ELEC 120
Foundations of Electrical Engineering
Spring 2007
Review Topics for Exam #2
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 sheet in addition to those listed below.
Nodal analysis

· based on KCL applied to all nodes except reference node

· definition of node:  not just a “dot;” includes wires connected to dot(s)

· definition of node voltage:  voltage measured between a node and the reference node (ground); pos. side at node, neg. side at ground

· express currents flowing through resistors in terms of node voltages (use Ohm’s law)

· voltage source between nonref. node and ground establishes the value of that node voltage; a KCL eqn (nodal eqn) is not necessary for that node
· supernode required if indep. or dep. voltage source is connected between two non-reference nodes

· apply KCL to supernode
· the difference between the two node voltages in the supernode is equal to the voltage source connecting them (this replaces the “lost” equation)

· equations should have only node voltages as unknowns

· in general, the solution of a system of simultaneous equations is required (for N nodes, it’s N−1 independent equations in N−1 unknowns)
· “standard form” of system of nodal equations
· terms involving unknowns (node voltages) on left-hand side in same order

· terms involving known quantities on right-hand side

Mesh analysis

· based on KVL applied to all “irreducible” meshes

· definition of mesh
· definition of mesh current:  current assumed to circulate around a mesh, either clockwise or counterclockwise

· interior circuit branches carry two mesh currents; their difference = actual current
· express voltages across resistors in terms of mesh currents (use Ohm’s law)

· current source in an exterior circuit branch  establishes the value of that mesh current; a KVL eqn (mesh eqn) is not necessary for that mesh

· supermesh required if indep. or dep. current source is shared between two meshes

· apply KVL to supermesh
· the difference between the two mesh currents in the supermesh is equal to the current source they share (this replaces the “lost” equation)

· equations should have only mesh currents as unknowns

· in general, the solution of a system of simultaneous equations is required (for N meshes, it’s N independent equations in N unknowns) 
· “standard form” of system of mesh equations
· terms involving unknowns (mesh currents) on left-hand side in same order

· terms involving known quantities on right-hand side

Matrix equations

· used to express a system of simultaneous equations concisely

· equations must be set up in standard form
Operational amplifiers
· ideal op-amp characteristics
· infinite open-loop gain A
· infinite input resistance Ri between input terminals

· zero output resistance Ro in series with v-dependent v-source
· zero current flow into the inverting and noninverting inputs
· op-amp equivalent circuit model (for ideal case)
· open circuit between input terminals, with voltage v between terminals

· voltage-controlled voltage source determines output voltage (vo = Av)

· only applies when op-amp operates linearly (i.e., output voltage not being restricted by power supply voltages)
· closed-loop voltage gain vs. open-loop voltage gain

· virtual short if neg. feedback is present and op-amp output is not limited by power supply voltages
· ideal op-amp:  v = 0; non-ideal op-amp:  v typically in the range of V
· actual output voltage limited by power supply voltages (clipping)
· voltage bus notation (esp. useful for power supply voltages VPOS and VNEG)

· analysis of ideal op-amp circuits
· nodal analysis is your friend

· most important goal (usually):  closed-loop gain = vo/vin
· assumption of ideal behavior is sufficient for good accuracy

· no effect of RL (load resistance) on gain

· inverting amplifier circuit
· noninverting amplifier circuit

· voltage follower (special case of noninverting amplifier); used as buffer amp

· D/A converter circuit using multiple-input inverting amplifier configuration
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
Relevant course material:  

HW:

#4-#6
Labs:

#5-#7
Textbook:
Sections 2.1 through 2.4; “Thévenin’s Theorem” subsection of Section 2.5
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