POLAR COORDINATES

RECTANGULAR ( CARTESIAN ) COORDINATES LOCATE POINTS 17w THE PLANE

WITH A PAIR OF NUNBERS X,y ),

P
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~

P e e
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SONENNES IT 1S CONVEMENT To USE OTHER NLNBERS INSTEAD, E.G.,

POLAR COORDINPATES (I, 8)

PR R - - - - -

- - - - ————

UNLIKE RECTANGULAR COORDINATES, THESE ARE Not UMIQUE ( A GIvEN P nas

LoTS oF POLAR CooRDINATES ), F.G.,

p s P HAS PoLAR CoORDINATES

(r,0) =3, "-'iz )

8UT ALSO

(2, ?hnr): (a, %—'—r )
73
13 )

e ew

: w
, F-9m) = 3,-

ETC.



IT 1S BVEN CONVENIENT To Allow I TO BE NEGANVE v (,0)

( Nove BACKWARDS ALONG THE LINE THAT NAKES ANGLE O toiTh THE

POSITVE X -Ax1S )

©
B

e

O]

. - ——— - - - . -

SO THIS SANE PoINT ALSp HAS POLAR CooORDINATES

c-2,- T
t-a,-Fram) = (-3, -.3’.")

ETC,

NOTE : THE PoweT AT THE ORIGIN nAS M= O, BUT O IS TAKEN To

8€ CONPLETELY ARBITRARY,

r
TRANSFORNATION EQUATONS : y

Lox
cos O ¢ ':7‘: AND SI O = ;.Z so !
X = rcs O { t‘": xz4 Yz'
- . L
y: rswé two = 3 (PROVIDED X# 0O )



EXANPLES :

I. RECTANGULAR COORDINATES oF THE PoinT P wiry PoLAR COORDINATES

(rh,8): ¢6, L) opre

Xz Mcos® = b cos '%';I :6(-3): -3
y= rsmé = & siv 93’—'- z 4({-;)= 33

2. ALL PoSSIBLE PoLAR COoORDINATES OF THE PoiwT P wiTH RECTAOGULAR

COORDINATES (x,y ) = (-3,2/3 ).

FoR THIS A PICTURE 1S USEFLL (FOR FINDING O )

3
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a* :
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1 2 2
PPz x ey’ 2 )t (alT) = Mtz =10
r= =4
27
Hwo ¢ ¥ ~2 =-

ND
T0 GET A VALVE oF © NomicE THAT P s v THE & GQUADRANT AND WRIJE

(T0 306 YouR NENORY)
3
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3
™Mus , TIE & BETWEEN O AND AT THAT wWoRkS ( HAS SO = 3

2
AVD cos & = - 3T ) 1S O = 3’!

POLAR COORDINATES witH M= Y

¢4, )
¢y, Yrar)
e, %.'3!': £47)

¢y, Y +anw ) |, nz0,21,t2,..

FoR POLAR COORDINATES wiTH (= -4 wE NUST wALK BAckwARDS
S
AND SO wE cooLp T™KE &: L +7 = I | on Avy of T™HE

FoLLowinve

("H’H"-ann )

= n=0,%1,%+2 ...

]

ONE OF THE NosT connon VSES FOR PoLAR COORDINATES 1S wRITING
EQUATIONS TO DESCRIBE CULRUVES THAT , 10 RECTANGULAR COORDINATES,

wovLD BE NORE ConPLUCATED, E.G., THE LNIT CIRCLE

l > -
RECTANGULAR : X'ty =) POLAR : = |



MosT ofF THE EQUATIONS WHOSE GRAPHS ConNE LP IN PRACTICE ARE

oF THE FoRN
r=Fo)

THE POLAR GRAPH OF SLUCH AN EQUANON 15 THE SET oF PLL PoOINTS

IN THE PLANE wITH A7 LEAST ONE PRAIR oF POLAR COORDINATES

THAT SATMSFY THE EQUATION) , E.G., THE POINT wiTH POLAR

CoORDINATES (ne) = F, ﬁ' ) SATSFIES THE EQUATION
r: ©

AND SO 1S oN 1TS GRAPY EVEN THoOGH THE SANE PoiNT HAS LOTS

of PoLAR CoORDINATES THAT Do NoT SATISFY TE EQUATION, E.G.,

trn0): ¢TI Tiang)

PoLAR GRAPHS CAN BE EXTRENELY ConPLICATED, E.C., THE GRAPH OF

se
re= .‘z-} c6S Y IS

FERIVNATELY, THE GRAPHS WE NEED TV BE FANILIAR w1y ARE OF JUST A
FEw BASIC TYPES. WE'LL DO A FEW EXANPLES AND, WHENEVER

PDSSIBLE’ USE THE FOoLLOWING TENPLATE .



/6

T3

m/a

ar/3

Svr/6

mr/e

- yr/3

3w/a

Sw/3

HT /6

. XT




e r= 3smE
(o] 300) = 0
/6 3¢%) = 2

s

“'(3 3(F) x e
m/a 301 ) : 3
ar/3 3(—"_,5_:) * 2.6
st/b 3(%) = %
T 3 (o) = o
/e 3(-2 : -7
- H7/3 3-%) T -6
3w/ 3(-1) : -3
sw/3 30-2) oz -2e
HTr/e 3(- 1) : - -’,-;
QT 3(0) = O




TS SKETCH SVUGGESTS THAT THE GRAPH 1S A CIRCLE. IN THIS CASE
wWE CAN ACTUALLY VERIFY THAT THIS IS THE CASE IN THE FOLLOWING

why
r = 3sm@

rl r=3sm0 ]

l‘" = 3rsivg

xthy" = 3y
xt+ y*-3y = o
x'+ -3y )= o0 NOW CONPLETE THE SQUPRE
x24 (yl-3y+ )= o3 %
(x-00t 4 y- 2 = ()

X |
WHICH IS THE CIRCLE OF RADIVS S ABoLT THE POINT ¢O, 3 ) |

IN GENERAL , IF a 1S A POSINVE cONSTANT, THE PoLAR GRAPHS oF

a r= aswé r= a cos @
]

p

ARE CIRCLES . TO FwwD THE CENTER AND RADIVS iy THE LAST Two

CASES, CONPLETE THE SQUARE AS ABOVE,



P z2(1-CosB)

o 4""’) = o
/e 20-F) = 0.2
w3 20-%) =
m/a 2(1-0) = a

vl 214 %’-) ~ 3.7
T 2¢141) = 4

? ') -

mie 20+ ) = 3.7
43 214 %) = 3
37/ 2(l-0) = &
u/3 201-2) = |
hwie 20- %) « o.28
T 2¢1-1) = 0O




10,
THE GRAPH IN THIS CASE IS CALLED A CARDIOID . IN GENERAL >
THE POLAR GRAPHS OF

fr=acltcosO) r= ac(l-cos®)

r< a(id sme) Fza (1-SIVg)

ALL HAVE THIS GENERAL S’hﬂps' DIFFERING omLy IN THEIR

SIZE (DETERNINED By @) AND ORIENTATION N THE PLANE

THE BEST PROCEDURE FOR GRAPHING ONE OF TWESE IS T RENENBER

WHAT SHAPE T ExPECT, PLOT A FEw POINTS PAND CONNECT THED

wITH A CARDIOCID,



CARDICIDS CONE LP ALL THE TINE ., A SINLAR GROVP oF ERLANIONS

" THAT ONE SEES A BIT LESS FREQUENTLY 1S
r= a+besso rs a-becos®

Ne A,J-LS'INQ r= Q-BS'NG

wren b= a. miEse ARE ™E eARDICIDS. wHEN o d b THE

GRAPH IS SINILAR | Bvr THE PoINT

IS REPLACED BY A LooP, A “DiNPLE ", oR A FLAT sPoT.

o 1e 2 =
= <) < v

b b

AGAIN , THE BEST PROCEDURE 1S JUST TO Know WHRT TO EXPECT AND
THEN PLOT A PEw PoIvTS T P Dowwon THE DETAILS,

THE LAST THREE TYPES ARE CALLED LINACONS

1n.



© P = Y cog 20
o Y cos O = 4
/6 ¥ cos % = 2
T/ Y o5 T - .y
ar/3 ¥ ag ﬁaz -2
ST/ ‘Itos £3I - 2
L Y cos 2T = 4
e 4 cos '.%’1' = 2
3w/ Y cos 3T = -y
573 ¥ co$ ,'_g.’..r = -2
nmr/e I
HT /6 Y cos T;I . 2
AT ¥ cos 4T s 4




CLEARLY NOT ENOUGH PoINTS YET SO wE'LL CONPUIE SONE TI0RE

NONCE THAT “ cos A(-8) = Y cos 28.

+ Wy Yeos T = 2V z 2.8
+ Ty Yeos T = ©
r 3m/8  qJoeos IF = -2/a % -2.8
1578 , ‘Icos"—f-,”' z -2l % -28
+ 37/4 Hes 3 = 0
Mg | HeosZE - 247 = 2.8
_1_1;‘
=

13,
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IN GENERAL , THE PoLAR GRAPHS oF

r=acoshé r= a Sivng

n % &

ARE CALLED ROSES (I HAVE NO 1DEN wHY SINCE THEY LOOK

SeSve————

Lixe DAISIES ) wiTH

n PETALS F n 1S oD

AnND
<2n PETOALS 1IF n 15 EVEN
n=2 n=3 nz n=§ n:c
rza snng % %g % % %
r:acosnd % %15 % >E %
PROCEDURE : FIND THE VALUES O0F & FoR wiicH cos NO = +)

CorR SINNO =2 ). THESE ARE TiE ' TPS OF THE PETALS,
FIvD THE VALVES oF © FOR wHicH cosn@® = O (6R Siwnb = o).

CONNECT wiTH PETALS.



A FEw nisc. EXANPLES | TECHMIGUES

r= ForR ©7 0

H

e r
o (o]
I I
/N w

iy 1.3
2 2

an L7

ETC,

IN GENERAL, THE CRAPH ofF r = a8 IS Aav ARCHINE DEAN SPiRpL

SONENNES THE BEST wAy To IDENTIFY A POLAR GRAPY 1S TD ConvvERT 7
RECTONGULAR coorpivaTES

<.

/
r = 4 sec@© : ""”case
r-case = 4
X =y (VERTICAL LINE )

r= 4csO + s O

rls HprpsO® + Yrsiw®

xbyt= dx +Hy

(o]
4+4

(xiyy ) + ‘72"‘7 )
exP-dxty) 4+ oyt Hyt4)

CCIRCLE OF RADIVS AVZ

2
ex-0t 4 ey-2) = 8
ABouT (2,2 )

15



