AP® Calculus AB/BC

Free Response
Task Models
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A corn silo in the shape of a right circular cylinder measures 24 feet in width and a height of 80 feet. During the

time interval 0 =t =8 hours, corn is pumped into the silo at the rate C(t) tons per hour. The table above gives
values of C(t) for selected values of t. At the beginning of the dayt = 0, thessilo contains 15 tons of corn. During

. .the same time interval, corn is removed from the silo at the bottom through a machine called an-auger attherate - -

R tons per hour, where R(t) =3 =2 5“‘"(%)‘

A. Estimate C'(4). Show the work that leads to your answer. Indicate units of measure-and &0
in context to the problem. ' ' : 3

B. Use a trapezoidal sum with five subintervals given by the table to approximate the otal
to the silo at the end of the time interval 0'< t = 8 hours. Show the compt




AP Calculus AB & BC FRQ Set

KEY CONCEPTS/TOPICS:

This is a set of ten Free Response Questions for AP Calculus AB & BC that can
be used to practice for the AP Exam at the end of the yearreview tfime. There
are four FRQ's that are BC Only concepts for Taylor Polynomials, Euler’s
Method, Lagrange Error Bound, Integration by Parts, and Differential EQuations.

About The Product

Free Response Set

This set of fen free response questions is designed for AP Calculus students to
practice AP-Style Free Response prompts during your AP Exam Review.

What concepts are covered in the set of FRQ's?

Question #1: Graph Analysis

Question #2: Linear Motion/Particle Motion

Question #3: Rate and Accumulation

Question #4: Tables and Riemann Sums

Question #5: Rate and Accumulation

Question #6: Area and Volume

Question #7: BC Topics for Differential EQuations, Euler's Method, Taylor Polynomials
Question #8: BC Topics for Taylor polynomials, Lagrange Error Bound

Question #9: BC Vector-Valued Functions and Particle Motion

Question #10: BC Polar Curves and Ared

Preparation
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Copy an FRQ prompt for each student.

Have students work the problem sef.

3. Grade on a ?-point scale, included in the key to match the AP Calculus
Exam.
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Free-Response Question E
Calculator Required

For0 S t S 4, aparticle moves along a curve in the xy-plane so that its position attime t is (x(t), »(£)).
Attime t = 0, the particle is at pesition (5,2). The velocity vector of the particle at time £ is given by

wi)m {J‘m.Jms(ﬂ 5')}

A. Find the slope of the line tangent to the path of the particle at time ¢

The figure above shows the graphs of the polar curves r = f{6) = 3+ 2sin{28) and r = g(8) = 2 W
for0 <8 < m. ’ fcle vector of the particle at
A. Find the area of the region R that is inside the graph of r = f(#) and outside the graph of r = g(8).

B. Forthe curve r = f(8). &ndthavduecl’—-— u8-~ I
in the context of the problem.
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€. Find the y-coordinate of the particle's position at time £ = 3.
\ Free Response Quest
Caleulator Require
’ m te :
Let R be the region in the first quadrant bounded by the

graphof y=4—x° andy =1+ 2sinx,

i

A pirlicle moves along the polircuwer = f(#) so that its position at A. Find the area of the region R.

m—-z nndduevalunof—anhclmmntﬂu—.
D. Hnlilemulduunnlmv%
B. W.ﬂm wisen the region R is ‘
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e-Response Question
o Calculator Allowed
oy =13
\\ 5 s s €. The region R s the base ofa solld. Forthis solid, each ction dicular to the x-axds is a rectangle fthe clitfamotial equiation = 1)l el for 20 0, wle,
FAY = FO7), and £7(x) m 3% (2% whse hoight is 2 times the length ofits base in region R. Find the volumo of this slid. ishown that £'(1) =

A. Find f®[x), the fourth derivative of f with respect to x. Write the fous

ml.alferflboutx= 1. Use the Taylor polynomial
Tayler polynomial for f about x = 0. Show the work that leads to your;

(@ \@

with two steps of equal size, to approsmate F(2).

B. The fourth-degree Taylor polynomial for £ about x = 0 is used to appre
|F= )| S 20 for 0 < x 5 0.5 use the Lagrange ervor boundlo show
ie within - of the exact value of f(0.2).

@\ﬁ\

et h be the n such that h{0) = 1 and h*(x) = e¥*f(x). Write the second-degree Taylor
olynomdal for b about x = 0

C. Find the particular solution y = £(x) ta the differential equation 5% = (y — 1) - In(x) with the
initial condition f{1) = 3.
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Free-Response Question
No Caleulator Allowed Free Response Question E
nivi i YR 7 T Calculator Required
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A com silo in the shape of a right dreular cylinder measures 24 feet in width and a height of 80 feet. Dus the
time interval 0 = ¢ = B hours, corn s pumiped into the silo at the rate £(t) tons per hour. The table abol
values of C(t) for selected values of t. Atthe begl
the same time interval. corn is removed from the

i [t @121 1 R tons per hour, where R(t) = 3 - 2sin (1)
Randy the Reach begins to crawl out from a paper bag along the floor toward a potato chip aumb at time £ =0 A Estimate C'(4). Showthe work that leads r .
ina stralght line. Fortime 0 < ¢ < 15, Randy's velocity ks modeling by the piecewise-linear function defined by in contaxt to the problem.
the graph above.
A At <t < 15,ifany, y change direction? Give a reason for your answer.
B. given by the tabl the total amount of corn that

d of the time interval 0 < ¢ = 8 hours. Show the computations that lead to

B. Atwhat time in the Interval 0 = ¢ = 15 Is Randy farthest from the paper bag? How far from the bag ls Randy

e

D Write expressions for Randy the Roach's acceleration a(t), velo
Tnag that are valid for the time interval 4 < ¢ < 8.

Free-Response Questio)
No Calculator Allowed

me in’

dame Al rghts re:

—-— Find the average rate of change of f over the interval [—4; 0]. Show the computations that lead

0 YOur answer
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e Response Question E

Calculator Required ¢
Calenlator Required
Fertilizer is Tock that is mined using op B. For—4 = x = ¢ lot 5 be the fmction defined by g(x) = _[:f(l} de. Find the x-coordinate of 5 :
On a given w 1y, the rate, in tons per hour at which phosphate rod each point of inflection of the graph of g. Justify your answer: ith velocity given by v(r) =%¥l fortime 0 <t < 4.
timet = 0.

P(z) = 75+ 40 cos 1) wheret Is measured inhours and 0 5 ¢ 5 8
article at time ¢ = 3.5,

th

there are 400 tons of ly for
0 = ¢ = 8, trucks can transport the mined phosphate rock at a con:

€. Set upan equation that can be used to find the value of ¢ when the average value of f aver O
A. Find P'{4). Using correct units, interpret your answer in the conl the Interval =4 € x < cls—.
T ;“ 5
e at| fe r%

D. The function kis defined by h(x) = f(2x). Find b’ €. Q

E. Find f_'.f(!) dr,

B. Find the tatal amount of phas phate rock belng nuined during the
workday.

ate J:|v(t)| dt. Interpret the meaning of each integral in the

=Y
<

D. A second particle moves along the x-axis with position given by x3 () = ¢* — 2t for
1=t= 4 Atwhat time t are the two particles moving with the same velocity?

rodk mined and transported the hours of operation, on

this particular workday? Justify your answer.
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