Series RLC Circuits


EE 211


Introduction





In this lab we will observe and interpret the natural and step responses of the a series RLC circuit.  We will also measure and verify the oscillation and Neper frequencies of the second order circuit.  





Equipment needed





	Assorted resistors


	Decade resistor box


	Digital Multimeter (DMM)


	Oscilloscope


	Capacitor Box (22 pF)


	Inductor (15 mH)


	Signal General


	Electronic solderless breadboard 


	


Background





The natural response of the RLC circuit may be studied by establishing initial energy in the capacitor, and/or the inductor, and then observe the current and voltage waveforms.  The step response (pulsed DC) will yield a similar result.  





At the step, the following principles apply:


	Step changes cannot occur in capacitor voltages.


	Step changes cannot occur in inductor current.





When the current is steady (not changing in time) then :


	The capacitor acts like an open circuit.


	The inductor acts like a short circuit.





The response of the second-order circuit is underdamped, critically damped or overdamped as follows:





1)  Underdamped  	(2 < (2	The capacitor voltage oscillates.


2)  Critically damped	(2 = (2	The capacitor voltage is on the verge of oscillating.


3)  Overdamped 	(2 > (2	The capacitor voltage is reached with no oscillation.





Where 	( = R/2L (Neper frequency) and (2 = 1/LC (Resonant frequency).





Procedure


 


Part A - Underdamped Series RLC Circuit





     1. Set a 10 volt, 500 Hz square wave on the signal generator.  Use the oscilloscope 	(Channel 2) and verify the output frequency. 


     2. Construct Circuit 1. shown below.


     3. Measure the voltage across the capacitor using the oscilloscope (Channel 1). 


�


Circuit 1


	


     4. Set the capacitor box to .00022 microFarad ((F). Measure the resistance of the 	inductor 15 milliHenry inductor before placing it in Circuit 1.


     5. Set the decade resistance box to 500 ohms and 


     6. Sketch the underdamped output from channel 1 and channel 2 of the oscilloscope.





Part B - Critically Damped Series RLC Circuit.





     1. Calculate the value of resistance for the critically damped circuit. 


     2. Add resistance to the decade resistance in Circuit 1. until the oscillating response is 	eliminated Rcrit  (take care to be as accurate as possible - BE PATIENT!).


     3. Compare the total resistance added to Circuit 1. to find the critical response with the 	calculated value in Part B, Step1. Calculate the % difference between the two 	values.


     4. Sketch the critically damped output from channel 1 and channel 2 of the oscilloscope.





Part C - Overdamped Series RLC Circuit.





     1. Double the resistance added to Circuit 1 (R = Rcrit).   


     2. Sketch the overdamped output from channel 1 and channel 2 of the oscilloscope.





Compare the measured and calculated values of the damped oscillation frequency and the Neper frequency.  Indicate the values of the characteristic equations for Parts A, B and C.


Find the solutions (V(t)) for each of the 3 responses.


