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Practice Examination Questions With Solutions

Module 4 – Problem 5

Filename:  PEQWS_Mod04_Prob05.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  40 Minutes

Problem Statement:

For the circuit shown, a resistor RL is to be connected between terminals A and B.  The maximum power that can be delivered to this resistor occurs when the value of the resistor is equal to the Thévenin or Norton resistance of the circuit as seen at those two terminals.   

a) Find the value of the resistor RL that will maximize the power delivered by the circuit.  

b) Find the maximum power that can be delivered to the resistor RL, using the value you found in part a).  
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Problem Solution:

For the circuit shown, a resistor RL is to be connected between terminals A and B.  The maximum power that can be delivered to this resistor occurs when the value of the resistor is equal to the Thévenin resistance of the circuit as seen at those two terminals.   

a) Find the value of the resistor RL that will maximize the power delivered by the circuit.  

b) Find the maximum power that can be delivered to the resistor RL, using the value you found in part a).  
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The first step in the solution is to find the Thévenin or Norton equivalent of the circuit at terminals A and B.  The really important part is to find the equivalent resistance, since that will determine the value of RL to be attached.  However, if we go ahead and find the entire equivalent circuit, it will be much easier to find the power delivered to that resistor.  So, in essence, this is just another Thévenin or Norton equivalent circuit problem.  We need to find the equivalent as quickly as possible.  We can find any two of the three possible quantities.  Note, then, that if we short the terminals A and B, then the voltage across R4 will be zero, and thus the current iX will be zero.  This, in turn, will simplify the circuit by setting the dependent sources equal to zero.  So, let’s begin by defining the short-circuit current.  We have the circuit that follows.
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Now, as we noted, this short circuit makes the current iX equal to zero, which means that the two dependent sources have values of zero.  In addition, the resistor R4 has no current through it, and so we can remove it as well.  With these simplifications we have the circuit that follows.
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Now, we can find iSC, by finding the currents i1 and i2.  These turn out to be fairly straightforward, and we get
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From this, we can use KCL at node A to get the short-circuit current, iSC, 
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Now, we need to find either the equivalent resistance or the open-circuit voltage.  The open-circuit voltage looks as though it would result in several simultaneous equations, so we will choose to find the equivalent resistance.  We set the independent sources equal to zero, and apply a test source.  We will choose a 1[V]-voltage source, since that will make finding iX easy.  We have the circuit that follows.
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Now, we have defined the current iT that we wish to solve for, and a node voltage vC that will help us solve the circuit.  Let’s also note that the current dependent voltage source, vS2, will not affect the current iT.  Thus, let’s remove that and get the simplified circuit that follows.  In this circuit, we will want to find iT, by finding iX, i3 and i4.
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Let’s find iX first.  We can write
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With this, we can write KCL for node C, and get
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Now, we plug in our value for iX, and we have
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From this, we can find i3, and therefore iT.  Let’s write KCL for node A, and get
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Solving, we get
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Finally, to get the equivalent resistance, we can write
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Now, we are in the position we wanted.  We can model the circuit with a Norton Equivalent, and we know what to connect to the equivalent.  So, we can say that


[image: image15.wmf]33.3[].

L

R

=W


This is the solution for part a)  

b) For this part, we take the equivalent circuit, and attach the new resistor RL to it, and we get the circuit that follows.
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In this circuit, we can apply the CDR to get
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Then, the power absorbed by RL will be
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The answer is
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Problem adapted from ECE 2300, Exam 2, Problem 1, Fall 1999, Department of Electrical and Computer Engineering, Cullen College of Engineering, University of Houston.

Page 1.1.1
Page 4.5.2

[image: image21.wmf]Dave Shattuck

University of Houston

_1073847405.unknown

_1073887126.unknown

_1073887466.unknown

_1073888491.unknown

_1073888728.unknown

_1073888738.unknown

_1073888317.vsd

_1073887226.unknown

_1073886819.unknown

_1073886893.unknown

_1073886435.unknown

_1073845636.unknown

_1073846828.vsd

_1073847163.vsd

_1073845899.unknown

_1073845065.vsd

_1073845537.vsd

_1073844297.vsd

_1043821696.vsd

