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Abstract

This study is mainly focused on the alternative version of Heisenberg
uncertainty relation.

We have shown the separation of the total angular momentum of the
electromagnetic field into its orbital and spin parts. It is dictated by quantum
mechanics of photons reproduces. Therefore, the results are derived from the
proprieties of Maxwell fields by Darwin. Then, we deal with the uncertainty
relation for photons. The uncertainty relation was obtained as a sharp inequality
by using the energy distribution on space. The relation we obtain here is an
alternative to the one given by Heisenberg by the use of the position of the center
of the energy operator. The fact that the components of the center is non
commutative affected the right hand side of the Heisenberg inequality. But this is

resolved by the increase of the photon energy.
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Introduction:

In quantum mechanics we find that there are two types of angular momentum.
These include orbital angular momentum L and spin angular momentum S. In
addition, we can form total angular momentum, the combination L + S. It turns out
that all types of angular momentum have certain properties in common; therefore we
can study a “generalized” angular momentum, which we label J. We have already
known the commutation relations satisfied by the components of orbital angular
momentum. It turns out these are characteristic of all types of angular momentum, so
we restate them here for J [J,,J,] = iJ,, [J,.3,] = ind,, [3,,3,] = ikd, , which defines

in classical physics as L = F x B where ¥ is the displacement vector from the origin
and p is the linear momentum [36]. Our study here aims to discuss the total angular
momentum and its separation into orbital and spin part of light beside Heisenberg
uncertainty relation. To discuss these two things we separated our thesis into five
parts.

Firstly, we study the From Polarized Light to Quantum Theory, which contains
the polarization of light waves, Complex vector spaces, and some notations and
definitions of it, Basis and Dimension, Completeness and Hilbert spaces, in section
two we start with Linear Operators, Adjoint and Hermitean Operators, Eigenvectors,
Eigenvalues and the Spectral Theorem, Functions of Operators, we end this part by
Operators with continuous spectrum and The momentum operator, in addition The
position representation of the momentum operator and the commutator between
position and momentum.

Secondly we study On The Angular Momentum Of Photons, which contains
inside four items the first one is introduction to the angular momentum of photons,
From transversality to the operator of correlation, IDOF and its correlation
with the momentum, and end this part by Sam is aligned with the wavevector
direction.

Then, our study is going to discuss the third part in title Canonical separation
of angular momentum of light into its orbital and spin parts, which discussed
Quantum mechanics of photons, Electromagnetic field, Separation of angular
momentum, and in last we introduced Conclusions to this part.

Heisenberg uncertainty relations for photons are our study to this part and our
main goal of this thesis, inside of it we discussed Relativistic uncertainty relations,



Uncertainty relation for the product of (R - R) and (P - P), Uncertainty relation for
the product of AR? and AP? and photon beams, and the Conclusions for this part.

Finally, we end this thesis by Axiomatic geometrical optics, which have

Inside Geometric Phases in Physics, Geometrical representation of angular
momentum coherence and Squeezing, Axiomatic geometrical optics, Minkowski
controversy, and the last one is Linear waves (Abraham Representation).

Vi
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