On the Horizontal Motion of the Atmosphere (TI)

where (4b) is the equation from -which + is to be determined and (6b) is the one

from which the corresponding pressure distribution is to be determined.
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Abstract

Here we derived a vorticity integral from the equatlons of
motion under the following three assumptions:
(CA) motion is horizontal, '

(B) fluid is frictionless,
(C) fluid-is autobarotropic.

Adopting the above assumptions, it is known from ' the’
equation of continuity that momentum can be expressed - by
applying stream-surface functions. Thus, we can obtain a
vorticity integral from the equatiors of motion.. The integral
- expresses a conservation law in a World of space and time, but
not a conservation law in the ordinary space. We treated

only the case in Cartesian coordinates.

On the Horizontal Motion of the Atmosphere, Part 1, ‘Stétidnany"'Mbtion,,‘

Here we adopt the following three assumptxops
(A) motion is horizontal,
(B) fluid is frictionless,
. (C) fluid is autobarotropic, '

in integrating the eugations of motion. Giving attention to a vector (g, qu, qv) in-

the (4, x, y) space, it is known from the equatlon of continuity that the diver-

gence of this vector is everywhere zero in that space, that is,
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Accordingly, applying stream-surface functions « (¢, %,%) and B (4, x,y), the vector
(q, gut, qv) can be expressed as

@ - (g, qu, gd=vaxvs,
where v is with respect to ¢, x and y, or in components:
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of ox ox of  o(t, x)°
The geometrical meaning of these functions («, 8) was given in the previous
paper [1].
If the state of motion is stationary, then, putting @=f, we can regard ¢ to be
constant. Further, writing + instead of «a, we-get from (2b) and (2c) respectively

&) qu:%%, =

BV

where +» denotes the stream-line function for a two-dimensional vector (qu, qv). As
this is the case when a [-plane coincides with the xy-plane, therefore, there appear
in the xy-plane only the lines, on which the surfaces <r=const intersect the xy-plane,
that is, the stream-lines in the xy-plane. Thus, this is the case which we treated
in Part 1 [2]. '

From the assumptions (A) and (B) it is known that the equatlons of hOI‘lZOntal
motion are expressed as : :

L S 2 op _
(42) +uax+ ay 2 wsin 6- v+sdkMO,
(4b) : “_+ a—x'l‘ v—+2cosm9 M-I“Sa—p“o

where the #-axis is directed eastward and the y-axis northward as in Part 1.

Now we calculate 5%’(41))—%(4@, then, from the assumption (C),

(aat+ua %Jr%% ay)(g; ay)+2cos1n0 (au g;) 0.

However, as |
(Grrug o le—ali=(ars +”'—+§+§—§)(a—x &)
from (1), therefore : -

(_3_ +u—a§ togs ){s(—g%——%)—l—Zw 8i 0} -
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Now, applying the stream-surface functions (a, 3 in this eqﬁation, we get

(Lo o, A b, A, B 2

a(x, y) of + 203, t) ox ' oL, x) oy
X {s [ = (s —%%’—53—) —-%—(s%%”—gg—) +2'w sin 6?]} =
Putting
I LIS DRI
we get
AV, . 8) ¢
o(t, x, y)

‘which is the necessary and sufficient condition for V¥ to be expressed as a function

of a and B only. Thus we obtdin an integral from the initial equations of mo-
tion (4a) and (4b) ’ *

® A (SR (s L)) -2 wsin 0} = —w(a, B,

where W («, B) is an arbitrary function of & and & only. As aand 8 contain ¢, £
and y, therefore ¥ depends upon #, x and y implicitely through « and S.
The absolute vorticity is expressed as
o _eu (B (AN, B (AL g
(6) % > +2wsind = { (s oCx, t) )+ (s CCAD) ) stmﬁ},

so it will be seen that the equatlon (5) is an-integral with respect to the absolute

vorticity. The absolute vorticity mu1t1p11ed with specific volume depends generally
upon time, that is, the law of conservation of the absolute vorticity (multiplied with
specific volume) in the 01d1nary sense does not hold under the assumptlons (A),
(B) and (C). However, as the functions a and B define the stream tubes of the
motion in the (%, x, y)-space, therefore it can be said that the equatlon (5) expresses
the law of conservation of the absolute vorticity (multiplied with specific volume)
‘along a stream-tube («, B) in the world of space and time (%, x, ¥).

Putting B:t(:\const) and writing + instead of « in (5), ‘we get

{2 (o v ind )= |
(7) sl o (s ax>+ o ( y) 2a_>s1n76’} \P(mlr),
which expresses the law of conservation of the absol@'pg- vorticity (multiplied with
specific volume) in the stationary motion and coincides with that derived in Part 1.
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