ECEN 360
Final Exam Appendix

Maxwell’s Equations

Gauss’s Law: §D -ds = J‘pv dv=Q
N v
Voltage: V = —'[E -dl
1
Ampere’s Law: §Hdi = J.jd§ =/

C s

Magnetic flux: & = J-B -ds

Boundary Conditions

Tangential E: E,=E, ﬁX(El - Ez): 0
Normal D: D, —-D, =p, ﬁ'(—l _Dz): P
Tangential H:  H,—H, =J, ﬁx(ﬁl_ﬁz)st
Normal B: B,-B, =0 n (—1 _Bz): 0

d (= .
Faraday’s Law: V = —N—j B-ds
oty

Calculus Theorems

Divergence Theorem:

Stokes’s Theorem:



Material Parameters
Permittivity of free-space: £,=8.85 X 10" F/m
Permeability of free-space: W =47 x 107 H/m

Plane Wave
G ) ) 2 2 _ 2 .0 | 2
eneral propagation constant: Yy = UE, =—W Ul EE, — ]— |=—W UE,
()
y=a+jp
General plane wave equations: E=E e" or E=E, e’**
E=-nkxH
-1 A -
H=—kxE
n
Lossless propagation constant: kK = W4/ 1UE
2z
Lossless propagation constant: kK = W/ 1L € = 7
\%
Wavelength: A=—
f
) 1 c
Phase velocity: v = =—
Jue e,
. ) .y
Intrinsic Impedance: n=
€
Poynting Vector: S=ExH
. _ 1 = =
Time average power density: S, == Re{E xXH }
2
Snell’s Law: 7, Sin(ei )= n, sin(@)
Index of refraction: n=NE = 6T OE,
£
tan(@,)=_ |-
€

Brewster’s Angle:

E cosd. —n, cosd
Reflection Coefficients: I}, =—=-= b i —Th !

E. n,cos@ +mn,cosb,




E. 1,cos6 —1,cosé,
E. 1,c086, +1, cos6,

. - E, 21, cos 6,
Transmission coefficients 7, = —= =
E, 1n,cos6 +mn, cosb,
s = E _ 2n,cosé,
" E  1,c080 +1n,cos6,
T, =1+I,
cos 6.
Ty = (1 +I, )—
cosé,

P
Reflectivity (power reflection) R =—F/= |FJ_| R, = F’ = |F//
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Antenna Radiation Equation: A (R)= ij-f — V'
4 ‘R - R"
D= maximum power density S S Fia 1
~ power density of anisotropic radiator S, ( P "~ F, e
Directivity: P Y P m rad “ ! F(6.9)
2 2
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D: = 2r 1
! ; j j F(6,9)r*sin*(0)d6 d¢
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G= —S;a" =¢éD
Gain: ( L 2]
4xr
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Efficiency: !

Far-Field Hertzian Dipole equations:

R R I —jkR
E=6] ”ikﬂ” [eR jsin(@)
T

R — kR
=g Ltk (‘3 jsin(é’)
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R, =80x" (—j
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Far-Field Half Wave Dipole Equations:

7 co0s@
o cos ECOS oo iR
E=6j601, [ j

sin 8 R

cos z cosd
601, 2 [e_ij J

n, sin @ R




R ,=73

rad

1D
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Antenna Effective Area: A, =

t

2
Friis Transmission Formula: P;“ =G, G, ( A j

) 47 R
Antenna Array Pattern: S=S, ... F.,
f j jmkd cos@
F = a, el¥n gimkdcos
m=0

Array Pattern for a uniform amplitude array antenna:

a =ae"
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