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Abstract

It is shown that, when a barotropic fluid has any steady,
trictionless motion, the sum of the kinetic energy per unit
mass, the geopotential and the barotropic pressure function has
no variation along stream lines as well as the total vortex liﬁs;
hence the sum is constant upon each of a family of the
Bernoullian surfaces ‘containing the stream lines and the
absolute vortex lines through the common points.

The equation of frictionless motion in the atmosphere is
(1) 5t @ 70+ 2LAX D)= —ap p—p b,

where v is the velocity, Q the angular velocity of the earth’s rotétion, p the
pressure, o the specific volume, ¢ the geopotential and ¢ the time. A simple
vector operation shows that .
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where ¢ denotes the resultant velocity, and (2Q+p xv) the absolute vorticity whose
components are (f;+&), (f2+7) and (fs+¢). Eq. (1) may thus be written

(2). ~ g—‘t’+(m+7><v>><v=—7¢,

where ¢ is the BERNOULLI function, i,.e,

W PIv+2LAXV]=C2Q+F Xv) Xv+=F¢%
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assuming the fluid is barotropic. VThe function S adp is called the barotropic

pressure function. : : .
In steady motion, the equation of motion can be written as:

(3) - QA+ xvYXUv=—p,
= | (Fatmw—(fsrOo=—0,
Ga) FotOu—(frtow=—2,

(f1+$)v—(f2+,7)u=__aa_¢z). |
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The dlfferentlal equations of the system of stream lines are
do _dy__ dz ds

where ds is the line element along a stream line. If we now multiply the equations

(3a) by ——@ 3=@g, E=Q§: in order, and add, we obtain a result which may
ds’ q ds’ q ds
be ertten -
(4) £2=0,
or k S p%f—)““‘ﬁﬁ-%z:cohst. along a stream line,

which permits us the wellknown BERNOULLI’s law of variation of pressure along
a stream line, i. e., the BERNOULLI’s function is constant along a particular
stream line. '

A line of absolute vortex line is defined to be a line drawn from point to point,
so that its direction is everywhere that of the absolute vorticity of the fluid motion.
The differential equations of the system of absolute vortex lines are

dv _ dy dz _dS

Sf1EE fz'l‘?? fz-l'C QR
where dS is the line element along a absolute vortex line whose vort1c1ty strength is

Q. If we multiply the equatlons (3a) by . '
fit+ée_ dw - faty_dy Jst+€_ de
Q as’ . Q ~ds’ Q a8’
in order, and add, we obtain a result which may be written
ad _
as 7’
Pdp 9% _ ’ .
or g T—{rgb-{,—?—con_st. along a absolute vortex line.

It may be stated as follows: When a barotropic Jfluid has any steady,
Jrictionless motion, the sum of the kinetic energy per wunit mass, the geopotential
and the Dbarotropic pressure Jfumction has no wariation along the stream lines as
well as the absolule worter lines. Thus the expression of the type ¢ is constant
upon each of a family of the BERNOULLIan surfaces containing the stream lines
and the absolute vortex lines through the common points.

Consideration of: orders of magnitude permits us to say that the stream lines
are nearly horizontal, the absolute vortex lines are also nearly horizontal, not
vertical, and that, therefore, a family of the BERNOULLIan surfaces ¢=const. ,
is nearly horizontal.



