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Lecture ContentLecture Content

Plane Wave Reflection and Transmission

• Reflection and transmission coefficients (at normal Incidence, single interface)
• Stationary wave
• Transmitted power density
• Special cases: Dielectric‐Conductor, Dielectric‐PEC, 
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ProblemProblem
• Two different homogeneous media separated by a planar boundary located at S.
• A monochromatic plane wave is impinging upon the interface S at normal incidence (assume z as• A monochromatic plane wave is impinging upon the interface S at normal incidence (assume z as
direction of propagation).
• The incident wave is linearly polarized (assume electric field direction along x axis).
• Medium “2” extends to infinity.
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Due to symmetry of the problem, reflected and transmitted waves will propagate along a direction
perpendicular to the interface and will exhibit the same polarization as the incident wave.

3

p p f p

18/10/2011



ApplicationsApplications

• EM wave radiated by a UMTS/GSM base station and transmitted inside a buildingEM wave radiated by a UMTS/GSM base station and transmitted inside a building
• EM wave radiated by a satellite/airplane: reflection and transmission at the ground surface
• EM penetration in a human body illuminated by an external antenna
• Ionospheric propagation at HF frequencies
• etcetc.

The radius of curvature of the boundary at the reflection point must be large w.r.t. the radiation
wavelength: it implies that the boundary can be approximated by a planar interfacewavelength: it implies that the boundary can be approximated by a planar interface.

The distance of the source (antenna) from the reflection point must be large w.r.t. the radiation
wavelength and antenna size (reflection point in the antenna far‐field region): it implies that the
incident spherical wave can be locally approximated by a plane wave
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incident spherical wave can be locally approximated by a plane wave.
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E and H field expressionsE and H field expressions
Planar 
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antenna far away from the planar interface).



Th t ti l t f th l t i d

Boundary conditions Boundary conditions 

iThe tangential components of the electric and
magnetic fields must be continuous at any point
on the interface (no free charges or currents exist
at the boundary).
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Reflection and transmission coefficientsReflection and transmission coefficients
Planar 
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E and H field expressions (linear polarization)E and H field expressions (linear polarization)
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E and H field expressions (arbitrary polarization)E and H field expressions (arbitrary polarization)
Planar 
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The sense of polarization (or handedness) of the reflected wave is reversed with respect to
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The sense of polarization (or handedness) of the reflected wave is reversed with respect to
that one of the incident wave (handedness does not change for the transmitted wave).



Standing wave pattern (medium 1: lossless)Standing wave pattern (medium 1: lossless)
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Simultaneous presence of incident and reflected waves gives rise to a standing wave pattern. Note
that a standing wave exist only in medium 1. The magnitude of the electric (magnetic) field in
medium 1 can be analyzed to determine the locations of the maximum and minimum values of the

( )121 1j ze φ βΓ Γ++ ≤ +

medium 1 can be analyzed to determine the locations of the maximum and minimum values of the
electric (magnetic) field standing wave pattern. The standing wave pattern exhibits a repetition
period of half a wavelength.
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k realβ ω ε µ= = = / realζ µ ε= =2 /λ π β=

Standing wave pattern (medium 1: lossless)Standing wave pattern (medium 1: lossless)
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minimum is equal to a quarter of wavelength.



Standing wave pattern (lossless media)Standing wave pattern (lossless media)

2 1
ζ ζ> ( )0 real and positiveΓ >

2 1/ 1ζ ζ −Γ

( ) 12

1 0 1 j ziE z E e βΓ= +

( ) 12

1 0 1
/ 1 j ziH z E e βζ Γ= −

( )2 0

iE z E τ=

( )1 0 2
/iH z E τ ζ=

2 1

2 1/ 1
ζ ζ
ζ ζ

=
+

Γ

( )1 0 1
ζ ( )1 0 2

ζ

0
/ iE E1 Γ+

2 1ζ ζ>

0.5Γ =
0 1

/ /iH E ζ

1 Γ−
z

12

max
1 1j ze βΓ Γ+ = + when

1
2 ( ) (2 ),z nβ π− = 12

min
1 1j ze βΓ Γ+ = − when

1
2 ( ) (2 1) ,z nβ π− = +

max 1

0,1,2,...n =
1

1 1
(2 ) / 2

n nz nπ π λ
β π λ

= − = − = −

min

0,1,2,...n =
1

1

(2 1) (2 1)
2(2 / ) 4

nz nπ λ
π λ
+

= − = − +

1218/10/2011

1 0 1 0 1min max
(1 ), / (1 )i iE E H EΓ ζ Γ= − = +

1 0 1 0 1max min
(1 ), / (1 )i iE E H EΓ ζ Γ= + = −



1 2
ζ ζ> ( )0 real and negativeΓ <

Standing wave pattern (lossless media)Standing wave pattern (lossless media)
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The locations of minimums and peaks are reversed, but the equations for the maximum and
minimum electric field magnitudes in terms of are the same as previous case.Γ
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DielectricDielectric‐‐conductor: medium 2 with lossesconductor: medium 2 with losses

• characteristic impedance

0 0
2

0
1eff

r
j

µ µζ
ε σε ε

ωε ε

= =
⎛ ⎞
−⎜ ⎟

⎝ ⎠

Planar 
Interface

x
ε µ ε

1 2

• propagation constant
0 rωε ε⎝ ⎠

2 0 0 0 2 2

0

1eff rk j jσω µ ε ω ε ε µ β α
ωε ε

⎛ ⎞
= = − = −⎜ ⎟

⎝ ⎠ z
Transmitted wave

Incident wave
1 1,ε µ

0
, ,ε µ µ σ=

S

Filed in medium 2 (transmitted wave):

0 r⎝ ⎠

Reflected wave

2 2 2

2 0 0

jk z z j zt t

x xE E e i E e e iα β− − −= =

2 2 20 0

t t
jk z z j zE EH e i e e iα β− − −= =

2 2

2 0

z j zi

xE E e e iα βτ − −=

i

22ζτ
ζ ζ

=
2

2 2

y yH e i e e i
ζ ζ

= =
2 20

2

2

i
z j z

y

EH e e iα βτ
ζ

− −= 1 2
ζ ζ+

1418/10/2011

2 2

2 ( 0) z j z

xJ E J z e e iα βσ − −= = = The majority of current exists within a few skin depths
of the surface.



Standing wave pattern (medium 2: Standing wave pattern (medium 2: lossylossy))
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Standing Wave RatioStanding Wave Ratio

The standing wave ratio, SWR, is defined as the ratio of the maximum electric field magnitude to the
minimum electric field magnitude:
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Standing Wave PatternStanding Wave Pattern

Standing Wave Pattern Animation (SWRStanding Wave Pattern Animation (SWR))

http://http://www.youtube.com/watch?v=s5MBno0PZjEwww.youtube.com/watch?v=s5MBno0PZjE

http://www.youtube.com/watch?v=z8ya4LqG1CQhttp://www.youtube.com/watch?v=z8ya4LqG1CQ
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Transmitted Power Density (lossless media)Transmitted Power Density (lossless media)
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x1 2

Transmitted Power Density (lossless media)Transmitted Power Density (lossless media)
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If the transmitted average power density is evaluated just after the interface (z=0+), last equation
is still valid even if medium “2” is lossy (it can be shown by considering L→0 in previous case and
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is still valid even if medium 2 is lossy (it can be shown by considering L→0 in previous case and
noting that the dissipated power in the differential volume must vanish as well: average power
flow across the boundary must be conserved).



Medium 2: conductorMedium 2: conductor

• characteristic impedance
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DielectricDielectric‐‐conductor: medium 2 with lossesconductor: medium 2 with losses

• characteristic impedance
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Interface
x1 2

Transmitted Power Density (medium 2: conductor)Transmitted Power Density (medium 2: conductor)
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Dielectric Dielectric –– PEC (Perfect Electric Conductor)PEC (Perfect Electric Conductor)
Interface
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Dielectric Dielectric –– PEC (Perfect Electric Conductor)PEC (Perfect Electric Conductor)
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0 0

i i jE E e φ={ }( , ) Re j te z t E e ω= = { }11 ( , ) Re j th z t H e ω= =

Dielectric Dielectric –– PEC (Perfect Electric Conductor)PEC (Perfect Electric Conductor)
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Assuming that (the phase of the incident electric field is 0° at the interface) the instantaneous0φ =
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Assuming that (the phase of the incident electric field is 0 at the interface), the instantaneous
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Microwave treatment of hypothermia in newborn pigletsMicrowave treatment of hypothermia in newborn piglets
Newly born piglets are very vulnerable to cold temperatures, and many of them die because of hypothermia. Hypothermia
can be treated by placing the piglets under infrared lamps, which are not very effective and are very costly. An alternativeca be ea ed by p ac g e p g e s u de a ed a ps, c a e o e y e ec e a d a e e y cos y a e a e
to treat hypothermia is by microwaves, which is a more expensive technique, but more effective and consumes less power.

Consider a plane wave normally incident at the air‐muscle tissue interface. Calculate the reflection coefficient, the
propagation constant and depth penetration at 915MHz and 2.45GHz. What is the percentage of incident power absorbed
by the muscle tissue at 915MHz and 2.45GHz?y
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