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CALCULUS AB
Time—25 minutes } KR
Number of problems—1 ‘ L !
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A GRAPHING CALCULATOR IS NOT REQUIRED FOR THESE PROBLEMS. | '

t (days) 0(3[5[7|9]12]14
h(t) (# of butterflies) | 1 |2 |4 |7 | 11| 16|22

1. The puﬁlber of butterflies spotted in Amelie’s garden each afternoon is modeled by a differen-

tiableand increasing function 4 for O < ¢ < 14, where ¢ is measured in days. Selected values
of h(t) are given in the table above.

(a) Use the data in the table to find an approximation for #’(8). Using correct units, interpret
the meaning of this value in the context of the problem.

Solution:

On day 8, the number of butterflies spotted in Amelie’s garden is increasing at a rate
of appproximately 2 butterflies per day.

Seore:
1: approximation

1: interpretation with correct units

(b) Explain why there must be at least one time ¢, for 0 < t < 14, such that A'(t) = 1.5.

Sohution:

Since A{t) is continuous and differentiable on [0, 14], the Mean Value Theorem guar-

antees a value 0 < ¢ < 14 such that A'(¢) = ﬁﬁéll}gﬁ?i - fz]z e 1.5,

Score:

{2 A(t) continuous on {0, 14] and differentiable on (0, 14)
Note: accept differentiable on [0, 14] since it is given

I+ average rate of change on [0, 14] = 1.5

1: conclusion




(c) Approximate the value of /014 h(t) dt using a left Riemann sum on the subintervals [0, 5],

[5,9], and [9, 14]. Is this approximation greater than or less than fOM h(t)dt? Give a
reason for your answer.

Solution:
J hydi = 5(1) + 44 +5(11) = 76

", e 14 . . . .
This approximation is less than /0 h(t) dr since h(r) is increasing and we are using a
left Riemann sum.

Score:

1 left Riemann sum

1: approximation

11 underestimate with reason

(d) The number of bees spotted in Amelie’s garden during the same 14-day period is modeled
by the function g(t) = 770D 4 cos (2x —16) for 0 < t < 14, where ¢ is measured in
days. At time ¢ = 8, is the number of bees increasing at an increasing rate, increasing at
a decreasing rate, or neither? Based on your answer, what can you conclude about the
graph of g(¢) at r = 87 Justify your answer. '

Solation:

g(1) = &7V — 25in(2r ~ 16)
g8)=e>0

g = ;f,;e‘")f‘\’““ -4 cos(2t - 16)
g'(B)=1de~4 <0

£(8) > 0 and g”(8) < 0, therefore at r = 8, the number of bees is increasing at a
decreasing rate.

g(#) is concave down at 1 = 8 since g”(8) < 0.

Score:
1: increasing at a decreasing rate since g’(8) > O and ¢”(8) < 0
11 g is concave down at t = 8, with reason

(e) The number of bees\spotted in Amelie’s garden can also be modeled by the function
B(x) =50Vk + 2x where x is the daily high temperature, in degrees Farenheit, and k is a
positive \qustant. When the. number of bees spotted is 100, the daily high temperature is
increasing ﬁt‘x@'rate of 2°F per day. According to this model, how quickly.is the number of
bees changing with respect to time when 100 bees are spotted? ;



AB Calculus Name KC U

2020 Exam Practice -
FR #4 (25 minutes: 15 points) ) '

Set a timer for 25 minutes to complete this problem. You may use your notes, textbooks, or any
materials | gave you throughout the year. You are not expected to use a calculator, but you
may use one if you would like. You should show all your steps as if you did not have a

calculator. | am guessing that the 25-minute problem will be worth 15 points and the 15-minute
problem will be worth 10 points for a total of 25 points. The college board has said that the
25-minute problem will be worth 60% and the 15-minute problem will be worth 40%, so that is
my best guess at how it may be broken down this year. Please show all appropriate

mathematics: no bald answers!

Both f(x) and g(x) are differentiable on the interval [0,6]. Itis known that f(0) = —2. The
graph of f*, consisting of 2 line segments, is shown below. A table of values for g(x), g'(x),

and g"(x) is given.

A X 0| 2 4 6
gx)| 4 | o | 2| -2
) glx)| -4 0| 0| 4
g’ix)| 2 | 2| -2 -2
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Both f(x) and g(x) are differentiable on the interval [0, 6]. Itis known thatf(0) = —2. [The
graph of f”, consisting of 2 line segments, is shown below. A table of valuesTor g(x), g'(x),

and g"'(x) is given.

A X 0 2 4 6

g(x) | 4 0 2 -3

g’(x)| -4 0 0 -4

N 9" 2 | 2 | 2| -2
s*a"h'lﬁ lOc.a"hO'\- T oo Gread l.f\q Rubr;c

c) Write anjexpression for f(x) that includes an mtegg Use that expression to find the
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AP Calculus
Ricketts

Free Response Question — G1 Ko

Name:

Time guideline — 2 problems within 30 minutes J

A graphing calculator is required for these problems.

On a certain workday, the rate, in tons per hour, at

ich unprocessed gravel arrives at a gravel
————————

2
. t
processing plant is modeled by| G(#) =90 + 45 Cos(ﬁ) where ¢ is measured in hours andl O=<ts< 8} At
the f the workday (¢ = 0), the plant has 500 tons bf unprocessed gravel. During the hours of
operation, 0 < ¢ < 8, the plant processes gravel at a constant rate of 100 tons per houy

a) Find G'(5). Using correct units, interpret your answer in the context of the problem.

b) Find the total amount of unprocessed gravel that arrives at the plant during the hours of operation on this

—_— e

workday.

c) Is the amount of unprocessed gravel at the plant increasing or decreasing at time ¢ =5 hours? Show the
work that leads to your answer. -

d) What is the maximum amount of unprocessed gravel at the plant during the hours of operation on this
workday? Justify your answer.
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AP Calculus

Ricketts
Free Response Question - G2 Name: Keu .
Time guideline — 2 problems within 30 minutes “

A graphing calculator is required for these problems.

A particle moves along a straight line. For 0 =<7 <35, the velocity of the particle is given by
v(t) = -2+ (> +31)*° - £*, and the position of the particle is given by s(7). It is known that s(0) = 10.

a) Find all values of ¢ in the interval 2 < ¢ < 4for which the speed of the particle is 2.

b) Write an expression involving an integral that gives the position s(¢). Use this expression to find
the position of the particle at time ¢ =5.

c) Find all times ¢ in the interval 0 < ¢ <5 at which the particle changés direction. Justify your answer.
d) Is the speed of the particle increasing or decreasing at time ¢ = 4? Give a reason for your answer.

Grading Rubric
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AP® CALCULUS AB
@ SCORING GUIDELINES

Question 3 G3R

t
(minutes) 0 1 2 3 4 > 6
@) 0 53 | 88 | 11.2]12.8]13.8]| 14.5
(ounces)

Hot water is dripping through a coffeemaker, filling a large cup with coffee. The amount of coffee in the cup at
time ¢, 0 <7 < 6, is given by a differentiable function C, where ¢ is measured in minutes. Selected values of
C(t), measured in ounces, are given in the table above.

(a) Use the data in the table to approximate C’(3.5). Show the computations that lead to your answer, and
indicate units of measure.

(b) Isthereatime #, 2 <t < 4, at which C'(¢t) = 2 ? Justify your answer.
(c) Use a midpoint sum with three subintervals of equal length indicated by the data in the table to approximate

6 6
the value of —é— -[0 C(t) dt. Using correct units, explain the meaning of % Io C(t) dt in the context of the

problem.

(d) The amount of coffee in the cup, in ounces, is modeled by B(¢) =16 — 16704 Using this model, find the
rate at which the amount of coffee in the cup is changing when ¢ = 5.

@) C'(3.5)~ C(‘Z‘C(?’) _128-11.2

=3 7 = 1.6 ounces/min 2 { 1 : approximation

1 : units

¢4 -c@)
4-2

(b) C isdifferentiable = C is continuous (on the closed interval) 7. 1:
1 : conclusion, using MVT

C(4)-C(2) 128-8.8 )
4-2 B 2 B

Therefore, by the Mean Value Theorem, there is at least

one time £, 2 <t < 4, for which C'(¢) = 2.

6 e
(©) %Io C(t)dt ~ %[2 C()+2-C(3)+2-C(5)] 1 : midpoint sum
1 3: 4 1:approximation
=2(2:53+2:112+2138) I : interpretation

= 2(60.6) = 10.1 ounces

6
—é— _[0 C(t) dt is the average amount of coffee in the cup, in

ounces, over the time interval 0 < ¢ £ 6 minutes.

(d) B'(t) = -16(-0.4)e™ " = 6.4¢7 04 . { 1:B'()

1 1:B(5)

B'(5) = 6.4¢7%4C) = % ounces/min
e
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