
ECE 329 Review for Exam 2



Exam 2 info

• ECEB 1002 

• Thursday (10/18) 7- 8: 15 PM

• Cover Lecture 1-19

• HW 1-7
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Concept list

• Ampere’s law  (lecture 12 & 13)

• Faraday’s law  (lecture 14)

• Inductance (lecture 15)

• Charge conservation (lecture 16 & 17)

• TEM wave solutions (lecture 18 & 19)
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Ampere’s law
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• Ic stands for the net sum of all filament 
currents In crossing any surface S 
bounded by path C 

• The direction of flow is given by the 
“right-hand-rule”

• This is the volumetric current density representation of 
a surface current density Js(x, y) measured in A/m units 
flowing on x = xo surface.

• This is the line current I(z) measured in A units flowing in z-
direction along a filament defined by the intersections of x = 
xo and y = yo surfaces.



Draw the loop
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Faraday’s law
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• The right hand side of the integral form equation above includes 
the flux of rate of change of magnetic field B over surface S.

• Ψ is the rate of change of magnetic flux.

• Induced emf (short for electro-motive force) represents the work 
done per unit charge moved once around path C. 

• According to Faraday’s law it appears that a non-zero emf can 
always be caused by magnetic flux variations dΨ/dt
independent of how the variations are produced — the 
possibilities are:

1. Fixed C, but time-varying B,
2. B =const. (in space and time), but time-varying C (rotating or 

changing size),
3. An inhomogeneous static B = B(r) in the measurement frame 

and C in motion.



Inductance
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• This is the self-inductance and emf for an inductor consisting of n-loops.

• Inductance of long solenoid: 

• Consider a long solenoid with 
length ℓ, cross-sectional area A, 
density of N loops per unit length 
and n = Nℓ is the number of 
turns of the solenoid.

• Inductance of shorted coax:

• Consider a coaxial cable of some 
length ℓ which is “shorted” at 
one end (with a wire connecting 
the inner and outer conductors)



Charge conservation
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• Continuity equation is a mathematical 
re-statement of the principle of 
conservation of charge.

• The modified Ampere’s law postulated by Maxwell under 
the assumption that Gauss’s law is also valid under time-
varying conditions, leads to some specific predictions 
about how time-varying fields should behave.

• M is referred to as magnetization field; χm is a 
dimensionless parameter called magnetic susceptibility.



TEM wave solutions
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• The curl of Faraday’s law combines 
with the Ampere’s law to produce 
the 3D vector wave equation.

• 1D scalar wave equation is a field 
solution that only depends on z and 
t and “polarized” in x-direction.



TEM wave solutions
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1. Ex and Hy waveforms are proportional to delayed versions of 
surface current Jx(t) at each location z above and below the 
current sheet, with the reference directions of E and Js
opposing one another.

2. Fields E± are continuous on z = 0 surface in compliance with 
tangential boundary condition equations.

3. Fields H± exhibit a discontinuity on z = 0 surface that matches 
the current density of the same surface, once again in 
compliance with tangential boundary condition equations.

4. Opposing E and Js vectors on z = 0 plane indicate that the 
surface is acting as a source of radiated energy



Practice Problems
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Practice Problems
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Practice Problems
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Practice Problems
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