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“ i~ Chapter 11 Three dimensional Geometry

EXERCISE 11.1

Question 1:

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

Solution:

Let direction cosines of the line be /. and n.
Hence,
[ =co0s90°=0
m = c0s135° = cos (90°+45°) = —sin45° = —

V2

n=cos45° =

=

oL

1
Thus, the direction cosines of the line are J2 and V2

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 a with each of the coordinates axes.
Hence,

[=cosa
m=cosa
n=Ccosq

Since, I +m* +n* =1

Hence,
—=cos’ o +cos’ a +cos’ o =1

—=3cos’ o =1

2 1
=cos a=—
3

—Ccosa =

1
o
J3


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

mm Wondershare

Remove Watermark g PDFelement

https://millionstar.godaddysites.com/

|

—

fi \@
Thus, the direction cosines of the line, which is equally inclined to the coordinate axes, are
s

L+ +

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

s -18 _ —18 =—18=—_9
JEE18Y +(12) +(—4y V484 22 11
12 12 12 6

Bh= 2 7 = BT
J18) +(12) 4 (—4) V484 22 11
. —4 4 4\

J-18) +(12) + (-4 TUms 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).(5.8.7) are collinear.

Solution:

Given points are A(2,3,4),B(—1,—2,1) and C(5,3,7).

As we know that the direction cosines of points,
(¥:31:2,) and (%2 32222) are given by (5, =x).(7-») and (% -2) .

Therefore, the direction ratios of AB are Q)
5 . O
(-1-2),(-2-3) gng (1-4) B &
= -3,-5 and -3
- 2 R
The direction ratios of BC are %& %_
[5_("1)]’[8_("2)] and (7-1) Q
= 6,10 gnd 6 \\O é
NN
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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(-1,1,2) 44 C(-5,-5,-2)
The direction ratios of the side AB are

( I- 3) (1 and [2 ]

=-4,-4 and 6

Hence, the direction cosines of AB are

-4 N A

ey 4) (o V& 217 7
o 2238 N
- J<—4)*+(—4) H(oF V8 217 T
6 6 6 3

ey e s T

The direction ratios of BC are

[5CD](571) and (-2-2)

= —4,-6 and 4

Hence, the direction cosines of BC are

fo —4 e . BV
V4 +(-6F +(-4)" V68 2417 17
o -6 6 _ 6 _ -3
C Ay ey ey VBB 2T 17
4 4 4 2

RN e e R AN

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
L = ) — —
’ J(_3)2+ 10y +(2) Vies 2V42 Va2
-10 =10 -10 -5

T a0+ @ Ji68 2V&2 &2

2 2 2 1

L J(=8)2 +(10) + (2)° "8 22 &2

Thus, the direction cosines of the sides of the triangle are
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EXERCISE 11.2

Question 1:
12 -3 -4 412 3 3 412

Show that the three lines with direction cosines 13713 713" 13713713” 1313 '13 are mutually
perpendicular.

Solution:
Two lines with direction cosines -7 and 5:71:% are perpendicular to each other, if

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

For the lines with direction cosines, 13’13’13 and 1371313, we get

12 4 =3 12 (-4 3
flt'2+ﬂ21m2+ﬂll’£2=§x§+ E XE"]' E XE

A8 o612
169 169 169
=0

Hence, the lines are perpendicular.

4 12 3 3 412

For the lines with direction cosines, 13’1313 and 1371313, we get

4 3 12 (-4) 3 12
LL+mm, +nn, =G —+—x| — |[+—%x—
13 13 13 \13) 13 13
- . .01
169 169 169
=0

Hence, the lines are perpendicular.

3 412 12 3 4

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

3 12 —4 -3 12 -4
Ll +mm, +nn, = E . E + ﬁ X E + E X ﬁ

0, 2 B8
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 (1-1.2),(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-1.2) and (3,4,—2); and CD be the line through the

points (0,3.2) and (3.5.6)
Hence,

If, ABLCD; = @a,+bb,+cic,=0

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

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 8@& ’
(-1,-2,1),(1,2,5)

Solution:

Let AB be the line through the points (4.7.8) and (23 4) CD be the hn shpomts

(1.2.1) ang (12:5)
@

Hence,
O

,QQ


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

Wondershare

Remove Watermark PDFelement

https://millionstar.godaddysites.com/

a,=(2-4)=-2
h=(3-7)=—4
¢ =(4-8)=—4

b, =[2-(-2)]=4
cz=(5—l)—4
a_b_a_,
If, ABLCD; a b, ¢
Here,
a_—2_ 4
a, 2
L
b, 4
a_=4_
& 4
_a_b_q
al b? C?

Hence, AB is parallel to CD.

Question 4:

Find the equation of the line which passes through point (1,2.3) and is parallel to the vector
3i+2j-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+2j+3k
a_> i+2j+3 60 ’\\

b=3+2]-2k

So, line passes through point A(1,2,3) and parallel to b is given by = ]%_gls a
real number. %

Hence, ) \\\ @@
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- A ~ - ~ -
r=1+2j+3k+4(37+27-2k)

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 2i - j+4k and is in the direction i +2j—k

Solution:

It is given that
- 5 F.
a=2i—-j+4k
_) ~

b=i+2]—k

: . o i AP 5 .
Since, the vector equation of the line is given by » =a+Ab , where 4 is some real number.

Hence,
— ~ ~

r=20-j+ak+a(i+2]-k)

Since, r'is the position vector of any point (%.%.2) on the line
Therefore,

xf—yj‘+z12=25—}+4£—+,1(f+2}—12)

=(2+A)F+(=1+24) ] +(4-A)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

2f—j+412+/1(f‘+2}—;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:

(-2,4,-5)

It is given that the required line passes through the point and is patallel to
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x+3 y-4 z+8

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

It is known that the equation of the line through the point (%1%1-21) and with direction ratios

X=X _Y=n_z7%
a,b,c is givenby a b c

Hence, the equation of the required line is
x+2 y—-4 z+45
— = =
3k 5k 6k
:x+2:y—4:z+5:k

3 5 6
x+2 y—4 z45
Thus, the cartesian equation of the line is 3 5 6
Question 7:
x=5 y+4 z-6
The Cartesian equation of a lineis 3 7 2 . Write its vector form.
Solution:
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,

=2 - - 5
The position vector of the point is @ =5i =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 =31 +7] + 2k

As we known that the line through positive vector a and in the direction of the veétot b, ds

- =
given by the equation, ¥ =a+Ab; LR

Hence,
== (57 -4j+6k)+A(37+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),

Solution:
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.:72.3) are
(5-0)=5
(-2-0)=-2
(3-0)=3

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

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

7 =g il ek
=7 =0 +A.(5f~2}'+3]:7)
= 7= A(50 ~2] +3F)

The equation of the line through the point (x.30.2)) , and direction ratios @.b,¢ is given by,
X=X _Y=nh_z274%

a b c

Hence, the equation of the required line in the Cartesian form is
N x—0 _ y—0 _ z-0
5 -2 3
Y
2

=

| =
L |

Question 9:
Find the vector and the cartesian equations of the line that passes ‘thfough the’ points

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

mm Wondershare
PDFelement
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Solution:
Let the line passing through the points, P(3.-2.-5) and 9(3.72.6) pe PQ. Since PQ passes
through P(3,-2,-5 ), its position vector is given by
a=3i-2j-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=0i-0j+11k
=11k

The equation of PQ in vector form is given by,

r=a+Ab, LeR
— (37 -2]+5k)+112k

The equation of PQ in Cartesian form is

= XTX Y~V A

a b e
x-3 y& z4id
5 2 3

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

= o - o~ ~ =¥ . m A 2 n B
0 r=2i-5]+k+A(3+2]+6k) g =77~ 6k+p(i+2]+2k)

- . oA - PO ~ = ow % e 2 r
(ii) r=3z‘+;‘—2k+2(i—j—2k) andr=2f—j—56k+y(3f-5f-4k)

Solution: 60 C,;\\C)

Let [1 be the angle between the given lines. @

Then the angle between the given pairs of lines is given by 6 &(b
- S %
b.b

Bos =

oA
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() The given lines are parallel to the vectors,

respectively.
Therefore,

|Eﬂ=\/32+22+62 =49=7
-
=12 4+22+22 =0 =3

b,

-

b.b, =(3i+2j+6k).(i+2j+2k)
=3x1+2x2+6x2
=3+4+12
=19

Hence,
—-=
6os = bb,
{2
Bos = 12 :E
7x3| 21

0 =cos” [E]
21

https://millionstar.godaddysites.com/
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b=3+2]+6k and b=i+2]+2k

(ii) The given lines are parallel to the vectors, &, =1 —J =2k and b, =3 =5] =4k respectively.

Therefore,

6] = O + (G~ (-2) -

6] =Y+ (5) +(4) = V50 =

Bl (i-7- 2k).(38=5 - 4k)
=lx3—lx(—5]—2x(—4)

=3+5+8
=16

Hence,
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6os =| 5422
i e
16 ‘ |16 | | 16 |
e = =
o ( 6)(5v2) 2Bl oV
80s =
0S 5\/—

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
xX_y_z x=5 y-2 z-3
(i) 2 2 1and 4 1 8

Solution:
— — x—2 y-1 z+3
(i) Let b and 5 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, f;=25+5j~3kn and EZ=_5+3J}+4;§

Therefore,

b=y s)2+(—3>2=

|b‘_\/( 1 +(8) +(4) =/81=9

bb (2:+5; 3!:)( ;+8j+4k)
=2><(—l)+5x8+(—3)><4

=440~ O oL
:22 40-12 @6 C}'

The angle [] between the given pair of lines is given by the relation, &6 Q
x0
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——
bos = bk
e
bos |26 |__26
J38x9| 9438

0 =cos™ (i]
9./38

— ~ x

(i) Let & and 2 be the vectors parallel to the given pair of lines 2
x=5 y-2 z-3
41 8
Hence, b 26 +2j+k and b =4i+]+8k

respectlvely

Therefore,

\ﬂ= V@ +2) +(1) =9 =3
o] = J@y +(7 +B) =BT =9
;lyj=(2f+2}+£).(4f+}+8§)

Wondershare

PDFelement

=2
2

D—lll\]

and

=2x44+2x1+1x8
=8+2+8
=18
——
B b.bb ‘
If [1 is the angle between the pair of lines, then | | ]
——
fos = b.b
15]-{p.
Bos = LB =E
3x9| 3
0=cos” [EJ
’ Q
& <
Question 12: (74) ,b()
I-x _7y-14 z-3 7-7x _y-5 _6-29 Qﬂ
Find the values of p so the line 3 2p 2 and 3p 1 %\ ight

angles.
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Solution:
1= dy—-14 2-3
The given equations can be written in the standard form as 3 2 2 and
T=Tx $=53 6%
3p 15

The direction ratios of the lines are given by

2p
4=-34 "7 and @ =2

B=7 by =1 and ¢; =5

Since, both the lines are perpendicular to each other,

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

(~3)><(_3ij+(27‘0]><1+2><(—5)=0

2P, 2P 1=

s 7

11

—p=10

7‘0

1p=10x7

_10

p 11

70

Hence the value of F 11

Question 13:

XS _y¥2_z X _y_Z
Show that the lines 7 -5 1 and 1 3 are perpendicular to each other.
Solution: @
x=5_y+2 _z x_y_ z 0 .O
The equations of the given lines are 7 -5 land1 2 3 6 (’}\

Here, @
a,=7,b,==5 apnd & =1 Q"O Q
a,=Lb,=2 gpng c,=3 %’\(b %.
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Two lines with direction ratios, @-5.¢ and @.5,:¢; are perpendicular to each other, if
aa,+bb, +cc, =0

Since,
Tx14(-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

r-_)=(5+2}+12)+2.(f—}‘+!2) and ?fo—j—£+p(zf+f+2£)

Solution:
—3 A ~ ~ A A ~ — A oA Ar oA ~
Given lines are " =(i+2j+k)+l(f _j+k) and ?’=2i—j-k+y(2i+j+2k)
Hence,
a_"z(f+2}+£) and E;':(f*}Jr;;)

— -

&, =(20 = j-k) yq b =(21+ ] +2k)

Shortest distance between the lines ” =@ +45, and 7 =@, + b, is given by,

JJesp@=al
-

Here,

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

(—35+3§).(5—3}—2§)‘

33

Hence, the shortest distance between the two lines is 2 units.

Question 15:

mm Wondershare
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x+l  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=Nh _z—% X=X Y= _2-%
a, b, ¢ and @ b, ¢, 1is given by,
Xp—¥ M= WN E3
a b <
a b, C
d: 2 2 2 ...(I)

\/(blcz - by )2 + (c]az — 02a1)2 + (alb2 - azs_'Jl)2

Here,
x ==Ly =-lz=-1and x,=3,5,=52=7

a=7,b=-6,¢,=1gpnd a,=1,b,=-2,¢,=1

Hence, .\\\O
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= |
@
=% Y=Y -z [4 6 8
a, b e |=[7 -6 1
a, b, & 1 =2 1
:4(—6+2)—6(1+7)+8(—14+6)
=-16-36-64
=-116
Also,

Wondershare

PDFelement

J(Bes-b.c) +(qa—ca) +(ab,-ah ) =y(-6+2) +(1+7) +(-14+6)’
:\/16+36+6

=~/116

Putting all the values in equation (1), we get
116
Jite
=—/116
. T
ld| =229

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

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

r=(i+2]+3k)+ (T -3 +2k) g r=AT+5]+6k+ (2 43 +K)

Solution:

The given lines are ” (‘ +2J+3k)+1( 3}+2§) and ?=4f+5}+61§+p(2f+3}+&:)

Hence,

-

ay=(i+2j+3k) 54 b =(F-37+2K)

ay=(4i+57+6k) 54 b =(2f+3}+1€)

- - - = R
Shortest distance between the lines ” =@ + 45 and 7 =@, + ub, is given by,

\
a (peb (330 (1) %\(b Y

2 ST
O N

Here, \\
S
&

@
a>°\\
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a, -, = (41 +5]+6k)-(i +2]+3k) =3 +3]+ 3k

1

ik
- =
bxb, =1 -3 2
2 3 1

=(-3-6)i —(1-4) j+(3+6)k
=—9§+3}'+9£

= 2

rxb] = \(-9) () +(9)°
=/81+9+81

=+/171

=319

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

(+9f+ 3}+9I€).(35+3}+33€)‘

4= 319 ‘
|-9%3+3x3+9x3]|
R
_|=27+9+27

1 3J19 ‘

_L‘

RENT

_ B

Ji9

3
Hence, the shortest distance between the two lines is V19 units.

Question 17:
Find the shortest distance between the lines whose vector equations are @

L (=P (=) +{3-20R opq 7 (s + D) (Be=1) = (T )R Q}O Ny
{b

Solution:

. PR
The given lines are 7" = (1-1)i +(t=2) j+(3-20)k apq —(S"'])I +(2s- 1@&”%
(&Q

Le., ?=(f—2}+3kn)+z(—f+j—2k) and " =(i_j+k)+s(i +2f—2k) Q
Hence, ‘§\\\/®
N
$

L&
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-

—+ fa  oa o v s
cqz(i~2j+3k)andéﬁz(—i+j—2k)
-3 fa A oA T W i
azz(i—j—k)and£5=(i+2j—2k)

- - - =
Shortest distance between the lines ” =@ + 45 and 7 =@, + ub, is given by,

(b0} (&~

|b|><b2‘ |

d=
|

Here,
b 4 -

ay—ay = (i =] -k)-(7-2]+3k)= -4k

=(-2+4)i -(2+2) j+(-2-1)k
=2i-4j-3k

b | = (2)* +(—4)" +(-3)
=J4+16+9
=29

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

(20 -47-3k).(j - 4k)

8 <
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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.

(a) z=2 (b) x+y+z=1

(c) 2x+3y-z=5 (d) Sy+8=0

(a) The equation of the plane is z=2 or 0x+0y+z=2 (1)
The direction ratios of normal are 0.0 and 1.
Therefore,

VOP+07 +17 =1
Dividing both sides of equation (1) by 1, we obtain
0x+0y+1lz=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+y+2=]. ...(1)
The direction ratios of normal are 1.1 and 1.
Therefore,

NORURIDEN

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

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.

1 1 1

Hence, the direction cosines of the normal are V37V3 and /3 and-the distance of normal
1

form the origin is 3 units.


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

Remove Watermark g

https://millionstar.godaddysites.com/

2x+3y—z=5 (1)
The direction ratios of normal are 2.3 and —1.
Therefore,

J@Y +(3) (1) =14

Dividing both sides of equation (1) by V4 | we get

2 3 1 5
-+ — =
Ja st s da

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

-1

2 3
Hence, the direction cosines of the normal are V14’14 and V14 and the distance of
5

normal form the origin is V14 units.

(d Sy+8=0
= 0x+5y+0z=8 sw(I)
The direction ratios of normal are 0,=5 and 0.
Therefore,
JO? +(=5)* +0? =4
Dividing both sides of equation (1) by 5, we get
Ox+y+0z= =
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.
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 3 +5] —6k .

mm Wondershare
PDFelement
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—
Solution:

A A " ~
The normal vector is, 7 =31 +5; -6k
ﬂ

n 3 +5)-6k  3i+5]-6k

S O P

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

3 +5] -6k
r|————1=7
=

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

(a) 37.’(7+ﬁ—13)=2
) r (2 +37-4k)=1

() ?:[(S—2t)f+(3—t)}+(2s+ t)kA] =15

Solution:

(a) Given equation of the plane is
- oa A
r(i+j-k)=2  ..(1)

For any arbitrary point, © (%..2) on the plane, position vector ris given by,
r_>= xf %3 y,;' = zf;
Putting the values of 'in equation (1) , we get
(xf+ﬁ—z£).(f+}—£)=2
= x+y—z=2
) P20 43j-4k)=1  ..(1)
For any arbitrary point (x.:2) on the plane, position vector ris given by,
— i i A
r=xi+y—zk . C)
Putting the values of 7 in equation (1) , we get 60 c’)\.\
(xi’+y}—-zz€).(2f+3j—4;€)=1 %Q
= 2x+3y—4z=1 (& Q
X\
© r(s—20)i +(3-1)j+(2s+0)k| =15 ..(1) Q ,&Q

For any arbitrary point, © (%.2:2) on the plane, position Vec% S 1S gi A

e
&
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rexi+yi—zk

Putting the values of r'in equation (1) , we get
(xf+y}‘—z!€).[(s—2r)f+(3—t)j+(2s+t)1€]=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) xt+ty+z=1

d Sy+8=0

Solution:

(a) Letthe coordinates of the foot of perpendicular P from the origin to the plane be (x1,31,2,)
2x+3y+4z-12=0 (l)

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

J2) +(3) +(a) =V29

Dividing both sides of equation (1) by v29 , we get

2,\:+3y+42:=]2 (2)
J29© V297 V29 V29

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 ]
V29 V297429 V297429 29

(24 36 48)
:> _)_5_
29729729

(b) Let the coordinates of the foot of perpendicular P from the origin tothe plane be (%1302,
3y+4z-6=0 (1)
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The direction ratios of the normal are 0.3 and 4.
Therefore,

VO? +37 +47 =5

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

3 4
Ox+—y+—z=—
5 5 5

This equation is one of the form x+my+nz=d  where I, 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

[OXE,EXE,EXE]

Let the coordinates of the foot of perpendicular P from the origin to the plane be
x+y+z=1 (l)

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

QY +(1) +(1) =3

Dividing both sides of equation (1) by V3, we get,
LTSS B B
$3OBBTOBT

This equation is one of the form x+my+nz=d  where I, 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
[ 63 64 6]
Ox—,=x—,—x—

Remove Watermark g PDFelement
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[+)

s‘hn ,‘ v,

[ |

(d) Let the coordinates of the foot of perpendicular P from the origin to the plane be

5y+8=0

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

JOP+(=5) +0=5

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

8
Ox—y+0z==
Xx—) z5

This equation is one of the form Xx+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
[Uxﬁ,—l x§,0x§J
5 5 5

:(0,8,0]
5

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

(1,0,-2)

(a) that passes through the point 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 i-2j+k.

(a) The position vector of point (L0,-2) js o= -2k

¥ ~

The normal vector N perpendicular to the plane is N = i+j-k
The vector equation of the plane is given by,
= (r-a).N=0

— =

= (i 2k)][(Fri-£)=0 ()

Since, 7 is the positive vector of any point 7 (%.%:2) in the plane.

Hence,
- o - ~
r=xi+y+zk
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o)

Thus, equation (1) becomes
:>[(xf+}g}+z}€)—(f—212)].(f+}—§)=0
:>[(x—l)f+ﬁ+(z+2)ﬂ.(f+}—!E)=0
=>(x-1)+y-(z+2)=0
=>x+y—z-3=0
=x+y—z=3

- . 5 &
(b) The position vector of point (:4:6) is a=7+4+6k

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

=>(r_)—a J\/_"=0
=[r(frajrek) ] (F-27+k)=0 ..

Since, 7 is the positive vector of any point (%.%:2) in the plane.

Hence,

- . . -
r=xi+y+zk

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

:(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)
®) (L1,0),(1,2,1),(-2,2,-1)

Solution: 60 c’;\\o
(a) The given points are A(L1,-1),B(6,4,-5) and C(—4.2,3), &% Q
x0


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

mm Wondershare
PDFelement

Remove Watermark g

https://millionstar.godaddysites.com/

O
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(L.2,1) apq C(-2.2-1)

1 1 0
1 2 1 =(—2—2)—(2+2)
-2 2 -1

=-8

#0

Thus, a plane will pass through the points.

The equation of the plane through the points (x1,32):(%2,92:2) and (%25 )is given

by
X=X Y- Z—I
=| %% »-» 5-3|=0
X=X, V=¥ Z—2Z
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+4+3y-3z=5

Question 7: Q ’\()
> X

Find the intercepts cut off by the plane 2x+y—-z=5 1%4)

Solution: a\(b&(o Q

2x+y—z=5
Dividing both sides of equation by 5, we get Q% Q
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2

= Zx+i-Z=
5 5 5

S
55 -5
2

LANP AN
The equation of a plane in intercept formis @ 5 ¢ , where @0 and ¢ are intercepts cut

off by the plane at X,y and z—axes respectively.

Hence, for the given equation,

5
==,b=5
“ 2 and ¢c=-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%2.1),

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

(3x—y+2z—4)+a(x+y+z—2)=0; aeR (l)

This plane passes through the point (2.2.1),
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—
Hence, this point will satisfy equation
= (3%2—-2+2x1-4)+a(2+2+1-2)=0

=2+30=0
Sa=—
3
-2

Putting ““ 3 in equation (1), we get
:>(3x-y+2z-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 e\ THam A 2
r.(2:. +2f—3k)_7’ ’"'(2I +5f+3k)_9 and through the point (21:3)

Solution:
=¥ 2 B o e T
The equations of the planes are r.(2: . _3k)=7 and r.(2z el +3k)_9
Hence,
:>r_.’(2f+2_?—3f;)—7=0 M1)
= (20 +5]43k)-9=0 wil2)

Equation of the required plane is given by
| 720 +27-3k)-7| +a[ ]2 +5]+3k)-9]=0; AcR

Therefore,
= r(2i+2j-3k)-7 +Ar|(2 +5]+3k)-94=0
=>E’[(zf+2j—3k“)+,1(2f+5}+3i£)]=9,1+7 2
:»F.T(z+2A)f+(z+5&)}+(3fl—3)k’ﬂ=9/1+7 ..(3) GQ \\p

%) fb(’

The plane passes through the point (2.13) &6 Q«

Hence, its position vector is given by, r=2i+ J+3k %’\,(b %.

Putting in equation (3), we get Q Q
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= (21 +j+3k) [ (2+22) +(2+52) j+ (32 -3) k]| =92 +7
=2(2+24)+(2+51)+3(34-3) =91 +7
S 44+4A42+5A+94-9-94-T=0
=92-10=0
10

=S A=—
9

10
Putting =~ 9 in equation (3), we get

=r. §f+§‘}+E£J =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 *+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 X +y+z=1 and 2x+3y+4z =5
is

=>(x+y+z-1)+A(2x+3y+4z=5)=0
= (2A+1)x+(32+1)y+(41+1)z—(52+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,=(3A+1) gpq & = (41 +1)
a,=1,b,=—1 gpd ¢, =1

Hence,
= (24 +1)x1+ (34 +1)x(-1)+(44+1)x1=0 <&
=24 +1-3A-1+42+1=0 GQ ;\\Q
=3A+1=0 < @)

:>A=_T] &6
-1 ) %\(b %-Q

1 =—
Putting 3 inequation (1), we get Q &Q
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=1
i.@\‘
1 1 2
= —x+—2+—=0
3 2 3

= x=—-z+2=0

Question 12:

r(2i+2j-3k)=5 . 4

Find the angle between the planes whose vector equations are
r(3f-3j+5k)=3

Solution:

Nz q = o PR o\
The equations of the given planes are ip"(23 2] _3k) =3 and r.(3: - +5k) =

If " and " are normal to the planes, 774 =4, and 71, =4,

Then the angle between them 8 is given by,

(1)

— =
0 =cos” )
|"| |n2|

Here,
— ~ ~ ~ - - - ~
m =2 +2}-3k gng m =31 -3] +5k

Hence,
-3 —> ~ ~ ~ ~ ~ ~
o, =(2i+2j—3k).(3:‘—3j+5k)
—2><3+2><(—3) (- )><5
=—15

] = (27 +(2) + (3 =Vi7
| =\J3) +(3)7 +(5) =43

Substituting these values in equation (1), we obtain
L |1

V17| V43

0 =cos

15
=cos Tt Q)
a>° X

Question 13:
In the following cases, determine whether the given planes are parallel or pg{'péd Qand
in case they are neither, find the angles between them. %‘

(a) 7x+5y+6z+30=0 and 3x—y—10z+4=0 Q &Q

(b) 2x+y+3z-2=0 and x-2y+5=0 ,\\\O Q)(b
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(C) 2x-2y+4z+5=0 gnd 3x-3y+6z-1=0
(d) 2x-y+3z-1=0 and 2x—y+3z+3=0
() 4x+8y+z—-8=0and y+z—4=0

Solution:

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

LlL; =»%=h_4

a, b, ¢

L 1L, =>aa, +bb,+cc,=0
The angle between Li and L. is given by
‘a,a2 +bb, + clcz| |

\/alz +b' +¢] .Jazz +b, +c,’ |

t =cos'1;

(a) The equations of the planes are 7x+5y+6z+30=0 and 3x—y-10z+4=0

Here,
a,=7,b,=5 gnd ¢, =6
a,=3,b,=-1 gpd ¢, =-10
Hence,
aja, +bb, +cc, =Tx3+5x(-1)+6x(-10)
=-44
= ()

Therefore, the given planes are not perpendicular.

Also,

It can be seen that, @& b, ¢, &% Q

Therefore, the given planes are not parallel.
4

The angle between them is given by, Q% &Q
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8 = cos™! aa, +bb, +cc, |
\/alz +b’+c} .\/azz +b +c, |
gt 7x3+5><(—1)+6x(—]0) ‘
Y7 +(5) +(6) o) +(-1) +(-10)
_ cos-1 [ 212560 ‘
V110110
| s
110
:cos"12
5

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

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

Thus, the given planes are perpendicular to each other.

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

Here,
a,=2,b,=-2 gnd ¢ =4
a,=3,b,=-3 gpnd ¢, =6
Hence,
aa, +bb, +c,c, =2x3+(-2)x(-3)+4x6
=6+6+24
=36
=0 N O®
| | A
Thus, the given planes are not perpendicular to each other. @ Q

Also, \(&6 Q
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a 2
a, 3
b 2 2
b, -3 3
4 2
¢, 6 3
a, i ¢

It can be seen that, @2 b, ¢,

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,

al =2’bl =_1 and Cl =3

a,=2,b,=~1 and ¢, =3

Hence,

@4 _2_,
a, 2
h_-1_,
b, -1
a._3_4
e, 3
a,_ﬂ G

Therefore, @ 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,

ai :4,b| =8 and 01:1

a,=0,b, =1 and ¢, =1

O
aa, +bb, +cc, =4x0+8x1+1 60 Q
9 QS oL

#0 &"O Q
Thus, the given lines are not perpendicular to each other.
4

Also, OQ &Q

Hence,
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LIONST /R

4 _4

a, 0

b _8_4

b, 1

- L

|

a b ¢

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, |
\/af +b’+¢’ ,\/a; +h,’ +¢,’

0=cos™

4x0+8x1+1x1 |
@) +(8) +(1) xy/(0) +(1)’ + (1)
4 9

=cos”
92

e

=: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+12z=3
(b) (3.-21) 2x—y+2z+3=0
) (23.-5) x+2y—-2z=9
d) (-6.0.0) 2x-3y+6z-2=0 Q)

Solution: 60 ’\\
The distance between a point, (%.%:2) and a plane Ax+By+Cz+D=0 jg glve @ &(b
_\Ax1+Byl+cz1+D\ Q

_‘ JL+B+C | %

(a) The given point is (0,0,0) and the plane is 3x—4y+12z-3= (b
@
&
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3x0+(—4)><0+12><0+(—3)‘

J(=3) +(=4) +(12)

_-3‘

(b) The given point is (3.-2.1) and the plane is 2x—y+2z+3=0

Therefore,
g 2x3+(—-1)><(—2)+2xl+3|
J@) + (=17 +(2)
_|13
Jo
E
T3

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

1x242x3+(2)x(-3)+(-9)|

Joy @y« |

(d) The given point is (-6.0.0) and the plane is 2x=3y+62z-2=0

Therefore,
Bl 3 <
L _|2xC6)+ (3)x0+6x0+ () S o
Jor o) | ROy
|- o o0
7@ \@* "%
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MISCELLANEOUS EXERCISE

Question 1:
Show that the line joining the origin to the point (2.1.1) 45 perpendicular to the line determined
by the points (3,5,-1),(4:3,-1)

Solution:
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, 8 (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 apq (-1+1)=0

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

Thus, OA4 L BC proved.

Question 2:

If Lsm:1 and L7571, are the direction cosines of two mutually perpendicular lines. Show
that the direction cosines of the perpendicular to both of these are

mn, —npny, ml, —ml, Lmy, —Lm

Solution:

LL +mm, +nn, =0 ..(1)
I +m’+n’ =1 el 2)
L+mlen’=1 .-(3)

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

cosines /™1 and 5.ms.1;

Therefore,

mm Wondershare

®  PDFelement
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o)

I+ mmy +nn =0
I, +mm, +nn, =0

! m n

— = —

mpn, —m,n, nl,—nl, Lm,—1m,

':2 2 nz

= 2 2 2

(mln2 —mznl) (m’ nl,) (J m, —1 ml)

2

o P +m?+n’ (4)

(mln2 Ry ]2 +(”1!z —nyl, )2 +(!1mz —lym, )2

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

P+m’+n’ =1 .-(5)
As we know that,
(I,z +m? +n12)(122 +m,’ +n22)—(l}lz +mmy +mn, ) = (mn, —myn, Y +(ndy —md, ) +(Lmy —Lm,)’

Putting the values from (1), (2) and (3), we get
= 1.1-0=(mn, —myn, ) +(mdy, =mh, ) + (L, =Lm, )’
= (mn, —m,n, )2 +(ml, _”231) +(4m, _32’"1) =1 .--(6)

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

P+mi+n? 1

(mln2 —m,n, )2 +(nf nzl) Imz Im])

Hence,

& m’ n’

= = =1
(mlnz — )2 ("llz = ”231)2 (Zlmz —Lm )2

Therefore,
[ =mmn, —m,n,

m=ml, —n,l,
n=Im,—1l,m, Q \O®

Hence, the direction cosines of the required line are 7%, —mym, mb—nl, hm, —Lm, de @

&
Question 3: %\(b %’

Find the angle between the lines whose direction ratios are @.b,¢ and b ’QC G&Q’
@
\5«
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2
Solution:

The angle 6 between the lines with direction cosines 4.b,¢ and (b—c).(c—a),(a-b) is given
by,

- _‘ a(b-c)+b(c-a)+c(a-b) ‘

| ‘\!az +¢'}2+cz.\/(b—c]2 +(c—af)2 +(a—b)2 ’

B—cos_'| ab—ac+bc—ab+ac—bc ‘
Na +b +c" \(b-c) +(c—a) +(a-b
2 2 2 2 2 3
=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 (2,0,0) , where a € R
Hence, the direction ratios of OA are 40,0

The equation of OA is given by,
_x-a_ y—0 . z-0
0 0 0

z
=—={
0

X_r_Zz
1 0 0

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

Question 5:

If the coordinates of the points A, B, C, D be (1,2,3),(4,5,7),(—4,3,—6) and fz,gz)
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 (29»2) respectively.
Hence,
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@
a,=(4-1)=3 =[2-(-4)]=6
b=(5-2)=3 b,=(9-3)=6
7i=i7-3)4 . =[2-(-6)]=8
Therefore,
a _b _¢ 1
==
az bz CQ 2

Hence, 4B | CD

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

Question 6:
x-1 y-2 z-3 x=1 y-1 z-6

If the line -3 2k 2 and 3k 1

Solution:

Here,
a, =—3 a, =3k
b =2k b, =
=2 ¢, =5

Two lines with direction ratios, %-%:¢ and %:0:,¢, are perpendicular, if
a,a, +bb, +¢e, =0

Therefore,

= -3(3k)+2kx1+2(-5)=0

=-9%+2k-10=0

= Tk=-10

= k= ﬁ

7
_ 10

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

S
('O Q{b

Wondershare

PDFelement

-5 are perpendicular, find the value of k.

<

Find the vector equation of the plane passing through (1.2.3) and perpe@ar to% plane

?’.(1+2_}—5k)+9=0.

>

\\
| &Y
&S

Q
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5]

Solution:
Here,

F=(fv2j43k) g N=(7+27-5F)

The equation of a line passing through a point and perpendicular to the given plane is given by
I'=r+AN: AeR

Hence,

=1=(f+2]+3k)+A(7 +2j-5k)
Question 8:

T T
Find the equation of the plane passing through (a,b.c) and parallel to the plane ip"(I A k) =2
Solution:
=M e P\

Any plane parallel to the plane, i"'(I A k) =e , 1s of the form

= A~ - ~

r(f+j+k)=2 (1)

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

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

:>(af+b}'+ckA).(f+}+IE)=l

=a+h+c=21

Putting A =a+b+c¢ in equation (1), we get
:(f+}+l€)=a+b+c vl 2)
This is vector equation of the required plane.
. AR I P .
Putting » =xi + )/ +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:

r=6i+2j+2k+A(f-2] +2k)

Find the shortest distance between lines and

r=—4i—k+p(3-27-2k)

Solution:

The given lines are
?=6f+2}+2§+l(f—2}+2§) ()
r=—4i —k + p(37 27 - 2F) w(2)

—

e - -

The shortest distance between two lines © =@ + 45, and 7 =4, +Ab, is given by
= 2 5 5
(N

| s

- 5 - - =
Comparing, ” =@ + b and " =4, +Ab, to equation (1) and (2), we get
4 =61 +2)+2k ang a,=—41—k

—

by=i-2j+2k gpnq b, =30 -2]j-2k

Therefore,
@ -a, = (47 )~ (67 +2] +2k)
= -10i 27 -3k
5 o |* J
bxb=|1 =2 2
3 2

=[4+4)f—(—2—6]}'+(—2+6)»’2
=81 +87+4k

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


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

mm Wondershare
PDFelement

Remove Watermark g

https://millionstar.godaddysites.com/

(85+8}+4J2).(-10§-2}—3f€)|
‘(85+8}+4!€)‘ |

-80-16-12 |

J@B) +(8) +(4)
-108

N

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, (%:312) and (52:32:22) s

X=X _Y-» _z-1

X, =X W=0 z,—E

The line passing through the points (5.1.6) and (3.4.1) is given by,
x—5 _ y-1 =z—6 \ x=5 _ y—1 _ z-6 =i
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 YZ-plane

=5-2k=0
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Question 11:

Find the coordinates of the point where the line through (5.16) and (3:41) crosses the ZX-
plane.

Solution:

The equation of the line passing through the points (%:3152) and (%2:2:2:) s

X=X _ V=¥ _2-%
X=X V=N Z, — L

The line passing through the points (5.1.6) and (3.4.1) s given by,
x—5=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

= k=t
3

(F02)
Hence, the required pointis \ 3 =~ 2

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: 0 Q)
o | | D X
The equation of the line through the point (x:752) and (%2032:%) is

X=X _Y-» _Z2-3% K(b
X=X =N 2, — L Q
NN

Since the line passes through the points (3,-4,-5) and (2-3.1) its equat@ls g{@ by,
@
\5«
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L |

\e

x-3 y+4 z+5

2-3 -3+4 1+5

x-3 y+4 z+5
= — :k

1 " 6 (say)

=>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 ¥ +2y+32=5 and 3x+3y+z=0,

Solution:

The equation of the plane passing through the point (-1.3.2) is
a(x+l)+b(y—3)+c(z—2)=0 (I)

where @,0,¢ are direction ratios of normal to the plane.

We know that two planes,
ax+by+ez+d =0 gnd ax+by+c,z+d, =0 are perpendicular, if @@ +bb, +¢¢, =0

Since, plane (1) is perpendicular to the plane, x+2y+3z=5

Therefore,
=al+b2+c¢3=0 Q)
=a+2b+3c=0 (2) .
3 &
Also, plane (1) is perpendicular to the plane, 3x+3y+z=0 <

= a3+b3+cl1=0 {O Q
—=3a+3b+c=0 ..(3) 6\(0 s

From equation (2) and (3), we get OQ KQ
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a b c
- = =
2x1-3x3 3x3-1x1 1x3-2x3
a b
> L2252k (sa
7 E 3 o

=a=-Tk.b=8k.c=-3k

Putting the values of 4.0 and ¢ in equation (1), we get
= —Tk(x+1)+8k(y-3)-3k(z-2)=0
:>(——7x—7)+(8y~24)~32+6=(]
=-Tx+8y-3z-25=0
= Tx—-8y+3z+25=0

Question 14:

=32 ~ 5 _
If the points (LL ) and (-3.0.1) pe equidistant from the plane r.(Sz +4J—12k]+ s

find the value of P .

then

Solution:

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

=¥z A 2 .
The equation of the given plane is r'(?’I K AIZk) #13=0

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

_‘aN d

TR

N=3+4j-12% and d =-13

Here,

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

_‘(f+}+p£].(3;+4}—12£)—(—]3)| )
k= [37 + 4124 @60 (;\\
|3+4 ]2;)+]3| &% Q&(b
JSZ + 44 (- 12) %\(b %_
:@ " & o
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Similarly, the distance between the point (=3.0.1) and the given plane is

(<37 + ). (37 + 47 -124) - (<13)

=D, = — =
|3.r:+4j—12k‘
l-9-12+13
=D, =
(P4 (-12)
e .. (2)

13
From the given condition, D, =D,

[20-12p| 8
13 13
=[20-12p|=8
=20-12p=8or —(20-12p)=8
=12p=120r12p=28

7
:>p=lorp=;

7
Thus, the value of =1 or Ay

Question 15:

Find the equation of the plane passing through the line of intersection of the planes
_’

—Hn m o~ _ » S -
?’-(3 +f+k)_1 and ip"(2‘[ +3f—k)+4_0 and parallel to x-axis.

Solution:
— . B
r.(2:‘ +3_,>k)+4=0

o o
The given planes are iV'(z I k) =1 and
The equation of any plane passing through the line of intersection of these planes is given by

[F.’(f+}+k“)—1}&[?.’(2&3}—&‘)+4]=0
F](22+1)7 +(32+1) j+(1-2) k| +(44~1)=0 (1)

Here,

a,=(22+1),b,=(32+1) gnq & =(1-2)
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 gpnd ¢, =0

Hence,
= 1.(24+1)+0(32+1)+0(1-4)=0
=24+1=0
= A =—l
2
1
Putting, 2 in equation (1), we get

O
—— 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 (1329_3), then find the equation of the plane
passing through P and perpendicular to OP.

Solution:

The given points are 0(0,0,0) anq 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(xl D7) is
a(x—xl)+b(y——yl)+c(z—zi)=0
where, 4.0 and c 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), Q)

Hence, the equation of the required plane is
:>1(x—l)+2(y—2)—3(z+3)=0 @

=x+2y-3z-14=0 ’\é% Q
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Question 17:
Find the equation of the plane which contains the line of intersection of the planes

=¥~ 4 5 e _
r.(z+2;+3k)—4—0,r.(2:+;—k)+5_0 and which 1is perpendicular to the plane

2(5f+3_?—6kA)+8=0.

Solution:

The equations of the given planes are
— n a
rli+2j+3k)-4=0  ..(1)
r(20+ j—k)+5=0 wi(2)

The equation of the required plane is,
[r’_.)(f+2‘}'+3kn)— ]4-2,[ (21+; k)+5] 0
rT(M+l)f+(ﬂ,+2)}'+(3—ﬂ,)k-‘+(5/1—4)=0 ..(3)

or D " _
The plane in equation (3) is perpendicular to the plane, r'(Sl - 6k) T8=0

Therefore,
=5(24+1)+3(2+2)-6(3-1)=0
=194-7=0

:>/’L=l
19

o=l
Putting 19 in equation (3), we get
33, 45. 50 } —41 _
i+—j+—k
119" 19 19 |19

:>r.(33f+45}+50;€)—41:0 ..(4)
The Cartesian equation of this plane is given by

= (xf+y}+z£).(33f+45}+50k“)—41 =0

= 33x+45y+50z-41=0 .
3 &
O
Question 18: % Q

Find the distance of the point (—1.=5.-10) from the point of intersection o éh{ae
r=2i- 2k + 2 (30 +47+2k) L4 e slane li-j+k)=5

‘b
§\\ %)
%
£
L&
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Solution:
The equation of the given line is

- - ” ~ ~ ~ ~

r=20-j+2k+A (3 +4]+2k) (1)
The equation of the given plane is

—3/ A ~ ~

r(i-j+k)=5  ..(2)

Putting the value of r from equation (1) in equation (2), we get
:[2?—}+2£+/1(3?+4}+212)}.(?—}+!E)= 5
=[(3a+2)i +(4a-1) j+(22+2)k (i~ j+k)=5
= (31+2)-(41-1)+(21+2)=5
=A=0

— A A %
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

=3 A A i
r=2i—-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) jg
d=y(-1-2) +(=5+1) +(-10-2)’
_ o T6+14
=169

=13

Question 19:

Find the vector equation of the line passing through (12,3) and parallel to the planes
F.’(f—}+212)=5 and 37 +k)=6

Solution:

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

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

The equation of line passing through (12.3) and parallel to b is given.by,
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—
he
3?=c?+ftb

-3

= r.(i = j+2k)+2 (b +b,]+bik) a1

The equations of the given planes are
—3in i
r{i-j+2k)=5 .(2)
?(3f+}+£)=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.

- (f—}+21§).,l(b]f+b2}'+b]l§)=0
= A(b—b, +2b,)=0

= b —b,+2b,=0 ()
Similarly,

= (37 + j+£).A(Bi +b,] +bk) =0
= 1.(3b7 +b,+b;)=0
=3b +b,+b,=0 s8]

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

b b, b,

— = —
(-1)x1-1x2  2x3-1x1 - 1x1-3(-1)
L
-3 5 4

Thus,

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

Hence,
b=bi+b,j+bk
=-3i+5]+4k
Putting, the value of b in eqation (1), we get <

F=(F+27+3F)+ A (-37 + 5]+ 4k) 60 ;\'\O
’b
Question 20: &6 QK

Find the vector equation of the line passing through the point (1,2,-4) ani@ $h to the

x—8 y+19 z—-10 =15 329 £-35
two lines: 3 -16 7 and 3 8 -5
Q\
%‘s
,Q(\
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Solution:
Here,

b=bi+b,j+bk

e I “ -
a=i+2j-4k

The equation of the line passing through (1.2,-4) and parallel to vector b is given by
==+ Ab
_’ -~ -~ ~ o~ ~ ~
=7 =(i+2j-4k)+ A (bi+b,j+hik) (1)

The equations of the lines are

x—8_ y+19_z-10 (2)
3 -16 7
x=15_ y-29 =z-5
i & -5

-(3)

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

= 3b,—16b, +7b, =0 (4
Also,
Lines (1) and (3) are perpendicular to each other
= 3b, +8b, —5b, =0 .(5)

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

b, b, b,
= = = .
(-16)x(-5)-8x7  7x3-3x(-5) 3x8-3x(-16)
il B
24 36 72
a5 _5%
23 6

Hence,

The direction ratios of » are 2,3 and 6

Therefore, 60 c,;\\C)

f;.=21?+3_}:+6kﬁ @

Putting b=2i+ 3j+6k in equation (1), we get \(&6 Q

:>r_,=(f+2}—412)+1(25+3}+613) %
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Question 21:

Prove that if a plane has the intercepts @,0.¢ and is at a distance of P units from the origin,
1 1 1 1

P

b
then a© b ¢ p°.
Solution:

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

=g =] wi1)

The distance 7 of the plane from the origin is given by,

0 0 0
——f—=1
a b c

()

p:

i 0 & i

R 2 2
Hence, ¢ b~ ¢ p proved.

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) V29 units

Solution: . O

The equations of the planes are 60 c’)\\
=2x+3y+4z=4 (1) <

=4x+6y+8z=12

=2x+3y+4z=4 :(2) Q% KQ
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Since given planes are parallel, and we know that the distance between two parallel planes
ax+by+cz=d, gpd ax+by+cz=d, ig gjven by,
dz — dl
va' +b% +¢
.
V@ +(3) +(4)

2

J29

D=

2

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

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

5
0,0,—
(A) Perpendicular (B) Parallel (C) intersect y-axis (D) passes through [ 4J

Solution:

The equations of the planes are
2x—y+4z=5 (1)
5x-25y+10z=6 (N

Here,

a 2

a, 5

b -1 2

b 25 s

¢ 4 2

¢ 10 5
Therefore,

Hence, the given planes are parallel.

Therefore, the correct answer is B. %
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