
.d 
1JYitl 2 

I 

~~ ' ~ 
iUJfiUD:tl11lJflfli'Ufl-3 

(Limits and Continuity) 

f(x) 
(2x + 3) (x - 1) 

(x;... 1) 
(2.1.1) 

f 'V11f'hl~ft1'VIi'1.J'!flfl'MJ£1~ X !J11liU~ X • 1 LLfl~1 X ~ 1 Lfl~LL&~~::ft1Uft'1111111 
'V\11~1!1 (x - 1) ;1:l~ 

f(x) 2x + 3 ; x ~ 1 

L1H::LLft'fl~'llfl'MJ£J~ft~mfu f(x) Ln£1 X L-n'1Lfli 1 LLflllJLYhrltJ 1 fULL111L~ x £lfi1 

LtJU 0, 0.25, 0. 75, 0.90, 0.99, 0.999, 0.9999, ..... LL&~~::flaltJL1av , L11LL'Y1Ufl'MJ£1~ x L-n'1 

'lmt 1 uflilfi1\l'avn11 1 fl;)1flfl11H 2.1.1 
" 

)( () 0.25 o.s 0.75 0.9 0.99 0.999 0.9999 0.999~ 

((X);:;:2X-t-3 

IX¢ I) J 35 4 4.5 4.1! 4.9H 4 998 4.9998 4.99998 

R11H 2.1.1 

flaltl'l~ x/ilfl1Ltlu 2, 1.75, 1.5, 1.2s, 1.1, 1.01, 1.001, 1.0001, 1.00001 fl;nn 
" 

91111~ 2.1.2 

X 2 1.7) 1.5 125 I I 1 01 1.001 1.0001 1.00001 

(lXI = lx + J 
(X ¢ I) 1 6.5 6.0 55 5.2 S.02 5.001 '5.0002 5.00002 

R11H 2.1.2 

I 

L11~1.J11 
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~riflfl-nl~:l-3 X ~-3L'li1Lfl~ 1 ll1mYhL~ fl-nl£1-3 f(x) n~~L'li1Lfl~ 5 ;J1~ULYhttu ~1nim1-3 2.1.1 

L~£1 x = 0.9 f(x) = 4.8 Lri£1 x = 0.1 ~-3UtJUf111 1 f(x) LtJu. 0.2 ~ -3UtlUf111 5 Lritl x = 
' ' 

0.9999 f(x) = 0.49998 tl'u~~ L!itJ x 1l't1un11 1 f1~ o.~oo1 f(x,) ut~un11 5 tl~ 0.0002 

f11'n-3 2.1.2 LL~Ul-3'll Lim x = 1.1 f(x) = 5.2 ltu~tl L!iu x lnnn11 i mJ 0.1· 
" ' . ' 

. f(x) ~J1flf111 !' £)~ 0.2 L~£1 X = 1.001 f(x) =_ 5.002 ~li1Ufl112.rll Lijtl X ll1flfll1 1 £1~ 

0.001 Hx) ilf11ll1nn11 5 D~ 0.002 

ii-3tZu ;nnf1111-3~-3~v-3 L11WtJl1 Lriv x LLf1flflH~1n 1 Ltlu :o.oo1 (ttufiv x = 

0.999 ~;tl x = 1.001 f(x) LL9lni11-3~1n 5 e:J~ !0.002 sii -3 f(x) = 4.998 ~iv f(x) = 5.002) 

LL~~Lritl X LL9lf19JN~1fl 1 LtJU. !0.0001 f(x) LLf1flfiH~1fl 5 LtJU 0.0002 

1f1uani£'~ri-3 L11L~:I.J~n~nm11"1JtJ-3 f(x) nm.1. ~1nfl1'lH~-3~D-3L71wtd1 ft(x) -51 

= 0.2 Lriu 1 x - 1j = 0.1 ,iufitJ jf(x) • 51 < o.2 Lriuhnf11ll~ o < jx -· q < 0.1 

, -llui-3Lf191 L'l1fh~u.f1L~vu1·1l1~ o < lx- 1 I LW71d1L71fftJ-31117~1fl1 f(x) L~tl x 

L'li11n~ 1 Lrhttu {x I 1) 

fit~ttJ I f{x) - 5j = o.oo2 Lri£1 I x- 1l = 0.001 LLil~ I f(x) - 51< 0.002 Lrit~L'l 
·nmllfi "< 1 x - 11 < o.oo1 

1f1£Ji£!L~U1nu I f{x) - 5 I = o.ooo2 Lriu I x - 1 J • o.ooo1 m~~ 
I f{,x) -·51 < o.ooo2 L~£Jh~mll~ o < I x - 1! < 0.0001 

L71~1ll~'ltlfi1L'liud.l t~LULL~~vh t ~fll"lJu-3 f{x) L'li1ln~ 5 ~ rhl.,ntti 1f1u~f11'llcH x 

£Jcltn~ 1 LLfihhYhnu 1 ~7t:Jw.,~nt:Jv1-3tti1, L,.,~,ll11tlfi1f11i~, l'lm"lJt:J-3~~,;,-3,~~1,.., 
" " u 

f(x) nu s L~mrhnu~L71'r•-mht~ 1f1ufirf11illtJ7n\r.~~ilH'l~\·rlH x flu 1 l~~Am~tJ-3Wt:l 
I 1 lJ I 

LLilLllLrhflu fJ"~ tl'ufi£1 I f{x) - 5\ ~1ll17tlfi1L~L~mYhY1'L71Wt:Jhtti 1f1ufi1 I x - 1' I 
LAnmh-3L ~£J-3Wtl LLil 1 x - 1 I > o m7firuuudLtlum'l*tlitJ1ufiiimt:J-3Yl-3fnru~LtJtJ~1 ttJ 
uvllJ 2.1.1 : t~ f LtluYf-3ni'u~-3~1fhL~Arwl'uY)n i ~1u1u~;-3lu'li1-3Ltlf1 1 (a £J~tu'li1-3 
LU91 1) m";J~~vm1'u~ a ~iif1'llv-3Yf-3ni'u f{x) Lriv x L-ll1tn~ a Ltlu L ~1ll17m1lvuL!Ju 

lim f(x) L 

r f(x) - L I ~13.117tlfi1 t ,.;\Am Yi1~L71Wv ht~ 1f1VL~i)fl I X -a I L~flflVNL ~tl-3Wtl 
LLil I x -a I> o 

1uantl'£J~ri-3 f'11~-3mtu f(x) L'fhtn~fiii., L Lrit:J x L'li1'ln~ a tr1f11illu,n\"1Ja-3r.~~fi1-3 
I \j 

'l~Wl1-3 f(x) nu L ~1ll17flfi1l~ilf11LYhfiL11Wvh 1f1ufi1L~ x i'jf'l1L'li1'ln~ a £JV1-3L~tl-3W£J 

LLii1llL rhnu a 

66 MA 113 



' 

ltJ 2.1.1 

~1nitmmufY1.4 thwfuYf"mf1.4itrnll 1fltJRllm"l (2.1.1) ~LRfl-lL\4~tl 2.1.1 ~1n~tJ 

L71~1J11Yf.,/iit4 f(x) 1J\4LLn\4.Y" nag1::wiu 5 - e m~:: 5 + e (,i'1.4f1a f(x) ~::a~ 
1l1UL\4 e ~U1[J'1Jll" 5) L~ll17nf11ll x,f.,ag1J\4LLn\4\4ll\4ll~"l::Wl1" 1 - d LLa:: .1 + .d {,i-1.4 
f1m~a11nf11ll x agrnu L\4 d ~1-hu '1la" 1) ~ia~flanmJ,.,11 f(x) U\4LLrl\4,r., R1ll11tl~lr'f" 
arh::~11" 5 - e LLtq:: 5 + e 1"U~lrlfl11 X l)[J1J\4LLn\4\4El\4tlth::~1H 1 - d LLtq:; 1 + d 

" " u 

~::L~t41fY11L1.4itU1mH.,.1.411Jiim"l~H~"~1'11El"Yf"/iit4 L~ll x = a ,i\4flll11Jiitn1ll 
~1LtJ\411Yf"ni'1.4~1~1'"'L~El x = a L~ll11 Jim f(x) ~1~1'"' ,;-.,~1llVH 

x-a 
lim ( 2x + 3) (x - 1) 5 x - 1 (x- 1) • · 

' (2x + 3) (x -·1) LLfl 
(x - 1) 

X • 1 

L ~a~~::~1iliif1'1lll"Yf"lii'1.4 '"'1"u1 ;91-, "'Uf17 "111 L 71~"9Ya"m7'Ylq~~~tq1U'Ylqt;~ 
m1~R;n1'1la"LLfitq::'Ylq,; 11mfl'uitmm1"1f1.4Ltl1.4 ~1.4~ 11.4 LLfi~:: 1li~R~u1 1.4 ~u.,Rmftlld w 1~tu u ~ ~ ~ 

'Ylqt;~~uln ~1n~rJ1\4Rt4h1~a11.41"'~,n~u"~El'11El" L~ithold : The Calculus with 

Analytic Geometry · 

lim (mx + b) rna+ b 
x- a 

i1odH m,-1i'Ylq,;~u'Yl~ 2.1.1 

lim (3x + 5) 
X- 2 

3(2) + 5 11 
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lim 
x- a 

c c 
I 

th~;JuYl~1YljuYl~ 2.1.2 t.;;J,nYl~1YljuYl~ 2.1.1 lt1rJL~ m = o ~L~:: b = c 
~ -i 

'Ylq'WQ1J'Y1YI 2.1.3 

lim x 
x - a = a 

~~;J~Yl~1YD 2.1.3 t.;;J1nYl~1YljuYl~ 2.1.1 1~tnHJ~~hX m = 1 LL~:: b ... o 

i1mh~ m"iL"irYl~1YljuYl~ 2.1.2 

lim 1 
X -- 5 

7 

lL~~ri17L'!l'Yl~1YljtJYl~ 2.1.3 

lim x 
X- -6 

-6 

-i -i 
'tlqllQUYI'Yl 2.1.4 tr1 

lim f(.x) • L lim g(x) =M 
x- a x- a 

lim [ f(x) ~ g(x)] 
x- a 

lim f 1 (x) Lt. lim f2 (x) = L2, ··············· x- a X -a 

lim f (x) L 
... :: 
., -3'\.l. '\.l, ............... 

x- n n a 

lim 
x- a 

Yl~1YljuYldw~ ;n11.; 
-c ~ 

nqllQUtl'YI 2.1.6 tr1 

lim f(x) .. L LL~:: lim g(x) = M ~-ltfu 
x- a x- a 

.,. I 

~l10f.JH 

= 7 

68 

lim 
x- a 

t(x) · g(x) L · M 

;J1nfl~1Y~tJYl~ 2.1.3 lim x = 
X- 3 

ii\ni'u ;nnYl~1!!-DtJYl~ 2.1.6 ;tt1~ 
lim x{2x + 1) 

X-- 3 - lim 
X- 3 

I .. .. 
;t1nYlq1!t!]tJYlYl 2.1.1 lim (2x+ 1) 

X- 3 

x · lim 
X- 3 

(2x + 1) 
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• 21 

'Ylqi'Jljun~ 2.1.6 H11J11~U1bLth.~11u1uvt"ri'll'u~uu1"'cr1u 1.,vth::qn4i~lnm1 

.. .,j 
rtq"t}1Jnn 2.1. 1 cr, 

lim f1 (x) lim f2(x) = L2 • 
x-a x- a 

........ ! ... , x lim a fn (x) 

lim [ f 1 (x) + f2 (x) + •••••••••• + fn (x)] = 
,x- a 

.. .,j 
nq"t}1Jnn 2.1.s 

lim 
x-a 

cr, 

f(x) 

lim (f(x)]" = L0 

x- a 
m1~~;Jii1"';J1n'Ylq,;!ju'Y1~ 2.1. 7 1.,ul ~ 

f(x) = f1 (x) = f2 (x) f3 (x) = ••••••••••••••• 

.. ' "'ltltiH 

L = L 1 
I .. .. 

~ln'Ylq,;~u'Yl'Yl 2.1.1 

fim (sx + 7) 
X- -2 

I 

;nn'Ylqt-tlju'YlYi 2.1.s ;~::1"'11 

L3 - ••••..•••.••••• 

-3 

x lim_2 (sx + 7)4 = lxli~2•(sx + 7)]4 

.. ... 
nq"t}1J'n'rl 2.1.9 cr, 

(-3) 4 

= 81 

= f (x) 
n 

= L 
n 

lim f(x) "' L m~:: lim g(x) 
x-a 

M LUI:: M :/ 0 
x- a 

lim f(x) L 
x- a g(x} M 

I' 

i'lflVH ;J1n'Ylq,;~unti 2.1.3 lim x = 4 LLft::;J1n'Ylq1-J~1J'Y1~ 2.1.1 lim (-7x + 1) 
:; 1 x-•4 . x-4 

• -'p il""" ;~1nnq1-J~1J'Y1Yi 2.1.9 

x lim 4 (-7x\ 1) 

MA 113 

xlim4 x 

lim (-7x + 1) 
X -4 

4 -4 
-=27 27 
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~ ~ k 
l1q\lt')U'Vl.'Vl 2.1.10 '11 

lim f(x) L 
x- a 

lim v«xl = ~ l. 
x- a 

tf1 L > o m~~ n Ltl\.\~1\.\'"J'\.ufh.Jmnh1 1 ~ifllh L ~ o u~:: n LU\.\~1\.\1\.\~ 
fi'1mhH-riu 

~flhl 

lim
4 x-

X _ 3("7 
-7x + 1 ·\J 27 

~1mh~ 2.1.1 ~~m lim (x2 + 7x - 5) 1~uun'Ylf11!tiitJ'Yl~'li~1!J X- 3 'I ;.J 

}nth x lim 3 (x2 + 7x - 5) • lim x2 + lim 7x - lim 5 
x-3 x-3 x-3 

_ lim x lim 
- X-3 ·x-3X+ lim . 7 . lim x _ lim 5 

x- 3 x- 3 x- 3 

- 5 't1. tJ. 2.1.3 

= 9 + 21 - 5 

= 25 

't1.tJ. 2.1.5 

't1.tJ. 2.1.6 

't1. tJ. 2.1.2 

'lfon~lflfl L 71~1ll1'l tl ~1fl1~ijfl1~l!J Hth:: 1!J"D'I1'l1 n., G1!t li ~iifl1~HJfl'l "1~ LL~:: ~ 1WftJ 

~~li'll'u f ~"ilEJ1ll1flu, f(x) = x2 + 7x- 5 ~u11 {(3) = 32 + 7 • 3 - 5 = 25 ~"ij 
fl1L.vhtiu xlim. 3 (x2 + 7x- 5) LL~hlLiJu'l;..1LftllP)1l.J11 xlima f(x) "' f(a) 'lufi'1mh" 

~ x lim 3 f(x) = f.(3) L~'l1d1yt..,/i'Jl'u f ijm1ll~·eHdfl"~~fl x = 3 ~"'l~n~11~"f'l1lll 
. ~ll1EJ'lJD"yt"fi'll'u~mda..,1u~1'lia 2.5 

"' ' 1· x3 + 2x + 3 .11 .~ .... .. ·~~k 
~l1tH.IH 2.1.2 ;J"Yt1 1m? 2 ~~fl3J·r~"'l.Jfln'r1G1!tlJ~llfl't1L·o•ll!J 
"'-=( ,, 

'J6n7 

70 

lim 
X- 2 

X-- X +5 

x3 + 2x + 3 
· xz -;- 5 

, 
I "' 

lim x3 + 2x + 3 
·x- 2 · x2 + 5 

xI~ 2 (x3 + 2x + 3) 

lim (x2 + s) , x- 2 

('t1.tJ. 2.1.10) 

('t1.tJ. 2.1.9) 

MA 113 
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lim x3 
+ lim 

2 
2x + lim 3 

X- 2 x- x- 2 
('Y1.1J. 2.1.5) 

lim x2 + lim 5 x-2 x-2 

( lim x )3 lim 2 0 
lim X + lim 3 

x-2 + x~ 2 x- 2 X-2 

( lim ><-2 
X) 2 + 

lim
2 X- 5 

j ( 'Y1,1J, 2.1.6 LL~:: 'Y1.1J. 2.1.8) 

('Y1.1J. 2.1.3 LL~:: 'Yl.tJ. 2.1.2) 

J 8 + 4 + 3 
4 + 5 

J,i5 
3 

~i1ovH 2.1,3 .. ~-l~, x lim 3 ~
3 

: ~7 vd'a11tJilfl'Yl~t;~tJ'Yl~l"lt 
16n? ti1mh.,\tiliJ~~,~-'rnmJ1m Yi11::11'Ylqt;~tJ'Yln 2.1.9 1lls111111HJ::u11tJl<f~ue.~~~,, 

3 'l.1- 1 lim .., 
(x -: 27) I (x- 3) L'fJLYi11::11 x- 3 (x - 3) = o LLfiarlH L1fifl111 "'1Lil1Lf'lt; 

111LLfJT1LLY-lflLfltJ'l ~::11111 

x3 - 27 
x-3 

• 
(x - 3) (x2 + 3x + 9) 

(x- 3) 

• (x2 + 3x + 9) "'1 x , 3 

LYi11::11 "', X I 3 L11811111tl~11Lf'li;LLft::ft1~~~1V X- 3 111 
.. I lim [ x3 

- 27 l! • I .. .1( l .1' 1'1 I I k, 
L11il~1f'l1 x - 3 X _ 3 

1L ~Yii1'HI41fl1'llil-3 X L11il X L"U1 11~ 3 LLfl L11L 'Y11n1J 3 

lim x3 - 27 lim (x - 3) (x2 + 3x + 9) 
X - 3 X - 3 X - 3 . 1x - 3) 

lim (x2 + 3x + 9) 
.. X- 3 

~11Lf'lt;LLft::ft1~~~1[J (x - 3) L Yi11::11 X , 3 

MA 113 

I 

lim x2 + lim (3x + 9) 
x- 3 x-3 ('Y1.1J. 2.1.4) 

I lim X)2 + 18 
'X- 3 

(3) 2 + 18 
27 

('Y1.1J. 2.1.8 LLft:: 'Yl.tJ; 2.1.1) 

('Y1.1J. 2.1.3) 

71 
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1/ U x3 - 27 ~~~ I I lll,.t' ... ' 
'llOLHlOfl 3 L1JR11J17tl~1fl1 LYI LlJD X = 3 LLfl 

X -

lim 3 (X
3 

-
27

) ~1fh11fLLfl~ijt"hdJ'U 27 x- x -3 

i16Vl.:J 2.1.4 rh~u~l11 f LU-u~-:~ri-Kuoii \IU£J11l 1flv 

f(x) 

;J-:~~ 1 lim f(x) 
x-4 

'· 

= { X- 3 

.5 

ih X I 4 

if1 X = 4 

1oth L~D~,,h lim f(x) t""~n~nm11"1lu-:~ x ~L'1i1tn~ 4 LLf111lLYhffu 4 ll.nfu;J~tll 
X -4 

lim f(x) 
x- 4 = 

;J11lti1uV1-:~d 

LLfl f(4) = 5 

lim (x- 3) 
x-4 

lim . f(x) · 
X-4 

ti1nrl1-:~ 2.1.4 d Luouti1nrJ,.,e]u'VI~-rJJn-:~vt-:~fm'u~-:~11lflmdn-:~n x .. 4 lu'Y11.,LnJ1mU" 

iifl111J~ll1V11 11'1Wnlil-:l~-:lnioui.im1"1l1flfiDU~;Jfl X = 4 (fl7tJ 2.1.2) fi11YhJ£1'11~-1nfu 
I \Ill 

th~fl£JUif1V~fl1flfiL~V'l (4, 5) LLfi~LftUfl1 ~ -:~iiHll1111LUU y = x - 3 vm1u~fl ( 4, 1) 

i1flVH ;).,~, lim vi. 2 
x-4 x-4 

11 

51-------. 

nJ 2.1.2 
v 

mn1 L~ijilULUtl1DV1-:I~r.J1UlJ1 'Yl~~~\J'Yl~ 2.1.9 11lB11J17t11.h::qnll<fffu~ft'VI1nJ£l'l1 (Vx . 2 
I .. .! l·" I "' .:: I ..t' X - 4 L~71~11 lim (x • 4) • 0 L~£1111 1'1~ft~11-31lni'U ~m'Yl.,Lfl~LLft~R1Ut~1V{l( + 2 

;)~111 x-4 

y'!-2 • JE:-2 ~+2 • x-4 
x - 4 .x -

1

4 .;x + 2 (x - 4) (vx + 2) 

L ~71t11L71ti1'Lt"'V11fhtUi91Lt\il X L'1i1Lmt 4 L11l.,fi117 m1fll!lil" x L~il X L'1i1lmt 4 
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\X - 2 

X -4 

lim \X - 2 
X - 4""'X=4 

thflfltJ;)::t~dJ~ 
v>< + 2 

lim 1 
x- 4vx + 2 

lim 
x......;.4 

('Yl.tJ. 2.1.9) 

-------- ('Yl.tJ. 2.1.2 LLfl:: 'Yl.tJ. 2.1.4) 
lim lim 

x-4 vx + x-4 2 

1 ('Yl.U. 2.1.10 LLfl!: 'Yl.tJ. 2.1.2) 

. I lim x + 2 V X-·4 

' ('Yl.tJ. 2.1.3) 
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1 

1. 

2. 

3. 

5. 

6. 

7. 

8. 

9. 

10. 

11.. 

lim 
X _.,. 2 (x2 + 2x • 1) 

. ~· u ..l 
.UlJlJHfl,~tl 2.1 

y I~., (y3 • 2y2 + 3y • 4) 

lim .t..:...?. 
t--22t3 +6 

lim 2x + 1 · 
x - ·1 x2 • 3x + 4 · 

lim x · 2• 
x- 2 x2 ~ 

). x2 · 25 
lm --

X - ·5 X + 5 

lim ~ 
y - ·2 y + 2 

lim~ 
5 - 1 5 • 1 

lim x2 + 5x + 6 
X - "3 x2 · X • 12 

~lm 3x2 • 17x + 20 
:< - 4 4x2 · 25x + 36 

lim J Br + 1 
r-1 r+3 

12. lim x 2 + 3x + 4 

1 J. 

14. 

15. 

74 

x - 2 x3 + 1 

lim r y2 • 9 
y - •3v 2y2 + 7y + 3 

lim ~t3 • 27 
t - 3/2" . 4t2 . 9 

.lim 
X- 9 

3 ·$ -g::-x-

l 

MA 113 



16. lim 2·V4-f 
t - 0 t 

17. lim vm . v'2. 
X- 0 X 

18. lim ~rx- 1 
X - 1 X • 1 

3-

19. h lim vh + 1 - 1 
- 0 h 

20. lim x 3 - x2 - x + 10 
X - ·2 x2 + 3x + 2 

21. lim
3 

2x3 • sx2 • 2x • 3 
x- 4x3·13x2+ 4x· 3 

22. ""1 f(x) • x2 + Sx • 3 ~~~~&Ul~11 
lim 

x - 2 f(x) • f(2) 

x ~~ -1 F(x) • F(-1) 23. ""1 F(x) • 2x3 + 7x • 1 ;)~LLftfl~11 

24. ""1 g(x) • X
2 

• 16 'H~Lftfl~11 
x li~ 

4 
g(x) x.-. ~ L~fl g(4) £lftJ1tJ1J.i1~ 

25. ""1 h(x) - vx-;-9- 3 ;J~Uftfl~11 
x Ji~ o. h(x) ., l- LLfl h(O) £lftJ1tJt~t~ 

26. Th~~flt~ f LtJ~~-3~f~\ttJ1lHtJ~ 

1
2x·1 ;xr/2 

f(x) • 
1 ; x • 2 , lim 

26.1 ;J-3~1 lim 
2 

ftxl ~~~::;}..JL~ftfl-311 x - 2 f(x) r/ f(2) 
X- "' 

26.2 11iv~m1m£l-3~-3mr~ t 
27.· f11~~flt~ f LtJ~~-3~f~\ttJ1liLtJ~ 

2. 7.1 

27.2 

MA 113 

Hx) • \x2 . 9 ; 

4 ; 

X r/ -3 

X., -3 

;)-3~1 x I~ -3 f(x) 

L1iv~mwftJ£l-3~-3~i~ f 

lim f , f x - -3 (x) '" (-3) 

\ 
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.. 

... ... , <4 

2
•
2 

tnJfl,.l~l~V1 

one-side limits 

L~afhnnu.1 lim f(x) Jj1.4£im1~L~tl1"1ia-3Ti'Ufl1'11El-3 x L1.4'!b-3Ltlfl ~~.,,~ a 
, x-a 

LLtl · x 1 a 1l'1.4fiafi'11Ja-3 x ;J~L"'i1Ln« a LLfl~ x ;J~iifi1~1nn1w.;mlar.~n-l1 ~ mh-311nfl1~ 

ti1E101-3L'lf\4 lf1£iVf-3fm\4 f ~-3 f(x) = AfX=4 L~11d1 f (x) 1~R1~1'Hl'-'1fll11f th x < 4 

vh~i\4 f 1~R1~11a'-'1fl11~'U\4'lf1-3LUfllfl j ~-311~ 4 li'-3~\4 L111~Rl~11a~;)11tu.1 
~ miH',;;"',~ tY1 x ~mh'-'1-4flL«iifi1~1nn1·1 4 fi1'1la-3¥x="4 ~,~,.,ati1t~'L"'i1tn« 

fl\4~Lvh~~nh111 t.,r.~t«fi, x L'Ji,tn« 4 mh-3Li4r.J~~a LLfl~1nn11 4 L\4mmL'lfl-4dL-,,t« x 
v 

L"'i1Lfl« 4 ;)1fll11-3'!111 LLft~~;)17tu.1 "fiiitlf1-3Lfit11;)1fll1H'IJ11" '-';El "fiiimmiia" (right-

hand limit) ~-3iiilm~~~~d 
illn11 2.2.1 : 1~ f Lih~~-3fm\4 ~-3'-'1fl111lti1'-'i''UY)n j ~1\411.4;)7~L1.4'l11-3LUfl (a, c) _ ~~~~\4 
fiiifl'IJEl-3 f(x) L~El x L'li1Ln~ a . ;)1fll1H'IJ11 fia L L1lti\4LU\4 

lim + f(x) = L 
x-a 

th 1 f(x)- L 1 R1~17tlti1Lv;L~mvh~L71~ah tflt1~1'l~ x- a Lanno1-3Li4r.J-3~a LLfl 

x- a > o 
..r'o~an~ L\4fl17LLafl"ilt11~ t~iifi1i3J'U'Hii. «a3J x- a L~11d1 x- a > o v 

fl1~ilEJ13J ;)~1~ 

lim + ~x-4 o 
X- 4 . 

~;)11tu.1~iifi'IJEl-3~~~\4L~Elfi1LLth~R7~ x tlflfi1'-'\4flL«£ifh\l'ar.Jfl11 a ,i-\4flel x L"Ji1 v 

'ln~ a m-3'll'1r.Jiia L;r.Jnfiiifld1, "~iifl'li1-3Liir.J1;)1fll11-3'll'1tl" "';afiiifi'Jl'1t1iia (left-hand 

limit) . 
UV111 2.2.2 1« f LfJ\4~"~i\4~~Yjfl j ~1\411.4;)7-3L\4'lf1-3LUfl (d, a) t-3~\4 ~iifi'IJEl-3 f(x) 

L~n X L"'i1Ln~ a ;)1m1ULfJ\4 L L4iti\4LU\4 

lim f(x) • L 
x -a· 

th J f(x)- L 1 ft13J17ati1L«Lamvh~yt!l\;) tflvti1'l« a-x LlnnoHLi4v"~n LLft~ 
a-x > o 

;)1flitll1~ mh111 a- x, > 0 L ~71d1 a > x L~!l x L"'i1Lfl« a l11-3'll'1Vii!l 
ti1wfu lim f(x) ~\4L71£l1U~fl~1Tl1LfJ1.4fiiifl 2 "'i1" (two-side limits) L~n x-a _ 

L«LLflrwl1-3i1fl fiiifll11-3'll'1V LLfi~'Yl1~11 
I I t 

Yl~~liul'lil 2.1.1 - 2.1.10 ilfl1'-'1.4flL«l1.4«1'fiE 2.1 ll'"fl.nrl'-4;)7~ LiinLLYl\4 "x -a" 

76. MAllS 
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..I': •• .. ~ .. " 
"1!1 x - a• ~•tl x - a· 

i·:n,dH 2.2.1 l~ f iW1JJ 1il!! 

-1 !'1 X < 0 

f(x) - 0 !'1 X • 0 

1 

1. ';J-3L;)!J~n71Ml£l-3 f 

2. ;)-3~1fh x limo_ 

3. ;)-3~1fh lim
0

• x-

!'1 o < x' 

f(x) !'1~1fi1l~ 

f(x) !'1~1fi1l~ 

1i1h 1. L;)!J~n"'lMltl-3 f LLRil-3t~;tJ 2.2 .• 1 

1<>----~ 

------~0 . .---------~x 

1 

1t.l 2.2.1 .. 

2. lim f(x) lim ( -1) 
'"' x- o- x- o-

lim + f(x) 
x- o 

3. lim + (1) 
x-0 -

lim _ f(x) 
x-O I lim + f(x) 

x-O 

L wn::11iUifl't'l1n1!J£l EILL~:: filifl'Yl1-3'1111iiil lllL rhff~ 
lim f(x) ~lfhllll.,-

x-0 

·1 

1 

YJqlJQ 2.2.1 lim f(x) · ~lfhlll u~::iifi1Lrhffu L 
x-a .. 

~flaLiia lim _ f(x) LL~:: lim .. 
X-a x-a 

f(x) ~1fi1l.,. LL~::fijjfl,;'-3Ril-3fh-3£ifl1LYhffu l 

i1£ldH 2.2.2 \~ Q it!JlJJ 1il!l 

... -c • 
16n1 

MA 113 

{
Jxl !'1 X .j 0 

g(x) • 2 !'1 x .. o 

1. t ~L;iv~n·nma-3 9 
2. ;J-3~1fl'Mlil-3 lim g(x) !'1~1fi1l.,­x-o 

1. rrnmil-3 g LLRil-3fl1JJ1t1 2.2.2 

.. 
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lim
0

• g(x) 
x-

lim
0
+ g(x) 

X-

.t~tftt 1fltJ'Ylqt;~ 

• 

atJ 2.2.2 

lim . (-x) "' o 
X-0 

lim + (x) = o x-o 
lim· g(x) ~1fi11"'m~::iifiwrhnuflu~ 

X- 0 u 

'Jiai~Lnfl g(o) • 

i1tlth~ 2.2.3 't~ h 

2 1a.Jiie.~~fia lim g(x) 
X -0 

"' I 

h(x) = { 4- x
2 

. 

2 + x2 

1. ~~L;)tl\4n'11Wu8~ h 

X .$. 1 

1 < X 

2. ~~~1fl1"1Jfl-l lim h(x) , lim + h(x) , lim h(x) tr1~1fi11"' 
X-1· X-·1 X-1 

2. lim h(x) 
X- 1" 

lim + h(x) 
X- 1 

1~v'Ylq~~ lim 
x-1 

urn,+ (2~x 2 ) • 3 
X -

h(x) ~,fi,11fu~::iifi1LYhnti 3 i~Lnfl1, h(l) • 

mmn.3 2.2.4 1 ~ f itt111J 1~v 

78 



X + 5 'CY1 X <t •3 

f(x) 49 - x2 'CY1 -3 $. x $. 3 

5- X 'CY1 3 < X 

1. ;J.Hiivumw.J-uil-3 f 

2. ;J.:nmil'JJfl\1 lim f(x) . lim ... f(x) . lim _ f(x) . lim
3

• f(x) tf1 
x- -3- x--3 x- 3 x,-

1. n:nW"l..fl\1 f LLtHl\l<;ll:I.J'HJ 2.2.4 
u 

1tl 2.2.·1 
" 

2. lim f(x) lim (x + 5) = 2 
X -~ -3- X .•. 3-

lim f(x) lim ~9 - x2 = 0 
X - -3+ X - -3+ 

lim f(x) lim J97 • 0 
X - 3- X -3-

lim f(xl lim (5 - x) - 2 
X - ~ 3. X ~ J+ 
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;J u UtJtJ fl'H~ 2.2 

~1TIU1J1JtJn~trra 1 ~~ 7 l~L1lrJ14TI11W!lo~vt~nf14~Th"'14flL~ LLfl::"'1fl'ftiO~Ilifl . 
tY1"' 1fl1 t.r tY1filit1"'1fl11lJt~ L ~\JilTIL "'fl~ll 

2 tY1 X < 1 

1. f(x) • -1 tY1 X • 1 

-3 tY1 X > 1 

1.1 lim + f(x) 
x-1 

1.2 lim f(x) 
X - 1-

1.3 lim 
X _. 1 

f(x) 

2. g(x) , "' { 4 -.X tY1 X ,S 4 

x- 6 tY1 4 < X 

2.1 lim + g(x) 
X ..... 4 

2.2 lim g(x) 
X - 4-

2.3 lim g(x) 
X -4 

3. ·12x + 1 
'tY1 X < 3 

h(x) 
10- X th 3 5. X 

3.1 lim h(x) 
X _. 3+ 

3.2 lim h(x) 
X -3-

3.3 lim 
X ..... 3 

h(x) 

4. 2r + 3 tY1 r < 1 t 

f(r) .. 2 lh r • 1 

7- 2r tY1 1 < r 

4.1 lim + f(r) 
r - 1 

4.2 lim 
1
_ f(r) 

r-
4.3 lim 

r - 1 
f(r) 
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s. F(x) = I x- 51 

5., lim 
5

+ F(x) 
X-

5.2 lim F(x) 
X - 5" 

5.3 lim F(x) 
X - 5 

6. f(x) = w 
X 

6., lim 
0

+ f(x) 
X -

6.2 lim f(x) 
x - o· 

6.3 lim 
X ...,. 0 

f(x) 

7. 2 a'1 X < -2 

f(x) .. ~2 a-, -2 S X S 2 

-2 a-, 2 X 

7., lim f(x) 
X --2-

7.2 lim f(x) 
X .--2+ 

7.3 lim f(x) 
X - 2" 

7.4 lim f(x) 
X- 2 ... 

MA 113 
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ih1~mru~ 
2

'
3 

Infinite Limits 

X 

f(x) 

~';111 m1vt-1~'!l'\4 f(x) .. ~ ~ -1T111MJv-1vt-1~f\4d~.,mi\41ti"ti"1tl 2.3.1 
X 

ltl 2.3.1, 

~112J1~~11m1fi-n~v-1vt-1fnr\4 f ~rlv x L'1i1'ln~ o 1flu'l~ x ~;h'ln« o ~1nYIH'll11 (~1v 
Yl1-3fl1tnn) ~;J::1t'lfi1"11v-3 f(x) R1Wi'UU1-1fl1~v-3 x ~Th~\4fiL"" t'i-39'1111-1 2.3.1 

1 1 1 1 1 1 
2 ··············· 3 10 100 100_._000 

1 
1 4 = )(2 9 100 10,000 10,000,000,000 ··············· 

Pl11H 2.3.1 

;J1nfi1L\4fi11H 2.3.1 ,::L~Wl1 ~rlD'l"" x ij•h~'1i1'ln« o 2J1~\4 1flu~ x D-1fHii 
fi12J1nn11 o v~ fi-n~D-3 f(x) tfw;J::iifi1L~~'"1flv11li'rt1Du~~fl~1nfl '1111am;Jnft111~11 .. L11 
R12J11ml::vh 1"" f(x) iifi12J1nn11~ 1\41\4U1n Lfl , ~Th~\4fi2J1L ~ (J\4fia L11R1ll11ati1'l"" 
f(x) iifi12J1n~vh11~11lfi12J~el-1nl1) 1flrJn11L"" X iifi1L'1i1Lnft 0 mh-1L~rh'J~v1flv~ X o.:~ii 
fi12J1nn11 o v~ LLfl::;J:: 'li&fqJ~n~n4 lim f(x) = + -:x> L'iirJ\4LLYI\4fl11ll~ll1V~11vt-1~f\4 
f(x) .. ? iifi1L~~"1flu11lmmH~fl~1l.,m::~ x iifi1L'1i1'ln« o ,,nYI1~11 (1flv x ii 
fi12J1nn11 o LRllD) 

L\4vi1\4v-1LfitJ1n\4 

fY1 '"" x Li1Lnft 0 ;J1nYI1-3'1l'1rJ (~;tlY11.:Jf'hflU) 1flU x iifi11tvvn11fi\46Lftlltl 
I \1 

,::1t'lfi-n~a" f(x) R1Wi'U1.J1-1fl1"ll£l.:J x iin1~\4flL"" fi-19'1111-' 2.3.2 

X -1 1 1 __ 1 1 1 -- -'"1'00 - ............... 
2 3 10 100,000 

f (x) 
1 

1 .. X2 4 9 100 10,000 10,000,000,000 ............... 
fll1U U.2 
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~1Tlfh1ufl111\l 2.3.2 ~::L~u11 L~n 1~ x iifiwn-11n~ o 111n~~u 1flrJ~ x V\lfh1 

iifi1\lmm11 o fl~ flfl x £ifi,L'1i11n~ o · ~1nr~H•n1r1 fi-n~fl\1 f(x) ~::iifi1L~~u1flr~1lli'nlfltJL'llfl 
'hnfl ;H\1 LiiFJULLflU4f1rJHtl!«n'llru x ~ 0- X~ = + 00 

.;,Ju ~::Yiu11 "llm::~ x L'1i11mt o ~\1~1nm,.n1rJLLfl::~1nf11-"ll11 fl1'llfl\l f(x) 

~::L~~u1~rJL3JmfJUL"!Jfl~1ri~~\l,fU ~\I~~LoV!JULLflU4f1rlRtl!~n'lJm lim ~ = + oo 
x- ox" 

~1n ~ \1~ n~11 JJ1LL~1 m~ rh~UflLiJUUU1JJLii'ti\ld 

UU1lJ 2.3.1 1lX f LUU~"fnru~Vt1fl1L4i'R1Vti'ur~n j ~1u1u~i\ILUU1\1"1J1"tl" · ~ii a ml~1r1 
' u 

(vmiu~~~ a ;H\Im~~:;£iVt1fJL3Jn141) ~::n~11ll f(x) iifl1L~JJ~U 1~rJL3JmfJUL"!Jfl~1nfl 
'llf\4::~ x Ul\IL"Ji'1~ a (~\ILii£JULLflU4i'1v x lim a f(x) = +OO ) ~1 ~1JJ11t1Yh1~ f(x) 

iifi1JJ1nn11~1U1UU1n1~ i ~rhVtu~JJ11~ 1~urn,-rh1Vi' 1 x - al iifim~n111nVifl m~:: 
I x - a I > o "'1£J 

,l-u;;fl m~n~11 1.,1, fl-nlfl\1~\lfnru f(x) ~::iifi1L ~~u 1~r~1llmflu L"llfl~1rifl "1J m:: 

~ x UHL'1i1~ a fh ~1JJ11tlrh1Vi' f(x) iifilLVtqjVifl~lJJ~L11.,tl\lnl1L4i'1f1£Jm11~ x iifi1 

Li1'ln~ a flU1\IL~hmfl LL~.;tl\ILllLrhriu a 

.u'ari'~tnVI ~\11::~m~JJfl11 + oo LJJL"li~1mu~1" ~\lttu m1~mLiiuu lim f(x) 
x-a 

=; + oo flu lim f(x) = L L~fl L Liju~1U1U;Ji.J UflJJLllLVtilflunufia lim f(x) , x-a , x-a · 
= + :x; .n\IL'l1'D1Ul1 ~iifl"lJfl-l f(x) "lJm::fi x ci1.JL"Ji1~ a iif11LUUU1nmhl.41 1umn1 

L"liudL11L1r~n11 "~iiflVt1f111ll141'' (does not exist) Vt1a1llii~iifl 
'lurhufl\IL~rJ1riuriu~n~11JJ1LL~1 ~,~~T'HU1tf\ln"Jl'u g(x) = -1

2 (~\ILU~ 
1 ' " X 

ilL~;"lJ£}\1~\In"ll'u f(x) = 2) "lJm::fi X U1\IL"Ji1i 0 tl-l~1nf11~1rJLLfl::~1nf11-"!l11 n~:: 
X . ,u 

Yiu11 g(x) iifi1flflfl\l 1flv1llmau L"llfl~,,;~ .n .JLiir~uLL 'Ylu4i'1rlitl!«mru x lim 0 - 1
2 = 

. " X 
- oo LflrJm1Wila"~"fi"ll'u g(x) it ~::ii«n1jm:;~"~tJ 2.3.2 

.X 

1flrJm~n~11L!luilrJ1JJL4i'ti\ld nJ 2.s.2 .. 
ut111J 2.3.2 1« f LiJutt\llnru~iif'l,~hVti'tJY)n i ~1u1u~i..,1uu1\l'!h..1Ltlfl 1 ~ii a ag~1r1 
(r~miu~fl a m~~::Vt1fl114i'Vtia11ln141) ~::n~1111 f(x) iifi1"'flfl\l 1flr~1lli'nlauL'llfl~1fi'fl 'llm:: 

~ x VNL'!i1« a ~\ILoVrJULL'YlU~1rJ lim f(x) = - oo ~1L11H1JJ17tl,;1'l~ f(x) ilf'l11l'£lrJ 
u x- a 
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m1.1\41\41'1Jlfl, l~rh~\4flJ.J1\~ _lfltln,,h\~ I X - al Slt'hLim.nnv.e u.a:: I X - ar > 0 

~1!1 

11n x ~a f(x) • - CXl £h'L411 "fiijtnJD-3 f(x)" ~m::~ x U1-3Lf1~ a Sl 
fl1LtJ\41'tJD\l'\4~ ~-3\'L4m&itd L11~L1Vm1 fi5jfl~1fl1WWl~ ~1e'WilliiflflO \4Dflt1nd 
ff-'£n';I~;J1'H141fi5jf1•D\3Lfi!l1~Lti'L4D\l'\4~ J\4tiD fi5jf1DHDUL'L4ltltfl11J~Q_, l-3ttDl1Jd .. e 
x lim a+ f(x) • + c:xl ~!a x lim a+ f(x) • - CXl ~!e xI~ a- f(x) • + CXl ~!D 
x lim a_ f(x) • - CXl ~l~ 1flOL1n::nli1Tl1 x lim a+ f(~) • + (X) &!1 f Slfhch~f1Jf!11 , 

~1~1\41; -'L'L4tJH'li1..1Ltlfl (a, c) 1fiVL11W1J.J1'HJYh\~ f(x)' Slf11J.J1nn11.1\41\41J1n~rh~\4fl 
J.J1hfL~1flvm·nh'l~ x- a Slf11L,nDUHL~U-.10,il 1flv~ x - a > o 

th~i'u\ttnme-.1 lim .. f(x) • - oo · x-a • lim f(x) • .. oo LLa:: lim _ f(x) 
X- a· , x -a· 

• - oc ~w11J11ana11l~ 'l'",;,'"e"""',v"'""'" \ 

~\l,,a.,~"ni''" h(x) • 1 L11';1::o,u11 
X 

• • CXl tl-.11l10,L\4111 2.3.3 r 
u 

I. 1 tm _. 
x- o+ x 

J• 1 
+ (X) u.a:: x ~ o· x 

1t1 2.s.s 

J'"tie H1~i'tJ~-.1ni''L4 h(x) • ~ 11m::~ x UHLf1~ o ;nnvn~11 fi~e-.1 h(x) 
f'! I .: .1i 1 .. l_fO_, .,! 1Jt .J I ~ I ~ 1f. f1! I ;J:::llfl1LO,m\4 fltl Lllll"lliltiL1Jfl~1nfl U.I':::1Jtl4:::fl X !JHL111'! 0 ;)1fl'Yl1'1l"D1tl h(x) nt::JJfl1 

l'fll'-.1 1flv1J.l~ Dtl L,fl ~ 1rlflL'!f\4 rl\4 
;J1ni ..1~na11 ~..1J.J1LLI1 enu1J.J1 n'fl11 L'L4i11nql!t5un 1~ ti-.1tin ltJd 

'n()\IQ'U'n 2.3.1 'CY1 r Lti\4~1\41\4L~J.Jt11n'lfl , u.&t1 ;J:::l~11 
1. lim 1 

x- o+ xr 

lim 1 x _ o- X"r 
., ' fi1DfJH 2.3.1 ;nn n.u. 2.3.1 

84 

lim 1 
x- o+ 3 

X 

- + CXl 

• { • oo &Y1 r Ltl\4~1\41\1.~ · 
+ oo &Y1 r Ltl\1.~1\41\4~ 

·~flft11l~11 

• +OD 

MA 113 



2. lim 1 • +00 x- o• xB 

3. lim _ 1 .., - ao X-0 xs 

4. lim 
0

_ 1 - +00 x- xs 

nqllQ1JVI 2.3.2 R1Wll.J~1\41\4;J1-.1 a til, 11'1 lim f(x) 

~~tl C ~iJ\4fl1fl-.1fi.i -.1la.J~ y),ffu 0 ~L~1~~11f11 X -a 
lim g(x) 

x-a 
= c 

1. 11'1 c > 0 LLfl:: f(x) - 0 VIHfl11.J1fl'lltl-.1 f(x) LLf1 X lim a _m. • + oo 
f(x) 

2. 1Y1 c > 0 LLfl~ f(x) - 0 V1Hfl1fl1.J"lltl-.1 f(x) LLf1 X lim ·a ...si&. • - oo 
f(x) 

3. 1Y1 c < 0 LLfl~ f(x)- 0 VIHfl11.J1fl'lltl-.1 f(x) LLf1 X Jim a m- • -00 

4. 1Y1 c < 0 LL~~ f(x) - 0 VIHfhfl1.J"ll£l-.1~(x) LLf1 X lim a n~~ • + oo 
.. 

HlllUIH'! 1Y1L11LLYI\4 X- a lf1t1 X- a+ ~:;£) X - a· nq~nun 2.3.2 fto-.1 

fi-.1LU\4'i1" 

... ' fi10Vl~ 

1in1 

MA 113 

I 

2.3.2 ;).,)~1fl'n.ltl-.1 

( 1) 

(2) 

(3) 

(4) 

(1) 

lim+ X + 2 
X-3 x-:--3 

lim . X+ 2 
X- 3- -x-:-3 

lim
3

• 2-x 
x- x-:--3 

lim
3

_ 2 - X 
X- --x:-3 

~111 lim
3

• X+ 2 
X- x-:--3 

~~r.u11 · lim + x + 2 - s > o 
X-3 

LLfl~ Jim + X - 3 • 0 Lrl£1 X - 3 Lf1lnf 0 VIHfl11.J111 
x-3 

~r.,,f\4 l1n YJ.u. 2.3.2 fn 1 ~.,11111 
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. lim3• 1L:!:...!. + C1J x- x- 3 

(2) 11n lim ~ 
X- 3· X· 3 

(3) 

lim . x + 2 • s > o 
X-3 

~fl:: lim . x - 3 • o L0£1 x - 3 L"'i1Lmt o 'Yl1~fi'ifltJ 
X -3 · 

.,-~J\4 ;nn n.u. 2.3.2 "'i£1 2 ~~1.t11 

Jim3. x + 2 = 
X- -x:--3- - C1J 

;nn lim.--~ 
X -3 X • 3 

I 

lim+ 2 - x • ;~::~tJ11 -1 < 0 
x-3 

LLfl:: lim + X • 3 • 0 b~£1 X • 3 L.,j1Ln'« 0 'Yl1~fl1tJ1n 
X-3 

k t ~ ~ I 

"~1.4" ;11n n.u. 2.3.2 "ll£1 3 ~-~ ~.t11 

lim.~. ·CIJ 
X -3 X. 3 

(4) ;nn lim 2 - x 
X- 3+ x--:-3 

;J::~tJ11 X lim
3

• 2 • X = ·1 < 0 

LLfl:: lim X - 3 = 0 b~tl X • 3 b.,j1Ln'« 0 'n1~fl1fltJ 
X -3-

.,.~J\4 ;11n n.u. 2.3.2 .,Yt~ 4 ~~1.t11 

lim _ 2 - x = + ::o 
X -3 -x:--3 

i1VVH 2.3.3 \l~Vt1fl1"1l£l~ lim ~ x- 3+ :x-:--J . 

86 

lim .fX2:9 
X -3+ x--:-3 \11n 

I t 
L~11::11 X- 3+ L~'l1::~::U\4 X· 3 > 0 

.,-~\f\4 x - 3 = 4(x - 3) 2 

.lim~ 
• • X-3+~ ... 

lim + ~(x - 3) (x + 3) 
X - 3 • t-,:::;::;::f::==:;::-...:. 

~(x-3) 2 

• lim
3
• (tS(=J) (~) 

X - (-{X • 3) (~) 

• lim.. "TX+J 
x-3 ~ 
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0 

LL1'1::: x lim 3.(,("73 • o ~~tl x - 3 ~'1i1Ln~ o 't11-3f11t.nn 

;,1n .,,u. 2.3.2 '1!t~ 1 1.,-1, 
lim~ · 

X - 3• x--:-J • + co 

.. 
Vlq'Wt}1J'YI 2.3.3 

Jr lim 
1. "1 x- a f(x) = +""" ''"'... lim g(x) ..,. , • ., ... x- a 

~~~1 ;,::: ,.,.,1 
lim { f(x) + g(x) 1 

x- a 
= + ::;x; 

lim f(x) 
x-a 2. t1 = -:X ~·"'... lim g(x) • ., ... x -a 

LL~1,:::1.,.11 

lim [ f(x) + g(x)] = - :x 
X-i\ 

t11.11Uit1fl if1L-,mm~ x- a .,.,rJ x- a• ~7t! x- a·· 'n.tJ. 2.3.3 ntJ-lflJLUU,~-3 • 
i1vth-3 2.3.4 ,_,~1f11 lim • [-1 - + - 1-] 

x- 3 x-3 x+2 
16~h L~11:::-l1 lim .. _1 _ = + oo . 

x-3 x-3 

lim , 1 
x-3•X+2 

;J1n 'n.tJ. 2.3.4 1.,.-h 

= 1 

5 

lim 
3 

... ( _, _ ... 1 ] + 00 
x- x-3 X+2 

.. 
VI q 'W QU VI 2. 3. 4 

t1 lim f(x) = + :x LL~::: lim q(x) 
x- a x- a 

rrhnu o LL~'"H:::1~11 

(, ) t'f1 c > 0 LL~l lim (f(x) · g(x)) x- a 

(2) t1 ".:, co LL~l lim (f(x) · ·g(x)) x-a 

t11.11Uit1fl • if1L11LL.,U x-a ""lrJ x- a+ ~7t! x- a· 
... I 

,,~1~1 lim r 4 X + 5 l fl16f.IH 2.3.5 x - 3 (x-3)l · """')(:5"" 

MA 113 

+00 

.::;x; 

.,,u. 2.3.4 TlV-3fl-lLtJu;,7 -3 

87 



"~.j 
16n1 

--

lim [ 4 
x-3 ~ 

'YI'JWQ\J'YI 2.3.5 

tr1 lim f(x) x-a 

0 LLttT;J:: 11111 

( 1) 

(2) 

X+ 51 ~-
X • 5 

lim 
x-a 

lim 
x- a 

-CXl 

( f(x) g(x)) 

(f(x) g(x)) 

-. -CXl 

01 I I 

~'ltlfJH 2.3.6 ~-3~1fl1 lim -l X + 2 , X +·51 
x-3 x-3 x-5 

lim x + 2. 
x- 3·x-:--3 - 00 

LLl'l:: lim X + 5 • . 4 X- 3· x:-s-
~111 Yl.tJ. 2.3.5 ~::11111 

lim. _ .[~· x + 5 }· + 00 
. x-3 x-3 x-5 

ilrnlJ 2.3.3 L1n::L1vml\4 x - a· 11LfJ'-4Ll\Ltl::tD111YltHL\41~-3 (vertical asymptote) 

'llil..,1111MJtHvt-3mf\4 f Lfl , tr1Htlflfl.-tl·Hiufem111tlil1t1dtld1-3'1tilv~d.rliil ~il 

(1) lim + f(x) - +oo 
x-a 

(2) lim + f(x) • -00 
X-a 

(3) lim f(x) - +00 
x- a· 

(4) lim _ f(x) • - 00 
x~a 
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L 'Yi,.1d1 X lim 3+ ~ • + ~ LLft:: X lim 3. ~ "' + ex> 
\X·3J \X·3J 

t1T1\tll11J 2.3.3 ~.,,.,.11 Lft\t x • 3 LrJttLH\tv::-Bll 1 YlftLL\t1~,1'!1£l"n11WtltH f ~" 
ft1111,.TILLftfl"t.,.~"iU 2.3.4 

y 

., ' "' ~16VH 2.3. 7 "'"~1Lft\t 

tf "11flll1 Vi LL ft fl" .,.1ll 

L 'Yi,.1::11 lim _·2_ • ex> LLft:: lim . _·2_ • + ex> 
x-2+x·2 x-2 x-2 

'11nitll111 2.3.3 ~.,t.,.1, Litt x .. 2 LilttLHtttl::'Dll 1YlftLLtt1~,ru£l.,m1~ f ~~£l"ni-, 
.f "ft1111,.11L4illttU.ftfl"t.,..r.,1u 2.3.5 

3u 2.s.5 
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tJ v UtJ1J fll1Vl 2.3.1 

1) lif11 6 .. _6_ 2) lim 6 
X- X- 6 x- 6" x-::-6 

3) lim 6 4) lim 
4

_ 2x + 3 
X-6 (x=6j x- TX 

5) lim 4• 2x + 3 6) lim 2x + 3 
X- 4- X x-4 (x - 4)! 

7) lim 2x - 3 8) lim 2x - 3 
X - 4 • )("+4. X- -4· X + 4 

9) lim 3 .. x + 3 1 o) lim X + 3 
X- xz-:9 X- 3· xz-:9 

11) lim ..J1 + x2 12) lim ~1 + x2 
x-o• x- o· X X 

13) lim ~1 + x2 14) lim .. ~x2 · 4 
x-o -,z x-3 x-3 

~ X 

15) lirn .. ( 1.. ~) 16) lim ·4 - 5x3 
X- 0 X X x - o· 3x2 + 2x3 

;J~~l~ft\4 D:;tDlJ 1 'Ylft~~\41~-3 "IJD-3n'11MlD-3,q-3~i\4tlDttld Yi'fD11~~11illlWi111thU 
17) f(x) 1 \ 

18) f(x) 1 - -~ X'2 

19) f(x) = 3 20) f(x) - 4 
--x:-5 x-::--2 

21) f(x) .. -5 22) f(x) - ·6 
X+T X - 3 

23) f(x) "' x2 + 12x + 32 24) . f(x) - x2 + 6x · 27 
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.. .. -4 .. d 

2
•
4 

CUJ~l'ln'U'U~ . 
Limits at lnfln1tv 

X 0 1 2 3 4 10 100 10000 

f(x) x" 
0 1 4 9 16 100 10000 100000000 .. 

x2 + 1 2 5 - I 17 10"1 10001 10 
! 100000001 

fl11H 2.4.1 

';11flnl'l~;)1'lt\41-;J:WUl1 ~~D X iifi1~~~~L~D!J j fll"lJD~~-l~"Jl'~ f(x) n;J:~~~U 
L7DtJ '1 ~~flDV1-lhn'i113J fll'!JD-l f(x) ~ri-lf'l-3\l'DtJflll 1 L~3JD Ylim.Jflfl'l-l'l:::Ylll-3 1 nu f(x) 

~~\ttltJ~..3YlTlfi L-ri\4 , .. 
L3JD X = 1 

X "' 3 

X "' 10 

X = 100 

'1fl'1 

1 - 1 
2 

1 - 9 1 

10 10 

1 - 100 .... 1 
10"1 ToT 

1 - 10000 
10001 

1 
10001 

~~f1D L'llH'l3J'l'ltl~hL~fl'l'lJD-l f(x) L'JJlLn~ 1 3JlnLYh1'lfi1~fl13J~.,_D,ln1'l 1fltJ 

m1ri1Yl~fl'l~ x iifi13J1f1WD Y~inn~11DmttJY~ii-lfifiu L'l1~13J1'ltl,;1'l~ ~~fl1-l'l:Y~11-l 1 

flu f(x) iifi1\l'DtJLYhhfit~fl13J~L'l1flD-ln1'l 1~tJnl7fh\o~~~fl1 x "L~3J1flfll1fl1U1fl~LY~qjWD 
L~Dtl1 LLthilH'l:::£ifi1L ~ufJ~ 1fltJhJi:j-vDU L"llfl ~1fi'fl 'Yl1-lfl1U1 f1 L~\tn'ht m::: L"lfud 

;J:;n~1111 "x iifi1LoU1'ln«fi1u\l'~~:rn~#11~u1n" ~'iitJ~L~'Yl~#l1t1 "x - + oo" ;J1flti1Dci1-3 

iinftn'li'1-3u~d ~-3;J:;n~11 1#111 

MA 113 

lim 
X- +00 
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lt~u~1 i ttl ;,::nfi11 '"1uilrn11 .t~d 
\1v111 2.4.1 \~ .f ~iJ\4~~fnr\4~~~1fh1«ft1~i'uYJn i ~1\41\4;,,~\\4'!b~1Jfl (a, + oo) ~«1 
;,::nfi1111 L LiJ\4fh~ijfl'lJeH f(x) L~il x £ifhL~~\41flu1aJil'IJntJL'lJfl~1"'fl f~L1iU\4~'YI\4 
«1u lim f(x) = L (~1\4'h fhiDfl'lJEl-3 f(x) 'lJI\4::~ x Lf1ft + co fin L) lt1 

x-+Ctl , " · , 
I f(x) - L 1 ~1ll1'lttvi1l"'iifi1ltnm,.h1'ln1~fl1JJfi9Yn~m, 1t~um'lrh~\4fl x 111nn··hfi1u1nfi 
t~q)~n 

2 

lt1n«Ull1~;)1'ln41~~~"Jl'\4Lflll "il f(x) • x2 X. 1 LLfl1« X £ifl1LiJ\4 0, -1, -2, -3, 

-4, -10, -100, -1000, ...... ,it4f1El \ ~ X £ifl1ftflft~ 1t~u13Jii'IJnt..J ~'lJfl~1"'fl ·.t~fl1'lH~ft'fl~fl1 
'lJEl~ X nu f(x) L\4fl1'l1-3 2.4.2 

X 0 -1 -2 -3 -4 -10 -100 -1000 

f(x) · • 
x2 0 1 4 9 16 100 .10000 100000000 

x2 + 1 2 5 10 17 101 10001 100000001 

Pll1H 2.4.2 

;)1flfl1'lH 2.4.2 ;J::L~W)1 'lll\4::~ X £ifi1ftflft~£l!h~t3Jil'IJEl1.JL'lJfl~1fifl fl1'1Jil~ f(x) • 

x2x~ 1 n;,::iifiwli1Lf1« 1 (L'!h.U~tl1n\4fl1.J L~El X Ufl1L~~\4ilV1-111lti'lln1.JL'lJfl~1nfl~'« 
~;J1'H~1li1LL1t1) f~m;,nfi111«11 L'l1ft'1ll11ttvi1L~fi'nln~ I f(x) - 1l iifi1~nmvh1-,~1" 
fl1li~L'l19Yn~m'l 1t~um'l~1~\4flfl1 x t «\tnun11 fi1au ~iifi1iJJ\j'l a1~\ ~qjvm 

~~nfY1 LLl.hDft''l::iifilat~a~ 1t~u11lii'llnu ~fl~1rifl L'tf\4d ;,::nfi1111 "x iifiwr, tn« 
fl1Ellt\4~t11~~1\4ft1.J" L~tl\4LL'YI\4tr1tJ "x- - oo " ;)1fltf1ElV1~~nfi1'lli1LLf1,f\4 ~~1tr11 

lim x2 

x - - oo x2 + 1 • 

' . .. 
1fluti'1 i tu ;,::nfi1111'l"1uilm11 .t~it 

\1v111 2.4.2 \ ~ f Lfl\4~~fnr\4f -3~1fii1«a1~fUYJfl j 41\41\4;)1~\\4'tf1~LtJfl ( - r:1l , a) ~t\'1 
;,::nfin), L L!l\4fl1~Dfl'llil~ f(x) L~il x iifilftflft~ lt~u11lii'llnuL'llfl~1rifl f~L1itJ\4LL'YI\4tr1u 

x J!r'!l 00 f(x) • L (~1\411fi1iD~n~ f(x) 'lll\4::~ x Lf1~ ~ oo fin L) lt1 I f(x~ .- L I 
ft'1ll1'lttvi1 t «iifh\tnm ,-ht.,n1trfl1ll~ln~m., ~fltJ~1~\4flfl1 x \ «\tnun11fi1au .fiiifi1 
ftli1J'la1~t~qj~El 

.It " " .It •• " • •• " •L « ~llltJI~fl "1LL 'YI\4 X - a "1tl X - -t 00 ~l il X --'!" - oo . ft~ \4'Yiq1;111.J'YI 
' ~ 2.2.2, 2.2.4, 2.2.5, 2.2.6, 2.2. 7, 2.2.8, 2.2.9, 2.2.1 0, 2.3.1, 2.3.2 LL«1'Yitj1;~1.J'Yifh~ j 

i~nfi1"J ~fi-lfl~Lil\411 ~n~ 
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flq~QtJfl 2.4.1 lY1 r Ltl\4LmJ41\41ULf&JtJ1nLtl , LLI1 

(1) lim 1 • 0 x- + oo 

(2) lim 
x--oo 

.. I I 

fi10VH 2.4.1 ~~~1fl-nlih1 

lim 5x - 4 
x-+ 00 3x + 7 

... ' fi16[Jl~ 2.4.2 

• 0 

lim 5x - 4 
x - + oo· 3x + 7 

• 

-

lim 
x-+ oc 

lim 
x-+oo 

lim 
x-+ oo 

lim 5 
x-+ oo 

5 - !. 
X 

3+L 
X 

(5 - ~) 

(3 • H 
lim 

x-+ oo 
i. 
X 

lim 3 . + lim L 
X-+ 00 X-+ (X) X 

X~~\~ - (X~+~ ) (X_!!_~ 00 k- ) 

lim 3 + ( lim 7 )' ( lim L ) x- + CIJ x-+ oo x- + oo x 

.. 5-(4)(0) 
3 + (7) (o) 

5 
3 

lim 
x-- :x> 

... -c 0 

16n1 
3 :: I 

L£11 X ~11fi-3LflM'LL&q::ft1\4 ;'l::tt'l 

lim g~2 + l lim ~ + 1 

x-- oo x3 - 5 .. x-- oo X f 1 - i? 
0 + 0 = ...,-:--a 

0 

lDcHiflfl ;!::L~\411rlil\4~;'1:: Lifi~M-~\JYIJ\4 ;):;.,-£l~~11,r~LfllitLL&q::R1\4t'11tJ x ~5jfi1i-3~ -3 

~~tl L\41::~11~Lfllfrl\Jft1\4 
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... 
'UV11J 2.4.3 

( 1) x~~ 00 f{x) • + oo lY1Yf-3~iu f ~1f11t~ '111-l~tlfl (a, +oo) lflrJft1ll11Cith'l~ 

f(x) iif11ll1n1rl1fl11.J1nLfl1 ~rh~ufla.J1L~~ lflum1~1~\4f'fh x 'l~a.J1nn11fh 
1nn~'l~q}vm 

{(1wfuuv1llfl£Jttld 'l~\l'n~m;1~11uu~rl-l _,£1 

(2) lim f(x) x-- oo 

(3) lim f(x) x-+ oo 

(4) lim f(x) x-- oo 

"' ' I 

~11lHJH 2.4.3 ;)-3~1fl1'1J£l-l 

"'"' 0 J1U11 ~11~-3 Lfl' 'l!t L~~:: ft1\4.i1V 

lim 
x-+oo 

"' .. \4\4flCJ 

+00 

-00 

= ,_ 00 

lim · x3 ..- 1 
x-+ oo x-:--2 
x3 ;):: 1~ 

lim 
x-+ oo. h-x X 

1 + 1 

~ 

lim ( 1 + ~) • 1 + o • 1 
x- +co 

LL~:: lim (~-~)' 
x-+ oo 

0 + 0 ... 0 

Lv·m::u::Ju ~iifl'll£J-l~fl'l!tR1u ~-lllifl'llih1Lflt;~iJu 1 ua:::liim£l-lR1uLiJu o ~a£1 
R1uL'JJ1'ln~ o m-lfi1u1n lflv 'n.tJ. 2.3.3 (1) 1-31«11 

lim 
x-+oo 

·x3 + 1 

X- 2 
.. +ex> 

01 I I lim 1 - x3 ~11t:HJH 2.4.4 ;)-'1~1fl1 
X-+ 00 x-:--2 

94 

lim 1 - x3 
X-+ co x-:--f - lim (~ - 1) 

x-+oo 

lim · (~ - ~) 
x-+oo 

lim ( ~ - 1 ) • o - 1 •. -1 
x-+co 

LLR:: lim (~ . ~) "" 0 - 0 • 0 x-+ co 

L 'r'l11:::~::Ju lflu 'n.tJ. 2.3.2 (3) t~t«11 
lim 

x-+oo 
1 - x3 

X · 2 
• ·00 
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\lt1111 i·4.4 Lft\4 y • b ;~::LtlULft\4 fl~l.l 1 'YlftLL\41\4£lU (horizontal asymptote) "llfl..1 

n-r1f'hle..1Yf..1ni'u f ~1Rflflfl"'D"fYu.,jDm1llflD1tld ed1..1ltev~~..,.,ril 'ID 

(1) 

(2) 

lim 
)(- + 00 

lim 
x-- oo 

f(x) . 

f(x) 

b 

b 

i1£lVH 2.4.5 ;J..1~1Lft\4 fl~l.l l'YlRLL\41~..1 LL~::: fl~l.l 1'YlRLL\41Ufl\4 "llfl..1n71Vf1lfl..1Yf..1fiiU 

f ~1 f(x) • 8x - 2x2 
x2 - g 

f(x) 

lim 
x-+ oo 

lim 
x-+ oo 

= 

f(x) 

f(x) • 

Bx - 2x2 

x2 - 9 

lim ax - 2x2 
x-+ oo x2 - 9 

lim-. e.- 2 
x-+oo IS 

1 - ~ 
X 

-2 

x~f!l 00 f(x) -2 ~1rJ 

............................... ; ....... (1) 

........................................ (2) 

Lrifl LLrJnLL v-lf1Lf1Eli,r..1LA1.!HL~::ft1\-L;}::; 1~ 
2x (4 - x) 

(x - 3) (x + 3) 
f(x) 

~111:::tEl..1~;}11 m1fi1aiiflfl£) 1tld 'lfl 

( 1) 

(2) 

(3) 

(4) 

(1) 

MA 113 

lim 3,.. f(x) 
X-

lim _ 
x-3 

f(x) 

x lim_ 3,.. f(x) 

lim 
3
_ i(x) 

x--.. 
lim f(x) ~;111m1 

x- 3• • lim 2x(4 - x) 
X-'- 3+ 

(x - 3)(x + 3) 

lim •2x (4 - x) 6 > o x-3 

LLfl:: lim ... (x - 3) (x + 3) 
x-3 -
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(2) 

(4) 

96 

1flv n.u. 2.3.2 ( 1) 

xlim 3+ f(x) lim 2x (4 · x) • +. oc .... & ........... {3) 
X-3+ 

~;mnn lim 
x- 3· f(x) 

.. 

(x · 3) (x + 3), 

lim 2x (4 • x) 
X- 3--~---:....-

(X • 3) (x + 3) 

LLl'l:: x lim 3- (x - 3) (x + 3) 

1flv n.u. 2.3.2 (2) ;1::l~11 

lim - f(x) x- 3 
ltm . __ 2_x . ....:.{4_· _x~) _. - oo ................. {4) 

x- 3" 

= 

x lim_ 3+ 2x (4 • x) • 

LLl'l:: x lim_ 3+(x - 3) (x + 3) 

1flv n.u. 2.3.2 (4) ;1::l~·h 

. (x • 3) (x + 3) , 

lim 2x {4 • x) 
x--J+·-~-~ 

(x • 3) (x + 3) 

·42 < 0 

x lim_ 3+ f(x) • x lim 
3
+ _2_x_.{4_· _x._) _. + 00 ................. (s) 

. (x • 3) (x + 3) 

• lim 2x (4 - x) 
X- - 3"'----'--..:....-. 

(x - 3) (x + 3) 

~;'ITH\1. 1 lim 
x- ·3- f(x) 

x lim3~ 2x (4 - x) • ·42 < 'o 

LLl'l:: x lim_3-!x - 3) (x + 3) • o Lila (x • 3) (x + 3) Lt1\nf o fl1~1lJ1n 
1flv n.u. 2.3.2 (3) ;1::t~11 

lim f( ) x- -3- x - x lim_ 
3
_ 2x (4 - x) . • _ 00 ......... ~ ....... { 6) 

· ·· (x - 3) (x + 3) 

;'11fl (1), (2) LLl'l::ittJ111 2.4.4 ~-'lnth1t~11 

Ltt~ y = -2 LiJ~LR~il::t!JJ1'nftLL'U1~£l'U'!I£Hn11m£l-'l f 
;nn (3), {4), (s), (6) LLft::itrnJJ 2.3.3 ~"na11l~11 

I ' 

Ltf~ x = 3 LLl'I::Li~ x - -3 L!JouLi~a::4JJ 1n«LL"1~na~n"J-1Wu£1-'l f 
L0£111flfl,1~LLf1;'1t1.,..,.-'llU 2.4.1 
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.4.1 

;J u UtJtJ fl11~ 2.4.1 

;) -3VI1fl1'llthl~ ij91.;' -3fl El 'tJd 
1) lim 

x-+oo x2 

2) lim 5 
x-- oo x3 

3) lim 3x + 2 
x-+oo 4x - 3 

4) lim 4x - .2 
x-- oo 2x + 1 

5) lim 6x3 - 5 
x-- oo 2X3+8 

6) lim 7x2 - 2x + 
x-+oo 3x2 + 5x + 5 

7) lim X + 4 
x-+oo 3x2 - 7 

8) lim x3 - 2x2 + 3 
x-+oo 3x3 + x - 1 

9) lim 2x3 + x2 - 8 
x-- oo 6x3 + 3x + 2 

10) lim 2y3 - 4 
y-+00 5y + 3 

11) lim 6x3 - 15x + a 
x-- oo 9x2- 4 
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12) 

' 13) 

14) 

15) 

lim (2x + ~) x--- oo 

lim (~ · 9x) 
x-+oo 

lim Nx2 + 1 - x) 
x-+oo 

lim 'Vx2 + 8 
x-+oo x + 8 

16) lim r./x2 + 8 
x-- oo 8 X +, 

I 

... nmf'-4fl::f11 tY~wLLu.,a., 
~i' £111 ,f.,., , tl111 ~ 111 tJ 

17) f(x} • 3x + 2 
x-:---4 

18) f(x} 2 • 3x 
X+'"4 

19) g(x} • 3- L 
X 

20) h(x} • x+L X 

21) F(x} • 4 

'-/x2 • 9 

22) G(x) a 
ax2 

~ 
23) x2 

~ 
g(x} 

24) LLti"fi~ 1Lu~d"li'1uuuLtlt1 tfi.,LLft::lhufi,., (J1U) LrluitJSL~-rJllf'!f" LflniitAaJ1fl1 
125 ftnmtn'iv-lfl lY1LL~ui "n:: R~l'!tn1• 1\4tl111.,v-lflft:: 1 o mY~ u~::tlin1li'1u v , • , 

'\i1.,fl11H~fl~:: 15 lJ1Yl L ~ X ~fl L!JUfl11lJtl11'!1iHlf1U'!I£l"ff!i'tni£1"J1"4LLft:: 
c (x) LrlU11fl11111'!1£l"i .,n:: f~litf"~lJfl 

24.1) 'HL;jtl\4ftlJ1111 C(x) ~f£1lJtf.,ti1~Ufl1flLlJ\4'!1£l"~"fflr14 C 

24.2) ;)"~1 X Jim o+ C(x) LLft:: X~~ oo C(x} 
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utn1J 2.5.1 ~71;J::~~rmvt-lfli\4 f 11iifl111JtltlLdtl-l~ a ~fimrlmi£l\41'!ltf-lcm.rftld«tl-lL!I\4"'~-l 
(1) f(a) iifi1 
(2) xI~ a f(x) ~11J11t~~1fi11~ LL~:: 

(3) x ~~~a f(x) • f(a) 

~1vt -l ~.,r,. f '!11flf) m~ a.~Ul'li£J Lfl'li£l~~-l ( ~; £l~ ~1v'li£l) t \4R1lMl£l~-ln~11 LLI1 "':: m\11 
1~11 "f 1a.Jiim11Jfimd£J-l~ a" 

i1mh~ 2.5.1 t"'Yl-l~i,. f ~£l 

(x2 . 4) ~1 x .; 2 

(x · 2) 
f(x) 

2 ~1 X = 2 
• 

L71~11J1,.m;iv,_.m,vJt~ ~-l7tl 2.s. 1 
~ 

X 

nl 2.5.1 .. 
;nmtl 2.5.1 ~::vn.Jl1 m1'VJ"l.l1~~u\4~1uij'riu.J1~1~~fl x = 2 

IJ , 

iii-lJ\~~,w~,.Hlnlmrti.tmJ 2.5.1 ~::-wu11 

f(2) = 2 .'. L~u\41"11~ (1) dju~1.J 
lim f(x) = 4 .'. L1u\41"l.l~ (2) LU'-4;J1.J 

X- 2 

( 1 ) 

(2) 
(3) lim f(x) = 4 u~ f(2) = 2 ~J1.111 lim f(x) I f(2) 

X-2 X-2 

' ' 
4 ~::1.111 f iimlllfl~LUu-lYi ?. 
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x2 + x • 6 
X ~ 2 

f(x) .. 
L'l1R1lJ1'HH1ifJ\4n'nWtlil-3 f ,.,.fl'.,nJ 2.5.2 

II 

y 

5 

nJ 2.u .. 

tr1~;111 ll41911liUV1lJ 2.5.1 ;1~~td1 

tlJR1lJ1'lllVI1fh f(2) ,.,. L ~11~~~~~L,m~t'll~ ( 1) taJdj~;J;" 
~~fia ~.,(i,r~ f 1liijm1a.Jfimda.,~ 2 

lncHanfl fltl4RaJUii'lia~ 2 LU~;J;., fit~ lim 2 , x-
LYhriu 5 ' . 

i1oth~ 2.5.3 'l~~"ni~ f fia 

f(x) • I :: -t :~ : ~' : 
L'l1R1lJ1'lllL1ifJ~1111~ 'llil" f ,.,.fl'.,1tJ 2.5.3 

II 
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( 1) 

(2) 

- ' 

~::L~Ul1n'71Wu1ililtn4fi~il X • 1 , 
&r1Yi~17 nmmJ\4tmJ 2.5.1 ~::Vi1J~1 

• ' I 

f( 1) 2 L Yi11::"::1l'uL'3t~u1"11Yi ( 1) 

xlim 1 + f(x) 

LL~:: X lim 1" f(x) 

lim + f(x) x-1 

" ... lim Lllll X_ 1 

• 

= 

lim 
x-1• (3x) , 

xlim1_(3x-1) 

lim 1- f(x) x-

- 3 

= 2 

i1 mh~ 2.5.4 ~1uH ~luw~fl~.a~ l"rrii' ..,tl 1~umtlun11'lni'll (~;mfrttR1U"1Jt~-Jn11'lni'11) LiltJ 

~1mt1 ~t~11i111Tln11 10 nLl'lni'll ~::'!JltJnLl'lni'lll'l:: 1 1JWI LLfi~~t1111nn11 
" 

, 0 nl~nill v::·mu1u,-1mn11'lni'lll'l:: 0.90 1J1YI ~",f" ~lL~ X LU\4~1\41\4 
n11'lni'lMHl-JW~91Wl'l~~~tl LLl'l:: f(x) LU\4,.1FI1"1Jtl-JWa91Wl'l~-J~llil~~~tl 
~ -H;iuu1.'111 

= l X tr1 0 _$ X .$ 10 
f(x) 

0.9x tr1 10 < x 

L11~11111m;iuum1W!Jti-J f 1.'1~-J1U 2.5.4 
" 

' 
v::L~U11Tl11Wutl-J f "1JlilfltlUfi~fl X = 10 , 
~1L11fiv11n41i1111Ut1111 2.5.1 ~::'Yiui1 

( 1) f( 1 o) = 1 o L Vi11::"::JuL~uu1"1J~ ( 1) Ltlu,-.;" 

( 2) lim f(x) = 1 o LLl'l:: lim f(x) • 0.9 
X- 10· X -10+ 
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:: ' ' 
L Y411::~::\4\4L,D\~ t'llfl (2) 1-lta.h{Ju~i -3 

iuLLftfl-311 f ta.Jiifl11llfl!Hd~-l~ 10 

~::ft-lLflflL~\411 Ldtl-3~1nfl11lJta.JfimdD-l'llil-l f 1-lt.'f11 ~tl;~::t.'fL~UtJ lf~tlft\4"1 
~ 1\41\4ll1 n Lfltr~:: t~fu.,-, t u 1im~~ n n11 L'liu ~:: ta.JL tlum1 ~ fl1fiLfltJif1;)::~ D~u.,-1~ 1u1u 

9.5 nLfirrfll . L4flif~£l~1\41\4 10.5 nLflni'll ~::LtJ\4n11~·fl1fln11 L m1::1111fl1ft\4~1~1U1\4 
9.5 nLftrrfll 11fl1 9.5 tJWl LLflft\4~1~1\41\4 10.5 nlemfll ilfllL~tl-3 9.45 tJ1't1 LYhJu LtJ\4"'\4 

i1ndH 2.5.5 ~1tJw" 'll1tJ~fifl~eutlun1ftni'll (~;ilLfT'l!tft1U'll£l-lnLflni'll) 1~ufi~~flfi1 1 

tll'Yl fl£) 1 nlflni'lJ ~1wf'u~M£l~1\41\4 10 nlflni'll ~;m.tt:Jun11Ju LLfl~~illJ1nn11 10 
II 

n1flnfll ~1tJ;!::;fifllJflfl1 10 tJ1't1 11lJntJ~n 0.9 tJ1't1 ~1~ftJLLfl~::fi1finfll~Ln\4n11 10 
II II 

(n1flni'aJ) 

.i-lJ\4 ~1 x LiJU~1\41Ufi1flni'lJ'll.il-l~Rfl~ft~~n-imLfl:: f{x) tJ1't1 LtJ\4~1\41\411fl1~-l 
~llfl mh~::t~11 

( 1) 

(2) 

102 

f(x) • 
\ 

X ~1 0 .$: X S 10 

10 + 0.9 (x - 1 0) = 0.9x + 1 ~1 1 o < x 

L11H1lll1tlL1itJUn1WfJJ£l-l f t.'f~-lGll 2.5.5 

~::L~u11 . mw~ta.Jiim1'1J1flflil\4 

~,~~,., m1fl1l!UtJ1ll 2.5.1 ;~::1.'111 

f(10) • 10 Liil\4t'!J~ (1) LiJU~i-l 

x lim10" f(x) • X ~o+ X • 10 

LLfi:: X ~ 1 o+ f(x) • x !"\0• (0.9x + 1) 

~_,,fu lim f(x) 
X-10 

• 10 
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(3) lim f(x) X -10 • f(10) • 10 

LYC11::~::~\U~£l\4l'!ni£l~ (3) L{J\4,;~ 
~\4U.Rfl~1,~~"'" f iifl11a.JJimdn~~ 10 

3. f(x) • 

4. g(x) = 

~· v 11\J\Jtdlli~ 

x 2 - 2x - B 
X - 4 

x4 -.. Bl 
x2 - 9 

2.5.1 

-{ 
x 2 + x - 2 tY1 x I -2 X+ 2 

F(x) 5. 
tY1 1 X = -2 

6. h(x) (x - 2l (x2 - Jx, + 12) 

x2 - 8x + 12 

7. f(x) X ± 3 
x2 + x - 6 

8. f(x) x 2 - a 
x4 · 81 

9. g(x). 
r t1 

X < 0 

- 0 tY1 X - 0 

x2 + 1 tY1 0 < X r·. tY1 X ~ ·2 

• 3 • X tY1 -2 < X .$. 2 

4x - 1 tY1 2 < X 

10. H(x) 
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11. f(x) • 3x + 11 

12. G(x) • I.L:-LI 
X • 4 

13. F(x) ·t- sl 
lY1 X f 5 

3 lY1 X 5 r·· 3 

lY1 X .$ 1 

14. h(x) - a · 3x lY1 1 < X < 2 

sx + 4 lY1 2 .$. X 

-l:-4 
lY1 t .$ 2 

15. f(t) 
lY1 t > 2 

I .. 
I I A ... .. 

Li.hu1~il 16. fl1'tl \4ft ~ ft .:\1 i) .n \4 fl ~ \4 ~ 

{ 

o.aox lY1 o < x .s. so 
C(x) • o. 70x tY1 so < x .$. 200 

o.65x tY1 200 < x 

L~il x LtJ\4~1~\t'n (n1ani'a.J) LLft·:: C(~) Ltl\4fl1'ti\4H ~i .:\lil~~~~llfl (lJ1'Y1) ;)~L;jtl\4 
n11vhln~ c LLft::~111 c tlitimiin~~t~u v:.i'na.Jff~LLftfl~~1tJ11~t1iil'miin~tfu L¥1'l1d1 
~,.,., mna.JUtif n Lfl 

• 
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.oC I • I .. I 

2.6 Ytq'Wt)1J'n\ltHfl1 1 11~ lll \H)~ll~tfl111J~llll.HH1J 'U't11 ~ 

fl'l\IQ1Jfl 2.6.1 ~, f ~~~:: ~ ~iJ~~Jn'!l'\4 ~Jtimiiu,'lrl\4~~~ a ~~~1 
(1) f+ g rimJtimuuJ;i~~ a 

(2) f - g a 

(3) f . g a 

(4) fIg a (~iiu g(a) I o) 
"' r( 
WiHJIJ 

v 
' ' 

(1) . ~vrn::"l1 f m~:: g iimlll~miluJ~ a 

lim f(x) x- a f() lim = a ~~~:: x- a g(x) .. g(a) 

~vn1::u::1iu 1~v 'Yl.U. 2.1.4 ~J19i11 

xlima (f(x) + g(x)] f(a) + g(a) 
' . ' 
uu~~~~J11 f + g iim1ll~muuJri'l.4;i a 

(2), (3), (4) l~unflm;l~~;Ju~uJ~U"\~uutJn~~ 

l1C)\IQ1Jfl 2.6.2 v1Jfiiu1wtn\4~iiu~ riulliimlllfimiiu"~'Yln i ~~ 
... r( 

HifiJJJ 
v 

~;J,,rn,~"niu1Yi~1u~iiv~ f ~,ri,~u~l~u 
f(x) = b0 xn + b1xn · + b2xn 2 + •••••••••• + bn.,x + bn 1~tJ b0 I 0 L~tl 

n ~U\4~1'1.41\4~~li~13J~iJu~1U1U~~li~U ~~~:: b0 , b1 • b2 , ........... bn ~UU~1U1U;J1 J 
~1 a ~uu~~1~ j ~~~1~7H::1~11 

lim f(x) = b0 lim xn + b 1 lim xn·• + ••••••• + b lim X + lim b 
X-a x.,..-a X-a " 1 x-a x-a n 

= b0 a" 1- b1 an·• + b2a"· 2 + ••••.•• + bn·• a + bn (1~tJ. 'Yl.U. 2.1.5) 

= f(a) 
' ' uufi u lim f(x) f(a) 

x-a , 
L~~~,,.,~,niu 1Yitnu~iiv~ iimlll;imuu";i'Yln i ~~ 

f!C)\IQ1Jl1 2.6.3 ~Jrii'utin[J:: iimlll~miiu"~'ln i ~~1u1~~ll\4 
WifiJU ~, f ~iJu~Jrii'utin[J:: ll'l.4~::~1li17IlL;iuuurilwn.JLf11;ft1U'!l£lJ~"fiiu1 Yi~lu~ii[J~ 1" 

v u ~ 

~ l! l!ii ~ iJu 
' 

f(x) g(x) 

h(x) 

• 
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' 

~1'\.41\4~-nh'l'IX h(x) = o 

t'r1 a LUU~1u1u'l~ i 'lu1~LllU'llD-l f LL~1 h(a) .f 0 LLfl::1fltJ 'Yl.U. 2.1.9 ~::1~11 

xl~a g(x) 

lim h(x) 
x-a 

lim f(x) 
x-a 

' ' .. .,. "' 
l'!.I.D-l'Yl a mv 

lim f(x) 9..@1 
x- a h(a) 

f(a) 

L11~.Jn~111~11 f iiwn3J~mrtu.J~'r')n 1 ~fl1u1~LllU 
.. 

3x2 - 2x + 1 LL~1 f Ltluff.:diiu1Yi~LuLiiu~ ~.J\l'u .., ' k 
;nmn~ 2.6.1 ~,, f(x) = xJ 

' ' 
f ~.Ji:imlll~mil.u,.,Yi'r')n i ~fl 

lihmJ1~ 2.6.2 t'r1 g(x) = (x3 - 3x2 - 2x + 1) (x2 - 9} LL~1 g(x) LUUr-lfl~t\4'lltJ,'lYf-3fnru 
1w~hn~£J~ ~.JrJ.Jfi,'lLUULYi~LuLiiuti ~,.,1~11 g niimll!~mdD,.,~Y)fl j ~fl 

lil'wrh~ 2.6.3 1Y: f(x) ~ ~.JVilflT'lH:J.J x Y)fl i fi1~rh'lY: f iimllliimdu,., 
x2 - 4 

i6th 1fiLll'WlJtl~ f fi!J L'J1fl'llD,'l~1U1U~i,'l X ~,'ll'i~l[J VnLl\4~1'\.41'\.4 x = ! 2 L'ri"n::n1t~ 
,2 - 4 "' o .J'u~tJLfiLlJU'llD,'l f fim'J1fl'llD,'l~l'il.1U~i ,'l~.JV!~l£J UnLl'\.4 ~ 2 

vt,.,n-n'\.4 t dLu'\.4-ff,.,fiiuGYmn: 

r-1 • A ~Q Q ::. 

f lJf(JllJ~tlLUtl.J'Yl~l'U1'\.4~1 ,'l'Yl.Jl'i~1V UnLl'\.4 2 fiu -2 

'rlql:l~Ull 2.6.4 LV: f(x) = r{; LrlD n LtJU,)1\41ULillJU111Lfl j LL~1 f ~::iifl112JtlD­
A .,; 

L\Ul,'l'Yl a i\'1 

(1) a LUU~l\41UU111Lfl j V~iD , 

(2'} a LUU~~,wn"'fltJViiD~uii LL~:: n LUUL~'llfl 

i1mh~ 2.6.4 t'r1 g(x) = ,Jx hw Yl.u. 2.6.4 ( 1) 

~T1nmnn ~,.,1tl 2.6.1 
u 

nl 2.u • 
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i1mh~ 2.6.5 ~, h(x) • lf;. 1ilv n.u. 2.6.4 (1) ~L~:: (2) ;J:;t~-h h ~muJ~eHUtJJ 

fiY)11 i ~:u1u~i-l fi'-l~tJ 2.6.2 

nl 2.11.2 
" 

nq)JQU'YI 2.6.5 ~1-ft-lni'u g ~ml1J~mdD-l~ a u~:::Yi-lni'u f ijm11J~mUuJ~ g(aJ uth 

Yi-lni'utJ7::11D1J (composite function) fog rJu1Jijm11JiiimriD-l~ a ~1£J 
i1mh~ 2.6.6 ~l g(x) = 16 • x2 LL~:: f(x) '= \; LL~1 1~ h LUU'WJni'utJ~:::n'fl1J 
fog 

h(x) (fog) (x) ~16 - x2 

L'Vi71::1l g LUUYi-.lr'iiu1Yi~1uLijv~ ~.:~tfu 9 ij,YJ13J~mriDJ~~n ·1 ~~ 
ii0m11Jfimdll-.l~f)fl i ~1W)\41J1n (hw n.u. 2.6.4) 

~-.1tfu 1ii£J Yl.~. 2.6.5 h ~-l0f1111JfimrieJ\I~fl111 ~1u1u x ~ \1 g(x) 

\l'ufitl L~tl 16 .. x2 > o 

x2 < 16 

·4 < X < 4 

.;--ltfu~-.11.111 h ijm11JflaLdeJ\I~f)n j ~l\41ULU"li1-lLUf"l ( ·4, 4) 

.... 0 

uu111 2.6.1 H1wi'u-ft-.lniu f 1., i L'lln~1111 f ijm11J~mdeJJuu"li1JLu~n'ilm~vYi.:~mi'u 
f tfu 1 Om11Jfimda-.1~Y)1l 1 ~1U1u~1-l1u"li1JLu~tf-.. 
i10UH 2.6.7 ~1 f(x) = _j_ LL~1 ~::L~Ull f ijm11J~mde:J\I~'t']n j ~l\41\4'11-l 

X • 5 

r.mL1u 5 ~ULL~~-.111 f Om11J~mde:JJuu-ri1JLu~nn i "li1J~hJij 5 eJrJ~1£J 
, \J 

urn11 2.6.2 ~::n~1Tll Yi-.lm\4 f ijm11J~mde:J.:~~~~ a vln't11\I"JJ1l 1\~mrlm:ru~eJ~fl~e:J-.l 
n1JL~e:JU1'll~uttJd~-.l 3 'JJe:J ~B 

( 1) 

(2) 

(3) 

f(a) 
... 1Jfi1 

lim f(x) ~11J1'1tl~1~11~ LL~:: 
x-a+ 

Tim a+ f(x) = f(a) 
x-

Uf.llll 2.6.3 v::n~1111Yi-.lni't4f Om11J~mde:J-.l~v'il , 
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I 

L1ii\4t'tltiettld"tl~a1lni'il .,il 

( 1) f(a) ilfh 

(2) lim f(x) ft11J1"H1~1fht~ ua:: x- a· 
(3) x lima_ f(x) • f(a) 

urnlJ 2.6.4 thwfuvt-3n"ll'\4 f Lfl, tU-3L"1fiLIJ\4ini1-3Ufl [a. b) 111Jil~~1tJLLA'1 ;,::11a1111 

vt-31!i\4 f ,f\4 , ilfi1fimdt~-3\J\4 (a. b) ~tim~tl vt-3fli\4,f\4 , ilf'l11aJtimdt~-3\J\4oU1-3LUfl (a, b) 
.~ .. ... ,J • ... ,J 
il 11'YI-3;J::~ t1 ~1Jf'I111Jfl m \4ti-3;J1 11m :!111'YI a LLa:: 1Jf'I111Jflil L \4il~•111'YI1~1ti'YI b ~10 

i1odH 2.6.7 •-3LLHfln1 vt-31!i\4 h ~-3 h(x) • V16 - x2 ilf'l11a.Jtimdt~~u'-4'!i1·1Ufl (-4, 4] 

JB~h Ldt!-3;1111vt-3rti\4 h i:Jf'I111Jfim\iti-3\J\4oU1-3LUfl (-4, 4) LLft:: 

lim 416 - x2 = o • h(-4) 
X --4+ 

LLa:: lim ~16 - x2 
X- 4· 

0 + h(4) 

,r-3,f\4 1fltJ\l[J11J 2.6.4 ~-311~111~11 
.h iim1aJtimdt~-3\J\4oU1-3Ufl (·4; 4) 

urnll 2.6.5 thwfuvt-3fli\4 f Lfl i ~..1L'-41fiLIJ\4 inh..1fl-~..1LUfi'YI1:!111 (a. b) 11aJilgmouA'1 

;):;11~1111 v;..,/i,r\4 f ,f\4 i ilf'I111Jtimdt~..1\J\4 [a. b) ntim~tlvt~lii'\4 f ilf'I111Jtimdt~~\J\4oU1~ 
LUfl (a. b) , n~::ilm1a.Jtimdt~-3;1111'YI1:!111~ a ii1v 

urn1J 2.6.6 ~1wfuvt~fli\4 f Lfl j ~ -31'-41fiLIJ1.4ihi1-3f'l~ ..1LUfi'YI1~1U (a, b) 111Jtlg~1VLL"'1 
;J::n~n11 vt~M\4 f tf\4 j ilm1a.Jtimdt~..1\J\4 (a .. b) ~fim~tlvt-3rt"ll'\4 f ilf'I111Jtlmdt~..1\J\4 
'111-lLUfl (a, b) LL~::i:Jf'I111JtlilL\iti..1;)111'YI1_,.n1tl~ b ~1ll 
i1mh~ 2.6.8 ·,;,~\4fiL~ f(x) .[2=i ;J..1~;J11tu111 f ilf'I111JtlilLilt~~~;El1a.Jtimdil..,tJ\4'!b..1 

I .:.. ~3+x 
flt!1tl\4f'ltl (-3, 2), [-3, 21. (-3, 2), (-3, 2) 

1in1 L11;J::~El"~, 1fiLIJ\4'tltl-' t I 

1fiLIJWIJtl-l f fifitn.UmJtl~'rJTI j ~1\41\4 X tU-.1 ~ 1a.JLtJ\4fi1ft\J 
3 + X 

~\4fit~ fi1 x ~rn'\~Lfll!tLLa::ft1\4ilLf'l~tl..,~IJ1m~ilil\4n\4 ~..,•::t~e"Lt.41fiLIJ\4 f1'1fll'llt~.., 
X ~1Lfi~Yh '\ ~Lfi~LL~::ft1\4ilLf'l~il..1~1J1(Jfl1..1rl\4ofi11J fl1 X tf\4 n1~ilgL\41fiLIJ\4 ~;)11 tl41fln1..1 

2.6., 

2 • X 3 + X 2 · X 
f(x) m 

< -3 
., 

X + - - ' Ioiii IJIJ 

X • -3 5 0 1a.JittJ11J 1a.Jil 

-3 < X < 2 + + + + 
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X • 2 0 5 0 

2 < X + 

fl111ol 2.8.1 

Yhfi'Jl'~ f ijfl11aJfimttil-llJ~1h-3LiJfl (·3, 2) LL&~~:::ijm1aJfiaLdi)-3~1n'Y11.1'Jt1V~ 2 ~1rJ 
L'W11:::11 Jim {g . X • 0 • f(2) LLfi f 1J.J£ifl11aJfiilLd£l-3;)1n'Y11..nJ11~ -3 L'W11d1 

x-2· + x 
I -f"2"7X x~m-3+\'~"' +'X> 

L111-lnft111~1, 

f iim1aJfimd£l-llJ~,Y1-3 (-3, 2) u~::: (-3, 2] LLti13Jiim1aJfi£ad£l-llJ~,y1-l [ -3, 2) 

LL~::: (-3, 2) 

g(x) 4 '&Y1 2 ~ X < 3 
{ 

2 '&Y1 1 ~ X < 2 

6 lt1 X = 3 

L11W1aJ11llLiifJ\Ul11W'!J£l-3 g 1~ti'-3Gl.J 2.6~ 1 

y 
6 • 

5 

4 

3 -
2 ~-

~-----+----------~ X 0 1 2 3 4 

1t1 2.e.1 

WaJljtl~ u LiJ~~1~1~Lfl j f-3£l~t~,Y1-3 (1, 2) ;J:::1fl11 g(u) • 2 LL~::: 
lim g(x) • 2 

X-U 

ti-3~~ '&Y1 1 < u < 2 LLlt1 x lim u g(x) .. g(u) 

1-l1ti11 9 Om1aJfimd£l-llJ~'!i1-l (1, 2) 

Jim g(x) 
X - t• :: 
L'W11:::~:::~~ g 

• lim 2 .. 2 .. g(1) 
X-1" 

' I 
~ I • .. 

,.,m1aJflm~£l-3;)1n'Y11..nJ11fl 1 . 
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~~ti lim . g(x) • lim . 2 • 2 ~~fl:: g(2) • 4 
X -2 X- 2 

~w·n::v.::lf" 9 1,Jiim1l.ltltl~dtl-l~1nrn.J'll'1u~ 2 

~-31~11 Yt-3~\4 g £ifl113JtlEHdtl-ltJ\4,j1-lfl~ -l~Ufl'nH'lJ11 [ 1, 2) L\4"1\4tl~~~U1~\4 
g n;J::iifl1lllfltJLiltl-l~t~n , u ~~£) 2 < u < 3 m'l:: g ~::ii~11l.Jfimiltl~~1n"n1..1'U11~ 2 

~1!J L'r'f,1::11 lim g(x) • 4 • g(2) ~~ti g ~::1,Jiim1l.ltlmdtl-l~1n"n1~1U~ 3 LYn1::11 
)(- 2+ 

lim . g(x) • 4 ~~fl:: g{3) • 6 
X 3 , , · 

- \l'\4~~1~11 g £ifl11l.JtltlL\ltl-ltJ'I-L'Ih~ (2, 3) ft1u 

fl1t)~l4 2.6;10 ~-3~;)1, t\41fl11l.lfim\ltJ~-3 f ~~il 

f(x) 
. l ax r"1 40 .s x ~ so · 

• l 1 1.2ox · 0.04x2 r"1 so< x ~~ 280 
' ... 
Jfiif] 

'l~ x LU\4~l\41'1-L;J7-lLfl, LWD1-l [40, so) LVi,1::11 ax ~Lfl:: 11.20x - o.04x2 Ltl\4 

1Y1~1\4L£i£J{ol .J-ltf'\.L f ~-l£ifl113Jfltlbdtl-ltJ'I-L'Ii1-l (40, 80) ~Lt'l::'li1~ {80, 280) ~::JJ1~111C\41 
~r:J1t.l11 f Sjfl113JtltJLtitl-3~ 80 '~l.J~ 

{(80) 8{80) • 640 

L~ fl:: lim f'(x) x~~o-Sx .. 640 x-8o· 

LLfl:: · lim 
x-8o• f(x) x~'Yo•(1 1.20x - o.04x2) • 640 

LM1"'11 lim . f(x) 
I 

x~o•Hx) 640 "' x-80 .. 
l11~-ln~l1~~11 li~ f{x) x- o • 640 I • f{SO) 

~ ~ d! ,:;a I .. ~ 
'ii.:J'\.4'\.L f ;),]3Jfl11l.JfltlL'\.Ltl.:J'n 80 
. ' ' 

1-t'u~B f iimll.l"milD.:JtJ'I-L'Ii1.:JUfl (40, 280} 

11'JElQUY1 2.6.6 (Intermediate-Value Theorem) "'1Yt.:Jni'I-L f iimuJtimdil~tJ'I-L'Ih.:Jtlfl 
!a. bl LL{oldf1 f(a) ,; f{b) ~~~1 , thwftJ~l'I-L1'1-L k Lfl, ~tl~,::~11 • .:J f(a) LLfl:: f(b) · VilJJij. 

'> Q I I -.,. A 

-~-rt.nu c Y1Bu1::~11~ a nu b 'li.:J f(c) = k 
II 

Bct., "'1L1l~;)l'HU1Y1~~fjuon 2.6,6 L'I-LLL~L,"1J1flmfl -~v.u1, "',~fl (o, kl ~tl-..,fl 
\~ jU\UlflU y ~ .:JB~1::'t1-Jl.:J~fl ( o. f{a)) ntJ~fl (0, f(b)) .1.:Jtt.J 2.6.2 ~~t\'1 
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11 .. f(%1 

or" 
zt.l l.u 

;,::tt'f11 Lft\491,_, y • k ;,::.t£l-'9Yt1n,1~ f(x) t~rlHLL\4\4£1\4 L~~fltrfl~\4~£l~il (c. k) 

L~£1 ~ t~{/1::~1,, a flu b tio31tl 2.6.2 ~~"~" ~"n~11lti11 f(c) • k ehwruuHfl'Ml£1-' 
k £)1;,;,::£lfi1 c 111nn11~d-'fi1 ~lt'f 1t1tJ Yl.U. 2.6.6 L~V-'LLfln~11'~1 ;,::tr£1-'iJ fl'Ml£1-' C 

£lrlH\l'£lV~tt-'fi1 l1J~1LtJ\4;,::.t£l-'iJfl1 C L YlV-'fl1L~tJ1 L vh~\4 i\4LLfffl-'11£lHiJfl1 C ~tnVfl1 
~lt'i'~ti1\~ f(c) • k .;_,~tl 2.6.3 LLRfl-'11ilfl1 c ~LiJ\4ltll~" 3 fl1 (fl£1 cJ' c2 , c3) 

W1Wi'Ufl1 k L~V-'fl1L~V1LYh~\4 

)I 

-/" l' ~ f(z) 
i(~)~~--,, 

n.l 2.6.3 .. 
l1mh~ 2.6.11 rh~\4t1L~ f(x) • x2 + 3x - 6 L~£1 -1 .s x .s 5 ;J-'LLRtl-'11 'Yl.U. 2.6.6 

LiJ\4~;_, Lrl£1 k = 4 

f(-1)• -8 LLfl~ f(S) .. 34 

f(c) .. k .. 4 

c2 ·~ 3c - 6 = 4 

c2 + 3c - 10 .. o 

c - -5, 2 
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~·n11l"lifil' c = ·5 LVi,1::~1\41\4dtJ~utlmb-l (·1, 5) ~ol~\4~1\41\4 c • 2 LiJu 

i1u1ufl~tJ.JTl'l'l hw 2 v~"lwtl1-l (·1, 5) LL~:: f(2) • 4 

i1mh~ 2.6.12 ;,ol'W;)1'H\41Yfolriiu f ~-l 

f(x) = {

x-1 tho.$x.$2 

x2 "'1 2 < x .S. 3 

L'l1R11ll,miirJumwrutl-l f 1~'11-l'lU 2.6.4 
\1 

'I 

l'' 2.6.4 " 

'i:vnn', r171vhl1flfltl\4~ 2 ~-lil~LWD1-l [o, ;] 

f(O) = ·1 LU~:: f(3) = 9 "', k L U\4~1\41\4Lfl i ~tlij'l::Wl1-l 1 nu 4 -,::1lJij 
fh C tD-3 f(c) = k LYi'l1::i111Ji.ifi1'1Ju.JYf-ln'Jl'\4~tl~,::WlH 1 nu 4 . .· 
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1) 

2) 

- 3) 

4) 

5) 

6) 

7) 

a) 

f(x) 

f(x), 

f(x) 

f(x) 

f(x) 

f(x) 

f(x) 

• 

• 

= 

9x2 + 5x + 12 

X x:--s-
x3 - 12 

x2 - 16 
x2 + 2x - 9 

\></!4) (x2+4x-t2) 

X 
~ 
X · 3 

f(x) x2 (x 2 + x·'fz)3 

;) -l~Hl m ,,.,~ -lni1.4t1 il ttJdiimllltl m rtil-JU1-4'1h -l~rh,.,"fl t ~,.,;il tll 

= _L_ ; (3, 10}. [-16, 4) •. (-:xJ, 0)' (-9, +<X>)' (-9, -6) 
X + 9 , 

9) 

10) 

11) 

12) 

f(x) 

f(x) 

f(x) 

f(x) 

• ~ ; (0, 3] . (-3, 3) . (- :X> • -2] ' (3, + 00 ) ' [-3, 3] ' (-3, 3) 
x2 - 9 

.. -/16 - x2 ; (-4, 4) • (-4, 4) . (-4, 4} . (-4 , 4] , (- oo, -4) , (4 + oo ) 

13) f(x) 

14) g(y) 

15) 

16) 

f(x) 

f(x) 

= ; (-1, 3) . (-1, 3] . (-1, 3) ' (-1, 3) 
-./3 + 2x - x2 

.. 

x5 + 3 ; g(x) = 

Vx ; g(x) 

17) f(x) L-i:..2. ; g(x) ..JX 
X · 2 

;)-l,.,,fl,fl-3~ c ~Ll'l:: k ~,-ht~~-lni1.4fiil1tldiim,llflmdil-Ju1-4 (- oo • + (X) ) 
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18) f(x) • 
{ 

5x + 2 ~1 X .S. 5 

· ku · 8 ~, 5 < x 

·2 ~1 4 ,S X. 
19) f(x) .. { .~u !'1 ~, < 1 

1 
< x < 4 

81wfuvt-3ni\4 f u\4"111-3iJfl [a, b) m~::fi1 k ~n1~\4flt~tlv1tld ~1Hvilfll\'v-3fl1ll 
fl.U. 2.6.6 ~-3~1fl1 c ~-3 f(c) • b LLfl~1,lJftililfll\'v-3rltl f\.U. 2.6.6 ~-3\~L~f!~t:nd'nll .. .. 
'ti'-3L"IJU\4mWhL~:: y = k .i1u 

20) 

21) 

22) 

23) 

(1)+00 

( 6) + 00 

(11) + ~ 

(16) + 00 

(21) X= -·1 

( 1) 0 . 

( 6) r 
(11) - 00 

( 16) 1 - 3 

f(x) 

f(x) 

f(x) . 

f(x) 

3x2 + 2x · 1 ; [a, b) = (0, 2] ; k .. 7 

.. ' ,..j25 · x2 ; [a. b) .. (·4, 3] ; k = 4 

____u_ : [a. b) .. [·2, 5) : k "' L 
2X • 9 2 

{

x2·10 ~1-2.Sx<1 

= 3x + a ~, 1 .S x .S 3 
I 

[a, b) = [ -2, 3) ; k = -1 

0 ~· v fllfltl1JUU1JH011~ 2.3.1 

( 2) - 00 ( 3) + 00 ( 4) + 00 

( 7) - 00 ( a) + oo ( 9) .. 00 

(12) - 00 (13) +00 (14) + 00 

(n).x=O (1a) X = 0 (19) X = 5 

(22) X = 3 (23) X= -4, X== -a (24) x=3,x··9 

0 tJ v fllfltl1JU1J1J fll1~ · 2.4.1 

( 2) 0 ( 3) } ( 4) 2 

( 7) 0 ( a) r ( 9) 5-
(12) - 00 (13) - 00 ( 14) 0 

( 17) X = 4 ; y = 3 (1!~) X = ·4, y = 3 

( 1 9) X = 0, y = 3 (20) X = 0, y = 1 

( 22) X = 4, X = ·4, y = 8 

( 5) - 00 

(10) • 00 

(15) - 00 

(20) X = ·2 

( 5) 3 

(10) + 00 

( 15) 1 

(21) X = 3, X = -3, y = 0 

(23) X= 1, X= -1, y = ··1 (24) (a) . C(x) • 10x2 + 2500 ; x e (0, + oo) 
X 

(b) + 00' + 00 
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th~auuuuNntr~ 2.s.1 

( 1) 2, lim 
2 

f(x) 1~ii 
x-

( 3) 4, f(4) 1~ii 

( 2) -5, x lim_ 5 f(x) 1~ii 

( 4) 3, g(3) 1~ii 
( 5) 1, xlim

1 
f(x) I {(1) ( 6) 2, h(2) 1~ii 

( 8) 3, -3, f(3) LL~!: f(-3) t~ii ( 7) -3, 2, f(-3) LL~!: f(2) 1~ii 

( 9) o, xlim 0 g(x) 1~ii (10) -2 2 lim H(x) LL~ ... xlim 2 H(x) tllii ' x- -2 ... 

(-11) ~ m dt~.J~'Y)n i ~" {12) 4, G(4) 1~ii 
(13) 5, xlim 5 F(x) I F(5) (14) 2, xlim 2 h(x) I h(2) 

(16) t~~mdu.J~ 50 LL~:: 200 L~11!:11 
lim

50 
C(x) LL~:: lim C(x) 1~ii 

X- X- 200 

tllfUltJUUUNn1f~ 2.6.1 

( 1) 'Y)nfll"llti.J~T\.~1u-;J1.J ( 2) 'Y)nfl1"lltl.J~1U1U-;J7.J 

( 3) Y)nfl1"llti.J~1u1u~7.J vm1u 5 ( 4) Y)nfl1"lltl.J~1u1u~7.Jvm1u 4 riu -4 

( 5) t]nfi-rot~.J~1mu~1.J£Jmiu 2, -4 LL~:: -6 ( s) 'Y)nfl1"JJD.J~1u1u;J7.Jvmiu o 

( 1) Y)nfl1"lltl.J~1u1u~i.Jvm1u 3 ( 8) 'Y)nfl1"lltl.J~1U1U;J7.JLU"ll1.J (o, + oo 

( 9) ~mdt~.J, 1~~mdt~.J, 1~~mdt~.J, ~mdt~.J, 1~~mdt~.J 
(10) hiqimdt~.J, ~mdu.J, 1~~mdt~.J, ~mdt~.J, t~~mdt~.J, t~~mdn-.1 
( 11) ~mdt~-:J, ~mdt~-:J, ~mdn-.1, ~mdt~.J, t~~mdt~-:J, hJ~mdt~.J 
(12) ~mdt~.J, t~~mdu-:J, t~~mdt~-:J, t~~mdt~~ 
(13) (-oo, -1), (-1, 1), (1, +oo) 

( 1 4) (- 00 ' -3) ' [ 4, + 00 ) 

(15) {;S + 3; ~mutl-:J~'Y)n j fl1"lltl.J~1u1u~i.Jlu"Jh.J (o, + oo) 

(16) _j_ , ~mdt~.J~'Y)n j fl1"lltl.J~lt-41U~i.JLu"li1-l (- oo, -3) u (3, + oo) 
q-:g ' ' 

(11) ~ , ~mut~.JYi'Y)n j fl1"lltl-l~lwm~i.JLu"Ji1.J (o, 4) u (4, + oo) .rx- 2 

(18) k 7 

(19) c -3 LL~:: k = 4 

(20) c r 
(21) c 3 

(22) f t~~mdtl.J~ x = ~ 
(23) f 13-l~mdn.J~ 1 
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