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The Angular Momentum of (circularly polarised) Light

The Wave Motion of a Revolving Shaft, and a Suggestion as to
the Angular Momentum in a Beam of Circularly Polarised

Laght.
3y J. I PoyxnTiNG, Se.D., F.R.S.

(Received June 2,—Read June 24, 1909.)

When a shaft of cirenlar section is revolving uniformly, and is transmitting
power uniformly, a row of particles originally in a line parallel to the axis

will lie in a spiral of constant pitch, and the position of the shaft at any in) A I M t
instant may be deseribed by the position of this spiral. (Spln) ngular Miomentum
per photon

\

Angular Momentum Carried 1 h

Energy Carried 0y ho

/ /

Angular frequency Energy per photon
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The talk today

« Orbital (i.e. not spin!) Angular Momentum, what is it?
* What has been done with OAM
* A couple of example of what we have done
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* A photon carries a spin angular momentum of 7

* S0 how does a multi-pole transition (AJ > #) conserve
angular momentum?
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Linear momentum at a radius exerts a torque

hk

/

ik X r-> multipole transition

PROCEEDINGS THE ROYA LA‘ l
Ol SOCIETY

Providing the lever is long
enough, a fixed linear

momentum can exert an
Notes on the Theory of Radiation arbitrary high torque

C. G. Darwin
Proc. R. Soc. Lond. A 1932 136, 36-52
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Getting started on Orbital Angular Momentum of Light

« 1992, Allen, Beijersbergen, Spreeuw and Woerdman

PHYSICAL REVIEW A VOLUME 45, NUMBER 11 1 JUNE 1992

Orbital angular momentum of light and the transformation of Laguerre-Gaussian laser modes

L. Allen, M. W, Beijersbergen, R, J. C, Spreeuw, and J, P. Woerdman
Huygens Laboratory, Leiden University, P,O. Box 9504, 2300 RA Leiden, The Netherlands
(Received 6 January 1992)
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Orbital Angular Momentum from helical phase fronts
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Angular momentum in terms of photons

e Spin angular momentum
— Circular polarisation
— oh per photon
« Orbital angular momentum
— Helical phasefronts
— (h per photon

7

{=0 /=1 /=2 /=3 etc
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Optical vortices, Helical phasefronts , Angular momentum

* Intensity, 1 20
* Phase, 2n = ¢ 20
¢ =0, plane wave

¢ =1, helical wave

¢ =2, double helix

¢ = 3, pasta fusilli
etc.

7 -/+ @dUaiap8)u|

/= vortex charge
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Orbital angular momentum from Skew rays

Poynting vector
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Making helical phasefronts with holograms

Screw dislocations in light wavefronts

V. YU. BAZHENOV, M. S. SOSKIN and M. V. VASNETSOV

Institute of Physics, Academy of Sciences of Ukraine,
252650 Kiev, Prospect Nauki 46, Ukraine

(Received 14 June 1991 revision received 8 Jamuary 1992)

1 firacted boam
5 Cdef‘/dl: f%{i ed bea +1st order difracted beam

(= 3)

JOURNAL OF MODERN OPTICS, 1992, voL. 39, No. 5, 985-990

‘ 3-1old dislocaton

Incident plane wave S5 Hologram

(f =0)
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Making OR measuring phasefronts with holograms

Make interactive by using SLM

Switching time Generate
=5-20mSec

Efficiency =50%

Measure

Light source
OR detector \/
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Richard Bowman

A gift for all the family.....

iHologram

Description
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A double-start helix (¢/=2)

Chambord castle (chateaux de la Loire)
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And the point of shaping the spot is
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OAM in optical manipulation

Voruse 78, Nusiie S PHYSICAL REVIEW LETTERS M ooy 1998

Direct Observation of Transfer of Angular Momentum to Absorptive Particles
from u Laser Beam with o Phase Singularity

H. He, M E L Friese, N R Heckenberg, and H. Rubinsatein- Dunlop

Department of Phvics, The Umiversiry of Queensland, Brishane, Queonslond. Asstrnlia Q0072
(Recoived 28 November 19 revised manucript roceived 4 Apnl 199%)

He et al. PRL 1995

) }|\ S June 202
> OPTICS
r COMMUNICATIONS
wl
VISEVIER Opcics Comtounacations 207 (2000) 169175 ——

wan davier comtocatn'opecom

Dynamic holographic optical tweezers

Jennifer E. Curtis, Brian A. Koss, David G. Grier®

Curtis et al. Opt Commun. 2002
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OAM in quantum optics

Adsls Man | BBpacha Vaakt, (regir Waihe b Aeton ) ainger

S RAL U APl Yt b et s M Y, T New
Lo

Trmangled quactum stes sy not sparable, regardiess of the
spetinl wpuretion of their componmmis Thn is o merilestalion of
a0 aapest of guantum mechamics Laown s quastem  neo-
Socaley . An lmpornas cansegqeence of this s that the mvasere
moent o the sate of one particle in o two particle emtanglod siate
ey the state of D svond particle inatamtanonanly, wheroes
neher pertiche ponsessrs e own well deflned cate before the

Mair et al. Nature 2001

-
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OAM in imaging

Spiral interferometry

Severin Fiirhapter, Alexander Jesacher, Stefan Bernet, and Monika Ritsch-Marte
Division of Biomedical Physics, Innsbruck Medical University, Miillerstrasse 44, A-6020 Innsbruck, Austria

Furhapter et al. Opt. Lett. 2005

Astronomical demonstration of an
optical vortex coronagraph

Grover A, Swartzlander, Jr..'” Erin L. Ford,' Rukizh 8. Abdul-Malik,’
Laird M. Close,” Mary Anne Peters,” David M. Palacios,’ and Daniel W, Wilson'

Swartzlander et al. Opt. Express 2008
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OAM in communication

New Journal of

IAe Open

h ysics

Encoding many channels on the same frequency
through radio vorticity: first experimental test

Fabrizio Tamburini'->#, Elettra Mari®, Anna Sponselli',
Bo Thidé*’, Antonio Bianchini' and Filippo Romanato®’

Tamburini et al. New J Phys. 2012

ART'CLES namre S
PR oL 24 AR 201 008 63EIRAOPTON 272 08 photonics

Terabit free-space data transmission employing
orbital angular momentum multiplexing

Jian Wang'**, Jeng-Yuan Yang', irfan M. Fazal', Nisar Ahmed’, Yan Yan', Hao Huang', Yongxiong Ren’,
Yang Yue!, Samuel Dolinar’, Moshe Tur* and Alan E. Wiliner™

Wang et al. Nature Photon 2012
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OAM in Lasers
nature 45°HR Nd:YAG

COMMUNICATIONS d

ARTICLE

Received 30 May 2013 | Accepted 10 Jul 2013 | Published 2 Aug 2013 §

A digital laser for on-demand laser modes

Sandile Ngcobo”, Igor Litvin?, Liesl Burge12 & Andrew Forbes'? AR T

Ngcobo et al. Nature Commun. 2013




l'f University
/ of Glasgow

OAM in not just light

|
|

-
—
PRL 100, 024302 (2008) PATRAICAE BRI DELIERS 18 JANUARY 3008 3
Optical fhor ——e
Transfer of Angular Momentum to Matter from Acoustical Vortices in Free Space UONSon penasm —-— Hangrg dwa
N
Karen Volke-Sepiilveda,’ Arturo O. Santilldn,>* and Ricardo R. Boullosa® “|/ /
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Vol 467 16 Septarber 2070 dai10.1034/ natre 09366 nature

LELLERS

Production and application of electron vortex beams

). Verbeeck', H. Tian' & P. Schattschneider”

Verbeeck et al. Nature 2010




Free-space information transfer using
light beams carrying orbital angular
momentum

University
» Graham Gibson, Johannes Courtial, Miles J. Padget
of Glasgow OO s s e o OO
1 November 2004 / Vol. 12, No. 22/ OPTICS EXPRESS 5448

The OAM communicator

WEEKLY ' NEWS IDEAS INNOVATION THE BEST JOBS IN SCIENCE

NewScientist

Twisted Light

It's fast, furious and perfect
for talking to aliens

Animal Minds

he amazing truth

Respect for fish

Monkeys and Machiavell
Betty, the engineer (row
smart sheep or woolly robots?
The friendly hyena

Dogs that speak Human

(L]
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Optical Vortices before Angular Momentum

FProe. R. Soe, Lond. A. 336, 165-190 (1674)

Printed in Great Britain

Dislocations in wave trains

By JF. NY® axp M. V. Berny
H. H. Wills Physics Laboratory, University of Bristol

Quantised Singularities in the Electromagnetic Field

srbR

P. A. M. Dirac

Proceedings of the Roval Society of London, Series A, Containing Papers of a
Mathematical and Physical Character, Vol. 133, No. 821. (Sep. 1, 1931), pp. 60-72.
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Fractality and Topology of Light’s darkness

Kevin O’Holleran
Florian Flossmann

Mark Dennis (Bristol)
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Vortices are ubiquitous in nature

*  Whenever three (or more)
plane waves interfere optical
vortices are formed

— Charge one vortices occur
wherever there is diffraction
or scattering
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Map out the vortex position in different planes

« Either numerically or
experimentally one
can map the vortex
positions in different
planes




PRL 100, 053902 (2008)

L] J k:d
PHYSICAL REVIEW LETTERS SFI?;IC%U/L\I}(\RP%OOS

University
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The tangled web of speckle

Fractality of Light’s Darkness

Kevin O’Holleran, "* Mark R. Dennis, Florian Flossmann,' and Miles J. Padgettl
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Quantum entanglement with spatial light modulators

Jonathan Leach
Barry Jack

Sonja Franke-Arnold
(Glasgow)

Steve Barnett
and Alison Yao (Strathclyde)

Bob Boyd
Anand Jha (Rochester)




PHYSICAL REVIEW A VOLUME 56, NUMBER 5 NOVEMBER 1997

Second-harmonic generation and the conservation of orbital angular momentum

(J: Ull 1IVC I‘\lt\ with high-order Laguerre-Gaussian modes
()f ( ’IJSLIO\\ J. Courtial, K. Dholakia, L. Allen, and M. J. Padgett

OAM in second harmonic generation

« Poynting vector “cork screws”,

azimuthal skew angle is | green
- 6 = f/kr photon
- Does this upset a co-linear “cork screwing” t=24,

phase match? -No Poynting vector

* Frequency & /-index both
double

« “Path” of Poynting vector stays
the same
— phase matching maintained

2 infra red
photons
l=1,
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Correlations in angular momentum
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Correlations in angle
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Quantum Correlations in Optical
Angle-Orbital Angular

J,',‘ me rsity Momentum Variables
) 1asSgoO \" Jonathan Leach,” Barry Jack, Jacqui Romero, Anand K. Jha,” Alison M. Yao,’
C f( 4550V SAUGUSTZ010 VOL 329 SCIENGE N alehmol Savie G ens Mokt W.Rort

Angular EPR

B0
30D

11111

—> B & ALl U 2

- .‘, L} - ,4 et T ‘.'9’:"-.-'_;4_&

Correlations in complimentary basis sets
-> demonstrates EPR for Angle and Angular momentum

(A0, )n] [A(,0:)] = 00047577 << 0,251
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Rotational Doppler Shifts

Martin Lavery

Steve Barnett
and Fiona Speirits
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Linear vs. Rotational Doppler shifts

Light source Light source
— - exerts force = P/c - exerts torque = (P/w

[ &

Doing work on a light beam changes its energy and hence shifts it's frequency




Orbital angular momentum -> Skew rays, a # 0

Poynting vector
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Doppler shift from a SPINNING surface

WY XA c.f. Aw= sina w,v/c

AKX YN : —
JOOC\ sino=/lkr & v=Qr

ﬁ Aw,=Q/

o Aw,_~=2Q/




Scattered Light

Observe frequency shift
between +/- /
components

Detector '\/

[lluminate
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Diffraction grating Diffraction grating
(hologram) to make/ (hologram) to make/
measure /=3 measure /= -3

l

!
L1
" il

(hologram) to make/
measure /= +/-3




Detection of a Spinning Object Using
J: University Light's Orbital Angular Momentum

()f ( ,l Jsgo\\ Martin P. J. Lavery,** Fiona C. Speirits,? Stephen M. Barnett, Miles ]. Padgett’

SCIENCE VOL 341 2 AUGUST 2013
llluminate with OAM at +/- / and measure Aw
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Thank you
to you and my
Group
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REVIEWS

If you would like a copy of this talk please ask me

www.gla.ac.uk/schools/physics/research/groups/optics/

2011
nature -
photomcs

TRANSFORMATION OPTICS
Bire ntrol

2012

JUNE 2017 VOL os

Optical tweezers and
twisted beams of light

Miles Padgett

Professor of Optics, University of Glasgow

Miles Padgett: Optical tweezers and twisted beams of light

Lighting up manipulétion

Advances in Optics and PhoOtONICS 1 sainaina neviews ano ruromiacs 1o Lians

Bdior: Bahas £ A Saleh Vol 3, les. 3 — Jus. 30, 2011

< Provious lnwes | Must lnwes >

2> Page 181

Jonra S
Orbital angular momentum: origins, A Ok 0oty
behavior and applications Ry
Allson M. Yao and Miles J. Padgett -View Author Affilations
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