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MAXWELL’S EQUATIONS FOR A NON-MAGNETIC INSULATOR:
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So, given an incident plane wave of the form:
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we expect a response
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Free Electrons: e
-

E E t
o

= cosω

F mx qE qE to= = = cosω

x x t
o

= cosω

⇒ − = ⇒ =
−

m x qE x
qE

mo o o

oω
ω

2

2

P Nqx
Nq

m
E

o o o
= =

− 2

2ω

⇒∈=∈ +
−

=∈ −
∈

o o

o
Nq

m

Nq
m2

2

2

2
1

ω ω
( )

2

2
1

p
o

 ω
 ∈=∈ −
 ω 



2 2

2 2

2
6

1
1 1

2

1

1 30
5 10

2 10

p p

o
n

eV

K eV
−

ω ωε
= = − ≈ −

ε ω ω
= − δ

 δ = ≈ × 
 



Consequences for refractive optics:
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        Lens-maker's rule:
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Consequences for normal incidence mirror:
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 Single Fiber Data  

 Simulation : 0.15 mrad 

waviness, 120 m bend
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Defect Simulation
Bending: λ b > 10 cm parameter:  bending radius, R

Roughness:
λ  r< 1  µ m parameters: correlation length, s

rms height, z
Roughness

correlation assumed
exponential:
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parameter:  ∆ θ
Modeled by random angle shifts of δθ after each bounce:

θ ′  = θ  + δ θ,      - ∆ θ  < δ θ  < ∆ θ
(- θ  < δ θ  < ∆ θ  if θ  < ∆ θ )

θ
δθ

θ ′

Lei Wang and Carolyn MacDonald, July, 1996



0 20 40 60 80

0

5

10

15

20

25

30

35

40

45

50

55

60

65

 data, Fiber C
 model, perfect capillary, z=0 nm
 model, with roughness z=1 nm
 model, with roughness z=5 nm

T
ra

n
sm

is
si

o
n

(%
)

Photon energy(KeV)

Center for X-Ray Optics

Roughness

Lei Wang and Carolyn MacDonald, July, 1996



4 2 0 2 4
0

0.2

0.4

0.6

0.8

1.0

 data
 z=0
  z=0.5 nm
  z=1 nm

N
o

rm
a

liz
e

d
 in

te
n

si
ty

Source position(mm) -1 0 1
0.0

0.2

0.4

0.6

0.8

1.0

 data
 z=0
 z=1 nm
 z=2 nm

N
o

rm
a

liz
e

d
in

te
n

si
ty

Source position(mm)

Center for X-Ray Optics

10 keV 70 keV
Roughness

Lei Wang and Carolyn MacDonald, July, 1996



0 20 40 60 80
15
20
25

30

35
40
45

50

 data, Fiber C
 R=110m 
 R=100m
 R=90m
 R=80m

T
ra

n
sm

is
is

o
n

(%
)

Photon energy(KeV)
0 20 40 60 80

25

30

35

40

45

50

 data, Fiber C
  ∆θ =1 mrad
 ∆θ=2 mradT

ra
n

sm
is

si
o

n
(%

)

Photon energy(KeV)

Photon energy(KeV)

25

30

35

40

45

50

0 20 40 60 80

T
ra

n
sm

is
si

o
n

(%
)

 data, Fiber C
 R=125m,  ∆θ =0.35 mrad
 R=110m,  ∆θ  =0.25 mrad
 R=170m,  ∆θ =0.45 mrad

Center for X-Ray Optics

BENDING WAVINESS

Lei Wang and Carolyn MacDonald, July, 1996



-2 0 2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 data
 model

N
o

rm
al

iz
ed

 t
ra

n
sm

is
si

o
n

-2 0 2-2 0 2

Source position(mm)

-2 0 2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Center for X-Ray Optics

40 keV20 keV 60 keV 80 keV

Fiber C

Lei Wang and Carolyn MacDonald, July, 1996



Center for X-Ray Optics

Photon energy (KeV)

0 20 40 60 80
0

10

20

30

40

50

60

70

0

10

20

30

40

50

60

70

T
ra

n
sm

is
si

o
n
(%

)
Fiber A: OD 0.5 mm, 12 µm, L=105 mm, f=65%
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