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(¢) The grain in the silo is spoiling at a rate modeled by w(r) = 32 - \/sin[%], where w(t) is measured in

cubic feet per minute for 0 < ¢ < 8 minutes. Using the result from part (b), approximate the amount of

unspoiled grain remaining in the silo at time 7 = 8.
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(d) Based on the model in part (c), is the amount of unspoiled grain in the silo increasing or decreasing at
time t = 6 ? Show the work that leads to your answer.
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@ g(3)= w = w =135 3. [, 1 - approximation
i i 1 : interpretation with units

Attime r = 3 minutes, the rate at which grain is being added to the silo is
increasing at a rate of 1.35 cubic feet per minute per minute.

(b) The total amount of grain added to the silo from time ¢ = 0 to time 7 = 8 [ 1 : integral expression

8 . b i
is J‘o g(1) dt cubic feet. 3: ‘{L 1 : right Riemann sum
1 : approximation

[ty dr = g(1)- (1= 0)+ g(5)- (5= 1)+ £(6)- (6= 5) + &(8): (8- 6)
=15.1-1+20.5-4+183-1+22.7-2 =160.8

(© I;Mt)dt:99,05l497 (1 integral

i i 1 : answer

The approximate amount of unspoiled grain remaining in the silo at
3
time 1 = 8 is 160.8 — J“ w(t) dt = 61.749 (or 61.748) cubic feet.

(d) g(6) - w(6) =183 -16.063173 = 2.236827 > 0 1 considers g(6) - w(6)

1 : answer

2:

Because g(6) — w(6) > 0, the amount of unspoiled grain is increasing at
time 7 = 6.
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d.
2. A particle moving in the xy-plane has position (x(r), y(r)) at time > 0, where & cos (tz) and

dt
d
d—“: = ¢'sin (,2)' Attime 7 = 0, the particle is at position (1, 2). The figure above shows the path of the

particle for 0 < ¢ < 2.

(a) Find the position of the particle at time ¢ = 2.
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(b) Find the slope of the line tangent to the particle’s path at time r = 2.
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(c) Find the speed of the particle at time ¢ = 2. Find the acceleration vector of the particle at time 7 = 2.
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(d) Consider a rectangle with vertices at points (0, 0), (x(r), 0), (x(¢), ¥(z)), and (0, y(¢)) at time ¢ > 0. For
0 <t <2, at what time 7 is the perimeter of the rectangle a maximum? Justify your answer.
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(a)

(b)

(O]

(d)

x(2)f1+5 ﬁd{—146|461

¥(2) = 240" 4 _ 4268236

LI
o dt
The position of the particle at time 7 = 2 is (1.461, 4.268).

dy

x|y

_dy/dt

& [di = 8.555206

=2

The slope of the line tangent to the particle’s path at time ¢ = 2
is 8.555.

(&) (%)

The speed of the particle at time 7 = 2 is 5.630.

=5.630128

t=2

X'(2) = 3.027210
1'(2) = —24.911294

The acceleration vector of the particle at time ¢ = 2 is
(3.027,-24.91 1>.

Perimeter = p(t) = 2(x(1) + y(1))

)= 2(%+ ‘%): 0 = = 1.721837

Because ¢ = 1.721837 is the only interior critical point for
0<t<2and p'(t) changes from positive to negative at this

point, the perimeter of the rectangle is a maximum at ¢ = 1.722
(or t =1.721).

1 : integrals
3:4 1 :uses initial condition
|L 1 : position

1 : slope

. 1 : speed
" | 1 : acceleration vector

3 ([ 1:sets p'(t)=0
’ 12 : answer with justification
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END OF PART A

IF YOU FINISH BEFORE TIME IS CALLED,
YOU MAY CHECK YOUR WORK ON PART A ONLY.

DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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CALCULUS BC
SECTION II, Part B
Time—1 hour

Number of questions—4




image18.png
Graph of g
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3. The function g is defined on the closed interval [—4, 8]. The graph of g consists of two linear pieces and a

semicircle, as shown in the figure above. Let f be the function defined by f(x) = 3x + J:g(r) dr.

(a) Find £(7) and f’(7).
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(b) Find the value of x in the closed interval [—4, 3] at which f attains its maximum value. Justify your
answer.
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(c) Foreachof lim g’(x)and lim g’(x), find the value or state that it does not exist,
x—0 x—=0"
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AR il
d) Find lim ————.
@ x>-2 &6 _
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(a) ,/'(7):3~7+jﬂg(z)m:217[’7’%3:24794’

5

(b) On theinterval —4 < x <3, f'(x) =3+ g(x).
Because /"(x) > 0 for =4 < x < 3, f is nondecreasing over

the entire interval, and the maximum must occur when x = 3.

. ' 1
(¢) lim g'(x) = -
V=0 2
lim g'(x) does not exist.
0"

5

(d) lim (f(x)+7)=—6+ j“"g(z)m +7=0

v>-2

lim (e"‘"{’ -1)

X2

0

Using L Hospital’s Rule,
fix) 3+g(-2) 3+1

lim f+7 lim = =
K2 QIO T ip 3 e 3 N

RRENIG)
RN

[

2 answer with justification

5 | 1+ left-hand limit
"7 | 1 : right-hand limit

[ 1 2 limits equal 0

)

1 :applies L'Hospital’s Rule
H 1 : answer

Note: max 1/3 [1-0-0] if no limit notation
attached to a ratio of derivatives
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4. Let g be the function that satisfies g(0) = 0 and whose derivative satisfies g’(x) = 2|x|.

(a) Find expressions for g(x) and g”(x).
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(b) Find the x-coordinate, if any, of each point of inflection of the graph of y = g(x). Explain your

reasoning.
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(c) Let h(x I \/1 +4¢2 dt. For x > 0, h(x) is the length of the graph of g from 7 = 0 to r = x. Use

Euler’s method, starting at x = 0 with two steps of equal size, to approximate /(4).
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(d) Find the value of I g’(x)cos x dx.
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5. During a chemical reaction, the function y = f(7) models the amount of a substance present, in grams, at
time ¢ seconds. At the start of the reaction (7 = 0), there are 10 grams of the substance present. The function

d )
y = f(¢) satisfies the differential equation d_}t = —0.02}'24

(a) Use the line tangent to the graph of y = f(¢) at r = 0 to approximate the amount of the substance
remaining at time ¢ = 2 seconds.
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(b) Using the given differential equation, determine whether the graph of f could resemble the following
graph. Give a reason for your answer.
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d ;
(c) Find an expression for y = f(t) by solving the differential equation d_‘t = 70.02y2 with the initial

condition f(0) = 10.
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(d) Determine whether the amount of the substance is changing at an increasing or a decreasing rate. Explain
your reasoning.
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(a) —x? for x <0
g(x)=140 for x =0
[x* forx>0

“(x) -2 forx<0
x)=
it 2 forx>0

(b) The only point of inflection of the graph of y = g(x) occurs
at x = 0, where g"(x) changes sign from negative to
positive.

(©) h(x)= _[0‘«/1 4% dt = K(x) =1+ 45

h(0) =0
h(2) ~ h(0)+2-1(0)=0+2:1=2
h(4) = h(2)+2-H(2) = 2+ 21T

(d) g'(x)=2x for x>0

u=2x dv = cos x dx
du =2 dx v =sinx

T " T L e
_[ 2xcos x dx = 2xsin x‘ —_[ 2sin x dx
/2 /2 a2

.7 z
:2xsmx‘ +2¢osx‘
z/2 z/2

=0-7+(-2)-0
=-7-2

S 1ea)
g

1 : answer with explanation

[ 1 : Fundamental Theorem of Calculus
3:4 1 : Euler’s method with two steps
‘[ 1 : approximation

3. [, 2 : integration by parts
) i 1 : answer
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6. Let f'be a function having derivatives of all orders for all real numbers. Selected values of f and its first four
derivatives are shown in the table above.

(a) Write the second-degree Taylor polynomial for f about x = 0 and use it to approximate f(0.2).
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(b) Let g be a function such that g(x) = f (x" ) Write the fifth-degree Taylor polynomial for g’, the

derivative of g, about x = 0.
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(c) Write the third-degree Taylor polynomial for f about x =




image36.png
(d) Itis known that | f & (x) | <300 for 0 < x < 1.125. The third-degree Taylor polynomial for f about
x = 1, found in part (c), is used to approximate f(1.1). Use the Lagrange error bound along with the

information about f(4) (x) to find an upper bound on the error of the approximation.
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Section II: Free-Response Questions
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@ y(0)=-0.02(10%) = -2 L. (1 7(0)
An equation for the line tangent to the graph of y = f(t) i 1 : approximation
att=0is y=10-2z

¥(2) =10 -2(2) = 6 grams

(b) % = —0.02y* < 0, so the graph of f is nonincreasing. 1 : answer with reason

The graph of f cannot resemble the given graph because the
given graph is increasing on a portion of its domain.

1 : separation of variables
1 : antiderivatives
1

© M—%]dy:joozm {

L oo+ c 4:4 1: constant of integration

’Vl | and uses initial condition

16 =002(0)+C = C=0.1 | 1 answer

Loooasor = y= Lo 30 ot ;

v 002+01 t+5 ote: max 2 /4 [1-1-0-0] if no constant of
: integration

Note: this solution is valid for ¢ > -5.
Note: 0/4 if no separation of variables

dv A
(d) ~—004yd Z:L 1: "
= —0.04y(—0.02y2) |l 1 : answer with reason

=0.0008y°

Because y > 0, 0.0008}/3 > 0.
The amount of substance is changing at an increasing rate.

— OR—
50
From part (c), f(1) = ) and from context, ¢ > 0.
0= and ()= %50 for s >0,
(1+5) (t+5)

The amount of substance is changing at an increasing rate.
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From the 2018 Administration
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AP Calculus BC

Practice Exam
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CALCULUS BC
SECTION II, Part A
Time—30 minutes

Number of questions—2

A GRAPHING CALCULATOR IS REQUIRED FOR THESE QUESTIONS.




image5.png
[
(minutes) 0 1 5 6 8

<1
(cubic feet per minute) || 128 | 151/ 205 | 18.3 | 22.7

Grain is being added 10 a silo. At time 1 = 0, the silo is empty. The rat

at which grain is being added is
modeled by the differentiable function g, where g(r) is measured in cubic feet per minute for 0 < 7 < 8
minutes. Selected values of g(r) are given in the table above.

(a) Using the data in the table, approximate g’(3). Using correct units, interpret the meaning of g’(3) in the
context of the problem.
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(b) Write an integral expression that represents the total amount of grain added to the silo from time ¢ = 0 to
time 7 = 8. Use a right Riemann sum with the four subintervals indicated by the data in the table to
approximate the integral.




