







































































Math2010 Week 3 Rink
Au 15.2 r OPolar coordinates in R Thomas 11.311.4 For F OO

e is notuniquelydefined
A point P Kip EIR can be

Differentconventionsforrangesof r andOrepresentedby r E lo os or r c IR ourtextbook
r n'sety2 distancefromorigin 0 C 0,21T or EIR

anglefromthepositive x axis to ops In thiscourse we usuallyfake
in counterclockwise direction rEEO.es and GEIR

es Pell 1
if Changeof coordinates formula
i P X roost
E I y rs.no Yi
i r

x so
ga l r fifty4

r I 0 tan 1 for xy ow
TE or FL12kt KEI Similarformula forG in otherquadrants










































































Curves in Polar Coordinates

eg Archimedes Spiral
eg Circlewith radiusro 0 centeredat origin Let k o be a constant

NYPolarEquation r PolarEquation Parametricform
r ro r k0

b I I It tears
Parametricform x

r itI t.teco.se r O

I

ef Halfray fromorigin 21T 4Tyx0 341 MY 3T T

PolarEquation
G 00 Too3

Parametricform

tf to
TECO

Picturefor tea 4T














































































eg r 4cos0 Observation It looks like a circle yes
Ourconvention r O cost70 Note r 4cost r 4rcosG

O is in quadrant 1 or I x4y2 4
x 25ty z3 Circlewithradius 2Take EE EE E centered at 12,0

r
An
za 1 4coso ES roos 0 4 52 7 0 0 z

E v v E a Note E rosco f r 2
I

rfcosocosqtschfs.hr O Yz r Tz

fzcos0tFzsihb ngy
7 r 4coso Xt y

z
252 tcos 0 14 12Xt y _2 E

ooo

k x X4 Ie a line 4 72










































































r E 0 cs vs r CC as as es r I acost where a l is a constant

Case1 If we require r 20 then
Ourconvention
It is sometimes convenient to allow no 1 acost70 cosbetas
andinterpret i 0 cannot runthroughthe wholeinterval o za

butonly 8,2T S where f costax g rcosf.rsint
r l acosG

MY
f Irlcost lrls.no n

those.ms.net
o21T
y

eg r 2 If i

x g I 205 25M l F 1 Case2 If we allow REIRto benegative
y not

Positiveside G can run through 0,2T
forOFo and weget a smooth i

Negativeside self intersecting curve t a t a 18
extra t s x

for E ooo

I F 1 i nr l acosO










































































Some Coordinates Systems in 1133

Spherical Coordinates

Cylindrical Coordinates

Express x yusingpolar
Describe PE 1123 by

Kiya r 0 z p distancefromorigin

fifty't za
2 Formulas G Gas in cylindricalcoordinates

P
y x rcoso Of anglefrompositive z axis toop

y ran0
Rank of C O T

go X z zr
Zn

z aPegHelix Formulas
a0,2Tb pcos j P X ps.nocosO

to At 7yL2ab y y fs.nos.nG
7

2 bt j o
2 pcost

x
xC 0,2T a0,0










































































eg f 2 eg 0 0
za

i g is Half plane

Sphere x
i l

x

es Fir
es de

Z T Circle
XI

4 Cone
Equations Parametric form

f 3
x f z or E t.tea.IT9 1










































































Typological Terminology in IR Defn Let S E IR Definethefollowingsets

let ToC IR E 0 Define Theinterior of S is theset

Beko IE IR HF toHsE Ent S IE IR BelHC S forsomee o

openball withradius E Points in Int S are calledinferiorpoints of S
and centered at it

Belko IE IR III Folle e Theexterior of S is theset

closed ball withradius E Ext S IE IR BelHC IR IS forsomee o
and centered at to Points in Ext s are calledexteriorpoints of S

N 13212,2
Theboundaryof S is theset

I
Boundarynot as je pn Behan St 0included Be npigs

forany E O
l

find included

Points in JS are called boundarypoints of s










































































eg Prop let SEIR Then
5 ixg ER Is it y e 4 EIR IR isthedisjointunionof Intis Ext S and25

Int S ES Ext S E IR IS

IN
F F t be S

r l Isee A C in lastexample
1 2 y

Eiii
i I p

B C E S closed if 11715 is open

A Care boundarypoints of S Equivalentdefinition A subset SEIR is

B is an interiorpoint of S open if 5 Int S

D is an exteriorpoint of S closed if 5 Int S u as










































































Subset B10,01 B o.o 5
SEIR lx.yselkixtyklj flx.yscIR.xtyklj flx.geR x4y I R

Intis B 0,0 B 10.0 IR

Extes HER Y B piyB.coo 11221S 1122
1122113110,0

as S S S 0 0
Open X X
Closed X

mynature
X XI










































































Rmk Two more definitions
There are exactlytwo subsets Let se Rn be a subset
of IR which are bothopen

S is called bounded if 7M 0 suchthat
andclosed

IR and
SE BMIOT FER 11 11 14

S is called unbounded if S is notbounded

Some subsets of IR are

neitheropen or closed n n cannotcover
13m18
I y axis forCf KyleR2 Isx4yk4 E IR n rI anyradius

10.11 EIR Q E IR f I iyi r i r
r

Forany SEIR yaxis
IntCS Ext s are openin IR
JS is closed in IR S is bounded y axis is unbounded



S is called path connected if Jordan CurveTheorem

any two points in S can be A simpleclosed curve in IR divides 1133

connected by a curve in S into two pathconnectedcomponents

eg with one bounded and one unbounded

egg

EE EEE

Agfaix y x y El xyl X y I component

path connected Not path connected bounded
unbounded

Tnk There is also a differentnotioncalled
component

connectedness However we willnotdiscuss it


