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Objectives:
· To Build and understand the operation of an AC to DC power supply
· To observe and analyze the effects of capacitors, transformers, diodes and regulator in AC circuits.

Summary of theory:

In this lab you will be assembling and testing the design of a basic power supply, shown in the figure below. 
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Figure 1
The objective of the lab is to reacquaint you with the fundamentals of AC (alternating current) and DC (direct current) voltages as well as introduce you to the basics of AC to DC conversion through the use of diode rectifiers. In Figure 2, RL simulates the load placed on the power supply, which can be a battery operated electronic device, a computer (though it would need a DC-DC step down converter), or any other circuit that requires a DC input.

[image: image2]
Figure 2
The first section of the power supply, after the AC voltage source, is the transformer. It

is responsible for converting the AC signal from a standard wall outlet down to a 12 VAC signal. Most DC power supplies maintain a voltage much less than 120 volts, so the transformer stage is necessary to get the AC source amplitude down to a more reasonable level. 
The second stage, consisting of the four diodes D1 to D4, is referred to as a full-wave rectifier, or bridge. The diodes only allow current to flow in one direction (the direction of the arrow on their symbol (see figure 3)). D1 and D2 work to allow only positive AC voltages to pass through the rectifier unaffected. On the other hand, D3 and D4 flip the sign of the negative AC voltages to make the whole output of the rectifier to be positive as shown in figure 3. This converts the AC voltage (a sine wave) to an always-positive DC voltage (a flat signal). 
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Figure 3
Although the rectification stage makes the sine wave voltage to be positive, the rectifier’s result is not as “flat” a DC value as we would like to have from a reliable voltage source, as you will measure in lab. The capacitor is included to help smooth out the ripples that result in the output from the rectification stage. Recall that the voltage across a capacitor cannot change instantaneously, but rather it requires a certain amount of time before it is fully charged. Large capacitance values help suppress the quickly changing voltage from the rectifier and result in a flatter DC value being supplied to the load. Typical power supply designs use relatively large capacitor values (greater than 1000 µF).
Bridge Rectifier Circuit

1.
Assemble the following bridge full-wave rectifier circuit as shown in figure 3. Note: RL = 2.2 KΩ. Notice that 'no' terminal of the transformer secondary is at ground potential. The input voltage to bridge (Vsec), is not referenced to ground. The oscilloscope cannot be used to check view both the secondary voltage and the output voltage at the same time. Check your circuit before applying power. Then apply power and use voltmeter to measure Vsec (rms).
2.
Using the oscilloscope draw, to scale, the output waveform voltage of the transformer at its secondary.

3.
Using the oscilloscope draw, to scale, the output waveform voltage across RL.
4.
Comment on the waveform voltage frequency before and after the bridge.
5.
Using an RMS voltmeter measure the voltage before and after the bridge; and comment on the peak value of the output as compared with the rectifiers of the last two experiments.
6.
Using an RMS voltmeter measure the voltage drop across the diodes; and comment on the diode peak inverse voltage (PIV).
7.
Though the output of the circuits is a DC current, but its amplitude fluctuates, i.e., it does not change direction but amplitude changes. In order to smooth the rectified output voltage, a filter is needed. An electric filter is a Capacitor-Resistor circuit that stores voltage when the rectified DC voltage is high and discharges the stored voltage when the rectified DC is low. Now, the power supply filter is examined. Thus, assemble the following power supply circuit shown in Figure 2.  Measure Vout(DC), the peak-to-peak ripple voltage, and the ripple frequency. Calculate the Ripple Factor (r) as given by: 

r = Vr(pp) / VDC, where





Vr(pp) = 1 / (fRLC) Vp(rect), and 





 VDC  ≈ (1 - 1/(2fRLC)) Vp(rect), refer to the following figure. 
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8.
Connect (a) 100µf (b) 1000µf, sketch ripple and calculate ripple factor. What happens to ripple as you increase the value of capacitance from 50µf to 1000µf ?  (Note: Larger the value of capacitance, the smaller the ripple and more effective the filtering)
9.
Simulate an open diode in the bridge by removing one diode from the circuit. What happens to the output voltage? The ripple frequency ?

10.
The bridge rectifier circuit can be readily changed to a +5v regulated power supply with the addition of a 7805 three-terminal regulator as shown in figure 1. Measure the output from the circuit with the regulator.

Note: To know about the 7800 series three-terminal fixed positive voltage regulators refer below.
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(All measurements and sketches to be recorded directly beneath questions. Fill your name and ID and return to instructor on next lab.)
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All diodes are IN4001.
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(b) During negative half-cycle of the input, Dy and D, are forward-biased and conduct current.
Dy and D, are reverse-biased.
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