
rected. When fully processed they should provide a picture
of southern ocean thermal structure during the austral sum-
mer of 1976-1977. Plans for the coming summer are to
repeat these sections and to include new sections south of
South Africa.

This project was sponsored by National Science Founda-
tion grant OCE 76-81371. The cooperation of the Division
of Polar Programs in the use of the R/V Hero is gratefully
acknowledged. Also, the active participation of R. Edwards
of the Division of Fisheries and Oceanography, Common-
wealth Scientific and Industrial Research Organization,
Cronulla, Australia and the Australian Antarctic Division,
CSIRO, is greatly appreciated. The sections by the Yelcho
are supervised and coordinated by H.A. Sievers of the In-
stituto Hidrografico de la Armada de Chile.

Effect of meridional circulation in
large scale current topography

interactions

MICHAEL SPILLANE

Physical Oceanographic Laboratory
Nova University

Dania, Florida 33004

In the southern ocean, a number of large scale
topographic ridges crisscross the path of the Circumantarc-
tic Current. Relative vorticity, induced by bottom pressure
torques, may be important to the dynamic balances that
describe the water movement around the antarctic conti-
nent.

The inclusion of relative vorticity in beta-plane models of
current interactions with shallow bottom topography
generally has been limited to unforced, zonal circulations,
which admit first integrals of the equations of motion
(McCartney, 1975, 1976; Janowitz, 1976). Significant
relative vorticity is generated when the topographic scale, L,
is comparable to the Rossby wave scale

L=/

where Q is the speed of the approaching flow and fi is the
gradient off. Standing waves with a wave length

AITOQ

are generated downstream of the topography if the ap-
proaching zonal flow is from the west.

The following questions arise: (1) Do the zonal models,
which neglect meriodional circulations, describe more
general current-topography interactions? (2) Are there
topographic scales, greater than L 1 , which generate signifi-
cant relative vorticity?

One can address these questions by considering a steady
barotropic model in which a planetary scale circulation is

driven by the wind. If the bottom topography is sufficiently
shallow, then to leading order the large scale circulation is
unaffected by it. Linearizing about this circulation, one can
derive a system of equations for the perturbation pressure
field induced by the topography.

Free waves of the system (in the steady limit), obtained by
considering the perturbation pressure, p, in the form

p' e i ( + my)

satisfy the dispersion relation
(2 2 +m 2 ) (UQ+Vm)-020

In polar form

(22+m2)=13 cosd
Q cos (-9)

where U and V are the zonal and meridional components of
planetary scale circulation (assumed constant compared to
the wave scales; 2 and in the zonal and meriodional wave
numbers of the disturbance; U Q, cos®, V = Qsin9; 0 =
tan' m/2). This dispersion relation is qualitatively the same
as that described by Lighthill (1967) for the free waves
generated by a disturbance moving across the surface of the
ocean with velocity (U, V).

For a zonal flow, 9= 0.

(22+m2)13 ,U>0

The wave length of the disturbance is constant and indepen-
dent of azimuth, 0. For all other orientations of the ap-
proaching flow, the wave length of the disturbance depends
on both the azimuth, 0, and direction of the approaching
flow field,9.

The group velocity (in the steady limit) determines the
direction in which one expects to find waves, if they exist.
For the zonal flow, the group velocity is always to the east. In
general, for V * 0, short waves, (2 2 + m 2 )<Q/13 are found
to the east, and long waves (Q2 + m 2 )>Q//3 are found to the
west, if I9I<1r/2. Therefore, the zonal models are
qualitatively correct for general approach angles, 9, when
the topographic scales are small.

The long wave limit of the dispersion relation, for V * 0,
is given by

m3 V+132, when m, 2+0, and m+Q

If Q is scaled such that the characteristic zonal scale is
planetary, f43 rather than inertial, L, then the
characteristic meridional scale that is obtained in the long
wave limit is

L=L1 */L 
1/3

i 

For typical oceanic conditions,

L is thus an "intermediate" scale.
When the topography is characterized by the planetary

and intermediate scales, zonal models, which neglect the ex-
isting meridional circulation, may fail to reproduce the
proper amplitudes and spatial scales of the perturbed mo-
tion fields.

This research is supported by National Science Founda-
tion grant OCE 76.14150.
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Deep currents in the
northwestern part of the

Argentine Basin

JOSEPH L. REID

Scripps Institution of Oceanography
Lajolla, Calfornia 92093

On Islas Orcadas cruise 6, three free-vehicle current
meters were deployed in the north-central part of the Argen-
tine Basin. All were recovered and all operated successfully.
The meters have been described by Sessions (1975) and are
of the type used by Reid and Nowlin (1971) in the Drake
Passage, by Reid and Lonsdale (1974) in the Samoan
Passage, and by Reid et al. (1977) in the vicinity of the Rio
Grande Rise. They sense speed and direction by a Savonius
rotor and a vane, record internally, and are deployed as
bottom-moored, subsurface arrays, with timed anchor
releases.

They were deployed a few hundred meters above the bot-
tom in depths where they might measure the southward-
flowing North Atlantic Deep Water in the west and the

deeper northward-flowing Circumpolar Water farther off-
shore.

The results are given in the table. The first meter, at
3,691 meters depth, was in the lower part of the southward-
flowing Deep Water (Reid et al., 1977). Its speed and direc-
tion were the most nearly constant of all the meters. Aside
from diurnal and semidiurnal excursions, its velocity was in
the southwestward quadrant throughout the record.

The second meter, at 4,386 meters, was below the oxygen
minimum of the northward-flowing Circumpolar Water. Its
total record was toward 016° true, but there was substantial
variation. For the first 10 days, its motion was toward about
040°, at about 16 centimeters per second, but the velocity
changed to south and then west at lower speed for the re-
maining period.

The third meter, at 4,846 meters, was in the abyssal layer
extending from the Weddell Sea Deep Water (Reid et al.,
1977), and a northward flow was expected. During the first
13 days, however, the flow was weakly westward; afterward,
the flow was about 348° true at about 7 centimeters per sec-
ond.

This work was supported by National Science Foundation
grant Opp 74-21560. I acknowledge the excellent work of
David Muus and Jerry Graham of the Scripps Institution,
who prepared the instruments at sea, and the effective
cooperation and assistance that the personnel of the Argen-
tine Navy Hydrographic Service gave in carrying out the
deployment and recovery of the instruments.
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Results of free-vehicle current meter deployment.

Deployment	 Distance Depth of	 Vector mean
Depth of	above	current	Length of

Meter	Period	Latitude	Longitude	bottom	bottom	meter	record	speed	direction
no.	down	 (°S.)	(°W.)	(m)	(m)	(m)	(days)	(cm / sec)	(°T.)

8-24 Aug 1975	38°25.1'	52°58.3'	4,091	400	3,691	15.8	11.0	226

9 Aug-12 Sept 1975
	

38°45.3'	51053.4'	4,786	400	4,386	33.5	2.4	016

9 Aug- lO Sept l975	39005'	50045	5,246	400
	4,846	30.8	4.1	314
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