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ECE342 – Introduction to EMC
First Day Policy Handout and Syllabus
Winter Quarter 2009/10
Instructor:
Keith Hoover
E-mail address:
keith.hoover@rose-hulman.edu

Phone numbers:
877-8290 (office),   877-3920 (home)

Office location:
C210 Moench Hall

Class Web Site:
\\afs\rose-hulman.edu\class\ee\hoover\ECE342
Schedule:
Lab: M/8-10/B200,  Lecture: MTR/7/G313
Textbook:
Introduction to Electromagnetic Compatibility, 2nd Edition by Clayton R. Paul, John Wiley & Sons, Inc.2006.

Course Description:
Electromagnetic compatibility (EMC) regulations and measurement.  Frequency behavior of passive components. Transmission lines: Distributed RLC model, Transient waves, characteristic impedance, reflection coefficient, nonlinear loads, sinusoidal waves.  EM fields and waves. Dipole and monopole antennas.  EMC Coupling mechanisms. Conducted emission. Radiated emission. Electromagnetic shielding and grounding. 

Quizzes: Unannounced five-minute quizzes may be given in class at any time.  You are expected to bring a calculator to each class meeting, since a calculator may be necessary to work these quizzes.  No quiz make-ups are allowed, regardless of your reason for missing class on the day of a quiz.

Homework:  Late homework will not be accepted.  In order to pass this course, the student must receive 70% or better on at least 70% of the homework assignments, in addition to maintaining a cumulative class average score that is greater than 60%.  Therefore, it is very important for each of you to submit all assigned homework, doing your very best on each homework assignment!  When doing homework, you should feel free to check answers and discuss approaches with your classmates, but when it comes to actually solving the problem, please work individually!  Homework papers that are “too similar” (obviously copied or “Xeroxed” homework) will be returned with a grade of 0.

Labs:  Each lab group is to be composed of two students. Each lab group should maintain one lab notebook.  All relevant data, calculations and explanations should be recorded in the lab notebook. Additional computer generated plots and calculations should be neatly taped into the lab notebook.  Both team members should sign and date at the end of the lab. The lab reporting requirements are specified in each lab handout.  Late lab reports will not be accepted.  In order to pass this course, each student must have completed each and every lab assignment with a grade of 70% or higher.

Tests:  Two 3-period tests (held during the 4th week and 8th week lab periods) will be closed book and closed notes, but with one 8.5 X 11” crib sheet allowed.  The final exam will be 4-hours long, and it will be cumulative, but the material covered since the second test will be more heavily emphasized.  The final exam will be open book and open notes. 

Calculators and laptop MAPLE (but no other programs or files may be opened!) will be allowed during both of the tests and also on the final exam.  

The 4th week and 8th week tests (held during lab period) have been scheduled in advance, so please plan your activities and plant trips around these two dates!

Grade Components:
     In-class quizzes
2 points each (4 - 10)
8 – 20
     Homework Assignments:
10 points each (about 8)
80
     Labs:

15 points each (about 6)
90
     Two 3-period “In Lab” 160-minute Exams
         Fourth Week of Lab
100 points each 
100
         Eighth Week of Lab

100
     Final Exam (4 hours, Cumulative)
200 points
200
                                                                    
      


------

                                                   Note the approximate total number of points in class  = 590

Grading Scale: 

    A  (92%,100%)
B+ (88%,92%)
B (82%,88%)

    C+ (78%,82%) 
C  (72%,78%)             
D+ (68%,72%) 
    D (62%,68%)
F (0% - 62%)

Course Topics and Assigned Reading 
(Note: “Lect” refers to a block of related material in the class lecture notes, which will be available for download from the class website.  “Text” refers to relevant sections of Clayton Paul’s text, 2nd Edn.) 

1) Introduction:  Electromagnetic compatibility (EMC) definition, history, examples (Lect 1, Text 1.1 – 1.3)
2) EMC quantities:  Electrical dimensions, decibels (dB).  Electric and magnetic field units (Lect 2, Text 1.4 – 1.5)
3) EMC government regulations: FCC Part 15 and CISPR 22.  Radiated and conducted emission limits. Open-field test site, anechoic chamber, antennas, signal generator, spectrum analyzer (Lect 2, Text 2)
4) Real Component Behavior:  Non-ideal behavior of R, L, and C components (Lect 3, Text 5.4 – 5.6)
5) Coordinate Systems:  Rectangular, cylindrical, and spherical coordinate systems (Lect 4, Text Appendix B.1)
6) Electric Field:  Electric charge, Coulomb’s law of electric force, electric field intensity vector (E).  Direct calculation of E due to a line charge and a sheet of charge.  (Lect 5, Text Appendix B.1)
7) Maxwell’s Equations in Integral Form:  Ampere’s law of force between two current loops.  Magnetic flux density vector (B).  Biot-Savart Law.  Direct calculation of B due to a line of current and a sheet of current.  Lorentz force law.  EMF (voltage) calculation: the line integral.  Magnetic flux (surface integral).  Faraday’s law of induction.  Gauss’s law for the magnetic field.  Ampere’s circuital law.  Magnetic field intensity (H).  Electric flux density (D).  Gauss’s law for the electric field.  Derivation of Gauss law for the electric field from Ampere’s circuital law.  (Lect 6, Text Appendix B.1 and B.2.)
8) Capacitance and Inductance:  Capacitors and dielectric permittivity.  Capacitance of parallel-plate capacitor.  Capacitance per meter of coaxial cable.  Magnetic permeability.  Inductance.  Inductance of solenoid.  Inductance of toroid.  Mutual Inductance.  Coefficient of coupling.  (Lect 7)
9) Traveling Electromagnetic Waves: Derivation of the electromagnetic wave equation.  General uniform plane wave solution.  Wave velocity “vp”.  Intrinsic impedance of medium “η”.  Poynting (power flow) vector.  Waves in lossy (conductive) media.  Skin depth “δ”. (Lect 8, Text Appendix B.5 – B.6)
10) Transmission Lines: Distributed parameter model.  Transmission line equations.  Solutions to transmission line equations.  Characteristic impedance.  Transients on a transmission line.  Line terminated in arbitrary load resistance.  Reflection coefficient.  Transmission coefficient.  Bounce diagrams.  Time-domain reflectometry.  Multiple line problems.  Nonlinear termination.  Inductive and capacitive termination.  (Lect 9, Text 4.1 – 4.4)
11) Antennas: Intentional vs. unintentional radiators.  Electric (Hertzian) dipole field solutions.  Magnetic dipole (loop) field solutions.  Half-wave dipole, quarter-wave monopole.  Radiation resistance.  Antenna factor.  Antenna directivity patterns.  Antenna arrays.    Broadband antennas used in EMC measurements: truncated biconical and the log periodic array.  (Lect 10, Text 7.1 – 7.4, 7.7)
12) Periodic Signal Spectra:  Review of trigonometric Fourier series analysis.  Clock wave-shaping: use of a low-pass filter to reduce the strength of the higher harmonics of a digital system’s clock waveform in order to reduce interference at a radio frequency of interest.  (Lect 11, Text 3.1)
13) Radiated emissions and susceptibility:  Common-mode vs. differential mode currents.  Common-mode and differential-mode emission model for wires and PCB lands.  Use of current probe to measure common-mode currents.  Susceptibility models for wires and PCB lands.  Use of common-mode choke to block conducted emissions.  Principle of operation of switching power supply.  Use of current probe as diagnostic tool in EMC  (Lect 12, Text 8.1 – 8.2)
14) Shielding effectiveness:  General concept of shielding: a 2-way street.  Practical considerations.  Slot antenna: Babinet’s principle.  The basic shielding problem.  Multiple reflections within a shield.  Shielding effectiveness formula: reflection, absorption, multiple reflection losses.  Example calculation.  (Lect 13, Text 10.1 – 10.2)


Laboratory and Exam Schedule:

Weeks 1,2  Use of spectrum analyzer and measurement of a real capacitor.
Week 3.  Ring oscillator and use of ac bypass capacitors
Week 4.  Test 1 (3 periods, closed book, open MAPLE, 1 crib sheet)
Week 5  Self and mutual inductance
Week 6.  RF oscillator and wireless FM microphone design
Week 7.  Transmission line demonstrations and PSPICE simulations
Week 8.  Test 2 (3 periods, closed book, open MAPLE, 1 crib sheet)
Week 9.  Antenna measurements
Week 10. Switching power supply and EMI suppression (Common-mode choke and Current Probe)
----------------------------------------------------------------------------------------
Week 11.  Final Exam (4 hours, open book & open notes, open MAPLE)
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