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KINEMATICS OF TWO BODIES IN TERMS OF GEOMETRIC SERIES
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ABSTRACT

In this paper the motion of two bodies moving along straight lines with uniform velocities have been considered
and studied with the help of Geometric series. When two bodies move in same straight line with different uniform
velocities then the distance between them varies continuously and follows a geometric progression. Three different cases
have been discussed in this paper. In first case both the bodies move along a straight line in same direction and in the

second case bodies move along parallel lines and in third case they move along non-parallel lines.
KEYWORDS: Two Bodies, Straight, Geometric Series

INTRODUCTION

Geometric progression is the progression in which every term is a multiple of its previous term. The ratio of two

consecutive terms in a constant and is known as common ratio. Following is an example of Geometric progression:

aar, ar? ar? ar™1

where n™ term is ar® . ‘r’ is the common ratio of that geometric progression. A Geometric series is given by

a+ar + ar? ar™1

The sum of 1% n geometric series is

_a(l—-1")
T 17

If r >1 then it will be an increasing geometric series and if 0 < r < 1 then it will be a decreasing geometric series

the sum of infinite decreasing geometric series is

RESULTS AND DISCUSSIONS
The Kinematics of Two Bodies in Terms of Geometric Series
CASE 1 (When the Bodies are Moving in a Same Straight Line and Same Direction)

Let body ‘A’ and ‘B’ are at rest and the distance between them is ‘d;’. Both bodies are placed in a straight line.
Body ‘A’ is at the front and body ‘B’ is at the back. In the same time both the bodies start moving with uniform velocities.
Body ‘A’ start moving with velocity ‘U’ and body ‘B’ start moving with velocity “V’. Body ‘B’ takes time ‘t;’ to travel
distance ‘d;’ and reaches to the 1% position of body ‘A’ and in time ‘t;” body ‘A’ travels distance ‘d,’. Then body ‘B’
takes time ‘t;,’to travel distance ‘d,’ and reaches the 2" position of body ‘A’. In the same time body ‘A’ travels distance
‘d;’ then body ‘B’ takes time ‘t3’to travel distance ‘d;’ and reaches the 3™ position of body ‘A’. In the same time body

‘A’ travels distance ‘d,’ and so on. Follow figure 1 and figure 2.
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Figure 1: Initially the Bodies are at Rest and at their 1% Position
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Figure 2: In Same Time Both the Bodies Start Moving with Uniform Velocities
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It means that all the times from ‘t;’to ‘t,’are in geometric progression so we can apply all the formulas of
geometric series in it.

Also,

d,, are in geometric progression so we can apply all the formulas of geometric series in

If velocity of body ‘B’ is greater than the velocity of body ‘A’(V > U) then in time ‘T’ body ‘B’ will collide with
body ‘A’. Then we know that T = Vd_—lu where (V- U) is the relative velocity of body ‘B’ with respect to body ‘A’.

Kinematics of two bodies in terms of geometric series also explain it

We know that if V > U then
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t, are in decreasing

geometric progression.

Also the time in which ‘B’ will collide with ‘A’ is the sum of all the times from t; to infinity

to infinity is

4 _t
Where S=T,a=t;=2, r=2=2
A% tq7 V

Substitute these values in above equation
d1
T=—%

1-3)

T = proved.
v-u——/—/m—/—/

(CASE 2) When the Bodies are Moving in Parallel Lines

Supposed body ‘A’ is placed in line ‘L;’and Body ‘B’ is placed in line ‘L,’ as shown.‘L;” and ‘L, are parallel to
each other and the smallest and perpendicular distance between ‘L;’ and ‘Ly’is d,. Distance between ‘A’ and
‘B’ is dq = fdlxz + dyzas shown in figure 3. In the same time both the bodies start moving with uniform velocities.

Body ‘A’ start moving with velocity ‘U’ and ‘B’ start moving with velocity “V’. In time ‘t;’ body ‘B’ travels distance
‘dq,” and body ‘A’ travels distance ‘d,,’. Now ‘A’ and ‘B’ are in their 2" position and distance between them is ‘d,’.
Then in time ‘t,’body ‘B’ travels distance ‘d,,” and ‘A’ travels distance ‘ds,’. Now ‘A’ and ‘B’ are in their 3" position

and the distance between them is ‘d3’ and so on follow figure ‘3’ and figure ‘4.

d, = /dlxz + d,’

d
Where t; = %

d2x = dlx (%)
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Figure 3: Initially the Bodies are at Rest and at their 1% Position
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Figure 4: In Same Time Both the Bodies Start Moving with Uniform Velocities

Where d,,=d 4 (g)

w5
d3x: Ut2
0% )

= lag2 + d,’
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t, are in geometric progression.

n-1

Therefore, t, = %. (g) 1*'Result
dlxx dex d3x' d4-xx ___________ dnx

u2 u3 U n—-1
dlxvdlx-%ldlrv—zldlx-ﬁv _____ vdlx- (V)
dydp, d,,, are also in geometric progression.

U n—-1 nd
Therefore, d, = d;4 (V) 2" Result
d, = [d,,” + d,
U n-172 2 d

d,= [dlx . (V) ] + dy 3" Result
tne1_ dasnx 8 4" Result

th dax \

In time ‘t,” body ‘A’ travels distance ‘d(,11),’and reaches to its (n +1)" position from its n"

position. 5" Result

In time ‘t,” body ‘B’ travels distance ‘d,,’ and reaches to its (n + 1)" position from its n™ position.
6"Result

When the body ‘A’ and ‘B’ are at their n™ position the distance between them is d,,

dy = [dy” + d) 7"Result
—dix o _dx dax
L=y =3 L=y
d
ty =% 8"Result

dyy =Ut;,d3=Ut,,dgy,=Ut;
diene= Uty 9"Result

The total time required by the body ‘A’ and body ‘B’ to reach at their (n +1)™ position from their 1% position is
denoted by ‘t’.

‘t” is the sum of all the times from t; t0 t,

We know that,
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Sa==(l-T___ (A

S,=‘t’

a=ty= % ,r= % substitute these values in equation (A)
dix

= [1- &)

t=duly - (9] 10" Result

d,=Ut

dy =800y (O)] 11" Result

dg=Vt

dg = % [1 - (g)n] 12" Result

Where ‘d,’ and ‘dg’ are the total distances travelled by the body ‘A’ and body ‘B’ in time ‘t.

3" CASE (When the Bodies are Moving in Non Parallel Lines)

e Kinematics of Two Bodies in Terms of Geometric Series Along X-Axis

bl

Suppose body ‘A’ and ‘B’ are at rest and at their 1% position the distance of body ‘B’ to body ‘A’
is d_{ =d;x 1+ d;y]as shown in figure ‘5. In the same time both the bodies start moving with uniform velocities. Body
‘A’ start moving with velocity U= U1+ Uyjin line ‘L;” and body ‘B’ start moving with velocity V= Vii+ Vyjin line ‘L;’.
Where d; ,d;y ,Uy , Uy , Vi and V, are positive. Line ‘L,’ and ‘L, are non-parallel. Body ‘B’ takes time ‘t;” to reach at
the x-co-ordinate of body ‘A’. In time ‘t;” body ‘A’ will travel distance d_lA) and ‘B’ will travel the distance Ig. Now ‘A’
and ‘B’ are in their 2™ position and distance of ‘B’ to ‘A’ is d_z) as shown in figure ‘6’.Then body ‘B’ takes time ‘t,’ to

reach at the 2" x co-ordinate of body ‘A’. In time ‘t,” body ‘A’ will travel distance ‘dT,{’ and body ‘B’ will travel distance

‘d—ZB)’ now both the bodies are at their 3" position and the distance of body ‘B’ to ‘A’ is ‘d_3)’ and so on. Follow figure ‘5’
and ‘6°.

dix
ty =3
diy=Ut,
Where, U = (Ui + Uyj), t, = %

|

="

dix) a dix)
=(u .—)1+(U .—)
1A ( Xy, V'V, )

=

=V

|

=9

dyp = (Vid + V). (‘%)

dig = (dyi + (V. 32)j
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Figure 5: Initially Both the Bodies are at Rest and at Their 1* Position
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Figure 6: In Same Time Both the Bodies Start Moving with Uniform Velocities and in Non Parallel Lines
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d—z) - (dly _ Vy- dv_l):‘) j+ (UX dlx)i + (Uydv—lz)j

3 _ & _ dlx dix
dz = (U Vx) (d1y + U )]
dpy= Uy 2
dy dq
dyy=dyy — V. 2+ U, 2
day
t, = Ve

dgp =(Vii +V, )(% ”—)

Uy - dqx .Ux .Vy -
dZB = (dlx ) + (—v 7))
X
dix .Ux .Vy

A3 = (dgy — *257) + dza

Substitute the values of d,, and da in above equation.

dlx dix dix Uy Vy) . sz - dix Ux .Uy .
d;=(d =4 Uy S B (dyy 5 ) T (B
3 1y — Yy, V2 ] Ix -y 2 V2 ]
3 Uy 2 dy dix .Ux .V, dl dlx Ux .Uy .
d; = (dyy .35 )i+ (d Sx_ SOl oy, S )
3 1x - VXZ 1y — y Vy V2 Vy Vx )
2
U
d;, =d .=
3x 1x VXZ
dq dqx .Uy .V, dq dix .Ux .U
iy =y - (¥, 82 4 Sl (o gty
3y M1y Vv, Vo2 Yy, V2
d
t3 - 3x
Vx

2

U
Where d3,= dq4 V—"z
X

- g) U’
t3_(Vx .(Vx2>
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2
dix  Ux
Vy V2

dar = (Ugd +U,5) (
-— U3\ . [dix Uy U2,
on = (due 75) 1 +(235°5)s
dgp = (Vi + V) (2= S5
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2
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Substitute the values of dg, and @) in above equation we get

dqx .Uy Vy _

2
dix .Ux“. Uy

ai=(dyy . 25) i+(dy, - v, .92
4 1x * Vx3 1y Y v, VXZ

Therefore, d, = U t,, 1% Result.

Also,
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Therefore, dg = V t,, 2"Result.
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Vi ' Vg

dix
V2 Vg

t2_ts_taa _ U
t1 tp oty Vy

n-1
Therefore, t,= % (ﬁ) 3" Result.
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Where U = (U,i + U,j)

[U_ .(g_:)““] e[, fe (5
= e () i o 5 GO

n—1
Put t, = S (k) in 2" Result
v, \v,

X

=t + ) [52-(2)"]

SN -1
Ux)n - dix 'VY (UX
= A= 1+H|——|—
dnB [dlx (Vx ] [ vy vy

We know that

dy = dyd+dyyj

dZ_(dlx )1+(d1y—V d1x+U dlx)]

a5 = (dyey )1+[d1y (v 2224

(o 25 )ity (v 224
Now | am finding d_r:

diy Vydix Uy Vydix U2
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4" Result.

5" Result.

)+ (U (diy + Uy.UX.dlx)]i

Y vy Vi

V,

A R T
tg _t3 _ Uy d
2=2=HX=ra=V, X
t t2 Vx Vx

We know that S,, = ﬁ 1 -
sn—l :ﬁ(l - rn—l)

Puta=Vj. dix ong = U
Vx V,

X
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are in geometric progression in which

Vy 2 ' V3 '

We know that S,, = ﬁ 1 -
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. . o . d
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Puta=1U, dl" r— in above equation
dix
UYv U n—-1
Sn-1= 70, [1 - (= ]
-l 6

s Uy dix 1—
n-1 Ve— Uy

d_l) = dlx,i + dlyi

d_z):(d1x.$—:)i+(d1y— vy.“v—lj + Uy, ‘i;)]

_> 1 -1
Tl dus ()" [y - e (1- (&) )+ foete (1 - ()"} 6" Resuit

Body ‘A’ takes time ‘t,” and travel distance m) to reach at its (n+1)™ position from its n™ position.
7" Result.

Body ‘B’ takes time ‘t,,” and travel distance ‘d—nB)’ to reach at its (n+1)" position from its n™ position.
8" Result.

When the body ‘A’ and body ‘B’ are at their n" position the distance of body ‘B’ to body ‘A’ is d,.
9" Result.

The total time required by the body ‘A’ and body ‘B’ to reach at their (n+1)" position from their 1% position is “t’.

Also t is the sum of all the times from ‘t;” to ‘t,’.

t=ty+ty+tg +t,
We know that S, =— (1 — r")
S,=ta= tl—dﬁ r=2x

Vx

Substitute all these values in above equation

- ]
t= ﬁ [1 — (3—:)“] 10" Result.

The total distance travelled by the body ‘A’ in time ‘t’ is D,.

—_— =

D,=Ut
Dx = (U +U,1) [ (1~ ()]
&)Y ifde -

The total distance travelled by the body ‘B’ in time ‘t” iS D_B)

D, = [0:/1: UXX {1 -

(ﬁ)n}]i 11" Result.

Vx

Dg =Vt
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Dy = (i + W) [ (1- (3))]

Dy = [ 1 - (8) ) ie [ fa- (2] 12" Resuit
CONCLUSIONS

It is obvious that motion of two bodies with uniform velocity can be described in terms of Geometric Series.
A tool is proved “Geometric Progression” for the easiness of system of two bodies moving in straight line with uniform

velocities.
ADVANTAGES OF USING THIS RESEARCH
e This research is very important in point to point analysis for system of bodies moving with uniform velocities.

e By using this research we can find the exact position of one body with respect to another body at any instant of
time.

¢ We know that when two bodies are moving with uniform velocities then their time and distance varies according

to geometric progression hence we can easily apply all the formulas of geometric progression in it.
e This research will give 100% accurate results.

e This research can help scientists for the point to point analysis of the bodies which are moving in any curve path

for example circular path, elliptical path etc.

e This research can help scientists to find the position of other moving objects in space with respect to earth at any
instant of time.

e By using this research we can easily perform complex and lengthy calculations by putting the values in equations
for example. 1) If we have to find the distance between two bodies when they are at their 2000000000" position
then we can easily calculate by simply putting n= 10°. 2) If we have to find the time required by both the bodies to
reach at their 10000"™ position from their 9999™ position then we can easily calculate by putting n= 9999 in the
equation of time as derived in results and discussions. 3) Many other parameters can be easily calculated by using
this research.

e By using this research we can easily find the direction of distance and velocities of objects moving with uniform

velocities.
BACKGROUND

Once | had watched a movie in which a group of boys was having a racing competition between them. When the
race started a boy fell down due to which he was left behind. | got the idea that in order to win the race the velocity of the
boy left behind should be greater than the velocity of boy at front. Then | assumed that the velocity of the boy at back is
V and the velocity of boy at front is U and the distance between is d;. | used the approach that when the boy at back
reaches to the position of boy at front then in the same time the boy at front travels the distance d,. When the boy at back
reaches the 2" position of the boy at front then in the same time the boy at front travels the distance ds. Then | found that
d; d, ds, dpand t; tp t3 t, are in geometric progression. Then by using the formulas of geometric

series | derived the equations.
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