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E = (28",

This is the two-dimensional enstrophy cascading
equivalent of the three-dimensional energy cascading
Kolmogoroff-Obukhov spectrum and can be deduced
by applying the usual dimensional argument to
enstrophy instead of to energy.

There is some evidence for the existence of —3
power spectra for planetary scales of atmospheric
motions® and for larger scales of clear air turbulence.®
In both cases this could be due to two dimensionality
of the eddies. However, it should be remembered that
a —3 power-law results from dimensional arguments
whenever one assumes as the single physically
significant constant one having dimensions involving
(as does %) time only, and other candidates might be
mean wind shear dV/dz or a stability parameter

g dT

T dz
The diffusion approximation is not consistent with
the two-dimensional inviscid equilibrium distri-
butions®

E(k) = 2Eokok/(k; + k),

(E,, ko constant) analogous to the Lee distribution
for three dimensions.

This work was performed under the auspices of
the United States Atomic Energy Commission.
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The Tietjens function is expressed in terms of two power
series, which are much simpler and take significantly less
time to calculate than those recently proposed by Chen,
Joseph, and Sparrow.

The Tietjens function F(z) is used in the deter-
mination of the asymptotic solution of the Orr—
Sommerfeld equation (see e.g., Lin' and Reid®).
The most extensive, and most accurate, tabulation
at present is given by Miles? who quotes the real
and imaginary parts of F(z) for z = —6(0.1)10; 48.
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A method of evaluating the Tietjens function as
the ratio of two rapidly convergent power series has
recently been giveri by Chen et al.* The purpose of
this note is to present two power series which are
simpler, and take less time to compute, than those
given by Chen et al*

The Tietjens functions may be defined by’

FG) = 1 — A (;)[; f: AL () dr:|—l,

g_ — Ze—Sir/G

(1a,b)

We determine the power-series representation of the
Airy function (valid in every finite region of the
complex plane) by direct substitution into the dif-
ferential equation, obtaining

w©

AL ) = D al’, 2

=t

where
ay, = A1 (0) = 0.3550 - -,
a; = AV (0) = —0.2588 .-+ | 3)
a, = 0,

Quis = GJln + 2 + 3, n > 0. 4)

Appropriately differentiating and integrating Eq.
(2), and then substituting the results into Eq. (1a),
we obtain

ro =1 (Sor)(~w+ Tert) . o

n=0

where
b, = Ai’ (0), b, = 0, b, = 3 Al (0), (6)
by = b + Dn + 317, n>0, (7
co = Al {0), o = 3 AV (0), c; =0, (8)

Cors = (n + Ve + D + e + D],
n > 0. 9)

We find that the representation of the Tietjens
function as given by (5) is much simpler than that
of Chen et al.* and can be calculated in approximately
two-thirds the time. It is in a form ideally suited for
inclusion as a subroutine in a digital computer pro-
gram whose purpose is to determine the asymptotic
solution of the Orr—Sommerfeld equation.
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A transverse perturbation to a longitudinal magnetic field is
introduced upstream of an jonizing shock. The dominant
length scale is given by Ohmic diffusion. Either a transverse
structure develops, and one wave is emitted, or twe slow
waves are emitted.

In a previous paper' a model was suggested for
the structure of ionizing shock waves when there is
a magnetic field present and the length scale for
Ohmic diffusion is much larger than the length scales
for viscous diffusion and relaxation to equilibrium
ionization. An initial transition, which raises the
temperature, ionizes the gas, and changes the elec-
trical conductivity from zero to a finite value, has
the character of an ordinary gasdynamic shock,
being too thin for magnetic forces to affect the trans-
verse momentum or for currents to affect the field
(see Fig. 1). Subsequently, magnetic forces and
currents may have an influence in a broad region
(QR), which can be treated as inviscid. It was shown
that the region QR can only exist if the downstream
normal velocity u is less than the slow magnetohy-
drodynamic wave speed ¢, given by the smaller
positive root of

¢ = (@ + 1) % [(@® + )7 — 4a°0° cos® 61},
n

where a is the sound speed in the absence of a
magnetic field, b is the Alfvén-wave speed equal to
B/(up)}, and 0 is the angle between the shock normal
and direction of magnetic field. If QR exists, the
downstream state cannot be uniquely determined
from the upstream velocity, magnetic field, and
gas state, while it can be so determined if QR does
not exist. To reinforce the previous theory, we con-
sider the detailed evolution of the structure of an
ionizing shock wave in a particular and simple
situation.

The equations for tranverse motion and Ohm's
law for one-dimensional, time-dependent situations
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F1a. 1. Ionizing shock with broad Ohmic-diffusion region
QR. The choice of frame of reference gives a stationary
shock wave.

in a finitely conducting gas give
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where A is the magnetic diffusivity equal to 1/us and
the remaining symbols have their usual meaning,
coordinates and components being indicated in Fig.
1. Suppose that, for i< 0, v = B, = 0 everywhere
so that the shock only consists of the gasdynamic
transition (no region QR). Then a small, constant,
tranverse field is switched on in the nonconducting
gas, giving initial conditions for the problem

p=0 for — <2<  ;
B, =B, for z<0; 4)
B,=0 for x>0 at {=0.

It must be imagined that the return path for the
current sheet formed at £ = 0, ¢ = 0 is closed at
x — — o , We also assume that subsequently B,
is small enough for changes in magnetic pressure to
have negligible effect in the longitudinal equation
of motion, and changes in » cause negligible variation
in kinetic energy. Thus the longitudinal motion is
decoupled; p, u, and A are not affected by the
transverse perturbation, and we assume that they are
constant. To follow the subsequent development of
the current sheet, Eqs. (2) and (3) can be solved for
the region £ > 0 subject to initial conditions (4)
and boundary conditions

v =0, B, =B, at & = 0;

6)

v, B, >0 as x-— o,

We have used the same method of solution as
Todd,” who analyzed perturbations to shock waves
with conducting gas on both sides. The Laplace
transform of B, was found and inverted numerically.
Results for conditions such that b = 2u downstream
are shown in Fig. 2 and for b = }u in Fig. 3. The
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