
Practical 4 (Answers)

Magnetotactic Bacteria
Part II

a. ���  

b. Field created by a moment m placed at a distance 2r from centre of particle and aligned with the 
chain axis: 
 

���  
 
Total field is double this (each particle has two neighbours).  

c. Given ms= 480 kA/m for magnetite, calculate the strength of the interaction field μ0H in mT.  
 
���  

d. If the intrinsic switching field of each crystal is Hc, sketch the form of the hysteresis loop 
associated with crystal 2 (assuming crystals 1 and 3 remain fixed) for the case where Hc < Hu. 

 
Comment on the implications of this for the magnetisation state of the chain.  
 
In absence of an applied field, the particle is forced by the interaction field to point parallel to 
its neighbouring particles – it is impossible for this particle to adopt a remanence state that 
opposes its neighbours’ magnetisation. This explains why these chains tend to be uniformly 
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magnetised along the chain axis.  
 
How would you expect the hysteresis loop of one of the end particles to compare with this?  
 
The end particle has just one nearest neighbour, so the interaction field is approximately half 
that of the central particle. The shift of the hysteresis loop would be half as big:  
 

 
 
 
What might this imply about the way chains of particles switch their magnetisation state?  
 
The end particles will be the first to switch in an applied field. Once switched, the interaction 
field acting on the next particle in the chain will be reduced to approximately zero (its 
neighbouring particles now point in opposite directions, so their interaction fields cancel out). 
The applied field that was needed to switch the end particle in the chain (Hc + Hu) is now more 
than enough to switch this particle (Hc + 0). The particle switches, thereby reducing the 
interaction field on the next particle in the chain. A game of nanoparticle dominoes ensues, 
causing the whole chain to switch in near unison.  

e. Maximum coercivity is around 60 mT, which less than the 100 mT interaction field for an ideal 
chain. Interaction field estimated from the half width of the vertical profile of the FORC 
diagram is very small (< 1 mT). There is a tail extending to around 20 mT, but either way these 
values are much less than the 100 mT for interaction within the chain. Given what we learned in 
the previous section, this should not be surprising: it is not possible to switch particles 
independently within the chain – the chain switches as a single unit. The small interaction fields 
we see here are more a measure of the interchain interactions rather than intrachain interactions 
(plus some contribution from the fact that we do not have ideal straight chains). 


