AP® CALCULUS BC
2013 SCORING GUIDELINES

Question 6

A function f has derivatives of all orders at x = 0. Let P,(x) denote the nth-degree Taylor polynomial
for f about x = 0.

(a) TItis known that f(0) = —4 and that Pl(%) = —3. Show that f"(0) = 2.

_2
3

(c) The function A has first derivative given by 4'(x) = f(2x). It is known that #(0) = 7. Find the
third-degree Taylor polynomial for /4 about x = 0.

(b) Itis known that f"(0) = and f""(0) = % Find B(x).

(@ B(x)=f(0)+ f'(0)x =—-4+ f'(0)x 5. { 1 :uses B(x)
| 1:verifies f'(0) =2
B(3) =4+ r(0) 5 =-3
f1(0) % =1
£(0) =2

1 : first two terms

(b) P(x)=—4+2x+ (—3 :
3: < 1: third term

= [ NP 1 : fourth term
=—4+2x 3 x4+ 13 X
(c) Let O,(x) denote the Taylor polynomial of degree n for 4 about 2 :applies A'(x) = f(2x)
x =0. 4 : < 1:constant term

1 : remaining terms
W(x) = f(2x) = 0)'(x) = -4+ 2(2x) - 1 (2x)’

O\(x) = —dx+ 45 _ 2 X L0000 = h(0) =7

2 33
O3(x) =7 — 4x + 2x° —gx3

OR

B(x) = f(2x), B"(x) = 2f'(2x), K" (x) = 4/"(2x)
R(0) = £(0) = =4, h"(0) = 2/'(0) = 4, h"(0) = 4£"(0) = ‘%
’ 4

2
—7- X8 x4 223
Oy(x)=7-4x+4 T3 3!—7 4x + 2x 5~
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6. A function f has derivatives of all orders at x = 0. Let P,(x) denote the nth-degree Taylor polynomial
for f about x = 0.

(a) Itisknown that f(0) = —4 and that Pl(—:lz) = -3. Show that f’(0) = 2.
?m': “‘C(Cj - ij£§ (?”‘* @5 -
1

!

(b) Ttis known that f”(0) = ~% and f"(0) = 5. Find By(x)..
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(¢) The function & has first derivative given by h’(x) = £(2x). It is known that h(0) = 7. Find the
third-degree Taylor polynomial for # about x = 0.

- / / V7 S
O~ Te(ex) dx = (R 3

D N

3 - i .:,?
Fy (@)= -y = 2 (32X = 'é‘{i‘;}xv&* ;:é‘ (2)7

PN LD e : 51
R o) i P losd=e =4 x = an®a 85
N > N q
x-l
O
o
-
o
o
B
= = %
= } - u )
= ?u fﬁ;‘fm‘»m'ﬂ 5’_? \ &Vhww_@ §
S 3 e = e Yy o 5 % ?
g !
- S D |
=
z
-
=]
=
]
a
Unauthorized copying or reuse of GO ON TO THE NEXT PAGE.
any part of this page is illegal. 21-

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

“I9p10Qg STUl PU0Aaq 911IM 10U O(T



Do not write beyond this border.

6 6 6 6 6 6 6 6 6 6

NO CALCULATOR ALLOWED -8,

6. A function f has derivatives of all orders at x = 0. Let P,(x) denote the nth-degree Taylor polynomial
for f about x = Q.

(a) Itis known that f(0) = —4 and that Pl(%) = —3. Show that f’(0) = 2.

(b) Tt is known that £*(0) = —% and f(0) = % Find P, (x).
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(c) The function  has first derivative given by #’(x) = f(2x). It is known that h(0) = 7. Find the
third-degree Taylor polynomial for A about x = 0.
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6. A function f has derivatives of all orders at x = 0. Let P,(x) denote the nth-degree Taylor polynomial

for f about x = 0.

(a) Itis known that f(0) = —4 and that PI(%) = -3. Show that f’(0) = 2.
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(b) Itis known that f”(0) = _% and f”(0) = % Find P;(x).
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(c) The function A has first derivative given by h’(x) = f(2x). Itis known that #(0) = 7. Find the
third-degree Taylor polynomial for & about x = 0.

h(a)=" W{_O);{«o)

b W {(2x)
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AP® CALCULUS BC
2013 SCORING COMMENTARY

Question 6
Overview

This problem described a function f known to have derivatives of all orders at x = 0. In part (a) information was
provided about the value of the function at x = 0, as well as about the value of its first-degree Taylor polynomial

about x = 0 at the point x = % Students needed to use this information to verify that f'(0) = 2.

In part (b) students were given information about the second and third derivatives of f at x = 0. Students needed
to use this additional information to find the third-degree Taylor polynomial for f about x = 0. In part (c) a new
function 4 was defined in terms of f. Students needed to use information provided about 4(0), as well as

information already provided about f; to find the third-degree Taylor polynomial for # about x = 0.

Sample: 6A
Score: 9

The student earned all 9 points.

Sample: 6B
Score: 6

The student earned 6 points: 2 points in part (a), 3 points in part (b), and 1 point in part (¢). In parts (a) and (b),
the student’s work is correct. No supporting work was required. In part (¢) the student appears to have
antidifferentiated P,(x) and replaced x by 2x in the result. This is not a legitimate method, and the student did
not earn the fourth point. The student earned the third point because the answer has a constant term of 7 in a
polynomial of degree three or higher.

Sample: 6C
Score: 3

The student earned 3 points: 2 points in part (a) and 1 point in part (c¢). In part (a) the student’s actual solution
begins on the third line and earned both points in part (a). The student shows that f'(0) = 2 together with the
given values for Pl(%) and f(0) implies that x = %, thereby verifying that f'(0) = 2. In part (b) the student’s
work is incorrect. In part (c) the student earned 1 of 2 points. The student would have earned the second point
with a correct expression for 4"'(0). Because the student attempts to use a legitimate method, the student was
eligible to earn the fourth point. No additional points were earned since the answer is not a polynomial of degree
three or higher, and the student does not have a value for 4"'(0).
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