AP® CALCULUS BC
2006 SCORING GUIDELINES

Question 3

An object moving along a curve in the xy-plane is at position (x(¢], p(r)} at time ¢, where

ﬁ,,'—l'_j.r' ﬂ_ 4
g = sin {1-2¢7) and e

for t = 0. Attime ¢ = 2, the object is at the point (6, =3). (Note: sin~'x = arcsin x)

(a) Find the acceleration vector and the speed of the object at time ¢ = 2.

{b) The curve has a vertical tangent line at one point. At what time ¢ is the object at this point?

{c) Let m(t) denote the slope of the line tangent to the curve at the point (x(¢), p(r)}. Write an expression for
m(t) interms of ¢ and use it to evaluate rlﬂl; mlt).

{d) The graph of the curve has a horizontal asymptote y = ¢ Write, but do not evaluate, an expression involving
an improper integral that represents this value c.

(a) a(2)=(0.395 or 0.396, ~0.741 or =0.740} 8 { 1 : acceleration
Speed = (2 + »(2)7 =1.207 or 1.208 I+ speed
(b) sin”'(1-2¢7)=0 5. [1:¥(0)=0
i B " 1:answer
t =In2 =0.693 and % # 0 when r =1In2
4¢ |
() m(t)= . 1:m(r)
E I I P 2:
I+ sin (t Ze } 1 : limit value
lim m(t) = lim 4;3- = i -
1o t===| |+ sin [1—2.2 ’)
™
- c{ —|=0
sin” (1)
(d) Since :EEI;.I{E'] = oo, 1: integrand
1: limits
= i, 4; 2 .
o .r!iﬂ-y(” S i El 40 dt 7 1: initial value consistent
with lower limit
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Question 2

An object moving along a curve in the xy-plane is at position (x{¢), ¥(r)} at time #, where

% = tan[e“’) and % = sec(e"]

for t = 0. Attime ¢t = 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 <7 < 2.
(d} Is there atime ¢ = 0 at which the object is on the y-axis? Explain why or why not.

a o

{E’«} gg—:-ir-‘_—sec(e }= ! lﬂl

dy  dx tan{e'*}l sin[e'r) 2 ‘-’i'fim -3

P B | : equation of tangent line

l{ L =2780 or2.781

x|y 3 sin(e” )

y+3=—1(x-2)

sm(e‘ ;]
(b) ="(1) = -0.42253, y"(1) = —0.15196 5. { 1 : acceleration vector
" | 1:speed
a(l) = (-0.423, —0.152) or (-0.422, -0.151). :
Ry 1112
speed = y[(sec(e™'))” + (tan(e™!))" =1.138 or 1.139
2 # #
© [AEOF + (/1) dr=1059 - { | :integral
"7 |1 : answer
i, ~ )
(d) x(0)=x(1)- Jﬂx{r} dt =2-0.775553 > () 1: x(0) expression
3: 1:x(8)=0

The particle starts to the right of the p-axis. I': conclusion and reason

Since x'(¢) > 0 forall ¢ = 0, the object is always moving

to the right and thus is never on the y-axis.
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Cuestion 2

An object moving along a curve in the xy-plane is at position (x(r}), ¥(¢)} at time ¢ with

and B = ]n{f2 + ]}

dat

oo LI i
E’F = mctan{—l 7

for r = 0. Attime ¢ = 0, the object is at position (-3, —4). (Note: tan™'x = arctan x )
{a) Find the speed of the object at time ¢ = 4.

(b) Find the total distance traveled by the abject over the time interval 0 < ¢ < 4,

(c) Find x(4).

(d) For ¢t > 0, there is a point on the curve where the line tangent to the curve has slope 2. At what time ¢ is the
object at this point? Find the acceleration vector at this point.

(a) Speed = -.||.~r:‘{4-]2 +_}J‘{4]|1 = 2912 ‘ | :speedat ¢ =4

; : £ | 1 : integral
(b) Distance = 1} (EJ + (ﬁj dt = 6.423 2 { €
s dt t 1 : answer
|
(€) )=zl + j{l x'(f)dt -» { 1 :integrand
= =3 + 2.10794 = -(0.892 3 l : uses x(0) = -3
1 : answer
s &
1 d’{ s 2 . : : df .
(d} The slope is 2, so o =2 or ]n(: +l) = Ealctan(m——] z ] N l: = =1
dt i 0
1 : t-value
Since t > 0, t =1.35766. At this time, the acceleration is I : values for x" and "
("), Y (O, 21 35765 = (0135, 0.955).
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