Moth a4l - Leckure 3 - §i4.2 - weamsdaﬂ, 2 TJan- Q019 @

O_‘f}%' Define the limit ¢f a fuchion of  several vanables .
. find  the limit, or thao that it doesit _xist
» Yook ar vaes aleng cunes
c use e Squo.a&e, Tvecem.
« use Pdor Coecrdinaies .
Recall Fom Henday -
.Gicen £'R 2R, we soy tre “limit of B as W approactes O
is 0" -
“for oy  T70

W con F}'v\d SCrve
tucv Mot if e R maishes o<h\<%S,

tven E(W)  Suhthes \EUm\ < & .

Ceo  (cepemaing em ©)

Notation  lm £y = © -
=0
Mote %enerQl‘-b. cs\'\)en A?-: RoO® we gq\( E_v:oka) =1 \?
we @ unie fla +w) = L+ EMY | wlar E:R 2R g
o Ranchicn wn 1w EGw) = o
W
: Er:(ux|\Jcn\em4ﬂuO ]

L5 any €Yo, uwe can vt sove S+ 0 Suon
ot i W e R gesheg o <IWKE, han
flavW)  cahghes | farny —L| <& |

L W L 1 "
(2. odd Taow R o' = {Tarw) c\ote B\ )
Example . b, £ = s, L€
X, X ¢ &

D wm F0) = o
h T
\
*Gien = 5 Soq. we cow toke S= g



!
L if i o<.lb\\<6l Lhhen
—c(h) 'S O o h, wwn ae bobr  of  ahgaute
1\ NEAVEUS <.—\|—D )
(e W)
%

= M s eﬂo»ur‘»t

= L0 0\ =\l < £ =&
¢
L=0a n hae Q:&cn\*—f‘uc

Wwhwet  ahoutr a o§mes‘a\ >0 .

™E o aqumemt ok Mod we ww ageun tote

S=¢.
oot 0= o us  clowned -
i S 11

(2) Im f(x) aoes Not Xk
LA
~ Ynoeed, Qiven 2:}2' L wxawpie:
we  Covwaesy PN=Y Oy S whick i\ suittvie.

NG wates hows ol § s, e v alwoayg
o cohoaal  puanmbe i OQ\:\'<S )

QY
onch -?(.1.4—\'\) =0

L ]

€&

o \fOamy -1\ =W a7 e

e < A ) TAE et
Ny o V‘Cx)‘? bost o \Noer Cf\cﬁ’(-"ﬁ AR, N
(\g‘ s %i vy e NS ‘\:E.’

e bran AR Ve z

- ~1 - Cl.r‘ ¢
3\1\“ lh\‘<- (_\"\(..‘\"—( < S |
Y g \ VAT d‘ ,(_}C_. @ '\\:~ N \J"p 4 (3("('1 m
5 ] LN

B B prowe ed -
e ot ONTRY ¢ >0 o W€ W CK



§_ GOIERAUE ™ HORE  VARMRGE . \13

Dehrirkion: 0. R -R a fucnca,  G=<Kana> cvespovdig h (Qag
— a gomt w IR?

LelR a numi -

We 8oy £ hos Wmik L o8 X =<uoa>  opproactes o,

X3
cr \wm "'(L\D&\.) =
Ok — Guaaw)
R T S any  £>0, we a@w wake  Fliaw  g-clew
T L a OE.pE'/\ClV\S on &

Mee Jrecisely, et 8 v SY0 uan ot
LQ (xax) s 8_ e To Gy

Ge. 1u-an, u-ap | = Y-ap™ ~ thant <§)
i

o < \;—— 6\
thea \'?C‘Lnx.\-) - L"\ <.
Emw-p\e 1'. ‘F(_‘L\ %\ = LTy b'l... )

4

\(' (. \3'3 S waCie D

Chowaa  digk, e
© N T caciuns o e daak = ¢

L’V SO hmlt \lVV\ ‘F(.l\ = 0.
qu\—lco,m

EXQWUP‘Q 2 (v Wy Ae ok \eciue)
-F(l\s) = L 4 33.
Cawr:.  lim )y = o

o Ty oo
Gieen $70. we wous & B § ¢t i el 3 <8, en
Wil < €.



Shoteay s iy © Voud VFCOV 0 et o soneung, 1,

i rNo\V\i/\g 3\

@\ = VX« Y\ ¢ )+ Qg

A

Marcje J\neq\mn\n\
Note . el iyl g JX g = \1)
Algghwaic reasen - \xl = o< *v_\
Gecrreimc  teosen. ﬂ:‘i‘* () S
e

u.o, 4 Cirde of raaius & \X|
T‘)L L

Corkequence > 1E(D < bl v Q4L < \Xy 4+ )

= aix\ .

S € e wew X\ < "q%. we'd koo

.. v ouad take K= \qs_.

E‘Acu.u—[}\e_ Q- -‘-‘(1_\‘6) = ™ 2z . L DS Q\g\b\.ﬂ.{‘\e, QU
Z .

LR w2 deo |
Clousit & Yim fhyg = o
()“\5)‘—': (dsTeY)
[WEage W+t
Howl = | 24 S e il = Gyt o\R)
NFTERVC &y SRR o

b Gien $20. we Nowd toxk S=<&.

™Me avnove heowds ™alr N O<ASS =&, ben
U;(-k“'&)\ S\Y\ < &
% t™Me wmit v O

WARKWGE o T Runcvous of 4 wovoble, we W ook ok

Wmils 08 % Qppf‘OQC,L-'Ed O {Fm\q e l&—&—’c o e n%h-\--



\§ o tew imik exist and egquok L

s oy i £(x) exikk. ok ig ol b L.
i\.l(‘:- ’l\WlIL' l_)a
(841 ai

Rt v 2 wrones

X et Move T apprecch & v twg
LE o e ok

e are \ncml*ﬁ\\; mom{ offerentt patns q\cntiwbq
Which X com Gpproach a

s Y P
L 1__ :L"]L, i h—'f 1
8
P -
E,XO‘UP\C LI tm\\. Q\G\M—Pﬁ W e W \J'-.Q\C-‘,.'_‘\ - Tﬁ?
= Ay _
. e = ) limit as Gy = @ 27
17 _
R\Tj‘ cbwiedd canen T = (e

Lex's ter (xv4) oapproocn (oo alovey e L-OKRNG

l.e. =0, (M) — G -
-C(X.\O) = Ax- O 9-1 = O ComYonmk
LT+« OF L
= LOwy =0
LA
L0
 Now  \e¥'s  approoon. (o aomg e dine B =%
Ly RWE s
PR & '
= lm L£OG0 =

*I0
. o =~ 112 2 LL i w e o taYe =0 K1y

fw_t%-_-—_m' &*P\U‘E e ?(xw — L, as Cm,xs\ —3 o) (‘:',\{O\qc) o
TR C \

ahgel {‘( 186 \»)\ -} L'L Cu s

ond L el

Ten \tn ?(]\

oGS et exT -
()uus)-%(am)

Kk\\p — o) c:a\cmg < cunagr G

%5



Erowpe S. flwl= wm oyl = 72 X2

i “5* Qoo
Noe: Al gwoignt lives Drough the v hoe e fon
=M% (m e ) - N=O
- Aleng e e x=o0
T
Foy = O o — 0
02‘*'\\* 10
. Akmf) e Wi y=wmX
fluomu)= BT mies o
A+ mON T et |+ ¥
—30
A0

Rut g s nor en%u\. (k)  Cov WO\ Qlemq auArRA ety
not  just  shroight ovies -

L G et (\k\\.ﬂ Gpproocia oo Qleng b pacakelo A=yt

Sytyls B W

= = —>

Gx\l-.\.\’\\ Ay T 2

S e ot gt exich.

LTis & Yach R VaaGihire | Vot NMOe o\ b oveant o

Ane X Vo T e TIOE Ney he yoat clesy 1 cxd)

\{w ey <ee  this Q\»‘Ji(?-k; (AN W eV l

e  nebeo cr? Che Cieing ety Qe 3 cunoes allas W& ke
POX Medk a vk A T Xk
t Cecoden Adse alMowe s e QLT wdney  woe vkl hee
Wt 1% \Q it Aees  exash
RUr LR Com vieus Wi Mg vehed e PIOve Hee

e Wik Qc,\,\,\(;a\\\{ e TR



TECHNAQULER TR PROVING UMIR Db ®XST
(arch Bndiing  rem)

DU war we o w4

HM o= Q. I\W\ \5 = ‘D
(l\\.‘)"?(.Ch\')) (k\\{l"'leb)

2) Limit laws.  § lim fwg = L
Ll\‘i\“?(ﬁlh)

hm (wyy= L
3 Y b (el g ) o

Wen @A) \lim ({(MQ +oly)) sk ond \s equal dy
L5 LL\\’) "'?(Cu'ﬂ) L 'fL

®) Wi L-(-qu‘) Cs(.x\\{)) exX\TR owd s _Reual Yy
) 2 eni)

Loy, .

e vaue S_\L DR | cven W

[N e 1N
afcunad Cah) ] 7H\
_ '/ J4ap) |
Sueny Mo ( ﬁ("C\\\ t //D
Q) < iy € W) ¥ Oy €D
Gnel \\."’V\ o L Yy = \\VV\ V\(X\\-\\ =
(o) > (aby) (i) = Lo
e v (1 =
(1\\“_’,(%\”1& S eisRE e “Gual o L
Exawpe b flxy) = N o (i & Wangpe R copin,
) / b e but o oifferest mewad)
Iy < IU““‘\L as hefue
1y | Ixirg Wy =yl
=)\ = fagin LY <
\Q(Y\.\\-p\ m\- R{;-W-L
=" _\1 < -Q(.X.\\-O = \1 (_\-\C."Q b"'—- @2)

A )
T AL\) n( )



= =—%0, Mo e gum@wie\& Ul Ljf

[wwnee
Il-L\\'ﬂ -0

(L) 2o

"Q- (1.\\.\ ) -0
\L\\\) -0 -

S ONE  MORE  TECHNIQUE © POLAR COORDINAR .

W =t

X\/': () T by we Vo
ifi)\_& * N =TCCLO
T" N = rand®
(v} = (vcoe®, tsind)
Ly On) are be  Covelan coamimedes
GGy e e POIGE coriohiniees
Utz o0
6 ¢ Lo, )

o ay) — o = T—3 o .
Qf:mhhg a anchow. WA Yesme OF \\bbr ctu‘d\ﬁaies WO moe

e enaviour amund (0O maue chvaas

Emm.p\e + -g\(\\\\\\ = 1—"// mt (Q@U\ 1-)

I Vo\o(‘ Coormiwoiex
TColbrand

flrwow, mnd) = _
ITTtO+ (ot =

TCLOUNE = g.- wnad

—3 0
{—=0

'F(L\Lﬂ = -—]ﬂ}

E’Om-ple ¥
i (LL*_\P,)L
. 1
Lleoe®, Tan©) = Traost 8t antQ ¢ Qi&mz'e)L L ant(28)
| — - - < g
Loz cost® + Fromte)” 4 .

> his doed  aar approoch G ot © —30

= A E(kw\) AGX ok oxich .
k}‘ﬂé (oW



