
UNIFORM CIRCULAR MOTION 
- Uniform circular motion going in a circle at a constant speed. 
- UCM requires an acceleration directed towards the center of the circle. 
- Speed is constant. Velocity is not. 

 Constantly changing dir’n 
 There is acceleration at every point in the motion 
 Ԧܽ points towards the center 
 Called centripetal acceleration 

 
 
 
 
 
 
 
 
 
 
Note: you can have circular motion without completing a full circle, as seen in the above example. 
PERIOD, FREQUENCY AND SPEED 

- Period (T) the time it takes an object to complete one revolution (rev). Units: s 
- Frequency (f) number of revolutions per second. Units: Hertz (Hz) or s-1 

  
 
 
  

  
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
DYNAMICS OF UNIFORM CIRCULAR MOTION 

- Newton’s 2nd Law a net force causes acceleration. 

 
- This net force is called centripetal force. 

 Not a new force. It’s a net force. The product of already familiar forces (tension, friction, etc.) 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- The maximum speed will depend on the road conditions (µ). 
- How do racecars maximize speed around turns? 

 Wings on Formula 1 or Indy cars push air upwards, which provides an extra downward force 
on the car (Newton’s 3rd Law). 

 Banking curves means that some of the Normal force is directed towards the center of the 
circle. 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPARENT FORCES IN CIRCULAR MOTION 

- Centrifugal force a “force” that seems to push an object to the outside of a circle. 
 Not a real force.  
 It’s the result of inertia (wanting to move in a straight line) 
 A centrifugal force will never appear on a free body 

 diagram nor be included in Newton’s laws. 
 
 
 
 
 



- Apparent weight also plays a factor in circular motion. 
 The force you feel, your apparent weight, is the magnitude of the contact force that supports 

you. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CIRCULAR ORBITS AND WEIGHTLESSNESS 
- Think back to Newton’s Mountain. 

 A projectile with a high enough initial velocity 
will fall, but never reach the ground. 

 It is in orbit 
 An orbiting projectile is in free fall. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
- Satellite something orbiting a planetary body. 

 Man-made: satellites, ISS 
 Natural: Moon 

 
 
 
 

- Using the Law of Universal Gravitation, we can derive a formula for the 
speed required for a satellite to maintain a circular orbit 

 

  
 



- Note: the orbital speed doesn’t depend on mass. Just like with projectiles and free-fall motion.  
- If the satellite is going any faster than that orbital speed, it will result in an elliptical orbit. 
- If we combine the orbital speed equation and the speed equation derived earlier, we can find the period of a 

satellite. 

 
- Note: the M in the above equation is the mass of the object at the center of the orbit. 
 
 
 
 

 
GRAVITY ON LARGE SCALE 

- Gravity weak but long-ranged 
- Why doesn’t gravity pull all of the stars together? 

 Galaxy doesn’t rotate like a fixed object. 
 Different stars have different orbital periods. 
 Our neighboring stars today, could be on the other side of the galaxy from us in the future. 
 Our solar system (app. 5 billion years old) has only orbited galactic center 20 times. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



KEPLER’S LAWS OF PLANETARY MOTION 
- Kepler’s First Law the planets move in elliptical orbits with the Sun at one focus. 

 
 
 
 
 
 

- Kepler’s Second Law The straight line joining the Sun and any planet sweeps out equal areas in equal 
intervals of time. 
 
 
 
 
 
 
 
 
 
 

 
- Kepler’s Third Law gives a formula for the period of an orbit. (see equation on previous page) 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 


