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PRACTICAL EXERCISES #14
“IMPEDANCE AND

AC ANALYSIS I”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Background:  So far, we have seen that a “real” electrolytic capacitor requires a parallel resistor to account for losses in the dielectric material (charging and discharging exercise).  Now, we will introduce that a “real” inductor model must include a series resistance to account for the resistance of the many turns of wire and thus appears as:
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The impedance looking into a real inductor is then determined as
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The magnitude of the impedance is then related to the magnitude of the terminal voltage and current phasors as
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Technically, at high enough frequencies the inductor resistance will vary due to “skin effect” (where the magnetic field in the conductor will push the current out to the edges of the conductor, effectively decreasing the conduction area and increasing the resistance).  But we will not worry about this today.  Our first job is to characterize a real inductor, so let’s get after it!

Step 1: Determine the Inductor Resistance

· We will ignore skin effect and determine the inductor resistance by measuring it with the DMM.  Properly connect the “unknown” inductor at your workstation to the DMM and measure its resistance:
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Step 2: Determine the Inductance
· We will now apply a known AC voltage and measure the resultant AC current. However, we want to ensure that we do not draw too much current and possibly damage either the Function Generator (FG) or the inductor, so we propose the following test circuit:
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· Here, 
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 is used to limit the current (since we do not yet know the inductor impedance).  The voltmeter is required (vice simply reading the value off the FG) since the FG has 
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 of internal resistance which will effect the terminal voltage.  Also, the ammeter may have a non-negligible voltage drop.

· We will use
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.  You should have a mounted resistor at your station, measure and record its value:
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· Set up the FG for action:
· Energize it.
· Set the output signal to be a sinusoid.
· Set the frequency to be 20.0kHz.
· Set the RMS value to be 5.00 (hit “Enter Number” then the arrow that has RMS associated with it, dial the control knob).
· Energize a DMM, connect the FG to the voltage terminals of the DMM, and confirm that you in fact have 5.00Vrms (DMM set to VAC, which gives an RMS reading):
DMM Reading: _______________

· Build the circuit on your quad board.

· Take measurements (
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Does the voltage reading differ from the FG display value?  Why?  Perhaps due to the FG’s internal resistance?
· Make computations (show your work):
· Calculate the magnitude of the impedance using the voltage and current measurements above.
· Rewrite the expression for the input impedance provided in the Background section to account for the external resistance that we included (this should be a complex number!).
· Write an equation for the magnitude of this impedance.
· What is the angular frequency at which our circuit is operating?
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· Set the expression for the magnitude of the input impedance equal to your first computation and solve for the inductance.  Have the instructor or lab tech check your work.

Instructor/Lab Tech Verification: ______________
Step 3: Investigating a Series RLC Circuit
· Consider the circuit below.  Suppose that, with our source set to 20.0kHz, we wish the capacitor impedance to cancel the inductive part of the real inductor impedance (use the value of inductance calculated in Step 2).  Calculate the required value of capacitance (Hint: this value will be less than 
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and greater than 1nF).
· Set the capacitor box to this value. Have the instructor or lab tech verify.
    Instructor/Lab Tech Verification: _______________
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· Modify your circuit to the one above.
· Include the o-scope:
· Energize the o-scope.
· Connect CH1 across the voltage DMM.
· Connect CH2 to the top of the real inductor (note, the scope channels have a common ground so this will set the voltage at channel two to the voltage across the inductor).
· Secure a stable display with about 1 to 2 cycles (adjust the horizontal control as necessary).  Set the ground for each channel in the center of the display window and adjust the vertical scale to make the signals as large as possible while still on the screen.
· Take scope measurements at 20.0kHz:
· Measure the amplitudes and time difference of the two signals using the horizontal and vertical cursors:
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· Calculate the phase difference between the signals using the known frequency of the FG.
· Record the DMM measurements for the following frequencies (adjust the frequency of the FG and record the values).  Use the measurements to compute the magnitude of the input impedance.
	Frequency
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	5kHz
	
	
	

	10kHz
	
	
	

	20kHz
	
	
	

	30kHz
	
	
	

	50kHz
	
	
	


Follow-Up Questions
1. Why is the input current the largest at 20.0kHz?
2. Calculate the theoretical voltage phasor across the real inductor at 20kHz (use the DMM measurement value as the source voltage phasor magnitude).  Compare this with the scope measurements.  Convert the scope measurements to RMS for comparison purposes.
3. Does the circuit look more capacitive or inductive at frequencies below 20kHz?
4. Does the circuit look more capacitive or inductive at frequencies above 20kHz?
De-energize all equipment. Disconnect the circuit. Return all parts to their original location.
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