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Practice Examination Questions With Solutions

Module 1 – Problem 6

Filename:  PEQWS_Mod01_Prob06.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  30 minutes.

Problem Statement:

The device shown in Figure 1 can be modeled as a current source in parallel with a resistance.  When the device is connected to a 30[] resistor, iD = –0.63[A].  When the device is connected to a 3[] resistor, iD = 6.16[A].  Find the voltage vD when the device is connected to a 10[A] current source, as shown in Figure 2.  
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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.  When the device is connected to a 30[] resistor, iD = –0.63[A].  When the device is connected to a 3[] resistor, iD = 6.16[A].  Find the voltage vD when the device is connected to a 10[A] current source, as shown in Figure 2.  
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Solution:

The first step in the solution is to find the equivalent circuit for the device.  We are told that it can be modeled with a current source in parallel with a resistance.  This means that a current source in parallel with a resistor will do exactly the same thing as the device, no matter what we connect to the device.  The key, then, is to find the values for the current source and for the resistor, because we can then use that to solve for other situations.

Thus, we take this model, and connect a 30[] resistor to it.  We get the following circuit.  In this circuit, we have named the current source iE, and the resistor RE.  The E was chosen to stand for Equivalent, but these choices are essentially arbitrary, with the restriction that we cannot use names that already were defined in some other way.  For example, it would not be acceptable to name the current source iD.  This name is already taken.  In particular, if you look at the circuit schematic, it should be clear that because there is a current through RE, the currents iE and iD are not equal.  
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When we apply KCL to the top node, we get
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Using Ohm’s Law for the 30[] resistor, we can convert this equation to
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(Eq. 1)

This is one equation in two unknowns.  We need another equation.  We get this from the second condition given.  Specifically, we attach a 3[] resistor, and we get the circuit that follows.
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When we apply KCL to the top node, we get
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Using Ohm’s Law for the 3[] resistor, we can convert this equation to
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(Eq. 2)

This is a second equation in the same two unknowns.  Thus, using Eq. 1 and Eq. 2, we can solve for iE and RE.  This involves some algebra, which is not shown here.  This yields the two solutions, 

iE = 2.8[A], and 

RE = -5.5[].  

This resistance is negative.  While it is true that the resistors that we use in circuits must have a positive value, a resistance like this can be positive or negative.  It is a model for the behavior of the circuit.  For this part of the model of the device, the ratio of the voltage to the current is a constant, and the sign of the ratio, using the passive sign convention, is a negative number.  

Now, we can take the device, and using these values, connect the 10[A] current source.  We get the following circuit.  
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Using KCL, we can find iR = 2.8[A] – 10[A] = -7.2[A].  With this, we can use Ohm’s Law, to write
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Problem taken from Quiz 1, Summer 2000, University of Houston, Department of Electrical and Computer Engineering, Cullen College of Engineering.
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