ECE 457- Microwave Devices and Circuits

Fall 2026
Homework #2 Solution — Plane Waves
Due:

1. (a) Consider the phasor E—ﬁeld given by,
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From Amperére’s Law, V x E = jquE, so that

. . ) ()ﬂx ) é‘)ﬂy . fc-o
jth =1y 02 - 63 =J 1207\'(

20 + y) exp(—jkoz) or,

E = —(2i 4 ) exp(—jkoz)

where we have made use of the relation,
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The real part of the Poynting vector is give by,
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(b) Now consider the phasor E—ﬁeld given by,

E = 2(2cos koy + ejk”y) + z2sin koy



From Faraday’s Law, V x £ = —jwpuH, we have
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Note that wp/ky = \/ju /e =n.
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2. Consider two plane waves travelling in opposite directions:

L = g Ae™IM% 4 g Beiko:

(a) The magnitude of the electric field is,

\E| = )Ae_jkoz (1 + geﬁkoz) = A\/(l + g 005(2!;.0,2))2 + (% sin(Q.I;.Oz))Q

or,

B\? B
E| = _4\/1 + (E) + 27 cos(2ko2)




Clearly |E| is a function of position, z. The maximum value of |E| occurs when kyz = n,

where n is an integer:

B = A (1 + E)Q —A+B

The minimum magnitude occurs when koz = mm /2, where m is an odd integer:

| Emin = .4\/(17%2 —|A - B|

Because maxima occur when z = n7m/ko = nA/2 and minima occur at = = mn/2ky =

'm/\/4 (m is odd), the distance d between adjacent minima and maxima is,
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d= 1 a quarter wavelength

(b) From Faraday’s Law, the magnetic field is
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Thus,
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(¢) The wave impedance is the ratio of the electric field phasor amplitude to the magnetic

field phasor amplitude:
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(d) If A = —B, then
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. Standing Wave Ratio (SWR)

(a) for a uniform plane wave travelling in free space, B = 0 and

E=:A¢77%* . |F|pax=|Elmn=4 — SWR=1

(b) for a plane wave incident on a planar dielectric with refractive index 7,
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Thus,
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(¢) Suppose SWR = 3 and the distance to the first Efield minimum is 30/ 16:
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and the minimum occurs where,

expli(¢p + 2koz)] = —1

Note that if the interface lies at z = 0, then the value of z where the minimum electric field

occurs will be negative. Thus, we have,
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4. For a “good” conductor, o = we and

Z= /1 +3)
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Thus,
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where we have used the relations,
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For a good conductor, kgds < 1 and from the Taylor series expansion, (1 +2) ' ~ 1 —z
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for |z| < 1. This gives us,
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Keeping only the largest terms, we have



|Pu|2 =1 21’60(53

Using the data tabulated in the text, we have:

i) for copper, @ = 5. ® S/m— 0z = Linm,
813 x 107 i) 660.6

1 — [To|2 (dB) = 101og(2koeds) = —35.6dB

(ii) for brass, ¢ = 2.564 x 107 S/m — &, = 994.5nm,

1 — |Tg)2 (dB) = 101log(2kys,) = —33.8dB

iii) for stainless steel. ¢ — 1.1 x 10% §/m — &, — 4.8 m,
In

1 — [Tof? (dB) = 101og(2keds) = —26.9dB

5. Pozar. 1.7; A plane wave 1s incident on a dielectric slab. Refer to the figure below:
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(a) First consider the boundary at 2 = (). To the right of the boundary, we have only +=z

travelling waves:
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Inside the dielectric slab, we can write the total field as a superposition of two opposite

directions,

E,=FE.e " +F " Hy = E—:k T

Now, enforcing continuity of the tangential fields at z = (), we have
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where 1} = 1/t /€ and 10 = +/ o [ €0.
At 2 = —d, the fields in the slab are,
. . E, E_ .
Ey(z=—d)=E; ™+ E_ ™ Hy(z=—d) = —Le* — —e ¥
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The fields on the free-space side of the slab at z = —d are,
E, E
Eo=E,+E,; H= "’.?_Cl - ?:
Thus, applying Maxwell’s boundary conditions at 2 = —d, we have
E_ .
Ein _ % . 14 Eeﬂ’f‘j‘ﬂkﬁ] _ ?m] +1I'y (*)
Hy, Hyl:=—d 1- £ exp(—j2kd) 1-Tn

Ey

where I'y = E,./Ey. For d = Ao /4,/€, we have 2kd = 7 and thus,
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As a result, we find that

nr-ms  1—e6  1-—n?
S

TR 1+e  1+n2

(b) If the thickness of the slab is d = Ag/2,/€,, then 2kd = 27 and equation (%) above

reduces to,
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or,
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In other words, if the slab is a half-wavelength thick, then it is transparent to the incident

wave (no reflection occurs)!



