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Imstructions:

1. Do pot separate the pages of the exam. If any pages do become se‘pérated, write your name on
them and point them out to your instructor when you turn in the exam.

2. Please read the instructions for each individual question carefully. One of the skills being tested
on this exam is your ability to interpret questions, so instructors will not answer questions about

, exam problems during the exam.

3. Show an appropriate amount of work for each exam question so that graders can see¢ your ﬁnal
answer and how you obtained it.

4. You may use your calculator on all exam questions except where otherwise indicated. However,
if you are asked to find an exact value of a qua‘n‘tity that involves-an integral then you should not
use calculator integration for this.

5. If you use graphs or tables to obtain an answer (especially 1f you create the graphs or tables on
your calculator), be certain to provide an éxplanation and a sketch of the graph to show how you
obtained your answer.

6. If you evaluate an improper integral, be sure to use appropriate algebraic and limit notation.

7. Please TURN OFF all cell phones and pagers, and REMOVE all headphones.

Problem ~ Total - - Score
1 20
2 20
3 ~ 30
4 20
5 10
Total 1 100




SoLWUWTIONS -
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1. 20 Points. SHOW ALL WORK. NO WORK = NO CREDIT.

Consider the function: g(x) = ln(x).
(8 points) Find the degree 3 Taylor polynomial of g(x) centered at the point a = 1.

8(&) = ?U) = O
g'(l) = |

(@)

' =
g{x) = ”

3“.( a) =

g = =L g"(«) = 5"(1) =~
gnl(x_) —_ l/_x—s glll(a) : glll(‘) - 2‘
Seo  tHhe desr*éa 3 Ta,\/lor polynom]a\ 15
Hx) = (x=1) = = (x=1)* «+ -é—(x—l)s

(4 points) Use your answer to Part (a) to find an approximate value for In(1.5). Include at least 8

(b)

decimal places in your answer.

n(15) ~_0-41666666

) that your calculator gives. If you write that figure

Note: We are not looking for the value of In(1.5
down as your answer you will receive zero credit.

Continued on the next pdge.



SoLuTion S

Consider the function: g(x) = In_(x).

(d) (8 points) The Taylor Remainder Theorem states that if Pp(x) is the degree n Taylor polynomial
(centered at x = a) approximation to the function £(x), then: '

M
(N+1)!

l(b)- Py (b)) b-d"",

whete M is an appropriate constant: Use the Taylor Remainder Theorem to find a reasonable upper
bound for the error that occurs when P3(x) and @ = 1 are used to approximate the value of in(1.5). Be
sure to clearly indicate your final answer and show all of your work:

If you express your final answer as a decimal, include at least 8 decimal places.

Te Hiad M, we musk estimate +he' maximum value

c"f lgm'(?&)l over 4he (Atecvadl [_1,1.51.

e ()(-3 = — & . ESHMQH"\S e mﬂx_\'mum el I
3 x 4
Calculator~ S:ue.o: M = e,

To fiad .-]-he_ value of N , note +hat we wed the

desreo_ 3 'Tq'y \or Pc)ynemiq\ , So N =3

We alse have a=) dnd b=l s

l_gu.,S) - Rus)| s -c,‘. (0'5)4
. 41

= ©0.0l56c2500

FINAL ANSWER:

ERROR = 0.015¢2500




SoLLTION S

2. 20 Points. SHOW ALL WORK. NO PARTIAL CREDIT WITHOUT WORK.

Consider the function: h(x) = Py
-x

(a) (8 points) Write down the Taylor series of the function A(x) about @ = 0. Express your final answer
using X notation.

h{x) = *
Q9 — Xx*
= 4 1 l
1 q ) 42‘
L= (% x)
= ) = [ \2n Zn
T Z(3)
n=op
— E ( | )7.«1%"1. 20+
n=o >
FINAL ANSWER:

Continued on the next page.



SOLUTIONS

Consider the function; h(x) =

9. x%

(© (12 points) Find the interval of convergence for the Taylor series of fx) about @ = 0. Show your
work and clearly indicate your final answer. No work = no credit.

: : I N2n+2 20t
First , use tHhe Rakoe Test with O, = ('g") - X
+o Aad  the radius of <Convergence,

2n+ 3 2nt2 2
Ankt X 3 X

an . 52"""" x?_'ni-'!- ci

i

Il

Liem I Anxy [

Y T \
R =3 09 = —qlxl < 1  so thar Ix) < 3,

O

The iakerval uj Converqence includes of leant ("3)3)-
Next we muwsitr check convVergene at the Q.hdpt)i.n’?s.

W= -3! Pl“Sf‘)"”ﬂ_ Hhis  inte  the pouoe_rf" Serien  giveg:

o

1\ e+ #1241 ot
z (—3') . ("l)zn .3 " = Z '.'.'.i. This
3

n=o A=

Secies diverqes by +he 0™ Jern test for
c”\}—e-f‘je_f\(_a_, |

* = B Pl""f)ﬁ-"‘ﬂ this inte +he power secies gives:

& Lnt+2 +1 o
Z (—l—-) " (3);“ = Z A This Series diverges

3

h=o no 5

by the ath deran  dest  fon divergente ,

So, naither endpoint s included in +he Infrval ‘-"J—
C._onue..r‘-ger\ca‘ |

FINAL ANSWER:

INTERVAL; __ - (-3, 3)




Sol A TIoNS

3. 30 Points. SHOW YOUR WORK. NO WORK = NO CREDIT.

Determine the convergence or divergence of each of the following series. If you do not justify your answer,
you will get zero credit, even if you circle the correct final answer,

In each case, demonstrate that your answer is correct in a step-by-step fashion using an appropriate
convergence test. Be sure to explicitly state which convergence test you have used and show that it can be
used with the series you are working on. Be careful to show all of your work. As the final part of your answer
in each part, CIRCLE either CONVERGES or DIVERGES.

c 3
10 points TN
@) (pom). n=1n'(”+3)

JUSTIFICATION: We will wuse +he ComPar\;‘scn
Test, Nota +hal Qa = 3 - 3 .

n{n+3) n™+3n
Iaitial Guessi: When n is large, 3 ~ 3
= :
| n*+3n = n*

- -] .
; 3 . . .
Now, 2. — IS a p-seriks with =2 > so.it
n =4 n

c.onve_r*SQQ. BEQQMJ.‘E. Gn =X '3//!’)z ’FO"" la..th ﬂ' o
oo 3
guess  Haar

" ra Sfmilau‘i\/ Converges
n= a)

.Fﬁf‘ma\ Ccﬂxparuonl ,ﬂz' + 3n > n=* (”70)

l §
n"" +.3f\ < . £

n
3 3
z < =
n + 3n N

Lnd
) 3 .
Since :E_! /na_ (P“S"-""'e” w i A p=2 > ) Converge,

ond _ 3 <. 2 , the Compaciton +eit gives
Nt +3n N> . -

[«

3
A=t n"‘-f-.Bn

th ok

also Con ue.rg-eJ,

FINAL ANSWER (CIRCLE ONE): DIVERGES



SoLuTionNS

7

Demonstrate that your answer is correct in a step-by-step fashion using an appropriate convergerice test. Be
sure to explicitly state which convergence test you have used and show that it can be used with the series you
are working on. Be careful to show all of your work. As the final part of your answer .in each part, CIRCLE
either CONVERGES or DIVERGES. '

= _H

(b 10 points Ly 22
®  aopoine) Ly 32 (),

n

JUSTIFICATION: We will we 4he Raro Test with

n
p = A )
3% (2n)!
Aner 7t 3*" . (zad!
= . ,
An 32T (a2 7

<

3% (zn+2)(2n+ 1)

it

Lirmy T o
N2 3% (24+2)(2n +1)

A.s He it is levs +Fhan 1, +he Rato Jert
gives Hhar Fthe Serieq b i . Converges
nz

vt (2a)!

FINAL ANSWER (CIRCLE ONE): @ ~ DIVERGES



Sol U TIONS
g

Demonstrate that your answer is correct in a step-by-step fashion using an appropriate convergence test. Be
sure to explicitly state which convergence test you have used and show that it can be used with the series you
are working on. Be careful to show all of your work. As the final part of your answer in each part, CIRCLE
either CONVERGES or DIVERGES.

[+4] . .
— L Lim
{c) (10 points) 1222 n- ,1 Il(i’l.) . You may use the following fact: . Oo-‘/ln(’n.l) = +00,

JUSTIFICATION: (We will use +he Integral Test with
Fix) = 4 . Fies+ we verify

SN

+Hhot +Hhe integqral tesh applies whena X > 2,
(I) f(x) »o0: £(x) =

+ .
' = = = 4+ when X > 2.
+ o+ + :

(m) £60<0:  fix)= =4 (Tl + x5 (aG) L)
xt. Ln(x)

(=y (+)

+
Cn.lcuia,é—;‘f\j the.  improper in¥egeal with the w-subshhuhion
U= dalx) gives:

.

= - when x»2,

= __ A Li a 4
f —— dx = ™ dx
I SIS ey oo /z. x [ i)
=  lim nta) LL"’/Z. de

a—> 99 Jin(2)

Lefan ——— ] @
a—» [8 tnl=) ]z

= Lim
al’;“m 8 JAnla) — [T (2) =400

As Hhe -l'fhProPer s‘h'j‘tj(‘a.f dg‘ve_r:ge,jl the rn+e3ral Test
Giver That the series  EL. “ymmay also diverges.

Il

FINAL ANSWER (CIRCLE ONE): CONVERGES DIVERGES



Sel.uTIONS

4. 20 Points. SHOW YOUR WORK.

Consider the alternating series:

i (_ 1): +1 |

n=1 n

(a) (10 points) Does the serics converge absolutely, converge conditionally or diverge? Clearly state
your answer and use a convergence test to demonstrate that your answer is correct.

Be sure to explicitly state which convergence test you have used and show that it can be used. with the
series you are working on. Be careful to show all of your work and clearly state your final conclusion.

The series Converges mbso!ukely. You Canm Shew

this  wsing mMany different Aento, Here a, = l/ns'
We will  wie 4+he Inlegoal Test with £(x) = '/x,r

but you tould wse a different +eot (or obirrue +hat

E. ‘/n.s Is a p-series with p =5 >1).'
n=1 .

Ca.rr-x/in,ﬂ- ouk e ir\-l'f_jl*abl +eod+ Wwe note

(<) Fl) = —+— = *+ _ 4 when x> 1.
x5 +
W)  flx) = =5, = .. - whea x>l
p +
Evalua\.'}“\'r\s +he impﬁoPQ_r- in-}tgr‘a.l Y
. - a
jw . d= = Lim fq L dx = lLIM X, “
' x*® a0 J, X% a0 | —4 | |
-4
= Lim Q. b - = L
o~ 0o -'"Ll' L‘" ) ‘f‘

As 4he lrproper integral

ConvergeS , +he I niegral +eo+
gives that the series

[ -] . .

> f/ s converges ancl +here fore,

ATy ) ’
Qo Natl

+hat +he serieqn Z (=1

Converqes absolute ly
o s ) b4

- Continued on the next page.
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.The alternating series from the previous page is:

{b) (6 points) Let S represent the sum of the series. Suppose that S, the sum of the series, is
approximated by the N partial sum:

N ;1 n+l
Sy=> (— -n)s .
n=1

What is the smatlest value of N that could be used to approximate S by Sy and an error of less than

0.00017 |
- The s@ri2e conuerges So the Al*f'er‘na‘h'nj Series
' , I .
Approximation [ heorem applie,, Usiag An = /ns Hhis
meo o | l
S — S < a = —a
| N l nE (Nn+1)%

To emsiuce +har +he ecror is less than 00001, wt
neecdd 4o selve  Hae ‘Fo\louo;ﬁﬁ i,\e%\*&l,‘-}.y for N
. 1 S
(n+1)% ’
{5 :
N > ( I ) -] =% 5.2095%2

0. oo

< O. coo

Rounding up, +4he smallwb value of N Fhatr will

work 1§ N = §,

' o __1 n+l
(© (4 points) Approximate the sum of the series 2 ( )5 with an error of less than 0.0001. Include at
n .

n=

least 8 decimal places in your answer.

yi = (=1)Aa(x+i1) /x 25

sum (seq ( YI(K), K, 1,6)) = 0.97120%0063
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5. 10 Points. SHOW ALL WORK AND CLEARLY INDICATE THE FINAL ANSWER.

=]

2 (ln'(x))" .

n=1

Consider the infinite series:

For what values of x does this series converge?

We need 1o determine the iatecvad aaf c.onuergénce. for-

+his series. We can begin by wuiling +he Rato Test

with Op = (feﬂ(""-))n Dcif\j this

adl
Ontl (wx))q =t ()
o (Lnx)) -
Lim &21'._'.. —_ PN .
nl-—yoo aq_, - = 0o ]z{_{\(-x,)’ < 1 5o 2 M%+ .Sa'h,ncy;
-1 < da(x) < 1.
]
The seluiion of dn(x) > —L is : x> /e,
The Selubon of 'aﬂn.(x_) < 1 is ' e~ < e.
Yo the solution OJ_ -1 < da () <1 g

l/e_ < x < €,
To check  the eadpoinks plug x= Yo inko +he Seriea. This
 gives EZ (-7 which diverges by *he ‘nth derm oot For
divergence. Next, plug x =2 into +the S<rieo. This gives
é (1)¥ which alio diverges by +he nth derm tesk £

du'uerjance_,

FINAL ANSWER:




