NCERT Solutions for Class-XII Maths

Chapter-11.3

NCERT Maths Class 12

In each of the following cases, determine the direction cosines of the normal to the plane
and the distance from the origin.

(a)z=2

(b)x+y+z=1

(¢)2x +3y—-z=5

(d)5y+8=0

(a) The equation of the plane is z=2 or 0x + Oy + z=2 ... (1) The direction ratios of
normal are 0, 0, and 1.

N2 402412 =1

Dividing both sides of equation (1) by 1, we obtain

0x+0y+1z=2

This is of the form Ix + my + nz = d, where 1, m, n are the direction cosines of normal to
the plane and d is the distance of the perpendicular drawn from the origin. Therefore, the
direction cosines are 0, 0, and 1 and the distance of the plane from the origin is 2 units.
b)yx+ty+z=1...(1)

The direction ratios of normal are 1, 1, and 1.

A ANOR ) =B
Dividing both sides of equation (1) by /3, we obtain

LX+Ly+Lz—L (2)
BBTBB
This equation is of the form Ix + my + nz = d, where 1, m, n are the direction cosines of

normal to the plane and d is the distance of normal from the origin.
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Therefore, the direction cosines of the normal are and the distance of

T | .
normal from the origin is — units.

NE)

Find the vector equation of a plane which is at a distance of 7 units from the origin and
normal to the vector 3i+5j—6k.

Vector eq.of the plane with position vector 7 is-



rn=d
. 1 3§+53—6f<
n=——=

|i]  9+25+36

31+5]—6k

_3i+5j-ok _
- 710

£.31+5]—6k =770

7

Find the Cartesian equation of the following planes:

(a) f.(f+j—12=2)

(b) f.(zi + 3}—412) =1

(©) E[ (s-2t)i +(3-1)j+ (25 + )k | =15

(a) It is given that equation of the plane is

f.(i+j—f<)=2 (D)

For any arbitrary point P (x, y, z) on the plane, position vector 1~ is given by,

F=xi+ yj +7k

Substituting the value of r~ in equation (1), we obtain

(xi+y}+zl§)(f+]—f<)=2

=>xty—-z=2

This is the Cartesian equation of the plane.

(b) f.(2i+3j—412)=1 (D

For any arbitrary point P (x, y, z) on the plane, position vector T is given by,

F=xi+ }a +7k

Substituting the value of 7 in equation (1), we obtain

(xi Y+ zﬁ)(zi +3] —412) =1

=2x+3y—-4z=2

This is the Cartesian equation of the plane.

(©) T (s—20)i+(3-1)i+(2s+t)k]=15 (1)

For any arbitrary point P (x, y, z) on the plane, position vector 7 is given by,
F=xi+ yj +7k-

Substituting the value of 7 in equation (1), we obtain



(xi+}ﬁ+zf<)[(s—2t)f+(3—t)j+(2s+t)l§] =15

=>6-20x+B-t)y+(2s+t)z=15
This is the Cartesian equation of the plane.

In the following cases, find the coordinates of the foot of the perpendicular drawn from
the origin.

(a)2x+3y+4z—-12=0

(b)3y+4z-6=0

c)x+y+z=1

(d)5y+8=0

Let the coordinate of the foot of L P from the origin to the given plane be P(x,y,z).

2x +3y+4z=12

Direction ratio (2, 3, 4)

@0 (4
=J4+9+16
=29

4 12

2 3
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This is the form of
Ix + my +nz = d (.. d = Distance of the normal from the origin.)
2 3 4
29742929
Coordinate of the foot (I1d, md, nd) = ﬁ, ﬁ, 8
2929 29
(B) Let the coordinate of the foot of L P from the origin to the given plane be P(x, y, z).
Ox+3y+4z=06
Direction ratio (0, 3, 4)

07 +(3)% + (4
=J0+9+16
=25

=5

Direction cosine(d) =

4 6
—X+-y+t—-z=—
5 57 5 5

This is the form of
Ix + my + nz=d (.. d = Distance of the normal from the origin.)

Direction cosine (d) = 9, é, 4
555
. 18 24
Coordinate of the foot (I1d, md, nd) = 0,2—5,2—5



(c) Let the coordinate of the foot of L P from the origin to the given plane be P(x, y, z).
x+tyt+tz=1

Direction ratio (1, 1, 1)

O+ (1) +(1)?

=y1+1+1

-5

1 1 1 1
—X+——=y+—F—=z2=—F
BBB B
This is the form of
Ix + my + nz=d (.. d = Distance of the normal from the origin.)

1 1

1
FEE

Direction cosine (d) =

Coordinate of the foot (1d, md, nd) = %, %,%
(d) Let the coordinate of the foot of L P from the origin to the given plane be P(x,y,z).

0x —5y+0z=28
Direction ratio (0, -5, 0)

02 +(=5)> +(9)°
J25

0, 5.0 8
5 5 5 S5

This is the form of

Ix + my + nz=d (.. d = Distance of the normal from the origin.)

Direction cosine(d)=0, -1, 0

Coordinate of the foot (I1d, md, nd) = O,—%,O

Find the vector and Cartesian equation of the planes
(a) that passes through the point (1, 0, —2) and the normal to the plane is i+ j—k.
(b) that passes through the point (1, 4, 6) and the normal vector to the plane is i —2j+k.
The position vector of point (1, 0, —2) is d—=1-2k
The normal vector N perpendicular to the plane is N =1+ j—k
The vector equation of the plane is given by, (7 - E)N =0-
- [f—(i—zﬁ)}.(hj—l&):o (1)
T is the position vector of any point P(x, y, z) in the plane.
L To=xi+ y_] +xk

Therefore, equation (1) becomes



(s )~ (-2) i +3-K)
= [(x=1)i+yi+(z+2)k i
=>x-1)+y—-(z+2)=0
=>x+y-z-3=0
=>xt+ty—-3=3

This is the Cartesian equation of the required plane.

=0

+j—k):0

(a) The position vector of the point (1, 4, 6) is @ =1+ 43 +6k
The normal vector N perpendicular to the plane is N =i—2j+k
The vector equation of the plane is given by, (7 - E)N =0
= [f—(i+4}+63)}.(f—23+1§) ..(D)

T is the positive vector of any point P(X, y, z) in the plane.
.‘.f=xf+yj+zf<

Therefore, equation (1) becomes
[(xf+yj+zl§)—(i+4j+612)}.(f—23+12):0

= [ (x-1)i(y-4)i+(z-6)k](i-2j+Kk)=0
>x-1)2y-4)+(z-6)=0

=>x-2y+tz+t1=0

Find the equations of the planes that passes through three points.
(@) (1, 1,-1),(6,4,-5), (4,2, 3)
(d)(1,1,0),(1,2,1),(-2,2,-1)

(a) The given points are (1, 1, -1),(6, 4, -5), (-4, -2, 3).

Let,
1 1 -1
A=l6 4 -5
-4 -2 3
=1(12-10)- 1(18 =20) -1 (-12 + 16)
=2+2-4
=0

Since, the value of determinant is 0.

Therefore, these points are collinear as there will be infinite planes passing through the
given 3 points.

(b) The given points are (1, 1, 0),(1, 2, 1),(-2, 2, -1).

Let,



=1(2-2)-1(-1+2)

=4-1

=35#0

There passes a unique plane from the given 3 points.

Equation of the plane passes through the points, (x1, y1, z1), (X2, y2, Z2) and (X3, y3, z3),
1.e.,

x-x; y-1 z
=1x,-1 y,-1 1z,
x3—1 y3-1 z3

x—-1 y-1 z

x-1 y-1 z
=[1-1 2-1 1
==l = =
x-1 y-1 z
=10 1 1
i iy

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

—WE N — 5

This is the required eq. of the plane.

Find the intercepts cut off by the plane 2x +y—z =15

2xty—-z=5 ..(1)
Dividing both sides of equation (1) by 5, we obtain
“x+d 2
5 55
X y z
= —+=+—=1 (2
e 2)
2
It is known that the equation of a plane in intercept form is Xy % +Z=1, where a, b, ¢
a c

are the intercepts cut off by the plane at x, y, and z axes respectively.
Therefore, for the given equation,



10.

10.

azg,b=5andc=—5

Thus, the intercepts cut off by the plane are %, 5and -5

Find the equation of the plane with intercept 3 on the y-axis and parallel to ZOX plane.
We know that the eq. of the plane ZOX is

y=0

Eq. of plane parallel to it is of the form, y =a

Hence, the required eq. of the plane is

y=3

Find the equation of the plane through the intersection of the planes
3x—y+2z-4=0and x +y +z—2 =0 and the point (2, 2, 1)

The equation of any plane through the intersection of the planes,
3x—-y+2z—4=0andx+y+z—-2=0,is

Bx—-y+2z—4)+ta (x+y+z-2)=0,where acR ...(1)

The plane passes through the point (2, 2, 1).

Therefore, this point will satisfy equation (1).
L(B3%x2-242x1-4)+a(2+2+1-2)=0

=2+3a=0

2
Sa=-—
3
Substituting = o. = —% in equation (1), we obtain

(3x—y+2z—4)—§(x+y+z—2)=0

=33x-y+2z-4)-2(x+y+z-2)=0
=>Ox-3y+6z-12)-2(x+y+z-2)=0
=7x—-5y+4z-8=0

This is the required equation of the plane.

Find the vector equation of the plane passing through the intersection of the planes
f.(Zf +2] —312)-= 7, f.(2f +5]+ 312) =9 and through the point (2, 1, 3)

Let the vector eq. of the plane passing through the intersection of the planes

f.(zi +2] —312) =7 and f.(zi + 5]+312) =9

Here, f.(zi +2] —312) ~7=0



11.

11.

f.(2f+5]+3f<)—9=0
[f.(Zi+23—312)—7}<7{f.(2f+53+312)—9}=0
f[(zi+2j—312)+(2x§+5xj+3x12)}—7—9x=0
E[(2420)i+(2+50)j+(3+30)k |- 7-92 =0

- Plane passes through points (2, 1, 3)

(20+7+3K).[ (24 20)i+ (2+50)j+ (-3+30)k |- 7-92.=0
444X +2+50—-94+90-7-91 =0

9L =10
_10
9
T 2+§ i+ 2+@jj+ —3+ﬁ k —7—9&=0
i 9 9 9) | 9
T (2+§)f+(2+5—0j]+(—3+£j12 -17=0
L 9 9 9) |
i (2+—)i+ 2+%)}+(—3+%)1& =17

f[38§+68}+312]=153

This is the required vector eq. of the plane.

Find the equation of the plane through the line of intersection of the planes x +y +z =1
and 2x + 3y + 4z = 5 which is perpendicular to the plane x —y +z=0

The equation of the plane through the intersection of the planes, x +y +z =1 and 2x +
3y+4z=35,is

x+ty+z-1)+A2x+3y+4z-5)=0

S>A+D)x+GBr+t ) y+@AL+ 1) z—5A+1)=0 ....(1)

The direction ratios, ai, b1, ci, of this plane are (2A + 1), (3A + 1), and (41 + 1).

The plane in equation (1) is perpendiculartox —y +z=0

Its direction ratios, az, bz, c2, are 1, —1, and 1.

Since the planes are perpendicular,

ajaz + bib2 +cic2 =0

S>RA+D)-GA+1)+(@AL+1)=0

=3A+1=0



12.

12.

13.

13.

=> A=—-
3

Substituting A = —% in equation (1), we obtain

This is the required equation of the plane.

lx—lz+g=0
3 3 3

=>x-z+2=0

Find the angle between the planes whose vector equations are
f(2i+ﬁ—3ﬁ)=5andf(3?—ﬁ+5£)=3

The eq. of the given planes are
f(2f+2j—3£)=5znuif(3i-3j+5£)=5

If n; and n, are normal to the planes, 7.i; =d, and 5.4, =d,
Angle between two planes

n,.n
cosO = 172

|5, A, |

_ 6-6-15 |

Ja4+4+99+9+25)
15

|7 vas

T

In the following cases, determine whether the given planes are parallel or perpendicular,
and in case they are neither, find the angles between them.
(a)7x+5y+6z+30=0and3x—-y-10z+4=0
(b)2x+y+3z—2=0andx—-2y+5=0
(c)2x—2y+4z+5=0and3x—-3y+6z—-1=0
(d)2x—y+3z—1=0and2x—-y+3z+3=0
(e)4x+8y+z—-8=0andy+z-4=0
The direction ratios of normal to the plane, L; : ajx + biy + ci1z=0, are aj, by, ¢c1 and L, :
aix + bay + coz =0 are as, by, c2
L ||L2,ifi=h=c—1

a by ¢



Ly L L, ifajap +biba+cic2=0
The angle between L and L is given by,

aja, +b;b, +¢cy ‘

Q= cos ! ‘

Ja? +b2 4 c2ofa b2+
(a) The equations of the planes are 7x + 5y + 6z + 30 = 0 and
3x—-y—10z+4=0

Here,a1=7,b1=5,cl1 =6

a=3bx=-1,c2=-10

aja2 tbiba+cico=7x3+5%x(-1)+6 x (-10)=—44 =0
Therefore, the given planes are not perpendicular.

q_ 75 5 _sa_ 6 _ 3
a, 3'b, -1 ¢, —-10 5
It can be seen that, a_1¢ﬁ¢c_1

a, by ¢

Therefore, the given planes are not parallel.
The angle between them is given by,

7%3+5x(~1)+6x (~10) |

JD2 62 £(6) 3P + (12 + (100 |
21-5-60

V110 x /110

Q= cos !

—cos !

(b) The equations of the planes are 2x +y+3z—-2=0and x -2y +5=0
Here,a;=2,b1=1,ci=3anda;=1,by=-2,¢c2=0
saltbbyteico=2x1+1x(2)+3x0=0

Thus, the given planes are perpendicular to each other.

(c) The equations of the given planes are 2x —2y +4z+5=0and 3x -3y + 6z—-1=0
Here,a;=2,b1—2,ci=4andax=3,b,=-3,¢c2=6

ajax +bibatcic2=2%x3+(-2)(-3)+4x6=6+6+t24=36+%0

Thus, the given planes are not perpendicular to each other.

4 _2b 2 2 q&_4_2

a, 3'b, -3 3 ¢, 6 3

Ly _b o

a, by ¢

10



Thus, the given planes are parallel to each other.
(d) The equations of the planes are 2x —y +3z—1=0and 2x—y +3z+3=0
ag=2,bj=-1,ci=3anda;=2,b,=-1,¢c2=3

Here,

ﬂ:z: ﬁ:__l andc—lzézl
a, 2 by, -1 Cy

.3 _b ¢

Cay B E ) €2
Thus, the given lines are parallel to each other.
(e) The equations of the given planes are 4x + 8y +z—8=0andy+z—-4=0
a1=4,b1=8,cl= 1 anda2=0,b2= 1,Cz=1
Here,
aja2 tbiba+tcico=4x0+8x1+1=9%#0
Therefore, the given lines are not perpendicular to each other.
a_4 b 8 ool

=—= =-=1

2

a, 0 b, 1 c, |1
IR R
ay by ¢
Therefore, the given lines are not parallel to each other.
The angle between the planes is given by,
4x0+8x1+1x1 |

=COo
J#2 18 20 12+ 12|

Q=cos ' 5! =45°

it

In the following cases, find the distance of each of the given points from the
corresponding given plane.

(a) (0,0,0)3x—4y +12z=3

(b)(3,-2,1)2x—-y+2z+3=0

(©)(2,3,-5)x+2y—22=9

(d)(-6,0,0)2x -3y +62—-2=0

Distance of point P(x1, y1, z1) from the plane Ax + By + Cz—D =0 s

0+0+0+3

J9+16+144

dz‘

3
_‘\/169
_3

13

(b) Given point is (3, -2, 1) and the plane is 2x —y +2z+3 =0

11



6+2+2+3

Ja+1+4

d=

P
Jo
13

3
(c) Given point is (2, 3, —5) and the plane is x + 2y —2z=9
2+6+10-9

J1+4+4

d=

=3
(d) Given point is (-6,0,0) and the plane is 2x -3y +6z—2 =0
-12-0+0-2

V4+9+36

_‘1_&=2
a7

dz‘

12
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