
Math 110 Lab 7 : Lim its,Continuity,andDi®e r e ntiability Fall2 000

O bje ctives:

1.To be com e m o r e fa m iliar with the p r ogra m De rive asa tool..

2 .To dete r m ine di®e r e ntiability ofa function ata p ointby taking lim itsofdi®e r e nce q uotie nts.

3.To bette r unde rstandthe r elationship betwe e n di®e r e ntiability andcontinuity.

x1Intr oduction: Using De rive To Exp lor e Grap hs

De rive hasrathe r nice fe atur esfor e xp loring grap hsoffunctions.Thisiswhatwe willuse itfor
today.To be gin,click on the De rive icon unde r Mathe m atics.A scr e e n willap p e a r with a list
ofm e nu op tionsandbuttonsatthe top .Thisp articular scr e e n iscalledthe \A lge bra" window in
De rive be cause thiswindow willbe usedto author andm odify alge braic andothe r e xp r essions.

Typ e
sin(1=x )

in the authoring window,the n < E nte r > it. The authoring window willdisap p e a r andyour
e xp r ession willap p e ar in the alge bra window.

To p lotthe function whose rule isgive n by an e xp r ession,m ake sure the e xp r ession is highlighted
in the alge bra window,the n click on the se condbutton from the rightin the toolbar.Do thisnow.

The scr e e n isnow r e p lacedwith a \gra p hics" window.Thiswindow willhave a p air ofaxesm a rked
with tickm a rksanditsown m e nu atthe top .N ow sele ctande nte r Plotfro m thism e nu.The
grap h ofthisfunction shouldap p e a r.

De rive hasseve ralfe atur eswhich allow you to e xp lore gra p hs.First,notice the cross-hairs.The y
can be controlledwith eithe r the m ouse or the \a r r ow " ke ys.A tthe bottom ofthe scr e e n you will
se e the x -andy-coordinateschanging asyou m ove the cross-hairsaround.

N ow e xam ine the bottom ofthe scr e e n m or e closely.The sp acing be twe e n the tickm a rkson the x
andyaxeswillap p e a r as Scale in the for m at x-scale : y-scale .W hatare these valuesnow?

The r e a r e se ve r alfe atur esofthe grap hicswindow m e nu w hich w e willalso be using.Sele ct Set,
the n C e nte r. Typ e 0 for the Horizontalco ordinate and1for the V e rticalco o rdinate,the n
< E nte r>.Describe w hathap p e ns.(A lso note the Ce nte r box atthe bottom ofthe scr e e n.)

The othe r fe atur e w e willbe using is Zoom .V arioussortsofzoom ing ar e p ossible.These a r e
p e rfo r m edby the buttonsatthe rightside ofthe m e nu ba r with little ar r owson the m .Findand
sele ctthe button which zoom sin on both axes.Describe w hathap p e ns.Pay p a rticular atte ntion
to the valuesfor the x andyscales.
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You now know the basicsofworking with De rive.During the r estofthe lab,we willbe using the
following se q ue nce ofop e rationsto focuson ce rtain p ointsofthe gra p h ofa function.

Move the cross-hairsto the p ointofinte r est.

Ce nte r the window on thatpoint.

Zoom in on the ce nte r ofthe window.

Try zoom ing in andouton variousp ointsjustto getthe hang ofthisse q ue nce ofop e r ations.
R e call
Looking atyour \zoom ed-in" p lotofsin(x )=x does lim

x ! 0+
sin(1=x )e xist?

You willp robably have to r e callthe de n̄ition ofa lim itto answe r thisq ue stion.

x3 Di®e ring Di®e r e nce Q uotie nts
W e have p re viously de n̄edthe de rivative off(x )ata p ointausing the forwarddi®e re nce for m ula

f0(a)= lim
h! 0+

f(a+ h)¡ f(a)
h

= lim
h! 0¡

f(a+ h)¡ f(a)
h

Ifthese two lim itse xistandar e e q ualthe n we say thatf0(a)e xistsandise q ualto these lim its.
IFyou know thatf0(a)e xists,you can also calculuate itusing the m o r e accurate ce nte red-di®e re nce
for m ula

f0(a)= lim
h! 0

f(a+ h)¡ f(a¡ h)
2 h

:

Use De rive to grap h y= f(x )= x 3 ¡ 1on with an x r ange of[0;2 ]anda y-range of¡2 ;2 ].

W e willuse the table below to investigate whathap p e nswhe n you n̄dthe de rivative off(x )= x 3¡1
atx = 1using the di®e r e ntdi®e r e nce q uotie nts.You can use De rive to help you com p lete the table
by de n̄ing a function.Ifyou A uthor RIGHT(h) := (f(1+h) - f(1))/h (don'tforge tthe colon)
the n you now have a function RIGHT(h) which you can use to com p lete the r̄sttable below.
Sim ilarly de n̄e a LEFT(h) function to help you com p lete the se condtable.

h 1+ h f(1+ h) f(1+h)¡f(1)
h

0.1
0.01
0.001
0.0001

h 1+ h f(1¡ h) f(1+h)¡f(1)
h

-0.1
-0.01
-0.001
-0.0001

Use your answ e rsfro m above to help you com p lete the following table.
h f(1+h)¡f(1¡h)

2 h
0.1
0.01
0.001
0.0001
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Do you e xp e ctthe re sultsofthe thr e e lim itsto agr e e ? Do the y? W hatisthe value off0(1)for
f(x )= x 3 ¡ 1?

W rite down the e q uation ofthe tange ntline to f(x )= x 3 ¡ 1atx = 1.

Use De rive to show the function f(x )anditstange ntline on the sam e gra p h.Zoom in on the
p ointwhe r e the tange ntline andcurve inte rse ct.Can you zoom in e nough so thatthe di®e r e nce
betw e e n the two gra p hsisne gligible ? W hatdoesthistellyou aboutthe r elationship betw e e n local
linearity anddi®e r e ntiability?

x3 The De rivative ofthe A bsolute V alue Function

The absolute value function isdenotedby \abs(x)" in De rive.Use De rive andthe m e thodsyou
have justle arnedto r̄stobtain a grap h ofy= f(x )= jx j,andthe n estim ate the slop e ofthe grap h
atx = 0.

h f(0+h)¡f(0)
h

f(0¡h)¡f(0)
¡h

f(0+h)¡f(0¡h)
2 h

0.1
0.01
0.001

Do you thinkitisp ossible to de n̄e the slop e ofthe gra p h ofthe absolute value function atx = 0?
W hy o r why not? How do esthisresulta®e ctyour unde rstanding of the r elationship betwe e n
di®e re ntiability andcontinuity?
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x4Using De rive to Take Lim its
Conside r the di®e re nce q uotie ntswhe n f(x )= jx j.Sim p lify the e xp r essionsalge braically an dthe n
w rite down the De rive for m ula for the sim p līedfor m ofthe di®e r e nce q uotie nts.

f(0+ h)¡ f(0)
h

=

f(0+ h)¡ f(0¡ h)
2 h

=

Ifyou A uthor e ach e xp r e ssion in De rive andthe n sele ctthe Lim button you willgeta window which
allowsyou to take lim itswith resp e ctto di®e r e ntvariablesandfrom eithe r the \le ft," \right" or
\both." B e ca r e fulyou unde rstandwhatvariable isusedin e ach ofthe e xa m p lesabove.Take the
lim itfrom the le ftandthe n the rightandche ck to se e how the y co r re sp ondwith the lim itfrom
\both" for e ach di®e r e nce q uotie ntabove.Do esthiscon r̄ m the r esultsyou obtainedusing the
\tabular m ethod" ofcom p uting lim its?

Pr e p aring Your Lab R e p ort

Your re p o rtshouldconsistofa cove r p age with the title ofthe re p o rtandthe nam e sandsignatur es
ofyour lab group m e m be rs.A lso indicate your Lab Se ction,Lab Tim e andInstructor,e.g.
Se ction 2 : T hursday 8:30 am (B uckm ir e).E ach p e rson (in a group ofthr e e)shouldcom p lete a r̄st
draftofone ofthe thr e e p arts,andthe group shouldm e e tto r e adanddiscussthese draftsbe for e
subm itting the n̄alr e p ort.The n̄alr e p o rtisDUE IN N E X T W E E K 'S LA B .Grading willbe
C r edit/N o C r editwith,howe ve r,a high standardfor r e ceiving cr edit.Ifyou do notinitially r e ceive
cr edityou willhave one w e e k to re vise the r e p o rtto cor r e ctany p roble m swith it. Ifyou have
q uestionswhethe r your draftwilllikely r e ceive Cr edit,you shouldvisityour instructor in o±ce
hoursandhave your draftlab r e p orte valuated.

Your lab r e p o rtshouldtake ca r e to answe r the following specīc q uestions.B e sur e to p rovide the
conte xtfor e ach q uestion in your answe r.

Part1
Conside r the gra p h ofsin(1=x ).Issin(1=x continuousatx = 0? Isitdi®e re ntiable atx = 0? Give
e vidence to sup p ortyour answe rs.

Part2
Conside r the e xp r essionsfor RIGHT(h)=

f(1+ h)¡ f(1)
h

andLEFT(h)=
f(1+ (¡h))¡ f(1)

¡h
.Show

thatLEFT(h) = RIGHT(-h).A lso,show thatthe ave r age ofLEFT(h) andRIGHT(h) isexactly the

ce nte r ed-di®e r e nce fo r m ula,CENTER(h) =
f(1+ h)¡ f(1¡ h)

2 h
.

W hy isitthatthe de rivative ata p ointisnotde n̄edusing the ce nte r ed-di®e r e nce for m ula?
(HIN T : W hate vidence do you have fro m thislab thatusing the ce nte r ed-di®e r e nce fo r m ula to
n̄dthe de rivative do esnotalwaysgive you the cor r e ctanswe r? T hink aboutthe be havior ofthe
absolute value function atx = 0.)

Part3
Conside r the rate ofconve rge nce ofthe ce nte r ed-di®e r e nce for m ula to the de rivative.Do esyour tab-
ular e vidence sup p o rtthe claim thattaking the lim itusing thisfor m ula conve rgesto the de rivative
faste r than the di®e r e nce q uotie ntusedto de n̄e the de rivative do es? Do you believe thisstate m e nt
istrue ? Try gra p hically de p icting whate ach m ethodlookslike for the function f(x )= x 3 ¡ 1at
x = 1to sup p o rtyour claim .
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