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10.

Three Dimensional Geometry

Multiple Choice Questions

Choose and write the correct option in the following questions.

The co-ordinates of the foot of the perpendicular drawn from the point (2, -3, 4) on the y-axis

is [CBSE 2020, (65/2/1)]
(@) (2,3,4) ) -2,-3,-4) € (0,-3,0) (d (2,0,4)
If a line makes angles o, B and ~ with the axes respectively, then cos 2 + cos 2B + cos 2y =
[CBSE 2020, (65/4/1)]
(a) -2 (b) -1 (! (d) 2
Distance of the point (o, B, Y) from y-axis is
@ B ®) I8l © IBl+Ivl @ Ja?+v?
-1 1- 2z-1
Direction cosines of the line = S Y= 212 ate [CBSE 2023, (65/1/1)]
2. 3G 2 3 12
T [ e e
@ 7177 ®) 577~ VAs7" J157
2 3 6 2 B
© w77 @ -7
The angle between the two diagonals of a cube is
1 1
(a) 30° (b) 45° (c) cos™ (T) (d) cos™ (f)
V3 3
If a line makes angles «, B, v, & with four diagonals of a cube, then
cos’a+ coszB e cosz'r +cos®d is equal to
1 2 4 8
i b et e d poidd
@ 3 ® 3 © 3 @ 3
If a line makes angle % and % with x-axis and y-axis respectively, then the angle made by the
line with z-axis is
s T b 151
@ 3 ® 3 © 3 @ 53
P is a point on the line segment joining the points (3, 2, 1) and (6, 2, -2). If x co-ordinate of
P is 5, then its y co-ordinate is [NCERT Exemplar]
(a) 2 (b) 1 (0) -1 (d) -2
If aline makes angles of 90°, 135° and 45° with the x, y and z axes respectively, then its direction
cosines are [CBSE 2023, (65/5/1)]
e b L o 0l I S
(@) 0,— 22 @) - 22 (c) 2T (@ o, 22
Equation of a line passing through point (1, 1, 1) and parallel to z-axis is [CBSE 2023, (65/2/1)]
_¥ iz x-1_y-1_ z-1
N T ® = 1 1
; £717271 x-1 _y-1 z-1
© 901 W0 &
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I 11. The equations of x-axis in space are [NCERT Exemplar]

(@ x=0,y=0 () x=0,z=0 (c) x=0 (d) y=0,z=0
I 12. A line makes equal angles with co-ordinate axis. Direction cosines of this line are
I [NCERT Exemplar]

rE 4. 4 U8 Wi (L i ;1)

I (@ =(1,1,1) (b) i(y"'3'-.4'3’~.v"3) (c) t(3,3.3) (d) = /3733
I 13. The distance of the point (1, 6, 3) to the line r= (ﬁ + 232) + 7\(1? + Zf + 312) is
| (@) V13 (b) 13 (c) 2413 (d) None of these
I 14. Thetwolinesx=ay+b,z=cy+dandx=a'y+b’, 2 =c'y + d' will be perpendicular, if and only

if
I @ aa’+cc' +1=0 (b) aa" +bb' +ec’ +1=0

(¢) aa"+bb" +¢c"=0 d) (@+a)+b)+(c+c)=0
: 15. 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
I (@) 9 squnits (b) 18 sq units (c) 27 sq units (d) 81 squnits

- = £ ¥l g+  zE+ .
I 16. If the point P(a, b, 0) lies on the line 3 = 3 = 7 then (a, b) is [CBSE 2023 (65/3/2)]
1 2 A
| @ (1,2) ® (33) o (33) @ ©,0
I 17. The shortest distance between the lines given by
) F=(8+3Ni—(0+160\)j+(10+ 7Nk and r=15i +29f + 5k + 1(3{ + 8] - 5k) is
I (a) 7 units (b) 2 units (c) 14 units (d) 3 units
| =
I 18. The image of the point (1, 6, 3) in the line % = HT = % is
l (1) 2,0,5) (b) (1,3.4) (0 (L0,7) (d) (-3,-2,0)
19. The angle between the lines 2x =3y =-zand bx=-y=-4zis [CBSE 2023, (65/5/1)]
l (a) 0° (b) 30° (c) 45° (d) 90°
I 20. The co-ordinates of the foot of perpendicular drawn from point A(1, 8, 4) to the line joining the
I points B(0, -1, 3) and C(2, -3, -1) are
=& il 52 19 5 i1
) @ (F33) ©(F57) @ (3373) @y Noneokshese
) Answers
I 1 (c) 2. (b 3. (d) 4. (d) 5. (d) 6. () 7. (b)
I 8. (a) 9. (a) 10. (d) 11 (d) 12. (b) 13. (a) 14. (a)
15. (a) 16. (c) 17. (c) 18. (c) 19. (d) 20. (b)
: Solutions of Selected Multiple Choice Questions
I 1. The x and z co-ordinates on y-axis are 0.
I " Required point is (0, -3, 0) on y-axis.
I .. Option (c) is correct.
2. Given «, B, y are the angles line made with the co-ordinate axes.

I s l=cos o, m=cos B, n=cosy.



 PemPent=1 = cosPo+cos?P + costy =1

Now cos2a. + cos2B + cos2y = 2cos’c - 1 + 2cos’B -1 + 2 cos’y - 1
=2(cos’a + cos’P +cos™y)-3=2x1-3=2-3=-1

. Option (b) is correct.

Given equation of line be

=1 - 1-y 722-~1

2 3 12

1

-1 _y-1 2%
=g & B
Its direction cosines are

2 3 6

VP +(=37 (67 V(2P + (=3P + (67 /(2 + (=37 +(6F
.2 -36
e e o

Option (d) is correct.
Let ABCDEFG be a cube with vertices O(0, 0, 0), A(a, 0, 0), B(a, a, 0), C(0, a, 0), D(0, a, a),
E(0, 0, a), F(a, 0, a), G(a, a, a)
Then the four diagonals are OG, CF, BE and AD. Let us consider the two diagonals OG and AD.

OG =ai +aj +ak

TD.I—ax?ﬁ-afﬁ-aJE = A -
|OG |= Va®+a%+a% = /32" = /34 . L
|AD |= (-2 +a*+a* = /32" = /3a
ﬁ.ﬁ=—a2+az+az=az c |
i s B
Let 0 be the angle between OG and AD ’ )
S (8]
0G.AD a a2 _1
L ocosfE = — — ==
oG ||aD| v3axy3a 32> 3

11

= B=cos™ (g)
Option (d) is correct.

Let OADBFEGC be a cube.

LetOB=0A=0C=a

Co-ordinate of O(0, 0, 0), Aa, 0, 0), B(0, , 0), C(0, 0, a),

D(a, a, 0), F(0, a, a), G(a, 0, a), E(a, a, a) C(0,0,a)

Dr'sof OE=a-0,a-0,a-0=a,a,a=1,1,1

Drsof BG=1,-1,1

Dr'sof CD=1,1,-1

Drsof AF=-1,1,1

1F (0, @, a)

E (a.la, a)

B (0,a.0)
B s R

) N |
Y f OF= ==
DC'so 3 B33 D (a4, 0)
DC's of BG=}*, i,}f
¥3 v3 /3
DC's of CD = L l,i
V3 V3 \.'f3



10.

11 1

DCsof AF=—
V3 43 3

Let [, m, n be the dc's of the line and makes a, B, y, 8 with the four diagonals of the cube then

CI J( ; ) % ( 1 ) * ( 1 ) e
cosa= i m| - ny ;| =
\4"3 4 3 \f 3 ‘,' 3

—l+tm+ —-m+ +m—
Similarly, cosB= { T . cosy= { "Il_ B cosd Sk i ]
V3 V3 V3

Now cosza+caszﬁ+casz"(=%[(!+m+n)2+(—1+m+n)2+(17m+n)2+(i!+m7n}2]

1
=§[Iz+mz+nz+21m + 2mn + 2l + 12+ m + n® 2lm + 2mn — 2nl
+P+m?+ 0= 2m —2mn+2nl+12+m2+n2+21m—2mn—2nll

sl s 24,4
3[4(1 +m+n)—0] 3X1 3

Option (c) is correct.
Given a, B, y be angles made by the line with the co-ordinate axes.

Gt g
Je 4
cos®a+cos’B+cosy=1

n T
COSZE"'COSZZ“‘ cosz’r =1

+%+COSZT=I

W s

s, 2 =
= 4+cos“r 1

3 1
= cosz“r=1—z=z
= cosY==x l = T= £
2 3
Option (b) is correct.
Let P divides the line segment in the ratio of X : 1, x-coordinate of the point P may be expressed

BA+3 i GA+3 _ o : o DAE2
A1 giving N1 =5 so that & = 2. Thus y-coordinate of P is A+1 =2.

as x =
Option (a) is correct.
o =90° B =135°,y=45°

1
I=cosa=cos90°=0,m=cosf =cos 135°= ——
N
n=cosy=cos45°= —
Vv

= DC’ 0 - -
sare(, -—, ——
¥ Y2

Option (a) is correct.
Direction cosines of z-axis is 0, 0, 1.
Equation of a line passing through point (1,1, 1)
and parallel to z-axis, is given by



0o 0 1
. Option (d) is correct.
11. On x-axis the y-co-ordinate and z-co-ordinate are zero.
. Option (d) is correct.
12. Let the line makes angle o with each of the axis.

Then, its direction cosines are cos o, Cos o, COS ¢l

: 1
Since cos® o + cos? o + cos® o= 1. Therefore, cos . = +—=

V3
D +(LLL)
c'sare £ v s
. Option (b) is correct.
14. We are given lines
x=ay+bz=cy+d
x—b_  z-d _
= a ¥ g ¥
x-b ¥ z-d .
= a2~y @ (1)
Alsox=a'y+b,z=cy+d
x-b ¥ z-d 25
=P P T .. (i)
Lines (i) and (ii) are perpendicular to each other.
= ai' + 1+cc’' =0
= at' +cc'+1=0
. Option (a) is correct.
16. Since the point P(a, b, 0) lies on the line
il YE2 238
27 3 4
atl _b+2 _0D+3
3. 4 4
a+l b+2 3 a+l 3 db+2_3
= 2 3 4 = Z AT 3 3
3 9
= +2==
= a=5 1 and b+2 1
1 9 1
= R—E and b—z—z-z
1
- @v=(3 1)
.. Option (c) is correct.
19. We are given equation of lines are
A x_y_z
x=3y=-z = l_l__l (1)
2 3
e e . D i
and bx=-y=-4z = TR ..(it)
6 4



Letay, by, ¢; and ay, by, ¢, of lines (i) and (i) respectively.

1
bl=E,cl=—1

1
ai:E’
N SR
S Sigr
12 3 4
1-4+3 4-4 0

=4

@iy + byby + 010 =

= Line (i) is perpendicular to line (7).
Option (d) is correct.

Assertion-Reason Questions

r
I The following questions consist of two statements—Assertion(A) and Reason(R). Answer these
I questions selecting the appropriate option given below:
| (a) Both A and R are true and R is the correct explanation for A.
l (b) Both A and R are true but R is not the correct explanation for A.
() A is true but R is false.
I (d) A is false but R is true.
| points (-1,-2, 1) and (1, 2, 5).
) Reason (R) : Lines 7 =g, +Ab, and 1 =a, + b, are parallel if b, .b, = 0.[CBSE 2023 (65/3/2)]

2. Assertion (A): Equation of a line passing through the points (1, 2, 3) and (3, -1, 3) is
-3 e+l .2-3
2 3 0
Reason (R) : Equation of a line passing through points (xy, 1y, z,), (X2, 1, 2), is given by
X _ Y-y _z-%
NN WY B
3. Assertion (A): If a line makes angles a, 3, y with positive direction of the coordinate axes then
sin® o + sin® B +siny = 2. [CBSE 2023 (65/2/1)]

[CBSE 2023 (65/1/1)]

Reason (R) : The sum of squares of the direction cosines of a line is 1.
4. Assertion (A): The angle between the lines whose direction cosines are ﬁ,%,%; %, %,%
is 120°.
Reason (R) : The angle between two lines whose direction ratios are Iy, my, ny and I, m,, n is
given by cos 8 = [l + mymy + nyn,.
5. Assertion (A): Direction cosines of z-axis are 0,0, 1.

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1. Assertion (A): A line through the points (4, 7, 8) and (2, 3, 4) is parallel to a line through the |
|
|
|
|
|
|
|
|
|
|
|
|
|
Reason (R) : Ifl, m,nbe the direction cosines of a line then I* + m” + n* = 1. |
|

|



-1 =i
6. Assertion (A): Parametric equation of a line x2 = y3 =§ are x =1+ 20, y=2+ 3,
z = 4}, where A is a parameter.
. : . x=xp  Y-¥p Eem
Reason (R) : The parametric equation of the line = = are

x=xy+ak, y =y, + bk, z = z; + ch where A is a parameter.
7. Assertion (A): Vector equation of the line passes through the points (1, 2, 3) and (5, -4, - 7) is
7 =({ +2j+3k)+ A(5 - 4 - 7k) where & is a parameter.
Reason (R) : Vector equation of straight line passing through two given points with position

vectors ;and Fls ; = ; + )\(f; - E]where A is parameter.

Answers
1. () 2. (d) 3. (a) 4. (a) 5. (b) 6. (a) 7. (d)

Solutions of Assertion-Reason Questions
1. We have equation of a line passing through the points (4,7, 8) and (2, 3, 4) is
i-4_y-7_ z-8 x-4_3-7 -8
54 3-7 3-8 . 8 =E T A
in vector form 1 = (41 +7] +8F) + A(- 2/ — 4] - 4k)
Also equation of a line passing through the points (-1,-2, 1) and (1, 2, 5) is
FEL _¥¥E et
2 T 4 4

ot, in vector form r= —i-2j+k+ u(2f+4f+4!€)

i
4 4
Both lines are parallel.

-2
Clearly, BN =

Assertion (A) is true but Reason (R) is false.
Option (c) is correct.
2. As we know that equation of line passing through points (xy, 11, z1) and (xy, ¥z, ) is given by

X% _ Y- _2-% X=X _¥-V 2%

N KoY Lo N-x Yo L%

Hence, Equation of line passing through the points (1, 2, 3) and (3, -1, 3) is given by

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

30 B2 B8 gl aled B

As we know that equation of line passing through points (xy, ¥, z;) and (x,, y,, 2,) is given by
X% _Y-¥ _2-% X% _Y-Y% _Z-%

=X B Lo XX Wi L%

. Equation of line passing through the points (1, 2, 3) and (3, -1, 3) is given by

¥t g-=2 ZE-3 ¥-8 wEl -3
3-1 -1-2 3-3°" -3

3-1 -1-3

Hence, Assertion (A) is false but Reason (R) is true.

Option (d) is correct.



3. Asa, B,y be the angles made by the line with positive direction of the co-ordinate axes.
cos’a + cos’f + cos’r = 1
= 1-sino+1-sin?p+1-sin®y=1
= 2 = sin’a + sin®p + sin®y
sin’a + si.nzﬁ + sinz'r =2
Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of A.

. Option (a) is correct.

/ / 7;’ i
4. We have, cosﬁ:f“'3x(7“3)+lxl+( ‘3)x”3

4 A PRAR ST D 2
=34 1 3 2wl-id

16 16 4 16
ST =120°
=qg=-7 = 06=120°

Clearly, both Assertion (A) and Reason (R) are true Reason (R) is the correct explanation of
Assertion (A).

. Option (a) is correct.

5. Clearly, both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation
of Assertion (A).
. Option (b) is correct.

6. For assertion (A)
N 2

2 3

= x=1+2}, y=2+3), z =4k is the parametric from of the given line.

= é = A(say)

So statement A is true.
For reason (R)

1—1‘1 B y—yl B A

i b N i = A(say)

= x=x, +4ak, y =1y + bA, z = z; + c) is the parametric from where X is a parameter.

So statement R is also true and gives the correct explanation of A.
. Option (a) is correct.
7. For assertion (A):
We are given points P(1, 2, 3), Q(5,-4,-7)
Dr’s line joining P and Qare5-1,-4-2,-7-3, i.e, are 4, -6,-10.
. Vector equation of line joining P and Q is
T=(-2/+3k)+ A4 — 6] —10k)
So statement A is not true.
For reason (R)
Hence R is true but A is false.
. Option (d) is correct.



Case-based/Data-based Questions

Each of the following questions are of 4 marks.

1. Read the following passage and answer the following questions.

Two motorcycles A and B are running at the speed more than the allowed speed on the roads

represented by the lines T = A+ 2} - I;) and 7 = (31 + 3;1:) +p2i+ j + ];) respectively.

(i) Write the certesian equation of the line along which motorcycle A is running.
(i) Find the direction cosines of the line along which motorcycle B is running.
(iii) (a) Find the shortest distance between the given lines.
Or
(iii) (b) Find the point at which the motorcycles may collide.
Sol. Vector equation of line through which motorcycles A and B running are
T=AG+2-F) )
and7=@Gi+3))+p@i+j+h @
(i) From (1), we have
xityjrzk=r =A(E+2/-K)
=x=Ay=2Az=-A
o z
=>?=?\,%=?\,j=).
L E2_Y

=
2 A

(i) From (2), we have

which is required equation.

F=@i @i+ 4R
=>;:Z+|.li; where 3=2f+j+12
. Dr'sare?,1,1.

g 1 1 . 2 1 1
7 i - PR E N | 1y e ey el
V224172417 /274124177 22412417 V6 Ve 6

o D¢’s are



(#if) (a) Given vector equation of lines
PRt k)=0i +0j 0k + A (F+2] - k)
We get E;=Of+0}+01}andb:=z“+2f—ie
and, 7 =(3i+3])+u(2i+]+k)

We get ;;:3{+3}and5;=2f+f+i;

Now, 527;;=3§+3]:
i
and  byxb,=|1 2 -1 |=i(2+1)F(1+2)+k(1-4)
2 i 1

(625) (5 -5)
|6 B, |
_ (31 37— 3k).(31 +3)) |

Shortest distance between the given lines =

J9+9+9

9—9—0|_D .
= 3\:,.5 =0 units

OR

(if) (b) Givenlines,  r=A(i +2j-F)=ni+2\j - Nk
il ¥ =(37+37)+u (2 +]+E)

=(3+2u)i +(3+p)j+pk

For point of intersection, we have

A=3+2p ()
M=3+p (i)
and -A=u (i)

From equation (i) and (iii), we get
A=3=-2L=23=3=A=1

From equation (iii), we get
p=-= h==1
r=ni+2j-k)
r=1(f+2j—K)=i+2j -k

Required point be (1, 2, - 1).
2. Read the following passage and answer the following questions.

The equation of motion of a missile are x = 3t, y = - 4f, z = f, where the time ‘¢’ is given in seconds,
and the distance is measured in kilometres. [CBSE Question Bank]



(i) Write the path of the missile.
(ii) Find the distance of the rocket from the starting point (0, 0, 0) in 5 seconds.

(iii) (a) If the position of the rocket at a certain instant of the time is (5, -8, 10). Find the height
of the rocket from the ground. (Ground considered as xy-plane)
OR
(#ii) (b) Find the value of k for which the lines
¥ Y=l 5.4 x-2_Y=3 -5
Z B 2 TN B mde 7
Sol. (i) Given equation of motion of a missile be
x=3t,y=—4,z=t

are perpendicular?

. Y, % L . ;
= Ak T which is a straight line.

Hence, the path of the missile is a straight line.

(if) After 5 seconds position of the rocket be
¥x=3H=3x5=15
y=—4t=-4x5=-20
z=f=5

Point is (15, =20, 5).
Its distance from origin (0, 0, 0) is /(15— 0 +(-20 -0F" + (5- 0Y’
=/225+ 400 + 25 = /650 km
(iif) (@) Given position of the rocket at a time is (5, -8, 10).
Height of the rocket from the ground

= Distance between the points (5, -8, 10) and (5, -8, 0).

(Since ground is considered as the XY-Plane)

=/(5-5P+(-8+8Y+(10-0¥ =10 km

OR
(#if) (b) Given lines are perpendicularif 2x (-2) +3 x (-1) +7x k=0
=-7+7k=0=7k=7 = k=1



CONCEPTUAL QUESTIONS

Sol.

Sol.

Sol.

Sol.

Sol.

If a line has direction ratios 2, -1, -2, then what are its direction cosines? [CBSE Delhi 2012]

Here direction ratios of line are 2, -1, -2.
2 -1 -2
V2 H D)+ Y 2P+ D)2+ 2P )+ (- 2)°

Direction cosines of line are

o 2-1-2
i 3r g
Note: If a, b, ¢ are the direction ratios of a line, the direction cosines are
a b c

\ifai."' b‘z‘ o CQ’ Y vfl'g'i'_i_ bz % r:2’ vfai.'*' b2+ 6'2
Write the direction cosines of a line parallel to z-axis. [CBSE (F) 2012]
The angle made by a line parallel to z-axis with x, y and z-axis are 90°, 90° and 0° respectively.
. The direction cosines of the line are cos 90°, cos 90°, cos 0°i.e., 0,0, 1.
If a line makes angles 90° and 60° respectively with the positive directions of x and y axes, find
the angle which it makes with the positive direction of z-axis. [CBSE Delhi 20171
Let the angle made by line with positive direction of z-axis be 8 then,
We know that
c05290° + cos?60° + cos? 0 = 1

1 2
= 0+(E) +cos?B=1
= %+c0523=1
= c0529=1—%
= cos’8 =%
7
=1 cosﬁ=i%

= B=60°0r%ift059=%amd9=150°0r%ifﬂ059=—‘/73
Find the direction raties of a line passing through the points (1, 0, 0) and (0, 1, 1).
Given points A(1, 0, 0) and B(0, 1, 1).
- Dr's of line through A, and Bare0-1,1-0,1-0

ie. -1,11
Find the direction cosines of a line passing through the point (1, 3, 5) and (2, 4, 6).
We are given points A(1, 3, 5) and B(2, 4, 6).
= Dr’s of the line through A and B are

2-1,4-3,6-5,1e,1,1,1.

. 1 1 1
. Dc'sare —— S e
et Yy et yitere)?
T I L L
RRE A M



1.

Sol.

Sol.

Sol.

. . y-4 z2-3 x~2 ¥-5 1-z
Find the value of p, so that lines =E——= and = = are
3p 4 ap 2 7
perpendicular to each other. [CBSE 2023 (65/3/2)]
Given equation of lines
x-1 y-4 z-3
=== (i)
=2 3p 4
x-2 _y-5_1-z
and, ™ =TT
=2 gi~b =i .
= 2 = -wAEly

Since lines (i) and (7i) are perpendicular to each other
S2x4p+3px2+4x-7=0
=>-8p+6p-28=0 = -2p-28=0 = 2p=-28
= p=-14
Find the vector and the cartesian equations of a line that passes through the point A(1, 2, 1)
and parallel to the line 5x — 25 = 14 - 7y = 35z. [CBSE 2023 (65/5/1)]
We are given line
5x-25=14-7y =35z
=5(x-5)=-7(y-2)=35z
B Y=E  E

i = B e
5 7 35
Dr’s of any line parallel to line (i) are
1 1 1
5 K - k, 35 k

- Equation of the required line passes through A(1, 2, -1) and parallel to line (i) is
x-1_ y-2 z+1

1 1 1
R A
1 y-2 z+1

= II =y—1=z1 = 5@-1)=-7(y-2)=35@+1) = 5r-5=14-7y=352+35
5 "7 3

Vector equation is
i+2f §+J(l° l-“'+—1—i2)
ik e

Check whether the lines given by equations x =20 +2, y=7A+ 1, z=-3A-3andx=-p-2,
Y =24+ 8, z=4p + 5 are perpendicular to each other or not. [CBSE 2023 (65/1/1)]

—

Given equation of lines

pemen  uy TR

y=7A+1 =



z+3

2

. Equation of one line be
x-2 _y-1_2z+3

z==3L-3

A

3 o= m (1)
+2
Also, x=-p-2 :’x_l =qn
-8
x=2p+8 :»L=p
2
z=4u+5 ﬁ%=1l

~. Equation of other line be
x+2 y-8 z-5 Gy
R ...(if)
From (i) and (#i), we have
Agly + bbby + 00, =2 % (1) + 7 x 2+ (-3) x 4
=-2+14-12=14-14=0
. Both lines are perpendicular to each other.

4. Find the coordinates of points on line $= yz;l= % which are at a distance of /11 units
from origin. [CBSE 2023 (65/2/1)]
Sol. Given equation of line be
2 4=l =1
1787 T hg Alr,2r+1,2r-1)
= £*E=ﬂ=r(let)
% 2 2 P
= x=r,y=2r+landz=2r-1 Vin

Any point on the linebe A (7, 2r + 1, 2r - 1) 0(0,0,0)

Thus, distance between O(0, 0, 0) and point A is given OA = /11

= S+ @r+ 1P +@r-1F = /11

= A+2r+1F+2r-1¥ =11 (on squaring both sides)
= 97 +2=11 =9’=9 =r=1

= r==x1

When r = 1, co-ordinates of point be (1, 3, 1)
When r = -1, co-ordinates of point be (-1, -1, -3)
5. 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).
Sol. Let A(1,-1,2) and B(3, 4, -2) be given points.
Direction ratios of AB are
(3-1),{(¢- -1k (-2-2)ie, 2,5 -4
Let C(0, 3, 2) and D(3, 5, 6) be given points.
Direction ratios of CD are (3-0),(5-3),(6-2) ie., 3,2, 4.



Sol.

Sol.

Sol.

We know that two lines with direction ratios ay, by, ¢; and a,, by, ¢, are perpendicular if
aydy + by by +c;0,=0
2x3+5x2+(4)x4=6+10-16 =0 which is true.
‘Which shows that lines AB and CD are perpendicular.
Show that the line through the points (4, 7, 8), (2, 3, 4) is parallel to line through the points
-1,-2,1), (1, 2,5).
Let A(4, 7, 8) and B(2, 3, 4) be given points. Direction ratios of AB are (2-4), (3-7), (4-8)
ie, -2,-4,-4.
Let C(-1,-2, 1) and D(1, 2, 5) be given points.
Direction ratios of CD are 1 (- 1), 2 —(-2), (5-1)ie., 2, 4, 4.

We know that two lines with direction ratios a,, by, ¢; and a,, b,, ¢, are parallel if

a b g

9 b, G

-2 -4 -4 S
T =—1, which is true.

It shows that lines AB and CD are parallel.
Find the equation of the line which passes through the point (1, 2, 3) and is parallel to the
vector 3i + 2]1— 2k.
Let a be the position vector of the point (1, 2, 3).
Then a=1+2j+3k
Now the equation of the line passing through the point having position vector a and parallel to
vector b =3i +2f 2k is

r=a+A\b

F=(+2] +3k)+ A (3 +2] - 26).
Find the equatmn of the line in vector and Carteman fﬂrrn that passes through the point with
posﬁmn vector 2i —j +4k and is in the direction i + 2}

Here 2 =2i —;+4k and b =1 +2}—
Now ths equation of the line passing through the point having position vector a and parallel to
vector b is
F=a +Ab
F=Ri-jra+n({@+2 -0
Let ¥ =xi + yj +zk be the position vector.
Then  xi+yj+zk=(20 - J+4k)+ A (i +2] - k)
Q2+NI+@A-1)j+@-NE
Comparing coefficients of i, j, k on both sides, we have
x=2+Ay=2k-landz=4-1A
x-2 _Y*1 _4-;
1 2 1
Which is required Cartesian form of the line.




L

Sol.

Sol.

Sol.

Short Answer Questions

Find the coordinates of the foot of the perpendicular drawn from the point P (0, 2, 3) to the line
r&d =1 ztd

3 2 3 [CBSE 2023 (65/5/1)]
We are given point P (0, 2, 3) and the line 3 ; 2 = % =Z ; - (i)
Let Q be the foot of perpendicular. —
Now x+3 =E= z+4 -2 (say)
5 2 3
= x=-3+50,y=1+2,z=-4+3)
Q=(=3+541+2%,-4+3%)
Dr'sof PQare5A-3-0,2A+1-2,30-4-3
ie.are54-3,20-1,30-7 Q
Dr’s of line (i) are 5, 2, 3 %3=L21=z-§4

PQ 1 line (i)

55L-3) +2(2A-1)+3(3L-7)=0
ek 250-15+44-2+90-21=0
= 38L-38=0 = ?\‘=§=1

38

= 0=(-3+51+2-4+3)=(2,3,-1)
Which is the foot of perpendicular.
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 Delhi 2017]
Given line is

S5x-25=14-7y =35z

B i -
Hence, parallel vector of given line i.e., b=7i- 5)? +k.
Since required line is parallel to given line (i).
= b=7i- 5} +k will also be parallel vector of required line which passes through A(1, 2, -1).
Therefore, required vector equation of line is

F=(+2/ -kB)+\Fi -5 +k)
A line passing through the point A with position vector a=4i+ 2}' +2k is parallel to the vector
b=2i+3]+ 6k. Find the length of the perpendicular drawn on this line from a point P with
position vector , =i +2j +3k. [CBSE Panchkula 2015]

The equation of line passing through the point A and parallel to bis given in cartesian form as



Sol.

g "8 8 @
Let Q(a, B, 1) be foot of perpendicular drawn from point P to the line (i).
Co-ordinate or point P= (1,2, 3) [ P.V.of Pis{+2] +3k]

Since, Q lie on line (i)
a-4 B-2 -2
ik Bl B

= a=2A+4,B=3A\+2, Y=6A+2

Now, PQ=(a-1)i+(B-2)+(v-3)k P(1,2,3)
Obviously, ﬁl B @ b= 0
= 2(a-1)+3(B-2)+6(v-3)=0
~2+3B-6+67-18= +3B+67-26= -
= 20-2+3B-6+67-18=0 = 2a+3B+t67-26=0 #=obraliet
Putting the value of a, B, v; we get s m|
220 +4)+3(3N+2)+6(6A+2)-26 =0 gy g
T T s IO S
= AN+8+9N+6+36M+12-26=0 - I TR
= 490=0 = A=0

Hence, the co-ordinate of Q = (4, 2,2).
*. Length of perpendicular PQ = /(4-1)"+(2-2)"+(2-3)°

=/9+0+1 =10 units.

prl =3 gl

1 —2=4and

and passes through the point (1, 1, 1). [CBSE Sample Paper 2018]

Find the equation of the line which intersects the lines

x=1 y~-2 z-~3

2z 3 4
Let [, I, be given lines as

b t2, 8, EES

1" 1 2 4 7

Let I be the required line, which passes through P (1, 1, 1) and intersect /; and [, at
Q (y, By, 1) and R (0, By, 1,) respectively.

Now, Q (a,, By, 1,) lie on line [,

a+2 | Bi—3 _pF

1 2 4

oy =A=2, Py=2A+3 r=4h-1

1
=A(say)

Similarly, R (a; By 7,) lieonline 5

-1 _By-2_1,-3 _
Tl Bl B

= y=2u+l, By=3u+2 v,=4u+3
PO = (a, - 1)i + (B, - 1) + (1, - Dk
=(A-3)i+ QA +2)]+ (@A -2k
Similarly, PR = 2pf + 3+ 1)] + (4p + 2)k
A—3 _2A+2  4A-2

PON PR = o = ye1 ™ w2

=M (say)




NOW,?\Z—;S=M=?\—3=2MLL=M]-L=¥

2A+2

Also, 3ue1

=M= 2A+2=3Mp+M

s n+2=R0up s e R2oy

47"'4;3“9:;\4 = B _

= 2

4h-2

AISO, m

=M= 4A-2=4Mp+2M

= 4\-2= +2M =

4n-12
3 2M

BA-4-4A+12 _
2

4A+8 _ 4(A+2) _
3 =2M =~72 =

= A+2=M = A+2=

M
A+13
2

= N+d=A+13A=9 > M=ll= =3

PQ = 61 +20f + 34k

o -1 — o -1 -
Hence, equation of required line is x&il = % = 23 41 =% 3 LS le = %

5. Find the vector and cartesian equations of the line passing through the point (1, 2, —4) and

s . x-8 _yt19 z-10 x~15 _y-29 z-5§
perpendicular to the two lines 3 = === and 3 =" 8 - _5 -

-16
[CBSE Delhi 2012, 2017]

OR
Find the equation of a line passing through the point (1, 2, -4) and perpendicular to two lines
P = (81 —19] + 10K) + A (37 — 16] + 7k) and = (151 + 29] + 5k) + 1 (34 + 8] — 5k).
[CBSE Allahabad 2015; Delhi 2016]
Sol. Let the cartesian equation of line passing through (1, 2, - 4) be
x-1_y-2 z+4 .
a b T ¢ ..
Given lines are
x-8 _y+19 _ z-10 ”
3 =16 7 @)
x-15 y-29 z-5

5 5 - (i)

Obviously parallel vectors E;, b_; and !73 of (i), (1) and (iii) respectively are given as

E:af+bf+cl€; 1?

, =31 16/ +7k; b, = 31 + 8~ 5k

According to question

@LG) = Blb, = bb=0

@) LGi) = Bblb, = b.b=0
Hence, 3a-16b+7c=0 (i)
and 3a+8b-5c=0 ()

From equation (iv) and (v), we get

& ¥ _ B
80-56 21+15 24+48




Sol.

Sol,

oW € Brogo
= =36 72 5 g=h (say)

= a=2hb=3),c=6L
Putting the value of a, b, ¢ in (i), we get the required cartesian equation of line as
x-1 _ y=-2 z+4 x-1_y-2 z+4
2N 3 e T 2 3 T8
Hence, vector equation is
T (42 —4R)+ A7 + 3 +68)

4 +3 + - -4 -
Show that the lines % = yT = % and i S L W intersect. Also find their

point of intersection. [CBSE Delhi 2014]
Given lines are

+1 +3 +5 '
s (@)

1 3 & .(i)
Let two lines (i) and (i) intersect at a point P(a, B, Y)-
= (o, B, 7) satisfy line (i)

a+1 _B+3 _7+5 _
3 =T=T—?\ (say)

= a=3r-1, B=51-3, y=7r-5 ...ii)

Again (a, B, 7) also lie on (i), we get
ol B-4 )

1 3 b
3A-1-2 5A-3-4 7A-5-6
1 T o T 5
3N-3 _BA-7 _T7A-11
= T -~ 3 5
I II I
FromIand I From Il and III
3N=3 _5A-7 5A=7 _7A-11
%8 3 B
= 93 -9=5L-7 e 25} - 35 =214 -33
= 43 =2 = 43. =2
= A= 1 = A= L
2 2
Since, the value of A in both the cases is same
= Both lines intersect each other at a point.
Intersecting point = (o, B, y) = (%— 1, %— 3, %— 5) [From (iii)]
= (l 1 i)
=N e

A line passes through (2, -1, 3) and is perpendicular to the lines r= 1:+}' “ke+ A2i - Zj' # 32) and
r= (Zf - f— 33&) + p(f # 2;; + 21;). Obtain its equation in vector and cartesian form.
[CBSE (AI) 2014]

Let b be parallel vector of required line.



Sol.

Sol.

is perpendicular to both given line.

U
=y =y

= (26 -2 +E)x (i +2f +26)
i

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

1l =
e

Hence, the equation of line in vector form is
=@ -+ N6 -3 6R),  T=(F - ]+3R)-3n@I+]-26)
F=(f -] +30) +nf +]-28) [r=-3n]

Equation in cartesian form is
x-2 _y+l1 _z-3

2 1 T =Z
Find the shortest distance between the following lines :

x-3_Yy-5_2z-7 *x+1 _§r1 _ z+d

1 =5 1 and - = 1 [CBSE Delhi 2008, (F) 2013, 2014]
Lﬂxia=¥=217=7\ and ﬁil:bfjﬁl:zl;l:k fine 1
Now, let’s take a point on first line as s

AM+3,-20+5h+7)and let

B (7k -1, -6k -1, k - 1) be point on the second line
The direction ratio of the line AB

o T B S - line 2
Now, as AB is the shortest distance between line 1 and line 2 so,

(Tk-h-4)x1+(-6k+2h-6)x (-2)+(k-L-8)x1=0 (1)
and (Tk—-A—-4)x 7+ (-6k+2h-6)x (6) +(k-A-8)x1=0 .(if)
Solving equation (i) and (if), we get

A=0 andk=0

A=(3,57) and B=(-1,-1,-1)

Hence, AB= /(3+1)2+(5+1)% +(7+1)? = /16 + 36 + 64 = /116 units = 2,29 units

Find the shortest distance between the lines whose vector equations are:
FEG+)+A@Ij+E) and r=@i+] K +pGi-5j+26). [CBSE (F) 2014]

Comparing the given equations with equations r= ;: £ 5; and r= ;1; +p ETZ ’

Weget a,=i+j,b, =2/ —j+k and ay=2i +] -k, b, =3i - 5] +2k

- = . .
Therefore, ay—a; =1 —k and

bxb, =(2i - j+R)x(3 -5/ +20) =

k‘ P - ~
,xb, 1|=ai-]-7%
2

|6y by |= Vo +1+49 = /59

Hence, the shortest distance between the given lines is given by

o (b, xb,)- (@~ ay) :|3—0+7 _ g it
|E:xg;| /59 /59 s




10.

Sol.

Find the distance between the lines I, and I, given by
Lor=i+2) 4k 4 A2 437 +6k); Lir =37 +3) - 56 + p(4f + 6 + 126) [CBSE (F) 2014]
Given lines are
Lir=1+2] - 4k+\(2F +3] +6k)
L7 = 3% +3] — 5k + (4] + 6] +126)
After observation, we get [, || I,

Therefore, it is sufficient to find the perpendicular distance of a point of line /; to line /,.
The coordinate of a point of [; is P(1, 2, - 4).

Also the cartesian form of line [, is . AL 25m:8) o
x-3 _Y-3 _z+5 ,
$ = o A (1)

Let Q(at, B, v) be foot of perpendicular drawn from P to line [,.
Q(a, B, y) lie on line /.

-3 _B- 5
(14 =Bﬁ —Y+ =X (say)

= a=4\+3,B=6A+3,y=121L-5 < >l
Qe prv)

Again, - ﬁ is perpendicular to line ;.
=" ﬁ b o= 0, where bis parallel vector of I,

= (w-1)4+(P-2)6+(y+4).12=0 [-PO=(a-1)i+B-2)]+(r+4)k]
= d0-4+6p-12+12y+48=0

= da+6p+12y+32=0

= 4 (4L +3) + 6 (64 +3) +12(120.-5) + 32 =0

= 160 + 12 +36A + 18 + 1444 - 60+ 32=0

=N 1964 +2=0

L e
A= 196 98

Coordinate of QE(4X(—9L)+3 éx( ] )+3 ]Zx( 918) 5)

U

(2.4 3., 6 .\ _(145 144 251
(‘ 49*3"49+3"49‘5)=( 949" 49)

Therefore required perpendicular distance is
145 2 ;144 V2 251 /1962 (462 [-55)2
y ( ) 1) ( 49 2) ( 49 +4) =y (E) +(E) +( 9 ]

_ /96 +467+55” _ [9016+2116+3025
v 49° v 49’

_ /14357 _ 74293 _ 293
= ag - 4g o @ s




1.

Sol.

Sol.

Long Answer Questions

x-1_y-b_z-3 x-4 y-1
2 I Bl 2

lines. Also, find the point of intersection of these given lines. [CBSE 2023 (65/3/2)]
Given equation of lines be

Find the value of b so that the lines

=z are intersecting

x-1_y-b z-3
%3 4

and, = =

w
i1
—

x=1_y-b_z-3 _ x—4 y-1 _ _
Let 5 =g A =k and, BT =k

. Any point lies on the line (i) be x = 2k; + 1, y = 3k; + b,z = 4k; + 3
and any point lies on the line (ii)be x =5k, + 4, y =2k, + 1, 2=k
. For point of intersection of lines (i) and (i), we have
2k +1=5k, +4 and 4k +3=k,
= 2k, -5k, =3 ..(1) and 4k, -k, =-3 ..(id)
on solving equations (i) and (i), we have
ky=-1, ky=-1
Also, y=3k+b and y=2%+1
= y=3x(-1)+b and y=2x(-1)+1=-1
= y=-3+b and y=-1
; -3+b=-1 = b=-1+3=2
= b=2
Point of intersection is (2 x (-1) + 1,3 x (1) + 2,4 x (-1) + 3)
=(-1-L-1)
Find the equations of all the sides of the parallelogram ABCD whose vertices are A(4, 7, 8),

B(2, 3, 4), C(-1, -2, 1) and D(1, 2, 5). Also, find the coordinates of the foot of the perpendicular
from A to CD. [CBSE 2023 (65/3/2)]

Given vertices of the parallelogram ABCD are A (4,7,8),B(2,3,4),C(-1,-2,1)and D (1, 2, 5)
~. Equation of side AB is given by

x-4_y-7_z-8 x-4_y-7 z-8
24 37 A8 T
x-4 y-7 z-8

= 1 2 2

. Equation of side BC is given by
Jc—Z:y—.S:z—fL:> x—Z:M:z—f}
-1-2 -2-3 1-3 -3 -5 -2
x=2 _g=3 =4

= 3 5 2

. Equation of side CD is given by
x+1 _y+2 z-1




. Equation of side DA is given by
m=l  y=d m=d

2 B M (@ 8,7)

Let M(a, B, v) be the foot of perpendicular. (1.2:5)D C(-1,-2,1)
a+1_B+2_w—l_k
1 7 7 Z -

= a=k-1,B=2k-2,y=2%k+1 .G

Direction ratios of AM area.—4, -7,y -8. A4,7,8) B (2 3,4)

Also, direction ratio of CD are 1, 2, 2.
Since, AM L CD
(0-4)x1+(B-7)x2+(y-8)x2=0

= o+ 2p+2y=34 ..(10)
= (k=1)+2(2k=-2)+2(2k+1)=34 = %=37 = k_e;i
ar 28 3z 74-18 56
0‘.:;{—1—?—1—?,[3: ZX?_ = 9 Ha
37 74+9 83
and y-ZX?+1— 5
Required foot of perpendicular is (29—8, 5976, %) +

3. Find the vector and the Cartesian equations of a line passing through the point (1, 2, — 4) and
parallel to the line joining the points A(3, 3, - 5) and B(l, 0, - 11). Hence, find the distance
between the two lines. [CBSE 2023 (65/1/1)]

Sol. Given point (1, 2, —-4) through which a line is passing, therefore its vector equation be
T=(1 +2j - 4k) + A(17 + 0] - 11 - 37 - 3] +5k)
F=(1+2j - 4k) + N(-2i -3} - 6k) ()
and its cartesian form be
x-1_y-2 z+4
-2 -3 -6
Also, equation of the line passing through points A(3, 3, -5) and B(1, 0, -11) is given by,

7=37 +3] — Sk+p(17 +0] - 11k - 37 - 3j + 5¢)
7=37 +3] 5k +p(-27 -3 - 6k) )

~. Shortest distance between two given lines (i) and (i) is given by

— (ay—a)xb |_|(2i +]—k)x(-2i - 3} - 6F)
H J4+9+36
We have,
i
(g,-a)xb=[2 1 -1|=-9i-14j-4k
2 3 =%

-9i-14j-4k| 1, V293

D=|———=——|=7xB1+19%+16 = units



4,

Sol.

Sol.

Find the equations of the line passing through the points A(l, 2, 3) and B(3, 5, 9). Hence, find
the coordinates of the points on this line which are at a distance of 14 units from point B.
[CBSE 2023 (65/1/1)]

Equation of the line passing through two points A(1, 2, 3) and B(3, 5, 9) is given by
x-3 _y-5_2z-9

2 3 3 =48
Direction ratios of the line are 2, 3, 6.
. Its direction cosines are — 2 7 3 7 ; ie. L% 5 é
Va+9+36" y4+9+367 V4+9+36 S
Equation of line (i) may be written as
x23=y3—5=269=r(Let) (i)
¥ 7 7
Co-ordinates of any point on line (if) may be taken as
Q(;r+3,%r+5,gr+9)
Distance of ) from B is 14 units.
|7] =14
Putting the value of |r| =14 =4 r=+ 14in Q, we get

Q(+4+3, £6+5 £12+9) = Q(7,11, 21) or, Q(-1, -1, -3)
A line [ passes through point (-1, 3, -2) and is perpendicular to both the lines

g7 -1 +1

%=% = g and x_3 = yT= = . Find the vector equation of the line I. Hence, obtain its
distance from origin. [CBSE 2023 (65/2/1)]
Given lines are

£V F .

i1 2 3 -

T 2wl 2% i ”
and, 3 2 s (1)

Let equation of line  passing through (-1, 3, -2) is
E T O i I

a b c Aitd)
Since line (#if) is perpendicular to both (i) and (7i)
ax1+2xb+3xc=0 =a+2b+3c=0 ...(iv)
and, ax(-3)+bx2+cx5=0 =-3a+2b+5c=0 ..(v)
On solving equation (iv) and (v), we have
a -b c
2x5-3x2 1x5-3x(-3) 1x2-2x-3
= %=I—i’=% :>%=%=%=k(let) 0(0.0,0)
a=4k,b=-1dkandc=8k
Putting the value of g, b and ¢ in equation (jif), we get
¥+l -3 z+ 2
& 14k 8k Ma, B. v) 1
xtl =3 z%. 2 x+1 _y=3_z+2

= I T B 2 -7 4



r—(=1) y-3 z-{Z)

2 -7 7 4

Its vector form is

F=(-i+3j-26)+ A(2F-7i+4F)
Now, let OM perpendicular. | and co-ordinates of point M be (a, B, 7).
Also, direction ratio of lines be 2, - 7, 4.

20-7B+4y =0 (since OM L 1)
As M(a, B, v) lies on the line

a;-l =B‘7;73= TZZ =r(let)
= a=2r=-1,pf==7r+3,y=4r-2
2 22r—1)-7(7r +3) + 4(4r-2) =0
= 4r-2+49r-21+16r-8=0

31
fow- 69r =31 :-r—@
s O o D SF
A T T T
31 -217+207 -10
PeErtds YR e
31 124-138 -14
TSI Tt T e

~. Distance from origin to the line is Jat+ Br++?
_ (i i (ﬂf R (ﬁf
“Vles ) 69 69

1
=§\-’49+100+196

| S ;
= o V345 =4/ g units
6. Find the shortest distance between the lines

x—3=5’_8=z—3 dx+3=3’+7=z-6
R T e = 4

Sol. We are given equation of lines

E RN 9

x+3 Y*7 2.6 5
and 3 - 3 " 3 ..(i1)
In vector form

r=(3i +8j +3E)+ A(3i - +£)=0 (i)
and r=(-3i —7j +6k) + (31 +2j +4k)=0 (i)

=31 +8] +3k,a, =31 -7} + 6k

=3i—j+k by ==3 +2j +4k

= A
a

= —6i —15] + 3k

|



&
Sol.

Sol.

i jk
byxby=[3 -1 1|=1(-4-2)-j(12+3)+k(6-3) =—61 - 15] + 3k
-3 24
_ (-a;). (b, <B;)
Shortest distance = |——— =
|B; =B,
36+225+9 270 e .
= se+23:0 | /770 =4/270 =3430 units.
= b - - Al B
Find the value of a + b + ¢ where (4, b, c) is the image of (1, 2, - 3) in the line 3 B e

We are given equation of line
x&L M 3 =z
2 -2 -1
~. Co-ordinate of the point R = (-1 + 24, 3-24, - 3).
Dr'sof PRare2).-2,1=2),3-2,

- PR is perpendicular to the given line. P,2-3)
22 -2)-2(1-2,)-1(3-2)=0

= 4h-4-2+4r-3+A=0

= 9-9=0 = 99N=9 = A=1 2 T3 o
R=(1,1,-1) |R
R is the mid-point of PQ.

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1+a . _2+b . _-3+c [
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1=

=522 1=

2 2 2 :
= 2=14a,2=2+b-2==34+¢ Qa.bir)
= 1=a,b=0,c==-2+3=1

Q=(a,bc)=(,01)
a+b+c=1+0+1=2
If a point R(4, y, 2) lies on the line segment joining the point P(2, - 3, 4) and (8, 0, 10). Find the

distance of R from origin.
Equation of the line through the points P(2, - 3, 4) and Q(8, 0, 10) is
=2 ¥F3  s-u

8-2 0-(3) 10-4
P 2y 2 B
e, —p—="3—= =X (say) - . -
~. Co-ordinate of general point on this line be (2,-3.4) @.3.2) (8,0, 10)

(2+ 67, -3+3A,4+6R)
. R=(2+6},-3+3L4+6))
Given R=(4,y, z)
4=2+064y=-3+34,z=4+6L
= 2=6ky==3+3kz=4+61

= ?\=%,y=—3+l,z=4+2



Sol.

10.

Sol.

= y=-2,2=6
“ R=(4,22,6)
. Required distance = \-fl(4 0y +(-2-0 +(6-0)

=/16+4+36 =56 =214

Find the vector and cartesian equations of the line which is perpendicular to the lines with
2 _z-3_z+1 x-1_y-2_z-3

+
equations xT Sy and 2 3 1 and passes through the point (1, 1, 1).
Also find the angle between the given lines. [CBSE 2020 (65/5/1)]

Let the cartesian equation of the required line be
=1 _y=1_z=1
a b ¢
where, a, b, ¢ are direction ratios and given lines are

x+2 y-3 z+1

1 3 P .(i1)
x-1_y-2 z-3 "
and B 5 4 ..(1i1)
Since the line (i) is perpendicular to both the lines (ii) and (7if)
axl+bx2+cx4=0 = a+2b+4c=0
Also, ax2+bx3+cx4=0 55 20+3b+4c=0
On solving these two equations, we get
a -b ¢
8-12  4-8 3-4
.
= A 8
Direction ratios of the required line be — 4, 4, -1.
Vector and cartesian equation of required line be
reitjrken-4i+4i R
x-1 y-1 z-1 .
and, 2" 4 ° A respectively.
Let 8 be the angle between given lines.
o= I1x2+2x3+4x4 _ 24
O [Viva+16xv/2+9+16| V609
24
et
=5 0=cos ( /609 )

Find the coordinates of the foot of perpendicular and the length of the perpendicular drawn
from the point P (5, 4, 2) to the line 7 =i +3j+ & + A(2i + 3] —k) . Also find the image of P in
this line. [CBSE (AI) 2012]
Given line is

Fe—i+3j+k+n(i+3] b
It can be written in cartesian form as

x+1 _¥-3 _=z-1

= 5 = )



1.

Sol.

Let Q (o, B, y) be the foot of perpendicular drawn from P(5, 4, 2) to the line (i) and P’ (xy, vy, ;) be
the image of P on the line (i)

Q (a, B, v) lie on line (3)

a+l _B-3_7v-1
=Rl )
= a=2h-1;p=31+3andy=-A+1 (i)
Now, PQ=(a-5)i+(B-4)]+(v-2)k Fedid)
Parallel vector of line (i) b=2f +3f—]€.
o
R . — B
Obviously PQ Lb = PQ.b=0
2(0-5)+3(B-4) +(-1) (y-2) =0 g, B9

P=d+ale ke @+ 3%

= 20-10+3p-12-y+2=0

20+3p-y-20=0

= 20Qh-1)+3(BA+3)-(-h+1)=20=0
[Putting value of a, B, ¥ from (if)]

= 40 -2+90+9+h-1-20=0

= 142 -14=0 =i=1

U

P (5. %, z)

Hence the coordinates of foot of perpendicular Qare (2x1-1, 3x1+3,-1+1),ie,(1,6,0).
Length of perpendicular = V-"'(S 1)+ (4-6)2+(2-0)°
=y16+4+4=,/24=2,/6 units.
Also, since () is mid-point of PP’
x+5

1= 5 = % =~3

+4
6=y'2 = =8

z+2
0= 5 = z;=-2

Therefore required image is (-3, 8, -2).

1f 1, #1y, 1y, L, 111y, 11, and 1y, iy, 1, are the direction cosines of three mutually perpendicular lines,
then prove that the line whose direction cosines are proportional to I, + I, + I, m, + m, + m; and
n; + 1, + 113 makes equal angles with them. [NCERT Exemplar]

Let ;: llf+ m1j+nlig; E;: 121:+m2]:+ rtZI;; 32 13§+m3f+n312
d= (Il + 1L+ L)+ (my +my +m)f + (n, +n, + n)k
Also, let o, p and y are the angles between a4 and d ,5 and [f, ¢ and Efrespectively.
cosa =1y (I + 1, + 13) + my (g + 1m0, + Ma) + 1y (1) + 1, + 1)
= 112"' L+ I113+m12+m1m2 +my s+ ”12"'"1"2"' 1ty
= (I12+ m12+ n12) * (Ll + L+ mymy + mymy + nyn, + 1, 15)
=1+0=1

[ 112+m12+n12= landly L1, 0 L1, my Lmymy Lmy,n Lny,n Ln)



Similarly, cos B =1, (ly + o + I3) + my (g + 11ty + M3) + 11y (114 + 1y + 113)
=l+0andcosy=1+0
= cosa=cosP=cosy
= a=p=y
So, the line whose direction cosines are proportional to Iy + I, + I3, 1y + 115 + ms, 1y + 11, + 1; makes
equal angles with the three mutually perpendicular lines whose direction cosines are I, my, 1y, I,

my, 1y and I3, mj, 113 respectively.

Questions for Practice

B Objective Type Questions

1. Choose and write the correct option in each of the following questions.

(i) The coordinates of the foot of the perpendicular drawn from the point (2, 5, 7) on the x-axis

are given by [NCERT Exemplar]
(a) (2,0,0) (b) (0,5,0)
() (0.0,7) () (0,5,7)
(ii) The equation of x-axis in space are
(@) x=0,y=0 B x=0z=0
(©) x=0 (d)y=0,z=0

(#ii) 1f o, B, v, are the angles thata line makes with a positive direction of x, y, z axes, respectively,
then the direction cosines of the line are

(a) sin o, sin B, sin y (b) cos a, cos B, cos ¥
(c) tan o, tan B, tan y (d) cos® a, cos® B, cos”y

(iv) If aline makes angles a, B, y with the positive directions of coordinate axes, then the value
of sin® o + sin® B + sin” y is

(a) 2 o1
(©) -1 (d) none of these
(v) The lines £ IZ = 3'1;3 = - ;Z and x_;l = % = % are mutually perpendicular if
the value of k is [CBSE 2020 (65/5/1)]
2 2
@ -3 (O
(c) -2 (d) 2

(vi) If the line makes an angle of % with each of y and z axes, then the angle which it makes

with x-axis is
@0 ®) © 5 @ 5

8 Conceptual Questions

= 4- -
2. Cartesian equation of a line AB is sz L = ?y == 5 L :

Write the direction ratios of a line parallel to AB. [CBSE Sample Paper]



3. If the lines x_l=ﬂ=z_3 x-1_y-1_z-6

are perpendicular, find the value of k.

-3 2k 2 3k 1 ~ -5
4. If a line makes angles 90°, 135°, 45° with the X, Y and Z axes respectively, find its direction
cosines. [CBSE 2019 (65/1/1)]
5. Find the vector equation of the line which passes through the point (3, 4, 5) and is parallel to the
vector 2f +2j — 3k. [CBSE 2019 (65/1/1)]
6. A line passes through the point with position vector 21 —]:+ 4k and is in the direction of the
vector 1 + ] - 2k. Find the equation of the line in cartesian form. [CBSE 2019 (65/2/1)]

7. 1If aline has the direction ratios — 18, 12, - 4, then what are its direction cosines?
[CBSE 2019 (65/3/1)]
8. Find the Cartesian equation of the line which passes through the point (-2, 4, - 5) and is parallel
a¥3 44—y z¥8
SR e

to the line [CBSE Delhi 2013]

. . . 3-x _y+4 2z-6 i i
9. 1If the cartesian equations of a line are 5 5 - g Wit the vector equation for the

line. [CBSE (AI) 2014]
10. Find the cartesian equation of line joining the point (-2, 1, 3) and (3, 1, -2).
@ Very Short Answer Questions
11. Find the angle between the lines 7 = 2/ — 5] + £+ A (37 + 2 + 6k) and r = 77 — 6k + (7 + 2] + 26 .
[CBSE (F) 2014]

12. Find the value of k for which the following lines are perpendicular to each other.
2#3 ¥-1 5.9 a+p 21V o

L5 S o e

13. Find the direction cosines of the line passing through two points (-2, 4, -5) and (1, 2, 3).

14. Find the equation of the line passing through the point (2, 1, 3) and having direction ratios
1,02

15. Find the cartesian equation of the line passing through the points having position vector
i+2j+3kand -31 +2j + 4k

16. Find the vector equation of the line passing through the points A(3, 4,-7) and B(1, - 1, 6).
17. Convert the vector equation of line 7 = (4i +3j — 5k) + A(~2f — 5] + 3k),
where A is a parameter, into cartesian form.

B Short Answer Questions

18. Find the shortest distance between the following pair of skew lines:

x=1 2=y z+l ¥+2 1=-3 =
e e e [CBSE Sample Paper 2016]
= =1 + +
19. Show that the lines x31 = y_—1= z i} 1 and % =% =2 31 intersect. Find their point of
intersection. [CBSE (East) 2016]

20. Find the coordinates of the foot of perpendicular drawn from the point A(-1, 8, 4) to the line
joining the points B(0, -1, 3) and C(2, -3, -1) Hence find the image of the point A in the line BC.
[CBSE (North) 2016]



21.

22

23.

24,

25,

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 (F) 2016]
Find the vector and cartesian equations of a line through the point (1, -1, 1) and perpendicular to
the lines joining the points (4, 3, 2), (1, -1, 0) and (1, 2, -1), (2, 1, 1). [CBSE Guwahati 2015]
Find the shortest distance between the lines whose vector equations are

r=(l-f)i+(-2)j+(@3-20)k and 7= (s+1)i + (25— 1)j + (25 + D)k [CBSE (AD) 2011]
Show that lines 7= (i +j - K)+A(3 - [)and r = (4 — £) + 11(2{ + 3F) intersect. Also find their
point of intersection. [CBSE Delhi 2014]

= =9 = = -3 =
Show that the lines xl_z =yT =Z 1 2 and xl 2 =yT =Z 5 A intersect. Also, find the

co-ordinate of the point of intersection.

B8 Long Answer Questions

26.

28.

29.

-1 .
f " 7 = < 3 £ . Also find the equation of the line

Find the image of the point (1, 6, 3) in the line
joining given points and its image.
Find the image of the point (2,1, 2) in the line 7= (4 + 2} + 30 + A (i = ] - &)
Find the shortest distance between the lines 7 = (; b x 2,1: + 3,@) £ ?\(Zf = 3} & 412) and
T = (26 +4] +50) + (2 +6] +36).
Find the angle between the following pair of lines
x—2=3"—1=2+3 x+2=ﬂ=z—5

0 = 5 g sy 8 4

L Mo x-5_¥-2 ;-3
@o=9=1" 3 ~ 1 "3

30. Find the equations of the diagonals of the parallelogram PQRS whose vertices are P(4, 2, -6),
Q(5, -3, 1), R(12, 4, 5) and 5(11, 9, -2). Use these equations to find the point of intersection of
diagonals. [CBSE 2013 (65/2/1)]

Answers
L () (@) (i) (d) (iif) (b) () @ @) @) (@) (c)
10
2172 3. k—?
1k
4. 0,- 272

]

¥ I

. 7= (3 +4j+50)+ N2i + 2] - 3)

x—2=y+1 _z-4

1 i 2

-9 6 =2 s x+2=y—4=z+5

=T R e T -3 G 6

9. 7= (3 — 4] +3k) + N(-51 + 7] +20)



10.
11.

13.

i

19.

23.
v

30.

x=—=1 Bl e

10 -4 7

. (6,3,4)

Equation of diagonal PQ is
Equation of diagonal Q5 is =

Point of intersection is O (8, 3 - l) <

16. 7 =(37 +4f - 7k) + N(~2i - 5] +13k)

2 .
units

18.
i

20. (-2,1,7); (-3, -6, 10)

T=(- i+ +A(10i -4 -7h)

24. (4,0,-1)

. (i) cos™! (93—28] (if) cos"(%)

x-4 _Y¥-2 z+6

I R T
x-5_y+3 z-1
6 2 =0

2



