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The primary purpose of this thesis is the design, development and validation of a system capable of measuring magnetic fields with low-noise conditions at sub-millihertz frequencies. Such an instrument is conceived as a part of a space mission concept for a gravitational-wave observatory called eLISA (evolved Laser Interferometer Space Antenna). In addition, the work of this thesis is also well-suited for use in magnetically sensitive fundamental physics experiments requiring long integration time, such as high-precision measurement of the weak equivalence principle. Within this context, the baseline design of the instrument is also foreseen to monitor the environmental magnetic field in a proposed mission concept involving space atom-interferometric measurements, known as STE-QUEST (Space-Time Explorer and Quantum Equivalence Principle Space Test). 

Different magnetic sensing technologies (fluxgate, anisotropic magnetoresistance, and atomic magnetometer), together with dedicated electronic noise reduction techniques, are studied in order to assess if they can be used for space missions demanding low-frequency requirements. Moreover, these space missions require the careful control of the local magnetic environment generated by the spacecraft. The reason is that the main on-board instrument can only operate successfully and achieve its performance if the magnetic environment, including that generated by the spacecraft itself, is sufficiently benign.  Therefore, this work also involves the investigation of the magnetic characteristics of the magnetometer and its possible impact on the scientific experiment. Finally, another potential problem is  the accuracy of the magnetic field estimation from the magnetometer to the region of interest.  A robust interpolation method based on an new magnetometer array configuration is presented in this work. Although other topics are covered, the objectives mentioned here are the main issues considered in this thesis.
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