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Problem 1

A plane sinusoidal EM wave (f = 9 GHz) propagates from a medium with electric permittivity
&1 = 4 (assume ur = 1 for both media) into free space. The expression of the incident electric field
is:

. Vi, A7
Ei(zy) = —ii, e 7 P1Zoi TPy \//m

1) What is the polarization of the incident field (specify the details of the polarization)?
2) Determine the value of the electric field in A(z=1cm,y =0m).
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Solution
1) The wave polarization is linear, specifically a TE component (along -x).

2) The incidence angle can be derived, for example, from the y component of £

By = By sin(8) = BiV2/2 > sin(0) =v2/2 > 6 = 45°

To determine the transmitted wave, it is first necessary to calculate the refraction angle, which is:

£
0, = sin~1| sin (8) ng = sin"!(V2) ~ sin™1(1.4142)

T2



This is the sign of an evanescent wave: this wave is totally reflected, but the electric field will
penetrate in the second medium. The expression of the transmitted field will be:

Eo(2,y) = —fi, (1 + Tpp) e~B2s7eiBoyy \im
Asin A, y= Om-> Et(Z,y =0 m) = _ﬁxFTE e JB2z2Z2 \/Im

Let us calculate £,,:

2
B2z = B2 cos(6,) = ,82\/1 — [sin(6,)]? = 30\/1 — [sin(8,)]2 = By |1 — V2" = ByV—1
= ijﬁo = —jﬁo
The negative sign is chosen to obtain a physical solution:
e_jﬁzzz — e_j(_ j.BO)Z — e_BOZ
The reflection coefficient can be calculated as:

mo=— = 266.60

cos(0)/e
o Mo .
=——F—F—=—-=j377Q
2= cos(O Ve, —J 7

The choice of the negative sign in n, is consistent with the one in 3,,.

r="2""2_ 33440943
N2 +mM
Therefore:

E,(A) =E(z=0.01m,y = 0m) = —ji,(1.334 + j0.943)e %01 Ao = —i (0.202 + j0.143)
V/im

with 8, = 188.62 rad/m.



Problem 2

A plane wave (linear vertical polarization), propagating in free space and whose absolute value of
the electric field is |E| = 1V/m, is received by a linear vertical antenna (same direction as the
wave polarization, gain G = 6 dB). The power available at the generator section, assumed to be
equal to the power received by the antenna, is conveyed into the receiver RX via a lossy coaxial
cable (attenuation constant « = 30 dB/km), with intrinsic impedance Zc = 50 Q. The antenna acts as
an equivalent generator with internal impedance Za = 100 Q. The RX, which acts as a load, is
matched to the transmission line. The frequency is f = 600 MHz. The line length is I =5.2 m.

1. Determine the power absorbed by RX, Prx.

2. Calculate the absolute value of the voltage at section BB.
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1) The wavelength is 4 = ¢/f = 0.5 m. The available power is calculated from the power density of
the incident wave and the antenna effective area. The former is:

Solution

S 1—|E|2 1.3 mW/m?
== = 1.3 mW/m
2 no
The latter is:
/12

Apy = —G = 0.0792 m?
RX = 2o m

Therefore, the available power is:

Py = SAgxy = 1.05 x 107* W

Having a look at the impedances, there is match at the load section, but not at the generator one. In
this case, there will be only one reflection in the circuit, specifically at section BB. Therefore, the
power absorbed by the load is:

P, = Pay(1 = [[y[)e 72

The reflection coefficient at section AA is given by:

_ Zpx — Z¢ —0

C Zpx+Zc
Therefore, at section BB:

Tgp = e ?%e 2Bl = 0 > Zgg = Zc
Finally:

T =ZBB_ZA =ZC_ZA
9 ZpptZy Zc+2Z,
The attenuation coefficient is converted in Np/m as:

a
% L 0.0035N
% = 5686 x 1000 003> Np/m

Therefore:
P, =Py(1—|I,)e2® =9x 105 W

L

= —0.333

2) First, we need to calculate the voltage of the equivalent generator as:



V| = \/Py8Z, = 0.29V
Recalling that Zgs = Zc, the voltage the can be partitioned as follows:

ZBB ZC
Vepl = Vlg———= 1V = 0.0967 V
Veal = V15— = IVl




Problem 3

An automotive Radar transmits an electromagnetic pulse with a total bandwidth of B = 1 GHz
centered about a carrier frequency fo= 77 GHz. The signal is reflected by a pedestrian passing by at
a distance of 15 meters from the Radar, and the reflected echo is then received by the Radar after a
time 7.

1. Write the expression of the complex transmitted signal, of the complex received signal, and
of the complex received signal after demodulation (the complex envelope).

2. Assume that g(t) is a chirp signal, g(t) = rect (%) exp(jmKt?). Determine the value of the
chirp rate K assuming a total duration T=100 microseconds.

3. Describe a procedure to measure the distance of the pedestrian from the Radar.

4. Evaluate the temporal and spatial resolution of such measurement.

5

Comment on why you can achieve a temporal resolution much better than pulse length.
Solution
1)
sex(t) = g(t) - e/?hot
Spx() = 57t — 7) = g(t — 1) - eJ27o(t-D)
2(t) = 5, (t) - e J2mhot = g(t — 1) - e=J2WhoT
2) For chirp B = KT, hence K= B/T = 11001 — 1013 Hz/s

3) cross-correlating the complex envelope with the transmitted pulse g yields a sharp peak centred
about 7 :

z(t) * conj(g(—t)) = Tsinc((t — ©)B) - e~/2mfo?
the delay can therefore be measured by the peak position. Once the delay is known, it is converted
into distance as R = %r
H)Ar=>, AR=SAr==5,
B 2 2B
5) What matters is pulse bandwidth, not pulse length.



Problem 4

A signal s(t) with total (two-sided) bandwidth B = 2 MHz arrives at two receivers following two
distinct paths. The signals output at the two receivers are modeled as:

d,(t) = s(t) +s(t—1q)

d,(t) = s(t) +s(t —1,)
Where t; = 1 microsecond and 7, = 1.5 microseconds.

3. Calculate the expression of the Fourier Transforms of d,(t) and d,(t) and draw the graphs
of their absolute values, having care to highlight the positions where they are null (for this
point, you can approximate S(f) to a rectangular pulse in the frequency domain).

4. Propose a procedure to restore s(t) using only d,(t). Is it possible to obtain s(t) with no
errors?

5. Propose a procedure to restore s(t) using d,(t) and d,(t). Is it now possible to obtain s(t)
with no errors?

Solution

1) Taking the FT:

d.(f) =s(f)- (1 + exp(—errle)) = s(f)H.(f)
dy(f) =s(f)- (1 + exp(—janTZ)) = s(f)H,(f)

d,(f) = 0 when exp(—j2nft,) = —1,sowhen 2nfr; = 2k + D =>f = (Zf: >
1

With 7; = 1 microsecond one has f = 0.5 MHz for k =0 and f = —0.5 MHz for k = -1. The other
values of k are not important since they result in values of frequency outside the spectral support of
the signal.

Similarly for signal d2 (for k = -1, 0, 1). The graphs are shown here below
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2) The procedure would be to convolve d; for a filter u whose frequency response is the inverse of
H,(f) = 1+ exp(—j2nft,), but this cannot be implemented exactly since the frequency
response cannot be inverted when it is 0. In this case, one could compute the inverse of a
modified version of H;(f) that shows no null values, such as H,(f) + €, with € a conveniently
small number. See the graph below for an example:
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3) Many answers are possible, all leveraging the idea to use both d, and d, to avoid null values
in the frequency domain. A simple solution could be to form a new signal d; = d; + d,.
In the frequency domain one has
d3(f) = s(f) - (2 + exp(=j2nfty) + exp(~j2nft,)) = s(FHH3(f)
H;(f) is never 0 within the signal bandwidth (see graph below), hence it can be inverted at all
frequencies.
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