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Chapter 9: Straight lines

NCERT - Class 11 - Maths

EXERCISE 10.1 - Textbook page 211

Question 1

Draw a quadrilateral in the Cartesian plane whose vertices are (- 4, 5), (0, 7), (5, - 5) and (- 4, -2). Also,
find its area.

Solution

Let ABCD be the given quadrilateral with vertices A (-4,5), B (0,7), C (5.-5) and D (-4,-2).

Now, let us plot the points on the Cartesian plane by joining the points AB, BC, CD, and AD, which give

us the required quadrilateral.
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To find the area, draw diagonal AC.

So, area (ABCD) = area (AABC) + area (AADC)

Then, area of triangle with vertices (x1,y1) , (X2, Y») and (xz,y3) is

Are of AABC = %2 [X1 (Y2 —Y3) + X2 (Y3 — Y1) + X3 (Y1 — Y2)]
=% [-4 (7 +5)+0 (-5-5) + 5 (5 7)] unit?

=1 [-4 (12) + 5 (-2)] unit?

=15 (58) unit?

= 29 unit?

Are of AACD =%z [xq (Y2 —Y3) + X2 (Y3 — Y1) + X3 (Y1 — ¥2)]
=15 [-4 (-5 +2) + 5 (-2 = 5) + (-4) (5 — (-5))] unit?

=Y [-4 (-3) + 5 (-7) — 4 (10)] unit?

= 1 (-63) unit?

= -63/2 unit?

Since area cannot be negative, area A ACD = 63/2 unit2

Area (ABCD) = 29 + 63/2

= 121/2 unit?

Question 2

examelite.com

The base of an equilateral triangle with side 2a lies along the y-axis such that the mid-point of the base

is at the origin. Find the vertices of the triangle.
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Solution
< B
x: . o c
4‘\ J‘}

Let us consider ABC, the given equilateral triangle with side 2a.

Where, AB = BC = AC = 2a

2a .

<Y

In the above figure, assuming that the base BC lies on the x-axis such that the mid-point of BC is at the

origin, i.e., BO = OC = a, where O is the origin.

The coordinates of point C are (0, a) and that of B are (0,-a).

The line joining a vertex of an equilateral A with the mid-point of its opposite side is perpendicular.

So, vertex A lies on the y —axis.

By applying Pythagoras’ theorem,

(AC)? = OAZ + OC?

(2a)%= a® + OC?
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4a2 — a2 = 0C?
3a2=0C?
OC =V3a

Co-ordinates of point C=%+v3a, 0

.. The vertices of the given equilateral triangle are (0, a), (0, -a), (V3a, 0)

Or (0, a), (0, -a) and (-V3a, 0)

Question 3

examelite.com

Find the distance between P (x4, y;) and Q (x5, y,) when: (i) PQ is parallel to the y-axis, (ii) PQ is parallel

to the x-axis.

Solution

Given:

Points P (x4, y1) and Q(X», y»5)

(i) When PQ is parallel to the y-axis, then x; = x5

So, the distance between P and Q is given by

= *..r'flixz_ X )2+ (V2 —¥u)*®

=/ (V2= ¥1)?
=ly2 -yl
(ii) When PQ is parallel to the x-axis, theny; =y,

So, the distance between P and Q is given by =

xfi(xz — X )P+ (Y2 -y )?

= (%, —%,)?

= [xg — xq]
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Question 4

Find a point on the x-axis which is equidistant from points (7, 6) and (3, 4).
Solution

Let us consider (a, 0) to be the point on the x-axis that is equidistant from the point (7, 6) and (3, 4).

So,

JT-a)7+(6-02=,/[(3-a)2+ (4-0)2

vf49+az_lq_a+36= \,“"9+a?—6a+16

Jaz — 14a + 85 = fa? — 6a + 25

Now, let us square on both sides; we get,
a’—14a+85=a—6a+25

-8a = -60

a=60/8

=15/2

.. The required point is (15/2, 0)

Question 5
Find the slope of a line, which passes through the origin, and the mid-point of the line segment joining
the points P (0, - 4) and B (8, 0).

Solution

The co-ordinates of the mid-point of the line segment joining the points P (0, — 4) and B (8, 0) are
(0+8)/2, (-4+0)/2 = (4, -2)

The slope ‘m’ of the line non-vertical line passing through the point (x4, y;) and
(X2, y2) is given by m = (y, — y1)/(x; — x1) where, X # X;
The slope of the line passing through (0, 0) and (4, -2) is (-2-0)/(4-0) = -1/2

.. The required slope is -1/2.
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Question 6
Without using Pythagoras’ theorem, show that the points (4, 4), (3, 5) and (-1, -1) are the vertices of a
right-angled triangle.

Solution

The vertices of the given triangle are (4, 4), (3, 5) and (-1, -1).

The slope (m) of the line non-vertical line passing through the point (x4, y;) and
(X2, yp) is given by m = (y, — y1)/(Xo — X1) where, X # X;

So, the slope of the line AB (mq) = (5-4)/(3-4) =1/-1=-1

The slope of the line BC (m,) = (-1-5)/(-1-3) = -6/-4 = 3/2

The slope of the line CA (m3) = (4+1)/(4+1) =5/5=1

It is observed that m;.m3=-1.1=-1

Hence, the lines AB and CA are perpendicular to each other.

. given triangle is right-angled at A (4, 4)

And the vertices of the right-angled A are (4, 4), (3, 5) and (-1, -1)

Question 7
Find the slope of the line, which makes an angle of 30° with the positive direction of the y-axis
measured anticlockwise.

Solution

We know that if a line makes an angle of 30° with the positive direction of the y-axis measured anti-
clock-wise, then the angle made by the line with the positive direction of the x-axis measured anti-clock-
wise is 90° + 30° = 120°

.. The slope of the given line is tan 120° = tan (180° — 60°)
= —tan 60°

=—/3
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Question 8

Find the value of x for which the points (x, — 1), (2, 1) and (4, 5) are collinear.
Solution

If the points (x, — 1), (2, 1) and (4, 5) are collinear, then the Slope of AB = Slope of BC

Then, (1+1)/(2-x) = (5-1)/(4-2)

2/(2-x) = 412
2/(2-x) =2
2 =2(2-x)
2=4-2x
2x=4-2
2x =2

X =2/2

=1

.. The required value of x is 1.

Question 9
Without using the distance formula, show that points (- 2, - 1), (4, 0), (3, 3) and (-3, 2) are the vertices
of a parallelogram.
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Solution

D(-3,2) C(3,3)

A(-2,-1) B(4,0)
Let the given pointbe A(-2,-1) ,B(4,0),C (3,3)and D (-3, 2)

So now, the slope of AB = (0+1)/(4+2) = 1/6
The slope of CD = (3-2)/(3+3) = 1/6

Hence, the Slope of AB = Slope of CD
~AB | CD

Now,

The slope of BC = (3-0)/(3-4) = 3/-1 =-3
The slope of AD = (2+1)/(-3+2) = 3/-1 = -3
Hence, the Slope of BC = Slope of AD

" BC || AD

Thus, the pair of opposite sides are quadrilateral are parallel, so we can say that ABCD is a

parallelogram.

Hence, the given vertices, A (-2, -1), B (4, 0), C(3, 3) and D(-3, 2) are vertices of a parallelogram.

Question 10
Find the angle between the x-axis and the line joining the points (3, -1) and (4, -2).
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Solution

The Slope of the line joining the points (3, -1) and (4, -2) is given by

m = (Yo — Y1)/(Xo — X1) where, X # X;

m = (-2 —(-1))/(4-3)

= (-2+1)/(4-3)

=-1/1

=-1

The angle of inclination of the line joining the points (3, -1) and (4, -2) is given by
tan9=-1

6 = (90° + 45°) = 135°

.. The angle between the x-axis and the line joining the points (3, —1) and (4, —2) is 135°.

Question 11
The slope of a line is double the slope of another line. If the tangent of the angle between them is 1/3,
find the slopes of the lines.

Solution
Let us consider ‘m,’ and ‘m’ be the slope of the two given lines such that m; = 2m

We know that if 8 is the angle between the lines 11 and 12 with slope m; and m,, then

(m, — m,
(1+m,;m,)
Given here that the tangent of the angle between the two lines is 1/3

tan @ =

S0,

1 . m—2m . —m
3 l1+zmxml — l1+2m?
1 . m

3 1+2m?

MNow, case 1:

1 _—m

3 1+2m?
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1+2m? = -3m

2m? +1+3m=0

2m (m+1) + 1(m+1) =0

(2m+1) (m+1)=0

m=-1or-1/2

If m = -1, then the slope of the lines are -1 and -2

If m =-1/2, then the slope of the lines are -1/2 and -1

Case 2:
1 . —m
3 1+2m?

2m?-3m+1=0

2m?-2m-m+1=0

2m(m-1)-1(m-1)=0

m=1or1/2

If m = 1, then the slope of the lines are 1 and 2

If m = 1/2, then the slope of the lines are 1/2 and 1

.. The slope of the lines are [-1 and -2] or [-1/2 and -1] or [1 and 2] or [1/2 and 1]

Question 12
A line passes through (x4, y1) and (h, k). If the slope of the line is m, show that k - y; = m (h - x;).

Solution

Given: the slope of the line is ‘m’.

The slope of the line passing through (x4, y1) and (h, k) is (k — y;)/(h — x4)
So,

(k=yp)/(h=x7) =m
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(k=yq) =m (h—xq)

Hence, proved.

Question 13
If three points (h, 0), (a, b) and (0, k) lie on a line, show that a/lh + b/k =1

Solution

Let us consider if the given points A (h, 0), B (a, b) and C (0, k) lie on a line.
Then, the slope of AB = slope of BC

(b - 0)/(a—h) = (k- b)/(0 —a)

By simplifying, we get

-ab = (k-b) (a-h)

-ab = ka- kh —ab +bh

ka +bh = kh

Divide both sides by kh; we get

ka/kh + bh/kh = kh/kh

ah+blk=1

Hence, proved.

Question 14
Consider the following population and year graph (Fig 10.10), find the slope of the line AB and using it,
find what will be the population in the year 2010?

ExameElite - examelite.com Page 11 of 82



ExamElite - Textbook Solutions examelite.com

YA
g 102 —
S
L%}
= -
= B(1995,97)
% 7e— A(1985,92)
€ 47
| I I | I >y
1985 1990 1995 2000 2005 2010
Years

Solution
We know that line AB passes through points A (1985, 92) and B (1995, 97).
Its slope will be (97 — 92)/(1995 — 1985) = 5/10 = 1/2

Let 'y’ be the population in the year 2010. Then, according to the given graph, AB must pass through
point C (2010, y)

So now, slope of AB = slope of BC

1 y —97

2~ 2010 — 1995

15/2 =y — 97
y=7.5+97=1045

.. The slope of line AB is 1/2, while in the year 2010, the population will be 104.5 crores.

EXERCISE 10.2 - Textbook page 219

Question 1

Write the equations for the x-and y-axes.
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Solution

The y-coordinate of every point on the x-axis is O.

.. The equation of the x-axis isy = 0.

The x-coordinate of every point on the y-axis is O.

.. The equation of the y-axis isy = 0.

Question 2
Passing through the point (- 4, 3) with slope 1/2

Solution

Given:

Point (-4, 3) and slope, m = 1/2

examelite.com

We know that the point (x, y) lies on the line with slope m through the fixed point (Xg, yg) only if its

coordinates satisfy the equation y —yg = m (X — Xg)

So,y—3=1/2 (x - (-4))
y—-3=1/2 (x +4)
2(y—-3)=x+4
2y—6=x+4
X+4-(2y—-6)=0
X+4-2y+6=0
X—2y+10=0

.. The equation of the lineisx -2y + 10=0

Question 3
Passing through (0, 0) with slope m.
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Solution
Given:
Point (0, 0) and slope, m=m

We know that the point (x, y) lies on the line with slope m through the fixed point (Xq, yg) only if its

coordinates satisfy the equation y —yg = m (X — Xg)
So,y—0=m(x-0)

y = mx

y—-mx=0

. The equation of the lineisy —mx =0

Question 4

Passing through (2, 2v3) and inclined with the x-axis at an angle of 75°.

Solution

Given: point (2, 2V3) and 6 = 75°

Equation of line: (y —y1) = m (X — Xq)

where, m = slope of line = tan 6 and (x4, y;) are the points through which line passes
.. m =tan 75°

75° = 45° + 30°

Applying the formula:
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tan A + tan B
1 — tan A. tan B

tan(A + B) =

tan 45" + tan 30° L “/1?

) i an 4 an . :

tan(4: : = -

n(45° + 307) 1 — tan 45. tan 30° [ ——
V3

M3+
J3 =1

Let us rationalizing we get,
3+1+2/3
3 -1 N

tan 757 =

tan 7H =

2 + /3

We know that the point (x, y) lies on the line with slope m through the fixed point (x;, y1), only if its

coordinates satisfy the equationy —y; = m (X — X)
Then,y—2v3=(2+V3) (x-2)
y—2V3=2x-4+V3x-2V3

y=2x-4++V3x

2+V3)x-y-4=0

.. The equation of the lineis (2 +V3)x—-y-4=0

Question 5

Intersecting the x-axis at a distance of 3 units to the left of origin with slope -2.
Solution

Given:

Slope, m = -2

We know that if a line L with slope m makes x-intercept d, then the equation of L is
y =m(x — d).

If the distance is 3 units to the left of the origin, then d = -3
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S0,y =(-2) (x—(-3))

y=(-2) (x +3)
y=-2Xx—6
2x+y+6=0

.. The equation of the lineis2x+y+6 =0

Question 6

Intersecting the y-axis at a distance of 2 units above the origin and making an angle of 30° with the
positive direction of the x-axis.

Solution

Given: 6 = 30°

We know that slope, m =tan 6

m = tan30° = (1/V3)

We know that the point (x, y) on the line with slope m and y-intercept c lies on the line only ify = mx + ¢
If the distance is 2 units above the origin, ¢ = +2

So,y=(AN3)x +2

y=(Xx+2V3)/V3

V3y=x+2V3

X—-V3y+2V3=0

.. The equation of the lineisx —v3y +2v3=0

Question 7
Passing through the points (-1, 1) and (2, — 4).

Solution

Given:

Points (-1, 1) and (2, -4)
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We know that the equation of the line passing through the points (X1, y;) and (X5, y») is given by

y—vw= iz:il (x—x,)
y—1= 2— (1) (x—(-1))

y—1=-5/3 (x+1)
3(y-1)=(5(x+1)
3y—-3=-5x-5
3y—-3+5x+5=0
5x+3y+2=0

.. The equation of the lineis5x + 3y +2 =0

Question 8

Perpendicular distance from the origin is 5 units, and the angle made by the perpendicular with the

positive x-axis is 30°.
Solution
Given: p=5and w = 30°

We know that the equation of the line having normal distance p from the origin and angle w, which the

normal makes with the positive direction of the x-axis, is given by x cos w +y sin w = p.
Substituting the values in the equation, we get

x c0s30° +y sin30° =5

x(V312)+y(1/2)=5

V3x+y=5(2)=10

V3x+y—-10=0

.. The equation of the lineis V3x+y—-10=0
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Question 9
The vertices of APQR are P (2, 1), Q (-2, 3) and R (4, 5). Find the equation of the median through the
vertex R.

Solution

Given:

Vertices of APQR, i.e., P (2, 1), Q (-2, 3) and R (4, 5)
Let RL be the median of vertex R.

So, L is a midpoint of PQ.

We know that the midpoint formula is given by

(3‘1"‘3‘2 Jr’l"‘lr'z)
2 'z

2-2 1+3

oL :(TT) = (0, 2)

We know that the equation of the line passing through the points (X1, y;) and (X5, y») is given by

Yy—¥V.= ﬂ(:{_xl)

xz_xl

e 275,
ny—5=5— (x—4)

y — 5 = -3/-4 (x-4)
(-4) (y-5)=(-3) (x-4)
-4y +20 = -3x + 12

4y +20+3x—-12=0
3x-4y+8=0

.. The equation of median through the vertex Ris3x -4y +8=0

Question 10

Find the equation of the line passing through (-3, 5) and perpendicular to the line through the points (2,
5) and (-3, 6).
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Solution

Given:

Points are (2, 5) and (-3, 6).

We know that slope, m = (y, — y1)/(Xo — Xq)
=(6-5)/(-3-2)

=1/-5=-1/5

We know that two non-vertical lines are perpendicular to each other only if their slopes are negative

reciprocals of each other.
Then, m = (-1/m)

= -1/(-1/5)

=5

We know that the point (x, y) lies on the line with slope m through the fixed point (Xg, Yg), only if its

coordinates satisfy the equation y —yg = m (X — Xp)
Then,y — 5 =5(x — (-3))

y—5=5x+15

5x+ 15—y +5=0

5x—-y+20=0

. The equation of the lineis5x —y +20=0

Question 11
A line perpendicular to the line segment joining the points (1, 0) and (2, 3) divides it in the ratio 1: n.
Find the equation of the line.

Solution

We know that the coordinates of a point dividing the line segment joining the points (x4, y1) and (X, y»)

internally in the ratio m: n are
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(mxz+nxl m}rz+n}rl)
m+n * m+n

r

1{2+n(1) 1{3)+nl0) 2+ 3
e = ()

1+n 1+n 1+n 1+n

We know that slope, m = (yo — y1)/(Xo — Xq)
=(3-0)/(2-1)

=3/1

=3

We know that two non-vertical lines are perpendicular to each other only if their slopes are negative

reciprocals of each other.
Then, m = (-1/m) = -1/3

We know that the point (x, y) lies on the line with slope m through the fixed point (Xg, Yg), only if its

coordinates satisfy the equation y —yg = m (X — Xp)

Here, the point is

)

1+n 1+n
24n

-1 =5 &1

1+m 1+
3(A+n)y-3)=(-A+n)x+2+n)
3+ny-9=—(1+n)x+2+n
1l+n)x+31+nNy-n-9-2=0
L+n)x+3(1+n)y-n-11=0

. The equation of the lineis (1 +n)x+3(1+n)y—-n-11=0

Question 12

Find the equation of a line that cuts off equal intercepts on the coordinate axes and passes through the
point (2, 3).

Solution

Given: the line cuts off equal intercepts on the coordinate axes, i.e.,a=b
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We know that equation of the line intercepts a and b on the x-and the y-axis, respectively, which is
xla+ylb=1

So,xla+yla=1

x+y=a.. ()

Given: point (2, 3)

2+3=a

a=5

Substitute value of ‘a’ in (1), we get

X+y=5

X+y-5=0

.. The equation of the lineisx+y—-5=0

Question 13
Find the equation of the line passing through the point (2, 2) and cutting off intercepts on the axes
whose sum is 9.

Solution

We know that equation of the line-making intercepts a and b on the x-and the y-axis, respectively, is x/a
+ylb=1...()

Given: sum of intercepts = 9

a+b=9

b=9-a

Now, substitute the value of b in the above equation, and we get
xla+yl(9—a)=1

Given: the line passes through point (2, 2)
So,2/a+2/(9-a)=1

18/a(9—-a)=1
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18=a(9-a)

18 = 9a - a?
a’-9a+18=0

Upon factorising, we get
a’-3a-6a+18=0
a(@-3)-6(@-3)=0
@a-3)(a-6)=0
a=3o0ra==6

Let us substitute in (1)
Case 1l (a=23):

Thenb=9-3=6

x/3+yl6=1
2x+y=6
2x+y—-6=0
Case 2 (a=6):

Thenb=9-6=3

x/6+y/l3=1
X+2y=6
X+2y—-6=0

.. The equation of the lineis2x+y—-6=00rx+2y—-6=0

Question 14

examelite.com

Find the equation of the line through the point (0, 2), making an angle 21t/3 with the positive x-axis.

Also, find the equation of the line parallel to it and crossing the y-axis at a distance of 2 units below the

origin.
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Solution

Given:

Point (0, 2) and 6 = 211/3
We know that m =tan 6
m = tan (21/3) = -V3

We know that the point (x, y) lies on the line with slope m through the fixed point (Xg, Yg), only if its

coordinates satisfy the equation y —yg = m (X — Xg)
y—2=-V/3(x-0)

y—2=-V/3x

V3x+y—-2=0

Given, the equation of the line parallel to the above-obtained equation crosses the y-axis at a distance

of 2 units below the origin.

So, the point = (0, -2) and m = -V3
From point slope form equation,
y—(-2) =-V3 (x-0)

y+2=-/3x

V3x+y+2=0

.. The equation of the line is V3 x + y — 2 = 0, and the line parallel to itis V3x +y+2=0

Question 15

The perpendicular from the origin to a line meets it at the point (-2, 9). Find the equation of the line.
Solution

Given:

Points are origin (0, 0) and (-2, 9).

We know that slope, m = (yo — y1)/(Xo — Xq)
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= (9 — 0)/(-2-0)
=-9/2

We know that two non-vertical lines are perpendicular to each other only if their slopes are negative

reciprocals of each other.
m = (-1/m) = -1/(-9/2) = 2/9

We know that the point (x, y) lies on the line with slope m through the fixed point (Xg, yg) only if its

coordinates satisfy the equation y —yg = m (X — Xg)
y—9=(209) (x-(-2)

9(y—-9)=2(x+2)

9y —-81=2x+4

2Xx+4-9y+81=0

2x—9y+85=0

.. The equation of the lineis 2x -9y + 85 =0

Question 16
The length L (in centimetres) of a copper rod is a linear function of its Celsius temperature C. In an
experiment, if L = 124.942 when C = 20 and L= 125.134 when C = 110, express L in terms of C.

Solution

Let us assume ‘L’ along X-axis and ‘C’ along Y-axis; we have two points (124.942, 20) and (125.134,
110) in XY-plane.

We know that the equation of the line passing through the points (x4, y;) and (xo, y,) is given by
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_ _ ¥V
Y=¥=7 (x—x4)
C—20=—"2" (], 124.942)

125.134-124942
C— 20 = ——(L— 124.942)
0.192
0.192 (C —20) =90 (L — 124.942)
0,192

— oo (C—20)+ 124.942

0.192

L

——(C—20) +124.942

~ The required relation isL = =0

Question 17

examelite.com

The owner of a milk store finds that he can sell 980 litres of milk each week at Rs. 14/litre and 1220

litres of milk each week at Rs. 16/litre. Assuming a linear relationship between the selling price and

demand, how many litres could he sell weekly at Rs. 17/litre?

Solution

Assuming the relationship between the selling price and demand is linear.

Let us assume the selling price per litre along X-axis and demand along Y-axis, we have two points (14,

980) and (16, 1220) in XY-plane.

We know that the equation of the line passing through the points (X1, y;) and (x,, y») is given by

¥Y=—¥
Yy—w= x;_xi (x—x;)
1220-920
¥V — 980 = H(X_ 1"11-)

y— 980 = "(x— 14)

y —980 =120 (x — 14)
y =120 (x — 14) + 980
When x = Rs 17/litre,

y =120 (17 — 14) + 980
y =120(3) + 980

y =360 + 980 = 1340
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. The owner can sell 1340 litres weekly at Rs. 17/litre.

Question 18

P (a, b) is the mid-point of a line segment between axes. Show that the equation of the line is x/a + y/b =
2

Solution

Let AB be a line segment whose midpoint is P (a, b).

Let the coordinates of A and B be (0, y) and (x, 0), respectively.

YA

P(a b)
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Xy +Xo Jr’l"'}’z)

We know that the midpoint is given by( 2 ' 2
Since P is the midpoint of (a, b),

LEES AT, HAe
GH)=@w

a=x2andb=y/2
x=2aandy=2b
A=(0,2b)and B =(2a, 0)

We know that the equation of the line passing through the points (x;, v;) and

(Xz, v2) is given by
Yy—=—vn= %(3_ X1)
0-2b

yv—2b= Ea_ﬂ(x—ﬂ)
y—2b="2(x)

-b
y—2b="2(x)
a (y—2b) =-bx
ay — 2ab = -bx
bx + ay = 2ab

Divide both sides with ab, then

bx  ay Zab

ab ab ab

X, ¥ _
a+b 2

Hence, proved.

Question 19

Point R (h, k) divides a line segment between the axes in the ratio 1: 2. Find the equation of the line.

Solution

Let us consider AB to be the line segment, such that r (h, k) divides it in the ratio 1: 2.

So, the coordinates of A and B be (0, y) and (x, 0), respectively.
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>

2 X

We know that the coordinates of a point dividing the line segment join the points (x4, y1) and (Xo, y»)

internally in the ratio m: n is

{:mx2+nxl myz+nyl)
m+n = m+n
1(0)+2(%) 1fyj+2{u

=, )= (hk)
Fﬁ—mm

h =2x/3 and k =y/3
x=3h/2 andy = 3k
- A= (0, 3k) and B = (3h/2, 0)

We know that the equation of the line passing through the points (x4, y;) and (xo, y,) is given by

¥z—¥1

V- 3"1—,{2 - (x—x4)
0 — 3k
2

3h(y — 3k) = -6kx

3hy — 9hk = -6kx

6kx + 3hy = 9hk

Let us divide both sides by 9hk, and we get,

2x/13h +y/3k =1
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.. The equation of the line is given by 2x/3h + y/3k = 1

Question 20

By using the concept of the equation of a line, prove that the three points (3, 0), (- 2, - 2) and (8, 2) are
collinear.

Solution

According to the question,

If we have to prove that the given three points (3, 0), (— 2, — 2) and (8, 2) are collinear, then we have to
also prove that the line passing through the points (3, 0) and (- 2, — 2) also passes through the point (8,
2).

By using the formula,

The equation of the line passing through the points (x4, y1) and (X, y»,) is given by

Y=y = o (x %)
}’—0=%(*’—3)
y=—(x—3)

By =-2 (x—3)

By = -2X + 6

2x — 5y =6

If 2x — 5y = 6 passes through (8, 2),

2x — 5y = 2(8) — 5(2)

=16-10

=6

= RHS

The line passing through points (3, 0) and (— 2, — 2) also passes through the point (8, 2).

Hence, proved. The given three points are collinear.
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EXERCISE 10.3 - Textbook page 227

Question 1
Reduce the following equations into slope-intercept form and find their slopes and the y-intercepts.
i) x+7y=0

(ii)6x+3y-5=0
(ii)y=0

Solution

i)x+7y=0

Given:

The equationisx + 7y =0

The slope-intercept form is represented in the form 'y = mx + c¢’, where m is the slope and c is the y-

intercept.

So, the above equation can be expressed as

y=-1/7x+0

.. The above equation is of the formy = mx + ¢, where m=-1/7andc =0
(i) 6x+3y—-5=0

Given:

The equationis 6x + 3y —5=0

The slope-intercept form is represented in the form 'y = mx + ¢’, where m is the slope and c is the y-

intercept.

So, the above equation can be expressed as

3y=-6x+5
y =-6/3x + 5/3
=-2x + 5/3

.. The above equation is of the form y = mx + ¢, where m = -2 and ¢ = 5/3

(iii) y = 0

ExameElite - examelite.com Page 30 of 82



ExamElite - Textbook Solutions examelite.com

Given:

The equationisy =0

The slope-intercept form is given by ‘y = mx + ¢’, where m is the slope and c is the y-intercept.
y=0xx+0

.. The above equation is of the formy =mx + ¢, wherem=0andc=0

Question 2

Reduce the following equations into intercept form and find their intercepts on the axes.

(i)3x+2y-12=0

(ii)4x -3y =6
(ii)3y+2=0
Solution

(i))3x+2y-12=0
Given:
The equationis3x + 2y —12=0

The equation of the line in intercept form is given by x/a + y/b = 1, where ‘a’ and ‘b’ are intercepted on

the x-axis and the y-axis, respectively.

S0,3x+2y=12

Now, let us divide both sides by 12; we get

3x/12 + 2y/12 = 12/12

x4 +yl6=1

.. The above equation is of the form x/a +y/b =1, wherea=4,b =6
The intercept on the x-axis is 4.

The intercept on the y-axis is 6.

(ii)4x -3y =6

Given:
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The equation is 4x — 3y = 6

The equation of the line in intercept form is given by x/a + y/b = 1, where ‘a’ and ‘b’ are intercepted on

the x-axis and the y-axis, respectively.
S0,4x -3y =6

Now, let us divide both sides by 6; we get
4x/6 — 3y/6 = 6/6

2xI13—-yl2=1

x/(312) + yI(-2) = 1

.. The above equation is of the form x/a + y/b =1, where a=3/2, b = -2
The intercept on the x-axis is 3/2.

The intercept on the y-axis is -2.
(iii)3y+2=0

Given:

The equationis3y +2 =0

The equation of the line in intercept form is given by x/a + y/b = 1, where ‘a’ and ‘b’ are intercepted on

the x-axis and the y-axis, respectively.
So,3y=-2

Now, let us divide both sides by -2; we get

3y/-2 = -2/-2
3yl-2=1
yi(-2/3) = 1

.. The above equation is of the form x/a + y/b = 1, where a=0, b =-2/3
The intercept on the x-axis is 0.

The intercept on the y-axis is -2/3.
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Question 3
Reduce the following equations into normal form. Find their perpendicular distances from the origin
and the angle between the perpendicular and the positive x-axis.

(i) x-v3y+8=0

(ii)y-2=0

(liiy)x-y=4

Solution

(i) x-v3y+8=0

Given:

The equationis x —V3y + 8 =0

The equation of the line in normal form is given by x cos 6 + y sin 8 = p where ‘0’ is the angle between

the perpendicular and the positive x-axis and ‘p’ is the perpendicular distance from the origin.
So now, Xx—V3y+8=0

X—V3y =-8

Divide both the sides by V(12 + (V3)2) = V(1 + 3) = V4 = 2

X2 —V3yl2 = -8/2

(-1/2)x +V3/2y = 4

This is in the form of: x cos 120° +y sin 120° = 4

.. The above equation is of the form x cos 8 +y sin 6 = p, where 6 = 120° and p = 4.
Perpendicular distance of the line from origin = 4

The angle between the perpendicular and positive x-axis = 120°

(i)y—-2=0

Given:

The equationisy—-2=0

The equation of the line in normal form is given by x cos 6 + y sin 8 = p where ‘0’ is the angle between

the perpendicular and the positive x-axis and ‘p’ is the perpendicular distance from the origin.
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Sonow,O0xx+1xy=2

Divide both sides by V(0% + 1%) =v1=1

0x)+1(y)=2

This is in the form of: x cos 90° + y sin 90° = 2

.. The above equation is of the form x cos 8 + y sin 6 = p, where 6 = 90° and p = 2.
Perpendicular distance of the line from origin = 2

The angle between the perpendicular and positive x-axis = 90°

(liiyx—y=4

Given:

The equationisx—-y+4=0

The equation of the line in normal form is given by x cos 6 + y sin 8 = p where ‘0’ is the angle between

the perpendicular and the positive x-axis and ‘p’ is the perpendicular distance from the origin.
Sonow,x—-y=4

Divide both the sides by V(12 + 1%) = V(1+1) = v2

X2 —yN2 = 4/V2

(AN2)x + (-1N2)y = 2V2

This is in the form: x cos 315° + y sin 315° = 2v2

.. The above equation is of the form x cos 6 + y sin 8 = p, where 6 = 315° and p = 2V2.
Perpendicular distance of the line from origin = 2v2

The angle between the perpendicular and the positive x-axis = 315°

Question 4
Find the distance of the point (-1, 1) from the line 12(x + 6) = 5(y - 2).

Solution

Given:
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The equation of the line is 12(x + 6) = 5(y — 2).
12x + 72 =5y — 10
12x -5y +82=0... (1)

Now, compare equation (1) with the general equation of line Ax + By + C = 0, where A= 12, B = -5, and
Cc=82

Perpendicular distance (d) of a line Ax + By + C = 0 from a point (X4, Y1) is given by

q |Ax, + By, + C|
- JAZ+B?
Given point (X1, v1) =(-1, 1)
~ Distance of point (—1, 1) from the given line is

4 |12 % (—1)+(-5)x1+82] |-12—-5+82] |65 65 "
= = = = — UIits
J122 + (-5)2 V144 + 25 V169 13
= 5 units

.. The distance is 5 units.

Question 5

Find the points on the x-axis whose distances from the line x/3 + y/4 = 1 are 4 units.
Solution

Given:

The equation of the lineisx/3 +y/4 =1

4x + 3y =12

4x+3y—-12=0....(2)

Now, compare equation (1) with the general equation of line Ax + By + C =0, where A=4,B =3, and C
=-12

Let (a, 0) be the point on the x-axis whose distance from the given line is 4 units.

So, the perpendicular distance (d) of a line Ax + By + C = 0 from a point (x4, Y1) iS given by
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4 |Ax, + By, + C|
VAZ + B2
. |4a+ 3 x 0 — 12|
Va2t
. |4a — 12| |4a— 12|

v1e+9 5

|[4a—12| =4 x5
+(4a—-12)=20
4a—-12=200r—(4a—-12)=20
4a=20+12o0rd4a=-20+12
a=232/4ora=-8/4
a=8ora=-2

.. The required points on the x-axis are (-2, 0) and (8, 0)

Question 6
Find the distance between parallel lines.
(i) 15x +8y-34=0and 15x +8y +31 =0

(i) I(x+y)+p=0andl(x+y)-r=0

Solution

(i) 15x + 8y —34=0and 15x + 8y + 31 =0

Given:

The parallel lines are 15x + 8y —34 = 0 and 15x + 8y + 31 = 0.
By using the formula,

The distance (d) between parallel lines Ax + By + C; = 0 and Ax + By + C, = 0 is given by
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[

JAZ+B?

d=

Where, A=15B=8,C1=-34,C;=31

Distance between parallel lines is
q |—34 — 31|

152 + 82

|—65|
V225 + 64
65
V289
=65/17

.. The distance between parallel lines is 65/17

@ii)Ix+y)+p=0andl(x+y)—-r=0

Given:

The parallel linesarel (x+y)+p=0and I (x+y)—-r=0

IXx+ly+p=0andIx+ly—r=0

By using the formula,

The distance (d) between parallel lines Ax + By + C; = 0 and Ax + By + C, = 0 is given by

_lec
JAZ+B?
Where, A=1,B=1,Ci=p,Cr=-r
Distance between parallel lines is
;=0
VETE
_Ip+r
V2

_ lptrl
142

.. The distance between parallel lines is |p+r|/V2

Question 7

examelite.com

Find the equation of the line parallel to the line 3x — 4y + 2 = 0 and passing through the point (-2, 3).

ExameElite - examelite.com

Page 37 of 82



ExamElite - Textbook Solutions examelite.com

Solution

Given:

Thelineis3x—4y+2=0

So,y=3x/4 + 2/4

=3x/4 + %

Which is of the form y = mx + ¢, where m is the slope of the given line.
The slope of the given line is 3/4

We know that parallel lines have the same slope.

.. Slope of other line =m = 3/4

The equation of line having slope m and passing through (x4, y1) is given by

y=y1=mXx-xp)

.. The equation of the line having slope 3/4 and passing through (-2, 3) is
y-3=%(x-(-2)

4y —3 x4 =3x+3x2

3x—4y =18

.. The equation is 3x — 4y = 18

Question 8

Find equation of the line perpendicular to the line x — 7y + 5 = 0 and having x intercept 3.
Solution

Given:

The equation of lineisx—-7y+5=0

So, y = 1/7x + 5/7 [which is of the form y = mx + ¢, where m is the slope of the given line.]
The slope of the given line is 1/7

The slope of the line perpendicular to the line having slope m is -1/m
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The slope of the line perpendicular to the line having a slope of 1/7 is -1/(1/7) = -7

So, the equation of the line with slope -7 and the x-intercept 3 is given by y = m(x — d)

y=-7(x-3)
y=-7x+21
x+y=21

.. The equation is 7x +y =21

Question 9
Find angles between the lines v3x +y =1 and x + V3y = 1.

Solution

Given:

The linesare V3x+y=1and x+V3y =1
So,y=-V3x+1 ... (1) and

y=-1V3x+ 13 .... (2)

The slope of the line (1) is my = -V3, while the slope of the line (2) is m, = -1/V3

Let 6 be the angle between two lines.

So,
my; —m
tanh = |————
1+ m,m,
1 -3+1
3 (__) —3+1
S R A W T
1+(—w’§)(—i) I+1 2xV3
W3
= 1/\3
6 =30°

.. The angle between the given lines is either 30° or 180°- 30° = 150°
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Question 10
The line through the points (h, 3) and (4, 1) intersects the line 7x — 9y =19 = 0. At the right angle. Find
the value of h.

Solution

Let the slope of the line passing through (h, 3) and (4, 1) be m;
Then, my = (1-3)/(4-h) = -2/(4-h)

Let the slope of line 7x — 9y — 19 = 0 be m,
7x—9y—-19=0

So,y=7/9x —19/9

my =7/9

Since the given lines are perpendicular,
mqyxmp=-1

-2/(4-h) x 7/9 = -1

-14/(36-9h) = -1

-14 = -1 x (36 - 9h)

36-9h =14

9h=36-14

h =22/9

.. The value of h is 22/9

Question 11
Prove that the line through the point (xq, y;) and parallel to the line Ax + By + C=0is A(x-Xx;) +B (y -

y1) = 0.
Solution

Let the slope of line Ax+ By + C=0be m
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Ax+By+C=0

So,y =-A/Bx - C/B

m = -A/B

By using the formula,

Equation of the line passing through point (X4, y1) and having slope m = -A/B is

y-y1=m{x—-xp)

y —y1= -AB (X — X1)

By-y1)=-A(X-Xq)

AKX =x1) +B(y-y1) =0

So, the line through point (x4, y;) and parallel to the line Ax + By + C=0isA(Xx—X;) +B(y—-y1) =0

Hence, proved.

Question 12

Two lines passing through point (2, 3) intersects each other at an angle of 60°. If the slope of one line is

2, find the equation of the other line.
Solution

Given:mq =2

Let the slope of the first line be mq

And let the slope of the other line be m,.

The angle between the two lines is 60°.

So,
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m,; —m,
tan @ =

1+ m;m,
2—m,
1+ 2m,

2Z—m
V3= i:(——————g-)
1+ 2m,

tan60° =

Le.,
2—m, ory3 — _(2—1112 )
1+ 2m, 1+2m,
V3(1+2m,)=2-m,orv3(1+2m,)=—(2—m,)
V3+2V3m,+m, = 20rv3+2V3m,—m, = -2
m,(2v3+1)=2—+V3orm,(2v3-1) = —(2++3)
2 — \.-@ —[:2 + w@)
————orm,=————
(2v3+1) % (2v3-1)
So now let us consider
Case |: When
2—l.,."§
(243+1)

3l

A

m, =

m, =

The equation of the line passing through point (2, 3) and having a slope m; is
2 — \.-"_

(Ew 3+ ) =2

2V3+1)y—3(2v3+1)=(2—-V3)x—2(2—-+3)

(
(V3—-2)x+(2V3+1)y=—4+2V3+6V3+3
(V3-2)x+(2v3+1)y=8V3—1

E_.t:l

}F_

: .. (V3= 3 — g3 —
~» Equation of the other line is (‘* 3 E)X + (2‘* 3+ 1)}’ =8y3—-1
Case 2: When

= 52

The equation of the line passing through point (2, 3) and having a slope m; is
e+

RN
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V3
- 3=(2(i: 3 ?
(2v3—-1)y—3(2v3—1) =—(2+3)x + 2(2 + V3)

23— 1)y+(2+V3)x=4+2V3+6/3-3
23— 1)y+(2+V3)x=8V3+1
(2v3-1)y+(2+V3)x=8V3+1

. Equation of the other line is

Question 13
Find the equation of the right bisector of the line segment joining the points (3, 4) and (-1, 2).

Solution

Given:

The right bisector of a line segment bisects the line segment at 90°.
End-points of the line segment AB are given as A (3, 4) and B (-1, 2).
Let the mid-point of AB be (X, y).

Xx=(3-1)2=2/2=1

y=(4+2)[2=6/2=3

(xy)=(1,3)

Let the slope of line AB be my

m; =(2-4)/(-1-3)

= -2/(-4)

=1/2

And let the slope of the line perpendicular to AB be m,

m, = -1/(1/2)

=-2

The equation of the line passing through (1, 3) and having a slope of -2 is

ExameElite - examelite.com Page 43 of 82



ExamElite - Textbook Solutions

(y-3)=-2(x-1)
y—-3=-2x+2
2x+y=5

.. The required equation of the lineis2x +y =5

Question 14

examelite.com

Find the coordinates of the foot of the perpendicular from the point (-1, 3) to the line 3x - 4y - 16 = 0.

Solution

Let us consider the coordinates of the foot of the perpendicular from (-1, 3) to the line 3x -4y —-16 =0

be (a, b)

So, let the slope of the line joining (-1, 3) and (a, b) be m;

mq = (b-3)/(a+1)

And let the slope of the line 3x — 4y — 16 = 0 be m,
y=3/4x -4

m, = 3/4

Since these two lines are perpendicular, my x m, = -1
(b-3)/(a+1) x (3/4) = -1

(3b-9)/(4at+4) = -1

3b-9=-4a-4

Point (a, b) lies on the line 3x — 4y = 16
3a—4b=16........ 2
Solving equations (1) and (2), we get

a = 68/25 and b = -49/25
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.. The coordinates of the foot of perpendicular are (68/25, -49/25)

Question 15

The perpendicular from the origin to the line y = mx + ¢ meets it at the point (-1, 2). Find the values of
m and c.

Solution

Given:

The perpendicular from the origin meets the given line at (-1, 2).
The equation of the lineisy =mx + ¢

The line joining the points (0, 0) and (-1, 2) is perpendicular to the given line.
So, the slope of the line joining (0, 0) and (-1, 2) = 2/(-1) = -2
The slope of the given line is m.

mx (-2) =-1

m=1/2

Since point (-1, 2) lies on the given line,

y=mx+c

2=112x(-1)+c

c=2+1/2=5/2

.. The values of m and c are 1/2 and 5/2, respectively.

Question 16

If p and q are the lengths of perpendiculars from the origin to the lines x cos 6 — y sin 8 = k cos 26 and
x sec 0 +y cosec 0 = k, respectively, prove that p? + 4qg2 = k?

Solution

Given:

The equations of the given lines are
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XCcosB—-ysinB=kcos20 .................oeneln Q)
xsecB+ycoseCO=K............eeenennns (2)

Perpendicular distance (d) of a line Ax + By + C = 0 from a point (X4, Y1) is given by

i |Ax, + By, + C|
AT+ B?

So now, compare equation (1) to the general equation of line i.e., AX + By + C

=0, we get

A=cos 8, B=-sin0, and C=-k cos 26

It is given that p is the length of the perpendicular from (0, 0) to line (1).
__|Axo+Bx0+C|  |€]  |-kcos28|

— : = — = kcos 26
JA=+B= JA*+B%  /cos®B+sin® 6
p=Kkcos 28
Let us square on both sides we get,
Pl=KkIcos?20 ...ioviriiiinaannnnn. (3)
Now, compare equation (2) to the general equation of line i.e., AX + By + C=0,
we get

A=secB.B=cosecH, andC=-k
It is given that q is the length of the perpendicular from (0, 0) to line (2)

|[Ax0+Bx0+C|
1= rm
|C|
|-k
N vsec28 + cosec2B
k
N Vsec28 + cosec2 8
k kcosBsinB
J 1 1 \cos2B +sin2 P

= kcosBsinb

Cos28 T sinZ®
g=kcos0Osin6
Multiply both sides by 2, and we get
29 =2k cos 6 sin 8 = k x 2sin 6 cos 6

29 =k sin 26
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Squaring both sides, we get

Now add (3) and (4); we get

p2 + 4q2 = k2 cos? 26 + k? sin? 26

p2 + 4q2 = k2 (cos2 26 + sin? 20) [Since, cos? 20 + sin? 26 = 1]
2 -2

p2 + 4q

Hence proved.

Question 17
In the triangle ABC with vertices A (2, 3), B (4, -1) and C (1, 2), find the equation and length of altitude
from vertex A.

Solution

AL23)

-

Bld,-1) D C(1.2)

Let AD be the altitude of triangle ABC from vertex A.
So, AD is perpendicular to BC.

Given:

Vertices A (2, 3),B (4,-1) and C (1, 2)

Let the slope of the line BC = m;

my=(-1-2)/(4-1)
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mq=-1

Let the slope of the line AD be m,

AD is perpendicular to BC.

mq xmy =-1

-1xmp=-1

my,=1

The equation of the line passing through the point (2, 3) and having a slope of 1 is
y-3=1x(x-2)

y—3=x-2

y—-x=1

Equation of the altitude from vertex A=y —-x=1

Length of AD = Length of the perpendicular from A (2, 3) to BC
The equation of BC is

y+1=-1x(x—4)

y+l=-x+4

Perpendicular distance (d) of a line Ax + By + C = 0 from a point (X4, Y1) is given by

. |Ax, + By, + C|
VAZ + BZ

Now, compare equation (1) to the general equation of the line, i.e., Ax + By + C = 0; we get

Length of AD =

M — E — \-'IE units
W 1%+12 V2

.. The equation and the length of the altitude from vertex Aare y — x =1 and

V2 units, respectively.
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Question 18
If p is the length of the perpendicular from the origin to the line whose intercepts on the axes are a and

b, then show that 1Ip2 = 1/a2 + 1/b?

Solution

The equation of a line whose intercepts on the axesareaand bis x/a+y/b =1
bx + ay = ab

bx+ay—ab=0....................(D)

Perpendicular distance (d) of a line Ax + By + C = 0 from a point (x4, Y1) iS given by

q |Ax; + By, + (|

T UR T
Now compare equation (1) to the general equation of line 1.e., Ax + By + C=0,
we get
A=b.B=aand C=-ab
If p is the length of the perpendicular from point (X1, y1) = (0. 0) to line (1), we
get

|Ax 0+ Bx0-—abl

p

Now, square on both sides; we get

2
p? = (—ab)
2+ b2
1 a®+b®
E_ 22h2
1 a® b*
E T aZp? | aZhl
1 _ 1 1
ETETE

= 1/p? = 1/a? + 1/b?

Hence, proved.
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Miscellaneous EXERCISE - Textbook page 233
Question 1

Find the values of k for which the line (k-3)x - (4-k?)y +k® -7k + 6 =0 is
(a) Parallel to the x-axis

(b) Parallel to the y-axis

(c) Passing through the origin

Solution

It is given that

k=3)Xx—(A4-K)y+Kk?—Tk+6=0... (1)

(a) Here, if the line is parallel to the x-axis

Slope of the line = Slope of the x-axis

It can be written as

(4-kAy=(k-3)x+k*-T7k+6=0

We get

(k=3) k' -Tk+6
y= X+ — -
(4-k%)  (4-k%)
Which 1s of the form y=mx +¢
Here the slope of the given line
_ (k=3)
4=k
Consider the slope of x-axis =0

(k-3)

(4-)

By further calculation,

Hence, if the given line is parallel to the x-axis, then the value of k is 3.
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(b) Here, if the line is parallel to the y-axis, it is vertical, and the slope will be undefined.

So, the slope of the given line

(=3)
4w

Here,

(k-3)

== is undefined at k2 = 4
(4-#7)

Hence, if the given line is parallel to the y-axis, then the value of k is * 2.

(c) Here, if the line is passing through (0O, 0), which is the origin satisfies the given equation of the line.
(k=3) (0)—(4—k?) (0) +k? -7k +6=0

By further calculation,

k? -7k +6=0

Separating the terms,

k? -6k —k+6=0

We get

(k—6)(k—1)=0

k=1or6

Hence, if the given line is passing through the origin, then the value of k is either 1 or 6.

Question 2
Find the values of 8 and p, if the equation x cos 0 + y sin 0 = p is the normal form of the line V3x +y + 2
=0.
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Solution

It is given that
V3x+y+2=0

It can be reduced as
Vax+y+2=0

-3x —y=2

-

By dividing both sides l:r}"'-'l[ —V3) +(1y =2 . we get

Tt can be written as

By comparing equation (1) to x cos 8 + vy sin 6 = p, we get

cand p =1

cos =——3, sind = _l
2 2

-—

Here the values of sin 6 and cos 6 are negative

PR .

6

Hence, the respective values of 6 and p are Tw'6 and 1.

Question 3
Find the equations of the lines, which cut-off intercepts on the axes whose sum and product are 1 and
-6, respectively.

Solution

Consider the intercepts cut by the given lines on the a and b axes.

By solving both equations, we get

a=3andb=-2ora=—-2andb=3
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We know that the equation of the line whose intercepts on the a and b axes is

X +‘;: =lorbx+ay—-ab=10

o
Casel-a=3andb=-2

So, the equation of the lineis—2x+3y+6=0,i.e.2x—-3y =6
Casell-a=-2andb =3

So, the equation of the lineis3x -2y +6 =0, i.e. -3x + 2y =6

Hence, the required equation of the lines are 2x — 3y =6 and -3x + 2y = 6

Question 4
What are the points on the y-axis whose distance from the line x/3 + y/4 = 1 is 4 units?

Solution

Consider (0, b) as the point on the y-axis whose distance from line x/3 + y/4 = 1 is 4 units.

It can be written as 4x + 3y —12=0 ....... (2)

By comparing equation (1) to the general equation of line Ax + By + C = 0, we get
A=4B=3andC=-12

We know that the perpendicular distance (d) of a line Ax + By + C = 0 from (x4, y7) is written as

4o |4x, ,ﬂ C
VA' + B
If (0, b) 1s the point on the y-axis whose distance from line x/3 + v/4 = 1 15 4 units_ then
i [4(0)+3(b)-12
VA +3
By further calculation

Bo-12|
4=
5

By cross multiplication,

20 = |3b — 12|
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We get

20=+(3b-12)

Here, 20 = (3b—-12) or 20 =— (3b - 12)
It can be written as
3b=20+120r3b=-20+12

So, we get

b=32/30orb=-8/3

Hence, the required points are (0, 32/3) and (0, -8/3).

Question 5

Find the perpendicular distance from the origin to the line joining the points
(cos@,sin@) and (cos¢,sing).
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Solution

Here the equation of the line joining the points {CDS ¢,sin "'I?] and {CDS 'ﬁ'Siné] 1s Wwritten as
sin g —siné

y=sinf =
cosg—cosd

(x—cosd)

By cross multiplication

v(cosg—cosé)—sind(cosg—cosé)= x(sing—sin#)—cosd(sing—sind)

By multiplyving the terms we get

x(sin@—sing )+ y(cos¢—cosd)+cosfsing —cosHsin @ —siné cos ¢ +sindcosd =0
On further ssmplification

x(sin@-sing )+ y(cosg—cosd)+sin(¢-6)=0

So we get

Ax+ By +(' =0, where A =sinf—sing, B=cos¢—cos#, and (' =sin(¢-8)

We know that the perpendicular distance (d) of a line Ax + By + C =0 from (x;, y;) 15 written as
P |Ax, + By, +C

VAT + B

S0 the perpendicular distance (d) of the given line from (%, v) = (0, 0) 18

(sind —sing)(0)+(cosg—cosB)(0)+sin(¢—6)
J{Hil‘l £ —sin @]J + (L‘ﬂﬁ;ﬂl —c:n.t‘.H}J
By expanding using formula

sin(¢-0)|

Jﬁin'1 # +sin’ ¢$—2sinfsing + cos” ¢+ cos’ 8- 2cosgcosh

Grouping of terms

sin (.;#—EJ}|
\/(sinl f +cos’ H)+ [sin2 ¢+ cos’ q@i] —2(sin#sin g+ cosd cos )

By further simplification
_ |sin(¢-9)
Jl+]—2{cns{¢—ﬂ})
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Taking out 2 as common
sin (¢ —#)

l J2(1-cos(¢-6))

Using the formula

|};ill{gﬁ—ﬂ}|

\stin: réff'—f"!)'\'|"|
2

" . A4

We get
sin (¢ —@)

%’

25in

Question 6

examelite.com

Find the equation of the line parallel to the y-axis and draw through the point of intersection of the

linesx-7y+5=0and 3x+y =0.

Solution

Here, the equation of any line parallel to the y-axis is of the form

By solving equations (2) and (3), we get

X =-5/22 and y = 15/22

(-5/ 22, 15/22) is the point of intersection of lines (2) and (3)
If the line x = a passes through point (-5/22, 15/22), we get a = -5/22

Hence, the required equation of the line is x = -5/22
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Question 7
Find the equation of a line drawn perpendicular to the line x/4 + yl/6 = 1 through the point where it
meets the y-axis.

Solution

It is given that

x4 +yl6=1

We can write it as

3x+2y—-12=0

So, we get

y =-3/2 x + 6, which is of the formy =mx + ¢

Here, the slope of the given line = -3/2

So, the slope of line perpendicular to the given line = -1/ (-3/2) = 2/3
Consider the given line intersects, the y-axis at (0, y)

By substituting x as zero in the equation of the given line,

yl6=1

y=6

Hence, the given line intersects the y-axis at (0, 6).

We know that the equation of the line that has a slope of 2/3 and passes through the point (0, 6) is
(y—6)=2/3 (x-0)

By further calculation,

3y — 18 = 2x

So, we get

2x—-3y+18=0

Hence, the required equation of the line is 2x -3y + 18 =0
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Question 8

Find the area of the triangle formed by the linesy - x=0,x+y=0and x - k=0.

Solution

It is given that

Here, the point of intersection of

Lines (1) and (2) is

x=0andy=0

Lines (2) and (3) is

x=kandy=-k

Lines (3) and (1) is

x=kandy=Kk

So, the vertices of the triangle formed by the three given lines are (0, 0), (k, -k) and (k, k).
Here, the area of triangle whose vertices are (X1, 1), (Xp, Y2) and (X3, y3) is
V2 X1 (Y2 —Y3) + X2 (Y3 — Y1) + X3 (Y1 — Y2l

So, the area of the triangle formed by the three given lines is

=% |0 (-k = k) + k (k = 0) + k (O + k)| square units

By further calculation,

=1 |k2 + k?| square units

So, we get

=1 |2k?

= k2 square units
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Question 9
Find the value of p so that the three lines3x+y-2=0,px+ 2y -3 =0and 2x - y - 3 = 0 may intersect
at one point.

Solution

It is given that

By solving equations (1) and (3), we get
x=landy=-1

Here, the three lines intersect at one point, and the point of intersection of lines (1) and (3) will also
satisfy line (2)

p(D+2(-1)-3=0

By further calculation,

p-2-3=0
So we get
p=5

Hence, the required value of p is 5.

Question 10
If three lines whose equations are y = m;x + ¢4, y = myX + ¢, and y = mgX + c3 are concurrent, then

show that m; (c; - ¢3) + m, (3 - ¢1) + m3 (c1 - ¢c5) = 0.

Solution

It is given that

ExameElite - examelite.com Page 59 of 82



ExamElite - Textbook Solutions examelite.com

By subtracting equation (1) from (2), we get
0=(my—my) x+(cz—-Cy)

(mp—my)Xx=cp—cCq

So we get
€, —C
X=—=
m —m,

By substituting this value in equation (1) we get

¢, — ¢
m, — m,

By multiplyving the terms
mc, —mc,
y=——r
m, — nt,
Taking LCM
e, — e+ e — e
. m, —m,
On further ssmplification
mc, — M,
y=—"""
my — m,
Here

e B WL W is the point of intersection of lines (1) and (2)
mo—m, m -,

Yy

Lines (1), (2) and (3) are concurrent. So the point of intersection of lines (1) and (2) will satisfy
equation (3)

=,

1,Cy — MLC ey —C
12 21 X 1 ]+‘I:'1
iy — i, O

By multiplying the terms and taking LCM

My — ,E,  BLC, — WLy + C30 — i,

m, — m, m, —m,
By cross multiplication

] €y — MsC] — MizCy + MCy — Catry + cymy =0
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Taking out the common terms,
my (C2 —C3) + My (C3—¢1) + M3 (Cy —Cp) =0

Therefore, mq (co —c3) + my (C3—cCcq) + m3(C; —Cp) =0

Question 11

examelite.com

Find the equation of the lines through the point (3, 2), which makes an angle of 45° with the line x -2y =

3.

Solution

Consider m; as the slope of the required line
It can be written as

y = 1/2 x — 3/2 which is of the formy =mx + ¢

So, the slope of the given line m, = 1/2
We know that the angle between the required line and line x — 2y = 3 is 45°
If 6 is the acute angle between lines |; and I, with slopes m; and m,

m, —m
tan & = |———L

1+ mm,
We get

|m, -,

tan 45° =
|+ i,

Substituting the values

——m,
1= 2

m

2

1+

By taking LCM

2

2+ m

2

g

[ 1-2m, \'|
1
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On further calculation

1-2m,

2+m,

We get
(1- 2m, \"|

2+m, |

I=+

L%
Here

_1-2m, or 1=

i

1-2m, |

24m, |

2+ m, L

It can be written as

2+mp=1-2mqor2+m;=-1+2m,

m;=—-13o0orm; =3

Casel-mq; =3

Here, the equation of the line passing through (3, 2) and having a slope 3 is
y—-2=3(x-23)

By further calculation,

y—-2=3x-9

So, we get

3X-y=7

Case ll—-my =-1/3

Here, the equation of the line passing through (3, 2) and having a slope -1/3 is
y—2=-1/3(x-3)

By further calculation,

3y—-6=—x+3
So, we get
Xx+3y=9
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Hence, the equations of the linesare 3x—y=7and x+ 3y =9

Question 12

Find the equation of the line passing through the point of intersection of the lines 4x + 7y - 3 =0 and
2x - 3y + 1 = 0 that has equal intercepts on the axes.

Solution

Consider the equation of the line having equal intercepts on the axes as
xla+yla=1

It can be written as

By solving equations 4x + 7y —3 =0 and 2x — 3y + 1 = 0, we get
x =1/13 and y = 5/13

(1/13, 5/13) is the point of intersection of two given lines.

We know that equation (1) passes through the point (1/13, 5/13).
1/13+5/13 =a

a==6/13

So, equation (1) passes through (1/13, 5/13).

1/13+5/13 =a

We get

a=06/13

Her, equation (1) becomes

X+y=6/13

13x + 13y = 6

Hence, the required equation of the line is 13x + 13y = 6
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Question 13

Show that the equation of the line passing through the origin and making an angle 6 with the line y =
y _mttanB

Solution

Consider y = m;x as the equation of the line passing through the origin

It 15 given that the line makes an angle & with line v = mx + ¢, then angle 8 1s written as

m, —m
tan@ = |———
I+mm

By substituting the values

-m
tanB = |-
W
l1+=—m
X
We get
}.‘
—-m
tan 0 = +| X
\_r
I+~ m
X
Here
Y _m Y m
tanf ==X or tan®=—| X
= .
1+ m I+ m
X X
CaseI -
y—m
[dnH:‘{ .................
1+Fm
X

We can write 1f as
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y
tan B+ =~mtanf = k4 -m

x X

By further simplification

|11+tar1E+:y|[I—mtanB}

X
S0 we get
y m+tanf
X l-mtan®
Case IT—
y
=m
tan @ = —| &
I+F m
X

We can write 1f as

y ;
tanG+*—mtan{}:—i+m

X he

By further simplification

{]+mtanﬁ]:m—tanﬂ

e e

S0 we get

m-—tant
1+mtan

y
x

Hence, the required line 15 given by
y m*tanf
x 1Fmtan0

Question 14
In what ratio, the line joining (-1, 1) and (5, 7) is divided by the line x + y = 4?
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Solution
We know that the equation of the line joining the points (-1, 1) and (5, 7) 1 given by

7 =1
Pp=l=—o—x+1
' 5+|{ }

By further calculation
6
y=1=—(x+1
y-1=2(et)

S0 we get

So the equation of the given line 15

x+y—4=0___.(2)

Here the point of intersection of lines (1) and (2) 15 given by

x=landy=73

Consider (1, 3) drvide the line segment jomning (-1, 1) and (5, 7) in the ratio 1: k.

Using the section formula

(l,3}=|”‘{"}+‘{5} k(1)+1(7))

L 1+k T 1+k )

By further calculation

(—k+5 k+7)
1,3)= \
{ }LHR 1+kJ
S0 we get
—k+35 k+7
=1, =3
I+k 1+ k

We can write 1t as

—k+5_]
1+k

By cross multiplication,
-k+5=1+k

We get
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Hence, the line joining the points (-1, 1) and (5, 7) is divided by the line x + y = 4 in the ratio 1: 2.

Question 15
Find the distance of the line 4x + 7y + 5 = 0 from the point (1, 2) along the line 2x - y = 0.

Solution

It is given that

Here, A (1, 2) is a point on the line (1).

Consider B as the point of intersection of lines (1) and (2).

o

W+ Ty+5=0

By solving equations (1) and (2), we get x = -5/18 and y = — 5/9
So, the coordinates of point B are (-5/18, -5/9).

From the distance formula, the distance between A and B
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- \l_ - L
AB= || 1+ - + 2+E units
18 g

By taking LCM

)5 e

It can be written as

\/[ 23 )1 [23 ]" ,
s +| — units
2«9 Q

S50 we get

T

By taking the common terms out

SBIE

We get

23 ||5 :
=——,|— unils
9 V4

23 4o ,
=—X—— unis
9 2

S0 we get

235

= units

Hence, the required distance is

units

Question 16
Find the direction in which a straight line must be drawn through the point (-1, 2) so that its point of
intersection with the line x + y = 4 may be at a distance of 3 units from this point.
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Solution

Consider y = mx + c as the line passing through the point (-1, 2).
So, we get

2=m(-1)+c

By further calculation,

2=-m+c

c=m+2

Substituting the value of ¢

By solving both equations, we get

2—m Sm+2
x= and v =
m+1 m+1
[2 —m , B/l 2] is the point of intersection of lines (1) and (2)
m+1l m+1

Here the point is at a distance of 3 units from (-1, 2)

From distance formula

(2—m *(sm+2 Y
| +1| + -2| =3
L+l ) o m+] J

Squaring on both sides

4 4
L :

|fr 2—mi+m+ IJ +t 5;rr+3—3m—2]

=3

| mr+ 1 m+1

By further calculation

9 O’

(m+1)’ +|:m+l}J B

Dividing the equation by 9
L+ -1
(1 + |1,1J
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By cross multiplication,
1+m?2=m?+1+2m

So, we get

Hence, the slope of the required line must be zero, i.e., the line must be parallel to the x-axis.

Question 17
The hypotenuse of a right-angled triangle has its ends at points (1, 3) and (-4, 1). Find the equation of
the legs (perpendicular sides) of the triangle.

Solution

Consider ABC as the right angles triangle where £C = 90°
Here, infinity such lines are present.

m is the slope of AC

So, the slope of BC =-1/m

Equation of AC —

y—-3=m(xx-1)

By cross multiplication,
Xx=1=1/m(y-3)

Equation of BC —

y—1=-=1/m (x +4)

By cross multiplication,
X+4=-m(y-1)

By considering the values of m, we get

If m=0,
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So, we get
y—3=0,x+4=0
Ifm = oo,

So, we get

Xx—1=0,y—-1=0wegetx=1,y=1

Question 18

examelite.com

Find the image of the point (3, 8) with respect to the line x + 3y = 7, assuming the line to be a plane

mirror.
Solution

It is given that

Consider B (a, b) as the image of point A (3, 8).

So line (1) is the perpendicular bisector of AB.

.A{B,E]
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® g(ab)

X+3y=7
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Here

h-8

o=

Slope of AB =

Cad

slope of line (1) = -%

Line (1) 15 perpendicular to AB

(b-8Y [ 1)
|5

La—EJ . 3

By further calculation

h-8

3a—9
By cross multiplication

b-8=3a-9

We know that

: 3 h+81
Mid-point of AB = [ﬂj
27 2 )

So the mid-point of line segment AB will satisfy line (1)
From equation (1)

({H_SL'?’[!H-S}:?
2 J 2 /

By further calculation
a+t3i+3b+24=14

On further simplification,

a+3b=-13 ... (3)

By solving equations (2) and (3), we get
=—landb=-4

Hence, the image of the given point with respect to the given line is (-1, -4).

Question 19
If the lines y = 3x + 1 and 2y = x + 3 are equally inclined to the line y = mx + 4, find the value of m.
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Solution

It is given that

Here, the slopes of
Line (1), m; =3
Line (2), my, =%

Line (3), mg=m

examelite.com

We know that lines (1) and (2) are equally inclined to line (3), which means that the angle between lines

(1) and (3) equals the angle between lines (2) and (3).

ExameElite - examelite.com
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1, — i, | mt, — Ay |

l+mm;| |1+ m:.r:;r.~|

Substituting the values we get
|

=M

3—m|: 2
1+3m| |, 1
2
By taking LCM
3—m|=‘l—2m|
1+3m| m+2|

It can be written as
I—m 1-2m
=+
14+ 3m m+2
Here

3-m 1-2m 3—m _[I—Em]

= or =
1+3m m+2 1 +3m m+ 2

If

3—-m 3 1-2m
1+3m  m+2

By cross multiplication

F-m)(m+2)=(1-2m)(1+3m)

On further calculation,

24m+6=1+m—6m2

-m
So, we get

5m2+5=0

Dividing the equation by 5,
m2+1=0

m = V-1, which is not real.

Therefore, this case is not possible.

If

ExameElite - examelite.com
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3—-m [ 1-2m
I+3m _L mA+2 ]

By cross multiplication
(3-m)(m+2)=-(1-2m)(1+ 3m)
On further calculation
-m+m+6=-(1+m-6m’)

S0 we get

Tm?!-2m-7=10

Here we get

2+ [4-4(7)(-7)
2(7)
By further simplification
242/1+49
14

m=

m=

We can write it as

1+5+42

m=

Hence, the required value of m is

Question 20

examelite.com

If the sum of the perpendicular distances of a variable point P (x, y) from the lines x + y -5 =0 and 3x -

2y +7 =0 is always 10. Show that P must move on a line.
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Solution

Tt is given that
x+y-53=0__(1)
Ix—2y+7=0.....(2)

Here the perpendicular distances of P (% v) from lines (1) and (2) are written as

x+y-=35 3x=2y+7
d = I.rf—| and d, = |¥
Joy +y V) +(2)
S0 we get
4 .1r+y-5| dd |3J:-2_1|-*+?|
= and ., =
=R MEETRS
We know that d; +d- =10
Substituting the values
|x+y-5 |3x-2y+7|
+ : =10
V2 J13

By further calculation

3 |x+y-5[+V23x-2y+7|-10J26 =0

It can be written as
JI3(x+y-5)+¥2(3x-2y+7)-10426 =0

Now by assuming (x +v —5) and (3x — 2y + 7) are positive
JBx+ 13y =513 +3V2x - 2421+ 72 - 10426 =0

Taking out the common terms

-""["'I'E""E‘E]"'.‘:(\'I(I_N_E‘E]"'(?"C_S"E_IDV{E] =0 which is the equation of a line.

examelite.com

In the same way, we can find the equation of the line for any signs of (x + y —5) and (3x — 2y + 7)

Hence, point P must move on a line.

Question 21

Find the equation of the line which is equidistant from parallel lines 9x + 6y - 7=0and 3x+ 2y + 6 = 0.
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Solution

Tt is given that

Ix+2y+6=0_._.. (2
Consider P (h, k) be the arbitrary point that iz equidistant from lines (1) and (2)
Here the perpendicular distance of P (h, k) from line (1) 1s written as
|‘}h+6k ?| Oh+6k-7| |9h+6k—7|
(OF +(6F 117 3J13
Stmilarly the perpendicular distance of P (h, k) from line (2) 15 written as

|Jh+2£:+(a| |3h+ 2k +6|

\[7 NE

We know that P (h, k) is equidistant from lines (1) and (2) d; = ds

Substituting the values
9h+6k-7 3h+2k +06|
313 J13

By further calculation
Oh+6k-T7 =33h+ 2k+ﬁ|
It can be written as
Oh+6k -7 =+3(3h+2k+06)
Here,
9h + 6k —7 =3 (3h+ 2k +6)or9h + 6k—7=—-3(3h + 2k + 6)
9h + 6k — 7 = 3 (3h + 2k + 6) is not possible as
9h + 6k — 7 =3 (3h + 2k + 6)
By further calculation,
— 7 =18 (which is wrong)
We know that
9h + 6k — 7 =-3 (3h + 2k + 6)

By multiplication,

ExameElite - examelite.com
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9h + 6k -7 =-9h -6k — 18
We get
18h + 12k +11 =0

Hence, the required equation of the line is 18x + 12y + 11 =0

Question 22
A ray of light passing through the point (1, 2) reflects on the x-axis at point A, and the reflected ray
passes through the point (5, 3). Find the coordinates of A.

Solution

¥

&
Consider the coordinates of point A as (a, 0).

Construct a line (AL) which is perpendicular to the x-axis.
Here, the angle of incidence is equal to the angle of reflection
LBAL=LCAL=®

LCAX =06

It can be written as

£LOAB = 180° — (6 + 2d) = 180° — [0 + 2(90° — 0)]

On further calculation,

=180°—-6-180° + 260
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=0
So, we get
/LBAX =180°-6

3-0

-

slope of line AC =

tn

T.HI'JEJ:FJ (1)

d—d

2-0

l—a

Slope of line AB=

We get
. 2
tan(180°—¢) = =

-

By further calculation

—tané =
l—a

-(2)

tand =
a-—1

From equations (1) and (2) we geat
3 2

S5-a a-1

By cross multiplication,
3a-3=10-2a

We get

a=13/5

Hence, the coordinates of point A are (13/5, 0).

Question 23

Prove that the product of the lengths of the perpendiculars drawn from points

X VoL . 1
- - — Zeosi?+—ginf?=11is hH”
[\m' b, l}) and (—\.‘Ici" - h‘_l}] to the line @ b > ]
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Solution
It is given that

X Vo,
—cosf+—sinf =1
i h

We can write it as
bxcosB®+aysin6-ab=0..... (1)
1 2
Here the length of the perpendicular ﬁnﬂlpnmt("‘"ﬂ —b ;'?'] to line (1)

beosd(vJa* =7 Y+asind(0)-ab| |peos@a® —b* —ab
( v

JbB cos’ @+ a’sin’ 0 - JB cos’ @ +a’ sin® @

b=

Similarly the length of the perpendicular from point (Ve -b7.0) to line (2)
‘bwsﬁ‘ —x.l'a -b* )+m-,|n{3'(ﬂ —ab  beosOa'—b" +ab
P =

n"ln.ﬁ cos’ @+a’sin’ @ v'rb cos’ @+a”sin” @
By multiplying equations (2) and (3) we get

‘hcmﬂ«}'u: -h" - ah”(hcusﬁ'\f a” —h +uh)‘

f\.'rh“ cos” B+a sin’ H]J

b=

We get

‘[hcns&v’a: -h* —uh)(h cos@a’ —h’ +uh)‘
) (h* cos® @+ a’sin” 6)
From the formula

(.I":-cnsﬂw.l'u— ) a.l’:-

fh cos’ &+ a’ sin’ E?]

By squaring the numerator we get

ExameElite - examelite.com
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B |,.f]3 cos” E-‘{u: —I}:}—ct:a’}:|

(H? cos® 6 +a* sin’ B)

By expanding using formula

|ﬂ3h: cos”@—-h'cos’ @—-a’h’

b*cos” @ +a’sin” @
Taking out the common terms

h* |.:.-: cos”@-h cos  B-a

b cos” @+a sin” @
We get

h |.:.r' caos"@=h"cos F—a sin-F—-a cos™ &

h*cos"@+a”sin” @
Heresinl 8 +cosl =1
h* ‘—(h: cos’ &@+a’sin’ HJ

h*cos” @+a sin” &

Sowe get

h* {h: cos” @+a” sin” (’5'}
] (b* cos® 8+ a’sin” #)
=B
Therefore, 1t 18 proved.

Question 24

A person standing at the junction (crossing) of two straight paths represented by the equations 2x -
3y +4 =0 and 3x + 4y - 5 = 0 wants to reach the path whose equation is 6x — 7y + 8 = 0 in the least time.
Find the equation of the path that he should follow.

Solution

It is given that
2x—=3y+4=0...... Q)
3Xx+4y-5=0....... (2)

Here, the person is standing at the junction of the paths represented by lines (1) and (2).
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By solving equations (1) and (2), we get
x=-=1/17 and y = 22/17
Hence, the person is standing at point (-1/17, 22/17).

We know that the person can reach path (3) in the least time if they walk along the perpendicular line to
(3) from point (-1/17, 22/17)

Here, the slope of line (3) = 6/7
We get the slope of the line perpendicular to the line (3) = -1/ (6/7) = - 7/6

So, the equation of the line passing through (-1/17, 22/17) and having a slope of -7/6 is written as

(22 7 ]
l _'I-"__ =__[.T+_
5 n‘] 6 |?]

By further calculation,

6 (17y —22)=—7 (17x + 1)
By multiplication,

102y — 132 =-119%x -7
We get

1119x + 102y = 125

Therefore, the path that the person should follow is 119x + 102y = 125
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