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Question 1

In free space, your source emits a wave having E(z,t)=4,10°sin(wt—£z) V/m.
Determine H(z,t).

Dans le vide, votre source émet une onde ayant E(z,t) = élle3 sin(wt—Bz) Vim.
Déterminez H(z,t).
Solution:
kxE 2xy10°sin(at-Bz)
n 1207
=—%2.65sin (ot — Bz) = %2.65sin (wt — Bz + 1)

= >‘<2.65cos(a)t -Pz+ %)

H(z,t)=
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Question 2

You have a conducting media, in which o =5.8x10" S/m, x = 1 and the frequency is f =100 MHz,
calculate:

Vous avez un milieu conducteur, dans lequel o =5.8x10" S/m, i = 1 et la fréquence est f =100 MHz,
calculez :

(a) the propagation constant y / la constante de propagation y;

Solution: y=a+jp

o = f=\[rTuo = [z(100x10°)(47x107)(5.8x10") =1.513x10°

Therefore y =1.513x10°(1+ j)m™

(b) the intrinsic impedance 7/ I’impédance intrinséque 7 ;
Solution:

., 1.513x10°

7. =(1+ j)%:(l+ D) gqg =0-00261(L+ ) ©
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(c) the propagation velocity uy / la vitesse de propagation uj.

Solution:

6
L [T 47(100x10°) _s52ms
" N uo \(4rx107)(5.8x107)
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Question 3

A wave in medium 1, travelling in the z-direction, is normally incident on medium 2 atz=0. The
media are nonmagnetic. The electric fields in the two media are

Une onde dans le milieu 1 se propage dans la direction z. Cette onde est incidente a la normale du
milieu 2 a z = 0. Les milieux sont non-magnétiques. Les champs électriques pour les deux milieux sont

E,(z,t)=4,7co0s(27 x10°t - 272) -4, cos (27 x10°t + 272) V/m,
E,(z.t)=4,6cos(wt—kz)V/m

(a) What is the reflection coefficient? / Quel est le coefficient de réflexion?

Solution:

(b) What is the transmission coefficient? / Quel est le coefficient de transmission ?

Solution:
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(c) What is the frequency in medium 2? / Quelle est la fréquence dans le milieu 2?

Solution:

f =100 MHz

(d) What is the wavelength in medium 2? / Quelle est la longueur d’onde dans le milieu 2?

Solution:

r T, —1 2n, ' n,-n —]/7 1 2
= , T = , S0 —=—== =——,S0 -, =——
g 2n, 67" & =1 6772

n,+m m,+m T

k= O\ HE =—[H & SO —= k 1’%
\/7 12072. :ur SO 772 grl
V V ng

Therefore = 2_ = (27r)
k1 772 3 3

00

&3’

Since kzz—”,then /12:§ m
A 4

NB. ¢,=9, ¢,=16
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Question 4

All parts of this question must be done using formulae. Explain what you are doing.

Toutes les parties de cette question doivent étre résolues avec les formules. Expliquer ce que vous
faites.

A 6-m section of 1.5-Q lossless line has a phase velocity of 3x10° m/s and is driven by a source with
v, (t) = 5c0s(67x107t—30") V and Z, =150, as shown below.

If the line is terminated in a load impedance of Z, :(1.5— jO.S)Q , find the following:

Une section de 6 m d’une ligne de transmission sans pertes de 1.5Q a une vitesse de phase de 3x10°
m/s et est actionnée par une source v, (t)=5cos(6rx107t—30") V et Z, =1.5Q, comme montré ci-

dessous.
Si la ligne est terminée par une charge d’impédance Z, = (1.5— jO.S)Q , déterminer ce qui suit :

0 ST

(@) The wavelength 4 / La longueur d’onde £ ;
Solution:
8
u 27y, B 27[(3><10 )

f w 677 x10
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(b) The input impedance, written as a magnitude and phase;
L’impédance d’entrée, écrite sous la forme d’amplitude et phase,

Solution: Pl =2—ﬂ-6:l.27z
10

S :Zo{zLﬂ'zotan(ﬂl)}
" Z,+jZ tan(Al)

(15— j0.5)+ jL.5tan(L.27)
1.5+ j(1.5- jo.5)tan(L.27)
(15— jO.5)+ j(1.5)(0.727)
1.5+ j(1.5- j0.5)(0.727)

_(15) L5+ j0.5905
1.8635+ j1.0905

_ 2.063+ j0.812

1709+ j

=[2.063+ jo.812j(1_709_ i
3.92

=1.107-j0.172

=(15

N—"

(15

N—"

= Z,, =1.12exp(-j8.8°)
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(c) The phasor input voltage, written as a magnitude and phase; and
Le phaseur de la tension d’entrée, écrite sous la forme d’amplitude et phase, et

Solution:

vz, (5e77)(112e) g geen

= - : = —__=21e v
Z,+Z, 15+1.107-j0.172 261e13®

(d) The time domain input voltage.
La tension d’entrée dans le domaine temporel.

Solution:

v, (t) = Re{V, exp( jat)} = Re{Vie'* | = Re {(2.1e"'35°)ej“’t} =2.1cos(67x10't -35°) V
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Question 5

Two lossless transmission lines are connected in series as shown in the figure below. Determine the
input impedance Z;,. This question must be done analytically. YOU MUST EXPLAIN what you are
doing.

Deux lignes de transmission sans pertes sont connectées tel que montré ci-dessous. Calculer
I’impédance d’entrée Zj,. Cette question doit étre résolue analytiqguement. VOUS DEVEZ EXPLIQUER
ce que vous faites.

Z.=(60-j35) 02

Zoz =50Q ZOl =100 Q

N

]
1

-~

Y - --

A

v ________§__

A

l, = 57/4 o 1L=3M4

Solution:
Z(I>=‘@=zo[ZL+?Zo‘a” (ﬂl)}
1(1) Z,+jZ tan(B1)
Zgl 100° _:|.002

Since tan (B1,) =tan(37/2) >, Z, = Z T60- B 4825(60+ j35)=(124.35+ j72.54) Q
60—

Since tan (S1,)=tan(57/2) — o,
_Zy 502 _ 50°
" Z, 12435+ j72.54 20725

(124.35- j72.54) = (15~ j8.75) O
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Question 6

This question must be done using the Smith chart.
Cette question doit étre résolue en utilisant I'abaque de Smith.

An open-ended shunt stub is placed a distance d = 0.236A from a load impedance Z, =40 +j 100 Q on
a 50-Q transmission line, as shown below. The stub admittance is —j1.85. A Smith chart is given on
which there are two constant-|I'| circles that describe this circuit. Using this Smith chart, answer the
following questions:

Un stub en circuit ouvert est place a une distance d = 0.236A de I’impédance de charge Z, =40 + j 100
Q sur une ligne de transmission de 50-Q, comme vu plus bas. L’admittance du stub est —j1.85. Une
abaque de Smith est donnée sur laquelle il y a deux cercles de |T'| constants qui décrivent notre circuit.
Utilisant I’abaque de Smith, répondez aux questions suivantes:

Load line
Circuit de la ligne

Feed line
Circuit d’alimentation

Matched element
Element d’adaptation

(a) What is the normalized load impedance?
Quelle est I’impédance de la charge normalisée?

Solution: Z, =(40+ j100)Q, Z, =509, therefore
, _ 40+ j100

=08+ j2
L 50 J
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(b) What is the normalized load admittance?
Quelle est I’admittance de la charge normalisée ?

Solution: From the Smith chart: y, =0.175- j0.43

(c) On the load line at M'M, what is the phase as noted from the position on the WTG scale?
Sur la ligne de la charge a M’M, quelle est la phase comme dénotée par la position sur 1’échelle
‘Longueur d’onde vers la génératrice (WTG)’ ?

Solution: From the Smith chart: 0.4344 +0.2364 —-0.54 =0.1704

(d) What is the input admittance of the through line at M'M?
Quelle est ’admittance d’entrée sur la ligne principale 8 M’M ?

Solution: From the Smith chart: y™ = 0.6+ j1.65

n

(e) What is the input admittance of the parallel combination of line and stub at M'M?
Quelle est ’admittance d’entrée de la combinaison paralléle du circuit de la ligne et du stub ?

Solution: Yin = Yir© + Y2 =(0.60+ j1.65)— j1.85=0.60- j0.20

() What is the reflection coefficient (magnitude and phase) at M'M?
Quel est le coefficient de réflexion (amplitude et phase) a M’M?

Solution: I'=0.2843%
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The Complete Smith Chart
Black Magic Design
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Question 7

You have a hollow metallic rectangular waveguide that operates at f = 1 GHz and it has dimensions of
5 cm x 2 cm. Does the TE,; mode propagate in the waveguide? Explain your answer.

Vous avez un guide d’onde rectangulaire métallique vide qui opére a f = 1 GHz et qui a des dimensions

de 5 cm x 2 cm. Est-ce que le mode TEy; peut se propager dans le guide d’onde? Expliquez votre
réponse.

Solution:

2 2 2
For a mode to propagate, (mj +(EJ <(£j must be satisfied.
a u

Here, m=2,n=1,a=5cm,b=2cm, u=c=3x10" cm/s

2 2 2 2 2 9 \2
MY (D) Z(2) (2} Coan, (2R} o[ 229 ) 00044
a b 5 2 u 3x10%

Therefore the TE,; mode does not propagate.
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Equation sheet / Page de formules

- - : Z, +Z,tanh (7|
1—‘=V_°=ZL Zo =|1—w|ej9r S=|Vmax|=1+|r| Z(l) V(I) Zo L 0 (7/ )
V) Z, +Z, V| 1T 1) Z,+Z, tanh(y1)
vxg=-22 vxH=J+22 V.D=p, V-B=0
ot ot
VxE =—jouH VxH=+jowsE V.E=0 VB =0 c=3x10®m/s
sin k r ”
- Ht:_l 77: E k:a)/#g F:E—OI 772 771 T = El—i T=1+r
sing, k, £ B, m+m B, m+m
r _ tr )
[, =T = oo = 20080 =meost & _ 27,0086 £, =8.85x107 F/m
E, 7,C086, +n,coso, E, 17,€080, +1,C086,
r _ ] tr ]
Iy =Ty = E_? _ 7720086, — 17,086, 7y =T = Ec; _ 217,C08 0; 4 = 47 %107 H/m
E, 77,C086; +n,C080, E,  77,C086; +n,C0S0,
Dans I’air/ in airn = 120 © =377 Q E=¢,8, ,6’=2—7[ n=\ue = =
A Ho&g
D=¢E B=uH J=0cE o=2rf f=u/
VZE+kS°E=0 VPH+K H=0 k, =\ ue, HzlékxE
n
V() _, [Z.,+iZ,tan(B)) - .o )
S=ExH Z(l)=—= — S,, =3Re[ExH"T (W/m
) =10 (ZO+jZLtan(,BI) w =3 RE[ExH ] (Wim')
[ A . I T
I = e n? (n=0,1,2....) where/ou 8, =0 if/si n,>n, andlet 6, =x if/si n,<n,
T
General Case Lossless Low loss Good conductor
Cas général Milieu sans Milieu a faibles Bon conducteur
pertes pertes
- 1%

2
a n
w4t ue' 1+(8—j -1 0 g |H V7 fuo
£

(Np/m) 2

" 2
b ols| 12 ] oz oz JrTuo

(rad/m)

& \/Z(l ,_)y u u @)%
Q) &' &' &£ £ o

Up

w
- p P iz uo
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2 2 2

g p 1 o S _ 315 1-|rf S =7 THEW
av(z)_z 277: 1av(z)_22—771*( _|F| ) 2av(z)_22—77;
Bl 1410 e
"L, o T
fm,n 2
fi" = 5 1#5 \/(%)2 +(%)2 p= k,/l—( g %j
Loy = EX = :_%:

Table 6-2: Boundary conditions for the electric and magnetic fields.

Field Components General Form Medium 1 Medium 2 Medium 1 Medium 2
Dielectric Dielectric Dielectric Conductor
Tangential E ﬂg X (EL —Eg) =0 ELI = Egt En = Egt =0
Normal D fip - (D —Dy) = ps Dy — Doy =ps Din=0ps Dy =0
TangentialH ﬁgx (HL _H2)=J5 Hn =H21 Hn:.fg H9_1=0
Normal B ﬂg(BL—Bz)ZO BlnzBﬁn BLHZBQHZO

Notes: (1) ps is the surface charge density at the boundary; (2) J; is the surface current density at the boundary;
(3) normal components of all fields are along fio, the outward unit vector of medium 2; (4) £y = Foy implies that
the tangential components are equal in magnitude and parallel in direction; (5) direction of J; is orthogonal to
(H, —Hy).

Paramétre Coaxiale (Coaxial) Bifilaire (Twin lead) Plaques paralleles
(Parameters) (Parallel Plate)
R (©/m) &(LEJ R 2R,
2r\a b ra
' H nlb u ud
L' (H/m -—In ZIn(D HY
(Him) A “1n(D) «
2ro o ow
G' (S/m i
(S In(0 In(D) d
a
C' (F/m) one ze aw
In(0 In(D) d
a
f d dy
where/ol R, = 2K D=—+ (_j -1
o, 2a 2a
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