
SeebeckSeebeck effecteffect

Problem 6.Problem 6.



ProblemProblem

Two long metal strips are bent into the form of an 
arc and are joined at both ends. One end is then 
heated. What are the conditions under which a 
magnetic needle placed between the strips shows 
maximum deviation?



TheThe basicsbasics ofof thethe
solutionsolution

• For the thermocouple we used (Cu - Al) 
maximum deviation occurs for maximum
possible temperature difference between the hot
and cold ends

• We discuss the possibility that for couples other
then Cu – Al the deviation may show a 
maximum



ExperimentalExperimental approachapproach

•• Goals:Goals:

• Construct the thermocouple

• Determine the dependency of magnetic
field of the thermocouple on temperature 
difference of the ends

• Find the field maximum (if present)
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1. thermocouple

2. field measuring
apparatus

3. cool end temperature 
measuring unit

4. hot end temperature 
measuring unit

5. cooling unit

6. heater

6.





1. 1. ThermocoupleThermocouple

• Material: copper – aluminium

• Width of metal strip: 3 cm

• Height of metal strip: 1 cm

• Net lenght: 17 cm

Thermocouple

Cooling rib



2.  2.  FieldField measuringmeasuring apparatusapparatus

Coils

Magnet 

Needle

Copper
strip

Voltage source

Thread





Btc – thermocouple
magnetic field

BHh – magnetic field of
the coils

BE – field of the Earth

� – magnetic moment 
of the magnet

• When the field of the coils equals the thermocouple
field the only remaining field acting on the magnet 
is the Earth field

m
r

HhB
r

tcB
r
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r

Magnet 

Copper
strip

Coils

PrinciplePrinciple ofof workwork



• The magnet turns in the direction of the
resultant field because of its magnetic moment:

B�� ´=
� – torque

� – magnetic moment of the magnet

B – external magnetic field

• That torque causes rotation of the magnet until
its magnetic moment is aligned with the field

• The equality of coils and thermocouple fields
enables us to measure the thermocouple field
easily



3. Temperature 3. Temperature measuringmeasuring unitsunits

CoolCool endend

• A thermocouple was used

• The temperature was
calculated from the
obtained voltage

HotHot endend

• Because of high
temperatures it was
appropriate to use Pt
- Rh thermocouple



4.  4.  CoolerCooler andand heaterheater

• The cooling was accomplished by

• constant water flow over the cooling rib
• Liquid nitrogen



• The heater was a Danniel burner

• The temperature range of the whole system was

0C to 600C-150 C to 50C

Hot endCool end



TheoreticalTheoretical approachapproach

DescribingDescribing thethe conductionconduction electronselectrons

• Electron gas properties:

• Great density

• Momentum conservation (approximately)

• Free electrons (lattice defects and
interactions neglected)

For many metals the free electron model is not 
valid – introduction of correction parameters



• Mathematical description – Fermi - Dirac energy
distribution:

( )
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1
f(u) – probability of finding an

electron with energy u

� – highest occupied energy
level - �Fermi level�

k – Boltzmann constant

T – absolute temperature

• The Fermi level is a characteristic of the metal 
and depends of electron concentration and
temperature:
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ContactContact potentialpotential

• At the join of two different metals a potential
difference occurs

• This is due to different electron concentrations
in the metals i.e. different Fermi levels

• Concentrations tend to equalize by electron
diffusion

• The final potential difference is:

e
V 21 hh -

=D
� V – potential difference

� i – Fermi level of the i – th metal

e – charge of the electron



-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

--

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -

-

-

-

-

-

-

-

-

-

--
-

-

n1 n2

diffusion

Noneqilibrium



-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

--

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
- -

-

-

-

-

-

-

-

-

-

- -

-

-

-

-

-

-

-

-

-

-

nrez nrez

Equilibrium

Shortage of electrons – net
charge is positive

Surplus of electrons – net
charge is negative



ThompsonThompson effecteffect

• In a metal strip with ends at different temperatures
a potential difference occurs (Thompson effect) 
because of different Fermi levels:

� 1, � 2 – initial
Fermi
energies

� rez –
equilibrium
Fermi energyT+� T,� rez

T,� 1 T+� T,� 2

T,� rez

Electron currentNonequilibrium

Equilibrium

Voltage difference



SeebeckSeebeck effecteffect

• The voltage in the thermocouple is:

dTSdV AB=

dV – voltage difference

SAB - �Seebeck coefficient� of the metal pair

SA, SB – Seebeck coefficients of single metals (compared to a 
reference metal)

dT – temeprature difference of the joins

( )TSS ABAB = BAAB SSS -=



• The Seebeck coefficients can be determined
considering the Thompson effect

e
Tk

SA
0

22

6h
p

=

k – Boltzmann constant

T – temeprature of the metal

� 0 – Fermi level at 0 K

e – elementary charge

• For correcting the free electron model a correction
constant of order 1 has to be introduced

e
Tk

SA
0

22

6h
cp

=

( ) ( )ABABAB TTbTTaV -+-=
2

a, b – constants

TA, TB – junction

temperatures



1,484,406,505,50Au

1,484,406,505,50Ag

1,883,456,507,00Cu

-0,7412,09-9,002,00K

1,682,083,5011,60Al

-0,267,80-2,003,10Na

hi
theoretical SA (free 
electrons) [� V/K]

measured SA

[� V/K]
Fermi - level at 0 

K [eV]
metal

SeebeckSeebeck coefficentscoefficents

Source for measured data: 

www.materials.usask.ca



ExperimentalExperimental resultsresults

• The field we measured is approximately
proportional to the potential difference:

( ) ( )ABABtc TTTTB -+-= ba
2r � , � – constants

Btc – thermocouple field

• The constants A and B have been obtained
experimentally but a direct nimerical comparation
to the theoretical voltage was impossible due to 
the unknown coefficient of proportionality: 
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temperature 
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ConclusionConclusion

• Thermocouple voltage (and mgnetic field of
the couple) will have a maximum if:

• The constant a in the thermocouple
equation is negative

• The constant b in the thermocouple
equation is positive

• The sign of these constants depends on the
metals used in the couple

• For our Cu – Al couple the function
showed a minimum and no maximum

( )TH D




