Shedding light on changing properties of photons

KAMALSINGHANDGOPALVERMA,
ISER, MOHAL|

LIGHTHAS many special properties, most of
which are well understood. However, one
unresolved issue, for over 100 years now, is
how some of its properties cha nge when it
comesin contact with a different medium,
like air, glass or water. Its momentum is
known to change, even though the energy
remains the same. There is difference of
opiniononwhether the momentum of light
photonsincreasesordecreasesinsuch acase.

Hermann Minkowski, Albert Einstein's
teacher, had proposed that the momentum
of light photons increases while passing
through another medium. However, German
physicist Max Abrabam measured a decrease
in the momentum. Scientists havenot been
able to conclusively establish one over the
other. Both suggestions could also be trye
under different conditions.

Ifthereis alossof momentum, forexam-
ple, this loss needs to be absorbed by the
medium. That is what the Law of
Conservation of Momentum says. If aball is
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Finding out whether the momentum
oflight photons increases or
decreases when itenters another
medium like water or glass

thrown ata hanging cloth, the ball loses its
momentumafter hitting it and a depression
iscreated inthe cloth. Similardy, the light pho-
tons should create a depression on the sur-
faceofwater whenitstrikesit. The nature of
the dent in the surface will reveal whether
the light photon has lost or gained momen-
tum. The effect of momentum chan geis
small and difficult to measure,
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In the 1970s, some US researchers
pointed ahigh-power lightbeam ar water to
examine the depression. Their experiments
proved Minkowski's theory, that light pho-
tons gained momentum while crossing an-
other medium. But some scientists were not
convinced, asit was not very clear whether
the depression observed wasdue o momen-
tumchange ar heating by the beam.

During our own experiments, instead of
using one medium, we used two, We puta
dropofwater onglasssurface anddirected a
beam of light on it. Both are transparent
mediums and most light crosses thro ughit,
But asmallamountgetsreflected by the wa-
ter drop and forms a spectrum on a screen
opposite it. A small amount of light gets re-
fiected from the glasssurface aswelland an-
other spectrum is created. The two reflec-
tions forman interference pattern, which is
dependent onthe shapeand size of the wa-
ter droplet. We also introduced some other
changes, like bringing in a magnetic field, to
see how the interference patternchanges By
doing this we noticed how a change in the
water drop,changesthe interference pattern,

The next step wastodirect another beam

oflight at the water drop thatwas placed on
the glass surface. This caused a change inin-
terference pattern. Having studied thesepat-
terns eardier, we were able to tell what kind
of depression in the water drop had led 1o
thesechanges, and whether it was related to
aloss or gain in momentumof photons.

Our observations showed that the light
photons actually gained momentum while
interacting with the water-glass interface,
This mightnot be true inallcircumstances, in
dll mediums. Butat the same time, unlike the
US research, in which the laser beam was
pointed perpendicularto the water surface,
our results were not depend entontheangle
from which light isdirected at water surface.
The result holds true at all anglesand shows
that in the kind of medium and settings we
used, Minkowski was right.

Our resultsmight be useful inmaking re-
configurable fluid lenses and to trap tiny ob-
jects on fluids by using light forces.
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