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Abstract

It is supposed the geometrical description of hyperbolic motion of solids in gravity field, according to which the trajectory of solid will be the geometrical place of epicycles’ circles centers, tangents of circle’s deferent and passing through its outside point. The developed algorithm allows to define the known results for hyperbolic motion case. 

In given work we’ll illustrate, that the geometrical algorithm developed in papers [1], which simulates the solids motion on elliptic orbits is suitable also for evident representation and research of hyperbolic orbits. As it is known, the motion on hyperbolic orbits occurs, when initial velocity of solid motion surpasses the second orbital velocity.

Suppose the center of attracting forces F1 and point M0 are given, where the material point is positioned at start time, as well as vector velocity
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 (fig. 1) are given. The algorithm necessary to us we begin with construction of a circle of initial epicycle with the center in initial point M0 and radius M0D0 equal to the module of velocity height   
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corresponding to initial velocity V0  of material point M0 (h0 < 0). On this circle we’ll construct the second focus F2 of researched trajectory, as a point belonging also to right line f - to the geometrical place of focuses corresponding to various values of initial velocity with a constant direction. As in case of ellipse the points F2 and D0 are symmetric to tangent trajectory in initial point M0, which is determined by vector of initial velocity
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Then we’ll construct the initial rhomb of motion, the three vertexes of which are the already constructed points F2, M0 and D0,  as well as the deferent circle with the center F1 and radius 
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. On the base (1) taking into account 
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 we’ll determine the radius of deferent circle.
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Hence, for valid semi-axis 
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of hyperbole after simple conversions we’ll receive: 
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As focus F2 is not on a positive direction of right line ray
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, so the value of doubled linear eccentricity 2с is negative. For definition of value of doubled linear eccentricity 2c = – F1F2 we apply the cosine theorem concerning triangle F1F2M0 with angle 
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from where on the base (1) after simple conversions we’ll calculate the linear eccentricity through the initial parameters of motion: 
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In view of spherical symmetry of gravitation field of power center F1 the motion of point M in plane of motion is more convenient for considering in polar coordinates 
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 and
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, where the center of coordinates is the center F1, and the angle
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 is counted from the axis of apsis, going to pericenter of P. The position of pericenter Р, i.e. the nearest point of a trajectory to the attracting center is defined by angle 
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, the value of which can be calculated if it’ll be applied the theorem of sins concerning triangle F1F2M0 with angles F1F2M0
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from where with the account (1) and 
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 after simple conversions we’ll receive the expression 
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Expression (4) defines the position of pericenter Р in relation to the initial radius-vector 
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At the motion of material body upon the orbit the vertex D0 of initial rhomb F2M0D0N0 will move on deferent, and vertex F2 of  rhomb - the second focus of a hyperbole, remains motionless. On fig. 1 there are constructed further current point M of hyperbole with coordinates 
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 and
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, and also the corresponding to it current rhomb of motion F2MDN. With the rhombs of motion F2M0D0N0 and F2MDN are correspondingly connected the initial and current triangles of motion F1F2D0 and F1F2D with the common side F1F2. The second sides F1D0 and F1D in there triangles are also equal, which characterize full mechanical energy, and their equality - the law of conservation of full mechanical energy of moving body M. Further the medial lines K0C and KC of constructed triangles are drawn, which are equal, as they are the halves of equal sides: F1D0 = F1D = 2
[image: image28.wmf]a

. It follows that the geometrical place of point K is the circle with the center C and radius СК0. This circle can be considered as a figure central-similar to deferent. Here the center of similarity is focus F2 (exterior point concerning to deferent), and the coefficient of similarity is equal 1/2. The drawn circle is Ptolemaic excenter in case of hyperbole. From fig. 1 it is visible also, that Ptolemaic excenter is the pedal of hyperboles, i.e. geometrical place of the bases of the perpendiculars, drawn from focus F2 on tangents of hyperbole.

The tangent hyperbole in point M passes through diagonal MN of rhomb of motion F2MDN, which forms with a radius-vector 
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 an angle 
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 - the angle between instantaneous velocity 
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 and current radius-vector 
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. With the purpose of definition of angle 
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 we’ll draw through focus F2 right line F2B, perpendicular to right line KC. Then, 
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 as angles, the sides of which are mutually perpendicular. 

From rectangular triangle F2BC we find 
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From rectangular triangle F2BC we’ll receive 
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Applying the cosine theorem from triangle F2CK with sides a and c and angle 
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Substituting the found values in formulas for 
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From rectangular triangle DKM we’ll receive the value of segment DM equal to velocity height h, corresponding to the module of velocity V in point M (h <0). 
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Considering, that 
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 and taking into account (6), we’ll calculate the module of radius- vector 
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. After conversions we have: 
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Let’s attach to equality (6) another expression for value of velocity height 
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and taking into account equality (7) after simple conversions for velocity of point, moving under the action of central force, we’ll find expression 
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It is known, that point motion under the action of the central force occurs under the law of the areas, which is expressed by equality 
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If during the initial moment
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, then it is possible to define the value of constant C
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As follows from above-stated, we did not use the law of the areas at definition of value of velocity V, radius-vector r and 
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 of the angle between them. Now we’ll check if the law of the areas is observed? 

From equality (9) according to equality (5), (7) and (8) after simple conversions we’ll receive 

    
[image: image58.wmf]a

a

c

g

r

Vr

2

2

0

0

sin

-

=

w


from where with the account of (2) and (3), after simple conversions we’ll receive the expression 
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i.e. the law of the areas is observed. 

Let's calculate with the help of the equation of the orbit (7) the distance from gravitate center F1 up to the satellite in pericenter Р, when 
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and in apocenter A, when 
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From the formula (8) it follows, that the velocity of a body on the set orbit is changing in the fixed bounds. The maximal velocity is reached in a pericenter of the orbit, when 
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and the minimal velocity - in apocenter, when 
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With the help of formulas (10) - (13) it is possible to establish the connection between values of velocities and radiuses of apsidal points 
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  or  
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This proportion, in essence, reflects equality of sector velocities in apsidal points. 

Let's spread out the vector of velocity on two components. Accepting, that one component 
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 is directed on radius-vector, and the second 
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 - on normal to it in the direction of motion (fig. 2а). First we’ll consider a radial component of velocity. Taking into account (5) and (8), after simple conversions we’ll receive
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from where it follows, that in a pericenter and apocenter of orbit the radial component of velocity takes zero.

On the bases (5) and (8) for transversal component of velocity we’ll receive


[image: image73.wmf])

cos

(

)

(

sin

2

2

0

0

j

w

c

a

a

c

a

g

r

V

V

n

+

×

-

=

=

. (15)

Velocity on orbit is convenient to spread out into two components, one of which is perpendicular to radius-vector, and the second - to the big axis of hyperbolic orbit. From fig. 2 it follows, that the angle between the above-mentioned components 
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 between radius-vector and axis of apses as the sides of these angles are mutually perpendicular.

From fig. 2а, taking into account (14) and (15) it is possible to define values of components 
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Thus, the modules of components 
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are constant, i.e. do not depend on position of point in orbit. Hence, the component 
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 so if we first shall set aside the constant component 
[image: image86.wmf]1

V

 from pole S, and then from the end of this vector we shall set aside the constant only on the module the component
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 will be a circle with the center in the endpoint of the component  
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 and the radius equal to the module of the component 
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 (fig. 2 b). As for hyperbolic orbits
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. It means, that for hyperbolic orbits pole S lays outside of the circle of hodograph. 

From (16) it follows, that 
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 From here it follows, that hodograph of velocity can be constructed in any scale, keeping at that the proportion of velocities 
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, but is the easier to make by constructing in scale, at which the components 
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 would be presented as segments of right lines, accordingly equal by values of valid semi-axis a and linear eccentricity c hyperbole, presented on fig. 2а. Then the hodograph of velocity we can receive, if the ex-center of motion to turn around of focus F2 on 90о in a direction of motion. Or instead of it we can show the module of velocity V directly on fig. 2а. Certainly, then we shall receive its direction, turned on 90о against the direction of motion. Thus, we come to the conclusion, that the module of velocity V will be equal to semi-diagonal F2K of the current rhomb of motion. So the vertex M of rhomb F2MDN shows the position of material point, the diagonal of rhomb MN passing through point M defines the direction of velocity
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, and the value of the second diagonal -  its module. Thus, constructed rhomb F2MDN by its position, the size of the sides and diagonals completely defines the position of material point and vector of its velocity, which was to be defined at the solution of the main tasks of mechanics. 

Let's define the dependence of scaling multiplier 
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Fig. 1
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Fig. 2





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Deferent





Excenter





� EMBED Equation.3  ���





Initial epicycle





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








[image: image108.wmf]0

a

[image: image109.wmf]a

[image: image110.wmf]c

[image: image111.wmf]V

[image: image112.wmf]1

V

[image: image113.wmf]2

V

[image: image114.wmf]c

2

[image: image115.wmf]n

V

[image: image116.wmf]2

V

[image: image117.wmf]r

V

[image: image118.wmf]1

V

[image: image119.wmf]w

[image: image120.wmf]j

[image: image121.wmf]r

[image: image122.wmf]j

[image: image123.wmf]a

2

[image: image124.wmf]C

[image: image125.wmf]A

[image: image126.wmf]D

[image: image127.wmf]M

[image: image128.wmf]V

[image: image129.wmf]2

F

[image: image130.wmf]P

[image: image131.wmf]0

j

[image: image132.wmf]K

[image: image133.wmf]w

[image: image134.wmf]0

N

[image: image135.wmf]N

[image: image136.wmf]r

[image: image137.wmf]1

F

[image: image138.wmf]S

[image: image139.wmf]j

[image: image140.wmf]0

r

[image: image141.wmf]h

[image: image142.wmf]0

h

[image: image143.wmf]a

2

[image: image144.wmf]f

[image: image145.wmf]B

[image: image146.wmf]C

[image: image147.wmf]A

[image: image148.wmf]D

[image: image149.wmf]0

M

[image: image150.wmf]0

K

[image: image151.wmf]0

V

[image: image152.wmf]M

[image: image153.wmf]V

[image: image154.wmf]2

F

[image: image155.wmf]P

[image: image156.wmf]K

[image: image157.wmf]0

D

[image: image158.wmf]1

F

[image: image159.wmf]S

[image: image160.wmf]1

F

[image: image161.wmf]0

D

[image: image162.wmf]K

[image: image163.wmf]P

[image: image164.wmf]2

F

[image: image165.wmf]V

[image: image166.wmf]M

[image: image167.wmf]0

V

[image: image168.wmf]0

K

[image: image169.wmf]0

M

[image: image170.wmf]D

[image: image171.wmf]A

[image: image172.wmf]C

[image: image173.wmf]B

[image: image174.wmf]f

[image: image175.wmf]a

2

[image: image176.wmf]0

h

[image: image177.wmf]h

[image: image178.wmf]0

r

[image: image179.wmf]j

[image: image180.wmf]r

[image: image181.wmf]N

[image: image182.wmf]0

N

[image: image183.wmf]w

[image: image184.wmf]0

j

[image: image185.wmf]0

a

[image: image186.wmf]c

[image: image187.wmf]V

[image: image188.wmf]1

V

[image: image189.wmf]r

V

[image: image190.wmf]2

V

[image: image191.wmf]n

V

[image: image192.wmf]c

2

[image: image193.wmf]c

[image: image194.wmf]a

_1074771034.unknown

_1075119884.unknown

_1076063099.unknown

_1077449124.unknown

_1103574968.unknown

_1161592495.unknown

_1161592653.unknown

_1161592627.unknown

_1158922042.unknown

_1103746899.unknown

_1103746923.unknown

_1103745326.unknown

_1077451257.unknown

_1077449186.unknown

_1077448535.unknown

_1077448986.unknown

_1077449079.unknown

_1077448736.unknown

_1077448816.unknown

_1077448431.unknown

_1077448480.unknown

_1077447705.unknown

_1077448357.unknown

_1077448186.unknown

_1077447391.unknown

_1075120483.unknown

_1076062813.unknown

_1076062826.unknown

_1075120554.unknown

_1075120676.unknown

_1075120431.unknown

_1075120450.unknown

_1075120372.unknown

_1075118605.unknown

_1075119313.unknown

_1075119423.unknown

_1075119494.unknown

_1075119554.unknown

_1075119443.unknown

_1075119361.unknown

_1075119400.unknown

_1075118777.unknown

_1075118796.unknown

_1075118641.unknown

_1074772124.unknown

_1074772417.unknown

_1074772532.unknown

_1074933696.unknown

_1075041833.unknown

_1074772724.unknown

_1074772447.unknown

_1074772343.unknown

_1074772386.unknown

_1074772215.unknown

_1074771891.unknown

_1074772012.unknown

_1074771224.unknown

_1069415840.unknown

_1069416730.unknown

_1069417765.unknown

_1069418302.unknown

_1069418598.unknown

_1069419224.unknown

_1069419510.unknown

_1069419626.unknown

_1069419450.unknown

_1069418967.unknown

_1069418550.unknown

_1069418144.unknown

_1069418184.unknown

_1069417809.unknown

_1069417051.unknown

_1069417653.unknown

_1069417677.unknown

_1069417400.unknown

_1069416887.unknown

_1069416917.unknown

_1069416745.unknown

_1069416309.unknown

_1069416581.unknown

_1069416701.unknown

_1069416466.unknown

_1069416225.unknown

_1069416255.unknown

_1069416181.unknown

_1069416047.unknown

_1058096230.unknown

_1067686966.unknown

_1067687167.unknown

_1067687299.unknown

_1069415401.unknown

_1069415745.unknown

_1067687379.unknown

_1068041124.unknown

_1067687192.unknown

_1067687235.unknown

_1067687186.unknown

_1067687099.unknown

_1067687144.unknown

_1067687024.unknown

_1064475695.unknown

_1064477321.unknown

_1065003902.unknown

_1064477000.unknown

_1064476998.unknown

_1064132771.unknown

_1064133292.unknown

_1064132453.unknown

_1058003802.unknown

_1058004614.unknown

_1058093297.unknown

_1058093416.unknown

_1058093533.unknown

_1058096168.unknown

_1058093332.unknown

_1058093374.unknown

_1058093221.unknown

_1058093267.unknown

_1058004180.unknown

_1058004572.unknown

_1058004109.unknown

_1058004035.unknown

_1012909959.unknown

_1014799303.unknown

_1014799312.unknown

_1012911581.unknown

_1012820549.unknown

_1012820600.unknown

