Ex 29.1

The Plane 29.1 Q1(i)

Given three points are,
f2,1,0).(3,-2,-2) and {3, 1,7)

We know that, equation of plane passing through three points is given by

X¥-¥, Y-y Z-Z
2= Hy ¥z-¥y Zp-Zy=0
3= Ya-¥y 304

-2 v-1 =z-0
3-2 -2-1 -2-0|=0
3-2 1-1 7-0

-2 y-1 =z
1 -3 -2=fx-2)f-21-0)-(y-1){7+2)+z{0+3)=0
1 o7

=2l +42 -9 +9+3z=10
=2y -9 +3z+51=10
Dividing by -3, we get

Equation of plane, ¥ +3y -z-17=10

The Plane 29.1 Q1(ii)
Given points are,
{-5.0,-6),(-3,10,-9) and [-2,6,-6)

We know that, equation of plane passing through three points is given by

H—dy Y-y 204
z= X1 Yz-¥1 Zz-21|=10
a= X1 ¥a-¥1 Zz- 4

x+5 y-0 Z+6
-3+5 10-0 -9+6(=0
-2+5 6-0 -6+6

+5 ¥ Z+6
2 10 -3 |=0
3 & 0

{x+5)fo+18)-pf{o+9)+({z+6){12-30)=0D
fx+5){18) -y (9)+ [z +B)[-18) =D
18x +00- 9y - 18z -108 =0

Dividing by 9, we get

Equation of plane, 2x -y -2z -2=10



The Plane 29.1 Q1(iii)

Given three points are,
f1.1,1),{1,-1,2) and {-2,-2,2)

We know that, equation of plane passing through three points is given by

X-x, ¥-¥, Z-%
2= Xy ¥e—¥y Zz-Zyf=0
3~X1 Fa-¥y 23—

-1 y-1 z-1
1-1 -1-1 2-1{=0
-2-1 -2-1 2-1

-1 y-1 z-1
0 -2 1 |=0
-3 -3 1

fx-1){-2+3)-(v-1){o+3)+{z-1)[0-8)=nD
(x-1){1) -y -1)(3)+ (z-1){-6) =0
¥-1-3y +3-6Z+6=0

X¥-3¥-62+8=0

Equation of plane is, x -3y -6z +8=10

The Plane 29.1 Q1(iv)

Given points are,
f2,3,4).{-3.5.1) and [4.-1,2)

We know that, equation of plane passing through three points are given by
X=Xy ¥k Z-Z4

2= Xy ¥e-¥y Zz-Zyf=0
3~X ¥Va-V¥y Z3-Zy

xN=-2 y¥-3 zZ-4

-3-2 5-3 1-4(=10
4-2 -1-3 2-4
-2 y-3 z-4

-5 2 -3 |=0
2 -4 -2

f - 2)(-4-12)-[v-3)(10+6)+({z- 4)(20-4)=0D
{x - 2){-168)- [ -3){16) + (z- 4)(16) = D

-16x + 32 - 16y + 48+ 162 -64 =0

-16x -16y¥ + 16z +16=10

Dividing by [-18), we get,

Equation of plane, x +y -z-1=10



The Plane 29.1 Q1(v)

Given points are,
fo,-1,0),(3.30) and {1,1,1)

We know that, equation of plane passing through three points is given by

Moy ¥ Z-E
2= X1 ¥a-V¥y Zz-2Zy=10
3=M1 Y- V1 Zz -4

-0 v+1 =z-0
3-0 3+1 0-0(=0
1-0 1+1 1-0

v+1 =Z
3 4 0/=0
1 2 1

x(4-0)-[v+1){3-0)+z[6-4)=0
4w~y +1){3)+z(2) =0
45 -3y -3+2z=10

4y - +22-3 =10

Equation of plane is, 4% -3y +2z -3 =0

The Plane 29.1 Q2
We have to prove that points
[DJ - 1,—1],[4, g, 1],[3, 9,4} and [—4, 4, 4] are ooplanar.

First we shall find the equation of plane passing through three points:
fo,-1,1),{4,5,1) and {3,9,4)

We know that equation of plane passing through three points is given by

N=Xy ¥-¥y Z£2-Z%
2= Xy ¥e-¥y Zz-Z|=0
3= Ya-¥r L34

-0 v+1 z+1
4-0 5+1 1+1|=0
3-0 9+1 441

v+1 Z+1
4 G 2 |=0
3 10 =

xf30-20)- (v +1)f{z0-6)+(z+1){40-18) =D
1ox -y +1){14)+ [z + 1) {22) =0

10x - 14y - 14+ 22+22=10

10x - 14y +222+8=10

Dividing by 2, we get

Ex -7y +1lz+4=10 ---



Now, for the fourth point [-4,4,4) put x = -4, y = 4, z= 4 in equation {i],

S[-4)-7[4)+11{4)+ 4 =0
—20-28+44+4=0
-484+48=0

0=0
LHE = RHS

Since, fourth point satisfies the equation of plane passing
through three points
So, all four points are collinear

Equation of common plane is, Sx -7y +11z+4=10

The Plane 29.1 Q3(i)
Given, four points are
fo,-1,0),(2,1,-1),{1,1,1) and {3,3,0).

Mow, first we find the equation of plane passing through three points:
fo,-10).{z.1,-1), {1.1.1)

We know that equation of plane passing through three points is given by

N=Xy ¥-¥y Z£2-Z%
2= Xy ¥e-¥y Zz-Z|=0
3~X1 Fa-¥ Z3- 4

-0 v+1 =z-0
2-0 1+1 -1-0|=0
1-0 1+1 1-0

v+1 =
2 2 -1=0
1 2 1

sfz+2)-[v+1)(2+1)+z[4-2) =0
xfa)- (v +1) [ +z[2)=0
4w -3 -3 +2z =0

4x -3y +2z-3=10 et U]
Put, ¥ =3, ¥ =3, z =0 in equation [}, we get
4 -3y +22-3 =10

4{3)-3f3)+2(0)-3=0
12-9+0-3=0

12-12=0
0=0
LHES = RHE

Since, fourth point satisfies the equation of plane passing
through three paoints,
Hence, four points are coplanar



The Plane 29.1 Q3(ii)

Given, four points are
{0.4,3).(-1-5-3).(-2,-2,1) and (1,1, -1)

First we shall find the equation of plane passing through three points:
{DJ4J3}J[_14_5J_3]J[—Z,—Z,l:]

we know that, equation of plane passing through three given points is,

X-X, Y-y, Z-Z
2= Xy ¥z-¥y Zp-Fy =10
3™ Yao¥r I3 4

x¥-0 wv-4 =z-3
-1-0 -5-4 -3-3
-2-0 -2-4 1-3

]
]

X y-4 z-3
-1 -0 -6 (=0
-2 -6 -2

xfra-36)-(y-4)f2-12)+(z-3)[6-18)=0
xf-18)- (v - 4){-10)+(z- 3){-12) =
-18x +10y - 40-12z+36 =0

-18x +10y - 12z -4=10 ---i}
Put, »x =1, ¥ =1, z =-1in equation {i],
-18f1)+10{1)-12{-1)-4=10

-18+10+12-4=10

-22+22=10

0=0
LHS = RHS

So, fourth point {1, 1,—1} satisfies the equation of plane passing

through three points,
Hence, four points are coplanar



Ex 29.2

The Plane 29.2 Q1

Given, intercepts on the coordinate axes are 2,-3 and 4
We know that,

The equation of a plane whose intercepts on the coordinate axes are g, b and ¢
respectively, is given by

Xer L 2 ---{j)

Here, a=2, bh=-3, c=4

So,
Equation of required plane is

ez

2 -3 4

By -4 +32
12

By -4y +32=12

The Plane 29.2 Q2(i)

Reduce the equation 4x + 3y - 6z - 12 = 0 in intercept form:

4% +3y -Bz-12=10
4% +3y -Bz =12

Divide by 12,
4 dy Bz 12

_+ —
12 12 12 12

+=—=-—==1

| x
=
ra| My

P —

(-2)

+

| x
N

This is of the form,

Comparing equation (i} and {ii],
a=3,b=4%4c=-2

Intercepts on the coordinate axes are 3,4,-2



The Plane 29.2 Q2(ii)

Feduce 2x +3y - z = 6 in the intercept form:

2x+3y-Z =0

Divide by 6,

X _ % _z_ B

[a} [a} [a} [a}

LY _Z_ 4

3 2 0

Xy z .
—t=t——=1 -— i
3 2 —E!} “

we know intercept form of plane with &, b, ¢ as intercepts on coordinate axzes
is,

AN S -~ (i

a b c

Comparing equation {ij and {ii},

3=3,b=2c=-0A

So, intercepts on coordinate axes by the given plane are 3,2,-6

The Plane 29.2 Q2(iii)

we have to find intercepts on coordinate axes by plane 2x -y +z =5
2x -y +Zz="C

Divide by &,

-1 -

——
1
mn
]

We know that if 2,b,c are intercepts on coordinate axes by the plane,
then equation of such plane is given by,

- - - (i)

W
+
o=
+
Oy
1}

—

Comparing the equation (i} and (i),

a=£,b=—5,c=5
2

. ) =
So, intercepts on coordinate ases by the plane are e L, G



The Plane 29.2 Q3

Here, it is given that the plane meets axes in 4,8 and C
Let, A=[s,0,0), 8 =(0,b,0), C ={0,0,c)

We have centroid of 0A8C is (a, &, p) we know that, centroid of 1A5C

is given by
CBntrDid=X1+X2+X3J yl+y2+}f3J Zy+Za+ 23
3 3 3
(mﬁ ]_ g+0+0 0+46+0 0+0+4cC
1 J,P" 3 i) 3 1 3

a b c
(951,51}"]— [EJ EJ 5]

So,

§=cc = &= 3 -—-fi)
§=,ﬁ = b=3g - - fil
-y = c-3y —

We know that, if &, b,c are intercepts by plane on coordinate axes, then equation
of the plane is given by

w|=
+

=
+

[N
[}
—

Put a,b,c from equation {i],[ii} and [iii}J

Y =2

Multiplying by 3 on both the sides,

¥ L 3,32 _4 The Plane 29.2 Q4

3m 34 3y Intercapts on the coordinate axes are equal.

¥ e¥.iZ_o4 We know that, if a,b,c are intercepts on coordinate axes by a3 plane, then equation
e gy of the plane is given by,

+ +

¥
b

*® %

Yz _q
P

X¥+y¥+zZ=p

-

It is given that plans is passing through the point {2,4,6), so, using equation (i)

XK+y+Z=p
2Z+4+6=p

12=p
Put, value of p in equation i}

X+y+z=12

So, the required equation of the plane is given by,

X+y+z=12
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The Plane 29.2 Q5

Here, it is given that plane meets the coordinate axes at A,8 and C with centroid of
0AEC is {1,—2,3}

The equation of plane with intercepts 3, and ¢ on the coordinate axes is given by,

| =
+
|
+
o
1]
-

-6}
We know that, centroid of a triangle is given by

Mi+XHo+Ng Vit¥otys )+ E+Eg

Centroid = s s

3 3 3
[1,—2,3}= a+D+EIJ EI+b+EIJ D+0+c

3 3 3

3 b c
[:1.1_2.13}_ (EJ EJ EJ

Comparing LA and RHE,

E )
E-1 = a=3 ———[I}
fal .
§=—2:> h=-6 - - - {ii)
%=3 = c=9 - - {iii)

Put, &, b,c is equation {i}J we get the equation of required plane

¥ oy Z

—+—+=_=1

3 -6 9

6x—3x+22_1
18

Gy - 3w +27 =18



Ex-29.3

we know that, vector equation of a plane passing through a point 3 and normal to R
is given by,

The Plane 29.3 Q1

[F—é].ﬁ=u —

Here,
3=2/-j+k
n=4l+2] -3k

Put, & and f in equation {i)
[F_(gf_j+£”.{4i+2j“-3£)=D

P47 +2j-3k)- (27 - J+ k)[4 + 27 - 3k) -0
P4 +2f-3€)- [(2)(9) + 1))+ (1)(-3)] - 0
F(4+°+2j—3£)—|:8—2—3]=0
F{m‘“+2j‘-3£)-3=u

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

The Plane 29.3 Q2(i)

Given the vector equation of a plane,
F.(lzf-3j+44<")+5=n

let, r = (Xf+yj+zﬁ2)

(xf+yj+zﬁ2)(12f—3j+4«£)+5= o

() (12)+()(-3) + (2){4) +5 =0

12x -3y +4z+5=10

Cartesian form of the equation of the plane is given by

12x -3y +4z+5 =10

The Plane 29.3 Q2(ii)

Here, equation of the plane is,
F.(—f+jn+2.f<A) =9
let, = xf+y}+z!2, then

(¥ 3+ 2E)[-7 + f+28) = 0

-1+ () +(2)(2) -9

-X+¥+27=9

Cartesian form of the equation of plane is,

-X+¥+27=9



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, =0
Put 3=0J +0J+0K and n = £ in the vector equation of plane passing through

point 3 and perpendicular to vectar A
[F—E}.ﬁ =0

(F-D.f-u.}'-mi).é= i

Fi=n )

For xz-plane,
It passes through origin and perpendicular to y-axzis, =o

3=0J+0]+0f and A =
Equation of xz-plane is given by
[F-3)7-0
(F—u.f—u.j’—ué).j= 0

rj=0

For wz-plane.

It passes through arigin and is perpendicular to x-axis, so

5=D..F+D.}+D#2,E=f

[F—E}.ﬁ=u

{F-D.f-u.}-u£).f=n

ri=0

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

k=
i

FTRE TR

0
rj=20

The Plane 29.3 Q4(i)
Given, equation of plane is,
2y -y +2z=8
(xf+yj+z§){2f—}'+2ﬁz)=8
F.(zf—j’+2£}=8

S0,

YWector equation of the plane is F.(Zf -7+ 2#2} =83
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The Plane 29.3 Q4(ii)

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

{xf+y}+zﬁ2)(f+j—#€}=5

F{f+}—£)=5

S0,

Yector equation of the plane is F(f+}'—.f2) =5

The Plane 29.3 Q4(iii)

Given, cartesian equation of plane is,
N+y =3

{xf+y}+zﬁ2)[?+j) =3

Flied)-a

S0,

Yector equation of the plane is F.(f +f} =3

The Plane 29.3 Q5
We know that, vector equation of a plane passing through point 3 and perpendicular

to the vectaor A is given by,
[F-3)7-0 )

The given plane is passing through the point [:1,—1,1] and normal to the line joining
Af1,2,5 and 8{-1,3,1). 5o,

=i-j+&and n=4A8

oy

Position wvectar of & - Position vector of A

={—f+3}+£)—(f+2}'+5£)

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

=2+ j-ak

Put, 7 and 3 in equation i},

[F- -4} ] {2 +7- 48] - 0
F.{-zhj-4&)-{?-}+£){-2f+}-+f€)=u
Fel 4 -4 - [ (2) + (1) () + () (-] - 0
F.(-2f+}-442)-[-2-1-4]= i
F{-2?+j-4~f§)-[-?]=n

F.(—2f+}—¢£)+?= 0

F.{—2?+}—442)=—?



Multiplying by {-1) on both the sides
F[:zf— }'+442} =7
Put, ?’=xf+yj+z.f§

(xf+yj+z§}{2f—}'+4¢<ﬂ}=?

)+ -+ ) =7

2x-v+4z=7
So, vector and cartesian equation the plane is
F.(zf—j’+4£}= 7, 2%y trdz=7

The Plane 29.3 Q6

Here, it is given that 7 = 48 and A makes equal angle with coordinate axes,

Let, n has direction cosine as f, /mand noand it makes angle of a«, & and » with
the coordinate axes. So

Here, w=48=p
= cose = cos 8 =cospy

= {=m=n=plSay)

we know that,

1
Maw, o = cos™! [——]

N

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

. 1
Again, « = cos™! | =
: [45]

It gives, & is an acute angle, so



So,
n= ‘ﬁ|{ﬁf+mf+ n.fg)
=@[%;+L3;+%;z]

A=i+i+k

-y

And, I = 2f+j—

we know that, vector equation of a plane passing through the point 5 and perpendicular

to the wectar o is given by,
[F-3)7-0

;_pf+j_£ﬂ{r+j+£)=u

Put, r= (Xf+yj+zﬁ2)
(xf+yj+z§)(f+j+.£)= 2
AL+ (=) =2
XK+y+2Z=12

So, vector and cartesian equation of the planeis,

r.(f+}+.f2}=2,x+y+z=2



The Plane 29.3 Q7

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 3 and perpendicular to 7 is given by,
[F-3)7-0 )

Here, @ = 12/ — 4 + 3k

and, n=0f

= Position vector of & - Position vector of O

=(12f—4}+3£ )—(D?+Dj+0£)

=12 - 4]+ 3K

Put, value of & and 7 in equation fi].

[F-{lzf-4j+3£ }].[12;‘"-4}+3£ )=D

TN

.(12?-4}+3£ )-{12f-4}+3£ ){12?-4}+3£ )=D
.(12? -4 +3k )- [{12)(12) + {-4) (-4} +(3){3)] =0

F.(12?-4j+3£ )-[144+15+9]= 0

TN

F.{lzf—4j+3£ )—169=D
Fut, F=xf+y}+z§

{xf+y}'+zﬁ2}[12ﬁ—4}+3£ }—169=D
(I 2)+ () -4+ (2)(3) = 169

12% - 4 + 37 = 169

Sao, the vector and cartesian equation of the required plane is,

rfiei -4 +ak )= 169, 12x - 4y + 3z = 169



The Plane 29.3 Q8

Given that, the plane is passing through P[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 /7 is a vector normal to
the plane, is given by,

{F-é]ﬁ:u ---{

So, 5=2f+3f+.f2
R=5+3]+2k

Put, 2 and n in equation iy,

[F—{2?+3j+£ }]{5?+3j+2£ )=c|

F{5f+3}'+2£ )-[2;‘"+3}'+£ )[5;‘"+3}'+2£)=D

Fler ik )-[(2)(E)+(3)(3)+ (1 (2)] - 0 l
F{5f+3}'+2£ )—[1D+9+2]=D
Flsi+3j+ak )-21-0

The Plane 29.3 Q9
Here, given that 2 is the point {2,3,—1} and required plane is passing through £

Put, r=xi +yj+zk at right angles to 0P

{Xf+5’j+2’k}[5? +3] +2k }— 21=10 It means, the plane is passing through 2 and ©F is the vector narmal to the plane,

s+ () (30 + (2] (2) - 21 o
we know that, equation of a plane, passing through a point & and n is vector norm al
Ex +3y +2z=121 to the plane, is given by,

[F-3)7-0 -

Here, 5=2f+3}—§

n=0p

= Position vector of # - Position vectar of O
=[2f+3j—k" }—{Dhujw.f? )

.r‘7=2i+3}—k
Put, the value of 3 and 7 in equation [i}J
[F—{2?+3j—£”.(2f+3}'—£ }=D
F(zf+3j-£}—[(2f+3j—£)(2f+3j—£”=D
Flef+af-£)-[(2)(2)+ ({3 +(-1)(-1]- 0
Flef+aj-£)-[4+9+1]-0
Flef+aj-£)-14-0
Flef+3j-£)-14

Fut, F=xf+y}+z.fg

{xf+y}+z§)(2f+3j—£)= 14

)+ (r)3) + () 1) = 14
2x+3y-2z=14
Equation of required plane is,

2x+3y-2z=14
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The Plane 29.3 Q10

Here, given equation of plane is,
2x+y 27 =173

Dividing by 3 on both the sides,

|%
+

W=

ra

N

1
Wl w

|
[m o

I ()

[N RN R
ma|

We know that, if 3,6,c are the intercepts by a plane on the coordinate axes,
new equation of the plane is,

*YiZoaa - - —[in

Comparing the equation {iy and f{ii},

3
E.~=—,.b=3,-:“=—E
2 2

Again, given equation of plane is,

2x+y -2z =3
(Xf+y}+2§)(2f+f—2ﬁ2)=3

F{2?+j-2£)=3

So, wvector normal to the plane is given by
n=2 -k

- z z z

7| = ) + (0 + (-2)

= Jiritd

Direction vector of 7 = 2,1,-2
1

. . - 2
Direction vector of 0= =, —, —

S0,

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

ra| o

Direction cosine of normal to the plane are= =, =, -

2
3

|
| ma



The Plane 29.3 Q11

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+j—£).

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

to a vector 7 is given by,

[F-a3)n=0 ---{i

= Position wvector of £ - Pasition vector of O

={3f+}-£)-[nf+u}'+n£}

n=3+]-k

Put, the value of & and 7 in eguation fiy, we get,

[F—{f—2j+5£}]{3?+}—£)=u
F.(3F+j‘—£)—(f—2j+5ﬁ2 )(3f+j’—#2)=n

Ffar +7- € )-[(1E)+(-2) (1) +(5)-1)] =

)
el +i-£)-[2-2-5]-0
Flat+j-& )—[—4]=D
r(3f+)—kﬂ )+4=EI

The Plane 29.3 Q12
We have to find the equation of plane that bisects 4({1,2,3) and & (3, 4,5)
perpendicularly

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

to vectar A is given by,
[F-3)n=o ---{)
Here, 3= mid-point of A8

Position vector of A+ Position vector of &
2
f+2}+3§ + 3f+4}+5.f2
2
47 +6] + 8k
2

g =

5=2f+3f+442

and, n= A8
= Position vector of & - Position vector of 4

=(3f+4j’+5£)—(f+2j+3ﬁ2)

= +4j+5k -7 -27-3k

A=l +2]+2k
Put, the value of 2 and 7 in equation ],
F-(2f+3j+4~£)(2f+2j+2£)= i
F{z?+2j+2£}-[[2ﬁ+3j’+¢£ }[2;‘“+2j+2#<"}]= 0
F{z?+2}+2£}- [(2){2) + {3)(2) + {4} {2)] = O
F{2f+2j+2£)-[4+6+8]= i

F{2?+2j+2£ )—18=D

F(zf+2}+2£} =18
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The Plane 29.3 Q13(i)

Given, two equation of plane are,

¥-¥+z-2=0 and
I +2y-Z+4=0

K-y +zZ=2

(of +f 0 2E) - F4d) = 2

Fry =2

w42y -z=-4
[xf+y}+z§}{3f+2}—§}=—4
FP?+2}—£)=—4

Frg=-4

From equation (i} and (i}, we get that

ny is normal to equation (i) and

fy is normal to equation fii).
o,
T = (- 5k fa7 v 2] -4)

= [@E+(-1{2)+ (-1
=3-2-1
-3-3

=0
nyny =0

Sao, ny s perpendicular to ny

The Plane 29.3 Q13(ii)
Given, two vector equation of plane are,
F{ﬁ-j+3ﬂ=5

rrg=5

50,5}=(2f—j+3£}
And,F(2?—2j—2§)=5

rnz==5

So, e =2 -2 -2k

Mow, iy
=Pf-j+3£)@f-2}-2ﬂ
= (@ E+ k) +E)-e)
=4+2-6

=6-6

=0

Fydts =0

---0)

Hence, normals to planes ny and n,; are perpendicular,
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The Plane 29.3 Q14

Given, equation of plane is,
2x+ 2y +22 =3
{xf+y}+z§}(2f+2}+2£}=3

F.(2?+2j+2£)=3
ra=d

Marmal to the plane n= 2i+2] +2E
Direction ratio of 7 =2,2,2

Direction cosine of —_ =

31

_3

Fl= e + 2 + o)
-2

7| = 245

Direction cosine of M —J = T =

1 1

1
ETTEE

So, ! =

Let, @, 4, be the angle that narm al n makes with the coordinate axes respectively.

o= cos! [%J ---{1

y= cns'l[ﬁ] - - (i}

From equation i}, (i} and (i),
= f=y

So, normal to the plane, 7 is equally inclined with the coordinate axes.



The Plane 29.3 Q15

Given, equation of plane is,
12 -3y +4z =1
xf+y}'+z§}{12f—3j+4§)= 1
ro=1

So, normal to the plane is

A=120 -3] + 4k
7| - J(lzf +{-3) + (4)°
- figg+oc

=169 =13

127 - 3] + 4k
13

Unit vectar £ =

& wector normal to the plane with magnitude
26 = 267

= 25[£-3j+4~£]
13

Fequired vector = 24f - 6j+ B
The Plane 29.3 Q16

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

point & {—10,5, 4].

We know that,

Equation of a plane passing through the point 3 and perpendicul ar

to mis given by,

[F-3)n=0 ---{)
Here, 5 = Position vectar 8
3=-107 +5] + 4k

= AE

= Position vector of & - Position vector of 4

=(-1Df+5j++f2)-(4+‘"-j+2£)

]

=100 +5] + 4 - 4 + - 2K
n=-14 +6;+ 2§k
Put, the value of 3 and 7 in equation [i}J
[‘-(-1Df+5}+4£”.(-14?+5}+2£)=D
F.[—14f+5j+2£}—{—1D?+5j+4£)[—14+’+5j+2£}=D
Fl-147+6)+2&) - [(-10)(-14) + (s}(6) + (4} {2)] - @

Fl-147+6j+2£)-[140430+8]- 0

F[—144"+5}'+2£)— 178=10

F[-144"+5}'+2£) =178
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The Plane 29.3 Q17

we have to find the equation of plane which bisects the line joining the points .4[:—1,2J3:]

and & {3,—5,6] at right angles.

Let, ¢ be the mid-point of 48

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

to a vectar 7 is given by,
f-3)7-0 )

Here, 3 = Position vector of ©
= Mid-point of 4 and 8

_ Position wector of A+ Position vector of &

2

: 4 2j 43k + 3 - 5] +6K
2

_2 31,8k

2 2
- + 3. 9-
a=!-—j+=k
2 2
n=AE8
= Position vector of & - Position vector of 4

{3?-5}+6£)-{-?+2}+3£)

z
A -5j+ak+i-27-3k
B z
4 -7 43k
e
A =Yy

2 2l

WV

Put, the value of 3 and A in equation fi}. we get,

[;_[;_Ejﬁszﬂ zr_ij+§£]=u
2 2 2 2
F{zf—EJ+E£J—[f—§j+E£M2f—1j’+§£]=cu
2 2 2 2 2 2
22 e (9B
2 2 2 2 2 2
;.[2:‘_1;&;]_{2& E]=u
2 2 4 4
F.(zf-3j+§£]-[29+2?]=
2 2 4
Flei- 1520 -2
2 2 4
F.(zf-zj+§£]-14=u
2 2

Put, ?’=xf+yj+z.f2

[xf+yj+z£}[2f—%}+%§}—l4=EI

(”](2}+{Y}(—g]+{2](+%— 14=0

ox- Y 4P _qa_p
2 2

4x -7Fy+3z-28
5 =

0

4w - Ty +3z =28

Equation of required plane is,

4w - Ty +3z =28
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The Plane Ex 29.3 Q18
Vector equation of the plane:
Civen that the required plane passes through the
point (5,2, —4) having the position vector
a=51+2]-4k
Also given that the required plane is perpendicular
to the line with direction ratios 2, 2 and — 1.
Thus the vector equation of the normal wvector to the
plane is n =2T+ ET—E.
We kknow that the vector equation of the plane passing
through a point having position vector a and normal to
vectar n is given by{?—ﬁ}-ﬁ =0 ar, r-n=a-n.
Thus the required equation of the required plane is
rRi+3]-0=6i+2]-40.2T+37-10
= r 2i+3-l=10+6+4
=T.2i+3]-K =20

The Cartesian equation of the plane is
re2i+3-k=20

= i +yj+zk) - 2T+3] -k =2

= 2x+ay—z=20



The Plane Ex 29.3 Q19
Consicderthe point P(1,2, —3).
Thus the position vector of the point P is
a=i+2]-3k
Direction ratios of the line OF, where O is the
origin, are 1,2 and — 3
Thus the vector equation of the normal wector, OF, tothe
plane is n :T+ ET— EE.
We lcnow that the vector equation of the plane passing
through a point having position vector a and normal to
vector n is given by{?—ﬁ}-ﬁ =0 aor, r-n=a-n.
Thus the required equation of the required plane is
r-(i+2i-z=d+27-30.d+27-20
S r(i+2]-3kK=1+4+9
=Tr.(i+2]-3K=14
= (K1 +y] +zk)- (i +2] -3k =14
=¥+Iy—2z2=14

The Plane Ex 29.3 Q20
Disthe origin and the coordinates of A are (a, b, ).

Of = al +bj+ ok

~ The direction the direction ratios of O& are proportional to, a, b, ¢

» Direction cosines are,
a b =

~,.-"EJ?'+|::I?'+CzJ-.;".512+|::u2+CZJ«,-!r.5|2+|::12+C2

The equation of the line passing through Ala, b, ¢) and perpendicular to OA is,
[x?+ﬁ+zﬁ—[a?+bj+d§)]-a?+b§i+d§=D

ax+by+cz=a°+b%+c?



Ex-294

The Plane Ex 29.4 Q1

Here, it is given that, the required plane is at a distanceof 3 unit from origin and k
is unit vector normal to it. We know that, vector equation of a plane normal to unit
vector A and at distance @ from origin, is

ri=d

So, here d = 3 unit

A=k

The equation of the required plane is,

ik
Ty
I}
[En)

The Plane Ex 29.4 Q2

We know that, vector equation of a plane which is at a distance @ unit from origin
and norm al to unit vector £ is given by

rAa=d ---{)

n=i-2j-2k
. n
=0
b
) f-zi-z2k
J7 (-2 + (-2
_f-2j-2k

N
f= < -2j-2d)

Put, value of @ and & in eguation i},

The equation of required plane is,

r. (?-2}-2£)=5

Wl



The Plane Ex 29.4 Q3

Given equation of plane is,

2y -3y -8z =14
xf+y}'+zﬁ2).(2f—3}—6§)=l4

Dividing the equation by 1f{?]z + {—3}2 + [—6}2

;(2!—3j—6k)_ L4
CJaro+3e Je+o+ae

7(21-25-54]-2 - ()

We know that the vector equation of a plane with distance @ from origin and

normal to unit vector A is given by

rfi=d -- (i

Comparing (i} and fii],

=2 and The Plane Ex 29.4 Q4
£ 2;‘_ 3= _ a] ."(ﬂ

) ?J 7 Given equation of plane is,
So, distance of plane from origin = 2 unit F.[f— 27 + 2;{)_,_5 -0

. . . 2 3 6
Direction cosine of normal to plane = TiTTeg F.(f _27+ 2;{) - _g

Multiplying both the sides by [-1),

F.[—f+2j—2£)=a
e

-5 ---{i

i

Here, n= —f+2}'—2ﬁ2
[Fl = =17 + (257 + (-2)°
=l+4+4
-
=3

(45512 —®

We know that, equation of a plane at distance & from origin and

normal to unit vectar £ is

1
I )
1]

2

- - - i)

Comparing equation (i) and fiii),
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The Plane Ex 29.4 Q5

Given equation of plane is,

2x -3y +Bz+14=10
(Xf+y}+z§)(2f—3}+6§)=—14

F.(z?-3j+5£)=-14
Multiplying by (-1} both the sides,

F.(-2f+3j-6£)=14 -

So, Fh= 14
n=-2+3]-6k

- 2 2 2
7| = y-2)" + (3)° + (-8)

=~4+9+ 36

Dividing equation {ij by H = hoth the sides,

-2+ 35 -6k
r.g ik The Plane Ex 29.4 Q6

7 7
: (. 2,:'"+ 35_ g . Given, direction ratios of perpendicular from origin to a plane is 12, - 3,4
T R So,
Mormal vector = 12/ —3} + 4k
2 . 3 6__'\ - T T o
THItTyomZ=L =12 3] +ak

7| - J[lE:]z +(-3) +(4)?

=44+ 9+16
=189

‘n| =13

B

Mormal unit vector A =

=1

|~

- (12?—3j"+442

ol

Given that, perpendicular distance of plane from origin is 5 unit.
= d =5 unit

We know that, equation of a plane at a distance @ from origin and normal unit
wectar £ is

ré=d
So, vector equation of required plane is

T
13 13 13

Fut, F=xf+y}+zﬁ2

{xf+y}+zﬁ2)(%f—if+ ki Ig]=5

137 13
() Eel)-
E —iy+iz=5
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The Plane Ex 29.4 Q7

Given equation of plane is

X+2¢y+32-6=0
{xf+y}+zﬁ2)(f+2}+3§}—6=ﬂ

F.(f+2j+3£)=6 ---{}
rh =6

So, 5=f+2j+3#£

7| - SO (2P 4 (37

=a1+4+9
- i
Dividing equation (i} by J14, we get

F.[Lhihié]:i i)
v S v 4 R v

we know that, vector equation of a plane at distance @ unit from origin
and norm al to unit vectar A is

rA=d e (11}
Comparing (i} and (i}, we get
Mormal unit vector=# = L.l'n+ 2 s +

I -
—k
Jia o J1a i4
The Plane Ex 29.4 Q8

We know that, vector equation of a plane which is at a distance @ from origin
and normal to unit vector # is given by

FA=d ---{i)

Here, given d = 343 unit,
Let, 3= {pf+qj+ r.fg)
where 3 is normal vector,

Given that, 3 is equally inclined to the coordinate axes
If {,/m,n are direction cosines of 7,
Here, f =m=n -~ (i

We know that,

PFem?en®=1
it ei® o [Using (ii)]

=1

/=

-



N
I—P -
m=9_1
w =
.
EIRE
T i,
S=pl+q)+rk
5.2
4
P a5,
B FHF
§=—Lf+j;}+j;§
N ] 3
Put the value of @ = 3.3 unit and A = 3= L+i+£ in equation i},

V3B

vector equation of the required plane is

N3

F.%[?+}+£)=3J§

F{f+}+.f<n}=9

x+y+z=9



The Plane Ex 29.4 Q9
Here, we have to find equating a plane passing through A {1,2,1] and perpendicular
to line joining & [1, 4,2] and C[E, 3,5].

We know that, the vector equation of a plane passing through a point 2 and perpendicul ar

to wectar A is given by,
[F-3)n=0 ---{)

L 5-T-2]+£
.

T
o
=
)

S
1]

= Position vector of C - Position vector of 8
=(2f+3j‘“+5#2)—(?+4}+2#2)
= 4345 - -af-2E

n=1i- jn+ 3k
Put, 3 and 7 in equation fi}.

Yector equation of planeis

[-_U+zj+£”.ﬁ—5+3£)=ﬂ

.'—j+3#€}—{f+2}+#£}{f—j+3ﬁ2}=0

FIT-T+a)- [+ @) 0+ E)] -0

F.[f-j“+3ﬁ<"}=2 - -~ {ii)
A = () + (- 1) + (3)°

o TRET

= 411

Dividing equation {i} by §11,

; : e 2 .
So, perpendicular distance of plane from origin = —= units

V1

Equation of plane, F.(f -7+ Skﬂ) =2

Egquation of plane, xy—y+3z-2=10



The Plane 29.4 Q10

We kknow that the viector equation of a plane at a distance
"n" from the origin and normal to the unit vector nis Ton= 4]

Wector normal to the plane is n=27- 3T+ ak
The unit vector normal to the plane is

4

ﬁ 2 - 3 -~

= i- i+
V22+(-37 442 28(-32+47 0 2R (-3)2+4?

2 ~ 3 Ty 4

=n=

i -
Jd+9+16 Jd+9+16 Jd+9+16
E 3 - 4 =~
=n= (I it ke
V29 V29 EE
) 5]
Here, given that p=———
v2a

Thus, the vector equation of the plane is
;_[ 2 7.3 7, 4 IE]= &
V29 V29 EE V29

The Cartesian equation of the plane is

EN

_[2?_3T+4E]=6
V2o 237 23 NEE]

(%1 +vy]+ zk)

- 2x_3v+4z]= 6

CEENR PR FED B FE]
=[2x—3v+4z __6
V29 V29

=2x—3y+dz =6

The Plane 29.4 Q11

The Cartesian equation of the given plane is
2y —3y+4z-6=0.

The above equation can be rewritten as
2x—3yt+t4dz =6

Therefore, the vector equation of the plane is
(xi+yj+zk) - [2T-37+4k) =6

=T [2T-37+4K) =6....01)

We kknow that the viector equation of a plane at a distance
"n" from the origin and normal to unit vector n is Fon= 4]

We have, n =27 — 3] + 4k.

ThusInl =y 22 +(-32+4% = /25

Dividing the equation (1) by |n| =29, we have,

F_[zT—3T+4E]= 6
V29 v29

Hence the normal form of the equation of the plane is

[ 2 7o 3 5,4 E] _ &

V29 297 29 V29

Hence the perpendicular distance of the

re

origin from the plane is p=i.

V29

-~

o~



Ex-29.5

The Plane Ex 29.5 Q1

Given that, plane is passing through
[:1,1J 1} ,{lj—l,l:] and {—?,—3,—5}

We know that, equation of plane passing through 3 points,
H—xy Y-y IZI-I

2= Yeo¥r Iz 4
3= Yao¥r I3 4

=0

-1 yv-1 =z-1
1-1 -1-1 1-1
-7-1 -3-1 -5-1

=0

-1 y-1 z-1
0 -2 0
-8 -4 -6

=0

fx-1){12-0)- (v -1)f{o-0)+{z-1){0-16) =D
(- 9{12) - [ - 1){0) + (- 1){-16) = 0
12x¥-12-0-16z+16=10

12w -1z +4 =10

Dividing by 4,

Dividing by 4,

A -4z+1=0
(xf+yj+z.f<n}(3f+0}—4wf<ﬂ +1=10

Flar-ak)+1-0
Equation of the required plane,

F.(3f—442}+1=|3



The Plane Ex 29.5 Q2

Let P(2,5, —3), Q(—2, —3,5) and R(5,3, — 3) be the three
points on a plane having position vectors E c_q and s

— —

respectively Then the vectors PQ and PR are in the same plane.
— —+

Therefore, PQ = PR is awvector perpendicularto the plane.

- —  —
Letn =FO=PR

FO=(=2-2)T+(-3-5)7+(5-(-2k
=FQ=-47-8]+8k

Similarhy,

- - - -
PR=(G-20i+(3-5j+(-3—-(-30k
sPR=3T-2T+0k

=167 +24] +32k
The plane passes through the point P with
position vector 5 = 2?+ ST— BE
Thus, its vector equation is
{F—@T+57 -3k} (167 + 247 +32k) =
(16T +247+32K) - (32 +120-96) =

=T

=T (167 +24]+32200-56 =0
=T.(161+24]+320) =
sT.2T+3j+4l0=7

The Plane Ex 29.5 Q3

Let Afa, 0,00, B(O,b, 0y and C(0,0,c) be three

points on a plane having their position vectors 5, b and ¢
respectively Then vectors EB and KLE areinthe same plane.
Therefore, ,6_\'8 xK(E is avector perpendicular to the plane.
Letﬁ=ﬂ_~'BxE(E

AE=(0-ai+m-0T+0-ok
— -~ -~ -~
= AB=—-ai+bj+0k
Similarhy,
—_— - - -
AC=0—a)i+(0—-0j+(c— Mk
— -~ -~ -~
FAC=—ai+0j+ck
Thus
-
= AB x

=bc| +acJ+abk
S F= bcl +8EJ + ahlk
Jb a’c®+afp?
The plane passes through the point P with

position vector a = ai + 0T+ ok

Thus, the vector equation in the normal form is
bl +8EJ+8|CIK ]:
yfb +a%c? +a%p?

{r - (ai +0]+ 0k} [

= (bu +aCJ +abk) - abc
ch +a%c? +a%p? Jb2c2+a2c2+a2b2
27, [bc|+acJ+abk] — 1
y{b a2 4+ 2R bocf+ e+ a’h?
2kt
27, (bcl +8EJ +abk) — 1 (1)
ch +afc?+al? i‘,+i+i
a b ot

The vector equation of a plane normal to the unit vector

Hand at a cistance "d’ from the origin is T -F{‘= c...2)
Given that the plane is at a distance 'p’ from the
arigin.

Comparing equations (1) and (2), we have,

d=p= 1 11 1
Ve wte
Ll 1,1 .1
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The Plane Ex 29.5 Q4

LetP{1,1, - 1), Qi&,4, —5)and R{—4, — 2,3) be three

points on a plane having position vectors 5 a and s
respectively Then the vectors ﬁ and P_F:: areinthe same plane.
Therefore, P_ICEx P_FE is avector perpendicularto the plane.

Letn = F?ttx P_F'-i

PA=(6-1)T+(4-1)]+(-5—(- 1)k
+PQ=57+3]-4k
Similarly,
— ~ ~ ~
FR=(—4-1i+(-2-1j+i(3—(- 1)k
=PR=-57-37+4Kk
Thus

— —+
Here, PQ = —FR
Therefore, the given points are collinear.
Thus, n= aT+ bT+ EE where, Sa+3b—4c=0
The plane passes through the point P with
position vector 5 =T+T—E
Thus, its viector equation is
{T—(+7-R1 (ai +b]+ck) =0, where, 5a+3b—4c =0

The Plane Ex 29.5 Q5
Let, 4,8,C be the points with position vector (3f+4} +2.f2), (2? -2j- !2) and (?iﬂ + EukA)
respectively. Then

& = Position vector of & - Poosition vector of A
={2?—2}—£}—(3?+4}+2£

=2i-2f-& -3-4j-2f

-l-6] -3k

Position vector of © - Poosition vector of 8

={??+5£}—(2ﬁ—2}'—£}

[an]
L]
1]

=7 +6k -2 +27+8
BC =5 +2]+ 7k

& vectar normal to A,8,C is a vector perpendicular to A8 x50

R=A8 xB
A
=1 -6 -3
5 2 7

A=i{-42+6)- J[-7+15)+& (-2 + 30)
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= -360 - 8] +28

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

to vectar 7 is given by,
rno=an ---i)
Put 2 and #7 in equation iy,

7 —35?—8}+28k’“)= (3f+ 4}+2£)(—35?—aj+28£)

13)(-36) + (4} (-8) + (=) (28)
~108 - 32 +56
~140+ 56

v {-35;‘" -8]+ 28#5) - -4

Dividing by [-4), we get

F.{9?+zj- ?ﬁ?) =21
Equation of required plane is,

F.{9?+2j—?£)=21



Ex-29.6

The Plane 29.6 Q1(i)

Given equation of two planes are

F.{z?—3}+4.f<")=1 ---{i)

F{J+j)=4 - -~ (i)
We know that, angle between two planes

Fiay = dy and Fhg = ds is given by,

cosg = 12 ———{iii]

il
Here, E;=2f—3}+4kﬂ
ny=-+]

(2?—3}+4¥2)[—f+})

S e e (a2 e 0
_BEL+ 3+ (9i)

cos& =

JEro+ieyl+l
_-2-3+0
232
-5
cos = N The Plane 29.6 Q1(ii)
s _1[ _c ] Given equation of planes are
= Ccas —_
=
rle-jeak) -6 —
F.(3?+5j—2£)=9 - i}

we know that, angle between the planes

F.E; =dy and F.E; = ds is given by,

CDSS=% - -~ (i)
il el

Here, from equation [|} and {ii],

myo=2 - 42k

My =3 +6] -2k

Put m; and ns in equation fiii},

o (2f-}+2£){3f+5j—2£)

S+ 0 e @ ) (e + (2

_ B+ 18+ (2)(-2)
JArl+4forze 4
B-f+4

NEE]

cosé =

)

o

|I|'_|J
S

Ma
=

g =rcost[F
21
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The Plane 29.6 Q1(iii)

Given equation of planes are

F.(2f+3j-5£)=5 e
F.(f—2j+2£)=9 - i}
we know that, angle between equation of planes

.;n_‘l =dy and r".;; = ds is given by,

W ———{lll]

Fram equation (i} and fii],

cos& =

My =2 +3] -6k

ry =1 -2 +2k
Put m; and ny in equation fiii},

(2?+3}—5£)(?—2}+2£)

JEF (-5 P+ (27 + )
B P
A+ +36f1+4+4
2-6-12
ek
-16
Y
-16

21

8 = cos? ﬂ
21

cosé =

The Plane 29.6 Q2(i)

Given, equation of planes are,

2x -y +z=4 -—-fi)
X4y +27 =73 ---{ii)

We know that, angle between two planes

a +hY +o7 +d; =0 and
3ok + bW +0,7 +dy = 005 given by

ayd- + bbb + o
cosg = 19 + 40 + 04y

_ —— - fiii)

c‘.'12+.";|12+-:121'fc‘.'§+.";|§+c2
Here, from equation (i} and (i},
=2, b=-1c=1

=1 b=10c,=2

Put then values in equation {iii},

B+ 0+ {1eE)

coséE =
g0 + (07 (0 P+ (0% (2
~ 2-1+2
N e N
cos8 = #-1
N3
_3
"%
B 1
]
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The Plane 29.6 Q2(ii)

Given, equation of two planes are,

K+y-22=13
2y -2y +7Z=5

We know that, angle between two planes

S+ +cZz +d; =0 and
o8 + ol +C2Z +dp = 005 given by

e + ble +CyCo

2, 22, 2 |2, 42, -2
Ja1+b1+clJaz+b2+cz

cossg =

Here, fram equation {l} and [ii},
ay=1b=110c=-2
g;=2,b,=-2, =1

Put these values in equation {iii},

(12} + {1 (2)+(2) {1

cos8 =
J () + (2 Jlor + (2 e )
cosg = c-2-@
A+lvda+441
B -2
N
-2

3E

-2
g=rcos |
3.6

The Plane 29.6 Q2(iii)

Given, equation of planes are,

X-y4+z=5 ---f)
X¥+2y+2=10 ———{ii}

we know that, angle between the planes

% +hYy +5Z +dy =0 and
3ok + by +0oZ 40, = 005 given by

S35 + bybs +040o

S e
.Jal +hy 4oy 1J‘c‘.'2+.":|2+cz

— — - fiii)

From equation [} and i),
#y=1lb=-1c=1
=1 b,=2,0c,=1

Put these values in equation {iii],

(L) +(-1(2+ O
SO 0P (0 P e )

cosé =

1-2+1
cosd =
I+ l+ 141+ 4+1
o
A
cos& =0
8= u:c:s'l{D]
&=
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The Plane 29.6 Q2(iv)

Given, equation of planes are,

Zx -3y +4z =1 -—-fi)
X4y =4 - - - i)

We know that, angle between two planes

S+ +oz+d =0 and
dg% + by +C2Z + ¢z = O is given by

aan + hyha + opc
cosg = 19z + Db + Oy

af+bf+cf‘Ja§+b§+c§
Here, from equation {i} and fii},
t:_l‘]_=2J b1=—3J C1=4

52=—1,bz=1JC2=D

Put these values in equation {iii},

) {1 +(-2) (1) + {4 (5)

Cos8 =

J) (20 + (4 Jr - (0 + (o)

-2-3+0
R N+ 9+ 1641+1+0
-5
R

-5

Cos8 =

The Plane Ex 29.6 Q2(v)

We know that the angle between the planes

ayx+ b+ oz +dy =0andazx + bay + 2 + ds =00s given by
Gap+hyba+oc;

~f312+b12+'212 -J322+b22+'222

Therefore, the angle between 2x+y—2zZ =5 and 3x —&y—22=7

2x3+1X(-B)+(—-2)x(—2)

cosf =

cosf =
V22124 (-2)2 324 (-5 + (- 2)?
:cosezﬁ
V.o +36+4
4
= (058 = ——
ER
E—
= 0=c05 | =—
1)

The Plane 29.6 Q3(i)

Given egquation of planes are

we know that, planes

ray =dy and riny = o, are perpendicular

if iy =10

From equation (i} and (i),
mo=2 -4k

R

Put y and n, in equation (iii},

kg =0
{2f—j+.f<n){—f—f+#2)= u]

-+ -0+ () =0

-2+1+4+1=10
o=0
LHE = RHE

Hence, planes are at right angle

—— - fiii)
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The Plane 29.6 Q3(ii)

Given, equation of planes are,

N=-2y¥ +4z=10
18x + 17y + 42z = 49

= ¥-Z2y+4z-10=10 ———{i]
18x +17y +4z-40=10 - - - fii}

We know that, planes ax + by +oyZ2 +d; = 0 and aox + 8¢ + 2 +d5, =0 are at

right angles if 3,3, + by +oicp = 0 - - - (i)

From {i} and (i),
al=1,b1=—2,|:‘1=4
32=1B,bz=1?JC2=4

Put these in equation i),
3y + by +oyc; =10

(e + 27y + (4 (4} = 1
18-34+16=10

Oo=n0
LHS = RHS

Hence, planes are at right angles

The Plane 29.6 Q4(i)

Here, given equation of planes are

F.{a‘"+2j"+3£)=? —
F.{x?+2}-?£)=25 - - - (i)

we know that, planes .;n_-l =dy and ;E = dz are perpendicular if
g =0 - - {iii)

Fram equation {i} and fii], we get

5::?+2}+3kﬂ andﬁé:if+2}—?kﬂ

Since, {i} and (i} are perpendicular, so from (i),

My =0

{?+2j+3£){,1f+2j—?£}=0

(La)+ () )+ (3)(-7) - o

A+4-21=0

A-17=10
A=17



The Plane 29.6 Q4(ii)
Given, that plane 2x - 4y +3z-5=10 ——-{i]

andx +2y +iz-5=0 are -~ ~{ii} perpendicular.

We know that, planes ax + by +cyZ2 +d; = 0 and agx + by +Cz +dy =0 are

perpendicular if a8, + b, + oo =0 - = = {iii)

From equation (i) and (i},
al=2Jb1=—4,C1=3
az=1Jbz=2JC2=l

Put these in equation {iii},
S8z +bybs + oo =0

1)+ -4(2)+ (5){4) = 0
2-8432=0

~6+32=0

W=6

Pl
3

A=

The Plane 29.6 Q4(iii)

Given, that planes
Iv By -2z-T=10 ---1)
and 2% +y-Az-5=10 -—-{ii)

are perpendicular.

We know that, planes ayv + by +cyz +dy =0 and 3ox + by + oz +dp =0 are

perpendicular if a3, + by + o, = 0 - — - {iii)
From i} and {i},

=3, b =-06,c=-2

=2 by=1,0,=-4

Put these in equation {ii},

23 +hbs + oo, =00

(3)(2)+{-6) () +(-2) (-4) - 0

G-6+22=0
0+24i=0
2i=10

A=10



The Plane 29.6 Q5

We know that equation of a plane passing through [X1JV1,Z1} is given by
afx -x)+bfy-y)+clz-2z;)=0 ---i)

Given, plane is passing through {-1,-1,2},

afx+1)+bfy +)+cfz-2)=10 - - - i)

We know that plane ax + b)Yy + o Zz+d; = 0 and azx + by + 2 +dp = 0 are

perpendicular if a3, + bibs + 002 = 0 - - - {iii)

Given, plane (i} is perpendicular to plane

w42y -3z=1 ---{iv)

So, using fii}, {iv] in (i),
Sy3, + b +oyc, =10

(5(3)+ (2} {2)+ (e} (-3) -
3a+2h-3c=0 - - = {v)

also, plane (i)} is perpendicular to plane

Ex -4y +z =5 - - = v}

So, using i}, {vi) in (i),
Sy3, + b +oyc, =10

(&E)+ @4+ =0

Ea-4h+c =10 ———[:\.rii:]

On solving (v} and [vii],

e b c
EIO-CE09 BE-E0 GE-E6)
2—512 B —1?—3 B —12c— 10
3=-10%, b =-181%, c = -223

Put the value of &b, c in equation (i)

afx + ) +bfy +Y+cfz-2)=10

f-104){x + 1) +[{-182) [y + 1)+ [-222) [z -2) =0
-104x - 104 - 182y - 182 - 2247 + 444 = 0
-104x - 184y - 224z + 162 = 0

Dividing by - 24,
Sx +9y +11z-8=10

So, equation of required plane is,

Ex +9y +11z-8=10



The Plane 29.6 Q6

We know that equation of a plane passing through [xl,yLzJ is given by
afx-x)+bly-y)+clz-z)=0 ---{i)

Mow, equation of plane passing through {1, -3,-2},

afx-1)+bfy +3)+c(z+2) =0 ---fi)

We know that planes ax + by +oZ +dy =0 and g% + Boy +02Z2 +ds = 0 are

perpendicular if &3, +byby + 005 = 0 - - —{iii)

Given, plane {ii] is perpendicular to plane

®¥+2y +27 =5 - = ={iv)

Using equation (i}, {iv) in i),

({1 + )2+ () =) -0
F+2b+2c =10 ———{\.r:]

also, plane (i} is perpendicular to plane
I +3y +2z=18 - — v}

Using equation [ii},{vi} in [iii},

(a)(3)+ () (3) + [c)(2) = O
da+3bh+2c=10 - — = {wii)

Solving {v] and {vii] by cross multiplication,

= b c
PIE-EE FE-0E OE-E0

= b c

Put a,b,c in equation i)

afx-1)+bfy+3)+cfz+2)=0

f-22)(x - 1)+ {22}y +3)+ [-32){z +2) = D
—2Ax + 23+ 4y +123 -33z-64=0

-Z2Ax +4idy -34z+81 =10

Dividing by {-4),
2 -4y +32-8=10

Equation of required plane is,

2y -4 +37-8=10



The Plane 29.6 Q7
We know that equation of a plane passing through a point [X1J5’LZ1] is

afx -xy)tbly-yw)+clz-z)=0 -—-fi)
Given that, plane is passing through origin, so

afx -0)+b(y-0)+cf{z-0)=0

ax +hy +cz =10 ---{il)

We know that planes syx + by + oz +dy =0 and gz + by +coz +do = 0 s
perpendicular if @@, +byby + ooy = 0 - — - fiii)

Given that, plane (i) is perpendicular to plane

¥+2y -z =1 - == {iv)

Using fii],{iv] in equation (i),
S8z + bybs + o0 = 0

() (1) + (B} (2) + [c) (-1} - O
a+2h-c=0 --—{v)

Given, plane i) is perpendicular to plane

Iw -4y +z ="K ———{ui}

Using equation (i}, {vi) in i),

(BB + B -9+ -0
33-4b+c=10 - — - fwii)

Solving {v) and [vii} by cross multiplication,

e _ o] - c
BEO-C900 BF)-010 0FH-E0

a b
2-4 -3-1 -4-6
3 b c
— =__=——_= 1153
-2 -4 -10 (5av)

a=-2% b=-441, c=-1041
Put &, b,c in equation (i)

ax +by +cz =0
-24x -4dy -108z=10

Dividing by - 24,
xN+2y+5z =0

Equation of required plane is,

x¥+2y +E5z =0



The Plane 29.6 Q8
We know that equation of a plane passing through {xl,yLzl} is given by

afx -x)+bly -y )+clz-z7)=0
Given that, plane is passing through {1,-1,2), so
afx-1)+bfy+1)+cfz-2)=10 ---{i)

Plane {l} is also passing through {2,—2,2], 50 {2,—2, 2} must satisfy the
equation fi},

afz-1)+bf-2+1)+cfz-2)=0

a-b=0 —

We know that planes aw + by +cZ +dy =0 and 3.5 + by +0,2 +d, = 0 are

perpendicular if a5, + b, +cic; =0 - - = {iii)

Given that, plane {i} is perpendicular to plane

By -2y +22-9=10 - - —{iv)

Using plane (i}, (iv]) in equation (iii},
Sydy + by +oycy =0

(5 E)+ ) (-2) +[5) (=)= 0

6a-2b+2c =0 --—{v)

Solving {ii] and {v] by cross-multiplication,

I ] c
FUE-F)0 BO-UE OE)-EF
I ] c
—2+D= a-2 =—2+E\
5o
= 3=-212 bh=-21,c=41

Put g, b,c in equation {|:]

afx -1)+bv+1)+c(z-2)=10

f-za){x - 1)+ (-22) (v + 1)+ (42} [z-2) =D
—2AN + 21 -2y -24+48z-84=0

—-2Ax -2Av +44z-81=10

Dividing by [-24),
XK+y-2Z+4=0

Equation of required plane is,

K+y-2Z2+4=0



The Plane 29.6 Q9
Wwe know that, equation of plane passing through the point {xl,yLzl] is given by,
afx -wJ+bfv-v)+clz-z,)=0

Here, the plane is passing through (2, 2, 1)
afx-2)+by-2)+c(z-1) =0 ---{j)

Itis also passing through [9,3,6), so it must satisfy the equation i},
2(3-2)+6f3-2)+cf6-1)=0

Ta+b+5c=10 -—-{ii)

Wwe know that, plane ax + by +oz+d; = 0 and a5 + by + 027 +d = 0 are

perpendicular if aa, + bih, + oo, = 0 - - - {iii}

Given that, plane (i} is perpendicular to plane

2x 4+ 6y +62=1 - ——{iv}

Using plane (i}, fiv) in equation {iii},
3 +Obs + oo, =00

1) @) +(£)(e) +[c)(5) = O

22+6b+6c=10 -—-{v
Solving {ii] and {v} by cross-multiplication,
3 _ b _ c
(1)(e)-(s)e)  (2(s)- () e} (7)(E) - (2)(2)
a b c The Plane 29.6 Q10
6-30 10-42 42-2 we know that, equation of plane passing through the point {xl,yLzl] is given by,
= _ b _ c _1{53 ]
Sy ilri ¥ afx -wJ+blv-v)+clz-z,)=0
= a=-241, b= -321, c= 404 Given, the required plane is passing through {-1,1,1),

afx+1)+bfy-1)+c(z-1)=0 ---{j)

Itis also passing through (1,-1,1), so it must satisfy the equation {i},
{1+ +o{-1-U+cfl-1)=10
2a-2h=10 -—-{ii)

we know that, plane ayx + by +oz+d; = 0 and aox + by + 027 +d = 0 are

perpendicular if aa, + bh, + oo, = 0 - - - {iii}

Given, plane (i} is perpendicular to plane

X+2y +22=5 -——{iv)

Using plane {i}, fiv) in equation {iii},
43 +hbs +oyc, =00

B+ E)+e)f)=0

a+2b+2c=0 -—-{v

Solving {i} and {v} by cross-multiplication,

= _ b _ c
(-2){2)-2){0) (U)O)-(2)2) f@)(=)-(ufz)
a b c
4-0 0-4 4+2
%:%:-:1{Say]

= 3=-44, b=-44, c=6d
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Put the value of 2,6,c in equation (i),

afx +1)+bfy-1)+cfz-1)=0
{~2) (v + 1+ [-42) [y - 1)+ [B2) [z-1) = O
-4ix +4i-4iv + 4+ 0iz-81=0

-4ix -4iy +6dz-64 =10

Dividing by [-22), we get
2y +2y-3z4+3=10

The equation of required plane is,

2y +2y-3z4+3=10

The Plane Ex 29.6 Q11

The equation of the plane parallel to Z0X isw = constant.
Given that the w—intercept is 3.
Thus the equation of the plane isy = 3.

The Plane Ex 29.6 Q12

The equation of amy plane passing through (1, — 1,2)
isax—-Li+biy+Li+ciz—-2)=0....(1)
Civen that, plane (1) is perpendicular to the planes

2H+3y—22=75
and
¥+2y—3z =8

Therefore, we have,

2at3ib-2c=0..02)

and

at2b—-3c=0..(3)

Solving equations (2) and (3) by cross multiplication, we have,

a b C
= = =hisa
Ix(—3-2x(—2) 1x(—2)—-2x(—3) 2m2—-1x3 (say)
a_-_ b __c _

-9+4 -2+6 4-3

a 1] C
= _— = =_: =

-5 4 1 A

Thus, we hawe,

a=—-5ab=4sandc=x

Substituting the above values in equation (1), we hawve,
=SA =L+ 4nly+ Li+Aa(z—2)=0

Since x = 0, we have,

=Six—LD+4iy+Li+(z—2)=0

= —3H+S+4y+4+z-2=0

= —3x+dy+z+7 =0

=5Sx—dy—z-7=0

=5—4y—z=7

Thus the required equation of the plane is Sx—4y—z =7

The Plane Ex 29.6 Q13

Given that the equation of the required

plane is parallel to the plane

Toi+]+R =200

sVector equation of any plane parallel to (1) is

T+ TR =kL2)

Since the given plane passes through (a, b, c),then
(@ +hj+ck)-( +]+k=k

=ath+c=k..(3)

Substituting the abowve value of kin equation (2), we have,
i +i+=a+b+c
Thus the required equation of the plane is x+y+z=a+b+c



The Plane Ex 29.6 Q14

The equation of any plane passing through (— 1,3,2)
isix + L)+bly—3)+ciz—2)=0...01)

Given that, Plane (1) is perpendicular to the planes
¥+ 2y+3z=5

and

I+ 3Iy+tz =0

Therefore, we have,

a+2b+3c=0..2)

and

Ja+3b+c =003

Solving equations (2) and (3) by cross multiplication, we have,

a — b - C —
Tx1-3x3 3Ix3-1x1 1x3-3x3 6
a b C
== = = =
-5 9-1 3-8
a a] C
:_:_:)\
-7 8 -z

Thus, we have,

a=—-7ab=Brnandc=-3x

Substituting the abowve values in equation (1), we hawve,
—Thx + L+ 8Aly—-31—-3Az-2)=0

Since x = 0, we hawve,

-7+ L+ 8y—-3)—-3(z—2)=0

% —TH—T7+8By—-24-3z+6=0

= —7x+By—3z-25=0

= Tx—By+3z+25=0

Thus the required equation of the plane is 7y —8y+3z+ 25 =0
The Plane Ex 29.6 Q15

The equation of any plane passing through (2,1, — 1)
isax—2)+biy-Li+ciz+ 1) =0....(1)

Also, the above plane passes through the point (— 1,2, 4.
Thus, equation (1), becomes,
al-1-2)+h3-L+c4+1)=0

= —3da+2b+5c=0...02)

Given that, Plane (1) is perpendicularto the plane
K—2y+4z=10

Therefore, we have,

a-2bh+4c=0..3)

Salving equations (23 and (3) by cross multiplication, we have,

a 1] C
= = :hsa

2ud—-5x({-2) 1x5—(—3)x4 [(—3)m(—2)—1x=2 (say)
s 3 b __c _

g8+ 10 5+12 6—2

a 1] C
= - =_ =_* =

18 17 4 A

Thus, we have,

a=18xb =17nand c=4xn

Substituting the abowve values in equation (1), we hawve,
1BA — 20+ 17ny— L)+ 4niz+ 1) =0

Since = 0, we have,

18(x—2)+17(y— 1L +4(z+ 1) =0

= 18x—36+17y—-17+4z+4=0

= 18x+17y+4z—-49=0

Thus the required equation of the plane is 18x+ 17y+4z—49=0



Ex-29.7

The Plane 29.7 Q1(i)
Here,F: {2?—£)+1f+;:{f—2}—!2)

We know that, F = 3 + 4b + 4C represent a plane passing through a point

having position vector & and parallel to vectors 5 and .

Here,§=2f—ﬁ;Jb=J'JE=.l—2}'—k

The given plane is perpendicular to a vector

rn=bxc

N T 4
=t o o
1 -2 -1

f{o-0)- j{-1-0)+&{-2-0)

DJ’A+}—2.f<n

n= -2k

We know that vector equation of plane in scalar product form is,

FR o= &b et U]

Put r and 2 in equation (i),
P[5 -2) = (27 - &) {5 - 2¢)

73 -24) = @)+ () (1) + (1) (-2)
=0+0+2
F.(}' - 2!?) -2

The equation in required form is,
3 (}' - 2!?) -z

The Plane 29.7 Q1(ii)
Here, r = {1+s—t]f+{2—s]j’n+[3—25‘+2t}.f<n
F=[f+2j+3£}+s{f—}—2£)+t{—f+2#£}
We know that, ¥ = 3 + Ab + uc represent a plane passing through a point

having position wvector 3 and parallel to vectors bande.
Here, 5=f+2}+3£J 5=f—j—2.f2, E=—f+2.f2

The given plane is perpendicular to a vector

R=hxc
A 4
=1 -1 -2
-1 0 2

FR o= an -—- [l}

Put value of 3 and # in equation fi}.



F.[-z;‘"-E}=[-2f-£)[a‘"+2}'+3£)

P2 - F) - (2) () + () )+ ()
=-2+0-3

F.[-zf-£}=-5

Multiplying both the sides by [-1),

F.[2f+£) =5

The equation in the required form,

F.(zhé} -5

The Plane 29.7 Q1 (iii)

Given, equation of plane,
.;= {f+j}+i(f+2}—ﬁ2)+y{—f+j— 2.5)

We know that, F = 3+ 2B + 4 is the equation of a plane passing through point

2 and parallel to bandc

Here,5=f+}, b=f+2f—£, E=—f+}—2#2

The given plane is perpendicular to a vector

n=hbxc
ik
=1 2 1
-1 1 -2

=l f-a+1)-jl-2-1)+k(1+2)

-3 +3+ 3k

we know that, the equation of plane in scalar product form is given by,

F.(—3f+3j+3.f2) = [.l'n+j)(—3f+3j+ 3.5)

-3+ HE)+ (03

=-3+3

F.(-3? +3] +3ﬁ2) -0

Dividing by 3, we get

Equation in required form is,

r.{—'n+f+#2)= o



The Plane 29.7 Q1(iv)

r=i— j+AG+ [ +E) + u(di— 27+3k)
Plane ispassing through (i- j)and parallelto
BGi+ j+k) andc(di— 2 j+3k)

ij ok
n=bxc=|1 1 1

4 -2 3
m=5i+ j-6k

rr= (= .00+ j—6k)=5-1=4
r.(5i+ j—6k)=4

The Plane 29.7 Q2(i)

Here, given equation of plane is,
r= (f—}}+s{—f+f+2#£}+t{f+2}'+#2}

we know that, F = 3 + b + uf represents the equation of a plane passing through a vector

3 and parallel to vector bande.
Here, 5:?—}, 5=—f+}+2§, E=f+2}+§

Given plane is perpendicular to vector

n=hxc
A
=112
121

=ifi-4)-j-1-2)+k(-2-1)

n=-3 +3] -3

We know that, equation of plane in the scalar product form,

Fho=an ---()

Put the value of 3 and A7 in equation fi}.

FA - 7)1 5 3 - 3)



F-a 435 - 3] = ((-3)+ (1)(3)+ (0)(-3)
=-3-3+0

F.{—3?+3}—3£)=—6
Put F.=xf+yj+z§

{xf+y}+zﬁ2)(—3f+3j—3ﬁz}=—6

F-E+)E) + () (-3) - -6
-3x+3y-3z=-6

Dividing by (-3}, we get
N-y+Z=2

Equation in required form is,

N-y+Z=2

The Plane 29.7 Q2(ii)

Given, equation of plane,

r=fles+t)i+{2-s+8)j+[3-25+20)k
= (f+2}+3§)+s{f—}—2§)+t{f+j+2.f<n)

We know that, F = 3+ 2b + & represents the equation of a plane passing through the vector

3 and parallel to vector B and =

A=bxt
Pk
=1 -1 -z
11z

=i [-2+2)- j{2+2)+k(1+1)
- u.[f]—4j‘+2k"
= —4f +2k

We know that, equation of plane in scalar product form is given by,

F = ah ---i)



Put, the value of 3 and 7 in i},

F.{-4j+2£) - (f+2}+3£){-4}'+2£)

Fol-af+28) - (1) (0)+ (2)(-4) + (3)(2)
=0-8+6

F.{-4j+2£)=—2

Put?=xf+y}+z§

(Xf+y}+zﬁ2)(—4}+2ﬁ2) = -2

((0)+ () -4)+ (B ) - -2
—dy +27 = -2

Dividing by {-2), we get
Zy-z=1

The equation in required form is,

2y -z=1

The Plane 29.7 Q3(i)

Given, equation of plane is,

=(a-2u) +(3- W)+ f2aep)k

F= (3})+1(f+2§)+y(—2f—}+£)

we know that, F = 3 + 45 + uC represents the equation of a plane passing through a point

2 and parallel to vector b andc.

The given plane is perpendicular to

fi=bui

A 3
=1 o 2
2 -1 1

=i{o+2)-j{1+4)+k(-1-0)

n=2-5j-k&

YWectar equation of plane in non-parametric form is,



Fa = an

ol -5 ) = (35) {ef - 55 - £)

= () + @8+ (-

=0-15+0

F.{z?-5j-£}= -15

F.{z?-5j-£}+15= D
The required form of equation is,
F.{z?-5j-k’“)+15= 0

The Plane 29.7 Q3(ii)

Given, equation of plane is,
e (2?+2}—£)+i(?+2j‘+ 3£)+;;{5?—2j+?;2

We know that, F = 3 + 2P + 4 represents the equation of a plane passing through a vector

2 and parallel to vector bandc

Here,5=2;+2j—k
h=i+2]+3k
c=5-2]+7k

=i [14+6)- j{7-15) + & (-2 - 10)
n=200 +8]-126
we know that, equation of a plane in non-parametric form is given by,

F:(z_nf;a}'-lzkﬂ)= {2?+2}-£)(2Df+8}'-12£)
= (2)(20) + (2} (8) + (-1)(-12)
=40+16+12

F.(20?+ aj- 12£) - 68

Dividing by 4,
F.(5f+ 2}-3£) =17

Equation of plane in required form is,

F.(5f+2j-3£)= 17



Ex-29.8

The Plane 29.8 Q1

Given, equation of plane is

Zx-3y+z=0 -—-fi)
We know that equation of a plane parallel the plane [l} is given by
Zx-3Ay+z+4=10 - - i)

Given that, plane (i) is passing through the point {1,-1,2) so it must
satisfy the equation i),

2f1)-af{-1)+{2)+2=0
24+3+2+4=10

T+i=0

A=-7

Put the value of 2 in equation (i},
2y -3v+z-7=10

So, equation of the required plane is,
2y -3y +z=7

The Plane 29.8 Q2

Given, equation of plane is

F.(z?-3j+5£)+2=u -}

We know that equation of a plane parallel to the plane {l} is given by
Flel-aj+sk)ea-0 - ——{ii)

Given that, plane {ii:] is passing through vector {3."n+4j _;2) so it must
satisfy equation i),

(3?+4j-£){2f-3j+5£)+,1=u
(B2 + {4 (-3)+(-1)[5)+ 2 =0
6-12-5+4A=10

-11+4=0

A=11

Put the value of 2 in equation i,
F.{2F-3j+5£)+11=n

Equation of required plane is,

F.{2F-3j+5£)+11=n






The Plane 29.8 Q3

We know that, equation of a plane passing through the line of intersection of two planes
ax +hy +cZz+d; =0 and ax + by + 0,2 +d, =0 is given by

fape +bp +oz+d )+ A [ap + by +Coz +d) =10

Given, equations of plane is,

Zx -7y +4z-3=0 and
w-EBy+4z4+11=0

So, equation of plane passing through the line of intersection of given two planes is

fox -7y +4z-3)+A(3x - Sy + 4z +11) = 0
2 -y +4z-23+3ix-5iy +4iz+112 =0
#(2+34) +y[-7-B2)+z{4+42)-3+112 =0 ---{i)

Plane {1) is passing through the points [-2,1, 3], so it satisfies the equation (i},

-2} {2+ 32)+ {1){-7-52) +(3) (4 + 42} -3 +112 =D
-4-6A-7-52+12+124-3+114 =0
-2+124 =0
124=2

2

A==
12

A=

o |

Put 2 in equation {i],
x(2+3d)+y[-7-52)+z(4+44)-3+112 =10

X 2+E + ¥ —?—5 +Z 4-+i —3+£=D
=} =} & =}

12 +3 -42 -k 24+47 18+11
x +y +z - =0
] ] & ]

15 47 28 7
— X -—V¥+—Z-—=10
& ] & ]

Multiplying by 6, we get
15 - 47y +282z-7=10
Therefore, equation of required plane is,

1By - 47y + 282 =7



The Plane 29.8 Q4

We know that, equation of a plane passing the line of intersection of planes

Fhy=dy and Fig = dy is given by

F.[ﬁ+ln_“2}=dl+ld2

So, equation of plane through the line of intersection of planes .;{; + 3} - ;2) =0

and F.(}+2§) =0is given by

F.[{f+3}'-£)+i(}+2£”=n

---)

Given that plane {|] is passing through the point {2a'n+f—.f<n), S0

(2f+j—k")(f+3j—£)+1(2?+f—£)(}“+2£)=u

(21} + (1 (&) + (1)1 + 2 [(2)0) + (1) (1) + 1) (2)] -

fe+s+1)+a{1-2)=0
6-4=0

A=8
Put 2 in equation [i],

;{p+3j_£)+;ﬁ+2£”=u

F+aj_£+5ﬁ+zq]=u

ik

F.[a‘"+3j-£ +6] + 12!2} -0
F.(a‘"+9}+11£)= 0
So, equation of required plane is,

F.[f+9j+11£)= o

The Plane 29.8 Q5

We know that, equation of a plane passing through the line of intersection of
by +cz+dy =0 and s + by +CZ+dy = 0 s given by
fape + by + oz +dy) + Afaww + by + 2z +dz) = 0

So, equation of plane passing through the line of intersection of plane
2x -y =0 and3z-y=0Is

fex-y)+afaz-y)=10

2x -y +31z-Ay =10

xf2)+p[-1-2)+z(31)=0 ---f)

Wwe know that, two planes are perpendicular if
&8 +hba o, =0 - -~ {ii)

Given, plane [} is perpendicular to plane
4x +Ey -3z =18 - - - {iii}

Using (i) and (i} in equation fij),
() {4)+(-1-2) (5} +(38){-3) - O
2-L5-L5i-84i=10

3-148i =10

-144 = -3

Put the wvalue of & in equation (i},

2 +y(-1-2)+z(34) =10

2x+y[—1—%}+2.3(%]=0

-14-3) 9z
Y| Ta 14

2x+y[—%}+?—i=u

0

Multiplying with 14, we get
28x -17v +92z=10
Equation of required plane is,

28x -17v +92z=10
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The Plane 29.8

6
We know that, theqequatiun plane passing through the line of intersection of
plane ax + by +0yZ +dy =0 and aux + by + 032 +d5 = 0 is given by

fap + by + oz +d)) + Ao + by +coz +d5) = 0

Here, equation of plane passing through the intersection of plane
¥+2¢y+3z-4=0and 2x+y¥ - zZ+5=0is given by,

fx+2y+3z-4)+if2r+y-z+5)=10
H+2y +3Z2 -4 4240 + Ay -AZz+E84 =10

x1+28)+yf2+ )+ z[3-4)-4+52=0 ---{

We know, that two planes are perpendicular if
33, + by +0y05 = 0 - - - i)

Given that plane (i} is perpendicular to plane,

Ex +3y -6z+8=0 - - - fiii)
Using plane {ij and (i} in equation (i},
fsyf1+22)+(3)f2+2)+(-6)(3-2)=nD
E+10i+6+34i-18+64=10

-7+1594 =0
194 =7

2=
19

Put value of & in equation i},
sfl+22)+yf2+A)+z(3-4)-4+452=0

x 1+E +y 2+i +z 3—i —4+§=D
19 19 19 19
19+14 3B+7 57 -71-76+35
e +y +z =0
19 19 19 19
33 45 50 41
X|l—|+¥|—|+2|—=|-—=0
[19] [19] [19} 19

Multiplying by 19, we get

33x + 45y +50z-41=10
Equation of required plane is,

33x + 45y +50z-41=10

The Plane 29.8 Q7



We know that, equation of a plane passing through the line of intersection of
planes ax + &y +cyZ2+d; = 0 and agx +b3% +CoZ +dy = 0 is given by,

fap + by + oz +d)) + Ao + by +coz +d5) = 0

So, equation of plane passing through the line of intersection of planes
¥+2¢+3z+4=0andx-yv+z+3=0Is

fx+2y+3z+4)+Afx-p+z+3)=0
x1+a)+y(2-A)+z{3+2)+4+32=0D ---{

Eguation (i} is passing through origin, so
fo)(1+a)+ o) (2-A)+(0){a+2)+4+3[2) =D

O0+0+0+4+34i=0
3i=-4

Put the value of 2 in equation i),
#fl+ ) +y(2-A)+z[3+2)+4+32=0

x(l—iJ+y[2+i}+z[3—i}+4—E:D

3 3 3 3

X(S_4]+y{5+4J+z{g_4J+4—4=D
3 3 3

_i+_lljy+5_z=u
3 3 3

Multiplying by 3, we get

-x+10v +5z=10
x-10y -5z =10

The equation of required plane is,

x-10y -5z =10

The Plane 29.8 Q8



We know that equation of plane passing through the line of intersection of
planes ax + &y + 032+ = 0 and agx + 55y + 0,7 +d5 = 015 given by,

fape +oy +oz+d )+ A {ax +by + oz +d) =10

So, equation of plane passing through the line of intersection of planes
w—3W+2z-5=0and 2x -y +3z-1=10is given by

fx-3p+2z-5)+af{2x-y+3z-1)=10
#l+28) +y [-3-A)+z[2+32)-5-4=0 ---i}

Plane (i} is passing through the point {1,-2,3) so,

1)1 +2a) +(-2)-3-a)+ (3} (2 +38)-5-2=0D
1+28+6+284+6+93-5-1=10

8+122=0
122 = -3
1--2
12
1--2
3

Put the value of 2 in equation i},

x1+28)+y(-3-2)+zf{2+32)-5-2=0
x(l—i}+y(—3+g]+z(2—E]—5+E=D
E] 3 3 3

{3—4] [—9+2J [6—6]—15 +Z
x +y +z =0
3 3 3 3

—%x—%y+z[0]—§=u

Multiplying by [-3),
X¥+Tv+13 =10
(xf+yj+z§}{f+?f}+13=u

F[f+?}]+13= a
Equation of required plane is,

F[f‘+?j‘“]+13=u

The Plane 29.8 Q9



We know that, equation of plane passing through the line of intersection of
planes axw +byw +cyz +dy =0 and aox + bl + CoZ2 +d5 = 0 s given by

fapr +by + oz +d )+ A{ax +boy +Coz +d;) = D

So, equation of plane passing through the line of intersection of planes is
¥+2¢y+3z-4=0 and 2x+ ¥ - Z+5 =0 is given by,

fx+2y+3z-4)+i[2x+y-z+5)=0
sfl+22)+y(2+A)+z[3-4)-4+452=0 ---{i)

We know that two planes are perpendicular if
313 + by +Cycz = 0 - - i}

Given that plane (i} is perpendicular to plane,
Ex¥ +3y +6z+8=10 -~ {iii)
Using (i} and (i} in equation {ii),

fsyf1+22)+(3) 2+ 2)+(a)(3-2) =0
S5+102+6+32+168-64 =10

294+74=0

VA =-29
29

A=-==
7

Put the value of 2 in equation {i],
sfl+22)+y(2+A)+z[3-4)-4+452=0

58 249 249 145
¥l-—|+¥|2 - —|[+2|3+ —=—|-4-—=10
7 7 7 7

7- k&8 14-289 21+29)-28-14L
x +y +z =0
7 7 7 7

[ 51] [ 15] [SD] 173
¥|-=|+y|-—=—|+z|—=|-—=0D
7 7 7 7

The Plane 29.8 Q10
FE+3D+6=0 andr (3 - j-4k)=10
r+3p+6=03x-p—-dz=10

r+3p+ 6+ A3x-p-4z1=0
ol + 30+ p3-A)+4zi+6=10

Distance from origin to plane = ‘ 4 =1

H(Hm;r‘ G- +(44)

36=(1+ 34 + (3= A) +(441
i=l+6A+00 +9-64+ 47 + 164
26 = 2641

A=1

A=+l

Case:l A=1
r+3p+ 6+ 3x—p-4z|=10
dr+dp—dz+6=10

Cse: 2A=-1
r+3p+6-liGx—p-4z|=10
dx—-dyp-4z-6=10

The Plane 29.8 Q11



We know that equation of a plane passing through the line of intersection of
two planes g + &y + 037 +dy = 0 and x5 + by + 0,2 +d, = 005 given by

fape +by +oz+d )+ A{ax + by +coz+dy] =0

So, equation of plane passing through the planes 2x +3y -z +1=10
andx+y-2z+3=01s

fox +3y - z+1)+ v +y -2z +3) =10
#(2+A)+y 3+ )+ 2(-1-28)+1+34 =0 -~

We know that two planes are perpendicular if
3 +hyb, +Cc, =0 -~ (i

Given, plane [} is perpendicular to the plane,
W -y-2z-4=0 - - - (i)
Using (i} and (i} in equation {ii),

f2){z+A)+({-1)(3+a)+{-2){-1-24)=0D
B+33-3-A+2+44=0

62+5=0

62 = -5

==
6

Put the value of 2 in equation i},

x(2+A)+y(3+2)+z(-1-28)+1+32=0
XE—E + ¥ 3—E +z —1+E +1—E=D
6 & & 6
12-5 18-5 -6+107% 6-15
A + Y +Z + =0
) ()05

?_X+ﬂ+4_z_g=u
G G G &]

The Plane 29.8 Q12




We know that, equation of a plane passing through the line of intersection of plane

ra,-dy=0andrn,-dy=0is

[Fri-a)+a[fny-dy)=0

So, equation of plane passing through the line of intersection of plane F.(f +2] +3.f2} -4=0

and?.{2f+j—#£)+5= 0is given by

[‘,{f+2}+3£)-4]+,1[F.{2f+}-£)+5]= 0

[{f+2}+3£)+1{2?+}-£”-4+51=D -

We know that two planes are perpendicular if

Fm =0 - - - (i)

Given that plane (i} is perpendicular to plane

F.(5f+3}'-5£)+a=n - - - {iii)

Using (i} and (iii) in equation fii),
[(f+2j“+3£}+,a{2?+}-£)]{5?+3j-5£)=u
[f{1+2,1}+j'“{2+1]+#<"(3—,1}]{5?+3j—5£)=u
fr+2a)(5)+(2+2) {3} +[3-2){-B)=nD

S5+104+6+32-18+64 =10
194-7 =10

1=
19
Put value of 2 in equation [i],

F.[[f+2j+3£}+x[2f+j-k"}]-4+51= D

i}

a'n+2}+3kﬂ+ﬁf+i}'—ikﬂ -44+5 i =0
19 19 19 19

337 48] 50k |-76+35
19 19 19 | 1@

i}

ik

33+ 457 +50k | 41 _,
19

1
Multiplying by 19,
F(33f+45}+50£)- 41=10

Equation of required plane is,

F[33f+45}+50£}- 41=0
33x+45y+50z—-41=10

The Plane 29.8 Q13



The equation of a plane passing through the intersection of
Toi+j+Ri=6andr-2T+3]+4k0=-51s
r-(+T+R—-8]+Ar-2T+37+4k+5]=0
S P [L+2MT +(L+ 3R] + (1 +40K] = (6 — 5R)...(L1)
= [T +y] + 2] [(L+ 281 + (L + 380 + (1 + 40k] = (6 — 53
=2 [l + 20+l +3A) +2(1+40)] = (6 —5A)..(2)
The requried plane also passes through the point(l, 1, 1.
Substivting x = L,y = 1,2 = 1l inequation (2), we have,
LI (l+280+ 1o (1+30+1x(1+48) =(6—-5A)
= 1+2A+1+30+1+40=6—-5A
=3 +9A=6-5A
= 14n=6-3
= 14n =3
3

:}\:_
14

Substituting the value v = % in equation (1), we hawve,

e e

=7 [207+23]+26k] =63

The Plane 29.8 Q14



We know that, equation of the plane passing through the line of intersection of planes

Frp—dy=0and Frs—ds =05
[Fri-d)+a[fnz-dz) =0

So, equation of plane passing through the line of intersection of plane F.(Ef +7 +3ﬁ<ﬂ) -7=0
and ;.(2f+5}+3£) -9 =0isgiven by

[F.(2f+j+3£}-?}+1[F.{2?+5}+3£}- 9] -0

F[{2f+}'+3£)+,1(2f+5}'+3k"”- 7-92=0

F[[2+21}f+[1+5,1}j+{3+31]£]-?-91=D ---{)

Given that plane () is passing through

(2f+j+3#2), =0

27+ F+3k)[(2+20)7 + (1458} f+ (2 +32)k]-7-92 -0

fe)fe+2a)+ (1)1 +52)+{3){z+34)-7-92=0D
4+42+1+52+9+91-7-94=0

92+7=0

92 =-7

2--1
9

Put value of 2 in equation i),

i

.[[2+21)f+[1+5,1}j+{3+31)£]-?-91= 0

. (2+E]f+[1-EJ}+(3-EJ£}-?+E= D
A B 3 3
{18—14];{9—35];{2?—21]4_?+?=D
E B 3

(i]f—ﬁj+ﬁ +0=0
9 9 9

R

it

i

3 if_ﬁjuisz}:u
9 9 9
Lo 9
Multiplying by (EJ, we get
F[zf— 13j’+3£}= o
Equation of required plane is,
F.(zf- 13}+3£) -0

The Plane 29.8 Q15



The equation of the family of planes throaugh the intersection of planes
Sx-yv+2z=dand x+y+z=2Is
(Bx-y+2z- A+ d(x+y+z-2)=0...... (i)

If it passes through (2, 2, 1), then
(6—2+2—4)+1(2+2+1—2)=O

= -2
3

Substituting A = —% in [i] we get,7x- 5y + 4z =0 as the equation of the required plane.

The Plane 29.8 Q16

The eguation of the family of planes through the line of intersection of planes
x+y+z=1and 2x+3y+4z=5 is,

(x+y+2-1)+A(2x+3y+42-5)=0......... (i)

(2R+ 1)+ (Zh+ 1)y +(4h+1)Z=5h+1

It is perpendicular to the plane x—-y+2z =0,
LA+ (3A+ 1) [-1)+ (4R + L)1) = 5h+ 1
=2A+1-3A-1+4A+1=5r+1

::>?..=—l
3

Substituting A = —% in (i), we get,x-z+2 =0 as the equation of the required plane
and its vector equation is Ft[“i - LE] +2=0.

The equation of the family of planes parallel to r.(f + J+ k) = 2 is,

P+ +ky=d.... .. (i)

If it passes through [a, b, c) then

(aT +bj+ ckai+ j+ky=d
=a+b+c=d

substituting a+b+ c=din (i), we get,

F(T+3+E)= a+b+c

¥+% +Z=a+b+c asthe equation of the required plane.



Ex 29.9

we know that distance of a point 3 from a plane F.R—d =0 is given by

The Plane Ex 29.9 Q1

Here, 5=2f—}'—4¢2 and
plane F.(3f—4j+12ﬁ2)—9= o

rR-d=0
. . The Plane Ex 29.9 Q2
So, required distance
we know that, distance of a point 3 to a plane A - d = 0 is given by

(2?—}—4@5)(3?—4}+12£)—9

o= -
J& 97+ (22)° g g
B+ Y + (-4 8)-0 F
B Jo+1o+144
f+d4-48-9 Let &, be the distanca Dfpuint(f—}'+3£)
) N169 from the plane F.(5f+2j—?.f;)+9 =0, then
_L 47
= S
=g +3k][5 +2)-Tk]+09
a7 &y = { 2){ = 2) [Using equation (i}]
"3 unit J5 @+ (7)
_ sy + (-1 (=) + (3)(-7) + 5
Required distance is a7 units w@S+4+ 49
13 _ E-Z-21+9
N
2
78
Dl=% units ———{ii]

Again, let D, be the distance of point (3? +37+ 3.5) from the plane

;.(5f+2j— ?E) +9 =10, then, using equation [}, we get

{3?+3j+3£)[5?+2j"-?£)+9‘

Jor e P77 |
@8+ B R+ )+ o
W25+ 4+ 40
15+6-21+9

N;T]

O, =

Q
7

-2 units - (il

78

From equation (i} and (i)
Dy =0y

Distance of point (f—j+3£) from plane F.(Sf+2f— ?ﬁ2)+9 =0

= Distance of point (3f+3}+3ﬁ2) from plane ;.(5f+2}—?kﬂ)+9 =0
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The Plane Ex 29.9 Q3

we know that, distance of a point [xl,yl,zl] from a plane ax + by +cz+d = 0 is given by

_ |ax1+by1+czl+d| ———{i}
| -.1;'.5'2+."J2+-:2 |

o

So, distance of point {2, 3,—5} from the planex +2y - 2z-9 =05 given by

. ‘2+{2][3]-2(-5}-9|
|+ @+ (-2 |
24+6+10-9

Ji+d+4
5
N

g ‘

[Using equation [l]]

3

D= 3 units

The Plane Ex 29.9 Q4

Given equation of plane is

X+2y -2z+8=10 ---{j)

Wwe know that, equation of the plane parallel to plane {l] is given by
X¥+2y -2Z+4=0 ---{il]

We know that, distance (D) ofa point {x,,¥,, 2,) from a plane ax +by +cz+d =0

is given by

=|ax1+by1+czl+d| i)

D
| xfa'2+.":-2+-:2 |

Given, O = 2 unitis the distance of the plane {ii] from the point {2,1,1}, so
Using fi},

2=‘2+{2}{1}—2{1]+1

|+ 2+ (-2)

o 2+2-2+4
J1+4+4
2+4

2=
&

Squaring both the sides, we get

Cfzea)
E

36 = {2 + 4)°

244 =16

4

= 2+4A=0 or 2+4A=-06
= A=4 ar =-8



Put 2 =4 in equation {i),
X+2y-2z+4=10

Put & = -8 in equation i},
XN+2y-2z-8=10

Hence, equation of the required plane are
X+2y-2z+4=0
X+2y-2z-8=10

The Plane Ex 29.9 Q5

We know that distance () of a point {x,y, z;) from a plane ax +by +cz +d =0

is given by

Do |ax1+by1+czl+d

| =)+ (6 + ()

S

Let D, be the distance of the paint {1,1,1) from plane 3x + 4y -12z+13 =0,

so using [}, we get

(3 (1) + (4) (1) - 12 (1) + 13|

T
T+4-12+ 13‘

Jo+16 +144

Oy =

a8
- ‘ﬂ.flag‘
a . ..
D=_— f: —_ -
3 units [ll}

Let D, be the distane of a point {-3,0,1) from the plane 3x + 4y - 12z +13 =10,

50 using equation (i),

Dy = |(3] {-3)+(4]{0)-12(1)+13
J3 + (4 + (-12)°
_|-9+8-12+13

| Mt 4+1as

g
) ‘_ Jies
a .
Dy = - units - — - fiii)
Hence, fram equation (i} and (iii)

Dy =0g



The Plane Ex 29.9 Q6

Given equation of plane is
¥-2¢+22-3=0 ———{i]

We know that, equation of a plane parallel to plane {|] is given by,
X-2¢v +27+4=0 - - - i)
We know that distance (D) of a point {x,y,, z,) from a plane ax +by +cz+d =10

is given by,

.|
‘ \r{a]z N

axy +byy +cz; +d i)

Given that, distance of plane (i) from a paint {1,1,1) is one unit, so using (i,

{1]—2[1]+2[1}+1‘

JOF (-2 + 2P
1-2+2+4

1+4

N

1+1
3

Squaring both the sides,

2
. {1+g,a}

9= (1+.4)

1+1=423

= 1+4=13 or 1+2=-3
= A=2 or A=-4

Put the value of 2 in equation {ii] to get the equations of required planes,

X-2y +22+2=10
XN-2v +2z-4=10
The Plane Ex 29.9 Q7

we know that, distance (D) of a point [x,,y¥,,7) from aplane ax +by +cz +d =0

is given by,

_ |ax1 +bhy, +cz +d

O
| xfa'2+.":-2+-:2

---0)

So, distance of point {2,3,5) from xy-plane {we know that equation of xy-plane is z = 0}

is

(2){0) + {3){0) + {5} (1) +
JO + () + (1)
O0+0+5

SO+ 041

[Using {)]

=5 unit

Distance of the point (2,3,5) fram xp-plane = 5 unit
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The Plane Ex 29.9 Q8

We know that, distance {D} of a point & from a plane FA - o = 0is given by,

an-d

o= =
Fi

-

So, distance of point (3f+3}+3§} from plane F.{5f+2jn+3kn +9=0is

(3?+3j+3£)[5?+2j+3£}+9|

e e
(B8 + () @)+ (37 +9
W25+ 4+ 49
15+6-21+9

N

| 9
-.|'58
Therefore, required distance is

= i units

N

The Plane Ex 29.9 Q9
Distance of point(1,1,1) from origin is 3

Distance of pointi1,1,1) from plane is bid

5

Xﬁ:s

1+4
Product=

%
|1+ zi|= 5
so A=4 or -fi



The Plane Ex 29.9 Q10

Consider

3x—-4y+12z-6=0 ..

4x+3z-T7=0

The distance of a point (x;, 3.z, ) from the plane 3x—4y+12z-6=0 is

o + by +ecz +d
Na' b s
Ig -4y +122 -6

324 (~4)" 122

D=

3q—43+122 -6
169

Ig -4y +122 -6
13

The distance of the point (x. 13, z; ) from the plane 4x+32z-7=0 is

@y + by +oz+d

dx,+32 -7

dx,+32 -7
25

4 +32 -7

|

Since the point (x.),.2z ) are equidistant from the

Ix—4y+12z-6=0and 4x+3z-7=0
So

D, =D,
|3 — 43, +122 —6| [4x,+32 -7
| 13 g 5 ‘
3g-43+127 -6 45 +37-7
13 R
Taking positive sign
I —4x+12z -6 4x+3z-7
13 T 0§

15x—-20) +60z —30=352x5 +397 -91
372 +20p, - 21z -61=0
Taking negative sign
Ig-4n+122 -6  4x4+3z-7
13 - 5
15:—20), +60z, -30=—52x,—3%7 +91

67 —203, +99z —121=0

planes



The Plane Ex 29.9 Q11

The equation of any plane passing through A(2,5, — 3)
isax—2)+hiy-S1+ciz+3)=0....(1)

The above plane passes through the point B{—2, —3,5)

and hence, we hawve,

al—2—-2)+h{—-3-5)+ci5+3)=0

= —4a-8b+8c=0..(2)

Again the required plane passes through the point C(5,32, - 3)
and hence, we have,

als —2)+b3-5)+c(—3+3)=0

= 3a-2b+0c=0...(3)

Solving equations (2) and (3) by cross multiplication, we have,

a b C
= = :hsa

(—B)=x0—-(—2)x8 IxB-(—4x0 ()= (—2)—3x(—8) (say)
s 8 b __C _

0+16 2440 B+24

a _b _ ¢ _

15 24 32 "

a 1] C
= _—_ = =_* =

2 3 4 A

= a=2xb=3nand c=4x

Substituting the abowve values in equation (1), we hawve,
2R =20+ 3y =)+ ANz +30=0

Since x = 0, we hawve,

2(—2)+3y-51+4{z+3)=0

S 2u—4+3y-15+4z+12 =0

= 2x+3y+4z-7=0

Thus the equation of the plane is

2u+3y+4z—-7 =0

The distance from the point F(7,2,4) to the plane is

axy +byy +czy +d

¥ al+hi+c?
2u+3y+4z -7

2HRT+EIX2+4x4-7

V22432442 ‘

o=

.~ Distance, d=

= di.2.4 =|

_| 29
=+ di.2a —|—m
= dc?‘zﬂ_:, =y 29 units

The Plane Ex 29.9 Q12

Giventhat a plane is making intercepts — 6,3 and 4
respectively on the coordinate axes.
Thus the equation of the plane is
X ' Z _
—+ =+ —=1..1
-6 3 4 (D
We need to find the length of the perpendicular

from the origin on the plane.

If the plane % + % + % =1is at adistance 'p’, then
e = e

4] a 4} C

Comparing equation (1) with the

general equation, we get,

a=-6,b=3andc=4

Thus, equation (2) becomes,

RN R
o] (—8) 3 4
oL _4+16+9

p2 144
s 1 - 29

p2 144

z_ 144
=R 29
=p= 12 units




Ex 29.10

The Plane Ex 29.10 Q1
Let p (xy,¥, 2] be any point as the plane 2x -y +3z - 4 =0, then
2y -y, +3Z, -4 =0 e U

We know that distance (0) of a point {x;, ¥, ;) from a plane ax +by +cz +d =0 is given by

D=|ax1+by1+czl+d‘ T

o + (o) + (e

Length of perpendicular from & {xl,yl, 21] to the plane 6x -3y +9z+13 =015

_ 6x1—3y1+921+13| . .
- J{5}2+(_3]2+{g]2| [Using {i}]
3f2xy -y +32) +13 . '
} Jae+3+81 [Ugmg ('}J
REIGIERE
126
_ 12+13‘
J126
126
= % units

Since £ is the point on plane {|] and 25 is the distance of £ from plane
3414

fx -3y +9z+13 =0, =0

. . 25 .
the distance between the parallel planes is units
314

The Plane Ex 29.10 Q2

Equation of plane which is parallel to 2x-3y+5z+7=0
is of the form 2x-3y+5z=d

Above plane is passing through (3, 4, -1)

So, substitute abowve point in the equation, we get
6-12-5=d

d=-11

So plane equation is 2x-3y+5z=-11

Distance between planes is given by

Lt 1 ek
N oy



The Plane Ex 29.10 Q3
Given equations of planes are
2w -2y +z+3=0 ———[i]
2x -2y +z4+9=0 - - —[in
Let equation of the mid parallel plane is
Zx-2v4+z+4=0 - — - {iii}
Let #{x,,¥y, 2,) be any point on plane (iii},

2x -2y, +z,+4=0 -=~(iv]

We know that, distance of a plane ax +by +cz+d = 0 from a point [:xl,yIJZI]

is given by

_ |ax1 + by, +Cz, +d|

D - -
| -.faz +h% 42 | (U}

Let b, be the distance of £ {xl,yl,zl] from plane [i}, 50 using equation (:\.r},

2x -2y +Z; + 3

Jer e )
-4+ 3

JE+ 441

[U sing equation {iu}]

I-3 .
D]':T‘ ———[:'\."l:]

Again, let O, be the distance of point {x,, ¥, 2] from plane {ii], so using equation (v},

Do = 2xy-2¥i+ 21 +9
27 z z z
J(2) + -2+ ()
-A+9 ; : :
oo - u t
2 N [ sing equation {lv}]
Dy - 9;—1‘ - -~ [wii)




Since, 2 {x,v,,2) is a point on mid parallel plane, so

Dl=D2
‘3—1‘_‘9—1‘

3

3

[Using {wi),{vii)]
Squaring both the sides,

(3-47 _(5-4)°
e
O-Fi+A%=51-184 +4°
62 +1Bi=81-9

122 =72
72

==
12

i=6

Put the value of 2 in equation {iii},
2x-2v+Z+6 =0

So, equation of required plane is
2x-2v+Z+6 =0

The Plane Ex 29.10 Q4

Let the position vector of any point # on a plane F.(f+2jn+3£} +7is 3, =0

5.{?+2}+3£)+?=D —
We know that distance [D] of a paint 3 from a plane F.A—d =0 is given by

D=

]

E.E—d‘ B

Length of perpendicular from P[E} to plane F.{2f+ 4}+6I§} +7 =015 given by

5.(2?+4j‘+5;2)+?
A2 + (4 + )’
25[?+2}+3£)+?‘

Ja+ 16 +36 ‘

2.(-7)+7
JEe
_ -14+?‘

56

[Using equation {I}]

Distance between two given plane

= Distance of P[E} fram plane F.[20 + 47 + 6#2) +7=0

) -
(]

5o, required distance = units

.
56



Ex 29.11

The Plane Ex 29.11 Q1

F (20437400 4 A2+ 3] + 41
ri+j+iy=5
Angle between line and plane is given by

24344 |_ o
IO+ 1+ D@+ 9+16)| 87

cos A=

The Plane Ex 29.11 Q2

We know that the angle (8) between the line
SaX +Bol +CoZ +dp =0 is given by

2435+ Bbs + 040,

sing = Z 42,2 |2 g2, 2
Ja1+b1+c1“faz+bz+cz

Given, equation of line is

x=-1 y-2 z+1
T -1 1

So, 3 =15=-1c-=1

Given equation of planeis 2x +y -z -4=0
S0, 3 =2,b,=10,=-1

Put these value in equation (i),

2435+ Bbs + 040,
Jalz + b +c12Ja§+b§ +cf
) (9(2)+ (1) (1 +()(-1)
JO7 (0 0 )+ 7+ (1)
2-1-1
Sl+l+l 44141

sing =

sing =

angle between plane and line = O°

-z
L and plane

Cy

-



The Plane Ex 29.11 Q3

We know that angle [8) between line and plane

a3 b Cy
3% +Boy +C0,Z + 05 =0 is given by

3435 + Dby + 540y o {']

z 42, 2 ]2 ;2,2
.‘fal + by + 0oy .‘jaz+.";|2 +C5

sing =

Given that, line is passing through

Af3,-4,-2) and &8(12,2,0), so direction ratios of line A8
=[12-3,2+4, 0+2)
=[9, 8, +2)

So, a3 =9 b, =6¢c,=2 - - i)

Given equation of plane is 3x -y +z =1
;=3 by=-1c,=1 - - iii)

Using (i} and fiii} in equation i},
angle (#) between plane and line is
3435 + bybs +0yCp
qfc‘.'lz+."J12+cl‘?.‘j.5-§+.";|2‘?+-:é?
3 (0)(3)+ () (- 1) + {2)(1)
JE7 ()7 + (2 (37 + (17 + (o)
27-6+2

CJBl+3R+44mr1+1
23

NEENTY

23

REENEY

sing =

: 23
9=5|n‘1[ ]
11J11

s0, required angle between plane and line is given by

o 23
& =sIn {—11\.’1_1]
The Plane Ex 29.11 Q4

we know that, line r = 3+ 45 is parallel to plane rR =4 if
BA-o g
Given, eguation of line is F =17 +,i'.(2f - - 3.5) and equation of plane
;.(mf+35+£) =4
So E=(2f-mj-3£)
"= (m; + 3)?+.f<ﬂ)
Put B and 7 in equation fi].

(2f—mj—3£)(mf+3}'+£)=ﬂ

(@) + (-m){3)+ (-3 (1) = 0
2m-3m-3=10

-m-3=0

=3

m=-3



The Plane Ex 29.11 Q5

we know that, line = 3+ 46 and plane Fr=d is parallel if
BA=0 )

Given, equation of line r= 2?+5}+?§} +l[a’n+3jn+ 442} and equation of plane
F(f+}—£)=?ﬁ S0
B=i+3j+dk,n=i+j-k
o,
E.5={f+3j+4£)(f‘+j—£}
)+ 3 )+ () -1
1+3-4

0

Since b =0 so using i), we get
Given line and plane are parallel

We know that, distance {D] of a plane rA-d =0 from a point & is given by,

35— d ———[ii}

We have to find distance between line and plane which is equal to the distance

between point 3 = {2f+ 5i+ ?#2} fram plane, so

5. (2?+5}+?£)(?+}-£)-?
7 (7 (1)
_@)+E) )+ (7 {-1) -7
i+l

|2+5-7-7
-
-7
|

h=_

. . N 7 .
5o, required distance between plane and line is O = E unit

The Plane Ex 29.11 Q6
Fequired line is perpendicular to plane .;{; + 2)?+3.f<ﬂ) =3, solineis parallel to the

norm al vector 7 =1+ 2jn+3.f<ﬂ of plane.

And it is passing through point 2=0/+ D}+Dﬁ2.

We know that equation of a line passing through & and parallel to vector & is
Fo34b -~

Here, 3 = Df+D}'+EI.kﬂ and b =n =."A+2jﬂ+3kn

So, F = (Df+nj"+u.£)+1{f+2j"+3£)

Hence, equation required lineis

F=,i[f+2j+3£}
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The Plane Ex 29.11 Q7

We know that equation of plane passing through (:xl,yl,zl} is given by

afx -x+ by -vi)+clz-z)=10 -—-fi)

So, equation of plane passing through {2,3,-4) is

afx-2)+b{y-3)+cfz+4)=0 -—-{ii) [Using {|]]
Itis also passing through [1,-1,3), so,

a{l—2}+b[—1—3}+c{3+4}= o

-a-4b+7c=10

a+4b-7c=10 - — - {iil)

A W S & W Sk W parallel to plane ax + oy + ooz +dp = O

1
We know that line
= By 1

43y + by + ooy =0 - - —fiv)

Here, equation (i} is parallel to x-axis

Using (ii] and {v] in equation {iv],

(2)(2) + (£} (0) +c (0} = 0

a=10 - == [wi}
Put the value of 2 in equation (i,

F-4H+7c=0
O0-4b+7c=0
-d4b=-Tc
4b =Tc

b=lc
4

Put the value of & and & in equation (i},

afx-2)+bly-3)+c(z+4)=0

D{x—2]+(£cj[y—3]+c{z+4]=D

7
&y 2E+E+E=D
4 4 1 1

Foy - 21lc+ 40z + 160 =0
Dividing by ¢,
v+4z-5=10

Equation of required plane is

v+4z-5=10



The Plane Ex 29.11 Q8

We know that equation a plane passing through the point [xljyl,zl} is given by
afx -x)+bly -y )+clz-z)=0 ---{i)
Given the required plane is passing through {0,0, 0, so using (i),

afx-0y+ by -0)+cfz-0)=0

ax +hy +cz=10 ---fi)

Plane [ii] is also passing through (3,-1,2],

Ja-b+2c=10 - - -{iii)

we know that line 21 _ Y %1 _ 2721 4 parallel to plane zx + boy +027 +dz = 0 if
4 by Cy

33, + by, +0y05 = 0 - - —{iv)

Given that, plana {ii] is parallel to line

¥-4 y+3 z+1
1 -4 7

, =0

Sy, +Ebs +oyc, =10

(&)1 + -+ (o) (7) =0

S-4h+7c=0 - - -{ii)

Solving equation {iii) and {v) by cross-multiplication, we get

3 b c
FOE-F4E OR-E0 BE-OF

a _ b
-F+8 2-21 -12+1
a b c
—=——=_—_=1[53
1 -19 11 [ V}
= a=A4,b=-194, c=-113

Put the value of 3,6, c in equation {ii],

ax +by +cz=10
Ax-193y - 114z =10

Dividing by 2, we get
x¥-19 -11z =10
Equation of required plane is

¥-19y 11z =10



The Plane Ex 29.11 Q9

We know that equation of a line passing through {xl,yl,zl} is given by

- b -

i by £1
Here, required line is passing through (1,2,3), is given by, [Using fi}]
#-1 y-2 z-3 T

a b g (i)

it W S & WSl W parallel to plane aw +boy + 2z +dp = 0 if
3 by oy

L
we know that, line
343, +bybs + 005 =0 - - - {iii)
Given, line i} is parallel to plane » -y +2z=5

S0,
Sy + bz +CyCz =0

(a) (1) + (B1) (- 1) + {en) (2} = 0
a,-h +2c, =10 ---{iv)

4lso, given line i) is parallel to plane 3x+y +z =6
S0,
Sy3p + By +oycy =10

(=) (3)+ (B} (1) + (=) (1) = O
Jay+b +o; =0 ---{v)

Solving {iv) and [v] by cross-multiplication,

] _ by _ Cy
FOm-0OE eE-0O0 Oo-E6)
3 by cq
1-2 B-1 1+3

= & =-32, b =51, =42
Put &y, by, oy in equation [ii},

ol Yo 23
-31 51 41

Multiplying by A,

-1 y-2 -3
-3 5 4

Equation of required line is

¥-1 y-2 z-3
-3 5 4

The vector equation of the line is

F=i+2]+3k+A(-3+5]+4k)



The Plane Ex 29.11 Q10

Firstly we have to find the line of section of planes 5x +2y -4z +2=0 and 2x +By+2z-1=10
Let &,b,,cy be the direction ratios of the line Sx + 2y - 4z+2=0and 2x + 8y +2z-1=10

Since, line lies in both the planes, so it is perpendicular to both planes, so

B3 +28, -4, =0 o
23 +8b;+ 20, =0 -—-fii)

Solving equation (i} and (i}, by cross-multiplication

=y _ by _ Cy
BE -9 BEY-6GF) #BE)-E0E)
3 by cq
4+32 -B-10 40-4

= ay=24 by =-4, ;=24

- X - -z .
Y ik L iz parallel to plane &ux + by +cp7 +dp = O iF
! by &y

we know that, line al
33, + by +0y05 = 0 - - - (iii}
Here line with direction ratio 3, &y, ¢y is parallel ta plane 4% -2y -5z -2 =10,

2132 + bybs + 0y

=@+ -2+ 2)-9)

=8+2-10

=0

Therefore, line of section is parallel to the plane,

The Plane Ex 29.11 Q11

Equation of line passing through 3 and parallel to bis given by
r=a+ib e U
Given that, required line is passing through (1,-1,2) is,
F={f—j+2.f2)+,i'.5 - - —[in

Since, line [l] is perpendicular to plane 2¥ -y +3z-5=0, so normal to

plane is parallel to the line.

In vectar form,
Bisparallel to n=2-]+3k
So, b = ;:{2?—}43#2) as u is any scaler

Thus, equation of required line is,

T

- {;—j+2£)+i{y(2r—}+3£))

F={?-j+2£)+5{2?-j+3£)



The Plane Ex 29.11 Q12

We know that, equation of plane passing through [:X1,y1,21] is given by
afx-x)+bly-y)+ecfz-2z)=0 ---{]

Given that, required plane is passing through (2,2, -1}, so using fi},
afx-2)+bv-2)+cfz+1)=10 - - i}

Given, plane (i} is passing through (3, 4,2},

a[3—2}+b[4—2}+c{2+1}= o

a+2h+3c=0 - - - (i)

We know that plane ap +b,y +c,z +dy =0 and line — 22 =¥~ %1 _ 275 g0 parallel
2 by C2

if @3, +bb+oc, =0 -=={iv)

Given that, plane {ii] is parallel to aline whose direction ratios are 7,0,6

sousing [iv), we get

(3} (7)+ (B}(O) + (e} [e) - 0
Fa+0+6c=0
Fa+ac=10

[l
7

Put the value of 2 in equation fiii},

a+2b+3c =0
a}
—TC+2.b+3c=D

-BCc+14h+ 210 =10

14h+ 152 =10
b=_15-:
14

Put the value of & and & in equation {ii},
afx-2)+b(y -2)+c(z+1)=10

[—E'TCJ{X—2]+[—%J[y—2]+c[z+l}= ]

Gex  12c 1ERzy  30c
—_—t—-—— 4+ —+czZ+c=10
7 7 14 14

Multiplying by (%J, we get

-12% +24-15¢v +30+147z +14=10
-12% +15v + 14z + 68 =10

Multiplying by {-1],
Equation of required plane is,

12% + 15y -14z-68=10
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The Plane Ex 29.11 Q13

X=Xy _¥-bh _Z-4

We know that angle (8] between line and plane
4 by 1

g + by +CpZ +ds = 0 is given by

cing = a1az+blb2+C1C2 o —[:I:]

\fa12+b12+012ufa§+b§+c§

-2 _y+1 z-
3 -1 2
so angle between plane and line is,

(3)(3) + {9+ ) (1)
JEP + 1) + (273 + (47 + ()
~ 0-442
B +ltamrle+1
_ ?xﬁ
BTN T

_ A7
-

. X
Given linge is

3 . .
and equation of plane is 3x+ 4 +z+5=10,

sing=

The Plane Ex 29.11 Q14

We know that equation of plane passing through the intersection of planes
a +hy +oz+dy =0 and s + by +CZ +ds = 005 given by

fape + by +oyz+d )+ Afaw +by +c,2+d,) =0

So, equation of plane passing through the intersection of two planes ¥ -2y +z-1=10
and 2x +y¥ +z- 8 =0 is given by

fr-2y+z-1)+af2x+y+z-8)=0
H-2¥y+Z-1+Z2Axv+ Ay +2z-81=10
xfi+2d)+y{-2+A)+z{1+4)-1-84=0 --- i

X _¥-p_I-g
o by !
are parallel if a3, +bby+cc, =0 -—-{ii)

L x
We know that line and plane aux + by +C5Z +dy = 0

Given that plane {l] is parallel to line with direction ratio 1,2,1, =so

43y + by + ooy =0
fuy(t+2a)+[2) -2+ )+ (1) {1+2) =0
1423 -4+21+1+2=0

5i-2=10

-
1]
| ra



Put the value of 4 in equation (i},
x[1+i]+y[—2+E]+2(1+EJ—1—E=D
5 5 5 5

Multiplying by 5,

’fE+ N +yf{-10+2)+zfE+2)-5-16=10
Qx -8y +7z-21=10

So, equation of required plane is

9x -y +7z-21=10 - - - {iii}

We know that distance (0) of a paint {x,,v,,z,) from plane ax + by +cz+d = 0 is given by

axy +hy+cz +d,

D=
«,.I‘c‘.'2+.":|2+-:2

So, distance of point {1,1,1) from plane {i} is given by

o o)1) + (-8} {1} + {7) (1) - 21
Jor + (8 + ()
9-84+7-21

16 - 29

4194

-13

iy
EI
B

13 .
D= units

J1o4
The Plane Ex 29.11 Q15

Wwe know that line =3+ 25 is paralle to plane rr=d if
br=0o
Given, line is F = {f+})+l(3f—}'+2!§) and plane is F.(ZEHE) =3, s0

F-

(]

f— j+2E, 5=(f+}') and ﬁ=(2j+.f2)
0w, 55:(3?—}+2§}(2f+§)

= @EO+ 1)+ ()
=0-2+2

=0

Since, br =0, so0lineis parallel to plane

Distance betwesn point 5 and plane FR-d = 0 is given by

---0)




3 is apoint on the line, So distance between line and plane is equal to the

distance between a = {.lﬂ+ }} and plane ;(2} +.f<A) =3, sousing fi],

{f+f]{2j+kn}—3
(2) + (1)’
_ o) + (1) (2) + o) (1) - 3|
JA+l |
0+Z+0-3

N3

-1

N3

1 )
= — unit
5

So, required distance = i unit

S5
The Plane Ex 29.11 Q16

We know that line r = 2+4b and plane rn-d=0 are parallel if

Br-D S—

Given, line ?:(—f+j+§}+l(2f+j+ 4!2) and plane is F.(f+2}—£)—1=lj
5o, 5=—a'n+j+ﬁ2J b= 2f+j+4£, E=f+2}'—£

Mow, 5.5=(Zf+}+41f2}(f+2j—§}

=@+ E+ (9

=2+2-4

=0

Since, bn =0, so by equation (i}, line is parallel to plane

Distance (0] between paint 3 and plane FA -d =0 is given by

- - -{ii)

Distance between given line and plane
= Distance of point & = {—f+j+£) from F.[f+2j—#2}— 1=0

an-d

o= 25
il




{-f+}'+x£) {a‘“+2}'-ﬁ2)-1|
e |
YD+ )R+ Y-

Jl+ea+1
“1l+2-1-1
T EF
-1
T E
1
F

So, required distance = L units

Je
The Plane Ex 29.11 Q17

We know that equation of plane passing through the line of intersection
of two planes
S by +oyZ+ 0y = 0 and aux + by + 027 +d5, = 0015 given by,

fape +by +oz+d )+ e + by +cz +dd,) = 0 ---i)

So, equation of plane passing through the line of intersection of planes
v -4y +5z-10=0 and 2% +2y -3z -4 =10 is,

far -4y +8z-10)+A{2x +2y -3z-4) =0
f3+2a)x+{-4+22)y +(5-32)z-10-42=10 - - - i)

AT i S S

We know that, line ul parallel to plane

3 by 1
A + Aoy + 0,7+ = 0 if 3,8, + bh, +0y0, = 0 - - - (i)
Given that, plane {ii] is parallel to line x = 2y = 3z or %= %: g

So,

fe)(a+22)+ () {-4+24)+(2){5-32) =0
18+122-12+64+10-64=0

122 +16 =0
_ 16
12
1=
3

Put 2 in equation i),
sf3+za)+y(-4+28)+z(5-34)-10-42 =0

x(3—E]+y(—4—E]+z(5+£]—10+£= ]
3 3 3 3
Multiplying by 3,

x(9-8)+yf{-12-8)+z{15+12)-30+16=0
X-20y+27z-14=10

Equation of required plane is given by

X-20y+27z-14=10

The Plane Ex 29.11 Q18



The plane passes through the point al1, 2, —4)
Avectorin adirection perpendicularto
Fe(T+2]-ak)+alzT+27+6k) and 7 =(

isn=ET+3]+60xT+T-1

-
j—

37 +5k)+uli+T-k)

Equation of the plane is (F—3).A =0

(F-[T+27-4K)).[-9T+8T-K]=0

=T1.[-9T+8]-K)=11

Substituting T = xT+ VT*' zR we get the Cartesian form as

—S9x+By—z=11

The distance of the point (2, — 8, — 10) from the plane

| -o@+E(-B-(-10—-11|_ 146 = /146
Vol+sl+1? V146

The Plane Ex 29.11 Q19

We know that equation of plane passing through {xl,yl, 7—’1} is given by

afx-x)+bly -y ) +cfz-z) e U
Given that, required equation of plane is passing through {3,4, 1}, S0
afx -3 +bly -4 +c(z-1)=10 - - -fii}
Plane {(ii] is also passing through {0,1,0), so

a[D—S}+b[1—4]+c[D—1]=D
-33-3b-c=0

33+3b+c=10 ———(:iii:]

My _ ¥k Z2-F

We know that, plane av + by + iz +dy =0 and line al = =

B! by !
are parallel if aya; + &by +cycp =0
. X+3 y-3 -2 . .
Here, line rai el parallel to plane (i), so
(23 + 7))+ (e)(5) = 0
2a+7h+5c=10 ---{iv)

Solving (i) and {iv) by cross-multiplication,



a b c
BIE-00 BU-E6 E-E06)

= b c

16-7 2-15 21-&

a b c

—_—=—=—= i[53

g -13 1% { y}

= =83 b=-131, c =151

Puta, b, ¢ in equation [ii},

afx-3)+bfy-4)+clz-1)=0
B2 [x - 3)+ [-132) [y - 4)+ (152) (z-1) = O
BAX - 242 - 134y +524+154z - 152 = 0

BAx -134y +154z+133 =10
Dividing by &, equation of required plane is,

By -13y +15z+13 =10

The Plane Ex 29.11 Q20

Find the coordinates of the point where the line

¥—2 _y+1l _z-2 _
3 4 2

=x=3r+2,y=4r—1lz=2r+2

Substituting inthe equation of the plane x —w+ z — 5 =0,

weget (3r+2)—(4r—- 1)+ (2r+2)-5=0

=r=0

=x=2y=—-1z=2

Direction ratios of the line are 3, 4,2

Direction ratios of aline perpendiculartothe plane are 1, — 1,1

r

sing = 3xl+4x—1+2x1 _ 1
Jo+1e+4y1+1+1 /87
i 1
B=sinl—=—
Va7

The Plane Ex 29.11 Q21
We know that equation of line passing through paint 3 and parallel to vector

b is given by
F=3+2B - (i)

Given that, line is passing through [1,2,3}.

=1} §=.l°+2jn+3.f2

It is given that line is perpendicular to plane F.{iﬂ +2] - 5£)+9 =0

So, narmal to plane {E:] is parallel to B,

So, let B = = ,u(hzj—Sk"}
Put 2 and & in {i}. equation ofline is,

= {f+zj+3§)+i[#{’p+25'5£”

F={f+2}+3£)+5{f+2}'-5£) [as & = 2]
Equation of required line is,

r= {f+2}+3£)+5{f+2}'-5£)
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The Plane Ex 29.11 Q22
¥+1 _ vy _z—-3

3 <]

Direction ratios of the line

are (2,3,6)
Direction ratio of aline perpendicularto the plane
10x+2y—11z = 3 are 10,2, - 11
If 8 is the angle between the line and the plane, then
2x10+3x2+6x —-11 40 40 8

sing = = - = =_
-f22+32+62-f102+22+112 J4a,/275 7% 15 21

P 8
== 1[__]
sin 71

The Plane Ex 29.11 Q23

We know that, equation of line passing through {xljyl,zl} is given by

N=-Xy _¥-F1_ZI-4 ___m

Given that, required line is passing through {1, 2, 3), so

¥-1 _y-2 z-3 ———[ii}
Sl by =1

"N Y TN 2T and plane agx + by +Coz 4 dy = 0

We know that, line al
= by =1

are parallel if ;2 + bbb, + o0, = 0 - — — {iii}

Given line {ii) is parallel to

r.(.l —j+2£)= 5

= XN-y+2Z-5=0 =0

Sy + 8, +oyo, =10

(E) )+ )+ e)fe) =0
a;-b+2c, =10 - - - {iii)

Line (i} is also parallel to plane
F.(3f+j+#£} =6

= Iw+y+z-6=0, 50



33z + bybs +cycp =10

b (3) + (B0 (1) + ) (1) = 0
33, +b +cy; =0 - - —fiv)

Solving equation {iii} and {iv) by cross-multiplication,

Slamaniterama o meTe:
-1512 - 5b-11 - 1?3

EREETEICY

=  a,=-3%, b =58, ¢ =4

Put 3, &y, ¢, in equation {ii:]J so0, equation line is given by

-1 y-2 z-3
“2X &4 E¥]
¥-1 y-2 z-3
-3 5 4

So, vector equation of required line is
= {f+2}+3ﬁ2)+i(—3?+5}+4§)

The Plane Ex 29.11 Q24

x¥-2 y-1_z+5
X -4

So, normal vector of plane is parallel to line so,

Diirection ratios of normal to plane are proparional to the direction ratios of line

Here, given mid line is perpendicular toplane 3x -y -2z =7

Here,
5 _ 4 _ -4
3 -1 -2
cross multiplying the last two
22 =4
PR
-2

A=-2



The Plane Ex 29.11 Q25
The equation of a plane passing through [-1, 2, 0} is
alx+1)+b(y-2)+c(z-0) =000 (i)

This passes through (2, 2, -1]

a[2+1)+b[2—2)+ C[—l—O) 0

¥x-1 2y+1 z+1
2 1
Theefore normal to the plane is perpendicular to the line.

Call)+b(2)+c(l)= 0. (i)

The plane in (i) is parallel o

a _ b _ C
o-(-1) M-3R B)iE)-0
a b«
27747
:>a=—g=%=l[sayj

=a=iWb=-20c=3A
Substituting a= A,b=-2%,c=3%in (i) we get,
A(x+1)-2a(y - 2)+3%(z-0)=0

-2y +32+5=0

. The required equation of the plane is x-2y +32+E5=10.



Ex 29.12

The Plane Ex 29.12 Q1(i)

Direction ratios of the given line are

5-3,1-46-1)=i(2,—-3,5)

Hence, equation of the line is

¥—35 _y-1l _zZ-6 _
2 -3 5

=¥=2r+3y=—-3r+ 1 z=5r+6

For any point ontheyz —plane x =0

r

=>2r+5=0=>r=—%
5 17
=-3-—=1+1=—=—
v ( 2) 5
5 13
=5(—-=—it+6=—-—
2=20=5) 2
Hence, the coordinates of the point are [0% - 12—3]

The Plane Ex 29.12 Q1(ii)

Direction ratios of the given line are
(5-3,1-46-11=(2,—3,%)
Hence, equation of the line is
x=5 _y-1l _z-6 _,

2 -3 5
= x=2r+5y=-3r+1,z=5r+6&
For any point on Zx —planey =0

- —3r+1=0:r=3l

1
= — | +5=—"
g 2[3] ° 3

1 23

Z=5| |+ =—
[5]+5=%
Hence, the coordinates of the point are [%OE]

3

The Plane Ex 29.12 Q2
Let the coordinates of the points Aand B be
(3,-4,-5land (2,—3,1) repectively.
Equation of the line joining the points (x1,y1,z1) and (x3,y2,25) is
XXy V=V Z—Z; :
= = =r, where r is some constant.
Xp—X1  VamVi 22720
Thus equation of AB is
x=-3  y-(-4)  z-[-5)
2-3  (-3)-(-4)  1-(-5)
- x—3 _ y+4d _ 7+5 _
-1 1 S}
Any point on the line AE is of the form
-r+3,r—4,6r-5%
Let Pbe the point of intersection of the line ABand the plane 2x +y+z=7
Thus, we have,
2(—r+3)+ r—-4+6r-5=7
= —2r+6+r—-4+6r-5=7
=5r=10
=r=2
Substituting the value of rin —r+3,r—4, 6r—5, the coordinates of Fare:
(—2+3,2-4,6x2-5])=(1,-2,7)

=r




The Plane Ex 29.12 Q3

The equation of the given line is

Fo=2i— ]+ 2k+A(3 +4]+2k) (1)
The equation of the given plane is
J".{ET—_;'+JE}—5 (2)

Substituting the value of ¥ from equation (1) in equation (2), we obtain
[2;’-_}+zk"+;1(3?+4_}+3£}]-(E-j+§}=5

=[(34+2)i +(44-1)j+(22+2)k|-(i-j+k)=5

= [3/1 +2]—{4ﬁu—]}+{22 +2] =5

= A=0

Substituting this value in equation (1), we obtain the equation of the line as
F=2i—j+2k

This means that the position vector of the point of intersection of the line and the
plane is F = 2::—_;—2,{-

This shows that the point of intersection of the given line and plane is given by the

coordinates, (2, —1, 2). The point is {(—1, —5, —10]).
The distance d between the points, (2, —1, 2) and (-1, —5, —10), is

d=y(=1-2) +(=5+1) +(-10-2) =9 +16+144 =169 =13

The Plane Ex 29.12 Q4

Tofind the point of intersection of the line
F=27-47+2k+a[37+47 +2k) and the plane r.[{- 27 +k) =0,
we substitute r of line in the plane,

[2T-aT+2k+al3T+ 47+ 2k) [T -2T+k) =0

s2+anT+(—4+ )T+ (2+20RL[T-2T+K) =0

= 2+3A+E-8BA+2+2A=0

=3A=12=A=4

T=2T—aT+2k+ 43T+ 4T+ 2k) = 147+ 12T+ 10k

Hence, the distance of the point 2T+ 12T+ SEfrom 14T+ 12T+ 10E is
Jia-22+12-12)2+(10-57 =y 122+5% = /163 =13

The Plane Ex 29.12 Q5

Equation of the line through the points A2, — 1,2)

o2 v+l _z-2

5-2 3+1 4-2

¥x—2 _wy+l _z-2
3 4 2
=x=3r+2,y=4r—1lz=2r+2

Substituting these in the plane equation we get

EBr+2)—(dr-L+@2r+2)=5

=r=0

=x=2y=—-1z=2

Distance of (2, — 1,2)from{—1,—5, — 10} is

=V - -2+ (- 1- (=5 +@ - (- 10)7 =32+ 47+ 122
=169 =13
The Plane Ex 29.12 Q6
The equation of a line joining the points A[3, -4, -5) and B(2, -3, 1)is
¥x-2 y+4 z+5

2-3 -3+4 1+5
= H=3-NYy=—4+4r2=-5+0Gr

and B(5,3,4) is

==

=r

Substituting this into the given plane equation we get,
2(3-r+[-4+r)+ [-5+6r) =7

=r=2

=x=1y=-22=7

Distance of [1, -2, ?) from [3, 4, 4) is

=31 + (4+2) 4 (4-77

=~4+36+9
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Ex 29.13

The Plane Ex 29.13 Q1
Fo=02i= 3k + A0+ 2+ 30
F= (264300 w2+ 3]+ 40
We know that the lines,
;=E+£Eand;=g+,&b_: are coplanar if
o (B by |=a, (B xb, |
and the equation of the plane containing therm is
v xb |=a (b xb |
Here
@ =2j-3h =i+ i+, =N+ b+ and b, = Z+ 37+ 4k

P gk
Therefore, & x5, =[1 2 3|=F(8-0i—j(4—61+k(3-4)
o

@, (b oxh, (= | F 46+ |~ + 2k |==-2412-3=7

Smceal |b xb I=a, |b xb |, the lines are coplanar.

Mow the equation of the plane containing the given lines is

-

T e
;-l—?+2}—}|=?
:;-|;—2}+?§|=—?
:;-|;—2}+£|+?=D

The Plane Ex 29.13 Q2

. X
Wea know that lines

Xy _¥-¥y_zZ-x X=Xy ¥-¥a _

_22

h 1y M Iz iz

And equation of plane containing them is

=My Yok GZ 2y
4 y n =0
i g g

Here, equation of lines are

x¥+1 y¥-3 Ez+2 X o y=7 _ Z+7
-3 2 1 1 =3 2

So,x;=-1Ly, =3 z,=-2, 1, =-3, m=2,m=1
Mo=0,¥e=T, Zo=-T, ;=1 my=-3, ny, =2

So,

2% Va-¥y Za- &

2

are coplanar if



0+1 7-3 -7+2

-3 2 1
1 =3 2
1 4 -&
=-2 2 1
1 -3 2

1{4+3)- 4{-6-1)-5(3 - 2)
7+26-35

So, lines are coplanar,
Equation of plane containing lineis

+1 y-3 =z+2
-3 2 1

1 =3 2

=0

fr+1){4+3)-{v-3)[-6-1)+{z+2){o-2)=0
Tx+7+7y-214+7z4+14=10
T+ Ty +7Z2=0

The Plane Ex 29.13 Q3

We know that the plane passing through [xljyl,zl} is given by
afx -x)+bfy -y )+cfz-2z)=0
Required plane is passing through [0,7,-7), so

afx -0+ by -7 +c{z+7)=0
ax+bly-7)+cfz+7)=0

¥+1 y-3 z+412
-3 2 1

Plane {ii] also contains line

point {-1,3,-2],

a(-1)+b3-7)+cf-2+7) =0
-g-4b+8c=10

alzo, plane (i) will be parallel to line

50, &4@; + Db, + 00 = 0

AR+ =0

-3a+2b+c =0

Solving (i) and {iv] by cross-multiplication,

El fa] oy
F-0E0 T FE- 00 FE-FA)
= b &

B 5 G (e e R

=== ()

i)

50, it passes through

- — — fiil)



] b &
o e

= g=-141, b=-142, c=-141

Put a,b,c in equation (:ii},

ax+bly-7)+cfz+7) =10
[-14t)w + -1}y - )+ [-142) [z + 7) =0

Dividing by [-144), we get

X+y=-7+zZ4+7=0
XN+yv+Zz=0

So, equation of plane containing the given point and lineis x +v +z=10

The ather line is %: = B

-3 2

o, y@+bb, o0, =10

W)+ (-3 +(1)(2) - 0

1-3+2=10
0=0
LHZ = RHS

X -7 Z47
So, T y

Hiag TET g liean plane x +y +z =10

The Plane Ex 29.13 Q4

We know that equation of plane passing through [:Xl,yl,zl] is given by
afx —xJ+bfy -y )+cfz-2] =0 - ==
Since, required plane contain lines

x—4=y—3=z—2 and x—3=y+2=£
1 -4 5 1 -4 5

So, required plane passes through (4,3,2) and (3,-2,0), so, equation of

required plane is,

afx -4 +bfy -3 +cfz-2)=0 -—-{ii)
Plane (i} also passes through (3,-2,0), =0
a{3—4}+b[—2—3]+c(0—2}= ]

-a-5b-2c=0

F+5h+2c=0 - - - {iii}

Mow plane [:ii} is also parallel to line with direction ratios 1,-4, 5, s0,
3 +hbs oo, =00

(W + ) -4+ () (5) = o

a-4b+5=0 - ——{iv}

Solving equation (i} and {iv) by cross-multiplication,



a _ b . £
EE-9E LE-EE BED-1E

= a=114, b=-3, c =-31

Put a,b,c in equation {ii],
afx-4)+i8{y-3)+clz-2)=0

frie){x - 4)+[{-A) v -3+ [-32){z-2)= D
118 - 443 - Ay +38 -3z +64 =0

114x - Ay -3z -354 =10

Dividing by A,

1l-y-3z-35=0

So, equation of required plane is,

1lx-y-3z-35=10

The Plane Ex 29.13 Q5

We have, equation of line is

x+4 p+B6  zZ-
3 5 -2

* i {Say)

General point on this line is given by

f32-4,51-6,-21+1) ---i)
Another equation of line is

-2+ Z+45=0=2x+3v+4z -4

Let 8, b,c be the direction ratio of the line so, it will be perpendicular to norm al
of 3 -2y +z+5=0and 2x +3y + 4z -4 =10, =0

Using aya, + by + 0o, = 0

(B} +(-2) )+ (1) (e) = O

Ja-2h+c=10 ———[ii}
Again,

(23 + (3} () + (A [c) = 0

23+3b+4c=0 - - - fiii)

Salwing {ii} and (i} by cross-multiplication,



= b c
FE-E0 BE-EE B -

Direction ratios are proportional to -11,-10,13
Let z =0, 50

v -2y = -5 ---{a)
Zx+ 3y =4 ---[8)

Solving {A) and (&),

Bx -4y =-10
Bx+9y = 12
-13y = -12
y—22
1

Put y in equation {4},

gpg 22 g
13

So, equation of line [2) in symmetrical form,

s ¥ 22
13 =y 13 _z-0
-11 -10 13

Put the general point of line (1) from equation [1)

7 22
3i_4+ﬁ_5i_6_ﬁ__211+1

-11 -10 13

394 -52+7 BHI-78-22 -2i+1
-11=x13 -10 =13 13

392 -45 651-100 -Zi+1
-11 -10 1

The equation of the plane is 45x—1Ty +252z4+53=10
Their point of intersectionis ( 2,4,-3)

The Plane Ex 29.13 Q6



we know that plane £ = @ contains the line F = 5+ 25 if
fbr=0 f(i)an=d zma)

Given, equation of plane F.(."A+2ja—.f<ﬂ} = 3 and equation of line 7 = {f+f}+i{2f+}+4¢2}

5.5:(2f+}+4£)(f+2j—#£}

= ) (1)« (1 {2) + (4)(-1)

=2+2-4
Bh=0
55={f+}“?+2}—ﬁ

=M+ E+ O
=1+2-0
-3

=d
since, ba = 0 and 21 = d, sa, from fi}

Given line lie on the given plane.

The Plane Ex 29.13 Q7
x+3 y =z-7

Lt i . =
b 3 -2 f

Lo Al it ZT_I be the equations of two lines

and

Lettheplanebear+dy+cz+d =013

Given that the required plane passes through the intersection
ofthe lines L, and L.

Hence the nommal to the plane is

petpendicular to the lines L, and L,

Lada—db+dc=10
d-3b+2c=0
Usaing crossanultiplication, we get,
a B ¢
SAHAR BEfh =D%D
a b <
:_:_:_
4 0 -7
a b ¢



The Plane Ex 29.13 Q8

Let the equation ofthe plane be %+%+%=1 ........ )]
Plane is passing through (3,4,2) and (7,0,5)
3 4 2
—+—+—=1
a b C
1 24_2:1
a b C
Required plane is perpendicularto 2x -5y —15=0
2 -5 0
—+—+—=0
a b C
=2b==5a
~b=25a
i 4 +£=1
a 2.5a C
1+£:1
a C
Solving the above 2 equations,
17 17 -34 17
8—3.4—T,b—8.5—78ﬂdc——6 ——?

Substituting the values in (i)
b z
LR UMt}
5 2 3
L%, 2y 3z,

17 17 17
=5x+2y-3z=17
=00 +y] +zR0.6T+2] -3k =17
=7.GT+2]-30=17
Vector equation of the plane is ?.(5T+ ZT—BE)= 17.
The line passes through B(1,3, — 2).
S(+2(3)-3(—-2)=17
The point B lies onthe plane.

~Theline 7 =1 +3] =2k +1(i =] +K) lies on the plane 7.5 +2] =3k = 17.

=1




The Plane Ex 29.13 Q9

iy aF
The direction ratio of the line L1=‘T g
-3 =2k 2
5 =(-3.-2k12)
The direction ratio of the line X=1- f‘:“ - z; 2 is
n=(k15)
. . X=1 p=2 Z-3 X~=1 yp=d z=3 :
Since the lines =" = = and ——== =Z_" are perpendicular so
& SF = e e PEIp
K:h=0
(-3,-2k,2)-(k,1,5)=0
-3k-2k+10=0
=5k ==10
k=2
Therefore the equation of the lines are el e i T

% =4 2

The equation of the plane containing the pependicular lines
x-1_ y-2 z-3,

5 =% 2 o Ty
X ¥ T
-3 -4 2|=0
2 1 5
A
-3 =4 2|=0
2 1 5
(=20=2)x=y(=15-4)+2(-3+8)+d =0
-22x+19y+5z+d =0
The line t—;l=5;42=z; pass through the point (12,3) so putting

d=22-38-15
d=-31

Therefore the equation of the plane containing the lines is
—22x+19y+5z=31



The Plane Ex 29.13 Q10

Any point on the line

Xx—=2 _ v+ 1 _ =2 i

3 4 2

is of the form, (3k+2, 4k -1, 2k +2).

If the point P(3k+2, 4k — 1, 2k + 2] lies in the plane x —y+ 2z —5 =0, we have,
(3k+2)-(4k—-1)+(2k+2)-5=0
=3k+2-4k+1+2k+2-5=0

=k=0

Thus, the coordinates of the point of intersection of the line and
the plane are: P(3x0+2,4x0-1,2x0+2)=P2,-1,2)

Let 8 be the angle between the line and the plane.
Thus,

al+bm+cn
sing = , where, I,mand n are the direction

a2+ b2+ AR em?+n?
ratios of the line and a,b and c are the direction ratios of the normal

to the plane.

Here, =3, m=4,n=2,a=1,b=-1,andc=1
Hence,

Sing = 1x3+(-1)xd+1x2

12+ (=12 + 1232+ 42 422
1
NEREE)
_ 1
= 0 =53] L S—
5in [ﬁ@]

The Plane Ex 29.13 Q11
Let A, Band C be three points with position vectors
?+?—2E, 2?—?+Eand?+2?+£.
Thus, AB=b —d =(2T-T+k)-(T+T-2K)=T-27+
A_f='c'—EI=[?+2?+E]—[?+?—2E]=?+3E
Now consider ABx AC:

R A
A=ABxAC=|1 -2 3

o1 3

o~

—6-3)-37+k=-97-37+k
equation of the required plane is

=sing =

}

g

)

A)=(d-f)

(=87=37+R)=(T+7-2F) - (~97-37+R)

~7-(9T+37-k]=14

Also, find the coordinates of the point of intersection of this plane and
the line 7=37—7 -k +A27-27 +k)

Any point on the line 7 =3?—f—£+)&[2?— 2?+ E] is of the form,
(3424, —1-=24, = 1+2)



If the point P(34+2A, —1=2X, — 1+ A] lies in the plane,
7 -[97+37-Kk)=14, we have,
9(3+2A)-3(1+2A)—(-1+A)=14

=27+ 18A-3-6A+1-A=14

=11A=-11

=i=-1

Thus, the required point of intersection is

FI3+2A —1-2A, —1+A)

=F3+2(-1), —1-2(-1), —1+(-1))

=F1,1, —-2)

The Plane Ex 29.13 Q12
5—><= v—?= zZ+ 3

-4 4 -5
-5 y-7 Z+3 (i)
4 4 -5
-8 2y-8 7-5
7 2 3
><—8=v—4=z—5 lllll (i)
7 1 3
Here,

a=4b,=4c =-5
a,=7by=1c,=3
Wy=5y, =72, =-3
Xp=8Y=4Z;=5
Condition for two lines to be coplanar,
FpT R YoV LT

a b, c, [=0

4 4 -5
7 1 3
3 -3 8
-4 4 -5
7 1 3

=F12+51+ 312+ 35+ &4 -28)
=3x17+ 3247 +8x(-24)

=51+ 141-192

=192-192

=0

» Thelines are coplanar to each other,



The Plane Ex 29.13 Q13

Required equation of plane is passing through the point (3, 2, 0),
Lalx-3)+b(y-2)+c[z-0)=0
=alx-3)+by-2)+cz=0........ (i)

x—3=v—6=z—4

Required equaticn of plane also contains the line = T

s0 it passes through the paint (3, 2, 0
=a(3-3)+b(6-2)+c4-0
= b+ A= O il

Alzo plane will be parallel to,

a(1)+b(5)+ c(4)= 0

Solving (i) and (iii) by cross multiplication,
a b

650" 40" o-a" =)
a b C

3T )

=a=-Mb=2 c=-A

Puta=-&b =2, c=-Ain equation (i) we get
(R =3+ [A)[y -2)+[-2)z=0

= -X+3+y-2-2z=0

Sx-y+z-1=10



Ex 29.14

The Plane Ex 29.14 Q1

Consider
x-2 y-5 z-0
I: =
-1 2 3
] x=0 p+l z-1

2 -1 2

Clearly line [ passes through the point P(2,5,0)

The equation of a plane containing line /, is
alx—0)+b(y+1)+e(z-1)=0 ... (1)

Where 2a—b=2c=0 '

Ifitis parallel to line [ then

—a+2b+3c=10
Therefore

a_»b _¢

-7 -8 3

Substituting values of a. b, cin the equation (1) we obtain
alx=0)+b(y+1)+c(z-1)=0
—7(x—0)-8(y+1)+3(z-1)=0
—Tx—8y—-8+3z-3=10
Tx+8y-3z+11=0 )
This is the equation of the plane containing line [, and parallel to line [;
Shortest distance between [ and ;= Distance between point P(2,5,0) and plane

2

14+40+11

65

J122

The Plane Ex 29.14 Q2
x+1l  y+1  z+1

|. = =
7 -6 1
| x=3 _y-5_z-7
2 -2 1

Let the equation of the plane containing |y be a(x+ Ll +biy+ Li+c(z+ 1)=0
Flane is parallelto Iy: 7a—6b+c=0......(1)

Plane is parallelto I;: a—-2b+c=0....... (i)
Solving () and (i),
a b C
—6+2 1-7 -—14+6
a b _c
-4 -6 -8

S Equationofthe planeis =4+ 1) -6+ 1)-8z+1)=0
dx+ L+ely+ 1+ 8z + 1)=0Isthe equation of the plane.
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The equation of a plane containing theline 3x -y -2z +4=0=2x+y +z+ 1lis
x(21+3:l+v(l—1:l+z(?-.—2)+?-.+ 4= O(l:l

><—1= v—3=z+2 then

Ifitis parallel to the line then 7 ]

22+ 3+ 4A- 1+ [A-2)=0
=i=0

Putting & =0 in [i} we get,
Sx-y-2z+4=0........[i
As this equation of the plane containing the second line and paralle to the first line,

1 _ ¥ 3 _Z+ 2
4
S0, the shortest distance 'd' between the given lines is equal to the length of

perpendicular from [1, 3, -2)on the plane [ii).
3-3+4+ 4‘ g

Jito+a | Jia

Clearly the line X; passes through the point (1, 3, -2)

d=\



Ex 29.15

The Plane Ex 29.15 Q1

Ix+d4p-btz+1=0

Line passing through orginand perpendicular to plane is given by

X P iz
===y

T )

S0 let the image of (0,0,00 15 (3t 41, -61)
Midpoint of (00,00 and (3r, 4r, -6r) lies on plane.

3(3—;]+2|4r|—3|—ﬁri+1=0

30.5r = -1
-2
¥F=—"
fil
Soimagnais(_—ﬁ,i,E
gl fl Al

The Plane Ex 29.15 Q2

Here, we have to find reflection of the point £ {1J2J—1:] in the plane 3x -5y +4z="5

Let @ be the reflection of the point £ and & be the mid-point of 2Q.

Then, & lies on the plane 3x - Sy + 4z = 5.

Direction ratios of £Q are proportional to 3,-5,4 and PQ is passing through

[:1,2,—1}.
So, equation of #Q is given by,

x—l_y—2=z+1=
3 -5 4 H55y)

Let @ be {32+1, -52+2, 41- 1]

3A+14+41 -BA+24+42 44-1-1

3i+2

~El+d 4R-2

The coordinates of & are [ - s S

Since, & lies on the given plane 3x -5y +4z =75

2(3+2) [ 5a+4), (44-2)_.
2 2 2

=  9A+6+252-20+162-8=10
=  502-22=10

=  502=10+22

=  50i=32

- _ 16

B e
25

S0, @={32+1,-54+2 41-1)

3|22 [ seqmn | 200F coa [ 20 |2y
25 2K 25

48
= —+1,—E+2,ﬂ—1
25 ) 25
(73 6 33
5’ 5 'o2g
5o, reflection of £ (1,2,-1) = EJ _6_1 a9
25 E 2B

Il

2

)|

2

:

2

il

2

)
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We have to find foot of the perpendicular, say Q, drawn from £ [:5, 4,2] to the line
x+1 y-3 z-1
2 3 -1

=1 [say)
Let @ be {24-1,34+3,-2+1)
Direction ratios of line 2 are [2,?.—1—5, 3,?.+3—4J—,i'.+1—2} or {21—6, 31—1,—,?.—1]

Here, line #Q is perpendicular to line given{48].
So,
3+ bbs + oo = 00
f2a-ea){2)+(at-1){3)+[-2-1){-1) =D
4i-12+91-3+42+1=10

141-14=0
14
A==
14
=1

S0,  Q=(24-1,32+3,-2+1)
=f2{1)-1,3({1)+3,-(1)+1)
=(2-1,3+3,-1+1)
= (1,6,0)

Length of perpendicular 2O

= .J{S— 1}2+[4— 6]2 +f2- 0]2 [Ysing Distance formula ]
- JiEvara

o

=206

So,
Foot of perpendicular is {1,6,0]

Length of the perpendicular is 2£ units
The Plane Ex 29.15 Q4

Here, we have to find image of the pDintP{EJ 1,2} in the pIaneF-(Ef—f+£) =4 or2x-y+z=4

Let @ be the image of the point 2.

So,
Direction ratios of norm al to the pointare 2,-1,1

Direction ratios of line 2 perpendicular to 2,-1,1 and £Q is passing through
{z,1.2).

So equation of £Q s
Using equation of line passing thruugh[xl,yl, 21} is
T T e e {sav) e B

=] b c

General point on the line PQ is(22+3, -2+1, 1+2)
Let Q@ be {22+3, -4+1, &+2)

Let & be the mid point of 2Q. Then,

coordinates of & are

Il ! : il

28+3+3 -A+1+1 A+2+2) (23+6 -1+2 1+4
2 2 2 2 2 2



Since, R lies on the plane 2x - v+ z = 4, we have,

2202239

=5 A +12+2-2+A+4=8
= pA=8-14
-G
::5 = —
&}
e A=-1
So,

Image of P = Qf2({-1)+3,- (-1} +1,-1+2)
Image of £ = (1,2,1)

The equation of the perpendicular line through 3i+ j+2k is

'+ j+ 2k A2 f+E)

;I_'z

L

The position vector of the image point is

3+ j+2k+A(2—j+E)=(3+22)i +(1-2) j+(2+k)k

The position vector of the foot of the perpendicular 1s

(3+24)i+(1- /Ij-i"—'—fl*'\h-i:w' j*lil

[ 3]

- n - N

s A e A
=(3+A)i+1—— |7+ 2+— |k
|3 /._I.-v-l]. = |#+| — &

]

< b <

Putting 7 =-1 the position vector of the foot of the perpendicular is

2 Jr—ék

ra |

The Plane Ex 29.15 Q5
Ix-2p+dz+5=10

(11,2)
_‘2—2+3+5 13
Jleled | B

Let the foot of perpendicular be(xz,vz). S0 DR's are in proportional
%=l p-1 z2-1

e

x=2k+1

F==2k+l

z=4k+32

Substitute Gryz = 20+ 1, — 20+ 1, 4k + 2) in plane equation
Ir-2p+dz+5=10
4+ 2+ 4k -2+ 16k +8+5=0
24k=-13
e
24
-15 -1

(o.p.2)= (12 i
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Here,we have fo find distance of the point P {1, -2, 3] from the plane
X ¥y =z

¥ -Y+Z=5measured parallel to lirne 48, = =L ="
2 2 -&

Let 3 be the mid point of the line joining F to plane,

Here, £Q is parallel to line A5
=5 Direcion ratios of line AQ are proportional to direction ratios ofline 45
i Cirection ratios of line PQare2 3, -6 and PQ Is passing through #{1,-2,3).

S0 equation of AQ is given by
HoX _ ¥ _ 274

a b &
x-1_ y+2 z-3_
= "3 %t W)

General pointon line PQ is{24+1, 341-2,-61+3)
Suppose coordinates of Q be(24+1,34-2,-64+3)

General pointon line PQ is{24+1, 34-2,-61+3)
Suppose coordinates of Q be(24+1,31-2,-64+3)

Since @ lies on the planex -y + 2 =5
(2i+1)-(34i- 2 +(-6i+3) =5
2A+1-31+2-64+3=5
—FA=5-6
—Fad=-1

1

.
7

Coordinate of @ = (24+1,34-2,-64+3) = [9 b E]

TR
Distance between(l,-2,3) and plane = PQ
=\|({X1_X2}2+(5’1—5’2]2"'{21‘22}2
i 1155 15y
=x{[1‘?] (7] 4[5
4 3 3e
= —+—+—
Vas T ag " ag

49

49

Reqguired distance = 1unit
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Let @ be the foot of the perpendicular.

Here, Direction ratios of normal to planeis 3,-1,-1

= Line £ is parallel to narmal to plane

= Direction ratios of #Q are proportional to 3,-1,-1 and 22 is passing through # [2,3,?}.
So,

& = =

General point on line £Q
=(34+2 -A+3-2+7)

Coordinates of @ be[32+2,-2+3,-2+7)

Point @ lies on the plane 3x -y -z =7,
S0,
3[:3,1+2:]—[:—,1+3}—{—1+?}=?
Ol +6+A-3+A-7=7
1 =7+4
111 =11
gz kL
11
A=1
s Coordinate of Q

f[Br+2-4+3,-1+7)
(3(1)+2,- (1) +3-[1)+7)
= {5,2,8)

Length of the perpendicular £Q

= J[:xl—x2}2+{y1—y2]2+{21—22]2
- w’([2-5)2+{3-2]2+{?-5]2

o e

= 11




The Plane Ex 29.15 Q8
Here, we hawve to find image of puintP{l,SJ 4} in theplane 2x -y +z+3=10

Let Q be the image of the point.

Here, Direction ratios of normal to plane are 2,-1,1
= Direction ratios of #& which is parallel to norm al to the plane is proportional to 2,-1,1
and line G is passing through 2 {1,3,4).

So, equation of line #Q is given by
XXy _ ¥k _ 204

E b c

-1 y-3 z-4

2 -1 1

i [say)

General point on line £Q
=[{2i+1, -2+3,1+4)

Let @ bef2i+1,-2+3,1+4)

Q isimage of 7, s0 & is the mid point of #Q

Coordinates of 2

1 1

[2,1+1+1 -A+3+3 ,i'.+4+4]
2 2

Il Il

2 2 2

_ ,1+1J_’1+6,l+8
2 2

_(21+2 -i+6 1+8]

Point® isonthplane2x-y+z+3=10

=2(1+1)_ -A+6 + A+8 -0
2 2
4i+4+2-64+4+8+6=0

62 = -12
A=-2

So,

Image @ =(22+1,-2+3,1+4)
=[-4+1,2+3,-2+4)
=[-3,52)

Image of # {1,3,4) is (-3,5,2)



The Plane Ex 29.15 Q9
Here, we have to find distance of a point & with position vector (—f— 5i- 1D£) from the
point of intersection of line F= (Zf -7+ 2§)+1 (3f+ 47 + 12#2) with plane

-7
Let the point of intersection of line and plane be & {5}

The line and the plane will intersect when,
[(2;‘“-j+2£)+1(3;‘"+4}+12£)](a‘"-}'+£)=5
[(2+3,1}|f+{-1+41}j+{2+121]£]{f-j+£)=5

fe+si){1)+{-1+4){-1)+{2+122) (1) =&
2+32+1-42+2+120 =5

118 =5-5

A=0

So, the point & is given by

b= (2;‘ —j+2£)+{n)(3f+4}'+12£

E- [2f-j+2£}

AB =h-23

- {2?—}+2£)—{—f—5}—10£) - [2f—j+2£+f+5}+10£)= {3;’+4}+12£)
‘A_s" B (4 +(12)° - B rte+ 144 - fi69 - 13

Required distance = 13 units

The Plane Ex 29.15 Q10
r—2p+4z45=10

1,123
_[1-2+44+5

_‘:.-f1+4+16

8

S

Let the foot of perpendicular be (z,y.z). S0 DR's are in proportional

p=-2k+1
z=4k+1

Substitute Gy ze(lor ], -2et 1| 4k+D) in plane equation
r—2yp+4z+5=10
E+l+4k-2+16k+8+5=10
Ak=-12

=12 -4
"Bk

315 -2

l:x,}’ ,Z) = (?:??T)
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x—p+z+1=10
(3,40

6-2+1+1 fi ‘u’—
= |/ |= ——==4/f
"\;‘I4+1+1 NG

Let the foot of perpendicular be(x,vz). S0 DR's are in proportional

Substitute Ly z2 2k + 3, — k+ 2, k- 1) in plane equation
x—p+z+l=10

dh+b+h-2+k-1+1=10

il = —4

A Mo
6 3

| um
LS =]

(xp8)=C.2 )

3

The Plane Ex 29.15 Q12
Given equation of the plane 7 -[6?—3?— ZE] +1=0
Thus, the direction ratios normal to the plane are 5, —3 and -2
Hence the direction cosines to the normal to the plane are
B -3 -2
2+ (=32 +(-2% eI+ (=32 +(—2)7 e2+(-3)7+(-2)
6 -3 -2

7077
_ 632
777

The direction cosines of the unit vector perpendicular to the plane are
same as the direction cosines of the normal to the plane.
Thus, the direction cosines of the unit vector perpendicular to the plane



The Plane Ex 29.15 Q13

Consider the given equation of the plane 2x -3y +4z-6=10

The direction ratios of the normal to the plane are 2, —3 and 4

Thus, the directio ratios of the line perpendicular to the plane are 2, —3 and 4.
The equation of the line passing [X1,V1,2’1] having direction ratios a,b and c is

X=Xy V—V1  Z—23
a b c
Thus, the equation of the line passing through the origin with
direction ratios 2, —3 and 4 is
x-0 y-0 _ z-0
2 -3 4

X z ,
#?=L_—=F, where r is some constant

-3 4
Any point on the line is of the form 2r, —3rand 4r
If the point P(2r, —3r, 4r) lies on the plane 2x -3y +4z—-6=0,
it should satisfies the equation, 2x -3y +4z-6=0
Thus, we have,
2(2r)—3(-3n+4(4r)—6=0
=4r+9r+ 16r-6=0
=29r=6
_ 6
S 29
Thus, the coordinates of the point of intersection of the
perpendicular from the origin and the plane are;

6 6 6 12 18 24
2x——, —3x——, dx —|= P =5, ==, =
29 29 29 29° 29’ 29

The Plane Ex 29.15 Q14

=r

The length of perpendicular from the point [1, 2,2] totheplane 2% -2y + 4z + 5 =10,

d‘w 12 _ 5
JE+ 4+ 16| 26
Let the foot of perpendicular be [x, v, z). So DR's are in proportional
3
x-1_ Y735 z-2_,
2 -2 4
w==k+1
3
=T+ 2
Y + 5
z=dk+2

Sousing values of x, y, zin equation of the plane we have,
2(2k + 1] -2[-z<+% ¢ 4{ak+2) +5=0
e+ 2+ dk-3+16k+B8+5=0

24k = -12
1

(% v, 2)= [O,;O]
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