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Uniform Circular Motion

* The speed and
radius of an object
remains constant

* The velocity vector
changes because its
direction changes.

Path of ball



Acceleration

A moving body undergoes acceleration if its
speed or direction changes

e Uniform Circular Motion produces centripetal
acceleration

e “Centripetal” from Latin:

—Centrum = “centre”; Petere = “to seek”
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Centripetal Acceleration

* Centripetal acceleration is
caused by a changing
velocity vector (changes
direction)




Centripetal Acceleration

* The magnitude of centripetal acceleration can be

calculated by: 5

Y
a =—

oo
* Where a_is the centripetal acceleration, v is the
speed of the object and r is the radius of the
circle.

* The direction of a_ is always towards the centre of
the circle



Check Your Understanding

A child on a merry-go-round is 4.4 m from the centre of the ride,
travelling at a constant speed of 1.8 m/s. Determine the magnitude of
the child’s centripetal acceleration.
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Our Equations for Uniform
Circular Motion

2

* |If speed (v) is known: g = V_
C
r
* |f speed is not known but period (T) is: ,
4’y
a. = T2

* |ffis used in place of T due to a high revolution

rate
A2 2
a =4rxrf



Check Your Understanding

Find the magnitude and direction of the $+
centripetal acceleration .......................... - / v

direction
of rotation

a =4r’rf’



Check Your Understanding

Determine the frequency and period of rotation of an electric fan if a
spot at the end of one fan blade is 15 cm from the centre and has a
centripetal acceleration of magnitude 2.37 x 103 m/s?.

a =4r’rf”
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Analyzing Forces in
Uniform Circular Motion

According to Newton’s Second Law, there is a
net force acting towards the centre of the circle
that causes the centripetal acceleration (a,).
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* The equations for centripetal acceleration
involving the period and frequency of circular
motion can also be combined with the second-
law equation (F = ma). Thus, there are three
common ways of writing the equation:

o 4n2mr_42 ,
YF = r Tz memrf




Check Your Understanding

A car of mass 1.1 x 103 kg negotiates a level curve at a
constant speed of 22 m/s. The curve has a radius of 85 m.

a) Name the force that provides the centripetal
acceleration.

b) Determine the .....uuevevvvevennnn.

c) Determine the minimum coefficient of static friction
needed to keep the car on the road.

2 2
mv A1t“mr F,
YF = = = 4n’mrf? U = S;nax
N

r T?
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Banked curves




Banked Curves and FBD

What additional force is now present?



Check Your Understanding

A car of mass 1.1 x 103 kg travels around a frictionless
banked curve of radius 85 m. The banking is at an angle of
19° to the horizontal, as shown below.

a) What forces provide the centripetal acceleration?

b) What constant speed must the car maintain to travel
safely around the curve?
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Centripetal Forces

What forces can cause something to move
in a circle?

Tension, gravity, static friction

Note: all forces that are centre seeking are
centripetal forces



Centrifugal vs. Centripetal Force

— It's not really a force; it results from inertia i.e. the
tendency of an object to resist any change in its
state of rest or motion

* Centripetal force is a "real" force that counteracts
the centrifugal force and prevents the object from
"flying out”, keeping it moving instead with a
uniform speed along a circular path
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