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Introduction

The magnetic compass has been a valuable human 
navigation tool for hundreds of years. Yet animals are known 
to align themselves with the earth’s magnetic field without 
using ferrimagnets [1]. How do they do that? A number of 
models have been proposed but most are magnetic field 
sensors but lack the vectorial properties that allow telling 
north from south. Since animals are diamagnetic it is not 
obvious how they can tell north from south. Any sensory 
system to do this must be asymmetric, and there is one 
well known and commonly used diamagnetic sensor, the 
Hall Effect, whereby a charge flow in one direction with an 
orthogonal B field will induce a further orthogonal potential. 

Figure 1: Hall effect.

This Hall effect is commonly used in commercial 
magnetic field sensors with silicon microfabrication [2]. 
The vectorial nature of the interaction allows the sensor to 
respond to the direction of the B field. Did animals ignore the 
availability of this potential compass?

For a simple rectangular sensor as shown above, the Hall 
voltage, VH, is given by:

𝑉ℎ = 𝐼𝐵/𝑞𝑛𝑑     Eq1

Where I is the current flowing through the sensor; B is 
the magnetic field strength, q is the carrier charge; n is the 
number of charge carriers per unit volume; d is the width of 
the sensor. As a simple approximation for biology, consider 
a nerve fiber 10 µm in diameter carrying 1 µA of current in 
an earth’s magnetic field of 50 µT, Vh ~ 3*10-14 V (https://
fxsolver.com). This amplitude is too small to be detected in a 
biological system. What can we change?

The sensor in an animal is not likely to be a local 
organelle, but a distributed component with defined axes. 
There is not much we can change in the nerve calculation to 
significantly increase the amplitude. However, if we consider 
a blood vessel that contains many movable charges, the 
Hall potential is given by (https://pressbooks.uiowa.edu/
clonedbook/chapter/the-hall-effect/),

𝑽𝒉 =  𝑩𝒅𝒗

Where the vessel diameter is d and the flow velocity is 
v. In the median earth’s field, a medium sized vessel with 
d= 4mm and v= 0.2 m/s, provides 40nV. Marine fish are 
capable of detecting gradients as small as 5 nV/cm! [3]. 
Presumably if the vessel were efficiently linked to sensory 
nerves, the signal could be transduced, with phase detection 
via the heartbeat. A further reduction in noise sensitivity 
could be handled by combining the signals from orthogonal 
vessels in a bridge format. This should allow the animal to 
detect the direction of the field as well as its magnitude.
Now it is time for experiments!
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