AP® CALCULUS AB
2007 SCORING GUIDELINES

Question 4

A particle moves along the x-axis with position at time t given by x(t) = e'sint for 0<t < 27

(8 Findthetime t at which the particleisfarthest to the left. Justify your answer.
(b) Find the value of the constant A for which x(t) satisfiesthe equation AX"(t) + X'(t) + x(t) =0

for 0<t < 2r.

(@ X(t)=-€e'sint+e'cost =e"(cost—sint) 2: X(t)
X(t) = 0 when cost = sint. Therefore, X'(t) =0 on 5. 1:sets X(t) =0
O<t<2rfort=2% andt="%. Loanswer

4 4 1: justification
The candidates for the absolute minimum are at
_oZ 5%
t—0,4, 4,and27z.
X(t)
0 | €”sin(0)=0
_z
% e 4 sin(%) >0
_sr
577[ e 4 sin(ST”) <0
27 | e?"sn(27) =0
The particle isfarthest to the left when t = 57”
(b) X'(t)=—e"(cost —sint) + e (-sint — cost) 2: X'(t)
' into AX'(t) + X(t) + x(t)
AX (1) + X(t) + X(t) 1: answer
= A(-2¢ " cost) + €' (cost —sint) + e sint
= (—2A+1)e ' cost
=0
1
Therefore, A = 5
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CALCULUS AB
SECTIONIL, Part B

Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

Work for problem 4(a)
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Continue problem 4 on page 11.
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I Work for problem 4(b) J

1)z etsnd ) = e cost - e'sint
K" (1) =€ sint —cat e - (eeest - € sin )
()= i - ot - et el 4 etind

CEYT e e

A (D) (D x(D):0

Al2ecost) 4 et - sind + et sind 7 O

‘QAeJ‘CoS‘l: +e‘*cc>g+ =0
cteost (-2A+) ) = D

“Top10q ST} pUoAaq 23M JOU 0

GO ON TO THE NEXT PAGE.
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CALCULUS AB
SECTION I, Part B
Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

| Work for problem 4(a) |
(D) (D)7 €Tt - gwor(eN Y
T e oot - gt sinT
- e (codk- w0t

o (cowy -swt )70
HVE
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Continue problem 4 on page 11.
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[ Work for problem 4(b) l
= o [coct ~—“'\Y’1)\’>
() e et e
e (‘%\Y\*'(DEQ* (@3""“‘)(’3 )\ )
% (- 3ok oSt ) - ™ (cost -2t ) N
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N (- Mot s ot - 260Y 4 i ) = O
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GO ON TO THE NEXT PAGE.
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Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

[ Work for problem 4(a) ]

‘ ) -4 oL —_—
X' or V=€ (o8 ) st - )

Tefeost-eTant
= ~~% _ .
et (cost-sinmiy
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Continue problem 4 on page 11.
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LWork for problem 4(b) |

X () = e T {cost-sinty
\K( =€-*&¢‘ Nt - C'OC”T)¥(COC%“€\'Y\\'>%’:Q“*>(“\\>
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“lecoet

[ A= N -
AleTeinshs (e (cesr ~armi)) = Ze o ar = (3
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GO ON TO THE NEXT PAGE.
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AP® CALCULUS AB
2007 SCORING COMMENTARY

Question 4
Overview

This problem presented students with a function x(7) describing the position of a particle at time ¢ moving along

the x-axis over a closed time interval. Part (a) asked for the time, with justification, when the particle was farthest
to the left during this time interval. The first derivative of x(¢) was required to compute the time and complete

the justification. Part (b) required students to substitute the function and the first and second derivatives of x(7)
into the equation Ax"(¢) + x'(¢) + x(¢) = 0 to find the value of 4. Students did not have to solve the differential
equation to determine the value of A.

Sample: 4A
Score: 9

The student earned all 9 points.

Sample: 4B
Score: 6

The student earned 6 points: 3 points in part (a) and 3 points in part (b). In part (a) the student earned 2 points for
x'(¢) and 1 point for setting x'(¢#) = 0. In part (b) the student earned 2 points for x"(¢) and 1 point for the correct

substitution. The student does not solve for 4 and thus did not earn the answer point.

Sample: 4C
Score: 4

The student earned 4 points: 2 points in part (a) and 2 points in part (b). In part (a) the student earned 2 points for
x'(¢). In part (b) the student earned 2 points for x"(¢). The student incorrectly substitutes for x"(¢#) and does not

solve for 4.
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