On the use of conserved electromagnetic field
guantities in radio studies of space

Bo Thide(1,2), Holger Then(3), Jan Bergman(1),
Yakov Istomin(4), and Nail Ibragimov(5)

(1) Swedish Institute of Space Physics, Uppsala

(2) LOIS Space Centre, Vaxjo University

(3) Department of Theoretical Physics, University of UIm

(4) Theory Department, P. N. Lebedev Physical Institute, Moscow
(5) ALGA, Blekinge Institute of Technology, Karlskrona

RVKO5, Linkdping, Sweden, Junel5, 2005



T'hree orthogonal linear dipole antennas probe the 3D electric field vectors
LOIS Test Station, the Risinge site, Vaxjo, Sweden

January, 2005 (after the hurricane)
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Three orthogonal z |

loop antennas
probe the 3D
magnetic field
vectors




From the fotal E-field and B-field vectors one can
determine a number of constants of motion

o Total energy
H= lZm-r? + 2 [ @ (E> +°BY)
& 2 )
e Total linear momentum

p= Z MV + &g f d’x (ExB)
i

e Total angular momentum (including spin/polarisation/helicity)

J=L+8= Zif}i??fﬂ’;ﬂ-l—:[:fdjl’ (x—xp) % (ExB)
i



e Energy centre of the EM field

C= f a2 [?(E—KD)(EI + *B)— (t— 1) (EX B)

The EM parts of these conserved (and other) quantities are

transported by the EM field (radio beam) and carry additional
information on the intrinsic dynamic state of the electromech-

anical system under study (ionosphere, magnetosphere, solar
corona, CME, transition layer . . .)

See . Molina-Terriza et al., Phys. Rev. Lett., 88, 013601 (2002).



Angular momentum conserved both in mechan-
ical systems and in EM fields (wave bundles/rays,
Laguerre-Gaussian beams efc.).

e [ncludes orbital angular momentum and spin angular
momentum/polarisation.

e Gives rise to a rotational Doppler shift

o Underutilised quantity in space physics (rapid develop-
ment in optics/laser physics)

e High potential for new discoveries, in particular for turbu-
lent plasma



Phys. Rev. Lett. 88, 257901 6 June 2002
{1ssue of 24 Tune 2002)
Title and Authors

Breaking Free of Bits

Quantum communication schemes using
light normally rely on the two types of
photon polarization to encode
mformation a bit at a tume. But if
researchers could efficiently measure a
photon’s orbifal angular momentum,
which can take an infinite number of
different values, thev could concervably
pack much more information info a light
beam. Now, i the 24 June print 1ssue of
PRL, ateam reports 2 way of sorting
mdividual photons according to their
orbital angular momentum. which could
allow them to make use of all that extra

data. E. Galvez Colpste Univ.

Photons have two spin states, which Caught in Orbit. A Light beam with orbital
lar momentum can generate a

curre;pugd to the two types of circular _ spiral-shaped iterference pattern. Sorting
polarization for a light beam: the electric  photons by this property could allow
field rotates either clockwise or researchers to extract mcreased amounts of

counterclockwise. A cross-section information from such beams.




Beam with spin (circular polarisation)
no orbital angular momentum
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Field vectors across antenna array for beam with
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Beam with orbital angular momentum
(I=+1)




Field vectors across antenna array for beam with
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Beam with orbital angular momentum
(1=+3)




Beam with orbital angular momentum
(1= -4)




A helical radio beam carrying orbital angular
momentum

Figure 3. A radio beam with orbital angular momentum 15 helical. For a beam of waves with wavelength
A and angular momentum [, an antenna array with a diameter d and offset from the beam axis by a distance
R will cbzerve a Poynting vector S which is tilted an angle o = arctan(A [ /2T R} with respect to the beam
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Atmospheric Turbulence and Orbital Angular Momentum
of single Photons for Optical Communication

C. Paterson ™

The Blackest Laboraizry, Imperial College London, London SW7 2BW, United Kingdom
(Receivad & Movember 2004: published 18 April 2005)

The effects of propagation through random abemations on coherence for single-photon cormmunication
systems based on orbital angular momentim states are quantified. A rotational coherence function is
cerived which leads to scattering equations for azimuthal modes of different orbital angular momentum
states. The effect on a single-photon communication sy stem is quantified using the channel capacity. The
work shows that the decoherence effect of atmospheric wrbulence on such sysbems is important even for
weak turbulence.

FIG. 1. Example intensity (gray scale) and phase map
(7 /-spaced contours) of o pure LG beam (left) and the same
beam  with abemations  caused by propagation  through
Kolmogoroy turbulence (nght).



