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In his well-known papers, Einstein has already discussed a peculiar condensation phenomenon of the ‘Bose-Einstein’
gas; but in the course of time the degeneracy of the Bose-Einstein gas has rather got the reputation of having only a purely
imaginary existence. Thus it is perhaps not generally known that this condensation phenomenon actually represents a
discontinuity of the derivative of the specific heat (phase transition of third order). In the accompanying figure the specific
heat Cy) of anideal Bose-Einstein gas is represented as a function/df where
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With m* = the mass of a He atom and with the molar volunrﬂ]{ez 27.6 cnt one obtaindl, = 3.09 K. ForT < T, the
specific heat is given by

Cv = L92R(T/T.)%?

and forT > T; by

3 Te\¥? Te\?
Cy = ER{1+ 0.231(?) + 0.046(?) .

The entropy at the transition poift amounts to 28R independently of..
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ideal Bose-Einstein gas must, of course, give too great a specific heat, since it does not account for the gradual ‘freezing
in’ of the Debye frequencies.

According to our conception the quantum states of liquid helium would have to correspond, so to speak, to both
the states of the electrons and to Debye vibrational states of the lattice in the theory of metals. It would, of course, be
necessary to incorporate thisfeature into the theory before it can be expected to furnish quantitative insight into the
properties of liquid helium.
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Welcome to SSSR*. We hope that your stay here will be enjoyable as well as safe. These guidelines are intended to call
your attention to safety concerns which you may encounter at E8RC* and to encourage you to be alert for and
avoid hazardous situations.

Construction Safety
Construction sites often present unfamiliar hazards at S%@IDln generalyoushoulddetouraroundconstructiorsites.

If yourwork requiresyou to entera constructiorarea,observenvarningsigns(HARD HAT* AREA, etc)andwatchfor

hazardoverheadcandunderfoot.

Cryogenic* Safety
The hazards form cryogenic substances are:

Extreme cold - Cryogenic liquid and their boiffovapors can rapidly freeze skin and eye tissue. Wear
insulated gloves and safety glasses when transferring liquid.

Expansion ratio - Use properly designed dewars,* transfer lines with properly designed safety devices in
working order. Never trap cold liquid in a closed volume without a relief valve. As the liquid warms the
pressure can increase 1000 fold.

Asphyxiation* - In small spaces (such as experimental hutches) ensure adequate ventilatioff. \B@itis

can displace air.

Electrical equipment safety

Normal safe laboratory electrical practice is expected of aff ated users at SSRL. The SSRLfB&re available to assist

with design and construction of equipment, particularly with regard to interlocks and other safety aspects. When working
on equipment that could under unexpected energization or start up release energy that may cause injury to personnel, then

application of the SLAC lock and tag program must takied. 0o DThis programis wherethe sourceof energyi.e.

electricalpneumatic,*hydraulic*is lockedoutin a safepositionby the personworking on the device.This assureshat

controlof theenergysourceremainsgn the handsof the persorpersonworking ontheequipmentindthatthehazardhas

beendisabled.

Energy procedureg:D le youencountesomeondaunguponalive circuit,donottouchhim! Eitherturnoft theelectrical

sourceor usea non-conductingpole to breakthe connectionlf the personis unconsciougperform CPR* if necessary

andcall for help.After anelectricalshock,keepthevictim warmandquiet. Getmedicalhelp.

SSRL: Stanford Synchrotron Radiation Laboratory
SLAC: Stanford Linear Accelerator Center
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What kind of hazard is expected if cold liquid is trapped in a closed vessel without a relief valve?
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2. [0 Actually the lambda point of liquid helium can be rather represented as phase transition of second order, but
it would be hard not to associate it with a condensation phenomenon in Bose-Einstein statistics. The temperature
at the lambda point and the experimental value of the entropy at the temperature support this idea. Though the
model dealing liquid helium as ideal gas is much more simplified than actual case, one GlgtainéRfor high
temperature, which doesn't correspond with the experimental value.
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2. O As the cold liquid warms the pressure in the vessel can increase 1000 fold. The high pressure may destroy the
vessel, which will cause injury to personnel.
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