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The Plane 29.6 Q1(j)

Given equation of two planes are

F.(z?-a}+4ﬁ2)=1

Fleiei)-a

We know that, angle between two planes

ra,=d, and rn, = d, is given by,

Fy
cosg = 12

rilf|
Here, E:=2f—3}+4.fg
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Given equation of planes are

F.{z?-j+2£)=a ---{i)

F.{a?+aj-2ﬁ2)=9 -~ i)
We know that, angle between the planes

FE: =dy and FE; = dy is given by,

- -~ {iii)

CDSE=%

il

Here, from egquation [|] and [ii],
myo=20 - j 42k

fy =3 +6] - 2k

Put my, and n, in equation (iii},

{2?-}+2£){3f+5j-2£)

JE + 1+ (2 2+ (6 + (-2)°
(@)Y 2(2)
JE+1+4004+30 + 4
-6+ 4
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Given equation of planes are

F.{z?+3}-a£)=5 ---1{}

F.{f-zj+2ﬁ2)=9 -~ i)
We know that, angle between equation of planes

FE: =dy and FE; = dy is given by,

I o

1

cosd =

From equation (i} and (i),
n, =20 +3] -6k

ry =1 -2]+2k
Put my, and n, in equation (iii},

{2?+3j-6£){f-2}+2ﬁ2)

JE ) + (-6 )+ (-2 + (2)°
B+ ()-2)+(-5) )
JE+0+361+44+ 4
_2-6-12
"Ik
-16
T T3
_-18

21

8= |:|:|5_1 ﬂ
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The Plane 29.6 Q2(j)

cosd =




Given, equation of planes are,

2x -y +Z=4 --- i}
X4y +2r=23 ———[ii]

We know that, angle between two planes

i +by +cZ2+d; =0 and
3% + oy +0,7 +dp = 005 given by

3z + bybs + 0, (i)

S T
u{5'1+b1+c1u{5'2+bz+'32

Here, from equation (i) and (i),
=2, b=-10c=1
dy=18,=10C,=2

Put then values in equation [iii),

@+ 1D+ 1)
1)+ (02 (1 P+ (0 (2

~ 2-1+2
NA+l+1i+1+4
4-1

N3

cosd =

cosg =

P cn|r.._1fj“q

1
& = cos? [—]
2

o=
3
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Given, equation of two planes are,

X+y-2z=73 --- i}

2x -2y +z="5 - -~ i)

We know that, angle between two planes

G+ +oz+d; =0 and
Sox + oy +C02Z +dz = 0 is given by

9z + blbz +CyCa

2,2, 2 |2, 42, -2
Vl'.:'.-1+.":,|1+|:*1Vlr.:'.~2+b2+c2

cosd =

Here, from equation [|] and [ii],
ay=16=10=-2
Sy=2,by=-2, ;=1

Put these values in equation (i),

(=) + (1 2) +-2) (1)

cosd =

JOP+ (1) + (-2 )% + (-2)% + (1)

2-2-2
cosg =
S+rl+dfd+4+41
-2
J6
-2

3

Y
& = cos [BEJ
The Plane 29.6 Q2(jii)



Given, equation of planes are,

N-y+2zZ=5

N+2v4+Z=109
We know that, angle between the planes

i +by +cZ2+d; =0 and
3% + oy +0,7 +dp = 005 given by

3z + bybs + 0,

2,52, 2 -2, 42, -2
.dl'.:'.-1+.":,|1+|:*1‘ulr.:'.~2+b2+c2

cosd =

From equation (i} and (i),
ay=1b=-1c=1
Sy=18,=20c5=1

Put these values in equation (i),

L+

cosd =

SO (02 (0 P+ @+ (0

1-2+1
Ccosd =
Al+l+141+ 441
_ ]
J3-f6
cos8 =0
5'=|:|:|5'1[EI]
o=
2
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Given, equation of planes are,

2x -3y +4z =1 --- i}
x4y =4 - - - i}

We know that, angle between two planes

G+ +oz+d; =0 and
Sox + oy +C02Z +dz = 0 is given by

9z + blbz +CyCa

Jaf+bf+ci?w{a§+b§+c§

cosd =

Here, from equation (i) and (i),
5‘1=2_. b1=_3-' C1=4
5'2=—1_. bz=1_. C2=|:|

Put these values in equation (i),

() {-1)+(-3) {1+ (4){0)

cosd =
J)+ (37 (4 Y0+ (0% + (o)
oo —2- 340
At o+lefle 140
-5
N
-5
cosd = E

The Plane Ex 29.6 Q2(v)

We know that the angle between the planes
ay¥+byy+ oz +dy =0andazx + by + 22 + dz = 0is given by
jya+hh+oycs
Yari+b 2+ % yfa? + b+ cp?
Therefore, the angle between 2x+yv—2z =5 and 3x —&y—22=7
2uidtlw(—0)+(—2)x(-2)
V224124 (-2)% {324+ (-6 + (- 2)°
E—-6+4

Va-Jo+36+4

4
= (05 = ———
ImT

_ -1 4
=0=c0s |—
[21]

cosg =

cosg =

= [0sE =

The Plane 29.6 Q3(i)



Given equation of planes are

We know that, planes

ra,=d, and rin, = d, are perpendicular

if nny =0 - - - fiii)
From equation (i} and (i),

o S

ny=- - j+k

Put ry; and ny in equation (i),

Ayng =0
{Ef—j+.f<ﬂ){—.r—j+.f2)= 0

-0+ (-0 + () -0

-24+1+1=10
0=0
LHE = BRHE

Hence, planes are at right angle

The Plane 29.6 Q3(ii)



Given, equation of planes are,

N-2v+4z =10
18x 4+ 17y + 4z = 49

= ¥-2v +4z-10=10 - -~ i}
lox +17y +4z-49=10 - - - {ii)

We know that, planes ax + by + o2+ = 0 and aux + by + 02 +d, = 0 are at

right angles if 33 + b + 0o = 0 - — - {iii)
Fram (i} and {if),

5‘1=1,bl=—2,cl=4

5'2=18_. bz=1?_. C2=4

Put these in equation fiii},

3 + By + oo, =10

(L) +{-2)17)+ (4 (#) = 0

13-34+16=0

0=0
LHE = BHZ

Hence, planes are at right angles

The Plane 29.6 Q4(i)

Here, given equation of planes are

F.{f+2j‘+3ﬁ2)=? —
F.{AF+25-?£)=26 - i)

We know that, planes FEI = dy and FE; = dy are perpendicular if
ny, =0 - - - {iii)

From equation {i} and {ii), we get

E:=f+2}+3.f<ﬂ andr?;=if+2j—?.f<ﬂ

since, (i) and (i} are perpendicular, so from fiii},

nynp =0

[F+2f+3&) (a7 + 2] - 7k) = 0

(L) + (@) )+ (3)(-7) =0

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 +3z-5=10 are - -~ [ii} perpendicular.
We know that, planes ax + &)y + o2+ = 0 and aux + by + 02 +@, = 0 are
perpendicular if e, + bib, +cic, =0 - -~ fiii)

From equation i} and (i},

5‘1=2_. ."_‘,11=—4,Cl=3

5'2=1_, b2=2_, C2=.)?.

Put these in equation fiii},

3 +Bybo +cyce =0

({1 + 42+ (3)(4) = 0

2-B8+34=10
-6+34 =10
Ii=6
1.6
3
1=
The Plane 29.6 Q4(iii)
Given, that planes
I By -2z-7=0 ---{)
and 2x +y -1z -5=10 - — - {ii}

are perpendicular,

We know that, planes ayx + b+ oz +d) =0 and o +boy + oz +dp =0 are

perpendicular if a2, + byb, + 0,0, = 0 - — - {iii)
Fram (i} and {if),

gy=3 b =-6,cy=-2

g,=2 by=1,c,=-1

Put these in equation fiii},

3 + By + oo, =10

(3)(2)+(-6) (1) + (-2) (-4) - ©

B-6+24=0
0+24=10
2i=0
A=10

The Plane 29.6 Q5



We know that equation of a plane passing through {Xl,yLzl} is given by
afx -x)+bfy -y )+cfz-2,)=0 ---{i}

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

sl +1)+b{y+1)+cfz-2)=0 - - - i}

We know that plane ax + by +oy2+d) = 0 and a5 + by +Co2 +dp = 0 are

perpendicular if 313, + bbs +cycp = 0 - — - iii})

Given, plane {ii] is perpendicular to plane

v +2y -3z =1 - - —fiv)

So, using i), {iv) in {iii),
3 + By + oo, =10

(5)(3)+ (B} (2} + [c)(-3) = O
23+2b-3c=0 ---{v)

Also, plane (i) is perpendicular to plane

Ex -4y +z =58 - = = i)

So, using (i), {v) in (i),
3 + By + oo, =10

(S5} + P-4+ [c) 1) = D
Ea-dh+c=0 ———[uii]

On solving {v)] and [wii),

= fa} c
EO-30-4 BEE-[{0 B4 -R)E)
a b s
5_12 -15-3 -12-10
a b
10 -18 -2z
2=-10%, b=-182, c = -221

= i [Say)

Put the value of &,6,c in equation (i)

afx +1+by +1)+cfz-2)=0

(-104){x + 1)+ [-182) (v + 1) + [-222) [z -2) =0
-104x - 102 - 182y - 184 - 224z + 442 =0
-104x - 182y - 228z + 162 = 0

Dividing by — 2.4,
Ex¥ +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,yLzl] is given by
afw-x)+bfy -y )+clz-z)=0 ---{i)

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

v -1)+b{y +3)+c(z+2)=0D - - —{ii)

We knaw that planes s + by +cyz +d; =0 and a5 + oy 407 +d5 = 0 are

perpendicular if 3,3, + bbb, +oy0, = 0 - — - {iii}

Given, plane (i) is perpendicular to plane

¥+ 2y +22 =5 il (Y

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

(S + )2+ (e (2) -0
a+2b+2c=0 ———[u]

also, plane (i) is perpendicular to plane

Ax +3y +2z =18 - — = i)

Using equation (i}, (v in (i),

(& E+ )3+ () =0

33+3b+2c=0 - — —{vii)

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

a & c
EE-00 GE-0FE UE-6)

a b c
4-6 6-2 3-6
2 h c
= - - =-2ifsa
-2 4 -3 (5av)
a=-21 b=4%, c=-31

Put 3, b,c in equation (i)

afx-1)+bfy +3)+cfz+2)=10

(-2a){x - 1) +[42) [y +3)+ [-32) [z +2) =D
-2ix+23+44v +121-38z-64 =0

-2ix +4iy-3iz+84 =10

Dividing by [-1),
2x -4y +3Z2-8=10

Equation of required plane is,

2x -4y +3Z2-8=10



The Plane 29.6 Q7

We know that equation of a plane passing through a point [Xl,yLzl} is

afw -x)+bfy -vi)+clz-z)=0 ---{i)
Given that, plane is passing through arigin, so

afx -0)+bfy -0)+cfz-0)=0

ax +by +cz=10 - - - {ii)

We knaw that planes ax + by +oz+d; =0 and g% + by +ceZ +d5 = 0 s

perpendicular if 3,3, + bbb, +oy0, = 0 - — - fiii}

Given that, plane (i} is perpendicular to plane

¥+2y-z=1 ———[:iﬁ.r:]

Using {ii], {iv] in equation (i),
Fy8s + bybs + 00 = 0

(S + )2} + () (-1) =0
s+2h-c=0 - — - v

Given, plane (i) is perpendicular to plane

3w -4y +2 =15 ———{"."i]

Using equation (i), (i) in (i),
(53 + ) -4+ () -0
2a-4b+c=0 - - = [vii}

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

e _ b _ c
@EO-9) BEH)-08 BFE-B6)

= b
2-4 -3-1 -4-85
a b c
—=—=—_= 4|53
-2 -4 -10 (S3v)

3=-22 b=-44, c=-104
Put 3, b,c in equation (i)

ax +by +cz =10
-24x - 4iy-104z=10

Dividing by - 21,
x¥+2v+5z =0

Equation of required plane is,

x¥+2v+5z =0

The Plane 29.6 Q8



We know that equation of a plane passing through {Xl,yLzl} is given by

afw —x)+bfy -y )+cfz-2)=0
Given that, plane is passing through {1,-1,2), so
sfx -1 +bfy+1)+cfz-2)=0 - - -{i)

Plane [|] is also passing through [2,—2, 2], 50 [2,—2, 2] must satisfy the
equation (ij,

sfz-1)+bf-2+1)+c(2-2)=0

s-b=0 - - —{i}

We know that planes ax + by 4032 +@) = 0 and a5 + by +0,2 + 3, = 0 are
perpendicular if @, + b0, +cc, =10 - - = {iii)

Given that, plane (i) is perpendicular to plane

Bx -2y +22-9=10 - - —{iv)

Using plane (i}, {iv] in equation (i),
3 + By + oo, =10

(3)(5)+ (B} (-2) +(e)2) = O

G3-2h+2c =0 - - —v)

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

= fal ol
FO0E)-F2(0 BO-0E ©E)-6E
a b s
240 0-2 -2+6
Fr )

= g=-24 b=-24,c=441

Put g, b,c in equation [l]

afv -1)+b(y+1)+cfz-2)=0
(-2a){x - 1) +[-22) [y + 1)+ (42)[z-2) =D
—2Ax + 24 - 28y —2A+4iz-Bi=10

-24x -2Av+4iz-84 =10

Dividing by {-21),
X+y-Z2Z+4=0

Equation of required plane is,

¥+ -27+4=0

The Plane 29.6 Q9



We know that, equation of plane passing through the paint {Xl,yLzl} is given by,

afx -x)+bfy-y,)+c{z-2z,)=0

Here, the plane is passing through {2, 2,1)
afx-2)+bfv-2)+cfz-1)=10 ---{i)

It is also passing through (9, 3,6), so it must satisfy the equation (i),
a(9-2)+b6(3-2)+cf65-1)=0D

Ta+b+Ec=10 - — - i)

We know that, plane s + by + oz +d) = 0 and ax + by +Coz +dp = 0 are

perpendicular if 3,8, + b, +cy0, =0 - — - fiii)

Given that, plane (i) is perpendicular to plane

2x + 0y +62 =1 - - —{iv)

Using plane (i}, {iv] in equation (i},
3 + By + oo, =10

(3) @)+ (B)(B) + (e} (B) = O

Za+6b+6c=10 -——{v)

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

(1)(6) ?{5]{‘5] @ ? CIGG {‘5]? (2)(1)
6-a3|:| B 10?42 ) 426-2
=  2=-24%, b=-321, c= 402

Put &, b,c in equation i),
afx-2)+bfv-2)+cfz-1)=10

[—241] [:X - 2:] + [—321] [:y - 2:] + {401] [Z— 1:] =0
-243x +488 - 324y + 641+ 404z - 404 =10

244y - 324y + 404z + 724 =0

Dividing by [-84),
I +4y -Ez-9=0

Equation of required plane is,

3w +4y -5z=19

The Plane 29.6 Q10



We know that, equation of plane passing through the paint {Xl,yLzl} is given by,

afx -x)+bfy -y )+clz-z,)=0

Given, the required plane is passing through {-1,1,1},
afx+1)+bfy-1)+cfz-1)=0 --- i)

It is also passing through [1,-1,1), so it must satisfy the equation (i),
a{l+1+b(-1-1+c(1-1) =0

2a-2b=10 - — - {ii}

We know that, plane s + by + oz +d) = 0 and ax + by +Coz +dp = 0 are

perpendicular if 3,8, + b, +cy0, =0 - — - fiii)

Given, plane i) is perpendicular to plane

X+2y+2z=F5 - - —{iv)

Using plane (i}, {iv) in equation {iii},
3 + By + oo, =10

(3} (1) + () () +(c)(2) = 0

a+2b+2c =0 ———[‘-’]

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

[-2][2151 ()0} [1][01?[2][2] Nale -C[l} (-2)
-4a-|:|= |:f4= 4i2

%=%=—=A[Sa}r]

= g=-41, bh=-441, c=641

Put the value of &,5,c in equation i),

afx+1)+bfy -1)+cfz-1)=0
[-42) [» + 1)+ [-42) [y - 1) + (62) [z - 1) = D
-4ix+4i-4iy + 41 +64z-64=10

-4ix - 4ily +64z-64 =10

Dividing by [-21), we get
2x +Z2y-324+3=10

The equation of required plane is,

2x +Z2y-324+3=10

The Plane Ex 29.6 Q11



The equation of the plane parallel to 20X is v = constant.
Civen that the w—intercept is 3.
Thus the equation of the plane isy = 3.

The Plane Ex 29.6 Q12

The equation of any plane passing through (1, —1,2)
isalx—Li+hiy+Li+ciz-21=0....(1
Given that, plane (1) is perpendicularto the planes

2x+3y—2z =5
and
¥+dy—3z =8

Therefare, we hawve,

2at3b—-2c=0..02)

and

at2b—3c=0..02)

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

a a] C
= = :hsa
Ax(—3-2xi(—-2) Iwi(=2)—-2x(—-3) 2m2—1x=3 (say)
a __ b __c _4
-9+4 —-2+6 4-3
a a] Co_
sty TT

Thus, we hawe,

a=—-5Sxb=4nandc=xn

Substituting the above values in equation (1), we hawe,
—Salx—1Li+ 4+ D +aiz-2)=0

Since x = 0, we hawve,

—S—-Li+4iy+1Li+i(z—-2)=0

= —Sx+5+4y+4+z-2=10

= —Sx+4dy+z+7=0

=S —dy—z—-7 =0

=5Sx—dy—z=7

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

The Plane Ex 29.6 Q13

Civen that the equation of the required

plane is parallel to the plane
Fi+]+K=2..(1

SWector equation of any plane parallel to (1) s
T+ ]+ =k (2)

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

Fa+h+c=k..(3)

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

The Plane Ex 29.6 Q14



The equation of any plane passing through (— 1,3, 2)
isix + Li+biy—31+c(z—-2)=0....01)

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

and

A+ 3Iv+z=0

Therefore, we hawve,

a+2bh+3c=0..02)

and

Fa+ 3h+c=0..3)

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

a _ 4] _ C _
Sx1-3%3 Ix3-1x1 1x3-3x2 ¢
2 b __C _5

-9 o9-1 3-%

a 4] C
—:—:—:}\

7 "8 -3

Thus, we hawe,

a=—-7ab=Bhandc=-3n

Substituting the above values in equation (1), we hawe,
—TAx + D+ BAy—31—-3Az—-2)=0

Since x = 0, we hawve,

T+ +8y—3-3(z-2)=0

= —7¥—T7+8y—24-3z+6=10

= —7H+By—32-25=0

= 7H—By+3z+25=0

Thus the required equation of the plane is 7x —8y+ 32+ 25 =0

The Plane Ex 29.6 Q15

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

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

= —3Ja+2b+5c=0...02)

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

Therefare, we hawve,

a—-2b+4c=0...(3)

Solving equations (2) and (2) vy cross multiplication, we hawve,

a 4] C
= = =Aisa
2xd-Sxi-2) lx5—(—-31=4 (—3yx({—21—-1=2 (sav)
s b __C _5
8410 5412 m—2
a _ b _ o _
1® 17 &

Thus, we hawe,

a=18xb=17nand c=4x

Substituting the above values in equation (1), we hawe,
18Mx — 20+ 17aly— 11+ 4niz+ 10 =0

Since x = 0, we have,

l8ix—2)+170y—Li+4iz+ 1) =0

= 18x—36+17y—17+4z+4 =0

= 18x+ 17y+4z-49=0

Thus the required equation of the plane is 18x+ 17v+4z—-42 =0





