5.1.1. Volume Element in Cylindrical and
avtloyar  Spherical Polar Coordinates

(1) Polar coordinates (, ¢): the area element
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X =71 cos ¢ dS=rdrd¢,
y =r sin @ the area element

Change of variables in the double integral:

I fdedy = [ frdrdg

(2) Cylindrical polar coordinates (r, ¢, z)
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rT=rcos¢,y=rsing, z=2=z !
Volume element: dV = rdrdo dz
Change of variables in the volume (triple) integral:

I, fdedydz= [, frdrdpdz

1

A
Z




(3) Spherical polar coordinates (r, 6, ¢)
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r=rsinfcos¢, y=rsinfsing, z =rcosf
Volume element:
dV = dr-rdf-rsinfdo
= r?sin 6 drdf do

Change of variables in the volume (triple) integral:
Ik fdzdydz = [, fr’sin6drddde
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