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The Plane Ex 29.13 Q1
F=(2-30+ A0+ 25+ 30
¥ = (26 43004+ w2+ 3] + 4
We know that the lines,
;=E;+ AE{ and ;=a_';+ /11?__: are coplanar if
& | B by |=a, (B xb, |
and the equation of the plane containing them is
ro|Bxh, |=a b xb |
Here

@ =2j-3h =i+ 2j+3k,a = H+6]+3k and b, = 3+ 3] + 4k

£l ik
Therefnre,EfxE_:=1 2 3|=i(8-9)-j(4-61+k(3-4)
o 1
:>ng=—?+2}—3?:
—a,- B xb, |=(2j-3k | |-+ 2j-k|=0+4+3=7
and

@, (B oxh, |= | H+6j+3k| (~i+2j-k|=-2412-3=7

since E; |E;x5_: |= c:T |51P><5; |, thelines are coplanar.
Mowr the equation of the plane containing the given lines iz

roh b, l=a (B xb |

-|—F+2}—fcl=?

-t

:>F-I;—2}+.E’I=—?
=7 |i- 2}+FT:I+?=EI
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We know that lines A

<2

&nd equation of plane containing them is

—Xy ¥k Z-E

Here, equation of lines are

x+1 y-3 242 andx_y—?_z+?

-3 2 1 1 -3 2

So,xy=-1, ;=3 Z,=-2,/y=-3, =2, =1
Mo=0, ¥, =7, Zp=-7,la=1my=-3, hy =2

-3 2 1
1 -3 2
1 4 -5
=3 2 1
L =3 =2

1{4+3)-4{-6-1)-5[3-2)
7+28-35

So, lines are coplanar.
Equation of plane containing line is

+1 -3 zZ+2
-3 2 1 |=0
1 -3 2

[ +1){4+3)-(v-3)[-6-1)+(z+2)[9-2)=0D
Tx+7+7y-214+47z+14=0
T+ 7y +7z =0
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are coplanar if



We know that the plane passing through [Xl,yl,zl:] is given by
afx -x)+bly -y )+clz-2,) =0 - --{i}
Required plane is passing through {0,7,-7), so

aflx-0)+bfy -7)+cfz+7) =0
ax +bly-7)+c(z+7)=0 - - - i)

X+l y-3 =z+2

Flane [ii] also contains line so, it passes through

-3 2

point {-1,3,-2],

a(-1)+b(3-7)+cf-2+7)=0

-3-4b+G5c=10 - — - fiii)

also, plane (i) will be parallel to line
S0, @43, + by + 040y = 0

[ (Bl e =0

—33+2h+c=0 - ——{iv)

Saolving (i) and {iv] by cross-multiplication,

a ] &
FAL-EE FEE-00 F9E-FE
a ] 53

BT ORRE y 4  SE e S




a b c
A

= 3=-141, b=-141, c=-144

Put g,b,c in equation [ii],

ax+bly-7)+c(z+7)=0
(-144)x + [-148) (v - 7) +[-144) [z +7) =0

Dividing by {-141), we get

X+W¥-7+Z4+7=0
X+W¥+zZ=0

So, equation of plane containing the given point and lineis x +w +z=10

The other line is %= y-7_z+?

-3 2

So, a3 +bb+oyc, =0
W)+ W3+ )(2) -0
1-32+2=10

0=0

LHE = BHZ

+7
S5g, =4 " = 5 lie on plane x +v +z =10
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We know that equation of plane passing through [Xl,yl, 21] is given by
X by ~p Y ¥ C 202, ] =0 )
Since, required plane contain lines

¥-4 y¥-3 z-2 ¥ -3 y+2
1 -4 5 1 -4

So, required plane passes through [4,3,2) and [3,-2,0}, so, equation of

required plane is,

afx-4)+b(v-3)+cfz-2)=0 - - - {ii)
Plane {ii] also passes through (3,-2,0), so
5[3—4]+b[—2—3]+c[0—2]=0

-3-5b-2c =0

a+Bh+2c=10 - — - iii)

Now plane [ii] is also parallel ta line with direction ratios 1,-4, 5, =0,
3 + B+ oo, =10

(8) (1) + (B} (-4} + (e} (5) = O

g-db+E5c=10 ———[iu]

Solving equation (i) and {iv) by cross-multiplication,



E _ b o c
EE-49E) LE-06 BED-OE)

= a=111 h=-1, c=-31
Put g,b,c in equation [ii],

afx-4)+bfv-3)+cfz-2)=0

[112) o - 4)+ [-2) [y -3)+[-32){z-2) =D
113x - 442 - Ay +34 - 34z +64 =0

11ix - Ay -3z -351 =10

Dividing by A,

1l -y -3z-35=10

So, equation of required plane is,

1lx-y -3z-35=10

The Plane Ex 29.13 Q5



We have, equation of line is

X¥+4 y+80 -

1
3 s~ )

General point on this line is given by

(32-4,54-6, - 22 +1) ---fi)
Another equation of line is

I -2y +Z+5=0=25x+3v+4z -4

Let 3, b,c be the direction ratio of the line so, it will be perpendicular to norm al
of 3x -2y +z+5=0and 2x +3v+4z-4=10, =0

Using &3, + by + 040y = 0

()& +(-2)(B) + (1) fe) = 0

da-2b+c=10 ey
Aqgain,

(2= +(3)(&) + (4} (e} = O

23+3h+4c=10 - — - {iii}

Solving [ii} and fiii} by cross-multiplication,



a a] &
F@-0E0 EO-66F BE-(2E

a b al

CBen Dadn Baed

Direction ratios are proportional to -11,-10,13
Let z =0, =0

A -2y = -5 ---{4)
2+ 3y = 4 ---(8)

Solving {4) and [8],

Bx -4y =-10
Bx+9y = 12
- 13y =-12
y = 22
13

Put y in equation [A),

IR [
13



So, equation of line [2) in symmetrical form,

xel -2
dik 13 _z-10
-11 -10 13

Put the general point of line {1) from equation (1)

7 22
3A—4+E_ 5A_6_E_—2.2+1

=Tl -10 13

394 -52+7 658-78-22 -23+1
-11%=132  -10=1z 13

391-45 A54-100 -Z&+1
-11 -10 1

The equation of the plane is 45x—17v +2524+53=0
Their point of intersection is ( 2,4,-3 )
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We know that plane r.n = d contains the line r = 3+ 25 if
[y br=0 (i} an=d ---f)

Given, equation of plane F.{.'P+Ef—.f2) = 3 and equation of line r = (f+f)+i{2f+j+4.f2)

bh ={2f+}+4.f2) {f+25—£)
- @)+ 1 E)+(9(-1)
=2+2-4

hn=0

35 - 3 +2i-4)

L)+ @)+ (o1
1+2-0
3

2t
since, b= 0 and an = d, so, from (i}

Given line lie on the given plane,

The Plane Ex 29.13 Q7

LetL1:x+3=i=Z_? s
R
x+6 p+3 -1 . .
Lyi—=t—= = he the equations of two lines

Lettheplaneheax+bp+ez+d =013

Given that the required plane passes through the intersection
ofthelines L, and L.

Hence the nonmal to the plane is

petpendicular to the lines L, andL .

L 3a-2b+be=10
a-3b+dc=10
aing crosstmaltiplication, we get,
a k¢
—4+18 6-6 -D+2
_a_b_<¢
14 0 -7
a b ¢
FRET
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Let the equation of the plane be %+%+%=1 ........ (i)
Plane is passing through (3,4,2) and (7,0,5)
3 4 2
—+—+—=1
a b C
7 0 S}
—+—+—=1
a b C
Fequired plane is perpendicularto 2x -5y —15=0
E + __5 + E = D
a b C
= /b ="5a
b=2.5Ea
3 4 2
—+ +—=1
a 2.5a C
a C
solving the above 2 equations,
17 17 -34 17
=34=— b=85=—andc=——=—-—
a = > andc c 3
substituting the values in (i)
X Y z
7t t T T
5 2 3

- 5 4 2y 3z _1
17 17 17
=5Sx+2y—3z=17
=0 +y] +zR.GT+2] -3k =17
7.6 +2]-30=17
Vector equation of the plane is ?.(5T+ ET—BEF 17.
The line passes through B(1,3, — 2).
S(L+2(3)-3(-2)=17
The point B lies onthe plane.

~Theline F =1+3] =2k + 10 =] +K) lies on the plane 7.GT +2] -3k = 17.
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= =
The direction ratio of the line = ﬂl 22 == zq =:is
—_— - -
n=(-3.-2k2)
The direction ratio of the line x: = J:“ g ; 2 is
r=(K1,5)
. : x=1 y=-2 2z=3 x=1 »=2 2—3 ;
Since the lines 2 — = = and =: = are perpendicular so
3 9t 3 o e
Hen =0
(=3,-2k,2)-(k,1,5)=0
-3k-2k+10=0
=8k ==10
k=2
Therefore the equation of the lines are = -31 = ']._4' = ::3 and

=1 y-3 -3

2 1 5
The equation of the plane containing the perpendicular lines

5 =

x-1 y-2 z-3 x-1 y=-2 z-3.
=: = and — = = 15

3 =4 2 2 T
X 1 Z
3 4 2=
2 1 5
X 1 Z
5 <) 2/=D
-

(=20=2)x=y(~15-4)+2(-3+8)+d =0

=22x+19y+5z+d =0

=1 g=2 z-3 ; .
The line X .3 4":21' pass through the point (L2,3) so putting

3
x=1y=2z=3 in the equation -22x+19y+5z+d =0 we get
~22(1)+19(2)+5(3)+d =0

d=22-38-15
d=-31

Therefore the equation of the plane containing the lines is
—22x+19y+5z=31
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Any point on the line
x=2 _y+1 z-2
3 4 2

is of the form, (3k +2, 4k — 1, 2k + 2).

If the point P(3k +2, 4k =1, 2k + 2) lies in the plane x —y+z —-5=0, we have,
(3k+2)—(4k-1)+(2k+2)-5=0

=3k+2-4k+1+2k+2-5=0

= k=0

Thus, the coordinates of the point of intersection of the line and

the plane are: P(3x0+2,4x0-1,2x0+2)=P2,-1,2)

=K

Let 8 be the angle between the line and the plane.
Thus,

. al+bm+cn . .
sing = , where, l,mand n are the direction

Ja2+b2+ A P +m? +n?
ratios of the line and a,b and c are the direction ratios of the normal
to the plane.
Here, =3, m=4,n=2,a=1,b=-1,andc=1
Hence,

lx3+(-1)=xd+1x2
J12+(—12+ 1232447422

=>E=5i|’|_1(ﬁj
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sing =

=s5ing =



Let A, BEand C be three points with position vectors
?+f—2£, 2?—?+Eund T+ 2f+ K.
Thus,,zé=5—a=[2?—?+ K- (T+7-2k)=T-27+3k
AC=2-d=T+27+k)-(T+T7-2K)=T+3K

Now consider AB x AC:

F T S

N [ R
A=ABxAC=|1 -2 3
o1 3

A A

A=i-6-3)-37+k=—-9T-37+k
50, the equation of the required plane is
(F-d)-A=0

=(F-A)=(d-A)

o (7(9T=37+R) =T+ 7= 2R)-(~9T =37 +7)
=7-[97+37-k)=14
Also, find the coordinates of the point of intersection of this plane and
the line 7 =37-T -k +A[2T-27 +K)
Any point on the line 7 =3?—?—E+A[2?—2?+ E] is of the form,
(3+2A, —1-2A, —14+4)

If the point P(3+2A, —1-2A, — 1+ A) lies in the plane,
7-(97+37—Kk)=14, we have,

S(3+2A)=3(1+2A)—-(-1+A)=14

=27+ 18A-3-6A+1-A=14

=11r=-11

=A=-1

Thus, the required point of intersection is

P(3+27 —1-2A, —1+2)

=PF3+2(-1), -1-2(-1), = 1+(-1))

= F1, 1, —2)
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-4 4 -5
><—5_y—?_z+3 Q)
4 4 -5

x—S_Ey—S_z—S
7 2 3
x-8 yv-4 z-5 .
=~ ... i
> - (ii)
Here,

a=4b,=4c=-5
a,=7,b,=1c,=3
Xy= 3y =72 =-3
Xy=8Yy=4Z;=2
Condition for two lines to be coplanar,
R TR Ve Wy &g

a, by o, |=0

8; b, =

2-5 4-7 S5+ 3

4 4 -5
7 13
3 -3 8
4 4 -5
7 1 3

=312+5)1+312+35)+ 84-28)
=3xl7+3x47 +8x(-24)

=51+ 141-192

=192- 192

=10

. Thelines are coplanar to each other,
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Required equation of plane is passing through the point (3, 2, 0],
Lalx-31+b(y-2)+c(z-0)=0
=alx-3)+bly-2)+cz=0......... (i}

><—3=y—6=z—4

Fequired equation of plane also contains the line c T

50 it passes through the pant (3, 2, 0)
=a(3-3)+b(6-2)+c4=0
= db+dc=0oiiiiiiiinin i)

Also plane will be parallel to,

a(1)+b(5)+ c(4) = 0

Solving (i) and [iil} by cross multiplication,
a b

620" 4-0 0-4" "5
a b C

3TaT T

=a=-ab=2 c=-4

Puta=-ib =2 c=-Ain equation [i] we get
(~A)(x = 3)+ [A) (v -2)+ [-A)z=0

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

= x-yw+2z-1=0





