ThiA ME5323 01 Question 1: Specimen Solution

{a) The Jacobian matrix of the transformation (u(r, v}, v(z.y)) is defined In Unat 1.
Section 1.4.6,
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and a transformation is area-preserving if dee{JS{r.p}) = 1 for all r and -

{3-i) Hu= %:1 and y = gz, then
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soodet{J) = 2y and the transformation 15 not ared-presseving.

{a-ii} Ifu=tanr and p = (y = &) cos® r. then
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sa dett JY = 1 and the transformation is area-preserving.

{h-i) Graphsofy =sinh{r —a)and y = ze™*, inthe casea = | and £ = 0.3 are sketched
in the fgure
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Frgure | Graph of the funchions y = sinb{z — ] and y = 0.3~
the squation sinh{z — 1) =0.3«"%

stourng that there 15 o rost of
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These graphs suggest that for small ¢, sinh(r —a) =27 when r = a.

The given equation defines & function o{=) with {0) = = having a Taylor series expansion
about the origin. Taylor expansions for functions of one variables are summansed in the
Handbook, Section 1.6

The derivatives of z(c) with respect to 2 are most easily obtained by writing the equation
in the form

= ¢" sinh(r — @) = Le %™ — Le*.
differentizcion with respect to ¢ then gives
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which can be rearranged to give
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