
The frequency response[1-5] 

𝑇𝒊 = sin 50𝑡 = 𝐴 sin 𝑤𝑡    𝐴 = 1, 𝑤 = 50  
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𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑟𝑎𝑡𝑖𝑜: 𝐴𝑅 =  𝑎2 + 𝑏2 =
1
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𝑃ℎ𝑎𝑠𝑒 𝑙𝑎𝑔: 𝜙 = 𝑡𝑎𝑛−1  
𝑏

𝑎
 = 𝑡𝑎𝑛−1 −𝑤𝜏1  

𝐴𝑅1 =
1

 (502)(0.12162) + 1
=

1

6.16
= 0.162 

𝜙1 = 𝑡𝑎𝑛−1 − 50 (0.1216 ) = −80.66𝑜~ − 81𝑜  



     
For the pipe; 

𝐺 𝑠 = 𝑒−𝑠𝜏2  

𝑠 → 𝑗𝑤 

𝐺 𝑗𝑤 = 𝑒−𝑗𝑤 𝜏2      𝑃𝑜𝑙𝑎𝑟 𝑓𝑜𝑟𝑚: 𝑅𝑒𝑗𝜙    →     𝑅 = 1    ,    𝜙 = −𝑤𝜏2 

𝐴𝑅2 = 1 

𝜙 = −𝑤𝜏2 = − 50  0.0212 = −1.06 𝑟𝑎𝑑 = −60.76 ~ − 61𝑜  

Overall AR; 

𝐴𝑅𝑜𝑣𝑒𝑟𝑎𝑙𝑙 = 𝐴𝑅1 ∗ 𝐴𝑅2 =  0.162  1 = 0.162 

Overall 𝜙; 

𝜙𝑜𝑣𝑒𝑟𝑎𝑙𝑙 = 𝜙1 + 𝜙2 =  −81𝑜 +  −61𝑜 = −142𝑜  



      
the frequency response of Tm to Ti 

𝑇𝑖
′ = 𝑇𝑖 − 80 = sin 50𝑡 

𝑞𝑠 = 𝑤𝐶𝑝(𝑇𝑚𝑠
− 𝑇𝑖 𝑠

) 

𝑇𝑚𝑠
= 136.9𝑜𝐹 

deviation variable Tm’  
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For the tank, 
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For the pipe  

AR is unity 
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The overall phase lag from Ti’ to Tm’  



    
T’ = tank temperature – 76.7 oC 


