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THE PLANE (XII, R. S. AGGARWAL)

Sol.

Find the equation of the plane passing through each set of points given below:
(i) A4(2.2.-1),B(3,4,2) and C(7.0.6) (ii) A4(0,~1,-1),B(4.5.1) and C(3,9.4)

(iii) 4(-2,6,-6).B(-3,10,-9) and € (-5,0,-6)
(i) A(2,2,-1),B(3,4,2) and €(7,0,6)

The general equation of a plane passing through the point A4(2,2,—1) is given by
a(x=2)+b(y—-2)+c(z+1)=0 e E)

Since it passes through the point B(3,4,2) and C(7,0,6) we have a(3—2)+5b(4-2)+¢(2+1)=0
=a+2b+3c=0 s ALY

a(7-2)+b(0-2)+c(6+1)=0

=5a=2h+Tc =1 v HI)
a b ¢
Cross multiplying (ii) & (iii) we get = = =A
FabE i)y 14—(-6) 15—=7  -2-10
a b & a b ¢
o e——— E— —::—:—:..,i
20 8 -2-10 20 8 =12

:Emé:i: A=a=54,b=21,c=-31
5 2 3

Substituting a=54.b=24,¢=-32 in (i) we get

5A(x—2)+24(y-2)-34(z+1)=0 = A(5x—10+2y-4-3z-3) =0

= 5x+2y—3z=17=0

Hence, 5x+2y—-3z=17 isthe required equation of the plane.

(ii) A(0,-%,-1),B(4,5,1) and ((3,9,4)

The general equation of a plane passing through the points 4(0,—1,—1) is given by
a(x-0)+b(y+1)+e(z+1)=0 w: (0)

Since if passes through the point B(4,5,1) and €(3,9,4) we have
a(4-0)+b(5+1)+c(1+1)=0 Q}o &\9
=4a+6b+2c=0 @ O
=2a+3b+c=0 . (i) &"O Q
a(3-0)+b(9+1)+c(4+1)=0 %\(b Cb_

=3a+10h+5¢=0 . (iii) ‘ Q KQ

a b c

o B _ & O
e T e ‘\\\ Q)(b
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e P o B egmend s gimeany

5 =7 11
Substituting a=54,b=-74, and ¢=1141n (i) we get
5A(x)=72(y+1)+114(z+1)=0
>A(5x-Ty-T+11z+11)=0=5x-Ty+11z+4=0
Hence 5x—7y+11z+4 =0 is the required equation of the plane.
(iii) 4(-2,6,-6).B(-3,10,—9) and C(-5,0,-6)
The general equation of a plane passing through the point A(~2, 6,—6) is given by
a(x+2)+b(y—6)+c(z+6)=0 .. (@)
Since it passes through the point 5(~3,10,-9) and € (-5,0,~6)
We have,a(-3+2)+5(10-6)+c(-9+6) =0
=>-a+4b-3c=( .
a(-5+2)+b(0-6)+¢(-6+6)=0
= -3a—-6b+0c=0

=a+2b-0c=0 ... (11)
a b ¢ a b ¢
Cross multiplying (ii) and (iii t = = —As—=—"=—=]
ross plying (i1) and (iii) we ge 0+6 —3—-0.-J—3 6 -3 -6
LS T S I e
2 =1 =2

Substituting a =2k,;b=—k, and c=-2k

2k(x+2)—k(y—6)—2k(z+6)=0

=k(2x+4-y+6-2z-12)=0=>2x—y—2z-2=0

Hence, 2x— -2z =2 is the required equation of the plane.

Show that the four points A(3,2,-5),B8(-1,4,-3),C(-3,8,-5) and D(-3,2,1) are coplanar. Find the
equation of the plane containing them

The equation of the plane passing through the point 4(3,2,-5) is

a(x—=3)+b(v ~2j+c(z+5)=0

It is passes through B(-1,4,-3) and C(-3,8,—5), we have

a(1-3)+b(4-2)+c(3+5)=0 = —4a+2b+2c=0 = 2a=b—c=0

a(-3-3)+b(8-2)+c(5-+5)=0=>-6a+6b+0c=0 —=>a=b=0c=0 %)
| a b c 0 N 0
Cross multiplying (ii) and (iii) we get 0 l)=( 1 0);( 2+|) 6 6)\\
o-)TETE0) (- %)

a b ¢ a b ¢
=5 :TszTzk (say) &6 Q

A -

= a=kb=kec=k %
Putting a=k,b=k and c=k in (i) we get k(x—3)+k(y—2)+k(:+5):()° «Q
= (x=3)+(y-2)+(z+5)=0 =>x+y+z=0 ‘\’\\O @fb
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THE PLANE (XII, R. S. AGGARWAL)

Sol.

Sol.

Sol.

Thus, the equation of the plane passing through the points 4(3,2,-5),B(-1,4,-3) and C(-3,8,-5)
is x+y+z=0.
Clearly the fourth point D(-3,2,1) also satisfies x+y+z=0

Hence the given four points are coplanar, and the equation of the plane containing them is
x+y+z=0

Show that the four points A4(0,-1,0),8(2,1,-1),C(11,1) and D(3,3,0) are coplanar. Find the
equation of the plane containing them

PV.of A,d=—]

PV.of B.b=2i+j—k

PV.of C,é=i+j+k

Now, 5—&:(2f+;f—i;)—(—}]

E—a’:(f+j+l;-)—(—}) =f+2j+if

k

2 =1~ |2 =1|l= |2 2l»
=11 = i— J+ k
1 2 1 L

-

~ (B-d)x(¢-ay=|2
1

[ T S B

=(2+2)—(241)j£(4-2)k =4i-3j+2%k

Now F—d= (xf+}j+z£)—(—}) = xf+(y+1)}'+zkn

Equation of plate passing through three non collinear points with position vectors d, b,é is
(F-a)[ (5-a)x(c=a)| =0

. Equation of plane passes through A, B and C is (x? +(y+ 1)}+zl;)- (4? 3]+ 2&:) =0
= 4x-3(y#1)+2:=0 = 4x-3y+2z:-3=0

Putting x=0,y=3&z=0 isthe equation of plane we have 4x3-3x3+2x0-3=0
=12-9-3=0 =0=0 which is true

Hence A, B, C & D are coplanar proved

Write the equation of the plane whose intercepts on the coordinate axes are 2, -4 and 5 respectively
It make intercepts 2,—4, and 5 with the co—ordinates axes. Then the equation of the variable plane is

L NS T e WETT ST
2 4 5 20
Hence, the required equation at plane is 10x—5y+4z =20 @

Reduce the equation of the plane 4x-3y+2=12 to the intercept from and hence find the inter ° O
made by the plane with the coordinate axis

Given planeis 4x—3y+2z=12

:ixwi)wiz:l g ] (& Q
12 12 12 3 4 6 ’\' %_
This is the required equation of plane in the intercept term %

Here x-intercept =3 . OQ &Q
y-intercept = - 4 . \\ (b
z-intercept = 6 \&% \/®
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Find the equation of the plane which passes through the point (2, —3,7) and makes equal intercept on
the coordinate axes

. Let the plane makes intercept on each at the co-ordinate axes

Then its equations is

eyl = x+y+z=9

a a a

Putting x=2,y=-3,z=7 weget 2-3+7=9 —=a=6

So, the required equation of the planeis x+y+z=

A plane meets the coordinate axes at A, B and C respectively such that the centroid of AABC is
(1,-2,3) . Find the equation of the plane

Let the plane meet the coordinate axes at 4(a.,0,0),5(0,5,0) and C(0.0.c)

Since the centrooid of A4BC is (G(1,-2.3] we get a+;)+(} =1,0+§'+0 =-2
s 0+0+¢ ssq
3
. . % . v.2
—>a=3,b=-6 and ¢=9 Hence equation of plane is —+—+§--—-l

Find the Cartesian and vector equations of a plane passing through the point (1,2,3) and
perpendicular to a line with direction ratios 2,3, -4

Any plane passing through the point (1,2,3) isgivenby a(x-1)+b(y-2)+c(z-3)=0 ... (i)
Since the plane perpendicular the to a line with direction ratios 2,3, —4

La=2b=3&c=-4

Putting the value of a,b and : in equation (i) we value

2(x-1)+3(y-2)-4(z-3)=0

=2x-2:48y=6-4z+12=0 =2x+3y-4z+4=0

This is the Cartesian equation at plane equation of plane in vector form

Fo(2i +3] -4k +4=0

If O be the originand P (1,2, -3) be a given point, then find the equation of the plane passing through
P and perpendicular to OP

Let the required equation the plane passing through the point 4(1,2,-3) be
a(x—1)+b(y=2)+c(z+3)=0
D.r.’s of OP are (1-0),(=3-0), ie. 1,2,-3 6\> -

Since the plane is perpendicular to OP, so the normal to the plane is parallel to OP

a b ¢ @ @
Lo—=—=—=k (say) >a=k,b=2k and c=-3k
& Q8

1 2 -3
. required equation of the plane I k(x—1)+2k(y-2)-3k(z+3)=0 \Cb %_
= (x-1)+2(y-2)-3(z+3)=0 =(x+2y-3z)+(-1-4-9)=0 Q% KQ

= x+2y-3z-14=0 \\\0 @fb
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THE PLANE (XII, R. S. AGGARWAL)

EXERCISE 28 B [Pg. No.: 1181 ]

Sol.

Sol.

Sol.

Sol.

Find the vector equation of a plane which is at a distance of 5 units from the origin and which has k as
the unit vector normal to it.

Clearly, the required equation of the plane is Fk=5.

Find the vector and Cartesian equations of a plane which is at a distance of 7 units from the origin and
whose normal vector from the origin is (3? 57 6;@)

Here normal vector from the origin 7 =37 + 5 —6k

= |ii|= 1/3 +5" +(-6)" =9+25+36 =70

i A
. unit vector normal to the plane #=— =

E ~/_

Distance between origin and plane P'= 7 units

(J?+5}'-6£)

So the vectorequation of the planeis 7-n=F —=F i - 2 }4-6—I;]=7

70 70 70
N F(3f+5j-6£):7\/%
Hence the required vector equation of the plane is

F-(31 +5]=6k) =770

In Cartesian from 3x+5y—6z = 7J70

Find the vector and Cartesian equations of a plane which is at a distance of E from the origin and

whose normal vector from the origin is (2f SN 4£)

Here normal vector from the origin =2/ -3 +4k

= |§r’|=‘,/23+(—3)2 +4* =29

Unit vector normal to the plane n=— = n= i— }+i§
ad V29 V297 29
6 ;
Distance between origin and plane P = units
g p 25
2 = 3 4

So the vector equation of the planeis F{

= F(27 -3j+4k
(5740 @

Hence the required vector equation of the plane is 7 (Zf =374 412) = 60 ’\\,

In Cartesian form 2x-3y+4z=6

Find the vector and Cartesian equations of the plane which is at a distance of 6 units )&% r@‘

and which has a normal with direction ratios 2,-1,-2.

Here,ri( . Zk) ]n|—J L ( ) st T+ A= = 3and€@
\\\ ’b

@
,QQ
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r.n % (2;_.}—25:)

H:p-_—br zﬁaf(ﬁ—_}'—ﬂ;):l%

Hence, the required equation of the plane is Put, 7 = (xf +y] +z£7)

:>(x}’+}5?+z£)_(2f—}—2£)= 18 = 2x—y—2z=18

Find the vector and Cartesian equations of a plane which passes through the point (1,4,6) and normal
vector to the plane is (f -2j+ k)

Any plane passes through the point (1,7,6) is given by

a(x-1)+b(y—4)+c(z-6)=0 ... (1)

a/q normal vector to the plane is i =i —2] +k

La=1,5b=-2 and c=1

Putting the value of @, b and c in equation (i) we have

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

Hence Cartesian equation of planis x-2y++1=0

In vector form F-(f—2}+§)+l =0

Find the length of perpendicular from the origin to the plane 7 -(3? ~12j— 412) +39=0. Also write the
unit normal vector from the origin to the plane

Given equation of plane is f(sf 325 -412)+39 =

=> 7 (31 -12] - 4k) = =39. = F(-3i +12] + 4k ) =3

(37 +12] + 4k) 19

=7r == o
| =30 +12] +ak| | 31+12)+ 4k

,(—3;+]2}+4£) 39 B o s s
=" =— =N " j ]=3
13 13

Hence unit vector of normal to the plane is (”if? "‘%J’ ﬂ%"‘: }
J

And distance of plane from the origin is 3

Find the Cartesian equation of the plane whose vector equation is 7+ ( 3+ 5}' - 9!2) =8
Given equation of plane is F(3f+ 51 9}';) =8 @
:»(xf+ﬁ+£)(3f+sj—9£)=s —3x+5y=9z=8 6\> C\\Q
Hence Cartesian equation of plane is 3x+5y -9z =8 @

Find the vector equation of a plane whose Cartesian equation is Sx—7y+2z+4=0 &6 Q

Given equation of plan eis 5x—7y+2z+4=0 6\@ %_

n(xf+)g}+z§)(55—7}+2§)+4:0 Q

oL . N
= r(5i-7j+2k)+4=0 §\\O @fb
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THE PLANE (XII, R. S. AGGARWAL)

Hence the vector equation of plane is F(Sf T 2;(:) +4=0
Find a unit vector normal to the plane x-2y+2z=6
Equation of planeis x—2y+2z =

Here direction ratios normal to the plane are 1,-2,2

A vector normal to the plane 7i =i —2]+2k

:>|ﬁ|=,/12+(—2)3+23=3

Wi, Bl s F O

[#] 3 37 3

. . - l = 2 A 2 2
Hence unit vector normal to the plane is = 51 —E‘] +§k

Find the direction cosines of the normal to the plane 3x -6y +2z=17.
3x—6y+2z =7, The given equation may be written as

[3 6 2 ] 7 [3 & a2
oD =X ——VF=Z == ==Y+ —2z |=
7 779 .,/ P § 2

Hence, the required direction cosine of a plane is [%%6%)
For each of the following planes find the direction cosines of the normai to the plane and the distance
of the plane from the origin

() Zxmgiez =5 (i) z=3 (i) 3y+5=0
(i) given plane is 2x+3y—z =

Here direction ratios normal to the'plane are 2,3,—1

Now ,}22 +33 (1) =V4+9+1=+14

. £—..._g_. m _.._3_..._ and n ___I_
RNV 14 Via
S ; 2 3 1
Direction cosines are —,— and ———
14 /14 V14

Distance from the origin P =

(ii) Given planeis z =
Here direction ratios of normal to the plane is 0,0,1

Now Jo%o%m2 =1

. Direction cosines are 0,0,1 0 . 0
And distance from the origin P =3 6 ’\'\
(iii) given planeis 3y+5=0 @ (OCJ

apas =gl \,b@ Q

:F(—j)=§ this is of the form 7-71=p %
s OO S

Where n=-; and PZ} .%\\ @
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Hence direction cosines of normal to the plane are 0,-1,0
And distance from the origin P -%

Find the vector and Cartesian equation of the plane passing through the point (2, i l) and
perpendicular to the line having direction ratios 4,2,-3

Any plane passing through the points (2,—1,1) is given by

a(r—2)+b(y+l)+c(z—l):0 -

Since the plane is perpendicular to the line having direction rations 4,2,—-3

La=4b=2 and c=-3

Putting the values at @,b and c in equation (i) we have

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

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

Hence Cartesian equation of plane is 4x+2y—-3z-3=0

To vector from F-(ﬁ+2}—3§)—3 =0

Find the coordinates of the foot of the perpendicular drawn from the origin to the plane

(i) 2x+3y+4z-12=0  (ii) Sy+8=0

(1) equation of line passing through origin and perpendicular to the plane 2x+3y+4z-12=0

I ¥ y z
Isgivenby —==—=—=1 (sa
av y 53 A (say)

The general point on the line is given by (22, 3/1,42)
It the points lies on the plane we have
2%2A+3x344+4x44-12=0

= 201-12=0 —xi=it
29

Hence, the required foot is (E, £,4—8]
29729 29
(ii) equation of line passing through origin and perpendicular to the plane Sy+8=0 is

J_Z

Given by oA e = u (say)
= x=0, y=5p%kz=

If (0,0,54) lies on the plane 5(5u)+8=0 = ﬂ=—i
25 @
Hence the required foot is {O,S(—i} 0] 0 ’\\F)
25 @ CJ
ie [0 - 0) 6 &(b
Find the coordinates of the foot of the perpendicular from the point (2,3,7) to tf%ﬁ@ %.

3x—y—z=7. Also, find the length of the perpendicular. Q Q
Let, the given equation of planeis 3x—y—z=7 . O (&

=3x-y-z-7=0 ... (i) ®\® 74


http://cbs.wondershare.com/go.php?pid=5239&m=db

15.

Sol.

mm Wondershare
PDFelement

Remove Watermark g

https://millionstar.godaddysites.com/

THE PLANE (XII, R. S. AGGARWAL)

The equation of the plane through the point (2,3,7) and perpendicular to the given plane are.
i x—2 _ y-3 ) z=17

= l : =4 2x=34+2, y=—A4+3, z=-4+17
3 - T
= co-ordinate of N = (34+2,-1+3,-4+7) P(23.7)

Satisfied the point in equation (i) |
=3(34+2)-(-2+43)-(-4+7)-7=0 l
2944+6+4-3+4-7-7=0=>114-11=0..4=1

Putting the value of A in co—ordinate of N, then
S>N={3(1)+2,-1+3,-1+7} =N =(3+2,2,6) ..N =(5,2,6)
Length of the perpendicular to the plane

= PN =y[(5-2) +(2-3) +(6=7) =4J3)" +(-1)’ (<)’ =o+1+1 =11 units.

Find the length and the foot of the perpendicular from the point (1,1,2) to the plane
F(2-2j+ak)+5=0

N

The given point is P(1,1,2)

The given plane is F-(2f~2}+412)+5 =0
<:(xi’+ﬁ+z£)-(2f—2j+4i?)+5:o

< 2¥E2Pt 4z4+5=0 ... (1)

Any line through P(I,I, 2) and perpendicular to the plane (i) is given by
x-1 y-1 =z-—

2 2 b
The coordinates of any point N on this line are (2;{+l,—22+l,4£+2). If N is the foot of the
perpendicular from P to the given plane then it must lie on the plane (i)

2 =2 (say)

5 2(24+1)-2(-24+1)+4(44+2)+5=0 = 2:%
Thus, we get the point N [_—IE_—I)
1242 6

Hence, the foot of the perpendicular from P(l,l,Z) to the given plane is N (1;21- ,%%1]

Length of the perpendicular from P to the given plane

2

:PN:J[HLJ +{]-£J +(2+1J :]31\:{5 units

12) \ 12 6

P (1,1,2) %8

N Q &Q
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From the point P(1,2,4) a perpendicular is drawn on the plane 2x+y—2+3=0. Find the equation
the length and the coordinates of the foot of the perpendicular

. Let PN be the perpendicular drawn from the point (1,2,4) to the plane 2x+y—2z+3=0

Then, the equation of the line PN is given by

=1 y-2 z=4
— = :_&
= e (say)

So, the coordinates of N are N(24+1,4+2,-24+4)
Since N lies on the plane 2x+ y—2z+3=0, wehave 2(24+1)+(2+2)-2(-24+4)+3=0

::>92:1$/1=%

"
. Coordinates of N are 3+l,l+2,__—2+4' ,le. ﬂ]__:’:i
9 9 9 9 9 9
=2 2 2
LA
9 9 9
(2)2 1]3[-2"* 4 1 4 F\/Tl
) 9 QJ 81 81 81 81 9 3
L J=2 &

&

Thus, the required equation of PN is x; N~

Coordinates of the foot of the perpendicular are N [ %%%} and length PN :% unit
tP(1,2,4)
e N

Find the coordinates of the foot of the perpendicular and the perpendicular distance from the point
P(3,2,1) tothe plane 2x—y+z+1=0

Find also the image of the point P in the plane
Let M be the foot of the perpendicular form the point P(3,2,1) to the plane 2x—y+z+1=0
»F v z-1

2 J'—1 " 6\} ,&\06
Let co-ordinates of M be {(Zk *3)—k+2k+ 1} @ C)
"+ M lies on the plane &6 Q
. 2(2%+3)-(2-k)+k+1+1=0 \fb cb'
=2 4k+6-2+k+k+2=0 = 6k+6=0 = k=-1 %
Hence the foot is M (1,3,0) . OQ (&Q
Distance between P and M ‘\\\ 74)

Now, equation of PM is
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THE PLANE (XII, R. S. AGGARWAL)

PM =[(3-1)° +(2-3) +(1-0)° =va+1+1=+6 units
Find the coordinates of the image of the point P(1,3,4) in the plane 2x—y+z+3=0
Let Q(x s 1) be the image of the point P(1,3,4) in the given plane

The equations of the line through P(1,3,4) and perpendicular to the given plane are

¥=1_y-3 &=
2 -1 1

The coordinates of a general point on this line are

(2k+1,—k+3,k+4) 2P (1,3,4)

If N is the foot of the perpendicular from P to the given plane then N

lies on the plane

2 2(2k+1)—(—k+3)+(k+4)+3=0

3% (say)

Thus we get the-point N (—1,4,3)

Now N is the midpoint of PQ

AFR 343 4%
S =-1, 5 =4, 5 =3 L] Q(Il.)’,,l)

=>x=-3,3=5z=2

Find the point where the line x2—l = y~32 = 223 meets the pane 2x+4y—-z=1
Given line is ¥ = y—2: gt =k (let)
2 =3 4
=>x=2k+1,y=-3k+2 and z=4k-3 seses (B)
Given planeis 2x+4y—z=1 Y 19

From (i) and (i) we have 2(2k +1)+4(-3k +2)—(4k-3) =1

=>4k +2+8-12k-4k+3=1 > -12k+13=1 = k=1

sx=3, y=—1 and z=

Hence required point I (3,-1,1)

Find the coordinates of the point where the line through (3,-4,-5) and (2.-3.1) crosses the plane
2x+y+z=17

Equation of line passes through (5,—4,-5) anda {2,3,-1)

=3 +4 z+5 .
e e 6\} ’\\0
= x=3-k,y=k—4 and z=6k-5 () 74) O
Equation of plane is 2x+y+z = (i) be Q
From (i) and (ii) we get 2(3—k)+(k—4)+6k—5=7 %\fb cb'

=6-2k+k—4+6k-5=7

= 5k-3 o Q KQ
= k=2 ‘\\\O @fb
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Lx=lLy=-2 and z=7
Hence the required point is (1,-2,7)

Find the distance of the point (2, 3,4) from the plane 3x+2y+2z+5=0, measured parallel to the
x+3 y-2 z

line

3 6 2
X¥3 y—2

Let / be the given line and let P(2,3,4) be the given point

Let PO/
Then PQ is the line passing through P(2,3, 4) and having direction ratios 3,6,2
So, the equations of PQ are

=2 ¥y=3 z~
3 6 2
The coordinates of any point Q on this lineare (34 +2,64+3,24 +4)

4 =4 [say)

If this point Q lieson the given plane then 3(32+2)+2(61+3)+2(22+4)+5=0
< 254425 =025 =25 = 4=-1
So, the coordinates of Q are (-1, —3,2)

3 The1'1equjretidistamc:e:J”Q:\/(2+l)3+(3+3)2+(4—2)2 =49 =7 units

Find the distance of the point (0,—3,2) from the plane x+2y—z=1, measured parallel to the line
x+1 yp+l1 =z
3 2%
Equation of line passing through (0,—3‘,2) and parallel to the line
2l _y+l_z .2 YO
3 2 3 3 & 3
= x=8kpy=2t-3 amdz=3k+2
Putting x =3k, y=2k -3
And z=3k+2 in x+2y-z=1 we have 3k+2(2k-3)-(3k+2)=1
= 3k+4k-3k-6-2=1

= 4k-8=1
= 4k=9
:>k=2
’ Q
9 27 .
:3)(‘2:': 60 &\0
y:2><2—3:E @ @O
4 AN

2 &6 Q
And z:3x%+2=§ \(b
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THE PLANE (XII, R. S. AGGARWAL)

Hence [—,— —J is the point of intersation at line through (0,—3,2) which is parallel to the line

X2 and the plane x+2y—-z=1
3 2 3 P 4
Now, Required distance

¥ YN oY
=l —=0| +| =43 | +| —— units
4 2 4
{729 81 729 .
= J—+—+—— units
16 4 16

729+324+729 1782 . 42.21 . )
= units = units = 10,55 units
16 16 4

Find the equation of the line passing through the point P(4,6,2) and the point of intersection of the

lintz:x—q:i:z—-H and the plane x+y-z=8
3 2 7
";2%:"7“:;: is given by R(3k+1,2k, 7k=1)

IfRlieson x+y—z=8

Then 3k +1+2k —(7k—1)=8
=3k+1+2k-7k+1=8
=>-2FF2=8 = -2k=8 k=8

Any points on the line

L3EH1I=-8
2k =8
Tk—1=-22

Hence R(-8,-6,-22) is the point of intersection
Now equation of line passing through (4, 6,2) and (-8,-6,-22) is

x-q_ y-6 z-2
+8-4 -6-6 =222

x—4 y6 z-2 - ¥4 y-—6 z-2

-12 EIR2 -24 1 1 2
Hence the required equation of line is xI4 = y;6 = z;2

: = ! . o JE=2 y+l #£-2
Show that the distance of the point of intersection of the line =3 B and the plane
x—y+z=>5 from thepoint (~1,—5,—10) is 13 units 0 .\c)@
Given line is x—2:y+1::-2=2 (let) @6 O
3 4 12 &®

A general point on this lineis P(31+2,44-1,124+2) &6 Q

If this point lies on this plane x—y+z =35, then %’\(b %_
(34+2)-(42-1)+(124+2)=0 Q .&Q

= 11345=5 =3 4=0 .O (b
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o point P is (2,-1,2)
Now Distance between Q(-1,-5,-10) and P(2,-1,2) is

PO =(2+1) +(=1+5) +(2+10)° units

:Jm units =J@ units =13 units

Find the distance of the point A(-1,-5,-10) from the point of intersection of the line
F=(2f—_}+2]2)+2(3f+4}+2.{:) and the plane F-(f—}+ﬂ:)=5

Given lineis 7 :(2}‘-}+2£)+A(3}’+4}+2£}

$—% PE1 Z=3

a2
A general point on this lineis P(34+2,44=1,24+2)

The cartesion equation of the line is

If this point lies on the plane x— y +2=5
Then 34+2-4A41+24+2=5
= A+5=0 ==4=0

. Point P is (2,-1,2)
Now distance between A(-1,-5,-10) and P(2,-1,2) is

AP =J(2+1) #(-1+5)’ +(2+10)° units

=yJ9+16+144 units =169 units =13 units

Prove that the normals to the plants 4x+11y+2z+3=0 and 3x—2y+5z=8 are perpendicular to
each other

A vector normal to the plane 4x+11p+2z+3=0 13
7, =4 +11]+2k

A vector normal to the plane 3x -2y +5z=8 is

i, =31=2j+5k

Now 7, -7, =4x3+11x(=2)+2x5 =12-22+10=0
= n -4,

Hence both the planes are perpendicular to each other

Show that the line 7 = (27 —2j+3k) + A(7 — j + 4k} is parallel to the plane 7-(+5]+k)=7
A vector parallel to the line # = (27 =2 + 3k )+ A(7 ~j+4k) is givenby

fof- il 6\} ;\\0
A vector normal to the plane f-(f +5}+£)=7 is 74) ,OO
=i+5]+k K@ Q&

Now, b-#i=1x1+(-1)x5+4x1=1-5+7=0 %\(b Cb.

= b L# = Given line and given plane is parallel to each other Q Q

-~

7

Find the equation of a plane which is at a distance of 3y3 units frg@gﬁg@@l the normal to
which is equally inclined to the coordinate axes N V
b
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THE PLANE (XII, R. S. AGGARWAL)

Sol. Let the required equation of the plane be 7-71= p, where p= 33

Let ﬁ:(cosa)f+(coso:)}'+(coso:)£, where & is actue

2 b ) s 1 I l
Then cos’ a@+cos’@+cos’a=1 = 3cos’a =1:>c053a=§:>cosa =7_;

; oo 1
The required equation is F-( g o J =33
75 E

Hence F-(f+_}+£)=9 — (xf +}j+zk)(i +j+k)=9 =X+ y+z=9
29. A vector # of magnitude 8 units is inclined to the x-axis at 45°, y -axis at 60° and an axute angle with
the z-axis. If a plane passes through a point («.E,—I,l) and is normal to # , find its equation in vector

form

Sol. We know that ;"rz'_—*fz 1i +mj +nk
|ii |
E _

Here /= cos45° =-—!—,M=COS6O°=1 and n=cosy
o 2

Then, I*+m” +n* =1 :>%+%+cos: =1

5 1 1
:cos‘yzz = cosy=—

coii ||l +mi+nk) = F (427 + 4]+ 4k )= (V21 = ] +k ) (4420 + 4] + 4k)
= 7 (42 +4j+4k)=(8-4+4) =8 = 7 (V2 + j+4) =
30. Find the vector equation of a line passing through the point (2; -3}*5/;) and perpendicular to the
plane 7 -(6f —3_}‘ +S£:) +2=0 Also find point of intersection of the line and the plane
Sol. Clearly the required line passing through the point (2;? ~3j-5k) and s parallel to the normal of the
given plane which is (6rT ~3j+ Skn)
The reauired vector equation is 7 = (25 —3} - Sfr\) + /1(6f -3}' + S&A)
=2 _y+3 _z+S5
-3 5
A general point on this lineis 7 (6k +2,-3k—3.5k —3)

=k

The general equation of the line is =

For some particular value of k, let the line cut the plane 6x-3y+5z+2=0

<
= (36k + 9%k +25k)=2 =70k =2 :>k=§15- 6\} (,)\\0

{b

. required point of intersection of the line and plane is P(3£5+2 — —3 - ]

fo‘

76 —108 —34

ie. P[E’?’T] %
N
@\ &

,QQ
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Find the distance of the point (Zf == 45:) from the plane 7 ‘(35 —-4j+ 121?) =9

We know that the perpendicular distance of a point with position vector @ from the plane 7.7 =d 1is
given by

|-ii—d|
Nl
Here =2 — j—4k, ii=31—4j+12k, and d =9
(27 - j-4k)- (37 -4j +124) -9

|+ (4 <2y

. the required distance is given by p =

6+4—-48)-8
|( ) I=— units

o

Find the distance of he point (f +2] +5.{:) from the plane 7. (f+} +£) +T=Q,

F.(f‘+}+£)+1?=0
:>(xf+ﬁ+-z§)-(?+}+£]+l?=0

|ax] +by, +¢z, +d|
Ja +b +¢* |

=>x+y¥zrEl7=0P=

v .
’1(1)+1(2)+1 (5)+ Lpofe2esrl| |, 25 L

| Jay () +(1)° | V3 NG

Find the distance of the point (3.4, 5) from the plane 7.(27 5] + 3k) =

f.(zf—5}+3£)—13=0

:>(xf+y}+z£).(2§.—5}+3£)—13=0 =2x-5y+3z-13=0

P:Iayg+by,+czl+d| |2(3} 5(4)+3(5)- 131 ’6 20+15= 13’ '21 3]
| Ja* + B+ | I ,J(z) +(-5)+@Y) Ja+25+9

12 ‘
>FP= units,
Find the distance of the point (1,1,2) from the plane (2 — 2] +4k)+5=0 6 ’\\
We know that the perpendicular distance of a point with position vector r1 from the pla%q q&@
N+ L
given by }”:l1 lnl ql here, r, =i + j+2k, n=2r‘—2j+4k and g=5 6\{&

é\
.\\\0 o
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THE PLANE (XII, R. S. AGGARWAL)

|(I+_]+2k)(2!—2j+4k +5| | o % |

-2 2 2 e o] xc

units.

Find the distance of the point (2,1,0) from the plane 2x+y +2z+5=0

ax, +by, +cz, +d| |2(2)+1(1)+2(0)+s| _|4+1+0+5]
Na* +b +¢ | | J(Z Y +(1) +(2)’ | |J4+l+4l

L P

=P E units
3

Find the distance of the point (2,1,=1) from the plane x=2y+4z=9

The required distance = the length of the perpendicular from P(Z, 1,—1) tothe plane

x—-2y+4z-9=0
_|2-2x1ax(4)-9|

o]

Show that the point (1,2,1) is equidistant from the planes 7 - (f +2j— 2@) =5 and
F -(2;’ —-2}‘+£) e
We know that the perpendicular distance of a point with position vector & from the plane 7 -7 = ¢ is
given by
_ld-i-q

Position vector of (1,2,1) is d = (f +2] +I;)

—— units

-

Distance between (1,2,1) and the plane F-(f +2) -2!;) =5 is

l&-(?+2}-2£}-5|

S FFET R
jdl=|(5’+2j+,:2]-(:"+2{—21?}—5|
|f+2j-2k|
gl .
JE+22+ (2 60 ,\\0
:>d,=—2~ units (74) @)
3

Now distance between (1,2,1) and the plane 7 -(2?—2} +l;*) +3=0 is &6 Q
X0

|a-(2f-2}+12)+3| %
%= |2f—2}+;2| O ’QQ
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‘(f+2}+£)-(2f-2}+£)+3|

:d'.': = T
: |2i—2j+k|
3 _|2-4+1+3]
7 Ja+a+1
:ag:% units
¥ |

Here d, =d, :% units

Hence the point (1,2,1) is equidistant from the planes
Fo(i+2j-2k)=5 and r-(2i =2]+k)+3=0

Show that the points (~3,0,1) and (1,1,1) are equidistant from the plane 3x+4y—12z+13=0.

P = Im—,+by,+c",+d| |3 (-3)+4(0)- 12(1)+13|
I Ja* +b ¢ | J(3 4) +(- 12)
= ‘MI — 7 =|;8’ B ot units and
9+l6+l44 13
P _|a,r +b}’1+&1+d| |3 (1)+4(1)- 12(1)+13| ) 3+4-12+13
| da+b>+¢ |J(3) +(4) +(~12) | " IWo+16+144

= e 5

8 .
4 P =— units " B, = P, == units
© 169 13 J

Hence, the given two points and oneline is equidistance proved.
Find the distance between the parallel planes 2x+3y+4=1 and 4x+6y+8z=12

Equations of planes are 2x+3y+4z-4=0 ... (i)
And 4x+6y+8z-12=0

= 2(2x+3y+4z-6)=0

= 2x+3y+4z-6=0 ... (i1)

We know that distance between ax+by +ex+d, =0
1d1_d2|

Na' +b* +¢°

units @
&

And ax+by+cz+d,=0 isd=

-4)

e LR

Required distance =

2] .2 . 2
=m units =E units Sy units (b
Find the distance between the parallel planes x+2y—-2z+4=0 and x+2y—-2z-8= 0&6 Q&
Distance between two parallel planes x+2y—-2z+4=0 and x+2y-2z-8 %

| 4_(_8” units

Pl gy O
Y (-2) §\\ @fb

d=
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THE PLANE (XII, R. S. AGGARWAL)

12
:>d=l—9J units:>d=13% units = d =4 units

Find the equations of the planes parallel to the plane x—2y+2z—-3 =0 , each one of which is at a unit
distance from the point (1,1,1)
Any plane parallel to the plane x—2y+2z-3=0 isgivenby x—2y+2z+d =0
According to question distance between point (1, 1, 1)and x-2y+2z+d =0 1is
[1-2x1+2x1+d|
= =1

JPal-gf g

:>|I';d_|:1 n|]+d[:3 =l+d=83 =d=43-1 = d=2 or -4

Hence equations of planes are x—2y+2z+42=0 and x-2y+2z-4=0
Find the equation of the plane parallel to the plane 2x -3y +5z+7 =0 and passing through the point
(3,4.—1) . Also find the distance between the two planes
Any plane parallel to the plane 2x -3y +5z+7=0 isgivenby 2x-3y+5z+d =0 (1)
Since it passes through (3,4,-1)
5 2%3-3x4+5x(-1)+d =0
=6-12=-5+d=0 =d=11
Putting d =11 in equation (ii) we have 2x =3y+5z+11=0
. equation of plane is 2x -3y +5z+11=0
Distance between the planes is
|11-7|

JZ’ +(-3)’ +5°

SD. = units

-4 units = 3 X V38 units =ﬂ units - 38 units
V38 V38 38 38 19
Find the equation of the plane mid-prallel to the planes 2x -3y +6z+21=0 and 2x-3y+6z—-14=0
Let the required equation of the plane be 2x -3y +6z+5=0 this plane equidistance from each at the
given planes
Let P(a,pB,7) beany on the plane 2x -3y +6z+k=0 e (1)
Then 2a-3f+6y+k =0
*P(a,B.y) isequidistant from the planes 2x—3y+6z+21=0 and 2x-3y+6z-14=0

|20-38+67+21| _|2a-3B+6y-14] o
JE+H(3)+6 2 +(-3) +€ 6\} ’\\F')
=|-k+21|=|-k-14| = (-k+21)=%(-k=14) = -k+21=—k-14 < @)

Or —k+21=—(-k—-14) &"O Q

Here —k +21#-k—-14 \@

Now —k+21=k+14 = 2k=21-14 :kz% Q% KQ

Putti k“? in (i h 2x-3y+6z ?“0 ‘\\O (b
tting = in (i) we have 2x—3y+ ‘.+E— ‘\ @
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= 4x—-6y+12z+7=0 thisis required equation of plane

0.: 1198 ]

Show that the planes 2x—y+6z=5 and 5x—25y+15z=12 are parallel

A vector normal to the plane 2x—y+6z =5 is 7, =2i ~j+6]2

And A vector normal to the plane 5x—2.5j+15z =12 is i, =5 —2.5]+15k
Now 7, =5i ~2.5]+15k =2.5{2i—jok] =25

= i, || 7 |

Hence both the planes are parallel to each other

Find the vector equation of the plane through the point (3;'" +4j& f) and parallel to the plane
;—'-(2?—3}+5£)+5=0

Any plane parallel to the plane F-(Zf . 5!;)+ 5=0 isgiven by

F-{2§*--3}'+5£)+d=0 AAAAA ()

Since the plane passes through the point having position vector 37 +4 —k

w (3 +4}—£) -(zf —3_}'+5£)+d =0

=6-12-5+d=0 =d=11

Hence required equation of planeis 7 -(25 ~3j+ 5:';) +11=0

Find the vector equation of the plane passing through the point (a,5,¢) and parallel to the plane
F —(f +7¥ IE) =2

Position vector of the point (a,b,¢) is d=ai +bj +ck

Any plane parallel to the plane F-(f+_;’+§)—2 =0 isgivenby F-(f+}+f)+d= 0

Since it passes through the point having position vector ai + bj + ck
(af+b}+c§)-(f+}+£)+d:.0 %4

Sat+b+c+d=0 =d=—(a+b+c) 60 ,‘\\Q

@O

Hence equation of plane is F-(f+}'+l;)—(a+b+c) =0

<
=S F- (l+]+k) a+b+c &6 Q
Find the vector equation f the plane passing through the point (1,1,1) and parall@ pla%'
( ~J4 2#) = . &
Position vector of the point (1,1,1) is ‘%\\ @fb
S Y

N
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THE PLANE (XII, R. S. AGGARWAL)

d=f+}+£

Any plane parallel to the plane 7 -(2?-—}+ 2.(:)-5 =0 isgiven by f—(2f-}'+2f')+d =i}
Since it passes through the point having position vector 7 + j + k
(f+}+£)-(2f—j+2£)+d =0

=2-1+424d=0 = d=3

Hence the required equation of plane 7 - (Zf = j# 2k ) -3=0

= i’-(zf—}+2§}=3

Find the equation of the plane passing through the point (1,4, ~2) and parallel to the plane
2x—y+3z+7=0

Any plane parallel to the plane 2¥— y+3z+7=0 isgivenby 2x—y+3z+d =0

Since it passes though (1,4,-2)

5 2x1-4+3(=2)+d =0

=2-4-6+d=0 =d=8

Hence the required equation of plane is 2x— y+3z+8=0

Find the equation of the plane passing through the origin and parallel to the plane Sx=3y+7z+13=0
Any plane parallel to the plane 5x—3y+7z+13=0 isgivenby 5x—3y+7z+d =0

Since it passes through origin .. d =0

Hence equation of planeis 5x-3y+7z=0

Find the equation of the plane passing through the point (—1,0, 7) and parallel to the plane
3x—-5y+4z=1]

Equation of plane parallel to the plane 3x—5y+4z=11 isgivenby 3x—Sy+4z=d ... (1)
Since it passes through the point (—l, 0,7)

53(-1)-5x0+4x7=d

= ~-3+28=d =d=25

Hence equation of plane is 3x—5y+4z =25

Find the equations of planes parallel to the plane x—2y+2z =3 which are at a unit distance from the
point (1,2,3)

Let the required plane by x=2y+2z +k =0 for some constants k @
Then, its distance from the point P(1,2,3) is 60 ,’\\F)
|1—:z><2+:¢:.<3+k|:|3+J:[=1 S |34k[=3 %) (@)

JEH{(2f 492 S
=3+k=3 or3+k=-3 =k=0 ork=-6 ,&@K Q
Hence the required equations are x—2y+2z=0 or x—-2y+2z—-6=0 %
Find the distance between the planes x+2y+3z+7=0 and Zx+4y+6z‘+§

Let P(x,,),,z) beany point on the plane x+2y+3z+7=0 .\\\ @fb
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Then x, +2y, +32,=7

3 | 2x, +4y, +6z,+7| _ | 2(x, +2y,+3z,)+ ?|
N TS V56
|2x(-7)+7| 7 _
— T = E units
EXERCISE 28 E [Pg. No.: 1205 ]

1. Find the equation of the plane through the line of intersection of the planes x+ y+z=6 and
2x+3y+4z+5=0, and passing through the point (1,1,1).

Sol. Any plane through the intersection of two given plane
(x+y+z-6)+A(2x+3y+4z+5)=0 s ()

and, its passes through the point (1,],1) then
=(1+1+1-6) + 4{2(1) +3(1) +4(1)+5} =0
=-3+A(2+3+4+5)=0=>-3+144=0..1 =134
Putting the value of A in equation (i), then

:>(x+y+-z—6)+l—;l-(2x+3y+4z +5)=0

= l4(x+y+.—6)+3(2x+3y+4z+5)=0
14
=14x+14y+142-84+6x+9y+12z+15=0 = 20x+23y+26z-69=0

Hence, the required equation of the plane is20x+23y +26z-69=0

2. Find the equation of the plane through the line of intersection of the planes x-3y+z+6=0 and
x+2y+3z+5=0, and passing through the origin.

Sol. Any plane through the intersection of two given plane,
(x=3p+z+6)+A(x+2y+3z+5=0) .. (@)
and its passes through the giving (0,0,0), then
{0-3(0)+0+6}+1{0+2(0)+3(0)+5} =0

:>6+5/1=0.'./1.=~T6

Putting the value of A in equation (i), then

5(x=—3y+z+6)—-6(E+2y=F3z+5
(x=3y-+2+6)— S 29 32 TP 0= S ELLZ+6) ey )0 <
| | S &°

=>5x—15y+5z+30-6x—12y—-18z-30=0 @ ()
:‘)—x—2‘7y—132:0:>—(x+27y+l3z):0 6 &@
Hence, the required equation of a planeis x+27y+13z=0 & Q

3.  Find the equation of the plane passing through the intersection of the planes 2x4%’\z +]= d
x+y—-2z+3=0, and perpendicular to the plane 3x—y—2z-4=0. Q Q

Sol. Any plane through the intersection of two given planes N 0 (&
NS

(2x+3y—z+1)+A(x+y-22+3)=0 . (D) §\ \/Q)


http://cbs.wondershare.com/go.php?pid=5239&m=db

mm Wondershare
PDFelement

Remove Watermark g

https://millionstar.godaddysites.com/
THE PLANE (XII, R. S. AGGARWAL)
=>x(2+4)+y(3+4)+z(-1-22)+(1+31)=0

and its perpendicular to the plane (3x—y—2z-4)=0

= 3(2+4)-1(3+4)-2(-1-24)=0

=6+34-3-1+2+41=0

:>6/1+5~0.'./1-%5

Putting the value of A in equation (i), then

6(2x+3y—z+1)-5(x+y-22z+3)=0
6

=12x+18y—-6z+6—-5x—5y+10z -15 =0 = Tx+13y+4z-9=0

(2x+3y—z+l)—%{x+y—22+3):O:>

Hence, the required equation of a plane is 7x+13y+4z =

4. Find the equation of the plane passing through the line of intersection of the planes 2x— y = 0and
3z—y=0, and perpendicular to the plane 4x+5y—-3z=9.

Sol. Any plane parallel to the given plane is
(2x—y)+A(3z=y)="0 and. its perpendicular to the given plane 4x—5y—3z=9, then,

={2(4)-5}+4{3(-3)-5}=0
=(8-5)+A(-9-5)=0=>3-141=0=> 1 :%

Putting the value of 4 in equation (i), then

14(2x-y)+3(3z-y) _ \
14

=>28x-14y+9z-3y=0=>28x=17y+9z =0

(2x- y)+1—?;~(3z -y)=0=>

Hence the required equation of the plane is 28x—17y+9z=0

5. Find the equation of the plane passing through the intersection of the planes x—2y+z =1 and
2x+y+z =8, and parallel to the line with direction ratios 1,2,1. Also, find the perpendicular distance

of (1,1,1) from the plane.

Sol. Let the required plane be
(x-2y+z=0)+A2x+y+2-8)=0 e )
SA+20)x+(A-2)y+(1+AD)z—-(1+84)=0 ... (ii)
The direction ratio of the Normal to this plane are (1+24),(4A-2).(1+4)
The Normal to the plane (ii) is perpendicular to the line with direction ratio 1, 2, 1.

(1+22)+2(4=2)+(1+ A =0 1+2l..+2/1—4+l+,1=0:>-51—2=0:>/1=% @

putting the value of A in equation (i) 60 (,;\'\0

2
x-2y+z-10+=(2x+y+z—-8)=0 @
(x—2y g erixta—g 5 {b
=35x~-10y+5z-5+4x+2y+2z-16=0 =9x-8y+7z-21=0 é Q
length of perpendicular from the point (1, 1, 1) 6\. %-
P:|9><1—18><1+7:><1—2‘1[ _19-8+7-21] 13 .. Q KQ
JOy+(=8y+@y  Y81+64+49 194 - O o)
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Find the equation of the plane passing through the line intersection of the planes x+2y+3z-5=0
and 3x—2y—-z+1=0 and cutting off equal intercepts on the x-axis and z-axis

. Any plane passing through the intersection of two planes x+2y+3z-5=0 and 3x-2y-z+1=0 is

given by
(x+2y+3z-5)+k(3x-2y-z+1)=0

Then (1+3k)x+(2-2k)y+(3-k)z-5+k=0
= (143k)x+(2-2k)y+(3-k)z=5-k

¥ y .
R = o
1+3k 2-2k 3-k
5—k -k
Since intercepts on the x-axis and z axis are eagal we have pes = Bk
1+

=3-k=1+3k =>.4k=2 ::»k:-:_-,

! . 1
Hence equation of plase is (x+2y+3z—5]+5(3x—2y—z +1)=0

= 2x+4y+6z-10BX - 2y=z+1=0 — Sx+2y+5z-9=0

Find the equation of the plane through the intersection of the planes 3x —4y+5z=10 and
2x+2y—-3z=4 and parallel to the line x=2y =3z

Any place through the intersection of the planes 3x—4y+5z =10

And 2x+2y-3z=4 isgivenby (3x—-4y+5z-10)+k(2x+2y-3z-4)=0
= (3+2k)x+(2k=4)y+(5-3k)z-10—-4k =0

D.r’s of normal to the plane are 3+ 24,2k —4,5-3k

Given lineis x=2y =3z

ie —=2=2
6 3 2

D.r's of line are 6.3,2

» The line is perpendicular to the plane
5. 6(3+2k)+3(2k—4)+2(5-3k)=0
= 18+12k +6k—-12+10-6k =0

= 12k +16=0 41»__% .

3
Hence the required equation of plane is @

(3x—4y+5"—10)—i(2x+2y—3‘. -4)=0 =.x-20y+27z=14 6\> ,\\F'J
Find the vector equation of the plane through the intersection of the planes r. (1 +3 j ﬁr %% &(b
( Flj+ 2&) 0, and passing through the point (2,1,-1).

o \@ %_
Here, r(: +31—k) 0, The Cartesian equation of the plane is, put 7 = xi +yj +% Q
—_‘>(xf+yj+zl;).(f+3}—f«:):0 —x+3y—z=0 and, F.(j'+2£) -0 \\ (&
.% \/@
Q b
N
&
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THE PLANE (XII, R. S. AGGARWAL)

Sol.

10.

Sol.

:>(x:’+y}+zl?)(}+2f§)=o = y+22=0
Any plane through the intersection of the planes
(x+3y—z)+A(y+22)=0 .. ()
and, its passes through the point (2,1,-1)
={2+3(1) - (-1)}+ A{1+2(-1)} =
=(2+3+1)+4(1-2)=0=>6-1=0..14=6
Putting the value of A in equation (i), then
(x+3y-2z)+6(y+22)=0 = x+3y=2+6y+12z=0=x+9y+11z=0
On vector equation, —.>(xf+)§+zi;)‘(f+9}+llkh) =0 :>F.(f+9}+l]§) =0
Hence the required vector equation of the line is F.(f 49741 lf) =
Find the vector equation of the plane through the point (1,1,1), and passing through the intersection of
the planes r(l ~}+3£)+1 =0 and F.(2f+}—§)—5=0.
Here 7i, = (i — j +3k) and i, = (27 + j —k);
dy=-landd, =5
Required vector equation is 7.(13, + An,) =d, + Ad,
ie 7. {(I-j+3f(}+/1(2? #F= k)L—lus

FA1+22) +(-1+ D]+ (G- Dk} =52-1
where A is some real number
Taking F:xf+yj'+z!;:,weget
(x§+)g?+z£){(1+u)f+(—1+,1)}‘+(3—,1)£}=5,1—1
SA+20x+(=1+A)y+B-A)z=5A-1=>(x-y+3z+1)+ AQ2x+ y—2z—-5r=0
Since the plane passing through the point (1, 1, 1)
= (1-1+3+1)+ 1 (2+1-1-5)=0
4

= 4-31=0 = »1:3
Putting the value of A in equation (i)
(x—y+3z+l)+%(2x+y—z—5)=O

<

= 3x-3y+9z+3+8x+4p—4z-20=0= Tix +y + 5z=17=0

its vector equation be 7.(11/ + j+5k)—17=0 60 ’\\

Find the vector equation of the plane passing through the intersection of the planes (b
(21 7j+4k) 3 and 7. (3: 5;+4k)+1 1=0, and passing through the pomt —2 1 3{6 Q&

We have 7. (2; -7J +4Ir) 3 =0 Now, the Cartesian equation of the plane is, pu y%n’t

=>(xi + )] +2k)(27 = 7]+ 4k)-3=0=2x~Ty+4z-3=0 Q »&Q

and r. (31 =57 +4k) +11=0 Now, the Cartesian equation of the plan§ ig\\\l} (b Jj+ zk
‘s

N
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:>(xf+ﬁ+z£:)(35—5}+4§)+ll=0 —3x—Sy+4z+11=0

Any plane passing through the intersection of the planes.
(2x-7y+4z-3)+A(3x-5y+4z+11)=0 ... (i)

and, its passes through the point (-2,1.3). then
={2(-2)+7(1)+4(3)-3}+ A{3(-2)-5(1) +4(3) +11} =0
:>(—4—7+12—3)+A(—6—5+12+1I)=0:>—2+12,1=0::,~/1=%=%

Putting the value of A4 in equation (i), then

_ 6(2x=7y+42z-3)+(3x—5y+4z+11)
- 6
=12x—-42y+24z-18+3x—-S5y+4z+11=0=>15x—-47y+282-7=0

:(2x-7y+4z-3)+%(3x-5y+4z+1 1)=0
Now, vector equation is =>(xi + ) +2k )15 —47] + 28k ) =7 =7 (15 =47+ 28k) =7

Hence the required vector equation of the plane is 7 .(] 5i—-47]+ 28§) =4

Find the equation of the plane through the line of intersection of the planes 7- (2‘5 -3 +4kA) =1 and
# (f—}) +4=0 and perpendicular to the planes 7 -(2f f +£:)+8 =]

Any plane through the line of intersection of the two given planes is
[F-(zf—s}'+4;2)—1]+z[f-(f—})+4}=o

= 7 (24 2)F -(3+ 2) j+4k | =1-42 )

If this plane is perpendicular to the plane 7 - (Zf — } -rl?) +8=0

—11

Wehave 2(2+4)+(3+4)+4=0 ©3i+11=0c A= =

Putting 4= ;;—1 in (i) we get the required equation of the plane as 7 -(—5f+ 27+ 121:) =47

Find the cortication and vector equations of the planes through the line of intersection of the planes
F -(? - }) +6=0 and 7- (3f+3}’ - 46:) =0 which are at a unit distance from the origin

-

The equation of the given plane are (xf+}_’}+zl;)-(f—j)+6:0 and (xf+.y}+z§)-(3f+3j—4f): 0
= x—-y+6=0 and 3x+3y-4z=0

Any plane through their intersectionis (x -y +6)+4(3x+3y—4z)=0
= (1+34)x+(34-1) y =42x+6=0 peznd) v C)

; o 3. RN
= - ==1 =341°+2=36 => A =1=>71=+1 Q
J(l +34) +(34-1) +(-44) @
So, the required planes are 2x+ y—2z+3=0 and x+2y-2z-3=0 Kg Q
4

In vector form they are F-(23+‘}—2/;)+3=0 and F-(f+2}—21;)—3 =0 %
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THE PLANE (XII, R. S. AGGARWAL)

EXERCISE 28 F [Pg. No.: 1217 ]

1.

Sol.

Find the acute angle between the planes:

n,.n,

7|

@) F(f‘+}‘—2i£)=5 and FA(2§+2}—£): cosé’—ln

(ii)7. (7 +2j-k)=6 and 7(2/ —j—k)+3=0

(iii);v:(zf -3_}+4f§):1 and, 7.(~+j} =

(iv)7.(21 3] +6k)=8 and F.(37+4j—12k) +7=0

(@) F(i+j-2k)=5 and 7 (2 +2]j~k)=9 = We know that the angle between the plane

H’l‘

fll]

ra, =a, and rn, =a, is given by cosf =——=

Here, 1, :f+}—2£" and 7, :23+2}—
=li|= (1) +(1) +(-2)° =VT+1+4=+6
and [ii| = J(2) +(2)° +(-1)" =Va+4+1=40=3

(f+}—2£)-(2;+2}—’;) 25242 6 A6 A6
cosd = 50 ﬁwsehTLﬁAT .68 =cos [71

Hence, the angle between the given planes is cos ' {—]

(ii)F.(f - 2}'—A:) =6 and F(2f ~j‘~!;)+3 =0 = We know that the angle between the plane
n_H,

s |

Fh, =a, and ¥ 1, =a, is given by cos@ =

Here 7, =fT2}—/; and 1, =2i-j-k

S| =1 +(2) (1)’ =41+4+1=+/6

and || = /(2)} +(=1)" +(-1)" =vA+1+1 =6 QO
e i = -y “. F 0 " 0
(f+2j—k)-(21—J-’f) 2-2+1 1 1 b ’\'\
= cosf = JEJE =cosf=———=—=0=cos [—] @ ()

Hence, the required angle between the plane is cos™ [%J

(iii)ﬁ(2f-3}+41§):1 and, 7.(~i + ) =4 Q% KQ


http://cbs.wondershare.com/go.php?pid=5239&m=db

Sol.

Wondershare

Remove Watermark PDFelement

https://millionstar.godaddysites.com/

:>cos6'—|n”n Slii| = (2) +(-3) +(4) =Va+9+16=v29
and|n|*1}( 1) +(1) tfedivlca2

(21 3J+4k)( .1’+j) I 5
=cosf = 2 :>cos€?=ﬁ:> 59=E

=@ =cos' [i—J
58
; . -5
Hence, the required angle between the plane is cos '| ——
s i =)

(iv)i".(zf =53 +6I;] =8 and F‘(?’f +4}—12£) +7 =0 = We know that the angle between the plane
n.n,
il
| |=(2) #(=3) +(6) =V4+9+36=a9=7
and [, | =(3)’ +(4) +(-12)’ =VO+16+144 =169 =13
(2?—3}+6§).(35+4}—12£)
7.13
=cosé =~ﬂ:> L [-_—6]: @ =cos [E]
91 7 7 7

rn, =a and rn,=a, is given by cosf =

=% cosir=

Show that the following planes are at right angles
(i) 7-(4i ~7j-8k) and F-(32—4_}'45}E)+10=0
(ii) 7+(21 +6j+6k)=13 and 7-(37 +4j-5k)+7=0
(i) Given planeare 7 -(4?—?}—8}?):5 and F-(35—4}+51?)+10=0
Here 7, = 47 ~7j-8k
i, =3i—4]+5k
Now, -1, = (41 ~7]—8k)-(31 =4+ 5k) =12+28-40=0
=8 15

Hence both the planes are perpendicular
(i1) Equation of planes are

F-(2i +6j+6k)=13 60 6)\'\0

F-(3§+4}'—5§)+7=0 6®

Here n, = 25+6}‘+6l«: (& Q
X\

Wi, =30 +4] -5k %
Now, 7i -7, = (27 +6] +6k)-(3/ +4j-5k) =6+34-30=0 . N ’&Q

=i, Li, @\ y
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THE PLANE (XII, R. S. AGGARWAL)
Hence both the planes are perpendicular to each other

3.  Find the value of 4 for which the given planes are perpendicular to each other
@) F-(zf—}—,ué) r=7 and r—-(3.=’+2j+2£)=
(ii) 'r*-(;ta?+2j+3£)=5 and F-(f+2}77!«:)+1 1=0
Sol. (i) we know that the plane 7.7, =q, and 7., = a, are perpendicular to each other only when 7.7, =0
Here 7, =2i —j+2k and i =3 +2j+2k
. the given plane are perpendicular to each other.
= 7. 7i, =0 = (20 — j+ Ak) (3 +2]+2k)=0=>6—-2+21=0
=4421=0=41=-2
(ii) Given planes are F-(,lf+2_}’+312)= 5 and 7-(7+2] —712)+1 1=0
* Both the planes are perpendicular to each other
(Af+2}+312)-(5+2}-7§)=0 = 1+4-21=0 = A-17=0 = 1=17
4. Find the acute angle between the planes
(i) 2x—y+z=5"and x+y+2z=
(ii) x+2y+2z=3 and 2x—3y+6z=8
(iii)x+y=2z=4 and x+2y+2z=9
(iv)x¥y—2z=6 and 2x-2y+z=11
Sol. (i) We know that the angle between the planes ¢ x+5hy+¢z+d, =0 and a,x+b,y+c¢,z+d, =0 is
aa, +bb, +cc,
(Jaf +b] +c,_z‘)[‘/a§ +b; +c:)
Here, @ =2, 5 =-1, ¢ =1 &a=1,b=1,¢,=2

2x1+(—1)x1+1x2 =
8 ( )X . :>cos€=ﬁ:>cost9=§:>c059=—l

(ot Jaree) 6 570

=8 =cos [l] =@ =cos” [cos } sa==
2 3 3
.

Hence, the required angle between the plane is T

given by cosé =

cost =

(ii) We know that the angle between the planes ax+by+¢z+d, =0 and a,x+b,y+c,z+d, =0 is
aa,+bb, +ce;

given by cos@=- =2 = S—
(Jaf +b ¢ )(Ja; +b; +c:;) 60 . 0

Here, g =L b =2, ¢6=2& a,=27b=3,2,=6

n— 1x2+2x(-3)+2x6 o o2 G {b
’ [\/(1)2"‘(2)2+(2)g](\/[2)2+(—3)1+(6)2] = \/l+4+4\/4+9+3®\ Q

8 8 4f 8
ﬁmsﬂzﬁacosﬁzazﬂzcos‘(a) Q KQ

=cosf =

8
N/
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Hence, the required angle between the plane is cos™' (%]

(i1i) We know that the angle between the planes g x+by+¢z+d, =0 and a,x+b,y+c,z+d, =0 is
aa, +bb, +cc,

Jaf +b +¢] )(Ja; +b; +c§)

Here, ¢ =L, b =1, ¢ =-1&a,=1,b,=2,¢,=1

Ix1+1x2+(=1)x1

(VO 7+ [y + @7 +0y )

ﬁmsﬁzﬂa cos&:i: 0039—% -'-6’:005_1 (%J

Vis 342

Hence, the required angle between the plane is cos™' [%}

given by cosc?=(

cosl =

LS

(iv) We know that the angle between the planes ax+by+cz+d, =0 anda,x+b,y +c,z+d, =0 is
aa, +bb, +cc,

(\/a,2 +b] +¢] )(Jaf +b] +¢; )

Hereygfi=Adl. b =1, =2 &a, =2 b =2 ms”)

lx2+1x(—2)+(—2)xl

\[(1)2 +(1) 4 {hz)z)[\/(z)z 2y +(U2)

given by cosé =

0036‘:[

2=3-2 "2A& _I[ 2 ]
=cosfd=———=cosfd=| — | =0 =cos | —
e %) o

Hence, the required angle between the plane is cos ™ [—2'-*] :

36

Show that each of the following pairs of planes are at right angles:

(i) 3x+4y—5z=T and 2x+6y+6z+7=0

(i) x—2y+42z=10 and 18x+17y+4z=49

(i) We know that the plane ax+by+cz+d =0& a,x+by+c,z+d, =0

are perpendicular to each other only when ag,a, +hb, +cc, =0

Here, g, =3, 5, =4, ¢, =—5& =2, b, =6,65=6 @
.. the given plane are perpendicular to each other 60 ;\'\O
= 3x2+4x6+(-5)x6=6+24-30=0 % @)
Hence, the pairs of plane are at right angles. &6 Q&(b

(ii) We know that the plane ax+by+cz+d, =0 & a,x+by+c,z+d, =0 ,\®

are perpendicular to each other only when a,a, +bb, +cc, =0 % %-

Here, a =1, 5,=-2,¢,=4 & a,=18,b,=17,¢,=4 . OQ «Q
. the given plane are perpendicular to each other .\\\ @(b
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THE PLANE (XII, R. S. AGGARWAL)

Sol.

Sol.

Sol.

Sol.

= 1x18+(-2)x17+4x4:18—34+16:0

Hence, the pairs of plane are at right angles.
Prove that the plane 2x+3y—4z=9 is perpendicular to each of the planes x+2y+2z-7=0 and
Sx+6y+7z=23

Given equations of planes are 2x+3y—4z=9, x+2y+2z-7=0
And 5x+6y+7z=23

Here 7 = 2f+3}—4f; A vector normal to the plane 2x+3y—-4z=9
7, =i+2]+2k {avector normal to the plane x+2y+2z-7=0
n, = Sf+6}'+7£ { A vector normal to the plane Sx+6y+7z=23
Now 7,7, =(27 +3]~4k)-(i +2j¥2k) =2+6-8=0

= n-n

And 7, -, =(2i %3]} - 4k)-(57 + 6+ 7k) =10+18-28=0

i Ln and #

Hence the plane 2x+3y—4z =9, is perpendicular to each of the planes x+2y+2z—-7=0 and
Sx+6y+72=23

Show thatthe planes 2x—2y+4+5=0 and 3x—3y+6z-1=0 are parallel
A vector normal to the plane 2x -2y +4+5=0 is A, =2§—2_}+4!;

And a vector normal to the plane 3x -3y +6z—-1=0 is 1, =3.'?—3}+6L:

= 7, ||,
Hence both the planes are parallel.

Find the valne of 4 for which the planes x—4y+4z+3=0 and 2x+2y+3z=35 are perpendicular
to each other

We know that the planes g, x+by+c¢z+d, =0 and a,x+b,y+c.z+d, =0
Are perpendicular to each other only when aa, +bb, +cc, =0

Here a, =1,b, =—4,¢, =4

And a,=2,55=2,¢, =3

Since both the planes are perpendicular

S Ix24(-4)x2+ Ax3=0 ==2-8+31=0

=34=6 = A=2 0®

Write the equation of the plane passing through the origin and parallel to the plane 60 c’)\.\
Sx—3y+7z+11=0 <

Any plane parallel to the plane 5x-3y+7z+11=0 isgivenby 5x-3y+7z+d =0 &6(])Q&

Since, it passes through origin (b
£d=0 %\' Y

Hence equation of plane is Sx—3y+7z = Q &Q
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Find the equation of the plane passing through the point (@,b,¢) and parallel to the plane
F -(f + ]+ IE) =2
Any plane parallel to the plane 7 (: +_}'+I?) =2 isgiven by
f-(}‘+}'+§)=d D
Since it passes through (a,b,¢)
.'.(af-rlg} +c£)-{f+}+§) =
> at+b+c=d
Hence the equation of plane is F-(f +}+l;) =a+b+c
Find the equation of the plane passing through the point (1, =2, 7) and parallel to the plane
Sx+4y-11z=6
Any plane parallel to the plane Sx+4y—11z=d
Since it passes through (1,2, 7)
S5x1+4(-2)-11x7.=d
=5-8-77=d
=>d==80
Hence equation at plane is Sx+4y—11z =-80
= Sx+4y-112+80=0
Find the equation of the plane passing through the point (—1,—1,2), and perpendicular to each of the
planes 3x+2y—3z=1 and S5x—4y+z=5.
Any plane through (-1, =1, 2)is
alx+1)+b(y+1)+e(z -2)=2 s KT)
Now (i), being perpendicular to each of the planes
3x#2y-32=1 and S5x—4y+z=5 : wehave
3xa+2xb-3xc=0

=3a+2b-3¢c=0 ... (i1)
ax5+bx(—4)+cx1=0
=5a-4b+c=0 ... (i)
cross multiplying (i1) and (iii) we get
a b c a b &

= = = =% == =
2-12 -3-15 -12=10 -10 =18 =22

=a=-5kb=-9,c=—11k 0 .O
N
O &

putting these value of (i), we have
~Sk(x+1)=9%k(y+1)~11k(z-2)=0 = —5x-5-9y-9-11z+22=0 <
— - 5x—9y—11z+8=0=5x+9y+11z-8=0 K(O Q

Find the equation of the plane passing through the origin, and perpendicular to ea @ p%
x+2y—z=1 and 3x—4y+z=5.

Any plane through 0(0, 0, 0) is Q &Q

a(x-0)+h (y-0)+c (z—0)=0 G ‘\’\\O @fb
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THE PLANE (XII, R. S. AGGARWAL)

Now (i), being perpendicular to each of the plane
x+2y-z=1and 3x-4y+z=5, we have
axl+bx2+ex(-1)=0

=a+2b-c=0 .. (11)
ax3+bx(-4)+cx1=0
=3a-4b+c=0 ... (ii1)
cross multiplying (ii) and (iii) we have
a b ¢ a b ¢ a b _ ¢
— = = :}—:—:—:k:}—:—:—:k
2-4 -3-1 -4-6 -2 -4 -10 I 2= 3

a=k,b=2k,c=5k
putting the value of @, &, ¢ in equation (i)

k(x—0)+2k(y—0)+5k(z=0)=0 =sx+2y+5z=0
required equation of the plane.
Find the equation of the plane that contains the point 4(1,—1,2) and is perpendicular to both the
planes 2x+3p—2z=35 and x+2y—3z =8 Hence find the distance of the point P(-2,5,5) from the
plane obtained above
Any plane through A(1,-1,2) is givenby a(x—1)+b(y+1)+c(z-2)=0 .... (i)
Since itis perpendicular to each of the planes 2x+3y—-2z=5 and x+2y+3z=8 we have
2a+3b=2¢=0 ... (i)
a+2b—-3¢=0 e (101)
On solving (ii) and (iii) by cross multiplication we have

a b ¢
(-9+4) (-2+6) (4-3)

=1 =a=-5Ab=4lc=41

Putting these value in (i), we get the required equation as —5A(x—1)+4A(y+1)+1(z-2)=0
=5(x-1)-4(y+1)—(z-2)=0 =5x-4y-z-7=0
Distance of the point P(-2.5, 5) from this plane is given by

5>< —4x5-5-7 -42
l _ : | | |— . =42 units
Js +(=4) +(-1)’ Va2 Va2
Find the equation of the plane passing through the points 4(L.—L2) and B(2.-2.2), and
perpendicular to the plane 6x -2y +2z=09.
Any plane through the 4(1,-1,2)

a(x-1)+b(y+D+c(z-2)=0 .. (1) @
and its passes through the point B (2, -2, 2) 60 "\'\0
a2-1)+b(-2+D)+c(2-2)=0=>a-h+0c=0_._(ii) @ O
Now (i), being perpendicular to each of the plane 6x—2y +2z =9 then we have % &(b
ax6+bx(-2)+ex2=0=>6a—2b+2c=0 \ Q
=3a-b+c=0 (iii) %’\,® %-
cross multiplying (ii) and (iii) we get
a b c a b o 0Q KQ

i
b et s T T ja_*kbﬁ—k‘c& Q)(b
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putting the value of @, b, ¢ in equation (i)
—k(x-1)—k(y+1)+2k(z—2)=0=>—x+1-y—1+22z—-4=0
> —Xx—y+2z-4=0=>x+y-2z+4=0
Find the equation of the plane passing through the points A(-1,1,1) and B(1,-1,1), and perpendicular
to the plane x+2y+2z=S5.
Any plane through the point 4 (-1, 1, 1)
a(x+1)+b(y—1D+c(z-1)=0 e AT
and its passes through the point (1, —1, 1)
a(l+1)+b(-1-1)+e(1-1)=0
—2a—2b-0c=0 ... (i)
Now(i), being perpendicular to each of the plane
x+2y+2z=5 then we have
axl+bx2+ex2=0
=a+2h+2c=0 ... (iii)
cross multiplying (ii) and (iii) we get
a b ¢
—4-0 0-4 4+2
=a=24,b=21,¢c=-31
putting the value of a, b, ¢ in equation (i)
= 2Ae+ 1)+ 2A(y—-1)-34(z=1)=0
=2x%2+42y—-2-3z+3=0= 2x+2y=32+3=0)

Find the equation of the plane through the points 4(3.4.2) and B(7,0,6) and perpendicular to the
plane 2x—5y =15

The general equation of a plane passing through the point 4(3,4,2)
a(x-3)+b(y=4)+c(z-2)=0 o (1)

Since the point B(7,0,6) Lies on the plane

sa(7-3)+b(0-4)+¢(6-2)=0

= 4a-4b+4¢=0 D a-b+c=0 ... (i)
Since the planeis perpendicular to the plane 2x—5y =15
L 2a-5b+0xec=0 ... f(ii)
On cross multiplying (ii) and (iii) we have -__]a == l_b] = c_]-:k (let) @
—50’ 2 0 ;2—5 60 a\\o
a_b_c Qo

25775k K(O Q
=>a=5k,b=2k and c=-3k ,\(b

Putting a = 5k,b =2k and ¢ =-3k inequation (i) we have %
Sk(x~3)+2k(y—4)-3k(z-2)=0 . OQ &Q
= k{5x-15+2y—8-3z+6}=0 \\\ @(b
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THE PLANE (XII, R. S. AGGARWAL)

=5x4+2y-32=17

This is the required equation of plane

Find the equation of the plane through the points 4(2,1,-1) and B(-1,3,4) and perpendicular to the
plane x—2y+4z=10. Also show that the plane thus obtained contains the line

7 :(—£+3}+4£)+A(3§—2}—5£)

Any plane passing through the point 4(2,1,—1) is given by
a(x-2)+b(y—-1)+c(z+1)=0 - (i)

Since it passes through B(-1,3,4)
sLa(-1-2)+b(3-1)+c(4+1)=0

= —3a+2b+5¢=0 = 3a-2b-5¢=0 .. (1)
Since the plane is perpendicular to the plane x -2y +4z=10
- a—-2b+4c =0 ... (i)

On solving (ii) and (iii) by cross multiplying we have

—2a—5 NE b—-s 2

b2 2 [t 4

% _.a _ b __e _
==10 12+5 =642

= a=-18k,b=-17k and c=-4k

Putting a=-18k,b=—17k and ¢ =-4k in equation (1) we have

—18k (x—2)—17k(y—1) 4k(z+1)=0

= —k{18(x=2)+17(y-1)+4(z+1)}=0

= 18x=36+17y—17+4z+4=0

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

= 18%+17y+4=49 ... (iv)

This is the required equation of plane

The given lineis 7 =(34-1)i +(3-22) j +(4-52)k

Co-ordinates of any point on this line are (34—1,3-21,4-54)
Now, 18(34-1)+17(3-22)+4(4-51) =541-18+51-342+16-201=49
This the point (34—1,3=24,4—52)

Satisfy the equation (iv) 60 . 0

Hence the plane contains the line
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CISE 28 G [Pg. No.: 1231 ]
1. Find the angle between the line 7 =(f - Zj—kh) - ,I(f —j‘ +§) and the plane F.(Zf —j‘+l:) =4
Sol. The angle @ between the given line and the plane is given by

B[R }+1F)| pras(x()+ix] 4 243
A ez ) V36 Jis 3

= @=sin" [&}
3 |

2. Find the angle between the line # =(2i — j+3k )+ A(37 — j+2k) and the plane 7.(i + j+ k) =3
g J J p J

Sol. We know that the angle & between the line r=r1+Am and the plane rn=gq is given by

sin@ =2 . Here, r;i=3;—}+2kﬂ and ﬁ=f+_}'+fr.
Im|.ln[
; |( - J2k); f+J+k| ] 3x1+(—1)x1+2x1 ] |3-1+2|_
. sin@ = = =
| |3r—;+2k||r+;+k| I +(_1)‘+23J13+13+[| ,J_\/_l
. O=sin' Ji_2 . Hence, the angle between the line and the plane is sin ' :/%

3. Find the angle between the line 7 =("f+£)+ﬂ(}+£) and the plane F.(Zf—}+21;) =1.
Sol. 7= (3?4«&:) + A(}«H‘?) and r"i(zf—}ﬁ— 2};) =1 we know that the angle &between the line

=1, + Ani and the plane 7.7i = 9is given by = sinf = Irﬁ”rfl
mi\mn
(j+#).(2i - j+24)
O +(1Y (2 + (1) +(2)°
. —1 52 - 1 A 1 ‘ ]
8= G =—— G o S = __]
= sin - ,_4+l+4:>sm ﬁ\@:sm 55 sin [3\/5
-2 y+l z-3
=

=sinf =

4.  Find the angle between the line and the plane 3x+4y+z+5=0.

Sol. The given line is x—3—2=y_-|;1=z;3=;£ . O®
=>x=34+2, y=-4-1,2z=21+3 60 (’)\.\
(o 28 = (27 38+ A(37=+20) "c@
and, given planeis 3x+4y+z+5=0 (&

(xr +}y+zk) (3; +4j+k)+5 0, The angle between the line and plane is \

+ §in@ = o’ Here i =37 - j+2kandn 3i+4j+k * 0 (b

il NI
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THE PLANE (XII, R. S. AGGARWAL)
(3?—}'+21?).(3f+4}+k)
VOY +(-1) +(2) yB) +(4) +0

—sind= i :>sin6'—4
JoO+1+49+16+1 V1424 2J_

7 7
S @=sin"' [—] Hence the required angle is sin ' (—]
2491 - . 2491

: . +1 -3
5. Find the angle between the Eme - =%= - and the plane 10x+2y—11z=
z

= sinf =

=>sinfd =——

Sol. A vector parallel to the line x;—l === _3 is b=2i +3;+6k

3 6
A vector normal to the plate 10x+2y—11z=3 isz= 10f+2}—11ﬂ:

Let & be the angle between given line and the plane

beii
s @=sin" =
|5 |7
= @-sin’ “H)l .
V22 +3 467 |[10° 422 +(-11)
6
—Sif= snn"‘er—%I g :>H=sin"(ij
7x15 105 21

6.  Find the angle between the line joining the points 4(3,-4,—2) and B(12,2,0) and the plane
Ix—y+z=1
Sol. Equation of line joining the points 4(3,—4,-2) and B(12,2,0) is
x—3 y+4 z+2
12-3 2+4 042
=3 ym z¢2
L) 6 2
A vector parallel to the lineis 5 =9 +6 + 2k

A vector normal to the plane is 7 =3i — j +k

Let & be the angle between the line and plane

Qm

6 =sin"'

o i |9x3+6x(—1)+2x1| O -
¢ s/"93+6—3+2J\/33+(—1)3+12 @6 (’)\'\

. |27-6+2] _ g 23 (%) Q
= f=sin —JEJI_I = f# =sin 3 é

7. Ifthe plane 2x—3y—6z =13 makes an angle sin "' (4) with the x-axis then ﬁn@ value %’

Sol. D.r.’s of the x-axis are 1, 0, 0 and d.r.’s of normal to the plane are 2,-3, ~6 Q &
Let ¢ be the angle between the x-axis and the given plane Then \\\

@
,QQ
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o |1x2+0x(B)+0x(-6)| 2 .
smgj_{\/l 0 +0° }{\/2 _3) +(-6)’ }_3 ¢ G]

Hence A= 2
7
8.  Show that the line 7 = (25 +57+ ’H;)+ A(f +3) +4i;) is parallel to the plane F.(f +j *;@) =7. Also,
find the distance between them.
Sol. 7=(2+5j+7k)+A(i+3]+4k) and 7.(i+j-k)=7
We know that the line 7 =7 + Am is parallel to a plane 7.7, =P then, m.7i=0
=(i+3j+4k) (i+]-k)=0=51+3-4=0=4-4=0=0=0
Hence, the given line is parallel to the given plane and, distance between them
lr ji— Pl (2!-!-5]—71‘.’) (f -i-j k) |2+5 o 2 7|
= == UﬂltS
T Jorsap=cy T B 1B
9.  Find the value of m for which the line 7 = (.3 + 2&:) + 2(21'" —mj - 3!?) is parallel to the plane
F.(mf+3}+£) —4
Sol. F= (f+2£)+;1(2i —ng} —3;@) and F,(mf+3}+12) =4
We know that a line is parallel to the plane F.7i= p, then m.ii =0
:>(2r‘ —mj—3k).(mf +3j+k) =
=22m-3m-3=0=-m~=3=0..m==3
10. Find the vector equation of a line passing through the origin and perpendicular to the plane
F.(5+2}+3£)=3_
Sol. The required line is perpendicular to the plane
Fl+2j+30)=3 .. ()
So the required line is parallel to 7 =7 + 2} +3k
Thus. the required line passes through the point with position vector d = 0/ +‘0}'+OI; and parallel to
=i+ 2} +3k
Hence, the vector equation of the required line is
F=d+An i.e.F=A(+2]+3k) (i)
If the line (ii) meets the plane (i) then @
AG +2+38) G +2j+3k)~3—=0 6\} ,&\()
s AI+4+9)-3=D === < @)
; ; Do R, ST = & Q
putting the value of A in equation (ii),7 =—(i +2j + 3k) @
14 \
11.  Find the vector equation of the line passing through the point with position vec 2(@1{ and
perpendicular to the plane 7. (2; 37 k) \\\O @(b
Sol.

The required line is perpendicular to the plane &\ V
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THE PLANE (XII, R. S. AGGARWAL)

F(2i-3j-k)=0 . ()
So, the required line is parallel to 7i =2 —3j —k

Thus, the required line passing through the point with position vector d@ =7 —2 +5k and is parallel to
i=2i-3j-k
Hence, the vector equation of the required line is
F=d+Ai = F=(—-2j+5k)+ A2 -3]-k)
for some scalar value 4 .
Show that the equation ax+by +d =0 represents a plane parallel to the z-axis Hence find the
equation of a plane which is parallel to the z-axis and passes through the points 4(2,-3,1) and
B(—4,7,6)
The given equation is ax+by+0.z +d =0 which is of the form ax+by+cz+d =0
Therefore it represents a plane
D.r.’s of normal to the plane are a,b,0
D.r.’s of the z-axis are 0.0,1
Now ax0+bx0+0x1=0
This shows that the given plane is parallel to the z-axis
Let the required plane be ax+by+d =0 s 1)

Since it passes through the points 4(2,-3,1) and B(-4,7,6) we have

2a=3b%d=0 ... (i)

~4da+Th+d=0 o (111)

On solving (i) and (iii) by cross multiplication we get
a b ¢

(-3-7) (-4-2) (14-12)

a b ¢ a b
A L .08

-0 4 2 5 94
La=5k b=3kandc=—k
Putting these value in (i), we get Skx+3ky—k =0 = Sx+3y—-1=0

Which is the required equation of the plane
Find the equation of the plane passing through the points (1,2,3) and (0,—1,0) and parallel to the

Any plane through (1,2.3) is a(x—1)+b(y—2)+c(z-3)=0
Since it passes through (0,-1,0) we have a(0-1)+h(-1-2)+¢(0-3)=0 = a+3b+3c=0 0 . CJQ
It is being given that the plane (i) is parallel to the line \}

=1l y¥2 & @
L i e & ok°

2 i 3

\
©.2a+3b-3¢=0 Qo)
4 R gl B %\' o
-3) 1

(9?9) “(53-6) (6 6 3

On solving (i) and (ii), we get
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Find the equation of a plane passing through the point (2,—1,5) perpendicular to the plane
x+5 y+l _z-2
T
Any plane through the point (2,-1,5) is given by a(xf2)+b(y+1)+c(z ~5)=0 cex (1)

x+2y-3z=7 and parallel to the line

Since it is perpendicular to the plane x+2y-3z=7

Lxa+2xb-3xe=0

=>a+2b-3c=0 ... (i1)

x+5 y+1 z-2
=

Since the plane is parallel to the line

~3a-b+c=0 ... (iii)
On solving (ii) and (iii) by cross multiplying we have
a b c _u (€0

2 3| 1 3] 1 2

=1 1| B 1] |3 4
a b €

= = = ==y
2-3 149 -i-6

= a=-k,b=—-10k and c==Tk

Putting a=—k.b=—10k &c=-Tk

In equation (i) we have

—k(x=2)—-10k(y+1)-7k(z-5)=0

= —5{x—2¥10(y+1)+7(z—5)} =0

=>x-2+10y+10+7z-35=0

= x+10y+7z-27=0 this is the required equation of plane
Find the equation of the plane passing through the intersection of the planes 4x—y+z =10 and
x+ y—z=4, and parallel to the line having direction ratios 2,1,1.
Find also the perpendicular distance of (1, 1, 1 )from this plane.
the equation of a plane passing through the intersection of the given is
@dy-y+z-10)+A(x+y-2z-4)=0
@+ A1+ )y +(1-ADz+(-10-4)=0 ....(0)

Let this plane be parallel to the line with direction ratio 2, 1, 1. Then the normal to this is perpendicular
to the line having the direction ratio 2, 1, 1.

24+ ) +1(-1+ ) +1(1=2) =0

=S8+24-1+4+1-2=0 524 =-8 == — 4 @
Putting the value of 1in equation (i), we get the required equation of the plane as. 60 ;\'\0
(@x—y+z-10)-4(x+y-z-4)=0 @ CJ
=4x—-y+z-10-4x-4y+4z+16=0=-5y+5z+6=0=>5y-5z-6=0 6 &(b
required equation of the plane. & Q
The length of perpendicular from the point (1, 1, 1) %\® %.

151-51-6] 6 _ 6 32
P_J(5)3+(-5)3 W50 V2 s . ()Q (&Q
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THE PLANE (XII, R. S. AGGARWAL)
EXERCISE 28 H [Pg. No.: 1237 ]

1. Find the vector and Cartesian equations of the plane passing through the origin and parallel to the
vectors (f 7= k) and (3? = k)

Sol. We know that vector equation at plane passing through a point having position vector @ and parallel
to b and ¢ isgiven by (F—&)-(fixé‘): 0
Here a =0
b=i+j—k and é=3i—k

i j ok
> I 1] B =1[x |1 Lj. 5 e
Now bxé=[1 1 -1 = i Fu § =i-27~3}
G —1 3 =1 30
3 & =l
So the required equation is F(—f—Z}—Z}fc‘):O =>F -(f+2}'+3f;) =0
2. Find the vector and Cartesian equations of the plane passing through the point (3,-1,2) and parallel
to the lines f:(—}+3;?)+/1(2f—5}—§) and 7 = (1 -3] +k )+ u(-5i +4j)
Sol. We know that (7 —a)(b x¢)=0
Here =3 — ] +2k

b=21—5j—k and é=-5i +4)

- - »

i ik
e j _5 _l -~ 2 _1 A 2 '—5 ~ . - -
Now, bxc=|2 -5 -l1|= I g+ k =4i+5j-17k
s o u 1 im? -5 0 =5 4

So the required equation is (7 - c’i)-(ffxE) =0

= |(x-3)i #(y+1) j+(=-2)k |-(4F +5]-17k) =0

= 4(x—3)+5(y+l)—17(z—2):0 = 4x-12+5y+5-172+34=0 = 4x+5y=-172+27=0
This is the Cartesian equation of plane

In vector from f-{45+5}—17£)+2?=0

3. Find the vectorequation of a plane passing through the point (1,2, 3) and parallel to the lines whose
direction ratios are 1,—1.—2 and —1.0,2

Sol. The equation of the plane passing through a given point A(x,,,,z ) and parallel to two given lines @
having direction ratios 4,,b,,b, and ¢,c,,¢; is 60 ’\O
X-X - z—-z
b, | ybzy] b, | =0 %Q
(& c, C, @K Q
Here v, =1, y,=2,z, =3 %\ %-
b =1b,=-1b,=-2 ‘ OQ KQ
gyt e = 0P ‘\\\ @fb
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Hence the planeis | 1 -1 =2 [=0
-1 0 2
-1

* ey | Foon o, e

= -2(x-1)-(2-2)(y-2)+(-1)(z-3)=0
= —=2x¢t2=z43=0 =5>—2x—=z43=0 =2x4z-5=0 = 2x¢tz=5

In vector form F-(Z;"H;):S

Find the Cartesian and vector equations of a plane passing through the point m(1,2,—4) and parallel
x-l:y—2:2+l and x—l:y+3:i
3 6 1 1 =
Here, x, =1y, =2, z, =—4
b=2,b,=3b =8

to the lines

And ¢, =1Le¢, =1 and ¢, =-1

Hence the equation of planeis [ 2 3 6 [=0
1 1 -1
43 6 2 6 2 ¥

= (ar=a —~{y—2 +(z+4 =0
e 1 —1| (v )Il =1 ( ) 1 l’

= (-3-6)(x-1)=(~-2-6)(y-2)+(2=3)(z +4)=0

= -9%+94+8y-16-z4=0 ==-9%+8y 2 Tl=0=9x -8y +z1l=0

In vector from f-(9f—8}+k")+1 1=0

Find the vector equation of the plane passing through the point (3f - 4} +2£) and parallel to the
vectors (; + 2}‘ + 3!2) and (f —j +£)

The vector equation of a plane passing through a given point with position vector @ and parallel to
two given vectors b and ¢ is

(F—a).(SxE)zo
Here d =37 +4)+2k
5=;+2}+3£ and E=f—_}'+£ @

2 3y @ s |I 28
i— J+ i
=1 1 11 1 -1

-

:>5XE:

_— ) 3,

i

Now b x¢ =|1
1 -1

= bxé=(2+3)i -(1-3)j+(-1-2)k = bxé=5+2j-3k \(&6 Q
And -(bx¢) =(3i +4]+2k)-(57+2]-3k) =15+8-6=17 Q%
Now (F-d)-(bx¢)=0 = F-(bxé)=a-(bxé) :>F-(5§+2}‘—3§)-K\0 Lo
0% @

This is the required equation of plane \/
)
<
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THE PLANE (XII, R. S. AGGARWAL)

1.

Sol.

Sol.

Show that the lines F:(2}~3§)+A(5+2}'+3£), and F=(25+6}+3l;)+p(2§+3}+4k) are
coplanar. Also, find the equation of the plane containing them.

F =(2}-3]§)+1(5+2}+312) and 7 =(2f+6}+3§)+p(2?+3}+4!;)

= for coplanar, (7, —F,).(m, xm,) =0

=>(7,—5) = (27 +6] +3k)~(2]-3k) = (27 + 4]+ 6k)

1 3
2 4

-~

2
= (i, x 11, ) = :£|2 )

3 4

|+i£|; §|=I(8-9}-}(4-6)+1?(3-4)

RV

»
1 2
2 8

=(—f+2}‘—f;)
Now,:(2f+4}'+6§)(—f+2}‘—};):0
= 2+8-6=0=8-8=0=0=0

Hence the given lines are coplanar and for required equation, (7 — 7 ).(#, x#, ) =0
:>{;~‘—(2}—3&3)}.(—5+2_}—£)=0 =7~ +2]-k)~(2]-3k)(~ +2j-k) =0
=F(i4+2]-k)—(4+3)=0 =F (- +2]~k)}-7=0

= F (- +2]-k)=7 ::>F-(f-z_}'+£):—7:f-(f—zjw;]+7:0

Hence, the required equation is 7.(f —2j+k)+7=0

Find the vector and Cartesian forms of the equation of the plane containing two lines
F= (f +2;"—4k) +/1(2fT +3]+ 6k), and ¥ = (3f - 3}—5k)+,u(—2f+3}'+8k}.

F= (f+2}-4§)+1(2f+3_}'+6§) and 7 =(3f+3}#5£)+u(~2f+3}+31?)
For required equation, (7, —7).(n, xm,)=0

=17 —J‘ +k

= (i, 2 3 8| 7|2 8| |2 3

J
2 3
3

=i (24-18) j(16 +12)k(6+6) = (67 ~28] +12K)

Now, :>{F~(f+2}+4§)}.(6§—28‘}‘+12};)=0 O .\Q

=>7.(6] —28]+12k)— (7 +2j—4k) (67 — 28] +12k) =0 @b

= (61 —28] +12k) ~(6-56-48) =0 K‘b Q
X0

=7 (67 ~28]+12k)+98=0 %
on Cartesian fc:rm ) . OQ KQ
:(xf+y"‘+zk}(6f—28j+12k)+93=0:>6x—28y+12z+98=0 \\\ Q)(b
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Hence the required equation is 7.16/ — 28/ +12k +98 =0 and 6x—28y+12z+98=0
Find the vector and Cartesian equations of a plane containing the two lines

F= (2f+}'—31;)+/1(f+2}+5§) and 7 =(35+3}+21}\)+y(3f—2}+5£)

Also show that the line 7 = (2.? +5] +2f§) + p(sf 2§43 5;?) lies in the plane

The given lines 7 =a, +/?,5, and ¥ =a, +M32 where

a
1]
—_—
(]

~
.+.
~.
|
L
5
R
1]
—
)
;] =~
+
ad
S
S
2
b
—

Vector equation of the required planeis 7 -(51 x 5:) =d, (E] XEZ)

= f-(20?+10}-8£)=(2i’+}-3£}-(20§+10}—3£) =(40+10+24) =74
:>f-{10§+5}—4£)=37 -

The certesian equation is (x§+y}+z£)-(10f +5}'—4f$) =37 = 10x+5y—-4z=37 .. (ii)

The third line is 7 = (27 +5}+21§)+ p(3 -2}+5k) ... (iii)

Now the line (iii) will lie in the plane (ii) if (2,5,2) lies on (ii) and (3.3 ~2 +5£:) I perpendicular to

the normal of (ii)
Now, 10x2+5x5-4x2=37 shows that (2,5,2) lieson(ii)

Also 10x3+5x(~2)-4x5=0 shows that (37 -2+ 5k) is perpendicular to the normal of (i)

Hence the line (iii) lies in plane (ii)

y-2 _z+3 il = 2_y-6_z-3
2 3 2 3

Also find the equation of the plane containing these lines

rrEh Ak T g0 Yk 5
a, b, G a2 b, c,

Prove that the lines %: are coplanar .

We know that the lines

L% YirW &%
Are coplanar & | g, b, ¢ |[=0
a, b, G

And the equation of the plane containing these lines is | g, b, ¢ |=0 @

a, b, & K@ Q
Here X :O,y] :2,2.’I = —3, X, :2, ¥, :6,22 :3;al :l,bl :ZCI :3;{12 :Z,b2 :3,& %
L5 =W 74
L T e O
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THE PLANE (XII, R. S. AGGARWAL)

Hence the two given lines are coplanar
The equation of the plane containing both these line is

x-0 y-2 z+3 x y=2 243
1 2 3 |1=0 &1 2 3 |=0
2 3 4 2 3 4

< x(8-9)-(y-2)(4-6)+(z+3)(3-4)=0
& —x+2(y-2)—(z+3)=0 © x-2y+z+7=0
Hence the required planeis x -2y +z+7=0

=2 y=4 7-6

Prove that the lines xl and JH-1="H-3 ='="+5

4 - 3 5 7
equation of the plane containing both these lines.

The given first line is, x—2:y-—4 =zﬁ6:.&
1 4 B
=>x=A+2, y=44+4, z=T71+6

:>(xf+y}+z§)=(zf+4j+6§)+i(?+4}+?§)

are coplanar. Also, find the

zF:(25+4}‘+6f:‘)+ﬂ,(f+4}+7£) e (1)
31 pxd &35
3 5 ¥

=%=8u—1, y=53u-3,z=Tu->5

é(xf + y}+z£):(—f+(—3)j - SI;) +p(3f+5} +7§)

and the second given line is =

=7 = (-7 -3]-3k)#ml37 +5] +7k) . (i)
For coplanar,
(7. =5} (e, )= 0 = (B —F) =(~i 3] -5k ) (27 +4] + 6k ) = (=31 ~ 7]~ 11k)

1 7] A1 4
+k
s 24 4]

~

-

~

=

= (i, i) =|1
3

s g 7

(07 R N
~ =3 =,

47|A_

=1(28-35)—j(7-21)+k(5-12) =(_7f+14}_7;;)
Now, => (<37 7]~ 11£).(~7414] - 7%) =0 = 21-98+ 7720=> 98- 98 =00 =0

Hence, the given lines are coplanar.

For required equation is, (7 —£).(s, xi,) =0
{7 (27 +47+ 6k)} (77 +14j-7k) =0

= (77 +14] - Tk) (27 + 4] +6k).(~7i +14j-7k) =0 K(O Q&(b
= f(—7§‘+14}—7£)—(—14+56—42) =B %\(b %_

On Cartesian equation, :(xf+_y}'+z§)(f—2}+§) —0=>x-2p+z= Q &Q

Hence, the required equation is, x—2y+z=0 N O fb
N @


http://cbs.wondershare.com/go.php?pid=5239&m=db

Sol.

mm Wondershare
PDFelement

Remove Watermark g

https://millionstar.godaddysites.com/

Show that the lines 5_4 =2 ; L =Z +53 and x; : = 2y2— 3 =Z 3 are coplanar. Find the equation of
the plane containing these lines
We know that the lines ——L = y;y, =272 are coplanar

a, 2 6

NL=X% Wh=W &4

It r.’!1 b'l {,',I :O
az b: c:_
. . . /-4 7 g
Given equations of line are LA 7 - +3
—4 3 =5
, -5 -7 3 )
e W N )
4 4 -5
x—8 27-8 z-5
and = =
T 2 3
-8 - o
ie e B 4 7 2
7 1 3

here x; =3, y, = Tszp==3
%, =8, y,=4,2,=5
a, =Tpbp=l,c;, =5
N—% V=W &3
Now | & b, &
a, b, &
8-5 4-7 543 5 308 3 3 8
4 5| =|4 4 5| =171 3| {R>R+R}
1 3 - QY * 1 3

=l 4

7

=0 {v R, and R, are identical Hence, both the lines are coplanar}
¥—=3% yp=4 z43

Now required equation at planeis | 4 4 -5 1=0
7 1 3
- 4 4
=>x=5 +(z+3 0
0 NN ST M O M

:>(x—5)(12+5_]—(y—7)(12+35)+(z+3)(y—28)=0

= 17(x-5)—47(y=1) 24(z+8)=0 60 -

= 17x-85-47y+32y—-24z-72=0
=>17x-47y-24z+172=0 6
This is the required equation of plane K Q

Show that the line xtl =y;3:zT2 and %:y_h;:% are coplanar %
-3 ¥

Find the equation of the plane containing these lines
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THE PLANE (XII, R. S. AGGARWAL)

E A

3 2
=x=Ay=-34+T, 2=24-7=(xi +)j+2k)=(7j-7k)+A(i -3] +2k)

The given first line is, ? y-1_z+7

:>F=(7}-71?)+A(f-3}+2£) .. ()

and the second given line is
¥l y=3 z%+2
-3 2 1

:(xf+_-,§+z§): (—f+3}—2§)+,u(—3f+2}+§)

=p=>x=3u-1 y=2u+3, z=p-2

:>F=(—f+3}—2£)+,u( --3§+2}+12) )
For coplanar, (7, —F,).(, xm,}=0

=>(% —7) =(~7 +3]-2k)~(7]-Tk) (<i - 4]+ k)

- ~

i j k
. s A3 21 |1 2] 841 3
=>(mxm,)=|1 =3 2|=i — I+k
-3 2 1

=i (-3=4)- ] (1+6)+k(2-9) = (77 - 7] - Tk)
Now; :(-f-4}+5k")A(—7f-7j*w?)=0:> 7+28-35=0=7-7=0=0=0
Hence, the given lines are coplanar and for required equation,
(F=F).( <) = 0= — (7] <Tk)} (<7 =77 =Tk} =0
£ (=70 =7 - 7k)~ (7]~ 7). (-7 _7}4?12) =0
:>F(~7f-7}—7§)—(—49+49)=0
=77 -7j=7k)=0 =7 (i +j+k)=0
On Cartesian equation :>(xf+y}‘+zﬂ). f+."+k‘) =0=>x+y+z=0
Hence. the required equationis, x+y+z=0

y-3 =z x-4_y-1_z

Show Mt thelige > 22> _ % i
1 - =) =1 N

Also find the equation of the plane containing these lines

We know that the lines Fh N T and Fh W a4

are coplnar
L b G L b, & P @

2 0 ’\O
%% W 5% &
it a b ¢ |=0 @6 O

are coplanar
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=1 -1 -1|{C, —=>C,+C,
1 -2 -1

il +R,-R,
=S 1 @ {2’ }i, R-}
'|+ =
R |
-1 2
= =-2#0
1 0

Hence the lines is non coplanar

Find the equation of the plane which contains two parallel lines given by x—;% = =

x-4 y-3 g2
1 -4 9
The plane which contains the two given parallel lines must pass through the point (3, —2, 0) and
(4, 3, 2) and must be parallel to the line having direction ratio 1, —4, 5
Any plane passing through (3, -2, 0)is
a(x=3)+b(y+2)+c(z-0)=0 - (1)
If this plane passes through the point (4, 3, 2) then
a(4-3)+b(3+2)+e(2-0)=0
= a+5b+2c=0 - (i)
If the plane (i) is parallel to the line having direction ratio 1, —4, 5 then
a-4b+5¢=0 - (i1i)
cross multiplying (ii) and (iii) we get
g & ¢
BB 2-5 A4-5

a=114,b=-4,c=-34
putting the value of a, b, ¢ in equation (I) @
11A(x=3)-A(y+2)-34(z—-0)=0 0 . O
=11x-33—-y—-2-3z= 6
=>1lx-y—-32-35=0 @
=1lx—y-3z=35 Qg Q
required equation of the plane %\(b %.
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THE PLANE (XII, R. S. AGGARWAL)

Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

Very small answer Questions
Find the direction ratios of the normal to the plane x+2y -3z =

The direction ratios of the normal to the plane x+2y -3z =5 are 1,2,-3
Find the direction cosines of the normal to the plane 2x+3y—z =

The given planeis 2x+3y—z =

Direction ratios of the normal to the given plane are 2,3,—1 and 1/23 +3 +(—1)3 =14
Hence the required direction cosines are N e
T2 hia s

Find the direction cosines of the normal to the plane y =3

Direction ratios of the normal to the plane are 0,1,0 and V0° +1° +0° =1
Hence the required direction cosines are 0,1,0
Find the direction cosines of the normal to the plane 3x+4=0

3x+4=0 :>vx=;
&

Direction ratios of the normal to this plane are —1,0,0 and ,/(—1)2 ¥0'+0° =1

Hence the required direction cosines are —1,0,0

Write the equation of the plane parallel to XY plane and passing through the point (4,-2, '3)

Any plane parallel to XY planeis z =

Since it passes through (4, -2, 3), we have 3=k

Hence the required equation of the planeis z =3

Write the equation of the plane parallel to YZ plane and passing through the point (=3,2,0)

Any plane parallel to YZ planeis x =4

Since it passes through (-3,2,0) we have 3=k

Hence the required equation of the planeis x =-3

Write the general equation of a plane parallel to the x-axis

Let the required equation of the plane be ax+by+cz+d =0

The d.r.’s of this plane are a,b,¢

The d.r.’s of the x-axis are 10,0

Normal of the required plane is perpendicular to the x-axis

s (ax1)+(bx0)+(cx0)=0=a=0 0 -

Hence the required equation is by +ca+d =0 6

Write the intercept cut off by the plane parallel to the x-axis @

2t y-z=5 >t Lt =] K‘b Q
Bl o

: &

S
", intercept cut of by the given plane on the x-axisis — o
ep y the given pl - O o)
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Write the intercepts made by the plane 4x -3y +2z =12 on the coordinate axes

4 (3y) 22 . _ x y z_,

12 12 12 3 4 6
Hence the required intercepts are 3,-4.6

4x-3y+22=12 =

Reduce the equation 2x -3y +5z+4 =0 to intercept form and find the intercepts made by it on the
coordinate axes
The given equation may be witted as —2x+3y—-5z=4

— (—2X)+3_y+(_52)=1 :)i.{.l-{--i:l

4 4 4 =2 4 4
3 5
4 -4

. the required interecepts arc —2,3,?

Find the equation of a plane passing through the points 4(a,0,0) , B(0, b,0) and C (0, 0,c)
The equation of plane passing through the points 4(a,0,0),8(0,5,0) and € (0.0, 0)
Clearly the plane cut its intercepts on the co-ordinate axes are a,b and crespectively

Hence required equation of plane is Fgpla Sy

a b c
Write the value of k for which the plane 2x—5y+kz=4 and x+2y—z=6 are perpendicular to each
other
Clearly the normals of the given planes are perpendicuarl to each other

S(2xD)#(=5)x2+kx(-1)=0 = k=(2-10)=-8
Find the angle between the planes 2x+ y-2z=5 and 3x-6y-2z=7

D.r.’s of normals to the given planesare 2,1,-2 and 3,-6,-2
- cosf = PR AEH (BRI

[,)21 + P 4(-2) }{ 3% +(-6)° +(—2)'}
4 4

4 N
) G =)

Find the angle between the planes 7 (f+}) =1 and F-(f +}:) =3

Given planes are x+1=1 and x+z=3
The d.r.’s of normals to these planes are 1,1,0 and 1,0,1

- |(1x1)+(1x0)+({}x1)| - 1 1

.. cosf = — =——sp=Z @
(W +02}{le+03 ) (VExl2) 2 3 O .\Q
Find the angle between the planes 7 -{3? - 4} +5£) =0 and F-(Zf —}'—2§) =7 @6 (bé
The given planes are 3x—4y+5z=0 and 2x—-y-2z=7 &6 Q&
The d.r.’s of normals to these planes are 3,-4,5 and 2,-1,-2 \(b %_
cos&':{\/ |(3x2)+(—4)><\;—1)+5x(—2)| =0:>9=% OQ% &Q
3 4 (-4) +5’-}{ 7+ (1) +(-2)3} :
A 0
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THE PLANE (XII, R. S. AGGARWAL)

Find the angle between the line x;] =Xz ;3 and the plane 10x+2y—11z=3

D.r.’s of the given line are 2,3,6
D.r.’s of the normal to the given plane are 10,2,-11

|(2%10)+(3x2) +6x(-11)|

{m}i\/(lo): +7 +(—11)2}

..sinf =

- 40 40

__%0 8
W) ) 2

Find the angle between the line 7 =(f+}—2£)+»’t(f—}'+f£) and the plane F-(Zf—_}#l;) =4

N
- @ =sin"" (il
21)

Give lineis F=d+Ab and givenplaneis 7-7i=p
|G| |(F-7ek)(2F k)
|5 || il {le F(—1)" 412 }{Jf +(-1)° +13}

=|(2x1}+(-1)x1x1| _ 4 {4 JE] 22 :>9=sin"(&]
3

(V3 x+6) TR E R

sinf =

Find the value of 4 such that the line x; s y;] =z 1 { is perpendicular to the plane

3x—y—-2z=17
D.r.’s of the given line are 6, 4,4
D.r.’s of normal to the given plane are 3,—1,-2

Given line is parallel to the normal of the plane .. %z il = i; = A==2

Write the equation of the plane passing through the point (a, b,c) and parallel to the plane

F —(f 95 !;] =12

Given planeis (xf+y}' +z§)-(f+}+£) =2 S¥y+e=2

Let the required plane be x+ y+z =4, where kis a constant

Since it passes through (a.b.c) we have k =(a+b+c)

So, the required planeis x+ y+z=a+b+e

In vector form it is given by F-(f+}+.{:)=a¢b+c 0 . O@
O

Find the length of perpendicular drawn from the origin to the plane 2x -3y +6z+21=0

2x0-3x0+6x0+21
We have p=| = - *X |=1=2=3 units %
V2 +(3) +6 V49 7 eﬂ Q
Find the direction consines of the perpendicular from the origin to the plane 7 &\ ’\f— 2};%: 0

The given equation is 7 -(—6? +3]+ 2!?) =1 . 0 (&

R
NS
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D.r.’s of normal to the plane are —6,3,2 and 1{(—6)2 +3° 422 =/49=7

. d.c.’s of normal to the plane are _—6,33
7 A |

Show that the line r = (431 - 7}’;) + 1(45 - 2}' +3fc‘) is parallel to the plane 7 -(Sf - 3}‘~4l;) =7
Given lineis 7 =d+ Ab, where b = (4?—2}+3ﬁ:)

D.r’s of the line are 4.-2.3

Given planeis 7 -1 =a, where ri= (5; +4)- 45.:)

D .r’s of the normal to the given plane are 54,4

So, the given line will be parallel to the given plane when this line is perpendicular to the normal to the
plane

Hence we must have (4x5)+(-2x4)+3x(-4)=0 which istrue
Find the length of perpendicular from the origin to the plane 7 -(21? —3}+ 6k) +14=0

We have 7 -(—2f +3j- 61:') =14

Here /i = (27 +3] —6k) and || =J(-2)" +3° +(-6) =7
7 14 o= 14
Tl gl
Hence the length of perpendicular from origin to the given plane is 2 units
AN, 4\
e L

—=2

Find the value of 4 for which the line l is parallel to the plane

'r'-(2i’+3j'+4f?) =4
Clearly, the given line must be perpendicular to the normal to the given plane
D.r.’s of the given line are 2,3 4

D.r.’s of the normal to the given plane are 2,3,4

 (2%2)+(3x3)+(Ax4)=0 = 41=-13= ,1=‘TI3

Write the angle between the plane x;l = = ”;3 and the plane x+y+4=0

D.r.’s of the given line are 2,1,-2
D.r.’s of the normal to the given plane are 1,1.0

(2x1)+(1x0)+(-2)x0  (2+1+0) _ _z <
{,/23+13+(m2)3}{\/13+13+02} (o)(v2) 3~/_ J- 60 s\\o

Write the equation of a passing through the point (2,—,1, l) and parallel to the plane 3x +% X &(b

C.osinf =

Let the required equation of the plane be a(x—2)+b(y+1)+¢c(z-1)=0 (&
Here a=3,b=2 and c=-1 6\'
So, the required equation of the plane is &Q

3(x-2)+2(y+1)-1:(z-1)=0=>3x+2y—-z=3 ‘\\\0 @fb


http://cbs.wondershare.com/go.php?pid=5239&m=db



