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1. Thevenin’s Theorem and Norton’s Theorem 

 

 

Thevenin's and Norton's theorems are probably the most important 

network theorems. For the application of either of them, a network is 

divided into two parts, A and B, as shown in Fig. 5-la, with two joining 

wires. One part must be linear, but the other part can be anything. 

 

 

Thevenin's theorem specifies that part A, can be replaced by a 

Thevenin equivalent circuit consisting of a voltage source and a 

resistor in series, without any changes in voltages or currents in part 

B. The voltage source is called the Thevenin voltage, and the resistor 

is called the Thevenin resistance. 

 

 

With all internal source deactivated, and with an independent source 

is applied, the resistance "seen" by this source, using this equation: 

 

It can also be found from the current ISC that flows in a short circuit 

placed across terminals a and b, as shown in Fig. 5-3a. 
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The Norton equivalent circuit can be derived by applying a source 

transformation to the Thevenin equivalent circuit, as illustrated in Fig. 

5-4a.  

The Norton equivalent circuit is sometimes illustrated as in Fig. 5-4b, 

in which IN = VTh/RTh and RN = RTh. 
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Using Thevenin to solve circuit problems 

 

Any 2-port linear circuit can be broken down into 2 components:  

 

(i) Thevenin voltage source and (ii) equivalent load. 
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The source can be simplified into a Thevenin equivalent circuit. The 

circuit contains a voltage source vTH and a resistor RTH. 

 

vTh :  Thevenin Equivalent Voltage. 

  (i.e. open circuit voltage across A-B, load removed) 

 

RTh:  Thevenin Equivalent Resistance. 

  (i.e. resistance across A-B, by setting V source as open  

circuit and i-source as close circuit, load removed) 

 

Methodology 

1. Remove the load 

2. Find the open circuit voltage across a-b, (i.e. vTh) 

3. Zero all v and i sources 

4. Calculate the resistance across a-b, (i.e. RTh) 

5. Replace the circuit with vTh and RTh. 

6. Put the load back, and calculate the required v and i. 
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Using Norton to solve circuit problems 

 

Any 2-port linear circuit can be broken down into 2 components:  

(i) Norton current source and (ii) equivalent load. 
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The source can be simplified into a Norton equivalent circuit. The 

circuit contains a current source iN and a resistor RN. 

 

iN :  Norton Equivalent Current. 

  (i.e. short circuit current across A-B, load removed) 

RN:  Norton Equivalent Resistance.  

  (i.e. resistance across A-B, by setting V source as open  

circuit and i-source as close circuit, load removed) 

 

Methodology 

7. Remove the load 

8. Find the short circuit current across a-b, (i.e. iN) 

9. Zero all v and i sources 

10. Calculate the resistance across a-b, (i.e. RN) 

11. Replace the circuit with iN and RN. 

12. Put the load back, and calculate the required v and i. 
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Examples 
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2. Maximum Power Transfer Theorem 

 

The maximum power transfer theorem specifies that a resistive load 

receives maximum power from a linear, bilateral dc circuit if the load 

resistance equals the Thevenin resistance of the circuit 

Given the values of vT and RT, what value of RL will allow for 

maximum power transfer? 
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Therefore, the conclusion: 
TL RR =  

 

For maximum power output to the load, the load resistance must be 

equal to the source resistance. 
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3. Superposition Theorem 

The superposition theorem specifies that, in a linear circuit containing 

several independent sources, the current or voltage of a circuit element 

equals the algebraic sum of the component voltages or currents 

produced by the independent sources acting alone. This theorem 

applies only to independent sources—not to dependent ones. 

 

 

 

Example 

Find the current i2 below: 

 



1-02-d <DC Circuit Theorems> 

Page 9 

4.  Millman’s Theorem 

 

Millman's theorem is a method for reducing a circuit by combining 

parallel voltage sources into a single voltage source. It is just a special 

case of the application of Thevenin's theorem. 

 

 

In general, for N parallel voltage sources the Millman voltage source 

has a voltage of: 

 

and the Millman series resistor has a resistance of: 

 

 

5. Δ-Y Transformation 

 

Figure 5-6a shows a Y (wye) resistor circuit and Fig. 5-6b a Δ (delta) 

resistor circuit. 
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Some algebraic manipulation of the results produces the following A-

to-Y transformation formulas: 

 

 

Also produced are the following Y-to-Δ transformation formulas: 

 

 

 

Suitable problem to apply the Y-Δ Transformation: 

 

 

 

 

 

 

6. Bridge Circuits 

A bridge circuit can be used for precision resistance measurements. A 

Wheatstone bridge has a center branch that is a sensitive current 

indicator such as a galvanometer, as shown in Fig. 5-9. Three of the 

other branches are precision resistors, one of which is variable as 

indicated. The fourth branch is the resistor with the unknown 

resistance Rx that is to be measured. 
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For a resistance measurement, the resistance R2 of the variable resistor 

is adjusted until the galvanometer needle does not deflect when the 

switch in the center branch is closed. This means that, even with the 

switch open, 

the voltage across Rt equals that across R2, and the voltage across R3 

equals that across Rx. In this condition the bridge is said to be balanced. 

By voltage division, 

 

Taking the ratio of the two equations produces the bridge balance 

equation: 
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7. Glossary – English/Chinese Translation 

 

English Chinese 

Thevenin's Theorem 

Norton's Theorem 

Maximum Power Transfer  

Superposition Theorem 

Millman's Theorem 

Delta-Wye Transformation 

Bridge Circuits 

Thevenin Voltage Source 

Norton Current Source 

Thevenin Resistance 

Equivalent Circuit 

Galvanometer 

Wheatstone Bridge Circuit 

戴维南定理 

诺顿定理 

最大功率传输 

叠加定理 

米尔曼定理 

Delta-Wye 变换 

桥接电路 

戴维南电压源 

诺顿电流源 

戴维宁抗性 

等效电路 

检流计 

惠斯通桥电路 

 

 

 

 


