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Please answer 4 of the following 5 questions 
 

1. If P2 (x) =
1
2
3x2 −1( ) , P3(x) =

1
2
5x3 −3x( ) , calculate P4 (x) , P5(x) . You are 

given that: n+1( )Pn+1 x( ) = 2n+1( ) xPn (x)− nPn−1(x) . 
 

2. Expand the function f (x) = x 0 < x <1
0 −1< x < 0

⎧
⎨
⎪

⎩⎪
in a series of the form  

f (x) = AkPk (x)
k=0

∞

∑  (calculate only the first four terms of the series).  You 

are given that: Ak =
2k +1
2

Pk (x)
−1

1

∫ f (x)dx  and also that P0 (x) =1 , 

P1(x) = x , P2 (x) =
1
2
3x2 −1( ) , P3(x) =

1
2
5x3 −3x( ) . 

 
 (5 marks) 

 
3. Given that j1(x) = sin x / x

2( )− cos x / x( ) ,  n1(x) = cos x / x
2( )− sin x / x( ) , 

find the functions j2 (x) , n2 (x) . You are given that both functions 

satisfy the recurrence relation: d
dx
x−n fn (x)⎡
⎣

⎤
⎦= −x

n fn+1(x) . 

 
(5 marks) 

4. Show that e x/2( ) t+1/t( ) = In (x)t
n

n=−∞

∞

∑ , where In (x) = i
−nJn (x) . You are given 

the Bessel functions generating function e x/2( ) t−1/t( ) = Jn (x)t
n

n=−∞

∞

∑ .  

(5 marks) 
 

 
 


