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To be answered on the paper.

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

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

Programmable calculators are not allowed.

A single-page, single-sided formula sheet is allowed.

Points are represented as column vectors unless otherwise stated.

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%) Let L be the 4 × 2 matrix of endpoints of an arbitrary line in space.  Write a MatLab function that returns the 4 × 4 matrix that translates objects in a direction parallel to the given line by a distance equal to the length of the line.  Use 3D homogeneous coordinates.

2. (5%) Let Q be an irregular polygon lying in the xy plane.  The vertices of Q are given by



[image: image6.emf]



in 2D Euclidean coordinates.  The 2 × 2 transformation matrix, A, operates on Q to give
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What is the transformation matrix?

3. [image: image1.wmf]ú
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(20%) The object in the following figure consists of a square with sides of length 2a, centered on the origin in the xy plane, and 24 rotated and translated copies of it.  Write a MatLab script which draws the object by creating x, y and z matrices and then calling surf(x, y, z).  Define a 3D homogeneous transform that lifts the square by distance b along the z axis and rotates it by angle phi about the z axis.  Accumulate rows in your x, y and z matrices by repeatedly applying the transform to the square and extracting coordinates.  Hint: x, y and z will end up as 25 × 5 matrices.

4. [image: image3.emf]a) b)

c) d)

(10%) Sketch the Bézier curves defined by the following control polygons.

5. [image: image4.emf]0 0.5 1
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(10%) Sketch the Bézier blending functions Jni(t) over 0  t  1 for n = 2.  Label the curves you draw to show which is which.

6. (20%) When a wheel of radius r rolls without slipping, the distance it moves forward when it rotates through an angle  is d=‑r.  Write a MatLab script that animates such a wheel rolling along the positive x axis for one full rotation in n frames.  You may assume that r and n are already defined, and that you have a handle, h, to a patch object whose vertices define the wheel, which initially has its center on the y axis and its rim touching the x axis.  Use 3D homogeneous coordinates for your transformations.

7. (10%) Write a MatLab function that accepts two vectors which define a plane by giving a point on the plane and the direction of its normal vector, and returns the 4 x 4 matrix that reflects objects across the plane, using 3D homogeneous coordinates.  You may assume the availability of a function AlignZ(v), which returns the matrix required to align the vector, v, with the z axis.

8. [image: image5.emf]-3
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(20%) Sketch top, front and right side views of the following object.
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