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It is well known that ohmic measurements are
caried out at low current density in order to prevent
heding. Usually, only the Joule hed is considered to be
important. In contrast to the Joule hea, the Peltier and
Thomson effeds are linea in the aurrent. As was shown
in [1,2] the Peltier effed which is linea in current results
in a orredion to the resistance measured. Under current
carying conditions one of the sample mntacts is heaed
and the other is cooled because of Peltier effed. The
temperature gradient is propartional to the arrent. The
Thomson hed is then propartional to sguare of the current
and can therefore be negleded. Finally, the voltage swing
aaossthe circuit includes the thermoeledromotive force
induced by the Peltier effect, which is linea in current.
Accordingly, there exists a thermal corredion to the
ohmic resistance of the sample. The crredion should be
in comparison with ohmic resistance of the @nductor.
Above some criticd frequency dependent on thermal
inertial effedsthe mrredion disappeas.

We first consider an isotropic (or of cubic
symmetry) conductor that can be in the thermodynamic
nornequilibrium with resped to the conducting eledrons.
In general, the aurrent density j and the energy flux
density q of the inhomogeneous conductor are given by

j=0(E-a0T), G=(p+aT)]-«0T, (1
where o is the conductivity, a is the thermopower, K is

the thermal conductivity, ¢ =¢ -p/e is eledrochemicd
potential. For the steady state, divj=0, then

Q = -divg = divkOT + j?/o - jTOa =0, (2)
where Q is the total amount of heat evolved per unit time
and volume of the @mnductor. The aurrent is acompanied
by both the Joule and Thomson heds that are propartional
to the second (first) power of the aurrent respedively.

We now consider the thermal effeds in
connedion with ohmic measurements of the nductor
resistance The mnductor is conneded by means of two
identicd extra leads to the current source Both contacts
assumed to be ohmic, a, g, k, the length I, and the cross-
sedion S are different for the leads and the sample. The
voltage is measured between the open ends ("c" and "d" )
kept at the temperature T, of the external thermal
reservoir. In general, the mntads ("a" and "b") could be at
different respedive temperatures T, and T,

It is well known that Peltier hed is generated by
the aurrent crossng the mntad of two dfferent
conductors. At the contact ( let us say "a' ), the
temperature T, the dedrochemicd poatentia ¢ the
normal components of the aurrent I=jS and the total
energy flux gS are mntinuous. There &ists the difference
of thermopowers Aa =a;-a,. For Aa >0, the charge
interseding contad "a' gains the eergy eAaT.,.
Consequently, Q,=1AaT, is the amourt of the Peltier hea
evolved per unit timein contact "a". We stress that Q, can
be cdculated dredly through the Thomson termin Eq.(2)
as Q;=-[ITOadx, where the integration is taken over the
contad length. In fad, the Peltier effed is equivaent to
the Thomson effed established at the contad.

For Aa >0 and the current flowing initially
through the contad "a' the latter is heaed. Then, the
another sample mntad "b" is cooled. The mntads are &
different temperatures and T,- T, =AT>0. Using Eq. (1),

we find the voltage swing U between ends "c" and "d" as
U =J‘:(j/o +a0T)dx =R +&,, (3)

where Risthe total resistance of the drcuit. The first term
in EQ. (3) corresponds to the Ohm's law. The second term
coincides with the epression for the @nventional
thermoeledromotive  force under zero  current
conditiong 3]. We notice that &= f dadT is a universal
value because it only depends on the cmontad temperatures
for arbitrary cooling conditions. There exists a mrrelation
between the thermoeledromotive force and the Peltier
and Thomson heds. Indeed, the total power evolved in
the drcuit Ul is the sum of the Joule hea RI? and related
to the thermal effeds the power &l. The product &l is
then exadly the sum of the Peltier hea Qp =14aAT
evolved at both contads and the Thomson hea Q= f d_
ITOadx in the conductor bulk. We cnclude that for an
arbitrary circuit under the same cntad temperatures (T, ,
T,, and Ty the zeo current measurements of the
thermoeledromotive force dlow one to find the total
amount of both the Peltier and Thomson heasat | — 0.

We recdl that the sample contads are dways
extra heated (or cooled) because of the Peltier effed. The
difference of the mntact temperatures AT is linea in
current, and therefore, there exists a thermal corredion to
the ohmic resistance AR=¢&7/I=U/I-R. For simplicity, we
assume o, a, and k are temperature independent. The
thermoeledromotive force is then gven by & =AdAT.
Using Egs. (2,3), one can find the voltage swing U and,
thus, the thermal corredion AR for an arbitrary circuit.
We emphasize that the red coadling conditions strongly
influence AR. For simplicity, we cnsider the aliabatic
conditi ons with the sample being thermally isolated from
the environment, then neglect the hea transfer within the
leads. We emphasize that under the ébove conditions, the
sample is not heated. In fad, at small current T, =T, =T,
and hence, the amount Peltier hed evolved at contad "a"
is equal to the one asorbed at contad "b". Recdling that
the energy flux gSis continuous at ead contad, from Eq.
(3) we find the thermal corredion to resistivity as

2
_T,(Aa) (2)
K

According to EQ.(4), Ap depends on the reservoir
temperature and the hea conductivity of the sample. We
emphasize that the thermal corredion is always positive,
because the total amount of the Peltier hea Qp=ARI*>0.

We now estimate the magnitude of the thermal
corredion to resistivity in the cae where both the
conductor and leads are metals. At room temperature, the
eledron heat conductivity and thermopower are given by
k =LoT and a = 1k{/2e, where L=(7&/e)?/3 is the Lorentz
number and ¢ =KT/u is the degeneracy parameter. Hence,
we find that Ap/p[Z?<<l. The thermal corredion is small
compared with the ohmic resistance because the dedron
gas is degenerate. In contrast, for semimetals( bismuth,
u=35meV ) or non-degenerated semiconductors( a=k/e),
the thermal corredion can be comparable with the ohmic
resistivity. We stress that Ap is smaller under redistic
cooling conditions. Moreover, above some aiticd
frequency dependent on thermal inertial effeds the
thermal corredion disappeas.
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