7 Motion in a Circle

Introduction

Angular displacement, 6

Angular displacement refers to the angle moved by an
object doing circular motion.

The unit of angular displacement is radians (rad).
Angular velocity, w

Angular velocity refers to the rate of change of angular

displacement.
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Unit of angular is rads™.




Linear velocity and Angular velocity

An object is made to rotate in a circle with constant —
linear speed v. At any instant of time, its angular
velocity w is the rate of change its angular —

displacement.
Using the fact that, s=r6

If follows that
%: r% (Including the time dimension, by

dividing on both side of the

equation)

Therefore, v=ro




Centripetal Acceleration

Consider an object is moving in a circle of radius r with
constant angular velocity w. The tangential speed is
constant but the object’s tangential velocity vector is
changing since the direction is changing.
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In which direction does the centripetal acceleration

acts?
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acceleration should be acting in the same direction
asAv. It is therefore required to show the direction
ofA\I/; acceleration a will also acts in the same
direction as Av.
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Though‘vl‘:‘vz‘, they have

different directions and
therefore their velocities are
different.

Note that in vector notation,
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a = kb implies that vector a is

in the same direction a vector
b.

It is more convenient to add
vectors rather than subtract
them. Pay attention to the
vector, they have been
displaced parallel to the
velocity vec

Pay attention to the direction of
the change in velocity. It acts
towards the centre.



that the

acceleration when the object is doing circular motion

From the vector addition, it follows
acts towards the center of the circle. This acceleration
is known as the centripetal acceleration and it always

act towards the center of a circle.

Centripetal acceleration is defined as the rate of

change of tangential velocity.
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Alternately,

Centripetal force

Following Newton’s second law, it follows that the
presence of this acceleration is due to a net force. This
force which acts towards the center of the circle is

called the centripetal force. F = mrw?

If you are sitting in a car which is on the point of
making a round about to the left. The car then makes
a circular trajectory. The frictional force at the wheels
gives rise to an unbalanced force on the car thus
producing an acceleration which is directed towards
the centre of the circular trajectory. Since you were in
motion, your body tends to stay in motion. This
tendency to resist the acceleration causes your body to
continue in its straight line motion. So, your body will
lean to the right and be prevented to do so by the
outside (right) door (in case you were seated on the
back right seat). You may think that you are being

accelerated away from the circle.

Verify for whatever velocity
vectors we are considering, the
acceleration always act towards
the centre. You need to be
careful in selecting the velocity
vectors which should be very
close to each other since At is
very small.

Centripetal force should not be
confused with  centrifugal
force. The centrifugal force is a
fictitious force that arises from
being in a rotating reference
frame. It exists, or rather seems
to exist, only in a non-inertial
coordinate system (one which
is accelerating or rotating)
where Newton's laws are not
valid. ‘Centrifugal force’ is
simply a manifestation of
inertia.

Centripetal force means ‘centre
seeking’ force. In the absence
of that force, any object will be
moving in a straight line.

Diagram of car making a
round-about to the left
showing a person seated on
the back right seat.

Inertia is responsible for
keeping your body in motion.



You are in fact undergoing your straight line path,
tangential to the circle while the car is accelerating
away from you, that is, towards the centre of the
circle.

Centripetal force is not a new type of force but is

rather a net force.







End of Chapter Questions

1.

A stone, of mass m, is attached to a string and whirled in a
vertical circle of radius r. When the stone is at the bottom of
the circle, the tension in the string is 3 times the stone’s
weight. What is the speed of the stone. Give your answer in
terms of gandr.

A body of mass 1 kg is attached to a string 1m long and moves
in a horizontal circle of radius 40 cm.
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(a) Draw the forces acting on the mass.

(b) Explain the occurrence of the centripetal force.

(c) Calculate the magnitude of the tension in the string.
(d) Calculate the period of the mass.

A string of 1 m long is used to whirled a stone of mass 100 g in
a vertical circle with angular velocity of 4.0 rads™.
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(a) Draw the forces acting on the mass at position 1, 2,3 & 4.
(b) Determine the tensions in the string at position 1, 2, 3 &
4.
(c) At which position the string is most likely to break?
Explain.
(d) Draw the force acting on the mass at position 5.
(e) Write down a formula the tension when the stone is at
position 5.
(f) Uisng the formula from (e), confirm your answer to (b).

A man of mass 70 kg in a roller coaster car is stting in a seat
on a bathroom scale. His speed at the top point of the circle is
40 ms™" and the radius of the coaster track is 90 m.

(a) Explain why the man does not fall off the seat.
(b) Determine the magnitude of the force shown on the scale.



