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1. [5] Suppose that, in order to save the world, you must design a cuboid box
with no lid, whose height is A cm, whose length is x cm, whose width is 2x
cm, whose volume is 10 cm?, and whose surface area is as small as possible.

(a) [1] Write down formulae in terms of 4 and x for the volume and surface
area of the box. Bear in mind that the box has no top, so has only 5
sides.

(b) [4] What should be the height of the box?

2. [5] The position in metres ¢(¢) of an object at time ¢ seconds is given by the
path
c:[0,2] - R

elt) = (r%,t,r).

(a) [4] Find a parametrisation by arc-length for the path. You do nof need
to simplify your answer.

(b) [1] At what time has the object travelled a distance of 1 metre since
time ¢ = 0? You do not need to simplify your answer.

3. [5] Consider the curve C in the plane consisting of the points (x,y) which
satisfy the equation

2 =(y—1)*
and are such that y > 2 and x < 4.
Consider the orientation of the curve which starts at (1,2) and ends at (4,9).

Let F : R? — R? be the vector field
F(x:y) = (y_ 1,)().

By considering the map ¢(t) = (¢2,£> + 1) with a suitable domain, or other-
wise, find the path integral of F along C with the given orientation.

4. [5] Consider the vector field
y 4
F P4 = 03—7—'— g
(w22) = O3 )

(a) [1] Find domPF, the domain of definition of F.
(b) [1] Is domF simply connected?
(c) [3]Is domF a gradient vector field? Briefly explain your answer.



