
Introduction to Electrical Measurements
Version: 7 Jan 2009

Introduction.   In each of the labs this semester, we will be making electrical measurements of voltage, current and resistance.  To make those measurements, we will use 
1. digital multimeters, 
2. an oscilloscope 
3. or the computer.  
Record your observations within this handout.  Use these notes to write your lab report. Exercise your initiative with regard to documenting circuit schematics and recording data for the exercises that follow.  Take 'extra' measurements that you feel might be important.  
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Exercise 1: Measurement of Constant Voltage 
Because of the definition of voltage, it probably is no surprise that voltage is always measured across a device. (Sometimes this is referred to as putting a meter in parallel with the device.)  A symbolic representation of measuring a voltage across a battery is shown at the right.  The circle with the “V” in it will be our device for measuring voltage and is often referred to as a “voltmeter.”  For us the voltmeter will either be a multimeter or the computer configured to measure voltage.  Let us measure the voltage of an isolated battery.

Protek Multimeter The equipment to be used to measure the voltage of a battery is shown at the right.  (In this laboratory, we will not give a detailed description of the multimeter.  Should you wish to know more about the multimeter than will be described here, please read the manual that is at your workstation.)
1.  Plug a black lead into the common input (marked COM) and a red lead into the voltage input (marked AV and a handwritten ) at the lower right of the meter.

Warning:  Please be careful.  The red lead must be plugged into the voltage input.
2.  Turn on the multimeter (red on/off switch) and turn the dial to 
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3.  Check that the positive end of the battery (marked with a +) is connected to the red post (red banana plug receptacle) on the battery holder.  If it isn’t, reverse the battery.

For the remainder of the semester in laboratory, we will be writing voltages in the form Vba.  The meaning of this notation is that Vba is the electric potential at point b, Vb, minus the electric potential at point a, Va.  The physics is that if we multiply this value by a charge, it gives us the change in potential energy of the charge as it moves from a to b.  

The voltage Vba is measured by placing the red lead (the test lead) at point b and the black lead (the common lead, COM=Common) at point a.  This is summarized in the following diagram.
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Vba = Vb – Va  
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4.  Measure the voltage Vba of the battery.  In the space provided, record the reading on the multimeter.  Based on what we know about the polarity (sign of the terminals) of the battery, why do we expect the reading to be positive?

Vba = _________(_________V

5.  Measure the voltage Vab.  In the space provided, record the reading on the multimeter.  What would happen to the electric potential energy of a positive charge if it moves from point b to point a?

Vab = _________(_________V

Exercise 2: Computer Voltage
The equipment and software that we used extensively last semester, LabPro and LoggerPro, can also be used to measure voltage.  The required “sensor” is shown in the next picture.  As in the case of the multimeters, the red lead will be the “test lead” and the black lead will be the common.  Let us make a voltage measurement with this system.
1. Plug a voltage probe into CH1 on the LabPro. 

2. Start the program LoggerPro 3.4.2. 

3. When the program starts, go to the folder New SP21X Labs\Elec Intro and open the file Voltage. 

It is not necessary to "calibrate" the voltage probe. However, it is necessary to "zero" it and scale the display. Zero the voltage probe as follows. 

4. Create a "short" between the voltage leads by connecting them together. 

5. Click the mouse on Experiment in the menu at the top of the computer screen then click on Zero. 

6. Now connect the voltage leads to the battery as was done with the multimeters. 

7. Click on Collect. The red cursor should proceed across the screen at an approximately constant value. 
 

8.  If necessary, adjust the vertical scale so that the voltage can read to within about 0.01V or use the Statistics function to obtain a value of the voltage.  Record the value of the voltage in the space provided   

Vba = ________ ( ________ V

7.  Compare this value of the voltage with the two previous values of Vba or Vab.
Exercise 3:  Measurement of a Current with Constant Direction 
(sometimes referred to as direct current or dc) 
An important consequence of the definition of current is that it is completely defined by what is happening at a single point in a circuit.  Further, in order to measure electric current, we must arrange things so that the charge (or known fraction of the charge) flows through our meter.  We accomplish this by breaking into the circuit and diverting the flow of charge through our meter. (This is sometimes referred to as putting a meter into a circuit in series.)

For the following measurements the circuit that we will study
will consist of a battery and a resistor.  The resistor is a circuit
element that opposes charge flow and will be dealt with in
detail in the next section.  The direction of the current, I, is
shown on the diagram.  Note that positive charge flows outside
the battery in the direction shown since like charges repel i.e. outside the battery, 
positive charge flow away from the positive terminal of the battery. 


Since we wish to measure current, we know that we must arrange things so that the charge flows through our meter.  The symbolic representation of what we will construct is shown at the right.  The circle with the “A” in it will be our device for measuring current and is often referred to as an “ammeter.”  For us, the ammeter will be the computer configured to measure current.  The notation follows from the fact that current is measured in Amperes (A).  

1.  Begin to construct the circuit by connecting the battery and the 
resistor with a wire at the bottom of each as shown at the right. It 
should be apparent that we do not yet have a circuit.  
We will use the ammeter to complete the circuit.

2. The equipment (ammeter) we will use to measure current is called a current probe and is shown in the image. The computer functions as an "ammeter" using the current probe and LabPro. 
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3.  Plug a current probe into CH2 on the LabPro. For convenience, leave the voltage probe plugged into CH1. 

4.  In LoggerPro, open the Current file. 

5.  Adjust the zero as follows. With no circuit wires connected to the current probe (break the circuit momentarily if you have already connected it), click the mouse on Experiment in the menu at the top of the computer screen then click on Zero. 

6.  Using the resistor provided, construct the circuit shown in the above diagram. Be sure to orient the current probe so that the arrow drawn on it is in the direction of expected positive charge flow. 

7.  Click on Collect to start the program. 

8. Determine the value of the current from the graph and record the value of the current in the space provided for Iforward. 

Iforward =  ________ ( ________ A



9.  Reverse the orientation of the current probe, run the program and record the value of the current in the space provided.

Ireverse =  ________ ( ________ A
10.  Do your results confirm that the arrow on the current probe indicates the direction of the current?  Explain. 
11.  While you have a circuit and with the multimeter reading current, run the program and disconnect one of the leads to the battery.  What happens to the current when the lead is disconnected?  Explain. 

Exercise 4.   Resistance 
We will measure the resistance two ways.  First, we will measure the voltage across the resistor and the current through the resistor and use the definition (eq. 1) to calculate the resistance.  Second, we will use the multimeter to measure the resistance directly.  Before making the measurements, however, let us determine what the resistance should be.  

Use the standard color code for resistors printed in your book on p. 848 to determine the specified resistance and uncertainty for the resistor.  Record the resistance and its tolerance.
R =  ________ ( ________ 
Devise a circuit (using the LabPro equipment and the voltcurr.xmlb template) to measure the voltage across and the current through the resistor.  Draw a diagram of your circuit for your report.  Use the battery to drive the circuit.  
Print the graphs for voltage and current. What is the value of resistor determined in this manor?  What is the uncertainty?  (Yes, show your calculation for both.)
Protek Multimeter:  In order to measure resistance using a multimeter, measurements are made across the resistor with the resistor isolated i.e. not connected to anything.

1.  Remove the resistor from the circuit.

2.  Be sure that the leads of the Protek multimeter are plugged into the appropriate inputs (black lead in the common input (marked COM) and the red lead in the voltage/resistance input (marked AV-)) and be sure that the leads are not connected to anything else.)

3.  Turn the dial to  and turn on the multimeter. 

4.  Touch one end of the resistor with the red lead and the other end of the resistor with the black lead.  Record the reading. 

Rprotek =  ________ ( ________ 
5.  Compare the three values of the resistance.
6.  From what we have learned about resistance, discuss what the resistance of a voltmeter should be i.e. discuss whether the resistance is large or small and why.

7.  From what we have learned about resistance, discuss what the resistance of an ammeter should be i.e. discuss whether the resistance is large or small and why.
Light bulbs--Special resistors  As an exercise and test of our understanding, we will study a light bulb when it is glowing. In order to preserve the battery, please make the light bulb glow for as short a time as possible. 

1. For the last circuit we studied, replace the resistor with the light bulb. The light bulb should glow. If not, check your circuit connections.  If the bulb still does not glow, consult your instructor. 

2. Measure the voltage across the light bulb and the current through the light bulb using logger pro and record them in the space provided. 
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3. Calculate the resistance of the light bulb and record it in the space provided. 

RLight Bulb = [image: image7.wmf]
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Is the resistance of the light bulb "large" or "small" compared to the resistance of the resistor. 

It should be clear that the light bulb has some of the characteristics of a resistor. Of course, there is something special about the light bulb in that it glows. Explain clearly why the light bulb glows. 
Exercise 5: Measurement of a Time-varying Voltage 
(Note: A sinusoidal voltage is sometimes known as AC voltage. It is interesting that AC is an abbreviation for "alternating current" and thus does not properly represent voltage. This is particularly true for our measurement, where essentially no current is involved. Nonetheless, since there are no words to cause confusion and since the usage is so widespread, we will use the term "AC voltage" for a sinusoidal voltage.)

The appliances and electronic equipment we use in our everyday life are powered by alternating voltage with a frequency of 60 Hz and a voltage of 120 volts.  The choice of ac over dc is an interesting story in the history of technology.  Thomas Edison aggressively pushed for dc.  The prevailing household  ac system is fairly dangerous and we will not work with it today.  Instead we will study an alternating voltage with a frequency of 1.000 Hz and low voltage supplied by the Pasco Digital Function Generator.
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A.  Computer:

1. Connect the black lead of the voltage probe to the GND terminal on the Pasco Digital Function Generator-Amplifier. Connect the red lead to LO . 

2. On the front of the function generator, turn the AMPLITUDE dial fully counterclockwise. This sets the function generator to zero amplitude (i.e., zero signal). Using the switch on the back of the function generator, turn it on. 

3. Use the push-button to select a sinusoidal waveform (not triangular or square wave) and adjust the frequency to 1.000 Hz (push the RANGE [image: image10.png]


 button twice then ADJUST the frequency to 1.000 Hz). Turn the AMPLITUDE dial clockwise about a quarter turn. 

4. Adjust the sampling rate to 0.03 sec/sample (try the pull down menu under Data Collection). Click Collect. The voltage vs. time should be sinusoidal. If not, consult your instructor. Print the graph. 

5. On the graph, indicate the period, T, the time for one cycle. From the graph, determine the period and use that to calculate the frequency, f.  In the space provided, record the values of T and f.   Can you fit the data to measure the period?
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Compare the calculated frequency with the reading on the function generator. 

6. Press the button on the function generator that makes it generate a "triangular" voltage. 

7. Click Collect.   What changed?


B. Textronix oscilloscope 

We will capture the data on the oscilloscope and send the data from the oscilloscope to the laptop computer and create a plot using excel.

1.  Connect a BNC cable from the output of the function generator to channel 1 of the oscilloscope.  Turn on the  function generator and the oscilloscope.  

2.   On the oscilloscope push the autoset button.  You should see an oscillating voltage signal.  Adjust the amplitude knob on the function generator to a convenient scale on the oscilloscope. 

3.  What should be the period of a signal with a frequency of 1.000 Hz?  Is it?  
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4.  Connect a serial to usb cable from the serial output on the back of the oscilloscope to any of the usb ports on the laptop.  

5.  Open  Textronix OpenChoice software.  At the top, select the tab labeled “Waveform Data Capture.”  Then select the “Select Instrument” button and highlight the ARRL:# in the popup box.  Select ok.
6.  Next select the “Select Channels” button and verify channel 1 is selected in the pop up box.  Select “get data.”  You should see your trace from the oscilloscope appear on the screen.  The “Save As” button allows you to save (x,y) data pairs for the trace in a .csv file.  Software such as MS Excel or Origin can easily plot this data.

7.  Instead we will import the data directly into Excel.  Close OpenChoice.  Open MS Excel.  On the left side of the screen select the icon that looks like a document with a lightening bolt.  Select the ARRL:# and close the pop up window.

8. The wavy paper icon 2 to the right should enable.  Select the icon and in the popup that opens, check that channel 1 is selected. Start the x column of data in cell A1 and then select capture.  After about a minute, 10000 data points (x,y) will appear in columns A and B.  A quick graph will open displaying the data.

9.  Use your knowledge of Excel to create a properly titled, scaled and labeled graph, appropriate for a laboratory experiment.  Print out this graph.  
Report: 
1.  Turn in this handout filled in with all questions answered.  Three graphs should be attached to the handout.  Write a brief conclusion describing your results.  A comparison of multiple measurements of the same quantity (voltage, current, resistance, frequency, period) is required.  You should decide if the various measurements agree.  Uncertainty in the measurements must be considered in discussing “agreement.”
2.  Please disconnect your circuit and organize your table for the next section.  THANKS!
Equipment:

Labpro with voltage and current probe

1.5 V D cell Battery

Protek Multimeter

Miscellaneous Wires

Resistors  200  - approx

Light Bulb

Pasco Digital Function Generator

Textronix Oscilliscope

Appendix I – Voltage, Current, and Resistance
Electric Voltage:  One goal in this laboratory is to learn about voltage. Fortunately, that is not too difficult since we are all familiar with it.  For example, we all know that voltage is associated with batteries since a modern car uses a 12 Volt battery, flashlights use 1.5 Volt batteries, etc.  In the computer we would like to learn to use the Lab Pro data system to make the same measurements.  Some insight can be gained from the equivalent name for voltage, electric potential difference. 

	  
	· The word "electric" distinguishes electric potential difference from other types of potential difference (e.g., gravitational potential difference). Since we are not concerned with anything other than electric potential difference this semester, we will use the terms potential difference and electric potential difference interchangeably. Both terms are synonymous with voltage. 

· The word "difference" is used because voltage can only exist between two different points (places). One example of two points where we will frequently measure the voltage or potential difference are the terminals of a battery. 

· The word "potential" suggests the possibility that potential energy is involved. This is correct, as will now be described for the special case of a battery. 


Consider the cross section of a battery in the next diagram. Also shown is a positive charge inside the battery. It is useful to think of the charge as "massless" since what the battery does to the charge has very little to do with the mass of the charge. What the battery does is use an electrochemical process to push or pull the "massless" positive charge from the negative terminal to the positive terminal. Since like charges repel and unlike charges attract, the positive charge will not proceed from the negative terminal to the positive terminal "on its own." Consequently, the battery increases the charge's electric potential energy. 
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What the battery does to the charge is analogous to a person increasing a mass's gravitational potential energy by lifting it to a higher elevation. The analogy is also shown in the diagram. As we learned last semester, the gravitational potential energy gained by the mass can transform into other types of energy. A typical example is a freely falling object where a decrease in gravitational potential energy is accompanied by an increase in kinetic energy. Similarly, the electric potential energy gained by the charge through the electrochemical work of the battery can be transformed into other types of energy. For example, as a charge moves through a resistor its electric potential energy decreases and heat is generated.. The important concept is that voltage is associated with any process where the electric potential energy of a charge changes. Consequently, we define voltage as follows: 

If a charge moves between two points, the voltage is defined as the change in electric potential energy of the charge divided by the value of the charge, q. 

Note: There is a special name for the voltage produced by a battery and some other devices. That name is electromotive force or emf. While there are electric forces involved in the electrochemical process, the use of this term is unfortunate since electromotive force is NOT a force. To avoid confusion, we will use the abbreviation emf. 


Hopefully, it is now clear why voltage can exist “between any two points.”  The idea is that if the electric potential energy of a charge changes when it moves between two points, then there is voltage between those two points.  

Electric Current:  The next quantity of interest is electric current.  Electric current exists when there is a net flow of charge. A mechanical analogy of electric current is flow of water e.g. a river.  There are two facts that we need to remember concerning electric current.

· The magnitude of electric current, measured in Amperes (A), equals the rate at which charge, measured in Coulombs (C), passes a given point in the circuit.  If an amount of charge, Q, passes a point in a time t, the current can be calculated from I=Q/t.

· The direction of electric current is the direction of the flow of positive charge.  (Yes, if it is electrons that are in motion, the associated current is in the opposite direction.)

To be sure that we understand the concept of electric current, suppose that there are electrons in a tube flowing to the left and suppose that we count the electrons as they pass by and do some timing.   If 6.25x1018 electrons flow through the tube in 1 second, there is a current in the tube of approximately 1A to the right.  Make a calculation that shows that the magnitude of the current is indeed 1A.  

In this course we will always provide a “closed” path for the flow of charge.  The “closed” path for flow of charge is made up using wires and devices (batteries, etc.) and is known as a circuit. 
Resistance:  A resistor is a circuit element that opposes (resists) charge flow.  In fact, the resistance is defined by
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In this equation V is the magnitude of the voltage across the resistor and I is the magnitude of the current through the resistor so that the resistance is always positive.  Resistance has units of Ohms ().  The fact that a resistor “resists” suggests similarities with friction.  Consequently, the following diagrams are sometimes helpful in understanding resistance (and voltage and current).

 



In the circuit, the resistor can be drawn in any orientation (i.e. at any angle relative to the horizontal).  The reason is that the charge loses mostly electric potential energy as it moves through the resistor so that, as before, it might be useful to think of the charge as massless.  (Also, the charge is actually moving through (inside) the resistor.)  Consequently, there is no “physics” reason that the resistor is drawn at an angle.  It is only drawn that way to emphasize the analogy between it and the inclined plane with friction shown to the right of the circuit.  The two new parts of the analogy are fairly good since both the resistor and the inclined plane “heat up” and both the charge and box return to the “energy source” at a constant velocity (if the correct angle is chosen for the incline plane).  Finally, neither the superconducting wire nor the frictionless surface provides any "resistance" so that both the charge and mass return to the starting point without losing further energy.  
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Red Lead at Point b





Potential at Point b
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While it is on the inclined plane, the box has a constant velocity because of friction.





Black Lead at Point a





Potential at Point a
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