AP® CALCULUS BC
2010 SCORING GUIDELINES

Question 6

&é_l for x# 0
f(x) = X

—% for x=0

The function f, defined above, has derivatives of al orders. Let g be the function defined by

=1+I;fﬁ)m

(8 Writethefirst three nonzero terms and the general term of the Taylor seriesfor cosx about x = 0. Usethis
series to write the first three nonzero terms and the general term of the Taylor seriesfor f about x = 0.

(b) Usethe Taylor seriesfor f about x = 0 found in part (a) to determine whether f has arelative maximum,
relative minimum, or neither at x = 0. Give areason for your answer.

(c) Writethe fifth-degree Taylor polynomial for g about x = 0.

(d) The Taylor seriesfor g about x = 0, evaluated at x =1, isan aternating series with individual terms that
decrease in absolute value to 0. Use the third-degree Taylor polynomial for g about x = 0 to estimate the

valueof g(1). Explain why this estimate differs from the actual value of g(1) by lessthan é'
X2 X4 2n
(@& cos(x)=1- > +— + (=" (2n)' 1:termsfor cos x
L 32 4 o 3- 2 termsfor f
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1: generd term

(b) f’(0) isthe coefficient of x inthe Taylor seriesfor f about x = 0, 5- 1: determines f’(0)

so f'(0) = " | 1: answer with reason

710 _ 1 i the coefficient of he Tay! for  ab

5 = Al isthe coefficient of x* inthe Taylor seriesfor out
x=0, s0o f7(0) = 1
12°
Therefore, by the Second Derivative Test, f has arelative minimum at
x=0.
3 5 1: two correct terms
X, X X

R(X)=1-2+ o — = 2:

© R(x) 2341 5l {1nenammuams
~1-1, 1 _37 . ot

@ oD =~1-5+37=7% 2: {1::'?;?;0n

Sincethe Taylor seriesfor g about x = 0 evaluatedat x =1 is - &P

aternating and the terms decrease in absolute value to 0, we know

‘ 37 1 1

9 -73| <58 <6

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.



6 6 6 6 6 6 6 6

Do not write beyond this border.

NO CALCULATOR A ALLOWED y M
| B
Work for problem 6(a)
n, M
oY ()
(st = n=® (_2—-4\\)!.
' »
i 2= z_),
F‘wv—& AW P D S A, \ - ;\j i »n!
R ™
¥ SN
,-—-—""’““"“'“\‘
!}ﬂ\: -
\
sl Y !u')l‘ =
f(b‘“ 2l '
)" " A
) X
P‘rw ROV © A, T = o = T AT
¢ o) Al .

P 2\
W\ Sermo = (S (XD

e —— e

fon=2)"
Work for problem 6(b)
P 2n - Y]
/3 f - )(:? - L_;,z:—:_,,% -
g == s ! ) R ! o
F\Y N >- HooE- L
) ~N
< - e —
POYs 22 a4y, e PO (T
£ Q-_( i 7/.3
‘[ - QM > .
- :
Filed= 5 >0
RIS S g

S M e X2 3‘"?7 ol gens

ém,(‘ W;..& WY C/‘/)f

"IopI0q ST} PUOASq S1IM 10U O(]

Continue problem 6 on page 15.
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AP® CALCULUS BC
2010 SCORING COMMENTARY

Question 6
Overview
. . . - cosx —1 1 :
This problem provided the function f defined by f(x) = ———— for x # 0 and f(0) = —5- It was given that
X

f has derivatives of all orders, and the function g is defined by g(x) =1+ IOX f(t) dt. Part (a) asked for the first

three nonzero terms and the general term of the Taylor series for cos x about x = 0. Students were to use this
with algebraic manipulation to find the first three nonzero terms and the general term of the Taylor series for f
about x = 0. In part (b) students were asked to use the Taylor series for f about x = 0 to determine whether f
has a relative maximum, relative minimum or neither at x = 0. From the series for f students can establish that

f’(0)=0and f”(0) = %3 and resolve this issue using the Second Derivative Test. Part (c) asked for the fifth-

degree Taylor polynomial for g about x = 0. In part (d) it was given that the Taylor series for g about x = 0 is
an alternating series whose terms decrease in absolute value to 0. Students were asked to use the third-degree

Taylor polynomial for g about x = 0 to estimate g(1) and to explain why this estimate is within % of the

actual value. The properties of the series for g(1) allow us to bound the error in this approximation by the
absolute value of the next term in the series.

Sample: 6A
Score: 9

The student earned all 9 points.

Sample: 6B
Score: 6

The student earned 6 points: 1 point in part (2), 1 point in part (b), 2 points in part (c), and 2 points in part (d). In
part (2) the student earned the second point. Although the first three terms for the series for cos x are correct, the
student omits the general term. The first three terms of the series for f are correct, but the student also omits the
general term. The student did not lose any points for the use of “=" in both cases. In part (b) the student incorrectly
declares f’(x) and f”(x) to be polynomials and provides a correct solution without dealing with a series. The
student earned just 1 point as a result. In parts (c) and (d), the student’s work is correct. The student did not lose any
points for an incorrect use of the equals sign in part (c).

Sample: 6C
Score: 4

The student earned 4 points: 2 points in part (a), 1 point in part (b), 1 point in part (c), and no points in part (d). In
part (a) the student earned the first point for the first three terms and the general term of the series for cos x. The
first three terms of the series for f are correct, but the general term is incorrect. The student earned 1 of the possible
points for the series for f. In part (b) the student earned the first point for determining f’(0). In part (c) the student
earned 1 point for the correct first two terms. In part (d) the student’s work is incorrect.
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