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Problem 1

The net radiation exchange between two grey surfaces labeled 1, 2 is given by
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where Ai , εi and Ti are the area, emissivity and temperature of the surfaces (i=1,2) respec-
tively. The value for the Stefan Boltzmann constant σ is 5.670× 10−8 Wm−2K−4. Consider
a small sphere labeled 1 that is placed in a much larger room labeled 2. In this limit find an
expression for q. How would q change if ε2 was doubled or halved, or if A2 increased even
more?

Solution

For a sphere is a larger cavity the shape factor F12 = 1. The approximation is A1 << A2

or A1/A2 ' 0. Rewrite q
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Insert the approximation to give

q = A1ε1σ(T 4
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2 ). (3)

It is obvious that in this approximation q is independent of A2 and of ε2.

Problem 2

You are designing a liquid helium cryostat. Your initial design consists of three aluminum
concentric cylinders. The outermost one is at 300 K the middle one is a radiation shield and
the inner one is held at 4 K. The corresponding radii r1 r3 and r2 are 10 cm, 6 cm, and 3 cm,
respectively. The emissivities of all the shells are ε = 0.02 and they are 100 cm long. The
inner shells are suspended relative to the 300 K shell by means of hypothetical rigid contacts
that have negligible thermal conductance. Neglect the heat load due to the top and bottom
circular plates that close the cryostat. Calculate the temperature of the radiation shield.

Solution
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Problem 3

Give a 2-5 sentence written answer to each of the following questions.

• Is the following statement correct or incorrect ”The specific heat ofall materials at
high temperature is the same and is inversely proportional to the cube of the Debye
temperature, which is a universal constant”? Explain your answer.

Answer

The statement is not quite correct. The specific heat of all materials at high tem-
perature is approximately the same (according to the Dulong and Petit law) but has
nothing to do with the Debye temperature. At low temperatures the specific heat
is proportional to the inverse of the cube of the Debye temperature of the specific
material.

• What are the two important parameters when discussing gas flow regimes in vacuum
systems? What are the different flow regimes as a function of the ratio of these pa-
rameters?

answer

The two important parameters are the collision mean free path λ and the characteristic
dimension of the vessel or pipe D. For λ << D the gas flow is in the viscous regime.
For λ >> D the gas flow is in the molecular regime. It is in an intermediate state
when λ ' D.
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Question 4: 
Consider a 10-stage photomultiplier tube with an S-20 photocathode. 
a) If each photoelectron produces a charge of 0.21 pC at the anode, what is the average 
secondary emission coefficient (δ), assuming 100% collection efficiency?  (Recall that 
6.24 x 1018 electrons = 1C) 
 
[ANSWER: d^10 = 0.21 x 10-12 C * 6.24 x 1018 electrons/C = 1.3 x 106. 
  d = 4.1] 
 
b) Suppose we observe a current of 85 nA at the output of the PMT when the PMT is 
illuminated by a light source emitting at 650 nm. How many photons are hitting the 
photocathode on average each second? (Use the QE chart above.) 
 
[ANSWER: ~9000000   84 nC/s / 0.21 pC/pe / 4.5% QE] 
  
c) When installed in an apparatus, the PMT experiences thermal cycling from 15°C to  
45°C and back again over a day/night cycle.  The PMT is observed to produce 
significantly more noise pulses during the day than at night: a factor of 30 times more 
pulses.  Determine the effective energy barrier for dark-count electron emission.  (recall 
that the Boltzmann coefficient is 8.62 x 10-5 eV/K) 
 
[ANSWER: ln(30)=-E/(kT2)- (-E)/(kT1) .  E=0.9 eV]  
 



Question 5:  
The 2000 Particle Data Tables contained the following experimental measurements of the 
mean lifetime of the Ks meson.  Find the weighted mean of the measurements and the 
uncertainty in the mean. 
I τ (ps) 
1 89.71 ± 0.21 
2 89.29 ± 0.16 
3 89.20 ± 0.44 
4 89.24 ± 0.32 
5 89.58 ± 0.45 
 
[ANSWER: 89.41 ± 0.11 ps] 
 


