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 ; E =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=12

b) x+1v+z=1

(© 2x+3v—=z=5

@ 5y+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@ TP+ E= /07 + (07 +(1)? =1

Ox Oy z _ 2
Therefore, T + T + 11

[\

Comparing with lx + my + nz = p, we get p = T
p=1
Therefore, direction cosines of normal to the plane are coefficients of ﬂ H i 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

¢ﬁ+w+@=$ﬁiaﬁ+ﬂf:ﬁ

_ 1.
Therefore, \/_ \/_ \/_ 7
1

Comparing with lx + my + nz = p, we get p = 7

Therefore direction cosines of the normal to the plane are the coefficients of ? : I in s

1 1 A1 1
ie., ? . ? T and length of perpendicular from the origin to the plane is 7 = F .
3

(c) Equation of the planeis 2x+ 31—z =35

—a=2b=3c=—1

Va?+ b 4 = \/[EW: +(3) -1 =14

2:3_'_321 %
VR Y v \/_

Therefore,

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

Pzﬂ

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

“h, ¥

J.kin
2 3 1 5

i.e., —==,—==. —== and length of perpendicular from the origin to the plane is p = .
J4 7147 )1 J14

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

—=a=0,b=-5,c=0 g
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Va8 +& = f(0) +(-5) +(0] =425 =5

-5
Therefore Oz + Ty + % =

8
5 5

Comparing with lx + my + cz = p, we get

p:

Lh | 50

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

i.e.,, 1,=1.7 and length of perpendicular from the origin to the plane is z =

H]

i

-, -~
P in g,

Lh | 50

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? oF 5: — 53}_
Ans. Here ; = 3{ 457 — 6L

". The unit vector perpendicular to the plane is

PR 345, -6k  Biasjoek

Nari

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

(© ;_._['_5 - Zr_'|?+['_3 —z_'|:v'+['_ 25 +1) f&j =15

e o

Ans. (a) Vector equation of the plane is ; [ i+ j— fr:] =) ... 1)

Putting » = 1: + 1-:{4_ zf,; in eq. (i) as in 3-D, Cartesian equation of the plane is

'J::'+J,'j+zk]-

i+ j—k)=2

= x(1)+y(l)+2(-1)=2 = x+y—2z=2

(b) Since, ; is the position vector of any arbitrary point P |:_:r:= ¥, z | on the plane.

.1’1'+.],'”F-+E;E|'.'I|.[1." +3;j—4k|=1 = 2x+3y—4=z=1

which is the required Cartesian equation.

() Vector equation of the plane is :'_[l' s—)i+(3—¢)j+(2s+2)k =15

Since, Since, ;- is the position vector of any arbitrary point P{x, y, z | on the plane.

-

| xi+ v+ zA|| (s—2t)i+(3—1) F+(25 + e‘_'lll | =15

= (s—2)x+(3-1)y+(2s+ I_“I =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+y+z=1

@ Sy+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
2x+3v+4z-12=0,ie,2,3,4= a.b_c (say)

". Equation of the perpendicular OM is I; ! =2 ; . S A (say)
N Iy i S
2 3 4 2 3 4
= x=2A,y=34.2=4/
Therefore, point M on thisline OM is M ( 2./ 34 44| ........... (i)
But point M lies on plane (i)
~. Putting x=24_w=3.4_z =4.neq. (i),wehave
2(20) +3(3N) +4(4)\) —12=0
12

= 44494 +164A=12 = 294 =12 = A =79

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

(24 36 48)

297297291

(b) Given: Equation of the planeis 3v+4z—6=0..... (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=0,ie,0,3,4=a.b.c (say)

X -
". Equation of the perpendicular OM is == = =/ (say)
0 3 4
x Vv z . . x ¥ .E
— —=":=—=r — —=r=”:=r.=—= L
0o 3 4 0 3 4
= x=0,y=342=44
Therefore, point M on this line OM is M |:[:I= 34, 4}_] ........... (i)

But point M lies on plane (1)
o, Putting x=0, v=34.z=4. ineq. (i), we have

3(3)\) +4(4)\) — 6 =0
6

= 9i+16i=6 =215i=6= A=

L

-
E

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

-

18 24"

:,_r.::,_r{ !'

(c) Given: Equation of the planeis x+1v+z=1..... (1) 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

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

X -
". Equation of the perpendicular OM is = = 1 = A (say)

-
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Therefore, point M on this line OMis M A, A A | ... (ii)

But point M lies on plane (i)

" Putting x= 4, v=4,_7= A in eq. (i), we have

f—b

At i=

—= 34A=1 = f‘_=%

.1
Hence, putting .4 =— in equation (i), the coordinates of foot of the perpendicular is

1%_:
g,

Ll | et

(1
37
(d) Given: Equation of the planeis Sv+&=17 ... (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 planeare coefficients of X. V. Z in 3v+8=0,

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

X — v—0 =z-0 _
". Equation of the perpendicular OM is - - = = A (say)
0 5

x y Zz , . x .y .
= —===—=4 = —=A.—-=A.—=4

0 5 0 5 0
= x=0y=54.z=0
Therefore, point M on this line OMis M (0 54 0] ........... (ii)

-

But point M lies on plane (i)
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o Putting x=0, v=35%4.z=10 ineq. (i), we have

Hence, putting .4 =— in equation (ii), the coordinates of foot of the perpendicular is
I8

£
—.0|.
57

-

I _4[] "'.I i
0.-—.0|= 0,
| TE Y

-

5. Find the vector and Cartesian equations of the planes

e

(a) that passes through the point (1.0.—2) and the normal to the planeis ;7 + ; —

(b) that passes through the point (1, 4, 6) and the normal vector to the plane is
i—27+k

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

=

. The position vector of the given pointis g = (1.0, -2)=i+0;-2k = “_ 21‘.
Also Normal vector to the plane is 3 — ; + 71— It
.. Vector equation of the required line is | ¥ —a | .71 =

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

rli+j—k)=(i=2k)(i+j-k) = r

i+ 7—k|=1(1)+0(1)+(=2)(-1)

E

J—k|=3

= rli+j—k|=1+2 = r|i+


http://mycbseguide.com/

Cartesian form: The plane passes through the point ['_L 0. —2_'| = ['_ X.V. 8 _'I
Normal vector to the plane is ;._ - n + j_ I
. Direction ratios of normal to the plane are coefficients of ﬁ j I in 5 are 1.1,-1
~. Cartesian form of equation of plane is @[ x—x |+5(y—1, ) +e(z—z ) =0
= x-1)+1(y-0)—(z+2)=0 = x-1+py—2-2=0
= x+y—z=3
(b) Vector form: The given point on the plane is |:l= 4. 6]
" The position vector of the given point is g = |:1= 4 ﬁ] = ?+ 4;—.:' + 5,3:-
Also Normal vector to the planeis 3 — ; — j}'+ i
.. Vector equation of the required line is | — }| n=
= Fr-an=0%rnean
Putting the values of ; and ,;,
ri=27+)=(i+4,F6F) (i 27+ k| = r(i+7—k)=1(1)+4(-2)+(6)(1)

et — - o o

= r(i+7—k|=1-8+46 = r[i+j—k|=—1

Cartesian form: The plane passes through the point (1.4 6] = | X.V. 5 |

}

Normal vector to the plane is ;; = h -2 A+ s

-

in ;; are L—-2.1

e

.. Direction ratios of normal to the plane are coefficients of

- I.-
T e

. Cartesian form of equation of planeis a| x—x |+ b{ 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—2yv+z=-1

6. Find the equations of the planes that passes through three points:

@ (L1-1).(6.4.-5).(—4.-2.3)

(b) (1,1.0),(12.1).(=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= 1L —1] B I:fj: 4. —5_'] and C [—4 —2. 3]
Now direction ratios of line AB are 6 —1 . 4—1 —-5+1 [ XNV, — V.2, — 21]
= 53,4 =a.b.q (say)

Again direction ratios ofline BCare —4 —f_—2—4 3| —f]

= —10,-6,8=a,,B..c, (say)

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} andC(—2.2 -1

-
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=0.1.1=a_b.¢ (say)

Again direction ratios of line BCare —2—1,2—-2 —-1-1
= _3:0:_2=H::Iﬁ::f: (SaY)
0 &5 1c¢ 1
a_a_>5n_ 2 a hh =& _ -1
Now a. =3 b. . =2 —~ o 0, b, 0T % T 2
; c
Since, — ii =L

. 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—Xx y—W T4
n=x o MTy  5—z|=0
XX Y: 1M cE
r—1 ;L—]_ z=0
= | 1-1 2-1 1-01=0
—2-1 2-1 =1-0
v—1 y-1 Z
= 0 1 1=
-3 1 =1

Expanding along first row,
= (x—1)[-1-1)—=(¥—1}{0+3)+=z(0+3)=0
= =2(x-1)-3(y-1)+3z=0

= —2x+2-3v+3+3z=0

= 2x—-3v+3z+5=0 g
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L

= 2x+3v-3z=

Hence the equation of required planeis 2x+3v—3z=35,

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

Ans. Equation of the planeis 2x+ 1 —z=3

—

x ¥V z
Comparing with intercept form —+=———=1, we have a = g,b = 5,c = —95 which are
a b ¢

intercepts cut off by the plane on x— axis, } — axis and = — 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 ¥ = 0.
". Equation of any plane parallel to ZOX planeis V=K .......... 1

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

ax+ by+e¢z + k=10 ie, change only the constant term]

Now, Plane (i) makes an intercept 3 on the } —axis (= x=( and z =1)) i.e., plane (i)

passes through (0, 3, 0).
Putting x=0,v=3 and z = ineq. (), 3 =1k

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

9. Find the equation of the plane through the intersection of the planes i
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ix—1v+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+1v+z-2=10

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

= 3x—y+2z-4+A(x+y+z-2)=0 ... )

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

= 6-2+2-4+4(2+2+1-2)=0
= 2+31=0

-2

3

Now putting A = — in eq. (@) of required plane is

5

_7
dx—y+2lz—4+— (X¥PFrz-1)=0
3

= Ox—-3yv+6z-12-2z-2y-2z+4=0

= Tx—=5y+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+3k | =9 and through the point (2, 1, 3).

Ans. Equation of first planeis ».[2i + 27 —3k | =7 Q

collegedunia


http://mycbseguide.com/
Stamp


= r(2i+2;

Again equation of the second plane is ; | 2i+57+3k | =0

= (20 +5743k]-9=0 e (ii)

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 planeII) =0
= 721 +257-3k) =7 +f.{?.[:z?+5}+3;}_] —9} =0 . (i)
Now, the plane (iii) passes through the point (2, 1, 3) = |:;r.:= 1, zj
v=d+vitzk=2i+ 7 +3k
Putting this value of ;. in eq. (iii),
:2?+}+3§&_]_[ 2142553k | T4 2| :?+}'-—331_]_|~:?—5}+3E_]—9} _
= 442-9-T+4(4+549-9)=0

. 10
= -10+94=0 = Z===

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

10¢

r (20 +27-3k)-T+ o

7 2?+5}+3E]—9}=0
= 7 (181 +187 -27k| - 63+ 7 201+507+ 30%) -90{ =0

et

= 7(187+187—27k+ 207 +50+30k) -153 =0

0

-
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1

Ly

3

= (38 +68;+3k|

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

Ans. Equations of the given planes are x+ ¥ +z =1 and 2x+3v+4z=5

= x+1v+z-1=0and 2x+3p+4-—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 plane II) =0

= x+y+zA1+A(2x+3y+42-5)=0 ........ 6

= x+1+z-1+24Ax+34Av+44z—-54 =0

= (14+24)x+(1434) v +(1+44) 7 =1-54=0

According to the question, this plane is perpendicular to the plane x—1 +z =1

aya, +bb, +qe, =0
= (1+22)-(1+3)+1+4i=0
= 1+24-1-34+1+41=0

. —1
3

Putting A = — in eq. (i) of required plane is
3

X+ _:L'+E—1+_?1[._2I+3_];+—1E—Z‘T:I =0

= 3x+3y+32—3—-2x—3y—4z+5=0

-
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= x—z+2=0

et

12. Find the angle between the planes whose vector equations are ».[2i +27—3k|=5

and » |31 -3;+5k|=3.
Ans. Equation of one plane is ”. |2i+27— | =5, @)

Comparing this equation with ;a = .;;_Fl, we have

Normal vector to plane (i) is a - %i+ 1}' —3k

Again, equation of second plane is (3 =3 j+ Skl=3 . (ii)

Comparing this equation with ry = ., we have

Normal vector to plane () is 35, =3;—3 7+

L

T
ML

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

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

g I 23)a23) +(3)3
e ﬁ|;— C Ji+4+9.J9+9+25
_|6-6-15|
|18 a3

731 4731
— f=cos” -

-
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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+3v+62+30=0 and 3x—yv-10z+4=0

() 2x+v+3z-2=0 and x—2v+3=0

(© 2x—2yv+4z+5=0and 3x—3v+6z-1=0

@ 2x—y+3z-1=0 and2x —y+32+3=0

(e) 4x+81+z-8=0and yv+z—-4=0

Ans. (a) Equations of the given ©planes are

(ax+by+cz+d, =0) and

3x—1-10z+4=0 (gx+b,y+¢c,z2+d, =0)

7} 5 -
Here,—=—=ﬂ=— _—
-ﬂ': 3 Iﬁ': B f: _]-D

; e

Since i ;":i = L

Therefore, the given two planes are not parallel.

Again ga, +b b, +cc, =21-5-60=21-65=-44
Since aya, +b,b, + g, =0

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

laa, + 55, +ecy|

»Jclff +E:1: + cf \,ﬂr +E::: +|:::

cosé =

Tx+35p+62z+30=0

-
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|7(3)+5(-1)+6(-10)
\/['_?_1: + ['_5_'|: + ['_6_'|: \f[ 3_’|: + ['_—1_'|: +(-1 D_’lz

_ |21-5-60|
\39+25+36+0+1+100
M a2
J1104110 110 3
il I
::*u?:cnﬁ_llt
5

&
“a -

(b) equations of the given planes are 2x+v+3z—2=0 (gx+by+cz+d,=0) and

c—=2r+35=0ie,2-2y+02+5=0 (gx+by+c,z+d, =0

e

=

Therefore, the given two planes are not parallel.

Again @qia, + b b, + ¢, =i *+1(-2)+3(0)=2-2+0=0

Since aya, + &b, +gc; =0

Therefore, the given two planes are perpendicular.

(c) equations of the given planes are Zx—2y+4z+3=0 (gx+by+cz+d, =0 and

3x=3y+6z-1=0 (gx+by+ecz+d,=0]

-3 3 g
~

: .
—a & C
Here, e ;i— L=

—2_%a_d
:

Ll |
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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

2x—y+32z+3=0 (ax+by+c,z+d,=0)

Therefore, the given two planes are parallel.

(e) equations of the given planes are 4x +8v+z—8=10 I:H1.1'+ by+e¢z+d =0) and

y+z—4=01ie, Ox+y+z-4=0(agx+byt+tez+d, =0)

a 4 5 88 1
Here, —=—.—=—_.—=-
a, 05 01 ¢ 1
Fal
Since—iii;
a, o e

Therefore, the given two planes are not parallel.

Again gqia, +5b, ¢, =4x0+8x1+1x1=0+8+1=9
Since aya, + &b, +gc; =0

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

|c1rlc1r: +&b, + ¢,

\!c:rf +5 + e »\,c;f +b] +¢; g

cosé =
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[4(0)+8(1)+1(1)|
\(l'_4_'|: + |'_S_'|: + |'_1_'|: ‘ﬂ D_’f + |'_1_'|: + |'_1_'|:

e I R
= §=45

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—4y+1lz=3
(b) Point (3, =21

Plane2r —y+2z+3 =0
(c) Point ( 2,3, 5]

Plane x+ 21y —2z=0

(d) Point (—65,0.0]

Plane lx—3v+6z—-21=10

Ans. (a) Distance (of course perpendicular) of the point (0, 0, 0) from the plane
3r—4y+122=3 = 3x—41+12z-3=01is

|4:I.T1 +bw, +cz +d |

\lJc:r:+EJ:+c:

3(0)—4(0)+12(0)-3

JI'_E_]: +|'_—4_'|: +|'_12_'|: &
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3] 33

Jo+16+144 160 13

(b) Length of perpendicular from the point (3,—2_1} onthe plane 2x— v +2z+3=10 is

|c:f1’1 +by, +cz +ﬂ"|

~afa:;r: +h4+ 0

[2(3)—(-2)+2(1)+3
J2 +(-1) @)
[13| 13 13

CJirird A8 3

(c) Length of perpendicular from the point |:2= 3.—5) on the plane x+1y—1z=9 =

x+2y—2z-9=0is

|4:I.T1 +by, + ¢z +d |

(d) Length of perpendicular from the point [ —5.0_0 | on the plane 2x—3v+6z—2 =10 is

|c:f1’1 +by, +cz +ﬂ"|

~afa:;r: +bh%+c?
2(-6)-3(0)+6(0) -2

_ \,(l':_'f +(-3 _'|: + |'_r5_'|:
-14] 14 14

- == =—=2
Jii9:36 B 7 -
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