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Cartesian Coordinate System

https://en.wikipedia.org/wiki/Coordinate_system#/media/F
ile:Rectangular_coordinates.svg
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Spherical Coordinate System

https://en.wikipedia.org/wiki/Cylindrical_coordinate_system#/media/File:Coord_system_ CY_1.svg

https://en.wikipedia.org/wiki/Cylindrical_coordinate_system#/media/File:Cylindrical_coordinate_s
urfaces.png

The coordinate surfaces of the cylindrical coordinates (p, @, z).
The red cylinder shows the points with p=2, the blue plane

A cylindrical coordinate system with origin O, polar axis A, shows the points ‘{."ith z=1, and the yellow half-plane shows the
and longitudinal axis L. The dot is the point with radial points with ¢=-60°. The z-axis is vertical and the x-axis is
distance p = 4, angular coordinate ¢ = 130°, and height highlighted in green. The three surfaces intersect at the point P
7 =4, with those coordinates (shown as a black sphere); the

Cartesian coordinates of P are roughly (1.0, -1.732, 1.0).
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https://en.wikipedia.org/wiki/Cylindrical_coordinate_system#/media/File:Coord_system_CY_1.svg
https://en.wikipedia.org/wiki/Coordinate_system#Coordinate_surface
https://en.wikipedia.org/wiki/Cylinder_%28geometry%29
https://en.wikipedia.org/wiki/Plane_%28mathematics%29
https://en.wikipedia.org/wiki/Cartesian_coordinate_system

Spherical Coordinate System

https://commons.wikimedia.org/wiki/File:3D_Spherical.svg

¥ (1,6, @)
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X The spherical coordinate system is commonly used in
physics. It assigns three numbers (known as
coordinates) to every point in Euclidean space: radial
distance r, polar angle 0 (theta), and azimuthal angle
@ (phi). The symbol p (rho) is often used instead of .
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https://en.wikipedia.org/wiki/Spherical_coordinate_system
https://en.wikipedia.org/wiki/Euclidean_space
https://en.wikipedia.org/wiki/Theta
https://en.wikipedia.org/wiki/Phi
https://en.wikipedia.org/wiki/Rho

The Euler constan
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Cylindrical Coordinate System

The line element is
https://en.wikipedia.org/wiki/Cylindrical_coordinate_system

dr=dpp+ pdp @ +dzz.

The volume elementis

dV = pdpdpd=z.

The surface element in a surface of constant radius 2 (a vertical cylinder) is
ds, = pdpdz.

The surface element in a surface of constant azimuth ¥ (a vertical half-plane) is
dsS, = dpd=z.

The surface element in a surface of constant height z (a horizontal plane) is
dS. = pdpde.

The del operator in this system leads to the following expressions for gradient, divergence, curl and Laplacian:

6‘f,_ 15‘f,_ of .

Vi=5"p+ —E az
1 d 13;4? dA.
V-A= ,03,0('0‘ o) + P + 32

C(10A. @A\ . (04, AN . 1[d _aap)L
vx}l_(ﬂt’?‘tp 32)p+(5‘z Sp)wp(ap(pi‘”) o ) ”

o? ofy, 1&f &Ff
vii= pap(ap)+ 2t

Integration Overview 8 Young N e



Cylindrical Coordinate System

The following equations assume that 8 is inclination from the z (polar) axis (ambiguous since x, y, and z are
mutually normal}:

The line element for an infinitesimal displacement from (r, 8, ) to (r +dr, 8 +df, @ + dip)is

dr=dr#+rdfé +rsinfdyp.

where
r =sinflcospx + sinfsin py + cosf z
@ = cosflcosipx + cosflsinpy —sinf z
pw=—sinpgx+cospy

are the local orthogonal unit vectors in the directions of increasing r, 6, and @, respectively, and &, :;} and = are
the unit vectors in Cartesian coordinates.

The surface element spanning from fto §§  dfand Y to p + d@g on a spherical surface at (constant) radius r is
dS, = r¥sinfdfde.
Thus the differential solid angle is

ds,

2

df2 =

= sin # df dep.
- sin W

The surface element in a surface of polar angle § constant (a cone with vertex the origin) is
dSy = rsin fdip dr.
The surface element in a surface of azimuth ¢ constant (a vertical half-plane) is

dS, = rdrdf.
The volume element spanning fromrto r 4 dy, fto # 4+ dfh,and P to p + dr‘p is

dV = ?‘2 sin @ dr dg dip. https://en.wikipedia.org/wiki/Spherical_coordinate_system
i i Young Won Lim
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