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Practice Examination Questions With Solutions

Module 4 – Problem 3

Filename:  PEQWS_Mod04_Prob03.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  30 Minutes

Problem Statement:

a) Find the Norton equivalent as seen by the 22[k] resistor.

b) Attach the Norton equivalent that you found, to the 22[k] resistor. Use this circuit to solve for iQ.  
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Problem Solution:

a) Find the Norton equivalent as seen by the 22[k] resistor.

b) Attach the Norton equivalent that you found, to the 22[k] resistor. Use this circuit to solve for iQ.  
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a) The first step in the solution is to remove the 22[k] resistor, R3.  We have been asked for the Norton equivalent seen by this resistor.  The assumption is that the R3 resistor does not “see itself”.  Thus, we need to remove it, so that it will not affect the equivalent circuit.  We will name the terminals as well at this point.  The two terminals of the R3 resistor are the two terminals for the Norton equivalent.  Naming them helps us remember that we are trying to find the equivalent at those two terminals.  Note as well that iQ is the current through the R3 resistor, so when we remove the resistor, the current is gone as well.  Don’t show iQ in the diagram that follows.  It is simply not present in this circuit.
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Now, we need to decide what items should be solved for.  It appears that one relatively simple thing to find would be the short-circuit current.  If we short terminals A and B, then resistors R2 and R4 will be shorted out, and will have no effect.  This will make for a simpler circuit.  Let’s start with the short-circuit current.  When we insert the short circuit, we get the circuit that follows.
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We have drawn the short circuit in red, and labeled the short-circuit current in red as well.  Since the resistors R2 and R4 were in parallel with this short, they have been removed.  In addition, the current iX is pretty easy to find here, since the voltage vS1 is now across resistor R1, because of the short circuit.  

Now, we can write KCL for the A node, and we get
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Plugging iX back into the previous equation, we get
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Now, we need to find one other quantity.  We will choose to find the equivalent resistance.  We set the independent sources in the original circuit equal to zero.  Then, we apply a test source in place of the 22[k] resistor.  This circuit follows.
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We applied a test source between terminals A and B, the terminals of the 22[k] resistor.  We chose a 1[V]-voltage source.  We chose a voltage source, since we see that it will be easy to get the value of iX, which will give us the value of the dependent source.  

Again, we write a KCL for the A node, and we get
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Solving for iT we get
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Now, the equivalent resistance can be found from
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This gives the solution shown in the box.  
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b) We have already attached the Norton equivalent to the 22[k] resistor in the diagram above.  It is clear that we can use the Current Divider Rule (CDR) to find the current iQ.  Let’s write the equation, 
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With all of the positive and negative signs in this problem, it is easy to become confused.  That is why we have taken two steps to solve part b).  Note that in the equation that we just wrote, the reference direction for iQ is in the “opposite direction” from iN, so we need a negative sign in the CDR equation.  Now, as the second step, we plug in the values,
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Notes:

We could have found the open-circuit voltage in this problem.  Not that we need to, but just as a check, we will solve for this below.  We define the open-circuit voltage, vOC, in the diagram that follows.  
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We write the KCL for node A, and we get
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We can plug the second equation back into the first, and get
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We solve this, and get
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This is the same answer that we obtained earlier, as can be seen by using the equation,  
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In this problem, the open-circuit voltage was not much more difficult to solve for than the equivalent resistance.  Here, we would argue that it would be a matter of personal preference.  Pick the approach that seems easier and quicker for you.  

Problem adapted from ECE 2300, Exam 2, Problem 1, Summer 2001, Department of Electrical and Computer Engineering, Cullen College of Engineering, University of Houston.
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