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Répondre a toutes les questions.
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Les calculatrices sont permises, mais ne doipastétre pré-programmées.
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Question 1

The input impedance for 400Q lossless transmission line of lengitl624 is (12+j42)Q.

Determine the load impedance using the Smith Caaglain what you are doing.

Une ligne de transmission sans pertesl@@Q et de longueut.1624 a une impédance d’entrée de
(12+ j42) Q. Déterminer I'impédance de charge avec I'abaquendiéh. Expliquer ce que vous faites.
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ORIGIN

Given: | =1.1621;

Z, =12+j42Q.

Z,=100Q;

15-70jQ

Solution: 0.064. — 1.162\ = -1.098\. Adding 1.5\ gives 0.402.. Z, = Z, (015-0.7j)
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Question 2

In a nonmagnetic medium, we have

E(z, § = 2 cos 710°t — 32) a, — sin (710°t — 32) a, (V/m).
Dans un milieu non magnétique, nous avons
E(z, § = 2 cos z10°t — 32) a, — sin (710°t — 32) a, (V/m).

(a) Determine the wavelength.
Déterminer la longueur d’onde.

cos(a)t—kz) = k=3

_2n :2?”:2.09m

(b) Determine the dielectric constant of the medium
Déterminer la constante diélectrique du milieu.

K=\ e =ty o 1y & =%\/,ur Er
2 8 |\? 2
4=l = grz(ﬁj :((3)3x10 ] {gj 891

w JTX 108 T

(c) Find theH field.
Déterminer le champl.

See next page.

Page N3/11



ELG 3101/3501 Final Exam/Examen Final Fall/Autor2087 Page N4/11

E(z) =24, exp-j32)- &, exdj 77/2)exp-j32)
H(z)=nkxE(z), where k =4,
p= \/7 \/7 \/70 m [ 4mx107
n\e 9 8854x107
H(z)= 2(1315 "exp-j3z)a, x4, —(1315)" expj77/2)exd-j3z) 4, xa,

= 0.015exp(-3z) &, +0.0076exp( j 77/2)exp(-j3z) &,
H(z,t) = 0.015c0477x10° -37)4, +0.0076sin(77x10° -32)3,

Question 3

A plane wave is incident from air obliquely on a sparent sheet of thicknedss 10mm with a relative
permittivity of & = 6.25, at poinA as shown below. The incidence angle i§ 30
Une onde plane est incidente obliquement de I'ais wme lame transparente d’épaissgar 10mm et

de permittivité relatives = 6.25, au poin comme montré ci-dessous. L'angle d’incidence 6%t 3

o
¢ -------->

(a) Find the transmitted anglg.

Déterminer I'angle transmig.

) ) ) . 1 . 05
sind =n,sing, sing = N sing@ = sinl30° )]=——=0.2
nsing =nsing = t(}.(f&s)()%

n,

0 @ =arcsir{02)=115 or 020rad
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(b) Find the distanch at the poinB of exit from the sheet.

Déterminer la distande au point de sorti® de la lame.

L |, =dtang =10tanfL15')=10(0.2039 = 203mm

tang, =+
d

(c) Find the lateral displacemelatof the emerging wave.

Déterminer le déplacement latéatle 'onde émergeante.

a

All noted angles are equal &

tand ='IF°t = 1, =dtang =10tan(30')=10(0.577) = 577 mm

I'=I,, ~|, = 577- 203= 374mm

tot

cosf =:—f = |,=I'cosf = 3.74005(30"): 324 mm
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Question 4

Consider a uniform plane wave obliquely incident
from medium 1 onto medium 2, as shown. The
constitutive parameters of medium 1 are=10

and . =10, while those of medium 2 are =21
and 4 =10. The electric field vector incident at

X

\,
S

the interface is given big(x, z2) = 8.66a - 5a, E

Medium 2
Milieu 2

Soit une onde plane uniforme obliqguement incidente
d'un milieu 1 & un milieu 2 (voir figure). Les

parametres du milieu 1 sord, =10et x =10, N Medium 1
tandis que pour le milieu %, = 21et 1, =10. Le Milieu 1

vecteur du champ électrique incident a l'interface
est donnée pdt(x, z) = 8.66ay - 5 a..

D

(a) Determine the Brewster angle, if it existst Hoes not exist, then explain why it does nosexi
Déterminer I'angle de Brewster, s'il existe. S‘dxiste pas, expliquer pourquoi il n'existe pas.

r,=0 = n,cosf =n,cosd, = /722{1—sin26t}=/7f{1—sin208}

2 2
Since k, sing, =k,sing 0O sin’§ :(kﬁj sing,. Thus /722{1—(%} sinZHB}:/yf{l—sinZHB}
2 2

2
gt 3]+l
(ﬁ] _(ﬁJ (ﬁj sin® g, =1-sin*,. Hence sin’4, = Zl - é /~212
n) \n)\k 1-(%} (kl] 1_(81)
M) \ K £,
2)
L, .
Nonmagnet: sin® g, = =
1- & 1+(£1J 1"'(81}
&, £, :,
Therefore 6, :arctarE\/% j:arCtal’(/Z_.l)=55.4° or 097rad
1

(b) In what direction is the reflectetectric* field at the interface?

£
2 ! and cog g, =

Dans quelle direction est le champ magnétiqueakifléu niveau de l'interface?

Er (x,z)= 8664, +54, *Typo in original question
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(c) In what direction is the transmitteghgnetic* field at the interface?
Dans gquelle direction est le champ électrique trasswu niveau de l'interface ?

H,(x,z)=4a *Typo in original question

(d) What is the incident angh?

Quel est I'angle d'incidenée?

I%i (X’ Z) = éx COSQi —élz SinHi :m

cosd =0.866 or sing =05 = @4 =30

=0.8663, - 053,
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Question 5

Consider a uniform plane wave obliquely incident A
from medium 1 onto medium 2, as shown. The
refractive index of medium 1 ig, =1.0, while that

of medium 2 isn, = 20.

Medium 1
Milieu 1

Medium 2
Soit une onde plane uniforme obliguement incidente Milieu 2
d’'un milieu 1 & un milieu 2 (voir figure). L'indice
de réfraction du milieu 1 est, =10 tandis que

celui du milieu 2 esh, = 20.

A0 <

;\<

T

A\ 4

(&) What is the critical angle?

Quel est lI'angle critique?

n,sing =n,siné,

: n
sing, =%

Sincen; > ny, no critical angle will exist. This is becaufe< g, always.

(b) Explain what happens if the incident angle exisethe critical angle.
Expliquer ce qui se passe si lI'angle d'incidentewg®erieur a I'angle critique.

If a situation DOES exist, such th&t > 4., then there exists a surface wave propagatinggatba
boundary, with the field amplitudes evanescent meaium 2.
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Question 6

(@) Design an air-filled rectangular waveguideopzrate at a fundamental mode of a cutoff frequency

of 5 GHz. Assumea = 2b.

Concevoir un guide d’'onde rectangulaire rempli d'ai opérant a un mode fondamental de

fréequence de coupure 5 GHz. On prerairab.

con) - 1 /(ET{E)Z
¢ 2 Jue\\a b

. 3x10°
The fundamental is Tg: 9= — a=—% =
™ 2109 " 2f5x10°

C

)=0.03m or 30cm

Thus: b=4a=15cm

(b) The cutoff frequency of the T¢dyimode of the waveguide you designed in (a) is:

[1] 10 GHz.

[2] 5 GHz

[3] This mode does not propagate in this guide.
[4] It depends on the generator frequency.

La fréquence de coupure du modegiMu guide d’onde congu en (a), est :

[1] 10 GHz.

[2] 5 GHz

[3] Ce mode ne se propage pas dans ce guide.
[4] Cela dépend de la frequence du générateur.

(c) Your answer in (b) is because:

[1] a=2

[2] The electric and magnetic fields are zero fothe TMo1 mode.
[3] Only the electric field is zero but not the magjc field.

[4] Only the magnetic field is zero but not theattic field.
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La frequence de coupure du modegiMui guide d’onde que vous avez congu en (a), est :

[1] a=2b.

[2] Les champs électriques et magnétiques sont sybour le mode TMp;.
[3] Seul le champ électrique est nul (pas le chamgnétique).

[4] Seul le champ magnétique est nul (pas le chélegtrique).

(d) Calculate the cutoff frequencies of the fdsgnodes of this guide
Calculer les fréquences de coupure des 5 premiedesde ce guide.

2 2
TE, —j +[—j =50x10°Hz or 50GHz

0 2 2
TEy f o0 2 340 9) +(%j =10x10° Hz or 10GHz

0 2 2
TE, fl = 10 [éj +[%j =10x10° Hz or 10GHz

0 2 2
TE,, fj“Eﬂ 4L 2112x10° Hz or 112GHz
2 3) 15
0 2 2
™, fc(”):ﬂ (Ej +(ij =112x10°Hz or 112GHz
2 3) |15
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Equation sheet / Page de formules

- _v_{z Z -7, e s= [Vina| _ 1+]T] 20) _V() _ z Z, +Z,tanh(yl)
VARVIEY Vool 1= 1(1) Z,+Z, tanh(y1)
nxg=-98 OxH =3+92 O =p, 0B=0

at ot
sind, _k, o
sind kK, 7 £
k =w/ue Uy = 41107 H/m £, =8.854x107*? F/m

r=r :E_(; — 17,6088, —17,C0S6, I =1 :E_;r — 217,c088
B n,c08, +17,c08f, T By 77,008 +17,c08G,
r=r _E_g _ 17,c086; —17,€088, e Eo _ 217,€086
="T™ = i = =™ = —i =
E, 77,080, +17,C086 E,  172C086; +/7,C085,
mn _ l 2 (V 2 - = i
fC - W (%) + b) /12 - /15 +/102
m,n 2
/8 =k 1—( fc %j u u >
1 fcm,n
f
- Ttem




