MATHEMATICS

Chapter 9: STRAIGHT LINES
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Some Important Results

1.

The distance between two points A (x1, y1) and B (x3, y2) is given by
AB = J(xz - xl}z +(Y2 -V y

The distance of a point P(x, y) from the origin is given by OP = \/x?,y?2.

Let A(x1, Y1), B(X2,y2) and C(xs, y3) be the coordinates of the vertices of the triangle ABC.
Then, the area of the triangle ABC is given by

1
Area = Elxl {'3«"'2 - ?3}‘*‘ X5 h"a _Yl}"'x:-l{?l _?1“

. If the three points and, then A(xy, y1), B(x2, y2) and C(xs, ys) are collinear, then

x1{"-"’2 —Y3)+K2{"f3 _"-"'1]"'}{3(?1 _"-""2)=D

Let A(xy, y1), and B(xz, y2) be two points. Then, the coordinates of the point P(x, y) which
mx,+nx,; my, +ny1)
m+n ' mn )

divides the line segment joining A and B internally in the ratio m:n are (

Let A(xy, y1), and B(xz, y2) be two points. Then the coordinates of the point P(x, y) that
mXx,;—NXxq mYz_nY1)

m-n ’ mn

divides the line segment joining A and B externally in the ratio m:n are (

Let A(xy, y1), and B(xz, y2) be two points. Then, the coordinates of the mid-point P(x, y) of the
segment A and B are (XlTJrXZ,hTerz)
line If the three points A(x1, y1), B(X2,y2) and C(xs, y3) are the vertices of the triangle ABC,

. . . +X,+ +y,+
then the coordinates of the centroid of the triangle are (Xl X; = I y; Y3).

Key concepts

1.

For two points on a line parallel to X—axis, the distance between them is just the
modulus of thedifference between their x coordinates.

For two points, on a line parallel to Y-axis the distance between them is just the
modulus of thedifference between their y coordinates.

Three points are collinear, i.e., they lie on the same line if the triangle formed by them has
zero area.
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4. The centroid G divides the medians in the ratio 2:1. A triangle can be divided into 3
Juture's Ky
triangles of equalarea by its centroid AGAB, AGBC and AGAC are equal in area.

5. The angle (say) 8 made by the line € with positive direction of X-axis and measured
anticlockwise iscalled the inclination of the line 0° < 6 < 180°.

6. Aline which is parallel to the X-axis or coinciding with the X-axis has inclination 0°.
7. Aline that is parallel to the Y-axis or coinciding with the Y-axis has inclination 90°.

8. The slope of a straight line is a measure indicating its inclination with respect to the
positive direction of the X-axis.

9. Consider a line not parallel to the Y-axis. If it makes an angle 0 with the X-axis (measured
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in theanticlockwise direction), then m =tan 0 is called the slope of the line. —~
utune'a

10.Slope of a line parallel to the Y-axis is not defined.

11.Slope of a line parallel to the X-axis is zero.

12.If the slope is positive, then the angle of inclination 0 is an acute angle.
13.If the slope is zero, then the line is X-axis or is parallel to X-axis.

14.If the slope is negative, then the angle of inclination is an obtuse angle.

15.Two lines are parallel, i.e., they never meet, if and only if one of the following conditions
holds:

i. They are both vertical lines, i.e., they are parallel to the Y-axis.
ii. Iftheir slopes are equal, i.e., m1=m,.

16.Two lines (not parallel to the Y-axis) are perpendicular if and only if their slopes m; and
m; satisfies the condition that mim; = —1. If one of the lines is parallel to the Y-axis, i.e., a
vertical line with its slope undefined, then any line parallel to the X-axis, i.e., a horizontal
line with slope 0 is perpendicular to it.

Conversely, suppose a pair of lines, where one is horizontal and the other is vertical, then
the given lines are perpendicular.

17.1f X, Y and Z are three points in the XY plane, then they are collinear if and only if slope of
XY is the same as the slope of YZ.

18.If O is the inclination of a line L, then tan0 is called the slope or gradient of the line L.

19. If a horizontal line L is at a distance a units from the x-axis, then the ordinate of every
point lying onthe line is a. Thus, the equation of such a line Lis y = a where a is any real
number.
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20. Equation of a vertical line at a distance b from the Y-axis is x = b. Depending upon
whether the line is on the left or right of the Y-axis, the constant b is positive or negative.

y L
L
b b X=b
X=-b
X+ > X
0
Y)

21.Various forms of equation of the line

a. Slope intercept form

b. Point slope form

c. Two-point form

d. Intercept form

e. Normal form

22.The general equation of a straight line is Ax + By + C=0, where A, B and C are constants
and A and B are not zero simultaneously.

Casel:A#0,B=0
In this case, the equation reduces to

Ax+C=0o0rx=- =
A

which is a straight line parallel to the Y-axis.

Case 2: A=0, B #0then asin case 1, the straight line is parallel to the X-axis.
By+C=0

c

B

Case3:Az0,Bz0

y=_

Website - www.fukeyeducation.com, Email :- fukeyeducation@gmail.com (5)



STRAIGHT LINES Y

09
-0‘!!0
In this case, the equation may be written as
Juture's Ky
A C
= —— X ——
Y= "B7 7B

which is the slope intercept form of a straight line with slope
A _ C

-3 and y- intercept — B

Case 4: If C=0, then Ax+ By + C =0 becomes

Ax + By = 0.

This is a line passing through the origin and therefore line has zero intercepts on the axes.

23. Equation of the line parallel to the line Ax + By + C=0is Ax + By + K= 0, where K is any
arbitrary constant.

24.Equation of line perpendicular to the line Ax+ By + C=0is Bx- Ay + K= 0.

25.Two or more lines are concurrent if they meet at a single point.

26.General equation of line Ax + By + C=0 can be reduced to other forms of line as well

i. Slope intercept form:
If B=0, then Ax + By + C =0 can be written as

By =-Ax—-C
_ A C
=Yy ——EX—E

ii. Interceptform:IfC=#0,thenAx+By+C=0
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:>(__)X+(_T)y=1

Y
oo
A B
—+— 1
b
iii. Normal form:

Ax+By+ C=0orAx + By =-C.
A B C

cosm  sin p
= XCOSw+YSinw=p

iv. Distance form:

Let O be the angle with the positive direction of X-axis is

X—Xq — Y—=V1

cosO sin

the point (x4, y).

= r, where ris the distance of the point (x, y) on the line from

27.The coordinates of any point on the line at a distance r from the point (x3, y) are

X, +rcos6,y, +rsind
1 1

a coefficient of x

28.The slope of the lineax+by+c=0is —— = —

b coefficent of y

29.The distance of a point from a line is the length of perpendicular drawn from the point on

the line.

30.Distance between two parallel lines is equal to the length of the perpendicular from a point
to line (2). Therefore, the distance between parallel linesy = mx + cand y = mx + d is given

by

\( mCE)+(- d)\

J1+m? J1+m

Distance =
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\ Y =M+

y=nx+¢

31. LetL, =ax+by+c, =0
L, =a,x+b,y+c¢, =0 and
L, = a;x+byy + ¢; =0 be three lines then they are concurrent if

9, bl G

a, b, ¢c,=0
a; by ¢

32.If two lines having the same slope pass through a common point, then the two lines will

coincide.
33.If B is the inclination of a line €, then tan 0 is called the slope or gradient of the line £.
34.Two lines are parallel if and only if their slopes are equal.
35.Two lines are perpendicular if and only if the product of their slopes is -1.
36.The equation of the line having a normal distance from the origin p and angle between the
normaland the positive X-axis o is given by x cos @ + y sin ® = p.

Key formulae

1. (a) If a line makes an angle @ with the positive direction of X-axis, then the slope of the line
is given by tan 6 = 90°.

(b)Slope or gradient of a line joining (X1, Y1), (X2, y2) ism =tan 0 = Y2—¥1 _ riﬁ_
Xy —Xq sun

(c)Slope of the horizontal line is zero and slope of vertical line is undefined.

2. Angle 8 between two lines L; and L,
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m, -m,

1+m1m

tano =

3. For parallel lines

O

Slope of L; (m1) = slope of L, (m3) or tan a = tan f.

4. For perpendicular lines

Y
A
/ oL p
70 N

Slope of Ly (m3) x slope of L, (m3) =-1, i.e., mim,=-1.
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5. Three points are collinear if and only if the slope of AB = slope of BC.
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Slope of AB = slope of BC

>X

N ©
~

Y—Yo
X—Xq

6. Point-slope form: m = Ji.e., Y=y =m (X—Xo)

Y
i

P (x, ¥)

Py(xp v0) Slope m

v

0

7. Two-point form: The equation of the line passing through the points (x1, y1) and (xz, y2) is
given by

P, (x5 1))

Pix,»)

= ) >X

8. Slope-intercept form: Equation of line L with the point (x, y) and slope m and y-intercept c is
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(b) Suppose line L with slope m makes x-intercept d. The equation of Lis y = m(x - d).

9. Intercept form: Equation of the line making intercepts a and b on the X and Y-axis,
respectively.

| o=
+
O |~
I
=i

L .Y
A
r}(ﬂ.b}
b
(a, 1)
—
R qa ------- Ny >

10.Normal form: The equation of the line having normal distance p from the origin and
angle to whichthe normal makes with the positive direction of x-axis is given by

Xcoswm+ysinwm=p
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N\ /
“» P =
P/ PN S
o \ Z P A
o ,-'l'-.\ - /ﬁl‘x 0 A
(a) (b)
i
A\l
N S "
o 'Q 0 A
p
p
p
B
(c) \ /1
(d)

11. General orm of linear equation: Equation of the form Ax + By + C =0, where A and B
are not zerosimultaneously.

12. The perpendicular distance (d) of a line Ax + By + C = 0 from a point P(xy, y1) noton it is
given by

d:M%+B“+q

JA® +

plxg, )

EREN) AX+By+C=0

13. Distance between two parallel lines Ax + by + C; = 0 and Ax + By + C; = 0 is given by
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14. The equation of the lines passing through (x1, y) and making an angle 6 with the line
y = mx + c by is given by

m = tand

Y=¥. = 11 mtanﬁ{x_xl}
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The distance between the points A(x,, y,) and B(x,, y,) is

N (5 + () 'If. 0 1s.the angle E.it which a straight line is inclined to be+ve§
2 : direction of x-axis and 0°<8 < 180°, 6% 90°, then the slope
................................................................. . of the line, denoted by m, is defined by m = tan 6. If 0 is 90°,
:1.When two lines of the slope m, & m, are at right : : ; . . . . :
£ ansles the | raductof theindlopeia —1 ey : m doesn’t exist, but the line is parallel to y-axis. If 8=0°,
i mm, = —1.Thus, any line perpendicularto . then m=0 and the line is parallel to x-axis.

o - i - : A . ,
P s cis ot the form, Y = Sd where d s :oIf A(x,, y,) and B(x,, y,), X, # X, are points on straight line,
i any parameter. : -

i then the slope m of the line is given by m=(y,-

2.Two lines ax + by +c =0 and a’x + b’y + ¢'=0 aré
perpendicular if a2’ + bb” =0.Thus, any line :
: perpendicular to ax + bj +c =0is of the form

Distance
Formilagm | | L /"y & SEucsssssame

Area of Triangle

ax+by+c—Olb

Perpendicular
Lines

X —X; VIS o axnt by, + ¢ slope Formula
EZ.Similarly, foot of perpendicular from a
i point on the line is: :

a T p

y = mx+cis of the type y = mx +d , where d is any parameter

2 Two lines ax + by +c=0and a’x + b’x + ¢’ = (are parallel if %= 2 =&
x=x; Y7Y, —(a+by,+0 L
________ ah:\/v i3. The distance between two parallel lines with equations ax +by +c, = 0
iand ax +by +c, = 0is c-c,
Reflection &

Straight lines

foot of
perpendicular
a point about a
line

Parallel lines

Length of the
perpendicular

from a point
onaline

_perpendlcular fromi
éP(xl’ }/1) on
Dax+ by +c=0is: }
2 : mx, + nx, my,+ nyl

if o, thenx =—2_ __—1/y =

ax, by ¢ mEn | m+n

Note: * If m/n is +ve, the division is internal, but if m/n is —ve, the
i division is external. :

Equation of
Straight line in
various forms

Section
Formula

e If m = n, then P is the mid-point of the line segment Jommg

1 POINT-SLOPE FORM: y —y, = m(x — x,) is the equation of a straight line whose slope is ‘m’ and
passes through the point (x,, y,).

2 SLOPE INTERCEPT FORM: y = mx +c is the equation of a straight line whose slope is ‘m’ and
i makes an intercept c on the y-ax1s

{3.TWO POINT FORM:Y - ¥, =
through (x,,y,) & (x,, y,).

:4. INTERCEPT FORM: +

3 a

= L (x —x,) is the equation of a straight line which passes
T Al

by =1 is the equation of a straight line which makes intercepts a & b on
x and y axis respectively.

5. NORMAL / PERPENDICULAR FORM: xcosa. + ysina. = p (Where p > 0,<0 o < 27) is the

equation of a straight line where the length of the perpendicular from origin O on the line is p
and this perpendicular makes an angle oo with +ve x-axis.

:6. GENERAL FORM: ax +by+ ¢ =0is the equation of a straight line in general form. In this case,
slope of line = —%
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Important Questions

Multiple Choice questions-

Question 1. In a AABC, if A is the point ( 1, 2) and equations of the median through
B and C are respectively x+ y=5and x =4, then B is

(a) (1, 4)
(b) (7, -2)
(c) none of these
(d) (4, 1)

Question 2. The equation of straight line passing through the point (1, 2) and
perpendicular to the linex+y+1=0

(QJy—-x+1=0
(b)y—-x—-1=0
(c
(d
Question 3. The points (-a, -b), (0, 0), (3, b) and (a?, ab) are

J)y—-x+2=0

J)y—x—-2=0

(a) vertices of a square

(b) vertices of a parallelogram
(c) collinear
(d
Question 4. The equation of the line through the points (1, 5) and (2, 3) is
(Q)2x—-y—-7=0

(b) 2x+y+7=0

2x+y—-7=0

x+2y—-7=0

)
)

vertices of a rectangle

(c)
(d)
Question 5. The slope of a line which passes through points (3, 2) and (-1, 5) is
(a) 3/4

(b) -3/4

(c) 4/3
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Question 6. The ratio of the 7th to the ( n — 1) mean between 1 and 31, when n
arithmetic means are inserted between them, is 5 : 9. The value of n is

(a) 15

(b) 12

(c) 13

(d) 14

Question 7. The ortho centre of the triangle formed by linesxy=0and x+y=11is:
(a) (0,0)

(b) none of these

(c) (1/2,1/2)

(d) (1/3,1/3)

Question 8. Two linesa; x+byy+ci=0and a, x+ by y +c; =0 are parallel if
(a) a1 /az=bi /by # c1/c:

(b)a1/az# bi/ba=ci/c;

(c)ai/az#bi/br#ci/co

(d) a1 /az=b1/ba=ci/c;

Question 9. If the line x/a + y/b = 1 passes through the points (2, -3) and (4, -5),
then (a, b) is

(@Ja=landb=1

(b)a=landb=-1

(c)a=-landb=1

(dJa=-1landb=-1

Question 10. The angle between the linesx —2y=yandy—-2x=5s
(a) tan't (1/4)

(b) tan't (3/5)

(c) tan't (5/4)

(d) tan't (2/3)

Very Short Questions:

1. Find the slope of the lines passing through the point (3,-2) and (-1,4)

Plhl), Ox. 1)
: |n—r 1-~-1.I n

2. Three points and Rix.x,) lie on a line. Show
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3. Write the equation of the line through the points (1, -1) and (3, 5)

4. Find the measure of the angle between the linesx+y+7=0andx—-y+1=0.

5. Find the equation of the line that has y-intercept 4 and is — to the liney = 3x — 2.

6. Find the equation of the line, which makes intercepts -3 and 2 on the x and y-axis
respectively.

7. Equation of a lineis 3x — 4y + 10 = O find its slope.

8. Find the distance between the parallel lines 3x -4y +7=0and 3x—4y +5=0.

9. Find the equation of a straight line parallel to y-axis and passing through the point (4,-
2)

10.1f 3x —by + 2 =0and 9x + 3y + a = 0 represent the same straight line, find the values of
a and b.

Short Questions:

1. If pis the length of the from the — origin on the line whose intercepts on the axes are
a and b. show that

1

1 1
P a b

2. Find the value of p so that the three lines 3x+y—2=0, px+ 2y —3 =0 and may

intersect at one point.

3. Find the equation to the straight line which passes through the point (3,4) and has
intercept on the axes equal in magnitude but opposite in sign.

4. By using area of A . Show that the points (a, b + c), and (c, a + b) are collinear.

5. Find the slope of a line, which passes through the origin, and the midpoint of the line
segment joining the point p(0, 4) and Q (8, 0)

Long Questions:

1. Find the values of for the line (k-3)x—(4-k?)y+k*-7k+6=0
(a). Parallel to the x-axis
(b). Parallel to y-axis
(c). Passing through the origin.

2. If pand g are the lengths of —from the origin to the lines.
xcosf— ysin@=keos 20, 5 4 xsecO+ ycosecf=k

respectively, prove that # T3¢ =%

3. Prove that the product of the — drawn from the points (Va? — b?,0) and
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. Find equation of the line mid way between the parallel lines 9x + 6y -7 =0and 3x + 2y +

Assuming that straight lines work as the plane mirror for a point, find the image of the

point (1,2) in the linex -3y +4=0.

Assertion Reason Questions:

1.

In each of the following questions, a statement of Assertion is given followed by
a corresponding statement of Reason just below it. Of the statements, mark the
correct answer as.

Assertion (A) : The point (3, 0) is at 3 units distance from the Y -axis measured along

the positive X -axis and has zero distance from the X -axis.

Reason (R) : The point (3, 0) is at 3 units distance from the X -axis measured along the

positive Y -axis and has zero distance from the Y -axis.

(i) Both assertion and reason are true and reason is the correct explanation of
assertion.

(ii) Both assertion and reason are true but reason is not the correct explanation
of assertion.

(iii) Assertion is true but reason is false.

(iv) Assertion is false but reason is true.

. In each of the following questions, a statement of Assertion is given followed by

a corresponding statement of Reason just below it. Of the statements, mark the
correct answer as.

Assertion (A) : Slope of X -axis is zero and slope of Y -axis is not defined.
Reason (R) : Slope of X -axis is not defined and slope of Y -axis is zero.

(i) Both assertion and reason are true and reason is the correct explanation of
assertion.

(ii) Both assertion and reason are true but reason is not the correct explanation
of assertion.

(iii) Assertion is true but reason is false.

(iv) Assertion is false but reason is true.

Answer Key:

MCQ
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(b) (7, -2)
(b)y—x—-1=0
(c) collinear
(c)2x+y—-7=0
(b) -3/4
(d) 14
(a) (0, 0)
(@)ai/az=bi/br#c1/c
)
)

1.
2.
3.
4,
5.
6.
7.
8.
9.

(dJa=-landb=-1

10.(c) tan't (5/4)

Very Short Answer:

1. Slope of line through (3,-2) and (-1, 4)

2. Since P, Q, R are collinear

Slope of PQ = slope of QR

v —k _YM2THh

X —H R £

Slkz3) 7y
E’\[',;?_-Tl,\l n—x

(=) (v =21) =(k=3) ()
3.

y—yn = . (x—x)
Reg. eq wTE
y+1=2 15y

2
Bxty+4=0
4.
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x—v+1=0
mu:_—l:l
|

Slopes of the two lines are 1 and -1 as product of these two slopes is -1, the lines are at
right angles.

5.

'=3x-2

"l

-3 1

L —— =3 _
Slope )= -1 slope of any line —itis 3
C=4

Req.eq.is ¥ = 7T ¢

'_i—'—i:l
-3 2

2x-3y+6=0
7.

. —coff. of x

" coff. of y
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9.

Equation of line parallel to ¥ -axis is *~ %7

Eq. (1) passing through (-4,2)
a=—4

So x=—4
x+4=0
10.

ATQ
3.
9 3
h=-1

=a=0

I

Short Answer:
1. Equation of thelineis Y _4
- a b
=X+ 120
a o

The distance of this line from the origin is P

{ m’+b;;+c'i

DU‘
—+——1
a o

a* +h°
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px+2y-3=0___(ii)
2x—y+3=0._._(iii)

On solving eq. [-:.-.land (1)
t=1png Y= -1

Put %¥in eq. [

P(1}+2(-1)-3=0
p—2-3=0
p=3

Let intercept be a and —a the equation of the line is
o —d

=x—yv=a...[i)

Since it passes through the point (3, 4)
3—4d=g

a=-1

Put the value of ain eq. (i)

x—yv=-1

x—y+1=10

1

S =S (v — s+ (1 — 1w v — 1)
Areaof ~ 2 !%4\¥a2ds )50 ¥ =3 )T 510 2]

:é a[_r:+c;r_'l—b(_E:+|:?_'l+.’;1['_a+b_'l—|:['_|:‘+a_‘|+c[':EJ+ f“l —ala+b)|

= l_D =0
2
v 078 440
Let ™ be the midpoint of segment PQ then o <
=(4,-2)
DJL{ — .:L.: _.:L.l
Slope of T
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Long Answer:

1. (a) The line parallel to * -axis if coeff. Of * =0
kE-3=0
k=13
(b) The line parallel to * -axis if coeff. Of +'=0
4-E =0

k=22

(c)Given line passes through the origin if (0, 0) lies on given eq.
(k=3)(0)=(4—K")(0)+k* = Tk+6=0
(k=6)(k-1)=0

k=61

_|0.cosé—0siné —kcos28 L from origin

. \([-_CDS 3_'I:+['_—sin &?_'|: | (0.0)

P

P=Kcos26... (i)

_ |O.sec&+0cosect —k
«fsec:€+|:|:us ec @
_ K

\( 1 1
—+ =
cos” & sin” &

kros&.sin & — l,?._—_giﬂ H.cosf

«Jrsin: f+cos'd 2
2g=ksin28. . (i)

Squaring (i) and (ii) and adding

Website - www.fukeyeducation.com, Email :- fukeyeducation@gmail.com  (23)



STRAIGHT LINES

PP +(2g) =K’ cos* 26+ K7 sin’ 26
P'+4g° =K’ [.I:Ds: 26 +sin’ 25{1
_P: +—1Q': :k:

3. Let

ﬁ_cuﬁﬁ—l

- .
b= _ | " from the points+y/a” —5" .0 |

{ cos E";: Csing -
oo | +:‘ b |
Similarly #2be the distance ['—\Ka: —.E:ﬂl:)] from to given line

_—M cos & —1
o

B = - —
\’" cosf | [siné |
_ +

a .-! :"\. b |

‘. ﬂCDSS—l | —L_Ef cosf—1 |
|

a )1 a

PPy = cos @ sin- @
+

a’ b

.""a: _E?: A

;.CDS‘S—I
feln |

C blcostB+aisinc @

a“b*

|c;r‘ cos " f—h"cos  F—a” |c:r‘.b‘

a’(a’sin’ @+b’cos’ §)

|—[:a:5in:€+b:—cus:£?}|b: e K h :
= — — |"va cos 8—a =a(cos”F-1)
a sin” &+b cos™ F -

_ (@ sin’ 8+b'cos’ §) b*
a sin 8+b" cos &
=k
4.,

The equations are

O9x+61v—T7=10

3| 31’+2}'—§i=0
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&
3x+2y—§=0 ....... (7] Futurda Ky
3x+2y+6=0..(if)
Let the eq. of the line mid way between the parallel lines (i) and (ii) be
3x+2y+k=0.__ (i)
ATQ

Distance between (i) and (iii) = distance between (ii) and (iii)

‘K+§=JK;5 _Td:|ﬁ_ﬁ|]
‘J9+4 Vo +1 Ja? +57
K+E=K—6

3
g-U

6
Req. eq. is

Let Q(h, k) is the image of the point p(1, 2) in the line.
x=3v+4=0__1(i)

Coordinate of midpoint of PQ:i ‘2 ‘Th |
This point will satisfy the eq. ......(i)

Fra1y a2
hi+1 |3l k+2 420

ol B !

wl B e ."

h=3k==3....()

(Slope of line PQ) x (slope of linex—3y+4=0)=-1
"iﬁ-.'—jx'; "‘"-:lx'; _
=11 E‘!_

Sh+k=5.__ (i)

On solving (i) and (ii)

;Ezé_ and ;L-zi

>

L
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Y
A
Q(h, k) 9
k/
ol
*
/ P(1,2)
X"T/ Ov —» X
Y’

Assertion Reason Answer:

1. (iii) Assertion is true but reason is false.

2. (iii) Assertion is true but reason is false.
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