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Fubini’s Theorem If f is continuous on the rectangle
—

R={(x,y) | asxsbcsysd}
then

([ rGeyyan = [" ["reeyyayax = [" " fx.y) dxay

More generally, this is true if we assume that f is bounded on R, f is discontin-
uous only on a finite number of smooth curves, and the iterated integrals exist.
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Q [11] [\ g(x) h(y)¥A = Lb g(x) dx Ld h(y) dy where R = [a, b] X [c, d]
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EXAMPLE 4 Evaluate the iterated integrals. l
L

(a) f:\f *xy dy \dx ) [* [ x?yaxdy S
R s
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Example
Let A be the triangle in R? with vertices (0, 0), (1,0), (0,1). \

Compute the integral /(y_xz)dz(x,y)_
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FIGURE 8
Volume element in spherical
coordinates: dV = p”sin ¢ dp dO dd

EXAMPLE 3 Evaluate [[[e****9=

X\, ®)

FIGURE 5

Consequently, we have arrived at the following formula for triple integration in spheri-
cal coordinates.

(3] J.JJ f(x,y,z)dv
E P
=" 1o sind cos 6, p sind sin, p cos &) p*singy dp o d |
c o a T
where E is a spherical wedge given by dV

E={(p0.¢) |asp=<b a<f<p c<s¢p=d}

Formula 3 says that we convert a triple integral from rectangular coordinates to spheri-
cal coordinates by writing

Lx=psind)c050 y = psing sin 6 z=pcos ¢

using the appropriate limits of integration and replacing dV by p~sin ¢ dp d . This is
illustrated in Figure 8.
P

77

dV, where B 1s the unit ball:

B={(x,y,z)|x2+y2+22Sl} =tme—1)

(’ = (o, Sb - (0,1\—) ) — (o, )
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