Chapter : 28. THE PLANE

Exercise : 28A

Question: 1

Find the equation

Solution:

(i) A(2, 2, -1), B(3, 4, 2) and C(7, O, 6)

Given Points :

A=(2,2,-1)
B=(3,42)
C=1(7,0,6)

To Find : Equation of plane passing through points A, B & C
Formulae :
1) Position vectors :

If A is a point having co-ordinates (ay, ay, a3), then its position vector is given by,

a=a,i+a,j+azk

2) Vector :

If A and B be two points with position vectors g & p respectively, where
a@=a,i+ a,j+ask

b =byi+ b,j+ byk

=(by —ay)i+ (b — ay)j+ (by — as)-f‘\
3) Cross Product :

If 7 & b are two vectors
a=a,i+a,j+azk

b =byi+ b,j+ byk

then,
L
axb=|a; a, as
by D, b,

4) Dot Product :

If 7 & b are two vectors

@ =a,i+ aj+azk

b = byi+ b,j+ bk

then,

@.b=(a; x b))+ (a, x by) + (ag x by)

5) Equation of Plane :

If A = (a1, ay, az), B = (by, by, b3), C = (cq, cy, c3) are three non-collinear points,
Then, the vector equation of the plane passing through these points is

7.(AB x AC) = @.(AB x AC)

Where,

F=xi+yj+zk

For given points,

A=(2,2,-1)
B=(3,42)
C=(7,0,6)

Position vectors are given by,



a=2i+2j—k
b=30+4j+ 2k
F=7i+6k

Now, vectors AB & AC are

—(7-2)i+(0-2)j+(6+ 1Dk

~AC = 51— 2f + 7k

Therefore,

Pk

ABxXAC=|1 2 3
5 =2 7

=1(2x7—(-2)%3)—j(1x7-5x%x3)+k(1x(-2)-5x%x2)
—20i + 8j— 12k
Now,

@ (AB x AC) = (2% 20) + (2 x8) + ((—1) x (—12))

40 + 16 + 12

=68

~@(AB X AC) = 68 --ovenn. eq(l)

And

7F.(AB x AC) = (xx 20) + (y x 8) + (z x (—12))

=20x + 8y - 12z

~T.(AB X AC)=20x + 8y — 122 --eene eq(2)

Vector equation of the plane passing through points A, B & C is
7.(AB x AC) = a. (AB x AC)

From eq(1) and eq(2)

20x + 8y - 12z = 68

This is 5x + 2y - 3z = 17 vector equation of required plane.

(ii) Given Points :

A=(0,-1,-1)
B=(4,5,1)
C=(3,94)

To Find : Equation of plane passing through points A, B & C
Formulae :
1) Position vectors :

If A is a point having co-ordinates (aj, ap, ag), then its position vector is given by,

a=a,i+a,j+azk
2) Vector :

If A and B be two points with position vectors 7 & b respectively, where

=(by —ay)i+ (by—ay)j+ (b — ag)-f(\
3) Cross Product :

If 7 & b are two vectors



a=al+aj+azk

b =byi+ b,j+ byk

then,
|k
axb=|a; a, as
by D, b,

4) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+azk

b =b,i+ b,j+ bk

then,

@.b=(a; x b))+ (a, x by) + (ag x by)

5) Equation of Plane :

If A = (ay, ay, az), B = (by, by, b3), C = (cq, cy, c3) are three non-collinear points,
Then, vector equation of the plane passing through these points is

7.(AB x AC) = @.(AB x AC)

Where,

F=xi+yj+zk

For given points,

A=(0,-1,-1)
B=(451)
C=(@3,94

Position vectors are given by,

a=—j—k
b=4i+5j+k
¢=30+9j+ 4k

Now, vectors AR & AC are

B=b-—

e
=]

=(4-0i+G+0j+(1+1Dk

~AB =41+ 6j+ 2k

&l
]

—i—a
=3-0i+0O+1j+@+1k

~ AC =31+ 10j + 5k

Therefore,

|t gk

ABXAC=1|4 6 2
3 10 5

=i(6X5-10%2)—j(4x5—-2x3)+k(4x10—-3x%6)
=10i — 14j + 22k

Now,

@ (AB x AC) = (0x 10) + ((—1) x (—14)) + ((—1) x 22)
=0+14-22

=-8

~@(AB XAC) = —8 +reven- eq(1)

And

7.(AB x AC) = (x x 10) + (y x (—14)) + (2 x 22)

=10x - 14y + 22z

~T.(AB X AC) = 10x — 14y + 222 --even- eq(2)

Vector equation of plane passing through points A, B & C is



7.(AB x AC) = a. (AB x AC)

From eq(1) and eq(2)

10x - 14y + 22z =-8

This is 5x - 7y + 11z = - 4 vector equation of required plane

(iii) Given Points :

A=(-2,6,-6)
B =(3,10,9)
C=(5,0,-6)

To Find : Equation of plane passing through points A, B & C
Formulae :
1) Position vectors :

If A is a point having co-ordinates (aj, a, a3), then its position vector is given by,

a=a,i+a,j+azk
2) Vector :

If A and B be two points with position vectors g & p respectively, where

a=a,i+a,j+azk

=(by —ay)i+ (b, — ay)j+ (bs — ag)-f‘\
3) Cross Product :

If 7 & b are two vectors

then
e o7k
axb=|a;, a, as
by b, b,

4) Dot Product :

If 7 & b are two vectors

a=ai+ aj+azk

b =b,i+b,j+ bk

then,

@b = (a, x b))+ (a, x by)+ (az xbs)

5) Equation of Plane :

If A = (ag, ag, az), B = (by, by, b3), C = (cy, ¢y, ¢3) are three non-collinear points,
Then, vector equation of the plane passing through these points is

7.(AB x AC) = a. (AB x AC)

Where,

F=xi+yj+zk

For given points,

A=(2,6,-6)
B =(3,10,9)
C=(5,0,-6)

Position vectors are given by,

—21 + 6j — 6k

2
Il

b= —31+10j+ 9k

—5i—6k

L]
Il



Now, vectors AB & AC are

AB=b—-a

(—3+2)i+(10—6)j+ (9+ 6)k

~ AB = —0+4f + 15k

Al
[}

=i—a
=(-54+2)i+(0-6)j+ (—6+6)k

~ AC = —30 — 6] + Ok

Therefore,

|tk

ABxAC=|-1 4 15
-3 -6 0

=i(4x0—(—6)x 15) —j((=1) x 0 — (=3) x 15)
+ k((-1) x (=6) = (=3) x 4)
=90i — 45j + 18k
Now,
@ (AB x AC) = ((—2) x 90) + (6 % (—45)) + ((—6) x 18)
=-180-270-108
=-558
~ @.(AB x AC) = —558 +vervnn. eq(l)
And
7.(AB x AC) = (xx 90) + (v x (—45)) + (zx 18)
=90x - 45y + 18z
~T.(AB X AC) = 90x — 45y + 182 -+-ve-oe eq(2)
Vector equation of plane passing through points A, B & C is
7.(AB x AC) = @.(AB x AC)
From eq(1) and eq(2)
90x - 45y + 18z = - 558
This is 10x - 5y + 2z = - 62 vector equation of required plane
Question: 2
Show that the fou
Solution:

Given Points :

A=(3,2,-5)
B=1(1,4,-3)
C=(3,8,-5)
D=(321)

To Prove : Points A, B, C & D are coplanar.

To Find : Equation of plane passing through points A, B, C & D.
Formulae :

1) Position vectors :

If A is a point having co-ordinates (aj, ap, a3), then its position vector is given by,

a=a,i+a,j+azk
2) Equation of line

If A and B are two points having position vectors g & p then equation of line passing through two
points is given by,

F=a+Ab—a)
3) Cross Product :

If 7 & b are two vectors

a=a;i+ aj+azk



b= b,i+ b,j+ bk

then,
I E A
axb=|la, a, ag
by D, b,

4) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+azk

@.b=(a; x b))+ (a, x by) + (az x by)

5) Coplanarity of two lines :

If two lines 7] = @+ Ab & ; = ¢ + pd are coplanar then
a(bxd)=c(bxd)

6) Equation of plane :

If two lines =0+ ;{b_l &7 =10, + ;{E are coplanar then equation of the plane containing them
is

(b, xB;) = @. (5, x B;)
Where,
F=xi+yj+zk

For given points,

A=(3, 2,-5
B=1(1,4,-3)
C=(3,8,-5)
D=(3,21)

Position vectors are given by,

a=3i+2j—5k

b=-1i+4j-3k

&=—-31+8j -5k

d=-3i+2j+k

Equation of line passing through points A & B is
n=a+Ab-a)

b—a=(-1-3)i+(4-2)j+ (-3+5)k
=—4i+2j+2k

~ 7y = (31 +2j — 5k) + A(—4i + 2j + 2k)

Let, r; =@, + Ab,

Where,

@; =30+2j—5k &b, = —4i+ 2j +2k

And the equation of the line passing through points C & D is
B=c+pld-0)
d—c=(-3+3)i+(2-8)j+(L+5)k

= —6j+6k

~7; = (—3i+8j— 5k) + A(—6j + 6k)

Let, 75 = @ + Ab,

Where,



i j k
-4 2 2
0 -6 6

by, x b, =

= (12 +12) — j(—24—0) + k(24 +0)
o (by x by) = 241 + 24f + 24k
Therefore,

@;.(b; x b,) = (3 x 24) + (2 x 24) + ((=5) x 24)

=72+ 48-120

=0

- . (b_l b4 E) =0 ceeeenent eq(l)
And

@,.(hy x by) = ((—3) x 24) + (8 x 24) + ((—5) x 24)
=-72+192-120

=0

w@ (b xDy) =0 oo eq(2)

From eq(1) and eq(2)

@;.(by x b,) = @.(by x b,)

Hence lines 77 & 7; are coplanar

Therefore, points A, B, C & D are also coplanar.

As lines 7] & 75 are coplanar therefore equation of the plane passing through two lines containing
four given points is

(b, x5;) = @ (B, x B;)

Now,

7. (b, xby) = (x x 24) + (y x 24) + (z x 24)
= 24x + 24y + 24z

From eq(1)

a;.(b; xb;) =0

Therefore, equation of required plane is
24x + 24y + 24z =0

XxX+y+z=0

Question: 3

Show that the fou

Solution:

Given Points :

A=(0,-1,0)
B=(21,-1)
C=(1,1,1)
D=(3,3,0)

To Prove : Points A, B, C & D are coplanar.

To Find : Equation of plane passing through points A, B, C & D.
Formulae :

1) Position vectors :

If A is a point having co-ordinates (a;, ap, a3), then its position vector is given by,

a=ai+aj+azk
2) Equation of line

If A and B are two points having position vectors g & p then equation of line passing through two
points is given by,

F=a+Ab—a)

3) Cross Product :



If 7 & b are two vectors

then
e o7k
axb=|a; a, ag
by b, b,

4) Dot Product :

If 7 & b are two vectors

a=ai+ aj+azk

=]

a.b=(a;xb;)+ (a, x b))+ (ag x by)

5) Coplanarity of two lines :

If two lines 1 = @+ b & B=C+ ﬂ& are coplanar then
a(bxd)=c(bxd)

6) Equation of plane :

If two lines 1 = @, + ;{b_l &7 =10, + ;{E are coplanar then equation of the plane containing them
is

(b x5;) = @ (8, x ;)
Where,
F=xi+yj+zk

For given points,

A=(0,-1,0)
B=(2,1,-1)
C=(1,1,1
D=(3,3,0)

Position vectors are given by,

a=-j
b=2i+j-k
c=i+j+k
d=31+3j

Equation of line passing through points A & D is

n=a+Ad-a)
d—a=(3-0)i+(3+1j+(0-0)k
=30+ 4j

a1 = (=) + A3t + 4))

Let, f; = a@; + b,

Where,

a, =—j&b, =31+4f

And equation of line passing through points B & C is
7 =b+u(E-Db)
E-b=(1-2)i+(1-1Dj+(1+ Dk

=—i+0j+2k

o
|

arp=(20+j—k)+A(—i+ 2k)
Let, 5 =@, + b,
Where,

@ =20+j—k&b,=—i+2k



Now,

byxb,=|3

-1 0 2

=1(8-0)—j(6—0)+k(0+4)

«(by xb,) =81 —6j + 4k

Therefore,

a@;.(by x b;) = (0x 8) + ((—1) x (=6)) + (0 x 4)
=0+6+0

=6

@.(by x by)=(2x8)+ (1 x(—6)) + ((—1) x 4)

=16-6-4

From eq(1) and eq(2)

a@,.(b, x b,) = @.(b, x b,)

Hence lines 7; & 7; are coplanar

Therefore, points A, B, C & D are also coplanar.

As lines 1] & 7; are coplanar therefore equation of the plane passing through two lines containing
four given points is

7.(b; xb,) =@;. (b, x b,)

Now,

F.(byxby)=(xx8)+(yx (—6)) +(zx4)
= 8x - 6y + 4z

From eq(1)

ay.(by xby) =6

Therefore, equation of required plane is
8x-6y+4z=6

4x -3y + 2z =3

Question: 4

Write the equatio

Solution:

Given :

X - intercept, a = 2

Y - intercept, b =-4

Z - intercept, c = 5

To Find : Equation of plane

Formula :

If a, b & c are the intercepts made by plane on X, Y & Z axes respectively, then equation of the
plane is given by,

X Vv £
E+E+E=1

x y oz
'-E+_—4+g:1

Multiplying above equation throughout by 40,
_40x 4 40y+ 40z
T2 -4 5
20x - 10y + 8z = 40

40

10x - by + 4z = 20



This the equation of the required plane.

Question: 5

Reduce the equati

Solution:

Given :

Equation of plane : 4x - 3y + 2z = 12

To Find :

1) Equation of plane in intercept form

2) Intercepts made by the plane with the co-ordinate axes.

Formula :
€ YL I
a b ¢
is the equation of a plane in intercept form then intercept made by it with co-ordinate axes are
X-intercept = a
Y-intercept = b
Z-intercept = ¢
Given the equation of plane:

4x -3y + 2z = 12

Dividing the above equation throughout by 12

4x N —3y N 2z n
T12 0 12 12
s OIS VR
s+ —+-—-=1
A3

This is the equation of a plane in intercept form.

Comparing the above equation with

X vy z
atpteTt
We get,
a=3
b=-4
c=6

Therefore, intercepts made by plane with co-ordinate axes are

X-intercept = 3

Y-intercept = -4

Z-intercept = 6

Question: 6

Find the equation

Solution:

Equation of the plane making a, b & c intercepts with X, Y & Z axes respectively is
X y z

S+ 4+-=1
a b c

But, the plane makes equal intercepts on the co-ordinate axes
Therefore,a=b=c

Therefore the equation of the plane is

X Y.z .

a a a
x+y+z=a

As plane passes through the point (2, -3, 7),
Substitutingx =2, y=-3&z=7
2-3+7=a

Therefore, a = 6

Hence, required equation of plane is

X+y+z=6



Question: 7

A plane meets the

Solution:

Given :

X-intercept = A

Y-intercept = B

Z-intercept = C

Centroid of AABC = (1, -2, 3)
To Find : Equation of a plane
Formulae :

1) Centroid Formula :

For AABC if co-ordinates of A, B & C are
A = (xq, X2, X3)

B = (y1. y2, ¥3)

C = (z1, zp, 23)

Then co-ordinates of the centroid of AABC are

G (I1+X2+I3 Vit Y, + Vs zl+zz+zg)

T 3 ’ 3 ’ 3

2) Equation of plane :

Equation of the plane making a, b & c intercepts with X, Y & Z axes respectively is
X y Zz

—+-+-=1

a b c

As the plane makes intercepts at points A, B & C on X, Y & Z axes respectively, let co-ordinates of
A, B, Cbe

A=(,0,0)
B=1(0,b,0)
C=(0,0,0¢)

By centroid formula,

The centroid of AABC is given by

7 =

(a+0+0 0+b+0 0+0+C)

3 ! 3 ! 3
o-(222)
3'3'3
But, Centroid of AABC = (1, -2, 3) ...... given
a_,b__,c_,
3 3 3

Therefore,a=3,b=-6,c=9
Therefore,

X-intercept = a =3

Y-intercept =b =-6

Z-intercept =c =9

Therefore, equation of required plane is

y £

i A
a b ¢
x vy z
A4 =1
3 -6 9

Question: 8
Find the Cartesia
Solution:

Given :
A=(1,2,3)

Direction ratios of perpendicular vector = (2, 3, -4)



To Find : Equation of a plane

Formulae :

1) Position vectors :

If A is a point having co-ordinates (ay, ay, a3), then its position vector is given by,
a=a,i+a,j+ask

2) Dot Product :

If 7 & b are two vectors

a=al+aj+azk

b =byi+ b,j+ byk

then,

@b = (a; x b))+ (a, x by) + (az x by)

3) Equation of plane :

If a plane is passing through point A, then the equation of a plane is
rn=an

Where, @ = position vector of A

n = vector perpendicular to the plane

F=xi+yj+zk

For point A = (1, 2, 3), position vector is

a=1i+2j+3k

Vector perpendicular to the plane with direction ratios (2, 3, -4) is
f=20+3j—4k

Now, @1 =(1x2)+(2x3)+ (3x(—4))

=2+6-12

=-4

Equation of the plane passing through point A and perpendicular to vector 7 is

=@t

=1
=

T.

(2i+3j—4k)=—4

=il

As 7 =xi+ yj+zk

~7.(20+3f — 4k) = (xi + yj + zk). (21 + 3] — 4k)
=2x+ 3y -4z

Therefore, equation of the plane is

2x +3y-4z=-4

Or

2x+3y-4z2+4=0

Question: 9

If O is the origi

Solution:

Given :

P=(1,2,-3)

0 =(0,0,0)

n=0P

To Find : Equation of a plane

Formulae :

1) Position vectors :

If A is a point having co-ordinates (a;, ay, a3), then its position vector is given by,
a@=a,i+ a,j+ask

2) Vector :

If A and B be two points with position vectors g & p respectively, where



a=al+aj+azk

b =byi+ b,j+ byk

then,

AB=b-—a

= (b, —a)i+ (by— a,)j + (bs — ax)k
3) Dot Product :

If 7 & b are two vectors

@.b=(a; x b))+ (a, x by)+ (az x by)

4) Equation of plane :

If a plane is passing through point A, then the equation of a plane is
ran=an

Where, @ = position vector of A

n = vector perpendicular to the plane

F=xi+yj+zk

For points,
P=(1,2,-3)
0 =(0,0,0)

Position vectors are

=(1-0)i+(2-0)j+(3-0k

~OP =i+2j+3k

Now,
P.OP=(1x1)+(2x2)+(3x3)
=1+4+9

=14

And

FOP=(xx1)+(yx2)+ (z2x3)
=X+ 2y + 3z

Equation of the plane passing through point A and perpendicular to the vector 7 is
ran=an

But,7 = 0P

Therefore, the equation of the plane is
7.OP = p.OP

x+2y+3z=14

X+2y+3z-14=0

Exercise : 28B

Question: 1
Find the vector a
Solution:

Given :

d=5



n=k

To Find : Equation of a plane
Formulae :

1) Dot Product :

If 7 & b are two vectors

@.b=(a; x b))+ (a, x by) + (ag x by)
2) Equation of plane :

Equation of plane which is at a distance of 5 units from the origin and having i as a unit vector
normal to it is

r.i=d
Where, 7 = xi+ yj + zk
Forgivend =5and i = f ,

Equation of plane is

A,

=

T.

k=5

=i

This is a vector equation of the plane
Now,

Fk=(xi+yj+ zk).k

= (xx0)+(yx0)+(zx1)

=z

nTk=z

Therefore, the equation of the plane is
This is - the Cartesian z = 5 equation of the plane.
Question: 2

Find the vector a

Solution:

Given :

d=7

f=30+5j—6k

To Find : Equation of plane

Formulae :

1) Unit Vector :

Let @ = a,i+ a,j + a;k be any vector

Then unit vector of g is

. @
a=i=
|al
Where, |g| = [a,2+ a,% + a;2

2) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+azk

b =byi+ byj+ bk

then,

@.b=(a; x b))+ (a, x by) + (ag x by)
3) Equation of plane :

Equation of plane which is at a distance of 5 units from the origin and having # as a unit vector
normal to it is



ri=d

Where, 7 = xi+ yj + zk
For given normal vector
f=30+5j—6k

Unit vector normal to the plane is

31+ 5 — 6k

:
V32 +52+ (—6)2

5
Il

3i+5f — 6k

V9 +25+36

L
Il

31+ 5f— 6k

o
Il

5 7.(31+ 5 — 6k) = 7470

This is a vector equation of the plane.

Now,

7. (31 + 5] —6k) = (xi + yj+ zk).(31 + 5§ — 6k)
=(xx3)+ (y x5)+ (z x (-6))

=3x + 5y - 62

Therefore equation of the plane is

3x + 5y -6z =770

This is the Cartesian equation of the plane.
Question: 3

Find the vector a

Solution:

Given :

To Find : Equation of a plane
Formulae :

1) Unit Vector :

Let @ = a,i+ a,j + a;k be any vector

Then the unit vector of g is

. @
a=i=
|al
Where, |g| = [a,2+ a,% + a;2

2) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+azk

b =byi+ byj+ bk

then,

@.b=(a; x b))+ (a, x by) + (ag x by)
3) Equation of plane :

Equation of plane which is at a distance of 5 units from the origin and having # as a unit vector
normal to it is



ri=d

Where, 7 = xi+ yj + zk
For given normal vector
f=2i—3j+4k

Unit vector normal to the plane is

21— 3f +4k
V22 +(-3)2 + 42

20— 3f + 4k

Vv4+9+ 16

L
Il

21— 3f + 4k

o
Il

This is a vector equation of the plane.
Now,

7. (21— 3] + 4k) = (xi + yj + zk).(21 — 37 + 4k)
=xx2)+ @y x(3))+(zx4)

=2x-3y + 4z

Therefore equation of the plane is
2x-3y+4z=6

This is the Cartesian equation of the plane.
Question: 4

Find the vector a

Solution:

Given :

d=6

direction ratios of j7 are (2, -1, -2)
nA=21—j—2k

To Find : Equation of plane

Formulae :

1) Unit Vector :

Let @ = a,i+ a,j + a;k be any vector

Then the unit vector of g is

| =

a=

Al —
Where, |g| = .fa,2+ a,% + a,?

2

2) Dot Product :

If 7 & p are two vectors

a=a,i+ aj+ azk

b= byi+ byj+ bk

then,

@.b=(a; x b))+ (a, x by) + (ag x by)
3) Equation of plane :

Equation of plane which is at a distance of 5 units from the origin and having # as a unit vector
normal to it is



ri=d

Where, 7 = xi+ yj + zk
For given normal vector
n=2i—j—2k

Unit vector normal to the plane is

2i—j—2k
J22+ (-1)2 + (-2)2

This is vector equation of the plane.
Now,

F.(20—j—2k) = (xi + yj+ zk).(21 — j — 2k)
=xX2)+ (y % (1) + (z x (-2))
=2X-y-2z

Therefore equation of the plane is
2x—y-2z=18

This is Cartesian equation of the plane.
Question: 5

Find the vector,

Solution:

Given :

A=(,4,6)

n=1i-2j+k

To Find : Equation of plane.

Formulae :

1) Position Vector :

If A is a point having co-ordinates (aj, ap, a3), then its position vector is given by,

a=a,i+a,j+azk

2) Dot Product :

If 7 & b are two vectors

a@=a,i+ a,j+ask

b =byi+ b,j+ byk

then,

@b = (a; x b))+ (a, x by) + (az x by)
3) Equation of plane :

Equation of plane passing through point A and having 71 as a unit vector normal to it is



Position vector of point A = (1, 4, 6) is

an=_(i+4j+6k)(i—2j+k)
= (I1x1) + (4%(-2)) + (6x1)
=1-8+6

=-1

Equation of plane is

s (i-2j+k)=—1

This is vector equation of the plane.

As 7 =xi+ yj+zk

Therefore
Fi—2j+k)=(xi+yj+zk).(i-2j+k)
=xx1D)+Fx(2)+(zx1)
=X-2y+z

Therefore equation of the plane is

Xx—2y +z=-1

This is Cartesian equation of the plane.
Question: 6

Find the length o

Solution:

Given :

Equation of plane : 7. (3 — 12j — 4k) + 39 =0
To Find :

i) Length of perpendicular = d

ii) Unit normal vector = ji
Formulae :

1) Unit Vector :

Let @ = a,i+ a,j + a;k be any vector

Then unit vector of g is

| =

ia=

Al —
Where, |g| = JaZ+ a2+ a2

2

2) Length of perpendicular :

The length of the perpendicular from the origin to the plane
7.7l = p is given by,

P

[l

Given the equation of the plane is

d=

F(3i—12j—4k)+39=0
~ 7. (31— 12f —4k) = —39
~ 7. (=31 +12j+ 4k) = 39
Comparing the above equation with

r.n=p

-

We get,
fl =—3i+12j+ 4k &p =39

Therefore,



7l = (BT IET &
=V9+144+16

- Vi69

=13

The length of the perpendicular from the origin to the given plane is

Vector normal to the plane is
n=—30+12j+ 4k

Therefore, the unit vector normal to the plane is

—31+ 12f + 4k
13

Lpo 3 12 4k

13 13 13

Question: 7

Find the Cartesia

Solution:

Given :

Vector equation of the plane is

F.(31+5]—9k)=8

To Find : Cartesian equation of the given plane.

Formulae :

1) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+azk

b =byi+ byj+ bk

then,

@.b=(a; x b))+ (a, x by) + (ag x by)
Given the equation of the plane is
F.(3i+5j—9k)=8

Here,

F=xi+yj+zk

~7.(31+5f —9k) = (xi + yj + zk).(31 + 5] — 9k)
=(xx3)+ (yx5)+(zx(-9)

=3x+ 5y -9z

Therefore equation of the plane is
3x+5y-9z=8

This is the Cartesian equation of the given plane.
Question: 8

Find the vector e

Solution:

Given :

Cartesian equation of the plane is
5x-7y+2z+4=0

To Find : Vector equation of the given plane.



Formulae :
1) Dot Product :

If 7 & b are two vectors

a=ai+ aj+azk

b =b,i+b,j+ bk

then,

@b = (a, x b))+ (a, x by)+ (az xbs)
Given the equation of the plane is
5x-7y+2z2+4=0

=5x-7y+2z=-4

The term (5x - 7y + 2z) can be written as
(5x- 7y + 2z) = (xf+ Vi + z.fc\). (53— 7i + 2.@)
But 7 = xi+ yj + zk

~ (5x- 7y + 2z) = 7.(51— 7j + 2k)
Therefore the equation of the plane is
F.(51—7j+2k) =4

or

7 (-5i+77—2k)=4

This is Vector equation of the given plane.
Question: 9

Find a unit vecto

Solution:

Given :

Equation of plane : x - 2y + 2z =6

To Find : unit normal vector = i
Formula :

Unit Vector :

Let @ = a,i+ a,j + a,k be any vector

Then the unit vector of 7 is

| =i

ia=

7l —
Where, |g| = fa,Z+ a2+ a,2

21

From the given equation of a plane

X-2y+2z=6

direction ratios of vector normal to the plane are (1, -2, 2).
Therefore, the equation of normal vector is

n=1-2f+2k

Therefore unit normal vector is given by

i—2j+2k

R e —
J12+(=2)2 +22

o i-2j+2k

Al = ——

Ji+d+4

o i—2j+2k

=
Vo

i—2j+ 2k



i 2] 2k

3 3 3

Question: 10

=

Find the directio

Solution:

Given :

Equation of plane : 3x - 6y + 2z = 7

To Find : Direction cosines of the normal, i.e. [ m&n
Formula :

1) Direction cosines :

If a, b & c are direction ratios of the vector, then its direction cosines are given by

a
va?+ b? +c?

b

?R=II,:
va? + b? + ¢?

c
V@ + b2+ c?
For the given equation of a plane
3x-6y+2z=7

Direction ratios of normal vector are (3, -6, 2)

Jaz +b2 +c2 =32+ (—6)2 + 22

Vo9+36+4

N

=x7

Therefore, direction cosines are

_6
m=s—— =+ —
Va2 + b? + 2 7

c 2
nNe——=+—
vaz+ bz +c? 7

g 3 —6 2
(L, m,n) :i(7_7_7]

Question: 11

For each of the f

Solution:

(i) 2x+3y-z=5

Given :

Equation of plane : 2x + 3y -z =5

To Find :

Direction cosines of the normali.e. [ m&n
Distance of the plane from the origin = d
Formulae :

1) Direction cosines :

If a, b & c are direction ratios of the vector then its direction cosines are given by

a
va? + b? +c?

b

ms=-——
vaz + b? +¢?

c

n=r——e——
va? +b? +c?

2) The distance of the plane from the origin :



Distance of the plane from the origin is given by,

For the given equation of plane
2x+3y-z=5
Direction ratios of normal vector are (2, 3, -1)

Therefore, equation of normal vector is

A=20+3j—k

Ja2 +b2 +¢c2 = J22 + 32+ (—1)2
=VE&+9+1

— V13

Therefore, direction cosines are

a 2

_\.a2+b2+6‘2_\.@

b

3
m=s——-———#—#-—=——
vaz+b2+c2 14

c -1

V@ e Vi
W14 ' \"ﬂ' V14

(Lmmn) =

Now, the distance of the plane from the origin is

p
T
=

V14
(ii) Given :

Equation of plane : z = 3

To Find :

Direction cosines of the normal, i.e. [ m & n
The distance of the plane from the origin = d
Formulae :

3) Direction cosines :

If a, b & c are direction ratios of the vector, then its direction cosines are given by

a
va?+ b? +c2

b

m=—————
va? + b2 +¢?

c
N+ b2+ c?
4) The distance of the plane from the origin :
Distance of the plane from the origin is given by,

P
7l

For the given equation of a plane

d

z=3
Direction ratios of normal vector are (0, 0, 1)

Therefore, equation of normal vector is

n=k

Jaz +b2 +c2=,/02 + 02 +12
=41
=1

Therefore, direction cosines are



a 0

 ——
Va2 +b2+c2 1
b 0
m=s——=—-=10
Va2 +b2+c2 1
c 1
E——
Va2 +b2+c2 1
(L, m.n) :(0,0,l:
Now, the distance of the plane from the origin is
14
d=—
Il
d 3
wd=
H~d=3

(iii) Given :

Equation of plane : 3y + 5 =0

To Find :

Direction cosines of the normal, i.e. [ m&n
The distance of the plane from the origin = d
Formulae :

1) Direction cosines :

If a, b & c are direction ratios of the vector, then its direction cosines are given by

a
va? + b? +c?

b

m=-———
va? + b? +c?

c
va? + b? + c?

2) Distance of the plane from the origin :

Distance of the plane from the origin is given by,

For the given equation of a plane

3y+5=0

=3y=5

Direction ratios of normal vector are (0, -3, 0)
Therefore, equation of normal vector is

i = —3j

Jaz +b2 +c2 =07+ (—3)2 + 02

V9

3

Therefore, direction cosines are

a

0
—=0
Va2 +b2+c2 3

b -3
nN=e—onr———=—=-1
vaz+b2+cz 3

c 0
N=—————=—=1{
Va2 +b2+c2 3

(Lmmn) = (O,—l,O]

Now, distance of the plane from the origin is

|=

d=
|

=l
=

=9
I
wl o



Question: 12

Find the vector a

Solution:

Given :

A=(2,-1,1)

Direction ratios of perpendicular vector = (4, 2, -3)
To Find : Equation of a plane

Formulae :

1) Position vectors :

If A is a point having co-ordinates (aj, aj, a3), then its position vector is given by,

a=a,i+a,j+azk
2) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+azk

b =b,i+ b,j+ bk

then,

@.b=(a; x b))+ (a, x by)+ (az x by)

3) Equation of plane :

If a plane is passing through point A, then the equation of a plane is
rn=an

Where, @ = position vector of A

n = vector perpendicular to the plane

F=xi+yj+zk

For point A = (2, -1, 1), position vector is

a=20—j+k

Vector perpendicular to the plane with direction ratios (4, 2, -3) is
f=4i+2j -3k

Now, an=(2x4)+((-1)x2)+(1x(-3))

=8-2-3

=3

Equation of the plane passing through point A and perpendicular to vector 7 is

=a.t

=l
=

.

(414 2j—3k)=3

=il

As 7 =xi+ yj+zk

~ 7. (41 +2j — 3k) = (xi + yj + zk). (41 + 2j — 3k)
=4x + 2y - 3z

Therefore, the equation of the plane is

4x +2y-3z=3

Or

4x +2y-3z-3=0

Question: 13

Find the coordina

Solution:

(i) 2x+3y+4z-12=0

Given :

Equation of plane : 2x + 3y + 4z + 12 =0
To Find :

coordinates of the foot of the perpendicular



Note :

If two vectors with direction ratios (ay, ap, az) & (by, by, b3) are parallel then
a; a; G

by b, by

From the given equation of the plane

2x+3y+4z-12=0

=2x+ 3y +4z =12

Direction ratios of the vector normal to the plane are (2, 3, 4)

Let, P = (x, y, z) be the foot of perpendicular perpendicular drawn from origin to the plane.
Therefore perpendicular drawn is gp.

~ OP = xi+ yj + zk

Let direction ratios of pp are (x, y, z)

As normal vector and gpP are parallel

= 3= = ksay)
=x =2k, y =3k, z=4k

B =
W=

As point P lies on the plane, we can write
2(2k) + 3(3k) + 4(4k) = 12

=4k + 9k + 16k = 12

=29k =12

12
29

Therefore co-ordinates of the foot of perpendicular are

24 36 48
P32 = (24,28, 2)
29 29 29

p= (23 50

20"29" 20
(ii) Given :
Equation of plane : 5y + 8 = 0
To Find :
coordinates of the foot of the perpendicular
Note :
If two vectors with direction ratios (aj, ap, az) & (bq, by, b3) are parallel then
a; a, a;
by by, by
From the given equation of the plane
5y +8=0
=5y=-8
Direction ratios of the vector normal to the plane are (0, 5, 0)
Let, P = (x, y, z) be the foot of perpendicular perpendicular drawn from origin to the plane.
Therefore perpendicular drawn is gp.
~OP = xi+ yj+ zk
Let direction ratios of 9F are (x, y, z)

As normal vector and QP are parallel
0 5 0 1

n—=—=—=—(380
x y z k (say)

=2x=0,y=5k,z=0



As point P lies on the plane, we can write

5(5k) = -8
=25k = -8
.k__g
T
~x=0,

Sk=5x o =2
y=sk=sXoe=7

z=0

Therefore co-ordinates of the foot of perpendicular are

P(x, v, 2) = (0,2,0)

P- (0220)
Question: 14

Find the length a

Solution:

Given :

Equation of plane : 3x-y-z =7

A=(2,37)

To Find :

i) Length of perpendicular = d

ii) coordinates of the foot of the perpendicular
Formulae :

1) Unit Vector :

Let @ = a,i+ a,j + a,k be any vector

Then unit vector of g is

| =i

ia=

7l —
Where, |g| = JaZt a2+ ag?

21

2) Length of perpendicular :

The length of the perpendicular from point A with position vector g to the plane is given by,
_lan—pl
Al

Note :

If two vectors with direction ratios (aj, ay, az) & (bq, by, b3) are parallel then

a; a; G

by b, b

Given equation of the plane is

3X-y-2=7 ceceunnen. eq(1)

Therefore direction ratios of normal vector of the plane are

@3, -1,-1)

Therefore normal vector of the plane is

n=31—j—k

alal =32+ (—1)2 + (-1)2
=V9+1+1

=11

From eq(l), p =7
Given point A = (2, 3, 7)

Position vector of A is

a—=2i+3j+7k



Now,

an=(20+3j+7k).(3t—j—k)

= (2x3) + (3%x(-1)) + (7x(-1))

=6-3-7

=-4

Length of the perpendicular from point A to the plane is

_lan-pl
||
_|=4-7l

Vil

11

Vit

vd=+11

Let P be the foot of perpendicular drawn from point A to the given plane,

LetP = (x, vy, 2)
AP = (x—2)i+(y—3)j+(z— Dk
As normal vector and AP are parallel

x—2 y—-3 z-—7 X
g = = o = k(say)

=x = 3k+2,y =-k+3, z = -k+7

As point P lies on the plane, we can write
3(3k+2) - (-k+3) - (k+7) =7

=9% +6+k-3+k-7=7

=11k =11

~k=1

~x=3k+2=5,

y=—k+3=2

z=-k+7=6

Therefore co-ordinates of the foot of perpendicular are
P(x,y 2) =(5,2,6)

P=(5,2,6)

Question: 15

Find the length a

Solution:

Given :

Equation of plane : 7, (2{— 2j +4k) +5 =0
A=(,1,2)

To Find :

i) Length of perpendicular = d

ii) coordinates of the foot of the perpendicular
Formulae :

1) Unit Vector :

Let @ = a,i+ a,j + a;k be any vector

Then unit vector of g is

. @
==
|al
Where, |g| = [a,2+ a,% + a;2

2) Length of perpendicular :

The length of the perpendicular from point A with position vector g to the plane is given by,



la.n—p|
Al
Note :

If two vectors with direction ratios (a1, ap, az) & (bq, by, b3) are parallel then

a; a; 4@

by b, by

Given equation of the plane is
F(2i—2f+4k)+5=0 e eq(l)
~7.(20-2j +4k)=-5

As 7 =xi+ yj+zk

Therefore equation of plane is

2x -2y +4z=-5 ... eq(2)

From eq(1) normal vector of the plane is
n=27—-2j+4k

il =22+ (=22 + 42

—ViTaT16

=424

From eq(l), p =-5
Given point A = (1, 1, 2)

Position vector of A is

+j+2k

o

=]

Now,

an=(i+j+2k). (20— 2j +4k)

= (1x2) + (1x(-2)) + (2x4)

=2-2+8

=8

Length of the perpendicular from point A to the plane is
_lan-pl
L

|8+ 5]
d_

ad =

12
Let P be the foot of perpendicular drawn from point A to the given plane,
LetP =(x,y 2)
AP=(x—Di+(-Dj+(=z-2k
As normal vector and Ap are parallel

x—1 y—-1 z-2 K
3 T =3 g Kay)

=x = 2k+1, y = -2k+1, z = 4k+2

As point P lies on the plane, we can write
2(2k+1) - 2(-2k+1) + 4(4k+2) = -5

=4k +2+4k-2 + 16k +8=-5

=24k =-13



T2’

~ 2(—13)+1_25
= 24 12

_4(—13)”_—1
2=\ =6

Therefore co-ordinates of the foot of perpendicular are

Py 2) = (2,2,2)

12'12" 6

p= (222

1z2'12" 6
Question: 16
From the point P(
Solution:
Given :
Equation of plane : 2x +y-2z+ 3 =0
P=(1,24)
To Find :
i) Equation of perpendicular
ii) Length of perpendicular = d
iii) coordinates of the foot of the perpendicular
Formulae :
1) Unit Vector :
Let @ = a,i+ a,j + a,k be any vector

Then unit vector of g is

. @
a=-—
lal
Where, |g| = [a,2+ a,% + a;2

2) Length of perpendicular :

The length of the perpendicular from point A with position vector g to the plane is given by,
_lan—pl
- al

Note :

If two vectors with direction ratios (a1, ap, az) & (bq, by, b3) are parallel then

a, a; 43

by b, by

Given equation of the plane is

2x+y-2z2+3=0

=22Xx+y-22=-3 ........... eq(1)

From eq(1) direction ratios of normal vector of the plane are
(2,1,-2)

Therefore, equation of normal vector is

A=20+j—2k

|7l =V F 2T (<2)?

-VEiT174

=49

3

From eq(l), p = -3
Given point P = (1, 2, 4)

Position vector of A is



p=1i+2j+4k

Here, g = P

Now,
can=(i+2j+4k).(2i+j— 2k)
= (1x2) + (2x1) + (4%(-2))
=2+2-8

=-4

Length of the perpendicular from point A to the plane is

la.n —pl|
o al
[—4 + 3|
md=—1""
3
p 1
d =3

Let Q be the foot of perpendicular drawn from point P to the given plane,
LletQ=(xy 2)

PO=(x—-1i+(y—2)j+ (z— Dk

As normal vector and P are parallel, we can write,

x—1 y—2 z—4

2 1 -2

This is the equation of perpendicular.

x—1 y—-2 z-—
T2 1 =2
=x = 2k+1,y = k+2, z = -2k+4

4
= k(say)

As point Q lies on the plane, we can write
2(2k+1) + (k+2) - 2(-2k+4) = -3
=4k +2+k+2+4k-8=-3

—9k=1
.kfl
k=3
1 11
l=2(;)+1=;,
4222
y= =79
() e
Z=72\g) " T

Therefore co-ordinates of the foot of perpendicular are

Qx, y,2) = (E b E]

9’9" 9

Qs(ﬂl_gﬁ)

9’9" 9
Question: 17
Find the coordina
Solution:
Given :
Equation of plane : 2x-y+z+1 =0
P=@G3,21)
To Find :
i) Length of perpendicular = d
ii) coordinates of the foot of the perpendicular
iii) Image of point P in the plane.
Formulae :
1) Unit Vector :

Let @ = a,i+ a,j + a;k be any vector



Then unit vector of g is

| =

ia=

Al —
Where, |g] = fa,2+ a,2+ a,?

2

2) Length of perpendicular :

The length of the perpendicular from point A with position vector g to the plane is given by,
_lan—pl
o al

Note :

If two vectors with direction ratios (a1, ap, az) & (bq, by, b3) are parallel then

a, a; 43

b, b, by

Given equation of the plane is

2x-y+z+1=0

From eq(1) direction ratios of normal vector of the plane are
(2,-1, 1)

Therefore, equation of normal vector is

A=20—j+k
~fl=y22 + (—1)2+ 12
=V4+1+1

=46
From eq(l), p =-1
Given point P = (3, 2, 1)

Position vector of A is

can=31+2j+k).(2i-j+k)
= (3x2) + (2X(-1)) + (1x1)
=6-2+1

=5

Length of the perpendicular from point A to the plane is

_lan-pl
Al
_I5+1]
-5
6
ad=—
V6
d=+6

Let Q be the foot of perpendicular drawn from point P to the given plane,
LletQ=(x,y 2)

PO=(x—3)i+(y—2)j+ (z— Dk

As normal vector and P4 are parallel, we can write,

x—3 y—2 z-—1 X
“Ty T o T ke

=x = 2k+3,y = -k+2, z = k+1
As point A lies on the plane, we can write
2(2k+3) - (-k+2) + (k+1) =-1
=4k +6+k-2+k+1=-1



=6k = -6

~k=-1

~x=2(-1)+3=1,

y=—(-1)+2=3

z=(-1)+1=0

Therefore, co-ordinates of the foot of perpendicular are
Qi,y z) = (1,3,0)

Q=1(13,0)

Let, R(a, b, c) be image of point P in the given plane.
Therefore, the power of points P and R in the given plane will be equal and opposite.
2a-b+c+1=-23)-2+1+1)
=2a-b+c+1=-6

=2a-b+c=-7..... eq(2)

Now, PR = (a —3)i+ (b— 2)j + (c — Dk

As PR & 71 are parallel

a—3 b—-2 c—
2 0 -1 1
=a = 2k+3, b = -k+2,c = k+1

1
= k(say)

substituting a, b, ¢ in eq(2)

2(2k+3) - (-k+2) + (k+1) =-7

=4k +6+k-2+k+1=-7

=6k =-12

~k=-2

~a=2(-2)+3=-1,

b=—(-2)+2=4

c=(-2)+1=-1

Therefore, co-ordinates of the image of P are
R(a, b, ¢) = (-1,4,-1)

R=(-1,4-1)

Question: 18

Find the coordina

Solution:

Given :

Equation of plane : 2x-y+z+ 3 =0
P=(1,3,4)

To Find : Image of point P in the plane.

Note :

If two vectors with direction ratios (aj, ap, az) & (bq, by, b3) are parallel then
a; a, da;

by by by

Given equation of the plane is
2x-y+z+3=0

=22X-y+z2=-3 .l eq(l)

From eq(1) direction ratios of normal vector of the plane are
2,-1, 1)

Therefore, equation of normal vector is
n=20—-j+k

Given point is P = (1, 3, 4)

Let, R(a, b, c) be image of point P in the given plane.



Therefore, the power of points P and R in the given plane will be equal and opposite.

=2a-b+c+3=-(12(1)-3+4+23)

=2a-b+c+3=-6

=2a-b+c=-9..... eq(2)

Now, PR = (a— 1)i+ (b—3)j+ (c — )k

As PR & 7 are parallel

a-1 b-3 c—
2 -1 1

=a =2k+1,b =-k+3, c =k+4

4
= k(say)

substituting a, b, c in eq(2)
2(2k+1) - (-k+3) + (k+4) =-9
=4k +2+k-3+k+4=-9
=6k =-12
~k=-2
~a=2(-2)+1=-3,
b=—(-2)+3=5
c=(-2)+4=2
Therefore, co-ordinates of the image of P are
R(a, b, ¢) = (-3,5,2)
Question: 19
Find the point wh
Solution:
Given :
Equation of plane : 2x + 4y -z =1
Equation of line :

x—1 y—-2 z+3
2~ -3 4

To Find : Point of intersection of line and plane.

Let P(a, b, c) be point of intersection of plane and line.

As point P lies on the line, we can write,

a—-1 b—-2 c¢c+3
2 3 4

=a = 2k+1,b=-3k+2,c=4k-3 ......... (1)

= k(say)

Also point P lies on the plane

2a+4b-c=1

=2(2k+1) + 4(-3k+2) - (4k-3) =1 ..... from (1)
=4k +2-12k+8-4k+3=1

=-12k = -12

=k=1

~a=2(1)+1=3,

b=-3(1)+2=-1

c=4(1)-3=1

Therefore, co-ordinates of point of intersection of given line and plane are
P=(3-11)

Question: 20

Find the coordina

Solution:

Given :

Equation of plane : 2x +y+z =7

Points :



A= (3, -4,-5)

B=1(2-3,1)

To Find : Point of intersection of line and plane.
Formula :

Equation of line passing through A = (x4, y1, 1) &
B = (xp, y2, 2p) is

X=Xy V—h Z—Z

X9=Xz2 Vi—V2 Z17 23

Equation of line passing through A = (3, -4, -5) & B = (2, -3, 1) is
x—3_ yv+4 _ z+5

3-2 —4+3 -5-1

_x—3_y+4_z+5

T1 T -1 -6

Let P(a, b, c) be point of intersection of plane and line.

As point P lies on the line, we can write,

a—3 b+4 c+5
1 -1 -6

=a=k+3,b=-k-4,c=-6k5..... (1)

= k(say)

Also point P lies on the plane
2a+b+c=7

=2(k+3) + (-k-4) + (-6k-5) = 7 .....from (1)
=2k+6-k-4-6k-5=7

=-5k =10

=k =-2

~a=(-2)+3=1,

b=—-(-2)—4=-2

c=—6(-2)-5=7

Therefore, co-ordinates of point of intersection of given line and plane are
P=(1-27)

Question: 21

Find the distance

Solution:

Given :

Equation of plane : 3x + 2y + 2z + 5 =0
Equation of line :

x+3 y—2

Z
3 6 2
Point : P = (2, 3, 4)

To Find : Distance of point P from the given plane parallel to the given line.
Formula :

1) Equation of line :

Equation of line passing through A = (x1, y1, z1) & having direction ratios (a, b, c) is

X=Xy V=V Z—1Z;

a b c

2) Distance formula :

The distance between two points A = (a1, ap, az) & B = (bq, by, b3) is

d= \f(alf by)?+ (ay —by)% + (az — by)?
For the given line,

x+3 y—-2 z

3 6 2

Direction ratios are (a, b, ¢c) = (3, 6, 2)

Let Q be the point on the plane such that p) is parallel to the given line.



Therefore direction ratios of given line and line PQ will be same.
Therefore equation of line PQ with point P = (2, 3, 4) and with direction ratios (3, 6, 2) is

x—2 y—-3 z-—4
3 6 2

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,
u—2 v—-3 w-—4
3 6 2
=u = 3k+2, v=6k+3, w = 2k+4 ......... (1)

= k(say)

Also point Q lies on the plane

3u+ 2v+2w=-5

=3(3k+2) + 2(6k+3) + 2(2k+4) = -5 .....from (1)
=9k +6+12k+6+4k +8=-5
=25k = -25

=k =-1

~u=3(-1)+2=-1,
v=6(-1)+3=-3
w=2(-1)+4=2

Therefore, co-ordinates of point Q are
Q=(-1,-3,2)

Now distance between points P and Q by distance formula is

d=(2+12+(B3+3)2+ (4—2)2

V(3)2+(6)2+ (2)?

VI9+36+4

Therefore distance of point P from the given plane measured parallel to the given line is
d = 7 units

Question: 22

Find the distance

Solution:

Given :

Equation of plane : x + 2y -z =1

Equation of line :

x+1 y+1 z

3 2 3
Point : P = (0, -3, 2)

To Find : Distance of point P from the given plane parallel to the given line.
Formula :

1) Equation of line :

Equation of line passing through A = (x4, y1, z1) & having direction ratios (a, b, c) is

X=Xy V=W 2%

a b c

2) Distance formula :

The distance between two points A = (ay, ap, az) & B = (bq, by, b3) is

d=./(a;— b))%+ (a,—b,)2+ (ag — by)?
For the given line,

x+1_y+1_z

3 2 3

Direction ratios are (a, b, ¢c) = (3, 2, 3)



Let Q be the point on the plane such that P is parallel to the given line.
Therefore direction ratios of given line and line PQ will be same.
Therefore equation of line PQ with point P = (0, -3, 2) and with direction ratios (3, 2, 3) is

x—0 y+3 z-2
3 2 3

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,

u v+3 w-—2 k
3= 5 = 3 =—k(say)
=u =3k, v=2k3, w=3k+2 ......... (D)

Also point Q lies on the plane
ut+2v-w=1

=(3k) + 2(2k-3) - Bk+2) =1 ..... from (1)
=3k+4k-6-3k-2=1

—4k = 9

4

9 27
u=3(3)=%
—2(9) 3-8
v=23)7 77,
_3(9)+2_35
WE=o\g) Ty

Therefore, co-ordinates of point Q are

QE(&EE)

44" 4

Now distance between points P and Q by distance formula is

G

V45.5625 +20.25 + 45,5625

=111.375

=10.55

Therefore distance of point P from the given plane measured parallel to the given line is
d = 10.55 units

Question: 23

Find the equation

Solution:

Given :

Equation of plane: x +y-z=8

Equation of line :

x—1 y z+1

3 2 7
Point : P = (4, 6, 2)

To Find : Equation of line.

Formula :

Equation of line passing through A = (x1, v1, 21) &
B = (x9, y2, Z9) is

X=Xy V—h Z—Z

X9=Xz2 Vi—V2 Z17 23

let Q (a, b, c) be point of intersection of plane and line.

As point Q lies on the line, we can write,



a—1 b c+1 k
3 2 7 - ksay)

=a =3k+1, b= 2k, c= 7k-1

Also point Q lies on the plane,
a+b-c=38
=(3k+1) + (2k) - (7k-1) = 8
=3k+1+2k-7k+1=28
=2k =6
=k =-3
~a=3(-3)+1=-8,
b=-2(-3)=-6
c=7(-3)-1=-22
Therefore, co-ordinates of point of intersection of given line and plane are Q = (-8, -6, -22)
Now, equation of line passing through P(4,6,2) and
Q(-8, -6, -22) is
x—4 y- 6 _EZ— 2
448 6+6 2+22
) xf-’-}_yfé_zfz
12 12 24

This is the equation of required line
Question: 24
Show that the dis
Solution:
Given :
Equation of plane : x-y +z =5
Equation of line :
x—2 y+1 z-2
3 4 12
Point : P = (-1, -5, -10)

To Prove : Distance of point P from the given plane parallel to the given line is 13 units.
Formula :

1) Equation of line :

Equation of line passing through A = (x4, y1, z1) & having direction ratios (a, b, c) is

X=Xy V=V Z—1Z;
a b ¢

2) Distance formula :

The distance between two points A = (ay, ap, az) & B = (bq, by, b3) is

d=./(a;— b))%+ (a, —b,)2+ (ag — by)?
For the given line,

x—2 y+1 z-2
3 4 12

Direction ratios are (a, b, ¢c) = (3, 4, 12)

Let Q be the point on the plane such that pg is parallel to the given line.

Therefore direction ratios of given line and line PQ will be same.

Therefore equation of line PQ with point P = (-1, -5, -10) and with direction ratios (3, 4, 12) is

x+1 y+5 z+10
3 4 0 12

Let co-ordinates of Q be (u, v, w)
As point Q lies on the line PQ, we can write,

u+l v+5 w410
3 4 0 12

= k(say)



=u = 3k-1, v=4k-5 w = 12k-10 ......... (1)
Also point Q lies on the plane
u-v+w=>5

=(3k-1) - (4k-5) + (12k-10) = 5 .....from (1)
=3k-1-4k+5+12k-10=5

=11k =11

=k=1

~u=3(1—-1=2,

v=4(1)-5=-1

w=12(1)—-10=2

Therefore, co-ordinates of point Q are
Q=(2-12)

Now distance between points P and Q by distance formula is

d=(-1-2)2+(-5+1)2+(-10 — 2)2

=/(=3)2+ (-4)2+ (-12)?

V9 + 16+ 144

V169
13

Therefore distance of point P from the given plane measured parallel to the given line is
d = 13 units

Hence proved.

Question: 25

Find the distance

Solution:

Given :

Equation of plane : ., (f —j+ ,I'{) -5

Equation of line :

F=(21—j+2k)+ A(30 + 4j + 2k)

Point : P = (-1, -5, -10)

To Find : Distance of point P from the given plane parallel to the given line.
Formula :

1) Equation of line :

Equation of line passing through A = (x4, y1, z1) & having direction ratios (a, b, c) is

X=Xy V=W 2%
a b c

2) Distance formula :

The distance between two points A = (aq, ap, az) & B = (bq, by, b3) is

d=./(a;— b))%+ (a,—b,)2+ (ag — by)?

for the given plane,

F(i-j+k)=5

Here, ¥ = xi+ yj + zk
(xi+yj+zk).(i—-j+k)=5
=X-y+z=5..... eq(1)

For the given line,

F=(20—j+2k)+ A(3i + 4j + 2k)

Here, ¥ = xi+ yj+z§

~ (3T + 45+ 2k)A = (xi+yj + zk) — (21— j + 2k)

B+ 4Af+ 22k = (x —2)i+ (y+ Dj+ (z— Dk



Comparing coefficients of {, j& i

=3l=(x-2)41=(y+1)&21=(z—-2)

=A:XT_2:%:Z;—2 ......... eq(2)

Direction ratios for above line are (a, b, c) = (3, 4, 2)

Let Q be the point on the plane such that P is parallel to the given line.

Therefore direction ratios of given line and line PQ will be same.

Therefore equation of line PQ with point P = (-1, -5, -10) and with direction ratios (3, 4, 2) is

x+1 y+5 z+10
3 4 0 2

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,
u+l v+5 w+10
3 4 2
=u = 3k-1, v=4k5 w=2k-10 ......... 3)

= k(say)

Also point Q lies on the given plane
Therefore from eq(1), we can write,
u-v+w=5

=(3k-1) - (4k-5) + (2k-10) = 5 .....from (3)
=3k-1-4k+5+2k-10=5

=k =11

=k=11

~u=3(11)—1=32,
v=4(11)-5=39

w=2(11)—-10= 12

Therefore, co-ordinates of point Q are
Q =(32,39,12)

Now the distance between points P and Q by distance formula is

d=,/(-1-32)2+(-5-39)2 + (—10 — 12)2

J(=33)2+ (—44)2 + (—22)2

=+/1089 + 1936 + 484
=+/3509

=59.24

Therefore distance of point P from the given plane measured parallel to the given line is
d = 59.24 units

Question: 26

Prove that the no

Solution:

Given :

Equations of plane are :

4x + 11y +2z2+3 =0

3x-2y+5z2=38

To Prove : 71 & 71, are perpendicular.

Formula :

1) Dot Product :

If 7 & b are two vectors

a=ai+aj+azk
b =byi+ b,j+ byk

then,



@.b=(a; x b))+ (a, x by)+ (az xby)

Note :

Direction ratios of the plane given by
ax+by+cz=d

are (a, b, ).

For plane

4x + 11y +2z2+3 =0

direction ratios of normal vector are (4, 11, 2)
therefore, equation of normal vector is

;= 40+ 11j+ 2k

And for plane

3x-2y+5z=8

direction ratios of the normal vector are (3, -2, 5)
therefore, the equation of normal vector is

;= 3i—2f +5k

Now,

7.7, = (40 + 11j+ 2k).(31 — 2j + 5k)

=4 x3)+(11x(-2))+(2x5)

=12-22+10

=0

~TMLT;=0

Therefore, normals to the given planes are perpendicular.
Question: 27

Show that the lin

Solution:

Given :

Equation of plane : : 7, (i + 5j + k) = 7

Equation of a line :

F=(20—2j+3k)+ (i —j+ 4k)

To Prove : Given line is parallel to the given plane.
Comparing given plane i.e.

F(i+5j+k)=7

with 7.1 = @ 71, we get,

A=i+5j+k

This is the vector perpendicular to the given plane.
Now, comparing the given the equation of line i.e.
F=(21—2f+3k)+ A(i—j+ 4k)

with 7 = g + 1b , we get,

b=1—j+4k

Now,

b= (i+5j+k).(i—j+ 4k)

=(1x1)+Bx(—1)+(1x4)

=1-5+4
=0
~“fLhb=0

Therefore, a vector normal to the plane is perpendicular to the vector parallel to the line.
Hence, the given line is parallel to the given plane.

Question: 28



Find the equation

Solution:

Given :

d=33

a=p=y

To Find : Equation of plane

Formulae :

1) Distance of plane from the origin :

Ifi=ai+ bj + ck is the vector normal to the plane, then distance of the plane from the origin is

a=r
[l
Where, |7| = Va2 7 b2 + 2
2) P+mP+n?i=1
Where | = cosa,m = cosf,n = cosy

3) Equation of plane :

Ifg=ai+ bj + ck is the vector normal to the plane, then equation of the plane is

~cosa =cosf =cosy
=l=m=n

P+m?+ni=1

Therefore equation of normal vector of the plane having direction cosines |, m, n is

f=1i+mj+nk

Pk
LI
NIV

Therefore equation of required plane is

FRi=p
- 1 1 1 .

~(xi+yj+zk .(—E+—“+—k)=3*’§

( } ) \‘."5 \'I'g} \‘3 v

x 0y oz

=t =+ -—==33

V3 V3 43 v

.-.x+y+z=3\,"§.\,’§
~x+y+z=9

This is the required equation of the plane.



Question: 29

A vector
Solution:
Given :

Inl =8

a = 45°

B = 60°
P=(2,-1,1)

To Find : Equation of plane
Formulae :

DE+mP+n?i=1

Where [ = cosa,m = cosfi,n = cosy
2) Equation of plane :

Ifi=al+bj+ ck is the vector normal to the plane, then equation of the plane is

n=p
As g =45°& f§ = 60°

-

1
~ 1l =cosa =cos45° = 5 and
J

1
m = cosf = cos60° =3

But, P+ m?+n?=1

13\2 (1y?
w= +(—) +nt=1
()

Therefore direction cosines of the normal vector of the plane are (I, m, n)
Hence direction ratios are (kl, km, kn)

Therefore the equation of normal vector is

i = kli + kmj + knk

~ |7 = (kD2 + (km)2 + (kn)?

2

= () ) )

2

k2 kK2
8= [—+—+—
2 4 4
8= k2
k=8
8

A= 420+ 4] + 4k

Now, equation of the plane is
r.n=p

ar(aV2i+4j+ak)=p .. eq(1)
But ¥ = (xi+ yj + zk)

a(xi+yf+zk).(aV2i+ 45+ 4k) =p



=4V2x + 4y +4z=p

As point P (V2, -1, 1) lies on the plane by substituting it in above equation,
4V2(V2) + 4(-1) + 4(1) =p
=8-4+4=p

=P =38

From eq(1)

A7 (420 +4j+4k) =8

Dividing throughout by 4
~r.(V2i+j+k)=2

This is the equation of required plane.
Question: 30

Find the vector e

Solution:

Given :

a=2i-3j—5k

Equation of plane : 7. (6{ — 3j + 5k) = —2
To Find :

Equation of line

Point of intersection

Formula :

Equation of line passing through point A with position vector @ and parallel to vector p is
F=a+ab

Where, ¥ = (xE+ yi+ z.fc\)

From the given equation of the plane
F.(61—3j +5k) =—2 eernee eq(1)

The normal vector of the plane is
fl=6i—3j+5k

As the given line is perpendicular to the plane therefore i1 will be parallel to the line.

~fi=b

Now, the equation of the line passing through g = (23 —3j— 5,&‘) and parallel to p = (63— 3j+ 5,&‘)

This is the required equation line.

Substituting 7 = (x1‘+ yj+ z,f(‘) in eq(1)

(xi+yj+ zk).(61—3j + 5k) = —2
=6x-3y+5z=-2...... eq(3)

Also substituting 7 = (xi+ yj + zk) in eq(2)
(xi+yj+zk) = (2i — 3j — 5k) + A(61 — 3j + 5k)

- (61— 3j+ 5k)A = (xi+ yj+ zk) — (21 — 3j — 5k)
A6 —3Aj+ 5k = (x —2)i+ (y+3)j+ (z+5)k
Comparing coefficients of i,j & i
=61=(x—-2),—-31=(y+3)&51=(z+5)

1= "T‘z = % = ? ......... eq(4)

Let Q(a, b, c) be the point of intersection of given line and plane

As point Q lies on the given line.



Therefore from eq(4)
a—2 b+3 c+5
6 -3 5
=a = 6k+2, b = -3k-3, ¢ = 5k-5

= k(say)

Also point Q lies on the plane.
Therefore from eq(3)

6a-3b+ 5¢c=-2

=6(6k+2) - 3(-3k-3) + 5(5k-5) = -2
=36k + 12+ 9k + 9 + 25k -25 = -2

=70k =2
=k=3—15
t1=6(i)+2—E
35 35
b=-3(55) 3= 5o
35 35
o (L)_E,:ﬂ:‘_?”’f
35 35 7

Therefore co-ordinates of the point of intersection of line and plane are

QE(E —108 ﬂ)

35" 35 " 7

Exercise : 28C

Question: 1
Find the distance

Solution:

. |Ax, + By, + €z, +D|
Formula : Distance = ——=—+——
VAT +B* +C?

where (x,,y,,2,) is point from which distance is to be calculated
Therefore ,

Plane r.(3i— 4j + 12k) = 9 can be written in cartesian form as
3x-4y+12z2=9

3x-4y+12z-9=0

Point = (2i - j - 4k)

Which can be also written as

Point=(2,-1,-4)

[(2x3) + (—1x—4) + (—4x12) + (-9)|

Distance = JEE+ A+ 12
16 +4-48-9]
V9 + 16 + 144
[—47]|
V169
47
= 13 unics

Question: 2
Find the distance

Solution:

. ldx, + By, + Cz, + D|
Formula : Distance = ———=—2—
VAT +B* +C?

where (x,,y,,2,) is point from which distance is to be calculated
Therefore ,

Planer.(i + j + k) + 17 = 0 can be written in cartesian form as
X+y+2z+17=0

Point = (i + 2j + 5k)



Which can be also written as
Point=(1,2,5)

[(1x1) + (2x1) + (5x1) + (17)]
VAP +aP+12

Distance =

L +2+5+ 17
o VIF+1+1

|25

_\‘@

25v3
= units

Question: 3
Find the di

Solution:

|4x, + By, + €z, +D|

Formula : Distance = —_—
VAT +B* +C?

where (x,,y,,2,) is point from which distance is to be calculated

Therefore ,

Plane r.(2i— 5j + 3k) = 13 can be written in cartesian form as
2x-5y+3z2=13

2x-5y+3z-13=0

Point=(3,4,5)

[(3%2) + (4%—5) + (5x3)—(13)|
V(PP + (=507 +37

Distance =

[6 —20 + 15— 13|

V4 +25+9

12

V38

124/38 638 .
= = unics
38 19

Question: 4
Find the di

Solution:

|Ax, + By, + €z, +D|

Formula : Distance = —L L
VAT +B* +C?

where (x,,y,,2,) is point from which distance is to be calculated
Therefore ,

Plane r.(2i— 2j + 4k) + 5 = 0 can be written in cartesian form as
2x-2y+4z+5=0

Point=(1,1,2)

[(1%2) + (1%=2) + (2%4) + (5)]
V(@2 + (27 +(4)?

Distance =

|2—2 + 8 + 5|

VE+ 2 + 16
[13]
T V24
13 13V6
= 2\._"’6 = 12 units

Question: 5
Find the di

Solution:

. |Ax, + By, + €z, +D|
Formula : Distance = ————2-——
VAZ+BZ +C?

where (x,,y4,2,) is point from which distance is to be calculated



Therefore ,
2x+y+2z+5=0
Point=(2,1,0)

[(2x2) + (1x1) + (0x%2) + (5)]
VEE+AP+ (22

Distance =

4+ 1+0+5

Ariia

[10
NE)
10

= — units
3

Question: 6
Find the di

Solution:

. |dx, + By, + €z, + D|
Formula : Distance = —————
VAT +B* +C?

where (x,,y,,2,) is point from which distance is to be calculated
Therefore ,

x-2y+4z=9

xX-2y+4z-9=0

Point=(2,1,-1)

[(2x1) + (1x—2) + (—1x4)—(9)]

Distance = JOZ +(-2)% + @2
|2—2—4-9]

T VIt Z+ 16
[—13]

V21

13 13421 it

= Non = 31 units

Question: 7
Show that t

Solution:

. |Ax, + By, + €z, +D|
Formula : Distance = ————=2-——
VAZ+BZ +C?

where (x,,y4,24) is point from which distance is to be calculated
Therefore ,

First Plane r.(i + 2j —2k) = 5 can be written in cartesian form as
X+2y-2z=5

xX+2y-22-5=0

Point=(1,2,1)

[(131) + (2%2) + (1x-2)—(5)|
VAP +(E@P+ (2P

Distance for first plane =

1 +4-2-5]

itdra

-2

v

9l

2 it
= = units
3

Second Plane r.(2i— 2j + k) + 3 = 0 can be written in cartesian form as
2x-2y+z+3=0
Point=(1,2,1)

[(1x2) + (2x-2) + (1x1) + (3)]
VEE+ (2P + (1)

Distance for second plane =



[2—4+ 1+ 3|

Vira+il

2

SI=

units

| o

Hence proved.
Question: 8
Show that t

Solution:

|Ax, + By, + €z, +D|

Formula : Distance = —i i
VAT +B* +C?

where (x,,y4,24) is point from which distance is to be calculated

Therefore ,
Plane = 3x + 4y - 122+ 13 =0
First Point=(-3,0,1)

[(—2x3) + (0x4) + (1x—12) + (13)]
VEP+ P+ (127

Distance for first point =

[-9 + 0—12 + 13|

VO + 16 + 144

_ |-
V16

2

8 it
= — units
13

Plane = 3x + 4y -122+ 13 =0

Second Point=(1,1,1)

[(1%3) + (1x4) + (1x—12) + (13)]
VEP+ (@) + (-12)°

Distance for first point =

3 +4—12 + 13|

VO F 16 + 144

8 it
= — units
13

Hence proved.

Question: 9

Find the di

Solution:

Formula : The distance between two parallel planes, say

Plane 1:ax + by + cz+dl1 =0 &

Plane 2:ax + by + cz + d2 = 0 is given by the formula
Idz B dll

vaz + b2 + c?

Distance =

where (d,,d,) are constants of the planes

Therefore ,

First Plane 2x + 3y + 4 =4
2x+3y+4-4=0...... (1)
Second plane 4x + 6y + 8z = 12
dx + 6y +82-12=0

22x +3y+42-6)=0
2x+3y+4z-6=0 ...... (2)

Using equation (1) and (2)



|—6—(-4)I

Distance between both planes = Toriarror

|6 + 4]

N T3

-2

-
Lﬂ
0

2 2v29 .
= = = unics
V29 29

Question: 10

Find the di

Solution:

Formula : The distance between two parallel planes, say
Plane l1:ax + by +cz+dl =0 &

Palne 2:ax + by + cz + d2 = 0 is given by the formula

|d2_d1|

Distance = T
va? + b? + 2

where (d,,d,) are costants of the planes

Therefore ,

First Plane x + 2y -2z +4 =0 ...... (1)
Second plane x + 2y -2z-8 =0 ...... 2)
Using equation (1) and (2)

|—8—(4)]

Distance between both planes = Tt R+ e

[-12]
VIt 4+4
12
e

12 _ it
= 3 = unics

Question: 11

Find the eq

Solution:

Formula : Plane =r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same
Therefore ,

Parallel Plane x - 2y + 2z -3 =0

Normal vector = (i - 2j + 2k)

. Normal vector of required plane = (i - 2j + 2k)
Equation of required planesr. (i-2j + 2k) =d
In cartesian form x - 2y + 2y =d

It should be at unit distance from point (1,1,1)

[(1x1) + (1x-2) + (1x2)—(d)|
VAP + (=27 + (22

Distance =

[1—-2+ 2-4d]

Vitara

[1—dl

Vo

_t(1-a)
-




3 =x(1-d)
For+sign=>3=1-d=>d=-2
For-sign=>3=-1+d=>d =4
Therefore equations of planes are : -
Ford =-2Ford =4
X-2y+2y=dx-2y+2y=d
X-2y+2y=-2x-2y+2y=4
X-2y+2y+2=0x-2y+2y-4=0
Required planes = x-2y+2y+2 =0
x-2y+2y-4=0

Question: 12

Find the eq

Solution:

Formula : Plane =r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

The distance between two parallel planes, say
Plane l:ax + by +cz+dl =0 &
Palne 2:ax + by + cz + d2 = 0 is given by the formula
Idz _ dll

vaz + b2 + c?

Distance =

If two planes are parallel , then their normal vectors are same
Therefore ,

Parallel Plane 2x -3y + 52+ 7 =0

Normal vector = (2i - 3j + 5k)

.~ Normal vector of required plane = (2i - 3j + 5k)

Equation of required plane r . (2i - 3j + 5k) =d

In cartesian form 2x - 3y + 5y =d

Plane passes through point (3,4, - 1) therefore it will satisfy it.
2(3)-3(4) +5(-1)=d

6-12-5=d

d=-11

Equation of required plane 2x - 3y + 5z = - 11
2x-3y+5z+11=0

Therefore ,

First Plane 2x -3y + 52+ 7 =0 ...... (1)

Second plane 2x -3y + 52+ 11 =0 ...... 2)

Using equation (1) and (2)

Distance between both planes = »(21222%%
[4]

V4 + 9 + 25

-
:ﬂyp
©

4\.’% 2\.@

= units
38

Question: 13
Find the eq

Solution:



Formula : The equation of mid parallel plane is , say
Plane 1:ax + by + cz +dl =0 &
Plane 2:ax + by + cz + d2 = 0 is given by the formula

. (dy +d,)
Mid parallel plane = ax + by + ¢y + — = 0

where (d,,d,) are constants of the planes

Therefore ,
First Plane 2x -3y + 62+ 21 =0 ...... (1)
Second plane 2x -3y + 6z2-14 =0 ...... 2)

Using equation (1) and (2)

Mid parallel plane = 2x — 3y + 6z +

2

dx-6y+122+7=0

Exercise : 28D

Question: 1

Show that t

Solution:

Formula : Plane =r.(n) =d
Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are either same or proportional to each
other

Therefore ,

Plane 1 :-2x-y+6z=5

Normal vector (Plane 1) = (2i -j + 6k) ..... (1)

Plane 2 : - 5x - 2.5y + 152 =12

Normal vector (Plane 2) = (5i - 2.5j + 15k) ..... 2)

Multiply equation(1) by 5 and equation(2) by 2

Normal vector (Plane 1) = 5(2i - j + 6k)

= 10i - 5j + 30k

Normal vector (Plane 2) = 2(5i - 2.5j + 15k)

= 10i - 5j + 30k

Since, both normal vectors are same .Therefore both planes are parallel
Question: 2

Find the ve

Solution:

Formula : Plane =r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Planer . (2i-3j + 5k) + 5 =0

Normal vector = (2i - 3j + 5k)

.~ Normal vector of required plane = (2i - 3j + 5k)

Equation of required plane r. (2i - 3j + 5k) =d

In cartesian form 2x - 3y + 5z =d

Plane passes through point (3,4, - 1) therefore it will satisfy it.
2(3)-3(4)+5(-1)=d



6-12-5=d

d=-11

Equation of required planer . (2i- 3j + 5k) =-11
r.(2i-3j+5k)+11 =0

Question: 3

Find the ve

Solution:

Formula : Plane =r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Planer . (i+j+ k) =2

Normal vector = (i +j + k)

.~ Normal vector of required plane = (i + j + k)

Equation of required planer. (i +j+ k) =d

In cartesian formx+y+z=d

Plane passes through point (a,b,c) therefore it will satisfy it.
(a) + (b) + (c)=d

d=a+b+c

Equation of required planer.(i+j+k)=a+b+c
Question: 4

Find the ve

Solution:

Formula : Plane =r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Planer . (2i-j + 2k) =5

Normal vector = (2i - j + 2k)

.~ Normal vector of required plane = (2i - j + 2k)

Equation of required planer. (2i-j + 2k) =d

In cartesian form 2x -y + 2z =d

Plane passes through point (1,1,1) therefore it will satisfy it.
2(1)-(1) +2(1) =d

d=2-14+2=3

Equation of required planer. (2i-j + 2k) = 3

Question: 5

Find the eq

Solution:

Formula : Plane =r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Plane 2x -y + 3z + 7 =0



Normal vector = (2i - j + 3k)

. Normal vector of required plane = (2i - j + 3k)

Equation of required planer. (2i-j + 3k) =d

In cartesian form2x -y + 3z =d

Plane passes through point (1,4, - 2) therefore it will satisfy it.
2(1)-(4) +3(-2)=d

d=2-4-6=-8

Equation of required plane 2x -y + 32 =-8
2x-y+3z+8=0

Question: 6

Find the eq

Solution:

Formula : Plane =r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Plane 2x -3y + 72+ 13 =0

Normal vector = (2i - 3j + 7k)

.~ Normal vector of required plane = (2i - 3j + 7k)

Equation of required planer. (2i- 3j + 7k) =d

In cartesian form 2x -3y + 7z = d

Plane passes through point (0,0,0) therefore it will satisfy it.
2(0)-(0)+ 3(00) =d

d=0

Equation of required plane 2x - 3y + 72 = 0

Question: 7

Find the eq

Solution:

Formula : Plane =r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Plane 3x - 5y + 4z =11

Normal vector = (3i - 5j + 4k)

.~ Normal vector of required plane = (3i - 5j + 4k)

Equation of required plane r . (3i - 5j + 4k) =d

In cartesian form 3x - 5y + 4z =d

Plane passes through point ( - 1,0,7) therefore it will satisfy it.
3(-1)-50) +4(7) =d

d=-3+28=25

Equation of required plane 3x - 5y + 4z = 25

Question: 8

Find the eq

Solution:

Formula : Plane =r.(n) =d

Where r = any random point



n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same
Therefore ,

Parallel Plane x - 2y + 22 -3 =0

Normal vector = (i - 2j + 2k)

.~ Normal vector of required plane = (i - 2j + 2k)

Equation of required planesr. (i-2j + 2k) =d

In cartesian form x -2y + 2y =d

It should be at unit distance from point (1,2,3)

[(1x1) + (2x-2) + (3x2)—(d)|

Distance = JOEt (22122
[1-4+ 6—d|
T Vit a+a4
I3 —d|
— 7
+(3-d
= 2629
3
3=4+43-d)

For +sign=>3=3-d=>d =0

For-sign=>3=-3+d=>d=6

Therefore equations of planes are : -

Ford =0 Ford =6

Xx-2y+2y=dx-2y+2y=d

X-2y+2y=0x-2y+2y=6

Required planes = x -2y + 2y =0

X-2y+2y-6=0

Question: 9

Find the di

Solution:

Formula : The distance between two parallel planes, say

Plane l1:ax + by +cz+dl =0 &

Plane 2:ax + by + cz + d2 = 0 is given by the formula
|d2 B dll

va? + b? + 2

Distance =

where (d,,d,) are constants of the planes

Therefore ,

First Planex + 2y + 3z + 7 =0
2x+2y+32+7)=0
2x+4y+62+14 =0 ...... (1)

Second plane 2x + 4y + 6z + 7 =0 ...... 2)
Using equation (1) and (2)

|7-(14)]

Distance between both planes = Tor ar or

il

V& F 16 + 36

-7

-
7
[

units

-
oﬂ\q
o

Exercise : 28E



Question: 1

Find the equation

Solution:

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+Bjy+Ciz+D; +A(A,x+B,y+Cyz+D, )=0 (1)

For the standard equation of planes,

Ax+B;y+Ciz+Djand Ayx+Boy +Coz+D,

So, putting in equation (1), we have

X+y+26+A2x + 2y + 4z + 5)=0

(1+20)x+ (1+20)y+ (1 +42)z-6 +54=0(2)

Now plane passes through (1,1,1) then it must satisfy the plane equation,
(1+22).1+(1+2A).1+(1+42).1-6+5A=0
14+22+14+22+1+4A-6+5A=0

3 4+ 84-6 + 5A=0

13A4=3

| w

1

%)

Putting in equation (2)

3 3 3 3
[1—2.— X+ 1+2.— }-‘—[1—4.— z—6+5.—=0
13 13 13 13

[13—6J [13—6J [13—12J —78+15
X+ y+ z+ =0
13 13 13 13

19x + 19y + 252-63=0

So, the required equation of plane is 19x + 19y + 252=63.

Question: 2

Find the equation

Solution:

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+By+C,z+D;+A(A;x+B,y+C,z+D, )=0 (1)

For the standard equation of planes,

Ax+By+Ciz+Djand A,x+Boy +Cyz+ D,

So, putting in equation (1), we have

x-3y+2z+6+Ax+2y+ 32+ 5)=0

(1+2)x+(-3+20)y+(1+32)z+ 6+ 52=0(2)

Now plane passes through (0,0,0) then it must satisfy the plane equation,

(1+2).0+(-3+2A2).0+(1+32).0+6+52=0

5A=-6

. —6

= —
5

Putting in equation (2)

-x-27y-132=0
X+ 27y + 13z=0
So, required equation of plane is x + 27y + 13z=0.

Question: 3



Ax+B;y+Cz+D; +A(A,x+B,y+Cyz+D, )=0 (1)

For the standard equation of planes,

Ax+B;y+Ciz+Djand Ayx+Boy +Cyz+Dy

So, putting in equation (1), we have

2x + 3y-z+ 1 + A(x + y-2z + 3)=0

CH+M)x+B+A)y+ (-1-20)z+ 1 + 32=0 (2)

Now as the plane 3x-y-2z-4=0 is perpendicular the given plane,
For 6=90°, cos90°=0

AJA,+BB,+CC,=03)

On comparing with standard equations in Cartesian form,

Ay =2+2B,=3+3C =-1-2%and A, =3B, =-1.C, =-2
Putting values in equation (3), we have

2+ 24).3+ 3+ 2A).(-1) + (-1-22).(-2)=0

6 + 3A-3-A + 2 + 4A=0

5+ 6A=0

Putting in equation(2)

-5 -5 -5 -5
[2——Jx— 3——Jy—[ —1—2.—Jz—1—3.— =0
6 6 6 6

[12—5J 18—5] ['—6—10J 6-15

6 6 6
7x + 13y + 42-9=0

=0

7xX + 13y + 4z=9

So, required equation of plane is 7x + 13y + 4z=9.
Question: 4

Find the equation

Solution:

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+B;y+Ciz+D; +1(A,x+B,y+Cyz+D, )=0 (1)
For the standard equation of planes,
Ax+B;y+Ciz+Djand Ayx+Boy +Cyz+Dy

So, putting in equation (1), we have

2x-y + A(3z-y)=0

2x + (-1-A)y + 3A2=0 (2)

Now as the plane is perpendicular the given plane,

For 6=90°, cos90°=0

AJA,+BB,+CC,=0@3)

On comparing with standard equations in Cartesian form,
A;=2B;=-1-4.C;=37and A, =4.B, =5.C, =-3
Putting values in equation(3),

24 + (-1-4).5 + 3A.-3=0

8-5-5A-9A=0

-14A=-3

3
14

Putting in equation(2)



14
28x-17y + 9z=0
So, required equation of plane is 28x-17y + 9z=0.

Question: 5

Ax+Bjy+Ciz+D; +A(A,x+B,y+Cyz+D, )=0 (1)

For the standard equation of planes,

Ax+B;y+Ciz+Djand A;x+B,y +Cyz+D,

So, putting in equation (1), we have

x-2y +2z-1 + A2x + y + z-8)=0

(1+20)x+ (-2+ Ay + (1+2)z-1-84=0 (2)

For plane the normal is perpendicular to line given parallel to this i.e.
AA,+BB,+C,C, =0

Where A;, B;, Cq are direction ratios of plane and A,, B,, C, are of line.
(1+22).1+(2+2).2+ (1 +21).1=0

14+224+22+1+2A=0

-2 4+ 5A=0

}\:

|

Putting the value of A in equation (2)

(2 o522

[5—4] [—IO—ZJ [S—Z‘J -5-16
X+ v+ z+ =0
5 5 5 5

[V
R
I
o

9x-8y + 7z-21=0
9x-8y + 7z=21

For the equation of plane Ax + By + Cz=D and point (x1,y1,z1), a distance of a point from a plane
can be calculated as

Ax, +By,+Cz, —D‘
.\{AZ _B2 _CZ
9.1-8.1+7.1-21 ‘:|9—8—?—21|_| 13
V(9) +(=8) +(7))|  [WB1+64+49| | V194
So, the required equation of the plane is 9x-8y + 7z=21, and distance of the plane from (1,1,1) is
13
d=—"_
194

Question: 6

Ax+By+Cjz+D; +A(A,x+B,y+C,z+D, )=0 (1)
For the standard equation of planes in Cartesian form
Ax+By+Ciz+Djand Ayx+Boy +Chz+ Dy

So, putting in equation 1 we have

X+ 2y+32-5+A3x-2y-z+ 1)=0

(1 + 32)x + (2-24)y + (3-2)z-5 + A=0

Now equation of plane in intercept form

v

b

o |

L
C



As given equal intercept means a=c

First, we transform equation of a plane in intercept form

vV Z
+ - + :*;—A._
1 1 T
(1+3%) (2-22) (3-2)
X y zZ
5—n  5-n  s5-n

(1+3%) (2-20) (3-2)

On comparing with the standard equation of a plane in intercept form

»

5— 5-n
a= L=

(1+32)  (3-%)

Now as a=b=c

A_"9" _ _ a4
4 ,Jy_[ﬁ 1JZ_ 1041 _
~

2 2

[2;3]X_

5x + 2y + 52-9=0

5x + 2y + 5z=9

So, required equation of plane is 5x + 2y + 5z=9.
Question: 7

Find the equation

Solution:

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+By+Cz+D; +2(A,x+B,y+C,yz+D, )=0 (1)

For the standard equation of planes in Cartesian form
Ax+By+Ciz+Djand Ayx+Boy +Chz+ D,y

So, putting in equation (1), we have

3x -4y + 5z-10 + A2x + 2y - 3z2-4)=0

3+ 22)x + (-4 + 20)y + (5-34)z-10-4A4=0

Given line is parallel to plane then the normal of plane is perpendicular to line,
AAL+BB,+CiCy =0

Where Aq, By, Cq are direction ratios of plane and Ay, B,, C, are of line.

(3 +22).6 + (-4 + 24).3 + (5-31).2=0

18 + 12A-12 + 6A + 10-6A=0

16 + 12A=0
~16 -4

}\: e
12 3

Putting the value of A in equation (2)

A3l

[g_gJX_{—12—8Jy_{15—12]2_—30—16:0

3 3 3 3

x-20y + 27z-14=0



So, required equation of plane is x-20y + 27z-14=0.

Question: 8

Find the vector e

Solution:

Equation of plane through the line of intersection of two planes in vector form is
I.(0;+20,)=d;+Ad, whereT =xi+yj+zk (1)

Where the standard equation of planes are

f.ﬁl = dl and Iﬁz = d:

Putting values in equation(1)

T(i+3)—k+2(j+2k) =0+2.0

T(1+(3+1) J+(-1+21)k)=0 2

Now as the plane passes through (2,1,-1)
F=2i+j-k

Putting in equation (2)

(20+)-k)(i+(3+1)j+(-1+22)k) =0

21+ 1.3+ 2)+ (-1)(-1 +24)=0
2+3+A+1-2A=0
A=6

Putting the value of A in equation (2)

f('i+(3+6)j+(\—1+2(6))1§):0
F(1+9)+11k) =0

So.required equation of planeisf(f +9j +1 11%) =0.
Question: 9

I.(Q; +A1, )=d;+2d, wherel = xXi+yj+7k (1)
Where the standard equation of planes are

rn; =d;andra, =d,

Putting values in equation(1)

F(i-j+3k+2(2i+j-k)=-1+15

F((1+20)i+(~1+2) j+(3-2)k) = -1+5% @

Now as the plane passes through (1,1,1)
r=i+j+k

Putting in equation (2)

(i+3+K) (142201 +(-1+2) j+(3- 1) k) = -1+ 52

1.1 +2A) +1.(-1 +2A) + 1.(3-2)=-1 + 52
1+2A-1+A+3-2A+1-5A=0

-3A +4=0
4
h=—
3

Putting the value of A in equation (2)

(oS




(ERCTRENIE

T(11i+)+5k) =17

So.required equation of plane isf(l 1i +} +51§) =17.

Question: 10
Find the vector e
Solution:

Equation of plane through the line of intersection of two planes in vector form is
I.(0; +A0,)=d; +Ad, whereT = Xi+yj+ 2K (1)

Where the standard equation of planes are

rn; =d;andrn, =d,

Putting values in equation(1)

T(21 - 7j+4k+2.(3i - 5j+4k) =3-2.11

T((2+30)i+(-7-51) j+(4+42)k) =3-1D. )

Now as the plane passes through (-2,1,3)

f=-2i+j+3k

Putting in equation (2)

(20 +j+3K)(((2+30)i+(-T-52) j+(4+42)k) =3-110
2.2+ 32) + 1.(-7-54) + 3.(4 + 42)=3-11A

-4-6A-7-5A + 12 + 12A-3 + 11A=0

-14 + 12 + 12A=0

A==
6

Putting the value of A in equation (2)

A

()

F(151-47j+28k) =7

So.required equation of plane isf( 151 - 4?] +281:1) =7.

Question: 11

Equation of plane through the line of intersection of two planes in vector form is
I.(0;+Al,)=d;+Ad, whereT =xi+yj+zk (1)
Where the standard equation of planes are

f.ﬁl = dl and fﬁz =d,

Putting values in equation (1), we have

F(21 - 3j+4k+2(i-j)=1-24

T((2+2)i+(-3-2)j+4k)=1-4r @

Given a plane perpendicular to this plane, So if n1 and n2 are normal

vectors of planes

nyn, =0



21 -j+10).((242)i+(-3-2)j+4k) =0

2.2+ A) + (-1).(-3-2) + 1.4=0
4+2A+3+2A+4=0

11 + 3A=0
-11
h=—"
3

Putting the value of A in equation (2)

f[[z—ﬂJi—(—s—ﬂJj—ﬂ%J _1os
3 \ 3 3

(o

T(-5i-2j+12k)=47

Sorequired equation of planeisf(—Si - 2]+121:1) =47.
Question: 12

(0, +A0,)=d;+Ad, whereT = Xi+yj+7K (1)
Where the standard equation of planes are

rn; =d;andra, =d,

Putting values in equation (1)

T(i-j+2(31+3]-4k) =6+2.0

T((1+32)i+(-1+3%) j+(~42)k) =6 2

For the equation of plane Ax + By + Cz=D and point (x1,y1,z1), a distance of a point from a plane
can be calculated as

Axl—B}-'l—Czl—D‘

.\,TAE _B2 _C2
(1+32)0+(-1+31).0+(—42).0-6|__
V(1+30) + (=14 31) (=)D
-6 |:1

N+902 160414902 —6a+ 1607
V243402 =6
- 2
243407 =(-6)
3432 =36-2
3432 =34
=1 a=1-1

Putting value of A in equation (2)

A=1

T((1+3.1)i+(-1+3.1) j+(-4.1)k) =6
T(41+2)-4k) =6 =T (2i+]-2k)=3
A=-1

T((143.(=1))i+(-1+3(-1)) j+(-4(-1) )k) =6

T(-2i-4j+4k) = 6= T(i+2)-2k) =-3



For equations in Cartesian form put
T :xi—yj—zf{

For A=1
(xi+y+zk)(21+j-2k-3)=0
x.2 + y1 + z.(-2)-3=0

2x + y-2z-3=0

For A=-1
(x1+yj+zk ) (1+2j-2k+3)=0
x.1+y2+2(-2)+3=0

X + 2y-2z + 3=0

So.required equation of plane

in vector form areT.(2i +j - 2k) =3for 2. =1

r.(i+2)-2k)=-3fora=-1

In Cartesian form are 2x + y-2z-3=0 & x + 2y-2z + 3=0

Question: 1
Find the acute an

Solution:

Exercise : 28F

To find the angle between two planes, we simply find the angle between the normal vectors of
planes. So if n1 and n2 are normal vectors and 0 is the angle between both then,

nq1,
cost = 172

ENEH

(i)On comparing with the standard equation of planes in vector form

f.l_ll = dl and Il_l: = d:
fi,=i+)—2Randii, = 2i+2}—k

Then

(i+j-2k) (si-2ik))_|

il il

2 |

c0sB = |—— -
Hi—j—:k

J6
3

o

-\f_ﬁ‘
3

B=cos”}

1.2+12+(-2).(-1)

= 5 3
2i+2j-K| ‘ ‘(I\ﬁ‘_f—(—:)'].[-\b +2%+(-1)°)

(ii) On comparing with the standard equation of planes in vector form

f.l_ll = dl and Iﬁ: = d:

1= f+fj—1%andﬁ2 =2i —j—l%

Then

(i+2j-k).(2i-j-k)

12+2.(-1)+(-1)(-1)

| 24242
[VL+1+ 43 +4+1]

cosl = |—+—
Hi—2j—k

1 1
= |—_—— = |—
‘JEJE“J

S |- =
2| (_‘ﬁ-_f—(_l)z]'(\b-



6=cos

: J
6
(iii) On comparing with the standard equation of planes in vector form

f.ﬁl = dl and fﬁz = d:

i, =2i-3j+4kandii, = —i+]

Then

e

2i—3j—4kH—i—ﬂ ‘ ‘(JEE—(—s)

Cose:w(2i—3j—4k){_i_j” ‘ 2(-42—(—3}1—41) : ‘ -2+(-3

-5

—_ -
V58

-5
\29.2

5 °
ﬂssJ

(iv)On comparing with the standard equation of planes in vector for

9=cos!

f.ﬁl = dl and Iﬁz = d:
i, =2i—3j+6kandii, =3i+4j 12k

Then

(2i—3j—6k){3i—4j—12£)

cosO = ‘

2i—3j—6£H3i—4}—12£

= |- 23+
(VEQ—(—ﬂz—ﬁﬂ( 3 147 4 (-12)

‘ 6+(—12)+(-72)

:“JZ—9—3GNJ§—16444)

-78 | _|-T8

Va9fieo| |7.13

d

Question: 2

-

0 =cos

To show the right angle between two planes, we simply find the angle between the normal vectors
of planes. So if n1 and n2 are normal vectors and 0 is the angle between both then

I_:llllz

cosh = for right angle 6=90°

ElEA

Cos90°=0

nyi; =0 (1)

(i)On comparing with standard equation

nj= 41 —T:i—81;‘andﬁ2 :31—43_51;-

LHS =1, i, = (41~ 7] -8k ) (31 ~4]+5k) =43+ (=7).(4) + (-8) 5

Hence proved planes at right angles.

(ii) On comparing with the standard equation of a plane
n; = 217—6:i—61;‘andﬁ2 = 31—43_ Sk
LHS =1, = (20+6]+6k ) (31+4]-5k) =23 + 6.4+ 6(-5)

= 6+24-30=30-30=0=RHS

Hence proved planes at right angles.



Question: 3
Find the value of
Solution:

For planes perpendicular Cos90°=0

1_11.1_12 = 0 (1)

(i)On comparing with the standard equation of a plane
fi;=2i—j—2kandfi, =3i+2j+2k

fi iy =(20-j-2k) (31+2)+2k) =

2.3+ (-1).2 + (-A4).2=0

6-2-2A=0

2A=4

A=2

(ii) On comparing with the standard equation of a plane
i, =2i+2j+3kandii, =i+2j— 7k

41, =(2i+2j+3k).(1+2j- 7k) =

A1 4224+ 3.(-7)=021+4-21=02A=17

Question: 4

Ax+By+Ciz+D; =0and A;x+B,y+C,yz+D, =0

.\,I(All _Blz _Clz').\;(Azz —Bf —C‘f']

cost =

(i)On comparing with the standard equation of planes

A,=2B;=-1.C;=1andA, =1B, =1C, =2

1).1+1.2 ‘ 2+(-1)+2 3
ool 2L(DIs12 | ( ) u“
‘2-—(—1)'1 1* +17 +2? | +11+1+4[ V636
3 1
= —
6 2
GZCOS_I[EJ:E
2 3
(ii)On comparing with the standard equation of planes
Al_lBl qu__alldAﬂ—ﬁB"p:—%C"p—ﬁ
1.2+2.(-3)+2.6 2+(—6)+12
cosez‘ () ‘ H(0)+ ‘:||[8|[
W12 422422427 4 (3 462 T NEE e aavo36] oV
8 8
E.
3.7 21
1 8
9 =cos ! —J
21

(iii) On comparing with standard equation of planes

Al :l.Bl :l.Cl = —lalldA2 :1.B2 = 2.C2 =1

1.1+12+(-1).1 1+2+(-1) | |

114114441 V36

cosG:} }:

1212 \[1_. 2

3

-



(iv)On comparing with the standard equation of planes

Al = lBl = l.Cl = —2andA2 = 2.B2 = —2.C2 =1

1.2+1.(=2)+(-2).1

cos@:‘ ‘:‘

W (222 () 2| WIHTaae 44
,

.\,I

=)
(7%}

9=cos’

5
3'6J

Question: 5

<~

A x+By+Ciz+D, =0and A;x+B,y+C,z+D, =0 cosb =

For 6=90°, c0s90°=0

A1A2 —B]B2 T C1C2 = 0

(i)On comparing with the standard equation of a plane

Al = 3B1 = 4‘Cl =-5 andA: = 2.B2 = 6.C2 =0

LHS =AA, +B;B, +C,C;, =32+4.6+(—5).6=6+24-30

=0=RHS

Hence proved that the angle between planes is 90°.

(ii) On comparing with the standard equation of a plane

Al = 1B1 = —2.C1 = 4andA2 = 18.B2 :1?.C2 =4

‘ AjA; +B1B, + GGy
‘.\;(Alz +B2+C2 I]'\’(Af +B,? _sz']

LHS =A;A,+B;B,+C,Cy =1.18+(2).17+4.4=18+(-34)+16

=0=RHS
Hence proved that angle between planes is 90°.

Question: 6

A1A2 —B]B2 - C1C2 = 0

Where Aq, By, Cq are direction ratios of plane and Ay, B,, C, are of other

plane.

21+4+22+42=2+4+ 8=14%0
Hence, planes are not perpendicular.
Similarly for the other plane
25+2.6+27=10+ 12 + 14=36=0
Hence, planes are not perpendicular.
Question: 7

Show that the pla

Solution:

To show that planes are parallel

A B G

A, B, G,

On comparing with the standard equation of a plane
Al = 2.B1 = —2.C1 = 4andA2 = 3.B2 = —3.C2 =6

Ay
A,

B, -2

2 G
. = = —,
B, -3 3°C,

4
=—=
6

2
3

(SR ]

So,



Ay By G

A, B, G,

2
3
Hence proved that planes are parallel.
Question: 8

Find the value of

Solution:

To find an angle in Cartesian form, for the standard equation of planes

Ax+By+Ciz+D; =0and A;x+B,y+C,yz+D, =0

A1A,+BB, + (G, ‘
.\;(Al: LB A0 ']'\’(Af SBjC,? ]

cost =

For 6=90°, c0s90°=0

AjA, +BB,+C,C, =0

On comparing with the standard equation of the plane,
A=1B;=—4.C; =%andA,=2B,=2.C, =3
AA,+BB,+C,C, =1.2+(-4).2+2.3=0

2+ (-8) + 3A=0

-6 + 3A=0

A=2

Question: 9

AXx+Byy+Ciz+Dy=0

Direction ratios of parallel planes are related to each other as

A B C
11— -1 _k(constant)
Ay By G

Putting the values from the equation of a given parallel plane,

A_B G
53 7

k

A, =5k,B; =-3k.C; =7k

Putting in equation plane

Skx —3ky+7kz+D; =0

As the plane is passing through (0,0,0), it must satisfy the plane,
5k.0-3k.0+7k.0+D; =0

D;=0

5kx-3ky + 7kz=0

5x-3y + 7z=0

So, required equation of plane is 5x-3y + 7z=0.
Question: 10

Find the equation

Solution:

Let the equation of a plane

I(xi+yj+zk)=d@)
Direction ratios of parallel planes are related to each other as

Ay B C
1115 (constant)
Ay By G

Putting the values from the equation of a given parallel plane,



X =y1=71 =X

Putting values in equation (1), we have

T(r+2j+2k)=d@

A plane passes through (a,b,c) then it must satisfy the equation of a plane
(al+bj+ck)(x1 +}-.j+}-.1:1) =d

z(al +bj+c1;)( i+] +k) =d

Af(a.1 +b.1 +c.1)=d
Al(a + b + ¢c)=d

Putting value in equation (2)

f.(f+j+1%).}-.:}x(a+ b+ ¢)
f.(f+j+1%):a+ b+c¢

So.required equtaion of planeis f(l+]+k) =a+ b+ c

Question: 11
AIX —Bl}" + Clz _Dl =0
Direction ratios of parallel planes are related to each other as

A_B_G

= =k (constant)
A2 B2 C2
Putting the values from the equation of a given parallel plane,

A _B_ G

54 -1
A, =35k.B; =4k.C; =-11k
Putting in the equation of a plane
Skx+4ky —1lkz+D; =0
As the plane is passing through (1,-2,7), it must satisfy the plane,
5k.1+4k.(-2)-11k.7+D, =0)
5k -8k —-77k+D; =0
D; =80k
Putting value in equation (1), we have
Skx+4ky—11kz+80k =0
5x + 4y-11z + 80=0

So, the required equation of the plane is 5x + 4y-11z + 80=0.

Question: 12

AA,+BB,+CC;=0

Where A, B, C are direction ratios of plane and A;, By, C; are of another plane.
3.A;+2B;-3C,; =0 (1)

5A,—4B,+C, =0 (2)

And plane passes through (-1,-1,2),

Ax+1) + By +1) + C(z-2)=0 (3)

On solving equation (1) and (2)



<
A :EandC:E
9 9

Putting values in equation (3)

5B 1B

"X+ +B(y41) e (2-2) =0

B(bx +5+ 9y + 9+ 112-22)=0

5x + 9y + 11z-8=0

So, required equation of plane is 5x + 9y + 11z=8.
Question: 13

Find the equation

Solution:

Applying condition of perpendicularity between planes,
AA;+BB;+CC; =0

Where A, B, C are direction ratios of plane and A;, B1, C; are of other
plane.

lA+2B-1C=0

A+2B-C=01)

3A-4B+C=0

3A-4B+C=0(2)

And plane passes through (0, 0, 0),

A(x-0) + B(y-0) + C(z-0)=0

Ax + By + Cz=0 (3)

On solving equation (1) and (2)

q
A :EandC :E
2 ]

Putting values in equation(3)

q
E.X—B}-‘—E.z: 0
< <

B(x + 2y + 52)=0

X + 2y + 52=0

So, required equation of plane is x + 2y + 5z=0.
Question: 14

AA,+BB;+CC;=0

Where A, B, C are direction ratios of plane and A;, B1, C; are of other
plane.

3A+3B-2C=0

3A+3B-2C=0 (1)

l1A+2B-3C=0

A+2B-3C=0@)

And plane contains the point (1,-1,2),

A(x-1) + B(y + 1) + C(2-2)=0 (3)

On solving equation (1) and (2)

-5
A :"TBandC:E

Putting values in equation (3)

2B (x-1)+B(y+1)+ 2 (z-2)=0

B(-5(x-1)+7(y+1)+3(z-2))=0



Sx+5+7y+ 7+ 32-6=0

S5x + 7y + 3z + 6=0

5x-7y-3z-6=0

For equation of plane Ax + By + Cz=D and point (x1,y1,z1), distance of a

point from a plane can be calculated as

Ax;+By,;+Cz,-D
VAZ+B?+C?
5(-2)-7.5-35-6 | |-10-35-15-6|_|-66| 66
7+ 2 > = = = — =
V5P +(=7 +(=3)))| | V25+49+9 | |e3| T V&3

Question: 15

A(x-1) + B(y-1) + C(z-2)=0 (1)
A(x-2) + Bly + 2) + C(z-2)=0 (2)
Subtracting (1) from (2),
A(x-2-x + 1) + B(y + 2-y-1)=0
A-3B=0 (3)

Now plane is perpendicular to 6x-2y + 2z=9
6A-2B + 2C=0 (4)

Using (3) in (4)

18A-2B + 2C=0

16B + 2C=0

C=-8B

Putting values in equation (1)
3B(x-1) + B(y + 2)-8B(z-2)=0
B(3x-3 +y+ 2-82+ 16)=0

3x + y-8z + 15=0

Question: 16

A(x + 1) + B(y-1) + C(z-1)=0 (1)
A(x-1) + B(y + 1) + C(z-1)=0 (2)
Subtracting (1) from (2),
A(x-1-x-1) + Bly+ 1-y + 1)=0
-2A + 2B=0

A=B (3)

Now plane is perpendicular to x + 2y + 2z=5
A+ 2B+ 2C=0 (4)

Using (3) in (4)

B+ 2B + 2C=0

3B + 2C=0

C= fB

Putting values in equation (1)

B(x—l)—B(}-'—l)—%sB(z—l) =0

B2(x + 1) + 2(y-1)-3(z-1)=0
2x + 2y-3z + 2-2-3=0

2x + 2y-3z-3=0

Question: 17

Find the equation
Solution:

Plane passes through (3,4,2) and (7,0,6),



A(x-3) + B(y-4) + C(z-2)=0 (1)

A(x-7) + B(y-0) + C(z-6)=0 (2)
Subtracting (1) from (2),

A(x-7-x + 3) + B(y-y + 4) + C(z-6-z + 2)=0
-4A + 4B-4C=0

A-B + C=0

B=A+C (3)

Now plane is perpendicular to 2x-5y=15
2A-5B=0 (4)

Using (3) in (4)

2A-5(A + C)=0

2A-5A-5C=0

-3A-5C=0

A(5(x-3) + 2(y-4)-3(z-2)=0

5x + 2y-32-15-8 + 6=0

5x + 2y-3z-17=0

So, required equation of plane is 5x + 2y-3z-17=0.
Question: 18

Plane passes through (2,1,-1) and (-1,3,4),
A(x-2) + B(y-1) + C(z + 1)=0 (1)

A(x + 1) + B(y-3) + C(z-4)=0 (2)
Subtracting (1) from (2),

Ax + 1-x+ 2) + B(y-3-y + 1) + C(z-4-2-1)=0
3A-2B-5C=0 (3)

Now plane is perpendicular to x-2y + 4z=10
A-2B + 4C=0 (4)

Using (3) in (4)

2A-9C=0
i ]
C=ZA
9
ZB:A—4.:A:>[gJA:1—':A
9 9 9
=7
18
Putting values in equation (1)
17 2
A(x-2)+—A(y-1)+=A(z+1)=0
(x=2)+ 2 A(y -1+ SA(2+])

A(18(x-2) + 17(y-1) + 4(z + 1)=0
18x + 17y + 42-36-17 + 4=0
18x + 17y + 42-49=0

So, the required equation of plane is 18x + 17y + 4z-49=0
If plane containst =—i + 3j + 4k +( 3i-2j- 5k)thc11 (—1,3, 4)satisfies plane and normal vector of planeisperpendicular

LHS=18(-1) + 17.3 + 4.4-49



=-18 + 51 + 16-49
=-2 + 2=0=RHS

In vector form normal of plane
i=18i+17j+4k
LHS=18.3 + 17(-2) + 4.(-5)=54-34-20=0=RHS

Hence line is contained in plane.

Exercise : 28G

Question: 1
Find the angle be

Solution:

Given-i = (i + 2j—k) + Mi—j+ k)andt.(2i—j + k) = 4
To find - The angle between the line and the plane

Direction ratios of the line = (1,-1,1)

Direction ratios of the normal of the plane = (2,-1, 1)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb' +exe’

sin~ -
Va2 +b?+ cz\,‘a’2+ b2 c”

The angle between the line and the plane

. _1(1><2 + (-1)x(-1) + 1><1)
51n
V1Z + 12 4+ 12422 + 12 + 12

Question: 2

Find the angle be

Solution:

Given -7 = (217 + 3k) + A3 —j + 2k)and (1 +§+ k) = 3
To find - The angle between the line and the plane

Direction ratios of the line = (3,-1, 2)

Direction ratios of the normal of the plane = (1,1, 1)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb' +exe’

sin~ -
Va2 +b?+ cz\,‘a’2+ b2 c”

The angle between the line and the plane

. _1( 3x1+(-1)x1+2x1 )
= 5In
V32 + 12 4+ 2212 + 12 + 12

, _1(3—1 + 2)
= 5in ——r—a

Vi3

= sin‘l(i)
Jaz
Question: 3
Find the angle be
Solution:
Given -t = (31 + k) + A(j + k) and#.(2i—j + 2k) = 1

To find - The angle between the line and the plane



Direction ratios of the line = (0,1, 1)
Direction ratios of the normal of the plane = (2,-1, 2)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb’ +exc’

sin” -
VaZ+b?+ cha’z +b 4+

The angle between the line and the plane

oy 0x24+1x(-1)+ 1x2
s
V02 + 12 + 12422 + 12 + 22

-1+ 2
= sin‘l(—)

32

n (55)
= sin™" |—
3\.@
Question: 4
Find the angle be

Solution:

Given-*= =Y - Z2and3x + 4y + 2 +5 = 0
To find - The angle between the line and the plane
Direction ratios of the line = (3,-1, 2)

Direction ratios of the normal of the plane = (3,4, 1)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb’ +exc’

sin™ -
VaZ+b?+ cha’z +b 4+

The angle between the line and the plane

, _1( 3x3+(-1)x4+2x1 )
= 5in
V32 + 12 + 22/32 + 42 + 12

, _1(9— 4+ 2)
sin a——

Viavze
()
= sin~
VT X VZXVT3

)

Find the angle be

(375

Question: 5

Solution:

+1

Given -1 - ¥ — 2gnd 10x + 2y — 11z = 3
2 3 6

To find - The angle between the line and the plane
Direction ratios of the line = (2, 3, 6)
Direction ratios of the normal of the plane = (10, 2, - 11)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb’ +exc’

sin™ -
VaZ+b?+ cha’Z +bFsc?

The angle between the line and the plane

,_1( 2x10+ 3%x2 + 6x(—11) )
sin
V22 + 32 4+ 624/102 + 22 + 112

-1

20 + 6—66
sin” )

7 x 15

-1
sin” (? 5)

8

-1
= sin -
( 21

R



Question: 6

Find the angle be

Solution:

Given-A=(3,-4,-2),B=(12,2,0)and 3x-y+z=1

To find - The angle between the line joining the points A and B and the plane

Tip-IfP = (a, b, c) and Q = (a’, b’, ¢’), then the direction ratios of the line PQ is given by ((a’ - a),
(b”-b), (¢’ -¢)

The direction ratios of the line AB can be given by
((12-3),(2+4),(0+2)

=(9,6,2)

Direction ratios of the normal of the plane = (3,-1, 1)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb' +exe’

sin~ -
VaZ+b?+ cZ\Ja’Z +b 4+

The angle between the line and the plane

. _1( 9x3+6x(—-1)+2x1 )
51
V92 + 62 + 22432 + 12 + 12
, _1(27—6 + 2)
= 35In EE——
11 x+11

= sin™! ( 3 )

a 11V/11

Question: 7

If the plane 2x -

Solution:

Given -y = z = Qand 2x —3y— 6z = 13

To find - The angle between the line and the plane
Direction ratios of the line = (1, 0, 0)

Direction ratios of the normal of the plane = (2, - 3, - 6)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb’ +exc’

sin” -
VaZ+b?+ cha’z +b 4+

The angle between the line and the plane

B Sm_l(lxz + 0x(-3) + Ox(—é))

V12 + 02 + 02y22 + 32 + 92

2
— sin—1(Z
sin (7)

Question: 8
Show that the lin

Solution:

Given -7 = (21 + 5{ + 7k) + A(i + 3] + 4k)and 2. (i + j— k) = 7
To prove - The line and the plane are parallel &

To find - The distance between them

Direction ratios of the line = (1, 3, 4)

Direction ratios of the normal of the plane = (1,1, -1)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb’ +cxc’

sin™ -
ya?+b?+ cha’z s

The angle between the line and the plane

, 71( 1x1+3x1+4x(-1) )
= 5In
V1Z + 32 + 4212 + 12 + 12




= sin™*(0)

Hence, the line and the plane are parallel.
Now, the equation of the plane may be writtenasx +y-z=7.
Tip -Ifax + by + c + d = 0 be a plane and ¢ = (a’f + bj + .;’R) + )L(a”f +b"j + .;”R) be a line

r L !
; : : ®a +bxb +cxc +d
vector, then the distance between them is given by |2 1222 T %¢ * €

Va2 +b? +c?
The distance between the plane and the line

|1><2+ 1)<5—1><?—7|

I VEriz+ 12 |

2+5-7-7

V3

= % units

Question: 9

Find the value of

Solution:

Given -t = (i + 2k) + A(21—mj— 3k) and %. (mi + 3j + k) = 4 and they are parallel
To find - The value of m

Direction ratios of the line = (2, - m, - 3)

Direction ratios of the normal of the plane = (m, 3, 1)

Formula to be used - If (a, b, c) be the direction ratios of a line and (a’, b’, ¢’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb’ +exc’

sin~ ;
VaZ+b?+ cha’z +b 4+

g 2xm+ (—m)x3 + (=3) x1
~ sin
V22 + m? + 32ym? + 32 + 12

— ( 2m—3m-—3 )
= sin =
V13 + m2y10 + m?
-m-—3
=
V13 + m2v10 + m?

= m= —3

Question: 10

Find the vector e

Solution:

Given -1.(i + 2j + 3k) = 3

To find - The vector equation of the line passing through the origin and perpendicular to the
given plane

Tip - The equation of a plane can be given by ¥.fi = d where fi is the normal of the plane

A line parallel to the given plane will be in the direction of the normal and will have the direction
ratios same as that of the normal.

Formula to be used - If a line passes through the point (a, b, c) and has the direction ratios as
(a’, b’, ¢’), then its vector equation is given by ¢ = (af + bj + .;R) T )L(a’T +b'j + .;’R) where A
is any scalar constant

The required equation will be ¥ = (o_f +0.§+ o_ﬁ) i )L(f + 2 + 3R)

= (i + 2j + 3k) for some scalar 4

Question: 11

Find the vector e

Solution:

Given - 1. (2’1‘ - 3j— I{‘) — 0 and the vector has position vector (f -2j + 5}})

To find - The vector equation of the line passing through (1, - 2, 5) and perpendicular to the
given plane



Tip - The equation of a plane can be given by ¥.1i = d where fi is the normal of the plane

A line parallel to the given plane will be in the direction of the normal and will have the direction
ratios same as that of the normal.

Formula to be used - If a line passes through the point (a, b, c) and has the direction ratios as
(a’, b’, ¢’), then its vector equation is given by ¢ = (aT + bj + .;R) + )L(a’T + b'j + .;’R) where A
is any scalar constant

The required equation will be i = (i —2j + 5k) + A(2i — 3j — k) for some scalar 2
Question: 12

Show that the equ

Solution:

Given - The equation of the plane is given by ax + by +d =0

To prove - The plane is parallel to z - axis

Tip - If ax + by + cz + d is the equation of the plane then its angle with the z - axis will be given
by sin™! (ﬁ)

Considering the equation, the direction ratios of its normal is given by (a, b, 0)

The angle the plane makes with the z - axis = sin " 1[0/ (a® + b2)] = 0

Hence, the plane is parallel to the z - axis

To find - Equation of the plane parallel to z - axis and passing through points A = (2,- 3, 1) and B
=(-4,7,6)

The given equation ax + by + d = 0 passes through (2,-3,1) & (-4, 7, 6)
~2a—3b+d=0....... (i)
~—4a+ 7b +d = 0...... (ii)

Solving (i) and (ii),

a b
m = 1—2| = « [a — arbitrary constant]
7 01 1 —4

~a = —10a

~b = —6a

Substituting the values of a and b in eqn (i), we get,
-2X10a + 3X6a +d=0ie.d =-2a

Putting the value of a, b and d in the equation ax + by +d = 0,
(-10a)x + (-6a)y + (- 2a) = 0

ie.d5x+3y+1=0

Question: 13

Find the equation

Solution:

Given - A plane passes through points (1, 2, 3) and (0, - 1, 0) and is parallel to the line

-1 y+2 =z

2 3 -3
To find - Equation of the plane

Tip - If a plane passes through points (a’, b’, ¢’), then its equation may be given as a(x - a’) + b(y -
b’)+c(z-c')=0

Taking points (1, 2, 3):

a(x-1) +b(y-2)+c(z-3) =0............ (i)
The plane passes through (0, - 1, 0):
a(0-1)+b(-1-2)+c(0-3)=0
ie.a+3b+3c=0..cc....... (ii)

The plane is parallel to the line %1 = YT” = ig

Tip - The normal of the plane will be normal to the given line since both the line and plane are
parallel.

Direction ratios of the line is (2, 3, - 3)
Direction ratios of the normal of the plane is (a, b, ¢)
50,2a4+3b-3c=0.cccuvuvevniiinaannnnnn. (iii)

Solving equations (ii) and (iii),



ﬁ = _ﬁ = ﬁ = Q[a — arbitrary constant]
~a = —18«x

~b = 9a

~C = —3a

Putting these values in equation (i) we get,
—18a(x—1) + 9a(y—2) —3a(z—3) = 0
= 18(x—1)-9(y—2) +3(z—3) =0

= 6(x—1)—-3(y—-2)+(z—-3) =0

= 6x—3y+z—3 =0

= 6x—3y+z=3

Question: 14

Find the equation

Solution:

Given - A pla_ne passes through (2, - 1, 5), perpendicular to the plane x + 2y - 3z = 7 and parallel
to the Iinex;J = y_+11 = 2_12

To find - The equation of the plane

Let the equation of the required plane be ax + by + cz +d = 0...... (a)

The plane passes through (2, -1, 5)

So,2a-b+5c+d=0....cccccuuuun..... (i)

The direction ratios of the normal of the plane is given by (a, b, c)

Now, this plane is perpendicular to the plane x + 2y - 3z = 7 having direction ratios (1, 2, - 3)
So,a+2b-3c=0............. (ii)

This plane is also parallel to the line having direction ratios (3, -1, 1)

So, the direction of the normal of the required plane is also at right angles to the given line.
So,3a-b+c=0.................. (iii)

Solving equations (ii) and (iii),

|—21a_13| = _|; b_lg = |31 c_21| = @ [a - arbitrary constant]
~a = —a

~b = —10a

~Cc = —Ja

Putting these values in equation (i) we get,

2X(-a) - (-10a) + 5(-7a) + d = 0i.e.d = 27«

Substituting all the values of a, b, ¢ and d in equation (a) we get,
—ox — 10ay —7az + 270 = 0

=X+ 10y + 72 + 27 =0

Question: 15

Find the equation

Solution:

Given - A plane passes through the intersection of 5x -y + z =10 and x + y - z = 4 and parallel
to the line with direction ratios (2, 1, 1)

To find - Equation of the plane

Tip - Ifax + by + cz+d =0and a’x + b’y + ¢’z + d’ = 0 be two planes, then the equation of the
plane passing through their intersection will be given by

(ax + by + cz +d) + A(a’x + b’y + ¢’z + d’) = 0, where A is any scalar constant
So, the equation of the plane maybe written as
(5x-y+2z-10)+A(x+y-2-4)=0

=G +M)x+(-1+A)y+(1-2)z+(-10-44)=0

This is plane parallel to a line with direction ratios (2,1, 1)

So, the normal of this line with direction ratios ((5 + A), (-1 + ), (1 - A)) will be perpendicular to



the given line.

Hence,

26+ +(-1+2)+(1-2)=0

=A=-5

The equation of the plane will be
G+ES))x+(-1+G5)y+1-X(-5)z+ (-10-4X(-5)) =0
=-6y+62+10=0

=3y-3z=5

To find - Perpendicular distance of point (1, 1, 1) from the plane

Formula to be used - If ax + by + ¢ + d = 0 be a plane and (a’, b’, ¢’) be the point, then the

) I !
distance between them is given by |22 £bxb tcxc +d

va?+b2+c?
The distance between the plane and the line

[0x2 +3x1-3x1=5
Sl Vor+3z+a32 |

|3— 3—5|
- 2\.@

5 .
= — units
23

Exercise : 28H

Question: 1

Find the vector a

Solution:

Given -t = { + j— k& ? — 37— [ are two lines to which a plane is parallel and it passes
through the origin.

To find - The equation of the plane

Tip - A plane parallel to two vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking their cross product

AEXT

ij k
=11 -1
3 0 -1

= i(-1-0) + j(-3 + 1) + k(0—13)
= -1-2]-3k
The plane passes through origin (0, 0, 0).

Formula to be used - If a line passes through the point (a, b, c) and has the direction ratios as
(a’, b’, ¢’), then its vector equation is given by = (af + bj + .;R) + )L(a’f +b'j + .;’R) where A
is any scalar constant

The required plane will be

= (0xi+0xj+0xk) + 2(-i-2j-3k)
=7 =M+ 2+ 3k)

The vector equation : £.(i + 2j + 3k) = 0
The Cartesian equation : x + 2y + 3z = 0
Question: 3

Find the vector a

Solution:

Given -7 = (_J“ T 3ﬁ) T )L(ZT— 5j— I{‘) &F = (T— 3f + R) + u(—51 + 4j). A plane is parallel to
both these lines and passes through (3, - 1, 2).

To find - The equation of the plane

Tip - A plane parallel to two vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking their cross product

R = 2i— 5 — k& ﬁ!’ = —51 + 4§~ where the two vectors represent the directions

—

—
~ RXFR



B

=12 -5 -1

-5 4 0

=10 + 4) +j(5—0) + k(8—25)

= 4i + 5)—17k

The equation of the plane maybe represented as 4x + 5y-17z2+d =0
Now, this plane passes through the point (3, -1, 2)

Hence,

4x3+5x%x(-1)-17%x2+d=0

=d =27

The Cartesian equation of the plane : 4x + 5y - 17z + 27 = 0
The vector equation : ¥.(4i + 5j— 17k) + 27 = 0
Question: 3

Find the vector e

Solution:

Given - The lines have direction ratios of (1, -1, - 2) and (- 1, 0, 2). The plane parallel to these
lines passes through (1, 2, 3)

To find - The vector equation of the plane

Tip - A plane parallel to two vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking their cross product

R=1-j—2k& R = —i + 2k, where the two vectors represent the directions
~Rx R
i j k
=11 -1 -2
-1 0 2

i(—2-0) +j(2-2) + k(0-1)

= -2i-k

The equation of the plane maybe represented as - 2x -z +d =0
Now, this plane passes through the point (1, 2, 3)

Hence,

(-2)x1-3+d=0

=d=5

The Cartesian equation of the plane : -2x -z +5=0i.e.2x+2=5
The vector equation : I, (Zi + R) =5

Question: 4

Find the Cartesia

Solution:

Given - %l = }'T_z =2ty ‘;11 = y_;,g = il A plane is parallel to both these lines and passes
through (1, 2, - 4).
To find - The equation of the plane

Tip - A plane parallel to two vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking their cross product

The direction ratios of the given lines are (2, 3, 6) and (1,1, -1)

“R=21+3]+6k&R =1+ j—k
“RxR

ij k
=12 3 &6

11 -1

i(—3—6) +j(6 +2) + k(2-3)

—9i + 8j—k

The equation of the plane maybe represented as - 9x + 8y-z+d =0

Now, this plane passes through the point (1, 2, - 4)



Hence,

-9 x1+8x2-(-4)+d=0

=d=-11

The Cartesian equation of the plane : -9x + 8y-z-11 =0i.e.9x-8y+z+ 11 =0
The vector equation : ¥.(9i — 8j + k) + 11 = 0

Question: 5

Find the vector e

Solution:

Given -t = i + 2j + 3k & I_r’ —i-j+ [z are two lines to which a plane is parallel and it passes

through the point 3i + 4§ + 2k
To find - The equation of the plane

Tip - A plane parallel to two vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking their cross product

AEXT

i j ok
=1 2 3
1 -1 1

=12 +3) +j(3-1) + k(-1-2)

— 5i + 2j—3k

The equation of the plane maybe represented as 5x + 2y -3z +d =0

Now, this plane passes through the point (3, 4, 2)

Hence,

5X3+2x%x4-3x2+d=0

=d=-17

The Cartesian equation of the plane : 5x + 2y -3z-17 =0i.e. 5x + 2y-3z =17

The vector equation : £.(51 + 2j— 3k) = 17

Exercise : 281
Question: 1
Show that the lin
Solution:
Given : Equations of lines -
77 = (27— 3k)+ A(i+ 2j + 3k)
7 = (2t + 6§ + 3k) + u(20 + 37 + 4k)
To Prove : f; &5 are coplanar.
To Find : Equation of plane.
Formulae :
1) Cross Product :

If 7 & b are two vectors

@ =a,i+ aj+azk

b = byi+ b,j+ bk

then,
I LA
axb=|la, a, ag
by by b;
2) Dot Product :

If @ & b are two vectors

aT=al+aj+azk
b =byi+ b,j+ byk

then,



a@.b=(a; x b))+ (a, x by)+ (az xby)

3) Coplanarity of two lines :

Iftwo lines i, = @+ Ab & I3 = € + pud are coplanar then
a(bxd)=¢(bxd)

4) Equation of plane :

If two lines =0+ ;{b_l &7 =10, + ;{E are coplanar then equation of the plane containing them
is

(b, xB;) = @. (5, x B;)

Where,

F=xi+yj+zk

Answer :

Given equations of lines are

7= (2f—3k)+ A(i+ 2j + 3k)

5 = (20 + 6] + 3k) + p(21 + 3j + 4k)

Let, 7, =@ + Ab, & T = @; + Ab,

Now,

_ i j k

byxb,=[1 2 3
2 3 4

=i(8-9)—j(4—6)+k(3—4)

by xby) =~ +2f —

e

Therefore,
@;.(by x b)) = (0x (-1)) + (2 x2) + ((—3) x (1))

=0+4+3

@ (by x by) = (2% (=1))+ (6% 2) + (3% (-1))
=-2+12-3

=7

w (b X by) =T o eq(2)

From eq(1) and eq(2)

@;.(by x b,) = @.(b; x b,)

Hence lines 17 & 1, are coplanar.

Equation of plane containing lines 7] & 15 is
(b, x5;) = @ (B, x B;)

Now,

byxb,=—i+2j—k

From eq(1)

a@y.(b, xDb,) =7

Therefore, equation of required plane is
r(-i+2j-k)=7

A (i-2j+k)=-7



~r(i-2j+k)+7=0
F(i—2j+k)+7=0

Question: 2

Find the vector a

Solution:

Given : Equations of lines -

7= (1 +2f —4k) + (21 + 3] + 6k)
7 = (9t +5f — k) +p(—2i+3j+ 8k)
To Find : Equation of plane.
Formulae :

1) Cross Product :

If 7 & b are two vectors
a=a,i+a,j+azk

b =b,i+ b,j+ bk

then,
e o7k
axb=\a, a, a,
by by bs
2) Dot Product :

If @7 & b are two vectors

a=ai+aj+azk

b =b,i+b,j+ bk

then,

@b = (a; x b))+ (a, x b,)+ (az xbs)
3) Equation of plane :

Iftwo lines 1] = @; + ;{b_l &7 =10, + ;{E are coplanar then equation of the plane containing them
is

7.(b, xB;) = @ (B, x By)

Where,

Given equations of lines are

1= (1 +2f —4k) + A(21 + 3] + 6k)
75 = (9t +5f — k) + p(—2i + 3j + 8k)
Let, 7 =a; + Aby &, =@ + Ab,

Where,

=

@ =i+2j—4

b, = —2i +3j + 8k
Now,

i
byxb,=|2

-2

j k
3 6
3 8
— (24 -18) — j(16 + 12) + k(6 + 6)

~ (by x b,) = 61 —28j + 12k

Therefore,

@y (b, x by) = (1% 6) + (2 x(—28)) + ((—4) x 12)

=6-56-48



Equation of plane containing lines 7] & 15 is
(b, xB;) = @. (5, x B;)

Now,

by x b, = 61 — 28 + 12k

From eq(1)

a.(by x by) = —98

Therefore, equation of required plane is
7. (61— 28j + 12k) = —98
~7.(61—28j +12k) +98 =0

This vector equation of plane.

As T =xi+ yj+zk

2 7.(byxby)=(xx6)+ (yx (—28)+ (zx 12)
=6x-28y + 12z

Therefore, equation of plane is

6x - 28y + 12z = -98
6x-28y+ 122+ 98 =0

This Cartesian equation of plane.
Question: 3

Find the vector a

Solution:

Given : Equations of lines -

7 = (2t +f—3k) + (i + 2f + 5k)

75 = (3t +3f + 2k) + u(31 — 2j + 5k)

To Prove : f; &3 are coplanar.

To Find : Equation of plane.

Formulae :

1) Cross Product :

If @ & b are two vectors

a=ai+ aj+azk

b =b,i+b,j+ bk

then,
LA
axb=|a, a, as
by b, b;
2) Dot Product :

If @ & b are two vectors

a=a,i+a,j+azk

b =b,i+b,j+ bk

then,

@.b=(a; x b))+ (a, x by)+ (az x by)

3) Coplanarity of two lines :

Iftwo lines i, = @+ Ab & I3 = € + pud are coplanar then
a(bxd)=c(bxd)

4) Equation of plane :

Iftwo lines 1, = @, + ;{b_l &=+ ;{E are coplanar then equation of the plane containing them
is

7. (by x b;) = ;. (by x b)

Where,



F=xi+yj+zk
Answer :

Given equations of lines are
7 = (2t +f—3k) + (i + 2f + 5k)
75 = (30 +3f + 2k) + (31 — 2j + 5k)

Let, 77 = @; + Ab, & 5 = @, + Ab,

Now,

|tk

byxb,=[1 2 5
3 -2 5§

=1(10 + 10) — j(5— 15) + k(-2 —6)

« (by x b,) = 201 + 10f — 8k

Therefore,

@;.(by x b,) = (2% 20) + (1 x 10) + ((—3) x (-8))
=40+10+24

=74

. (51 X E) =T4......... eq(1)

And

@;.(by x by) = (3 x 20) + (3 x 10) + (2 x (—8))

=60+30-16
=74
2Ty (by X by) =74 covnen. eq(2)

From eq(1) and eq(2)

@.(by x b,) = @.(by X b,)

Hence lines 17 & 1, are coplanar.

Equation of plane containing lines 7] & 15 is
(b xB;) = @7. (5, x )

Now,

by x b, = 20i + 10j — 8k

From eq(1)

a;.(b, x b,) = 74

Therefore, equation of required plane is

. (201 + 10§ — 8k) = 74

~ 7.(10i + 5§ — 4k) = 37
~7.(10i+5j—4k)—-37 =0

This vector equation of plane.

As 7 = xi+ yj+zk

~7.(by % by) = (x x 20) + (¥ x 10) + (z x (—8))
=20x + 10y - 82

Therefore, equation of plane is

20x + 10y -8z =74

20x + 10y-8z-74=0



10x + 5y-4z-37=0
This Cartesian equation of plane.
Question: 4
Prove that the li
Solution:
Given : Equations of lines -
y—2 z+3

Linel  :X=Y=2_2%°
1 2 2

Line2 ;X2 -yt _=23
2 3 4

To Prove : Line 1 & line 2 are coplanar.

To Find : Equation of plane.

Formulae :

1) Coplanarity of two lines :

If two lines are given by,

=== and

X=X, Y= E—Z, . :
—=2=:=2=""2 then these lines are coplanar, if
Qg by Cz
X=Xy V2=V Z7Z;
a, by c; |=0
s b, Ca

2) Equation of plane :

, .. . X=Xy _ Y-y
The equation of plane containing two coplanar lines . : = b—*
1 1

X—Xo ¥-y=

_ E-Zp .
& = b, o, Isgiven by,
X=Xy Y—W Z—I
a, by ¢ |=0
as b, Ca
Answer :
Given lines -

. -2 +3
Line1 :X=-¥=_ 2=
1 2

Line2 X2 _¥=2 _ =3
: - T s

2 s
Here,x1=0,y1=2,2:1=-3,al=1,b1 =2,C1=3

XZ=2,y2=6,22=3,£12=2,b2=3,02=4

Now,

X=Xy Ya=V1 22723 2—-0 6—2 3+3
a by €1 =] 1 2 3
s b, Ca 2 3 4
2 4 6

=|1 2 3
2 3 4

=2(8-9)—4(4—6)+6(3—4)

= 2(=1) —4(-2) + 6(-1)

=-2+8-6
=0
Xg = X1 Vo= V1 EZ27 23
a, by c; |=0
a; b, Cy

Hence, given two lines are coplanar.

Equation of plane passing through linel and line 2 is given by,

X=Xy V=W £ %
a, by ¢, |=0
as b, Ca
x—0 y—2 z+3
1 2 3 |=0
2 3 4

A(x—0)x(B8-9)—-(y—-2)x(4—-6)+(z+3)x(3-4)=0



21 - -2DED+ (z+3)(-D =0
Xx+2y-4-2-3=0
-x+2y-2z-7=0

xX-2y+z+7=0

Therefore, equation of plane is
x-2y+z+7=0

Question: 5

Prove that the li

Solution:

Given : Equations of lines -

Linel :Z—= = =
1

x-2 yv—4 zZ-6
4 7

LineZ'x+1__1_.r+3_z+5

To Prove : Line 1 & line 2 are coplanar.
To Find : Equation of plane.

Formulae :

1) Coplanarity of two lines :

If two lines are given by,

xX—x, Y-V,  I—Z;

g = by = cy and
X=X, Y=y E—Z, . :
—=2=:=2=""2 then these lines are coplanar, if
Qg by Cz
Xo=Xy V2=V Z7 %
a, by c; |=0
s b, Ca

2) Equation of plane :

. .. . XXy _ y-¥ _ Z-E
The equation of plane containing two coplanar lines = =
1

by €1

X—Xy Y-Vo _ E-Zp . .

& = b ., isgiven by,

X=Xy V=W Z—Iy
a, by ¢, |=0
as b, Ca

Answer :

Given lines -

Line1 ;X2 - ¥y=2 _=¢
’ - Ty

Line 2 ;X2 _ ¥*3 _ 23
==

Here,x; =2 ,y1=4,21=6,a;=1,b;=4,c1=7

X2=-1,y2=-3,22=-5,(12=3,b2=5,02=7

Now,

X=Xy Vo=V Z;— 1y —-1-2 -3-4 -5-6
ay by G |= 1 4 7
a, b, s 3 5 7
-3 -7 -11

=|1 4 7
3 5 7

=—3(28—35)— (=7)(7 - 21) — 11(5— 12)

=-3(-7)+7(-14) — 11(-7)

=21-98+77
=0
Xg=X1 V2= EZ27 23
a, by c; |=0
a; b, Cy

Hence, given two lines are coplanar.

Equation of plane passing through line 1 and line 2 is given by,



X=Xy V=W 2%
ay b, ¢ |=0
as b, Ca
x—2 y—4 z—6
| 1 4 7 |=0
3 5 7

A(x—2)%x(28-35)—(y—4)x (7—21)+ (z—6) x (5—12) = 0

A=Tx=-2)-(y-D(-14)+(z—-6)(-7)=0
“7x+ 14 + 14y-56 -7z + 42 =0

-7x+ 14y-72=0

x-2y+2z=0

Therefore, equation of plane is

Xx-2y+2z=0

Question: 6

Show that the lin

Solution:

Given : Equations of lines -

. 5—x y=7 z+3 x-5 y-=7 z+3
Line 1 : ——==""or E
-4 4

-5 4 4 -5
x—8 2y-8 z—5 x-8 y—& z-5

Line2 :=— = _Tropz=m _ -
7 2 2 7 1 2

To Prove : Line 1 & line 2 are coplanar.
To Find : Equation of plane.

Formulae :

1) Coplanarity of two lines :

If two lines are given by,

X=Xy _ YW _ ImZ

P and

v—1 Z—Z. . :
=: = c—z , then these lines are coplanar, if
2

Xo= Xy Ya—=V1 227243
ay by €1
az b, Ca

2) Equation of plane :

X=Xy

The equation of plane containing two coplanar lines -

X—Xz Y-V E7Z3 . .
& & by o is given by,
X=Xy V=W Z—IZy
ay by c; |=0
Qs b, Ca
Answer :
Given lines -
. -5 -7 +3
Linel X221 _2%°
4 4 -5
. —8 —4 -5
Line2 .= _¥=_22
7 1 3

Here,x;=5,y1=7,21=-3,a;=4,b;=4,c;1=-5

x2=8,y2=4,22=5,c12=7,b2=1,02=3

Now,

Xg=Xy V2= 22753 8-5 4—7 5+3
y by & |=| 4 4 -5
Ay b, Cz 7 1 3
3 -3 8

S
7 1 3

=3(12+5) — (—3)(12 +35) + 8(4 — 28)
= 3(17) + 3(47) + 8(—24)

=51+ 141-192

=0

y-¥. _

by

z-z,;

€y



Xg—=X1 Vo=V 22723
a by Cy
a; b, Cy

=0

Hence, given two lines are coplanar.

Equation of plane passing through linel and line 2 is given by,

X—=X3 V=W 2%
a, by ¢, |=0
as b, Ca
x—5 y—-7 z+3
4 4 —5|=0
7 1 3

2(x=5)x(12+5)—(y—7) x(12+35)+ (z+3)x(4—28)=0

2 17(x—=5)—47(y—7)+(z+3)(—24)=0

17x-85-47y +329-242-72=0

17x-47y-24z+ 172 =0

Therefore, equation of plane is

17x-47y-24z+ 172 =0

Question: 7

Show that the lin

Solution:

Given : Equations of lines -

Line1 .t _y3_z+2
2

. -7 +7
Line2 : £ =¥~ _ 27
1 -3 2

To Prove : Line 1 & line 2 are coplanar.
To Find : Equation of plane.

Formulae :

1) Coplanarity of two lines :

If two lines are given by,

X=X, y-y, _ z-Zy

a, = by = -5 and

x—2x R z—z. . .
—I=r =2 . 2 | then these lines are coplanar, if
2

Xo—= Xy Y2—V1 22723
ay by C1
s b, Ca

=0

2) Equation of plane :

XXy ¥

The equation of plane containing two coplanar lines = =—
1

by

X—xz V-V Z-Z3

& o T n, o, Isgiven by,
X=Xy V=W 274
ay by c; |=0
as b, Ca
Answer :
Given lines -
. +1 —3 +2
Line 1 ;X _¥=—2 _ 2%
-3 2 1

Line2  :X_¥=7 _z*7
17 -3
Here,x1=-1,y1=3,21=-2,a1=-3,b1=2,01=1

X2=0,y2=7,2p=-7,a,=1,by=-3,c,=2

Now,

Xg=Xy V2= 22753 0+1 7-3 —-7+2
ay by €1 =| -3 2 1
s b, Ca 1 -3 2
1 4 -5

=|-3 2 1
1 -3 2

=1(4+3)—4(—6—-1)-5(9-2)



=1(7)—4(=7)—5(7)

=7+4+28-35
=0
Xp—=Xy Vo=V Z27 23
a; by ¢ |=0
a; b, Cy

Hence, given two lines are coplanar.

Equation of plane passing through linel and line 2 is given by,

X=Xy V=W Z2—&
ay by ¢ |=0
as b, Ca
x+1 y—3 z+2
-3 2 1 |=0
1 -3 2

Ax+ D x@+3)—(y-3)Ix(-6-1D+(z+2)x(9-2)=0
~7x+ D) —-(y-3)D+(z+2)(7)=0
IX+7+7y-21+7z+14=0
X+ 7y+7z2=0
xX+y+z=0
Therefore, equation of plane is
Question: 8
Show that the lin
Solution:
Given : Equations of lines -
x—1

Line1 :22_Y
2

1»_
5 0|5
Mla Hlw

3]

|

KA

Line 2 : %
To Prove : Line 1 & line 2 are coplanar.
To Find : Equation of plane.

Formulae :

1) Coplanarity of two lines :

If two lines are given by,

a; = by = cy and
P =y z—= . .
—2===2=""2then these lines are coplanar, if
Qg by Cz
Xo= Xy Ya—=V1 22743
a, by c; |=0
s b, Ca

2) Equation of plane :

. . . X—xy _ Y-¥
The equation of plane containing two coplanar lines . L= b—*
1 1

X—Xz Y~¥z _ E7E3 , .
& > b = is given by,
X=Xy V=¥V Z—Zy
a, by ¢, |=0
as b, Ca
Answer :
Given lines -
Line1 :X1_¥y3_ =2
2 -1 -1
. —4 -1 -1
Line2 = _¥Y—=_272
3 -2 -1

Here,x1=1,y1=3,21=0,a1=2,b1=—1,01=—1
X2=4,y2=1,22=1,02=3,b2=-2,C2=-1

Now,

X=Xy Ya—=V1 2272
a by €1
s b, Ca

4—-1 1-3 1-0
2 -1 -1
3 -2 -1




3 -2 1
2 -1 -1
3 -2 -1

=3(1-2)—(-2)(—2+3)+ 1(-4 +3)

=3(—1)+2(1)+1(-1)
=-2

Xp—=Xy Vo=V Z27 23
a by €y
a; b, &

=0

Hence, given two lines are not coplanar.
Question: 9

Find the equation

Solution:

Given : Equations of lines -

. -3 +2
Line1 .= ¥= _2
1 2 s

X

. x—4 v—3 z-2

Line2:—=°-2
1 —4 L

To Find : Equation of plane.
Formulae :

Equation of plane :

The equation of plane containing two parallel lines =2 = % =4
a c

X=X N St E—Z5 . .
&—2=%= 2 is given by,
a c

X=Xy V=W Z—Z
X=Xy Ya—V1 Z2—Z1|=0

a b c
Answer :
Given lines -
Linel :*3_¥*2_=
1 -4 5
Line2 :X=*_¥=3 _ 222

1 T s
Here,x; =3,y1=-2,21=0,a=1,b=-4,c=5
X2=4,y2=3,22=2

Therefore, equation of plane containing line 1 & line 2 is given by,

X=Xy V=W Z—Z;
Xo= Xy Ya—=V1 227241
a b c

x—3 y+2 z—0

=0

~4—3 3+2 2-0/=0
1 —4 5
x—3 y+2 z
1 5 2|=0
1 -4 5

A(x=3)x(254+8)-(y+2)x(5-2)+ (z2)x(—4—-5)=0
=33(x—3)-(y+2B)+@D(-9) =0
33x-99-3y-6-92=0

33x-3y-9z-105=0

11x-y-32=35

Therefore, equation of plane is

Exercise : 28]

Question: 1
Find the directio
Solution:

Given :

Equation of plane : x + 2y -3z =5



To Find : direction ratios of normal
Answer :

Given equation of plane : x + 2y -3z =5
It can be written as
(xi+yj+zk).(i+2j—3k)=5
Comparing with ¥. 1 = a.n

Therefore, normal vector is i = { + 2j — 3k

Hence, direction ratios of normal are (1, 2, -3).
Question: 2

Find the directio

Solution:

Given :

Equation of plane : 2x + 3y -z =4

To Find : Direction cosines of the normali.e. | m&n
Formula :

1) Direction cosines :

If a, b & c are direction ratios of the vector then its direction cosines are given by

a
va?+ b? +c?

b
m= T
va? + b2 + ¢2
c
S Na@+ b2+ c?
Answer :

For the given equation of plane
2x+3y-z=4

Direction ratios of normal vector are (2, 3, -1)

Ja2 +b2 +c2= 22+ 32+ (—1)2
=Va+9+1

=414
Therefore, direction cosines are

a
\,a2+b2+02_\,1

B

1=

|

b
ms————=
vaz + b? +¢?

c

va? +b? +c?

-

2l gl
L
S

(2 3 1)
(1, m,m) =(

W14 V14 V14

Question: 3

Find the directio

Solution:

Given :

Equation of plane : y = 3

To Find : Direction cosines of the normali.e. | m&n
Formula :

1) Direction cosines :

Ifa, b & c are direction ratios of the vector then its direction cosines are given by

a
va? + b? +c?

b

m=——
va? + b? +¢?



c
va? + b? + ¢?

Answer :
For the given equation of plane
y=3

Direction ratios of normal vector are (0, 1, 0)

Jaz +b2 +c2=,/02 + 12 +02
=V0+1+0

=41
=1

Therefore, direction cosines are

a 0
l=———  =——=9
Va2 +b2+c2 1

b 1
m=s—=—=1
Va2 +bh2+c2 1

c
n=————=
va? + b? + ¢?

0

1= 0
(Lmn) = (O,l,O]

Question: 4

Find the directio

Solution:

Given :

Equation of plane : 3x + 4 =0
To Find : Direction cosines of the normali.e. | m&n
Formula :

1) Direction cosines :

If a, b & c are direction ratios of the vector then its direction cosines are given by

a
va?+ b? +c2

b
va? + b2 + ¢?

c
va? + b2 + ¢?

Answer :
For the given equation of plane
3x =4

Direction ratios of normal vector are (-3, 0, 0)

Ja2 +b2 +¢2 = J(—3)2 + 0% + 02
=v9+0+0
=49

3

Therefore, direction cosines are

a -3
E——————— |

va? + b? +c?

3

b 0
m=——=—————=
Va2 +bz+¢z 3

0

3

c
=
va? + b2 + ¢2

(Lmmn) = (—1,0,0‘.
Question: 5

Write the equatio



Solution:

Given :

Point : (4, -2, 3)

To Find : equation of plane
Formula :

1) Equation of plane :

Equation of plane passing through point A with position vector @ and perpendicular to vector 11 is
given by,

Answer :

Position vector for given point A = (4, -2, 3) is

a=4i—2j+3k

As required plane is parallel to XY plane, therefore Z-axis is perpendicular to the plane.

~Ml=k

-

Therefore, equation of plane is

rn=an

_,,
Il

o (xi 4 yj +2R).(R) = (41— 25+ 3R).(R)
Axx0)+(yx0)+(zx1)=0(4x0+(-2x0)+(3x1)
~Z=3

This is required equation of plane.
Question: 6

Write the equatio

Solution:

Given :

Point : (-3, 2, 0)

To Find : equation of plane

Formula :

1) Equation of plane :

Equation of plane passing through point A with position vector @ and perpendicular to vector 11 is
given by,

Answer :

Position vector for given point A = (-3, 2, 0) is

d=—31+2j+ 0k

As required plane is parallel to YZ plane, therefore X-axis is perpendicular to the plane.

1=1

-

Therefore, equation of plane is

rn=an

_,,
Il

o (xi+yj+zk).() = (—3i + 2f + 0k). (D)

Axx D)+ (yx0)+(zx0)=(-3x1)+(2x0)+(0x0)
~x=-3

This is required equation of plane.

Question: 7

Write the general

Solution:

Let, normal vector of plane be

f=ai+bj+ck



Equation of plane is given by,

ri=d

-

w(xi+yj+zk).(al +bj+ck)=d
~ax+byt+cz=d

As the required plane is parallel to the given plane, hence normal vector of plane is perpendicular
to x-axis.

~Mi=0

-

—_

ai +bj+ck).i=0

a=0

Therefore, equation of plane is

by+cz=d

Question: 8

Write the interce

Solution:

Given :

Equation of plane : 2x +y-z =15

To Find : Intercept made by the plane with the X-axis.

Formula :

il iy
a b ¢
is the equation of plane in intercept form then intercept made by it with co-ordinate axes are
X-intercept = a
Y-intercept = b
Z-intercept = ¢
Answer :
Given equation of plane:
2x+y-z=5
Dividing above equation throughout by 5
By,
5 5 b

- +y+z 1
“5/2 5 -5

Comparing above equation with

X y Zz n
a b ¢
We get,
a=>5/2

Therefore, intercepts made by plane with X-axis are
X-intercept = 5/2

Question: 9

Write the interce

Solution:

Given :

Equation of plane : 4x - 3y + 2z = 12

To Find :

1) Equation of plane in intercept form

2) Intercepts made by the plane with the co-ordinate axes.

Formula :
X v z
If—+-+-=1
a b ¢
is the equation of plane in intercept form then intercept made by it with co-ordinate axes are

X-intercept = a



Y-intercept = b
Z-intercept = ¢
Answer :

Given equation of plane:
4x-3y+2z=12

Dividing above equation throughout by 12

4y -3y 2z
gttt
x y z
“3tgte!

This is the equation of plane in intercept form.

Comparing above equation with

X vy zZ
E+E+E:1
We get,
a=3
b=-4
c=6

Therefore, intercepts made by plane with co-ordinate axes are
X-intercept = 3

Y-intercept = 4

Z-intercept = 6

Question: 10

Reduce the equati

Solution:

Given :

Equation of plane : 2x -3y + 52 +4 =0

To Find :

1) Equation of plane in intercept form

2) Intercepts made by the plane with the co-ordinate axes.

Formula :
el iog
a b ¢
is the equation of plane in intercept form then intercept made by it with co-ordinate axes are
X-intercept = a
Y-intercept = b
Z-intercept = ¢
Answer :
Given equation of plane:
2x-3y+5z=+4

Dividing above equation throughout by -4

2x -3y bz
_—4 +_—4 + _—4 =1
i—l— Y + d =1
-2 4/3 —4/5

This is the equation of plane in intercept form.

Comparing above equation with

X vy z n
a b ¢
We get,
a=-2



—4

c=—
5

Therefore, intercepts made by plane with co-ordinate axes are

X-intercept = -2

4
Y —intercept = 3

. 4
Z —intercept = ——

5

Question: 11
Find the equation
Solution:

Given : Plane is passing through points

A=(a00)
B=(0,b,0)
C=(0,0,c)

To Find : Equation of plane

Formulae :

Equation of plane making intercepts (a, b, c) on X, Y & Z axes respectively is given by,
X vy z
atpte=t

Answer : As plane is passing through points A = (a, 0, 0),
B=(0,b,00&C=(0,0,¢)

Therefore, intercepts made by it on X, Y & Z axes respectively are
ab&ec.

hence, equation of plane is

X vy zZ

E+3+E:1

Question: 12

Write the value o

Solution:

Given : equations of perpendicular planes-

2x -5y + kz =4

xX+2y-z=6

To Find : k

Formulae :

Normal vector to the plane :

If equation of the plane is ax + by + cz = d then,

Vector normal to the plane is given by,

fl—ai+bj+ck

Answer :

For given planes -

2x -5y +kz=4

X+2y-z2=6

normal vectors are

ny=20—5f+kk

mL=i+2j—k

As given vectors are perpendicular, hence their normal vectors are also perpendicular to each
other.

ATZ =0
~(21—-5j+kk).(i+2j—k)=0
(2x1) + (-5x2) + (kx(-1)) = 0
2-10-k=0



-8-k=0

k=-8

Question: 13

Find the angle be

Solution:

Given : equations of planes-

2x+y-2z=5

3x-6y-2z=7

To Find : angle between two planes

Formulae :

1) Normal vector to the plane :

If equation of the plane is ax + by + cz = d then,
Vector normal to the plane is given by,

fl=ai+ bj+ck

2) Angle between two planes :

The angle © between the planes =D and 7.7, = p, is given by

.0
€080 =—————
(7l .17
Answer :

For given planes
2x+y-2z=5
3x-6y-2z=7
Normal vectors are

;= 2i+ j— 2k and

n,=31—6j—2k

smgl= Y22+ 124+ (—2)2=V4+1+4=9=3

sl = 32+ (—6)2+(—2)2=\V9+36+4=\49=7
Therefore, angle between two planes is

.y

cosf =————
(73] .75
2147 —2k).(3t —6j — 2k
. cosg = 2+ —2k) (3i-6j - 2k)
3Ix7
(2x3)+ (1% (—6)) + ((—2) x (—2))
~Cosl =
21
0 6—6+4
+cos6=——00
. 8_ 4
c0s6 =57

~68=cos* (i)
21
Question: 14
Find the angle be
Solution:
Given : equations of planes-
A+ =1
F(j+k)=3
To Find : angle between two planes
Formulae :
Angle between two planes :

The angle © between the planes ¥.7; = p, and 7.7, = p, is given by



cosf = E

(3] .77

Answer :

For given planes

A+ =1

F(j+k)=3

Normal vectors are

n; =1+ jand

m=j+k

~ | = \,m =J1+14+0=+2

~ gl = \,’m= VO+1+1=+2

Therefore, angle between two planes is
My

Iyl |72

_@+p.G+k)
\."EX\."E

cosf =

0s 68

6_(1><0)+(1>< 1)+(0x 1)

2
ncosg L F1*O
2
1
~ C0s @ = 3
1
~ 6 =cos?t (E)
i
~8 = 3

Question: 15

Find the angle be

Solution:

Given : equations of planes-

F.(3i—4j+5k)=0

F(2i—j—2k)=7

To Find : angle between two planes

Formulae :

Angle between two planes :

The angle © between the planes =D and 7.7, = p, 1S given by

;.1

€058 = ———
[l .7l

Answer :

For given planes
F.(31—4j+5k)=0
F(2i—j—2k)=7
Normal vectors are
m; = 31 — 4j + 5k and

m=2i—j—2k

~lml= 32+ (—4)2+ 52 = V9+ 16+ 25 = V50 =512

mgl= 22+ (F1D)2+ (-2)2=V4+1+4=19=3
Therefore, angle between two planes is

.,

058 = ———
(73] .77



(3t — 4j + 5k) .(2i —j — 2k)

~Cosf =
5V2x3
Bx2)+ () x (D) +(5x(-2)
s Cosf =
15v2
p 6+4—-10

- Ccosf = 2
~cos8=0
~ 6 =cos™(0)

p il
~0=3

Question: 16
Find the angle be
Solution:

Given :

. : +1
Equation of line : XT = -;_’=

23
6

Equation of plane : 10x + 2y - 11z = 3

To Find : angle between line and plane

Formulae :

1) Parallel vector to the line :

Y= EE

If equation of the line is % = then,
1

by oo

Vector parallel to the line is given by,

b=ayi+bj+ck

2) Normal vector to the plane :

If equation of the plane is ax + by + cz = d then,

Vector normal to the plane is given by,

fl=ai+bj+ck

3) Angle between a line and a plane :

If © is a angle between the line 7 = @ + 1h and the plane 7.7 = v, then
b.n

n|

sing =

L=l

Where, j is vector parallel to the line and

i is the vector normal to the plane.
Answer :
For given equation of line,

x+1 vy z-3

2 3 6

Parallel vector to the line is

b=2i+3j+6k

A|B|= V¥t 6= VETOF 36 = VAT =7
For given equation of plane,

10x+2y-11z=3

normal vector to the plane is

f=10i+2j—11k

“fl= J102+ 22+ (—11)2= V100 + 4 + 121 = V225 =15

Therefore, angle between given line and plane is

(21 +3f + 6k).(10f + 2j — 11k)
7 x 15

-~ 8inf =



(2x10) + (3 x 2) + (6% (—=11))

-~ sinfg = 105
- sing = 20 +6 66
105
, —40
~ sinf = 105
. —8
-~ sing = 1
—8
~8=sin"t (E)

Question: 17

Find the angle be

Solution:

Given :

Equation of line : 7 = (1 + j— 2k) + A(i— j+ k)

Equation of plane : 7. (21— j+ k) = 4

To Find : angle between line and plane

Formulae :

1) Angle between a line and a plane :

If © is a angle between the line ¥ = @ + 1b and the plane ¥.fi= p , then
b.n

n

sing =

L=l

Where, p is vector parallel to the line and

f1 is the vector normal to the plane.
Answer :

For given equation of line,
F=(G+j—2k)+A(i—j+k)
Parallel vector to the line is

b=i-j+k

“Bl= (D2 2= V1+1+1=13
For given equation of plane,
F2i-j+k)=4

normal vector to the plane is

n=20—-j+k

A= Y22+ (-D2+12=Va+1+1= 6

Therefore, angle between given line and plane is

. b.7
sinf = —=——
|b|.|r|
, (i—j+k).(201-j+k)
sing =
\.@X\.‘%
. (AxD)+((—Dx(-D)+(1x1)
~sinf =
V18
- 24+1+1
sind =
3\.5
N 8 4
sinfd =——=
3\-"’5
- 2x2
sind =
3\."5
2\.@
ng — V<2
sin 3



Question: 18
Find the value of
Solution:

Given :

Equation of line : =2 %1 =z

6 4
Equation of plane : 3x -y -2z=7
To Find : A

Formulae :

1) Parallel vector to the line :

Y= -2

by 1

If equation of the line is x;—fl = then,
Vector parallel to the line is given by,
b=a,i+bj+c,k

2) Normal vector to the plane :

If equation of the plane is ax + by + cz = d then,
Vector normal to the plane is given by,

fl=ai+ bj+ck

3) Cross Product :

If @ & b are two vectors

a=a,i+a,j+ask

b =b,i+ b,j+ bk

then,
|5k
axb=|a; a, as
by b, b;
Answer :

For given equation of line,

x—2 y—1 z+5
[ "

Parallel vector to the line is
b = 6i+ Aj + 4k

For given equation of plane,
3x-y-2z2=7

normal vector to the plane is

n=3i—j-—2k

—y

As given line and plane are perpendicular to each other.

~bhbxn=0
i j ok
6 1 4|=0
3 -1 -2

~i(—20+4) —j(—12— 12) + k(—6 — 31) = 0f + 0] + 0k
Comparing coefficients of |; on both sides
~—6—31=0

32 =-6

A=-2

Question: 19

Write the equatio

Solution:

Given :

A= (a,b,c)

E quation of plane parallel to required plane



AT (i+j+k)=2

To Find : Equation of plane
Formulae :

1) Position vectors :

If A is a point having co-ordinates (a;, ay, az), then its position vector is given by,

a=a,i+a,j+azk
2) Dot Product :

If 7 & b are two vectors

@.b=(a;x b))+ (a, x by)+ (az xby)

3) Equation of plane :

If a plane is passing through point A, then equation of plane is
r.ii=damn

Where, @ = position vector of A

n = vector perpendicular to the plane

F=xi+yj+zk

Answer :

For point A = (a, b, c), position vector is

As plane 7 (i +j+ ,I'{) = 72 is parallel to the required plane, the vector normal to required plane is
n=i+j+k

Now, an=(ax1)+(bx1)+(cx1)

=a+b+c

Equation of the plane passing through point A and perpendicular to vector 11 is

r.n=ar

ar(i+j+k)=a+b+c

Question: 20

Find the length o

Solution:

Given :

Equation of plane : 2x - 3y + 6z + 21 = 0

To Find :

Length of perpendicular drawn from origin to the plane = d
Formulae :

1) Distance of the plane from the origin :
Distance of the plane from the origin is given by,

p
C=E
Answer :
For the given equation of plane
2x -3y + 62 =-21
Direction ratios of normal vector are (2, -3, 6)
Therefore, equation of normal vector is
fl=20—3j+6k
|ﬁ| = \rm

=V4+9+36



V49

7
From given equation of plane,
p=-21

Now, distance of the plane from the origin is

p
=17
P
==
d = 3 units

Question: 21

Find the directio

Solution:

Given :

Equation of plane : 7. (6i— 3 — 2k) + 1 =0
To Find :

Direction cosines of the normali.e. [, m&n
Formulae :

1) Direction cosines :

Ifa, b & c are direction ratios of the vector then its direction cosines are given by

a
va? + b? +c?

b
m=——
vaz + b? +¢?
c
va? +b? +c?
Answer :

For the given equation of plane
F.(6i—3j—2k)+1=0
Equation of normal vector is

il = 6i—3j—2k

Ja2 +b2 +¢c2 = J62 + (—3)2 + (—2)2

=\36+9+4

V49

7
Therefore, direction cosines are

a

6
vai+b2+¢2 7

VZ+bZ+cz 7

L (6 =3 =2
h.m.r:,l:(7,7_7'

Question: 22

Show that the lin

Solution:

Given :

Equation of plane : : 7. (51 + 4j — 4k) = 7

Equation of line :

7= (41— 7k) + A(ai — 2j + 3k)



To Prove : Given line is parallel to the given plane.
Answer :

Comparing given plane i.e.

F(5i+4f—4k)=7

with F.fi = @. i, we get,

fl=50+4j— 4k

This is the vector perpendicular to the given plane.
Now, comparing given equation of line i.e.

7= (41— 7k) + A(41 — 2j + 3k)

with 7 = g + b , we get,

b=4i—2j+3k

Now,

f.b = (5i + 4] — 4k).(41 — 2j + 3k)
=(GEx4)+@x(-2)+((—4) x3)

=20-8-12

=0

wnb=0

Therefore, vector normal to the plane is perpendicular to the vector parallel to the line.
Hence, the given line is parallel to the given plane.
Question: 23

Find the length o

Solution:

Given :

Equation of plane : 7.(2i— 3j + 6k) + 14 = 0

To Find : Length of perpendicular = d

Formulae :

1) Unit Vector :

Let @ = a,i+ a,j + a;k be any vector

Then unit vector of q is

| =

ia=

7l —
Where, |g| = JaZt a2+ ag?

2

2) Length of perpendicular :

The length of the perpendicular from the origin to the plane
7.7l = p is given by,

P

[l

Answer :

d=

Given equation of the plane is
F.(20—3j+6k)+14=0
~7.(20-3f +6k)=—14
w7 (—20+3j—6k) =14

Comparing above equation with

fl=—20+3j—6k&p=14

Therefore,

Il = J(—2)7 + 32 + (—6)°



=V4+9+36

49

=7

The length of the perpendicular from the origin to the given plane is

P

d=-—=

7]
g
wd=—
~d = 2 units

Question: 24
Find the value of
Solution:

Given :

; . -1 y-1 z-1
Equation of line : 2= =¥~ _Z

Equation of plane : . (2

—
+
[#5)

>
+
N
=

—

Il
=y

To Find : A
Formulae :

1) Parallel vector to the line :

— = then,

If equation of the line is 5 .
1 1

X=Xy _ Y-W Z-Z;
—1= 22

Vector parallel to the line is given by,

b=ayi+bj+ck

2) Angle between a line and a plane :

If © is a angle between the line 7 = @ + b and the plane 7.7 = v, then

b.n
nl

sing =

L=l

Where, p is vector parallel to the line and

f1 is the vector normal to the plane.
Answer :
For given equation of line,

x—1 y—-1 z-1
2 3 2

Parallel vector to the line is
b=20+3j+k

For given equation of plane,
F(20+3f+4k) =4

normal vector to the plane is
fl=20+3j+4k

Therefore, angle between given line and plane is

=l

As given line is parallel too the given plane, angle between them is 0.

~8=0
~8ingd =0
~b.n=0

~ (20 +3j+ k). (2i+3j+ 4k) =0
~(2x2)+(3x3)+(Ax4)=0
4+9+42=0

13+42=0

42 =-13



Question: 25
Write the angle b
Solution:

Given :

-2

i i -1 -2 +3
Equation of line : X= == _ £
1

Equation of plane : x +y+4 =0
To Find : angle between line and plane
Formulae :

1) Parallel vector to the line :

= then,

) N SO o
If equation of the line is — = — +
a; by -

Vector parallel to the line is given by,
b=ayi+bj+ck

2) Normal vector to the plane :

If equation of the plane is ax + by + cz = d then,
Vector normal to the plane is given by,
n=ai+bj+ck

3) Angle between a line and a plane :

If © is a angle between the line ¥ = g + Ab and the plane 7.7 = p , then

=1

Where, p is vector parallel to the line and
i is the vector normal to the plane.
Answer :

For given equation of line,

x—1 y—2 z+3
2 1 =2

Parallel vector to the line is

Bl

b=21+j-2

~Bl= 212+ (—2)2=Va+1+4=19=3
For given equation of plane,

x+y+4=0

normal vector to the plane is

n=1i+j+0k

~|a) = Vm= \.’m= \."E

Therefore, angle between given line and plane is

. b.7
sinfl = =——
|b|.|r|
, (20 +j—2k).(i+j+0k)
sinf =
3><\."E
. CxD+Ax1D)+({(—2)x0)
-~ 8ing =
3\.@
- +1-0
sinf =
342
) 3
sinf =——=



. 8 1
~sinf =—
V2
~ 8 =sin"t (—)
\.."_
g T
T4

Question: 26

Write the equatio

Solution:

Given :

A=(2,-1,1)

Plane parallel to the required plane : 3x + 2y -z =7
To Find : Equation of plane

Formulae :

1) Position vectors :

If A is a point having co-ordinates (a;, ay, a3), then its position vector is given by,

a=a,i+a,j+azk
2) Dot Product :

If @7 & b are two vectors

a=a,i+a,j+azk

b =b,i+b,j+ bk

then,

@.b=(a; x b))+ (a, x by) + (az x by)

3) Equation of plane :

If a plane is passing through point A, then equation of plane is
r.n=an

Where, @ = position vector of A

n = vector perpendicular to the plane
F=xi+yj+zk

Answer :

For point A = (2, -1, 1), position vector is
a=2i-j+k

As required plane is parallel to 3x + 2y -z = 7.

Therefore, normal vector of given plane is also perpendicular to required plane

i=30+2j—k

Now, @i = (2% 3) + ((-1) x 2) + (1 x (1))
=6-2-1

=3

Equation of the plane passing through point A and perpendicular to vector 71 is

=a.t

=l
=

.

((3i+2j—k)=3

=i

As 7 = xi+ yj+zk

w7 (3i+2f —k) = (xi+yj+zk).(31+ 2§ — k)
=3x+2y-z

Therefore, equation of the plane is

3x +2y-z=3

3x+2y-2-3=0

Exercise : OBJECTIVE QUESTIONS



Question: 1
Mark against the

Solution:
Given: Equation of plane is 7. (6?— 3j+ 2.1’(\) +1=0

Formula Used: Equation of a plane is 1i.T7 = p where {i is the unit vector normal to the plane, ¥
represents a point on the plane and p is the distance of the plane from the origin.

Explanation:

The equation of the given plane is 7. (63— 3j+ 2.1’3) =—-1..(1)

Now, |61 —3j +2k| = V36 + 9+ 4

N

i— k is a unit vector.

=1l

- 2
J+

=1 w

(1) can be rewritten as

. (6A 3A+ 2.12) 1
"\FtTF T YTy
- (—6A+ 3. 2.1,(\) 1
=7 7 i ?) Zk)=7
which is of the form 4.7 = p
Perpendicular vector from the origin to the plane is
—-6_ 3 2

U= 71’."'?}— gk

So, direction cosines of the vector perpendicular from the origin to the plane is (;:2?)

Question: 2

Mark against the

Solution:

Given: Equation of plane is 5y + 4 = 0

Formula Used: Equation of a plane is Ix + my + nz = p where (I, m, n) are the direction cosines of
the normal to the plane and (x, y, z) is a point on the plane and p is the distance of plane from
origin.

Explanation:

Given equation is 5y = -4

Dividing by -5,
4
Y=3

which is of the form Ix + my + nz = pwherel =0, m=-1,n=0
Therefore, direction cosines of the normal to the plane is (0, -1, 0)
Question: 3

Mark against the

Solution:
Given: Equation of plane is 7. (BE— 4j — 121}\) +39=0

Formula Used: Equation of a plane is i.7 = p where il is the unit vector normal to the plane, ¥
represents a point on the plane and p is the distance of the plane from the origin.

Explanation:

Given equation is 7. (31 — 4j — 12k) = =39 ... (1)
Now, |31 — 4f — 12k| = V9 + 16 + 144 = 169
=13

Dividing (1) by 13 and multiplying by -1,

*(_3“+4“+12f€) 3
A CERRET T A
which is of the form 4.7 = p

Therefore, length of perpendicular from origin to plane is 3 units.



Question: 4

Mark against the

Solution:

Given: A(2, -3, 7) is a point on the plane making equal intercepts on the axes.

Formula Used: Equation of plane is i + f + S = 1 where (x, y, z) is a point on the plane and a, b, ¢
are intercepts on x-axis, y-axis and z-axis respectively.

Explanation:

Let the equation of the plane be

S+iii=1)

a b c
Herea =b =c = p (let’s say)
Since (2, -3, 7) is a point on the plane,

(1) becomes

2—-3+7

S
p

p=6

Therefore equation of the plane is

X+y+z=6

Question: 5

Mark against the

Solution:

Given: Plane makes intercepts 3, -4 and 6 with the coordinate axes.

Formula Used: Equation of plane is § + % + S = 1 where (x, y, z) is a point on the plane and a, b, ¢
are intercepts on x-axis, y-axis and z-axis respectively.

Normal Form of a plane = Ix + my + nz = p where (I, m, n) is the direction cosines and p is the
distance of perpendicular to the plane from the origin.

Explanation:

Equation of the given plane is

X y z

3 + _—4 + i 1
ie,dx-3y+2z2=12...(1)

which is of the form ax + by + cz = d
Direction ratios are (4, -3, 12)

So, J42+(—3)2+22=16+9+4

=v29
Dividing (1) by 13,

4 3 2 12
2

—X + =
V29 V29 V29 29

which is in the normal form

Therefore length of perpendicular from the origin is % units
J

Question: 6

Mark against the

Solution:

Given:

1. Equation of line is x+1 =z =
3 4 5

2. Equation of plane is 2x - 3y + kz = 0

Formula Used: If two direction ratios are perpendicular, then
a €a; + b;by + c1c2 =0

Explanation:

Direction ratios of given line is (3, 4, 5)



Direction ratios of given plane is (2, -3, k)

Since the given line is parallel to the plane, the normal to the plane is perpendicular to the line.
So direction ratio of line is perpendicular to direction ratios of plane.
=23x2+4x-3+5x k=0

=6-12+5k=0

Therefore, k =

Wl

Question: 7

Mark against the

Solution:

Given: P(1, 2, -3) is a point on the plane. OP is perpendicular to the plane.
Explanation:

Let equation of plane be ax + by + cz=d ... (1)

Substituting point P,

=a+2b-3c=d..(2)

0P =i+2j—3k

Since OP is perpendicular to the plane, direction ratio of the normal is (1, 2, -3)
Substituting in (2)

1+4+9=d

d=14

Substituting the direction ratios and value of ‘d’ in (1), we get
x+2y-3z=14

Therefore equation of plane is x + 2y - 3z = 14

Question: 8

Mark against the

Solution:

Given: Equation of plane is 2x -4y +z =7

Line () @ = @ lies on the given plane.

Formula Used: Equation of a line is

(x—x) G-y) (3_31)_;{L
by b, by

Where (x3, y1, 21) is a point on the line and b;, by, bz : direction ratios of line.
Explanation:

=4

x—4 y-2 z—k
Let2 o X2 2¢
1 2

So the given line passes through the point (4, 2, k)

Since the line lies on the given plane, (4, 2, k) is a point on the plane.
Therefore, substituting the point on the equation for the plane,
=8-8+k=7

=k=7

Question: 9

Mark against the

Solution:

Given: The plane 2x + 3y + 4z = 12 meets coordinate axes at A, B and C.
To find: Centroid of AABC

Formula Used: Equation of plane is E + E + E = 1 where (x, y, z) is a point on the plane and a, b, ¢

are intercepts on x-axis, y-axis and z-axis respectively.

Xy +Xa+Xg Vi +Vo+Va 2y +zz+za)

Centroid of a triangle = ( p ) P 3

»



Explanation:

Equation of given plane is 2x + 3y + 4z =12

Dividing by 12,
Y2
6 3

Therefore the intercepts on x, y and z-axis are 6, 6 and 3 respectively.
So, the vertices of AABC are (6, 0, 0), (0,4, 0) and (0, 0, 3)

Centroid = (

6+0+0 0+4+0 0+0+3
_ ’T ’T

=(2,4/3, 1)

Therefore, the centroid of AABC is (2, 4/3, 1)
Question: 10

Mark against the

Solution:

Given: Centroid of AABC is (1, 2, 4)

To find: Equation of plane.

Formula Used: Equation of plane is E + % + E = 1 where (x, y, z) is a point on the plane and a, b, ¢
are intercepts on x-axis, y-axis and z-axis respectively.

. . Xy +x.+x Vy+Vo+Vg =4 +EZ,+Z
Centroid of a triangle = ( L 32 2 =L "32 =2 1 32 3)

’

Explanation:

Let the equation of plane be

Sttt =1..(D)

Therefore, A = 3a, B = 3b, C = 3c where (a, b, c) is the centroid of the triangle with vertices (A, 0,
0), (0, B, 0) and (0, 0, C)

Substituting in (1),

y z

= % + % + % =1
Herea=1,b=2andc =4

X y zZ
= 5 E + E =1
Multiplying by 12,
dx+2y+2z=12
Therefore equation of required plane is 4x + 2y + z = 12
Question: 11
Given: Plane passes through the point A(1, 0, -1).

Plane is perpendicular to the line

x+1 y+3 z+7
2 4 -3

To find: Equation of the plane.

Formula Used: Equation of a plane is ax + by + cz = d where (a, b, c) are the direction ratios of
the normal to the plane.

Explanation:

Let the equation of the plane be

ax+by+cz=d...(1)

Substituting point A,

a-z=d

Since the given line is perpendicular to the plane, it is the normal.
Direction ratios of line is 2, 4, -3

Therefore, 2 + 3 =d

d=5

So the direction ratios of perpendicular to plane is 2,4, -3 and d =5

Substituting in (1),



2x+4y-3z2=5

Therefore, equation of plane is 2x + 4y -3z =5
Question: 12

Mark against the

Solution:

Given: Line xT_l = % = % meets plane 2x + 3y -z = 14

To find: Point of intersection of line and plane.
Explanation:
Let the equation of the line be

x—1 y—-2 z-3

2 ~ 2 ~ 3 4

Therefore, any point on the line is (2A + 1, 4A +2, -3A +3)
Since this point also lies on the plane,

2(2A + 1) + 3(4A +2) - (-3A +3) =14
4A+2+ 122 +6+32-3 =14

194 +5=14
A= 19—1
=19

Therefore the required point is (3, 5, 7).

Question: 13

Mark against the

Solution:

Given: Plane passes through A(2, 2, 1) and B(9, 3, 6). Plane is perpendicular to 2x + 6y + 6z = 1
To find: Equation of the plane

Formula Used: Equation of a plane is

a(x-x7) +b(y-y1) +c(z-2z1) =0

where a:b:c is the direction ratios of the normal to the plane.
(X1, Y1, 1) is a point on the plane.

Explanation:

Let the equation of plane be a(x - x;) + b(y-y;) + c(z-27) =0
Since (2, 2, 1) is a point in the plane,
alx-2)+bly-2)+c(z-1)=0...(1)

Since B(9, 3, 6) is another point on the plane,
a9-2)+bB-2)+c6-1)=0

7a+b+5c=0...(1)

Since this plane is perpendicular to the plane 2x + 6y + 6z = 1, the direction ratios of the normal
to the plane will also be perpendicular.

So,2a+6b+6c=0=a+3b+3c=0..(2)
Solving (1) and (2),

a:fb:c
R I O I

a b ¢
—12  —16 20
a b c
3 4 —5

a:b:c=3:4:-5
Substituting in (1),
3x-6+4y-8-52+5=0
3x +4y-5z-9=0

Therefore the equation of the plane is 3x + 4y -5z2-9 =0



Question: 14
Mark against the
Solution:

Given: Plane passes through the intersection of planes 3x -y + 2z-4=0and x+y+2z-2 = 0.
Point A(2, 2, 1) lies on the plane.

To find: Equation of the plane.

Formula Used: Equation of plane passing through the intersection of 2 planes P €; and P is
given by P; + AP, =0

Explanation:
Equation of plane is
3x-y+22-4+A(x+y+2-2)=0...(1)
Since A(2, 2, 1) lies on the plane,
6-24+2-4+22+2+1-2)=0
2+32=0
L2
3
Substituting in (1) and multiplying by 3,
Ix-3y+62-12-2(x+y+2z2-2)=0
IX-3y+62-12-2x-2y-2z2+4=0
7x-5y+4z-8=0
Therefore the equation of the plane is 7x - 5y + 4z-8 =0
Question: 15
Mark against the
Solution:
Given: Plane passes through A(0, -1, 0), B(2, 1,-1) and C(1, 1, 1)
To find: Equation of the plane
Formula Used: Equation of a plane is
a(x-x1) +bly-y1) +clz-z;) =0
where a:b:c is the direction ratios of the normal to the plane.
(X1, ¥1, 21) is a point on the plane.
Explanation:
Let the equation of plane be a(x - x;) + b(y-y;) + c(z-2z1) =0
Substituting point A,
ax+bly+1)+cz=0...(1)
Substituting points B and C,
2a+2b-c=0anda+2b+c=0
Solving,

a _ —b _
RN

a b c

43 2

Therefore,a:b:c=4:-3:2

Substituting in (1),

4x-3(y+1)+2z2=0

dx -3y +2z-3=0

Therefore equation of plane is4x -3y +2z2-3 =0
Question: 16

Mark against the

Solution:

Given: Plane 2x - y + z = 0 is parallel to the line



2x-1_ 2-y z+1

2 2 a
To find: value of a
Formula Used: If two lines with direction ratios aj:ay:az and bj:by:bz are perpendicular, then
a;b; + azby + azbz =0
Explanation:
Since the plane is parallel to the line, the normal to the plane will be perpendicular to the line.

Equation of the line can be rewritten as
1
X—9 y-2 z—-(=1

1 -2 a

Direction ratio of the normal to the planeis 2 : -1 : 1
Direction ratio of lineis 1 :-2 : a

Therefore,

2+2+a=0

a=-4

Therefore, a = 4

Question: 17

Mark against the

Solution:

: . S & |
Given: Equation of line is ==

Equation of planeisx -y +z =0
To find: Angle between a line and the normal to a plane.
Formula Used: If 0 is the angle between two lines with direction ratios bj:by:bz and cj:cy:c3, then
bycy +bycy + bycy
D2+ b2 + b2 x/c2+ 2 +c2

cosé =

Explanation:
Direction ratios of given lineis 1 :2 : 1

Direction ratios of the normal to the planeis 1 : -1 : 1

Therefore,
1-2+1
cosd =
VI+4+1IxV1+1+1
cos 0 =0
6 =90°

Therefore angle between them is 90°
Question: 18
Mark against the

Solution:

Given: Line xT_l = % = % meets plane 2x -y + 3z-1 =0

To find: Point of intersection of line and plane.
Explanation:
Let the equation of the line be

x—1 y+2 z-3
3 4 0 -2

Therefore, any point on the line is (3A + 1, 4A -2, -2A + 3)
Since this point also lies on the plane,

2(3A +1)-(42-2) + 3(-24 +3) =1
6A+2-424+2-6A+9=1

4A =-12

A=3



Therefore required point is (10, 10, -3)

Question: 19

Mark against the

Solution:

Given: Plane passes through the points A(a, 0, 0), B(0, b, 0) and C(0, 0, c)

To find: Equation of plane.

Explanation:

The given points lie on the co-ordinate axes.

Therefore, the plane makes intercepts of a, b and c on the x, y and z-axis respectively.

Equation of the plane is

Question: 20
Mark against the
Solution:
Given: Equation of two planes are 2x -y + 2z =3 and 6x -2y + 3z =5
To find: cos 6 where 6: angle between the planes
Formula Used: Angle between two planes a;x + b;y + ¢;z = 0 and azx + byy + cpz = 0 is
a,a, + by b, + o0,
J& + b2+ xJa+ b2+ c2

cosd =

where 0 : angle between the planes,
Explanation:
Herea; =2,b;=-1,¢c; =2

£12=6,b2=-2,02=3

12+2+6
= cosf =
VE+1+4x+36+4+9
p 20
= (0SSl =
3Ix7
= c0sf = —
21

20
Therefore, cos@ = oy

Question: 21
Mark against the
Solution:
Given: Equation of two planes are 2x -y +z=6and x+y+2z=7
To find: Angle between the two planes
Formula Used: Angle between two planes a;x + b;y + ¢;z = 0 and agx + byy + cyz = 0 is
a,a, +by b, + cy6;
J& + b2+ xJa+ b2+ c2

cosé =

where 6 : angle between the planes,
Explanation:
Herea; =2,b;=-1,c1 =1

(12=1,b2=1,02=2

2—1+4+2
= cosf =
VE+1+1xy1+1+4
p 3
= (0SSl =
\."%X\."%
p 3
= c0sf = —
6
p 1
= cosf = =
2



0 T
=v=3

Therefore angle between the planes is %

Question: 22

Mark against the

Solution:

Given: Equation of two planes are . (33— 6f + 2.1’(\) =4and . (23— j+ 21’(\) =3

To find: Angle between the two planes

Formula Used: Angle between two planes a;x + b;y + c;z = 0 and agx + byy + cpz = 0 is

a,a, + by b, + o0,
J& + b2+ xJai+ b2+ c2

cosf =

where 0 : angle between the planes,

Explanation:

Since ¥ = xi+ yj + zk, the given equation of planes can rewritten as:
3x-6y+2z=4and2x-y+2z=3

Herea; =3,b;=-6,¢c; =2

(12=2,b2=-1,62=2

6+6+4
= c0s8 =
VO+36+4xJa+1+4
5 16
= 080 = ———
7%x3
5 16
= 0S8 = ——
21
5 _, 16
= U =008 " ——
21

Therefore angle between the planes is cos‘lg

Question: 23

Mark against the

Solution:

Given: Plane passes through the points A(2, 3, 1) and B(4, -5, 3) and is parallel to x-axis
To find: Equation of plane

Formula Used: Equation of a plane parallel o x-axis is
bly-y;) +c(z-2z1) =0

Explanation:

Let the equation of the plane be
b(y-y;) +c(z-21)=0

Since A(2, 3, 1) lies on the plane,
by-3)+c(z-1)=0...(1)

Since B(4, -5, 3) lies on the plane,
b(-5-3)+¢c(3-1)=0
-8b+2c=00r-4b+c=0
b:c=1:4

Substituting in (1),

y-3+42-4=0

y+4z=7

The equation of the planeisy + 4z =7
Question: 24

Mark against the

Solution:

Given: Variable plane moves so that the sum of the reciprocals of its intercepts on the coordinate



axes is (1/2)

Formula Used: Equation of a plane is
X y z

p + 3+ o= 1

Explanation:

Let the intercepts made by the plane on the co-ordinate axes be a, b and c.

1 1 1 1

=—-+ -+ =
a b ¢ 2
Let the equation of the plane be

X y z

On solving for each of the given options,
(0,0, 0) =LHS # RHS
(1,1,1)=LHS # RHS

(111) LHS 1-i- 1+1 1><(1+1+1) 1—-#RHS
— — — = = — — 4 — = — — —4 -] =—
2'2'2 2a 2b 2¢ 2 \a b ¢ 4

2 2 2 1 1
(2,2,2)=>LHS=—+—+—=2><(—+—+—)=1=RHS

a b ¢ a b

Therefore, plane passes through the point (2, 2, 2)

Question: 25

Mark against the

Solution:

Given: Plane is perpendicular to (2i — 3j + .I'E) and is at a distance of 5 units from origin.
To find: Equation of plane

Formula Used: Equation of a plane is Ix + my + nz = p where p is the distance from the origin
and I, m and n are the direction cosines of the normal to the plane

Explanation:

Direction ratio of normal to the plane is 2:-3:1
[26-3j+k|= Va+9+1=11a

Therefore, direction cosines of the normal to the plane is

2 _ 3 _ 1

Since the equation of a plane is Ix + my + nz = p where p is the distance from the origin,
2x-3y+2z=5V14

Therefore, equation of the plane is 2x - 3y + z = 5V14

Question: 26

Mark against the

Solution:

Given: Point A(2, 3, 4) lies on a plane which is parallel to 5x - 6y + 7z = 3
To find: Equation of the plane

Formula Used: Equation of a plane is

a(x-xy) +b(y-y1) +c(z-21) =0

where a:b:c is the direction ratios of the normal to the plane

(X1, Y1, 1) is a point on the plane.

Explanation:

Since the plane (say P;) is parallel to the plane 5x - 6y + 7z = 3 (say Py), the direction ratios of
the normal to P; is same as the direction ratios of the normal to P,.

i.e., direction ratios of P;is 5 :-6 : 7

Let the equation of the required plane be
a(x-x1) +bly-y;) +c(z-z;) =0
Herea=5,b=-6andc=7

Since (2, 3, 4) lies on the plane,



5(x-2)-6y-3)+7(z-4)=0

5x-6y+7z-10+18-28=0

5x -6y + 7z =20

The equation of the plane is 5x - 6y + 7z = 20

Question: 27

Mark against the

Solution:

Given: Perpendicular dropped from A(7, 14, 5) on to the plane 2x + 4y -z =2
To find: co-ordinates of the foot of perpendicular

Formula Used: Equation of a line is

X=Xy V= Va2 2723

b, - b, b

Where b;:bjy:bg is the direction ratio and (x1, X3, x3) is a point on the line.
Explanation:

Let the foot of the perpendicular be (a, b, c)

Since this point lies on the plane,

2a+4b-c=2..(1)

Direction ratio of the normal to the planeis 2 : 4 : -1

Direction ratio perpendicular = direction ratio of normal to the plane

So, equation of the perpendicular is

x_xl_y_.‘h_z_zl_;{
2 4 -1

Since (a, b, ¢) is a point on the perpendicular,

x—a y-b z-c
= = =1
2 4 -1

(7, 14, 5) is a point on the perpendicular.

7—a 14—b_

5_C—A
2 0 4 0 1

So,a=7-2A,b=14-4A,c=5+A
Substituting in (1),
14-4A+56-16A-5-2=2

21A=70-7 =63

A=3

Therefore, foot of the perpendicular is (1, 2, 8)
Question: 28

Mark against the

Solution:

Given: Centroid of triangle is (a, B3, y)

To find: Equation of plane.

Formula Used: Equation of plane is i + f + S = 1 where (x, y, z) is a point on the plane and a, b, ¢
are intercepts on x-axis, y-axis and z-axis respectively.

. . Xy +x.+x Vy+Vo+Vg =4 +EZ,+Z
Centroid of a triangle = ( L 32 2 =L "32 =2 1 32 3)

’

Explanation:

Let the equation of plane be
Xy¥Y E_
Ststo= 1...(1)

Therefore, A = 3a, B = 38, C = 3y where (a, b, ¢) is the centroid of the triangle with vertices (A,
0, 0), (0, B, 0) and (0, 0, C)
Substituting in (1),

y Z

=>§+§+§=1

Herea=a,b=Bandc=y



Therefore equation of required plane is i + é + % =3

Question: 29

Mark against the

Solution:

Given: Equation of plane is 7. (2i — 3j + 4k) = 12
To find: Intercepts made by the plane.

Formula Used: Equation of plane is i + f + S = 1 where (x, y, ) is a point on the plane and a, b, ¢

are intercepts on x-axis, y-axis and z-axis respectively.
Explanation:

The equation of the plane can be written as
2x-3y+4z=12

Dividing by 12,

;—(+%+§ = 1 which is oftheform§+§+§= 1
Therefore the intercepts made by the plane are 6, -4, 3
Question: 30

Mark against the

Solution:

Given: Equation of line is x7-_ ) =
1 -2 -3

Equation of the plane is 2x -3y +z =5
To find: angle between line and plane

Formula Used: If 0 is the angle between a line with direction ratio by:by:bz and a plane with
direction ratio of normal nj:ny:n3, then

nyby + nyb, +n3bg
V2 +n2 +n2 x /b2 + b2 + b2

sind =

Explanation:
Here direction ratio of the lineis 1 : -2 : -3

Direction ratio of normal to the planeis 2 : -3 : 1

Therefore,
) 2+6-3
sind =
VI+4+9x4+9+1
. 6 5
sinfl = ————
\-@ x \-@
5
f =sint—
14

Therefore, angle between the line and plane is sin_li

Question: 31

Mark against the

Solution:

Given: Equation of line is #. (i + j — 3k) + (21 + 2j + k)
Equation of plane is 7. (61— 3j + 2k) =5

To find: angle between line and plane

Formula Used: If 6 is the angle between a line with direction ratio b;:by:bz and a plane with
direction ratio of normal nj:ny:n3, then

nyby + noby +n3by

sind =

V2 402+ ndx /b2 + b2 + b2
Explanation:

Here direction ratio of the lineis 2 : 2 : 1



Direction ratio of normal to the plane is 6 : -3 : 2
Therefore,

12—-6+2
Vi+4+1x36+9+4

sinfd =

o 8
sinf = ——
3Ix7

8

8 =sin"t—
21

Therefore, angle between the line and plane is sin‘lzi1

Question: 32

Mark against the

Solution:

Given: Point is at (E +2j+ 5§) and equation of plane is 7. (E +j+ ﬁ) +17=0

To find: distance of point from plane

Formula Used: Perpendicular distance from (x;, y;, z1) to the plane ax + by + cz+d =0 is

|lax, + by, + ¢z, +d|
va? + b? +c?

Explanation:

The point is at (1, 2, 5) and equation of planeisx +y+z+ 17 =0

. 1+245+17
Distance = ———
Vitiel
25
V3

2

1|u.

w

Therefore, distance = — units

=

Question: 33

Mark against the

Solution:

Given: The equations of the parallel planes are 2x - 3y + 6z = 5 and 6x - 9y + 182 + 20 = 0
To find: distance between the planes

Formula Used: Distance between two parallel planes ax + by + cz + d; = 0 and ax; + by; + cz; +
d1 =0is
dz _'di
va? + b? +c?
Explanation:

The equations of the parallel planes are:

2x-3y+6z-5=0
20
2x- 3y + 6z+?=0

Therefore distance between them is

20
F+5

VE+9+36

v
- 3X\.@

5

3

Therefore distance between the planes is 2 units

Question: 34
Mark against the
Solution:

Given: The equations of the planes are x + 2y -2z + 1 =0and 2x + 4y -4z-4z+ 5 =0



To find: distance between the planes
Formula Used: Distance between two parallel planes ax + by + cz + d; = 0 and ax; + by; + cz; +
d; =0is
d, —d,
Explanation:
The equations of the planes are:
Xx+2y-2z+1=0and 2x +4y-4z-42+5=0
Multiplying the equation of first plane by 2,
2x +4y-4z2+2=0
Therefore distance between them is

20
F+5

VE+9+36

v
- 3><\-@

Therefore distance between the planes is 2 units

Question: 35

Mark against the

Solution:

Given: Equation of planeis2x -y +2z+ 3 =0.Pisat (1, 3, 4)
To find: image of P

Explanation:

P{1,3 4)

From the figure, P’ is the image of P and B is the midpoint of PP’
IfBis (a, b, c), then

_1+4x
=

3+

h= ——
2

4+z,
c=——
2

B lies on the plane.
So,2a-b+c+3=0..(1)
Also, equation of line PB is

x—1 y—-3 z—4

7 -1 -1 4

So any point on the line PB will be of the form
x=2A+1,y=-2+4+3,2=2+4

Since (a, b, c) will also be of this form we can substitute these values in (1)
=22CA+1)-(-A+3)+2+4)+3=0

=4A+2+2A-3+2+4+3=0

=6A=-6

=A=-1



So(a,b,c)=(1,4,3)

Substituting these values in the equations of a, b and c,

1+x,
)
3+wn
4= ==
2
4+z,
3= —
2
Therefore,

x1=-3,y1=521=2

Therefore, the image is (-3, 5, 2)



