AP Calculus BC-1 Final Draft for Scoring

An object moving along a curve in the zy-plane has position (z(t),y(t)} at time ¢ with

for
(a)
(b)
()
@

dr < il o
o m[ ] and = 33111{# }I
0<t<3.At time t = 2, the object is at position (4,5).

Write an equation for the line tangent to the curve at (4,5).

(a)

(b)

(c)

@

Find the speed of the object at time { = 2. _
Find the total distance traveled by the object over the time interval 0 < ¢ <1.
Find the position of the object at time ¢ = 3.
dy 3sin(?)
dz  cos(t*)
j 3sin(2° ; ~
QL = Eull_[a } — 15.604 1 : tangent line
drl_,  cos(2*)

y =5 = 15.604(z — 4)

Speed = J‘;“'”‘S_!{S} + 9sin®(4) = 2.275 1: answer

Distance = || Joos? () + 9sin? () @t | |27 distence integral

g 2 < —12> each integrand error

- < —1> error in limits

1 : answer

1(3] =4+ f Cﬂﬂ[fa] df = 3.953 or 3.054 1 : definite integral for =

2& - | 1 : answer for =(3)
e p 7 s .

¥ =Ea), Sunlar <ion 4: ] 1 : definite integral for y

1 : answer for y(3)
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AP Calculus BC-3

* The figure above shows the path traveled by a roller coaster
car over the time interval 0 < ¢ < 18 seconds. The position
of the car at time { seconds can be modeled pa:a-metrica.ﬁ}'

by z(¢) =10 + dsint, y(t) = (20 — ¢}(1 — E‘Dﬁﬂs

o SEESE

2002

/\/\

L] =y

whiere = and y are me,asumd in meters. The derivatives of these functmns are given by

z'(t) = 10 + 4 cost, ¢’ (r}— (20 — t)sint + cost — L.

() Find the slope of the path at time { = 2. Show the computations that lead to your answer.
(b) Find the acceleration vector of the car at the time when the car’s horizontal position is = = 140.
(c) Find the time ¢ at which the car is at its maximum height, and find the speed, in m/sec, of t_he car at

this time.

(d) For 0.<t < 18, there are two times at which the car is at gruu.nd level (y = 0). Find these l:vm times
and write an expression that gives the average speed, in m/sec, of the car between these two 'JI:I:I'.IES. Do

not evaluate the expression. '

dy _y'(2) _ 1Bsin2+cos2 1
Slope = =% .
ko) Blope = s TF@ T 10+ doos2
= 1.793 or 1.794
z(f) = 10¢ + 4sint = 140; ¢, = 13.647083

)
| 2"(t) = —3.529, y"(f) = 1.225 or 1.226
" Acceleration vector is <{—3.529,1.225 >

or </—3.529,1.226>

(€) ¥(t) = (20 - t)sint + cost —1 =0
t, = 3.023 or 3.024 at maximum height

speed = (='(6))" +(v(4)] =|='(4)|
= 6.027 or 6.025 .

(d) u{t)=0 when { = 2% and t = 4w
Average speed = —— f oY + (vOY

1: answer usmg

/dr

1+ identifies accelération vector
" as dérivative of ve]ocaty wvector
1: computes a.{m&'lerntmn wvector
when ¢ = lfil}___l _ il

1: sets y'(t) =0
: selects first t > 0.
1: speed .

1: t=2mF=dn
: limits and coustaq:;.t

1: integrand

1 pAr :
=§;fh \‘r(m-!—imsﬂ?' +{[2I}—£}sint +cost —1)* dt
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AP Caleulus BC-2

'FINAL DRAFT FOR SCORING

A particle starts at point A on the positive o-axis at time ¢ =0 and travels

along the curve from A to B to C to D, as shown above. The coordinates of
the particle’s position (2¢t), y(1)) are differentiable functions o t, where:

2(t) = _ij_ —Bm[ﬂ] : {m"t+I] and ¢/(f) _%

Attlma t=19, theFartic.lsremhmmﬁnalpmﬁmatpmnt D onﬂmp-cmtiva:s-a.ﬂs

@

At poiut_ c, iﬂ. 5 pualtwa? At point C,is —

is not explicitly given. 1o

pomtrm?ﬂwsa.rmqnﬁ::mchmm

(b). The slopé of the curve is undefined at point R At what time ¢ is the particle at point B 7
(c) The line tasigent to the curve at the point (m[ﬂ},g[ﬂ]} hnsai:[uaﬁun y=g~m—-2. Find the

@

i ‘Fe'E)mty vector and the” Epeed of this particle at this _P'Clﬂ'f'__' o

Hnwfarapa.:tampmnts A and D thamiﬁnlmﬂﬁnalpcmﬁonu reepectwely,dthepmtmie'i'

(a)

(b).

()

(@)

Ak xobit & ‘iii is not positive because y(ﬁ] is

dacraa.smg along the arc BD as { increases.

‘At point C, B o ok positive because (t) is

decreasing along the arc BD as { increases.

E*—-:ﬂ m[ﬂ:]=ﬂ or ﬁn[I Z‘l- =

dt
L 2
6 2 o

= q73 { =23 for both.

Particle is at point B at ¢ = 3.

z:-'(ﬂ) = —0 m(ﬂg)ﬂin [%”_) =._E :

5
v'(8) =.§ﬂr{3) -t
The velocity vector is < —4.5,—-2.5 >.

= J4.57 +2.5° = 5.147 or 5.148

o(6) ~ o(0) = [} 2Ot
- = —39.265

The initial and final positions are 39.255 apart.

dy

'3 not pﬂﬂltl"."ﬂ with reason

: % not positive with reason

reats — =

dt.

. :E'{E} :
: (8)

l:speaﬂ

[l:int.agrﬂ.l
a2 :
1 : answer

ngwmu@mmwmmumm
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AP Calculus BC-3 - Final Draft for Seoring

An object moving along a curve in the xy-plane has position (x(¢), (f)) at time ¢ > 0 with

= 3 +ms(;z). The derivative % is not explicitly given. At time ¢ = 2, the object is at position

(13)

(a) Find the x-coordinate of the pnsmnn of the object at time ¢ = 4.

(b) Attime r = 2, the value of f?- is —=7. Write an equation furﬁl.c line tangent to the curve at the i}dint '

(#(2), »(2))-
(c¢) Find the speed of the object at time ¢ = 2.

(d) For ¢ =3, the line tangent to the curve at (x(t), »(¢)) hasa s!upﬁ of 2t + 1. Find the amleratmn

‘vector of the object at time 1 = 4.

@ x(4)=x(2)+ j: (3 + cos(#?)) dt

—— E(; +cos(f)) dt = 7.132 or 7.133

(b)
U T
3 +cosd

=2

y—8=-2983(x-1)

= —2.983

(c) ' The speed of the object at tin-.-_e t=12is
‘J{-"' {2}}2 + (J-"'{E]'}l = 7382 or 7.383

@ #(§=230
V()= %}' = % & 1 +1)(3+ cos(2))

¥"(4) = 24.813 or 24.814
The acceleration vector at 7 = 4 is
(2.303, 24.813) or (2.303, 24.814),

1= J:(S + ma(f’)) dt
1 : handles initial condition
1 : answer

zz{l:ﬂnds.%llﬂ :

1 : equation

1 : answer
1:::'(4}
. dy
3 1:—=
% di
1 : answer
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. AP® CALCULUS BC
2004 SCORING GUIDELINES (Form B)

Question 1

A particle moving along a curve in the plane has pnmt:mn {x(t), ¥(t)) at time t, where
.%= 3 +9and%=ze’-_+5€" k

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

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

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

" (¢) Find the total distance traveled by the particle over the time fnterval 0 <1 < 3.

(d) Find the x-coordinate of the position of the particle at time t = 3.

-

(a) Attime £ =0: {lzspeed
1 : acceleration vector

Speed = {¥(0)* + y'(0) =¥ +7*> =58

Acceleration vector = {x'{li};l; ¥ (0)) = {0, -3}

=R [ T T e " | 1: tangent line
Tangent line is y:%{x~4]+1
PRy v : " [ 2: distanco intogral
(c]. DIEMEJ;J( 479] +(2Er+5g_f} L - {(~1) each integrand error
= 45.226 or 45.227 : (-1} error in limits
1 : answer
@ -1{3];44-[3\?:&9 dat g:{“m“l
9 1: answer

=17.930 or 17.931

Wbmﬂhycﬂmgaﬂmﬂuﬁmﬂmm Allri,g]ﬂlmwd.
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