AP Calculus BC: 2025

AP Calculus BC: 2025

Part A (BC): Graphing calculator required
Question 2 9 points

General Scoring Notes

e The model solution is presented using standard mathematical notation.

e Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should
be accurate to three places after the decimal point. Within each individual free-response question, at most
one point is not earned for inappropriate rounding.

Curve C is defined by the polar equation r(6) = 2sin?@ for 0 < @ < z . Curve C and the semicircle r = %

for 0 < @ < 7 are shown in the xy-plane.
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(Note: Your calculator should be in radian mode.)
Model Solution Scoring

Scoring Notes for Part A
o Anexact answer of - = 4sin(1.3)cos(1.3) earns P1.
d0lp13

e To earn P1, a response must indicate differentiation of » and provide the correct answer. A reported
answer should be accurate to three places after the decimal point, rounded or truncated. An
inappropriately rounded answer does not earn the point.

o Examples of responses with correct communication include % =1.031 and
6=13
7'(1.3) =1.031.
o Responses with incorrect communication, such as (@) = 1.031, ' =1.031, or % =1.031,

are sufficient to earn P1.

A Find the rate of change of » with respect to @ at the point on curve C where 8 = 1.3. Show the setup for
your calculations.

dr ~1.031003 Answer with setup Point 1 (P1)
dflg-13

The rate of change of » with respect to @ at the point on curve
C where € =1.3 is 1.031.

Find the area of the region that lies inside curve C but outside the graph of the polar equation » = %

Show the setup for your calculations.

For0<0<x, r(0) =1 for 0= 0, = Z = 0523599 and Integ”‘?d including  Point 2 (P2)
(r(9))
0=0, = -261799%
276 ' ' Integrand Point 3 (P3)
%3 2
1 2 1
EJ [(r(e» -(3) ] a0
o
= 2.066769 Answer Point 4 (P4)

The area is 2.067 (or 2.066).

Scoring Notes for Part B

b 2
e P2is carned for a definite integral including (r(6))*, such as J ((}’(0))2 - (%) ] do or

a

b
J. (+(8))* d6 , with or without the differential 46 .

e P3is carned for a definite integral (or integrals) with a correct integrand, such as
’ 2 (1Y b 2 1y
j [(r(&)) - (5 ) j dé or I (r(0)) do - J (5) d@ , with or without the differential 46 .
a
a c

e The limits &, = % =0.523599 and 6, = 5?” = 2.617994 and the factor % are assessed in P4, not

in P2 or P3.

e P4 is carned for the correct answer, with or without supporting work. A reported answer should be
accurate to three places after the decimal point, rounded or truncated. An inappropriately rounded
answer does not earn the point, unless an earlier point was not earned due to inappropriate rounding.
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Incorrect or unclear communication between the correct integral and the correct answer is treated as
scratch work and is not considered in scoring. For example:

57/6 | 2

° J [(r(é’))2 - (E) jda = 4.133538 so the area is 2.067.
/6

Note: This response earns P2 and P3 for the integral. It also earns P4 for the correct answer.

5z/6
o J ((r(ﬂ))2 - (% )ZJ d0 = 2.067

7/6
Note: This response earns P2 and P3 for the integral. It also earns P4 for the correct answer. (In
this instance, incorrect linkage is not considered in scoring.)

Special case: An indefinite integral with a correct integrand does not earn P2, earns P3, and is
eligible to earn P4 with a correct answer.
/2

A response of j

2
((r(@))z - (%) ) d@ = 2.067, using the symmetry of the region, earns P2, P3,
7/ 6

and P4.

It can be shown that % = 4sin cos’6 — 2sin’ O for curve C. For 0 < 0 < % , find the value of @ that

corresponds to the point on curve C that is farthest from the y-axis. Justify your answer.

For

% , the curve C'is in the first quadrant. Thus, a Considers dx _ 0 Point 5 (PS)

<<
0<0=< do

point on the curve will be farthest away from the y-axis when
the x-coordinate attains its maximum value. This will either

occur when % = 0 or at an endpoint of the interval

0<6<

dx

26"

=

NI

0

6 =0.955317 Justification Point 6 (P6)

0 | x(0) =r(0)cos &

0 0

0.955317 0.769800

T
> 0

Therefore, the value of & for which the point on the curve is Answer with Point 7 (P7)

farthest from the y-axis is 0.955.

supporting work

Scoring Notes for Part C

P5 is earned for considering % = 0. P5 is not earned by just presenting 8 = 0.955317.

A response that discusses the sign of % changing or uses the phrase “critical points of x(8)” also

earns P5.

The value 8 = 0.955317 might be presented as arccos(%), arcsin(gj, or arctan («/5)

To earn P6 using a candidates test, a response must make a global argument by correctly evaluating

x(0)at =0, 0 =0.955317,and 6 = % . The evaluations must be correct to the first digit after

the decimal, rounded or truncated.
Alternate justifications:

o dx >0 for 0 < 8 < 0.955, and x <0 for 0.955 <6 < % Therefore, & = 0.955 is the

deo do

location of the absolute maximum for x(@) on the interval 0 < @ < % .

o Because Z—Z changes sign from positive to negative at § = 0.955 (this might be presented as

“% > 0 for 8 < 0.955, and % < 0 for 8 > 0.955”), it is the location of a relative maximum

for x(@). And because 6 = 0.955 is the only critical point of x(&) in the interval 0 < @ < % s
it is the location of the absolute maximum for x(@) on the interval.
d’x

o Because X =0and —
d81p-0.955 d0” |9-0.955

<0, 6 =0.955 is the location of a relative

maximum for x(&). And because 6 = 0.955 is the only critical point of x(&) in the interval

0<6< % , it is the location of the absolute maximum for x(6) on the interval.

A response that presents only a local argument (such as a First Derivative Test or a Second
Derivative Test) or an incorrect global argument does not earn P6 but is eligible for P7 with the
correct answer. A reported answer should be accurate to three places after the decimal point,
rounded or truncated. An inappropriately rounded answer does not earn the point, unless an earlier
point was not earned due to inappropriate rounding.
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A particle travels along curve C so that % =15 for all times ¢. Find the rate at which the particle’s

distance from the origin changes with respect to time when the particle is at the point where § = 1.3.
Show the setup for your calculations.

dr dr do dr dé Point 8 (P8)
= == — =1.031003-15 = 15.465041 —_—
dt |g_13 (dH dt )‘9:1‘3 do dt

Answer Point 9 (P9)

The particle’s distance from the origin changes at a rate of
15.465.

Scoring Notes for Part D

e Toearn P8, % . % can be presented either symbolically or numerically.

e P8 might be earned in one or more steps.

e Aresponse of 1.031-15 or [answer from part A]-15 earns both P8 and P9.

e P9 is earned for the correct answer, with or without supporting work. A reported answer should be
accurate to three places after the decimal point, rounded or truncated. An inappropriately rounded

answer does not earn the point, unless an earlier point was not earned due to inappropriate rounding.
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(@)

(b)

(d

5
jo E(t) dt = 153.457690 5. {
To the nearest whole number, 153 fish enter the lake from midnight
to 5 AM.
L PL(r) dr = 6.059038
sl L =6 2:{

The average number of fish that leave the lake per hour from
midnight to 5 A.M. is 6.059 fish per hour.

The rate of change in the number of fish in the lake at time 7 is
given by E(t) — L(?). 3:

E(t)-L(t) =0 = = 620356

E(t) - L(t) > 0 for 0 < < 6.20356, and E(t)— L(¢) < 0 for
6.20356 < ¢ < 8. Therefore the greatest number of fish in the lake is
at time ¢ = 6.204 (or 6.203).

Let A(¢) be the change in the number of fish in the lake from
midnight to ¢ hours after midnight.

A(t) = j;(E(s) — L(s)) ds
A(t)=E(t)-L(t)=0 = t=C =6.20356

| 4@
0
135.01492
80.91998

o O o~

Therefore the greatest number of fish in the lake is at time
t = 6.204 (or 6.203).

E'(5) - L'(5) = -10.7228 < 0 . {

Because E'(5) - L'(5) < 0, the rate of change in the number of fish
is decreasing at time ¢ = 5.

1 : integral
1 : answer

1 : integral
1 : answer

1:sets E(1)—L(t)=0
1 : answer
1 : justification

1 : considers E'(5) and L'(5)
1 : answer with explanation
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Question 2

() %jf(r(a))z d6 = 3.534292

The area of S is 3.534.

b [ h6) a6 = 1579933
(b) Gfojo r(0)do = 1.

The average distance from the origin to a point on the curve
r=r(@) for 0 < @ <z is 1.580 (or 1.579).

(c) tanﬁz%=m = O=tan"'m

e a0 =44 o) ao)

(d) As k — oo, the circle r = kcos@ grows to enclose all points to
the right of the y -axis.

Jim A(K) =3 j;/ 2(H(0)) do

- %J'g/z(%/gsin(ﬁz))z d6 = 3.324

—_

: integral
: answer

: integral
: answer

: equates polar areas
: inverse trigonometric function

applied to m as limit of
integration

: equation

: limits of integration
: answer with integral
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Question 3

(@) J‘lf(x) dx = J.:zf(x) dx + Jif(x) dx
= 7= f:j_f(x) dx+2+ (9 _97”)

= J.:jf(x)dx:7—(ll—97”):97”—4
®) [r(x)+4yde=2f f(x)dv+ [T4ds
=2(/(5)-f(3))+4(5-3)
=2(0-(3-+5))+8
=2(-3+5)+8=2+25

__ OR—

j;(Zf'(x) +4)dv =[2f(x) + 4x]'
= (2£(5)+20) = (2/(3) +12)
=(2:0+20)-(2(3-5) +12)
=2+25

(c) g'(x)=f(x)=0:>x=—1,x:%,x=5

x g(x)
-2 0
1
-1 5
1 _1
2 4
o
5 _2r
11 7

On the interval =2 < x < 5, the absolute maximum value

of g is g(5)=11—97”.

10" =3f'(x) 10" =3/7(1)
@ IVILHJ f(x)—arctanx ~ f(1) - arctan 1
10-3-2 4

“T—arctanl 71_7r

&

VP de = [y e [ (o)
3: 1: f2f(x) dx

1 : answer

5 1 : Fundamental Theorem of Calculus
" | 1:answer

1:g'(x) = f(x)
3: 4 1:identifies x = —1 as a candidate
1 : answer with justification

1 : answer
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Question 5

Question 4
2 2 14 dh
= = 1 = 2 ===
@ V=ar‘h=r()"h=rh 2{1 7
ar an = ( —~J4 ) _r cublc feet per second 1 : answer with units
dr |j—4 dr |-y
®) ﬁz_;.ﬁz_;.(_L h):L l.i(_L )=_L
dr? 20vh  dt 208 10 200 “dh\ 10 20k
B Ch_ L6 for h> 0, th f change of th S0 i . Y
ecause 2200 > 0 for & > 0, the rate of change of the i 2045 dt
height is increasing when the height of the water is 3 feet. 1 : answer with explanation
(c) dh _ —L dt 1 : separation of variables
«/Z N
1 : antiderivatives
j** dt 4: 4 1 :constant of integration
) f _ 7—t L C and uses initial condition
10 12 k(1)
2W5=-—10+C = C=25
Note: 0/4 if no separation of variables
2Vh = z+ 25
Note: max 2/4 [1-1-0-0] if no constant

h(t) = (—%t + J?)

of integration

@ fil)-—2=2
(x2—2x+k)
2 1 1
f(O)_—z_6:>k2 3= k=5
1 1 A B

®) 2o g GG-HE+2) x-4"x+2

= 1=A4A(x+2)+B(x—4)
1 p__1
= A76,B7 3

. Ir 1

[(feya=|] 6 & |
o\x—4 x+2
[ In|x - 4\—fln\x+2q

x=1

x=

(L3 Lms) o (Lna—Lino) = -1
—(6ln3 6ln3) (6ln4 6ln2)— 6ln2

2 2 '
(c)fzidx=f 2dx=j 2dx+
0 x"—2x+1 0o (x=1) o(x-1)

" P
lim J dx + 1imJ .
b—>1"Jg (X71) b1t Jp (X*l)
x=b 1 x=2
+ lim | -
x:Oj b~>]+[ x-1 x:bj

. . 1
lim (_f - 1) + bl;nlq+ (—1 + ﬁ)

b1~

Il
L5
|

x-1

Because lim (—L) does not exist, the integral diverges.
b\ b1

3:

1 : denominator of f"(x)
e

1 : answer

1 : partial fraction

decomposition

1 : antiderivatives
1 : answer

1 : improper integral
1 : antiderivative
1 : answer with reason
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Question 6

(@ £(0)=3and /'(0) = -2
The third-degree Taylor polynomial for f* about x = 0 is

23
43242 3 3 9,,3.2_ 233
3 2x+2!x + T =3 2x+2x TRk

(b) The first three nonzero terms of the Maclaurin series for e* are

I »
1+x+jx.

The second-degree Taylor polynomial for e” f(x) about x = 0 is
3(1 +x+ ix2) -2x(1+x)+ %xz(l)

2!
:3+(3—2)x+(%—2+%)x2

=3+x+x%

1
© ()= [ ) dr

1
zj (372t+ét27§l3)dt
0 2

2
[a 2.1l 23407
—|:3[ t +2t 48t i|t:0
11,123 _97
B T T

(d) The alternating series error bound is the absolute value of the first
omitted term of the series for A(1).

1 =1
54 4) [ 9 5} 9
24 ar=| =1 =
L(m 20" ], =20

9
<|Z|=
Error < 20‘ 0.45

[

: two terms

: remaining terms

: three terms for e*

: three terms for e f'(x)

: antiderivative
: answer

: uses fourth-degree term

of Maclaurin series for f

: uses first omitted term

of series for /(1)

: error bound
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Question 1 Question 2
300 ' =— .
(a) J r(t) dt = 270 1 : integral (a) p'(25) 1.179 5 1: answ&?r ' .
0 2: ) 1 : meaning with units
1 : answer At a depth of 25 meters, the density of plankton cells is changing at a
According to the model, 270 people enter the line for the escalator rate of —1.179 million cells per cubic meter per meter.
during the time interval 0 < ¢ < 300.
300 300
(b) 20+ jo (r(t) = 0.7) dt =20 + jo #(t) dt —0.7-300 = 80 [ 1: considers rate out 0
2: 1 - answer (b) -[0 3p(h) dh =1675.414936 2 : 1 : integrand
According to the model, 80 people are in line at time ¢ = 300. 1 : answer
There are 1675 million plankton cells in the column of water between
(c) Based on part (b), the number of people in line at time ¢ = 300 is 80. 1 : answer h'=0 and h =30 meters.
The first time ¢ that there are no people in line is
300 + 80 _ 414.286 (or 414.285) seconds. K
0.7 (c) .[30 3f(h) dh represents the number of plankton cells, in millions, in 1 : integral expression
3 : 4 1 :compares improper integral
(d) The total number of people in line at time #, 0 < ¢ < 300, is modeled by 1 : considers #(¢) — 0.7 = 0 the column of water from a depth of 30 meters to a depth of K meters. 1 : explanation
20 + J‘é r(x) dx - 0.71. 4. ) 1:identifies £ = 33.013 The number of plankton cells, in millions, in the entire column of
I ?nS\fvers . water is given by Iso3p(h) dh + IK3f(h) dh.
1 : justification 0 30
H(t)=0.7=0 = # = 33.013298, 1, = 166.574719
Because 0 < f(4) < u(h) forall h > 30,
t | People in line for escalator K K ©
0 20 3[ £y dh<3[ u(h)dh<3[ u(h)dh=3105 =315,
30 30 30
4 3.803
) 158.070 The total number of plankton cells in the column of water is bounded
300 80 by 1675.415 + 315 =1990.415 < 2000 million.
The number of people in line is a minimum at time 7 = 33.013 seconds,
when there are 4 people in line.

@ [N @)+ (/) dr = 757455862 . { I - integrand

1 : total distance

The total distance traveled by the boat over the time interval 0 < ¢ <1
is 757.456 (or 757.455) meters.
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Question 3

@ f(=5) =7+ Il_sg(x) dx = f(1) - J.jsg(x) dx 1 : integral
3 19\ 25 1 : answer
o g (23
(®) I16g(x) dx = _[]3g(x) dx + j:g(x) dx 1:splitat x =3

—_

: antiderivative of 2(x — 4)

2

1 : answer
2 3= 16 ( 2)
=4+|=(x—-4 =4+ ——-(-=|=10
[3 (x=4) 1,3 37073
(c) The graph of f'is increasing and concave up on 0 < x <1 and 1 : intervals
4 < x < 6 because f'(x)=g(x)>0 and f'(x) = g(x) is 1 : reason
increasing on those intervals.
(d) The graph of f has a point of inflection at x = 4 because 1 : answer
f'(x) = g(x) changes from decreasing to increasing at x = 4. 1 : reason

Question 4

(a)

(b)

(©)

(d)

H(T)-H(5) _11-6 _5

H(60) > ———3 2 2

H'(6) is the rate at which the height of the tree is changing, in meters
per year, at time ¢ = 6 years.

H(5)-HG) _6-2 _,
5-3 2
Because H is differentiable on 3 < ¢ <5, H is continuouson 3 < ¢ < 5.

By the Mean Value Theorem, there exists a value ¢, 3 < ¢ < 5, such that
H'(c)=2.

The average height of the tree over the time interval 2 <7 < 10 is given

by — [ H(t)d
y10_2j2 (1) dt.

110 11542 . 246 o 6+11 . 11+15
gLH(t)dt~§( o e A et R 3)
1 263
= 5(65.75) = 22

The average height of the tree over the time interval 2 < ¢ <10 is

@ meters
32 ’

G(x)=50 = x=1

d _d de _ (1+x)100-100x-1 dx _ 100 dx
a0 = 7 (G0)- G = (1+x) dt (14 x)> dt

d 100 3
4 (G(x = 003 =2
df( (=) aml o (1+1)? 4

According to the model, the rate of change of the height of the tree with

respect to time when the tree is 50 meters tall is % meter per year.

5 1 : estimate
" | 1 : interpretation with units
H(5)-H(3)
=53
2:

1 : conclusion using
Mean Value Theorem

5. 1 : trapezoidal sum
" | 1 : approximation

d
;. { 2: 46

1 : answer

Note: max 1/3 [1-0] if
no chain rule
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Question 5
1¢57/3; » 5 : constant and limits
a = - .
(@) Area 2_[”/3 (4 (3 + 2cos 0) )dﬁ 3 - integrand
dr dr dy _dr
-2 - = - L= s
(b) 20 sm€:>d99”/2 10 d651n¢9+rcos¢9
dx _ dr
r(%):3+2cos(§):3 or 5 = %cosﬁ—rsme
3 dr ——sin 6 + rcos 6
dy dr : dl 40 ’
y=rsind = —— =——sinf + rcos @ dx  dr _
Zg ag][g dgcosﬁ rsin 6
X =rcosf = d—z = d—;cos 6 —rsin @ s answer
e T
dy _ dy]do _ —23m(5)+3cos(§) 2
delo_ryy  dv/dO 0=r/2 72cos(£)73sin(£) 3
2 2
The slope of the line tangent to the graph of » = 3 + 2cos &
T2
at 0 = 783
__ OR—
_ . _ . d7y7 2, )
y=rsinf =(3+2cosf)sinf = 70° 3cos @ + 2cos” 0 — 2sin“ 6
x=rcos@ =(3+2cosf)cosf = % = —3sin @ — 4sin 6 cos 6
z 2(Z) Zogin?[ Z
dy :dy/dé :3cos(2)+2cos(2) 2sin (2):2
dilo_zyy  dx/dOlo_rp 73sin(£) 74sin(£) cos(ﬁ) 3
2 2 2
The slope of the line tangent to the graph of » = 3 + 2cos 6
2
at 6 = 5 3
(@ dr_dr d0_ oo d0 0 _dr 1 dr_dr dO
dt  do dt dt dt dt -2sinf “dt dO dt
3:4,.d0 _dr 1
T dt  dt -2sinf
a6 =3 3 —J3 radians per second . .
dt lp_r/3 2 ( L ) V3 : answer with units
~2sin| 3

AP Calculus BC: 2018
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Question 6

(a)

(b)

(©)

2 3 4 5
The first four nonzero terms are = — —~ >+ L} X T
3 2.3 3.3 4.3

n+l1
The general term is (~1)""' <—.
n-3"
(71)l1+2xn+2
+1
m (D) | e | |x
n—0 (_1)n+1xn+1 n—>o| 3 (n+1) 3
n-3"

§<1for\x\<3

Therefore, the radius of convergence of the Maclaurin series for f is 3.

— OR—
The radius of convergence of the Maclaurin series for In(1 + x) is 1,

3

so the series for f(x) = xln(l + 3

E) converges absolutely for

£‘<14

I<1=|x|<3

Therefore, the radius of convergence of the Maclaurin series for f is 3.

n+l 0
n+l ( 3) * _ 3 .
When x = -3, the series is ,,El( 1) TR ”221;, which

diverges by comparison to the harmonic series.

o0
When x =3, th 1”“3 13, which
en x e series is Z( ) ) Z ) > Whic

n=1 n=1
converges by the alternating series test.

The interval of convergence of the Maclaurin series for f'is
-3<x<3.

By the alternating series error bound, an upper bound for
|P4(2) — f(2)| is the magnitude of the next term of the alternating
series.

1B,(2) - £(2)] < 8

B

434

1 : first four terms
1 : general term

: sets up ratio

: computes limit of ratio

: radius of convergence

: considers both endpoints

—_ e = e

: analysis and interval of
convergence

1 : radius for In(1 + x) series

1 : substitutes %

5. J 1:radius of convergence
1 : considers both endpoints
1 : analysis and interval of

convergence

1 : uses fifth-degree term
2: as error bound

1 : answer
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Question 1

@ Volume = [* 4(h) d

~(2-0)-A4(0)+(5-2)-A(2) + (10 - 5)- A(5)
=2-503+3-144+5-6.5
=176.3 cubic feet

(b) The approximation in part (a) is an overestimate because a left Riemann
sum is used and A4 is decreasing.

© Liof(h) dh = 101325338

The volume is 101.325 cubic feet.

(d) Using the model, V' (/) = j;’f(x) dx.

dl‘ {dl,@}
dt |5 dh dt |,_s

dh
- [f(h) .E]h:s
= £(5)-0.26 = 1.694419

When 4 =5, the volume of water is changing at a rate of
1.694 cubic feet per minute.

1 : units in parts (a), (c), and (d)

5. 1 : left Riemann sum
" | 1 : approximation

1 : overestimate with reason

5. 1 : integral
" | 1:answer

7
3:{2' dt

1 : answer
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Question 2

@ 1 j:/ 2(£(6)) d0 = 0.648414

The area of R is 0.648.

®) [(((0)? - (7©@)?) a0 = L[ (((0)? - ((9)?) a0

__OR—

[{ (e ~(r0)7) a0 = [ ((2(0)? -~ (/(0)) do

(c) w(9) =g(0) - f(0)
/2
[ w0y do
wy="C — — =0.485446
% -0

The average value of w(@) on the interval [O, %} is 0.485.

(d) w(0) =w, for 0<6< % = 0 =0517688
w(0) = w, at 6 = 0.518 (or 0.517).

w(0.518) <0 = w(0) is decreasing at & = 0.518.

1 : integral
1 : answer

1 : integral expression
2: for one region
1 : equation

1:w(0)
3:4 1:integral
1 : average value

5- 1 :solves w(6) = wy
| 1 : answer with reason

AP Calculus BC: 2017

Question 3

@ f(-6)= (D) + [ Sy dv =7 [ fxydx=7-4=3

15) = f(—2)+fzf’(x) dx=7-27+3=10-2x

(b) f'(x) > 0 on the intervals [-6, —2) and (2, 5).

Therefore, f is increasing on the intervals [-6, —2] and [2, 5].

(c) The absolute minimum will occur at a critical point where f'(x) =0
or at an endpoint.

f(x)=0= x=-2,x=2

The absolute minimum value is f(2) = 7 — 2.

@ /(5= 3= 3

JACIENAE)

lim —2and fim L3 =S0G) _

x—3" x=3 x—3" x-=3

/"(3) does not exist because
S0 -10) e S0 - 10)
x-3 o3t x-=3

lim
x—3"

1 : uses initial condition
3:41: f(-6)
1: £(5)

2 : answer with justification

iy 1 : considers x = 2
" | 1: answer with justification

1 f(es)
2:9 1: f"(3) does not exist,
with explanation
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Question 5

(2)

(b)

(©

H'(0) = 5 (91 -
H(0) =91

27) = -16

An equation for the tangent line is y = 91 — 16¢.

The internal temperature of the potato at time ¢ = 3 minutes is
approximately 91 —16-3 = 43 degrees Celsius.

d*H _ 1dH [ 1\ 1\ oy 1
s 1 7 CREURE (URED)

" d’H 1
>27 fort>0 = —5-=-—(H-27)>0forz>0
dt 16

Therefore, the graph of H is concave up for 7 > 0. Thus, the
answer in part (a) is an underestimate.

G _
(G - 27)*/3

J(G 27)*/3 I( )
3(G-271)P ==t+C

391-27)2 =0+ C = C=12
3(G-27) =121+

12-1¢
3

3
G(t)=27+( ) for 0 <t <10
The internal temperature of the potato at time ¢ = 3 minutes is

3
12; 3) = 54 degrees Celsius.

27+(

1 : slope
3:4 1:tangent line
1 : approximation

1 : underestimate with reason

1 : separation of variables

1 : antiderivatives

1 : constant of integration and
uses initial condition

1 : equation involving G and ¢

1:G(t) and G(3)

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

Note: 0/5 if no separation of variables

, -3(4x-17)
@ f(x)=———2
S (2x2—7x+5)2
- (B3 15
f(3)7(18—21+5)2 4
, 3(4x —7) 7
(b) x) = =0 X =
&) (2x2—7x+5) - 4

The only critical point in the interval 1 < x < 2.5 has x-coordinate %

/" changes sign from positive to negative at x = %

Therefore, f has a relative maximum at x = %

© [ f(x)dv = lim hﬁdx:hlingoﬁb(zxz_s—xil)dx
[ 25)]
i (=) )] = m2 ()= )

(d) f is continuous, positive, and decreasing on [5, 00).

= bhﬁngo[ln(Zx—S) ln(x—l =

® 3

The series converges by the integral test since f S R — dx
5 2x°=Tx+5
converges.
__ OR—
3 1
27>0and—2>0f0rn25.
2n° —=Tn+5 n
3
2> —Tn+5 _3 oyl
Since lim =11+ = - and the series Z— converges,
n—0 L 2 n=5 i’l2
2
the series zé converges by the limit comparison test.
=5 2m® —Tn+5

2: 13)

1 : x-coordinate
2: 4 1 :relative maximum
with justification

1 : antiderivative
3: < 1:limit expression
1 : answer

2 : answer with conditions
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Question 6

@ £(0)=0
£1(0)=1
£1(0) = =1(1) = -1
/7(0) = =2(-1) = 2

190)=-3(2) = -6

The first four nonzero terms are
2 3

“l2, 23 =64_  x x x'
0+lx+jx +§x +ﬂx =X 2+3 7

&

_\ntlon
The general term is (1)7)(

0 (_1)n+]
(b) For x =1, the Maclaurin series becomes ZT

n=l1

The series does not converge absolutely because the harmonic series
diverges.

The series alternates with terms that decrease in magnitude to 0, and
therefore the series converges conditionally.

x B * t2 13 14 (_1)n+1 o
© J.of(t)dt7J [t7?+?7j+“.+T+”. dt

0

2 3 4 5 _ e+l I=x
I S A ST Gl ) S AAR
2 3.2 3 5.4 (n+1)n o
xz x3 x4 x5 (7l)n+1 xn+l
X X X X L3 2
276 12720 (n+)n

(d) The terms alternate in sign and decrease in magnitude to 0. By the
lz)-#[3)
€2) 782

(1/2)°
20 |

is bounded

alternating series error bound, the error

by the magnitude of the first unused term,

n2)-+(3)

1 1

LW 1
732:20 " 500°

20

Thus, <

L: £"(0). £"(0), and f**)(0)

319 1: verify terms

1 : general term

2 : converges conditionally
with reason

1 : two terms
3: 4 1 :remaining terms
1 : general term

1 : error bound




