
Section 1.4 - Affine Spaces

* Affine Space - linear space of points
                         POINTS  vs        VECTORS
 ~  operations

 ~ points are invariant under translation of the origin, but coordinates depend on the origin
 ~ a point may be specified by its `position vector ‘(arrow from the origin to the point)
  cumbersome picture: many meaningless arrows from a meaningless origin
  position     field point      displacement vector:
   vector:  source pt      differential:  

 ~ the only operation on points is a weighted average (affine combination)
  weight w=0 forms a vector and w=1 forms a point
 ~ transformation:     affine vs         linear
 ~ basis (independent):  N+1  vs       N
 ~ decomposition:   coordinates vs   components
  - they appear the same for cartesian systems!
  - coordinates are scalar fields         
  - they parametrize space

* Rectangular, Cylindrical and Spherical coordinate transformations
 ~ math: 2-d -> N-d    physics: 3d + azimuthal symmetry
 ~ singularities on z-axis and origin
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Curvilinear Coordinates

* coordinate surfaces and lines
 ~ each coordinate is a scalar field  q( )
 ~ coordinate surfaces: constant qi

 ~ coordinate lines: constant qj, qk

* coordinate basis vectors

* differential elements (orthogonal coords) * example
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~ generalized coordinates

~ covariant basis

~ contravariant basis

~ scale factor

~ unit vector

~ metric (dot product)

~ Christoffel symbols - derivative of basis vectors

* formulas for vector derivatives in orthogonal curvilinear coordinates

this formula does not work for 
instead, use:  


