






Summary of heat leaks into a cryostat
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Radiation

For two plane parallel surfaces with emissivities ε1 and ε2,

Q̇ = σAεeff

(
T 4

1 − T 4
2

)
where

εeff =
ε1ε2

ε1 + ε2 − ε1ε2

Heat conduction through gas

For low pressures such that the mean free path is larger then the separation, the molecules
will go from one side to the the other without colliding with each other. The conduction
through the gas will proportional to the pressure (i.e. the number of molcules).

Q̇ = const · a0 · Pmm (T1 − T2)
[

W
cm2

]

where const = 0.028 for He, Pmm is the pressure in units of mmHg and

a0 =
a1a2

a1 + (A1/A2)(1 − a1)a2

a1 and a2 are the accommodation coefficients for the two surfaces and A1 and A2 are the
corresponding areas.

Heat conduction through support and leads

The heat conduction can be calulated by using Fourier’s law, Q̇ = −λ∇T . We consider a
volume with cross-sectional area A and temperature dependence only in the x-direction.

Q̇ = −Aλ(T )
∂T

∂x
= −A

l

T2∫
T1

λ(T )dt =
A

l
λ̄ (T1 − T2)

λ̄ is the mean value of the thermal conductivity between the two temperatures

λ̄ =
1

T2 − T1

T2∫
T1

λ(T )dt

and is tabulated for different materials and temperatures.
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Experiment

Joule heating

Q̇ = RI2

Summary

Type 77 to 4.2K 295 to 4.2K 4.2 to 1.2K
1. Radiation from warm to cold vessel 2 430 0.000018
2. Radiation in pumping tube 0.075a - 130b 0.075 - 130 0.075 - 130
3. Conduction through pumping (SS) tube 100 190c 0.2
4. Conduction through leads 38 31d 0.63
5. Conduction through vaccum space 3.4 13.5 0.14
6. Conduction through gas in pump tube 9.5 23e 0
7. Joule heating in thermometer 1f 1 1
Total heat [mW] 154 - 284 689 - 819 2 - 130
He boil off [l/h] 0.21 - 0.38 0.92 -1.09 -

aBlackened tube
bTotal reflection
cl = 30 cm
dl = 36 cm
el = 30 cm
fI = 1 mA

Table 1: Contributions of heat leaks in units of mW.
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