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PHYS 1402 General Physics II

AC RLC Circuits

Equipment Needed

Function Generator 

(2) Digital Multimeter (DMM)

Short Banana Leads

Multi-lab Circuit Board w/

· 1 Ohm Resistor

· Inductor

· Capacitor

Objectives

1. Understand the dynamics of an AC RLC circuit.

2. Determine the impedance of an AC RLC circuit.

3. Verify the voltage addition rule for the RLC circuit elements.

4. Determine the phase angle between the generator voltage and the current in the circuit.

Introduction

When an ac-current passes through either an inductor or a capacitor the voltage across the inductor or capacitor is out of phase with the current through the inductor or capacitor, which means that the peak values of the voltage and current do not occur at the same time.  This is an essential fact that distinguishes the behavior of an inductor or capacitor from a resistor in an AC circuit.  For a resistor the peak voltage and peak current do occur at the same time or that they are in phase.

The voltage across an inductor in an ac circuit with angular frequency
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is given by:
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Equation 1

where I is the current in the circuit and XL is the inductive reactance.  For an ac current, the peak in 
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 occurs 90º before the peak in I (
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).  The voltage across a capacitor in an ac circuit with angular frequency
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is given by:
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Equation 2

where I is the current in the circuit and XC is the capacitive reactance.

For an ac current, the peak in 
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For an ac RLC circuit the power supply voltage V peaks at a phase angle 
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 given by the relation:
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Equation 3

This equation assumes that the inductor itself has no resistance.  In our case the inductor does have some resistance and we will call the inductor’s resistance ‘r’.  This extra bit of resistance in the inductor causes the measured value of voltage across the inductor, Vind, to be greater than the pure inductance value of the voltage, 
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, as given by the relation:

[image: image12.wmf]  

V

ind

=

V

L

2

+

V

r

2

=

V

L

2

+

(

Ir

)

2


Equation 4

Procedure

1. Measure and record the actual resistance of the 1 (iresistor, R, as well as the resistance of the inductor, r.  Then measure and record the inductance of the inductor, L, and the capacitance of the capacitor, C. 

2. Calculate and record both the resonant angular frequency and resonant frequencyi of the circuit using the following formulas:
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3. Connect the voltage source, resistor, inductor, and capacitor in series. i
4. Set the voltage source to sine-wave mode with a frequency equal toi approximately half the resonant frequency, f0.   You will set the rms output voltage of the power supply to 6V, by checking the voltage with a DMM set to ac voltage mode.  Recall that the DMM will read rms values of both the ac voltage and ac current.

5. Then measure the voltage across the power supply, V, resistor, VR, inductor, 
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,i and capacitor, VC.  Be sure to wait until you get stable readings on the multimeter.  Record these values in the data table.

6. Set the DMM to ac current mode.  Place it in series into the circuit, measure thei current and then record your value in the data table.

7. Repeat steps 5, 6 and 7 for frequencies equal to the resonant frequency and twicei the resonant frequency.  Be sure to measure the power supply voltage every time because it will probably not remain constant once the frequency has been adjusted and you may have to readjust it back to 6V.

Analysis

1. Calculate the experimental circuit impedance at each frequency by using the following formula:
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2. Calculate the theoretical impedance of the circuit for each frequency that was used with the following formula:
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3. Calculate a percent error between your experimental and theoretical values of the circuit impedance, Z, by using the following equation:
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4. Using Equation 4 solve for VL for each frequency by using the following formula:
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5. Verify the voltage addition rule by using the following equation:
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6. Compare the calculated circuit voltage using our measured values with the measured value of the source voltage, by running a percent difference between the two values:
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7. Draw the voltage phasor diagrams for each frequency.

8. Describe what happened to the voltage across both the power supply and the capacitor as you changed the frequency from below to above the resonant frequency of the circuit.  Provide an explanation of what is happening in the circuit to support your observations. 

9. For your chosen non-resonant frequency calculate the theoretical phase angle byi using the following equation:
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10. For this frequency calculate the experimental phase angle by using the following equation:
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11. For this frequency determine the calculated phase angle for this frequency by using the following equation:
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12. Calculate a percent error between your experimental and theoretical values of the phase angle as well as a percent difference between your calculated and experimental values of the phase angle.

Table 1:  Initial Data Table
	Measured
	Calculated

	R (()
	
	(o (Rad/s)
	

	r (()
	
	
	

	L (H)
	
	fo (Hz)
	

	C (F)
	
	
	


Table 2:  Measured Data

	Frequency
	0.5fo(
	fo(
	2fo(

	V (V)
	
	
	

	VR (V)
	
	
	

	Vind (V)
	
	
	

	VC (V)
	
	
	

	I (A)
	
	
	


Table 3:  Calculated Data & Results

	Frequency
	
	
	

	Zexp (()
	
	
	

	ZTheo (()
	
	
	

	% Error
	
	
	

	VL (V)
	
	
	

	VCalc (V)
	
	
	

	V (V)
	
	
	

	% Difference
	
	
	


Report

I. Introduction.  You should try to answer the following questions:  What are you going to do? How are you going to do it? This section will essentially be the standard Purpose and Procedure sections that you may have encountered in other lab courses.  You should succinctly tell me in 2-3 paragraphs the answer to these two questions.  Note: you are not required to reproduce in detail the lab procedure, but you should give the gist of what occurred in the lab.   You need to especially note if there were any differences in your actual procedure from the stated procedure in the lab.  You should explain why you made these changes.

II. Data & Analysis.  Present your data in a neat and organized manner. Use units where necessary.  Clearly outline any calculations you made showing your numbers and units. Make neat and clean graphs following the correct graphing procedures. Label fully and show on the graph any analyses you are making from the graph.

III. Results & Conclusions.  Clearly answer any questions that were given with the lab.  You should report all of the major calculated values obtained through out the lab.  If you were supposed to have done a comparison then make sure that that calculation is included here.  Make sure that you address all of the issues that were originally raised in the purpose of the lab. 

IV. Error Analysis.  You should also indicate several possible sources of error.  Note that human error is not an acceptable answer for this section.  This will indicate that you performed the experiment incorrectly and you will be docked points for this answer.
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