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  AC Thévenin and Maximum Power
(Updated 21 Oct 2010)
   A Practical Exercise       
     Name:________________
    Section: ____________
PE 20: AC Max Power Transfer    



I.  Purpose.

1. Review the construction and analysis of AC circuits using a DMM and/or oscilloscope.
2. Introduce the determination of the Thèvenin equivalent circuit for an AC circuit.
3. Introduce the Maximum Power Transfer Theorem for AC circuits.
II.  Equipment.


Agilent 34401A Digital Multimeter (DMM)
Oscilloscope


Function Generator
220 Ohm resistor and 47 mH inductor

Variable resistor and variable capacitor
III.  Pre-Lab Calculations.  Determine Load Impedance for Max Power Transfer.
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The circuit below is a Thèvenin Equivalent circuit with a ZTH composed of a 220 ohm resistor and a 47 mH inductor. 
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· Calculate the value of ZTH in RECTANGULAR FORM.  The real value of Thèvenin impedance will include the actual resistance of the inductor, which you will assume is 118 ohms.  The reactance component should be calculated based on XL =2(fL.

ZTH =  _______ - j _______
· Determine the value of the ZLOAD required for maximum power transfer to occur.  Write in rectangular form.
ZLOAD = _______ - j _______
· Determine the value of resistance and capacitance or inductance (Farads or Henrys) required by the load impedance calculated above.
RLOAD = _______________

C or L=_______________

Step Four:  Instructor or lab assistant verification that pre-lab calculations are complete.

______________________________

IV.  Lab Procedure. Time required: 60 minutes. (You must read and complete each step.)
Step One: Experimentally determine Thèvenin Circuit Impedance
· Measure the resistance of the 220 ohm resistor, and the resistance of the inductor.

R220Ω = _______________
RL = _______________

· Based upon these actual measurements, determine value of value of load resistance required for maximum power transfer to occur.  Write in rectangular form.
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RLOAD = _______________
How closely does this measured load resistance match the value predicted in the pre-lab calculations? 

Exact__________
Very close__________
Very Different_________

Step Two: Setup the Thèvenin Equivalent Circuit

· Construct this circuit.
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· Set the function generator to output a sine wave with 14 VPP at 1500 Hz.

· Use the variable capacitor box as the reactance of the load.  Set it to the capacitance value determined during the pre-lab calculations.

· Use the variable resistor box as the real resistance of the load.  Set it to the value measured in step one above. Verify that the resistor box is accurate with a DMM.

 

· Connect your oscilloscope so that CH 1 will measure the ac voltage source and CH 2 will measure the ac voltage across the variable resistor RLD in the load.

· Use the MEASURE function if the oscilloscope to determine the RMS voltage of the source (CH 1).  Adjust the function generator amplitude until the Oscilloscope displays 5.00 VRMS. 

ETH = ______(______

Step Three:  Take measurements under conditions of Maximum Power Transfer.
· Experimentally determine the value of capacitance which will put CH-1 and CH-2 in phase with each other.  Adjust the variable capacitor box up or down by increments of 
10 nF until you seen CH-1 and CH-2 perfectly in phase.  

NOTE; Maximum power transfer occurs in this circuit when the reactance of the inductor in ZTH is exactly cancelled out by the reactance of the capacitor in ZLD.  
C =_______________

How closely does this value of capacitance calculated in step one match this value?   

Exact__________
Very close__________
Very Different_________

Explain why the experimental value is different then the value predicted by the pre-lab calculations.
	

	


· Adjust the function generator output back to ETH=5.00 VRMS, as displayed on CH 1. Adjusting the capacitance of the circuit may have caused the function generator terminal voltage to change significantly as load on the circuit changed.
  
ETH = ______(______
· Measure the voltage drop across the load resistor (CH 2) as a phasor. 
VR-LOAD = ______(______
· Calculate the real power PR-LD dissipated in the load resistor.
PR-LD = ______________

· Fill in row one of the table on the following page (Table 1) based upon these measured and calculated values. This is the predicted maximum power delivered to the load.
Step Four:  Proving Maximum power theorem.  In each case, change the load resistance or the load capacitance away from the values calculated in step one by the delta (∆) amount indicated. 
· Take a series of RMS voltage measurements across the load resistor RLD while varying the load impedance by the value listed in Table 1.  For example:
· Row two would require a load impedance of approximately 486 ohms, and capacitance of approximately 240 nF.  
· Row four would require a load impedance of approximately 336 ohms, and capacitance of approximately 340 nF.  

· Adjust the function generator output to maintain ETH=5.00 VRMS after each change of load impedance.
· Record the magnitude of the voltage in Table 1 (phase angle is not required).  Determine if VR-LOAD is leading, lagging, or zero (numerical value for phase angle is not required).  
· Calculate the power dissipated in the load resistor for each change in load impedance. 

	Table 1

	∆RLD (ohms)
	RLD
	∆C (nF)
	C
	VR-LOAD
	Phase angle
	PR-LD

	0
	
	0
	
	
	LEADING 
LAGGING
ZERO
	

	+150
	
	0
	
	
	LEADING 
LAGGING
ZERO
	

	-150
	
	0
	
	
	LEADING 
LAGGING
ZERO
	

	0
	
	+100
	
	
	LEADING 
LAGGING
ZERO
	

	0
	
	-100
	
	
	LEADING 
LAGGING
ZERO
	


· What do the above measurements demonstrate about the max power transfer theorem?
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Note:


The function generator voltage output decreases when it is attached to a circuit.  The voltage indication on the function generator will not match the actual voltage output.  You must adjust the function generator output based upon an external reading.
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CAUTION:


THE VARIABLE RESISTANCE BOX MUST BE PLACED AS SHOWN ON THE DIAGRAM.  CONFUSING IT WITH THE CAPACITANCE BOX WILL RESULT IN FAULTY READINGS.
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