Cven oad odd funckisong

- To see if £ s odd, even or neither, replace
bvcrg inslance of x wibth - ox.

.t ] ‘F (ﬁou t)eli bo.Ch t'lle OFiﬁ;wal ‘Fknol‘ion, ‘F 'IJ
even . 1 You £ind  Fhe ne.gal:(ue of  Ehe
orlainal Func“on, { (s odd.

- 1F nei bher of Ehese (:lw{njj | £ lcme) oo

neiEl\u odd nov even.

Example ﬁ(x) : 2xX+ x
D g(-x) = 2(x) v (-2)
“implies thet® = =2 - x = - 3(_.1)

EDC-POY\e,nl: val  Funckiong

- An D_xpoﬂen%iai funckion 1s a FTunekion
ot the Form y = a.x, where o 15 a real
cons Eant
- The domain 15 the whole real /’.ine, IR,
ond Ehe Fonge ) CO) ») Ehe 3“4.}))'\ never
Eouches the x- axis.
- The stond ard ro)ocnenklal. funckion 1
lﬂ = ax - ex,P (x) , w\'\e_re_
e~ 2-F18 --- Ca,\ irrabional nur\bc_r)
- T)\e 'Pu.r\c,Eicn E—Dt_p C:x,) iJ‘ Qq’ual tb itS
own derivak: ve, oad ts  def ined 103
Ehe power  Series



2! 3!
n=o n .

= llff '\hvers'e L5 Ehe natwraol l.osa.ril:hm)
(ﬁ: LV\ X WL\OSE Aowq;n 0.nd raage

( 0, /00) and R respe cEivel&.

oare

Plecewrse - defined functions

@ The absolubte value Ffunction s &ive.n b\j

) A X for 52 0
Fla) = l:x_[ B {*x for <0

Y
Domain - (-~o, ) = IR
R ange L 0, =) N
x
@) The signum function
v f 1 2 > 0
F(s) = 59n(x)=1 0 x =0
=} x < O
The Fange o Ehe signum funckion Iy
1- 1% "o, 1)+ the seb of  khe three
\ 0 and 1. 1ts d.onq.'w\ §s \‘R

numbeprse — )

funckions

M_Lu boli c

T L\ese ore

oL

oven ond o6dd combinations of o™ and e .



sinh  x z t?, - e hfg pzrkbl\'c Sine
2
CO.S’\ X oy re.i + P,p'xﬁ hjp.arbolic
2 cCosine
Emnk X < S.!nl\ X : )\\\jperbo[(c
Cosh o Eangen{‘
CSG)'\ X - 1 SQCL\ x = 1
sinh o cosh o
cobh > = cosh X
sinh o
A
J Y = sinmh a
>
X
Q/\_/ Y= cosh o
>
y 4 B
Y= Eanh o




/lhe cloma.in; O‘F sinlr\ OL, Cos\a pla and t&nl\.x
are okl egual to R all  the real
numberyg, There are n o intervals where
H\eﬂ are neot ief{ned) of none of FEtheir
definitions involve preshibited oyperations
such as division b9 Zers.

Composition of twe Ffuackions

Let  bobh + and 9 be funckions of real
variables. “Their c,orn)ob.si?;}on e o rule
l:haf ass'«ﬁns a \/aLue Z ' n the r-a.nae
of 9 Es each value :)c, in Ehe domain

b TRy e fl), 989
9 ° -(:(x) = (JLD

E ocam Le -FC.;L) < DCS )
/lh:,n, hlx) = o £ () 9-3 )1°(x)l )DC})

/]

J \/ Domain o f 'é" . 'R
. Kan&e of + : R

/ o
/ 9:4:{1)

}\Lx) = 9 °'C(.x.>
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Domain of A (R Ro,nge of h: L o , 0 )



Complex numbers

The solubion of a q,u.a.Af'a.l:iC. e,q’uta,[:iovx

ax® + bx + c con  be Found us'\nj
- bt Ut - Lac
2 a

18 the term b®-lLace < O, we usuauv sa.y
Ehabt Ehe oLu.a.d.r’a,Eic has no  (real) rosts.

Exarple The formula above gives the rosks of

the Quadra,(:ic: eq’ua.k'ion
g" -4z + 5= 0 as 21W

2
Howcvcr, i f We dmcine L = \1-11 We can  wrike

khese rooks as

R T I N R L S AL

AT -1
2 2

This  is  an example ot a complex pumber, It
has a real part and an 'zmaoina.rﬂ part.

More gf.mraujl Wwe cen write
z= o + bt where a, b e R

a oend b are Ehe real and fma.\c)ino.rj Pa.rl'sl



respectively, of 2, otEen dencted “’J Re ( 2)

and  Im (2).

- 1% a:z0, then 2 s purelg {Magina.r&.
14 b=0, then 2 is real.

~ R complex pumber writben as the gfum of o
real and an inaoﬁarﬂ term 35 1n standeed
form.

- We denote the seb of all complex Nnumbers b(? (L}
So E;\a,lf € € d: .

Addition

and

subbrackion

- Example: 14 z,:= 2431 and 2,-
zZ, + &, = (2+1)+ (3-2),
and 2,- 2, = (2-1)+ (3-(-2)1
MuLleicaEion
- The e¢ssenkbial foack to remember 15
(since - \[T)
Ex,amplf
With 2, and %, as above,
z, 2, (2+31)(Vv=-21%)

2 -4y + 3 - 6(i?)

- Every oLuaira.E}r_ eaLu.a.l‘ion has roots n L .

The real and imaginarﬂ parks are treated Separafelﬂ.

)"2:, then

-
-

R+ ¢
1+ 51

2 _

{Zlnal’ | "]

we have



2 -7 - 6(-1)
2 -« + 6
g

B

(K (W]

The Afga_nal dio.gram

We ofben plot complex numbers on an Arﬁmd &{agrumz

1M(z)\’} _____ zz-a+i1b
the | 2
l N/ : AN
complex - x> 7 Rels)

plane

Defintbions and pLoper}:}eS

- The complex con)'&aa,_l'i of Zz: a+ib s
Z - a- b (somebimes wrikten é*"‘a-ib)
- The modulus of 2 s Jzl=1+r = (a%+ b*)"
We alsse  have Ehatl |E)z= Ze, Since
zz (at+ib)(a-1b)
a? - iba + i1ba = (i{)h?
= T

= The _a_r:gu.menf of 2> o+ ib s arj('Z)E 0.

n (B}

Noke . H\a a.rgu.menl,' iS nok unioLu.e. A n l-nl'cjar

mulbiple of 21 can be added to 6 without
Lhanoinj Z, 05 Ehis L’)usl' Eakes ws back FEo
Ehe same poif\': sn khe Arﬂand iiajram_
Usu.auf? , we ftake 0 & 6 < 27



We also have Ehet & = f:a.n"(

o
Re (2) o
Example With 2z = J_\+1 we

have Ehat F
l 2] = [+ 1 ]’2 )
ary (2) = tan™’ ( 1 I

= T /6
Noke: b s :mpor(:anb Eo remember FEhat Calc:ulaémj
6 frem tan Cba.) can gave an aaswer 1n Fhe
wrong q'u,aal.ra.n':‘. 1t can be wseful Eto skekch
on Hrgand diagram Es make sure Ehat You
have calculated Ehe correck angle
Exampl_e W iEh Z—5'|+’+i, we have FEhal
Ean ™ LU[(-D] & - 1-3258 rad
However, drowing an  Argend diagrem shows CEhal
(ihiS lies }n H\e b\)ron\? q/u.aira.nl::
NE
e
! YLCalcul:Lad
\'\ a.ngle
We can move 1nte Ehe correck q/uadruL k add.mf) T
to our result, givinj B ~ 1 8158 rad .
Division

The

comrlex
iWTPGFEmnE

con:)ugo_ée inbroduced abeve 1

or example, Eo

N divisien.

CuICuLabe



Ehe o\’uohenf

7~ L

L+ 3
we mulbiply Cthe numeretor + densminaker by Ehe
complex conJuga,Ee of the densminabsr, H -3

This gives (Z-4i)(u-3i) = 28-3%i-12 = 16 - 37|
(L+37) (4=-33) 16+ 9 25 25

The fact Ehat 22z = a®>+ b has allowed ws Fo make
the denominabor thrcl? real and write the quotient

in  standard form,

Polar +form of Complex numbers

From the F\rﬂu\d diagram, we can see Fhaot

Z2:- r cos® + Urcin®
= r (cos O + i sin 6)
This (s the polar form oFf a complex number.

Example Write 2= 1-1 in poler form.

@ Calculate the modulus, IZ’= r = [12'+ \"—_]%‘: J?

@ Calculale © Ean (b/a) = (:a.n"(-1/‘l)

fl

ban™ (-1) = §1\'_ or 4
4 L



@ D"aw on Arja.nd D[io.ara.m..

N
Im C'c-)

k ‘: } Re(?2)

Ese see Ethat 6 :c “u

’”\e Pola,r Pcrm o-‘: € IS H\e.n

€ = f? [ cos(FmlL) 4+ is'm(7rr]q)]

E_Jcpon enbial Form of o comvlu number

Recall:  Ehe &.’LPOV\enl'ia.l, sine and cosine Tunckions

tan be written as power series :

e = l + x + x° & ii"'"
2! 3!

. - 3 s
srn X = X - X + JC_-

) 5!
(os X - 1 - Ez_ + ij_

21 L

10
1f we define ¢ = 14+ 6 +(i9)2+(19)3+(',e)”+-..
2! 31 4!

16
Ehen € = 1 + i ¢+ 1260%4 1207+ 0" 4+ ...
2.\ 31! u!
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cos ®© + 1 sin B

Ewler's iden’:iﬁ'&_

comylu.

/lhis ives  us  anekbher re_presev\l-a.lzian O‘F Q
number: Ehe exponential form

10 ] i ..
z: re , wikth e,Ie = cos & + i s:na

Note : Jeiel = [(Cu_\'ﬁ + 1 5in0)(cos & -1 sin 9)]‘/1

- [Loszﬁ ¥ s'm?'e]vz =

1 6 :
points on a circle of

end o' re_presanJ all

unik radius 1n  the Argand dingram.



