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1.  The phonon heat capacity implies that: 

 

! 

CV "T
3 and hence S"T3

c2 = const # c2
2 = const =

$sS
2T

$nCV
#

$s T
3( )
2
T

$nT
3 =

$sT
4

$n
= const

$s %1 so $n ~ T
4

 

 

2. (ii) Working case: 

! 

ú N 3 = 42.2µmol s"1 and ú Q leak = 0.43µW  
  Faulty case: 

! 

˙ N 3 = 8.8 µmol s"1 and ˙ Q leak = 0.66 µW  
  Hence cause of problem is low circulation rate of helium-3. 
 
 
3. (i) Consider kinetic energy. 
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  Hence 

! 

E3B kB = 4.9 K  
 
3. (ii) blood flow is approximately Newtonian in large vessels: 
   shear rate at arterial wall = 320 s–1 
 
4. (i) Thrust = 

! 

" Av3 v4 # v1( ) = 27.7 kN  

  Power input = 221 kW 
 

 














