AP Physics – Centripetal Force

circular motion – changing direction

Phonograph Records
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Angular Acceleration




[image: image8.wmf]angular

accelertai

on

angular

velocity

time

=







[image: image9.wmf]a

w

=

D

D

t





[image: image10.wmf]a

w

=

t





Linear Speed and Circular Motion: 

Time for one rotation – Period
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Let the angular displacement be 1:
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This is period of the rotation

equation for speed:     
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distance =   
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linear or tangential speed.


v = 2
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Centripetal Force

Whirl ball on string   -  ball wants to travel in a straight line 

Newton's first law  --   inertia
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Direction of force is



center 

The  acceleration toward the center  ( centripetal acceleration.  
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v  =  1.5 m/s   centripetal acceleration  =  3.6 m/s2.  What is the radius of the mass's circular motion?


[image: image18.wmf]2

t

c

v

a

r

=



[image: image19.wmf]2

t

c

v

r

a

=




[image: image20.wmf]2

2

1

1.5

3.6

m

r

m

s

s

æö

ç÷

æö

=

ç÷

ç÷

èø

ç÷

ç÷

èø






r  =  0.62 m

Centripetal Force.       "center seeking"

changes direction of  object's velocity vector.
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Plug in the centripetal acceleration
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so  
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·  1.2 kg stone is attached to a 1.3 m line and swung in a circle.  If it has a linear speed of 13 m/s, what is the centripetal force?
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· Car has constant speed and makes a turn of  radius = 50.0 m.   Speed = 15.0 m/s.  Find minimum coefficient of friction.

Frictional force =  centripetal force
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Frictional force:
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Assume the road is flat, so N = mg
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Child twirls yo yo.  If angle of cord with vertical is 30.0(, find ac.
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( Fy = 0
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The horizontal component of T is 
the centripetal force.
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Plug in Equation for T:
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Centrifugal force  =  force that seems to be pushing things away from the center of spin during rotation.  

The centrifugal force is a fictional force.  There is no actual force that is pushing away from the center of a rotating system.

A passenger in a car wants to travel in a straight line path at a constant speed


First law

passenger travels forward in a straight line path at constant velocity  -  runs into the side of the car. 

Side of car pushes her to center of spin.  

She feels a push to the center -  she exerts an equal and opposite force on the door

She can't tell the difference between her pushing on the side of the car or the side of the car pushing on her.  

she thinks that she is being pushed outward.

If centrifugal force real - objects would travel in a straight line path away from the center of rotation when the centripetal force is interrupted.

Imagine a ball attached to a string spinning in a circle.  What happens if the string breaks?

The ball does not travel straight away from the center of the spin    

travels in a tangential path.




Spinning bucket traveling in a vertical circle seems to defy gravity

Can gravity be neutralized

 NO!!   Gravity always works 

The water does fall

the bucket falls with it

 The water falls, but the bucket is falling along with it so the water stays in the bucket.

The minimum speed for this is called the critical velocity.

Critical velocity ( minimum velocity for an object to travel in vertical circle and maintain its circular path against the force of gravity.

Satellites in orbit around the earth must travel at the critical velocity.

The critical velocity is given by the formula:  
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Called critical velocity
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· A carnival ride travels in a vertical circle.  If the ride has a radius of 4.5 m, what is the critical velocity?
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vmin = 6.6 m/s

986
(10 points)
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A heavy ball swings at the end of a string as shown here, with negligible air resistance. Point P is the lowest point reached by the ball in its motion, and point Q is one of the two highest points

(a)
On the following diagrams draw and label vectors that could represent the velocity and acceleration of the ball at points P and Q. If a vector is zero, explicitly state this fact. The dashed lines indicate horizontal and vertical directions.
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i.  Point P
ii. Point Q
(b)
After several swings, the string breaks. The mass of the string and air resistance are negligible. On the following diagrams, sketch the path of the ball if the break occurs when the ball is at point P or point Q. In each case, briefly describe the motion of the ball after the break.
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i.  Point P
ii.  Point Q
a. 
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b. After several swings, the string breaks. The mass of the string and air resistance are negligible. On the following diagrams, sketch the path of the ball if the break occurs when the ball is at point P or point Q. In each case, briefly describe the motion of the ball after the break.
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