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Abstract 

Onsager’s relationship governs the galvanomagnetic behavior as σij(H) = σji(−H), which in the low field limit, 
typically leads to quadratic field dependence. Here I discuss two scenarios where linear magnetoresistance 
(MR) of either odd or even parity, becomes dominant in the low field limit. In ferromagnets [1], the Onsager 
relationship is modified as σij(H, M) = σji(−H, -M). Thus in the presence of a magnetization M that is             
independent to the external field H, Onsager’s relation does not hold for a system under reversing field, but 
instead for two systems of opposite initial magnetization condition. Nevertheless, there exist at least two 
different microscopic mechanisms to induce odd-parity MR behavior as either a Zeeman energy split Fermi 
surface or anomalous electron velocity that also serves as the origin of Anomalous Hall Effect. Experimental 
proof and separation of these two mechanisms necessarily goes beyond the transverse MR channel and    
involves both longitudinal MR and planar Hall effect. For even-parity linear MR rho(H)~abs(H) [2],            
Onsager’s relationship is only mathematically violated at H=0, where the magnetoresistance becomes       
non-analytical. Nevertheless, in several spin- and charge-density wave materials at the zero temperature 
limit, linear MR behavior could be experimentally traced down to delta_ rho/rho ~ 1x10-3 under a field of 
tens of Oersted.  Here the magnetoresistance is no longer due to incoherent disorder scattering, but instead 
is generated by coherent movement of carriers around extremely sharp corners at the Fermi surface, which 
are the direct consequence of Fermi surface gapping by the density wave order. This coherent mechanism of 
large positive MR satisfactorily explains a zero-temperature magnetoresistance anomaly that is widely     
observed in many density wave materials and semimetals such as Bi, graphite, and WTe2.  
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