Physics-1 Recitation-7

Rotation of a Rigid Object About a Fixed Axis

1. The angular position of a point on a wheel is described by © = 5 + 10t + 2t? (rad).

a) Determine angular position, angular speed, and angular acceleration of the point at
t=0 and t=3s.

b) If the distance between the point and center of wheel is 0.5 m; for t=3s, determine
magnitude of linear speed, linear acceleration, radial acceleration and find
magnitude of total acceleration.
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2. A small object with mass 4.00 kg moves counterclockwise with constant speed 4.50
m/s in a circle of radius 3.00 m centered at the origin

a) It started at the point with cartesian coordinates (3m, 0). When its angular
displacement is 9.00 rad, what is its position vector, int cartesian unit vector
notation?

b) In what quadrant is the particle located, and what angle does its position vector
make with the positive x axis?

c¢) What is its velocity vector, in unit vector notation?

d) In what direction is it moving? Make a sketch of the position and velocity vectors

e) What is its acceleration, expressed in unit-vector notation?

f) What total force acts on the object? (Express your answer in unit vector notation)
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3. A 6.0 kg block is released from A on the
frictionless track shown in Figure. Determine
the radial and tangential components of
acceleration for the block at P.
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4. The four particles in Figure are connected by rigid rods of 3.00 kg 2.00 kg
neglibigle mass. The origin is at the center of the ¢ j Q
rectangle. If the system rotates in the xy plane about the

. . 6.00 m
z axis with an angular speed of 6.00 rad/s, calculate
a) The moment of inertia of the system about the z axis o xm)
and 4.00 m
b) The rotational energy of the system. .
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Two mases M and m are connected by a rigid
rod of length L and of negligible mass, as
shown in Figure. For an axis perpendicular to
the rod, Show that the system has the
minimum moment of inertia when the axis
passes through the center of mass. Show that
this moment of inertia is [ = uLZ, where
u=mM/(m+ M).
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6. A uniform thin metal plate has width a, length b and mass mj.

a) Find the moment of inertia about the corner of the plate which is perpendicular to the
z-axis.

b) Using the results of part a) , Find the moment of inertia about the center of the plate
which is perpendicular to the axis.
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7. The pulley shown in Figure has radius R and
moment of inertia I. One end of the mass m is
connected to a spring of force constant k, and
the other end is fastened to a cord wrapped
around the pulley. The pulley axle and the
incline are frictionless. If the pulley is wound
conterclockwise so that the spring is stretched a

distance d from its unstretched position and is
then released from rest, find
a) The angular speed of the pulley when the spring is again unstretched and

b) A numerical value for the angular speed at this point if I=1.00 kgmz, R=0.300m,

k=50.0N/m, m=0.500kg, d=0.200m, and ©=37°.
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8. A mass m; and mj3 are suspended by a string of m,
negligible mass passing over a pulley of Radius r . T,
and moment of inertia I = %mzrz. The pulley and

the table are frictionless. T,

a) Determine the acceleration of the system,
b) The tension T, and T, in the string.
(my=0.15 kg, m,=0.10 kg, m3=0.10 kg, r=0.10 kg,

g=10 m/s’)
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Equations of motions for the masses and the reel
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According to the right hand rule, the net torque is directed into the page. As a result of this, the
direction of the angular acceleration is same and into the page.
Using Egns.(1),(2) and (3)

' ]

it Mg =T+ =T = (m+mg+Lm, da

a-=. e iy 2 = 1) x 1O o

W Mg o4 i—ml 0,15+ Oﬂt)-i-i—%f?,lb G _'SL

and the Tensions in the strings:

Ti= m,a = o)lg-,t._f.s‘_j. = 0,5 N

Tz wmy(g-ad=010 (lo- 2= = N,



. Two blocks, as shown in Figure, are
connected by a string of negligible mass
passing over a pulley of radius 0.250 m and
moment of inertia /. The block on the
frictionless incline is moving up with a
constant acceleration of 2.00 m/s>.

(a) Determine T; and T,, the tensions in the
two parts of the string.

(b) Find the moment of inertia of the

pulley.
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10. A long, uniform rod of length L and mass M s
pivoted about a horizontal, frictionless pin
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) Its 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 4
d) The components of the reaction force at the B
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11. A uniform, hollow, cylindrical spool has inside Radius R/2,
outside radius R, and mass M. It is mounted so that it
rotates on a massless horizontal axle. A mass m s
connected to the end of a string wound around the spool.
The mass m falls from rest through a distance y in time t.
Show that the torque due to the frictional forces between
spool and acle is
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The torque due to the frictional forces prevents motion.
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Moment of inertia of a Hollow cylinder:
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