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External

e e Optical properties depend on the equilibrium state of
matter

e Temperature, pressure or strain, external fields, ...
o ¢j(w;T,S,E,B,...)
e here €;j(w; B)
e linear magneto-optics
€ij = n25ij + fijk;Bk +...
e n are refractive indexes without external field

e Faraday coefficients f;;; describe effect of external
electric field

e there are restrictions on f;;j
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Drude model

e insulator, external magnetic field
e for a typical electron with charge ¢
m(z& + Tz + Q%x) = q(E + = x B)
e Fourier transformed
m(—w? —iwl + Oz = ¢(E — iwz x B)

e solution is easy with circularly polarized light
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e define
Drude model 1

e with time phase
—iwt
& 1 —iwt
== 5| Fe
0

e real part
1 cos wt
eyr = + sinwt
V2 0

right and left handed circular polarization
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Drude model ctd.

Assume right handed circularly polarized light and
propagation along direction of magnetic induction

E= Ee_lwtéJr, B=Be,and x = xe_lwté+
6y x &, ——ié,
recall
m(—w? —iwl + Oz = ¢(E — iwz x B)
for right handed light
m(—Q% —iTw + 02)i = ¢F — quiB
or
qF
m(2? —w? — iTw) 4+ qwB

=
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qE

m(Q? —w? — ilTw) + qwB
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for right handed light

] qE
xTr =
Faraday effect m(QQ — (,dz — IFUJ) + q(A)B

polarization is P = ngz = eoxf‘?

susceptibility for right (+) or left (-) handed light
q2n 0?2

€02? m(Q? —w? —ilw) £+ qwB
induction is always small in atomic units

X+ (w; B) = x(w; 0) + K(w)B

X (w; B) =
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for right handed light
qF
m(Q? —w? — ilTw) + qwB
polarization is P = ngz = eoxf‘?
susceptibility for right (+) or left (-) handed light
q2n 0?2
€02? m(Q? —w? —ilw) £+ qwB
induction is always small in atomic units
X+ (w; B) = x(w; 0) + K(w)B
with

K(w) =

i:

X+ (w; B) =

—qw 0
mO? (22 — w? —iwl)?
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for right handed light
qF
m(Q? —w? — ilTw) + qwB
polarization is P = ngz = eoxf‘?
susceptibility for right (+) or left (-) handed light
q2n 0?2
€02? m(Q? —w? —ilw) £+ qwB
induction is always small in atomic units
X+ (w; B) = x(w; 0) + K(w)B
with

K(w)

i:

X+ (w; B) =

 —qw Q4
- mO2 (02 — w? —iwl)?
physical dimensions ok.
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e transparent medium: xi; = xj;
Symmetry e time reversal invariance: x;;(w;B) = xji(w; —B)
o Xij(w; B) = n(w)? &;j + 1K (w)eijx By
e assume E = Eé, and B = Be,
e right handed light, propagation along B
o P=(n?>+KB)eEe,
e x+ =n’+ KB
K in Ax;j =iKe;jpBy; the same as in Drude model!
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e a plane polarized beam enters a magneto-optic medium
o &, = %{éur—ké_}

e propagating a distance /¢

iny kol te em,k‘of }

E(z) = E\}i {é+ e

e where

K
ni:\/n2:tKB:ni2—B

n
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e a plane polarized beam enters a magneto-optic medium
° &y = %{é++é—}
e propagating a distance /¢
EEz) = E’i {é+ ein+k0€ +é_ ein,k‘of }

V2
vinesd e where
KB
ny = \/n2:tKB:ni%
e we calculate

) . cos KBkyl/2n
E(z)=Fe inkof sin KBkol/2n

0

e specific Faraday rotation
2n KB

T X 2m
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Michael Faraday, English physicist, 1791-1867
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Light is propagating 5
forward -~
S Light pazzes an
B 7 nalyzer rotated of

The polarization a
plane is rotated £5° rwk@;a;f:wr

| O Back reflected
rotator light

Light becomes

vertically polarised 457

Polarizer
Incoming non-
polarized light
> r
8 _External
magnetic field
Light becomez
45° polarized
Light is propagating '
backward

The polarization plane i
rotated of additional 45°, now
itis 90° from the vertical axis

\_.The Back-reflected beam is

stopped

polarizer - Faraday rotation by 45 degrees - polarizer chain
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e Faraday effect by internal magnetic field
e Yttrium Iron Garnet YIG, suitably modified
e ferri-magnetic

e transparent in the near infrared (1.5 micrometers)

Magneto-optic
devices

e specific Faraday rotation of a few hundred degrees per
millimeter

e integrated optical isolator

e an ongoing effort



Faraday effect

Peter Hertel

Overview

External
magnetic field

Drude model
Faraday effect

Symmetry
considerations

Faraday
rotation

Magneto-optic
devices

The YIG crystal
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| EEIUH PRODUCTS | SOLUTIONS | RESOURCES & MEDIA | SALES & SUPPORT | COMPANY
Home / Fiber Optics / Fiber Optic Components / Fiber Optic In-Line Isolators / F-ISO-D-2-P

Double Stage Isolator, 1550 nm, PM Fiber, FC/PC
Bulkhead Connectors

Overview N lewport.

External
magnetic field

Drude model
Faraday effect

Symmetry
considerations

$1170.00 Qty |1

Additional Series Info: Fiber Optic In-Line Isolators

Faraday
rotation

X & zoom Fenlarge
Magneto-optic

devices LEER RS Related Products

The F-ISO-D-2-P Double Stage Fiber Optic In-Line Isolator is the smallest in
size and highest in quality on the market. It is ruggedly built to function QD N

Exeron | Solons

reliably in a wide variety of environments. Small size, polarization insensitivity,

o e il Gl SN C

A micro-optical isolator. You may buy it.
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This one is made in China and costs a few hundred dollars.
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