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TOPIC : CENTRE OF MASS

0 = 3 by symmetry

EXERCISE# 1
SECTION (A)
1. Centre of mass is a point which can lie within or outside the body.
2. Self explaintory
4. Centre of mass is nearer to heavier mass
5. we havemiri=mzr2 = mr=2m (3a—r) = r=2a
6. r=127A
myfy + My,
omy+m, -
. Since centre of mass cannot go beyond bond legth.
" 0+35.5x1.27 355x1.27
‘M 355+10 36.5 =124 A
¥ 3
13.
Let mass of strip is dm
dm=2—mxxdy h_h-y x=b—Ey
bh N b X = h
h
%
h h (2m b -
Iydm OV(E] b—%]dy _ 2 3n 0 _ h
Yem =" — =705 b by?) 2 h
d “mp, _ by by — —— _
0 Io bh [b h dy { 2h Yem
3x 4 2x1 3.3
27T 3535 7 2" 3
17.  Xm= 6 = 6 60 12 > Yn= 6 = 4
dx
| W | ]
18. X
L
jdm x I(kdx)x .[ hox“dx "
Yom = Idm ) J‘de ) e}
J‘ Agxdx
0
nR? 3R
19. A1 =nR2 A= 16 = x1=0 x2= 4
"
0- R* X %
16 4 __R
2 20
T[Rz _ nR
Xcen = 16
20. Letm: =m, mz =2m, ms = 3m, ms = 4m
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y
2m Im
/. --------------- ?
4" @ ‘
k%m 3
‘ » X
a - Cos60° 4m
0I+0j
- " . - R R
rz =acos60i +asin60j = 2I+a‘/_1 rs = (a+acos60)i +asin60] —2ai+a\/§j
=

ra =ai +0] by substituting above value in the following formula

5
mr1+mr2+mr3+mr4 . N3 -
r=— 2 3 4 —0.958I+£8]

0.95a.‘fa}

m; +My + My +m, . So the location of centre of mass {

21. According to figure let A is the origin and co-ordinates of centre of mass be (X, y) then,
y
4k
oh2kg. .. 4 e
(X,)’_)." :
gkg| .- 7 12kg
s —> X
A B
80 80
0+2x—=+4x—+0
o = MiXe + MpXp +MaXg + MyXy J2 J2 _ 30
m, +m, +mg +m, 16 N
30
—= _ [.2 2
Similary y = V2 so, VXY —30em
dm _,
22. Linear density of the rod varies with distance dx (Given) . dm = Adx
J.dm X X
T B
§ " am
Position of centre of mass
dx
—p] l—
X —>
3 3 373
I?de j2+x )X xdx X2+
_0 O _ 3
- ;12 _9+9 36 12m
X £
!xdx j(2+x)dx {2“2} 6.9 21 7
0
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23. .
Coordinate of centre of mass of large disc at its centre (0, 0) coordinate of centre of mass of small disc
(7, 0)
m, X, + M, X
X = Xy T MaXy
Y
A
+c
—a
....... » X
..... »
m,
| m,
m2 = omn(28 cm)2 m1 = (—o) (21 cm)2
O0xm,+ (—o)n(21cm)?
XCM = 2 2
6n(28cm)” +(—o)n(21cm)” - _ gcm
Ycm =0
O+mxa+mx0 a 0+Mx0+M(a@) a
Xem = =5 Yem=—"""%7 =3
24. 3m 3 = M 3
0 a Oxm+0xm+m xﬂ
. xm+mxa+mx§:E Yoy 2 :a\/g’
25 0 cM m-+m+m 2' N m+m+m 6
Xy = MiXy ¥ MyXy +MgXs  (1)(0) + (1)(1) +2(1/2)
26. My My + My 1+1+2 =0.50 m and
Yoy, = MY MaY2 *MgYs  (1)(0)+ (1)(0)+2(V3 /2)
My +mM, +My 1+1+2 =0.43m
The centre of mass is at (0.50 m, 0.43 m)
27. The position vector of centre of mass
> mr +myr, 1(?+2]+R)+3(—3i—2]+|2) o
F=—""= —(—8i—4j+4k) S
my+m, _ 1+3 - 4 _ —2i-j+k
The centre of mass changes its position only under the translatory motion. There is no effect of rotatory
motion on centre of mass of the body.
M
28. If mass of bigger disc is M then mass of removed disc is 4
Mx0 - MR
4
R 1
MM R 1
Iem = 4 = 3= aR = a= 3
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29. Let the two half rings be placed in left and right of y-axis with centre as shown in figure.
Yy

A
N

( 2R ] (QR }
Then the coordinate of centre of mass of left and right half rings are and .
( 2R ] [ 2R J
m| — +2m
; n) R

x-coordinates of centre of mass of comple ring is 3m = 3n

Y

(TN
N

R/2
nR?

m; =(-o) 1

30. m; = o(aR %)

Coordinate of large disc (0, 0)
Coordinate of small disc (R/2, 0)

0+ ()™ R
Xem = 4 22 :E
onR? - o R 6
4 y Yem =0
h 40

31. Centre of mass are rm= 4 = 4 =10cm
SECTION (B)
2. In abscence of external force both move away from each other to keep the centre of mass at rest.
3. Internal forces canot change velocity but can do work.
4. If initial velocity of system is not zero then centre of mass moves with constant velocity.

m1g + ng
5. A= MitMy - g

1x 2+ % x 6

—=% =—m/sec
6. vem= 1+1/2 3
7. vector sum of internal forces on system is zero.

MVi + MV, 200101 +500(3i +5]) _ 5, é]
8. Ven= Mi+My o 700 7
9. Vem = 0, because internal force cannot change the velocity of centre of mass

mo 3m 4u

14. by conservation of linear momentumPi=Pi = mu= 4 x0+ 4 xV = v= 3

&—
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(nm—m) (n-1)

17. a= nm+m g= (N+7) 4
ai= az=a
on

nma; —ma, (n—1)Xa
aem = (nm+m) _ (n+1)

18. Equation of motion

- -
Mg+R=Ma,,
— -
Mg+R

801 acm = M

(n—1°
_ (n+1)?

= dcm

19. Let the tube displaced by x towards left, then block will be displaced by (R — x) towards right ;

—
R—x X
R
mx =m (R —X) = X = 2
20. Net external force on box plus ball system is zero.
m 4
2. mL-x)+ 3 (x)=0 = mL= 3 mx
30 1
22, am= (10+20) — 1 g, S S=0(@)+ 2 (1)(2:=2m
23. Acceleration of the system

Waig uT T g3 9,
o Md; +M,a, +mja :3m Si+m (=) 9
= my+m; +My 4m = acm = 4
- Fext
acm =
24,
_3772j+2ﬁ+(7?)+2]7|2+?+]+f<
6
—>1¢1A_1A111\/9+411 J14 -,
=—i+—j+-k —+—+_— +—  —J13+1 X
. acm 2|+6J+3 :\/4 936 _\36 36 _56 + . 6m
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25.

26.

27.

28.

29.

30.

31.

&—

@zm :m1’@:+mz% 10(2i - 7) + 3k) + 2(~10i + 35] — 3k)
my+m;  _ 12
20i—70j+30k —20i +70j—6k) 24k i
= 12 - 12 _ 2k

The system of two given particles of masses mi: and m:z are shown in figure.
m, m,

O @ O

— I, ————pl———— [, ———]

Initially the centre of mass
myry +msyly

I'em =
When mass m: moves towards centre of mass by a distance d, then let mass m2 moves a distance d’
away from CM to keep the CM in its initial position.
my(r; —d)+my(r, +d’)

My + My (i)

S0, fem = my +m; ...(ii)

Equation Egs. (i) and (ii), we get
My + Myl my(r; —d)+my(r, +d’) ﬁd

my+My my +m, = —mid + mzd’ = 0 = d ="

Note: If both the masses are equal i.e., m: = mz, then second mass will move a distance equal to the
distance at which first mass is being displaced.

By the conservation of linear momentum

<
1]
M| <

(M+m)v'=m.2v—-mv = 2mv' = mv =
myVy + My,

Vcom = My +Mp

v,=14m

—>

m,=10m m,=4m
—> +vye

10x14+4x10
= 10+4 =10 m/s.

Mass per unit length
M 4
=L =2 :Zkg/m
The mass of 0.6 m of chain = 0.6 x 2 = 1.2 kg
0.6+0

The centre of mass of hanging part= 2  =0.3m
Hence, work done in pulling the chain on the table
W=mgh=12x10x03=12%x10%x0.3=3.6J

Before breaking, the centre of mass of system is moving under gravity. Thus, acceleration of the centre
of mass is gravitational acceleration. During breaking, internal forces come into play which are not
responsible for the acceleration of the centre of mass.

This indicates that, the acceleration of centre of mass remains the same (equal to gravitational
acceleration).

Thus, the centre of mass of system continues its original path.

m,d;

my

for AXem = 0> mzd: = mad2 d> = Ans.

2

6 | Page

L 4



Centre of Mass

o&—
) 4

33. Initially, centre of mass of the "can + water in the can” will be at the geometrical centre of the can. As the
liquid is coming out from the bottom, then centre of mass move downwards but after sometime it will
move upwards and comes to its initial position. Hence, centre of mass first descends and then ascends.

M
M/3
L =§!
X
X+l >

34.

M Mmoo ML L
Mx+ 3 (x+L)=0 = 3 y=— 3 o —_ 4

35. Friction force between wedge and block is internal i.e. will not change motion of COM. Friction force on
the wedge by ground is external and causes COM to move towards right. Gravitational force (mg) on
block brings it downward hence COM comes down.

] I |
>
X dx
41.
mass of small element is dm = Adx = K(x/L)n dx
L n
jo K[EJ dx.x
fomx 2Ll
a LK(X} ax (1L
XCM = = L n+2 So, graph shown in option (4) is correct.
SECTION (C)
1. Net external force is zero so net momentum will remain zero.
2
Ks 4 (V_2} —4 Va _yp
2. i = Vi = Vi
{pz —Py ]xwo {w]xmo {V—Z—‘I]x']OO
Then \ P! =L M =V = 100%

25. Here : Mass of the body m: = m
Velocity of the first body u: = 312 m/sec
Mass of second body at rest mz = 2m
Velocity of second body u2=0
After combination total mass of the body
M=m+2m =3m. Now from the law of conservation of momentum
Mv = mius + mau2 (where M =m + 2m = 3m)
3mv=mx3+2mx0 = v =1 km/hr

26. For bullet, m: = 50g, u: = 10 m/s = For block, m2=950g,u2=0
From law of conservation of momentum miu: + mzuz = (M1 + m2) v

500
50 x 10 + 950 x 0 = (50 + 950) xv = v= 1000 - o5 mys
1 1 1 1
Initial KE = 2 muua= 2 x 50 x (1000). = 25 x 10s erg - Loss in KE = 2 muuz — 2 (M1 + m2) vz
1 1
AK = 2 x50 x (1000). — 2 (50 + 950) x (50)2= 25 x 10s — 1250 x 1000 = 25 x 10s — 1.25 x 106
23.75x10°
ﬁxmo% —6x100
= 23.75 x 106 erg % lossin KE= K = 25x10 = 95.00%
27. mv2 - 4mVi

&—
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V\/E v
V1= 4 = 2\/E

28. use mivi = mzv2 =P
2 2
1 1 1 (i} 1 [i] 1 P?(my+m,)
FE=2mvie+ 2 mwvae= 2 m \ ™M/ 4+ 2 mp\ M2/ = 2 mqm :
xR
29. If we treat the train as a ring of mass 'M' then its COM will be at a distance ™ from the centre of the
circle. Velocity of centre of mass is :
R R [!J v
VeM=ReM.w = T w = © R (“w=R)
2V 2MV
= Vem = T > MVem= T  As the linear momentum of any system = MVcum
2MV
The linear momentum of the train= 7 Ans.
ki 1 _P?/(m)
30, K2 = 2P/24m) _yy
P2=P1 g2 P2 _12
31. we have P1 > Ps
2
(k?k"k‘}wo—[t?—'ljxmo (";—1] P
S0 1 1 = \Pi x 100  (since k= 2M)=((1.2).— 1) x 100 = 44 %
32. Velocity of man w.r.t. train is zero so kinetic energy of man w.r.t. train = 0
33. Kinetic energy increase due to internal energy.
- - - - s -
34. p1+p, =0 = P1=-P2 = ‘p1|:‘p2|
35. by conservation of linear momentum pi = pt
mv
= mv=(m+M)u= u= (M+M)
1
so energy of system = 2 (m + M) x u2 = mav2/2(M + m)
36. We have Vm + Vb = Vrel => Vm = Vrel — Vb by conservation of linear momentum
mVm - MVb =0
mVre\
Som (Vrel— Vb) —MVb = 0 = Vb= M+M
38. Equate the momenta of the system along two perpendicular axes.
Let u be the velocity and 6 the direction of the third piece as shown.
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Centre of Mass

39.

40.

41.

42.

&——

Equating the momenta of the system along OA and OB to zero, we get

mx30-3mxvcosH=0 ... 0]
and mx30-3mxvsin®6=0 .. (ii)
These give 3mv cos 8 =3 mv sin 6
or cosf=sin6 - 0 = 45°

Thus,2AOC = £BOC = 180° — 45° = 135°
Putting the value of 6 in Eq. (i) we get
3mv

30 m = 3mv cos 45° = V2 v=10 \/5 m/s

The third piece will go with a velocity of 10 V2 m/s in a direction making an angle of 135° with either
piece.

For a exploding body, linear momentum is conseved.
From conservation of linear momentum,

Pinitat = Prinal

0 = m1vi — mav2
or Mmaivi = mavz ... 0]

vy m,

or Va2 ™Mo (ii)

= 2 2
B, _2 Vs m, [mz ]
R = —X| —= m
E, 1m2V§ my, (my 2
Thus, ratio of kinetic energies 2 = M
Note: In a collision of two bodies whether it is perfectly elastic or inelastic, linear momentum is always

conserved but kinetic energy need not be conserved.

Kinetic energy is given by
1 1

E= 2 mv.= 2m (mv)2

p2
but mv = momentum of the particle = p E=2m or p= vZmE

Py ’ m4E,
Therefore, P2 = mE, but it is given that, p: = p2 s MEr = meE2

B my
or F2 = ™ ()
Now m1 > mz

my

or M2 > ....(ii)
Thus, Egs. (i) and (ii) give
E4

E, <1 or E: < Ea.

The linear momentum of exploding part will remain conserved.
Applying conservation of linear momentum, we write
MiU1 = MaUz2 Here, mi=18kg, m2=12Kkg

18x6

Hi=6mss, Uz=? 18x6=12u2 = = 12 =9ms.
Thus, kinetic energy of 12 kg mass
1

1
Ke= 2 mouzz= 2 x 12 x (9)2= 6 x 81 = 486 J

Key Idea : In the given problem conservation of linear momentum and energy hold good.
Conservation of momentum yields.

2
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muwvi + ma2v2 =0

or 4vi+0.2v.=0 L 0]
Conservation of energy yields
1 1
2 miviz + 2 mavze = 1050
1 1
or 2 x4vio+ 2 x0.2 x v22 = 1050
or 2viz +0.1v2=1050 ... (ii)
Solving Egs. (i) and (ii), we have v2 = 100 m/s
44, If kinetic energy of system is zero, then momentum of system is necessarily zero.
45, By conservation of linear momentum
P=P = 0=12x4+4xv = v=12m/s
1 1

So, kinetic energy of other massis 2 mvz= 2 x 4(12). = 288 J,

46. By conservation of linear momentum
2
2 1 1 (2 }
05x2=(15v=> v=3ms =  AK=K-K=2x05x(2s:-2x15'3/ =067J
47. When the centre of mass remains at rest, it is possible that different individual forces do individual works
though the net resultant force is zero. As work is a scalar quantity, they gets added up.
Also, 3IFext=0 => acm = 0.
48. For the momentum to remain conserved all the fragments should finally move in a single plane as for
three vectors to give a resultant = 0, they should form a triangle.
49, Since Fext = 0 ~ Moment of system will remain conserved, equal to zero.
mv
50. By momentum conservation mv + M(0) = (m + M) V' > vi= m+M
51. mV x N = (Nm + M) V'
SECTION (D)
2
1 1 (V) 1
10. by energy conservation 2 mv.= 2 (2m) 2) + 2k = x = VZmK
SECTION (E)
3. Area of F-t curve = A = Impulse.
A
Impulse=dP=A=mv-0 ~v= M,
5. AP = Pr— Pi = (= Mv) — (Mv) = — 2Mv
1 1 Vy
7. V1= V2gh _ J2x10x10 _ 1042 = ke= 4 kisvar= 4 viovaz 2 = 5V2
[AP| = |[-mv2 — (mv1)| = m|—v2 — vi|
3 15x1072
AP|=50x 103 x 2 x 10V2 = V2
J = AP = 1.05N-s.
1
det =
8. Impulse = = Area under curve = 2 (2) (2) = 2 kg-m/sec.

&——
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9. The force imparted by the bali is equal to rate of change of linear momentum. .
The vector 8{ represents the momentum of the ball before the collision ancLil}he vector Eyg that after
LT
the collision. The vector AB represents the change in momentum of the ball Ap .
As the magnitue of 6%: and Eyg are equal the components of %"{‘ and Eyg along the wall are equal and
in the same direction while those perpendicular to the wall are equal and opposite. Thus, the change in
momentLllur”n id due only to the change in direction of the perpendicular components.
Hence Ap = OA sin 60° — (—OB sin 60°) = mv sin 60° + mv sin 60° = 2mv sin 60°
V3
=2x3x100x 2 =300 ‘Ekg-m/s
The E)Ur_(’:e exerted on the wall
F= At = 02 = 1500‘/§ N Note : Ap is directed perpendicular and away from the plate.
11. For the duration of collision
Impulse = change in momentum
Speeds of both the balls are same just before the collision with ground. (.- v2 = 2gh)
For ela_s)tic cgllision of first ball with ground velocity of first ball is reversed
I :mv—mu:_’m(—u)—mu: 2mu For the second ball
- — T1 I1
I2:0_rm"|:2 >z 2
12. Impulse = change in momentum
R T T
4 =Zmu-o0 = u= 4m
AP, Pf, —Pi - in60°— in60°
« _ (Pf,—Pi,) _—-mVsin60 (r_nsVSmGO ):—250\/§N
13. Fo= At At 2x10 - 250V3 N towards left
= = - -
m m — (m m . .
14. [ (MiVmaV7) = (mavy+mova) | = | Change in momentum of the two particles |
= | External force on the system | x time interval = (m: + mz2) g(2 to) = 2(m1 + m2) gto
SECTION (F)
3. Velocity of heavy mass donot change after collison
Vo — Vg Vg =V
U= - _e=_1 = 0-v =1 o V2 =2V
4, If mass =m
first ball will stop =>v =0
so k.e. =0 (min)
In other cases there will be some kinetic energy
(K.E. can't be negative)

2
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| velocity of separation |
| velocity of approach |

5. e=
For elastic collision e =1
|[Velocity of separation| = |velocity of approach|
For inelastic collision e < 1
So |velocity of separation| < |velocity of approach|

(my —em;, )y + my(T+el;  (m-e2m)y, N 2m(1+e)x0

2

6. vi= MM My + My m +2m m+2m  =0= O=m-e2m =e=1/2
7. mu=mvi+mvz ... 0]

u=vi+vz2 L 0]

Va2 — Vi M [1__‘3}

u =e L. (ii) As solving have Y2 = 1+e ),
1
Em(vf y
V¢ 005 1 2
v, & —m(v
27. 05xvp+mx0=505vV 2 Vi= 9 =102 = 2 = (10-2)2 = 10-4.
28. by conservation of linear momentum Pi = Pt = mv = (100 m) u = u =v/100
30. Kinetic energy remains conserved in elastic collision
31. When M: = Mg, velocity are exchanged. So total energy of M1 is transfred to M:
32. By conservation of linear momentum P = P = MVI+MV] — 2 mu
- yv: = v 452
U=—(i+ | U=—==—+—=45
. 2( i) . |_r \/E \/E
velocity of seperation
33. e= velocityofapproch - _ 1 for elastic collision.
34. Velocities will be interchanged
Vo = Vy 4 — vy

35. We have Y2 7% =_¢ = 4-6 -1

(velocity of heavier mass will not change) => 4—vi =2 => vi =2 m/s

vsin0 vsing
\%
vcoso m vcos0

37. U u =

be fore collision after collision

So angle between velocity vectors is 90°
40. In an inelastic collision, the particles do not regain their shape and size completely after collision. Some

fraction of mechanical energy is retained by the colliding particles in the form of deformation potential

energy. Thus, the kinetic energy of particles no longer remains conserved. However, in the absence of

external forces, law of conservation of linear momentum still holds good.
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41. Given, m: = 20 kg, u1 = 10 m/s,
mz2=5kg, u2=0
Using law of conservation of momentum,
MUz + MUz = (M1 + M2) v

200

20x10+5x0=(20 +5) x v 25 =gmis

V=
1 1
Kinetic energy of the composite mass = 2 (m:+ mz) va= 2 (20 + 5) x (8)2 = 25 x 32 = 800 J

42. During a perfectly elastic collision both energy and momentum are conserved

O O
43.

Vo=Vi+ V: = 2V2=(1+e) Vo
eVo = V—V1 2Vi=(1-e)Vo
V;_1-e
So, V, 1+e
1 mm, 100
47 au=2(Mi+M2) v = 3
2m.m 100

(V1—V2)2 x 2(m+2m) _ 3 puttingm=1kg = (V1—V2) =10 m/sec.
AlternateSolution:

When deformation is maximum both the particles are moving with same velocity. So applying momentum

conservation.
myv, +MyVv,
maivi+ mMave= maVv 1 + Mavr = R My + M,
Applying energy conservation:
1 1 1
2 mviz+ 2 mavae= 2 (m1+m2) (V1" )2 + AU deformation
1 _MiMz 100
5 (My+m
= AU deformation= 2 ( ! 2) x (V1—V2)2= 3 Swvi—v. = 10m/sec.
m
48. Let the velocities of plank and body of mass 2
move with speed vi1 and v: after collision as shown.
m |, m2 |z,
Plank Block
From conservation of momentum.
m m
mv— 2 2v=mvi+ 2 vz
or 2vi+v2=0 Q)
From equation of coefficient of restitution.
Va —Vy
e=1= V+2v o Va—Vi=3V ... 2
Solving 1 and 2 we get
Vi=-V

&—
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49. v
V=5
Velocity of Seperation = Velocity of approach (collision is elastic) - V—-5=20+5 =V =30 m/s
2d
50. t= Yo (time for succeesive collision)
2d
N x t = dP = mvo — (-mvo) = Nx Yo =2mvo
Vo
O—)
<0 mv3
€ d —> N =
52. According to Newton'’s Law
Ve Vs
e= Uy —up
For el_gstic golligipn cofficient of restitutione =1 so
VooV o Ul Statement - 1 is correct
Linear momentum is conserved in both elastic & non elastic collision but it's not the explanation of
statement -1 so it is not the correct explanation of the statement A. Ans. (2)
1 1
54. Max potential energy of deformation = max. K.E. loss = 2 x3x 22+ 2 x2x 32 =15J
55. All energy is transfered to other particles.
m; —m 2m,u -
(mq sz oy + 2Tt [10 38) 15, 2%38x3
56. Va = 1+ 2 1+ 2 - 10+ 38 10+ 38 =—4mls.
57. (Easy) Nothing is mentioned about coefficient of restitution. Hence the only true statement is 'their final

velcities may be zero.'

60. Velocity before collision with surface is Vv 2gh _ gt
velocity after collision with surface is e x V20N _ 6 x V2x10x1

2
(e 2gh)
Hight reached by ball after collision h = 29 =0.36m
SECTION (G)
dm dm dm
F=p dt = 210 =300 x dt > dt =0.7kgss.

Let Initial thrust of the blast be F then F — mg = ma
F=m(g+a)=35x104% (10+ 10) =7 x 105 N

9. Neglecting gravity,
m
v=umn ~t
u = ejection velocity w.r.t. balloon. mo = initial mass mt = mass at any time t.

—om \M/2) _ 50

2
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Centre of Mass
EXERCISE # 2
1. Taking C as origin and x & y—axes as shown in figure. Due to symmetry about y—axis
Xem =0
m(6n)? | (4(6n) 2
= || = | —n(2)°(8
{ ” ](sn (=2 (®)
MYy —MaYa 7{(611;)2 5
m, —m ——-(2)
yem = 172 /= 2 (m o Area)
AY
I
I
|
8cm]-®
C(0,0) "X
8(18n% — 4)
= (187°-4) _gem,
i
2 AL=2rxr=2r2 Az= 2
r Ar
x1= 2 xp = 3M
2
2 @ 4r rPl1= =
37 2 { Sn}_ 2r
or? nr? r{zt—n} 3[4 - 7]
Xcm = 2 = 2
Y
m, .
"X
3.
Myy + Moy, + MaYs +MyY, +Mgyg 6m(0)+m(a)+m(0)+m(a)+m(-a) a
yem = my +My + My + My + Mg N Yem = m+m+m+m+6m =10
4, Let at O there will be a collision. If smaller sphere moves x distance to reach at O, then bigger sphere will
zmove a distance of
GMx5M F G x5M
F= (1R-x7 o = M= (AR-XP
F GM 1
- > —
Abig = SM = (12R—X) = X = 2 Qsmal T2
1 Gx5M 2
2 (IR=x* 0|
1 1 &tz
- - 2
(9R =x) = 2 awghs =2 (IR=-xy . (ii)
X
Thus, dividing Eq. (i) by Eq. (ii), we get - 9R—-X =5 = x=45R-5x = 6x = 45R =>x=7.5R
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Centre of Mass
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Velocity of particle after 5 s
v=u-—gt
v=100-10x5=100-50=50m/s  (upwards)
Conservation of linear momentum gives
Mv =mvi+ m2v2 ... 0]
Taking upward direction positive, the velocity vi will be negative. - vi =—25m/s, v =50 m/s
AlsoM=1kg,m:=400g=04kgandmz=(M-m:) =1-0.4=0.6 kg
Thus, Eq. (i) becomes,
1-50=0.4 x (-25)+ 0.6 v2
60

or50=—-10+0.65v2 0r0.6vo=60 orv.= 06 =100m/s
As v: is positive, therefore the other part will move upwards with a velocity 100 m/s.

v
@_’ @ before collision

v

v3
(:I ) > Vx
V!’

after collision
In x-direction
mv + 0 =0 + mux = Ux=U
In y-direction
0+0=m uy= V3 ~ Velocity of second mass after collision
/ ! 2
v = ‘6
4 1
Ma = p x 3 s ez 2
4
Mg = p x 3 nt (2r)3 = 8Ma
mAvV+0=mavi+mev2 ... (i)
ev=v2—-vi .. (i)
v  3v
Adding (i) + (i) =9va=v+ 2 = 2
v Vv v VMo v/3
aviz=ve—2=6_2-_3 V2 = v/6 =
P1 = p?

P2 - p| as there is no external force so momentum will remain conserved
P' + P'2 = P + P

P +P =0 Now from option

1) P1 +P2 _ (a;+ay)i+(by+by)j+ck

) P1+P2 _ (C1+CZ)R
3) P1+P2 _ (a1+a2)|+(b1+b2)
4) P1+P2 _ (a1+a2) +2b1j

Pi+P _ g

possible to get Hence Ans. (1) and (4)

and it is given that a1 b ¢1, a2, bz, c2, # 0 in case of A and D it is not

2
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Centre of Mass

o&—
) 4

EXERCISE # 3
PART -1

1. Apply law of conservation of linear momentum.
Momentum of first part =1 x 12 =12 kg ms-:
Momentum of the second part =2 x 8 = 16 kg ms-:

2 2
-~ Resultant momentum = (12y°+(16)" _ 20 kg ms-1
The third part should also have the same momentum.
Let the mass of the third part be M, then

4 xM=20

M =5 kg.

2. Here, m:=m, mz =2m
u1 = 2 m/s, uz = 0 coefficient of restitution, e = 0.5
Let vi and vz be their respective velocities after collision.
Applying the law of conservation of linear momentum, we get
maiUi + MaU2 = Mavi + MaVvz
Mmx2+2mx0=mXvi+2m X vz

or 2m = mvi + 2mv:
or 2=(vi+2v2) ()
By definition of coefficient of restitution,
e= 4l or e(Ur —U2) =v2— V1
05(2-0)=v2—w1 (D)
l=v2—w1 Solving equations (i) and (ii), we get
vi=0m/s,v2=1m/s
3. As no external force is acting on the system, the centre of mass must be at rest i.e. vew = 0.
2v
O——«
4. m v 3m

From momentum conservation
- - =
mui+3m(2v)j=(4m)v

55 65
g A
N } w'\f
JJ 1 43N
| 100 kg |
5. ) 3m !

There is no external force so com will not shift

6. mz ma

GJNY ®

u=0 conservation of linear momentum along x direction
M2V = MiVx
myv v 1
M1 = v, along y direction mzx 2 =ma vy = tang = 2 Ans. 4
300x(0)+500(40)+400x70

7. Xom = 300+ 500+ 400

2
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Centre of Mass

10.

11.

12.
13.

&—
A 4

500 x 40 + 400 x 70
Yo = 1200

50+70 120
Xem= 9 3 =40cm

V122 +16% _ 1444256 _ 5

Presultant
@
ms= 4 =5kg
y
X
pi = pr
O=mvi +mv) +2mv
Vo Vi
- ——i-—j
vV = 2 2
v
|V‘|: \/E

V_ 2 V_ o, v (v J
—mv® +—mv* +=2m| —
KE = 2 2 2 \V2) s

1 > 1 - 1 5 1 5
—MV7 +—Mmvs = —myu; +—m,us —
o TV TS MV = STty 5 Mol €

By energy conservation

12R-3R=9R

5M
M .

msvs = 20

mv: 3,

=—mv
2 2

As their C.M. will remain stationery. So, (M) (x1) = (5M) (x2) and for tauching

X1+ X2 = 9R. So, x1=7.5R
J=2mVcos 60=mV Ans.

During the collision, apply moementum conservation

2
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Centre of Mass
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(0.01)(400) + 0 = (2)V + (0.01)V" where v = V29"

v = V2x10x0.1

V= V2 solving V' =120 m/sec. Ans.

14. Mass of balls are same and the collision is perfectly elastic, so their velocity will be interchanged.
So, Va=-0.3m/s, Vs = 0.5 m/s Ans.
15. From momentum conservation
u
mu+0=0+@4m)Vz2 = Vo= 4
Voo w1
e= U = U =4=025
16. Energy transfered to B initial energy of B = zero
Final velocity of
V. [Mz -M, JU LMy,
B~ 2
M, +M, M, +M,
Mi=4Mui=u
Mz2=2Muz2=0
2
1 9 1 4 2
— M,V > 2M 3 u
2(4Mu 4 1 T 8
v, = 24Mu 4, MU - AMU? _°
6M 3 => 2 2 Fraction of energy lost 9
17. Momentum conservation pi = ps
5m(0):mvf+mv(])+3mv1 - —(vi"+v]):3v1
B —(VT+V]) v, = V2v
1= V1=
3 3 Energy released is
2
1,01 5, 1. (v 2
! s s yev mv 4
E=—mv®+_mv°+—-3m E—=mv2+ E=2mv?
2 2 2 3 3 3
> >
PART - 11l
1. Since masses of particles are equal, collisons are elastic, so particles will exchange velocities after each
collision. The first collision will be at a point P and second at point Q again and before third collision the
particles will reach at A.
A
A
P Q
1st collision 2nd collision
2. If initial momentum of particles is zero, then they loss all their energy in inelastic collision but here initial
momentum is not zero.
Principle of conservation of momentum holds good for all collision.
2h ﬁ
=i Vv, 2x5 v, 2x5
3. R= V9 = 20= V10 andio00= 10 S  Vi=20m/s, V2 = 100 m/sec.

2
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Centre of Mass
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Applying momentum conservation just before and just after the collision
(0.01) (V) = (0.2)(20) + (0.01)(100) = V =500 m/s

P2 P2
S = ﬁ_Z(mHVI)

ol 2™l [
R = —mv f=
_ 2m[{(m+M)| 2 m+M m+M

Hence Statement -1 is wrong and statement 2 is correct Hence
At the highest point

Maximum energy los

v uﬂz_ng Vs
m®—> U:Ccosa m® o ®—>V,
before collision after collision

U, cosa

V1 = 2 (by applying momentum conservation in horizontal direction)
2 2

UD cos o Uy sSin~ o

V2 = 2 (by applying momentum conservation in vertical direction) (H = 29 ) 6 =45°
t=0
(Before t
collision) L
v =gt

1

—mf?
K= 2
K « t

and then increases.
Most appropriate graph is B.

Just before collision Just after collision
2v
3 V
2v
@ > ov 3
2
1 1 1 (& J 4mv2  5mV?2
Energy | =2 2 _2 3 ) _ _ 3 _- 3 _EeEero
gy loss AE = ¢ m (2V)2+ £ (2m) V2 (3m) 2 = 3mV: = = 55.55%
h 3h

COM of uniform solid cone of height h is at height 4 from base, therefore from vertex its 4
Case-l

JBC @V &
JAC V“_@ @_'V2

2v
2Vo—-Vi=V = Va+Vi=V = 3Vo =2V = Vo= 3
1mV2—1me 11
2 2 _ _8
V 1 - -
v 2 19
—mV
Vi= 3 = Pg = 2 =0.89
Case-ll

JBC @—>v @

: parabolic graph then during collision kinetic energy first decreases to elastic potential energy

2
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Centre of Mass
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JAC V@

12V -Vi=V =

2V 11V

V2+Vi=V =

vizv— 13 13

(e

2V
13V, = 2V N V,= 13
, 1, 121
- 1—-_<
™™ TTieg _ 48
T2 1 169
Pc = 2 =0.28

10.
Fovg = 2NmMV cos6
1
2(10%)(3.32x107" )= x10°
2NmV cos 6 ( )( ) )JE )
Pressure = A = 2x107™ = 2.35 x 108 N/m?
11. By conservation of linear momentum
mv, +0=mv, +mv,
Vo=Vi+Vz ... (1)
3 lmvﬁ :1mvf +1mv§
212 2 2
vi=vi+vi
......... (2) Solving equation (1) and (2)
v, = 9(1442) v, = (1-42)
2 = 2
- Yo _ Yo
= Vie =V~ VY, = 2[1+\/E 1+J§]: ZX2\E: \/EVO
12. mv = (2m + M)V'
my
V' = 2m+M
Initial energy Final energy
2
1, 1 9 ( mv }
- —(2m+M
5V 2 MM M
1 1( m?v?
2 -
Emv 2(2m+M
1 2
> mv K
22\ 1
l mv 1 2m+M
2\ 2m+m) © - m 6
5
4m =M = m

2
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0.03 kg

100 m/s

0.02 kg
Using relative velocity
| kdkox dkni; K&
djusij

13.

are =0

Vrel = 100

100 = Vrer X t
100

t= 100 =1 gec
Vbullet=100 -1 x 10 =90 m/s

Vparticle = 10 x 1 = 10 m/s
S=100%x1-1/2x10x1=95m

|

5m 10 m/s

90 m/s

Pi=P:r=90 x 0.02 — 10 x 0.03 = 0.05V

V =30 m/s
v2 _ 900
h= 29 2 =45m. So from top of tower 45—-5=40m

i

I -
-

14. Just before collision

U= J29[]1-cos0,)

v = velocity of ball after collision

(m - MJU
v= M+ M Since ball rises up to angle 61

v = ,/2g[]1-cos6,) _(m—M

u
m +M] ..(it)  from (i) & (ii)

. 91
sin| 1
m—M\/m 2
= | = _ 0, — 0
m+M  |1-cos0, sin[e—oj M _ 0 -6y (M]
= => M=

2 m 0 +0, 0o + 04

2ML+2ML+§ML 13

2 ~ A

X —Lx

15. Xem = aMm = Xem =
2ML+%+M><0 5
2 ~ ~
y gLy
Yem = 4Mm = Yem = =

m

Bigidy
8 8
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