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AP Calculus BC Saturday Study Session #2:
Tabular Data Problems

(With special thanks to Lin McMullin)

The AP Calculus BC exam often includes multiple-choice and free-response questions in which the stem of the question
includes a table of function values. These are often called “tabular data problems”. From this table, you are asked
guestions about the function, its graph, its derivative, or its definite integral. The answers you give are usually
approximations. In recent years, at least one of the free-response questions included tabular data.

What you should know how to do:

Approximate a derivative (slope, rate of change, instantaneous rate of change) at a point by using an average
f)-f(a)
b—-a

rate of change, , near that point

Use a Riemann sum or a trapezoidal approximation to approximate a definite integral

Explain the meaning of a definite integral in the context of the problem

Calculate a tangent line approximation (local linear approximation)

Give the units of the answer (unit analysis)

Answer theory questions usually related to the “Big Theorems” (i.e., the Extreme Value Theorem (EVT), the
Intermediate Value Theorem (IVT), the Mean Value Theorem (MVT), or the Fundamental Theorem of Calculus

(FTC))

Give information about the graph of the function (the function value at a point, increasing/decreasing behavior,
concavity, local and global extrema, points of inflection)

One thing not to do: Do not use your graphing calculators to produce a regression equation and use that to
answer the questions! This will not earn you any points.



Multiple Choice Questions

1. 2003 #79 (BC) - Cale OK:

x | fx) | )] gx) | g'x)
-1 6 5 3 —2
3 -3 -1 2
3 1 -2 2 3

The table above gives values of £ /', gand g at selected values of x. If A(x) =f(g(:c)]: then h'(1) =

a. 5 b. 6 c. 9 d. 10 e. 12

2. 2003 #18 (AB but suitable for AB) - No Cale:

]

x —4 -3 -2 -1 0 1 4
g2'(x) 2 3 0 -3 ;) -1 0 3 2

The derivative g’ of a function g is continuous and has exactly two zeros. Selected values of g are given in
the table above. If the domain of g is the set of all real numbers, then g 1s decreasing on which of the
following intervals?

a. —2<x<2only c. x=-2 e. ¥x<-2orx=2

b. -1=x<1only d. x22only



3. 2003 #90 (AB but suitable for BC) - Cale OK: For all x in the closed interval [2:5}: the function /" hasa

positive first derivative and a negative second derivative. Which of the following could be a table of values

for 1?7

a C. <
x | Aix) x | fix) x | fx)
2 7 2 16 2 16
3 9 3 12 3 13
4 12 4 9 4 10
5 16 ] 7 5 7
b d
x | flx) x | fix)
2 7 2 16
3 11 3 14
4 14 4 11
5 16 5 7

4. 1998 #26 (AB but suitable for BC) - No Cale:

X 0 1
fx) 1

]

[

The function f1s continuous on the closed interval [0, 2] and has values that are given in the table above. The

equation flx) = % must have at least two solutions in the interval [0, 2]1fk =

ba | =



5. 2003 #83 (BC) - Calec OK:

x 0

b2

4

3]

J&)

2

The function fis continuous and differentiable on the closed interval [0,4]. The table above gives selected

values of f on this interval. Which of the following statements must be true?

a
b.
c.
d
e

The minimum value of fon [0, 4] is 2.
The maximum value of fon [0, 4] 1s 4.
fla)>0for0<x <4
flx)y<0for2<x<4

There exists ¢, with 0 < ¢ < 4, for whichf'(¢) = 0.

6. 2003 #25 (BC) - No Cale:

X

2

5

10

14

Sx)

12

28

34

30

The function fis continuous on the closed interval [2, 14] and has values as shown in the table above. Using

14
the subintervals [2, 5], [5,10], and [10, 14], what is the approximation ofJ.ﬁ flx)dx found by using a right

Riemann sum?

296 b. 312 c. 343

7. 1998 #91 (BC) - Cale OK:

374

t (sec)

a(t) (ft/sec?)

(S0 | S

390

The data for the acceleration a(f) of a car from 0 to 6 seconds are given in the table above. If the velocity at
t=01is 11 feet per second, the approximate value of the velocity at { = 6, computed using a left-hand
Riemann sum with three subintervals of equal length, is

a.

26 ft/sec b. 30 ft/sec c. 37 ft/sec

d.

39 ft/sec

e.

41 ft/sec



8. 1998 #85 (BC) - Cale OK:

x 2 5 7 8
f) | 10 | 30 | 40 | 20

The function f1s continuous on the closed interval [2, 8] and has values that are given in the table above.

8
Using the subintervals [2, 5], [3. 7]. and [7, &]. what is the trapezoidal approximation ofJ.ﬂ flx)dx?

a. 110 b. 130 c. 160 d. 190 e. 210

0. 1997 #98 (AB but suitable for BC) - Cale OK:

X 0 ] 05 ] 10 1.5 ] 2.0
fo | 3 3 5 8 3

A table of values for a continuous function fis shown above. If four equal subintervals of [0, 2] are used,

which of the following is the trapezoidal approximation of |.‘ flx)dx ?
o

a. 8 b. 12 c. 16 d. 24 e. 32



Free Response Questions

€ 2012 #1 (BC) - Calc OK

t (minutes) 0 4 9 15 20
W(t) (degrees Fahrenheit) | 55.0 571 618 | 679 | 710

The temperature of water in a tub at time 7 15 modeled by a strictly increasing, twice-differentiable function W,
where W (¢) 1s measured in degrees Fahrenheit and t 1s measured in nunutes. At tume t = 0, the temperature of

the water 15 55°F. The water 15 heated for 30 nunutes, beginning at time ¢ = 0. Values of W(r) at selected
times t for the first 20 minutes are given in the table above.

(a) Use the data in the table to estimate #'(12). Show the computations that lead to your answer. Using correct
units, interpret the meaning of your answer in the context of this problem.
220 220
(b) Use the data in the table to evaluate |0 W'(t) dt. Using correct units, interpret the meaning of |a W'(t) dt

mn the context of this problem.

20
(c) For 0 <1 < 20, the average temperature of the water in the tub 1s %Jﬂ W(t) dt. Use a left Riemann sum

20
with the four subintervals indicated by the data in the table to approximate %jﬂ W(t) dt. Does this

approximation overestimate or underestimate the average temperature of the water over these 20 nunutes?
Explain your reasoning.

(d) For 20 < r < 25, the function W that models the water temperature has first derivative given by
W'(t) = 0.4 cos(0.06¢). Based on the model, what is the temperature of the water at time ¢ = 25 7



€ 20118 #5 (BC) — No Calc

t
(seconds) o | 10|40 60
B(?) 100|136 | 9 | 49
(meters)
V() 20|23 2546
(meters per second)

Ben rides a unicycle back and forth along a straight east-west track. The twice-differentiable function 5 models
Ben’s position on the track, measured in meters from the western end of the track, at time ¢, measured in seconds
from the start of the ride. The table above gives values for B(r) and Ben’s velocity, v(r), measured in meters

per second, at selected times .

(a) Use the data in the table to approximate Ben’s acceleration at tume = 5 seconds. Indicate units of measure.

260
(b) Using correct units, interpret the meaning of |0

60
L |v(t)| dr using a left Riemann sum with the subintervals indicated by the data in the table.

(c) For 40 = r < 60, nmst there be a time  when Ben’s velocity 1s 2 meters per second? Justify your answer.
(d) A light is directly above the western end of the track. Ben rides so that at time 1, the distance L(#) between
Ben and the light satisfies {L{F])z =127 + B{e‘)}z . At what rate 15 the distance between Ben and the light

changing at time f = 40 ?

v(1)| dt in the context of this problem. Approximate




€) 20108 #3 (BC) — Calc OK

- 12fi
tlol2]|4|6]|810]12 ' Afl
P | o |46|53]57]|60]62]63 N

The figure above shows an aboveground swimming pool in the shape of a cylinder with a radius of 12 feet and a
height of 4 feet. The pool contains 1000 cubic feet of water at time # = 0. During the time interval 0 <7 <12
hours, water is pumped into the pool at the rate P(t) cubic feet per hour. The table above gives values of P(r)

for selected values of 7. During the same time interval, water is leaking from the pool at the rate R(r) cubic feet
per hour, where R(r) = 25¢ %%, (Note: The volume ¥ of a cylinder with radius » and height  is given by
v =xrth.)

(a) Use a midpoint Riemann sum with three subintervals of equal length to approximate the total amount of water

that was pumped into the pool during the time interval 0 < r <12 hours. Show the computations that lead to
your answer.

(b) Calculate the total amount of water that leaked out of the pool during the time interval 0 < 7 <12 hours.

(c) Use the results from parts (a) and (b) to approximate the volume of water in the pool at time ¢ = 12 hours.
Round your answer to the nearest cubic foot.

(d) Find the rate at which the volume of water in the pool is increasing at time 7 = 8 hours. How fast is the water
level in the pool rising at r = 8 hours? Indicate units of measure in both answers.



O 2009 #5 (BC) - No Calc

]

X 3 5 8 13

fix)| 1 4 2 3 6

Let f be a function that is twice differentiable for all real numbers. The table above gives values of f for
selected points in the closed mterval 2 < x < 13.

(a) Estimate f'(4). Show the work that leads to your answer.

+13
(b) Ewvaluate |2 (3 —5f"(x)) dx. Show the work that leads to your answer.

s 13
(c) Use a left Riemann sum with subintervals mdicated by the data in the table to approximate | L f (x) dx.

Show the work that leads to your answer.

(d) Suppose f'(5)=3 and f"(x) < 0 forall 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 fon S < x <8 to

show that f(7) = %



© 2007 #5 (BC) - No Calc

t
(minutes)
r'(t)

(feet per minute)

5.7 4.0 2.0 1.2 0.6 0.5

The volume of a spherical hot air balloon expands as the air inside the balloon is heated. The radius of the
balloon, mn feet, 1s modeled by a twice-differentiable function 7 of time 7, where ¢ 1s measured in minutes.
For 0 < r < 12, the graph of r 15 concave down. The table above gives selected values of the rate of change,

(), of the radius of the balloon over the time interval 0 < < 12 The radius of the balloon is 30 feet when
t = 5. (Note: The volume of a sphere of radius r is given by ¥ = %}:’ra 2

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

(b) Find the rate of change of the volume of the balloon with respect to time when t = 5. Indicate units of
measure.
(c) Use a right Riemann sum with the five subintervals indicated by the data in the table to approximate

-

012 12
| . () dt. Using correct units, explain the meaning of .[0 #'(t) dt in terms of the radius of the

balloon.

-

12
(d) Is your approximation in part (¢) greater than or less than | . r'(t) dt 7 Give a reason for your answer.

10



@ 2012 #4 (BC) a,b — No Calc

X 1 |11 ]|12|13]| 14
f(x)| 8 | 10| 12| 13 |145

The function f is twice differentiable for x > 0 with f(1) =15 and f"(1) = 20. Values of f’, the derivative of
f. are given for selected values of x in the table above.

(a) Write an equation for the line tangent to the graph of f at x = 1. Use this line to approximate f(1.4).
(b) Use a midpoint Riemann sum with two subintervals of equal length and values from the table to

14 ) ) eld : \
approximate L Jf (x) dx. Use the approximation for |1 F(x) dx to estimate the value of f(1.4). Show
the computations that lead to your answer.



@ 2005 #3 (BC) - Calc OK

Dastance 0 1 5 6 3

¥ (cm)
Temperature 100 93 70 62 55
I(x) (°C) i

A metal wire of length 8 centimeters (cm) 1s heated at one end. The table above gives selected values of the temperature
T(x). in degrees Celsms (°C). of the wire x cm from the heated end. The function T is 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 I'(x) for the average temperature of the wire. Estumate the average temperature
of the wire using a trapezoidal sum with the four subintervals indicated by the data in the table. Indicate umts of

measure.

-8 -8
{c) Find lU T'(x) dx, and indicate units of measure. Explain the meaning of Iu T'(x) dx 1n terms of the temperature of the

wire.

{(d) Are the data in the table consistent with the assertion that T"(x) > 0 for every x in the interval 0 < x < 8 ? Explain

Your answer.

12



