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EEMAGS Equation Sheet

I. CONSTANTS

ε0 = 8.854× 10−12

µ0 = 1.257× 10−6

c = 3× 108

η0 =

√
µ0

ε0
= 377Ω ≈ 120π

II. FIFTH’S BULLET POINTS

Find εr given λ and f :

εr =
c2

µrλ2f2

Find vp given δ, α, and β given a good conductor:

vp =
ω

β

Find Pavg given H⃗(t) in air:
Find Γ in polar and VWSR given ZL and Z0:

Γ =
ZL − Z0

ZL + Z0

VWSR =
1 + |Γ|
1− |Γ|

Find E⃗(z, t) given H⃗(z, t) in a lossless medium of µr and εr:
Find λ, εr, and H⃗ given E⃗:

Ĥy =
Êx

η

εr =
β2

ω2µrµ0ε0

λ =
vp
f

Find Γ2 and ⟨P ⟩ from ε, lossless:
Find βair, βmaterial, Γ̂, T̂ given E⃗i, εr, µr, σr:
Find vp, L, and Z0 given εr and C, lossless:

vp =
1

√
µ0µrε0εr

=
ω

β

Z0 =

√
L

C

L =
µ0µrε0εr

C

Find C given Z0, RL, f , and VWSR:

C =
L

Z2
0

− G

jω
+

R

jωZ2
0

VWSR =
1 + |Γ|
1− |Γ|

Γ =
RL − Z0

RL + Z0

ω = 2πf

Find VWSR, Γ, Zin from λ, Z0, ZL, length:

Γ =
ZL − Z0

ZL + Z0

VWSR =
1 + |Γ|
1− |Γ|

max[Zin] = Z0 · VWSR

min[Zin] =
Z0

VWSR
Find Z0, α, β, γ, λ given Zin, sc and Zin, oc:

Z0 =
√

Zin, scZin, oc

γ =
1

l
arctanh

(√
Zin, sc

Zin, oc

)
III. BOUNDARY CONDITIONS

Electric field boundary conditions:

E⃗T1 = E⃗T2

D⃗N1 = D⃗N2

E⃗ = E⃗N + E⃗T

D⃗ = εE⃗

Magnetic field boundary conditions:

H⃗T1 = H⃗T2

B⃗N1 = B⃗N2

B⃗ = B⃗N + B⃗T

B⃗ = µH⃗

Normal vectors:
n⃗ = E⃗1 − E⃗2

n⃗ = H⃗1 − H⃗2

n̂ =
n⃗

∥n⃗∥

IV. LAPLACE AND POISSON

The Laplacian:

∇⃗ · (−∇⃗V ) = −∇⃗2V =
ρ

ε0

Laplace’s Equation (charge free region):

∇⃗2V = 0

Poisson’s Equation:

∇⃗2V = − ρ

ε0
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V. GENERAL TRANSMISSION LINES

γ = α+ jβ = [(R+ jωL)(G+ jωC)]
1/2

=
1

l
arctanh

(√
Zin, sc

Zin, oc

)
The characteristic impedance:

Z0 =

√
R+ jωL

G+ jωC
=
√

Zin, scZin, oc

Zin = Z0
ZL + Z0 tanh(γl)

Z0 + ZL tanh(γl)

VI. VOLTAGE STANDING WAVE RATIO

Γ =
Vreflected

Vincident

∣∣∣
z′=0

=
ZL − Z0

ZL + Z0

VWSR =
|Vmax|
|Vmin|

=
1 + |Γ|
1− |Γ|

vp =
ω

β

Pavg =
|V +

0 |
2Z0

(1− |ΓL|2)

VII. TRANSMISSION LINE DESIGN

Lossless lines:
R = G = 0

α = 0

β = ω
√
LC

Distortionless lines:
R

L
=

G

C

α = R

√
C

L

β = ω
√
LC


