ELEC 120
Foundations of Electrical Engineering
Spring 2007
Review Topics for Exam #3
The following is a list of topics that could appear in one form or another on the exam.  Not all of these topics will be covered, and it is possible that an exam problem could cover a detail not specifically listed here.  However, this list has been made as comprehensive as possible.  You should be familiar with the topics on the previous review sheets in addition to those listed below.
Thévenin and Norton equivalent circuits

· TEC and/or NEC is associated with a specific set of terminals; a different set of terminals in the same circuit has a different TEC/NEC
· open-circuit voltage (voc) appears at terminals with external circuit removed

· short-circuit current (isc) flows through short between terminals with external circuit removed
· polarity of voc vs. direction of isc
· Thévenin voltage (vth) = voc
· Norton current (iN) = isc
· Thévenin and Norton equivalent resistance, Rth = RN = voc / isc = vth / iN
· Thévenin (Norton) resistance can be found via three possible methods:

· Find voc and isc and then evaluate the ratio Rth = RN = voc / isc
· If no dependent sources are present, deactivate all independent sources (replace voltage sources with shorts and current sources with opens), and find Req of the circuit using series/parallel combination formulas

· If dependent sources are present, deactivate all independent sources, apply a test source (vt or it), and evaluate the ratio Rth = RN = vt / it
Maximum power transfer to load
· given constant vth, if load resistance (RL) is controllable, set RL = Rth
· given constant vth, if Thévenin resistance (Rth) is controllable, set Rth = 0 (or as small as possible); this results in max. power transferred to load, but not max. power available from source

· it is not always advisable to extract max. power from source
· if RL = Rth (only!), power delivered to load is PL = (vth2)/(4Rth)
· if RL = 0 (only!), power delivered to load is PL = (vth2)/(RL)

Sinusoidal voltages and currents (sometimes called AC)

· example:  v(t) = A cos (t)

· A = amplitude (in units of Vpk, if voltage)

· Relationship of Vpk (peak) and Vpp (peak-to-peak) units

·  = radian frequency, in rad/s

· f = linear or cyclic frequency, in Hz (cycles/s)

· T = period, in s

·  = 2f, T = 1/f
· advantages of/reasons to study AC include:

· easier conversion than DC from one voltage level to another, which allows low-loss transmission of power with high voltages

· all radio/wireless devices use AC to generate/detect electromagnetic waves

· many signals produced by sensors (such as microphones) are AC in nature, either at a single frequency or at multiple frequencies (or a continuum of frequencies)

Superposition and linearity

· two conditions of linearity (according to Bobrow)

· the response (a given circuit voltage or current) to a sum of inputs (stimuli, or independent voltage or current sources) is equal to the sum of the individual responses

· if an excitation (stimulus, or independent voltage or current source) is scaled by a constant K, then the response (a given circuit voltage or current) is also scaled by K
· a definition of linearity:  The portion of a voltage or current somewhere in a circuit due to a specific independent voltage or current source is directly proportional to the voltage or current level of that source.

· principle of superposition:  Any voltage or current in a circuit is a weighted sum of the contributions from the individual independent sources driving the circuit.  Stated another way, any voltage or current in circuit can be expressed as a linear combination of independent voltage and current sources.
· only applies if all circuit components have linear voltage-to-current relationships.  These kinds of components include:

· all independent sources (voltage or current)

· resistors

· dependent sources (voltage or current) with constant coefficient (gain)
· capacitors and inductors
· procedure to apply superposition:

· activate one independent source at a time; deactivate all others (i.e., replace indep. voltage sources with shorts and indep. current sources with opens)
· leave dependent sources alone

· find desired voltage(s) and/or current(s) due to the active source

· repeat the above 3 steps for each individual independent source in the circuit
· add together the components of the desired voltage(s) and/or current(s) due to the individual sources to find the actual (total) voltage(s) and/or currents(s)

R-2R resistor networks

· used to construct practical D/A converters

· classical example of the application of superposition principle and Thévenin/Norton equivalent circuits
Inductors

· time-varying magnetic field causes voltage to appear across terminals (this voltage is sometimes called the “back emf,” where emf stands for “electromotive force”)
· unit is the Henry (H)
· circuit symbol  
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· current-voltage relationships

· passive sign convention – use pos. form if i flows into pos. side of v
· 
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· current through L must be continuous over time, but not voltage across L
· voltage across L can change instantaneously, but not current through L
Capacitors

· unit is the Farad (F)

· circuit symbol  
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· current-voltage relationships

· passive sign convention – use pos. form if i flows into pos. side of v
· 
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· relationship between charge on plates and voltage:  q = Cv
· current-charge relationship:  
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· voltage across C must be continuous over time, but not current through C
· current through C can change instantaneously, but not voltage across C
Capacitors and inductors in DC (non-time-varying) circuits

· capacitors act as open circuits, once equilibrium is reached
· inductors act as short circuits, once equilibrium is reached
Non-ideal inductors
· internal resistance can be significant and is distributed among inductor windings

· internal resistance can be modeled by a resistor Rint in series with ideal inductance L
· voltage across a real inductor is the sum of the voltages across ideal inductance L and internal resistance Rint
Relevant course material:  

HW:

#7-#8
Labs:

#8-#9
Textbook:
Sections 2.5 through 2.6; Sections 3.1 and 3.2,

although not all topics in Sec. 3.2 was covered
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