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Chapter 9: Fermi Surfaces and Metals
Introduction

 The Fermi surface is the surface of constant energy εF in k space.
 The Fermi surface separates the unfilled orbitals from the filledp

orbitals, at 0 K.
 The electrical properties of the metal are determined by the

volume and shape of the Fermi surface.

Figure 1 Free electron Fermi surfaces for fcc metals with one (Cu)
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left and three (AI) right, valence electrons per primitive cell.



Chapter 9: Fermi Surfaces and Metals
Reduced Zone Scheme

 We construct Fermi surfaces from a sphere using the reduced
zone schemes. All vectors are plotted inside the FBZ.p

 It is always possible to select the wavevector k of any Bloch
function to lie within the first Brillouin zone. The procedure is
known as mapping the band in the reduced zone scheme.

Figure 2 FBZ of a square lattice of side
a. k' can be carried into the first zone
by forming k'+G. The wavevector at a
point A on the zone boundary ispoint A on the zone boundary is
carried by G to the point A’ on the
opposite boundary. A and A' are
connected by a reciprocal lattice
vector, we count them as one
identical point in the zone
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identical point in the zone.



Chapter 9: Fermi Surfaces and Metals
Periodic Zone Scheme

 We can repeat a given Brillouin zone periodically through all of
wavevector space. To repeat a zone, we translate the zone by ap p , y
reciprocal lattice vector.

 If we can translate a band from other zones into the first zone,
we can translate a band in the first zone into every other zone. In
this scheme the energy εk of a band is a periodic function in the
reciprocal lattice:reciprocal lattice:

                                                                        (2)k k G  

 Here εk+G is understood to refer to the same energy band εk. The
result of this construction is known as the periodic zonep
scheme. Three different zone schemes are useful (see next slide
for the figure): Extended, Reduced and Periodic Zone Schemes
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Figure 4:
Three energy bands ofThree energy bands of 
a linear lattice plotted 
in: 
(a) The extended 
Brillouin Zone Scheme
(b) Red ced Brillo in(b) Reduced Brillouin 
Zone Scheme.
(c) Periodic Brillouin(c) Periodic Brillouin 
Zone Scheme.
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Chapter 9: Fermi Surfaces and Metals
CONSTRUCTION OF FERMI SURFACES

 We will use square lattice and use diffraction condition:
22 0k G G 22 . 0                                                                      k G G 

 k satisfied if terminates on the plane normal to G at the
midpoint of G. From this equation we can construct the Fermi
Surface.

 The first Brillo in one of the sq are lattice is the area enclosed The first Brillouin zone of the square lattice is the area enclosed
by the perpendicular bisectors of G1 and of the three reciprocal
lattice vectors equivalent by symmetry to G1 in Fig. 5a. Theselattice vectors equivalent by symmetry to G1 in Fig. 5a. These
four reciprocal lattice vectors are ±(2π/a)kx and ±(2π/a)ky.

 The second zone is constructed from G2 and the three vectors
equivalent to it by symmetry, and similarly for the third zone.
The pieces of the second and third zones are drawn in Fig. 5b.
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