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AP Calculus Free-Response Questions 

 

1969 AB 1 

Consider the following functions defined for all x: 

    

1

2

2
3

4

( )

( ) cos

( ) 3

( )

x

f x x

f x x x

f x e

f x x x







 

 

 

Answer the following questions (a, b, c, and d) about each of these 

functions.  Indicate your answer by writing either yes or no in the appropriate 

space in the given rectangular grid.  No justification is required but each 

blank space will be scored as an incorrect answer. 

 

Questions   Functions  

 1f  2f  3f  4f  

(a)  Does ( ) ( )f x f x        

(b)  Does the inverse function exist for all 

x? 

    

(c)  Is the function periodic?     

(d)  Is the function continuous at x = 0?     

 

1969 AB 2 

A particle moves along the x-axis in such a way that its position at time t  is given 

by 4 3 23 16 24  for 5 5.x t t t t       

 

a. Determine the velocity and acceleration of the particle at time t . 

b.  At what values of t  is the particle at rest? 

c.  At what values of t  does the particle change direction? 

d.  What is the velocity when the acceleration is first zero? 

 

1969 AB 3 

 Given 
1 1

( ) ln ,  defined only on the closed interval .f x x x e
x e

     

 

a.  Showing your reasoning, determine the value of x at which f  has its 

(i) absolute maximum 

(ii) absolute minimum 

b.  For what values of x is the curve concave up? 

c.  On the coordinate axis provided, sketch the graph of f  over the 
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interval 
1

.x e
e
   

d.  Given that the mean value (average ordinate) of f  over the interval is 

2

1e 
, state in words a geometrical interpretation of this number relative 

to the graph. 

 

1969 AB 4 BC 4 

The number of bacteria in a culture at time t  is given approximately by 

201000(25 ) for 0 100.
t

y te t


     

 

a.  Find the largest number and the smallest number of bacteria in the 

culture during the interval. 

b.  At what time during the interval is the rate of change in the number of 

bacteria a minimum? 

 

1969 AB 5 

Let R denote the region enclosed between the graph of 2y x  and the graph 

of 2 .y x  

 a.  Find the area of region R. 

  b.  Find the volume of the solid obtained by revolving the region R about 

the y-axis. 

 

 
 

 

 

 

 

1969 AB 6 

An arched window with base width 2b  and height h  is set into a wall.  The arch 

is to be either an arc of a parabola or a half-cycle of a cosine curve. 



 5 

           a.  If the arch is an arc of a parabola, write an equation for the parabola  

                 relative to the coordinate system shown in the figure.  (x-intercepts are    

                 ( ,0) and ( ,0).b b   y-intercept is (0, ).h ) 

 b.  If the arch is a half-cycle of a cosine curve, write an equation for the 

           cosine  curve relative to the coordinate system shown in the figure. 

 c.  Of these two window designs, which has the greater area?  Justify your  

           answer. 

 

1969 AB 7 

      a.  On the coordinate axes provided, sketch the graph of .
2

x xe e
y


  

 b.  Let R be a point on the curve and let the x-coordinate of R be  ( 0).r r    

            The  tangent line to the curve at R crosses the x-axis at a point Q.  Find  

             the coordinates of Q.   

 c.  If P is the point ( ,0),r  find the length of PQ as a function of r and the  

           limiting value of this length as r  increases without bound. 

 

1970 AB 1 BC 1 

 Given the parabola 2 2 3:y x x    

 a.  Find an equation for the line L , which contains the point (2, 3) and is  

          perpendicular to the line tangent to the parabola at (2, 3). 

 b.  Find the area of that part of the first quadrant which lies below both the  

           line L  and  the parabola. 

 

1970 AB 2 

 A function f  is defined on the closed interval from -3 to 3 and has the graph 

shown below. 

 
 

a.  Sketch the entire graph of ( ) .y f x  

b.  Sketch the entire graph of ( ).y f x  

c.  Sketch the entire graph of ( ).y f x   
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d.  Sketch the entire graph of 
1

.
2

y f x
 
 
 

  

e.  Sketch the entire graph of ( 1).y f x   

  

1970 AB 3 BC 2 

 Consider the function  f  given by 
4 1
3 3( ) 4 .f x x x   

      a.  Find the coordinates of all points at which the tangent to the curve is a 

horizontal line. 

     b.  Find the coordinates of all points at which the tangent to the curve is a 

vertical line. 

     c.  Find the coordinates of all points at which the absolute maximum and 

absolute minimum occur. 

     d.  For what values of x is this function concave down? 

     e.  Sketch the graph of the function on this interval. 

 

1970 AB 4 

A right circular cone and a hemisphere have the same base, and the cone is 

inscribed in the hemisphere.  The figure is expanding in such a way that the 

combined surface area of the hemisphere and its base is increasing at a 

constant rate of 18 square inches per second.  At what rate is the volume of 

the cone changing at the instant when the radius of the common base is 4 

inches?  Show your work. 

 

1970 AB 5 

A particle moves along the x-axis in such a way that at time 0t   its position 

coordinate is  sin .tx e  

      a.  Find the velocity and acceleration of the particle at time .t  

 b.  At what time does the particle first have zero velocity? 

 c.  What is the acceleration of the particle at the time determined in part  

            (b)? 

 

1970 AB 6 BC 5 

A parabola P  is symmetric to the y-axis and passes through (0, 0) and 
2

( , )bb e  where .0b   

 a.  Write an equation for P . 

 b.  The closed region bounded by P  and the line 
2by e  is revolved  

           about the y-axis to form a solid figure F .  Compute the volume of F . 

 c.  For what value of b  is the volume of F  a maximum?  Justify your  

            answer. 
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1970 AB 7 

 From the fact that sin  for 0t t t  , use integration repeatedly to prove the 

following inequalities.  Show your work. 

 

  2 2 41 1 1
1 cos 1  for all 0

2! 2! 4!
x x x x x       

  

1971 AB 1 

Let f (x) = ln(x) for all x >0, and let g(x) = x
2
 - 4 for all real x.  Let H be the 

composition of f with g, that is, H(x) =f(g(x)).  Let K be the composition of 

   g with f, that is, K(x)= g(f(x)).      a.  Find the domain of H.      b.  Find the 

range of H.      c.  Find the domain of K.      d.  Find the range of K.      

e.  Find H(7).1971 AB 2 

Let R be the region in the first quadrant that lies below both of the 

   curves y =3x
2
 and y = 

3

x
 and to the left of the line x = k, where k > 1.       a. 

Find the area of R as a function of k.       b. When the area of R is 7, what is the 

value of k?       c. If the area of R is increasing at the constant rate of 5 square 

units 

                     per second at what rate is k increasing when k = 15? 

1971 AB 3 

Consider F(x)= cos
2
x + 2cos x over one complete period beginning with  x = 0.    

a. Find all values of x in this period at which F(x) = 0.            b. Find all values of x 

in this period at which the function has a  

                   minimum.  Justify your answer.   c. Over what intervals in this period 

is the curve concave up? 

1971 AB 4 BC 1 

Find the area of the largest rectangle (with sides parallel to the coordinate 

 axes) that can be inscribed in the region enclosed by the graphs of   

f(x) = 18 - x
2
 and g(x) = 2x

2
 -  9. 

 

1971 AB 5 

 Let R be the region of the first quadrant bounded by the x-axis and the curve  

 y = 2x - x
2
. 

 a.  Find the volume produced when R is revolved around the x-axis. 

 b.  Find the volume produced when R is revolved around the y-axis. 

 

1971 AB 6 

A particle starts at the point (5,0) at t=0 and moves along the x-axis in such a 

way that at time t > 0 its velocity v(t) is given by v(t) = 
t

t1 2
. 

a. Determine the maximum velocity attained by the particle.  Justify your 
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answer. 

 b.  Determine the position of the particle at t = 6. 

 c.  Find the limiting value of the velocity as t increases without bound. 

d.  Does the particle ever pass the point (500,0)?  Explain. 

 

1971 AB 7 BC 3 

Let f be the function defined by f(x) = |x| .5 e x 2

 for all real numbers x. 

 a.  Describe the symmetry of the graph of f. 

 b.  Over what intervals of the domain is this function increasing? 

 c.  Sketch the graph of f on the axes provided showing clearly: 

     (i)  behavior near the origin 

    (ii)  maximum and minimum points 

   (iii)  behavior for large |x|. 

 

1972 AB 1 

Let f(x) = 4x
3
 - 3x - 1. 

 a.  Find the x-intercepts of the graph of f. 

 b.  Write an equation for the tangent line to the graph of f at x = 2. 

 c.  Write an equation of the graph that is the reflection across the y-axis of 

the graph of f. 

 

1972  AB 2 BC 1 

 A particle starts at time t = 0 and moves on a number line so that its position at 

time t is given by x(t) = (t - 2)
3
 (t -6). 

 a.  When is the particle moving to the right? 

 b.  When is the particle at rest? 

 c.  When does the particle change direction? 

 d.  What is the farthest to the left of the origin that the particle moves? 

 

 

  

1972 AB 3 BC 2 

 Let f(x) = k sin (kx), where k is a positive constant. 

 a.  Find the area of the region bounded by one arch of the graph of f and 

the x-axis. 

b. Find the area of the triangle formed by the x-axis and the tangent to one 

arch of f at the points where the graph of f crosses the x-axis. 

 

1972 AB 4 BC 3 

A man has 340 yards of fencing for enclosing two separate fields, one of which 

is to be a rectangle twice as long as it is wide and the other a square.  The 

square field must contain at least 100 square yards and the rectangular one 

must contain at least 800 square yards. 
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a. If x is the width of the rectangular field, what are the maximum and 

minimum possible values of x? 

b. What is the greatest number of square yards that can be enclosed in the 

two fields?  Justify your answer. 

 

1972 AB 5 

Let y = 2 e 
cos(x).

 

a. Calculate 
dy

dx
and 

d y

dx

2

2
. 

b. If x and y both vary with time in such a way that y increases at a steady 

rate of 5 units per second, at what rate is x changing when x = 


2
. 

 

1972 AB 6 

The shaded region R is bounded by the graphs of xy =1, x = 1, x = 2, and y = 0. 

a. Find the volume of the solid figure generated by revolving the region R 

about the x-axis. 

b. Find the volume of the solid figure generated by revolving the region R 

     about the line x = 3. 

 

1972 AB 7 

A function f is defined for all real numbers and has the following three properties: 

    (i)  f(1) = 5, 

    (ii)  f(3) = 21, and 

(iii)  for all real values of a and b, f(a + b) - f(a) = kab + 2b
2
 where k is a  

fixed real number independent of a and b. 

 a.  Use a = 1 and b = 2 to find the value of k. 

 b.  Find (3)f  . 

 c.  Find ( )f x and ( )f x for all real x. 

 

1973 AB 1 

Given f(x) = x
3
 -6x

2
 + 9x and g(x) = 4. 

 a.  Find the coordinates of the points common to the graphs of f and g. 

 b.  Find all the zeros of f. 

c. If the domain of f is limited to the closed interval [0,2], what is the range of 

f?   Show your reasoning. 

 

1973 AB 2 

A particle moves on the x-axis so that its acceleration at any time t > 0 is given 

by  a =
t

t8

1
2

 .   When t = 1, v = 
9

16
, and s = 

25

48
. 

 a.  Find the velocity v in terms of t. 
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 b.  Does the numerical value of the velocity ever exceed 500?  Explain. 

 c.  Find the distance s from the origin at time t = 2. 

 

1973 AB 3 BC 1 

Given the curve x + xy + 2y
2
 = 6. 

 a.  Find an expression for the slope of the curve at any point (x,y) on the 

curve. 

 b.  Write an equation for the line tangent to the curve at the point (2,1). 

 c.  Find the coordinate of all other points on this curve with slope equal to 

the slope at (2,1). 

 

1973 AB 4 BC 2 

a.  What is the set of all values of b for which the graphs of y = 2x + b and y
2
 = 4x 

      intersect in two distinct points? 

b.  In the case b = -4, find the area of the region enclosed by y = 2x – 4 and  

      y
2
 = 4x. 

c.  In the case b = 0, find the volume of the solid generated by revolving about  

     the x-axis the region bounded by y = 2x and y
2
 = 4x. 

 

1973 AB 5 BC 3 

a. Find the coordinate of the absolute maximum point for the curve y = x e
-kx

 

where k is a fixed positive number.  Justify your answer. 

b. Write an equation for the set of absolute maximum points for the curves y 

= x e
-kx

  as k varies through positive values. 

 

 

 

 

 

1973 AB 6 

A manufacturer finds it costs him x
2
 + 5x + 7 dollars to produce x tons of an item.  

At production levels above 3 tons, he must hire additional workers, and his costs 

increase by 3(x - 3) dollars on his total production.  If the price he receives is $13 

per ton regardless of how much he manufactures and if he has a plant capacity 

of 10 tons, what level of output maximizes his profits? 

 

1973 AB 7 

a.  Find  the area A, as a function of k, of the region in the first quadrant 

     enclosed by the y-axis and the graphs of y = tan x and y = k for k > 0. 

b.  What is the value of A when k = 1? 
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c.  If the line y = k is moving upward at the rate of 
1

10
 units per second, at what 

     rate is A changing when k = 1? 

 

1974 AB 1 BC 1 

Given f(x) = |sin x|, -  < x < , and g(x) = x
2
 for all real x. 

 a.  On the axes provided, sketch the graph of f. 

 b.  Let H(x) = g(f(x)).  Write an expression for H(x). 

 c.  Find the domain and range of H. 

 d.  Find an equation of the line tangent to the graph of H at the point where

4
x


 .  

 

 

1974 AB 2 

Let P(x) = x
4
 + ax

3
 + bx

2
 + cx + d.  The graph of y = P(x) is symmetric with 

respect to the y-axis, has a relative maximum at (0,1), and has an absolute 

minimum at (q, -3). 

    a.  Determine the values of a, b, c, and d, and using these values write an 

expression for P(x). 

 b.  Find all possible values for q. 

 

1974 AB 3 

Let f(x) = kx
2
 + c. 

  a.  Find xo in terms of k such that the tangent lines to the graph of f at (x
o
, 

f(x
o
)) and (-x

o
, f(-x

o
)) are perpendicular. 

 b.  Find the slopes of the tangent lines mentioned in a. 

c. Find the coordinates, in terms of k and c, of the point of intersection of the 

tangent lines mentioned in a. 

 

1974 AB 4 BC 2 

Let f be a function defined for all x > -5 and having the following properties. 

  (i)  


f x
x

( )
1

3 5
 for all x in the domain of f. 

(ii) The line tangent to the graph of f at (4,2) has an angle of inclination of  

     45
o
.   Find an expression for f(x). 

 

1974 AB 5 BC 4 

A ball is thrown from the origin of a coordinate system.  The equation of its path 

is 
2 21

1000

my mx e x  , where m is positive and represents the slope of the path of 
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the ball at the origin. 

a. For what value of m will the ball strike the horizontal axis at the greatest 

distance from the origin?  Justify your answer. 

b. For what value of m will the ball strike at the greatest height on a vertical 

wall located 100 feet from the origin? 

 

1974 AB 6 

Given two functions f and g defined by f(x) = tan (x) and  g(x) = 2  cos x. 

a. Find the coordinates of the point of intersection of the graphs of f and g 

     in the interval  0 < x <
2


. 

b. Find the area of the region enclosed by the y-axis and the graphs of f and 

g. 

 

1974 AB 7 

The rate of change in the number of bacteria in a culture is proportional to the 

number present.  In a certain laboratory experiment, a culture had 10,000 

bacteria initially, 20,000 bacteria at time t
1
 minutes, and 100,000 bacteria at  

(t
1
 + 10) minutes. 

a. In terms of t only, find the number of bacteria in the culture at any time t 

minutes, t > 0. 

b. How many bacteria were there after 20 minutes? 

c. How many minutes had elapsed when the 20,000 bacteria were 

observed? 

 

1974 BC 3 

Let R be the region bounded by the graphs of y = ln x, the line x = e, and the x-

axis. 

 a.  Find the volume generated by revolving R about the x-axis. 

 b.  Find the volume generated by revolving R about the y-axis. 

 

1975 AB 1 

Given the function f defined by f(x) = ln (x
2
 - 9). 

 a.  Describe the symmetry of the graph of f. 

 b.  Find the domain of f. 

 c.  Find all values of x such that f(x) = 0. 

 d.  Write a formula for 
1( )f x

, the inverse function of f, for x > 3. 

 

1975 AB 2 

A particle moves along the x-axis in such a way that its position at time t for t > 0 

is given by  x = 
1

3
t
3
 - 3t

2
 + 8t. 
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 a.  Show that at time t= 0 the particle is moving to the right. 

 b.  Find all values of t for which the particle is moving to the left. 

 c.  What is the position of the particle at time t = 3? 

 d.  When t = 3, what is the total distance the particle has traveled? 

 

1975 AB 3 

Given the function f defined for all real numbers by  
2( ) 2 1f x x x  . 

 a.  What is the range of the function? 

 b.  For what values of x is the function continuous? 

 c.  For what values of x is the derivative of f(x) continuous?                              

 d.  Determine the f x dx( )
0

1

 . 

  

1975 AB 4 BC 1 

Given the function defined by y = x + sin(x) for all x such that 
3

.
2 2

x
 

    

a. Find the coordinates of all maximum and minimum points on the given 

    interval.  Justify your answers. 

b. Find the coordinates of all points of inflection on the given interval.  

   Justify your answers. 

 c.  On the axes provided, sketch the graph of the function. 

 

1975 AB 5 

The line x = c where c > 0 intersects the cubic y = 2x
3
 + 3x

2
 - 9 at point P and the 

parabola y = 4x
2
 + 4x + 5 at point Q. 

a. If a line tangent to the cubic at point P is parallel to the line tangent to 

the parabola at point Q, find the value of c where c > 0. 

 b.  Write the equations of the two tangent lines described in a. 

 

1975 AB 6 BC 2 

Let R be the region in the first quadrant bounded by the graphs of 
x y2 2

9 81
1 

and  3x + y = 9. 

a. Set up but do not integrate an integral representing the area of R.  

Express the integrand as a function of a single variable. 

b. Set up but do not evaluate an integral representing the volume of the 

solid generated when R is  rotated about the x-axis.  Express the 

integrand as a function of a single variable. 

c. Set up but do not evaluate an integral representing the volume of the 

solid generated when R is rotated about the y-axis.  Express the integrand 

as a function of a single variable. 
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1975 AB 7 BC 5 

Given a function f with the following properties: 

   (i)  f(x + h) = e
h
 f(x) + e

x
 f(h) for all real numbers x and h. 

  (ii) f(x) has a derivative for all real numbers x. 

      (iii) (0) 2f   . 

 a.  Show that f(0) = 0. 

b. Using the definition of 
0

( )
(0),  find lim

x

f x
f

x
 . 

c. Prove there exists a real number p such that ( ) ( ) xf x f x pe   for all real 

    numbers x. 

 d.  What is the value of the number p that is described in c? 

 

1976 AB 1 

Let f be a real-valued function defined by f(x) = 1 6 x  

 a.  Give the domain and range of f. 

 b.  Determine the slope of the line tangent to the graph of f at x = 4. 

 c.  Determine the y-intercept of the line tangent to the graph of f at x = 4. 

d. Give the coordinate of the point on the graph of f where the tangent  

     line is parallel to y = x + 12. 

 

1976 AB 2 

Given the two functions f and h such that f(x) = x
3
 - 3x

2
 - 4x + 12 and  

 h(x) = { h x
f x

x
( )

( )


 3
 for x  3, and p for x = 3} 

a. Find all zeros of the function f. 

b. Find the value of p so that the function h is continuous at x = 3.  Justify 

your answer. 

c. Using the value of p found in b, determine whether h is an even function.  

Justify your answer. 

 

1976 AB 3 BC 2 

Let R be the region bounded by the curves f(x) = 
4

x
and g(x) = (x - 3)

2
. 

 a.  Find the area of R. 

 b.  Find the volume of the solid generated by revolving R about the x-axis. 

 

1976 AB 4 

a. A point moves on the hyperbola 3x
2
 - y

2
 = 23 so that its y-coordinate is 

increasing at a constant rate of 4 units per second.  How fast is the x-

coordinate changing when  

     x = 4? 
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b. For what values of k will the line 2x + 9y + k= 0 be normal to the hyperbola  

     3x
2
 - y

2
 = 23? 

 

1976 AB 5 BC 3 

Given the function defined by y = e 
sin(x)

 for all x such that -  < x < 2 . 

a. Find the x- and y-coordinates of all maximum and minimum points on the 

given interval.  Justify your answers. 

 b.  On the axes provided, sketch the graph of the function. 

 c.  Write an equation for the axis of symmetry of the graph 

  

1976 AB 6 

 a.  Given 35 40 ( )
x

c

x f t dt   . 

 (i)  Find f(x).  

      (ii)  Find the value of c. 

                            

 b.  If 

3
16( ) 1

x

F x t dt  , find F(x). 

        

1976 AB 7 BC 6 

For a differentiable function f, let 
0

( ) ( )
*( ) lim

h

f x h f x h
f x

h

  
 . 

 

 a.  Determine *( )f x for f(x) = x
2
 + x. 

 

 

 

b. Determine *( )f x  for f(x) = cos(x). 

c. Write an equation that expresses the relationship between the functions 

*  and f f where f denotes the usual derivative of f.  (The BC exam 

requires justification of the answer) 

 

1977 AB 1 

Let f(x) = cos(x) for 0 < x < 2 , and let g(x) = ln(x) for all x > 0.  Let S be the 

composition of g with f, that is, S(x) = g(f(x)). 

 a.  Find the domain of S. 

 b.  Find the range of S. 

 c.  Find the zeros of S. 

 d.  Find the slope of the line tangent to the graph of S at x =


3
. 



 16 

 

1977 AB 2 

Consider the function f defined by f(x) = (x
2
 - 1)

3
 for all real numbers x. 

a. For what values of x is the function increasing? 

b. Find the x- and y-coordinates of the relative maximum and minimum 

points.  Justify your answer. 

c. For what values of x is the graph of f concave upward? 

d. Using the information found in parts a, b, and, c, sketch the graph of f on 

the axes provided. 

 

1977 AB 3 

Given the function f defined for all real numbers by f(x) = e
x

2 . 

a. Find the area of the region R bounded by the line y = e, the graph of f,  

    and the y-axis. 

b. Find the volume of the solid generated by revolving R, the region in a, 

about the x-axis. 

 

1977 AB 4 BC 2 

Let f and g and their inverses f
-1

 and g
-1

 be differentiable functions and let the 

values of f, g, and the derivatives f and g at x = 1 and x = 2 be given by the 

table below: 

 

x  1 2 

( )f x  2 3 

( )g x  2   

( )f x  5 6 

( )g x  4 7 

 

 Determine the value of each of the following: 

 a.  The derivative of f + g at x = 2. 

 b.  The derivative of fg at x = 2. 

 c.  The derivative of f/g at x = 2. 

 d.  h'(1) where h(x) = f(g(x)). 

 e.  The derivative of g
-1

 at x = 2. 

 

1977 AB 5 BC 3 

A particle moves along the x-axis with acceleration given by a t t
t

( )   2 10
12

  

 for t > 1. 

 a.  Write an expression for the velocity v(t), given that v(1) = 9. 

 b.  For what values of t, 1 < t < 3, is the velocity a maximum? 
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 c.  Write an expression for the position x(t), given that x(1) = -16. 

 

1977 AB 6 

A rectangle has a constant area of 200 square meters and its length L is 

increasing at the rate of 4 meters per second. 

a. Find the width W at the instant the width is decreasing at the rate of 0.5  

    meters per second. 

b. At what rate is the diagonal D of the rectangle changing at the instant 

    when the width is 10 meters. 

 

1977 AB 7 BC 6 

Let f be the real-valued function defined by f(x) = sin3(x) + sin3|x|. 

 a.  Find ( )f x for x > 0. 

 b.  Find ( )f x  for x < 0. 

c. Determine whether f(x) is continuous at x = 0.  Justify your answer. 

d. Determine whether the derivative of f(x) exists at x = 0.  Justify your 

answer. 

 

1978 AB 1 

Given the function f defined by f(x) = x
3
 - x

2
 - 4x + 4. 

 a.  Find the zeros of f. 

 b.  Write an equation of the line tangent to the graph of f at x = -1. 

c. The point (a,b) is on the graph of f and the line tangent to the graph at 

(a,b) passes through the point (0,-8) which is not on the graph of f.  Find 

the value of a and b. 

 

 

 

1978 AB 2 

Let f(x) = (1 - x)
2
 for all real numbers x, and let g(x) = ln(x) for all x > 0.  Let 

 h(x) = ( 1 - ln(x))
2
. 

a. Determine whether h(x) is the composition f(g(x)) or the composition 

g(f(x)). 

 b.  Find h (x). 

 c.  Find h(x). 

 d.  On the axes provided, sketch the graph of h. 

 

1978 AB 3 

Given the function f defined by f(x) = 
2 2

22

x

x x



 
. 

 a.  For what values of x is f(x) discontinuous? 

b. At each point of discontinuity found in part a, determine whether f(x) has 
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a limit  and, if so, give the value of the limit. 

c. Write an equation for each vertical and horizontal asymptote to the 

graph of f.  Justify your answer. 

d. A rational function g(x) = 
a

b x
is such that g(x) = f(x) wherever f is  

         defined.  Find the value of a  and b. 

 

1978 AB 4 

A particle moves on the x-axis so that its velocity at any time t is given by  

v(t) = sin(2t).  At t = 0, the particle is at the origin. 

a. For 0 < t <  find all values of t for which the particle is moving to the left. 

b. Write an expression for the position of the particle at any time t. 

c. For 0 < t < 


2
, find the average value of the position function determined  

    in part b. 

 

1978 AB 5 BC 1 

Given the curve x
2
 - xy + y

2
 = 9. 

a. Write a general expression for the slope of the curve. 

b. Find the coordinates of the points on the curve where the tangents are 

vertical. 

c. At the point (0, 3) find the rate of change in the slope of the curve with 

respect to x. 

 

 

 

 

 

1978 AB 6 BC 3 

Given the function f defined by 
2

( ) .xf x e  

a. Find the maximum area of the rectangle that has two vertices on the  

    x-axis and two on the graph of f.  Justify your answer. 

b. Let R be the region in the first quadrant bounded by the x- and y-axes, 

the graph of f, and the line x = k.  Find the volume of the solid generated 

by revolving R about the y-axis. 

c. Evaluate the limit of the volume determined in part b as k increases 

without bound. 

 

1978 AB 7 BC 6 

Let g and h be any two twice-differentiable functions that are defined for all 

real numbers and that satisfy the following properties for all x: 

 (i)  (g(x))
2
 + (h(x))

2
 = 1 
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     (ii)  g'(x) = (h(x))
2
 

   (iii)  h(x) > 0 

     (iv)  g(0) = 0 

 a.  Justify that h'(x) = -g(x)h(x) for all x. 

 b.  Justify that h has a relative maximum at x = 0. 

 c.  Justify that the graph of g has a point of inflection at x = 0. 

 

1979 AB 1 

Given the function f defined by f(x) = 2x
3
 -3x

2
 -12x + 20. 

a. Find the zeros of f. 

b. Write an equation of the line normal to the graph of f at x = 0. 

c. Find the x- and y-coordinates of all points on the graph of f where the line 

tangent to the graph is parallel to the x-axis. 

  

1979 AB 2 

A function f is defined by f(x) = x e
-2x

 with domain 0 < x < 10. 

a. Find all values of x for which the graph of f is increasing and all values of  x 

for which the graph decreasing. 

b. Give the x- and y-coordinates of all absolute maximum and minimum 

points on the graph of f.  Justify your answers. 

 

1979 AB 3 BC 3 

Find the maximum volume of a box that can be made by cutting out squares 

from the corners of an 8-inch by 15-inch rectangular sheet of cardboard and 

folding up the sides.  Justify your answer. 

 

 

 

1979 AB 4 BC 1 

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

       x(t) = 2 t + cos 2 t. 

 a.  Find the velocity at time t. 

 b.  Find the acceleration at time t. 

       c.  What are all values of t, 0 < t < 3, for which the particle is at rest? 

 d.  What is the maximum velocity? 

 

1979 AB 5 BC 5 

Let R be the region bounded by the graph of y = (1/x) ln(x), the x-axis, and  the 

line x = e. 

a. Find the area of the region R. 

b. Find the volume of the solid formed by revolving the region R about the y-

axis. 
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1979 AB 6 

Given the function f where f(x) = x
2
 - 2x for all real numbers x. 

a. On the axes provided, sketch the graph of  y = |f(x)|. 

b. Determine whether the derivative of |f(x)| exists at x = 0.  Justify your 

answer. 

 c.  On the axes provided, sketch the graph of y = f(|x|). 

 d.  Determine whether f(|x|) is continuous at x = 0.  Justify your answer. 

 

1979 AB 7 

Let f be the function defined by f(x) x
3
 + ax

2
 + bx + c and having the following 

properties: 

 (i)  The graph of f has a point of inflection at (0,-2). 

       (ii)  The average (mean) value of f(x) on the closed interval [0,2] is -3. 

a. Determine the values of a, b, and c. 

b. Determine the value of x that satisfies the conclusion of the Mean Value 

Theorem for f on the closed interval [0,3]. 

 

1980 AB 1 

Let R be the region enclosed by the graphs of y = x
3
 and y = x . 

 a.  Find the area of R. 

 b.  Find the volume of the solid generated by revolving R about the x-axis. 

 

1980 AB 2 

A rectangle ABCD with sides parallel to the coordinate axes is inscribed in the 

region enclosed by the graph of y = -4x
2
 + 4 and the x-axis. 

a. Find the x- and y-coordinates of C so that the area of the rectangle 

ABCD is a maximum. 

b. The point C moves along the curve with its x-coordinate increasing at the 

constant rate of 2 units per second.  Find the rate of change of the area 

of rectangle ABCD when x = 
1

2
. 

 

1980 AB 3 

Let f(x) = ln(x
2
) for x > 0 and g(x) = e

2x
 for x > 0.  Let H be the composition of f with 

g, that is H(x) = f(g(x)), and let K be the composition of g with f, that is, K(x) = 

g(f(x)). 

a. Find the domain of H and write an expression for H(x) that does not 

contain the exponential function. 

b. Find the domain of K and write an expression for K(x) that does not 

contain the exponential function. 

c. Find an expression for
1( )f x

, where 
1f 
denotes the inverse function of f, 
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and find the domain of 
1f 
. 

 

1980 AB 4 BC 1 

The acceleration of a particle moving along a straight line is given by  a = 10 e
2t

. 

       a.  Write an expression for the velocity v, in terms of time t, if v = 5 when t = 0. 

 b. During the time when the velocity increases from 5 to 15, how far does  

    the particle travel? 

d. Write an expression for the position s, in terms of time t, of the particle if 

s = 0 when t = 0. 

 

1980 AB 5 BC 2 

Given the function f defined by f(x) = cos(x) - cos
2
x for -  < x < . 

a. Find the x-intercepts of the graph of f. 

b. Find the x- and y-coordinates of all relative maximum points of f.   

         Justify your answer. 

c. Find the intervals on which the graph of f is increasing. 

d. Using the information found in parts a, b, and c, sketch the graph of f on 

          the axes provided. 

 

1980 AB 6 BC 4 

Let y = f(x) be the continuous function that satisfies the equation  

x
4
 - 5x

2
y

2
 + 4y

4
 = 0 and whose graph contains the points (2,1) and (-2,-2).  Let   

be the line tangent to the graph of f at x = 2. 

a. Find an expression for y. 

b. Write an equation for line  . 

 

 

c. Give the coordinates of a point that is on the graph of f but is not on line 

 . 

d. Give the coordinates of a point that is on line  but is not on the graph of 

f. 

 

1980 AB 7 

Let p and q be real numbers and let f  be the function defined by: 

 
21 2 ( 1) ( 1) ,  for 1

( )
,                          for 1

p x x x
f x

qx p x

  
 
  

    


 
 

 a.  Find the value of q, in terms of p, for which f  is continuous at x = 1. 

 b.  Find the values of p and q for which f is continuous at x = 1. 

 c.  If p and q have the values determined in part b, is f   a continuous 

function?  Justify your answer. 
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1981 AB 1 

Let f be the function defined by f(x) = x
4
 - 3x

2
 + 2. 

a. Find the zeros of f. 

b. Write an equation of the line tangent to the graph of f at the point where 

x = 1. 

c. Find the x-coordinate of each point at which the line tangent to the 

graph of f is parallel to the line y = -2x + 4. 

 

1981 AB 2 

Let R be the region in the first quadrant enclosed by the graphs of y = 4 - x
2
,  

y = 3x, and the y-axis. 

  a.  Find the area of the region R. 

b.  Find the volume of the solid formed by revolving the region R about the 

x-axis. 

 

1981 AB 3 BC 1 

Let f be the function defined by f(x) = 12x 
(2/3)

 -4x. 

 a.  Find the intervals on which f is increasing. 

 b.  Find the x- and y-coordinates of all relative maximum points. 

 c.  Find the x- and y-coordinates of all relative minimum points. 

 d.  Find the intervals on which f is concave downward. 

 e.  Using the information found in parts a, b, c, and d, sketch the graph of f 

on the axes provided. 

  

 

 

 

1981 AB 4 

Let f be the function defined by f(x) = 5 2 12x 

. 

 a.  Is f an even or odd function?  Justify your answer. 

 b.  Find the domain of f. 

  c.  Find the range of f. 

 d.  Find ( )f x . 

 

 

1981 AB 5 BC 2 

Let f be a function defined by 
2

2 1,  for 2

( ) 1
,  for 2

2

x x

f x
x k x

  
 

  
   

. 
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a. For what values of k will f be continuous at  x = 2?  Justify your answer. 

b. Using the value of k found in part a, determine whether f is differentiable 

at x = 2.  Use the definition of the derivative to justify your answer. 

       c. Let k = 4.  Determine whether f is differentiable at x = 4.  Justify your 

answer. 

 

1981 AB 6 BC 4 

A particle moves along the x-axis so that at time t its position is given by  

 x(t) = sin (  t
2
) for -1 < t < 1. 

 a.  Find the velocity at time t. 

 b.  Find the acceleration at time t. 

 c.  For what values of t does the particle change direction? 

 d.  Find all values of t for which the particle is moving to the left. 

 

1981 AB7 

Let f be a continuous function that is defined for all real numbers x and that has 

the following properties. 

 

 (i) 

3

1

5
( )

2
f x   

            

 (ii)

5

1

( ) 10f x     

                    

 a.  Find the average (mean) value of f over the closed interval [1,3]. 

 b.  Find the value of

5

3

(2 ( ) 6)f x dx      

 c.  Given that f(x) = ax + b, find the values of a and  b. 

 

1982 AB 1 

A particle moves along the x-axis in such a way that its acceleration at time t for 

t > 0 is given by a(t) = 
3
2t

.  When t = 1, the position of the particle is 6 and the 

velocity is 2. 

 a.  Write an equation for the velocity, v(t), of the particle for all t > 0. 

 b.  Write an equation for the position, x(t), of the particle for all t > 0. 

 c.  Find the position of the particle when t = e. 

 

1982 AB 2 
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Given that f is the function defined by f(x) = 
x x

x x

3

3 4




. 

 a.  Find the
0

lim ( )
x

f x


. 

 b.  Find the zeros of f. 

 c.  Write an equation for each vertical and each horizontal asymptote to 

the graph of f. 

 d.  Describe the symmetry of the graph of f. 

e.  Using the information found in parts a, b, c, and d, sketch the graph of f  

on the axes provided. 

 

1982 AB 3 BC 1 

Let R be the region in the first quadrant that is enclosed by the graph of y = 

tan(x), the x-axis, and the line x = 


3
. 

 a.  Find the area of R. 

 b.  Find the volume of the solid formed by revolving R about the x-axis. 

 

1982 AB 4 

A ladder 15 feet long is leaning against a building so that the end X is on level 

ground and end Y is on the wall.  X is moved away from the building at the 

constant rate of 
1

2
foot per second.   

a. Find the rate in feet per second at which the length OY is changing when 

X is 9 feet from the building. 

b. Find the rate of change in square feet per second of the area of the 

triangle XOY when X is 9 feet from the building. 

 

 

1982 AB 5 BC 2 

Let f be the function defined by f(x) = (x
2
 + 1)e

-x
 for -4 < x < 4. 

a. For what value of x does f reach its absolute maximum?  Justify your 

answer. 

 b.  Find the x-coordinates of all points of inflection of f.  Justify your answer. 

 

1982 AB 6 BC 3 

A tank with a rectangular base and rectangular sides is to be open at the top.  It 

is to be constructed so that its width is 4 meters and 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? 

 

1982 AB 7 

For all real numbers x, f is a differentiable function such that f(-x) = f(x).  Let  
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f(p) = 1 and ( )f p  = 5  for some p > 0. 

 a.  Find ( )f p . 

 b.  Find (0)f  . 

c. If l
1
 and l

2
 are lines tangent to the graph of f at (-p,1) and (p,1), 

respectively, and if l
1
 and l

2
 intersect at point Q, find the x- and y-

coordinates of Q in terms of p. 

 

1983 AB 1 

Let f be the function defined by f(x) = -2 + ln(x
2
). 

 a.  For what real numbers x is f defined? 

 b.  Find the zeros of f. 

 c.  Write an equation for the line tangent to the graph of f at x = 1. 

 

1983 AB 2 

A particle moves along the x-axis so that at time t its position is given by 

 x(t) = t
3
 -6t

2
 + 9t + 11. 

 a.  What is the velocity of the particle at t = 0? 

 b.  During what time intervals is the particle moving to the left? 

 c.  What is the total distance traveled by the particle from t = 0 to t = 2? 

 

1983 AB 3 BC 1 

Let f be the function defined for 


6
< x < 

5

6


by f(x) = x + sin

2
x. 

 a.  Find all values of x for which ( )f x = 1. 

 b.  Find the x-coordinates of all minimum points of f.  Justify your answer. 

 c.  Find the x-coordinates of all inflection points of f.  Justify your answer. 

 

1983 AB 4 

Let R be the shaded region between the graph of x y
1

2

1

2  = 2 and the x-axis from 

x = 0 to x = 1. 

a. Find the area of R by setting up and integrating a definite integral. 

b. Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid formed by revolving the region R 

about the x-axis. 

c. Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid formed by revolving the region R 

about the line x = 1. 

 

1983 AB 5 BC 3 

At time t = 0, a jogger is running at a velocity of 300 meters per minute.  The 
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jogger is slowing down with a negative acceleration that is directly proportional 

to time t.  This brings the jogger to a stop in10 minutes. 

 a.  Write an expression for the velocity of the jogger at time t. 

 b.  What is the total distance traveled by the jogger in that 10-minute 

interval? 

 

 1983 AB 6 

Let R be the region in the first quadrant bounded by the graph of y = 8 - x
3/2

, the 

x-axis, and the y-axis. 

a. Find the area of the region R. 

b. Find the volume of the solid generated when R is revolved about the x-

axis. 

c. The vertical line x = k divides the region R into two regions such that 

when these two regions are revolved about the x-axis, the generate 

solids with equal volumes.  Find the value of k. 

 

1984 AB 1 

A particle moves along the x-axis so that, at any time t > 0, its acceleration is 

given by a(t) = 6 t + 6. At time t = 0, the velocity of the particle is -9, and its 

position is -27.  

 a.  Find v(t), the velocity of the particle at any time t > 0. 

 b.  For what values of t > 0 is the particle moving to the right? 

 c.  Find x(t), the position of the particle at any time t > 0. 

 

1984 AB 2 

Let f be the function defined by f x
x x

x
( )

sin

cos



for 



2
 < x < 



2
. 

 a.  State whether f is an even function or an odd function.  Justify your 

answer. 

b. Find ( )f x . 

c. Write an equation of the line tangent to the graph of f at the point where 

x = 0. 

 

1984 AB 3 BC 1 

Let R be the region enclosed by the x-axis, the y-axis, the line x = 2, and the 

y = 2e
x
 + 3x. 

a. Find the area of R by setting up and evaluating the definite integral.  Your 

work must include an antiderivative. 

b. Find the volume of the solid generated by revolving R about the y-axis by 

setting up and evaluating a definite integral.  Your work must include an 

antiderivative. 
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1984 AB 4 BC 3 

A function f is continuous on the closed interval [-3,3] such that f(-3) = 4 and 

f(3) = 1. The functions ( )f x and ( )f x  have the properties given in the table 

below. 

   

x  ( )f x  ( )f x  

3 1x     Positive Positive 

1x    Fails to exist Fails to exist 

1 1x    Negative Positive 

1x   Zero Zero 

1 3x   Negative negative 

 

a. What are the x-coordinates of all absolute maximum and minimum points 

of f on the interval  [-3,3]?  Justify your answer. 

b. What are the x-coordinates of all points of inflection on the interval 

       [-3,3]?  Justify your answer. 

 c.  On the axes provided, sketch a graph that satisfies the given properties 

of f. 

 

1984 AB 5 

The volume V of a cone is increasing at the rate of 28  cubic inches per 

second.  At the instant when the radius r on the cone is 3 units, its volume is 12  

cubic units and the radius is increasing at 
1

2
unit per second. 

a. At the instant when the radius of the cone is 3 units, what is the rate of 

    change of the area of its  base? 

b. At the instant when the radius of the cone is 3 units, what is the rate of 

change of its height h? 

c. At the instant when the radius of the cone is 3 units, what is the 

instantaneous rate of change of the area of its base with respect to its 

height h? 

 

1985 AB 1 

Let f be the function given by f x
x

x
( ) 





2 5

42
. 

 a.  Find the domain of f. 

 b.  Write an equation for each vertical and each horizontal asymptote for 

the graph of f. 

 c.  Find ( )f x . 

 d.  Write an equation for the line tangent to the graph of f at the point 

(0,f(0)). 

 



 28 

1985 AB 2 BC 1 

A particle moves along the x-axis with acceleration given by a(t) = cos(t) 

for t > 0.  At t = 0 the velocity v(t) of the particle is 2 and the position x(t) is 5. 

 a.  Write an expression for the velocity v(t) of the particle. 

 b.  Write an expression for the position x(t). 

 c.  For what values of t is the particle moving to the right?  Justify your 

answer. 

d. Find the total distance traveled by the particle from t = 0 to t =


2
 

 

1985 AB 3 

Let R be the region enclosed by the graphs of y = e
-x
, y = e

x
 and x = ln 4. 

a. Find the area of R by setting up and evaluating a definite integral. 

b. Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume generated when the region R is revolved about 

the x-axis. 

c. Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume generated when the region R is revolved about 

the y-axis. 

 

1985 AB 4 BC 3 

Let f(x) = (14 )x
2
 and g x k

x

k
( ) sin 2

2


for k > 0. 

 a.  Find the average value of f on [1,4]. 

 b.  For what value of k will the average value of g on [0,k] be equal to the 

average value of f on [1,4]? 

 

 

 

1985 AB 5 BC 2 

A balloon in the shape of a cylinder with hemispherical ends of the same radius 

as that of the cylinder.  The balloon is being inflated at the rate of 261  cubic 

centimeters per minute.  At the instant the radius of the cylinder is 3 centimeters, 

the volume of the balloon is 144  cubic centimeters and the radius of the 

cylinder is increasing at the rate of 2 centimeters per minute. 

 a.  At this instant, what is the height of the cylinder? 

 b.  At this instant, how fast is the height of the cylinder increasing? 
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1985 AB 6 

The figure above shows the graph of f, the derivative of a function f.   The 

domain of the function f is the set of all x such that -3 < x < 3. 

 

a. For what values of x, -3 < x < 3, does f have a relative maximum?  A 

relative minimum?  Justify your answer. 

b. For what values of x is the graph of f concave up?  Justify your answer. 

c. Use the information found in parts (a) and (b) and the fact that f(-3) = 0 to 

sketch a possible graph of f on the axes provided. 

 

1986 AB 1 

Let f be the function defined by f(x) = 7 - 15x + 9x
2
 - x

3
 for all real numbers x. 

  a.  Find the zeros of f. 

  b.  Write an equation of the line tangent to the graph of f at x = 2. 

  c.  Find the x-coordinates of all points of inflection of f.  Justify your answer. 

 

1986 AB 2 

Let f be the function given by f x
x

x
( ) 





9 36

9

2

2
. 

  a.  Describe the symmetry of the graph of f. 

  b.  Write an equation for each vertical and each horizontal asymptote of f 

        c.  Find the intervals on which f is increasing. 

  d.  Using the results found in parts (a), (b), and (c), sketch the graph of f. 

 

 

 

1986 AB 3 BC 1 

A particle moving along the x-axis so that at any time t > 1 its acceleration is 

given by a(t) 
1

t
.   At time t = 1, the velocity of the particle is v(1) = -2 and its 

position is x(1) = 4. 

  a.  Find the velocity v(t) for t > 1. 

  b.  Find the position x(t) for t > 1. 

  c.  What is the position of the particle when it is farthest to the left? 
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1986 AB 4 

Let f be the function defined as follows: 

      
2

1 2,  for 1
( )

,  for x 1, where a and b are constants

x x
f x

ax bx

    
  

   
 

 

a.  If a = 2 and b = 3, is f continuous of all x?  Justify your answer.
 

b.  Describe all values of a and b for which f is a continuous function.
 

c. For what values of a and b if f both continuous and differentiable? 

 

1986 AB 5 BC 2 

Let A(x) be the area of the rectangle inscribed under the curve 
22xy e  with 

vertices at (-x, 0) and (x, 0), x > 0. 
  a.  Find A(1). 

  b.  What is the greatest value of A(x)?  Justify your answer. 

  c.  What is the average value of A(x) on the interval 0 < x < 2? 

 

1986 AB 6 BC 3 

The region enclosed by the graphs of y = tan
2
 x, y = 

1

2
sec

2
 x, and the y-axis. 

a. Find the area of the region R. 

b. Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid formed by revolving the region 

about the x-axis. 

 

1987 AB 1 

A particle moves along the x-axis so that its acceleration at any time t is given 

by a(t) = 6t - 18.  At time t = 0 the velocity of the particle is v(0) = 24, and at time 

t = 1, its position is x(1) = 20. 

  a.  Write an expression for the velocity v(t) of the particle at any time t. 

  b.  For what values of t is the particle at rest? 

  c.  Write an expression for the position x(t) of the particle at any time t. 

  d.  Find the total distance traveled by the particle from t = 1 to t = 3. 

 

1987 AB 2 

Let f(x) = 1 sin x  

 a.  What is the domain of f? 

 b.  Find ( )f x . 

 c.  What is the domain of ( )f x ? 

 d.  Write an equation for the line tangent to the graph of f at x = 0. 

 

1987 AB 3 
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Let R be the region enclosed by the graphs of 4 64x  and y = x. 

a. Find the volume of the solid generated when region R is revolved about 

the x-axis. 

b. Set up, but do not integrate, an integral expression in terms of a single 

variable the volume of the solid generated when the region R is revolved 

about the y-axis. 

 

1987 AB 4 

Let f be the function given by f(x) = 2 ln(x
2
 + 3) - x with domain -3 < x < 5. 

a. Find the x-coordinate of each relative maximum point and each relative 

minimum point of f.  Justify your answer. 

 b.  Find the x-coordinate of each inflection point of f. 

 c.  Find the absolute maximum value of f(x). 

 

1987 AB 5 

A trough is 5 feet long, and its vertical cross sections are inverted isosceles 

triangles with base 2 feet and height 3 feet.  Water is being siphoned out of the 

trough at the rate of 2 cubic feet per minute.  At any time t, let h be the depth 

and V be the volume of water in the trough. 

 a.  Find the volume of water in the trough when it is full. 

 b.  What is the rate of change in h at the instant when the trough is 
1

4
full by 

volume? 

 c.  What is the rate of change in the area of the surface of the water at the 

instant when the trough is 
1

4
 full by volume? 

 

1987 AB 6 

Let f be a function such that f(x) < 1 and ( )f x  < 0 for all x. 

a. Suppose that f(b) = 0 and a < b < c.  Write an expression involving 

integrals for the area of the region enclosed by the graph of f, the lines  

     x = a and x = c, and the x-axis. 

 b.  Determine whether g x
f x

( )
( )




1

1
is increasing or decreasing.  Justify your 

answer. 

 c.  Let he be a differentiable function such that h'(x) < 0 for all x.  Determine 

whether F(x) = H(f(x)) is increasing or decreasing.  Justify your answer. 

 

1988 AB 1 

Let f be the function given by f x x x( )  4 216 . 

 a.  Find the domain of f. 
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 b.  Describe the symmetry, if any, of the graph of f. 

 c.  Find ( )f x . 

 d.  Find the slope of the line normal to the graph of f at x = 5. 

 

1988 AB 2 

A particle moves along the x-axis so that its velocity at any time t > 0 is given by 

 v(t) = 1 - sin(2  t). 

 a.  Find the acceleration a(t) of the particle at any time t. 

 b.  Find all values of t, 0 < t < 2, for which the particle is at rest. 

 c.  Find the position x(t) of the particle at any time t if x(0) = 0. 

 

1988 AB 3 

Let R be the region in the first quadrant enclosed by the hyperbola x
2
 - y

2
 = 9, 

the x-axis, and the line x = 5. 

 a.  Find the volume of the solid generated by revolving R about the x-axis. 

 b.  Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid generated when R is revolved about 

the line x = -1. 

 

1988 AB 4 

Let f be the function defined by f(x) = 2xe
-x
 for all real numbers x. 

 a.  Write an equation of the horizontal asymptote for the graph of f. 

b. Find the x-coordinate of each critical point of f.  For each such x, 

determine whether f(x) is a relative maximum, a relative minimum, or 

neither. 

 c.  For what values of x is the graph of f concave down? 

 d.  Using the results found in parts a, b, and c, sketch the graph of y = f(x) in  

the xy-plane provided. 

 

 

 

 

 

1988 AB 5 

Let R be the region in the first quadrant under the graph of y
x

x


2 2
 for  

 0 < x < 6 . 

a. Find the area of R. 

b. If the line x = k divides R into two regions of equal area, what is the value 

of k? 

 c.  What is the average value of y
x

x


2 2
on the interval 0 < x < 6 ? 
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1988 AB 6 

Let f be a differentiable function, defined for all real numbers x, with the 

following properties. 

  (i)  ( )f x  = ax
2
 + bx 

       (ii)  (1)f  = 6 and (1)f  = 18    

  (iii) 

2

1

( ) 18.f x   

                

 Find f(x).  Show your work. 

 

1989 AB 1 

Let f be the function given by f(x) = x
3
 - 7x + 6. 

 a.  Find the zeros of f. 

 b.  Write an equation of the line tangent to the graph of f at x = -1. 

c. Find the number c that satisfies the conclusion of the Mean Value 

Theorem for f on the closed interval [1,3]. 

 

1989 AB 2 

Let R be the region in the first quadrant enclosed by the graph of y = 6 4x 

the line y = 2x, and  the y-axis. 

 a.  Find the area of R. 

c. Set up, but do not integrate, an integral expression in terms of a single 

variable for 

     the volume of the solid generated when R is revolved about the x-axis. 

d. Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid generated when R is revolved about 

the y-axis. 

 

 

 

 

1989 AB 3 

A particle moves along the x-axis in such a way that its acceleration at time t 

for t = 0 is given by a(t) = 4 cos(2t).  At time t = 0, the velocity of the particle is 

v(0) = 1 and its position is x(0) = 0. 

   a.  Write an equation for the velocity v(t) of the particle. 

   b.  Write an equation for the position x(t) of the particle. 

   c.  For what values of t, 0 < t < , is the particle at rest? 

 

1989 AB 4 
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Let f be the function given by f x
x

x
( ) 

2 4
. 

 a.  Find the domain of f. 

 b.  Write an equation for each vertical asymptote to the graph of f. 

 c.  Write an equation for each horizontal asymptote to the graph of f. 

 d.  Find ( )f x . 

  

       
1989 AB 5 

 The figure above shows the graph of f, the derivative of a function f.  The 

domain of f is the set of all real numbers x such that -10 < x < 10. 

 

a. For what values of x does the graph of f have a horizontal tangent? 

b. For what values of x in the interval (-10, 10) does f have a relative 

maximum?  

c. For what values of x is the graph of f concave downward? 

 

1989 AB 6 

Oil is being pumped continuously from a certain oil well at a rate proportional to 

the amount of oil left in the well; that is, 
dy

dt
ky , where y is the amount of oil left 

in the well at any time t.  Initially there were 1,000,000 gallons of oil in the well, 

and 6 years later there were 500,000 gallons remaining.  It will no longer be 

profitable to  pump oil when there are fewer than 50,000 gallons remaining. 

a. Write an equation for y, the amount of oil remaining in the well at any 

time t. 

b. At what rate is the amount of oil in the well decreasing when there are 

600,000 gallons of oil remaining? 

 c.  In order not to lose money, at what time t should oil no longer be 

pumped from the well? 

 

1990 AB 1 

A particle, initially at rest, moves along the x-axis so that its acceleration at any 

time t > 0 is given  by a(t) = 12t
2
 - 4.  The position of the particle when t=1 is  

 x(1) = 3. 
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 a.  Find the values of t for which the particle is at rest. 

 b.  Write an expression for the position x(t) of the particle at any time t > 0. 

 c.  Find the total distance traveled by the particle from t = 0 to t = 2. 

 

1990 AB 2 

Let f be the function given by ln
x

x 1
. 

 a.  What is the domain of f? 

 b.  Find the value of the derivative of f at x = -1. 

 c.  Write an expression for 
1( )f x

, where 
1f 
denotes the inverse function of  

            f. 

 

1990 AB 3 

Let R be the region enclosed by the graphs of y = e
x
, y = (x - 1)

2
, and the line 

x = 1. 

 a.  Find the area of R. 

 b.  Find the volume of the solid generated when R is revolved about the x-

axis. 

 c.  Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid generated when R is revolved about 

the y-axis. 

 

1990 AB 4 

The radius r of a sphere is increasing at a constant rate of 0.04 centimeters per 

second. 

a. At the time when the radius of the sphere is 10 centimeters, what is the 

rate of increase of its volume? 

b. At the time when the volume of the sphere is 36  cubic centimeters, 

what is the rate of increase of the area of a cross section through the 

center of the sphere? 

c. At the time when the volume and the radius of the sphere are increasing 

at the same numerical rate, what is the radius? 

 

1990 AB 5 

Let f be the function defined by f(x) = sin
2
x - sin(x) for 0 < x < 

3

2


. 

 a.   Find the x-intercepts of the graph of f. 

 b.   Find the intervals on which f is increasing. 

 c.   Find the absolute maximum value and the absolute minimum value of f.  

Justify your answer. 

 

1990 AB 6 
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Let f be the function that is given by f x
ax b

x c
( ) 



2
and that has the following 

properties. 

  i)  The graph of f is symmetric with respect to the y-axis. 

  ii) 
2

lim ( )
x

f x
 

   

       iii) (1) 2f    . 

 

 a.  Determine the values of a, b, and c. 

 b.  Write an equation for each vertical and each horizontal asymptote of 

the graph of f. 

 c.  Sketch the graph of f in the xy-plane. 

 

1991 AB 1 

Let f be the function that is defined for all real numbers x and that has the 

following properties. 

  i)  ( ) 24 18f x x    

  ii) (1) 6f     

  iii) (2) 0f   

 

 a.   Find each x such that the line tangent to the graph of f at (x,f(x)) is  

horizontal. 

 b.   Write an expression for f(x). 

 c.   Find the average value of f on the interval 1 < x < 3. 

 

1991 AB 2 

Let R be the region between the graphs of y = 1 + sin x) and y = x
2
 from x = 0 

to x = 1. 

 a.   Find the area of R. 

 b.   Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid generated when R is revolved about 

the x-axis. 

 c.   Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid generated when R is revolved about 

the y-axis. 

 

1991 AB 3 

Let f be the function defined by f(x) = (1 + tan x)
1.5

 for 


4
 < x < 



2
 

a. Write an equation for the line tangent to the graph of f at the point 

where x = 0. 

b. Using the equation found in part a, approximate f(0.02). 
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c. Let 
1( )f x

denote the inverse function of f.  Write an expression that gives 

    
1( )f x

 for all x in the domain of f -1. 

 

1991 AB 4 

Let f be the function given by f x
x

x
( )

| |






2

2
. 

 a.  Find all the zeros of f. 

 b.  Find (1)f  . 

 c.  Find ( 1)f   . 

 d.  Find the range of f. 

 

1991 AB 5 

Let f be a function that is even and continuous on the closed interval [-3,3].  The 

function f and its derivatives have the properties indicated in the table below. 

   

x  0 0 1x   1 1 2x   2 2 3x   

( )f x  1 Positive 0 Negative -1 Negative 

( )f x    Negative 0 Negative   Positive 

( )f x    Positive 0 Negative   negative 

 

 

a. Find the x-coordinate of each point at which f attains an absolute 

maximum value or an absolute minimum value.  For each coordinate 

you give, state whether f attains an absolute maximum or an absolute 

minimum. 

  b.  Find the x-coordinate of each point of inflection on the graph of f.  Justify 

your answer. 

  c.  In the xy-plane provided, sketch the graph of a function with all the 

given characteristics of f. 

 

 

 

1991 AB 6 

A tightrope is stretched 30 feet above the ground between the Jay and Tee 

buildings which are 50 feet apart.  A tightrope walker, walking at a constant rate 

of 2 feet per second from point A to point B, is illuminated by a  spotlight 70 feet 

above point A. 

a. How fast is the shadow of the tightrope walker's feet moving along the 

ground when she is midway between the buildings?  (Indicate units of 

measure.) 

b. How far from point A is the tightrope walker when the shadow of her feet 
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reaches the base of the Tee Building?  (Indicate units of measure.) 

c. How fast is the shadow of the tightrope walker's feet moving up the wall 

of the Tee Building when she is 10 feet from point B? (Indicate units.) 

 

1992 AB 1 

Let f be the function defined by f(x) = 3x
5
 - 5x

3
 + 2. 

  a.  On what interval is f increasing? 

  b.  On what intervals is the graph of f concave upward? 

  c.  Write an equation on each horizontal tangent line to the graph of f. 

 

1992 AB 2 

A particle moves along the x-axis so that its velocity at time t, 0 < t < 5, is given 

by v(t) = 3(t-1)(t-3).  At time t = 2, the position of the particle is x(2)=0. 

  a.  Find the minimum acceleration of the particle. 

  b.  Find the total distance traveled by the particle. 

  c.  Find the average velocity of the particle over the interval 0 < t < 5. 

 

1992 AB 3 

Let f be the function given by f(x) = ln |
x

x1 2
|. 

  a.  Find the domain of f. 

b. Determine whether f is an even function, an odd function, or neither.  

Justify your conclusion. 

c. At what values of x does f have a relative maximum or a relative 

minimum?  For each such x, use the first derivative test to determine 

whether f(x) is a relative maximum or a relative minimum. 

  d.  Find the range of f. 

 

1992 AB 4 BC 1 

Consider the curve defined by the equation y + cos(y) = x + 1 for 0 < y < 2 . 

  a.  Find 
dy

dx
in terms of y. 

 

 

  b.  Write an equation for each vertical tangent to the curve.     

  c.  Find 
d y

dx

2

2
in terms of y. 

 

1992 AB 5 BC 2 

Let f be the function given by f(x) = e
-x
, and let g be the function given by g(x) = 

kx, where k is the nonzero constant such that the graph of f is tangent to the 

graph of g. 
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a. Find the x-coordinate of the point of tangency and the value of k. 

b. Let R be the region enclosed by the y-axis and the graph of f and g.  

Using the results found in part a, determine the area of R. 

  c.  Set up, but do not integrate, an integral expression in terms of a single 

variable for the volume of the solid generated by revolving the region R, 

given in part b, about the x-axis. 

 

1992 AB 6 

At time t, t > 0, the volume of a sphere is increasing at a rate proportional to the 

reciprocal of its radius.  At t = 0, the radius of the sphere is 1 and at t = 15, the 

radius is 2. 

   a.  Find the radius of the sphere as a function of t. 

   b.  At what time t will the volume of the sphere be 27 times its volume at  

              t = 0? 

 

1993 AB 1 

Let f be the function given by f(x)= x
3
 -5x

2
 + 3x + k, where k is a constant. 

  a.  On what interval is f increasing? 

  b.  On what intervals is the graph of f concave downward? 

  c.  Find the value of k for which f has 11 as its relative minimum. 

 

1993 AB 2 

A particle moves on the x-axis so that its position at any time t > 0 is given by  

x(t) = 2te
-t
. 

  a.  Find the acceleration of the particle at t = 0. 

  b.  Find the velocity of the particle when its acceleration is 0. 

c. Find the total distance traveled by the particle from t = 0 to t = 5. 

 

1993 AB 3 BC 1 

Consider the curve y
2
 = 4 + x and chord AB joining points A(-4,0) and B(0,2) on 

the curve. 

a.  Find the x- and y-coordinates of the points on the curve where the 

tangent line is parallel to chord AB. 

  b.  Find the area of the region R enclosed by the curve and the chord AB. 

  c.  Find the volume of the solid generated when the region R, defined in 

part b, is revolved about the x-axis. 

 

1993 AB 4 BC 3 

Let f be the function defined by ( ) ln(2 sin )f x x   for  < x < 2 . 

a. Find the absolute maximum value and the absolute minimum value of f.  

Show the analysis that leads to your conclusion. 

 b. Find the x-coordinate of each inflection point on the graph of f.  Justify 
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your answer. 

  
1993 AB 5 

The figure above shows the graph of ( )f x , the derivative of a function f.  The 

domain of f is the set of all x such that 0 < x < 2. 

  a.  Write an expression of ( )f x  in terms of x. 

  b.  Given that f(1) = 0, write an expression for f(x) in terms of x. 

  c.  Sketch the graph of y = f(x). 

 

1993 AB 6 

Let P(t) represent the number of wolves in a population at time t years, when  

t >0.  The population P(t) is increasing at a rate proportional to 800 - P(t), where 

the constant of proportionality is k. 

  a.  If P(0) = 500, find P(t) in terms of t and k. 

  b.  If P(2) = 700, find k. 

  c.  Find the lim ( )
x

P t


. 

 

1994 AB 1 

Let f be the function given by f(x) = 3x
4
 + x

3
 - 21x

2
. 

a. Write an equation of the line tangent to the graph of f at the point  

    (2, -28) 

b. Find the absolute minimum value of f. Show the analysis that leads to your 

conclusion. 

c. Find the x-coordinate of each point of inflection on the graph of f.   Show 

the analysis that leads to your conclusion. 

 

1994 AB 2 BC 1 

Let R be the region enclosed by the graphs of y = e
x
, y = x, and the lines x = 0 

and x = 4. 

  a.  Find the area of R. 

  b.  Find the volume of the solid generated when R is revolved about the x-

axis. 

  c.  Set up, but do not integrate, an integral expression in terms of a single 
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variable for the volume of the solid generated when R is revolved about 

the y-axis. 

 

1994 AB 3 

Consider the curve defined by x
2
 + xy + y

2
 = 27. 

  a.  Write an expression for the slope of the curve at any point (x,y). 

  b.  Determine whether the lines tangent to the curve at the x-intercepts of 

the curve are parallel. 

  c.  Find the points on the curve where the lines tangent to the curve are 

vertical. 

 

1994 AB 4 

A particle moves along the x-axis so that at any time t > 0 its velocity is  given by  

v(t) = t ln t - t. 

a. Write an expression for the acceleration of the particle. 

b.  For what values of t is the particle moving to the right? 

c. What is the minimum velocity of the particle?  Show the analysis that 

leads to your conclusion. 

 

1994 AB 5 BC 2 

 

A circle is inscribed in a square as shown in the figure above.  The circumference 

of the circle is increasing at a constant rate of 6 inches per second.  As the circle 

expands, the square expands to maintain the condition of tangency. 

a. Find the rate at which the perimeter of the square is increasing.  Indicate 

units of measure. 

b.  At the instant when the area of the circle is 25  square inches, find the 

rate of increase in the area enclosed between the circle and the 

square.  Indicate units of measure. 

 

1994 AB 6 

Let F(x) = 2

0

sin
x

t dt for 0 < x < 3.      

a. Use the Trapezoidal Rule with four equal subdivisions of the closed 
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interval [0, 1] to approximate F(1). 

b. On what intervals is F increasing? 

c.  If the average rate of change of F on the closed interval [1, 3] is k, find 

the 

3
2

0

sin t dt  in terms of k. 

 

1995 AB 1 

Let f be the function given by  f x
x

x x
( ) 

 

2

12
. 

  a.  Find the domain of f.  Justify your answer. 

  b.  In the viewing window [-5, 5] x [-3, 3], sketch the graph of f. 

  c.  Write an equation for each horizontal asymptote of the graph of f. 

  d.  Find the range of f.  Use ( )f x to justify your answer. 

 

1995 AB 2 

A particle moves along the y-axis so that its velocity at any time t > 0 is given by 

v(t) = t cos(t).  At time t = 0, the position of the particle is y = 3. 

  a.  For what values of t, 0 < t < 5, is the particle moving upward? 

  b. Write an expression for the acceleration of the particle in terms of t. 

  c.  Write an expression for the position y(t) of the particle. 

d. For t > 0, find the position of the particle the first time the velocity of the 

particle is zero. 

 

1995 AB 3 

Consider the curve defined by -8x
2
 + 5xy + y

3
 = -149. 

  a.  Find 
dy

dx
. 

b. Write an equation for the line tangent to the curve at the point (4,-1). 

c. There is a number k so that the point (4.2, k) is on the curve.  Using the 

tangent line found in part b, approximate the value of k. 

d. Write an equation that can be solved to find the actual value of k so that 

the point (4.2, k) is on the curve. 

       e.  Solve the equation found in part d for the value of k. 
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1995 AB 4 BC 2 

The shaded regions R
1
 and R

2
 shown above are enclosed by the graphs of  

f(x) = x
2
 and  g(x) = 2

x
. 

a. Find the x- and y-coordinates of the three points of intersection of the 

graphs of f and g. 

b. Without using absolute value, set up an expression involving one or more 

integrals that gives the total area enclosed by the graphs of f and g.  Do 

not evaluate. 

       c.  Without using absolute value, set up an expression involving one or more  

             integrals that gives the volume of the solid generated by revolving the  

             region R
1
 about the line y = 5.  Do not evaluate. 

 

1995 AB 5 BC 3 

As shown in the figure below, water is draining from a conical tank with height 

12 feet and diameter 8 feet into a cylindrical tank that has a base with area 

400  square feet.  The depth h, in feet, of the water in the conical tank is 

changing at the rate of (h – 12) feet per minute. 

a. Write an expression for the volume of water in the conical tank as a 

function of h. 

b.  At what rate is the volume of water in the conical tank changing 

when h = 3?  Indicate the units of measure. 

c. Let y be the depth, in feet, of the water in the cylindrical tank.  At 
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what rate is y changing when h = 3?  Indicate units of measure. 

 

1995 AB 6 

The graph of a differentiable function f on the closed interval [1,7] is shown.  Let 

h(x) =   f(t) dt for 1 < x < 7. 

   

  

       a.  Find h(1). 

  b.  Find h (4). 

  c.  On what interval or intervals is the graph of h concave upward?  Justify 

your answer. 

  d.  Find the value of x at which h has its minimum on the closed  

            interval [1,7].  Justify your answer 168. 

 

 

     
Note:  This is the graph of the derivative of f, not the graph of f. 

 

1996 AB 1 

The figure above shows the graph of ( )f x , the derivative of a function f.  The 

domain of f is the set of all real numbers x such that -3 < x < 5. 

  a.  For what values of x does f have a relative maximum?  Why? 

  b.  For what values of x does f have a relative minimum?  Why? 

  c.  On what intervals is the graph of f concave upward?  Use f' to justify your 

answer. 

 

 d.  Suppose that f(1) = 0.  In the xy-plane provided, draw a sketch that  

       shows the general shape of the graph of the function f on the open  
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       interval 0 < x < 2. 

 

1996 AB 2 

Let R be the region in the first quadrant under the graph of y = 
1

x
 for 4 < x < 9. 

a. Find the area of R. 

b. If the line x = k divides the region R into two regions of equal area, what it 

is the value of k? 

d. Find the volume of the solid whose base is the region R and whose cross 

sections cut by planes perpendicular to the x-axis are squares. 

 

1996 AB 3 BC 3 

The rate of consumption of cola in the United States is given by S(t) =C e
kt

, 

where S is measured in billions of gallons per year and t is measured in years from 

the beginning of 1980. 

a. The consumption rate doubles every 5 years and the consumption rate 

at the beginning of 1980 was 6 billion gallons per year.  Find C and k. 

b. Find the average rate of consumption of cola over the 10-year time 

period beginning January 1,1983.  Indicate units of measure. 

c. Use the trapezoidal rule with four equal subdivisions to estimate the 

integral from 5 to 7 of S(t) dt. 

d. Using correct units, explain the meaning of the integral from 5 to 7 of S(t) 

dt in terms of cola consumption. 

 

1996 AB 4 BC 4 

This problem deals with functions defined by f(x) = x + b sin x, where b is positive  

and constant and [- 2 , 2 ]. 

a. Sketch the graphs of two of these functions, y = x + sin(x) and y = x + 3 

sin(x), as indicated below. 

b. Find the x-coordinates of all points, [-2 , 2 ], where the line y = x + b is 

tangent to the graph of f(x) = x + b sin(x). 

c. Are the points of tangency described in part (b) relative maximum points 

of f ?  Why? 

d. For all values of b > 0, show that all inflection points of the graph of f lie 

on the line y = x. 
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1996 AB 5 

An oil storage tank has the shape shown above, obtained by revolving the 

curve y = 
9

625
x

4
 from x = 0 to x = 5 about the y-axis, where x and y are measured 

in feet.  Oil  flows into the tank at the constant rate of 8 cubic feet per minute. 

  a.  Find the volume of the tank.  Indicate units of measure. 

  b.  To the nearest minute, how long would it take to fill the tank if the tank 

was empty initially? 

e. Let h be the depth, in feet, of oil in the tank.  How fast is the depth of the 

oil in the tank increasing when h = 4?  Indicate units of measure. 

                                     

     
1996 AB 6 

Let l  is tangent to the graph of y = x - 
x2

500
at the point Q, as shown in the figure 

above. 

a. Find the x-coordinate of point Q. 

b. Write an equation for line  . 

c. Suppose the graph of y = x - 
x2

500
shown in the figure, where x and y are 

measured in feet, represents a hill.  There is a 50-foot tree growing 

vertically at the top of the hill.  Does a spotlight at point P directed along 

the line l  shine on any part of the tree?  Show the work that 

     leads to your conclusion. 
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1997 AB 1 

A particle moves along the x-axis so that its velocity at any time t > 0 is given by  

 v(t) = 3t
2
 - 2t - 1.   The position x(t) is 5 for t = 2. 

a. Write a polynomial expression for the position of the particle at any time  

      t > 0. 

b. For what values of t, 0 < t < 3, is the particle’s instantaneous velocity the 

same as its average velocity on the closed interval [0, 3]? 

c. Find the total distance traveled by the particle from time t= 0 until time  

      t = 3. 

 

   

1997 AB 2 

Let f be the function given by f(x) = 3 cos(x).  The graph of f crosses the y-axis at 

point P and the x-axis at point Q.  

a.  Write an equation for the line passing through points P and Q. 

b. Write an equation for the line tangent to the graph of f at point Q.  Show 

the analysis that leads to your equation. 

c. Find the x-coordinate of the point on the graph of f, between points P 

and Q, at which the line tangent to the graph of f is parallel to line PQ. 

d. Let R be the region in the first quadrant bounded by the graph of f and 

line segment PQ.  Write an integral expression for the volume of the solid 

generated by revolving the region R about the x-axis.  Do not evaluate. 

 

 1997 AB 3 

Let f be the function given by f(x) = x  3. 

a. Sketch the graph of f and shade the region R enclosed by the graph of f, 

the x-axis, and the vertical line x = 6. 

b.  Find the area of the region R described in part (a). 

c. Rather than using the line x = 6 as in part (a), consider the line x = w, 

where w can be any number greater than 3.  Let A(w) be the area of the 

region enclosed by the graph of f, the x-axis, and the vertical line x = w. 

Write an integral expression for A(w). 
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  d.  Let A(w) be as described in part (c).  Find the rate of change of A with 

respect to w when w = 6. 

 

1997 AB 4 

Let f be the function given by f(x) = x
3
 - 6x

2
 + p, where p is an arbitrary constant. 

a. Write an expression for f(x) and use it to find the relative maximum and 

minimum values of f in terms of p.  Show the analysis that leads to your 

conclusion. 

  b.  For what values of the constant p does f have 3 distinct real roots? 

  c.  Find the value of p such that the average value of f over the closed 

interval  [-1, 2] is 1. 

 

1997 AB 5 BC 5 

The graph of a function f consists of a semicircle and two line segments as 

shown below.  Let g be the function given by 
0

( )
x

f t dt  

                                                    

  a.  Find g(3). 

b. Find all values of x on the open interval (-2,5) at which g has a relative 

maximum.  Justify your answer. 

c. Write an equation for the line tangent to the graph of g at x = 3. 

d. Find the x-coordinate of each point of inflection of the graph of g on the 

open interval (-2,5).  Justify your answer. 
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1997 AB 6 BC6 

Let v(t) be the velocity, in feet per second, of a skydiver at time t seconds, t > 0. 

After her parachute opens, her velocity satisfies the differential equation 
dy

dx
= -2v - 32, with initial condition v(0) = -50. 

a.   Use separation of variables to find an expression for v in terms of t, where 

t is measured in seconds. 

 b.  Terminal velocity is defined as lim ( )
t

v t


.  Find the terminal velocity of the 

       skydiver to the nearest foot per second. 

       c.  It is safe to land when her speed is 20 feet per second.  At what time t 

does she reach this speed? 

 

1998 AB 1 

Let R be the region bounded by the x-axis, the graph of y x , and the line  

x = 4. 

 a.  Find the area of the region R. 

 b.  Find the value of h such that the vertical line x= h divides the region R  

           into two regions of equal area. 

 c.  Find the volume of the solid generated when R is revolved about the  

           x-axis. 

 d.  The vertical line x=k divides the region R into two regions such that 

          when these two regions are revolved about the x-axis, they generate 

          solids with equal volumes.  Find the value of k. 

 

1998 AB 2 BC 2 

Let f be the function given by f(x) = 2x e
2x

. 

        a.  Find lim ( ) and lim ( )
x x

f x f x
 

. 

        b.  Find the absolute minimum value of f.  Justify that your answer is an 

absolute minimum. 

        c.  What is the range of f? 

 d.  Consider the family of functions defined by y = bx e
bx

, where b is a  

        nonzero constant.   Show that the absolute minimum value of bx e
bx

 is  

        the same of all nonzero values of b. 
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1998 AB 3 

The graph of the velocity v(t), in ft/sec, of a car traveling on a straight road, for 

0 < t < 50, is shown above.  A table of values for v(t), at 5-second intervals of 

time t, is shown to the right of the graph. 

a. During what intervals of time is the acceleration of the car positive? 

Give a reason for your answer. 

b. Find the average acceleration of the car, in ft/sec
2
, over the interval  0 

< t < 50. 

c. Find one approximation for the acceleration of the car in ft/sec
2
, at t = 

40.  Show the computations you used to arrive at your answer. 

d. Approximate the integral from 0 to 50 of v(t) dt with a Riemann sum, 

using the midpoints of five subintervals of equal length.  Using correct 

units, explain the meaning of this integral. 

 

1998 AB 4 

Let f be the function with f(1) = 4 such that for all points (x,y) on the graph of  

the slope is given  by
3 1

2

2x

y


. 

a. Find the slope of the graph of f at the point where x = 1. 

b. Write an equation for the line tangent to the graph of f at x = 1 and use 

it to approximate f(1.2). 

c. Find f(x) by solving the separable differential equation 
dy

dx
= 

3 1

2

2x

y


 with 

the initial condition f(1) = 4. 

 d.  Use your solution from part (c) to find f(1.2). 
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1998 AB 5 BC 5 

The temperature outside a house during a 24-hour period is given by 

F(t) = 80 -10 cos
t

12
, 0 < t < 24, where F(t) is measured in degrees Fahrenheit and t 

is measured in hours. 

a.  Sketch the graph of F on the grid provided. 

b. Find the average temperature, to the nearest degree Fahrenheit, 

between t = 6 and t = 14. 

c. An air conditioner cooled the house whenever the outside temperature 

was at or above 78 degrees Fahrenheit.  For what values of t was the air 

conditioner cooling the house? 

d. The cost of cooling the house accumulates at the rate of $0.05 per hour 

for each degree the outside temperature exceeds 78 degrees 

Fahrenheit.   What was the total cost, to the nearest cent, to cool the 

house for this 24-hour period? 

 

1998 AB 6 

Consider the curve defined by 2y
3
 + 6x

2
y - 12x

2
 + 6y = 1. 

       a.   Show that 
dy

dx
= 

4 2

12 2

x xy

x y



 
. 

b. Write an equation of each horizontal tangent line to the curve. 

c. The line through the origin with slope -1 is tangent to the curve at point P.  

Find the x- and  y-coordinates of point P. 

 

1999 AB 1 

A particle moves along the y-axis with velocity given by 
2( ) sin( )v t t t for t  > 0. 

a.  In which direction (up or down) is the particle moving at time t = 1.5? 

Why? 

b.  Find the acceleration of the particle at time t = 1.5.  Is the velocity of 

the particle increasing at t = 1.5?  Why or why not? 

c. Given that y(t) is the position of the particle at time t and the y(0) = 3, 

Find y(2). 

d. Find the total distance traveled by the particle from t = 0 to t = 2. 

 

1999 AB 2 BC 2 

The shaded region, R, is bounded by the graph of y = x2 and the line y = 4. 

a.  Find the area of R. 

b.  Find the volume of the solid generated by revolving R about the x-axis. 
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c. There exists a number k, k > 4, such that when R is revolved about the 

line y = k, the resulting solid has the same volume as the solid in part (b).  

Write, but do not solve, an equation involving an integral expression 

that can be used to find the value of k. 

 

1999 AB 3 BC 3 

The rate at which water flows out of a pipe, in gallons per hour, is given by a 

differentiable function R of time t.  The table shows the rate as measured every 3 

hours for a 24-hour period. 

      

  

t R(t) 

(hours) (gallons per hour) 

0 9.6 

3 10.4 

6 10.8 

9 11.2 

12 11.4 

15 11.3 

18 10.7 

21 10.2 

24 9.6 

 

a.  Use a midpoint Riemann sum with 4 subdivisions of equal length to 

approximate from 0 to 24 of  R(t) dt.  Using correct units, explain the 

meaning of your answer in terms of water flow. 

b.  Is there some time t, 0 < t < 24, such that R’(t) = 0?  Justify your answer. 

c. The rate of water flow R(t) can be approximated by  

      Q(t) =
1

79
 (768 + 23 t – t2).  Use Q(t) to approximate the average rate of  

     water flow during the 24-hour time period. 

 

1999 AB 4 

Suppose that the function f has a continuous second derivative for all x, and 

that (0) 2,  (0) 3,  and (0) 0.f f f     Let g be a function whose derivative is 

given by 
2( ) (3 ( ) 2 ( )xg x e f x f x   for all x. 

a.  Write an equation of the line tangent to the graph of f at the point 

where x = 0. 

b.  Is there sufficient information to determine whether or not the graph of 

f has a point of inflection where x = 0?  Explain your answer. 
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c. Given that g(0) = 4, write an equation of the line tangent to the graph 

of g at the point where x = 0. 

d. Show that 
2( ) ( 6 ( ) ( ) 2 ( )xg x e f x f x f x      .  Does g have a local 

maximum at  x = 0?  Justify your answer. 

 

1999 AB 5 BC 5 

The graph of the function f, consisting of three line segments, is given below.  

Let 

          
1

( ) ( )
x

g x f t dt  . 

 

 

 

 

 

 

 

 

a.  Compute g(4) and g(-2). 

b.  Find the instantaneous rate of change of g, with respect to x, at x 

= 1. 

c. Find the absolute minimum value of g on the closed interval  [-

2,4].  Justify your answer. 

d. The second derivative of g is not defined at x = 1 and x = 2.  How 

          many of these values are x-coordinates of points of inflection of 

the graph of f?  Justify your answer. 

 

1999 AB 6 

In the figure below, line l is tangent to the graph of y = 
1

2x
 at point P, with 

coordinates (w, 
1

2w
), where w > 0.  Point Q has coordinates (w,0).  Line l 

crosses the x-axis at the point R, with coordinates (k, 0). 
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a.  Find the value of k when w = 3. 

b.  For all w > 0, find k in terms of w. 

c. Suppose that w is increasing at the constant rate of 7 units per 

second.  When w = 5, what is the rate of change of k with 

respect to time? 

d. Suppose that w is increasing at the constant rate of 7 units per 

second.  When w = 5, what is the rate of change of the area of 

triangle PQR with respect to time?  Determine whether the area 

is increasing or decreasing at this instant. 

   

 
 

2000 AB 1 BC 1 

Let R be the shaded region in the first quadrant enclosed by the graphs of
2xy e , y = 1 – cos(x), and the y-axis.  

a. Find the area of the region R. 

b. Find the volume of the solid generated when the region R is 

revolved about the x-axis. 

c. The region R is the base of a solid.  For this solid, each cross section 

perpendicular to the x-axis is a square.  Find the volume of this solid. 

 

2000 AB 2 BC 2 

Two runners, A and B, run on a straight racetrack for 0 < t < 10 seconds.  The 

graph below, which consists of two line segments, shows the velocity, in 

meters per second, of Runner A.  The velocity, in meters per second, of 

Runner B is given by the function v defined by v t
t

t
( ) 



24

2 3
. 
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a. Find the velocity of Runner A and the velocity of Runner B at time t = 

2 seconds.  Indicate units of measure. 

b. Find the acceleration of Runner A and the acceleration of Runner B 

at time 

      t = 2 seconds.  Indicate units of measure. 

c. Find the total distance run by Runner A and the total distance run by 

Runner B over the time interval 0 < t < 10 seconds.  Indicate units of 

measure. 

 

 
 

 

2000 AB 3 

The figure above shows the graph of f f  , the derivative of the function f, for 

–7 < x < 7.   

The graph of f   has horizontal tangent lines at x = -3, x = 2, and x = 5, 

and a vertical tangent line at x = 3. 

 

a. Find all values of x, for –7 < x < 7, at which f attains a relative 

minimum.  Justify your answer. 

b. Find all values of x, for –7 < x < 7, at which f attains a relative 

maximum.  Justify your answer. 

c. Find all values of x, for –7 < x < 7, at which f  (x) < 0. 

d. At what value of x, for –7 < x < 7, does f attain its absolute maximum?  

Justify your answer. 
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2000 AB 4 

Water is pumped into an underground tank at a constant rate of 8 gallons 

per minute.  Water leaks out of the tank at the rate of 1t  gallons per 

minute, for 0 < t < 120 minutes.  At time t = 0, the tank contains 30 gallons of 

water. 

  

a. How many gallons of water leak out of the tank from time t= 0 to  

      t = 3 minutes? 

b. How many gallons of water are in the tank at time t = 3 minutes? 

c. Write an expression for A(t), the total number of gallons of water in 

the tank at time t. 

d. At what time t, for 0 < t < 120, is the amount of water in the tank a 

maximum?  Justify your answer. 

 

2000 AB 5 BC 5 

Consider the curve given by 
2 3 6xy x y  . 

 

a. Show that 
dx

dy
3

22

2

3

xxy

yyx




. 

b. Find all points on the curve whose x-coordinate is 1, and write an 

equation for the tangent line at each of these points. 

c. Find the x-coordinate of each point on the curve where the tangent 

line is vertical. 

 

2000 AB 6 

Consider the differential equation 
ye

x

dx

dy
2

23
 . 

 

a. Find a solution y = f(x) to the differential equation satisfying f(0) = 
2

1
. 

b. Find the domain and range of the function f found in part (a). 
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2001 AB 1 

Let R and S be the regions in the first quadrant shown in the figure above.  The 

region R is bounded by the x-axis and the graphs of y = 2 – x3 and y = tan x.  The 

region S is bounded by the y-axis and the graphs of y = 2 – x3 and y = tan x. 

 

a. Find the area of R. 

b. Find the area of S. 

c. Find the volume of the solid generated when S is revolved about the x-

axis 

 
2001 AB 2 

The temperature, in degrees Celsius (C), of the water in a pond is a 

differentiable function W of time t.  The table above shows the water 

temperature as recorded every 3 days over a 15-day period. 

 

a. Use data from the table to find an approximation for W(12).  Show the 

computations that lead to your answer.  Indicate units of measure. 

b. Approximate the average temperature, in degrees Celsius, of the water 

over the time interval 0 < t < 15 days by using a trapezoidal 

approximation with subintervals of length t = 3 days. 

 

 

 

 

 

 

c. A student proposes the function P, given by P(t) = 20 + 10te(-t/3), as a 

model for the temperature of the water in the pond at time t, where t is 

measured in days and P(t) is measured in degrees Celsius.  Find P(12).  

Using appropriate units, explain the meaning of your answer in terms of 

water temperature. 

d. Use the function P defined in part c to find the average value, in degrees 

Celsius, of P(t) over the time interval 0 < t < 15 days. 
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2001 AB 3 

A car traveling on a straight road with velocity 55 ft/sec at time t = 0. For  

0 < t < 18 seconds, the car’s acceleration a(t), in ft/sec2, is the piecewise linear 

function defined by the graph above. 

 

a. Is the velocity of the car increasing at t = 2 seconds?  Why or why not? 

b. At what time in the interval 0 < t < 18, other than t = 0, is the velocity of 

the car 55 ft/sec?  Why? 

c. On the time interval 0 < t < 18, what is the car’s absolute maximum 

velocity, in ft/sec, and at what time does it occur?  Justify your answer. 

d. At what times in the interval 0 < t < 18, if any, is the car’s velocity equal to 

zero?  Justify your answer. 

 

2001 AB 4 

Let h be a function defined for all x  0 such that h(4) = -3 and the derivative of 

h is given by h(x) =
x

x

2 2
 for all x  0. 

 

a. Find all values of x for which the graph of h has a horizontal tangent, and 

determine whether h has a local maximum, a local minimum, or neither 

at each of these values.  Justify your answers. 

b. On what intervals, if any, is the graph of h concave up?  Justify your 

answer. 

 

 

c. Write an equation for the line tangent to the graph of h at x = 4. 

d. Does the line tangent to the graph of h at x = 4 lie above or below the 

graph of h for x > 4?  Why? 

 

2001 AB 5 

A cubic polynomial function f is defined by f(x) = 4x3 + ax2 + bx + k where a, b, 

and k are constants.  The function f has a local minimum at x = -1, and the 
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graph of f has a point of inflection at x = -2. 

 

a. Find the values of a and b. 

b. If

1

0

( ) 32f x dx , what is the value of k? 

 

2001 AB 6 

The function f is differentiable for all real numbers.  The point (3, 
1

4
) is on the 

graph of y = f(x), and the slope at each point (x,y) on the graph is given by 
dy

dx
= y2(6 – 2x). 

 

a. Find 
d y

dx

2

2
 and evaluate it at the point (3, 

1

4
). 

b. Find y = f(x) by solving the differential equation 
dy

dx
= y2(6 – 2x) with the 

initial condition  f(3) = 
1

4
. 

 

2002 AB 1 

Let f and g be the functions given by f(x) = ex and g(x)= ln x. 

 a.  Find the area of the region enclosed by the graphs of f ad g between 

            x= 
1

2
 and x = 1. 

 b.  Find the volume of the solid generated when the region enclosed by the 

graphs of f and g between x = 
1

2
 and x= 1 is revolved about the line  

              y = 4. 

 

 

 

 

 c.  Let h be the function given by h(x) = f(x) – g(x).  Find the absolute 

minimum value of h(x) on the closed interval 
1

2
 < x < 1, and find the 

absolute maximum value of h(x) on the closed interval 
1

2
 < x < 1.  Show 

the analysis that leads to your answers. 

 

2002 AB 2 
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The rate at which people enter an amusement park on a given day is modeled 

by the function E defined by 

      
 2

15600

24 160
E

t t


 
. 

The rate at which people leave the same amusement park on the same day is 

modeled by the function L defined by 

      
 2

9890

38 370
L

t t


 
. 

Both E(t) and L(t) are measured in people per hour and time t is measured in 

hours after midnight.  These functions are valid 9 < t < 23, the hours during which 

the park is open.  At time t = 9, there are no people in the park. 

a.  How many people have entered the park by 5:00 p.m. (t = 17)?  

                Round answer to the nearest who number. 

           b.  The price of admission to the park is $15 until 5:00 p.m. (t = 17).  After 

5:00 p.m., the price of admission to the park is $11.  How many dollars 

are collected from admissions to the park on the given day?  Round 

your answer to the nearest whole number. 

     c.  Let  
1

0

( ) ( ( )H t E x L x dx   for 9 < t < 23.  The value of H(17) to the nearest   

whole number is 3725.  Find the value of H’(17) and explain the 

meaning of H(17) and H’(17) in the context of the park. 

     d.  At what time t, for 9 < t < 23, does the model predict that the number 

of people in the park is a maximum? 

 

2002 AB 3 

An object moves along the x-axis with initial position x(0) = 2.  The velocity of the 

object at time t > 0 is given by ( ) sin
3

v t t
 

  
 

. 

     a.  What is the acceleration of the object at time t = 4? 

 

 

 

 

    b.  Consider the following two statements. 

          Statement I:  For 3 < t < 4.5, the velocity of the object is decreasing. 

          Statement II: For 3 < t < 4.5, the speed of the object is increasing. 

        Are either or both of these statements correct?  For each statement 

               provide a reason why it is correct or not correct. 

     c.  What is the total distance traveled by the object over the time interval 

          0 < t < 4? 

    d.  What is the position of the object at time t = 4? 
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2002 AB 4 

The graph of the function f shown consists of two line segments.  Let g be the 

function given by 
0

( ) ( )

x

g x f t dt  . 

        
    a.  Find ( 1)g  , ( 1)g  , and ( 1)g  . 

           b.  For what values of x in the open interval (-2, 2) is g increasing?  Explain 

your reasoning. 

      c.  For what values of x in the open interval (-2, 2) is the graph of g 

concave down?  Explain your reasoning. 

    d.  On the axes provided, sketch the graph of g on the closed interval  [-2, 

2]. 

 

 

 

 
 

2002 AB 5 

A container has the shape of an open right circular cone.  The height of the 

container is 10 cm and the diameter of the opening is 10 cm.  Water in the 

container is evaporating so that its depth h is changing at the constant rate of 
3

10


cm/hr. 

   a.  Find the volume V of water in the container when h = 5 cm.  Indicate 
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units of measure. 

   b.  Find the rate of change of the volume of water in the container, with 

respect to time, when h = 5 cm.  Indicate units of measure. 

    c.  Show that the rate of change of the volume of water in the container 

due to evaporation is directly proportional to the exposed surface area 

of the water.  What is the constant of proportionality? 

 

2002 AB 6  

 

x -1.5 -1.0 -0.5 0 0.5 1.0 1.5 

( )f x  -1 -4 -6 -7 -6 -4 -1 

( )f x  -7 -5 -3 0 3 5 7 

 

          Let f be a function that is differentiable for all real numbers.  The table 

above gives the values of f and its derivative f’ for selected points x in the 

closed interval -1.5 < x < 1.5.  The second derivative of f has the property 

that f’’(x) > 0 for -1.5 < x < 1.5.   

    a.  Evaluate  
1.5

0

3 ( ) 4f x dx  .  Show the work that leads to your answer. 

     b.  Write an equation of the line tangent to the graph of f at the point 

where x = 1.  Use this line to approximate the value of f(1.2).  Is this 

approximation greater than or less than the actual value of f(1.2)? 

 

 

 

     c.  Find a positive real number r having the property that there must exist a 

value c with 0 < c < 0.5 and f’’(c)=r.  Give a reason for your answer. 

     d.  Let g be the function given by g(x) =
2

2

2 7 for 0

2 7 for 0

x x x

x x x

    
 

    
. 

          The graph of g passes through each of the points (x, f(x)) given in the 

table above.  Is it possible that f and g are the same function?  Give a 

reason for your answer. 
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2002 (FORM B) AB 1 

Let R be the region bounded by the y-axis and the graphs of 
3

21

x
y

x



 and  

 y = 4 -2x. 

 a.  Find the area of R. 

 b.  Find the volume of the solid generated when R is revolved about the x-

axis. 

  c.  The region R is the base of a solid.  For this solid, each cross section 

perpendicular to the x-axis is a square.  Find the volume of this solid. 

 

2002 (FORM B) AB 2 

The number of gallons, P(t), of a pollutant in a lake changes at the rate 
0.2( ) 1 3 tP t e   gallons per day, where t is measured in days.  There are 50 gallons 

of the pollutant in the lake at time t = 0.  The lake is considered to be safe when 

it contains 40 gallons or less of pollutant.   

     a.  Is the amount of pollutant increasing at time t = 9?  Why or why not? 

                 b.  For what value of t will the number of gallons of pollutant be at its 

minimum?  Justify your answer. 

               c. Is the lake safe when the number of gallons of pollutant is at its 

                      minimum?  Justify your answer. 

          d.  An investigator uses the tangent line approximation to P(t) at t = 0 as a   

model for the amount of pollutant in the lake.  At what time t does this 

model predict that the lake becomes safe?   

 

2002 (FORM B) AB 3 

A particle moves along the x-axis so that its velocity v at any time t, for 0 < t <16, 

is given by v(t) = e2 sin t – 1.  At time t = 0, the particle is at the origin. 

     a.  On the axes provided, sketch the graph of v(t) for 0 < t <16. 

  b.  During what intervals of time is the particle moving to the left?  Give a 

reason for your answer. 

  c.  Find the total distance traveled by the particle from t = 0 to t = 4. 

  d.  Is there any time t, 0 < t <16, at which the particle returns to the origin?  
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Justify your answer. 

 

2002 (FORM B) AB 4 

The graph of a differentiable function f on the closed interval [-3,15] is shown. 

  

 
 

The graph of f has a horizontal tangent line at x = 6.  Let 

6

( ) 5 ( )  for 3 15

x

g x f t dt x     .                

 a.  Find (6), (6),  and (6).g g g   

 b.  On what intervals is g increasing?  Justify your answer. 

 c.  On what intervals is the graph of g concave down?  Justify your answer. 

     d.  Find a trapezoidal approximation of 
15

3

( )f t dt


  using six subintervals of length 

3t  . 

 

2002 (FORM B) AB 5 

Consider the differential equation 
3dy x

dx y


 . 

 a.  Let y = f(x) be the particular solution to the given differential equation for 

1 < x < 5 such that the line y = -2 is tangent to the graph of f.  Find the x-

coordinate of the point of tangency, and determine whether f has a local 

maximum, local minimum, or neither at the point.  Justify your answer. 

 b.  Let y = g(x) be the particular solution to the given differential equation for 

-2 < x < 8, with the initial condition g(6) = -4.  Find y = g(x). 

 

2002 (FORM B) AB 6 

Ship A is traveling due west toward Lighthouse Rock at a speed of 15 kilometers 

per hour.  Ship B is traveling due north away from Lighthouse Rock at a speed of 

10 km/hr.  Let x be the distance between Ship A and Lighthouse Rock at time t, 

and let y be the distance between Ship B and Lighthouse Rock at time t, as 

shown in the figure below. 

            a.  Find the distance, in kilometers, between Ship A and Ship B when x = 4   

                  km and y = 3 km. 

           b.  Find the rate of change, in km/hr, of the distance between the two 
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                 ships when x = 4 km and y = 3 km. 

     c.  Let   be the angle shown in the figure.  Find the rate of change of  , in 

radians per hour, when x = 4 km and y = 3 km. 

  

     
 

 

2003 AB 1 

Let R be the shaded region bounded by the graphs of 3  and xy x y e   and 

the  vertical line x = 1, as shown in the figure below. 

     
         a.  Find the area of R. 

         b.  Find the volume of the solid generated when R is revolved about the  

              horizontal line y = 1. 

         c.  The region R is the base of a solid.  For this solid, each cross section 

perpendicular to the x-axis is a rectangle whose height is 5 times the 

length of its base in region R.  Find the volume of this solid. 

 

 

 

 

2003 AB 2 

A particle moves along the x-axis so that its velocity at time t is given by 
2

( ) ( 1)sin .
2

t
v t t

 
 
 

     At time t = 0, the particle is at position x = 1. 

         a.  Find the acceleration of the particle at time t= 2.  Is the speed of the 

particle increasing at t= 2?  Why or why not? 

         b.  Find all times t in the open interval 0 < t < 3 when the particle changes 

direction.  Justify your answer. 
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         c.  Find the total distance traveled by the particle from time t = 0 until time t 

= 3. 

         d.  During the time interval 0 < t < 3, what is the greatest distance between 

the particle and the origin?  Show the work that leads to your answer. 

 

2003 AB 3 

The rate of fuel consumption, in gallons per minute, recorded during an airplane 

flight is given by the twice-differentiable and strictly increasing function R of time 

t.  The graph of R and a table of selected values of R(t), for the time interval 0 < t 

< 90 minutes, are shown below. 

          
  

 

 a.  Use data from the table to find an approximation for (45).R   Show the  

               computations that lead to your answer.  Indicate units of measure. 

 b.  The rate of fuel consumption is increasing fastest at time t = 45 minutes.  

               What is the value of (45)?R   Explain your reasoning. 

 c.  Approximate the value of 

90

0

( )R t dt using a left Riemann sum with the five 

              subintervals indicated by the data in the table.  Is this numerical  

              approximation less than the value of 

90

0

( )R t dt ?  Explain your reasoning. 

 d.  For 0 < b < 90 minutes, explain the meaning of 
0

( )
b

R t dt in terms of fuel  

              consumption for the plane.  Explain the meaning of 
0

1
( )

b

R t dt
b 

 in terms of  

              fuel consumption for the plane.  Indicate units of measure in both  

              answers. 

 

2003 AB 4 
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Let f be a function defined on the closed interval -3 < x < 4 with f(0) = 3.  The 

graph of f  , the derivate of f , consists of one line segment and a semicircle, as 

shown below. 

 

     
  a.  On what intervals, if any, is f  increasing?  Justify your answer. 

       b.  Find the x-coordinate of each point of inflection of the graph of f  on 

                the open interval -3 < x < 4.  Justify your answer. 

  c.  Find an equation for the line tangent to the graph of f  at the point  

                (0,3). 

  d.  Find f (-3) and f (4).  Show the work that leads to your answers. 

 

 
2003 AB 5 

A coffeepot has the shape of a cylinder with radius 5 inches, as shown in the 

figure above.  Let h be the depth of the coffee in the pot, measured in inches, 

where h is a function of time t, measured in seconds.  The volume V of coffee in 

the pot is changing at the rate of 5 h  cubic inches per second. 

    a.  Show that .
5

dh h

dt
   
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        b.  Given that h = 17 at time t = 0, solve the differential equation .
5

dh h

dt
    

             for h as a function of t. 

        c.  At what time t is the coffeepot empty? 

 

2003 AB 6 

Let f  be the function defined by 

   
1 for 0 3

( )
5     for 3 5

x x
f x

x x

  
 
  

  


  
 

 

    a.  Is f  continuous at x = 3?  Explain why or why not. 

    b.  Find the average value of f (x) on the closed interval 0 < x <  5. 

        c.  Suppose the function g is defined by 

   
1 for 0 3

( )
2   for 3 5

k x x
g x

mx x

  
 
  

  


  
 

             where k and m are constants.  If g is differentiable at x = 3, what are the  

             values of k and m? 

 

 

 

 

2003 (FORM B) AB 1 

Let f  be the function given by 2 3( ) 4f x x x  , and let l  be the line y = 18 – 3x, 

where l is tangent to the graph of f .  Let R be the region bounded by the 

graph of f  and the x-axis, and let S be the region bounded by the graph of f , 

the line l , and the x-axis, as shown below 

 

     
  a.  Show that l is tangent to the graph of y = f (x) at the point x = 3. 

       b.  Find the area of S. 

           c.  Find the volume of the solid generated when R is revolved about the  

                x – axis. 
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2003 (FORM B) AB 2 

A tank contains 125 gallons of heating oil at time t = 0.  During the time interval 

0 < t < 12 hours, heating oil is pumped into the tank at the rate 

 
10

( ) 2
(1 ln( 1))

H t
t

 
 

 gallons per hour.  During the same time interval, heating oil 

 is removed from the tank at the rate 
2

( ) 12sin
47

t
R t

 
 
 

  gallons per hour. 

       a.  How many gallons of heating oil are pumped into the tank during the  

            time interval 0 < t < 12 hours? 

       b.  Is the level of heating oil in the tank rising or falling at time t = 6 hours?  

            Give a reason for your answer. 

       c.  How many gallons of heating oil are in the tank at time t = 12 hours? 

       d.  At what time t, for  0 < t < 12, is the volume of heating oil in the tank the 

             least?  Show the analysis that leads to your conclusion. 

 

 

 

 
2003 (FORM B) AB 3 

A blood vessel is 360 millimeters (mm) long with circular cross sections of varying 

diameter.  The table above gives the measurements of the diameter of the 

blood at selected points along the length of the blood vessel, where x 

represents the distance from one end of the blood vessel and B(x) is a twice-

differentiable function that represents the diameter at that point. 

        a.  Write an integral expression in terms of B(x) that represents the average  

              radius, in mm, of the blood vessel between x = 0 and x = 360. 

        b.  Approximate the value of your answer from part (a) using the data from  

             the table and a midpoint Riemann sum with three subintervals of equal  

             length.   Show the computations that lead to your conclusion; 

        c.  Using correct units, explain the meaning of 

2275

125

( )

2

B x
dx

 
 
 
  in terms of the  

              blood vessel. 

        d.  Explain why there must be at least one value x, for 0 < x < 360, such that  

             ( ) 0.B x   

 

2003 (FORM B) AB 4 
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A particle moves along the x-axis with velocity at time t > 0 given by 
1( ) 1 .tv t e     

        a.  Find the acceleration of the particle at time t = 3. 

    b.  Is the speed of the particle increasing at time t = 3?  Give a reason for  

              your answer. 

        c.  Find all values of t at which the particle changes directions.  Justify your  

              answer. 

        d.  Find the total distance traveled by the particle over the time interval  

              0 < t < 3. 

 

2003 (FORM B) AB 5 

Let f  be a function defined on the closed interval [0, 7].  The graph of 

f consisting of four line segments, is shown below.  Let g be the function given 

by 
2

( ) ( )
x

g x f t dt  . 

      
         a.  Find (3),  (3),  and (3).g g g   

        b.  Find the average rate of change of g on the interval 0 < x < 3. 

        c.  For how many values c, where 0 < c < 3, is  ( )g c  equal to the average 

              rate found in part b?  Explain your reasoning. 

        d.  Find the x-coordinate of each point of inflection of the graph of g on the 

              interval 0 < x < 7.  Justify your answer. 

 

 

2003 (FORM B) AB 6 

Let f  be the function satisfying ( ) ( )f x x f x   for all real numbers x, where 

(3) 25.f   

         a.  Find (3).f   

         b.  Write an expression for ( )y f x  by solving the differential equation  

              
dy

x y
dx

  with the initial condition (3) 25.f   
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2004 AB 1 

Traffic flow is defined as the rate at which cars pass through an intersection, 

measured in cars per minute.  The traffic flow at a particular intersection is 

modeled by the function F defined by ,( ) 82 4sin  for 0 30
2

t
F t t

 
 
 

     where F(t)  

is measured in cars per minute and t is measured in minutes. 

         a.  To the nearest whole number, how many cars pass through the 

               intersection over the 30-minute period? 

         b.  Is the traffic flow increasing or decreasing at t = 7?  Give a reason for  

              your answer. 

         c.  What is the average value of the traffic flow over the time interval  

              10 < t < 15?  Indicate units of measure. 

         d.  What is the average rate of change of the traffic flow over the time  

               interval 10 < t < 15?  Indicate units of measure. 

 

2004 AB 2 

Let f  and g be the functions given by  

( ) 2 (1 ) and ( ) 3( 1)  for 0 1.f x x x g x x x x       The graphs of f  and g are shown 

in the figure below. 

              
       

       a.  Find the area of the shaded region enclosed by the graphs of f  and g . 

       b.  Find the volume of the solid generated when the shaded region  

            enclosed by the graphs of f  and g is revolved about the horizontal line 

            y = 2. 

       c.  Let h be the function given by ( ) (1 ) for 0 1.h x kx x x      For each k > 0,  

            the region (not shown) enclosed by the graphs of h and g is the base of  

            a solid with square cross sections perpendicular to the x-axis.  There is a  

            value of k for which the volume of this solid is equal to 15.  Write, but do  

            not solve, an equation involving an integral expression that could be  
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            used to find the value of k. 

 

2004 AB 3 

A particle moves along the y-axis so that its velocity v at time t > 0 is given by 
1( ) 1 tan ( ).tv t e    At time t = 0, the particle is at y = -1.   

        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 t > 0 at which the particle reaches its highest point.  Justify  

             your answer. 

        d.  Find the position of the particle at time t = 2.  Is the particle moving  

             toward the origin or away from the origin at time t = 2?  Justify your  

             answer. 

 

 

 

2004 AB 4 

Consider the curve given by 2 24 7 3 .x y xy    

         a.  Show that 
3 2

8 3

dy y x

dx y x





. 

         b.  Show that there is a point P with x-coordinate 3 at which the line  

              tangent to the curve at P is horizontal.  Find the y-coordinate of P. 

        c.  Find the value of 
2

2

d y

dx
 at the point P found in part b.  Does the curve  

              have a local maximum, a local minimum, or neither at the point P?  

             Justify your answer. 

 
2004 AB 5 

The graph of the function f  shown above consists of a semicircle and three line 

segments.  Let g  be the function given by 
3

( ) ( ) .
x

g x f t dt


   

         a.  Find (0) and (0).g g  
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         b.  Find all values of x in the open interval (-5, 4) at which g attains a 

               relative maximum.  Justify your answer. 

         c.  Find the absolute minimum value of g on the closed interval [-5, 4].  

              Justify your answer. 

         d.  Find all values of x in the open interval (-5, 4) at which the graph of g   

               has a point of inflection. 

 

2004 AB 6 

Consider the differential equation 2( 1).
dy

x y
dx

   

         a.  On the axes provided, sketch a slope field for the given differential  

              equation at the twelve points indicated. 

                 
          b.  While the slope field in part a is drawn at only twelve points, it is defined  

               at every point in the xy-plane.  Describe all points in the xy-plane for 

               which the slopes are positive. 

         c.  Find the particular solution ( )y f x  to the given differential equation  

               with the initial condition (0) 3.f    

 

2004 (F0RM B) AB 1 

Let R be the region enclosed by the graph of 1y x  , the vertical line x = 10, 

and the x-axis. 

         a.  Find the area of R. 

         b.  Find the volume of the solid generated when R is revolved about the  

               horizontal line y = 3. 

         c.  Find the volume of the solid generated when R is revolved about the 

               vertical line x = 10. 

 

2004 (FORM B) AB 2 

For 0 < t < 31, the rate of change of the number of mosquitoes on Tropical Island 
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at time t days is modeled by ( ) 5 cos
5

t
R t t

 
 
 

  mosquitoes per day.  There are 

1000 mosquitoes on Tropical Island at time t = 0. 

         a.  Show that the number of mosquitoes is increasing at time t = 6. 

         b.  At time t = 6, is the number of mosquitoes increasing at an increasing  

              rate, or is the number of mosquitoes increasing at a decreasing rate?  

             Give a reason for your answer. 

         c.  According to the model, how many mosquitoes will be on the island at  

              time t= 31?  Round your answer to the nearest whole number. 

         d.  To the nearest whole number, what is the maximum number of 

               mosquitoes for 0 < t < 31?  Show the analysis that leads to your  

              conclusion. 

 

 

2004 (FORM B) AB 3 

A test plane flies in a straight line with positive velocity v(t), in miles per minute at 

time t minutes, where v is a differential function of t.  Selected values of v(t) for  

0 < t < 40 are shown in the table below. 

          
         a.  Use a midpoint Riemann sum with four subintervals of equal length and  

              values from the table to approximate 

40

0

( ) .v t dt   Show the computations  

              that lead to your answer.  Using correct units explain the meaning of  

              

40

0

( ) .v t dt  in terms of the plane’s flight. 

       b.  Based on the values in the table, what is the smallest number of instances 

             at which the acceleration of the plane could equal zero on the open  

             interval 0 < t < 40?  Justify your answer. 

   c.  The function f , defined by 
7

( ) 6 cos 3sin ,
10 40

t t
f t

   
   
   

    is used to model  

             the velocity of the plane, in miles per minute, for 0 < t < 40.  According to  

             this model, what is the acceleration of the plane at t = 23?  Indicates  

             units of measures. 

      d.  According to the model f , given in part c, what is the average velocity  

           of the plane, in miles per minute, over the time interval 0 < t < 40? 
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2004 (FORM B) AB 4 

The figure above shows the graph of f  , the derivative of the function f , on the  

closed interval -1 < x < 5.  The graph of f has horizontal tangent lines at x = 1 

and x =3.  The function f is twice differentiable with (2) 6.f   

 

         a.  Find the x-coordinate of each of the points of inflection of the graph of  

             f .  Give a reason for your answer. 

         b.  At what value of x does f attain its absolute minimum value on the  

              closed interval -1 < x < 5?  At what value of x does f  attain its absolute 

              maximum value on the closed interval -1 < x < 5?  Show the analysis that  

              leads to your answers. 

         c.  Let g be the function defined by ( ) ( ).g x xf x   Find an equation for the  

              line tangent to the graph of g  at x = 2. 

 

2004 (FORM B) AB 5 

Consider the differential equation 4( 2).
dy

x y
dx

   

         a.  On the axes provided, sketch a slope field for the given differential  

              equation at the twelve points indicated. 

 

    
       b.  While the slope field in part a is drawn at only twelve points, it is defined  
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            at every point in the xy-plane.  Describe all points in the xy-plane for  

           which the slopes are negative. 

      c.  Find the particular solution ( )y f x to the given differential equation with  

           the initial condition (0) 0.f   

 

 

    
2004 (FORM B) AB 6 

Let l be the line tangent to the graph of ny x  at the point (1, 1), where n > 1, 

as 

shown above. 

     a.  Find 

1

0

nx dx  in terms of n. 

         b.  Let T be the triangular region bounded by l , the x-axis, and the line  

              x = 1.  Show that the area of T is 
1

.
2n

 

        c.  Let S be the region bounded by the graph of ny x , the line l , and the  

              x-axis.  Express the area of S in terms of n and determine the value of n 

             that maximizes the area of S. 

 

 



 77 

 
2005 AB 1 

Let f and g be the functions given by )sin(
4

1
)( xxf   and xxg  4)( (as shown 

above).  Let R be the shaded region in the first quadrant enclosed by the y-axis 

and the graphs of f and g, and Let S be the shaded region in the first quadrant 

enclosed by the graphs of f and g, as shown in the figure above. 

 

a.    Find the area of R. 

b. Find the area of S. 

c. Find the volume of the solid generated when S is revolved about the 

       horizontal line y = -1. 

 

2005 AB 2 

The tide moves sand from Sandy Point Beach at a rate modeled by the function 

R, given by 









25

4
sin52)(

t
tR


.  A pumping station adds sand to the beach at a 

rate modeled by the function S, given by 
t

t
tS

31

15
)(


 .  Both R(t) and S(t) have 

units of cubic yards per hour and t is measured in hours for 0 < t < 6.   At time t = 0, 

the beach contains 2500 cubic yards of sand. 

a.  How much sand will the tide remove from the beach during this 6-hour  

      period?  Indicate units of measure. 

b.  Write an expression for Y(t), the total number of cubic yards of sand on 

the beach at time t. 

c.  Find the rate at which the total amount of sand on the beach is 

changing at time t = 4. 

d. For 0 < t < 6, at what time t is the amount of sand on the beach a 

minimum?  What is the minimum value?  Justify your answers. 

 

2005 AB 3   
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Distance x (cm) 0 1 5 6 8 

Temperature T(x) 

(oC) 

 

100 

 

93 

 

70 

 

62 

 

55 

 

A metal wire of length 8 centimeters (cm) is heated at one end.  The table 

above  gives  selected values of the temperature T(x), in degrees Celsius (oC), of 

the wire x  cm from the heated end.  The function T is decreasing and twice 

differentiable. 

a. Estimate )7(T  .  Show the work that leads to your answer.  Indicate units 

of measure. 

b. Write an integral expression in terms of T(x) for the average 

temperature of the wire.  Estimate the average temperature of the 

wire using a trapezoidal sum with the four subintervals indicated by the 

data in the table.  Indicate units of measure. 

 

 

c. Find  
8

0

)( dxxT , and indicate units of measure.  Explain the meaning of 

 
8

0

)( dxxT  in terms of the temperature of the wire. 

d. Are the data in the table consistent with the assertion that 0)(  xT  for 

every x in the interval 0 < x < 8?  Explain your answer. 

 

2005 AB 4 

 

X 0 0 < x < 1 1 1 < x < 2 2 2 < x < 3 3 3 < x <4 
 -1 Negative 0 Positive 2 Positive 0 Negative 

)(xf   4 Positive 0 Positive DNE Negative -3 negative 

)(xf   -2 Negative 0 Positive DNE Negative 0 positive 

 

Let f be a function that is continuous on the interval [0,4).  The function f is twice 

differentiable at x = 2.  The function f and its derivatives have the properties 

indicated in the table above, where DNE indicates that the derivatives of f do 

not exist at x = 2. 

 

a. For 0 < x < 4, find all values of x at which f has a relative extremum.  

Determine whether f has a relative maximum or a relative minimum at 

each of these values.  Justify your answer. 

b. On the axes provided, sketch the graph of a function that has all the 

characteristics of f. 

 

 

)(xf
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c. Let g be the function defined by 
x

dttfxg
1

)()( on the open interval 

      (0, 4).  For 0 < x < 4, find all values of x at which g has a relative 

      extremum.  Determine whether g has a relative maximum or a relative 

       minimum at each of these values.   Justify your answer. 

d. For the function g defined in part c, find all values of x, for 0 < x < 4, at 

      which the graph of g has a point of inflection.  Justify your answer. 

 

 

2005 AB 5  

 

 
 

A car is traveling on a straight road.  For 0 < t < 24 seconds, the car’s velocity 

v(t), in meters per second, is modeled by the piecewise-linear function defined 

by the graph above. 

 a.  Find 
24

0

)( dttv .  Using correct units, explain the meaning of  
24

0

)( dttv . 

 b.  For each )4(v and )20(v , find the value or explain why it does not exist.  

                Indicate units of measure. 

c. Let a(t) be the car’s acceleration at time t, in meters per second per 

second.  For 0 < t < 24, write the piecewise-defined function for a(t). 
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d. Find the average rate of change of v over the interval 8 < t < 20.  Does 

the Mean Value Theorem guarantee a value of c, for 8 < t < 20, such 

that )(cv is equal to this average rate of change?  Why or why not? 

 

2005 AB 6 

Consider the differential equation 
2dy x

dx y
  . 

a. On the axes provided, sketch a slope field for the given differential 

equation at the twelve points indicated. 

 
 

 

b. Let y = f(x) be the particular solution to the differential equation with 

the initial condition f(1) = -1.  Write an equation for the line tangent to 

the graph of f at (1, -1) and use it to approximate f(1.1) 

c. Find the particular solution y = f(x) to the given differential equation 

with the initial condition f(1) = -1. 

 

2006 AB 1 

 

Let R be the shaded region bounded by the graph of lny x  and the line 

2y x  . 

 a.  Find the area of R. 

 b.  Find the volume of the solid generated when R is rotated about the 

                 horizontal line 3.y   

c.  Write, but do not evaluate, an integral expression that can be used to 

find the volume of the solid generated when R is rotated about the y-

axis. 

 

2006 AB 2 
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At an intersection in Thomasville, Oregon, cars turn left at the rate 

2( ) 60 sin
3
t

L t t
 
 
 

 cars per hour over the time interval 0 18t   hours.   

a.  To the nearest whole number, find the total number of cars turning left 

at the intersection over the time interval 0 18t   hours.   

b.  Traffic engineers will consider turn restrictions when ( ) 150L t   cars per 

hour.  Find all values of t for which ( ) 150L t   and compute the 

average value of Lover this time interval.  Indicate units of measure. 

c.  Traffic engineers will install a signal if there is any two-hour time interval 

during which the product of the total number of cars turning left and 

the total number of oncoming cars traveling straight through the 

intersection is greater than 200,000.  In every two-hour time interval, 500 

oncoming cars travel straight through the intersection.  Does this 

intersection require a traffic signal?  Explain the reasoning that leads to 

your conclusion. 

 

2006 AB 3 

 

The graph of the function f shown consists of six line segments.  Let g be the 

function given by 

0

( ) ( ) .
x

g x f t dt   

 

  a.  Find (4), (4), and (4).g g g   

  b.  Does g have a relative minimum, a relative maximum, or neither at 

                  x = 1?  Justify your answer. 

c.  Suppose that f is defined for all real numbers x and is periodic with a 

period of length 5.  The graph shows two periods of f .  Given that 

(5) 2g  , find (10)g  and write an equation for the line tangent to the 

graph of g  at x = 108. 

 

 

2006 AB 4 

 

t  

(seconds) 

0 10 20 30 40 50 60 70 80 

( )v t  

(feet per 

second) 

5 14 22 29 35 40 44 47 49 
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Rocket A has positive velocity ( )v t after being launched upward from an initial 

height of 0 feet at time 0t   seconds.  The velocity of the rocket is recorded for 

selected values of t over the interval 0 80t   seconds, as shown in the table 

above. 

  a.  Find the average acceleration of rocket A over the time interval 

                 0 80t   seconds.  Indicate units of measure. 

 b.  Using correct units, explain the meaning of 

70

10

( )v t dt in terms of the 

       rocket’s flight.  Use a midpoint Riemann sum with 3 subintervals of equal  

                 length to approximate 

70

10

( )v t dt . 

 c.  Rocket B is launched upward with an acceleration of 
3

( )
1

a t
t




feet     

                per second per second.  At time 0t   seconds, the initial height of the 

                rocket is 0 feet, and the initial velocity is 2 fee per second.  Which of the 

                two rockets is traveling faster at time 80t   seconds?  Explain your  

                answer. 

 

 

2006 AB 5 

 

Consider the differential equation 
1

, where 0.
dy y

x
xdx


   

  

 a.  On the axes provided, sketch a slope field for the given differential 

                 equation at the eight points indicated.   
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 b.  Find the particular solution ( )y f x to the differential equation with  

                 the initial condition ( 1) 1f   and state its domain. 

 

2006 AB 6 

 

The twice-differentiable function f is defined for all real numbers and satisfies 

the following conditions: 

   (0) 2, (0) 4, and (0) 3.f f f     

  a.  The function g is given by ( ) ( )axg x e f x   for all real numbers,  

                  where a  is a constant.  Find (0)g and (0)g in terms of a . 

  b.  The function h is given by ( ) cos( ) ( )h x kx f x  for all real numbers,  

                 where k  is a constant.  Find ( )h x  and write an equation for the line  

                 tangent to the graph of h  at 0.x  

 

2007 AB 1 

 

Let R be the region in the first and second quadrants bounded above by the 

graph of 
2

20

1
y

x



 and below by the horizontal line 2.y   

a. Find the area of R. 

b. Find the volume of the solid generated when R is rotated about the x-

axis. 
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c. The region R is the base of a solid.  For this solid, the cross sections 

perpendicular to the x-axis are semicircles.  Find the volume of this 

solid. 

 

2007 AB 2 

 

The amount of water in a storage tank, in gallons, is modeled by a continuous 

function on the time interval 0 7t  , where t is measured in hours.  In this 

model, rates are given as follows: 

(i) The rate at which water enters the tank is 

 2( ) 100 sinf t t t  gallons per hour for 0 7t   

(ii) The rate at which water leaves the tank is 

      
250 for 0 3

( )
2000 for 3 7

t
g t

t

  
 
  

 


 
 gallons per hours. 

The graphs of f and g , which intersect at 1.617t   and 5.076t  , are shown in 

the figure above.  At time 0t  , the amount of water in the tank is 5000 gallons. 

a. How many gallons of water enter the tank during the time interval 

0 7t  ?  Round your answer to the nearest gallon. 

b. For 0 7t  , find the time intervals during which the amount of water 

in the tank is decreasing.  Give a reason for each answer. 

c. For 0 7t  , at what time t is the amount of water in the tank 

greatest?   To the nearest gallon, compute the amount of water at this 

time.  Justify your answer. 

 

2007AB 3 

 

x  ( )f x  ( )f x  ( )g x  ( )g x  

1 6 4 2 5 

2 9 2 3 1 

3 10 -4 4 2 

4 -1 3 6 7 

     

 

The functions f and g are differentiable for all real numbers, and g is strictly 

increasing.  The table above gives values of the functions and their first 

derivatives at selected values of x .  The function h is given by 

( ) ( ( )) 6.h x f g x   

a. Explain why there must be a value r  for 1 3r   such that ( ) 5.h r   

b. Explain why there must be a value c  for 1 3r   such that ( ) 5.h r   
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c. Let w  be the function given by 

( )

1

( ) ( ) .
g x

w x f t dt    Find the value of 

(3).w  

d. If 1g is the inverse of g , write an equation for the line tangent to the 

graph of 1( )y g x at 2.x   

 

2007 AB 4 

 

A particle moves along the x-axis with position at time t given by ( ) sintx t e t  

for 0 2 .t    

 a.  Find the time t  at which the particle is farthest to the left.  Justify your 

                answer. 

b.  Find the value of the constant A  for which ( )x t  satisfies the equation  

( ) ( ) ( ) 0Ax t x t x t     for 0 2 .t    

 

2007 AB 5 

 
t

(minutes) 
0 2 5 7 11 12 

( )r t

(feet/ 

minute) 

5.7 4.0 2.0 1.2 0.6 0.5 

 

The volume of a spherical hot air balloon expands as the air inside the balloon is 

heated.  The radius of the balloon, in feet, is modeled by a twice-differentiable 

function r  of time t , where t  is measured in minutes.  For 0 12t  , the graph 

of r is concave down.  The table above gives selected values of the rate of 

change, ( ),r t  of the radius of the balloon over the time interval 0 12.t    The 

radius of the balloon is 30 feet when 5.t    (Note:  The  volume of a sphere of 

radius r  is given by 3.
4
3

V r ) 

a. Estimate the radius of the balloon when 5.4t   using the tangent line 

approximation at 5.t    Is your estimate greater than or less than the 

true value?  Give a reason for your answer. 

b. Find the rate of change of the volume of the balloon with respect to 

time when 5.t    Indicate units of measure. 
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c. Use a right Riemann Sum with the five subintervals indicated by the 

data in the table to approximate 

12

0

( ) .r t dt   Using correct units, explain 

the meaning of 

12

0

( ) .r t dt  in terms of the radius of the balloon. 

d. Is your approximation in part c greater than or less than 

12

0

( )r t dt ?  

Give a reason for your answer.   

 

2007 AB 6 

 

Let f be the function defined by ( ) lnf x k x x   for 0,x   where k  is a 

positive constant. 

a. Find ( )f x  and ( ).f x  

b. For what value of the constant k  does f  have a critical point at 

1.x    For this value of k , determine whether f  has a relative 

minimum, relative maximum, or neither at 1.x    Justify your answer. 

c. For a certain value of the constant k , the graph of f  has a point of 

inflection on the x-axis  Find this value of k . 

 

22000077  AABB  11  ((FFoorrmm  BB))  

  

LLeett  RR  bbee  tthhee  rreeggiioonn  bboouunnddeedd  bbyy  tthhee  ggrraapphh  ooff  
22x xy e    aanndd  tthhee  hhoorriizzoonnttaall  lliinnee  

2,y    aanndd  lleett  SS  bbee  tthhee  rreeggiioonn  bboouunnddeedd  bbyy  tthhee  ggrraapphh  ooff  
22x xy e    aanndd  tthhee  

hhoorriizzoonnttaall  lliinneess  1y  aanndd  2y  ..  

aa..  FFiinndd  tthhee  aarreeaa  ooff  RR..  

bb..  FFiinndd  tthhee  aarreeaa  ooff  SS..  

cc..  WWrriittee,,  bbuutt  ddoo  nnoott  eevvaalluuaattee,,  aann  iinntteeggrraall  eexxpprreessssiioonn  tthhaatt  ggiivveess  tthhee  

vvoolluummee  ooff  tthhee  ssoolliidd  ggeenneerraatteedd  wwhheenn  RR  iiss  rroottaatteedd  aabboouutt  tthhee  hhoorriizzoonnttaall  

lliinnee  1y  ..  

  

22000077  AABB  22  ((FFoorrmm  BB))  

  

AA  ppaarrttiiccllee  mmoovveess  aalloonngg  tthhee  xx--aaxxiiss  ssoo  tthhaatt  iittss  vveelloocciittyy  v   aatt  ttiimmee  0t  iiss  ggiivveenn  bbyy  
2( ) sin( ).v t t     TThhee  ggrraapphh  ooff  v   iiss  sshhoowwnn  aabboovvee  ffoorr  0 5 .t       TThhee  ppoossiittiioonn  ooff  tthhee  

ppaarrttiiccllee  aatt  ttiimmee  t   iiss  ( )x t   aanndd  iittss  ppoossiittiioonn  aatt  ttiimmee  0t  iiss  (0) 5.x    

 a.  Find the acceleration of the particle at time 3.t   
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 b.  Find the total distance traveled by the particle from time 0t    ttoo  3.t   

 c.  Find the position of the particle at time 3.t   

 d.  For 0 5t   ,,  ffiinndd  tthhee  ttiimmee  t   aatt  wwhhiicchh  tthhee  ppaarrttiiccllee  iiss  ffaarrtthheesstt  ttoo  tthhee  

            rriigghhtt..    EExxppllaaiinn  yyoouurr  aannsswweerr..  

  

22000077  AABB  33  ((FFoorrmm  BB))  

  

The wind chill is the temperature, in degrees Fahrenheit  0 F , a human feels 

based on the air temperature, in degrees Fahrenheit, and the wind velocity v ,,  iinn  

mmiilleess  ppeerr  hhoouurr  ((mmpphh))..    IIff  tthhee  aaiirr  tteemmppeerraattuurree  iiss  
032 F ,,  tthheenn  tthhee  wwiinndd  cchhiillll  iiss  ggiivveenn  

bbyy  
0.16( ) 55.6 22.1W v v    aanndd  iiss  vvaalliidd  ffoorr  5 60.v    

aa..  FFiinndd  (20).W      UUssiinngg  ccoorrrreecctt  uunniittss,,  eexxppllaaiinn  tthhee  mmeeaanniinngg  ooff  (20)W  iinn  

tteerrmmss  ooff  tthhee  wwiinndd  cchhiillll..  

bb..  FFiinndd  tthhee  aavveerraaggee  rraattee  ooff  cchhaannggee  ooff  W   oovveerr  tthhee  iinntteerrvvaall  5 60.v      

FFiinndd  tthhee  vvaalluuee  ooff  v   aatt  wwhhiicchh  tthhee  iinnssttaannttaanneeoouuss  rraattee  ooff  cchhaannggee  ooff  W   iiss  

eeqquuaall  ttoo  tthhee  aavveerraaggee  rraattee  ooff  cchhaannggee  ooff  W   oovveerr  tthhee  iinntteerrvvaall  5 60.v    

cc..  Over the time interval 0 4t   hours, the air temperature is a constant 
032 F .  At time 0t  , the wind velocity is 20v  mph.  If the wind 

velocity increases at a constant rate of 5 mph per hour, what is the 

rate of change of the wind chill with respect to time at 3t   hours?  

Indicate units of measure.  

 

2007 AB 4 (Form B) 

 

LLeett  f bbee  aa  ffuunnccttiioonn  ddeeffiinneedd  oonn  tthhee  cclloosseedd  iinntteerrvvaall  5 5x   wwiitthh  (1) 3.f      TThhee  

ggrraapphh  ooff  f  ,,  tthhee  ddeerriivvaattiivvee  ooff  f ,,  ccoonnssiissttss  ooff  ttwwoo  sseemmiicciirrcclleess  aanndd  ttwwoo  lliinnee  

sseeggmmeennttss,,  aass  sshhoowwnn  aabboovvee..  

aa..  FFoorr  5 5x   ,,  ffiinndd  aallll  vvaalluueess  ooff  x   aatt  wwhhiicchh  f   hhaass  aa  rreellaattiivvee  mmaaxxiimmuumm..    

JJuussttiiffyy  yyoouurr  aannsswweerr..  

bb..  FFoorr  5 5x   ,,  ffiinndd  aallll  vvaalluueess  ooff  x   aatt  wwhhiicchh  f hhaass  aa  ppooiinntt  ooff  iinnfflleeccttiioonn..    

JJuussttiiffyy  yyoouurr  aannsswweerr..  

cc..  FFiinndd  aallll  iinntteerrvvaallss  oonn  wwhhiicchh  tthhee  ggrraapphh  ooff  f iiss  ccoonnccaavvee  uupp  aanndd  aallssoo  hhaass  

ppoossiittiivvee  ssllooppee..    EExxppllaaiinn  yyoouurr  rreeaassoonniinngg..  

dd..  FFiinndd  tthhee  aabbssoolluuttee  mmiinniimmuumm  vvaalluuee  ooff  ( )f x   oovveerr  tthhee  cclloosseedd  iinntteerrvvaall  

5 5x   ..    EExxppllaaiinn  yyoouurr  rreeaassoonniinngg..  

  

22000077  AABB  55  ((FFoorrmm  BB))  
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CCoonnssiiddeerr  tthhee  ddiiffffeerreennttiiaall  eeqquuaattiioonn  .
1

1
2

dy
x y

dx
     

aa..  OOnn  tthhee  aaxxeess  pprroovviiddeedd,,  sskkeettcchh  aa  ssllooppee  ffiieelldd  ffoorr  tthhee  ggiivveenn  ddiiffffeerreennttiiaall  

eeqquuaattiioonn  aatt  tthhee  nniinnee  ppooiinnttss  iinnddiiccaatteedd..  

bb..  FFiinndd  
2

2

d y

dx
iinn  tteerrmmss  ooff  x aanndd  y ..    DDeessccrriibbee  tthhee  rreeggiioonn  iinn  tthhee  xy --ppllaannee  iinn  

wwhhiicchh  aallll  ssoolluuttiioonn  ccuurrvveess  ttoo  tthhee  ddiiffffeerreennttiiaall  eeqquuaattiioonn  aarree  ccoonnccaavvee  uupp..  

cc..  LLeett  ( )y f x bbee  aa  ppaarrttiiccuullaarr  ssoolluuttiioonn  ttoo  tthhee  ddiiffffeerreennttiiaall  eeqquuaattiioonn  wwiitthh  

tthhee  iinniittiiaall  ccoonnddiittiioonn  (0) 1.f      DDooeess  f   hhaavvee  aa  rreellaattiivvee  mmiinniimmuumm,,  aa  

rreellaattiivvee  mmaaxxiimmuumm,,  oorr  nneeiitthheerr  aatt  0x  ??    JJuussttiiffyy  yyoouurr  aannsswweerr..  

dd..  FFiinndd  tthhee  vvaalluueess  ooff  tthhee  ccoonnssttaannttss  m   aanndd  b ,,  ffoorr  wwhhiicchh  y mx b    iiss  aa  

ssoolluuttiioonn  ttoo  tthhee  ddiiffffeerreennttiiaall  eeqquuaattiioonn..  

  

22000077  AABB  66  ((FFoorrmm  BB))  

  

LLeett  f   bbee  aa  ttwwiiccee--ddiiffffeerreennttiiaabbllee  ffuunnccttiioonn  ssuucchh  tthhaatt  (2) 5f    aanndd  (5) 2.f      LLeett  

g   bbee  tthhee  ffuunnccttiioonn  ggiivveenn  bbyy  ( ) ( ( ))g x f f x ..  

aa..  EExxppllaaiinn  wwhhyy  tthheerree  mmuusstt  bbee  aa  vvaalluuee  c   ffoorr  2 5c    ssuucchh  tthhaatt  ( ) 1.f c    

b. Show that (2) (5).g g    Use this result to explain why there must be a 

value k  for 2 5k   such that ( ) 0g k  . 

cc..  Show that if ( ) 0f x   for all x , then the graph of g   ddooeess  nnoott  hhaavvee  aa      

            ppooiinntt  ooff  iinnfflleeccttiioonn..  

dd..  LLeett  ( ) ( )h x f x x  ..    EExxppllaaiinn  wwhhyy  tthheerree  mmuusstt  bbee  aa  vvaalluuee  ooff  r   ffoorr  

2 5r    ssuucchh  tthhaatt  ( ) 0.h r    

 

2008 AB 1 
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Let R be the region bounded by the graphs of  siny x  and 3 4y x x  , as 

shown in the figure above. 

a. Find the area of R. 

b. The horizontal line 2y   splits the region R into two parts.  Write, but 

do not integrate, an integral expression for the area of the part of R 

that is below this horizontal line. 

c. The region R is the base of a solid.  For this solid, each cross section 

perpendicular to the x-axis is a square.  Find the volume of this solid. 

d. The region R models the surface of a small pond.  At all points R at a 

distance x from the y-axis, the depth of the water is given by 

( ) 3h x x  .   Find the volume of water in the pond. 

 

 

 

 

 

 

2008 AB 2 

 

t (hours) 0 1 3 4 7 8 9 

( )L t
(people) 

120 156 176 126 150 80 0 
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Concert tickets went on sale at noon (  0t   and were sold out within 9 hours.  

The number of people waiting in line to purchase tickets at time t  is modeled by 

a twice-differentiable function L  for 0 9.t    Values of ( )L t at various times t
are shown in the table above. 

a. Use the data in the table to estimate the rate at which the number of 

people waiting in line was changing at 5:30 P.M. ( 5.5)t  .  Show the 

computations that lead to your answer.  Indicate units of measure. 

b. Use a trapezoidal sum with three subintervals to estimate the average 

number of people waiting in line during the first 4 hours that tickets 

were on sale. 

c. For 0 9,t   what is the fewest number of times at which ( )L t must 

equal 0?  Give a reason for your answer. 

d. The rate at which tickets were sold for 0 9t  is modeled by 

2( ) 550
t

r t te


  tickets per hour.  Based on the model, how many tickets 

were sold by 3 P.M.  3t  , to the nearest whole number? 

 

2008 AB 3 

 

Oil is leaking from a pipeline on the surface of a lake and forms an oil slick whose 

volume increases at a constant rate of 2000 cubic centimeters per minute.  The 

oil slick takes the form of a right circular cylinder with both its radius and height 

changing with time.  (Note:  The volume V  of a right circular cylinder with radius 

r  and height h  is given by 2 .V r h  

 

a. At the instant when the radius of the oil slick is 100 centimeters and the 

height is 0.5 centimeter, the radius is increasing at the rate of 2.5 

centimeters per minute.  At this instant, what is the rate of change of 

the height of the oil slick with respect to time, in centimeters per 

minute? 

b. A recovery device arrives on the scene and begins removing oil.  The 

rate at which oil is removed is ( ) 400R t t cubic centimeters per 

minute, where t is the time in minutes since the device began working.  

Oil continues to leak at the rate of 2000 cubic centimeters per minute.  

Find the time t when the oil slick reaches its maximum volume.  Justify 

your answer. 

c. By the time the recovery device began removing oil, 60,000 cubic 

centimeters of oil had already leaked.  Write, but do not evaluate, an 

expression involving an integral that gives the volume of oil at the time 

found in part b. 
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2008 AB 4 

 

 
 

A particle moves along the x-axis so that its velocity at time t , for 0 6,t   is 

given by a differentiable function v  whose graph is shown above.  The velocity 

is 0 at 0, 3,  t t  and 5,t  and the graph has horizontal tangents at 1t   and 

4.t    The areas of the regions bounded by the t -axis and the graph of v on the 

intervals [0,3], [3,5], and [5,6] are 8, 3, and 2, respectively.  At time 0,t   the 

particle is at 2.x  

 

a. For 0 6,t   find both the time and the position of the particle when 

the particle is farthest to the left.  Justify your answer. 

b. For how many values of t , where0 6,t   is the particle at 8?x   

Explain your reasoning. 

c. On the interval 2 3t  , is the speed of the particle increasing or 

decreasing?  Give a reason for your answer. 

d. During what time intervals, if any, is the acceleration of the particle 

negative?  Justify your answer. 

 

 

 

2008 AB 5 

Consider the differential equation 
2

1dy y

dx x


 , where 0x . 

a. On the axes provided, sketch a slope field for the given differential 

equation at the nine points indicated. 

  



 92 

 
  

b. Find the particular solution ( )y f x to the differential equation with 

the initial condition (2) 0.f   

c. For the particular solution ( )y f x described in part b, find lim ( ).
x

f x


 

 

2008 AB 6 

 

Let f be the function given by 
ln

( )
x

f x
x

  for all 0.x    The derivative of f is 

given by 
2

1 ln
( ) .

x
f x

x


  

 

a. Write an equation for the line tangent to the graph of f at 2.x e  

b. Find the x-coordinate of the critical point of f .  Determine whether this 

point is a relative minimum, a relative maximum, or neither for the 

function f .  Justify your answer. 

c. The graph of the function f has exactly one point of inflection.  Find 

the x-coordinate of this point. 

d. Find 
0

lim ( ).
x

f x


 

  

 

  

22000088    AABB  11  ((FFoorrmm  BB))  

  

LLeett  RR  bbee  tthhee  rreeggiioonn  iinn  tthhee  ffiirrsstt  qquuaaddrraanntt  bboouunnddeedd  bbyy  tthhee  ggrraapphhss  ooff  y x   aanndd  

.
3

x
y    

  aa..    FFiinndd  tthhee  aarreeaa  ooff  RR..  
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bb..    FFiinndd  tthhee  vvoolluummee  ooff  tthhee  ssoolliidd  ggeenneerraatteedd  wwhheenn  RR  iiss  rroottaatteedd  aabboouutt  tthhee  

          vveerrttiiccaall  lliinnee  1.x     

cc..    TThhee  rreeggiioonn  RR  iiss  tthhee  bbaassee  ooff  aa  ssoolliidd..    FFoorr  tthhiiss  ssoolliidd,,  tthhee  ccrroossss  sseeccttiioonnss  

          ppeerrppeennddiiccuullaarr  ttoo  tthhee  yy--aaxxiiss  aarree  ssqquuaarreess..    FFiinndd  tthhee  vvoolluummee  ooff  tthhiiss  ssoolliidd..  

  

22000088  AABB  22  ((FFoorrmm  BB))  

  

FFoorr  ttiimmee  0t    hhoouurrss,,  lleett   
210( ) 120 1 tr t e  rreepprreesseenntt  tthhee  ssppeeeedd,,  iinn  kkiilloommeetteerrss  ppeerr  

hhoouurr,,  aatt  wwhhiicchh  aa  ccaarr  ttrraavveellss  aalloonngg  aa  ssttrraaiigghhtt  rrooaadd..    TThhee  nnuummbbeerr  ooff  lliitteerrss  ooff  

ggaassoolliinnee  uusseedd  bbyy  tthhee  ccaarr  ttoo  ttrraavveell  x   kkiilloommeetteerrss  iiss  mmooddeelleedd  bbyy  2( ) 0.05 1

x

g x x e
 

  
 

..  

  aa..    HHooww  mmaannyy  kkiilloommeetteerrss  ddooeess  tthhee  ccaarr  ttrraavveell  dduurriinngg  tthhee  ffiirrsstt  22  hhoouurrss??  

  bb..    FFiinndd  tthhee  rraattee  ooff  cchhaannggee  wwiitthh  rreessppeecctt  ttoo  ttiimmee  ooff  tthhee  nnuummbbeerr  ooff  lliitteerrss  ooff    

                                ggaassoolliinnee  uusseedd  bbyy  tthhee  ccaarr  wwhheenn  2t    hhoouurrss..    IInnddiiccaattee  uunniittss  ooff  mmeeaassuurree..  

  cc..    HHooww  mmaannyy  lliitteerrss  ooff  ggaassoolliinnee  hhaavvee  bbeeeenn  uusseedd  bbyy  tthhee  ccaarr  wwhheenn  iitt    

                                rreeaacchheess  aa  ssppeeeedd  ooff  8800  kkiilloommeetteerrss  ppeerr  hhoouurr??  

  

22000088  AABB  33  ((FFoorrmm  BB))  

  

  

DDiissttaannccee  ffrroomm  tthhee  

rriivveerr’’ss  eeddggee  ((ffeeeett))  
00  88  1144  2222  2244  

DDeepptthh  ooff  tthhee  wwaatteerr  

((ffeeeett))  
00  77  88  22  00  

  

AA  sscciieennttiisstt  mmeeaassuurreess  tthhee  ddeepptthh  ooff  tthhee  DDooee  RRiivveerr  aatt  PPiiccnniicc  PPooiinntt..    TThhee  rriivveerr  iiss  2244  

ffeeeett  wwiiddee  aatt  tthhiiss  llooccaattiioonn..    TThhee  mmeeaassuurreemmeennttss  aarree  ttaakkeenn  iinn  aa  ssttrraaiigghhtt  lliinnee  

ppeerrppeennddiiccuullaarr  ttoo  tthhee  eeddggee  ooff  tthhee  rriivveerr..    TThhee  ddaattaa  aarree  sshhoowwnn  iinn  tthhee  ttaabbllee  aabboovvee..    

TThhee  vveelloocciittyy  ooff  tthhee  wwaatteerr  aatt  PPiiccnniicc  PPooiinntt,,  iinn  ffeeeett  ppeerr  mmiinnuuttee,,  iiss  mmooddeelleedd  bbyy    

( ) 16 2sin( 10)v t t     ffoorr  0 120t  mmiinnuutteess..  

aa..  UUssee  aa  ttrraappeezzooiiddaall  ssuumm  wwiitthh  ffoouurr  ssuubbiinntteerrvvaallss  iinnddiiccaatteedd  bbyy  tthhee  ddaattaa  iinn  tthhee  

ttaabbllee  ttoo  aapppprrooxxiimmaattee  tthhee  aarreeaa  ooff  tthhee  ccrroossss  sseeccttiioonn  ooff  tthhee  rriivveerr  aatt  PPiiccnniicc  

PPooiinntt,,  iinn  ssqquuaarree  ffeeeett..      SShhooww  tthhee  ccoommppuuttaattiioonnss  tthhaatt  lleeaadd  ttoo  yyoouurr  aannsswweerr..  

bb..  TThhee  vvoolluummeettrriicc  ffllooww  aatt  aa  llooccaattiioonn  aalloonngg  tthhee  rriivveerr  iiss  tthhee  pprroodduucctt  ooff  tthhee  

ccrroossss--sseeccttiioonnaall  aarreeaa  aanndd  tthhee  vveelloocciittyy  ooff  tthhee  wwaatteerr  aatt  tthhaatt  llooccaattiioonn..    UUssee  

yyoouurr  aapppprrooxxiimmaattiioonn  ffrroomm  ppaarrtt  ((aa))  ttoo  eessttiimmaattee  tthhee  aavveerraaggee  vvaalluuee  ooff  tthhee  

vvoolluummeettrriicc  ffllooww  aatt  PPiiccnniicc  PPooiinntt,,  iinn  ccuubbiicc  ffeeeett  ppeerr  mmiinnuuttee,,  ffrroomm  0 to 120t t 

mmiinnuutteess..  
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cc..  TThhee  sscciieennttiisstt  pprrooppoosseess  tthhee  ffuunnccttiioonn  f ,,  ggiivveenn  bbyy  ( ) 8sin
24

x
f x

 
  

 
,,  aass  aa  

mmooddeell  ffoorr  tthhee  ddeepptthh  ooff  tthhee  wwaatteerr,,  iinn  ffeeeett,,  aatt  PPiiccnniicc  PPooiinntt  x   ffeeeett  ffrroomm  tthhee  

rriivveerr’’ss  eeddggee..    FFiinndd  tthhee  aarreeaa  ooff  tthhee  ccrroossss  sseeccttiioonn  ooff  tthhee  rriivveerr  aatt  PPiiccnniicc  PPooiinntt  

bbaasseedd  oonn  tthhiiss  mmooddeell..  

dd..  RReeccaallll  tthhaatt  tthhee  vvoolluummeettrriicc  ffllooww  iiss  tthhee  pprroodduucctt  ooff  tthhee  ccrroossss--sseeccttiioonnaall  aarreeaa  

aanndd  tthhee  vveelloocciittyy  ooff  tthhee  wwaatteerr  aatt  aa  llooccaattiioonn..    TToo  pprreevveenntt  ffllooooddiinngg,,  wwaatteerr  

mmuusstt  bbee  ddiivveerrtteedd  iiff  tthhee  aavveerraaggee  vvaalluuee  ooff  tthhee  vvoolluummeettrriicc  ffllooww  aatt  PPiiccnniicc  

PPooiinntt  eexxcceeeeddss  22110000  ccuubbiicc  ffeeeett  ppeerr  mmiinnuuttee  ffoorr  aa  2200--mmiinnuuttee  ppeerriioodd..    UUssiinngg  

yyoouu  aannsswweerr  ffrroomm  ppaarrtt  ((cc  )),,  ffiinndd  tthhee  aavveerraaggee  vvaalluuee  ooff  tthhee  vvoolluummeettrriicc  ffllooww  

dduurriinngg  tthhee  ttiimmee  iinntteerrvvaall  40 60t    mmiinnuutteess..    DDooeess  tthhiiss  vvaalluuee  iinnddiiccaattee  tthhaatt  

tthhee  wwaatteerr  mmuusstt  bbee  ddiivveerrtteedd??  

  

22000088  AABB  44  ((FFoorrmm  BB))  

  

TThhee  ffuunnccttiioonnss  f   aanndd  g   aarree  ggiivveenn  bbyy  
3

2

0

( ) 4

x

f x t dt    aanndd  ( ) (sin )g x f x ..  

aa..  FFiinndd  ( ) and ( ).f x g x    

bb..  WWrriittee  aann  eeqquuaattiioonn  ffoorr  tthhee  lliinnee  ttaannggeenntt  ttoo  tthhee  ggrraapphh  ooff  ( ) at .y g x x     

cc..  WWrriittee,,  bbuutt  ddoo  nnoott  eevvaalluuaattee,,  aann  iinntteeggrraall  eexxpprreessssiioonn  tthhaatt  rreepprreesseennttss  tthhee  

mmaaxxiimmuumm  vvaalluuee  ooff  g   oonn  tthhee  iinntteerrvvaall  0 .x       JJuussttiiffyy  yyoouurr  aannsswweerr..  

  

22000088  AABB  55  ((FFoorrmm  BB))  

  

  

  
  

  

LLeett  g   bbee  aa  ccoonnttiinnuuoouuss  ffuunnccttiioonn  wwiitthh   2 5.g      TThhee  ggrraapphh  ooff  tthhee  ppiieecceewwiissee--lliinneeaarr  

ffuunnccttiioonn  g  ,,  tthhee  ddeerriivvaattiivvee  ooff  g ,,  iiss  sshhoowwnn  aabboovvee  ffoorr  3 7.x     

aa..  FFiinndd  tthhee  xx--ccoooorrddiinnaattee  ooff  aallll  ppooiinnttss  ooff  iinnfflleeccttiioonn  ooff  tthhee  ggrraapphh  ooff  

( ) for 3 7.y g x x        JJuussttiiffyy  yyoouurr  aannsswweerr..  
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bb..  FFiinndd  tthhee  aabbssoolluuttee  mmaaxxiimmuumm  vvaalluuee  ooff  g oonn  tthhee  iinntteerrvvaall  3 7.x       JJuussttiiffyy  

yyoouurr  aannsswweerr..  

cc..  FFiinndd  tthhee  aavveerraaggee  rraattee  ooff  cchhaannggee  ooff  ( )g x   oonn  tthhee  iinntteerrvvaall  3 7.x     

dd..  FFiinndd  tthhee  aavveerraaggee  rraattee  ooff  cchhaannggee  ooff  g    oonn  tthhee  iinntteerrvvaall  3 7.x       DDooeess  tthhee  

MMeeaann  VVaalluuee  TThheeoorreemm  aapppplliieedd  oonn  tthhee  iinntteerrvvaall  3 7x     gguuaarraanntteeee  aa  vvaalluuee  

ooff  c ,,  ffoorr  3 7c   ,,  ssuucchh  tthhaatt  ( )g c   iiss  eeqquuaall  ttoo  tthhiiss  aavveerraaggee  rraattee  ooff  cchhaannggee??    

WWhhyy  oorr  wwhhyy  nnoott??  

  

22000088  AABB  66  ((FFoorrmm  BB))  

  

CCoonnssiiddeerr  tthhee  cclloosseedd  ccuurrvvee  iinn  tthhee  xy ppllaannee  ggiivveenn  bbyy  
2 42 4 5.x x y y      

aa..  SShhooww  tthhaatt  
3

( 1)

2( 1)

dy x

dx y

 



..  

bb..  WWrriittee  aann  eeqquuaattiioonn  ffoorr  tthhee  lliinnee  ttaannggeenntt  ttoo  tthhee  ccuurrvvee  aatt  tthhee  ppooiinntt  ((--22,,11))..  

cc..  FFiinndd  tthhee  ccoooorrddiinnaatteess  ooff  tthhee  ttwwoo  ppooiinnttss  oonn  tthhee  ccuurrvvee  wwhheerree  tthhee  lliinnee  

ttaannggeenntt  ttoo  tthhee  ccuurrvvee  iiss  vveerrttiiccaall..  

dd..  IIss  iitt  ppoossssiibbllee  ffoorr  tthhiiss  ccuurrvvee  ttoo  hhaavvee  aa  hhoorriizzoonnttaall  ttaannggeenntt  aatt  ppooiinnttss  wwhheerree  iitt  

iinntteerrsseeccttss  tthhee  x aaxxiiss??    EExxppllaaiinn  yyoouurr  rreeaassoonniinngg..  

  

  

  

22000099  AABB  11  

    
  

CCaarreenn  rriiddeess  hheerr  bbiiccyyccllee  aalloonngg  aa  ssttrraaiigghhtt  rrooaadd  ffrroomm  hhoommee  ttoo  sscchhooooll,,  ssttaarrttiinngg  aatt  

hhoommee  aatt  ttiimmee  tt  ==  00  mmiinnuutteess  aanndd  aarrrriivviinngg  aatt  sscchhooooll  aatt  tt  ==  1122  mmiinnuutteess..    DDuurriinngg  tthhee  

ttiimmee  iinntteerrvvaall  00  <<  tt  <<  1122  mmiinnuutteess,,  hheerr  vveelloocciittyy  vv((tt)),,  iinn  mmiilleess  ppeerr  mmiinnuuttee,,  iiss  mmooddeelleedd  

bbyy  tthhee  ppiieecceewwiissee--lliinneeaarr  ffuunnccttiioonn  wwhhoossee  ggrraapphh  iiss  sshhoowwnn  aabboovvee..    

aa..    FFiinndd  tthhee  aacccceelleerraattiioonn  ooff  CCaarreenn’’ss  bbiiccyyccllee  aatt  ttiimmee  tt  ==  77..55  mmiinnuutteess..    IInnddiiccaattee  

            uunniittss  ooff  mmeeaassuurree..  

bb..    UUssiinngg  ccoorrrreecctt  uunniittss,,  eexxppllaaiinn  tthhee  mmeeaanniinngg  ooff                                          iinn  tteerrmmss  ooff  

            CCaarreenn’’ss  ttrriipp..    FFiinndd  tthhee  vvaalluuee  ooff                      

  

                    

cc..    SShhoorrttllyy  aafftteerr  lleeaavviinngg  hhoommee,,  CCaarreenn  rreeaalliizzeess  sshhee  lleefftt  hheerr  ccaallccuulluuss  hhoommeewwoorrkk  aatt    

12

0

( )v t dt

12

0

( )v t dt
12

0

( )v t dt
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            hhoommee,,  aanndd  sshhee  rreettuurrnnss  ttoo  ggeett  iitt..    AAtt  wwhhaatt  ttiimmee  ddooeess  sshhee  ttuurrnn  aarroouunndd  ttoo  gg  

            bbaacckk  hhoommee??    GGiivvee  aa  rreeaassoonn  ffoorr  yyoouurr  aannsswweerr..  

dd..    LLaarrrryy  aallssoo  rriiddeess  hhiiss  bbiiccyyccllee  aalloonngg  aa  ssttrraaiigghhtt  rrooaadd  ffrroomm  hhoommee  ttoo  sscchhooooll  iinn  1122  

          mmiinnuutteess..    HHiiss  vveelloocciittyy  iiss  mmooddeelleedd  bbyy  tthhee  ffuunnccttiioonn  ww  ggiivveenn  bbyy            

  

                                                              ,,      wwhheerree  ww((tt))  iiss  iinn  mmiilleess  ppeerr  mmiinnuuttee  ffoorr  00  <<  tt  <<  1122  mmiinnuutteess..    WWhhoo  

lliivveess  cclloosseerr  ttoo  tthhee  sscchhooooll::    CCaarreenn  oorr  LLaarrrryy??    SShhooww  tthhee  wwoorrkk  tthhaatt  lleeaaddss  ttoo  yyoouurr  

aannsswweerr..  

  

  

22000099  AABB  22  

  

TThhee  rraattee  aatt  wwhhiicchh  ppeeooppllee  eenntteerr  aann  aauuddiittoorriiuumm  ffoorr  aa  rroocckk  ccoonncceerrtt  iiss  mmooddeelleedd    

  

bbyy  tthhee  ffuunnccttiioonn  RR  ggiivveenn  bbyy    
2 3( ) 1380 675R t t t      ffoorr  00  <<  tt  <<  22  hhoouurrss;;  RR((tt))    

  

iiss  mmeeaassuurreedd  iinn  ppeeooppllee  ppeerr  hhoouurr..    NNoo  oonnee  iiss  iinn  tthhee  aauuddiittoorriiuumm  aatt  tt  ==  00,,  wwhheenn    

tthhee  ddoooorrss  ooppeenn..    TThhee  ddoooorrss  cclloossee  aanndd  tthhee  ccoonncceerrtt  bbeeggiinnss  aatt  ttiimmee  tt  ==  22..  

aa..    HHooww  mmaannyy  ppeeooppllee  aarree  iinn  tthhee  aauuddiittoorriiuumm  wwhheenn  tthhee  ccoonncceerrtt  bbeeggiinnss??  

bb..    FFiinndd  tthhee  ttiimmee  wwhheenn  tthhee  rraattee  aatt  wwhhiicchh  ppeeooppllee  eenntteerr  tthhee  aauuddiittoorriiuumm  iiss  aa  

            mmaaxxiimmuumm..    JJuussttiiffyy  yyoouurr  aannsswweerr..  

cc..    TThhee  ttoottaall  wwaaiitt  ttiimmee  ffoorr  aallll  tthhee  ppeeooppllee  iinn  tthhee  aauuddiittoorriiuumm  iiss  ffoouunndd  bbyy  aaddddiinngg  tthhee  

ttiimmee  eeaacchh  ppeerrssoonn  wwaaiittss,,  ssttaarrttiinngg  aatt  tthhee  ttiimmee  tthhee  ppeerrssoonn  eenntteerrss  tthhee  aauuddiittoorriiuumm  

aanndd  eennddiinngg  wwhheenn  tthhee  ccoonncceerrtt  bbeeggiinnss..    TThhee  ffuunnccttiioonn  ww  mmooddeellss  tthhee  ttoottaall  wwaaiitt  

ttiimmee  ffoorr  aallll  tthhee  ppeeooppllee  wwhhoo  eenntteerr  tthhee  aauuddiittoorriiuumm  bbeeffoorree  ttiimmee  tt..    TThhee  ddeerriivvaattiivvee  

ooff  ww  iiss  ggiivveenn  bbyy  ww’’((tt))  ==  ((22  --  tt))  RR((tt))..    FFiinndd  ww((22))  ––  ww((11)),,  tthhee  ttoottaall  wwaaiitt  ttiimmee  ffoorr  

tthhoossee  wwhhoo  eenntteerr  tthhee  aauuddiittoorriiuumm  aafftteerr  tt  ==  11..    

dd..    OOnn  aavveerraaggee,,  hhooww  lloonngg  ddooeess  aa  ppeerrssoonn  wwaaiitt  iinn  tthhee  aauuddiittoorriiuumm  ffoorr  tthhee  ccoonncceerrtt  

ttoo  bbeeggiinn??    CCoonnssiiddeerr  aallll  ppeeooppllee  wwhhoo  eenntteerr  tthhee  aauuddiittoorriiuumm  aafftteerr  tthhee  ddoooorrss  

ooppeenn,,  aanndd  uussee  tthhee  mmooddeell  ffoorr  ttoottaall  wwaaiitt  ttiimmee  ffrroomm  ppaarrtt  ((cc))..      

  

22000099  AABB  33  

MMiigghhttyy  CCaabbllee  CCoommppaannyy  mmaannuuffaaccttuurreess  ccaabbllee  tthhaatt  sseellllss  ffoorr  $$112200  ppeerr  mmeetteerr..      

FFoorr  aa  ccaabbllee  ooff  ffiixxeedd  lleennggtthh,,  tthhee  ccoosstt  ooff  pprroodduucciinngg  aa  ppoorrttiioonn  ooff  tthhee  ccaabbllee    

vvaarriieess  wwiitthh  iittss  ddiissttaannccee  ffrroomm  tthhee  bbeeggiinnnniinngg  ooff  tthhee  ccaabbllee..      MMiigghhttyy  rreeppoorrttss    

tthhaatt  tthhee  ccoosstt  ttoo  pprroodduuccee  aa  ppoorrttiioonn  ooff  aa  ccaabbllee  tthhaatt  iiss  xx  mmeetteerrss  ffrroomm  tthhee    

bbeeggiinnnniinngg  ooff  tthhee  ccaabbllee  iiss      6 x     ddoollllaarrss  ppeerr  mmeetteerr..    ((NNoottee::    PPrrooffiitt  iiss    

ddeeffiinneedd  ttoo  bbee  tthhee  ddiiffffeerreennccee  bbeettwweeeenn  tthhee  aammoouunntt  ooff  mmoonneeyy  rreecceeiivveedd  bbyy    

tthhee  ccoommppaannyy  ffoorr  sseelllliinngg  tthhee  ccaabbllee  aanndd  tthhee  ccoommppaannyy’’ss  ccoosstt  ooff  pprroodduucciinngg    

tthhee  ccaabbllee..))    

aa..    FFiinndd  MMiigghhttyy’’ss  pprrooffiitt  oonn  tthhee  ssaallee  ooff  aa  2255--mmeetteerr  ccaabbllee..  

  

( ) sin
15 12

w t t
  

  
 
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bb..    UUssiinngg  ccoorrrreecctt  uunniittss,,  eexxppllaaiinn  tthhee  mmeeaanniinngg  ooff                                                      iinn  ccoonntteexxtt  ooff    

          tthhiiss  pprroobblleemm  

cc..    WWrriittee  aann  eexxpprreessssiioonn,,  iinnvvoollvviinngg  aann  iinntteeggrraall,,  tthhaatt  rreepprreesseennttss  MMiigghhttyy’’ss  pprrooffiitt  oonn  

tthhee  ssaallee  ooff  aa  ccaabbllee  tthhaatt  iiss  kk    mmeetteerrss  lloonngg..  

dd..    FFiinndd  tthhee  mmaaxxiimmuumm  pprrooffiitt  tthhaatt  MMiigghhttyy  ccoouulldd  eeaarrnn  oonn  tthhee  ssaallee  ooff  oonnee  ccaabbllee..    

JJuussttiiffyy  yyoouurr  aannsswweerr..      

  

                

22000099  AABB  44  

  

            
  

LLeett  RR  bbee  tthhee  rreeggiioonn  iinn  tthhee  ffiirrsstt  qquuaaddrraanntt  eenncclloosseedd  bbyy  tthhee  ggrraapphhss  ooff  yy  ==  22xx  aanndd  

  yy  ==xx22,,  aass  sshhoowwnn  iinn  tthhee  ffiigguurree  aabboovvee..  

aa..    FFiinndd  tthhee  aarreeaa  ooff  RR..  

bb..    TThhee  rreeggiioonn  RR  iiss  tthhee  bbaassee  ooff  aa  ssoolliidd..    FFoorr  tthhiiss  ssoolliidd,,  aatt  eeaacchh  xx    tthhee  ccrroossss  

  

            sseeccttiioonn  ppeerrppeennddiiccuullaarr  ttoo  tthhee  xx--aaxxiiss  hhaass  aarreeaa                                                        ..    FFiinndd  tthhee  

            vvoolluummee  ooff  tthhee  ssoolliidd..          

cc..      AAnnootthheerr  ssoolliidd  hhaass  tthhee  ssaammee  bbaassee  RR..    FFoorr  tthhiiss  ssoolliidd,,  tthhee  ccrroossss  sseeccttiioonnss    

          ppeerrppeennddiiccuullaarr  ttoo  tthhee  yy--aaxxiiss  aarree  ssqquuaarreess..    WWrriittee,,  bbuutt  ddoo  nnoott  eevvaalluuaattee,,  aann    

          iinntteeggrraall  eexxpprreessssiioonn  ffoorr  tthhee  vvoolluummee  ooff  tthhee  ssoolliidd..    

  

  

22000099  AABB  55  

x 2 3 5 8 13 

f(x) 1 4 -2 3 6 

  

LLeett  ff  bbee  aa  ffuunnccttiioonn  tthhaatt  iiss  ttwwiiccee  ddiiffffeerreennttiiaabbllee  ffoorr  aallll  rreeaall  nnuummbbeerrss..    TThhee  ttaabbllee  

aabboovvee  ggiivveess  tthhee  vvaalluueess  ooff  ff  ffoorr  sseelleecctteedd  ppooiinnttss  iinn  tthhee  cclloosseedd  iinntteerrvvaall  22  <<  xx  <<  1133..  

30

25

6 xdx

( ) sin
2

A x x
 

  
 

( ) sin
2

A x x
 

  
 
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aa..    EEssttiimmaattee  ff  ‘‘((44))..    SShhooww  tthhee  wwoorrkk  tthhaatt  lleeaaddss  ttoo  yyoouurr  ccoonncclluussiioonn..  

bb..    EEvvaalluuaattee          
13

2

(3 5 ( ))f x dx     SShhooww  tthhee  wwoorrkk  tthhaatt  lleeaaddss  ttoo  yyoouurr  

          ccoonncclluussiioonn..  

cc..    UUssee  aa  lleefftt  RRiieemmaannnn  ssuumm  wwiitthh  ssuubbiinntteerrvvaallss  iinnddiiccaatteedd  bbyy  tthhee  ddaattaa  iinn  tthhee  

          ttaabbllee  ttoo  aapppprrooxxiimmaattee      
13

2

(3 5 ( ))f x dx ..    SShhooww  tthhee  wwoorrkk  tthhaatt  lleeaaddss  ttoo    

        yyoouurr  aannsswweerr..        

dd..    SSuuppppoossee  ff  ‘‘((55))==33  aanndd  ff  ‘‘’’((xx))  <<  00  ffoorr  aallll  xx  iinn  tthhee  cclloosseedd  iinntteerrvvaall  55  <<  xx  <<  88..  

        UUssee  tthhee  lliinnee  ttaannggeenntt  ttoo  tthhee  ggrraapphh  ooff  ff  aatt  xx  ==  55  ttoo  sshhooww  tthhaatt  ff  ((77))  <<  44..    UUssee    

        tthhee  sseeccaanntt  lliinnee  ffoorr  tthhee  ggrraapphh  ooff  ff  oonn  55  <<  xx  <<  88  ttoo  sshhooww  tthhaatt  ff((77))  >>  ((44//33))..  

    

22000099  AABB  66  

          
  

TThhee  ddeerriivvaattiivvee  ooff  aa  ffuunnccttiioonn  ff  iiss  ddeeffiinneedd  bbyy    
13

2

(3 5 ( ))f x dx                       
13

2

(3 5 ( ))f x dx                                                                       

  

  

  

                                                                                      

TThhee  ggrraapphh  ooff  tthhee  ccoonnttiinnuuoouuss  ffuunnccttiioonn  ff  ‘‘,,  sshhoowwnn  iinn  tthhee  ffiigguurree  aabboovvee,,  hhaass  xx--

iinntteerrcceeppttss  aatt  xx  ==  --22  aanndd  xx  ==  33  llnn  ((55//33))..    TThhee  ggrraapphh  ooff  gg  oonn  --44  <<  xx  <<  00  iiss  aa  sseemmiicciirrccllee,,  

aanndd  ff  ((00))  ==55..  

aa..    FFoorr  --44  <<  xx  <<  44,,  ffiinndd  aallll  vvaalluueess  ooff  xx  aatt  wwhhiicchh  tthhee  ggrraapphh  ooff  ff  hhaass  aa  ppooiinntt  

          ooff  iinnfflleeccttiioonn..    JJuussttiiffyy  yyoouurr  aannsswweerr..  

bb..    FFiinndd  ff  ((--44))  aanndd  ff  ((44))..  

cc..    FFoorr  --44  <<  xx  <<  44,,  ffiinndd  tthhee  vvaalluuee  ooff  xx  aatt  wwhhiicchh  ff  hhaass  aann  aabbssoolluuttee  mmaaxxiimmuumm..    

          JJuussttiiffyy  yyoouurr  aannsswweerr..  

  

22000099  AABB  11  ((FFoorrmm  BB))  

AAtt  aa  cceerrttaaiinn  hheeiigghhtt,,  aa  ttrreeee  ttrruunnkk  hhaass  aa  cciirrccuullaarr  ccrroossss  sseeccttiioonn..  TThhee  rraaddiiuuss    

RR((tt))  ooff  tthhaatt  ccrroossss  sseeccttiioonn  ggrroowwss  aatt  aa  rraattee  mmooddeelleedd  bbyy  tthhee  ffuunnccttiioonn  

                                                                          cceennttiimmeetteerrss  ppeerr  yyeeaarr  ffoorr  00  <<  tt  <<  33,,  wwhheerree  tt  iiss  

3

( )           for 4 0
( )

5 3      for 0 4
x

g x x
f x

e x


  


  
   

3

( )           for 4 0
( )

5 3      for 0 4
x

g x x
f x

e x


  


  
   

  21
3 sin

16

dR
t

dt
 

  21
3 sin

16

dR
t

dt
 
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mmeeaassuurreedd  iinn  yyeeaarrss..    AAtt  ttiimmee  tt  ==  00,,  tthhee  rraaddiiuuss  iiss  66  cceennttiimmeetteerrss..    TThhee  aarreeaa    

ooff  tthhee  ccrroossss  sseeccttiioonn  aatt  ttiimmee  tt  iiss  ddeennootteedd  bbyy  AA((tt))..    

aa..    WWrriittee  aann  eexxpprreessssiioonn,,  iinnvvoollvviinngg  aann  iinntteeggrraall,,  ffoorr  tthhee  rraaddiiuuss  RR((tt))  ffoorr    

          00  <<  tt  <<  33..    UUssee  yyoouurr  eexxpprreessssiioonn  ttoo  ffiinndd  RR((33))..  

bb..    FFiinndd  tthhee  rraattee  aatt  wwhhiicchh  tthhee  ccrroossss--sseeccttiioonnaall  aarreeaa  AA((tt))  iiss  iinnccrreeaassiinngg  aatt  ttiimmee  tt  ==  33  

yyeeaarrss..    IInnddiiccaattee  uunniittss  ooff  mmeeaassuurree..  

cc..    EEvvaalluuaattee                                        UUssiinngg  aapppprroopprriiaattee  uunniittss,,  iinntteerrpprreett  tthhee  mmeeaanniinngg  ooff    

            

          tthhaatt  iinntteeggrraall  iinn  tteerrmmss  ooff  ccrroossss--sseeccttiioonnaall  aarreeaa..    

  

22000099  AABB  22  ((FFoorrmm  BB))  

  

AA  ssttoorrmm  wwaasshheedd  aawwaayy  ssaanndd  ffrroomm  aa  bbeeaacchh,,  ccaauussiinngg  tthhee  eeddggee  ooff  tthhee  wwaatteerr  ttoo    

ggeett  cclloosseerr  ttoo  aa  nneeaarrbbyy  rrooaadd..    TThhee  rraattee  aatt  wwhhiicchh  tthhee  ddiissttaannccee  bbeettwweeeenn  tthhee    

rrooaadd  aanndd  tthhee  eeddggee  ooff  tthhee  wwaatteerr  wwaass  cchhaannggiinngg  dduurriinngg  tthhee  ssttoorrmm  iiss  mmooddeelleedd    

bbyy                                                                                    mmeetteerrss  ppeerr  hhoouurr,,  tt  hhoouurrss  aafftteerr  tthhee  ssttoorrmm  bbeeggaann..    TThhee    

  

eeddggee  ooff  tthhee  wwaatteerr  wwaass  3355  mmeetteerrss  ffrroomm  tthhee  rrooaadd  wwhheenn  tthhee  ssttoorrmm  bbeeggaann,,  aanndd  tthhee    

ssttoorrmm  llaasstteedd  55  hhoouurrss..    TThhee  ddeerriivvaattiivvee    ooff  ff  ((tt))  iiss                                                                              

  

aa..    WWhhaatt  wwaass  tthhee  ddiissttaannccee  bbeettwweeeenn  tthhee  rrooaadd  aanndd  tthhee  eeddggee  ooff  tthhee  wwaatteerr  aatt  tthhee  

eenndd  ooff  tthhee  ssttoorrmm??  

  bb..    UUssiinngg  ccoorrrreecctt  uunniittss,,  iinntteerrpprreett  tthhee  vvaalluuee    ff  ‘‘  ((44))  ==  11..000077  iinn  tteerrmmss  ooff  tthhee  ddiissttaannccee  

bbeettwweeeenn  tthhee  rrooaadd  aanndd  tthhee  eeddggee  ooff  tthhee  wwaatteerr..  

cc..      AAtt  wwhhaatt  ttiimmee  dduurriinngg  tthhee  55  hhoouurrss  ooff  tthhee  ssttoorrmm  wwaass  tthhee  ddiissttaannccee  bbeettwweeeenn  tthhee  

rrooaadd  aanndd  tthhee  eeddggee  ooff  tthhee  wwaatteerr  ddeeccrreeaassiinngg  mmoosstt  rraappiiddllyy??    JJuussttiiffyy  yyoouurr  

aannsswweerr..  

dd..    AAfftteerr  tthhee  ssttoorrmm,,  aa  mmaacchhiinnee  ppuummppeedd  ssaanndd  bbaacckk  oonnttoo  tthhee  bbeeaacchh  ssoo  tthhaatt  tthhee  

ddiissttaannccee  bbeettwweeeenn  tthhee  rrooaadd  aanndd  tthhee  eeddggee  ooff  tthhee  wwaatteerr  wwaass  ggrroowwiinngg  aatt  aa  rraattee  

ooff  gg  ((pp))  mmeetteerrss  ppeerr  ddaayy,,  wwhheerree  pp  iiss  tthhee  nnuummbbeerr  ooff  ddaayyss  ssiinnccee  ppuummppiinngg  bbeeggaann..    

WWrriittee  aann  eeqquuaattiioonn  iinnvvoollvviinngg  aann  iinntteeggrraall  eexxpprreessssiioonn  wwhhoossee  ssoolluuttiioonn  wwoouulldd  ggiivvee  

tthhee  nnuummbbeerr  ooff  ddaayyss  tthhaatt  ssaanndd  mmuusstt  bbee  ppuummppeedd  ttoo  rreessttoorree  tthhee  oorriiggiinnaall  

ddiissttaannccee  bbeettwweeeenn  tthhee  rrooaadd  aanndd  tthhee  eeddggee  ooff  tthhee  wwaatteerr..  

  

22000099  AABB  33  ((FFoorrmm  BB))      

  

  

  
  

3

0

( )A t dt

( ) cos 3f t t t  

( ) cos 3f t t t  

1
( ) sin .

2
f t t

t
  

1
( ) sin .

2
f t t

t
  



 100 

AA  ccoonnttiinnuuoouuss  ffuunnccttiioonn  ff  iiss  ddeeffiinneedd  oonn  tthhee  cclloosseedd  iinntteerrvvaall  ––  44  <<  xx  <<  66..    TThhee  ggrraapphh  ooff  

ff  ccoonnssiissttss  ooff  aa  lliinnee  sseeggmmeenntt  aanndd  aa  ccuurrvvee  tthhaatt  iiss  ttaannggeenntt  ttoo  tthhee  xx--aaxxiiss  aatt  xx  ==  33,,  aass  

sshhoowwnn  iinn  tthhee  ffiigguurree  aabboovvee..    OOnn  tthhee  iinntteerrvvaall  00  <<  xx  <<  66,,  tthhee  ffuunnccttiioonn  ff  iiss  ttwwiiccee  

ddiiffffeerreennttiiaabbllee,,  wwiitthh  ff  ‘‘’’((xx))  >>  00..  

aa..  IIss  ff  ddiiffffeerreennttiiaabbllee  aatt  xx  ==  00??    UUssee  tthhee  ddeeffiinniittiioonn  ooff  tthhee  ddeerriivvaattiivvee  wwiitthh  oonnee--

ssiiddeedd  lliimmiittss  ttoo  jjuussttiiffyy  yyoouurr  aannsswweerr..  

bb..  FFoorr  hhooww  mmaannyy  vvaalluueess  ooff  aa,,  --  44  <<  aa  <<  66,,  iiss  tthhee  aavveerraaggee  rraattee  ooff  cchhaannggee  ooff  ff  

oonn  tthhee  iinntteerrvvaall  [[  aa,,  66  ]]  eeqquuaall  ttoo  00??    GGiivvee  aa  rreeaassoonn  ffoorr  yyoouurr  aannsswweerr..  

cc..  IIss  tthheerree  aa  vvaalluuee  ooff  aa,,  --  44  <<  aa  <<  66,,  ffoorr  wwhhiicchh  tthhee  MMeeaann  VVaalluuee  TThheeoorreemm,,  

aapppplliieedd  ttoo  tthhee  iinntteerrvvaall  [[  aa,,  66  ]],,  gguuaarraanntteeeess  aa  vvaalluuee  ooff  cc,,  aa  <<  cc  <<  66,,  aatt  wwhhiicchh  

ff  ‘‘  ((cc))  ==  11//33??    JJuussttiiffyy  yyoouurr  aannsswweerr..  

  

dd..  TThhee  ffuunnccttiioonn  gg  iiss  ddeeffiinneedd                                                                      ffoorr  ––  44  <<  xx  <<  66..    OOnn  wwhhaatt    

  

iinntteerrvvaallss  ccoonnttaaiinneedd  iinn  [[  --44,,  66  ]]  iiss  tthhee  ggrraapphh  ooff  gg  ccoonnccaavvee  uupp??    EExxppllaaiinn  yyoouurr  

rreeaassoonniinngg..  

  

  

22000099  AABB  44  ((FFoorrmm  BB))  

  

  
  

LLeett  RR  bbee  tthhee  rreeggiioonn  bboouunnddeedd  bbyy  tthhee  ggrraapphhss  ooff                                                              

aass  sshhoowwnn  iinn  tthhee  ffiigguurree  aabboovvee..  

aa..  FFiinndd  tthhee  aarreeaa  ooff  RR..  

bb..  TThhee  rreeggiioonn  RR  iiss  tthhee  bbaassee  ooff  aa  ssoolliidd..    FFoorr  tthhiiss  ssoolliidd,,  tthhee  ccrroossss  sseeccttiioonnss  

ppeerrppeennddiiccuullaarr  ttoo  tthhee  xx--aaxxiiss  aarree  ssqquuaarreess..    FFiinndd  tthhee  vvoolluummee  ooff  tthhiiss  ssoolliidd..  

cc..    WWrriittee,,  bbuutt  ddoo  nnoott  eevvaalluuaattee,,  aann  iinntteeggrraall  eexxpprreessssiioonn  ffoorr  tthhee  vvoolluummee  ooff  tthhee  

ssoolliidd  ggeenneerraatteedd  wwhheenn  RR  iiss  rroottaatteedd  aabboouutt  tthhee  hhoorriizzoonnttaall  lliinnee  yy  ==  22..  

  

  

  

  

  

0

( ) ( )

x

g x f t dt 

 and ,
2

x
y x y  and ,

2

x
y x y 

 and ,
2

x
y x y 



 101 

  

22000099  AABB  55  ((FFoorrmm  BB))  

  

  
  

LLeett  ff  bbee  aa  ttwwiiccee--ddiiffffeerreennttiiaabbllee  ffuunnccttiioonn  ddeeffiinneedd  oonn  tthhee  iinntteerrvvaall  --11..22  <<  xx  <<  33..22    

wwiitthh  ff((11))==22..    TThhee  ggrraapphh  ooff  ff  ‘‘,,  tthhee  ddeerriivvaattiivvee  ooff  ff,,  iiss  sshhoowwnn  aabboovvee..    TThhee  ggrraapphh    

ooff  ff  ‘‘  ccrroosssseess  tthhee  xx--aaxxiiss  aatt  xx  ==  --11  aanndd  xx  ==  33  aanndd  hhaass  aa  hhoorriizzoonnttaall  ttaannggeenntt    

aatt  xx  ==  22..    LLeett  gg  bbee  tthhee  ffuunnccttiioonn  ggiivveenn  bbyy  gg((xx))  ==  eeff((xx))..  

aa..  WWrriittee  aann  eeqquuaattiioonn  ffoorr  tthhee  lliinnee  ttaannggeenntt  ttoo  tthhee  ggrraapphh  ooff  gg  aatt  xx  ==  11..  

bb..  FFoorr  ––  11..22  <<  xx  <<  33..22,,  ffiinndd  aallll  vvaalluueess  ooff  xx  aatt  wwhhiicchh  gg  hhaass  aa  llooccaall  mmaaxxiimmuumm..    

JJuussttiiffyy  yyoouurr  aannsswweerr..  

cc..  TThhee  sseeccoonndd  ddeerriivvaattiivvee  ooff  gg  iiss                                                                                                                                    IIss  gg  ‘‘’’  ((--

11))  ppoossiittiivvee,,  nneeggaattiivvee,,  oorr  zzeerroo??      JJuussttiiffyy  yyoouurr  aannsswweerr..  

dd..    FFiinndd  tthhee  aavveerraaggee  rraattee  ooff  cchhaannggee  ooff  gg  ‘‘,,  tthhee  ddeerriivvaattiivvee  ooff  gg,,  oovveerr  tthhee  

iinntteerrvvaall  [[  11,,  33  ]]..  

  

22000099  AABB  66  ((FFoorrmm  BB))  

  

tt  ((sseeccoonnddss))  00  88  2200  2255  3322  4400  

vv((tt))    

((mmeetteerrss  ppeerr  sseeccoonndd))  
33  55  --1100  --88  --44  77  

  

            

TThhee  vveelloocciittyy  ooff  aa  ppaarrttiiccllee  mmoovviinngg  aalloonngg  tthhee  xx--aaxxiiss  iiss  mmooddeelleedd  bbyy  aa    

DDiiffffeerreennttiiaall  ffuunnccttiioonn  vv,,  wwhheerree  tthhee  ppoossiittiioonn  xx  iiss  mmeeaassuurreedd  iinn  mmeetteerrss,,  aanndd  ttiimmee    

tt  iiss  mmeeaassuurreedd  iinn  sseeccoonnddss..    SSeelleecctteedd  vvaalluueess  ooff  vv((tt))  aarree  ggiivveenn  iinn  tthhee  ttaabbllee    

aabboovvee..    TThhee  ppaarrttiiccllee  iiss  aatt  ppoossiittiioonn  xx  ==  77  mmeetteerrss  wwhheenn  tt  ==  00  sseeccoonnddss..  

aa..  EEssttiimmaattee  tthhee  aacccceelleerraattiioonn  ooff  tthhee  ppaarrttiiccllee  aatt  tt  ==  3366  sseeccoonnddss..    SShhooww  tthhee  

ccoommppuuttaattiioonnss  tthhaatt  lleeaadd  ttoo  yyoouurr  aannsswweerr..      IInnddiiccaattee  uunniittss  ooff  mmeeaassuurree..  

  

bb..  UUssiinngg  ccoorrrreecctt  uunniittss,,  eexxppllaaiinn  tthhee  mmeeaanniinngg  ooff                                            iinn  tthhee  ccoonntteexxtt  ooff    

  

 ( ) 2( ) ( ) ( ) .f xg x e f x f x    
 

40

20

( )v t dt
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          tthhiiss    pprroobblleemm..    UUssee  aa  ttrraappeezzooiiddaall  ssuumm  wwiitthh  tthhee  tthhrreeee  ssuubbiinntteerrvvaallss  iinnddiiccaatteedd  bbyy    

    

        tthhee  ddaattaa  iinn  tthhee  ttaabbllee  ttoo  aapppprrooxxiimmaattee                                  

  

  

      cc..    SSuuppppoossee  tthhaatt  tthhee  aacccceelleerraattiioonn  ooff  tthhee  ppaarrttiiccllee  iiss  ppoossiittiivvee  ffoorr  00  <<  tt  <<  88  sseeccoonnddss..    

                  EExxppllaaiinn  wwhhyy  tthhee  ppoossiittiioonn  ooff  tthhee  ppaarrttiiccllee  aatt  tt  ==  88  sseeccoonnddss  mmuusstt  bbee  ggrreeaatteerr    

                  tthhaann  xx  ==  3300  mmeetteerrss..  

      dd..    FFoorr  00  <<  tt  <<  4400,,    mmuusstt  tthhee  ppaarrttiiccllee  cchhaannggee  ddiirreeccttiioonn  iinn  aannyy  ooff  tthhee  ssuubbiinntteerrvvaallss  

iinnddiiccaatteedd  bbyy  tthhee  ddaattaa  iinn  tthhee  ttaabbllee??    IIff  ssoo,,  iiddeennttiiffyy  tthhee  ssuubbiinntteerrvvaallss  aanndd  

eexxppllaaiinn  yyoouurr  rreeaassoonniinngg..    IIff  nnoott,,  eexxppllaaiinn  wwhhyy  nnoott??  

  

22001100  AABB  11  

TThheerree  iiss  nnoo  ssnnooww  oonn  JJaanneett’’ss  ddrriivveewwaayy  wwhheenn  ssnnooww  bbeeggiinnss  ttoo  ffaallll  aatt  

mmiiddnniigghhtt..    FFrroomm  mmiiddnniigghhtt  ttoo  99  aa..mm..,,  ssnnooww  aaccccuummuullaatteess  oonn  tthhee  ddrriivveewwaayy  aatt    

  

aa  rraattee  mmooddeelleedd  bbyy                                                                  ccuubbiicc  ffeeeett  ppeerr  hhoouurr,,  wwhheerree  tt  iiss  

  

mmeeaassuurreedd  iinn  hhoouurrss  ssiinnccee  mmiiddnniigghhtt..    JJaanneett  ssttaarrttss  rreemmoovviinngg  ssnnooww  aatt  66  aa..mm..    

((tt  ==  66))..    TThhee  rraattee  gg((tt)),,  iinn  ccuubbiicc  ffeeeett  ppeerr  hhoouurr  ,,  aatt  wwhhiicchh  JJaanneett  rreemmoovveess  ssnnooww    

ffrroomm  tthhee  ddrriivveewwaayy  aatt  ttiimmee  tt  hhoouurrss  aafftteerr  mmiiddnniigghhtt  iiss  mmooddeelleedd  bbyy  

  

  

  

  

  

  

((aa))    HHooww  mmaannyy  ccuubbiicc  ffeeeett  ooff  ssnnooww  hhaavvee  aaccccuummuullaatteedd  oonn  tthhee  ddrriivveewwaayy  bbyy  66  

aa..mm..??  

((bb))    FFiinndd  tthhee  rraattee  ooff  cchhaannggee  ooff  tthhee  vvoolluummee  ooff  ssnnooww  oonn  tthhee  ddrriivveewwaayy  aatt  88  

              aa..mm..  

((cc))    LLeett  hh((tt))  rreepprreesseenntt  tthhee  ttoottaall  aammoouunntt  ooff  ssnnooww,,  iinn  ccuubbiicc  ffeeeett,,  tthhaatt  JJaanneett  hhaass  

rreemmoovveedd  ffrroomm  tthhee  ddrriivveewwaayy  aatt  ttiimmee  tt  hhoouurrss  aafftteerr  mmiiddnniigghhtt..    EExxpprreessss  hh  aass  aa  

ppiieecceewwiissee  ––  ddeeffiinneedd  ffuunnccttiioonn  wwiitthh  ddoommaaiinn  00  <<  tt  <<  99..  

((dd))    HHooww  mmaannyy  ccuubbiicc  ffeeeett  ooff  ssnnooww  aarree  oonn  tthhee  ddrriivveewwaayy  aatt  99  aa..mm..??  

  

  

  

  

  

  

  

  

  

40

20

( )v t dtcos( ) 7 tf t te

cos( ) 7 tf t te

0   for 0 6

( ) 125 for 6 7

108 for 7 9.

t

g t t

t

 


  
  

0   for 0 6

( ) 125 for 6 7

108 for 7 9.

t

g t t

t

 


  
  



 103 

22001100  AABB  22  

  

tt  

((hhoouurrss))  
00  22  55  77  88  

EE((tt))  

((hhuunnddrreeddss  ooff  

eennttrriieess))  

00  44  1133  2211  2233  

  

AA  zzoooo  ssppoonnssoorreedd  aa  oonnee--ddaayy  ccoonntteesstt  ttoo  nnaammee  aa  nneeww  bbaabbyy  eelleepphhaanntt..    ZZoooo  vviissiittoorrss  

ddeeppoossiitteedd  eennttrriieess  iinn  aa  ssppeecciiaall  bbooxx  bbeettwweeeenn  nnoonnee  ((tt  ==  00))  aanndd  88  pp..mm..    

((tt  ==  88))..    TThhee  nnuummbbeerr  ooff  eennttrriieess  iinn  tthhee  bbooxx  tt  hhoouurrss  aafftteerr  nnoooonn  iiss  mmooddeelleedd  bbyy  aa  

ddiiffffeerreennttiiaabbllee  ffuunnccttiioonn  EE  ffoorr  00  <<  tt  <<  88..    VVaalluueess  ooff  EE((tt)),,  iinn  hhuunnddrreeddss  ooff  eennttrriieess,,  aatt  

vvaarriioouuss  ttiimmeess  tt  aarree  sshhoowwnn  iinn  tthhee  ttaabbllee  aabboovvee..  

aa..  UUssee  tthhee  ddaattaa  iinn  tthhee  ttaabbllee  ttoo  aapppprrooxxiimmaattee  tthhee  rraattee,,  iinn  hhuunnddrreeddss  ooff  eennttrriieess  

        ppeerr  hhoouurr,,  aatt  wwhhiicchh  eennttrriieess  wweerree  bbeeiinngg  ddeeppoossiitteedd  aatt  ttiimmee  tt  ==  66..    SShhooww  tthhee    

        ccoommppuuttaattiioonnss  tthhaatt  lleeaadd  ttoo  yyoouurr  aannsswweerr..  

bb..    UUssee  aa  ttrraappeezzooiiddaall  ssuumm  wwiitthh  tthhee  ffoouurr  ssuubbiinntteerrvvaallss  ggiivveenn  bbyy  tthhee  ttaabbllee  ttoo    

        aapppprrooxxiimmaattee  tthhee  vvaalluuee  ooff  

  

  

          UUssiinngg  ccoorrrreecctt  uunniittss,,  eexxppllaaiinn  tthhee  mmeeaanniinngg  ooff                                            iinn  tteerrmmss  ooff  tthhee  nnuummbbeerr    

            ooff  eennttrriieess..  

cc..    AAtt  88  pp..mm..,,  vvoolluunntteeeerrss  bbeeggaann  ttoo  pprroocceessss  tthhee  eennttrriieess..    TThheeyy  pprroocceesssseedd  tthhee  

eennttrriieess  aatt  aa  rraattee  mmooddeelleedd  bbyy  tthhee  ffuunnccttiioonn  PP,,    

  

          hhuunnddrreeddss  ooff  eennttrriieess  ppeerr  hhoouurr  ffoorr  88  <<  tt  <<  1122..    AAccccoorrddiinngg  ttoo  tthhee  mmooddeell,,  hhooww  

mmaannyy  eennttrriieess  hhaadd  nnoott  yyeett  bbeeeenn  pprroocceesssseedd  bbyy  mmiiddnniigghhtt  ((  tt  ==  1122))??  

dd..    AAccccoorrddiinngg  ttoo  tthhee  mmooddeell  ffrroomm  ppaarrtt  cc,,  aatt  wwhhaatt  ttiimmee  wweerree  tthhee  eennttrriieess  bbeeiinngg  

pprroocceesssseedd  mmoosstt  qquuiicckkllyy??    JJuussttiiffyy  yyoouurr  aannsswweerr..  
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TThheerree  aarree  770000  ppeeooppllee  iinn  lliinnee  ffoorr  aa  ppooppuullaarr  aammuusseemmeenntt  ppaarrkk  rriiddee  wwhheenn  tthhee  rriiddee  

bbeeggiinnss  ooppeerraattiioonn  iinn  tthhee  mmoorrnniinngg..    OOnnccee  iitt  bbeeggiinnssooppeerraattiioonn,,  tthhee  rriiddee  aacccceeppttss  

ppaasssseennggeerrss  uunnttiill  tthhee  ppaarrkk  cclloosseess  88  hhoouurrss  llaatteerr..    WWhhiillee  tthheerree  iiss  aa  lliinnee,,  ppeeooppllee  mmoovvee  

oonnttoo  tthhee  rriiddee  aatt  aa  rraattee  ooff  880000  ppeeooppllee  ppeerr  hhoouurr..    TThhee  ggrraapphh  sshhoowwss  tthhee  rraattee,,  rr((tt)),,  aatt    

wwhhiicchh  ppeeooppllee  aarrrriivvee  aatt  tthhee  rriiddee  tthhrroouugghhoouutt  tthhee  ddaayy..    TTiimmee  tt  iiss  mmeeaassuurreedd  iinn  hhoouurrss  

ffrroomm  tthhee  ttiimmee  tthhee  rriiddee  bbeeggiinnss  ooppeerraattiioonn..  

aa..    HHooww  mmaannyy  ppeeooppllee  aarrrriivvee  aatt  tthhee  rriiddee  bbeettwweeeenn  tt  ==  00  aanndd  tt  ==  33??    SShhooww  tthhee  

ccoommppuuttaattiioonnss  tthhaatt  lleeaadd  ttoo  yyoouurr  aannsswweerr..  

bb..    IIss  tthhee  nnuummbbeerr  ooff  ppeeooppllee  wwaaiittiinngg  iinn  lliinnee  ttoo  ggeett  oonn  tthhee  rriiddee  iinnccrreeaassiinngg  oorr  

ddeeccrreeaassiinngg  bbeettwweeeenn  tt  ==  22  aanndd  tt  ==  33??    JJuussttiiffyy  yyoouurr  aannsswweerr..  

cc..    AAtt  wwhhaatt  ttiimmee  tt  iiss  tthhee  lliinnee  ffoorr  tthhee  rriiddee  tthhee  lloonnggeesstt??    HHooww  mmaannyy  ppeeooppllee  aarree  iinn  

lliinnee  aatt  tthhaatt  ttiimmee??    JJuussttiiffyy  yyoouurr  aannsswweerrss..  

dd..    WWrriittee,,  bbuutt  ddoo  nnoott  ssoollvvee,,  aann  eeqquuaattiioonn  iinnvvoollvviinngg  aann  iinntteeggrraall  eexxpprreessssiioonn  ooff  rr  

wwhhoossee  ssoolluuttiioonn  ggiivveess  tthhee  eeaarrlliieesstt  ttiimmee  tt  aatt  wwhhiicchh  tthheerree  iiss  nnoo  lloonnggeerr  aa  lliinnee  ffoorr  

tthhee  rriiddee..  

  

22001100  AABB  44  

  

  
  

LLeett  RR  bbee  tthhee  rreeggiioonn  iinn  tthhee  ffiirrsstt  qquuaaddrraanntt  bboouunnddeedd  bbyy  tthhee  ggrraapphh  ooff                                      ,,  tthhee  

hhoorriizzoonnttaall  lliinnee  yy  ==  66,,  aanndd  tthhee  yy--aaxxiiss  aass  sshhoowwnn..  

aa..    FFiinndd  tthhee  aarreeaa  ooff  RR..  

bb..    WWrriittee,,  bbuutt  ddoo  nnoott  eevvaalluuaattee,,  aann  iinntteeggrraall  eexxpprreessssiioonn  tthhaatt  ggiivveess  tthhee  vvoolluummee  

          ooff  tthhee  ssoolliidd  ggeenneerraatteedd  wwhheenn  RR  iiss  rroottaatteedd  aabboouutt  tthhee  hhoorriizzoonnttaall  lliinnee  yy  ==  77..  

cc..    RReeggiioonn  RR  iiss  tthhee  bbaassee  ooff  aa  ssoolliidd..    FFoorr  eeaacchh  yy,,  wwhheerree  00  <<  yy  <<  66,,  tthhee  ccrroossss  

        sseeccttiioonn  ooff  tthhee  ssoolliidd  ttaakkeenn  ppeerrppeennddiiccuullaarr  ttoo  tthhee    yy--aaxxiiss  iiss  aa  rreeccttaannggllee    

        wwhhoossee  hheeiigghhtt  iiss  33  ttiimmeess  tthhee  lleennggtthh  ooff  iittss  bbaassee  iinn  rreeggiioonn  RR..    WWrriittee,,  bbuutt  ddoo    

        nnoott  iinntteeggrraattee,,  aann  iinntteeggrraall  eexxpprreessssiioonn  tthhaatt  ggiivveess  tthhee  vvoolluummee  ooff  tthhee  ssoolliidd..  

  

  

  

2y x
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TThhee  ffuunnccttiioonn  gg  iiss  ddeeffiinneedd  aanndd  ddiiffffeerreennttiiaabbllee  oonn  tthh  cclloosseedd  iinntteerrvvaall  [[--77,,  55]]  aanndd  

ssaattiissffiieess  gg((00))  ==  55..    TThhee  ggrraapphh  ooff  yy  ==  gg’’((xx)),,  tthhee  ddeerriivvaattiivvee  ooff  gg,,  ccoonnssiissttss  ooff  aa    

sseemmiicciirrccllee  aanndd  tthhrreeee  lliinnee  sseeggmmeennttss,,  aass  sshhoowwnn..  

aa..    FFiinndd  gg((33))  aanndd  gg((--22))..  

bb..    FFiinndd  tthhee  xx--ccoooorrddiinnaattee  ooff  eeaacchh  ppooiinntt  ooff  iinnfflleeccttiioonn  ooff  tthhee  ggrraapphh  ooff  yy  ==  gg((xx))  oonn  

tthhee  iinntteerrvvaall  --77  <<  xx  <<  55..    EExxppllaaiinn  yyoouurr  rreeaassoonniinngg..  

cc..    TThhee  ffuunnccttiioonn  hh  iiss  ddeeffiinneedd  bbyy                                                                    

          

            FFiinndd  tthhee  xx--ccoooorrddiinnaattee  ooff  eeaacchh  ccrriittiiccaall  ppooiinntt  ooff  hh,,  wwhheerree  --77  <<  xx  <<  55,,  aanndd  ccllaassssiiffyy  

eeaacchh  ccrriittiiccaall  ppooiinntt  aass  tthhee  llooccaattiioonn  ooff  aa  rreellaattiivvee  mmiinniimmuumm,,  rreellaattiivvee  mmaaxxiimmuumm,,  

oorr  nneeiitthheerr  aa  mmiinniimmuumm  oorr  mmaaxxiimmuumm..    EExxppllaaiinn  yyoouurr  rreeaassoonniinngg..                      

  

22001100  AABB  66  

  

SSoolluuttiioonnss  ttoo  tthhee  ddiiffffeerreennttiiaall  eeqquuaattiioonn                                      aallssoo  ssaattiissffyy  

  

                                                                                        LLeett  yy  ==  ff  ((xx))  bbee  aa  ppaarrttiiccuullaarr  ssoolluuttiioonn  ttoo  tthhee  ddiiffffeerreennttiiaall    

  

eeqquuaattiioonn        
3dy

xy
dx

     wwiitthh  ff  ((11))  ==  22..  

aa..    WWrriittee  aann  eeqquuaattiioonn  ffoorr  tthhee  lliinnee  ttaannggeenntt  ttoo  tthhee  ggrraapphh  ooff  yy  ==  ff  ((xx))  aatt  xx  ==  11..  

bb..    UUssee  tthhee  ttaannggeenntt  lliinnee  eeqquuaattiioonn  ffrroomm  ppaarrtt  aa  ttoo  aapppprrooxxiimmaattee  

          ff  ((11..11))..    GGiivveenn  tthhaatt  ff  ((xx))  >>  00  ffoorr  11  <<  xx  <<  11..11  iiss  tthhee  aapppprrooxxiimmaattiioonn  ffoorr  ff  ((11..11))  ggrreeaatteerr  

tthhaann  oorr  lleessss  tthhaann  ff  ((11..11))??    EExxppllaaiinn  yyoouurr  rreeaassoonniinngg..  

cc..    FFiinndd  tthhee  ppaarrttiiccuullaarr  ssoolluuttiioonn  yy  ==  ff((xx))  wwiitthh  iinniittiiaall  ccoonnddiittiioonn  ff((11))  ==  22..    
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