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VIRTUAL BENCH OSCILLOSCOPE

Materials:
Personal Computer with Virtual Bench Oscilloscope and Frequency Generator.

Today's lab is an introduction to one of the most important tools in the study of electrical troubleshooting and evaluation. The tool is called an oscilloscope, and while the general principle has not changed over the years, the implementation has. The Virtual Bench (VB) oscilloscope uses a data acquisition (DAQ) board to take rapid samples of the analog data coming into it. That data is then passed to the software which displays it. Any changes in how the data is collected, (e.g. time between samples, maximum and minimum magnitude, etc.) are sent from the software as control to the DAQ board.
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Objectives:

· To understand the applications of oscilloscopes 

· To understand how to physically connect oscilloscopes to capture signals 

· To learn how to use the general controls of an oscilloscope 

Discussion:

The front panel for the VB Oscilloscope (using typical default panel settings) is shown in Fig. 1. The scope will display signals for those input channels whose buttons are pressed [B]. You can set the vertical axis sensitivity [A], and the vertical position [G] independently for each of those input channels. To set the vertical sensitivity for Channel N, push the arrow buttons immediately above the Volts/div. knob until the correct channel number appears between the arrows. Then make the sensitivity and position settings.

The Auto-Set-up button at the bottom of the screen lets the computer try to make the appropriate setting for the display based on the waveforms the DAQ board has just acquired. This is a good way to start looking at a waveform, but it may not provide exactly what you want.
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Fig. 1.

In the Trigger control area [H], you can set trigger mode, slope (rising or falling) and select which channel you want to use as the trigger source. You set the horizontal and vertical position of the trigger cursor [D] by dragging it on the screen. Since this scope works with digitally stored signals, it can display the part of the signal that occurs before the triggering event.

The Virtual Bench Oscilloscope can also make some calculations on the signal coming in on a selected channel, which are displayed below the graph [F]. You display these quantities by turning on the Measure control [F] and selecting the channel to measure. In Fig. 1, the calculated quantities displayed are:

Vdc: 
the average dc level

Vp-p: 
the difference between the lowest and highest data point on the graph.

Vac: 
the root-mean-square voltage, averaged over the length of time displayed on the graph.

Samples: 
the number of samples shown and interpolated between to make the graph.

Vmax:
the highest data point displayed

Vmin : 
the lowest data point displayed.

Freq and Period: 
The time between two rising crossings of the Vdc level is the period and the frequency is its calculated reciprocal.

You can cause the display to continuously update [Run], or to display only a single run [Single] by pushing the buttons at the bottom of the front panel. You can scroll the display left and right using the X-Scroll bar.

Measuring waveform properties

Electrical engineers have defined many different properties that describe signals. Many of these properties can be measured using calculations on the acquired waveform. Comparing the amplitude and phase of two sine waves is one obvious example, which is presented later. Another important property is the time-constant of signals that consist of rising or falling exponentials.

The scope screen shown in Fig. 2 is displaying two sine waves that have the same frequency, different amplitudes, and are phase-shifted with respect to each other. Comparing the amplitudes of these two sine waves is easy: Just use the Measure control on each channel and compare the two values of Vp-p. The value for Vp-p is twice the amplitude.



Fig. 2.
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You can also use the Cursors on the Virtual Bench Oscilloscope to determine voltage and time differences. Figure 2 shows the same waveforms as Fig. 1, with the two available cursors, Cl set on the maximum and C2 set on the minimum, of the Channel 1 waveform. The cursor channel indicators identify the displayed waveforms to which each cursor is attached.

When the cursors are on, a new display line appears below the scope screen, which shows the voltages at each cursor location [Cl and C2], the difference in voltage, dV, between the two cursor levels, and the time difference, dT, between the two cursor locations.

Typically, you move the cursors around the display by dragging them with the mouse. As an alternative, the cursor control labeled Sel lets you select which of the two displayed cursors you want to move by clicking on the arrows immediately below the Sel control.

Procedure:

The oscilloscopes we will be using for this lab are actually PCs that have been outfitted with data acquisition (DAQ) cards which input and convert the analog signals (the "real world") to the digital signals which can be processed and displayed by the oscilloscope software.

Starting VirtualBench-Scope

Once you have the computer up and running, double click on the VirtualBench-Scope icon. (Occasionally, we've been having trouble with the graphics on this program overlapping some of the controls. If this happens, simply click on the Maximize/Minimize Graphics Display button twice so hat the image can realign itself.) 

If all is successful, you should see a screen similar to the one shown below. (The software in the lab only has two channels whereas the one shown below has four.) Although this screen is 
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slightly different then the front panel of an actual oscilloscope, the controls and output are quite the same. 

Setting up the Signal Generator

We will need to create a signal to input into the oscilloscope. At each bench, you should find a Hewlett-Packard signal generator. This device has a number of controls that are grouped into five categories:

· Function (square, sinusoidal, and saw tooth waves) 

· Range (frequency in Hz) 

· Frequency (a dial with a range from 1 to 10) 

· DC Offset (an unmarked dial) 

· Amplitude (a second unmarked dial) 

Using these controls, we can create a period waveform to send to the oscilloscope. Before we connect this device to our oscilloscope, however, it is a good idea to set up the controls.

1. Verify that the power button for the signal generator is off. 

2. From the three buttons for function, select the waveform by pressing the sinusoidal button. 

3. From the buttons for range, select the 1K button. 

4. Turn the frequency knob to around 3. 

5. Turn the DC offset knob so that the indicator is vertical. 

6. Turn the Amplitude knob to max. 

Next, we need to add the wiring to connect the signal generator to the oscilloscope. Next to the storage room door, there are a number of leads with a pair of "banana clips" at one end and alligator clips at the other. The banana clips should fit into the output jacks of the signal generator.

Connecting the Signal Generator to the Oscilloscope

Coming off the back of the computer should be a pair of oscilloscope probes similar to the one pictured below.
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Follow the following procedure to connect the oscilloscope to the signal generator.

1. Verify that the 10x switch is pointing to the 10x selection. 

2. Connect the ground lead to the black alligator clip coming from the signal generator. 

3. Connect the signal lead to the red alligator clip coming from the signal generator. 

At this point, the hardware should be set up for the lab. Now it's time to set up the software.

Setting up the Oscilloscope Controls

This scope has two channels (Ch 1 and Ch 2) corresponding to the two probes coming from the back of the PC. Since we do not know which probe you've connected to the signal generator, we should turn on the display for both probes. In the Channel Selector section of the screen, verify that both Ch 1 and Ch 2 buttons are selected (depressed). This will allow the inputs from both probes to be displayed.

The graphics display of the oscilloscope screen is dominated by a green grid. This grid is used as a reference to measure the characteristics of the signal being recorded by the scope. It is just like the signals we have drawn on the black board where the horizontal (x) axis represents time and the verticle (y) axis represents voltage. As a user, however, you need to know what the units have been defined for.

The units are controlled by two knobs: the Volts/div knob and the Timebase knob.

The Volts/div knob on the upper right side of the screen sets the number of volts that each vertical division represents. This knob is used for both channels, so verify that you are setting the units for the channel you want to be changing by checking that the channel selector above the knob is displaying the correct channel. Set the channel selector to Ch 1. Next, place your mouse cursor on the knob and turn it. As you turn it, watch the Volts/div display for Ch 1 change in the upper left corner of the screen.

The Volts/div can be set independently for either channel. The horizontal scale, however, must be the same for both signals. This is changed by turning the Timebase knob. Place your mouse cursor on the knob, and turn the knob. This time, observe the value on the third line in the upper left corner changing. Its units should be seconds/div.

Now, anytime you want to measure an output on the display, simply count the number of divisions, and multiply by the respective units. For example, the sinusoidal signal below passes through 4 vertical divisions as it goes from its highest value to its lowest. (This is called a peak- to-peak value.)  If the Volts/div knob were set to 2V/div, then the peak-to-peak voltage would be 4 div * 2V/div = 8 volts.
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IMPORTANT! The 10x probe divides the input voltage by 10 before sending the signal to the computer. Therefore, the displayed voltage is 1/10th of the actual voltage of the circuit. Therefore, if the above signal was captured using a probe set to 10x, the actual voltage would be 4 div * 2V/div * 10 = 80 volts.

As for the time, a single period takes approximately four divisions too. If the Timebase knob is set for 10 uS/div, then the period would be 4 * 10 uS/div = 40 uS.

This signal can be raised or lowered relative to the grid either by turning the V. Position knob or by dragging the small pointer reference (Vertical Slider) on the right side of the grid corresponding to the signal you want to move.

Now, as far as this lab goes, set the following scope controls:

· Verify that the Run button in the lower left corner is pressed in. 

· Set the Volts/div for both channels 1 and 2 to 1V/div. 

· Set the Timebase for 100 uSec/div. 

· Verify that both channels 1 and 2 are displaying. 

Capturing the Signal

Turn the signal generator on and verify that you get a clear sinusoidal signal displayed on the scope. It is okay if the signal is sliding back and forth across the display. (If you don't have a signal, call the instructor over to verify your setup.)

Determine which channel you have connected the signal generator to by matching the color of the signal to the color representing the channels. Turn the unused channel off.

If the signal is sliding across the screen, we need to tell the scope to "lock" onto the signal's cycle. We do this by telling it to "trigger" off of part of the signal. The scope, however, needs to be told which signal.

There is a set of controls called "Trigger" in the lower right corner of the display. Put the mode in "Auto" and set the channel value to the channel connected to the signal generator. Your signal should be steady now.

Measuring the Signal

Using the technique discribed in the section on Volts/div and seconds/div, measure the following signal characteristics:

· peak-to-peak voltage 

· period 

Use your measurement for the period to calculate the frequency.

Storing the Waveform

The digital system actually samples the analog signal and records it as a list of floating point values. We can get this data by storing our waveform to a text file. Use the following procedure to do this:

· Click on the single button. This capture a single screen full of the input signal, then stops. 

· Select Save Waveforms... from the File menu. A screen should come up like the one shown below. 
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· Verify that Ch 1 is selected. 

· In the User Name box, enter all of the names of the partners in your lab group. 

· Click OK and save your file in a text file. 
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