Laboratory Exercise 1 – Voltage Dividers

One of the more useful simple RC circuits is the voltage divider. This exercise will examine some of the common uses of the voltage divider concept and will also introduce several of the test and measurement tools that we will use throughout the quarter. It will also introduce our prototyping system, the breadboard.
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The figure to the right is the simplest incarnation of the voltage divider circuit. It is just two resistors in series. The electrical potential in volts (i.e., the voltage) applied to the circuit is divided between the two resistors, according to their resistances (in ohms). The current through the two resistors can be calculated using Ohm’s law by first finding the total resistance: Rtot = R1 + R2 and then using the key relationship:  V = i R. 
Next, the voltage dropped across one of the resistors can be calculated. To use the divided voltage provided by this circuit, you connect the load of interest across (in parallel to) one of the resistors as shown. 
Concept Question 1 – If the two resistors have the same resistance value, what is the voltage drop across one resistor? 

What is the voltage drop across each of the resistors if one of the resistors is ten times the value of the other?

What two resistors could be used to decrease the voltage (Vout) to one quarter of its original value (Vin) ? Can you do the same thing with multiple copies of one type of resistor (explain how)?
Derive the governing relationship for two-resistor voltage dividers, an equation that gives the voltage drop across a given resistor in terms of the total voltage drop (Vin) and the resistance values used.

Circuit Exercise 1 – Using the breadboard and 5V power supply on the trainer, set up the three circuits (R1 = R2, R1 = 10 * R2, etc.) described in the Concept Question above. Use the DMM for measurements. {If this is the first time you have used a breadboard and a DMM you may want to read over the mini-modules on their use.}  Fill in the chart below, including the actual measured value of the resistances, voltage drops, and currents. (You don’t have to measure all of the currents; they can be calculated from the measured voltage drops and resistance values, but try to measure at least one). 
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Variable Voltage Supply

Beyond simply scaling a voltage down by a constant fraction, voltage dividers are commonly used to create an adjustable voltage drop (or a variable voltage source). {Most of the time when you turn a knob on the front of an instrument or a piece of stereo equipment, you are controlling a variable resistor, also known as a potentiometer or pot, that is part of a variable voltage supply.}  In order to create a variable voltage supply, a voltage divider circuit is used, where one (or both) of the resistors is a variable resistor. 
Potentiometers are conceptually equivalent to rheostats, an older circuit element constructed by placing a sliding contact (S) on a long uniformly wrapped coil of resistive wire. The resistance of the whole coil (between the end contacts 1 and 2) is a constant value, but that resistance is divided into two pieces by the sliding contact. This has the effect of creating two variable resistors, one between contacts 1 and S, the other between contacts 2 and S. A virtue of the rheostat is that it produced an absolutely linear dependence of the variable resistance on the distance that the sliding contact had traveled. This was usually controlled by a rack and pinion type arrangement, which converted turns of a knob into linear motion and hence resistance. The drawback of these devices was the size, which could be considerable – about the size of a Pringles can plus the rack and pinion part. We will use potentiometers less than 0.25 cubic centimeters in volume, compatible with prototyping on our breadboards. Variable resistors can be made even smaller than this, but they become difficult to manipulate. Analogous to the rheostat, a potentiometer has three contacts and a knob. The resistance across two of the contacts will be a constant value and the third contact will produce the variable resistance with reference to the others. The “sliding” contact is referred to as the wiper. The circuit diagram for a pot is an arrow pointing to the center of a resistor (with the other two contacts at the ends).
Concept Question 2 – In the circuit diagrammed below, what is the theoretical maximum voltage drop (Vout) across the variable resistor?  
What is the theoretical minimum Vout?
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Plot the predicted value of the voltage Vout as the pot is adjusted, using the resistance between the wiper and Vout as the independent (X) axis. (You only need a few points, but if you use Excel, it is easy to create many). Paste the plot into the space below.
Alternatively, a potentiometer can be used alone as a variable voltage supply.  (After all, there are two resistors produced by the wiper). 
Diagram the “one pot” variable voltage supply. (You can use PCB 123 or you can just sketch it and show the instructor.)

Plot (as you did above) the predicted voltage Vout measured at the wiper using the resistance of the “bottom resistor” (the piece between the wiper and ground) as the independent variable. Paste the plot in below and comment on the range and linearity of this supply circuit vs. the one above.
Practical Considerations  

1) When using a potentiometer to produce a variable voltage supply, it is important to protect the power supply from shorting to ground. In the best case, this will make the circuit work improperly; in the worst, the power supply could be permanently damaged or destroyed. In most cases, at least one fixed resistor is placed between the power supply and ground, so that it defines the minimum resistance to ground encountered by the power supply. Good power supplies will have this minimum resistance built into their output as a protection against accidental shorting.
2) All real circuits and measuring devices possess an input resistance, which always becomes a part of the voltage divider circuit. Effective circuit design must take this into account. We’ll demonstrate this point below.
3) Real power supplies can only produce a finite amount of power. The output voltage of a power supply is known, so the maximum output power (power = current ( voltage) is generally expressed as a maximum current, typically in mA. This value allows you to select the current protection resistor described above. 
Circuit Exercise 2 – Construct a variable voltage supply circuit using a MΩ range variable resistor (pot) and observe how the voltage output changes as you turn the knob on the potentiometer. 
Diagram your circuit below. 

What is the measured voltage range of your variable power supply?

How small of a voltage increment (change) are you able to reproducibly produce by turning the knob?  

Does the resolution (min. voltage increment) change with output voltage?  If so, at which voltage is the change smallest and why?                 

Adjust your variable voltage supply circuit to the middle of its range. Use the DVM to measure the voltage drop Vout across (in parallel to) the following resistors to ground: 10 M(, 1M(, 100k(, 10 k(, 1k(, 100 (, 10 (, 1( (or comparable values that you can easily find, e.g., a 2.2 k( instead of a 1 k(). Keep the set of resistors separate for the next set of experiments. You are simulating using your variable voltage supply to drive a load (the resistor that allows current to flow from Vout to ground). If Vout changes from its theoretical value, we refer to this as “loading” the output voltage or power supply. 
Plot the measured voltage as a function of the log of the resistance and paste it in below. 
What happens at high resistance? …at low resistance? 

Is there a simple way of predicting the observed voltage drop for a given load resistor? (Deceptive question, since the answer isn’t simple to get to.)
What do you need to know about a real-world device if you are going to use a voltage divider circuit as its power source? 

Next we’ll use the A/D converter on the computer to measure the output voltage of your variable voltage supply. You may want to read over the mini-module on using the A/D functionality on the PMD. (The A/D can do some of the same jobs as the DVM, with some advantageous and some disadvantageous differences). 
Adjust your variable power supply to the middle of its range. Turn off the power on the trainer. 
You need to be very careful about connecting the computer to the trainer to avoid killing both – the sequence is always 1) turn off the trainer or other external device, 2) connect the ground of the PMD to the ground of the trainer, 3) connect any other signal to the PMD, and 4) turn the trainer back on. The most important step is connecting the grounds together first.
Connect the analog ground (Terminal 3) and the reference voltage input (Terminal 2) to the ground of the trainer. Connect the voltage input (Terminal 1) to the output Vout of your variable voltage supply. Now you can turn the trainer back on. Use the TracerDaq program in the scope mode to read voltages from the PMD.

Is the range of your variable voltage circuit the same as you got using the DMM to measure voltage? Did you note any changes in its performance?

Again, adjust your variable voltage supply circuit to the middle of its voltage range and use the PMD to measure the voltage Vout across (in parallel to) the set of resistors from above to ground.

Plot the voltage Vout as a function of the log of the resistance as you did above (or add another series to your plot) and paste it in below.

What did this last set of experiments imply about the A/D converter on the PMD? What did we have to assume about the DVM to get this result? Is there any way to test this assumption?
Real World Example

Provide a real world example where the voltage divider concept could be used in a scientific application. Try to be specific, but keep it short.
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