RD Sharma
Solutions
Class 12 Maths
Chapter 29
Ex 29.3



The Plane 29.3 Q1

we know that, vector equation of a plane passing through a point & and normal to #

is given by,

(F-3)7-0 (i)
Here,

F=20-j+k

Put, 3 and n in equation (i}
[F-{zf-j+£”.(4i+zj-3£)=|:|
F.[4a‘"+2}-3£)-{2?-}+£).(44“+2}-3ﬁ2)=u
Flaf +2i-3k) - [(2)(4) + (1)) + (1) (-3)] - 0
F{4+°+2}-3ﬁ2)-[a-2-3]=u
F{#+2}-3ﬁ2)-3=u

So, equation of required plane is given by,
F.{4f+2}-3£)=3

The Plane 29.3 Q2(j)



Given the vector equation of a plane,
F.{lzf-aj+4£)+5 -0

let, r = {Xf+yj+zﬁ2)
{Xf+yj+zﬁz){12f—3}+4ﬂf€)+5= 0
)+ ()(-3)+(z){4)+5 =0

12x -3y +4z+E5=10

Cartesian form of the equation of the plane is given by

12x -3y +4z+E5=10

The Plane 29.3 Q2(ii)

Here, equation of the plane is,
F.{—f+j+2.f<ﬂ) =19
let, r = Xf+yj+z.f2, then

{Xf+yj+2§){—f+}+2§) =19

-1+ L)+ (2)(2) = o

-X+y¥+2z=19

Cartesian form of the equation of plane is,

- +¥ +2z=19

The Plane 29.3 Q3



We have to find vector equation of coordinate planes.
For xy-plane,

It passes through origin and is perpendicular to z-axis, so
Put 3=0J+0,+0& and 7 = & in the vector equation of plane passing through

point 3 and perpendicular to vector n
(F—E).E=|:|

[F-D.?-D.j-uﬁi).£= 0

Fi-0 )

For xz-plane,
It passes through origin and perpendicular to y-axis, so

3=0/+40]+0& and n =]
Equation of xz-plane is given by
(F-3)7-0
(F—D.f—D.j—D.fZ).j= 0

rj=n0

For vz-plane.

It passes through origin and is perpendicular to x-axis, so
5=El.f+lil.j+|:|.f2,5=.r
(F-E).E=|:|

(F—D.f—D.j—Dﬁz).f=D

ai
1]
[

Hence, equation of xy, vz, zx-plane are given by

Fi =D
ri=0
Fj—EI

The Plane 29.3 Q4(i)



Given, equation of plane is,

2w -Ww 42z =28

{Xf+yj+zﬁ2){2f—j+2ﬁ2)=8

F.{z?-j+2£)=a

S0,

Yector equation of the plane is F.{Ef -7+ 2;2) =B

The Plane 29.3 Q4(ii)

Given, cartesian equation of the plane is,
X+y-z=5

{Xf+yj+2ﬁ2){f+}—£) =5

F[?+}-£)=5

S0,

Yector equation of the plane is F{f+ i- xé‘) =5

The Plane 29.3 Q4(jii)

Given, cartesian equation of planeis,
N4y =3

{Xf+yj+2ﬁ2)(f+}) =3

F.(f+})=3

S0,

Yector equation of the planeis F.(f +j) =3
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we know that, vector equation of a plane passing through point 3 and perpendicular

to the vectar 1 is given by,
(F-3)7-0 (i)

The given plane is passing through the point [1,—1,1] and narmal to the line joining

Af1,2,5 and 8(-1,3,1). So,

=/ -j+k and n=AE

rig}

Position wvector of & - Position vector of 4

={_f+3j+£)—(f+2j+5.f2)

= +3j+k-7-2]-5k

= -2+ ] -4k

Put, 7 and & in equation (i},

7= -F+8)] fr2r+i-ak) -0
F.{-zhj-4£)-[f-j+£)[-2f+}-4£)=|:|
F{4f+j_4£y{hn_q+pdnq+{qp4ﬂ=n
F.[-2f+j-4.f2)-[-2-1-4]= 0
F{-2f+j-4£)-[-?]=u

F.{—2f+j—4ﬁ2)+?= 0
F.{-2f+j-4ﬁ2)=-?
Multiplying by [-1) on both the sides

F(zf-j+4ﬁ2)=?

Put, F=Xf+yj+z.f5

(47 +35 + 2K) 27 - 5+ 4€) = 7

FE)+ -0+ ()4 =7

Zx-w4+4z=7
So, vector and cartesian equation the planeis
F.{z?-j+4ﬁ2)=?, Sy -y +d4z=7
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Here, it is given that 7 = +f3 and # makes equal angle with coordinate axes.

Let, # has direction cosine as /, m and 7 and it makes angle of «, & and p with
the coordinate axes. So

Here, @ =48 =p
= COse = COs 8 =Ccospy

= I =rm=n=p(Say)

We know that,

+m?en®=1

pPepiept=1
3pf=1
1
2—_
Fo3

S0,
fot L
NG
1
coso =1 —
3

It gives, @ is an obtuse angle so, neglect it.

: 1
AgQan, = cos™! | =
’ [ﬁ]

It gives, @ is an acute angle, so
1
3

f=m=hr=

COSw =

1
7



Sao,
n= |ﬁ|{.".r+mj+ n.fz)

1 - 1 -
= + =k
[ 5

nd, +i-k

S
]
=
‘—...:,
?Q':.

wWe know that, vector equation of a plane passing through the point 3 and perpendicular

to the vector n is given by,

[F-3)n=0

Put, r= {Xf+yj+zﬁ2)
{Xf+yj+zﬁ2){f+5+ﬁ2)= 2
PR+ Q) +(2) (1) = 2
X+y+zZ=2

So, vector and cartesian equation of the plane is,

F.{f+}+§)=2,x+y+z=2
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Here, it is given that foot of the perpendicular drawn from origin & to the plane is 2 [12,—4, 3]
It means, the required plane is passing through £ [12,—4,3] and perpendicular to OF.

we know that, equation of a plane passing through 5 and perpendicular to 7 is given by,
(F-5)5=D - - -1

Here, @ = 121 - 4 + 3k
and, n=0F
= Position vector of & - Position vector of ©

~f{12f —aj+3k )-{Df+uj+m€)
no=120 - 4] + 3k
Put, value of 3 and # in equation (i),
[F-{lzf-4j+3ﬁ2 ”.{12?-4}+3£ )=|:|
F.{lzf-4j+3£ )-{12?-4}+3£ )(12?-4}+3£ )=|:|
F.{lzf —4f 43K )- [{12) (12) + (-4} {-4) + {3) (3)] - 0
Flial-4j+3k )-[14441649]- 0

F.{lzf-4j+3ﬁ<“ )—169=EI
Put, F=Xf+yj+z§

(xf+yj+zﬁ2)[12f-4}+3£ )—169=EI

() (12)+ (/) (-4 + (2)3) - 163

12x% - 4 + 3z = 169

So, the vectar and cartesian equation of the required plane is,
rofiaf - 47 43K )= 169, 12x — 4 + 3z = 169
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Given that, the plane is passing through £ [2,3, 1] having §,3,2 as the direction ratios of

the normal to the plane.

We know that,

Equation of a plane passing through a point 3 and /1 is a vector normal to
the plane, is given by,

[F-3)n=0 - - i)
5:::15=2."ﬂ+3jﬂ+.f2

R=5+3] +2¢

Put, @ and n in equation (i},

[F-{2f+3j+ﬁ2 )]{5?+3}+2£ )=|:|
F{Sf+3}+2ﬁ2 )-{2?+3}+£){5?+3}+2£)=D
Fisi+3f+ 28 )-[(2)(5) + (3)(3) + (1) ()] - 0
Flsi+aj+ak -[10+9+2]-0

F{5f+aj+2 )
F‘ut,.;=xf+yj+z.f2

{Xf+yj+2§){5?+3j+2ﬁ; )—21= 0

()5} + () (3) + (2 (2) - 21
Ex +3v +2z=121
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Here, given that & is the point [2,3,—1] and required plane is passing through £
at right angles to oF

It means, the plane is passing through £ and &f is the vector narmal to the plane.

We know that, equation of a plane, passing through a point 3 and # is vector norm al
to the plane, is given by,

[F-3)n=0 - - - i

Here,5=2f+3}—§
n=08
= Position vector of & - Position vector of ©
=[2f+3}-ﬁ2 )-{Df+ﬂj+u£)

.r".'=2."+3j—.f<

Put, the value of 3 and 7 in equation [:i],

[F-{zhaj-ﬁ? ”.(zhaj-ﬁ? )=|:|
F[2?+3}-£)-[[2f+3}-£)[2?+3j-£”= 0
Flei+ai-£)-[@E)+ (@@ -1(-y]-0
F.{z?+3j-ﬁ2)-[4+9+1]= 0
F.{z?+3}—£)—14=u

F.{2f+35-ﬁ2)= 14

Put, F=Xf+yj+z.f2

(Xf+yj+z§) (2f+3}—.f2) =14

2+ E (21 =14
2x+3v-z=14
Equation of required plane is,

Zx+3y-Zz=14
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Here, given equation of plane is,
2y +y -2z =173

Dividing by 3 on both the sides,

2X+y 2z 3

3 3 3 3

Koo z )
§+§+_—3=1 ———{|]
2 2

We know that, if 3,b,c are the intercepts by a plane on the coordinate axes,
new equation of the plane is,

Al A - - -{ii)

Comparing the equation {iy and (i},

2
.:'.~=—,.":,|=3,u:=—E
2 2

A&qgain, given equation of plane is,

Zx+y -2z =73
{Xf+yj+z§)(2f+f—2§)=3

F(zf+}-2ﬁ2)=3
So, vector norm al to the plane is given by

n=2+j-2k

- J) + () + (-2)°
- Jarieda
-8

-2

Direction vector of # = 2,1,-2
1 -z

Al P

Direction wvector of

II

12
30 3

I
Q1] ma

So,

. 3 3
Intercepts by the plane on coordinate axes are = —, 3, - 5

2
3

E

w| a

Direction cosine of norm al to the plane are =

L] ma

E
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Here, given that, the required plane passes through the point [1,—2,5] and is
perpendicular to the line joining origin & to the point P{3f+jn—.f<n).

We know that, equation of a plane passing through a point 2 and perpendicular

to a vector 7 is given by,

(F-3)-0 - ()

Herg, = =f—2}+5.f2

n=0pf

= Position wector of & - Position vector of ©

=(3?+}-£)-{Df+uj+u£)

=]

n=3+ -
Put, the value of 3 and 7 in eguation (i}, we get,
[F-(f-zj+5£”(3?+}-£)=u
F.[3f+°-ﬁ<“)-{f-2}+5ﬁ2){3?+}-£)=D

-[@E) )@+ ()] =0

25]|:|

e e e Cemmr

F.{3?+j-£ )=-4
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We have to find the equation of plane that bisects A(1,2,3) and & (3, 4,5)
perpendicularly

we know that, equation of a plane passing through the point 3 and perpendicular

to vectar n is given by,
F-3)7-0 - ()
Here, & = mid-point of A48

Position vector of 4+ Position vector of 8

2
_f+2}+3.f2 +3f+4}+5.f2
2
- 4 +6)+8k
a:T

5=2f+35+4ﬁ2

and, b= A8
= Position vector of & - Position wector of A4

= 3f+4j+5£)—(f+2j+3§)

= +4jeck -7 -2]-3%

=2 +2]+ 2k
Put, the value of & and n in equation (i),
F- [ +3j+ak)(22j +2k) - 0
F{2f+zj+2£)—[{2f+aj+4ﬁ§ ){2;‘“+2}+2£)]=D
Flai+2j 28] - [(2)(2) + (3)(2) + (4) (2)] = 0
F[2f+zj+2£)-[4+a+a]=u
F{2f+zj+2ﬁ2)-1a=u
F{2f+zj+2ﬁ2)=1a

The Plane 29.3 Q13(i)



Given, two equation of plane are,

¥-y+z-2=0 and

I +Zy-Z+4=0
N-y+2Z=2
{Xf+yj+zﬁ2){f—j+ﬁ2)=2

ra =2 - -~ i)

W +2y -z =-4
{Xf+yj+2ﬁ2){3f+2}—ﬁz)=—4
FF?+2}-£)=-4

Fig = -4 - - -1}

From equation (i} and (i}, we get that
n, is normal to equation {i) and

no is normal to equation (i)

I

Fydty = (f—j+£).(3f+2}—£)

=0 E+-0E)+ -

=3-2-1
=3-3
=0

ryg =0

So, ny is perpendicular to n,

The Plane 29.3 Q13(ii)



Given, two vector equation of plane are,

F{ﬁ-j+3ﬂ=5

Fhy=5

5u,ﬁ]={2f-j+3£)
ﬁnd,?{?f—?j—2§)=5

Fhey==5

So, e =2 -2 -2k

Mo, EIE;
=PI-}+3£)PF-2}-2Q
= 2@+ (-1 {-2)+ (3)(-2)
—4+2-6

—6-6

=0
Ay = 0

Hence, narmals to planes »y and r, are perpendicul ar,

The Plane 29.3 Q14



Given, equation of plane is,

Zx+2y +27 =173
{Xf+yj+z§){2f+25+2£)=3

F.{2f+2j“+2ﬁ2)=3
rn=d

Marmal to the plane n= 2f+2j+2.f2
Direction ratio of n=2,2,2

Direction cosine of 7 = i, i,i
Pl bl
Fl- e+ + 2"
-z
|E|=2J§
Direction cosine of H = 235, 23.5, 235
1
37 B
50,."=i, m=i, .r-.-=i
3 N3 3

Let, «, 4, » be the angle that norm al n makes with the coordinate axes respectively.

| = cosw = =

3
-7 (5] -0
m=cmﬁ=_%
o) N
n=cmy=j§
r= '395'1[%] -~ {iii)

From equation (i}, (i) and (i),
w=pg=y

So, normal to the plane, 7 is equally inclined with the coordinate axes.
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Given, equation of plane is,
12x -3y +4z =1
Xf+yj+zﬁ2){12f—35+4§ =1
ra=1

So, normal to the plane is

=12 -3+ 4k
7l = {12 + (-3)7 + (4)?
- flaz+zs

=169 =13

127 - 3] + 4k
13

Unit vectar 7 =

& vector naormal to the plane with magnitude
26 = 26A

= za[ﬂ-ahcu?]
13

Required vector = 24 - Euj+ g
The Plane 29.3 Q16



Given that, line drawn from A {4,—1,2] meets a plane at right angle, at the

point & [—1[!,5, 4].

We know that,
Equation of a plane passing through the paint 2 and perpendicul ar

to #is given by,
[F-3)n=0 - (i)
Here, 3 = Position vector &
3=-100 +5] + 4k
n=A8

= Position vector of & - Position vector of A

- -1Df+5}+4ﬁ2)-{44“-j+2£)

=100 +5] + 4k - 4+ - 2k
n=-14 +6] + 2k
Put, the value of 3 and 7 in equation [i],
[‘-{-mf+5}+4£”.{-14f+6}+2£)=|:|
F.(-14F+6j+2ﬁ2)- [-1Df+5}+4ﬁ2) {-14+‘“+6j+2£) -0
F{-144"+6j+2ﬁ2)- [(-10) (-14) + {5)(5) + {4} (2)] - O
Fl-147+6j+2k)-[140+3048]- 0
F{-Hf +6] +2ﬁ2) _178=0
F{-145+6}+2£)= 178

The Plane 29.3 Q17



YWe have to find the equation of plane which bisects the line joining the points A [—LE,B]
and & [3,-5,6) atright angles.

Let, ¢ be the mid-point of A&

We know that, equation of a plane passing through a point 3 and perpendicular

to a vectar n is given by,
(F-3)7-0 - )

Here, 3 = Position vectar of ©
= Mid-point of A4 and &

_ Position vector of A+ Position vector of &

2
: T +2j+3k + 3 - 5] +6k
2
_2 3] 8k
2 2 2
- &« 32 9~
F=!-—j+=k
2 2
n=A8
= Position vector of & - Position vector of 4

3?-5}+6ﬁ2)-{-a‘“+2}+3£

2
W -5j+6k+i-2]-3k
- 2
A -7+ 3k
- 2
. A

2" 2’2



Put, the value of 3 and 7 in equation (i}, we get,

[;_[I_Ejﬁszﬂ[zr_35+E£]=u
2 2 2 2
F.[Ef-35+3£]-[?-§j+3£][2f-ij+§x2]= 0
2 2 2 2 2 2
33 o ()
2 2 2 2 2 2
F.{EF-EJ+EEJ-[2+E+E]=D
2 2 4
;.[zf_ijisz ]_[29+2?}=u
2 2 4
;.[zf_ijisz ]_ﬁﬂ
2 2 4
F.[zf-zhgkﬂ ]-14= 0
2 2

Put, F=Xf+yj+z.f2

{Xf+yj+zﬁ2)[2f—£j+§§]_l4= 0
() +b)[- 1)+ @) [(+2) 14 -0
EX—?_y+3_Z_14=D

2 2

4w - Py + 37 - 28
5 =

0

4y -7y +37 =28
Equation of required plane is,

4y -7y +37 =28
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Vector equation of the plane:

Civen that the required plane passes through the
point (5,2, —4) having the position vector
a=5+2]—4k

Also given that the required plane is perpendicular
to the line with direction ratios 2, 3 anc — 1.

Thus the vector equation of the normal vectorto the

plane is n= 2T+ ET—E.
We know that the vector equation of the plane passing
through a point having position wector a and normal to

vectar n is given Iw{r—a]l n =0ar, r-n=a-n.
Thus the required equation of the required plane is

r2i+3j-R=Ei+2]-40-2T+27-K
= r.2i+3]-K=10+6+4
= r.2i+3]-K=

The Cartesian ecuation of the plane is
ro2i+37-k=

= (%] +yj+zik) 2T +3] 1) =

= 2¥+3y—z2=20
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Consiclerthe point F(1,2, — 3.
Thus the position wvector of the point P is
a=i+2j-3k
Direction ratios of the line OF, where O s the
arigin, are 1,2 and — =2
Thus the wvector equation of the normal wector, OF, to tl
plane is n =T+ ET— EE.
We know that the wvector equation of the plane passing
through a point having position wvector a and normal to
vector n is given by{?—ﬁ}-ﬁ =0 ar, Fen=a-n.
Thus the required equation of the required plane is
re(i+2i-zk=0+27-300.(+27-30
=T (i+2]-3K=1+4+9
= r.i+27-3k =14
= (xi +yj +zk)- (i +2]-3k) =14
=¥x+2y—3z=14
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Ois the origin and the coordinates of A are (a, b, c).
OA = al +bj+ ck

. The direction the direction ratios of OA are proportional to, a, b, ¢

~ Direction cosines are,
a b C
! !
Nat+ b2+ 2 et 4 b+ 2 A bt e P

The equation of the line passing through A(a, b, ¢) and perpendicular to O
[xih+*ﬁ+ziz—[aﬂi+b]+ dZ)]oahi+bt'i+dn< =0

ax+by+cz=a+b%+c?





