QUESTION 1.

QUESTION 2.

QUESTION 3.

Solutions Assessed Example Sheet 1. MSM3A05/MSM4A05.

For small € we have the following terms in descending order

1 1
e_“>e_”>ln<)>e”>6>e“>e_e.
€

If you’re not sure whether one term is bigger or smaller than the other you can
always evaluate the limit of the ratio of the two terms as ¢ — 0 - if you get oo
then you know that the denominator is smaller than the numemtor1 and if you
get 0 then it is vice versa. Also you should know by now that e™< is smaller
than any power of € as € — 0 and clearly negative powers of € are larger than
positive powers of e.

Let
In(1+x) = ag + arsinz + agsin z + agsin®z + - - -

then by observation ag = 0 and

In(l+ ) —0 - 4240
alzlimw:lim 2 = =1,
z—0 sinx z—0 33—%—%“-
and
2 3 3
. In(14z)—sinz 93_%""%"’"'_(55_%4‘"') 1
as = lim —5 = lim - 5 =5
xz—0 sin“ x z—0 x-%-ﬁ-"')
and
. In(l1+z)—sinz+ 3sin’z
as = lim —3
70 sin® x
2 3 3 3 2
B hmx_%_‘_%—i_'”_(x_%—’_”')—i_%(x_%—i_'”) B
= ) - =
and hence
. L., I .3
ln(l—i—x):sma:—ism x—|—§sm T+
as x — 0.
If we let
L [% wt—zcoshig, L[ r)
K2 =g [ ermeohiae— o [ O, (1)
2 —00 2 —0o

then f(t) = vt — zcosht, f'(t) = v — zsinht, f”(t) = —zcosht. So f(t) has a
unique local maximum at t = t,,4, = sinh ™! (g) Using the logarithm expansion
for sinh~! we have

1
2 2\ 2
tmax = ln(V+\/1+V2>—ln<V+V<1+ZQ>>
z z z z 1%
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QUESTION 4.

2v z 2v 22
~ In|l—+—|=In(— In(l1+-—
n<z+2y> n(z)—l—n( +41/2>
| <2,,> N 2
~ n —_— —_—
z 4v2?
as v — 00.
Now using Laplace’s method we have

1 © 17
Kl/(z) = 5 [ ef(tmax)e%f (tmax)(t_tmaac)th. (2)

Also note that coshty,qy ~ %etmz ~ % +0(1) so we have

Ftma) ~ 01 (2 =0) Fltmar) ~ .

z

Let a =t — t,,4, then substituting into we have

1 [o©
KV(Z) ~ 5/_ eyln(QV/z)fuefuaz/Zday

~ 1 <2y>ue” /oo e V2
2\ z oo

If we now let & = /(v/2)a so that

LNy 2 e
K, () ~ 2(”) e 7/ e~ da,

z v/)_
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