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Abstract

Co-ordinate geometry is a particular branch of mathematics where geometry
is studied with the help of algebra. According to the concept of Bhattacharyya’s Co-
ordinate System, plane co-ordinate geometry consists of Four Positive dimensions or
axes. In four-dimensional co-ordinate geometry, the position of a point can be
determineda uniquely by two real positive numbers on a plane. Here, we shall discuss
only the plane co-ordinate geometry consisting of four dimensions or axes. The author
introduced four positive dimensions or axes to solve the problems with the help of
‘Rectangular Bhattacharyya’s Co-ordinate System’ instead of the Rectangular
Cartesian Co-ordinate System. This is the new concept which has been developed by
the author. The author determined not only the distance between two points but also
the direction of the line segment between two points on the plane.

Keywords : Bhattacharyya’s Co-ordinate System, Cartesian Co-ordinate System, Four
Positive Dimensions, Plane Co-ordinate Geometry, Relative motion.

I. Introduction

According to the new concept of P. C. Bhattacharyya, axes or
dimensions or directions started from the origin O (0,0) are positive. The author has
introduced this new concept successfully to plane co-ordinate geometry. Therefore, the
guestion of negative sense to any co-ordinate axes which are vertically opposite to any
positive axes does not arise. In plane co-ordinate geometry the author introduced 0X
and 0X' axes which are vertically opposite to each other as two abscissas and 0Y and
0Y' axes which are vertically opposite to each other as two ordinates (Fig.1). All
abscissas and ordinates are denoted as positive axes. So, plane co-ordinate geometry
consists of four positive dimensions. This four-dimensional co-ordinate geometry of a
plane is called Bhattacharyya’s Co-ordinate Geometry.

René Descartes, a French Mathematician and Philosopher first invented co-
ordinate geometry of a plane in the 17" century. It was his revolutionary achievement
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in the field of mathematics. He provided a systematic link between Euclidean
Geometry and Algebra (1).

According to the author’s concept, there may exist infinite numbers of positive
axes or dimensions or directions from the origin O (0,0) but there cannot exist a single
negative axis or any axis concerning any other axis having negative sense because
origin O (0,0) is the starting point of any axis or dimension or direction. Hence, the
sense of negativity of 0X’ and OY' axes of René Descartes have been invaded by the
author.

Galileo Galilei, an Italian astronomer and mathematician is the first person who
discovered the theory of relative motion (II). The author determined the distance
between two points and the direction of the line segment with the help of Galileo’s
theory of relative motion.

II. Formulation of the problem and Method of Solution

Rectangular Bhattacharyya’s Co-ordinates

2" quadrant \4
P2(x2,2) I\ P1(X1,y1)
A A 1%t quadrant
Y2 Y1
Xé X1
Ms A —— M
' M, O l(0,0) M X
{
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V3 } +
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Ps (x3,3) Ps (x4, y4) 4™ quadrant
YI
Fig.1

Let us consider O (0,0) to be a fixed point on the plane of this page which is stated as
origin (Fig. 1). We draw four straight lines from the origin :

1. Towards the X direction.
2. Towards the Y direction.
3. Towards the X' direction.
4. Towards the Y' direction.
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0Xand OY; 0X and OY ; 0X' and OY'; OX and OY’, lines are mutually
perpendicular to each other and 0X and 0X' areinthe vertically opposite directions
and also OY and OY’ are in the vertically opposite directions.

The straight line 0X is called X-axis, similarly OY is called Y-axis, 0X' is

called X’-axis and OY” is called Y'-axis. These four lines together divided the plane
into four parts of the plane. Each of these parts is said to be a quadrant. The quadrants
are named as follows: XOY is the first quadrant, X'OY is the second quadrant, X'OY”’
is the third quadrant and XOY"' is the fourth quadrant. Note that X-axis, Y-axis,
X'-axis, Y'-axis are all positive axes or dimensions.

Now we can determine the position of any point on the plane uniquely
concerning the co-ordinate axes drawn through O.

Let Py (X1, y1) be any point on the first quadrant (Fig.1). From P, draw M; P;

perpendicular on the X-axis (fig. 1). If OM; and M,P; measure X; and y; units
respectively then the position of the point P; on the plane is determined uniquely. First

of all, we have to move from O through a distance x; unit along 0X and then proceed
through a distance y: unit in the direction parallel to 0Y. Similarly, we can find a point
P2 (x3,y,). First of all, we have to move from O through a distance x, unitalong ox’

and then proceed through a distance y, unit in the direct parallels to 0Y. Similarly, we
can find the point P3 (x5,v3) and P4 (x4,y;) inthe 3 and 4" quadrant. So, it is
possible to find four different points on the plane. The position of the points can be
differentiated by introducing the following notations :

1) The distance measured from O along 0X axis (or parallel in the direction to
0X axis) putting without any notation over the unit is positive.

2) The distance measured from O along to 0Y axis (or parallel in the direction to
oY axis) putting without any notation over the unit is positive.

3) The distance measured from O along 0X’ axis (or parallel in the direction to
0X’ axis) putting a notation das (') over the unit is positive.

4) The distance measured from O along oY’ axis (or parallel in the direction to

oy’ axis) putting a notation dash () over the unit is positive.

5) Significance of arrows : Motions are always positive and also the units of
motions are always positive. A motion which is away from the starting point
is called countup motion and a motion which is towards the starting point is
called countdown motion. The units of countup or countdown motion is always
positive. To every motion there is a countup motion which is always greater
than or equal to countdown motion.

(i) The Symbol ¢ =’ means count up motion of a point to another point.
(1) The symbol ‘<’ means count down motion of a point to another point.
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Following the above discussion, we can determine uniquely the position of a point on
a plane referred to mutually perpendicular co-ordinate axes through an origin, we
require without dash or with one dash () over positive real numbers. These two positive
real numbers may be both without dash or both with one dash, also it may be one
without dash and the other with a dash together are called the Rectangular
Bhattacharyya’s Co-ordinate. To represent a point we write two positive real numbers
in braces by putting a comma between them where the first number is the distance from

the origin along 0X or 0X’ and the second number is the distance from the origin
along OY or OY’ respectively.

Y
A
P, (3',4) (P, (3,4)
y \
+4
X’ Mz Ml X
+4
\ y
P; (3',4) \ P:(3,4)
/
YI

Fig.2

Let us take an example. The position of any point on the plane to co-ordinate
axes drawn through O can be determined. Let P; be any point in the first quadrant
(Fig.2). From Py draw M; P, perpendicular on X-axis (Fig. 2.). If OM, and M;P,
measure 3 and 4 units respectively then the position of P, on the plane is determined.

Similarly, we can find the position of P, P3, P4 in the 2", 3, and 4™ quadrant
respectively, and the distance of each of them along the X-axis and X'- axis is 3 unit
and Y-axis, and Y'- axis is 4 unit. It is possible to have four different points on the
plane at equal distances along the co-ordinate axes. To differentiate regarding the
positions of such point we have already introduced notations along the co-ordinate
axes.

So,

OP? = OM{ + M, P? =32+ 42

.. 0P, =32 +42=y/9+16=+/25=5 [. all units are positive]
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Again
OP? = OM2 + M,P? =32+4% [ unitof 3" is 3 and positive]
.. 0P,=+/324+42=425=5
Similarly
OPf = OMj + M,P} =32+ 42
[ unit of 3" and 4’ are 3 and 4 respectively and positive]
.. OP3=+32+42 =5
Similarly

OP2 = OM? + M P? =32+ 42 [ unitof 4’ is 4 and positive]
.. 0P, =32+ 42 =5

So, we can determine the position of four points P1, P2, P3, P4in four different quadrants
having equal distance from the origin.

In Rectangular Bhattacharyya’s Co-ordinate system OX, 0X' are called
abscissas and W, 0Y' are called ordinates. So, there are two abscissas and two
ordinates. All abscissas and ordinates are positive, and also ordered pairs of numbers
such as (x,y), (x"y), (x,y"), and (x,y’) are all positive real numbers. So, any ordered
pair of a point lying in any quadrant are positive real numbers.

So, the point
Having co-ordinate (x1, y1) lies in the 1% quadrant.
Having co-ordinate (x3, y2) lies in the 2" quadrant.
Having co-ordinate (x5 y3) lies in the 3" quadrant.
Having co-ordinate (Xa,y;) lies in the 4" quadrant.

Y

lfz 0yy)

A

0 (0,0) " P1(x,0)
Fig. 3.
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It is to be noted that the ordinate of any point on the X-axis is zero and abscissa of any
point on the Y-axis is zero. Both abscissa and ordinate of the origin O are zero (Fig.3).
So, co-ordinate of a point on X-axis are of the form P1 (x,0), the co-ordinate of a point
on the Y-axis is of the form P, (0,y). The co-ordinates of the origin O are always (0,0).

I1. To find the distance between two given points.
() To find the distance of a given point from the origin
Y

Fig. 4.

let 0X and OY be the Rectangular Bhattacharyya’s Co-ordinate axes on the plane of
reference and the co-ordinates of a point P on the plane be (x,y) (Fig.4). We have to
find the distance of the point P from the origin O. From P draw MP perpendicular on
0X.Now OM= ¥ and MP =% [x and y are positive units of X", 3 respectively]

Then, from the right-angled Triangle OMP, we get

OPZ = OMZ + MP?

0P = [xZ+y?
OP= x2+y2

~. length of OP =/ x2 + y2 [ The sign = over any unit indicate
direction only].
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(b) To find the distance between two points lying in the same quadrant and
whose Rectangular Bhattacharyya’s Co-ordinates are given :

Y
P2 (X2, ¥2)

, Y2+
P, > R

XLy | x+ X

A T

M N
(X1, 0) (x2, 0)

\ 4
X

Fig.5

Let (X1,y1) and (X2,y2) are the Bhattacharyya’s Co-ordinates of the points P1 and P
respectively referred to as rectangular co-ordinate axes 0X and OY (Fig.5). We have to
find the distance between the points P; and P.. Let us draw MP; and NT§
perpendiculars from P; and P respectively on 0X and then draw PTR perpendicular
from P, on NP,. So, it is evident that

OM =%, ON =%,, MP, =y; and NP, =y, and MN = P;R

So, P,R =%, + %; [Using theory of relative motion].

and RP, = NP, + NR = NP, + MP; [- MP, = NR and using the theory of

relative motion]

=Yzt

From the right-angled tringle P: R P> we get

PyP?=P,R? +RP} = (x; + X1)* + (V2 + y1)* [if x2 > x, and y, > y1]

PPy =G + X))+ (75 + V1)?

PPy = (x, — %)%+ (y2 — y1)?
Note that minus sign (-) represents as subtraction operator.

It is evident from Rectangular Bhattacharyya’s Co-ordinate system.

PP, =\[(x; — %)%+ (y; — ¥1)? is positive.
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We need not require to say that distance of P;P, is positive because distance can not
be negative.

(c) To find the distance between two points lying not in the same quadrant and
having common ordinate whose Rectangular Bhattacharyya’s Co-ordinates are
given.

Y
J‘/'/ P1 (Xl’ yl)
P2 (x4, 72) t} v+ %
1 : = R
X+ E A
Y2 | 2 Y2
X’4 1 7 | U J —>- X
N x 000)x M
\ 4
YI
Fig.6

Let (X1, Y1) be the Bhattacharyya’s Co-ordinate of point P; referred to rectangular co-
ordinate axes 0X and OY (Fig.6). So, the point P, lies in the first quadrant. Similarly,
(x5, v,) be the co-ordinate referred to rectangular co-ordinate axes 0X’ and OY . So,
the point P, lies in the second quadrant. Here, 0Y is the common ordinate. Now, we
have to find the distance between P, and P:. Now, from P; draw M—’P1 perpendicular
on 0X and from P, draw NP, perpendicular on OX'.

So,

OM =X;,ON = x;, MP, = y;, NP, = y; and NM = P,R, MR = NP,
Now,

P,R=0M + ON = x; + x} [ using theory of relative motion]
and

RP, = MP; + MR = y; + ¥, [using theory of relative motion]
We know from right-angled triangle P2 R P

P2P12=P2R2+ RP12=(x_1’+ xé)z"'(j’?"'(y_z)z [if y1 = y2]

PP = \/ (g + x_g)2 + (7 + ¥2)? s positive.
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So, P2P1=\/(x1+x2)2+(y1—y2)2

Bhattacharyya’s co-ordinate system measures not only the distance between two points
but also indicates the position of the line segment on the plane with its direction.

(d) To find the distance between two points lying not in the same quadrant but
with common Abscissa and whose Rectangular Bhattacharyya’s Co-ordinates are
given.

Y
Py (x3,¥2) )
2nd quadrant
A
X’ < » X
N M @)
A 4
Y
R
! 1 Y
P3 (x3,y3)
3rd quadrant Y’

Fig.7.

Let (x5 ,y,) be the Bhattacharyya’s co-ordinate of the point P, referred to rectangular
co-ordinate axes 0X’ and OY (Fig.7). So, the point P, lies in the second quadrant.
Similarly, (x5, y4) be the co-ordinate referred to rectangular co-ordinate axes 0X’ and

oy’ . So, point P3 lies in the third quadrant. Here, 0X' is the common abscissa. We
have to find the distance between the point Ps and P».

Now, from P, draw MP, perpendicular on 0X’ axis and from P; draw NP;
perpendicular on 0X' axis.

So, OM = x; and ON = x},MP, = ¥, NP; = y}, and NM = P;R, MR = NP,
Now, RP, = MR + MP, = y, + ¥ (using the theory of relative motion)

and P;R = ON + OM = x} + x} (using the theory of relative motion) [if Xs > x2]

We know from right angle triangle PsRP:.

PsPP = PsR* + RPP = (x3+ x3)* + (3 + ¥2)°
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S P3Py = \/(x_é) + x))2 + (Vi + ¥3)? is positive

S0, P3P, = /(x5 — %)% + (y3 + ¥2)?
It is evident from Rectangular Bhattacharyya’s Co-ordinate System.

P3P, = /(x5 — x3)2 + (v5 + y,)? is positive.

(e) To find the distance between two points lying not in the same quadrant and
with different Abscissas and ordinates and whose Rectangular Bhattacharyya’s
Co-ordinates are given.

Y

1 Pr (x1,¥1)

X /| X

Y

A

Py (x3,y3) R
YI

Fig. 8.

Let (X1, y1) be the Bhattacharyya’s co-ordinate of the point Py referred to as rectangular
co-ordinate axes OX and OY (Fig. 8). So, the point P, lies in the first quadrant.

Similarly, (x5, y3) be the co-ordinate referred to rectangular co-ordinate 0X'and 0Y'.
So, point Pslies in the third quadrant.

Now, from P; draw MP; perpendicular on 0X axis and from P; draw NP;
perpendicular on 0X' axis.

So,OM =Xx;, ON = E,MPl = y; and NP; = 3_/§andP3_R = NM, MR = NP;
Now, P;R = NM = OM + ON = X; + x, (using theory of relative motion)
and RP;, = MP; + MR = (7 + y%) (using theory of relative motion)
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We have from the right-angled triangle PsRP;

PsPE = PRE+ RPE= (i +)% + (3 + % )°

.'.P3P1=\/(x_1’+ x3)2+ (¥1 + y3)?

It is evident from Rectangular Bhattacharyya’s Co-ordinate System

PP, = J(xT+ x3)2+ (Y7 + 3 )% is positive.

PP = \/(xl +x3)% + (y1 +y3)?

Conclusion

Rectangular Bhattacharyya’s Co-ordinate System is the more scientific method
to solve the problem of the plane co-ordinate geometry than that of Rectangular
Cartesian Co-ordinate System.

Similarly by Bhattacharyya’s six-dimensional co-ordinate geometry where all
the dimensions or axes are positive the position of a point on a solid body can be
determined uniquely by three real positive numbers.
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