Low Temperatures
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Temperature scales Temperature and thermal energy
* Temperature scales are defined using fixed points. The average kinetic energy of atoms in an ideal gas is
proportional to the absolute temperature T
373K 100°C 212°F {l mvﬂ = ST
2 average 2
where m is the mass of an atom, v is its speed, and
273K 0°C 32°F k=1.38 x 10 J K" is the Boltzmnann constant.
Temperature and the state of a gas
The pressure p of an ideal gas is proportional to the
77K = -196°C -320°F absolute temperature T. For N atoms in a volume V
0 K AbSOIUteR. 57 30c -459°F pV = NKT
vin Isius renheit Temperature and heat flow
* The Kelvin temperature scale has fixed points Heat is energy fransferred from one body to another as a
at the triple point of water, 273.16 K (0.01°C), result of a temperature difference. Heat flows from high to
and absolute zero, 0 K (-273.15°C). low temperatures.

* The absolute temperature T kelvin is related 1o

atemperature 1°Cby  1_4+4 973 15 Zeroth law of thermodynamics

Objects at the same temperature are in thermall

How cold? mk=10°K equiliorium, with no net flow of heat between them.
Some of the lowest temperatures achieved are: | hK=10° K i i
* Liquid helium at 90 uK (Lancaster University) 1 pK=10""K Thlrd IGW Of thermOdynOmICS

« Copper at 7 uK (Lancaster University) Absolute Zero cannot be reached experimentally.

* Rubidium gas atoms at 30 nK (University of Colorado)

Polar bears are well-adapted fo severe cold. Winter temperatures in the arctic often plunge to -50°C.

Contributions from:

* Atomic nuclei in rhodium metal at 100 pK (Helsinki University) Institute of Physics
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