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CG2023 Midterm Cheat-sheet 
1. Fourier series in exponential form: 

𝑥𝑝(𝑡) = ∑ 𝑐𝑘𝑒
𝑗2𝜋𝑘𝑓𝑝𝑡

∞

𝑘=−∞
 

2. Fourier series in trigonometric form: 

𝑥𝑝(𝑡) = 𝑎0 + 2 ∙∑ (𝑎𝑘 cos(
2𝜋𝑘

𝑇𝑝
) + 𝑏𝑘 sin(

2𝜋𝑘

𝑇𝑝
))

∞

𝑘=1
 

where 𝑎𝑘 = (𝑐−𝑘 + 𝑐𝑘)/2 and 𝑏𝑘 = (𝑐−𝑘 − 𝑐𝑘)/2 

3. Spectral properties of a real signal: 

1) 𝑥(𝑡) is real, we have 𝑋∗(𝑓) = 𝑋(−𝑓), which leads to 
|𝑋(𝑓)| = |𝑋(−𝑓)| and ∠X(f) = −∠X(−f) 

2) 𝑥(𝑡) is real and even, we have 𝑋(𝑓) is also real and even 

𝑋∗(𝑓) = 𝑋(𝑓) and 𝑋(𝑓) = 𝑋(−𝑓) 
3) 𝑥(𝑡) is real and odd, we have 𝑋(𝑓) is imaginary and odd 

𝑋∗(𝑓) = −𝑋(𝑓) and 𝑋(𝑓) = −𝑋(−𝑓) 
4. Properties of the Dirac-δ function: 

1) Symmetry: 𝛿(𝑡) = 𝛿(−𝑡) 
2) Sampling: 𝑥(𝑡)𝛿(𝑡 − 𝜆) = 𝑥(𝜆)𝛿(𝑡 − 𝜆) 

3) Sifting: ∫ 𝑥(𝑡)𝛿(𝑡 − 𝜆)𝑑𝑡
∞

−∞
= 𝑥(𝜆) 

4) Replication: 𝑥(𝑡) ∗ 𝛿(𝑡 − 𝜉) = 𝑥(𝑡 − 𝜉) 
5) White spectrum: ℑ{δ(t)} = ℑ−1{𝛿(𝑡)} = 1 

5. Use Fourier transform on periodic signals: 

𝑋𝑝(𝑓) =∑ 𝑐𝑘𝑒
𝑗2𝜋𝑘𝑓𝑝𝑡

∞

𝑘=−∞
= ∑ 𝑐𝑘 ∙ 𝛿(𝑓 − 𝑘𝑓𝑝)

∞

𝑘=−∞
 

6. Fourier transform of the generating function: 

𝑥𝑝(𝑡) = 𝑔(𝑡) ∗∑ 𝛿(𝑡 − 𝑛𝑇𝑝) =∑ 𝑔(𝑡 − 𝑛𝑇𝑝)
𝑛𝑛

 

𝑋𝑝(𝑓) = ∑ 𝑓𝑝𝐺(𝑘𝑓𝑝)𝛿(𝑓 − 𝑘𝑓𝑝)𝑘  thus 𝑐𝑘 = 𝑓𝑝𝐺(𝑘𝑓𝑝) 

7. According to Fourier transform, 𝑋(0) = ∫ 𝑥(𝑡)𝑑𝑡
∞

−∞
, we have the dc 

value of 𝑥(𝑡)  is 𝑐0 =
1

𝑇𝑝
∫ 𝑥(𝑡)𝑑𝑡
0.5𝑇𝑝

−0.5𝑇𝑝
  (for periodic signals), and it is 

also 𝑐0 = lim
𝜏→∞

1

𝜏
∫ 𝑥(𝑡)𝑑𝑡
𝜏

−𝜏
=

𝑋(0)

∞
. 

8. Energy & energy spectral density: 

𝐸 = ∫ |𝑥(𝑡)|2𝑑𝑡
∞

−∞

= ∫ |𝑋(𝑓)|2𝑑𝑓
∞

−∞

= ∫ 𝐸𝑥(𝑓)𝑑𝑡
∞

−∞

 

9. Power & power spectral density: 

𝑃 = lim
𝑇→∞

1

2𝑇
∫ |𝑥(𝑡)|2𝑑𝑡

𝑇

−𝑇

= ∫ lim
𝑇→∞

1

2𝑇
|𝑋𝑇(𝑓)|

2𝑑𝑓
∞

−∞

= ∫ 𝑃𝑥(𝑓)𝑑𝑓
∞

−∞

 

Furthermore, for periodic signals, we have 

𝑃𝑥(𝑓) = ∑ |𝑐𝑘|
2𝛿(𝑓 − 𝑘𝑓𝑝)𝑘  and 𝑃 = ∑ |𝑐𝑘|

2
𝑘  
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