Problems for Ch 9 and 10

A particle with mass m; = 2 kg and velocity ¥; = 10i (m/s) makes a head-on (central) collision with another particle

with mass m, = 4 kg and velocity ¥, = —2i (m/s) .
? g v (m/s) | (ii) If the collision is elastic, find the final velocities of the

(i) If the collision is perfectly inelastic; particles after the collision (V] ve ¥).
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a) Find the final velocities of the particles. 1 2 A 2V
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b) If the collision between the particles has lasted 10~ 3s,
find the average force exerted by m, on m,.
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2- A disk of mass M and radius R starts from rest and
rotates with constant angular acceleration about a

fixed axis. _ ¢) Find the work done on the disk in that time interval in
1
(1 3:ek ZEMRZ) terms of M, R and «.
a) Find the time “t”, when the tangential acceleration (a;) W NK
of a point on the disk at a distance of 7 from the rotation = "
axis equal to radial acceleration (a, ). Express your answer _ L | i i = O
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b) Find the angular displacement (8) at that time. W

T
Ag= %ﬁ't'—iiﬁ(Jr

AQ = X »

R |~

A
2

e

l

\]9- = 0.5 rad




3) Three identical rods, each of length 2R and mass 3M are
placed perpendicular to each other as shown in figure.

. . M
Particles with masses my ==, My = M and m; =2M

are attached to the ends of the rods. (For a rod of length [

. - 1
and mass m, the moment of inertiais Iy = Emlz ).

a) If the system rotates about the y-axis with constant
angular velocity (w), find the angular momentum of this
system {E Jinterms of M, R and w.

for the rod of ?}H and ZR
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b) If the system rotates about the z-axis with constant

angular acceleration (@), find the torque (T ) in terms of
M,R and a.
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a) A particle of mass m moving with a velncitf of ¥; = v,1 collides with a target particle of mass 2m
that is initially at rest at x = d as shown in Figure-1 just before the collision. After the collision (Figure-2), the

L . . . .
mass m moves with the velocity of v/ = —L 7 atan angle of @ = 90% with respect to the original line of motion.
2 MY
Y

d .
m 2.131 - D.'E *q S5 X
-~
é Ok d 5 N
vl ’ gm\v;
2
Figure—1: Before the collision i

a) Find the velocity v, of the mass 2m after the
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¢} Define the type of the collision and explain
the reason.

Check conservation of kinetic
energy

LK =Ke-K#0 o

Therefore it is inelastic
collision



A long, uniform rod of length L and mass M is
pivoted about a horizontal, frictionless pin y
passing through one end. The rod is released

from rest in a vertical position, as shown Figure. —
At the instant the rod is horizontal, find
a) lIts angular speed,

b) The magnitude of its angular acceleration, i
c) The x and y components of the acceleration
of its center of mass, and .
d) The components of the reaction force at the e
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d} According to the Newton's Second Law: F = ma
EF.H = -Gy

= -(-39)= -5 3
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6)

A 3.00-kg steel ball strikes a wall with a speed of 10.0 m/s
at an angle of 60.0° with the surface. It bounces off with

the same speed and angle as in Figure. If the ball is in
contact with the wall for 0.200 s, what is the average force
exerted by the wall on the ball ?
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In the case of constant force
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7) Consider a non-uniform rod of mass M and length L placed along the x-axis with one end at the
origin, as shown in the figure. Linear mass density of the rod varies with x according to the expression

A = Ax? (A s a positive constant).

a) Find the total mass. M of the rod in terms
of Aand L.
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b) Find the position of the center of mass of
the rod.
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¢} Calculate the moment of inertia of the rod
about y-axis in terms of M and L.
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d)} Calculate the moment of inertia about an axis
perpendicular to the rod and passing through its
center of mass in terms of M and L by using
parallel axis theorem. '
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