
Notes for exercise sheet 5
Comments to: tweber@frm2.tum.de

Exercise 1
Only the magnetisation perpendicular to the scattering vector contributes:

~M⊥ = Q̂×
(
~M × Q̂

)
(1)
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The ferromagnetic cross-section is given by (see e.g. Squires p. 147):
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Here, with Ĝ = 1
3
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 and the contributing domains 2-7:
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For isotropic spin distribution:
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b) Orthorhombic cell with M along [001]

No contributions for Q = (00l), since the cross-product in equation 1 is zero. All Q = (hk0) allowed ⇒ choose
lowest due to decreasing magnetic form factor with increasing Q. (Note the difference to phonons where you want
Q as large as possible!)

Exercise 2
The perpendicular component of the magnetisation is given by:

~M⊥ = Q̂×
(
~M × Q̂

)
(15)

M⊥,i = εijkQj (εklmMlQm) = εkijεklmQjMlQm (16)
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Calculating the dot product:
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Exercise 3
The form factor is defined as
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With sinx = i
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b) Sphere of radius R0, using Heaviside step function:
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c) Fe form factor

The electron configuration of Fe is [Ar] 3d64s2. With Hund’s rules we get S = 2, L = 2, J = 4.
Magnetic form factors are calculated in the dipole approximation using tabulated spherical Bessel functions,

which can be found – for example – here: https://www.ill.eu/sites/ccsl/ffacts/. Note the different definition
of the scattering wavenumber: s = Q

4π , where Q is the usual neutron scattering wavenumber.
For Fe we get the following plot:

3

https://www.ill.eu/sites/ccsl/ffacts/


 0

 0.2

 0.4

 0.6

 0.8

 1

 0  2  4  6  8  10

M
a
g

n
e

ti
c 

fo
rm

 f
a
ct

o
r

Q (1/A)

Fe

d) (110) peak of Fe

Fe crystallises in a bcc structure with a = 2.87Å. The (110) peak appears at Q = 2π
a

√
12 + 12 + 02 = 3.1Å−1.

For the intensity we get, using the plot:

I ∝ f2(Q = 3.1Å−1) = 0.62 = 0.36 (31)
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