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SECTION A  
Answer as many parts of this section as you wish 

Marks for this section will be capped at 40. 
 

1.1) Evaluate the integral . ( )∫ ∫
−= =
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[4 marks] 
 
1.2) Find the following limit. 
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0
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 [4 marks] 
 
1.3) Sketch the curve on an Argand diagram that satisfies the equation 

4=z . 
[4 marks] 

 
1.4) Solve the following equation: 

5cosh4sinh3 =+ xx  
[5 marks] 

 

1.5) If , prove that )( 22 yxV −= 0=
∂
∂

+
∂
∂

y
Vx

x
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[4 marks] 
 

 
1.6) Expand xtan  in a series, up to terms in x3.  

[6 marks] 
 

1.7) Find the values of k such that the following equations are consistent: 
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[6 marks] 
 
 

1.8) Solve the following differential equation, with the condition that 
 .0 when 0 == xy

xyx
x
y

+=
d
d  

  [6 marks] 
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1.9) Find an equation of the plane which passes through the following points: 

(1,1,0), (2,0,0), (0,1,2) 
[5 marks] 

 
 
 

1.10) Matrix   has an inverse,
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1A . Find the values 

of a, b and c. 
[6 marks] 

 
 
1.11) Evaluate the integral 

∫
π 4/

0

dtan xx . 

 [5 marks] 
1.12) Show that the function 

342),( 22 ++−+= yyxyxyxf  
  has a stationary point at ).1,1(),( −=yx What type of stationary point is it? 

 [5 marks] 
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SECTION B - Answer TWO questions 
 

2) In is defined to be . xex xn d
2−∫

a) Calculate . dxexI x2

1
−∫≡

[2 marks] 
b) Use integration by parts to show that  
 

[ ]22 1
22

1 )1(d xn
n

xn
n exInxexI −−

−
− −−=≡ ∫  

[6 marks] 
 

c) Show explicitly for the cases n = 1, 3, and 5 (or prove by induction) that in 
the case where n is an odd, positive integer, the definite integral  

2
!

0

2 mdxex xn =∫
∞

−  

     where 
2

)1( −
=

nm . 

[10 marks] 

d) Given that π=∫
∞

−
2
1

0

d
2

xe x , find an arithmetic expression for . 

Hence, suggest a general solution for  where n is an even, 

positive integer. 

∫
∞

−

0

8 d
2

xex x

∫
∞

−

0

2

dxex xn

[12 marks] 
 

3) a) Show that the indefinite integral .sinlndcot cxxx +=∫  
[5 marks] 

 
b) Use the integrating factor method to find the particular solution of the first 

order differential equation 

xxy
x
yx coscos

d
dsin =+  

     if y = 0 when x = 2
π . 

[9 marks] 
 

 c) Find the particular solution of the similar differential equation,  

xxy
x
yx coscos

d
dsin =−  

    in the case where y = 0 when x = 2
π . 

[11 marks] 
  
 d) Sketch your solutions to parts b) and c) in the range π≤≤π− x . 

[5 marks] 
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4) The three Pauli spin matrices, used in quantum mechanics, are defined as: 
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a) Show that 31221 σ=σσ−=σσ i , and derive similar expressions for 32σσ  

and . 13σσ
[9 marks] 

  
 b) Determine the inverse matrices  . and  ,, 1

3
1

2
1

1
−−− σσσ

[8 marks] 
 
 c) Find the eigenvalues of the three Pauli spin matrices. 

[8 marks] 
 

d) Show that a general 2×2 matrix  may be expressed as a linear 

combination of the Pauli matrices, 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
sr
qp

DICBA +σ+σ+σ 311  for a suitable 
choice of  scalars, A, B, C, D, where I is the 2×2 identity matrix. 

 [5 marks] 
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