ICON

CHAPTER 2: CENTRE OF MASS, CONSERVATION OF
LINEAR MOMENTUM AND COLLISIONS

Test Your Concepts-I
(Based on Centre of Mass)

1.

Let the new centre of mass be at C’, then its distance
from C equals the displacement of the centre of mass,
i.e. CC’" given by

Ax = m]AJﬁ + H’IZAXZ _ nfl‘jl +m2€2

m1 + m2 m] + n’lz

Y CC'=Ar= myly +myly
iy + 11,
For a two particle system, the centre of mass is given by
_myXy X,
N my +m,
Let the masses be placed on x-axis, then according to
the problem, we have
Axg, =0
1 Axy +mpAx,

= Arg, = 0
iy + 1,
My AXq + mox
- 0=2112N 2

o Av- [_)
1y
Thus m; should be displaced by

displacement of 1.

1y

X .
, opposite to the
?1‘11

The position vector of cm of the three particles will be
given by
_ iy Mol + Mty
Ty + g
Substituting the values, we get

(D(i +4j+k)+ )i +]+k)+3(2i -] -2k)

cm

1+2+3
9i+3j-3k

= I 6

5 fcm=%(3;-+;4;)m

The ring can be substituted by a particle of mass 3m at

202R) AR from the origin.
n T

a distance

Now, the centre of mass of the two particle system is at
origin, so we have

Bm(—g)-ﬁ-me =0
T

= X=—
T

The centre of mass of the remaining system is

a
= X, =-—
12

Similarly, we have
_ A= Ay _ (ab)(0)=(ab/4)(b4)

A A, ab - (ab/4)
b
= Yem= _ﬁ

a b
= (xcmf ycm)=(_ﬁf_ﬁ]

The mass distribution is symmetrical about x-axis,
hence y-coordinate of centre of mass will be zero. So,
we have
_Ax A,
Xem = A A
1742
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L
o (2r2)(”;2] 3(4-7)

Hence, coordinates of centre of mass of system are

2r
[3(4_::)' 0)

7.  Since we know that

_ Xy Xy + Yy 3

e 1y + 1y + iy 5
(D(D)+(2)(4)+m(-3) 3
1+24m =E
9-3m _3
3+m _E
= 45-15m=9+3m
= 18m=36
= m=2kg
Also, we have
Cm=m13’1+mzyz+msy3=2
1y + 1y + 1y
M@)+Q2)(6)+m(-2) _,
1+24m
= 14-2m=6+2m
= 4m=§
= m=2kg

8. The centre of mass of each half is located at the
geometrical centre of that half.

X X
X=0 b---oteafom- -4 L
L/2 L2
- _ PrAsxy + Py,
P11 + Py
o(5) 5 5)(%)
= 7 o1 el | e
o o, -2\ 2 N\ 4

cm LZ Lz
Pl(zJ*”(z]

9. The masses and coordinates of centre of mass of the

three sheets are

11
Square, ol* at(—,—)
2°2

NE) ) ! 1
Tri l,o{fz t,l[1+J
riangle 1 a ) 23

2
Disc,a(jﬂ at(g’j,l)
4 22

So, coordinates of centre of mass of system are

)TN

Tom = ( J3P KIZJ

Q

Lyakie
4

_£[4+\/§+3x]
™2 4+3+x

Similarly, we have

s
- !2+@+H—l2

4 4

_ _i[5+2\/§+n)
Yem 20 443+

f / {

dem J(Adx)x j(lo%) dx
Jdm jm _[( D—E]dx

3
an 4

10. x,

= X

11. Consider the rod to be a combination of two point
L L
masses g, % placed at x = 3 and y = oh Then this sys-

tem consists of three particles having masses and posi-

tions given by m at(E,O ), m at([},é} and m at (0,L)
2 2 2 2

as shown in Figure.

y

Iy

0,L)sm

5

o3
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2 2

L 5L
So, the position of centre of mass is ( g;%)

12. Let ¢ be the surface mass density, i.e. the mass per
unit area. The square can be treated as a point mass

m, = a’c placed at its geometric centre (0,0) and the

2
o , na-c
disc is treated as another point mass 11, = e placed

at its centre, i.e. at (4,0) as shown in Figure.

el N\
my my

The position of centre of mass is given by

Xy X, (a%6)(0) +(zra20j,.f‘"4]a

am

a*o+ ( :mza,-ﬁ]

ma/4 ma
xcm = - = —_—
1+(n/4) m+4

=

. . ma
Hence, the centre of mass is at a distance (—4)
T+

from the centre of square on the line joining the centres
of the two objects.

13. For a uniform disc, its mass is proportional to area, so
if o is the surface mass density, then we have

R? 2r-1
m=o{ a5 <25 Jor

If | be the length of the square plate of diagonal R
removed from the disc, then we have

1> +1*=R?
= i’—i
2

The mass of square plate cut from the disc is

m, = ol* =G(£J2 =0_122
V2 2
Also, we must note that the common centre of mass of
m; and m, must be at the centre of the full disc. So, if
centre of mass of given object is at a distance x from C,
then for a two particle system, we have

my Xy = mpX,

Hints and Explanations H.71

CRER
N S
= mp=mys
)

(=)o 51

R
2(27-1)

14. Let therod be placed along the x axis as shown in Figure.

= X=

y-axis
A

—>idX — )
- ] » X-axIs
x=0 x=L
—
X

CHAPTER 2

Consider an infinitesimal element of mass d, length
dx at a distance x from the lighter end of the rod
(assuming lighter end of the rod to be placed at the
origin of the axis). If linear mass density of the rod is 4,

then we have
i
dx

According to the problem, the linear mass density of
the rod increases linearly from 4, to 1,, so we can write
the mathematical expression for 4 as

A=dy  A-X
x L
= /1:;11+(lz_ll)x
L
= A=a+bx .1

where, a=4,and b = %

The position of centre of mass is given by
L L

J.xdm ) !x(ldx) J(ax+bx2)dx

0

Xem = p =L =71
Jm Jldx .[(a+bx)dx
0 0

S oy 22 3 (3a+2bL)L
bI>  (2a+bL)3
al+—
oy o[Mt2h)L
T A+4 )3
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Test Your Concepts-Il
(Based on Motion of Centre of Mass)

1.

Suppose the centre of mass of the ice is a distance x;
above the bottom and that of the tray is a distance x,
above the bottom. The height of the centre of mass of
the ice-tray system is
4= My + 1%
m, +m,

When the ice melts, the water of mass m; spreads on
the surface of the tray. As the tray is large, the height
of water is negligible. The centre of mass of the water
is then on the surface of the tray and is at a distance

L
(xl - E) above the bottom. The new centre of mass of

the ice-tray system will be at the height

L 1
my| X —— [+myx,
Y= 2

1My + 1y
The shift in the centre of mass is
, mL
r—x=—
2(my +my)

As shown in figure, blocks A slides with acceleration

g J3g

5 and block B slides with acceleration B

gsin(30°) 2k
/ g Y}sin(ﬁO”)

- \y

Now the acceleration of centre of mass of the system of
blocks A and B is
B 11,y + 1,0,

gy = 22 (1)
m1+m2

where, 4 = (gsin30°)i =5i and

A

i, =(gsin60°)] =(5v3)]
Substituting these values in equation (1), we get

Hcm:(2)(51’]+(3)(5\/§j):2§+3\/§}
2+3

= a,,=4(2) +(3\/3_;)2 = /31 ms™

Applying myxy = mpx;
= 30x=5(05-x)
= x=00714m=71.4 mm

When block reaches the bottom i.e., moves to the left,
then wedge moves to the right say by x. So, effective
displacement of block is Ax; = hcotf —x

hcot(309) — x —X i

103 m

1
|
I
I
J
[
7
1
1
1
1
I
1
1
1
1
1

where h =103 m and 6= 30°

= mRAxR =mLAIL
= 25v=5[10v/3 cot(30°) - x|

25¢ = 5[ 1033 (V3 ) - x ]

25x=5(30-x)
30x =150
x=bm

U

Since, we know that the acceleration of the centre of
mass of the system is

2
m] - ?'HZ
Ao = ) 8
1y + 1,
along the direction of motion of the heavier mass
g

2
= g, =[£) (10)=E ms™
4+2 9

S Son = ot = 1(10](9)2 =45m
2 209
Similarly, we have

Uen = Uem + lalcmt

= Uy =0+[%](9)=10m5_1

In the horizontal direction, there is no force on the
system (dog + boat). Therefore, the centre of mass of
the system does not move in the horizontal direction.
Since the dog moves towards the shore, the boat moves
away from the shore to keep centre of mass stationary.
Let d be the distance by which the boat moves back-
wards and let x be the initial distance of the boat from
the shore. The initial x-coordinate of the centre of mass

(220 ~(10)(20) + 40x
cm /initial 10+ 40
The final x-coordinate of the centre of mass

10(20-8+d)+40(x+d)
(xfm )final = 10 + 40
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ae
Equating the two, we get Also, (v ) = 1m0y, + 10y,
8 y M
d=—m
~(3)(-5sin37°)+(5)(5)
So, from the shore, the dog is at a distance of = (Ucm )y - 8
s=2078+%=13.6m = (Ve ), =2ms’

P o o -1
Since no external force acts on the system in the hori- 50, T = (1‘51 +2 ) ms

zontal direction, i.e. along the x direction, so we have (b) Since the collision occurs at the origin, the posi-
Ax =0 tion of the centre of mass 2 s later is
Let wedge displace to the right with respect to ground Fon = (T ) = (—31? + 4}) m o~
through x. Taking rightwards direction as positive, we o
get Vi ! |.|I_.|
Axcm=m(k0560 +x)+(4dm)x-m(l-x) \ v1‘/Om1 a
m4+4m+m *\* e <
ml x|.A37
= 0=7—ml+6mx x > X XL
/ * e
= xr=— q\ Trajectory of
12 , center of mass
2
Let the boat be displaced through a distance x towards m,

right, then the horizontal displacement of centre of
mass of system must be zero. Taking rightward direc-

. " 9. Since no external force acts on the system in the hori-
tion as positive, we get

zontal direction, i.e. along the x direction, so we have

Axboat=+x,AxA=§+x,AxB=—(BZI—x) A, =0
Let wedge displace to the left with respect to ground
w M through x, then the block displaces to the right through
14 Rsinf - x, such that
— e
m(Rsin@—-x)= Mx
mRsinf
= x=
e £ > m+ M
o2 M(J/4+x)-2M(31/4 - x) + 4Mx 10. Since, y=yI2— 22
™

M 3MI L W x &
> - #5Mr= =5 - 2My dt 2 _2 dt

S 3 15l o, e X2 3
= T dt 4 2

51
BT X ¥
o3)

(a) The given time is of no consequence since v, is

constant for all times.

From equation, in component form

(Ucm )x _ My, L”fzvzx

(_ z]
S (0) =(3)(—5cos37°)+(5)(0) >’

° = (o), = 5(2)< 3] 2o
= (V) =-15ms™ i g\2) 2\dr) 2t

At any time, the coordinates of centre of mass of rod
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11.

=

(@)

(b)

Considering insect, rod and counter weight as
a system, the external forces acting on the system
are tension in the string and gravitational force as
shown in Figure.

I 2 Mg
When insect is at rest, we have
IE gpem = 2T - 2Mg =0
= T=Mg

Hence, no net external force is acting on the system.
When we consider free body diagram of the
insect, then we observe that the friction force is
balancing the weight of insect when it is at rest.

T

Insect

f
I Rod
# fJ'

mg

(M -m)g
However, when the insect moves with constant
velocity, then too the net force on insect is zero
and hence the magnitude of friction force will
remain unchanged. This simply means that the
tension in the string will not change. So, no exter-
nal force acts on the system. Therefore, the accel-
eration of the centre of mass of the system will be
Z€r0.

(c) When the insect moves up with acceleration, the
friction force between the insect and rod increases.
This increased friction increases the tension in the
string (T > Mg).

f T
Rod
Insect & Ta f'l
mg
(M -m)g

Now in this case, there will be net force on the
system in upward direction. Hence the centre
of mass of the system will accelerate in upward
direction.

(d) Let displacement of the rod when the insect
reaches to the other end of the rod be y upward.
Hence the displacement of the counter weight
M will be y downward as the rod and counter
weight both are connected together by a single
string. During this time the displacement of the
insect willbe (y+1).

We know
4| Bl
y+E’I
1 Ay + 1Ay, + 1i3Al
Aycm= (
g+ 11y + 1113 )
A _m(y+l)+(M—m)y+M(—y)
Yem = m+(M-m)+M
= A —Lduwards
ycm_ZMI p
1M,X; + HiyX
@ =2
my + 1,
3_m](0)+(0.1)(12)_ 1.2
0.1+m, 0.1+my
= m=03kg

(b) =(my+my ) =(03+0.1)(67) kgms™

= jp=24] kgms™
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e
— _ n'.[151 + f’”z?}z
© Tem my +m,
6l (0.3)3,+(0.1)(0)
! 0.4

= =8 ms’

13. Let displacement of the cart be x towards left

™

Then displacement of the bob will be (L - x) such that

«—(x)
L

L

mAxy = myAx,
= Mx=m(L-x)

B ML
T m+M

14. (a) =%gt12 = %><10><(0.4=)2 =08 m

hz=%g£§'=%X10><(0.2)2=0.2m

Since, h, =
o - m(0.8)+2m(0.2) _ 04m
3m

= h,=40cm
(b) v =gt =(10)(04)=4ms”
0, = gt =(10)(02) =2 ms™
Since, 0, = moy + 2mu,
3m
Substituting the values, we get

Ve =§ ms™ =267 ms™

15. When ball is to enter the hole, then the ball travels a
horizontal distance | with respect to the car. During
this motion, to maintain the position of centre of mass
the car moves towards left, say by a distance x w.r.t.
ground. So, distance travelled by the ball towards
right w.r.t. ground is (1 - x) such that

Hints and Explanations H.75

m(l-x)= Mx
ml

xX=
M+m

16. Since it is given that x, is the displacement of the man
with respect to the platform, so we have

xmp = xmg - xpg =X

= Xy =Xy X =5-1X

mg 124

Also, we know that no external force is acting on the
system, so the displacement of the centre of mass is
zero. The displacements of the man (), woman (w)
and the platform (p)all w.r.t. ground ( g ) are shown in
Figure.

Mg

Xpg =1 + Xng

Since, Ax,,, =0

=0

= X =
Pg

1" mg X,

og + MY

where x,,,, x,, and x,, are the respective displace-

ments of the man w.r.t. ground, woman w.r.t. ground
and platform w.r.t. ground.

= mys+my(s—x; ) +my(l+s-x,)=0

Lo (my +my )xy —myl
1y + 1y + 1

17. If we take ball 1 and ball 2 as system, there is no exter-
nal force acting on the system. Hence the velocity of
the centre of mass of the system will be constant. From
given figure, we can calculate the velocity of the centre
of mass, which will also be the velocity of centre of
mass 3 s before the collision. x component of velocity
of centre of mass

(Ve ) _ 0y, + My,
iz m, + 1,
(9) _ (3)(-5c0s37 )+(5)(0)=71‘5 !
x 8 kg

y component of velocity of centre of mass

(e )l’ T,

CHAPTER 2
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(3)(=5sin37°) +(5x5)
8 kg

= 7, =-15+2j ms!

=+2ms”!

= (UCITI )y =

As collision occurs at the origin (7, =0), so the posi-
tion of centre of mass at the time of collision will be at
origin. The position of the centre of mass 2 s after the
collision is

Fon =T+ Ot = Dot - 7=0}

cm

= Fm=(-151+2])x2=(-31+4]) m

18. Let the mass n; = m and n1, = nm be moving as shown
in Figure.
y
A nv
/1
S
/ [
4 [
S .Tem
//,/ If
e S Y
ol o m VY
. . 1m0y + 1m0
Since, 7., = 1A%
iy + 1,
_ (nm)oi +m(nv)(cosbi +sin6;)
= Ty =
m+nm
nmo(1+ cosB)i + (nmosin@)
= Vg =
m+nm
. nmv\/(l +c0s6)” +(sinf)’
= || =
m(1+n)
\/ 2 . 2
. _noyl+cos" 0+ 2cosf+sin” 6
= |m|=
1+n
. ‘5 ‘_nv\j2+2cosﬂ_ﬁnvdhcos@
o 14n 14+n
. ,( 8
Since 1+ cos@ =2cos 2
6
Zm)cos(—)
o e \2)
1+n
Test Your Concepts-lll

(Based on Work Energy Theorem for
System of Particles and its Applications
from Centre of Mass Reference Frame)

1.

The kinetic energy of a two particle system with respect
to the centroidal frame is

1{ mm L2
Kcm =3 - ‘ Upel |
2\ my+my

1 mm - -2
= Kcm=_ = |M]_u2|
20 m +m,

Since ii; and ii, are perpendicular to each other, so

|iiy — iy | = \Juf +u3 = J(543)" +5% =10 ms™!

_1[ O.6><0.3J(10)2=10]

= cm
21 0.6+0.3

The centre of mass of the semi-circular chain will be at

a distance (E] from the centre and the mass of the
i

chain will be A7R, where 4 is the linear mass density
of the chain.

Let us consider the horizontal line passing through
points A and B to be the Zero Potential Energy Level
(ZPEL) to calculate the gravitational potential energy
in the initial and final configurations of the chain as
shown in Figure.

Reference level

mn
2

g
Initial configuration Final configuration

Initial potential energy of chain is
Usnitial = mgh;
= uini'(ial = (A'R-R )g( % J = 2}]'ng
n
Final potential energy of chain is
Ugial = M8 (_hf)

= Up = mg(fhf]= (lnR)g(ZR)

When the chain starts slipping from the tube, then its
initial kinetic energy Kj,;, =0 and when it slips off
completely from the tube, then all the links of the chain
move with same common velocity v due to which its
kinetic energy in the final configuration is

1, 1 2
Kﬁmlzimv =E(AER)U

Since all surfaces are frictionless, so there will not be
any loss of mechanical energy and hence by Law of
Conservation of Mechanical Energy, we get
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Uipitial + Kinitial = Usinal + Kiinal
2 p2
= 2/1ng +0= _An"gR” + l(/lsil'R)v2
2 2
izrzng

= %(lﬂR)vz = ZAng +

2 2
2 2AgR (2+7r ]

= 7= —
AR 2

2
= 2¢R| =+ =
- o= 745

Applying Work Energy Theorem from the centre of
mass reference frame, we get

thtal = AKrel + A‘Kcm
As no external forces acting, the velocity of centre of
mass will be constant. Hence AK,, =0
= Wy =W + W, = AK

total int

rel

where, W,,, =0and

Wext = Wgravify =-AlU= —(311’1 )gh

1
Also, (AK ).« = E#(Urzd - ”rzel )

where, 11 is reduced mass of system given by
(6m)(3m)
=——=2m

T 6m+3m
So, we have

-3mgh = %(211’1)[(0)2 ~ (37, )2]

_ 3%
8

When the extension in the spring is maximum, both
the blocks move with a common velocity. Hence the
final relative velocity of the blocks is zero. Applying
Work Energy Theorem from the centre of mass refer-
ence frame, we get

h

1
W= I/vint + Wext = (AK)Cm = E#(Ufel 7“3&1)

1 1
'iNint = (AK )cm = Eyvgel - E-uufel

where, 11 is reduced mass of system given by
(m)(3m) _3m

" m+3m 4
. L 5
Sll'lCE, I/"']int = spring =-AlU= _Ekxmax

1, ., 1[3m) 2
-=k =0-= — [(v,+3v
= 2 X max AW (0 0)

= = 2 J1602)

3m

= Xpay = 20 T

Hints and Explanations H.77

In the centre of mass reference frame, i.e. a reference
frame travelling with the velocity of the centre of mass
of the system, the initial mechanical energy of the
system is equal to the elastic potential energy of the
spring (because initial velocity of both blocks is zero).
When the spring regains its natural length, then this
energy gets converted into kinetic energy, so we have

1,2 1 07 0
Sk -zy(’vr 0?) ()

where, 11 is reduced mass of system given by
(6m1)(3m)

"~ em+3m
and v, is the final relative velocity of the blocks when
the spring comes to its natural length.
So, from equation (1), we get
kx? = pw?

= k’= (Zm)vf

’k
= U, =X]—
2m

At maximum extension in the spring, let the displace-
ments of the blocks n1; and 1, with respect to CM be x;
(towards left) and x, (towards right) respectively. So,
the maximum extension in the spring is

X=x+%, (1)
From centre of mass reference frame, we can write,

—HXy +1MyXy =0
= X = Xy -.(2)
From equation (1) and (2), we get

My X

X, = and x, =
n’fl + mz

iy x

1y + 11,
Applying Work Energy Theorem from the centre of
mass reference frame, we get

W=W,, +W,, =AK_,

int ext =

= W=%#(U§elfuzel) (3)

Since both the particles m; and m, start from rest, so
uy =0

At maximum extension in the spring both the masses
move with a common velocity, so v, =0

Hence, from equation (3), we get

Wrirn‘ + Wext =0 . (4)
In this case, we must understand that since the centre
of mass frame is accelerating, so we do have pseudo

force acting on the centre of mass. The work done
due to pseudo force in the centre of mass frame is

Wpseudr) =0. SO, we have
I/Vim‘ = Wspring + Wpseudo = Wspring

CHAPTER 2
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Since, Wpying = AU = - 1kal, so we have
) 2
k'
V‘Jint = Vvspring = _T (5)

Since F; and F, are constant external forces, so the work
done by these external forces is

WEX[ =F1x1+1:2x2 (6)
So, from equation (4), we get

Substituting the values of x; and x, in equation (7), we
get

2
MyX mx kx

F = |+F 1 —
My + 1,y 1y + 1, 2

2(myF, + myF;)
x=———"—"=
k(m, +m,)
7. When the slipping stops, then both the block and
plank move with same common velocity. Applying

Work Energy Theorem from the centre of mass refer-
ence frame, we get

1
W= I/vint + Wext = (AK)Cm = E#(Ufel - ufel )
where, u is reduced mass of system given by
C(m)(3m)3m

m+3m 4
1( 3m 2 3 2
= Whiction :_E(T)Uu =—§mvﬂ

8. The initial and final situation is shown in Figure.

A—

/64 [f;fs
CM of hanging part

Initial configuration Final configuration

The work done in slowly pulling the complete chain
up the table is

Wext = Aucm (1)
Assuming ZPEL to be at the table, then the initial and

final potential energy of the part of the chain hanging
from the table are given by

m l mel
Uipigiar = Mg (~hem ) = (3)3[6)= ’%

and urfinal =0
So, from equation (1), we get

Wextzg_[_m_gf)zm_ﬁ
18 18

9. At maximum extension in the spring, both the rings
move with same common velocity. Applying Work
Energy Theorem from the centre of mass reference
frame, we get

int e rel

1
W=W, +Wxt=(AK)Cm =Elu(v2 _erl)

where, 11 is reduced mass of system given by

_(6m)(12m)

61 +12m
Since no external forces are there, so W, =0 and due
to extension of the spring, we have

Since, Wy, = -AU = 7%kxﬁlax

spring =

= -k, =-

m
= Xpax = 27}0\/%

Test Your Concepts-IV
(Based on Conservation of Linear Momentum)

1. Absolute velocity of man ie., velocity of man w.rt.
ground is v, — v where v is the recoil velocity of platform.
Taking the platform and the man as a system, net exter-
nal force on the system in horizontal direction is zero.
The linear momentum of the system remains constant.
Initially both the man and the platform were at rest.

= v=
iy + 11y

2. Let the velocity of the car just after jumping of man
be v. The net velocity of the man with respect to the
ground will be u -1, as u is its velocity with respect to
the car.
If we take man and car as system. There is no exter-
nal force act on it in horizontal direction. It means the
linear momentum of the system should be conserved
in horizontal direction.

"o oy

Just before jumping Just after jumping
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(]

Initially, the system was at rest, thus according to
momentum conservation, momentum after jump
must be zero. Hence,

= ©vcosf=usinf
= v=utanf

= v=,/2g¢htanf
m(u—-v)=Mv

mu

The particle just after collision started moving in hori-
= zontal direction. Hence the component of the velocity

m+M of the ball in vertical direction after impact should be
zero. Applying impulse momentum equation to the
particle in vertical direction, we get

=

3. At the lowest point, when n1 leaves the surface of M, it
has a horizontal velocity v, (say). If v, be velocity of M,

then by Law of Conservation of Linear Momentum, J= (Ptinal ]u ~(Pinitial )u
we have ‘ ‘
= Jcos@=0-(-mu)=mu N
mv, = Mv, (1) - (a'4
By Law of Conservation of Mechanical Energy, we have s T sect ul_-l
mgR = %mvf +%MU§ .(2) = J=m2ghsech &
Also, using concepts of Projectile Motion, we have Loss in kinetic energy due t‘i 1mpactlls I
E _ 1312 -AK = Kini‘tial - Kﬁnal = Emuz - Emvz U
2 = —AK:lm 2¢h = 2gh 2tanzﬁ
= R 2
t= [— ..(3) .
8 = _AK=—m[2gh(1—tan29)]
The desired distance is 2
s= (v +v, )t ..(4) = -AK=mgh(1-tan’6)
5. Velocity of projectile at highest point is 24cos60° or
12 ms™ (horizontally). Applying Law of Conservation
of Linear Momentum, we get
>, mvB}+n-zz7A =2m(12i)
et T \\\ = T, =241 -0y

Since they fall 45 m apart, so

x=(v, )Xt

= 45=24¢

g [2Mem) ~ t=1875s
VM

1
Since, H =0t + Egt2

Solving equation (1) and (2) for v; and v, and substi-
tuting in equation (4), we get

4. Velocity of the particle just before impact with the plane

2.2
u=2gh _, (24)sinT60° (1.875) + + 0 (1.875)?
: 2(10) pLOMITH S
v A
Jsing v
\ —Q—
using ;70| Jeosd
\vcose Y T

]

In the direction normal to impulse, the linear momen-
tum of the particle just after impact will not change.
Hence velocity of the particle parallel to inclined plane
just before collision and just after collision is the same. = v3=255ms™

45 m-»

Solving this equation, we get
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= 7, =24i -255]

= [54]=(24) +(2.55)

= |i,]=241ms™

6. Let the projectile be of mass 4m. The projectile just
before explosion is at the highest point of its path
and moving with horizontal velocity of v, cos8,. The
lighter mass m formed after explosion retraces its path
and hence its velocity at the top is just reversed due
to explosion. So, n moves leftwards with a velocity
vy cos6. At this moment, the heavier part of mass 3m
is moving rightwards with velocity .

Just before explosion ! Just after explosion

Q—

I
I
i

Vo COSGO : Vo 00390
I
I
I

4m m 3m
ANEN
Y am \‘\ L.
A N
80 \\ \\‘

The linear momentum just before explosion
Pinitial = (4110, 086, )i

The linear momentum just after explosion
F_]ﬁnal = *( mv(] COSQD )l: + ( 3m )5

Applying Law of Conservation of Linear Momentum
along horizontal x-axis, we get

(4moycosty )i =—(mug cosy )i +(3m)d

= (3m)3 =(5mu,cosf, )i

R 5=( 50, C;SQO }A

Hence the velocity of the heavier part just after the

oD N
explosionis v = 370008 6y, along x direction.

7. Applying Law of Conservation of Linear Momentum,

we get
moy = Mu, (1)
e —)
1
/%
1
¢
m Ly,

By Law of Conservation of Energy, we get

1 1
mgé(]—cosa)=5mvlz+§Mv§ ..(2)

Solving these two equations, we get velocity of wagon

!
U, =2msin(g) &
2N (M+m)M

Let us solve the problem for a general case when direc-
tion of # makes an angle 6 to the line AB as shown in
Figure.

At position A’, the string gets taut and the components
of velocities along and perpendicular to the string just
before and after the jerk are shown in Figure.
ucosa
"

/
/

.

>, usina

B
Just Before Jerk Just After Jerk
Applying sine rule to AAA’B , we get
sin@ _ sino
2] )

1 1
= sina=Esin9=Ev17coszt9 (1)

Since, velocity of A perpendicular to the string
remains constant during jerk, so applying the Impulse
Momentum theorem, we get

For A, ‘[—Tdt=mv’—mucosa ..(2)

For B, J.Tdf=mv’70 ...(3)
Adding equations (2) and (3), we get
0=mv" +mv' - mucosa

, Hcosc
U =
2

=

So, Impulse = | Tdt = mv’ = Micosa ...(5)
P 2

For (a), u isalong BA ,ie. =7 and 0r=0°

= :f)':E and det:ﬂ
2 2
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For (b), u makes an angle of 120° with AB, i.e. 6 = %r

and @ =sin"" [ ?)

oulB

and Im - ”"”;ﬁ

or (c), u makes an angle of 90° with AB, i.e. 6= g and

T
o=
6

. uf

and J.Tdt - M3
4
When the smaller block reaches A, then both the
blocks will have same horizontal velocity. Applying
Law of Conservation of Linear Momentum (along axis
perpendicular to gravity), we get
mo=(m+M)o,
mo

= 0.=
Tom+M

When the particle strikes the pan, the normal reaction
between the pan and the particle provides the impulse.
Hence tension in the string is impulsive in nature. Let
the speed of the system just after collision be V. The
impulse diagram is shown in Figure.

Aﬂ}" rv

Impulse on
the pan

Impulse on
the particle

Impulse on
the block

From impulse momentum equation, we have
)T = ﬁfinal - ,t_;' initial
Taking downward direction as positive, then
for the particle, we have
-], =2m(V -v)
for the pan, we have
Ji=],=mV
and for the block, we have
~J,=-mV
= [,=mV
From equations (1), (2) and (3), we get

v=2
2

(a) By Law of Conservation of Linear Momentum, we

get
Mo =2m(u-0)

12.

Hints and Explanations H.81

2mu
M+2m

= U=

[m =

(b) Again, applying Law of Conservation of Linear
Momentum, but one by one, we get

(M+m)v,=m(u-0)

u—-ve4——-e
2m

nu

Ul—

M+2m
M+m z
m m 7
PRLIN v RLIEY v
u=-vy f TR ’ 2 E
ol ~ o.
Further, Mv, = m(u—-v, )+m(u-1,) <
mu XL
= (M+m)v,=(M+m )[ )+mu
2 M+ 2m Y
mu mu
= Uz= +
M+2m M+m

If shell is fired at muzzle at speed v, , then by conser-
vation of linear momentum, we have

: .
m(T;—zh]:kmvz
NP —
P 2(k+1)
Y
Vy:ﬁ
1~
Q— V= {h—vz]
m V2

45°

Va

The ratio of kinetic energies is given by

1 i(v_l_,,,, ']2
Kshell _2 2 ‘/E ’

Kgun 1 kmw3
2
o Ko
2
= Kshell — 2 2“§+1)
Kgun kvl
2(k+1)
Ky 267 +2k+1
= = =
K k

gun
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13. Applying Law of Conservation of Linear Momentum
and Mechanical Energy we get,

mo =MV ..(1)
and 1?'th=%1’.'1!:02ﬁ-%MV2 ..(2)
Solving (1) and (2), we get velocity of cube to be
o 2MgR
M+m

14. Since tension in the string will be impulsive in nature.
The impulse diagram of the situation is shown in Figure.

. b

\ tension y

\\(6/_ v
%‘J@inﬂ — ~[—>x
Jycosd J;
I

Applying impulse momentum equation to the particle,
we get

-], =0-mu,
= [;=my,
As the string is inextensible, so the bob cannot move in
vertical direction. Hence,

Jiension = J1€056
= Jiension = MUy c0s0
The horizontal component of impulse (];sinf) will
be responsible for motion of the bob in horizontal
direction, hence

J;sinf = MV
= V= J,siné
M
v = "% sinf
M

So, we observe that after collision, the bob starts
moving in the circular path.

15. Just after the string becomes taut, velocity of M
(upwards) is given by

(M+m)v=m,2gh

nyJ2gh

(M+m)
Retardation,

H_[M—m)
A\ M+m §

16.

20 2my/2gh M+m
= X

a (M+m) (M-m)g

2m |2k
= t= —
M-m\ g

Loss in kinetic energy is given by
~AK=K;-K;

= -AK =mghf%(M+m)v2

2
1= (24}
= —AK:mgh—l(M+m)Lgtz
2 (M+m)
_ _AK=Mmgh
M+m

In this case both the normal reactions, i.e. between the
ball and wedge and between wedge and ground will

be impulsive in nature and since impulse is
Al

j=[Fa
0
Hence the direction of impulse will be same as the
direction of impulsive force which in this case is the
normal reaction. Making impulsive diagram of the
situation (impulsive diagram will be same as FBD in
laws of motion) is shown in Figure.

Jicos

v
T Impulse by wedge
4 on ball
,
Yo J;sind

J;sind

Impulse by ball on wedge
J ;
4 ! J,cos y
; L.
X

JET Impulse by ground on wedge

Applying impulse momentum equation for ball along
the x-direction, we get

U 1 )X = (;Efinal )X - (If_’initial )x
Since the final linear momentum of the ball in

x-direction will be zero because the ball starts moving
in upward direction, so we get

J18in0=0-(-mv, )= my, (1)

From equation (1), we get
my,
J; = —2% = mu, cosech .2
sin®
Since the wedge is not moving in the vertical direction,

so from impulse diagram for the wedge, we see that

J; =] cos@ = mu, cotd
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Since the ball just after collision starts moving up, so
we can apply impulse momentum equation along the
y-direction and get

(f‘l )y = (nﬁﬁnal )y - (nﬁinitial )_lf

= J,c0s0=0-(-mv)=mo

Jicos@ _ mu,cotd
moom

= 0=

[ of (2)}

= v=7cotl

Just after collision the wedge starts moving towards
left. Applying impulse-momentum equation to the
wedge along the horizontal direction, we get

(JT 1 )X = (F_’final )x - ( Pinitial )X
-J;sin@=-MV -0
Jisin@ _ muo,
M M
Since the normal reaction between ground and wedge
is impulsive, hence this means that the friction force

between the wedge and ground will also be impulsive.
So, impulse due to frictional force will be

Jrfrictinn = ﬂ]z = ;u( muy COte)

V=

Given m=025kg, m=375kg, my,=125kg and
=302 ms™
me—Ys m || M= 0.5
—~ M
smooth

Let v be the common velocity then applying
Conservation of Linear Momentum, we get

mu = (m+my +ny v
mu 0.25x 302

= v= =
m+mny+m, 025+375+125

= p=15ms’’

Let v, be the velocity of (n1+ ;) just after collision.
Applying Conservation of Linear Momentum, we get

o = mu  025%x302 2 ms!
" m+ my  025%37.5

A
adt

183.75 N

—»183.75 N

my

Force of friction between n1; and 1, till it stops is
fi=pmg=18375N

Hints and Explanations H.83

183.75 N 183.75

m, 1,

=19.6 ms

r

Since, v, =v; =2 ms™
So, displacement of m1; or mi, is
2 2

v, (2)

S, = = =01m
20, 2x196

18. When m leaves M, both would be moving at same
speed horizontally, so we have

mu=(m+M)ov N
L mu [+ 4
m+M I'II_'I
The mass m will also have a vertical speed v, due to W
which it rises to a maximum height H. Applying the =4
Work Energy Theorem, we get I
2 Y
1mnf"‘ -mgH = l(m+ M)[ ™ )
2 2 m+M
2
= -2¢H= e
m+M
2 2
- ZgH—tz— mu”_ Mu
m+M m+M
He Mu?
2¢(M+m)
Test Your Concepts-V

(Based on Variable Mass Systems)

1. Since the sand spills through a hole in the bottom of
the cart, so the relative velocity of the sand v, will be
zero because it will acquire the same velocity as that of
the cart at all the instants. So thrust force is

dm
E=0 asF =0, —
t [ t r df }
—»v
0O 0O~
—>y
Ve = 0
Hence the net force will only be F
= Fnet =F
= m(@)ﬂ: (1)
dt
But m=my — ut

dv
= (mo_#f)E=F

t

= Jdv:J. Fat
My — it
0

0
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t

SN

= v:iloge[ T J

0

u My — ut
From equation (1), we get acceleration of the cart to be
dv F
J=—=—
dt m
F
= a=
my — ut

2. Velocity of plate relative to the dust particles is (1+v),
rightwards as shown in Figure.

dx = (u + v)dt

In time dt, the plate comes in contact with dust particles
stored in volume given by

dV = Adx= Alu+v)dt
So, mass of dust striking the plate in time dt is
dm=pdV = pAv+u)dt (1)

It we consider a plate of dust of mass dm as a system,
and apply Impulse Momentum Theorem over time df,
then we get

am

M d,ﬁ M+dm
Fdt = (M +dm)v - (Mo —udm)
= Fdt = Mv+uvdm - Mo+ udm

dm
F= — (2
= (u+v)( " ) 2)
Substituting equation (1) in (2), we get
F=pA(v+u )2

3. (a) (i) Tojust lift the rocket off the launching pad, we
have
Weight = Thrust Force

—dm
= mg:vr F

. (ﬂ):ﬁ
dt v

r

ae
Substituting the values, we get
—dm ) _ (450+50)(10) =
= = 25 k S
( dt J 2x10° ¥

(i) Net acceleration =20 ms™
Since we have ma=F, -mg

= a—i—
m S

R a_vr(—dm)
T m\ dt §

. (_dm]_m(gﬂ)

dt v,
dm (450+50)(10+20)
= —=
dt 2x10°
dm 1
—— =75k
at 88

(b) The rate of fuel consumption is 10 kgs™ . So, the
time for the consumption of entire fuel is

t= @ =45 second
10

Since, we know that

B g

v=1u gt+vrlogf,[ " )

In this problem, we have

u=0,v,=2x 10% ms™, m, =500 kg and m =50 kg
Substituting these values, we get,

U=(10)(45)+(2><103)10g9(?[?]

= p=-450+4606=4156 ms
= v =4.156 kms™

The thrust acting on the container due to ejection of
water is by, in the upward direction. Let us first write
the equations of motion for mass and container by
using the Newton's Second Law.
For mass, we have

mg-T=ma (D)
For container, we have

T+ by —(mg - bt ) g = (my — bt )a (2
Adding equations (1) and (2), we get

myg +bog — myg +btg = (my +my —bt )a

. =(n11—m0+bt)g+bv0

ny + 11y, — bt

For v to remain constant, net pulling force on the chain
should be zero. This is possible only when

Weight Weight

(Thrust ] . of Left | (Pull] of Right
Force Side of P Side of
Chain Chain
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= (sz)+(&}1)g=P+(ly]g
= P="+Ag(h-y)

Rocket will start to lift when upthrust on rocket will
balance its weight. So, we have

kv, =(M~kt)g
. Mg - kv, _M_U_U
ok kg
Since, a = Upward Force
Mass
(%)
= 4= dt
m

(2)
=)
= m=mye "

In this problem the sand spills through a hole at the
bottom of the cart. Hence, the relative velocity of the
sand v, will be zero because it will acquire the same
velocity as that of the cart at the moment.

Since the thrust force is given by

dm
Fthrust =0 d_

t
=0
So, net force equals the external force F, hence
Fnet =F

= K thrust

= m(d—szF
dt
Since, m =, — it
dv
= (my—ut)—=F
(mq p)dt
v t
= J.dt::'[ Fat
my — ut
0 0
= v=f£1n(m(,f,ut)‘g
Jli

Hints and Explanations

H.85

Since the acceleration is given by
dv F
A=—=—
dt m

F
my — [t

9. Net pulley force at time ¢ is,

dm dm
F:[Mﬂg*”ﬂ[zﬂ‘[Mﬂ‘fﬂg

= F=(Myg+pmy)- (M- pt)g = (v +1g)

= a=

Total mass of system at time t is M = 2M, — ut
d

Since F= M~
dt

dv

dt
v t

2M, — ut
0 0
Integrating, we get

S (M) 2 = (o +1g)

U= M log 2M0 +8t
u  2M, - pt

Test Your Concepts-VI
(Based on Head-On Collisions)

. my, —em (1+e)m
1. Since v, =| ——2 |u+| —= |u,
ny + 1, my + 1y
(1+e)m m, — em
and '02:( ! u + -2 1 Uy
my + 1y 1y + iy
So, for my = m, = m (say) and u, = 0, we have

1+e 1-e
U= - nand v, = - u

u 7 Vy
m—» m m—» m—»

Before Collision After Collision

Given that K = éI(}-
=

CHAPTER 2
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= 1mv%+lmv§=§(lmu2J
2 2 4\2

Substituting the value, we get

(1+e)2 (1—9)2 3
N 4| — = —
2 2 4

= (1+e)*+(1-¢)’=3

= 2+42¢*=3

= ez=l
2
= e=i
V2
U =12 ms™
= m=4kg

= u,=4 ms™
= my=8kg
Let v; and v, be the velocities after impact
Conservation of momentum
= 4o, +80, =80 (1)
Newton’s experimental law

0y -0y =—e(u;— 1)

0, -v,=-05(12-4)=-4 ..(2)
Solving equations (1) and (2), we get

vy=4ms", v, =8 ms
Loss in kinetic energy is

-AK=K; - K;

1 2 2 2 2
= -AK= E(mﬂh + iyl — U] — MyU )

= —AK:%[4(144)+8(16)—4(16)—8(64)]
= -AK=64]

The speed of wall will not change after the collision.
So, let v be the velocity of the ball after collision in
the direction shown in figure. Since collision is elastic
(e=1),

" ﬂﬁ 1 ms™ v " 1 ms™

Before Collision After Collision

Velocity of Approach of ) ( Velocity of Separation of
Bodies just Before Impact | | Bodies just After Impact

= 2+1=0v-1

= 0=4ms’

m+ m
4 57y
vlm = UD =
m+2m 12

So, 4 d _&
' g
12
m 2m
L—FVO g
— o —

In this time, the ball m will move a distance.

slz(v—OJ & =04d
6\ 7

Next collision will take place after a time
0.6d 2224

(vo ) +( 5%) oy
6 48
In this time, the ball 2im will move a distance

2.22d
S; = (5&) from the wall
48 Uy

= 5,=023d

t2:

If we take the ‘block + spring’ as a system, no external
forces acting on the system. Hence linear momentum
of the system will remain conserved. Let the velocities
of the blocks when the spring is again relaxed be v,
and v, respectively. Now using conservation of linear
momentum

u U V. V.
1I ‘ 2 1' 2'
m|  {my mi|  r{m)

Just before collision Just after collision

Mylly = Mylly = M0 + M50,
= 2x4-1x2=2xv,+1x0p,
= 20,+v,=6 (1)
The collision of the spring block system can be treated
as perfectly elastic collision. Hence, we can use the
coefficient of restitution equation

v, -0
e=—2—1=1

Uy — 1,

where, e=1, u; =4 ms™, Uy =-2 ms™
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o0
Uy — D
1= 2 1
7 ()
= 1U,-0,=06 .(2)

Solving equations (1) and (2), we get
v,=0and v,=6 ms '

Since the collision is elastic between the blocks, the
two identical blocks will exchange their velocities.
First block will come to rest while the second will start
moving with velocity v;. The retardation in this block
is ug. Hence, the velocity of this block before colliding
with the wall will be given by

v? = U% -2ugd

= v=\/0372ygd (1)

Now, let v" be the velocity of this block in opposite
direction after colliding with the wall, then as the col-
lision is elastic (e = 1), hence, relative speed of separa-
tion is equal to the relative speed of approach.

U —u=v+1u
= v =(2u+v) (2
Now, to avoid the second collision between the blocks

0=(v’)2—2,ugd
= (2u+0v)=2ugd
. J2ugd —v _ J2ugd — o5 - 2ugd
2

2

Therefore, the maximum values of u is

J2ugd —\Jvg - 2ugd
2

Let velocities of sphere 1 and 2 after collision be v,
and v, respectively, then by conservation of linear
momentum, we have

=

MU, + M0y = mu (1)

Uy =0
2 1l ..(2)
u

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

l+e
Uy, = T u

Now, when sphere 2 collides with sphere 3, then after
collision velocity of 3 will be

Also, e=

1+e Y
Uy =( ) 1 and so on.
2

Similarly, velocity of nth sphere will be

(1+e)”1
v, =l — | wu
2

9.

Hints and Explanations H.87

Let us assume that the balls are slightly separated
when the superball hits the floor.

Let v, be the velocity of small ball (1) just after collision.
Let v be the velocity of small ball 1 just after collision
with big ball 2. Then,

Vﬂl 1 V;T 1
2 TVO

Vo:m

. (my—m 2m,
o) =| 1—2 o+ o,
mm
where v, =1, v, = vy and — = e 0, we get

M,
v =-3vy = -3,/2¢gh

So, height gained by small ball after collision, is
2 9(24t

=2 2281

LA

After first impact v, =0

Before first impact

CHAPTER 2

Vy= 0 O O—PVQ O

After first impact

m, — e,
= 7= 2 lu; =0
My + 1M,
= m =ei, (1)

After second impact, v; =0
my my ms

Qu=0 O
After second impact

m, —em
= (#Jyzzo
1y + 1y

= M, =emy -.(2)

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

My = [Ty

. By Law of Conservation of Mechanical Energy, we get

1 5, 1 5
—m 0" = —kx* + myex
M 2 18

Since, v=,/2¢H
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= 2mgH = kx* + 2mgx (1)

The lower block will rebounce only when

M8
k

x> { kx=myg}

Substituting, x = % in Equation (1), we get

\2
2m,gH =k(%] +2m1g(%)

H= My ( 1y +2my
k 2my

o[ - M8 mr2m
™k 2m,

11.  Letus assume the final velocities of the particles m and
2m be v, and v,, respectively, as shown in Figure.

m 2m
Q= @

Just after collision

m = = 2
:1 Up=2v U, v:-:z m

Just before collision

Applying conservation of linear momentum, we get
m(20)+2m(-v)=m(v,)+2m(v,)
= 0=mo; +2muv,
= 1+20,=0 (1)
Since collision is elastic, so relative velocity of approach
of bodies equals the relative velocity of separation of
bodies. Hence, we get
v, -0, = 20— (-0)
= 0,-0,=30 .(2)
Solving equations (1) and (2), we get
v, =—2v and v, =v

This simply means that both masses reverse their direc-
tion of motion after the collision as shown in Figure.

oy M 2m

O O

12. Consider the two blocks plus the spring to be the
system. No external force acts on this system in horizon-
tal direction. Hence, the linear momentum will remain
constant. Suppose, the block of mass M moves with a
speed V and the other block with a speed v after losing
contact with the spring. From Law of Conservation of
Linear Momentum in horizontal direction, we get

MV -mv=0
m
= V=—vp ...(1
M M

The initial energy of the system is E; = %kx2
The final energy of the system is

Ef =1mv2 +1MV2
2 2

Since there is no friction so, mechanical energy will
remain conserved.

= 1mvz+1MV2:lkﬂr2 ...(2)
2 2 2

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

kM
v=x,|—— and
m(M+m)
km

Vex |———
M(M+m)

Test Your Concepts-VII
(Based on Oblique Collisions)

1. In perfectly inelastic collision with the horizontal
surface, the component parallel to the surface will
remain unchanged.

/<')'\ 1
PECIAN '
) /. NLo,
vecos’d HoN b
D, v.cosg & /
V,C0S6.4- 00N €058 _<'C
Y

—_—————

H
cosf=—
L

By Law of Conservation of Energy, we have

v, =4J2¢H

Similarly, when the string becomes taut again, the
component perpendicular to its length will remain
unchanged. So,

H2
v,co8” 0= (\/Zg_H)?zv

Again, using Law of Conservation of Energy, we get
H4
h—f—(ng)?—Hi
29 2 I

{say}
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Let ¥ be the velocity of the sphere after impact. To find
U we must separate the velocity components parallel
and perpendicular to the wall.

Since, after impact the component of velocity paral-
lel to the wall remains unchanged while component
perpendicular to the wall becomes e times in opposite
direction. So, we have

Therefore, the velocity of the sphere after impact is

i)
The loss in kinetic energy is

-AK=K;-K;
= AK:im(32+12(2)212J=2gnl

Since impulse | = Ap, so we have
f=m(_gs+})_m(3s+;)=_(%]§

Since the collision is perfectly inelastic, so the putty
wedge system of mass (M + m) moves as a single body
with a velocity V. Applying the conservation of linear
momentum, we get

moycos@=(M+m)V

m

0 —V

& 5

_ muycost

"~ M+m

The loss in kinetic energy of the system is
Loss = -AK = K; - K

v

1 1
= -AK= Emvé —E(M+m)V2

Where,V:M
+m
\2
- _AKzlmvé—l(M+m)(w]
2 2 M+m
z 2
= —AK:%(l_mcos 9)
2 M+m
- _AK_@(MLW)
2 M+m

Since impulse equals change in momentum, so we have

A A

f=m(f+3})—m(41’—j)
J

= m(—3f+4})

Hints and Explanations H.89

To find the coefficient of restitution we require the
velocity components, before and after impact, in the
direction of impulse i.e., along the line of impact, i.e., in
the direction —3i + 4. The unit vector in the direction

of | is %(—3? + 4}) So, the magnitudes of the velocity

components in this direction just before impact is
oy 1 o 16
4i-j)=Bi+dj)=-—
(4i-) (-0 +4j)=—
and just after impact is
2oy 1p e Ay 9
1+3] ) =31 +4j]|==
(i+37) 5(-si+4j) =

I oo 16
The significance of the negative sign in 5 is sim-
ply an indication that this component is in a direction
opposite to that of |.

The speed of approach to the wall is therefore, % and

the speed of separation is % Since

_ Speed of Separation
Speed of Approach

959
16,;"5 16

Applying Law of Conservation of Linear Momentum
in vector form, we get

mui =0+ movj +mv’

= U =ui-vf

= |7 |=Vu? +0?

Method I: By using conservation of linear momentum
If we take wedge and ball as a system, then no exter-
nal force is acting along the horizontal direction, so
linear momentum is conserved along the horizontal
direction. Since the ball is moving along the normal
direction, so it has no component of velocity along the
inclined surface, i.e. the common tangent direction or
along the t-line.

n-line

m.,’
Ve
/v,
J

Let velocity of the ball and wedge after collision be
v, and V respectively, then by conservation of linear
momentum applied along the horizontal direction, we
have

CHAPTER 2
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muysinf =MV +muv, sinf (1)
Also, v, —v; =e(u; — 11, )
= Vsinf-v, =¢(v,-0) (2
Solving equations (1) and (2), we get
[(1+e)msin9}
V= 72 Un
M+msin®0
.2 _
and v, =Vsinf -ey, =(M]UD
M+ msin®8

Method 2: By using the impulse method
The impulse acting on the ball and wedge is shown in
Figure.

Since impulse equals the change in momentum of the
body, so
for the wedge, we have

Jsing= MV (D)
for the ball, we have

-] =mv, —my, ..(2)
Also, v, —v; =e(u; — 11y )
= Vsinf-v,=¢(1-0) ..(3)
Solving equations (1), (2) and (3), we get

1+ in@
V{%}% o
M+ msin“0

msin® @ — Me
Un = ) UO

M+ msin”0
Vertical component of velocity and hence the time of
flight becomes e times. Since,

Range = uyT
where, uy; is the horizontal component of velocity

which remains unchanged due to collision. Hence the
new range will become e times i.e.,

L,=eL,

X

30°

Squaring and solving, we get
R=2m and t=1s

Now, u, =2cos(30°)=+3 ms ™! and
u, =2sin(30°) =1 ms™
a,=gsin(30°) =49 ms™ and
a,=-gcos30°= ~4.9y/3 ms ™

Speed after bouncing is

v= Uf+(evy)2

- z}:J(\/§+4.9X])Z +(06(1-49v3x1))

= v=8ms’!

If after collision, the particle moves along the track,
then this means that there is no normal component of
velocity and hence e = 0.
Just before collision, the components of velocity along
the normal and along the tangent are

i, =ucosf and u, =usinf

When the velocity of particle becomes horizontal just
after collision with the track, then we have

Common
normal®,  R/2
—>»

0 P R/?

--------- - - 0 P ’
Just after \\ sinfB=—
collision Common R T2r
“~" tangent ‘ or 6 = 6
A
U= U, = ucost

The component of velocity along the common tangent
direction will remain unchanged because in this direc-
tion there is no impulse. Hence

v, =1, =usinf (1)
Also, speed of the particle just after impact along the

n-line is ¢ times the speed of particle before collision
along the n-line.

v, = eU, =eucosd -.(2)

Since after collision, the particle moves in horizontal
direction, so vertical component of particle velocity
should be zero. For this condition to be obeyed, we have
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eu, cost = v, sind (3
Solving equations (1), (2) and (3), we get
(ettcosf)cos® = (usinf)sin@

= e=tan’f= tanz(E)=l
6 3

10. (@) u,=0,a,=g
= v,=,29h
After collision relative velocity v; =e,/2¢h; and
relative retardation is still ¢ (downwards). So,

2
hz = M = L’Zhl

§_%8

4 4

So, just before collision, we have

4

Just after collision, v, =ev,

Relative retardation is still %g

2
()
(%)
4
11.  The horizontal component of the velocity of ball dur-

ing the path OAB is ucosa while in its return journey

BCO it is eucosa. The time of flight T also remains
unchanged. Hence,

b) u,=0,a=g+

Hence, h, = =e’h

T =tppp +1pco

C
A
0]
< a >
2usino a a
= = +
g UCOSO  eUCOST
a 2usino a
= = -
euCcos K g ucos o
2 .
a 2u”sinocos o —ag
= =
euUCcos K gucosw
a
= b= g
2u” sinocos o —ag
1
= e=

(u?‘sin(Za)_l]
ag

Hints and Explanations H.91

Single Correct Choice Type Questions

1.

Horizontal and vertical components of initial velocity
are

1, = 2032 05 45° = 20 ms ™
and 1, =20425in45°=20 ms™
After 1s, horizontal component remains unchanged
while the vertical component becomes
v, =U, — gt
= ,=20-(10)(1)=10ms™

Due to explosion one part comes to rest. Hence, from
Conservation of Linear Momentum, vertical com-
ponent of second part will become v; =20 ms™.
Therefore, maximum height attained by the second
part will be

H=h+h,

Where, /1, be the height attained in 1 s.

= I =(20)(1)-=(10)(1)*=15m

1
2
and h, be the height attained after 1 s.

,2 2
=i=@=20m
2¢  2x10

= H=20+15=35m
Hence, the correct answer is (B).

=

Let speed of block be V. Then by Law of Conservation
of Linear Momentum (applied along the horizontal
direction), velocity of cylinder will be v in opposite
direction, then

mo—-MV =0
M

- oMy
2

= =2V

By Law of Conservation of Mechanical Energy, we have
1 2 1 2
h==-MV*+-m(2V)
=3 2
where, i=R-r=1m
Substituting the values, we get
1 1
(1)(10)(1)= E(z)(v2 ) +E(1)(4V2)
= 30'=10
5
= v=,/—ms
3
Hence, the correct answer is (A).

Since centre of mass of 1g, 2 gand 3 gisat(2, 2, 2)
= amassof (1+2+3) g =6 gisplaced at(2, 2, 2).

CHAPTER 2
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Let the new mass of 4 g be placed at 7, such that the
new centre of mass is new at origin (0, 0, 0). Hence

6(2, 2, 2)+47
10
= 7=(-3, -3, -3)
Hence, the correct answer is (C).

(0,0,0)=

Let the displacement of wedge be x (leftwards).
Horizontal displacement of A and B with respect to
wedge is 10cos 45° or 52 cm (rightwards) or the hori-
zontal displacement of A and B with respect to ground
is (542 —x) em rightwards. The centre of mass of the
whole system will not move in horizontal direction. So,

(2m)x = (542 = x ) (m+2m)
= 5mx=15y2m

= 1=32m
Hence, the correct answer is (B).

m=mge ™™

[ _d_m] = moﬂe"’“
dt

Now thrust force F = u( —%) = umyde™
m( d_v] = umphe M
dt

= (mﬂe"’” )% = umpAe ™

= dv=uldt
v t
= Jdv = uljdt
0 0
= v=uAt

Hence, the correct answer is (B).

By Work-Energy Theorem

%m(vz —uz)=Fs (1)
For the second case
%m(v’z —u?)=Fs .(2)

where F is the retarding force offered by the plank to
the bullet.
Equating (1) and (2), we get

vt —ut=v? -yt
= (150)° (125 =0"* —(90)’
= v2=(35)

= ©'=35ms"
Hence, the correct answer is (B).

10.

Let | be the impulse and v the common speed. Since,
Impulse = Change in Linear Momentum
So, for mass 1, we have

| =muy —nv .1

where, v, = @
and for mass 2m, we have
J=2mv ...(2)
From equations (1) and (2), we get
N
3
Hence, the correct answer is (D).

Before explosion, particle was moving along x-axis,
i.e., it has no y-component of velocity. Therefore, the
centre of mass will not move in y-direction

= Ym=0

_ Il + kY,

= Y= my + i,
B} oz(’;’)(ﬁiﬁ%”]w)
4 4

= y=-5wm
Hence, the correct answer is (A).

Since F,, #0

ol

em =, Vo =0, at any time £.

E
: - _ “ext
Since d, =

soag#0

vp=0and a;#0
Hence, the correct answer is (B).

Speed of ball before collision is
1
0 =1cos60° = (20)(5) =10 ms™

Since, collision is perfectly inelastic (¢ = 0), the ball will
not bounce. It will move along the plane with velocity

1
v =vcos30° = OT\E =53 ms™

Maximum height attained by the ball is
I2

usin®60° o
=+
28 28

H
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e
\/5 2
(20)2(— 2
Lo 2) ,(543)
20 20
=307 3 1e75m
20 20 20

11.

12,

13.

14.

Hence, the correct answer is (B).

Retardation due to friction
a=pg=(025)(10)=25ms"

Since collision is elastic, i.e., after collision first block

comes to rest and the second block acquires the veloc-

ity of first block. Distance travelled by it will be

N )
20 (2)(25)
So, final separation x is
x=5-2=3m
Hence, the correct answer is (C).

5m

In perfectly inelastic collision between two particles, lin-
ear momentum is conserved. If § be the angle between
the velocities of the two particles before collision, then

P> =pi + p3 +2pypy cos6

2
= (ng] =(mo)* +(mo)* +2(mo)(mv)coso
= 1=1+4+1+2cosf

1
= cosf=—-—
2

= 0=120°
Hence, the correct answer is (D).

In one dimensional collision of two particles, the veloc-
ities are interchanged when collision is elastic and
masses are equal.

Hence, the correct answer is (A).

1
M, = Mass of cone = gn:thp

M, =Mass of hemisphere = %Jﬂ@p

Since CG,; =§ therefore AG,; = %h

Also CG, = %

Y
A A
S
|
|
I
h |
I
N\
e F__O 1 C Y o X
Jome :
SR 1G,
| R
I

15.

16.

17.

18.

Hints and Explanations H.93

The position vectors of points G, and G, are
- s ha
f=Ri+ 1 j and
_on 3R - » 3R~
f,=Ri+—{~j)=Ri-—
2 8 ( }) 3 ]
According to the problem the centre of mass lies at C
and hence 7, =Ri

M,r1+M,ra

Since F., =
o M +M,

I
Substituting values to get EI =3

Hence, the correct answer is (A).

KE of different
particles in the
frame of reference
of centre of mass

KEof
centre of |+
mass

Kinetic energy
ofasystem |[=
of particles

CHAPTER 2

1
Here, KE of centre of mass is Emvz

1
So, KE of the system of particles > Emvz
Hence, the correct answer is (C).

This problem can be done by using the concept of
“Negative Mass being added to a system”.

@0-C

my=784k m,=-441k  m=343k
(784Kk)(0)+(-441k)7

rcm =
784k +(-441k)
= r,=9mm
Hence, the correct answer is (B).

, , m, - m
Fraction of energy retained =| ———=

- ;

Mpyelens —

2
n J
mnucleus + mn

o \2 a2
. Fraction = A, —m, " _ [ A-1 )
m, +m, A+1

= Fraction= (

Hence, the correct answer is (B).

Let v be the velocity of ball w.r.t. wedge and V' be the
velocity of wedge.

- @ 45V
h o Vv—T—wcos45°
———————— —>vCosd5°
m \ , vsin45°

vsin45°
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19.

20.

Applying conservation of linear momentum, we get
mV =m(vcosd5°—V)

v
= V=—=

22
= =22V

Applying conservation of energy, we get

%m[(ncos45° ~V)* +(vsind5°)* + V2 ] = mgh

2 2
= [%—V) +[%) +V2=2gh
\2 2
242V 2J§V] ) (g)
v | B +viangl =
- [Ji ]( ) R
= V244viiVi=gR\2
= 6V2=gR\/E
= V= @\E
6
4R
V= =
- 3V2

Hence, the correct answer is (A).
By Law of Conservation of Momentum

along x-axis N
mv=2mV cosf

- VCOSE?:% (1)

along y-axis

mv=2mVsin@

- Vsin@:% .2
Squaring (1) and (2) and adding, we get
v
V=—o
V2

Hence, the correct answer is (C).
Let P, and P, be the momenta of A and B after collision.

@@ @@ @~r@-

Before collision After collision

Since, Impulse = Change in Linear Momentum, so we get

ForB: =P ..(1)
ForA: [=P-P,
= P=P-] -(2)

- . P, -P
Coefficient of restitution e = ———=2

21.

22.

23.

o -h=P+]
P

L JPH] 2
P P

Hence, the correct answer is (B).

7 ’

Uy =y U=3u

= 2eu=1v,-7

Hence, the correct answer is (C).

m
Since m; = m, =m {say}

{my=m,}

-1

= vcm=(i+j)ms

Similarly, 4, = - ; %2 %(; - }) ms
Since, 7, is parallel to d_, so the path will be a straight
line.

Hence, the correct answer is (C).

The rope tension is the same both on the left and right
hand side at every instant, and consequently momen-
tum of both sides are equal

—_— <

Twe

Ladder
(M - m)

v

= Mo=(M-m)(-v)+m(v, -v)

"
= U=——0,
2M

Momentum of the centre of mass is
= 2Mo_, =Mv+Mv

Hence, the correct answer is (B).
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a8
- 0)+ma
4. a3, (0)
m+m
- _E_l
acm_E
a
m=m =
o v
mo=m

25.

26.

27.

28.

29.

Hence, the correct answer is (B).

At maximum extension, velocity of both the blocks will
be same. Let v be the common velocity of the blocks
(towards right). By Law of Conservation of Linear
Momentum, we get
6(2)+3(-1)=
= ov=1ms’
If x be the maximum extension in the spring, then by
Law of Conservation of Mechanical Energy, we get

(3+6) v

L2+ Lie)22 = Li200)2 + L9y
2 2 2 2
= 3+24=200x>+9
18
i —_— —
200

= x=03m
= x=30cm
Hence, the correct answer is (D).

Since, both have equal mass and collision is elastic, so
pendulum will have a velocity v after collision
By Law of Conservation of Energy

1,
—mv” =mgh
2 o

2
= h=—

28
Hence, the correct answer is (B).
For completely inelastic collision, the ball will stick to
the pendulum
= mo=(m+m)V

= V:2
‘V2 U:1
h=
2 Sg

Hence, the correct answer is (D).

In an elastic oblique collision if two particles are of
equal masses and the second particle is at rest, then
after collisions the particles scatter at right angles.
Hence, the correct answer is (A).

On breaking off from the wall the speed of 1, is zero
and the spring is unstretched. If 1, has a speed v, at
that instant, then by Law of Conservation of Energy.

30.

31.

Hints and Explanations H.95
Loss in Elastic | _( Gain in Kinetic
Potential Energy /| Energy of m,
1
= ket = =m0t
5 5 M0
1 47 1
= —(5)| — | ==(5)7?
2( )(woJ 2( 2
= 0,=004 ms™!
SO, UCM - mlvl + mzvz - 0+ 5(0.04) — % m571
my +1i, 10+5 3
4 ~
3 24
Hence, the correct answer is (B). [TT |
oy =
- {M)“l o
My + iy <
. 4 4 4 3 .-
Since, m, = —nr; and m, = —7r
1737 27370 J
3 .3
K-t
= 0 [13 23}[1 (1)
n+T,

Similarly, v, =( 2my ]ul
IT'11 + I’i"12

[ 2r; ] .2
T] +T’2

Put =4 cm and 1, =2 cm in (1) and (2), we get
[ 6a-8 ]81 =63 cms™
6448
v, = 2(64) x81=144 cms™
64+8

Hence, the correct answer is (A).
(1)(12)+(2)(-24) = 1o, + 20,
= v+20,=-36 (1)

Uy —0
Further ¢=-| 2+—1
Iy — 1

2 —
e
3 -24-12
N Z _hy
3 36
= 1,-v =24 (2
Add (1) and (2)
= v,=-4ms”
= v=-28ms"
= Loss = Total Initial — Total Final
Since
Total Imt1al— (1)(144)+— 2)(576)
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32.

33.

34.

35.

= [E=72+576=648]
Similarly, E; = %(1)(784)+%(2)(16)

Ef=392+16
Loss = 648 — 408

Loss=240]
Hence, the correct answer is (C).

e U U

When A and C exchange their position, then displace-
ments of A, B, C and plank (P) are shown in Figure.

AXp=—(4-X)
" | _
i A= X, 1AXp=X
] —l C 1
' B I I
A : : 1
| . i
I ! I
: | |
—o B
I C 1 I
I B 1
: A
I
|
l 1P
i !
AXy=4+x '

Since x,,, system remains fixed, so

Axcm = O
= myAr, +mpAxg +mpAx +mpAx, =0
= 40(4+x)+50x-60(4-x)+90x=0
240x =80

U

1
= x=+—-m
3

So, B shifts % m, rightwards

Hence, the correct answer is (B).
4Mx=M(10R-x)

= 4Mx=10MR - Mx

= x=2R

Hence, the correct answer is (B).

In an inelastic collision, only the momentum of system
(ball and earth) may remain conserved. Some energy
can be lost in the form of heat, sound etc.

Hence, the correct answer is (C).

Let x be the displacement of bead. Displacement of
particle with respect to bead is L(1-cos8), ie., dis-
placement of particle with respect to ground will be
L(1-cosB) - x. Since net force in horizontal direction
on the system is zero. Therefore, the centre of mass will
not move in horizontal direction.

36.

37.

38.

39.

40.

= 2mx=m[L(1-cos6)-x]
= 3mx=mL(1-cos6)

= x=§(17c056')

Hence, the correct answer is (D).

= (Ll — ]“1
ml + m2
= 1=0
Hence, the correct answer is (D).
Relative

velocity of |=v
approach

Relative
velocity of |=
separation

{ase=1}

. .. 2rr
= Time of next collision = =——
v

Hence, the correct answer is (B).
By Law of Conservation of Momentum
29(0)+0.1(150) = (2.9+0.1)v

(0.1)(150)
3

= p=5ms’!

By Law of Conservation of Energy

LossinK.E.of | ( GaininP.E. of
combined system )~ | combined system

= %(M+m)v2=(M+m)gh

= 0'=2gh

But h=((1-cosf)

= 0 =2g¢(1-cosh)

= 25=2(10)(2-5)(1-cosh)

1
= cosf=—
2

= 6=60°
Hence, the correct answer is (C).

Fraction Transferred
dm,m

Fraction Lost = ————

(my+my)

= Fraction= 5
(n+1)

Hence, the correct answer is (D).
At maximum extension

1 2

—kx* = mgx

’ e

2mg (1)

Free body diagram of both the blocks at this instant is
shown in Figure.

= X=



41.

42,

43,

44,

45,

ICON

[ ] ]
kx kx
2T [E]l
mg mg
2kx-2mg  kx-m
So, i, = § _ Mg 2
2m m
:> acm = g
Hence, the correct answer is (A).
m( B) +2m(x)
2
xcm -
m+2m
—+2x
= R= 2
3
= x= ER
4

Hence, the correct answer is (C).

—»vy=14ms?' _v,=0

O e W

my=10kg my =4 kg

_ 1m0y + MyUy
T my+my
o _lox14+4x0_10x14 _
o 10+ 4 14
Hence, the correct answer is (C).

= 10 ms™

_omyop v, 10x14+4x0
10+4
Hence, the correct answer is (C).

10 ms™

cm

The system is stationary in air implies equilibrium, i.e.
net force is zero. If the man now climbs up to the bal-
loon using the rope, the centre of mass of the ‘man plus
balloon” system will remain stationary
Hence, the correct answer is (A).
Let m, = m, then my = 2m. If f be the friction between
the two blocks, then net force on block A is
F, =mgsinf- f {down the plane]
Similarly, net force on block B is
F, =2mgsin®+ f {down the plane]
Where, f=umgcosé
_hR+E
m+2m

_ 3mgsin6
© 3m

= [uith

= ., =gsinf

Hence, the correct answer is (D).

Hints and Explanations H.97

46. When the string becomes taut both particles begin to

47.

48.

49,

move with velocity components v in the direction AB.
Applying Law of Conservation of Linear Momentum
in the direction AB, we get

mucos30° = mv + mo

B™~430°

~
N

CHAPTER 2

Hence, the velocity of ball A justafter the string becomes

u\3

tautis —
4

Hence, the correct answer is (A).

Since this situation is satisfied only for an elastic colli-
sion, so both momentum and energy are conserved.
Hence, the correct answer is (D).

By Law of Conservation of Momentum
0=mu+M(-v)

it
= v=—-
M
is the velocity of the man in the upward direction.
Since, no gravity is existing hence ball will reach the

. . h
floor in a time t=—
u

During this time the man will move up by a distance
d=ut

( mu J h  mh

= d=|—|-=—

M)u M

So, total distance of man from floor when ball reaches
the floor is

s=d+h=h[l+£}
M

Hence, the correct answer is (A).
0, (m ]Hl
my + My
2 my -y
3 my +1m,
= 2my+ 2m, =3m; —3m,

= 5my,=m
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50.

m_5
m, 1
Hence, the correct answer is (C).

Let a be the acceleration of wedge leftwards and 4, the
relative acceleration of block down the plane. Then
absolute acceleration of block in horizontal direction
will be (a,cosf—a) towards right. Net force on the
system in horizontal direction is zero. Therefore, accel-
eration of COM in horizontal direction will be zero or
acceleration of wedge towards left is equal to the accel-
eration of block towards right.

N sin 0
Ncos@ ¢

«—a
So, a,cosf-a=a
= 2a=ua,cos6 (1)

Now let N be the normal reaction between the block
and the wedge. Then free body diagram of wedge gives

Nsin@=ma ...(2)
Free body diagram of block with respect to wedge is
N

ma(pseudo force)

mgq [})

Net force on block perpendicular to plane is zero.

Hence, N +masin® = mgcos6 ..(3)
Solving equations (1), (2) and (3), we get
2¢sinf
a, = . 2
1+sin” @
X
y
Acceleration of block vertically downwards is
a,=a, sinﬁl
> a,= 2gs1.n26
1+sin”6

So, acceleration of COM is
. = Ay _ gsin2 0
M2 (1+sin%6)

Hence, the correct answer is (C).

51.

52.

53.

If the shape of the body is spherical with its centre at
origin then

Ry :(0!0)
1
d —J Anm
and R, rdm,

Rem =R
= R,<R
Hence, the correct answer is (B).

Let the origin O be located just below the top position
of m. Let the centre of mass of M be located at point
(x, v)before m is released.

When m comes down to the floor, let the centre of mass
of M move to the left by /. The centre of mass of n has
travelled through (/icotor - ¢) to the right.

y
ry
m
h
l a
> X

6]

W——hcotag—»

_Mx+0 _ Mx

Initially, (%, ) (1)

initial — M+m _M+m

i M(x=0)+m(hcota—1)
Finally, (X, ), = om ..(2)
Further no external force is acting on the system and the
system (M plus ) is initially at rest, so we must con-
clude that the position of centre of mass remains fixed.

Mx  M(x—¢)+m(hcote—1)

M+m M+m

0=- Mr M (hecota—1)
M+m M+m

f_mhcota

 M+m

Hence, the correct answer is (C).

When the car C accelerates from rest to a velocity v,
relative to the double-boat system, the two boats accel-
erate to the left, so we have

v (to right )+ v, (to left) = v
By conservation of momentum, we get

mve =2Muv ,
Solving, we get
mu 2My,
I)A = P UC =
m+2M m+2M

After the car applies brakes to come to rest, then the
tension in the string connecting A, B also becomes
zero. Applying conservation of momentum to A and
C, we get
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moe — Mo, = (m+M)v),

So, velocity of A (to right) is

o = mMuv,
A7 (m+M)(m+2M)
Hence, the correct answer is (A).

plav)’

54, F=pav’=

where, p = 10° kgm"a, aw=20%x10"° m3™

2 2
and a = ﬂ = E(10’2)
4 4
Substituting the values, we get

(10*)(20x10°¢ )’

ExlO*1

F= =51x10" N

Hence, the correct answer is (D).

55. Angle Bz(n—ﬁ)
n

= 1-0=—
n

Impulse = change in linear momentum =, —

0 — pi n-0
pf.:mv
/5f=mv
Pt

= Ap= \/(mv)2 +(mo)* = 2(mv)(mv)cos(x - 6)

= Ap=moy2(1+cosh) = vacos(g)

= A= 2mvcos[£— i) = 2mvsin[£)
2 n 2n

Hence, the correct answer is (D).

56. When two bodies of equal mass collide elastically
head-on, then they exchange their velocity.
Hence, the correct answer is (A).

57. Let v be the velocity of block. Then by Law of
Conservation of Linear Momentum, we have

mi = moy+ mny’

, [u—v)
= U=|—
n
Velocity of bullet relative to block is

, u-v
v, =0-0=0-| —
n

58.

59.

60.

6l.

Hints and Explanations H.99

(1+n)v-u
n

= o=

Hence, the correct answer is (C).

d d ( 1 ) V2d
T=——+——==|1+-|—
v/ JE ev/ \/E e/ v
where T = 2vsin(45°)
g
ZU-"‘}‘E = ( 1 +1]@
g e) v N
8d o
= e=— 1]
v° - gqd =
Hence, the correct answer is (C). o
F=ma g
F U
Ao =—
m

—

which is independent of /.
Hence, the correct answer is (D).

Let v be the velocity of ball after an elastic collision
with the wall, so

e=1

4ms™

O— <+« «~0O <+

1ms 1ms

Before Collision After Collision

Relative velocity | _( Relative velocity
of separation | |  of approach

= v-1=4+1

= v=6ms" {away from the wall}

Hence, the correct answer is (D).

Let v, be the speed of bullet with respect to gun and
v the velocity of gun. Then from the two figures it is
clear that ¢ > 45°.
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62.

63.

fol=

velocity of bullet with
respect to gun

velocity of bullet with
respect to ground

Hence, the correct answer is (C).

If mass is non-uniformly distributed, then centre of
mass of ring may lie from origin to circumference.
Hence,0<b<a.

Hence, the correct answer is (D).

m 3m
0=—{30v2)+—
" (304)+ Lo

= U= —10\/5 ms ™t

T30y2

P30 f------ S

57" A A

// !

’ |

45° ¢ |

185 Xas |

S mgy
g s 5
%)
— |V
5

Hence, the correct answer is (B).

64. After collision balls exchange their velocities, so

vy =2gh and vy =2g(4h) =2,2gh

2
Height attained by A will be /1, = zi =h
g

oV
vcosB0° = 5

But path of B will be first straight line and then para-
bolic as shown in figure. For N to B, Loss in KE = Gain
in PE

1 5, 1 5
=  —mvp+—mv" =mgh
2 P2 8

= %mvz = %m(Sgh)—mgh

65.

= 1m02=3mgh
2

= v=,/6gh

v sin’ (60)
28

9h 13h
= hB =h+ Z = T

So, hy=h+

hy_4
hy 13
Hence, the correct answer is (C).

Let o be surface mass density. Then
Mgise = (ERZ }6

2
mcavity =-lc

where / is length of square. Now,

R
fcos(45°)=—
(45°) 5

= (= E
2

R'c

= cavity — _T

Now assume origin to be at centre of disc, then

(anc)O—(R—EGIE]
_ 2 A2

rCM remainder ~ 2
R'c
TR6 - —

2

= T S
CM remainder 2 (2'."[ B 1)

Negative sign indicates that CM of remained is to the
left of centre of disc i.e., origin.
Hence, the correct answer is (C).

Thrust = Ud_m
dt

2
= Thrust =(2)[%]

= Thrust =8x10* N

Hence, the correct answer is (D).



67. By Law of Conservation of Momentum
mu—mo=m(0)+mv’
= v'=u-v (D)
Further

)
e=-
= -1

= o'=e(v+u) .2)
Equate (1) and (2), we get

u-v=ev+eu
= (1-eu=0+e)v

u l+e

v 1-e

Hence, the correct answer is (A).

68. At the highest point velocity before explosion is vcos60

along +x-axis. By Law of Conservation of Momentum 7.

(mvcos60)i = g(loﬂfh %(—100}) +mTv’

3(200) ;

, 3v:
v'=—i
2
= 0'=300i ms”
Hence, the correct answer is (B).
69. Let us first consider maximum offset/overhang of one

brick as shown in Figure.
L g =L12

——— 72.

my 0 ]

For One Brick

So, for one brick, we have
Ly ==
2 2

Now let us consider two bricks and calculate maxi-

mum offset (or overhang) for combination.

Maximum Offset = L., 73.

—_—

mi . |
my . |

—]
X

—

=

For Two Bricks

By Law of Conservation of Moments, we have

mgx—mg(LxJ
B )

71.

Hints and Explanations H.101

= 2x=E
2

L
= X=—

So, maximum offset is
L 3L

A AR NA
2 2 4

For two bricks this can be generalised as

L. =% 1+ %]
For three bricks, we have ;
L 1 1 11L
L ==|1+=+= = kL
23 2 =
For four bricks, we have o
L 1 11 <
L. ==]1+=+—+=andsoon T
2 2 3 4 9]
Hence, the correct answer is (D).
P=ptr,
= p'=12"+5
= p=13kgms™
Hence, the correct answer is (C).
i 6t
dt

Impulse (J)=aAp=m(v, -v,)

= [=2(6x1-0)=12Ns
Hence, the correct answer is (B).

When the man moves forward with a velocity v with
respect to the plank, then the plank moves backwards
with a velocity V' with respect to ground. So, veloc-
ity of the man with respect to ground in the forward
direction is (v-V). Applying conservation of linear
momentum, we get

MV =m(v-V)

= V=
m+M m+M

Hence, the correct answer is (B).

By Law of Conservation of Mechanical Energy

1,, 1,
Ekx =E|.wr ..(1)
Here, u = reduced mass of the blocks, so
_(m)(2m) 2
" m+2m _5

and v, = relative velocity of the two blocks
Substituting in equation (1), we get
-

3

kxz
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74.

75.

76.

77.

78.

Hence, the correct answer is (A).

|I_?b, w = 5;, w| = 2\/5 ms_l

SO! Z_}; = 5;, w +5w

= (7] =y 4 (242) +2(2) (23 cos 45°
_ [#@|=Va+8+8=y20

= [3)|=2v5 ms”

Hence, the correct answer is (D).

Mg =Thrust = vﬂl—ﬁf

dM Mg
dt v
dﬂ _ 60000 — 60 kgs'l
dt 1000
Hence, the correct answer is (B).
F-Mg=Ma
- F=M(g+a)

= F=(6000)(10+20)
= F=18x10*N

Further

F:ydﬂ
dt

= 18x10'= (1000)%4

- Mg kgs™
dt

Hence, the correct answer is (D).

Since the system is free from external force, hence
1., =0 and since initially they are at rest, so
V=0

cm

Hence, the correct answer is (A).

After collision v, = (% )u

and v, =(¥]u

Here, u = initial speed of ball A
Now, v, =20,

1
= e=—

3

Hence, the correct answer is (B).

79.

80.

81.

82.

83.

By Law of Conservation of Linear Momentum
Hence, the correct answer is (C).

a=—2gilg =E ms
2+1 3

] ~(2)(a)-(1)(a)
241

a 10
= g _=—=—ms
9

=3 {downwards}

1 5
i s =—a_t
Since, 5., 5 o
S = l(E](ZJZ D -2mm
209 9

Hence, the correct answer is (B).

At the highest point velocity of the shell is vcos. At
the highest point, it explodes into two pieces of equal
masses out of which one piece retraces the path i.e. has
a velocity ~vcos 6.

M vcosg M2 M2

O—»vcose o—

Just Before Just After Explosion
Explosion

So, by Law of Conservation of Momentum

’

M(vcos6) =2 (“ocose) + M2
2 2

= v =3vcos6
Hence, the correct answer is (A).
Since Impulse = Change in linear momentum
= FAt=m(3,-7,)
= (2+]+3k)@=(5, - (21 +]))
= 0, =60+3]+6k
= [5,|=V(6) +(3)" +(6) =9 ms™
Hence, the correct answer is (C).

When the block just reaches the top of the wedge then
the velocity of block with respect to wedge at the top
of the wedge is zero. Let v be the horizontal velocity of



84.

85.

86.

ICON

both at this instant. By Law of Conservation of Linear
Momentum, we have

(2m +m)v=mu

D u
= U=
3
By Law of Conservation of Mechanical Energy, we get
1

Zmu’ = l(gm)@? +mgh

2 2
v u
'&“M
D o [m]

2

= U= 3[%]+2gh

2 ,
= —u =2¢h
3 8

= u=43gh
Hence, the correct answer is (B).
4mym, 8

Fraction Lost =————=—
(1, + ) 9

Hence, the correct answer is (D).

The centre of mass cannot move towards left. It will
always move towards right. Since wedge has a
tendency to move towards left so the only external
force on the system in horizontal direction is friction
which acts towards right.

Hence, the correct answer is (D).

Velocity of mass m just before string becomes taut is

o= 25h = Jig1 =2,

J
Vv
J lv V1
m
2m 2m

Since, impulse e quals the change in momentum, so
we have
for mass 2m, | =2muv,

and for mass m, | =mv-muy,
= mv-[=my,
= mv-2mv, =mo,

= 3mv, =mv

87.

88.

89.

90.

Hints and Explanations H.103

1

Lo, v N
3

3
Hence, the correct answer is (B).
_'m(—] M( }_ mL
ycm m+M (m+M) yinitial

Finally, when ice melts y, ., = zero

mL
2(m+M)
Hence, the correct answer is (C).

Shift=Ay =—

If v, be the velocity of the centre of mass, then

_mu+0 _ u

T mnm 141

CHAPTER 2

Further by Law of Conservation of Energy

. Gainin K.E. of L.
Lossin ) _ tre of N Gain in
KE. ofm |7 centre of mass

1mw2=
2

P.E.of m
of system

(m+nm)o’

cm

1
— +mgh
) 8

1
= u= 2¢h|1+-
fel)

Hence, the correct answer is (C).

Let v, and v, be the velocities of the two masses after
collision in the same direction. Then

m m m m
1 OZ 1 2 2 Vo

Before Collision After Collision
mo =mu, +m,o,

and v,-0v, =ev

—
[x=)
—

Solving equations (1) and (2) we get,
_v(m, —em,)
Yo +m,
For v, to be positive m, > em,
ml
= —L>e¢
m,

Hence, the correct answer is (B).

Since, the lower end moves towards positive x-axis
the force of friction will be along negative x-direction.
Therefore, centre of mass of the rod will finally fall at

!
x < 0. Hence, the lower end will be at x < E .

Hence, the correct answer is (C).
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91.

92.

93.

94,

EZ FZI
- Ma+M); M{M]* ZM[ﬁ
o 3M 3M
= E2+Fll
= 4., =——=0
M 3M

Hence, the correct answer is (A).

In the figure let, 9, = velocity of ball w.rt. wedge
before collision and

0, = velocity of ball w.r.t. wedge after collision, which
must be in vertically upward direction as shown.

In elastic collision 7,, and @;, will make equal angle
(say o) with the normal to the plane.

We can show that o = 30°

= £ZMON = 30°
Now, % - cot30° =43
(%
Hence, the correct answer is (A).
jxdm
rcm =
jdm
L 2
Jx(mn x]dx L:
0 L 4
= rcm = L m xz = F
j 0~ dx —
i L 3
3L
rcm =
4

Hence, the correct answer is (D).

Let mass of gun to be M and that of shell to be m. The
two cases are shown in figure as below

m O
V-V, v,

2
CASE 1 CASE 2

Here, v, and v, are the recoil speeds of the gun in
two cases. Applying Law of Conservation of Linear
Momentum in horizontal direction in two cases, we get
CASE-1: m(v-1,)= Mo,

_ mv

T M+m ..(1)
CASE-2: m(vcos30°-0,) = Mo,

= 7

95.

96.

97.

98.

ae
o = Bmo
2= (M+m) -
From equations (1) and (2), we get
v _ 2

0, V3

Hence, the correct answer is (B).
(0)A=4v+(A-4V
4v
A-4
Negative sign indicates the recoil speed.
Hence, the correct answer is (A).

= V=-

If m be mass of each block, then acceleration of system
is
e mg sin(60°) —mg sin(30°)

2m
J3-1
o og=| X2
4
md, +md, d,+a
N acm: 1 2= 1 2
ow m 2

Here, 4, and 4, are [Ji— ! ]g directed at right angles to

each other.
val+a' J3-1
2 42 J

Hence, the correct answer is (A).

a

am|

=

Let h be the height of each step. Then
v y2gh 1

Cu o ag2n) 2

Hence, the correct answer is (B).

Let Origin be placed at B and x-axis along BC. By Law
of Conservation of Momentum

r

/) mV__}"' e mv \
/ \
130 \ X
B C

along x-axis

0+mwvcos30-muvcos30 =0-mvcos30+mov,
= v, =vcos30 (D)
along y-axis

—mv +mvsin30 + mvsin 30 = 0 - mosin30+muv,



= 0= vsin30 .(2)

Squaring (1) and (2) and adding, we get

2 2
Uy -va+vy =0 at

Hence, the particle C will have the same magnitude
of velocity but directed along the original direction
(direction before collision) of particle B.

Hence, the correct answer is (C).

99. By Law of Conservation of Momentum
0=8(6)+4v

= p=-12ms"

Negative sign indicates the recoil of second piece
KE= %(4)(12)2 =288 ]

Hence, the correct answer is (D).

100. F= a_ 2Bt
dt

When i and ii are at 45°, F and P will also be inclined

at 45°. This will happen at = \/E

B
L P 2BJE
B
Hence, the correct answer is (C).
101. Net external force on the two blocks (whether they
move with same retardation or not) is
E,=002)(2+1(10)=6N

- - Fext zzms—l
2+1

Hence, the correct answer is (B).

= 1

2
102. K.E. Retained = [W] E
ml + mz

2
= K.E. Retained = 8-2 E
8+2

= K.E. Retained =0.36 E
Hence, the correct answer is (C).

103. Change in linear momentum Ap = FAt
Here, [ is weight, i.e., mg

Ap| = (mg)(At) = (1)(10)(1) = 10 kgms™

Hence, the correct answer is (C).

=

105.

106.

107.

108.

109.

Hints and Explanations H.105

|
|
|
|
|
|
:
Fy - »
m m COM m

— R/2 —Pia— X —»

— R ———»

The centre of mass will follow the same path, so

mx=m5+mR
2
x:%:C’rxlOD _150m
2 2

Hence, the desired distance is (100+150) m =250 m
Hence, the correct answer is (C).

CHAPTER 2

6(9)=(12+6)v

= 7=3ms"’

Hence, the correct answer is (A).

] component, i.e., component of velocity parallel to
wall remains unchanged while i component will

become (—% J(Zf)=—; Therefore, velocity vector of

the sphere after it hits the wall is -1+ 2]
Hence, the correct answer is (B).

m,Ax, +m,Ax, _

Since Ax,, = =0

)‘}’.!l+‘i"i‘12
= MWML-x)=5Mx
2
= x=§Lt01eft

Hence, the correct answer is (D).

IR,
War ™8

Hence, the correct answer is (C).

sinB=L=1
2r

= 08=30°

ra
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By Law of Conservation of Linear Momentum

mu = 2mo cos(30°)

=
ucos(30°)

Hence, the correct answer is (C).

110.  Unless n1, = m, the COM of all the four particles can
never be at the centre of the square.

Hence, the correct answer is (D).

111.  Let u be the velocity of ball before collision. Speed of
ball after collision will become.

2 2
o= [ ] (5| = o
V2] \242) Vs
Lot - L
2 2

Fraction of KE lost in collision = 1

Zmu?

oY . 5 3
= Fraction Lost =1-|— | =1-===
u 8 8

Hence, the correct answer is (C).

12, |(m,0] + m, @) (m,0, + m,d, )| = Ap
= A = |change in momentum of the two particles|
o Ape External force on « fime interval
the system
= Ap=(m,+m,)g(2t,)
= Ap=2(m, +m,)gt,
Hence, the correct answer is (C).
113. Let common velocity of both blocks after spring is

completely extended be v, then applying conserva-
tion of linear momentum, we get

m, m,

m,v, = (m, +m,)v

"

= = 7#’121’)0

n, +m,
Applying conservation of energy, we get

1 1 , 1
Evag —5(?111 +m,)0* = Ekx2

114.

115.

116.

117.

an
2.2
,» 1 5 "m0,
= Skt =_mu, (m1+m2)
(m, +m,)
2.2
o,
= k' =muy, ——2
1, + 1,
2 2.2 2.2
ot = gV, + 0y vy (g, )
- - 0
i, + 1, 1, + i,
1,11
= x=U0 2
(m1+m2)k

Hence, the correct answer is (D).

Velocity of man with respect to ground is 1 ms™ in
opposite direction.

o oo - m,o, + m,o,
o my+m,
40x2-80x1
Ucm =7=0
40+80

Hence, the correct answer is (A).

Impulse = Change in Linear Momentum

eucosao
ucosa
Before collision After collision

= Ft= m(eucosa +'MC0501)

mucosa(l+e)
t
Hence, the correct answer is (D).

m, —m 2m
v, = ——2 |, + 2 u,
i, + 1, m, + 1,

= F=

For m, <<m,
m—m, -,
m,+m, =m,

= v, =-u+2u,

= ©0,=-12+2(10)

= p,=8ms’

Hence, the correct answer is (B).

Since, h < radius of earth, acceleration due to gravity
& can be assumed to be constant. Let v be the velocity
of block at height g Then by Law of Conservation of

Linear Momentum, velocity of earth will be

mv -2 _g
3
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L] )
By Law of Conservation of Mechanical Energy, we get
2
M g ﬁ :l M 02+1(M} E
3 )°\2) 213 2 3
= 0= —‘V?’gh
2

Hence, the correct answer is (C).

118.

Hence, the correct answer is (D).

119. Since the compartment (including passengers) is
stationary, so the combined centre of mass of compart-
ment and passengers is fixed i.e. C, is fixed. When the
passengers move here and there in the compartment
then in an attempt to keep C, fixed C, has to move.
Hence, the correct answer is (C).

120. By Law of Conservation of Momentum
along x-axis

m(9)+m(0) = mo, cos 30 + mv, cos 30
18
= 0,+7, =E =63

along y-axis
0 = mu, sin30 —mo,sin30
= U =0
= 0,=0,=33 ms"
Hence, the correct answer is (D).
121. Transfer of energy is the maximum when both bodies

are of equal masses.
Hence, the correct answer is (A).

122. For the rule not to tilt about P, anticlockwise torque
about P> clockwise torque about P. In critical case
these two torques are equal

50 -x
i X —»
| :
P
A\
100g 59

= 100g(50 - x) =5gx
= 105x=50x100

= x=476cm

Hence, the correct answer is (D).

Hints and Explanations H.107

123. Centre of mass will move in a vertical line if
v,c0s0, =v,cos6,. Else, for any other values, it will
follow a parabolic path.

Hence, the correct answer is (B).

124. Let v, be the velocity of particle relative to hemi-
sphere and v the linear velocity of hemisphere at this
moment. Then from Law of Conservation of Linear

Momentum, we have

v,cosf-v

v,sind
Absolute components of
velocity of particle

4mo =m(v, cos@-v)

= b5v=v,cos6

5v
= U,=—
cos0
o, 5v
= 0=—'=
R RcosH
Hence, the correct answer is (C).
125. a, = F = i
m+2m 3m
2
:> me = ll:ICI"I'\I‘2 = F_t
2 om
) m(x)+2m(x")
Since, X =—
m+2m
LF_ x+2x
bm 3
, F# «x
= F=—-=
dm 2

Hence, the correct answer is (B).

126. MV =m(0)+(M-m)v

MV
M-m
Hence, the correct answer is (C).

= U=

1*sin29 _ (10)*sin90°

g - 10 -
Net force on system in horizontal direction is zero.
Therefore, centre of mass will remain stationary in
horizontal direction. Hence,

(60 +40)x = (1)(10)

Where, x is the displacement of boy + platform

10 m

127. Range of stone =

CHAPTER 2
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128.

= x=£=0.]m=10 cm
100

Hence, the correct answer is (B).

Since both particles move under the influence of
gravity, so relative acceleration of one as seen by
other is zero. Therefore, the relative motion between
the two is uniform. Relative velocity of the two is
0,=(1045) ms” =15ms™ in horizontal direction.
Therefore, the collision will take place after a time
= @ =
15
Net linear momentum in horizontal direction of
the two particles is zero. Therefore, after collision
the combined mass will fall vertically downwards.
The desired distance from A would be

x=0t=10x4=40m

Hence, the correct answer is (A).

4s

Multiple Correct Choice Type Questions

1.

Horizontal velocity of the ball B at the time when it
strikes the ground is v, then 10 = vy x¢

= 10=7;x E=’¢';E\[E=UE
g 10

= 0,=10ms™ (1)

Since collision is perfectly elastic and mass of ball A
and that of B are same, therefore velocity of ball A,
before collision is also 10 ms .

So, OPTION (C) is correct.

1, 1 2 7]
KE=—mv =—m[ (10)" +(10) ]
2 2
= KE=%mx2><lOO=(mx100)]

So, OPTION (B) is also correct.
Hence, (B) and (C) are correct.

By Law of Conservation of Linear Momentum,

m m

—ju=|m+—Jo

BhA3)
- -
Work done against friction=E, - E, =W,

2

R AR EA U

b2 2 202 A3

= 'i/".ff:lt?'zixz:g 1muz
T6 314

Force of friction on the two blocks before the blocks
reach a common velocity is as shown in Figure.

—»a

f=pgg

a,=pganda, =%g

S =§u
=3 g
Hence, (A), (B) and (C) are correct.

When the string becomes taut, speed of balls is given by

_my, o

=0

2m 2
If CM having velocity v, is raised up by height h, then
we have

(2m) gh = %(Zm)(z—ﬂ]z

2

= h= v—"
88
When CM is at highest point, then
Ko =" ppgp =0 My _ M0,
sy‘stem 2 2 4 4

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

Since collision is elastic so, the kinetic energy will be
conserved. Let v be the speed of ball after collision.
Then,

Yoaoy = L@+ Loy
2 2 2

= v=6ms"

Jeos30” 307

Let ] be the impulse between the ball and wedge dur-
ing collision.
Since Impulse = Change in Linear Momentum
= [sin30°=(4)(4)
= J=32Ns
Hence, (A) and (D) are correct.
Since initially the system is at rest so the centre of mass
remains fixed.
mx, + Mx,
y, =—t1
o m+M
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_mAx1+Msz -0
M+m
= mAx, + MAx, =0

:> cm

= m(L-D)+MD=0
_ mL

" M+m
Hence, (B) and (D) are correct.

<L

=

The impulse imparted to m is equal to change in its
momentum, so we have

Impulse = Ap = m(v, - ;)
Impulse received by m is
Ap, = m| (21 +7)-(3 +2])]
= & =m(-5i-])
Impulse imparted to M is Ap, given by
Ap, =-Ap,
= A, =m(51+])
Hence, (B) and (D) are correct.

5ms™

@
B
®\5\/§ ms™!

After collision

10sin30°

10c0s30°

O
Before collision

Velocity components in common tangent direction
will remain unchanged while velocity components
in common normal direction are interchanged in case
of an elastic collision. Hence, both A and B move
at right angles after collision with v, =5ms™ and
v, =5V3 ms™, Kinetic energy is conserved in an elastic
collision, whether it is a head on or an oblique collision.
Hence, (A), (B) and (D) are correct.

m M m M

O—v O O O—v

uy=u u,=0
Before collision

. m, —m,
Since 7, = i,

m, +m,
U, = m-M 1l
- O m+M
(1-x
= 0= 71+x i )

10.

11.

Hints and Explanations H.109

M
Where, x=—
m

Now speed of ball 1 after impact is one third its initial
speed, so

v, =4% u

3

Substituting this in equation (1), we get

x= M_1 OR2

m 2

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

Since impulse equals change in momentum, so we
have
Ap=2(3,-7,)

~

= ap=2(31-])

CHAPTER 2

As impulse is in the direction normal to the colliding
surface, so we have

ta_r19=1
3

= G=tan1(1]
3

41

= 0=90°+tan (E]

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

mo,+M(0)  mo,

m+M  m+M
So, OPTION (A) is correct.
At the time of maximum compression both the blocks
will be moving with same common velocity. Applying
Law of Conservation of Linear Momentum and
Conservation of Mechanical Energy, we get

Since, Uy, =

mo, =(M+m)v (1)
1mv§=1(M+m)vz+lkx2m .2
2 2 2

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

Xy =0, |[————
" (m+ M) k

So, OPTION (C) is also correct.

In the state of maximum compression, both the blocks

are moving with the same velocity. Therefore, velocity

of centre of mass in the CM frame is zero.

Hence OPTION (D) is also correct.

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

Here, at maximum compression x,,, we introduce
the concept of reduced mass [ of the system (details
discussed in Rotational Dynamics).
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12,

13.

14.

15.

V_., v=0

—mmr—f

Initially

v/2

>

v/2

At maximum compression

1

m

+

==

= U=

N2 3|~

Further, by Law of Conservation of Energy

2
max

= x. =U\j£ and
2k

1(E=lpv2=1 e
2 2{ 2

1, 1
—Uv” =—kx
21'l 2

2
- ke=""
4

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

Since external force i.e., gravitational force acts on sys-
tem, therefore momentum of system is not conserved.
With the passage of time, mass keeps on decreasing, so

acceleration keeps on increasing. 16.

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

By Law of Conservation of Momentum

mo=(M+m)V 17.

Momentum of combined system is (M +m)V = mv
KE=_(M+m)V?
m'o*
“2(M+m)

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

=

B will give impulse -] to A and

@—>r ® @@
I 2]
P P

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

Atminimum separation, the common velocity attained
by the bodies equals the velocity of centre of mass. So,

= 1.5 ms™
143

cm= 0

ae
At time t, for body A, we have
vA=MA+aAt=O+(i)t
my
= v,=6t ..(1)
Attimet, for body B, we have
6
vE=u3+aEt=2—(§]t
= v, =2-2 ..(2)
Since v, = vy, 50 we get
6t=2-2t
= t=025s

Change in kinetic energy is given by
AK = %(1 +3)(15)° —%(3)(2)2 =-15]

During this time let displacement of A be As, then from
Work-Energy Theorem, work done equals change in
kinetic energy, so
W = AK = FAscos® = FAscos(180°)
= -15=6As(-1)
= As= % =0.25m
Minimum separation is 1-0.25=0.75 m
Hence, (B) and (D) are correct.

.- Force on centre of mass M ¢
- Mass M

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

=8

cm

Before collision: v, =4/2¢H and v, =0

If collision is elastic, then velocities after collision will be

, 2M 2¢H
= = LJ2¢H =+——
"\ meam NF 2
2 ’2
S(}, }‘,!‘J‘:FU"1 :E B:UB :E
2 20 4

If collision in perfectly inelastic, velocity of combined
mass after collision

_ M, =M1/2gH=q/2gH

m, +m, M+3M 4
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18.

19.

The combined mass will rise to a height
_v_H
T2 16

Hence, (A), (B) and (D) are correct.
Since velocity remains same along the common tan-
gent line, so we have

ucosb=vcosd (1)
Also, along the line of impact, we have

vsing = eusin 6
= eusin@=vsing .(2)
From equations (1) and (2), we get

tan¢ =etan®

W ucosf
u

using

vsing

VCOS(

Momentum or velocity changes only in vertical
direction.

= [Impulse| = |Ap|
= [Impulse|=m(usin6+eusin®)

= [Impulse|=m(1+e)usin®

Also, v= \/(vcosq))z +(vsing)’
= v=\/(uccn;9)2 +(eusin®)’
= =y1*(cos’8+¢*sin’6)

= p=u\1-(1-¢%)sin’0

The ratio of final kinetic energy K, to initial kinetic
energy K, is

K lmvz 2

22 _v

K; 1mu2 u?
2

K
= ?f:coszﬂwzsinze

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

20.

21.

22,

Hints and Explanations H.111

We observe that, ZPQS =90°

Since, angle made by the body with the normal OQ
before collision and after collision are same, therefore,
collision is elastic,

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

In case of perfectly inelastic collision the velocity of

combined mass will be % , 80

1 e
KE= E(Zm)(z]

1 v

= U=2\/§ ms™

In case of perfectly elastic collision, first particle stops
and the second acquires the same velocity v

KE = 13'117)2
2

= 02= %(0.1)?}2

= v=2ms"

Therefore, minimum value of v is 2 ms™ in case of
perfectly elastic collision and maximum value of v is
242 ms™ in case of perfectly inelastic collision.
Hence, (B) and (C) are correct.

Acceleration a of the blocks is

. Net pulling force  m,g

Total mass m, +m,

ma 11,8

= (), = m, + 1, - (m, + mz)2

2
M,a 1,
and (acm]u = = g
; m, +m, m, +m,

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

: u @ 2ms™ : : v
Before collision After collision
Since collision is elastic, soe =1

= Velocity of Approach = Velocity of Separation

CHAPTER 2
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23.

= u=v+2 (1)

By Law of Conservation of Linear Momentum, we have
=(5)o-(1(2)

= wu=5v-2

= v+2=5v-2

= ov=1ms'andu

Momentum of system = (1)(3) =3 kgms™

=3ms’

Momentum of 5 kg after collision = (5)(1) =5 kgms '

So, kinetic energy of centre of mass is

2
K, =1(m1+m2)[ i J
2 m, +m,

= K. =10+ 5)(1X3)
2 6

= K,=075]

Total kinetic energy = K = %x 1x3?
= K=45]
Hence, (A) and (C) are correct.

Let velocity of ball before collision and after collision
be 1 and v respectively, then

_ vcosP M
UCOS 0L

and by Law of Conservation of Momentum along hor-
izontal direction, we get
usino =vsinf ..(2)

From (1) and (2), we get

_tana

~ tanp
So, OPTION (A) is correct.
If o < B, then e < 1, implies that collision is inelastic.
So, OPTION (B) is correct.
If 0=, then e =1, collision is elastic.
So, OPTION (C) is correct.
Hence, (A), (B) and (C) are correct.

24. By Law of Conservation of Momentum, we have

f‘! = pf
vi2
m 0
o_r md{?--
p;=mv

25.

= (mvf=(J_ J_;) +(2mV
V=0 ZJ_] 2\/_]
= V=(0320)i -(0.180)]

ITO.(SQV
v

0.18v
= V=037v

0.18v
20

= tanB= =0.5625

= 0=29.35°

Since (6+45°)<90°. Therefore, the angle of diver-
gence between particles after collision is less than 90°.
Further

2
K. =lma12 and K, = 1m(3] +1(2m)(0.37v)2
2 o2 0\2 2
= Ker <K,

So, collision is inelastic.
Hence, (B) and (D) are correct.

By Law of Conservation of Linear Momentum, we get
1(6)+2(0)=1v+2(4)

= p=-2ms"
Negative sign indicates, that the 1 kg block has veloc-
ity leftwards after impact.

Before Collision

After Collision

_ relative velocity of separation _ v, -7,

relative velocity of approach  u, —u,

, 426
- 6-0 6
From 0 <t <1s, we have
- o, + 1m0, _1x6+2x0 — 9 ms
m, +m, 1+2

Fort>1s, we have

1(-2)+2(4) 4
U, =————=2ms
1+2

Hence, (B), (C) and (D) are correct.
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26. Velocity of ball just before striking the ground is
0, =/2gh =1032 ms™
After collision, its speed becomes
v, = e,
Since the ball rises to a height of 2.5 m after the first
collision, so we have

poli_€n (200 .
2¢  2¢ 20 ‘
= =025
= ¢e=05

Impulse equals the change in momentum, so we have

J|= ‘Ap‘ = ‘m(v1 —vo)| =mu,(1+e)
J= [ﬂ)(loﬁ)(l +0.5)=2.1 kgms™
100
Hence, (A), (B) and (C) are correct.
27. Since, v, = (mz o ]ul +{(1+e)mz]“2
m, +m, 1, + i,
= 1 =(m1_m/2Jv+0=2
m+m 4
(1+e)m, :| (ml—emz]
u + i,
m, +m, m, +m,
B (1 +1/2)m B 370
oom 4

Also, T [

Impulse| = |Ap, | = |Ap, |

Impulse| = m(gv ]: 3mo
4 4
vi4 3v/4

- 0 . @2 @

Loss in kinetic energy is K; - K, =-AK

2 2
= —AK:lmvz—[lm S I }
2 2 14 4

= -—AK= inw2
16

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

1
2

28. If A and B are free to move, no external forces are act-
ing and hence P and E both are conserved. But when
Bis fixed, (with the help of an external force) then E is
conserved but P is not conserved.
Hence, (A) and (C) are correct.

29. As discussed and studied, the horizontal component
u, remains unchanged while the vertical component 1,
becomes eu,. Since

30.

31.

Hints and Explanations H.113

T=21tsin9=21i
§ §
y
v
(7]
| >X
= TDCH‘
! N
u
= a=£=—-”=1 (a'4
T, u_’u e (1T
) -
H usin“@ U, Q.
2¢ 2g g
= Heu’
v i J
. b_Hl uy_i

2u’sinBcos® 211,

R=
8 §
= RNM!’,
R, ¥,
= (j:—lz—;"z1
R, wu, e

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

Just after collision, we have

o= =2

m+5m
2xm V28!
v, = j2g] = Y=
and s, ( +5m] 8773
Also, T - mg——”‘:—(iJ
T= 17mg
By Law of Conservation of Energy, we get
Y
m 2g - 9

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

Momentum of the system is always conserved.
Potential energy of the system is maximum when
both the particles move with same velocity i.e., mass
becomes double while momentum is constant.

2
K_P_ or Kocl
2m m

i.e., at this moment KE becomes half the original i.e.,

%. The rest is in the form of elastic potential energy.
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32.

33.

34.

Therefore, minimum kinetic energy of system is K
2

and at the same moment, elastic potential energy of

. . . K
the system is maximum i.e.,, —.
2

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

_ mlal + mzaz
an

m, +m,

_ (m)(g)+(m)(g) _

2m
ie., acceleration of centre of mass of particles is §
downwards

cm

Horizontal and vertical components of velocity of
centre of mass will be 10 ms™ each. So,
2
H=—t
2
Where, v, is the vertical component of velocity of cen-
tre of mass

2
(T S

S 2x10

Therefore, maximum height of centre of mass from the
ground will be (20 +5) or 25 m.

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

For elastic collision oblique collision in which bodies
are of equal mass and target body is at rest, then

0+¢=90°

From figure, we see that

3

sinf = o3
= 0=60°
= ¢=30°
Hence, (B) and (C) are correct.
Let after collision, the velocity of 2m and mbe  and 7,
respectively, then

o=l

[

= 1,-0,=ev 1)

35.

36.

37.

Relative velocity v, =7, =7,
Time after which the next collision takes place is
_2R_ 2R 2R

v, U,-Uv, ev

t

2R
= - [+ collision is elastic ¢ =1}
0

So, OPTION (A) is correct.

Time after which next collision takes place is @,
which is independent of mass. ¢

So, OPTION (D) is correct.
Hence, (A) and (D) are correct.

Out of two blocks, one block of mass m is also moving
in vertical direction (downwards). Therefore, CM is
moving vertically downwards and momentum of the
system is not conserved in vertical direction because
of application of force. However, since no force is act-
ing on system in horizontal direction, so momentum
of system is conserved along the horizontal direction.
Hence, (C) and (D) are correct.

Since, v_, =

m

_mgtmg
o
Electrostatic forces between the particles are equal and
opposite. On the lower mass it will be downwards
and on upper mass it will be upwards. Therefore, both
the particles will always lie on a vertical line and the
horizontal displacement of the lower particle will be
less and the upper particle will be more than the value
which would had been in the absence of charges on
them because time of flight of lower mass will decrease
while that of upper mass will increase.
Hence, (A), (B), (C) and (D) are correct.

If the man walks along the rails with velocity v relative
to car, then some velocity say V is also imparted to car.
If M be the mass of car, then by Law of Conservation
of Linear Momentum, we get

MV =m(v-V)
= o™
m+ M

So, work done by man is W, given by

W, = Loy 4 1wy
2 2

_ 1 mM
ol me M
Hence, OPTION (B) is correct.

v’ < 1mvz
2
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If the man moves normal to the rails, then car will not
move. Hence, work done by him in this case will just

be %mvz and hence OPTION (C) is also correct.

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

Reasoning Based Questions

1. E:p—z
2m
During firing of bullet from gun, momentum is
conserved.
So, P = constant

1
= Foe—
m
E
- qun__
EbuHer

Myygget
mgll’ﬂ
Hence, the correct answer is (A).
2. Centre of mass is the property of mass distribution and
it is possible that no mass lies at the centre of mass e.g.,

aring, a shell.
Hence, the correct answer is (D).

N

During collision force exerted by wedge on particle is
perpendicular to the inclined face. So linear momen-
tum of wedge is conserved along the face of wedge,
because the impact force has got no component along
the wedge surface.

Hence, the correct answer is (A).

4. By Law of Conservation of Linear Momentum and
Kinetic Energy, we have

( 2m, ) 2u,

Uz = ul =

iy + 12
m

Hence, the correct answer is (C).

5.  When man moves 4 m w.r.t. boat, let boat move x in
opposite direction. So, net displacement of man w.r.t.
ground is (4 - x). So,

60(40-x) = 60x
= 240-120=0

= x=2m is distance moved by boat.
Hence, the correct answer is (D).

10.

Hints and Explanations H.115

Net external force is zero,

= &UI! = 0
So, centre of mass may be at rest or may move with a
constant velocity.

Hence, the correct answer is (D).

Net force acting on the wedge and block system is
gravity therefore centre of mass is accelerated in
downward direction.

If external force acting on the system is zero, centre of
mass may be in rest or moving with constant velocity.
Hence, the correct answer is (C).

If m be mass of man, then M, 44., = M —m

~ My+(M-m)(-y)+m(h-y)
Yom = M

CHAPTER 2

mh
Ay, =— (upward
y(}ﬂ' 2M ( p )
Hence, the correct answer is (D).

(F,

ext

)At = Impulse = Ap

Internal forces are always zero, in a system because
they always form an action-reaction pair, so no need to
say “must be zero”.

Hence, the correct answer is (C).

The momentum of a system of particles from any
frame is given by
P =mb,,
From the centre of mass frame, 7, = 0
= p= 0
Hence, the correct answer is (A).

Linked Comprehension Type Questions

1

Since the collision is elastic velocity of the centre of
mass will remain unchanged.

My,
M+m
Hence, the correct answer is (B).

= U=

Since m remains stationary wrt ground, so

Hence, the correct answer is (A).

Applying conservation of linear momentum, we get

Muv, = Mo, + muv, (D)
Since the collision is elastic, so we have
B7% _4 )
¥y

= U]=UZ_U{]
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= Muvy=M(v, -0y )+ mv,

2Mu,
= Up=—>
M+m
. MUD . .
Since v, = , so velocity of bead in the centre of
m+M
mass frame is
V=Ty =V = May
R T Y

Hence, the correct answer is (B).

Let v, be the velocity of block 2 kg just before collision,
v, be the velocity of block 2 kg just after collision
and v, be the velocity of block M just after collision.
Applying work energy theorem, according to which,
change in kinetic energy equals the work done by all
forces at different stages as shown in Figure.

AKE = Wf]'iction + Wgra\'ity

= {%m(vf ~(10)’ ):| = —6umg cos 6 — mgh

Since, m =2 kg, so we get
v} -100= -2[ 6ugcosb+ gh; |

where, cos0 = 1-sin?6 = /1-(0.05)" = 0.9
= 07 =100-2[(6)(0.25)(10)(0.99)+(10)(0.3)]

= v,=8 ms™
Hence, the correct answer is (B).

SmCE, AK= wfriction + Wgra\-'ity
1

= Em[(l)z - (v% ):| =—bumg cos 0+ mgh

A
S
A {0

= 1-v) =2(-6ugcosf+gh)
= 1-v3=2[(-6)(0.25)(10)(0.99)+(10)(0.3) ]
= 1705 =-237

= =247

= v,=5ms”
Hence, the correct answer is (C).

Since, AK = Wfrictinn + Wgra\'ity

= %M(O—U%)=—(O.5)(#)(M)gcosQ—Mgh2

= -3 =-ugcosf-2gh,
= 03 =(0.25)(10)(0.99)+2(10)(0.025)

= v5=2975

= 0,=172 ms™
Hence, the correct answer is (C).

Coefficient of restitution e is given by

_ Relative velocity of separation

e=
Relative velocity of approach

o 8 8
= e=084
Hence, the correct answer is (D).

Applying conservation of linear momentum before
and after collision, we get

231 =M‘US _202
VS 20y +y) 2(8+5) 26
Vs 1.72 1.72

= M=1512kg
Hence, the correct answer is (D).

. ny — 1 2m
Since, v, =| ——2 |u; + 2 lu,
"y + 1, my + i,

2m My — 11
and v, = Ly +) —=2—2L |u,

where
1y =m
my = 2m

u =—\J2¢H
Uy = J2¢H



10.

11.

12,

13.

14.

= o= i) 2 R

= 0 =§,(2gH

Similarly

o) )

3m

= 112:—% 2gH+%412gH

= v =—l.f2 H
2773 8

Hence, the correct answer is (B).

1
L _U_g_g(ng)_E
*T2¢ 299
Hence, the correct answer is (A).
25
; _ﬁ_?(ng)_@
Tog 29 9

Hence, the correct answer is (C).

Since the centre of mass of system remains at rest, so

we have
m(5l—x)= Mx
_ 5ml

C M+m
Hence, the correct answer is (D).

By Conservation of Linear Momentum, we get

Muvy —mw,, =0
By Conservation of Energy, we get

lk12 = lmvi + leiI
2 2 2
Solving equations (1) and (2), we get
km
M(M+m)

Hence, the correct answer is (C).

. ( M J
Since v,, = — |vy
m

M km kM
= v,=— I= /
m\MM+m) \Nm(M+m)

2
= KE=lmv,?;i = _kMIE_
2 2AM+m)

Hence, the correct answer is (B).

UM=I

15.

16.

17.

Hints and Explanations H.117

fem 3m

Hence, the correct answer is (A).
_ mo _ v

3w 3

Hence, the correct answer is (D).

v,

cm

[ = %mr2 +m(2r) +%(2m)(2r)2 +2mr?

I 2

CHAPTER 2

m = Erfmf2 +6mr’ = gmr
5 5

Hence, the correct answer is (C).

18-20. The correct answer is 18(D), 19(C) and 20(C).

Combined solution to 18, 19, 20
. 1y0q + 1y

Since 7, = ———2>2

So, velocity of 1 and 2 w.r.t. centre of mass frame are

given by

~ o my (8, -7, )
vl,-"cm =0 =0y =

| m] + ?'HZ
- - 1y (1_’2 - 51)
Vem =0~ U ="

Total momentum of system ( e, ) equals

Psystem = mlvl_;‘cm + mzvzf-"cm

- mym f’ 7'5 1A .ﬁ 75
= psystem= ! 2(1 2).|. 2 1( 2 1)

Please note that the total momentum of a system in centre
of mass reference frame, i.e. C-frame is always zero

1 ) 1 2
KL"'cm = En'llvl_;"cm and Kgs‘cm = Em2v2;'”cm

In C-frame, we have

(Bi-3) 4 7
2(’”1"‘”12)

k=1 _mm
2 (my +my)

_ 1 mym, . R
_2(m1+sz(U1 )
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Consider two particles of mass m; and m, having
velocity 7, and @, respectively in ground frame. Let
velocity of centre of mass equals 7, in ground frame,
then

Ulfcm =01 = Uy

62_’_,"‘cm = ﬁl - E;'cm
Kinetic energy in ground frame

1 1
K= o™ (U]_;‘cm )2 + ;M (v%"cm )2
et
1 oL
EmZ(UE +U?m _202 'Ucm)
2

1 5, 1 1 2
= K=—-mu;+—mv5 +—(m, +m, v, —
o Ml + 51102 2( 1 2)cm

(myBy +myB, )- By

1, 1 5 1 2
= K=—-muv;y +—mu; ——(m, +m, v
o Mo T 5% 2(1 2)cm

_ 2
= Kin C-frame — Kin ground frame ~ E(ml + My )vcm

Since m, +m, =mand v_, =v

= K

in ground frame ~ “in cm frame

K +lmv2
2

21-23. The correct answer is 21(B), 22(C) and 23(D).

24,

Combined solution to 21, 22, 23

Applying Law of Conservation of Linear Momentum,
we get

AL d_______ B
40v+4x5=0
= p=——ms"

2
= |5]=05ms™

Applying Law of Conservation of Linear Momentum,
we get

20=44v
10 5 1
v=—=—ms
22 11

It v, and v, are the velocities of object of mass m and
block of mass 4, just after collision then by conserva-
tion of momentum,

mv =muv, +4mo,, ie., v=0,+40, (1)
Further, as collision is elastic

1 1 1 .
Emvz = Emv12+54mv§, ie., v =vf +4U§ ...(2)

25.

26.

27.

Solving, these two equations we get either
2
v, =0o0r v, = EU

2
Therefore, v, = EU
Substituting in equation (1), v; = %U

When v, =0, v; =v,, but it is physically unacceptable.
Now, after collision the block B will start moving with
velocity v, to the right. Since, there is no friction between
blocks A and B the upper block A will stay at its position
and will topple if B moves a distance s such that

s>2d ...(3)

(Toppling will take place if line of action of weight
does not pass through the base area in contact)

However, the motion of B is retarded by frictional force
f=u(4m+2m)g between table and its lower surface.

So, the distance moved by B till it stops

2

0= v% 2(6umg)s ,le, 5= 2
4m 3ug

Substituting this value of s in equation (3), we find that
for toppling of A
[as v, = &}
5

v > 6ugd or %v> Jougd
. 5 5
ie, U>E ougd or Umin=vu=5,f6pgd

Hence, the correct answer is (C).

If v =20, = 5,/6ugd, the object will rebound with speed
3
o= gv =3,/6ugd
and as time taken by it to fall down
g 8
The horizontal distance moved by it to the left of P in
this time
x=ot= 6d@

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

[ ash=d}

mit,, + Mo,
2
mucos@
= Muv,
mucost
= U=
2M

Hence, the correct answer is (C).
Loss in kinetic energy of bullet block system is

1 1 Vo1
—AK = ~mu? [—m(ﬁ] +—vai:|
2 7 [2 \2 2
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28.

29.

30.

31.

32.

33.

1 1 1
= -AK=—mu’ -—mu® - =Mv?
2 2

= -AK= émuf —1Mvi
8 2

o AK- 3mu® cos’ 6 —lM[ m?u® cos* @ J

8 2 aM?
2.2 22 2
N _AK = 3mu” cos B_m - cos @
8 8M
2.2 22
& _AK= 3mMu“” cos 9_mu cos” 0
8M 8M
_ 2.2
R _AK:m(SM m)u cos” 6
8M

Hence, the correct answer is (C).

|Av, | =1, cosb

Hence, the correct answer is (C).

Since collision is elastic, so for the particle
| Av, | =1, cos6

Hence, the correct answer is (C).

During collision,
r,=0,s0 L=movr, =0

Hence, the correct answer is (B).

By Newton’s Law

dv
F—,uv:(Mhuf)E ..(1)

J‘ do B dt
F-uo JM+ut
0 Mo . u
Ft
U=
M, +ut

Hence, the correct answer is (D).

=

ood
For constant velocity, dit) =0

So, from (1), we get F = uv
= P=Fo=u’
Hence, the correct answer is (C).

1
K=-Mo’
2
For constant velocity, v = constant

4K _ v dM
dt 2 dt
Since M =M, + ut
iM

E—ﬂ

34.

35.

36.

37.

38.

Hints and Explanations H.119

d_K—l#UZ
a2

Hence, the correct answer is (D).

No additional force is required.
Hence, the correct answer is (C).

my — 1My
v =| —= |y
my +m,

2my
Uz = Ifl
iy + 1,

For m; > m,

v =1
v, =21

Hence, the correct answer is (C).

If the two bodies are of equal mass and second body is

at rest, then after impact they exchange their velocities

i.e. body one comes to rest and body two moves with

velocity of body 1 and hence the maximum transfer of
momentum takes place when m; = m, and m, is at rest

3-xt+x=1
x?—x-2=0
x2-2+x-2=0
x(x-2)+1(x-2)=0
(x+1)(x-2)=0

x=-lorx=2

L© LUl

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

1 1
~ s — =
. . 2 2
Fraction of energy lost by m, is f = —
o
2
my —
Puto, =| ——2 |u;, we get
My + 1y
4mym,

(1my +m, )2

Hence, the correct answer is (A).

The normal reaction by the wall provides external
force to the system of blocks A and B. The block B

will not move but the block A will move due to initial
compression of spring.

Xo = 3mglk

Fopring = KX

— pring 0

CHAPTER 2
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Acceleration of block A just after release is
E, k(3mg/k)

=¥ _

m m

= a4 =3g, towards right
and acceleration of block B is zero. Hence acceleration

of the system is
Mgy + Mgy m(3g)+m(0) _3
o My + Mg (m+m) 28

Hence, the correct answer is (C).

39. The block B will lose contact with wall when block is
moving towards right and spring attains its natural
length.

The velocity of block B just at the time of losing contact
with wall will be zero. So, we have

o
Y MU, + Mgl 8 k _3_g\ji
m 2 k

1y, + My m+m

Hence, the correct answer is (C).

40. When both the blocks move with same velocity, the
extension spring will be maximum. The common veloc-
ity of the blocks is equal to the velocity of CM. Applying
Conservation of Mechanical Energy to the initial and
the final state when extension is maximum, we get

AK+AU=0

= [1(m+m)vfm0]+[1kx2 1kx§J= 0
2 2 2

2 2.2
= l(21?1)(93mJ+1k(:c2—9mg ]:O

2 4k 2 k2

2 2 2 2
M+(1kxz_9fﬂ_g]=0
4k 2 2k

41.

42,

43.

44.

Hence, the correct answer is (C).

Line of impact

B \@cos(SOD)

After

Before

Let speed of block just before it strikes the second
inclined plane be v then,

%mv2 =mg(\ﬁtan60°)

= v:@ms’l

Speed of block immediately after it strikes the second
incline is v45 ms™. because in perfectly inelastic
collision the component of velocity along line of
impact becomes zero.

Hence, the correct answer is (B).

By Conservation of Mechanical Energy
1 1 2
Emvé = Em(\/ﬁ) + mg(S\/gtanSOC’)

= ve=45+60=105

= 0-=105ms"’
Hence, the correct answetr is (B).

If collision is completely elastic, then vertical compo-

nent of velocity becomes,
VB 53
2 2

15 ms™

J455in30° - 15 5in 60° =

| 30°

i 45 ms™!
I

I

Hence, the correct answer is (C).

Maximum potential energy is stored when the relative
velocities of the balls become zero (i.e., both have the
same velocities) and the potential energy is stored at
the cost of kinetic energy.
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45,

46.

47.

48.

49,

50.

Since, in both the cases, when the relative velocity
becomes zero, the balls have same velocities.
Hence, the correct answer is (C).

Since, there is no external force, center of mass will
move with uniform speed all the time.
Hence, the correct answer is (B).

Since, the collision is inelastic kinetic energy will not
be conserved but the velocity of center of mass will not
change because there is no external force.

Hence, the correct answer is (B).

Since collision is elastic, so angle of reflection is same
as that of incidence angle. In frame of big sphere, small
sphere will rebound at an angle 2¢ with vertical as
shown in Figure.

. @,,N

| o s
:-7\(_1____,.‘/

Hence, the correct answer is (B).

In frame of larger sphere, the smaller sphere is
travelling with 2o, before second collision. Since larger
sphere is massive in comparison to smaller sphere, so
the smaller sphere will rebound with same velocity 2u,,
as collision is elastic and surface is frictionless. The
small sphere will reflect at same angle.

Hence, the correct answer is (C).

Atan instant when m is just leaving M, letv; and v, be
the velocities of m and M (both horizontal).

Vo M m V4

—0

By Law of Conservation of Linear Momentum, we
have

1><U1=47)2 (1)
By Law of Conservation of Mechanical Energy, we have

L

1
(1)(10)(4-2) = 5(1)7;1?’-+2 4)0?

= vi+403 =40 (2
Solving these two equations, we get

Uy = J2 ms™ and v = 442 ms™
Hence, the correct answer is (D).

Let d be the displacement of M, when m just leaves M,
then position of centre of mass remains fixed, so

51.

52.

53.

Hints and Explanations H.121

E JMRXy = ZmLxL

= 4d=1(4-4)
= d=08m
‘.\|I
0
P —P
08m 32m vyt

i.e, misalready at x = 3.2 m at this instant. Time taken
by n1 to fall to ground from this instant will be

2h _ [2x2 \F
f: —_— = |—=,]—5
g 10 5
The x-coordinate of # where it strikes the ground will be
x= 3.2+v1f=3.2+4\/5><\E:6.8 m

Hence, the correct answer is (C).

Let N be normal reaction between M and m. Then free
body diagram of m will be as shown below.

a=53ms>2
EFFECT

= Ncos30°=(1)5+3cos(60°)
= N =5 Newton

Hence, the correct answer is (B).
Since, N" = Mg+ Nsin(30°)

= N'=40+25
= N'=425N
Hence, the correct answer is (C).

Relative acceleration of the bullet is zero
Relative velocity of the bullet is 100 ms™

B Initial Separation _ 100 _
~ Relative Velocity of Approach 100

Hence, the correct answer is (A).

CHAPTER 2
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54.

55.

56.

57.

58.

59.

|Ap| = FAt = (my +m, ) gAt

L (30420 4
Ap|= 10110
P| ( 1000 ]( )( )

= |Ap|=5x10"" Ns
Hence, the correct answer is (B).

=

Since collision is perfectly inelastic, so
(20)(90)-(30)(10) = (20+30)v

= 0=30ms"
Hence, the correct answer is (D).

The block is not free to move along horizontal or
vertical. It can move along the inclined surface when
the bullet collides, jerk or impulse will be generated
by the inclined surface. As the surface is smooth, only
normal impulse will be generated. So, the forces along
the inclined will not be impulsive and conservation of
linear momentum is applicable along the inclined.
Hence, the correct answer is (D).

As discussed above, the impulse by inclined plane
will be along normal to surface. The impulsive force
between bullet and block will be internal. So net
impulse will be along normal to the incline.

Hence, the correct answer is (C).

By impulse momentum theorem, [ = Ap

Normal N
N 000 4
N ’

. )
mllsy
'
,
'
rd S
I, \\
musing

Initial momentum along the normal is
p; = —musin®

Also, py=0

= I=Ap=musin@

Hence, the correct answer is (A).

Applying conservation of linear momentum along the
incline, we get
mucos® = (m+M)u’

o = mucosf

=
m+M
u*
Stopping distance s=—
2a
( 1 cosf J2 1
= s5= X
n+M 2¢sin@
m*u® cos’ @

S=—
2gsinB(m+M)
Hence, the correct answer is (C).

60.

61.

62.

For the following collision line of impact is as shown
in the Figure.

Vsing

So, velocity of approach along line of impact is
v, =V cost (1)
Hence, the correct answer is (C).

Let V_, be the velocity of cm of the disc after collision
and V" be velocity of ball after collision, then
Vo=V

p=—m (2
Vcos@ @

Vsing

Conserving Linear Momentum along the line of impact,
we get

MVcos@= MV, + MV’
From equation (2), we get
MV cos@ =MV, +M(-eVcosb+V,, )
Voo VeosB(1+e)
2
Hence, the correct answer is (D).

Speed of ball after collision is

\/cos2 0(1-¢)*
4

V=V +sin’@

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

1

A-pP;iB=(),C—(6);D—(r)
2
&) k=2
2
k=) =9(£)=9K
2im 2m

% increase in K = 800% = 8(100%)
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ee
(B) p=+v2mK
p’ =2(4K)m = 2J2Km = 2p
% increase in p=100% =1(100%)
2
© k=L

2m
For small percentage changes,
%increaseinK = 2 (% increaseinp)= 2% = 4(0.5%)

(D) p=+2mK
% increase in p= % (% increase in K)
=0.5%=1(0.5%)
A-(p);B—=(psC—(q;D-()

L
S = umgx

= 0=2Mgxr=12x05x10x25=5ms"’
Apply Law of Conservation of Energy, we get

1
Emvz =mgR(1-cos0)

= 0=5ms’

. 2_.2

Since, v° =u” + 2as

= 0°=25-2xugx1.6=3ms”
U — 1y

1y — 1y

Since, ¢ =

= e=1

A=(qB=(q;C—=(piD—(s)
The time of flight of the particle launched from the
ground is
_2u 2x20
Tg 10
The time taken by the second particle dropped from a
height of 180 m is

ty = \/@= J"_Z(ISO) =6s
g 10

Taking the downward direction as positive, we have at
t=0

=48

_may+mpa,  (m)(10)+(m)(10)
iy + 1, 2m

=10 ms™>

Acm

M0 + MyUy - (m)(*20)+(m)(0)
Ty + 1y 2m

=-10 ms™

At t=5s, the first particle will come to rest whereas
the second particle will still be moving with a down-
ward velocity

0, = gt =50 ms™

Hints and Explanations H.123

So, att =5 s, we have

~(m)(0)+(m)(10) .
oy = m =5ms
Do = (m)(O);fIm)(SO) 25 !

Fm =m1¢'11+m2¢'12=(21°+8})

Cl

= |E.|=Va+64 =68 unit

cm ~
g+,

S V- (1)(4%);(2)(4}') : 4?;8}

= |5cm|=%\/16+6 =J§_0 unit

N
[+ 4
Y8
-
o
<
I
v

= Mm|Ty,|= J/80 unit

2
Now, # =Jﬁldt= (4i)
0

2
- - 8+
and r2='l[vzdf=(3])

7 _ Tyl
am ~ -
1y + 1, 3
- 4, 161
= Twm= 51+3]

- 16 256 20
R PRI

A= r1,s);B=(pr1s);C=@E:;D-=(pq

_ Total momentum Z_p

Since, v = =
o Total mass m
2x3 2 _
U, = —— == ms™ = constant
3+6 3

At maximum deformation in the spring, both the
blocks move together with the velocity that equals the
velocity of centre of mass, so we have

U315 = Vg kg = Uem = 5 ms™!
Up to the maximum extension in spring, the spring
force on 6 kg is towards left. So 6 kg block will
accelerate and its velocity will be maximum.
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6.

A= (@);B—=(p)C—(q;D—(s)
Pitpa=p (1)
Further, K; +K, =K

2

- Pl Pz _r
Zm dm 2m
= 2p12 + p% = 2p2 ...(2)

K
@ p @ N @ P (l ' P2
Before Collision After Collision

Solving these two equations we get,

4
Pz=5P
P
dp=-5,K, ==
and p 3’17
and KZ_BK
9

A= ();B—(q);C—(shD—(p)
Let the spring be compressed to state P from its natural
state at Q as shown in Figure.

-+
EistuiisEl
P iQ

When released, the block B goes from P to Q, so we
have

kx
1y =—
My
Mpa mg ) (kx)
andaCM= BB =( B)
ma+mg My +mp

When the block goes from P to Q, we see that the
compression x decreases, so ¢, decreases. After Q,
we observe that A leaves contact with the wall and
spring comes to its natural length, hence net force
on system is zero. Therefore, ac; is zero. Also, we
see that from P to Q, the velocity of B increases and
hence velocity of centre of mass also increases. After
this the acceleration of centre of mass, i.e. acy; becomes
zero and hence vy, becomes constant.

A—=(q;B—=(r);,C—(p;D—(p)
J

10.

11.

According to Impulse - Momentum Theorem, we have

I=P2*

= -J=(05+15)v,-05x16 ..(1)
ﬁfﬁ
and [=3Xxw, ..(2)
Solving (1) and (2), we get
v,=16ms™
Since,a=(m2_ml)g=(3_2)g=£
(my+my) \3+2 5
= g=2ms?
2 2
Also, b =L =18 _peam
2a 2x2
andf=%=0.64s
a

A= (p,1);B-=(p,1);C=(q;D—(q)
The velocity of the centre of mass is
Total momentum _ Xp

U =

Total mass  Zm
(1)(10)+(2)(-5)
= Uy = — 3 - 0 = constant
= P = Mo, =0 = constant

Finally, both blocks the will stop.
A= (@;B—(p1);C—(p1);D—(rs)

i) .
2= Ma,,,

Since, F =

= U, = constant

and this constant value may be zero also.

So, (B) — (p, r) and similarly (C) — (p, 1)

No comments can be given about velocities of indi-

vidual particles. So, (D) — (1, 5)

A= ();B—=(p)rC—(p);D—=()

(@) When A moves x towards right, then B and C will
move towards left as shown in Figure.

A (B+C)
X Xy«
30 kg

90 kg
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[ ] ]
Under these conditions the centre of mass of the
system will remain fixed, so we have
30x = 90x,
X
3
(b) When B moves x towards left, then A and C will

move towards right as shown in Figure

X B A+C

e — X,

60kg  60kg

Under these conditions the centre of mass of the
system will remain fixed, so we have

60x = 60x,
= X=X
(c) When A moves x towards right and B moves x
towards left, then C will move towards right as

shown in Figure.
A B c
— X Xe4e——e — X
30 kg 60kg 30kg

Under these conditions the centre of mass of the
system will remain fixed, so we have

30x +30x, = 60x
= x=x
When A and B both move x towards right, then C
will move towards left as shown in Figure.

A+B
— X Xje——
90 kg 30 kg

Under these conditions the centre of mass of the
system will remain fixed, so we have

90x = 301’4
=  x3=3

. A_)(S);B_)(S)rcé(p,«er):D_)(p;er)
Conceptual
A= (@);B—=(s)C—(p);D—(g
By conservation of linear momentum, we have

My = Mo 4, + Mo
Also, applying the definition of ¢, we get

e:_(m)
0-v

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

1-¢ l+e
vg = - vand v, = E v

For elastic collision,e=1,s0 v, =v

14.

15.

Hints and Explanations H.125

For perfectly inelastic collision, e =0,s0 v, = %

For inelastic collision having e = %, V4= %ﬂ
. . i, . 1 50
For inelastic collision having e = 7 U, = r

A=(q);B—=(q:;C—=(q;D-(p)

an -

1ms™
my + 1,

So, (A) = (q)
At maximum compression by Law of Conservation of
Linear Momentum, we get

(2)(2)+(2)(0)=(2+2) v mpined

= Ucombined

So, (B) = (q)
Now, Upay =K~ K,

=1ms™

CHAPTER 2

_1 2_1 2_
= Umax_2x2><(2) 2><4><(1) =2]
So, (D) - (p)

1
Since, Esz =2]

max

= Xp =1m

S0,(C) = (g)

A= (1);B=(rs);C—=(p,q;D-(p)

(a) LetT be the tension in string connecting 11 to n1,,

then tension in the string held by the man is 2T.
For equilibrium of m,, we have

T=myg=200 N

For equilibrium of (M +m, ), we have
3T =Wy t1mg

= 600=W,_ +100

= W, =500N

(b) The net upward force acting on the system is 4T
and the net downward force acting on the system
is the weight of all. For the centre of mass to accel-
erate upwards, we must have

4T > 200+ 100+ 500
= T>200N

(c) For the centre of mass to accelerate downwards,
we must have

4T <200 +100+500
= T<200N

When in equilibrium, the forces acting on the man
are shown in Figure.
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16.

17.

18.

19.

NI 2T =400 N
500 N
Since, ZF =0
= N+400=500
= N=100N

A= (q;B—=(p)C—=(1);D—=(r)
Apply conservation of linear momentum in horizontal
direction and conservation of mechanical energy.

A—=(q1);B—(q1);C—(p,s);D—(p)

In the absence of external force, the state of centre of
mass will remain unchanged and the linear momen-
tum of system remains conserved e.g. a man walking
on a platform which lies on a frictionless horizontal
surface.

Centre of mass of a body can lie inside or outside it.
Centre of mass of a solid cube will lie inside the cube.

A= ();B— (@), C—(q;D—(p)

For (A), p=2mK = 2x05x 4 =2 kgms™

For (B), oy = Pa +p5 =0+2=2kgms™

For (C), i.e. at maximum compression the blocks move
with a common velocity and will have momentum
equal to half the momentum of centre of mass of the
particles.

Pom

= Pa=pPp= ’ =1kgm571

For (D), since we know that for an elastic collision
between two equal masses, the velocities are inter-
changed. Hence, B comes to rest and A starts moving.
A= (q;B—=(s);C—(prD—(
X + e+ 111, X
Using x,, = ——————"1
1y + ..+ 1,

m +...+m
and ycm — 13’1 nyn

Integer/Numerical Answer Type Questions

1.

mocos@+ mvcos@ = (m + m)%
2muvcosf = muv

1
= cosf=—

2

= 0=60°

ﬂt{ 3

Just After
v Impact
Just Before
Impact

So, angle between the two before collision is

= $=20=120°
= £=6°
20
U;=(""A‘”’BJaf(EJ(z):o.z;ms‘l
1y + g 3+2
2
U,’3=( M JT)B=(L)(2)=2.41’H8_1
My + Mg 3+2

Retardation of both the blocks will be,

a=lgg=04x10=4ms™

2 2
v v
s, =-2 and s, =2
A B
2a

Therefore, the desired distance is,

2 2 2

2
d:SB_SA:UE 7‘0151 :(24) 7(04)

2a 8

d=%=0.7m=70cm

For stable circular motion of centre of mass of rope, we
use
[
T=m ( — ) w*
2
For the rope not to break, we must have T <40 N

= m(iszgélO
2
= (0.4)@} 2 <40

= @’ <100
= ®<10rads™
= o, =10rads™

Along common tangent direction, the speed of the
particle remains unchanged. So, we have



5.

ICON

e
H Common
$ -~ tangent
e N
’ . Common
normal
Uy COs U = vsina
= v=7ycota ..(1)

Also, we can conserve linear momentum of the “particle
+ wedge’ system along horizontal direction. So,
moy +0=2mV
%

Coefficient of restitution
(Relative velocity of separation)

e= n-line

(Relative velocity of approach )

n-line

Vsina+ovcosae Vv
¢=————=—+—cotx
vy sino vy T

Using (1) and (2), we get
1 2
e=—+cot o
2
Given that tana =2

= cota=

:§:0.75
4

e = g =

String becomes taut when A moves upwards by a
distance / under influence of gravity. Let v; be the
velocity of A at this moment, then

vf:(@)z—ZgI:Sgl
= U1=x/8T%'l

Let v, be the common velocities of both A and B,
just after string becomes taut. Then from Law of
Conservation of Linear Momentum, we have

my8g/ +m(0)=(m+m)v,

Hints and Explanations H.127

Uy=—=-"—"—
22

Both particles return to their original height with the

same speed v, and the string becomes loose as soon

as B strikes the ground and the speed v with which A

strikes the ground is,

/
v2=v§+2gﬁ=8%+2g£

= v2=4gf
= v=2\/g_ﬁ=@
= x=4

Since no external force acts in z direction, hence z
coordinate of the centre of mass of the ball should be
zero. To make z coordinate zero other ball should fall
symmetrically with respect to z axis.

Hence, z coordinate of other ball is z, = -5 m.

The balls do not have any external force in x direction.
Hence in x direction the centre of mass should move
with constant velocity. The x coordinate of centre of
mass atf=2.0s1is

Xem =200%2=400 m

Xy 41X,

Since, x_,, =
1y + 1,
400 = 20 %250 + 20x,
20+20

= X, =2800-250=>550 m

Height fallen by centre of mass atf =2 s is
h =%><10><(2)2 =20m

Hence, y-coordinate of centre of mass is
Yemn =30-20=10 m

, My, +m
Since, ¥/, = 11+,

10 = 20x0+20xy,
20+20
= 1p=20m
= XptlY,+z,=-5+20+20=35

Assuming wedge, block 1 and block 2 as a system.
Since no external force acts on the system in horizontal
direction, so both the linear momentum and mechani-
cal energy will be conserved for the system.

Final step: Let velocity of block 1 in vertical direction
be v. Hence velocity of block 2 with respect to wedge
will be v towards left. Let velocity of wedge towards
rightbe V.

CHAPTER 2
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10.

Hence velocity of block 2 towards left (with respect to
ground) will be (v - V).

Applying conservation of linear momentum for the
system in horizontal direction, we get

(M+m)V-m(v-V)=0
Since M =3m
(1)

Applying conservation of mechanical energy for the
system, we get

= v=5V

AK+AU=0
= (M+m)V2+ﬁ(v—V)2+ﬁvz—O+(—mgh):0
2 2 2
]. 2 1 2 ]- 2
= E(3m+m)V +Em(5V—V) +Em(5V) =mgh
= V= @
\ 45
= o=45
(a) cm=mlyl+m2y2
my +m,
600
m)(0)+( S5 s0)
24:( 1) 1000 __ 8
my +0.6 m; +0.6
= m=14kg

So, total mass =(1.4+0.6) kg=2kg
(b) Go =(6ms™ )t

- df? 3\,
= i =ﬂ=(12 ms )t
cm dt ]

Ecm |r=25 = (12)(2):24 m872

A

(¢) d.,,atf=3s is (36 ms‘z)]
= E,=(m+my)i, =(2)(36)j=(72N)j
The system will be in equilibrium about the centre of
mass. Considering origin at the left end of the rod we
get
‘= 25x0+8.5%30+10x50+5x80+5x90
o 53.5

1605
X, =——=
53.5

30 cm

The string will become taut when the particle will
fall through a distance 2 m in downward direction.
Applying impulse momentum equation, we get

11.

12.

mo—]=0

= J=mv= m\/@
= J=12x10x2 =210 kgms™ = Jao kgms™
= a=40
At the bottommost point, just before collision,
v,, =+J4ga and v,,, =0
Also, we know that

My + 1y

1
m——x2m
= z);uz[zi],félga:[)

and ‘02:[

m+2m
[1+;]m 1
= U, =|-—=— | j4oa =~ [den
am m+2m 8 2 g

After second impact,

,,z[(“%sz'][—@]z_@z_@
2 2

UJ"H
m+2m 2
1 .
. 2m—5><m ( 48'51 ] —483
(] = — = -
2m 2m+m 2 4
n 2 rr 2
So, I, =—(U"’) =2 and hy,, = (%) -
2¢ 2 2¢ 8

= x=2and y=8

When chain leaves the vertex, then P.E. is decreased by
the same factor by which K.E. is increased

h
Sin(45°)=—f
1042

= hf =10m



Initially

Finally

Since, Uy =-mgh; = -10x10x10

= U;=-1000]
Also, U; = -mgh; = -10x10x5
= ui = *500 J

Since AU+ AK =0
= —500+%><10><a2=0

= 0*=100
= 0=10ms"

13. Let us consider ball A and B as a system, then the
initial height of centre of mass from ground is

(Ven) ~m(0)+m(40)
ycm i T

Initial velocity of centre of mass is
_m(50)+m(30)
o 2m

Acceleration of centre of mass is

=20m

=40 ms '

o -2
Iy =—8=-10ms
- 2 2 _
Since v, — Uy, = 20, AY

where Ay is displacement of centre of mass along y
direction (taken vertically upwards).
= 0°-40°=-2x10%x Ay,

_ 1600 _
cm 20
= (ycm )f _(ycm ), =80
= (Yam ), =20+80=100 m

80 m

= Ay

Hence, maximum height reach by centre of mass from
ground level will be

s =100 m
14. Acceleration of both the blocks will be
- aro_ &
1, =, = ¢sindh® ==
1= =8 VA

at right angles to each other. Since,

n’anA + mBEt'B
cm

?”A + HIB

15.

16.

Hints and Explanations H.129

Also, m, =

= gy =%(¢'1A +¢'15)= ﬁ(;ﬂ), downwards

= |ﬁcm=(%](\/§]=§=5ms_2

When bock reaches ground and if B is displaced
toward right by x, the displacement of centre of mass
of system in horizontal direction must be zero hence
we use
4M(1-x)=20Mx
12
X=—=—=

6 6

CHAPTER 2

2m

Velocity of disc A in tangential direction is
(1), = usind5° = 4 ..(1)

2

The disc B will move along common normal direction
only.

(Vi

“{0545; {

B EV2)n

Y
n-line

Since both the discs move perpendicular to each
other, so disc A should move along common tangent
direction.

u
SO, UA =

V2

Applying conservation of linear momentum along
common normal direction, we get

m(%}o: m(0)+(2m)(vy),

, along common tangent direction.

= (vz)”=m
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17.

18.

19.

Hence, velocity of disc B along common normal is %

(Relative velocity of separation) .

in-line

Since, e =
(Relative velocity of approach)

(0,70 w2 1
" ucosds®  u/\2 2

n-line

Maximum transfer of momentum takes place when
both the masses are equal i.e.,

x?-9x+21=1
= x-9x+20=0
= (x-4)(x-5)=09
= x=4and x=5

Let p be the mass density, then mass of the removed
cone is

1 (RY | #R%
= — — R =
. p{s”(z) ] 12

: .. R
Also, centre of mass of cone is at height 1

Mass of remaining hemisphere is

S ] _7nR%
12

( 2

mz =| —T

3 12
Let its centre of mass be at a height y

Since common centre of mass of m; + 1, (i.e. a hemi-

3R
sphere) is at a height 5 sowe get

(i)
ﬁf 2 )i AR™ )
8 2 3)

=nR
.
2[3R) R 7y
= -l — |=—+—
3\8 ) 48 12
7y R R 1IR
= —_— = —
12 4 48 48
= y=g=ﬂ(28)=11cm
28 28

Velocity of B after collision is

(1+e)myu, _[(1+e}m
1y + i,

}(10)

M+ m
= ©v,=5(1+e¢)

2
Height to which B rises is 1 = :_2
g

20.

21.

22.

23.

Since gases are ejected out during motion we use

v ?’.'I”_‘-‘Jz
dev: J udm

0 my
= o=uln2=2In(2) ms ' =14 ms"

According to Work-Energy Theorem, we have

%mVZ = (ymg)(0.06)+%kx2

%(O.]S)Vz=(0.1)(0.18)(10)(0.06)+%(2)(0.06)2
= V=04ms?

_N

10

= N=4

= 04

Since no force acts along the horizontal direction and
initial velocity of centre of mass along a horizontal
direction is also zero, so x coordinate of centre of mass
remains zero. However, (4, ]y =-g

Initial velocity of centre of mass along y-direction is

(ucm )y

= (U ]y =5ms™

~ m[10sin(30°)]+ m[10sin(30°)]
- 2m

Att=10s

Yem =(“cm )yt-l-a(acm )y tz

= ycm=(5)(10)+%(710)(10)2
= Yoy =50-500=-450 m
= x=0 and y=-450

= x-y=450

Initial state at =0 and final state at time ¢ are shown
in Figure.

v y
ope L
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24,

Applying conservation of momentum at time f, we get
mvy =mo’ +2mo,
= 7 =0+2,
At the time of collisionf=0and "= v,
Y

’
= U=U,=—
y
3

Applying conservation of energy, we get

1 1 1
—mvE = =mv* + 2[—m(vf + vﬁ )]
2 2 2 :

So, net velocity of A at the time of collision is

_ |2, .2
vA_,/v_Y+vy

Let displacement of the platform be Ax, = x, towards
right as shown in Figure.

|

AXg=2+x

=

<
e

Il

>

The displacement of Rahulis Axy =(2+ x), rightwards
The displacement of Mohit is Ax,; = (2 - x), leftwards

25.

Hints and Explanations H.131

Since no external forces are acting on the system,
the displacement of the centre of mass of the system
should be zero. Hence

Ax _mprP+mRAxR+n'1MAxM_O
o Mp + Mg + My,

40x+50(2+x)-60(2-x)

=0
150
x= 2 m=13 cm
15
2.3 N
u*sin’ @ (20) Xl (a'4
H= = = ].5 m
29 2x10 L
=
i.e., the shell strikes the ball at highest point of its tra- (%™
jectory. Velocity of (ball + shell) just after collision, <
using Law of Conservation of Linear Momentum is XL
. cos60° v
2
= 1= ﬂ =5ms
2x2

At the highest point, combined mass is at rest relative
to the trolley. Let v be the velocity of trolley at this
instant. Then by Law of Conservation of Momentum,
we get

2x5=(2+18)v

I
= U=—-ms
2

—>V

v, =0

Using Law of Conservation of Mechanical Energy, we
get

25-25=20(1-cosf)
1-cos@=1.125

1 ) (1 1)
(5)(2)(5) —(EJX(ZHS)(EJ ~(2)(10)(1)(1-cos0)
=
—
=

26.

cos8=0.125

U

cosf)=1
8
= *=§

Let v be velocity of the ball after collision along the
normal, v” be velocity of the ball after collision along
incline and | be impulse on ball, then

J=v-(-2c0830°)=v++/3
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27.

Impulse on wedge is
Jsin30° = Mo, =20,

v++v3
2
= v=4vl—\/§ ..(1)

Coefficient of restitution is defined as

Uy — 0
e=—| D270
Uy =1l

v

_ 2

= =2y

= 1o
2 2cos30°
L oo¥u .2
2 2

Solving (1) and (2), we get

_ 1 _
ms™ and v=— ms™!

N J3

For the ball, velocity along incline remains constant, so
v’ =25in(30°)=1ms™'

Hence final velocity of ball is

= o=2

U=

If all the particles of the system have same accelera-
tion, 4 say, then acceleration of centre of mass will also
be equal to 4. Now, in this problem since both particles
are projected in the air, so both particles have accelera-
tion ¢ downwards.

= oy =-gf
Now, if 4y remains constant, then equation of motion
can be applied to centre of mass. In this question, max-
imum height attained by the centre of mass is asked,
thus we need not to think about the vertical motion of
centre of mass.

5(10sin30°) + 2(175sin30°)
5+2

25+17 42 1

(Vem ]y =

Also, (acy )y =-10 ms™

|:(ch ), ]2 36

= =18m
2(aCM ]y 2x10

= (hCM )max =

28. Before we can draw working diagrams, the velocity

components, before and after impact, parallel and
perpendicular to the line of centres must be found.
To do this we need unit vectors in these two directions.
Let the unit vector along the line of centres i.e., along
n-line be 71, where

Lo
n=—=\i-
\/5( ,')
and a unit vector perpendicular to the line of centres
i.e., along t-line be f where

P R
t=—(i+

5li+])
The velocity components along these directions are
calculated in table.

Magnitude of component
Sphere
Parallel to 7 Parallel to {
(f+2}')-\/1§(5}'] (i+2]) j-(“w‘]
A __1 _3
2 2
) ( 1+3])%(1A—}) ( 1+3]) J_(H])
=22 =\2

Using Law of Conservation of Linear Momentum and
the Law of Restitution along the line of impact i.e.,
n-line, we get

m(%]+2m(2\/§)=mu+2nw
and (2\/'—T]_u v

Solving, we get
u=2y2 and 0= Z\E

The velocity of A after impact is

UA——LHI+Tt—( 2J_)T(1_ ) (

U =%(_§+7})

(i+1)

2
S
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29.

30.

= a=2,x=1and y,=7
The velocity of B after impact is

z-,B:_vﬁmz:(_g\/z)%(?_;p(\/z)

12 »
E(“J)
= ﬁg=i(f?+9})

= f=4 x=1and y,=9

Taking four monkeys together as system, the external
forces acting on the system is tension and gravitational
force.

Acceleration of centre of mass of system is

Mgy + py + Mgy + Hydy
cm T

nﬁ + f’”z + m3 + f’”4
Taking upward direction is positive, we get
_15(1)+25(-3)+20(0) +40(0)

a.. =
o 15425+ 20+ 40
= g, = _ﬂ = i ms"z, downwards
100 10
Sincef zFext = Macm
= Mg-T=Ma

= (100)(9.8)-T =100(0.6)
= T=980-60=920 N

Mass of gun is 80m —5m =75m
After first shot, if speed of car is v;, then we have
75mo = 5m(100 - v)

500 100
= Uy=——=——1ms
80 6
After second shot, if speed of car is v,, then we have
75111( %] =70mv, - 5m(100 - v, )
o 750, = 210 50

31.

32.

33.

Hints and Explanations H.133

100 100
=—+—ms

+
=76 " 15

= v2=100(i+l]ms—1:=13ms‘1
16 15

(a) Leto be velocity of block when the bullet emerges

from it. Applying Law of Conservation of Linear
Momentum, we get

(1)o+(4x107)(100) = (4x 107 )(600)
= 0p=2ms’
Using v* = u” - 2as, we get
0=(2)-2(p8) s
0=4-2u,(10)(04)

1
= ﬂk=0.5=5

CHAPTER 2

= *=2
(b) Decrease in kinetic energy of bullet is

_AK =%(4x10-3)[(600)2—(100)2]=700J

(c) Kinetic energy of block
K:%xlx(2)2=2]

Justbefore collision, the arrangement is shown in Figure.

2R 22

“2R+R 3

Let initial velocity of A be u and final velocity of each

small balls be v

Applying conservation of linear momentum, we get
mu = 2mvcosd

So, cosf

(Relative velocity of separation )

n-line

Since, ¢ =
(Relative velocity of aPPma‘:h),!-ﬁne
)
= e=
1cosB
1 19
€=_2=—=_30.56
2cos” 6 2[ 8) 16
9

If final velocity of shuttle is v, then by conservation of
momentum, we get

MY M
M(4000)=(?)v+?(3880)
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34.

35.

36.

= %:4000—@:3224

= ©=4030 kph

For elastic collision between A and B, we have

v —( 2m )9
B 2m+m

= v5=6 ms '

Now, for completely inelastic collision between B and
C, we have

_ 2m(wg)+m(0)
oe= 2m+m
_am)(e)

<7 3m

-1
= tc=4ms

Applying conservation of momentum along x and y
direction. Along x direction,

Mgv =M 40, cos6 (1)
If A moves at an angle 6 to initial direction of B which
is taken as x axis, then along y direction

mB%=mAUAsin6 (2)
Dividing (2) by (1), we get
1
tanf=—
2
1
= 9=tan_l[—J
2
= o=2
Since collision is elastic, so we have
L=l (£}+1m 22
2 B T B Ly ) A

Using equation (1), we get

(mqv,cos0)v=(myv, c059)3+ mvh
1
= wvcosd= Zvc059+ Vy

= V,= %vcos@

1 2
Since, tanf=—,so cosf=—
2 NG
3\ 2 30 9
Va=| T = [p= 572 =| 1oz o= V045
R (4)(45]0 25 [ 4><5]U v
= p=045

At maximum compression (x,, ), velocity of both
the blocks is same, say it is v. Applying Law of
Conservation of Linear Momentum, we get

(mA +mB)U= Mgty

37.

38.

= (1+Dov=(1)g,

= v=U—0=z=1ms'1
2 2

By Law of Conservation of Mechanical Energy, we get

1 5,1 2. 1,5
—mpvy =—(m, +mp v+ —kx
2 BY0 2( A B) 2 m

Substituting the values, we get
%><(1)><(2)2 = %x(1+1)><(1)2+%><(200)><x§,

= 2=1+100x%
= x,=01m=10cm

Let smaller block be moving with speed v, relative to
bigger block when it reaches the bottommost position
and at this instant, bigger block is moving at v, (say).
Applying conservation of momentum in horizontal
direction we get

vy
6m
61mv, = m(v, -1, ) (1)
Applying conservation of energy, we get
mga:%m(vl—vz)2+%(6m)v-f. .2

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

2¢a= 3603 + 603

qa
Uy =, 2=
= *x=21

Let K be the initial kinetic energy of mass m and K; and
K, the kinetic energies after collision in the direction
shown in figure. Initial Momentum of the particle is

\J2mK. So,

Applying conservation of linear momentum in vector
form, we get,

J2mK i = \[2mK j + MK, (cos 307 - sin307 )
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= V2mK=10mK, ﬁ and

2

4 2mK] = 1,‘10sz %

Solving, we get

4 K
15 3

9
= Ki+Ky=-K=06K

So,lossin KE =K -0.6K =0.4K
Hence, KE will be decreased by 40%.

39. After timet, let us calculate velocity of centre of mass
of system by using impulse momentum equation. As
spring force is an internal force of system, so we have

5t
Pogstem = (2+3) 0, = 5tdf=7 (1)
0
At t=10s, from equation (1) we get
2,
10)7/2
Ve = 5 [;) = =50 ms™

If at this instant, let velocity of 2 kg mass be v,, then

ARCHIVE: JEE MAIN

Hints and Explanations H.135

we have
o 5o (N0 +20,
5
1o D)0

After time t, let us calculate velocity of centre of mass

of system by using impulse momentum equation. As

spring force is an internal force of system, so we have
5t

t
psystem = (2+3)Ucm = J-5fdf = 7 (l)
0

Att=10s, from equation (1) we get

10)*/2
=5( 0y, =50 ms

cm

If at this instant, let velocity of 2 kg mass be v,, then
we have

N
+4
L
-
o
<
I
Y

_ (3)(30) + 20,
5

_(5)(50)-(3)(30) _ 160 _
i 2 2

Ve =20

80 ms™!

1. Applying Law of Conservation of Momentum, we get
pi=p f

! Before Collision After Collision

y v
u? Rest
- X O— O m
m 3m

= ()i )+ (3m)(8) = (m)(of )+ (3m)3,

= mui-muj=3my,

__ui-7j 2
= 1= 3
= u-+v
= [B]=— M
2
> U +T

Since collision is perfectly elastic, so we have
ZKinitial = ZKiinal

initial

1 1 2 1 1
= Emu2+z(3m)(0) =Emvz+5(3m)vf

2

= ut=0v2+307

Substituting value of v, from equation (1), we get
2, .2
u? =UZ+3(LI ;-v J

= 3ut=3"+ut+0v*

= 2u*=40?

u

= U=—f4
V2

Hence, the correct answer is (D).

Applying momentum conservation along y-axis, we
get
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my0; siny = m,v,sinf,
=  mv, sin®, = 10mv, sinb,
= ©v;sinf, =10v,sin6, (1)
Since it is given that

(), =5 (K,

u
= ™ =— ‘e 2
155 2)
Also, collision is elastic, so we have K P = K;

I o, 1 , 1 2
= —mut==mol+=(10m)v
2 2712 2

1 1(1 1
= —muz=—(—muzJ+—(101f1’i)ﬁ§;Z
2 2\2 2
= %mtf:l(lOm)v%
u
= UZ=E (3)

Substituting equations (2) and (3) in equation (1), we get
u u
—=sinf); = 10—==-sinf
2 0
= sinf, = JlT)sinBz
= n=10
Hence, the correct answer is (10.00).

X, — MyX
- _ Xy — Xy
Since x., =

1My — 1,

where, 1, is mass of complete discand 1, isremoved
mass.

Let o be the surface mass density of disc material,
then

Comd*(0)-o(a?/4)d  —d’d/4

an T - /
na’ - (a"‘;‘il)

! oma’ - cr( azf‘fél)

—d a
M 4r-1 2(4r-1)

= X=2(4r-1)=(87-2)=23.12

So, nearest integer value of X =23
Hence, the correct answer is (23.00).

Since, p; = py

= 01x20=2v
= p=1ms™
So, final kinetic energy is

K =mgh+%m02 =21]
Hence, the correct answer is (A).

Since all collisions are perfectly inelastic, so after the
final collision, all blocks are moving together. So, if
the final velocity be V, then on applying momentum
conservation, we get

_.,V

HININENEE

m m 2m 4m 8m

mo=16mV
= V= =z
16

Now initial energy is E; = %mvz

2
1 v
Final energy is E =—16m(—J
gyis By =2(16m)| -
2
mo
= E,=——r
L)

Energy loss is E; - E; givenby

2 2 16
1
= E-E; -—mvz(l——J
16
= E —Ef = lmvz(g)
16
So, percentage loss in KE is
AR 100% —Ener8y 10ss 400,
Original energy
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1)
lmDZ(E)
o |28 1000 =216 300 = 93.75%
K 1 5
—=1mv
= p=%

Hence, the correct answer is (D).

Momentum conservation along x direction, we get

0. 2m
------ é”->---0—>v0/2
o Yo
%
th:@cosB:(Zm)E
1
= cosf=—
2
= 06=60°

Angle is 26 =120°
Hence, the correct answer is (120.00).

Given that the respective initial velocity of A and B
be

iy =(V3i+]) ms™-and ii, = 0
Also, n; =2m, and after collision, we have

oy =(i+3]) ms™ and 3, =7
Applying Law of Conservation of Linear Momentum,
we get

Myiiy + Mylly = 1T + MyT,
= Zmz(ﬁf+}]+0=2m2(f+\/§})+mzf}2
= 5,=2(V31-])+2 )
= 5,=2(3-1)(i-])

If 6 be the angle between @, and @, , then we have

_2(v3-1)(1-+3)

= 52=2(«/§?+})—2(f+x/§})
(i-3]

cosf = O _
ool ()] 2v2(v3-1)]
_1-8
= cosf= 22 (1)

Since we can write, cos(105°) = cos(60° +45°)

= ¢058(105°) = cos60°cos 45° — sin 60°sin 45°

- w3 E)- 5 %)

oy 1-V3
= cos(105°) = N .(2)

10.

Hints and Explanations H.137

So, from equations (1) and (2), we get

6=105°
Hence, the correct answer is (D).

3R
Since, x = ry =3cm

= x=3 N
Hence, the correct answer is (3). (a4
L
Let 1kg be taken as origin and xy axis is shown in =
Figure. o
y <
L
(0,4)© 2.5 kg v
4em| O\
10kg 15k
0 > X
(0,0) dem - (3,0)
So, X = 1(0)+1'5(;)+2'5(0) =09 cm and
1(0)+1.5(0)+2.5(4)

Hence, the correct answer is (B).

Let lamina be divided in two parts such that m, =3 kg
and m, =1kg

(01 3) 1 (2’ 3)
' m, |Plate-2
m, |[(1,2) @2)
Plate-1| °
(0,0) (1, 0)

Mass of plate-1 is assumed to be concentrated at
(05,1,5) and mass of plate2 is assumed to be
concentrated at (1.5, 2.5) , 50 we have

_mpxyp+mpx,  3x05+1x15
iy + 1,

=0.75 and

it}

_ MYy iy, 3><l.5-o—l><2.5=1 75
T 4+ my '

Hence, the correct answer is (D).
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ae
11. By conservation of linear momentum, we have N ( R24+R+ 1)( 2_R)=1
(0'1)(3E)+(0'1)(5}) = (0'1)(4)(E+})+(0-1)5 Hence, the correct answer is (C).
= O=-it] 13. Applying Law of Conservation of Momentum, we get

~ ~

Speed of B after collision is 7| =2 . P+
(mu)i +mu S =(m+m)o

Now, kinetic energy of B is

1, 1 1 3 . ua
K,==mv ==(0.1)(2)=— =_2 7 B
p=gm =5 (002)=1 oy

= x=1 ., u
= |U=—=+10

Hence, the correct answer is (1.00). g 4

12. Applying Law of Conservation of Moments about the o, final kinetic energy is

. 1 2
centre C of the full disc, we have Ko =Lom ( u m) _ g i

and initial kinetic energy is

2
K;= 1mu +1m[ - J:Efamz
2 2 \V2 ) 8

So, loss in kinetic energy is
1

-AK=K; - Ky = —mu®
8

Hence, the correct answer is (B).

jxdm J. Adx )x

mh =ty , where 14. Since, X = jdm '[dm
4
My = Mremainder = E"’T(RP’ - (13 ))pr n=2-R and
4 3 dm = Adx
My = =-—n(1) p, n=R-1 x=0 I |
2 T3 P, h - ,dx|._
= Myemainder ( 2-R ) Cavity (R -1 )
bx?
= [E RSp——Jr p:|(2—R)=[En(1)3p:|(R—1) J.(M-?]xdx %2+E§
: 3 _0 2 1*4
= (R*-1)(2-R)=R-1 = =L N
bxz L+ —-——
2 J a+—- |dx 273
= (R?+R+1)(2-R)=1 I
Alternatively, we can also get the desired result by ’
applying the formula (4a+2b)
8§ _3(2a+b
= Ml disc¥1 ~ Mremoved disc™2 = Xm (3(1 " b) 3a+b
Mg disc ~ Mremoved disc 3
Considering origin to be at the centre of the full disc, Hence, the correct answer is (D).
we have

15. Applying Law of Conservation of Momentum along x

~(2-R), x,=0 and x,=R-1 direction, we get

4 3
0—521(1) p(R-1) _(p_1)

= -(2-R)=

ucos60° u 2m

= 3 3

% RSP—E:’I(USP R _(1) o0— = @o—V

3 3 om Finally
Initially

= —(2-R)(R*-1)==(R-1)
= (2-R(R-1(R*+R+1)=(R-1)
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[ ] ]
mu
— +mu=2mv’
, 3u
= =—
4

16.

17.

18.

19.

Range after collision is

R=vi=( )2 2
4 4\ g

u?sin?(60°)
28

3u [2u®sin®(60°) ( 3u J[ w3 J
= R=— |[—m8Mm=| — || —

1\ g(2g) 4\ 2g
=3\/§u2

88
Hence, the correct answer is (C).

1
cH== tZ}
{ 28

where, H =

= R

A

(2m)r1}+3mxaf+nza(—f)+4mxa(—j)

Ay =
M
2m+3Im+4m+m

= ey =

2(1:?—2(1} ajs =
==|1-
o=gli-])
Hence, the correct answer is (D).

Applying Conservation of Linear Momentum, we get
)0 + My0y = 03 + 150y

= myoy +0.5mw, = 0.5mv; +0.5m0,

= U =0,-1,

Hence, the correct answer is (B).

X-coordinate of CM of remaining sheet is

. _ MX -mx
M M-m
(4m)><(EJ—M[3—a) 54
= Xy = 2 4 =—
dm—m 12
5b
Similarly, v, =—
vy 1 |
So, centre of mass is located at (5_:;1, o ]
12° 12

Hence, the correct answer is (B).

Applying Conservation of Linear Momentum, we get

2V
2V =" rmV, (1)
4
Since ¢ = —(u]zl
Uy — 1
Vv

= V=l .2)

20.

21.

22

Hints and Explanations H.139

Substituting (2) in (1), we get

ﬂ=mz(‘V+K]
2 4

6
= My = 5 kg
Hence, the correct answer is (D).
Applying momentum conservation, we get

mo =(4m+m)v’

. [
So, common speed is v’ = :

N
Applying energy conservation, we get o
2 L
meH%Sm(Z—SJ:%va Iﬂ-.
= mgh=1mvz(1—lJ=lmvzE I
2 5) 2 5
2 2 U
= 2mv _ 21
5xmg 5g

Hence, the correct answer is (B).

Initial momentum is p; = 2mov +2mo = 4mv

Let " be the speed of each splitted particle, then by
momentum conservation, we get

mo
= 2—==

2
= =2/

Hence, the correct answer is (D).

Applying conservation of linear momentum along x
and y directions.
Along x direction, initial and final momentum are

(Zpy ), i = M(10c0830°) + 2M (5c0545°)
(Zpy ) = 2M(01c0830°) + M(v, cos45°)

Si'nce’ (EP X )initial = (Ep" )final

= 5\/§+1—2=\/§vl+v—2

2 N
= 5J§+5J§=J§v1+% ..(1)

Along y direction, initial and final momentum are

(Zpy) = 2M(5sin45°) - M(10sin30°)
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23.

24,

25.

(Epy )final =2M (U] sin 300) - M( Uy $in45° )
Since, (EP-U )initial - (Epy )ﬁnal

= 5\/5—5=v1—% Q)

Solving equations (1) and (2), we get
(V3+1)p,=5J3+10y2 -5

= 0,=65ms™ and v, =63 ms™

Hence, the correct answer is (D).

Applying momentum conservation, we get
50V, = 20V,

Also, V1 +V,=0.70

= ;=020

Hence, the correct answer is (A).

[

150 g
A (o
(I
f’: \(0-5' 7)
| \
1
|
1
|
|

/
/
/
/

AY
\
\

A60°
5091(0, 0)

\J0og |
(1,0

(m)(0)+(2m)(l)+(3m)(%)

- _7

o 6m 12
_(m)(O)+(2m)(0)+(3m)[§J_£m

Yem = 6m T4

Hence, the correct answer is (D).

Let mass of one rod be m, then balancing the torque
about one end of the rod, we get

mg(CiP)=mg(CN)

26.

27.

28.

= mg[%sin9)=mg(%cosf]:LsinG}
3 . 1
= —mgLsin®=—migLcos®
2 2
= tantS':l
3
Hence, the correct answer is (C).

1
Since, AL, = 2 ok,

= AE1=1[E] 2=lm:¢lz
212 4

Velocity after collisionis V = ;

e
2ol omeM N\ 2

1
Since, AE, +AE, = E( —mo* )
612

- sl )

M __10_5
2m+M 6 3
= M=4
m

Hence, the correct answer is (B).

Let bullet meet the piece of wood in time f, then we
have

100- %10:2 =100 - 5¢°
= t=1s
Applying Law of Conservation of Momentum, we get

90(0.02)-10(0.03) = (0.05)

=1.8_0-3=£=@=3Om5_1
0.05 005 5
2
Sy = 30 =3OX3O=45m
2x10  2x10

So, maximum height above the building is
By =45-5=40m
Hence, the correct answer is (B).

3x10

k

Since spring constant is high, so initial compression
is low. Let v; be velocity after collision, then by
Conservation of Momentum, we have

401 =U0 ...(1)

Initial compression is x; =
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Where, Uy = 4 28}1 = 1,‘2Q x 100
1 2 1 2
Z(4)0? ==k
2( )Ul 2 X

= x=2cm

*No given option is correct.

29. Since, 1= w6, and v=wh,

v 0
Also,v:(M_m]u
+m
M+m u 6
= -
M-m v 6
- M=99+61
m  6,-6
= M:m[MJ
6 -6,

Hence, the correct answer is (A).

30. Letassumelinearmassdensityis A . Thecorresponding
coordinates of the rod are shown in Figure.

y
r 3
(L, L)
am  mleL, L)
(5L/2,0)
0 oL m 3L

then, m, =2LA and r, ,,, =(L, L)

my,=LA and 1, ., =

PN

2L, E) and
2

my =LA and rScmE(%, 0]

, 1My Xy + MyXy + MiaXs
Since, 1, =

f’”l + 1’!12 + n13

(2m)L+m(2L)+m(5L/2) 13,

= x. = ==
o 2m+ m+m 8
and v, = My + 1Yo + 1i3Y5
My + 1y + 111y
(2m)L+m(L/2)+m(0)
Y = ( / ) =EL

cm

2m+m+m 8
Hence, the correct answer is (C).

3. @—ve @ @—v:  @—v

Before Collision After Collision

32.

33.

Hints and Explanations H.141

Applying Conservation of Linear Momentum, we get
mvﬂ = m’Ul + m:’)2
= 1+0, =17 (1)

According to the question, we have

3
Ky=3Ki 2)
1 1 3(1
= —mvf+—mv§=—[—mv§}
2 2 2\2
2,.2_3 2
= vl+v2—Evo ..(3)

From equation (1), we have
2
(o +0,) = %

= 'Uj" +v§ + 200, = v%

Using equation (3), we get

N
+4
kL
-
o
<
I
Y

_2 3
ZUIUE—UQ*EUO

UZ

= 0p0,=--2
192=75
_ 2
= 4vu,=-1
Since, (v, -, " = (v, +0, ) - 40,0,
2_.2 2 2
= (n-1) =1 *(*UD)= 20
Hence, the correct answer is (B).
In an elastic oblique 2-D collision, if two bodies are
of equal masses and second body is at rest, then after

collision, the bodies scatter at right angles. So, the
bodies have equal mass i.e.

m m

unknown ~

Hence, the correct answer is (A).

The kinetic energy of an object just after it hits the
ground is 50% of K.E. of the object. So, we have

1
—mv'? = 1(lmv2J
2 2\2

= UV=—

h

By definition, we have

. Relative velocity after collision

~ Relative velocity before collision
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When a ball dropped from a height 7, total distance
covered when

2
t-misf:h[l” J

1-¢?
1+1
= I=h| —2 |=3k
1
1-=
2

None of the given OPTIONS is correct.

34. Letthelength AB=p and BC=¢q
If 1 be the linear mass density of the rod, then
according to question, centre of mass of the rod lies
vertically below point A, so x, = pcos60°

S
LS
N
N

60° 1M\ c
AB=pandBC=q

(lq)[ gjﬁ-(lp)(z)coséoc’

=  Xcy = peosbl® =

Alp+q)
[
L P_2 4
2 (p+9q)
2
= p2+m=q2+%
2
= 1+i=q—2+l
pop 2
2
. (1] 11,
p) p 2
2 1
. (l)i\f(l) 4(1)(5J 1+43
= —= =
p 2x1 2
9 143 e 14
p 2

Hence, the correct answer is (C).
35. The centre of mass of a uniform solid cone of height
h h
lies at a distance of 1 from base or 3? from vertex.

Hence, the correct answer is (B).

36.

37.

Consider a small segment dx of the rod at a distance x
from A.Mass of this small segment

dm:,udx:(a+bede

A dx B
[

X

Then CM of the rod AB (from A ) is given by

L

J o)

xdm

xCM=T= OL
Jm j,udx
0

L b 2
j( ax+i)dx (aLZ bLZ]
L L
7 0 B

2 3
= —L= =
L .
12 J’( bx] (aL+bL}
a+— |dx 2
L
0
L 7_2'3
12 b
= b=2a

Hence, the correct answer is (C).

. m(20)?+(2m)}
Ucombined = W
y
- 2002
= Ucombined = ?(1 + ] )
m 2v
- |z') |_ 2420 X
combined | — 3 v
. . 2m
Now loss in KE is
-AE=E;-E;
2
1 1 1 242
= Loss=—m(20) +—(2m)v* - —(Sm)[ \/_U)
2 2 2 3
= Loss=23mv’ - L = 2
3 3
5mv’/3
= Y% Loss= ﬁ x 100% = 56%
2mo” + mo

Hence, the correct answer is (C).

38. Hence, the correct answer is (B).
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e
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems ulsin® o
Since, H = ..(2)
_— g
1L b
LA=R-h From equations (1) and (2), we get
R = Maximum - [ ugcosa |\x [ tigcosa |1
height U'( 2 ]H( 2 J}
Since both x and y components of ¢ are equal, so v
makes an angle of 45° with horizontal.
_ Hence, the correct answer is (A). N
. m)_ h
Since, cos(;]=§ 5. Before the first collision, the particle having speed E
I 1 2v will rotate 240° (or 4—?{] while other particle Iﬂ-.
= A=R-h= - —h=h{7;} o
cos(7/n) cos(7/n) -1 having speed v will rotate 120° (or = ] . After [
: 3 L
Hence, the correct answer is (D). first collision, they will exchange their velocities. So, @)
2, t=0e after two collisions they will again reach at point A as
(Before collision) shown in Figure.
L v=gt Aosoy
- 1o 1 an o
Smce,K-zmv -zmgt {v=gt}
2v v
= Koct? : 4
Therefore, K-t graph is parabola. 1* collision 2" collision
However, during collision, retarding force is just like voo2v
the spring force (Fecx), therefore kinetic energy .
' . . Hence, the correct answer is (C).
first decreases to elastic potential energy and then
increases. . 2h
6. R=u |—
Hence, the correct answer is (B). Since, “\j;
3. Final momentum of object
) = 20=9 &andmO:vz /E
_E_PowerxTime _ Pt 10 10
¢ Speedoflight ¢ = 2,=20ms™, v,=100 ms™
_30x 107 x100x 10~ Applying momentum conservation just before and
3x10° just after the collision, we get
= p=10x10"7 kgms™ (0.01)(v)=(0.2)(20) +(0.01)(100)
Hence, the correct answer is (B). = 0=500ms’
4. From momentum conservation, we have Hence, the correct answer is (D).
g 7 7. Since, yoy = MYy + 1Y, + M3Y5 + Yy + isYs
1y + 111y + 13 + 1y + 1l
m
T I (6m)(0)+(m)(a)+m(a)+m(0)+m(~a)
m i = Yom =
Om+ 1+ nt+ni+m
Xp; =2py a

= ycrvﬁﬁ

- 2 4 ~
= m(uycosa)i+ m(\; Uy —2gH )z‘ =(2m)o (1) Hence, the correct answer is (A).
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10.

11.

12.

13.

On a system of particles if, X F,,;, =0 then,

p system — constant

Hence, the correct answer is (A).

Since, = Acos(kt)i - Asin(kt)]

- %:fwﬁﬂmﬁfbkmwﬂ}

Since, F-fi=0
So, angle between F and p is 90°

Hence, the correct answer is (D).

—»\.f1=14ms"1 —» V=0

B e V|

m;=10kg m,=4kg
Since, 7., = M0y + 1157,
?ﬂl + m2
10x14+4x0 10x14 a
Ve = = =10 ms
10+4 14

Hence, the correct answer is (C).
Change in momentum of two particles is

External force on

the system x time interval

Since, Ap =

= Ap=FE At=(m +m,)g(2t))
=  Ap=2(m;+my)gt
Hence, the correct answer is (C).

Before explosion, particle was moving along x-axis ,
ie. it has no y-component of velocity. Therefore, the
centre of mass will not move along the y-direction

= ycm =0

_ Yyt Y,
1y + 11,

(32
B

= y=-bam

= ycm

= 0=

Hence, the correct answer is (A).

At the highest point velocity of the shell is vcos@ . At
the highest point, it explodes into two pieces of equal
masses out of which one piece retraces the path i.e.,
has a velocity -vcosé.

14.

15.

ae
M
vcosg M2 M2
O—> v cosf o—
Just Before Just After Explosion

Explosion

So, by Law of Conservation of Momentum

’

M M
M(vc056)=?(fvc056)+ ;

= v =3vcosf

Hence, the correct answer is (A).

In an inelastic collision, only the momentum of system
(ball and earth) may remain conserved. Some energy

can be lost in the form of heat, sound etc.
Hence, the correct answer is (C).

Since the system is free from external force, hence
i, =0 and since initially they are at rest, so

VCH‘I = O

Hence, the correct answer is (A).

Multiple Correct Choice Type Problems

1

The rate of collision of particle with the piston is
1 v
f=

2o 2L
The speed of the particle after collision (when it
collides with a speed ©v) with the pistonis v+2V.
Assuming that the piston moves inwards by dL, then
speed of the particle increases by

o-af 22
vV J\2L
do_dL
v L

Since L is decreasing, so we have

do__d
v L
v Lyj2
J'dv J‘ dL
= —=—| —
v L
U Ly

2
= (logev)‘ =—(log, L)E:

Yo
v 1
= log,| — |=-lo e(—]
g[%J 52
= ©v=27y,

1
So, kinetic energy at L is K =Emv§ and kinetic
energy at L,/2 is
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1 2

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

Since, Ax, of the block and point mass system is zero

i.e., CM coil not move along x-direction . 4.

= mlx+R)+Mx=0

where, x is displacement of the block.
mR
CM+m
Applying conservation of momentum, we get

= x=

0=mv-MV 5.

= mo=MV
Applying conservation of energy, we get
mgR = %mvz + %MV}1
Solving these two equations, we get
2¢R

1+E
M

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

>— @

Before collision

2 ms™!

—@

After collision

®—»

Since collision is elastic, so e =1
= Velocity of Approach = Velocity of Separation

= u=v+2 ..(1)

By Law of Conservation of Linear Momentum, we get
(Du=(5)v-(1)(2)

= u=5bv-2 (2)

Equating (1) and (2), we get
v+2=5v-2

= v=1ms" and u=3 ms™

Momentum of system p, .., =(1)(3)=3 kgms™

Momentum of 5 kg after collision is
p,=(5)(1)=5kgms™

So, kinetic energy of centre of mass is

1
K, ==(m+
cm z(ml ml)[

= K, =075]

my + 1, 2

1.

R I
6

Hints and Explanations H.145

Total kinetic energy is K = % x1x 32

= K=45]

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

Initial momentum of the systemis Xp, ... = p, +p, =0
So, final momentum of system Xp; . =p; +p;, =0

OPTION (B) is allowed because if we put ¢; =-c, #0,
p;+p; will be zero. Similarly, we can check other
options.

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

Here, at maximum compression x,,, , we introduce
the concept of reduced mass u of the system (details
discussed in Rotational Dynamics) given by

CHAPTER 2

Further, by Law of Conservation of Energy we get

1 5, 1,
— v =—kx
2“ 2 max
m
= Xmax =90
2k
So, K.E.=l,uv2=1(ﬂ]v2
2 202
2
= KE=""
4

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

Reasoning Based Questions

If a force is applied at centre of mass of a rigid body, its
torque about centre of mass will be zero, but acceleration
will be non-zero. Hence, velocity will change.

Hence, the correct answer is (D).

In case of elastic collision, coefficient of restitution
e=1.

Magnitude of relative velocity of approach equals
magnitude of relative velocity of separation.
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But relative speed of approach is not equal to relative
speed of separation.
Hence, the correct answer is (D).

Linked Comprehension Type Questions

Line of impact

LN cos(30°)
Line of tangent
\\60 ms~'
Before After

Let speed of block just before it strikes the second
inclined plane be v then,

%mvz = mg(\/gtanti(]")

= =460 ms™

Speed of block immediately after it strikes the second
incline is 45 ms™. Because in perfectly inelastic
collision the component of velocity along line of

impact becomes zero.
Hence, the correct answer is (B).

2. By Conservation of Mechanical Energy

%mvé = %m(m)z +mg(3y3tan30°)

= 0t =45+60=105

= 0c=+105ms™
Hence, the correct answer is (B).

3. If collision is completely elastic, then vertical compo-
nent of velocity becomes,

i V45 ms™!
|
V455in30° - V15sin60° = Ji_S Jl_S; 3 =0

Hence, the correct answer is (C).

Integer/Numerical Answer Type Questions

1. For elastic collision between A and B, we have

vs=( 2m )9
2m+m

-1
= vp=6ms

Now, for completely inelastic collision between B and
C, we have

2m(vg)+m(0)  (2m)(6)
2m+m "~ 3m

U=

= u-=4 ms



