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CONVERSION TABLE

Conversion factors for U.S. Customary to metric (SI) units of measurement

L

cal (l.hermocl\emiml)/c:l'n2
curie

degree (angle)
degree Fahrenheit
electron volt

erg

erg/second

foot

foot-pound -force
gallon (U S. liquid)
tnch

jerk

joule /kilogram (J /) (radiation dose
absorbed)

kilotons

Kkip (1000 1bf)
kip/inch? (ki)
ktap

micron

mil

mile (international)

ounce

pound -force (lbs avoirdupmis)
pound -force wnch

pound -force /inch
pound—forceﬁoolz

pound -force /mch2 (pst)

pound -mass (lbm a:oi1rdupois)
pound -mass —loo(2 {moment of 1nertia)

pcnmd-mus/‘ltw(3

rad (rachation dose absorbed)

roenigen

shake
slug
torr tmm Hg, 0° C)

i

4.184 000 X E -2
3.700 009 X E +1
1. 45329 X E -2
te= (170 + 459.67)/1.8
1.60219 XE
1.000 000 X E -7
1.000 000 X E -7
3.048 000 X E -1
1.355 818
3.785 412 X E -3
2.540 000 X E -2
1.000 000 X E +9

1. 000 000

4.183

4.448222 XE +3
6.894 157 XE +3

1.000000 X E +2
1 000 000 X E -6
2 540 000 X E -5
1.609 344 X E +3
2 834952XE -2
4. 448 222

1129848 X E -1
1 751268 X E +2
4 788026 XE -2
6 894 757

4 535924 X E -1

4 214011 XE -2

1 601 846 X E 41
1 000000 X E -2

2 579760 X E -4
1 000 000 X E -8
1 459390 X E .1
1.33322 XE -}

MULTIPLY —§ BY —$ TO GET

TOGET 4— BY ‘ DIVIDE
angatrom 1.000 000 X & -10 meters (m)
stmosphere (normal) 1.01325 XE 2 kilo pascal (kPa)
bar 1.000 000 X E +2 kilo pascal (kPa)
barn 1.000 000 X E -28 meter? (m?)
British thermal unit (thermochemical) 1.084 350 X E +3 joule (3
calorie (thermochemical) 4.184 000 joule (N

mega joute/m? (MI/m?)
*giga becquere!l (GBq)
radian (rad)

degree kelvin (K)
joule (J)

joule (J)

watt (W)

meter (m)

joule (N

motnr3 (ma)

meter (m)

joule ()

Gray (Gy)
terajoules
newton (N)
kilo pascal (kPa)

2
newton ond /m
(N-/.v:;f

meter (m)

meter (m)

meter (m)

kilogram (kg)
newton (N)

newton -meter (N.m)
newton /meter (N/m)
kilo pascal (kPa)
kilo pasca! (kPa)
kilogram (kg)

kilogram -me!erz
(g -m?)

kilogram /mete r3
(kg /m3)

**Gray (Gy}
coulomb /kilagram
(C /kg)
‘ second (s)
kilogram (i)
Lkﬂo pascel lkfl.)

*The becquerel (Bg) is the Sl unit of radioactivity; 1 Bq - 1 event/s
**The Gray (Gy) 13 the Sl unit of absorbed radiation.
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SECTION 1

INTRODUCTION

The simplest mathematical model that contains the essential physics
of a convectively unstable plasma is given by the coupled, nonlinear
differential equations

K

el (bx¥4/B) . VN = KVN (1)

and
V(NV$) =D . YN , (2)

where N(p,t) 1is the electron density in a plane normal to the magnetic
field. The vector D/B is the the cross-field drift velocity caused by
the combined forces of gravity, neutral winds, and electric fields.
Thus, D can be thought of as an effective electric field. The poten-
tial, ¢(p,t), which is established by Eq. (2) from the instantaneous
electron density configuration, modifies the effective electric field in
such a way that, as time evolves, small-scale structures are drawn out
of the trailing edge of high-density regions and are thereby enhanced.
The structure 1is ultimately removed by cross-field diffusion at a rate
determined by the diffusion coefficient K.

The physics of this two-dimensional model and its potential limita-
tions are discussed in detail in Perkins et al., [1973], Ossakow [1981],
and Zalesak et al. [1985)]. Here, we shall discuss the applications of
statistical turbulence theory to determine the quasi-steady-state
spectral density function (SDF) that characterizes the late-time
evolution of plasma structure implied by Eqs. (1) and (2). As yet, no

viable theory has emerged that can explain the measured kilometer-scale




spectral characteristics of naturally occurring equatorial F-region
ionospheric irregularities that severely affect satellite radio signals
[Aarons., 1982). VYet, it is generally believed that the development and
evolution of these irregularities can be modeled by using straight-
forward modifications of Eqs. (1) and (2) [Zalesak et al., 1982]. Our
motivation in undertaking this study was to determine if formal turbu-
lence theory can be modified to explain the results of recent data

analyses.

Ott and Farlev [1974] first pointed out that Eq. (1) is
mathematically identical to the two-dimensional Navier-Stokes (NS)

equation when it is written in terms of vorticity,
w=9¥xv , (3)

where v is the incompressible fluid velocity (V.v = 0). If v is con-
fined to a plane, it is easily shown that the momentum balance of iner-

tial, pressure, and viscous forces can be written as

w

2
+ . = »
at TV Yw = vWw (4)

where v 1s the kinematic viscosity. Thus the momentum balance for two-
dimensional fluids when expressed in terms of scalar vorticity is iden-
tical to the continuity equation for electron density; however, to
complete the formal parallel we must identify the electron drift

velocity
v = éz x V4/B (5)

with the fluid velocity wv.

Because v is divergence free, it too can be derived from a poten-

tial function. If we let v = a, x V¢, 1t follows from Eq (3) that

v2¢ = -w . (6)
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Thus, for inertially driven, two-dimensional turbulence, the potential
function that generates the velocity structure is related to the scalar
vorticity by Poisson's equation. Because of the profound differences
between Eqs. (2) and (6), theories that address the turbulent structure
of w cannot be applied directly to the convective plasma system de-
scribed by Eqs. (1) and (2). 1Indeed, even if one were to accept
ordinary turbulence as the source of the structure in the velocity
field, the electron density must act as a passive scalar to map the
inertially driven velocity structure [Kelley and Ott, 1978]. Ideally,
one would proceed from a general plasma theory that accommodates both
collisional and tnertial forces [Kintner and Sevler, 1985]; however, the
collisional limit is the most difficult to treat, and it appears to have

some unique properties.

Consider that in Kolmogoroff's theory of fully developed turbu-
lence, locally unstable eddies spontaneously break up into smaller
eddies until they are removed by viscous dissipation. 1In sharp con-
trast, convectively unstable density irregularities evidently do not
spontaneously break up or bifurcate. Rather, early in the nonlinear
phase of the structure development, fingerlike striations develop with a
comparatively small-size distribution. Evidently the striations con-
tinue to elongate without further significant change in their individual
shapes [McDonald et al., 1981; Zalesak, et al., 1985]. This process
has been referred to as "freezing." Clearly, the structure dynamics are
vastly different in the collisional and inertial models, and we should

expect these differences to manifest themselves in a viable theory.

Formal plasma turbulence theories have been developed by Kraichnan
and Kadmotsev. Both theories use the Direct Interaction Approximation,
which was developed by Kraichnan [1958, 1959]; his turbulence theory is
usually referred to as the DIA. Kadmotsev's method, which was developed
more intuitively, is usually referred to as the the Weak Coupling

Approximation (WCA) {Kadmotsev, 1965]. Sudan and Pfirsch [1984] have
shown that the two methods ultimately give rise to formally identical

mathematical models; however, the WCA form suggests a somewhat simpler
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procedure for deriving spectral characteristics. Following Sudan and v
t ;p
Pfirsch's approach, we shall start with the DIA because it proceeds ;:,;
]
directly from Eq. (1). We shall then recast the equations in the WCA i',':‘,
e
form and follow Sudan's prescription for deriving the form of one- e
dimensional spectral-density function. The main difference is that we ;};:
0
have attempted to relax the assumption of isotropy, which is critical in 'E:a:
)
all the applications of the method to date [Sudan and Keskinen, 1979; ,,
0
Sudan. 1983; Sudan and Keskinen, 1984]. This is achieved by approxi- i
mating the anisotropy, which manifests itself in the "frozen" striation VN
t
distribution, by a one-dimensional transfer of scalar variance in the n:"
Fourier domain. This provides an alternate means of obtaining a one- o ]
{4
dimensional conservation equation in place of the angle-averaged form
that is normally used. .;i
)
\ .
The first step is to transform Eq. (1) into the spatial Fourier ;-'A
domain. We assume that N(p,t) and ¢(p,t) admit spectral decompositions :f‘
of the form '
\_
. e
N(p.t)l jx(u.t) )
N
=y exp {1k.p} (7) ':
o(p.t)$ lo(x.t) e
o)
\.\’(
where A
[
"t
4
k= (nAKx, mAl(y) (8) ' ,-
s
‘J..
for all integer values of n and m. Thus, N and ¢ are periodic on the RS
g
lattice bounded by L = 27/aK and Ly = 21/Al(y. As discussed by ,*.:.
Kraichnan [1975], this imposes no limitations of practical significance. -
Also, because N and ¢ are real, fl and ; have the hermitian property :'_:r,'
N
o
- -l \.';\
‘nm) su (-x) Y
| = ) (9) K
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prd

Substituting Eq. (7) into Eq. (1) and performing some standard ‘%g

Fourier manipulations gives the spectral domain form of Eq. (1), namely, R
W

- A :C':;;

- - P - i) N3

MK, (Zkwx) = L (b x k' x K*'/B) B(RR(RTT) (10) -

W

.:,"f

e

The symbol A means that only those modes that satisfy the triangle .ﬂ?:
?

equality .::
l“
kK=k'+Kk" (11) :%Q

)

4

\)
contribute to the summation. We could have included the delta function & :
o~ N3

8(k ~ k' — k'') in the summation, but the alternate notation is more

)
compact. In the interest of notational efficlency, we have also sup- ésﬁ
¥
pressed the independent time variable t. ‘AJ
)
ak i

Next, we multiply Eq. (10) by N (k) to obtain “:Q
- 2 2 . g‘..‘

ﬂmu—at + 2kx“|N(R)| = E(R) , (12) ?."3

5;-‘.

Y

where »
o
A o

-~ -~ 3 » \
E(k) =2 Y (b.k' x k''/B) ¢(K"IN(K'") . (13) B
? N
Equations (12) and (13) characterize the temporal evolution of the d
spectral intensity for a single realization of the process. The ﬂ%s
nonlinear mixing term E(k) has the important property &‘ﬂ
"\ 4]

TE®X) =0 (14) >

“,,.

A

which does not depend on how 4(k) is related to N(k). Thus, in Egqs. (1) t&‘
and (4) the nonlinear interaction of the Fourier modes does not change ‘%ﬁf
the scalar variance 7
.:,,-
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2 = YN (15)

or enstrophy (the name given to the variance of scalar vorticity) in the

NS system. This conservation property 1s the basis for developing a

statistical turbulence theory. :Q?
A formal statement of the conservation of scalar variance can GE:
obtained from Eqs. (12) and (14) as ;¢‘
Y
u .,y xyeim? =0 . (16) :w
N
b
Thus, the structure evolution is such that the only change in scalar 5%:
variance is through diffusion. Turbulence theory attempts to charac- F't
terize the average spectral characteristics in the quasi steady state ﬁf;
where the tendency for structure to form 1s essentially balanced by the ;!
structure removal process. In fluid turbulence, energy must be supplied >,
continuously to sustain this steady state. 1In collisional plasma struc- &:.
turing, a reservoir of structure at low spatial frequencies can sustain .
structure growth. Thus, in our application of the DIA, we do not :
include a forcing function. j
We envision many realizations of the process with small, randomly A
irregular changes in the initial conditions, but with similar structure :é'
reservoirs at small spatial wave numbers to sustain the growth of small- :ﬁ
scale structure at late times. We expect the ensemble average of the E;
spectral intensities from each realization, formally e
.
A e
o(k) = <|N(K)I> , (17) I
&3
to yield an identifiable SDF, although it is well known that Egs. (1) =
and (2) will not support a true steady state. If we attempt to evaluate [{b
Eq. (17) by using Eqs. (12) and (13), we encounter the third-order §§
moment (&(k')ﬁ(k")ﬁ’(k)>. Iterating the procedure will always intro- f:
duce a moment of higher order. Thus, irrespective of the mathematical X .
subtleties associated with statistical stationarity, the formal moment if:
D
;::‘_'..
6 s
- - - - s - \;'

SSRGS

Ca e




equations are indeterminant. Direct interaction 1s a closure approxi- 0
mation in which the third-order moments are evaluated in terms of 5

N
fourth~order moments containing the temporal response function of Eq. }?a

(1) to small changes in ¢. The fourth-order moments are evaluated by Tﬁ

using the well-known relation for Gaussian processed, although the

Gaussian assumption itself is not critical to the development. vt
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SECTION 2

THE DIA APPROXIMATION

The Direct Interaction approximation is discussed in considerable
detail in Leslie [1973]. For our purposes here, we have simply followed
the step-by-step procedure he presents in his Chapter 4.3. The computa-
tional details are omitted. As a preliminary, we first consider the
response of Eq. (10) to a small perturbation in 3. To terms that are
first order in s$ and sﬁ. we have

t
a A -~ - ~
8N(k;t) = Y (b.X" x k°°/B) J G(k;t,t") 84(kst”) N(k“"3t°) dt~ , (18)

where G(k;t,t°) is the solution to

A - -~
(2 + kx®) 6(kit,t7) - Dbk xk " /BB(K 3E) G(R*“3t,e7) = 8(t-t7) . (19)

To apply the DIA, we first expand ﬁ. ;, and é in series of the form

+ed® (20)

5 =50
where ¢ is the order of the nonlinear terms in Egs. (10) and (19). By
substituting these expansions into Egs. (10) and (19) and equating terms
of equal order, we obtain equations for the first-order terms i(l) and
G(l) in terms of the zeroth-order terms. Consistent with this approxi-

mation, we let

#(x) = W(k) N(K) , (21)

ARGy NSk




where W(k) = w'(-u) to preserve the hermitian property of a(k). This is
tantamount to linearizing the potential equation, Eg. (2), but within
the context of the DIA, this is a local approximation that preserves the
essential nonlinearity in the problem.

The lowest order term in the expansion of-ﬁ is assumed a Gaussian
variable, and the corresponding term in the expansion of G is assumed
exact. After considerable algebraic manipulations, we obtain the
following equations for the time-dependent SDF:

 38y(kit,t7) 2 A )
N S Y = S, .- . s
> Pve + KRS (K, t,t") Y (b.k* x K°°/B)“f(k’,k"")
b
x [| G(k,t°,t°°) sn(k’;t.t“) SN(k";t.t") dt°”
—~00
t
- G(Kk,t,t77) Sp(kit,t77) S (k7 75t7,t77) dt**] (22)
00

where

£(k",Kk"7) = %lw(x') e | L (23)

A .
[gz + kk16(kst,t7) = - Y (b.k" x x /B)2E(k k")

t
x J G(R"";t,t" ") SN(k':t.t") G(k;t",t°7) dt”" + 8(t - t°) , (24)
t'

and

(RN (Rst7)> . (25)

S"(k:t.t')

As the DIA equations are written here, they accommodate both the NS and

convective plasma equations. For NS, it follows from Eq. (6) that
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wr) = x 2, (26)

which 1s exact. For a convectively unstable plasma, it follows from Eq.
(2), essentially by dropping the nonlinear term, that

wik) = -1 ‘;n ) (27)
, K

Because Eq. (26) is isotropic, the functions in Egs. (22) and (24)
depend only on the magnitude of k and the equations can be reduced to a
one-dimensional form by integrating over all directions. Wwhen Eq. (27)
applies, however, the basic equations admit no obvious simplification.

Thus, we transform the complete DIA equations to their more compact
WCA form. We first assume that the time dependences are functions only
of the corresponding time differences, whereby Eqs. (22), (24), and (25)
can be transformed to the temporal frequency domain. After some

straightforward manipulations, we obtain the equivalent WCA equations
2 A . 2
(w = 1KR") S (R;w) = - FTo(b.k" x k°°/B) £(K";K"")

I“ MEX " o o, - . P
‘_ﬁfuﬂk W) Suﬂk ;W - W )dw
2

X

[w - 1Kk™ + r(x;w)}'

® s (k" ;w - W )dw’
- sn("“’)[ °N )

[ ) . ‘ (28)
W - 1Kk°© + I'(k°;w’)]

and

A -
r(k;w) = Y(b.k" x k°°/B)%f(R" 1k ")

l’ Sl(k”;w - W )dw’

(wo - 1xx‘f + T(x";w’)]

(29)

10




The new function I(x:;w) is related to G(k;w) by the equation NN
X
.I:::l
G(xiw) = v . (30) b
[w -~ 1Kk + TI'(x;w)] XXH
Eq. (28) can be written the equivalent form 5%5
SR
)
R
o
2 2 A, 2 . i
Iw + 1KK® + T(R;w)|“S (R;w) = F(b.K" x K°°/B)" £(X*,k"") e
|0"'.
a0 4
x I sx(k‘;w‘)sn(k“:w -~ w) dw’ . (31) aﬁ(.
—00 Q‘g
e
which isolates the nonlinear damping function I'(k;w). The WCA equations 4 AN
are usually presented in this form [Eqs. (18) and (19) in Sudan and iﬁ
Keskinen, (1979)]. N
ol

In the general forms presented here, neither the DIA nor the WCA

XAF
AR

equations can be solved, but we can establish an important property of

Eqs. (22) and (28). Working from Eq. (28), we define the argument of :'“
Y
the summation as R(k, k°, k°°), which has the property ; ¢
R(K,k°.,k°°) + R(K’,K, k") + R(K,K"°,K°) =0 . (32) ;'5
A
“ '_
\
It follows from Eqg. (32) that the svmmation of the right-hand side of 5 F
LY
Eq. (28) over all k, allowing for the triangle equality constraint, is s
Zero. Thus, the conservation property of the basic equations is :\fA
\-l
preserved in the DIA or WCA equations for the spectral density function :‘?
itself. This property 1is used to determine the spectral p:“
! (
characteristics. 2:
1 1
)
. \;
S
-
YA
A
.“.':‘.
AR
11 RS o
A
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SECTION 3

DETERMINATION OF SDF CHARACTERISTICS

Sudan and Keskinen [1979] have argued that sN(k;w) will be highly
peaked about w = 0 with a characteristic width that depends on T(k;:w).
They have postulated a functional relation of the form

s(k;w) = o(R)g(w/T,) (33)

where l'k is the direction averaged value of I'(k;w). For the moment, let
us consider only the fact that we have effectively assumed that the time
or temporal frequency dependence of su(k;v) is a multiplicative func-

tion. With this assumption alone, we can rewrite Eq. (28) as

A -~
3—:{” + kc2e(x) = 20(k) TO(b x k* x K /B)2E(R K77 )e(R7)O(R"7)
- ¢(k) r(k) (34)

where
_ glw /T g(w - w)/r ] dw dw” .
o(k) =271 > s 29 27 . (35) A
? [w + 1Kk" + T'(k;w)] ::(
A
Ll
and I'(k) denotes the value of -ir(k,w) integrated over all w. Both 6(k) v

and T'(k) are purely real.

At this point, the usual approach is to assume that (k) is inde-
pendent of the direction of k, as would be strictly true when Eq. (26)
holds. Indeed, this same property would then apply to I'(k) and 8(k).

The remaining term in Eq. (34) can be evaluated and a conservation




« Y - 3 ! t Wiy ).:':
:w:a
2
t
et
e
)
't'e‘
relation formulated in terms of the magnitude k. One then characterizes :“h
Y
the transfer of scalar variance from large to small wave numbers. It fkq
LML
happens, however, that the second term in Eq. (34) dominates this fﬁ}
[} [ .
process, and a differential equation of the form ,"
|r,:;
k k k | ::':
U
g: lo(n')dx’ + Ir(x‘)o(r)dr = [x'zx e(k’)dx” (36) W,
*
o ak o O
where a is a small positive number results. The lower limit of the ::3-
,\
nonlinear damping term is nonzZero because arbitrarily large structures ,:ﬁ
r o
are essentially background inhomogenities. "ﬂ
[
In the stationary state, the time derivative 1is replaced by a 2
constant. If K = 0, it follows that r(k)¢(k) must be a function, say ;a3
Y(k), with the property i}i
o
3
Y(k) = a¥(ak) , (37) -
A
S
Ko
80 that the integral over ak to k is zero. The solution to Eq. (37) is ::c
- o
proportional to k 1. To determine the form of #(k), we must establish a jm,
relation between I'(k) and ¢(k). Sudan and Keskinen [1979] have derived v
'-
an approximate form by using the Gaussian form :::z
SN
2,1 2 SN
g[w/rk] = |1/[21rk] /zlexp{—wz/rkl (38) e
for g(w/rk). With appropriate assumptions, they were able to derive the ;i:j’
approximate relation (for two dimensions) Zi::
R S
AN
o, W,
r =0 kZI 1/2 (39) =
k r | 3 ’ Py
. {\
. 4
et
where Ik denotes the -angle averaged value of Qn(k). It follows that Ik -;;;
is proportional to k—z. This would seem to imply that in the "cascade" ig:
range, the one-dimensional spectral density function s proportional to L .
- N
k 1. which seems to be close to the measured value. As we have noted, _:;:
N
“
Y
13 T
R
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however, this approach is inconsistent with the anisotropy of the N
collisional instability. b9,

We suggest applying the argument in a different way. Because the MR
problem is approximately one dimensional, with most of the small-scale
structure characterized by Fourier modes along D, it seems reasonable to At
replace the angle averaged quantities by integrals over the direction \f
orthogonal to D, which we take to lie along the x axis. Wwe obtain a
relation identical to Eq. (36) with #(k) replaced by e(ky). It follows

that in the cascade range,

{{f:;

1
e(uy]r(xy] =K (40)

and

-

1/291/2

r(x, ) = k_Vk
y oy

(xy] (41)

K ‘A';c.&\ ‘.- q; -

from which it follows that o(ky) = k;l; however, because of the one-

dimensional approximation, this result should be regarded as a limiting

form.

O PR Lt

A

- AR

Py AN

o d

o _o_a

S

v

“

14

et
‘...l i

R R NN .. N e e e A AN Y e T T



¢ h
¥ ‘i
)
5‘|.i
‘:‘t".
SECTION 4 :
i=
DISCUSSION o
iy
We have shown that a consistent application of statistical tur- ‘hg
bulence theory to convective plasma instabilities must accommodate the T,
anisotropy of the structure, which is unique to the collisional limit. :ﬁ:
~

72

To get some handle on how this anisotropy might affect the theory, we

-

have followed the general prescription suggested by Sudan, but attempted

to relax the isotropy assumption by going to the opposite extreme of a

Al
one-dimensional transfer of scalar variance. For well-developed :E;}
structures transverse to the dominant convection direction, the limiting S?:
form of the one-dimensional spectral density function is k-l. Along the ;ﬂ;.
convection direction, the one-dimensional spectrum should be “shape- v
dominated®™ and, therefore, 1—2 at long wavelengths, giving way to a much ﬁi;
steeper power law where diffusion is effective. 1Indeed, in the :Sii
diffusion range the spectrum should be isotropic, at least if classical E:iT
cross-field diffusion is the dominant mechanism for structure removal. s
SN
Ott and Farley [1974] first pointed out that a k ' one-dimensional j&'
spectral density function for density structure is the form that results :Ef‘
from the purely dimensional arguments of turbulence theory; however, :Vi
they questioned the existence of a truly inertiallike subrange because ~
it implied no dependence on the initial gradient; moreover, the avail- Ei:“
able data then seemed to imply a 1—2 form. In our development, we have ::E:
not addressed the question of the constants or other factors that deter- Z:ﬁ:
mine the level of the spectrum in addition to its shape. The dependence ?;}
on a length scale comes from the e in Eq. (36). For fluid turbulence, a Sh?
is related to the Kolmogoroff constant, but the theory as it is applied :gf;
here does not determine its value nor does it identify an actual physi- :,~
cal scale that a can be identified with, although an outer scale or " ’:
maximum size for transfer of scalar variance is reasonable. 3;ﬁ
o
=
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We also note that Batchelor [1959], in treating the structure of
passive scalar additives in turbulent fluids, showed that in the pres-
ence of a linear velocity shear the average one-dimensional spectrum for
a conserved scalar governed by Eq. (1) is also k_l. In fluid turbu-
lence, this comes about when the viscous cutoff for velocity turbulence
occurs at a larger scale than the diffusive cutoff for the scalar
additive. This is referred to as the viscous convective subrange
(Tennekes and Lumely, 1972]. The velocity shear is a consequence of the
turbulent dissipation mechanism. To apply Batchelor's theory to convec-
tive instabilities, the presence of the velocity shears must be estab-
lished independently. The direct application of the turbulence theory

is more satisfying.

There 1is yet another turbulence theory argument that gives rise to
limiting spectral forms that have power-law slopes less than two. These
are discussed in Kintner and Sevler [1985)], and they involve a dual
cascade, which can occur in two dimensional fluids. Indeed, the fact
that Eq. (4) conserves enstropy introduces a second conserved quantity
because energy is conserved as well. Kraichpnan [(1967] showed that under
these conditions two types of cascade can occur. At scale sizes above a
stirring scale where the structure is initiated, there is an upward
cascade of enstropy and scaling arguments give a k_l form for the energy
spectrum. Below the stirring scale, there is a downward cascade of
energy and the conventional k-5/3 spectrum results. To the extent that
density is purely a passive scalar in this process and is related to
velocity via Eqs. (21) and (27), its spectrum assumes the same two-
component spectral form. The corresponding forms that apply when Egs.
(21) and (26), which are exact, hold are given in Table I of Kintner and
Seyler, [1985]. The problem here is that the conditions under which Eq.
(27) can be used give rise to anisotropy, in any case, would preclude
the possibility of density behaving as a passive scalar as well.

Indeed, Sudans's theory has yet to be generalized to accommodate more

than a single conserved quantity. More important, the experimental
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data, although showing two-component forms with fairly shallow low-

frequency indices, have not shown the two-component form predicted by
the dual cascade theory.

To summarize, the two-dimensional spectral density function for
convective instabilities as modeled by Egs. (1) and (2) is anisotropic
at the longest wavelengths with a power-law index approaching -1 in the
direction perpendicular to the convection direction and steeping to -2
or greater along the convection direction. Beyond the freezing scale
where diffusion becomes effective, the spectrum would be more nearly
isotropic. The ramifications of this model for propagation models are
probably not severe because the slope change occurs only over a limited
scale-size regime. As a means of testing this hypothesis, however, the
propagation issues should be pursued.
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ATTN: D DAHLGREN 6440 CALIFORNIA RESEARCH & TECHNOLOGY, INC T~
ATTN: ORG 1231 T P WRIGHT ATTN: M ROSENBLATT e
ATTN: ORG 314 W D BROWN -~
ATTN: ORG 332 R C BACKSTROM CHARLES STARK DRAPER LAB, INC '@
ATTN: SPACE PROJECT DIV ATTN: A TETEWSKI j-.j,
. Y
ATTN: TECH LiB 3141 (RPTS RECEIVING CLRK) COMMUNICATIONS SATELLITE CORP 2
OTHER GOVERNMENT ATTN: G HYDE ;: i
Lt
COMPUTER SCIENCES CORP
CENTRAL INTELLIGENCE AGENCY A
ATTN: OSWR/NED ATTN: F EISENBARTH y
ATTN: OSWR/SSD FOR K FEUERPFETL B
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DNA-TR-86-402 (D1. CONTINUED)

CORNELL UNIVERSITY
ATTN: D FARLEY JR
ATTN: M KELLY

ELECTROSPACE SYSTEMS, INC
ATTN: H LOGSTON
ATTN: PPHILLIPS

£0S TECHNOLOGIES, INC
ATTN: B GABBARD
ATTN: W LELEVIER

GENERAL ELECTRIC CO
ATTN: A STEINMAYER
ATTN: C ZIERDT

GEO CENTERS, INC
ATTN: E MARRAM

GTE GOVERNMENT SYSTEMS CORPORATION

ATTN: W1 THOMPSON, Il

HARRIS CORP
ATTN: E KNICK

HSS, INC
ATTN: D HANSEN

(BM CORP
ATTN: H ULANDER

INSTITUTE FOR DEFENSE ANALYSES
ATTN: E BAUER
ATTN: H WOLFHARD

JAYCOR
ATTN: J SPERLING

JOHNS HOPKINS UNIVERSITY
ATTN: C MENG
ATTN: J D PHILLIPS
ATTN: J NEWLAND
ATTN: K POTOCKI
ATTN: R STOKES
ATTN: T EVANS

KAMAN SCIENCES CORP
ATTN: E CONRAD

KAMAN TEMPO
ATTN: B GAMBILL
ATTN: DASIAC
ATTN: R RUTHERFORD
ATTN: W MCNAMARA

KAMAN TEMPO
ATTN: DASIAC

LOCKHEED MISSILES & SPACE CO, INC
ATTN: J KUMER
ATTN: R SEARS

LOCKHEED MISSILES & SPACE CO, INC
2CYS ATTN: D CHURCHILL

M| T LINCOLN LAB
ATTN: D TOWLE
ATTN: 1 KUPIEC

MAXIM TECHNOLOGIES, INC
ATTN: J LEHMAN
ATTN: J MARSHALL
ATTN: JSO
ATTN: N CIANOS

MCDONNELL DOUGLAS CORP
ATTN: R HALPRIN

METEOR COMMUNICATIONS CORP
ATTN: R LEADER

MISSION RESEARCH CORP
ATTN: B R MILNER
ATTN: C LAUER
ATTN: CRINO
ATTN: D ARCHER
ATTN: D KNEPP
ATTN: F FAJEN
ATTN: F GUIGLIANO
ATTN: G MCCARTOR
ATTN: K COSNER
ATTN: R BIGONI
ATTN: R BOGUSCH
ATTN: R DANA
ATTN: R HENDRICK
ATTN: RKILB
ATTN: R MORGANSTERN
ATTN: S GUTSCHE
ATTN: TECH LIBRARY

MITRE CORPORATION
ATTN: A KYMMEL
ATTN: C CALLAHAN
ATTN: D RAMPTON, PH.D
ATTN: DR D RAMPTON
ATTN: M R DRESP
ATTN: R DRESP

MITRE CORPORATION
ATTN: J WHEELER
ATTN: M HORROCKS
ATTN: RC PESCI
ATTN: W FOSTER

NORTHWEST RESEARCH ASSOC, INC
ATTN. E FREMOUW
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PACIFIC-SIERRA RESEARCH CORP
ATTN: E FIELD JR
ATTN: F THOMAS
ATTN: H BRODE, CHAIRMAN SAGE

PHOTOMETRICS, INC
ATTN: | L KOFSKY

PHYSICAL RESEARCH INC
ATTN: HFRITZ
ATTN: J JORDANO

PHYSICAL RESEARCH, INC
ATTN: R DELIBERIS
ATTN: T STEPHENS

PHYSICAL RESEARCH, INC
ATTN: ) DEVORE
ATTN: J THOMPSON
ATTN: W SCHLUETER

R & D ASSOCIATES
ATTN: B LAMB
ATTN: C GREIFINGER
ATTN: F GILMORE
ATTN: G HOYT
ATTN: H ORY
ATTN: M GANTSWEG
ATTN: M GROVER
ATTN: R TURCO
ATTN: W KARZAS

R & D ASSOCIATES
ATTN: B WEBSTER

R & D ASSOCIATES
ATTN: G GANONG

RAND CORP
ATTN: C CRAIN
ATTN: E BEDROZIAN
ATTN: P DAVIS

RAND CORP
ATTN: B BENNETT

ROCKWELL INTERNATIONAL CORP
ATTN: s QuiLiCi

SCIENCE APPLICATIONS INTL CORP
ATTN: C SMITH
ATTN: D HAMLIN
ATTN: E STRAKER
ATTN: L LINSON

SCIENCE APPLICATIONS INTL CORP
ATTN: R LEADABRAND

SCIENCE APPLICATIONS INTL CORP
ATTN: J COCKAYNE

Dist-5

ONA-TR-86-402 (DL CONTINUED)

SCIENCE APPLICATIONS INTL CORP
ATTN: D TELAGE
ATTN: M CROSS

SRI INTERNATIONAL
ATTN: D MCDANIEL (UNCL ONLY)
ATTN: W CHESNUT
ATTN: W JAYE

STEWART RADIANCE LABORATORY
ATTN: R HUPP

TECHNOLOGY INTERNATIONAL CORP
ATTN: W BOQUIST

TELECOMMUNICATION SCIENCE ASSOCIATES
ATTN: R BUCKNER

TOYON RESEARCH CORP
ATTN: J GARBARINO
ATTN: JISE

TRW ELECTRONICS & DEFENSE SECTOR
ATTN: DR D GRYBOS
ATTN: R PLEBUCH

UTAH STATE UNIVERSITY
ATTN: ASTEED
ATTN: D BURT
ATTN: K BAKER, DIR ATMOS & SPACE SCI
ATTN: L JENSEN, ELEC ENG DEPT

VISIDYNE, INC
ATTN: J CARPENTER
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