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Problem 5.1
a) For an arbitrary normal incidence wave with E, = XE e ™

E, =XTE,e ™,

From air to glass,
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The transmission coefficient for normal incidence from air to glassis therefore,
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The electric field of the sunlight entering the solar house is therefore,
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From air to glass, y
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They component of the wave does not encounter any boundaries. Therefore, we
can conclude that power is conserved in they direction. The ratio of incident and
reflected power, therefore, depends on the z component.
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Problem 5.2

a)

Define our coordinate system as in Figure 9.36 of the text, making the radiation
pattern (Figure 9.37) of arectangular aperture applicable, for which we have:
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Thefirst nullsin the x and y directions for the two scenarios are calculated as
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If L, =15cm, thena,,,=02anda, , =0.033
If L ,=90cm,thena, ,=0.033anda,,, =02

Since we want the radar beam to be more directed (narrower) on the horizon ('y
direction), we choose the configuration that gives us the closest null inthey

G(k,.k,) =

direction|{ Therefore, we want the short axisto be oriented vertically (L, = 15cm).




b)

d)

When we scan the horizon, a narrower beam will help us pinpoint the location of
the objects more accurately. Also, because of the curvature of the earth, aless
directed beam in the x direction will help seeing objects that are far away.

The beam axisis z. Thefirst nulls of the radiation patter areat a, ., = 0.2rad and

x null

a, .= 0.033rag. Because q issmall, the angle at which these nulls occur can be

approximated by a, ,, and a
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Assume we have an arbitrary transmitter/receiver radiating towards the ship’s

retro-reflector plate. At the transmitter/receiver we have:

Ptr: power transmitted; G: gain of transmitter/receiver; A: effective area of the

transmitter/receiver.

The power received at the transmitter/receiver reflected back from the retro-

reflector plateis given by the radar range equation,

P« =P, (;aeGI 0 ] , Where s isthe scattering cross section of the plate. We
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want to find what this scattering cross section is. We also want it to be

independent of the distance r, Ptr and Prec of this arbitrary transmitter/receiver. In

order to do thislet us consider the problem from the reflector’s point of view. For

the reflector plate we have:

Arp: effective area of the reflector plate; Grp: gain of the reflector plate. The

: P,G :
power received by the reflector plateis: |PY. = ﬁ | and the power reradiated
back to the transmitter/receiver is. P, = P.. The power received by the
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transmitter/receiver is: | P = (@pr)? — A GA|
Now setting the two P expressions equal to one another and using the
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relationship — =— =—, we have:
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Saly’sradar is the transmitter and receiver.
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where A = (0.15m)(0.9m)=0.135m".

Along the z axis, maximum G =1.885x10°
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Problem 5.3

a) The loop needs to be oriented so that the normal vector of the surface of the loop
is perpendicular to the receiver-sun axis. In other words, the surface normal

vector of the loop needs to be perpendicular to the k of the incoming wave, and
paralel tothe H field of the incoming wave.
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Where the direction of propagation (z) and the direction of the magnetic field (y)
are chosen arbitrarily.
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d)

f)

9)

Since the terrestria surface is modeled as a perfectly conducting mirror, the
incident wave is perfectly reflected. Asaresult, a standing wave patternis
created above the surface (Figure 4.6 on pg. 131 of the text). Since we want to
maximize the magnetic flux going through the surface of the loop, we need to
place the loop where the standing wave envelope of the magnetic field has a
maxima. Therefore, we can place the loop at a distance that is a multiple of

IE =5m from the surface.| Furthermore, since the incident radiation is

perpendicular to the terrestrial surface, the magnetic field is polarized parallel to
the terrestrial surface. Therefore, we orient the loop such that the surface normal
vector of the loop is parallel to the terrestrial surface.

The maximas of the magnetic field standing wave pattern now occur at multiples
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10m and 20m away from the surface. Sincethisisa TE wave, the total magnetic
field is il polarized parallel to the terrestrial surface in the plane of incidence.
Therefore, we orient the loop such that the surface normal vector of the loop is
paralle to the terrestrial surface and in the plane of incidence.

=10m.| Therefore, two places where we can place the loop are

The maximas of the magnetic field standing wave pattern occur at the same points
asthe TE wave. So the loop should be placed at the same distance away from the
ground as the TE wave. However, since the magnetic field of aTM waveis
normal to the plane of incidence, the loop should be oriented such that the surface
normal vector of the loop is aso normal to the plane of incidence.
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