Dr Oliver Mathematics
Applied Mathematics: Mechanics or Statistics
Section B
2005 Paper
1 hour

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

1. Differentiate, and simplify as appropriate,

(a) f(z) = exp(tan 3x), where —1 < z <, (3)

Solution

f(z) = exp(tan 32) = f'(z) = exp(tan 3z) - sec® 3z - §
1

= f'(z) = 1sec® iz exp(tan iz).
(b) g(x) = (2* + 1) In(2® + 1), where z > 0. (3)
Solution
u=x3+1:d—u=3x2
dx
dv 322
3
g(r) = (* + 1) In(z®* + 1) = ¢'(z) = 32% - In(2® + 1) + (2 + 1) - 3
(3 +1)
= ¢'(z) = 32 In(z”® + 1) + 32°.
2. Given that (3)
2 1
(64,
show that
A? — A =kI

for a suitable value of k, where I is the 2 x 2 unit matrix.



Solution

| |
S~ N7 N7 N

O O = O N

hence, k = 2.

3. A curve is defined by the parametric equations

(a) Find the value of ¢ corresponding to the point (0, —3).

x =5t —5 and y = 3t°.

Solution
Select y (why?):

= -3=1=-1

=1=—1

Calculate the gradient of the curve at this point.

Solution

=52 5= 0 =10t

Now,

— = 9¢%.




Finally,

4. Expand and simplify

Solution

(

3
2a — —
a

y

4 3 4 3\? (4 3\° 3\*
= (2a)* 2a) | == 2a0)? [ —= 2a) [ —= ——
et (e () + () () + (e (-0) = (-0)
21 1
:16a4—96a2+216——26+8—4.
a a
5. (a) Express (3)
2?2+ 3
z(1 + 22?)
in partial fractions.
Solution
z? + 3 :é_i_B—FC'x
r(l+22) =z 1+a2
_ A +2%) + (B + Ca)
z(1 + x?)
and so
> +3=A(1l +2%) + 2(B + Cx).
x=0:3=A.
r=1:4=2A+B+C=B+C=-2 (1)




6.

t=-1:4=2A-B+C=-B+C=-2 (2).
Add (1) + (2):

20 =—-4=C=-2
= B =0.

Hence,
2?2 +3 3 2x

r(l+22) z  1+2%

(b) Hence obtain

fl r? + 3
——dux.
%x(1+x2)

Solution

= [3In|z[ —In|1 + 2?|]

=(3In1-In2)— (3In
= —1r12—1n§+1n§l

Jl ?+3 Jl 3 2\,
——dez = - — T
%x(l—i—xQ) 1\ 1+ 22

N

1
r=
1

2

In %)

(a) Given the differential equation

d
sinx—y —2ycosx =0,
dx

find the general solution, expressing y explicitly in terms of x.

Solution




d
sinx—y —2ycosr =0= — —2
dx

dy cos T
- =0
dx sin x
N % N (_2c9sx)y _ 0
dx sin x

IF = ) 25z do

%(Sinﬁ?)

= 6872 sin d

_ e—21nsinx
elnsin_Qaz
=sin 2z

= sin~?

d

= a(y sin~?z) =0

dx

= ysin_Qx =c

= ¢ = csin’ x.

d
v+ (—2sinzcosx)y =0

(b) Find the general solution of

d
sin :c—y — 2ycosx = 3sin® x.
dx

Solution

d
sinxd—y —2ycosz = 3sin*r = -2 + (—2
x

dy cos T

dx

sin
., dy .
4 (=2
= sin"" 2 (—2sin
Cysina) =3
= —(ysin~“z) =
dz

= ysin ?r =32+ A
=y = (3z + A)sin’z.

3

)y=3sin23:

rcosz)y =3




