Ulaby 2.38. 2.39. 2.40. 2.43. 2.44, 2.46. 2.46Db
2.46b; Repeat problem 2.46 using the double-stub matching method, using short-

circuited stubs. Stub #1 1s at the load. Stub #1 should be made as short as possible.
Stub #2 15 0.125 A away from the load.




Voltage and Electric Field
Ulaby Sections 4-3. 4-5
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Ulaby Section 4-1

Gauss’ Law for D ;
fD-ds=|||p.dv

Ampere’s Law:
. - 2D
. ||.-= N [
$H-dl IJ[J+ o ] ds

Ganss’ Law for B :
iff B-ds=0

Faraday’s Law:

§E .di— __“ i‘? . ds

Self-learning soft skill: review vector calculus. Ulaby Chapter 3.
* coordimnate syst=ms (Sections 3-1. 3-2 and 3-3)
® divergence (Section 3-3)
o curl (Saction 3-6)
¥

Laplacian operator (Section 3-7)
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Mauxwell Equaizon Tutegral Forin DnlTereninal Fouin
Gauss” Law for D : ﬁﬁ -ds = ||_[ p.av V-D=p,
Gauss® Law for B : ﬁﬂ.d;;:g V-B=0

Ampere’s Law; e - - &D — an

¢H-dr.=|j[i+‘: J-ds Vi H=J+—

® ¥ 5}’ L',-'f'

Faraday’'s Law: .68 _ PR
) ds VxE = 2

jE-di=—[]2.




Electric Flux Density D and Electric Field E

o “linear™: if you double the strength of the sources then you double

the strength of the fields
o “1sotropic”: the behavior of the material 1s the same in all directions

in the material.
o “homogeneous”: the behavior of the material does not change as we
move around from one location to another inside the material.

For linear. isotropic. homogeneous materials:
D=¢E

£, =8.854x10™" Farads/meter

1 .
g = W, =—¢E * Joules per cubic meter
r e
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Material Relative Permuttivity
Free Space 1

Air 1.0006
Styrofoam 1.03
Teflon (connector 2.1
dielectric)

Wood (dry) 1.5-4
Polyethylene 2.25
(coaxial cable

dielectric)

Polystyrene 2.6
Plexiglas 34
Soil (dry) 2.5-3.5
Glass 4t09
Water (distilled) 81

Sea Water 72-80
Metals (high 1
conductivity)




Magnetic Flux Density B and Magnetic Field H

B = uH
iy =4ax107" Henries/meter

I'{II' = i

Hy

1 .
w, =— uH" Joules per cubic meter
]
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Material Relative Permittivity

Free Space 1

Air 1.000004 (“paramagnetic”. g, > 1)
Copper 0.99999 (“diamagnetic”. gu_ <1)
Silver 0.99008

Water 0.99990

Aluminum 1.00002

Ferromagnetic: (these materials are non-linear)
Nickel 600

Mild steel 2000

Iron A0Q00-5000

Mumetal 100.000




Current, Conductivity and Current Density

wire
V4 I
i 2 == ¢ ) L J :; amps par square meter
Y
area A
= 14
: E=—
= L
+ v o -
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Material

Conductivity (S/m)
Silver 6.17x 10’
Copper 5.8x10°_
Brass 2.56 % 10" (Inan and Inan)
Gold 4.1x10
Aluminum 3.82x lﬂf (Inan and Inan]
Iron 1.03x 10
Seawater 4
Marshy Soil 10~
Diry sandy soil 10°-10
Water (fresh) 10
Water (distilled and | 10~

dz-1onized)

Mica

10"
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Ampere’sLaw VxH =—+J

_ ot
T'F:{E:v'i_?—F?'j

) #( 46 V-VxH =0 —
— i —
V.-7=——(V-D
ﬁ( )

Gauss’ Law V-D=p v.jz_ﬁ_p
ot

“Continuity Equation™
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Ulaby Table 6-1 page 236

Gauss’ Law for D : Ampere’s Law:
D = _ - &
V-D=p, VxH=J+
ot
Gauss’ Law for B : Faraday’s Law:
B = 2B
V-B=0 VA o 23
ot

Maxwell’s Equations for Linear, Isotropic, Homogeneous Material
e If the material is linear. isotropic and homogeneous we can simplify
Maxwell’s Equations using the “constitutive equations™ for the material:
o D =gE . so we can eliminate D

© B =uH .sowe can eliminate B

o J=0E .so0we can eliminate J
e The parameters £. .o are called the “electrical properties™ of the material.
Thev are also called the “constifutive parameters™.
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General Maxwell’s Equations:

Specialized to linear. isotropic.
homogeneous materials:
D=¢E.B=uH.J=cE

Gauss’ Law for D :

Gauss’ Law for the electric field:

V-D=p, v.E="
£

Gauss’ Law for B : Gauss’ Law for the magnetic field:
V-B=0 V-H=0

Ampere’s Law:

Ampere’s Law:

_ _ @D — = OE
‘FxH=J+Dj VxH=0E +s—
ct ot
Faraday's Law: Faraday’s Law:
?XE=—5—B ?xf:—;fﬂﬂ
ot ot




UL, ve, QOR. P,

X

— +
ox oy oz £

Gauss’ Law for H states that there are no magnetic charges so the space
derivatives of H must add up to zero at every point:
6H,Z OH,6 0H.
+—+—=0
ox ay oz
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