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PRACTICAL EXERCISE #23
“HALF-WAVE RECTIFIERS”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Background:  Today we will consider two elements of a typical power supply: a transformer and a rectifier.  Specifically, we will investigate the characteristics of a half-wave rectifier as shown in Figure 1.  For many applications, the transformer is required to step down the wall outlet 120Vrms to a value much closer to the required DC output voltage.  Note the circuit of Figure 1 would constitute a very crude power supply: we will later improve its performance by inserting a filter and a regulator.
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Figure 1: Transformer and Half-Wave Rectifier with Resistive Load

The “ideal” diode in the half-wave rectifier becomes forward biased (turns ON) when the transformer secondary voltage goes positive.  The diode turns OFF when the load current drops to zero.  Since the load is a resistor, this occurs when the secondary voltage goes negative.  For an assumed 10V peak secondary, the waveforms are as shown in Figure 2.
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Figure 2: “Ideal” Half-Wave Rectifier Waveforms

The average-value of the “ideal” half-wave rectifier output is 
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 while its RMS value is 
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.  In practice, the output of a “real” half-wave rectifier will be slightly different due to the small internal voltage drop of the transformer and the conduction drop across the diode.  One way to approximately account for these two effects is to reduce the no-load transformer secondary voltage by the diode drop (~0.7V), then reduce it by a ratio dictated by the transformer resistance, and finally divide the result by pi, as in the “ideal” case.  In equation form, the average value is
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and the RMS value is approximately
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For a resistive load, the power transferred to the load is the rms voltage squared divided by the resistance.  These equations are approximate since the diode does not conduct for exactly 180º (a half cycle) and the transformer impedance is not purely resistive.
Step 1: Model the “Real” Transformer

1. Hook up the following circuit:
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· Mount the P8617 transformer on the quad board (terminals 1, 4, 5, and 8 are labeled).
· The variable AC output terminals A and N are found on lower part of the power panel to the right.
· The load resistance will be the power resistor module configured with the A, B, and C resistances placed in parallel as shown next (with one switch up 
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2. Place one DMM voltmeter across the primary and one across the secondary (load).  Set each to measure AC voltage.
3. Have the instructor or lab tech verify your setup:  _________________

4. Energize the AC MAIN breaker and the VARIABLE OUTPUT breaker.
5. Dial the variable control knob until the primary voltage equals 37.0Vrms.
6. Measure and record the secondary voltage for the following three conditions:
	Switches Up


	Load Resistance
	Secondary Voltage

	None


	∞
	

	3


	
	

	6


	
	


7. For your no-load and full-load (6 switches up) data, compute the transformer resistance using 
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(it will be a small value, less than 50 ohms)
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8. Confirm that this value works for your other data point (3 switches up).
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9. De-energize:
· Maintain the Variable Control Knob at the given position.
· Open the AC MAIN breaker.
· Confirm that the two DMMs read 0V.
Step 2: Half-Wave Rectifier Performance
1. Modify your setup to the following (include the diode in your previous circuit):
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2. Place Channel 1 of the o-scope across the load resistance.
3. Set the load resistance bank so two switches are up.
4. Have the instructor or lab tech verify: __________________

5. Close the AC MAIN breaker (the same primary voltage should be applied).
6. Use the o-scope QUICK MEASURE button (set to CH1 source) to measure the load AVERAGE VALUE, RMS VALUE, and PEAK VALUE.
7. Record the values in the following table:
	Switches UP
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	6

	
	
	
	


8. Compare the actual measured average voltage with that predicted by the following equation (where 
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 is your no-load voltage taken from Step 1 and 
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 is the equivalent resistance of the transformer).
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	Switches UP


	Theoretical 
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9. Reduce the Variable Control Voltage to zero and OPEN the AC MAIN breaker.
10. Disassemble the circuit and return the parts to their original location.

Step 3: Calculations

1. Suppose you have a load resistance of 50 and want an average voltage across it of 8V, what is the required input voltage setting?
2. The following transformers are available at the transformer store: (primary/secondary rated RMS voltages): 120V/14V, 120V/18V, 120V/24V, 120V/28V, 120V/44V. Assume that they have an output resistance similar to our transformer. If we wish to deliver 2.5W to a 100 load, which transformer would we select?  Recall, that the rms load voltage is given by
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And the load power is this value squared divided by the load resistance (note, the rated voltages are in rms).
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