Vectors
	Line
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	Coplanar condition
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	Scalar product
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	Plane
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	Sphere, radius a, centre p
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	Cylinder, radius a, unit normal p
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	Cone, half angle α, tip at p, unit normal n
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	Vector area, area a, unit normal n
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	Cross product
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	Scalar triple product
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	Vector triple product
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Complex Numbers
	Roots
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	De Moivre
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	Trigonometry
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	Hyperbolics
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	To change from normal to hyperbolic identity, change functions and reverse sign of sinh2


Trigonometry
	Addition
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	Corollary
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Integration

	Trigonometric
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	Hyperbolics
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	Tan integration
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Coordinate Systems

	Spherical polar:
	Cylindrical polar:
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Spherical coordinates, also called spherical polar coordinates (Walton 1967, Arfken 1985), are a system of curvilinear coordinates
that are natural for describing positions on a sphere or spheroid. Define § to be the azimuthal angle in the x p-plane from the
x-3x1s With 0 = < 2.7 (denoted 4 when referred to as the longitude), ¢ to be the polar angle from the z-axis with 0= ¢ = 7
(colatitude, equal to ¢ =90 ° — § where § is the Iatitude), and r to be distance (radius) from a point to the origin. This is the
convention commonly used in mathematics.

In this work, following the mathematics convention, the symbols for the radial, azimuith, and zenith coordinates are taken as 7, 6,
and ¢, respectively. Note that this definition provides a logical extension of the usual polar coordinates notation, with 6 remaining
the zngle in the x y-plane and ¢ becoming the ngle out of that plane. The sole exception to this convention in this work is in
spherical harmonics, where the convention used in the physics literature is retained (resulting, it is hoped, in a bit less confusion
than a foolish rigorous consistency might engender).

Unfortunately, the convention in which the symbols 6 and ¢ are reversed s also frequently used, especially in physics. The symbol
is sometimes also used in place of 7, and y and y instead of p. The following table summarizes a number of conventions used by
various authors; be very careful when consulting the literature.

(radis szl | perence
,6,¢) [this work, zwillinger (1985, pp. 207-298)

(6,¢) [Beyer (1987, p. 212)

(XY [Korn and Korn (1968, p. 60)

(XX [Misner et al. (1973, p. 205)
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Mathlorld Classroom Cylindrical coordinates are a generalization of two-dimensional polar coordinates to three dimensions by superposing a height (z) axis. Unfortunately, there are a
Interactive Entries number of different notations used for the other two coordinates. Either 7 or pis used to refer to the radial coordinate and either  or  to the azimuthal
Random Entry coordinates. Arfken (1985), for instance, uses (g, ¢, z), while Beyer (1987) uses (, 6, z). In this work, the notation (, , z) is used.
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The following table summarizes notational conventions used by a number of authors.
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where r & [0, ), 8¢ [0,27), z & (~e0, e0), and the inverse tangent must be suitably defined to take the correct quadrant of (x, y) into account.
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	Spherical element
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Approximation
	Taylor’s theorem
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	Binomial expansion
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	Newton Raphson
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Differential Equations

	Linear form
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	Real roots:
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	Imaginary:
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Functions
	Continuous at a
	If defined at a and 
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