AP® CALCULUS BC

2006 SCORING GUIDELINES (Form B)

Question 1

3 2

x> x X
T—T—E+3cosx. Let R
be the shaded region in the second quadrant bounded by the graph of f,
and let S be the shaded region bounded by the graph of f and line /,

the line tangent to the graph of f at x = 0, as shown above.
(a) Find the area of R.

Let f be the function given by f(x) =

(b) Find the volume of the solid generated when R is rotated about the
horizontal line y = 2.

(c) Write, but do not evaluate, an integral expression that can be used
to find the area of S.

For x <0, f(x)=0 when x =-1.37312.
Let P =—1.37312.
0
= = 1
(a) Areaof R jp £(x) dx = 2.903 5 {1
0 2
(b) Volume = ;sz((f(x) +2)° - 4) dx = 59.361 1
4:42
1
(¢) The equation of the tangent line ¢ is y =3 — %x. 1
3:41
The graph of f and line / intersect at 4 = 3.38987. 1
4 1
Areaof S = j ((3 —Ex) - f(x)) dx
0
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CALCULUS AB
SECTION II, Part A
Time—45 minutes
Number of problems—3

A graphing calculator is required for some problems or parts of problems.

Do not write beyond this border.

Work for problem 1(a)

b
frea & = J{x) dx

= O
f(x)=o0 o X - X ~_§_ + 3005 X

Continue problem 1 on page 5.
-4~
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Do not write beyond this border.

Work for problem 1(b)
0] ) /
- ﬂ(ﬁxnz)z- (2)2 jc(x - 59.326| wwt
'. -1.3%3

| Work for problem 1(c)
100 -
o) =
{1o)
o)+ 3

§-3 = (-9
-2

wilpvnechen ,EOWJC o 37

5%\79 at x=0

:L

- f(x) o x=22390

“I3pI0q ST} puokaq 911 10U O]

3.290
3
S - - X [ CxE o X 4 Joos X X
bes s+ Jlo- 0t 3om)
O
GO ON TO THE NEXT PAGE.
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CALCULUS AB
SECTION I, Part A
Time—45 minutes
Number of problems—3

A graphing calculator is required for some problems or parts of problems.

Do not write beyond this border.

Work for problem 1(a)

> o ' -
‘:.;*é; - 4 Yoo = ©
2
= -y
- 0 \l-s -2
-L—-; - %
By
1313\

T 2909

"3 * JeodSX ok)c

~4-
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| Work for problem 1(b)

W

P o (% (35 -8 o] e T
Rk -(3R12

Do not write beyond this border.

| Work for problem 1(c) l

EIER
& o) -y e
YT oY '\‘3 T5/Q,

Tk 3 VS RS '
\Wregesk - rt3 < .;____,3_*—“”
3 2

NT 3 28987 = (30507

BRT 5.
§ 1Lt (S-S vaom)lok

“IopIOq SI) puoAaq 91 JOU 0(

GO ON TO THE NEXT PAGE.
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' CALCULUS BC -
SECTIONII, Part A
Time—45 minutes
Number of problems—3

A graphing calculator is required for some problems or parts of problems.

Do not write beyond this border.

*I2DI0A STU1 DUOAIQ 1LIM 10U O(T

-
l Work for problem 1(a)
LoundS @@ exterd foen
—1.373(2 4. ©
= 0
°e xR X x
Af’ 7 373 + 3cosX X
-1.37312

- 2.903 2

Continue problem 1 on page 5.
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I1C

Do not write beyond this border.

BVork for problem 1(b)
o YNt X *
- (x> 5" =% +3c05%) = 3
2
-(.373/2

Work for problem 1(c)

A
L
S~

|

Py
R

L
QL
X

I9pIoq sup puo&aq AIM Jou O]

GO ON TO THE NEXT PAGE.
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AP® CALCULUS BC
2006 SCORING COMMENTARY (Form B)

Question 1
Overview

This problem presented students with two regions. Region R was bounded in the second quadrant by a graph and
the two axes. Region S was bounded by the graph and the line tangent to the graph at one point. Students needed
to use integration to find two areas and a volume. In order to answer parts (a) and (b), students also had to find a
zero of the function to obtain bounding values for region R. Part (a) asked students to find the area of R. Part (b)
asked students to find the volume of the solid generated by rotating R about a horizontal line. In part (c) students
had to find the equation of the tangent line and the x-coordinate of a point of intersection of the line and the graph
in order to write an integral expression for the area of S.

Sample: 1A
Score: 9

The student earned all 9 points.

Sample: 1B
Score: 6

The student earned 6 points: 2 points in part (a), 1 point in part (b), and 3 points in part (c). The work in part (a)
is correct. In part (b) the student earned the limits and constant point. The student writes an integral for rotation
about the x-axis and does not consider the horizontal line y = —2. Because of this error in the integrand, the

student was not eligible for the answer point. The work in part (c) earned all 3 points.

Sample: 1C
Score: 4

The student earned 4 points: 2 points in part (a) and 2 points in part (b). The work in part (a) is correct. In part (b)
the student earned the limits and constant point. The student earned 1 of the 2 integrand points. The first term of
the integrand is incorrect since 2 was not added to f(x). Because of this error in the integrand, the student was
not eligible for the answer point. In part (c) the equation of the tangent line is not found, so the tangent line point
was not earned. Since an equation for a tangent line was not found, the student could not earn the integrand point.
In addition, the student did not earn the limits point for estimating the intersection point from the given graph.
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AP® CALCULUS BC
2006 SCORING GUIDELINES (Form B)

Question 2

An object moving along a curve in the xy-plane is at position (x(z), y(¢)) at time 7, where
% = tan(e_t) and % = sec(e_t)

for # > 0. Attime ¢ = 1, the object is at position (2, —3).

(a) Write an equation for the line tangent to the curve at position (2, —3).

(b) Find the acceleration vector and the speed of the object at time ¢ = 1.
(c) Find the total distance traveled by the object over the time interval 1 < ¢ < 2.
(d) Isthere atime ¢ > 0 at which the object is on the y-axis? Explain why or why not.

L/ -

w o ) b

dx  dx tan(e_t) sin(e_t) 2: dx| s, _3

dt ) . .

J 1 : equation of tangent line

- =1 —2780 or2.781

dxlg,3)  sin(e)

y+3=—r(x-2

sin(e_l)( )
(b) x"(1) =-0.42253, y’(1) = —-0.15196 5. { 1 : acceleration vector
" | 1:speed
a(l) = (—=0.423, —0.152) or (—0.422, —0.151).
2 2
speed = \/(sec(e_l)) + (tan(e_l)) =1.138 or 1.139
2
(©) Il \/(x'(t))2 + (y'(l))z dt =1.059 5. { 1 : integral
" | 1:answer
1 .
(d) x(0)=x(1)- J-Ox'(t) dt =2-0.775553 > 0 1 : x(0) expression
3:91:X(¢)>0

The particle starts to the right of the y-axis. 1 : conclusion and reason

Since x'(z) > 0 forall # > 0, the object is always moving

to the right and thus is never on the y-axis.
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Do not write beyond this border.

2 2 22 272 272 2%

A i ——— W S S A 5 s s O

{ Work for problem 2(a)

Ay = lofe =

4 % dm/dr
At - fom(Ve) %L—:MCYP’) |
ot T oAk =
(-'}-M,O/W\@)
L lepe = Lee (Ve) N ) %0
Aan (V€D LinCVe)

LWork for problem 2(b) )
A« = A [(dx ) = o (WC/L/) = E&oz(@'t)J~C v
e - 5\’(( Ak e p

2 = s leT) —’&"W(@/{)' —c

M/ A% -

o>

~ -1 y

;‘( —o. 422, —0.15) )

7 r (Y )
spoly = [y e (@) - it e
. = |l 123]

Continue problem 2 on page 7.
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Do not write beyond this border.

Work for problem 2(c) A,/\M 0{ e (w
W ,UI,QN\ZW

D guam 412 jszET@:FM+

= |
'-054

Work for problem 2(d) |
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AR A om ard
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z
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Lha e o] »
% 7 =© - far, (e 77, €70
t t $=_—=r
) — 2 = f }mm,(@/f>'o( ‘ Pl —
“* 50 %@%{70 Mfmw
o Howawt - Aimce v o 0 tarde~T) Yo ¥E7O
/{6 Oas t =2 e —t
Yo oS
°o o £* NW 7o,
_670,6)&&«\ t= ]
| dmee, Ahow s W t"Oﬁa}t ALK, /)ucmwg—w-
GO ON TO THE NEXT PAGE.
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W A T— T o SR T e R

Do not write beyond this border.

Work for problem 2(a)

ot £wmeé ‘(;"f/ —;%( = Lap ( )/ ,f’_a—‘:gec( 6—{)

EI_L: sec(e’) L
A Lan(e) T S e T 2.8

)

Gooefof lme ey yiy =2 08 (x-2)

Work for problem 2(b)

aceet occelemtron = <j tZ( ::e%)

/

| _et - e’£~ sen( :9‘7
( Liled) , (eos(e)

Ggeeal ("M) + %—) — J—“\ -
ael | = Jlme) 11

K cos (™) = [\ 4

I

— ———

Continue problem 2 on page 7.
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Do not write beyond this border.

Work for problem 2(c)

Jistance = ST(J %/+ (ﬁ%/ )Jt

| Work for problem 2(d) |

When e obrect Ts o He  y—axis,
He X—coordmate of the object 5 0.
the witeal X~ coordtrate Ts 2
_f%_ 20 hr M £330
(%“Cao;'”h"“f‘e) 20  fr all +tz0

< -6(»: ob/‘eCf 5 hot gy _,%L )/_a)cf;
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“I3pI0q STy} pUuokaq 1M 10U O

GO ON TO THE NEXT PAGE.
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Do not write beyond this border.

lWork for problem 2(a) | v&)
d‘q} d\% éet(c
—— ——
o - -
Evil A (e )
e
L 995058
U
g 223058 +b
L; ~g.sLus
W= 2.9%1% - 2.54} \
LWork for problem 2(b) !

Ce C (Q

) |
S - 2|2 1) } -
Q\nu)\ R Ve 6*«"3& T ale ) ‘\‘\

2 -t
PR -e 61 |
T - 2 -~ et -0,
T (o) O b

\
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S
-

Continue problem 2 on page 7.
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" Do not write be

[ Work for problem 2(c)—! -~

A
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\

Work for problem 2(d)

yond this border.
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GO ON.TO THE NEXT PAGE.
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AP® CALCULUS BC
2006 SCORING COMMENTARY (Form B)

Question 2
Overview

This problem dealt with particle motion in the plane. Students were given the rate of change of the x- and y-
coordinates as functions of time and the initial position of the particle at time ¢ = 1. Part (a) asked for the
equation of the line tangent to the curve at the point corresponding to time ¢ = 1. Part (b) asked for the
acceleration vector and speed of the object at time ¢ = 1. Part (c) tested if students could use a definite integral to
compute the total distance traveled by the object over a specified time interval. For part (d) students needed to
make use of the initial position and sign of the first derivative for the x-coordinate to deduce that the object could
never be on the y-axis. This could be done by arguing about the increasing behavior of x(¢) or by using the

Fundamental Theorem of Calculus to express x(¢) in terms of a definite integral that always took positive
values.

Sample: 2A
Score: 8

The student earned 8 points: 2 points in part (a), 2 points in part (b), 2 points in part (c), and 2 points in part (d). In
part (b) it was not necessary for the student to compute the exact second derivatives since the values at t =1 could
be computed numerically on the calculator. In part (d) the student’s argument is only valid for £>1. I <1,
then the student’s definite integral will be negative and might equal —2. The student could have completed the

reasoning and earned the last point by observing that when ¢ =0, the value of the definite integral is only
—0.77555.

Sample: 2B
Score: 6

The student earned 6 points: 2 points in part (a), 1 point in part (b), 2 points in part (c), and 1 point in part (d). The
work in part (a) earned both points. The acceleration vector in part (b) is computed correctly, but the answers are
only reported to two decimal places rather than the three decimal places specified in the exam instructions. The
student therefore did not earn the first point. The speed is also computed correctly. Since a point already had been
lost for a decimal presentation error, the student was not penalized again and earned the second point in part (b). For
a similar reason, the student also earned both points in part (c). In part (d) the student earned the second point for
observing that % > 0 for all 7 > 0. However, the student never considers the value of x(0) and the reasoning is
not complete, so the other 2 points were not earned.

Sample: 2C
Score: 3

The student earned 3 points: 2 points in part (a) and 1 point in part (b). The work in part (a) earned both points. The
student avoids the possibility of premature rounding by using intermediate calculations to five decimal places and
only rounding at the final step. In part (b) the acceleration vector is correct, but the student believes the speed is
found from the slope at ¢ = 1. In part (c) the student continues to use the expression for the slope and does not earn
any points. In part (d) the student sets up an integral to try to compute the position x(z) but is unable to complete

this approach and earned no points.

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



AP® CALCULUS BC
2006 SCORING GUIDELINES (Form B)

Question 3

The figure above is the graph of a function of x, which models the height of a
skateboard ramp. The function meets the following requirements.

(i) At x = 0, the value of the function is 0, and the slope of the graph of
the function is 0.

(il)) At x = 4, the value of the function is 1, and the slope of the graph of
the function is 1.

(iii) Between x = 0 and x = 4, the function is increasing. 0

Height (meters)

(a) Let f(x) = ax®, where a is a nonzero constant. Show that it is not possible to find a value for a so that f
meets requirement (ii) above.

(b) Let g(x) = ox® — f—6, where ¢ is a nonzero constant. Find the value of ¢ so that g meets requirement (ii)

above. Show the work that leads to your answer.
(c) Using the function g and your value of ¢ from part (b), show that g does not meet requirement (iii) above.

n

(d) Let h(x) = x?

h meets requirement (ii) above. Show that / also meets requirements (i) and (iii) above.

, Where k is a nonzero constant and » is a positive integer. Find the values of £ and » so that

g . _ 1 , _ _ R _1
(a) f(4)—11mphesthata—16andf(4)—2a(4)—1 5 1.a—16ora—8
implies that a = % Thus, f cannot satisfy (ii). I+ shows a does not work
(b) g(4) =64c —1=1 implies that ¢ = % 1 : value of ¢
_1 2 2(4)_(1) 1 _
Whenc—32, g'(4) =3c(4) T =3 % (16) 2—1
© gx) =22t -5 = x(Gr-4) 1:g(x)
32 8 32 2: { .
4 1 : explanation
g(x)<0for0<x< 30508 does not satisfy (iii).
4” . . n 4'1
d hr(4)= - = 1 implies that 4" = k. l: 7 1
, n4"l gty . 4 n4"!
h'(4) 7 T 2 1 gives n =4 and k = 4" =256 1 7 1
1 : values for k and n
hix) = x* 1(0) = 0 1 : verifications
(x) = 256 (0) = 0.
3
W(x) = ‘2‘—’5‘6 — 1(0) =0 and #'(x) > 0 for 0 < x < 4.
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Do not write beyond this border.

Work for problem 3(a)

()\c(o\'d'mg o Gi), -F(q;): I, $'(a) = )

No=ox = o=

P=20m0 -  &x=l

|
ter

i+'s imroSS}He 1 End o value hro o so that £ meets reguirement Gii) .

Work for problem 3(b)

oCeording o (i), 94) =, 9(4)=!

g(x) =cz- T’%‘ -

GL‘_C, = t4c-) =l

PP
g0= et -Fx > yhe-= = 4gc-3

&
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Do not write beyond this border.

Work for problem 3(c)

> 2L
55 X-F X~

6,(7) =

- x<o 9’(76)

o<I<5'4 : g'(w<o

4
_-3'<7C

—
—

4
5% x(x—=) .

>o g (72) increasing
9(x) decreasirg

9'm) >o . 9(9) incrtasing

“9(x) o netincrease tdhen o< <33., So it does not meet requivement (iii)

Work for problem 3(d)

according 4 Gi),

h(®=), ha)=1

h= & Lo
Vo= X 5 4=
A=y aMin=k
Jop=4 b= 25b. -
S o = 25_:
he) =0, Neo=o 7 meet reguirement (i)
N ) = -{:'g 7 = z!ﬁ}‘z x>0 , W= >0 - h(9) inoeasing 7 meafﬁ&mreg*%

END OF PART A OF SECTION Il
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.

“TapIOq ST) pUuoAaq 91 10U O(]
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Do not write beyond this border,

Work for problem 3(a)

flyax®
PUY= 2ax

{'(_,Q, an = |
@3- -

, N XEA

f(#)=1

- e s no wlve @ that satishes
?(A 24as=| V%uwmt@

E!‘i-;
Work for problem 3(b)
x* \
66‘>‘C"‘n ple)- he-1-18 7 3
'bmz 2 73 v gd)=41c-.5=) C= ?z

-

TTm Avin meen TA N Navy

Continue problem 3 on page 9.
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Work for problem 3(c) LU &7‘ 1 =
HO= =X - g(0)=©
] —
%&}:-}-X"-_\E =0 664)-(
12 32 'Y

x(§x-gr 0
40 x=\333
Beeause 4 (0)=0, 4fX)is not
WeeAsingy ak =0, s it doas wob
_s’.\\"\sé\ﬁ -—ecbww “’@

ond :hié\bo;Qef.

Y¢

| Work for problem 3(d) " n n .
=% oy 4=k
kc
KOs X ! \
7 D= NX né e
|
1 n n-|
i 4 i r’ n4
END OF PART A OF SECTION i
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON

PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.

*I19pioq S1) puokaq 9)lIm Jou o
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Work for problem 3(a)

Clor= 6x?
7:()\1:"
| = &
N
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N
v

- Ay
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Work for problem 3(b)

Do not write beyond this border.

2=+
7!
[=é9c - |

2 26 %

Continue problem 3 on page 9
-8-
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Do not write beyond this border.

Work for problem 3(d)

' X
l‘\(x) = k.
.’ : i"
K

kg™

3

END OF PART A OF SECTION Il

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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AP® CALCULUS BC
2006 SCORING COMMENTARY (Form B)

Question 3
Overview

This problem presented three requirements that had to be satisfied by the graph of a function modeling the height
of a skateboard ramp. Students were asked to investigate three families of functions that might be used for such a
model. In part (a) they were asked to show that no quadratic of the form ax® would satisfy the second

2

X
16 would meet the

second requirement, but then show in part (c) that the cubic with this value of ¢ does not meet the third
requirement. Finally, in part (d) students were asked to find the values of n and k for which the power function

requirement. In part (b) they were asked to find the coefficient ¢ for which the cubic ex’

n
x? would meet all three requirements.

Sample: 3A
Score: 9

The student earned all 9 points.

Sample: 3B
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).
The student’s work is correct in parts (a) and (b). In part (c) the student earned 1 point for finding the derivative
of g. The student does not explain why g is not increasing between x = 0 and x = 4 and so did not earn the
second point in this part. In part (d) the student sets up correct equations to find n and k, earning 1 point for each
equation, but does not find n or k and thus cannot show that the function 4 meets requirements (i) and (iii).

Sample: 3C
Score: 3

The student earned 3 points: 1 point in part (a), 1 point in part (b), and 1 point in part (d). In part (a) the student
finds the value of a for which f(4) = 1, which earned the first point, but fails to show that this value of a does

not work to meet requirement (ii). In part (b) the student uses the information about g to find the desired value of
c. In part (c) the student’s calculations of the values of the function g at integer values of x earned no points
(and the value at x = 3 is incorrect). However, both points could have been earned in part (c) with those
calculations if the student had gone on to observe that the value of y at x =1 is less than the value of y at

x = 0, and hence the function g is not increasing on the interval 0 < x < 4. In part (d) the student earned 1

point for using the information about 4(4) to write an equation for n and k but has no other work.

© 2006 The College Board. All rights reserved.
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AP® CALCULUS BC
2006 SCORING GUIDELINES (Form B)

Question 4
The rate, in calories per minute, at which a person using an
exercise machine burns calories is modeled by the function 157
_ 13 32 E 124
/- In the figure above, f(z) = gl Tt 1 for § 2
0 <t <4 and f is piecewise linear for 4 < ¢ < 24, 5 Ot
e
(a) Find f”(22). Indicate units of measure. é 6+
(b) For the time interval 0 < ¢ < 24, at what time ¢ is f = 3t
increasing at its greatest rate? Show the reasoning that D=
supports your answer. 0 >/

4 8 12 16 20 24

(c) Find the total number of calories burned over the time .
Minutes

interval 6 < ¢ < 18 minutes.

(d) The setting on the machine is now changed so that the person burns f(¢) + ¢ calories per minute. For this
setting, find ¢ so that an average of 15 calories per minute is burned during the time interval 6 < ¢ < 18.

(@ f(22)= 21 05 — 23 i -3 calories/min/min 1: f’(22) and units
(b) fisincreasing on [0, 4] and on [12, 16]. 1: /" on (0,4)
On (12,16), f'(t) = 15-9 _3 since f has 4 1 : shows f” has a max at ¢ z, 2 on ((}, 4)
16-12 2 1 :shows for12 <t <16, f(t) < f'(2)
constant slope on this interval. 1 - answer
On (0,4), f(t) = —%ﬁ + 3¢ and
17(t) = —%t +3=0 when 7 = 2. This is where /"
has a maximum on [0, 4] since f/” >0 on (0, 2)
and f” <0 on (2,4).
On [0, 24], f is increasing at its greatest rate when
t =2 because f'(2)=3> %
18
© [ f@0yd=609) +%(4)(9 +15) +2(15) . { I : method
= 132 calories I+ answer
1 ¢18
(d) Wewantﬁ 6(f(t)+c)dt=15. 2'{l:setup
This means 132 + 12¢ = 15(12). So, ¢ = 4. I+ value of ¢
OR
. 132 . .
Currently, the average is S 11 calories/min.
Adding ¢ to f(¢) will shift the average by c.
So ¢ = 4 to get an average of 15 calories/min.

© 2006 The College Board. All rights reserved.
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NO CALCULATOR ALLOWED

CALCULUS AB
SECTION 11, Part B
Time-—45 minutes

Number of problems—3

No calculator is allowed for these problems.

4 "4 4»

SRR, SRS

Do not write beyond this border.

[ Work for problem 4(a) l
5’(7,2,)
- 3=t5
T o24-20
-
T

Calories per Minute

3
1 (16, 15)
151 (20, 15)

121

—

(24.3)

°© w a w©

4 8 12 16 20 24
Minutes

Gprodie rt of S*’ngh* (ine Fom )‘-20 t» T*

= -3 Co\\or'.g)'/m'm\ﬂ’el

"JOpIoq STyl puoAaq 91LIMm J0U O(]

-10-
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NO CALCULATOR ALLOWED

I

l Work for problem 4(bﬂ

From gouph, wie Sep that U onty chmqr}r\j
™ dnterval, 0STLF aqud ACE Cib

Rate of n trempat for REELIE
— -9
b2

=t -5
&
For £ts +,
-‘FE."'*): '}’t +3t
Fley=-2
) t&“{ me'\‘f’
At geeatesr m—(—e f'E)=0=) t= pa

PUE) 2 -1 O =) M £, atl of ingtment
5 Sf’tW&h‘ and rot omallRr4

F=-E 3z 30y
F s nwaging ar ity gtatest rte fam or €52

| Work for problem 4(c)
EN_ Wﬁ'

P4 !

= /

§
T"T'nl nvmbe~ s€ cnlories L‘ArﬂEdf: f; f(t} 0"[_

Ul

15
= q(:zw)f“;c&d—m)(m—nz)-{- 15 (18-b)
:5';f'+‘(-§+ 30 = 132(&01‘}6}’

Do not write beyond this border.

I Work for problem 4(d)
Before f‘eﬁma ¢ (hv‘“ﬂeﬂ avtruy tolodes i b <"f,<'3 L~ b)c =¥
i :rrlx:ﬂt)df- ';l‘!\cmlbaff => C:‘r

Nowe, g, JUF)t ke =
=it tf‘: code= 1S

- W _ e
= L lex] =S-ll= &

“TopIOq STY) PUOAaq 1M 10U 0]

GO ON TO THE NEXT PAGE.
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4°4 44 44 44 a4 4
| NO CALCULATOR ALLOWED o
CALCULUS BC
SECTION II, Part B
Time —45 minutes
Number of problems—3 -~
No calculator is allowed for these problems.
! (16, 15)
° 15' (20y 15)
212
=
g 9
£ 6
2
O 3
0 S + —————————
4 8 12 16 20 24
Minutes
Work for problem 4(a)
-\5 ;
292 - 27° R - E
z2 - = = - = -
S = 2 Py g = ‘
—bcak-/ wn~ !

-10-
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Continue problem 4 on page 11
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M J0u o

1 puokaq ;

“Taploq siyi

NO CALCULAﬁ)R ALLOWED
r
Work for problem 4(b)—'
D oottt | W= - 2+t
= -2 P-dap +A) D
= - e 43
- oo e 4 reakest wian
O flpy=o for 4eE<iT - Aoy T e g
=2,
b 2 .
h\) f({;) '”, l':) = : = 2 —Fo\' l?-$t<\6 (A)»\-\‘Ch OJGO WALON S W ;
W) ‘f'(_‘b) =6 ,&'r leg £ <20 f(t) [ Tn@ms?nj ot ‘l
v f‘cb) <o fOr ZOSt (7_4 +s 6reo~*€&’r roiis l
Z t:__z . !
' Work for problem 4(c)
oobetllT fwr=g - ex71 =54
W o12<+t < b, 1x (Ax(G) x4 =49
(0 <t < 1% f(.‘b):“; 2 A15 =0
L5 +4% 0 = (B2 S 132 aadories
I Work for problem 4(d)
P2 4+ cx (-6 = 122 +12C
Since B2+12¢ _ oo c= Wwo-Pr
(2 12
L= 4,
L
GO ON TO THE NEXT PAGE.
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CALCULUS AB
SECTION 1], Part B
Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

NG T :

Do not write beyond this border.

ﬂi
(16, 15)

151 (20, 15) !
L
g 12
=
g 9
.g 61
S 3t (24,3)
0 + ¥ + — o
4 8 12 16 20 24
Minutes
I Work for problem 4(ﬂ
Tuvnehion ‘Qﬂf ’LO_f,IKfZQ
3-8
> - - 716\
™MZ Saee 33X )
Y
wrz - 3
PO = -%x271%
Pldz =3 calories/ et ]
Continue problem 4 on page 11.
-10- u
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NO CALCULATOR ALLOWED
Work for problem 4(b) |
l ‘C\«w()ﬂ@vx W rEnses - ot O£ )LLL{ _é"(‘_".‘:b i
Q(ﬂ"'—tt—s"" 4 ’ M:‘%"_i:%
:@’(0: ”.t{ Yy 3k \CCK)V\?.\Q:%&'\&) ‘
» . ‘
£ (f)z—%&-k%:o -(\[,x)r-;(,ﬂ
N\ 3
t=2 P00= 2
vh-"’l‘(\Mu\mA».. “Aor 2,(‘{)
st oz
{ -Q'(i): ‘%)_qﬁ;é |
- 3 t
o
Q
g
[y i‘.?,
g
S
(=}
Work for problem 4(c) } g
Calotiey dola) © Sé 4dy -\'S (2 -2 ) ¥ §,§ \G ok ;_
S a
- R b ¢ } a
Ax . * AN '{]n»* \GX "
10554 413 =19 4270 - 200
Sux20 + &Y
Ve Ueaieriey buywed
| Work for problem 4(d)
s
AT
\S = Sé( "3__) -
R R
3
180z §7F Lo+ S,, ¢ dx
L
GO ON TO THE NEXT PAGE.
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AP® CALCULUS BC
2006 SCORING COMMENTARY (Form B)

Question 4
Overview

This problem presented students with a piecewise-defined function f that modeled the rate at which a person
using an exercise machine burns calories. The graph of f consisted of a cubic part and a part that was piecewise
linear. In part (a) students were asked to find f’(22), which required them to recognize the relationship between
this value and the slope of one of the line segments in the graph of f. It was also important to use correct units.
For part (b) students had to consider the two parts of the graph where f was increasing and determine the time
when f was increasing at its greatest rate. In part (c) students had to use a definite integral to find the total
number of calories burned over a given time interval. The evaluation of the definite integral could be done using
geometry since the graph over the given time interval consisted of two line segments, one of which was
horizontal. For part (d) students were expected to use the value of their integral from part (c) to work with the
average value of the function f shifted up by c¢ calories per minute.

Sample: 4A
Score: 9

The student earned all 9 points.

Sample: 4B
Score: 6

The student earned 6 points: 1 point in part (a), 1 point in part (b), 2 points in part (c), and 2 points in part (d).
The student shows correct work for parts (a), (c), and (d). In part (b) the first derivative is correct and the student
earned the first point. The student neither explains why f’(¢) has a maximum at 2 nor states the value of f’(2).

A proper reasoning for the final answer is not given, and the student did not earn any more points.

Sample: 4C
Score: 4

The student earned 4 points: 1 point in part (a), 1 point in part (b), 1 point in part (c), and 1 point in part (d). The
work in part (a) is correct. In part (b) the first derivative is correct, so the student earned the first point. The
student neither explains why f’(¢) has a maximum at 2 in the interval 0 < 7 < 4 nor shows a comparison among

the values of f’(¢). The student does not provide a final answer and did not earn any more points. In part (c) the

setup is correct. The antiderivative of the second integral is incorrect, so the student did not earn the answer
point. In part (d) the setup is correct, but the student does not finish the problem and could not earn the second
point.

© 2006 The College Board. All rights reserved.
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AP® CALCULUS BC
2006 SCORING GUIDELINES (Form B)

Question 5

Let f be a function with f(4) = 1 such that all points (x, y) on the graph of f satisfy the differential equation

dy _

e 2y(3 = x).
Let g be a function with g(4) = 1 such that all points (x, y) on the graph of g satisfy the logistic differential
equation

dy 3
o 2y(3-y).

(a) Find y = f(x).
(b) Given that g(4) =1, find lim g(x) and lim g’(x). (It is not necessary to solve for g(x) or to show how
X—00 xX—oo

you arrived at your answers.)
(c) For what value of y does the graph of g have a point of inflection? Find the slope of the graph of g at the
point of inflection. (It is not necessary to solve for g(x).)

(a) % =2y(3-x) 1 : separates variables
) 1 : antiderivatives
; dy =2(3—x)dx 5: < 1:constant of integration
In|y| = 6x - 2ic 1 : uses .1n1tlal condition
0=24_164+C 1 : solution
C=-8

Note: max 2/5 [1-1-0-0-0] if no

1n|y|=6x—x2—8 . .
constant of integration

2
y =& 8 for —o < x < 00 Note: 0/5 if no separation of variables
(b) lim g(x)=3 1: lim g(x)=3
X—> 2 X—>00
1: lim g'(x)=0
X—>00

lim g’(x) =0
X—>00

d? d liy=2
© “F=6-4n Y73
dx X 2: dy
1:—
Because % # 0 at any point on the graph of g, the dx y=3/2

concavity only changes sign at y = %, half the carrying

capacity.
dy :2(2)(3_§)=2
peajy A2 2) 2

© 2006 The College Board. All rights reserved.
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Ay fz‘f} @R)AX
= fen
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Continue problem 5 on page 13.
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Work for problem 5(b)
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Do not write beyond this border.

I
5 0)=3 T
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Work for problem 5(a)

-j;—:/: MGL) - a(fbmu;/ = 771“7‘,: +C

R,
t/

—d-”i: L) A
YW { ) du

v

= (3x)dn Q/"llq/’ EL-L%+ ¢
l/- ~ gx~x ¥C

= R
e O ¢ |

(ef=C)

UM 10U O(T

45

K

~TopI0q SIUY DU

Continue problem 5 on page 13.
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{an;u -Zlnll—wl =2 +C Lo | 4 [ = §x+c

Do not write beyond this border.

\ U/— — bt
b2 S R

iy ) e T S

< \L\C" tef)

Work for problem 5(b)

d \

b-2y

———— e

Work for problem 5(c)

part ot iflection = 9 Cx) = 0. sthmye et G

(Change 5 S0 )
G = Gy’
T Y-w4
= LBy - 4Yeyy®)
:36% !@\71, Z‘Pv‘-lrx&f-’ _
By’ -0 .

Y=o0. 3 5
=

N\ 4
- N

“19pI0q SI) puoAkaq 93IM 30U o

GO ON TO THE NEXT PAGE.
13-

© 2006 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



Do not write beyond this border.

Wi \‘tﬂ,”‘? B KEERYE SC/

55@5 5 5 5 55 5

BN SR K AR AN crtene e m— s ——

NO CALCULATOR ALLOWED

Work for problem 5(a)

dy _ X
_0(5, 23 ).

Jd\j ;J[n_y (3-0)Ydt.
Y= §L6y-anyJd
3= b= 61y-ty 4 C
Ray = gxyvl-axi+C
s -l +C =
C=-
Loy = gay-x*y -5

*IopI0q SIY) puoAaq 9)uim jou 0

Continue problem S on page 13.
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Work for problem 5(c)
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AP® CALCULUS BC
2006 SCORING COMMENTARY (Form B)

Question 5
Overview

This problem asked students to work with two differential equations. In part (a) students had to find the particular
solution f(x) to a separable differential equation satisfying a given initial condition. Parts (b) and (c) tested

students’ knowledge of the behavior of a solution g(x) to a logistic differential equation that was superficially
similar to, but in fact quite different from, the differential equation solved in part (a). It was not necessary for
students to solve for this particular solution. Part (b) tested their knowledge of the limiting behavior of a logistic
equation: if the initial y value is positive, then g(x) will approach the carrying capacity, which is the positive
root of the quadratic polynomial in y, and g’(x) will approach 0. Even without specific knowledge of the actual

solution, students should have been able to determine this information directly from the logistic differential
equation. Part (c) tested student recognition that for this particular solution, the point of inflection for the graph
of g will occur where g’(x) is greatest. This occurs at the maximum value of the quadratic polynomial in y, or

halfway between the two roots (half the carrying capacity). The graph of this particular solution will have a point
of inflection since the initial y value is less than half the carrying capacity. The slope at this point could be
computed directly from the differential equation.

Sample: 5A
Score: 9

The student earned all 9 points. In parts (b) and (c) the student uses knowledge of the general properties of the
solution to a logistic differential equation to help in answering questions about the limits and the point of
inflection.

Sample: 5B
Score: 6

The student earned 6 points: all 5 points in part (a) and 1 point in part (b). In part (b) the student attempts to solve
the logistic differential equation using the technique of partial fractions. This is not necessary, and that work was
not graded. The student does write the correct limit of the derivative and earned 1 point. In part (c) the student
uses implicit differentiation and the chain rule to compute the second derivative. The student reports all three
zeros as the answer, however, and thus did not earn the first point. The student could still have earned both points
in part (c) by identifying y = % as the only value of y where the graph of g has an inflection point and
computing the slope at that value.

Sample: 5C
Score: 3

The student earned 3 points: 1 point in part (b) and 2 points in part (c). In part (a) the student does not separate
the variables. The student attempts to antidifferentiate an expression that still contains both the y and x
variables and therefore received none of the 5 available points. In part (b) the student has the correct limit for the
derivative, but the answer for the limit of the function is the reciprocal of the carrying capacity. The work in part
(c) earned both points.

© 2006 The College Board. All rights reserved.
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AP® CALCULUS BC
2006 SCORING GUIDELINES (Form B)

Question 6

The function f is defined by f(x) = . The Maclaurin series for f is given by

1+x°

1= +x0 =X+ ()" X"+,
which converges to f(x) for -1 < x < 1.

(a) Find the first three nonzero terms and the general term for the Maclaurin series for f’(x).

i_i+...+(_1

25 28 )n 3n +

(b) Use your results from part (a) to find the sum of the infinite series —2% + S

X
(c) Find the first four nonzero terms and the general term for the Maclaurin series representing Jo f(2) dt.

1/2
(d) Use the first three nonzero terms of the infinite series found in part (c) to approximate J 0/ f(t) dt. What are

1/2
the properties of the terms of the series representing Io/ f(¢) dt that guarantee that this approximation is

s 1 .
N
within 10,000 of the exact value of the integral?
(@) [f(x)=-3x2+6x —9x® + +3n(-1)" X" ... ' { 1 : first three terms
" | 1: general term
(b) The given series is the Maclaurin series for f’(x) with x = % 1: f(x)
_f'(x)z—(1+x ) (3x ) : 5

)

W | 16
Thus, the sum of the series is [ (E) = —ﬁ =57
+ i
(1+3)
x 4 7 10 —1)" x> 1 : first four terms
© [a=x-tar ot E0 2:{
0 1+¢ 4 7 10 3n+1 1 : general term
1oy
1/2 —) —)
(d) Jo | +1t3 dt = % - 2T + 2T 1 : approximation

The series in part (c) with x = % has terms that alternate, decrease in

absolute value, and have limit 0. Hence the error is bounded by the
absolute value of the next term.
( 1 )10
<2 1

oy
B3 )
10~ Toogo < 00001

VER
SN (B S )
Jo 1+7 2 4 7

© 2006 The College Board. All rights reserved.

1 : properties of terms
1 : absolute value of
fourth term < 0.0001
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Jf(&? f!—x 156 At
10
Z.-Z‘, .
‘f 7 0
{ r r X[\f . ~ X4 7 10
0 4 7 16
2
2 )
2 :
2 ,
3 :
g | Work for problem 6(d)
3
g L
e} 2
] f | 1 U | 4¢¢ 14 |
T - - + — I R z = -
h Hé) 2 4@t e 2 64 996 996 944 +<m
6
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NO CALCULATOR ALLOWED

Do not write beyond this border.

Work for problem 6(a)
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Do not write beyond this border.

Work for problem 6(c) ‘
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AP® CALCULUS BC
2006 SCORING COMMENTARY (Form B)

Question 6

Overview

This problem presented students with the Maclaurin series for f(x) = In part (a) students were asked to

T
X
find the first three nonzero terms and the general term for the Maclaurin series for f’(x). In part (b) they then
needed to use their results to find the sum of the infinite series that is obtained by evaluating the Maclaurin series

for f’(x) at x = % Part (c) asked for the first four nonzero terms and the general term for the Maclaurin series

1/2 , : . -
for -[0 f(2) dt, and then part (d) asked students to use the first three nonzero terms to approximate this definite

integral. The second question in part (d) asked students to list the properties of the terms of the series
1
10,000
the integral. This question tested whether students knew that the terms must not only alternate and converge to 0,
but must also decrease in absolute value to use the error bound for alternating series.

of the exact value of

representing this definite integral that guaranteed that their approximation is within

Sample: 6A
Score: 8

The student earned 8 points: 2 points in each of parts (a), (b), (c), and (d). The student correctly reports the first three
nonzero terms and the general term in the Maclaurin series for f’(x) in part (a). In part (b) the derivative f’(x) and

the special value f ’(%) are both computed correctly. In part (c) the student correctly reports the first four nonzero

terms and the general term of the Maclaurin series for Jox f(2) dt. In part (d) the student finds the appropriate

approximation. The student should have used an approximation symbol, but the inappropriate use of the equal
sign did not lose the first point. The sum does not need to be simplified. The only property of the terms that the
student gives is that the series is alternating, and this is not enough to conclude that the approximation is within

the given accuracy. The student earned the third point for establishing an error bound that is less than 0 i) 00"

Sample: 6B
Score: 6

This student earned 6 points: 1 point in part (a), 2 points in part (b), 1 point in part (c), and 2 points in part (d). In
part (a) the first three nonzero terms of the Maclaurin series for f’(x) are correct, but the general term is not

provided. The computation of f’(x) and evaluation of f '(%) are correct, which earned all points in part (b). The

X
first four nonzero terms in the Maclaurin series for -[0 f(¢) dt are correct in part (c), but the general term is not

1/2
provided. For part (d) the first three nonzero terms of the Maclaurin series for Jo/ f(¢) dt are correctly summed,
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Question 6 (continued)

and the absolute value of the fourth nonzero term is shown to be smaller than However, there is no

1
10,000°
mention of the properties of the terms of the series that support the use of this error bound.

Sample: 6C
Score: 3

This student earned 3 points: 2 points in part (a) and 1 point in part (c). The work in part (a) is correct. In part (b)

the student recognizes that the series is the value of the derivative at x = % but attempts to approximate this

using the first three terms of the series rather than compute the derivative directly and evaluate it at x = % In
part (c) the student makes an antidifferentiation error in the fourth term and did not earn the first point. The
general term is correct, however, and earned the second point. In part (d) the student never finds the
approximation using the first three terms. The student cites two properties of the terms but fails to include the
property that the terms converge to zero and thus did not earn the second point. The reported error bound is

actually greater than so the student did not earn the last point.

1
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