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Chapter : 28. THE PLANE CLAss24

Exercise : 28A

Question: 1

Solution:

(iJA(Z, 2,-1), B(3,4,2)and C(7, 0, 6)

Given Points :

A=(22-1)

B=(34,2)

C=(7.0,6)

To Find : Equation of plane passing through points A, B & C
Formulae :

1) Position vectors :

If Ais a point having co-ordina a3), then its position vector is given by,

a=a,i+a,j+agk
2) Vector:

IfA and Bbe two p

a.b=(a, x b))+ {a, xb,) + (az x by)

5) Equation of Plane :

If A = (a4, az, az), B = (b, bz, b3), C = (c4, ¢z, c3) are three non-collinear points,
Then, the vector equation of the plane passing through these points is
7.(AB x AC) = a@.(AB x AC)

Where,

F=xi+yj+zk

For glven points,

A=(2,2 1)
B=(3,4,2)
C=(7,06)

Position vectors are given by,




2i+2f-k

]
Il
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o
I

30+ 4j+ 2k
F=7i+ 6k

Now, vectors 4B & AC are

B-Db—a

e

—(B-i+@-2)j+2+Dk

~AB =1+2j+3k

3]

=f—a
=(7-Di+(0-2)j+ 6+ Dk

~AC =5i—2j+7k

Therefore,

[ [ B

ABXxAC=11 2 3
5 =2 7

=i2x7—-(-2)x3) - (—2)-5x%2)

—20i +8f— 12k

This is 5x + 2

(ii) Given Points
A=(0,-1,-1)
B=(45,1)
C=(3,9 4)

To Find : Equation of plane passing through points A, B & C
Formulae :

1) Position vectors :

IfAis a point having co-ordinates (ai, az, az), then its position vector is given by,

a=a,i+a,j+ak
Z) Vector:

If A and B be two points with position vectors G & b respectively, where

=i+ usj+agk

b= bi+bj+bk

then,

AB=Db—a

= (b, —a,)i+ (b, — @) + (by — az)k
3) Cross Product:

If 7 & b are two vectors




a=a,i+aj+azk
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b= bi+bj+bk

then,
R A
axb=|a a, ag
b, b, by

4) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+azk

b=Di+b,j+ bk

then,

&b = (ay x b))+ (ag x by) + (az x by}

5) Equation of Plane :

IfA = (ay, az, az), B = (b1, bz, b3), C = (¢4, €z, ¢3) are three non-collinear points,

Then, vector equation ofthe ing through these points is

F.(AB x AC) = a. (4B
Where,
F=xi+yj+zk

For given points

=(3—-0)i+(9+

~ AC =31+ 10j + 5k

Therefore,

N A

BxAC=14 6 2
3 10 &

=f(6X5-10x2)— j(4x5—2x3)+ k(4% 10— 3 x 6)

—10f — 147 + 22k
Now,

T(AB x AC) = (0% 10) + {(—1) x (—14)) + {(—1) x 22)

=0+14-22

=-8

~#@.(AB X AC)=—8 ........eq[1)
And

F.(AB X AC) = (x x 10) + (¥ x (—14))+ (zx 22)
=10x- 14y + 22z
~ 7. (4B x AC) = 10x — 14y + 22z wneneq(2)

Vector equation of plane passing through points A, B & Cls




|
F.(AE X AC) = @ (AB x AC) CLAss24
From eq(1) and eq{2)
10x- 14y + 222=-8

This is 5x- 7y + 112 = - 4 vector equation of required plane

(ili) Given Points :

A=(26,-6)
B=(-3,10,9)
C=(50,6)

To Find : Equation of plane passing through points A, B & C
Formulae :
1) Position vectors :

If Ais a point having co-ordinates (a1, az, as), then its position vector is given by,

T =a,i+a,j+ask

2) Vector:

If A and B be two poin h respectively, where

If & b are tw
T=ai+a.j+a
b=bi+hj+b,
then,

a.b=(a, x b))+ (a, xb,
5) Equation of Plane :
IfA = (ay, az,a3z), B = (by, bz, b3), C= (€}, ¢z, €3) are three non-collinear points,
Then, vector equation ofthe plane passing through these pointsis
F.(AB x AC) = @. (AB x AC)

Where,

F=xi+yj+zk

For given points,

A= (2,6, -6)
B=(-3,10,9)
C=(-50,-6)

Position vectors are given by,
a=—2i+6j— 6k
b= —3f+10f + 9k

—5i— 6k

1]
Il




Now, vectors AB & AC are
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=
=]

—a

(—3+ )i+ (10— 6)j+ (9 + 6)k

«AB = 114f1 15k

&l
oy
Il

o

—a
=(-5+2)i+(0—-6)j+ (—6+6)k

~AC = —3i — 6] + 0t

Therefore,

|tk

ABXAC=|-1 4 15
-3 -6 0

=i(4x0—(—6) % 15) — j((—=1) x 0 — (—3) x 15)
VR Dx{6) ( 3)x4)

=907 — 45 + 18k

Now,

a.(AB x AT) = ((—2)

=-180 - 270 - 108

ctorequation of required plane

O

Given Points :
A=(32-5)
B=(-1,4,-3)
C=(-3,8,-5)
D=(321)
To Prove: Points A, B, C & D are coplanar.

To Find : Equation of plane passing through points A, B, C & D.
Formulae :

1) Position vectors :

If Ais a point having co-ordinates (a1, az, az), then its position vector is given by,

a=a,i+a,j+ak
2) Equation of line

If A and B are two points having position vectors g & b then equation of line passing through two
points is given by,

F=a+i(b—a)
3) Cross Product :

If 7 & b are two vectors

d=a,i+a.f+ak




b= byi+byj+ bk

tren, CLASS24

B i j ok
axb=|a, a, az
by by Ds

4) Dot Product :

If 7 & b are two vectors

a— ayi+a,j+azk

b=byi+bj+ bk

then,

@b = (ay X by)+ (@ % by) + (a3 X By}

5) Coplanarity of two lines :

Iftwolines 7 = T+ Ah & H= E+.uE are coplanar then
a{bxd)=e(bxd)

6) Equation of plane:

Iftwo lines /] = @; + 4 nar then equation of the plane containing them

is

Fo(by % b;) = @ (L

Where,

Equation of line

m=a+i(b—a)
b—a=(-1-3)i+
=—4f +2j+2k

~ 75 = (30 +2f —5k) + (41
Let, 7} = @, + 4by

Where,

ay=3i+2j— 5k & b, = —4i+2j + 2k

And the equation of the line passing through points C & D is
—c+p(d—c)

d—&=(-3+3)i+(2-8)j+(1+5k

=—6f + 6k

w77 — (30 +6f — 6k)+ A(—¢f + ok)

Let, i =1, + b,

Where,

@ = 3i+8f 5k &b, = 6] +6k

Now,




i j ok
i A
1] —6 6

by x by =

=i(12 +12) — j(—24 - 0) + k(24 +0)

= (I x Dy} = 240 + 24] + 24k

Therefore,

@;.(by % by )= (3% 24) + (2x 24) + ({—5) % 24)
=72 +48-120

=0

2T By xbBy) =0 e eq(1)

And

@y.(Dy x by ) ={(—3) % 24) + (8% 24) + {(—5) x 24)
=-72+192-120

=0

@by x D) =0 e @q(2)

From eq(1) and eq(2)

3.6y x b) = 7. (6, . 2)

Hence lines 7y & 73 are coplanar

Therefore, points A, B, C& D are also coplanar.
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Aslines I; & i are coplanar therefore equation of the plane passing through two lines containing

four given points is

F.(by % By} =@y (By x by

Now,

by B, ) = (x % 24) + (¥ % 24) + (7% 24)
= 24x + 24y + 24z

From eq(1)

@ {by % b,) =0

Therefore, equation ef required plane is
24x + 24y +242=0

x+y+z=0

Question: 3

Solution:

Given Points :

A=(0,-1,0)
B=(21,-1)
C=(11,1)
D=(3,3,0)

To Prove: Points A, B, C & D are coplanar.

To Find : Equation of plane passing through points A, B,C & D.

Formulae :

1) Position vectors :

If Ais a point having co-ordinates (ai, az, az), then its position vector is given by,

a=ai+a,j+ak

2) Equation of line

If A and B are two points having position vectors g & p then equation of line passing through two

points is given by,
F=a+Alb—a)

3) Cross Product:



If @& b are two vectors

e CLASS24

then,
B R B
axb=|a, a, a;
by b, b4

4) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+agk

b=byi+bj+ bk

then,

a.b = (ay x by)+ (a, x by) + (az x by}
5) Coplanarity of two lines :

oplanar then

lftwolix:nesr1 =T+ ADETS
a(bxd)=e{bxd)
6) Equation of pla

Iftwo lines f; = @
is

of the plane containing them

Equation of line pa
f=a+A(d—a)
d—a=(3-0)i+ (3+ 1)
=3i+4j

~ 1y = (=) + A(3L+ 4])
Let, i; = @, + 4by

Where,

a;=—j&b, =31+4j
And equation of line passing through points B & C is
7 =b+u(e-b)

c—D=(lL—20+{1—-1)J+ (L + 1k
=—i+0j+2k

=20 +f-E)+A(-1+ 2k)
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by x by =

=i(8—0) —j(6— 0)+k(0+ 4)

«(by x b,) = 8i—6f +4k

Therefore,

. (By x By} = (0% 8) + ((—1) X (—6)) + (0 x 4)
=0+6+0

=6

28 (DX D) =6 e eq(1)

And

. (b x D) = (2% 8) + {1 (—6)) + (1) x 4)

=16-6-4

=6

~mg(bxd)=
From eq(1) and eq
@ (b x by) = @

Hence lines 1 &

erefore equa

Question: 4
Solution:
Given :

X -intercept,a=2
Y - intercept, b=-4

Z - intercept,c=5

To Find : Equation of plane
Formula:

Ifa, b & c are the intercepts made by plane on X, Y & Z axes respectively, then equation of the
plane is given by,

—+r+=-=1
a b c
y oz

s+—=+-=1

2 -4 5
Multiplying above equation throughout by 40,
] 40x +40y . 40z a0
T2 —4 [

20x - 10y + 8z =40

10x - By + 4z= 20




|
This the equation of the required plane.
Question: 5 CLAss24
Solution:
Given :
Equation of plane: 4x -3y + 22 =12
To Find :
1) Equation of plane in intercept form
2) Intercepts made by the plane with the co-ordinate axes.
Formula:
H%+%+;=1
is the equation of a plane in intercept form then intercept made by it with co-ordinate axes are
X-intercept = a
Y-intercept=b

Z-intercept = c

Given the equation of p

4x - 3y + 22 =12

Dividing the above
4x -3 2z

[ 7""?4,
12 12

X
s
3

> i intercept form.

X-intercep
Y-intercept = -4
Z-intercept=6
Question: 6
Selution:

Equation of the plane maki ercepts with X, Y & Zaxes respectively is

Y -4
il
a b ¢

But, the plane makes equal intercepts on the co-ordinate axes
Therefore,a=b =rc

Therefore the equation of the plane is

X y z
a a a

=1

X+y+z=a

As plane passes through the point (2, -3, 7],
Substitutingx =2, y=-3&=z=7
2-3+7=a

Therefore,a=6

Hence, required equation of plane is

x+ty+z=6




Question: 7 CLASS24

Solution:

Given :

X-intercept = A

Y-intercept = B
Z-intercept=C

Centroid of AABC = (1, -2, 3)
To Find : Equation of a plane
Formulae:

1) Centroid Formula :

For AABC ifco-ordinates of A, B& C are
A = (x4, X3, %3)
B={¥1.¥2¥3)

C=(z1 22, 23)

Then co-ordinates of th

(Xl +x;+X3 ¥,

B&ConX, Y & Z axes re.

Therefore,a=3,b=
Therefore,
X-intercept=a =3
Y-intercept=b=-6
Z-intercept=c=9

Therefore, equation of required plane is

X vy z ;
a b ¢
X y z
Ao+ =1
3 6 9
Question: 8
Solution:
Given :
A=(123)

Direction ratios of perpendicular vector = (2, 3, -4)
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To Find : Equation of a plane
Formulae CLASS24
1) Position vectors :

If Ais a point having co-ordinates (a1, az, a3), then its position vector is given by,

a=a,i+a,j+azk
2) Dot Product :

If 7 & b are two vectors

a=a,i+aj+azk

b =byi+b,j+ bk

then,

a@.b=(a, % b))+ {a,xb.)+(a; x by)

3) Equation of plane:

If a plane is passing through point A, then the equation of a plane is

=an

=l

T.T

Where, @ = position ve
i1 = vector perpendi

F=xi+yj+zk
For point A = (1,

ratios (2,

o vector il is

=2X + 3y -4z
Therefore, equati
2x+3y -4z =-4
or

2X+3y-4d4z+4=0

Question: 9
Soelution:
Given :
P=(1,2,-3)
0=(0,0,0)
n=0P

To Find : Equation of a plane
Formulae :
1) Positien vectors :

If Ais a point having co-ordinates (a1, az, az), then its position vector is given by,

a=a,i+a,j+ak
2) Vector:

If A and B be two points with position vectors g & b respectively, where




|
a=a,i+aj+azk
b= bi+b,j+ bk CLA5324
then,
A0 —b—a
= (b, —a))i+ (b, —a)f + (b — “3)'IE
3) Dot Product :

If 7 & b are two vectors

a=a,i+a,j+azk

b =Dyi+bj+ bk

then,

a.b = (ay % b))+ {ay xby)+(az x by}

4) Equation of plane :

If a plane is passing through point A, then the equation of a plane is

=a.f

]
=l

Where, @ = position vec
=
F=xi+yj+zk

For points,

FOP={xx1)+(yx?2
=x+ 2y + 3z
Equation of the plane passing through point A and perpendicular to the vector i is
ro=an

But,7 = OP

Therefore, the equation of the plane is

F.OF = 5.OP

x+2y +3z =14

x+2y +3z-14=0
Exercise : 28B

Question: 1
Solution:
Given :

d=5
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To Find : Equation of a plane
Formulae :

1) Dot Product:

If 7 & b are two vectors
&=a,t+a,j+azk
b=Dbi+bj+bk

then,

@b = (a, x b))+ (a, x b,) + (az x by}
2) Equation of plane :

Equation of plane which is at a distance of 5 units from the origin and having il as a unit vector
normal to it is

rii=d
Where, 7 = xf+ yj + zk

Forgivend=5andff = £

Equation of plane is

7 =3+5]—6k

To Find : Equatior
Formulae :

1) Unit Vector :
Let @ — a,i+ a,j+azk beany

Thenunitvector of @ is

E

i=

Where, |a| = \fa,2+ q,2+ a5?

2) Dot Product:

EN

If 7 & b are two vectors

a=a;i+a,j+ak
b=0bi+b,j+bk

then,

&b = (a, x b))+ (a; x b))+ (a; x by}
3) Equation of plane:

Equatien of plane which is at a distance of 5 units from the origin and having fl as a unit vector
normal to it is




Fi=d

|
Where,f=xi+yj+z§ CLASS24

For given normal vector

f=31+5]f—6k
Unit vector normal to the plane is

i

A=

7l
3i+5f—6k
J32+52+ (—6)2

3+ 5] — 6k

=

afi=——

V9+25+36

_ 3i+bj—6k

=
V70

Equation of the plane is

rii=d

3f+5;—6E)_
V7o

~7.(31+5]— 6k

il
—

This isa vector e

=2f—3j+4k
To Find : Equatio

Formulae :
1) Unit Vector :
Let @ = a,i+ a.j + a3ﬁ be any vector

Then the unit vector of @ is

Where, |g| = falz +a,2 + a2
2) Dot Product :

If 7 & b are two vectors

a=a,i+a.,j+azk

b= byi+boj+ bk

then,

b= (ay % b))+ (a; x ba)+ (a; x by)
3) Equation of plane:

Equatien of plane which is at a distance of 5 units from the origin and having fi as a unit vector
normal to it is




ri=d

Where,r = xi+ yj +zk

For given normal vector
f=21-3j+4k

Unit vector normal to the plane is

n

A=

Il
28 —3f+4k
V224 (=32 +42

20— 3j+ 4k

=
Il

P | R
2+9+ 16

. 2i—3j+ 4k
A=

V29

Equation of the plane is

direction ratio
an=2i—j—2k
To Find : Equation
Formulae :

1) Unit Vector :
Let @ = a i+ a,j + agk be any vector

Then the unit vector of @ is

A=

a

la

Where, |a] = m

2) Dot Product:

If 7 & b are two vectors

&= a,i+ayj+agk

b= Dyi+bj+ bk

then,

a.b — (ay = b))+ {ag x b))+ (ag % by)

3) Equation of plane :

Equation of plane which is at a distance of 5 units from the origin and having i as a unit vector

normal to it is

CLASS24




Fi=d

CLASS24

Where,r = xi+ yj + zk
For given normal vector
f=20—f—2k

Unit vector normal to the plane is

R
fl=—=

7l
2f—j—2k

JEH (DT +(-2)2

afi=

2i—j—2k

To Find : Equation o

Formulae :
1) Position Vector:

If Ais a point having co-ordinates (ai, az, as), then its position vector is given by,

= a,i+a.j+azk
2) Dot Product :

If 7 & b are two vectors

a=ai+a,j+azk

b= byi+byj+ byk

then,

@b = (a, x b))+ (a, xby)+ (az x by}

3) Equation of plane:

Equation of plane passing through peint A and having # asa unitvector normal to it is
ri=an

Where.r — yi 4 yf + 2k




Position vectorofpoint A= (1, 4, 6)is |
a=1+4f +6k CLA5324

Now,

a={1+4aj+6k).(i—2j+k)
(1%1) + (4=(-2)) + (6x1)
1

-8B+ 6

=-1
Equation of plane is

Fli=d

=

2r(i-2+k)=—1
This is vector equation of the plane.
AsF =xi+yj+zk

Therefore

Pt —2f + k) = (xi + yj + zk).
=(xx 1)+ (y x (-2)) +

=x-2y+z

Therefore equatio

Where, |a@] =
2) Length of perpendicul
The length of the perpendicula e origin to the plane

F.71= plis given by,

| =

d=
|

Given the equation of the plane is

=

7.(3t 12f 4k)139=0
7 (3i-12f—4k) =39
w7 {—30+ 12f+4k) = 39

Comparing the above equation with

il

n=p
We get,
f=—3t+12f+4k & p=39

Therefore,




|
Il = J(—3)2+ 122 + 42
CLASS24

= 9+ 144+ 16
= V169
=13

The length of the perpendicular from the origin to the given plane is

v
d=-

7l
_d_39
BT
Sd=3

Vector normal to the plane is

= —30+12j+ 4k

Therefore, the unit vector normal to the plane is

| =

=

=

—30+ 12 + 4k

=

of the given p

»

a.b = (a; xby)
Given the equatio
7.(31+ 5] —9k) =8
Here,

F—xi+yf+ zk

= 7. (31+ 5§ —9k) = (xi + yj + zk).(31 + 5] — 9k)
=(xx3)+ (y=5)+ (zx(-9))

=3x + 5y -9z

Therefore equation of the plane is
3x+by-9z=8

This is the Cartesian equation of the given plane.
Question: 8

Solution:

Given :

Cartesian equation of the plane is
Sx-7y+2z2+4=0

To Find : Vector equation of the given plane.




Formulae:

1) Dot Broduct: CLASS24

If & & D are two vectors

a=mi+aj+azk

b=bi+bj+bk

then,

ab=(ay,xb)+(a;xb)+(a; xhy)

Given the equation of the plane is
Sx-7y+2z+4=0

=5x=-7y+2z=-4

The term (5x - 7y + 2z) can be written as
(5x— 7y + 24) = (xi +yf + k). (60 — 7] + 2k)
Buti":xi‘+yj+zf:

= (5x-7y + 28) = F.{5(— 7 +

Therefore the equation o

F(5i—7f +2k) =

or

Where, |q| =
From the given eq
x-2y+2z=6
direction ratios of vecto
Therefore, the equation of normal vector is
n=1-2f+2k

Therefore unit normal vector is given by

Ain
T
R [—2]+2k
T =
V12 +(=2)2 +22
_i-z2j+2k
Al =——
Vitat4
L i-z2f+2k
Afl=—
V9
o i—2j+2k
A=

3




33’3 CLASS24

Question: 10

Solution:

Given :

Equation of plane:3x -6y +2z=7

To Find : Direction cosines of the normal, te. I, m&n
Formula :

1) Direction cosines:

Ifa, b & c are direction ratios of the vector, then its direction cosines are given by
a
b
c

For the given equatio

3x-6y+2z2=7

Direction ratios of

Jaz +b? +c? =

Question: 11

Solution:
(2x+3y-2z=5
Given:

Equation of plane: 2x +3
To Find :

Direction cosines of the normal le. I m&n
Distance of the plane from the origin = d
Formulae:

1) Direction cosines:

If a. b & c are direction ratios of the vector then its direction cosines are given by
a
b
c

2) The distance of the plane from the origin :

n=




Distance of the plane from the origin is given by,

p CLASS24

lal
For the given equatien of plane
2x+3y-z=5
Direction ratios of normal vector are (2, 3.-1)

Therefore, equation of normal vector is

A=2i+3j—k

Ja2 +b2 +¢c2 = 22437+ (—1)2
=vy4+9+1
=1+

Therefore, direction cosines are
a 2

Vet it Jia
b 3

JeirTe Vi
c

vaz+b? + ¢

3) Directio

Ifa, b & care di
u
b
c

4) The distance of the plane from the origin:

Distance of the plane from the origin is given by,

il
|71

For the given equation of a plane

z=3

Direction ratios ef nermal vector are (0,0, 1)

Therefore, equation of normal vector 1s

a==k

Jaz+b2 +c2=J0i+02+ 12
=v1
=1

Therefore, directlon cosines are




a 0

|
e 1 CLASS24

b 0
Me————————— =0
vaz+bhi+c? 1

[5 1
Ve rbte 10
(!.m.n):(o,ﬂ,l:

Now, the distance of the plane from the origin is

£

d=—
|7

nd=

=

~d=3

(iii) Given :
Equation of plane: 3y +5 =0
To Find :

Direction cesines of the
The distance of the ¢
Formulae :

1) Direction cosi

Direction ratios o
Therefore, equatio

=—3f

Ja2 + b +c2 = 02+ (-3)2
—Ja

=3

Therefore, direction cosines are

a 0

= ———0
val+br+c? 3
b -3
m=—— =— =1
vaz+b2+c¢2 3
c 0
He——— _—_ ¢
vai+br+er 3
(f.m,n)={0‘,*1,0]

Now, distance of the plane from the origin is
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Question: 12
Solution: CLAss24
Given :
A=(2,-1,1)
Direction ratios of perpendicular vector = (4, 2, -3}
To Find : Equation of a plane
Formulae:
1) Position vectors :
If Ais a point having co-ordinates (ai, az, az), then its position vector is given by,
d=a,i+a,j+azk
2) Dot Product :

If 7 & b are two vectors

a=ai+aj+azk

b=b0+b,]+ b3k

then,
ab=(a,xb)+(a
3) Equation of pla

If a plane is passi

AsF =xi+yj+zk
ar{ai+2j—3k) = (xi+
=4x + 2y -3z
Therefore, the equation of the plane is
4x+2y -3z2=3

or

4X + 2y -3z-3 =0

Question: 13

Solution:

((J2x+3y+42-12=0

Given :

Equation of plane : 2x + 3y + 4z + 12=0
To Find :

coordinates of the foot of the perpendicular




Note :
If two vectors with direction ratlos (aj, az, az) & (b, bz, b3) are parallel then

a4 4 4y

by by by

From the given equation of the plane
2x+3y+4z-12=0

= 2X + 3y + 42 =12

Direction ratios of the vector normal to the plane are (2, 3,4)

Let, P = (%, ¥, z) be the foot of perpendicular perpendicular drawn from origin to the plane.

Therefore perpendicular drawn is gP.
=~ OP = xi+yj+zk
Let direction ratios of 0P are (x,y, z)
As normal vector and gF are parallel
az =2 =%~ k(say)
2 3 4
=x=2k y=3k z=4k
As point P lies on the plane, we can write
2(2k) + 3(3k) + 4(4k) = 12
= 4k + 9k + 16k = 12

= 29k =12

12

sk=
29

sx=2k=2
36
29

¥y — 3k —
= Gl

29
Therefore co-ordinates of the footof perpendicular are

24 Jo &b

Py = (55 505

p= (E'ﬁlﬂ)
28'29' 20
(li) Given:
Equation of plane : 5y + 8 = 0
To Find :
coordinates of the foot of the perpendicular
Note :

If two vectors with direction ratios (as, 2z, az) & (b4, bz, bz) are parallel then
a; _ a; ag

by b, Dy

From the given equation of the plane

by+8=20

=5y=-8

Direction ratios of the vector normal to the plane are (0, 5,0}

Let, P = {x, y. 2} be the foot of perpendicular perpendicular drawn from origin to the plane.

Therefore perpendicular drawn is 0P,
=~ OP = xi+yj +zk
Let direction ratios of 0P are (x.y. z)

As normal vector and JPF are parallel

0 5 0

CLASS24



As point P lies on the plane, we can write

stk - 8 CLASS24

= 25k =-8
Tt T2
~x=0

—8
z=0

Therefore co-ordinates of the foot of perpendicular are

P(x, y,2) = (0,_?8, 0)

P02,
Question: 14

Solution:

Given :
Equation of plane : 3
A=(2317
To Find:

i) Length of pe

If two vectors with are parallel then

a, a; a;

bbby

Given equation of the plane is

Therefore directlon ratios of normal vector of the plane are
(3 -1,-1)

Therefore normal vector of the plane is

n=31—j—&

= Il = 32+ (-1)2 + (1)

—Veri+l

=11

Fromeq(1),p=7

Given peint A = (2,3, 7)

Position vector of A is

a=2i4+3j+7k




|
Now,
=(20+37+7k).(31—5 k) CLASSZ4

t
(2=3) + (3x(-1)) + (7=(-1))

a.

d=la n—pl
]
I-4-7]
~d=
Vi1
UL
ad =
~d=+11

Let P be the foot of perpendicular drawn from point A to the given plane,

Let P =[x ¥, 2)

AP =(x-2)i+(y—-3)

As normal vector a

e foot of perpenﬁ(z‘ are

P=(52 6
Question: 15
Solution:
Given :
Equatien of plane : F,
A=(11,2)

To Find :

i) Length of perpendicular=d

ii) coordinates of the foot of the perpendicular
Formulae :

1) Unit Vector :

Let 7 = a,1+ a,j +ask be any vector

Then unitvector of @is

| =

i=

Where, |g] = J'a12+ Q2 +ag?

2) Length of perpendicular :

N

Thelength of the perpendicular from point A with position vector @to the plane is given by,




_laa—pl

T CLASS24

Note :

If two vectors with direction ratios (aj, az, az) & (bj, bz, bz) are parallel then

& _%2_ 03

by by by

Given equation of the plane is
2= 2f + k) + 5 = 0 e eq(1)
7 (20-2]+4k)=—5

As T =xi+ yj+ 2k

Therefore equation of plane is

2x -2y +dz=-5 ........eq(2)

From eq{1) normal vector of the plane is

ii=2i—2f+4k

~ Al =22+ (-2)2+ 42
=v4+4+16
=74

Fromeq(l),p =-

Given point A

lane is

»

V144

12
Let P be the foot of perpendicular drawn from point A to the given plane,
Let P = (x ¥, 2)
AP =(x-Di+{y—1j+(z— 2k
As normal vector and AP are parallel

_x—l_y—l_z—z_k
"t T Ty Tk

=x=2k+1,y=-2k+1,z=4k+2

As point P lies on the plane, we can write
2(2k+1) - 2(-2k+1) + 4(4k+2) = -5

=4k +2+4k-2+16k+8=-5

=24k =-13




—13

B CLASS24

13 1
sx=2(0)r1=3
2(713)+1 25
Y=\ T2

4(713) ya-_1t
z 24 6

Therefore co-ordinates of the foot of perpendicular are
—1 25 -1
Poova = (357)

-1 25 -1
p= (22
12712 &

Question: 16
From the point P
Solution:

Given :

Equation of plane : 2x + ¥
P=(124)

To Find:

i) Equation of per

ii) Length of per

lar from poin osition vecto

If two vectors wit: are parallel then

& _%_

b, b, by
Given equation of the plane s
2x+y-2z+3=0
=2x+y-2z=-3.......eq{1)

From eq(1) direction ratios of normal vector of the plane are
(2,1, -2}

Therefore, equation of normal vector is

n=204+j—2k

Al = T T (2

=Vit+1i+4

Fromeq(1),p =-3
Given point P = (1,2, 4)

Position vector of A is




p=i+2f+4k

Here, 2= 5 CLASS24

s = {1+ 2f+ 4k). (20 +f — 2k)
= (1x2)+ (2x1) + [(4=(-2))
=2

+2-8

Length of the perpendicular from point A to the plane is

a.n —
d=I _;al
Il
i |—4 + 3|
T3
1
7

3

Let Q be the foot of perpendicular drawn from point P to the given plane,

Let Q = (%, y, 2)
PQ=(x—-1i+(y—

As normal vector a

Therefore co-ordina

11 19 34)

axy. D= (5,75

_(11 19 34)
R NCR

Question: 17

Solution:

Given :

Equation of plane:2x -y +z+1=0
P=(321)

To Find :

i) Length of perpendicular=d

ii) coordinates of the foot of the perpendicular
iif) Image of point P in the plane.
Formulae :

1) Unit Vector :

Let @ = a,i+ a,j +a,k be any vector




Then unit vector of & is

CLASS24

e

id=

EN

Where, |a@| = ,fa,2+ a,% + a;?
2) Length of perpendicular :
Thelength of the perpendicular from point A with position vector @ to the plane is given by,

|@.z —p|

d=
In]
Note :

If two vectors with direction ratios {aj, az, az) & (b, bz, b3) are parallel then

e

by b, by
Given equation of the plane is
2x-y+z2+1=0

=22X-y+2=-1.......eql1)

From eq( 1) direction ratio of the plane are
(2.-1,1)

Therefore, equatio

_|5+1|
T Ve
6
d:_
&
~d =16

Let Q@ be the foot of perpendicular drawn from point P to the given plane,
LetQ =(xy, 2)

PO =(x—-3)i+(y—2)j+{z— Dk

As normal vector and P4 are parallel, we can write,

x—3_y—2_z—1_k
o= o = k)

=x =2k+3,y=-k+2,z = k+1

As point A lies on the plane, we can write
2(2k+3]) - (-k+2) + (k+41) =-1

=4d4k+6+k-2+k+1=-1




= 6k = -6 |
P CLASS24
sx=2(-1)+3=1

y=—(-1)+2=3

z=(-1)+1=10

Therefore, co-ordinates of the foot of perpendicular are

Q% y.2) = (1.3.0)

Q =(1,3,0)

Let, R(a, b, ) be image of point P in the given plane.

Therefore, the power of points P and R in the given plane will be equal and opposite.
Za-b+c+1=-(2(3]-2+1+1)
=2a-b+c+1=-6

=2a-b+c=-7 ....eq(2)

Now, PR = (a —3)i+ (b—2)j+ (c — Dk

As PR & fiare parallel

u—3 b-2 ¢

T2 1

=a=2k+3,b--

substituting a, b

Question

Solution:
Given :
Equation of plane
P=(1,3,4)

To Find : Image of point P
Note :

If two vectors with direction ratios (ai, az, a3) & (b, bz, bs) are parallel then
a _ a;

by by by

Given equation of the plane is

2x-y+z+3=0

=S2X Y +Z= -3 .uen..eql)

From eq(1) direction ratios of normal vector of the plane are

(2. -1, 1}

Therefore, equation of normal vector is

A=2i—f+k

Given point is P = (1, 3, 4)

Let, R(a, b, c) be image of point P in the given plane.




Therefore, the power of points P and R in the given plane will be equal and cpposite. |
aobres3e-@UI-3+4+9) CLASS24
=2a-b+c+3=-6
=2a-b+c=-9....eq(2)

Now, PR = (a —1)i+ (b—3)j+ (c — 4)k
As PR & jfiare parallel

_a—l_b—S_c—4_k
S T B G

=a=2k+1, b=-k+3, c = k+4

substituting a, b, ¢ in eq(2)
2(2k+1) - (-k+3) + (k+4) = -9
=ak+2+k-3+k+a=-9
=6k=-12

~k=-2
sa=2(-2)+1=-3%
b=—(-2)+3=5

c=(-2)+4=2

Therefore, co-ord

=a =2k+1l,b=
Also point P lies
2a+4b-c=1
=2(2k+1]) + 4[-3k+2)
=4k +2 - 12k + 8- 4k +
=-12k=-12

=k=1
ca=2(1)+1=3,
b=-3(1)+2=-1
c=4(1)-3=1
Therefore, co-ordinates of point of intersection of given line and plane are
P=(3-11)

Question: 20

Solution:

Given:

Equation of plane : 2x +y +z=7

Points :




A =(3, -4, -5)

b= (2-3.1) CLASS24
To Find : Point ofintersection of line and plane.

Formula:

Equation ofline passing through A = (%1, ¥1,21) &

B = (%3, ¥z, 22) is

X—X% ¥Yy—hnh £2-%

X=X Yi—Yo Z1— %
Equation of line passing through A= (3, -4,-5) & B =(2,-3,1})is
x—3 y+4 z+5
3-2 —4+3 51
_.r—3_y+4_z+5
1 -1 —0

Let P{a, b, ¢] be point of intersection of plane and line.

As point P lies on the line, we can write,
a—3 b+4 c+5 k(say)
== = kfsay)
1 -1 - v
=a=k+3,b=-k-4,c=-6k5..... (1)

Also point P lies on the plane
2Za+b+c=7

=2(k+3) + (-k-4) + (-6k-5) = 7 ....from (1)
=2k+6-k-4-6k-5=7

=-5k =10

=k=-2

ta=(-2)+3=1

b=—(-2)—4=-2

c=—6(-2)—5=7

Therefore, co-ordinates of peint of intersection of given line and plane are
P=(1,-27)

Question: 21

Selution:

Given :

Equation of plane: 3x + 2y + 22+ 5 =0

Equation of line :

¥4
3 6 p)
Point: P = (2, 3, 4)

—2

To Find : Distance of point P from the given plane parallel to the given line.
Formula:

1) Equation of line :

Equation ofline passing through A = (x1, y1, 21) & having direction ratios (a, b, £} is

Xr—x y—nm Z—z

a b c

2) Distance formula:

The distance between two points A = (a3, az, az) & B= (bq, bz, bz) is

d=./(a,— b2+ (a,—0;)2+ (ag —D3)?

For the given line,

X+3 y—2 =z

3 6 2
Directionratios are {a, b, €) = (3, 6, 2)

Let Q be the point on the plane such that pg) is parallel to the given line.



Therefore directlon ratios of given line and line PQ will be same.
Therefore equation of line PQ with point P = (2, 3, 4] and with direction ratios (3, 6, 2) is CLAssz4

y—2 y—-3 =z—4
3 & 2

Let co-ordinates of Q be {u, v, w)

As point Q lies on the line PQ, we can write,
u—2 v—3 w—4
3 &6 2
=u = 3k+2, v= 6k+3, w = 2k+4 .......{1)

= k(say)

Also point Q lies on the plane

3u+2v+2w=-5

=3[3k+2)+ 2{6k+3) + 2{2k+4) = -5 ... from (1)

=9k+ 6+ 12k + 6+ 4k+8=-5

=25k =-25

=k=-1

~u=3-1)+2=-1
=6(—1)+3=-3

w=2(-1)+4=2

Therefore, co-ordinates of point Q are

Q=(-1,-3,2)

Now distance between points P and Q by distance formulais

d=4/2+1)2+(3+3)2+ (4—2)°

=482 +(6)*+ (2)°
—V9+36+4

Therefore distance of point P from the given plane measured parallel to the given line is
d = 7 units

Question: 22

Solution:

Given :

Equation ofplane :x + 2y -z=1

Equation of line :

x+1 y+1 =

3 2 3
Point: P = (0, -3, 2)

To Find : Distance of point P from the given plane parallel to the given line.
Formula:

1) Equation of line :

Equation ofline passing through A = (%1, y1, 21) & having direction ratios (a, b, ¢} is

X=X V=0 22—

a b c

2) Distance formula:

The distance between two points A = (aj, a3, az) & B = (by, bz, b3) is

d= ‘J(ﬂl —b,)2+(a, —by)2+(a; —by)?
For the given line,
x+1 y+1 =z

3 2 3

Directionratios are {a, b, ¢} = (3, 2, 3)




Let Q be the peint on the plane such that 7§ is parallel to the given line.
Therefore direction ratios of given line and line PQ will be same. CLAssz4
Therefore equation ofline PQ with point P = (0, -3, 2] and with direction ratios (3, 2, 3) is
x—0 y+3 z-2
3 2 3

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,
u v+3i w-—2 K
—=——=—=k(say

3= "3 3 (say)
=u=3kv=2k-3, w=3k+2 .........[1)

Also point Q lies on the plane

u+2v-w=1

=(3k) + 2(2k-3) - (3k+2) =1 ...from (1)
=3k+4k-6-3k-2=1

=4k=9

Therefore, co-ordinates of point Q are
r (Z s f)
R S

Now distance between points P and Q by distance formula is

(—27)1 . (—18)2 . (—2?)3
B 4 4 4
= 455625 + 20,25 + 45 E625

=v111.375

=10.55

Therefore distance of point P from the given plane measured parallel to the givenline is
d = 10.55 units

Question: 23

Solution:

Given :

Equationofplane:x +y -z=8

Equation of line :

x—1 v z+1

3 2 7
Point: P = (4, 6, 2)

To Find : Equation of line.
Formula:
Equation ofline passing through A = (x4, ¥1,21) &

B = {3z, ¥2, 22) is

XX Y hn _£-4
17X N7V LTI
let Q [a, b, c} be point of intersection of plane and line.

As point Q lies on the line, we can write,



a—l_g_c-!—l_k
3 —2- 7 K

=a =3k+1, b= 2k, c= 7k-1
Also point Q lies on the plane,
a+b-c=8

=(3k+1) +(2k) - (7k-1] =8
=3k+1+2k-7k+1=8
=-Z2k=6

=k=-3
aa—3(-3)+1—-—0
b=-2(-3)=-6
c=7(-3)-1=-22

Therefore, co-ordinates of point of intersection of given line and plane are @ = (-8, -6, -22)

Now, equation of line passing through P(4,6,2) and

Q(-8,-6,-22) is

x—4 y—-6 =z-2
4+8 6+6 2+22

This is the equation ef required line

Question: 24

Solution:

Given :

Equation of plane:x -y +2=5
Equation of line :

x—2 y+1 z—12

3 4 12
Point: P = (-1, -5,-10)

To Prove : Distance of point P from the given plane parallel to the given line is 13 units,

Formula :

1) Equation of line :

Equation ofline passing through A = (%1, y1, 21) & having direction ratios (a, b, c) is

X=X Y—%N 7%
a b c

2) Distance formula:

The distance between two points A = (ay, az, az) & B = (by, bz, b3z) is

d— \.’[ﬁi_bl)ﬂ'f‘ (a; — ;)% + (a; —D3)°

For the given line,

x—2 y+1 z-12

3 ¢ 12

Directionratios are {a, b, c) =(3, 4, 12)
Let Q be the point on the plane such that Pg is parallel to the given line.
Therefore direction ratios of given line and line PQ will be same.

Therefore equation of line PQ with point P = (-1, -5, -10) and with directionratios (3, 4, 12) is

x+1 y+5 z+10
3 7 4 7 12

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,

u+1 v+5 w+10
3 4 12

= k(say)

CLASS24



=u = 3k-1, v=4k-5 w=12k-10 ......... (1) |
Also point Q lies on the plane CLAss24
u-v+w=_5

=(3k-1) - (4k-5) + (12k-10) =5 ....from (1)
=3k-1-4k+5+12k-10=5

=11k=11

=k=1

Au=3(1D—1=2

v=4{1)—-5=-1

w=12(1)—10=2

Therefore, co-ordinates of point Q are
Q=(2,-12)

Now distance between points P and Q by distance formula is

d=(-1-22+(-5+ 12+ (-10—2)7

Formula :
1) Equation of lin
Equation ofline pa direction ratios (a, b, c}) is

4 Yy n Z
[} h c

2) Distance formula:

The distance between two points A = (a3, az, az) & B=(by, bz, bz) is

d=y{a, —D.)2+ (@, —b,)2+ (22 — 1s)?
for the given plane,

ri-j+k)=5

Here, 7 = xi+ yj + zk
(xt+yj+zk).(i—-F+k)=5
SK-YH+Z=D i eq(1)

Far the given line,

7=(2i—f+2k) + A(3f + 4] + 2k)

Here,7 = x{+ yj + zk

=BT+ 47+ 2k)A = (i + yf+zk) — (20 —f + 2k)

2 3A A+ 28k = (x— i+ (y+ Lj+ (z—2)k




Comparing coefficients of §,§ & k
=31 =(x—-2),4d=(y+ 1) &21={z-2) CLAssz4

T2 _yn ==
=4 = 7 -1 2 (2]

Direction ratios for above lineare (a, b, c) = (3, 4, 2)

Let Q be the point on the plane such that P@ is parallel to the given line.

Therefore direction ratios of given line and line PQ will be same.

Therefore equation of line PQ with point P = (-1, -5, -10) and with direction ratios (3, 4, 2) is

x+1 y+5 z+10
3 4 2

Let co-ordinates of Q be {u, v, w)

As point Q lies on the line P}, we can write,
u+l v+5 w+10
3 4 2
=u=3k-1,v=45k-5 w=2k-10 .......(3)

= k(say)

Also point Q lies on the given plane
Therefore from eq(1), we can write,
u-v+w=>5

=(3k-1]- (4k-5) + (2k-10) = 5 ...from (3]
=3k-1-4k+5+2k-10=5
=k=11

=k =11

~w=3(11)— 1=32,
v=4(11)—-5 =39
w=2(11)—10=12

Therefore, co-ordinates of paint Q are
Q=(32,39,12)

Now the distance between points P and Q by distance formula is

d=(-1-32)2+(-5—39)° + (—10—12)*

=/(—33)2 + (—44)2 + (—22)°

= /1089 + 1936 + 484

= /3509

=509.24

Therefore distance of point P from the given plane measured parallel to the given line is
d = 59.24 units

Question: 26

Solution:

Given :

Equations of plane are :

4+ 11y + 22 +3 =0
3x-2y+5z=8

To Prove : 71; & Tl are perpendicular.
Formula:

1) Dot Product :

If 7 & D are two vectors

a=a,i+a.j+azk
b=byi+byj+ bk
then,



|
a.b = (a, x b))+ (a, x b,) + (az x by}
Nore. CLASS24
Direction ratios of the plane given by
ax+by +cz=d
are (a, b, ¢).
For plane
dx+ 11y +2z2+3=0
direction ratios of normal vector are (4, 11, 2)
therefore, equation of normal vector is
7, =4l 4+ 117 + 2k
And for plane
3x-2y+5z=8
direction ratios of the normal vector are (3, -2, 5)

therefore, the equation of normal vector is

;= 3f—2j + 5k
Now,

1.7, = {4+ 11

|

=(4x3)+ (11
=12 - 22 +

Comparing g
Ff+57+k)=
with . A=an,
A=0+5]+k
This is the vector perpend
Now, comparing the given the equation of line f.e.
F=(2i—2f+3k)+ A(i — j+ 4k)

with 7 — & + 1b , we get,

b=1i—j+4k

Now,

b= (i+57+k).(1—f+4k)

=(1x1)+(Ex{—-1))+(1x4)

=1-5+4
-0
~iLb=0

Therefore, a vector normal to the plane is perpendicular to the vector parallel to the line.
Hence, the given line is parallel to the given plane.

Question: 28




Solution: CLAss24

Given :
d =33
a=pB=y

To Find : Equation of plane

Formulae :

1) Distance of plane from the origin :

Ifa=ai+ bj+ ¢k is the vector normal to the plane, then distance of the plane from the origin is

v
d=—
|7

Where, |77| =@ + b2 + ¢?
2)P+mP+ni=1
Where | = cosa,m = cosf,n = cosy

3) Equation of plane:

It =al+ bj + ck is the plane, then equation of the plane is
F.ii=p
As @ =ﬂ =y

~ COSE=CoSff=

on cosinesl, m, nis

v
d==
1
) _P
"3ﬁ—1
.-.p=3\/§

Therefore equation of required plane is

ra=p

(xi+}f+z§).(\/—1§f+%j+%ﬁ)= 33

x ¥y oz
e X233
SERNCAN
AXx+V+z=3/3.43
~Xx+y+z—9

This is the required equation of the plane.




|
Question: 29
CLASS24

Given :

a = 45°

R =60°

P=(Jf2-11)

To Find : Equation of plane
Formulae :

HIE+mi4nt=1

Where | = cosa,m= cosﬂ.n =COoSsy
2) Equatton of plane :

fa=al+ bj + cl; ts tihe vector normal to the plane, then equation of the piane Is

r.un=p

Asu=45"&f = 60°

=l =cosa = cos45°

m = cosf = cos6(

But 12+ m?

yf the normal v of the plane are {1

Hence o [, kn, Ko

I =
I
k2 k2 k2
8= |—+ —+—
2 4 4
= 8=4k?
k=8

=420 + 4] + 4k

Now, equation of the plane Is
rn—p

T {2+ 4] +4k) =p enen eq(1)

B -
Yo (xi+yj+zk)
a{xityf k) (av2i+ 4f v ak)=p




Be2x +4y +4z=p

As pointP(\/Q, -1, 1) lies on the plane by substituting it in above equation, CLAssz4
42(J2) +4(-1) + 4(1) = p

A8 -4+4=p

ApP=8

From eqg(1)

~r{aV2i+4f+4k) =38

Dividing throughout by 4

~r (VL jik)=2

This is the equation of required plane.

Question: 30

Find the vectar e

Solution:

Given

a=20—3j—5k

Equation of plane : 7. (63— 3j + 5;}) =—7

To Find :

Equation of line

Point of intersection

Formula :

Equation of line passing threugh point A with position vector @ and parallel to vector b is
r=a+ab

Where, 7 = (xi+ yj + zk)

From the given equation of the plune

F.(6i— 3] +5k) = =2 e 1)

The narmal vectar ef the plane is

7l = 6f —3j+ 5k

As the given line is perpendicular to the plane theiefore T will be parallel to the line.
~n=b

Now, the equation of the line passing through @ = (2i 3j 5k) and parallelito b = {67 3f 1 5k)
s

F=a-+Al
~ 7 = {20 — 3] — 5k) + (6] — 3] + 5k)
.eqf2)

This is the required equation line.

Substttuting ¥ = (xi+ yf + zk ) in eq(1)
(xf + yj+ zk). (61 — 3] + 5k) = —2

Box -3y + 52 =-2. .eqf3)

Also substituting ¥ = (xI+ yj + zk) in eq(2}

(xt v yf1zk)={(2t 3f sk)ia(er 3f15k)
= {6 — 3]+ 58)A = (xi + yf + zk) — (21 — 3] — 5k)
@ 6AT—3A]+ BAl = (x —2)i+ (y+ 3)j+ (z+ 5)k
Comparing coefficients of I, & k

B64=(x—2),—3i=(y+3)&51=(2+5)

2 y+3 Z+3

A= - -2 -3 -1 L
Let Qfa, b, c) be the point of intersection of given line and plane

As point @ lies on the given line.



Therefore from eq(4)

a2 b3 cis CLASS24

3 3 — 5~ k(say)

Ba = 6k+2, b = -3k-3, c = 5k-5

Also paint @ lies on the plane.
Therefore from eq(3)

6a - 3b + 5¢c =-2

A6(6k+2) - 3(-3k-3} + 5(5k-5) =-2

A36k+ 12 + Yk + 8 + 25k - 25 = -2

A7k =2
mk:%
1 76
azﬁ(ﬁ)+2 ﬁ
1 —108
b= 3(@)‘ =35
1 —170
”—5(£)* =35

Therefore co-ordina e and plane are

76 —108 —34
Q_(s:.' FEd

Which can
Point=¢2,-1,

2%3
Distance = I¢ !

16 + 4—48 — 9|
T Jor 16 + 144
|—47]

V169

47 it
= 5 umis

13
Question: 2

Solution:

. |Ax, +Bv, + C=z, + D
Formula: Distance = A= 172
JAZ 4 BT 402

where (X,,V,,Z,) Is point from which distance Is to be calculated
Therefore ,

Planer. (i + j + k) + 17 = Ocan be written in cartesian form as
x+y+z+17=0

Point = {i + 2j + 5k)




|
Which can be also written as
Foint—(1.2,5) CLASS24

[{1=1) + (z2=1) +{5x1) + [17)]
JAPR + @+ £

Distance =

L+ 2+ 5+ 17|
T VIFIFI

125|

V3
25v3

= Units
3

Question: 3

Solution:
: |Ax, + By, + C=, + D]
Formula: Distanre = 2022t 21 ¥
reeraer

where (x,,v,,2,) Is point from which distance Is to be calculated

Therefore ,

Plane r. (2i —bj + 3k artesian form as
2x-5y+3z=13

Zx -5y +3=z-13

Point={3, 4,

Therefore ,
Plane r.{2i — 2j
2x -2y +4z+5=0
Point={1,1,2)

[(1x2) + (1x—2) +(2x4

Distance = V;(Z)z+(_2)z+(4)z
B |12—2+ 8 + 5]
T JEtr i+ 16
[13]
T V24
13 13v6 "
= — = unes
V6 12

Question: 5
Solution:

. |4x, + By, + C=z, + DI
Formula: Distance = "Ittt
JAT s BT 42

where (x,,y,. 7, Is peint from which distance is to be calculated




Therefore,

Zevyezeeseo CLASS24

Point={2,1,0)
_ 12x2)+ )+ 0x2) + G
Distance = 232+ (102 + (2)2
l4+1+0+5
T yIF iyt
110]

)

10 "
= units

3
Question: 6
Solution:

|Ax, + By, + Czy + D

Formula: Distance =
JAZ ¢ BTy 2

where (x,,V,,%,) Is point from wh tance is to be calculated

Therefore,
x-Zy+4z=9
x-2p+4z-9=20

Point=¢(2,1, -

Distance

5y, + Cz, + D)

Therefore,
First Plane 1. (i
x+2y-22z=15
xX+e2y-22-5=0

Pointe=(§1,2,1)

i 1) + (2x2) + (1x=2)=(5)]
Distance for first plane = —(lJz TR IR

|1 + 4—2—5]
T Vit i+
=2

NE)

2 it
= 7 uUNiLs

3
Second Plane 7. (21 — 2] + k) + 3 = Ocan be written in cartesian ferm as
2x-2y+z+3=0

Point=(1,2,1}

[{1=2) = (2x—2) + [1=1) + (@)

V@R +-2r a2

Distance for second plane =




_2-4+ 1 +3| |
T VETael CLASS24

o
Y]

2 it
= - HRILS
3
Hence proved.

Quesiion: 8

Selution:
: lAx, + By, +Cz, + D|
Formula: Distance = 22T v+ 5
oo

where (x4,¥yy,2y) Is point from which distance is to be calculated
Therefore ,
Plane =3x +4y-12z+ 13 =0

First Point=(-3,0,1]}

Distance for first pofnt =

-9+ 0—12 +

VB T

Hence proved.

Question: 9

Solution:

Formula: The distan

Plane l:ax + by + cz +d

Plane Z:ax + by + cz + d2 = 0 is given by the formula
ld, —d,|

Distance =

where (d,.d,) are constants of the planes
Therefore,

First Plane 2x + 3y + 4 =4
2x+3y+4-4=0.... 1)

Second planedx + 6y + 82 =12

dx+ Gy +8z-12=0

2f2x +3y +4z-6)=0
2x+3y+4z-6=0.... {2)

Using equation (1) and {2)




|
Di b both planes = e CHL_ I
istance between both planes = B ta)e cL ss24
|—6 + 4]
Vi + 9+ 16
12
V29

2 229 |
= — = —(——— Units

V29 29

Question: 10

Solution:

Formula: The distance between twa parallel planes, say

Plane l:ax + by + cz +d1 =0 &

Palne Z:ax + by + cz + d2Z = 0 is given by the formula
|d2 — dll

Distance =

where (d,,d,) are costan
Therefore,

First Plane x + 2y

n = normal vecto
d = distance of plc
Iftwo planes are pa
Therefore,
Paralle! Plane x - 2y + 2z -
Narmal vectar = (i - 2f + 2k])

- Normalvector of required plane = [i - 2j + 2k)
Equation of required planes r. (i-2j + 2k) =d
In cartesian formx - 2y + 2y = d

It should be at unit distance from paoint {1,1,1)

[{1x1) + (1%-2) + (1x2)}—{d]

Distance = FYEENE RN

li-2+2-4|
C Ji+4+4
I1—dl

&

CH1-d)
=




|
3 = +(1—d)
For+sign=2>3=1-d=>d=-2 CLASS24
For-sign=>3=-1+d=>d=4
Therefore equations of planesare : -
Ford=-2Ford=4
X-2y +2y=dx -2y +2y=d
X-2y+2y=-2x-2y + 2y =4
X-2y +2y+2=0x -2y +2y-4=0
Required planes=x -2y +2y +2 =0
x-2y+2y—-4=0
Question: 12
Solution:
Formula : Plane =r . (n) =d

Where r = any random peint

n = normal vector of plan
d = distance af plane
The distance betw
Plane 1:ax + by

Palne Z:ax +

Equation of require
2Zx -3y +5z+11=0
Therefore,

First Plane 2x - 3y + 5z + 7 =0 ...... (1)
Secand plane 2x — 3y + 5z + 11 =0 ...... 2)
Using equation (1) and (2)

117l
Distance between both planes = Tz (a2 1 317

[1]
VE+9 + 25
4
/38
4/38 2438

33 19 WS

Question: 13

Solution:




Formula : The equation of mid parallel plane is, say
Plane liax + by +cz+d1=0& CLAssz4

Plane Z:ax + by + cz + d2 = 0 is given by the formula

(@ +a;)

Mid parallel plane = ax + by +cy + =

where {d,,d,) are constants of the planes
Therefore,

First Plane 2x — 3y + 6z + 21 = 0 ...... (1)
Second plane 2x — 3y + 6z - 14 =0 ...... 2)
Using equation (1) and (2)

21-14
2

Mid parallel plane = 2x — 3y + 6z + =0

dx -6y + 122+ 7=0
Exercise : 28D

Question: 1

Selution:

Formula : Plane = r . {n) = d
Where r = any random point

n = normal vector of plane

d = distance of plane from arigin

Iftwa planes are paralle!, then their narmalvectors are either same or praportional te each
other

Therefore,

Plane 1:-2x -y + 6z=15

Normal vector (Plane 1) = (2i -] + 6k) ... (1)

Plane 2 : - 5x - 2.5y + 15z =12

Normal vector (Plane 2) = {51 - 2.5] + 15k} ... (2)

Multiply equation(l) by 5 and equation(2) by 2

Normal vector (Plane 1) = 572i —f + 6k}

= 10i — 5f + 30k

Normal vector (Plane 2) = 2(5i — 2.5j + 15k}

= 10i — 57+ 30k

Since, both normal vectors are same .Therefore both planes are paralle!
Question: 2

Saolution:

Formula : Plane =r. {n) = d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

Iftwo planes are parallel, then their normal vectors are same.
Therefore,

Parallel Planer. {2i-3j+ 5k} +5=0

Normal vector = (2f - 3j + 5k}

- Normal vector of required plane = {2 - 3j + 5k)

Equation of required plane r. [2i - 3] + 5k) = d

In cartesian form 2x - 3y + 5z =d

Plane passes through point (3,4, - 1) therefore it will satisfy it.

23)-3(4) +5(-1)=d



6-12-5=d

a=1r CLASS24
Equation of required planer. [2i-3j+ 5k] =-11
r.(2i-3j+5k)+11=0

Question: 3

Solution:

Formula : Plane =r. {n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

Iftwo planes are parallel, then their normal vectors are same.
Therefore,

Parallel Planer. (i +j+ k) =2

Normal vector = {i +j + k}

- Normal vector of required plane = (i +j + k)

Eguation ofrequired planer. (i +j+k}) =d

In cartesian formx +y + z=d

Plane passes through peint {a,b,c) therefere it will satisfy it.
(a)+ (b} + (c)=d

d=a+b+e

Equation of required planer . {i+j+k)j=a+b +c
Quesiion: 4

Solution:

Formula : Plane =r. (1) = d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

Iftwo planes are parallel, then their normal vectors are same.
Therefore,

Parallel Planer. (2i-j+ 2k} =5

Normal vector = (2i -] + 2k)

-~ Normal vector of required plane = (2i - j + 2k)

Equation of required planer. [2i-j+ 2k]) =d

In cartesian form 2Zx -y + 2z =d

Plane passes threugh peint {1,1,1) therefore it will satisfy it
2(1)-{1)+2{1)=d

d=2-1+2=3

Eguation of required plane r. {2i-j+ 2k} =3

Quesiion: 5

Selution:

Formula : Plane =r. {n) = d

Where r = any random peint

n = normal vector of plane

d = distance of plane from erigin

Iftwao planes are parallel, then their narmal vectors are same.
Therefore,

Paralle! Plane 2x -y + 3z + 7 =0



Normalvector = (2i-j+ 3k}

-~ Normal vector of required plane = (2i- j + 3k) CLAssz4
Equation ofrequired planer. (2i-j+ 3k) =d

In cartesian form2x-y+3z=d

Plane passes through point (1,4, - 2) therefore it will satisfy it.
2(1)-(4)+3r-2)=d

d=2-4-6=-8

Egquation of required plane Zx-y +3z=-8
Zx-y+3z+8=0

Question: 6

Solution:

Formula : Plane =r. {n) = d

Where r = any random peint

n = normal veclor of plane

d = distance of plane from origin

Iftwo planes are parallel, then their normal vectors are same.
Therefore,

Paralle! Plane 2x — 3y + 7z + 13 =0

Normal vector = (2i - 3j + 7k)

- Normal vector of required plane = (2i - 3j + 7L)

Eguation of required planer. (2i-3j + 7k) =d

In cartesian form 2x -3y + 7z = d

Plane passes through peint (0.0,0) therefore it will satisfi it
2(0) - {(0) + 3(0) =d

d=0

Eguation of required plane Zx -3y + 7z =0

Question: 7

Find the eq

Solution:

Formula : Plane = r . {n) = d

Where r = any random point

n = normal vectar of plane

d = distance of plane from origin

Iftwo planes are parallel, then their narmal vectars are same.
Therefore,

Paralle! Plane 3x - S5y + 4z =11

Normal vector = {3i - 5§ + 4k)

- Normal vector of required plane = {3i - 5] + 4k)

Equation of required plane r. {3i-5j+4lk)=d

In cartesian form 3x - 5y + 4z =d

Plane passes threugh peint { - 1,0,7) therefore it will satisfy it
3(-1)-5(0)+ 47)=d

d=-3+28=25

Eguation of required plane 3x - 5y +4z=25

Question: 8

Salution:

Formula:Plane=r.{n)=d

Where r = any randaom peint



|
n = normal vector of plane
d = distance of plane from origin CLAss24
Iftwe planes are parallel, then their normal vectors are same
Therefore,
Paralle! Plane x -2y + 22 -3 =0
Normal vector = {i - 2j + 2k)
- Normal vector of required plane = (i - 2j + 2k)
Equation of required planes r. {i - 2f + 2k) =d
In cartesian formx — 2y + 2y = d
ftshould be at unit distance from peoint {1,2,3)

Distance = AF 2 e

CJi-4+6—d

B

_I3-dl

Ve
+(3—d)

=3

3 =+(3—d)

For + sign = > 3

een two parall

Plane Z:ax

Distance =

where (d,,d,) are co
Therefore,

First Planex +2y +3z+7=0
2(x+2y+3z+7)=0

2x +dy +6z+ 14 =0 ... {1}

Second plane 2x + 4y + 6z + 7= 0 ...... 2}

Using equation {1} and {2}

Di b bath bl S i )| N
istance between bath planes = @+ @E + (6
el

V4 + 16 + 36
17l

V56

7 .

= —— units

V56

Exercise : Z8E




. CLASS24

FEquation of plane through the line af intersection of planes in Cartesian form is
A +Biy+Cz+ Dy + A (Asx+Byy+Coz+ Dy ) =0 1)

For the standard equation of planes,

Ax+By+Ciz+Dyand A, x+B.y +CHrz+ D>

So, putting in equation {1}, we have

X+ y+z-6+A2x + 2y +4=z+ 5)=0

(2 +2A)x + {1+ 2A)y + {1 +4A)=z-6+ 5A=0(2)

Now plane passes through (1,1,1) then it must satisfy the plane equation,

(1 +2A).2 +{1+2A).2+ (1 +4A)1i-6+ 5A=0

1 +2A+ 1 +20+ 13 +4A-6+ 51=0

3+ 8A-6 + 5A=0

13A=3
3
=
3

Putting in equation (2)

3
L

3 f 3 3
[1—:2.—%— 1—1—}}-‘—( 1+4.—
13) 4 13 ! 13

[137.5 IIX—[ 13+6 ]y+{ 1312 '|Z_7T-'8—:15 ~0
13 13 13 13

19x + 19y + 252z-63=0

7-6+5.==0

Y]

So, the required equation of plane is 19x + 19y + 252=63.

Question: 2

Solution:

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+By+Ciz+D; +4(A:x-B.y+Cyz+D, ) =01

For the standard equation of planes,

Ax+By+Ciz+Djand A,x B,y +Coz+ D,

So, putting in equation (1), we have
x3y+z2+6+Ax+2y + 3z + 5)]=0

(2 +Adx+ -3 +2A)y+ {1 +3A)jz+ 6 + 5A=0(2)

Now plane passes through (0,0,0) then it must satisfy the plane equation,
21 +2)0+ -3 +2A).0+ {1 +32)0+ 6+ 5r=0

5A=-6

-
5

Putting (n equation (2)

gt

-x-27y-13z=0
x+27y+ 132=0
So, required equation of plane isx + 27y + 13z=0.

Question: 3



Ax+By+Ciz+Dy+A(Ax+Bay+Cz+D; ) =0 (1)
For the standard equatfon of planes,
Ax+By+Ciz+Djand A, x+B.y +Chrz+D>

So, putting in equation (1), we have

Zx +3y-z+1 +Afx +y-2z + 3)=0

(2+A)x+{3+A)y+({-1-23)z+ 1 +33A=0(2)

Now as the plane 3x-y-2z-4=0is perpendicular the given plane,

For 8=90° cas90°=0
AAS +BB+CCH =0 @3

On comparing with standard equations in Cartesian form,

Ay =2+2B;=3+3.C;=—1-22and A, =3B, =—1.C, =2

Putting values in equation {3), we have
(2 +A)3+(3+A)(-1}+ (-1-2X).(-2)=0

6+ 3A-3-A+2 +4A=0

5+6A=0

, =D

N=—
6

Putting in equation(2)

-5 =T -3 _
[Zl—Jx- 3.—];.' \ 1 2—Jz1l13—=0
6 6 6 6
(18—5 —6-104 6-15
X ‘ ]v—[ i Jz— =0

7x+ 13y + 42-9=0

7x + 13y + 42=9

So, required equation of plane is 7x + 13y + 42=9.
Question: 4

Solution:

FEquation of plane through the line of intersection of planes in Cartesian form is

A By 1 Gz i Dy A (Ax 1 Byy 1 Coz i D,y )=041)
For the standard equation of planes,
Ax+By+Ciz+Dyand A,x B,y +C.z+ D,

So, putting in equation (1), we have

2x-y + A(3z-y)=0

2x + (-1-A)y + 3Az=0 (2)

Now as the plane is perpendicular the given plane,

For 8=99°% cos20°=0

AjAL+BBa+CCy =0 (3

On comparing with standard equations in Cartesian form,
Ay =2.B; =—1-%.C; =3handA, = 4B, = 5.C, =3
Putting values in equation(3).

2.4 + (-1-A).5 + 3A.-3=0

8-5-5A-9A=0

-14A=-3

3

T

Putting in equation(2}

s

CLASS24



= 2o e CLASS24

—14—3] 9
—— |y+—z=0
4 14

2x+

28x-17y + 92=0

So, required equation of plane is 28x-17y + 9z=0.

Queslion: 5

AR+B iy +Cz+D) + 1 (Ax+Boy+Coz+D,y ) =0 (1)

For the standard equation of planes,

Ax+Byv+Ciz+Dyand Asx +B5y +Chz+D5

So, putting in equation (1), we have

x-2y + 2z-1 + A{2x +y + 2-8)=0

(1 +2A)x+ (-2 +A)y+ (1 +A)z-1-8BA=0(2)

For plane the normal is perpendicular to line given parallel to this ie.
AAL BB+ CCH =0

Where Ay, By, C; are direction ratiosof plane and A5, B, € are of line.
2 +20).2 +(-2+A)2+{1+A)1=0

I +2A-4+24+1+A=0

-2+ 5A=0

=

N

Putting the value of A in equation {2)

20 [ 2
l+2.(—} .x—| —2+- |.\‘—
5) X SR |
£ J X

L

[5+4] ( 71072] (3
— xf‘ —|y-
5 3 \

Ox-8y + 72z-21=0
Ox-8y + Fz=21

Far the equation of plane Ax + By + Cz=D and point (x1Ly1,z1)}, a distance of a point from a plane
can be calculated as

Axl—'ByﬁCzl—D‘
va?+B?+C?

91-81+7.1-21 \j | 9-_8+7-2

1| _| 13
VO (87 (7)) |\Blesa=a0| |J1o3

So, the required equation of the plane is 9x-8y + 72=21, and distance of the plane from (1,1,1} is

13
194

d—

Question: 6

Ax+By+Cz+D) +A(Ax+Byy+Cyz+D, )=0 ¢y
For the standard equatfon of planes in Carcestan form
Ax+By+Ciz+Djand A, x+B\y +Caz+ Dy

So, putting in equation 1 we have

X+ 2y +3z-5+A3x-2y-z+ 1}=0

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

Now equation of plane in Intercept form



As given equal intercept means a=c

First, we transform equation of a plane in Intercept form CLAssz4

Now as a=b=c

)

S—n 35—

=>3—-%=1+3A

(1+31) (3-2)

.
~
¢
Il
13
;w_.)
Il

b | —

Putting in equation {2}, we have

[1+3.EJX—’ 2—2.i ]5-'—[3—1]2—5;
2 \ 2, 2

[2+3“
x—

) |
A

=0

12| —

v}

¥+

4—2] {6—1 =10+1

[
-

-
S5x + 2y + 52-9=0

5x + 2y + 52=9

So, required equation of plane is 5x + 2y + 5z=9.
Quesiion: 7

Solution:

Equation of plane through the line af intersection of planes in Cartesian fornvis
Ax+By+Cz+D; +2(Ax-B,v~Cyz-D, )=0 1)

For the standard equation of planes (n Cartesian form
Ax+Dy+Ciz-Djand A>x-DB,y +Crz-D,

So, putting in equation (1), we have

Ix -4y +5z-10+A(2x+ 2y -3z-4)=-0

{3+ 2A)x+ -4 +2A)y + {5-3A)z-10-4A=0

Given line is paralle! to plane then the nermal of plane is perpendicular to line,
AA;+BB,+C)C, =0

Where Ay, By, C; are direction ratiosofplane and A5, B3, C> are of line.

3 +2A).6+ (-4 +2A).3 +(5-34}.2=0

18+ 12A-12 + 6A + 10-6A=0

16+ 12A=0
)\:__16:.__4
12 3

Putting the value of A In equation (2}

G

[9—8] {—IZ—S‘J [15+12] —30+16
— X+ v+ Z+ =0
.3 3 3 3

Xx-20v + 27z-14=0




So, required equation of plane is x-20y + 27z-14=0.
Question: 8 CLAssz4

Solution:

Equation of plane through the line of intersection of two planes in vector ferm is
I.(0, +2d41, ) =d; +Ad, wherel = Xi+yj+7k ()

Where the standard equation of planes are

Tiiy =d;and T, =d,

Putting values In equation{1)}

T(i+3)-k+n(jr2k)=0+2.0

T(i+(3+2)j+(-1422)K) =0z

Now as the plane passes threugh (2,1,-1)
T=2itj—k

Putting in equation (2]
(2i+j-k)((i+(3+2)j+(-1+22)k) =0
21+ 13 +A)+~1)(-1 +221)=0
Z2+3+A+1-2A=0

A=6

Putting the value of A in equation (2}
F(i+(3+6)j+(~1+2(6) k) - 0
£(i+9j+11k)=0

So.required equation of planaist [ i +9:i +1 Ik] =0.
Question: 9

I (0 +201, ) = d; +2d, wherer = X~ yj+ 7K 27
Where the standard equation of planes are

f.l_ll =d ﬂ].ldf.l_lz Zdz

Putting values In equation{1)
T(i - j+3k+ (204 j-K)= 1425
T((Lr2)i+ (-1 1) j#(3= M)k) =145k 27

Now as the plane passes through (1,1,1)

T=itjtk
Putting in equation (2]
(i+J+E)(((1+22)i+(-1+ 1) j+(3 ) k) =—1+ 57

11 +2A) +1.(-1+A)+1.(3-2)=-1+ 57

1 +2A-1 +A+3-A+ 1-5A=0

-3A+ 4=0
a2
3

Putting the value ef A in equation (2)

f[[H%J;%[,B%Jj{af_%]li]=*1+5-§
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r(11i+)+5k) =17
So.required equation of plane isf( 1 ﬂ+j+51“{‘| =17.

Question: 10
Solution:

Equation of plane through the line of intersection of two planes in vector form is
r.(m +20, ) =d; +ad, wheret = xi —}ﬁ+zf( 3]

Where the standard equation of pianes are

1.n; =dyandr.n, =d,

Putting values In equation(1)

F(21 —7j +4k+ 4 (3 - 5j+4k) =3-2.11
F((2+3%)1+(=7 - ) j+ (44 42)k ) =3~ 112 127

Now as the plane passes through (-2,1,3)

T—-2i+j-3k

Putting in equation (2)

(—zi“+j+3k:)(((3+3;.)i (=7 —50)jH (4= A)K) =311
S22 + 3A) + 1.(-7-5A) + 3[4 + 4A)=3-11A

=2-6A-7-5A + 12 + 12A-3 + 11A=0

14+ 12 +12A=0

e
6

Putting the value of A in equation (2}

_ I _ 1y IR 1

P 2+3.—]17L7773.—J17 T
6 6" | 61 6

[[ 12;3}:1%[4;75;]}_[ :4674 ]1&]: 13:1

F(151-47)+ 28k ) =7

-

=

So.required equation of planeist ( 15i— 47j +28R) =7
Question: 11

Equation of plane through the line of intersection of two planes in vector form is
I.(0;+2,)=d,+Ad, wheref =xi+yj+zK (1)

Where the standard equation of planes are

T. 14 :dl andf.l‘l: :d2

Putting values in equation {1}, we have

F(2i—3j+ 4k i(i-])=1-24
f((_2+>.)i+(_—3—k]j+4f;) =1-4% 2y

Given a plane perpendicular to this plane, So if n1 and nz are normal

vectors of planes

nlﬁ: =0



|
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2.2 +A) + (1).f~3-2) + 1.4=0

4+2A+3+A+4=0

11 +3A=0
A=
3

Putting the value of A in equatfon (2)

- —113: -11%: - —11
T 2+—]1+ “3——|j+ik |=1-4—
3 3 3
— - Neooo.
z [6 11]i+[ 9+11Jj+4k :3+44
3 3 3

T(-51-2j+12k)=47

Sorequired equation of ' 121&) =47,

Question: 12
r.(o,+2n,)=d,

Where the standa

istance of a point from

N1+977 +63+1
V243l =6
243432 =(=6)
Mat=36-2
3Mrr =31
a=l=a=1-1

Putting value of A in equation (2)

A=1

-

T((1+3.1)i+(-143.)j+(-4.1)k) =6
F(41+2)-4K)=6=>T(20+j-2K) =3
A=-1

f((1+3.(—1)){+(—1+3[—1))j+(—4(—1))1&)=6

(20— 4j+4K) = 6= L. (i+2j-2k)=-3




For equations In Cartesian form put

CLASS24

T =xi+yj+zk

ForA=1
(xi+yj+zk ) 2i+j-2k-3)=0
x2+y.1+z{-2})-3=0

2X +Yy-22-3=0

For A=-1
(xi+yjrk)(1+2)-2k+3)=0
x1+y.2+z{-2} +3=0

x + 2y-2z + 3=0

So.required equation of plane

in vector form m‘ef.(_ 1+j— 21;] =3fora=1

r.(i+2j-2k)=-3for%.=-1
In Cartesian form are 2x + y-22-3=0 & x + 2y-Zz + 3=0

Exercise : Z8F

Question: 1
Solution:

To find the angle between two planes, we simply find the angle between the normal vectors of
planes. 5o if n1 and n2 are normal vectors and 8 is the angle between both then,

fijn,
cosd = %
0| 1,

i) On cotiparing with the standard equation of planes fn vector form

Ty =dyandri,

ds

fi;=i+j—-2kandn, =2i-2j-k

Then

Coge({"‘*J:‘:k)-('-fi"’-jj—‘l'i]‘:‘ 12+L.2+(-2)(-1)
‘ 21;21'_1{‘ ‘ ‘(\ﬁzfl:*(ﬂf)‘(\’:2—-:’7(71)3)

24242 |
\ﬁ+l+4ﬁ—:4—:l|

‘i+j—21&

:‘L‘ 46
V6| |3

0 =cos ! E
3

(i} On comparing with the standard equation of planes {n vector form

f.ﬁl = dl ﬂndf.ﬁ: = d:

fy=i+3j-kandi, =20 —j-k
Then

(i+2j-k).(2i-]-k) _ 12+ 2.(-1)+(-1).(-1) 2-241 |
RTEE:

| | -
31*]*1\‘ (\/iz%227(71)2].(\"227:(71)2%(71)2) |*ﬁ+4+1‘j4_;1_'1|

cos0 =

1 1
= |—_—=|—
‘JE.JE‘ ‘6‘
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(iii} On comparing with the standard equation of planes in vector form

f‘l_ll = dl and f.ﬁ: = d'_v

n;= 2'1-73:i+41‘{and1_12 =—i+]

Then
_ {'1’3*“—‘)-(*{*3)‘ ‘ 2.(-1)+(-3).1+4.0 ‘ —24(-3)
cosf = ‘ 3173j741'{H¥i+:i‘ ‘:"(ﬁ:__[_i):__jr:)_(.\f ‘[ 0 161\/_ ]
5 5
5| Wss

af 5
0 =cos
Jss
(v} On comparing with the standard equation of planes in vector for
ra; =dyandfii; =d,
f;=2i—3j+6kandn, =3i+4j—12k

Then

(2i73j+61§).(3i-—4:i—121\ 23-(=3) 4=6.(=12)

(\/_ —(—sr—6-]L F o (-12)

cosf = —
‘ 34— 12k

20 -3+ 6k|

6122

_‘(ﬂ—9—36][\/§—=16—144}

=78

= |-
169| |7.13

ezcos_'[g]
7

Question: 2

To show the right angle between twa planes, we simply find the angle between the normal vectors
of planes. So if nl and n2 are normal vectors and 0 (s the angle between both then

ﬁ1111 !

cosh = |— = JSorright angle 8=90°
n; || n:|

Cos20°=0

71 n, =0 (1)

(i) On comparing with standord equation

6, =4i—7j—Skandf, =3i—4j+5k

LHS =iy 21, = (41— 7j=8K ). (3 —4j+5K) = 43+ (=7)(4) + (-8) 3
= 12+28-40=40—-40= 0=RHS

Hence proved planes at right angles.

(i} On comparing with the standard equation of a plane
fi; = 2i+6j+6k andii, = 3i+4j— 3k
LHS =i, i, —(2i+6]+6k ) (3i+4j-5k) =23+ 6.4+ 6(-5)

=6+24-30=30-30=0=RHS

Hence proved planes at right angles.



Question: 3
Solution:

For planes perpendicular Cos90°=0

ﬁlﬁ: =0 (1}

(i) On comparing with the standard equatifon of a plane
fi, = 2i—j—2kandfi, =3i+2j+2k

i, —(2-j-2k) (3i+2j+2k) -0

2.3+ (-1).2 + {-2).2=0

6-2-2A=0

2ZA=4

A=2

(i} On comparing with the standard equation of a plane
0= Ai+2j+3kandi, =i+2j— Tk

iy a1y =( A+ 2j+3k ) (i+2)-7k) =0

AT +2.2+3.(-7)=0A+4-21-0A-17

Question: 4

Ax+Biv+Ciz=-D; Oand A x+B.,y=-C:z+D- -0

cosf =

‘ A, BB, C,C, ‘
‘\J(Af SBE+CE V(A +BE4Cy ']‘
(i) On comparing with the standard equation of planes

Al =2.B] = *l.Cl = Iﬁ]]d}\l :l.B: = I.Cl 2

21+(-1).1-1.2 ‘
cosez‘ (1)

de(=1)=2

4 I

NSO IR

(i} On comparing with the standard equation of planes

Al :I.Bl :2'Cl :zﬁndA: :E.Bl :—S.C: =6

cosf = ‘

L RAE -1 -1

1.2+2.(-3)+2.6 | 2+(6)+12

NN VAP IVE] N e SEN T

8 8
=
3.7 21

6=cos_l[i}
21,

(ifi} On comparing with standard equation of planes

Al :LBI :l‘Cl :7IﬂDdA'_1 :1.B2 :2.C'_1 =1

L1+1.2-(-1).1 ‘ | 1+2+(-])

cos0 =‘

=
\/1_3+13;(_1]2\/1_2—522+12

Wiel+1/1+4+1

CLASS24
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(iv) On comparing with the standard equation of planes

A, —-1LB;—1.C;——-2andA, - 2B, —-2.C,—1

Cose:‘ 1.2+1(-2)+(=2)1 ‘ ‘ 2+(-2)+(-2) ‘
‘12%2%(72)2\/2_%(—2)2: ‘ NiF1+aJa+4+1] Vo

V6.

Bzcos_l[jjb}

Question: 5

L]

‘ AlA:*Ble *?CICE
‘xf(Alz +B+C/? ] \F(Af +B,7+C,0 )

Ax+By+Cz+D; =0and Ajx+B,y+C,z+D, =0 cos0 =

For 8=90° cos90°=0

AgAL+BB, -0, -0

(i) On comparing with the standard equation of a plane
A;=3B;=4.C; = SandA, =2B,=6C,=6
LHS=A,A, BBy ~C,C; — 3.2 46-(—5).6=6-24-30
=0=RHS

Hence proved that the angle between planes is 90°.

(ii) On comparing with the standard equation of a plane
Ay=1B,=-2.0,=4andA, =188, =17.C, =4
LHS=A,A ,+BB,+C,0; = I[18+(=2).17+4.4 = 18~ (-34)+16
=0=RHS

Hence proved that angle betwween planes is 20°

Question: &

AjA,+BB>+CyC; =0

Where A;, B;, C; are direction ratios of plane and Az, B;, € are of other
plane.

21+22+42=2+4+8=14>0

Hence, planes are not perpendicular.

Similarly for the other plane

25+26+27=10+ 12 +14=36+0

Hence, planes are not perpendicular.

Question: 7

Solution:

To show that planes are parallel

Ao _B_G
A, B, G,
on comparing with the standard equatfon of a plane

Ay—2B, —-2.C,—4andA, —3iB, —-3.C, —6

Ay
Ay

&
Cs

UUI|EJ

[
o | B3

4
-=
6

2 2
==, =
3 3

(SRS

5o,
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A, B, C, 3 CLASS24
Hence proved that planes are parallel.

Question: 8

Solution:

Te find an angle in Cartesian form, for the standard equation of planes

Ax+By+Cz+D; =0and A;x+B,y +C,z+D, =0

‘ AlAlfBle—:Clcl ‘
V(a8 =0 V(A +By <01

cosf=

For 8=909% cos920°=0
AAL+BB,+CCr =0
on comparing with the standard equation of the plane,

A;=1B;=—4.C; =randA, =2B, =2.C, =3

AJA,+BB, +CCy = 1.2+(—4).2+2.3=0
2+ (-8) + 3A=0

-6 + 31=0

A=2

Question: 9

Ax+By+Ciz=D; =0

Direction ratios of parallel planes are related to each other as

A B C
2Ll o1k (constant)
A, B, C,
Putting the values from the equation of a given paraliel plane,
A B Gy
5 3 7

A, =5kB, = 3kC, =7k

Putting tn equation plane

Skx —3ky +7kz-D; =0

As the plane is passing through (0,0,0), it must satisfir the plane,
5k.0-3k0+7k.0+D; =0

D=0

Skox-3ky + 7kz=0

Sx-3y + 7z=0

So, required equation of plane is 5x-3y + 7z=0.
Question: 10

Solution:

Let the equation of a plane
f.(xli+y1j+zlk) =dm

Direction ratics of parallel planes are related to each other as

A B &
2121 X1 g (constant)
A, B, C,

Putting the values from the equation of a glven parallel plane,
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X=y1==h

Putting values (n equatfon (1), we have

I(2+2j+2k)=de

A plane passes through (a,b,c) then it must satisfy the equation of a plane
(ai+bj+cf().(}.i +1.]+i.1::) =d

l(af+bj+cf§](f+j+ﬁ):d
A{a.l +b.1 +rei)=d
Afa + b+ c)=d

Putting value In equation (2}

T.(i+j+l::).l: AMa+ b+c)
f.(i+j—}'c_):a+ b+ec

So.required equtaion ofplancisf.( '1+j+k] =a+ b+c
Question: 11

Ax+By+Ciz-D; =0

Direction ratios of parallel planes are related to each other as

A B C
el S W § =k (constant)
A, B, G,

Putting the values from the equation of a given parallel plane,

B C:
5 4 -1l

Al :5k.B] = 41{.(‘1 =-11k

=k

Putting tn the equation of a plane

Skx+4ky —11kz+D; =0

As the plane is passing through (1,-2,7), it must satisfy the plane,
Sk.1+4k.(-2)-115.7=D; =0,

Sk 8k 77k i1Dy=0

D, =80k

Putting value In equation (1), we lave

Skx+4dky —11kz+80k =0

Sx +4y-11z + 850=0

So, the required equation of the plane is 5x + 4y-11z + 80=0.
Question: 12

AA+BB;+CC; =0

Where A, B, C are direction ratios of plane and A1, B1, C1 are of another plane.
3.A0+2B;—3C, =0 11y

5A,—4B;+C; =0 (2

Andplane passes through (-1,-1,2),

Afx+ 1} +B{y + 1) + Cfz-2}=0 (3}

On solving equation (1) and {2)
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A= judc==3 CLASS24

Putting values In equation (3)

5;3 .(x+1)+B(y+l)+$.(z “2)-0

B{Sx+5+9y +9+11=-22)=0

S5x + 9y + 11=z-8=0

Ko, required equation of plane is 5x + 9y + 11z=8

Question: 13

Solution:

Applying candition af perpendicularity between planes,
AA;+BB,+CC, =0

Where A, B, C are direction ratios of plane and Ay, B;, C; areofother
plane.
1A+2B-1C=0
A+2B-C=0
3A-4B+C=0
3A 4BI1C=0

And plane pa

Question: 14
AA,+BB;+CC
Where A, B, C are d ", are ofother
plane.
3A+3B-2C=0
3A+3B-2C=0)
1A+2DB-3C-0
A+2B-3C=0¢)

And plane contains the point (1,-1,2),
Alx-1) + B{y + 1} + C(2-2)=0 (3)

on solving equation {1} and {2}

=5
A :L_Bﬂndc:ﬁ
7 7
Putting values in equation (3}
2 (- )B(y 1) 2 (2-2) =0

B(-5(x—1)+7(y+1)+3(z—2))=0




Sx+ 5+ 7y +7 +3z-6=0
=5x + 7y + 3z + 6=0 CLAssz4
Sx-7y-3z-6=0
For equation of plane Ax + By + Cz=D and point {x1,y1,z1), distance of a
point from a plane can be calculated as
Ax,+By,;+Cz;-D
Jat+Br+C?

5(-2)-7.5-35-6 |—10 35-15-6| |6

V(5 (=7 +(-3)) T a0 | B

ﬁ\

Question: 15

Afx-1) + B{y-1) + C(z-2)=0 (1)
Ax-2)+ By +2) +C{z-2)=0 ({2}
Subtracting (1) from {2},
Alx-2-x+ 1} + Bfy + 2-y-1}=0
A-3B=0 (3)

Now plane is perpendicular to 6x-2y + 2z=9
6A-2B + 20=0 (4)

Using (3) in {4}

18A4-2B + 2C=0

16B +2C=0

C=-8B

Putting vaiues in equation (1}
3B(x-1) + B(v + 2)-8B(z-2}=0
B{3x-3 +y + 2-82 + 16)=0

3x + y-8z + 15=0

Quesiion: 16

Alx+1) +B(y-1) + C(=-1)=0 (1)
Alx-1}+ By + 1) + C(=-1)=0(2)
Subtracting (1) from (2).
Alx-1-x-1}+ Bfy +1-y + 1]=0
-2A+ 2B=0

A=R (3]}

Now plane is perpendicular to x + 2y + 2z=5
A+ 2B+ 2C=0(4)

Using (3) in (4)

B+ 2B+ 2C=0

3B +20=0

C= 3B

Putting values in equation (1)

B(x+1)+B(y-1)+>B(z-1)=0

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

2Z2x + Zy-3z-3=0

Question: 17

Find the equation

Solution:

Plane passes through (3,4,2) and (7,0,6),



Afx-3) + Bfy-4) + C(z-2)=0 (1)

A(x-7) + B{y-0) + C(z-6)=0(2) CLAssz4
Subtracting (1) from (2},

A{x-7-x+3) + B{y-y + 4} + C{z=6-z + 2}=0
-4A + 403-40=0

A-B+ C=0

B=A+C(3)

Now plane Is perpendicular te 2x-5y=15
2A-5B=0 (4)

Using {3) in {4)

2A-5(A + C)=0

24-5A-5C=0

-3A-5C=0

Putting values in equation (1)

Aly—4):Za(z-2)=0

3

A(x—3)=

NS

Af5(x-3) + 2(y-4)-3(z-2)=0

Sx+ 2y-3z-15-8+ 6=0

5x + 2y-3z-17=0

So, required equation ef plane 1s 5x + 2y-32-17=0.
Question: 18

Plane passes through (2,1,-1} and (-1,3,4},
Afx-2) + B(v-1) + C(z + 1)=0 (1)

Afx+ 1) + Bfy-3) + C(z-4)=0 (2)

Subtracting (1) from (2],

A{x+1-x+2) + Bfy-3-y + 1) + C(z-4-z-1}=0
3A-2ZB-5C=0 {3)

Now plane is perpendictlar te x-2y + 4z=10
A-ZB +4C=0 {4)

Using (3) in {4)

2A-9C=0

B=1la
18

Putting values In equation (1)

17 2
A(x=2)+ A(Y-1)+ A(z+1)=0

A(18(x-2) + 17(y-1) + 4{z + 1)=0
18x+ 17y + 42-36-17 + 4=0
18x+ 17y + 42-49=0

So, the required equation of plane is 18x + 17y + 4z-49=0
If plane containst =i+ 3j + 4k+( 3i-2j- Sk)thcn (—1.3.4)satisfies plane and normal vector of planeisperpendici lar

LHS=18(-1) + 173 + 4.4-49



=18+ 51+ 16-49 CLAssz4

=-2 + Z=0=RHS

In vector form normal of plane
B—18+17]<4k

LHS=183+ 17(-2) + 4.(-5)=54-34-20=0=RHS

Hence line is contained in plane.

Exercise : 28G

Question: 1

Solution:

Given -7 = (1 + 2{—%) + Ali—7 + Kand 2.(2—§ + &) = 4
To find - The angle between the line and the plane

Direction ratios of the line = (1, - 1, 1)

Direction ratios of the normal of the plane = (2, - 1, 1}

Formula to be used - If (a, b, ¢) be the direction ratios of a line and (a’, b, £7) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

co1 axa’ + bub' + e’
sin .
[ 2
Va+b?+ c~_‘|ra’ +b%

The angie between the line and the plane

._1(1><2+ (—1) x (1) + 1><1]
=5
V12417 + 1227 + 17 + 12

_1[2+1+1)

Question: 2

Solution:

Given -F = (21— + 3k) + A(31—1 - 2K)and T.(1 + | + k)= 3
To find - The angle between the line and the plane

Direction ratios of the line = (3. - 1, 2)

Direction ratios af the normal of the plane = (1, 1, 1)

Formula to be used - If (a, b, c} be the direction ratios of a line and (a’, b’, c’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa' +bxb’ +exc’
yai+bh?+ cha’E +b7
The angle between the Ifie and the plane

3x1+ (-1)x1+2x1
gin~t
V32 + 12 + 22412 + 12 4 12

sin™

= sin™’ (%)

= sin_l( 4 )
Va2
Question: 3
Solution:
Given -1 = (31 + &) + Ali + Rand £{21 -7 + 2k) = 1

Te find - The angle between the line and the plane



Direction ratiosofthe line ={0,1, 1)
Direction ratios of the normal of the plane = (2, - 1, 2} CLAssz4

Formula to be used - If {(a, b, c} be the direction ratios of a line and {a’, b’ ¢} be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb’ +cxc’
yvat+h?+ cha’z +b7 "
The angle between the line and the plane

O0x2+1x(—1)+ 1x2
= sin?
V0T + 12 + 12422 + 12 4 22

sin™

-1+ 2
sin‘l( )

32

()
sin —
3V2
Question: 4
Solution:

y+1

-1

G:'ven-?— —ZT_gnnd3x+4y+Z+5=U
To find - The angle between the line and the plane
Direction ratios of the line = (3, - 1. 2)

Direction ratios of the normal ef the plane = (3, 4, 1)

Formula to be used - If (a, b, c} be the direction ratios of a line and {a’, b, ¢) be the direction
ratios of the normal to the plane. then, the angle between the two is given by

1 axa’ +bxb'+oxc’

sin” f
Va?+b?+cgal+ b7

The angle between the line and the plane

I3 x3+ (x4 +2x1
= sin?
V3T + 1% + 2337 + 42 + 12

L gt (M)

V14VZ6

/
= sin ! (_7)
V2T x 32 %13

(753
sin —
2491
Quesiion: 5
Selution:

Given - =11 =I= Ljﬂnlex +2y—11z =3

-

To find - The angle between the line and the plane
Direction ratios of the line = {2, 3, 6}
Direction ratios af the normal of the plane = (10, 2, - 11)

Formula to be used - If {a, b. ¢} be the direction ratios of a line and (a’, b, c’) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa' +bxb’ +exc’

[ z gz
\,az+b~+c“Ja’ +b" 4+

sin™

The angle between the line and the plane

o 2x%10+3x2 + 6x(-11)
511
V22 + 32 + 62y10% + 27 + 112

) _1(20 T 6—66)
= s 7% 15

., —40)
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= gin 1 [{-—
sin ( 21)



Questlion: 6

Sotuion: CLASS24
Given-A={3-4-2),B={12 2, 0}jand 3x-y+z=1

To find - The angle between the line joining the points A and B and the plane

Tip-IfP ={a, b, c) and Q = {a’, b’, c’), then the direction ratios of the line PQ is given by {{a’ - a),
(b-b) {c’-c))

The direction ratios of the line AB can be given by
(12 - 3). (2 + 4), (0 + 2})

={9.6,2)

Direction ratios of the normal of the plane = {3, - 1, 1)

Formula to be used - If {a. b, ¢} be the direction ratios of a line and {a’, b’ ) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

_1 axa’ +bxb’ + oxe’

sin T
yaT+b+ c3\| a b st

The angle between the line and the plane

9x3+6x(—1)+2x1
= sin™t
V9T + 67 + 23437 + 17 + 12

Il
%]
=
=

1 (27 —6 + 2)
11 x \."ﬁ

sin~! ( 2 )
11411
Question: 7
Solution:
Given -y — z — CQand 2x — 3y — 6z — 13
Te find - The angle between the line and the plane
Direction ratios of the line = (1, 0, 0)
Direction ratios of the normual of the plane = {2,- 3, - 6}

Formula to be used - If (a, b, c}be the direction ratios of a line and (a’, b, ¢} bethe direction
raties of the normal to the plane, then, the angle between the two is given by

1 axa' + bbb’ + exe’
Jat+b?+ cZJa’Z +b%
The angle between the line and the plane

__l(l><2+0><(73)+0><(76))
= 51
V12 + 02 + 03722 + 32 + 92

2
— gip—1(Z
= sin (7)

Question: 8

sin™

Solution:

Given -F = (214 51 + 7k) + A(T + 37 + 4K)and 21 + 7-K) = 7
To prove — The line and the plane are parallel &

To find - The distance between them

Direction ratios of the line = (1, 3, 4)

Direction ratios of the normal of the plane = (1,1, - 1)

Formula to be used - If f{a, b, €} be the direction ratios of a line and (a’, b, ') be the direction
ratios of the normal to the plane, then, the angle between the two is given by

1 axa’ +bxb’ + oxc’

sin— T
ya*+b?+ cz‘l a4 b’? 47

The angle between the Ilfiie and the plane

1x1+3x1+4x(—1)
sin™t
V12 + 32 + 42412 4+ 12 4+ 12




1+3—4
— sin_l( )

V2643

= sin~'{0)

CLASS24

=0
Hence, the line and the plane are parallel.

Now, the equation of the plane may be writtenasx+y -z = 7.

Tip -ifax+by +c+d=0beaplane and T = (a"f + h’j + c’ﬁ) + ;\(ﬁ”i + b”f + (_'”E) be aline
axa’ +hxH +exe’ +4

e

vector, then the distance between them is given by
va?+b?+c?

The distance between the plane and the line

CILX2Z 4+ 1X5-1X7—7]
I yEyxizrz |

2+5-7-7
B V3
7 .
= —= UIHLs
v3
Question: 9
Solution:
Given -7 — (T + 2}"{:} + 1\(21_ mj — 3}"{) and T, (mi + 37+ }"() = 4and they are parallel
To find - The value of n
Direction ratios of the line = (2, -, -3}
Direction ratios of the normal of the plane = {m, 3, 1)

Formula to be used - If {a. I. ¢} be the direction ratios of a line and {a’ b’ ¢) be the direction
ratios of the normal to the plane, then, the angle between the two is given by

sin—1 axa' +bxb' +exc’ }

Jal+b? +C:A\ifﬂ'rz+bfz +

sm‘l( 2xm+ [(—m)x3 + (-3)x1 )
¥27 + m? + 3%2ym® + 37 + 12
e ( 2m—3m—3
Lvmm) N
—m—3

- o S
13 + m24/10 + m2

=0
= m = —3

Question: 10

Solution:

Given-7.(i + 27 + 3k) = 3

To find - The vector equation of the line possing through the origin and perpendicular to the
given plane

Tip - The equation of a plane can be given by T.fi = d where fi Is the normal of the plane

A line paraliel to the given plane will be In the direction of the normal and will have the direction
ratios same as that of the normal

Formula to be used - If o line passes through the point (o, b, c) and has the direction ratios as
(a’, b', ¢}, then its vector equation is given by T = (aT + bj + ck) + A(a'i + b+ c’k] where A
s any scalar constant

The required equation willbe T = (U_i + 0j+ OR) + l(i + 2j + 3R)
= )L(i + 27+ 3i{) for some scalar A

Question: 11
Solution:
Given - T, (2i —3j— f{) = (Qandthe vectar has position vecter (i -2 + 5‘]‘;)

To find - The vector equation of the line passing through (1, - 2, 5) and perpendfcular to the
given plane



Tip - The equation of a plane can be given by T.1i = d where fi is the normal of the plane

A line parallel to the given plane will be [n the direction of the normal and will have the dir CLAssz4

ratios same as that of the normal

Formula te be used - If a line passes through the point (o, b, ¢} and hias the direction ratios as
(a’ b’ 7}, then fts vector equatton Is given by T = (ai + bj + ck) + R(a’i + b'j + c’k] where A
s any scalar constant

The required equation will be T = (i— 2] + 5i{) + A(Zi —3j— I{] for some scalar A

Question: 12

Seolution:

Given - The equation of the plane is given by ax + by +d = 0

To prove — The plane Is parallel to z - axis

Tip = Ifax + by + cz + d is the equation of the plane then its angle with the z - axis will be given
by sin™ (ﬁ)

Considering the equation, the direction ratios of its normal is given by fa, b, 0)

The angle the plane makes with the z - axis = sin ~ I{U/\/’(az + bZ)] =0

Hence, the plane is parallel te the z - axis

To find - Equation of the plane parallel to z - axis and passing through potnts A = (2, - 3, 1) and B
=(-4.7,6)

The given equation ax + by + d = 0 passes through (2, -3, 1) & (-4, 7, 6)

~2a—-3b+d=20.-

~—da+ Tb +d = Qe.n(il)

Solving (1) and (i),
. a i, b
- |—a 1| - ‘1 2

7 1 1 -4

= Q fa — arbitrary constant]

~a = —10a

~b = —6a

Substituting the values af a and b in eqn (1), we get,

-Z2X10ec + 3X6ax +d =0ie d=-2a

Putting the value of a, b and d in the equation ax + by + d =0,
(- 10a)x + (- 6a)y + (- 2c¢) = O

ie Sx+3y+1=0

Question: 13

Solution:

Given - A plane passes through points (1. 2, 3) and (0, - 1, 0} and Is parallel to the line
E _ y+2 z

z 2 -3
To find - Equation of the plane

Tip = If @ plane passes through points {a’, b, c’), then its equation may be given asa(x -a’) + b{y -
b)+efz-c)=0

Taking points (1, 2,3):

a(x- 1)+ Db{y-2)+c(z-3)=0......([)
The plane passes through (0, - 1, 0):
a(0-1)+b(-1-2)+cf0-3)=0

(i)

fe.a+3b+3c=0.

x-1 2
The plane Is parallel to the Hne% = % = i:

Tip - The normal of the plane will be nermal to the given line since both the line and plane are
parallel.

Direction ratios of the line is (2, 3, - 3)
Direction ratios of the normal of the plane is (a, b, c)
S0, 2a+ 35 =30 =0 {TH)

Solving equations (11} and (11},



[

: = - !,21 ; = @[z — arbitrary constant] CLAssz4

~a =
b = 9a
~C = —3a

Putting these values in equation (i) we get,

—18a(x—1) + %a(y—2)—3a(z—-3) =0

U

18(x—1)—9(y—2) + 3(z—3) = 0
= 6(x-1)-3—-2)+ z—-3)=10
= 6x—3y+z-3=10

= 6x—3y +z =3

Question: 14

Salution:

Given — A plane passes through (2, - 1, 5), perpendicular to the plane x + 2y - 3z = 7 and parallel

. x+5 y+1 2=
to the line=— = == = =—
3 -1 1

To find - The equation of the plane

Let the equation of the required plane be ax + by + cz + d = 0......(a)

The plane passes through (2, - 1, 5}

S0, 2a-b+5c+d=0............. {t}

The direction ratios of the normal of the plane is given by {a. b, ¢}

Now, this plane is perpendicular to the plane x + 2y - 3z = 7 having direction ratios (1, 2, - 3)
So,a +2b-3c=0.........(i])

This plane is alse parallel to the line having direction ratfos (3, - 1, 1}

So, the direction ef the narmal of the required plane is alse at right angles to the given fine.
(iir)

Solving equations {if) and ().

So, 3a - b+c=10..

|_21:i —13: - 1 h—lal = ; c_zl = @ fa = arbitrary constant]
E]
a=—a
b = —10a
c = —T7a

Putting these values in equation (1) we get,

2X(- ) - (- 10a) + 5(- 7a) +d = O ie. d =27

Substituting all the values of a, b, c and d in equation {a) we get,
—x — 10ay —7az + 27 = 0

=x+ 10y + 72 + 27 =0

Question: 15

Solution:

Given - A plane passes through the intersection of 5x -y + z= 10 and x +y - 2 = 4 and paralle!
to the line with direction ratios {2, 1, 1)

To find - Equation of the plane

Tip-Ifax+byv+ecz+d=0andax+ by + c’z+d’ = 0 be rwo planes, then the equation of the
plane passing through their intersection will be given by

fax+ by +cz +d} + Afax + by + c’z+ d') = 0, where A is any scalar constant
S0, the equation of the plane maybe written as

(5x-y+z-10) +A(x+y-z-4)=0

A5 +A)x+ -1 +A)y+(1-Jz+(—10-4A)=0

This Is plane parallel to a line with direction ratios (2, 1, 1)

So, the normal of this line with direction ratios ((5 + A), (- I + A), (1 -A)) will be perpendicilar to



the given line.

Hence, CLAssz4
205 +A)+(-1+A)+{1-1)=0

BA=-5

The equation of the plane will be

(5+(-5)x+ (-2 +{-5Dv+(1-X(-5))z+(-10-4X(-5))=0

B-6y+6z+10=0

B3y-3z=5

To find - Perpendicular distance of point (1, 1, 1} from the plane

Formula to be used - Ifax + by + ¢+ d = O be a plane and (a’, b, ¢’} be the point, then the
axa’ +bxb +cxc’ +d|

distance between them is given by —
Ja?+b24c?

The distance between the plane and the line
|0><2 + 3><1—3><1—5|
| V02 + 32 + 32 I
|3 —-3-5
2y3

_ 5 units
TV

5]

Exercise : 28H

Question: 1

Solution:

Given - — | + j— g ? — 3] < are twe iines to which a plane is parallel and it passes
through the origin.

To find - The equation of the plane

Tip - A plane parallel te two vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking their cross product

AEXT

i k
= 1 1
30 —1

i(—1—0) +j(-3 + 1) + k(0—3)

o

= -1—2j—3k
The plane passes through erigin (0, 0, 0).

Formula te be used - If aline passes through the point (o, b, ¢} and has the direction ratios as
(o’ b’ €). then s vecror equatton Is given by T = (ai + bj + ck) + A(a'l + b'] + c'k) where 2
is any scalar constant

The required plane will be
T=(0xi+0x]+0xk)+N-1—21-3k)
=¥ =1 + 2§ + 3k)

The vector equation : T, (i +2j + 3&) =0
The Cartesian equation: X+ 2y + 3z =0

Question: 3

Solution:

Given-1 = (—j + dﬁ) + ).(zf - 5j— ﬁ) &T = (i -3 + f() + p(—bi + 4]’}A plane is parallel to
both these lines and passes through {3, - 1, 2).

To find - The equation of the plane

Tip - A plane parailel to two vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking thelr cross product

R = 7i— 5] —_h& Ef' = —51 + 4j where the two vectars represent the directions

~“RxR



-[2 53 CLASS24

—5 4 0
=1i(0 +4) + j(5—0) + k(8—25)
— 4 + 5j—17k
The equation of the plane maybe represented as4x+ 5y -17z+d =0
Now, this plane passes through the point (3, -1, 2}
Hence,
43 +85x(-1)-17=2+d=20
Bd=27
The Cartesian equation of the plane : dx + 5y - 17z + 27 =0
The vector equation : T. (tﬁ + 5j— 1?i{) + 27 =0
Question: 3
Salution:

Given - The llnes have direction ratios of {1, - 1, - 2} and {- 1, 0, 2). The plane parallel to these
lines passes through (1, 2, 3)

To find - The vector equation of the plane

Tip — A plane parallel to twe vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking their cross product

R = i—j— 2k & E; = —i + 2k, where the two vectors represent the directions

~RExXRF

i § k
=1 -1 -2
-1 0 2

=i(—2-0)+j2—2) + k(o—1)

= —2i—-k

The equation of the plane mayhe representedas-2x-z+d =0
Now, this plane passes through the poine (1, 2, 3]

Hence,

(-2)=1-3+d=0

Bd=5

The Cartesian equation of the plane : -2x-z+ 5=01le 2x +z =5
The vector equation : T. (Zi + i{) =3

Question: 4

Find the Cartesia

Soelution:

; x—1 -2 @+l %1 +3 z 3 i
Given - ‘T =2 P e T T = A plane is parallel to both these lines and passes

3
through (1, 2, - 4).

To find - The equation of the plane

Tip — A plane parallel to two vectors will have fts normal in a direction perpendicular to both the
vectors, which can be evaluated by taking thelr cross product

The direction ratios of the given lines are {2, 3, 6) and (1. 1, - 1}

~R=21+3+6k&R =1 +i-k

~ExF
i ] &
=12 3 &
11 —1

i(—3-6) +j6+2) +k(2-3)

Il
=

= 9+ 8-k
The equation of the plane maybe representedas-9x +8y-z+d=0

Now, this plane passes through the poine (1, Z, - 4)



|
Hence,
(-9)x1+8x2-(-4)+d=0 CLAss24
Bd=-11
The Cartesian equation of the plane : -9x + 8y -z- 11 =0ie. 9x-8y+z+ 11 =0
The vector equation : f,('}i—ﬂi + i{) +11 =0
Question: 5

Find

Solution:

Given -t =1+2 +3kar 1—§ + kare two Itnes to which a plane is parallel and it passes

through the pote 31 + 4 + 2k
To find - The equatfon of the plane

Tip — A plane parallel to two vectors will have its normal in a direction perpendicular to both the
vectors, which can be evaluated by taking thelr cross product

—
LT T’

X+ 2y-3z=17
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