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Question 1 (2.5 Marks)

A form of the Phong illumination model is shown below, in terms of an equation and a diagram that
shows how angles, θ and α, from the equation relate to the (normalised) vectors L̄ for the light source,
N̄ for the objects surface normal, R̄ for the direction of reflection and V̄ for the viewpoint direction.

Iλ = IxλkxOyλ + fattItλ[kyOyλcosθ + kzcos
nα]
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(a). Write down an expression for the intensity of ambient reflection, in the direction of the view-
point V̄ , using terms from the equation above.

(b). Write down an expression for the intensity of Lambertian reflection, in the direction of the
viewpoint V̄ , using terms from the equation above.

(c). Write down an expression for the intensity of Specular reflection, in the direction of the view-
point V̄ , using terms from the equation above.
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(d). Implementing the Phong illumination model using the equation in the form shown above is
computationally expensive. Write down a new form of the equation above that reduces the
computation cost of evaluation. State (in one sentence) why your new equation is more efficient.

(e). Explain how Lambertian reflection is related to the distance of the viewer from the surface. Be
sure to explain why this is the case.
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(f). Draw a diagram in the box below that explains how Lambertian reflection is related to the
orientation of the viewer, V̄ in the figure, and how it depends on angles θ and/or α. Be sure to
explain why.
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Question 2 (2.5 Marks)

This question concerns transformation geometry and matrices. The figure below shows the transfor-
mation of an object ABCDEFG (on the left) into new position A’B’C’D’E’F’G’ (on the right).
The (x, y) coordinates of the points of the object on the left are: A (2, 2), B (4, 2), C (4, 1), D (5, 2.5),
E (4, 4), F (4, 3) and G (2, 3).
The coordinates of the points for the object as shown on the right are: A’ (2, 4), B’ (4, 6), C’ (3, 7),
D’ (5.5, 6.5), E’ (6, 4), F’ (5, 5), and G’ (3, 3).
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(a). Write down, in words, a sequence of transformations that transforms object ABCDEFG into
the object A’B’C’D’E’F’G’, as shown above. For example, an incorrect sequence would be
“rotation 90 degrees clockwise; translation 10 in x dimension and -5 in y dimension; etc.”.
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(b). Write down each of the transformation matrices named in your answer to the question about
the sequence of transformations (subquestion (a)), in homogeneous form, together with their
numerical factors. Be sure to identify the transformations by name.
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