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RECENTLY a work with this title was published 
in this Journal by Sen.1 The purpose of this letter 

is to point out certain effects occurring in a highly 
ionized plasma which he overlooked. 

Sen takes the Prandtl number [xcjk to be f and cor­
rectly observes that his conclusions depend only on the 
order of magnitude of this number. In a fully ionized 
gas, however, the Prandtl number is at least an order 
of magnitude less than this value. The physical reason 
for this can be seen by comparing simple kinetic theory 
expressions for viscosity and thermal conduction. For 
an electron gas alone 

fjLe=c(meKT)i/(ry ke= 15i£/xe/4we, 

and for an ion gas alone 

jja=c(miKT)^/aJ ki= \5Km/4wt,i. 

Here me and wii are the electron and ion masses, a is the 
mean cross section (a <* T~2), c is a numerical constant 
of order-of-magnitude unity, and K is Boltzmann's 
constant. For a gas mixture, we expect n~ni because 
Mi/Me = (nti/me)^ but we expect k^ke because ke is 
greater than ki by this same factor. Thus we expect 
ncjk~ (8/9) (nte/nii)^~0.031A~^ where A is the atomic 
weight of the ions. Detailed calculations by Chapman 
and Cowling2 show that a further factor of about two 
comes in, and their expressions lead to a value fjtcp/k 
= 0.065^4"^, which is small even for hydrogen. 

This small value of the Prandtl number leads to 
interesting modifications in the shock structure which 
have been discussed by the author.3,4 For weak shocks 
the velocity, density, and temperature change smoothly 
over a width «2(L4* mean free paths—very much 
greater than that predicted by Sen. In this case the 
profile is determined by the thermal conduction and 
viscous effects are negligible. But for stronger shocks, 
when 

^ I 2 < V P I + # I 2 / 4 7 T P I , 

where uh ph Hh and pi are the values behind the shock 
of the velocity relative to the shock, pressure, magnetic 
field, and density respectively, then this smooth varia­
tion of velocity, density, and temperature is followed 
by a narrow region, of width « a mean free path, in 
which the velocity and density change rapidly while the 
temperature remains almost constant. If there is 
no magnetic field, the above condition reduces to 
pi/p0>1.5. 

Thus all shocks in an ionized gas of infinite electrical 
conductivity have widths very much greater than those 
predicted by Sen and for the stronger shocks the front 
is made up of two distinct regions. 

The author has also examined the structure of these 
shocks in a gas of finite electrical conductivity and it was 
found that the width of the front in this case is 
~c2/47rcmo (provided that this length exceeds the 
lengths mentioned in the foregoing) where c is the 
velocity of light, <r is the electrical conductivity, and Uo 
is the velocity of the gas ahead of the shock. This can 
be very large ( « 2 cm) at some temperatures. The front 
again divides into distinct regions depending on the 
magnitude of the field and upon the shock strength. 
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IT has been shown1*2 that under conditions of cylin­
drical geometry in which the sample is placed 

cylindrically around the detecting Geiger counter, the 
absorption curve obtained by interposing varying 
thicknesses of absorbers between the sample and 

T A B L E I . Absorption data . 

Isotope 

T 
Zr93 

Sm151 

C 1 4 

S35a 

Rb 8 7 

Ca45a 

Tc" 
TP04 
Cl36a 

K 4 0 
p 3 2 

y9oa 

Maximum 
energy of beta 

spectrum (Mev) 

0.0189 
0.060 
0.0755 
0.155 

0.167a 

0.270 
0.255a 

0.296 
0.762 
0.716 

1.36 
1.708 

2.275a 

Absorbing 
material 

He 
Al 
Al 
Al 

Mylar plastic a 

Ala 

Mylar a 

Al 
Ala 

Al 
Al 
Ala 

Cua 

Sna 

Sna 

Al 
Al 
Cua 

Sna 

Ala 

Half-
thickness 
(mg/cm2) 

0.050 
0.35 
0.63 
1.9 
2.2a 

2.3 a 

2.7a 

4.85 
4.9 a 

6.09 
22 
32a 

26a 

21a 

18a 

67.0 
84 
60a 

50a 

130a 

a New data; other data from reference 1. 


