
Introduction to Polar Coordinates

In Polar Coordinates

So far the regionD could either be described by Cartesian coordinates or by functions
of cartesian coordinates. Sometimes a region is better described in terms of polar
coordinates like disks

, ring , or portions of disks and rings .
For instance if D is the disk of

radius 2 then D can be described by-2=X12and- -YE OR O= Zi and

OrE2
,

which set of integrals looks easier to solve:

Spf(x
,y)dA = S2f(x ,y)dydx = S

*

Sf(rcosO
, rsinG) . r . drdO .

To convert from rectangular to polar :

r2= Xi +yz

a= tan"(Y ) + i (sometimes < is not enough

To convert polar to rectangular :

X= rcost

y = rSinG

dxdy = r . drdO

Examples :

1

. Convert each of the following points into the given coordinate system .

(a) (3,
-3) into polar (b) (3

,
5) into polar

v = (3)+ 1-312' = 18 = 32
· 13,

5)

⑭
=tan) =- 1

x = tan" (5) = /D

v= 13) + 155) = 12 = 23

·

(3,
-3)

(c) (&,/4) into rectangular (d) (2,
7/6) into rectangular.

· (v,/4)

70 no
(2

,
7+6)

X = Ecos)(4) = E(E) = 1 X= 2(0S(7π/b) =2)-5/2) = -5

y =Rsin)/4) =E() = 1
y = 2 sin (7+/b)= 2)-(2) = - 7



2. Convert each of the following equations into the given coordinate system .

(a) 2x = 5x3 = It Xy into polar (b) r= -8cost into Cartesian

2/rcosf)-S(rcos)" = It (rcos) IrsinG) r2 = -Or cost

2rcosf-5r3co = It costsinG x+y = -8X

3. Find the volume of the upper portion of the hobbit house with height uadrant is given by the
h(x

,y) = 40- 2x + 2y .

(Sph(x
,y) dA= SoS:940-zucosO+ZrsinG) - vdrdO kitchenLiving y= =102-xz

=Sof! 40r-Zrcost +ZrsinG dr dO-= 20r2-costrsinG I: de I
x+y2 = 10

=Sz0lio-liocos(10sinG do Dinning Room

=So2(10)"- 5110 cost+=(10)sint do n
·

15
,
2.5)

"=(10)3So3-cosO +sin dO
=5/103[30-SinG-cosE]: D : E(x

,y)) - 10 = X = 10
,
0 = y = 102- x23

= (10)3(3π -0 - 1 -1 - 10 - 0 - (1)] ORE(r,)/0= r = 10
,

0 =0 - +3
= (10)3[3π]
= 2(10)3 it

4.The density of a quarter of a disc of radius 2m centered at the origin sitting in the

first quadrant is given by the function f(x,y)= 2x + y2 Find the total mass of the

quarter disc.

first quadrant: Mass = SSip(X,y) dA

02X= 2

0 = 0= = S? Sir2-x2x2 +y zdydx
~

10
= S. (rcoso +r) rdOdr

I s

= S% r3cosOtr3 dOdr
2x2 + ya = Sis

.
**/Eli + cos(20))) + r3 dOdr

= x2 +x +y2 = S: [Er 10 + Esin(20) + r]: dr
O

= (rcosO) + r2 = Fr + #sinin + -10 + trsin1o) +0)dr

dA= r .drdO red
= 3 - 1

= "



Exit Ticket Double Integrals

Double Integrals The integral over a horizontally simple region D = {(x, y) | h1(y) → x →

h2(y), c → y → d } is

ˆ ˆ
D
f (x, y) dA =

ˆ d

c

ˆ h2(y)

h1(y)
f (x, y) dxdy

Find the integral
´ ´

D 2x dA for the regions bounded by the following functions:

y = x2 + 2, y = sin(x), x = ↑1, x = 21. x = y2 + 1, x = 5, y = ±22.

y = 1
x+2 , y = (x+ 2)2, x = ↑1, x = 13. x = y2 ↑ y ↑ 6, x = 2y + 44.

Produced by Audriana Houtz, Mathematics Ph.D. student at the University of Notre Dame.

-1 =n

vertically simple :
----- vertical fails because

I -

↑ = S
↓ 111 g,(x) = gz(X)

- 4 ↓
D = G(x,y)) - 1EX=2

-

↑

- 3 ↓ sin(x)[y[X+23
---------- horizontally simple

-
i I [S2xdydy D = E(X,y)) -z =X12

d SS ,
2xdxdy y2+12x253

"
=S2x+ 4x -2xsin(x)dx

=S2x*1+
dy

X = - 1
x = 2 um

= (2225 - (x"+2y2+ 1)dy
by parts

= EX*+ 2x2+2xcos(x) -2sin(x))2 = 25y - jy- 54-y122
1088

=
15

vertically simple X = (y -3)(y +2)

x+2
= (x +2)

- 18
D= E(x,y)) -12X = /

1 = (x +2)3
- 9 i x+z=y2(x+2)23 E

· intercepts :

- 8 y2-y - 6 = 2y + 4

31 = X +2
-7 Six dy dy

1 = X + 2

S.zxd
~partialons
111is--10

y = -2,
5

- 1 = X

: = S,2x(x+2)-* dx
-

(y -5)(y + 2) =0

~

-3 ! =S
.
!2x(x+2 horizontally simple

D= E(x,y)) - 2 = y = 5
- 2

= 2)!, x((x+23- 1)dx y [y - b = X = 24+43
(x+2)

- I
↑

u= x +2du= 1dx gSgzxda↑

& I I

- 2 - I I' ↳ = 29
,

3(u-2)(u-1 du
=S*I dyW

" = 29,
3

u
"

-zu-ud
=29-Zu2-1+du

=S(2y+4)2- (y2-y-6) dy


