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Ex.1. Light traveling in air encounters the
water; another medium.
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Ex.1. Light encounters atmosphere, clouds, ground, oceans.

Solar Radiation 100%

Ex. 3. Wave encounters skin tissue,
muscle mass and bones
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Ex. 4. Cancer treatment .
Darren Quick April 3,2013 Wave |n0|dence

+ For many applications, [such as fiber
optics, line power transmission], it's
necessary to know what happens to a
wave when it meets a different medium.

— How much is transmitted?

— How much is reflected back? %?ﬁ

Boron neutron capture therapy can kill tumors without harming healthy neighboring tissue.
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We will look at...

I. Normal incidence ‘
Wave arrives at 0° from normal
- Standing waves

I1. Oblique incidence ‘if
Wave arrives at another angle
— Snell’s Law and Critical angle

— Parallel or Perpendicular polarization
- Brewster angle

Vital Definition

* Plane between media-

interface gE"
* Plane of incidence- H; 3

(what you draw) Incident wave

Reflection at Normal Incidence
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Now in terms of equations

Medium 2

« Incident wave 0
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Reflected wave

- It’s traveling along —z axis

E (2)=E, e"% e 4"£ Hy
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Transmitted wave
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Sum to get TOTAL field m Look at E fields
i edlum.2 E(0)+E,(0)=E,0)
— | E,e"X+E ¢"“i=E, e’}
* Tangential components must be z=0
contlnuoins at thi-z mterfatie E +E, =E,
E0)+E (0)=E (0
5,0+ E,(0) = E,(0) B L L
H’ (O) + H" (O) — H’ (O) Eio Eio Eio
Define Example: PE 10.8
. . A 5GHz uniform plane wave E;; =10e7/* g, in free space
* Reflection coefficient, I' Note: is incident normally on a large plane, lossless
e E, m-n ' dielectric slab (z>0) having £=4¢, and p=p.
3 E, _772""771 *l+I=< Find:
*Both are @the reflected wave Esand  Answer:

dimensionless

« Transmission coefficient, T |and may be @ the transmitted wave Ej,. Er’\llediﬁl"‘rl\.l‘ f  Medumz
complex T e
"E,_ 2, . 0<|rl<1 - o
E, m+n, el /Demosyreieca renect ntmt
http://www.acs.psu.edu/drussell/Dem Today we’ll see 3 Cases
-~ "-oflect/reflert html and the Standing waves form on each case
1. Medium 2 is perfect Conductor
e 2. Medium 2 is perfect Dielectric
0n2>m
3. Medium 2 is perfect Dielectric
" N>z

Normal Incidence



Dr. Cruz-Pol

Case 1: Conductor(2)

* Medium 1: perfect dielectric, ;=0

* Medium 2: perfect conductor, o=
Find intrinsic impedance
Coef. Of reflex & transmission
& E1 field 1, =0,

F=-1,7=0

E,, =-2jE, sinf,zX(phasor),
E, (z,1)=2E, sin fzsinwt X

a+pH<
o

sition.html

http://www.phy.ntnu.edu.tw/java/waveSuperposition/waveSuperpo

The EM field forms a
Standing Wave on medium 1

E, =2E, sin Bzsinwt X

5, =0 AlE]
2Ei0 }
Z a4
Minima @ -5,z =0, 7w, 2w
. . n 3n Sw )
Maxima @ -f,z = AR Conducting
materia
SRRV Y o, =
/3] 4

Case 2: Dielectric 2 n,>n;

@ Medium 1: perfect dielectric 6;=0
@ Medium 2: perfect dielectric 6,=0, N2>

Standing waves due to reflection

|E =E,+E, =E, (e +Te**) = E e (14 Te%)|

Lossless Medium 1 AlE|
E;, (1HT))
0
0,=0
2 Lossless
2, =—E__ A n=0,123 Medium 2
B 2

***xAt every half-wavelength, everything repeats! ***

If’72 >771’ E]x =Ei‘\'+Erx
r >0, =E,(e”’" +Te"’%)
7 and I are real. = E e (1+Te™%)
=28 Z e =0,27,47,67... B :_ﬂ:_% n=0123
or — Sz, =0,7,2737,... e B 2
Zmin:_(2;1+1)7r:_(2n+1)ﬂ.I n=0123
25 4

Case 3: Dielectric 2 n;>n>

@ Medium 1 = perfect dielectric 5;=0
— Medium 2 = perfect dielectric 02=0 11>

If n, <m,
I'<0,7and I" are real.
__(2;1+1)7r:_(2n+1)ﬂ1 n=123

i
max 2ﬁl 4

nr__nh n=0123

Zoin =T 5 T
b 2

Normal Incidence

Standing waves due to reflection
|E = E, +E, = E, (¢ +Te'#*) = E ¢ /" (1+T ™|

|E/| &

Lossless Medium 1 n, <mn,
TE, ()

L Ei, (1)
z
< 0
@n+)A, Lossless
== n=0,1,23 Medium 2

V4 =
max
4

At every half-wavelength, all em properties repeat
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) X Ex. Given a wave travelling in F.S.
Standing Wave Ratio, s e .
and hitting dielectric
#Measures the amount of reflections, the * Lossless dielectricat  * Find SWR on air
more reflections, the larger the standing 10MHz has
wave that is formed. -16 ti
®The ratio of |E1|maxto |E1lmin /szfa%// &=15, honmagnetic
0, 0 /4
_ 14 _ 1 I+ Ir] Gﬁ@cog@
‘El min ’H| min 1_ |F| /78
s—1
or |F| = —
s+1
Power Flow in Medium 1 Power Flow in Transmitted wave
) LhEESZWﬂOMm + The net average power density flowing
in lossless medium 2
1 .
Foa(@) =5 RelBr ] ()= = SRl E, )
= %Re{chm (e’”": +I’e>’/":)><)3 &(e”ﬂ‘: +F*e"/":)} _LRelsr E e x 57" E_r:ej/f::
m 2 n,
Z
EI{I N X 2 E X
22l (yrp) & p — 2o ool -
2’71 E 27]7 E
=P, +P, « 48, where a, =72 w << u
Power in Lossy Media Ex. Antenna Radome
212
|E, ( ey 2 24 A 10GHz aircraft radar uses a narrow-
PLa(2)=2 o€ ~[fe beam scanning antenna mounted on a Antenna with
T gimbal behind a dielectric radome. radome
; + Even though the radome shape is far ,
a2 [Fol  aar- from planar, it is approximately planar
Po(2)=2t] ——e ™™ Re(—*] over the narrow extent of the radar
U beam.
+ If the radome material is a lossless
dielectric with #=1 and =9, choose
where its thickness d such that the radome '
e —Je & appears transparent to the radar beam.  Antenna with no
r="-4 Y2 and g,=¢,—j—2 + Mechanical integrity requires d to be radome
\/Zl T€e @, greater that 2.3 cm. N
nswer:
2/2=.5cm, d=2.5cm
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