
Two long metal stripes 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 stripes shows maximum 

deviation?

6. Seebeck effect
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Seebeck effect

Thomas Johann Seebeck 
discovered that effect in 1821.

His explanations werenôt satisfying, 
because theory of magnetism 
wasnôt very advanced then.

XIX th century scheme 
of Seebeckôs 
experimental set -up.



Qualitative experiment
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Why does the needle deviate?

When we change the magnetic induction vector 
direction, the torque appears:

mp Bt= ³ B

mp

t- torque

- magnetic dipole      
moment of the needle

- applied magnetic 
field induction vector

The torque will act as long, as the magnetic
moment of the needle is parallel to the created
magnetic field induction vector.

Conclusion: Our main aim will be achieving maximal 
possible magnetic field induction.



Contact voltage

To leave the structure of the 
metal, an electron has to 
break the potential barrier. 
In a potential well it depends 
on the energy of electrons. 
In 0 K the maximal energy 
of the electrons is called the 
Fermi energy.

So the minimal work that 
has to be done (work 
function):
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Contact voltage

The potential difference appears because of different Fermi 
energies, some electrons transit from one metal to the other. 
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Contact voltage

A

B

T0T

When we contact two metals with different 
Fermi energies, the contact potential 
difference appears If T=T 0:

0 ( ) ( ) 0A B B AE j j j j= - + - ¹

jA,Bïpotentials of metals A,B.

The potentials compensate, 
there is no current flow.



A

B

T0T

Contact voltage

The temperature dependence
of Fermi energies of metals
implies the voltage difference .

Contact potential 
differences of the junctions 
are different and do not 
compensate each other.

0 ( ) ( ' ') 0A B B AE j j j j= - + - ¸

0T Ţ



Designing the optimal system

Magnetic 
needle 

deviation

Magnetic field 
induction

Thermoelectric effects 
in metals

Temperature  
difference and metals.

Initial position of the 
needle

Conductors resistance 
contact resistance

Various shapes of 
stripes



Various shapes of stripes

From Biot-Savart law and superposition 
magnetic induction inside a rectangle is 
given by:

a, b ïrectangle sides lengths

m0mïmagnetic permeability 
of air

I ïcurrent intensity.
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Thermocouple equation

For an usual thermocouple , using Taylor
series, we get an equation, which describes
thermoelectromotive force vs. temperature
relation :

U ïthermoelectromotive force between junctions 
at T and T0 made of metals A and B

a1,a2,a3-different constants
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Usually:

Thermocouple equation
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º That situation is unfortunate, because 
further increase in temperature difference 
(parameter easy to change) results in 
smaller thermoelectromotive force.



Material Seebeck 
coefficient

Selenium 900

Tellurium 500

Silicon 440

German 300

Antimony 47

Nichrome 25

Iron 19

Cadmium 7,5

Material Seebeck
coefficient

Wolfram 7,5

Copper 6,5

Gold 6,5

Silver 6,5

Rhodium 6,0

Tantalum 4,5

Lead 4,0

Aluminium 3,5

Material Seebeck 
coefficient

Carbon 3,0

Mercury 0,6

Platinum 0

Sodium -2,0

Potassium -9,0

Nickel -15

Constantan -35

Bismuth -72

We present Seebeck coefficients for a1. Seebeck 
coefficient chsrscterizes metals efficiency in 
thermoelectric processes.

Materials
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Our optimal metals

Our metals should:

Åhave possibly big Seebeck coefficients difference,

Åhave possibly small specific resistance (resistivity).

300

1 2,3,...75 , 0K V

K

m
a a

è ø
º ºé ù
ê ú
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Initial position of the needle

Theoretically maximal deviation is about 90 
degrees, if the setup (needle) was parallel to 
the magnetic field lines before.
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Resistance of the conductors

Cu Bi
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I
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Metal Specific resistance [ W*m m 2 /m]

Bismuth 1.2

Copper 0.0168

Silver 0.016

Wolfram 0.049

Gold 0.020

Iron 0.01
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The metals should be 
short and wide.

We suppose big currents 
at small voltages .
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DT temperature difference
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coefficient



Temperature effects in metals

Thomson 
effect

Peltier 
effect

Thermal 
conduction

Joule-Lenz 
heat

Seebeck effect

Heat liberation 
and absorption.

Energy loss 
during the 

current flow.

Decreasein
temperature 
difference.



Experimental set -up

Magnetic needle

Very precise digital 
multimeter 

Container filled 
with liquid 
nitrogen

Gas jet

Experimental 
circuit



Experimental set -up



Deviation angle vs. voltage
The total magnetic field is a 
superposition of Earthôs magnetic field 
and Seebeck setup magnetic field, so 
that:

tan Seebeck
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Chart based on experimental data.



Knowing B in Helmholtz Coils:

Measuring the current

n number of turns

I current intensity

r radius of the coil

B magnetic field 
induction

mmagnetic permeability
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Measuring the current intensity

Hence the magnetic induction from a rectangle is 
given by:
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Thermographic camera



Temperature significantly 
below ï20 ÜC.

Temperature significantly 
above 100 ÜC.

Thermographic camera

One junction at 
temperature about 100 ÜC.

One junction at 
temperature about -20ÜC.






















