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Circular Motion
7

7

Now let's consider an object moving with the same speed along the circular path.
At any given point, the velocity vector is both tangent to the circle and has the same length at all positions.
The total time that it takes for this object to go around the circle once the period, T'.

Thus, we can say the speed (the magnitude of the velocity) is

v distance traveled  27mr

time it took T

Find the speed of the moon as it orbits around the earth. The moon is on avarage 385,000 km from the earth. It take 27.3 days to
complete one orbit.

Uniform Circular Motion:

If we can say that the speed of an object undergoing circular motion is not changing, then we'll call that type of motion: Uniform
Circular Motion.

saturn
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Some examples: planets going around the sun. (mostly circular although not quite)
A record player.

horses on the carousel (while the ride is not starting or stopping.)

Let's find Av:
Av=v—v,

Graphical subtraction would look like this:

Vo

Now we can see where the acceleration vector is pointing.
It's pointing toward the center of the circle.

With a little geometry, we could show that the magnitude of the acceleration vector will be given by:

Thus, an object undergoing uniform circular motion has a 'centripetal acceleration' proportional to the speed squared and the
inversely proportional to the distance from the center.

Centripetal Force

Newton's second law still holds in the case of circular motion

2
v
F=ma=m—
r

We'll can any force (tension, friction, gravity, etc which is always pointed towards the center of a circular path aentripetal force.

This is not a new force, it's merely a classification of the previous forces we've already dealt with.
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A ball is spun around on a string. The tension force is always directed towards the center of the circular path.

y
' '
'
' |
\ '
'

A car traveling around a curve is acted on by the static friction force.

fs

Earth around stays in orbit due to the radially directed force of gravity between the earth and the sun.

Fig. 1

Let's spin a ball on a string far away from the earth so there is no gravity acting on the ball. Thus the only force is present is the
tension from the rope.

N FE=T

Putting this into Newton's second law, we'll have:
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2
T = maeent = Mm—
r

A string will break if the tension in it is greater than 500 N. How fast can | swing a 1 kg ball using 2 meters of this string without

breaking it? I'm swinging it in a horizontal plane (disregard gravity for now).

The static friction between the metal coin and the wood will be strong enough to keep the
coin from slipping, provided the v of the wooden plate doesn't get too large. Here, the
only force acting the radial direction is the f. Thus:

ZF:fs

U2
= m—
T

What’s the maximum speed my 200 kg go-kart can go around a curve with radius 10m without sliding out of control? (Assume

rubber tires on dry concrete.)

So far...

Objects traveling around in a circle, even with constant speed, have a centripetal acceleration, given by:

02

Qcent =

This is a vector, and always pointed towards the center of the circle around which the object is traveling. Also pointing towards the

center of the circle is a centripetal force. This could be tension, friction, gravity, etc...

Feent = Macent

The period of an object undergoing uniform circular motion is given by:

2mr
T=—
(%
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For many situations, an x-y coordinate system is a great idea.

Here is a map on Manhattan. The streets are laid out in a rectangular grid (for the most part - dang it Broadway). Thus, when we give
directions in NY, its usually something like "1 block up, 2 blocks over", which in more proper math speak would be something like 1
unit in the y, and 2 units in the x direction.

Other coordinates...

For others, not so much

In the case of a dart board, or a baseball field, describing the position of something in x-y coordinates wouldn't make much sense.
Thus, they each rely on their own coordinate system, which is somewhat like what we'll use for describing circular motion.

If we walk around a circle, we can describe our position with respect to the center by two variables:) and r.

We could also usez and y, but we can see how just using an angle and a radial distance is easier.

This is the essence of what will be known as the radial coordinates system (or polar). It's very useful when r does not change, or if6 is
a constant. It's easier to work with than the standard x-y cartesian coordinates when object are undergoing circular motion because
the r does not change. Thus, we only have to worry about one variable,d. If we used x and y, then we would have to keep track of two
variables. More work. Less fun.
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Circle Math

If @ is measured in radians, the distance around the curved path of the circle can be found by:

s
=2
r
This makes sense considering:
s 27r
afu]l circle — — — — — — 27 rad
T T

In this setup, s is known as the arc length. It's distance around the circumference of the circle that the blue line takes. For the whole
circle, this value is equal to the circumference, or 27r.

Period

A sometimes more useful measure of the orbit of an object is itsperiod, T'. The period is defined as the time it takes to complete one
revolution around. For example:

1. The period of the moon around the earth: 27.32 days =2.36 x 10° s
2. The period of a LP record is 1.8 s (33% rot per minute)

The period can be calculated by considering the speed and the circumference of the orbit:

distance traveled  27r 27r
V= = =>T=—
time T v
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The radius of Columbﬁé Circle is 0.025 miles '(1 /40th of a mile). If yo.u want to drive around it in 5 seconds (1/720 hours). How fast
should you be going?

Normal Forces

Swinging Scales

At the position shown, what is the minimum speed the box can have while still touching the tray?
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Example Problem
#4:

A space station is designed in the shape of a large, hollow ring that is uniformly rotating. The outer diameter of the station is 300 m.
With what period must the station rotate so that a person sitting on the outer wall experiences “a moon like gravitational feel".

At the position labeled A, what is the minimum speed the ball can have while still keeping some tension on the rope? (i.e how fast to
ensure tension cannot be zero)
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