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Non ideal sources

Â Ideal sources: voltage source and current source: 

There is no source resistances and there is no loading effect.

Â Non ideal voltage source with loading effect: 

v decreases with i.

(As RL decreases, i increases and v decreases linearly (to i)).

Â Intercepts are voc(t) and isc(t), Slope is RTh
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Source Transformations

Â Source transformation

Ç The conversion of a nonideal voltage source to a nonideal current source. Or 

vice versa.

Ç Replacing the nonideal voltage (or current) source by the the other nonideal 

current (or voltage) source should not change the voltage or current of any 

element in circuit B  (Then the two sources are equivalent.)
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Source Transformations (contôd)

Â Source transformation

: For two extreme cases,

Ç For short circuit condition (R=0)

Ç For open circuit condition (R=Ð)

Ç For both circuits to be equivalent
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Source Transformations (contôd)

Â Source transformation

: In general,

Ç For the circuit of figure 5.2-2a we use KVL to obtain

Ç Dividing by Rs gives

Ç If we use KCL for the circuit of figure 5.2-2b, we have

Ç Thus, the two circuits are equivalent when is=vs/Rs and Rs=Rp
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Source Transformations

Â Method for Source transformations
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Example) Source Transformations

Â Find the source transformation for the circuits shown in figure a, b.
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Example) Source Transformations

Â A circuit is shown in figure. Find the current i by reducing the circuit to the 

right of terminals a-b to its simplest form using source transformations.
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Example 5.2 -1 Source Transformations 

Â First, determine the values of ip and Rp that cause the part of the circuit 

connected to the 2 kohm resistor in Figure a. Next, determine the values of 

va and vb.
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Solution
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Á Source transformation

Á Voltage division

Á Voltage across the parallel resistors

ĄAs expected, the source transformation did not change the value of the voltage 

across the 2kohm resistor
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Superposition

Â A Linear element satisfies superposition when it satisfies fallowing 

response and excitation relationship.

where, the arrows imply the excitation and the resulting response.
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Superposition (contôd)

Â Superposition principle: For a linear circuit consisting of linear elements 

and independent sources, we can determine the total response by finding 

the response to each independent source with all other independent 

source set to zero and then summing these individual responses

Â Source deactivation 

Ç Independent voltage source: short circuit

Ç Independent current source: open circuit

Ç Dependent source must remain active during the superposition process

Â Power and Superposition

Ç For dc circuit analysis, the principle of superposition does not apply to power 

calculation.
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Â The circuit shown in Figure a has one output, vo, and three inputs, v1, i2, 

and v3.  (As expected, the inputs are voltages of independent voltage 

sources and the currents of independent current sources.) Express the 

output as a linear combination of the inputs.

Example 5.3 -1 Superposition
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Â Find the current i for the circuit of Figure 5.3-6a.

Example 5.3 -2 Superposition
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Â Independent voltage source acting alone (Fig. 5.3-2b)

Apply KVL to the loop

Â Independent current source acting alone (Fig. 5.3-2c)

(a) Controlling current of the dependent source

(b) Apply KCL at node a

Â The current, i, is equal to the sum of the currents, i1, i2
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Théveninôs theorem

Â Any circuit with sources (dependent and/or independent) and resistors 

can be replaced by an equivalent circuit containing a single source and a 

single resistor.

Â Theveninôs theorem implies that we can replace arbitrarily complicated 

networks with simple networks for purposes of analysis.

(a) A circuit partitioned with two parts: circuit A and circuit B

(b) Replacing circuit A by its Thevenin equivalent circuit
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Théveninôs theorem(1)

ñGiven any linear circuit, rearrange it in the form of two networks A and B connected 

by two wires. Define a voltage voc as the open-circuit voltage which appears across 

to the terminals of A when B is disconnected. Then all currents and voltages in B 

will remain unchanged if all independent voltage and current sources in A are 

ñkilledò or ñzeroed outò and an independent voltage source voc is connected , with 

proper polarity, in series with the dead (inactive) A network.ò
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Find the Théveninôs Equivalent Circuit

: Independent Source 

Â If the circuit contains resistors and independent sources,

Ç Voc : Open circuit

Ç Rt : independent voltage source  ­ short

independent current source ­ open ( , deactivate 

, . 
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Example 5.4 -1 Thé venin Equivalent Circuit

Â Using Th®veninôs theorem, find the current i through the resistor R in the 

circuit of Figure 5.4-5.
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Solution
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Example) Thé venin Equivalent Circuit

Â Find the Thévenin equivalent circuit for the circuit shown in Figure 5.4-7
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Solution

1. All the source deactivated (Fig. 5.4-8)

2. Open-circuit voltage at terminals a-b. (Fig 5.4-7)

3. Therefore, the Thevenin equivalent circuit is as 

shown in Figure 5.4-9
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Example 5.4 -3 Thé venin Equivalent Circuit

Â Using Th®veninôs theorem shown in Figure 5.4-13. Determine the current i 

as a function of R. 
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Solution
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Find the Théveninôs Equivalent Circuit

: independent and dependent sources 
Â If the circuit contains resistors and two kinds of  sources,

Â Find Voc and Isc, then Rt= Voc/Isc 

Ç Connect an open circuit between terminals a and b . Find Voc=Vab, the 

voltage across the open circuit.

Ç Connect a short circuit between terminals a and b Find Isc, the current 

directed from a to b in the short circuit.
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Example) Thé venin Equivalent Circuits and Dependent Source

Â Find the Thévenin equivalent circuit for the circuit shown in Figure 5.4-8.
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Solution

1. Open circuit voltage voc=vab.

KVL around the mesh of Fig 5.4-11

2. Short circuit current 

for the circuit of Fig 5.4-12

Using two mesh currents 

Therefore
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Example 5.4 -2 Thé venin Equivalent Circuits and Dependent Source

Â Determine the Thévenin equivalent circuit for the circuit shown below
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Solution

1. Open circuit voltage

2. Short circuit current

3. Théveninresistance
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