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TING 1M, g+ IN J(X). Since
Inf(x) = In(1 + 9% = Lin(1 + ),

I'Hépital’s Rule now applies to give

X o In(l +x) 0
Jim In f) = lim ——— ¢
1
. 1 +x
= lim
=0t 1
S
=1= 1

If limy—4 In f(x) = L, then
lim f(x) = lim e"/® = ¢k,
x=a x=*a

Here a may be either finite or infinite.
Therefore, lim (1 + x)'/* = lim_f(x) = lim_e™/® = ¢! = ¢,
x—0 x—=0" x—=0*

EXAMPLE 8  Find lim, o0 x /%,

Solution  The limit leads to the indeterminate form 00, We let f(x) = x'/* and find
lim; o0 In f(x). Since

Inx
In f(x) = Inx'¥ = =57,
4
I’'Hopital’s Rule gives
: T | B
i ) = lim 5%
X
= lim ——
=00 1
_0_
=7 0.
Therefore lim x'* = lim f(x) = lim "/ = ¢ = |, n
= 00 X— 00 =00
v
.2 INTEGRATION: s
1) The Definite Integral
$0= 3 e an = 3 e (B52),
- N o a4 & xox omoy oy Koy b *
Ax; = Ax = (b — a)/n forall k
o P o
7= Jim Seste)(P52) = tim, Sisten & s = - o

‘The function is the integrand.

Upper limit of integration
Fa
x is the variable of integration,

Integral sign —_ b
~ dx I’
%

When you find the value

.
Lower limit of integration = ===/ 4f he integral, you have
Integral of f froma o b = evaluated the integral.
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Axy = Ax = (b = a)/n for all k
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“The function is the integrand.

Upper limit of integration
e
x s the variable of integration.

Integral sign —_ b
‘[ fe)dx”

P When you find the value
Lower limit of integration =~ ===/ s pc iniegral, you have

Integral of / froma o b~ evaluated the integral.

Rules satisfied by definite integrals

a b
1. Order of Integration: f flx)dx = —/ flx) dx A Definition
b a
Cl -
2. Zero Width Interval: / fx)dy =0 :!::i‘;'["'}']":;mh

b b
3. Constant Multiple: j kf(x)dx = k / f(x) dx Any constant k
) b b
4. Sum and Difference: j(j(x) + g(x))dy = f flx)ydy + / glx) dx

b e ¢
5. Additiviy: f Jx)ds + ] ) de = j f)dv
a b a

b b
6 flx) = glx)on [a, b] =/f(x)dx2/g(x)dx

b
fx) = 0on[a,b] = / f(x)dx = 0 (Special Case)

5

EXAMPLE:

1 4 1
b ff(x)dx =5, f flxydx = -2, and f B dx = 7.
Then: ' ! -1

1 4
L [I(X)dx - —[I ) = ~(=2) = 2

1 1 1
2. ] [2f(x) + 3h(x)] dv = / fx) dx + 3] hix) dx
=1 -1 -1
= 2(5) + 3(7) = 31

4 1 4
3. Lf(x]rtx=L,r(x)dx+[f(x)dx=5+(—z)=3

2.1 Integration by Substitution
THEOREM Substitution in Definite Integrals: If g' is continuous on the interval [a, b] and f'is

continuous on the range of g(x) = u, then

N glb)
f Flg() g ds = f“ ) da.
, ”
1
EXAMPLE: Evaluate f VT T

SOL: 1 Letu = x* + 1,du = 3x" dx
33V + 1dx Whenx=-lLu=(=1}+1=0
1

Whenx = Lu=(1)'+1=2.

2
= [ Vudu
o
2 2
?/ = 3 uyz] Evaluate the new definite integral.
S o
Z2(pn ] =2 _ 42
L =5[22 - 0] = $[2v2] = =5
/2 0 Let u = cot#, du = —csc* f df,
(@) / cot f csc? 6 df = f u-(—du) —du = csc? 6 db.
w4 1

When @ = m/4, u = cot(m/4)

e /3
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EXAMPLE:

1 4 1
= f fx)dx =5, f flx)dx = =2, and f h(x)dx = 7.
Then: /' ! -

1 4
L [f(x)ux - —[Ifmm S ey -2

1 1 1
2. f [2f(x) + 3h(x)] dx = / flx) dx + 3] hlx) dx
- - -1
=2(5) + 3(7) = 31

3. _/‘f(x)rix = /II(x}dx + f‘f(x)dx =54 (=2)=13
=1 -1 1

2.1 Integration by Substitution
THEOREM Substitution in Definite Integrals: If g' is continuous on the interval fa, b] and f is

continuous on the range of g(x) = u, then

b b}
ff(s(X))'g'(x)dx = f“ flu) du.
a sla

1
EXAMPLE: Evaluate f AV T

SOL: 1 Letu = x° + |, du = 3x’dx
VX3 4+ lde Whenx=-lLu=(=1)+1=0
-1 Whenx = T,u = (1)' + 1 =2,
2
= Vit du
o
5 2
= 5 w? Evaluate the new definite integral.
o
. 2 2 42
EXAMPL =227 -0 = $[2Vv2] =
3 3 3
/2 0 Let u = cot#, du = —csc’ 0 do),
(@) / cot B csc?6 dff = / u (—du) —du = csc? 6 df
wft f When 0 = /4, u = col(m/4)
When @ = 7/2,u = cot(w/2)
0
= 7/ wdu
1
5]
Ea
—[er_ar_y
2 2 2
/4 =/
(b) / tan x dx :j cs:]"T';dx
/4 —n4
N Letu = cos x,du = —sin x dx
_ du When x = —m/d,u = V2/2
vip “ When x = m/4,u = V2/2.
Va2
= ~In u| =0 Integrate, zero width interval
Vi
6
THEOREM:

Let f be continuous on the symmetric interval [ -a, a].

(a) If fis even,then‘[af(x) dx = quf(x) dx.
—a o
74

sodiﬂ]enfnj(xjdx= 0.

2
4_ 42
_E: Evaluate [2“ 4 + 6)dr.

since f(x) = x* — 4x% + 6 satisfies f{ -x) = f{x), it is even on the symmetric interval [ - 2, 2]




