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DEFINITION Integrals with infinite limits of integration are improper inte-

grals of Type L.

1. If f(x) is continuous on [a, 00), then

) b
/ fx)dx = blim/ f(x) dx.

2. If f(x) is continuous on (—oo, b ], then

b b
/ fx)dx = lirzl / f(x) dx.

3. If f(x) is continuous on (—oo, co), then

/ J) dx =/ F(x) dx +/ f(x) dx,

where ¢ is any real number.

In each case, if the limit exists and is finite, we say that the improper integral
converges and that the limit is the value of the improper integral. If the limit fails
to exist, the improper integral diverges.
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?' e (2] f —, dx is convergentif p > 1 and divergentif p < 1.
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@ Definition of an Improper Integral of Type 2

(a) If fis continuous on [a, b) and is discontinuous at b, then
[ @ dx=tim |'rdx
a t—b~ Ja

if this limit exists (as a finite number).

(b) If £ is continuous on (a, b] and is discontinuous at a, then
f " f(x) dx = lim J"’ f(x) dx
a t—at Ji

if this limit exists (as a finite number).

The improper integral _l.ff (x) dx is called convergent if the corresponding limit
exists and divergent if the limit does not exist.

(c) If f has a discontinuity at ¢, where a < ¢ < b, and¢both | f(x) dx and
| (x)-dx-are convergent, then we define

[ ax = [ re dx + [0 ax

(wrioete  Woewal



y
\ ¢l
\'WUAM" Ci S :1_ 3 C\Nﬂpk)b\ z Ln\x-t\\ * lal - LV\\’\ ) S P

Yoo Camd  ifechrit

VR DSEALOTIES

4\ Bleac wi. @ Wl 2 P, (1. ofF Tife lr_)

P Powd OF Va0 Ay BunD of  INTEOMA TicN)

Y T 4
‘ | o )
— x -
% X-u 4 x-T * x-1 i
' ‘ S
Yy
t
\ \
L \"' O T — &
i~ x-T . x-1
t-1t

I I P [mz\ ““\‘1 -

e~ N t+" '
) \ 4 ........... g
lm1. DNE (M1 DNE
( DAL ) (dvenees \

Nofe: 0-00 F O
O -0 (- « (-0 . =0

I ETRR T W O I I N S P N W

(veranve N+ [-t-1-1-A-_0\ = -0

WEWME WS onl!  Copvebe Weed Thet Do So

ebAlQLesS oF  ofoefL &  (Goofni .

¢



COM"(N&),M /(lh/\

Comparison Theorem Suppose that f and g are continuous functions with
f(x) = g(x) = 0forx = a.
(a) If |” f(x) dx is convergent, then |~ g(x) dx is convergent.

(b) If |" g(x) dx is divergent, then | f(x) dx is divergent.
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EXAMPLE 10 The integral f dx is divergent by the Comparison Theorem

because
1+e* _ 1
> f—
X x
and || (1/x) dx is divergent by Example 1 [or by (2) with p = 1]. [ |

49-54 Use the Comparison Theorem to determine whether the
integral is convergent or divergent.

49 r X s0. [ 1 + sin’x
.| ———dx
1 \/x
51. J~ xt+ 1 + 1 52 (* arctan)‘c
\/x“ — X 0 2+ e*
53. f' see’x 54, f" sin’x
x\/x o Jx



