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1. Evaluate each series. (ln 3)2 (ln 3)n
= 3 = 1 3.1+In3+ et Tt
"~ "~ Let x = In 3.

Because p = 1/3 and 0 < p < 1, the series
diverges. =1+X+L2+...+Ln+...
21

o n ! n!
e
1I: — X
;[sin 2) =€

In3

Because M = efsin2 = 2.99 > 1, the series =e
diverges. =3
o So, the answer is C.
NI > 5
— + 1)!
(1) MESEURE)
+ 1) : P
fim| 3 LD | =2 (n—1)
ne|(n + 2)! 5 noeln + 2 o ) )
Use the Limit Comparison test to compare with
=0<1 o
1 .
By the Ratio Test, the series converges. ZF’ which converges for p -1 >1= p > 2.
So, the answer is C. n=2
5(n+3) nr! 5n? + 15077
= m—

= ( 1 » 1 »
2. Z‘; 2 n— (n - 1) 1 n— (n - l)
n= 3 :; _ 5
n+1 3
[ ( 1) < L . . . L. & 5(71 + 3)
4" 4" Because lim is finite and positive, Y ——
P e n=2 (n - l)p
,}T\l?ﬂ =0 converges when p > 2.
By the Alternating Series Test, the series converges. So, the answer is C.
3/n
lim , = lim =
n—yco n—oe 4
_1 <1
4

By the Root Test, the series converges absolutely.

So, the answer is B.

5, cosx = i(—l)" il '

n=0 (2}’1)
- (-] n( o 2n
cos x* =27( /(<)
n=0 (2}’1)'
2\2 2\* 2\6 2\8
WL W e
2 4 ol g
PR N 16
=1-— 4+ -4
T
, . x2~x+x2-x8 x2~x12+x2~x16
x*cos x? = x* — ] TR R
6 0 4 18
= _x2 -t — - — 4+ — =

So, the answer is C.
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o n 1
=1 " 1 7 =l-x+x =X+ 4 (-1)'x" + -
6. = = T .
;3n3+1 S WO I+ x
1
a,, < 0.001 Graph f(x) = e and y = x°.
1 1

3 <
3n+1)7 +1 1000
1000 < 3(n +1)° +1
999 < 3(n + 1)’

333 < (n+ 1)

> -1+</333
" The graphs intersect at x = 0.755.
n > 59313 .
So, the answer is C.
=>n==6
So, the answer is B.
, 160 .
8. (@ B(x) =gB)+gB)(x-3)=50+ T(X -3) 2 pts: first-degree Taylor polynomial at x = 3
160 ) 4 pts: <1 pt: approximation of g(3.1)

So, g(3.1) = 50 + 7(3’1 -3) =553 1 pt: answer (“less than”) with reason

”

Because g'(x) is increasing on [2, 4], g”(3) > 0. So, g(x)
is concave upward at x = 3, and the tangent line at x = 3

will lie below the graph of g. So, the approximation is less
than the actual value of g(3.1).

’,3 7
b) A(x)=g3)+g x—=3)+——=(x— + —(x - pts: third-degree Taylor polynomial at x =
(b) 3) + g(3)(x - 3 g;) 3)° g;) 3) 2 pts: third-degree Taylor polynomial 3
! ! pts: e
1 pt: approximation of g(3.1)
=50+ 190 3y M gy 2 gy
3 4.2 3
=50+?(x—3)+i81(x—3)2+z(x—3)3

So, g(3.1) = 50 + %(3.1 ~3)+ %(3.1 _37 4 %(3.1 3y
= 55.51308.
g(n+1)( ) X
(c) ‘g(S.l) - 133(3,1)‘ = Rn(3,1)‘ ="—x - )" - 1 pt: uses the fourth term as an error bound
! s:
(n o+ 1) P 1 pt: computes error bound to compare
()
=2 4'(2)(x -3 = ;12:'(3.1 - 3)* = 00005849 < 0.0006

Reminders: Round each answer to at least three
decimal places to receive credit for the approximation.

You do not need to simplify the coefficients in these
Taylor polynomials.

In these approximations, be sure to write “g(3. 1) r”

rather than “g(3.1) =.” Because this is an

approximation, a point may be deducted if an equal
sign is used.
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2 3 n
. X
9@ € =1+x+—+—+-+—+-
21 3 n!

2! n!
2 3 -1 n
—lox+ X X +( )x+--
20 3 n!
. x-x2 x-x (—1)" x - x"
xe' =x—-x-x+—— — + e+ + -
2! 3! n!
3 4 -1 n_n+l
IS SN AR ) (A
2! 3! n!
© Xt
So, the first four nonzero terms are x — x> + T
— x4+ x2 -X _ 2
(b) hrnf(x) Y im X vt 1
= 3 x—0 x3 2
(© g(x) = I te™" dt
3 4 -1 "tn+l
= {t—t2+t—t +( ) + Jdt
0 20 3 n!
3 4 -1 "tn+l
—j{t P+ = -+ +() + Jdt
0 n!
-1\ !
_ ltz lt3 ltA 5 -y (-1 2y
2 3 '8 3 (n + 2)n!
0
1)
— lx2 x3 +lx4 xS + ( ) xn+2 +
2 8 (n + 2)n!
Ny oy oy
So, gl=|=—=| —<=| +=]|.
5 2\5 35 8\ 5
(d) ‘a/1+l‘< 1
90,000
(_l)”+1xn+3 1
(n+3)(n+1) 90,000

(1/5)° 1

(6)(4) ~ 90,000

1 < 1
2,250,000 90,000

5 ts: 1 pt: first four terms of Taylor series
P 1 pt: general term

1 pt: answer with justification [using results
from part (a)]

2 pts: first four nonzero terms
4 pts: 41 pt: general term
1 pt: approximation of g(1/5)
Reminders: This approximation does not
need to be simplified.
Write “g(1/5) ~ rather than “g(1/5) =.”

Because this is an approximation, a point
may be deducted if an equal sign is used.

5 of 1 pt: correct form of error bound
s:
P 1 pt: computes error bound to compare

Reminder: This error bound does not need
to be simplified.
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2 4 —1)" 2"
10. (a) cosx:I—x—+x——---+¢+--
20 4 (2n)!
2)? 2\ 20
VRN C N € M €. NS
f(x) = cosx* =1 5 + m a +
BN S O w2
2 24 720 (2n)!
1yt A(n+) !
(b) lim ) I ) PR
n—>oo] |:2(}’l + 1):|' (-1)”)(4” n—yeo

Because the series converges for all x, R = oo.

4 8
(c) cos x? =1-T 4+
2 24
4 8
cos(l)zl—Q Q B
2 24 24
K2
‘an+l ‘ = ?
(1)12
e
L
720 500

(2n + 2)(2n + 1)

{2 pts: first four terms of series
3 pts:

3 pts:

3 pts:

1 pt: general term

Reminder: You do not need to
simplify the coefficients in these
Taylor polynomials.

1 pt: sets up ratio
1 pt: computes limit of ratio
1 pt: finds radius of convergence

1 pt: approximation of f° (1) using
first three terms of series

1 pt: uses the fourth term as an
error bound

1 pt: computes error bound to
compare

Reminders: Write “cos(l) ~” rather
than “cos(l) =.” Because this is an

approximation, a point may be
deducted if an equal sign is used.

This error bound does not need to
be simplified.
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4 6 8 10
oy x X X L . 1
1. (@ f(x)=1-x*+ TR 1 pt: finds £(0)
4 pts: 41 pt: finds /(0
) = s 68 800 pegiima s
3 p 7 10 pts: conclusion with reasonsing
SN lx7 3 ixg b Reminder: Explicitly identify each function

by name. Referring to “it,” “the function,” or

7 3 “the graph” will not receive credit on the exam.
f”(x) = -2+ 6x2 — 5x4 + EXG - ng + ..

So, f/(0) = 0 and /”(0) = -2.

Because f'(0) = 0, f has a critical value at x = 0.

Because f”(0) < 0, f is concave downward at x = 0.

So, by the Second Derivative Test, f has a relative
maximum at x = 0.

(b) f(x):l—x2+x—4—x—

' ’ 1 pt: approximation of /(1) using first four terms
2'4 3 . ; of series
) =1-(@)+ Q _ Q b1 pts: 1 pt: uses the fifth term as an error bound

2! 32 3

1 pt: computes error bound to compare
Use the Alternating Series Test to find the error.

X8 )° 1 1
ol =| 5= - L L
4! 4! 24 10
So, f(1) = 1.1 with an error = 1 < i
20 3 24 10
) YV +2xy =0 1 pt: computes y' = f'(x) using given power series
(©) ¥y y 2 pts:
y = =2xy 1 pt: shows that this differential equation is satisfied
dy
— = =2x
dx Y
1
—dy = —2xdx
y

Ildy I—Zxdx

1n‘y‘:—x2+C

_2
:ex+C

y = Ce™ = e whenC =1

¥ X

e =1l+x+—+—
21 3

2 3
e"’f2 =1+ (—xz) + (_X2) + (_XZ) 4.
2! 3!
4 6
=1—x2+%—% f(x)

So, f(x) = e is a solution of the differential

equation )" + 2xy = 0.
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()" -

12. (a) f(x) = ii

n=1

_1n+1
fim | %] = gy [E2D
n—e | g, n—eo n+1 (x_l)”
lim n(x—l)
nose p+ 1
=x-1
lx - 1< 1

-1<x-1<1

0<x<?2

n+l n
When x = 0: (_1) (_l) = = ——
n n n

The series diverges (divergent p-series).

n+l o \n n+l
When x = 2: () i U = (=) i
n n

The series converges by the Alternating Series Test.

So, the interval of convergence is (0, 2].

(b) f(x):(x_l)_(x_zl)+(x—31)_(x;1)+

g®) = (W) =(1-0)=(x=1D)+ (=1 = (x=1) +-
=l=(x=)+(x =17 = (x=1) 4+ (=1)'(x = 1)"

© gx)=1-(x=-D+x-1"=(x=1 +-+(=1)'(x =1
1

X

@ hx) = f(x* +1)
H(x) = f’(x3 + 1) . (3x2)
= g(x3 + 1)(3x2)
= —3x?
2+
3x2

X +1

1 pt: sets up ratio and computes
limit of ratio

1 pt: finds interior of interval of

4 pts: convergence

2 pts: considers both endpoints,
shows analysis for interval
of convergence

1 pt: first three terms of series
2 pts:
1 pt: general terms

1 pt: answer

2 pts: finds A'(x) = f’(x3 + 1) = g(x3 + 1)

[using g from part (c)]
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13. (a)

(b)

(©)

(d)

Because g'(2) = 4, the equation of the tangent line
at (2,3) is

4(x -2)

4x - 5.

y-3=
y =

So, g(2.4) ~ 4(2.4) - 5 = 4.6.

Because g”(2) > 0, g(x) is concave upward at x = 2,

and the tangent line at x = 2 will lie below the graph

of g. So, the approximation is less than g(2.4).

J; gt ax = 02g(21) + £23)]

= 0.2(5 + 8)
=26
g(2.4) = g(2) + 22'4 g'(x) dx
=3+26
=56
g(2.2) = g(2) + 02[£'(2)]
=3+02(4) =38
g(24) = g(2.2) + 0.2 g'(2.2)]
=38 +02(7) = 52
AW = £() + g 0)x ~2) + L2
=3+4(x—2)+%(x-2)2
=3 44(x-2)+10(x - 2)
So, g(2.4) = 3 + 4(2.4 - 2) + 10(2.4 - 2)°
= 6.2.
e s 62y 8 1
Error: 7(2.4 - 2) = G(gj =I5 < m
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2 pts:

2 pts:

3 pts:

1 pt: tangent line equation and approximation of
g(2.4)

1 pt: answer with reason

Reminders: This approximation does not need to be
simplified.

Write “g(2.4) ~” rather than “g(2.4) =.” Because

this is an approximation, a point may be deducted if
an equal sign is used.

1 pt: midpoint Riemann sum approximation
1 pt: approximation of g(2.4)
Reminder: Write “g(2.4) ~” rather than

“g(2.4) =.” Because this is an approximation,

a point may be deducted if an equal sign is used.

{1 pt: Euler’s Method with two steps
2 pts:

1 pt: answer

Reminders: This approximation does not need to be
simplified.
Write “g(2.4) ~” rather than “g(2.4) = Because

this is an approximation, a point may be deducted if
an equal sign is used.

1 pt: second-degree Taylor polynomial
1 pt: approximation of g(2.4)

1 pt: finds error bound using the third term and
compares

Reminders: This approximation does not need to be
simplified.
Write “g(2.4) ~” rather than “g(2.4) = Because

this is an approximation, a point may be deducted if
an equal sign is used.
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