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∑ 𝑎𝑘𝑦(𝑛 − 𝑘) = ∑ 𝑏𝑚𝑥(𝑛 − 𝑚)

𝑀

𝑚=0

𝐾

𝑘=0

⟺ 𝐻(𝜔) =
∑ 𝑏𝑚𝑒−𝑖𝜔𝑚𝑀

𝑚=0

∑ 𝑎𝑘𝑒−𝑖𝜔𝑘𝐾
𝑘=0

 

cos(𝑥) =
𝑒𝑖𝑥 + 𝑒−𝑖𝑥

2
, sin(𝑥) =

𝑒𝑖𝑥 − 𝑒−𝑖𝑥

2𝑖
 

𝑥(𝑛) real and odd function ⇒ odd imaginary DTFS/CTFS 

coefficients 

𝑥(𝑛) real and even function ⇒ real and even DTFS/CTFS 

coefficients 

𝑥(𝑛) = 𝑋0𝜓0 + 𝑋1𝜓1 + ⋯ + 𝑋𝑝−1𝜓𝑝−1 

DTFS: 

𝑥(𝑛) = ∑ 𝑋𝑘 ∙ 𝜓𝑘(𝑛)

𝑝−1

𝑘=0

= ∑ 𝑋𝑘 ∙ 𝑒𝑖𝑘𝜔0𝑛

𝑝−1

𝑘=0

 

𝑋𝑘 =
1

𝑝
∑ 𝑥(𝑛) ∙ 𝑒−𝑖𝑘𝜔0𝑛

𝑝−1

𝑛=0

 

CTFS: 

𝑥(𝑡) = ∫ 𝑋𝑘 ∙ 𝑒𝑖𝑘𝜔𝑜𝑡

<𝑝>

𝑑𝑡 

𝑋𝑘 =
1

𝑝
∫ 𝑥(𝑡)𝑒−𝑖𝑘𝜔𝑜𝑡𝑑𝑡

<𝑝>

 

∑ 𝛼𝑘

𝐵

𝑘=𝐴

= 𝑆 =
𝛼𝐵+1 − 𝛼𝐴

𝛼 − 1
 

𝑦(𝑛) = 𝑥(𝑛 − 𝑚) ⟺ 𝑌𝑘 = 𝑒−𝑖𝑘𝜔0𝑚 ∙ 𝑋𝑘 

𝑦(𝑛) = 𝑒𝑖𝑚𝜔𝑜𝑛𝑥(𝑛) ⟺ 𝑌𝑘 = 𝑋𝑘−𝑚 

< 𝑥, 𝑦 > = < 𝑦, 𝑥 >∗ 

< 𝑥1 + 𝑥2, 𝑦 > = < 𝑥1, 𝑦 > +< 𝑥2, 𝑦 > 

< 𝛼𝑥, 𝑦 > = 𝛼 ∙< 𝑥, 𝑦 > 

< 𝑥, 𝛼𝑦 > = 𝛼∗ ∙< 𝑥, 𝑦 > 

< 𝑓 ± 𝑔, 𝑓 ± 𝑔 > =< 𝑓, 𝑓 > +< 𝑔, 𝑔 > ±< 𝑔, 𝑓 > ±< 𝑓, 𝑔 > 

𝑔(𝑛) = 𝛼𝑛𝑢(𝑛), |𝛼| < 1 ⟺ 𝐺(𝜔) =
1

1 − 𝛼𝑒−𝑖𝜔
 

(𝑥 ⋆ ℎ)(𝑛) = ∑ 𝑥(𝑘)ℎ(𝑛 − 𝑘)

∞

𝑘=−∞

 

DTLTI system BIBO ⟺ ∑|ℎ(𝑛)|

𝑛∈ℤ

< ∞ 

Memoryless ⟺ Depends only on 𝑥(𝑡) 

DTFT: 

𝑥(𝑛) =
1

2𝜋
∑ 𝑋(𝜔)𝑒𝑖𝜔𝑘

∞

𝑘=−∞

  

𝑋(𝜔) = ∑ 𝑥(𝑘)𝑒−𝑖𝜔𝑘

∞

𝑘=−∞

 

CTFT: 

𝑥(𝑡) =
1

2𝜋
∫ 𝑋(𝜔)𝑒𝑖𝜔𝑡𝑑𝜔

∞

−∞

 

𝑋(𝜔) = ∫ 𝑥(𝑡)𝑒−𝑖𝜔𝑡𝑑𝑡

∞

−∞

 

𝑥1(𝑛) ∙ 𝑥2(𝑛) ↔
1

2𝜋
∫ 𝑋1(𝜃)𝑋2(𝜔 − 𝜃)𝑑𝜃

𝜋

−𝜋

 

CTFT Properties: 

𝑥(𝑡) = 𝑥(𝑎 ∙ 𝑡) ⟺ �̂�(𝜔) =
1

|𝑎|
𝑋 (

𝜔

𝑎
) 

𝑥(𝑡) =
𝑑𝑥

𝑑𝑡
⟺ �̂�(𝜔) = 𝑖𝜔𝑋(𝜔) 

𝑥(𝑡) = 𝑡𝑁 ∙ 𝑥(𝑡) ⟺ �̂�(𝜔) =
𝑖𝑁𝑑𝑁𝑋(𝜔)

𝑑𝜔𝑁
 

𝑥(𝑡) ↔ 𝑋(𝜔) ⟹ 𝑋(𝑡) ↔ 2𝜋𝑥(−𝜔) 

Parseval’s 

< 𝑥, 𝑦 > = ∫ 𝑥(𝑡)𝑦∗(𝑡)𝑑𝑡 

∞

−∞

and < 𝑋, 𝑌 > = ∫ 𝑋(𝜔)𝑌∗(𝜔)𝑑𝜔

∞

−∞

 

⟹ < 𝑥, 𝑦 > =
1

2𝜋
< 𝑋, 𝑌 > 

∫|𝑥(𝑡)|2𝑑𝑡 

∞

−∞

=
1

2𝜋
∫|𝑋(𝜔)|2𝑑𝜔   

∞

−∞

 

 

Stuff: 
𝐴𝑐𝑜𝑠(𝜔0𝑡 + 𝛼) + 𝐵𝑠𝑖𝑛(𝜔0𝑡 + 𝛼)

= √𝐴2 + 𝐵2

∙ cos (𝜔𝑡 + arctan (
𝐴𝑠𝑖𝑛(𝛼) − 𝐵𝑐𝑜𝑠(𝛼)

𝐴𝑐𝑜𝑠(𝛼) + 𝐵𝑐𝑜𝑠(𝛼)
)) 

∫ 𝑒−𝑖𝜔𝑡𝑑𝑡

∞

−∞

= 2𝜋𝛿(𝜔) 

∑ 𝛼𝑚

𝑏

𝑚=𝑎

= {
𝑏 − 𝑎 + 1 𝛼 = 1

𝛼𝑏+1 − 𝛼𝑎

𝛼 − 1
  𝛼 ≠ 1

 

Common Pairs: 

𝑥(𝑡) = sgn(𝑡) ↔ 𝑋(𝜔) =
2

𝑖𝜔
 

𝑥(𝑡) = 𝑢(𝑡) ↔ 𝑋(𝜔) =
1

𝑖𝜔
+ 𝜋𝛿(𝜔) 

𝑥(𝑡) = {
𝑏 |𝑡| < 𝑎

0 elsewhere
↔ 𝑋(𝜔) = 2𝑎𝑏 ∙ 𝑠𝑖𝑛𝑐(

𝑎

𝜋
𝜔) 

 


