Sgi.. Functions:.

(:Deg{m\"(,\or\‘. A _S.eit.. 1S a collection oQ distfu&. objed:s.

EXQMP\Q_S %
ay 1
(2) 3 Yellow , blue S red }

(3) Fresuman calewlus  studeats

4) N = i‘\l,'&,...g = Fositive whole aumberg

(5) Z = 3, -1,0,1,... 3 = Psitive. and neqakive

whole Aaumbers oud 0.

() R = reak aumbers S (t\«f«\( S (Y num‘oerem\

< T T T s

-1 o) | N

(7) Bikes = { %) S

Notakion: T# an object & 5 s W & ek A) We.

wtibe a €A .




tDeQ\’.«i{:lofg_‘; Given Ltwo ks A Ld R

o

£W\C/t\‘0/\ "e ‘efovv\ A ‘to B

S a celakioa

(or rale)  wlicda asS\qnS
x e A

> for eacd  element

N e_xa.ck,\d one element | £(x) €
We  wrike -
£ A —s R

x — £(x)

We M A te domain of E
We call B e codomarn of £ .

EXO\MPIQS :

0 A< Tazh R bl red, yellow
£.A — 2
T 1 +— ved (1‘.2- £() = red )
7 +—> yellow (i-z. £() =j€uow\)

2 blue (e, 2(3) = dlue )



Tdea: Tt can de uselul 4o tepreseat fluckions vt

‘P\ ckures

® Ue “.OUJ




(3) ‘Doe,s e, %z(ow ?\cturq descr'\be a ‘Puu.&t\'b/\?,

B

Net€lix
[:. Spoﬂea

. YowlTube

7o Twitkter

) \ -Euuuc'k.wv\?
(W) Does the below prcture describe o .

Tawn

:nms\« Wwe

> @

. cloud



() Poes tu e low Preture describe o Funckion ©

Dee\‘«}ti ons: Sa,a ?.A —_— ? [ a -chkto/\ .

(1) TE ao two elements ol A are sent to the same
element bg' % \063 ﬁ y We Sqa ? 1§ one -‘Lo—o/\l

(or taneckive ) .

”_\.
/ k-“pt a/\e't° - one



(2) T¢ . evesy element £ B tue s ok least
one element o«e Atk v senk to 1L \ajf 5

WR. Saa Q [ onto (Of §_‘éfj eck'\\)i> .

-2 »
.\————ﬁ-‘

N

not onto

Remar K : One Na\s Lo thnX aoout a f....wén'ovx s to view ik

aS a4 mMmacelire .
Tt takes ir o certain Kind o oL‘jeot (e.lemen{séc Mdoma{a),
and SF‘\ts out  angtier Knd oe OBjQCk (eleMentS b tha

Codomann ) .
- —*)_ELK—» £(zx)

Example:  (Tue bike machioe )

f ! Unassembled biKes ——> BiKes

O
O N — 7 _—_}%

\T’



Remark: The machire must be cons|steat . |
‘LQ. ewb "'.\m Uou, Phkt o\;’aeck X \l\.tb ‘QAD.

Mmackine | B Madire must :Produu. T sama
Objeck  F(x) .

Remark - Tt is  ften useeul to describe a funckion

us\'ns a 'eormu.la. . This 18 Known a< expweSSmg o

4 wrction &lja\or‘alcaﬂd_._

Examples:
() £: M= i\,z,z,....s —> N

n —> n+1 (e, £(a) = n41 )

63 "e(l) = L+ = 7

$(w) = 16+1 = \F
1%

n

£(26) = 26+

) £ R — R

x —> Ax+1 (te. €(=)= 2% +1)

e9. f(2) = 2V + | = 5
£(-3) = 2(-3)+1 = -5
ﬁ(t/i) = 1(‘/1)‘*’\ = 2



(2) $. Lo,e0) — Lo,00)

x —> Jx7  (de £(x)=I%)

e'a. "F(H) = Jy¢ =

A/temcx{;ﬁm View One VerJ u.SQEUJ( Na3 to c.ov\sider (e N

fuol:;wx S as o c.o\\edcio« oQ :Pq‘us_

We ¢air each element o! A Wit e elemest W B
ma;(’. '\h S sent ko under -e

Se each Jair S of Dae_ £orm (1 , B() ) :
We thea write these v a sek %(1)9(1)) , X € A}.
This set s called e 6’ra.P\4 ot £, or Gmpl«(f).

Eg(amrles :

(1) £: Rtree, coat | rain § — { yelow re_c\g

. tree +—> 3e.l.(ow (zie. f(tree) = ‘ddl"w)

Coot +—r \je\low (i.e. f(cowt') = tszuow)

Youn —> ted (—f.e. f(ra.'m\': "QA}

Thea | Gm(;h (f—) = -{(u‘:rez)»}zuow) ) (coat,jerw)} ("41"\, red )?{



(2) 9: R — R

X —> 2x+| (‘i-Q. 3(1)-; 7_%-\-\\

Thn,  Graph(g) = (x,400); xeR Y

= 3 (x,2x41) ;, xeRY

e

T\Demark'- A’lot‘&f Qx{;rgmg_ld MSQQM«( \OO.J 02 re?re_sen't\'ag

A Qumc_k‘\o{\ ('?(‘oba.\:\a e m™most u.se_gui Qor TUis
Course - aLCo,;j ol Wt alse_bmtcwux) s to re?rese/\t
The @rar‘/\ o?— e Q wmkion as o '?.\CKUJ"Q .

R}

Ths 1S Creatiwlv called “_Sc_z_xe\m'«a e Punckion .

Tt s es PQC'( oJ.kZS \kSQ.‘?""l wiw de.dl\"' v Qa ’EMCJLL‘OAS
whose C{omm‘,\ \ codomain is a subset of TR. .

These mMake w the  bdulK o tue funckioas we

wi il e an Qs course ,



EXO-M? les \

(v) L. Q‘,z.?ﬁ——* i\,‘l,'%%

L — 2 (1e. LO=121)

1> 3 (e 2() =7 )

2> U (de. £(3)=1)

So. Grapk(#) = 2 (1,2) (19, (3,10}

As a Peture

3 - @

Codomain 2 4 .

aAX(S 1S

MSuw((n 1 - .

A
vertical ! '2 %
X Doman ax\s

IS M.S\.Lo.ll:)
Wori 10.«\'(@,(_

(2) T R—> R

D x> x (1e. B(x)= x )

eg. $o)= 0 = (o0,0) & Graph (¥)
(=3 = (2,8) € Graph (£)
() = T = (¥7, [77) € Graph (£)

\0.



So, (s:a]:\z\(ﬁ)= é(:x,x) ; xel}
As a picture:

e Let's -just plok o Peus poiats to \:QO\'« wi O

A
(1,1)
2_ [
L)
(B [ ]
L (‘\O\
N T I 1 ! >
-2 -1 \ 2
(-l.,-l) .
° =T
(-2,-
-2) |
" KggP add\'ns ’Pbl;\ts., .
A
Y =
) °
— ; : —
8 i ' 2
. ¥
o Until "emtualij "
A
2_
| 4
'$| T T — Y
- =t \ y 2
-I‘T
-1
L 4




12.
RemarK @ Tue Previous 1S a (ase whal we Wave

g4

So manj " —Po\'f\ts to ?(ot , Twek T \:Mo.ae we

32.& -erOM 3raPl«u°/\% '-e < a Solfd "(U\Q\Cuf\l’ﬁ)
rother tuan a colleckion o@ isolated dots |

This  will de te case for almet every ’EMC‘C'\OA we_

3’4?“ v s course |

(3) Gra\:k The 'eo((owukg funckion :
' — B

X A+ ('i-e_. 3(x):zx+\\

™




(4)

(5)

Ze: ™ — TR

x —> x (1',{_, R(x) = 11)

As a P cture. ' ~

(2,4)

N

%

1

(a.n C‘A-ﬂ. be(ow ‘PI'CEL,UQ. be ‘erOM
fwxc'b'o»/\ £. - ?

N

~

( tee "oujl«.la )

e ararh o'{)' a

3.



s 4,
RemarkK @ This  plcture - ‘%’x s Lten called

)

“UML ocna 'Plomzj-

The Previous example mMokiyakes Te ?o([ow";j y

e Vertical Line Tecb: A curve n Dwe au:\—flqna

"epresents o funo&(on TR —-2MR £ ad or\\a

\f— "0 ver ti CQ./( 'ﬁt‘l\e \'«terSed:s
Masr  once .

the curve more

fbeg(r\'\{'.'\ohg g

) A -&mctlon s Soid to be deg\'»\eé P'\ecew\se ;g
;t IS deQ\xed utS\'r\a d\?feruk ‘eoth.L\QS N
di Fesent par‘ts of  it's dowmain.

8.3. £, B — R ; T { \ \ﬂc X Z0
-\ \ X <0

.._..___.___\—-‘




\5.
(2) A function T — TR is caled ewen if
f(x) = £(-%) for o\ xeR,

S, r N ] ; f(x) = x*

<"f(") = xY = (x)Y = P(-x) )

(2) A Function L7 — 2 s called g_qé_/ f
Flx)= -£(-%x) for all x e,

€.q, f "R -r Plx)= x

( £(x) - =(-x) = < £C-x) )

Bemar K:

() The SWQPL\ OV' an ewen wc‘:'\o/\ 'S SdMMQtV'\Q obout
Qe Y- axis:



16.
(2) The 3"&?\« ¢>f an oc\c\ Qw\c.t\on 1S s«dMMe’iFiC

about e Or\‘a\'r\ J

(v) A4 fuf\c_’c(on f:TL—»TIL s called \'r\creqs\‘na_ on
an aterval T -

f(X\) < 'eCXL) N\\OJ\Q.\)Q.C Xy ¢ X 5 ‘Eor X,,it €I

Vd

/




\3.
(5) A4 funckisn #: 2 >R s called aecrwtxa_m

an  iaterval T £

f(’(l) > ‘?(xt) W Whenevss Xy, € X X,y X2 € T,

A \ |

N

N\




18.

A CafaCOJ og Essentiod Funckions:

() We sy Tuat a Ruckion £im B 5 Lieas F,
whea we 6¢&P\A -e, e result\'as LMO~3Q % a e\ke.

Alsc\ora‘ccaﬂa ; Tuase fwucf\o&s takKea e ‘€°rM3
P(x) = mx + b

3 P
SlDFQ'
5,

/.

o

4 - \xberce?t\

/

Uses : BreaK euven m\jsis [ business, ek e .

(2) A frnckion PR AR 5 led o _?_D_LUAD A ,
odaebvq\ca.ﬂa , b e e £ ((_ow\‘,\a Ror s
POO = apx"+ a, x4t A% + de

wWhere N s o ?os{{:'wz \"A’ceser (neN\ ond

Ao, , ..., 01 are constants called Gre  coef@cients
of  the Polynontial.




19.
T¢ 0w +o0 , aea Qe El_%?r_e_g_ of the FOLUAOM‘\QL

\S N
8.3. "P’.TE—,‘,R

: !
C X T+t 2w

W "P QS o f° ‘dV\OM‘\o-L OQ dqa ree. ? .

(3) We SQU o -euch(of\ €. - —>> TR & vokioaa '& N
Ot\ae.\a rau c_o,l,l,% , & s O;w as o cLu,ot\eAt o?- po\dAoMialS:
gcx) - PLx) X

=y

?olcd nonmals

6.3‘ e(x') = x3+3
x4 X 4\

( 4 ) A _Ppower fu.xch(o/\ 1S o QMHM w i a&aebmlu&é
Was Te Eorm
Lx) = %

a

W Were. O. & o Q_o,\st.&)\t .

6.3. @(x) = i:x"‘ 4

~




20,

(5) A4 fanction ¥ s called  an _glaebmic Panckion F ik's
f
0

algebraic  represestation Can He aqwA 1n terms
J

addition, sybtraction » slkiphieetion | division t‘x&a reots,

etce .

e.g. e(x) = JIxTrs + x4+ |
X + X7

(¢) Tfiaonomtr'\c Funck'ioneg

9

)

* B0 = st AN AN

B - N T Y AR
N | - “ N7
?emqu(s;'
) =1 < salx) < )Eor oMM xeTp
(2) sn(x+27) = sinl=y | € ol xePR (perisdic )
. f(x): Cos(x): \ /4\\ l/h \
zl s\, \:? « ;w)x
'5 'i'
_{ie;maﬂ(s.' .
(1) =t 2 cos(x) ¢ for all xeR

(2) ces(x+2w) = cos(x) , Bor oMl xe® (periodic)



* "E(X) = tOJ\(X) = sin (®) :
cos(x)

RemarKs:

(V) tan () s undefiied wWwenever cos(x) =
whiels \"“Pf’eﬂs Eor x=1TT + 3 +6r

() taalxtw) = tan(x) , Lor ol x whae

o) s defhed.

e B(x): csel(x) = —

St ()
|
o f(X) = SC.C(X) = m
l
. f(x) = cot(x) =
tan (x)

:Rtmo.rl(.'_ Please refer to textbook

Cor wik: pedia ) for  tae Sm‘oke \doM&RAS o(’
{hese fMd:(MS.

2|,



(7) A Pudion R —T® i« said te be an
exponential fackion &, a\3ebmmxa 5 W& hes
e Rorme R) = 4T , wWhere b s o
positive  constant .

Uses: Modeﬂu\& natural carowt\'t \decaa ,

() A fw\a&;a,\ P. (6,0) — TR s sad to be a
&Dﬁ&?\m%&{c "eu\,\,c,tfpn ig = a\aebfaica_u'g 5 ‘\t \as M

Rorma  2(x) = c3£(13 , whwe b s o positive

Const ot Kuwoewn as Qua Hase .

Uses : ModeU.d\a natural Sfowt‘v\\ dQCG-‘%. '

22 .



i
Tranggcrm’(,\(bl\s o(x) \:uAL&(O/\S'.

G iven QEMLECOA Q '.

Verdicol and  Wori zoatal swkts: Su-PPoSQ cv0 . To obkain

tue 6(‘0\?\4 oF ’?Mo‘:.ions which are gi van aljebrdlmua
by -
a.
. g= FOO) + ¢ , we shift e 3mf=l~* ¢ units ufwafds.
. v = P(x) - ¢ , We sl ft Mamr\a\ ¢ units dowawerds |

c Y= flx-e) , we swift Qe graph ¢ units "fjht.

‘j: Flx+c) , we suwft te 8fa,oh ¢ wits (eft,
A

Y= £(x)

/\/

¥(”M 8ra'=k"= the graph of .?)



Vertical ond Hoﬁ%onta& SUQEG\M?\% ad QQQ\C&\&S =

¥

2k,

Su.PPose < >1 . To obtain the STQP\A of Funckiong
whida are 3'\\){/\ a\ae_\wa{c.a,% \OLJ:

°* Y- e €Y | skrebch twe arqu of P vertico.uzj bj
a fad:or & c.

o Y= (V)Y | sheink tia graple of £ vertically by «
fa.c.’toc oL c .

I Blex) s Shriak Qe ara?k ot £ \Abﬁ'-?.onto.&&‘a \oa
a Lackor of .

° v: ?(x/c_)
o ?a.:ztor og C .

D)

skretda e %co‘?\.g oi' g \)\br'\tor&and \o«a

© Y= ~f(x) , rellek tue fy“af\“- of & aloeu e

A-ax\s.

¢« 4= f(-x) 5, tellek e %to.(a\« OZ £ obouk. Cua

3-&:&15,

Please see PoaR 11 & texkbeoK for pickures .



Combinaﬁons oe 'Eunc_t'\onS‘.

Thare ace m“"j Ways  we caa combmne eunck'\bAS.

For ?MACk\‘OAS f TR — TR oad %',TR%TK ) We
M“‘j dﬁe\'/\.e_ ¢

(M £+8 TR —s TR

Addl‘rxg
X —> £(x) +3Lx) o
wictions
re. (€ +3)(x) v B(x) 4 jbt\
() *-q. R — R Cubrack:
~ +—> £ - ql=) £k J
WwAS
te. (£ -3)(7.\ v () -3(.1-)
2) ¥faq- T
() 3+ B M\x\{\?\\&« 3
Px e Be) g(xd & 4
LOAS

1.e. (£9)(x) = Pyglx)

Reviar K: Division i  aere COMFUCatecl. We Musk auoid

‘pote/\t'tavwa div:'dv‘\j bd O

25,



26,
(0 ¥l R\ 3z gr-0y —> R

'D‘w\d&%
>~  — %%—3 f\»d‘,{OAS

‘RQMNK‘. 'ReMoufha ?x ) 3(11-:0)7 ?;oM (VY]
C(OMa(a peverts e '?bss\‘d\\‘\tts ok dl\)(du\a \od 0.



2¥.
C omP OSH:{ ONnS of Emcﬁ 10NS

Pelinition: SQ:S 3 A—-R od £ R — ¢ are

fwnotims‘ We definie e compesition o # oud 8_
to be tle gvu.oﬂon '.

'foé . /4 —> C
X — f(ﬂx))

Ldea: Recoll our wachire onaloqy

s = e
s o ¢t

q taKes in o\ojecﬁs from A and oukpuls o\:jeds w R.

2 taKes ia objects froM R ad ol puks o\c'j ecksw C,



‘ 8.
Tk bg £03 as 'Puttthg Thase macines beside

eoch  oflar W an Q&Sam\:\.a Rne

£ = E%E — g(x) —~>{::(—> f(j(x))

$

Combine Qese

j"-O Ma e onL
b‘\s ™a chie

(

A\

X — fogﬂ‘%f(ﬂ’d)

g




e
EXO. MPle_S'.

(1) Consider tue two fuuckions represeAteJ ‘A :Pic,tur‘es

below :

< Netflix

> . Spo o Q\&

~ ) T\A)l tte—(

P e Twl' Ete r




( tree ©—s g’gp——» red — E)T:C‘IS q&pohi@d >

N =

k=

(1) Cons{dm the ?o((owd\a ewwt'\o/\s .

Can Wwe  compose t\&se?

Answer © No. At leask wk ok fursk
Whak wou\d (Q o 8\ (7-3 be ?'

4

¢ s not
W Bue domawn

ok £

30.



31.
To  maKe sense of fog , we Must s The

dOMQ VA bg % ¢
A @\ C

q

B — ‘Jeﬂow

3 +—> cootk

&__1?;: L Smgra./(, N M ClOMQ\.’\ DQ Q ] % L.S
o) o & * Sw M 3(‘3(.) s N
M CIDMa(‘/t O£ ﬁ .

(% X o T domMdn 02 3 >



3.
(3) %'“2 — R

L —> XY (qe. 3(13= X )
£ ' (0.00) —*—R

X b A (te. R() = A% )

Remark © We  ngad to be carelul when c,wf:os»’«a !

-5 — ‘:E—%‘ — —,T‘ —-Hr(’?—ar"”?

Not \a .
e doman

of £!

Quesb'o»’t‘. For what xe® 8(:0 ‘a Cle
domain of £ ¢

7"1' For whatk xel 1S X4 U \a ED;M),?

Yo For what xe® s 0 ¢ xry g g !
Answer —4 & X < 0o
1.2 . for X € ):~4,oo)

a |
t Tws is t\M_ClOMa\;& o% ‘go%.



Conclusisn -

‘eoa'.["-l;bo)__\’ IS

X R(g)) = T = Ixrge

33.



