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dEe = i
Tudt

u i

R
ψ

u = Ri+
dψ

dt

dEe = R|i|2dt+ iTdψ = dEe,d + dEe,c

dEe,d

dEe,c

dψ

dψ = JΩdΩ+ Jidi

JΩ,nk =
∂ψn

∂Ωk

Ji,nk =
∂ψn

∂ik

dEe,c

dEe,c = i
TJΩdΩ+ iTJidi
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dEΩ = T T
q dΩ

Tq

Ω

dEm = Em(i+ di,Ω+ dΩ)− Em(i,Ω)

Em i,Ω

i,Ω dEm

dEm = (JΩ)
TdΩ+ (Ji)

Tdi

JΩ,n =
∂Em

∂Ωn

Ji,n =
∂Em

∂in

iTJidi = (Ji)
Tdi

iTJΩdΩ = TT
q dΩ+ (JΩ)

TdΩ

Em

Em =
∫
iT dψ

dEe,c = dEm+dEΩ

∫
iT dψ = Em+

∫
T T
q dΩ
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∫
ψTdi = iTψ − Em

dEm = ψTdi+ iTdψ − dE′
m

= ψTdi+ iTJΩdΩ+ iTJidi− (J ′
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TdΩ− (J ′
i)

Tdi

=
(
ψT + iTJi − (J ′

i)
T
)
di+

(
iTJΩ − (J ′

Ω)
T
)
dΩ

J ′
Ω,n =

∂E′
m

∂Ωn

J ′
i,n =

∂E′
m

∂in

(J ′
Ω)

TdΩ = TT
q dΩ

ψTdi = (J ′
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Tdi

�J(x, y, z, t)
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dEe

dt
= −

∫
div( �E × �H)dV

div( �E × �H) = �H · rot �E − �E · rot �H

rot �E = −d �B

dt

rot �H = �J

�E = ρ �J

dEe =

∫
ρ| �J |2dV dt+

∫
�Hd �BdV = dEe,d + dEe,c

dEe,d

dEe,c

�B = ∇× �A

�a · (∇× �b) = �b · (∇× �a)−∇ · (�a× �b)

v � c
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∫
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∫
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�Hd �BdV =

∫
�Jd �AdV

∫
∇ · ( �H × �A)dV =

∫
�H × �Ad�S = 0

dEe =

∫
ρ| �J |2dV +

∫
�Jd �AdV = dEe,d + dEe,c

dEe,c

dEe,c = i
Tdψ =

∫
�Jd �AdV

i
�J ψ
�A
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∫
Jzdsn

ψn =
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∫
Azdsn
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�Ev = �v× �B
�F = i�l × �B

ΔTw = Rw,thPw,loss

Pw,loss = Rw,eli
2

�F = wki�l ×
�B u =
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wkl�v × �B

Rc,el = ρ
l

A
, κw,th = κp

(1 + fc)κc + (1− fp)κp
(1− fc)κc + (1 + fp)κp
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A κc fc
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K̂s,ν ∼ ξν
f ∼ K̂s,ν · B̂r,ν

B̂r,ν

B̂r,ν ∼ K̂s,ν
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Nw = (2m)Ns = 612 = 2, 176, 782, 336

6

φk ∈ {A,A,B,B,C,C}

Nw = Ns! = 12! = 479, 001, 600
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Tq ∼ 1
2Dδ · f

f ∼ K̂s,ν · B̂r,ν

K̂s,ν

B̂r,ν
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B(x, t) = Re

{ ∞∑
ν=−∞

B̂νe
j(ωt+ν 2π

lc
x)

}

lc

xn

un(t) = B(xn, t)lzv = Re

{ ∞∑
ν=−∞

ûνe
j(ωt+φxn,ν)

}

ûν = vν lzB̂ν , φν = ν
2π

lc
xn

lz vν
ν
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w sign (w)
abs (w)

w1 =
[
+1 −4 −5 −5 −6 +11 +12 +12

]

w5 =
[
+1 −4 +5 +5 −6 +11 −12 −12

]

ν

u = ejν
2π
Ns

abs(w)

u =
∑

sign(w) · u

ξν =
abs(u)

size(u)

abs(x)
x sign(x)

x size(x) x

x = a+ j · b abs(x)
√
a2 + b2
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x

ξν = sin(αν)

αν = 1
2ν

2π
Ns
x

x = 5
x = 1

1
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b
f

ξν =
sin(bαν )

bsin(αν )

α = 1
2ν

2π
Ns
f

f = 1
f = 5 b = 2

α = 0

ξν =
bαν

bαν

= 1

limαν →0 sin(αν ) = αν

y

αν =
1

2
ν
2π

K
y

K

y = 0
αν = 0

Z1

Z2

ξν =

√
sin2(Z1αν ) + sin2(Z2αν )− 2sin(Z1αν )sin(Z2αν )cos(αν )

(Z1 + Z2)sin(αν )

αν = ν 2π
K

K
2 ν

cos(αν ) = ±1

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden.
Es gilt nur für den persönlichen Gebrauch.



αν = 0

ξν =

√
(Z1)2 + (Z2)2 − 2Z1Z2cos(αν )

Z1 + Z2

limαν →0 sin(αν ) = αν

0

1

2
3

4

5

6

7

8
9

10

11

1

1

0

1

2
3

4

5

6

7

8
9

10

11

1

1

0

1

2
3

4

5

6

7

8
9

10

11
1

1

0

1

2
3

4

5

6

7

8
9

10

11

1

1

0

1

2
3

4

5

6

7

8
9

10

11

1

1

0

1

2
3

4

5

6

7

8
9

10

11
1

1

0

1

2
3

4

5

6

7

8
9

10

11

1

1

0

1

2
3

4

5

6

7

8
9

10

11
1

1

y = 2

ξν = ξν · ξν · ξν
ξν

ξν

ξν
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Ns

b = 2, f = 5,K = 6, y = 0, Z1 = 1, Z2 = 1

b = 1, f = 0, y = 5,K = 12, Z1 = 2, Z2 = 2
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b = 2, f = 5,K = 6, y = 0 Z1 =
1, Z2 = 1

b = 1, f = 0, y = 5,K = 12 Z1 =
2, Z2 = 2
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Θ(x, t)
Θk(x, t)

Θ(x, t) = Re

{
m∑

k=1

Nc,k(x) ·Oc,k(x) · îej(ωt+φk)

}

Nc,k(x) k
x Oc,k(x)

î, ω

Θ(x, t)

Θ(x, t) = Re

{
+∞∑

ν=−∞
Cν(t)e

jν 2π
lc

x

}

ν x lc
Cν(t)

Cν(t) = Cνe
jωt

=
m∑

k=1

Ck,νe
jωt

Ck,ν

Ck,ν =
1

lc

∫ lc

0

Nc,k(x) ·Oc,k(x) · e−jν 2π
lc

x dx · îejφk
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ξν
Cν

ξν(t) =
|Cν |
Cν

ξν ≤ 1 Cν

Cν =
1

lc

m∑
k=1

Nc,k · î

|Oc,k(x) · e−jν 2π
lc

x · ej(ωt+φk)| ≤ 1

Nc,k =

∫ lc

0

Nc,k(x)dx

î = 1 lc = 1

Θ(x)

Ck,ν

ξν = ξk,ν =
|Ck,ν |
Ck,ν
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Cν = 0

Nc,k(x) = Nc,k,n ·Oc,k,n · δ(x− xk,n)

Ck,ν

Ck,ν =

Ns∑
n=1

Nc,k,n ·Oc,k,n · e−jν 2π
lc

xk,n

Ck,ν = sum
(
Nc,k ·Oc,k · e−jν 2π

lc
xk

)

Nc,0 =
[
1 1 2 1 1 2

]
Oc,0 =

[
+1 −1 −1 −1 +1 +1

]
xc,0 =

[
1 4 5 6 11 12

]

Nc,0 =
[
1 1 2 1 1 2

]
Oc,0 =

[
+1 −1 +1 +1 −1 −1

]
xc,0 =

[
1 4 5 6 11 12

]
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Nc,k,n

Nc,k,n = const.

Nc,k(x) = Nc,k,n ·Oc,k,n · rect
(
x− xk,n
τso

)

τso
C ′

k,ν

C ′
k,ν =

sin
(
π ν

lc
τso

)
π ν

lc
τso

Ck,ν

Cν

ξ′ν =
sin
(
π ν

lc
τso

)
π ν

lc
τso

ξν

τso

τso τsp

Nc,k(x) = Nc,k,n ·Nc,k,n · rect
(
x− xk,n
τsp

)

τsp

ξ′′ν =
sin
(
π ν

lc
τsp

)
π ν

lc
τsp

ξν
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p = 1 p = 5
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n

αn = p
2π

Ns
n, n = 0...Ns − 1
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ν ∈ [ν0, νNs−1] , ν0, νNs−1 =

{
−Ns

2 ,
Ns
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−Ns+1
2 , Ns−1

2 Ns

∑∑ |cn,k|
î
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Θ = C · φ

ξ
ν
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φ Θ

Θ φ
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−1 −2 −1 0 0 0 +1 +2 +1 0 0 0

⎤
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⎣+1 0 0 0 −1 +2 −1 0 0 0 +1 −2
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⎤
⎦
T

� ⊗
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φn = γ 2π
Ns
n

Ns

Θ
′
= C

′ · φ′

C
′

Ns ×Ns

c′n,k =

{
1
Ns

n = mod(kγ,Ns)

0

Ns

m

c′′n,k =

⎧⎪⎨
⎪⎩
+ 1

Ns
n = mod(kγ,Ns) <

Ns

2

− 1
Ns

n = mod(kγ,Ns) ≥ Ns

2

0

m > N N
m > N

2 N

gcd(γ,Ns) = 1, φn �= φk, n �= k
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