'-Qe\/ie.uo g

1) Netctions :

Set :  collection sf o L‘)eds (clements )
S : Subset
€ : loe(ov%Q +o

e.s. S={‘l,1,3-§
That means S 8 a sek c:ow\'aivﬁmg R clements , v\aw\el‘g L, > ad 2.
oR : 1,2,2e€

‘f T={l,‘2,%,’+'} . then we me S 1= a Subset uf T, or ST,
That means  all clemeds m S ad alko wm T.



LCa.b] : set
Ca.b) : <ot
[a,+): set
Rafal: set

9o G -9 -9,

all
all
all

all

real
real
real

real

Netations O‘fz(‘elr\ uwsed W s course :
R : set U'F all veal vuwaors

nunaoys £ Swch dhat  as - <b
nunaoys L Sweh that a<c<b
nuaoys % Such that  a s

rumaers  except the nuwber a



2) Functions -

Function : A 'ﬁ/\v\c&.\ov\ S oa vue vt assiﬁms to each o\oaecb n a set A
em.cﬂé one. ok\fledc w oa set R.
set A domain  Cipst)

-F

sec R : ‘(‘amje_ Co\bewt) iy B

A Fucton F fom B to &



eaq £ . R d.cﬁueci bu, "12(1:) =L+
L2y =(C2)+4 = 1}
T )
w\‘|>vrt e\xE_Fucb
OR  write : 13 = o4l
7 N

Clg_P_q.nqlgw(- 1 md?_‘{nmn&eﬁf‘

Vaviable vavickle




ea. Find ‘M&M‘M_SMAE_‘ﬁAASﬂ_QV\Q :
J

@) -ﬂ‘—’oo = {
J -3
L) o) = 2
g ST




Q.S. _l:‘mé “the dﬁwo‘m S 'l'\'/\e_ 'ﬁw\C‘ho\Ag :

Q) -be: x‘_s Ars:  a) % can be any real number rcept 3
e.  doman = TRA\{3}
S g@:Jﬁ_ b) 2.3 20 = +s3
i

i.e. doman = (-, —%—_]



>

=1

efz_) What s +he d‘rﬁ"exmcm loettoean -f(x): =




>
==

ea. What s the ddfference lbetiyean e =
J 1) J x=1

Ans @ domain a-f —Jf = RNIB
deaiV\ sjp aQ = 'R

d




e.ﬁ. FP:ecevJ\se - lef med ‘f\z\\ncﬁb/\
T R-R  defined by

fal

\n
'j' =X <O

Feo = é |

(lx if 22O

—:F(—I) = |

‘f(o) =0

f(\) =2




eq. Let £ RUY —R defBred bu Ffeo = ﬁ-
U J J g J e |
We. can rewite ‘:’F aS"'l?\e‘:"@b“M\v%_:

x| +F < #1
3@@0:( T

widefined I-J(! =1




e.% . C‘awT'osH'\u n b‘f "ﬁ/‘\r\cﬁu wS
f&:.) = Rt L, g(-x.) = x4,

—n'ﬁnlg : f(A) = AT R4 4\

A Tv(]>\i+
Then j’i(gm)

(x+l)1+5Q—L+ 1)+ |

(New - "lwrvd: =A=%C—>O=x+\)

<+ 5% +5

What 1= ggfeo) ? Ans : g(feo) = L3

Sometimes , we. wite ('f“c’PC’O wetead o-f j‘i(geo) “o emrkas?ze T Ql.w.)zzvds on .




TFunctional Meodels :
FRQA( World  Problom -

2L i Numboer e'f "Fvce\ucts "F\mc\ucael Cin thovsands )

Peo 'Fvc‘ﬁ‘b Cin thevsands of dellars ) (QSSMMF'('?M: QLQ-PZV&MS sn = ohlg )
bﬂw\ . Maxkimize the warb.?

S":EF I+ Obgayvation ‘é,
i (5,18&)
~ Peo -
« (1, 185)
(2o ,
(So &, o)
[ 155 -




S+2‘,|b A Mocle.(liv\g

Sus!mct the ‘fwmula badid “+ be P = al+bx+c

Ex : Use -he data abeve %/ /SMSFQ'QE
4o sdve a,b ad <. ("'(g"/\/
Ms: a=-5 , b=8c, c=-no / \Cu,lss>




S’th 2 : Prediction

Ma»{\vvi\z"mg .FW?FE : FP(-:O = —Sx"-t- gox - o

Maximim ’erf‘rb = 2oo

FEYQC\k = &Newn : PP(')L)

~Sx+ Sox - 20

2
= —-5(7(_—8) +D oo
can be  abamed when

l
0

L =

Step 4 - Testing Hne mecla |
ACCEF“:, Mbehf\} or

~=&



AASMK : g:ngM!Ms IAQ(:F§ ngSn sther applications )
[




Liwmrts cf Fwchions -

I._IW\\'b Gf ‘f‘/\V\C’bOV\ .

l‘f f(-,o 3€W Closor and dsser € a veal nuwmber | as x gets closer
and closer  to C m bsth sides | then L s colled +he linrt c-f feo

at C . We (\M—Eeo L

t Nek : a [MHe bt wisleadin

o

-]QCQ) ma:a NST e_%v\a( +v |, even TE w\a«a lha W\chcﬁv\ec_\ 3



Q.S. ‘jg f(x} = X+ | . —ﬁﬂd J;m 'ff(i) ‘?

7
2..
T % 09 o099 0433 [ lool (ol (.|

i

‘f&ﬁ 1.9 (.99 [R]9 => 2L ool 2.0 2.1 //

be‘l'des—l-bl as « tends 4o | .
We wike _hwm feo = 2.
=1

Remarks :
O + The “nble on(a_ 6?ves an icturtive Tdea |, bk NST a Y‘i%omus 'an‘f ?
2) Do N&T reéam\ as 'Fw'l'\‘ivxg ~x =1 inh -ffx) and 6¢b T(D = !



2

eq. Lt jf:TR\{ﬂ — R deﬁmed bg} -:f(x) = 7_;:" . r & A
We can vewite j"- as —the f'fbl\cmnag

< 3 g=Feo

feo - { :ﬁd . Tfr//

< 0.9 0994 0.94% I [.ool (.ol (.1
—'560 1.9 (.99 quct W,\ACF,,\QA 2. ool 2ol 2.




We can vewitte ja as the 'ful\cmiha_:

f(-=0= { >+ | ‘rf < #|
w\deﬁ‘ned 1—} =

be‘l‘evds—l-blasx-('ehds—tol

(Bt , we do NST cae  what L\aﬂnvs when ~ =1 2)
We wvike \M—'EC-;Q='>_.

ly
>\

Cow\?axe. Wit the *Prev\ws Q“MF(Q ?

2., <t jf:TR\{l’i — TR deﬁmeel bg_ -:f(x) o Xl

2

(.
—— X #




(o) T X # O
e.g. ,—f fe,o = { ']c
[ ‘f ~= O
Fed o o
X —=O. 1 —-0.0| - 0.0l (o) ©.00\ O.0| o. |
jQ’l) © o <) ( Y (o} o
Q Do NST care 2

liwx
A—o0

$eo -0

w‘/\‘\clx does  N&T QZMI ) 'f(o)=\ .



|

9:{@0

€6~ L<t :f:'k\{o's — TR cleﬁuecl log_ f@o = % . X#O Y
/

Y -0 -0.01 -0.00l\ o ©.00\ O.0| o1

j"eo (o lof TS uvxdzfimed S o oy

-feo tends to 4o (NST a reql nuwber) as x tends +o o
(\W\ 'f'(x) doe,s NST oxdst.

S ]

(tht . Some shil wate  fim -foo = +00.)
x>o

?Lv



le%L\'E Havxcl Liwtl and L.E:FE Hand Liwmtt :

|'f f@o 36\'5‘ Alosor and deser € a veal number L as x 3{&5 closer
and closer to ¢ “fVOM Y‘?%‘Kt (\"@F bﬁ:) hand  side. ,‘R/\QV\ L %S called -the
h‘%\/d: (r@F. left) hand  linrt c-f jeco at c.

We.  wWivtke &3@*{@ - L (resp. &;ﬂc:fw =L



x4\

%> O 9 g:-fm

e.g.
f Foo=g o 35 %m0 y
- wf << o g

lim "f('ao =l > =1
- 5"

fim_feo = fm L (does N&T east)

A*->o

'f(o)=0

(Remo.vk H

"R*.SH hand lintk and left  hand  lwirk o-f a fnction at_a ’Foivd: s Ne&T
necessary 4o be the game !




FACT -

fip foo =L o ad oy o oo = Jrpfes - L
R ﬁé\’*’ vl (e&' hond it exst ond e%wal s L)

FACT (oot 'Fn,af)
D) ‘fk?&aocvsbwt,hvw L - L

ASC 7\

(1) &Lv\c‘x_ =C Y%de.d as constart "jalﬁlf\cb{ou\ ‘F@ogk



Alédovatc ?wFarhes csf Liwrts -

3
ad
(@))

D

(€D)

e~
k&f&) and 7lg_v\)/\c_ g(x) exdst (\/Qvta 'lw?be'tqwt 2

D (—fuo + 6@0)

hW\ (—fao 6@0)

I oo + iy goo

b_g/xc—ﬁx) - jg_vg\cgcxv

ﬁrc(—fm%eo) - &_quvg_yégm

ooy e feo
x—*’c( 3(7()) - x[_‘!,""cg(x) Tf v([.-t—?c %@Q *o

, then



e?). Fnd hW\ 37(_1—5

H—>2




eé. -FYV\Q\
(D hW\ > &
-2

) lim 3
A
A 3 z
® lw3t

i\W\ e -5
—»2
'-'B? SY)
=2 ., So hW\ 7(_2' = (ivv\ C'z.-x) = hW\‘X. . lIW\ %
x> > > PN
= 2 D = Ll-
'—‘&Q €))
{
=, iwa < =4 , S hvv\ 2 = l‘uwxs ™
A2 sy x> 52
= 3.4 =1
:Bta &)
=2, w55 , sc [m3e5 = a3t — lim &
r & >N r &% A= AU
- -5 =3



L Buk what we wrike -

x>
by 2025 = 3(lmx) -5 = F

A2 A2

2
eq. F‘mc‘ [‘\W\ 31—8
d S0 o

372-—8 - 3(““" "C)l— S - (D - Y

[‘\W\

2.5 XY ~§
R R B (-2




—mlnk H

€.Q.
l\lW\ —_I,- = hws X-:-l,; /llw\ -x_\ T‘ = O
>0 A>° X U E& T
H *>
A

Rat we kwow 7(&/; L does NoT exst.

\A)l'\dt ’S mv-hu\% 2




(&)

L ——
l‘.w\ £ = [ « . =/hM -x.\~ wa =5
ADHOS

AN

>0 “ A=>° X \—/ xX>o 4 ?
X

(W] 3
o k )

oS

Rat we kwow 7(&/; L does NoT exst.

\A)l'\dt ’S mv-hu\% 2

Ans i [im %- does NOT edast, S0 we cammct use D at k)

Ao




_l.t_'.

eq. Fnd i, 2
a A -3 +2
Note l‘«m L-3x+2 =0 , S0 we camck uwse @ .
P
By &)
hw\ B o= I (N ¢ 2 DY =30 R O oY I g.".:} >+ | 2 o
Al A =342 A (et ) (e-2) x> A= ltm =-2 -1

el




eq. Lt jf:"lk\{ﬂ —TR cle-ﬁv\eel 'og_ —f@Q: %:— o AL
Find Jt‘\_v:\l‘f(x).

Note : For wx#1  (-1#0, deneminator s honzevo. )

G-t oo G

-1 -l Jx 4l e+
\ - | = lm L (We only concen dhose ~ near | bt NST egual 4o [)
x> A=) x> B+l ‘6 %

S (Shl the same . o NST Ve%av& as ?u‘(‘\'l\ag x=i )



l_.IW\’l't at lv\f‘w\“rha_ :
l’f fw 36\'5‘ closor and dsser *o a veal nuwmber L as x gets B,g%ef-
and biﬁ%er Cas % Goes to +o0), dthen L s called 4he limtk c-f -jea) ak +.

We  wvite J_\::\w'f(-x) = L.

(Similar cle%v\'rhov\. v (‘W‘ 'Fw) ALY

(3= (39)
J_\’u:w—F&) = L L__/_\_____ :

—Fc-;o=M -—r/——v\

('lw\
A>-c0

J_‘)“;‘fb) and J_\’M_/\w are NOT necessany +v be +he same !

Buxt 'Ijz ('\W\ "F(—;o =X(_l,u_/\°°—F&_) - L , Sowme S\M'Flta_ wyite J_‘)“:;‘F(';O =L .

A>+o0



eq. ) = =L
(@] &

J

('\M—F(-,_) = ('\W\—-Feo = O

A>+0 | A>-o0 |

OR. $‘w(|bl(6 ('\W\ —&17 = O

A |

FACT (ovhest ?mrf p)

l:,Fk>D,'ﬂ/\gv\ (‘\w\ —L—,;=O

A-He

.l\f




A‘gdo\muc FPerv‘heS Sf Liwts  at Igﬁ:rl-.a :
f fwfoo ad  fw geo esst (vany nsportzast 1

A>400 Ad+o0

o fn o)

S (‘fho 6(3‘)) = |wn ’f ™ 360

LH4c0 AD4c0 A4o0

> fwn (fd+ge0) = fm feo + m geo

fiwn 'f(’-) il g(x)

Ad+e0 L+c0

@ (\W\ _FGQ 1"’“#&) b
X400 (g(") ) [‘M gcx) ‘f

ALH4c0

('\w\ %(-x.) *o

Swilar vesllis  hold fw limits at -oo.

. then



2%
eq.  Fnd  fwm 2%
d

Ao LA+ |




2
2. ?) ) -F:‘Mé (’\W\ S

Ao LA |

2 h'M ?»(.l
l‘\M }7_ + >0 \\
A+ L4+ | sznxa._'_x_'_‘ Q\Ed‘"f\ li»«\'b
= 2 e NST et !
R b
3
|+ 0 +0




eq, -‘:\W\A (.\M h+l
@) Ad+eo 3 -2+




eq, Find [ —2xrt
1) Ad4e0 o = e+ |

('\M ?;‘
Ad+0 = e+
2t
_ l > *=>¢
= WA
ESada ] X - == =+ ;
z x*

O +o0
3_-0+40

= O




g:gm:l;gg ﬂng :Fg;[ggus j‘g&o gmwci)leQ :

—:&&h_iz:';h_-k_l_gmas_fas’mr_-hlom oy
)

-Fbr "H/\Q. S‘accw\& esmwf.[)\e

kS
Do+l ord DX —Dx 4 | fcg.ml 4 +o0 03 X tends +to +mo .
Y n

deg‘)_ d%l




Think !'f 'tho and geo are 'Fo(avmwﬁal&

'F(ao=amxm+a....'xwl-+--.+a,x+ao with  am>o (ie.

%@O = bnx"+a,.__.'>c""-+--.+b.-ac+lo., weth. b >0 (ie.

+Hren 'ﬁv\e\ iﬂa% jpbr the -fol lm‘mg casges
D) dea "l>(-;o > dea %(x) ie. ms>n

2) dea 'F(x) dea 90 ie. m=n
) de@ "|>(-x> < de@ 960 ie. m<n

Ans - +e0 'f dea Peo > dea Qe
i&\a—%% - i—i o dea Peo dea qe0
o r-f dea Peo < de@ qe0

clea PO =m)
deg %6() =n)



