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PART I   True or False.
Each question consists of a statement which is either true or false, plus a request for an explanation, which
should be two to three sentences. One mark is given for a correct true/false answer, and one mark deducted
for an incorrect one. Two marks are given for the explanation.

Question I.1   ‘The subgroup of affine transformations that includes only
scalings and translations is commutative.’
If your answer is ‘true’ explain why; if your answer is ‘false’ provide a counter-example and explain it.

Question I.2   ‘Even when all primitive polygons are convex the painter’s
algorithm has to deal with cases that are difficult to compute.’
If your answer is ‘true’ provide such a case and explain why it is difficult; if your answer is ‘false’ provide a
difficult to compute example including non-convex polygons and explain why it is difficult.

Question I.3   ‘Some invisible polygons are not removed by back-face
culling.’
If your answer is ‘true’ give an example of polygons that are not removed and explain why they are missed;
if your answer if ‘false’, explain why all polygons are removed.
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Question I.4   ‘During back-face culling, polygons are removed if the dot
product of the surface normal with the view direction is positive.’
Draw the geometry of back-face culling and explain your answer.

Question I.5   ‘All projections from a line to a line are invertible.’
Draw the geometry of line-to-line projection, and explain your answer.
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PART II   Short Answers
Each part of these short questions is worth two marks.

Question II.1   Hierarchical Modelling.
(i) Why does hierarchical modelling use a directed acyclic graph (DAG) and not a tree?

(ii) Why are cycles undesirable in a hierarchical model?

(iii) If a hierarchical model were allowed to contain the illustrated cycle draw the resulting image.

Question II.2   Shading.
(i) What is the difference between Phong shading and Gouraud shading?
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(ii) Why are the better highlights produced by Phong shading important?

(iii) Why does standard OpenGL provide Gouraud shading as the default choice?

Question II.3   Perspective Projection.
(i) Draw the view frustrum marking on it the near plane, the far plane and the eye point.

(ii) Give two reasons why the near plane is necessary.
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PART III   Long Answers
Marks are assigned part by part, as noted in the questions.

Question III.1   Routine.
(i) (5 marks) Using the rulings on the illustration below write the homogeneous matrix for the 2D affine
transformation that moves the letter ‘Q’ from the position near the origin, , to the position away from the
origin. Calculate your answer by composing the matrices for elementary transforms based at the origin and
show your work.

(ii) (2 marks) On the diagram above draw the basis vectors, and , and the position of the origin, ,
of the coordinate system of the transformed letter. Label both origin and basis vectors.
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(iii) (3 marks) The inverse matrix to the matrix you calculated in (i) is

.

Show the calculation that you would do in order to show that the coordinate frame you drew in (ii) is
transformed into the original coordinate frame by this matrix. (There is no need to actually do the
calculation: just write down what you would calculate and what you expect the answer to be. Although it’s
not part of the question, you can, however, do the calculation to check the accuracy of your earlier work.)

Question III.2   More Challenging.
(i) (2 marks) With geometry given below shade the circle to illustrate the appearance of the sphere as seen
by the eye, assuming only the given light. Assume that the sphere is Lambertian with no highlight.
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(ii) (1 marks) Draw a shaded picture of the full moon into the circle below.

(iii) (2 marks) Draw the geometry of the sun, moon and earth (your viewpoint) when the moon is full.

(iv) (3 marks) Given the appearance of the full moon give reasoning that establishes that the material on the
surface of the moon is not Lambertian. (Hint. The material of the moon not being Lambertian was estab-
lished by Lambert in the 18th century.)

Circle
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(v) (1 bonus mark) The orbits of the sun, moon and earth do not, in fact, lie in the same plane. Otherwise
there would be no full moon, but rather an eclipse of the moon every lunar month. Roughly once a year
the sun, moon and earth lie close enough to a straight line that an eclipse of the moon occurs. During the
eclipse the moon is a dull red colour. Why? (Hint. Think of the colour of the sky near the horizon at sun-
set.)
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PART I   True or False.
Each question consists of a statement which is either true or false, plus a request for an explanation, which
should be two to three sentences. One mark is given for a correct true/false answer, and one mark deducted
for an incorrect one. Two marks are given for the explanation.

Question I.1   ‘The subgroup of affine transformations that includes only
scalings and translations is commutative.’
If your answer is ‘true’ explain why; if your answer is ‘false’ provide a counter-example and explain it.

Question I.2   ‘Even when all primitive polygons are convex the painter’s
algorithm has to deal with cases that are difficult to compute.’
If your answer is ‘true’ provide such a case and explain why it is difficult; if your answer is ‘false’ provide a
difficult to compute example including non-convex polygons and explain why it is difficult.

Question I.3   ‘Some invisible polygons are not removed by back-face
culling.’
If your answer is ‘true’ give an example of polygons that are not removed and explain why they are missed;
if your answer if ‘false’, explain why all polygons are removed.
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Question I.4   ‘During back-face culling, polygons are removed if the dot
product of the surface normal with the view direction is positive.’
Draw the geometry of back-face culling and explain your answer.

Question I.5   ‘All projections from a line to a line are invertible.’
Draw the geometry of line-to-line projection, and explain your answer.
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PART II   Short Answers
Each part of these short questions is worth two marks.

Question II.1   Hierarchical Modelling.
(i) Why does hierarchical modelling use a directed acyclic graph (DAG) and not a tree?

(ii) Why are cycles undesirable in a hierarchical model?

(iii) If a hierarchical model were allowed to contain the illustrated cycle draw the resulting image.

Question II.2   Shading.
(i) What is the difference between Phong shading and Gouraud shading?
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(ii) Why are the better highlights produced by Phong shading important?

(iii) Why does standard OpenGL provide Gouraud shading as the default choice?

Question II.3   Perspective Projection.
(i) Draw the view frustrum marking on it the near plane, the far plane and the eye point.

(ii) Give two reasons why the near plane is necessary.
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PART III   Long Answers
Marks are assigned part by part, as noted in the questions.

Question III.1   Routine.
(i) (5 marks) Using the rulings on the illustration below write the homogeneous matrix for the 2D affine
transformation that moves the letter ‘Q’ from the position near the origin, , to the position away from the
origin. Calculate your answer by composing the matrices for elementary transforms based at the origin and
show your work.

(ii) (2 marks) On the diagram above draw the basis vectors, and , and the position of the origin, ,
of the coordinate system of the transformed letter. Label both origin and basis vectors.
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(iii) (3 marks) The inverse matrix to the matrix you calculated in (i) is

.

Show the calculation that you would do in order to show that the coordinate frame you drew in (ii) is
transformed into the original coordinate frame by this matrix. (There is no need to actually do the
calculation: just write down what you would calculate and what you expect the answer to be. Although it’s
not part of the question, you can, however, do the calculation to check the accuracy of your earlier work.)

Question III.2   More Challenging.
(i) (2 marks) With geometry given below shade the circle to illustrate the appearance of the sphere as seen
by the eye, assuming only the given light. Assume that the sphere is Lambertian with no highlight.
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(ii) (1 marks) Draw a shaded picture of the full moon into the circle below.

(iii) (2 marks) Draw the geometry of the sun, moon and earth (your viewpoint) when the moon is full.

(iv) (3 marks) Given the appearance of the full moon give reasoning that establishes that the material on the
surface of the moon is not Lambertian. (Hint. The material of the moon not being Lambertian was estab-
lished by Lambert in the 18th century.)
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(v) (1 bonus mark) The orbits of the sun, moon and earth do not, in fact, lie in the same plane. Otherwise
there would be no full moon, but rather an eclipse of the moon every lunar month. Roughly once a year
the sun, moon and earth lie close enough to a straight line that an eclipse of the moon occurs. During the
eclipse the moon is a dull red colour. Why? (Hint. Think of the colour of the sky near the horizon at sun-
set.)


