27. Straight Line In Space

Exercise 27A

1. Question

A line passes through the point (3, 4, 5) and is parallel to the vector (21 + jj e } Find the
equations of the line in the vector as well as Cartesian forms.

Answer

Given: line passes through point (3, 4, 5) and is parallel to 27 + 2]‘ = 3]2

To find: equation of line in vector and Cartesian forms

Formula Used: Equation of a line is

Vector form: # — 3 + Ab

_ X=X V-yy Z—=Z;
Cartesian form: f = = t=A

b, B2 b

where 3 = X, i+vy,j+ z"_lfi"fis;a p&ihf'mj the line andT; - b:"'l"i + bzi 4- th is a vector parallel to the
line. |

Explanation:

Here, 3 = 31 + 4j + Skand b = 2i + 2j — 3k
Therefore,
Vector form:
I = 31+ 4j + 5k + A(21 + 2j — 3k)
Cartesian form:
X—3 y—% z—>

2 2 —

2. Question

A line passes through the point (2, 1, -3) and is parallel to the vector ( - 2j+ 3k ] Find the
equations of the line in vector and Cartesian forms.

Answer

Given: line passes through (2, 1, -3) and is parallel to | — 2j 4 3?;



To find: equation of line in vector and Cartesian forms

Formula Used: Equation of a line is
Vector form: # — 3 + b

X=X — A A
Cartesian form: —— =22t = —2 . }
bl bz hﬂ

where 3 =x.i+vy,j+ ZIE is a point on the line and | — b,i+b,j+ b3E is a vector parallel to the
line.

Explanation:

Here, 3 = 2i+ j— 3k and b =1 — 2j + 3k

Therefore,

Vector form:

F=2i+j—3k+A(i—2j+ 3k)

Cartesian form:

x—3 yY—1 %Z+3
1 — 3

3. Question

class24

g through the point with position vector (21 +j — 5]{) and

Find the vector equation of theiline passi

parallel to the vector (1+ 31—K|. Deduce the Cartesian equations of the line.

Answer

)

Given: line passes through 27 + | — gk and is parallel to § + 3j—k

To find: equation of line in vector and Cartesian forms

Formula Used: Equation of a line is

Vector form: # — 3 + Ab

_ X—X - zZ—Z
Cartesian form: —= =231 - 222 _ )
b, b, bj

where 3 — Xli 2 yi‘]‘ 3 Ziﬁ is a point on the line and E - bli 4 bzi £ bgf{ is a vector parallel to the
line.

Explanation:

s

Here, 3 = 2i +j—5kandb =i+ 3j—k

Therefore,



Vector form:
r=2i+j—5k+A(i+3j—k)
Cartesian form:

¥—4 ¥y—1 2+5

1 3 —3
4. Question

. -

A line is drawn in the direction of (i+ J — 2]{) and it passes through a point with position vector

", - .

(_Zi — _] — 41{ ) Find the equations of the line in the vector as well as Cartesian forms.

Answer
e : line passes through A _‘j‘ - .-_'l,E and is drawn in the direction fo -I-i = ZE

To find: equation of line in vector and Cartesian forms

Formula Used: Equation of a line is

Vector form: # — 3 + Ab

' X—X) =
Cartesian form: E —
1

class24

where 3 = x,i+ y,j+ zjk s @pointon the line and ) — b {+ b,j + b,k is @ vector parallel to the

line.

Explanation:

e

Since line is drawn in the direction of "("i + j — 2k), it is parallel to (4 j — zﬁ)

Therefore,

Vector form:
r=2i—7—4k+A(i+j—2k)
Cartesian form:

X—Z2 Vv+1 £+%

1 1 —
3. Question
X—3 +2 7z-6
The Cartesian equations of a line are — Y —_— ~ Find the vector equation of the line.

2 -3 -

Answer



Given: Cartesian equation of line

To find: equation of line in vector form

Formula Used: Equation of a line is

Vector form: # — 3 + b

Cartesian form: — ==—2 = —= = )

- " - -l . . w— - - -~
where 3§ — X,1+vy,j+z,kis apointon the line and | = b,i+b,j+bykisa vector parallel to the
line.

Explanation:

From the Cartesian equation of the line, we can find 3 and E

Here, 3 = 31 — 3) + 6k and b = 21 — 5j + 4k
Therefore,

Vector form:

F = 31— 2] + 6k + A(21=5)*
6. Question

The Cartesian equations o B+ 1= 6y — 2 = 1 - z. Find the fixed point through which it
passes, its direction ratios and also its vector equation.

Answer

Given: Cartesian equation of lineare3x +1=6y-2=1-2z

To find: fixed point through which the line passes through, its direction ratios and the vector equation.

Formula Used: Equation of a line is

Vector form: # — 3 + Ab

=X e— L
Cartesian form: —= =222 = 271 _ )
b, b, b,

where 3 — X,1+vy,j+z,kisapointon the lineand | — b,1+b,j+bsk is a vector parallel to the
line and also its direction ratio.

Explanation:

The Cartesian form of the line can be rewritten as:



1 1
iTg ¥F—§5 =z-=1

6

|
|
S

| =

1 1
X+ 3_Y¥~3_z-1

2 1 —6

-1 & 1. - — -~
S 1+ ]+ kandp =21 +§—6k

= A

=

Therefore, 3 =

So, the line passes through (_—;_i, 1) and direction ratios of the line are (2, 1, -6) and vector form is:

ar R L . s . o
St 1+§]+k+1(21+]—6k)

7. Question

Find the Cartesian equations of the line which passes through the point (1, 3, -2) and is parallel to the

X+l y-4 z+3
3 5 6

line given by _Also, find the vector form of the equations so obtained.

Answer

Given: line passes through (1, 3, -2) and is parallel to t

cldss24

To find: equation of line in vector and Cartesian form

Formula Used: Equation of a line is

Vector form: § — 3 4+ Ab

Cartesian form: =
b, b by

where 3 = x. i+ y,j+ ZIE is a point on the line and E; =b,i+b,j+ bgﬁ is a vector parallel to the
line.

Explanation:

Since the line (say L) is parallel to another line (say L>), L1 has the same direction ratios as that of
L>

Here, 3 = { + 3] — 2k
Since the equation of L> is

1 y—4% 2+3
3 5 -6

b = 3i+ 5j— 6k



Therefore,

Vector form of the line is:
I= i+ 3j— 2k+A(31+ 5]— 6k)

Cartesian form of the line is;

X—1 y—-3 z+2
3 5 -6
8. Question

Find the equations of the line passing through the point (1, -2, 3) and parallel to the line
-0 ¥Y-2 ZI+#+]

3 —4 a

Answer

~ Also find the vector form of this equation so obtained.

Given: line passes through (1, -2, 3) and is parallel to the line

X—b yY—2 Z+17
3 -4 5

To find: equation of line in vectorand Cartesian form

K—:{l
b,

Cartesian form:

where 3 = x i+ vy,j+ zlﬁ is a point on the line and | — b,i+b,j+ b3f{ is a vector parallel to the
line.

Explanation:

Since the line (say L4) is parallel to another line (say Ls), L1 has the same direction ratios as that of
Lo

Here, 3 =i — 2j+ 3k
Since the equation of L> is

2B Y—2 Z¥+1?
3 -4 5

b = 3i— 4j+ 5k

Therefore,

Vector form of the line is:

I= 1—2j+ 3k+A(31— 4j+ 5k)



Cartesian form of the line is:

9. Question

Find the Cartesian and vector equations of a line which passes through the point (1, 2, 3) and is
~E-L Y43 4L—0

1 7 3

parallel to the line

Answer
Given: line passes through (1, 2, 3) and is parallel to the line

~x—4& ¥Y+ta 220
1 7 3
To find: equation of line in Vector and Cartesian form

Formula Used: Equation of a line is

Vector form: # — 3 + b

X% _ YY1 i

Cartesian form: = =
4 ‘he line angﬁlqss EL&S a vector pal’a”E| to the

by
where 3 =x,1+y,j + BK
line.

Explanation:

Since the line (say L4) is parallel to another line (say L;), Ly has the same direction ratios as that of
L>

Here, 3 = { + 2j + 3k
Equation of L, can be rewritten as:

x+2 y+3 z-3

-1 7 3
2
X+E Y+3 £—3
#_=_=_
—2 14 3

b=—2i+14j + 3k
Therefore,

Vector form of the line is:
= 1+ 2j+ 3k+A(—21 + 14j + 3k)

Cartesian form of the line is:



2—1 ¥Y—=z& -4
-2 14 3
10. Question

Find the equations of the line passing through the point (-1, 3, -2) and perpendicular to each of the
X _y 2 X+2 . 1 _Z +1

lines — — and b
1 2 3 -3 2 5
Answer
Given: line passes through (-1, 3, -2) and is perpendicular to each of the Imes-i = g = gand

X+2 y—1 z+1

— —

-3 2 S

To find: equation of line in Vector and Cartesian form
Formula Used: Equation of a line is

Vector form: § — 3 + Ab

X—X —_ z2—Z
Cartesian form: —=2 =¥¥1 _ 2721 _ 3
b, b, b,

where 3 — X,1+vy,]+ 2z, is/apoint.
line.

If 2 lines of direction ratios,ayias ;a3 ar and by :by:bs arg\!rgca.s 2‘541b1+32b2 azbz =0

Explanation:

Here, 3 = —i + 3j — 2k
Let the direction ratios of the line be by:b>:bj

Direction ratios of the othertwo linesarel :2:3and-3:2:5
Since the other two line are perpendicular to the given line, we have
by + 2b> + 3b3 =0

-3b; + 2b, + 5b3 =0

Solving,

l o 11 2




b =2i— 7j+ 4k
Therefore,

Vector form of the line is:
I= —i+3)—2k+ A(2i — 7] + 4k)

Cartesian form of the line is:

11. Question

Find the Cartesian and vector equations of the line passing through the point (1, 2, -4) and
X-8 y+19 z-10 X-15 y+29 Zz-J

perpendicular to each of the lines = n
8 —-16 7 3 8 -5
Answer
Given: line passes through (1, 2, -4) and is perpendicular to each of the lines x;: — L: = 2—710 and
x—-15 y+29 z-5
3 8 -5

To find: equation of line .

Formula Used: Equation © a line

Vector form: # — 3 4+ 2B

- X=Xy }"}’1 =2,
Cartesian form: — =——=—= )
b, b, bs

where 3 = x i+ vy,j+ Zlﬁ is a point on the line and |, — b,i+b,j+ bar{ is a vector parallel to the
line.

If 2 lines of direction ratios aj:as:az and by:b>:b3 are perpendicular, then a;by+asb>+azbz; =0
Explanation:

Here, 3 =i + 2j — 4k

Let the direction ratios of the line be by:b>:bj

Direction ratios of othertwo linesare 8 : -16 : 7and 3 : 8 : -5
Since the other two line are perpendicular to the given line, we have
8by — 16b; + 7b3 =0

3by + 8b -5b3 =0

Solving,



b, b, b,
F16 7 |‘ g 7] = g 1
8 -5 3 -5 - 8

b, b, b,

= — o — e —
24 61 112

b =241+ 61j+ 112k

Therefore,

Vector form of the line is:

= 1+2j— 4k +A(241 + 61j+ 112k)
Cartesian form of the line is:

E—1 ¥Y—2& E+%
24 61 112
12. Question

:x—-4:}'+3:z+-land
| 7 2 -3 S

find the point of their inters ection. .
class24

x—1 ¥+l z+10

Prove that the lines intersect each other and

Answer

Given: The equations of the two'li

x-4=y+3=z+1mm- :y+1=z+u)

1 - 7 2 —3 3

To Prove: The two lines intersect and to find their point of intersection.

Formula Used: Equation of a line is

Vector form: # — 3 + Ab

Cartesian form: =——=—=
where 3 — X,i+v,j+z,kisapointon the line and by : by : b3 is the direction ratios of the line.

Proof:

Let

*—2 94+8 Z+1
Sl TalE B
-1 Y41 o£+10
2 ~ -3 8 N




So a point on the first lineis (A + 4, 4A1 - 3, 771 — 1)

A point on the second line is (2A> + 1, -3A> — 1, 8A> - 10)
If they intersect they should have a common point.
M+4=2+1=3A1 -2 =-3 ...(1)

4 ;1 -3 =-3h>-1=4A; +3A> =2 . (2)

Solving (1) and (2),

11A> = 14
14
o Sl
Therefore, ), = —
11

Substituting for the z coordinate, we get

—46 2
11 11
So, the lines do not intersect.

13. Question

Show that the lines

. 64 3 and idﬂssza'sect each other. Also, find
>’ Sur Clod

the point of their intersection.
Answer

Given: The equations of the two lines are

- sl - — i
- lzy ..=Z BEndx ‘:l.z}r 1:

2 3 1 5 2

Z

To Prove: The two lines intersect and to find their point of intersection.

Formula Used: Equation of a line is

Vector form: 3 — 3 + Ab

_ X—X. - z—2Z
Cartesian form: : 101 == A
b, b, bj

where 3 = x i+ y,j+ Zlf{ is a point on the line and by : by : b3 is the direction ratios of the line,

Proof:

Let

2—31 ¥Y—<& $—3




X—4 y—1
5 2
So a point on the first line is (2Ay + 1, 3Ay + 2, 4Ay + 3)

_z=)"2

A point on the second line is (5A> + 4, 2A5> + 1, As)
If they intersect they should have a common point.
2A\{ +1 =DM +4=2A -5A2=3..(1)

M +2=2A2F+ 13N -2h2=-1 ... (2)

Solving (1) and (2),

-11A2 = 11

A = -1

Therefore, A1 = -1

Substituting for the z coordinate, we get
4A\{ + 3 =-1and A» = -1

So, the lines intersect and their point of intersection is (-1, -1, -1)

clqss24

14. Question

Show that the lines 2 'nd .7 = 2 do not intersect each other.
S 1
Answer
Given: The equations of the two lines are
X -1 +1 X +1 -2
i L = and — }" = 2
2 3 v 1

To Prove: the lines do not intersect each other.

Formula Used: Equation of a line is

Vector form: § — 3 + b

. X—Xy Y-¥i: 2—Z,
Cartesian form: - = = A
b, b, bg

where g =x i+ y,j+ Z1E is a point on the line and by : by : b3 is the direction ratios of the line.

Proof:

Let

2—1 ¥4l




X4+l yY—=1i
5 1
So a point on the first lineis (2Ay + 1, 3A4 = 1, A4)

—12.Z= 2

A point on the second lineis (5A> -1, A» + 1, 2)

If they intersect they should have a common point.
2A\f +1=5A-1=22\1 -5A> =-2 ... (1)

Iy —~1 St l23~A=2.. 02)

Solving (1) and (2),

-13A2 = -10
10
Az = 13
Therefore, Ay = el
65

Substituting for the z coordinate, we get

33
1=—aﬂd2=2
65

So, the lines do not
15. Question

Find the coordinates of the fc e perpendicular drawn from the point (1, 2, 3) to the line

x-6_y—7_z—7'

_ Also, fir
3 I

d the length of the perpendicular from the given point to the line.

Answer

X-6 y-7 z-7

Given: Equation of line is

3 2 —2

To find: coordinates of foot of the perpendicular from (1, 2, 3) to the line. And find the length of the
perpendicular.

Formula Used:

1. Equation of a line is

Cartesian form: —=——= ——= =

where 3 = x. i+ vy,j+ ZIE is a point on the line and by : by : b3 is the direction ratios of the line.

2. Distance between two points (X1, Y1, Z1) and (X2, yo2, Z2) is

VX1 —%3)2+ (¥, — ¥2)2 + (2, — 2,)?



Explanation:

Let

R— Y~F ¥—d
3 2 @ =2
So the foot of the perpendicularis (3A + 6, 2A + 7, -2\ + 7)

= A

Direction ratio of the lineis 3 : 2 : -2
Direction ratio of the perpendicular is
=>BA+6-1):(2A+7-2):(-2A+ 7 - 3)
= (3A+5):(2A+5):(-2A + 4)

Since this is perpendicular to the line,
3(BA+5)+2(2A+5)-2(-2A+4) =0
29N+ 15+4A+10+4A-8=0

= L7k =~=17

Zb)\z-l

So the foot of the perpendiclilar is (35, 9) } _
Distance — J(g —1)2; l hﬁ‘é‘ —)° C I u SS 24

= V4+9+36

= 7 units
Therefore, the foot of the perpendicular is (3, 5, 9) and length of perpendicular is 7 units.

16. Question

Find the length and the foot of the perpendicular drawn from the point (2, -1, 5) to the line
Xx-11 y+2 z+8

10 - =il

Answer

x-11 y+2 z+8
10 -4 -11

To find: coordinates of foot of the perpendicular from (2, -1, 5) to the line. And find the length of the
perpendicular.

Given: Equation of line is

la Used:

1. Equation of a line is

Cartesian form: — =——= —= = )



where 3 — X.i+y,j+ zlfc is a point on the line and by : b> : b3 is the direction ratios of the line,

2. Distance between two points (X1, Y1, Z1) and (Xa, Y2, Z32) is

'V/(xl —X2)2+ (¥, —¥202 + (2, — 2, )2

Explanation:

Let

x—11 y4+& E£+E
10 -4 -11
So the foot of the perpendicular is (10A + 11, -4A - 2, -11A - 8)

Direction ratio of the lineis 10 : -4 : -11
Direction ratio of the perpendicular is

= (10A+11-2):(-4A-2+1): (-11A-8-5)
= (10A+9) : (-4A-1) : (-11A - 13)

Since this is perpendicular to the line,

10(10A + 9) -4(-4A - 1) - 11GAA - 13) = 0

= 100A + 90 + 16A + 4 # 121A + 143 = 0

— 237\ = -237 2

=KX= =1

So the foot of the perpendicularis (1, 2, 3)

Distance — J(l —2)2+(2+1)2+ (3 —5)2

= V1+9+4

= V14 units

Therefore, the foot of the perpendicular is (1, 2, 3) and length of perpendicular is v/14 units.
17. Question

Find the vector and Cartesian equations of the line passing through the points A(3, 4, -6) and B(5, -2,
7).

Answer
Given: line passes through the points (3, 4, -6) and (5, -2, 7)

To find: equation of line in vector and Cartesian forms

Formula Used: Equation of a line is

Vector form: # — 3 + Ab



_ X—X - zZ—-2Z
Cartesian form: —2 =231 _""T1_ 3
bl. bz bﬂ

where 3 = x. i+ vy,j+ 211’2 is a point on the line and B =b,1+b,j+ ng with by : bz : b3 being the
direction ratios of the line.

Explanation:

Here, 3 = 31 + 4j — 6k

The direction ratios of the lineare(3-5): (4 + 2) : (-6 -7)
=l T8 =13

— 0 R R B

So, b = 2i — 6j+ 13k
Therefore,

Vector form:
I = 3i+4j — 6k + A(21 — 6j + 13k)
Cartesian form:

x—3 Y—% %E+b

2 —6 13
18. Question

class24

of the line passing through the points A(2, -3, 0) and B(-2, 4,

Find the vector and Cartesian eguations
3.

Answer

Given: line passes through the points (2, -3, 0) and (-2, 4, 3)

To find: equation of line in vector and Cartesian forms

Formula Used: Equation of a line is

Vector form: # — 3 + b

where 3 — X,i+y,j+ Z1E is a point on the line and | — b,i+b,j+ bBE with by : bz : b3 being the
direction ratios of the line.

Explanation:
Here, 3 = 21 — 3]
The direction ratios of the lineare (2 + 2) : (-3 -4) : (0 - 3)

=24 :-7:-3



= w2 F T3

So, h = —4i + 7j + 3k
Therefore,

Vector form:

= 2i—3j+ A(—4i+7j + 3k)
Cartesian form:
x-2_y+3_z

—4 7/ 3
19. Question

Find the vector and Cartesian equations of the line joining the points whose position vectors are

(i-2j+k)and (i+3j-2k)

Answer

Given: line passes through the points whose position vectors are (i -2]+ k) and (1 +3]- 2]{),

To find: equation of line in vector and Ca

Formula Used: Equation of &

Vector form: § — 3 +2b

where 3 — X,1+y,]+ 2112 is a point on the line and | — b,i+b,j+ bgﬁ with by : b> : b3 being the
direction ratios of the line.

Explanation:

Here, 3 =] — 2) + k
The direction ratios of the lineare (1 -1) : (-2-3) : (1 + 2)
=50 = =523

=% 0

So, b = —5j + 3k
Therefore,

Vector form:

r=1-2j+k+A(5] — 3k)



Cartesian form:

20. Question

Find the vector equation of a line passing through the point A(3, -2, 1) and parallel to the line joining
the points B(-2, 4, 2) and C(2, 3, 3). Also, find the Cartesian equations of the line.

Answer

Given: line passes through the point (3, -2, 1) and is parallel to the line joining points B(-2, 4, 2) and
(2, 3..3).

To find: equation of line in vector and Cartesian forms

Formula Used: Equation of a line is

Vector form: # — 3 + }LH

T, P i L

Cartesian form: b, b, - A

where 3 — X,1+vy,j+z,kisapointon the line and j — b,i+b,j+ b_-_:lz with by : b : bz being the
direction ratios of the line.

Explanation:

ree-nos (g v Class24

The direction ratios of the'line are (-2 - . ) :(4-3):(2-3)
=x~4: ] 31

=i 7=1 %1

So, b =4i—j+Kk

Therefore,

Vector form:

r=31—-2j+k+A(4i—j+k)

Cartesian form:

X—y ¥Y+d Z—1

4 -1 1
21. Question

Find the vector equation of a line passing through the point having the position vector (1 +2 J — Sk_)

"

and parallel to the line joining the points with position vectors (1 — _] — Sk) and (21 — 3_] — 4k )



Also, find the Cartesian equivalents of this equation.

Answer

Given: line passes through the point with position vector § + 2]‘ s 3E and parallel to the line joining

the points with position vectors { — j 4+ 5k and 2{ + 3j — 4k

To find: equation of line in vector and Cartesian forms

Formula Used: Equation of a line is

Vector form: # — 3 + b

X—X s "
Cartesian form: — = L Y A
bl bZ hi

where 3 — X,i+y,]+ Z:l.E is a point on the line and | — b,i+b,j+ ng with by : b : bz being the
direction ratios of the line.

Explanation:

Here, 3 =i + 2j— 3k
The direction ratios of the lineare (1 -2) : (-1-3) : (5 + 4)
=] LG LD

=1:4:-9

So, b =1+ 4j — 9k

Therefore,

Vector form:

F=1+2j—3k+A(i+4j— 9k)

Cartesian form:

f_{ == 3+
1 4 —4

22. Question

Find the coordinates of the foot of the perpendicular drawn from the point A(1, 2, 1) to the line
joining the points B(1, 4, 6) and C(5, 4, 4).

Answer

Given: perpendicular drawn from point A (1, 2, 1) to line joining points B (1, 4, 6) and C (5, 4, 4)

To find: foot of perpendicular

Formula Used: Equation of a line is

Vector form: 7 = 3 + }‘E



_ X—X - z—2Z
Cartesian form: P . == A
b, b, b,

where 3 = x. i+ y,j+ z,k is a point on the line and | — b,i+b,j+ bgﬁ with by : bz : b3 being the
direction ratios of the line.
If 2 lines of direction ratios aj:a>:az and b1:b>:b3 are perpendicular, then atbi+a>b>+azbs =0

Explanation:

B (1, 4, 6) is a point on the line.

Therefore, 3 =1 + 4j + 6k

Also direction ratios of the lineare(1-5):(4-4) : (6 -4)

= -4:0:2

=%~2:0311

So, equation of the line in Cartesian form is

=31 Y= 2=—0
-2 0 1

Any point on the line will be of the form (-2A + 1, 4, A + 6)

= A

So the foot of the perpendicular is ﬁfﬁm form (-2A + 1, -4,_ /\ + 6) X

The direction ratios of the I?érpehdiéi,;["ar is |

-2A +1-1) : (4-2) :

> XY 5 25 (k3 B) '

From the direction ratio of the line and the direction ratio of its perpendicular, we have
2(-2\) + 0+ A+5=0

=S4\ + A= -5

R = -]

So, the foot of the perpendicular is (3, 4, 5)

23. Question

Find the coordinates of the foot of the perpendicular drawn from the point A(1, 8, 4) to the line
joining the points B(0, -1, 3) and C(2, -3, -1).

Answer
Given: perpendicular drawn from point A (1, 8, 4) to line joining points B (0, -1, 3) and C (2, -3, -1)
To find: foot of perpendicular

Formula Used: Equation of a line is

Vector form: # — 3 + b



=% o At
Cartesian form: —2 =231 _""T1_ 3
bl bz hﬂ

where 3 = x. i+ y,j+ zlf{ is a point on the line and B =b,1+b,j+ bgﬁ with by : bz : b3 being the
direction ratios of the line.

If 2 lines of direction ratios aj:a>:az and b1:b>:b3 are perpendicular, then atbi+a>b>+azbs =0
Explanation:
B (0, -1, 3) is a point on the line.

Therefore, 3 = —j + 3k

Also direction ratios of the lineare (0-2) : (-1 + 3) : (3 + 1)
=-2:2:4

=-1:1:2

So, equation of the line in Cartesian form is

X y+1 % — 3
—1 1 2
Any point on the line will be of the form (-A, A - 1, 2A + 3)

So the foot of the perpendicular is of e form (-A, A - 1,2\ + 3)
The direction ratios of the perpe: I q SS 24
G-~ 12 (A=1=8) s

S (-A-1):(A-9): (2A - 1)
From the direction ratio of the line and the direction ratio of its perpendicular, we have

AR~ A =G 225 ~ 1Y=10

SA+1+A-94+4A-2=0

= 6A = 10
X 5
=S A= —
3

So, the foot of the perpendicular is (_?S,

19)
¢ 3

wilr

24. Question

Find the image of the point (0, 2, 3) in the line

A
19
(ol

Answer



Given: Equation of line is = = =

To find: image of point (0, 2, 3)

Formula Used: Equation of a line is

Vector form: # — 3 + b

, XXy ¥V, z2—z,
Cartesian form: » 5, e A

where 3 = X, 1+ vy, + 21E is a point on the line and E =b,1+b,j+ bgf‘{ with by : b : bz being the
direction ratios of the line.

If 2 lines of direction ratios aj:az:a3z and by:by:b3 are perpendicular, then a{by+asbs+azb3 =0
Mid-point of line segment joining (X1, Y1, Z1) @and (X2, y2, 22) is

(x1+xz Vi Tty Z1+32)
2 - 2 & 2

Explanation:

Let

*trs yY—1 2t%)

B 2 3
So the foot of the perpendicul

class24

The direction ratios of the perpendicular is
(SA-3-0):(2A+1-2):(3A-4-3)
= (5A-3):(2A-1): (3A-7)

Direction ratio of the lineis5: 2 : 3



(0, 2, 3)

——
—— ] E— 1

2 3

pe+3  y-—1 z+4
| O

|
|
|

|
®(a By

From the direction ratio of the line and the direction ratio of its perpendicular, we have
5(5A-3)+2(2A-1)+3(3A-7)=0
=2 29A=-15+4A-24+9A-21=0

= 38A = 38

=>-}\=

So, the foot of the perpendici B -1)

The foot of the perpendicular mid-point of the line joining (0, 2, 3) and (q, B, Y)

So, we have

rz1+0_2 -
il

+ 2

+ 3

s Bl DL

So, the image is (4, 4, -5)

25. Question

X -1 =2 z-3
Find the image of the point (5, 9, 3) in the line — Y — .

2 3 4

Answer



e | =2 z-3
Given: Equation of line is = J — )

2 3 4

To find: image of point (5, 9, 3)

Formula Used: Equation of a line is

Vector form: # — 3 + b

, XXy V¥V, z2—Z,
Cartesian form: » ™ - A

where 3 = X, i+ vy, + Z1E is a point on the line and E =b,1+b,j+ bgft with by : b> : b3z being the
direction ratios of the line.

If 2 lines of direction ratios aj:az:a3z and by:by:b3 are perpendicular, then a{by+asbs+azb3 =0

Mid-point of line segment joining (X1s Y1/ z1) and (Xa, Y2, Z2) is

(§_1_+:lf.2 V1Yo _zl+z_2_)
2 ~ 2 " 2

Explanation:

Let

2—% ¥y—4& g

2 3 4
So the foot of the perpendicul

The direction ratios of the perpendicular is
(A +1-5):(3A+2-9):(4A+ 3 - 3)
= (2A-4) : (BA-=7) : (47\)

Direction ratio of the lineis 2 : 3 : 4

(5,9, 3)

z—1 y—2 z-3
2 3 4

(a B, y)



From the direction ratio of the line and the direction ratio of its perpendicular, we have
22A-4) + 3(3A-7)+4(4A) =0

=2 4A-8+9A-214+16A=0

= 29\ = 29

=2h=1

So, the foot of the perpendicularis (3, 5, 7)

The foot of the perpendicular is the mid-point of the line joining (5, 9, 3) and (q, B, v)

So, we have

a+5 . '
— = —
5 x
B 4+9
> B
+ 3
'YT=7=>'}’= 11

r=(11i-2j-8k)+ {101
Answer

Given: Point (2, -1, 5)

Equation of line = (111—2j—8k) + A (10i —4j— 11k)

The equation of line can be re-arranged as - = =

The general point on this line is

(10r + 11, -4r - 2, -11r - 8)

Let N be the foot of the perpendicular drawn from the point P(2, 1, -5) on the given line.
Then, this point is N(10r + 11, -4r - 2, -11r — 8) for some fixed value of r.

D.r.'s of PN are (10r 4+ 9, 4r - 3, -11r - 3)

D.r.'s of the given line is 10, -4, -11.

Since, PN is perpendicular to the given line, we have,

10(10r +9) -4(-4r-3) - 11(-11r-3) =0



100r+90+ 16r+ 12+ 12ir+ 33 =0

237r = 135
-
237

Then, the image of the point is

x— 11 DB+2 1y+8
=22 " F 9

Therefore, the image is (0, 5, 1).

=1

Exercise 27B

1. Question

Show that the points A(2, 1, 3), B(5, 0, 5) and C(-4, 3, -1) are collinear.
Answer

Given -

A={2123)

B = (5,0,5)

C = (-4,3,-1)

To prove - A, B and C are ._ftd'll ln sar

Formula to be used - If P = (a,b,c) and Q = (a’,b’,c’),then the direction ratios of the line PQ is given
by ((a’-a),(b’-b),(c’-c))

The direction ratios of the line AB can be given by
((5-2),(0-1),(5-3))

={3,-1,-2)

Similarly, the direction ratios of the line BC can be given by
((-4-5),(3-0),(-1-5))

=(-9,3,-6)

Tip = If it is shown that direction ratios of AB=A times that of BC , where A is any arbitrary constant,
then the condition is sufficient to conclude that points A, B and C will be collinear.

So, d.r. of AB

=3 =12
=(-1/3)X(-9,3,-6)
=(-1/3)Xd.r. of BC

Hence, A, B and C are collinear



2. Question

Show that the points A(2, 3, -4), B(1, -2, 3) and C(3, 8, -11) are collinear.
Answer

Given -

A=(23,-4)

B= (1,-2,3)

C = (3,8,-11)

To prove = A, B and C are collinear

Formula to be used - If P = (a,b,c) and Q = (&’,b’,c’),then the direction ratios of the line PQ is given
by ((a’-a),(b’-b),(c’-c))

The direction ratios of the line AB can be given by
((1-2),(-2-3),(3+4))

=(-1,-5,7)

Similarly, the direction ratios of the line BC can be given by

((3-1),(8+2),(-11-3))

=(2,10,-14)

class24

AB=A times that of BC , where A is any arbitrary constant,

Tip — If it is shown that'dire 1LIOS C
1clude that points A, B and C will be collinear.

then the condition is suff(GRREES
So, d.r. of AB
=(-1,~9,7)
=(-1/2)X(2,10,-14)
=(-1/2)Xd.r. of BC
Hence, A, B and C are collinear

3. Question

Find the value of A for which the points A(2, 5, 1), B(1, 2, -1) and C(3, A, 3) are collinear.
Answer

Given -

A= (2851)

B=(1,2,-1)

C= [3:N3)

To find — The value of A so that A, B and C are collinear



Formula to be used - If P = (a,b,c) and Q = (&’,b’,c’),then the direction ratios of the line PQ is given
by ((a’-a),(b’-b),(c’-c))

The direction ratios of the line AB can be given by
(L1-2),(2-3);(~1-1))

=f=1.=3 =2)

Similarly, the direction ratios of the line BC can be given by
((3-1),(A-2),(3+1))

=(2,A-2,4)

Tip — If it is shown that direction ratios of AB=a times that of BC , where A is any arbitrary constant,
then the condition is sufficient to conclude that points A, B and C will be collinear.

So, d.r. of AB
=fe] ~3,~2)
=(-1/2)X(2,A-2,4)
=(-1/2)Xd.r. of BC

Since, A, B and C are collinear,

1
.'s —E(A—Z) — —3
> A—2=6
> A =8

4. Question

Find the values of A and p so that the points A(3, 2, -4), B(9, 8, -10) and C(A, u -6) are collinear.
Answer

Given -

A=(32,-4)

B = (9,8,-10)

C = (A,u,-6)

To find — The value of A and u so that A, B and C are collinear

Formula to be used - If P = (a,b,c) and Q = (a’,b’,c’),then the direction ratios of the line PQ is given
by ((a’-a),(b’-b),(c’-c))

The direction ratios of the line AB can be given by
((9-3),(8-2),(-10+4))

=(6r61_6)



Similarly, the direction ratios of the line BC can be given by
((A-9),(u-8),(-6+10))
=U\-9,|J-8,4)

Tip — If it is shown that direction ratios of AB=a times that of BC , where A is any arbitrary constant,
then the condition is sufficient to conclude that points A, B and C will be collinear.

So, d.r. of AB
=(6,6,-6)
=(-6/4)X(-4,-4,4)
=(-3/2)Xd.r. of BC

Since, A, B and C are collinear,

3
—5(1—9) =6
S A—9=-—4
> A=2"5
And,

3
= (n=8) =6

> u—8=-—-4
> A=4
5. Question

Find the values of A and y so that the points A(-1, 4, -2), B(A, p 1) and C(0, 2, -1) are collinear.
Answer

Given -

A=(-1,4,-2)

B = (A;j,1)

C =(0,2,-1)

To find — The value of A and p so that A, B and C are collinear

Formula to be used - If P = (a,b,c) and Q = (&’,b’,c’),then the direction ratios of the line PQ is given
by ((a’-a),(b’-b),(c’-c))

The direction ratios of the line AB can be given by

((A+1),(p-4),(1+2))

=(A+1,u-4,3)



Similarly, the direction ratios of the line BC can be given by
((0-A),(2-p),(-1-1))
=(-A,2-y,-2)

Tip - If it is shown that direction ratios of AB=a times that of BC , where A is any arbitrary constant,
then the condition is sufficient to conclude that points A, B and C will be collinear.

So, d.r. of AB

=(A+1,u-4,3)

Say, a be an arbitrary constant such that d.r. of AB = a X d.r. of BC
S0, 3 =—a X (-2)

l.e.a = -3/2

Since, A, B and C are collinear,
3
—E(—l) =A+1

> 3A=2A+ 2

class24

6. Question
The position vectors of three points A, B and C are (—41 X 2_] - k)‘( 1+ 3_] = 21{) and

(—-9i + ] — 4]{) respectively. show that the points A, B and C are collinear.

Answer

Given -

A=—4i+2j-3k

It can thus be written as:

A = (-4,2,-3)



B=(1,3,-2)
C= (_9111-4)
To prove = A, B and C are collinear

Formula to be used - If P = (a,b,c) and Q = (&’,b’,c’),then the direction ratios of the line PQ is given
by ((a’-a),(b’-b),(c'-c))

The direction ratios of the line AB can be given by
((1+4),(3-2),(-2+3))

={5,1.1)

Similarly, the direction ratios of the line BC can be given by
((-9-1),(1-3),(-4+2))

=(-10,-2,-2)

Tip - If it is shown that direction ratios of AB=A times that of BC , where A is any arbitrary constant,
then the condition is sufficient to conclude that points A, B and C will be collinear.

So, d.r. of AB

=(5,1,1)

=(-1/2)X(-10,-2,-2)

=(-1/2)Xd.r. of BC

Hence, A, B and C are cullihaﬁr'
Exercise 27C

1. Question

Find the angle between each of the following pairs of lines:

" -
Ll

r=(3i+)-2k)+a(i-j-2k)and r=(2i-j-5k)+p(31-5]- 4k
Answer

Given -, = (3i+j— 2k) + A(i—j — 2k)

&L, = (21— j— 5k) + p(3i — 5] — 4k)

To find — Angle between the two pair of lines

Direction ratios of Ly = (1,-1,-2)

Direction ratios of L, = (3,-5,-4)



Tip — If (a,b,c) be the direction ratios of the first line and (a’,b’,c") be that of the second, then the

axa +bxb’+exd

'J 2 .3 %
JaZ+b2+c2 x ja'“+b/“+c’

angle between these pair of lines is given by cgg~1

The angle between the lines

1x3+(—1)x(=5)+ (- 2)x(—4))
V12 4+ 12 +224/32 4+ 52 + 42

{
— (3+5+3)
o (e

. ws_l(sﬁ)

= COS

15

2. Question

Find the angle between each of the following pairs of lines:
r=(3i-4j+2k)+

Answer

Given - [_,_1' = (3‘i‘ — 4]+ 2 N

&L, = (51) + p(—i+j+ k)

To find = Angle between the two pair of lines
Direction ratios of Ly = (1,0,3)

Direction ratios of L, = (-1,1,1)

Tip — If (a,b,c) be the direction ratios of the first line and (a’,b’,c") be that of the second, then the

axa’ +bxb’+exc’

angle between these pair of lines is given by cog™?

. s 29
JaZ+b24¢2 x [a'“+b' " +¢’

The angle between the lines

_1( 1x(-1)+0x1+3x1 )
= COS -
V12+02 + 32y/12 + 12 + 12

-l




= cos'l(f)

3. Question

Find the angle between each of the following pairs of lines:

f=( i —2])+l(2§—2j+ﬁ) and f=31::+p( i+2ji—212)
Answer

Given - | = (i—2j) + A(2i — 2j + k)

&L, = (3k) + (i + 2j — 2k)

To find — Angle between the two pair of lines

Direction ratios of Ly = (2,-2,1)

Direction ratios of L, = (1,2,-2)

Tip = If (a,b,c) be the direction ratios of

he first line n' ab'g’gzﬂﬂf the second, then the
| : ) £ =%

y axa +bxb +cxc
given by cos™*

angle between these pair of

2 .2 42
JaZ+b2+c2 xJa' +b' "+’

The angle between the lines

_1(2><1+(—2)x2+1><(—2))
= COS
V22 4+ 22 4+ 124124+ 22 4 22

) _1(2—4—2)
— 3 x 3

~ cos™*(~ )

4. Question

Find the angle between each of the following pairs of lines:

X-1_y—-4_z-O5___ X+3 y-—-2 Z+45

1 1 & 3 3 -

Answer




Xx+3 y-2 zZ+5

& L

3 S B

L,
To find - Angle between the two pair of lines

Direction ratios of L1 = (1,1,2)

Direction ratios of Lo = (3,5,4)

Tip - If (a,b,c) be the direction ratios of the first line and (a’,b’,c’) be that of the second, then the

axa' +bxb’+cxc’

angle between these pair of lines is given by cgs—?

T
JaZ+b2+c? xJa' +b' "+’

The angle between the lines

IXI+IXS5S+EIXE )
V124 12 +224/32 4+ 52 + 42

—cas“1(3+5+8)
N V6 x /50

= cos™? (

5. Question

class24

the following pairs of lines:

Find the angle between &

x-4 y+1 z-6 PpPr22y+5 z-3
4 4 5 1 —2 1

Answer

Gwen—i: — ?:%:z—;é

To find — Angle between the two pair of lines

Direction ratios of Ly = (4,3,5)

Direction ratios of L, = (1,-1,1)

Tip — If (a,b,c) be the direction ratios of the first line and (a’,b’,c") be that of the second, then the

axa' +bxb’+exe

{ “ i .
vat+bZ+c? xqa' +b' "+’

angle between these pair of lines is given by cgs~?

The angle between the lines



4x1+3x(-1)+5x1
= cos !
V42 +32 + 52412 +12 + 12

o

4 — 3+5)
= COS

5v2 X V3

<
o ()

= cos ™! (zlf)

6. Question

Find the angle between each of the following pairs of lines:

=% T4I3 1=z i X 1l-y ZHZ
—2 1 3 3 —2 —1

Answer

Gwen—L_l' - ?:?:E

Direction ratios of Ly = (2,1,-3)
Direction ratios of Lo = (3,2,-1)
Tip = If (a,b,c) be the direction ratios of the first line and (a’,b’,c’) be that of the second, then the

axa' +bxb’+exc’

ek P p |
JaZ+b2+c? xJa’ +b’“+c’

angle between these pair of lines is given by cgg™*

The angle between the lines

_1(2x3+1>c2+(—3)><(—1))
= COS
V22 +12 4+ 32y/32 422 4+ 12

6+2+3)

V14 x /14

= cos ! (E)
N 14

7. Question

= cos"l(

Find the angle between each of the following pairs of lines:



