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Coordinate System Basics

Pythagorean theorem, Cartesian: ds = /dx” +dy” = dx,|1+ (

2
Pythagorean theorem, 2D cylindrical: ds =+/dr’ +(rd 49)2 =dr, |1+ (r?j
\I r

CARTESIAN (page 260)
X=X
y=y
=2
dV =dx-dy-dz
ds? = dx® + dy? + dZ?

CYLINDRICAL (page 260)
(or 2D polar)
x=r<cos@
y=r-=siné
=z
dV =dx-dy-dz = r-dr-d@dz
ds? = dr* + Ad6* + d7°

SPHERICAL (page 261)
x = r-sin@cos@
y =r-sindsing
z=r-cosf
dV = r’sin@dr-d6de

ds* =dr* + ’d6* + rsin’6d¢*
Vectords: ds = (dr)7+(rd6)+(rsin8dg)é

ds dr .

V:—:—r+rd—0é+rsin0

dt dt dt

@T
dx

dz
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Unit Vectors... 2D Cylindrical: Yy y

e, =cos i +sinf;j, and

' A - D Ieg|=1
e, =—sinbi +cos@j,and ¢ =1k T :

Scale Factors “h”
Cartesian coordinates:
Cylindrical coordinates:

Spherical coordinates:

All coordinates:

—sin
o

X1 =X X2 =Yy X3 =2

xi=r x=60 X3=72

X|=r x=6 x3=¢

ds =h(dx,), +h,(dx,)é, +h(0x,)é,

Cartesian coordinates: h.=1, hy=1, h,=1.
Cylindrical coordinates: h-=1, he=r, h,=1.
Spherical coordinates: h-=1, he=r, hg=rsiné.
Using Scale Factors

Gradient: \2 :ia—Ué + LU, + ! a—Ué3

Divergence: V-V =

Laplacian: VU =

Curl: VXV =

__e —
h ox, ' h,ox, - h ox,

1 0 0 d
{a—%(hzwma—%(wz)+a—%(mh2v3>}

1 | 0(hhoUu), @ (hmoU), 0 (hhoU
hhohy| 0x by 9x ) 0w\ by Ox, ) ox\ By Ox,

hé, hé,  heé,
1o 0 o
hhh, |dx, ox, Ox,

Y, Y, hV,




