Cuestion 5
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The easieat way to proceed with this type of equation is first to put € =0 in
order to obtain the gero-order solution. In this case we obtain, when £ =0,
z = #. Thus the perturbation expansion will be of the form

z =0 +exy + zz + Oe?).
On substituting this into the equation we obiain

§ =@ + 2y + 22 + csinh(f + ex;) + Oe?).
But on using the first-order Taylor expansion we have

sinh(f + 2, ) = sinh # + ez, cosh # 4 {c?),
8o the equation becomes

§ =8+ ex, + 23 + e (mnhd 4 ez cosh #) + O(e?)

=0 + gz +sinh §) + £ (23 + =, cosh ) + O(®).

On equating the coefficients of the powers of £ this last equation gives

;= —sinh# and 3= —=z,cosh¥ =sinhfcoshf = } sinh20.
Thus the perturbation expansion for = is

z =8 — esinh# + 1 sinh 26 + O(e?).
Asin the first part of the question we proceed by setting e = 0 to find the

gero-order selution, that is, the solution of the eguation

% = _15. with =(0)=1.

This equation is separable, so can be written in the form
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Mow make the perturbation expansion
z(t) = zalt) + ez1(t) + O(7),

where z4(t) = 2t + 1, as found above. On substituting this expansion into
the differential equation we obtain
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On equating the coeficients of the powers of £, the following two differential
equations are obtained:
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The first of these is just the zero-order equation treated above, so zq(t) =
w2t + 1, and so we can write Lhe second equation in the form

Ii.EIL + I - 1

dt 241 (204 L)
This equation can be sclved by using an inkegrating factor:
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Thus the cquation can be inbegrated as
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8o we have
z(t) = (2t + 117 4 Ze (26 + 1)Y5 - (2 41)717) 4+ O(%),




