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THE MATH EXPERT

NCERT Solutions Class 12 Maths Chapter 11

Three dimensional Geometry

Question 1:

If a line makes angles 90°,135%,45% with X,y and z—axes respectively, find its direction
cosines.

Solution:

Let direction cosines of the line be /. and n.

Hence,
I=c0s90°=0
LA
m = cos135° = cos (90°+45°) =—sin45 . 2
1
n=cos45°=$
1 1

Thus, the direction cosines of the line are " V2 and \2

Question 2:

Find the direction cosines /,7 and n of a line which makes equal angles with the coordinates
axes.

Solution:

Let the direction cosines of the line make an angle o with each of the coordinates axes.
Hence,

[ =cosa
m=cosa

n=cosa
Since, 1> +m* +n* =1

Hence,
= cos’ o +cos’ @ +cos’ o =1

=3cos’a=1

2 1

=cos o =—

3
:>cosoc—+i
)
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4

Thus, the direction cosines of the line, which is equally inclined to the coordinate axes, are

+

tol-
£l

1
+— .+
A3

3 and

Question 3:
If a line has the direction ratios —18,12,—4  then what are its direction cosines?

Solution:
If a line has direction ratios —18,12,—4 | then its direction cosines are
o 18 _ 18 _-18_-9
JE18) +(12) + (-4 V484 22 11
12 12 12 6
m= = = =
JEI8Y +(12) +(—4y V484 22 11
4 b4 4 -

TGy sy () Jasd 2 11

-9 6 -2
Hence, the direction cosines are 11 11and 11 .

Question 4:

Show that the points (2’3’4)=(”1’”2=1)9(5>8’7) are collinear.

Solution:

Given points are 4(2,3,4),B(-1,-2,1) apq C(5.8,7).

As we know that the direction cosines of points,

(x.32) and (%:32:2) are given by (£,=%).(%2=2) and (22-2) .

Therefore, the direction ratios of AB are

(_1”2)*(_2“3) and (1_4)
= -3,-5 and -3

The direction ratios of BC are

[5_(_1)]’[8‘(_2)] and (7_1)

= 6,10 and 6
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It can be seen that the direction ratios of BC are —2 times that AB i.e., they are proportional.

Hence, AB is parallel to BC. Since point B is common to both AB and BC, points A, B, and C
are collinear.

Question 5:

Find the direction cosines of the sides of the triangle whose vertices are (3.5.4).(-1.1.2) and
(-5.-5,-2)

Solution:

Vertices of the triangle are A(3,5,-4),B(-112) apq C(-5,-5,-2)
The direction ratios of the side AB are

(_1_3)a(1_5) and [2’(_4)]
= —4,—4 and 6

Hence, the direction cosines of AB are

f o - T

JEay (-4 (o) V8 217 17
. -4 g

R Y Y Ty C RN AN
6 6 6 3

I 2T

The direction ratios of BC are

[_5("1)]’("5_1) and (_2_2)
= —4,-6 and 4

Hence, the direction cosines of BC are

—4 I R (R
oy Ve 207

~ —6 6 6 -3
B T I
—4 -4 -4 2
S G ey s 2T

The direction ratios of CA are
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(-5-3),(-5-5) and [2-(-4)]

= —-8,-10 gnd 2

Hence, the direction cosines of AC are
8 -8 -8 -4

z3= = — = =
Jesy +(0) (2 V68 2Va2 a2
= ~10 _-10 _-10 -5
. JE82+(102+ (22 V168 2J42 Va2
2 2 2 1

B0 er Viss 22 Vi

Thus, the direction cosines of the sides of the triangle are

[J%’J%’\/%J{J%’J%’J%} and (\/—412’\/_:_2’\/31_2]
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EXERCISE 11.2

Question 1:

Show that the three lines with direction cosines 13713 713" 13713713 13" 13 "13 are mutually

perpendicular.

Solution:

Two lines with direction cosines %>/ and %-",:1, are perpendicular to each other, if

LL+mm,+nn, =0
12 -3 4 4 12 3

For the lines with direction cosines, 13”1313 and 13713713, we get

12 4 (-3) 12 (-4) 3
!1£2+nz,m2+nlnzz—x—+[—jx—+[ ]x

1313 \13) 13 \13) 13
48 36 12

169 169 169

=0

Hence, the lines are perpendicular.

4 12 3 3 -4 12

For the lines with direction cosines, 13713713 and 13713 '13, we get

4 3 12 (-4 3 12
!,!2+m1m2+n1n2=ﬁ><§+13x E E ﬁ
_12 B 48 9 36
169 169 169
=)

Hence, the lines are perpendicular.

3 412 12 -3 -4

For the lines with direction cosines, 13°13 13 and 13" 1313 , we get

3 12 —4 -3 12 -4
L, +mm, +nn, = E X E + E ¥ E -+ E X ﬁ

_36 1248
169 169 169
=0

Hence, the lines are perpendicular.
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So, the all three lines are mutually perpendicular.

Question 2:

Show that the line through the points (1,-12),(3,4,-2) i perpendicular to the line through the

points (0.3.2) and (3.5.6)

Solution:

Let AB be the line joining the points (L-12) and (3.4, _2); and CD be the line through the

points (0.3.2) ang (3.5.6)

Hence,

If, ABLCD; = aa,+bb,+cc,=0

Here,

aa, +bb, +cc, =2x3+5x2+(—4)x4
=6+10-16

=0

Hence, AB and CD are perpendicular to each other.

Question 3:

Show that the line through the points (4.7,8).(2,3,4) i parallel to the line through the points

(-1,-2,1),(1,2,5)

Solution:

Let AB be the line through the points (4.7.8) and (2’334); CD be the line through the points

(—l,—2,l) and (l= 2’5).

Hence,
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a=(2-4)=-2
b=(3-7)=—4
¢ =(4-8)=—4

bz-[Z—(—2) =
cz=(5—1)=4
LA
If, ABLCD; a b, ¢
Here,
a_~2_ 4
a, 2
b4
b, 4
.4
c, 4
:}& ﬁ_ci
a, b ¢

Hence, AB is parallel to CD.

Question 4:
Find the equation of the line which passes through point (L2.3) and is parallel to the vector
3 +2f-2k

Solution:

It is given that the line passes through the point A(1,2,3),
Therefore, the position vector through A(1,2,3) i
a=i+2}+3k

-’ -~ -~ -~
b=3i+2j-2k

So, line passes through point A(1,2,3) and parallel to b is given by F=atib , where []1s a
real number.

Hence,
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r=i+2j+3k+A(37 +2]-2F)

This is the required equation of the line.

Question 5:
Find the equation of the line in vector and in Cartesian form that passes through the point with

~

positive vector 27 — j+4k and is in the direction i +2j—k

Solution:
It is given that

- = A
a=2i—j+4k
ﬁ - ~ ~
b=i+2j—k

. . . g = :
Since, the vector equation of the line is given by » =a + b, where A4 is some real number.

Hence,
- -

r=2i—j+4k+A(f+2]-k)

Since, 7 is the position vector of any point (*.7.2) on the line
Therefore,

xf—y}+zf;=2f—}+41€+x1(f+2}—1;)

=(2+A4)7+(-1+24) j+(4- 1)k
Eliminating [/, we get the Cartesian form equation as

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

—
Thus, the equation of the line in vector form is "~
x=2 y+1 z-4
cartesian formis 1 2 -1

25—}+4k"+z(f+2}—§) and

Question 6:

Find the Cartesian equation of the line which passes through the point (-2.4.-5) and parallel
x+3 y—-4 z+8

to the line given by 3 5 6

Solution:

It is given that the required line passes through the point (-2.4.-5) and is parallel to
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x+3 y—4 z+8

3 5 6

Therefore, its direction ratios are 3k,5k and 6k, where k =0

It is known that the equation of the line through the point (x.31:2) and with direction ratios
X=X _Y=» _zZ7%
a,b,c is givenby a b ¢

Hence, the equation of the required line is

x+2 y-4 z+5
— = C—

3k 5k 6k

x+2 y-4 z+5

= =k
3 5 6
x+2 y—-4 z+5
Thus, the cartesian equation of the lineis 3 5 6
Question 7:
x-5 y+4 z-6
The Cartesian equation of a linei1s 3 7 2 . Write its vector form.
x=5 y+4 z-6
It is given that the Cartesian equation of the line is 3 7 2
Hence,

The given line passes through the point (5,-4.6)

Therefoe,

= - " -
The position vector of the point is @ =5 =4+ 6k

Also, the direction ratios of the given line are 3,7 and 2

This means that the line is in the direction of the vector, b =37 +7j+2k

As we known that the line through positive vector a and in the direction of the vector b is

. . = = =7
given by the equation, ¥ =a+2Ab; AR

Hence,
== (57 4] +6F)+ A (31 + 7] +2F)
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This is the required equation of the given line in vector form.

Question 8:
Find the vector and the Cartesian equation of the lines that passes through the origin and

(5-2.3),

The required line passes through the origin.

Therefore, its position vector is @ =0 (1)

The direction ratios of the line passing through origin and (5.-2.3) are
(5-0)=5
(2-0)=-2
(3-0)=3

Hence, the line is parallel to the vector given by the equation, b =5i =2 +3k

The equation of the line in vector form through a point with position vector a and parallel to
b 1is,

- -
=r=a+Ab;, LeR

= =0+ (5 ~2]+3#)

= r=A(57-2j+3F)

The equation of the line through the point (%1572 ), and direction ratios 4.b.¢ is given by,

X=X _Y=h_z2-%

a b c

Hence, the equation of the required line in the Cartesian form is
x-0 y-0 =z-0
= == —]
5 -2 3
¥

-

=

W | M

x
5

Question 9:
Find the vector and the cartesian equations of the line that passes through the points

(3,-2,-5),(3,-2,6)
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Solution:

Let the line passing through the points, P(3,-2.-5) and Q(3.-2.6) pe PQ. Since PQ passes

through P(3,-2,-5) , its position vector is given by
a=3-27-5k

The direction ratios of PQ are given by
(3-3)=0
(-2+2)=0
(6+5)=11

The equation of the vector in the direction of PQ is
b=07-0]+11k
=11k

The equation of PQ in vector form is given by,

r=a+Ab, LeR
— (3 -2 +5k)+112k

The equation of PQ in Cartesian form is

i) (U s T
a b g
k=3 342 =45
5 2 3

=

Question 10:
Find the angle between the following pairs of lines:

- - ~ ~ ~ ~ ~ - - I ~ ~ ~
0 r=2£—5j+k+l(3i+2j+6k) ond r=7i-6k+,u(i+2j+2k)

= S ~ P A e % ot L
(ii) r=3z‘+j—2k+2.(i—j—2k) andr=2i—j—56k+u(3f—5.f—4k)

Solution:
Let [ be the angle between the given lines.

Then the angle between the given pairs of lines is given by

-
b,.b

fos =
i
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() The given lines are parallel to the wvectors,
respectively.

Therefore,
|Z;]=v‘32+22+62 =49 =7
—’
|| = V12 +2° 422 =9 =3
—-—
b.b, =(3i+2j+6k).(i+2j+2k)
=3x1+2x2+6x2

=3+4+12
=19

Hence,

--

b.b,
i |
19| 19
7x3| 21

0 =cos' [EJ
21

Bos =

Bos =

—

b=3+2j+6k and b =i+2j+2k,

(i) The given lines are parallel to the vectors, & = i—j—2k and b, =3 -5]—4k , respectively.

Therefore,

8]= Y + (1Y +(2) =6
o] =) + () () =50 =52
b_:b:;(f—}—zk").(sf—s}—&)
=1x3- lx(—S)—2><(—4)

=3+5+8
=16

Hence,
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Yy

6os = 2
i o]

Bos = 16 =‘ 16 |=| 16 |
(V6).(5v2) V243.542 [1043]

Bos = i
5V3

o)

Question 11:

Find the angle between the following pair of lines:
x=2 y-1 z+3 x+2 y—-4 z-5

G 2 5 -3 and -1 8 4

z x=5 y-2 z-3

1 and 4 1 8

x_JY_
i) 2 2

Solution:
-, _, x=2 y-1 z+3
 Let & and P be the vectors parallel to the line pair of lines 2 5 -3 and

x+2 y—-4 z-5
-1 8 4 respectively.

Hence, 5225"'5}'—372 and b_;z—i+8}‘+4}§

Therefore,

)= 2y + () (=3 =38

Ib.] = (1) + (8 +(4)' = B1=9

bb, = (21 +5]-3k).(~F +8] +4F)
= 2x(—1)+5x8+(—3)x4

=-2+40-12

=26
The angle [ between the given pair of lines is given by the relation,
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-

Bos = -
o

bos —| 26 |_ 26
V38x9| 9438

8 =cos™ (—26 ]
938

- — r_y_:2
(i) Let & and 2 be the vectors parallel to the given pair of lines 2 2 1 and
x=5 y-2 z-3
4 1 8 , respectively.
Therefore,
6] = J@? @7 + (7 =B =3
|b_;| = (@) + (1) +(8)* =\/81=9
= . " = . 2
bb, =(2i +2j+k).(4f +j+8k)
=2x44+2x1+1x8
=8+2+8
=18
—-
Bos = Bo ‘
If [ is the angle between the pair of lines, then |b‘ ‘|b2
—-—
fos = b.b
|
bos = 18 = 4
3x9] 3
0 =cos™ (EJ
3
Question 12:
1-x Ty-14 z-3 T7-7x _y-5 6-z
Find the values of p so the line 3 2p 2 and 3p 1 5 are at right

angles.
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Solution:
l-x _ Ty—14 _ z—3
The given equations can be written in the standard form as 3 2p
7-7x _y-5 6-z
3p 15

The direction ratios of the lines are given by

2p
=-3.b =
“ ] 7 and Cl_2
_3p
a,=—=—,b, =1
: 7t . and &, =5

Since, both the lines are perpendicular to each other,

Therefore,
aa,+bb, +cc,=0

(—3)>{_3'TP]+[27P}<1+2>< (-5)=0

11p=10%7
70
1
70
Hence the value of © 11

P

Question 13:

X5 _y+2_z X _y_Z
Show that the lines 7 -5 land 1 2 3 are perpendicular to each other.
Solution:
x=5 y+2 =z X _ y_ z
The equations of the given lines are 7 -5 land 1 2 3

Here,
a|=7,b|=_5 and Cl=1
a2=1,r52=2 and C2:3
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Two lines with direction ratios, %-%,¢ and %.5,,¢; are perpendicular to each other, if
a,a,+bb, +¢c, =0

Since,
Tx1+(-5)x2+1x3=7-10+3
=0

Hence, the given lines are perpendicular to each other.

Question 14:
Find the shortest distance between the lines

re(fr2j k) e a(i-jrk) g r=2i—j-k+ (28 + ]+ 2k)

Solution:
Given lines are ;’z(°+2j+;;)+g(f“}+;;] and ?zgf_j_£+p(2f+}+2£)
Hence,

a_,’=(f+2j’+!;) and !;,'z(f—}#i;)

-3 -

a,=(20=F—k) g b =(2F+]+2K)

- - 7l - - =7
Shortest distance between the lines =@ +4b and © =@, + b, is given by,

(b"‘bzl'(f%"“_")I (1)

T o

Here,

a,-a,=(2 - j-k)-({ +2] +k)=i -3j-2k

j ok
-1 1
2

I~ —_— .
o

[Bx by = (-3 +(3)°
=\9+9
=18
=32
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Putting all the values in equation (1), we get

(-3i +3£).(f—3j—2)€)‘
32 ‘

-31+3(-2)
3V2 |

-0

T3\2

‘:7 &lm &) w
SIS

M ‘

32

Hence, the shortest distance between the two linesis 2  units.

Question 15:

x+1 y+1 z+1 x-3 y-5 z-7
Find the shortest distance between the lines 7 -6 1 and 1 -2 1
Solution:
x+1 y+1 z+1 x=3 y-5 z-7
The given lines are 7 -6 1 and 1 -2 1
The shortest distance between the two lines,
X=x _Y-y_z—5 A=X% _ Y=V _2z2—5
@ b ¢ and & b, ¢, is given by,
X=X M=V 35
a, b €
a b c
d — 22 2 - 2 — e (l)
J(blc:a —bzcl) +(c]a2 —czal) + (all_‘;'2 —azbi)
Here,
x=-Ly=-1z=-13nd x,=3,5,=52,=7
a =7,b| 2_6,'0' =1 and a, =1,b2 =—2, c, =1
Hence,

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

L% »=h 5H-n 4608

q, b, ¢ |=|7T -6 1
a, b, & 1 =2 1
=4(-6+2)-6(1+7)+8(-14+6)
=-16-36-64
=-116
Also,

J(be,~ba) +(aa,—c,a ) +(ab,—ab) =\(-6+2) +(1+7) +(-14+6)
=16+36+64
=116

Putting all the values in equation (1), we get
- —116
V116
=—/116
=-2429
|d| =229

Therefore, the distance between the given lines is 2329 units.

Question 16:
Find the shortest distance between the lines whose vector equations are

(i 42+ 3k)+ A (I-37+2k) g ;9=4f+5j+6!;+p(25+3}+kn)-

Solution:

The given lines are " r=(f+2j+3k)+ A (F-37+2K) g ?=4f‘+5j+612+p(2f+3}+£)

Hence,
a=(i+2]+3k) g o ( 37+2F)

a, =(4f+5}+6k) and b (2; +3;+k)

- — el - — =
Shortest distance between the lines =@ + b and © =4, + 1b, s given by,

= bXbl 3 _))I won{)

Here,
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—

a; -y = (41 +5]+ 6k) (i + 2] +3k) =31 +3] + 3k

iJ
1 -3
3 3

—

b, x

1

Q'Jv
I

= 9 =

=(-3-6)7 —(1-4) j+(3+6)k
=9/ +3]+%

b xﬂ JEO) +(3) +(9)
= J81+9+81

=171
=319

Putting all the values in equation (1), we get

(-9?+3}+9£).(3f+3}+31§)|
4= 3J19 ’
|-9%3+3x3+9x3|
B 319 |
_ |29+ 27
RN ‘
|9
imT
3
~Jo

Hence, the shortest distance between the two lines is V19 units.

Question 17:

Find the shortest distance between the lines whose vector equations are
— ” - ~ bl - ~
r=1-0i+(t-2)j+(3-20)k 5pq v =(s+1)i +(2s-1) j-

Solution:

- - o i - - 5

The given lines are ” =(1-t)i +(t-2)j+(3-2t)k gpq r=(s+1)i +(25-1) j-
e =545 S B = (Y o if R
i, 7 (=274 3k)e(F 4 j2k) gpq = (T Te k) s(i 27 -26)

Hence,
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ay=(i-2j+3) yoq b= (- +7-2)

—

ay=(F=7 k) gnq b2 =(F+27-2F)

e e - = =
Shortest distance between the lines =@ + b and © =a, + 1, is given by,

(i)

d= s (1
e | Y
Here,
a 51'“(?—1—1{")—(5-2}+3fé)=}—4£
bxb=-1 1 -2
1 2 -3
=(2+4)1-(2+2) j+(-2-1)k
=2i-4;-3k
- -
bixy| = (2) +(=4)" +(-3)
=J4+16+9
=29

Putting all the values in equation (1), we get

(25—4}—31’5].(}—4&”

8
Hence, the shortest distance between the lines is +29 units.
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EXERCISE 11.3

Question 1:
In each of the following cases, determine the direction cosines of the normal to the plane and
the distance from the origin.

@)z=2 @)x+y+z:l

(c) 2xt3y-z=5 (d) 5y+8=0

(a The equation of the plane is z=2 or 0x+0y+z=2 sl
The direction ratios of normal are 0,0 and 1.
Therefore,

NO* +0%+1° =1
Dividing both sides of equation (1) by 1, we obtain
0x+0y+1z=2

This is of the form x+my+nz=d  where /,m,n are the direction cosines of normal to
the plane and d is the distance of the perpendicular drawn from the origin.

Hence, the direction cosines are 0,0 and ! and the distance of the plane form the origin
is 2 units.

(b) x+_}7+z=l .(1)

The direction ratios of normal are 1,1 and 1.
Therefore,

Dividing both sides of equation (1) by V3 , we get
1 1 ] ]
—X+—F—=yV+—=z2=—"F
B3BTOBB

This equation is one of the form x+my+nz=d where [,m,n are direction cosines of
normal to the plane and d is the distance of normal from the origin.

11 1
Hence, the direction cosines of the normal are V373 and V3 and the distance of normal
1

form the origin is V3 units.
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(C) 2x+3y_225 .(].)
The direction ratios of normal are 2.3 and —1.
Therefore,

J@F +(3) + (1) =Via

Dividing both sides of equation (1) by V14 | we get
Z 3 1

5
X+ y— z=
JieT JiaT Vet e

This equation is one of the form x+my+nz=d where [,m,n are direction cosines of
normal to the plane and d 1is the distance of normal from the origin.

-1

2 3
Hence, the direction cosines of the normal are V14714 and V14 and the distance of
5

normal form the origin is J14 units.

(d) Sy+8=0
= 0x+5y+0z=8 (1)
The direction ratios of normal are 0,5 and 0.
Therefore,

Dividing both sides of equation (1) by 5, we get

0x+y+022§

This equation is one of the form x+my+nz=d where /,m,n are direction cosines of
normal to the plane and d is the distance of normal from the origin.

Hence, the direction cosines of the normal to the plane are 0,1 and 0 and the distance of
8
normal form the origin is 5 units.

Question 2:
Find the vector equation of a plane which is at the distance of 7 units from the origin and

normal to the vector 3i +5] —6k .
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Solution:

- - A ~
The normal vector is, 7 =3i +5; —6k

7 3+5j-6k  3i+5)-6k

=

W Jor+6r+ey ¥

The equation of the plane with position vector ris given by, rii=d
Hence,

= 3 +5)—6k
L V70

Question 3:
Find the Cartesian equation of the following planes:

(@) ar_.)(°+j—l§)=2

) P28 +37-4k) =1

(c) ;I[(S‘Z’)f+(3—f)f+(2s+t]£]=15

Solution:

(a)

(b)

(©)

Given equation of the plane is
—n oA A
r(i+j-k)=2 .1
For any arbitrary point, © (%.3.2) on the plane, position vector ris given by,
rexi+yi—zk
Putting the values of rin equation (1) , we get
(xf+ﬁ—z£).(f+}—£)=2
=>x+y—z=2
P28 +3j-4k)=1  ..(1)
For any arbitrary point (%.3.2) on the plane, position vector s given by,
r=xi+yi—zk
Putting the values of 7 in equation (1) , we get
(x§+y}-z£).(2f+3j—4k“)= I

= 2x+3y—-4z=1

r(s-20)i +(3-1)j+(2s+0)k]=15  ..(1)

For any arbitrary point, (¥.3.2) on the plane, position vector ris given by,
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F = xf ) — 2k

Putting the values of rin equation (1), we get
(xf+y}—zﬁ?).[{s—2t)f+(3—r)‘}'+(25 +r)ﬂ: 15
=(s-2t)x+(3-t)y+(2s+1)z=15

Question 4:
In the following cases, find the coordinates of the foot of the perpendicular drawn from the

origin.

(a) 2x+3y+4z-12=0
(b) 3y+4z-6=0

(c) x+y+z=1

d Sy+8=0

(a) Let the coordinates of the foot of perpendicular P from the origin to the plane be (%:31,7)
2x+3y+4z-12=0 ..(1)

The direction ratios of normal are 2,3 and 4
Therefore,

J@2) +(3) +(4) =29

Dividing both sides of equation (1) by V29 , we get
12

2 X + 3 v+ i Z= (2)
V290 297 290 20

This equation is one of the form x+my+nz=d  where [,m,n are direction cosines of
normal to the plane and d is the distance of normal from the origin.

The coordinates of the foot of the perpendicular are given by (ld,md,nd )

Hence, the coordinates of the foot of the perpendicular are
[ 2 12 3 12 4 12 j

(24 36 48)
j. —_—— —

29729729

(b) Let the coordinates of the foot of perpendicular P from the origin to the plane be (x.31.2,)
3y+4z-6=0 A1)
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The direction ratios of the normal are 0.3 and 4.
Therefore,

NOP+32+4% =5

Dividing both sides of equation (1) by 5, we get
3 4 6

Ox+—y+—z=—
5

This equation is one of the form x+my+nz=d where [,m,n are direction cosines of
normal to the plane and d is the distance of normal from the origin.

The coordinates of the foot of the perpendicular are given by (id,md,nd )
Hence, the coordinates of the foot of the perpendicular are

X
[OXE,;XEHEXEJ

Let the coordinates of the foot of perpendicular P from the origin to the plane be
x+y+z=1 "{U

The direction ratios of the normal are 1.1 and 1.
Therefore,

Jay +(7 +(1) =3

Dividing both sides of equation (1) by V3 , we get,
1 1 ] ]
— Xt Yt—z=—F
BUBTB B

This equation is one of the form x+my+nz=d where [,m,n are direction cosines of
normal to the plane and d 1is the distance of normal from the origin.

The coordinates of the foot of the perpendicular are given by (id,md,nd )
Hence, the coordinates of the foot of the perpendicular are

[ 6 3 6 4 6]
Ox—,—x—,—x—
33 3.9 3

[ 18 24]
= 01_$_
23723
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(d) Let the coordinates of the foot of perpendicular P from the origin to the plane be

5v+8=0

= 0x—5y+0z=8 sl L)
The direction ratios of the normal are 0.—5 and 0.
Therefore,

02 +(-5)"+0=5

Dividing both sides of equation (1) by 5, we obtain

8
Ox—y+0z=—
d 5

This equation is one of the form x+my+nz=d where /,m,n are direction cosines of
normal to the plane and d is the distance of normal from the origin.

The coordinates of the foot of the perpendicular are given by (id,md,nd )

Hence, the coordinates of the foot of the perpendicular are
[Uxi,—l x§,0x§)
5 5 5

:(0,—30}
5

Question 5:
Find the vector and Cartesian equation of the planes

(a) that passes through the point (1.0.-2) and the normal to the plane is i+]-k
(b) that passes through the point (1,4.6) and the normal vector to the plane is [=2j+ k.

(a) The position vector of point (L0,-2) is a=7 -2k

The normal vector N perpendicular to the plane is /V = i+j—k
The vector equation of the plane is given by,

:>(r_’—a_j.;\_f"=0

:[?-(?—2:2)1.(%}—;2]:0 (1)

Since, r'is the positive vector of any point (%.7.2)in the plane.

Hence,
— n " ~
F=xi+ yj+zk
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Thus, equation (1) becomes

:>[(x-l)f+ﬁ+(z+2)i€].(1+}—E)=U
= (x-1)+y-(z+2)=0

g z—3=y

= x+y—z=3

— i b
(b) The position vector of point (L4.6) js a=i +4)+06k

The normal vector N perpendicular to the plane is N = i-2j+k
The vector equation of the plane is given by,

= —
:(r—a N=0

—%
ry—

= [ (i+ajrek)|(i-27+k)=0  ..(1)

Since, s the positive vector of any point (x.7.2) in the plane.
Hence,

ro= 3l + yitzk

Thus, equation (1) becomes
3[(xf+ﬁ+z£)—(f+4}+6£) (i-27+k)=0
=[(x-1)i+(y-4)j+(z-6)k].(i-2] +k)=0

2(x-—l)—2(y—4)+(z—6)=0
= x—2y+z+1=0

Question 6:
Find the equations of the planes that passes through the points.

@ (L1-1).(6.4.-5),(-4,2.3)
) (1L10),(12,1),(-2,2,-1)

Solution:

(a) The given points are A(1,1,-1),B(6,4,-5) and C(-4.2.3),
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O B
6 4 -5|=(12-10)-(18-20)—(-12+16)
-4 -2 3

=2+2-4

=0

Since, the points are collinear, there will be infinite number of planes passing through the
given points.

(b) The given points are A(1,1,0), B(1,2,1) apd C(-2.2,-1)

110
1 2 1 [=(2-2)-(2+2)
2 7 -l

=8

#0

Thus, a plane will pass through the points.

The equation of the plane through the points (%225 (%2 7252:) and (%7525 given
by

(x—x  y-y, =z-z
=(x%-x »-» 2-5]|=0
\x3 X Yi—=W Z—5
(x-1 y-1 =z

= 0 1 1 [=0

=3 1 -1

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

= —2x-3y+3z+5=0
=>2x+3y-3z=5

Question 7:
Find the intercepts cut off by the plane 2x+y—z=5

Solution:
2x+y—z=5
Dividing both sides of equation by 5, we get
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= Zx+2-Z=]
5 5 5

SN A S
5 5 -5
2

)CZZ_

The equation of a plane in intercept formis ¢ » ¢, where @0 and ¢ are intercepts cut
off by the plane at X.» and z—axes respectively.

Hence, for the given equation,

5
==,b=5
“ 2 and ¢=-5

5
=5
Thus, the intercepts cut off by plane are 2° and -5.

Question 8:
Find the equation of the plane with intercept 3 on the y-axis and parallel to ZOX plane.

Solution:
The equation of the plane ZOX is ¥ =0

Any plane parallel to it is of the form, ¥ =a
Since the y-intercept of the plane is 3,

Therefore, a =3

Hence, the equation of the required plane is ¥ =3.

Question 9:
Find the equation of the plane through the intersection of the planes 3x—y+2z-4=0 and

x+y+z-2=0 and the point (2.21),

Solution:
The equation of the given plane through the intersection of the planes 3x—y+2z-4=0 and
x+y+z-2=0 is given by

(Bx—y+2z-4)+a(x+y+z-2)=0; aeR (1)

This plane passes through the point (2,2,1),
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Hence, this point will satisfy equation
= (3x2-2+2x1-4)+a(2+2+1-2)=0
=243a=0

Sa=—
3

-2
. o =—. .
Putting 3 in equation (1), we get

:>(3x—y+22—4)—§(x+y+z—2)=0

=3(3x-y+2z-4)-2(x+y+2z-2)=0
=>9x-3y+6z-12-2x-2y—-2z+4=0
=>Tx-5y+4z-8=0

Question 10:

Find the vector equation of the plane passing through the intersection of the planes

i P 4 2 = q ~
r.(2:. +2J’“3k)=7, r.(Z: +5] +3k)=9 and through the point (21:3).

Solution:

=¥ . A 2 T A o\
The equations of the planes are j”'(21 g _3k) =7 and iP"(21 | +3k) =9

Hence,
:?(25+2}—3£)—7=0 enlid)

= (20 +5]+3F)-9=0 il2)
Equation of the required plane is given by
|72 +27-3k)-7| +a[rl2i +57+3k)-9|=0; 2eR
Therefore,
= r (2 +2]-3k)-7 +ar)(2i +5]+3k)-91=0
:>E’[(zf+2j—3£)+&(zf+5}+3£)]=9,1+7

=] (2+24)i +(2451) j+(34-3)k][=92+7  ..(3)

The plane passes through the point (2,1,3)

-3 ~ -~ Lo
Hence, its position vector is given by, 7 =2t + j+3k

Putting in equation (3), we get
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= (21 +j+3k) [ (2+24)7 +(2+52) j+ (3A-3) k1| =94 +7
=2(2+22)+(2+51)+3(34-3) =94 +7
= 4+4A+2+5A+94-9-9A -7 =0

=92-10=0
:J.:E
9
)L—IO

Putting =~ 9 in equation (3), we get
= r. §f+§}+§£]=17
9 9 9

= 7/(387 +68]+3k)=153

Question 11:
Find the equation of the plane through the line of intersection of the planes x+y+z=1 and
2x+3y+4z =5 which is perpendicular to the plane x—y+z=0,

Solution:

The equation of the plane through the intersection of the planes *+y+z =1 and 2x+3y+4z=5
is

= (x+y+z-1)+A(2x+3y+4z-5)=0
= (24 +1)x+(3A+1)y+(42+1)z—(54+1)=0 (1)

The plane in equation (1) is perpendicular to the plane x—y+z =0

Since the planes are perpendicular, @@ +bb, +¢¢, =0
Here,
a,=(24+1),b,=(32+1) nq ¢ =(44+1)
az =1,b’2 =-1 and Cz =1
Hence,
= (22 +1)x1+(32+1)x(=1)+(42+1)x1=0
=2A+1-3A-1+4A+1=0
=31+1=0
:>A=_T]
ks
_-!
Putting 3 inequation (1), we get
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Il
]

1 1 2
= —X+—z+=
3 3 3

= x—z4+2=0

Question 12:

=M. Y AR\
Find the angle between the planes whose vector equations are jr"(214‘2} —Bk)—S and

r(3-3j+5k)=3

Solution:

e o i 55 S
The equations of the given planes are iP"(21 s | ‘3’%) =3 and ir"'(31 3 +5k) =3

—_—

If 7 and " are normal to the planes, 7% =4, and 7"/, =4,

Then the angle between them 0 is given by,

e R
Here,
=27 +2]-3k ang m =3 -3} +5k
Hence,

e

o = (27 +2]-3k).(37 37 +5k)
= 2><3+2><(—3)+(—3)><5

I»EH Y +(2) +(-3) =17
m] =3 +(-3) +(5)’ = V&3

Substituting these values in equation (1), we obtain

0=cos™' i
i
=cos’' 5
J731

Question 13:
In the following cases, determine whether the given planes are parallel or perpendicular, and
in case they are neither, find the angles between them.

(a) 7x+5y+6z+30=0 and 3x—y-10z+4=0
(b) 2x+y+3z-2=0 and x—2y+5=0
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(¢) 2x-2y+4z+5=0 and 3x-3y+6z-1=0
(d) 2x-y+3z-1=0 and 2x—y+3z+3=0
(e) 4x+8y+z—-8=0 gnd y+z-4=0

Solution:

The directions ratios of normal to be the plane Li:ax+by+¢z=0 are a.b.¢ and
L :ax+by+c,z=0 gre a,,b,,c,

If,

(a)

cuemath

THE MATH EXPERT

a
Ll "'LZ; = Ll="1l=—1

a,

L 1L, =>aa,+bb,+cc,=0
The angle between L1 and L. is given by

0 =cos']|

‘a,a2 +bb, +cc,|

|\/‘al2 +b! "“Clz'\{“z2 +b' +¢ |
The equations of the planes are 7x+5y+6z+30=0 and 3x—y-10z+4=0

al :?,b] =5 and Cl =6
az =3,b2 =_l and CZ =—10

aa, +bb, +cc, =Tx3+5x(-1)+6x(-10)

Therefore, the given planes are not perpendicular.

a, 7

a 3

b _B_ .

b, -1

¢ 6 3

¢ -0 5
al

Bt B i
It can be seen that, ¢,
Therefore, the given planes are not parallel.

The angle between them is given by,
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aa, +bb, +cc,

8=COS*1 2 2 2 2 2 2
\/91 +b°+c; .\/02 +b +c,

7x3+5%(~1)+6x(-10) |
V) +(5) () ) +(-1)" +(-10)’
21-5-60
V1104110 ‘
—44
o

=cos™

—

=CoS

=cos”'

42
=Cc0s5 —
5

(b) The equations of the planes are 2x+y+3z-2=0 and x-2y+5=0

Here,
a,=2,b=1 gpd ¢, =3
a,=1,b,=-2 gnd ¢, =0
Hence,
aa, +bb, +cc, =2x1+1x(-2)+3x0
=2-2+0
=0

Thus, the given planes are perpendicular to each other.

The equations of the planes are 2x—2y+4z+5=0 and 3x-3y+6z-1=0
Here,

a,=2,b,=-2 gpnd ¢, =4
a,=3,b,=-3 gnd ¢, =6
Hence,
a,a, +bb, +¢,c; =2x3+(-2)x(-3)+4x6
=6+6+24
=36
=0

Thus, the given planes are not perpendicular to each other.

Also,
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(d)

(e)
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It can be seen that, ¢,

a, 2
a, 3
bl e P
)
¢ 4 2
¢, 6 3

2

£
3

Hence, the given planes are parallel to each other.

The equations of the planes are 2x—y+3z-1=0 and 2x-y+3z+3=0

Here,

Hence,

al =2’bl =_1 and Cl =3

az =2,b2 =_I and Cz =3

B B
a, 2
h_-1_,
b -1
L
6y o
b

Lo f

Therefore, 4 b,

Hence, the given lines are parallel to each other.

The equations of the given planes are 4x+8y+z—-8=0 and y+z-4=0

Here,

Hence,

Thus, the given lines are not perpendicular to each other.

Also,

al :4,b| :8 and C =1

azz(},bz=1 and szl

aa,+bb, +cc, =4x0+8x1+1
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&
a 0
b _8_g
b, 1
Bl by
¢ 1
L

It can be seen that, @ b, ¢
Thus, the given lines not parallel to each other.

The angle between the planes is given by,

aa, +bb, +cc, |

0=cos™ - -
Ja,z +b’ +¢ .\fa; +b, +c,

4x0+8x1+1x1 |

J@) +(8) +(1) xyJ(0) + (1) + (1)

=cos” —9—‘
o2
(1

ol

=45°

=cos™

Question 14:
In the following cases, find the distance of each of the given points from the corresponding

given plane.

Point Plane
a) (0.0,0) 3x—4y+122=3
(b) (3,—2,1) 2x—-y+2z+3=0
(c) (2,3,—5) x+2y—-2z=9
(d) (-6.0.0) 2x-3y+62z-2=0
Solution:

The distance between a point, (x:7:2) and a plane 4x+By+Cz+D=0 is given by,
p | 4x,+ By, +Cz, + D|

| i+ |

(a) The given point is (0,0,0) and the plane is 3x—4y+12z-3=0
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Therefore,
e 3x0+(—4)x0+12x0+(—3)|
V(3) +(=4) +(12)
|3 ’
V169
-
13
(b) The given point is (3.-2.1) and the plane is 2x—y+2z+3=0
Therefore,
e 2x3+(—1)><(-2)+2><1+3|
V@) +(-1)+(2)°
RiEl
Jo
13
3

(c) The given point is (2.3.-5) and the plane is *+2y—-2z-9=0
Therefore,

1x2+2x3+(-2)x(-5)+(-9)

JOY +(2) +(-2)°

(d) The given point is (76-0.0) and the plane is 2x-3y+6z-2=0
Therefore,
|pxCo)e()x0v6x01(2)

J(2) +(-3) +(6)

~14

o
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MISCELLANEOUS EXERCISE

Question 1:
Show that the line joining the origin to the point (2,11) i perpendicular to the line determined
by the points (3,5.-1),(4.3,-1)

Let OA be the line joining the origin 0(0.0,0) and the point A(2,11)
Also, let BC be the line joining the points, B(3.5,-1) and C(4.3.-1).

The direction ratios of OA are 2, 1 and 1 and of BC are (4 -3)= 1=(3 _5) =2 and (-1+1)=0

If, OA L BC= aa, +bb, +cc, =0
Here,
aa, +bb, +cic, =2x1+1(-2)+1x0
=2-2
=1

Thus, OA L BC proved.

Question 2:

If Zsmsm and L>my1, are the direction cosines of two mutually perpendicular lines. Show
that the direction cosines of the perpendicular to both of these are

mn, —myn,, ml,—nd, lm,—lLm,

L, +mm, +mn, =0 (1)
IP+m’+n’ =1 ..(2)
!22 +m}_2+nf = | (3)

Let /,m,n be the direction cosines of the line which is perpendicular to the line with direction

cosines L1 and Lsms.n,

Therefore,
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I+ mm +nn =0
I, +mm, +nn, =0

! m n

= = =

mp, —mp, wlh—ml Lm, —1,m,

I? m* n’

i 2 = 2 = z

(mlnz _m2n1) {”1!2 - J"“2'”1) (‘Elm’z _‘{2’"1)

2 .

s I"4+m +n » ( 4)

(mlnz —m;h )2 +(”I£2 =yl )2 +(I]m2 —l,m, )2

Since, /.m,n are direction cosines of the line.
Hence,

P+m’+n’ =1 (5)

As we know that,
(Ilz + mf + ﬂl2 )(122 + mf - nzz )—(!,Zz +mm, +nn, ) = (nritlirz2 —m,n, )2 +(r:132 —n,l| )2 - (t‘lm2 —ILm, )2

Putting the values from (1), (2) and (3), we get
= 1.1-0=(mn, —myn )’ +(ndy —mhy )’ +(hmy = Lmy )’
= (i, =mym)” +(ndy=ml ) +(lm, ~Lm) =1 ...(6)

Putting the values from equation (5) and (6) in equation (4), we get

P+m’+n’

(mlnz —m,n, )z + (nllz - n,l, )2 i (llmz —l,m, )2 |

Hence,

& m’ n’

= = =1
(mlnz —m,n )2 ("llz —m,, )2 ("lmz _szl)z

Therefore,
! =mn, —m,n,
m=mnl, —n,l

n=Im,—I,m,

Hence, the direction cosines of the required line are 7/ —myny, ml, —ml,, Lmy, —Lm, proved.

Question 3:
Find the angle between the lines whose direction ratios are @.b.¢ and b—c¢,c—a,a—b,

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

{ cuematn
THE MATH EXPERT

Solution:

The angle 6 between the lines with direction cosines @,5,¢ and (b=c).(c—a),(a=b) is given
by,
i 2= a(b—c)+b(c—a)+c(a-b) |
Jat+5 1 J(b-c) +(c-a) +(a-b) |

B—cos"| ab—ac+bc—ab+ ac—bc ‘
|wja2 +b% + ¢ \/(b —0)2 +(c—a)2 + (a—b)2
=cos'0
=90°

Thus, the required angle is 90°

Question 4:
Find the equation of a line parallel to x-axis and passing through the origin.

Solution:
The line parallel to x-axis and passing through the origin is x-axis itself.
Let A be a point on x-axis.

Therefore, the coordinates of A are given by (a,0,0) , Where ae R
Hence, the direction ratios of OA are @,0,0

The equation of OA is given by,
_x—a_ y—=0 _ z—0
0 0 0

:_=:]-_]=_=a
0 0

r_Y_Z2
Hence, the equation of line parallel to x-axis and passing origin is 1 0

Question 5:

If the coordinates of the points A, B, C, D be (1,2,3),(4,5,7),(-4,3,-6) and (2.9.2)
respectively, then find the angle between the lines AB and CD.

Solution:

The coordinates of A, B, C and D are (1.2,3),(4,5,7),(-4,3,-6) and (2.9.2) respectively.
Hence,
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4 =(4-1)=3 a,=[2-(-4)]=6
b =(5-2)=3 b=(9—3) 6
¢, =(7-3)=4 ,=[2-(-6)]=8
Therefore,
a b & 1
a4 b ¢ 2

Hence, 4B | CD

Thus, the angle between AB and CD is either 0° or 180°.

Question 6:
x—1 _ - 2 z=3 x=1 y-1 z-6

Ifthe line -3 2k 2 and 3k 1| -5 are perpendicular, find the value of k.
Solution:
Here,

a,=-3 a, =3k

b, =2k b, =1

=2 &5 =5

Two lines with direction ratios, %-5-¢ and %-5:.¢; are perpendicular, if
aa,+bb, +cc, =0

Therefore,

= —3(3k)+2kx1+2(-5)=0

=-9%k+2k-10=0

= Tk=~10

= k L £

7
__10

Hence, for 7 , the given lines are perpendicular to each other.

Question 7:

Find the vector equation of the plane passing through (1.2.3) and perpendicular to the plane
E’(i’+2}—51€)+9=0
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Solution:

Here,
- -
r =

(F+27+3k) g N=(5+2j—5:2)

The equation of a line passing through a point and perpendicular to the given plane is given by
I =r+AN; LR
Hence,

:>Z_'=(f+ 2}+3£)+A(f+ 2}‘—5?@]

Question 8:

e GO
Find the equation of the plane passing through (a,b.¢) and parallel to the plane iP"(I I k) ==
Solution:

e
Any plane parallel to the plane, iP"(I *J +k) = , is of the form

:(f+}+£)=l (1)

Since, the plane passes through the point (a,b,c).

— - ~ - ~
Therefore, the position vector  of this point is 7 =ai +bj +ck
Hence, equation (1) becomes

:(af+bj+c£).(f+}+§]=&

=a+h+c=1

Putting A =a+b+c in equation (1), we get
;?(f+j+£)=a+b+c . (2)
This is vector equation of the required plane.
. A ~. .
Putting » = xi + yj +zk in equation (2), we get

:>(xf+ﬁ+z§).(f+}+£)=a+b+c

= x+y+z=a+b+c
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Question 9:
Find the shortest distance between lines

r=—4i i+ p(37-27-2k)

Solution:

The given lines are
r=6i+2j+2k+a(i-2j+2k)  ..(1)
b 4 ~ ~ ~ A -~
r=—4i—k+ p (30 -2 - 2k) (2

- = el - - 2
The shortest distance between two lines ” =@ + 46, and © =4, + b, s given by

() 6y -a0) -(3)
|

- -5 - - >
Comparing, " =@ + b, and = a, + Ab, to equation (1) and (2), we get

- . A

4 =60 +2j+2k gng @ =—4 -k
Bo=1<27408 1nq B=31-0)-0F
Therefore,
a, - a = (~41 - k)~ (67 + 2]+ 2£)
=-10i —2) -3k
- - 1k
bxb=[1 =2 2
3 3 B
=(4+4)f—(—2—6)}+(—2+6)§
=87 +8]+4k

Putting all these values in equation (1), we get
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(sf+sj+4;2).(—10f-2j-3£)|
’(85+8}'+41€)| |

~80-16-12 |

JB) +(8) +(4)
-108

44

108

12
=9

Hence, the shortest distance between the two given lines is 9 units.

Question 10:

Find the coordinates of the point where the line through (5.1,6) and (34.1) crosses the
YZplane.

Solution:

The equation of the line passing through the points, (x:72) and (%2:9252,) is
Xy P E=

X =X Yo — M 2y — I

The line passing through the points (5.1,6) and (3.4.1) is given by,
x—95 =y—1 _ z—6 . x-=5 _ y—1 _ z—6 = s
3-5 4-1 1-6 -2 i3 =5
=>x=5-2k,y=3k+1,z=6k-5

Any point on the line is of the form (5—2k,3k+1,6 - 5k)
Any point on the line passes through YZ-plane

=5-2k=0

:>k=E
2

=3k +1 =3><[—5—j+l=E
2 2

:>6—5k:6—5x(—§J:—E
2) 2

(0.2.75)
Hence, the required point is \ 2~ 2

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

Question 11:

Find the coordinates of the point where the line through (5.16) and (3.4:1) crosses the ZX-
plane.

Solution:

The equation of the line passing through the points (“‘71 W >Zl) and (xz’yz’ Zz) is
X=X _Y=W _2-%
X; — X Yo =W Z, — L,

The line passing through the points (5.16) and (3:4.1) is given by,
x—35 =y—1 _ z—6 . x—5 _ y-1 _ z—6 = k(say)
3-5 4-1 1-6 -2 3 -5
=>x=5-2k,y=3k+1,z=6k-5

Any point on the line is of the form (5—2k.3k +1,6—5k)

Any point on the line passes through ZX-plane

= 3k +1=0
=
3
:>5—~2k=5~—2[~—l)=E
3)°3
:>6—5k=6—5{—1J=§
3)7° 2

Hence, the required point is [? £

Question 12:

Find the coordinates of the point where the line through (3:-4.-5) and (2:-3.1) crosses the
plane 2x+y+z=7,

Solution:
The equation of the line through the point (x:2) and (X2:32:2) is
X=X _Y=W _2-%

X =X =M 2y — I

Since the line passes through the points (3.-4,-5) and (2-3.1) jts equation is given by,
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x-3 y+4 z+5
2-3 -3+4 1+5
x—«3:y+4:z+52k(my)

—1 1 6
= x=3-k,y=k—-4,z=6k-5

Thus, any point on the line is of the form (3—k.k—4,6k-5)
This point lies on the plane, 2x+y+z=7
=2(3-k)+(k—-4)+(6k-5)=7
—=>5k-3=7
=>k=2

Hence, the coordinates of the required point are
=(3-2,2-4,6x2-5)
=(1,-2,7)

Question 13:

Find the equation of the plane passing through the points (-1.3.2) and perpendicular to each
of the planes x+2y+3z=35 and 3x+3y+z=0,

Solution:

The equation of the plane passing through the point (-1.3.2) i
a(x+1)+b(y-3)+c(z-2)=0 (1)

where 4,b,¢ are direction ratios of normal to the plane.

We know that two planes,
ax+by+cz+d =0 and a;x+b,y+¢,2+d, =0 are perpendicular, if @4 +bb, +cc, =0

Since, plane (1) is perpendicular to the plane, x+2y+3z=5
Therefore,
=al+b2+c¢3=0

= a+2b+3¢c=0 . (2)

Also, plane (1) is perpendicular to the plane, 3x+3y+z=0
=a3+b3+cl1=0

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

From equation (2) and (3), we get
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s a _ b B c
2x1-3x3 3x3-1x1 1x3-2x3
a b ¢

=>—=—=—=k (sa
=733 (say)

=a=-7kb=8k,c=-3k

Putting the values of 4.5 and ¢ in equation (1), we get
= -Tk(x+1)+8k(y-3)-3k(z-2)=0
= (-7x-7)+(8y-24)-3z+6=0
= -Tx+8y-3z-25=0
= Tx-8y+3z+25=0

Question 14:

?.'(35"+4j—12£)+13=0

If the points (LLp) and (-3.0.1) pe equidistant from the plane then

find the value of P .

Solution:

Here,
- ~ o ~
a, =i+ j+pk
e 4 " A
a,=-3i+k

=N o A % _
The equation of the given plane is r'(‘% 4= 12k) LU

The perpendicular distance between a point whose vector is @ and the plane FN=d is given
by

N |

W

N=3f+4j-12k and d =13

Here,

Hence, the distance between the point (LLP) and the given plane is

‘(?+_}' + pz’;).(35+ 4] —1212]—(—13)|

=D, = il
‘31‘+4j—12k|

~ B+4-12p+13|

| Pt (=1)
-2
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Similarly, the distance between the point (=3.0.1) and the given plane is

|(—3f+£).(3f+4}—12£)—(—13)‘

=D, = — -
[3i +4j-124
|-9-12+13|
=D, =
{3 +4 +(-12)
S (2)

13
From the given condition, 2 =D,

:>|20—12p|=£

13 13
=[20-12p|=8
=20-12p=8or —(20-12p)=8
=>12p=120r 12p=28

7
::>p=1orp=§

Thus, the value of P =1 or 2=

Question 15:
Find the equation of the plane passing through the line of intersection of the planes

e o\ (0 BT =
r.(z + +k)—1 and i“‘.(2I +3f‘k)+4_0 and parallel to x-axis.

Solution:

T Mg ssey D _
The given planes are r'(I +J +k) =1 and i}“"(21 2 hk)+4_ 0
The equation of any plane passing through the line of intersection of these planes is given by

[?(f+}+k“]—1]+1[?(2f+3}—£)+4]=0
r?’[(22,+1)f+(3z.+1)}+(1-A)1€}+(4A—1)=0 ()

Here,
a, =(2FL +1),b1 = (3A.+1) and @ = (l +/’L)

Since, the required plane is parallel to x-axis.
Therefore, its normal is perpendicular to x-axis.
The direction ratios of x-axis are 1, 0 and 0.

Therefore,
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a,=1,b,=0 gpd ¢, =0

Hence,
= 1.(24+1)+0(32+1)+0(1-2)=0
=2A+1=0
A= .
2
__1
Putting, 2 in equation (1), we get

1, 3~
—— 42k |+(=3)=0
:;[ 2;+2 }+( )

= r(j-3k)+6=0

Thus, its Catersian equation is ¥ —3z+6=0

Question 16:

If O be the origin and the coordinates of P be (1, 21_3), then find the equation of the plane
passing through P and perpendicular to OP.

Solution:

The given points are 0(0.0,0) apg P(1.2,-3)
The direction ratios of OP are

a=(1-0)=1
b=(2-0)=2
c=(—3—0)=—3

The equation of the plane passing through the point (x%:72) is
a(x-x)+b(y-y)+c(z-2)=0
where, @,b and ¢ are the direction ratios of normal.

Here, the direction ratios of normal are 1,2 and -3 and the point P is (1,2,-3)

Hence, the equation of the required plane is
= 1(x—1)+2(y—2)—3(z+3)=0
=x+2y-3z-14=0
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Question 17:
Find the equation of the plane which contains the line of intersection of the planes

=3 4 s o =Ha & A _
r'(l+2}+3k)”4_0’r'(21+j_k)+5_0 and which is perpendicular to the plane

;’(Sf+3}-6kﬂ)+8=0.

Solution:

The equations of the given planes are
—3 . - 5
rli+2j+3k)-4=0  ..(1)
r(2i+ j-k)+5=0 +i(2)

The equation of the required plane is,
[r_.’(f+2}'+ 3£)—4]+1[E’(2f+}'-£)+5]= 0

rT(2A+1)i +(2+2) j+(3-2)k |+(54-4)=0 .(3)

The plane in equation (3) is perpendicular to the plane, ;’(55 +3)- 6k) e
Therefore,
=5(24+1)+3(1+2)-6(3-1)=0
=191-7=0
7

=S A=—
19

=L
Putting 19 in equation (3), we get

33. 45, 50 »]—41
=>r|l—i+—j+—k|—=0
I 18" 19 119

= (337 +45]+50k) - 41=0 (4)

The Cartesian equation of this plane is given by
= (xf + 7 + 2k ).(337 + 45+ 50k ) - 41=0
= 33x+45y+50z-41=0

Question 18:
Find the distance of the point (~1.=5,-10) from the point of intersection of the line

?:25—}+2;2+,1(3£"+4}+212) and the plane r_.’(f-j+£)=5'
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The equation of the given line is
?:2?—}+2ka+l(3f+4}+21€] e 1)

The equation of the given plane is
—3n A =
r(i-j+k)=5  ..(2)

Putting the value of r from equation (1) in equation (2), we get
:>[2?—}'+2£+A(Sf+4}+2£)}.(f—j+£]=5
=[(34+2)i +(44-1) j+(2A+2)k |.(i-j+£) =5
= (31+2)-(41-1)+(24+2)=5
=>1=0

-3 = s 4
Putting this value in equation (1), we get the equation of the line as * =2i — j+2k
This means that the position vector of the point of intersection of the line and plane is

=2 s A “
r=2—j+2k

This shows that the point of intersection of the given line and plane is given by the coordinates
(2,-1,2) and (-1,-5,-10),

The required distance between the points (2,-1,2) and (-1.-5,-10) js
/ 2 2 2
d=\j(-1-2) +(=5+1) +(-10-2)
=+9+16+144
=+/169

=13

Question 19:

Find the vector equation of the line passing through (1,2,3) and parallel to the planes
rli-jrak)=5 4 r(3+j+k)=6

Let the required line be parallel to vector b given by,
b=bi+bj+bk

The postion vector of the point (1,2.3) s
a=7+2j+3k

The equation of line passing through (1.2.3) and parallel to b is given by,
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- = 7
=r=a+Ab
_)

= r.({ =]+ 2k)+2(bi +b,] +bif) (1]

The equations of the given planes are
—3 A - 7
r{i-j+2k)=5 i 2)
F(3i+j+k)=6  ..(3)
The line in equation (1) and plane in equation (2) are parallel.
Therefore, the normal to the plane of equation (2) and the given line are perpendicular.
= (7= j+2k) A (b +b,] +b)=0
= A(b,—b, +2b,)=0

=b,—b,+2b, =0 ...(4)
Similarly,

:>(3f+j+£).2(b,f+b2}+b3§)=0
= A (3B +b,+b;)=0
= 3b +b, +bh,=0 sl 3]

From equation (4) and (5), we obtain

bl bz bB
= = =
(-1)x1-1x2  2x3-1x1 1x1-3(-1)
b _b_b
=3 5 4

Thus,

The direction ratios of » are —3,5 and 4.

Hence,
b=hi+b,j+bk
= 3457 +4k

Putting, the value of b in eqation (1), we get
?=(f+2}+3§)+1(—3§+5}+4}§)

Question 20:

Find the vector equation of the line passing through the point (1.2,-4) and perpendicular to the
x—8 y+19 _z-10 x—15_y-29_z-5

two lines: 3 -16 7 and 3 8 -5 .
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Solution:
Here,

b=bi+bj+bk
= . s
a=i+2j-4k

The equation of the line passing through (1.2,-4) and parallel to vector b is given by

Ly Sy
=r=a+Ab
—)

= r=({+2]-4k)+A(b] +b,] +bk) (1)

The equations of the lines are

x-8 y+19_z-10 -(2)
3 -16 7

x—15:y—29=z—5 (3)
3 8 -5

Since, lines of the equations (1) and (2) are perpendicular to each other

= 3b,—16b, +7b, =0 ()
Also,
Lines (1) and (3) are perpendicular to each other
=> 3b, +8b, —5b, =0 ...(5)

From equations (4) and (5), we obtain

N h b b
(-16)x(-5)-8x7 7x3-3x(-5) 3x8-3x(-16)
b b b
24 36 72

g B =

23 6

Hence,

The direction ratios of » are 2.3 and 6

Therefore,
bh=2+3]+6k

Putting b =2i +3+6k in equation (1), we get
p (f+2}—4i2)+k(2f+3}+6£)
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Question 21:

Prove that if a plane has the intercepts @.5,¢ and is at a distance of 2 units from the origin,
LI .

then a* & ¢ p*,

Solution:

The equation of the plane having intercepts @.b.¢ with X, .z axes respectively is given by,

PN O (1)

a b e

The distance P of the plane from the origin is given by,

0 0 0
_+E+E_1
a
p:
1 1 1
ol o i
3 1
1 1 1
&
1
2'—
LS TN
a b_z+c2

Question 22:
Distance between the two planes: 2x+3y+4z=4 and 4x+6y+8z=12 jg
2
(A) 2 units (B) 4 units (C) 8 units (D) 29 units
Solution:
The equations of the planes are
= 2x+3y+4z=4 z(l)

=4x+6y+8z=12
=2x+3y+4z=4 sl 2]

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

Since given planes are parallel, and we know that the distance between two parallel planes
ax+by+cz=d, gnd ax+by+cz=d, ig given by,
d,—d,
.
V) +(3) +(4)
2

V29

D=

2

Hence, the distance between the given plane is V29 units.
Therefore, the correct answer 1s D.

Question 23:
The planes: 2x—y+4z=5 and 5x-2.5y+10z=6 are

5

(A) Perpendicular (B) Parallel (C) intersect y-axis (D) passes through [0'0’ 4]
Solution:
The equations of the planes are

2x-y+4z=>5 (1)

5x—2.5y+10z=6 sl Z)
Here,

a 2

a 5

b —1 2

5 &5 35

¢ 4 2

¢, 105
Therefore,

N a, ﬁ ¢

a4z by &

Hence, the given planes are parallel.

Therefore, the correct answer is B.
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