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Fourier	coefficients	for	Continuous	signal	 𝒙(𝒕) → 𝒂𝒌	
Asking	deriving	coefficients	comes	with	periodic	signal.	
	
(CT	FS)	Basic	concept	of	continuous	Fourier	coefficients	

𝑥(𝑡) 

𝑥(𝑡) ∶ 𝑃𝑒𝑟𝑖𝑜𝑑𝑖𝑐	𝑠𝑖𝑔𝑛𝑎𝑙 
𝑇 ∶ 𝐹𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙	𝑃𝑒𝑟𝑖𝑜𝑑 

𝜔" =
#$
%

  &  𝑓" =
&
%
(𝑓𝑟𝑒𝑞) 

𝑥(𝑡) = 8  
"#

$%&#

𝑎$𝑒'$(!) = 8  
"#

$%&#

𝑎$𝑒'$(+,/.))	

 	

(CT	FS)	Continuous-Time,	Fourier	Series	

𝑥(𝑡) ⟶
!"
𝑎# 

𝑎! =
1
𝑇
& 
"
𝑥(𝑡)𝑒#$!%0&𝑑𝑡	

or	

𝑎! =
1
𝑇
& 
"
𝑥(𝑡)𝑒#$!(()/")&𝑑𝑡	

	

(CT	IFS)	Continuous-Time,	Inverse	Fourier	Series	

𝑎# ⟶
$!"

𝑥(𝑡) 𝑥(𝑡) = 8  
"#

$%&#

𝑎$𝑒'$(!) = 8  
"#

$%&#

𝑎$𝑒'$(+,/.))	
	

Properties	of	Continuous-Time	Fourier	Series	

Property	 Periodic	 Signal	 𝒙(𝒕)	 Fourier	 Series	
Coefficients	 𝒂𝒌	

Linearity	 Ax(t)+By(t)	 𝐴𝑎# + 𝐵𝑏#	
Time	
Shifting	 𝑥(t − t&)	

𝑎#𝑒'(#)!*!
= 𝑎#𝑒'(#(,-//)*! 	

Frequency	
Shifting	

𝑒(1)!*
= 𝑒(1(,-//)*𝑥(𝑡)	 𝑎#'1	

Conjugation	 𝑥∗(𝑡)	 𝑎'#∗ 	
Time	

Reversal	 𝑥(−𝑡)	 𝑎'#	

Time	Scaling	 𝑥(𝛼𝑡), 𝛼 > 0	
(Periodic	with	period 𝑇/𝛼)	 𝑎'# 	

Periodic	
convolution	

V  
34⟨6⟩

𝑥[𝑟]𝑦[𝑛 − 𝑟]	 𝑁𝑎#𝑏#	

Multiplicatio
n	 𝑥(𝑡)𝑦(𝑡)	 V  

84⟨6⟩

𝑎8𝑏#'9	

Different-	
iation	

𝑑𝑥(𝑡)
𝑑𝑡 	 𝑗𝑘𝜔&𝑎# = 𝑗𝑘

2𝜋
𝑇 𝑎#	

Running	
Sum	

∑  1
$%&# 𝑥[𝑘]	

2 finite valued and periodic
only 	if 𝑎! = 0 7	 L

1
(1 − 𝑒!"#(%&/())P 𝑎#	

Real	&	Even	
Signal	 𝑥[𝑛]	real	and	even	 𝑎#	real	and	even	

Real	 &	 Odd	
Signal	 𝑥[𝑛]	real	and	odd	 𝑎#		

purely	imaginary	and	odd	
Even-Odd	 	
Decompositi
on	 of	 Real	 S

ignal	

U𝑥*(𝑡) = ℰ𝑣{𝑥(𝑡)}[x(𝑡) real ]
𝑥+(𝑡) = 𝜃𝑑{𝑥(𝑡)}[x(t) real ] 	

Re	{𝑎#}	
𝑗	Im{𝑎#}	

	
	
Convert	Trigonometric	to	exponential	form	
Many	cases	require	to	convert	Trigonometric	to	 𝑒(:	 form.	
	

sin	(𝜃) =
𝑒78 − 𝑒978

2𝑗  𝑐𝑜𝑠	(𝜃) =
𝑒78 + 𝑒978

2 	

𝑡𝑎𝑛	(𝜃) =
𝑒78 − 𝑒978

𝑗	(𝑒78 + 𝑒978)
 

Fourier	coefficients	for	Discrete	signal	 𝒙[𝒏] → 𝒂𝒌	
Asking	deriving	coefficients	comes	with	periodic	signal.	
	
(DT	FS)	Basic	concept	of	discrete	Fourier	coefficients	

𝑥[𝑛] 

𝑥[𝑛] ∶ 𝑃𝑒𝑟𝑖𝑜𝑑𝑖𝑐	𝑠𝑖𝑔𝑛𝑎𝑙 
𝑁 ∶ 𝐹𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙	𝑃𝑒𝑟𝑖𝑜𝑑 (LCM	 of	 2π) 
𝜔" =

#$
:

  &  𝑓" =
&
%
(𝑓𝑟𝑒𝑞) 

𝑥[𝑛] = 8  
$%⟨F⟩

𝑎$𝑒'$(!1 = 8  
$%⟨F⟩

𝑎$𝑒'$(+,/F)1	

 	

(DT	FS)	Discrete-Time,	Fourier	Series	

𝑥[𝑛] ⟶
!"
𝑎# 

𝑎! =
1
𝑁
1  
bc⟨e⟩

𝑥[𝑛]𝑒#$!%0b	

or	

𝑎! =
1
𝑁
1  
bc⟨e⟩

𝑥[𝑛]𝑒#$!(()/e)b	

	

(DT	IFS)	Discrete-Time,	Inverse	Fourier	Series	

𝑎# ⟶
$!"

𝑥[𝑛] 𝑥[𝑛] = 8  
$%⟨F⟩

𝑎$𝑒'$(!1 = 8  
$%⟨F⟩

𝑎$𝑒'$(+,/F)1	

	
	
	 	

Properties	of	Discrete-Time	Fourier	Series	

Property	 Periodic	 Signal	 𝒙[𝒏]	 Fourier	 Series	
Coefficients	 𝒂𝒌	

Linearity	 𝐴𝑥[𝑛] + 𝐵𝑦[𝑛]	 𝐴𝑎# + 𝐵𝑏#	
Time	
Shifting	 𝑥[𝑛 − 𝑛&]	 𝑎#𝑒'(#(,-/6)C! 	
Frequency	
Shifting	 𝑒(1(,-/6)C𝑥[𝑛]	 𝑎#'1	
Conjugation	 𝑥∗[𝑛]	 𝑎'#∗ 	

Time	
Reversal	 𝑥[−𝑛]	 𝑎'#	

Time	Scaling	
𝑥(#)[𝑛]

= L𝑥[𝑛/𝑚], 					if	𝑛	is	a	multiple	of	𝑚0, 				 	if	𝑛	is	not	a	multiple											
1
𝑚𝑎$ @

	viewed	as	periodic	
	with	period	𝑚𝑁 A	

	
Periodic	

convolution	
V  
34⟨6⟩

𝑥[𝑟]𝑦[𝑛 − 𝑟]	 𝑁𝑎#𝑏#	

Multiplicatio
n	 𝑥[𝑛]𝑦[𝑛]	 V  

84⟨6⟩

𝑎8𝑏#'9	

Running	
Sum	

∑  1
$%&# 𝑥[𝑘]	

2 finite valued and periodic
only 	if 𝑎! = 0 7	 L

1
(1 − 𝑒!"#(%&/())P 𝑎#	

Real	&	Even	
Signal	 𝑥[𝑛]	real	and	even	 𝑎#	real	and	even	

Real	 &	 Odd	
Signal	 𝑥[𝑛]	real	and	odd	 𝑎#		

purely	imaginary	and	odd	
Even-Odd	 	
Decompositi
on	 of	 Real	 S

ignal	

U𝑥*[𝑛] = ℰ𝑣{𝑥[𝑛]}[x[n] real ]
𝑥+[𝑛] = 𝜃𝑑{𝑥[𝑛]}[x[n] real ]	

Re	{𝑎#}	
𝑗	Im{𝑎#}	
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Fourier	transform	for	Continuous-time	signal	 	𝒙(𝒕)	
Most	of	case,	aperiodic	signals	comes…	
	 	 	
(CT	FT)	Continuous-Time,	Fourier	Transform	(	periodic)	

𝑥(𝑡) ⟶
!/
𝑋(𝑗𝜔)	

𝑥5(𝑡) ∶ 𝑠𝑖𝑛𝑔𝑙𝑒	𝑠𝑙𝑖𝑐𝑒𝑑	𝑝𝑒𝑟𝑖𝑜𝑑𝑖𝑐	𝑠𝑖𝑔	

𝑎! =
1
𝑇
&  
"
(

#"(

𝑥5(𝑡)𝑒#$!%0&𝑑𝑡	

𝑋(𝑗𝜔) = 𝑇	𝑎! 	
 	
(CT	FT)	Continuous-Time,	Fourier	Transform	(aperiodic)	

𝑥(𝑡) ⟶
!/
𝑋(𝑗𝜔) 𝑋(𝑗𝜔) = &  

hi

#i
𝑥(𝑡)𝑒#$%&𝑑𝑡	

	
(CT	IFT)	Continuous-Time,	Inverse	Fourier	Transform	

𝑋(𝑗𝑤) ⟶
$!/

𝑥(𝑡)	 𝑥(𝑡) =
1
2𝜋@  

!"

#"
𝑋(𝑗𝜔)𝑒$%&𝑑𝜔	

	

Properties	of	Continuous	Fourier	Transform	

Property	 Periodic	 Signal	
𝒙(𝒕)	

Fourier	 Transform	
𝑿(𝒋𝝎)	

Linearity	 𝑎	𝑥(𝑡) + 𝑏	𝑦(𝑡)	 𝑎	𝑋(𝑗𝜔) + 𝑏	𝑌(𝑗𝜔)	
Time	
Shifting	 𝑥(t − t&)	 𝑒'()*!𝑋(𝑗𝜔)	
Frequency	
Shifting	 𝑒()!*𝑥(𝑡)	 𝑋s𝑗(𝜔 − 𝜔&)t	

Conjugation	 𝑥∗(𝑡)	 𝑋∗(−𝑗𝜔)	
Time	

Reversal	 𝑥(−𝑡)	 𝑋(−𝑗𝜔)	

Time	and	
Freq	Scaling	 𝑥(𝑎𝑡)	

1
|𝑎| 𝑋 w

𝑗𝜔
𝑎 x	

Convolution	 𝑥(𝑡) ∗ 𝑦(𝑡)	 𝑋(𝑗𝜔)𝑌(𝑗𝜔)	

Multipli-	
cation	 𝑥(𝑡)𝑦(𝑡)	

1
2𝜋z  

DE

'E
[	𝑋(𝑗𝜃)	

𝑌s𝑗(𝜔 − 𝜃)t	]	𝑑𝜃	

Differentiati
on	 in	 time	

𝑑
𝑑𝑡 	𝑥(𝑡)	

𝑗𝜔	𝑋(𝑗𝜔)	

Integration	 z  
*

'F
𝑥(𝑡)𝑑𝑡	

1
𝑗𝜔𝑋(𝑗𝜔)

+ 𝜋𝑋(0)𝛿(𝜔)	
symmetry	 for	
Real	 &	 Even	

𝑥(𝑡)	
𝑟𝑒𝑎𝑙	𝑎𝑛𝑑	𝑒𝑣𝑒𝑛	 𝑋(𝑗𝜔)	𝑟𝑒𝑎𝑙	𝑎𝑛𝑑	𝑒𝑣𝑒𝑛	

symmetry	 for	
Real	 &	 Odd	

𝑥(𝑡)	
𝑟𝑒𝑎𝑙	𝑎𝑛𝑑	𝑜𝑑𝑑	

𝑋(𝑗𝜔)	
𝑝𝑢𝑟𝑒	𝑖𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦,
𝑎𝑛𝑑	𝑜𝑑𝑑	

Even-Odd	
decompositi
on	 for	

Real-Signal	

𝑥G(𝑡) = 𝐸𝑣{𝑥(𝑡)}
𝑥H(𝑡) = 𝑂𝑑{𝑥(𝑡)}

[𝑥(𝑡) real ]
	

			Re	{	𝑋(𝑗𝜔)	}	
𝑗	Im{	𝑋(𝑗𝜔)	}	

			

Parseval’s	
Relation	 z  

DE

'E
|𝑥(𝑡)|,𝑑𝑡 =

1
2𝜋z  

DE

'E
|𝑋(𝑗𝜔)|,𝑑𝜔	

	
	
	

(1칸에	 2칸이	있는	경우,	 	아래칸	 Coefficients	에	대한	기술)	 	

Basic	Continuous	Fourier	Transform	Pairs	

Signal	 𝒙(𝒕)	
Fourier	 Transform	 𝑿(𝒋𝝎)	

	 	 	 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------	

Fourier	Series	Coefficients	𝒂𝒌	
(if	 periodic)	

V  
DE

#4'E

𝑎#𝑒(#)!*	

			𝑋(𝑗𝜔) =	

2𝜋 V  
DE

#4'E

𝑎#𝛿(𝜔 − 𝑘𝜔&)	

		𝑎#=𝑎#	

𝑒()!*	
2𝜋𝛿(𝜔 − 𝜔&)	
𝑎, = 1
𝑎# = 0, otherwise 	

cos	 𝜔&𝑡	
𝜋[𝛿(𝜔 − 𝜔&) + 𝛿(𝜔 + 𝜔&)]	

𝑎, = 𝑎!, =
1
2

𝑎# = 0, otherwise 
	

sin	 𝜔&𝑡	

𝜋
𝑗
[𝛿(𝜔 − 𝜔&) − 𝛿(𝜔 + 𝜔&)]	

𝑎, = −𝑎!, =
1
2𝑗

𝑎# = 0, otherwise 
	

𝑥(𝑡) = 1	 2𝜋𝛿(𝜔)	
𝑎- = 1, 𝑎# = 0, 𝑘 ≠ 0	

Periodic	 square	 wave	 :	

𝑥(𝑡) = J
1,				 |𝑡| < 𝑇W

0,				𝑇W < |𝑡| ≤
𝑇
2
	

and	
𝑥(𝑡 + 𝑇) = 𝑥(𝑡)	

8  
"#

$%&#

2sin	 𝑘𝜔X𝑇W
𝑘 𝛿(𝜔 − 𝑘𝜔X)	

𝜔-𝑇,
𝜋 sinc	 L

𝑘𝜔-𝑇,
𝜋 P =

sin	 𝑘𝜔-𝑇,
𝑘𝜋 	

V  
DE

C4'E

𝛿(𝑡 − 𝑛𝑇)	

2𝜋
𝑇 V  

DE

#4'E

𝛿 w𝜔 −
2𝜋𝑘
𝑇 x	

𝑎# =
1
𝑇  for all 𝑘	

𝑥(𝑡) �1,				 |𝑡| < 𝑇9
0,				 |𝑡| > 𝑇9

	 2sin	 𝜔𝑇9
𝜔 	

sin	𝑊𝑡
𝜋𝑡 	 𝑋(𝑗𝜔) = �1,				 |𝜔| < 𝑊

0,				 |𝜔| > 𝑊	

𝛿(𝑡)	 1	

𝑢(𝑡)	
1
𝑗𝜔 + 𝜋𝛿(𝜔)	

𝛿(𝑡 − 𝑡&)	 𝑒'()*! 	

𝑒'I*𝑢(𝑡), 𝑅𝑒{𝑎} > 0	
1

𝑎 + 𝑗𝜔	

𝑡	𝑒'I*𝑢(𝑡), 𝑅𝑒{𝑎} > 0	
1

(𝑎 + 𝑗𝜔),	

𝑡C'9

(𝑛 − 1)! 𝑒
'I*𝑢(𝑡)

𝑅𝑒{𝑎} > 0
	

1
(𝑎 + 𝑗𝜔)C	
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Fourier	transform	for	Discrete-time	signal	 	𝒙[𝒏]	
Most	of	case,	aperiodic	signals	comes…	
	 	 	
(DT	FT)	Discrete-Time,	Fourier	Transform	 	

𝑥[𝑛] ⟶
!/
𝑋(𝑒𝑗𝜔)	 𝑋G𝑒$%H = I  

!"

)*#"

𝑥[𝑛]𝑒#$%) 	

	
(DT	IFT)	Discrete-Time,	Inverse	Fourier	Transform	

𝑋(𝑒𝑗𝜔) ⟶$!/ 𝑥[𝑛]	 𝑥[𝑛] =
1
2𝜋

&  
()
𝑋D𝑒$%E𝑒$%b𝑑𝜔	

	

Properties	of	Discrete	Fourier	Transform	

Property	 Periodic	 Signal	
𝒙[𝒏]	

Fourier	 Transform	
𝑿(𝒆𝒋𝝎)	

	
𝑥[𝑛]
𝑦[𝑛]	

𝑋(𝑒())
𝑌(𝑒())

�	 𝑝𝑒𝑟𝑖𝑜𝑑𝑖𝑐	𝑤𝑖𝑡ℎ𝑝𝑒𝑟𝑖𝑜𝑑	𝟐𝝅 	 	

Linearity	 𝑎	𝑥[𝑛] + 𝑏	𝑦[𝑛]	 𝑎	𝑋(𝑒()) + 𝑏	𝑌(𝑒())	
Time	
Shifting	 𝑥[n − n&]	 𝑒'()C!𝑋(𝑒())	
Frequency	
Shifting	 𝑒()!C𝑥[𝑛]	 𝑋s𝑒(()')!)t	

Conjugation	 𝑥∗[𝑛]	 𝑋∗(𝑒'())	
Time	

Reversal	 𝑥[−𝑛]	 𝑋(𝑒'())	

Time	
Expansion	

𝑥(#)[𝑛] =	

�𝑥[𝑛/𝑘],  if 𝑛 =  𝑘
0, 				  if 𝑛 ≠  𝑘	
𝑛 =  𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒	𝑜𝑓	𝑘	
𝑛 ≠  𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒	𝑜𝑓	𝑘	

𝑋(𝑒(#))	

Convolution	 𝑥[𝑛] ∗ 𝑦[𝑛]	 𝑋(𝑒())𝑌(𝑒())	

Multipli-	
cation	 𝑥[𝑛]𝑦[𝑛]	

9
,- ∫  ,- 𝑋s𝑒

(:t𝑌
s𝑒(()':)t𝑑𝜃	 	

Differencing	 	
in	 time	 𝑥[𝑛] − 𝑥[𝑛 − 1]	 (1 − 𝑒'())𝑋(𝑒())	

Accumul-	
ation	 V  

C

#4'E

𝑥[𝑘]	

1
1 − 𝑒"#$

𝑋1𝑒#$2

+𝜋𝑋1𝑒#%2 5  
&'

()"'

𝛿(𝜔 − 2𝜋𝑘)
	

Differentiati
on	 in	 Freq	 𝑛	𝑥[𝑛]	 𝑗

𝑑𝑋(𝑒())
𝑑𝜔 	

symmetry	 for	
Real	 &	 Even	

𝑥[𝑛]	
𝑟𝑒𝑎𝑙	𝑎𝑛𝑑	𝑒𝑣𝑒𝑛	 𝑋(𝑒())	𝑟𝑒𝑎𝑙	𝑎𝑛𝑑	𝑒𝑣𝑒𝑛	

symmetry	 for	
Real	 &	 Odd	

𝑥[𝑛]	
𝑟𝑒𝑎𝑙	𝑎𝑛𝑑	𝑜𝑑𝑑	

𝑋(𝑒())	
𝑝𝑢𝑟𝑒	𝑖𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦,
𝑎𝑛𝑑	𝑜𝑑𝑑	

Even-Odd	
decompositi
on	 for	

Real-Signal	

𝑥G[𝑛] = 𝐸𝑣{𝑥[𝑛]}
𝑥H[𝑛] = 𝑂𝑑{𝑥[𝑛]}

[𝑥[𝑛] real ]
	

		Re	{	𝑋(𝑒())	}	
𝑗	Im{	𝑋(𝑒())	}	

			

Parseval’s	
Relation	 V  

DE

C4'E

|𝑥[𝑛]|, =
1
2𝜋z  

,-
�𝑋(𝑒())�,𝑑𝜔	

	
	
	
	
	 (1칸에	 2칸이	있는	경우,	 	아래칸	 Coefficients	에	대한	기술)	

Basic	Discrete	Fourier	Transform	Pairs	

Signal	 𝒙(𝒕)	
Fourier	 Transform	 𝑿(𝒆𝒋𝝎)	

	 	 	 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------	

Fourier	Series	Coefficients	𝒂𝒌	
(if	 periodic)	

V  
#4⟨6⟩

𝑎#𝑒(#(,C/6)C	

		𝑋_𝒆𝒋𝝎` =	

2𝜋 V  
DE

#4'E

𝑎#𝛿 w𝜔 −
2𝜋𝑘
𝑁 x		

		𝑎#=𝑎#	

𝑒()!C	 2𝜋 V  
DE

84'E

𝛿(𝜔 − 𝜔& − 2𝜋𝑙)	

cos	 𝜔&𝑛	

𝜋 Z  
%&

'()&

{𝛿(𝜔 − 𝜔! − 2𝜋𝑙) + 𝛿(𝜔 + 𝜔! − 2𝜋𝑙)}	

𝜔! =
2𝜋𝑚
𝑁

𝑎* = L1, 𝑘 = 𝑚,𝑚 ± 𝑁,𝑚 ± 2𝑁,…
0, 	otherwise	

	

	
𝜔!
2𝜋 	=	irrational,	The	signal	is	aperiodic	

sin	 𝜔&𝑛	

𝜋
𝑗
Z  
%&

'()&

{𝛿(𝜔 − 𝜔! − 2𝜋𝑙) − 𝛿(𝜔 + 𝜔! − 2𝜋𝑙)}	

𝜔! =
2𝜋𝑚
𝑁 	

𝑎* = j
1
2 , 				𝑘 = ±𝑚,±𝑚 ± 𝑁,±𝑚 ± 2𝑁,…
0, 				  otherwise 

	

(b)	
𝜔!
2𝜋 	irrational	 ⇒ 	The	signal	is	aperiodic	

𝑥[𝑛] = 1	
2𝜋 V  

DE

84'E

𝛿(𝜔 − 2𝜋𝑙)	

𝑎# = U1, 				𝑘 = 0, ±𝑁,±2𝑁,…
0, 				 otherwise 	

Periodic	 square	 wave	 :	

𝑥[𝑛] = U1, |𝑛| ≤ 𝑁,
0, 𝑁, < |𝑛| ≤ 𝑁/2	

	 	 	

and	
𝑥[𝑛 + 𝑁] = 𝑥[𝑛]	

2𝜋 V  
DE

#4'E

𝑎#𝛿 w𝜔 −
2𝜋𝑘
𝑁 x	

𝑎" =
sin /(2𝜋𝑘/𝑁) 7𝑁# +

1
2:;

𝑁sin	[2𝜋𝑘/2𝑁] , 𝑘 ≠ 0,±𝑁,±2𝑁,…

𝑎" =
2𝑁# + 1
𝑁 , 𝑘 = 0,±𝑁,±2𝑁,…

	

V  
DE

#4'E

𝛿[𝑛 − 𝑘𝑁]	

2𝜋
𝑁 V  

DE

#4'E

𝛿 w𝜔 −
2𝜋𝑘
𝑁 x	

𝑎# =
1
𝑁

 for all 𝑘	

𝑎C𝑢[𝑛]	 	 , |𝑎| < 1	 1
1 − 𝑎𝑒'()	

𝑥[𝑛] �1,				 |𝑛| < 𝑁9
0,				 |𝑛| > 𝑁9

	 sin �𝜔 �𝑁9 +
1
2��

sin	(𝜔/2) 	

sin𝑊𝑛
𝜋𝑛 =

𝑊
𝜋 sinc	 w

𝑊𝑛
𝜋 x	

	 	 	

0 < 𝑊 < 𝜋	

𝑋(𝜔) = �1, 				0 ≤ |𝜔| ≤ 𝑊
0, 				𝑊 < |𝜔| ≤ 𝜋	

	 	 	

𝑋(𝜔) periodic	with	period 2𝜋	

𝛿[𝑛]	 1	

𝑢[𝑛]	
1

1 − 𝑒&'( + .  
"#

$%&#

𝜋𝛿(𝜔 − 2𝜋𝑘)	

𝛿[𝑛 − 𝑛&]	 𝑒'()C! 	

(𝑛 + 1)𝑎C𝑢[𝑛]	 	
	 	 	

, |𝑎| < 1	
1

(1 − 𝑎𝑒'()),	

(𝑛 + 𝑟 − 1)!
𝑛! (𝑟 − 1)! 𝑎

C𝑢[𝑛]	
	 	 	

, |𝑎| < 1	

1
(1 − 𝑎𝑒'())3	


