{ Thiz iz evidently simalar to f 1o that cos 15 simalar to Sy, though with the pechaps significaot differsoce that
Jylt] —+ 0 as t — o0 whersas eost has no limit for & — 20.) In the [imit s —= 04 we have & = (}, but in fact

the integral
f costdt
]

does not exisf, The imtegral Ir;]- cod tdt, for finite upper limit T, is sin 7", but lmsinT as T < oo does not
exist. o Lhere are problems with integrals of this form and we must be careful.

The Bessel function Jo{¢)] declines to zero a8 ¢ — o0 roughly like 1/8Y2, oscillating at the same time
[properties of Bessel functions are coversd by Dettman]. But the integral invalving £* clearly becomes large
[though cecillating) for large £, suggesting that the integral diverges. A fuller mmvestigation of this 15 meeded,
I did pob expect & very detatled investigation of these issues but 1 feld that vou should have indicated an
awaremess of the problem, and sounded a note of cantion. Accordingly, [ allocated only a couple of marks
Lo this aspect, giving 3 marks for "showing” that [y = 1 and I = <1, and 2 marks for approprale words
of caution. My own comsiderations sugzested that the result f:' Jalt}dt = 1 &5 correct but the integral
[7 t20a(t)dt diverges [so the result {3 = —1 is wrong].

Qu. 2.

This question gave you a nice chance to refresh your ideas aboul residues and contour integrals, all no
doubt af vour finger tipe from previous courges! Ooe point worth noticing s that it = often uscful to make
uge of L'Hespalal’s role in working oub residues, For example, my solution for the last part of the gquestion
lzads bo the conbour integral

_: d=

_/,,:: (2% — 1)¥ — 48727

where {7 ks the unit circle. There are four simple poles, two inside O and Ewo outside. Tet zp denote any of
these simple poles, and so zp salisfies (% = 1) = 45?77 = 0. Then the residue at 7 = 2y is

; z{2— 23] _ [ — 2a)
litne = =g i
s—+3n (2% = 1)F = d5%72 ety (2% = 1)% = d5¥72
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where we have uged L'Hospilal’s rule in the above, The residue can then be easily calculated for the specific
poles in question (ie, for each =y, as appropriate).

Che 3.
This question was in the main well done. My cider at the end of the question, asking vou deduce the

value of an integral, did not trouble most of you. You realised that it requires f{f) = ¢, for which the original
differential expuation has (by inspesction) » simple general solution [a particular integral is 1/4]. This can then
be related o the miven integeal, and itz value dedwesd,

. b Inogeneral Qi 4 was well done. Bub an issue anses re, the proces of mertficalion. My purpose
inoasking lor & verification was o geb you fo carry cut & check on your working. In the real world one
always has to carry out many checks; it is all koo easy to make ervors and so it #s important to guard against
this by thinking up various checks. These should be o= tndependent as possible of the procedore used to
ohtain the result/soluticn to be checked; otherwise there is a danger of the same mistake being muade twice
and 50 passing undetected! Here in carrying out a verification some of you used large parts of the earfier
working (perhaps directly, using the same Laplace transtorm formula) and so fatled do supply an mdependent
verification. (Because it was only a checking procedure, [ have been lenient in my marking but the point still
stands.) Finally, il is worth noling that even if a dervafion is suspect, the actual reswlt may be perfectly
correct, a3 a vertfication or check may support.

A direct verification amonols £o showing that
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