
Math 110 Lab 9: Finding E xtr e m a Grap hically andSym bolically Fall2 000

O bje ctives:

1.To introduce/r e vie w grap hing p rocedure softhe TI-83

2 .To m ake conne ctionsbetw e e n the sym bolicde rivationsofe xtr e m a andthe grap hicalp r ese n-
tationsofe xtr e m a.

3.To re vie w vocabulary ofe xtr e m a.

Introduction

O p tim ization isthe p r ocessof n̄ding the e xtr e m e (i.e.,m axim um andm inim um )valuesof a
function.The de rivative isan use fulop tim ization tool: anywhe r e the de rivative isze ro isa natural
candidate for a m ax o r m in. Som e subtleties,how e ve r,do arise. A ro otofthe de rivative,for
instance,m ightcor re sp ondto a localm axim um ,a localm inim um ,or neithe r.A nda m axim um o r
m inim um ,in turn,m ay be globalor m e r e ly local.

To he lp sortthingsout,we'llwork through seve rale xam p lesto r e vie w the language andthe
te chniq uesofop tim ization.

x1.V ocabulary
W e lo ok for e xtr e m a ofa function f atp ointswhe re the de rivative f0changessign.W hy? W hat
ishap p e ning gra p hically whe n f0changessign?

² Ifthe de rivative f0changessign atx = x 0,the n

eithe r f0(x 0)= 0 or f0(x 0)doesnote xist

The value x 0 isa criticalp oint ofthe function f.

The FirstDe rivative Testfor n̄ding LocalExtr e m a

Iff0(x )isne gative to the le ftof x 0 andp ositive to the rightof x 0,the n f(x )hasa
localm inim um atx 0.
Iff0(x )isp ositive to the le ftofc andne gative to the rightof x 0,the n f(x )hasa
localm axim um atx 0.

Se condDe rivative Testfor LocalExtr e m a

Iff
00
(x 0)> 0the n (x 0;f(x 0))isa localm inim um .

Iff00(x 0)< 0the n (x 0;f(x 0))isa localm axim um .
Iff

00
(x 0)= 0the n (x 0;f(x 0))isa p ossible in°e ction p oint.

² x 0 isa localmax imum offiff(x 0)¸ f(x )for allx in som e inte rvalcontaining x 0.

Com p lete the following de n̄itions(in your ow n words):

² x 0 isa globalmax imum offif...

² x 0 isa localminimum offif...

² x 0 isa globalminimum offif...
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x2 .A FirstE xam p le

Let f(x )= jx j whe r e ¡ 1 < x < 1:
Sketch the grap h offbelow andcom p lete the se nte ncesthatfollow.

1.Do esfhave a localm inim um ? Ifso,whe r e ? Use your de n̄ition to de fe ndyour answ e r.

2 .Do esfhave a globalm inim um ? Ifso,whe r e ? Use your de n̄ition to defe ndyour answ e r.

3.Do esfhave a localm axim um ? Ifso,whe r e ? Use your de n̄ition to defe ndyour answe r.

4.Do esfhave a globalm axim um ? Ifso,whe r e ? Use your de n̄ition to defe ndyour answ e r.

N ow let g(x )= jx j whe re ¡ 3 < x · 2 .

1.gdoe s/doe s not(circle one)have a localm axim um atx = 2 be cause ...

2 .gdoe s/doe s not(circle one)have a globalm axim um atx = ¡3 be cause ...
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x3 Prim e r on Gr ap hing with the TI-83
Introduction

Ifyou alre ady know how to gra p h using your calculator you can skip thissection andgo dire ctly
to the ne xtSe ction.

In addition to basic scie ntīc or statisticalcalculations,m any calculatorsthese dayshave gre at
grap hing cap abilities. O ne ofthe r e asonsthe m athe m aticsde p a rtm e nthaschose n the T I-83 as
the standardcalculator for itscalculusandstatisticscoursesisthatitcontainsp owe rfulgrap hing
cap abilitieswhich are fairly e asy to accessthrough basic m e nuson the calculator.Thisshe etse rves
asan introduction (or a r e vie w)ofthe basicsofgra p hing functionson the T I-83.Furthe r details
on grap hing can be foundin Chap te r 3 ofthe calculator Guidebo ok.

x3.1Function andGrap hing Modes
1.To work with andgrap h functionsofthe sortwe willbe discussing he r e,you ne edto m ake
sur e the calculator isin the rightm ode.W he n you p r essthe §̈ ¥¦MODE ke y,you willse e a
listofm ode op tions.B asically e ve rything on the le ftshouldbe highlighted.In p a rticular,w e
willlook atthr e e ofthe settingsin detail.

(a) O n the fourth row,m ake sur e Func ishighlighted.Thisallowsusto work with functions
ofthe fo r m Y = f(X).O the r function m odesare p a r a m etric functions,functionsgive n
in p olar co o rdinates,andse q ue nces.

(b) O n the f̄th row,cho ose Connected so thatyour n̄algrap hswillap p e a r m o re like
conne ctedcurvesrathe r than dotsalong the curve.

(c) A ndon the sixth row,cho ose Sequential. Thiswillp lotm ultip le functionsone at
a tim e whe r e asSimul willp lotallfunctionsatthe sam e tim e asthe calculator works
through the give n dom ain.

You can e xitoutofthe m odesby p re ssing the §̈ ¥¦CLEAR ke y or p re ssing the §̈ ¥¦2nd and
the n Quit ke ys.

x3.2 De n̄ing Your Function
1.W e de n̄e the functionswe wish to p lotby r̄stp r essing the §̈ ¥¦Y= ke y.Ifyou a r e in
the rightfunction m ode,you shouldse e a line ofPlot1 through Plot3 followedby p lacesto
de n̄e va riousY functions.The §̈ ¥¦^ and§̈ ¥¦_ ke yswillallow you to m ove fro m
one function to the othe r.

(a)Try p utting in a function,for e xa m p le with the cursor blinking ne xtto Y1,inp utsin(x )
using the ke ys§̈ ¥¦SIN §̈ ¥¦X,T,£;n §̈ ¥¦) .N ote thatwhe n you p r ess§̈ ¥¦ENTER ,
the cursor m ovesto the ne xtfunction,andassoon asyou startedtyp ing,the e q ualsign
for Y1 be com eshighlighted! Thism e ansthatifyou getaroundto grap hing,thisfunction
willbe gra p hed.

(b)Let'sp utin anothe r function for Y2.For e xam p le,§̈ ¥¦X,T,£;n §̈ ¥¦x 2 §̈ ¥¦¡

§̈ ¥¦1 . (N ote : Pr essing §̈ ¥¦x 2 alone willnotp lace the va riable x into the
function e xp r ession.)A gain,thisfunction isautom atically highlighted.To de-sele ctthe
function (say you only wantto gra p h Y1 andnotY2),you wouldsim p ly m ove the cursor
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to the le ftusing the §̈ ¥¦< ke y andhite nte r w he n itison top ofthe e q ualsign.
You do the sam e to r e-sele ctthe function.Make sur e both ar e sele ctedfor the p ur p oses
ofthise xe rcise.

(c)Ifyou e ve r wantto delete a function thatisalre ady the re ,justm ake sur e the cursor is
on thatline andp r ess§̈ ¥¦CLEAR .

x3.3 Setting the W indow for your Gr ap h

1.B efore we actually grap h the function,let'ssetup an ap p r o p riate window for our gra p h.To
do this,p r essthe §̈ ¥¦WINDOW ke y. N ote thatthe re willalre ady be valuesde n̄edfor e ach
variable.

(a)Dom ain. The r̄stthr e e valuesde n̄e w hatp artofthe dom ain ofthe function you
willse e w he n gra p hing.Xmin willde n̄e the le fte ndofyour grap h,Xmax the righte nd,
andXscl how ofte n tic m arkswillap p e ar on your x -axis.For our e xa m p lesabove,let's
de n̄e the dom ain to be [¡5;5]with tic m arkse ve ry one unit.

(b) R ange.The following thr e e valuesde n̄e w hatp artofthe range ofthe function you
willse e w he n gra p hing.W hatar e r e asonable valuesto cho ose for our e xam p lesabove ?

x3.4Grap hing the Function(s)andTracing
1.N ow p re ss§̈ ¥¦GRAPH andyou shouldse e both functionsgrap hedon a setofaxes.O ne ofthe
nice thingsyou can do with the gra p hsistrace the functions,allowing one to n̄dp articular
valuesofthe function.

(a)Pre ssthe §̈ ¥¦TRACE ke y andyou willse e a °ashing x-shap edcursor som e whe r e on the
gra p h ofone ofthe functions.In the up p e r le ftcorne r ofthe scre e n,you willse e w hich
function you a re tracing; atthe bottom ofthe scr e e n,you willse e the x andyco o rdinates
ofthe p ointthe cursor ison.

(b)To m ove along the sam e function curve,use the §̈ ¥¦< and§̈ ¥¦> ke ys.To go

fro m one function to anothe r,use the §̈ ¥¦^ o r §̈ ¥¦_ ke ys.

(c)Ifyou trace p astthe edge ofthe give n dom ain,the calculator willshiftthe dom ain for
you (butitwon'tdo so for the range).You can se e the change in the give n dom ain if
you go back to the §̈ ¥¦WINDOW | the Xmin andXmax have changed!

N ote thatin the §̈ ¥¦GRAPH window,the r e isalso a fr e e -m oving cursor (rathe r than tracing
the function,itm ove sanywhe re on the window).You can m ove a r oundthe window whe n
you have the functionsgrap hedby sim p ly hitting any ofthe four a r r ow ke ys.

x3.5 Changing the V ie wing W indow by Zoom ing

1.W e can use the §̈ ¥¦ZOOM ke y to r ede n̄e our vie wing window in te n di®e r e ntways.W e will
highlighta fe w ofthese.W he n you p r essthis§̈ ¥¦ZOOM ke y,you willse e a m e nu ofzoom ing
op tions.You sele ctone ofthese op tionsby highlighting the num be r using your a r row ke ys§̈ ¥¦^ o r §̈ ¥¦_ andthe n p r essing §̈ ¥¦ENTER ,or by sim p ly p r essing the num be r ke y
associatedwith the num be r o p tion you wish to cho ose.

(a)ZB ox. Thisop tion allowsyou to r ede n̄e the window by drawing a box a roundthe
p o rtion ofthe gra p h you wantto e xp and. A fte r sele cting 1:ZBox,the grap h window
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r e ap p e a rsandthe cursor blinks.Move the cursor to one co rne r ofthe r e ctangular re gion
you wish to e xp and.Press§̈ ¥¦ENTER .The cursor be co m e sa blinking box.Move the
cursor to the op p osite corne r of your re ctangular r e gion. You willse e the re ctangle
outlinedwith two sm allboxeson the two corne rs.Press§̈ ¥¦ENTER again andthe grap h
willbe r edraw n with the chose n r e ctangle asthe window.The cursor isstillblinking,
thusyou can cho ose anothe r r e ctangle within thisne w window.

(b)Zoom In.Thisop tion willallow you to zoom in on the gra p h draw n.A fte r sele cting
2:Zoom In,you willreturn to the gra p h window andse e the cursor blinking.Move this
to the p ointthatyou wantto be the ce nte r ofthe zo om edin grap h.O nce you p r ess§̈ ¥¦ENTER ,the gra p h willbe r edrawn.Since the cursor isstillblinking,you can continue
zo om ing in within thisne w window.

(c)Zoom O ut.Thisop tion worksthe sam e w ay as2:Zoom In,butitwillallow you to
zoom outbe yondthe re gion drawn.

(d)ZStandard. Thisop tion autom atically setsthe window with dom ain [¡10;10]and
range [¡10;10].

(e)Zoom Fit.Thisop tion willredraw the grap h so thatthe range t̄se xactly the range
ofthe function ove r the dom ain alre ady give n. A ssoon asyou sele ctthisop tion,the
calculator take a fe w m om e ntsto calculate thisrange be fo r e r edrawing the gra p h.

N ote thate ve rytim e you change the window using the zoom o p tions,the Xmin,Xmax,Ymin,
andYmax valuesin the §̈ ¥¦WINDOW m e nu change acco rdingly.

x3.6 Pausing or Stop p ing a Grap h
1.W hile p lotting a gra p h,you can p r ess§̈ ¥¦ENTER to p ause the drawing ofthe gra p h andthe n
p r ess§̈ ¥¦ENTER to re sum e again.

2 .W hile p lotting a gra p h,you can p r ess§̈ ¥¦ON to stop the drawing ofthe gra p h andthe n
p r ess§̈ ¥¦GRAPH again to r edraw the whole thing.

x3.7 O the r Gr ap hing O p tions
1.The r e ar e m any othe r gra p hing op tionson the T I-83 which you can e xp lor e on your ow n
using the TI-83 Guidebo ok (be ginning p age r e fe r e ncesgive n in p a r e nthases).These include :

(a)setting variousGrap h Styles(3-9)for e ach function to be p lotted(including shading
above andbelow the gra p h offunctions),

(b)setting variousGrap h For m ats(3-13),

(c)storing Pictur es(Pic)(3-3 & 8-17 ),

(d)grap hing a Fam ily (or List)ofFunctions(3-16 & Ch.11).

2 .In addition,the r e ar e othe r typ esof functionsyou can de n̄e andgrap h. These include
Para m e tric Grap hs(Chap te r 4),Polar Grap hs(Chap te r 5),andSe q ue nces(Chap te r 6 ).
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x4.A Se condExam p le with Grap hs

Let
h(x )=

x
2
+ sin x whe re ¡ 1 < x < 1:

Grap h thisfunction on your T I-83 (use §̈ ¥¦ZOOM 6:ZStandard to setthe p lotwindow),and
sketch itbelow.

1.How m any localm inim a do esh have ?

2 .Do esh have a globalm inim um ? Do esh have a globalm axim um ? W hy or w hy not?

3.Ifthe dom ain ofh isrestrictedto 0· x · 10,willyour answ e rsto the p r e vioustwo q uestions
change ? How?

4.Ifthe dom ain ofh isrestrictedto 0< x < 10,doesh have a globalm inim um ? Do e sh have
a globalm axim um ? W hy?

W e a re de m onstrating a nice p r o p e rty ofcontinuousfunctionshe r e .

Ifa function fiscontinuouson a close d inte rval[a;b],the n f m usthave a globalm axim um
anda globalm inim um on [a;b].

Furthe r m o r e,the globale xtre m um occurseithe r ata criticalp ointoff or atthe e ndp oints
ofthe inte rvalx = aor x = b.

N ote thatifa function iscontinuouson an op e n inte rval,itm ay or m ay nothave a globalm ax
o r m in.
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x5.Sam e E xam p le with Sym bols
Let

h(x )=
x
2
+ sin x whe r e 0· x · 10:

1.Findallthe criticalp ointsofh e x actly(no decim alap p r oxim ationsallow ed).

2 .For e ach criticalp oint,dete r m ine w hethe r itisa localm axim um o r localm inim um o r neithe r.
De fe ndyour answe r w ith outthe use ofthe grap h.

3.W hatisthe globalm inim um ofh? W hatisthe globalm axim um ofh? A gain,defe ndyour
answe r w ithoutthe use ofthe gra p h.
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x6 .Evaluating C riticalPoints
1.Let

k(x )= ¼ + 2 [cos(x + ¼=3)]3 whe r e ¡ 1 < x < 1:

Itcan be show n thatk0(31¼=6 )= 0,so k hasa criticalp ointatx = 31¼=6 .With outgra p hing
k or e valuating k atany x -valuesor taking the de rivative ofk,can you conclude thatk has
atle asta localm ax o r m in atx = 31¼=6 ? E xp lain.

In se nte nces,w rite outa car e fulm athe m aticalp lan ofattack to dete r m ine w hethe r o r notk
hasa localm ax or m in atx = 31¼=6 ,andthe n car ry outthe p lan to r e ach a conclusion.

2 .Let
j(x )= 2 (x ¡ 1)1=3 whe r e ¡ 1 < x < 1:

The function jhasone criticalp oint.Findit,andthe n dete r m ine whethe r the criticalp oint
isa localm axim um ,a localm inim um o r neithe r.B e sur e to defe ndyour answe r.

W rite-Up
The w rite-up for thislab involvesyou handing in a N E A T,LEGIBLY-W R ITTE N LA B
SHE E T with the blank sp aces l̄ledin with the answ e rsto the q uestions.You only ne ed
to handin one solution she etfor e ach lab group . Thislab she e tisdue in lab ne xtw e e k:
W ednesday N ove m be r 8/Thursday N ove m be r 9.
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