
 

Spherical coordinates in 1B nt
r grip

19 0,0 where zycoso p g P lxy Z
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f distance fromtheorigin

I920
f anglefrom the positive

Z axis to Op OEQET

D angle from cylindrical coordinate

05052T

Remark If CDO Z is the cylindrical coordinates ofthe
point P then r print 4.0 canberegarded

z pop aspolarcoordinates
of the 12,8

In particular 22 7 92 coordinates

Then

x rest paintcase

y r sine grindsuit

z z post

rectangular cylindrical spherical



Remark If C is a constant then

g C c o describes a sphereofradius c

O C describes a vertical halfplane

of C describes

the Z axis if co foe
ve z axis if C T

xy phone if c I
cone otherwise upward OcCSE

downward E Cat

Volume element

du dxdydz rdrdo.dz

I ELIFpsap pdgdol do
psaiddo

it du p'saiddpdpdt

eyes convert the following into spherical coordinates

1 X y't Cz 13 1 sphere

2 Z Fye cane



Solve 1 Sub pimples

y psindsino H
z past

into x y't Z 13 1

p'swipes't p'suits 1910001 15 1

p'said pop 240501 0
92 2964 920

9 2601

2 Sub into Z day f r

post paint 970

9 0 is a point 100,0

pto cope said ok I

0 34

Innitsphere924 see egzz
volume of icecreamcone I again
in spherical coordinates I

Solve The ice cream cone I is givenby

305911 05055 05052T



Volk SE SE So p'said dydddo
don'tmiss
this

Sido Straiddol Soddy

3 check

ages ay
foxy 7 Atys if 49,3 190,0

O if XYZ 0,90

Intact fiscontainas but it issufficient to know f

is continuous except theorigin 10,90

let D unit ball centered atorigin intersectingwith
the 1st octant

Find the average off overD

Sohn D canberepresented
in spherical coordinates
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Hence sexist du S S S lying riggedt

SfSESpringdpdoldo

SEsaidd4 S pdp

Tz check I

Vol D I Vol unitball I 45 I
Average off over D foe foxy Adv

L

eg26 Improper integrals

let foxy Z pty 42
unbounded asp o

g xy 7
I

Xyz 2
3 43

over unit ball 13 419,00 019 1 e

d Does Gyoby foxy 7 du exist
where BE p0,0 Ogee

Hi Does GyoSSIguy 7 du exist



Answer

it GuoSSIfoxy 7 du EsoSifi I l p'saiddydydo
Iso 27 Ssaidd4 Stedp

go 4T i e 47 exists

GinoISI guy e du Eso I ftp.psaiddpdodo
Iso 271 Ssaidd4 Se t dp
go 4T In e doesn'texist

Terminology f f issaidto be integrable one B

withesenseofwiproper integral

g pts is said to be non integrable our B

Question determine all p o such that

f Ip
is integrable over BC IR

Similar question in 112 determine all p o such that

f Ip is integrable in re IS C IR

even in R f Kp



Application ofMultiple Integrals Thomas Calculus 515.6

In applications we often use the following

In 2 din Let R be aregion in IR with density says

Firstmoment aboutyaxis My Sfxday da

First moment about x axis My you g da

Mass M SETexy da

Center ofMass Centroid

15,57 MT Mt

In 3 din D solid region in R withdensity oxy 7

First moment

about yz plane Myz xx y z du
D

about xz plane Maz youy z du

about xy plane Mxy 55,5 zoe y z du

Mass M SSSsix y z du

CenterofMass Centroid 5,55 MY MY MY



In 2 dwn R region in R with density ocx.gs
Momentsof inertia
about x axis Ix SE y raid A

about y axis I y SL xx y dA

about line L IES roxyJax da

where r x y distancebetween x y and L

about the origin If Xyz ax y dA

In 3 doin D solid region in R with density oxy 2

Moments of Inertia

around x axis Ix YEE sexy z dV

around y axis Ig RE Sexy adv

around Z axis Iz Xy ax y z do

around Line L If SSIsexyWaxy
2 do

where tix Y Z distancebetween XY Z and L



eg27 Consider D Ms Xy 22 R2 at
Costa R

D
with density XYZ Ed

constantdensityfunction ie uniform mass
r R

Express Iz in term of m Mass of D r and R

Solve Iz deSf Hy'ssixy Z dV

Off x y du

of S f psap p'saiddododo

0.2T Stsingdo Sfp'dp

PI 1258518 check

Mass mfffocx.y.edu offer
O 45 RIP check

Iz 21 RIPR3 83



Observation Two limiting cases

i r o ie the whole solid ball Iz 27 Ra

i r R ie a hollow spheremade of

infinitesimally thin sheet

Iz fine2mg 11.5 27 53 check

i Iz Y p

Moment of inertia of the hollow sphere
moment ofinertia of the solid ball

assuming the same uniform mass m XX



Changeof Variable Formula

Reviewof 1 variable

In Riemann sum

Sabfix dx 4 deep ox lengthofsubaiteral o

I as set we don'tcareaboutthedirection

If a b

Ib a Tab represent
Sabfix ax I fix dx fix d thesameset

b d

In summary

Jabfix dy
day tax if asb

dx if asb

Ta b tb as asset x x between a
ebb

changeofvariable wi t variable

S fax Sdfflxias Yu du

where c u a d u b



If da 0 then d Ucb ula c

i Sabfixidx Fixes day Ida

fufu du

If Yu so then d u b Uca C

Sabtexsdx Sedffixias d du toxins Ea du

I fans day du

Hence in Riemann sum of da

ed fix dx S fix da du
ed
I

interpreted as a set withoutdirection

it IX x between Ced Chiclusiae


