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ECE341 EMC Homework #5

1) For each of the following traveling wave functions, find the velocity of propagation both in
magnitude and direction.

a) (t—0.1y)> (b) &2 () [sin(5x-1000t)])°
Answers: (10iy m/s, -50i, m/s, 200iy m/s)

2) The time variation for z = 0 of a traveling wave function f(z,t) representing a traveling wave
propagating in the +z direction with a velocity of 200 m/s is shown below. Find the value of the
function for each of the following cases:

a) z=300m,t=19s b)z=400m,t=19s c)z=300m,t=29s
d)z=-400m,t=090s e)z=-600m,t=-0.9s
Hint: Consider, for example, Problem (2a), You are given the function vs. t for z = 0, so plot
the wave function vs. t for z = 300 m (Do this by shifting the entire plot to the right by 1.5 s),
then read off the value corresponding tot = 1.9 s.
Answers: (0.4A, 0, A, 0.01A, 0.81A)
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3) The time variation for z = 0 of a function g(z,t) representing a traveling wave propagating in the —z
direction with velocity magnitude of 300 m/s is shown in the figure below. Find the value of the
function for each of the following cases:

(a)z=150m, t=0.3s b)z=150m,t=23s (c)z=150m,t=-13s
(d)z=-300m,t=23s (e)z=-600m,t=53s
Answers: (0.8A, -0.6A, 0, A, -0.7A)
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() Plot the “g” wave from Problem 3 as a function of distance at the fixed time t =2 s. Remember
this wave is traveling in the —z direction with a velocity magnitude of 300 m/s.
(Partial answer: your plot should show that g(2s,300m) = -A)
(b) Now assume the “g” wave is traveling in the +z direction with the same velocity magnitude.
Once again plot the wave as a function of distance at the fixed time t =2 s.
(Partial answer: your plot should show that g(2s,-300m) = -A.
Fill in the blanks in the Radio Frequency Classification Table below, assuming radio wave
propagation in air (free space):

Designation Frequency Range = Wavelength Range
ELF (Extremely Low Frequency) 30 - 30000 Hz 10,000 @ km
VLF (Very Low Frequency) 3-30kHz
LF (Low Frequency) 30-300kHz
MF (Medium Frequency) 1000 - 100 m
HF (High Frequency) 100-10m
VHF (Very High Frequency) 30 -300 MHz
UHF (Ultra-High Frequency) 300 - 3000 MHz
Microwaves 30-1cm
Millimeter Waves 10 -1 mm

A uniform plane electromagnetic wave propagating in free space has the following electric field
intensity (note that the axes have been rotated from the orientation used to derive the plane wave in

class.)
E =37.7cos(97x 10’t + 0.37y)ix V/m

Find: (a) the frequency in MHz of the E field observed by a fixed observer in space
(b) the wavelength (c) the direction of propagation of the wave
(d) the associated magnetic field intensity H
Answers: (45 MHz, 6.667 m, -iy direction, 0.1cos(97x 107t + 0.3my)i, A/m

Consider an EM wave traveling in the +z direction with E = Acos(wt — 5z)i,. Show that the
frequency observed by an observer moving at speed “vep,” along the z axis in the +z direction is

given by Webservea = (1 - Vobs/Vp), Where vy, = w/B= 1/ ue = wave velocity in the medium. The

difference between the source frequency w and the frequency observed by a moving observer is
called the Doppler-Shift, w(Vops/Vp). (Hint: Recall that frequency is the time rate of change of the
argument (phase) of the cosine function in the given E field expression. At a fixed point in space, z
Is a constant, and so the observed angular frequency is simply . But in this case, the observer is
moving, so z is no longer a constant, and we must replace z by “zg + vt ”, and differentiate the
phase of the cosine function with respect to time.)

For a police radar gun operating at a frequency of 30.0000000 GHz, find the (Doppler-shifted)
frequency received at a speeding car that is traveling directly toward the police radar gun at 30 m/s.
Repeat if the speeding car is traveling directly away from the police radar gun at 30 m/s.
(Answers:30.000003 GHz, 29.999997 GHz)

Text Problem 3.24 (p. 118)

10) Text Problem 3.26 (p. 118)
11) Text Problem 3.31 (p. 119) Consider ONLY the following two cases: 1 MHz (AM broadcast

frequency) and 100 MHz (FM broadcast frequency). Hint: Since the wave attenuates as e, the
most accurate formula for skin depth & is 1/0, where «is the real part of the propagation constant y
that is calculated directly from its definition, without any approximation being made.



ECE 342 HWE Soludion

(D (t"’ er%)z-
2o felsw a AT, PR S WAL, e eguive Zhat
. (t' - O, \6»') = (fz = Ol %Z)

= /73;;,): 2 = B2-% _ v

Faly o .zl‘t[

(B e S
2o Collowr ,m,fz,o,';‘vd’ own TwWwir wave e V‘G—gv&& Zhat

- 0,023 + %, = O0.023,tF,

> (B

(> [5 v (5- x = Gcci) Z , )
te Gollew a Point on thi wavey we vegulve that
5‘241,'5[0@&‘2?/,, = 5‘7(,2,,""[00,(? fz,

g A
]l = 22 = X2 _  eco
r = —— =900 "
- =2y 2 -
é "UI‘7 2&00 K M/_S‘
F/s :_Vgoom '2,"!5; g '1lgﬁow\
2. (o) A ¢ / wave 0x ‘s
2.4 . (shafted. = Wigint) by
) t t—t+—t ¢ 33 .
{ T T~ 35 ¥y 3o = ],
yub‘zg 255 d.5S semy T lES
[.a-1.5 ¢
F (323 t=(.5) & — A~i6"lﬂvg |
; £ . N
1({") J /3"'{00‘“ A p{g:o wave (S QWH“&‘
, , R - o .
> > TG by :,L":Eﬁ/fb %S



2 e plot o 26) Flymaemn #2109 JA ] &

F's““‘iwm 2 shift P/; . F[Q"r o (eﬁ‘f LB L‘(Ec—;:“;: 25

Cachy T N\SeT

)

T cg(" 15D 0r 3u8)- =)

lizc) g cz.sowxj -/,3;)

?CJ\3 ﬁ T%/}- ....SC@M U _ 3.0
3 o B

Y lyme G shifbed o

Nam» 52 ?;S’f: =2




Hw 5

N&‘!fe % {5 M\P‘LQU\%
33 m/ s

Potwt (B Bravals 2032(279K-300) = —goom ot +3 20

(B bewls 3= QDCEe) T m300 m at TI20
o @ s ot 3 = (2'72) (*300),,: & ok T2

| 5 ot },,‘—“(:ch) (30%) T 300 m ot t=25
@ s ot 3= (2-4) (Bes) 656 m ok 232




200 %10°
a

5; pnxz P the falalos Nete /\ ;%:
; Des1gnat10n Frequency Range  Wavelength Range

- ELF (Extremely Low Frequency) 30 —30000 Hz 10,000 — @ T
. VLF (Very Low Frequency) 3-30kHz lockm — jofkm

o ? LF (Low Frequency) 30 -300 kHz 1I0RwW - | e S
E MF (Medium Frequency) 300 3000 H 3 1000 - 100 m

7; HF (High Frequency) 3MHz —3om Ky 100 - 10m

! VHF (Very High Frequency) 30-300 MHz [0 ~ |y

UHF (Ultra-High Frequency) 300 - 3000 MHz Im = O,im
-1 Microwaves 3aHy — 3oGH3 30-1cm
Millimeter Waves 30GHy - 300644:} 10 - 1 mm

i Given e %((pvi o E oo 2 . 3
Gy E = 37, ¥
8 = T 3. Ced LTA XIO £ A

VS S Y.

| ACQ&AQ&\&M@)TK’B o
fmed ";L - Il AT .
- ATF A e

(D) ecananRSment i 0t p #9
| b\\l‘eQ‘F\OV\ Og Q:NEQSQ“(‘\QWI A‘a CQAV‘QCL‘(‘%V,

(C&> BQM ‘t\u\g wm W\b\*eo {;\ __5 CL\:vzeol‘f*t”be U\;Q;;, —
] thuzﬁ _S‘caQig EX bés 377ﬂ .1.8 F‘AN; ‘H “

-
o,, [ coo C"t'i‘cxzc"f + 0, 2”"3) <<<<<<<<<<

-




>

7. E = Aceo (Wt -py)
ob:e

TE observern (5. Tn metiasn wi *)\free&
thaw Y = 3.+ Vo v

- ,
B = Aot -p (v 3d))
L—
: pka:e.

wO\DJ" = c&»‘)—' (6’\{\&“2') 0\2. (wi’ .‘[8 (Bb*vb_f%>)
,:: - tg obsr = w([ U‘ob:) 7

[ = w0-35] T

C &t &lV\S both Mdeo \"‘3 zw) -W\F,C)

,8‘

R

Vb T
eby = F ( - “-__’J) . : : )
0) Frnveling toosacd AL e resad-dve
(@ Ty e etan gy T Mol i negative

c\o: = —3cm /s

S , (-30)
,Fe\o: - BOGH}C (32(109> Z.?O oo 3 @H}‘j

TY‘C\V'LQA\V\B :kv&cwx Exown vedar

carw\) Vibse 1o f&d‘t%}vﬁ_
Vope =3 oW/

Fows = 20GHy (| = 2= ) 29. 999997 6%{;

i
i

e v coscenn

:
h

i

1

i

4 EE, ;
x.

HE

H

“25

q. (Tﬁﬁf 3. 24) vaﬁv\ E (oo c,e—QCw't —pg x)/ug Yin

Nete (e wie "‘Qﬁs\ ouwl CARaa w&qu &
z _ x ) % CH ) s alo
c& V‘Qg’i‘\ w @i ?vb?oquﬁ‘«om?/j:} <.§<> cvx % 37 ‘n> h%

F ‘Eé)(é D ExH au\ovx% o\*mc*‘tm/\ o
I~
B R T




S A SN
H T

E = (oo coo (lém’ﬂo 'i‘ — 87 “>“> ”3 V/M S
- (Flerxo ) éa&:g)

= é’a“%/ —_
H 151.33 E\‘:OCI ~ O , SWX ’“3 M

= 5L 53 L = wﬁz»@g}x L
7
o (oy




ey
\

A0

(& (M \)/_’/
| aTT’E"v\ watron ) L
HNC Const '

(B £ = ooty P ame T

} n = OIQ,OQJLS,L/ZC' [

=
“; (Tex*}’ P. 330 (56&) &Y = (0 MJG =5 /‘A\r:

% W Q7T x{o

Loc~ 0. 1206 m -
y )
L G [ P

— , = I<fne
S S

il

o
t
)
}
|
i

= _ =0 B
L VZ - ,é,,—/:—: — 2&. ILVQ 6 @ (ntelnsic
G)*//Swe ""’Jé'ioux(’e’
' -4

- o = C. 485 ,[/rv\
' = 0,48
5 THEBZ P s w52 Y

(SN 7

' ( - I . -
\ g-:; = 1.06“«%

0.HES
]

- ol %’ IQaOSM }
S

3= s tance
’Wo\u& T
DU’\"'( | “"
ARy P \ XQ

¥y v*tc&»\oe& 5\3 204

3= 474m (@ 100 MUy



