AC Measurements

EE 211

Introduction



In this lab we will investigate the electrical circuit energized by the time-varying voltage or current sources.  In particular, we are interested in sources in which the value of voltage or current varies sinusoidally.



Equipment needed



	1000 Ohm Resistor

	Digital Multimeter (DMM)

	Oscilloscope

	Capacitor Box

	Signal General

	Electronic solderless breadboard 

	

Background



Sinusoidal sources and their effect on circuit behavior form an important area of study.  The sinusoidal voltage source (independent and dependent) produces a voltage that varies sinusoidally with time.  The sinusoidal current source produces a current that varies sinusoidally with time.  A sinusoidally varying voltage can be writtem as



v = Vm cos ((t + ()



which repeats at regular intervals.  It is sometimes called a periodic function.  ( = 2(f = 2(/T (radians/second).  ( is the phase angle of the sinusoidal voltage.  Changing the phase angle shifts the function along the time axis.  Vm  = Vp is the maximum amplitude of the sinusoidal function.



The rms value of a periodic function is defined as the square root of the mean value of the squared function.



Vrms = Vm/((





Procedure

 

Part A - RMS Voltages



     1. Set a Vpp = 10 Volts, 60 Hz sine wave on the signal generator.  Use the 	oscilloscope (Channel 2) to verify the output frequency and voltage.

     2. Find the corresponding  voltages  (Vp-p, Vp, Vave, Vrms ).

     3. Measure the voltage output for the signal generator on the DMM.  Compare this 	voltage with the voltages measured with the oscilloscope.  Which voltage does the 	DMM measure?

     4. Decrease the frequency of the signal generator.  At what frequency does the DMM 	become impossible to read as a singular value?

     5. Increase the frequency of the signal generator from 10 Hz to 10 kHz in ten even 	steps.  (Verify the frequency of each step with the oscilloscope).  Record the 	voltage (rms) of each step using both the oscilloscope and the DMM.

     6. Compare these voltage measurements by calculating the percent differences between 	the two.

     7. Plot the % difference vs voltage on semilog (log-linear) paper.  Make sure that the 	voltages are plotted on the log axis.

     

  	What is the reliable range for measuring AC voltages on the DMM?  What is the maximum frequency that can measured with the oscilloscope you are using?  What is the maximum frequency that can be generated by the signal generator that you are using?

	

Part B - Phase Angle



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

     2. Construct Circuit 1. shown below.

�

Circuit 1.



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

     4. Set the capacitor box to .001 microFarad ((F) and measure the voltage (VC) across 	the capacitor (channel 2) sketch the waveforms.

     5. Manipulate the oscilloscope so to display the two waveforms on top of one another.

     6. Determine the phase angle between the two waveforms.  (measure the horizontal 	displacement of the two signal on the horizontal center line at the zero crossing. For 	example The displacement is about 0.8 div and the number of div for one cycle is 	about 5.4.  ( the ( = 360( ( 0.8/5.4 = 53.3()

     7. Repeat part 2. for 5 additional values of capacitance.  Plot the phase change vs the 	time constant of the RC circuit.



	Which voltage (VR or VC) is leading and which is lagging?  How will the phase 	change in the RL circuit as the time constant changes?   



Part C - Waveform additions



     1. Set the oscilloscope so as to add the waveforms measured on chan. 1 and 2.

     2. Repeat part B step 7 and sketch the added waveforms.



	What is the general form for the voltage expression for these added waveforms.  What significance do added waveforms have to the communications industry? 










