Lecture 13:  More Transforms – Review Questions
· Give an example of a 4x4 matrix to do non-uniform scaling.  Draw before and after illustrations of the results of your transformation.

· Give an example of a 4x4 matrix to do a shear.  Draw before and after illustrations of the results of your transformation.

· Give an example of a 4x4 matrix to reflect all points across the x-y plane.

· Give a 4x4 matrix to rotate by angle a about the x-axis, then b about the y-axis, then angle c about the z-axis.

· Angles a, b, and c are one type of Euler angles.  Explain the fundamental problem with Euler angles.  (Hint:  it is easy to run into a singularity.  Explain how the singularity can occur, perhaps by providing a picture to illustrate.)

· What is the axis-angle format for rotations?  Is there a similar problem with singularities when using axis-angle format?
· Give an example of a shear matrix.  Transform all points of a square using this shear matrix.  Transform all normal vectors of this square using the same shear matrix.  What is wrong?

· If we transform all vertices of a surface using transformation matrix M, what matrix should we use to transform vectors normal to that surface?  Note that we want to be sure that the normal vectors remain orthogonal to the surface after the transformation.
· Under what types of transformations is it fine to transform normal vectors by matrix M?
· Under what circumstances is the matrix you derived in the second question identical to M?   Test that this is true for some example transformations from the third question.
· BONUS:  Create a hierarchy of transformations to conveniently represent the geometry of an animated human character.  Assume you are given parts of the body (e.g., upper arm) in their own local coordinate frames.  The final transformation for each body part should result in a coherent human figure in a particular pose.  You want to be sure that logical rotations (e.g. the rotation at the shoulder joint) are easily accessible in your hierarchy so that it is easy to re-pose the character as needed in an animation program, for example.
