EE 262


        
      Electrical Circuits Laboratory                       
    
  Exp 1

Spring 2005
Goal:
To learn electrical engineering laboratory procedures and electrical instrument operation by making physical observations of concepts presented in EE 261 Electrical Circuits I. 

Instructor:

Carl Wells

cwells@eecs.wsu.edu      335-2197
EME 202D
Teaching Assistants:
 

Text:
Student Reference Manual for Electronic Instrumentation Laboratories, 2nd Edition, Stanley Wolf & Richard F.M. Smith, Pearson Prentice-Hall, 2004. 

Reference:   
Basic Engineering Circuit Analysis, (8th Edition)  J. David Irwin/ R. Mark Nelms, John Wiley & Sons, Inc., 2005.

Laboratory:
EME 34
Circuits 



Thursday
9:10 AM – 12:00 AM      2:10 PM - 5:00 PM



SLN 353
Computer Lab

Open 24/7

Grade:


Experiments


50%




Lab Quizzes


40%




Lab Conduct


10%

Experiments:

Laboratory applications of electrical laws




Transient and steady state circuit responses




Computer simulations 




Three-hour periods 




Notebook - National #33-209




100-point scale

Lab Quizzes:

Experiment preparation including PSPICE




Understanding of previous lab results




Equipment operation




Text highlights

 


10 point scale

Lab Conduct:

Safety; Lab Awareness; Attitude

EE 262             

        LABORATORY SCHEDULE

                Spring 2005
Date

Experiment

Title
Jan 13

       1


Laboratory Familiarization







Chapter 1

Jan 20      
        2


Laboratory Equipment







Chapter 2

Jan 27           
        3


Resistor Measurements







Chapter 3

Feb 3   
        4


Instrument Measurements







Chapter 4

Feb 10

        5


Resistor Circuits







Chapter 5

Feb 17

        7


Operational Amplifiers







Chapter 15 
Feb 24 
        6


Thevenin and Norton Equivalents



 



Chapter 6


Mar 3

        8


Waveform Measurements







Chapter 12
Mar 10
       
        9


Capacitors and Inductors










Chapter 11

Mar 24  
      10 


RC and RL Circuits







Chapter 10

Mar 31
       
      11  
            Natural Response of RLC Circuits







Chapter 9

Apr 7        
      12  

Computer Modeling







Chapter 14

Apr 14 
      13  

Sinusoidal and Phasor Analysis







Chapter 13

Apr 21
        
      14
             
Power and Power Factor







Chapter 16

Apr 28
                  15  

Three-Phase Circuits







Chapter 8
SAFETY

"This endless circulation of the electric fluid may appear paradoxical, but it is no less true and real, and you may feel it with your hands.”







Allessandro Volta

Safety is paramount whenever you use electrical equipment, whether in the classroom, in the

laboratory, or in the home.

Electric Shock:  A sudden violent impression caused by the passage of electric current through the body.

Caution:  Damage to Equipment - You must know how to operate the assigned equipment and work carefully to assure a safe environment.  Always use the correct instrument for the intended measurement.

Warning:  Loss of Life - The amount of electrical current that can damage your body is highly variable from one person to another and from one part of your body to another.  Many people have been killed by household voltages.  Even low voltages can be dangerous.  Your metallic bracelet or watchstrap inadvertently placed across a laboratory power source could cause arching and welding, which in turn could cause serious bodily injury.

Be Aware:

Electrical Circuit Breakers




Telephone   335-1420  (911)




First Aid Kit




Fire Equipment

Procedures:

Never work alone in the lab!




Wire circuit toward power source.




Use standard connectors provided in lab.




Check for proper grounding.




Completely check the circuit before energizing the electrical system.

Make certain each instrument is preset to a range above the value of the measurement.  If the value is unknown, begin with the largest or




highest setting.




Report defective equipment to the instructor or TA.

Remember:

Safety is everyone's responsibility!


EE 262 LAB GRADING

"A laboratory notebook is one of an engineer's most valuable tools.  It contains the permanent written record of the researcher's mental and physical activities from experiment and observation, to the ultimate understanding of physical phenomena."






    Howard M. Kanare, Writing the Laboratory Notebook
Lab Notebook:
National #33-209 5 x 5 Quadrille Ruled

Organization:

Exterior Title - EE 262 Lab I & Name




Table of Contents 




Preface - Author, Lab Partners, etc.




Laboratory Experiments – Lab Title, Number & Date





Introduction: Statement of Problem





Experimental Plan: Include Diagrams





Observations and Data: Describe Data 




 
Discussion of Results: Critical Meaning





Conclusion: Comments and Recommendations







(Insight; Strengths, Improvements)

Procedures:
Provide each section with a descriptive heading.



Record the data and observations directly into the notebook as work is performed.



Make the writing legible and grammatical.



Use the active voice to clearly indicate who accomplished the work.

Grading Scale:


90 - 100 Points  =  Excellent





70 -   90 Points  =  Good





50 -   70  Points  =  Fair





 0  -   50  Points  =  Needs Improvement

Considerations:
Neatness, Appearance, Readability, English Grammar, Spelling, and Theory Explanation

Points to Remember:

1.  Answer all the specific questions from the lab sheets.

2.  Include the Circuit Diagrams that were tested in lab showing clearly where readings comprising recorded data were observed.

3.  Present results in a quantitative manner.  Include specific values with your explanations.

4.  Results in tabular form convey a lot of information, however a graph should be used where practical.

5.  Graphs:  Title the graph and label the axes with appropriate parameters and units.  Raw data points should be shown with a smooth curve connecting them.

6.  The Lab Notebook entries should stand-alone for each experiment.

7.  Writing in the Lab Notebook may be in pencil and errors can be erased or neatly crossed out.

8.  The laboratory information recorded should be complete enough so that a knowledgeable person could duplicate the results.

LABORATORY FAMILIARIZATION
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                          Exp 1

Purpose:  To become familiar with the laboratory environment.

Optional Read: Text pages 45 - 50

I.  Identify (record in notebook) your lab partner(s) and bench.

II.  Locate and identify the following equipment at each station: Digital Multimeters (DMM), Oscilloscope, Function Generator/w "T", and power supply.  These remain at your station throughout the semester and within a couple of weeks you should understand their operation completely.  Other equipment including Volt-Ohm-Milliammeters (VOM) from the shelves will be used in specific experiments.  Please avoid clutter by returning equipment to the proper location.  The bench drawers contain BNC (bayonet type connector), alligator clip, and banana plug connector leads.

III.  Locate the switches (circuit breakers) to turn on AC power and DC power for the entire laboratory and your station.  The main panel includes two DC supplies with switches to connect either one of the supplies to individual stations.  Locate the proper terminals of a DMM to measure DC volts.  Voltmeters include large resistance (100K ohm or more) within the circuitry to protect them from high currents.  Remember to start on a range scale that exceeds the measured voltage.  You should expect about 10V from DC supply 1 and 20V from supply 2.  The DMM will function when either terminal is "ground," but will read negative if leads are backward. Some equipment (like the oscilloscopes) always has one terminal grounded.  As you study your circuits, become aware of GROUNDS!  Multi-meters can be damaged if you mistakenly use them as ammeters or ohmmeters to measure voltage.  Record the bench's DC voltage shown on the DMM.  Avoid the ammeter and ohmmeter selections until next week.  Which terminal of the DC source should be connected to ground?

IV.  Your bench has several AC voltage sources.  What is AC?  Those that look like common household receptacles will measure about 120 V on your meter's AC scale.  Be careful in poking meter probes into the slots.  Note the center ground terminal has zero volts with respect to (w.r.t.) one slot and 120 V w.r.t. the other.  The "0" volt slot is neutral connected to ground only in the service entrance cabinet.  Do not depend on color codes for ground, but within the department you will often see green indicating ground.  Also we have a 3-phase AC supply, at the multicolored column of terminals.  Use your VOM to measure about 120 V AC between colors of the column and 70 V between white (neutral/ground) and any color.  We shall explain AC and 3-phase later.  Note:  Measuring voltages are rather simple, safe processes with the voltmeter ideally drawing zero (0) current.  The benches are fused at 5 to 20 A, to protect equipment, but humans are rated at less than 1 mA, so avoid touching hot terminals!   Never connect two voltage sources directly together. 

* Asking for help before you turn power on is ALWAYS appropriate!


NOTES ON EQUIPMENT USAGE

A.  Use of the Multimeter in the "Ohmmeter" mode.


1.  The power must be turned off in a circuit during a resistance measurement.  

Caution: Any attempt to measure the resistance of an element in an energized circuit with an ohmmeter will result in damage to the ohmmeter.


2.  Before making a resistance measurement with a Volt-Ohm-Milliammeter (VOM) ohmmeter, always connect the two leads together and adjust the zero-set control until the needle indicates zero ohms.  Because the setting will be different for each range, repeat this procedure for each resistance range as it is used.  Digital Multi-Meters (DMMs) do not require calibration, however touching probes together tests for proper operation.  

B.  Use of Ammeters.


1.  The ammeter is inherently a low-resistance device (typically having an internal resistance of 0.1 ohm or less) and must always be used in series with a current-limiting device to protect the ammeter from excessive flow of current.  Caution:  Your error resulting in the ammeter being connected in parallel with a voltage source will cause damage to the instrument.


2.  Ammeters should always be connected into a circuit with a shorting switch across the ammeter terminals.  The switch serves to protect the ammeter from any current surges that may occur when the power is first applied.  After the power is on and the circuit appears to be operating normally, the switch may be opened to allow the ammeter reading to be observed.  The shunting switches also allow one ammeter to be used for making current measurements at different points in the circuit without rewiring the circuit.

C.  Use of Voltmeters.


1.  Voltmeters are high-resistance devices and can safely be connected across a voltage source as long as the value of the voltage does not exceed the maximum reading of the voltage range in use.  If there is doubt about the magnitude of the voltage to be measured, start with a high range so that the voltmeter will not be overloaded.


2.  As an indication of current flowing through the voltmeter (VOM), the resistance can be determined by multiplying the full-scale voltage of the range in use by the "ohms-per-volt" value printed on the face of the voltmeter.  Thus a 20,000 ohms-per-volt instrument used on the 0-3 volt scale would have an internal resistance of 60,000 ohms, and the current flowing through the voltmeter could then be found by dividing the voltmeter reading by 60,000 (.  We are usually concerned with the current through the voltmeter only when it is comparable in magnitude to the other currents in the circuit.  The DMM voltmeters have an internal resistance of 10 Mega ohms.

NOTE:  Turn the VOM and DMM to the "Off" position when finished!


PSPICE
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PSPICE is a circuit analysis program available to all School of EECS students.  The program handles resistors, capacitors, inductors, independent and dependent voltage and current sources, transmission lines, transformers, and semiconductor devices.  Among other things, PSPICE will process transient (time) analysis (.tran), and AC analysis (.ac).  The output may be either tables or graphs.

The PSPICE software is available on the windows PC computers in room 353 of the Sloan Building.  There are more than forty PCs with individual hard disks and a shared LaserJet printer (\\printserver\ps353).  The PSPICE program is on the system, but you will need your own USB Memory Stick or a student account to permanently store your input and output files.

PROCEDURE
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1.  After following the logon procedures and starting the Windows XP program, click on Start.  Point to All Programs, then OrCAD 10.0 Demo and finally click on PSpice AD Demo.  To create your own input file, click on File then New, then Text File and type normally to insert lines in the Text1 (active) window.  The first line must be a title statement that can be only one line. After that, you may use as many comments as you wish, each beginning with an *. Now type your program line-by-line, pressing ENTER after each line.  Capital letters are not required in PSpice because the syntax is not case sensitive. The last line must be .END.  Make the screen appear something like the following:


*TYPICAL PROGRAM


Vs
1
0
AC
5


Rs
1
2
50


C
2
A
4700PF


L
A
3
0.01H


R
3
0
21


.AC LIN 100 20K 25K


.PROBE


.END 

Select File, then Save As and save in your personal account file on the z disk with a file name such as LAB1.cir.  Make sure the file type is a .cir file.  Once the file is saved, you can select File, then open, then select .cir and finally click on the file LAB1 and then Open to open the file. Next select Simulation at the top of the screen and click on Run LAB1.

 2.  Once the output data is available (blank output graph on screen), you can click on the Add Trace (the red trace on a graph) button and then on V(A) in the dropdown menu to display the output on node A.  Improve the graph with cross hair outputs to provide a peak voltage and frequency.  Obtain a hard copy of the output voltage by clicking on the printer.

3.  To run the PSpice Schematic program, select START, All Programs, then OrCAD 10.0 Demo, and click on Capture CIS Demo.  In the OrCAD Capture window click on file and select New.  Name file Lab2 and store on your Z drive.  In the Schematic Window you should click on Place then Part.  In the Place Part window click on Add Libraries and add analog and source libraries.  Add part VDC by highlighting it and clicking on Place.  Place the DC source where you want it using a left button click.  Click the right button to disconnect with the source and select the nametag icon.  Make the DC value 50 volts and click on OK. Next click on the component symbol on the drop down menu, select R, then use Ctrl R to rotate the resistor.  Place the three resistors as shown in Lab 2, Fig. 2 with the proper values determined from Assignment 2 of this lab.  Use the parts window to select GND/CAPSYM to get a 0 node.  Place the earth ground at the minus terminal of the battery.  Now use the Draw Wire button and connect the parts.  When the circuit is finished, select File, and Save Lab2.sch on Zeus.  Click on the printer to print the schematic.

Follow the procedures in steps 1 and 2 to analyze the Lab 2 circuit.

4.   To finish your session, close each window and delete your temp files (if necessary) then right button click on START.  The proper ending is to close all programs and log off.

Assignment:

1.  Run "Typical Program" and produce a hard copy of the results.

2.  Run Experiment 2 Fig. 2 Circuit with Potentiometer set at: Upper 25 ohms, Lower 50 ohms.  The test resistor has a value of 150 ohms.  Record the results of the bias-point analysis (voltage across the test resistor).

Hint: Use transient analysis (.tran 1u 10u vs. .ac log DEC 100 10 1MEG)

3.  Record in your Laboratory Notebook conclusions relating to: 


A.  Insights gained

B. Strengths of this lab

C.  Improvement - suggestions


Personal Computer


Simulated Program with Integrated Circuit Emphasis (PSPICE)

PSPICE Restrictions:

1.  The reference node must be numbered 0 (zero).

2.  All other nodes must be assigned unique identification numbers or any text strings.

3.  The circuit cannot contain a loop of only voltage sources and/or only inductors connected in parallel.

4.  The circuit cannot contain a node connecting only current sources or only capacitors.

5.  Each node in the circuit must have a dc path to the reference node (a path through sources, resistors, and/or inductors).

6.  Every node must have at least two components connected to it     (no "dangling nodes" allowed).

PSPICE Circuit File:

1.  Title and comment statements ( * as the first symbol)


* PSPICE CIRCUIT

2.  Circuit description (data statements)


V
1
0
DC
10
Basic Circuit Elements V(+,-), I(-,+), R, L,& C(+,-)


I
0
2
AC
10M
Current Source Direction  10E-3 = 10M


R1
1
2
1K

Scale Factor Abbreviations 10E3 = 10K


R2
2
0
500

Note: M = milli & MEG = mega


XOPAMP 1 2 3 4 5 6 UA741

Uses component models 

3.  Control statements (menu or typed)


.LIB EVAL.LIB


Calls the appropriate library





.TRAN
 10.000U  1.000M

.tran time_step time_stop 


.PROBE



Calls the output display program

4.   .End      




End program statement

PSPICE Analysis:

1.  Time domain analysis - Transient analysis -  .TRAN 


Source:  DC - PULSE - SIN - PWL


Output:  Voltage, Current, Power, etc. vs. Time

2.  Frequency domain analysis - AC & Noise analysis - .AC LIN total points..freq start..freq stop


Source:  AC



     .AC DEC points per decade..freq start..freq stop 


Output:  Volts, Amps, Power, dB, Phase, etc. vs. Frequency

� EMBED Visio.Drawing.4  ���
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