AP® CALUCLUS AB/CALCULUS BC
2015 SCORING GUIDELINES

Question 4

Consider the differential equation % =2x—y.

(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.

2

(b) Find f{—;} in terms of x and y. Determine the concavity of all solution curves for the given differential
x
equation in Quadrant II. Give a reason for your answer.

(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at x = 2 ? Justify your answer.

(d) Find the values of the constants m and b for which y = mx + b is a solution to the differential equation.

(a) ¥ 5. 1 : slopes where x = 0
\ " | 1 : slopes where x =1
2

F4H'¥

1

514 /

d*y ., _dy _ _ d%y
(b) ?—Z—a—z (2x y)—2 2x+y 2: 1?

1 : concave up with reason
In QuadrantIl, x <0 and y >0, so 2—-2x+ y > 0.

Therefore, all solution curves are concave up in Quadrant II.

(c) % =2(2)-3=1+#0 1 : considers %
Ml )=23) 2: i p)=(2.3)
Therefore, f has neither a relative minimum nor a relative 1 : conclusion with justification

maximum at x = 2.

_ dy _ d _ . d _
d y=mx+b = dx_dx(mx+b)_m N l.dx(mx+b)—m

2x—y=m N 1:2x—-y=m

2x—(mx+b)=m 1 : answer

2-m)x—-(m+b)=0
2-m=0=>m=2
b=-m = b=-2

Therefore, m = 2 and b = -2.
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4. Consider the differential equation % =2x-y.

(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.

b

2 .
(b) Find % in terms of x and y. Determine the concavity of all solution curves for the given differential
equation in Quadrant II. Give a reason for your answer.

d

zi““"s

Az b= ‘d = - -
1.1:5 =2 xi‘ = 2-(2x-y)

ﬂ = 2’1X‘\'Y
dx*

\n Quadmet T, X<0 and y >0,
SO @1; 1-17(+\{> 0,
X

Thus | ol solution cunts M Quadvant I o OACAVE vv&o,l
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Do not write beyond this border.

(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at x = 2 ? Justify your answer.

éj- - = . - =
dK_lx\{ 2:2-73 =\

t

= oy <2
iNmﬂmﬂ, as 5 # 0 of x4

(d) Find the values of the constants m and b for which y =mx +b isa splution to the differential equation.
dy
33 = 2%y, Y= wmxtb

d - 2x-
;-z:w\-lxy

wA= lX“(W\X*b§
wi= (Z-wmix-b ,quuww coePFIeients

2-m= D
w=2 ,
“b=m

b= -wm=-2.

Wy\=2,\>=—.2 | : | -

Unauthorized copying or reuse of GOONTO THE NEXT PAGE.

any part of this page is iliegal. =17=

©2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

"I9PI0q Sl PUOAaq LM JOU O(]



4

NO CALCULATOR ALLOWED

& _

4, Consider the differential equation e 2x —y.

(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.

2
(b) Find d_g_) in terms of x and y. Determine the concavity of all solution curves for the given differential

equation in Quadrant II. Give a reason for your answer.

Continue problem 4 on page 17.
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Do not write beyond this border.

(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at x = 2 ? Justify your answer.

_/—F{ly - Z-’Z(Z) F3 = 2 -Y r3-= -3 #%= | WD
de® . concave VP T preard Samirenin
Jecording Lothe Secons Aertpidive test m.tr p= D
Lhe QM O‘QV"’V“}*P‘:G’ P'OS‘”‘)V{ ard o= 7Lf‘*€f‘\€ s
oL VV\,J_AFMM‘""A}L“‘LH@‘ peih—

\

(d) Find the values of the constants m and b for which y = mx + b is a solution to the differential equation.

"m: TV vz 2 — chx

¥
y= Gx-y) e ¢
b= 2x7 yp 4h
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4. Consider the differential equation ol 2x —y.
(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.
b
4
25& —_—
% 4
0 T
-7 /.
@
4>
(b) Find dx_g in terms of x and y. Determine the concavity of all solution curves for the given differential
equation in Quadrant II. Give a reason for your answer.
Tr-Lel
N _ Ax- =L
N =B | x=1
cx |
A=
Q\Z‘\ 7 - y )
. /‘L - \‘ s
O
=9
®= 1
RN b
=% L
b= 2= (Tx-\) _
. Bl
0= 2-1%xxy :
= \
N T OZx- 7 : Ceoabe VIS o TRCRIVE MR
NY
K= z .
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(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at- x = 2 ? Justify your answer.

. RIS
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g ey = ¥_1 |
I \{ g oS o celative, min & X =7 becocwee
"\ 2z _ .
1 2 #o Rz s D

(d) Find the values of the constants m and b for which y = mx + b is a solution to the djﬁerenﬁal equation.

_— >Z)<-\‘ \1:—3:m(><‘—2.)
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AP® CALCULUS AB/CALCULUS BC
2015 SCORING COMMENTARY

Question 4

Overview

In this problem students were to consider the first-order differential equation % = 2x — y. In part (a) students
were given an xy-plane with 6 labeled points and were expected to sketch a slope field by drawing a short line

segment at each of the six points with slopes of 2x — y. In part (b) students needed to use implicit differentiation

2 2
and the fact that d—;} = i(ﬂ) to obtain a2y 2 — 2x + y. Students were expected to explain that for points
dx dx \ dx 2
2
in Quadrant II, x < 0 and y > 0 so Z—{ > 0. Thus, any solution curve for the differential equation that passes
X

through a point (x, y) in Quadrant II must be concave up at (x, y). In part (c) students were asked to consider
the particular solution y = f(x) to the differential equation with the initial condition f(2) = 3. Students had to
determine if (2, 3) is the location of a relative minimum, a relative maximum, or neither for f and justify the
answer. Students were expected to show that % # 0 at (2, 3) and conclude that (2, 3) is neither the location of

a relative minimum nor a relative maximum. In part (d) students were asked to find the values of the constants m
and b so that the linear function y = mx + b satisfies the differential equation b _ 2x — y. Students were
dx
. dy . oo ody
expected to show that if y = mx + b, then il Using a substitution in i 2x —y leadsto 2x —y =m

and thus 2x — (mx + b) = m. This equation enabled the student to find the values of m and b.

Sample: 4A
Score: 9

The response earned all 9 points.

Sample: 4B
Score: 6

The response earned 6 points: 2 points in part (a), 2 points in part (b), no points in part (c), and 2 points in part (d). In
part (a) the student’s work is correct. In part (b) the student’s work is correct, including correct reasoning about the
sign of the second derivative using the signs of x and y in Quadrant II. In part (c) the student does not consider

. o d? , o

%, so the first point was not earned. The student considers d—%), which cannot be used as justification, and the
X

student incorrectly identifies x = 2 as a minimum. The second point was not earned. In part (d) the student earned

the first 2 points for declaring that m = 2x — y. In doing so, the student communicates that the derivative of the

linear function is its slope m (the first point) and connects the differential equation and its linear solution by
equating the derivatives (the second point). The student does not arrive at an answer.

Sample: 4C
Score: 3

The response earned 3 points: 2 points in part (a), 1 point in part (b), no points in part (c), and no points in part (d).
In part (a) the student’s work is correct. In part (b) the student earned the first point for the correct second derivative
in x and y, shown in the work where the student writes 0 = 2 — (2x — »). In part (c) the student incorrectly solves
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Question 4 (continued)

the differential equation and then, from that work, finds an incorrect expression for the first derivative. The student is
not eligible for any points. In part (d) the student attempts to solve the differential equation by separation of variables

and uses the point (2, 3), which is not relevant to the question asked.
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