Problem 1 (8 parts, 6 points each)

1) A specific intensityt; is produced by a source at the origin and propagates in free space.
At a distanca from the origin, this specific intensity will be
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2) The first order iterative solution of the radiative transfer equation is used to predict the back-
scattering coefficiento,,, of a layer containing spherical Rayleigh scatterers. As the optical

thickness of the layer increases
(a) the backscattering coefficient will decrease significantly
(b) the backscattering coefficient will remain approximately the same
(c) the backscattering coefficient will increase significantly
(d) the backscattering cdigient may increase or may remain approximately the same
(e) none of the above

3) For a layer existing betwean= 0  and= 1,>0 , the boundary condifjiomn, 1) = 0

for -1 <u <0 can be interpreted as
(a) there is no merse going dffise intensity entering the back boundary of the layer
(b) there is no forward going diffuse intensity entering the back boundary of the layer
(c) there is no reverse going diffuse intensity entering the front boundary of the layer
(d) there is no forward going diffuse intensity entering the front boundary of the layer
(e) none of the above

4) In continuous random medium theory, the radar cross section per unit volume of a random
medium measured at frequenty ais . The radar cross section per unit volume at frequency

2f, is then
(a) 20,
(b) 40,
(c) 8a,
(d) 160,
(e) insuficient information to answer this question




5) Which of the following statements is true regarding models of continuous random media?

(a) A medium modeled with a Gaussian correlation function will contain refractive index
fluctuations in a wide range of length scales

(b) A medium modeled with a exponential correlation function will contain refractive index
fluctuations in only a narrow range of length scales

(c) A medium modeled with adfnolgorov spectrum will contain refracte inde fluctua-
tions in a wide range of length scales

(d) the amount of scattering observed will decrease as the variance of the refractive index
fluctuations increases

(e) none of the above

6) The average coherent reflection coefficient of a Gaussian random process rough surface is 0.15
at incidence anglé; = 30° . Using the physical optics approximatio®, as is increased to

angles greater thas0°

(a) the coherent reflection coefficient will decrease

(b) the coherent reflection cdiefent will increase

(c) the coherent reflection coefficient will remain the same

(d) the coherent reflection coefficient may increase, decrease, or remain the same depending
on the surface rms height

(e) the coherent reflection coefficient may increase, decrease, or remain the same depending
on the surface correlation function

7) The first order SPM predicts a Bragg scattering response where the scattered power at a partic-
ular angle is directly proportional to the surface power spectral density at the Bragg wavenumber.
This Bragg wavenumber

(a) depends upon the propaign angles of the incident and scattereslas

(b) depends upon the polarization of the incident and scattered waves

(c) does not depend upon the electromagnetic frequency

(d) depends upon the surface statistics

(e) none of the above

8) When computing the physical optics prediction of the incoherent radar cross section per unit
area of a Gaussian random process surface,

(a) itis required to assume that the surface has a Gaussian correlation function

(b) it is required to assume that the surface rms height is very large compared to the electro-
magnetic wavelength

(c) it is required to assume that the surface correlation length is small compared to the elec-
tromagnetic wavelength

(d) it is required to assume that the surface slope variance is large

(e) none of the alve




Problem 2 (4 parts, 52 paints).
Choose an appopriate theory for evaluating each of the following requests.

(a) a radar system operating at 14 GHz measures VV backscatte®hg-a60° from a PEC
surface with a power law spectrum:
1 010
W(Kk,, k) = — O=0for k,>100 rads/m
10 Eka

W(K,, ky) = 0 otherwise.
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wherek, = /K, +kj .

These definitions result in a surface rms height of 0.3 mm. Find the radar cross section per unit
area in this problem.

This surfice oliously has a small height compared to the ElelengthA = 2.14 cm. There-
fore use the SPM:

2
Oyy = AT (1+ (sin®,)?) "W(2ksin6;, 0) = 4n(293.2154%l+382W(507.86 0
= 4.276x 10" = -33.69dB

(b) a radar system operating at 2 GHz measures HH backscatteding it5° from a PEC
Gaussian random process surface with a Gaussian correlation function. The surface has rms

height 2 m, correlation length 10 m, and slope variaice 0.08 . Find the radar cross section
per unit area in this problem.

In this case, the rms height isdarcompared td = 15 cm, so we must use PO, correlation
length is long enough for this to be reasonable. Since it is havdltae the true PO series, it
seems more reasonable to use GO here, note

kg = 2kcosB;h = 0—15(2)00315° = 161.84is >>1 clearly this is the GO limit.

Now

o 2
o, = k_z[(1+ coseicoses)coscps—smeismGsTD Kg 1l 2on O ky O

cosB; + cosH Tt Lbosp, 0] K2 s° expg 2K, 25

Note kdzs = %4f500515°820.08 = 523.86(rads/m)"2.
kgp = 2ksin®; = 21.683rads/m. Thus
2(41.89 %0 1

xp(-0.4487) = 4.58= 6.61dB.
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(c) a radar system operating at 4 GHz measures the backscattering coefficient of a layer of
Rayleigh scatterers & = 45° . The scatterers have albedo 0.3 and the optical thickness of the

layer isty, = 0.3 . Find the backscattering coefficient of the layer.

Use the first order iterag approximation since the optical thickness is smadin é¢hough the
albedo is lage:

Opy = %%ﬁ%ﬁosei(l—e_msew (0 34 E{l e 2032y = 0,091 = —10.41dB.

(d) a radar system operating at 2 GHz measures the radar cross section per unit volume of a
continuous random medium described by the Booker-Gordon formula]nﬁ[ﬂ\: 107 and

I = 2 m. Find the radar cross section per unit volume in this problem.

Use the continuous medium theory:
o = 2mk*(siny)*W, (k)

For backscatteringk, = 2ksing X = UA'—I[b = 83.776rads/m. Alsox_= . We need
2.3 5

W.(ky) = EhleI [ 1 2} 10 Z(S)D 1 [F = 1.028x 10" meters cubed.
i [1+ (k) 7 M+ ([283.776%

Finally

o= 21@02”5(1 028x 10%%) = 1.99x 10° = —57 dB.



