Dr Oliver Mathematics
Applied Mathematics: Mechanics or Statistics
Section B
2010 Paper
1 hour

The total number of marks available is 32.
You must write down all the stages in your working.

1. Differentiate the following, simplifying your answers as appropriate.

(a) f(z) = e*tanw, —3m <z < iT. (3)
Solution

du

_ o2z = —— =9 2z

u=e P e
dv 9
v =tanx = — =sec’x

dx

f(r) = e* tanz = f'(z) = (e*)(sec® x) + (2¢°*)(tan z)

= f'(z) = e**(sec’ z + 2tan ).
cos 2x
(b) g(z) = —5— (4)
T
Solution
d
u=cos2r = - = —9sin 2z
dx
dv
3 2
= = (='3
v=z'= =3
cos 2x ) (23)(—2sin 2z) — (cos 2x)(32?%)
B(x) = 2 s () = e
2?(—3 cos 2 — 2z sin 2x
, —3cos 2z — 2x sin 2z
= g'(r) = :

xrd




2. Find the term in a° in the binomial expansion of

1 10
(— + 3a> p
a

Solution

The general term is

() (3) e = (1)@

- ().

Now,

100-2r=6=2r=4

=7r=2
and the term in a® is 0
( ) ) (3%) = 295245
(a) Express
3x
(x +1)2
in partial fractions.
Solution
3 A N B
(x+1)2 (z+1) (z+1)2
_Alz+1)+B
(x +1)2
and so
3r=A(x+1)+ B.
rx=—-1:-3=08
r=00=A-3=A=3
Hence,
3 3 3
(x+1)2 (z+1) (z+1)2




(b) Hence obtain

Solution

fmdx:f(@il)‘(xfw) e

+ c.

=3Injz+ 1| +3(x+1)7!

4. An industrial process is modelled by the differential equation

where y > 0 and ¢ > 0.

dy  9te’
dt gy

Given that y = 2 when t = 0, find y explicitly in terms of ¢.

Solution

dt

Now,

dy _

Ote
Yy

— ydy = 9te3 dt

= Jydy & JQte&dt

t=0y=2=2=0—-14c=c=3




and so
%yz = 3te’ — ¥ 4+ 3 = y? = 2(3te® — ¥ + 3)
=y = \/2(3te3t —ed 4+ 3).

(a) Find the value(s) of m for which the matrix

m 1 1
0 m =2
1 0 1
is singular.
Solution
m 1 1
det| 0 m =2 |=0=m(m—-0)—-10+2)+1(0—m)=0
1 0 1
=m?>-—m—-2=0
add to: -1
multiply to: —2}_2’ +
= (m—-2)(m+1)=0
=m—-2=0orm+1=0
=m=2orm=—1.
The matrix
11 -1
B=|01 1
1 0 -3

(b) Use elementary row operations to obtain B™'.

Solution
11 =11 0 0
01 1010
1 0 =3/0 0 1




Do Rs — Ry:
Do Rg + RQZ
Do Rl + RQZ

Do Rl - 2R3 and RQ + R32

—-1/-1 1 1
Do —Rgl
1 0 03 -3 =2
01 0|-1 2 1
0011 -1 -1
Hence,
3 -3 -2
B'!'=| -1 2 1
1 -1 -1

(c) Hence, or otherwise, solve the system of equations

r+y—z2=3
y+z=-2
r—3z=71.

Solution




hence,

r=19y=0,2z= -2




