DC Circuits: Voltage Sources and Resistors
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In this experiment we will consider circuits made up entirely of DC voltage sources (things whose output voltage is constant over time such as a battery or a lab power supply) and resistors.  We will focus on one circuit fragment, the voltage divider.
Voltage Divider
Construct the voltage divider shown below.  Apply a constant DC voltage of  volts to the circuit and measure the output voltage .  
[image: ]
Enter the value you obtained, which we call the open-circuit voltage, and compare it to your expectations for this circuit.  
Open-Circuit Voltage
	Click or tap here to enter text.

Add a 7.5kload resistor to this circuit.  What is the output that you now measure across this load and does it agree with your expectations?
 with 7.5k Load
	Click or tap here to enter text.

Now remove the load and measure the short-circuit current and enter the result below.  This means “short the output to ground but make the current flow thru the ELVIS II current meter”.  Don’t let the word “short” bother you here.  The current will be very modest in this case.  You may have grown up thinking “a short blows a fuse.”  That is a good generalization around the house, but it does not always hold in electronics.  
Short-Circuit Current
	Click or tap here to enter text.

Thevenin’s Theorem
Using the open-circuit voltage and the and the short-circuit current value that you measured, calculate the required voltage  and resistance  for the Thevenin equivalent circuit.
Thevenin Equivalent Voltage and Resistance
	Click or tap here to enter text.

Draw the Thevenin equivalent circuit, take a photo and upload the image below.
Sketch of Thevenin Equivalent Circuit
	

Now build the Thevenin equivalent circuit, using the variable DC supply as the voltage source, and check that its open-circuit voltage and short-circuit current match those of the circuit that it models. Then attach a 7.5k load, just as you did with the original voltage divider, and measure the output voltage to see if it behaves identically.  Describe your findings below.  Can you identify an easy way to compute the Thevenin resistance directly from  and ?
Build an Test Thevenin Equivalent Circuit
	Click or tap here to enter text.

Note: 
You will rarely do again what you just did: short the output of a circuit to ground to discover its  (or "output impedance," as we soon will begin to call this characteristic). This method is too brutal in the lab, and too slow when you want to calculate its  on paper.  In the lab, the short-circuit current could be too large for the health of your circuit (as in your fuse-blowing experience). 
Circuit Loading and Voltage Measurements
Use the DMM on the ELVIS II to measure the output voltage for a series of voltage dividers made up of identical resistors .  First let  and then increase to include all of the values shown in the figure below and the table on the following page.  Use an input voltage of 10V instead of the 20V show in the circuit.
[image: ]
Voltage Divider Output 
Table 1 : Voltage Divider Output Voltage
	Resistance

	Output Voltage


	1k
	Click or tap here to enter text.
	10k
	Click or tap here to enter text.
	100k
	Click or tap here to enter text.
	1M
	Click or tap here to enter text.
	10M
	Click or tap here to enter text.

Describe the expected open-circuit voltage for a divider with equal ’s and a 10V input and explain why your measurements do not agree with this result.
	Click or tap here to enter text.

Use your measurement for the case when  to compute the input impedance of the ELVIS II DMM.  Describe how you found your result by considering the meter to be a load adding across the Thevenin equivalent circuit for the voltage divider.
ELVIS II Input Impedance
	Click or tap here to enter text.

Current vs Voltage Measurements
We will often want to understand the relationship between current and voltage for different circuit devices.  We generally view this relationship by plotting what is called an I-V curve.  In such a graph we plot the current of the device on the vertical axis and the voltage on the horizontal axis.  Of course, for a resistor we know that Ohm’s law suggests that this will be a linear relation, but for other devices this is not the case as shown for a few examples below.
[image: How to make IV measurements with a source measu ...]
Some prefer to plot  vs  curves instead since the slope represents the resistance of the device in this case.  Even for devices that are non-linear, the slope of the tangent to the  vs  curve would represent what can be considered the dynamic resistance of the device.  
At any rate, to create either of these types of curves requires measuring both voltage and current essentially at the same time.  However, this is a tricky undertaking as is shown in the two schematics below.  
[image: ]
Is the voltmeter measuring the voltage at the place you want, namely across the object under test? Or does the voltage reading include the effect of the ammeter, in your arrangement? Does that matter? If you are measuring the object's voltage precisely, then are you reading its current or are you measuring the current in object plus the current passing through the DVM as well? If you can't have it both ways (as you can't), and must live with one of the two errors, which experimental setup gives you the smaller error? The answer depends on the magnitude of the load in relation to the input resistance of your voltmeter and the shunt resistance of the ammeter.
[image: ]Rather than put you thru the tedious process of making such measurements by hand as shown above, we will use a two-wire current voltage analyzer tool available in the ELVISmx Instrument Launcher.  With this tool, you connect the component you want to test, called a DUT for device under test, at inputs DUT+ and DUT- on the ELVIS II.  
We have two Mystery Boxes labeled  an  that contain a DUT with two wires sticking out.  Use the ELVISmx Two Wire Current Voltage Analyzer to measure the  curve for each of these devices.  Set up the analyzer to measure voltage from zero to 7.5V in increments of 0.25V.  Take screenshots of the  tracer when it is complete and paste the results into the table below.
IV Curves for Mystery Boxes (A on Left, B on Right)
		

When finished, open the mystery boxes and comment on what is contained inside below.
	Click or tap here to enter text.

Using the Function Generator and Oscilloscope
We'll be using the oscilloscope and function generator in virtually every lab from now on. For today's lab, voltmeters were sufficient - and, in fact, more convenient than an oscilloscope, because our circuits' voltages and currents have been politely sitting still, giving us time to measure them.
The scope soon will become our favorite instrument as we begin to look at signals that are not static (called DC in electronics jargon): signals that, instead, vary with time. The scope draws a plot of voltage (on the vertical axis) versus time (on the horizontal axis).
Get familiar with scope and function generator (a box that puts out time-varying voltages, or "wave- forms:" things like sinewaves, triangle waves and square waves) by generating a 1-kHz sinewave with the function generator and displaying it on the scope.  Set the volt/division so that the trace fills most of the vertical space without overshooting and set the time/division controls so that you see about 2 complete cycles of the wave.  Take a screenshot of your successful result and paste it below.
Scope Trace of a 1-kHz Sine Wave
	

If it seems to you that both instruments present you with a bewildering array of switches and knobs, don't blame yourself.  These front-panels are complicated. You will need several lab sessions to get fully used to them.
Change the function generator to create a triangle wave with a frequency of  Hz.  While the 1-kHz signal you observed a moment ago may have redrawn itself nicely at the same place on the screen on each sweep of voltage versus time, this signal likely will not and will instead appear to walk across the screen.  Set the scope to trigger on a falling edge of this signal as it passes thru 0 volts and obtain a trace that redraws over itself on each sweep.  
Adjust the Amplitude and DC Offset controls on the Function Generator and notice the change in the signal on the oscilloscope.  Notice how the DC Offset can be ignored on the scope by changing the Coupling setting to AC on the oscilloscope.  When set on AC coupling
While this digital scope will attempt to measure and display the frequency of a signal automatically, it is good to learn how to use the scope controls to measure period, amplitude, and frequency.  We measure frequency indirectly by first measuring period and then computing the frequency as the inverse of the period.  Use the cursor check boxes to display two cursors on the screen.  Adjust the cursor positions so that they occur at identical features of the signal that are one cycle apart.  Use the readouts on the screen to identify the period and then compute the period.
In the boxes below paste a screenshot of your oscilloscope screen as it is set up for measuring period and in the adjacent box describe how you use the cursors to find the period and compute the frequency.
Scope Trace of a 5,432-kHz Triangle Wave
		Click or tap here to enter text.

Finally, switch the function generator to square waves and use the scope to measure the "risetime" of the 3-kHz square wave (defined as time to pass from 10% to 90% of its full amplitude). You may be saying "Risetime? The square wave rises instantaneously." The scope, properly applied, will show you this is not so.  Paste a screenshot and describe your result in the boxes below.
Risetime of a 3-kHz Square Wave
		Click or tap here to enter text.
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