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 The basic equations 

of electric circuits are 

the Kirchhoff’s laws

 Kirchhoff’s Current Law (KCL): 

 Kirchhoff’s Voltage Law (KVL): 

The algebraic sum of the currents leaving a node

The algebraic sum of the currents entering that node

The algebraic sum of all voltages 

taken around  a closed path in a circuit is zero
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 Bridged Tee Circuit 

• At node 2, the KCL is

• At node 3, the KCL is 

• Transfer function from  input          to output          can be derived                       

• Select node 4 as the reference

• as the unknowns

• By KVL, 

 Model (Equations of Motion)
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 Circuit with a current source

• We also have the relations

• Select node 4 as the reference

• as the unknowns

• At node 1, the KCL is

• At node 2, the KCL is 

 Model (Equations of Motion)
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 Simplified circuit of op-amp

 Assume connected to ground, 

 op-amp schematic symbol

 Assume ideal op-amp, 
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 The op-amp summer

 From                       , we have 

 Thus,                        

 From                       ,   we have 

 Model (Equations of Motion)

Example 2.10   Operational Amplifier Summer

(Output is the weighted sum of input voltages)
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 The op-amp integrator

 Model (Equations of Motion)

 Transfer Function

(Assume zero initial condition)
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 Table 2.1 [Dorf & Bishop 2017]

Summary of Through- and Across-Variables for Physical Systems



CS2E-Electric - 9

Feng-Li Lian ©  2022

 Table 2.2-1 [Dorf & Bishop 2017]

 Table 2.2-2

Summary of Governing Differential Equations for Ideal Elements 
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 Table 2.2.3 [Dorf & Bishop 2017]

Summary of Governing Differential Equations for Ideal Elements 


