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To be answered on the paper.

Students must count the number of pages in this examination paper before beginning to write, and immediately report any discrepancy to the invigilator.

This question paper has 11 pages, including this cover sheet. 

Programmable calculators are not allowed.

Points are represented as column vectors throughout.

Show each step of your derivations and calculations.

Clearly sketch and label all points, lines, distances and angles used in your derivations and calculations.

Answer all questions.

1. (5%) A square with sides of unit length, centered on the origin and lying in the xy plane, is represented by
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This square is transformed by a 3 x 3 matrix into the quadrilateral represented by
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What was the transformation matrix?

2. (15%) Let Q be the 4 x N matrix of vertices of an arbitrary figure in space, and let p1, p2 and p3 be any three points in space.  Write a MatLab function that reflects the figure across the plane defined by the three points and returns the result.  Use 3D homogeneous coordinates.

3. (10%) A square with sides of length s lies in the zx plane, centered on the point (cx, 0, cz).  Write a MatLab script which animates the rotation of the square about a line through its ceter point and parallel to the y axis, at a rate of r rotations per second.  Give the animation a duration of d seconds with frames captured at a rate of f frames per second.  Your function need not create an avi file.  Use the MatLab patch() function to create the square.

4. (15%) Given a line defined by two points in space, p1 and p2, find a 4 x 4 transformation matrix that will rotate the line so as to make it perpendicular to the plane ax + by + cz = d while keeping p1 fixed.  Express your answer as a product of elementary transformation matrices.

5. (5%) Sketch the Bézier curves defined by the following control polygons.
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6. (5%) Sketch the Bézier blending functions Jni(t) over the interval 0  t  1 for n=3.
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7. (10%) Write a MatLab function that accepts a vector representing an arbitrary point in space, and returns the 4 x 4 matrix of the perspective transformation which represents looking inward towards the origin from the given point.

8. (10%) Sketch top, front and right side views of the following object.


9. (10%) Sketch in the dimensions, given that the separation between gridlines is 1/5 inch.


10. (10%) Write a MatLab function which accepts a 4 x N matrix representing an object in 3D homogeneous coordinates, and returns a 3 x N matrix representing the same object in 3D Euclidean coordinates.  The function must be able to handle all non-zero values of the w-coordinates.

11. (5%) When a certain 3 x 3 (2D homogeneous) matrix acts on the xy plane, lines parallel to the x axis remain unchanged, while lines parallel to the y axis are transformed into lines making an angle  with the x axis.  What is the matrix?



































































