CHANGE OF COORDINATES: II
BASED ON LECTURE NOTES BY JAMES MCKERNAN

Example 1. Let D be the region bounded by the cardioid,
r=1—cos#.
If we multiply both sides by r and take r cos@ over the other side, then we get
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In R3, we can either use cylindrical or spherical coordinates, instead of Cartesian
coordinates.

Let’s first do the case of cylindrical coordinates. Recall that

x =rcosf
y = rsinf
z=z.
So the Jacobian is given by
cosf —rsinf 0
M(r,ﬁ,z) =|sinf rcosf 0| =r.
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// Wf(x,y,z)dxdydz:// W*f(Taﬁ,z)rdrdez.

Example 2. Consider a ball of radius a. Put the centre of the ball at the point

(0,0,0). Note that
2+ 422 =ad?

translates to the equation
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so that
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Now consider using spherical coordinates. Recall that

T = psin ¢ cosf
y = psin¢sinf
Z = pCos .

So

singcosf pcospcosf —psingsinb
(p,0,0) = |singsin@ pcos¢sing  psin¢pcosd
cos @ —psin ¢ 0

= p? cos? psin ¢ + p? sin® ¢ = p? sin ¢.
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Notice that this is greater than zero, if 0 < ¢ < . So,

// Wf(m,y,z)dxdydz: // W*f(P,¢79)P2Sin¢dpd¢d0,



3

Example 3. Consider a ball of radius a. Put the centre of the ball at the point

(0,0,0).
vol(W /// de dydz
_/// p?singdpdg o
[ ([ ([
g
([

3 27
%/ [~ cos gl d
2




