AP® CALCULUS BC
2016 SCORING GUIDELINES
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At time ¢, the position of a particle moving in the xy-plane is given by the parametric functions (x(#), y(?)),

where % =+ sin(3t2 ) The graph of y, consisting of three line segments, is shown in the figure above.
At ¢ = 0, the particle is at position (5, 1).

(a) Find the position of the particle at ¢ = 3.

(b) Find the slope of the line tangent to the path of the particle at ¢ = 3.

(c) Find the speed of the particle at ¢ = 3.

(d) Find the total distance traveled by the particle from ¢ = 0 to r = 2.

3
(@ x(3)=x(0)+ .[0 x'(t)dt =5+9.377035 = 14377 1 : integral
1 3: < 1 :uses initial condition
y(3) = ) 1 : answer

The position of the particle at + = 3 is (14.377, —0.5).

YB3 _ 05 .
(b) Slope = v(3) ~ 9956376 0.05 1 : slope

1 ion for speed
(© Speed = {(x'(3))? + (»'(3))> =9.969 (or 9.968) 2 { CXPIESSION 10T spee

1 : answer

2
(d) Distance = Io \/(x’(t))2 +('(1)) dt 1 : expression for distance

1 2 3:4 1:integrals
= [ VO + (227 dr+ [ N (0)* + 07 de |
= 2.237871 + 2.112003 = 4.350 (or 4.349)
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2. Attime ¢, the position of a particle moving in the xy-plane is given by the parametric functions (x(z), y(z)),
where %—: =2+ sin(3t2). The graph of y, consisting of three line segments, is shown in the figure above.
At t = 0, the particle is at position (5, 1).

(a) Fmd the position of the particle at ¢ = 3

2 <fb\.377“9«,5>
tﬁ% y=~2 N

&+ f(g ﬁ—s\r\(ab’-\\)d{: = A—i 2717

(b) Find the slope of the line tangent to the path of the part1cle at t = 3.

dy ‘CCLTYQ .1 ‘2 - V,{_ﬂ.,
t=3 7 ‘ a——i - _&_— -
e 32 +5in(3(3*))
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(c) Find the speed of the particle at ¢ = 3.

speb = (EV ()

speed = |(q+ sinaty * (2

u,/ £ima

spiid @ =3 )| 9.0

(d) Find the total distance traveled by the particle from ¢ = 0 to t = 2.

b
™ = £J<%>L b %\é)z
"

, - a8

Th | = ,J-( Er sin(3e))” + (2% t

o) > : | -
| \/ JTV% s ()T (0
N |

-

Fp = 4,350 units
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2. At time f, the position of a particle moving in the xy-plane is given by the parametric functions (x(z), y(£)),
where %iixt— =1+ sin(3t2). The graph of y, consisting of three line segments, is shown in the figure above.
At t = 0, the particle is at position (5, 1).

(a) Find the position of the particle at # = 3.
t=37 = y= —085 fr gro¢"

L f(p-mmcm?)}»/t t§
. b

y = 4.377

(b) Find the slope of the line tangent to the path of the particle ét t=3.
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(c) Find the speed of the particle at ¢ = 3.
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(d) Find the total distance traveled by the particle from ¢ = 0 to ¢t = 2.

b $ T (g s

I e/

A

2 2
(et sn(ze’)) (U

b %
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2. Attime f, the position of a particle moving in the xy-plane is given by the parametric functions (x(r), y(t)),

where %xt— =%+ sin(3t2). The graph of y, consisting of three line segments, is éhown in the figure above.

At t = 0, the particle is at position (5, 1).

(a) Find the position of the particle at ¢ = 3.

ay
\[’ A .4
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. { #5118 L7 i
Unauthorized copying or reuse of Continue pI'Ob].CIIl 2 on page 7.
any part of this page is illegal. . -y

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




2 .2 2 2 2 2 2 2 2 2,4,

22

(c) Find the speed of the particle at ¢ = 3.

Speed = [(x'(£)? « W

e,
e s

/ , _—
=J@+S§h 1)+ (0.5)2
- 9.96

£

(d) Find the total distance traveled by the particle from ¢ = 0 to ¢ = 2.

_ N
8. 100!
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AP® CALCULUS BC
2016 SCORING COMMENTARY

Question 2
Overview

In this problem students were given information about the motion of a particle in the xy-plane. The position of the

particle is defined as (x(¢), ¥(¢)), where % =+ sin(3t2 ) The graph of y, consisting of three line segments,

and the position of the particle at £ = 0 were also given. In part (a) students needed to find the position of the
particle at ¢ = 3. Students were expected to evaluate 5 + Jj(tz + sin(3t2 )) dt using the calculator to find x(3).
The value of y(3) can be read from the graph. In part (b) students needed to compute the slope of the line tangent
y(3)
X' (3)

line segment from ¢ = 2 to ¢ = 4, and the value for x'(3) is found using the calculator. In part (c) students

to the particle’s path at # = 3 by evaluating

The value for »(3) is found by computing the slope of the

needed to find the speed of the particle at ¢+ = 3. Students were expected to write the expression for speed,

\/(x’(3))2 +(3'(3))*, and use the calculator to compute this value. In part (d) students needed to find the total
distance traveled from ¢ = 0 to ¢ = 2. Although the general formula for total distance traveled is

2
_[0 \/(x’(t))2 +('(1))* dt, students were expected to write the total distance traveled as the sum of two integrals

since y'(t)=-2 from ¢t =0to ¢ =1, and y'(¢) =0 from ¢ =1 to ¢ = 2. The expression
1 2
_[0 \/(x'(t))2 +(=2)* dt + L J(X'(2))* + (0)* dt is evaluated using the calculator.

Sample: 2A
Score: 9

The response earned all 9 points.

Sample: 2B
Score: 6

The response earned 6 points: 3 points in part (a), no points in part (b), 2 points in part (c), and 1 point in part (d).
In part (a) the student’s work is correct. In part (b) the student calculates Z—; instead of % and did not earn the
point. In part (¢) the student’s work is correct. In part (d) the student presents a single integral for total distance
traveled and earned the first point. The student attempts to present the total distance traveled as the sum of two

integrals. The % in each integrand is incorrect. The student did not earn any other points.

Sample: 2C
Score: 3

The response earned 3 points: no points in part (a), 1 point in part (b), 2 points in part (c), and no points in part
(d). In part (a) the student evaluates x'(3) instead of x(3). The student was not eligible to earn any points. In

parts (b) and (¢) the student’s work is correct. In part (d) the student does not present a correct integral expression
for total distance traveled. The student was not eligible for any points.
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