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tribution to Physics includes:

rent carrying conductor (Joule heating).
ivalent of heat.

| hysics laboratory
is name after the great
Salfordian physicist.
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1egpolarisation states of light

@ Etienne-Louis Malus
was the first to
describe the

. phenomena at the

| turn of the 19th

N century when he

b discovered
polarisation by
reflection.

|
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olarisation and
andedness of life?

roduced by biological systems are

pounds brought to Earth by meteorites.

so been speculated that right-handed forms
ino acids in the meteorites could then be

atially destroyed by circularly polarised
light, generated by particles accelerated around

-~ “meutron stars.
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(e.g. terrain recognition and landmine
. detection)
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lestof jpolarisation analysis
h the life sciences

irefringence signals and calcium

ly polarised light [Keller et al, Proc. Natl,
ci, USA, 1985], Fibrin architecture in clots
r and Przyklenk, Bood Cells, Molecules, and
,2009]

ing of human epithelial properties with
polarlsed light-scattering spectroscopy [Gurjar et al,
Nature Medicine 2001]
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Polarisation and
kes parameters

ters provide a means

erised. Techniques used to measure
es parameters are therefore of great
to those working in the fields of
fundamental and applied optics.
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és'parameters

as introduced by Stokes in 1852 that
yuld be completely represented by
antities, now known as Stokes
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of the polarised light:

e

ee of linear polarisation:

2 of circular polarisation:
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modulation technique

| linear birefringence is introduced
ent.

by using a liquid crystal
1, a ferroelectric
r a photoelastic

toelastic modulator (PEM) is based on the
astic effect, in which an optical element
will exhibit a degree of birefringence which is
proport1onal to the applied strain.
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Photodiode

A dual potoelastic

Gl modulator (PEM)

A polarimeter showing
/ the 1st PEM, the 2nd

| PEM, a polarisation

analyser and a

photodetector.

Analyser
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ated as a retarder, and when
)y an angle a from the x-axis, the
or PEM1 can be written as
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e Mueller matrix for this

orm:.:

........
Ty WS
. re .
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angle 3 with respect to x-
er matrix is:
1
1] cos2f
2| sin2f COS2 >
A

. -/‘.T.’g‘ 2
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I'= %I +%Qcos2 201 >c0s 23

—%VsinZoc-cosZB 0y

1 -
+(—0sin” 20 - cos2p —
GO P

+ (iQsin4oc s 2 + %Usin

+(%Qsin201’. ! J cos 20. -sin 2

+chos2
. x
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EM based 1 ethod-the basic expansion

I’=%I4—;Q cosz(2a)cos(2,3)-le sin(4a)cos(23
+sinakos2/AI0sin2e)-U cos2e)}
SN0 o U sint
— a0 N2 U o2}
Hsin(asnAI-/,(6, IO cos2aHU sin2
Hsin(20)c0s(2B)-cos 2 A (B[ sin(2ct
Fin2 PO sin2e)-U cos(2 5007, (8 Jeos[(
coxCaipin2DQsin(2 |

W SinRBNENST.
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+V cosasin23) “
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TABLE 1. Frequencies of signals required to determine the Stokes parameters for different sets of angular
variables.

Case Condition Q L V

[ a=45", 20 [cos(28)# 0] 2Q), 0Q,[cos(28) #0]
B =arbitrary or or
[sin(28)# 0] 0,+9, 20,+Q,

B=45", 20, and 20, +20Q, [cos(2a) # 0] 0, +20,[cos(2a) # 0]

e =arbitrary or or

[sin(2a) ¥ 0] 20}, and 2, =0, 20, + 0,

a =arbitrary 20}, and 20, [cos(28) #0] 0, =20, [cos(2a) # 0]

B =arbitrary or or

[Sll'l(?.ﬁ) 0 2.(12 and ﬂ, s QQ ﬂl[cos(Zﬁ) * 0]
and or or

sin(2a) # 0] 202, and 20, * 0,[cos(2a) # 0] 20,0,
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TABLE II. Frequencies of signals required to determine the Stokes param-
eters in special cases where both angular variables are specitied.

Case ‘ 0 U

20, 20,
Q,+0, 20,
21)2 and 201 n 202
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24
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*uwl
Linear Fit Y=X+15.11x10™
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e
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Calibration matrix

1,

C

=cl+c,0+cU

--------
Nis SR RPN
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Calibration matrix

Sdc gl g2
Sout - 0 g, &

SQU2 0 g £
S, ORNE. 0. 2.

K is a set of constants that are specific to
the experimental setup and determined
through a calibration procedure.

32
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tical magneto optical Stokes polarimeter

Transimpedance
Amplified voltage signal Pre-arlnp?ifier

Si PIN photodiode

IV W Area selection aperture

DC

Electrometer Analyser

2Q), Ref PEM2 | PEM-2
Controller

Lock-in 3

20, Ref

PEM1 i
Controller PEM-1

Polarimeter

Q1 Ref

Lock-in 2

The sample is mounted to
an XYZ micropositioner
(omitted from the diagram
for clarity). See Fig.
4.2.2B.

sng g1d9

Lock-in 1

Electromagnet

Condenser lens

Sample Assembly

Polariser

| Babinet-Soleil compensator

Beam defining aperture

670 nm laser diode

Light Source
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4 Diagonalized Method
Y=0.8720X+ 13.042

e Nondiagonalized Method
¥Y=0.9976X+ 0.099

50 60
I (uAY)

4 Diagonalized Method
Y=0.9999X- 0.1297

@ Nondiagonalized Method
Y=0.9973X+0.1729

80 100
I (uAY)
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RED MATERIALS

study of the magneto
ptical characteristics
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ations of our own work

f nanostructured materials to
ates of incident radiation

aracteristics of

etic nanostruc

eraction of (circularly) polarised light
ctron spin states (spin polarised
n injection)
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RED MATERIALS

'ﬁdy of the magneto optical
aracteristics of anodic

uminium oxide (AAQ)
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characterisation of anodic
AQO) and the nanowire

f Fe nanowire

eto-optical prop

-optical properties of Co nanowire

K R
rrrrrr
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¢ method-sample preparation

wall cell
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arisation-—
-Mimages of Fe-nanowire embedded in AAO
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0f nano-wire arrays in AAO

-

Fe nanowire
array with
7nm diameter
wIres

Peng et al. APL (2003)

M E LN
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nowire array in AAO matrix
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Fe at 670nm wavelength ©
d&=7Tnm  IF2131nm 2
X
ks A comparison of
= .
s Fe, Co and N1
4 05 0 05 1 .
Magnetic fieid (T} nanowire arrays
Co at 670nm wavelength . 0 ; With Wire
diameter of
nm.

0.5 0.0
Magnetic fie
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EyIeEXperimental observations

ical effects are much smaller in
ompared with their bulk
ATl

otails of nano tructures do influence
oneto optical characteristics

>rvable depolarisation by nano
res has been found.
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RED MATERIALS

structured patterned films
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showing the Fe L2,3 absorption
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a pattern. The pattern design is shown in
present the Ga irradiation. XMCD images
rsal sequence are shown in (b)-(f), with an
lesign as a guide. The images only show the
witch between two successive field steps,
1e left side of the images.

<y ¥
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200 AN
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¢ hysteresis loops measured using Selective Area

w g u“ ransmitted light with applied field. The inset
- ity of the film vs. ion dose.

10" ions em”™

1 2.2 4 5
o Ceee (10" seaemr )

0 20 400 B0
Appliad Fisld (Os)

= On
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Im thickness. The magnetic circular dichroism is

jon dose until the film becomes discontinuous at doses

"
* Degrees nm’')
(107 Degrees)

/L(10
Sat

- === Linear Fit
[ sf”

m L

Sat
&

lon Dose (10" ions cm™)
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gle of approximately 63°
e magnetic field applied (b)
e plane of incidence. The
ay rotation induced by
k the is shown in (a) and the
" ellipticity angle in (b).
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ons of the Fe

and etched (dark)
are (a) 0.725 pm

pm (a), (b) 0.725
pum and (c¢) 0.725
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of the chess-board-
§ comprising (a)

£/ Degrees

along

e x-axis of the pattern. The

ps obtained from the

are elements show a

atively ‘normal’

aviour (apart from the

al drift in the s-
polarised case). As shape
anisotropy is introduced, the
ellipticity angle no longer

" _represents the magnetisation

- "of the sample.
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ON OF THE MAGNETIC
"PHOTOCURRENTS

r-oss the Fe/GaAs and Ni/
GaAs interfaces

Thursday, 29 March 12



Ey e
hwvi \\§

\ . Z//,A'ﬁ
N e
//'/l

%
SM ¥ GaAs » M ¥ GaAs
NN 2227 2 Nz

Eg= 1.43¢V

Thursday, 29 March 12



racteristics

—a—Without ¥lumination
—e—With Red Diode Laser

<
13
@
=
=4
O
@
2
@
@
va

™ A A

06 -04 02
Bias Voltage (V)

-0.8

Thursday, 29 March 12

Forward Current (A)

A

—a—Without Slumnation
—+—\With Red Diode Laser

™ A A

A

0.00

0.05

010 015 020 025 0.30

Bias Voltage (V)

0.35




44— Polariser

Thursday, 29 March 12



Bobor= B 0+ Br ) + G F.

-80 -40 0 40
Magnetic Field (Oe)

s Experimental Data
Linear Fit of Data

800 1200 1600
1,7 (nAT)

Liu et al. JAP (2005)
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magnetic field was in the plane of incidence and along the magnetic easy
axis of the sample. The filled circles are for the measurements using a red

- diode laser (A =670 nm, ~v=1.85 eV), and the open circles using an
-ﬁi’ﬁfrgred laser (A =1064 nm, hv =1.17 eV).
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Energy (eV)

Figure 7.1.2.2: The spin-resolved density

7.20] M. M. Steiner, R. C. Alberts : 2w g 3
Emd L] ISR, Rev. B 45 of states (DOS) for the 3d ferromagnets

13272 (1992). (solid/dotted line = majority/minority

states). The energy has been shifted so the

. . 20
Fermi energy is at zero energy.’
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CHANGES IN CELLULAR
DIOVASCULAR CELLS

Ao

.‘—v S

a proof of concept
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developed to measure the full state
t with very high sensitivity.

/ Future work- a systematic study of structures
esoscopic to ‘nanoscopic” based on patterned
s; modelling; non-linear optical characteristics.

2velopment of a Stokes polarimetric microscope
k gh sensitivity and frame speed for the
., observation of dynamic cellular processes.
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