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Onnes
Leiden University Liquid Helium
Kamerlingh Onnes Laboratory
Training of Instrument Makers
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Onnes was born in an- _ _
Groningen, P+ /& (V'=nb) = nRT
Netherlands Johannes Diderik van der Waals
1853 1873 1882 1908
1870 1877 1898
University of Groningen
University of Heidelberg

Robert Bunsen | ouis P. Cailletet, French physicist
Gustav Kirchhoff ~ Raoul P. Pictet, Swiss scientist
Liquid Oxygen and Nitrogen
90 K 77 K James Dewar, Scottish physicist
Liquid Hydrogen
At constant Volume, the pressure becomes zero at T=-273.15 ° C
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Superconducting Elements

Figure 1. Superconducting elements in the periodic table. The elements paint in pink are superconductor under normal
condition (P = 0 bar); 29 elements. The ones in red are superconductors under pressure (P > 1 bar), 23 elements, in
which author group has found 7 elements.

Superconducting Elements
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Blue boy story?
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An apprentice from the instrument-maker’s school Kamerlingh Onnes had
founded. (The appellation refers to the blue uniforms the boys wore.) As the
story goes, the blue boy’s sleepy inattention that afternoon had let the
helium boil, thus raising the mercury above its 4.2-K transition temperature
and signaling the new state—Dby its reversion to normal conductivity—with a
dramatic swing of the galvanometer.

Discovery of superconductivity
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Dirk van Delft and Peter Kes, 2010 Physics Today

Figure 2. A terse entry for 8 April
1911 in Heike Kamerlingh Onnes’s
notebook 56 records the first ob-
servation of superconductivity. The
highlighted Dutch sentence Kwik
nagenoeg nul means “Mercury([’s re-
sistance] practically zero [at 3 K]
The very next sentence, Herhaald
met goud. means “repeated with
gold” (Courtesy of the Boerhaave
Museum.)

Discovery of superconductivity
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How to define Tc?

%10. %50. %90 R,

AT, = T2%% — T30%

Zero Resistance and critical temperature
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1(t) = 1(0)e~ /"
T=L/R
L:H# & (Inductance) R:HL[H

| 7~10° years

p<107%Qm or even up to 101°" years

0.,~1078Q m at 300 K

Persistent current

Zero Resistance
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Dear Hendrik Lorentz,

| attended a fascinating experiment at the
laboratory.... Unsettling, to see the effect of
this “permanent” current on a magnetic
needle. It is almost palpable, the way the ring
, of electrons goes round and round and round
Figure 5. Gerrit Flim’s drawing of the setup for a persist- in the Wire, SIOWIY and Vil‘tua"y without friction.

ent-current experiment in May 1914. In this top view (bove-

naanzicht), one sees a compass needle pointing north be-

tween a superconducting lead coil (west) immersed in --Paul Ehrenfest
liquid helium in a double-walled dewar and a normally con-
ducting copper coil (east) of equal size immersed in liquid
air in a single-walled vessel. The copper coil, whose connec-
tion to a current source and galvanometer is not shown, cal-
ibrates and monitors the persistent current in the supercon-

ducting coil. When both currents are equal, the compass . .
points due north. (Courtesy of the Boerhaave Museum.) Dirk van Delft and Peter Kes, 2010 PhyS|CS TOday
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Superconducting cables Superconducting Magnet

Applications-zero resistance
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Superconducting Magnet
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Magnetic
field lines
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Magnet power supply

Magnet power supply m
) )
—
—® (D—
Switch Heater ON SWltCh Heater OFF
NN\
Superconducting Switch Superconducting Switch
EVe:2222p 0
Superconducting Magnet Superconducting Magnet

How to drive a Superconducting Magnet into persistent mode?

Applications-zero resistance
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100 years in superconductivity
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Rules of B. M atthias Jor J;uweﬂ?, Interpretation of experimental data on odd numbers

new .sterconJucfor;
« 1,3,5,7 are all prime numbers.

* All odd numbers are prime numbers.

. 1 l’llﬂ?/) S)mme*r)/ is bes?

* 9is not a prime number! Error or unique

2. pe aks in Jen.n‘?} ot staTes a!'!/ou/

3 874.«7 away ‘p"m — * 11 13 are prime numbers.

* 15is not a prime number.
Y4 Sfﬂ/ dwa)/ -ﬁrom magne 7‘:‘.!”1
+ infinitely many odd numbers,

5. s‘fay awhy -pr‘om insv/ators but not prime numbers .
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From Steve Girvin’ s lecture (Boulder Summer School 2000) courtesy of Matthew Fisher

100 years in superconductivity
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Discovery of superconductivity H. Kamerlingh Onnes(1911) in Hg
1913 Nobel prize

Perfect diamagnetism: Meissner and
Ochsenfeld(1933)

London equation: F. and H. London(1933]

Ginzburg-Landau theory: 1950s
2003 Nobel prize (with Abrikosov)

Isotope effect: H. Frohlich(1950)

BCS theory: J. Bardeen, L. Cooper and J.R.
Schrieffer(1957) 1972 Nobel prize

Tunneling: Josephson (1957) 1973 Nobel prize

Hi-Tc superconductivity: J. G. Bednorz and K. A.
Muller(1986) in Ba-La-Cu-O system. 1987 Nobel prize

100 years in superconductivity
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A. A. Abrikosov

L. Esaki J. G. Bednorz B L. Ginsburg
L. D. Landau l. Giaever A. MuIIer J. Leggett
H. K.Onnes J. Bardeen P. L. Kapitsa D. M. Lee You?
L.N. Copper D. D. Osheroff
J. R. Schrieffer R. C. Richardson

100 years in superconductivity
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Alessandro Giuseppe Antonio Anastasio Volta
Italian physicist and chemist
1745 -1827
* Invented electric battery in 1799.
» Volt unit adopted internationally in 1881.

Volta explains the principle of
the "electric column" to Napoleon in
1801

Electrical Transport
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André-Marie Ampére
French physicist and mathematician

1775 —1836 * Months after 1819 Hans Christian drsted's discovery of magnetic

action of electrical current
« 1820 Law of electromagnetism (Ampeére's law) magnetic force
Father of electrodynamics. between two electric currents.
» First measurement technique for electricity Needle galvanometer .

Electrical Transport
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Georg Simon Ohm
German physicist and mathematician
1789 —1854

%
Ohm's law 1827 I'==

Electrical Transport
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Ohm’s law is valid ONLY when |-V curve is linear!
Whole circuit is linear and no offsets!
* Wire resistance is negligible!

May be far from true!

Electrical Transport
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4-Probe Method(Kelvin Method)

Electrical Transport
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Rudolf de Bruyn Ouboter Scientific American 1997 4-Probe Method(Kelvin Method)

Electrical Transport
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Samuel Hunter Christie Sir Charles Wheatstone R1 R3
R, = R,
Wheatstone bridge for small resistance x — 73 R,

Electrical Transport
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Riead Delta Mode

A V, @ 5nA Vs @ 5nA
‘ 3.00€-06 ‘._;. _l
Ve - A N
Current RT Vi 1.00€-06 ' :
Source Voltmeter Viwhite noise + R vo:t\ffe 0.00€-06 ;
\ ot
‘ Time —»
Riead
Wires generate spurious DC Voltages
Vs = IR+ Vy_=—IR+YV
« Thermoelectric(thermal gradients) 1/f noise M offset M of fset
« Galvanic (oxidation) 1/f noise Ve —V
« RF interference and rectification in contacts Vi = M+ 5 M= _ IR
Vi = IR + Vyrrser Noise sources

Electrical Transport
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Minimizing interference from magnetic fields
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Devices grounded in different points acquire potential difference which contributes to the measured signal.

Ground Loop

Electrical Transport
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Lock-in | — Amplitude, S }—/I A
Phase Phase Lock-in ref
—,,T%L
SNANAN— Vi =V Sind +0)sinod +0),
, Reference Vi =1V, Vycos(0, —0,)+1V,V,sinQQayt + 6, +6,).

Low pass filter

Vitornr =3V, Vr €08(6, —6;)

Lockin method for low resistances

Electrical Transport
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VOL. 13 No. 1 FEBRUARY 1958 '

Philips Research Reports

EDITED BY THE RESEARCH LABORATORY .
OF N.V. PHILIPS' GLOEILAMPENFABRIEKEN, EINDHOVEN, NETHERLANDS *

R 334 - Philips Res. Repts 13, 1-9, 1958

A METHOD OF MEASURING SPECIFIC
RESISTIVITY AND HALL EFFECT OF DISCS R heet = f
OF ARBITRARY SHAPE : shee

by L. J. van der PAUW
| 537.723.1:53.081.7-4-538.632:083.9

T Ryp_cp + Rap-pc
In2 2

A method of measuring specific resistivity and Hall effect of flat

s ASTEEr  Sht et 12

are suficiently small and I d at the ci of the sampl -

Furth the sample must be singly connected, i.e., it should not 2 o] 1

have isolated holes. — | ‘6’

5 808
Assumptions g §06
1. Homogeneous sample. g g04
2. Isotropic sample. > §°‘2
3. Two-dimensional, thickness is unimportant. ° ) 10 0
4. Sample boundary sharply defined. osict o R :)le 1000
Istance ratio
van der Pauw Method e hea

Electrical Transport
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JOURNAL OF APPLIED PHYSICS VOLUME. 42, NUMBER 7 JUNE 1971

Method for Measuring Electrical Resistivity of Anisotropic Materials

H. C. MONTGOMERY
Bell Telephone Laboratories, Incorporated, Murray Hill, New Jersey 07974
(Received 30 November 1970)

A rectangular prism with edges in principal crystal directions is prepared with electrodes on the corners
of one face. Voltage-current ratios for opposite pairs of electrodes permit calculation of components of
the resistivity tensor. The method can use small samples, and is best suited to materials describable by

two or three tensor components. Examples are given of measurements of V;03-Cr and oriented amorphous
graphite,

Montgomery technique
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Montgomery technique
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