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AP Calculus Free-Response Questions

1969 AB 1
Consider the following functions defined for all x:
f,(x)=x
f,(X) = xcosx
f,(x) = 3>
f,(x)=x—|x

Answer the following questions (a, b, ¢, 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

f, f, f, f,

(a) Does f(—x)=-1(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 x=3t*-16t>+24t? for —5<t <5.

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. Whatis the velocity when the acceleration is first zero?

1969 AB 3
Given f(x) :%+ Inx, defined only on the closed interval % <X<e.

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

(i) absolute maximum
(i) 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




interval % <X<e.
d. Given that the mean value (average ordinate) of f over the interval is
i, state in words a geometrical interpretation of this number relative

e-1
to the graph.

1969 AB4BC 4
The number of bacteria in a culture atf time t is given approximately by

—t
y =1000(25+te2) for 0 <t <100.

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?2

1969 AB 5
Let R denote the region enclosed between the graph of y=x? and the graph
of y=2x.
a. Find the area of region R.
b. Find the volume of the solid obtained by revolving the region R about
the y-axis.

0,h)

(=5,0) (6,0)

1969 AB 6
An arched window with base width 2b and height h is set into a wall. The arch

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




a. If the archis an arc of a parabola, write an equation for the parabola
relative to the coordinate system shown in the figure. (x-intercepts are
(=b,0) and (b,0). y-interceptis (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 y=

X X

e +e

b. Let R be a point on the curve and let the x-coordinate of R be r (r #0).
The tangent line to the curve at R crosses the x-axis at a point Q. Find

the coordinates of Q.
c. If Pis the point (r,0), 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 Y =X —2X+3:
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.
y

N

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).




d. Sketch the entire graph of y=f (% Xj.

e. Sketch the entire graph of y= f(x-1).

1970 AB 3 BC 2
4

1
Consider the function f given by f(x)=x3 +4x3.

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 fime t> 0 its position

coordinate is x:sin(et).
a. Find the velocity and acceleration of the particle at time t.
b. At what time does the particle first have zero velocity?

c. Whatis the acceleration of the particle at the time determined in part
(b)2

1970 AB 6 BC 5
A parabola P is symmetric to the y-axis and passes through (0, 0) and

(b,e™*) where b>0.
a. Write an equation for P.
b. The closed region bounded by P and the line y:e*b2 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.




1970 AB 7
From the fact that sint <t fort >0, use integration repeatedly to prove the

following inequalities. Show your work.

1., 1., 1.4
1—§x scosx£1—§x +mx forall x>0

1971 AB 1

Let f (x) = In(x) for all x>0, and let g(x) = x* - 4 for allreal x. Let H be the
composition of f with g, thatis, 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

curvesy =3x’ and y = 3 and to the left of the line x =k, where k> 1. q.
X
Find the area of R as a function of k. b. When the area of Ris 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’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 AB4BC 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" and g(x) = 2x° - 9.

1971 AB 5
Let R be the region of the first gquadrant bounded by the x-axis and the curve

2
y =2x-X.
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 =0 and moves along the x-axis in such a
t

1+t%
a. Determine the maximum velocity attained by the particle. Justify your

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




answer.

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

c. Find the limiting value of the velocity as tincreases without bound.
d. Does the particle ever pass the point (500,0)2 Explain.

1971 AB7BC 3

Let f be the function defined by f(x) = | x| .5 e 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
(i) maximum and minimum points
(iii) behavior forlarge | x]|.

1972 AB 1

Letf(x) = 4x - 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 AB2BC 1

A parficle starts at time t = 0 and moves on a number line so that its position at
fime tis given by x(1) = (t- 2)° ( -6).

When is the particle moving to the righte

When is the particle at reste

When does the particle change direction?2

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

a0oo

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

1972 AB4BC 3

A man has 340 yards of fencing for enclosing two separate fields, one of which
is to be arectangle 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.




a. If xis 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 fieldse Justify your answer.

1972 AB 5
Lety=2e cospd.
2
a. Calculate d—yond d_z/
dx dx
b. If xand 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 = %

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 fis defined for all real numbers and has the following three properties:
(i) f(1) =5,
(i) f(3) =21, and

(i) for all real values of a and b, f(a + b) - f(a) = kab + 2b° where k is a
fixed real number independent of a and b.
a. Use a=1and b =2 to find the value of k.
b. Find f'(3).
c. Find f'(x)and f(x) for all real x.

1973 AB 1
Given f(x) = x°-6x° + 9x and a(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 fis limited to the closed interval [0,2], what is the range of
fe  Show your reasoning.

1973 AB 2
A particle moves on the x-axis so that its acceleration at any fime t > 0 is given

by o=£—i2. Whent=1,v= g,onds= —.
8 t 16 48

a. Find the velocity v in terms of t.




b. Does the numerical value of the velocity ever exceed 5002 Explain.
c. Find the distance s from the origin at time t = 2.

1973 AB3BC 1

Given the curve x + xy + 2y2 = 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 AB4BC 2

a. Whatis the set of all values of b for which the graphs of y = 2x + b and y2 = 4x
intersect in two distinct points?

b. In the case b = -4, find the area of the region enclosed by y = 2x -4 and
y2 = 4x.

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

the x-axis the region bounded by y = 2x and y2 = 4x.

1973 AB5BC 3

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

-k . .y
=xe  ask varies through positive values.

1973 AB 6

A manufacturer finds it costs him x” + 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 receivesis $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 > O.

b. Whatis the value of Awhenk =12

10




c. If the line y = kis moving upward at the rate of % units per second, at what

rate is A changing when k = 1¢

1974 AB1BC 1
Given f(x) = |sinx|, -0 <x<0,and g(x) = X 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

X==.
4

1974 AB 2

Let P(x) = X'+ ax’ +bx’ +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, ¢, 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” + c.
a. Find Xo in terms of k such that the tangent lines to the graph of f af (x ,
f(x.)) and (-x_, f(-x_)) are perpendicular.

b. Find the slopes of the tangent lines mentioned in a.
c. Find the coordinates, in ferms of k and ¢, 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.

1
i) f"(x)= for all x in the domain of f.
=2 s

(i) The line tangent to the graph of f at (4,2) has an angle of inclination of
45°. Find an expression for f(x).

1974 AB5BC 4
A ball is thrown from the origin of a coordinate system. The equation of its path

isy= mx—mezmxz, where m is positive and represents the slope of the path of

11




the ball at the origin.
a. For what value of m will the ball strike the horizontal axis at the greatest
distance from the origing 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 origine

1974 AB 6

Given two functions f and g defined by f(x) = tan (x) and g(x) = V2 cos x.
a. Find the coordinates of the point of intersection of the graphs of f and g

in the interval 0 <x <%.

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 ’r] minutes, and 100,000 bacteria at

(t, + 10) minutes.

a. In terms of t only, find the number of bacteria in the culture at any time t
minutes, > 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 = In x, the line x = e, and the x-
QXis.

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) = In (x2 -9).
Describe the symmetry of the graph of f.
Find the domain of f.

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

Write a formula for f (x), the inverse function of f, for x > 3.

Qg 0oTQ0

1975 AB 2
A particle moves along the x-axis in such a way that its position at time t fort >0

is given by x = %T3 -3t + 8t

12




a. Show that at fime 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 = 32

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 f (x) =2|x -1 x*.

a. Whatis the range of the functione
b. For what values of x is the function continuous?e
c. For what values of x is the derivative of f(x) continuous?e

1
d. Determine the _[f(x)dx.
0

1975 AB4BC 1
Given the function defined by y = x + sin(x) for all x such that —% <X 337”.
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 = ¢ where ¢ > 0 intersects the cubic y = 2> +3x° -9 at point P and the

2 .
parabolay = 4x" + 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 ¢ where ¢ > 0.
b. Write the equations of the two tangent lines described in a.

1975 AB 6 BC 2

2 2

Let R be the region in the first quadrant bounded by the graphs of %-ﬁ-é =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.

13




1975 AB7BC 5
Given a function f with the following properties:

(i) f(x+h)= e" f(x) + €* f(n) for all real numbers x and h.
(i) f(x) has a derivative for all real numbers x.

(i) f'(0)=2.

a. Show that f(0) = 0.

b. Using the definition of f'(0), find IimM.

x—0 X

c. Prove there exists a real number p such that f'(x) = f(x) + pe*for all real

numbers x.
d. Whatis the value of the number p that is described in c2

1976 AB 1
Let f be areal-valued function defined by f(x) = v1+6x [J
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 toy =x + 12.

1976 AB 2
Given the two functions f and h such that f(x) = x°-3x" - 4x + 12 and
h(x) = {h(x) =LX; forx =3, and p for x = 3}
X_
a. Find all zeros of the function f.
b. Find the value of p so that the function his 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) = %ond alx) = (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 3% - y2 = 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 =42

14




b. For what values of k will the line 2x + 9y + k= 0 be normal to the hyperbola
3 -y’ =232

1976 AB5BC 3

Given the function defined by y = e " tor all x such that -0 <X<2I0.
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
X

a. Given 5x3+40=j f (t)dt.
C

(i) Find f(x).
(i) Find the value of c.

3
b. If F(X)= j JL+t38dt, find F/(x).

1976 AB7BC 6

For a differentiable function f, let f *(X) = IhlrE\

f(x+h)— f(x—h)
5 .

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

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

c. Write an equation that expresses the relationship between the functions
f * and 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) for0 <x <2 [, and let g(x) = In(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 =%.

15




1977 AB 2

Consider the function f defined by f(x) = (x2 - 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) = e2.
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 q,
about the x-axis.

1977 AB 4 BC 2

Let f and g and their inverses ' and g'] be differentiable functions and let the
values of f, g, and the derivatives " and g’ at x = 1 and x = 2 be given by the
table below:

X ] 2
f(x) 2 3
g(x) 2 T
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'] atx=2.

1977 AB5BC 3

A particle moves along the x-axis with acceleration given by a(t) = 2t—10+1t—2
fort>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?

16




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 AB7BC 6
Let f be the real-valued function defined by f(x) = sin3(x) + sin3| x| .
a. Find f'(x)forx> 0.

b. Find f'(x) forx <O0.

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) = XX - 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) = In(x) for all x> 0. Let
h(x) = (1-In(x))°.
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) = 22)(—_2
X“+X—-2

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

b. At each point of discontinuity found in part a, determine whether f(x) has

17




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) = biis such that g(x) = f(x) wherever fis
+ X

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 tis given by

v(t) =sin(2t). Att=0, the particle is at the origin.
a. For 0 <t < 00 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.ForO<t< % find the average value of the position function determined

in part b.

1978 AB5BC 1

Given the curve X’ - Xy + y2 =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

2
Given the function f defined by f(X)=€""
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)”+ (h(x)’ =1

18




(i) g'(x) = (h(x))’

(i) h(x) >0

(iv) 9(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° -3x" -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 fis defined by f(x) = x e > 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 AB3BC 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 AB4BC 1

A particle moves along a line so that at any time t its position is given by
X(t) = 201t + cos 20t.

Find the velocity at fime t.

Find the acceleration at time 1.

. What are all values of 1, 0 < t < 3, for which the particle is at reste

What is the maximum velocity2

0000

1979 AB5BC 5
Let R be the region bounded by the graph of y = (1/x) In(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” - 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°+ ax’ + bx + c and having the following
properties:
(i) The graph of f has a point of inflection at (0,-2).
(i) 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 and y =Jx.
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 = 45" + 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 = % .

1980 AB 3

Let f(x) = In(xz) forx>0and g(x) = e” for x > 0. Let H be the composition of f with
g, thatis H(x) = f(g(x)), and let K be the composition of g with f, that is, K(x) =
a(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 f *(X), where f *denotes the inverse function of f,
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and find the domain of f ™.

1980 AB4 BC 1

The acceleration of a particle moving along a straight line is given by a =10 e’
a. Write an expression for the velocity v, in terms of time 1, if v=5when 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=0whent=0.

1980 AB 5 BC 2

Given the function f defined by f(x) = cos(x) - cos’x for -1 <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 ¢, 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' - 5x2y2 + 4y4 = 0 and whose graph conftains 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 forline /.

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

d. Give the coordinates of a point thatis on line ¢butis not on the graph of
f.

1980 AB 7
Let p and g be real numbers and let f be the function defined by:

(0 :{1+2p(x—1)+(x—1)2, for xgl}
gx+ p, for x>1
a. Find the value of g, in terms of p, for which f is contfinuous at x = 1.
b. Find the values of p and g for which f is continuous at x = 1.
c. If p and g have the values determined in part b, is " a continuous
functione Justify your answer.
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1981 AB 1

Let f be the function defined by f(x) = X3+ 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 fis parallel to the line y = -2x + 4.

1981 AB 2

Let R be the region in the first guadrant enclosed by the graphs of y = 4 - x2,
y = 3%, 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-QIXiS.

1981 AB3BC 1

Let f be the function defined by f(x) = 12x #13)_gx.

Find the intervals on which f is increasing.

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

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

Find the intervals on which f is concave downward.

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

©Q00Q

1981 AB 4

Let f be the function defined by f(x)
a. Isfan even or odd function? Justify your answer.
b. Find the domain of f.
c. Find the range of f.
d. Find f'(x).

_ 5\/2x2—1 .

1981 AB5BC 2
2x+1 forx<2

Let f be a function defined by f(X)=91 , .
EX +k, forx>2
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a. For what values of k will f be continuous at x =22 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 differenfiable at x = 4. Justify your
answer.

1981 AB 6 BC 4
A particle moves along the x-axis so that at time tits position is given by

x(t) = sin (0 1) for-1 <t<1.

a. Find the velocity at time 1.

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.

un?f(x)=10

a. Find the average (mean) value of f over the closed interval [1,3].
5

b. Find the value of.[(2 f (X)+6)dx
3
c. Given that f(x) = ax + b, find the values of a and b.

1982 AB 1
A parficle moves along the x-axis in such a way that its acceleration at time t for
t>0is given by a(t) = tiz 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 1 > 0.

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

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

1982 AB 2
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X3 —x

Given that fis the function defined by f(x) = — _4 .
x® —4x

a. Find Thelirr; f(x).

b. Find the zeros of f.

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

. Describe the symmetry of the graph of f.

e. Using the information found in parts a, b, ¢, and d, sketch the graph of f
on the axes provided.

(o}

1982 AB 3 BC 1
Let R be the region in the first guadrant that is enclosed by the graph of y =

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

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. Xis moved away from the building at the

constant rate of %foo’r per second.

a. Find the rate in feet per second at which the length QY 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 Xis 9 feet from the building.

1982 AB 5 BC 2

Let f be the function defined by f(x) = (x2 +1)e” for-4 < x < 4.
a. For what value of x does f reach its absolute maximum?e 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, fis 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 f'(0).
c. If |, and |, are lines tangent to the graph of f at (-p,1) and (p.1),
respectively, and if I] and |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 + In(xz).
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 fatx = 1.

1983 AB 2
A particle moves along the x-axis so that at time t its position is given by
x(f) =12 -6t° + 9t + 11,
a. Whatis the velocity of the particle at t =02
b. During what time intervals is the particle moving to the left?
c. Whatis the total distance traveled by the particle fromt=0to t =22

1983 AB3BC 1

Let f be the function defined for %5 x < %ﬂby f(x) =x+ sin’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

1 1
Let R be the shaded region between the graph of x2 +y2 =2 and the x-axis from
x=0tox=1.

a. Find the area of R by setfting 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 AB5BC 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 fime t. This brings the jogger to a stop in10 minutes.
a. Write an expression for the velocity of the jogger at time 1.
b. Whatis 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!
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.

2, the

1984 AB 1
A particle moves along the x-axis so that, at any time t > 0, its acceleration is
given by a(t) =é 1+ 6. At time t = 0, the velocity of the particle is -9, and ifs
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 righte

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) = 2 X

for %X <x< Z.
2 2

a. State whether fis 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 3BC 1
Let R be the region enclosed by the x-axis, the y-axis, the line x = 2, and the

y =2e” + 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
sefting up and evaluating a definite integral. Your work must include an

antiderivative.
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1984 AB4BC 3
A function fis 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<x<-1 Positive Positive
Xx=-1 Fails to exist Fails to exist
—l<x<1 Negative Positive
x=1 Zero Zero
1<x<3 Negative negative

a. What are the x-coordinates of all absolute maximum and minimum points
of f on the interval [-3,3]9 Justify your answer.
b. What are the x-coordinates of all points of inflection on the interval
[-3,3]2 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 (1 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 %uni’r 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) = zﬁ‘i.
X i

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.£(0)).
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1985 AB2BC 1
A particle moves along the x-axis with acceleration given by a(t) = cos(t)
fort>0. Att=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 tis the particle moving to the righte Justify your
answer.

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

1985 AB 3

Let R be the region enclosed by the graphs of y = e”, y = e and x =In 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 AB4BC 3
Let f(x) = (14 D)x2 and g(x) = kzsin%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]2

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 2610 cubic
centimeters per minute. At the instant the radius of the cylinder is 3 centimeters,
the volume of the balloon is 1441 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 cylindere

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 fis 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?e A
relative minimum@e 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 fo
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” - x_ 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
9x* - 36
x?-9
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.

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

1986 AB 3BC 1
A particle moving along the x-axis so that at any time t > 1 its acceleration is

given by a(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) fort > 1.

b. Find the position x(t) fort > 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:

f(X):{\x—]HZ, for x <1 }

ax® +bx, for x >1, where a and b are constants

a. fa=2and b =3, is f confinuous of all x¢ Justify your answer.
b. Describe all values of a and b for which fis a continuous function.
c. For what values of a and b if f both continuous and differentiable?

1986 AB 5 BC 2

2
Let A(x) be the area of the rectangle inscribed under the curve Y =€ 2X with
vertices at (-x, 0) and (x, 0), x> 0.
a. Find A(1).
b. Whatis the greatest value of A(x)¢ Justify your answer.
c. Whatis 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’ x, y = %sec2 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 parficle moves along the x-axis so that its acceleration at any time tis given
by a(t) = 6t - 18. Attime 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 tis the particle at reste

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 fromt=11o t= 3.

1987 AB 2
Let f(x) = v1-sinx [

a. Whatis the domain of f¢

b. Find f'(x).

c. Whatis the domain of f'(x)2

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 /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 In(x2 + 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 fime t, let h be the depth
and V be the volume of water in the frough.

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

1
b. Whatis the rate of change in h at the instant when the trough is qull by

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

1
instant when the frough is Z 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 = ¢, and the x-axis.

is increasing or decreasing. Justify your

. Determine whether g(x) = f(l

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) =vx* -16x* .
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(20 1).

a. Find the acceleration a(t) of the particle at any time 1.

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 tif x(0) = 0.

1988 AB 3

Let R be the region in the first quadrant enclosed by the hyperbola X - y2 =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™ 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 ¢, 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= for

x?+2
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. Whatis the average value of y= ZX 5 on the interval 0 < x 5\/58
X +
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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’ + bx
i) f'()=6and f"())=18

i) j'f(x):l&

Find f(x). Show your work.

1989 AB 1

Let f be the function given by f(x) = X" - 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 =v6x+4
O0the line y = 2x, and the y-axis.
a. Find the area of R.
c. Setup, 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
fort=0is given by a(t) = 4 cos(2t). Attime 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 (1) of the particle.

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

c. Forwhat 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
P-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).

’ _r-.l'nr
T
1
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1989 AB 5
The figure above shows the graph of f’, the derivative of a function f. The
domain of fis 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 tangente

b. For what values of x in the interval (-10, 10) does f have a relative
maximum?2

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, 3—1’ =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 1.
b. At what rate is the amount of oil in the well decreasing when there are
600,000 gallons of oil remaining?e
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 1> 0is given by a(t) = 121> - 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 fromt=0to t = 2.

1990 AB 2

Let f be the function given by Inil.
X_

a. Whatis the domain of f2
b. Find the value of the derivative of f at x = -1.

c. Write an expression for f *(X), where f ‘denotes the inverse function of
f.

1990 AB 3

Let R be the region enclosed by the graphs of y = e”, 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-
QXis.
c. Setup, 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 3601 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’x - sin(x) for0<x< 3?77

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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ax+b

>—and that has the following
X —c

Let f be the function that is given by f(x) =

properties.
i) The graph of fis symmetric with respect to the y-axis.
ii) Iirzn f (X) =400

i) f'(1)=-2.

a. Determine the values of g, 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) f"(x)=24x-18
i) f'(1)=-6
i) £(2)=0

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 + sini0x) and y = x* from x = 0
tox=1.

a. Find the area of R.

b. Setup, 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. Setup, but do notintegrate, 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)]'5 for % <x< gm

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 f*(x)denote the inverse function of f. Write an expression that gives

f (x) for all x in the domain of f 1.

1991 AB 4

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

g 00O

N

X[~
X —_

N

Find all the zeros of f.
Find f'(2).

Find f'(-1).

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 O<x<1 1 l<x<?2 2 2<x<3
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.

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

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 iluminated 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.)

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 fastis the shadow of the tightrope walker's feet moving up the wall
of the Tee Building when she is 10 feet from point B2 (Indicate units.)

1992 AB 1

Let f be the function defined by f(x) = 3x° -5 + 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 parficle moves along the x-axis so that its velocity at time t, 0 <t < 5, is given
by v(t) = 3(1-1)(t-3). Attime t =2, the position of the particle is x(2)=0.

a. Find the minimum acceleration of the particle.

b. Find the total distance fraveled 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) =1In | X

1+ x?

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

d. Find the range of f.

1992 AB4BC 1
Consider the curve defined by the equationy + cos(y) =x+ 1 for0 <y <20.

dy

a. Find —=in terms of y.
dx

b. Write an equation for each vertical tangent to the curve.
2

c. Find z—zlin terms of y.
X

1992 AB 5 BC 2

Let f be the function given by f(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 infegral 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 1, 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 sphereis 1 and att =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*-5x" + 3x + k, where k is a constant.
a. On what interval is f increasing?
b. On whatintervals 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™.

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

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

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

1993 AB3BC 1

Consider the curve y2 = 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 AB4BC 3
Let f be the function defined by f (x) =In(2+sinx) for 0 <x < 20.

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.
A

It

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

X

S
—
[

1993 AB 5
The figure above shows the graph of f'(x), the derivative of a function f. The

domain of fis 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 ferms 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 IXIIQ P(t).

1994 AB 1

Let f be the function given by f(x) = 3x* + x* - 21x".
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 AB2BC 1

Let R be the region enclosed by the graphs of y = e, 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-
QXis.
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+ Xy + y2 =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)=tInt-1.
a. Write an expression for the acceleration of the particle.
b. For what values of tis the particle moving to the righte
c. Whatis the minimum velocity of the particle?2 Show the analysis that
leads to your conclusion.

1994 AB 5 BC 2

2
N

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 2501 square inches, find the
rate of increase in the area enclosed between the circle and the
square. Indicate units of measure.

1994 AB 6
X

Let F(x) = jsintzdtfor 0<x<3.
0

a. Use the Trapezoidal Rule with four equal subdivisions of the closed

41




interval [0, 1] to approximate F(1).
b.On what intervals is F increasinge
c. If the average rate of change of F on the closed interval [1, 3] is k, find

3
the Isintzdt in terms of k.
0

1995 AB 1
. . 2X
Let f be the function given by f(X) = ——.
VX2 +x+1

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) =1t cos(t). Attime t =0, the position of the particle isy = 3.

a. For what values of 1, 0 <1t < 5, is the particle moving upwarde
b. Write an expression for the acceleration of the particle in terms of 1.
c. Write an expression for the position y(t) of the particle.
d. For t> 0, find the position of the particle the first fime the velocity of the
particle is zero.
1995 AB 3
Consider the curve defined by 8x° + Sxy + y3 =-149.
a. Find d_y
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] and R2 shown above are enclosed by the graphs of

f(x) =x* and g(x) = 2"
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, about the liney =5. Do not evaluate.

1995 AB5BC 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
4000 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 whatrate is the volume of water in the conical tank changing
when h = 32 Indicate the units of measure.
c. Lety be the depth, in feet, of the water in the cylindrical fank. At
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what rate is y changing when h = 32 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) = 0 f(t) dtfor 1 <x<7.

=2 |

a. Find h(1).

b. Find h’ (4).

c. On what interval orintervals 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.

¥ =frix) .
-—3-2\ri/0/1 2 3 A [

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 fis the set of all real numbers x such that -3 <x < 5.
a. For what values of x does f have a relative maximum?g Why?
b. For what values of x does f have a relative minimum?g Why?
c. On whatintervals 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 for4 <x<9.
X

a.
o.

d.

N

Find the area of R.

If the line x = k divides the region R info two regions of equal area, what it
is the value of k2

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 AB3BC 3

The rate of consumption of cola in the United States is given by S(t) =C ekt,
where S is measured in billions of gallons per year and t is measured in years from
the beginning of 1980.

a.

b.

C.

d.

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.
Find the average rate of consumption of cola over the 10-year time
period beginning January 1,1983. Indicate units of measure.

Use the trapezoidal rule with four equal subdivisions to estimate the
integral from 5 to 7 of S(t) dt.

Using correct units, explain the meaning of the integral from 5 to 7 of S(t)
dt in terms of cola consumption.

1996 AB4BC 4
This problem deals with functions defined by f(x) = x + b sin x, where b is positive
and constant and [- 201, 201].

a.

o.

C.

Sketch the graphs of two of these functions, y = x + sin(x) andy =x + 3
sin(x), as indicated below.

Find the x-coordinates of all points, [-2[1, 2], where the liney =x+ b is
tangent to the graph of f(x) = x + b sin(x).

Are the points of fangency described in part (b) relative maximum points
of f 2 Why?

For all values of b > 0, show that all inflection points of the graph of f lie
on the liney = x.
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1996 AB 5
An oil storage tank has the shape shown above, obtained by revolving the

curvey = %f 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 initiallye
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 = 42 Indicate units of measure.

¥ g

3 ﬂy/;;-ﬁ.-%
Q
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1996 AB 6

2
Let [ is tangent to the graph of y = x - SXEOT the point Q, as shown in the figure

above.
a. Find the x-coordinate of point Q.

b. Write an equation for line 7.
2

c. Suppose the graph of y = x - ;z)—oshown in the figure, where x and y are

measured in feet, represents a hill. There is a 50-foot free growing
vertically at the top of the hill. Does a spotlight at point P directed along
the line | shine on any part of the tfree¢ 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 > 0is given by

v(t) =3t - 2t- 1. The position x(f) 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.
¥
//_P{U.E)
¥ =405}
ei5.m
7 \ *
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 fis parallel to line PQ.
d. Let R be the region in the first guadrant bounded by the graph of f and
line segment PQ. Write an intfegral 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) = vx-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) = - 6xC + 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 fin 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 AB5BC 5
The graph of a function f consists of a semicircle and two line segments as

X
shown below. Let g be the function given by _[ f (t)dt
0

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.

N

~§ mf =3 =2 - o
161 13\'/2 5

{3! —"1}
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1997 AB 6 BCé
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 - -2v - 32, with initial condition v(0) = -50.

dx
a. Use separation of variables to find an expression for v in terms of 1, where
tis measured in seconds.
b. Terminal velocity is defined as Itimv(t). Find the terminal velocity of the
skydiver to the nearest foot per second.
c. Itis 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-OXiS.

d. The verfical line x=k divides the region R info 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”.
a. Find lim f(x) and lim f (x).
b. Find the absolute minimum value of f. Justify that your answer is an

absolute minimum.
c. Whatis the range of ¢

d. Consider the family of functions defined by y = bx e™, where b is a

.. bx .
nonzero constant. Show that the absolute minimum value of bx e~ 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 fraveling on a straight road, for
0 <t< 580, 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 areason for your answer.

b. Find the average acceleration of the car, in fT/secQ, over the interval O
<t<50.

c. Find one approximation for the acceleration of the carin f’r/secz, att=
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

3x° +1
2y
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).

the slope is given by

2
c. Find f(x) by solving the separable differential equation :—y= 3X2;1
X

with

the initial condition f(1) = 4.
d. Use your solution from part (c) to find f(1.2).
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1998 AB5BC 5
The temperature outside a house during a 24-hour period is given by

F(t) =80 -10 cos%, 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,
betweent=6and 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 2y3 + 6x2y 2% + 6y = 1.
a. Show that &= 4X=2
dx x"+y°+1
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 v(t) =tsin(t?) for t > 0.

a. In which direction (up or down) is the particle moving at time t = 1.52
Whye

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?e

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 fromt=0to t = 2.

1999 AB2BC 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 AB3BC 3
The rate at which water flows out of a pipe, in gallons per hour, is given by @
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. Isthere some time 1, 0 <t <24, such that R'(f) = 02 Justify your answer.

c. The rate of water flow R(t) can be approximated by

Q(t) =7—19 (768 + 23 t —12). 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 f(0)=2, f'(0)=-3, and f"(0) =0.Let g be a function whose derivative is

given by g'(X) =e > (Bf(x)+2f'(x)for all x.
a. Write an equation of the line tfangent 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 = 02 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 g"(x)=e (-6 f (x) — f'(x)+2f"(x). Does g have a local
maximum at x =02 Justify your answer.

1999 AB5BC 5
The graph of the function f, consisting of three line segments, is given below.

Let
g(x)=!f(t)dt. B

3

A e
=2 =10 1 3 v
AN

4, -1}

_EF

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 atx =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 | is tangent to the graph of y = iz at point P, with
X

coordinates (w, iz), where w > 0. Point Q has coordinates (w,0). Line |
W

crosses the x-axis at the point R, with coordinates (k, 0).
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o.
. Suppose that w is increasing at the constant rate of 7 units per

Find the value of k when w = 3.
For all w > 0O, find k in tferms of w.

second. When w =5, what is the rate of change of k with
respect to time?

. 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
y=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 2BC 2

Two runners, A and B, run on a straight racetfrack 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

24t

Runner B is given by the function v defined by v(t) = ——

2t+3°
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a

b.

3. 10 10, 1235

Velrcity of Rutner 4

{meiers per weeond)

Dr—'uwhud\qn\ﬂa

. Find the velocity of Runner A and the velocity of Runner B at time t =
2 seconds. Indicate units of measure.

Find the acceleration of Runner A and the acceleration of Runner B
at time

t = 2 seconds. Indicate units of measure.

Find the total distance run by Runner A and the total distance run by
Runner B over the fime interval 0 <t < 10 seconds. Indicate units of
measure.

N

/

AW,

- gr I R T T W T S R

2000 AB 3
The figure above shows the graph of f ', the derivative of the function f, for
-7/ <x<7.
The graph of f' has horizontal tangent lines atx =-3, x =2, and x = 5,
and a vertical fangent 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 aftains a relative
maximum. Justify your answer.

c. Find all values of x, for—-7 <x <7, at which " (x) <0.

d. At what value of x, for -7 < x <7, does f attain its absolute maximum?2
Justify your answer.




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 vt +1 gallons per

minute, for 0 <1 < 120 minutes. At tfime 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 minutese

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. Atwhattime t, for 0 <t <120, is the amount of water in the tank a
maximum?¢ Justify your answer.

2000 AB5BC 5
Consider the curve given by xy’ —x’y =6.

2 2
a. Show that & = 3Y=Y"
dx  2xy-x°
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
. : : . dy 3x?
Consider the differential equation e
e
a. Find a solution y = f(x) to the differential equation satisfying f(0) = %

b. Find the domain and range of the function f found in part (a).

y

K J-)’=!a.nx
s Sy=2-x’

R

—
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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
i Wir
(days) (°C}
G 20
3 31
6 28
o 24
12 22
15 21
2001 AB 2

The temperature, in degrees Celsius (°C), of the waterin 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 frapezoidal
approximation with subintervals of length At = 3 days.

c. A student proposes the function P, given by P(t) =20 + 10te(H/3), as a
model for the temperature of the water in the pond at time t, where tis
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 ¢ to find the average value, in degrees
Celsius, of P(t) over the time interval 0 <t < 15 days.
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{2, 15) (18, L5)

) \ /
Q t {seconds)

(10, -15) (14,-15)

2001 AB 3

A car traveling on a straight road with velocity 55 ft/sec at time t = 0. For

0 <t < 18seconds, the car’s acceleration aft), in ft/sec?, is the piecewise linear
function defined by the graph above.

a. Is the velocity of the carincreasing 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 intferval 0 <t < 18, what is the car’s absolute maximum
velocity, in ft/sec, and at what time does it occure Justify your answer.

d. Atwhat timesin 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
2 —

his given by h'(x) = X =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 > 42 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.

1
b. |fj f (x)dx=32, what is the value of k2
0

2001 AB 6

The function f is differentiable for all real numbers. The point (3, %) is on the

graph of y = f(x), and the slope at each point (x,y) on the graph is given by

d_y: y2(6 - 2x)
dx
., d?y : . 1
a. Find o and evaluate it at the point (3, Z)'
X

b. Find y = f(x) by solving the differential equation j—= y2(6 — 2x) with the
X

1

initial condition f(3) = 1

2002 AB 1
Let f and g be the functions given by f(x) = exand g(x)=In x.
a. Find the area of the region enclosed by the graphs of f ad g between

X= E and x = 1.
b. Find the volume of the solid generated when the region enclosed by the
1
graphs of f and g between x = E 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

1
minimum value of h(x) on the closed interval E <x<1,and find the

1
absolute maximum value of h(x) on the closed interval E <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
15600
(t* —24t+160)°

The rate at which people leave the same amusement park on the same day is
modeled by the function L defined by
9890
(t* -38t+370)

Both E(f) and L(t) are measured in people per hour and time tis measured in
hours after midnight. These functions are valid 9 <t <23, the hours during which
the park is open. Attime 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 parkis $15 until 5:00 p.m. (t = 17). After
5:00 p.m., the price of admission to the parkis $11. How many dollars
are collected from admissions to the park on the given day?¢ Round
your answer to the nearest whole number.

1
c. Let H(t) :J'(E(x)— L(x)dx for 9 <t<23. The value of H(17) to the nearest
0

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. Atwhattime 1, for ? <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 v(t) :sin(%tj.

a. Whatis the acceleration of the object at time t = 42

b. Consider the following two statements.
Statement I: For 3 <1< 4.5, the velocity of the object is decreasing.
Statement Il: For 3 <t < 4.5, the speed of the object is increasing.
Are either or both of these statements correcte 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. Whatis the position of the object at time t = 42
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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 g(x) =j f(t)dt.
0

-1k

_zl

a. Find g(-1), g'(-1) . and g"(-1).

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
containeris 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

_—3cm/hr.
10

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. Whatis the constant of proportionality?

2002 AB 4

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 ' 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.

15
a. Evaluate J'(Bf'(x)+4)dx. Show the work that leads to your answer.
0

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

. Let g be the function given by g(x) ={

where x = 1. Use this line o approximate the value of f(1.2). Is this
approximation greater than or less than the actual value of f(1.2)2

Find a positive real number r having the property that there must exist a
value c with 0 < c <0.5 and '’ (c)=r. Give areason for your answer.

2x° —x—7 forx<0
2x2 +x—7 forx>0/

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 functione Give a
reason for your answer.
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2002 (FORM B) AB 1
X3
2

Let R be the region bounded by the y-axis and the graphs of y = 1
+ 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
P'(t) =1-3e > gallons per day, where tis 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 = 92 Why or why note
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. Aninvestigator uses the tangent line approximation to P(t) att =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 1, for 0 <t <16,
is given by v(t) = e2snt— 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 fime is the particle moving to the lefte Give a

reason for your answer.
c. Find the total distance traveled by the particle from t=01to t = 4.
d. Is there any time 1, 0 < t <16, at which the particle returns to the origine
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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.

Graph of [

The graph of f has a horizontal tangent line at x = 6. Let

g(x):5+Jf(t)dt for —3<x<15.

6
a. Find g(6),9'(6), and g"(6).
b. On what intervals is g increasing¢ Justify your answer.
c. On whatintervals is the graph of g concave down?¢ Justify your answer.

15
d. Find a trapezoidal approximation of j f (t)dt using six subintervals of length
-3

At =3.

2002 (FORM B) AB 5
Consider the differential equation % = ﬂ.
X Yy
a. Lety = f(x) be the particular solution to the given differential equation for
1 <x<5such that the line y = -2 is tangent to the graph of f. Find the x-
coordinate of the point of fangency, and determine whether f has a local
maximum, local minimum, or neither at the point. Justify your answer.
b. Lety = g(x) be the particular solution to the given differential equation for
-2 < x < 8, with the initial condition g(6) = -4. Findy = g(x).

2002 (FORM B) AB 6
Ship A is fraveling due west toward Lighthouse Rock at a speed of 15 kilometers
per hour. Ship B is fraveling 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 fime 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 0 be the angle shown in the figure. Find the rate of change of 4, in
radians per hour, when x =4 km and y = 3 km.

Ship B We—t—E

y

'I,xghlhouxc .
Rock

RSN

2003 AB 1
Let R be the shaded region bounded by the graphs of y=+/x andy=e=* and
the verficalline x = 1, as shown in the figure below.

ol 1

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 tis given by
2

v(t) :—(t+1)sin[%]. 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= 22 Why or why not?

b. Find all times tin 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 fime t = 0 until time t
= 3.

d. During the fime interval 0 <t < 3, what is the greatest distance between
the particle and the origineg 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.

R(1)
b t R(1)
cé @ (minutes) | (galloas per minute)
§ sod 0 20
5 < 30 30
E 30} 40 40
= 204 50 55
E 10 70 65
o p 90 70

10 20 30 30 S0 60 70 80 90
Time

a. Use data from the table to find an approximation for R'(45). 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 R"(45)? Explain your reasoning.
90
c. Approximate the value of j R(t)dt using a left Riemann sum with the five
0

subintervals indicated by the data in the table. Is this numerical
90

approximation less than the value of j R(t)dt 2 Explain your reasoning.
0
b
d. For 0 < b < 90 minutes, explain the meaning of jR(t)dt in terms of fuel
0

b
consumption for the plane. Explain the meaning of %IR(t)dt in terms of
0

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 ', the derivate of f, consists of one line segment and a semicircle, as

shown below.

Graph of f*

On what intervals, if any, is f increasing? Justify your answer.
Find the x-coordinate of each point of inflection of the graph of f on

the open interval -3 < x < 4. Justify your answer.

(0.3).

2003 AB 5

e,
- ~ -
-
> -~

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

Find f (-3) and f (4). Show the work that leads to your answers.

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 -5z+vh cubic inches per second.

a. Show that % =

dt

Jh

-
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b. Given that h =17 at time t =0, solve the differential equation % :—?.

for h as a function of t.
c. At what time tis the coffeepot emptye

2003 AB 6
Let f be the function defined by

f(x):{\/mmrogxs3}

5—-x for3<x<5

a. Is f continuous at x = 32 Explain why or why not.
Find the average value of f (x) on the closed interval 0 <x < 5.
c. Suppose the function g is defined by

g(x):{kaorOSXS?:}

o

mx+2 for3<x<5

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 f(x)=4x*—x3, and let | be the liney = 18 - 3x,
where | 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 |, and the x-axis, as shown below

y=fix)
N\

[7) \ X o

a. Show that lis 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 — Qxis.

68




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

H{)=2+ gallons per hour. During the same time interval, heating oll

10
@+ In(t+2)
2
is removed from the tank at the rate R(t) =123in[%j 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 areason for your answer.

c. How many gallons of heating oil are in the tank at time t = 12 hours?

d. Atwhattimet, for 0 <t<12,is the volume of heating oil in the tank the
least? Show the analysis that leads to your conclusion.

Distance
z (mm) 0 60 120 | 180 | 240 | 300 | 360
Diameter
B(z) (mm) | 24 30 28 30 26 24 26

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;

275 2
c. Using correct units, explain the meaning of 72"[ (@) dx in terms of the
125
blood vessel.

d. Explain why there must be at least one value x, for 0 < x < 360, such that
B"(x) =0.

2003 (FORM B) AB 4
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A particle moves along the x-axis with velocity at time t > 0 given by
v(t)=—1+e"".
a. Find the acceleration of the particle at time t = 3.

b. Is the speed of the particle increasing at time t = 32 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 g(x)=_x[f(t)dt.

|

O 1 2 3 4\5/6 17

o L O O il
| (T T PR |

Graph of f

a. Find g(3), g'(3), and g"(3).
b. Find the average rate of change of gon the interval 0 <x < 3.
c. Forhow many values c, where 0 < c < 3,is g'(c) equal to the average

rate found in part b2 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
f(3) =25.

a. Find f"(3).

b. Write an expression for y = f (x) by solving the differential equation

% =xJy with the initial condition f(3)=25.
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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 F(t) =82+4sin[%] for 0 <t <30, where F(1)

is measured in cars per minute and tis 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 <152 Indicate units of measure.

d. Whatis the average rate of change of the traffic flow over the time
interval 10 <1< 152 Indicate units of measure.

2004 AB 2
Let f and g be the functions given by

f (X) = 2x(1—x) and g(x) =3(x—1)+/x for 0<x<1. The graphs of f and g are shown
in the figure below.

y=f(x)

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 gis revolved about the horizontal line

y =2.
c. Let h be the function given by h(x) =kx(1—x) for 0<x<1. Foreach 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 fime t > 0 is given by

v(t) =1-tan'(e'). Attimet=0, the particleis aty = -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. s the particle moving

toward the origin or away from the origin at time t = 22 Justify your

answer.
2004 AB 4
Consider the curve given by X% +4y? =7+ 3xy.
a. Show that Q:M
dx 8y-3x

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.

2
c. Find the value of M at the point P found in part b. Does the curve

dx?
have a local maximum, a local minimum, or neither at the point P2

Justify your answer.

-3,2)

/\0(0.!) (2. 1)

s W,
0 Y

/ 1 @.-1)

Graph of f

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 g(x):I f (t)dt.
-3

a. Find g(0) and g'(0).
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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 ¢

has a point of inflection.

2004 AB 6
Consider the differential equation % =x*(y-1).

a. On the axes provided, sketch a slope field for the given differential
equation at the twelve points indicated.

- 3 -

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 f(0)=3.

2004 (FORM B) AB 1
Let R be the region enclosed by the graph of y=+x-1, 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 R(t) =5\/t_cos(éj mosquitoes per day. There are

1000 mosquitoes on Tropical Island at fime 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 areason 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 <312 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 <1< 40 are shown in the table below.

¢ (min) 0| S |10|15](120 |25 |30 |35] 40
v(t) (mpm) |7.0|92(95|70(45|24(24|43(73

a. Use a midpoint Riemann sum with four subintervals of equal length and
40

values from the table to approximate Iv(t)dt. Show the computations
0

that lead to your answer. Using correct units explain the meaning of
40
_[v(t)dt. in terms of the plane’s flight.

0
b. Based on the values in the table, what is the smallest numlber of instances

at which the acceleration of the plane could equal zero on the open
interval 0 <t <402 Justify your answer.
t

c. The function f, defined by f(t) :6+COS(EJ+BSM(%]’ is used fo 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 = 232 Indicates

units of measures.
d. According to the model f , given in part ¢, what is the average velocity

of the plane, in miles per minute, over the time interval 0 <t < 402
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Graph of f*
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 f(2) =6.

a. Find the x-coordinate of each of the points of inflection of the graph of
f . Give areason for your answer.

b. At what value of x does f attain its absolute minimum value on the
closed inferval -1 < x <52 At what value of x does f attain its absolute

maximum value on the closed interval -1 < x <52 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 atx = 2.

2004 (FORM B) AB 5
Consider the differential equation % =x*(y-2).

a. On the axes provided, sketch a slope field for the given differential
equation at the twelve points indicated.

= o 1

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 f(0)=0.

X an

0

2004 (FORM B) AB 6
Let | be the line tangent to the graph of y=x" at the point (1, 1), where n > 1,

as
shown above.

1
a. Find fx”dx in terms of n.
0

b. Let T be the triangular region bounded by |, the x-axis, and the line

x=1. Show that the area of T s 2_1n

Let S be the region bounded by the graph of y=x", the line |, 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.
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2005 AB 1

Let f and g be the functions given by f(x) =%+sin(;zx) and g(x) =47 (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 R(t) = 2+53in(2—7§]. A pumping station adds sand to the beach at a

rate modeled by the function S, given by S(t) _ 1t Both R(t) and S(t) have

1+ 3t
units of cubic yards per hour and tis measured in hours forO <t< 6. Attimet=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 1 = 4.
d. For 0 <t <6, at what time tis the amount of sand on the beach a
minimum?2¢ 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)
(°C) 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 (°C), of

the wire x cm from the heated end. The function Tis decreasing and twice

differentiable.
a. Estimate T'(7). 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 frapezoidal sum with the four subintervals indicated by the
data in the table. Indicate units of measure.

8
c. Find jT’(x)dx, and indicate units of measure. Explain the meaning of
0
8
IT’(x)dx in terms of the temperature of the wire.
0
d. Are the data in the table consistent with the assertion that T"(x) >0 for
every x in the interval 0 < x < 82 Explain your answer.
2005 AB 4
X O] 0<x<1 |1]|]1<x<2| 2 2<x<3 | 3| 3<x<4
f(x) | -1 | Negative | 0 | Positive | 2 Positive | 0 | Negative
f'(x) | 4 | Positive |0 | Positive | DNE | Negative | -3 | negative
f"(x) | -2 | Negative | 0 | Positive | DNE | Negative | 0 | positive

Let f be a function that is continuous on the interval [0,4). The function fis 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.
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1

c. Let g be the function defined by g(x) = j f (t)dt on the open interval
1

(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 ¢, 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

20
151

10

Velocity
(meters per second)

N

~
p
+

= o0

¢
.
-
J
+

A caris 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.

24 24
a. Find Iv(t)dt . Using correct units, explain the meaning of Iv(t)dt .
0 0

b. For each v'(4) and v'(20), 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 aft).
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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 ¢, for 8 < 1< 20, such
that v'(c)is equal to this average rate of change?¢ Why or why not?

2005 AB 6
dy 2X

Consider the differential equation v

X y

a. On the axes provided, sketch a slope field for the given differential
equation at the twelve points indicated.

4

2e

b. Lety = f(x) be the particular solution to the differential equation with
the initial condition (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 y=Inx and the line
y=x-2.
a. Find the area of R.

b. Find the volume of the solid generated when R is rotated about the
horizontal line y =-3.

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-
Qxis.

2006 AB 2
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At an intersection in Thomasville, Oregon, cars turn left at the rate

L(t) =604t sin? [%) cars per hour over the time interval 0<t <18 hours.

a. To the nearest whole number, find the total number of cars turning left
at the intersection over the time interval 0<t <18 hours.

b. Traffic engineers will consider turn restrictions when L(t) >150 cars per
hour. Find all values of t for which L(t) >150 and compute the

average value of L over 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 fime 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

X
function given by g(X) :j f (t)dt.
0

a. Find g(4),9'(4), and g"(4).
b. Does ¢ have arelative minimum, a relative maximum, or neither at

x =12 Justify your answer.
c. Suppose that f is defined for all real numbers x and s periodic with a

period of length 5. The graph shows two periods of f . Given that
g(5) =2, find g(10) and write an equation for the line tangent to the
graph of g atx = 108.

2006 AB 4

t 0 10 20 30 40 50 60 70 80
(seconds)

v(t) 5 14 22 29 35 40 44 47 49

(feet per
second)
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Rocket A has positive velocity V(t) after being launched upward from an initial

height of 0 feet at timet =0 seconds. The velocity of the rocket is recorded for
selected values of T over the interval 0<t <80 seconds, as shown in the table
above.
a. Find the average acceleration of rocket A over the time interval

0<t <80 seconds. Indicate units of measure.
70
b. Using correct units, explain the meaning of jv(t)dt in terms of the
10
rocket’s flight. Use a midpoint Riemann sum with 3 subintervals of equal
70

length to approximate .[V(t)dt.

10
3

c. Rocket B is launched upward with an acceleration of a(t) = feet
Jt+1

per second per second. At time t =0 seconds, the initial height of the
rocket is O feet, and the initial velocity is 2 fee per second. Which of the
two rocketfs is tfraveling faster at time t =80 seconds? Explain your

answer.

2006 AB 5

Consider the differential equation % = ]ny, where x #0.

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 T (—1) =1and state its domain.

2006 AB 6

The twice-differentiable function f is defined for all real numbers and satisfies
the following conditions:
f(0)=2, f'(0)=—4, and f"(0)=3.
a. The function Qis given by g(X)=e*+ f(X) for all real numbers,
where a is a constant. Find g’(0) and g"(0)in terms of a.
b. The function his given by h(Xx)=cos(kx) f (X) for all real numbers,
where K is a constant. Find N’(X) and write an equation for the line

tangent to the graph of h at x=0.

2007 AB 1

Let R be the region in the first and second quadrants bounded above by the

and below by the horizontal line y =2,

graph of Y= 1_'2_?(2

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<t <7, where tis measured in hours. In this
model, rates are given as follows:

(i) The rate at which water enters the tank is

f(t) :100t23in(\/f) gallons per hour for 0<t<7

(i) The rate at which water leaves the tank is

g(t)= 250 for 0<t<3
2000 for 3<t<7
The graphs of f and ¢, which intersect at t=1.617 and t=5.076, are shown in

the figure above. Attime t=0, the amount of water in the tank is 5000 gallons.

a. How many gallons of water enter the tank during the time interval
0<t<7¢2 Round your answer to the nearest gallon.

b. For 0<t <7, find the time intervals during which the amount of water
in the tank is decreasing. Give a reason for each answer.

c. For 0<t<7, at what time tis the amount of water in the tank
greatest? To the nearest gallon, compute the amount of water at this
time. Justify your answer.

} gallons per hours.

2007AB 3
X f(x) f'(x) 9(x) 9'(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 ( is strictly

increasing. The table above gives values of the functions and their first
derivatives at selected values of X. The function his given by

h(x)=f(9(x))—6.
a. Explain why there must be a value I for 1<r <3 such that h(r) =-5.
b. Explain why there must be a value € for 1<r <3 such that h'(r) =-5.
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9(x)
c. Let W be the function given by W(X) = j f (t)dt. Find the value of
1

w'(3).
d. If g_lis the inverse of g, write an equation for the line tangent to the
graph of y=g}(x)at x=2.

2007 AB 4

A particle moves along the x-axis with position at time t given by X(t) =etsint

for 0<t<2r.
a. Find the time 1 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

AX"(t)+ X' (t)+x(t) =0 for O<t<2r.

2007 AB 5
t 0 2 5 7 11 12
(minutes)
r'(t) 5.7 4.0 2.0 1.2 0.6 0.5
(feet/
minute)

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 I of time t, where t is measured in minutes. For 0<t <12, the graph
of I'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<t<12. The

radius of the balloon is 30 feet when t=5. (Note: The volume of a sphere of
radius I is given by V =%7rr3.)

a. Estimate the radius of the balloon when t=5.4 using the tangent line
approximation at t=5. Is your estimate greater than or less than the
true value? Give areason for your answer.

b. Find the rate of change of the volume of the balloon with respect to
time when t=5. Indicate units of measure.
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c. Use aright Riemann Sum with the five subintervals indicated by the
12

data in the table to approximate I r'(t)dt. Using correct units, explain

0
12

the meaning of I r'(t)dt. in terms of the radius of the balloon.
0

12
d. Is your approximation in part ¢ greater than or less than _[ r'(t)dt e
0
Give a reason for your answer.

2007 AB 6

Let f be the function defined by f(X)=kJX—InX for x>0, where K is a
positive constant.
a. Find f'(x) and f"(x).
b. For what value of the constant kK does f have a critical point at
X=1. For this value of k , determine whether f has a relative

minimum, relative maximum, or neither at X=1. Justify your answer.
c. For a certain value of the constant Kk , the graph of f has a point of

inflection on the x-axis Find this value of K .

2007 AB 1 (Form B)

)
er X

Let R be the region bounded by the graph of y = and the horizontal line

y=2, and let S be the region bounded by the graph of y=e2** and the
horizontal lines y=1and y=2.

a. Find the area of R.

b. Find the area of S.

c. Write, but do not evaluate, an integral expression that gives the
volume of the solid generated when R is rotated about the horizontal
line y=1.

2007 AB 2 (Form B)

A particle moves along the x-axis so that its velocity vV at time t >0is given by
v(t) =sin(t?). The graph of V is shown above for 0<t<57z. The position of the
particle at time t is X(t) and its position at time t=0is x(0) =5.

a. Find the acceleration of the particle at time t=3.
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b. Find the total distance traveled by the particle from time t=0 to t =3.
c. Find the position of the particle at time t=3.

d. For 0<t <57, find the time t at which the particle is farthest to the
right. Explain your answer.

2007 AB 3 (Form B)

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, in
miles per hour (mph). If the air temperature is 32°F , then the wind chill is given
by W (V) =55.6—22.1v%1® and is valid for 5<v<60.

a. Find W'(20). Using correct units, explain the meaning of W'(20)in

terms of the wind chill.

b. Find the average rate of change of W over the interval 5<v<60.
Find the value of V at which the instantaneous rate of change of W is
equal to the average rate of change of W over the interval 5<v <60.

c. Over the time interval 0<t <4 hours, the air temperature is a constant

32°F . Attime t=0, the wind velocity is V=20mph. 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 t=3 hours?
Indicate units of measure.

2007 AB 4 (Form B)

Let f be a function defined on the closed interval -5<x<5with f(1)=3. The
graph of f’, the derivative of f , consists of two semicircles and two line

segments, as shown above.
a. For -5<Xx <5, find all values of X at which f has a relative maximum.

Justify your answer.
b. For -5<x<5, find all values of X at which f has a point of inflection.

Justify your answer.
c. Find all intervals on which the graph of f is concave up and also has

positive slope. Explain your reasoning.
d. Find the absolute minimum value of f(X) over the closed interval

—95<X<5. Explain your reasoning.

2007 AB 5 (Form B)
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Consider the differential equation d— = 1 X+y-1.

a.

dx 2
On the axes provided, sketch a slope field for the given differential
equation at the nine points indicated.

2
Find %in terms of Xand Y. Describe the region in the XY -plane in
which all solution curves to the differential equation are concave up.
Let y= f(X) be a particular solution to the differential equation with
the initial condition f(0)=1. Does f have a relative minimum, a

relative maximum, or neither at X=02 Justify your answer.
Find the values of the constants m and b, for which y=mx+b is a

solution to the differential equation.

2007 AB 6 (Form B)

Let f be a twice-differentiable function such that f(2)=5 and f(5)=2. Let
g be the function given by g(x)= f (f(x)).

Q.
o.

Explain why there must be a value € for 2<C <5 such that f'(c)=-1.
Show that g'(2) =g’(5). Use this result to explain why there must be a
value k for 2<k <5 such that g”(k)=0.

Show that if f”(X)=0 for all X, then the graph of g does not have a

point of inflection.
Let h(x)= f (X)—X. Explain why there must be a value of I for

2<r <5 such that h(r)=0.

2008 AB 1
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Let R be the region bounded by the graphs of y=sin(zx) and y= x3—4x, as

shown in the figure above.
a. Find the area of R.

b. The horizontal line Yy =-2 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
h(x)=3—X. Find the volume of water in the pond.

2008 AB 2

t (hours) 0 1 3 4 7 8 9
L(t) 120 156 176 126 150 80 0
(people)
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Concert tickets went on sale at noon ((t = 0) 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<t<9. Values of L(t) at various times t

are shown in the table above.
a. Use the data in the table fo estimate the rate at which the number of
people waiting in line was changing at 5:30 P.M. (t=5.5). 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 fickets
were on sale.

c. For 0<t <9, whatis the fewest number of times at which L'(t) must

equal 02 Give areason for your answer.

d. The rate at which tickets were sold for 0 <t <9is modeled by
—t
r(t) =550te 2 tickets per hour. Based on the model, how many tickets

were sold by 3 P.M. (t =3), to the nearest whole number?

2008 AB3

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. (Notfe: The volume V of a right circular cylinder with radius

I and height N is given by V = zr?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 ol slick with respect to time, in centimeters per
minute?¢

b. Arecovery device arrives on the scene and begins removing oil. The
rate at which oil is removed is R(t) =400+t cubic centimeters per

minute, where tis 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 twhen 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

vit)
\

Graph of v

A particle moves along the x-axis so that its velocity at time t, for 0<t <6, is
given by a differentiable function V whose graph is shown above. The velocity
isOatt=0, t=3, and t=5, and the graph has horizontal tangents at t =1 and
t =4. The areas of the regions bounded by the t -axis and the graph of Von the
intervals [0,3], [3.5], and [5,6] are 8, 3, and 2, respectively. At time t=0, the
particle is at X =—2.

a. For 0Lt <6, 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, where 0<t <6, is the particle at Xx=-87?
Explain your reasoning.

c. Ontheinterval 2<t <3, is the speed of the particle increasing or
decreasing? Give areason for your answer.

d. During what fime intervals, if any, is the acceleration of the particle
negative? Justify your answer.

2008 AB 5
dy

Consider the differential equation ax =yx—_21, where X#0.

a. On the axes provided, sketch a slope field for the given differential
equation at the nine points indicated.
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b. Find the particular solution y = f (X) to the differential equation with
the initial condition f(2)=0.
c. For the particular solution y = f (X) described in part b, find lm f(x).

2008 AB 6

Let f be the function given by f(X)zInTX for all Xx>0. The derivative of f is

1-Inx

given by f'(X)= )

Write an equation for the line tangent to the graph of f at X =g
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 lim f(x).
x—07"

0

2008 AB 1 (Form B)

Let R be the region in the first quadrant bounded by the graphs of y =+/x and
y= 3
a. Find the area of R.
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b. Find the volume of the solid generated when R is rotated about the
vertical line x=-1.

c. The region R is the base of a solid. For this solid, the cross sections
perpendicular to the y-axis are squares. Find the volume of this solid.

2008 AB 2 (Form B)

For time t >0 hours, let r(t) :120(1—e‘1°t2 ) represent the speed, in kilometers per

hour, at which a car travels along a straight road. The number of liters of

gasoline used by the car to travel x kilometers is modeled by g(x) =O.05x(1—e2j

a. How many kilometers does the car travel during the first 2 hours?

b. Find the rate of change with respect to time of the number of liters of
gasoline used by the car when t =2 hours. Indicate units of measure.

c. How many liters of gasoline have been used by the car when it
reaches a speed of 80 kilometers per houre

2008 AB 3 (Form B)

Distance from the O[ 8|14 | 22|24
river's edge (feet)
Depth of the water 0|7 8 2 |0
(feet)

A scientist measures the depth of the Doe River at Picnic Point. The river is 24
feet wide at this location. The measurements are taken in a straight line
perpendicular to the edge of the river. The data are shown in the table above.
The velocity of the water at Picnic Point, in feet per minute, is modeled by

v(t) =16 + 2sin(vt +10) for 0 <t <120 minutes.

a. Use a trapezoidal sum with four subintervals indicated by the data in the
table to approximate the area of the cross section of the river at Picnic
Point, in square feet. Show the computations that lead to your answer.

b. The volumetric flow at a location along the river is the product of the
cross-sectional area and the velocity of the water at that location. Use
your approximation from part (a) to estimate the average value of the
volumetric flow at Picnic Point, in cubic feet per minute, from t=0tot =120
minutes.
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c. The scientist proposes the function f, given by f(x) =85in( 24), asa

model for the depth of the water, in feet, at Picnic Point x feet from the
river's edge. Find the area of the cross section of the river at Picnic Point
based on this model.

Recall that the volumetric flow is the product of the cross-sectional area
and the velocity of the water at a location. To prevent flooding, water
must be diverted if the average value of the volumetric flow at Picnic
Point exceeds 2100 cubic feet per minute for a 20-minute period. Using
you answer from part (c ), find the average value of the volumetric flow
during the time interval 40 <t <60 minutes. Does this value indicate that
the water must be diverted?

2008 AB 4 (Form B)

3x
The functions f and g are given by f(x) = I»\/4+t2dt and g(x) = f(sinx).
0

Q.
o.
C.

Find f'(x) and g'(x).
Write an equation for the line tangent to the graph of y=g(x) atx = 7.

Write, but do not evaluate, an integral expression that represents the
maximum value of g on the interval 0 < x < z. Justify your answer.

2008 AB 5 (Form B)

(-3, -4)

Graph of g’

Let g be a continuous function with g(2)=5. The graph of the piecewise-linear

function g’, the derivative of g, is shown above for -3<x<7.
a. Find the x-coordinate of all points of inflection of the graph of

y=g(x) for —3<x<7. Justify your answer.
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b. Find the absolute maximum value of gon the interval -3<x<7. Justify

your answer.
c. Find the average rate of change of g(x) on the interval -3<x<7.

d. Find the average rate of change of g’ on the interval —-3<x<7. Does the

Mean Value Theorem applied on the interval —-3< x <7 guarantee a value
of ¢, for -3<c <7, such that g"(c) is equal to this average rate of change?

Why or why not?
2008 AB 6 (Form B)

Consider the closed curve in the xy —plane given by x* +2x+y* +4y =5,

a. Show that dy M
dx  2(y*+1)°
b. Write an equation for the line tangent to the curve at the point (-2,1).
c. Find the coordinates of the two points on the curve where the line
tangent to the curve is vertical.
d. Isit possible for this curve to have a horizontal tangent at points where it
intersects the x—axis? Explain your reasoning.

2009 AB 1

v(t)

0.3

0.2 /
0.1

-0.1

-0.2

Caren rides her bicycle along a straight road from home to school, starting at

home at time t = 0 minutes and arriving at school at t = 12 minutes. During the

time interval 0 <t < 12 minutes, her velocity v(t), in miles per minute, is modeled

by the piecewise-linear function whose graph is shown above.

a. Find the acceleration of Caren'’s bicycle at ’rime t = 7.5 minutes. Indicate
units of measure.

b. Using correct units, explain the meonmg of ,[
Caren'’s trip. Find the value of “ (t)|dt

VOt i terms of

c. Shortly after leaving home, Caren realizes she left her calculus homework at
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home, and she returns to getit. At what time does she turn around to g

back home?2 Give areason for your answer.
d. Larry also rides his bicycle along a straight road from home to school in 12

minutes. His velocity is modeled by the function w given by

T . T

w(t) :Esm(ﬁ,tJ where w(t) is in miles per minute for 0 <t < 12 minutes. Who
lives closer to the school: Caren or Larry? Show the work that leads to your
answer.

2009 AB 2

The rate at which people enter an auditorium for a rock concert is modeled

by the function R given by R(t) = 138Ot2 - 675t3 for0 <t <2 hours; R(t)

is measured in people per hour. No one is in the auditorium at t =0, when

the doors open. The doors close and the concert begins at time t = 2.

a. How many people are in the auditorium when the concert begins?e

b. Find the time when the rate at which people enter the auditorium is a
maximum. Justify your answer.

c. The total wait time for all the people in the auditorium is found by adding the
time each person waits, starting at the time the person enters the auditorium
and ending when the concert begins. The function w models the total wait
time for all the people who enter the auditorium before time t. The derivative
of wis given by w'(t) = (2 - 1) R(f). Find w(2) —w(1), the total wait time for
those who enter the auditorium aftert = 1.

d. On average, how long does a person wait in the auditorium for the concert
to beging Consider all people who enter the auditorium after the doors
open, and use the model for total wait fime from part (c).

2009 AB 3

Mighty Cable Company manufactures cable that sells for $120 per meter.
For a cable of fixed length, the cost of producing a portion of the cable
varies with its distance from the beginning of the cable. Mighty reports
that the cost to produce a portion of a cable that is x meters from the

beginning of the cable is 6\/; dollars per meter. (Note: Profit is
defined to be the difference between the amount of money received by
the company for selling the cable and the company's cost of producing
the cable.)

a. Find Mighty's profit on the sale of a 25-meter cable.
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b. Using correct units, explain the meaning of j 6 N de in context of
this problem 25

c. Write an expression, involving an integral, that represents Mighty's profit on
the sale of a cable that is k meters long.

d. Find the maximum profit that Mighty could earn on the sale of one cable.
Justify your answer.

2009 AB 4

4 2, 4)

o 1 2

Let R be the region in the first quadrant enclosed by the graphs of y = 2x and
y =x2, as shown in the figure above.
a. Find the area of R.

b. The region R is the base of a solid. For this solid, at each x the cross

section perpendicular to the x-axis has area A(X) :sin(Z xj . Find the
volume of the solid. 2

c. Another solid has the same base R. For this solid, the cross sections
perpendicular to the y-axis are squares. Write, but do not evaluate, an
integral expression for the volume of the solid.

2009 AB 5

X 2 3 5 8 | 13

fx) | 1 4 2 3 6

Let f be a function that is twice differentiable for all real numbers. The table
above gives the values of f for selected points in the closed interval 2 < x < 13.
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a. Estimate f ‘(4). Show the work that leads to your conclusion.

13
b. Evaluate  [(3-5f'(x))dx Show the work that leads fo your
2

conclusion.
c. Use a left Riemann sum with subintervals indicated by the data in the

13
fable to approximate j(3—5f'(x))dx. Show the work that leads o
2

your answer.
d. Suppose f (5)=3 and f “’(x) < 0 for all x in the closed interval 5 < x < 8.

Use the line tangent to the graph of f at x = 5 to show that f (7) < 4. Use

the secant line for the graph of f on 5 < x < 8 to show that f(7) > (4/3).

2009 AB 6

A

N7/ N
T3

Graph of f’

>

g(x) for —4<x<0

563 -3 forO0<x<4

The derivative of a function fis defined by f'(x) =

The graph of the continuous function f *, shown in the figure above, has x-
intercepts at x =-2and x =3 In (5/3). The graph of g on -4 < x <0 is a semicircle,
and f (0) =5.
a. For-4 <x <4, find all values of x at which the graph of f has a point
of inflection. Justify your answer.

b. Find f (-4) and f (4).

c. For-4 <x <4, find the value of x at which f has an absolute maximum.
Justify your answer.

2009 AB 1 (Form B)
At a certain height, a tree trunk has a circular cross section. The radius
R(t) of that cross section grows at a rate modeled by the function
dR 1 ] centimeters per year for 0 <t < 3, where tis
— :—(3+3|n(t2))
dt 16
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measured in years. At time t =0, the radius is 6 centimeters. The area
of the cross section at time tis denoted by A(t).
a. Write an expression, involving an integral, for the radius R(f) for

0 <t < 3. Use your expression to find R(3).
k. Find the rote at which the cross-sectional area A(t) is increasing at time t =3
years. Indicgte units of measure.
c. Evaluate IA’(t)dt Using appropriate units, interpret the meaning of

0

that integral in terms of cross-sectional area.
2009 AB 2 (Form B)

A storm washed away sand from a beach, causing the edge of the water to
get closer to a nearby road. The rate at which the distance between the
road and the edge of the water was changing during the storm is modeled
by f ()= \/f_|_ cost —3 meters per hour, t hours after the storm began. The

edge of the water was 35 meters from the road when the storm began, and the
storm lasted 5 hours. The derivative of f (1) is f'(t):i—sint.
24t

a. What was the distance between the road and the edge of the water at the
end of the storm?

b. Using correct units, interpret the value f* (4) = 1.007 in terms of the distance
between the road and the edge of the water.

c. At what time during the 5 hours of the storm was the distance between the
road and the edge of the water decreasing most rapidly? Justify your
answer.

d. After the storm, a machine pumped sand back onto the beach so that the
distance between the road and the edge of the water was growing at a rate
of g (p) meters per day, where p is the number of days since pumping began.
Write an equation involving an integral expression whose solution would give
the number of days that sand must be pumped to restore the original
distance between the road and the edge of the water.

2009 AB 3 (Form B)

v
2

1

4.3 2 1 O

1 2 3 4 5 6

Graph of f
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A continuous function fis defined on the closed interval - 4 < x < 6. The graph of
f consists of a line segment and a curve that is tangent to the x-axis at x = 3, as
shown in the figure above. On the interval 0 < x < 4, the function fis twice
differentiable, with f “'(x) > 0.

a. Is f differentiable at x =02 Use the definition of the derivative with one-
sided limits to justify your answer.

b. For how many values of a, - 4 < a < 6, is the average rate of change of f
on the interval [ a, 6 ] equal to 0¢ Give a reason for your answer.

c. Isthere a value of a, - 4 < a < 6, for which the Mean Value Theorem,
applied to the interval [ a, 6 ], guarantees a value of ¢, a < ¢ < 4, at which
f‘(c)=1/32 Justify your answer.

d. The function g is defined 9(X) =I f(t)dt  for-—4<x<6. Onwhat
0

intervals contained in [ -4, 6 ] is the graph of g concave up? Explain your
reasoning.

2009 AB 4 (Form B)

y
A
2__
4. 2)
T R
} + } } - Y
O 1 2 3 4

X
Let R be the region bounded by the graphs of Y = \/; andy =—,
as shown in the figure above. 2
a. Find the area of R.
b. The region R is the base of a solid. For this solid, the cross sections
perpendicular to the x-axis are squares. Find the volume of this solid.
c. Write, but do not evaluate, an integral expression for the volume of the
solid generated when R is rotated about the horizontal line y = 2.

100




2009 AB 5 (Form B)

Graph of f”

Let f be a twice-differentiable function defined on the intferval -1.2 < x < 3.2
with f(1)=2. The graph of f , the derivative of f, is shown above. The graph

of f “ crosses the x-axis at x = -1 and x = 3 and has a horizontal tangent
at x = 2. Let g be the function given by g(x) = ef),

a. Write an equation for the line tangent to the graph of g at x = 1.

b. For-1.2<x < 3.2, find all values of x at which g has a local maximum.

0"() =e" [ (F(0*+ 1'(0) ] 15g-.

Justify your answer.
c. The second derivative of g is

1) positive, negative, or zero2 Justify your answer.
d. Find the average rate of change of g *, the derivative of g, over the

interval [ 1, 3].

2009 AB 6 (Form B)

t (seconds)

25

32

40

v(t)

(meters per second)

The velocity of a particle moving along the x-axis is modeled by a

Differential function v, where the position x is measured in meters, and time
tis measured in seconds. Selected values of v(t) are given in the table

above. The particle is at position x = 7 meters when t = 0 seconds.

a. Estimate the acceleration of the particle at t = 36 seconds. Show the
computations that lead to your answer. Indicate units of measure.

40

b. Using correct units, explain the meaning of jv(t)dt in the context of

20
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this problem. Use a trapezoidal sum with the three subintervals indicated by
40
the data in the table to appreximate J'V(t)dt

20

c. Suppose that the acceleration of the particle is positive for 0 <t < 8 seconds.

Explain why the position of the particle at t = 8 seconds must be greater
than x = 30 meters.

d. For 0 <t <40, must the particle change direction in any of the subintervals
indicated by the data in the table?¢ If so, identify the subintervals and
explain your reasoning. If not, expicin why note

2010 AB 1
There is no snow on Janet's driveway when snow begins to fall at
midnight. From midnight to 2 a.m., snow accumulates on the driveway at

arate modeled by () =7te’®!  cubic feet per hour, where tis

measured in hours since midnight. Janet starts removing snow at é a.m.
(t = 6). The rate g(t). in cubic feet per hour, at which Janet removes snow
from the driveway at time t hours after midnight is modeled by

0 for0O<t<6
g(t)=<125for6<t<7
108 for 7 <t <09.

(a) How many cubic feet of snow have accumulated on the driveway by 6
a.m.?

(b) Find the rate of change of the volume of snow on the driveway at 8

a.m.

(c) Let h(t) represent the total amount of snow, in cubic feet, that Janet has
removed from the driveway at time t hours after midnight. Express h as a
piecewise — defined function with domain 0 <t < 9.

(d) How many cubic feet of snow are on the driveway at 2 a.m.?
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2010 AB 2

t 0 2 5 7 8
(hours)

E(t) 0 4 13 21 23
(hundreds of

entries)

A 700 sponsored a one-day contest to name a new baby elephant. Zoo visitors
deposited entries in a special box between none (t =0) and 8 p.m.
(t=8). The number of entries in the box t hours after noon is modeled by a
differentiable function E for 0 <t < 8. Values of E(f), in hundreds of entries, at
various times t are shown in the table above.
a. Use the data in the table to approximate the rate, in hundreds of entries
per hour, at which entries were being deposited at time t = 6. Show the
computations that lead to your answer.
b. Use a trapezoidal sum with the four subintervals given by the table to
approximate the value of 18
=~ [E(t)dt
89 18
Using correct units, explain the meaning of ng(t)dt in terms of the number
of entries. °
c. At 8 p.m., volunteers began to process the entries. They processed the
enfries at a rate modeled by the function P, p(t) =t* —30t2 + 298t —976.

hundreds of entries per hour for 8 <t < 12. According to the model, how
many entries had not yet been processed by midnight (= 12)¢

d. According to the model from part ¢, at what time were the entries being
processed most quickly? Justify your answer.

2010 AB 3

Peaple per Hour

Time (hours)
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There are 700 people in line for a popular amusement park ride when the ride

begins operation in the morning. Once it beginsoperation, the ride accepts

passengers until the park closes 8 hours later. While there is a line, people move

onto the ride at a rate of 800 people per hour. The graph shows the rate, r(t), at

whicih people arrive at the ride throughout the day. Time tis measured in hours

from the time the ride begins operation.

a. How many people arrive at the ride betweent =0 and t =3¢ Show the
computations that lead to your answer.

b. Is the number of people waiting in line to get on the ride increasing or
decreasing between t =2 and t = 32 Justify your answer.

c. At what time tis the line for the ride the longeste How many people are in
line at that time?¢ Justify your answers.

d. Write, but do not solve, an equation involving an integral expression of r
whose solution gives the earliest time t at which there is no longer a line for
the ride.

2010 AB 4
y
A
9, 6)
R
0 =

Let R be the region in the first quadrant bounded by the graph of y= 2x , the
horizontal line y = 6, and the y-axis as shown.
a. Find the area of R.
b. Write, but do not evaluate, an integral expression that gives the volume
of the solid generated when R is rotated about the horizontal line y = 7.
c. Region R is the base of a solid. For each y, where 0 <y < 6, the cross
section of the solid taken perpendicular to the y-axis is a rectangle
whose height is 3 times the length of its base in region R. Write, but do
not integrate, an integral expression that gives the volume of the solid.
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2010 AB 5

(3,3)

f f f \i - X

Graph of g’

The function g is defined and differentiable on th closed interval [-7, 5] and

satisfies g(0) = 5. The graph of y = g'(x). the derivative of g, consists of a

semicircle and three line segments, as shown.

a. Find g(3) and g(-2).

b. Find the x-coordinate of each point of inflection of the graph of y = g(x) on
the interval -7 < x < 5. Explain your reasoning.

c. The function h is defined by h(X) = g(X)—%XZ.

Find the x-coordinate of each critical point of h, where -7 < x < 5, and classify
each critical point as the location of a relative minimum, relative maximum,
or neither a minimum or maximum. Explain your reasoning.

2010 AB 6

Solutions to the differential equation % = xy3 also satisfy
X

2
% =y3(1+3x%y?). Lety=f(x) be a particular solution to the differential

. dy s _
equation ——=Xy~ withf (1) =2.
dx

a. Write an equation for the line tangent to the graph of y =f (x) atx = 1.

b. Use the tangent line equation from part a to approximate
f(1.1). Giventhatf (x)>0for1<x<1.1isthe approximation forf (1.1) greater
than orless than f (1.1)2 Explain your reasoning.

c. Find the particular solution y = f(x) with initial condition f(1) = 2.
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