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A formulation is given for the Nernst effect of metals with nonspherical Fermi surfaces. The Nernst coef-
ficientQ measures the correlation of the thermopower and Hall angle at different points on the Fermi surface.
As an example, some data from the high-Tc superconductor YBa2Cu3O72d are discussed. Further possible
applications of the Nernst effect as a probe of the cuprate superconductors are suggested.
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The Nernst effect, which is the transverse thermopower
induced by a magnetic field, is a basic electrical transport
probe of conducting materials. Perhaps too often the Nernst
effect is neglected as a poor cousin of its more familiar
counterparts—the resistivity, Hall effect, and thermopower.
Aside from the experimental difficulty involved in the mea-
surement, the Nernst effect is often overlooked because the
standard formulation of the Nernst effect of a metal requires
model-dependent interpretations of experimental results. The
standard formulation1 of the Nernst effect is, however, valid
only for spherical Fermi surfaces, having preceded by a de-
cade the modern methods of Fermi surface determination.

Accounting for anisotropy of the Fermi surface gives an
additional contribution to the Nernst effect, which may be
the dominant term in many materials. This contribution can
be written in the simple form of the correlation of the ther-
mopower and Hall angle around the Fermi surface. The na-
ture of the Nernst coefficient as a correlation function should
allow model-independent interpretations in many cases. As
described below, in the high-Tc cuprate superconductors,
Nernst effect studies may be useful probes of tranport differ-
ences between the (0,p) and (p,p) directions ink space.

The Nernst effect results from a balance of electric and
thermal forces acting on the charge carriers. The electric cur-
rent arising in the presence of an electric fieldEW and a ther-
mal gradient¹W T is

We5ŝEW 2
L̂12

T
¹W T, ~1!

whereŝ is the electrical conductivity andL̂12/T is the elec-
trothermal conductivity. The total current is equal to zero
during the experimental measurement, which means that the
thermopower tensorŜ, relating the electric field to the ther-
mal gradientEW 5Ŝ¹W T, is Ŝ5(1/T)L̂12ŝ21. The off-diagonal
element ofŜ describing the Nernst effect, in terms of the
resistivity tensorr̂, is
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which is zero using the standard Boltzmann expressions for
the conductivity tensorŝ and L̂12 if the relaxation timet is
independent of energy. Each of the four terms in Eq.~2! is,

in general, nonzero, but the combination cancels. For a non-
zero result, it has been customary to expand the energy de-
pendence of the relaxation time,t5t01(e2EF)dt/de,
yielding the familiar result for the Nernst effect in terms of
the energy derivative oft at the Fermi energy:1
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Equation ~3! is the most-commonly cited equation for the
Nernst effect for comparison with experimental results de-
spite the difficulty of theoretically modeling the energy de-
pendence of the relaxation time for real systems.

Equation ~3! gives the first nonzero contribution to the
Nernst effect for an isotropic, spherical Fermi surface. If,
instead, an anisotropic Fermi surface is considered, then a
potentially larger contribution is obtained, without appealing
to higher-order terms such as asymmetries int(e). Adding
together the currents, Eq.~1!, from different portions of the
Fermi surface is accomplished by rewriting Eq.~2! in terms
of ŝ and L̂12 and summing the conductivities andL12’s:
s tot5*dzs(z) and L tot

125*dzL12(z), where dz represents
an infinitesimal patch of the Fermi surface. The integrands
are converted to combinations of experimentally obtainable
transport quantities using the low-field simplifications

rxy5uHrxx , ~4!
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, ~5!
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Equation~4! is the definition of the Hall angleuH at low
magnetic field, where tanuH'uH . Equation~5! is the usual,
low-field expression for the thermopower. Equation~6! is
true to leading order int(e), t5t0, producing the cancella-
tion in Eq. ~2!.

The integrandLxx
12(z) is replaced by the product of the

local thermopower and the local conductivity
TSxx(z)sxx(z). Similarly, *dzsxy(z) becomes
2*dzuH(z)sxx(z). The resulting version of Eq.~2!, aver-
aged over the Fermi surface, is
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with uH!1. The right-hand side of Eq.~7! is just the
conductivity-weighted correlation of the Hall angle and the
thermopower around the Fermi surface:

Sxy5^uHSxx&s2^uH&s^Sxx&s , ~8!

where the brackets represent an average around the Fermi
surface and the subscripts indicate that the average is
weighted by the electrical conductivity.

Equation ~8! is reminiscent of a recently published ex-
pression for the classical, low-field magnetoresistance in
terms of the conductivity-weighted variance of the Hall
angle around the Fermi surface:2

Dr~H !

r
5^uH

2&s2^uH&s
2 . ~9!

Both measurements, the Nernst effect and the magnetoresis-
tance, give a zero result for spherical Fermi surfaces or near
any single point on an anisotropic Fermi surface. The com-
bined currents of an anisotropic Fermi surface produce non-
zero results, and in the case of the Nernst effect, it is not
necessary to appeal to higher-order terms such asdt/de.

An illustrative application of Eq.~8! is a comparison with
a measurement of the Nernst effect in the normal state of the
high-Tc superconductor YBa2Cu3O72d .

Measuring the Nernst effect in the normal state of the
cuprates is a delicate affair. The signal is typically only a few
nanovolts per kelvin per tesla of applied field. The longitu-
dinal thermopower, or Seebeck voltage, is roughly 1000
times larger than the Nernst signal. Unavoidable small con-
tact misalignment means that the Nernst signal is often domi-
nated by the unwanted Seebeck background signal. Separat-
ing the Nernst signal from the background signal requires not
only nanovolt-scale resolution, but also high stability and
reproducibility of the applied temperature gradient and volt-
age detection. Many of the detailed experimental consider-
ations involved in measuring the small normal-state Nernst
signal have been discussed previously.3

The sample was a commercially available4 epitaxial
YBa2Cu3O72d film with a resistive midpointTc of 88 K
and a transition width of 3 K. The temperature dependences
of the normal-state resistivity and thermopower are shown in
Fig. 1~a!. The negative curvature of the resistivity and the
magnitude of the thermopower signal indicate that the
sample is slightly underdoped. The temperature dependence
of the Hall coefficient displayed the usual 1/T behavior for
YBa2Cu3O7, as shown in Fig. 1~b!.

The importance of using thin-film samples for the mea-
surement of the Nernst effect in brittle materials5 cannot be
emphasized enough. In bulk samples, the magnetic-field-
induced transverse thermal conductivity, or Righi-Leduc ef-
fect, generates a transverse component of the thermal gradi-
ent,¹yT'tanuH¹xT, where thex direction is the direction
of the applied gradient. The Seebeck signal associated with
the small, transverse temperature difference not only has the

same order of magnitude as the Nernst signal to be studied,
but also shares the same dependence on the magnetic field.
The use of thin-film samples guarantees the isothermal con-
dition ¹yT50, because the insulating substrate is the domi-
nant thermal mass controlling the temperature gradient.

The apparatus which was used to measure the Nernst ef-
fect in YBa2Cu3O72d has been described previously.3 For
the measurement of YBa2Cu3O72d , data were taken at 10
K intervals betweenTc andT 5 330 K. For each point, the
temperature was stabilized, and then the transverse, Nernst,
voltage was sampled at 37 different magnetic field values
between212 T and112 T. The magnetic field was along
the c axis of the material and the temperature gradient and
electric field were in thea-b plane.

The magnetic-field dependence of the Nernst signalSxy at
T5250 K is shown in Fig. 2. The base-line Seebeck back-
ground signal has been subtracted. The raw data accurately
display the expected linear dependence on the magnetic field.
The Nernst coefficientQ5Sxy /H at T 5 250 K is obtained
from a linear least-squares fit to the data of Fig. 2. The full
temperature dependence of the Nernst coefficient of the
YBa2Cu3O7 sample is shown in Fig. 3.

The measured Nernst coefficientQ increases with de-
creasing temperature below room temperature, reaching a
broad maximum nearT 5 210 K. The value ofQ then drops
rapidly to zero at a temperature just above theTc of the
sample. At still lower temperatures, the large contribution
from superconducting fluctuations6 begins to dominate.

A more useful way to show the Nernst data is in terms of
thedimensionlesscorrelationgSuH betweenSxx anduH :

gSuH5
^uHSxx&s2^uH&s^Sxx&s

^uH&s^Sxx&s
5

Qr

SxxRH
, ~10!

FIG. 1. ~a! Temperature dependence of the normal-state resis-
tivity, r(T), and the thermopower,S(T), of the YBa2Cu3O72d

sample. ~b! Temperature dependence of the Hall coefficient,
RH(T).
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which is experimentally obtainable as the ratio of four trans-
port quantities—the Nernst coefficientQ, the resistivityr,
the thermopowerSxx, and the Hall coefficientRH . Note that
gSuH is the same as the ratio of the thermal Hall angle to the
resistive hall angle, discussed in Ref. 7. Data for the dimen-
sionless correlationgSuH are shown in Fig. 4. BelowT 5
280 K, the correlation drops linearly, reaching zero atT 5
110 K.

The variation around the Fermi surface of the Hall angle
alone is available from a recent measurement of the normal-
state magnetoresistance in YBa2Cu3O72d .

2 The dimension-
less Hall-angle varianceDr/@^uH&2r# was observed to be
independent of temperature in the oxygen-deficient 60-K
phase of YBa2Cu3O72d , with a constant value of 1.7 be-
tween Tc and T 5 375 K. In the fully oxygenated 90-K
phase, the dimensionless variance changed slightly with tem-
perature from 1.5 to 1.7 over the same range. The variation
of the Hall angle around the Fermi surface in

YBa2Cu3O72d is apparently related to a temperature-
independent feature of the electronic structure of this com-
pound.

The quantitygSuH, in contrast, is highly temperature de-
pendent. The thermopower and the Hall angle lose all corre-
lation in this sample just aboveTc . A determination of
whether or not this is a general feature in YBa2Cu3O72d or
is merely coincidental at this, nearly optimal, carrier concen-
tration would require a systematic study at several different
doping levels.

The orthorhombic crystal structure of YBa2Cu3O7 per-
mits two-dimensional Fermi surface variations of the trans-
port quantities possessing both twofold and fourfold symme-
try axes. The twofold variations can be measured directly as
the a-b anisotropy of single crystal samples. The fourfold
variations cannot be measured directly. In principle, how-
ever, once thea-b anisotropy has been characterized, the
Nernst effect could be used to probe the fourfold variations
of the thermopower. This approach would be most useful in
tetragonal compounds such as Tl2Ba2CaN21CuNO412N ,
for which the magnetoresistance8 has been used to determine
the fourfold anisotropy of the carrier relaxation time.

In summary, a simple formulation of the Nernst effect for
anisotropic metals was introduced. Comparison was made
with data from the normal state of the high-Tc superconduc-
tor YBa2Cu3O72d and possible applications to the system-
atic study of the cuprates were discussed. In particular, the
Nernst effect may be a useful probe of fourfold thermopower
variations, distinguishing the (0,p) and the (p,p) directions
in k space.
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FIG. 2. Magnetic-field dependence of the raw Nernst signal at
T5250 K showing the linear variation with the applied field
strength.

FIG. 3. Temperature dependence of the Nernst coefficientQ of
the YBa2Cu3O72d thin-film sample.Q goes to zero just above
Tc , but increases rapidly at lower temperature, reflecting the large
contribution from superconducting fluctuations.

FIG. 4. Temperature dependence of the dimensionless correla-
tion gSuH between the Hall angle and the thermopower around the
Fermi surface. The correlation goes to zero just aboveTc in this
sample of YBa2Cu3O72d .
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