AP Calculus BC Free Response Section 1: Calculator Active Name

e ort

(h,®)

— |-X -sm(x=)=\>(o1;,-mzo§szsez)

1. Let R be the shaded region in the first quadrant enclosed by the y-axis and the graphsof y = 1 — x> and

¥ = sin {x2 ), as shown in the figure above.

{a) Find the area of R.

A
- | [(1-x*) = sm(¥*)|dx = 0.537
e f"[(l Sl ]K (0.534)

(b) A horizontal line, y = &, is deawn through the point where the graphsof y = 1= x* and ¥y = sin (xz')

intersect. Find & and determine whether this line divides R info two regions of equal -area. Show the work

that leads to your conclusion. K =B ‘1 = |- x‘i = X= \3} -y \1-: {m(!z)% X= me»(tp

rA -

(1) dc= 0257 L Vovesmy o = 0.277
* |
‘ (IL -w(x‘))o\ﬂ = §.217 i LI 3 =y ou( =p.257
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(c) Find the volume of the solid generated when R is revolved about the line y = =3,

A
\l.h..: w] [(l x—-3) (s»(x‘)--s)]o\x (. §4!
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Free Response Section 1: Calculator Active

2. A planetary rover travels on a flat surface. The path of the rover for the time interval 0 <1 = 2 hours is shown
in the rectangular coordinate system above. The rover starts at the point with coordinates (6, 5) at time 1 = 0.
The coordinates (x{r}, ¥(1)) of the position of the rover change at rates given by

% () = —12sin(2¢%)
¥{1) = 10cos(1 + 1),
where x(7) and y(7) are measured in meters and 1 is measured in hours.

{a) Find the acceleration vector of the rover at time ¢ = 1. Find the speed of the rover attime ¢ = 1.

o) = ¥ {02 Sped =\ [T Lyed] ™ = 11678
G L %

(b) Find the total distance that the rover travels over the time interval 0 £ 7 £ L.

Dishmee = \1[{(.)]1{\{'(,\)]1—- dt = b. 104
| : ((..‘103)

(c) Find the y-coordinate of the position of the rover at time 7 = 1.

= T d ' t&‘q.OS"
Ll L‘ft) (H-05l)

(d) The rover receives a signal at cach point where the line tangent to its path has slope % At what times 1,

for 0 £ ¢ = 2, does the rover receive a signal?

M - j‘(b\ = |0w5(l+ﬁ)___ | =% 1= |.072
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Free Response Section 2: Non Calculator
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. The twice-differentiable function W models the volume of water in a reservoir at time f, where W(f) is
measured in gigaliters (GL) and ¢ is measured in days. The table above gives values.of W ‘(1) sampled at

various times during the time interval 0 £ 1 £ 30 days. At time ¢ = 30, the reservoir contains 125 gigaliters
of water.

(a) Use the tangent line approximation to W at time ¢ = 30 to predict the volume of water W(1), in gigaliters,
in the reservoir at time 1 = 32. Show the computations that lead to your answer.

{a.«y..# : ~{-—|zs'= 0.5 (% -30)
W(32) = 0.5 (31-30) r125 = 120

(b) Use a left Riemann sam, with the three subintervals indicated by the data in the table, to approximate

L} W(t) dr. Use this approximation to estimate the volume of water W(t), in gigaliters, in the reservoir at

time 7 = (. Show the computations that lead to your answén
0
WEME = 10- W(o) # (2. wi(i) + 8- wi(22) =224

[ WMt = wzo)- w(°)==» w(o) = w(z0) - f wi(t)dt
w(o) = 125-22.4 = 102.6
(c) Explain why there must be at least one time £, other than ¢ = 10, such that W'(f) = 0.7 GL/ day
w' iilemd‘nJoh = W' corhmuons
W(30)20.6 c07 By TV, fase wunt be ot st oo £ o
w(@)= 1o Yo.7 22¢ 20, swch Tt w(t)=0T.

{d) The e:quaﬁ(}n A=03w3 gives the relationship between the area A, in square kilometers, of the surface

of the reservoir, and the volume of water W(r), in gigaliters, in the reservoir. Find the instantaneous rate of
change of A, in square kilometers per day, with respect to ¢ when ¢ = 30 days.
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Free Response Section 2: Non Calculator

5. Let f be the function satisfying f’(x) = 4x — 2xf(x) for all real numbers x, with f (0) =3 and
lim f(x) = 2.
X302

(a) Find the value of J: (4x—2xf (x)) dx. Show the work that leads to your answer.

fow( fr-2ubo)de = [, e b
b [rrem - Je o,
R J(w)-£lo)

oo

= 1—5‘;"5

}]

(b) Use Euler’s method to approximate f(—1), starting at x = 0, with two steps of equal size.

$(‘%)= 4+ "li [‘i(o)-z(_o)-{-(og] :5+72:0=5
pey= 5+ S [ACEH-204) F(3)] <50 4321

(c) Find the particular solution y = f(x) to the differential equation % = 4x — 2xy with the initial condition

£(0) = 5.
% . *(‘l -y )
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Free Response Section 2: Non Calculator

(G.-2)
Graph of f

The graph of the continuous function f, consisting of three line segments and a semicircle, is shown above
Let g be the function given by g(x) = Jl flr) dr.

-1
B a2 3(—(,):[ Bt = -f HEV = - [ 446 [= 10
- “b

%(.3) = [‘z f(¢)dt = —;tr(z)"'-; "[% -l-z] = 2r- |

(b) Find g’(0).

c}'(!) = +(x)
t}'(»)= $(e)=2

(¢) Find all values of x on the open interval —6 < x < 3 for which the graph of g has a horizontal tangent.

Determine whether g has a local maximum, a local mintmum, or neither at each of these values, J ustify
VOUr answers.

ﬂwiw -rm?w'('s =¥ %'(x) =flx)=0 =» x= -2,2
At x=- l,jlu.o 0 lowad extroma swass 3‘(%) MMJAM?' S~b4-

At x=2, 3 hot o h-'—"-'Q AL s 3%‘\ W o t)owlw-l—
'#’ NTM" -
(d) Find all values of x on the open interval —6 < x < 3 for which the graph of g has a point of inflection.
Fxplain your reasoning. 9" (x)= £'(x) 4'0=0 =% x<0  4'(0)- wasd =D X242,
PoX oF xX=-%420 cie “(.r-) o v-am of Auese valbuss.

At x=-4 4 x=0, q"(x) u'.w.ag, From ?m-t'uwv to uubod-m/
A+ x= -2, 6(.&) Ch-“‘ll‘s .‘:m,,, w.?ju.y—h: fot.t-(-w-u



Free Response Section 2: Non Calculator

6. The function f satisfies the equation

F() = f(x) £ 5+
and f(0) = 2. The Taylor series for f about x = 0 convergesto f (x) forall x.

(a) Write an equation for the line tangent io the curve y = f(x) at the point where x = 0.

E'oY=z fl0) 4041 =3

Orw,b,,j: \1-2.'; 3Ix

(b) Find f*(0) and find the second-degree Taylor polynomial for f about x = 0.
P )+
NOERIOLIES

2
P, ()= 2+ 3%+ 4-52-; - 243RARN

(c) Find the fourth-degree Taylor polynomial for f about x = 0.
()= c“(x = (o) =4
m(‘&) .g ) .F( 'n(o) ‘-"
3 3 4

: % X .S
P, (x)= 24 3x+'+'-7"'|’. +Y- 31 *“" ]

2 +3x + 2x° -—x3+ —‘!‘-x"’

\l

(d) Find f (”}({3} the nth derivative of f at x = 0, for n 2 2. Use the Taylor series for f about x = 0 and the
Taylor series for ¢* about x = 0 to find a polynomial expression for flx)—4e”.

QN(D) Jf [ a2 2 e -l+xf-‘53+..3+ .
FO = 24 3x s s «;Hx’r&',-x"&

eb= Gt + 5 Xk Fix +-ﬁ-x"+--
fK) -He*= -2-x



