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Liquid Crystal Polarimeters

Introduction
many systems in operation
variety of liquid crystyal types and arrangements
often combinations of variable liquid crystal retarders and fixed
retarders
example: circular polarimeter with nematic liquid crystal
example: circular polarimeter with ferro-electric liquid crystal
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Liquid Crystal Polarimeters

Introduction
no moving parts
nematic liquid crystals

change retardance with applied electric field
relatively slow (<50 Hz)
electrically tunable for different wavelengths

ferro-electric liquid crystals
flip fast axis orientation with applied electric field (2 states only)
fast (<10 kHz)
fixed retardation and optimum wavelength

often combinations of variable liquid crystal retarders and fixed
retarders
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SOLIS Vector-Spectromagnetograph (VSM)
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Introduction
SOLIS = Synoptic Optical Long-term Investigations of the Sun
3 instruments: Vector SpectroMagnetograph, Full-Disk Patrol, and
Integrated Sunlight Spectrometersun-as-a-star spectrometer)
attached to single equatorial mount
located on top of old Kitt Peak Vacuum Telescope
solis.nso.edu
VSM operates in four different observing modes at three different
wavelengths:

1 photospheric full-disk longitudinal magnetograms in FeI 630.15 and
630.25 nm

2 photospheric full-disk vector-magnetograms in FeI 630.15 and FeI
630.25 nm

3 chromospheric full-disk magnetograms in CaII 854.2 nm
4 full-disk HeI 1083.0 nm line characteristics

Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 5



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 6



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 7



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 8



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 9



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 10



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 11



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 12



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 13



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 14



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 15



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 16



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 17



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 18



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 19



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 20



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 21



Christoph U. Keller, C.U.Keller@astro-uu.nl Lecture 13: Liquid Crystal Polarimeters 22



Separation of Polarization Modulation and Polarizer
FLC and retarders located behind spectrograph entrance slit
polarizing beamsplitters located in front of cameras
spectrograph and associated optics built to minimize instrumental
polarization between modulators and polarizing beam splitters
advantages of VSM approach: no moving parts for polarization
analysis, switching of polarization states can occur rapidly, and
both polarization states are detected simultaneously after having
passed through the same optics
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Instrumental Polarization
only entrance window, primary and secondary mirrors not
calibrated
all other optical elements after polarization calibration optics
still try to minimize polarization introduced because coupling of
instrumental polarization and non-linearities camera read-out
electronics are difficult to calibrate
static birefringence of window due to remaining stress from the
annealing process, measured at less than 2 nm
telescope design is axially symmetric and therefore ’polarization
free’, but symmetry only valid optical axis
simulation at 0.25◦ (solar limb) shows I to Q cross talk of 4 · 10−5

and a V to Q cross talk of 8 · 10−5
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Achromatic Liquid-Crystal Polarimeter

Yunnan Liquid crystal Polarimeter
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S5T

Properties
Small Synoptic Second Solar
Spectrum Telescope
daily scattering polarization
observations
420-465 nm
18 fibers around limb
10−5 polarization sensitivity
1% stability (>10 yrs)
VPH-grating spectrograph
high-speed 8196 by 96 pixel CCD
camera
located on SOLIS Mount, Kitt Peak,
USA
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Theta Cell
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