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In situ light scattering and
depolarization measurements



Stokes Vector

Advantage: Definition in terms of measurable quantities
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Scattering Matrix — Spheres
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Example: incident light is 100% polarized perpendicular to the scattering plane
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Scattered light is also 100% polarized perpendicular to the scattering plane




Scattering Matrix — Ensemble of non-spherical particles
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Example: incident light is 100% polarized parallel to the scattering plane
l
l

0 — Is =(S11+812)|i > QS 2(812 +S22)Ii , Us :Vs -0 = P=—
0

S12 + S22
Sll + S12

Scattered light is in general partially polarized, i.e. the incident light is depolarized



How to measure depolarization?
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Growth of sulfuric
acid aerosol by
water uptake

Pressure (hPa)
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First experiments with oxalic acid (30/11/07)
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microphysical properties of slowly
growing ice crystals
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Ice Nucleation on

Meteoric Smoke =
Analogues g
£

50 nm

Meteor smoke analogue
particle generated by the
photo-oxidation of iron
pentacarbonyl

Scattering Intensity (cts-s™)

(Saunders and Plane, 2006)
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CMD (um)

Scattering matrix element ratio
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Scattering Ratio

e Measurement
compact cylinder, 2°/178°
compact cylinder, 2°/177°

4 0

L | 1 1 I 1 I I | I I | !
0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Experiment Time (s)

Depolarization

e Measurement
® compact cylinder, 178°
v compact cylinder, 177°

T T T T T T T T T T

T T T T T T T T T LI
100 200 300 400 500 600 700 800 900 1000 1100 1200
Experiment Time (s)
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Stokes Vector — Degree of Polarization
1°>Q*+U°*+V°

degree of linear polarization

p :_\/Q2I+U2

degree of circular polarization



Mueller Matrix
matrix of optical element
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Scattering Matrix

General matrix
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for nonpolarized incident light:
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=>» light scattering in general induces polarization !



Scattering Matrix — Symmetry

* 4x4 matrix contains all information about angular scattering by a medium
« defined by size, shape and material of the particles

« Single-particle symmetry or media that are invariant under rotation and
reflection reduces the number of non-zero and independent matrix elements

isotropic sphere

ensemble of non-spherical particles

(Su Sz 0 0 ) (Su Sz 0 0 )
S ) 0 0 S: 6 0 0
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Scattering Matrix — Spheres

am (Si1 Si 0 oY1)
Q. 1 [Si2 Su 0 0 | Q
U k’r*| 0 0 S S| U
Vs L0 0 —S3s Szu V)

Example: incident light is 100% polarized parallel to the scattering plane

= l,=(S,+S ), Q =1, U, =V,=0 = R=-1

0

Scattered light is also 100% polarized parallel to the scattering plane



Scattering Matrix — Spheres
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parallel polarised (extraordinary) rays
power: 1W

integrated power on
beam stop: 0.03W




Transition of Contrails into Cirrus Clouds

In situ measurements of ice crystal number size distributions

dN / dlog D [em™]

—k
o

107 E

L) L] T 11 L] II

4 3 . Fresh Contrail -

E L Evaporation 3

C \} ———

7 0g® > 5 sec

} . Growth

FON >1 min -

a f\ . |

‘E W >3 min
A%
s 7 .

2] {\ ; > 15 min _

3 St . :

- \ ”“_ “

R St RS :

}} \ N 30 min
L),

1 — u \‘ X —

- Dry : Young .

5 Non-volatile Cirrus |
0 Emissions .
0.1 10

Schroder et al., 2000



06
05

204

depolarisation 5
o o
~N w

o
-

o
(=)

i b{_ARALEIELSTRPOUNINUNIINY SSTT_ R oY 4
‘_‘J;_’_. ”,» "::: -9 ®

1 —— 8-t ".ﬂ ___________ E .

- - "' - A
Ll ]
.

14 e 4

a." ’

-1 .‘,". 1

Il Freudenthaler et al., 1996

0 1 2 3 4 5 6 7102030405060

age of contrail (min)
Backscatter .
A coefficient B
8.0 5,00
121}
6.0 378
4.0 2.5
2.0 125

gn.o 6S-22S | s s [865-100s

: [10e-5/(m*sr)]

!

.

g C f‘ Depolarisation

]
>0.20 >0.20
124 020 020
0.15 0.15
0.10 0.10
0.05 0.05
550 0.00 0.00

0.00 004 0.8 000 004 008
Horkzontal distance (km)
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_;l‘able 1. _(;haracter_istics of selected SUCCESS contrails.

Date  Time  Z, T, AZ Age &  Comment
UTC km °C m min

21 Apr 1948:00 11.26 -56.8 66 05 065 DC-8
21 Apr 194930 11.19 -563 114 20 049 DC-8
21 Apr  1953:30 11.38 -57.8 84 6.0 038 DC-8
23 Apr 1952:00 1190 -674 582 260 038 Corona
23 Apr  2110:00 1224 -65.7 462 260 0.34 Subvisual
23 Apr  2233:.00 1227 -67.0 282 260 0.61 Corona
23 Apr  2303:00 1234 -674 138 =60 068 Subvisual
23 Apr  2316:00 1225 -67.2 162 260 0.62 Corona
2May 20001:20 1175 -61.3 246 245 0.33 Thin
2May 2030:00 1176 -61.3 90 245 0.31 Thin

Sassen & Hsueh, 1998
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