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The Influence of the Resistance
at the Advancing Motion of the Material Point
Subjected to the Gravitational Force
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ABSTRACT. The paper presents differential equations of
motion particle in stationary gravitational | field with
considerations air resistance. In the numerical solution of the

equations of motion are considerate H= 200-103m,
ko = 10~ and aré obtain revelution period (Pr) and radial

distance r(t).
Keywords: Mechanics. Binet equation.

1. Differential equations of the motion of the material point

In the polar coordinate system with the versors 1r , 19, (fig.1), two forces
operate:

- The universal attraction force (the central force), Fe ;

- The resistance force at the advancing motion, Fr.
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Fig.1. Forces acting upon the material point P

The ir and ie Versors are written as:
i :i-cos(9)+j-sin(9), (1)
io = —i-sin(0) + j- cos(0), )

while the derivates with respect to time are:

dlr o dl A B

=0rip, —=-0-1, . 3)
dt dt
The speed and the acceleration of the material point P is expressed

as:
- dr .- .-
v(P,t)=—=1-1:+1-0 10, “4)
dt

- dv_ . s s
a(P,t):E:(r—r-O)-1r+(2-r-6+r-6)-1e. (5)

From the fundamental equation of the material point dynamics:
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m-a=F.+F;, (6)

Considering the expressions:

l_Tcz—F-Ez—Y.M—Z.ml, (7)
r r r

where y-M =g, -R?, g, =9,81 (E] R=6370-10° (m),

2
S

Fr=-k-m-v, (8)
the system of differential equations results:

go'R2

2
T

.. N2
r=r-0" -

k-, (9)

é:—g-(Z-f+k-r), (10)
r

To which the initial conditions are attached:

r(0)=r,, ©(0)=r, (11)
0(0)=6,, 6(0)=6,. (12)
2. The numeric solution of the system of differential equations (9),

(10) under the hypothesis that k =k, = const.

From the differential equation (10) with the initial conditions (11), (12),
through integration, it results:

189



Anale. Seria Informatica. Vol. VI fasc. I - 2008

Annals. ComEuter Science Series. 6" Tome 1°* Fasc. - 2008

a 2
0= 90r2r0 -exp(—k, - t), (13)

which introduced in (9) obtains:

. 4 2
=Y 20 exp(—2-k, - t) =k, i — £ 2R . (14)
r r

From the differential equations (13) and (14) a system of three
differential equations of first degree is deduced:

do(t) 6,-r’

-exp(—k,-t), 06(0)=0,, 15
at e p(=k,-t), 06(0)=6, (15)
IO _w(v), 10)=1, (16)
dt
dw(t) 6,-r,’ . g,-R? : :
= cexp(—2-k;-t)=k, -f(t) — =~ , w(0)=r(0)=r¢
dt r(t)3 p( 0 ) o T(1) r(t)2 (0)=1(0) =1,
(17)
Case study 1
The following data‘is considered:
R =6370-10° (m), H=200-10° (m),
p=R%H, 1,=6,57-10°,
ko =107, g,=9,81 (%) y*M=g, R,
S
éozeop:l‘ m, 60p21,185‘10_3, C=90p-r02.
To Ip
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For the numerical solution of the differential equations system (15), (16),
(17) the following Mathcad algorithm is used:

T =5300
Given
d C
—0(t) = -exp(—kgy-t) 06(0)=0,
dt r(t)? 0

%r(t) =w(t) 1r(0)=r,

—w(t)= cexp(—2-kg-t)—=ko-w(t)- w(0)=0
dt r(t)’ (=2-ko-t) ko r(t)?

f 0

g |=0desolve| | r {,t,T |.

h \W%

The O(t), 1(t) solutionsallow to determine the revolution period:
Pr=35300,66441 (s), f(5300,66441)=6,28000001

and the variation in time of the distance r(t), to the attractive centre M,
represented in fig.2:
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Fig.2. The variation of the distance r(t) during the revolution period
in case k = ky = const.

3. The numerical solution of the differential numeric system (9),
(10) under the hypothesis k =k -(1+1/1)

We introduce in the differential equation (9), (10) k =k, - (1 +1/ r)

and replace the system of the two differential equations of second degree
with the system of four differential equations of first degree:

5 8 T,(t), 6(0)=0,, (18)
dr(t) B
= R0, K0 =1, (19)
dTl () _ _Tl ® (). . = =€
i (2-R,(t)+k,-r(t)+k,), T, (0)=6(0)=8,,
(20)
M =1(t)-T, (t)Z_kO -[l—i—%‘[)j ‘R, (1) —%, R,(0)=1(0) =1,
T T

21)
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Conclusions

We consider the data in the case study 1: for the numeric solution of the
differential equations system (18), (19), (20), (21).
Using the Mathcad function Odesolve:

f, (6
f2 T
= Qdesolve ,t,T
f3 T
f4 L Rl ]

the revolution period is determined

Pr=5300,66441 (s), f1(5300,66441)=6,28000001

and the variation in time of the distance r(t), to the attractive center M,
represented in fig.3:

6.57-10° ﬁ-...\
656998 .10
656957 107 \
f20)

— 556995.10°
(m)

f
65655410 -

6
656932 10 0 1060 2120 A1R0 4240 5300
t({g)
Fig.2. The variation of the distance r(t) during the revolution period

in the case k=k0 -(1+1/r)
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