APPENDIX

VECTOR OPERATORS

The gradient of a scalar (V®), the divergence of a vector (V - F), and the curl
of a vector (V x F) are listed below for rectangular, cylindrical, and spherical
coordinates.

RECTANGULAR COORDINATES

ad ad od
Vo =a, — — -—
a o +ayay + a, 32

oF, OF, O0F,
ax dy az

oF, OF oF, 4F, aF, OF
VxF= —z_ x _ Iz (_«V e
% & ( dy 9z ) +a ( az dx ta dx dy

CYLINDRICAL COORDINATES

V.F=

V¢—aa¢+a la<b+aa(l>

- "ap ¢pa¢ ‘9z
19 19Fy OF,
pap(p 2 p 0¢ 9z

F, F,
VXF:ap(la Z_a_¢)+a

(aF,, BFZ) (1 3pFy) 1 aF,,)
- =2 _"z)ta (- -2t
p 3¢ 9z

0z ap p p 3¢

205



206 APPENDIX E

SPHERICAL COORDINATES
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VECTOR OPERATORS
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