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Characteristics of a crvogenic fluid

1. Critical, normal beiling, and triple point
temperatures of crvogenic fluids

Vapor pressure of liguids

. Liquid Helium

. Superfluids
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Critical, normal bodling, and triple point temperature: of arvogenic fluids
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Vapor pressure of iquids

Helium

Spherical shape

Two isotopic forms: “He and *He

* Low mazs

Van der Waals forces = low critical
and boiling points

Femains a liquid even at abzolote zero
{unless external pressure iz applied)

Spelling Bee

How do you spell the word for making a gas
into a liquid?

A liquity
B. liquefy
C. liquafy
D. liquifi
E. liquiphy

Name that man

In whose laboratory was helium first
liquefied?

A Sir James Dewar
B. Cailletet
C. Wroblewski

D. Onnes
E. Van der Waals




1882-Helivm liquefied at Leiden University

H. Kamerlingh Onnes was
one of the first professors in
experimental physics at
Leiden University. His lab first
to liguefy helium (1908), for
which he was awarded the
Mobel prize in 1913, and he
discovered superconductivity
in 1911. He liquefied
hydrogen to pre-cool the
helium gas in his liguefier.

Who would have ever thought...

~

Heike Kamerlingh Onnes, his stamp, and (right) showmg ns
helium lhiquefier to passers-by: Niels Bohr (visiting from
Kopenhagen), Hendnk Lorentz, and Paul Ehrenfest (far Jgf).

Why Not A Sohid?
Zero-Pomnt Energy 35
= enerey of 3 free particle in a small box B =
Eml

= E decreases az V mcreazes = the effect
of the Zero-Point to raise molar volome

Low mier-atomic potential energy
Kmetic energy exceeds the mteraction potential energy—
atoms don’t stay at home
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« In 1882, Onnes was
inted Profeszor of
' Phryzics at

Leiden Univerzity. In
1895 he establizhed
Leiden Laboratory

» His researches were
theones of JD. van der
Waals and H A Lorentz

= Was able to bring the
e of helium
down to 0.9 °K, jushfirmg
the zaving that the coldest
spot on earth was situated
at Leiden

Superconductivity-1911
Heike Kamerlingn  *'® T
Onnes discﬂu_er_ed S I
superconductivity, transition
the totallack of dc g0}
elecirical resistance A zero
in certain materigls Ry | resistance
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Superfluidity occurs in *He at about 4.2 K but only

m Oome=

Why so low?

below about 0.002 K in *He. Why?

. 9He is rarer than *He in nature

. “He is always in smaller containers than is *He
. *He has different chemical properties than *He
. *He superfluidity is an electronic process while

*He superfluidity is a nuclear process

. “He superfluidity is an electronic process while

*He superfluidity is a nuclear process

2/11/2011

Helium-4 Phase Diagram
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Helium Mixtures
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Do superfluids mix?

There are two isotopes of helium—uwhich of
the following statements is true?

A. The two isotopes do not mix-it would

violate thermodynamics to have a
mixture at absolute zero.

B. They only mix when at absolute zero
C. At absolute zero, a little *He can mix in
“He but not the other way around

1931: Keesom discovered lambda shaped-

specific heat in helium at Leiden
i Allen and Mizener snd
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Superfluidity in Helium 4 in 1938
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Betrmer M = Superfhaidity iz a dramatic

Orctwher 1997 vizible manifestation of

Val. 278 no quantim mechanics, baing the

LSt rasult of Bose-Einstein
condensation in which a

macroscopic number of “He
atoms occupy the zame. single-
particle quanhirn state It was
discovered simultanscusly by
Fozpitza, Allen and Mlizensr
working separataly, though

Mobel prize. It 1= also amusing

“claszical phy=icist™ at heart,
who didn’t much care for the




