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Question 1 [5 marks]

You have decided to build a fish tank to keep piranhas. The rectangular base and four sides will
be made of shatterproof glass costing R800 per square metre. The top will remain open. Use
the method of Lagrange multipliers to calculate the maximum cost of a tank of volume 0.5 m3.
(Note: 0.5 m? is just over 130 gallons, the minimum recommended size for keeping five piranhas.)
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Question 2 [5 marks]

Consider the following integral:

Lo
/ / e’ dydx.
0o Jvz

(a) Sketch the region of integration. (1)

(b) Reverse the order of integration. (2)

(c) Evaluate the integral. (2)
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Question 3 [5 marks]

Consider the curve z2 + y? = 2x in the zy-plane.

(a) Convert the curve to polar coordinates. (1)

(b) Express the enclosed area as a double integral (in polar or rectangular coordinates). (2)

(c¢) Using a method of your choice, calculate this area. (2)
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Question 4 [5 marks]

Consider a solid @ that is bounded above above by the graph 422 + 4y* + 22 = 16 and below by
the graph z = /422 4 4y?. Sketch @) and set up a triple integral in spherical coordinates to find
the volume of @ (do not evaluate the iterated integral).
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Question 5 [6 marks]

1 1
Use the transformation x = Z(u + ), y = = (v — 3u) to evaluate

1
/ /R (42 + 8y) dA,

where R is the parallelogram with vertices (—1,3), (1,—3), (3, —1) and (1, 5).
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Question 6 [6 marks]

Given that
F(x,y,2) = yze* i+ " j + xye™ k.
(a) Find a function f such that F = Vf. (3)
(b) Use (a) to evaluate / F - dr along the curve C' given by (3)
c

r(t) = (' + 1,62 — 1,1 — 21) 0<t<2.
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Question 7 [5 marks]

Use Green’s Theorem to evaluate the line integral along the given positively oriented curve:
/ (y + eV®) dx + (2x + cos y?) dy,
c

where C is the boundary of the region enclosed by the parabolas y = 22 and = = 3.
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Question 8 [3 marks]

If C is a piecewise-smooth simple closed curve and f and g are differentiable functions, show that

/ f(x)dx + g(y) dy = 0.
C



