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If you're a tech enthusiast, you've probably heard of the term 'Virtual
Reality' (VR). As the name suggests, it creates non-physical materiality that
is very similar to reality. 3D VR is created or produced digitally. 3D
environments are created by using computer software and artificial
intelligence with the help of three dimensional geometry to replicate the
real world or to create entirely new environments.

Topic Notes
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& Basic Concepts and Line in Space



BASIC CONCEPTS AND LINE IN SPACE _

| TOPIC 1]
RECTANGULAR COORDINATE SYSTEM

Though Three dimensional Geometry was introduced
in Class XI, but here we shall study it using vector
algebra. In this Chapter, we shall study the direction
cosines and direction ratios of a line joining two
points and also discuss about the equations of lines in
space under different conditions, angle between two
lines and shortest distance between two skew lines.
Most of the results we shall obtaining will be in vector
form as they are elegant and simple. Nevertheless,
we shall also translate these results in the Cartesian
form which, at times, presents a more clear geometric
and picture of the situation.

Three mutually perpendicular number lines
(coordinate axes) having the same arigin O form a
rectangular coordinate system in space.

The x-oxis and y-axis determine a plane, called XY
plane.

Similarly, we have YZ plane and ZX plane. These
planes are called coordinate planes.

Let P be any point in space.

Let its (directed) distance from the coordinate planes
YZ plane; ZX plane; XY plane be x, y, z respectively.

Then, we say that P has the coordinates (x, y, 2).
Any point in the XY plane is of the form (x, y, 0).
Similarly for others.

The coordinates of the origin are (0, 0, 0). All points on
the YZ plane have x-coordinate 0. Hence, equation of
YZ plane isx = 0.

Similarly, equation of ZX plane is y = 0; and that of XY
planeisz = 0.

All points on x-axis have y, z-coordinates zero.

Thus, the equation of x-axis is y = 0 and z = 0 (in fact,
x-axis is the intersection of the two planes y = 0 and
z=0)
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Similarly, the equation of y-axisis x = 0 and 2z = 0; and
the equation of z-axisisx =0 and y = 0.

If i,jandk are unit vectors along x, y and z axes

respectively and P = (x, y, 2), then OP = xi + yj + zk

and | OP|=yx? +y? + 2%, the distance of point P

from the origin.

| TOPIC 2 |
DIRECTION COSINES AND DIRECTION RATIOS OF A LINE

In the previous chapter, we have studied about the
direction cosines and direction ratios of a vector. Now,
we shall define these terms in the context of a line. As
we know that, vector is also defined as a directed line
segment, so, direction cosines of a line L are defined
as the direction cosines of a vector whose support is
the given line L

Thus, if a line L passing through the origin makes
angles a,  and y with x, y and z-axes, respectively
called direction angles, then cosines of these angles,
namely cos a, cos B and cos y are called direction
cosines of the directed line L

If we reverse the direction of L, then the direction
angles are replaced by their supplements, ie, t - a,
7 - B and = - y. Thus the signs of the direction cosines
are reversed.

Direction cosines of a line usually denoted by L. m and
n. Itis always true that {2 + m? + n = 1.

Any three numbers which are proportional to the
direction cosines of a line are called the direction
ratios of the line. Thus, if [, m and n are direction
cosines and a, b and c are direction ratios of a line,
then
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| TOPIC 3 |

DIRECTION COSINES OF A LINE PASSING THROUGH
TWO GIVEN POINTS

Let P{x1, Y1, 21) and Q(x3, Y2, Z2) be any twao points. We
know that by joining any two points, a unique line can
be drawn.

The direction ratics of the line segment PQ are x5 — x;;
Ya-U1iZ3 =21 OT Xy —Xgi th —UYai 21 - 23

And the direction cosines of the line PQ are %;

Y=Yz -4
PQ ' PQ
X9 — X4 .
e o -x P A -u (-2
Y=Y -
Jixg =2 g~y + (2 - 2y)
3=4

Jxa = %00 +(yg = w)? + (23 - 7))

Example 1.1: If a line makes angles 0%, 135° and
45° with the x, y and z axes respectively, find its
direction cosines. [NCERT]
Ans. Here, the line make angles 90° 135° and 45°

with the x, y and z axes respectivelu.

So,a =90°% 3 =135°and y = 45°.

= Direction cosines [, m, n of the line are:

[=cosa=cos90°=0
m = cos f = cos 135° = cos(180° - 45°)

1
=-c0845%°=—-—;
2

n=cosy=cos45°= _1',

N7]

Thus, the required direction cosines of the line

are {JI__l_ undul_.

V22

Example 1.2: Find the direction cosines of a line
which make equal angles with the coardinate
axes. [NCERT]

Ans. Here,a=f =y
= cosa=cosff=cosy
=l=m=n

2

Since 2+ m?+n?= 1,

= 3[2=1,0ri=:t—1—

v3

Thus, the required direction cosine of the line
11 1y, (-r_1_ 1
Gre ﬁ'ﬁ.ﬁ le Ji‘l J§' -

Example 1.3: If a line has the direction ratios
=18, 12, = 4, then what are its direction cosines?

Ans. The required direction cosines are:
_ -18
187 + (127 + (- 4)
=18 =18, =8
484 ~ 22 11’
12

) J=18)2 + (12) + (- 4)?

m

12 12 6.

= - -

484 22 11’
_ —4
J(-18)2 +(12)? + (- 4)

n

. —4 -4 -2

484 22 11
= -2
Thus, ired directi i i =,
us I'EE}LIIFE Irection cosines anr 11 11 M 11

Example 1.4: Show that the points (2, 3, 4),
(-1,-2,1)and (5, 8, 7) are collinear. [NCERT]
Ans. Let, A(2,3,4),B(- 1,- 2, 1) and C(5, 8, 7) be given

points.

The directionratiosof ABare:-1-2,-2-3,1-4,
ie,-3,-5,-3

The direction ratics of ACare:5-2,8-3,7 -4
ie, 3,5 3.

Since the directions ratios of AB and AC are
proportional, So, AB and AC are either parallel
or coincident lines.

Since, point A is common to both the lines,
hence, the points A, B and C are collinear.



| TOPIC 4 |
EQUATION OF A LINE IN SPACE

A line in space is uniquely determined, if

(1) it passes through a given point and has given
direction, or

(2) it passes through two given points.

Equation of a Line Through a Given
Point and Parallel to a Given Vector

Vector Equation
The vector equation of a line [ passing through a

point A with position vector @ and parallel to a given

-+ . -4 =» -5 -+ "
vector b is r = ga+Ab, where r s the position
vector of an arbitrary point on the line { and 4 is a real
number.
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Special ease: The vector equation of a line [ passing

through the origin and parallel to a given vector b is
T =Ab.
Carteslan Equation

The Cartesian equation of a line passing through
a point Alxy, Y1, z1) and having direction ratics a, b

s R ;yl = z_czl, where (x, y, 2) are

coordinates of any point on the line.

X
and ¢ is

If L m and n are the direction cosines of the line, then
the Cartesian equation of the line is

X=Xy  U=by _Z=2
L m n

Special case: The Cartesian equation of a line [
passing through the origin and having direction ratios

abandcis = =< =_.
a fo

Method to Convert Vector Form of Equation of a
Line into Cartesian Form
The vector equation of a line is

- -

F=a+Ab ()

R IR H i "
where 7= xi + yj+ zk; a=xi+y,j+ 2.k

3=£+ﬂ+&

Substitute these values in () ond equating the
coefficients of 1, jand k, we get
X=Xy +Aa, Y=y +ib; z2=2; + hc

.ﬁ:} Important

= The above x, y, 2 are also used to take an arbitrary point
on the line.

Eliminating A we get the desired Cartesian equation of the
line as

X=Xy g-lh 2=8 .
a b c

Example 1.5: Find the vector equation of the line
which passes through the point (1, 2, 3) and is

parallel to the vector 3j + 2] - 2k. [NCERT]
Ans. The position vector of the point (1, 2, 3) is
i +2]+3k.
So, the required vectar equation of the line is:
F=i+2j+3k+0030 +2j-2k). where Lis a
real number.

Example 1.6: The Cartesian equation of a line is
X-5 y+4 2z2-6 ...
B e Write its vector form.
[NCERT]

Ans. The line passes through (5, - 4, 6). So, its position

vectoris @ =5i - 4+ Bk . Vector b to which

the line is parallel, is b=3i+ ?j + 2k
So, the vector equation of the line is:

7 =50 —4]+6k + M3 +7] +2), whereAisa

real number.

Equation of a Line Passing Through
Two Given Points

Vector Equation

-
Let @ and b be the position vectors of two points

Alxy, yq, 21) and Bixg, ys, 29), respectively, that are
lying on a line.



X

Let 7 be the position vector of an arbitrary point
P(x, v. 2). P is a point on the line if and only If

- - =
AP=7-3 and AB=b-a are collnear
vectors. Therefore, P is on the line if and only if

T-a=Mb-a)

or 7 =a+rb-a)LeR

This is the vector equation of the line passing through
two points.

Carteslan Equation

The Cartesian equation of a line passing through two
points, namley, A(xq, y1, 21) and B(xs, y3, 23), Is:
H-Y _Z-4

Ya—Y1 -2

X=Xy

Xz =Xy

Method to Convert Vector Form of Equation
of a Line into Cartesian Form

-4 ~ " "

b = x,f + Yy J + 25k

Substitute these values in () and eguating the
coefficients of i, jandk, we get

x=x1+AMx2-x1); Y=y +AU2-y1) =21+ Mz2-21)

Eliminating A, we get the desired Cartesian equation

of the line as
Sl [ S

Ya—th

2—21
Z; -2y

X=X

Example 1.7: Find the vector and the Cartesian

equations of the line that passes through the
points (3, -2, =5) and (3, -2, 6). [NCERT]

Ans.Let @ and b bethe position vectors of two points
A(3, -2, -5) and B(3, -2, €) respectively. Then,

=31 -2j-5k B =3 -2] +6k

So, b—-a =(3-3) +(-2+2)] +(6 +5)k,

= 11k
Hence, the required vector equation of the line
is:
7 =2+MbB-2a)
= 7 = (31 -2] -5k) +A(116)

Also, the required Cartesian equation of the line

is
The vector form of equation of a line Is x-3 Y-(-2) z-{-5)
?=3+}.(B—3) ) 3-3  ~i~3 B9
W B . " x =3 _y+2 _z+5
where, ?=xi+_qj+z£: 3=x1-"+y1j+21k‘; ie, 0 0 11
| TOPICS |

ANGLE BETWEEN TWO LINES

The angle between two lines is defined as the angle
between two vectors parallel to them. So, the result
for angle between two vectors Is also applicable for
angle between two lines.

Itis quite clear from the figure below that there are two
angles 6 and ¢ between two lines suchthat 0° <6 <90°,
90° < ¢ < 180° and 8 + ¢ = 180° [By convention, we
always consider the acute angle between the two
lines)

Let the vector equations of the two lines {; and [; be
-
h:r =E;+JLE;_ and 5 :?=a-;+u5;
Let 8 be the acute angle between the two lines. Then,

the angle between the two vectors by and b, is also
0. Thus, the angle between the two lines is given by

- =
cnse=_§l~£_'L
| by |l by |



:6:}’ Important

Pl -+ —+
“ if b.b,=0, then by Lb, le, the two lines ore
perpendicular to each other.
i E; = lb_; {where ) is a parameter), then both the lines
are parallel.
If the equations of the two lines are

X=X  Y~Hh -3
a9y by &

and = s e
a by C:
then the angle 8 between them is given by

cosd = alaz + blbl -+ C1C2

W)
oy + b 4!fr:1.\ff:12+ls~2-h:‘2

:fﬁ Important

= |f two lines are perpendicular to each other, then
ﬂ;ﬂg-ﬂ-blbg-ﬁ-\‘:p‘.‘g 0

w [ two lines are parallel, then L=t .51
5: C2

Example 1.8: Find the angle between the
following pair of lines:

¥ =ol-5j+k+r3l+2]+6k)

— 6k + A7 + 2] + 2k) [NCERT]

Ans. Comparing the given equations of the two lines

r=7i

: s — pry —
with standard equations r =a; +ib; and =

-+ - —
r =0, +ib,, wehave
EI =2 - 5} + E;
-4 A A
ay = 71 -6k
5'1 =3 4 2} +6k:
. - - “
by =i+2j+2k
If 8 be the angle between the two given lines,
then

cosf= b_.blb;_.z ()]

|
) .~ A aa N ~
Now, by.by =(3i +2j+6k)(i +2j + 2k)

=3+4+12=19

Also, |by| = 432127 4 62
49 =7
and | by | = 12 422 4 22

=J§=3

Putting these values in (i), we have

19
cosf = 71
=5 8 = cos” [19)
21
Thus, the angle between the given two lines is

cos” [19)
21
Example 1.9: Find the angle between the
following pair of lines:

x=-2 y=-1_ z+3 x+2 yYy=-4 z=-5
2 TR 3
[NCERT]

Ans. Comparing the given equations of the two lines
with standard equations

X=X _ Y- -2
aq by 15

X=X - Z2=-2

ond 2 _Y=lh 2
9 b, =}

we havea;=2,b;1=5,¢1=-3
Anda;=-1,b3=8¢c;=4

Let 8 be the angle between the two given lines.
Then

— aya, + biby + €565

Jaf+b2+c1&2 +b2 +c2

Now,aias + biba +c162=-2+40-12=26
Jai +b2 +cl = (P 452 4 (-3)

=J4+25+9

=38
Ja +b3 +c3 = (-1 +82 + 4

= [I+63+16

=.81=9

Putting these values in (i), we have

)

+ A

26
B =
cos e
= 0= CGS_I[TZSJ_%J

Thus, the angle between the given two lines is
_1[ 26 ]
cos '
8438

Example 1.10: Show that the lines:
x-S_y+2_£ x_u_z

=5 =1 and 7 =3 = 3 areperpendicular
to each other. [NCERT]

Ans. Comparing the given equations of the two lines
with standard equations

X=X _Y-U _z-
a9 by 5




and = = J

we have

01=7.b1=—5.['.'1= 1ond02= 1,b2=2.€2=3.
The two lines are perpendicular to each other,
when a;a; + byby +c163=0

Here, ajas + bibz + c1e3 = {7 = 1) + (-5 x 2)
+{(1x3)=0

Hence, the two given lines are perpendicular to
each other.

Example 1.11: Find the value of p so

1-x _ 7y-14 =z-13

that the lines — 2p 5 and
7-7Tx y-5 6-z %
3 - 1 - g oreat right angles. [NCERT]

Ans. The given lines can be written as

x-1 _y-2_2z-3

-3 2pf7 2
and x-1 =y—5=z—6
-3p|7 1 -5

Comparing the given equations of the two lines
with standard equations

X-X% _Y-4 _z2-%
q b &y
X—X = z-z
ahd 2 _Y=bth 2
5] b, Co
we have

a1=-3,b; = 27;) ci1=2anda; = —%E,bz =1

c3=-5
The two lines are at right angles, when
107 + blbg +c1e=0

= [(—3x—37p)+[27px1)+2x(—5):| =0

= 9_p+2_p_10 =0
Fi 7
- _ 70
P=11

Hence, the two given lines are at right angles

when p—E-
11

| ToPiC6 |
SHORTEST DISTANCE BETWEEN TWO LINES

When two lines in space intersect, then we say that
the shortest distance (5.D.) between them is zero.

Also, when two lines in space are parallel, then
the shaortest distance (50.) between them is the
perpendicular distance, ie, the length of the
perpendicular drawn from a point on one line on to
the other line.

Further, in a space, there are lines which are neither
intersecting nor parallel In fact, such lines are non
coplanar and are called skew lines. In the following

figure, the lines GE and DB ara skew lines.

z
~

Distance between Two Skew Lines

To find the shortest distance between two skew lines,
take a point on one line and join this point to a point
on the other line so that the line segment so obtained
is perpendicular to both the lines. The length of this
line segment is called the shortest distance between
the two skew lines.

Vector Equation

If two skew lines are represented by

¥ =a, +Ab;: T =a,+Ab,
Then the shortest distance between them is given by
2 (by x by){a; — If"'1)|

sD. 201
by xby| |

Cartesian Equation
The shortest distance between the lines

X=X _ Y- _ZI-4
ay by C

h

X=X _ _
a, b, Cy

and L:



S.D.

Xp=Xy U=l 2-2y

a by ¢

a, b, €

B \{(blcz = by, +(c,a, - c,0,) +(a,b, - a,b, )

Distance between Two Parallel Lines

If two lines I, and [, are parallel, then they are
coplanar. Let the lines be
b — -5 _— -
r=a,+Ab r =a, +Ab

Then the shortest distance between them is given by

-y - -+
SD.= M’g‘_ﬂﬁ
[ b
Example 1.12: Find the shortest distance between
the following pair of lines:

=i+2j+k+Mi-Jj+k)and

- ] =k +p(2l + J + 2k) [NCERT]

Ans. Comparing the given equatlons of the two lines

—

with standard equations r =g+ J..b and

T=2

- - -
r=az+ub.
we have
e d - "
a; = +2_,l + k;
32=2; J .E
5; =f—j+k.;
-+ - Fy a
by = 2i + j+ 2
Shortest distance between two lines is given by
- - - -5
(b, x by)(a -a)l
- xioloal g
| by x by |
= - - - - - -
Here, a;-a; = (20 - j-k)-(i +2j+k)
=i-3)-2%
i ]k
And byxb, =1 -1 1
2 1 2

=(-2-)-(2-2)]+(1+2k

= =37 +3k

and | by x by | = (=37 +(37 =18 = 342

o (byx By)ag - ay) = (~37 +3k)(7 - 3] - 26)

=-3-6=-9
Substituting these values in (i), we have
-9| 342
D. = = —— units
sSD m-r 2 u

Example 1.13: Find the shortest distance between
the following pair of lines:
x+1 y+1 241 x=3 y=5_1z=7
= N T o waaT
[NCERT]
Ans. Comparing the given equations of the two lines
with standard cartesian form of equations, we
have
Xx=-1y =-12z1=-1and x; = 3,y = 5
Iz = T
=7, b1=—E.C1= 1CII"IC.|02= 1, b2=—2.C2= 1
The shortest distance between the lines is
SD.

Xo—=X1 -t 2Z3-I4
a, by =1

) by €2
N (bye ~baey) +(c1a; - c301)? +(ayby —agby ) |
0

X=Xy U~ 24
Now, | o by =Y
g b, €
3-(-1) 5-(-1) 7-{(-1)
7 6 1
1 2 1

4 6 8
=7 -6 1

1 -2 1
4(-6+2) - 6(7 - 1) + B(-14 + 6)
=-16-36-64=-116

and

Vibie; = bey)’ + (10, ~ 030, + (a3b; — azby)*
= y(-4) + (-6) + (-8)° = V116

Substituting these values in (i), we have

SD.= E%‘:i':g[ =+/116, or 2429 units

Example 1.14: Find the shortest distance between
the following pair of lines:

r= f+2}+ 3!2+l(2f+3j+4k-};and

r=2+

+4] 45k + p(4l +6] + 8k)



Ans. Comparing the given equations of the two lines

- - -
with standard equations r =@, +Ab, and
- - -+
r =a,+ub,, wehave

Sl

?+2]+3E;

g
l

=2/ +4] +5k

-5

L =20 +3)+4k

o

=

b, = 4/ +6]+8k

- - - -
Since by = 2b,, the two vectors by and b, are
parallel. So lines are parallel.

-4 - s A -

Let by =2b, =4/ +6]+8k = b (say)
*. Shortest distance between these lines is
given by

bx(ay-a)

SD.=
-,
| b |

(2 + 4] +5k) - (7 + 2] +3k)
f+2}'+‘2£

- -
Here, @;-04

oo o I K
=’bx{az—al) 4 6 8
1 2 2

i(12-16)- j(8-8)+k(8-6)
~4f + 2k

Also, |b]=+a2+62+87

= J16+36 + 64

= 4116
Substituting these values in (i), we have
-4 +2k

SD. =

[y
=
o

=47+ 22
- 116

= ‘[E units
29

2l

( OBIECTIVE Type Questions )

[1 mark]

Multiple Choice Questions

1. The distance of the point (6, 5, 8) from y-axis
Is:

(a) 5 units
(c) B units
Ans. (d) 10 units
Explanation: The distance of the point (x v, 2)

from the y-axis is vx? + z2.

Thus, the distance of the point (6, 5, 8) from the

y-axis is -\‘62 + 82, ie, 10 units.

2. @A directed line makes angles of 60° and
135° with the axes of x and y respectively.
The angle that this line makes with z-axis is:
(a) 15° or 165° (b) 30° or 150°

(c) 45° or 135° (d) 60° or 120°

(b) 6 units
(d) 10 units

3. The d.c's of the line making equal angles with
the positive directions of the coordinate axes
are:

(@ 1,1,1 ) % % %

1 i1 1 1

1 1
WEEE "FHFE
2 1 3
Ans. (d 7?.75.7-'3'

Explanation: In thiscasea =B =7y

1
oo &
S50,3cos*a=1=cosa E

4. Distance of the paint (o, f, y) from y-axis is:
(a) B ®) 18I

(€ [a]+ (d) ya'+v*
Ans. (d) o'+

Explanation: Coordinates of any point on the
y-axis are (0, B, 0).



.. Required distance

= (=07 + (=B +(y-OF
o e

5. If the directions cosines of a line are k, k, k

then:
(@) k>0 b)0<k<1l
(k=1 (d) k= %or—%

Ans. (d) k= 3% or —71;

Explanation: Since direction cosines of the line
are k k, k.

& l=km=kn=k
We know,

Pamieni=1
= Bakdakli=1
= =1

1

K==

- 3
1

— k=%
E

6. The length of the perpendicular drawn from
the point (4, - 7, 3) on the y-axis is:
(a) 3 units (b) 4 units
() 5 units (d) 7 units [CBSE 2020]
Ans. (c) 5 units

Explanation: Let A{4, - 7, 3) be the given point
and P be a point on y-axis.

« PA L y-oxis

. P=(0,-70)

Now, PA = (4 - 0)2 + (3 - 0)?
=47 132 = JT679
=25
=5 units

7. @If the Cartesian equation of a line is

x-5=y+4_z-6

3 7 2"
equation Is:

@ T = (31 +7] +12k) + A(5] + 4] + 6Kk)

then its

vector

(b) ¥ = (31 + 7] +12Kk) + A(5] - 4] + 6K)
© F = (5 - 4] +6k)+ M3 +7] +12k)
) 7 = (5 + 4] +6k) + (30 + 7] +12k)

8. The direction cosines of line joining the points
(~2,4,-5and(1, 2, 3) are:

@ -3 -2 8 ®) 3 -2 8
N7 I I T 7T NI T
© 3 -2 -8B %) 3 2 8
N T N RN N N
3 -2 B
Aﬂs-(b} 7?—?.77—?,7?

Explanation: We know that the direction
cosines of a line joining the points (xy, Y1, 21)
and (x3, Y2, Z3) are

X3 — Xy .
-J(’fz = x1)2 +(yy - 9‘1}2 +(z;- 7-’1)2

Yz — 4 .
VX = xy) + (4 = ) + (2~ 2,)'

o |

JOg =X + (g = 1y P + (25 - 2,

Thus, the required direction cosines are
1+2

J1+22+(2-42 +(3+52
2-4 _

J1+22+(2-42 + (3452
3+5

J1+22+(2-472 +(3+5)

3 -2 8

'r-l [ [}
R A i

9. The angle between the lines 2x = 3y = -z and
Gx==-y==-4zis:

(o) 0° (b) 45°
(c) 30° (d) 90°
Ans, (d) 90°

Explanation: The given equations of the two
lines can be rewritten as

oL NS T e e e

1/2 13 -1"1/6

1 -1/4
Since, a1a; + bibs + €162

[0 -]

~ The angles between the lines is 90°

-x+1 yYy-2 -~-z+3

10. @The lines 2 ~a 6

and

(a) parallel
(c) intersecting

(b) perpendicular
(d) coincident



11. A line makes the same angle 8 with each
of the x and z-axes. If the angle p which it
makes with g-axls is such that sin® f = 3sin? 0

then find cos
2 1
(a) T (b) 3
3 2
() T (d) 3
3 [DIKSHA]
Ans. () T

Explanation: If a line makes the angle a, B, ¥

with x, iy, z axes respectlvelg. then
cos’a+cos ﬁ+ms y=1
cos? 0 + cos?f + cos?0 =1
2c0s20 + cos?p = 1
2c0s20=1- t:os2 B = sin?
2cos? @ = 3sin?e
[+ sin?p= 35|n29{Givan)]
2cos?0 = 3-3cos?0

5co0s20 = 3

LUy

Uy

= cos?Q =

i

12, @Let P(2, -1, 4) and Q(4, 3, 2) be two points
and R be on PQ such that 3PQ = 5QR. Then
the co-ordinates of R are:

14 3 16 16 7 14
(a) [???J )| 5'5" 5
(©) (6,-7,18) @ [-1 z i;]

[DIKSHA]
13. The xy plane divides the line joining the
points (1, 2, 3) and (3, 2, 1) in the ratio
(@) 1:2internally (b) 2:1 externally
(¢) 3:1internally (d) 3:1 externally

Ans. (d) 3:1 externally
Explanation: The coordinates of the point that
divides the line joining the points (1, 2, 3) and
3k+1 2k+2 k+3
k+1' k+1 'k+1)

(3,2, 1)intheratiok:1is (

This point lies on xy plane Seo, z-coordinate of
any point lying on this plane must be zero. ie,

k3 oo teku-a

k+1

14, @The d.c's of a line that is perpendicular to
each of the two lines with d.r's <1, - 2, = 2>
and <0, 2, 1> are:

2 12 212
(a) 3'"3'3 (b) "3 33

2 1 2 2 1 2
(c) 3'3'73 (d T3 T3 3

15, Every point in space is characterized by
coordinates, unique to its position. If we
consider the coordinates of the hot air
balloon to be (1, 2, 3), then its distance
from the coordinate axes can be calculated
using the knowledge of three dimensional
geometry,

7 "..."

e b sonibnil bedh i o di ki

The shortest distances of the point (1, 2, 3)

from x, y, z-axes are
(b) ¥5,+13,4/10

(@ 1,2,3
(€ ¥10,413,¥5  (d) ¥13,10,5

Ans. (d) V13,410,45
Explanation: The shortest distances of the
point (x, y, z) from the x, y, z-axes are ‘Vly2 +2%,
yxi+ zz,sz + yz respectively.

Thus, the shortest distances of the
point (1, 2, 3) from the x, y, z-axes are

ﬁz + 3'?.'-.{"12 +3? ,u'r 14404 respectively, ie,
¥13,410,+/5

( CASE BASED Questions (CBQs) )

[ 4 & 5 marks ]

Read the following passages and answer the
questions that follow:

16. A cricket match Is organized between the
Clubs A and B for which a team from each



club is chosen. Remaining players of Club A
and Club B are respectively sitting on the lines
x-3 y-2

represented by the equations e

224 and x35 y;i’ % and to cheer the

team of their own clubs.

(A) The vector equation of the line on which
players of Club A are seated, Is:

(@ ¢ = (7 +2] +28) + A+ (31 + 2] - 4k)
(b) (3 + 2] - ak) + (T +2] + 2k)
(c)

(d) r = (37 - 2] + 4R) + A +2] + 26)

(B) The direction cosines of the line on which
players of club B are seated, are:

r‘
-
ro=( +2]+2k)+ M=37 -2] + 4k)

326
(@) 3,2,6 (H;;;
i3 2
(© 1,2,2 (d) 3'3'3

(C) If the line on which plauers of club A
are seated, is perpendicular to the line,

-3

whose cartesian equation Is

=2, kz_?,thenthevuluenfkls:
4 1
7 1

(a) r (b) s
-1 -

(c) (d) 11

(D) @Which of the following is a player of
club A?

(ﬂ) {43 4! - 2]’ (h} (ll 21 3)
(C) {D! 1! g 1) (d} (' 2. 11 4)

(E) @ The angle between the lines on which
players of clubs A and B are seated, is:

19 -1 |17
21] () sin™" |79

(a) sin~?

(c) cos-1! -;%) (d) cos™? [%)

Ans. (A) (b) T = (31 +2] —4k) +A(i +2 +2k)

Explanation: The vector equation of a line
is given by

r =a+Ab
From the given cartesian form of equation
of line we have

G = 3/+2) -4k
and b= F+2f+2£
. Vector equation of given line is:
T o= (3+2] —4k) +A(i+2] +2k)

326

()@}“;3

Explanation: Equation of line B is
X=5 _yt2 2z

3 2 6

So, direction ratios of this line are <3, 2, 6>
So, direction cosines of this line

are 3 . 2 ;
(32422 4+ 62 J3+22 467
. £, 3. 28
32 +22 46 777
2
© ( 11

Explanation: Given equation of line can
also be written as

So, direction ratios of this line are <3, 4, % >,

Also, direction ratios of line A are <1, 2, 2.
Since, the two lines are perpendicular,
saray+biby+ciep=0

:)3:1+432+% x2=0

g
= -==11
k
or, k=—~2——
11



17. Consider the lines L : === s

x-4 y+3 z+3
Lz, = =
1 1 2

(A) @Find the points of intersection of the
lines Ly and L,.

(B) Find the angle between the two lines.

Ans. (B) Angle between the two lines is given as

T a,0,+bb, +cc,

CI v I O O T O |
\/a1 +.‘;-1 +c; \/“z +b; +c;

Here,
(a1, by, c1) =(2,-1,1)

and
(021 b2| 62] = (1l 1! 2)
2x1+(—1)x1+1x2

cosf =
JR 4+ 41212412422
_2-342 _3_1
V6ve 6 2
= C0s E
3
n
A==
= 3

Hence, the acute angle between the two

=
linesis —.
ines is 3

(VERY SHORT ANSWER Type Questions (VSA) )

[ 1 mark]

18. Given that P(3, 2, 4), Q(5 4, -6) and
R(9, 8, -10) are collinear. Find the ratio in
which Q divides PR,

Ans. Let Q divides PR in the ratio of k: 1. Then, the
coordingtes of Q are
(9k+3 8k+2 —10k+4)
k+1 k+1" k+1

But according to the question,
coordinates of Q are (5, 4, - 6)

9k +3 Bk +2 -10k + 4
PEY Bl = s v W
Solving either of the equations, we get
Ok+3=5k+5
= 4k =2
= k=1
2

Hence, the required ratiois 1: 2.

19. If a line makes angles 90° 60° and 6 with x,
y and z-axes respectively, where 8 is acute,
then find 8. [CBSE 2015]

Ans. We know, cos? a + cos? B+ ccszy =]
Here,a=90°% p=60°andy=9
o €082 90° + cos? 60° + cos? B =1

2

112
=>0+[~§J +cos?f=1

= cos?@ = 1-

FN N
H]w

3

= cosf = —
2

@ =30°

20. Find the vector equation of the line which is
parallel to the vector 33"-2}'+6.E and which

passes through the point (1, -2, 3).
[NCERT Exemplar]

Ans. let 3= 3i-2]+6kand b= i-2j+3k

So, vector equation of line which Is parallel to
d and passes through the vector bis
F=b+\a

ie. Fo=(1-2j+3k)+ (37 -2]+6k)

A Caution

w Here we will use the formula, 7= b+ L3, where T
is the equation of the line which passes through

and is parallel to 4.

21. Write the vector equation of the line

x-5 y+4 z-6
= . CBSE 2011
3 7 2 t ]

Ans, We hove @ = 5/ — 4] + 6k

and b =3 +7] + 2



So, the vector equation will be
? = 3+ lg
~ - A -~
= r =5/ -4} +6k+a31 +7]+26)

22, @Find the vector equation of a line which
passes through the point (3, 4, 5) and Is

parallel to the vector (2? + 2} - BE].
[CBSE 2019]

23.If the equation of a line AB s
3__; = y_+22 -z ; 2, find the d.c's of a
line parallel to AB.

Ans. The equation of line AB Is
= Uwg TH
-3 -2 6
X=~3 y+2 2Zz+2
a2 6
Its direction ratios are <3, - 2, 6>,
Hence, its d.c's are
3 -2
(-2 467 34 (-27 +67
6
y32 4 (-2 + 6
=2

[CBSE 2012)

=

3 6
le., =, =
7 7'7
a

f a line parallel to AB are propartional

7

" Dc'so

ti_?E
7" 7"?

24. Find the direction ratios of a line whose

direction cosines are 1 % ;

Ans. Since, any three number proporticnal to the
direction cosines are the direction ratios.

8o, infinite sets of dr's can be found of

them, one could be 1,42,1 which we get on
multiplying d.c's by 2.

25. Calculate the angle between the lines
through the points (4, 7, 8), (2, 3, 4) and
(' 1! i 21 1): (1r 21 5)-

Ans. The dr's of line passing through points (4, 7, 8),
(2.3.4)is<2-4,3-7.4-8>
ie,<-2,-4,- 4>,
And dr's of line passing through points (- 1
-2.1),(1,2,5is<1+1,2+2,5-1>ie,<2, 4,
4>,
Since d.r's of the two lines are proportional.
Therefore, given lines are parallel to each ather.
Hence, angle between them is zero.

26. If a line makes angles q, f, y with the positive
direction of coordinate axes, then write the
value of sin?a + sin?p + sin%y,  [CBSE 2015]

Ans. The direction cosines of a line with angles a, 8,
y are cos a, cos P, cos Y.

We know, cos? a+cos B+ms y=1
= (1- sin? &) + (1 - sin? ﬁ)+[1 - sin? 1-} 1
= - (sin @ + sin? B + sin? 1-} 1-3
= sin o+ sin? B + siny=2

27. The electric transmission wires are fitted on
poles using proper accessories. It should be
ensured that there is proper tension in the
wires.

If a line makes angles 90° 135°, 45° with the
X, y and z axes respectively, find its direction
cosines. [CBSE 2019]

Ans. Given, the line makes an angle of 90°, 135° and
45° with x, y and z-axes.
l=cos90°=0
o = 1
m =cos 135°= 75-

n=cos 45" = 315

' I 2
Hence, dc's of the line are 0 - .
"'

(SHORT ANSWER Type-I Questions (SA-I))

[ 2 marks |

28B. The x-coordinate of a point on the line
Jjoining the points P(2, 2, 1) and Q(5,1,~ 2) is
4, Find its z-coordinate. [CBSE 2017]

Ans. Given points are P(2, 2, 1) and Q(5, 1.~ 2).
P & R 1 Q
(2,2,1)

6.1,-2)



Let R be the point on line PQ which divides the
line in the ratio k: 1. As x-coordinate of R is 4.

. By sectlon formula
4= Sk +2 — k=2
k+

Naw, z-coordinate of point R,
_=2k+1 -2x%2+1
T ok+1 0 2+1

Hence, z-coordinate of point Ris - 1.

29. Find the volue of k so that the lines
x==y=kzandx-2=2y-1=-z+1are
perpendicular to each other. [CBSE 2020]

Ans. The glven lines are

Jll:.1r—‘£]=y—‘£]=z-{l
1 -1 1/k

%=2 y=-1{2 z~1
Gy = 12 -1

Given, l; is perpendicular to [

. W)+ (—HGJ + [%] (-1)=0

30. A(-1, 3, 2), B(=2, 3, =1), C(-5, =4, p) and
D(=2, =4, 3) are four points in space. Lines AB
and CD are parallel. Find the value of p.

Ans, Equation of line AB, passing through points
A(-1,3,2) and B(-2, 3,-1), s

G y-3 _ z=2

-2+1 3-3 -1-2
e, x+1 _y-3 _ z-2
-1 0 -3

So, direction ratios of line AB are <= 1,0,- 3>
Similarly, equation of line CD, passing through
points C(~5,-4,p)and D(- 2,- 4, 3), is

x+2 _ y+4 _ z-3

~5+42 -4+4 p-3

X+2 _ y+4 z-3
-3 0 p-3
.. Direction ratios of line CD are <= 3,0, p - 3>,
:+ Lines AB and CD are parallel, so their
direction ratios must be proportional

= 0 -3
=3 —_— O —
-3 0 p—3

ie,

. =p-3=-9
p-3

= p=-6

Hence, the value of pis - 6.

U
wir

31. Find the angle between the lines whose direction
cosines are given by the equationsl+ m+n =0,

2+m?-n?=0. [NCERT Exemplar]
Ans. We have,
l+m+n=0 ()

or n=-l-m i)
Also, 2smi-n2=0

B+m?-(-l-m)?=0 [using (i)]
= P+m?-2-mi-2ml=0
=5 2lm =0
Or im=0
= (-m-nm=20 [from ()]
= Mm+nm=0
= m=-norm=0
= l=0o0rl=-n

= Direction cosines of the lines are proportional

to0,-n,nand-n,0,nie 0,-1,1and-1,0, L

So, the vectors parallel to these given lines are
51 = —}+Eund E._, =i +k

1"b: _0+0+1

Now, cosh = — 1
b, b, 2 2

B-:.E
= 3

=7}

Hence, the angle between the two lines is %

32. @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 Exemplar]

33. If a line in the space maokes angles o, i and y
with the coordinate axes, then find the value
of cos 2a + cos 2P + cos 2y + sina + sinzﬁ
+ sin?y,

Ans. Given: Line makes angles «, f and y with
coordinate axes.
. cos’a + cos?B + cosZy =1 ()]
Now, cos 2a + cos 20 + cos 2y + sina + sinzﬁ
+sin%y
= [coszu - sin?a) + (cos? B- sin’[i] + (cos?y

-siny) + sinfa + sinzﬁ +sinky

= cos’a + coszﬁ + cosjy
=1 [using (7]
Hence, the value of given expression is 1.



34. Find the direction cosines of the following

line:
3-x _2y-1_ 1z
-1 2 4
[CBSE Term-2 SQP 2022]
Ans. The given line is
1
x=3 977 2
1 1 4

Its direction ratios are (1, 1, 4).
Its direction cosines are

[L =Y L]
32" 32" 32
[CBSE Marking Scheme Term-2 SQP 2022]
Explanation: The given equation of lina is:
3-x _ 2y -1 _Z

L

[

~(x=3) _
=1

or

w
I
P3| = p
.h[N

BN

x-3
= —_— =
1

Then, itsdr's are <1, 1, 4>,
1 1
V12412442 {12 412442
4

Qﬁ+f+ﬂ

.

Then, dc's are :

: 1 1 4
L&, T T
V18’18 J1a
, 1 1
Le, —
32 32 3(

35. Find the equation of a line in Cartesian form,
which is parallel to 5i + j— 7k and which
passes through the point (5, - 2, 4).

Ans, Equation of a line which passes the point (x;, ys,
z1) and having direction rations <a. b, c> is given

by:

Here, (x1,v1,21) =(5.-2.4)

Since, reqgired line is parallel to the vector
5?4-}-7?:. so, direction ratios of required line
is proportional to 5;-;}-7;: e, <SLA -7k
.. Required equation of line is

x=5 _y-(=2) _2-4
78 A =7\

- x=5 _ g2 _ r=4

5 1, =7

36. @Prove that the lines x = py+qg,z=ry+s
andx=p'y+q',z=ry+s are perpendicular
ifpp'+rr+1=0. [Delhi Gov. 2022]

(SHORT ANSWER Type-Il Questions (SA-II) )

[ 3 marks ]
37. Show that the lines X=X, Yp—Y, Z-Z,
1
x-1= y-2= z-30nd x-4= y-1=z a, b, c,
2 3 4 5 2 a, b, c,
intersect. Also, find their point of inter- =
section. [NCERT Exemplar] J(blr:l -be,Y +(c,a,-¢,0,) +(a,b,~a;b))’
Ans. Here, lines are 4-1 1-2 0-3
x-1_ y—2=z—30nd x—4___y-1=z 2 3 4
2 3 4 5 2 5 2 1
Thenaxl =ly1=22z1=3anda; =2,b; =3, B J(Bx1-2x 4 +(4x5-1x2) +(2x2-5x3)}
Cy=
Alsox; =4, y;=12;=0and a; =5, b, = 2,
= 1

If two lines intersect, then the shortest distance
between them should be zero.

We know, shortest distance between two lines




. 3(3-8)+1(2-20)-3(4-15)
V470
-15-18+33 0

ST Jae Yl
.. Two lines are intersecting.
For finding point of intersection
x=1_y-2_=z-3 e

Let
2 3 4
= x=2h+1,
y=3k+2,
z2=4r+3

Since the lines are intersecting, the point {x, y, 2)
must satisfy the second line.

. Putting the values of (x, y, 2) in second
eguation of line, we get

2v+1-4  3h+2-1_ 4043

5 - R |
5 2n-3 _ 3r+1 _ 4. +3

5 2 1
= ¥=4l+3
= 18) =-18
= A=-1
So,

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

Thus, the lines intersect at peint (-1, -1, -1).

& Caution

- [f shortest distance between the two lines is zerg,
then they intersect.

38. Prove that the line through A(0O, -1, -1) and
B(4, 5, 1) intersects the line through C(3, 9, 4)
and D{-4, 4, 4). [NCERT Exemplar]

Ans. Equation of line passes through the points
A(0,-1,-1)and B(4, 5, 1) is

x-0 _ y+1_ z+1
4-0 5+1 141

y+l  z+1

X gl 2

a4 6 2

Now, another equation of line passing through
C(3,9,4)and D(-4, 4, 4) is

=

x-3 - y-9= z-4
-4-3 4-9 4-4
X=3 _y=9_.z-9
= = S

The lines will intersect, if shortest distance
between them is zero.

Now, shortest distonce
X=Xy W=t I,-Z
a]. bl cl
a; b, &
'J( bic,-b,c,) +(c,a, - c,a,) +(a,b, -a,b,)*

3-0 941 441
4 6 2
-7 -5 0
(0 +10) +(~14-0)" +(-20+42)*
3 10 5
4 6 2
-7 -5 0
\100+196 + 484
- 3(0+10)-10(0+14)+5(-20+42)
4780
_ 30-140+110 _
780
Hence, the two lines intersect each other.

0

39. The direction cosines of a line segment AB

-2 3 -2
- - . If AB = «,’1? d th
w17 AT A7 i

coordinates of A are (3, -6, 10), then find
coordinates of B. [DIKSHA]

Ans. Let the coordinates of B be {x, y, 2).
So, direction ratios of AB=<x -3,y + 6,z- 10>
Also, direction cosines of AB are

-2 3 =2
V17 7' 7
So, its direction ratios are < -2, 3, -2>.
=><-2,3,-2>=<x-3,y+6,z-10>
=>x-3=-2;y+6=3,z-10=-2

=x=1;y=-3;z=8
So, coordinates of B are (1,-3, 8B).

40. @Find the equations of the two lines
through the origin which intersect the line

x=-3_Y-3_z

at angles of 1—3':-ec:c:h.

[NCERT Exemplar]

41. Find the image of the point (2, -1, 5) in the

i x-11 y+2 z+8 Also. find
" T10 -4 -11 ) S0

equation of the line joining the given point
and its image. Find the length of that line
segment also. [CBSE 2013]



Ans. The given line is
x-11 y+2 z+8

T R T

Then, coordinates of any general point, say M,
on thisline are (100 + 11,-4,-2,- 111 - 8).
Let, the given point be P(2, -1, 5).
DrsofPMare <104 +11-2,-4%-2+1,-11A
-8-5>

ie,<10A+9,-40-1,-111-13>
As given equation of line is perpendicular to

L1010+ 9) + (4)(-4r-1)-11(-111-13)

= 100L+90+160L+4+1210 4143 =0
= (100+16+21)A+90+4+143=0
== 2374 +237 =0
= A==-1
DrisofPMare<-1,3,-2>0r<1,-3,2>

.. Equation of line PM passing through point
P(2, - 1, 5) and having direction ratios <1, - 3,

2s.
x-2 y+1 z-5

1 -3 2 il
If Qfee, B, ¥) is the image of P in line (i), then M is
the mid-point of PQ.
Here, M= (1, 2, 3)

o+2 B-1 x+5
=4, =2 =3
2 2 2

=a=0p=5y=1
2 Q(0, 5, 1) is the image of P in line () and

PQ = 4/(2-0) +(-1-57 +(5-1)?
= JEE = 2@ units.

42. @Find the angle between the lines whose
direction cosines are given by the equations

+m=+5n=0,6mn=2nl+5im=0.

43. Find the shortest distance between the
following lines:
A A A
7= (i+J-k) +s@i+j+k)
- g ) A A A
F=(i+j+2k) +t(4i+2f+2k)
[CBSE Term-2 SQP 2022]

Ans. Here the lines are parallel The shortest distance

- = - A A A A
(a2—-a1) X bI _ {3k)x(2f'+j+k)|

| T Jar1e1
A A A
i.J
4 (B L A A
G)x(2i+j+k)=l0 0 3/=-3i+6j
2 1 1

Hence, the required shortest distance = 35
3
units
[CBSE Marking Scheme Term-2 SQP 2022]
Explanation: The given, equation of lines are
=3 A A A A A A
r= (i+j-k)+s(2i+j+k)
- A A A A A A
r= (I+j+2k)+t(4i +2j+2k)
Since, the direction ratios of the two lines are
proportional, so the two lines are parallel

The shortest distance, between the parallel
lines is given by
ge 1(@2-31)x B|

5|
Here,
A A A
(i+j—k)
Ao A =
(i+j+2k)

R 2
"

A A A
20+ j+k

= Distance between parallel lines

ol
1]

A A A A A A A A A
i+ j20)=(i +j+ k)] x (2i + ) +k)

V22412 412
@R x (27 + J+ k)
J6
A n
i
=2lo o3
6l2 1 1
1 A
= —=|(=37 +6 )]
6
5 e {-3}2+(6)2=L2J‘E
6 (6)

& Caution

w= Here both the lines given are parallel so use the
formula accordingly to get the answer.

44. The vector form of equations of two lines, I
and (5, are

L 7 = 2f —k+M-2f +k)

b ¥ = i —3] +2k +4(i 2k)

Show that !4 and [; are skew lines.



Ans. The direction ratios of the two lines are <0, - 2,

1> and <1, 0, - 2>.
Clearly, their direction ratios are not
b

o

e, =L # 51- # -1,
a c

praportional, 2 2 2

&

So, the twao lines are not parallel

Now, shortest distance between two lines Is
given as

4 (Ez— 31‘) (51 x Eg)

1B
Here, ar = 2i—k
by =-2j+k
as & F+3}+2E
Bz = ?—ZE
So, @r—ay = (3—k) = (i+3] +2k)

5 =3 =3¢

T
Also,

b1xb2= 0 -2 1

1 0o -2

i(4—0)— J(0-1)+k(0+2)

4i+j 42k

V41412422 = o1

(i =3] —3k)(41 + ] +24)|
J21 |

1x4+4(=3)x1+4(-3)x2|

) V21 |

n

L}

= [Bustd

50, d=

<fiosed oo
J21 V21
B

= — Units
V21
Since, shortest distance between the two lines
is not zero, so they are not intersecting.

As, the given lines are neither parallel nor
intersecting, so, they are skew lines.

Hence, proved.

CLONG ANSWER Type Questions (LAD

[ 4 & 5 marks ]

45. AB = 3i-j+kand CD = -3/+2]+4kare

two vectors. The position vectors of the
points A and C are Bf+7j+4l:: and —9}+2E .
respectively. Find the position vector of a
point P on the line AB and a point Q on the
line CD such that PQ Is perpendicular to AB

and CD both. [NCERT Exemplar]

Ans. Given: AB= 3i - j+k and CD = -31 +2]+ 4k

Also, position vectors of A and C are 61 +7 +4k
and -9} +2k, respectively.

Since, PQ is perpendicular to both ABand €D

So, P and Q will be foot of perpendicular to
both the lines through A and C, respectively.

Now, equation of line through A and parallel to
the vector AB is:

x-6 _y-7 _z2-4 _
3 - T =Meay) -0
= X =3L+6y=-A+7.2=%+4
So, coordinates of a general point on this line
are (3L + 6,7 -, A +4).

Since, point P lies on this line.
~ Coordinates of P= (34 + 6,7 -4, & + 4).
Similarly, equation of a line through C and

parallel to the vector D is:

x-0 _y+9 2-2
S = Tyo= T = say) (i)
=5 X=-3uy=2u-9,z=4u+2
So, coordinates of a general point on this line
are (-3y, 2u -9, 4p + 2).
Since, point Q lies on this line.
» Coordinates of Q = (-3, 24 - 9,44 + 2)

5 PQ =(-3u-30-6,2u-9-7+A,
4u+2-1-4)
=(-3p-34-6,2u+A4-16,4u-%-2)
Since PQ is perpendicular to AB, so it is
perpendicular to line ().

5 Sum of product of corresponding elements
of their direction ratios is zero.

= 3(-3p-3L-6) - (24 + A - 16)
+[@du-2-2)=0
= =74 =114 -4 =0 _(iii)



Similarly, PQ is perpendicular to the line (ii).
L=3(-3p-30-6)+ 2(2u+ - 16) + 4(dp -2

-2)=0
= 29p+70-22 =0 .(v)
On solving equations (jii) and (iv), we get

y=landi=-1
P=(3823)
And Q=(-3,-7,6)

So, position vectors of points P and Q are

3 + 8)+3k and -3} = 7j+ 6k, respectively.

A Caution

- first calculate the position vectors of two vectors
which are perpendicular to the given vectors and
then get the required vectors.

46. Find the vector and Cartesian equations
of a line passing through (1, 2, -4) and
perpendicular to the two lines

x-8 y+9 z-10
3  -16 7
x-15 y-29 z-5
T T e [CBSE 2017, 12]

and

Ans. Any line which is passing through the point
(1, 2, - 4) and have dr's as g, b, ¢ can be written

as
x—l_y—2=z+4 )
a b c
Consider that line () is perpendicular to the
given lines
x-8 y+9 2-10
3 <16 7 -0
] x-15_y-29_2z-5 (i

3 8 -5
The d.r's of lines (i) and (ili) are <3, - 16, 7> and
<3, 8, - 5> respectively.

Since, these two lines is perpendicular to the
line with dr's @, b, c.

3a-16b+7¢c=0 (V)
and 3a+8b-5¢c=0 (V)

On solving equations (iv) and (V) by cross-
multiplication, we get

a__ b W
BO-56 21415 24+48
a_b _c
24 36 72

a_b_c
—=2—=—=
= 7"3"% (say)

=a=20Lb=3)c=6L
The equation of required line in Cartesian form
is
x-1 y-2 2+4
2. 3L 6Ar

x—1=y—2=z+4
2 3 6

ar

and In vector form is
T = +2] - 4k)+ 20 +3] +6k)

47. Find the coordinates of the foot of the
perpendicular and the length of the
perpendicular drawn from the point P(5, 4, 2)

totheline, ¥ = i + 3] + k + A(2 + 3] - k).
Also, find the image of P in this line.

[CBSE 2012)]
Ans. The given line is,
Te-i+3]+k+22 +3]-£)
Its equation in Cartesian form is
x+1 y-3 z-1
7 ~ 3 -~ oM .0

Corrdinates of any general point, say Q, on line
(are (2A-1,31+3,-% + 1).

The given paoint is P(5, 4, 2).

Now, d.r's of the line PQ are
<2h-1-53L+43-4-1L+1-2>

ie, <24-6,3)0-1,-1-1>

Now, PQ is perpendicular to line (i).

Soaiaz+ biba+cic2=0

= 222.-6)+33L-1)+(-1)(-1-1)=0
=4L-12+90-3+%+1=0

=14)L-14=0

=i=nl

.. Coordinates of Q are (1, 6, 0).

These are the coordinates of perpendicular
from P on the given line.

Now, PQ = y(5-1)7+ (4 -6) +(2-0)

= 42+ (-22 + 22
= J].S-}T = J2_4 = EJE units

If K, B, v) be the image of P in the given line,
then Q must be the mid-point of PK.
a+5 p+4 y+2
o = 1, = 6, =
2 2 2

=oa=-3,f=8y=-2

0




= Image of P in the given line is K (-3, 8,-2).

X=-1 py=-1=z+1
3 -1'0

48. @show that the lines

x-4 z+1
2
Also, find their point of intersection.

and .% intersect each other.

49, Vertices B and C of AABC lie along the line

x+2 _y-1_2-0 4 the area of
2 1 4

the triangle given that A has coordinates
(1,-1, 2) and the line segment BC has length
5 units.

Ans. Let h be the height of AABC.

Then, h Is the length of perpendicular from
x+2 _y-1_2-0
2 1 4

A(1,-1, 2) to the line

X+2 y-1 2z2-
2 1 4

through the point say P(- 2, 1, 0) and parallel to

Clearly, line passes

the vectar 3=‘2f+}+4£.
All,-1,2)

Let
x+2 y-1_2-<0
2 1 4
Then, coordinates of M are (2. - 2,4 + 1, 42).
Now, d.r's of AM are (24 - 3,4 + 2, 4L - 2)
Since AM L BC
&oayag + biby + €162 =0
=2(20-3N+1A+2)+4(41-2)=0
[As d.r's of BC are <2, 1, 45]

=X

= 21k =12

= A= ;

Thus, the coordinotes of M are (—g %%)
Now,

et (T (] ()

It is given that length of BC is 5 units.

Area of AABC = %xEth

n n
K| =
L x
ra |~
|~ v
w *®
3 ﬁ
; \.1|
c Ll
E.



(VERY SHORT ANSWER Type Questions (VSA) )

[ 1 mark ]

= + =
1. If the cartesian equations of a line are 3 3 X = y? =4 224 6 , write the vector equation for the line.

Jr.__J’;:}_ ;;.Jq:i

..r:_..:'“_.n?..‘_ ti-!:“ -..4...}'.‘;.. i

[CBSE Topper 2014]

2. Find the vector equation of the line which passes through the point (3, 4, 5) and is parallel to the
vector 2 +2f-3k.

Ans. H—— e =
—'j{ - -—,——ﬁ-' a + M‘ _ mkme x= mﬁb\\m.l.nfq u't'
. A AT T Y e !rk)l TN A

' _Pﬂ'u_ T = (a2 alusr o) RN '\
i (. T ) [CBSE Topper 2019]

( SHORT ANSWER Type-| Questions (SA-I) )

[ 2 marks ]

3, The x-coordinate of a point on the line joining the points P(2, 2, 1) and Q(5, 1, -2) is 4. Find its
z-caordinate.

Ans. || P& &1)  R(S!.-3

| Binudtion s o Htma P8 = (S-2), (1-2), G2
- = = L 2 .- . -3
| Facabon of PO

et CESE]I w WMl =2 A=

o b N
-2 = h-q = I=-1
[ 3 =% =3

Ry it v PR 0 )i by [zm.,. —Ava , -BA+L)

’_______,_..-—--

N

| sas=y

_ 3A=z2
—‘ he 34-_5
e

g
 ; ml = —3As i//
_E copral] = —3)#1 = -Fja\+4] = -2+1 =
;E,zs) by
Y esorstinak = —Aeq = a4 = g Hevwn palvid o {‘I,Li-i)
2 3 3

— | e 2 teewliral] = =1

[CBSE Topper 20171



