
4052 Spring 2008: Cryogenics Homework 
(Due in Class on Wednesday April 23. ) 
 

(1) Two large plates are held together at a distance close relative to their dimension. 
They are at a temperature T1 and T3 and with emissivities ε1 and ε3. A third plate 
of the same area and with emissivity ε2 is inserted between them and is allowed to 
come to thermal equilibrium.  

a. Find the temperature T2 of this plate. 
b. Find T2 for the case that ε1= ε3= ε and determine how T2 depends on ε2. 
 

(2) Two large plates are held together at a distance close relative to their dimension. 
They are at a temperature T1 and T3 and with the same emissivity ε=0.1. N=10 
plates each also with emissivity ε are inserted between plates 1 and 3 and are 
allowed to come to thermal equilibrium.  

a. Find the net power transfer between plates 1 and 3 in terms of the 
temperature, emissivity, and N.  

b. The net power transfer between plates 1 and 3 in this case can be written 
in terms of the power transfer between two plates that have an effective 
emissivity ε’ and NO radiation shields between them. Find the effective 
emissity ε’.  

 
(3) A cryostat for an instrument consists of 5 concentric shells as shown in Figure 1. 

The outside shell is at 300 K. The third and innermost shells are tanks for liquid 
nitrogen (LN2) and liquid helium (LHe), respectively. The second and fourth 
shells are radiation shields. All shells have an emissivity of 1%. The radii of the 
shells are given in the figures below. Neglect shell material thickness. The lengths 
of the shells are 1m, 98 cm, 96 cm, 90 cm, and 88 cm (see example for the length 
dimension of one of the shells in the figure). 

 



 
 

 

 
 
The experiment needs to accommodate 400 wires at the lowest temperature stage. 
Because of various constraints, the wires must take the shortest path possible 
between 300 and 4 K as shown in the figure.  They are 4 mil in diameter. For 
material, you can choose between manganin, stainless steel (316), and inconel.  
 



(a) Assuming radiative loading alone, determine the temperatures of all the shells 
and the net power loading on the 77 and 4 K tanks.  
 
(b) Calculate the hold time of the cryostat. Is it limited by LN2 or by LHe?  
 
(c) Calculate the lowest conductive loading due to the wires assuming the 
temperatures you found in (a). The wire material can change between different 
temperature stages.  
 
(d) Re-estimate the hold time of the cryostat. Is it limited by LN2 or by LHe?   
 
Your responses should be accurate to few percent. If you are making 
approximations, justify them.  

 


