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ABSTRACT

The effect of constant shear on internal waves is studied in a simplified oceanic model
with constant Brunt-Vaiisalé frequency and high dynamical stability. As observed in
the non-rotating case (Phillips, 1966), the wave number is rotated, the energy transferred
to the mean flow and the frequency decreased. A lower bound at inertial frequency is
found as expected, but a shear instability will probably occur before the frequency

reaches this limit.

Equilibrium frequency spectra are derived and compared to relevant observations.
A good agreement is observed with the horizontal kinetic energy spectrum obtained at
Site D, below the thermocline, whereas no inconsistency is found in comparison with
other (less relevant) oceanic data. It is concluded that the interaction between shear
and internal waves could play an important role in some region of the ocean,

1. Introduction

A major problem in oceanography is the
interpretation of the inertio-gravitational range
of the frequency spectra recorded below the sea
surface. This range is bounded by the inertial
frequency at the lower limit and the Brunt-
Viisild frequency at the upper limit. Different
interpretations of this data have been suggested.
These are based either on the assumption of a
turbulence field or a random internal wave
field.

Because a tractable theory of turbulence in a
stratified fluid is not yet available, results valid
for isotropic homogeneous turbulence have been
used for comparison with the data. Although
this is based on unjustified assumptions
(Webster, 1969), the agreement between theory
and observations is good. However, recent ob-
servations suggest that the observed motion
may be most effectively represented by a field
of internal waves (Fofonoff, 1969). Studies of
non-linear interactions between different com-
ponents of a random internal wave field are
not yet able either to provide the shape of an
equilibrium spectrum or to evaluate their prac-
tical importance. However, linear models can
be used to predict a frequency spectrum.

Such a model which is based on the linear
interaction between internal waves and a mean

1 Aspirant au Fonds National de la Recherche
Scientifique.

shear flow, was investigated by Phillips (1966)
for a non-rotating case. For a constant stratifi-
cation, he found that the effect of the weak
constant shear on a simplified type of wave in
infinitely deep medium was to rotate the wave-
number towards the vertical, to reduce the
frequency and to lead to a gradual transfer of
the wave energy to the mean flow. Assuming the
existence of a steady source of internal waves,
Phillips derived the high-frequency part of
several equilibrium spectra. There is, however,
an algebraic error in his results. In the present
paper, we have conserved Phillips’ model, but
taken the Coriolis force into account; hence the
derived results are valid throughout the whole
internal wave range.

In sections 2 and 3, the equations of motion
are presented and simplified. An asymptotic
wave solution is derived and discussed in section
4. Equilibrium spectra are then derived (§ 5).
A carefull discussion is devoted to the represen-
tativity of the calculated frequency spectra and
to the restrictions imposed by the simplifying
hypotheses. Results are then compared to some
available observations (§ 6).

2. Derivation of the equations

We assume that the mean velocity U = (U(z),
V(z), 0) is horizontal and depends only upon the
depth. Furthermore, we hypothesize (Stern,
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1969) that a stress field of unknown mechanics
balances the Coriolis force which acts on the
mean current. With these assumptions and
making the inviscid Boussinesq approximation,
the first-order equations of motion for a small
velocity perturbation v =(u, v, w) are
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Du+wU +Quw—-Qu+——=0 1)

Qo 0%
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Do+wV' + Qu+—L=0 @)
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where £ =(0, Q,, ,) is the rotation vector, p
the difference between the actual and the hydro-
static pressure in an ocean at rest with constant
density go N(z) the Brunt-Viisild frequency
and b the fluctuation in buoyancy per unit
volume. The operator D is equal to (8/at) +
U’(a/ex) +V'(a/ey) and ’ indicates the z-deriva-
tive.

Elimination of p and b between (1)—(5) leads
to

D*(V'w) —1)(U~i + V"i) w
ox Y
a 0
+D(ngg; + Qsé;) wy+ N2V w=0 (6)

where V3 denotes the horizontal Laplacian. w,is
the vertical component of the vorticity and
satisfies the equation

Dw, = (QV) w (7)

Equations (6) and (7) can be combined to give

D3(Vzw) —Dz(U"ai + V%)w + N2 D(V5, w)
r
+DRV)2w—Q (UV) (@V)w=0  (8)

In many situations of interest, the steady
shear U’(z) is nearly constant and the Brunt-
Viisild almost independent of depth. Hence for
simplicity we assume that:
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U’(z) =U’ =cons. 9)

N(z) =N =cons. (10)

For these hypotheses to be valid the vertical
scale of the motion must be rather small in a
diffuse thermocline but could be larger in the
region below the thermocline where N(z) is
roughly constant. If, as is also usually done, we
neglect the horizontal component of the earth
rotation vector and choose the z-axis in the
direction of the mean flow, equation (8) reduces
to

E'—(Vzw) N 2 NavE )
dis e\ oz "

2w
=0
oxr oz

-U (1

with (d/dt) = (o/at) + U(ojox) and where f=Q, is
the usual Coriolis parameter notation.

3. The wave model

In his study of the behaviour of internal
gravity waves in non-rotating fluids with spatial
variations in the mean flow, Jones (1969) found
that the general effect of a deformational mean
flow is to shorten wavelengths and to transfer
energy towards higher wave-numbers. For a
linear mean velocity profile directed along the
z-axis he found that under certain conditions,
which stated in terms of the present formalism
reduce to

U’'<[N?® —(n —kU)*l} (12)
the horizontal components of the wave-number
k = (k, I, m) are constant, whereas m satisfies

m =m]p.o — kUt (13)

This result can be interpreted as a direct
offect of the geometry: the lines of constant
phase are tilted when the oscillating particles
are advected at speeds which change with depth.
For positive U’ the effect of the shear is to rotate
the wave-number vector towards the vertical
in the clockwise direction. As soon as k is
horizontal, its magnitude increases continually.

1 Jones’ study has been recently extended to a
rotating case by Mooers (1970).
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In the following the time origin is chosent when
the wave-number is horizontal. Consequently
the general solution of (11) is of the form
w = Wexp {t(kx +1ly —kU’zt)} (14)

We furthermore assume (Phillips, 1966), as is
consistent with the previous assumptions which
avoid any depth dependence, that W is inde-

pendent of z. Substitution of (14) into (11) leads
to

3
P ke + 1o+ k2 Uy W)
o8
+ % [{(k2+ 1)N2 1 k2 U2} W)
PR UMW=0  (15)

We have replaced U by U’z. We introduce
the non-dimensional variable

T=U'tcos ® (16)
h k 1
where cos®=m 17

and @ specifies the angle between the horizontal
wave-number and the mean current direction.
Also we let

F=1—$ (18)
Nz Ri
K=o = , (19)
U2cos?® cos2®d

where Ri is the Richardson number correspond-
ing to the mean flow. Equation (15) may now
be written

—Zia 2 i 2 T2
8T3[(1+T)W]+8T[(1+F T2) W]

+F2TW=0 (20)

1 We emphasize that this choice of the time origin
just simplifies the writing and does not depend
upon the initial conditions; negative times are
allowed.

2 When the horizontal component of the earth
rotation vector is taken into account, the internal
wave range is enlarged and

(N +(Q,T-Q, 5 cos @)\ ¥
- 1+ T3

3 A more general expression for dn/ot8 is given by
Mooers (1970).
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4. Asymptotic solution for large K*

An asymptotic solution to equation (20) can
be found when K?is large. This case corresponds
either to a very large dynamical stability
(Ri>1) or to a wave-number which is nearly
perpendicular to the direction of the mean flow
(cos ®<1). This was solved by Phillips (1966)
in the non-rotating case. The first order oscilla-
tory solution is

W~G(1+T2) texp { +ip(T)} (21)
with Kf (I:F;f’) ar - (22)

where G is an arbitrary constant. Using equa-
tion (5), one finds to first order in K-! when
only positive frequencies are kept that

k2T
w~G(1+T2) Yexp {i(kuly_L)}
cos @

xexp{ —ip(T)} (23)

k2T
u~Geos®T(1+T2)" exp{ (ch+ly—~z—)}
os @

xexp{—ip(T)} (24)

k2T
v~G cos(I)T(l-i—T?) *exp{ (kx+ly— z )}
cos @

X 6Xp { —iip(T)}

The frequency? » of the wave motion changes

(25)

continually
1+ F2T2\?
n=N(+——) (26)
1+72
n -
Pl NU’cos® T(F2—1) (1 +Te)} (1+ FeTe)~ %
(27)
on
or " = — kU’ Cg(3) (28)

where Cg=an/om is the vertical component of
the group velocity.

The dispersion relation is not affected by the
shear and has the form

N2 —-ne me
nz_fa B k2412

(29)
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When k is horizontal, n =N and an/at =0, this
is as expected from the assumption of an infinite
medium with constant N and from the definition
of N(z) as the frequency of small oscillations of
a vertical column around its equilibrium posi-
tion. Combined with the observed fact that the
ocean is layered on a very small scale (of the
order of a few meters or less), this emphasizes
the inadequacy of our model to represent the
ocean at very high frequencies. As soon as k is
horizontal, the frequency diminishes constantly
and tends asymptotically to the inertial fre-
quency. The time scale of this process is discus-
sed in § 6.

The behavior of the amplitude of the wave
velocity is not affected by the rotation and
Phillips’ conclusions are valid in the whole
internal wave range. The mean horizontal, ver-
tical and total kinetic energy densities diminish
constantly in time, as soon as Kk is horizontal,
and have the respective behavior

Ep~1Grg, T2(1+T2) ¥ (30)
E,~}Grg,(1+T2) 1 (31)
E~}Gog)(1+Te) ¥ (32)

This energy loss is compensated by a small
energy gain in the mean flow which is neglected
here as U is supposed to be time-independent.
It must be emphasized that this process occurs
in the absence of dissipation and without con-
sideration of non-linear effect.

Booker & Bretherton (1967) have shown that
this gradual transfer of the wave energy to the
mean flow is identical to the critical-layer ab-
sorption, though the approach is quite different.
A critical level is a level at which the fluid
velocity equals the phase velocity or, in the
rotating case (Jones, 1967), a level at which
the Doppler-shifted wave frequency is equal to
plus or minus the Coriolis frequency. In their
paper, Booker & Bretherton were interested in
the upwards and downwards propagation of
Lee waves of fixed frequency (in a non-rotating
case). They found, as is also obtained here, that,
for constant shear and when T is large, the
amplitude of the vertical velocity was decreasing
as t~%/% whereas the amplitude of the horizontal
velocity was decreasing as ¢-/2. At each fre-
quency corresponds a critical level where most
of the momentum of the waveis transferred, but

Tellus XXII (1970), 2

197

such level does not appear here as our wave
components have changing frequency, which
corresponds to a continuous frequency spectrum
and hence to a continuous distribution of critical
level.

As a critical level has no meaning in the pre-
sent study, another spacial characteristic must
be introduced. More adapted to an infinite me-
dium is the vertical scale of the propagation of
the wave energy. To define it, we shall use the
concept of group velocity, though its significa-
tion is not clear here. Nevertheless, it must be
remembered that our simple model represents a
more elaborated situation, for instance a large
wave train propagating in deep water. Calling
d; the vertical distance over which energy at
any point runs from a time ¢-characterizing the
frequency and the phase velocity of the wave—
to an infinite time—when all energy has been
transferred to the mean flow, one has

o0
dt=f Cyg dt
t

(33)

A typical value allowing for an estimation of
the mean vertical scale of the energy transfer—
and the validity of the omission of boundary
conditions—is d, which corresponds to an ini-
tially horizontal wave number

N-f

|d0 - Uk (34)
A specific exampl> will be discussed later (§ 6).

Phillips (1966) noticed that the effect of the
shear was to diminish the vertical scale of the
wave and to increase the vertical gradient of the
velocity field. More precisely, if we define a
minimum Richardson number

ZEMZEN

it is' seen from (24) and (25) that R, decreases
in time and behaves as ¢~ for large . According
to Miles (1961), dynamical instability of asteady
inviscid shear flow may occur for R;<}. It
appears that a shear instability will occur before
the disappearance of the wave even if the steady
flow has a large dynamical stability. This gives
rise to small scale turbulence.

Ri=

(35)
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Fig. 1. Curve relating the maximum frequency for
shear instability to the ratio a/A of the wave ampli-
tude to its wave length at ¢ = 0. The value for f and
N are observed at Site D (39°20’ N, 70° W) at a
depth of 2,000 m (for simplicity, 1 =0).

A rough estimation of the critical ratio of the
wave amplitude to the wave-length can easily
be made. (35) may be written, at the critical
value R, =1, as

4N2 2
T cos? ¢

Ge (36)

if T>1 (37)
The vertical displacement, ¢, of a fluid particle
is, to the first-order in K-1

z G LTyt (1 paT)
~—N(+ y L+ )

kz

. T
X eXp {’L (kx +ly— _(I))} exp { —i‘I’(T)} (38)

cOos

If n; is the frequency under which instability
may occur, it is then found

o 2~F=+
N =

where a is the wave amplitude at ¢ =0 and 1 its
horizontal wave-length. As an example, the
critical curve for stability is drawn (Fig. 1) for
value corresponding to Site D (see below).
Clearly the shear instability will occur very near

atal
Acost

(39)
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the inertial frequency (for small values of a/A)
because the critical frequency is lower than in-
dicated by the curve which is valid for an in-
viscid steady flow.

5. Frequency spectrum

The model used here and first developed by
Phillips is clearly a simplified one. As there is no
depth dependence and hence no boundary con-
ditions, the waves must fill the whole space and,
if this condition is understood literally and not
as a mathematical simplification, this can bring
in some confusion about the source of the waves.
Thus it should be kept in mind that our model
is only an oversimplification of some real situa-
tion. On the other hand, the use of the form
(14), different from the usual normal mode de-
composition, has great advantage in the sense
that it allows for a variation of the frequency as
an effect of the mean shear, leading to a possi-
bility of evaluating the influence of the shear on
the frequency spectra.

Phillips (1966) gave a simple way to derive
equilibrium frequency spectra by assuming that
there was a steady source of internal waves
which has been acting long enough for a steady
spectrum to develop. This hypothesis, necessary
for mathematical rigor, is of course irrealistic,
but provides a good way to approximate, in the
mean, the real situation. As very little is ac-
tually known on the generation of internal
waves in the deep ocean, far from boundaries,
let us consider a large wave train propagating
and entering in a region where the model applies
approximately. Then, whatever the initial con-
ditions, the shear will act on the wave and pro-
duce the investigated energy transfer, always in
a similar way. Hence, except for wave-number
nearly vertical (waves are then subject to shear
instability), the wave will be rotated and its
frequency will go from n to f, or from n to N
and then to f, depending upon the orientation
of k relative to U. A given wave will undergo
part of the process described here and cover a
certain range of frequency. Supposing an iso-
tropy (in the mean) of the directions of propaga-
tion of the waves, it is easy to see that, after a
time long enough, the frequency spectra due to
a large number of different waves will be similar
to the frequency spectrumn obtained by assuming
the existence of an unique steady source. We
must nevertheless consider carefully the very
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high frequencies where, as noticed before, the
model is not very realistic. For waves much
larger than the oceanic fine structure (say
A >50 m), it seems plausible to suppose that, no
matter what happens near N, the wave number
will be rotated through the horizontal, without
final modification. The range of representative
results is hence only restricted: the very low
and very high frequencies are excluded. In fact,
this limitation is of little importance as anyway
other motions such as turbulence, internal tides
or inertial oscillations are always present, contri-
buting to the frequency ends of the internal
wave spectrum.

Assuming that a steady source of internal
waves has been acting long enough for a steady
spectrum to develop, the frequency spectrum
®(n) of the mean square displacement £ can be
derived simply because as each wave is rotated,
its amplitude and frequency are modified. At
any given time, the waves contributing to the
frequency band n, n +dn have been generated
previously during a time interval d¢

an=-Las (40)
ot

The more slowly the frequency changes in the
interval [n, n +dn], the larger will be the fre-
quency spectrum because the source is steady
and waves tend to accumulate. The contribution
to the total mean squared displacement from
waves generated during dt is, at a subsequent
time ¢

alr=03(t)dt (41)
whereas the contribution from waves with fre-
quency in the range [n, n +dn] is, by the defini-
tion of ®(n),

dtr=d(n)dn (42)
Combining these relations and using
G
TS +Ty P+ T (43)
one gets
O(n) < (N2 —n?)-in-1 (44)

This result does not depend on the rotation and
was found previously by Phillips (1966), except
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for an algebraic error. The potential energy
density spectrum P is proportional to ®(n)
and hence is also of the form (44).

Similarly, the shape of vertical and horizontal
kinetic energy density spectra are of the form

E, xn(N?*-n?)-t (45)

E), cn(N* —n2)i(n2 —f3)-1, (46)
The temperature fluctuation Af at a fixed
point is approximately given by

T
A=-——¢ (47)
oz

where 9T /sz is the local and instantaneous
value of the vertical component of temperature
gradient. Hence the spectral function of tem-
perature variation is (Fofonoff, 1969).

(48)

which again is of the form (44) since 87T/éz is
constant in our model provided that the salinity
variation is constant or negligible.

6. Discussion

The results of this simplified model can be
expected to be valid where the Brunt-Viisild
frequency and the mean shear are approxi-
mately constant, and topography does not play
an important role. Consequently the results of
theories in which such assumptions are made
(Phillips, 1966) cannot be compared to the ob-
servations of Haurwitz, Stommel & Munk
(1959). These measurements were obtained by
recording temperature fluctuations on the bot-
tom at depths of 50 and 500 m within 2-4 km of
Bermuda. These depths correspond respectively
to the level of the summer and the main ther-
mocline as measured further off-shore and are
characterized by large variation of N.

Some measurements which are more suitable
for & comparison were obtained below the main
thermocline at Site D (39°20’ N, 70° W). This
is located in 2,640 m of water, 50 km south of
the continental shelf and approximately 175 km
north of the mean axis of the Gulf Stream.
Consequently the assumption of horizontal ho-
mogeneity is valid for scales up to 10 km or so.
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Fig. 2. Vertical profile of the Viisidld period near
Site D, after Voorhis (1968).

The smoothed vertical profile of the Brunt-
Viiséld period shown in Fig. 2 indicates that N
is roughly constant below the main thermocline.
A few simultaneous measurements of the mean
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velocity at different depths are available. The
progressive vector diagram (Fig. 3) allows some
estimation of the daily mean shear between
1000 and 2000 m to be made. In particular a
long period of shear, which was roughly constant
and unidirectional, was observed from 67-III1-1
to 67-111-12. The shear is ~0(7-10-5 gec-1). In
order to establish whether this shear can be
considered as steady for the time scales we are
interested in, we have evaluated the time needed
for a wave to be modified, at Site D (2,000 m),
for shear of this order. Fig. 4 shows that the
energy transfer process occurs in a few days.
The vertical scale of the process can be eva-
luated by formula (34). Using values corre-
sponding to Site D (2000 m) and the estimated
shear, one has |d,|~2.16 i. For not too large
wave lengths, the vertical displacement of the
energy is rather small; if A~0(500 m), its
maximum value is ~ 0 (2 km). This could partly
justify the omission of the boundary conditions
(valid for not too large scales) and shows that
the transfer process can be completed in a real
situation. As, according to a rough calculation,
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Fig. 3. Progressive vector diagram computed at Site D at three different depths (511, 1013 and
2002 m; 1967) (Unpublished data; courtesy of Dr. F. Webster).
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HORIZONTAL WAVE-NUMBER COMPONENT
P=4.67 t:0
P=4 1-=8.35
P=8 t=20.2
pP=12 t:=37.2
|
Y P=16.7 t:84.2
\
v P=48 L =409.3
PERIOD TIME

(hours)  (hours)

Fig. 4. Evolution of the wave vector k =(k, 0, m)
and of the period P of the waves. Time ¢ indicates
the time interval elapsed since k was horizontal. N
and f correspond to Site D (2000 m), U’~17.10-%
sec™1,

the overall dynamical stability is large (this
hypothesis is necessary for obtaining analyti-
cally the spectra but it is easy to show that the
transfer process also occurs for small value of
R, by looking for an asymptotic solution of
equation (20), in the case of large T'), the condi-
tions at Site D are such that a reasonable com-
parison can be made between the results of this
theory and the observations.

Before comparing the computed spectrum of
horizontal kinetic energy with oceanic observa-
tions, it should be noticed that the frequency n
given by (26) is the intrinsic frequency, or fre-
quency relative to a frame of reference moving
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with the mean flow, whereas observations of
horizontal velocity are computed from data re-
corded on instrumented moored buoys. The
mean drift causes non negligible Doppler shifts
in the observed frequencies (given by kU).
Nevertheless, if one still hypothesizes the sta-
tistical isotropy of the wave propagation direc-
tions, all Doppler effects cancel in the mean.
This is reasonable so that the computed curve
(46) seems representative of observations made
during a long enough time. Fig. 5 shows a com-
parison between the calculated spectrum with
observations made at Site D (2000 m). The
agreement is very good. The peaks near the

PERIOD

18.9 hours

1 I}
100" 1hour

2206

SITE O
2000 m

30 JUNE 1967

D.

SI.

==== COMPUTED CURVE
OBSERVED VALUE

HORIZONTAL KINETIC ENERGY DENSITY

[—INTERNAL WAVE RANGE

f

FREQUENCY

Fig. 5. A comparison of the horizontal kinetic
energy density spectrum observed at Site D (2206;
2000 m, 30 June 1967) with the calculated spectrum
whose arbitrary magnitude has been chosen to fit
the observations.
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Fig. 6. A comparison of temperature fluctuations
recorded at Site D (2143; 1004 m, Dec. 1966) with
the calculated spectrum whose amplitude has been
obtained by fitting corresponding measurements of
horizontal kinetic energy (Site D, 2205; 1013 m,
Feb. 1967).

inertial frequency (diurnal, semi-diurnal, iner-
tial, semi-inertial, ...) are associated with dif-
ferent processes. The very high frequency part
of the observed curve does not tend to zero,
gince other motions are present (turbulence,
internal waves trapped in thin layers of higher
Brunt-Viisild frequency, ...).

Though they are not really relevant, other
observed spectra can be used to check the valid-
ity of our model. Measurements of vertical
kinetic energy have been made by Voorhis
(1968) at Site D. Using neutrally-buoyant ro-
tating floats, Voorhis obtained direct measure-
ments of vertical motions. Unfortunately his
deepest measurement is at 960 m which is at
the lower edge of the thermocline, in a region
in which N is not constant. Also the accuracy
is weak so that a comparison is not very repre-
sentative. Let us only notice that Voorhis’ ob-
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served peak is at frequency a little lower than
the mean N, and that the slope of the low fre-
quency part is rather in agreement with (45).

As discussed in detail by Cox (1966), the de-
termination of the spectrum of water motion
from the spectrum of temperature fluctuation
is difficult, especially at high frequency. This
occurs because only an average temperature
gradient can be used in (48), which disregards
the layered fine structure which is present in
the oceans. This consists of a series of irregular
jumps, a few meters or centimeters apart, in
the temperature structure. This effect, whose
importance cannot be estimated, is neglected
in our model. Consequently, good agreement in
the spectra of temperature fluctuations cannot
be expected. Nevertheless, a comparison has
been attempted in Fig. 6 with the deeper tem-
perature observations (1004 m) recorded at
Site D. This, again, is in a region where N is
not constant. The amplitude of the computed
curve was estimated from a comparison between
the recorded and calculated horizontal kinetic
energy spectra and by using an averaged ratio
for E, /Py (Fofonoff, 1969). It should be noted
that the agreement between the horizontal
kinetic energy spectra at 1013 m was not as good
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Fig. 7. Comparison of temperature fluctuations
recorded by Cox et al. (1965) (30°44’ N, 120°40° W,
1990 m) with the slope of the computed curve.
Arrows indicate tidal constituents. The total depth
is 3836 m.
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as it was at 2000 m. The temperature observa-
tions are better fitted by a n~? curve. However,
we emphasize that the low frequency part of
this spectra is poorly known as a consequence
of the very short observational period (~40
hours), and that the experimental error is too
large for drawing any conclusion on the presence
of a peak near N. Fofonoff (1969) also found
that the observed slope was larger than ex-
pected from a simple but different internal wave
model.

More relevant to our model are the low fre-
quency spectra of temperature fluctuation ob-
tained by Cox et al. (1965) in the northeastern
Pacific. There is no information about the
shear. However, the temperature measurements
obtained below the thermocline indicate a better
agreement with our n-! law. The spectrum ob-
tained at 1990 m and recorded during 307
hours is outlined! in Fig. 7.

7. Conclusions

The simplified model we have examined al-
lows us to make an estimation of the effect of
the mean shear on internal waves for special
oceanic conditions. Under such conditions, com-
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parison of observed and computed frequency
spectra of horizontal kinetic energy indicates a
good agreement, except at very high frequencies
where the assumption of an infinitely deep
medium with uniform stratification is most open
to criticism. Hence, the interaction between
shear and internal waves could play a predomi-
nant role in determining these deep sea spectral
shapes. Studies of more general situations are
required to evaluate the overall importance of
this mechanism. However, this study supports
the idea that internal waves are the most
important feature of the inertio-gravitational
frequency range.
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CLAUDE J. FRANKIGNOUL

BJIUAHUE CJABOT'O [IONNEPEYHOI'O TPAJUEHTA CKOPOCTHA 1 BPAIIEHUA
HA BHYTPEHHHUE BOJHBI

N3yyaeTcsa Bausiiue IOCTOAHHOrO MOMEPEYHOTO
IpajiMeHTa CKOPOCTM Ha BHYTPEHHHE BOJHH B
YHPOILIEHHOK OKEaHHYECKON MOgenau ¢ MOCTOAH-
Ho#t 4acroToit Bpourta-Bsanmcana wu Goubmoi
nMHaMu4eckoit ycroftumsocreio. Hak OwIO 3a-
MedeHO B ciIydae OTcyTcTBUA BpaueHud (Dui-
aunc, 1966). OHeprua mnepemaeTcA CpegHeMY
Te4eHUI0 1 yacrora yb6eiBaeT. Huskuas rpaanna
NpH HUHEPIUAJBbHON dYacToTe HAXORMTCA HA
NMpeKHeM MecTe, HO IIPH HAJUYMHK IIOIEPEeYHOro
TPafMEeHTa CKOPOCTH HEYCTOWYMBOCTD BO3MOMKHO
MMeeT MEeCTO [0 TOro, KaK YacToTa [OCTUTaeT

3TOTO TMpefena. BHBOOUTCA paBHOBECHBI uvac-
TOTHBHIHl CIIEKTP M CPABHMBAETCA C COOTBETCTBYIO-
mumu Habmopenuamu. Ha6momaerca Xopoiuee
COryIacue €O CHEeKTPOM TOPH30HTAIbHON KHHe-
THYECKOW BHEpPruM, MOJIYUYEHHLIMH HHUMKe Tep-
MOKJIMHA, B TO K€ BpeMsA NPU CpaBHEHHH C JpY-
FUMM OKEaHMYECHMMM [AaHHHIMH He Halm0-
aeTCA HHKAKONW HecoryIacoBaHHocTH. [lemaerca
BHIBOJ[, YTO BIHMAHHUE IIONEPEYHOr0o TrpajHeHTa
CKOpPOCTH HA BHYTPEHHHE BOJIHBI MOMET UrpaTh
BAMKHYI0 POJIb B HEKOTODHX 006IIacTAX OKeaHa.

Tellus XXII (1970), 2



