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We have studied the structure of the theory of BEC from the aspect of the
multi-degrees of freedom and many-body systems. We also studied interesting properties of ultracold
atomic gases. As a result, we have derived one of general exact relations for multi-component BECs,
and applied it to the spin-1 and spin-2 systems. We also developed the many-body matrix theory for
scalar BECs, and applied it to the many-body approximation theory. We pointed out the inconsistency
of the recent doubts raised against the conventional knowledge of BECs that both single-particle and

collective excitations have a common sound mode. We also proposed an experimental method for
observing the phase jump of solitons in BECs, and a scaling hypothesis for the quantum spatial
search.
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