CALCULUS 

WORKSHEET 1 ON PARTICLE MOTION

Work these on notebook paper.  Use your calculator only on part (f) of problems 1. Do not use your calculator on the other problems.  Write your justifications in a sentence.

1.  A particle moves along a horizontal line so that its position at any time is given by

     
[image: image47.emf] where s  is measured in meters and t in seconds.  

(a) Find the instantaneous velocity at time  t  and at t = 3 seconds.

(b) When is the particle at rest?  Moving to the right?  Moving to the left?  Justify your answers.

(c) Find the displacement of the particle after the first 8 seconds.

(d) Find the total distance traveled by the particle during the first 8 seconds.

(e) Find the acceleration of the particle at time  t  and at t = 3 seconds.

(f) Graph the position, velocity, and acceleration functions for 
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(g) When is the particle speeding up?  Slowing down?  Justify your answers.

____________________________________________________________________________________

2. The maximum acceleration attained on the interval 
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 by the particle whose velocity is given 

    by 
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3. The figure on the right shows the position s of a 

     particle moving along a horizontal line.

(a) When is the particle moving to the left?  moving

      to the right?  standing still?  Justify your answer.

(b) For each of  
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, find

      the value or explain why it does not exist.
(c) Graph the particle’s velocity.

(d) Graph the particle’s speed.

___________________________________________________________________________________
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4. (2005) A car is traveling on a straight road.

    For 
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 seconds, the car’s velocity 
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    in meters per second, is modeled by the

    piecewise-linear function defined by the

    graph on the right.

(a) For each of 
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 find the value

      or explain why it does not exist.  Indicate

      units of measure.

(b) Let 
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 be the car’s acceleration at time  t, in

      meters per second per second.  For  0 < t < 24,

      write a piecewise-defined function for  
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(c) Find the average rate of change of v over the interval 
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.  Does the Mean Value 

      Theorem guarantee a value of  c, for 8 < c < 20, such that 
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 is equal to this average

      rate of change?  Why or why not?
CALCULUS 

WORKSHEET 2 ON PARTICLE MOTION

Work these on notebook paper.  Use your calculator on problems 1 - 5, and give decimal answers correct to three decimal places.  Write your justifications in a sentence.

1. A particle moves along a horizontal line so that its position at any time  
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 is given by
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, where s  is measured in meters and t in seconds.

(a) Find the instantaneous velocity at any time  t  and when  t = 2.

(b) Find the acceleration of the particle at any time  t  and when  t = 2.

(c) When is the particle at rest?  When is moving to the right? To the left?  Justify your answers.

(d) Find the displacement of the particle during the first two seconds.

(e) Find the total distance traveled by the particle during the first two seconds.

(f) Are the answers to (d) and (e) the same?  Explain.

(g) When is the particle speeding up?  Slowing down?  Justify your answers.

_____________________________________________________________________________

2. The position of a particle at time  t seconds, 
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, is given by 
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    where t is measured in seconds and s is measured in meters.  Find the particle’s acceleration 

    each time the velocity is zero.

_____________________________________________________________________________

3. A particle’s velocity at time  t  seconds, 
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    t is measured in seconds and v is measured in meters/second.  Find the velocity of the particle 

   each time the acceleration is zero.

______________________________________________________________________________

4. (2004)  A particle moves along the  y-axis so that its velocity at time  
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(a) Find the acceleration of the particle at time  t = 2. 

(b) Is the speed of the particle increasing or decreasing at time  t = 2?  Give a reason for your

     answer.

(c) Find the time 
[image: image21.wmf]0
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 at which the particle reaches its highest point.  Justify your answer.

______________________________________________________________________________

5. (Modification of 2005 Form B, Problem 3)

    A particle moves along the  x-axis so that its velocity at time  t, for 
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(a) Find the acceleration of the particle at time  t = 4.

(b) Find all times  t  in the open interval 
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 at which the particle changes direction.  During which

      time intervals, for 
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, does the particle travel to the left?   Justify your answer.

(c) Find the average rate of change of 
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CALCULUS

WORKSHEET 1 ON OPTIMIZATION

Work the following on notebook paper.  Be sure to justify your answers.

1. A particle moves along the  x-axis so that its position is given by 
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(a) Find the minimum velocity of the particle and the time at which it occurs.  Justify your answer.

(b) Find the maximum velocity of the particle and the time at which it occurs.  Justify your answer.

2. The velocity of a space shuttle from  t = 0 sec to  t = 125 sec is given by 
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    where  
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 is measured in ft/sec.  Find the maximum and minimum values of the acceleration of the shuttle 
    and the time at which they occur.  Justify your answer.
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3. A person in a rowboat three miles from the nearest point


    8 mi.

    on a straight shoreline wishes to reach a house eight miles




      House     

    further down the shore.  If the person can row at a rate
   
       3
    of 2 miles per hour and walk at a rate of 5 miles per hour,   
     mi.

    find the least amount of time required to reach the house.  

    How far from the house should the person land the rowboat?


                   

    Justify your answer.





      Boat

4. A cylindrical container has a volume of 
[image: image32.wmf]3

250cm

.  Find the radius and height of the cylinder so that its 
    surface area will be a minimum.  Justify your answer.

    (Volume of a cylinder = 
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5.  The sum of the perimeters of an equilateral triangle and a square is 10.  

(a) Find the dimensions of the triangle and the square that produce a minimum area.  Justify your answer.

(b) Find the dimensions of the triangle and the square that produce a maximum area.  Justify your answer.

      (Area of an equilateral triangle = 
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 where  x = side of triangle)

[image: image45.emf]
6. A rectangular package to be sent by a postal service can have a maximum 

   combined length and girth (perimeter of a cross section) of 108 in.  Find the 

   dimensions of the package of maximum volume that can be sent.  (Assume 

   that the cross section is square.)   Justify your answer.
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7. A rectangle is bounded by the  x-axis and the parabola 
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    width should the rectangle have so that its area is a maximum?  Justify your answer.
CALCULUS

WORKSHEET 2 ON OPTIMIZATION

Work the following on notebook paper.  Be sure to justify your answers.

1. The size of a population of bacteria introduced to a food grows according to the formula 
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    where  t  is measured in weeks and 
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  Determine when the bacteria will reach its maximum size.    

    What is the maximum size of the population?  Justify your answer.
2. A particle moves along the  x-axis so that its position is given by 
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(a) Find the minimum velocity of the particle and the time at which it occurs.  Justify your answer.

(b) Find the maximum velocity of the particle and the time at which it occurs.  Justify your answer.

3. A tank with a rectangular base and rectangular sides is open at the top.  It is to be constructed so that its width 
   is 4 meters and its volume is 36 cubic meters.  If building the tank costs $10 per square meter for the base and 
   $5 per square meter for the sides, what is the cost of the least expensive tank, and what are its dimensions?   

   Justify your answer.


4. A right triangle has one vertex at the origin and one vertex on the

    curve 
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  One of the two perpendicular sides of

    the triangle lies on the  x-axis, and the other side is parallel to the

    y-axis.  Find the maximum and minimum areas for such a triangle.

    Justify your answer.

5. A person in a rowboat two miles from the nearest point


    6 mi.

    on a straight shoreline wishes to reach a house six miles




      House     

    further down the shore.  If the person can row at a rate
   
       2

    of 3 miles per hour and walk at a rate of 5 miles per hour,   
     mi.

    find the least amount of time required to reach the house.  

    How far from the house should the person land the rowboat?


                   

    Justify your answer.





      Boat

6. An offshore well is located in the ocean at point W  that is


    8 mi.

    six miles from the closest shore point  A  on a
straight       
      A


                       B


    shoreline.  The oil is to be piped to a point  B on the shore               

    that is eight miles from  A by piping it on a straight line
       6

    under water from  W  to some point P on the shore 
     
     mi.

    between  A and B and then on to  B  via a pipe along the

    shoreline.  If the cost of laying pipe is $100,000 per mile
      W 


    under water and $75,000 per mile over land, how far from A  
    should the point  P  be located to minimize the cost of lying the 
    pipe?  What will the cost be?  Justify your answer.
7. A piece of wire 40 cm long is to be cut into two pieces.  One piece will be bent to form a circle, and 

    the other will be bent to form a square.  Find the radius of the circle and the length of the side of the

    square so that the total area is:

    (a) a minimum

    (b) a maximum
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