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INSTRUCTIONS: Answer questions one and any other two questions  

 The variables and symbols have their usual meaning. 

QUESTION ONE - (30 MARKS)  

a) Identify the zeros and singularities of the following complex functions hence give the 

order of the zeros and classify the singularities. 

i. 𝑓 𝑧 =
(𝑧−𝑖)2

𝑧+1
          (3 Marks) 

ii. 𝑓 𝑧 = sin  
1

𝑧2 .         (3 Marks) 

b) Evaluate the integral  
1

5+3 cos 𝜃
𝑑𝜃

𝜋

0
.       (6 Marks) 

c) Identify the singularities of the function 𝑓 𝑧 =
sin 𝑧

 𝑧−𝑖 (𝑧+1)2 hence calculate the residues at 

the poles.         (5 Marks) 

d) Use tensor algebra to prove that 𝑎 .  𝑏  × 𝑐  = 𝑏  .  𝑐 × 𝑎  = 𝑐 .  𝑎 × 𝑏   .  (4 Marks) 

e) Solve the I. V. P 𝑦" − 10𝑦′ + 9𝑦 = 5𝑥 subject to 𝑦 0 = −1, 𝑦′ 0 = 2 using the 

Laplace transform method.       (7 Marks) 

QUESTION TWO (20 MARKS) 

a) By transforming from Cartesian 𝑥𝑖 =  𝑥,𝑦, 𝑧  to cylindrical 𝑥 𝑖 =  𝑟,𝜃, 𝑙  coordinates, 

obtain the components of the metric tensor 𝑔𝑖𝑗  and the inverse 𝑔𝑖𝑗  in cylindrical 

coordinates.         (5 Marks) 
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b) Show that for some real number 𝑎 > 1 then the integral  
𝑑𝜃

𝑎+cos 𝜃
=

𝜋

 𝑎2−1

𝜋

0
.    

          (7 Marks) 

c) State and prove the Cauchy’s theorem.     (8 Marks) 

QUESTION THREE (20 MARKS) 

a) Find the Laurent series expansion of 𝑓 𝑧 =
1

𝑧2+ 1−3𝑖 𝑧−3𝑖
 𝑎𝑏𝑜𝑢𝑡 𝑧 = 3𝑖  and state the 

disc of convergence.        (6 Marks) 

b) Evaluate the integrals  

i.  
𝑥2+2

𝑥4+13𝑥2+36

∞

−∞
𝑑𝑥          (8 Marks) 

ii.  
2𝑧

 𝑧−2  𝑧+1  𝑧−𝑖 
𝑑𝑧

𝑐
 𝑐:  𝑧 = 3        (6 Marks) 

QUESTION FOUR (20 MARKS) 

a) Let ∅ be a scalar field while 𝑢   and 𝑣  are vector fields.  Prove the following expression. 

i. ∇   .  ∅ 𝑢   = 𝑢  .∇   ∅ + ∅∇   .𝑢          (5 Marks) 

ii. ∇   ×  𝑢  × 𝑣  =  ∇   . 𝑣  𝑢  −  ∇   .𝑢   𝑣 +  𝑣 .∇    𝑢  − (𝑢  .∇   )𝑣    (7 Marks) 

b) Use the Laplace transform method to solve the equation 
𝑑2𝑦

𝑑𝑥2 + 4
𝑑𝑦

𝑑𝑥
+ 6𝑦 = 1 + 𝑒−𝑡  

subject to 𝑦 0 = 0,𝑦′ 0 = 0.        (8 Marks) 

 

 


