
MTH 265 Introduction to Series. Summer 2023.. Summer 2023

HW2B. Written Homework 2B. Due Week 2 Friday 11:59PM

Name:

Instructions: Upload a pdf of your submission to Gradescope. This worksheet is worth 20 points: up to 8

points will be awarded for accuracy of certain parts (to be determined after the due date) and up

to 12 points will be awarded for completion of parts not graded by accuracy.

(1) Use the Integral Test to determine the convergence of the following series. If the Integral Test is inapplicable,

state at least one condition that it fails to satisfy.

Note that there may be other methods to determine the convergence of the following series. However, this worksheet

tests your knowledge and understanding of the Integral Test.
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Answerkey

EI

I Testisusuallyusedfor
a fax sinTX E isnotpositiveandnotdecreasingonTa D foranyaeR ITisnotapplicable
b f x 1,221317 i checktheconditions
i R 3 4hasnorealrootssince I 372 411714 916 7 0 SoFbX iscontinuousonR
CiiBythesignchartmethod fbx hasnodiscontinuitiesForzerosfbx 0 2 3 0 x 32
Testingx 2e 32.02 fr 2 is t Then fux ispositivem53 8 E 3 0
ii ff x x23 45211423 47127 2 3 2 37 x23 452 2 2 6 1 i
Doasignchartonfpx Sincefpx iscontinuousonIR weonlyneedtofindthezerosoffb'G
EquivalentlyfindallxeIRsuchthat 2216 1 0
Bythequadraticformula x gig 6IV62.41 a 0.1772.823

chart I É 23
Therefore fba isdecreasingforx 2.823

Try4 0
filo 0.0625 fly8Is ftp.Ej062s

Therefore wecanapplytheIntegralTestonIgnot withfax Ayy Observethechange
instartingindex

Then

15 35 ax him1,4555ydx athim1,5 tudu limlinlull
p
limoInb 3bt4 In32313 4 digInb 364 In4 D i.e diverges

BytheIntegralTest Iggy divergesTherefore Inittyalsodiverges



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

f x 3,351 sincelimofix im4351 N f x cannotbedecreasingforany19 x
Equivalently fi x 2x35412372 3 x23 471277 2 3 2122 6 1

Zeros 2 2 6 1 X1,2 21273116111672412717 a0.1772.8231

sii
filo 0.5 f'd 3 fit2 3 fi3 0.5

Thereforefax isincreasingon13x andtheIntegralTestisnotapplicable
Remark f x iscontinuousandpositiveon12 x
d
facx arI
it l x2hasnozeroesandarctancx iscontinuousonIR fax iscontinuousonR
IiiForX20 arctanx ETOE ForallXoR I x ispositive fdx ispositiveonToD
iiif'dx Itx22111x2 1421 arctanx 2x 1 x2211 2xarctanx
AssumingX21 arctank2 0.785 Then 2xarctancx 2211arctanx 2217 5 1.507 1
Therefore I 2xarctank isnegativeforx21 Sincefitx2isalwayspositivefdx isnegativeforx et la
fdx isdecreasingonI x

WecanapplytheIntegralTestonITargtafd
Then

It archedax himfarggfax
aretana
ductsax tmall.tndu dim atus

LhimCartanb archana I pingarctanch E

L EP I c o BytheIntegralTestETartist converges

ITke3k letf x xé RestrictXe ti x Checktheconditions

f x RcontinuousonIR
ForXE Il D x ispositive e3 isalwayspositive xé32 fixispositiveonti D
f x x 6X EY te 3 2 1 6 2 e343
Method1 ForX21 622 671 ThenO 1 6 2 f x isnegativeonIl D
Method2 Usethesignchartmethod f x hasnodiscontinuities

Forzeros f x 0 1 62 0 62 1 x2 t x Irat
Fortheinterval Fe0 testx 1 to f x is G f'disnegativeonE D

fix isdecreasingonE O
WecanapplytheIntegraltest
Then
Iaxexdx himfbye3rdxqhim5.3 tedu himf ten

u 3 2 du lexdx tadu xdx
x b u 3h2 x 1 4 3



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

thingé3b e3 f o e3 a x

BytheIntegralTest Itke314isconvergent
f EgMff letfix M i

checktheconditions
SincefrXET20 Inx 0andx2 O f x ispositive
Inx iscontinuousover10,0 SinceX OifX o f x isdiscontinuousonRexceptat yo
ifix iscontinuousoverT2N
fix 44 1,41122 x2yd 11241 1211

f x isnotdefinedfor1 N O Thezeroesofflx I 21nA o inx L x re a1.64
Partitioncod usingx re Fortheinterval 2 0 sincef e c f x isnegativeonT2D
fix isdecreasingonT207

ApplyingtheIntegraltest

gingaxintegrationby
Parts
nu gudu 1nF ft t dx 1 fxRdx

Iai ax Ya xt ing ti t c
Then

I 1 ax find MII t c dim t c o t c c frsomecar
Since I Y axconverges Ightt convergesbytheIntegraltest

Labeltheseriesassp ÉMpd Letf x ME AssumeXETtD forallcases

Firstwe'lleliminatesomevaluesofpusingtheDivergencetest
If PO fix ME Inx sincedigginx D 0 507divergesbytheDivergenceTest

IfPto Im Mf I fit f pin fifapin
IfPEC 40 Iggy typ tinyxk N 40forke p Observethatkispositive A

Sp divergesforpeco obytheDivergencetest
IfPE1010 dim typ 0 sincefindXP D TheDivergenceTestisinconclusive A

summarizing wenowhave ifP C o03 Stp diverges
ifpecoD inconclusive



 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AssumepeCo D WecancheckthattheconditionsoftheIntegralTestaresatisfied
al Inexiscontinuouson o o XPonlyhasonezero x 0
caInx ispositiveonCD andIn1 0 XPispositiveon o o
Since
1,11 0 ÉMpd IgGfThenwerestrictourattentiontoXeT207
faxispositiveon5207
f x xp XPE InG pxPt VPXP pInx xPt yRPxp I pinx
OverXET20 XP ispositive Weneedtofindxsit I pink O
Bycontinuityof1 pinx over12,0 wecandothesignchartmethod
I pinx 0 Ink pti x et Pfe WecanpartitionT20 into52Re and Pre D
Forxe Fe N fLDisnegativesincetestingforx 2re

I pln2k l pinet 1 pat Ince 1 2 1
ForfixedPE O D thereexistsNpE71suchthatNp 2 andNp2Me
Wecanapplytheintegralteston Np O Forbrevitywe'llthelimitoftheindefiniteintegralinsteadTherearetwocases
Case1 Assumep 1

Integral I fixdx ax1711 fudu fu t c 2 inx tCi
Then

Jim12Ink t c D BytheIntegralTest ÉnMY diverges A
Case2 Assumep 1Thatis peloDorpEd o

Integral I fixax f ingdy uv fudu pfxp inx f XP dx

Idu1,4 III m
uplift SpitxPdx et ftp.xptltc G.PEfftc

Then
LyingI fixax dimEPILIH findspiffExpe Kym I

ifp't'd II'ngaivetinatin ftp.adf no
BytheIntegralTest Sp divergesfrpeloD

Ifped o p l ispositiveand limpxpl o andlimpXPD O
BytheIntegralTest Sp convergesforpEll07 I

DoAnswer It1 convergesforpell o anddivergesfr pe to I



(2) Find all p such that the series

1X

n=1

ln(n)

np
converges. Hint: The Integral Test can be used to identify p.

(3) Let S =

1X

n=1

1n3
. Find an area corrected approximation UN of S accurate to within 0.001.

(Note: This problem will not be graded for accuracy)
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QIAlternateMethod ThisproblemcanbemadeeasierwiththecomparisonTest
NotethatthelimitcomparisonTestwinnotworksincethelimiteithergoestozeroorinfinity
We'ffegtablish a Forn 3 n s e Then Inn Ince l sinceInG isincreasingoncoo

14RecallthatSEdt Inex ina Ina Assumethatx21ThenforallteTX EE 1
Bypropertiesoftheintegral Inx S Edt e f Idt X l X Thereforex inx forx21

Fora23 nomen 1 Then A fp If Ip i
IfpECO 13E3ppldivergesasapseriessincepa

i sincefun 3 Mpd rpt IIhedivergesbyCT
IfPER 0 24Ip coffeespasgp

series
sincefun 3 ppl Mp Mnp 3MpconvergesbyCT

Ifpell 2 TheComparisonTesttellsusnothing ProceedtotheintegralTestasabove

j
ThisisatypoTheIntegralTestcannotbeappliedsincef x x BincreasingonEl07

1 Wedonothavearesultaboutareacorrectedapprox iftheydonotpasstheintegraltest
QE

Correction Let5 543
step1 ConfirmthattheIntegralTestdeterminesthatsconverges

Letf x 43 Fwxeti x fix is
positiveandcontinuous

f x C3 x4isnegativeandfix isdecreasing
TheIntegralTestappliesonTlD

Then
L lionfax dim43 0 BytheIntegralTestItIsconverges

Step2FindNsuchthatto S UNisboundedabovehy0001
Usinganapproximationtheoreminclass O cEn S Unc fNtD
Sincef x isdecreasingonTlxDit'ssufficienttofindxsuchthatfix1 E0.001
Then
f x 1 apt 0.001 Xt1

3 1000 Xt1 31008 10 X 101 9 i
ChooseN 197 9 BytheApproximationTheorem O Eg 5 Uga f1107 0.001
and
Uq I isaccuratetowithin0.001

step3EvaluateUa

Usingacalculator Ua ÉÉ k 57


