March 10

How is arc length for a
parametric function different
than arc length for a "regular”

function?

March 7

Students will verbally explain how to
use vectors to describe position,

velocity and acceleration
(using the words:
derivatives, integrals, magnitude...)




2005 AP° CALCULUS BC FREE-RESPONSE QUESTIONS (Form B)

CALCULUS SESSION WED,
12-00 - 2-00

1. An object moving along a curve in the xy-plane has position (x(1), y{(r)) at time ¢ = 0 with
dx 2 iy _a
B = 120- 3% and G = n(1+ (- 4)").

At time ¢ = 0, the object is at position (—13,_5_]A Attime 1 = 2, the object is at pnimiwith
coordinare 3.

ind the acceleration vector at time ¢ = 2 and the speed at time ¢ = 2.

(b) Find the y-coordinate of P. Z 4 A.‘L‘ = \/ (2)_ \/(0)
(¢) Write an equation for the line tangent to the curve at P, )
(d) For what value of 1, if any, is the object at rest? Explin your reasoning. % b‘?[ H - YC2>— 5)

12.6"H4 :Y@)
5 5 = \,('23 ‘E'TEALLWOHKlNTHETESTBO’DKLET.

Y- b = 3b(x3)

RE-3£7-0
3t(4-£)=0
‘L=Oj"\
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Question 1
An object moving along a curve in the xy-plane has position (x(¢). ¥(r)) at time 1 = 0 with

& _ 132 ana &

> e In(1+ (e -4)*).

Attime 1 = 0, the abject is at position (=13, 5). At time ¢ = 2, the object is at point P with
x-coordinate 3.

(a) Find the acceleration vector at time ¢ = 2 and the speed at time 7 = 2.

(b) Find the y-coordinate of P.

(c¢) Write an equation for the line tangent to the curve at P.

(d) For what valuc of £, if any, is the object at rest? Explain your reasoning.

(@) x12)=0,y(2)= —% =—1.882 s [, 1 : aceeleration vector
a(2) = (0, -1.882) 11 :sposd

Speed = /122 + (In(17))7 = 12.329 or 12.330

() ¥(1) = ¥(0) +ﬁln(l +(u-8)")du I I :I:ln(] +(u=-4)*) du
5 i o -
(D) =5+ [CIn(le (u = 4)") du = 13671 | 1 : handles initial condition
o | 1:answer
dy
i o _d _W(17) _
(© Ate=2slope =40 ~ LT — 0236 . :% tope.
X 1 : equation
y—13.671 =0236(x - 3)
@ ()=0ifr=04 .| 1 :reason
Yiy=oifi=4 “'ﬁumwcr
=4
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2004 AP® CALCULUS BC FREE-RESPONSE QUESTIONS (Form B)

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

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

1. A particle moving along a curve in the plane has position (x(1), ¥(1)) at time , where
5{%: Mand%;“z 2" + 5¢
for all real values of £. At time ¢ = 0, the particle is at the point (4, 1).
(a) Find the speed of the particle and its acceleration vector at time # = 0.
(b) Find an equation of the line tangent to the path of the particle at time 1 = 0.

(¢) Find the total distance traveled by the particle over the time interval 0 = ¢ < 3,
(d) Find the x-coordinate of the position of the particle at time 1 = 3.

&

. Let f be a function having derivatives of all orders for all real numbers. The third-degree Taylor polynomial
for f about x = 2 is given by
T(x) =7 - %x - 2)* — Hx—2)°,
(a) Find f(2) and f7(2).
(b) Is there enough information given to determine whether / has a critical pointat x = 27
If not. explain why not.
If so, determine whether f(2) is a relative maximum, a relative minimum, or neither. and justify
your answer.
(¢) Use 7(x) to find an approximation for f(0). Is there enough information given 1o determine whether f has
acritical pointat x = 07
If not, explain why not.

If s0, determine whether f(0) is a relative maximum, a relative minimum, or neither, and justify your
answer.

(d) The fourth derivative of f satisfies the i i |f“‘m\ < 6 forall x in the closed interval [0. 2] Use
the Lagrange error bound on the approximation to f(0) found in part (c) to explain why f(0) is negative.
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Question 1

A particle moving along a curve in the plane has position (x(r), ¥(¢)) at time ¢, where
D 50 and B oner 456t
dt dt

for all real values of «. Attime ¢ = 0, the particle is at the point (4, 1).

(a) Find the speed of the particle and its acceleration vector at time ¢ = 0.

(b) Find an equation of the line tangent to the path of the particle at time { = 0.

(c) Find the total distance traveled by the particle over the time interval 0 <1 < 3,
{d) Find the x-coordinate of the position of the particle at time ¢+ = 3.

(a) Attime =0 o[, 1 :speed
i i 1 : acceleration vector
Speed = JX'(0F + J(OF =3 + 77 = V&8
Acceleration vector = (x*(0), »*(0)} = {0, -3)
b [, 1:slope
2 &£ i 1 : tangent line
Tangent line is y = %( e—d)41
3 2 2 2 : distance integral
" e "
& D [jn ( J *9) (2 w5 ) a 45 L {~1) each integrand error
=45.226 0r 45.227 ! ] (~1) error in limits
| 1 :answer
(d x(3)=4+ Ij‘h‘ +9.dt 25 Ii : ¢ Integral
: answer
=17.930 or 17.931
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Question 2

Let £ be a function having derivatives of all orders for all real numbers. The third-degree Taylor
polynomial for f about x = 2 is given by T'(x) =7 - 9(x —2)° = 3(x - 2).

(a) Find f(2) and f7(2).

(b) Is there enough information given to determine whether / has a critical pointat x =27

If not, explain why not. If so, determine whether /(2) is a relative maximum, a relative minimum,
or neither, and justify your answer.

Use 7(x) to find an approximation for f(0). Is there enough information given to determine
whether [ has a eritical point at x = 07 If not, explain why not, If so, determine whether f{(0) isa
relative maximum, a relative minimum, or neither, and justify your answer.

(d) The fourth derivative of f satisfies the inequality | j‘”(.‘)l < 6 forall x in the closed interval

(¢

[0, 2]. Use the Lagrange error bound on the approximation to f(0) found in part (¢) to explain why
S(0) is negative.

@ f(2)=71(2)=7 Mlil:j(Z):?
’ L T
_fz(lz) =950 f%(2) =18 be@1=sis
(b) Yes,since f'(2) =T"(2) =0, f does have a critical [ 1z states f'(2)=0
pointat x = 2. 2:9 1 :declares f(2) as a relative
Since f(2) =-18 <0, f(2) isa relative maximum |£ maximum because /*(2) < 0
value.
(© /(0)=T(0)=-5 [ 12 f(0) = T(0) = =5
It is not possible to determine if / has a critical point 1 : declares that it is not
iy 5 i s 3:3 2 5
at x = 0 because 7'(x) gives exact information only possible to determine
atx=2 |£ 1 : reason
(d) Lagrange error bound = %|0 -2f'=4 o Q ! ::T:doﬂ_agmnge o
S(0)ST(0) +4=—1 Il 1 : explanation
Therefore, f(0) is negative.
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