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Although if someone was able to give me the solutions to
each question manually, including drawing the graphs,
showing all working out, | would be able to input the
information into mathcad myself. Someone who can provide
the relevant mathcad files would be more preferable
though.

Question 2

For each of parts (b)-(d) you should provide an appropriate printout, though a
printout on one page may cover your answers to several parts. Annotate your
printouts with Mathcad text or handuriting, or reference them from a separate
sheet, in order to explain clearly what you have done and what your conclusions
are.

This question concerns a mathematical model for the formation of cones from sec-
tors of a circle.

A sector of a circle, of radius R, subtends an angle of 27z at the centre of the
circle (see left-hand diagram below). Thus & measures the area of the sector as a
proportion of the area of the whole circle.

Supposing this circle sector to be made of thin card, it can be bent into the shape
of a cone of slant height R, with the original line segments OA and OB now
coincident down the side of the cone, while the original circular arc AB becomes
the circumference of the base of the cone (see right-hand diagram above). If this
cone has vertical height i and base radius 7, as shown, then its volume s given by
V= 1m2h,

(a) Without using Mathcad, show that the volume V' of the cone can be expressed
in terms of R and x by the formula

I
(You may wish first to find the length of the circular arc AB.)

From here on, assume that the radius R of the sector is fixed, and consider the
function

fla)

in terms of which the volume of the cone is given by V(z) = nR%f(x).

(b) (i) Plot the graph of the function f(x). You may either use the Mathcad
graph plotter file (121A3-04) or plot the graph in a new worksheet of
your own. Your graph should cover the interval [0, 1] in the z-direction
and [0,0.5] in the y-direction.

(ii) By using the “Trace’ facility (and also, if you wish, the ‘Zoom’ facility),
estimate to 2 decimal places the coordinates of the point on this graph at
which y = f(z) takes its maximum value.

(iii) On the same graph, plot the line y = 0.3. Using the “Trace’ facility,
estimate to 2 decimal places both solutions of the equation f(z) =
(These solutions give the values of & for which V (x:

= LwRY)

(c) Bach of the following recurrence relations has the property that if a sequence

generated by the recurrence relation converges to a limit in the interval [0, 1],
then that limit must be a solution of the equation f(z) = 0.3. (You are not
asked to show this.)
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(i) For each of these recurrence relations, generate the sequence with start-
ing value zg = 0.75, and tabulate your results to 6 decimal places. Which
sequence converges more rapidly? (That is, which sequence gives an esti-
mate with specified accuracy for the limit with the smaller value of n?)

(i) Use your tabulated results to write down the solutions of the equation
f(x) = 0.3 to 6 decimal places.

(iii) Verify your answers to part (c)(ii) by applying a ‘solve block’ to the equa-
tion f(x) = 0.3. (You will need to do this once for each solution.)

This part of the question concerns finding the maximum value of the func-
tion f(z), as estimated in part (b)(ii), and hence the maximum value of V (z).

You may need to put x := x in your worksheet before answering this part.
(i) Use symbolic differentiation to find an expression for the derivative f’(z).

(ii) The maximum value of f(z) occurs where f’(2) = 0. Solve this equation
symbolically, giving your answer both in surd form and to 3 decimal
places.

(iii) Calculate, to 3 decimal places, the value of A for which ArR? is the maxi-
mum volume of cone that can be obtained from a circle sector of radius R.

















