AP® CALCULUS AB
2007 SCORING GUIDELINES (Form B)

Question 2

A particle moves along the x-axis so that its velocity v at time

t 20 is given by v(¢) = sin(tz). The graph of v is shown above

for 0 < ¢ < +57z. The position of the particle at time ¢ is x(¢) and

its position at time ¢ = 0 is x(0) = 5.
(a) Find the acceleration of the particle at time ¢ = 3. f
(b) Find the total distance traveled by the particle from time ¢ = 0 N AR
to t = 3.
(c) Find the position of the particle at time ¢ = 3. 1l
(d) For 0 <t <57z, find the time ¢ at which the particle
is farthest to the right. Explain your answer.
(@ a(3)=V'(3)=6cos9 =-5.466 or —5.467 1:a(3)
3
(b) Distance = J.O|v(t)| dt =1.702 5 1 : setup
OR 1 : answer
For 0 <t <3, v(t) =0 when t = Jz =1.77245 and
t =~2x = 2.50663
x(0)=5
z
x(Vr) =5+ " v(r) dt = 5.89483
0
2z
x(V27) =5+ [ 7 o(e) de = 5.43041
3
x(3) =5+ jo w(t) dt = 5.77356
|x(x/;) - x(0)| + |x(v27r) - x(«/;)| + |x(3) - x(\/2ﬂ)| =1.702
X 1 : integrand
© x(3)=5+ jov(t) dt = 5.773 or 5.774 3: 1:uses x(0) =5
1 : answer
(d) The particle’s rightmost position occurs at time ¢ = vz = 1.772. l:setsv(t) =0

The particle changes from moving right to moving left at those times ¢ for
which v(z) = 0 with v(¢) changing from positive to negative, namely at

t =7, B3z, 57z (t =1.772,3.070, 3.963).

T
Using x(7) =5+ I . v(t) dt, the particle’s positions at the times it

changes from rightward to leftward movement are:
T: 0 Nz B3z 57
x(T): 5 5.895 5.788 5.752

The particle is farthest to the right when 7 = V7.
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Do not write beyond this border.

Work for problem 2(a) |

a(t)= V()= cos t%) (2t)
= 2% COS&?z)

a(3)= b cos 9 =~ 5.467

l Work for problem 2(b)

The cbject veverses direction twice before +=3.

v (@) =sin(#)=0
t ={1.772, 2,507}

172 2.507 3 ;
fo \/Gt)iﬂf-l* 51,771 v&)«ﬂv{ +22§07VL+) dt

- 0.895 + 0.464 +0.343 ‘
= [.702

Distance troweled=

Continue problem 2 on page 7.
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Do not write beyond this border.

| Work for problem 2(c) |

Position at =% s the initial PDS"HOH PL\AS net distance toveled.
x(3)=%(0)+ j VYAt

=5+ 0.774
=5, 7%

l Work for problem 2(d) ]
When the Dbjec‘l’ reaches V”iti)ht and veverses d'|vec'l*'i@n) %) has
reached a velative moximum.

vty =0 -Evr which \/C'D d’«anﬁesfr@wv +ve to -ve .
t={1.772, 2.070, 3.963}

Comparing x (4) = J V() dt4+ C -
0

| x
L7721 5.895
2.070|5.788
2.96315.752

Jo As 1 increases, the maxinium Jigflﬂw“w‘ffb ‘o the ”i’f"f)h?

decreasesS.
x () has an gbsolute movinwm ot £=1.772.

~ The object s Jarthest vight at +=].772.

“IopI0q SI) puoAkaq LM JOU O(]

GO ON TO THE NEXT PAGE.
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Do not write beyond this border.

v(t)

IT

I Work for problem 2(aL| oo &

Pcoberehon : ) 2 Vc‘\m@ £ Nz\d_(H._ V)

o= (satf)y = et

Al = U @B bovd 2 - 5.280

rWork for problem 2(b) I

Tl ot Hewhed  aroialine wlaity =2 v H

\ y .
1ol gohnee Yetuthed - Jf Gt ot - )’g qath & “fﬁ o) o

= LA

“IANTON QTIM MINAAN MTTAA ANTY A Y

Continue problem 2 on page 7.
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Do not write beyond this border.

Work for problem 2(c) 1
y 3 “‘7)‘ .
volaity, VY 7 e cpone Fogs

B i) ptEn 5, e e @EDS

S )0 anttat = 5.9%

LWork for problem 2(d) I

when T JX, He uplwe K j: gt hepomes T O)W»W

S e prirche & dartiest Ao Hevigl een t:in

"10p10q ST) puO&aq SILIA 10U O]

GO ON TO THE NEXT PAGE.
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Do not write beyond this border.

I Work for problem 2(aﬂ

0 - v * a sint? - 2tCost?
ar =\

a(3): 6u6? = ~OTeT unc(s?

The = tce & G\ecdzﬂah’(\g

| Work for problem 2(bﬂ
3 >
dis = alt) = S &) = j Sin(e?) dt
0

= 0774 uar

TeameA A Ao e T m s mavT s

Continue problem 2 on page 7.
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Do not write beyond this border.

| Work for problem 2(c) J

<) = ) SIND) At

A) = —j@s () +C ~(0) =5
2t
S=C

X ()

\

-Cost?t + S
2t
G52 unik -

\1

X(3)

[Work for problem 2(d)—|

ro re o0t ar {7

ETS Faxrtinesy r
e QRPN (S qreaiey Anan e

Q) AR anos
aca o 1he 6753?“

GO ON TO THE NEXT PAGE.
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AP® CALCULUS AB
2007 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 9

The student earned all 9 points.

Sample: 2B
Score: 6

The student earned 6 points: no points in part (a), 2 points in part (b), 3 points in part (¢), and 1 point in part (d).
Correct work is presented in parts (b) and (c). In part (a) the student did not earn the first point because the derivative
of v(¢) is incorrect. The student could have used the graphing calculator to find the numerical derivative. In part (d)

the student does not set v(¢) = 0, so the first point was not earned. The answer point was earned but not the reason
point since the student does not explicitly rule out the other times for which v(z) = 0.

Sample: 2C
Score: 3

The student earned 3 points: no points in part (a), no points in part (b), 2 points in part (c), and 1 point in part (d). In
part (a) the derivative of v(¢) is correct, but the student makes an error when evaluating the acceleration at ¢ = 3. In

part (b) the student integrates the velocity to find displacement instead of integrating the speed to find distance
traveled. In this case, since the particle changes direction on the interval from ¢ = 0 to ¢ = 3, displacement is not the

same as distance traveled. In part (c) the student has a correct integrand and uses x(0) = 5, which earned the first 2
points. The student attempts to find the antiderivative of v(¢) but did not earn the last point. In part (d) the student
does not set v(¢) = 0, so the first point was not earned. The answer point was earned but not the reason point since
the student does not explicitly rule out the other times when v(¢) = 0.
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