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Temperature, T [K]
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subst. T} T Tir Pir 1. P, lat. heat,  vol% in air
(K) (K) (K) (bar) (K) (bar) L (kKJI7h)

H,O  373.15 273.15 273.16 0.06° 647.3 220 2.252

Xe 165.1 161.3 1614 0.82 2898 58.9 303 0.1 x 107*
Kr 119.9 1158 1149 0.73 2094 549 279 1.1 x 10~*
05 90.1 54.4 54.36  0.015 154.6 50.4 243 20.9

Ar 87.2 3.8 83.81 0.69 150.7  48.6 224 0.93

N, 77.2 63.3  63.15 0.13  126.2 34.0 161 78.1

Ne 27.1 24.5 2456  0.43  44.5 26.8 103 18 x 1074
n-Dy 237 18.7 18.69 0.17 38.3 16.6 50

n-Hy  20.3 14.0 13.95 0.07 33.2 13.2  31.8 0.5 x 10~*
1He 4.21 520  2.28 2.56 5.2 x 1071
*He 3.19 3.32 1.15  0.48

" The exact value is Py = 61.1657 mbar



Relevant Low Temperature Technigues

Properties of Liquid Helium Helium-4 Helium 3
Critical Temperature 52K 33K

Boiling Point at 1 atm 42K 32K

Minimum melting pressure 25 atm 29 atmat 0.3 K

Supertluid transition temperature 217K 1 mK in zero magnetic field
at saturated vapor pressure

Type Boson Fermion




Table 2.3. Properties of liquid helium

SHe ‘He
Boiling point, 1T}, (K) 3.19 4.21
Critical temperature, T (K) 3.32 5.20
Maximum superfluid transition temperature, T. (K) 0.0025 2.1768
Density®, p (gcm™?) 0.082 0.1451
Classical molar volume®, Vi, (cm3 mol_l) 12 12
Actual molar volume®, Vi, (Cm3 mol_l) 36.84 27.58
Melting pressurebr Pn (bar) 34.39 25.36
Minimum melting pressure, P, (bar) 29.31 25.32
Gas-to-liquid volume ratio® 662 866

*At saturated vapour pressure and 1" = 0 K.
PAt T = 0K.
“Liquid at 1 K, NTP gas (300K, 1 bar).



“He Phase Diagram
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He II: Superfluid

Bose-Einstein condensate
frictionless fluid

= will escape from a vessel that is not
sealed by creeping along the sides until it

reaches a warmer region where it

By @ evaporates
l , = moves in a 30 nm thick film Rollin film

regardless of surface material.
= leaks rapidly through tiny openings



Spin-disordered solid *He
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Cryostats
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Evaporative Cooling
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Dilution Refrigeration
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Dilution Refrigeration

reaches temperature ~ few mK




Dilution Refrigeration: Working Principle
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From RT to the Millikelvin

A Dilution Refridgerator

MNK 126-700

——

Heading beyond the Millikelvin




