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AP Calculus BC Saturday Study Session #2: 
Particle Motion 

(With special thanks to Lin McMullin & Wes Gordon) 
 
Particle motion and similar problems are on the AP Calculus exams almost every year.  The particle may be a “particle,” a 
person, a car, or some other moving object.  The position, velocity or acceleration may be given as an equation, a graph 
or a table and sometimes you will be given an initial condition to work with.  You may be asked about the motion of the 
particle: its direction, when it changes direction, its maximum position in one direction, etc.  Speed, the absolute value 
of velocity, is also a common topic. 
 
What you should know how to do: 
 

 Move easily between the position, velocity and acceleration equations by differentiating or integrating. 
 

 If you are given the velocity and an initial position, or given the acceleration and an initial velocity, you may 
often be able to approach the problem as an accumulation problems using the following equations: 

 (  )   (  )  ∫  ( )
  
  

             

  

          (  )   (  )  ∫  ( )
  
  

   

 
 Speed is the absolute value of velocity (it is not a vector quantity).  In other words, speed  | ( )|. 

 
o If the velocity and acceleration have the same sign, the speed is increasing. 
o If the velocity and acceleration have different signs, the speed is decreasing. 

 

 Graphically, speed is the non‐directed distance from the velocity graph to the t‐axis.  If the distance of the 
velocity is increasing then speed is increasing.  Reflecting the parts of the velocity graph that lie below the t‐axis 
will give you the graph of the speed. 
 

 The total distance traveled at velocity  ( ) from     to     is given by ∫ | ( )|  
 

 
.   

 

 The net distance (a.k.a, displacement) over the same interval is ∫  ( )  
 

 
. 

 

 Don’t be reluctant to use your graphing calculator for these problems if you’re permitted to do so.  Integrating 
an absolute value by hand can be tricky but your calculator can do it with ease! 
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Parametric Particle Motion (BC Only) 
 
Particle motion problems on the AP Calculus BC exam are often in the context of parametric equations or in the context 
of vectors.   
 
Suppose that a particle has a position vector given by ( ( )  ( )) at time t. 
 

 Velocity:  ( )  ( ( )   ( ))  (
  

  
 
  

  
) 

 

 Speed (a.k.a, magnitude of velocity): | ( )|  √(  ( ))  (  ( ))  √(
  

  
)
 
 (

  

  
)
 
  

 

 Acceleration:  ( )  (   ( )    ( ))  (
   

   
 
   

   
) 

 

 Distance Traveled between      and    :  ∫ √(  ( ))  (  ( ))   
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 Parametric Definition of Slope: 
  

  
 

  ( )

  ( )
 

       
  

      

  
  

 

 

 Parametric Interpretations of Particle Motion: 
 

o 
  

  
         The particle is moving left  

 

o 
  

  
         The particle is moving right  

 

o 
  

  
         The particle is moving down 

 

o 
  

  
         The particle is moving up 

 

o 
  

  
         The particle’s position graph has a vertical tangent 

 

o 
  

  
         The particle’s position graph has a horizontal tangent 

 

o 
  

  
    and  

  

  
         The particle is not moving 
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Multiple Choice Questions 
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PARAMETRIC MOTION 
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Free Response Questions 

❶ 2010B #4 (BC) – No Calc 
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❷ 2009 #1 (BC) – Calc OK 
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❸ 2008 #4 (BC) – No Calc 
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❹ 2012 #2 (BC) – Calc OK 
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❺ 2010 #3 (BC) – Calc OK 
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❻ 2010B #2 (BC) – Calc OK 

 


