Coordinates 2D and 3D

Yi-Zen Chu

1 2 Dimensions

In 2 dimensions, we may use Cartesian coordinates ¥ = (z,y) and the associated infinitesimal
area

dA = dady. (1.0.1)
The gradient of a scalar V is
VV =8,VZ+9,Vy. (1.0.2)
We may also employ polar coordinates
7= (x,y) = p(cos¢,sin ), (1.0.3)
p >0, 0<¢<2m. (1.0.4)
The associated infinitesimal area is
dA = pdpde. (1.0.5)
The gradient of a scalar is
VV = 0,VF+ %%Vq?. (1.0.6)

2 3 Dimensions

In 3 dimensions, we may use Cartesian coordinates "= (z, v, z) and the associated infinitesimal
volume

dV = dadydz. (2.0.1)
The gradient of a scalar V' is
VV =3,Vi+09,Vj+0.VZ. (2.0.2)
We may also employ cylindrical coordinates

= (z,y,2) = (rcos¢,rsing, z), (2.0.3)

,,?
p >0, 0<¢<2m, z € R. (2.0.4)



The associated infinitesimal volume is

dV = pdpdedz.

The outward pointing area element on the curved surface of a cylinder of radius p is

dA = pdA = pdédzp.

The gradient of a scalar V' is
. 1.~
VV =0,Vp+ -0,Vo+0.VZ.
P
Spherical coordinates are defined as

7= (x,y,2) =r(sinf - cos ¢,sin b - sin ¢, cos ),
r >0, 0<0<m, 0< ¢ < 2.

The associated infinitesimal volume is
dV = r?sin 0drdfde.
The outward pointing area element on the surface of a sphere of radius r is
dA = 7dA = 7r? sin 6d6d¢.

The gradient of a scalar V' is

OV ~

g+ 2V
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VV =0, V7 + ASy
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