AP® CALCULUS BC
2009 SCORING GUIDELINES

Question 4

Consider the differential equation % = 6x — x°y. Let y = f(x) beaparticular solution to this

differential equation with theinitial condition f(-1) = 2.
(8 Use Euler's method with two steps of equal size, starting at X = —1, to approximate f(0). Show the
work that leads to your answer.

2
(b) Atthepoint (-1, 2), the value of % is —12. Find the second-degree Taylor polynomial for

2
f about x = -1.
(c) Findthe particular solution y = f(X) to the given differential equation with the initial condition
f(-1) =2
1 dy : . ;
@ f{-5|=f(-D+|= - AX 1: Euler's method with two steps
2 dx|, 2:
-12) 1: answer
_ 1
=2+4 5= 4
~ (=L)WY .
f(0) = f( Z)J{dx (_l 4)} AX
5
~ayp i1 17
=43 557
() Py(X) = 2+ 4(x+1) — 6(x +1)? 1: answer
() dy_ X2 (6-y) 1 : separation of variables
dX - y %p
1 X 2 : antiderivatives
er dy = IX dx 6: < 1:constant of integration
1 3 1: usesinitial condition
—In|6—y|:§x +C 1: solvesfor y
-1
—In4=-3+C Note: max 3/6 [1-2-0-0-0] if no constant of
_1_ integration
C= In4 . . :
3 Note: 0/6if no separation of variables
__ Ll _(1_
In|6 —y| = 3X (3 In4)
_13
|6 —y|=4e e
1
y =646 3"
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NO CALCULATOR ALLOWED o

CALCULUS BC
SECTION 1, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.

Do not write beyond this border.

[Work for problem 4a) | |+ AX =S{ep s1te =, <
lo.5)s B2+ (6 - (0 (.S
< L+ (6-2)5= v =Y =£-
o s o
k{*@ - (I

-tﬂ&"—-” JE v%éj(* m

‘Work for problem 4(b)

b Ty =0 = [)Y =
Ay ](.\ L) 0
L(*‘

9(} 1 w(xﬂ) ~lL(X+\ k 1“{ (XH) ~@@+})L

Continue problem 4 on page
-10-
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Do not write beyond this border.

4. '« 4

NO CALCULATOR ALLOWED T

[Vv rk for problm4()

% b1ty
~} &= X6~
gﬂ :SXEQK
(Y
~\.ﬂ16"() < 2%? +C
In J6-Y) = "X3
Waing - point &-\ y
| In(4) = 3+
| (= \nU —
\h]é v = "L Hn“{--

b= £

S

B L

© 2009 The College Board. All rights

erved.
Visit the College Board o hWbWWWllbdm

GO ON TO THE NEXT PAGE.



'S R Y KN

NO CALCULATOR ALLOWED

" CALCULUS BC
SECTION I, Part B
Time—45 minutes
- Number of problems—3

No calculator is allowed for. thwe problems.

'.oﬁ,@xz,x y %ovy fen=2

Work for problem 4(8) | —J{x ~

N . - j 12 = 7
(\_“ Y?"&L\J - C—Jj!'xxs&r,? 517,e,>—|' \/0[0\ 5”7’—? 128 . 5—

G- vxz‘ (',;‘*;j + Yotd e ;
C . " » ool g Tlo)=H25
snet DN ()T T —
- (- 20s) |
2z +42:=4

“13pI0q s‘lq:; pubié(i EiT Y Jbﬁ;dd

\l

: S0 at X = ¥ \/'L‘
swl C(-9) — () syt = Lo -
©(25)~ (5 (1)GS) + 4 ‘ééfS)’H - N
‘%‘ %7)(!5)4"'! = : ('2,;4’ Y= 4,25
Workforproblemé{b) | Bﬂ" ’_ ' Y\“’(D sz ' ,F( ,) Z
| 1.((0 \1) ~In )"f'Cl f——{-—(_’ {,(,\3 1_{
o | -%\;1?1 = xFdx \;Jr(a §’+C FCN =

| F""(c) ny | |
! [X C) - QC")Z" C—'_z(l> __v‘F‘(»r).

PO =HGF) - Gowy T
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Work for problem 4(c) :

= ey
| - X?',éfo-tf)
oy |
_Q—\:L\{ - xzo(x
”f'—i = YXLJX

\ = F‘CK).

“YHC
—-m/yfco)’/—%
X;
Vo T e R a |
o
v= e 2
5
» 7
—_ 3 &
2 = e 1+ C A
| &
L :
1 =e +c | % ( )
- - Int™ 3
In 2 : + C Y~ e Tl
- 1’ ,x} )
T / 7-C
1L-e* = C Y- +£

A AR T e fammam e a - -
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NO CALCULATOR ALLOWED

CALCULUS BC
SECTIONIL, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems,

_Do not write beyond this border.

| Work for problem 4(a) |

, VY = M%) |
> X | A liss o - £(-05
%%;(oﬁ Y | 7%2‘_4,@.5“) Y-22 | (O+(05))
P =2 V22 9 y-2 = 05
2 2 3 Y9303 = \1 = 2 '\'l +2
b)Y~ (1) (2) %_?-{;; _ gyl
L(D) ~(,'L) = 4' : i ;.22— -L__O‘5 ! 23 \/ -

| 5.0

C(O-5) ~ C~0—5)?Cz%

(BY©o23) ~©25)E
(1.20) - (-80)

= !

Work for problem 4(b)

) &
. dxl '

Continue problem 4 on page 1
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| Work for problem 4(c) X Y ‘l
L-1)=2
>< = Ry Fe)
dy = OI=X%y dX
9y = pR-KdX
5 |
f_(_j_\L = f(oxz—ﬁz ax
T
5|
: ny= 2% -Y\_a, +C
i e e 3
! 2)3_-7\9 +C
! 1= 2)(3—7\3 .
; V=e" 3 .¢e°
‘ 4313
-|-—|- .z -17 C
22 mTr
55‘2)' (L 2 c. La) GREY!
' -5l
W)-()  2ece 0
—
o' - 2
3 3
GO ON TO THE NEXT PAGE.
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AP® CALCULUS BC
2009 SCORING COMMENTARY

Question 4

Overview

This problem presented the differential equation dy _ 6x> — x2y and a particular solution y = f(x) satisfying

dx
f(—1) = 5. Part (a) asked students to use Euler’s method with two steps of equal size to approximate f(0). In
2
part (b) it was stated that % = —12, and students were asked to provide the second-degree Taylor
X
(-12)

polynomial for f about x = —1. Part (c) asked for the particular solution y = f(X).

Sample: 4A
Score: 9

The student earned all 9 points.

Sample: 4B
Score: 6

The student earned 6 points: 2 points in part (a), no points in part (b), and 4 points in part (c). In part (a) the
student’s work is correct. In part (b) the student neglects to include the constant term in the polynomial. In

part (c) the student earned the first point for separating the variables correctly. The student earned only 1 of the
antiderivative points since the antidifferentiation of the expression that results in the logarithm is incorrect. The
student earned the constant of integration and initial condition points. The student makes errors in attempting to
find the specific constant of integration and was not eligible for the last point since the logarithm of a difference is
not included (either In|6 — y|, In(6 ), or In|y —6].)

Sample: 4C
Score: 4

The student earned 4 points: 1 point in part (a), no points in part (b), and 3 points in part (c). In part (a) the student
earned the first point for indicating two steps of Euler’s method. The student makes an arithmetic error in
calculating the y-coordinate in the first step and did not earn the answer point. In part (c) the student did not earn
the separation of variables point. Because the separation results in the reciprocal of a linear function in y and a
nontrivial function of x, the student was eligible for both antiderivative points. In this case, the student earned
only 1 of the antiderivative points since the absolute value is required for all other arguments of the logarithmic
function except 6 — y. The student earned the constant of integration and initial condition points. The student was

not eligible for the last point since the antiderivative in y does not resultin In(6 — y) or In(y — 6).
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