SOLUTIONS
COLLISION & CENTER OF MASS
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Centre of mass of solid hemisphere from its base
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If external force is zero there will be no shift in COM.
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Both mass have same magnitude of accleration but

in opposite direction a; =-a, =a Let
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Centre of mass is towards heavier mass and bottom
piece has more mass in comparison to the handle
piece.




COLLISION & CENTER OF MASS
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12R

Initial distance between their centers = 12 R

At time of collision the distance between their
centers = 3R
So total distance travelled by both=12R-3R = 9R
Since the bodies move under mutual forces, center
of mass will remain stationary so

mx, = myX,

mx = 5m(9R —x)

x = 45R - bx

6x = 45R

J 2R
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You = = " 2(3m) 6

putting value xqy =

m; X,
m; —m,

—MyX,

Xem = ,m =nR%, m, = )
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Let mass of circular plate be = M

M
Mass per unit area = (28
oM
Mass of part removed = xm(21)? = 2—
P v n(28)° 1) 16

™
Mass of remaining part = ——

16

7™ 9M
Mg " 16
x=9cm

The centre of mass of the remaining portion from
the centre of plate is 9 cm.

By COLM
m,;V; + m,V, +myv, =0
1 1 1
m,; :Zkg, m, :Zkg, m, :Ekg
also v, =30i m/s, v, =30j m/s
- [ myv; +myv,
V3 = m, J Vig'= 1542 m/s
By COLM
M —
Mu=mu+ Mv= v= M- mju
M
M, x8v = M
M= 30 Mo 3
M, = 8M, ; _§m p,M o r
= 2r, = L 1
L 2
Let plank shifted by x then
Ax,, = 0, as there is no external force on the system.
M+m)x, ,—m@L-x,)=0

_mL
Xplank - M +m
Let plank moved by x in right side.

but Ax =0
150(x) + 50(10 + x) = 100 (10 —x)
3x + (10 + x) =20 -2x
6x=10= x = %m
1 1

— il 2 — L2

mv = MV ; 5 MV2 = 5 kd
kd2 kd2

lefl
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mv =M + m)vf

V¢ = m \%

f m+M

222772772772777774
5m
2kgt—v,
0.1m
]-Ogm \ v D9V2
[ >> |2kg
500 m/s

Applying momentum conservation

10 500+0=24 +—22 v,
1000 1000
= 5=2v; + 0.01y, ... (1)

Applying work energy theorem for block
W = AKE

1
= 2x10x0.1= 5 X2 xv;2

= v1= 2 =14m/s
Putting the value of v; in equation (1)
5=2x14+0.01 vy = v, = 220 m/s

U _ MY —myy, 10x10-20x15
m, +m, 10+20
100-300 200 20
- — 2 66
30 30 3 /s

Velocities get inter changed.
u =6m/s;u =0

v, =0; ;

; Vv, = 6 m/s
Since both bodies are identical and collision is elastic.
Therefore velocities will be interchanged after
collision.

vy =-3m/sand vg =5 m/s
o? — 16

% = 824/5
it 60% is lost
Total E = mgh
Remsiting E = —mah
emaining £t = 100 g
40
H=—mgh =
So mg 100m9 = H=4m
u, =6 m/s,u, =-6 m/s, e =05
- 1
v, = —em, u, +( +e)m, u,
m, +m, m,; +m,
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1 +0.5)m
:[ j6m+ > (1+05)m )
_05 0 125( 6)=15-45 = 3 m/s

Momontum is conserved in all collision.
By COLM
mu+0=mv+mv, ... (1)

Vy —V
e= ﬁ ..... 2)
=l .. (3)
from (1)
v +Vv, = W (4)
putting (4) in (1)

v, =V, = e(v, +v,)

=>V,—ev, =V, +ev,

Let a ball fall from a height (h) and let it touch the
ground with a velocity v taking time () to reach the
ground.

Let vy, vy, vs...... be the velocities immediately
after first, second, third......collisions with the ground.

Height Attained by the Ball After the 'n'th Rebound

vy =ev = 2¢h, =e,/2sh =  h; =e?h,

v, = e?v = 2gh, = e?,[2gh, h, = e*h.

Similarly h, =e*h

Total distance =h + 2e%h + 2¢*h + ...

=h + 2e%h(1 + e? + e*+..)

i 2 5
1
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According to the law of conservation of momentum

m,U; + myl, =m;V; +m,v,
Here,,u, = Initial velocities of m, and m,

V;,V, = Final velocities of m, and m,

Change in velocity of m, = v, -4,

Change in velocity of m, = v, -,
m,v, —m,U; =-m,V, + m,U,

or my (Vy —ty) =m,(-v, +1,)

‘71_ﬁ1 _
-V, +U, my

m,
or

changes in velocity of m,
changes in velocity of m, m,

_ My

It is not possible that after collision one ball moves
along the original line of motion while the other ball
moves along some angle (o) with original line. The
momentum perpendicular to original line of motion
cannot be conserved in this situation.

Initial momentum along perpendicular direction =
zero

Final momentum along perpendicualr direction
= m,y, sina.. Hence momentum is not conserved.
Hence the situation is physically impossible.

h, [18 3
L G R Yt
© \E 5 5

loss in velocity = 1—

ol w
ol no

Max. compression happen when both have same
speed

2x10+5%x3 =7 xv

35
V= = = 5m/s
Energy conservation

%x2x102+%x5><32 :%x7x52+%1120)(2

= x2=0.0625
x=0.25m
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Case-l
Mz o, M gv m,
o—> O
B A my
before after
Py
p, = m,2v
p, = myv
tan0 = & = —l
P, 2
Case-ll
m m
similarly “2v m,
o—> O i
B A
p. = my before v
p, = —myv
tan6 = Py = l
Px
By COLM
@.WV
9m/s ,——3"56‘;
@ @:\ grTT
rest “230
@,

m X9 = 2[mv cos307
V= 3\/§m/s

after

Px

m,

pX




