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Cooper pairing of fermions starts usually from the premise that the two species forming pairs have equal
populations, i.e., that their particle numbers are the same. That need not always be the case,
though, and examples to the opposite are known. They concern superconducting metals, as well as dense quark
matter, nuclear matter or ultra cold atoms.

The simplest case is that of a superconductor when a Zeeman term is added to the Hamiltonian. We will show
that the Zeeman energy may result in breaking of translational invariance and hence in inhomogeneous
superconducting ground states. Simple arguments will be presented which explain the origin of the symmetry
breaking.

Experiments on CeColnb, and the two-dimensional organic superconductors k -(BEDTTTF), *Cu(NCS),, A-
(BETS)2 FeCl4, as well as cold atoms provide strong evidence that an inhomogeneous state is forming in high
magnetic fields. However, the most important realization of inhomogeneous states is found in pi junctions, which
seem to be on the verge of important technical applications. We will briefly describe progress which has been made
here, based on ideas of Bulaevskii, Buzdin and others and realized by Ryazanovet al. and others.
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