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SCHOOL OF MATHEMATICS AND STATISTICS Spring Semester
2011–2012

MAS156 Mathematics (Electrical) 3 hoursAttempt ALL questions.Ea
h question in Se
tion A 
arries 3 marks andea
h question in Se
tion B 
arries 8 marks.
Se
tion A

A1 Determine whether the fun
tion f(x) = [sin(π + x)− sin(π − x)]2 is even, odd orneither.A2 State the fundamental period of ea
h of the following fun
tions.(i) f(x) = cos(2x+ π);(ii) g(x) = tan
(

x

3

);(iii) h(x) = sin(ωx+ φ).A3 Find the modulus and prin
ipal argument of 1 + j

2j − 1
.A4 Find the �rst and se
ond derivatives of ln(2 + cos x).
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MAS156A5 Let y = cosh x. Show that y =

√

√

√

√1 +

(

dy

dx

)

2.A6 Let a = (2, 0, 1), b = (−1,−1,−1) and c = (1, 2, 0). Cal
ulate a · (b× c).A7 Evaluate ∫ sin x cosx

(1 + sin2 x)2
dx.

A8 Evaluate ∫ ln(x2 + 3) dx.A9 Solve the di�erential equation
(x+ 2) tan y

dy

dx
= 1,given that y(0) = π/4.A10 Find the inverse Lapla
e transform of the fun
tion 2s+ 3

s2 + 2s+ 10
.

A11 Find lim
x→0

ln(1 + 2x2)

sin2 x
.

A12 If A =

[

1 −2
−3 4

] and B =

[

2
−1

] evaluate any of AB, ATB, ABT , ATBTwhi
h exist. Se
tion B
B1 By fa
torizing a2 + a− 2, or otherwise, �nd all six solutions to z6 + z3 − 2 = 0 inexponential form and show that the produ
t of these six solutions is −2. Can you�nd another justi�
ation for this result?
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MAS156B2 Find the amplitude, A(t), and phase, θ(t), of z(t) = (cos t)etj/2 for 0 ≤ t ≤ 2π,drawing graphs of both quantities. For whi
h values of t is 0 ≤ A(t) ≤ 1

2
?B3 Let z = sinh(xy). Cal
ulate ∂2z

∂x2
−

∂2z

∂y2
.Now make the substitution x = u+ v, y = u− v in z, and 
al
ulate ∂2z

∂u∂v
. Whatdo you noti
e?B4 The position ve
tor of a parti
le at time t is given by r = cos(ωt)i+sin(ωt)j. Showthat the a

eleration a of the parti
le is perpendi
ular to the velo
ity v, and that

a = −ω2r. What is the magnitude of the a

eleration if ω = π?B5 Evaluate ∫ x2 + 6x+ 20

(x+ 3)(2x2 + 8x+ 17)
dx.B6 Find the solution to the di�erential equation

d2y

dx2
+ 5

dy

dx
+ 6y = x2when y(0) = 0 and y′(0) = 0.B7 Devise a Newton-Raphson iterative s
heme to solve the equation

x ln x = 7.Find x0, the integer whi
h is nearest the root. Use your s
heme to �nd the root
orre
t to three de
imal pla
es.For what range of values for x0 will your s
heme 
onverge to the root?
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MAS156B8 Find the relationship between α and β if the system of equations
x + 2y − 3z = 0
3x + y + z = 0
2x+ αy + βz = 0has a non-trivial solution.Find the general solution when α = 2 and β = −2.Find α and β if the equations
x + 2y − 3z = 0
3x + y + z = 1
2x+ αy + βz = 0have in�nitely many solutions.

End of Question Paper
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F
o
rm

u
la

S
h
e
e
t

fo
r

M
A

S
1
5
6

T
rig

o
n

o
m

e
try

sin
2
θ

+
cos

2
θ

=
1

1
+

tan
2
θ

=
sec

2
θ

1
+

cot
2
θ

=
cosec

2θ
cos

2
θ

=
(1

+
cos

2θ)/2
sin

2
θ

=
(1
−

cos
2θ)/2

cos(A
±
B

)
=

cos
A

cos
B
∓

sin
A

sin
B

sin
(A
±
B

)
=

sin
A

cos
B
±

cos
A

sin
B

tan
(A
±
B

)
=

tan
A
±

tan
B

1
∓

tan
A

tan
B

a
cos

θ
+
b

sin
θ

=
R

cos(θ
−
α

)
w

h
ere

R
=
√
a
2

+
b
2,

cos
α

=
a
/R

an
d

sin
α

=
b/R

C
o
m

p
le

x
N

u
m

b
e
rs

(j
=
√
−

1)

E
u
ler’s

R
elation

:
e
jθ

=
cos

θ
+
j

sin
θ

D
e

M
oiv

re’s
T

h
eorem

:
(cos

θ
+
j

sin
θ)
n

=
cos

n
θ

+
j

sin
n
θ

H
y
p

e
rb

o
lic

F
u
n
ctio

n
s

cosh
x

=
12

(e
x

+
e −

x)
sin

h
x

=
12

(e
x−

e −
x)

cosh
2
x
−

sin
h
2
x

=
1

sech
2x

+
tan

h
2
x

=
1

cosh
2
x

+
sin

h
2
x

=
cosh

2x
2

sin
h
x

cosh
x

=
sin

h
2x

cosh
2
x

=
(1

+
cosh

2x
)/2

sin
h
2
x

=
−

(1
−

cosh
2x

)/2

S
e
rie

s

S
u
m

of
an

arith
m

etic
series:

fi
rst

term
+

last
term

2
×

(n
u

m
ber

of
term

s)

S
u
m

of
a

geom
etric

series:
1

+
x

+
x
2

+
...+

x
n−

1
=

1
−
x
n

1
−
x

B
in

om
ial

th
eorem

:
(1

+
x

)
n

=
1

+
n
x

+
n

(n
−

1)

2!
x
2

+
...+ (

nr )
x
r

+
...

w
h
ere (

nr )
=
n

(n
−

1)(n
−

2)
...(n

−
r

+
1)

r!
If
n

is
a

p
ositive

in
teger

th
en

th
e

series
term

in
ates

an
d

th
e
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lt

is
tru

e

for
all

x
,

oth
erw

ise,
th

e
series

is
in

fi
n
ite

an
d

on
ly

con
verges

for
|x|

<
1.

sin
x

=
x
−
x
3

3!
+
x
5

5!
−
x
7

7!
+
...

cos
x

=
1
−
x
2

2!
+
x
4

4!
−
x
6

6!
+
...

sin
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=
x

+
x
3

3!
+
x
5

5!
+
x
7

7!
+
...

cosh
x

=
1

+
x
2

2!
+
x
4

4!
+
x
6

6!
+
...

ex
p
x

=
e
x

=
1

+
x

+
x
2

2!
+
x
3

3!
+
... 

valid
for

all
x

ln
(1

+
x

)
=
x
−
x
22

+
x
33
−
x
44
+
...

(−
1
<
x
≤

1)
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V
e
cto

rs

F
or

vectors
a
≡
a
1 i

+
a
2 j

+
a
3 k

an
d

b
≡
a
1 i

+
a
2 j

+
a
3 k

:

M
agn

itu
d
e

an
d

u
n
it

vector:

|a|
= √

a
21

+
a
22

+
a
23 ,

â
=

a|a|

S
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d
u
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a
·b

=
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θ
=
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1 b

1
+
a
2 b

2
+
a
3 b

3

V
ector

P
ro

d
u
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a
×

b
=
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θ
n̂

=
(a

2 b
3 −

a
3 b

2 )
i+

(a
3 b

1 −
a
1 b

3 )
j+
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1 b

2 −
a
2 b

1 )
k
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b
y

r
=
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λ
a

w
h
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λ
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p
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F
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=

v
u
′−
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2
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x
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t

d
x

D
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F
u
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D
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cos
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−

sin
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x
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cosec

2
x
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x

sec
x
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x
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x

cosh
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sin
h
x

tan
h
x
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−
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−
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1
√
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√
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√
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x

+
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x
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tan
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=
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th

en
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=

2t

1
+
t
2

,
cos

x
=
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∫
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d
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b

a
v
d
u

d
x
d
x

7



Taylor expansion of f(x) about x = a

f(a) + (x− a)f (1)(a) +
(x− a)2

2!
f (2)(a) + . . .+

(x− a)n−1

(n− 1)!
f (n−1)(a) + . . .

Maclaurin expansion of f(x)

f(0) + xf (1)(0) +
x2

2!
f (2)(0) + . . .+

xn−1

(n− 1)!
f (n−1)(0) + . . .

Newton-Raphson formula for the root of f(x) = 0

xn+1 = xn −
f(xn)

f ′(xn)

Table of Laplace transforms

f(t) F (s) = L(f(t))

tn
n!

sn+1
(n = 0, 1, 2, . . .)

eat
1

s− a

sinωt
ω

s2 + ω2

cosωt
s

s2 + ω2

sinhωt
ω

s2 − ω2

coshωt
s

s2 − ω2

eatf(t) F (s− a) (shift theorem)

f ′(t) sF (s)− f(0)

f ′′(t) s2F (s)− sf(0)− f ′(0)
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