RC Time Constants


EE 211


Introduction





In this lab we will investigate the pulsed DC, transient response and waveforms associated with a resistor-capacitor circuit.  Time constants will be generated for the included circuits and capacitor values will be calculated.  





Equipment needed





	1000 Ohm Resistor


	Digital Multimeter (DMM)


	Oscilloscope


	Capacitor Box


	Signal General


	Electronic solderless breadboard 


	


Background





The capacitor charge time is determined by the amount of resistance and capacitance in the RC circuit.  In fact, the product of the circuit resistance and capacitance is a time period during which the capacitor will be charged to 63% of full charge.  The time period is known as a time constant (TC) and is symbolized with the Greek letter Tau.  





1 TC = R x C





One TC is the time (in seconds) required for the capacitor to charge to 63% of its full charge voltage, or 63% of the remaining charge voltage, R is the series resistance through which the capacitor must charge, and C is the capacitance of the capacitor.  5 TC are needed to fully charge and/or discharge the capacitor.





A pulsed DC is often referred to as a square wave, or rectangular wave.  When the pulsed DC square wave is applied to the RC circuit, the square waveform is modified according to the transient response of the RC combination.





If the pulsed DC is applied to the resistor and the voltage output is taken across the capacitor as shown in Circuit 1, the transient waveform, called an integrated waveform, is produced.  The circuit, with resistor in series and capacitor to ground, is called an integrator.  An integrator combines and averages out DC pulses.  The capacitor charges slowly during the DC pulse and discharges slowly when the DC pulse is removed. 





The differentiated waveform is characterized by two distinct pulses of opposite polarity.  The differentiator circuit is shown in Circuit 2.  The voltage output is taken across the resistor of the RC transient circuit.





Procedure


 


Part A - Square Wave Integration





     1. Set a 10 kHz 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 .001 microFarad ((F) and sketch the waveform for a short 	time constant circuit.


     5. Repeat step 4 for a medium (C = .01(F) and long (C = .1(F) time constants.


     6. Calculate the time constant (( ) for each of the RC integrator circuit combinations.


     7. Verify the capacitor value for the medium (, by measuring the charging period and 	the discharging periods from channel 2 of the scope.


     8. Measure the capacitor value for the medium  ( using the DMM.  Calculate the % 	difference between these capacitor measurements.


     9. Place the .01 (F capacitor back into Circuit 1 and set the signal generator to triangle 	and sine waveforms and sketch the outputs.





Describe why this circuit is called and integrator circuit?  What is the phase relationship between the input sine wave and the output signal?  Why does the output signal become altered as the time constant becomes longer? 





	


Part B - Square Wave Differentiator





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


     2. Construct Circuit 2. shown below.


�


Circuit 2





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


     4. Set the capacitor box to .001 microFarad ((F) and sketch the waveform for a short 	time constant circuit.


     5. Repeat step 4 for a medium (C = .01(F) and long (C = .1(F) time constants.


     6. Calculate the time constant (( ) for each of the RC integrator circuit combinations.


     7. Verify the capacitor value for the medium (, by measuring the charging period and 	the discharging periods from channel 2 of the scope.


     8. Measure the capacitor value for the medium  ( using the DMM.  Calculate the % 	difference between these capacitor measurements.


     9. Place the .01 (F capacitor back into Circuit 1 and set the signal generator to triangle 	and sine waveforms and sketch the outputs.





Describe why this circuit is called a differentiator circuit?  What is the phase relationship between the input sine wave and the output signal?  Why does the output signal become altered as the time constant becomes longer?





