Dr Oliver Mathematics
Applied Mathematics: Mechanics or Statistics
Section B
2006 Paper
1 hour

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

1. (a) Calculate A~' where

RO O
— _ O

Solution

det A =1(3—-2)—1(2—2)+0
~ 1.

Matrix of minors:

1 0 -2
11 0
11 1
Matrix of cofactors:
1 0 -2
-1 1 0
1 -1 1
Transpose:
1 -1 1
o 1 -1
-2 0 1
Inverse:
1 -1 1
A7'=1 0 1 -1




(b) Hence solve the system of equations

T+y =1
20+ 3y + 2z =2
20 + 2y + z = 1.

Solution
110 T 1
2 3 1 y | = 2 | =
2 21 z 1

N 8 N 8

hence, x =0,y =1, z = —1.

1 -1
0 1
—2 0
0
L |
—1

2. Given that

where 0 < z < 7, show that

y =In(1 +sinx),

d?y )57
dz?2  1+sinz’

Solution

y=1In(l+sinz) =

dy  cosz
dez  1+sinz




du

U=COST = — = —sinc
dx
. )
v=1+sinr = — = coszx
dx

d’y (1 +sinz)(—sinz) — cos z(cos x)

Az (1 + sinx)?
d*’y —sinz —sin’z — cos®x
~dz? T (1 + sinx)?
d’y  —sinz — (sin®z + cos? x)
A2 (1 + sinz)?
N d*y _ —sinz — 1

dz?2 (1 +sinz)?
_ d%y _ —(1+sinx)
dz?2 (1 +sinx)?
d?y -1
= Y
dz?  1+sinz

as required.

3. Define .
Sp= Z 2. n>=1.
r=1

(a) Write down formulae for S,, and Sa,, 1.

Solution

S, =gn(n+1)(2n + 1)

2n+1)[(2n+ 1)+ 1][2(2n + 1) + 1]
(2n +1)(2n + 2)(4n + 3)
(n+1)(2n 4+ 1)(4n + 3).

SQn-i—l 2

Wl D= D=

(b) Obtain a formula for
22 + 4% + ...+ (2n)



Solution

22 + 4% + ...+ (2n)?

2-1)*+(2-2%*+...+(2-n)?
=4 1)+ (-2 +... + 4

n?)

4. Solve the differential equation

o dy
cos“ r— =y,

dx
given that y > 0 and that y = 2 when x = 0.

Solution

d 1
cos? x=2 — y= —dy = sec’ zdx
Y

dx
= | —dy = | secxdx
Y
= Iny =tanz + ¢

as y > 0. Now,
r=0y=2=Imn2=0+c

and

Iny=tanz+In2=Iny—In2 = tanx

= In (Q) = tanx
2

- g — etanm
2
=y = 2etan:p.
. Use the substitution u = 1 + 22 to obtain
23
| A==
V14 22



Solution

J

u
u=1+2"=— =22
x

= du = 2z dzx.

3 r 2
_2 L (Hévey,
V1422 J V1 + 22
(14 2%) -1
:% ¢2xdx
J V1+2a?
(u—1
:% Y du
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3 1
= %u2 —u2 +c
1 92 9\ 2
=z(1+2%)2 - (1+2%)2 +c
6. (a) Evaluate
1
J xe?® dx.
0
Solution
= gy 1
U=x=—=
dz
dU 2x 1 2z
— =V = z¢
dx g




Now,

1 1
f re? dx = [%xeh]izo — %f e dx
0 0
1.2 171,221
= (3¢ = 0) — 5 [3¢™],
1.2 1(1.2 1
=3¢" —5 (3¢ = 3)
1.2 11,2 , 1
=328 T2 Ty
~ e+
= 1(e*+1)
(b) Use part (a) to evaluate
1
f 22e? dz.
0
Solution
du
=l — =2
U=z = x
dU 2x 1 2x
— = = = ze
dx 2
Now,
1 : 1
J 22 dr = [%ﬁe%]x:o — | ze**dzx
0 0
- (1 - 0)— (b +
-l
2
1)

(c) Hence obtain

1
J (327 + 2x)e* du.
0

Solution




1
f (32% + 2z)e** dx = 3J z?e® dz + QJ re* dx
0

0 0

=3 -1+ +1)
(fe* =D+ (e + )

_ 5.2 1

= 1% 71

= 1(5¢" — 1).




