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Practice Examination Questions With Solutions

Module 1 – Problem 5

Filename:  PEQWS_Mod01_Prob05.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  25 minutes.

Problem Statement:

The device shown in Figure 1 can be modeled as a current source in parallel with a resistance.  The device exhibits the behavior shown in the plot in Figure 2.  This device is then connected in the circuit given in Figure 3.  Find vX.  
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Problem Solution:

The problem statement was

The device shown in Figure 1 can be modeled as a current source in parallel with a resistance.  The device exhibits the behavior shown in the plot in Figure 2.  This device is then connected in the circuit given in Figure 3.  Find vX.  
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Solution:

The first step in this problem is to draw the equivalent circuit for the device, naming the elements of the equivalent circuit.  We have been told how to model the device, and we just need to find the values of these elements to know the model.  We cannot easily solve the circuit in Figure 3 until we have done this.

Let’s go ahead and name the components of the equivalent circuit of the device model iE and RE, although almost any names would work.  We do need to avoid variable names that have already been defined, such as vD, iD, and RX.  Drawing this equivalent circuit, we have
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One of the big keys in this problem is to recognize that vD and iD need to be placed in the correct place in this circuit.  Remember from Figure 1 that iD is the current going out of terminal A.  The voltage vD must be the voltage at A with respect to B.  

Now, we can use the plot in Figure 2 to get the values of iE and RE.  There are many ways to do this, but our recommendation is that you use the simplest, most straightforward approach, that always gives the correct answer.  In our opinion, this approach is to use the axis intercepts.  From the intercept of the vertical axis, we know that when vD is zero, iD is 5[mA].  Using this first fact, we can draw the equivalent circuit for this situation,
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where to make vD equal to zero, we placed a short circuit across the terminals of vD.  This is the definition of a short circuit, that the voltage is zero independent of the current.  With this, we can also recognize that the current through RE must be zero, since the voltage across it is zero.  Thus, for this situation only, iE equals iD.  Note that this is not true at any other place on the plot in Figure 2.  Thus, 
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From the intercept of the horizontal axis, we know that when iD is zero, vD is 8[V].  Using this second fact, we can draw the equivalent circuit for this situation,
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where to make iD equal to zero, we placed an open circuit across the terminals of vD.  This is the definition of an open circuit, that the current is zero independent of the voltage.  With this, we can also recognize that the current through RE must be iE, and the voltage across it is 8[V], since it is vD.  Thus, for this situation, 
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Be careful about these steps.  It is tempting in the first case to place a 5[mA] current source at terminals A and B.  This would not be correct.  Placing a current source there does not make the voltage zero.  Rather, a current source can have any voltage across it.  Similarly, it is tempting in the second case to place an 8[V] voltage source at terminals A and B.  This would also not be correct.  Placing a voltage source there does not make the current zero.  Rather, a voltage source can have any current across it.  It is also tempting to simply use the vD axis intercept for the value of the current source.  This is true, but does not indicate the polarity of the source.  The ratio of the intercepts also gives the resistance value, but not the sign of the resistance, which in some special cases can be negative!  We recommend that you follow the careful and systematic approach that is being followed here, because when you use it the signs will always come out correctly.

At this point the problem becomes fairly straightforward.  We take the model for the device, and place it in the circuit in Figure 3.  Doing so, we get the following circuit.
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We can now apply KCL at node A, and get
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and we can substitute in our values to get
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Solving, we get


[image: image14.wmf]11

5[mA], or

1[k]1.6[k]

X

v

æö

+=-

ç÷

WW

èø



[image: image15.wmf]3.077[V].

X

v

=-


Problem adapted from Exam 1, Problem 2, Fall 1995, University of Houston, Department of Electrical and Computer Engineering, Cullen College of Engineering.
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