AP® CALCULUS BC
2012 SCORING GUIDELINES

Question 4
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The function f is twice differentiable for x > 0 with f(1) =15 and f”(1) = 20. Values of f”, the derivative of
1, are given for selected values of x in the table above.

(a) Write an equation for the line tangent to the graph of f at x = 1. Use this line to approximate f(1.4).

(b) Use a midpoint Riemann sum with two subintervals of equal length and values from the table to
approximate LM f(x) dx. Use the approximation for J‘IM f/(x) dx to estimate the value of f(1.4). Show
the computations that lead to your answer.

(c) Use Euler’s method, starting at x =1 with two steps of equal size, to approximate f(1.4). Show the
computations that lead to your answer.

(d) Write the second-degree Taylor polynomial for /" about x = 1. Use the Taylor polynomial to approximate

f(1.4).

(@ f(1)=15 f(1)=8 5. { 1 : tangent line

. . 1 : approximation
An equation for the tangent line is

y=15+8(x-1).

F(1.4)=15+8(1.4—1) =182

14
®) .[1 S'(x) dx = (0.2)(10) +(0.2)(13) = 4.6 1 : midpoint Riemann sum
3 : ¢ 1 : Fundamental Theorem of Calculus
14 ‘
S4) =71+ L f(x) dx 1 : answer

F(1.4)=15+4.6=196

(© f(1.2)= f(1)+(0.2)(8) =16.6 5. { 1 : Euler’s method with two steps
" | 1:answer
£(1.4) = 16.6 + (0.2)(12) = 19.0
d) T(x)=15+8(x-1)+ %(x —1)? 5. { 1 : Taylor polynomial
' " | 1 : approximation

=15+8(x—1)+10(x — 1)

F(14)=15+8(1.4—-1)+10(1.4 - 1)* =19.8
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4. The function f is twice differentiable for x >0 with f(1) = 15 and f”(1) = 20. Values of f’, the derivative of
/i are given for selected values of x in the table above.

(a) Write an equation for the line tangent to the graph of f at x = 1. Use this line to approximate f(1 4).
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(b) Use a midpoint Riemann sum with two subintervals of equal length and values from the table to

i 14 —————
approximate I f’(x) dx. Use the approximation for J-I f’(x) dx to estimate the value of f(1.4). Show
] e

the computations that lead to your answer.

5’[*4"(1),,-{% 2 (L2-0)0) 4 (1 4-12) (13)
= (0.0 +(0.2) (13)

= 242.b = LLE)l

Fuayw Frry [0 m) da
\6+4.b
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(¢) Use Euler's method, starting at x = 1 with two steps of equal size, to approxim f(14 Show the
computations that lead to your answer.

fraye ey +£m02) = (54 ()02 = (5416 = 6.6
fr.d)a P+ D 02) = (b.b+(12)(0.2)= (6.6 +2.4

:{Cf
;E?f:;;7ﬁ(

(d) Write the second-degree Taylor polynomial for f about x = 1. Use the Taylor polynomial to approximate
fa). e

Vata) = ) (@40 + Pl | o (1)
(74 f f ‘? ‘ 2‘!’

'Pz(i): It 4+ Bia-1) + 20 (—afflf'
| (! 2|

— -
e

@1[”): (5§48 (2-1) 4 (0 (%';f.)j

Pl 2 (548 CLy-1) £o (14 -1)
= 1E4800.4) + (0 (0.4)
- 5 4+3.24 10
={(9. 3
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4. The function f is twice differentiable for x > 0 with f(1) =15 and f“(1) = 20. Values of f*, the derivative of
f, are given for selected values of x in the table above.

(a) Write an equation for the line tangent to the graph of Lat x = 1. Use this line to approximate | (1.4).
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(b) Use a midpoint Riemann sum with two subintervals of equal length and values from the table to

L4 14
approximate Jl f’(x) dx. Use the approximation for L f'(x) dx to estimate the value of f(1.4). Show
the computations that lead to your answer.

[LI‘Q*BQO)Jr (er-1.2)( f3)]
[“3-3{' o)+ o.:\.(rﬁ]
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(c) Use Euler's method, starting at x = 1 with two steps of equal size, to approximate f(1.4). Show the
computations that lead fo your answer. T

AY=02
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(d) Write the second-degree Taylor polynomial for f about x = 1. Use the Taylor polynomial to approximate
£(14). | _
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4. The function f is twice differentiable for x > 0 with f(1) =15 and f”(1) = 20. Values of f”, the derivative of
£, are given for selected values of x in the table above.

(a) Write an equation for the line tangent to the graph of f at x = 1. Use this line to approximate f(1.4),

_— ‘j__."-’d‘ = m(,!(_"k")

yis= ¥(x—1)

| Y= e £y
G SRl
Jenr g
yas.t

1,2

m > Pl =)

A\

) Use a midpoint Riemann sum with two subintervals of equal length and values from the table to

_ 14 o 14
approximate L f’(x) dx. Use the approximation for L f*(x) dx to estimate the value of f(1.4). Show
the computations that lead to your answer. '

.
%’J, 10(2) + 13¢2)
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(c) Use Euler’s method, starting at x = 1 with two steps of equal size, to approximate f(1.4). Show the

computations that lead to your answer. g
syz m DX 2
7 |
e %
Aa:h&
42157 0e = bk
(12,16, ¢) |
&j: 17,2 16,
> 2.4 -
y=16.642.4 RE
(14,14, 0)

(d) Write the second-degree Taylor polynomial for f about x = 1. Use the Taylor polynomial to approximate
f(1.4).
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2012 SCORING COMMENTARY

Question 4
Overview

Students were presented with a table of values for f” at selected values of x given that 1 is a twice-differentiable
function. The values for f(1) and f”’(1) are also given. Part (a) asked students to write an equation for the line
tangent to the graph of f at x =1 and then use this line to approximate f(1.4). Students should have used the
given values for f(1) and f’(1) to construct an equation equivalent to y = f(1) + f’(1)(x — 1). Students could

then substitute x = 1.4 to obtain the desired approximation. Part (b) asked students to use a midpoint Riemann
1.4
sum with two subintervals of equal length, based on values in the table, to approximate J-l f'(x) dx. They were

then asked to use this approximation to estimate f(1.4). This estimate is obtained by using the midpoint Riemann

1.4
sum in the expression f(1)+ L f'(x) dx. Part (c) asked students to use Euler’s method, starting at x = 1 with

two steps of equal size, to approximate f(1.4). Part (d) asked for the second-degree Taylor polynomial for f
about x = 1, which was then used to obtain yet another approximation for f(1.4). Students should have used the

given values for f(1), f7(1), and f”(1) to write the Taylor polynomial.

Sample: 4A
Score: 9

The student earned all 9 points.

Sample: 4B
Score: 6

The student earned 6 points: 2 points in part (a), 1 point in part (b), 1 point in part (c), and 2 points in part (d). In
parts (a) and (d) the student’s work is correct. In part (b) the student presents a correct midpoint Riemann sum, so
the first point was earned. In part (¢) the student correctly presents Euler’s method with two steps, so the first
point was earned. The student’s arithmetic error in the last sum leads to an incorrect value for the approximation.

Sample: 4C
Score: 3

The student earned 3 points: 1 point in part (a), no points in part (b), 2 points in part (c), and no points in part (d).
In part (a) the student presents the correct tangent line and earned the first point. The student makes an algebra
error in subsequent work and did not earn the second point. In part (b) the student’s work is incorrect. In part (¢)
the student’s work is correct. In part (d) the student uses incorrect values for (1), f’(1), and f”(1).
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