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Physics 4B



Electrical Power and Impedance Matching
Purpose:  

1) To determine the internal resistance (r) and open-circuit potential difference (emf, ε) of a power supply, using Kirchhoff's Voltage Law.

2) To determine the condition under which a power supply provides maximum power (PR(max)) to an external load (R). Establishing this condition is called "impedance matching".

A.  Theory:
1) Kirchhoff's Voltage Law (KVL) states that the sum of the individual potential differences (pd) around a closed path is zero.  Use KVL to derive an equation for the pd across element R (denoted  VR ) in terms of (, r, and I for the circuit shown below. 


2)
Derive an expression for the power released in R in terms of (, R, and r. 

3) Using calculus, show that the maximum power transferred to the load occurs when R=r.

B.  Procedure/data:

1) Set the power supply to 17 volts and measure the emf by connecting a voltmeter across the terminals of the power supply (You’ll need to borrow the Fluke 87 III multimeter from Mrs. Shang to measure voltage).   Note this is the open-circuit pd across power supply.  Record this value below:






εmeas  = ______ volts.

2) Construct the circuit shown above.  In order to mimic a “bad” power supply, use a resistor 200<r<800 (measure its value) in series with the supply to mimic the “internal” resistance.






_________________
3) By varying the resistance from 100 ( to 1000 ( in 100 ( increments, construct a data/results table similar to the one below.  The power can be calculated from PR = VI. The resistance, RCALCULATED, is to be calculated from Ohm’s law. Note also that you will need to take additional data points near the maximum power point to produce an adequate PR vs RCALCULATED graph.  (How can you determine the value for RCALCULATED that gives PR, max?) 

	R (ohms)
	VR (volts)
	I (mA)
	RCALCULATED
	PR (W)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


C.  Calculations/results:

1) Plot VR vs I.  Perform a linear fit to determine the slope and intercept of the graph.  Compare these results with the expression derived in part 1 of the Theory section, to determine the:




“internal” resistance r  = ____________ 




 and the emf εth = _____________ .

Calculate the % difference between the value of (meas and  εth, rmeas and  rslope.

 

% difference in  =________________%



% difference in r =________________%

2) How does the resistance box value compare with RCALCULATED as the current in the circuit increases?

3) Plot PR vs R.  From PR vs R graph, determine the value of R for maximum power transfer to the external resistor (R).



R for PR (max) = _____________ ohms.  

From your work in class, recall that the value of R for maximum power transfer should be equal to the internal resistance r. Determine the value of r from a curve fit of PR vs. RCALCULATED.  This is what is meant by impedance matching.  Calculate the % difference between R for Pmax and r (item 2 in procedure section) measured above.

% difference =  ______________%
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