+—2
(32)" (3a)
E_GM
3a*

Hence, the correct answer is (C).

R
M= '[(47rr2dr)£2
p

0

= M=4nKR
) <
G(w} _% e
R? R L
=
= 7, =+4nGK [
2:rR 2nR <
Since T = — =TIk I
’ U

T
= —=constant
R

Hence, the correct answer is (A).

Given that g, g

U
[
|

h=(v2-1)R
h=6400x0.414
h=2649.6 km

h=26x10°m
Hence, the correct answer is (D).

Since Tz& and v, = [G—M
vy r
r r

= T=2nr|— =21,|]—
GM GM

oL el

(202)° x10"
= T=2r = 55 S
6.67 x107 " x8x10

= T=78122s
= T 217hr
So, number of revolutions is

N= 24 =11

T

Hence, the correct answer is (C).
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(]
22 Given that $¢.= 2 = Let v, be the minimum speed of meteorite at O,
g 4 then by Law of Conservation of Energy, we have
, GM 1 2aMm_
Since g = ra 5 M7
M xR2 9 _ [4GM_ [4x6.67x107" x3x10%!
N (A = U= = 11
RIxM, 4 R 10
2 = 7,=283x10° ms™ =2.8x10° ms™’
R, 9 0
= 9x ra Hence, the correct answer is (A).
LR R _R 27. Since, v = 2¢R, v, =/2gR
P
2 2 = Av= \/giR (\/E - 1)

Hence, the correct answer is (D). .
Hence, the correct answer is (B).

23.  Areal velocity is given by 28 0 X=4 dM  x=a+l
. X =

AM L a-moo—o- a T D
— = mt > —
At 2m X ax
Hence, the correct answer is (C). IF = GW;M where dM = Adx
2. E=U,-U, *
= dM=(A+Bx*)dx
. GMm  GMm L
1= - ! 2
R (R+h) So, dP=_ij(A+B;r )dx
_ GMmbh X
Y"R(R+h) ‘ L
KE of satellite in this orbit is F= —Gm[—A( —- —) + BL}
L+a a
KE=E, = GMm _ GMm L
2r  2(R+h) = F=-Gm|A P +BL
:> 1 GMm H & @ a s (O)
275 (R+h) ence, the correct answer is (C).
Given that E, =E, 29. Orbital velocity v, is given by
5 2.1 o= [CM
R 2 0 R
= .Pz:5 P N
2 /// \\\
Hence, the correct answer is (A). / Y
! \
I \
25. Since U = —z(lmzﬁ) : -—-M ——e M
2 II\ 1 VO
In order to escape, we have U+K =0 \ S
= K=m’ \\\H /’,’ Vo
Hence, the correct answer is (B). After collision, we have
26. 2R=d=2x10"m mvo(—})ﬂ-mvo(—?):Zmﬁ
= R=10"m . Uyr Uy
= T=-—i-—1]
2 2
Pl N v
s N = |5|=-L=0.7v
Mir \" \/E 0
"\ ,"M = 1<7
S So, the path will be elliptical.
Hence, the correct answer is (C).




30.

31.

32.

33.

ICON

. v GM
Since —=—-
roor
, GM
= U =—
r
1 2 )
T, o' 1(UAJ
= =7 —| A
Ty Lome? 2\ vg
2
o Ta_1Rp_
T, 2R,
Hence, the correct answer is (A).
k
Since U =-—
2r
Force acting on the particle is F = —i—u = %
ror

This force provides necessary centripetal force, so
2

mo” _k
roor
k
2
= my=—
-z
- . 1 5 k
Kinetic energy of particle, K = 2™ =23
’
. k  k
Total energy of the particle =U + K = w3 + 22" 0
e 2r
Hence, the correct answer is (C).
Since, central force is given by
=
¢ R"
= L= k( i]
RH
= mo'R=k —
(22 1
= "o k R
= T2 o RH+1
(n+1)
= T«R 2
Hence, the correct answer is (C).
Initially, total energy is E, = - GMm
2R
() o)
Final total energy is E; = - -
BECEESY
2| = 2| —
2 2

_ 2GMm
f 3R

34.

35.

36.

37.

Hints and Explanations H.303

Required difference in energies is AE=E( —E;

GMm(gl]_GMm
3 2)  6R

Hence, the correct answer is (D).

F - GMEZM," and F, = GM;MS
51 )
2GM,M 2GM.M
= AF1=——§ "L Ar, and AF, =- G 3" = Ar,
5} ) <
SR My 5 (M, )5 )& i
AE, 1 MaAn | M, 5 )\ An -
Given that Q.
A = Ary = 2R o, M, =8x10% kg §
M, =2x10" kg, r,=0.4x10° km, U
r, =150 x10° km .
= EL =2
AFZ

Hence, the correct answer is (A).

Effect of rotation of earth on acceleration due to grav-
ity is given by ¢’ =g~ Rw’cos’ ¢

where ¢ is the latitude angle. There will be no change
in gravity at poles because ¢ =90° at the poles and at
all other points as @ increases, ¢" will decrease.
Hence, the correct answer is (C).

This force provides the centripetal force to the particle

to move in a circular orbit.
mo* 16 3
=—+7

r r
- 1 -, 1 4
Kinetic energy, K= Emv = 5(16 +r)
16+1
Ky o 17
= K, 164256 0B
2
= LS} 6x107
K

2
Hence, the correct answer is (A).

Variation of ¢ inside earth surface
g

gs """
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38.

39.

40.

41.

42,

43,

For d<R, g:(Gde

R?
Gm
For d=R,gS=F
For d>R,g=%

Hence, the correct answer is (D).
Here, the weight of person on the equator is W. If the

W
earth rotates about its axis, then weight is 3?
Radius of the earth = 6400 km
The acceleration due to gravity at the equator is

8 :g_Rmz

3 2
Zo=0-R
= 48 2 (]
= Ra*=%
4
= o= \/E 2 _0625%10° rads™
4R V4x6400%10

= ©=063x107 rads™
Hence, the correct answer is (A).

The correct answer is (A).

GM
Up = ?=\/37R

2GM
v, = X - J2¢R
So, increase in velocity is

Av=\/g_R(~/E—1)

Hence, the correct answer is (A).

Let the area of the ellipse be A . According to Kepler’s
Second Law, areal velocity of a planet around the sun

is constant, i.e., m = constant, so we have

A A 3A
t _ Area of abesa E+E _1_3
t, Areaofadcsa A A A
2 4 4
= tl = 3t2
Hence, the correct answer is (C).
Gravitational pull on the astronaut F; = GLmZ
(R+h)

Net force on the astronaut is zero.
Hence, the correct answer is (C).

VP = Vsphere atP Vcavity at P

GM
_3(

Since, V = ———(3R% - 1?)
2R

2L

45.

46.

M| ., (RTJ 11GM
= V =—— 3R" -] — =
sphere at P 2R3 [ 2 8R

Now, V.

cavity at P ==

8R
Hence, the correct answer is (B).

Centripetal force is provided by the gravitational force

1 1
which is proportional to —. So, F o< —
r r
2
o M 1
roor

= 1, = constant
2
Since T=2%
v

= Touxr
Hence, the correct answer is (C).
Potential V() due to a large planet of radius R is
given by

GM

Vo(r)=—— for r>R
r

V(r)=_GTM for r=R

Vin=77
2 R

Hence, the correct answer is (B).

2
FoF Mo

gravitational force on M = R

2
3GM(1’H2) for r<R
3R

GM®  Mov®

GM? 1
+ 5=
] (2R) R

- F=2| 2
2

((«ﬁﬂ) 2

GM”  GM® _ Mv®

V2R 4R? R

v:%,ﬂGTM(1+2\/§)

Hence, the correct answer is (D).

=



e
M
47. Atsurface, E; = _GTm
In orbit, Ef=- GMm =_GMl
2(3R)  6R

= Required energy is
= AE:EI—EI:SGMm

6R

Hence, the correct answer is (A).

48. Energy required to make the spaceship reach the free

space is
AE= GMm
R
, _GM
Since g = g

m
= AE= ng X E
= AE=mgR
= AE=1000x10x6400x10° = 64 x10° ]
= AE=64x10"]
Hence, the correct answer is (C).

49. Let x be the distance of the point P from the mass m
where gravitational field is zero.

m P 4m
o

ARCHIVE: JEE ADVANCED

50.

Hints and Explanations H.305

R @=G(4m)
2 (r-x)
(L]Z_l
(r-x)) 4
— x=L ..(1)

o . . . ro.
Gravitational potential at a point P i.e.at x = 3 is

_Gm G(4m)  Gm _ G(4m)

V= =
C ) )
J— 'rfi
3 3
V:_@_SG(clm):_gG_m
r 2r r

Hence, the correct answer is (D).

q
[+ 4
L
-
o.
<
L
Vv

The acceleration due to gravity at a height /i from the
g

ground is given as .

M

om_(G !
2 URY )9
= r=3R

The height above the ground is 2R
Hence, the correct answer is (A).

Single Correct Choice Type Problems

1.  For a particle revolving in a circular orbit of radius r
due to the gravitational attraction of inner cloud of
mass M , we have

GMm mo*
r2 r
2 2
o M= v _ 2mor
G 2Gm
. 1 5
Since K = Emv = constant

= mo*=2K
2Kr

M=
Gm

2Kdr

Also, we know that
dM = p(r)dv

= dM=p(r)dnridr
So, equation (1) becomes,

p(r)anrdr _ 2Kar
Gm
P _ - K

r)=——
m 2nGm*r?

Hence, the correct answer is (B).
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2,

Given that v, =11.2 km 2GM,

€

By Law of Conservation of Energy, we have

K1+U,-=Kf+uf
. lmyf,GMsm, GM,m — 040
2 r R

e
where, r is the distance of rocket from sun
2GM,  2GM

v, = 3
R, r

Since, M, =3x10°M, and r=25x10"R,

B \/ZGME , 263x10°M
R

25x10*R,
ZGMF( 3x105]

1+ 1

25x10
G £x13

= v, 42 1<ms_1
Hence, the correct answer is (C).
R

: _ p _ —earth
Given, R, =R = 0

earth

3
3 - Rearth

Since, density p= 1

Mplanet
4 -3
5 an]anet

M M

_ earth — ¢
planet =903~ 1000
Let the acceleration due to gravity at surface of planet
and at the surface of earth be g, and g, respectively.
Then

Also, p=

= M

GMplanet _ GME.(]-O )2 _ GME

gP_ R;lanet (10)3R§ _lORf
_ 8
=10

The value of g inside the planet at a distance x from
centre of the planet is

X x
Sinside = &surface of planet =8 P

So, total force acting on wire is

=i(ldx)gp(%]

B

R

l 2
. F=ﬁ(x_]
R 2 4R/5

Substituting the given values, we get
=108 N
Hence, the correct answer is (B).

In circular orbit of a satellite, potential energy U is
1
U = -2 x (kinetic energy ) = -2 x Emvz =-mo*

Just to escape from the gravitational pull, its total
mechanical energy should be zero. Therefore, its
kinetic energy should be +mv” .
Hence, the correct answer is (B).

For annular disc, gravitational potential at the point P
lying on the axis at a distance x from centre is

Vp = 2GM (\/R2+ R+
where R2-4R R1 —3R and x=4R
Vp=- 2GM(4IR 5R)
7R?

Also, V_ =0

Since Wp_,.. = my(V., - Vp ), where my =1 unit

= WP4m=2;;7RM(4\/§75)

Hence, the correct answer is (A).
mo* GmM

For r<R, — 5 ...(1)
r r

4
Here, M = (Errre‘ ]po

Substituting in Equation (1), we get ve<r
i.e. v-r graphis a straight line passing through origin.
For r >R, we have
3
mfvz Gm( 3 R ) P

2

r r
= Dee l
Jr
The corresponding v-r graph will be as shown in
option (C).

Hence, the correct answer is (C).

In case of binary star system, angular velocity and
hence, the time period of both the stars are equal.
Hence, the correct answer is (D).

Time period of a satellite very close to earth’s surface is
84.6 min . Time period increases as the distance of the
satellite from the surface of earth increases. So, time
period of spy satellite orbiting a few 100 km above
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11.

12,

the earth’s surface should be slightly greater than
84.6 min . Therefore, the most appropriate option is
(Clor 2h

Hence, the correct answer is (C).

Since T1:2n\F
g
Vgh

S
oW 8= e
= g;,:% {- h=R}
L_ |8 _
Tl g‘..’4

Hence, the correct answer is (D).

Force on satellite is always towards earth, there-
fore, acceleration of satellite S is always directed
towards centre of the earth due to which net torque
of this gravitational force F about centre of earth is
zero. Therefore, angular momentum (both in mag-
nitude and direction) of S about centre of earth is
constant throughout. Since, the force F is conserva-
tive in nature, therefore mechanical energy of satellite
remains constant. Speed of S is maximum when it is
nearest to earth and minimum when it is farthest.
Hence, the correct answer is (A).

From Kepler’s Third Law, we have
T2 oc 1

= Te(r)”?

3/2
T !
- ~2_|h
L \n
. V2 12
= T, =T1(—2J =(365)(—)
n 2
= T,=129 days
Hence, the correct answer is (B).
FeR™2
This gravitational force of attraction provides neces-
sary centripetal force to planet to revolve about the
massive star.
=  mRw? <R ?
= @ <R7?
4z’ —7/2
= F o« R

= T?«R"
Hence, the correct answer is (B).

13.

14.

Hints and Explanations H.307

AU _GMm _(_GMm )
R+h R
AL = - GMm  GMm [~ h=R}
2R R
o au=Mm lm(G—J\fJR= mgR
2R 2 R 2
Hence, the correct answer is (A).
. _GM
Smce, g= ?
1 <
oc F E
& __,AR In-_
8 R <
So, g will increase, if R decreases T
= £=—2(—10/0)=20/0 A

8
Hence, the correct answer is (C).

Multiple Correct Choice Type Problems

1

Gravitational field at a distance r due to mass
( 4 3 ) ‘
m|==nr’p| is
3

4 3
- r? 3
Consider a small element of width dr and area AA
at a distance r from the centre. Pressure force on this
element is due to the gravitational force on dm from
m inwards towards the centre.

= (dP)AA=E(dm)
where dm=(AA)(dr)p and m:(%mst

= —dPAA= (%Gﬁpr)(pAAdr)
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2
P=2Gﬂ(R2—r2)

3
2

= P=k(R27r2),where k=2G3ﬂ=constant

R 9R? 7R?
Fm;r:%f,11=k(ﬂz—-—-]=k( J

16 16
2 2
For, r= 2K pfk(ﬁz_ﬂJ:k(ﬁ]
3 9 9
P, 63
= -
P, 80
2
mnnﬂig %M—EW)kP@%
5 25 25
2 2
For,r—ﬁ, 4—k(R2—£]— (ﬁ]
5 25 25
P
o B_16
p, 21
2 2
Fm‘r:E,Jg:k(Rl—E—]:k(3R )
2 4 4
2 2
for 1=, o 1K) (B
3 9 9
KE_2
P, 32
Hence, (B) and (C) are correct.
L C L
R e )
M T“ M
v

Let v is the minimum velocity, then by Law of
Conservation of Energy, we have

(U-I-K)C:(U‘l'K)m
[_GMm

J2+%mv2=0+0

= U=2G—M
L

Hence, (B) and (D) are correct.

4
2G(—JrR3]p
o, = ,2GM= 3 _ /4GpR
) R R 3

Ve = R

Surface areaof P is A= 4R'R}%
Surface area of Q is 4A= 47:R,5
= Ry=2Rp

ae
Mass of Ris Mg =M, + M,

4 ' 4 4
= (5o o= 32 o+ 350 )

Ry=Rp+R;

U

R} =9R}

=
= Ry=9"R,
= Rg>Ro>Rp
= Vi>Vp>Vp

Also, Ve =93 and Ve = 1
v, vV, 2
Hence, (B) and (D) are correct.

Gravitational field is the acceleration due to gravity.

cM rzR
72 (Outside)
So, g=
—nGpr r<R
3 (Inside)
E
= —=-2(Outside)
K o

where 1, >R and r, >R

and h_n (Inside)
B n
where 1, <R and 1, <R
Hence, (A) and (B) are correct.
The spherical cavities can be assumed to be negative

masses placed symmetrically about origin O. So gravi-
tational force due to this object at origin is zero.

The dotted circle is lying in the yz plane and is an
equipotential surface (as we can see that two cavi-
ties are lying symmetrically on each side of the EPS
(Equi-Potential Surface) so gravitational potential is
same at all the points lying on the circle y* +z* =

(where Q= constant).

Hence, (A), (C) and (D) are correct.



