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4.4 - UHoapilal’s Rule

Notice that,

3

/———’ | 1. f(x) =In(x)

Domain: (0, o)

/i I I I | I X—00

Jign () = —eo

/ 2. f(x) =¢€"
/. ! ! Domain: (—oo, o)

/..: I lime* =«

X—>00

lime*=0

X—>—00

| . ! | 3. f(x)=e*
. | | Domain: (—oo, o)

\ | lime*=0

X— 00

\ I | 1 lim e™* =

\ | | X——00

2m
3m/2
| 4.f(x) =tanx
I | [ . 2n+)m
g Y Domain: {x|x * 5
=512 £2m - -3m/2 e -T2 w2 T 3m2 w51/ lim tanx = —00
} +
A A x—>i721
: L lim tanx = o
111 ] ] I ] ] x—>+E
2
311/2
21
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5. f(x) =tan"1x

T Domain: (—, )

. . . — T

T g - 7 lim tan1x ==

X—00 2
/ . . . . - — T
e lim tan 1x=—=
/2 X—>—00 2

Sometimes it is difficult to evaluate a limit because of indeterminate forms.

In this section, we will discuss these forms and how to evaluate the limit for each one.

1) Indeterminate Forms (Types 0 z):

0 9
If lim fi ; 0 Or 2, where a can be a real number or o, then we can apply
x—-a g o
I’Hospital’s Rule.

%+ L’Hospital’s Rule:

If we have an indeterminate form of type - or — then lim {2 lim& .
x»a 9gx)  x-a g (x)

» Examples:

. sinx 0
1. lim - = Type L
x>0 E(smx) =cosx
=1l mT =cos(0)=1
x—)
. x2-2x+1 0 »
2. gcl_)nllW = Type - (™M =nx
=lim Zx—2 = 2(m)-2 = 0 =0 i(C) =0, c is constant
x-1 2x 2(1) 2
3. limS > T e2 4 () = g
: X—00 .7(.'2 yp o e e
x X (o)
=lim=—=lim>=-="=o 2 (xm) = 1
x—00 2X  x—o00 2 2 2

d .
“Notice that we can apply I’Hospital’s Rule dx (e) =0, cis constant

more than once until we get an answer”

4. lim = Type —
x—t litanx P o %(secx) = secxtanx
- secxtanx . tanx . sinx
=lim—5—=lim——=lim——-cosx 4 tanx) = sec?
x_>72_t seccx x_)72_t secx x_);_t COS X ax anx) = sec" x
— tanxzsmx, L = CO0SsX

llm sinx = sin =1
o

2
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X

, e 0 .
. _— > = da -1, —
5 ;lcl_zz.} n/2—tan"1x Type 0 o (tan” %)

1
1+x2

. —e ¥ . 14x2 .2 .2 2
= lim—5— = lim—- = lim= = lim=. = -=0 mle™=—e*
X—00 Toa2 xX—oo € Xx—oo € X—00 €
. (Inx)? o d - ’
6. lim—— = Type 2 (Flg@)) = Fgx)g'®
X—00 co
1 1 i 1
= lim 2 = i 2 = i = im2 =2 =0 o=
x—00 1 x—00 X x—oo 1 x—00 X o
. X 0 d, . o
7. il_%l“in 2 = Type ; =~ (sinf(x)) = f'(x) cos f(x)
— lim eve* %4 1412 1 L (ef®) = f'(x)e/®
T %50 4cos(2x)  4cos(2(0)  4(1) 4 2 )
. Vx+2-2 0 d _fw
8. lxll)"zl x2_4 = Type 6 E(V f(x)) - 2f(x)
. 1/2Vx¥2 o, 1 1 _ 1 4 (gn) = pynt
a f}l’% 2x E}l’} 4xVx+2  4(2)0V2+Z 16 “
9. lim=> = Type 2 L [F0g()] = £ (g0 + f()g ()
x—0 3*-1 0 x
_gs 3%+x-3%In(3) _ . 3*(1+xIn(3)) _ ;. 1+xIn(3) _ 1 L) =b*-Inb,b>0
- 5}1’(} 3% m@3) fffol 3% n(3) x50 (3  In(@3) “

2) Indeterminate Products (Type 0 - 00):

f(x) g(x)
1 1

. . . . 0 o
If limf(x)-g(x)is 0-co, then write f(x) - g(x) in the form or to get  or — and apply
x-a — oy ©0
g f)
I’Hospital’s Rule.
» Examples:
: 2
1. ,fimx Inx = Type 0 2 (xm) = nxnt
. Inx . x~1 . x3 . x2 0 i(l x) = 1
=lim—=lim——=Ilim—=lim—=—=0 ax =
x—0t x x—0t —2x x-0t —2x  x-0t -2 -2
2. limtanxIn(sinx) = Type 0-
4 d g
x5 a(sm X) = cosx
= lim Infsinx) _ lim w = lim — c‘_’sx - sin® x %(cotx) =—cscx
. cotx o  —cschx AL sinx
2 2 2 < e
= lim —cosxsinx = 0 (@) =7
x>

2
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3. limx3e™*% = Type 0- I

dx

X— 00
3 2
. X . 3x . 3x . 3 3 d % g .
=lim— =lim—— =lim— =lim—===0 (€@ =f(xe/®
x—oo e¥ x—00 2xe* x—co 2e* x—00 4xe* © *

3) Indeterminate Differences (Type oo — 00):

If lim f(x) — g(x)is o — oo, then try to change f(x) — g(x) to a product or a quotient to get %or
x—a

2 and apply I’Hospital’s Rule.

» Examples:

1
1. i ( ——) = T 00 — 00
75510'}- ex-1 «x ype
x—e*+1 . 1-e* . —e*

— = ———— = lim—— a
x—0t x(e¥*—1)  xo0te¥+xe*—1  x0+ eX+eX+xe* L) =e

(Fg®) = f(0gx) + f(x)g'(x)

. —e* d, il
= lim &™) =nx
x—0t 2eX+xe*

A C _ AD-BC
-1 1 B D BD

lim———= lim— =
x—0t+ e*(2+x) x—0t 2+x

. 3x+1 1
2. lim —— = Type © — d. .
x—0*t X sinx E(smx) =cosx
. (Bx+1)sinx—x . 3sinx+(3x+1)cosx—1
= lim ———— = lim ; 4 (cosx) = —sinx
x—0+ xsinx x—0+ sinx+xcosx e
. 3cosx+3cosx—(3x+1)sinx 6 8_CE _ A=
= ium =-=3 B D BD

x—0t+ cos x+cosx—xsinx 2

“4) Indeterminate Powers (Types 0°,00°,1®):
If lim[f(x)]9%) is 0° or o® or 1, then set y = In[f(x)]9™ = g(x) In f(x) and evaluate limy to
xX—a xX—a

get 0 - co.
If limy = L, then lim[f(x)]9% = eL.
x—-a x—a
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» Examples:

1
1. lim(1+ x)x = Type 1%
x-0%

1
Set y = In(1 + x)x = = ~In(1 + x) In[f@}® = g(x) In[f (x)]
llm y = llm ln(l +x) = l im —— D) _ Jip 1 = (n(f() = f(x>
X xX— + 1
= 11 4 = () =nant
x—0t1+x 1
1
- lim(l+x)x=el=e
x-0%
2. 7591'5(1 —x)"* = Type 0°
Set y = In(1—x)""* = InxIn(1 —x)
. . . In(1-
limy = lim(InxIn(1 - x)) = lim 257 In[f@® = g(x) In[f (x)]
x-1 x-1 x-1 e
_1 (fg@) = f(xX)g@) + f(x)g'(x)
= lim —=
Lt ) L n(f) =12
2
= ll‘l’ln_ x(in;;) %(xn) = nx*-1
xX—> -
. (Inx)2+21Inx
=lim—————=0
x-1~ -1
S lim(l-x)"*=¢e%=1
x-1"
1
3. lim(x)x = Type °
X—>00
1 1 gx) — 1
Set y = In(x)x = %lnx n[f(x)] g@) In[f(x)]
41 _f'®
limy = lim (< Inx) = lim == = limZx = o e =
X—00 x—00 \X x—o0 X x—oo 1 d ony_ .on-1
1 (x™) = nx
limx)x=e’=1

X— 00
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4.4 -

UHeapilal's Rule — Exencises

¢ Evaluate the following limits:

1.

&Y www.olearninga.com

lim2>  Type °
x-3 x2-9 yp 0

ii_1)131(x—3)=3—3=0,£ci_1)13}(x2—9)=33—9=0

=lim—=-—>=1
T x532x 23 6
2x
. e~ — 0
lim - Type -
x—0 Sinx p 0
lime**-1=¢e"-1=0, limsinx = sin(0) =0
x-0 x-0
,  2e%* 2e0 2(1
=lim = =2 _y
x—0 cosx  cos(0) 1
im Inx ST 0
e -
x—1 sin(mx) yp 0

limlnx =1In(1) =0, limsin(nwx) = sin(w) =0
x-1 x-1

1

, p , 1 1 1
=lim—=—=1lim = =—=
x—1 Tcos(mx) x—1 Tx cos(mx) (1) cos(m) T
x—sinx 0
m - Type -
x—0 x—tanx 0

lirg(x —sinx) =0—-sin(0) =0, li‘l’{)l(x —tanx) =0—tan(0) =0
X— X—

= lim 1-cosx L0
T x50 1-sec?x 0
— lim —(—sinx)
x—0 —2secxsecxtanx
- lim sinx - lim sinxcosx _ lim cosx __ cos(0) 1

sinx

x-0 —2sec? x> x-0 ~2 sec2xsinx x50 —2sec:2x —2sec%(0) 2

. tan~1(2x
lim tan”(22)
x—07t Inx

_ tan~1(0) _ 0

n(0) =0

lim sinxInx - Type 0

x—0*t
lim sinx =sin(0) =0, limlnx = —
x—-0t x—-0t

. Inx o0
= lim - —

x—0t cscx 00

. 1/x

= lim /

x—0t+ —cscxcotx

. —sinxtanx 0

= lim—— - -
x-07F x 0

—(cosxtanx+sinxsecz x)

= lim
x—0* 1

= —cos(0) tan(0) — sin(0) sec?(0) = 0

(©) olearninga

%(ef(x)) = f'(x)ef®

d, .
E(sm X) = cosx

a _1
;(lnx) =z

£ (sin(f(x))) = f'(x) cos(f(x))

SAFEIM = nlf @I ()
% (sinx) = cosx
% (tanx) = sec®x

d
- (secx) = secxtanx

(Fg®) = FDg@ + f(x)g'(x)
% (cscx) = —cscxcotx
% (sinx) = cosx
% (tanx) = sec’x

d 1
E(lnx) —;

1 1
cscx=—— ,cotx =
sinx tanx
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7. lim(i—i) — Type o — o

x—1 \x-1 Inx
limt=L=lco limt=—"=l=u
xo1x-1 1-1 0  ’x51lnx Im(1) 0 (Lx)) _ [0g0-fwe' @
_ limxlnx—(x—l) 0 g(x) g2
B -1 0 . )
o1 el (F0g(@) = F@X9@ +F@g )
Inx+x=—1
= lim—— d 1
x—1 lnx+% mnx) =3
_llmln—x - Y A_C_ AD-BC
T xol Inx+Xt 0 B D BD
1 1
= lim—t = lim iy = — = 2
UM T OG0 - P, T T 1 2
o 2 T2
8. liTg_lF xVx - Type 0°
" 0. Lim vz = V0 = 0 Inlf ()]4 = g(x) nlf (x)]
mmx = mm = =
X0t T xo0* —(nx) =-
Set y = In(x)V* = VxIlnx
liggr\/flnxeo-oo Vam = xn
X
Inx (%) ﬂ: a-b
= lim—5 - — ol
x_,()+ x_% o .
1 3 Cj_B = ﬂ
. = . —2x2 . 1 p BC
= lim —— = lim = lim -2x2=-2(0)=0
x—0t —%x_? x—0t X x—0t o :ia
So, limxV* =e% =1
x—-0*
9. li@(4x + 1)°°tX Type 1%
x—0
. - . . . _cos(0) 1 _
lm(x+1)=4(0)+1=0, lim cotx = cot(0) = G} =5 = Il = () Inlf (o)
Set y = In(4x + 1)°°t* = cot x In(4x + 1) @ (ranx) = sec?x
limcotxin(4x+1) - 0 “
x—0*t 4 _f'®
In(4x+1) 0 a( n[f(x)]) = )
= oY
x—0t tanx 0 1 cosx
4 secx =— , cotx =—
_ ml _ lim 4 — i 4cos®x _ 4 cos?(0) -4 cosx sinx
x—0+ sec2x x50+ (4x+1)sec?x x50+ 4x+1 4(0)+1

So, lim (4x + 1)°°t* = ¢*
x—-07t

10. lim —>"1

x—1 Inx—sin(mx)
linll(x -1)=1-1=0, linll(lnx —sin(ntx)) = In(1) — sin(m) =0
X— X—

0
- Type —
YPe o i(lnx)=i

L (sin(f(0))) = F'(x) cos(f(x))

= lim = : = ! ==
prarey %—n cos(mx) 1-mcos(m) 1-(m)(-1) 1+m
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. In(cscx) 0
11. llmlT - Type o

<4 (-3

2 2
; _ i 1 ; w2 _ (m_m\? _ L ([FI) = nlf @I ()
lxl_Y)rEl In(cscx) = lxl_T)TEl In (E) . il_r)g_zl (x — E) = (E — 5) =0 &
2 p )
n(2) =1 —1
= lim[In(1) — In(sinx)] "(gor)) nlf (0] - Inlg(x)]
2 - %(cscx) = —cscxcotx
= lim[—- In(sinx)] = —In (sin (E)) =—In(1)=0
—escxcotx 2 %(cotx) =—csc?x
Ty L nlf o) =12
— lim— cotx - 9 1
x_)g Z(X—g) 0 csex = sinx
2y _esc}(3) 1 1 1
= lim — cscx_ll. cscx_ 2) _ 1 § 1
x—)% 2 x—)% 2 2 2 Sinz(i) 2
12. limx*e ™ — Type 0+
X—00
limx? = ©? =, lime*=e"* =%=é=0
xaoo. x2 0 o ’ i(ex) =e*
=tmZ - o .
=lim% - ° .
a x—o0 e¥ oo
=limi=2=-2-9
xX—oo € e o]
X_1)\2 ,
13. lirg% - Type (F@9@) = F@g@ + Fx)g ()
X—

d ny — n— !
linol(ex - 1) = (e - 1)2 =0, zinol(x sinx) = (0)(sin(0)) = 0 SF@IM = nlfOI"f/ ()
x— x>
. 2(e*-1)(e¥) 0 i(sinx) =cosx
a g:l—%lsinx+xcosx - 0 dx
— Jim 20D+ 2(e) (e D) +(cosx) = —sinx
o x—0 cosx+cosx—xsinx
. 2e%42e%(e¥-1) _ 2e%+2e%(e®-1) 2 (e =e*

o ?xl_ﬁ)l 2cosx+xsinx  2cos(0)+(0)(sin(0)) 2 1
1
14. lir{)z(ex + x)x — Type 1%
X—
lime*+x)=e’+0=1,lim-=>=o
x—0 x-0 X 0
Set y = In(e* + x)% = 1ln(ex + x) In[f(x)19® = g(x) In[f (x)]
X
d _f'®
lim | In(e* + )| 0o Ll =L
X—
x d ox\ — ox
=lin&@—>g L) =e
X—
eX+1

, . e*+1 e%+1 141
=lim<E = lim—=""—="-=2
x>0 1 x-0 e*+x  e%+0 1

1
So, lim(e* + x)x = e?
x-0
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15. lim Inx — In(sinx) - Type oo — oo
X—

liminx = —oo, lim In(sinx) = o
x—-0% x—07t

= lim ln( x ) —>ln(9)
x—0t sinx 0

, sinx\] _ .
—J{gggr —ln( ;. )] =—-In(1)=0
lim sinx . 0
x>0t X 0
= lim m or = =cos(0) =1

X—

16. lim (%—x) tanx — Type 0- o

x—>5

. b2 T w . 5i"<g) 1
lugl(g—x)=5—5=0,llmtanx= N == ®
x5 x>y COS(E)

T x
- up
x—»i
_ . - _ . .2 _ . 2 E —
= Jf:rzrl_cs i Jfirzrgsm x = sin (2) 1
2 2

,  3*-1 (]

17. gcl_%lzx—l - Type
linol(3x—1)=3°—1=1—1=0,linol(2x—1)=2°—1=1—1=0
X— X—

_ In(3)3* _ m(3)3° _ In(3)
T x50 (202 T In(2)2° T In(2)
. log,(x) ©
18. fgl_zg logs(x+3) = Type 2
; . n(x) In(x+3) _
3161_)12 log,(x) = chl noa = ® llm logz;(x+3) = 314_)00 @)
1
= lim—2®x _
120 @) @3
l In(3) i3
x—o0 In(2) X
ln(3) 1 ln(3)

=im
X—00 ln(Z) 1 ln(Z)

. Jax+a’-a 0
19. lim———, where a > 0. - Type -
x-0 x 0
limJax+a?2—a=Va?—-a=a—a=0,limx=0
x-0 x-0
a
= lim 2t — Jjm 21
x-0 1 x>0 24/ ax+a2 2y aZ 2a 2

&Y www.olearninga.com
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in[g (0] = in (1)
() = - (22)

d, .
E(sm X) = cosx

In[f(x)] -

d
—(cotx) = —csc?x
dx
. 1
sinx =
cscx
1
cotx =

tanx

d Xy — . hX
a(b)—ln(b) b*,b>0

log[f ()] = )

4 '
E(logb[f(x)]) " n(b)f(x)

1/A _ B

1/B~ A

.

m
mm, .
xn| if s odd number and n is

even number

(T~
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2
20. lim (£ +21) — Type o°

21.

22,

23.

&Y www.olearninga.com

X—00 X

. x2+1
lim —ln( )]—>0-w
x—oo LX x+2
L <x2+1)
— lim —x2)
X—00 X
. In(x%+1)-In(x+2)
=lim————— -
X—00 X
2x 1 2x 1
= lim ——]:lim( )—lim(—)zO
X—00 x2+1 x+2 X—00 x2+1 X—00 x+2
1

So, lim (XZH); =e’=1

x—0o \ X+2

818

lime*(1—cos(e ™)) — Type 0-
X—00

lime* =e” =o,lim(1—cos(e™™) =1-cos(0)=0
X—00 X—00

4. 1-cos(e™) L0
a ,lﬂg e~ * 0
— lim —sin(e *)-e™*
- X—00
= limsin(e™) = sin(e™®) = sin(0) = 0

X—00

_e—x

. cos(z+x)—sinx 0

lim - Type -

x-0 tanx 0

. Y3 . .

lim [cos (— + x) — sin x] =0,limtanx = tan(0) =0

x-0 2 x—-0

T

= lim—32
x—0 tanx

—sinx—sinx

. T . .
COS( )COSX—Sln(E) sinx—sinx

=lim

x—0 tanx

. —2sinx

=lim——
x—0 tanx

—-2cosx

=lim

— = lim —2 (cos x)(cos? x) = lim—2 cos3 x =
x—-0 sec“x x-0 x—0

., e™-1 . 0
lim——, where ais a constant — Type —
x-0 sinx 0
lime*—-1=¢e°-1=0,limsinx =sin(0) =0
x-0 x-0
— lim ae?* _ ae? _a(l) _ a
T x50 cosx  cos(0) 1

(©) olearninga

in (22) = m[f (x)] - tnlg(x)]

g(x)
In[f(x)19® = g(x) In[f(x)]

Lim[f(x) — g(x)] = lim f(x) — lim g(x)

= nlf o)) = £2

ax™+--

bxnt

We have f(x) =

1.If m > n, then lim f(x) = £
X—00
2.1f m=mn,then limf(x) =7
X—00

3.1f m < n,then limf(x) =0
X—00

% (cos(f(x))) = —f'(x) sin(f(x))

%(ef(x)) = f'(x)ef®

d, .
a(sm X) = cosx
d 2
— (tanx) = sec*x
dx

cos(A + B) = cosAcosB —sinAsinB

%(enx)) = f'(x)e/®

d, .
a(sm X) = cosx

(© 66939059




24,

25.

26.

27.

28.

29.

30.

lim(1 — tanx) sec(2x) — Type 0

i
X~

XA?Z
. (1-tanx) 0
-

_,% cos(2x) 0

X

— 2 secZ(E) 2
. sec” x
— llm — 47 =1

x—»% —2sin(2x) 2sin(§) T2

In(1+e%)

lim

X—00

- Type E

X—00

e* co

=lim - —
x—oo 1+e* e
., er .
=lim—==Ilim1=1

x—oo € X—00

., Inx 0
== hd
gcmf T — Type |

lim(1 —tanx) =1 —tan G) =0, limsec(2x) =
x——

1

=0

% (cos(f(x))) = —f'(x) sin(f (x))

1
= —-= 00
0
2 = Gz
= (tanx) = sec*x

1
CosSXx =
secx

limin(1+e*) =In(1+ o) =00, lim(1+x) = sen=e
X—00

£ (n(f0) = £2

liminx =In(1) =0,lim(x-1)=1-1=0 (nx) =1
xX— X—00

. 1/x 1
=lim—=-=1
x-1 1 1

ll.mex+e'x—2 = Type 0
x—0 e*—x—-1 yp 0

x-0
X -X

e —e 0

=lim
x—0 e*—1 0
e*+e™* 1+1
=lim =—=2
x—0 e* 1

sin™1

lim
x—-0 X
limsin~
x—-0

LN Type g

Ix=sin"1(0)=0, lirgx =0
X—

=Y

. tan~1(2x
lim tan”_(27)
x_)0+ Inx
__tan"1(0) _ o

[0 [oe]

=0

lim xsin(x—1)

0
- Type -
x51 2x2—x—1 ype g

lim(xsin(x — 1)) = sin(0) =0, lim(2x* —x—-1)=2-1-1=0
x-1 x-1

— lim sin(x—1)+xcos(x—1) _ sin(0)+cos(0) _ 1
T oxo1 4x-1 a 4-1 3

&Y www.olearninga.com

lime*+e™*-2)=1+1-2=0,lim(e*—-x—1)=1-1=0 di(e*)=e"
x-0 *

%(ef(x)) = f'(x)e/®

1
1-x2

A i1, —
dx(stn x) =

(Fg®) = (0gx) + fF(x)g' (x)
< (sin(f())) = f'(x) cos(f (x))
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1
31. lim(e* + 10x)x 0

X—00

- Type o

lim(e* + 10x) = o llm1 L)

—)OOx o

X—00
Set y = In(e* + 10x)¥ = ;ln(ex + 10x)
lim ln(e + 10x)] - 0
X—00
— lim In(e*+10x) L@
X—00 X co
_ e*+10 ©
- X—00 e*+10x co

X

m -
x—o0 e¥+10 ©

= lim& =lim1=1

x—oo € X—00

1
So, lim(e*+10x)x=el =e¢
x>0

1
32. lirorgr(l + sin(3x))x - Type 1
X

1
lim(1 + sin(3x)) =1+ sin(0) =1, lim = =
xirggr( + sin(3x)) + sin(0) lim ~

Set y
li [11 (1 + sin(3 ))] 0-
xi?g}r o n Sin(ox - (e'e}

In(1+sin(3x)) - 0

= lim
x—0t X 0
. 3 cos(3x 3 cos(0 3
= lim _(): _():—=3
x—0+ 1+sin(3x) 1+sin(0) 1

1
So, lim(1 + sin(3x))x = e3
X—00

2x+1
. 2x-3
BUm(GeD) e 1
2x-3 2 .
= - = = OO
xX—00 2x+5 2 1 ’ £me(2x + 1)
2x+1
2x-3 2x-3
- = (2x+1 ( )
Set y n (2x+5) ( X+ )ln 2x+5
2x-3
= 0
[ s ()] o
2x-3
= lim ln(2x+5) 590
X—00 0
2x+1
. In(2x-3)-In(2x+5)
= lim T
xoo 2x+1
2 2
— llm 2x—3_ 2x+45
X0 —— 2
(2x+1)2
2(2x+5)—-2(2x-3)
= lim (2x—3)(2x+5)
X—00 2z
(2x+1)2
— lim -8(2x+1)2 -32x%-32x-8 _ 32 _
xo00 (2x=3)(2x+5)  x—ooo 4x2+4x—-15 4

2x+1

. 2x-3 —

So ltm( ) =e 8
’ x50 \2x+5
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=In(1+ sin(3x))% = %ln(l + sin(3x))

(©) olearninga

In[f(x)1*® = g(x) In[f (%)]

d _f'®
S Un[f(x)]) = o

i X) — pX
dx(e) e

In[f(0)]9 = g(x) In[f(x)]

_f'®
L nif (D =22

& (sin(f())) = f'(x) cos(f(x))

In[f()]#® = g(x) nlf (x)]
in (£3) = tnlf (0] - tn[g ()]

= (ln[f(x)]) =

f (X)

L (sin(f())) = F'(x) cos(f(x))

ax™+
bxt4e..

If we have f(x) =

1.If m > n, then lim f(x) = £
X—00
2.1f m=mn,then limf(x) =7
X—00

3.If m<n,then limf(x) =0
X—00
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34. lim(x — Ilnx) - Type o —
X—00

limx=o,limlnx = x

X—00 X—00
. Inx
= timx(1-25)] = -0 = o0 im0 =
. Inx o
lim— - —
x—oo X co

1

=lim*=2=0

X—00

35. lim - Type —
x—>—00x2+1 ©
. 1
= lim —
——00 —————
* 2Vx2+1
. VxZ+1 d ()
= hm - = (@) =375
x2(1+i2)
. . _ X
a xl—l;zrcl;o X
1 1
x |(1+) (1+) 1
= lim — ~— = lim — —=—(1+=-=-1
X——00 X X—>—00 1 [ee]

sin(ax)+bx3-2

% If lim=="—"—==0.Find aand b. - Type ;

x—0
. acos(ax)+3bx%-2 0
lim————— - -~
x—0 3x 0

—>acos(0)+3b(0)—2=0 »a—-2=0 -a=2

. 2cos(2x)+3bx%-2
— Jim 2£05(2x)+3bx"—2

x—-0 3x2
. —4sin(2x)+6bx 0
= i Z2sm@0Tebx o
x—0 6x 0
. —8cos(2x)+6b —-8+6b
=lim (22) = =0
x—0 6 6
- —-8+6b=0 -6b=8 —>b=§=§
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