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Transport Coefficients ﬂ("'
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E=-Vo, —VT
Electrical Conductivity
q () or resistivity (5) Seebeck-Effect (S)
Peltier-Effect (P) Heat Conductivity (i)
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—V.; XB —VT xB

Magnetoresistance p,.(B)

Hall Effect (R,,) Nernst Effect (N)

Ettinghausen-Effect Thermal Hall Effect
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Electrical Transport ﬂ (I.I.
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Electrical Transport ﬂ (I.I.
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Contacts for resistivity and Hall measurements on a high-temperature superconductor single crystal
G. Grissonnanche, PhD Thesis (U. Sherbrooke) , - :

Contacts for angle-resolved resistivity measurements on 2D electron-system SrTiO4/LaAlO;

Wolff et al. Phys. Rev. B 95, 245132 (2017) @ sample 1 99
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Electrical Transport | ﬂ(".
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Electronic in-plane symmetry breaking at field-tuned quantum criticality in CeRhlns
F. Ronning et al. Nature 548, 313-317 (2017)
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Practical use of Hall effect ﬂ(".

Compass
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VoruME 45, NUMBER 6 PHYSICAL REVIEW LETTERS 11 AugusT 1980

Quantum Hall Effect (v. Klitzing 1980) ﬂ(IT

. Karlsruhe Institute of Technolo
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New definition of units in Physics

THE NEW DEFINITIONS OF UNITS IN PHYSICS

4]

@
:5’ Classical mechanics
g
g

o

Quantum physics  Invention of electricity
and induction x1

DISCARD: |2 BUILD

‘Shape stones to create weights
(animal shapes authorized).

Measure the mass of a
kilogram of distlled water at 4°C.

With this value, build a klogram
prototype in platinum and ridium
and protect i,

‘The mass is just a function of these two

measures and the Planck constant (h)
Force the constant value ().

Then deduce the mass: you obtain
Your new prototype.

SHARE

Duplicate the kilogram you built for

the entire world.

SORT YOUR WASTE FOR RECYCLING!

Unit x2 Fundamental constant x1

g 17

Quantum effect with steps x2

n one side of a scale, put the weight you
‘want to measure. On the other side put
an electrical coil and a magnetic field.

il Cause a current to flow through the coil,
this creates a force which counterbalances
the weight, Measure the current usin

two quantum phenomena: Hall effect and

Josephson effect (see “The Ampere Manual
instruction” for details).

121 Move the col vertcally at constant
speed (V). Measure the induced voltage
with Josephson effect

Outreach project by Julien Bobroff

THE NEW DI

Nobel Prize x2

PREREQUISITES
WHAT YOU NEED

Ohm's law x1
[t

7| DISCARD

OLD METHODS.

958 Measure the force acting
between two wires set 1 meter
apart and carrying a constant
electrical current.

When this force equals 2 x 107
Newton per meter, the current
is worth 1 ampere.

SORT YOUR WASTE FOR RECYCLING!

EFINITIONS OF UNITS IN PHYSICS

INSTRUCTION
MANUAL

Big trash x1 Unit x1 Fundamental constant x1 Physics fomula x2

A transistor to create a Material to build a
wo-dimensional metal x1  superconducting Josephson junction

BUILD

FROM 2018

Magnetic
fiid I @

A~

Measure the Quantum Hall effect|
Cause an electrical current to flow through
a thin metallic layer, and place this layer in
2 magnetic field

A transversal resistance (R,) will appear in the
shape of steps. Measure the highest one which
equals to

METHOD UNDER DEVELOPMENT

IN NANOPHYSICS LABS

An ampere corresponds to
the current due to the flow of
6.241 509 074 x 10* electrons per
second so.1/1.602 176 634 x 107,

S

Build a setup capable of counting

one by one the number of electrons

flowing through an electrical wire
sitl

Deduce the ampere: from your measures,
find a current (i) thanks to Ohm's Law.

3| SHARE

Duplicate the ampere you built for
the entire world.

Electromagnetic  Magnetic field x1
waves x1

“,
Y < .
A %

Measure the Josephson effect

Take a superconducting-insulating
~superconducting sandwich. Add soms
electromagnetic waves at the frequency (v)
and cause an electric current to flow.

A voltage (V) will appear in the shape of
steps. Measure any of them which equals to

Force the elementary electrical charge
of an electron e = 1.602 176 634 10 C
and measure the frequency (u): you have
now a way to measure a current in ampere.

SKIT
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http://hebergement.u-psud.fr/supraconductivite/projet/unitas_mode_demploi/?lang=en
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Thermal Transport ﬂ(".
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Application: Thermometry ﬂ("'

M N . . Thermocougles Karlsruhe Institute of Technology
1-100K very sensitive (calibration!) AV,
But strong magnetoresistance ATy = _Sth (T)
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Very sensitive (AT~mK)

b but only above 10K
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H al I Effe Ct Meta‘l Observed Ry | Calculated Ry

J
Li -17.0 -13.1 1
Na -25.0 -24.4 1
Cu -5.5 -7.4 1
Ag -84 -10.4 1
Zn +4.1 -4.6 2
Cd +6.0 -6.5 2

Table 1.1: Observed and calculated values of the Hall coefficient Ry in units of 10~"'m3C~! for several
metals. The calculated values assume j free electrons per atom.
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