Physics 201L

LRC Circuits

Objective:
The purpose of this activity is to study resonance in an inductor-resistor-capacitor circuit (LRC circuit) by examining the current through the circuit as a function of the frequency of the applied voltage.
Equipment:

Science Workshop Interface, Voltage Sensor, RLC circuit board. 

Theory:

When a vibrating mechanical system is set in motion, it vibrates at its natural frequency. However, a mechanical system can be forced to vibrate at a different frequency. The amplitude of vibration, and hence the energy transferred to the system, depends on the difference between the natural frequency and the frequency of forced vibration. The amplitude becomes very large when the difference between the natural and forced frequency becomes very small. This is known as resonance and the natural frequency of the system is sometimes called the resonant frequency. At resonance, relatively little energy is required to get a large amplitude. One example of resonance is when a singer’s amplified voice is used to shatter a glass. 

Electrical resonance is analogous to mechanical resonance. The energy transferred to a system is a maximum at resonance. 

The amplitude of the AC current (Io) in a series LRC circuit is dependent on the amplitude of the applied voltage (Vo) and the impedance (Z).
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Since the impedance depends on frequency, the current varies with frequency: 
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where XL = inductive reactance = L, XC = capacitive reactance = 

, R = resistance, and  = angular frequency = 2f (f = linear frequency). The current will be maximum when the circuit is driven at its resonant frequency: 
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One can show that, at resonance, XL = XC and thus the impedance (Z) is reduced to R. At resonance, the impedance is the lowest value possible and the current will be the largest value possible. 

In this experiment, the Power Amplifier produces an alternating current through the LRC circuit. The amplitude of the current depends on the impedance in the circuit, which in turn varies with frequency. The Signal Generator controls the frequency. 
Since the current is a maximum at the resonant frequency and less than maximum for greater or lesser frequencies, the measured current will peak at the resonant frequency. The current can be determined from the ratio of the resistor voltage to the resistance.
 The Voltage Sensor measures the voltage drop across the resistor in the circuit. The Signal Generator will be used to change the frequency of the applied voltage. The phase relationship between the applied voltage and the resistor voltage as you vary the frequency will also be investigated. 
Procedure:

1. Connect the Science Workshop interface to the computer, turn on the interface, and turn on the computer. 

2. Connect the output of the Science Workshop interface to the 330 μF capacitor in series with the 8.2 mH inductor and the 10 Ω resistor.

3. Connect the Voltage Sensor to Analog Channel B, which in turn is connected across the resistor.
4. Enter the circuits folder and Open the LRC circuit activity. Examine the page for few seconds.
5. Click on the Start button. In the Scope display, click the “Smart Cursor” button. The cursor changes to a cross-hair. Move the cursor to a peak of the voltage across the resistor. Record the voltage that is displayed. 

6. In the Signal Generator window, click on the “Up” arrow to increase the frequency by 10 Hz.. Repeat the process of using the “Smart Cursor” to find the new value for the resistor voltage. Increase the frequency by 10 Hz increments and repeat the process to fill your table. 
7. Look at the Data Table and determine approximately the resonant frequency (where voltage across the resistor reaches a maximum and the output voltage and resistor voltage are in phase). 
8. Make fine adjustments to the frequency until the trace of resistor voltage from Channel B is in phase with the trace of the applied Voltage. 
9. To check whether the trace of voltage from Channel B is in phase with the trace of the applied Voltage, examine the X-Y mode Scope.
10.   Plot Vout versus f.

11.   Change the resistor of the circuit to 100 Ω and repeat the same procedure.
12. Compare the two curves that you have obtained from the 10 Ω resistance circuit and the 100Ω resistance circuit.

13. Measure and record the resistance of the inductor.

14. Phase measurements using lissajoux figures: Find the phase angle between Vin and Vout for the 100 Ω circuit by measuring A and D for three different frequencies.
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A   Determination of the resonant frequency of RLC circuit 1:

    R=   __________________         L= __________________            C=__________________
   ( fres)theo= _________________   

	Frequency (Hz)
	Vout (V)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


· Plot the graph of Vout versus frequency. What can you deduce? Compare the theoretical value to your experimental finding.
B-    Determination of the resonant frequency of RLC circuit 2:

    R=   __________________         L= __________________            C=__________________
   ( fres)theo= _________________   

	Frequency (Hz)
	Vout (mV)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


· Plot the graph of Vout versus frequency. Compare the theoretical value to your experimental finding.
· Now, compare both Vout versus frequency graphs and comment.

C-Phase measurements using lissajoux figures:

We can plot one sinusoidal signal along the x-axis against another sinusoidal signal along the y-axis and the result is a Lissajous figure. 
Lissajous figures tells us about the phase difference between the two signals and the ratio of their frequencies
Find the phase angle between Vin and Vout for the 100 Ω circuit by measuring A and D for the following frequencies:

	Frequency (Hz)
	2D
	2A
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