Characteristics of a cryvogenic fluid

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

2. Vapor pressure of liquids

. Liguid Helium

4. Superfluids
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Crnical, normal bodling, and triple point temperatores of arvegenic fhads
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Vapor pressure of liquids

Helium

Spherical shape

Two isotropic forms: “He and *He

* Low mass

Van der Waals forces = low critical
and boiling points

Eemains a liquid even at absolute zero
(unless external pressure 1s applied)

Spelling Bee

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

A liquify
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-Helmm liquefied at Leiden University

H. Kameringh Onnes was
one of the first professors in

experimental physics at
Leiden University. His [ab first
to liquefy helium (1903), 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, s stamp. and (right) showing s
belium hquefier to passers-by: Niels Bohr (vizting from
Kopenhagen). Hendnk Lorentr, and Paul Ehrenfest (far Jeff).

* In 1882, Cnnes was
appointed Professor of
Experimental Phy=ics at
Leiden Univerzity. In
1893, he establizhed

Superconductivity-1911
’ . 0.15
Heike Kamerlingh Mercurs
Onnes discovered superconducting
superconductivity, transition
the totallack of dc = ol
electrical resistance A zero
in certain materials  Ra| resisiance
when cooled to a _—
temperature near G051
absolute zero. VRS L
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Leiden Laboratory
* Hiz researches were
mainly based on the
theones of JD. van der
Waalz and HA Lorentz
= Was able to bring the
temperatureg‘i}ﬂshm
down to 0.9 °K, justifymg
the zaying that the coldest
spot on earth was situated :
at Lerden. ff;:.h rﬁw
jhidﬁnm'ﬁr;qhmr'l‘]ﬂy
Why Not A Solid?
* Zero-Pomnt Energy W
* emarzyofafreepaticlemamallbox  ~ F=—
* E decreases as V increases 2 the effect Eml”
of the Zero-Point to raize molar velume
* Kinetic energy exceeds the interaction
potential energy
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Why so low?

Superfluidity occurs in *He at about 4.2 K but only
below about 0.002 Kin *He. Why?

. “He 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
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Helium-4 Phase Diagram
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= At2 17K ‘He
undergoes a
transition to the
superflnd state

= The lambda line
separates He I and
Hell

= ‘He does not become
a superflnd until
below 2mK
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Helium Mixtures
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1931: Keesom discovered lambda shaped-

specific heat

in helium at Leiden

Alleny and Mhiizener and
Eapitza (1939}
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superfluidity in Helium 4 in 19338

Soemee 24 " Superfluidity is a dramatic
Chctisher 1907 vizible manifestation of
ST e, quantum mechanics, being the
— rasult I:le_l:IEE_—Ell'.'II!:EID
condenzation m which a
macroscopic number of +<Ha
atoms oocupy the zame. smele-
particls quantmm state. It was
e e o e s working ssparataly, though
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onlv Kapitza received the
Mobeal prize. It 1= al:0 amuszing
to note that Allan was 2
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Superfluidity of the Quantum Fluid, *He

Thermal de Broglie wavelength of *He ot
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