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Practice Examination Questions With Solutions

Module 1 – Problem 3

Filename:  PEQWS_Mod01_Prob03.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  20 minutes.

Problem Statement:

For the circuit given, find the following values.  

a)  Find the voltage vZ.

b)  Find the power absorbed by the dependent voltage source.
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Problem Solution:

The problem statement was

For the circuit given, find the following values.  

a)  Find the voltage vZ.

b)  Find the power absorbed by the dependent voltage source.
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Solution:

a)  The first step in this problem is to find an advantageous loop, around which we can write a KVL equation.  We will need to use a loop that does not follow elements, since the desired voltage, vZ, is not across any single element.  We will choose to use the loop drawn with a red dashed line in the figure that follows.
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Now, when we write KVL around this loop, we get
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In this equation, we have taken advantage of the fact that we know the currents in R2 and R5, due to the current sources connected directly to them.  Notice also that we could write KVL around any loop, even one that does not follow elements.


However, there is still another unknown in this equation, specifically i3.  This current was defined, with arbitrary polarity, to allow us to write the KVL equation.  Once this current is determined, we will be able to find vZ.  


There are several ways to find i3.  However, to make a general point, we will take a particular approach.  We will draw a closed surface around part of the circuit.  This closed surface is shown with a red dashed line in the figure that follows.
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We can write a KCL equation for any closed surface, so let’s write one for this closed surface.  There is only one current through this closed surface, and the equation is 
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From this we can draw the following conclusion; whenever a current has only a single path between sub-circuits, that current must be zero.  Otherwise, it would not be a “circuit”.  Using this result, and we can write that
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Next we note that we can find an expression for vX from Ohm’s Law,
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Thus, we can substitute back in and get
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The answer is
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b)  To get the power absorbed by the dependent voltage source, we need the voltage across this source, and the current through it.  Let’s define a current through this source, and shown in the diagram that follows.
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Since the current through R1 is iS1, we can write that vY is
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Then, we can write KCL at node A, and get
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Performing the algebra, we get
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We have defined this voltage and current in the passive convention.  Therefore, the power absorbed is
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Note:  For clarity in showing this solution, and how it unfolds, we have redrawn the circuit several times.  In solving this problem on an examination, we would not redraw each time, but rather make marks on the original circuit.  In addition, we would not include all of the text that is present here.  With this, it should be possible to complete the problem in the allotted time.

Problem taken from Exam 1, Question 2, Fall 1994, University of Houston, Department of Electrical and Computer Engineering, Cullen College of Engineering.
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