
Summary of work from Fundamental Interactions Laboratory, Gravitation Group, 
TIFR (2005-2008): 
 
The thrust area for research in the group is the study of fundamental interactions 
employing low energy tools, with emphasis on gravity and quantum electrodynamical 
forces.  The experimental tools are high sensitivity torsion balances, laser cooled atoms 
and Bose-Einstein Condensates (BEC). The developments related to laser cooling has 
also led to some studies on atom-light interactions and atomic physics aspects of BECs. 
Our major results during the past three years are a) measurement of the quantum van der 
Waals (C3) coefficient by a novel method of measuring the reflection of ultra-cold atoms 
of Rubidium from magnetic thin film surfaces (2005), b) measurement of phase transition 
and relaxation properties of thin film magnetic materials of interest in condensed matter 
physics using atom reflection from magnetic thin films as the tool, c) the production of a  
Bose-Einstein condensate in an optical dipole trap backed by one of the fastest loading 
cold atomic beam source (2006-07), d) and production of BEC is a one-dimensional 
optical lattice with the largest ever number density and single site occupation, and the 
study of mean field controlled expansion dynamics at high density (2008).  

The BEC in TIFR lab is the first and at present the only one in India. It is also one 
of the few optical trap BECs (spinor condensates produced through all optical route, 
without magnetic traps) around the world. Recently we have also produced and studied a 
‘Raman MOT’ (magneto-optical trap), in which the cooling and repumping beams are in 
a Raman configuration. At present we are building an ultra-cold atom experiment with 
facility for magneto-optical trapping, atomic fountain, steep trap for single atoms studies, 
high density magnetic and optical traps for the production and study of BEC and 
degenerate fermions. Various isotopes of Rubidium and Potassium can be trapped and 
cooled. 
 Building and operating Torsion balances to study extremely weak forces have 
been our strength for over two decades, and we have designed and built a planar torsion 
balance for studying the Casimir force and its finite temperature corrections, based on my 
original proposal in 1995. We had the first ever detection of finite temperature effects, 
albeit low statistical accuracy, in 2004. New experiment to study gravity with a 
differential torsion balance is   initiated. Also, we have a new proposal for testing higher 
dimensional theories that predict modifications to standard gravity. 
 There are two areas of foundational aspects under theoretical study, with 
significant results. One is the aspect of quantum correlations and we established the tight 
link between classical conservations laws and quantum correlations. We have proved that 
local hidden variable theories do not respect fundamental conservation laws even at the 
ensemble average level. There is a definite long term program for the reformulation of 
quantum theory incorporating correctly the role of quantum phase. The stand taken, with 
good logical evidence, is that Einstein locality is valid in quantum phenomena.  

Another major activity is the study of dynamics and relativity with the realization 
that all of physics has to be understood and described in the ‘once-given’ universe with 
all its matter content and is gravity present during every experimental test. This Cosmic 
Relativity re-establishes the absolute frame and absolute time in physics and its 
predictions of anisotropy of time dilations of transported clocks and also the non-
invariance of the speed of light relative to inertially moving observers have been verified 
now by analysis and experiments in our laboratory. Contentious as may be, these are 
verifiable results from careful precision experiments, and further discussions and debates 
on these important issues are expected. 
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