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4-terminal (2-terminal pair) circuits 4端子回路 

Terminal pair (端子対) 

Current: circulation, no net current 
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2-terminal pair (4-terminal) circuit 



F-matrix of 4-terminal circuit 



Impedance matrix, Admittance matrix 



Examples with impedances 



Connections of 4-terminal circuits 

Cascade 
𝐹tot = 𝐹𝑖

𝑁

𝑖=1

 

Series 

𝑍tot = 𝑍𝑖

𝑁

𝑖=1

 

Parallel 

𝑌tot = 𝑌𝑖

𝑁

𝑖=1

 



Theorems for terminal-pair circuits 

Superposition theorem 

Ho-Thevenin’s theorem 



Norton’s theorem 

𝑉 =
𝐽𝑠
𝑌 + 𝑌𝑖

 



Duality 双対性 



Duality 

Series Parallel 

Open Short 

Voltage Current 

Impedance Admittance 

Capacitance Inductance 

Electric field Magnetic field 

Resistance Conductance 

Ho-Thevenin Norton 

Kirchhoff’s 2nd law  Kirchhoff’s 1st law 



Resistance bridge 抵抗ブリッジ 

Wheatstone bridge 

AVS-47 Resistance bridge 

 

Not a “bridge” circuit! 



Schering Bridge 



Hartshorn bridge 



Capacitance bridge キャパシタンス ブリッジ 

General Radio 

3-terminal 

Capacitance bridge 

Agilent E4981A 



2.4 General Properties of Resonance 
and Resonance Circuits 

Harmonic oscillator:  
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Eigen frequency w0 



2.4.2 Resonance and Phase shift 
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多聞丸 

Resonance:  

Reactance =0 

Total Phase Shift 

Change: p 



Kondo Resonance and Phase shift 

Jun Kondo 

1

2
𝑠↑ 𝑑 ↓ − |𝑠 ↓ |𝑑 ↑  

𝐸F 

E 

Many body resonance. 

But still has the phase shift of p/2 ! 

Co atoms on Ag (111) surface 

Co (magnetic) Defect (non-magnetic) 

Schneider et al., Phys. Rev. B65, 121406 (2002).  



Quartz crystal filter 

F r e q u e n c y   ( H z ) 
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