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Practice Examination Questions With Solutions

Module 8 – Problem 8

Filename:  PEQWS_Mod08_Prob08.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  20 Minutes

Problem Statement:

In the circuit below, find the frequency at which the impedance between terminals a and b is purely resistive.  Find the impedance at this frequency.
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Problem Solution:

The problem statement was:

In the circuit below, find the frequency at which the impedance between terminals a and b is purely resistive.  Find the impedance at this frequency.
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The first step here is to convert to the phasor domain, so we redraw the circuit as shown in the figure that follows.  This figure is given assuming that  is given with units of [rad/s].  
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We want the equivalent impedance between terminals a and b.  Since the three components are in series, we can get the equivalent impedance by adding the impedances, and we get the impedance Zab,
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In many problems we would go ahead and substitute in the values for R, L, and C.  However, in this kind of problem, where we may have to perform some complex algebra, we prefer to wait and substitute in near the end, to keep the notation simple and clear.  


Now, the goal is to find a frequency, , where the impedance is purely resistive.  One key to this problem is understanding what is meant by purely resistive.  When an impedance is purely resistive, that means that the impedance is real, or has no imaginary part.  Another way of saying this is that the phase of the impedance is zero.


Let’s apply this to the impedance, Zab.  If this is going to be real, that means that the imaginary part must be zero.  So, let’s set the imaginary part equal to zero,
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This is one equation in one unknown, so we can solve,
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Solving, and plugging in values we get
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Now, in this situation, a negative frequency has no meaning.  Therefore, we reject the negative root, and the solution is
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The impedance at this frequency can be found by plugging back in, and we get
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As we intended, the imaginary part is zero, and the answer is
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Note 1:  This approach to finding the impedance at this frequency was inefficient.  We already knew that at this frequency the imaginary part of the solution was zero.  Therefore, we could have simply given the real part, or 390[], as the solution without substituting in for the imaginary part.  Indeed, that is what is recommended when you solve such a problem.  The calculation of the imaginary part here could be viewed as a check of the solution.  Alternatively, we could look at it as a demonstration of how the imaginary parts were able to cancel.  Note that the inductive impedance cancelled the capacitive impedance, which was possible because they had different signs.   
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