ELEC 306
Problem Set 8
Due: October 31, 2014

Homework Problems.
Work the following problems in Sadiku:

H8.1 10.40
H8.2 10.61
H8.3 10.67
H8.4 10.70

H8.5 Although Sadiku covers oblique reflection from the surface betweenisteatrics, he neglects oblique
reflection from a conductor, which is a simpler problem. Perhaps he irddéodeave it as a homework
problem, but he neglected to do that as well. We will remedy these oversigthtshe following
problem:

A parallel polarized plane wave with electric field
E — EORe[ej(k~r—wt)]

is incident on a flat perfectly conducting surface at an angle of incelén€or the reflected wave find:
the direction of propagation, amplitude, phase, and polarization.

Real Problems.

R8.1 Microwaving a hamburger. The detailed physics of microwave cooking are sufficiently complex that
at least one PhD thesis has been written about it. However, like most prebpable of being made
arbitrarily complicated, this one can be make sufficiently simple to be solvable withded effort.

So let’s start simplifying.

¢ Areal microwave oven has a complex standing wave pattern causeddwuticets from the walls.
We will assume our hamburger is in a totally absorbent chamber (or free)spad irradiated by
a uniform plane wave travelling in thez direction (from top to bottom).

¢ We will model the hamburger as a slab of uniform thicknessid diameted, with d > h, lying
on the x-y plane, centered at the origin.

e A real hamburger contains a large number of ingredients of widely varyiagerties. We will
worry about only two of them, the bun and the hamburger patty. A bit ofarekeyields the
following values for the dielectric and thermal properties of hamburgeedignts at 2450 MHz,

300 K:
Material ¢/ €. k P Cp
Wm 'K kgm™2 Jkg ! K!
Bun 46 0.6 0.45 800 2850
Patty 43.0 15.0 0.49 1070 2510

Now let’s get down to work:
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(@ A useful tool for a simplified analysis isambert's law which statesP(z) = Pye 2%* wherea
is the attenuation coefficient arf€} is the power flux at = 0. Show that Lambert’s law follows
from the properties of EM wave propagation in a lossy dielectric.

(b) Lambert’s law tells us how much power fisansmitted into the hamburger, but the cooking is
done by the poweabsorbed by the hamburger. Show that the power absorbed per unit volume is
p(2) = 2Pyae 20,

(c) For this part and the next, assume that we are cooking only the hambuattyer We’'ll worry
about the bun later. The hamburger patty is 1-cm thick and the power fltheampper surface of
the patty is3 W /cm? at a frequency of 2450 MHz. Plot the power absorbedXifcm?) vs depth
into the patty.

(d) Insome sense, the power absorbed per unit volume tells us how fastrobulger is cooking, but
a more conventional indicator would be how hot it is getting (i.e. its temperatGregn that we
know the power density and the thermal properties of the patty, it is simple tthientémperature
at all points. All we have to do is solve tlieat conduction equation: pCp%—f = kEV2T + p(r)
whereT’ is the temperature,is the absorbed power densipis the density of the materialy, its
specific heat capacity, ardts thermal conductivity. However, this looks like a lot of work. Since
we're supposed to be simplifying things, let's simplify this by assuming that fieetedf thermal
conductivity is small compared to the rate of power absorption. In this caseaw neglect the
first term on the right, Ieavinng%—f = p(r). Using this simplified model, pldt’ vs depth in
the sample after one minute of cooking, assuming an ambient temperature I¢f ®tat is the
average temperature?

(e) Repeat parts (c) and (d) for the bun, assuming a thickness of 5 cm.

(f) Lambert’'s law assumes that the thickness of the slab is much larger than #teatien depth.
If it isn’'t, we have to worry about reflections from the bottom surfacehef slab. What is the
penetration depth of our two ingredients?



