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Advanced Electromagnetics:
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Century Electromagnetics

Coordinate Transforms

Coordinate Transformation
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One coordinate space 7 can be mapped to another 7.
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Jacobian Transformation Matrix [ ] ]

The Jacobian transformation matrix is defined as

ox'" ox' ox'
ox 6y Oz Think of this as a matrix that
. ayr ayr ay; characterizes the “stretching” of the
[J] = (V;‘»”) = = = = transform. It describes how much

ox Oy Oz the coordinate changes in the
Gradient of a vectar o & o transformed syste.m. with respect to
<at | Wow! © a change in the original system.
IS a tensor: ow!

| Ox 0oy Oz |

The Jacobian transformation matrix does not perform a coordinate transform.
It transforms functions and operations between different coordinate systems.
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General Form of the Jacobian Matrix [J]
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Example #1: Cylindrical to Cartesian

The Cartesian and cylindrical coordinates are related through
X=pcos¢
y=psing
z=1z

The Jacobian matrix is then

[ox/op ox/o¢ éx/oz o ox R
[J]: ovjop opjog oyjor a_cosqﬁ a—¢——psm¢ Pl
| 0z/op  0z/o¢  Oz/oz o sin g y coss y _ 0
; | op o9 "
cosg —psing 0 o oz oz
[/]=|sing pcosg 0 %0 3T %
| 0 0 1 P ’ -
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Example #2: Spherical to Cartesian

The Cartesian and spherical coordinates are related through
x=rsinfcos ¢
y=rsin@sin g
z=rcosd
The Jacobian matrix is then
ox/or 0x/00 ox/o¢
S Ocos¢ o cos@cos ¢ a—x——;fsint§'sin¢
[J]=|ov/or ov/o0 oy/op oy Smucosg o =r o9
oz/or 0z/060 oz o o o

—— =sin@sin —— =rcosfsin —— =rsiné#cos
o Smosing Zo=r b g reinbcoss

sinfcos¢ rcosfcos¢ —rsinfsing a oz oz
. . . . — =cosf — =—rsiné —=0
[/]=|sin@sing rcos@sing rsinfcosg A PY:) o¢
cosd —rsin@ 0
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Transforming Vector Functions

The same vector function (vector that changes as a function of position) expressed in two
different coordinate systems is related through the Jacobian matrix [J] as follows.

E'(¥)
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Transforming Operations

An operation (think derivatives, integrals, tensors, etc.) can also be transformed between
two coordinate systems using the Jacobian matrix [J].
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Coordinate Transform

X' (x,,2)
V' (x,9,2)

z'(x,y,z)

Summary

Jacobian [ ]
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Transforming Operations

[y - LT )Y

det[J]
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