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CBSE Class-12 Mathematics
NCERT solution
Chapter - 11
Three Dimensional Geometry - Exercise 11.3

Formula for equation number 1 and 2

If I is the length of perpendicular from the origin to a plane and ;‘ is a unit normal
vector to the plane, then equation of the plane is ; ; =p (where of course I being

length is > 0)

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+v+z=1

(© Ix+3yv—z=35

@ 51y+8=0

Ans. (a) Given: Equation of the planeis - =2

Therefore, the direction ratios of the normal to the plane are 0, 0, 1.

= a=0,b=0,c=1

= V@ T8+ E= /02 + (07 +(1)? =1

0z Oy z _ 2
Therefore,T + T+ T 1

=

Comparing with lz + my 4+ nz = p, we get p =
p=2

Therefore, direction cosines of normal to the plane are coefficients of ; ; J- in ,,,i.e.,0,0,1
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and length of perpendicular from the origin to the planeis p= 2.
(b) Given: Equation of the plane is x+ 1 +z =1

—a=1b=1,c=1

V@ F B+ = f1)7 (1) +(1) =5

L 1

Yy z _ 1
Therefore, 73 + 7 + B 5
Comparing with lx + my + nz = p, we get p = %
Therefore direction cosines of the normal to the plane are the coefficients of ﬂ A I in 1

11 1
BB

and length of perpendicular from the origin to the plane is p = —.
(c) Equation of the planeis 2x+ 31—z =3

3

= a=2,b=3,c=-1

Va2 + 8+ = \/|'_2_'|: +(3) +(-1) =14

2:c_|_3y_z_5
IV v S v s v B v

Therefore,

Comparing with Iz + my + nz = p, we get
5

P:ﬂ

Therefore direction cosines of the normal to the plane are the coefficients of ﬂ A I in 1
23 5

ie., . . and length of perpendicular from the origin to the plane is 2 = .

J147 47 14 J14

(d) Given: Equation of the planeis 31 +8=0 = 51=-§ = -5y =8

—=a=0,b=-5,c=0
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Va2 +b? 4= \/|'_D_'|: +(=5)V +(0) =425 =5

0z , By . 0z 8
Therefore, ? + T + ? — g

Comparing with [z + my + cz = p, we get

_FI:

L | 50

Therefore direction cosines of the normal to the plane are the coefficients of

i.e., 0,—1 0 and length of perpendicular from the origin to the plane is p =

H]

Lh | 55

Juking,

2. Find the vector equation of a plane which is at a distance of 7 units from the origin

and normal to the vector 3; + 3 7 — 6.
Ans. Here ; = 3 +5/ —6k
. The unit vector perpendicular to the plane is

-

- H 3

o

-6k Y +57

[

+5

Also p = T (given)

Therefore the equation of the required plane is ;_: =p

3. Find the Cartesian equation of the following planes:
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M) »(2i+37—4k| =1

© 7| (s=2)i+(3—¢) 7 +(2s +1)k | =15

— -~ et Lt

Ans. (a) Vector equation of the planeis » |i+ j—k|=2 ....... 6))

Putting ; — 1: + 1-?‘+ zji!:- in eq. (i) as in 3-D, Cartesian equation of the plane is

i+i—k|=2

| J::'+J,'j+zﬁc]_

= x(1)+p(1)+z(-1)=2 = x+y-z=12

(b) Since, ; is the position vector of any arbitrary point P{ x, V.2 | on the plane.

xi+yi+zk|[2i+37—4k|=1 = 2x+3yv—-4z=1

which is the required Cartesian equation.

o

(c) Vector equation of the plane is M ls—2t)i+(3—2) 7+ 25+2)k =15

Since, Since, ; is the position vector of any arbitrary point P x, V. Z | on the plane.

|xi+yi+zk|.[(s=20)i+(3-1)7+(2s+1)k|=15

= (5—2t)x+(3—2)v+(25+¢)z=15 which is the required Cartesian equation.

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

from the origin:

@ 2x+3v+4z-12=0
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(b) 3v+4z—-6=0

(© x+v+z=1

@ 51v+8=0

Ans. (a) Given: Equation of the planeis 2x+3v+4z-12=0..... (i) and point is O (0, 0, 0)
Let M be the foot of the perpendicular drawn from the origin (0, 0, 0) to the given plane.

Since, direction ratios of perpendicular OM to plane are coefficients of *. 1. < in
lx+3v+4z-12=0,ie,2,3,4= a.b.c (say)

x— v—=0 z- ;
". Equation of the perpendicular OM is == = = A (say)
“r b |
2 3
x ¥V oz oo x .y .z .
= —=—=—=4i = —=4A,—=A,—= A
2 3 4 2 3 4
= x=2A.v=3A.z=44
Therefore, point M on this line OMis M[ 2.4 3.4 4.4 ........... (ii)

But point M lies on plane (i)
O Putting x=24_v=34_z =41 ineq. (i), we have
2(20)+3(3X) +4(4N) —12=0

. 12
= 4A+94+164=12 = 194 =12 = r.=¥

-
Hence, putting £ =—— in equation (ii), the coordinates of foot of the perpendicular is
¥

724 36 48)

29729729 )

(b) Given: Equation of the planeis 3v+4z—6=10..... (i) and point is O (0, 0, 0)
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Let M be the foot of the perpendicular drawn from the origin (0, 0, 0) to the given plane

Since, direction ratios of perpendicular OM to plane are coefficients of *. V. Z in

3v+4z—-6=10,ie,0,3,4=a.b.c (say)

". Equation of the perpendicular OM is - 0 —
3

= x=0v=34.z=44

Therefore, point M on this line OM is M| (). 3.4 4.7 ]

But point M lies on plane (i)

o Putting x=0_v=34_z=4. ineq. (i), we have
3(BA\)+4(4\)—6=0
= 94i+16i=6 = 25i=6= —

Fon )

.6
Hence, putting .. =— in equation (ii), the coordinates of foot of the perpendicular is

25
(18 243
0.—.=— |
L 25725
....... (1) and point is O (0, 0, 0)

(c) Given: Equation of the plane is x+ 1 +z =1

Let M be the foot of the perpendicular drawn from the origin (0, 0, 0) to the given plane.

Since, direction ratios of perpendicular OM to plane are coefficients of *. V. Z in

x+v+z=1,ie,1,1,1= a.b.c (say)

". Equation of the perpendicular OM is - . 1

6/21
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x y z ., . x .,y .z .
= —=—=—=4i = —=4A —=A —=4
1 1 1 1 1 1
= x=A,v=4A,z=4
Therefore, point M on this line OM is M| A_ A, A | ceeeeeeeen. (i)
But point M lies on plane (i)
" Putting x= A, v=.A,2= A ineq. (i), we have
A+i+i=1
] .1
= 3i=1 = A==
3
Hence, putting .4 =— in equation (ii), the coordinates of foot of the perpendicular is

-

1
3

I_.J||-—l-
I_n_'l||-—l-

e

(d) Given: Equation of the planeis $v+&=10...... (i) and point is O (0, 0, 0)
Let M be the foot of the perpendicular drawn from the origin (0, 0, 0) to the given plane.

Since, direction ratios of perpendicular OM to plane are coefficients of . V.Z in 3v+8=10,

ie,0,50=a.b.c (say)

x— v—=0 =z-0
". Equation of the perpendicular OM is == = = A (say)
0 3

x ¥ Z2 ., . x ¥V .z |
= —===—=4 = —=A.—-=A.—=4

0 5 0 5 0
= x=0y=542z=0
Therefore, point M on this line OMis M (0 5.4 0] ........... (ii)

But point M lies on plane (i)
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o Putting x=0.v=54_z=10 ineq. (i), we have

X
Ly
e
+
L
I

I
S

0+3

= 18i=-8 = A=—

Hence, putting .4 =—— in equation (ii), the coordinates of foot of the perpendicular is
-

-

e

-

40 )
0= 0

28 7 g °

_9

0 0.

£y e £ =

5. Find the vector and Cartesian equations of the planes
(a) that passes through the point {1 J.—2 | and the normal to the plane is ﬂ+ A

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

Ans. (a) Vector form: The given point on the planeis (1 0. —2 |

". The position vector of the given point is ,,:_;r =(1.0.-2)=

et o=

Also Normal vector to the plane is j; — ﬁ + i—I
.. Vector equation of the required line is |" r—a |;-_ =0

= rn—an=0=rn=an
Putting the values of , and ,;,

- JA E -

rli+j—k|={i-2k|(i+j-k| = r

P47 =k)=1(1)+0(1) +(=2)(-1)

b )

i—k|=3

= rli+j—k|)=1+2 = r|i+
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Cartesian form: The plane passes through the point [' 1.0.-2) = [' .V 5 ]

s )

Normal vector to the plane is ;; = h +i-k

. Direction ratios of normal to the plane are coefficients of ﬁ j i in ;; are 1.1, -1
~. Cartesian form of equation of plane is a( x—x |+ &(y—1 | +e(z—z =0
= x-1)+1({y-0)=(z+2)=0 = x-1+y—-2z-2=0

= x+1y—z=3

(b) Vector form: The given point on the plane is ['_1: 4. Ei_']

" The position vector of the given point is g = (1.4.6)= A+ _1: + rS,i!t-

- s E)

Also Normal vector to the planeis y; —=; —2 7+ [

n=0

.. Vector equation of the required line is |" ; — ._r_;r

= rn—an=0=rn=an
Putting the values of , and ,;,

rli-27+k)=(i+4;+6k) (i-27+k) = rli+ —k|=1(1)+4(=2)+(6)(1)

et -

= r(i+7-k|=1-846 = r(i+j—k|=-1

Cartesian form: The plane passes through the point (1.4.6] = | .1, 2 |

»

Normal vector to the plane is ;; = h -2 A+ s
. Direction ratios of normal to the plane are coefficients of ﬁ ﬁ Iin 5 are 1.-2.1
. Cartesian form of equation of planeis a| x—x |+ 5{ v—1|+c(z—z ) =0
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= lx-1)-2(y—-4)+1(z-6)=0 = x—-1-2y+8+2z-6=0

= x—2y+z=-1

6. Find the equations of the planes that passes through three points:
@ (L1-1).(6.4.-5).(—4.-23]
® (11,0).(1,2.1).(-2.2,-1)

Ans. We know that through three collinear points A, B, Ci.e., through a straight line, we can

pass an infinite number of planes.

(a) The three given points are A(1. 1. —1). B(6,4.—5) and C(—4,-2.3|

Now direction ratios of line AB are 6 —1,4—1 -5+1 [ Xy =XV, — V. 2y — .:_'1]
= 5.3 —4=a.b.c (say)

Again direction ratios of line BC are —4 —f_—2 —4_3— ['_—‘3_'I
=-10,-6.8=a,.b,, ¢, (say)

a 5 & 3 g aq -1& -1¢g -l

NOW — = :____:___:".=| _=_: __:_=_
; c
Since, —=i=—1
a, o, &,

Therefore, line AB and BC are parallel and B is their common point.

". Points A, B and C are collinear and hence an infinite number of planes can be drawn

through the three given collinear points i.e. no unique plane can be drawn.

(b) The three given pointsare A(1,1.0), B(1,2.1} and C(-2,2,-1]

Now direction ratios of line ABare 1-1.2—-1.1-0 [ Xy =XV — V2 — 31]
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=0.1.1=a;. b.¢, (say)
Again direction ratios of line BCare —2—1,2—-2 —-1-1

= —3=|:|=—2: :=|b:=|:-: (Say)

1
. = ——=— —:0—
a, —3 b, 0 ¢

C
Since, 4 =+ i L
a, b, &

i i i

Ii'-']. 1 aq

. Points A, B and C are not collinear and hence the unique plane can be drawn through the

three given collinear points, i.e.,

X=X y—n £7 4
0Tx Y270 z;—z|=0
TR ¥~ N0 374
x-—1 y—1 z-0
= | 1-1 2-1 1-0|=0
—2-1 21 —1-0
x—1 v—I z
= 0 1 l|=
-3 1 -1

Expanding along first row,

= (x—1)(-1-1)—(¥=1)(0+3)+z(0+3)=0
= —2(x-1)-3(y-1)+32=0

= —2x+2-3v+3+32z=0

= 2x—-3y+3z+5=0
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= 2x+3v-3z=35

Hence the equation of required planeis 2x+3v—3z=3,

7. Find the intercepts cut off by the plane lx+ 1 —z=35.

Ans. Equation of the planeis 2x+ yv—z=3

2x v =z
= 4=

5 5 5

X vV oz

—t+———=1
= (35} 5§ 5

5 |

. s x VvV £ 5 .

Comparing with intercept form —+=———=1, we have a = 5,b = 5,c = —5 which are

2
a o ¢

intercepts cut off by the plane on x— axis, }' —axis and z — axis respectively.
8. Find the equation of the plane with intercept 3 on the } — axis and parallel to ZOX
plane.
Ans. Since equation of ZOX plane is v =10.
". Equation of any plane parallel to ZOX planeis 1=k .......... 1)

[** Equation of any plane parallel to the plane ax+bv+cz+d =0 s

ax+ by +ez + k=10 ie, change only the constant term]

Now, Plane (i) makes an intercept 3 on the } —axis (= x=( and z ={()) i.e., plane (i)

passes through (0, 3, 0).
Putting x=0.1v=3 and z = ineq. (), 3=k

Putting /- = 3 in eq. (i), equation of required plane is 1 = 3.

9. Find the equation of the plane through the intersection of the planes
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ix—yv+2z—4=0 andx+ 1 +z—2=10 and the point (2, 2, 1).

Ans. Equations of given planes are 3x—v+2z—4 =0 and x+1+z-2=10

Since, equation of any plane through the intersection of these two planes is
L.H.S. of planeI + 4 (L.H.S.of planeIl)=0

= Jx—y+2z—4+A(x+y+2z-2)=0 .. M

Now, required plane (i) passes through the point (2, 2, 1).

Putting x=2, v=2.z =1 ineq. (i),

3x2=24+2x1-4+A(24+2+1-2)=0

= 6-2+2-4+4(2+2+1-2)=0
= 24+34=0

)
= A=—

3

Now putting A = ?- in eq. (i) of required plane is

-
3x—v+ 22——1+?-[_I+_],'+E—:_| =0

= Ox—-3v+6z-12-2z-2yv-2z+4=10

= Tx—3v+4z-8=0

10. Find the vector equation of the plane passing through the intersection of the planes

¥ 2i+27-3k | =7, r 2i+57+43k | =9 and through the point (2, 1, 3).

e
-

Ans. Equation of first plane is . | 21+ ju,r' — 3k | =7
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= r|2i+27-3k|-7=0 )
Again equation of the second planeis » |2i + 57+ 3k | =9

= 720457 +3k) =9 =0 wooeei

Since, equation of any plane passing through the line of intersection of two planes is

L.H.S. of planeI + 4 (L.H.S.of planeIl)=0

et

= 7(2i+ ’}—3E&]—T+f_“;_:2?+5}+3E&]—9}=0 .......... (i)

&}

Now, the plane (iii) passes through the point (2, 1,3) = [ x, 1.z |

Putting this value of . in eq. (iii),

2+ +3A| 2:+’*-—3A|— +,s:

i+ +3k).(2+57+3k) -9 }:m

= 4+2-9-T+A(4+5+9-9)=0

10
= -10+94=0 = A=

.1
Putting -+ =— in eq. (iii) of required plane is

r(2i+25-3k| -7 +1§: r2i+55+3k)-9{ =0

= 7 (181 +187-27k| - 63+ |7 207 +507+ 30k | -90] =0

= #(181+18;—27k+20i +50; +3[JJL|— 53=0
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= 7 (38 + 687+ 3k |=153

11. Find the equation of the plane through the line of intersection of the planes
x+1v+z=1 and Zx+ 3y+4z =35 which is perpendicular to the plane x— 1+ z=10.

Ans. Equations of the given planes are x+1v+z =1 and 2x+3v+4z=3

= x+v+z-1=0and 2x+3v+4z-5=0

Since, equation of any plane passing through the line of intersection of two planes is
L.H.S. of planeI + 4 (L.H.S.of planeIl)=0
= x+y+z-1+A(2x+3y+4z-5)=0
= x+v+z-1+24Ax+34Av+44iz-54 =0

= (1+24)x+(1434) y+(1+44)z-1-54 =0
According to the question, this plane is perpendicular to the plane x—1 +z =1
ayd, +bby + e, =0
= (1+24)—(1+34)+1+4i=0

= 1+24i-1-34A+1+44 =0
. . 1
= 34A+1=0 = r_:?

. =1
Putting 4 =— in eq. (i) of required plane is

x+ J,'+z—1+_?1['_2I+33;+—13—5_'] =0

= 3x+3y+32—3—-2x—3y—4z+5=0
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= x—z+2=0

12. Find the angle between the planes whose vector equations are . | 24+ j”,r' -3 | =4

and » |31 -3+ ‘Eﬁc] =3.
Ans. Equation of one plane is . |2 +27=3k| =5 (@)

Comparing this equation with ;E =d,,we have

-

Normal vector to plane (i) is ; = jﬁ + jn -3k

(=)

Again, equation of second plane is 7. 13i =37 +5k|=3 s (i)
Comparing this equation with ;E =d,,we have
Normal vector to plane (i) is ; = 3A -3 A+ -j,!t—

Let & be the acute angle between plane (i) and (ii).

. angle between normals a and ;_ to planes (i) and (i) is also &.

| (3)+2(=3)+(3)3

CJi+4+99 19425

L ocosfE =

Ff
i

ol

Material downloaded from myCBSEguide.com.

16 /21


http://mycbseguide.com/

%} myC BSEguide.com

% A Complere guide for CREE stwaenis

13. In the following cases, determine whether the given planes are parallel or

perpendicular and in case they are neither, find the angle between them.

@ Tx+35v+62+30=0 and 3x—yv-10z+4 =0

() 2x+v+3z—-2=0and x—2y+35=0

() 2x—2yv+4z+5=0and 3x—-3y+6z—-1=10

@ 2x—y+3z-1=0and2x—y+3z2+3=0

(e) 4x+8v+z—-E8=0and yv+z-4=0

Ans. (a) Equations of the given ©planes are Tx+3v+6z+30=0

(ax+by+ez+d =0) and

3x—y—-10z+4=0 (gx+by+ec,z+d, =0)

7 5 ¢ 3]
Here, — = — ﬂ—— L=
; €
Since —ii;ﬁ—l
- 0, C

Therefore, the given two planes are not parallel.

Again aya, +bb, +¢cc, =21-5-60=21-65=-44
Since aya, +bb, + e, =0

Therefore, the given two planes are not perpendicular.
Now let & be the angle between the two planes.

laa, +5b, +eicy|

cosf= —————
'Jﬂ‘l T+ _»\,c;f: +0, Ty
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|7(3)+5(-1)+6(-10)
\/['_T_'J: +(5)" +(6) -\f['j_f +(—1) +(-10)"

|21-5-60

) A9+ 2543649414100

(b) equations of the given planes are 2x+ y+3z—2=0 [agx+by+cz+d,=0)] and

x—2y+5=0ie,z—2y+02+5=0 (gx+by+cz+d,=0]|

b o

. a9
Since —F — % —

4 + i

Therefore, the given two planes are not parallel.

Again gya, +bb, +cc; = 2(1)+1(-2)+3(0) =2-2+0=0
Since aya, +b,b, + g, =0

Therefore, the given two planes are perpendicular.

(c) equations of the given planes are 2x—2v+4z+5=0 (gx+by+cz+d,=0)] and
3x—3y+6z-1=0 (gx+by+ec,z+d,=0)
B -2

.
Here, i=:=—=—=
3

—3

Ld | bt

_2
6

L | b2
ﬁln
=

[ ]
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Therefore, the given two planes are parallel.

(d) equations of the given planes are 2x—y+3z—1=0 [gx+by+cz+d,=0)] and

Ix—y+3z+3=0 (@ x+by+c,z+d, =0]

Therefore, the given two planes are parallel.

(e) equations of the given planes are 4x+8y+z—8=10 (gx+by+cz+d,=0) and

y+z—4=0ie, 0x+y+z-4=0(agx+by+c,z+d,=0)

|'_.

Here, i =
8

4

= |
5 |

I
1 1

C

[ ]

b o

. q
Since — = — =% —

& 4 i

Therefore, the given two planes are not parallel.

Again g, +5b, +cc, =4x0+8x1+1x1=0+8+1=9
Since aya, +b,b, + g, =0

Therefore, the given two planes are not perpendicular.
Now let & be the angle between the two planes.

|‘5‘1‘5r ) Tob, + ey

cosé =

Achrl O T -»\,c:f: +0, T,
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[4(0)+8(1) +1(1)|
J[.. _H: +['_S_II: N [.-1..|: _ \/['_U_II: + [..1..|: +[..1-.|:

e I
= §=43

14. In the following cases find the distances of each of the given points from the

corresponding given plane:
(a) Point (0, 0, 0)

Plane 3x—4v+12z=3

(b) Point (3.-2.1)

Plane2x —y+2z2+3=0
(c) Point (2,35

Plane x+21v—2z=0

(d) Point (—6.0,0]

Plane Zx—3y+6z—2=10

Ans. (a) Distance (of course perpendicular) of the point (0, 0, 0) from the plane
3r—4y+122=3 = 3x—4v+12z-3=01is

|4:I.T1 +by, + ¢z +d |

-.,lJc:r:+EJ:+|::

) [3(0)—4(0)+12(0)-3|

JO (=4 12
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i 3] 3 3

B 16+144  A169 13

(b) Length of perpendicular from the point {3,—2.1} on the plane 2x—1+2z+3=0 is

|c:f.T1 +by, +cz; +a"|

~afa::r: +h5 47
2(3)—(-2)+2(1)+3
‘j[.. E:I 2 + [.._ 1:I: + [I::I 2
B E 13 13

N e N R

(c) Length of perpendicular from the point [ 2.3.—3] on the plane x+2y—2z=9 =

x+2y—-2z-9=0is

|4:I.T1 +by, + ¢z +d |

xfc:r: +5%+c°
|: (1)+2(3)-2(-3)- 9|

) \/['_1_1: +(2) +(=2)°
__ B8 e,
Ji+4+4 48 3

(d) Length of perpendicular from the point (—6,0,0 ] on the plane 2x—3y+6z—-2=0is

|c:f.T1 +by, +cz; +a"|

~afa::r: +h5 47
2(-6)-3(0)+6(0) -2
\![2|: +[.._3 :I: + [Iﬁ|:

[-14] 14 14

T Ai9+36 B 7

-
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