
Practical 4

Magnetotactic Bacteria

Part I

In the first part of the practical we will attempt to extract magnetotactic bacteria from the Cam 
sediment collected earlier in the week. Bacteria in the northern hemisphere are ‘North Seeking’, i.e. 
they will swim parallel to an applied magnetic field. In order to extract the bacteria we must attract 
them with a correctly-oriented bar magnet.

a. Make a sketch of the dipole magnetic field around a bar magnet, taking care to label the north 
and south poles of the magnet and to indicate the direction of magnetic field close to the poles.  

b. Which of the poles of the bar magnetic would you expect the bacteria to be attracted to? Explain 
how you would identify this pole using a compass needle.  

c. Using the compass provided (red is the north pole, blue is the south), identify the north and 
south poles of two of the bar magnets provided.  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d. Place a couple of books next to a large glass beaker as shown (they should be around 3-5 cm 

high). Arrange the two bar magnets with their polarities as shown. Which way do you expect the 
bacteria to swim?  

e. Take 5 or 6 of the small pots of sediment, give each one a shake and empty them into the glass 
beaker. Given the sediment a good stir with the wooden sticks. Over a period of 30-60 minutes, 
the sediment will settle out and the bacteria will begin to collect next to the poles of one of the 
magnets.
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Part II

While waiting for the sediment to settle, we will examine the hysteresis properties of magnetotactic 
bacteria.

a. The magnetite crystals inside magnetotactic bacteria are arranged in chains, such that each 
crystal strongly interacts with its neighbouring crystals. Assuming touching spherical crystals 
with radius r and saturation magnetisation ms, write down an expression for the magnetic 
moment of a single particle.  

b. The magnetic stray field created by a uniformly magnetised sphere is exactly equivalent to that 
of a point dipole with equivalent moment placed at the centre of the sphere. Hence, use the point 
dipole equation to calculate the total magnetic interaction field (Hu) created at the centre of 
crystal 2 generated by crystals 1 and 3. Demonstrate that this interaction field is independent of 
r. 

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. How would you 
expect the hysteresis loop of one of the end particles to compare with this? What might this 
imply about the way chains of particles switch their magnetisation state?  

e. In general, the switching properties of a particle can be characterised in terms of the two 
variables Hc (the intrinsic width of the hysteresis loop) and Hu (the shift of the hysteresis loop 
caused by interactions with other particles). On CamTools you are provided with an Igor file 
“Bacteria FORC measurement”. Download this file and open it in Igor. You will be presented 
with an image that represents a 2D representation of the distribution of hysteresis parameters in 
a typical sample of magnetic bacteria. The measurement is an example of a ‘first-order reversal 
curve’ (FORC) diagram. The image represents the distribution of Hc on the horizontal axis and 
the distribution of Hu on the vertical axis. You will learn about how such measurements are 
made in Part III! 
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f. To analyse the coercivity distribution, we can take a horizontal profile through the image along 
the horizontal axis. Go to Image: Image Line Profiles… Choose Horizontal from the pop up 
menu. Enter 0 for both Width and Position. What is the maximum coercivity? Is this greater 
than or smaller than the interaction field calculated in (c)? Choose Vertical from the pop up 
menu. Enter 0 for Width and 0.02 for Position. Estimate the half width at half maximum of the 
interaction field distribution? How does the observed value compare with the interaction field 
calculated in (c)? What does this result tell us about the way these chains reverse their 
magnetisation? What is the physical significance of the interaction field you observe?  

Part III

Your demonstrators will show you how to use a pippette to collect the bacteria and transfer them to 
a glass slide for viewing in the microscope. If you have not already seen it, check out the how-to 
guide and example videos on YouTube (link is on CamTools).
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