JSUNIL TUTORIAL

Class X — Chapter: Coordinate Geometry: Section formula

Let A (xl, yl) and B(xz, Y,) be two distinct points such that a point P(x, y) divides 4B

internally in the ratio /:m. That is, AP _ L
PB  m B,y
From the Fig. 5.2, we get v 2 \X2.)2
A
AF = CD = OD—OC:J(—JC1
"\
PG = DE = OE — OD=x, —x Q@
G
Also, PF:RD—FD:y—y1 \‘r"}
BG=BE—GE=y —y —iF
Now, AAFP and APGB are similar. >
AF _PF _ AP _ T e -
Thus, = = —
PG BG PB m
AF [ PF [
— =— and == ==
PG m BG m
_ X — X _ L _ Y=Y _ 1
X, — X m Y, =Y m
— mx—mx, =Ix — Ix = my—my, =ly —ly
1'.'x+ﬁr‘.wc:1’J52+r;r‘uc1 ly + my :ly2+ﬁr‘.ty1
Ix + mx ly. + my
[+m [+m

Thus, the point P which divides the line segment joining the two points
A(x, y,) and B(x, ,y,) internally in the ratio /:m is

P( lxz + mx, t’y2 + my, )
l+m ° l+m
This formula is known as section formula.
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(i) If P dividesaline segment 4B joining the two points A(x, ,y,)and B(x, ,y,) externally

in the ratio / : m, then the point P is (Ixz —mx, Iy, —my, ) In this case - is negative.
I-m ° I—m m
(ii)  Midpoint of AB

If M is the midpoint of 4B, then M divides the line segment 4B internally in the ratio 1:1.
By substituting / = 1 and m = 1 in the section formula, we obtain

x2+x1 y2+y1)_
2 2

The midpoint of the line segment joining the points
+ .?Cz yl + yz )
2 2 )

the midpoint of 4B as

X
A(X,,y,) and B(x ' Y,) is ( L

Centroid of a triangle

Consider a AABC whose vertices are A(x,y,). B(x,,y,) and C(x,,y,). Let AD,
BE and CF be the medians of the AABC. A

We know that the medians of a triangle are concurrent and
the point of concurrency is the centroid.

Let G(x, y) be the centroid of AABC.
X, +x, ¥, +), )

Now the midpoint of BC is D(

2 72
By the property of triangle, the centroid G divides the B D C
median 4D internally in the ratio 2 : 1 Fig. 5.3

.. By section formula, the centroid
2(x2+x3)+1(x) 2(y2+y3)+1(y)
Glx,y) =G Z -, Z 1
2+1 2+1
B x1+x2+x3 y1+y2+y3
- G( 3 ’ 3 )
The centroid of the triangle whose vertices are
x +x,+x, y+y +y
; 1 2 3 -1 2 -3
(xl ’yl)’(xz ’yz) and (.1'3, 3)’ ~ ( 3 ? 3 )
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Example
Find the midpoint of the line segment joining the points (3,0) and (—1,4).

Solution Midpoint M(x , y) of the line segment joining the points (x;.y,) and (x,y,) is
X +Xx, y +Yy )

_ 1772 1t

M(x,y) = JW( T

Midpoint of the line segment joining the

points (3,0) and (—1,4) is

A3, 0) Mx. ) B(-1,4)
Fig. 5.4

Mx,y) = M(%,%):M(l,z).

Find the point which divides the line segment joining the points (3 , 5) and (8 , 10)
internally in the ratio 2 : 3.

Solution Let A(3,5) and B(8,10) be the given points.

Let the point P(x,y) divide the line AB e 2 .
A(3,5) P(x,y) B(8,10)

internally in the ratio 2 :3.

Ix. +mx, Iy, +my )
. _ 2 1 2 1
By section formula, P(x,y) = P( Tm  +m

Here x =3y =5x,=8y,=10and/=2,m=3

2(8)+3(3)  2(10)+ 3(5)
2+3 ° 2+3

P(x,y)zP( )=P(5,?)

In what ratio does the point P(—2 , 3) divide the line segment joining the points
A(—3,5) and B (4, —9) internally?
Solution Given points are A(—3,5) and B(4,—9).

Let P (—2. 3) divide 4B internally in the ratio [ : m

By the section formula, A(-3.5) P(-2,3) B(4,-9)

): P(—Z, 3) (1) Fig. 5.6

(!x2 +mx Ly, +my,
l+m ° l+m
Herex1:—3,y1:5,x :4,y2:—9.
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(1) — (!(4)+ m(—3) ’ I(—9) +m(5)): (—2.3)
I+ m I+ m _

Equating the x-coordinates, we get

4l —3m _ 5
I +m

<1

m 6
i.e., I:m=1:6

Hence P divides 4B internally in the ratio 1 : 6
Find the points of trisection of the line segment joining (4, — 1) and (—2,— 3).

Solution Let A(4,— 1) and B(—2.—3) be the given points.

Let P(x,y) and Q(a,b) be the points of

A4, -1 2
trisection of 4B so that AP = PO = OB @.-1) i Fig. 5.7 0 B(-2.3)
Hence P divides 4B internally in the 1 2
ratio 1:2 and QO divides 4B internally ;(4’ -1) ;;. ‘;,(_2 3)
in the ratio 2 : 1 Fig. 5.8
By the section formula, the required points are
2 1

P(l(_2)+2(4)51(_3)+2(_1)) and A4, -1 . B(-2,-3)

1 +2 142 Fig. 5.9
Q(2(_2) + 1(4) 2(=3)+ 'l(—'l))

2+1 7 2+1

_ _3 - _ 1
P2-3) 00~ %)
Note that Q is the midpoint of PB and P is the midpoint of 4Q.

Find the centroid of the triangle whose vertices are 4(4, —6), B(3,-2) and C(5, 2).
Solution The centroid G(x , y) of a triangle whose vertices are

(X:3,) + (%,),) and (x,,y,) is given by A(4,6)

X X +x y+y+y)
_ e T T W T
G(x,y)—G( 3 : 3 .

We have (x,y)=4,-6), (x,,y) =3,-2), (;y)=(5,2)

F E
The centroid of the triangle whose vertices are

(4,-6).(3,-2) and (5, 2) is

G&)ﬂ:(ﬂ4+g+5,—673+2):(ﬂé_zl

B(3-2) D C(5,2)
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If (7,3),(6,1),(8,2) and (p, 4) are the vertices of a parallelogram taken in order, then
find the value of p.

Solution Let the vertices of the parallelogram be 4(7,3),B(6,1),C(8,2) and D(p,4).

We know that the diagonals of a parallelogram bisect each other.

The midpoints of the diagonal 4C D(p.4) C(8,2)

and the diagonal BD coincide.

Hence (7+8 3+2):(6‘;P 1-12-4)

2 02 |
6+ '
( 2 p’%): (%’%) AT Fig. 5.11 FOD
Equating the x-coordinates, we get,
S4p _15
2 2
p =9

If C is the midpoint of the line segment joining 4(4 , 0) and B(0 , 6) and if O is the
origin, then show that C is equidistant from all the vertices of AOAB.

Solution The midpoint of 4B is C(‘IZLO, %) =(C(2,3)

We know that the distance between P(x,,y,) and Q(x,.y,) is ,/(xl —x,) + (0, —y)"

Distance between O(0,0) and C (2,3) is
0C=J(2-0F+(3-0y =+13.

Distance between 4(4,0) and C(2,3),
AC=J2-4P+(3 -0 =V4+9=V13
Distance between B (0,6) and ('(2,3),
BC=J(2-0+(3-67=V4+9 =/13
0C=4C=5C Fig. 5.12
.. The point C is equidistant from all the vertices of the AOAB.

Area of a triangle
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Let ABC be a triangle whose vertices are A(xl' Y B(xz, V) and C(xa, Y,)-

Draw the lines 4D, BE and CF perpendicular to x-axis. ¥ Ale,p)
. Clxys)
From the figure, ED =x —x,, DF =x, —x, and -
'%N
EF = x, —x,. %‘3
Area of the triangle 4BC » | »
= Area of the trapezium 4BED 5 ol D =
+ Area of the trapezium 4DFC — X —
— Area of the trapezium BEFC : %

_ _ Fig. 5.13
= J(BE + AD)ED + 1(AD + CF)DF — L(BE + CF)EF
1 1 1
= (T X)) 50y F (G ) (0, H )G )
_1
- j{xlyz TN, AN TR Y T AN XY XY S XY, H XY, S ALY, +x2y3}
Area of the AABC is é—{xl(y2 = Y,) X, (v, = ¥,)Fx,(Y, —¥,)}-5q.units.

Remember:
Suppose that the three points A(x,,y, ), B(x,,y,)and C(x,,y,) are collinear. Then they

cannot form a triangle. Hence the area of the A4BC is zero.

. 1 —

L€ f{(xlyz TV HXY) T (Y, H XY, X)) = 0
— Yy FRYy XY = XY Y, T,

One can prove that the converse is also true.

Hence the area of AABC'is zero if and only if the points 4, B and C are collinear.

Area of the Quadrilateral
Let A(xl,yl) ,B(x2 Y,): C(xa,ya) and D(x4 Y,) be the vertices of a quadrilateral ABCD.
Now the area of the quadrilateral 4ABCD = area of the AABD +area of the ABCD
1
= S (XY, T Xy, By ) (Y Ry, XY
—|—%{(x2y3 F sy, B X)) — (XY, Xy, X,y )

.. Mrea of the quadrilateral 4B CD>

1
:7{("51-)’2 Ay, ALY, V) (Y, Y, By, V)

or

%{(‘xl — XL WY, — Y, — (X, — 2, (Y, — ¥3)} sq.units
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Clxyys)

> x

ol L M N P

Find the area of the triangle whose vertices are
(19 2): (_3 E 4)1 and (_5 9_6}‘

Solution
Now the area of AA4ABC is

- %{(xlyz X, Y+ X Y) — (5,0, XY, +x1y3)}
- %{(4 + 18 — 10)—(—6 — 20 — 6)}

= %{12 + 32} = 22. sq. units

If the area of the AABC is 68 sq.units and the vertices are 4(6 ,7), B(—4 , 1) and
C(a ,—9) taken in order, then find the value of a.

Solutiornr Area of AABC is
%{(6 + 36 + 7a) — (—28 +a— 54)}= 68

— (42 + 7a) — (a — 82) = 136
— 6a = 12 C.ooa= 2
Show that the points 4(2 . 3), B(4 , 0) and C(6, — 3) are collinear.

Solution Area of the AABC is
_ %{(0 124 18)— (1240 —6)} = %{6 —6)=0.

. The given points are collinear.
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If P(x,y) is any point on the line segment joining the points (a,0) and (0, »), then ,

prove that % + % =1, wherea, b # 0.

Solution Now the points (x,y), («,0) and (0, b) are collinear.

.. The area of the triangle formed by them is zero.

— ab—bx—ay=0 use: %{g\{ 2\\1 ";\1 g}
bx +ay = ab
Dividing by ab on both sides, we get,
i4—1:1, where a,b#0
a b
Find the area of the quadrilateral formed by the points (-4, -2), (-3, -5), (3, -2) and (2, 3).

Solution:
ILet the vertices be

A(—4, —2). B(—3. —5). C(3. —2) and (2. 3).
A rea of the quadrilateral A BCI
1 _ _
= 5{(20+6 +9 —4) — (6 — 15 —4 — 12)}
= %{31 + 25} = 28 sq.units.

For more paper keep on visiting
www.jsuniltutorial.weebly.com/
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