
TI-83 E xe rcise Math Top ic: De rivative A p p lications

Str e ngthsandW e akne ssesofN e wton'sMethod

F a culty Info r m ation:
W o rkshe etFile nam e : h:/mathwork/ti83exce/derivapp/newtmet/ti83/newtmet1.tex

O bje ctives:

1.To re vie w N e wton'sMethodsym bolically andgrap hically.

2 .To use the T I-83 to p e rfo r m the r e cursionsofthe m ethod.

3.To e xp lor e som e ofthe w e aknessesofN e wton'sMethod.

4.To obse rve the e±cie ncy androbustnessofN e wton'sMethod.

File De p e nde ncies:

1.h:/mathwork/ti83exce/ti83xcel.sty

Com m e nts:

1.The r̄stse ction givesinstructionsor N e wton'sMethodon the TI-83.

2 .The se condandthirdsectionsde p e ndon knowledge ofthe T I-83 com m ands.

3.Se ction 2 couldbe a usedasa hom e wo rk e xp loration to follow up on a p r ese ntation of
N e wton'sMethodin class.



TI-83 E xe rcise Math Top ic: De rivative A p p lications

Str e ngthsandW e akne ssesofN e wton'sMethod

O bje ctives:

1.To re vie w N e wton'sMethodsym bolically andgrap hically.

2 .To use the T I-83 to p e rfo r m the r e cursions.

3.To e xp lor e som e ofthe w e aknessesofN e wton'sMethod.

4.To obse rve the e±cie ncy androbustnessofN e wton'sMethod.

Introduction

R e callthatN e wton'sMethodisa r e cursive p r ocessconstructedto n̄dthe ro otsor ze rosof a
function. W e be gin with an initialestim ate of a ro otandthe n the m ethodp roducessuccessive
ap p r oxim ationsofa ro ot.In thisworkshe et,we willse e how the T I-83 can do the r e cursive ste p s
for usq uickly. W e wille xp lor e the waysin which the m e thodcan failto n̄da ro ot,andalso
obse rve how q uickly the m e thodcan succe edat n̄ding a ro ot.

x1.A FirstExam p le with the TI-83

Let
f(x )= 3x 4¡ 16 x 3 + 6 x 2 + 24x + 1:

How m any ro otscouldthisfunction have ? How do you know? O n your T I-83,de n̄e the function
asY1 in the §̈ ¥¦Y= window. The n,in §̈ ¥¦WINDOW ,setthe p lotrange fo r ¡2 · x · 5 and
¡7 5· y· 7 5.Grap h the function andre co rda rough estim ate ofthe value ofthe ro otsoff.

From the gra p h,x = 0 lookslike itisfairly close to a ro otoff.(How do you know itisnot
a ro ot?) W e'lluse x = 0 asour initialestim ate ofthe ro ot,andgetthe TI-83 to im p rove the
accuracy.

1.Findf0(x ).

2 .De n̄e Y2 asthisde rivative function in the §̈ ¥¦Y= window.

3.R e callthatN e wton'sMethodusesthe re cursive e q uation

x n+1= x n ¡
f(x n)
f0(x n)

;

so in the §̈ ¥¦Y= window,we willde n̄e
Y3 = X - Y1/Y2.



How doesthis t̄with the r e cursive e q uation above ?

N ote : To obtain the Y1,Y2,etc. sym bolson the TI-83,p r ess§̈ ¥¦VARS andthe n p r ess

§̈ ¥¦> to highlightY-Vars.Choose op tion 1.Function... by p r essing §̈ ¥¦ENTER and
the n sele ctthe Y-variable you ne ed.

4.Using x 0 = 0 asour initialestim ate ofthe ro ot,̄ ndthe value of x 1 by hand.

5.The TI-83 de n̄e s0¡f(0)=f0(0)asY3(0).(W hy?)So let'sche ck your answe r.O n the hom e
scr e e n,p r ess§̈ ¥¦0 §̈ ¥¦ENTER .Thiste m p or a rily stor esthe value 0 asANS (se e yellow

com m andabove §̈ ¥¦(¡) ).

6 .N ow e nte r Y3(ANS),andyou shouldget¡:0416 6 6 6 6 6 7 .Thisisthe r̄stap p r oxim ation that
N e wton'sMethodp roduces: x 1= ¡:0416 6 6 6 6 6 7 .

7 .Plugging thisx -value back into f andf0isnota joy by hand,butwe ar e setup to do this
q uickly with the TI-83. The value ¡:0416 6 6 6 6 6 7 isnow te m p o r a rily stor edasANS,so w e
m e r ely wantto n̄dY3(ANS) again.Since thisisjusta r e p e tition ofthe p r e viouscom m and,
allwe have to do isp r ess§̈ ¥¦ENTER .Try it.You shouldse e the value of x 2 on the scr e e n.

8.Continue the p r ocessby p r essing §̈ ¥¦ENTER untilyou have fe elthatyou have te n digitsof
accuracy.(How do you know ?)R e cordthe ro otyou have foundbelow.

9.Use the sam e p r o cessto n̄dallthe othe r ro otsoff,starting fro m your initialestim ates
obtainedfrom the gra p h.A lso note the num be r ofite rationsne ededto obtain the te n digits
ofaccuracy.R e co rdyour r esultsin the following table.

InitialEstim ate R o ot N um be r ofIte rations

x2 .Stum p ing N e wton'sMethod
Let

g(x )= x 3 ¡ 10x 2 + 2 2 x + 6 :
How m any ro otscouldthisfunction have ?
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O n your T I-83,grap h the function g,adjusting the window untilyou ar e sure thatyou can se e
allthe ro otsofg.Make a ca r e fulsketch ofthe gra p h below.

Listrough estim atesofthe ro otsofg:

A sbe for e w e'lluse the T I-83 to n̄dthese ro otswith N e wton'sMethod. In the §̈ ¥¦Y=
window,de n̄e Y1 to be g andY2 to be g0.DoesY3 ne edto be adjusted? W hy?

1.Sup p ose the initialestim ate ofa ro otofgisx 0 = 2 .W hich ro otofgwouldN ewton'sMethod
p roduce fro m thisinitialestim ate ?

Draw on your sketch ofthe gra p h how N e wton'sMethodwouldp roduce the ap p r oxim ation
x 1.

Use the TI-83 to n̄dthe ne xtse ve ralsuccessive ap p roxim ationsofthe ro otp roducedby
N e wton'sMethod,andre cordthese ap p r oxim ationson the ne xtp age :

x 0 = 2

x 1=

x 2 =

x 3 =

x 4=

x 5 =

W hatdo you notice ? W hatishap p e ning grap h ically? W illN e wton'sMethodp roduce the
ro ote ve ntually?
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2 .The initialestim ate x 0 = 2 didnotwork ve ry we ll.Try again with x 0 = 2 :01.Do esN e wton's
Methodwork in thiscase ? W hatro otdoesthe m ethod n̄d?

3.Sup p ose in trying to n̄da ro otofg,we use x 0 = 5.Setyour T I-83 aside for a m inute and
answe r the following: W hatro otwouldN e wton'sMethodbe likely to p roduce ? W illitin
factre ach thisro ot? How do you know ?

4.Sup p ose thistim e x 0 = 5:1.Predictwhich ro otyou think N e wton'sMethodwillp roduce.
You m ay wantto r e fe r to your gra p h again.

N ow carry outthe re cursive calculationson your TI-83 to se e w hathap p e ns.Didyou ge tthe
ro otyou e xp e cted? E xp lain whatishap p e ning grap hicallystarting fro m thisvalue of x 0.

5.Sup p ose x 0 = (10+
p
34)=3.W hathap p e nswhe n the TI-83 triesto do the r e cursive calcula-

tions? W hy do esthishap p e n? E xp lain thisboth by r e fe r ring to the r e cursive e q uation and
to the gra p h ofg.

6 .From your e xp lorationsin thisse ction,sum m a rize the p r oble m sthatN e wton'sMethodcan
run into whe n you a re trying to n̄da sp e cīc ro otofa function.
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x3.E±cie ncy ofN e wton'sMethod
In the lastsection,we e xp lor edp roble m sthatthe r e cursive m e thodcan have.Do notbe m isled
to think thatN e wton'sMethodisa fragile o r te m p e r am e ntalp rocess.These p r oble m sr esultfrom
p a rticularly badchoicesm ade for the initialestim ate ofa ro ot.In thissection,we willobse rve how
p ow e rfulN e wton'sMethodcan be by se eing how q uickly itcan getan estim ate ofa ro otaccurate
to nine decim alp laces,e ve n from r athe r p o or initialestim atesofthe ro ot.

R e callthe function
g(x )= x 3 ¡ 10x 2 + 2 2 x + 6 :

The function g hasa ro otne a r x = 6 :5.The e xactvalue ofthisro otis

x =
10
3
+
2
p
34
3

cos
h ¼
6
+
1
3
tan¡1(

7 1
p
47

12 6 9
)
i
:

Use your T I-83 to geta de cim alap p r oxim ation ofthisro otaccurate to nine decim alp laces,and
re co rditbelow.

In the following,you willbe give n variousinitialguessesfor the ro otandwilluse your calculator
to car ry outN e wton'sMethod,re co rding the successive ap p r oxim ationsandthe num be r ofdigits
thatar e cor r e ctin e ach ap p r oxim ation.(You can stop the re cursive p r ocesswhe n you have nine
decim alp lace sofaccuracy.)

1. x 0 = 7 .

A p p r oxim ationsofthe ro ot # ofCorr e ctDigits
x 0 = 7 0
x 1=

2 . x 0 = 10.

A p p r oxim ationsofthe ro ot # ofCorr e ctDigits
x 0 = 10 0
x 1=
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3. x 0 = 2 5.

A p p r oxim ationsofthe ro ot # ofCorr e ctDigits
x 0 = 2 5 0
x 1=

4.From your obse rvationsin thissection,discussthe following issues:

² how wellN e wton'sm e thodworks,eve n with a p o o r initialestim ate (i.e.,the robustness
ofthe m ethod),

² how q uickly N e wton'sm ethodim p rovesthe accuracy ofthe estim ate ofa ro ot(i.e.,the
e±cie ncy ofthe m ethod).
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