Spherical Coordinates
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Length of Position Vector = \/22 + y2 + 22
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r = psin ¢ 2 = pCos
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x = pcosfsing
y = psinfsin ¢
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Convert to spherical coordinates:
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dV is the volume of a spherical volume element
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Changing 6# by an amount df produces an arc of
length r df = psin ¢ df
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Changing ¢ by an amount d¢ produces an arc of
length pd¢
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If p is changed by an amount dp, we get the length
of another arc along the spherical volume element.
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Multiply these edges together to get the volume dV

dV = (psin ¢ df)(pdeo)(dp) = p? sin ¢ dp db de
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p*sin ¢ dp db do
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Let H be the hemispherical region above the xy
plane by inside the sphere z2? + y? + 22 = 1.
Calculate vol(H) = [[[,, 1dV
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vol(H) = ///Opo sin ¢ dp df d¢




Holding 6 and ¢ fixed but varying p




vol(H) = //0%/01 p?sin ¢ dp db do
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vol(H) = / " / 7 / 1 p*sin ¢ dp db do
/// S sin g df do

7r/22

:/ —Wsmqbdgb
0 3

2

3



Let () be the quarter sphere of radius 1
where y, 2 > 0. Find ¥y




Vol(Q) = 3
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p> sin 0sin® ¢ dp db d¢
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Example:

Let T" be the region in the first octant bounded by
y=0,y==x, 22 +y*+2°2=2and 2% +y* + 2% = 4.
Calculate [[[.xzdV
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Example:
Find the volume of the region () that is inside the

sphere 22 + y? + 2% = 2 but above z = /22 + y2.




///QldV:// Qp2singbdpd(9dq5




///Qldvz///oﬂp2sm¢d,0d9dgb




RS
) //O /02p251n¢dpded¢




/4 21 /2
/// 1dV:/ / / p*sin ¢ dp db do
Q 0 0 0




///mv //4// 0% sin & dp df d

—47T(f 1)



The cone and the sphere intersect at z = 1




Problem Modification: Find the volume of the por-
tion of the cone below z =1




Volume = /// p?sin ¢ dp db do




The largest p value occurs on the cone z =1
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In spherical coordinates:

w/4 p27w  psec ¢
Volume = / / / p?sin ¢ dp db do
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In cylindrical coordinates:
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