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EX

ERCISE 11.3 PAGE NO: 493
1. In each of the following cases, determine the direction cosines of the normal to the plane and the distance from
the origin.

@z=2

(b)x+y+z=1

(c)2x+3y—-z=5

(d)5y+8=0

Solution:

@z=2

Given:

The equation of the plane, z=2 or Ox + 0y +z=2 .... (1)
Direction ratio of the normal (0, 0, 1)

By using the formula,

V) + ) + (1 =1

=1

Now,

Divide both the sides of equation (1) by 1, we get

Ox/(1) +0y/(1) +z/1 =2

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
=~ The direction cosines are 0, 0, 1

Distance (d) from the origin is 2 units

(b)yx+y+z=1

Given:

The equation of the plane, x +y+z=1.... (1)

Direction ratio of the normal (1, 1, 1)

By using the formula,

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

Three Dimensional Geometry

m BYJ Uos NCERT Solutions for Class 12 Maths Chapter 11 —

The Learning App
V(L) + (1) + (1) =3

Now,

Divide both the sides of equation (1) by V3, we get

xI(\3) + yI(N3) + zI(\3) = 13

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
~. The direction cosines are 1/7/3, 1/\3, 1/7/3

Distance (d) from the origin is 1/4/3 units
(c)2x+3y-z=5

Given:

The equation of the plane, 2x + 3y —z=5.... (1)

Direction ratio of the normal (2, 3, -1)

By using the formula,

V() + (3) + (-1)7] = V14

Now,

Divide both the sides of equation (1) by V14, we get
2x/(V14) + 3y/(N14) — z/(N14) = 5N14

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
~. The direction cosines are 2/N14, 3/N14, -1/N14

Distance (d) from the origin is 5/V14 units

(d)5y+8=0

Given:

The equation of the plane, 5y + 8 =0

-5y =8or

0X -5y +0z=8.... (1)

Direction ratio of the normal (0, -5, 0)
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By using the formula,

V[(O) + (-5) + (0)] = V25

=5

Now,

Divide both the sides of equation (1) by 5, we get

0x/(5) — 5y/(5) — 0z/(5) = 8/5

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
=~ The direction cosines are 0, -1, 0

Distance (d) from the origin is 8/5 units

2. 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.
Solution:

Given: S
The vector 31+ 5)—06k.
Vector eq. of the plane with position vector T is

rn=d._ (1)
S0,
@i 3i+5j-6k
I]:T:
|11| \/9—25—36
3i+5j-6k
70
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So,
i 3i+5j-6k
]]:T:
|11| J9+25+36
3i+5)-6k

N 70
Substituting in equation (1), we get
_3i+5j-6k
. o ;

I.31+5]—-6k=7~/70

* The required vector equation is T. 3+ 5:]' —6k=7+/70

3. Find the Cartesian equation of the following planes:
r.1+1-k)=2

@ 1+1-k)

Solution:

Given:

The equation of the plane.

Let T be the position vector of P(x, . z) is given by

I =Xi+yj+zk
S0,

£ (i+j-k)=2
Substituting the value of T, we get
(11+}j+2k)(1+_] —1?:) =2
~ The Cartesian equation is
Xty-z=2
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®7.(20 + 3) — 4k) =1
Solution:
Let T be the position vector of P(X, v, z) is given by

T =xi+yj+zk
S0,
I.(2i+3)-4k)=1
Substitut'mg the value of T, we get
(xi+}ﬁ+zﬁ).(li+3] —412) =1
* The Cartesian equation is
2x+3y-4z=1

© (s —20i+(3-1)j+(2s +Dk] =15
Solution:
Let T be the position vector of P(x, v, z) is given by

I = xi—}f:i—zk
So,
T.[(s —2t}f+(3—t)j+(25+ﬂﬂz15
Substituting the value of T, we get
(_xf +}ﬁ+z§:).[(s —21)i +(3- t)] +(2s+ t}ﬁ:} =15
~ The Cartesian equation is

(s-20Xx+(3-t)y+(2s+t)z=15

4. In the following cases, find the coordinates of the foot of the perpendicular drawn from the origin.
(@) 2x+3y+4z-12=0

(b)3y+4z-6=0
C)x+y+z=1
(d)5y+8=0

Solution:

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

Let the coordinate of the foot of L P from the origin to the given plane be P(x, y, z).
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2x +3y+4z=12....(1)

Direction ratio are (2, 3, 4)

V[ + (3% + (4] = V(4 + 9 + 16)

=29

Now,

Divide both the sides of equation (1) by V29, we get
2x/(N29) + 3y/(N29) + 4z/(N29) = 12/+29

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
~. The direction cosines are 2/729, 3/7/29, 4/29

Coordinate of the foot (Id, md, nd) =

= [(2IN29) (12/N29), (3/129) (12/7/29), (4/N29) (12/N29)]

= 24129, 36/29, 48/29

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

Let the coordinate of the foot of L P from the origin to the given plane be P(x, v, z).
0x +3y+4z=6....(1)

Direction ratio are (0, 3, 4)

VL) + (3) + (4)] = (0 + 9 + 16)

=25

=5

Now,

Divide both the sides of equation (1) by 5, we get

0x/(5) + 3y/(5) + 4z/(5) = 6/5

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
~ The direction cosines are 0/5, 3/5, 4/5

Coordinate of the foot (Id, md, nd) =
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= [(0/5) (6/5), (3/5) (6/5), (4/5) (6/5)]

=0, 18/25, 24/25

C)x+y+z=1

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 are (1, 1, 1)

Vi@ + 1+ (1) =V1 +1+1)

=3

Now,

Divide both the sides of equation (1) by V3, we get

1x/(V3) + 1y/(N3) + 1z/(\3) = 1/V3

So this is of the form Ix + my + nz =d

Where, I, m, n are the direction cosines and d is the distance
~. The direction cosines are 1/7/3, 1/N3, 1/\3

Coordinate of the foot (Id, md, nd) =

= [(L3) (13), (LN3) (1A3), (1N3) (1N3)]
=1/3,1/3,1/3

(d)5y+8=0

Let the coordinate of the foot of L P from the origin to the given plane be P(x, v, z).
OX—-5y+0z=8....(1)

Direction ratio are (0, -5, 0)

VI(0) + (-5)? + (0)7] = V(0 + 25 + 0)

=25

=5

Now,

Divide both the sides of equation (1) by 5, we get

Ox/(5) — 5y/(5) + 02/(5) = 8/5
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So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
=~ The direction cosines are 0, -1, 0

Coordinate of the foot (Id, md, nd) =

= [(0/5) (8/5), (-5/5) (8/5), (0/5) (8/5)]

=0,-8/5,0

5. Find the vector and Cartesian equations 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

Solution:

(a) That passes through the point (1, 0, —2) and the normal to the plane is
i+j-k.

Let the position vector of the point (1, 0, -2) be

a=(li+0j-2k)

We know that Normal N 1 to the plane is given as:

—_

N=i+j-k

Vector equation of the plane is given as:
(T-a)N=0

Now,

Xx-1-2y+8+z-6=0
X—=2y+z+1=0
X—-2y+z=-1

~ The required Cartesian equation of the plane isx —2y +z=-1
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(11_(.i—21{)).i— j—l«::OM(”

Since,
IT=xi+ yj+ zk

So equation (1) becomes,

-

(x1+}j+zk—1+7k)f+] k=

[(x 1)1+}j+ 21::} +i-k=0
Xx—1+y—-z-2=0

X+ty—-z-3=0

~ The required Cartesian equation of the plane isx +y—z=3

(b) That passes through the point (1, 4, 6) and the normal vector to the plane is
i-2j+k.

Let the position vector of the point (1, 0, -2) be

a=(1i+4]+6k)

We know that Normal N 1 to the plane is given as:

N=i-2j+k

Vector equation of the plane is given as:

(T-3a)N=0

Now,
e L A\ E T T
(1 (1 43 ﬁk)]l 21+ k=0 )

Since,

IT=xXi+vyj+ zk

So equation (1) becomes,

(Xi+ }j + zﬁ—i—4}—6ﬁ).i—2} + k=0

[{x ~1)i+ (y—4)j - (z—ﬁ)ﬁ}.i—zj + k=0

X-1-2y+8+z-6=0
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X-2y+z+1=0

X-2y+z=-1

-~ The required Cartesian equation of the plane isx -2y + z=-1

6. Find the equations of the planes that passes through three points.
(a) (11 11 _1)1 (61 41 _5)1 (‘41 _2; 3)

(©) (L, 1,0), (1, 2, 1), (<2, 2, ~1)
Solution:

Given:

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

Let,

1 1 -1
=16 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.

-~ The points are collinear as there will be infinite planes passing through the 3 given points.

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

Let,

1 1 0
=1 2

-2 2 -1
=1(-2-2)—-1(-1+
=-4-1
=-5£0

2)

Since, there passes a unique plane from the given 3 points.
Equation of the plane passing through the points, (x1, v1. Z1). (X2, ¥2, Z2) and (X,

V3, Z3), L.e.,

X_X: }."_

¥

— X:_X-_ }."_‘_}T:

X3 =% ¥57Y

L—Z,
Z,—Z,
Z;—Z;

Let us substitute the values and simplify

x—-1 v-1
:Xﬁ—l }":—1

X;—-1 y;-1

x—-1 vyv-1
=1-1 2-1
—2-1 2-1
x—-1 y-1
= 0 1
-3 1

z
z,

Z;

-1

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

=2X+3y—-3z=5

 The required equation of the plane is 2x + 3y — 3z =35.

. Find the intercepts cut off by the plane 2x +y -z =5.
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Solution:

Given:

The plane2x+y—-z=5

Let us express the equation of the plane in intercept form

xla+ylb+zlc=1

Where g, b, ¢ are the intercepts cut-off by the plane at x, y and z axes, respectively.
2X+y—-z=5....(1)

Now dividing both the sides of equation (1) by 5, we get

2x/5 +y/5 —2z/5=5/5

2xI5+yl5-2z/5=1

x/(5/2) +y/5 + z/(-5) =1

Here,a=5/2,b=5andc=-5

~ The intercepts cut-off by the plane are 5/2, 5 and -5.

8. Find the equation of the plane with intercept 3 on the y-axis and parallel to ZOX plane.
Solution:

We know that the equation of the plane ZOX isy =0

So, the equation of plane parallel to ZOX is of the form,y = a

Since the y-intercept of the plane is 3,a=3

~ The required equation of the plane isy = 3

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

Solution:

Given:

Equation of the plane passes through the intersection of the plane is given by
(Bx—-y+2z-4)+ L (x+y+z-2)=0 and the plane passes through the points (2, 2, 1).
S0,(3x2-2+2x1-4H+A(2+2+1-2)=0

2+3A=0
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3n=-2

A=-2/3....(1)

Upon simplification, the required equation of the plane is given as
(Bx—-y+2z-4)-2/3(x+y+z-2)=0

(X -3y +6z—-12-2x—-2y—-2z2+4)/3=0

7X—-5y+4z-8=0

~ The required equation of the plane is 7x -5y + 4z—-8=0

10. Find the vector equation of the plane passing through the intersection of the
r.(2i+2j-3k)=7. .21 +5j+3k) =9

planes and through the point (2, 1, 3).

Solution:

Let the vector equation of the plane passing through the intersection of the
planes are

F.(21+2)-3k)=7 and 7.(2i + 5]+ 3k) =9
Here,

_:. H’.‘ H’:_ 1"(_ _
1(71+7J 3) 7 0“"“)

[.(2i+5)+3k)-9=0
- e (2)

The equation of any plane through the intersection of the planes given in

equations (1) and (2) is given by,

The equation of any plane through the intersection of the planes given in equations (1) and (2) is given by,
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[E.(2i+ 2}—31&)—?} il [E.(2i+ 5j+3k)-9[=0

f[(zi—; 2j-3k) + (22 1451 j+ 32 1&)_._—?—91. —0

1[(7+71}1+[“’+§:}_]+{—3+ }}L} T-9% :0...(3}

Since the plane passes through points (2, 1, 3)
(aHJJrjk)[( _|_’J,L)1_|_(‘?_1_‘EJL}J—I—( %+3l]ﬁ:}—?—9}. =0

44+4A+2+54L-9+90-T-94.=0

k=10

A= 10/9

Sow, substituting & = 10/9 in equation (1) we get,

(. 20Y: (. 50): 30 10

L2+ —li+ |2+ —|j+| 3+ — k]—j" 9— =0
LD I Gy 9 9

[ 20Y: (. S50Y: 30|

Ll 2+ —[i+|2+ = |j+ —3+—k]—1?:0
_l." 9 9 F 9 |

_[(. 20): 50 30\~ |

Ll 20—t 1 24 — ]| <Scke— Ik | =17
|\ 9. 9 ) 9 J

_[38: 68- -

r —1——]——1&1—1"
9 9

[ 381+ 68 + 31«:} 153
» The required equation of the plane is T [3 81+ 68} + 31::} =133

Hl

11. Find the equation of the plane through the line of intersection of the planesx+y+z=1and 2x + 3y +4z=5

which is perpendicular to the plane x -y + z = 0.

Solution:

Let the equation of the plane that passes through the two-given planes
Xx+y+z=1land2x+3y+4z=5Iis

x+y+z-1)+A(2x+3y+4z-5)=0
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Cr+DHx+Cr+1)y+(@r+1)z-1-51=0...... (1)

So the direction ratio of the plane is QA+ 1, 30+ 1, 40 + 1)
And direction ratio of another plane is (1, -1, 1)

Since, both the planes are L

So by substituting in a,a, + b,b, + ¢,.c, =0
CL+1x1)+@GL+1x(-1)+(@L+1x1)=0
2A+1-3A-1+41+1=0

3A+1=0

r=-1/3

Substitute the value of A in equation (1) we get,

-1 -1 -1 -1
2( )—lx— SQ—IE— 4u—12—1—5(—)—0
3 3
5
lx——z—i:U
3 3 3
X-2+2=0

~ The required equation of the planeisx—z+2=0

12. Find the angle between the planes whose vector equations are
r.(2i+2j-3k)=35,1.(31 —3j+5k) =3.

Solution:
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Given:
The equation of the given planes are
T(21+2j-3k)=5 and (31-3j + 5k) =5

If n; and n; are nnrmal to the planes, then

—_——

r.n, =d, ﬂIldL 111 =d,

Angle between two planes is given as

—_——

cosh =
‘Hm
) 6—6—15
*J4—4—9J9—9—25
‘ ~15
=COoS

\ 15
B=cos | —F=
T
—CDS_:[ 15
Af731

~ The angle is cos (15/V731)

13. In the following cases, determine whether the given planes are parallel or perpendicular, and in case they are
neither, find the angles between them.

(@) 7x+5y+6z+30=0and3x-y-10z+4=0

(b)2x+y+3z-2=0andx-2y+5=0

(c)2x—-2y+4z+5=0and 3x-3y+6z-1=0

(d)2x-2y+4z+5=0and3x-3y+6z-1=0
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(e)4x+8y+z-8=0andy+z-4=0
Solution:
(@) 7x+5y+6z+30=0and3x-y-10z+4=0
Given:
The equation of the given planes are
7X+5y+6z2+30=0and3x-y—-10z+4=0
Two planes are L if the direction ratio of the normal to the plane is
a3, + bib, +c.c, =0
21-5-60
44 40

Both the planes are not L to each other.

Three Dimensional Geometry

Now, two planes are || to each other if the direction ratio of the normal to the plane is

a.__b__c._
a__b:_r::

3 =1 —10 [both the planes are not || to each other]
Now, the angle between them is given by

aa, + b._b: + ¢,c,

cosl =
\/a ~ b‘ ~ c‘\/a ~ b ~ c
cosO = —H
V49 + 25+ 3649 +1+100
B —44
1104110
44
110
0 2
B=cos —
5
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—44

~/110+/110
il
110

2
B=cos —
5

~ The angle is cos* (2/5)
(b)2x+y+3z-2=0andx—-2y+5=0

Given:

The equation of the given planes are
2Xx+y+3z-2=0andx—-2y+5=0

Two planes are L if the direction ratio of the normal to the plane is
&, +bb,+cc, =0

2x1+1x(-2)+3x0

=0

-~ The given planes are L to each other.
(c)2x—-2y+4z+5=0and3x-3y+6z-1=0

Given:

The equation of the given planes are
2Xx—2y+4z+5=0andx-2y+5=0

We know that, two planes are L if the direction ratio of the normal to the plane is
a3, +bib, +¢.c,=0

6+6+24

360

=~ Both the planes are not L to each other.

Now let us check, both planes are || to each other if the direction ratio of the normal to the plane is
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a, b, ¢
a, b, ¢,
2 -2 4
3 -3 6
2 2 2
3 3 3

-~ The given planes are || to each other.
(d)y2x—2y+4z+5=0and3x—-3y+6z—-1=0

Given:

The equation of the given planes are

2X—y+3z-1=0and2x-y+3z+3=0

We know that, two planes are L if the direction ratio of the normal to the plane is
a3, + bib, +c.c, =0

2x2+(-1)x(-1)+3x%x3

14#0

-~ Both the planes are not L to each other.

Now, let us check two planes are || to each other if the direction ratio of the normal to the plane is

a, b, ¢
Ty
2 -1 3
2 -1 3
1 1 1
111

~ The given planes are || to each other.
(e)4x+8y+z-8=0andy+z-4=0
Given:

The equation of the given planes are
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We know that, two planes are L if the direction ratio of the normal to the plane is

a.a, +bb,+cc,=0
0+8+1
940

-~ Both the planes are not L to each other.

Now let us check, two planes are || to each other if the direction ratio of the normal to the plane is
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-~ Both the planes are not || to each other.

Now let us find the angle between them, which is given as

aa, + b._b: + ¢,c,

A N o S e
cosh = 4x0+8x1+1x1
V16464 +140 +1+1
9
5
L9
B =cos 9\5
o1
= o5 E
=450

~ The angle is 45,
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14. In the following cases, find the distance of each of the given points from the corresponding given plane.
Point Plane

(@) (0,0,0)3x—-4y+12z=3

(b) (3,-2,1)2x-y+22+3=0

©(2,3,-5)x+2y-2z=9

(d) (-6,0,0)2x -3y +62-2=0

Solution:

(@) Point Plane

(0,0,0)3x—-4y+12z=3

We know that, distance of point P(Xi, yi, z;) from the plane Ax + By + Cz — D =0 is given as:

Ax, + By, + Cz, - D
JAT £ B+ O
Given point is (0, 0, 0) and the plane is 3x —4y + 12z=13
0+0+0+3
N9+ 16 +144
7

d:

d=

169

3
13

Given point is (0, 0, 0) and the plane is 3x — 4y + 12z = 3

0+0+0+3
d =
N9 +16 +144
|3
J169
= [3/N169)
=3/13

~ The distance is 3/13.
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(b) Point Plane

(3,-2,1)2x-y+2z2+3=0

We know that, distance of point P(x,, Y., z;) from the plane Ax + By + Cz — D = 0 is given as:

NCERT Solutions for Class 12 Maths Chapter 11 —
Three Dimensional Geometry

Ax, + By, + Cz, - D

Given point is (0, 0, 0) and the plane is 3x —4y + 12z=13

d: ] - ]
JAT £ B+ O

0+0+0+3

d =
N9+ 16 +144
J169

_3
13

Given point is (3, -2, 1) and the plane is 2x -y + 22+ 3 =0

d= - -
4+1+4

5—ﬂ-7—1

=139

=13/3

-~ The distance is 13/3.
(c) Paint Plane

(2,3,-5)x+2y—-22=9

We know that, distance of point P(X,, yi, z,) from the plane Ax + By + Cz — D = 0 is given as:
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Ax, + By, + Cz, - D

JAT £ B+ O
Given point is (0, 0, 0) and the plane is 3x —4y + 12z=13
0+0+0+3
N9+ 16 + 144
|3
s

3
13

Given point is (2, 3, -5) and the plane is x + 2y —2z2 =9

d:

d=

2+6+10-9
d=
J1+4+4
= |99
=9/3
=3

~ The distance is 3.
(d) Point Plane
(-6,0,0)2x -3y +6z2-2=0

We know that, distance of point P(X, Y., z,) from the plane Ax + By + Cz — D = 0 is given as:
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Ax, + By, + Cz, - D
JAT £ B+ O
Given point is (0, 0, 0) and the plane is 3x —4y + 12z=13

0+0+0+3
N9+ 16 + 144
7

d:

d=

169

3
13

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

-12-0+0-2
d=
J4+9+36
= |14/\49)|
=14/7
=2

~ The distance is 2.
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