
Date: ___________________________ 

Forces in Circular Motion 

In a previous lesson we investigated the acceleration acting on an object travelling in circular motion. 

We concluded that the centripetal acceleration was always directed towards the center of the loop and 

was perpendicular to the instantaneous velocity. Based on Newton’s second law, we can conclude that 

the net force acting on an object travelling in circular motion is also directed inward.  
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We call this force the centripetal force. The centripetal force can be the result of a single force (i.e. the 

force of gravity causing Earth’s orbits) or a combination of forces (i.e. a rollercoaster car travelling 

around in a loop).  

Example #1: Determine the FBD for the police car making a quick 180° turn.  

 

 

Example #2: The maximum speed with which a 945 𝑘𝑔 car makes a 180° turn is 10.0
𝑚

𝑠
. The radius of 

the circle through which the car is turning is 25.0 𝑚. Determine the force of friction and the coefficient 

of friction acting upon the car.  

 

Banked Curves: Object travels in a circular path while assuming a tilted reference 

frame. Careful with the free diagrams for objects on banked curves vs. objects on 

inclined planes.  

Inclined Plane Banked Curve 

  
Axis is tilted to match the acceleration 
along the incline. In this case the 
gravitational force is expressed as 
components. 

Axis is to have the acceleration towards 
the center of the arc. In this case the 
normal force is expressed as 
components.   

 

Example #3: Michael Schmacher decided that he wanted to drive his 1000kg race car around a NASCAR 

track. In order to keep the car from sliding into the fans around the track the designers at the Atlanta 

Motor Speedway have banked the turns (or radius 128 m) with an angle of 24°. Knowing this determine 

the ideal speed that Michael should drive his car around each turn. The ideal speed is the delicate 

balance between going too slow and sliding down to the bottom of the bank and going too quickly and 

sliding to the top of the track into the fans. In this problem you can ignore friction.  
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Forces in Looping Roller Coasters 

The first looping roller coasters used circular loops. The picture below is of the first looping roller 

coaster. It was called the centrifugal railway. 

As designers increased the radius of the loops they had to 

increase the speeds of the coasters. This meant that the 

passengers were subjected to tremendous forces and most 

of the riders went directly from the ride to the hospital!  

The so-called flip flap railway shown at the right resulted in 

riders experiencing as much as 12 g’s!  

Modern looping roller coasters use clothoid loops to prevent this 

 

The larger radius at the bottom decreases the centripetal acceleration (bigger radius) while the smaller 

radius at the top actually increases it ( making you feel safer).  

 

Example #4: A student (mass = 76 kg) is riding the Skyrider roller coaster and encounters the loop.  The 

student is travelling 14.0 m/s at the top of the loop and 25.0 m/s at the bottom of the loop. The top of 

the loop has a radius of curvature of 10.0 m and the bottom of the loop has a radius of curvature of 18.0 

m. Determine the normal force acting upon the student at the top and bottom of the loop. 

 






