Dr Oliver Mathematics
Applied Mathematics: Mechanics or Statistics
Section B
2015 Paper
1 hour

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

1. Given that
y = ™ tan 2z,

dy
find —=.
1 dx
Solution
du
5% 5
= _— 5
u=e"* = e e

dv 9
v =tan2x = — = 2sec” 2x
dx

dy

y = e’ tan 2z = = (e°)(2sec? 27) + (5e°”)(tan 27)
x
d
= d_y = " (2sec? 2x + 5tan 27).
x

2. (a) Given matrix

3 -5
A=)

find A? and show that the inverse of A? exists.

Solution

= (3




and

det A2 = —16 + 20
=4

so A? does exist.

(b) Hence, or otherwise, find matrix B such that

oy (4 6
wm- (1 %)

Solution

oy (46 4 -10\, (4 6
oo (3 5) =0 )= (0 %)

3. A curve is defined by

Find the exact values of the coordinates of the stationary point of this curve.

Solution

. U
U =s8nNr = — = Cosx
dx
dv )
vV=2—cosx = — =sinz
T




4.

y:2—cosx dx

dy

= = =
dx
dy
3_

dzx
dy

@_
dx

and

sin x dy
@ —_—

_ (2 — cosz)(cosz) — (sinz)(sinz)

(2 — cosx)?
_ 2cosz —cos’x —sin’x
(2 — cosx)?
2cosx — (cos® x + sin® z)
(2 — cosx)?
2cosz —1
(2 — cosx)?

(a) Express

log, 2 + log, 4 + log, 8

in the form

where p is a constant.

plog, 2,

Solution

hence, p = 6.

log, 2 + log, 4 + log, 8 = log, 2 + log, 2? + log, 2°

= log, 2 + 2log, 2 + 3log, 2
= Glog, 2;

(b) Hence evaluate

100

2 log, 2",
r=1

3



giving your answer in the form
qlog, 2,

where ¢ is a constant.

Solution

100 100
Z log, 2" = Z rlog, 2
r=1 r=1

100

= log, 2 Z r
r=1

= log, 2 - 1(100)(101)
= 50501log, 2;

hence, ¢ = 5050.

5. Find the general solution, in the form y = f(x), of the differential equation

1 dy
— +ytanz = tanz, 0 <z < .
cosx dx

Solution

1 d
il +ytanz = tanz = il +ycosxtanx = cosx tanx
cosz dz dx

d

Yy L
= — + ysinx =sinx
dx




6.

IF = eSSinxdx

— COosT

=e
dy .
=e PP = 4 ye  “PTsinr =e
dx
= _(e—cosxy) — sin e s
dx

=76 P y= fsinxem”dx

= e—COSIy — e—COSSE _|_ c
COS T

=y=1+ce

— COos T

sinx

(a) Express

in partial fractions.

Solution

add to:
multiply to: —1

g EER

1 1

which means

Y 1:1:233325.

y=—1 1:2A:A=%.
Hence,

1—y2 (I+y)(1-y)

A B

T 1ty 1-y
A(l—y)+ B(1 +vy)

(1+y)(1-y)

1=A(1-y)+ B(1+y).




(b) Use the substitution u = 4/1 — z to obtain

1
———dz,0<2x < 1.
Jx\/l—x
Solution
u=+vl—-z=u=(1-1x)2
du 1
1
=du=—3(1-2)2dx
1
=dy=———+—=d
W e
and
u=+Vl-z=u’=1-x
= =1~
Finally,

24
z(2v/1 — )

[ -2
1_uzdu

r 1 1
=|-2(2 2_)d
J (1+u+1—u) B
[ 1 1
J(_1+u_1—u) du
=—In(1+wu)+In(l—u)+c
(1)
=1In +c
1+u
<1—\/1—x>
=In|——m—— | +c
1++v1—2




