EE351 Fall 2004 23 Sep 2004 HW #4 Solutions

Problem 10.43b: A parallel-polarized wave in air with
E=(8a,—6a,)sin(wt—4y—-3z)V/m impinges a dielectric half-space as shown
in Figure 10.21. Find:

b) The time-average power in air (u=p, and e=¢,) .
E,_8°+6" 4a+3a,

P =—a-=
2 2n ¢ 2%120m 5
P..=106.1a +79.58a,mW/m’

Problem 12.1: A A parallel=polarized wave in air with

A) Show that a rectangular waveguide does not support
™, ,and TM,

T X

b

. [mx| . 2
For TM,, modes, H,=0 thus E_=E,sin "% \sin e”

T X

For TMy,, a=0 thusthe sin term is undefined.

X

b term is undefined.

For TM, b=0 thusthe sin

Because of these undefined terms, TMyjandTM,, are not
supported by a rectangular waveguide

B) Explain the difference between TE,,,andTM,,, modes
In TM modes, the magnetic field has its components transverse
(or normal) to the direction of wave propagation. This implies

that we set H,=0.

In TE modes, the electric field is transverse (or normal) to the
diection of wave propagation. We set E,=0.
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Problem 12.2: A 2-cm by 3cm waveguide is filled with a dielectric material
with €,=4 . If the guide operates at 20GHz with TM;; mode, find:

A) cutoff frequency
. ¢ _3x10°
Ve, 2

u' /1 1 15x10% /1 1
f="|S+== | =+—==4507GHz=f
2Va® p* 2x10%\22 3? ¢

B) the phase constant

. ) _w /1_ f.|"_2m20x10° L (4507 2
f] u f 3x10° 20

B=816.2rad/m

=15x%x10°

u

C) the phase velocity
w 2m*20x10° o
=—=————=154X10"m/s=
B~ 8162 m/s=d
Problem 12.6: in an air-filled rectangular waveguide, the cutoff frequency of
a TE,, mode is 5GHz, whereas that of TEj is 12GHz. Calculate:

2 2
Recall fC:% ﬂ2+%
a

A) The dimensions of the guide

. 2 ' 8
o= —5x10°»a=—= 3x10 ~=3.00cm=a
o 2\ g 2, 2%5x10

1 2 1 8
f :“_ﬁzlzxm‘bb: uw __3X10 1 o5em=b
22\ b 2f,  2+12x10
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Problem 12.6 Continued:
B) The cutoff frequencies of the next three higher TE modes

Mode Cutoff Frequency
TE,, 5 GHz
* TE, 10 Ghz
TE,, 15 GHz
TE,, 20 GHz
* TEy 12 GHz
TE, 24 GHz
* TE, 13 GHz
TE,, 15.6 GHz

The three next higher modes are: TE, TE,andTE,;.

C) The cutoff frequency for TE;; mode if the guide is filled with a
lossless material having &,=2.25andu,=1.

2 2 8 2 2

u/m n 3x10 1 1
f=xy ot t=—0 = = —867GHz=f,
= 2V a? p? 2x10%/225\3% 1.25° =
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Problem 1: A plane wave is normally incident on a planar ineterface between
air and muscle. The conductivity and dielectric constants of muscle are

0,=0.889S/mande, =71.7 . The intrinsic impedance of a conducting (or lossy)
medium such as muscle or fat is given by:

m | =

wE

Determine the percentage of incident power absorbed by the muscle tissue at:
a) 100 Mhz

n.=28562"'=239+j155
FoeMo_ 23.9+]155-377 _ 353"

N i = =0878¢""
Netng 23.9+j15.5+377 401€%%

p
:Epav;t: = (1-p?)=(1-0.878%)=0.229=22.9%
b) 300 Mhz

n.=40.0¢4=37.9+j12.6

F_Me"Mo_37.9+(126-377 _ 339¢"
nc+n, 37.9+)12.6+377 415%™

|(Pay)d

|(Pay)i

c) 915 Mhz

n.=44.16°°=43.7+)5.29

FoMe=Mo_437+(5.20-377_ 333¢™
netn, 43.7+)529+377 420%7

=0.817&Y

=(1-p*)=(1-0.817%)=0.332=33.2%

=0.792*"®

P
:EP;: =(1-p)=(1-0.792")=0.373=37.3%
d) 2.45 Ghz.

n.=44.6€*% =44.6+j2.04
F_Me"No_44.6+)204-377_ 332"
nc+n, 44.6+)2.04+377 421°%
|(Pay )
|(Pa)i

=0.789¢&"*”

=(1-p*)=(1-0.789°)=0.378=37.8%
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Problem 1 Continued

Repeat (a) -- (d) if muscle is replaced by Fat (o,;=0.155S/mande, =71.7)
a) 100 Mhz_
n=43.1€"°=42.4+j8.01

_Nc—My_42.4+)8.01-377 _ 335¢"™

N i ====_=0.798¢""
Netn, 424+)8.01+377 419

P
:EP;: =(1-p)=(1-0.798")=0.363=36.6%
b) 300 Mhz

n=4456*%=44.4+)2.89

F_Me"Mo_44.4+]2.89-377 _333€™"°
Notn, 44.4+289+377 421d°%

|(Pa)d

|(Pav)i|

c) 915 Mhz

n=244.7€** =44.7+j0.96

FoNe"No_44.7+j0.96-377 _ 332€™
ne+n, 44.7+j0.96+377 4220

=0.789¢&"

=(1-p?)=(1-0.789*)=0.377=37.7%

—0.788¢&"%”

P
:EP;: =(1-p*)=(1-0.788")=0.379=37.9%
d) 2.45 Ghz.

n=244.76*¢=44.7+j0.36
F_Me"Mo_44.7+j0.36-377 _ 332¢"
Netne 44.7+)0.26+377 422
|(Pay )
|(Pay)i

—=0.788¢&"*”

=(1-p*)=(1-0.788%)=0.379=37.9%
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Problem 2: The electric field associated with a uniform plane wave
propagating in air is given by: Eiz1OOOcos(1OS1Tt—Boz)aXV/m The wave is
normally incident on a dielectric medium (0 4=0,ande;=5¢, uy=p,)

Determine the following:
(@ B, inairand By indielectric material.
w 10°7 m

:—:7:—:1.047rad/m=
Po=s 3x10° 3 o
w 10°m

=— = 2.342rad/

Bd C ur‘gr 3><10 \/; rad/m= Bd

(b) Reflection and transmission coefficients

\F \/I

n,=ny . n 5 ni=no
1
=-1

’72_'71:\/;

+

127 \E+1

5

T=1+1=1-0.382=0.618=71

Ir= =-0.382=T

(c) Amplitudes of the reflected and transmitted E and H fields.

[E.J=frl+E,= 0618+ 1000=618=E |, H,|=—= =18 _—367=|H,|
T2 1201TP
5
E, 318

E.J=Ir Hul == T20r 101

(d) Reflected and transmitted power

" 2'”'2_240 \f

P = Eor _ 31
*%2n, 240m
1

P

=1.13kW/m’=P,,

=== =194W/m’= P.e
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