2016 AP® CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB

SECTION II, Part A
Time—30 minutes
Number of problems—2

A graphing calculator is required for these problems.
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1. Water is pumpetank at a rate modeled by W(z) = 2000¢™" /20 liters per hour for 0 < ¢t < 8, where ¢

is measured in hours. Water from the tank at a rate modeled by R(z) liters per hour, where R is
differentiable and decreasing on 0 < 7 < 8. Selected values of R(z) are shown in the table above. At time
oT,c. L =0, thereare 50,000 liters of water in the tank.

(a) Estimate R’(2). Show the work that leads to your answer. Indicate units of measure.

(b) Use a left Riemann sum with the four subintervals indicated by the table to estimate the total amount of
water - rom the tank during the 8 hours. Is this an overestimate or an underestimate of the total
amount of water removed? Give a reason for your answer.

(c) Use your answer from part (b) to find an estimate of the total amount of water in the tank, to the nearest
liter, at the end of 8 hours.

(d) For 0 < <8, isthere a time ¢t when the rate at which water is pumped into the tank is the same as the rate
at which water is removed from the tank? Explain why or why not.

ay R = 675_03"_’:'0 = —/a0 L/hr?

5)  |(1340)+ 2(na0) + 3 (AsO)+ A(I4D) = Loso Liters.

Since R(+) 15 Accm«sin:)> LRAM oiv*_s an vl esh matld
oF the +ota| amt oF Hy O removed .

c) I.¢c + TN ;ov\‘r &
50,000 + 5 a000e 20 4t — §j0SD 19,796 L
O 5026.195

oD W(O) = 000 Since w(+) snde R[+) are Conhaunous andd;‘ﬁf‘er(n"{aéie/ L:) IvT
W(@)= 2.534  otsome hrwe bjw t=0& =8, Wit) fakes on all values

bw 3000 & 01,534, so W) = R(+) cine R(E) 27900,
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2. For t 2 0, a particle moves along the x-axis. The velocity of the particle at time ¢ is given by

at time ¢ T.c.

2
v(t) =1+ 25in(t—j. The particle is at position

=2 attime ¢ = 4.

f———N

2

v/ (a) Attime = 4, is the particle speeding up or slowing down?
(a) p peeding up g v =o
v (b) Find all times 7 in the interval 0 < ¢ < 3 when the particle changes direction. Justify your answer.

v (¢) Find the position of the particle at time ¢ = 0.
/ (d) Find the total distance the particle travels from time r = 0 to time ¢ = 3.

Split_§

A vik)= |+ 2sinfe) & 2979  Since V(4) 4 a(4) have opposite
) < ) gigns, the f)cﬂl\'b‘( shws down at t=q,

a(4) = —Il-164

b) 0 =1+ ;15;‘q(f;:)
At “
'(:"&3.707) +he vi(+) oka.noe4 fom D0 fo <O )50 The
pactcle chonges fom  Movung cight To lef+

i \

\.‘\%

END OF PART A OF SECTION I

l..l
) S NG o 2~ 1,815 I,P +5.85=2
o I'P:‘ -3.21§5

d.707
cL) Sg/vc-f—))od' A £.30/ or 57\/(-{—)# + y3 vi+) ot

o 0 2907
5-13695 64247
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CALCULUS AB
SECTION 11, Part B
Time— 60 minutes
Number of problems—4

No calculator is allowed for these problems.

(4.4

3/'; £ , e B.-h (124
" ¢/
3 - -p Graphof

3. The figure above shows the graph of the piecewise-linear function f. For —4 < x < 12, the function g is defined
g(x) = [, 1) .

v (a) Does g have a relative minimum, a relative maximum, or neither at x = 10 ? Justify your answer.
v’

(b) Does the graph of g have a point of inflection at x = 4 ? Justify your answer.

(c) Find the absolute minimum value and the absolute maximum value of g on the interval —4 < x < [2.
Justify your answers.

(d) For —4 < x <12, find all intervals for which g(x) < 0.

Q) NQM"‘\QF. j/:‘— -ﬁ) and £ des aot Swotch Sl‘5h£ ot Xx=io )

k) SQS ) lge,CAU.SQ 3"'—‘-4, and 'F/ Su)'*‘cl‘\e,-j -Grom Pos\-‘Nc. do (\e:)o\{\'\&
wWhe X= H,

) Max[Mins occor whe N 3/-,-«5 swirches Signs | which i at x=-3,¢
o at e CM)P‘\Z& ) x=-4, 1% "-l
-X b 'S
(Tenyar= -9 Cewmar= g S e MX-w e d%gg,
2 L a 1 Y . 2 '

oJos e AbS e

) [,2) v [0 ,na
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2
4. Consider the differential equation & =2
dx  x-1

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

\/ (b) Let y = f(x) be the particular solution to the given differential equation with the initial
condition _f(2) = 3. Write an equation for the line tangent to the graph of y = f(x) at x = 2.
Use your equation to approximate f(2. 1)

—e

\/ (c) Find the particular solution y = f(x) to the given differential equation with the initial condition f(2) = 3

A -3= 9(»-3)
") %: =1 55=4x—|§
w=a(3. )15
= 18.9-15 = 3.9
<) () e
Ry e
-1 - Jnlx-t] +C
L bl
ﬁ: "\r\‘)(’\""c
- - —|
g: ~ = ~ = N _ -3 ‘
Ir\\)( \\"\'C— :j ,y\\*"\ é— 3'“')(3') | = 3|nIX"l!—’
3- —
oAxC
3C=-I
c="%

© 2016 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
-5-



2016 AP® CALCULUS AB FREE-RESPONSE QUESTIONS

o,

pr: 7TF9“

5. The inside of a funnel of height 10 inches i < s shown in the figure above. At height #,

the radius of the funnel is given by r = —2—16 , wherg 0 < & < 10. The units of r and % are inches.

Find the average val f the radius of the fi L.
v~ (a) K ue o iu unne
(b) Find the volume of the funnel. =" oeeemmm""

(c) The funnel contains liquid that is draining from the bottom. At the instant when the height of the liquid is

h = 3 inches, the radius of the surface of the liquid is decreasing at a rate of 1 inch per second. At this
instant, what is the rate of change of the height of the liquid with respect to time?

dh _ 2 -

[
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L /000
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pt fx) | f(x) | s(x) | &x)
1 -6 3 2 8
2 2 2 | 3 0
3 8 7 6 2
6 4 5 3 T

6. The functions f and g have continuous second derivatives. The table above gives values of the functions and
their derivatives at selected values of x.

(a) Let k(x) = f(g(x)). Write an equation for the line tangent to the graph of k at x = 3.

(b) Let h(x) = % Find #'(1).

(c) Evaluate J-f f£7(2x) dx.

Q) £(a(3))= £()=4 G y-Y= 10(x~3)
Kix)e Fa0)- 500 = 1o% -3k
= £/(e).9'(3) = 5.2=10
STOP
END OF EXAM
0 Wixy= £ /(%) = 40) Fx)
\ o = 68 — -3 —4p-¢ —5y _
7= (Fe) 36 = e - 2
3
c " > & x
) SI £"(ax) dx don A
b
L / J _
a<‘F(u-)}1): 2(5’ :«)—. 2 Tef |
20\06 -

This  problem was  HUUWUGE LY ensy |
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