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UTwo lag in series U 

𝐺𝐺(𝑠𝑠) =
𝑘𝑘

(𝜏𝜏1𝑠𝑠 + 1)(𝜏𝜏2𝑠𝑠 + 1) 

𝜑𝜑 = −tan−1𝜔𝜔𝜏𝜏1 − tan−1𝜔𝜔𝜏𝜏2 

UAnalysis 

log|𝐺𝐺| = log𝑘𝑘 −
1
2 log(𝜏𝜏1

2𝜔𝜔2 + 1) −
1
2 log(𝜏𝜏2

2𝜔𝜔2 + 1) 

𝐿𝐿 = 20 log𝑀𝑀𝑀𝑀 = 20log𝑘𝑘 − 10 log(𝜏𝜏1
2𝜔𝜔2 + 1) − 10 log(𝜏𝜏2

2𝜔𝜔2 + 1)      (1) 

𝑎𝑎𝑎𝑎 𝜔𝜔 → 0, 𝐿𝐿 = 20log𝑘𝑘   ,(LFA) 

(𝜏𝜏1
2𝜔𝜔2 + 1) ≫ (𝜏𝜏2

2𝜔𝜔2 + 1) 

𝐿𝐿 = 20log𝑘𝑘 − 10 log(𝜏𝜏1
2𝜔𝜔2 + 1) 

𝐿𝐿 = 20log𝑘𝑘 − 20 log 𝜏𝜏1 − 20log𝜔𝜔⋯ (3) 

Slope=-20  , (𝐻𝐻𝐻𝐻𝐻𝐻1) 

𝑥𝑥 = 10log(𝜏𝜏1
2𝜔𝜔2 + 1) at     𝜔𝜔𝑐𝑐 = 1

𝜏𝜏1
   and 𝑥𝑥 = 10log 2 = 3.01 

𝑎𝑎𝑎𝑎 𝜔𝜔 → ∞, 

𝐿𝐿 = 20log𝑘𝑘 − 10 log(𝜏𝜏1
2𝜔𝜔2)− 10 log(𝜏𝜏2

2𝜔𝜔2)⋯ (4) 

𝐿𝐿 = 20log𝑘𝑘 − 20 log 𝜏𝜏1𝜏𝜏2 − 40 log𝜔𝜔⋯ (5) 

HFA2, slope=40 

𝜔𝜔 =
1
𝜏𝜏2

 

𝑥𝑥 = 20log𝑘𝑘 − 20log𝑘𝑘 − 10 log(𝜏𝜏1
2𝜔𝜔2 + 1)− 20log𝑘𝑘

+ 10log(𝜏𝜏1
2𝜔𝜔2 + 1) + 10log(𝜏𝜏2

2𝜔𝜔2 + 1) 

𝑥𝑥 = 10log(𝜏𝜏2
2𝜔𝜔2 + 1)  𝑎𝑎𝑎𝑎𝑎𝑎 = 1

𝜏𝜏2
 → 𝑥𝑥 = 10log(1 + 1) = 3.01 

20log𝑘𝑘 = 20log𝑘𝑘 − 20 log 𝜏𝜏1𝜏𝜏2 − 40 log𝜔𝜔 
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𝜔𝜔 =
1

√𝜏𝜏1𝜏𝜏2
 

1. 𝜔𝜔 = 0      → 𝜔𝜔 = 1
𝜏𝜏1

  LFA 

2. 𝜔𝜔 = 1
𝜏𝜏1

    → 𝜔𝜔 = 1
𝜏𝜏2

  HFA1 

3. 𝜔𝜔 = 1
𝜏𝜏2

    → 𝜔𝜔 = ∞  HFA2 

 

Fig.54 Bode plots for two lag in series 

 

 


