
Table 3.1:  Properties of Continuous Time Fourier Series 

Property Periodic Signal Fourier Transform 

{
𝑥(𝑡)

𝑦(𝑡)
           

𝑃𝑒𝑟𝑖𝑜𝑑𝑖𝑐 𝑤𝑖𝑡ℎ 𝑃𝑒𝑟𝑖𝑜𝑑 𝑇 𝑎𝑛𝑑  

𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝜔0 =
2𝜋

𝑇
 

 

{
𝑎𝑘
𝑏𝑘

 

Linearity 𝐴𝑥(𝑡) + 𝐵𝑦(𝑡) 𝐴𝑎𝑘 + 𝐵𝑏𝑘 

Time Shifting 𝑥(𝑡 − 𝑡0) 𝑎𝑘𝑒
−𝑗𝑘𝜔0𝑡0 = 𝑎𝑘𝑒

−𝑗𝑘(
2𝜋
𝑇
)𝑡0 

Frequency Shifting 𝑒𝑗𝑀𝜔0𝑡𝑥(𝑡) 𝑎𝑘−𝑀 

Conjugation 𝑥∗(𝑡) 𝑎−𝑘
∗  

Time Reversal 𝑥(−𝑡) 𝑎−𝑘 

Time Scaling 
𝑥(𝑎𝑡),     𝑎

> 0 (𝑃𝑒𝑟𝑖𝑜𝑑𝑖𝑐 𝑤𝑖𝑡ℎ 𝑝𝑒𝑟𝑖𝑜𝑑
𝑇

𝑎
) 

𝑎𝑘 
 

Periodic Convolution 

 𝑥(𝑡) ∗ 𝑦(𝑡) = ∫ 𝑥(𝜏)𝑦(𝑡 − 𝜏)𝑑𝜏

𝑇

 𝑇𝑎𝑘𝑏𝑘 

Multiplication 𝑥(𝑡)𝑦(𝑡) ∑ 𝑎𝑙𝑏𝑘−𝑙

+∞

𝑙=−∞

 

Differentiation 
𝑑

𝑑𝑡
𝑥(𝑡) 𝑗𝑘𝜔𝑜𝑎𝑘 = 𝑗𝑘

2𝜋

𝑇
𝑎𝑘 

Integration 
∫ 𝑥(𝜏)𝑑𝜏
𝑡

−∞

 

(finite value and periodic only if 𝑎0 =
0) 

(
1

𝑗𝑘𝜔𝑜
) 𝑎𝑘 = (

1

𝑗𝑘
2𝜋
𝑇

)𝑎𝑘 

Conjugate Symmetry for Real 

Signals 
𝑥(𝑡) 𝑖𝑠  𝑟𝑒𝑎𝑙 

{
 
 

 
 

𝑎𝑘 = 𝑎−𝑘
∗

𝑅𝑒{𝑎𝑘} = 𝑅𝑒{𝑎−𝑘}

𝐼𝑚{𝑎𝑘} = −𝐼𝑚{𝑎−𝑘}

|𝑎𝑘| = |𝑎−𝑘|
∢𝑎𝑘 = −∢𝑎−𝑘

 

Symmetry for Real and Even 

Signals 
𝑥(𝑡)𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑒𝑣𝑒𝑛 𝑎𝑘    𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑒𝑣𝑒𝑛 

Symmetry for Real and Odd 

Signals 
𝑥(𝑡)𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑜𝑑𝑑 𝑎𝑘   𝑖𝑠 𝑝𝑢𝑟𝑒𝑙𝑦 𝑖𝑛𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 𝑎𝑛𝑑 𝑜𝑑𝑑 

Even-Odd Decomposition for 

Real Signals 
𝑥𝑟(𝑡) = 𝐸𝑣{𝑥(𝑡)}     [𝑥(𝑡)𝑟𝑒𝑎𝑙] 
𝑥𝑜(𝑡) = 𝑂𝑑{𝑥(𝑡)}    [𝑥(𝑡)𝑟𝑒𝑎𝑙] 

𝑅𝑒{𝑎𝑘} 
𝑗𝐼𝑚{𝑎𝑘} 

Parseval’s Relation for Periodic 

Signals 

1

𝑇
∫ |𝑥(𝑡)|2𝑑𝑡

𝑇

= ∑ |𝑎𝑘|
2

∞

𝑘=−∞

 



Table 3.2:  Properties of Discrete Time Fourier Series 

Property Periodic Signal Fourier Transform 

{
𝑥[𝑛]
𝑦[𝑛]

       𝑃𝑒𝑟𝑖𝑜𝑑𝑖𝑐 𝑤𝑖𝑡ℎ 𝑃𝑒𝑟𝑖𝑜𝑑 𝑁 𝑎𝑛𝑑 𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙 

 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝜔0 =
2𝜋

𝑁
 

 

{
𝑎𝑘
𝑏𝑘
    𝑃𝑒𝑟𝑖𝑜𝑑𝑖𝑐 𝑤𝑖𝑡ℎ 𝑃𝑒𝑟𝑖𝑜𝑑 𝑁         

Linearity 𝐴𝑥[𝑛] + 𝐵𝑦[𝑛] 𝐴𝑎𝑘 + 𝐵𝑏𝑘 

Time Shifting 𝑥[𝑛 − 𝑛0] 𝑎𝑘𝑒
−𝑗𝑘(

2𝜋
𝑁
)𝑛0 

Frequency Shifting 𝑒𝑗𝑀(
2𝜋
𝑁
)𝑛𝑥[𝑛] 𝑎𝑘−𝑀 

Conjugation 𝑥∗[𝑛] 𝑎−𝑘
∗  

Time Reversal 𝑥[−𝑛] 𝑎−𝑘 

Time Scaling 

𝑥(𝑚)[𝑛]

= {
𝑥 [
𝑛

𝑚
]    𝑖𝑓 𝑛 𝑖𝑠 𝑎 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒 𝑜𝑓 𝑚

0       𝑖𝑓 𝑛 𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒 𝑜𝑓 𝑚
 

(periodic with period mN) 

1

𝑚
𝑎𝑘 (viewed as periodic  

With period mN) 

Periodic Convolution 

 
∑ 𝑥[𝑟]𝑦[𝑛 − 𝑟]

𝑟=<𝑁>

 𝑁𝑎𝑘𝑏𝑘 

Multiplication 𝑥[𝑛]𝑦[𝑛] ∑ 𝑎𝑙𝑏𝑘−𝑙
𝑙=<𝑁>

 

First Difference 𝑥[𝑛] − 𝑥[𝑛 − 1] (1 − 𝑒−𝑗𝑘2𝜋/𝑁)𝑎𝑘 

Running Sum  
∑ 𝑥[𝑘]

𝑛

𝑘=−∞

 

Finite valued and periodic only if 𝑎0 = 0 

(
1

(1 − 𝑒−
𝑗𝑘2𝜋
𝑁 )

)𝑎𝑘 

Conjugate Symmetry for Real 

Signals 
𝑥[𝑛] 𝑖𝑠  𝑟𝑒𝑎𝑙 

{
 
 

 
 

𝑎𝑘 = 𝑎−𝑘
∗

𝑅𝑒{𝑎𝑘} = 𝑅𝑒{𝑎−𝑘}

𝐼𝑚{𝑎𝑘} = −𝐼𝑚{𝑎−𝑘}

|𝑎𝑘| = |𝑎−𝑘|
∢𝑎𝑘 = −∢𝑎−𝑘

 

Symmetry for Real and Even 

Signals 
𝑥[𝑛]𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑒𝑣𝑒𝑛 𝑎𝑘    𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑒𝑣𝑒𝑛 

Symmetry for Real and Odd Signals 𝑥[𝑛] 𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑜𝑑𝑑 𝑎𝑘   𝑖𝑠 𝑝𝑢𝑟𝑒𝑙𝑦 𝑖𝑛𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 𝑎𝑛𝑑 𝑜𝑑𝑑 

Even-Odd Decomposition for Real 

Signals 

𝑥𝑟[𝑛] = 𝐸𝑣{𝑥[𝑛]}     [𝑥(𝑡)𝑟𝑒𝑎𝑙] 
𝑥𝑜[𝑛] = 𝑂𝑑{𝑥[𝑛]}    [𝑥(𝑡)𝑟𝑒𝑎𝑙] 

𝑅𝑒{𝑎𝑘} 
𝑗𝐼𝑚{𝑎𝑘} 

Parseval’s Relation for Periodic 

Signals 

1

𝑁
∑ |𝑥[𝑛]|2

𝑛=<𝑁>

= ∑ |𝑎𝑘|
2

𝑘=<𝑁>

 



Table 4.1:  Properties of the Fourier Transform  

Property Aperiodic Signal Fourier Transform 

𝑥(𝑡) 
𝑦(𝑡) 

𝑋(𝑗𝜔) 
𝑌(𝑗𝜔) 

Linearity 𝑎𝑥(𝑡) + 𝑏𝑦(𝑡) 𝑎𝑋(𝑗𝜔) + 𝑏𝑌(𝑗𝜔) 

Time Shifting 𝑥(𝑡 − 𝑡0) 𝑒−𝑗𝜔𝑡0𝑋(𝑗𝜔) 

Frequency Shifting 𝑒𝑗𝜔0𝑡𝑥(𝑡) 𝑋(𝑗(𝜔 − 𝜔0)) 

Conjugation 𝑥∗(𝑡) 𝑋∗(−𝑗𝜔) 

Time Reversal 𝑥(−𝑡) 𝑋(−𝑗𝜔) 

Time and Frequency Scaling 𝑥(𝑎𝑡) 
1

|𝑎|
𝑋 (
𝑗𝜔

𝑎
) 

Convolution 

 
𝑥(𝑡) ∗ 𝑦(𝑡) 𝑋(𝑗𝜔)𝑌(𝑗𝜔) 

Multiplication 𝑥(𝑡)𝑦(𝑡) 
1

2𝜋
𝑋(𝑗𝜔) ∗ 𝑌(𝑗𝜔) 

Differentiation in Time 
𝑑

𝑑𝑡
𝑥(𝑡) 𝑗𝜔𝑋(𝑗𝜔) 

Integration  ∫ 𝑥(𝜏)𝑑𝜏
𝑡

−∞

 
1

𝑗𝜔
𝑋(𝑗𝜔) + 𝜋𝑋(0)𝛿(𝜔) 

Differentiation in Frequency 𝑡𝑥(𝑡) 𝑗
𝑑

𝑑𝜔
𝑋(𝑗𝜔) 

Conjugate Symmetry for Real Signals 𝑥(𝑡) 𝑖𝑠  𝑟𝑒𝑎𝑙 

{
 
 

 
 

𝑋(𝑗𝜔) = 𝑋∗(−𝑗𝜔)

𝑅𝑒{𝑋(𝑗𝜔)} = 𝑅𝑒{𝑋(−𝑗𝜔)}

𝐼𝑚{𝑋(𝑗𝜔)} = −𝐼𝑚{𝑋(−𝑗𝜔)}

|𝑋(𝑗𝜔)| = |𝑋(−𝑗𝜔)|

∢𝑋(𝑗𝜔) = −∢𝑋(−𝑗𝜔)

 

Symmetry for Real and Even Signals 𝑥(𝑡)𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑒𝑣𝑒𝑛 𝑋(𝑗𝜔)   𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑒𝑣𝑒𝑛 

Symmetry for Real and Odd Signals 𝑥(𝑡)𝑖𝑠 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑜𝑑𝑑 𝑋(𝑗𝜔)  𝑖𝑠 𝑝𝑢𝑟𝑒𝑙𝑦 𝑖𝑛𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 𝑎𝑛𝑑 𝑜𝑑𝑑 

Even-Odd Decomposition for Real 

Signals 
𝑥𝑟(𝑡) = 𝐸𝑣{𝑥(𝑡)}     [𝑥(𝑡)𝑟𝑒𝑎𝑙] 
𝑥𝑜(𝑡) = 𝑂𝑑{𝑥(𝑡)}    [𝑥(𝑡)𝑟𝑒𝑎𝑙] 

𝑅𝑒{𝑋(𝑗𝜔)} 
𝑗𝐼𝑚{𝑋(𝑗𝜔)} 

Parseval’s Relation for Aperiodic 

Signals 
∫ |𝑥(𝑡)|2𝑑𝑡
+∞

−∞

=
1

2𝜋
∫ |𝑋(𝑗𝜔)|2𝑑𝜔
+∞

−∞

 



Table 4.2:  Basic Fourier Transform Pairs 

Signal Fourier transform Fourier Series Coefficients (if periodic) 

∑ 𝑎𝑘𝑒
𝑗𝑘𝜔0𝑡

∞

𝑘=−∞

 2𝜋 ∑ 𝑎𝑘𝛿(𝜔 − 𝑘𝜔0)

∞

𝑘=−∞

 𝑎𝑘 

𝑒𝑗𝜔0𝑡 2𝜋𝛿(𝜔 − 𝜔0) 
𝑎1 = 1 

𝑎𝑘 = 0   otherwise 

cos(𝜔0𝑡) 𝜋[𝛿(𝜔 − 𝜔0) + 𝛿(𝜔 + 𝜔0)] 
𝑎1 = 𝑎−1 =

1

2
 

𝑎𝑘 = 0   otherwise 

sin(𝜔0𝑡) 
𝜋

𝑗
[𝛿(𝜔 − 𝜔0) − 𝛿(𝜔 +𝜔0)] 

𝑎1 = −𝑎−1 =
1

2𝑗
 

𝑎𝑘 = 0   otherwise 

𝑥(𝑡) = 1 2𝜋𝛿(𝜔) 
𝑎1 = 1 ,   𝑎𝑘 = 0,   𝑘 ≠ 0 

(this is the Fourier series representation for 

any choice of T > 0 ) 

𝑥(𝑡) = {
1,                    |𝑡| < 𝑇1

0, 𝑇1 < |𝑡| ≤  
𝑇

2
    

 

And 

𝑥(𝑡) = 𝑥(𝑡 + 𝑇) 

∑
2sin(𝑘𝜔0𝑇1)

𝑘
𝛿(𝜔 − 𝑘𝜔0)

∞

𝑘=−∞

 
𝜔0𝑇1
𝜋

sinc (
𝑘𝜔0𝑇1
𝜋

) =
sin(𝑘𝜔0𝑇1)

𝑘𝜋
 

∑ 𝛿(𝑡 − 𝑛𝑇)

∞

𝑛=−∞

 
2𝜋

𝑇
∑ 𝛿 (𝜔 −

2𝜋

𝑇
𝑘)

∞

𝑘=−∞

 𝑎𝑘 =
1

𝑇
  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑘 

𝑥(𝑡) = {
1,                  |𝑡| < 𝑇1
0,                𝑇1 < |𝑡|    

 

 

2 sin(𝜔𝑇1)

𝜔
 ------ 

sin(𝑊𝑡)

𝜋𝑡
 𝑋(𝑗𝜔) = {

1,                  |𝜔| < 𝑊
0,                𝑊 < |𝜔|    

 ------- 

𝛿(𝑡) 1 ------- 

𝑢(𝑡) 
1

𝑗𝜔
+ 𝜋𝛿(𝜔) ------- 

𝛿(𝑡 − 𝑡0) 𝑒−𝑗𝜔𝑡0 ------- 

𝑒−𝛼𝑡𝑢(𝑡),   𝑅𝑒{𝛼} > 0 
1

𝛼 + 𝑗𝜔
 ------- 

𝑡𝑒−𝛼𝑡𝑢(𝑡),   𝑅𝑒{𝛼} > 0 
1

(𝛼 + 𝑗𝜔)2
 ------ 

𝑡(𝑛−1)

(𝑛 − 1)!
𝑒−𝛼𝑡𝑢(𝑡),   𝑅𝑒{𝛼} > 0 

1

(𝛼 + 𝑗𝜔)𝑛
 ------ 

 


