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Welcome to the next tutorial on the subject advanced microwave guided structures and
analysis. So, this is the main set. Today we will do numerical problem on that calculation of

wave impedance and power flow in rectangular waveguide.
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1. An air-filled rectangular waveguide has inner dimensions of @ = 2.5 ¢m, b = I em. Whatis the
wave impedance of the TE and TM; modes of propagation in the waveguide at a frequency of
18 GHz? (free space impedance 7, =377Q)

2. 1If the waveguide of problem 1 is filled with a medium that is characterized by
o=0,&=4¢, yt, =1. What is the wave impedance of the TEjo and TM;; modes of propagation

in the waveguide at a frequency of 18 GHz?

‘m A= oY awp fnon

So, this is the first problem.



1. An air-filled rectangular waveguide has inner dimensionsof @ = 2.5 em, b = 1 em. What is the
wave impedance of the TE o and TM;; modes of propagation in the waveguide at a frequency of
18 GHZ? (free space impedance 7, =377Q)
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So, we have to calculate the wave impedance of TEio and TMa11 modes of propagation at 18

gigahertz. So, we know

A=25¢cm b= | ™

So, here we need cut-off frequency, we know cut-off frequency for each mode is different.

Fes TE/O, ~NT\, N=

- O
-
¢ 2\ q b
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So, for here for TE1o that means m equal to 1 and n equal to 0. So, we can substitute the value

and we will get the cut-off frequency for the TE1o mode.
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So, from this we can calculate the cut-off frequency for TE1 mode.

fho=3X8 [V Y1 0 2
Z Q.SXI-(SQ) [ X (59_)

= § N Hy

So, cut-off frequency for TE 10 mode will be 6 gigahertz.
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Similarly, cut-off frequency for this TM 11 mode,

~ 377

——

\W:E[_‘TY _\/1__ g)‘L 0-943
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And answer for TE10 mode will be 399.87 ohm.

Neo = 3979 87I%



So, this is the answer for the first part that wave impedance for the TE1o mode.

Now, for the TMa1, again we have to calculate the cut-off frequency then we will get the
wave impedance for the TM11 mode. For cut-off, to calculate the cut-off frequency, we can

go by same method. So
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So, from this we will get the cut-off frequency for the TM11 mode, and this will come 16.16

gigahertz. From this, we will get the wave impedance actually. So,

T f = k’—%)L:B?:z])—-T%T()'L
e R

So, we can see that the wave impedance for the TEi0 mode is more so, and that is also greater
than 377, that is wave impedance of the free space but for the TM mode it is less than free

space wave impedance. So, this is the solution for the second part.
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1. An air-filled rectangular waveguide has inner dimensions of @ = 2.5 ¢m, b = I em. Whatis the
wave impedance of the TEo and TM; modes of propagation in the waveguide at a frequency of

18 GHz? (free space impedance 1, =377Q)

2. 1If the waveguide of problem 1 is filled with a medium that is characterized by
o=0,£=4¢, yt, =1. What is the wave impedance of the TEjo and TM;; modes of propagation

in the waveguide at a frequency of 18 GHz?
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Now, we can go to the next second question.

1. An air-filled rectangular waveguide has inner dimensions of @ = 2.5 cm, b = | em. What is the
wave impedance of the TE o and TM;; modes of propagation in the waveguide at a frequency of
18 GHZ? (free space impedance 7, =377Q)

-

If the waveguide of problem 1 is filled with a medium that i1s charactenized by
o=0,&=4¢,, u =1. What 1s the wave impedance of the TE;o and TM;; modes of propagation
in the waveguide at a frequency of 18 GHz?

So, problem is same, just waveguide is filled with relative permittivity of 4. So, in the second
part,
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So, Fc can be calculated, Fc will
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So, we can see that it is reduced, it is already reduced. So, 60 pi that means it is this 188.5.
So, this 188.5 but it is for the TE it is more than eta. For TE 10 mode, it is more than eta, that

191.17.

(Refer Slide Time: 18:29)

Be Bt Yeu DR TS Qs o

’%J ! : 4 Sﬁ F L‘ bd:\ "%;:EI‘I;IIIDID,Jl el Noma 31
0-7¢6

rY\Trﬂ.n = 1 \/ = k%_]q‘

O PEMEBmOoGY 8B aw @)

I |
= [ERIae—

Similarly, we can calculate the wave impedance for the TM11 mode. For the TM11 mode, we

know the formula

(Y\Tm.n =1 \/(/-' k%)t
T

U m L
dem 3 [+
n\ g

= [-S XTI ( R / & 1
2 \/(2"’“-”?') +(/X1'o?‘)

So after calculation it will come 8.08 Gigahertz.

So, this is the cut-off frequency for the TM11 mode.
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After this, so eta will also bw same like TE10 mode

= IgRY og\ b
Nypay = 1% "\ﬁ— —%) =1 4%-44 A

So, this is the wave impedance for the TM11 mode.

(Refer Slide Time: 21:12)

5 o et sonttbn

3. An air filled rectangular waveguide has cross-sectional dimensions @ = 6 cm and b =3 cm.
Given that

E. =5sin [E}sin[ %}ws{l(}':! -fz) Vim
4 h

Calculate the intrinsic impedance of this mode and the average power flow in the guide.

Thpe e fosearch o O mMEmOG YA dw ) non

Now, we can go to the next problem.



3. An air filled rectangular waveguide has cross-sectional dimensions @ = 6 cm and b = 3 ¢m
Given that

: . (2rx) . (3xy) . .
E. =5sin [sin| " [cos(1071 = fiz) Vim
u )

Calculate the intrinsic impedance of this mode and the average power flow in the guide.
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So, a standard equation it can be defined like this,

E, - E gm ( W?T:c) Sl (Y)?T‘a é\/z

_,.__Z___'B E. = e
E'x. - h‘L B')( ) l'\' Y’\' l<

This is for the TM to Z mode. So, for the given Ez,
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Again on calculation:
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So, it can be means for the cut-off case means gamma will be O that is a gamma is a
propagation constant in the z direction that is alpha plus j beta.
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And in the second part,
o i3 L 9
ZWME MM, |7
K < LC\) - —5‘)
Ycot, 820
L L - Z
| S

(=82
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So, if alpha is some positive number so, it will get attenuated and it will not propagate inside
the wave guide.

Next is the condition for the propagation

Ne = 2
¢ = ¢ \

?eao\:ﬂa“ Kz whe ~ (m” Lﬁrg

So, if k square is greater than this summation means kx square plus ky square that means,

inside it will negative and this will be purely imaginary number.

(Refer Slide Time: 33:25)

Yew Pge Tusks Qpicns Mep
Q LELLES
rJ!TaBzv" W elo B Frlulamlumjl

rc

b TE Yoz mode
Nz Yo cos qux) (“(mﬁ?) C 1500

| R EE T |
[« o

OEOEMAmOGYAAED)ROR



So, gamma will be purely imaginary and in that case gamma will be j beta and alpha will be

0. So, if gamma will be j beta and alpha will be 0, in that case we will get

Y= 38, < -0
. a4 _1BZ
So, in this case it will not attenuate but it will propagate along the z direction. So, from this

expression, we can compute the power flow in the waveguide.

Similarly, we can write this for the TM to Z mode.

tv| VE Y2 ~mode

~-YZ
\-\z., o (o8 Lm:x) (&% ('Y”T? C ] L;;:O

Okay we will continue in the next class. Thank you



