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Loop is coplanar with long, straight wire carrying current, along z-axis:

I(t) = 5cos(2m x 10*t) [A]

a) Determine V,, induced across 5cm gap



Example 1

V4

Loop is coplanar with long, straight wire carrying
current, along z-axis:

|«—=10 cm—]
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ml IOTcm I(t) =5 COS(ZT[ X 104t) [A]
- | a) Determine V., induced across 5cm gap
>V
Plan to get V¢ :
obtain the flux: & = jﬁ-d§
S
do
. t _
then, get: Vems = o
; ; ; . A ,uol _ N ‘LlOI
To obtain the flux, we obtain magnetic flux density due towire: B =@ —=—X—



Example 1

“ Loop is coplanar with long, straight wire carrying
current, along z-axis:

f I(t) = 5cos(2m x 10%*t) [A]
mlcm a) Determine V,,,; induced across 5cm gap
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In the plane of the loop: ¢ =—-x 7r=Yy

Flux passing (= . 15¢cm el A ol X 0.1 Ic
through loop: ¢ = LB -ds = Lcm —X% - (=X 10cm)dy = Tln =

® — (4 x 1077)(5 cos(2m x 10*t)) x 0.1
B 2T

x 1.1 = 1.1 X 1077 cos(27 x 10%*t) [Wb]



Example 1

V4

Loop is coplanar with long, straight wire carrying
current, along z-axis:

|«—=10 cm—]

1) N T I(t) = 5cos(2m x 10*t) [A]
10 cm
| : :
3 om l a) Determine V,,; induced across 5cm gap
>y
dod
Vems =~ a¢

yir . = _4e (1.1) (27 x 10%*) sin(2w x 10*t) x 1077
emf dt .

Vime = 6.9 x 1073 sin(2m x 10%t) [V]
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b) Obtain current flowing through a 4Q
resistor connected across gap

IOTCm
1

Loop has internal resistance of 1 Q.

L Vemsg 6.9%x1073
md = 441" 5

sin(2m x 10*t) = 1.38sin(2m x 10*t) [mA]

_Ho5cos(2m x 10*t)
—%

Direction of induced current; B =
21y

Att=0, B is max and points in —X. As time increases, B will decrease. So the
induced current is CW — creates increasing B in —X




Propagation in lossy medium: any medium

Table 7-1 1/2
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Propagation in lossy medium: approximations

1. Lossless a=0 f = w+\/ue
2. Low-|oss: E—”<<1 oz:E a p = w+\/pe
e’ 2\ €

1

€
. . — 1 = —
2. Good conductor = > a = ./nfuoc B =.nfuc

.a _—
ne=Q1+))~ Uy, = |— ﬂ—f



Propagation in lossy medium: any medium

Lossless Low-loss Good
Any Medium Medium Medium Conductor Units
(=0 | "/ <) | (") >1)
- - > 12
Y M
[LE € o /E —
— — 1+ —) —1 0 —.]— (Np/m
o w ) J (5!) Ve VT f o p/m)
- - ~1/2
e’ g\ 2 —
= | w =N 1 + (?) + 1 w. /e . /ILE VIfpo (rad/m)
— —1/2 —
n .E-'”) T |1 L«

— —|1—-j— — — 14+ j)— 2
Ne Ve /2 Vs Ve ( J)U (£2)
Up = w/p 1/. /e 1/. /e Var f/uo (m/s)

A= 2w /B =up/f up/f up/f up/f (m)

Notes: ¢’ = ¢; ¢’ = o/w: in free space, ¢ = £g. u = pg: in practice, a material is considered a low-loss medium
if " /¢’ = o /we < 0.01 and a good conducting medium if £” /&’ = 100.




Example 2

S
Animal tissue: € =12,u, =1,0 =0.3 [ﬁ] at f = 100MHz

Is it a low loss dielectric or good conductor?

144

c 2 03 =45 Neither!
e we (2mrx108)12x8.85x10-12 ~ '
Have to use full equations for a, 5,7,
Np rad 2T
a=9.75 [—] f=12.16 |— A=—=052m
m m p
w 21 %108 g [M
up=—=W=O.52x10 l?]

Ne = / Ho (1-—j4.5)"Y?2 = 39,54 + j31.72 Q
12¢,



Example 3

3GHz wave with amplitude 10 VV/m is incident on wet soil (ignore reflection)
4[5
Wet soil: € = 9,y = 1,0 =5 x 107 |
At what depth will amplitude reduce to 1 mV/m?
E(z) = Eyje % = 10e™ %

e o B 5x 1074
e we 2mx3x10%x9x8.85x10-12

o i o /.Uo

== == |22 =0.032
¢ 2\/; 2 |9¢,
1mV

—— =0.001 = 10e~003%
m

In(10~*) = —0.032z
mamm) z = 287.82m

— 3.32 x 10~4— low loss dielectric




Example 4

v Medium 1 Medium 2
E' = $8cos(6m x 10°t — 30mx) [E‘ Plane wave

Media 1 and 2 are non-conducting €r, =225, =1 €r, =4 Uy =1

non conducting - no losses - n — real

a) Obtain E; (x, t), E,(x, t), Hy(x, t), Hy(x, t)

First steps — obtain the reflection/transmission coefficients

Mo Mo no 377 no 377
= — = = = 251.33 0 n, = = = 188.5 Q.
e, T Vzzs 15 15 2= e, Va
1 1 )
— 1 1
_(772_771)_<\/6T2 Jéra _(7_E)_
[ = =—— —=-T—2=-0143
(772+771) + =+ ——
\/E‘r‘z \/67'1 2 1.5

T=1+T=1-0.143 = 0.857



Example 4

Medium 1 Medium 2

Next steps — obtain fields in medium 1 Plane wave

€r, = 2.25, 1, =1 €r, =4 U =1

E" =TE! = —1.149 cos(6m x 10%t + 307x)

E,=E" +E! = $[8cos(6m x 10%°t — 307x) — 1.14 cos(6m X 10%t + 307x)]
1 y

~. 8 . mA
H' = zn—cos(6n X 10%t — 30mx) = 231.83 cos(6m x 10°t — 307x) [7]
1
~ 1. .
H=—kXE
n
_ 114
H = zn—cos(67t x 10%t + 30mx)
1

H, =H" + H' = 2[31.83 cos(6m x 10°t — 30mx) + 4.54 cos(6m x 10°t + 30mx)]



Example 4

Next steps — obtain fields in medium 2 Medium 1 Medium 2

Plane wave

€r, = 2.25, 1, =1 €r, =4 U =1

ki = w./ne, ky = w,/He,

k, = |2k, = * 30 = 40 rad
27 e, ' J2.25 T T

Et = $8tcos(6m X 10°t — 407x) = $6.86 cos(6m X 10°t — 407x)

w51}
I

2

_ T

Ht = 28n—cos(6n x 10t — 40mx) = 236.38 cos(6m x 10°t — 40mx)
2

H,



Example 4

b) Obtain the average incident/reflected and transmitted power densities:

Avg power densities:

5 __|EGIR . ze4 _ s1273 [mW
av = X T 2(25133) 7 Im2

|EL| =8

Syy = ERe[El x Hi] Sav, =

(1—1T?)
2771

Si = — ITI125%, = —2(0.143)%(0.127) = —22.6 |7

JIEol® _ T°(8)* _ 0862(8)2
=X

§t, =
av =X 2n, 2(1885)

mW
m

i cr ¢t
Sav + Sav = Sav



Example 5

A 200 MHz, left-hand circularly (LHC) polarized plane wave with an electric field
modulus (magnitude) of 5 VV/m is normally incident in air upon a dielectric medium

with €, = 4, and occupies the region defined by z > 0

) Write an expression for the electrical field phasor of the incident wave, given
that the field is a positive maximumatz =0andt =0
L X

k_w_an2x108_4n rad Fi
1_C_ 3)(108 _3 m — E‘t

8t |rad E"
R
m
LHC wave: Y
E'=qy(%+ ﬁej”/z)e_jkz 0
7 =

Ei(z,t) = Xa, cos(wt — kz) — Pa, sin(wt — kz)



Example 5

A 200 MHz, left-hand circularly (LHC) polarized plane wave with an electric field
modulus (magnitude) of 5 VV/m is normally incident in air upon a dielectric medium
with €, = 4, and occupies the region defined by z > 0

a) Write an expression for the electrical field phasor of the incident wave, given
that the field is a positive maximumatz =0andt =0

LHC wave: A A X
n €. =4
oy , _ .
E' = ay(% + ye/™/?)e Ik Fi ~i
E'(z,t) = Ray cos(wt — kz) — Ya, sin(wt — kz) 4_l_>
J Z
|Et| = [Radcos?(wt — kz) + yadsin?(wt — kz)]'/2
- %4
m
z=20

E'=5(x+ yej”/z)e_j%nz [K]
m



Example 5

A 200 MHz, left-hand circularly polarized plane wave with an electric field
modulus (magnitude) of 5 VV/m is normally incident in air upon a dielectric medium

with €, = 4, and occupies the region defined by z > 0

b) Calculate the reflection and transmission coefficients

N =1 =120 [Q]

v

Mo Mo E!
= = — =601 [Q ——— T
E’vr
F_m—ml_aM—1um_—60_ 1
“n,+mn, 60m+120m 180 3
y

N
I
-

—14r= >
t= - 3



Example 5

A 200 MHz, left-hand circularly polarized plane wave with an electric field
modulus (magnitude) of 5 VV/m is normally incident in air upon a dielectric medium
with €, = 4, and occupies the region defined by z > 0

c) Write the expressions for the electric field phasors of the reflected wave, the
transmitted wave, and the total field in the region z < 0

AT 5 , AT 1V
Tr — S 5o J572 _ _Z (% 4+ 5eiT/2)p) 3% |—
E" =5I(% + 9e/™2)e! 37 = 3 (% + yel™2)e’3 [m]

E' =57(% + yej”/z)e_j%nz = E(a? + yej”/z)e_j%nz [K]
3 m

E B4+ = 53+ 90m2) 57 - 257 |L
E1:E -I-E = X ye e 36 m



Example 5

A 200 MHz, left-hand circularly polarized plane wave with an electric field
modulus (magnitude) of 5 VV/m is normally incident in air upon a dielectric medium
with €, = 4, and occupies the region defined by z > 0

d) Determine the percentages of the incident average power reflected by the

boundary and transmitted into the second medium

100
% of reflected power = 100 X |I'|? = -5 = 11.11%

M 2\* 120m
% of transmitted power = 100 X |t|* — 500 x <§> X —o— = 88.89%
2 T



Example 6

3 perfect dielectrics (no loss)

d

Medium 1

Medium 2

Medium 3

From medium 1
Normal incident wave on medium 2 atz = -d

Find €,.,and d such that no reflection.
Express in terms of €, , €,., and f

Z\n

Zol = t? Zog= 21 =13

, \
2=-d E‘:D

Want Z;,, = Z,4 — matched

. . . . A
We have no reflections if medium 2 is " transformer:;

21



Example 6

M R 0
\/e_r No €0
n, = Mo _ o N = Mo
! [€r, 2 [€r, 3 [€r,
77% 1 €rs

A A 1
d==2+—"2 quarterwave > 1, = — _¢
4 ETZ f—\/ ETZ
C 1
Ay =7 1/4
(ET1€T3)

i c 1 N < c 1 >
- n
4f (ET'1 ET‘3)1/4 Zf (ET'1 ET‘3)1/4
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