ELEC 105
Fundamentals of Electrical Engineering
Spring 2010
Review Topics for Final Exam
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.
Operational amplifiers
· op-amp equivalent circuit model
· ideal op-amp characteristics
· infinite open-loop gain AOL
· infinite input resistance Ri between input terminals, so zero current flows into the inverting and non-inverting inputs
· zero output resistance Ro in series with voltage-controlled voltage-source

· negative feedback (summing-point constraint)

· must be able to trace a circuit path (not through reference node) from output terminal to inverting input terminal

· zero voltage drop across input terminals

· zero current into/out of input terminals

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

· usually used for power supply voltages (VPOS and VNEG)

· wire ending in a labeled circle

· current can flow into/out of labeled circle that indicates node because components are present that are not drawn on the diagram
· analysis of ideal op-amp circuits
· don’t have to use equivalent circuit of op-amp

· nodal analysis is your friend

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

· usually no effect of load (typically labeled RL) on gain

· standard inverting amplifier circuit
· standard non-inverting amplifier circuit

· voltage follower (special case of non-inverting amplifier)

· real op-amp:  voltage across inputs (v) typically in the V range 
· actual output voltage limited by power supply voltages (clipping or saturation)
· op-amp output current

· supplied by power supplies

· can flow into or out of output terminal

· usually limited by internal protection circuitry (for 741, limit is ~25-40 mA)

· can’t write nodal equation for output node of op-amp because output node is connected to voltage-controlled voltage source (must write vo = AOLv instead or ignore output node; usually want to express vo in terms of other parameters anyway)

· gain control resistor and load resistor values

· all resistances should be large enough so that output current remains below limit
· resistances should be small enough to minimize noise pick-up and changes due to environmental effects (such as dirt and high humidity)

· values in the 1 k to 1 M range are typical

Sinusoidal signals (sinusoidally time-varying voltages and currents); usually called AC
· example:  v(t) = Vm cos (t + )   (use of cosine functions is standard)

· Vm = amplitude or magnitude (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)

· = phase (in degrees or radians)

·  = 2f
· period T = 1/f (time duration of one sinusoidal cycle)

· relationship between rms values and magnitudes for sinusoids
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· A sinusoidal source (the stimulus) causes all of the other voltages and currents in a circuit (the response) to be sinusoidal at the same frequency, but they will not generally have the same magnitude and phase as the source.
· advantages of/reasons to study AC include:

· for power transmission, AC is much easier to convert from one voltage level to another than DC; allows low-loss transmission of power at 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 at a single frequency, at multiple frequencies, or over a continuum of frequencies

Phasors

· by convention in EE, a phasor represents a cosine function of time
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, where V is a complex-valued phasor
· magnitude (amplitude) of cosine function = magnitude of phasor

· phase of cosine function = phase of phasor

· a given phasor representation (its complex value) is valid only at a single frequency (however, phasors can be expressed as functions of frequency)

· in EE, 
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; j is used instead of i because i is used to represent current
· phasors may be used to evaluate the sum (or difference) of two or more sinusoids at the same frequency, but not a product (or quotient) of sinusoids
· although impedances are complex numbers, they are not phasors, because they do not represent sinusoidal signals

· representation of phasors:

· polar form (using the angle symbol); example:  
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· polar form (complex exponential); example:  
[image: image6.wmf]V

3

.

0

3

.

0

6

30

p

j

j

e

e

=

=

°

V


· rectangular form; example:  
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· phasor diagram (vector in complex plane) can also be used
· conversion from one form to another

Sinusoidal steady-state AC circuit analysis using phasors

· impedance:

· resistor:  ZR = R
· inductor:  ZL = j(L
· capacitor:  
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· general complex impedance: Z = R + jX
· X = reactance

· inductive reactance is positive (impedance of inductor is positive imaginary)

· capacitive reactance is negative (impedance of capacitor is negative imaginary)

· Ohm’s law for impedances: V = IZ
· equivalent impedance of N impedances in series:
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· equivalent impedance of N impedances in parallel

· 
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· KVL, KCL, voltage-divider formula, current-divider formula, mesh analysis, nodal analysis, Thévenin equivalent circuits, Norton equivalent circuits, and other analysis techniques all apply to impedances and phasors.
Resonant circuits

· resonant frequency o of a simple series or parallel LC resonant circuit is given by
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· series resonance: C and L in series; capacitive reactance equal in magnitude to inductive reactance; equivalent impedance of series combination is zero

· parallel resonance: C and L in parallel; capacitive reactance equal in magnitude to inductive reactance; equivalent impedance of parallel combination is infinity
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