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ABSTRACT

Background:
Type of turbulent isobaric surfaces in the geostrophic state of the environment. It has been proven that

depending on the index of high air temperature at the equator in the geological state of the air, the isobaric
surface has the state of an oblate or elongated geoid.

Materials and Methods:

As you know, the geostrophic state plays an extremely important role in the dynamics of the atmosphere.
Analysis of the estimates of the quantities included in the equation of atmospheric dynamics (scale
analysis) makes it possible to write the following expressions for the projections of the velocity of the
geostrophic wind.

Results:

As a result, we get the accompanying image. When the temperature rise at the equator is positive, the
isobaric surface is in the state of an elongated geoid, and the warm air moves clockwise in advection to
the column, where there is a greatest adduct and the breeze velocity at the column is limited.

Conclusion:

Thus, from the above analysis of the geostrophic state of the atmosphere, it follows that the following
situations are possible at the pole in the geostrophic state. The first situation: the isobaric surface at the
pole has the shape of an oblate geoid, the pressure decreases in comparison with the static state - a global
isobaric minimum takes place. The second situation: the isobaric surface has the shape of an elongated
geoid, the pressure at the pole increases in comparison with the static state - a global maximum takes
place.
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INTRODUCTION

The topic of the type of the bothered isobaric surfaces in the geostrophic condition of the
environment. It is shown that, contingent upon the indication of air overheating at the equator in
the geostrophic condition of the air, the isobaric surface has the state of an oblate or extended
geoid. Also, if the speed of the geostrophic wind at the post is not the same as nothing, at that
point a neighborhood baric least is framed at the shaft in the straightened geoid, and in the
lengthened geoid - a nearby baric most extreme. This clarifies the presence of polar vortices and
anticyclones. At the end of the day, the baric least and the most extreme at the shaft are
highlights of the geostrophic condition of the atmosphere[1]. It was tracked down that the vortex
of speed watches out for vastness at the shafts. This clarifies the way that polar vortices are
steady arrangements. It is shown that for the event of zonal westerly vehicle, the air should be
colder than the encompassing air. For the warm air mass, just the east wind will be observed[2].
It was discovered that, contingent upon the adjustment of the flat temperature inclination with
height during warmth and cold shift in weather conditions, both left and right turn of the
geostrophic wind can be noticed, as opposed to the by and large acknowledged assessment that
warmth shift in weather conditions is related with the correct turn of the breeze in a free climate,
turn - cold shift in weather conditions. The reason for the article is to discover, at any rate
subjectively, the state of the upset isobaric surface in the geostrophic condition of the
atmosphere[3].

MATERIALS AND METHODS

As you know, the geostrophic state plays an extremely important role in the dynamics of the
atmosphere. Analysis of the estimates of the quantities included in the equation of atmospheric
dynamics (scale analysis) makes it possible to write the following expressions for the projections
of the velocity of the geostrophic wind [1],[2],[ 3]:

- _ 1 9ps

Ug = 2wgpeSing 0y (1)
1 dp

v, = : @

B 2wop.Sing 0x
Here
- the projection of the geostrophic wind along the parallel (along x-axis).u,
-the projection of the geostrophic wind along the meridian (along y-axis).v,
- angular velocity of rotation of the earth.w,
-air density in a state of static atmosphere.p,

@-latitude.
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ps- perturbation of pressure relative to the state of statics of the atmosphere.

Thus, knowing the disturbed isobaric surface, it is possible to determine the value of the
geostrophic wind speed. But, as noted in [3], the question of the shape of the perturbed isobaric
When deriving formulas (1) and (2), the following assumptions were made: .surface remains open
the vertical speed is much less than the horizontal project velocity w << u, v, the equation of
motion in projection onto the vertical direction is reduced to the equation of atmospheric statics.
There is one more circumstance that forces us to pay more attention to the geostrophic state of
the atmosphere. This is a well-known phenomenon called the polar vortex. As is known a polar
vortex is a persistent large-scale cyclone located near both of the Earth's geographic poles. The
inquiry normally emerges: the polar vortex is an outcome of the aggravation of the geostrophic
condition of the climate, brought about by the inhomogeneous warming of the Earth from the
equator to the shaft, or it is a type of presence of the very geostrophic condition of the
environment. The examination did in this work shows that the baric least at the shaft is one of the
indications of the geostrophic condition of the atmosphere[4]. Albeit polar vortices are a
normally noticed element of the climate, and their life expectancy can be over one month, little is
thought about the components that administer their arrangement and improvement. As per the for
the most part acknowledged perspective, the polar vortex is an outcome of the aggravation of the
geostrophic state, and isn't a component of the geostrophic condition of the actual environment
[5]. Allow us to compose the condition of the air elements in vector structure [1-4]:

% + (UV)U = 9o —inp + 2[17(1)0] + (l)(%R +fTP (3)

Where

Jo- acceleration of gravity.

Vp-pressure gradient.

2[vw,]-Coriolis acceleration.

w3R- centrifugal acceleration.

frp- the frictional force per unit mass.

- the density of the moving air is generally excellent on the density pe in the static state.p;

Here the organize framework is identified with the outside of the Earth the abscissa pivot is
coordinated along the equal, the ordinate hub is coordinated along the meridian, and the applicate
hub is opposite to the Earth's surface[6]. In the condition of static air, when v = 0, the condition
will be written in the structure
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1
0=g0—p—Vﬁ+w(2,R (4)

e

It is more advantageous to present the vector of speed increase of gravity (speed increase

free fall), equivalent to the vector amount of the speed increase of the gravitational force g, and
the diffusive speed increase:

g = go + wiR (5)

Thus, the genocidal surface of the Earth is perpendicular to the acceleration of gravity g. Then
the equation of atmospheric statics can be written in the form

Vp (6)0=g-—

From this it follows that in the condition of static isobaric the surfaces are opposite to the
gravitational speed increase vector, that is, corresponding to the genocidal surface of the
Earth[7]. These isobaric surfaces are taken as the undisturbed condition of the air. Note that the
regularly unperturbed isobaric surface in the state .statics are generally addressed as a circle. As
a general rule, they are like a geoid [2] With consistent movement dv/dt = 0, isobaric surfaces
with a genocidal shape are irritated, so the pressing factor can be addressed in the structure [8]

P=p+Ds (7)
Similarly, the density of air in the Bossiness approximation represent in the form [3].

pi = pe(1 — aAT) (8

Where AT-overheating function, which is positive when a warm air mass moves, and negative
when a cold air mass moves. Therefore, the equation of steady motion in the absence of
frictionf;p = 0 will be written in the following form:

1
0~ —alATg — p—VpS + 2[vwy] 9

e

The projections of the angular velocity of the Earth's rotation are determined by the expressions

[9]:

Wox = 0, Wy = WxCOSP, Wy, = WoSINY. (10)
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Let us write down the projections of the equation of motion in the stationary

state (9) in a coordinate system in which the horizontal plane is tangent to the geoid:

0= L 9ps + 2 [ 2 11
"3 VWoSing — 2wwycose (11)
— _19ps _ -
0 o Ty 2uwqySing (12)
0————1 _6 >+ aATg +2 ® (13)
a UWyCoS
. a 9 0

The free fall acceleration in the last equation is but
9 =9go — Rgwicos® ¢

The third term in condition (11) is the deduction of the upward segment of the air speed on the
even projection of the precise speed of the Earth's revolution. Hence, we see that to get equations
(1) and (2), we can make two suspicions: either disregard the upward speed, or disregard the
even projection of the precise speed of the Earth's revolution ... In spite of the fact that the two
suspicions lead to equations for the projections of the geostrophic wind speed, they are not same.
In the geostrophic model of the air from the examination of assessments of the amounts
remembered for Eq. (3), in the estimate of a fine air (Thin-Layer Approximations), it is inferred
that lone the segment of the rakish speed of its turn ordinary to the Earth's surface is fundamental
for the elements of the air. Thusly, the third term in conditions (11) and (13) is dismissed [10].
The significant job of the level projection of the rakish speed of the Earth's pivot in the elements
of the climate is talked about in the article by A.A. White and R.A. Bromley [11]. In this manner,
we can say that the geostrophic condition of the climate is a consistent state wherein the powers
of gooey grinding and vertical speed are ignored. At that point we come to recipes (1) and (2),
which portray the geostrophic condition of the air. Be that as it may, notwithstanding the
examination of the geostrophic condition of the environment, condition (13) will be added. All
things considered, the reason for the article is to discover what's going on comparable to the
customary way to deal with the portrayal of the geostrophic express that condition (13) can give.
Consequently, the distinction between our meaning of the geostrophic condition of the
environment from the for the most part acknowledged one lies in the utilization of condition
(23). When in doubt [1],[2],[12], the third condition remembered for the arrangement of
conditions portraying the geostrophic state is the condition of statics air. This is because of the
way that the terms of condition (13) are numerous significant degrees less than the terms
remembered for the condition of climatic statics. Notwithstanding, as can be seen from the
determination of equations (11) - (13), the geostrophic state is an aggravation comparative with
the statics of the air. In this way, as we would see it, not it is right to think about static irritations
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in the initial two conditions and disregard them in the third equation .Then from the framework
(12) - (13) we acquire the level projections of the geostrophic wind speed:

U, = — ! ops (14)
g 2wop.Ssing Ay
1 9]
v, = Ps (15)

B 2W¢PeSing 0x

1 dps ag
. - 16
Y 2WopSing 0z  2wycos@ (16)

Vector and scalar multiplication of equation (9) by k, will give two expressions for the vector of
the geostrophic wind speed:

1

V9 = Soemetiis) [k, Vps] (17)

Where k- a unit vector directed vertically upwards along the z-axis perpendicular to the
genocidal surface of the Earth.

ko-unit vector directed in the direction of the angular the speed of rotation of the Earth.

This shows that the geostrophic wind is opposite pressure slope, and hence coordinated along the
isobaric surface. Equations (14) and (15) could be acquired straightforwardly from articulation
(17). Allow us to consider a unique situation when dps 0x = 0, and —dps dy> 0, along the y-pivot,
the pressing factor annoyance during consistent movement will fall toward the path from the
equator to the shaft (on a worldwide scale, this is seen in the environment). For this situation, the
geostrophic wind will be coordinated from the west. toward the east, for example a western
stream will be noticed.

From (14) and (16) it follows that for the occurrence of a zonal western transport of warm air,
the following condition must be met:

dap
a—ZS > aATp,g (18)

and the pressure perturbation gradients must obey ratio:

1
Peg

AT =

. (% + ctge %) (19)

Hence it follows that for the existence of the western the nose of warm air, the vertical gradient
of the pressure disturbance must be positive and greater than a certain value:
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ops 0ps dps
s > —'Ct£7q7:;;',-—'5;7 >0 (20)

In the event that this condition isn't met, just the east wind (from east to west) will be noticed for
the warm air mass, and cold air will move the east way. This will likewise be the situation if
Ops/0z < 0.In different words, on the off chance that we expect that the geostrophic condition of
the air compares to a specific state of the isobaric surface, which actually should be found, at that
point with a given state of the isobaric surface, warm air will move toward the west, and cold air
will how about we move east. It follows from equations (14) - (16) that the pressing factor bother
angle

v = (5 55 50)

generally has all three nonzero components. Therefore, if in the static state (Vp = p.g) () the
pressure gradient is directed along g, then in the geostrophic state, in the general case of an
arbitrary point on the Earth's surface, the total pressure gradient

Vp = Vp + ps (21)

will be avoided from the bearing g, and the isobaric surface the ness will presently don't be
opposite to g, however make some point with it. Contingent upon the indications of the pressing
factor aggravation angle segments, the all-out pressure inclination can be diverted from the
heading g, both away from the course of the Earth's pivot of revolution, and towards the hub of
turn. The principal case will prompt the way that the isobaric surface will be significantly more
leveled at the posts than in the static state. At the end of the day, if in the static express the
isobaric surfaces have a genocidal shape (corresponding to the Earth's surface), at that point in
the geostrophic express the isobaric surfaces are more straightened at the posts according to the
isobaric surfaces in the static state. For curtness, we will call a particularly surface straightened
geoid. For this situation, the pressing factor at the posts will be not exactly in the static state.
Unexpectedly, the subsequent case will prompt the way that the isobaric surface at the posts will
be more lengthened along the hub of revolution of the Earth along comparable to isobaric
surfaces in a static state. For curtness, we will call a particularly surface a lengthened geoid. For
this situation, the pressing factor at the posts will be more noteworthy than in the static state[13].
The above applies to self-assertive focuses on the Earth's surface, aside from the marks of the
equator and posts, since these focuses are unique in this issue and require separate thought. How
about we start with the places of the equator. To do this, we record the vector condition (9),
which is legitimate for any point on the Earth's surface, in projections on the arrange hub in
reference framework, the beginning of which is at the equator, the x-hub is coordinated
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digressively to the equator, the y-pivot is unrelated to the meridian (towards the north pole), the
z-hub is opposite to the Earth's surface. For this situation, on the off chance that we
disregard the upward segment of the speed, we get

aps aps
—_— T = 22
0x 0 dy 0 22)
1 1 dps
U, = —_——— aAT) 23
9 2wy (pe oz 9 (23)

at the equator are zero. Note that condition (23) harmonizes with condition (16). This
furthermore shows the significance of this condition for the examination of the geostrophic
condition of the air. Accordingly, it follows from conditions (22) and (23) that the heading of the
absolute pressing factor slope Vp corresponds with the direction Vp . At the end of the day, at the
equator, the isobaric surface is opposite to g, which implies it is corresponding to the genocidal
surface in a static state. From conditions (22) and (23) it follows that at the equator there is just a
single segment of the geostrophic wind coordinated along the equator. Condition (23) shows that
this segment of the geostrophic wind speed will be positive, for example coordinated toward turn
of the Earth, if the condition.

0ps
o AT
aZ >pega

If we assume that dpy / 0z = 0, then from Eq. (23) it follows blowing that warm air (AT> 0) will
move in a negative direction (east, against the direction of rotation of the Earth), and cold air will
move in a positive direction. At any point infinitely close to the equator along the meridian,
according to equation (15), there is also a velocity component along the meridian. For
definiteness, let us assume that vg> 0. If we try to draw a "streamline", the tangent to which
coincides with the direction of the geostrophic wind at a given point, then we must conclude that
the tangent to this line at the equator is directed along the equator. A remark should be made
here. Although the "streamline” is a kind of curved line, we cannot, within the framework of
geostrophic consideration, talk about movement along a curved line. This follows from the
definition of a geostrophic state as a state in which acceleration is zero, which means that the
movement can only occur in a straight line and with a constant speed. In other words, we can talk
about the geostrophic state only locally, at a given specific point, and not imagine movement
along the surface of the Earth. Thus, we get the following picture. Based on the continuity of the
movement, we can conclude that warm air at the equator, starting in a negative direction,
continues to "move" in a spiral (clockwise) to the North Pole. Likewise, cold air at the equator
will “start moving” in a positive direction and “move” in a spiral (counterclockwise) also to the
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North Pole. The quotation marks were placed for the above reason that, within the framework of
geostrophic consideration, we cannot speak of movement along a curved line. We can only talk
about the direction of the geostrophic wind locally at each point. The question arises, what form
does the isobaric surface at the North Pole have? For the answer, we will choose a Cartesian
coordinate system, so that the origin of coordinates lies at the pole, and the O axis is directed
along the rotation axis, and the Cx; and Cy1 axes are parallel, respectively, to the Cxo and Cyo
axes, where C is the center of the Earth. At the North Pole, the distance from the axis of rotation
to the origin is equal to zero R = 0, therefore the equation of motion of the atmosphere,

if AT # 0 will be written as

+ 2[vywo] = 0 (24)
0

1
—alTg, — Z Vps

we write this equation in projections, taking into account that2[vw,],; = 0

L9Ps| 4 0 (25)
- V,wo =

peaxlo g0

1 dps

—— =] —ugwy =20 26
pedy,l, 90 (26)

1 dpy

ATgy — ———= 27
anl go e 07, 0 (27)

Hence, it can be seen that all three projections of the perturbation gradient pressures ps are
generally nonzero and the geostrophic wind speed is also nonzero. Therefore, if in the static state
at theVp = p.g,, i.e. the pressure gradient at the North Pole is directed along g,, then in the
geostrophic state the total pressure gradient Vp = Vp + p,  will be

deviated from the direction g,, and the isobaric surface will no longer be perpendicular to the
axis of rotation, but will make a certain angle with it. Let us determine the shape of the disturbed
isobaric surface at the pole in the absence of overheating (AT = 0). As can be seen from
equations (25) - (26), two distinct alternatives are conceivable. The primary choice is that the
speed of the geostrophic wind at the shaft is zero. At that point the segments of the pressing
factor unsettling influence angle vector along the x and y tomahawks are additionally equivalent
to nothing. For this situation, we have the above-portrayed instance of two types of an upset
isobaric surface: as an oblate or prolonged geoid. On the off chance that we accept that cyclonic
movement relates to low pressing factor at the pole with an oblate geoid, at that point we can
reason that for this situation cold air starts to "move"” from the equator counterclockwise in a
twisting toward the North Pole, where the geostrophic wind speed gets zero. Likewise, we can
reason that a prolonged geoid compares to the situation when warm air from the equator starts to
"move” clockwise in a winding to the shaft, where its speed additionally gets zero. The
subsequent choice is that the speed of the geostrophic wind at the post is unique. From nothing.
For this situation, the parts of the pressing factor aggravation angle vector along the x and y
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tomahawks are nonzero. This prompts the way that the vector of the pressing factor bother slope
Vp_s makes a correct point with the vector of the pressing factor inclination in the condition of
static Vp . Therefore, the subsequent pressing factor angle vector Vp digresses from the vertical,
for example from vector Vp . Such a game plan of the subsequent pressing factor slope vector
prompts the way that the isobaric surface at the shaft is annoyed and isn't opposite to the hub
revolution. From recipes (25) - (26) it is difficult to say unambiguously what kind of aggravation
will be seen at the post. Just something single is clear, that the post is a solitary point in the
feeling of the perfection of the capacity portraying the isobaric surface. Hence, the
accompanying choices are conceivable. The primary choice is the point at which the isobaric
surface has the state of an oblate geoid, and at the shaft there is either a base or a most extreme.
The subsequent choice, likewise, the isobaric surface has the state of a stretched geoid, and there
is a base or greatest at the shaft. In any case, in the event that we expect that the cyclonic
movement relates to the baric least, and the anticyclone movement to the baric most extreme, at
that point from the progression of the movement we should prohibit the situations when a baric
greatest happens at the post of the smoothed geoid, and at the shaft prolonged geoid - baric least.

RESULTS AND DISCUSSION

Consequently, we get the accompanying picture. When at the equator the overheating is positive,
the isobaric surface has the state of a prolonged geoid, and warm air "moves" clockwise in a
twisting to the post, where there is a neighborhood greatest and the breeze speed at the shaft has
a limited worth. At the point when the overheating at the equator is negative, at that point the
isobaric surface has the state of an oblate geoid, and the virus air "moves" counterclockwise in a
twisting to the post, where there is a nearby least and the breeze speed at the shaft is a limitless
Allow us to consider what overheating means for the state of the isobaric surface. We .worth
should begin with the situation when the geostrophic wind speed at the post is zero. As can be
seen from equation (27), with positive superheating (AT> 0), the upward segment of the pressing
factor bother inclination is positive dps/oz> 0 and is coordinated oppositely to Vp, so the
subsequent pressing factor angle diminishes. This prompts the way that the distance between the
isobaric surfaces increments with positive superheat. In the event that the superheating is
negative (AT> 0), dps/0z> 0, the subsequent pressing factor inclination increments. This prompts
the way that the distance between the isobaric surfaces at the posts diminishes. Presently how
about we proceed onward to the situation when the geostrophic wind at the posts is nonzero.
Assuming the superheating is negative (AT> 0), from recipes (25) - (27) it follows that the
pressing factor bother inclination ps makes an intense point with the heading of the slope in the
static state Vp (or g_0), since the upward part ops/oz coordinated descending. In this way, the
subsequent vector Vp will be coordinated along the askew of the parallelogram made out of these
two vectors. For this situation, the subsequent vector Vp, just as for the situation when AT> 0, is
diverted from the heading of Vp (vertical), however as of now at a more modest point. This will
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prompt the way that the isobaric surface at the post will have a baric least (we bar the baric most
extreme, as shown above, for reasons of progression), however it will as of now be compliment.
In the event that the .As such, negative superheat debilitates the profundity of the baric least.
overheating is positive (AT> 0), the point between the vector of the pressing factor annoyance
slope and the vectorVp will be in excess of 90 degrees. Hence, for this situation, the deviation of
the subsequent vector Vp from the course g0 will stray much more than in the past cases. At the
end of the day, positive superheating makes the baric most extreme higher. For additional
examination of the isobaric surface, we apply the congruity condition to the geostrophic wind,
we get

du, Oy, 1 {6< 1 0ps> 0( 1 01%)}

d0x * dy - 2w, @ psing 0x  ox psingo@
1 dps (10p dp\ Ops (1 ap a(p)}
=— —— ) -=(=- —/ |t = 2
Za)opsinfp{ax (pay ctgey ay) dy \pdx ctge 0x 0 (28)
Since dp / 0x = 0, we get
dps (10 0 10p, 0
dx \pdy dy/ p dy ox

Hence it follows that for the geostrophic regime of the atmosphere ferry, the following
conditions must be met:

aps dLnp,

Ox | _ (d_y) - Ox (30)
Japs dx/g  OLn(p.sing)

dy g dy

Therefore, the tangent of the angle of inclination between the tangent to the isobar and parallel is
determined by the horizontal gradients of air density along the parallel and meridian. In the state

of statics of the atmosphere % = 0. Therefore, if we assume that in the geostrophic state, the

following expression takes place: (dy / dx) = 0. Hence it follows that the perturbed the isobaric
.surface in the geostrophic state has a symmetrical appearance with respect to the axis of rotation
If we assume the above assumption about the symmetry about the axis of rotation of the isobaric
surface in the geostrophic state (Ops / 0x = 0), then it follows that vg = 0. In other words, in this
case, only movement along the parallel should correspond to the geostrophic state: westerly
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movement of cold air and easterly movement of warm air in the northern hemisphere, and vice

versa in the southern hemisphere. Otherwise not symmetrical isobaric surface, we will observe a

"movement™ in a spiral from the equator to the pole. Let's find the vertical projection of the
geostrophic wind vortex:

q Oy, Oy, 1 (6 1 dp;, 0 1 aps)_
927 9x  0x  2wep, \Ox sing dx  dysing dy/)

1 5 1 0ps
VJ.ps - .
2p.woRptg@sing dy

- 2wpPeSing

Taking into account formula (16), for the case AT = 0 and ug # 0, we obtain

% w0

y Ps Ps
= —t , — = - —t ,

0z

0’ps  0°p,s . dps 1 dp

dy?  dydz 99~ 52 cos?p dy
0*ps . 1 dp;

= - - — 00
0ydz 99 Rgcos?p 0z ¢ - T

2

2
Since the quantity Z—ypj enters into the expression for the vertical projection of the vortex, it

follows that the vertical projection of the vortex at the pole tends to infinity.

CONCLUSIONS

Thus, from the above analysis of the geostrophic state of the atmosphere, it follows that the
following situations are possible at the pole in the geostrophic state. The first situation: the
isobaric surface at the pole has the shape of an oblate geoid, the pressure decreases in
comparison with the static state - a global isobaric minimum takes place. The second situation:
the isobaric surface has the shape of an elongated geoid, the pressure at the pole increases in
comparison with the static state - a global maximum takes place. In both of these cases the
velocity and vortex of velocity at the pole point are equal to zero. The following situation is
possible when the pole is a singular point, the speed of the geostrophic wind at the pole is not
zero, and the vortex of speed tends to infinity. In this case, as we concluded above from the
continuity of motion, a local baric minimum will be observed at the pole point in an oblate geoid,
and a local baric maximum in an elongated geoid. It follows from the above analysis that polar
eddies and anticyclones are features of the geostrophic state of the atmosphere.
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