
Math 12 0 Sp ring 2 001
Class2 7 : Friday A p ril6

R ulesfor Im p r op e r Inte grals

Gr o up w o r k
E valuate the following inte grals.Ifthe inte gralisim p ro p e r,say whatK IN D ofim p ro p e r inte gralitis
anddete r m ine w hethe r itCO N V E R GE S or DIV E R GE S.Look for p atte rns,andtry anddiscove r the
rulesfoundon the lastp age.
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Let'ssum m a rize our knowledge ofim p rop e r inte gralsandlim its.

Z 1

a

dx
x p =

8
><
>:

whe n p · 1

whe n p >1

Z b

0

dx
x p =

8
><
>:

whe n p ¸ 1

whe n p < 1

lim
b! 1

bp =

8
><
>:

whe n p < 0

whe n p > 0

lim
x ! 1 e kx =

8
><
>:

whe n k < 0

whe n k > 0
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1.Do you think the inte gral
Z 1

1

dtp
t3 + t

conve rge o r dive rge ? W hy?

A nalysis
2 .W e willtry andanswe r thisq uestion by answe ring the following q uestions,andby develop ing this
p rocess,de velop a te chniq ue for dete rm ining the conve rge nce ofallim p ro p e r inte gralswe willse e.
Q : W hy isthisinte gralim p ro p e r?
A :

Q : W hatlim ithasto be take n to e valuate the inte gral?
A :

Q : W hatO THE R FUN CTIO N willthe inte grandbe have like asw e take thislim it? (Thisisthe ha rdest
ste p .You have to decide how the inte grandwillchange de p e nding on the factthat,for e xa m p le x is
now a ve ry ve ry large num be r.)
A :

Q : Do esthe sam e typ e ofim p ro p e r inte gralwith thisO THE R FUN CTIO N asinte grandconve rge o r
dive rge ? (Use the p-rules!)
A :
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3.You use the above analysisto m ake your de cision aboutwhethe r you think the im p ro p e r inte gral
you'r e give n conve rgesor dive rgesandthe n you use the Com p arison Testfor Im p r op e r Inte grals
to p r ove your hunch.

Let'sw rite down thatp ro ofhe r e :

Com p a rison Te stfor Im p r o p e r Inte gr als
Thisp rincip le can be sum m a rizedasfollows:

1. Ifg(x )> f(x )> 0 for allx > athe n if
Z 1

a
g(x )dx CO N V E R GE S,the n

Z 1

a
f(x )dx also CO N -

V E R GE S.

2 .Iff(x )>g(x )> 0 for allx > athe n if
Z 1

a
g(x )dx DIV E R GE S,the n

Z 1

a
f(x )dx also DIV E R GE S.

N O T E : You alwayscom p a r e the function andinte gralyou'r e notsur e about(f(x ))to the function
you DO know about(g(x )).

A lso you ne edto decide whethe r you a r e trying to p rove conve rge nce anddive rge nce FIR ST be for e you
p ick a function to com p a r e to.


