EE351 Fall 2004 8 Oct 2004 HW #5 Solutions

Practice Problem 12.1: cConsider the waveguide of Example 12.1.
Calculate the phase constant, phase velocity and wave impedance for

TE,,andTM,;; modes at the operating frequency of 15 Ghz.
A) TEj,

J1- ) —1-| = :\/0.9620.9798,B=%=2ﬂf/0
0
f
=B 1 2"15X10 (0.9798)=615.6rad/s=8

_C
f
2_ 21715><10
B

=153x10°m/s=u

6156
u 60T
K60 O™ _19240=
n \[ e 0 9708 e
B) TM,, czSGHz*\/725 8.08GHz

/ f. 8.08 _w_
T JT 0.8425, 8 4rflc
2
= BOWZ%W&%) 529.4rad/s=p

f

Cw  2m15%10° .

W_em X 178%10°m/s=
3 5203 mis=du

n ':\/E: 6071 ,n=601 v 0.8425=158.82=n
£

Practice Problem 12.2: An air-filled 5- by 2-cm waveguide has

E,20sin40m xsin50mrye #*V/m
at 15GHz.

A) What mode is being propagated?
Since E,#0 | thisis a TM mode

_[m n .
E,=E,sin X gy e’
mt mrr nT
E=20,—=40mr=——"—->m=2, —50 =——>n=1
0 a ™= 0.05 meters b T 0.02meters

TM mode=TM,,
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Practice Problem 12.2 Continued:

B . 2 2 8
B) Find =m0} 23X a0 507 9 6 GHZ=1.
21\\la b 2
£\ 21 x10°
BzﬂlH:Z_"fdfz_fi:n—gx/ZZS—QZ.ZS
u f c 3x10

B=241.3rad/m

C) Determine E/E,

E.= _rj;f (407r) 20cos(40m x)sin(50my) e
E,.= _rj;f (507) 20sin(407 ) cos(50my) e '*?
e _r{f (507r) 20cos(40m x)sin(50my) e #*
B _r{f (407r) 20sin (40 x) cos(50m y) €

E
==1.25tan(40m x) cot (50mry)

Problem 12.3: A 1-cm X 2-cm waveguide is filled with deionized water with
£,=81 . If the operating frequency is 4.5GHz, determine:
A) all possible propagating modes
* [n)®_ 3x10°

2 2
u' /[m n m n 15 2 2 9
L N TRLL —| =22 = —| =—=(Vm°+4n°)x10
= 2V|a) Tlb) " 2¢9x102 2) 1) T1g VM Am
fczg(\/ ’+4n%)x10°Hz
Frequency (Ghz) N=0 N=1 N=2
M=0 DNE 1.667 3.333
M=1 0.833 1.863 3.436
M=2 1.667 2.357 3.727
M=3 2.500 3.004 4.167
M=4 3.333 3.727 Too high
M=5 4.167 4.488 Too high
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Problem 12.3 Continued:
B) The intrinsic impedance of the highest mode

The highest possible mode is TEg, or TMg;, .

f\? 2
n'=120%:41.89,1/1—(?c) - 1—(%28) —0.073

n' 41.89
- —573.80=
(2 0073 e,

?

f 2
nTM51: n ' \/:: 41.89%0.073=3.0580Q= nTM51

C) The group velocity of the lowest mode
The lowest possible mode is TE,.
f, )2: 3x10° |, ( 0.833

2
_ 6 _
: 9 45 ) =32.76x 10 m/s—ug

gﬁ’ug:u' 1-

u=

Problem 12.5: A tunnel is modeled as an air-filled metallic rectangular
waveguide with dimensions a = 8m and b = 16m. Determine whether the tunnel
will pass:

_ ¢ _3x10°
~2b  2x16

For the dominant mode TE,, , f, =9.375MHz

A) a 1.5-MHz AM broadcast signal
The AM signal will not pass because it is below the cutoff frequency

B) a 120-MHz FM broadcast signal
The FM signal will pass because it is above the cutoff frequency
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Problem 12.9: An air-filled rectangular waveguide had cross-sectional
dimensions a = 6cm and b = 3cm. Given that

2T X 3by cos(10%t—Bz)V/m

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

E,=5sin|——|sin

Since E,#0 this must be TM,; mode (m=2, n=3).

Since a = 2D,
8
(=S Vfrant=—310 2 6= 1581GHz
4b 4%x3%10
w 1012
f= =159.2GHz
27T 21
2
15.81
Nm=12014/1— (1592) =—375.10Q=nq,
+|E.2
oy, |E=1HES
2nTM
2 =2 2
E: |[2 2 .3 3 21X 3
PoyntaVe: '34 ° _Tr 3 X Snz Try + i COS ik nz( Try aZ
2h'nm (| & b b °
E2 4 2 9n? ’E;
P.e= fPoyntave dS—f f Poynt,. dxdy— B 1 Z Bz -
x=0 y=0 b 8h Nm
w 15 81
B=—1/1— =3.317x10°
c \/ c 3>< 10 1592
4 9
h2= Tzr Tg - —1098><10
a b b?
3\2
(3317%10°%(25)  _ () oapmye P

e (8)(1.098x 10°)(375.4)

Page 4 of 6



EE351 Fall 2004 8 Oct 2004 HW #5 Solutions

Problem 12.10: In an air-filled rectangular waveguide, a TE mode operating
at 6GHz has

21X

Ty

E,=5sin b

sin cos(wt—12z)V/m

Determine:
A) the mode of operation
Sincem=2andn=1, we have TE,.
B) the cutoff frequency
12 w w
=B"[1—|=| =—¢/1—| =
p=F J (f cJ (w

pc=y wz—ws—é w?::\/wz—ﬁzcz

2

2 3 2
fC:&:\/fz_ Be :\/(sxlog)z_ 12x3X107) _ 5 973GHz=f,
21 21 21
C) the intrinsic impedance
n 1201
nTE: 2: 2:3978‘Q:nTE
1 f. \/1_ 5.973
-5 ~6
For TE mode
Ey:% %)Hosin mTTX)cos nv};y sin(wt—Bz)
HX:;_E(%)Hosin mnx)cos(ngy sin(wt—Bz)
=12, m=2,n=1
wu | mrr B |mr
EOy:F a HO,HOX:F 0
Eoy _wp_2mx6x10°%4mx107" 3
Mg R 5 ™ 0°=3.948x10
E
Hy=—2=— > —1267mA/m
Ne 4m°x10

H_=1.267sin| 2% sin(wt—fz)mA/m

nry
os( b
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Problem 12.11: in an air-filled rectangular waveguide with a = 2.286¢cm and
b = 1.016cm, the y-component of the TE mode is given by

.2 :
E,=sin ™) sin SEy cos(107rx 10"°t—Bz)V/m
Find:
A) the operating mode
Since m =2 and n = 3, the mode is TE,;.
B) the propaation constant y
f 2
B=B"\1- ? 1- (f
u' [[m n ? _ 3x10° \/ ?
But,f.=—1/= =46.19GHz,f=50GH
ut, > a) = o102 1016) 6.19GHz,f=50GHz
X
_ 2mx50x10° 4 — 400.68rad/m
3x10° 50
y= 13—1400.7/m
C) the intrinsic impedance n
n' 1207

= =985.30=n

RRS
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