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Magneto-optics effects

Magneto-optical Kerr effect
On Rotation of the Plane of the Polarization by Reflection from the Pole of a Magnet (1877)

Kerr effect (quadratic-optic effects)
A new relation between electricity and light: Dielectrified media birefringent (1875)   

Measurements of Magneto-optic Kerr effects

 Not very accurate ! 



Time-reversal Breaking in Magneto-optics effects
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Phase Sensitive detection



Phase Sensitive detection for Faraday rotation

Faraday rotation measurements
By modulating magnetic field

OKE measurements
By modulating pump intensity



Sagnac interferometry

wikipedia

Geroge Sagnac (1913)



Sagnac interferometry with phase modulation





Sagnac interferometer for magneto optic measurements

50 mm LiNbO3

Negative uniaxial
no = 2.21
ne = 2.13 at 1.55 mm
5.078 MHz modulation

Slow axis
exp(iwt+iwfin-phasesin(wmt))

Fast axis
exp(iwt+iwfout-phasesin(wmt))

Optical path difference
( no – ne ) * 50 mm
~ 4 mm
>>
Coherence length 30 mm

Coherence length 30 mm



Sagnac interferometer for magneto optic measurements

Slow axis
exp(iwt+iwfin-phasesin(wmt))

Fast axis
exp(iwt+iwfout-phasesin(wmt))

Coherence length 30 mm

RHC
LHC
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Sagnac interferometer for magneto optic measurements

Slow axis
exp(iwt+iwfin-phasesin(wmt))

Fast axis
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Sagnac interferometer for magneto optic measurements

Slow axis
exp(iwt+iwfin-phasesin(wmt))

Fast axis
exp(iwt+iwfout-phasesin(wmt))

Coherence length 30 mm

RHC
LHC

LHC
RHC

Slow axis

Fast axis

fnr = 2qK

Twice of Kerr rotation



Sagnac interferometer for magneto optic measurements

Fast axis
exp(iwt+iwfin-phasesin(wmt) +iwfout-phasesin(wm(t+t)))

Slow axis
exp(iwt+iwfout-phasesin(wmt) +iwfin-phasesin(wm(t+t)))

Coherence length 30 mm

RHC
LHC

LHC
RHC

Slow axis

Fast axis

fnr = 2qK

Twice of Kerr rotation

Phase difference
fmsin(wm(t+t))-sin(wmt)+2qK

fm=fin-phase- fout-phase ~ 0.92 rad

-> elliptic polarized light



Sagnac interferometer for magneto optic measurements

Coherence length 30 mm

RHC
LHC

LHC
RHC

Slow axis

Fast axis

Phase difference
fm(sin(wm(t+t))-sin(wmt))+2qK

fm=fin-phase- fout-phase ~ 0.92 rad

fm(sin(wm(t+t))-sin(wmt))+2qK

=fm(sin(wm(t+t/2))-sin(wmt-t/2))+2qK

=2fmsin(wmt/2)sin(wmt) +2qK

=2fmsin(wmt) +2qK 

where t=p/wm

cos(2qK+2fmsin(wmt))
=J0(2fm)cos(wmt)

-J1(2fm)(cos(2qK-wmt)-cos(2qK+wmt))
+J2(2fm)(cos(2qK-2wmt)+cos(2qK+2wmt))
...

=J0(2fm)cos(wmt)
-J1(2fm)sin(2qK)sin(wmt)
-J2(2fm)cos(2qK)cos(2wmt)
...



Sagnac interferometer for magneto optic measurements

Coherence length 30 mm

RHC
LHC

LHC
RHC

Slow axis

Fast axis

cos(2qK+2fmsin(wmt))
=J0(2fm)cos(wmt)

-J1(2fm)sin(2qK)sin(wmt)
-J2(2fm)cos(2qK)cos(2wmt)
...

Iw/I2w = J1(2fm)sin(2qK)/J2(2fm)cos(2qK)

sin(2qK)/cos(2qK) = IwJ2(2fm)/I2wJ1(2fm)



Sagnac interferometer for magneto optic measurements

Coherence length 30 mm

RHC
LHC

LHC
RHC

Slow axis

Fast axis

Calibration
40 mm thick bismuth-doped rare-earth 
iron garnet crystal - 3.3° (83° /mm)
Known value : 90°/mm

0.5 mm thick slab of fused silica
Verdet constant : 5.52 x 10-8 rad/Oe mm
- 5% error to literature value



Sagnac interferometer for magneto optic measurements

Coherence length 30 mm

RHC
LHC

LHC
RHC

Slow axis

Fast axis

Calibration
40 mm thick bismuth-doped rare-earth 
iron garnet crystal - 3.3° (83° /mm)
Known value : 90°/mm

0.5 mm thick slab of fused silica
Verdet constant : 5.52 x 10-8 rad/Oe mm
- 5% error to literature value

No rotation for l/4 plate



Sagnac interferometer for magneto optic measurements



Sagnac interferometer for magneto optic measurements


