2015 AP° CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
- SECTION 11, Part B
VVVVVVV Time—60 minutes
Number of problems—dq

No calculator is allowed for these problems,

f
e 0] 12 20 24 4()
{minutes)
v(r)

0 200 | 240 | -220 | 150

aleng a straight path. For 0 < ¢ < 40, Ioham]a’s velocity is given by a differentiable function v.

is measured in meters per minute, are given in

(@) Use the data in the table to estimate the value of v'(16).

(b) Using correct units, explain the mean ing of the definite integral f [v(2)] dt in the context of the ¢ problem.

,';)
Approximate the value of i: {¢} [ dt using a right Riemann sum with the four subinter vais indicated in the
¥
table,
(¢} Bob is riding his bicycle along

L

the same path. For 0 < 1 £ 10, Bob’s velocity 1s modeled by

B(r) = 17 ~ 61 + 300, where ¢ is measured.in rinutes and B(¢) is measured in meters per minute.

Find Bob's acceleration at time = 5.
{(d} Bused un the mode! B from 1 parc (¢), find Bob's average velocity during the interval 0 <1 < 10,
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s the total distance that Johanna jogs, in meters, from time £ = 0 min

i 2= 40 min
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)+ (40— 24)|v(40)

= L - 0)200 + (20 - 12)240) + (24 ~ 20)220 + (40 — 24)150 | meters = 7600 m
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!
2
(minutes) D ! = 3 4 > 6
U |ige] sakasdiliolbe] 138 as
(ounces)

3. Hot water is dripping through a coffeemaker, filling a large cup with coffee. The amount of coffee in the cup at
time ¢, 0 £ ¢ < 6, is given by a differentiable function C, where ¢ is measured in minutes. Selected values of

C(1), measured in ounces, are given in the table above.

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

(b) Is there a time 1, 2 <1 < 4, at which C*(1) = 2 7 Justify your answer.

(c) Use a midpoint sum with three subintervals of equal length indicated by the data in the 1able to approximate
the value of % J:C (r) dr. Using correct units, explain the meaning of % J;?C(r) di in the context of the
problem,

(d) The amount of coffee in the cup, in ounces, is modeled by B(1) = 16 — 16¢™%4. Using this model, find the
rate at which the amount of coffee in the cup is changing when 1 = 5.
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Question 3

t > :
(e 0P| HEEIEREER S 7 10
c(r) o |s3|88|112]128]138]145
_ (ounces)

Hot water is dripping through a coffeemaker, filling a large cup with coffee. The amount of coffee in the cup at
time ¢, 0 < 1 £ 6, is given by a differentiable function €, where ¢ is measured in minutes. Selected values of
C(r), 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 umts of measure.

() Isthereatime £, 2 <1 & 4, atwhich C'{r) =2 7 Justify your answer.
(¢) Use a midpoint sum with three subintervals of equal length indicated by the data in the table to approximate
6 ; i : : 6 :
the value of }6"0 C{r) dt. Using correct units, explain the meaning of (Ig fg C(t) dr in the context of the

problem.

(d) The amount of coffee in the cup, in ounces, 1s modeled by B{r) =16 - 16¢7%%. Using’ this model, find the
rate at which the amount of coffee in the cup is changing when 7 = 5. )

. Ci{4) - C(3) 23112 : i1 4 ximati
@) s el [ :1 8 ~11. = LD ounces/xmn 2 'lp}‘)l’o e
de=Z 1 1 : units
s : x . . C{4)y—-C(2]
(b) C is differentiable => C is continuous (on the closed interval) 7 { il ~~-—(—%—:——§—{~Z
C{4)-¢(2) 128-88 | 1: ¢onclusion, using MVT
4-2 2 e
Therefore, by the Mean Value Theorem, there 1s at least
one time f, 2 < t < 4, forwhich C°(¢) = 2.
6
() %.“0 )y dr = %[2 -C{1)+ 2-C(3)+ 2-C(5)] 1 : midpoint sun
1 3: < 1:approximation
s o ; i ! :
% 5(“ 53+2-112+2°13.8) 1 : interpretation
= %(60.6) = 10.1 ounces
6
% [0 C{t) dr is the average amount of coffee in the cup.
ounces, over the tinie interval 0 < ¢ £ 6 punutes.
(@ Bl(1)=-16(-04)e " = 6.4¢™"" e
i SRS
B(5)= 6.4¢ “#3! & 2 cunces/min
e
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t
(minutes) 02 57 9 10
H(1)
4.
(degrees Celsius) “66 60 | 52 | 44 | 43

2. As a pot of tea cools, the temperature of the tea is modeled by a differentiable function H for 0 £ 1 £ 10, where
time 1 is measured in minutes and temperature H(r) is measured in degrees Celsius. Values of H(t) at \elected
values of time 1 are shown in the table above.

(a) Use the data in the table to approximate the rate at which the temperature of the tea is changing at time
t = 3.5. Show the computations that lead to your answer.

(b) Using correct units, explain the meaning of — H(t) dt in the context of this problem. Use a trapezoidal

10

sum with the four subintervals indicated by the table to estimate T16 H(r) dr.

10
(c) Evaluate fo H'(1) dr. Using correct units, explain the meaning of the expression in the context of this

problemn.

(d) Attime ¢ = 0, biscuits with temperature 100°C were removed from an oven. The temperature of the
biscuits at time ¢ is modeled by a differentiable function B for which it is known that
B/(t) = ~13.84¢ %17V, Using the given models, at time ¢ = 10, how much cooler are the biscuits than

- the tea?

e p——————
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AP® CALCULUS BC
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Question 2

t
(minutes) O 2ty ey | 10
H(t)

66 | 60 | 52 | 44 | 43
(degrees Celsius) W 2

As a pot of tea cools, the temperature of the tea is modeled by a differentiable function # for 0 £ ¢ <10, where
time ¢ is measured in minutes and temperature H(¢) is measured in degrees Celsius. Values of H(1) at selected
values of time ¢ are shown in the table abave.

(a) Use the data in the table to approximate the rate at which the temperature of the tea is changing at time
t = 3.5. Show the computations that lead to your answer.

10
(b) Using correct units, explain the meaning of T%L) H{1) di in the context of this problem. Use a trapezoidal

10
sum with the four subintervals indicated by the table to estimate ]15 J-o H(1) dr.

10 . L . . 1 . . .
(c) Evaluate Jo H'(1) dr. Using correct units, explain the meaning of the expression in the context of this
problem.
(d) Attime ¢ = 0, biscuits with temperature 100°C were removed from an oven. The temperature of the
biscuits at time ¢ is modeled by a differentiable function B for which it is known that

Bin) = ~13.84¢" %17 Using the given models, at time ¢ = 10, how much cooler are the biscuits than

the tea?
103 <y  H(5)— H(2) i
(a) H'(3.5)= - 1 : answer
15260 _ - S iy
s e —2.666 or ~2.667 degrees Celsius per minute
10

(b) ]%JO H(t)dt is the average temperature of the tea, in degrees Celsius, [ 1 : meaning of expression

T b 10 e ks I{ 1 : trapezoidal sum

[ 1: estimate
ol o G ey SR S e
10] H(t)dt~lo(2 5 +3 2 + 4 > +1 - )
=52.95
10

(c) Jo H'(t)dt= H(10) - H(0) = 43 - 66 = -23 - { 1 : value of integral

The temperature of the tea drops 23 degrees Celsius from time ¢ = 0 to I - meaning of expression

time ¢ = 10 minutes.

10

(d) B(10) = 100+j0 B(1)dt = 3418275, H(10) - B(10) = 8.817 { I : integrand

The biscuits are 8.817 degrees Celsius cooler than the tea. 3t |)1 L'+ uses B(0) = 100

[ 1:answer
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2

3

5

f(x)

1

4

~2

5. 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 interval 2 € x £ 13.

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

1)
(b) Evaluate L (3 = 5/7(x)) dx. Show the work that leads to your answer.

1

(¢) Use a left Riemann sum with subintervals indicated by the ddta 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 f on 5 < x < 8 to show

that f(7) = -‘31

!
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Question 5

x 2 3 5 g |oas

f{x) 1 4 - 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 interval 2 < x < 13.

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

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

13
(c) Use a left Riemann sum with subintervals indicated by the data in the table to approximate J'Q J(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 f on 5 <'x £ & to

show that f(7) 2 -;i

’s . 5 = 3
(a) i) = o) — 1 : answer
S
13 " 13 5
(b) [2 (3-5f1(x)) dx = _[2 3dr 5I2 f(x) dx 1 : uses Fundamental Theorem
2
=3(13-2) = 5(f(13) ~ f(2)) = 8 of Calculus
I : answer
13
(c) .[2 flxydee FRH~2)+ f3(5-3) < { 1: left Riemann sum
+£(5)(8-5)+ /(8)(13-8) = 18 g
(d) An equation for the tangent line is y = -2 + 3(x = 5). 1 : tangent line
Since f”(x) < O forall x in the interval 5 < x <8, the 1:shows f(7) <4
line tangent to the graph of y = f(x) at x = 5 lies above 49 1: secant line
the graph for all x in the interval 5 < x S» 8. 1 : shows f(7) 2 _431

Therefore, f(7) < -2+3.2=4.

An equation for the secant line is y = -2 + %—(x - 5).

Since f7(x) < O forall x inthe interval § < x < 8, the
secant line connecting (5, f(5)) and (8, f(8)) lies below
the graph of y = f(x) forall x in the interval 5 < x < 8.

Therefore, fi(7) 22+ % LD = %

122 connect to college success ™
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