Physics 3122 Electrostatics Notes
By Andrew Seltzman from Fall 2004 with DeHeer

Introduction to Vector Calculus
· Vectors

In electrostatics a vector consists of a set of spatial coordinates representing a geometric position in three space. 
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Note that the column vector notation, row vector notation and unit vector notation are equivalent. In unit vector notation the unit vectors represent the cardinal directions of a right handed coordinate system, and indicate which direction the corresponding magnitude component is asserted in. 

Also note the equivalencies between different notations of unit vectors: 
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A right handed coordinate system can be defined as the space defined by three orthonormal vectors 
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. Each unit vector has magnitude 1 and is orthonormal with the others. This type of coordinate system can be represented with a right hand where the index finger held straight out represents x, the middle finger held up (at a right angle to the index finger) represents y, and the thumb held out (at a right angle to the other two) represents z. 
The difference between two vectors is defined using the head to toe rule. Where the head of vector 
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 lies on the head of vector 
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 such that
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The magnitude or norm of a vector is given by 
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 where 
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 or the x component of the vector
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. A vector can also be represented as its magnitude in the direction of itself as
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 leading to the definition
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. The unit vector 
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 points in the direction of vector 
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The dot product is an inner product that defines the projection of one vector onto a second and is defined as
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. The output of the dot product is always a scalar. Further 
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 where 
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 is the angle between the vectors.

The cross product is defined as
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 and has the following properties: 
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 where 
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 is the angle between the vectors, 
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 and 
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The cross product of two vectors is always orthogonal to both of the original vectors; however the original vectors do not necessarily have to be orthogonal. The cross product of two parallel vectors is 0.
Multivariable Differential Operators
Vector derivatives use the Del operator 
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 which van be used to operate of vector and scalar functions.
· Gradient

The gradient represents the rate of change if a function 
[image: image23.wmf](

)

,,

fxyz

 in three dimensions. The gradient is defined as
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 where 
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 is a scalar function.

· Divergence

The divergence represents the rate at which a vector field spreads out or diverges. 

The divergence of a function is defined as 
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The divergence of a 
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 field is always zero 
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