


Additional special cases of projectile motion: 



A C B 



Today: 

 
 

 

 

• Relative motion 

• Uniform circular motion 

• Forces: Intro 



Relative Motion: 





      2 relative to 1 = ? 

A.  (150 mi/h)   

B.  (-150 mi/h)   

C.   (-150 mi/h)   + (450 mi/h)    

D.   (150 mi/h)   + (- 450 mi/h)    

E.   (-150 mi/h)   + (- 450 mi/h)  
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Two airplanes are flying along headings that form a right angle. 

Plane 1 heads due south at 450 mi/h. Plane 2 heads due 

west at 150 mi/h.   
 

What is the velocity of Plane 2 relative to Plane 1?  I.e., what is 

the apparent velocity of Plane 2 as viewed from the reference 

frame of Plane 1? (Take    pointing E and     pointing N.) 
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v2 relative to 1 

 

= v2 - v1 

 



v1 relative to 1 

=0 

Reference Frame: Plane 1 (as viewed from plane 1) 
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v2 relative to 1 



v2 relative to 1 

Reference Frame: Plane 1 (as viewed from plane 1) 

v1 relative to 1 
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v2 relative to 1 

Reference Frame: Plane 1 (as viewed from plane 1) 

v1 relative to 1 
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Reference Frame: Plane 1 (as viewed from plane 1) 
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Reference Frame: Plane 1 (as viewed from plane 1) 
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Reference Frame: Plane 1 (as viewed from plane 1) 

v1 relative to 1 
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v2 relative to 1 

Plane 2 “crab-walks” 

sideways! 

Reference Frame: Plane 1 (as viewed from plane 1) 

v1 relative to 1 

=0 





Uniform Circular Motion: 



An object of mass m moves in a circle of radius r at constant 

speed v.   
 

What is the inward acceleration of the particle a in terms of m, 

r and v?  Use dimensional analysis, i.e. a  mrv 
 

A.   a = rv 

B. a  mv2/r 

C.  a = mv2/r 

D. a  v2/r 

E. a = v2/r 





Analysis of a Salad Spinner 

• diameter of basket d = 2r =  

• basket revolutions/crank turn =  

• crank turns/second during operation=  

• Period of rotation  

   = 1 / (crank turns  revs/turn) =  

• speed of basket rim v = 2r / T =  

• inward acceleration of object on the rim  

   a =   v2/r =  

• Divide by g=10 m/s2 to get accelerations in g's: 

  a =  

 



The Cornell Electron Storage Ring 

(CESR)  



Inside the Tunnel:  



 

• Linear accelerator 
produces electrons and 
positrons. 

 

• Synchrotron 
accelerates them to 
99.9999995% of c (E=5 
GeV).  

 

 

• Electrons/positrons 
stored in storage ring, 
circulating there. 



Ring circumference   = 768 m 

  

Ring radius    = 122 m 

  

Inward acceleration of electrons in 

storage ring? 
  

a  =  v2/r  

  

 ~  (3  108 m/s)2  /   122 m 

  

 ~   7  1014 m/s2   

  

 ~  70 trillion g's 



Force   F 


