
The de Haas–van Alphen effect 

 

The de Haas–van Alphen effect is studied as an example of how experiments can be used to 

determine the Fermi surface and as an example of the wavepacket description of electrons. The 

most important factor in the de Haas–van Alphen effect involves the quantization of electron 

orbits in a constant magnetic field. Classically, the electrons revolve around the magnetic field 

with the cyclotron frequency meBc /  

There may also be a translational motion along the direction of the field. Let τ be the mean time 

between collisions for the electrons, T be the temperature, and k be the Boltzmann constant. In 

order for the de Haas–van Alphen effect to be detected, two conditions must be satisfied. 

 First, despite scattering, the orbits must be well defined, or  2c  

 Second, the quantization of levels should not be smeared out by the thermal motion so 

kTc   

The energy difference between the quantized orbits is ħωc, and kT is the average energy of 

thermal motion. To satisfy these conditions, we need large τ and large ωc, or high purity, low 

temperatures, and high magnetic fields. 

Consider the motions of the electrons in a magnetic field. For electrons in a magnetic field B, we 

can write 
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where 1

v is the component of velocity perpendicular to B and F. 

It will take an electron the same length of time to complete a cycle of motion in real space as in 

k-space. Therefore, for the period of the orbit, we can write 

 

Since the force is perpendicular to the velocity of the electron, the constant magnetic field cannot 

change the energy of the electron. Therefore, in k-space, the electron must stay on the same 

constant energy surface. Only electrons near the Fermi surface will be important for most effects, 



so let us limit our discussion to these. That the motion must be along the Fermi surface follows 

not only from the fact that the motion must be at constant energy, but that dk is perpendicular to 

 

because ∇ kE(k) is perpendicular to constant-energy surfaces. The orbit in k-space is confined to 

the intersection of the Fermi surface and a plane perpendicular to the magnetic field.  

In order to consider the de Haas–van Alphen effect, we need to relate the energy of the electron 

to the area of its orbit in k-space. We do this by considering two orbits in k-space, which differ in 

energy by the small amount ΔE. 

 

where v⊥ is the component of electron velocity perpendicular to the energy surface. From shown 

on next page we can have 

 

And, 

  

Where ΔA is the area between the two Fermi surfaces in the plane perpendicular to B  

 

 

Figure: Constant-energy surfaces for the de Haas–van Alphen effect 



The energy levels of an electron in a magnetic field (in the z direction) are given by; 

 

This equation tells us that the difference in energy between different orbits with the same kz is 

ħωc. Let us identify the ΔE in the equations of the preceding figure with the energy differences 

of ħωc. This tells us that the area (perpendicular to B) between adjacent quantized orbits in k-

space is given by 

 

The above may be interesting, but it is not yet clear what it has to do with the Fermi surface or 

with the de Haas–van Alphen effect. The effect of the magnetic field along the z-axis is to cause 

the quantization in k-space to be along energy tubes (with axis along the z-axis perpendicular to 

the cross-sectional area). Each tube has a different quantum number with corresponding energy 

 

We think of these tubes existing only when the magnetic field along the z-axis is turned on. 

When it is turned on, the tubes furnish the only available states for the electrons. If the magnetic 

field is not too strong, this shifting of states onto the tube does not change the overall energy 

very much. We want to consider what happens as we increase the magnetic field. This increases 

the area of each tube of fixed n. It is convenient to think of each tube with only small extension 

in the kz direction. For some value of B, the tube of fixed n will break away from that part of the 

Fermi surface (with maximum cross-sectional area). As the tube breaks away, it pulls the 

allowed states (and, hence, electrons) at the Fermi surface with it. This causes an increase in 

energy. This increase continues until the next tube approaches from below. The electrons with 

energy just above the Fermi energy then hop down to this new tube. This results in a decrease in 

energy. Thus, the energy undergoes oscillations as the magnetic field is increased. These 

oscillations in energy can be detected as an oscillation in the magnetic susceptibility, and this is 

the de Haas–van Alphen effect. The oscillations look somewhat as sketched in figure below. 

Such oscillations have now been seen in many metals. 



 

Figure: Sketch  of de Haas-van oscillations 

One might still ask why the electrons hop down to the lower tube. That is, why do states become 

available on the lower tube? The states become available because the number of states on each 

tube increases with the increase in magnetic field (the density of states per unit area is eB/h). 

This fact also explains why the total number of states inside the Fermi surface is conserved (on 

average) even though tubes containing states keep moving out of the Fermi surface with 

increasing magnetic field. 

The difference in area between the n = 0 tube and the n = n tube is 

 

Thus, the area of the tube n is 

 

If A0 is the area of an external cross-sectional area (perpendicular to B) of the Fermi surface and 

if B1 and B2 are the two magnetic fields that make adjacent tubes equal in area to A0, then 

 

Δ(1/B) is the change in the reciprocal of the magnetic field necessary to induce one fluctuation of 

the magnetic susceptibility. Thus, experiments combined with the above equation determine A0. 

For various directions of B, A0 gives considerable information about the Fermi surface. 


