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1. By substitution of the equation of con-
tinuity in the equation of the zonal motion, we
obtain (VAN MIEGHEM 1950)
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vertical components of v), y ==rcosg(rcosep .
@ + u) the absolute angular momentum, w
the earth’s angular speed, g the specific mass, p
the pressure, T,/ the contravariant stresses along
the latitude circles, due to internal friction,
&f==1 when i=1 and g =0 when j + 1.

Equation (1) shows that there is no pro-
duction nor destruction of absolute angular mo-
mentum in the atmosphere (VAN MIEGHEM, 1950),
but only redistribution of momentum as a con-
sequence of inflow and outflow of west-momen-
tam in the surface easterlies and in the surface
westerlies respectively (skin-friction and moun-
tain-effect at the earth’s surface).

2. Averaging equation (1) along the latitude
circles, one obtains

ve=r meridional and

1 At present at the Institute of Meteorology of the
University of Stockholm.
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where X designates the zonal mean value of X
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and X the corresponding weighted mean value
defined by Z)S( = 97. Let X’ and X” be the
fluctuations of X with respect to Xand X It
is obvious that X' = o, W’ = o0; hence

and
oXY =gXY 4 pX"Y". (4)
For the zonally averaged instantaneous absolute

angular momentum Jj, three modes of redistribu-
tion are possible:

a) redistribution of momentum due to mass
transport gv“ in meridional plancs,

b) an eddy flux (pu"v", pu'w");

¢) a non convective flux due to the mean
zonal components of the wviscosity and

small-scale eddy stresses. This flux may be
disregarded outside the boundary layer.

3. Replacing in (3) X by v, one finds

—er =gV =0V =gv=0oV (3)

and identical relations for 1p.
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The vector v’ (v”, w") may be considered
as defining the organization of the mass ex-
change in meridional planes as a consequence of
the large-scale eddying motion (van MIEGHEM
1949). When, along the latitude circles, the
fluctuations o’ and »"* (or p’%) are always of
the same or the opposite sign, that is to say
when the mass exchange in meridional planes
due to the large-scale eddies is well organized,
the velocity components p”* reach a high abso-
lute value.

For instance, in most cases, warm air (9’ <C o)
ascends (w > o) and comes from the south
(v > o), while cold air (9> > o} subsides (w < 0)
and comes from the north (v <C 0). Hence, along
the latitude circles, w” > o and, below 250 mb,
v" > o. However, along the latitude circles above
the 250 mb-level, v << 0. Fromp X =9 X 4 o' X’
and (3), it follows that:

v =G — 7"

and
EE:E(ZT)—«W_”) with w" > o. (s)

The instantaneous mean meridional circulation
is generally defined by (v, w) although it would
have been better to define this mean circulation
by (», ). In order to avoid confusion, we shall
use the definition (v, w) introduced previously.

Now, along a meridian, for continuity reasons,
we must have
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if the time interval 7 is sufficiently large. Whence,
by virtue of (s),
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This inequality demonstrates the existence of a
mean meridional circulation. Moreover, the hor-
izontal gradient of p being small, the lifting
i equatorial regions (w > o) must overcom-
pensate the sinking in higher latitudes (W << o).
For the same reasons, along a vertical,
t+7 o0

S dt fgrdz=o.
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On account of the exponential decrease of p
with altitude =z, the sum of the positive gv’,
above about 10 km, presumably does not com-
pensate the sum of the negative gv’, below
10 km, so that .

i+t [ t4-r
dt [ovdz>0 and [ pvdt + o.
[o] t

Hence, the upper layer with ¥ > o must be
much deeper than the lowest layer with ¥ < o,
as a consequence of the rapid decrease of g
with height.

It should be emphazised that this existence
proof of a mean meridional circulation defined
by the time mean value of pv and pw does
not give any information about the order of
magnitude of the instantaneous mean meridional
velocities (¥, w), except that they are very small.

From (s) it follows that, as a result of the
large scale eddy exchange of mass in meridional
planes: a) the vertical branch of the instantane-
ous mean meridional circulation (¥, W) is weak-
ened in equatorial latitudes (W > o, W 0)
and strengthened in higher latitudes (w < o,
W > o);
ened in the low troposphere (v < o, Vo> o)
and in the stratosphere (v > o, Vo< o), but
weakened in the middle and high troposphere
(@ > o, ¥ > o).

4. The flux of w~momentum assumes the form:

b) the horizontal branch is strength-
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In virtue of (3), one obtains for the eddy flux
of angular momentum
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Hence, the eddy flux of angular momentum
may be decomposcd into:

a) a flux (gu v, gu ww') due to the correla-
tion between the veloc1ty fluctuations only. It

scems now well established that the flux gu’v
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represents the bulk of the horizontal poleward
transport of momentum, repuired in order to
compensate the outflow in the surface westerlies
and to maintain the strong upper westerly flow
(MINTZ 1951, STARR and WHITE 1951, 1952). The

flux g w' is presumably downward (WrITE
1950), so that it counterbalances the upward flux
of angular momentum due to the mean meridi-
onal circulation (BJERKNES 195I).

b) a flux (— 51717, — _Fw—”) due to the
organization of the large-scale eddy exchange of
mass in meridional planes. In the case of a me-
ridional tilt to the east of throughs and ridges,
— 57 = ?—17 = ﬂ << 0; consequently this
flux is directed to the south and to the earth’s
surface.

c) a flux (o'u’v’', o’ w’) due to the cor-
relations between both the velocity and density
fluctuations.

The fluxes b and ¢ are, as a rule, disregarded
and therefore the flux a is generally called the
eddy flux.

On the other hand, the horizontal and ver-
tical components of the convective flux of rel-
ative angular momentum may be expressed in
the following way;

[rcosqy(—)iﬁ:rcosq)é .
| [uv—}—u v ——75—%7],
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account being taken of the general formula
0 X=0X+ X = 5)? and of (3). This
convective flux has four constituent fluxes:

a) a flux (guv, puw) due to the instantane-
ous mean circulation (v, w) in the meridional
planes. The time mean value of uv for a large
period seems to be very small (STARR and WHITE,
1952) ;

b) a flux (gu gu w) due to the orga-
nization of the large-scale eddy exchange of
mass in meridional planes. It is remarkable that
this flux drops out in the sum of the fluxes
(7) and (8); _ _

(c) aflux (—pu"v, — pu"w) proportional to
the mean meridional mass transport (g7, ow)
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and the correlation between the fluctuations of
the density of the zonal wind;

d) a flux (— 674‘7, — guw") proportional to
the mean zonal wind and the “organization”
vector (v—”, w_”)

This last flux is presumably more important
than the former.

5. Finally, disregarding viscosity and small-
scale turbulence, the instantaneous total flux of
absolute angular momentum is defined by the
horizontal (positive to the north) and the ver-
tical (positive in zenith direction) components
given below:

pov=wricos gov -+
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—rcosq){é[wrcoup?—{— w4
+ W] — oW (9)

and

RO = wr cost 9w +
+ rcos @ (puw + W) =
=rcospo(wrcos pw -+ ww —}—_u’—w’)———
——rcosq;{é[wrcosgp.u?—{—ﬁp'—}—

+ WB] — W, (10)

with the conditions

— [ v > 0, below ~ 250 mb,

G, -
1 v" < o, above ~ 250 mb, and

# < o, depending upon the sign of the me-
ridional tilt of troughs and ridges.

Hitherto, only the fluxes in parenthesis
in the last member of (9) and (10) have
been considered and the time mean values of
v, v and ' v’ computed (STARR and WHITE,
1951, 1952). We believe that the instantaneous
zonal mean value »” may not be disregarded
a priori and therefore should be computed.
Moreover, the triple correlation o’4’ v’ should
be investigated numerically in order to establish
its order of magnitude.
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The Variation of Gravity within the Earth

By SVEND SAXOV, Danish Geodetic Institute, Copenhagen

(Manuscript received 29 March 1952)

Abstract

The different methods to determine the values of gravity within the Earth are re-

viewed.
By using the equation

7o\ 2 4 1,3 — 13
e (B) % eyt

r

and substituting the density values tabulated by Ramsay the variation of gravity has been

computed (table 1 and fig. 1). The

¢ value of 982 gal at the surface of the Earth is

attained without any correction to the density distribution.

RamsaY (1949) has recently developed a
theory in which the Earth’s core and mantle
are assumed to be chemically identical. The
discontinuity of seismic waves at a depth of
2,900 km. is interpreted in the usual way as a
jump in density. But the jump in density is
attributed to phase transition under pressure
and not to the appearance of a new material
such as iron. Olivine has a ionic structure in
the mantle; in the core it is in a dense metallic
state. The density figures given by Ramsay
are slightly different from figures given by
BuLteN (1940 and 1942) as the density values
vary in the mantle from 3.29 to 6.02 and in the
core from 8.92 to 18.5. The corresponding
figures in Bullen’s papers are 3.32 to 5.68 and

9.43 to 17.20. No gravity values have been
computed from the density variation given by
Ramsay, as far as it is known, and it is therefore
the purpose of this paper to compute new
gravity values.

The value of gravity at a distance r from the
center of the Earth is given by

g = ‘tr—zntQ,-rzdr (1)

where G is the constant of gravitation and g,
the density at the point considered.

BENHELD (1937) used this formula regarding
the Earth as a non-rotating sphere, an assump-
tion which was justified by the uncertainty



