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—  Mulbtivariable calculus

Intervals

Ao inkerval is & connecked {)orl:ion of the real Line

(\_’_\/__\_l’ 7/

an }nkerval
Finite intervals
Detinibion : A subseb ] o f the real Adine
s called an  intesval i F (F conkains ot

least Ewo numbers ond  every number (3;{7
bc(:wun l:}ue.m; H\a.l' iS, | :)C, 9 (o .T
ond r - [R, 3(_<E<j, then z ¢ T .

- 1+ we Swppore Ehat a, b € fR, we (an
consider Ehe 1to“°winj finds X 'nnl'erval:
= Qpe,n intervel : conbtains neither Lno(‘ooinf
-- -0 0- = - - (q, b>= '{3(& R : a0 < x CLJ
o b
& ,Y
such that’ skrick ineq’ual(ties

- Closed interval: conbtains both end,ooinh

—-- & ¢ - - [ a, B:): {QCE H{ o S o € L}



- Hah""opa.n inkerval - (onkains one cndpoinl'
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Semi -intinite intervals

For o real value a e R, we have the
{:Ollowfnj semi —inting ke imbtervals:

- - 0m > (a, «) ¢ {xeFR'-xNL}

malaks & ? [a,m)={xem-‘x2&}

¢ oo (e, a) s Ax e Rox <ol
N ¢ - - - ~a/a]:{x.éR‘D’.SlL}
Qa

Functions of & reel  var able

- A Funckbion s o rale for ':ra.nmcorminj on
o\ojgct inke  anobher olojecf.

E-gv Hne oaféa dlc Qo Circle ;.r o funct'n'an o#
s redius A: nr?.

Definikion : A ‘Funcl:ion f ﬁrom a set X
to o set Y ¢ a rule Ehal assignx a Wi que

o.ltnu\f ‘ﬁ € 7 Eo each elemenl x € X,
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X

selt

can

is Ehe domain of  Fhe Funckion. TIL 3¢ the

ot all
be appli

5peciﬁied.
L+ You Gre asked to find Lhe domain o f a

funckion ,

ot

X ko

Example The

)

[ 0, )

root  ofF &

The rcange
all poss | ble

Exoamyple :

Lo, =),

' §

H\ ro ujhou,l‘

Fool: u.nhess

E)Ca.mple

“Domarn : (-— o0,

which the funclion

valuwes ko

ed . fome(:imes) Ehe domain is

o U will have ko exclude values

which bt connst be a_wlied.

domain of Ehe funcbion Y = [;
loeca.use (VR4 cannol' L‘a.ke Ekf SaLu.rc

negaéive num ber

o f Ehe funcbion 13 Fhe selb of
values of £ a5 varies

Ehe demain,

H\e ""“‘f)e o-F L'l\e —ﬁumc@fo;q g: J;:l

because we Eahe Ehe posil:')ve

otherwise Ipec'm'-\ieal.

What are Ehe domain aad range of

Ehe function 9: J 10 - ¢

]O_-) ( praviied x ¢ 10, wWe can
Eake Ehe s quare rool')

~ Range: [ 0, c ) (as for Yy = J—ﬁ)
Detinikbion - the jra.p)q ofF a funckion £ iy
Ehe seb o f all Carltesian coordinates

where x 15 N Ehe

dormain X and Y = -F(x)
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Ll 3 Domain:
y{v_uxjf\um{ Xe {x <x Sx,]

Y ! S (x, X,
- Ranae
C’\'”'PL‘: 9 {91 . S z}
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“The verbical line Lkestk

Recall: a Funckion § From a seb X  to a
seb Y s a4 rule Ehat assigns a  ungque

ClemenP 9 € Y Eo each Llemen(' X € X

We  can erresu\E Ehis 9ra.phic¢llj [)9 Lhe
verbical Line Eest.

(R : = This is the graph
y o : ot o fuackion . each
\i/:w line inlersecks Ehe
P : > 9:"0.)01'1 6'\1\(9 oncCé.
9 | - This is net Ehe
E .L N 9raﬂ| oF a funclion:
i x each line inkersects
Ehe graph Ewice.




Exo-mpﬂl A circle un Ehe (x, y) plane 3
nek Ehe 3'-”1' o /{a_ funclion:

1
{1

We need Eos define Etwo funckions:

N\
/7

. - 2 2 2
Equakbion for whole circle : X+ y - r

’rcp semicy rele - 9 = ,/rz-— ac?
Y

BGH‘OM su’tic_}rcle - - Jr"acz

Yo(.wnw\ial 'Puncl:ions

- A polwnom]al n o of aleﬂree n has the

-Form
n .
{ " 2 v
(%) = a,x + -+ a,x + a,x + a, = 0. x
j=0
Where Ehe q_uanl:ities e, are conskant

coefficienks and o, # 0.
-  The domain of a polc_/)nomial s all  the
repl numbers, bocause
- there are only inkeger pouwers of x, so there is no
risk of Ealunj Ehe rook of a neJaEfve number,
- all powers of  x are non—negabive, S0
there 1S no rick o division 53 tefp.



n

G—,—ro.yh.r o f Ehe power

- Grraphs of y = x' for tven n 22  have
bhe general Form

A
9
x/
~ F(',.— odd n)3/ Ehe grapk o+ y = x looks
llke: 3/\

Ra,(fional ‘Pu.nc['ionS

- These have Ehe form P[x) ; Where p ()
(x)

and (L(x) are po!ynomial.\'_

Si""P“’- axa.l"\pl-es D‘F rabional 'PVLI\C.I.‘I'JH_( are
Ehe Funclions -F(x) z 1/3(", here no1s

0 Posil:'fve inl:ege_r.



- For odd n, FEheir ﬁrmp}u have FEhe form
A
J T Aiverbe,r Fo 4+ @

—
'8
hiverges
o 1\
- For eoven n, Wwe }\/(i.ve
o{.[verJUT T olu'\/arge:
(70 -I—J Eo 4 oo
>

X

= These are examplef 01‘: 'Fu.nc.(:ioni w}\o:e dama;n
does not  include Ehe whole real Line.

- “The domain of F(x) = 1] x" f£or bobh even and

odd n is {x e Rix #0f=(-=,0)0(0,)

(x= 0 mnusk be excluded, os F s not

J.f{"l‘ncd. }\e_re.)

'Tke. ra,nge 01c -F(x.) = ]/DC" ES

{ge R 3#0}: -0, 0) U(0, ) for odd n

and {3&lR y >O} = (O/oo) for ecven n.

\

/

Ex,am‘:li (Exam 1020) : Write dewn the

domain  and  Toange o+ £(x) = 1 _
(x— 3)!
Division bfﬁ 2ero at >x = 3 => = 3
Ny exccluded From Ehe domarn .

= Dimarn 1S {xeﬂ)\-‘x,?éZ}—_
(- oo S)U(Ble

/



- Ko.r\o—c. . F&x) can  produce arb; l-ram'ly smald
numbers (2r x- * @) and o,.—bi&ra.r(lj larjz
nu.ml)er_s [l.r x =) 3) .

~  The power tr even, so these numbers

are Pori&}v-e and Ehe Fan ge Wy

(0, =).

/E‘i00n0melrric {uncEiOnJ

- Basic funckions ¢ sin  and cos . “These are
/2 oub of phase  bub are  oEherwise
rdentical |

= Both have domain (- o «) and range
E" L lj'

- ’r}\ey are defined }39 Ehe power ceries

. 3 s
dtn  x < Xx - ¢ + X -
31 5!
ces x 1 - x* & x" -
21 4!
- /ll'\e..lf' &uol:‘ie.nl?/ l:mn XX =© Sén ac/ coJS 2 y. l'J
undefined when cos x = 0 ... a b
x =m/ 2, 3”’/2, 5'”/2/.._/ or

v = ( n + 1/2)1‘!’/ n ¢ Z
- Tts domarn 15 then {x e R : x;-é(nst";)‘n', n EZ}
- 1ks range 15 all  Ehe real numbers, y € R



Exampl_e Skebch Ehe ﬂra.pl\ o+  cosec x = ]/S;n X,

and sbale ) domqin and Fange.
U
(CDSLC X : : "1 : :
Csc x) ST Ry ?
Domain : 1x ¢ R : x# nNT, n € Z}
Range ¢ {ﬂéﬂ(‘ y & -1 or 9 2 1]
or (""", ‘1]()[1, o )

- The Eriaonomzkric funcbions are e_xamples
periodic functions : Eh29 repaul' themselvers
successive inkervals.

Definikion : A funclion L3 Pe_riodn‘c ' £

ot

n

there

s p>0 such  thalt  F(x+ p) < f(x) for
all X L n the domain of F£.  The smallest

Sucl\ numhr (-i‘ ta_“eo‘- Ehe Ferioi o-F #_

Cven and odd Ffunclions

Even funcbkion: F(-x) = £(x) for all x in
domain of . T

\/.

7 XL

Ehe



Odd funckion: F(—x) - = -F(x) for oll x tn the
domain of £ YN

N
4
x




