___y=Oand_=_=_
1 -1 3 4 5
Answer
Given—]_,_l.=§=3=i

i 0 -1
T o el e
&L2_3_4_5

To find — Angle between the two pair of lines

Direction ratios of Ly = (1,0,-1)

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

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’

2 2 2
VaZ+b24c? xJa' +b' "+’

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

)

The angle between the lines

V1Z240% -+ 1

= Co§™? (%XS\E)

1
- =1{_
= COS (5)

8. Question

_1( 1xX3+0x4+
= COS

class24

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

5— +3 -1 1- -
x:y ‘z:Sandx 1:1 y:z 5
3 -2 1 3 2

Answer

Given — |, o B A8, Red
- -3 -2 0

8 = 21 50

To find — Angle between the two pair of lines
Direction ratios of L; = (-3,-2,0)

Direction ratios of L, = (1,-3,2)



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 cgg—*
yaZ+b2+c? xJa'2+b'2+c'2

The angle between the lines

i ((—3) X1+ (=2)x(=3)+0x 2)
= coS
V324 22 +024/12 + 32 + 22

— Cos_1 (LM)
Vi3 x V14

=cos™! ({%)

9. Question

— -9 i —

Show that the lines x—3 — y+1 — £—% oy & i - y-4 - £ are perpendicular to each
2 3 4 2 4 2

other.

Answer

To prove — The lines are perpendicular to each other

Direction ratios of Ly = (2,-3,4)
Direction ratios of L, = (2,4,2)
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

2 2 2
VaZ+b2+¢? xJa’ +b' "+’

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

The angle between the lines

_1( 2x2+(-3)x4+4x2 )
Ccos
V22 432 4 4222 4+ 42 4 22

L (4—12+8
= COS (—)

V29 x 24

= cos~1(0)



|
NI A

Hence, the lines are perpendicular to each other.

10. Question

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

If the lines — = and are perpendicular to each other

-3 2A 2 3 1 5
then find the value of A.
Answer
x—1 y—2Z z-3
G - = —_——=—= —
e~ hy =3 22 2

&fz’ _ X1 _y-1_z-6

3 1 -5

To find — The value of A
Direction ratios of Ly = (-3,2A,2)
Direction ratios of L, = (3A,1,-5)

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

angle between these pair

Since the lines are perpen

The angle between the lines

- _1( (—=3) x3A+2Ax1+2x(-5) ) m
cos = —
V32 + (202 +22, /(302 + 12 +52) 2

=>COS_1( —9A+2A—-10 )23
V13 + 4A2y9A2 + 26/ 2
= cos‘l( —A—10 )—E
V13 + 4A2y9A2 + 26/ 2
—7A—10 b
= (\/13 T 4A2VOAZ + 26) = cos3=0
e —-7A—-10=0
10
DA =- =
11. Question

Show that the lines x = -y =2zand x+ 2 = 2y - 1 = - z + 1 are perpendicular to each other.



X f Z #1409 V—y —
HINT:ThegivenIinesare_=}_:_andh = T 2 z~1

2 2 1 11 '
Answer
leen—L1 w Do Lo D
-2 1
e x+2 y—l,"z 5=
&LZ _— — — o —

To prove — The lines are perpendicular to each other

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

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

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

! 4
axa’' +bxb’+cxc

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

2 2

JaZ+b2+c? xJa +b' " +c

The angle between the lines

— (2 X 2+ (—2) xaliF 1% (-—2))
B V2 + 22+ BYIRPRE P

=COS_1(4—2—2)
V29 x V24

os~%(0)

(=)

N A

Hence, the lines are perpendicular to each other.

12. Question

Find the angle between two lines whose direction ratios are
i.2,1,2and 4,8, 1

i.5,-12,13and -3, 4, 5

iii. 1, 1, 2 and (\/_:—1).(—\/5—1).4

iv.a,b,cand (b-c¢), (c-a), (a-b)
Answer
(i): Given - Direction ratios of Ly = (2,1,2) & Direction ratios of L» = (4,8,1)

To find = Angle between the two pair of lines



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 cgg—*
JaZ+b2+c? xJa'2+b’z+c'2

The angle between the lines

2X4+1Xx8+2%1
V22+ 12 +22\/42+ 82 + 12)
8+8+%2

W)

= cos™* (E)
27

2
>3 ] [
cos (3)

(ii): Given — Direction ratios of Ly = (5,-12,13) & Direction ratios of Ly = (-3,4,5)

= cos™? (

=cos™? (

To find — Angle between the two pair of lines

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

angle between these pai

The angle between the lines

5x(—3)+(— 12)><4+13><5)
V52 +122 4 132+/32 1 42 4 52

a
1( ~15— 48«%65)
(

= COS
132 x 5v2
s -1
cos 130)
— -1
cos™(55)

(iii) Given — Direction ratios of Ly = (1,1,2) & Direction ratios of L = (v/3-1,-v/3-1,4)
To find — Angle between the two pair of lines

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’

| YT 2 .2 42
VaZ+b2+c? x ja' " +b' "+’

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

The angle between the lines



- 1x(V3-1)+1x(—/3-1)+2x4
VIZF 12 +22J(\/§— 1)*+(—v3-1)"+42

= CO0S~

(iv) Given - Direction ratios of Ly = (a,b,c) & Direction ratios of L, = ((b-c),(c-a),(a-b))
To find — Angle between the two pair of lines

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’

JaZ+b2+c? xJa'z-t-b’z-i-c'z

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

The angle between the lines

by +cx(a@lqss24

—a)2+(a

13. Question

If A(1, 2, 3), B(4, 5, 7), C(-4, 3, -6) and D(2, 9, 2) are four given points then find the angle between
the lines AB and CD.

Answer
Given -
A=(1,2,3)
B = (4,57)
€ = (-4,3,-6)

D =(2,9,2)



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

=(3,3,4)

Similarly, the direction ratios of the line CD can be given by
((2+4),(9-3),(2+6))

=(6,6,8)

To find — Angle between the two pair of lines AB and CD

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’
r

vaZ+bZ+c? qua

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

,2

2, 2
+b'“+e!

The angle between the lines

o _1( 3X6+3X6+4x%x8 )
V32+ 32 + 42 /6% + 62 +.82

18 + 18 + 32\

@XZ\B_@)

=cos'1( - )
2X 34

= Cos‘l(

=cos™ 11
=0
Exercise 27D

1. Question

Find the shortest distance between the given lines.

r=(2i+]-k)+pu(31-5j+2k).

Answer

Given equations :

r=({0+])+A2i-7+k)



f=(21+7—k) + (31— 5 + 2k)
To Find : d

Formula :

1. Cross Product :

If 3 & b are two vectors

-~

-é = ali+ azj + agk

b =b,i+b,j+bsk

then,
I
axb=|a, a, a;
b, b, by

2. Dot Product :

If 3 & b are two vectors

-~

-é. = a1i+ azj +a3k
b =b,i+b,j+bsk

then,

class24

ab=(@.xb)+(a, x i)

3. Shortest distance between two lines :

The shortest distance between the skew lines F = a + Ab_l and
T=3a,+ Ab, is given by,

(x5 G-
| |b1 szl

Answer :

For given lines,
r=({+])+A2i-j+k)
t=(21+7—k)+ u(3i— 5§ + 2k)

Here,

|

& =1+]

b, =2i—-j+k

I



=2i+j—k

o

b, = 31— 5] + 2k

Therefore,

R | S S

byxb, =12 -1 1
3 —h 2

=i(—2+5)—j(4—3) +k(-10+3)
~byxb,=3i—-j-7k

= |by xby| = 32+ (=12 + (-7)?
=V9+1+49

=59
L-a4=02-1Di+1-1Dj+(-1-0)k

-~

-‘.az—al=i+0i_k

Now,
(by xb;).(3; - 4)
=(Bx1)+((-1)x0

=3+4+0+7

lahéclass24

1)

=10

Therefore, the shortest distance between the given lines is

_|(Byxb,) (& - &)

d= —_—
| |b1 X bzl
)
V59
2. Question

Find the shortest distance between the given lines.
f:(-4i+4j+12)+x(’i+j-i&).
r=(-31-8j-3k)+pu(2i+3j+3k)

Answer



Given equations :
r=(—4i+4+k)+A(i+j—k)

= (—31— 8j — 3k) + u(2i + 3§ + 3k)
To Find : d

Formula :

1. Cross Product :

If 3 & b are two vectors
a=ai+a,j+azk

b =b,i+b,j+bsk

then,
]t 7k
axb=|a, a, a;
b; b, b,

2. Dot Product :

If 3 & b are two vectors
5 = a1i+ azj + agﬁ

b =b,i+b,j+bsk

then,

5.5 — (al X bl) . (az X bz) ¥ (33 X bg)

3. Shortest distance between two lines :

class24

The shortest distance between the skew lines = a, + }\b_1 and

T = 3, + Ab, is given by,

| |b1><bz|

Answer :

For given lines,
r=(—4i+4j+k)+A(i+j—k)
t = (—31 — 8] — 3k) + p(2i + 3§ + 3Kk)

Here,



a, =—4+4+k
b,=i+j—k
a, = —3i—8j— 3k

b, = 2i+ 3j + 3k

Therefore,

_ |t k

by xb;=J1 1 -1
2 3 4

=i(3+3)-j(3+2)+k(3-2)
~b;xb,=61—-5+k

» [by xb,| =62 + (=5)2 + 12

=V36+25+1

3 -1k
*/class24

Now,
(by xb,).(3; —a;) = (61— 5 + k) . (1 — 12] — 4k)
=(6x1)+ ((-5)x (-12)) + (1x (-4))
=6+60-4

=62

Therefore, the shortest distance between the given lines is

I |b1 szl
62
L
V62
d = \/62 units
3. Question

Find the shortest distance between the given lines.



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

f=(4i+53+61&)+p(2§+3j+l}).
Answer

Given equations :

r=(i+2)+3k)+A(i— 3]+ 2k)

(41 + 5§ + 6k) + p(2i+ 37 + k)

To Find : d

T

Formula :
1. Cross Product :

If 3 & b are two vectors

-~

E_l = a1i+ azj +33k
b =b,i+b,j+b,k

then,

-~

ok
b, b, bs

2. Dot Product :

If 3 & b are two vectors

-~

5 = a1i+ azi + 33k
b =b,i+b,j+bsk

then,

E.B _— (al X bi) + (az X b2)+ (ag X b3)

3. Shortest distance between two lines :

class24

The shortest distance between the skew lines ¥ = 3, + ).b_l and

T = 3, + Ab, is given by,

i |(Bxba) (F—a)
| |b1><bz|

Answer :



For given lines,
t=(i+2)+3k) +A(i— 3] + 2k)
= (41 + 5] + 6k) + p(2i+ 3§ + k)

b, =2i+3j+k

Therefore,

_ i i k

by xb, =11 -3 2
2 3 1

=i(-3-6)—j(1—4) +k(3+6)

~by; xb, =—91+3j+

class24

;,-a;=(4-1i+(-2)j+(6-3)k

~@; —a; =31+ 3]+ 3k

Now,

(b, xb,).(a; —a;) = (—91 + 3] + 9k) . (31 + 3§ + 3k)
=((-9)x3)+(3x3)+(9x%3)

=-27+9+27

=5

Therefore, the shortest distance between the given lines is

| |byxb,

9
|v‘171




O

sd=
Vv19.49
.d_. 3
RG]
gV
T 19

4. Question

Find the shortest distance between the given lines.
r=(i+2j+k)+l{i—j+k}

~

fz(2§—'—ﬁ)+p(2§+j+2ﬁ}
Answer

Given equations :

r=(i+2j+k)+A(i-j+

(21 -7 - k) + u(2i

To Find : d

I

' class24

If 3 & b are two vectors

-~

5 = ali+ azi +33k

b =b,i+b,j+bsk

then,
I R A ¢
axb=la; a, a;
by b, b,

2. Dot Product :

If 3 & b are two vectors

-~

5 = a1i+ azi + a3k
b =b,i+b,j+bsk

then,



ab=(a;xby)+(a, xb,)+ (az xby)
3. Shortest distance between two lines :

The shortest distance between the skew lines ¥ = 3, + }\_b_l and
T=3a,+ Ab—z is given by,

g = [Bu% Ba) (&7 - 5)
| by xb,|

Answer :

For given lines,
r=(i+2/+k)+A(i-7+k)
t=(21—7—k)+p(2i+j+2k)

b,=1—-j+k
L=2i—-7-k l
b, =2i+]+2k C 03824
Therefore,
_ _ |t 7 Kk
byxb,=]1 -1 1
2 1 2

=i(—2-1)-7(2-2) +k(1+ 2)
~b; xb, = —3i+ 0j + 3k

[B; B | = (BT 2 ¥ 32
=v9+0+9
=418

=32

LZ—-a,=02-1Di+(-1-2)j+(-1-1Dk

w3 —a; =1-3j—2k

Now,



(b, xb,).(@ —a;) = (-3 +0j + 3k) . (i — 3§ — 2k)
=((-3)x 1) +(0x (—3)) + (3% (-2))
=-34+0-6

=-9

Therefore, the shortest distance between the given lines is

4 |(rxbs) @~ 3)
| [by xb,]

=2

...d=%

5. Question

Find the shortest distance bet he given lines.

class24

Answer

Given equations :

r=(i+2)—4k) + A(2i+ 3j + 6k)
= (31+3j— 5k) + p(—21 + 3j + 8k)
To Find : d

Formula :

1. Cross Product :

If 3 & b are two vectors
a=a,i+a,j+ak

b =b,i+b,j+bsk

then,



I O B
bl bz bz
2. Dot Product :

If 3 & b are two vectors
a=a;it+a,j+azk

b =b,i+b,j+bsk

then,

a.b=(a;xb;)+(a, xb,)+ (agx by)

3. Shortest distance between two lines :

The shortest distance between the skew lines T = a; + )Lb_l and

T = a, + Ab, is given by,

|(bs x b,) .(&; — &)
| b, szl

d

Answer :

For given lines,

t=(i+2]—4k) + (21
= (31+3j— 5k) + u(—2i + 3j + 8k)

Here,

b, = —2i+ 3j + 8k

Therefore,

_ |1 ik

byxb,=[2 3 6
-2 3 8

=1(24 —18) —j(16 + 12) + k(6 — 6)
~b; x b, = 61— 28] + 0k

class24



« by xb,| = /62 + (—28)% + 02

=36+ 784+9

= /820
3,—-a;=03-1i+(3-2)j+(-5+4)k

s —a=2+j-k

Now,

(b, xb,).(3; —a;) = (61 — 28]+ 0k) . (21 +j — k)
=(6x2)+((—28)x1)+(0x(—-1))
=12-28+0

== 16

Therefore, the shortest distance between the given lines is

_|(by xb,) (37 - &)

R I PPN
- | class24
d= ‘/;6% units

6. Question

Find the shortest distance between the given lines.
r=(61+3k)+2(2i-j+4k).

r=(-91+]-10k)+u(4i+)+6k).

Answer

Given equations :
= (61+3k) +A(2i —j+ 4k)
F=(—91+j— 10k) + p(4i +j+ 6k)

To Find : d

Formula :

1. Cross Product :



3 & b are two vectors

-~

.é = 81i+ azj - a3k

b =b,i+b,j+bsk

then,
I R
b, b, b;

2. Dot Product :

If 3 & b are two vectors
a= ali+ azj + agﬁ

b =b,i+b,j+bsk
then,

| bomesimive - 25352 4
T = 3, + Ab, is given by mc‘

_ |(_ xb,) (G - &)

| |b1 szl

The shortest distance b

Answer :

For given lines,
= (61 +3k) +A(2i —j+ 4k)

t=(-9i+j— 10k) + p(4i +j+ 6k)

Here,
a = 6i+ 3k
b, =21 —j+ 4k

Therefore,



i j k
2 -1 4
4 1 6

=i(—6—4)—((12—16) +k(2+4)

by xb, =

~by xb, = —10i+ 4j + 6k

a |by xby| =/(-10)2+ 4% + 62

=100+ 16 + 36

= V152

a,—-a,=(-9-6)i+(1-0)j+(6—3)k

~a, —a; =—15i+j+3k

Now,

(by xb,).(a; —4a;) = (—10i + 4j + 6k) .(—151 +] + 3k)
=((-10)x (—15))+(4x 1)+ (6% 3)

=150 +4 + 18

class24

the given lines is

=172

Therefore, the shortest
g |(BrxP2)- G &)
| |b1 X bzl

B | 172
- ly1852
38

172

— 2—
86
sl
V38
86
=— Units

V38

7. Question

Find the shortest distance between the given lines.

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



r=(1+s)i+(35-7)j+(2s-2)k.
Answer

Given equations :

F=(3-1i+ (4+ 20+ (t—2)k
F=(145)i+(3s-7)j+ (2s—2)k
To Find : d

Formula :

1. Cross Product :

If 3 & b are two vectors

~

5 E= ali+ azj + 33k

E == bli+ bzi'}'baﬁ

then,
I O
axb=
b by b, class24

2. Dot Product :

If 3 & b are two vectors

5 = ali‘l' azj + a3k
b = b, i+ b,j+b,k
then,

a.b=(a;xby)+(a, xb,)+ (agxby)
3. Shortest distance between two lines :

The shortest distance between the skew lines t = a; + ;\b_l and
T = 3, + Ab, is given by,

| [byxb,]

Answer :

Given lines,

F=(B-ti+(4+20j+(t—2)k



F=(1+5)i+(Bs—-7)j+ (2s-2)k

Above equations can be written as
t=(31+4—2k) +t(—i+2j+k)

t=(1—7)—2k) +s(i+ 3] + 2k)

b, =i+ 3j+2k

Therefore,

A B

byxb,=]-1 2 1
1 3 2

=i(4-3)—j(-2-1)

class24

~b;xb,=1+3j—5
- [B x B3] =
=v1+9+25

L,—-a,=01-3)i+(-7-9)j+(-2+2)k

~3;—a =-21—11j+ 0k

Now,

(b, xb,).(a3 —a;) = (i+ 3)— 5k).(—2i — 11j + 0k)
=(1x(-2)+@Bx(-11))+ ((-5 x0)

== 2 = 330

== 30

Therefore, the shortest distance between the given lines is

| by x b, |




—35

s & |_
V35

~d=+35

d = V35 units

8. Question

Find the shortest distance between the given lines.

r=(A-1)i+(r+1)j-(r+1)k.

-~

r=(1-p)i+(2u-1)j+(n+2)k.
Answer

Given equations :
A-Di+A+1j— A+ DK

(1- Wi+ (2p—1)j+ (u+2)k
To Find : d
Formula :

1. Cross Product :

T

T.

If 3 & b are two vectors
a=a,i+a,j+ak

b =b,i+b,j+bsk

then,
|t 7k
b, b, b;

2. Dot Product :

If 3 & b are two vectors

-~

5 = ali+ azj + aak

b =b,i+b,j+bsk

5.5 - (al X bl) + (az X bz) + (83 X ba)

class24



3. Shortest distance between two lines :
The shortest distance between the skew lines T = g, + ),'b—l and
T = 3, + Ab, is given by,

| by x b, |

Answer :

Given lines,

A-Di+ A+ 1Dj— A+ 1Dk

(1-wi+ 2p—1Dj+ (n+ 2)k

Above equations can be written as

r

T

f=(—i+j-k)+ai+j—k)
t=(1-j+2k)+s(-i+2/+k)

Here,

class24

Z=1-j+

b, =—-1+2j+k

Therefore,

I

byxb,=[1 1 -1
-1 2 1

=i(1+2)-j(1-1)+k2+1)
~b, xb, =31—0j+ 3k

by xb,| = /32 + 02 + 32
=v9+0+9

-4 =0+Di+1-1Dj+ 2+ DK



w3 —a; =21—2j+3k

Now,

(b, xb,).(@; —a;) = (31— 0§ + 3k) . (21 — 2j + 3k)
=@3Bx2)+(0x(-2))+(3x3)

=6+0+9

=15

Therefore, the shortest distance between the given lines is

g |(BaxP2) -G = 2)
I by xb,|

n =

class24

§1N|

d === unit
2 units

9. Question

~ A
.

Compute the shortest distance between the lines f = (1 — J) + ?&.(21 —-k) and

-

i: = (2 f— J) + }1(1 = J — k) . Determine whether these lines intersect or not.

Answer

Given equations :
= (-9 +A(2i-k)

F=i-)+u(i-j—k)
To Find : d

Formula :
1. Cross Product :

If 3 & b are two vectors

a=a,i+a,j+ak



b =b,i+b,j+bsk

then,
I R
b, b, b;

2. Dot Product :

If 3 & b are two vectors

-~

a=a,i+a,j+azk

b =b,i+b,j+bsk

then,

a.b=(a; xb,)+(a, xb,)+ (az x by)
3. Shortest distance between two lines :

The shortest distance between the skew lines § = a, + lb_l and
T = a, + Ab, is given by,

g |(BaxP2) G-
| by x b,

class24

Answer :

For given lines,

r=@{-7)+A2i-k)

Here,

a=1-j

b, =2i—-k

a=2i—]

b,=i-j—k

Therefore,

_ |t Kk

byxb,=2 0 -1
1 =1 Q1

=i{(0-1)—-j(-2+1) +k(-2-0)



2by xb,=—i+j—2k

a by xby| = /(-1 + 12 + (—2)2

=Vi+1+4

=6

,—-a;=02-1Di+(-1+1j+(0-0)k

» 3 —a =1+ 0j+ 0k

Now,

(by xb,) . (& — ) = (—i+j—2k).(i+ 0j + 0k)
=((-1)x1)+(1x0)+((-2)x0)
=-140+0

=-1

Therefore, the shortest distance between the given lines is

g |(B1xba) .G~ &
| |b1 szl
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d = — units

e

Asd #0
Hence, the given lines do not intersect.

10. Question
Show that the lines T = (31— 15]+9K) +2 (21— 7]+5Kk). and 1 =(-1+j+9k)+p
( Zi + 3 - 31:;) do not intersect.

Answer

Given equations :




(31 — 15j + 9k) + A(2i — 7] + 5k)

r
F=(-1+7+9k)+p(2i+j—3k)
To Find : d

Formula :

1. Cross Product :

If 3 & b are two vectors
a=a,i+a,j+azk

b =b,i+b,j+bsk

then,
]t 7k
Esz 31 az 33
b, b, b;

2. Dot Product :

If 3 & b are two vectors

-~

5 = a1i+ a2j+a3k

b =b,i+b,j+bsk

then,

5.5 = (al X bl) e (az X bz) + (33 X bg)

3. Shortest distance between two lines :

class24

The shortest distance between the skew lines 7 = a, + lb_l and

T = 3, + Ab, is given by,

g |(BexP2). Gz - 3)
I by x b,

Answer :

For given lines,

I

t = (31— 15j + 9k) + A(2i— 7j + 5k)
F=(—1+j+9k)+p(21+j—3Kk)
Here,

a; = 31— 15]+ 9k



g
I

2i — 7 + 5k

—i+j+ 9k

&
[

b, =2i+j-3k

Therefore,

_ _ |t 7k

byxb,=12 -7 5
2 1 —3

=1(21 -5) —j(—=6 — 10) + k(2 + 14)
~b, xb, = 171 + 16j + 16k

~ by xby| =172 + 162 + 172
| I

= /289 + 256 + 289
=+/834

L-a3,=(-1-3)i+(1+15)j+ (9-9)k

£ 3y —d; = —4i+ 16
Nl class24
(b, xb,).(m3—ay) = 6k) . (—4i + 16j + 0Kk)
= (17 x (—4)) + (16 x 16) + (16 X 0)
=-68+256+0
= 188
Therefore, the shortest distance between the given lines is
g |(B1xba) .G — &)
| b, xb,|
188
= |ﬁ

188 |
d= units

V834

Asd # 0

Hence, the given lines do not intersect.

11. Question



Show that the lines 1 = (21 — 3K ) + . (i+2j+3k) and 1 =(2i +6j+3k )+
(21 + 3_] + 4k) intersect.
Also, find their point of intersection.

Answer

Given equations :

(21— 3k) +A(i + 2j + 3k)

I
Il

= (2i+6j + 3k) + p(2i+ 3j + 4k)
To Find : d

Formula :

1. Cross Product :

If 3 & b are two vectors

-~

5 L= 31i+ a2j+33k
b =b,i+b,j+bsk

then,

class24

]t 7k
b, b, b;

2. Dot Product :

If 3 & b are two vectors

a=ai+aj+ agfi

b =b,i+b,j+bsk

then,

a.b=(a; xb,)+(a; xb,) + (a; x b;)

3. Shortest distance between two lines :

The shortest distance between the skew lines T = a, + }\b_l and
T = 3, + Ab, is given by,

(b, xb,) .G — @)
|b, xb,|

.|
|



Answer :

For given lines,
= (21 —3k) + A(i + 2j + 3k)
= (21 + 6] + 3k) + p(2i + 3§ + 4k)

b, = 2i + 3j + 4k

Therefore,

_ |tk

by xb,=[1 2 3
2 3 4

=1(12-9) —j(4—6) +

~by xb, =31 +2]—

class24

- [B; xB5] =
—VSFaF1

L-a,=02-2)i+(6-0j+B+3)k

~3; —a; =01+ 6]+ 6k

Now,

(b, xb,).(a3; —a;) = (31 + 2j — k). (0i + 6j + 6k)
=(3x0)+(2x6)+((—1)x6)

=0+12-6

=6

Therefore, the shortest distance between the given lines is

|(_ xb,).(@; - &)
b, xb,




V14
d=—6-un1ts
V14
Asd #0

Hence, the given lines do not intersect.

12. Question

Show that the lines fz(i+23+3ﬁ)+l (2:+3}+4l&) and f=(4i+j)+p (5§+23+12)

intersect.
Also, find their point of intersection.
Answer

Given equations :
t=(1+2)+ 3k) + A(21 + 3j + 4k)

= (4i+7) +n(5i+ 2]+

To Find : d

Formula :
1. Cross Product :

If 3 & b are two vectors

then,
R B R
axb=la, a, a;
by b, b,

2. Dot Product :

If 3 & b are two vectors
a=a,i+a,j+ask

b =b,i+b,j+bsk
then,

ab=(a;xby)+ (@, xb,)+ (azxby)

class24



3. Shortest distance between two lines :
The shortest distance between the skew lines T = g, + ),'b—l and
T = 3, + Ab, is given by,

| by x b, |

Answer :

For given lines,
t=(i+2)+3k) + A(2i + 37 + 4k)
F=(4i+7) +u(5i+2j+k)

| &
I
=
-+~

-

b, =5i+2j+k

class24

Therefore,

_ |tk

by xb,=[2 3 4
5 2 1

=1i(3 -8) —j(2—20) + k(4 — 15)
~b, xb, = —5i+ 18] — 11k

= |by by | =/ (=5)2 + 187 + (-11)?

=V25+ 324 + 121

=470

L-a,=0@-1i+(1-2)j+0-3)k

~3—a; =31—7—-3k

Now,

(b, xb,).(@; —a;) = (—5i + 18] — 11k) .(31 — j — 3k)
=((-5)x3) + (18 x (-1)) + ((-11) x (-3))



=ee 1y = 18 £33
=0

Therefore, the shortest distance between the given lines is

_|(by xby) (a7 - &)

d= = s
I |b1><bz|
..,d=|L
V470
~ d = 0 units
Asd =0

Hence, the given lines not intersect each other.

Now, to find point of intersection, let us convert given vector equations into Cartesian equations.

For that substituting ¥ = xj + Yi + 7k in given equations,
~L1: xi+yj+zk = (1+ 2§+ 3k) + A(21 + 3] + 4k)
2L2: xi+yj+zk = (4 i+2j+Kk)

i medelSs24

Sui + 2pj + pk

~Ll:(x—1)i+ (y—
~L2:(x—4)i+ (y—

L1z

2 3 4

~L2:

General point on L1 is
X1 = 2A+1,y1 = 3A+2, z1 = 4A+3
let, P(x4, Y1, z1) be point of intersection of two given lines.

Therefore, point P satisfies equation of line L2.
2A+1—-4 3A+2-1 4A+3-0
“Ts T 2 1
2A—3 3A+1
"Ts T2
=24\ -6=15A+5

= 11N =~11

=2 A=-1



Therefore, xy = 2(-1)+1 , y1 = 3(-1)+2, zy = 4(-1)+3
S =l WE =l gy =El

Hence point of intersection of given lines is (-1, -1, -1).
13. Question

Find the shortest distance between the lines L1 and L, whose vector equations are
r=(1+2]-4k)+2(21+3)+6k) and 1 =(31+3-5k)+p(2i+3+6k).

HINT: The given lines are parallel.
Answer

Given equations :

f = (1+2)— 4k) + A(2i + 3j + 6k)
T = (3i+3j— 5k) + p(2i+ 3 + 6k)
To Find : d

Formula :

1. Cross Product :

class24

If 3 & b are two vectors

~

5 = a1i+a2j+aak
b =b,i+b,j+bsk

then,

-~

1§k
axb=la; a, a,
b, b, b,

2. Dot Product :

If 3 & b are two vectors

a=a,i+a,j+ask

b =b,i+b,j+bsk

then,

a.b=(a;xb,)+(a; xb,)+ (azx by)

3. Shortest distance between two parallel lines :

The shortest distance between the parallel lines t = a + Ab and



