ELEC 200 – Fall 2005
Midterm Solutions

1. Restricting our attention to the 3D Euclidean core, we have
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   and therefore   
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Returning to homogeneous coordinates,   
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2. We only need two of the points in the triangle.  We will use the first two.  Restricting our attention to the 2D Euclidean core, we have 
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Now,   
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so   
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Returning to homogeneous coordinates,   
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3. a)
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, giving:
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3. b)
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, giving:

4. Denote the reflection across the x axis by F1 and the reflection across the line at angle  by F2.  Then straightforward calculation shows their product to be a rotation by 2, as follows:
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   Q.E.D.

5. The function that takes advantage of the above to double rotations is very short and sweet:

% --------------------------------------------------------------

% DoubleRotation – Return a 3 x 3 homogeneous rotation matrix

%       that rotates by twice the angle of the given one.

%

% Args: R1 – 3 x 3 homogeneous matrix that rotates by theta

%

% Rtns: R2 - 3 x 3 homogeneous matrix that rotates by 2*theta

% --------------------------------------------------------------

function R2 = DoubleRotation(R1)

  F = [ % reflect across the x axis
    1   0   0

    0  -1   0

    0   0   1

  ];

  R2 = R1 * F * R1' * F; % compose reflections
end

6. The line from (a,b,d,1)T to (a,b,c,1)T is parallel to the z axis, therefore we translate (a,b,c,1)T to the origin and use the perspective transformation that looks at the origin from (0,0,d-c,1)T and project the result onto the xy plane.  The solution is the product of these three transforms:
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