
Practical 2

Hysteresis and the Stoner-Wohlfarth Model
In this practical we will explore the concept of 
hysteresis in stable single domain particles with 
shape anisotropy. In an elongated particle, the 
demagnetising energy associated with surface 
‘magnetic charges’ is minimised if the particle is 
magnetised along its long axis. If thermal energy is 
sufficiently high, the magnetic moment of the particle 
can overcome this anisotropy, leading to 
superparamagnetic behaviour. However, if the 
thermal energy is low, the magnetic moment of the 
particle becomes ‘blocked’ either parallel or 
antiparallel to the long axis. The moment is no longer 
free to rotate. However, the direction of 
magnetisation can be reversed (i.e. switched) if a 
sufficiently large field is applied. This leads to 
‘hysteresis’.

The practical is in two parts. In part I we will explore the theory of magnetic hysteresis using the 
Stoner-Wohlfarth model. In part II we will test out the predictions of the model using computer 
simulations.

Part I

The Stoner-Wohlfarth Model
Consider a grain of magnetite with an ellipsoidal shape. The volume of the grain is V 
and the saturation magnetisation (i.e. magnetic moment per unit volume) is 
Ms. Assume that the grain is sufficiently small to behave as a single 
magnetic domain with uniform magnetisation. A magnetic field H is 
applied parallel to the long axis of the grain.

a. The magnetisation of the grain makes an angle θ to the principle axis of 
the ellipsoid. What are the two main contributions to the energy of the 
particle? Find expressions for each of these energies in your lecture 
notes (one was in lecture 1, one was in lecture 2!) and write down the 
total energy of the grain.  

b. We will now use Igor to investigate the form of the energy expression 
you have derived for different values of the magnetic field.  

c. Make a wave with 100 points called energy. Set the x scale of this wave 
to go from 0 to Pi. The commands for this in Igor are:  
 
make/n=100 energy  
setscale/i x 0, pi, energy

H



d. Make a variable called H and set its initial value to zero. We will use this variable to change the 
magnetic field applied to the grain:  
 
variable H=0  

e. Set the value of the wave energy to the energy expression derived in (a) (assume all constants 
other than H have a value of 1). We wish to make this wave update automatically when the 
value of H is changed. To do this we set up a “dependency”. In Igor a dependency is made when 
you put a semi colon in front of the assignment expression, e.g.:  
 
energy:= sin(x)^2 - H*cos(x)  

f. Display the wave energy:  
 
display energy  

g. To make it easy to change the value of H, we will add a set variable control to the graph. First 
go to Graph:Show Tools. Next go to Graph:Add Controls:Add Set Variable. Use this dialogue to 
link the control to the variable H (i.e. select the variable H from the ‘variable’ pop-up list). Put 
0.1 in the box marked “increment” (you may have to scroll down to see this box). Click on 
“Size and Position” and set the width to 100. When finished press “Do It” and then go to 
Graph:Hide Tools. You now have a box on the graph showing the value of the variable H and 
two arrows allowing you to increment this value by ± 0.1 (or enter any value you like 
manually).  
 

h. Experiment with different values of the magnetic field and note how the energy curves change 
as H is changed from say –3 to +3.  

i. Consider a grain which is magnetized initially parallel to the z axis (i.e. θ = 0). Apply a field of 
–0.5. What are the stable and metastable positions of magnetization? What would be the 
observed orientation of magnetization in the grain, assuming that thermal energy (i.e. 
temperature) is very low? At what value of the magnetic field will the orientation of 
magnetization spontaneously reverse?  

j. Using your observations and the expression for the energy determined in part 1, calculate an 
expression for the critical field, HK, required to reverse the magnetization of the grain.  
 

Part II

Computer Simulation of Hysteresis

On CamTools you should find a file called ‘Stoner-Wohlfarth.zip’.  

a. Inside the zip file you should find an experiment called ‘Aligned Stoner Wohlfarth.pxp’. Double 
click that file to open the simulation. The simulation is similar to that used to model 
superparamagnetism in the last practical. The key difference now is that the particles are 
elongated. Each one has been given an anisotropy value of 1. The anisotropy axes are all 



aligned along the z axis.  

b. To run the simulation type in:  
 
Perform_Monte_Carlo("222",1000,100,0,.01,0,0,-1)  
 
Note that the temperature of the simulation has been set to zero to eliminate the effects of 
thermal fluctuations. In this case, the behaviour of the simulation should more closely match the 
behaviour predicted in Part I. For the same reason, the range of randomly chosen angles for 
each Monte Carlo step has also been restricted to 0.01*Pi.  

c. Explore the behaviour of the model for different positive and negative fields applied along the z 
axis. Note for many applied field there will be no change in the orientation of the moments. If 
that is the case there is no need to wait for the simulation to finish, just press the ‘Abort’ button 
and try another field value.  
 
How does the behaviour compare with the prediction of Part I?  

d. Spend some time exploring the behaviour of the system for different applied field directions. In 
particular, how does the switching field vary with applied field direction?  

e. To see the hysteresis loop obtained in a field applied perpendicular to the anisotropy axis run the 
following commands:  
 
spinx=1 
spiny=0 
spinz=0  
do_lots2(3,-3,-.5)  
 
Note the absence of coercivity and remanence for fields applied in this direction.  

f. Load the file “Random Stoner Wohlfarth”. Here the anisotropy axes are aligned randomly. Use 
the do_lots command to calculate a full hysteresis loop for the randomly aligned particles. 
Hence determine values for the saturation remanent magnetisation and the switching field 
(relative to that for the aligned case).  


