CHAPTER

11

Chapter Objectives

THREE-DIMENSIONAL
GEOMETRY

This chapter will help you understand :

> Three-dimensional geometry : Introduction to coordinate system; Direction cosines and Directional ratios of a line; Equa-
tion of line in space; Angle and shortest distance between two lines; Introduction to plane, Co-planarity of two lines; Angle
between two planes; Distance of a point from a plane; Angle between a line and a plane.

‘@‘: Quick Review

% Vectors can exist in general n-dimensional space. &
The general notation for a n-dimensional vector is, TIPS... &
*u Setting up the Matrix for Solving.

v=(a,,a,,a,,...,a,) and each of the axis are called
components of the vector. *a Write your equations in standard form.
% In physics and mathematics, a pseudo-vector
(or axial vector) is a quantity that transforms like
a vector under a proper rotation, but in three-
dimensional (3D) geometry it gains an additional % Draw a large square bracket around full matrix.
sign flip under an improper rotation such as a
reflection. Geometrically it is the opposite, of equal R
magnitude but in the opposite direction, of its TRICKS... /"'"
mirror image. This is as opposed to a true vector, . . .
also known% in this Context?gs a polar vector, which k. Recognise the form of the solution matrix.
on reflection matches its mirror image.

N\
% In 3D, the pseudo-vector, p is associated with the \.. Use row-addition or row-subtraction.
N\

* Transfer the numbers from the system of equations
into a matrix.

: Use scalar multiplication.

curl of a polar vector or with the cross-product of
two polar vectors a and b. The vector p calculated in
this way is a pseudo-vector.

< Constructing a plane in two-dimensional (2D) is N Work from top to bottom first.
easy, this can be done from either a normal (unit
vector) and a point, or from two points in space.

% Quadric surfaces in 3D are the graphs of any equation that can be put into the general form :

Ax*+By’ +Cz’ +Dxy+Exz+Gx+Hy +Iz+] =0

‘,@i Know the Links

i http://tutorial.math.lamar.edu/Classes/Calcll/VectorsIntro.aspx
I http://docs.godotengine.org/en/3.0/tutorials/math/vectors_advanced.html

= Combine row-addition and scalar multiplication in
a single step.

= | Multiple Choice Questions (1 mark each)
Q. 1. Distance of the point (o, f, y) from y-axis is The foot of perpendicular from point P(a,f,y) on
(@ B (b) [B] y-axis is Q(0, 3 ,0).
(c) |B| + |'Y| (d) JoZ+v* .Required distance,
[NCERT Exemp. Ex. 11.3, Q. 29, Page 237] PQ= \/(a —0) +(B—B) +(y =0 =\Ja’+y’
Ans. Correct option : (d) Q. 2. If the directions cosines of a line are k, k, k, then
(@ k>0 b)) 0<k<1

Explanation :
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(©)

Ans.

Q.3.

(@
(©

Ans.

(@
(©)

Ans.

Q.5.
(@
(c)

Ans.

1 1
=__ Oof ——
(d) 7 o NG
[NCERT Exemp. Ex. 11.3, Q. 30, Page 238]
Correct option : (d)
Explanation :
Since, direction cosines of a line are k, kand k.
d=km=kandn =k
We know that, > + m? + n? =1
= K+ +k =1

k=1

= K=

The distance of the plane r. (E; +§} _E];j =1
from the origin is 7 777

1 (b) 7

1/7 (d) None of these
[NCERT Exemp. Ex. 11.3, Q. 31, Page 238]

Correct option : (a)

Explanation :
. - (22 32 67
The distance of the plane 7 - ;1 + ?] —;k =1form
the origin is 1.
[Since 7 - 71 = d is the form of above equation, where

d represents the distance of plane from the origin,
ie,d=1]

. The sine of the angle between the straight line

x;Z = y;3 = Z;4andtheplane2x—2y +z=>5is
10/6V5 (b) 4/5v2
2V3/5 (d) v2/10

[NCERT Exemp. Ex. 11.3, Q. 32, Page 238]
Correct option : (d)
Explanation : We have, the equation of line as
x-2 y-3 z-4

3 4 5

This line is parallel to the vector, b=3+ 4}' +5k

Equation of plane is 2x -2y +z =5.
Normal to the plane is i = 27 — 2} +k.

Its angle between line and plane is ‘0".

Then,
b7 |(3z° +4]+5k)- (21 -2j+ 1€)|
sinf = ——-=
|b||ﬁ| Pra+52Jar 41
_l6-8+5] 3 1
5049 15V2 52
sinf = Q
10
The reflection of the point (c, 3, ) in the xy-plane is

(o, B, 0) (b) (0,0,7)
(—0(, _'3/ Y) (d) (OL, ﬁr _Y)

[NCERT Exemp. Ex. 11.3, Q. 33, Page 238]
Correct option : (d)

Explanation :

C)
(©

Ans.

Q.7.
(@)
(b)
(©
(d)

Ans.

Q.8.

(@)
(©

Ans.

In xy-plane, the reflection of the point (a,3,y) is
(0!, ﬂr_y),

. The area of the quadrilateral ABCD, where A (0, 4,

1),B (2,3,-1),C (4,5,0) and D (2, 6, 2), is equal to
9 sq. units (b) 18 sq. units
27 sq. units (d) 81 sq. units

[NCERT Exemp. Ex. 11.3, Q. 34, Page 238]
Correct option : (a)
Explanation :
Wehave, A (0,4,1),B(2,3,-1),C(4,5,0)and D (2,6, 2)

AB=(2-0)i +(3—4)j+(-1-1)k
=2i—j-2k

BC =(4-2)i +(5-3)] +(0+1)k
:217+2}'+I€

CD=(2-4)i +(6-5)] +(2-0)k
:—22+}'+21€

DA =(0-2)i +(4—6)i +(1-2)k
=-2i-2j-k

Thus quadrilateral formed is parallelogram.
.. Area of quadrilateral ABCD

4B~
PGk
=2 -1 =2

2 1

~[3i - 6] + k]

=v9+36+36

=9 sq. units

The locus represented by xy + yz = 0 is
A pair of perpendicular lines
A pair of parallel lines
A pair of parallel planes
A pair of perpendicular planes
[NCERT Exemp. Ex. 11.3, Q. 35, Page 238]
Correct option : (d)
Explanation :
We have,
xy+yz=0
= x(y+z)=0
=>x=0andy+z=0

Above are equations of planes.
Normal to the plane x = 0 s i. o
And normal to the plane y +z=01is j+k.
Now, i-(j+k)=0
So, planes are perpendicular.
The plane 2x - 3y + 6z — 11 = 0 makes an angle
sin"!(c) with x-axis. The value of o is equal to
V3/2 (b) v2/3
2/7 (d) 3/7
[NCERT Exemp. Ex. 11.3, Q. 36, Page 236]
Correct option : (c)
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Explanation :

We have equation of plane as 2x -3y +6z—-11=0.
3j+6k .

Also x-axis is along the vector 4 = i+ 0} +0k .
According to the question,

Normal to the plane is # = 2% -

) |a-7
sma = m
| (21 -3+ 6k)|
JIN4+9+36
Q. 9. Distance between the two planes : 2x + 3y + 4z =
4and 4x + 6y + 8z = 12is
(a) 2 units (b) 4 units
(c) 8 units (d) 2/v29 units
[NCERT Misc. Ex. Q. 22, Page 499]
Ans. Correct option : (d)
Explanation :
Distance between two parallel planes,
Ax + By + Cz=d;and Ax+ By + Cz = d, is
d —d,
A*+B+C?
2x + 3y +4z =4
Comparing with Ax + By + Cz = d;
A=2,B=3,C=4,d, =4
And now, 4x + 6y + 8z = 12
2(2x + 3y +4z) =12
Dividing by 2
2x+3y+4z=6
Comparing with Ax + By + Cz = d,
A=2,B=3,C=4,d,=6
So,
Distance between the two planes
o4 | ] 2 |2
V23 +4| [Na+o+16] V29
Q. 10. The planes: 2x —y + 4z = 5 and 5x — 2.5y + 10z

= 6 are
(a) Perpendicular

Very Short Answer Type Questions

(b) Parallel
(c) Intersect y-axis

(d) Passes through (0,0,%

[NCERT Misc. Ex. Q. 23, Page 499]

Ans. Correct option : (b)

Explanation :

Angle between two planes Ax + Byy + Ciz = d;

and Ayx + B,y + Cyz = d, is given by

AA, +BB,+CC,
JA +B +C A2+ B2 +C:
Given that plane,
2x-1y+4z=5
Comparing with A;x + By +Ciz = d,
A =2,B =-1,C,=4,d =5
5x - 2.5y + 10z = 16
Multiplying by 2 on both sides,
10x -5y + 20z = 12
Comparing with Ayx + Byy + Cyz = d,
Ay =10,By = -5,C, = 20,d, = 12
(2 x10) + (=1 x =5) + (4 x 20) |
2+ (21 + 424107 + (=5)° + 207 |
20+5+80 |
JA+1+16+/100+25+400|
105

V214525

cos @ =

So, cos 0=

\/ix«/ZSXZI‘
105
V21 %521
105
21x5

=1
So,cos 0 =1
L 0=0°
Since angle between the planes is 0°.
Therefore, the planes are parallel.

(1 or 2 marks each)

Q. 1. Write the equation of a plane which is at a distance
of 5y/3 units from origin and the normal to which
is equally inclined to coordinate axes.

[CBSE Board, Foreign Region, 2016]

r Y
Ans. — 4+ ——Sx/_

NN

orx+y+z=15 [1]
Q. 2. Find the vector equation of the plane with

intercepts 3, —4, 2 on x, y and z-axis respectively.

[CBSE Board, All India Region, 2016]

Ans. X4 ¥ 2
3 4 2
SF i —3frot =12 or 7| Lol K|
3 4 2 1]

Q. 3. Find the coordinates of the point where the line
through the points A (3, 4, 1) and B (5, 1, 6) crosses
the XZ plane. Also find the angle which this line
makes with the XZ plane.

[CBSE Board, All India Region, 2016]
Equation of line through A (3,4, 1) and B (5, 1, 6),
x-3_y-4_z-1_,

2 -3 5

General point on the line :
x=2k+3,y=-3k+4z=5+1
Line crosses xz plane, i.e.,,y = 0if -3k + 4 =0

k=2
3

Ans.

(say)

Coordinate of required point = (%7, 0, ?J
Angle, which line makes with xz plane :
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Q.4.

Ans.

Ans.

Ans.

Q.7.

Ans.

Q.8.

Ans.

Ans.

o< [20)+(3)(1) +5(0)

sl
ﬁ
0 sin™ [\/i—gj

Find the vector equation of the line passing
through the point A (1, 2, -1) and parallel to the
line 5x — 25 = 14 - 7y = 35z.

[CBSE Board, Delhi Region, 2017]

sin

[2]

Equation of given line is % S_y=2_z
1/5 -1/7 1/35
Its directional ratios l —l RS 0r< -5, 1)
57 735
Equation of required line is
F=(i+2]-k)+ A7 -5 +k) 2]

. A line passes through the point with position

vector 2i - 3}' +4k and is perpendicular to the
plane 7_(32 +4}' - 5]2) =7, Find the equation of
the line in Cartesian and vector forms.
[CBSE Board, Foreign Region, 2017]
37 +4k)+ A(3i +4] - 5Kk)
z—-4
=5

Vector form: 7 :(21T -
x-2 y+3
3 4

Cartesian form :

[2]

. Find the distance between the planes 2x -y + 2z =

5 and 5x - 2.5y + 5z = 20.
[CBSE Board, All India Region, 2017]
. ) 2x—-y+2z=5
Writing the equations as
2x-y+2z=8
= Distance =1 unit 1]
A plane passes through the points (2,0,0), (0,3,0)
and (0,0,4). The equation of plane is
[NCERT Exemp. Ex. 11.3, Q. 37, Page 239]
We know that, equation of a plane that cuts the
coordinate axes at (a, 0, 0), (0, b, 0) and (0, 0, ¢) is
L AN
a b c
Hence, the equation of plane passes through the

points (2, 0,0), (0,3,0) and (0,0, 4) is g + % + % =1.[1]

The direction cosines of the vector (Zf + 2}' - l@) are
. [NCERT Exemp. Ex. 11.3, Q. 38, Page 239]

Direction cosines of (22 + 2} - 12) are

2 2 -1
Varas1 Varar1 Jara+1
ie., %/%I%l [1]
. The vector equation of the line Xx5_Yy ; 1.z ; 6
is .
[NCERT Exemp. Ex. 11.3, Q. 39, Page 239]
We have equation of line as * =5y ;L 4_ Z;6,

Line passes through the point 4 = 5i— 4}'+ 6k and

parallel to the vector b=3+7] j+ 2k.

Q. 10.

Ans.

Q. 11.

Ans.

Q.12.

Ans.

Q.13.

Ans.

Q.14.

So, the vector equation will be
F=(5—4]+6k)+ A3 +7] +2k). 1]
The vector equation of the line through the points
(3,4,-7) and (1, -1, 6) is
[NCERT Exemp. Ex. 11.3, Q 40, Page 239]

We know that, vector equation of a line that passes
through two points 4 and b is represented by
F=d+Ab-0).
Here, ?:xf+y}+zl€, ﬁ:3f+4}—7l€ and
b=i-i+ok
So, the required equation is

xf+yj+xl€:3f+4j—712+/1(—25—5}+1312)

=(x —S)f +(y —4)}'+(z + 7)12 = /1(—2f —5}‘+131€) [

The Cartesian equation of the plane r. (; + } - IAc) =
is .

[NCERT Exemp. Ex. 11.3, Q. 41, Page 239]
Wehave,  7-(i+]—k)=2
:>(xf+y}'+zl€)-(f+}'—l€):2

= x+y—-z=2

This is the required Cartesian form. [1]
State true/false :
The unit vector normal to the plane x + 2y +3z-6
i 2 ] 3k
TRV RN 7Y
[NCERT Exemp. Ex. 11.3, Q. 42, Page 239]
True,

We have equation of plane as x + 2y +3z -6 =0.

Normal to the plane is 7i = i+ 2}' +3k.
Therefore, unit vector normal to the plane is :

. f+2}'+31€

L R
i 2] 3k
RN 2]
State true/false :

The intercepts made by the plane 2x — 3y + 5z +4
= 0 on the coordinate axis are -2, 4/3, —-4/5.
[NCERT Exemp. Ex. 11.3, Q. 43, Page 239]

True,
We have equation of plane as 2x -3y +5z+4=0
= 2x-3y+5z=-4
a3 s
-4 -4 -4
2i+1+ =1

z
2 4 [ 4
3 (s

So, the intercepts are -2, —

[2]

and —i

3 5

State true/false :

The angle between the line

7 =(5i — j —4k) + A(2i — j + k) and the plane
5

291"

[NCERT Exemp. Ex. 11.3, Q. 44, Page 239]

7-(3i-4j—k)+5=0 issin”
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Ans.

Q.15.

Ans.

Q. 16.

Ans.

Q.17.

Ans.

False,
Line 7 = (Sf - } —412) + /‘L(Zf - } + 12) is parallel to the
vector b :22—}'+12.
Normal to the plane is 7 = 3i - 4} —k.
Let 0 is the angle between line and plane.
b1
ol
|(2{—j+12).(32—4}'—1€)|
V6426

Then, sin @ =

Cle+4-1] 9
J156 2439
O=sin"!

9
2439 2]
State true/false :

The angle between the planes 7 -(Zf —3}'+l€):1
A -5

and7-(i - j)=4iscos ' —.
i-j) J58

[NCERT Exemp. Ex. 11.3, Q. 45, Page 239]
False,
Normal to the plane
720 -3j+k)=1is i, =21 -3]+k
Normal to the plane ?~(f—}) =4isii, :f—}'
. Angle between the planes is given by

cosH:’zl'?z
[ 72,
I G RG]
cosf =
NA+9+141+1
= cosf = |2+3| -0
Va2 247
5
S 0=cos | —=
o (2«/7] 2]

State true/false :
The line 7 =2i —-3j—k+A(i — j +2k) lies in the
plane ?-(31A'+]A'—IE)+2:0.

[NCERT Exemp. Ex. 11.3, Q. 46, Page 239]
False,
We have, 7 =2 —3j—k+ A(i — j + 2k)
= (xi +yj+2k) = (2+ )i +(=3=A)] +(~1+22)k
Position vector of any point on this line is
2+ )i +(=3=2)] +(=1+22)k.
If this point lies on the plane then LHS of the plane is
[(2+/1){+(—3—1)}'+(—1+21)ng~(3f+}—l€)+2

=6+31-3-41+1-214+2=0
So, the line does not lie on the plane.

State true/false :

[2]

x-5_y+4 _z-6

The vector equation of the line - 5

is r =5i — 4]+ 6k +A(3i + 7] +2k).
[NCERT Exemp. Ex. 11.3, Q. 47, Page 239]
True,

Q. 18.

Ans.

Q.19.

Ans.

Q. 20.

Ans.

Q. 21.

Ans.

x-5 y+4 z-6
7 2
This line is passing through the point (5, -4, 6) and

We have,

parallel to the vector 3 + 7} +2k.
- Its vector formis7 = (51 — 4] + 6k)+ A(3i + 7] + 2k).
[2]
State true/false :
The equation of a line, which is parallel to
2+ } +3k and which passes through the point
(5,-2,4) is x-5 _ y+2 _ z—4.
2 -1 3
[NCERT Exemp. Ex. 11.3, Q. 48, Page 240]

False,

Line is parallel to the vector 2+ } +3k.

Line passing through the point (5, -2, 4),

x-5 y+2 z-4
13

So its equation is

State true/false :
If the foot of perpendicular drawn from the origin
to a plane is (5, -3, -2), then the equation of plane
is7 - (5 —3j —2k) = 38.

[NCERT Exemp. Ex. 11.3, Q. 49, Page 240]

[2]

True,
0(0,0,0)

/ P(5,-3,-2)

From the figure,
7i=OP=5—3]-2k.
Plane passing through the point P(5,-3,-2).
.. Equation of the plane is
5(x=5)=3(y+3)-2(z+2)=0o0r 5x -3y -2z =38.[2]
If a line makes angles 90°, 135°, 45° with the x, y
and z-axes respectively, find its direction cosines.
[NCERT Ex. 11.1, Q. 1, Page 467]
Direction cosines of a line making angle o with

normal to the plane is

x-axis, p with y-axis and y with z-axis are 1, m and n.
I=cosa, m=cosfS, n=cosy

Here, @ =90°, [ =135°, y=45°,

So, direction cosines are

[ =c0s90°=0

-1
m =cos135° =cos(180 —45°) = —cos45° =—
(150459 N5

n =cos45° :L

Therefore, cosines

oL 1
AR
Find the direction cosines of a line which makes
equal angles with the coordinate axes.
[NCERT Ex. 11.1, Q. 2, Page 467]
Direction cosines of a line making, o with x-axis, B
with y-axis, and with z-axis are [, m and n

are

[2]

required  direction
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Q.22.

Ans.

Q. 23.

Ans.

I=cosa, m=cosf, mn=cosy
Given the line makes equal angles with the
coordinate axes.

So,
a=p=y ...(4)
So the, direction cosines are
[=cosa, m=cosa, mn=cosa
We know that,
P+m®+n* =1 [1]
cos’a +cos’ f +cos’y =1
cos’a +cos’a +cos’a =1 (From Eq. (i)
1
3cos’a =—
3
cos’a _1L
3
cosa = i\/T
3
cosa = +L
B
Therefore, direction cosines are :
1 1 1
l=t—, m=t—r, n=t—(
3 NE) 3 [

If a line has the direction ratios —18, 12, -4, then
what are its direction cosines?
[NCERT Ex. 11.1, Q. 3, Page 467]
If direction ratios of a line are a, b and c.
Direction cosines are
a b c
Nt b+ N+ b+ Nak b+t
Given that,
Direction ratios = -18, 12, 4
a=-18, b=12, c=-4

N@ +07 +6 = \(-18) +12° +(-4)’
=324+144+16
=/484

=22
Direction cosines

1]

B a b c

i+ + N2+t + ¢ i+ + ¢
18 12 4

2" 2" 2
26 2

1’ 11’1 [1]
Show that the points (2, 3, 4), (-1, -2, 1), (5,8, 7) are
collinear.

[NCERT Ex. 11.1, Q. 4, Page 467]
B(-1,-2,1)

A(2,3,4) C(5,8,7)

Three points A, B and C are collinear if direction
ratios of AB and BC are proportional.

For AB :

A(2,3,4)

B(-1,-2,1)

Direction ratios

=—1-2, —2-3,1-4

=-3, -5, -3

Q. 24.

Ans.

Q. 25.

Ans.

Q. 26.

Ans.

So,a;, =-3,b; =-5andc; = -3
For BC:

B(-1,-2,1)

C(5,8,7)

Direction ratios

=5-(-1), 8—-(-2), 7-1

=6, 10, 6
So,a, =6,b, =10and c, = 6 [1]
Now,
H_6_,
a -3
b _10__,
b, -5
Q_6_,
¢ 3
Since, & b—z & 2
al bl Cl
Therefore A, B and C are collinear. [1]

Find the equation of the line which passes through
the point (1, 2, 3) and is parallel to the vector

3i+2j-2k [NCERT Ex. 11.2, Q. 4, Page 477]

Equation of a line passing through a point with
position vector 4, and parallel to a vector b is
F=d+ib
Since line passes through the point (1, 2, 3)
d=1i+2j+3k
Since line is parallel to 3; +2; - 2k
b=3i+2]-2k
Equation of line # = + b
F=(i+2]+3k)+A(31 +2] - 2k) 2]
Find the Cartesian equation of the line which
passes through the point (-2, 4, -5) and parallel to
x+3 y-4 z+8
5 6

[NCERT Ex. 11.2, Q. 6, Page 477]
Equation of a line passing through the point (x;, i, z;)
and parallel to a line having direction ratios a, b, c is
X=X _ Y- _z2-%

a b c
Since the line passes through the points (-2, 4, -5)

the line given by

x,==2, y,=4, z,=-5

Since the line is parallel to x+3 =y= 4 -zt 8

5 6
a=3, b=5 c=6 [1]
Therefore, equation of line in Cartesian form is :
x—(-2) _y-4 z-(-5)
35 6
x+2 y—-4 z+5 1]
3 5 6
The Cartesian equation of a line is
X;S =Y ; 4_z-6 . Write its vector form.

[NCERT Ex. 11.2, Q. 7, Page 477]
Cartesian equation :
x-5 y+4 z-6
37 2
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Q. 27.

Ans.

x-5 y-(-4) z-6

3 7 2 (i)
Equation of a line in Cartesian form is given by
X—X% — y-Y — Z-%

a b c ...(il)
Comparing (i) and (ii), we have
x, =5 y,=-4 z=6
And
a=3, b=7 c=2
Equation of line in vector form is :
F=d+ b
Where
ﬁ:x1{+y1}+zll€:52—4}+612 andb:af+b}'+cl€
=3i+7]+2k
Now,
7 =(5i —4] +6k)+ A(3i +7] +2Kk)
Therefore, equation of line in vector form is :
7= (5 — 4] +6k)+ A(3i +7] + 2Kk)
- 2
Show that the line x-S _yrL_z
7 -5 1
are perpendicular to each other.
[NCERT Ex. 11.2, Q. 13, Page 478]

1]

1]
Y.

andf z
1 2 3

Two lines

X—X% :3/—]/1 :Z_ZI
ul bl Cl

and

X=X _Y-¥ _z2-%
a b c

arezperpenziicular t20 each other if

a,a,+b b,+c ¢c,=0

x-5 y+2 z

7 51

x=5 y-(-2) z-0
7 =5 1

Comparing with

X=X _Y-h _z2-% ,

b c

1 1

1]

a
So,
x=5 y=-2 z=0
anda =7, b =-5,
Now for :
X

1

¢ =1

r_¥Y_Z

1 2 3
x-0 y-0_ z-0
1 2 3
Comparing with
X=X _Y-¥ _z2-%

a b, ¢
So,

x2:0 y2=0, 2220,
b,=2,

2

anda, =1, ¢, =3

So, a, a,+b, b, +c, ¢, =(Tx1)+(-5x2)+(1x3)
=7+(-10)+3=0
Therefore, the two given lines are perpendicular to

1]

each other.

Q. 28. In each of the following cases, determine the

(@
(©)

Ans.

(b)

direction cosines of the normal to the plane and
the distance from the origin.
z=2 b)yx+y+z=1
2&x+3y-z=5 (d)5y+8=0
[NCERT Ex. 11.3, Q. 1, Page 493]

(a) For plane
ax+by+cz=d
Direction ratios of normal = a, b, ¢
Direction cosines :
I= 4 m= b n= <

Jat+b? JE v+ N +p+c

d

Va* +b* + ¢’

Distance from the origin =

Given equation of plane is
z=2

Ox+0y+1z=2

Comparing with ax + by + cz = d

a=0,b=0,c=1landd=2

and Na* +0° +¢ =0* +0° +17 =1

Direction cosines of the normal to the plane are

l

B a . b . c
Ji s+ Ji v+ Ja? v+ ¢
0 1
l:7, m=—,n=—
1 1 1
[=0,m=0,n=1

.. Direction cosines of the normal to the plane are
=(0,0,1)
And,

-Z=2

. a4
Vo' +b*+c> 1

Distance from the origin = 2]
For plane

ax+by+cz=d

Direction ratios of normal =4, b, ¢

Direction cosines :

1= a b c

,m= , =
Na? +b* +¢? Ja 112 + ¢ Ja 11 + ¢
d

Distance from the origin = ————+=
Na* +b* +¢?

Given equation of plane is :
x+y+z=1

Ix+1ly+1z =1
Comparing with ax + by + cz =d
a=1,b=1,c=landd=1

and Va® + b+ =P+ 1P +1° =43
Direction cosines of the normal to the plane are
B a I b . c
Va2 +bc’ Ve s+’ e +b+c
1 1

1
=7 m= T n=-—4—
BB B
.. Direction cosines of the normal to the plane are
_[111J
NERNENNE]

And,

1

l

1

d
NI

Distance from the origin =

[2]
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(c)

(d)

Q.29.

@ F.i+j-k)=2

For plane

ax+by+cz=d

Direction ratios of normal =4, b, ¢
Direction cosines :

I a b c

= , m= , n=
Ja2 + b2+ ¢ Va2 + b2 + ¢ Jat 112 + ¢

Distance from the origin = ————
Va' +b* +¢?

Given equation of plane is
2x+3y—-z=35

2x+3y-1z=5

Comparing withax + by + cz = d
a=2,b=3,c=-landd=5

and Vo’ + b + ¢ :\/22 +32 4 (-1
=v4+9+1
=14

Direction cosines of the normal to the plane are
I a b c

= , m= , =
NS NS Ja 1 b+ ¢
2 3 -1

=7 mzil
N7 TR 71

.. Direction cosines of the normal to the plane are
_[ 2 3 -l J

Ve

And,

Distance from the origin =

n=

4 5
Joe+p+c¢ 14 12
For plane
ax+by+cz=d
Direction ratios of normal =4, b, ¢
Direction cosines :
a b c
= ,m= , n=
Ja? + b+ ¢ Ja? + b+ ¢ Ja? b+ ¢
d

Nat +b* +c?

Distance from the origin =

Given equation of plane is

5 +8=0

5 =-8

-5 =8
Ox—-5y+0z=38

Comparing with ax + by + cz =d
a=0,b=-5,c=0and d =8

and Va’ +b> + ¢ :\/02 +(=57+0% =+/25=5
Direction cosines of the normal to the plane are :

a b c
I= , m= , n=
Na? +b* +¢? Na? +b* +¢? Na? +b +¢?
0 -5 0
l=—, m=—,n=—
5 5 5
.. Direction cosines of the normal to the plane are

=(0,-1,0)
And,

Distance from the origin = L = 8 2]

Nat+b+ct S
Find the Cartesian equation of the following
planes :

(b) 7.(2i+3j-4k)=1

(c) 7.l(s—2t)i +(B—t)j+(2s + k] =15

Ans.

(b)

Q. 30.

Ans.

Q.31

Ans.

[NCERT Ex. 11.3, Q. 3, Page 493]
(a) Putting7 = xi+ y} +zk in equation
Foi+j-k)=2
(xi+y]+2k)-(+j—k)=2
(xx)+(yx)+(zx-1)=2
x+y—-z=2
is the Cartesian equation of the given plane.  [2]
Putting 7 = xi + y} +zk in equation
(20 +3]-4k)=1
(xf+y}+zl€)-(2§+3}—4l€):l
(xx2)+(yx3)+(zx—4) =1
2x+3y-4z=1
This is the Cartesian equation of the plane. [2]
Putting 7 = xi + y} +zk in equation
Fl(s—2b)i+(3—1)]+(2s+Hk] =15
(xi +yj+2k)-[(s—28)i + 3—1)] + (25 + k] =15
x(s-2t)+y(3—t)+z(2s+1t)=15
(s-2t)x+(3-t)y+(2s+t)z=15
This is the equation of the plane in Cartesian form. [2]
Find the intercepts cut-off by the plane 2x + y -z
= 5. [NCERT Ex. 11.3, Q. 7, Page 493]
The equation of a plane with intercepts a, b, c on x,
y, and z-axis respectively is :
X Yy z
—+=+—=1 ;
a b c ..(3)
Given, equation of plane is :
2x+y—-z=5
Dividing by 5
2x+y—-z 5

5 5
2y z_,
5 5 5
X y4
N
8

(-5)
Comparing above equation with (i)

5
a=—,b=5,¢c=-5 2
> [2]

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

[NCERT Ex. 11.3, Q. 8, Page 493]
Y

1

0,3,0)
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Q. 32.

Ans.

(b)

The equation of a plane with intercepts a, b, c on x,
y and z-axis respectively is

A A

a b ¢

Given that,

The plane is parallel to ZOX plane as shown
.. Intercept on x-axis = 0

So, a = 0 and intercept on z-axis = 0
So,c=0

Given that,

Intercept on y-axis = 3

So,b=3

Equation of a plane,

y=3 2]
In the following cases, find the distance of each
of the given points from the corresponding given
plane.

Point

(a) (0,0,0)
(b) 3,-2,1)
(c) (2,3,-5)
(d) (-6,0,0)

Plane

3x-4y+12z=3
2x-y+2z+3=0
x+2y-2z=9

2x-3y +6z-2=0

[NCERT Ex. 11.3, Q. 14, Page 494]
(a) The distance of the point (x;, y;, z;) from the
plane Ax+ By + Cz = Dis:

|Ax, + By, +Cz, —D|

| JAT £ B+ C |

Given that, the point is (0, 0, 0).

So,x,=0,y,=0,z =0

And the equation of plane is :

3x-4y+12z=3

Comparing with Ax + By + Cz = D,

A=3, B=-4, C=12, D=3

Now,

Distance of point from the plane is

|3x0)+ (ax0)+ (12x0)-3]
B +(—4) +12°
B 0+0+0—3‘

Jo+16+144

3
7
3
E [2]
The distance of the point (x;, y;, z;) from the plane
Ax + By +Cz=Dis:
| Ax, + By, +Cz, - D|
| Ja+B+C |
Given that, the pointis (3, -2, 1).
So,x,=3,y,=-2,z =1

And the equation of plane is

(©)

(d)

2x-y+2z+3=0

2x-y+2z=-3
—(2x—-y+2z)=3

-2x+y-2z=3
Comparing with Ax + By + Cz =D
A=-2, B=1, C=-2, D=3
Now,

Distance of point from the plane is
B (—2><3)+(l><—2)+(—2><l)—3|

B (-2 +1* +(2)°
_|=6)+(=2)+(-2)-3|

Va+1+4

-13
)

_13

[2]
ThS;J distance of the point (x;, ¥y, z;) from the plane
Ax+ By + Cz=Dis:

|Axl + By, +Cz, —D|

T Vaerec |

Given that, the point is (2, 3, -5).

So, x,=2,y,=3,2=-5

And the equation of plane is :

Ix+2y-2z=9
Comparing with Ax + By + Cz =D
A=1, B=2, C=-2, D=9
Now,

Distance of point from the plane is
3 (1><2)+(2><3)+(—2><—5)—9|

- JE+27 1 (22)
2+6+10-9

V1+4+4

_[18=91_9_4

o3 2]
The distance of the point (x;, ¥4, z;) from the plane
Ax+ By +Cz=Dis:
| Ax, + By, +Cz, - D|
| JA?+ B+ C2 |
Given that, the point is (-6, 0, 0).
So,x,=-6,y,=0,2 =0
And the equation of plane is :
2x-3y+6z-2=0
2x-3y+6z=2
Comparing with Ax + By + Cz = D,
A=2, B=-3, C=6, D=3
Now,
Distance of point from the plane

_(2><—6)+(—3x0)+(6><0)—2|
- N
_|-12+0+0-2

| V419436 ‘

14 ‘

=[-2=2

[2]
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Q. 33.

Ans.

Q. 34.

Ans.

Q. 35.

Ans.

Show that the line joining the origin to the point
(2,1, 1) is perpendicular to the line determined by
the points (3, 5, -1), (4, 3, -1).
[NCERT Misc. Ex. Q. 1, Page 497]
Two line having direction ratios a;, by, ¢; and a,, b,,
¢, are perpendicular to each other if
aa,+bb,+cc,=0
Also, a line passing through the points (x;, y;, z;)
and (x,, 1/, z,) has the direction ratios
(e, =x), (V=) (2,-2)
For AB :
A(0,0,0)
B@2,1,1)
Direction ratios
= (2-0),(1-0),(1-0)
=211
1 =2,b=1.¢-=1
Now for CD :
C(3,5,-1)
D (4,3,-1)
Direction ratios
=(4-3),(3-5),(-1+1)

=1,-2,0

sa,=1,b,=-2andc,=0

Now,

a,a,+b, b, +c, ¢, =(2x1)+(1x-2)+(1x0)
=2+(-2)+0
=2-2
=0

Therefore, the given two lines are perpendicular [2]

If [, my, n; and I,, m,, n, are the direction cosines of

two mutually perpendicular lines, show that the

direction cosines of the line perpendicular to both

of thesearem, n,-m, n,, n, I, -n, L, I, m, -1, m,
[NCERT Misc. Ex. Q. 2, Page 497]

We know that,

ixbis perpendicular to both @ and b.

So, required line is the cross-product of lines having

direction cosines 1;, m;, n; and 1,, m,, n,

ik
Required line=|l, m, n
lZ mZ nZ

= ZT(mﬂ’lz —m,n,)— }(llnz —Ln)+ Ie(llmz -l,m)

= (myn, —myny )i —(Lny = Lng) j+ (Lm, —Lm, )k
So that, direction cosines = m;n, — myn;, n;l, —n,l;,
Im, - 1,m,
.. Direction cosines of the line perpendicular to
both of these are m;n, — m,n;, n;l, —nyl;, lym, —,m;.
Thus proved [2]
Find the angle between the lines whose direction
ratios area, b,candb-c,c—a,a-b.

[NCERT Misc. Ex. Q. 3, Page 498]
Angle between the lines with direction ratios a;, b;,
c; and ay, by, ¢, is given by

C0549:| aa,+bb,+cc, |
2 2 2 2 2 2
|\/Lll +b; +¢; \/a2+b2+c2|

b=b, ¢ =c

Given that, a, =4,

Q. 36.

Ans.

Q.37.

Ans.

anda,=b-c, b,=c—a, c,=a-b

So cosH:| a(b—c)+b(c—a)+c(a—b) |
, |\/a2+b2+cz\/(b—c)z+(C—ﬂ)2+(a—b)2|

:‘ ab—ac+bc—ab +ca—bc ‘
‘\/a2+b2+C2x/b2+c272bc+c2+a272ca+u2+b272ab‘

0
socosO =0
So, 6 = 90°

Therefore, angle between the given pair of lines
is 90°. 2]
Find the equation of a line parallel to x-axis and
passing through the origin.

[NCERT Misc. Ex. Q. 4, Page 498]
Direction cosines of a line making angle o with
x-axis, p with y-axis and y with z-axis are [, m and n.
x-axis makes an angle 0° with x-axis,
90° with y-axis and 90° with z-axis,

0O X
Z
So,a=0° pf=90°, y=90°
Direction cosines are :
I=cos 0°, m=cos 90° n=cos 90°
=1, m=0, n=0

.. Direction cosines of x-axis are 1, 0, 0. [1]
Equation of line passing through points (x;, ¥, z;)
and parallel to a line with direction ratios 4, b, c is
X—X :y_yl :Z_Zl

a b c
Since line passes through origin, i.e., (0, 0, 0),
x,=1 y,=0, z=0
Since line is parallel to x-axis,
a=1, b=0, c=0
Equation of line : x=0 = y=0 = z=0

0 0
r_¥y_z
1 0 0 [1]
If the lines ad _31 =Y Z_kz =z ;3 and
xs;l =Y ; 1276 are perpendicular, find the
value of k. [NCERT Misc. Ex. Q. 6, Page 498]
Two lines XX ¥~V _Z7% 414
a, b, (o

YN YT 27 e perpendicular to each

LIZ bZ C2
other if
aa,+bb,+cc,=0
Given that,
x-1 y-2 z-

-3 2k 2

Comparing with
X=X _ Y=Y _Z—%

al bl Cl
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x=1, y=2, z=3
anda, =-3, b =2k, ¢ =2
Now for :
x-1_y-1_z-6

3k 1 -5

Comparing with
X=X _Y-¥ _z2-%
a, b, c,
x,=1, y,=1, z,=6
and a,=3k, b =1, ¢ =-2, [1]
Since the two lines are perpendicular,
a,a,+b b,+c ¢c,=0
(-3x3k)+(2kx1)+(2x-5)=0

—9k+2k-10=0
7k =10
p=_10

7
Therefore, k = _710 [1]
Q. 38. Find the equation of the plane passing through (a,

b, ¢) and parallel to the plane r,(f + } + ]2) =2.

[NCERT Misc. Ex. Q. 8, Page 498]
Ans. The equation of plane passing through (x;, vy, z;)

and perpendicular to a line with direction ratio A4,
Band Cis

A(X—x1)+B(y—%)+C(Z—Zl)=0
The plane passes through (a, b, c)

Short Answer Type Questions

So,x,=a, y,=b, z =c

Rough

>X

-

ﬁ
N
——|--&— 1+
S
w

oG]+ k)

Since both planes are parallel to each other, their
normal will be parallel.

.. Direction ratios of normal = Direction ratios of
normal 0f7~(f+}'+l€):0

Direction ratios of normal = 1,1, 1
~A=1B=1C=1

Thus,

Equation of plane in Cartesian form is :
A(x_x1)+B(y_y1)+C(Z_Zl) =0
I(x—a)+y-b)+1(z—c)=0

x—a+y-b+z-c=0

X+y+z—(a+b+c)=0

X+y+z=a+b+c [2]

(3 and 4 marks each)

Q.1. Letd=i+j+k, b=i and @ =c,i +c,] +c,k, then
(a) Letc; =1 and ¢, = 2, find c; which makes 4, b and
¢ coplanar.
(b) If ¢, = -1 and ¢; = 1, show that no value of ¢; can
makes d, b and ¢ coplanar.
[CBSE Board, Delhi Region, 2017]

111
Ans. [@bZ]l=|l 0 O0|=c,—c,
C1 CZ c3
@ c=1c=2
55:2—(:3

=-1c=1

[ﬁl_a‘E]:cz—c3 =-2%0

= No value of ¢; can make @, b, ¢ coplanar. [4]
. Show that the points A, B, C with position vectors

2i - } +k,i- 3}' +5k and 3i — 4}' — 4k respectively,

are the vertices of a right-angled triangle. Hence

find the area of the triangle.

[CBSE Board, All India Region, 2017]
AB=—i-2j—6k, BC=2i— j+k, CA=—i +3]+5k
Since AB,BC,CA, are not parallel vectors, and
AB+BC+CA=0
~.A, Band C form a triangle.

Ans.

Q.3.

Ans.

Q.4.

Ans.

Also BC-CA=0
~.A, Band C form a right triangle.

AreaofA=%|ﬁ3xﬁ|:%\/210 [4]

Find the value of 2, if four points with position
vectors 3i + 6}' +9k, i+ 2}' +3k, 21+ 3}' +k and
4+ 6}' + Ak are coplanar.

[CBSE Board, All India Region, 2017]
Given points, A, B, C and D are coplanar, if the

vectors E, AC and AD are coplanar, i.e.
AB=-2i -4j—6k, AC=—i —3]+8k, AD=i+(A+9)k
are coplanar.

ie.,

-2 -4 -6

-1 -3 -8 [=0

1 0 iA-9

2[-31+27]+4[-A1+17]-6(3)=0

= A=2. [4]

Find the shortest distance between lines
F=6i+2]+2k+A(i —2]+2k)
and 7 = —4i — k + p(3i — 2] - 2K).
[NCERT Misc. Ex. Q. 9, Page 498]

Shortest distance between lines with vector
equations
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Q.5.

Ans.

;:E;+A Eand?:aj+y Eis
(b1><bz)'(a2_“1)

bxb,

For : 7 = (61 +2] +2k)+ A(i —2] +2k)
Comparing with 7 :a_;+/1171,

4, =6i+2j+2k and b, =1i —2] + 2k

Now For:

7= (41 —k)+u(3i —2j - 2k)

Comparing with 7 :a_;+ ﬂb_;,
a,=4i+0j+1kand b, =3i -2 -2k

Now, (@, —a,) = (—4i + 0] —1k) — (61 +2] +2k)
=(—4=6)i +(0-2)j+(-1-2)k
=—10i —2j -3k

i ]k
(bxb)=[1 =2 2
3 2 =2

=i[(-2x-2)— (-2x2)] - J(1x-2) — (3x2)]
+k[(1x-2)— (3x-2)]

=i[4+4]— J[-2— 6] +Kk[-2+6]
=i(8)- j(-8)+k(4)

= 8i +8] +4k
Magnitude of b, xb, = /8" +8 + 4>
|171'><E =64+ 64+16=+/144 =12 2]
Also,

(Byxb,)-(a, —a;) = (81 +8] +4K)- (~10i 2] - 3k)
=(8x—10)+(8x—2) +4(4x-3)
=80+(~16) +(~12)

=-108
Shortest distance = M
b, xb,
_|108 =|-9|=9

12 1]
Find the coordinates of the point where the line
through (5, 1, 6) and (3, 4, 1) crosses the YZ-plane.
[NCERT Misc. Ex. Q. 10, Page 498]

The equation of a line passing through two points
with position vectors @ and b is
F=d+Ai(b-7)
Given, the line passes through
For Points A and B :

A, 1, 6)
i=5i+ 1} +6k

B(3,4,1)
b=3+4]+1k
(b—7)=(3i +4] +1k)— (5i +1] + 6k)

=(3-5)i+(4-1)j+(1-6)k

= 21 +3j -5k

o P =(50 + ] +6k)+ A(=2i +3] - 5k) ()
Let the coordinates of the point where the line
crosses the YZ plane be (0, y, z)

So, ?:Of+y}'+zl€ ..(ii)
Since point lies in the line, it will satisfy the
equation,

Putting value of Eq. (ii) in Eq. (i), we have
Of+yj'+z12=5§+}'+61€—2/lf+3i}—5/112

0 +yj+2zk = (5-24)i +(1+32)] +(6-5/)k
Two vectors are equal if their corresponding
components are equal.

So,

0=5-24; y=1434; z=6-54 [2]

Solving

0=5-24

0=2)L

aa=2

2

Now,y=1+3i=1+3><E=I+E:H
2 2 2

andz=6-51 =6—5x§:6—§:i3
2 2 2

Therefore, the coordinates of the required point is

17 -13
Lo'z'z} [1

ind the coordinates of the point where the line

through (5, 1, 6) and (3, 4, 1) crosses the ZX-plane.

[NCERT Misc. Ex. Q. 11, Page 498]

The equation of a line passing through two points
with position vectors 4 and b is :

F=d+i(b—7)
Given that, the line passes through

A5, 1, 6)
d=5+1]j+6k

B(3,4,1)
b=3+4]+1k
(b—7)=(3i +4] +1k)— (51 +1] +6k)

=(3-3)i+(4-1)j+(1-6)k
=2i+3]-5k

7 = (51 + ]+ 6k)+ A(=2i +3] - 5k) (i)
Let the coordinates of the point where the line
crosses the ZX plane be (x, 0, z)
So, 7 =xi +0] +zk )
Since point lies in the line, it will satisfy its equation,
Putting value of Eq. (ii) in Eq. (i)
Xi+0]+zk="50+]+6k—241+31] -5k
Xi+0]+2zk=(5-2A)i +(1+34)]+(6-5)k
Two vectors are equal if their corresponding
components are equal.
So,
x=5-2/; 0=1+31; z=6-5. 2]
Solving
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Ans.

Ans.

0=1+31
31=-1
e
3
Now,x:5—2/1:5—2><_—1:54—2:177
3 3 13
z=675/1=675><_—1:6+§:§ [1]
3 3 3

Therefore, the coordinates of the required point is

17 23
(? 0'?) 1

. Find the coordinates of the point where the line

through (3, -4, -5) and (2, -3, 1) crosses the plane 2x
+y+z=7. [NCERT Misc. Ex. Q. 12, Page 498]
The equation of a line passing through two points
A (x1, ¥y, 21) and B (xp, Yy, 25) is

X=% _Y=n _
X=X =N L4
Given that, the line passes through the points
A@3, -4, -5
nx,=3,y,=-4,2=-5
B2, -3,1)
Sx,=2,Y,=-3,2,=1
So, the equation of line is
x-3 y-(-4) z-(-5)
2-3 3-(-4) 1-(=5)
x-3 :y+4:z+5 “k

-1 1 6
So,
x=-k+3;, y=k-4, z=6k-5 ..(i)
Let (x, y, z) be the coordinates of the point where
the line crosses the plane 2x + y +z =7

Putting value of x, y, z from Eq. (i) in the equation
of plane,

z-2z,

2x+y+z=7
2(-k+3)+(k—4)+(6k-5)=17

2k+6+k—-4+6k-5=7 [2]
5 -3=7
5 =743
5 10
k=10,
5

Putting value of kin x, y, z
x=-k+3=-2+3=1
y=k-4=2-4=22

z=6k—-5=6x2-5=12-5=7
Therefore, the coordinate of the required point are
1,-2,7). [1]

. Find the equation of the plane passing through

the point (-1, 3, 2) and perpendicular to each of

the planesx + 2y + 3z =5and 3x + 3y +z = 0.
[NCERT Misc. Ex. Q. 13, Page 498]

The equation of a plane passing through the point

(1, ¥y, 1) is given by

A(x=x)+B(y -y)+C(z-2,)=0

where A, B and C are the direction ratios of normal

to the plane.

Ans.

(ii)

Now the plane passes through the point (-1, 3, 2)
So, equation of plane is :
A(x+1)+B(y-3)+C(z—2)=0 (i)
We find the direction ratios of normal to plane,
ie. A, Band C.

Also, the plane is perpendicular to the given two
planes.

So, their normal to plane would be perpendicular
to normal of both planes.

We know that,

ixbis perpendicular to both 4 and b.

So, required normal is the cross-product of normal
of planes x + 2y +3z =5 and 3x + 3y +z =0.

W N o
s e v

i
Required normal |1
3

=i[2(1)-3(3)] - j[1(1) -3(3)]
+ [13)-3(2)]
=1(2-9)— j(1-9)+k(3-6)
=-7i +8]-3k
Hence, direction ratios = -7, 8, -3
wA=-7,B=8C=-3
Putting above values in Eq. (i)
A(x+1)+B(y -3)+C(z-2)=0
—Tk(x+1)+8k(y —3)-3k(z-2)=0
H-7(x+1)+8(y—3)-3(z-2)]=0
“T(x+1)+8(y—3)-3(z-2)=0
~Tx+8y-3z-25=0
0=7x-8y+3z+25
Tx—-8y+3z+25=0

Therefore, equation of the required plane is 7x — 8y
+3z +25=0 [1]

[2]

. If the points (1, 1, p) and (-3, 0, 1) be equidistant

from the 7-(3i + 4}' —-12k)+13 =0, then find the
value of p. [NCERT Misc. Ex. Q. 14, Page 498]
The distance of a point with position vector 4 from
the plane

a-n-d
Z

Given, the points are

L 1Lp)

So,azlf+1}'+ple

(-3,0,1)

So,a, =—31 +0] +1k

The equation of plane is :

7-(3i+4]-12k)+13=0

7-(3i+4]-12k)=-13

—7-(3i +4]-12k)=13
(-3 —4j+12k)=13

Comparing with 7 -1 =d,

n=-3—4j+12k and, d =13

Magnitude of 7i = /(-3)* +(—4)* +12°

¥-ri=dis
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(i)

(ii)

Q. 10.

Ans.

[l =9 +16+144
=169 =13

Distance of point IZ from plane,

lay7i—d| | +1]+pk)- (=31 —4] +126) 13|
|1 13 |
C[Ix=3)+(1x—4) + (px12)—13]
13
|-3-4+12p-13
B 13 ‘
|12p-20
13 ‘

Distance of point Z from plane,
la; -7i—d| |(=31 +0]+1k)- (3] —4j+126) - 13|

BERN 13
(-3x-3)+(0x—4) +(1x12)-13|
13

_9+0+12-13
- 13 ‘
|18 8
313

Since the plane is equi-distance from both the
points,

12p-20| 8
‘ 13 ‘ 13

13
[12p-20|=8
(12p-20)=+8
Solve for both condition one by one :
12p-20=8
12p=8+20
12p=28
28 7
1203
Now for,
12p-20=-8
12p=-8+20
12p=12
P=5~

[2]

1
So,

1]
Find the vector equation of the line passing
through (1, 2, 3) and perpendicular to the plane
7(i+2j-5k)+9=0.

[NCERT Misc. Ex. Q. 7, Page 498]
The vector equation of a line passing through a point

7
=Zandp=1
p=3zandp

with position vector 7 and parallel to vector b is
F=d+ b

Given that, the line passes through the point (1, 2, 3).
So, ﬁ:1f+2}'+3l€

Finding Normal of Plane :

Fo(i+2]-5k)+9=0

Q.11.

Ans.

Fo(i+2]-5k)=-9
—F(i+2j-5k)=9
Fo(-1i-27+5k)=9
Comparing with 7 -7 =d,
fi=—i-2j+5k
Since line is perpendicular to plane, the line will be
parallel to the normal of the plane.
sb=ii=-1i-2]+5k
Hence,
7= (i +2]+3k)+ A(-1i — 2] +5k)
7 =(i+2]+3k)— Al +2] - 5k)
. Vector equation of line is
F=(i+2]+3k)— (i +2] - 5k) . 2]
If the coordinates of the points A, B, C and 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.
[NCERT Misc. Ex. Q. 5, Page 498]

Angle between a pair of lines having direction
ratios a,, by, ¢; and a,, by, ¢, is given by

1]

a, a,+b b, +c ¢, |
o+ b7+ a2 02+
Aline passing through A (xy, y1, ;) and B (xy, ¥y, 2,)
has direction ratios (x, — x1), (Y, — 1), (2, — z1)

For AB :

A(1,2,3)and B4,5,7)

Direction ratios of AB :

4-1),(5-2)and (7-3)

=3,3,4

sa,=3,b;=3,¢,=4

For CD :

C(+4,3 -6)and D (2,9,2)

Direction ratios of CD :

[2-(4)] (9-3)and [2-(-3)]

=6,6,8

Sy =6,b,=6,c,=38

Now,

cos 0=

a, a,+b b, +c c,
\/af+bf+cf\/a§+b22+c§
3x6+3x6+4x8
V343 4426+ 62+ 8

18+18+32 \
J919+16v/36+36+ 64|
68
V344136
| 68
V344x34
68
V34434
68
V3434 x4
68
34x2
68

=22=1
68

cos 0=

cos 0=

[2]
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Q.12.

Ans.

Q.13.

s.cos0 =1 Ans.
So,0 =0°

Therefore, angle between AB and CD is 0°. [1]
Find the equation of the plane through the
intersection of the planes 3x -y + 2z—-4 = 0 and
x +y +z-2=0and the point (2, 2, 1).

[NCERT Ex. 11.3, Q. 9, Page 493]
Equation of a plane passing through the intersection
of planes
Ax+By+Cz=dand Ax+B,y+C,z=d,
And through the point (xy, vy, z;) is
(Ax+By+Cz=d)+A(Ax+B,y+C,z=d,)=0
Given that, plane passes through
For:

3x-y+2z-4=0

(i)

(ii)

ie. 3x+(-y+2z=4
Comparing with
Ax+By+Cz=d,
A1 =3, Bl =1, Cl =2, dl =4
For:
X+y+z-2=0
ie Ix+ly+1z=2
Comparing with
Ax+By+C,z=d,,
A,=1, B,=1, C,=1, d,=2
Equation of plane is :
Bx-ly+2z-4)+ A(lx+1ly+1z-2)=0
3x-y+2z-4+Ax+Ay+4Az-24=0
B+Ax+(-1+A)y+2+A)z+(-4-21)=0
We now find the value of A
The plane passes through (2, 2, 1)
Putting (2, 2, 1) in (i), we have
B+A)x+(-1+D)y+(2+A)z+(-4-21)=0
B+A)x2+(-1+A)x2+(2+A)x1+(-4-24)=0
6+24-2+2A+2+1-4-21=0

()

34+2=0
31==-2
-2

A= [1]

Putting value of A in Eq. (1), we have
B+ Ax+(-1+)y+(2+A)z+(-4-24)=0

EE e e

-2
+|:(—4)—2><?:| =0

(el

Tx Sy 4z 8_

3 3 3 3
%(7x75y+4278):0

Tx-5y+4z-8=0
. The equation of planeis 7x -5y +4z-8=0  [2]
Find the vector equation of the plane passing

Q.14.

The vector equation of plane passing through the

intersection of planes 7 - n_; =d, and 7'@ =d,. and

also passes through the point (xy, ¥y, z;) is 7 - (;71 +1

1) =d, +2d,

Given that, the plane passes through

7o(20+2]-3k)=7

Comparing with 7 - n_; =d,

n =20 +2j-3k

andd =7

(20 +5]+3k)=9

Comparing with 7- n,=d,,

n,=2i+5]+3k

andd, =9

So, equation of plane is :
r[@2+2j—3£y+4@2+5}+3b}=7+19

Po[2f+3]-3k+ 220 +52]+ 34k =7+ 92

?-[(2+2/1)z° +(2+ 51)}+(—3+3,1)1€} =94+7 )

Now, to find A, put 7 = Xi + y} +zk
(xi +yj +2k)- [(2 +20) +(2+52)] + (=3 + 3/1)12]
=91+7
X(2+422) +y(2+54)] +2(-3+3A)k
=94+7
The plane passes through (2, 1, 3)
Putting (2, 1, 3) in Eq. (ii),
224 24)+1(2+54)+3(-3+3x)=94+7
4442 +2+52+(-9)+94=94+7
181-94=7+3
91=10
10

=g 2]

..(ii)

Putting value of X in Eq. (i),

9
7-(381 +38]+3k) =17
7-(38i +68]+3k)=17x9
7380 + 68]+3k) =153
Therefore, the vector equation of the required
plane is 7 -(38 + 68] + 3k) = 153. [

In the following cases, find the coordinates of the
foot of the perpendicular drawn from the origin.

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

through the intersection of the planes 7 - (Zf + 2}' - ) (;) x( tyt+z= CERT Ex. 11 4 Pace 4
3k)=7, 7-(2i +5j +3k)=9 and through the point (d) 5y +8=0 . [N x.11.3, Q. v Lage 93]
Ans. (a) Assume a point P (x;, ¥y, z;) on the given plane.

2 1, 3). [NCERT Ex. 11.3, Q. 10, Page 493]
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(ii)

Y
N B
A
P (X\Y1, Z1)
(@) < > X
P C

Since perpendicular to plane is parallel to normal
vector.

Vector OP is parallel to normal vector 7 to the
plane.
Given equation of plane is :
2x+3y+4z-12=0
2x+3y+4z=12
Since, OP and i are parallel and their direction
ratios are proportional.
Finding direction ratios :
OP = xlf + yj + zllg
Direction ratios = x4, 4, z;
Lo =x, b=y, ¢=z
7i=2i+3]+4k
Direction ratios = 2, 3, 4
na,=2, b,=3, c,=4
Direction rations are proportional.

So,
a_b_a_y
ﬂ2 b2 CZ

N _W_A
2 3 4

x, =2k, y, =3k, z, =4k
Also, point P (x;, y;, z;,) lies in the plane.

Putting P (2k, 3k, 4k) in
2x+3y+4z=12,

2(2k) +3(3k) + 4(4k) = 12
4k +9k +16k =12

29k =12

k=12

29
So, xl:Zk:2><£:ﬁ
29 29
y1:3k=3x£:§
29 29
and 21:4k:4><£:ﬁ
29 29

Therefore, coordinate of foot of perpendicular are

24 36 48 5
29729729 ) 131

(b) Assume a point P (xy, ¥, z;) on the given plane.

N

‘\Z
o N |

7 P (x1{y1,24)

D_/C

Since perpendicular to plane is parallel to the
normal vector.

Vector OP is parallel to normal vector n to the
plane.

Given equation of plane is :

3y+4z-6=0

3y+4z==6

Ox+3y+4z=6

Since, OP and ii are parallel and their direction
ratios are proportional.

Finding direction ratios :

07=x15+y1}+z]£ ﬁ=02+3}+412
Direction ratios = x,,y,,z, | Direction ratios =0,3,4
sa,=x,b=y,c=z2 ~.a,=0,b,=3,¢c,=4

Direction ratios are proportional.

So, w6y
uZ bZ CZ
N _ Y% _ A _
0o 3 4

x, =0, y, =3k, z, =4k
Also, point P (x;, y;, z;) lies in the given plane.
Putting P (0, 3k, 4k) in
Ox+3y +4z =6,
0(k) + 3(3k) + 4(4k) = 6

25k =6
_6
25
So,x; =0
6 18
=3k=3x—=—
Y 25 25
kot 2
25 25
Therefore, coordinates of foot of perpendicular are
018 24
25725). [3]

(c) Assume a point P (xq, ¥y, z;) on the plane.
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Y

N\

S

N

ol e

A B

7 P(X1

>X

Y1, 21)

D_/C

Since perpendicular to plane is parallel to the
normal vector.

Vector OP is parallel to normal vector n to the
plane.

Given that, equation of plane is :

xt+ty=z=1

Ix+1ly+1z=1

Since, OP and 7i are parallel and their direction
ratios are proportional.

Finding direction ratios :

@:xlfﬂ/]}#zlé ﬁ=1§+1}+1]€

Direction ratios = x,,¥,,z, | Direction ratios =1,1,1
L4 =x,b=y,c=z2 na,=1,b,=1¢,=1
Direction ratios are proportional.

So,ﬂ:ﬁ Sk
a, b, ¢
Mo _A g
1 1 1
x1:y1:Z1—k

Also, point P (x;, y;, z;) lies in the given plane.
Putting P (k, k, k) in

x+ty+z=1,
k+k+k=1
k=1
k=1

3

So,xlzk:%, yI:k:%, ZI:k:l

Therefore, coordinates of foot of perpendicular are

(111) 3
3’33 ) 31

(d) Assume a point P (xy, y;, z;) on the given plane.
Y

N\

@) S
A — B/X
pron
5y + 8
4 P(x1,ypz1) Y
D C

Since perpendicular to plane is parallel to the
normal vector.

Vector OP is parallel to the normal vector 1 to the
plane.

Q.15.

Ans.

Given that, equation of plane :

S5y+8=0

S5y=-8

-5y =38

Ox-5y+0z=8

Since, OP and 7 are parallel and their direction
ratios are proportional.

Finding direction ratios :

ﬁ:xlﬁy]}#z]é ﬁ:Of—S}#OI@
Direction ratios =0,-5,0

sa,=x,b=y,c=z2 a,=0,b,=-5,¢,=0
Since direction ratios are proportional.

Direction ratios = x,,¥,, z,

4 _b_¢
”2 bz CZ
X _Y & _
0 -5 0

x, =0, y,=-5k, 2z, =0
Also, point P (x;, y;, z;) lies in the given plane.
Putting (xy, ¥y, z¢) in
Ox -5y + 0z =8,
Ox; —5y; + 0z, =8,

~5(—5k) = 8
25k =8
_8
25
So, x =0
8 -8
=-5k=-5x—=—
h 25 5
z;=0 )
..Coordinate of foot of perpendicular = (01?, 0)- [3]
Find the equation of the plane which

contains the line of intersection of the planes
Fi+2] +3k)-4=0, 7.2 +] -k)+5=0
and which is perpendicular to the plane
751 +3] —6k)+8=0.

[NCERT Misc. Ex. Q. 17, Page 498]
Equation of a plane passing through the intersection
of the places A;x + By + C;z = d; and Ayx + By
+ Cz =d,is
(Ax + By + Ciz—d;) + MAxx + Byy + Cz—d,) =0
Converting equation of planes to Cartesian form to
find A;, By, C;, dy and A,, B,, C,, d,
FQRi+tj-k)+5=0
F2i+]j-k)=-5
—F-Qi+]-k)=5
Fo(-2i—j+k)=5

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

.. |DPuttingr= xi+ y}' +zk,
PutAtmgAr =Ax1 +yj +zk (xf N yf . zlg) .
{(x1+y]+zk)1:4 .(_22_}.”2)

(l+2]+3k) (xx_2)+(y><—l):(z><l)
Fxx»+@xzq_4 =5
+(zx3) 2x-ly+1z=5
Ix+2y+3z=4



THREE-DIMENSIONAL GEOMETRY | 499

Q. 16.

Ans.

Comparing with

Ax+By+Cz=d,

A =1B=2C =3,

d =4
Equation of plane is :
(Ax + By + Ciz—dy) + MAyx + Byy + Ciz—d,) =0
Putting values, we have

(Ix+2y +3z-4) + M-2x-1y +1z-5) =0
(1-2M)x+ 2-ANy+ (B +A)z+ (4-51) =0 ...(1)
Now, the plane is perpendicular to the plane
7.(51 +3] - 6k)+8=0.

So, normal to plane N will be perpendicular to

Comparing with
Ax+By+Cy,z=d,

A, =-2,B,=-1,C, =1,
d,=5

normal 7i of 7’.(5{ + 3} - 612) +8=0.
Now,
7.(5 +3]—6k)+8=0
7.(51 +3] - 6k)=-8
—7.(51 +3]—6k) =8
7.(=5i —3]+6k)=8 [1%]
As we know that, if two lines with direction ratios
ay, by, c; and a,, b,, ¢, are perpendicular then
ayay + biby + cic, =0
Finding direction cosines of N and 7
N=(1-22)i +(2-2)j+(3+A)k | i=—51 —3] + 6k
Direction ratios=1-24, Direction ratios

2-1,3+1 =-5,-3,6
sa,=1-224, Soa,=-5,
b =2-14, b =-3,
c,=3+1 ¢, =6

Since, N is perpendicular to 7
ayay + biby + cic, =0
(1-2A) X5+ 2-A)X-3+B+A)XxX6=0
-5+ 10L-6+31+ 18+ 61 =0
9L +7=0
=T
19
Putting value of A in Eq. (i), we have
(1=2A)x +(2=A)y + B+ A)z+(-4-51)=0

O AREIACCR O
B

33 45 50 41
—Xx+—y+—z-—=0
19 19 19 19
%(33x+45y +50z-41)=0
33x+45y+50z-41=0
Therefore, the equation of the plane is 33x + 45y
+ 50z = 41. [1Y2]
Find the distance of the point (-1, -5, -10)
from the point of intersection of the line
F=2i- ] +2k +A3i +4j' +2k) and the plane
7.i - j+k)=5. [NCERT Misc. Ex. Q. 18, Page 499]
Given, the equation of line is
7 =(20 - j+2k)+ A(3i +4] +2k)
And the equation of the plane is
Fi-j+k)=5

Q.17.

Ans.

To find point of intersection of line and plane,
Putting value of 7 from equation of line into
equation of plane,

[(22-}+2i€)+1(32+4}+212)].(Z—}+12) =5
[(2? —1j+2k+34 +44] + 2,112)](12 ~1j+1k)=5
[(2+3,1){ +(=-1+44)j+(2 + 21)12](1{ ~1j+1k)=5

(2+32)x 1+ (=1 +4A)x(~1)+ (2 +22)x1=5
[1%2]
24+ 3L+ 140 +2+2
A+

A=5
5=5
A=5-5
A=0

So, the equation of line is :

F=(2i — ] +2k)+ A3 + 4] +2K)
F=2i—j+2k

Let the point of intersection be (x, y, z).
So,

xf+y}+zl€:2§—}+2]€

7=xi+yj+zk

Hence, x=2,y=-1,z=2

Therefore, the point of intersection is (2, -1, 2).
Now, the distance between two points (xy, y;, z;)
and (v Yy, 29) is (6, =X, + (1, = 9,)’ + (2, - 2)"
Distance between (2, -1. 2) and (-1, -5, -10)

= J(-1=2) + (=5 +1) +(-10-2)?

=3 +(4) + (12
=\9+16+144
=+/169
=13. [17]
Find the vector equation of the line passing
through (1, 2, 3) and parallel to the planes
F.(i-j+2k)=5and7.(3i + j +k)=6.

[NCERT Misc. Ex. Q. 19, Page 499]
The vector equation of a line passing through a point

with position vector 7 and parallel to a vector b is
F=i+Ab

Given that, the line passes through the point (1, 2, 3).
So,d=1i +2]+3k

Given that, line is parallel to both planes.

.. Line is perpendicular to normal of both planes.

i.e. b is perpendicular to normal of both planes.
We know that,

ixb is perpendicular to both @ and b.
So, b is the cross-product of normal of planes
7.(i—j+2k)=5and 7.(3i + j+ k) = 6.

i j ok
Required normal=|1 -1 2
31 1

=i(=1(1) - 1(2)) - j(1(1) - 3(2))
+k(1(1)=3(-1))
—i(-1-2)— j1—6)+k(1+3)

=30 +5]+4k



500 I OSWAAL NCERT SOLUTIONS — Textbook + Exemplar - MATHEMATICS : Class-XI

Q.18.

Ans.

Q.19.

Ans.

Thus, b = -3 +5] + 4k
Now, putting value of @ and b in formula
F=d+Ab

= (f + 2}' + 312) + ﬂ(—3f + 5} + 412)
Therefore, the equation of the
(i +2] +3k) + A(=3i +5] + 4k). [3]
Find the vector equation of the line passing
through the point (1, 2, —4) and perpendicular to
the two lines :
x-8_y+19_z-10 andx—15 _y-29_2z-5

3 -16 7 3 8 -5 -

[NCERT Misc. Ex. Q. 20, Page 499]

The vector equation of a line passing through a point

line s

with position vector 4 and parallel to a vector b is
F=d+Ab

The line passes through the point (1, 2, —4)

So,d =1i +2] -4k

Given that, line is perpendicular to both lines.

= b is perpendicular to both lines.

We know that,

ixbis perpendicular to both 7 and b .

So, b is the cross-product of both lines

x-8 _y+19 _z-10 and x=15 _y=29 _ z—5.

3 -16 7 3 8 =5

PGk

Required normal={3 -16 7
3 8 =5

=1(~16(=5)—8(7)) - j(3(=5) = 3(7)) + k(3(8) - 3(~16))
=1(80—56) — j(~15—21)+ k(24 + 48)
=241 +36] + 72k
Thus, b = 241 +36] + 72k
Now,
Putting value of 4 and b in formula
F=d+ab

S =(1i +2] - 4k) + A(24i +36] + 72Kk)

= (i +2] —4k)+ A12(2i +3] + 6k)

= (i +2] —4k)+ A(21 +3] +6k)
Therefore, the equation of the
(i +2] —4k)+ (20 + 3] +6k). [3]
Find the shortest distance between the lines

line is

A

7= (4i - j)+ 4(i 27 -3k)and

?:(2—}'—212)+ﬂ(22+4}'—512)
[CBSE Board, Delhi Region, 2018]
Here,
d=4i—-],b=i+2j-3kand
d,=i—j+2k b,=2i +4] -5k
Now,
d,—d=i-]+2k —(4?—}'):—3{+2l€

Also,
ij ok
bxb,=1 2 -3
2 4 -5
= bxb,=(-10+12)i —(=5+6)]+(4—4)k
= bxb,=2—-]
:>|51x1};:\/ﬁ:\/§ 2]

So, the shortest distance is given by
(Bl xl?z)~(ﬁz —a’,)| ) |(2f—})-(—3f + 21€)|
b6 || S

6 .
=—=units

NG [2]

_|=9]
Vs

Q. 20. If O be the origin and the coordinates of P be (1,

Ans.

2, -3), then find the equation of the plane passing
through P and perpendicular to OP.

[NCERT Misc. Ex. Q. 16, Page 498]
Equation of plane passing through (x, y;, z;) and
perpendicular to a line with direction ratios A, B, Cis
Ax-x)+Bly-y) +C(z-2)=0
The plane passes through P (1, 2, -3)
So,x;=1,y;=2and z; = -3
Normal vector to plane = OP
where O (0,0, 0), P (1,2, -3)
Direction ratios of OP = 1— 0,2-0,-3-0
=1,2,-3 [2]
A=1,B=2andC=-3
Equation of plane in Cartesian form is given by
1x-1)+2(@Yy-2)+(3)[z-(3)]=0
x-1+2y-4-3(z+3)=0
x-1+2y-4-3z-9=0
x+2y-3z-14=0 [1]

Q. 21. Find the vector and Cartesian equations 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

Ans.

normal vector to the plane is i- 2}' +k.
[NCERT Ex. 11.3, Q. 5, Page 493]

(a) Vector equation of a plane passing through a
point (x;, y;, z;) and perpendicular to a line with
direction rations A, B, Cis :
[P (i + . +20) (AT + Bj + Ck) =0
Or (7 -d).ii=0

Y

/

A (x4

L

AP is perpendicular to n.

| Y1, Z4)
> X
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(b)

So, AP-n=0
(F-d)-n=0
Vector Equation
Equation of plane passing through point A whose
position vector is 4 and perpendicular to nis:
(F-d)n=0
Given that,
Plane passes through (1, 0, -2).
So, d=1i +0] -2k
Normal to plane =7 + j —k
—ii=i+j—k
Vector equation of plane is :
(r—a)1i=0
[F=(1i +0] —2k)].( + j—k) =0
[F-(i—2k)).G+]—k)=0
Cartesian Form (Method 1) :
Vector equation is :
[F— (i —2k)].(G+j—k)=0
Put7?=xi + y}'+zl€
[(xi +yj +zk)— (1 +0] —2k)].(1i +1] —1k) =0
[(x =1)i +(y—0)] +(z — (~2)kL.(li +1]~1k)=0
I(x-1)+1(y-0)-1(z+2)=0
x-1+y-z-2=0
xX+y—-z=3
So that, the equation of plane in Cartesian form
will be,
x+y-z=3
Cartesian Form (Method 2) :
Equation of plane passing through (x;, 1, z;) and
perpendicular to a line with direction ratios A, B, Cis :
Ax-x)+By-y)+Cz-2)=0
Since the plane passes through (1, 0, -2)
¥ =1y, =0andz; =2
And normalis i + } —k
So, direction ratios of line perpendicular to plane
=(1,1,-1)
JA=1,B=landC=1
Therefore, equation of line in Cartesian form is :
1Ix-1)+1(y-0) + 1[z—(-2)] = 0
xty-z=3 [3]
Vector Equation
Equation of plane passing through point A whose
position vector is @ and perpendicular to 7 is :
(F-d)-1i=0
Given that,
Plane passes through (1, 4, 6).

So, d=1i +4] + 6k

Normal to plane = i- 2}' +k
fi=i- 2} +k

Vector equation of plane is :

(7 —d).i=0
[7—(2+4]+61€)]-({—2}'+1€):o
Cartesian Form (Method 1) :
Vector equation is :

Q.22.

Ans.

Q.23.

Ans.

[?—(2+4}+61€)].({—2j+1€):0
Put 7 =xi + y}'+zl€
[(xi + v +zk) — (1 +4] +6k)].(1i —2] +1k)=0
[(x—1)i +(y—4)]+(z—6)k].(li +2]+1k)=0
I(x-1)+(2)(y-4)+1(z-6)=0
x-1+2(y-4)+7Z-6=0
x=2y+z+1=0
-.Equation of plane in Cartesian form is (x - 2y + z
+1=0).
Cartesian Form (Method 2) :
Equation of plane passing through (x;, ¥, z;) and
perpendicular to a line with direction ratios A, B, Cis :
Ax-x)+By-y) +C(z-2)=0
Since the plane passes through (1, 4, 6).
=1Ly =4andz; =6
And normal planeisi —2j+k
So, direction ratios of line perpendicular to plane
=(1,-2,1)
LA=1,B=-2andC=1
So that, equations of line in Cartesian form is :
I(x-1)-2(y—4)+1(x-6)=0
x-2y+z+1=0 [3]
Find the vector equation of a plane which is at a
distance of 7 units from the origin and normal to
the vector 3i + 5}' —6k.
[NCERT Ex. 11.3, Q. 2, Page 493]
Vector equation of at a distance ‘d” from the origin
and normal to the vector 7 is

-

7-i=d
. I R
Unit vector of i =7 = ﬂ(n)
7
Distance from origin = d =7
fi=3+5]-6k

Magnitude of 7i=+/3*+5% +(-6)’
lii|=/9+25+36 =+/70

1 P
Now, fi = — (i) = ——(3i + 5] — 6k) =
= g 4 +5i -6

oM
3i+5] -6k
J70

Vector equation is :

Fon=d

?{31%5}—612 _
J70

So that, the vector equation of the plane is :

L [3i+s) -6k 5
J70

Find the shortest distance between the lines
F:(iA+2jA+kA)+A(iA—jA+kA) and
F=2i—f -k +u@i+j+2k).

[NCERT Ex. 11.2, Q. 14, Page 478]

Shortest distance between the lines with vector
equations,

7

[2]

7 =a,+Ab, and 7 =a, + ub,

(b, xb,)-(a, —a)

b, xb,
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Q.24.

Ans.

Given that,

?:(f+2}+l€) 7:(22_}_12)
Li(l?—}ﬂe) 1 Ly(21¢+}+2l€)1
Comparing with | Comparing with
7=a,+Ab, F=a,+ub,
q=1i+2]+1k 4, =2 -1j-1k
And b, =1i —1j+1k | And b, =2i — 1] + 2k
Now,

a4, —a, =(2i —1j—1k) = (1i +2] +1k)
=(2-1)i +(-1-2)j+(-1-Dk

=1 -3j-2k
ik
bxb,=[l -1 1
2 1 2

=1[(~1x2) = (Ix )] = J[(1x 2) = (2 x )]+ k[(1 x1)
—(2x-1)]

=i[-2-1]-j[2-2]+k[1+2]

=3 —-0j+3k

Magnitude of (b, x b,) =¢/(=3)> +(0)’ + 3

[ xB,|= V9049 =8 =93 =312

Also,

(b, xb,)(a, —a;) =(-3i — 0] +3k)- (11 3] — 2k)
=(-3x1)+(0x-3)+(3x-2)
=-3-0-6=-9

(b, xb,) (a, xa,)

b, xb,

(1]

So, shortest distance =

-9

32

So that, the shortest distance between the given

32 2]

two lines is >

Find the vector and the Cartesian equations of the

lines that pass through the origin and (5, -2, 3).
[NCERT Ex. 11.2, Q. 8, Page 477]

Vector Equation

Vector equation of a line passing through two

points with position vectors @ and b is :

7=+ A(b—-7)

Given that,
Let two points be A (0, 0, 0) and B (5, -2, 3).
A(0,0,0) | B(5 -2, 3)

7=00+0j+0k | b=5 —2]+3k

Q. 25.

Ans.

Q. 26.
(i)

(i)

Ans.

So,7=(0i +0]+0k)+ A[(51 — 2] +3k)—(0i +0]+0k)]

7= A[(51 - 2] +3k)
Cartesian Equation
Cartesian equation of a line passing through two
points A (xy, y1, z;) and B (xy, ,, 2,) is
_XTX5N YTy Z27E
XNL=X Y~ Y 27
Since the line passes through A (0, 0, 0)
x=0,y;=0andz; =0
And also passes through B (5, -2, 3),
Xy =51Yy,=-2andz, =3
Equation of line is :
~x-0_ y-0 z-0
5-0 -2-0 3-0
Xy z
5 2 3 [1%]
Find the vector and the Cartesian equations of
the line that passes through the points (3, -2, -5),
(3, -2, 6). [NCERT Ex. 11.2, Q. 9, Page 478]
Vector Equation
Vector equation of a line passing through two

[17]

points with position vectors 4 and bis:
7=d+A0b-7)
Given, the two points are
AG3, -2, -5) B3, -2,6)
@=31-2j-5k |b=3i-2j+6k
So,
7 = (31 —2] - 5k)+ A[(31 —2] + 6k)— (31 =2} —5k)]
=31 -2]—5k+A[(3=3)i +(-2—(~2))] +(6—(-3))k)]
=31 -2]—5k+A[0i +0]+0] +11k]
=31 -2] -5k + A(11k)
So that, the vectorequationis7 = 3i— 2}' —5k+ A1 1]2)
[14]
Cartesian Equation
Cartesian equation of a line passing through two
points A (xy, ¥, z) and B (x5, i, z,) is :
X-X _ Y=Y _Z27%
X=X VoY 2,77
Since the line passes through point A (3, -2, -5)
x =3y, =-2andz; =-5
And also passes through point B (3, -2, 6)
X, =3,y,=-2andz, =6
3 y-(2) _z-(-5)
2-(=2) 6-(-9)

Equation of line is o
3-3

x-3 y+2 z+5

o 0 11 [1%]
Find the angle between the following pairs of
lines :

F=2i-5]+k+A(3i +2]+6k)
and?z7f—6l€+y(f+2}'+21€)
7=3i+j-2k+A(i - j-2k)and
7 =2i — j—56k + (31 —57 — 4k)

[NCERT Ex. 11.2, Q. 10, Page 478]
(i) Angle between two vectors :

7=a,+Ab
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(i)

And 7= Z + ylz is given by

cosd = bl'bi
1

Given that, the pair of lines is :

5j+k) (7i

F=(2i - 7=(7i — 6k)
+/1(3f + 2}' + 612) +y(f + 2} + 212)

So,a,=2i -

b, =3 +2] +6k
Now,

5j+1k |So,a, =7i +0]—6k
b, =1i +2] +2k

b, -b,=(3i +2]+6k)-(Ii +2] +2k)

=(3x1)+(2x2)+(6x2)=

32 +27+6°

Magnitude of IZ=

b|=\9+4+36=+/49=7

3+4+12=19

Magnitude of b, =v/1> + 2% + 2

b|=\V1+4+4=49=3

Now,
b,.b, ‘19 19
cosf=| 22| = ==
be‘ 7x3| 21
H:COS’ILQ
21

So that, the angle between the given vectors is

(19
cos™ | — |.
21

Angle between two vectors,

—

r=a+ b

And7 = 172 + ya is given by

iy
o

cosf =

Given that, the pair of lines is :

= (3i + ] - 2k) 7= (2i —
+A(i — ] —2Kk) +pu(3i —

j—56k)
57 —4k)

So,a, =3i —1j—2k | So, a, =2i +1j 56k

b =1i —1j -2k b, =3i —5] -4k
Now,
b,=(1i —1j—2k)-(3i - 5] — 4k)

=(Ix3)+(-1x-5)+(2x-4)=3+5+8=16

Magnitude of l;;: 1P +(=1)% +(=2)°

=+1+1+4=

J6

1
Magnitude of b, =/3” + (=5) + (-4)’

Now,

cosf =

16

\/§><2><5

bb, |_ -
o]l | Vel

|
\/gx\/EXSX\/E‘

V3

(1]

b,|=\9+25+16 =+/50 =4/25x2 =512

So that, the angle between the given vectors is

8
0s™ (j 1
5\/5 . [1%%]
Q. 27. Find the angle between the following pair of lines :
— — — + — —
) x-2_y-1_z 3andx 2_y-4_z-5
-3 -1 8 4
(ii) f:ﬂ:fandx_s _y-2_z2-3
2 2 1 4 1 8
[NCERT Ex. 11.2, Q. 11, Page 478]

(i) Angle between the pair of lines :
X — y-Y — z
al bl CI
N _Y-Y, _z2-%

2 CZ

Ans.

is given by

aa, +bb, +cc, ‘
Ji b+ a0+
z+3
-3
_z—(-3)
3

cosf =

x-2 y-1_
2 s
x-2 y-1
25

x+2 y-4 z-5
-1 8 4
x-(-2) y-4 z-5
-1 8 4
Comparing with Comparing with

N _Y-Y _zZ- X5 _Y-Y, _z2-%
ul bl Cl uZ bZ CZ

=2, y=1, z,=-3
Anda =2,b=5¢=-3

x,=-2, y,=4, z,=5
And a,=-1,b,=8,c,=4

aa, +bb, +cc,
2 2 2 2 2 2
\/a1 +b; +¢; \/uz +b; +c; ‘

Now, cosf =

@x-1)+(5x8) +(-3x4) |
2+ 5 (B 8+ 4|
| 2+40+(-12) |
C4+25+ 91+ 64+ 16|

26
38481
| 26
_\/ﬁx9
26

9438
26

So, cosf =——

938
26
f=cos™| —
[9\/38]

So that, the angle between the given lines is

(5]

Angle between the pair of lines :
—N_YTH _Z7A And

bl Cl

N _YTY,_z7%

b c

[172]
(i)

is given by

2 2 2
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030 :| aa,+bb, +cc, |

W +b2 e+ b+
X Yy z x-5 y-2 z-5
2 2 1 4 1 8
x-0 y-0_ z-0
2 2 1 Comparing with
Comparing with G W A R
aZ bZ CZ

X—xlzy;%:Z—Zl x,=5, y,=2, z,=5

c
=0, ¥y,=0, z=0
And a,=2, b =2, ¢ =1

a

1 1 1

And a,=4, b,=1,¢c,=8

Now cos&:| aa,+bb, +cc, |
' o +b2 i Jal+b2 +cl|
(2x4)+(2x1)+(1x8) |
RN TN o
B 8+2+8 |
CVa+ 4+ 116+ 1+ 64|
18
Vo x81
18
3x9
2

3

So, cosf= 2
3

6 =cos™ [EJ
3

So that, the angle between the given lines is

(2
cos™| = | [1%2]
Q.28. Find the value of P so that the lines
1-x _7y-14 _z-3 7-7x _y-5_6-z
3 2p 2 3p 1 5
are at right angles. [NCERT Ex. 11.2, Q. 12]
Ans. Two lines are given by
X=X _Y-¥ _z2-% and X=X _Y-¥, _z2-%
ul bl Cl aZ bZ CZ
They are at right angles to each other, if
ayay + biby + cic, =0 [1]
l-x 7Ty-14 z-3 7-7x y-5 6-z
3 2p 2 3p 1 5
—(x-1) 7(y-2) ~T(x-1) y-5
3 2p 3p 1
_z-3 _—(z-6)
2 5
x-1 y-2 z-3 x-1_y-5 z-6
-3 2 2 —3p 1 -5
7 7
Comparing with Comparing with
X=X% _Y-h_z2-% =% _Y-¥ _2-%
al b] Cl aZ bZ CZ '

x =1, y=2, z =3 x,=1, y,=5, z,=6

z—p, And azzip, b, =1,
7 7

And q,=-3, b =
=2 c,=-5

Since the lines are perpendicular

ayay + biby + ci6, =0

(—3xﬂ]+[2—px1]+(2x—5)=0
7 7

9—p+2—p—10=0
7 7
Hp_ 10
7
p=10x—
70
p=- [2]

Q. 29. Find the equation of the line in vector and in
Cartesian form that passes through the point with

position vector 2i —}'+ 4k and is in the direction
i+2j-k. [NCERT Ex. 11.2, Q. 5, Page 477]
Ans. Equation of a line passing through a point with
position vector @ and parallel to vector bis
7=a+2b
Here,
i=2i- ] +4k
And b=i+2j-k
So, 7 =(2i — j +4k)+ A(i +2]—k)
-.Equation of line in
(21 - j+4k)+ A( +2] - k) [1]
Equation of a line passing though (x;, y;, z;) and
parallel to a line having direction ratios a, b, ¢ is
X=X _Y-¥ _z2-7%

vector form s

a b c
Since the lines passes through a point with position

vector 2{ - } + 412,
Lx =2y =-landz, =4
Also, line is in the direction of i+ 2} - 12,
Directionratios:a=1,b=2andc = -1
Equation of line in Cartesian form is :
x-2 y—-(-1) z-4
1 2 -1
x-2 y+1 z-4
12 -l (2]
Q. 30. Show that the line through the points (1, -1, 2),
(3, 4, -2) is perpendicular to the line through the
points (0, 3, 2) and (3, 5, 6).
[NCERT Ex. 11.2, Q. 2, Page 477]
Two lines with direction ratios a;, b;, ¢; and a,, by, ¢,
are perpendicular to each other if
aa,+bb,+cc,=0
Now, a line passing through (x;, y;, z;) and
(x5, Y2, 2) has the direction ratios :

Ans.

(x,—x)), (y,—y,) and (z, - z,) [1]
A(1,-1,2) C(0,3,2)
B(3,4,-2) B (3,5,6)

Direction ratio:
(3-0),(5-3),(6-2)

Direction ratio:
(G-1),4-(-1),-2-2
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Q.31.

Ans.

Q. 32.

Ans.

Q. 33.

:2,5,—4 :3/214

=2, b=5 ¢=-4|.a,=3,b,=2,c,=4

Now,

aa, +bb, +cc, =(2x3)+(5x2)+(-4x4)
=6+10+(-16)=16-16=0

So that the given two lines are perpendicular. [2]

Show that the line through the points (4, 7, 8),

(2, 3, 4) is parallel to the line through the points

(-1,-2, 1), (1, 2, 5).[NCERT Ex. 11.2, Q. 3, Page 477]

Two lines having direction ratios a;, by, ¢; and a,,

b,, ¢, are parallel if

o b_a

aZ bZ CZ

Also, a line passing through (x;, y;, z;) and (x,, ¥, z,)

has the direction ratios :

(x3=x1), (V2 - y1) and (z, - zy) [1]
A(4,7,8) C(-1,-2,1)
B (2,3,4) B(1,2,5)

Direction ratio Direction ratio

=2-4,3-7,4-8 =1-(-1)2-(-2),5-1
=-2,-4,-4 =2,4,4

“a,=-2, b=—4, ¢,=—4 | a,=2, b,=4, ¢, =4

Now,

42

a, 2

b _A_

b, 4

G =t

c, 4

Since

a, _b o __

a, b, o

So that, the given lines are parallel. [2]

Prove that the line through A (0,-1,-1) and B (4, 5,
1) intersects the line through C (3, 9, 4) and D (-4,
4, 4). [CBSE Board, Foreign Region, 2016]

Equation of line AB
7= (—}—12)+/1(4§ + 6} + 212)
Equation of line CD
F=(31 +9] +4k) + u(~7i - 5))

d,—d,=3i+10] + 5k
ik
bxb,=| 4 6 2
7-5 0

10i —14] +22k
@, -7,)-(b,xb,)=30-140 =0
= Lines intersect [4]

Find the direction cosines of the sides of the
triangle whose vertices are (3, 5, 4), (-1, 1, 2) and
(-5, -5, -2). [NCERT Ex. 11.1, Q. 5, Page 467]

A3, 5, —4)

B(-1,1,2) C(-5, -5, -2)
Direction ratios of a line passing through two
points P (xy, iy, z1) and Q (xp, Y, 25)
= (0 =x1), 2= Y1), (22— 21)
Direction cosines
— XX , Y~ Y and Z, "2
PQ PQ PQ
Where'PQ:\/(xz_xl)z+(y2_y1)2+(zz_zl)z [1]
For AB :
A (3,5,-4)
B(-1,1,2)
Direction Ratios
=-1-3,1-5,2-(4)

=_4,4,6
AB=+/68
=Vax17 =217

Direction cosines

_ 4 -4 and 6

217 217 217

2 2 and 3

BTN T AN T

For BC:

B(-1,1,2)

C(-5,-5,-2)

Direction Ratios
=—5-(-1),-5-1,-2-2

=—4,-6,-4
BC =+/68
=J4x17 =217

Direction cosines

-4 -6 and -
2177 217 217

e S B S
R T AN TN T
For CA :
C (-5,-5,-2)
A(3,5,-4)

Direction Ratios
=3-(=5), 5-(=5), —4-(-2)

= 38,10, -2
CA=4168
=J4x42 =242
Direction cosines
8 10 -2
" e e
4 5 -1

“lm Ve M m 2]
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Q. 34.

Ans.

Q. 35.

Ans.

Q. 36.

Ans.

Q.37.

Ans.

Find the area of a parallelogram ABCD whose side
AB and the diagonal AC are given by the vectors

3i + } +4k and 4i + 5k respectively.
[CBSE Board, Foreign Region, 2017]
BC=AC - AB

B,
i ]k
Area|@xﬁ|:Magnitude of 3 1 4
1-11
=|5§+}'—4l€|
=+/42 sq. units [4]

Find the position vector of a point A in space such
that OA is inclined at 60° to OX and at 45° to OY
and |ﬁ| = 10 units.

[NCERT Exemp. Ex. 11.3, Q. 1, Page 235]

Given that OA is inclined at 60° to OX and at 45° to
oy.

Let OA makes angle o with OZ.
5.c08% 60° + cos?45° + cos? o = 1 [<I* + m? + n? = 1]

2 2
:{1) +[lj +cos’a =1
2) V2
1

= —+—+cos’a =
, 1
= cos  a=—
4
= cosoz:il
2
OA=|OA| LISy
2 2772
1» 1, 1s
=10| =i +——] £~k
(2 R 2J
=51 +5V2] +5k 3]

Find the vector equation of the line which is
parallel to the vector 3i- 2}' +6k and which passes
through the point (1, -2, 3).

[NCERT Exemp. Ex. 11.3, Q. 2, Page 235]
Letl;=3f—2}+6l€ and a :f—2}+31€.
So, vector equation of the line, which is parallel to
the vector b =3i — 2}' +6k and passes through the
point 7 =i —2j + 3k, is 7 =i + Ab
L F=(—2]+3k)+ A(3i - 2] + 6k)
= (xi +yj +2k) — (i - 2]+ 3k) = A(3i — 2] + 6k)

= (x—1)i+(y+2)j+(z-3)k=A3i —2j+6k)  [3]

Showthatthelinesx_1=y_2=z_3andx_4=
y-1 2 3 4 5

= z intersect.

Also, find their point of intersection.
[NCERT Exemp. Ex. 11.3, Q. 3, Page 235]

We have lines
lex—lzy—222—3
2 3 4
x—4 -
and L, : =L ——z=
2 5 > H

<
—_

Q. 38.

Ans.

Q. 39.

Ans.

Q. 40.

Any point on the line L; is (21 + 1, 3A + 2, 4A + 3).
Any point on the line L, is (5u + 4, 2u + 1, w).

If lines intersect then there exists a value of A, u
for which

Cr+ 1,30 +2,41+3)=0Bu+4,2u+1,p)
=520+ 1=5u+43r+2=2u+1landdr +3 =4
Solving first two equations, we get

A=-Lu=-1
These values of L = — 1, u = — 1 also satisfy the third
equation.

That means both lines intersect.

And the point of intersection is (-1, -1, -1). [3]

Find the angle between the lines r =3i — 2}' +6k+

A =(2i + j+2K) and r =] —5k) +pn(6i + 3 +2k).
[NCERT Exemp. Ex. 11.3, Q. 4, Page 235]

We have line, r =3i — 2} + 6k + /1(21T + } + 212) ,

which is parallel to the vector bi=2i + } +2k and

r :(2} - 512) + ,u(6f + 3}' + 212) , which is parallel to

the vector by =61 + 3}' +2k .
If 0 is an angle between the lines, then

cosﬁzﬂ
15,
(21 + ] +2Kk)- (61 +3] + 2k)
| |
|2f+}'+212||6f+3}'+2l€|
C12+3+4 19
NI
" H:COS"B

[3]
Prove that the line through A (0,-1,-1) and B (4, 5,
1) intersects the line through C (3, 9, 4) and D (-4,
4,4). [NCERT Exemp. Ex. 11.3, Q. 5, Page 235]
We know that the equation of a line that passes
through two points (x, y;, z;) and (x,, ¥, z,) is :
X-x _Y-¥ _z7%

=% YVo—Y 2%

So the, equation of line passes through points A (0,
-1,-1)and B (4,5, 1) is :

x-0 y+1 z+1 x y+1 z+1
——=f—=——or—="—=—+— .
4-0 5+1 1+1 4 6 2 (1)
And the equation of the line passes through C (3, 9,
4)yand D (-4, 4,4)is:

x-3 y-9 z-4 x-3 y-9 z-4
-4-3 4-9 4-4 ~7 -5 0
Any point on the line (i) is (4, 6A — 1, 24 - 1).
Any point on the line (ii) is (-7 + 3, -5u + 9, 4).

If lines intersect then there exists a value of A, u
for which

(4r, 61 -1,20-1)=(-7u + 3,-5u + 9, 4)

LA =-Tu+3,60-1=-5u+921L-1=4

=i =052

So, from the first equation, u = -1

Also, these values of A and u satisfy the second
equation.

So, both lines intersect. [3]
Prove that the linesx =py + g,z =ry + sandx =
Py +4q',z=ry + s are perpendicular if pp' + rr'
+ 1 =0. [NCERT Exemp. Ex. 11.3, Q. 6, Page 235]

... (i)
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Ans.

Q. 41.

Ans.

Q. 42.

Ans.

Q. 43.

Ans.

Wehavelinex=py+q,z=ry+s

L] zZ-=S

= andy =

y =
X—q9_Y
> =L=— .
p ol @
Similarly, linex =p'y + ¢, z=7ry + s
X9 _Y_z2-S5 )
p 7 (ii)
Line (i) is parallel to the vector pf + } +1k.
Line (ii) is parallel to the vector p'f + } +r'k.
Lines are perpendicular,
.'.(pf+}'+rl€)~(p‘f+}+r'l€) 3
Spp'+l+rr'=0. 3
Find the equation of a plane which bisects
perpendicularly the line joining the points A (2, 3,
4) and B (4, 5, 8) at right angles.
[NCERT Exemp. Ex. 11.3, Q. 7, Page 235]
Since, the equation of a plane is bisecting
perpendicular to the line joining the points A (2, 3,
4) and B (4, 5, 8) at right angles.
2+ 4 3+5 448

So, mid- pomtofABls( —, J e., (3,4,6)
2 2 2

Also normal to the plane,
n=(4-2)i +(5-3)]+ (8- 4)k
=2 +2]+4k
So, the required equation of the plane is (r—a)-n=0
:»[(x—3)f+(y—4)}+(z—6)12]-(22+2}+41€):o

[-a=3i+4]+6k]
= 2x—6+2y—8+4z-24=0

= x+y+2z=19

[3]
Find the equation of a plane which is at a distance
3V3 units from origin and the normal to which is
equally inclined to coordinate axis.

[NCERT Exemp. Ex. 11.3, Q. 8, Page 235]
Since, normal to the plane is equally inclined to the
coordinate axis.

So that, cosa =cos f =cosy =

1
- ﬁ
1
So, the normal is n= —1 +— ]+

at a distance of 33 umts from the orlgin.

k and plane is

The equation of plane is r=33.
[Since vector equation of the plane at a distance p

from the origin is i =p]

:(xf+y}+zl€) [i+]+

3 z
= —+=+—=
RSN

x+y+z=9 [3]

If the line drawn from the point (-2, -1, -3) meets

a plane at right angle at the point (1, -3, 3), find the
equation of the plane.

[NCERT Exemp. Ex. 11.3, Q. 9, Page 235]

Since, the line drawn from the point B (-2, -1, -3)

meets a plane at right angle, at the point 4 (1, -3, 3).

Q. 44.

Ans.

Q. 45.

Ans.

So, the plane passes through the point 4 (1, -3, 3).

Also normal to plane is AB=-3i + 2}' - 6k.
So, the equation of required plane is :

(r—a)-n=0
=[x +yj+2k)~ ( ~3]+36) |- (31 +2] - 6k) =0

whereE:f—3}'+3I€

:»[(x—1)2+(y+3)}+(z—3)12](—32+2}—612):o
= -3x+3+2y+6-6z+18=0
5 3x-2y+6z-27=0 [3]
Find the equation of the plane through the points
(2,1,0), (3,-2,-2) and (3, 1, 7).

[NCERT Exemp. Ex. 11.3, Q. 10, Page 235]

We know that, the equation of a plane passing
through three non-collinear points (x;, vy, 1), (%,

Yo, Zp) and (x3, Y3, 23) is

X=X Y=y z=2z

X=X Y~y z,—z |=0
X=X Ys—Y Z7%
x-2 y-1 z-0

=|3-2 -2-1 -2-01|=0
3-2 1-1 7-0
x=-2 y-1 z

= 1 -3 -2|=0
1 0 7

=>x-2)(2D)-(y-DO)+z(3)=0

SIx+3y-z=17 [3]
Find the equations of the two lines through the
origin which intersect the line 2. yT73 =§ at

angles of Z each.

[NCERT Exemp. Ex. 11.3, Q. 11, Page 236]
Given equation of the line is : cank T 1" A
So, direction ratios of the line are (2, 1, 1) = (a4, by, ¢;)
Any point on the given lineis p (2A + 3, A + 3, 4)
So, direction ratios of OP are :
(@X + 3,1 + 3, A) =(ay, by, cy)

Now, angle between given line and OP is z
cos” = aa, +bb, +cc,

3 \/u1+b2+c1\/u2+b2+c2

I (4A+6)+(A+3)+(4)

- x/g\/(2/1+3)2 F(A+3)+ A7
61+9

V647 +184+18

= VA +34+3=21+3

= A +31+3=42"+9+124

= A*+31+2=0

:>(i+1)(/1+2):0

A=-1,—
So the direction ratlos arel1,2,-1and -1,1,-2.

=

N‘§\ |
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Q. 46.

Ans.

Q. 47.

Ans.

Also, both the required lines pass through origin.

So, the equations of required lines are
X_Yy_z 4% _y_z B3]
1 2 -1 -1 1 =2

Find the angle between the lines whose direction
cosines are given by the equations [ + m + n =0,
P+m?-n*=0.
[NCERT Exemp. Ex. 11.3, Q. 12, Page 236]

Given that,
l+m+n=0P+m*-n*=0
Eliminating n from both the equations, we have

P+m?—(1+m?=0
SP+mr-P-m-2mP =0

= 2lm =20
= Im =0
= [=0o0rm=0

If =0, wehavem +n=0and m*-n*=0

= [=0m=An=-X\

If m=0,wehavel + m=0and >-m*>=0

= l=-Am=0,n=»x

So, the vectors parallel to these given lines are
ﬁ:}—lg andb=—i =k.

If angle between the lines is ‘0’, then

i
cosf==5=—7—
ab| V242
1
= cosf=—
2
T
0="
3 [3]

If a variable line in two adjacent positions has
direction cosines I, m, n and [ + 8l, m + dm, n +
dn, show that the small angle 56 between the two
positions is given by 80% = 8I* + 5m* + 5n®
[NCERT Exemp. Ex. 11.3, Q. 13, Page 236]
We have I, n, nand | + 8, m + édm, n + &n as
direction cosines of a variable line in two different
positions.
SR+ nt=1 ....(d)
And (I + 8%+ (m + dm)> + (n + dn)> =1  ...(ii)
=P+ m? + n? + 812 + dm? + dn® + 2318 + mdm +
ndn) =1
= 8P + dm? + dn* = 2181 + mdm + ndn) [+ P + m?
+n2=1]
:l§l+m§m+n§n:_71(612 +0m’ +6n*) ... (iii)

Now a and b are unit vectors along a line with
direction cosines I, m, n and (I + &l), (m + dm) and
(n + dn), respectively.

E:lf+mj+nl€ and
b=(1+05l)i +(m+Sm)j+(n+n)k
cosd0 =I(1 + 6l) + m(m + Sm) + n(n + Sn)

= +m* +n*)+ (6] + mSm + ndn)

=

:1—%(&2+5m2+5nﬂ[UgngEq4ﬁm
= 2(1-cosd0)= (5I* + 6m* = 6n°)

= 2.2sin’ ? =01 +Sm* +6n’

Q. 18.

Ans.

Q. 49.

Ans.

Ans.

2
= 4[%} =01* + om* + on’

[Since %0 is small, sinﬁ = ﬁ]
2 2 2

= 89° =51 + Sm* + onm’ [3]
O is the origin and A is (a, b, c). Find the direction
cosines of the line OA and the equation of plane
through A at right angle to OA.

[NCERT Exemp. Ex. 11.3, Q. 14, Page 236]
Direction ratios of OA are a, b and c.
.. Direction ratios of line OA are

a b and c

Vo2 + 0+ i+ b + ¢ N
Also,
ﬁ=07=u5+b}+c12
The equation of plane passes through (4, b, c) and
perpendicular to OA is given by
a(x—a) + bly-b) +c(z—c) =0
= ax+by+cz=a*+0+c [3]
Two systems of rectangular axis have the same
origin. If a plane cuts them at distances a, b, c and
a',b', ¢', respectively, from the origin, prove that
1,1, 1 1 1 1
St t—=—+ 7 + p

a v ¢ a?
[NCERT Exemp. Ex. 11.3, Q. 15, Page 236]
Consider OX, OY, OZ and OX’, OY’, OZ’ are two
systems of rectangular axes.

Let their corresponding equation of plane be :

X Yy z

2242 .

PRI ()

And 2+ ¥ 2o (i)
a b

Also, the length of perpendicular from origin to
equations (i) and (ii) must be same.

0 0 O 0 0 0
+ +

T I |
a_ b _c _a b ¢
1 1 1 1 1 1
AR FEAN TR
N SR S S S
a2 A g p? ”? [3]

. Find the angle between the planes whose

vector equations are ;(22 + 2}' - 312) =5 and
(31 -3j+5k)=3.
[NCERT Ex. 11.3, Q. 12, Page 494]
Angle between two planes ;nT= d, and ;nj: d, is
given by
1,
AR
Given, the two planes are :
720 +2]-3k)=5
Comparing with ;E;= dT,

n =2i+2j-3k

cosf =

r.(3i=3j+5k)=3
Comparing with r.n,=d,,
n,=2i+2j -3k
Magnitude of n‘;
=3+ (3 +(5)°

Magnitude of n‘;
=22 +27 +(-3)

n|=a4+4+9 =17 n,
1 2
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| +2j-3k).3i =3j +50)|

- 17 x/43

_|(2x3)+(2x-3) +(-3x5)|

B J17x43 |

l6-6-15

NG (b)
15

V731

15

V731
15
n@=cost| —
[\/731)

Therefore, the angle between the planes is

1

cos™ (\/%j [3]
In the following cases, determine whether the
given planes are parallel or perpendicular, and
in case they are neither, find the angles between
them.
(@ 7x+5y+6z+30=0and3x-y-10z+4 =10
(b) 2x+y +3z-2=0andx-2y +5=0
(c) 2x-2y +4z+5=0and3x-3y + 6z2-1=0
(d) 2x-y+3z-1=0and2x-y +3z+3=0
(e) &x+8y+z-8=0andy +z-4=0

[NCERT Ex. 11.3, Q. 13, Page 494]
(a) Given that, the two planes are :

So, cos@

So, cosf =

Q.51.

Ans.

Tx+5y+6z+30=0
Tx+5y+6z=-30
—(7x+5y+62)=30
~Tx -5y —-6z=30
Comparing with
Ax+By+Cz=d,
Direction ratios of
normal =-7,-5,-6
A=-7,B=-5C=-6

3x-y-10z+4=0

3x-y—-10z=-4
—(3x-y-10z)=4
=3x+y+10z=4

Comparing with
Ax+By+C,z=d,
Direction ratios of
normal =-3,1,10
A,=-3,B,=1,C,=10

2
Hence, cos@ = 3

6 =cos™ [EJ
5

Hence, angle between two planes is cos™ [%} [3]

Given that, the two planes are :

2x+y+3x-2=0 x=-2y+5=0
2x+1y+3z=2 Ix-2y=-5
-lx+2y=>5
—lx+2y+0z=>5

Comparing with Comparing with

Ax+By+Cz=d,
Direction ratios of

Ax+B,y+C,z=d,

Direction ratios of
normal =2,1,3 normal =-1,2,0

A =2,B=1C=3|A,=-1,B,=2,C,=0

Check Parallel

Two lines with direction ratios A;, B;, C; and A,, B,,
C, are parallel if

A _B_C

AZ B2 CZ
6o A_2_, B_1 C_3
"A, -1 "B, 2 C, 0

Since, direction ratios are not proportional, these

two normal planes are not parallel.

.. Given that, two planes are not parallel.

Check Perpendicular

Two lines with direction ratios A;, B;, C; and A,, B,,

C, are perpendicular if

AA, + BB, + C,C, =0

Now,

AA,+BB,+CC,=2x-1)+(1x2)+(3x0)

=-2+4+2+0
=0

Since A/A, +BB,+C,C, =0

These two normal planes are perpendicular.

Since normal are perpendicular, planes are

perpendicular. [3]

Given that, the two planes are :

2x-2y+4z+5=0

3x-3y+6z-1=0
2x -2y +4z=-5

3x-3y+6z=1
—2x+2y—-4z=35

Check Parallel
Two lines with direction ratios A;, B;, C; and A,, B,,
C, are parallel if ©
A_B_G
AZ BZ C2
A _7_7 B_-5_ C_=6_-3
"A, -3 3 B, 1 " Cc, 10 5
Since —L = 5.6
B, C

2
So, these two normal planes are not parallel.

-.Given that, two planes are not parallel.
Check Perpendicular
Two lines with direction ratios A;, B;, C; and A,, B,,
C, are perpendicular if
AA,+ BB, +CC,=0
B 21-5-60 |

V491 2543649+ 1+100]

—44 ‘

V1104110
-5
5

R
110

_2
5

Comparing with
Ax+By+Cz=d,
Direction ratios of
normal =-2,2,-4

A =-2,B,=2,C =—4

Comparing with
Ax+By+C,z=d,
Direction ratios of
normal =3,-3,6
A,=3,B,=-3,C,=6

Check Parallel

Two lines with direction ratios A;, B;, C; and A,, B,,
C, are parallel if

A_B_G
AZ BZ CZ

Here, 4 = =2 =-2,
A 3

2
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(d)

B, 2 -2
B33
C, -4 -2
C, 6 3
Since, i:Ezg:
AZ BZ CZ

|
S

3

Therefore, these two normal planes are parallel.
Since normal are parallel, the two planes are

parallel.

(3]

Given that, the two planes are :

2x-y+3z-1=0
2x-y+3z=1

Comparing with
Ax+By+Cz=d,
Direction ratios of

normal =2,-1,3

A =2 B=-1,C =3
Check Parallel

2x-y+3z+3=0

2x-y+3z=-3
-2x+y-3z=3
Comparing with

Ax+B,y+C,z=d,

Direction ratios of

normal =-2,1,-3
A,=-2,B,=1,C,=-3

Two lines with direction ratios A;, B;, C; and A,, B,,

C, are parallel if

A_B_GC
AZ BZ CZ
Here,i:i:—l
A, -2
5 _-1_,
B, 1
G_3_
Cc, -3
Sincei:B‘:Q:—
AZ BZ CZ

Therefore, these two normal planes are parallel.
Since normal are parallel, the two planes are

parallel.

[3]

(e) Given that, the two planes are :

4x+8y+z-8=0
4x+8y+z=8
4x+8y+1z=8
Comparing with
Ax+By+Cz=d,
Direction ratios of
normal =2,-1,3
A =2,B=-1,C =3
Check Parallel

y+z—-4=0

y+z=4

Ox+1ly+1z=4
Comparing with
Ax+By+C,z=d,
Direction ratios of
normal =-2,1,-3

A,=-2,B,=1,C,=-3

Two lines with direction ratios A;, B;, C; and A,, B,,

C, are parallel if

B_GC
B

, C

&)

—_—
2 2

Since

G

2 2

8 ¢ G_1_
1

So, these two normal planes are not parallel.
.. Given that, two planes are not parallel.

Ans.

Ans.

Check Perpendicular
Two lines with direction ratios A;, B;, C; and A,, B,,
C, are perpendicular if
AA, + BB, + C,C, =0
AA,+BB,+CC, =(4x0)+(8x1)+(Ix1)
=0+8+1
=9
Since, A/A, +BB, +CC, #0
Therefore, these two normal planes are not
perpendicular.
Hence, the given two planes are not perpendicular.
Finding angle
Now, the angle between two planes A;x + By +
Ciz = d;and Ayx + Byy + Cyz = d, is given by
AA,+BB,+CC,
JA B +CJAI + B +C2 |
(4x0)+(8x1)+(1x1) |
V& 18+ PO+ 41|
0+8+1
Ji6+64+140+1+1]
9 9 1

RNTNARENNG
1

So, cosl =—
V2

cosf =

s.0=45°
Therefore, the angle between the given two planes
is 45°. 3]

. Show that the vectors a, b and ¢ are coplanar if

a+ B, b+cand ¢ +a are coplanar.
[CBSE Board, Delhi Region, 2016]
Given that,

E+E,l; +Z,E+E are coplanar.
[E+E,E+Z,E+ﬂ =0
ie., (a+ E).{(E +O)x(¢ +Zi)} =0
(E+E).{(EXE+EXE+ZXE)} =0
a.(bxc)+a.(bxa)+a.(cxa)
+b.(bxC)+b.(bxa)+b.(cxa)=0
2[2,5,2} =0or [E,B,Z} =0

Thus, a, b and c are coplanar.

[4]

. Find the vector and Cartesian equations of the line

through the point (1, 2, —4) and perpendicular to
the two lines :

7 =(8i 197 +10k) +A(3i 16 + 7k) and
r=(151 + 297 +5k) + p(3i + 87 - 5k).
[CBSE Board, Delhi Region, 2016]
Vector equation of the required line is
7 =(i +2]—4k)+ u[(31 —16] + Tk)x (31 +8] - 5k)]
7 =(i +2]—4k)+ A[(21 +3] +6k)]
In Cartesian form,

x—1_

2 3

y-2 z+4
6 [4]
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@.l@ Long Answer Type Questions

(5 and 6 marks each)

0.1

Ans.

Ans.

Find the coordinate of the point P where the line
through A (3, -4, -5) and B (2, -3, 1) crosses the
plane passing through three points L (2,2, 1), M (3,
0,1) and N (4, -1, 0). Also, find the ratio in which P
divides the line segment AB.

[CBSE Board, Delhi Region, 2016]
Equation of the line AB :
x-3 y+4 z+5

-1 1 6

Equation of plane LMN :

A

x-2 y-2 z-1

2(x=2)+1(y-2)+1(z=1)=00r 2x+y+2z-7=0
Any point on line ABis (-4 +3, A1—4, 64-5).

If this point lies on plane, then
2(-2+3)+(4-4)+(64-5)-7=0

= 5A=10
= A=2
. Pis (1,—2,7),
Let P divides AB into
2K +3 . ..
=1= = K=-2i.e., P divides, AB externally
K+1
into2:1. [6]

. Find the distance of the point (-1,-5,-10)

from the point of intermission of the line
r=2i-j+2k+4(3i+4j+2k and the plane
Fx(i-j+k)=s.

[CBSE Board, Delhi Region, 2018]
Given that,

?:2?—}'+2k+/1(3§+4}+2l€)

=7 =(2+32)i+(-1-42)]+(2+22)k
Substitute r = (2+34)i +(~1-44)j+(2+24)k in
Fi-jR)=s
[(2+32)i+ (-1-42)j+ (24 22)k (i~ j+) =5

= (2+432)~(~1+42)j+(2+24)=5
= 2434 +1-424+2+24=5
= A+5=5
= A=0

Substituting 4 = ¢ in
2432)i+(-1-42)j+(2+22)k,

We get r :2273'+212

Therefore, the coordinates of the points are 2,-1,2
and —-1,-5,-10,

The distance between the two points is given by

= J2+1) +(~1+5) +(2+10)

_ori6r 14

— 169

=13 units. [6]

Q. 3. Find the equation of the plane passing through the

line of intersection of the planes ;(;+}+l;) =1
and r- (2; + 3}' - IAc) + 4= 0 and parallel to x-axis.
[NCERT Misc. Ex. Q. 15, Page 498]
Equation of a plane passing through
the intersection of two planes
Ax+By+Cz=dand Ax+B,y+C,z=d,is
(Ax+By+Cz—d,)+A(Ax+By+C,z—d,)=0.
Converting equation of planes to Cartesian form to
find A,, B, C,, d, and A,, B,, C,, d,. [1]
r (Z+ } + I;) =1
Putting,
Fedeyj
(;i+y}'+gl\<)~(f+}+lz):l
(xx1)+(yx1)+(zx1)=1
Ix+1y+1z=1
Comparing with
Ax+By+Cz=d,
A =1,B=1,C=1,d =1
Now,
?-(2?’+3}—1€)+4 =0
?-(2?+3}'—12): —4
—F-(2§+3}-1§): 4
?-(—2?—3}'+1€) =4
Putting, F=xi+ y}' +zk ,
(i +yj+ zk)(-2i -3j + 1k) = 4
(x><—2)+(y><—3)+(z><1)=4
—2x-3y+lz=4
Comparing with
Ax+By+C,z=d,
A,=-2,B,=-3,C,=1,d,=4
Equation of plane is :
(Ax+By+Cz—d )+ A(Ax+By+Cyz—d,)=0
(Ix+1ly+1z—1)+ A(2x -3y +1z—4) =0
(1-22)x+(1-32)y+(1+ )z +(-1-421) =0 (i)
Also, the plane is parallel to x-axis.

So, normal vector N to the plane is perpendicular
to x-axis. 1]
As we know that,

Two lines with direction ratios a,, b, ¢, and
a,, b,, ¢, are perpendicular if aa, +bb, +c,c, =0.
Finding direction ratio normal and x-axis :
N=(1-22)i+(1-32)j+(1+ )k

Direction ratios

=(1-22), (1-32), (1+2)k

ca=1-24, b =1-34, ¢, =1+ 4

Now, for
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Q.4.

Ans.

OX =1i +0j +0k
Direction ratios=1, 0, 0

na,=1,b,=0,¢c,=0 [2]
So, aa,+bb,+cc,=0
(1-22)x1+(1-32)x0+(1+2)x0=0
(1-22)+0+0=0
1=24
A=l
2
Putting value of A in equation (i), we get
(1—2-l]x+(1—3-ljy+[1+l]+[—l—4-lj:0
2 2 2 2
(1—l)x+(l—éjy+(l+1)z+(—1—2):0
2 2
1 3
0x——y+>2z-3=0
X 2y+22
1 3
Ox——y+=-z=3
X 2y+22
-y+3z=6
0=y-3z+6
Yy—3z+6=0

Therefore, the equation of the planeis y —3z + 6 = 0. [2]
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. [NCERT Ex. 11.3, Q. 11, Page 493]
Equation of a plane passing through the insertion of
planes Ax+By+Cz=d, and Ax+B,y+C,z=d,
(Ax+By+Cz—d )+ A(Ax+B,y+C,z—d,)=0
Given that the plane passes through,

x+y+z=1
Ix+1ly+1z =1
Comparing with
Ax+By+Cz=d,
A=1B=1C=1d =1
For, 2x+3y+4z=>5
Comparing with
Ax+By+C,z=d,
A,=2,B,=3,C,=4,d,=5
So, the equation of plane is :
(Ax+By+Cz=d)+A(Ax+By+Cz=d,)=0
Putting values
(Ix+1ly+1z—1)+ A(2x+3y +4z-5)=0
X+y+z-1+2Ax+3Ay+44z-51=0
(1+22)x+(1+32)y +(1+42)z+(-1-52)=0 (i)
Also, the plane is perpendicular to the plane
x—-y+z=0.
So, the normalvector N tothe planeis perpendicular
to the normal vector of x —y+z=0.
As we know that, two lines with direction
ratios a,, b, cand a,, b,, ¢, are perpendicular if
aa,+bb, +cc,=0. [2V4]
N=(1+22)i +(1+32)j +(1+42)k
Direction ratio=1+24, 1+ 34, 1+441
sy =1424, b, =1+34, ¢, =1+44
For, n= 1?—1} +1k
Direction ratio =1, -1, 1

Q.5.

(@)
(b)

Ans.

na,=1,b,=-1,¢,=1
Since, N is perpendicular to n,
aa, +bb,+cc,=0
(1+22)x1+(1432)x=1+(1+44)x1=0
1+24-1-3A+1+41=0
1+34=0
-1=31

P
3

Putting value of A in equation (i), we get
(1+22)x+(1+32)y +(1+44)z+(-1-51)=0

(1+2x_—1Jx+£l+3x_—ljy+(l+4x_—ljz
3 3 3
+[_1_5X;1]:o
3
(1—%)35+(1—1)y+(1—%}z+(—1+§j=o

1 12

—x+0y-——z+—-=0

3 33
11 2

—x—-=z+—=0
3 3 3

é(x—z+2):0

x—z+2=0

Therefore, the equation of planeis x —z +2 =0. [21%]
Find the equations of the planes that pass through
three points.
(1/ 1/ _1)1 (61 4/ _5)/ (_4/ _21 3)
(11 1/ 0)/ (lr 2/ 1)/ (_21 2/ _1)

[NCERT Ex. 11.3, Q. 6, Page 493]
(a) Vectors equation of plane passing through

three points with position vectors a, b, cis

a5l
Y

A P (73'

N

/

(a)

5@
z /

Vectors perpendicular to ABand AC
— ABx AC

So, N = ABx AC

Also, AP is perpendicular to N,

So, AP-N=0

GR

7

0

(;—E)-[(E—E)x E—E]
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(b)

Vector equation of plane passing through three

points with position vectors a,b,cis

-3 [ o

Now, plane passes through the points

Al 1, -1)

a=li+1j-1k

B (6, 4, -5)

b=6i+4j-5k

C (-4, -2,3)

c=—4i-2j+3k

(B-a)=(6i+4] - sk)-(1i-+1j-1k)
=(6-1)i+(4-1)j+(-5-(-1))k
=5i+3j -4k

(c—a)=(~4i - 2j+3k) - (1i+1j-1k)
=(-4-1)i+(-2-1)j+(-3-(-1))k

=-51-3]+4k
ik
(E—Z)X(Z—E):s 3 4
5 3 4
ik
-5 3 4
3 4

-0

As we know that if two rows of determinant are
same, the value of determinant is zero.

This implies, the three points are collinear.

.. Vector equation of plane is :

[F~(i+7-k)] 6-0

Since, the above equation is satisfied for all values
of r.

Therefore, there will be infinite planes through the

given three collinear points. [5]
Vectors equation of plane passing through three

points with position vectors a,b,c is

()| (B-a)<(e-a] 0
Now, the plane passing through the points
A(1,1,0)

a=1i+1j+0k

B (1,2 1)

b=1i+2j+1k

C(-2,2 -1

c=—2i+2j-1k

(B-a)= (1F+2]+1k)~ (1i+1j+ 0k)
=(1-1)i+(2-1)j+(1-0)k
=0i+1j+1k
(E—E):(—2?+2}'+112)—(1?+1}+012)
=(2-1)i+(2-1)j+(-1-0)k
=3i+1j-1k

Ans.

(bi)e(-3)0 1
31
=i[(1x=1) = (1x1) |- j[(0x~1) = (-3x1)]
+k[(0x1)~(-3x1)]
=i(-1-1)-j(0+3)+k(0+3)
=-2i-3j+3k
. Vector equation of plane is :

[?—(1§+1}'+ 012)} (-2i-3j+3k)=
-]
[?—(?+})](—2?—3}'+3l€):0

Finding Cartesian equation :

~3j+3k)=0

[ z+]} ( —2i- 3]+ 12 =0
x1+y]+zk 1+] —2i- 3]+ 3k)=0
(v i )
[(x—l)?+ ]+sz( 3]+3k> 0

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

2x+3y-3z=5

in Cartesian form is

[5]

-.Equation of plane
2x+3y-3z=5.

. Find the shortest distance between the lines

z+1 and x-3_y-5_ z—7.
1 1 -2 1
[NCERT Ex. 11.2, Q. 15, Page 478]
Method I : By Cartesian Method

Shortest distance between two lines,

x+1 y+1
7 -6

i X=X _ YW _Z-
1 = b =
a, I i
1 Y-y, _ 2
2 b =
a, h G,
X=X Yo=Y 277
4 bl G
a, bz ¢,

is

\/(albz —a,b, )2 +(be, — by, )2 +(ca, — oy, )2

[1]
Now solve for,
x+1 y+1 z+1
7 6 1
x—(-1) _y-(=1) _z-(-1)

7 -6 1
Comparing with
1 A& _YTY 274
1 = =
ul bl Cl
x,=-1,y,=-1,2z=-1
anda, =7, b =-6, ¢, =1

Now solve for,
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x-3 y-5 x-7
1 -2 1
Comparing with
X=X, Y-y, z-2
L: = =
aZ bZ C2
x,=3,9,=52,=7,
anda,=1,b,=-2,¢c,=1
X, =X Yo=Y 2%
al bl Cl

2

a, bz )

\/(alb2 —ab, )2 +(be, —bye, )2 +(ca, — ey, )2

[2]

) 1
_ -2 1
J7(2)=1(=6)T +[-6()~ (21T +[10)-1(7)T
4 6 8§
7 -6 1
1 2 1

6 8

7 -6 1
-2
| e
_[4(6()-(2)1)-6(7(1)-1(1))+8(7(-2)-1(-6))

116

_[4(-=6+2)-6(7-1)+8(-14+6)| |-16-36-64
) \/R Jite

- “6 \w\ V6 =ax29=2429 |2

Q. 7. Find the shortest distance between the lines whose

vector equations arer = (1 +2j +3k)+ﬂ,(z 73] +2k
and r—41+5]+6k+y(21+3]+k)

[NCERT Ex. 11.2, Q. 16, Page 478]

Ans.

Q.8.

Shortest distance between the lines with vector
equations

r=a,+Ab, and r=a,+ ub, is
e )

Given that,
?:(§+ 2}+312)+/1(§—3}'+212)

Comparing with r= 171+ /1&71,
a,=1i+2j+3kand b, =1i —3j+2k
Similarly, 7 = 4i + 5] + 6k + (21 +3] + k)
Comparing with
=X

a,=4i+5]+6k
and Z = 21A'+3}+ 1k
Now, (@, —a;) = (4 +5]+ 6k )(1i + 2] + 3k

=(4-1)i+(5-2)j+(6-3)k

=3i+3]+3k
ik
(EXZ)zl 32
2 3 1

=i[(-3x1)=(-3x2)]- j[(1x1)-(2x2)]
+k[(1x3)-(2x-3)]
=i[-3-6]—j[1-4]+k[3+6]
~i(-9)- 1(3) +(-9)
=-9i+3j+9k
Magnitude of (171 x lZ)z (-9) +3*+9?

 xby|= /8149 +81
_ 171 =9x19 =319 271
o) -5
~ (-9i-+3j+9k) (31 + 3]+ 3k)
=(-9x3)+ (3><3)+(9><3)

=-27+9+27
=9

So, shortest distance =

9 3
RENTINT
Therefore, shortest distance between the given two
3
lines is ﬁ [274]
Find the shortest distance between the lines whose

vectorequatlonsarer = (1 t)i+(t-2)j+(3-2t)k

and 7 = (s+ l)z +(2s- 1)] (2s+ l)k
[NCERT Ex. 11.2, Q. 17, Page 478]
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Ans.

Shortest distance lines with vector equation

r=a,+Ab and r =a, + ub, is

(6E:) (.- )

r=(1-1)i+(t-2)j+(3-2t)k
—li—ti+tj—2j+3k-2+k

= (1 =27+ 3k) +1(~1i+ 15 - 2K)
Compare with r=a,+th, g
b=—lz+1] 2k
r=(s+1)i+(2s-1)j-(2s+1)k

= 12—2;#312 and

:si+1§+2s}'—1}—251§—1fc
(11—1] 1k)+s(lz+2] 2k)
Comparing w1thr—a +sb2,
a,=1i-1j—1k and b, =1i +2j -2k [
Now, (Z—2{1):(1?—1}—112)—(1?—2}'+3l€)
=(1-1)i+(-1+2)j+(-1-3)k
=0i+1j -4k

ik
(EXIZ):—] 1 -2
12 22

=i[(1x-2)-(2x-2)]- j[(-1x-2)(1x-2) ]
+ I;[(—l X 2) - (1 X 1):|

=i[-2+4]-j[2+2]A+k[-2~1]

=2i—4j-3k

Magnitude of (E; x IZ): 22+ (—4) +(-3)

= V4+16+9 =429

Also, (EXE)(Z_‘Z)

= (2 -4j-3k)-(0i +1j - 4k
= (2x0)+(—4x1)+(-3x-4)

=—0+(—4)+12
-3 [2]

(bixt) {2 ~a)
1 2

So, shortest distance =

8 8
“N29] V29
Therefore, shortest distance between the given two
8
lines is ——. 2
NG el

Q. 9. Show that the three lines with direction cosines

Ans.

12 3 4 4 12 3 3 -4 12
—,—,—;—,——,— are mutually
13" 13’ 13" 13" 13’ 13 13713713

[NCERT Ex. 11.2, Q. 1, Page 477]

Two lines with directional cosines [,m,,n,
and [,,m,,n,are perpendicular to each other if

perpendicular.

LL +mm, +nn,=0

Line1:

12 -3 -4
L=—m=—n=—

13 13 13
Line 2:
L4123
3 13t 13
Now find,

=L, +mm, +nn,

12 4 -3 12 -4 3

+| —x— |+

(13 13j (13 13) (13 13)

48 (=36 (-12
=—+| — |+| —

169 169 169

48-36-12 48-48
= = =0

169 169 [1]

Ll +mm,+nmn,=0
Hence, two lines are perpendicular.

Line 2:
o4 123
137 137 13
Line 3 :
P N S
1377 1377 13
Now,

= LI +mym, +nyn,

4 3) (12 -4) (3 12
=S| —Xx—|+| =x— |[+]| =x—
(13 13] [13 13) (13 13]

12 (-48) 36
= 4| — |+ =
169 (169) 169
_12-48+36
169
_48-48
169
=0
S LI +mym, +n,n, =0
Hence, two lines are perpendicular. [2]
Line 3:
3 12
IR MR kA
Line1:
12 -3 -4
L=—m=—n=—
13 13 13
Now,

= Ll +mm, +nn,

3 12 —4 -3 12 -4
= +—x— |+

13 13 13 13 13 13

36 12 48
= | —

169 169 \ 169
_36+12-48

169

4848

169

=0
L +mmy +nn, =0

Hence, two lines are perpendicular.
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Q. 10.

Ans.

Q.11.

Ans.

Therefore, the given three lines are mutually
perpendicular. [2]
Find the foot of perpendicular from the point (2,

4-x_ ¥ _1-Z Also, find the

2 6
perpendicular distance from the given point to the
line. [NCERT Exemp. Ex. 11.3, Q. 16, Page 236]
-x_y l-z

We have equation of line as 4-x_ 5= 3

3, -8) to the line

4-x_y_l=z_;
-2 6 3
=>x=-2+4,y=6A andz=-31+1

P(2,3,-8)

Tao ey > ook
Let the foot of perpendicular from point P (2,3-8)
on the lineis L (4-24, 64, 1-31).

Then the direction ratios of PL are

proportional to (4 =24 -2, 64 =3, 1-32 +8)or
(2-24, 64-3,9-34).

Also, direction ratios of line are —2, 6, —3.

Since, PL is perpendicular to the given line.
5=2(2-22)+6(64-3)-3(9-34)=0

= —4+44 +364—-18-27+94 =0
= 49/ =49
= =1

So, the coordinates of L are
L (4-22, 64,1-31)=(2,6,-2).

Also, length of PL = \/(2 —2)" +(6-3)" +(-2+8)’

=0+9+36 =35 units [5]
Find the distance of a point (2, 4, -1) from the line
x+5_ _y+3_z-6
1 4 9
[NCERT Exemp. Ex. 11.3, Q. 17, Page 236]
x+5 =y+3 =Z_6=/1
4 9

Wehave, equation of line as

x=1-5y=41-3,2=6-91

Let the coordinates of L are (4 =5, 42 =3, 6-94).
Then, direction ratios of PL are

(L=5-2, 42 =34, 6-92 +1) or

(A=17, 44 -1, 7-92).

Also, the direction ratios of the given line are 1,4,-9.
Since, PL is perpendicular to the given line.

c(A=T)14+(44=T7)-4+(7-94)-(-9)=0

= A=T+164—-28+811-63=0
= 984 =98
= A=1

So, the coordinates of L are (-5, 41-3, 6-94)
- (40,0)

~.Also PL = \/(—4 —2) +(1-4)" +(=3+1)

=+/36+9+4 =7 units [5]

Q. 12. Find the length and the foot of perpendicular from

Ans.

Q.13.

Ans.

the point (1, 2,2) to the plane 2x -2y + 4z + 5 = 0.

[NCERT Exemp. Ex. 11.3, Q. 18, Page 236]
Equation of the given plane is 2x -2y +4z+5=0.

Normal to the plane is n=2i- 2}' +4k.
P(1,3/2,2)

N
7= (2] —2j +4k )

L (2x +1, =20+3/2, 41.)

So, the equation of line through P (1, %, 2] and
parallel to nis given by
3

1 Y5 4_
x-1_7 2 _z-2_,
2 2 4

3 A
Any point on this line is | 24 +1,-24 +5/4i +2.
%
If this point lies on the given plane (point L), then
2(24 +1)—2(—2/1 +;J+ 4(42+2)+5=0

= 40 +24+44 -3+16A+8+5=0
= 24/ =-12
- a=_1

.Required foot of perpendicular
22+1,-27 +§,4}v+2 = O,E,O Putting 4 :—l
2 2 2

~.Required length of perpendicular

> (3 5Y 2
\/(1 0) +(2 2) +(2-0)

=1+1+4 =6 units 51
Find the equations of the line passing through the
point (3, 0, 1) and parallel to the planes x + 2y = 0
and 3y -z =0.

[NCERT Exemp. Ex. 11.3, Q. 19, Page 236]
Equation of two planes are x + 2y =0 and 3y —z =0.

Normal to the planes are n_; :f+2} and nj :3}—12,
respectively.
Since, required line is parallel to the given two
planes, it is perpendicular to », and 1, -
Therefore, line is parallel to the vector
b=nxn,
i j ok
=1 2 0
0 3 -1
=i+ } +3k
So, the equation line passes through the point
(3,0,1)and is also parallel to the point. The parallel
X z—1
L2200 bl

1 3

to the given two plane is



THREE-DIMENSIONAL GEOMETRY | 517

Q. 14.

Ans.

Q.15.

Ans.

Find the equation of the plane through the points
(2, 1, -1) and (-1, 3, 4), and perpendicular to the
plane x - 2y + 4z = 10.

[NCERT Exemp. Ex. 11.3, Q. 20, Page 237]
The equation of the plane passing through the
points (2,1,-1) is
a(x=2)+b(y-1)+c(z+1)=0 ... (i)
Since, this plane passes through the points (—1,3,4).
sa(-1-2)+b(3-1)+c(4+1)=0
= -3a+2b+5c=0 (i)
Since, the plane in equation (i) is perpendicular to
the plane x -2y +4z =10.
slea=2-b+4.¢=0
=a-2b+4c=0 - (1if)
On solving equations (ii) and (iii) by cross-
multiplication method, we get

a _-b ¢ _

8+10 -17 4
=a=184,b=171, c=4A
From equation (i), we have
184(x=2)+172(y —1) +44(z+1)=0
= 18x-36+17y—-17+4z+4=0
18x+17y +4z=49 [5]
Find the shortest distance between the lines given
by r=(8+34)i—(9+161)j+(10+72)k
r =151 +29]+5k+p(3i +87 - 5k).

[NCERT Exemp. Ex. 11.3, Q. 21, Page 237]
We have,

r=(8+34)i—(9+162)]+(10+72)k
=81 -9j+10k+ 4(3i ~16]+ 7k)

and

=, =8i-9j+10k and b, =(3i~16]+ 7k) ..Q)
Also, 7 =15 +29j +5k + p(3i + 8 - 5k

a, =15i+29]+5k and b, = (3i +8j -5k} ..(ii)
Now, shortest distance between two lines is given by
(570 {a:-a;)

b, xb,
ig ok
o b xb,=[3 -16 7
3 8 -5
=1(80-56)— j(~15-21)+k(24+48)
=24i+36]+72k
= [brxb)| =v247 +36 +72°

=1242* +3* +6°
=84
Now, (@, -a,)=(15-8)i +(29+9)j+(5-10)k
=7i+38] -5k
..Shortest distance
|(24¥+36}+721€)-(7¥+38}—512)|
84

Q. 16.

Ans.

Q.17.

Ans.

Q.18.

(2137 + 6k) (70 + 38 - 512)|
- L |

=14

[5]

Find the equation of the plane which is
perpendicular to the plane 5x + 3y + 6z + 8 = 0
and which contains the line of intersection of the
planesx + 2y + 3z—-4=0and2x + y -z + 5= 0.

[NCERT Exemp. Ex. 11.3, Q. 22, Page 237]
The equation of a plane passing through the lines of
intersection of planes x + 2y + 3z -4 = 0 and 2x +
y—z+5=0is(x+2y+3z-4)+ A(2x+y-z+5)=0.
S x(1422)+y(2+A)+z(-2+3)-4+52=0 . (i)
Also, this is perpendicular to the plane
Sx+3y+6z+8=0.
S 5+10A+6+34+18-614=0
L

7

Putting this value of A in equation (i), we get
equation of plane as :
5Ix+15y -50z+173=0 [5]
The plane ax + by = 0 is rotated about its line of
intersection with the plane z = 0 through an angle
o. Prove that the equation of the plane in its new

14+144—30‘

=

position is ax + by + ( a’+ bztana)z =0.

[NCERT Exemp. Ex. 11.3, Q. 23, Page 237]
Given that,
Plans are ax+by =0 ..()
and z=0 ...(ii)
-.Equation of any plane passing through the line of
intersection of planes in equations (i) and (ii) may
be taken as,
ax+by+kz=0
The directional cosines of a normal to the plane in
equation (iii) are :

a b k

Vo + 0 +k N+ 02+ k2 N2 b+ K
The directional cosines of a normal to the plane in

. . a b
equation (i) are W,W,O

Since the angle between the planes in equation (i)

and (ii) is o,
/ at+b’

a-a+b-b+k-0 _
N/STEEN PR \,\/aﬂ-bﬁ-k2
=k’cos’a =a’ (l—cosza)+b2(1—cosza)
(az +b2)sinza

cos’ &

S.cosa =

= k=

= k=xva*+b’ tana

Putting the value of k in equation (iii), we get
equation of plane as ax + by + zv/a* +b* tana = 0. [5]
Find the equation of the plane through the
line of intersection of ;<22 - 3}' + 4]2) =1 and
;(; - }) +4=0 and perpendicular to the plane

=N

. (Z; - } + lAc) +8=0. Hence find whether
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Ans.

Q.19.

Ans.

Q. 20.

the plane thus obtained contains the line
x-1=2y-4=3z-12.
[CBSE Board, Delhi Region, 2017]
Equation of family of planes,
?.[(2273%412)”(?7})} —1-42
=7 (24 2)i+(-3-2)]+4k]=1-42

Plane

(i)

in equation (i) is perpendicular to
?~(2§-}+1€)+8=0,

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

A=——
3

Substituting 4 = —% in equation (i), we get
PN LI L
33 3

=T (_Si +2j+ 12k): 47 [Vector equation]
—5x+2y+12z-47=0 [Cartesian equation]

(i)
-1 -2 -2
ol " :yf =Z ] lies on the plane in

2 3

equation (i) at point P (I, 2, 4) satisfies the
equation (ii) and a4, +bb, +c,c, =-5+1+4=0.

= Line is perpendicular to normal plane.

..Plane contains the given line. [6]
Find the vector and Cartesian equations of a line
passing through (1, 2, —4) and perpendicular
x-8 y+19 z-10

16 7

=

Line

to the lines and

x-15 y-29 z-5
3 8 5
[CBSE Board, Delhi Region, 2017]
Equation of L, passing through the points (1,2, —4) is
x-1_ y-2 z+4

L:—
a b c
x-8 y+19 z-10
L,: = =
3 -16 7
szx—15:y—29:z—5
3 8 -5

L, LL,=3a—16b+7c=0

L LL,=3a+8-5c=0
Solving we get,

a b ¢
2436 72
a b _c
2737

~.Required Cartesian line is
x-1_ y-2 z+4

2 3 6
Vector equation 7 = (f + 2} - 412) + /1(2;'+ 3} + 612). [6]
Find the vector equation of the plane through the
line of intersection of the planesx + y + z = 1 and
2x + 3y + 4z = 5 which is perpendicular to the plane
x —y + z = 0. Hence find whether the plane thus
x+2 y-3

4

[CBSE Board, Foreign Region, 2017]

equation  of

z
obtained contains the line = 5 or not.

Ans.

Q.21.

Ans.

Q.22.

Ans.

Equation of the plane passing through the
intersecting of planes is :

(x+y+z-1)+A(2x+3y+4z-5)=0

= (1+22)x+(1434)y +(1+44)z—(1+54)=0 (i)
This plane is perpendicularto x -y +z=0.
S1(1+22)-1(1+32)+1(1+42) =0

:>/1=_—1
3

.Equation of plane is :
(x+y+z—l)—é(2x+3y+4z—5)=O
>x-z+2=0 o
Vector form of plane as r-(i—k|+2=0.
Yes, lies line on plane as (-2,3,0) satisfies
r (; - 12) +2 =0andnormal to planeis perpendicular
to the given line is 1(5)+0(4)—1(5)=0. [6]
Find the image P’ of the point P having position
vector i +3] +4k in the plane r-(2i - j + k) +3 0.
Hence find the length of PP’.

[CBSE Board, Foreign Region, 2017]

Let PT is perpendicular to the given plane.
P

[

P
Let position vector of T is E; —ai + b} +ck .
ZPT=(a-1)i+(b-3)j+(c-4)k
PT || n (normal)
a-1 :b—3 _ 6_4:1
-2 1 -1

= a=-2A+1,b=A+3andc=-1+4

b =(-22+ 1)24— (A+ 3)} +(-A+ 4)IAc
b, lies on plane.
[(—22 +1)i+(2+3)j+(-A+ 4)12} (—2?4— j—k)=3
= A=1
sby=—i+4j+3k
Let position vector of P’ is a =xi+ y} +zk.
Using Section Formula, we have
;1 =—3i+ 5}+21§
Also, PP'=+/24 or 24/6. [6]
Find the equation of the plane through the

intersection of the planes ;(; + 3}) -6=0 and
r (3; - } - 412) =0 whose perpendicular distance
from origin is unity.

[NCERT Exemp. Ex. 11.3, Q. 24, Page 237]
Given that,

Planes are ;£;+ 3} ~6=0and - 3;—} —412) =0.
Equation of family of planes passing through the
intersection of these planes is

s e -4

= {(1+34)i+(3-2)] +k(-44)| =6 )
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P (1+32)i+(3-2)j+k(-42)]
J432) +(3-2) +(-42)"
6

=

J432) +(3-2) +(44)
Since, the perpendicular distance from the origin
is unity.

6
=1
JO+32) +(3-2) +(44)
= (1432) +(3-4)" +(—42) =36
= 14927 +61+9+ 1% —641+161% =
= A2 =1
A=+l

Usmg equation (i), the required plane is :
r[(1£3)i+(3F1)j+(F4)] =6
3?~(4§+2}—41€)=6 and ?-(—2?+4}'+412)=
Or,4x+2y—4z—-6=0and —2x+4y+4z-6=0 [5]

. Prove thatif a plane has the intercepts a, b, c and is

at a distance of p units from the origin, then
1,1, 1_1
e

[NCERT Misc. Ex. Q. 21, Page 499]
Distance of the points (x;, y;, z;) from the plane Ax
+ By + Cz=Dis
|Ax, + By, +Cz, —D|
| JAT £ B+ C |
The equation of a plane having intercepts, a, b, c on
the x, y and z-axis, respectively is :

£+Z+£:1

a b c

Comparing with Ax + By + Cz = D,

Azl,B=l,C=l,D=1 [2]
a b c

Given that, the plane is at a distance of ‘p’ units
from the origin.

So, the points are O(0, 0, 0).

So,x;=0,y;, =0,and z; =0

Now,

| Ax, + By, +Cz, - D|

Distance =
| JA*1 B+ C
Putting values, we have

1 1
p:;><0+z><0+ ><0 1_‘ 04+0+0— 1‘
J(lf i) U\ :
-+
a
P—\/ i
a’
p a b c2
Squaring both sides, we have
1 1 1 1

27 2 2

poa b o

Thus proved. [3]

. Show that the points (f - } + 312) and S(f + } + 12) are

equidistant from the plane r -(51'A +2 jA -7k )+9=0
and lies on opposite side of it.

[NCERT Exemp. Ex. 11.3, Q. 25, Page 237]
To show that these given points (f - } + 312)
and 3(i + } +k) are equidistant from the plane.
r(5i+2]-7k)+9=0.
"~ We have to prove that mid-points of these points
lie on the plane. Now mid-point of the given plane
is 2 + ] +3k.
On substituting r by the mid-point in a plane, we
get
LHS = (2i + ] +3k) - (5i +2] - 7k) +9

=10+2-21+9

=0

=RHS
So that, these two points lie on opposite sides of the
plane are equidistant from the plane. [5]

.XE=3§—}'+I€ and @=—32+2]A'+412 are two

vectors. The position vectors of the points A
and C are 6 + 7}' +4k and —9}'4— 2k, respectively.
Find the position vector of a point P on the line
AB and a point Q on the line CD such that E is

perpendicular to AB and CD both.
[NCERT Exemp. Ex. 11.3, Q. 26, Page 237]

We have,

E:3{—}'+I€ and C?z—3z°+2}'+4l€

Also, the position vectors of A and C are 6i + 7} +4k

and —9} +2k, respectively.

Since, @ is perpendicular to both AB and CD.

So, P and Q will be foot of perpendicular to both

the lines that pass through A and C.

Now, equation of the line through A and parallel to

the vector AB is,

r=(6i +7]+4k)+ A3 — ] +k) ...(0)

And the line passing through C and parallel to the

vector CD is given by

r=—9]+ 2k + (=31 + 2] +4k) ...(i)

Let P (6 + 34,7 -4, 4 + 1) is any point on the first

line and Q be any point on second line is given by

(31,-9+2u,2+4u).

o PO=(-31,~6—3A)i +(2u+ A —16)]+ (4 — A —2)k

If PQ is perpendicular to the first line, then

3(Bu-6-34)-2u+A-16)+(4u—-1-2)=0

= ~Tu-111-4=0...(iii)

If PQ is perpendicular to the second line, then

“3(-3u—6-31)+22u+A-16)+4(4u—-1-2)=0

= 290 +71-22=0...(iv)

On solving equations (iii) and (iv), we get

u=1and A=-1
OP =3i +8] +3k
and OQ=-3i —7]+6k

[From (i)]
[From (ii)] [5]
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Q. 26.

Ans.

Q. 27.

Ans.

Q.28.

Show that the straight lines whose direction
cosines are given by 2/ + 2m —n = 0 and mn + nl
+ Im = 0 are at right angles.

[NCERT Exemp. Ex. 11.3, Q. 27, Page 237]

We have,
214+ 2m-n=0 ...()
Andmn +nl +1m =0 ...(ii)

Eliminating m from the both equations, we get

:{n_zl]n+nl+l(n_2zljzo

n® —2nl+2nl+nl 21"
5 =
n*+nl-2I=0

(n+2D)(n-1)=0
n=-2landn=1

0

Lud U

m=-21, m= _7” [From Eq. (i)]
Thus, the direction ratios of two are proportional to
-l
L,-2l,-2land 1, 7 |

Or directional ratios are 1, -2, -2 and 2, -1, 2
Therefore, angle between vectors is given by

(1-2]-2k)-(2i—j+2k) 2+2-4

i-2j-2k2i-j+2k[ 33 -0

cosf =

=3 [51

If I, my, ny; 1, my, ny; Iy, my, ny are the direction
cosines of three mutually perpendicular lines,
prove that the line whose direction cosines are
proportional to I, + I, + I, m; + m, + my, ny + n,
+ n; makes equal angles with them.

[NCERT Exemp. Ex. 11.3, Q. 28, Page 237]
Let,

Also, let a, B and y are the angles between @ and d ,
l; anda,fand t_jI
soecosa=1L(L+1, + L) +m(m +m, +m,)
+n,(n, +n,+n,)
=1+ 1L + 1L, +m +mm, + mm, +n’
+mn, +nn,
=7 +m! +n})+ (UL, + LI + mm, + mm,
+nn, +nn,)
=1+0=1
Similarly, cosp = land cosy =1
= Ccos o = cos 3 =cosy
=a=p=y
Thus proved [5]
Find the equation of the plane which contains the
line of intersection of the planes x + 2y + 3z-4 =

0and 2x + 0 -z + 5 = 0 and whose x-intercept is
twice its z-intercept.

Ans.

Q.29.

Ans.

Hence write the vector equation of a plane passing
through the point (2, 3, -1) and parallel to the
plane obtained above.
[CBSE Board, Foreign Region, 2016]

Equation of family of planes passing through two
given planes :
(x+2y+3z-4)+k2x+y-z+5)=0
>1+2x+Q2+ky+(B-kz=4-5k ...(3)
S D S B

4-5k 4-5k 4-5k

1+2k  2+k 3-k
As per condition,
4-5k 2(4-5k)
142k (3-k)

1
or —

=k=

w|

Fork = é, equation of plane is 7x + 11y + 14z = 15.

For k =§ , equation of planeis 13x + 14y + 11z = 0.

Equation of plane passing through the points (2, 3,

-1) and parallel to the plane is :

7(x-2) + 11(y-3) + 14z + 1) = 0

=7x + 11y + 14z = 33

Vector form : 7 ~(7f +1 1} + 1412) =33 [6]

Find the position vector of the foot of perpendicular

and the perpendicular distance from the point

P with position vector 2i +3]A'+412 to the plane

r ~(2iA +jA + 3kA)— 26=0. Also find image of P in

the plane. [CBSE Board, All India Region, 2016]

Line passing through ‘P* and perpendicular to

plane is :

7 :(Zf +3}'+ 4l€)+/1(2f +}'+3l€)

General point on line is :

F=(2+22)i +(3+ )] +(4+3A)k

For some 1 € R, 7 is the foot of perpendicular, say

Q, from P to the plane, since it lies on plane.

S [(2+24)i +(B+A)]+(4+3A)k]- (21 + ] +3k)—26 =0
4+40+3+A+12+914-26=0

a-1
2

..Foot of perpendicular =Q (3; + %} + %IEJ

Let P' (ai + b}' + cle) be the image of P in the plane,
then Q is the mid-point of PP’.

-0 [a+21¢+b+3}+c+4éj

2 2 2
2 Ta 11n
=Q |3i+=—j+—k
Q[ 2772 j
a+2 _, b+3 7 c+4 11
2 72 27 2 2
= a=4,b=4andc=7
P'(4i +4]+7k)
Perpendicular distance of P from plane

:PQ\/(2—3)2+(3—9 +(4—1—21] = % [6]
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t@: Some Commonly Made Errors

» The dot product gives us a scalar, not another vector. The products are added together, not put into vector
components.

» Note that there is very little difference between the two-dimensional (2D) and three-dimensional (3D) formulae
above. To get from the 3D formula to the 2D formula all we did is to take out the third component/coordinate.
Because of this, most of the formulae here are given only in their 3D version. If we need them in their 2D form we
can easily modify the 3D form.

» When two lines are perpendicular, the angle between the lines is 90° which gives the condition of perpendicular as :
o Ll +mymy+ nyny, =0
* Or this implies,

* 10, + 71b, + c10, = 0.

» Similarly, when two lines are parallel, the angle between them, i.e. 6 = 0°.

* This gives [}/l, = my/m, = ny/n,
* This also gives a,/a, = b;/b, = ¢,/c,
* So don’t confuse with the applied conditions on both case.

z@: EXPERT ADVICE

1S Practice questions from previous years question papers, sample papers and model papers within the time-frame
you will have at the final exam.

15 Try the given problems with the conventional methods first, and then look into the short-cut methods given. This
makes it evident for you, the lesser labour involved, in comparison to the conventional methods.

v Don't be in a rush to solve problems. In Board Question Papers, both speed and strike-rate matter. You need to be
quick as well as accurate to achieve high scores. High speed with low accuracy can actually ruin your results.

v More from rigid reliance on rules without understanding (rule-oriented study) to an understanding of mathemat-
ical concepts and flexibility in problem solving (concept-oriented study).

85 Focus on solving as many problems as you can, rather than just reading theories, formulae and solutions.
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