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Exercise 11.2 Page: 477

1:

Show that the three lines with direction cosines

2, -3 ,j;i,g,i;i,j,2 are mutually perpendicular.

13'13 131313 13 13 1313

Solution:

Two lines with direction cosines /,m,,n, and /,,m,,n,,are perpendicular to each other, if

L, +mm, +nn, =0
2 34 J 4 12 3

(1) For the lines with direction cosines, —,—,— and —,—,—, we obtain
L 13 13 13 131313
12 4 (-3) 12 (—4) 3
LL+mm,+nn, = —_x T+ — |x 4| — [x =
13 13 \13) 13 \13) 13
_ 483612
169 169 169
=0
Therefore, the lines are perpendicular.
(i1)For the lines with direction cosines, 1,2,3 and E) ,_—4,2we obtain
131313 13 1313
L1, + +n—ﬂ><§+2><_4+§+lg
v2 T T T T 1o SRR 139 a8 3
12 48 36

== _-— 4
169 169 169
=0
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Therefore, the lines are perpendicular.
(iii)For the lines with direction cosines, 3 A2 2,_—3,_—4 , we obtain
13713713 13 13 13

B R HEHE)

_36 1248
169 169 169
=0

Therefore, the lines are perpendicular.
Thus, all the lines are mutually perpendicular.

2:
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).

Solution:

Let AB be the line joining the points, (1, -1, 2) and (3, 4, -2), and CD be the line through the
points (0, 3, 2) and (3, 5, 6).

The direction ratios, a,,b,,c,, of AB are (3 -1), (4 —(-1)), and (-2 -2) i.e., 2, 5, and -4.

The direction ratios, a,,b,,c,, of CD are (3 -0), (5 -3), and (6 -2) i.e., 3, 2,and 4.

AB and CD will be perpendicular to each other, if a,a, +bb, +c,c,=0

aa, +bb, +cc,= 2x3+5x2+(—4)x4

=6+10-16

=0

Therefore, AB and CD are perpendicular to each other.

3:
Show that the line through the points (4, 7, 8) (2, 3, 4) is parallel to the line through the points
-1,-2,1),(1,2,5).

Solution:

Let AB be the line through the points (4, 7, 8) and (2, 3, 4), CD be the line through the points,
(-1,-2, 1)and (1, 2, 5).

The directions ratios, a,,b,,c,, of AB are (2 -4), (3 -7), and (4 -8) i.e., -2, -4, and -4.

The direction ratios, a,,b,,c,, of CD are (1 —(-1)), (2 —(-2)), and (5 -1) i.e., 2, 4, and 4.

AB will be parallel to CD, if 4 =4 &
a, b ¢

4 _—2_

a, 2
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h_—4A_
b, 4
a_—“4_
c, 4

a _b _q
Y4 b oo

Thus, AB is parallel to CD.

4:
Find the equation of the line which passes through point (1, 2, 3) and is parallel to the vector

3 +2] -2k

Solution:
It is given that the line passes through the point A (1, 2, 3). Therefore, the position vector

through A is G =7 +2] +3k

b=3+2]-2k

It is known that the line which passes through point A and parallel to b is given by
F=d+Ab, where Ais a constant.

:>7=§+2j+31€+/1(3§+2}'—21€)

This is the required equation of the line.

5:
Find the equation of the line in vector and in Cartesian form that passes through the point with
positive vector 2i — j + 4k and is in the direction? + 2j— k.

Solution:
It is given that the line passes through the point with positive vector

a=2-j+4k ..(1)

b=i+2j-k ..(2)

It is known that a line through a point with positive vector a and parallel to b is given by the
equation,

F=ada+Ab

:>7=2§—j+4/€+/1(2+2j—1€)

This is the required equation of the line in vector form.

F=xi—y+zk

=i~y + 2k =(A+2)i +(24-1) ] +(-A+4)k

Eliminating A , we obtain the Cartesian form equation as
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x=2 y+l z-4
1 2 -1
This is the required of the given line in Cartesian form.

6:
Find the Cartesian equation of the line which passes through the point (—2, 4, —5) and parallel
x+3 y—-4 z+8

3 5 6

to the line given by

Solution:
It is given that the line passes through the point (-2, 4, —5) and is parallel to
x+3 y-4 z+8
3 5 6

x+3 y-4 z+8
==
x+3 y-4 z+8
56
Therefore, its direction ratios are 3k, 5k, and 6k, when k #0
It is known that the equation of the line through the point (xl s YO, ) and with direction ratios,

The direction ratios of the line, ,are 3, 5, and 6.

The required line is parallel to

N _YTh _zZ74
b c
Therefore the equation of the required line is
x+2 y—-4 z+5
3k Sk 6k
x+2 y—-4 z+45
s = = =
3 5 6

. X
a, b, c, is given by

k

7:
x=5 y+4 z-—
7

6 .Write its vector form.

The Cartesian equation of a line is

Solution:
The Cartesian equation of the line is
x=5 +4 z-6
YT _Z70 (1)

3 7 2
The given line passes through the point (5, —4, 6). The positive vector of this point is
G=5—4]+6k
Also, the direction ratios of the given line are 3, 7, and 2.

This means that the line is in the direction of the vector, b =3i +7 ] + 2k

It is known that the line through positive vector d@ and in the direction of the vector & is given
by the equation, 7 =d+Ab, A€ R

https/fbwjus.com



tnluser
Stamp

https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S NCERT Solution For Class 12 Maths Chapter 11 Three Dimensional Geometry

The Learning App

:>f:(52—4}+6/€)+ﬂ(3§+7}+2]€)

This is the required equation of the given line in vector form.

8:
Find the vector and the Cartesian equations of the lines that passes through the origin and (5,
-2, 3).

Solution:
The required line passes through the origin. Therefore, its positive vector is given by,

a=0 ..(1

The direction ratio(s ())f the line through origin and (5, —2, 3) are
5-0)=5(-2-0=-2,3-0=3

The line is parallel to the vector given by the equation, b = 5; —2j+ 3k

The equation of the line in vector form through a point with position vector a and parallel to

=G+Ab,AeR

:>7ZG+/1(52—2}'+3/€)

:7:1(52—2j+3/€)

The equation of the line through the point (xl, Y ,zl) and direction ratios a, b, ¢ is given by,

X—X% _Y=In_z27%

a b c
Therefore, the equation of the required line in the Cartesian form is
x-0 y-0 z-0

5 -2 3
r_y_ 2z
5 23
9:
Find the vector and the Cartesian equation of the line that passes through the point (3, —2,
_5)5 (35 _25 6)
Solution:

Let the line passing through the points, P (3, =2, —5) and Q (3, —2, 6), be PQ.
Since PQ passes through P (3, —2, —5), its positive vector is given by,
a=3i-2j-5k

The direction ratios of PQ are given by,
3-3)=0,(-2+2)=0,(6 +5 =11

The equation of the vector in the direction of PQ is

b=0i-0j+11k =11 k

The equation of PQ in vector form is given by, 7 =d+Ab, L€ R
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:>7=(3§—2j—5/€)+11/1/€

The equation of PQ in Cartesian form is
X=X _ Y=y _z-z . x=3 y+2 z+5

*o

a b c o 0 11

10:
Find the angle between the following pairs of lines:

(i) f=2§—5j+/€+/1(35—2j+61€)and
f:7§—6/€+y(f+2j+21€)

(i) f=3§+j—21€+1,1(f—j—21€) and
7 =2i—j—56/€+y(3i—5j—4/€)

Solution:
(1) Let Q be the angle between the given lines.

The angle between the given pairs of lines is given by, cos Q =

The given lines are parallel to the vectors, 51 =3 +2}+6l€ andl;2 =i +2f+2l€, respectively.
.-.\E\ =P +22+6" =7

B, = (1) +(2) +(2) =
. b, (3: 2j+6k). (i +2j+21€)
3x1+2%x2+6x%x2
3+
1

=

4412
9

19
Tx3

19
= Q=cos~
o' (37

(i) The given line are parallel to the vectors, 512 i—j—2k and b,=3i -5 ] 4k respectively.
[ =)+ (1) +(-2) =6
= J(3) +(-5) +(4)" =50 =542

b b, =( - 2k) (32—5}—4/2)

=cos Q=
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=1.3-1(-5)-2(-4)
=3+5+8
=16

cos Q=

\be\

eosQo M6 _ 16 16
J6.52 2B35V2 103

8

53

=cosQ =

11:
Find the angle between the following pairs of lines:
x=2 _y- 1 z+3 x+2 y-4 z-5

and = =
@ 5 -3 -1 8 4
(ii) lezf and X2 "2 273
2 2 1 4 1 8
Solution:

Let b, and b, be the vectors parallel to the pair of lines,

x=2 y-1 z+3 arldx+2_y—4_z—5
2 5 -3 -1 8

b =2i+5] -3k and b, =—i +8) +4k

al=C) +(5>2 +(3) =38

B,]= J(-1) +(8) +(4) =BI=9

b b, :(21+5]—3k).(—i+8j+4k)

=2(-1)+5x8+(-3).4

=-2+40-12

=26

The angle, Q between the given pair of lines is given by the relation,

cos Q =

, respectively.

\b\
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(i1) Let 171 , 52 be the vectors parallel to the given pair of lines,

X y z x=5 y-2 z-3

Z-2-2 and , respectively.
2 2 1 4 1 P Y
b, =2 +2j+k
b, =4i + ] +8k

B, = V4 +1° +8> =81 =9
b.b, = (2?+2j’+1€). (4z°+j'+8/€)

=2x4+2x1+1x8
=8+2+8
=18
| o Qs 5,
If Q is the angle between the given pair of lines, then cos Q = W
1172
8 2
=cosQ=—==
Q 3x9 3
_1(2j
= Q=cos'| =
12:
Find the val ¢ th l-x 7y-14 z-3 arld7—7x_y—5_6—zare at right
ind the values of p so the 3 2 > 3p 1 g
line angles.
Solution:

The given equations can be written in the standard form as
x—1 _ y=2 _ z=3 By x—1 _ y=5 _ z—6
-3 2p 2 -3p 1 -5

7 7

The direction ratios of the lines are -3, 27p , 2 and _3?17 , 1, -5 respectively.

Two lines with direction ratios, «,,b,,¢, and a,,b,,c,, are perpendicular to each other, if
aa, +bb,+cc,=0

.-.(—3).(_3ij+(27pj.(1)+2.(—5)=0
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9—p+2—p:10
7 7
=11p=70
70

T

=

=p

Thus, the value of p = %

13:
Show that the lines x=> = y+2 —Zandi=2=Z2 are perpendicular to each other.
7 -5 1 1 2 3
Solution:
: . . x=5 y+2 =z X Yy z
The equation of the given lines are —— = — = i andT = 5 = 3

The direction ratios of the given lines are 7, -5, 1 and 1, 2, 3 respectively.
Two lines with direction ratios, «,,b,c, and a,,b,,c,are perpendicular to each other, if

aa, +bb,+cc,=0
.‘.7><1+(—5)><2+1><3
=7-10+3

=0

Therefore, the given lines are perpendicular to each other.

14:
Find the shortest distance between the lines

7= 1+2] :+k(u l+ﬂ)i 1=} ) and
G =2§—j—1€+y(2§+}+2}€)

Solution:
The equations of the given lines are

=G +2 ] u+k(u I+H)f 1=} +) and

Fz2f—j—l€+,u(21°+j+2]€)

t is known that the shortest distance between the lines ¥ =4, + b andF =4, + ub,, is given

by,

(B.xB.)-(8,-4)|
—— ~..(1)

bxb)| |

Comparing the given equations, we obtain

d=

a, =i+2]+k
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b =i—j+k
=2i—j—k
b, =2i + j+2k
a—al=(2z Jj k) (f+2]+k)—z—3j+k
iJ ok
hxb,=|l —1 1
2 1 2

b xb,= (-2 — 1)i— (2 - 2)j+ (1 + 2)k= —3i+ 3k = [5x5)

=>[b, xb,|= (3] + (3 =\F9+9=\I8 =342

Substituting all the values in equation (1) , we obtain

(—35 +3l€).(f —3}'—212)

4= W2
:‘—3 1+3(—2)‘
:‘_9‘
NG
3 3x2 32
d=— = =
TR TRk 2

: .. 32 .
Therefore, the shortest distance between the two lines is T units.

15:
Find the shortest distance between the lines x+1 = yzl = ZILland xI?’ = y—25 - ZI7

Solution:

+1 - y+1 _ Z+1and x-=3 :y—5 _ z-=17
-6 1 1 -2 1

It is known that the shortest distance between the two lines,

X=h _YVTh _z274 g X" YT

The given lines are

z—z, . .
= 2 is given by,

a, b, [ a, b, c,
X, =X Y= 2, =%
a b, ¢
a b c
> ) 2
d= ...(1)

\!l(blc2 -b,c )2 +(cla2 -c,q, )2 + (alb2 —a,b, )2
Comparing the equations, we obtain
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x=-1 y=-1 z,=-1
a=7 b=-6 c¢=1
X, =3, Y,=5 7,=7
a=1 b,=-2 ¢ =1

X=X Y=Y -z 4 6 8
Then, |a b c |=[7-6 1
a, b, C, 1 -2 1
=4(-16+2)—6(7-1)+8(-14+6)
~ 163664
=-116
= \(be, ~be Y +(ca, —ca ) +(ab,~ah) =\(-6+2) +({L+7) +(-14+6)
—\16+36+64
=116
=229

Substituting all the values in equation (1), we obtain
-116 58 -2x29 _2y29

=00 ™

Since distance is always non-negative, the distance between the given lines is 2+/29 units.

16:
Find the shortest distance between the lines whose vector equations are

r=(|’+2i+3|2)+z(f—3j+212)
and Fz4f+5j+6l2+,u(2f+3j+l€)

Solution:
The given lines are i +2]+3K +1 (f—3i+2|2)and Fz4f+5j+6l€+u(2f+3j+l€)

It is known that the shortest distance between the lines, F =&, + Ab, and F =&, + ub,, is given

by,

o |(Bxb) (3 -a)
xb] |

Comparing the given equations with I =g, +/161 and =48, + yﬁz , We obtain

(1)
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4, :(42+5}+6/€)—(2+2j+31€):3{+3j'+31€

A j k’\
bxb, =]l =3 2|=(-3-6)i—(1-4)j+(3+6)k=-9{ +3]+9%
2 3 1
=[5 x5 =(-9) +(3)° +(9)° =VBI+9+81 =+I71=319
( xb,)(a :(—9i+3j+9k).(3§+3j+3/€)
—9x3+3x3+9x%3
=9
Substituting all the values in equation (1), we obtain
gl o |3
319 19
Therefore, the shortest distance between the two given lines is 3 units.
J19
17:

Find the shortest distance between the lines whose vector equations are
7 (=1-t)i (+t-2)j (+3-2¢)k and
F=(s+1)i+(25-1)j—(2s+1)k

Solution:
The given lines are

7(=1-1)i (+t -2)] (+3-20)k
:7:(2—2}+3/€)+t(—f+}—2}2) (1)
F=(s+1)i+(25—1)j—(2s+1)k
:(f—j—l@)+s(f+2j—21€) .2
It is known that the shortest distance between the lines, ¥ =d, +Ab, and ¥ =d, + ub, , is given
by,

(6,%5,).(a,-a,)

d= A
B, xB,|

.(3)

For the given equations,
d = z’ - 2}' + 3/€
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d, —d, :(f—j—/%)—(f+2j+3/€):j—4l€

A~ A

ij ok
hxb,=|-1 1 =2|=(-2+4)i—(2+2)j+(-2-1)k=2{-4] -3k
12 -2

=[5 x5 =(2) +(-4) +(-3) =Va+16+9 =29
~(Bxb,).(d,~ad)= (25—4}—3%).(}—4%) =—4+12=8
Substituting all the values in equation (3), we obtain

8 8

[V29] V29

. .. 8 .
Therefore, the shortest distance between the lines is E units.
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