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THREE-DIMENSIONAL GEOMETRY

Wy IMPORTANT FORMULAE V7777,

® If direction cosines of a line are [, m, n then [2 + m? +
n?=1. i
® Direction cosines of the line passing through two

Xg — X

PQ ’

points. P(x, ¥,, 2,) and Q (x,, y,, 2,) are

- 2y —2
lgi)Q—yl, —Zﬁ, where PQ

= o — 2P (3~ 90 + (25~ )
® The numbers which are proportional to direction
cosines of a line are called direction ratios of the line.

® If direction cosines of a line are/, m, n and direction
ratios are a, b, ¢, then

P a . m — b . n p— c
= ——m= n=

Va2 + b7 £ ¢ Ja? + b2 + ¢ Ja? + b2 + 2
® If [, m, n, and [,, m, n, are the direction cosines of

two'lines and 0 is the acute angle between them, then
cos 0= |10, + mm, +nn,|

l

® If a,,b,,c,and a,, b, ¢, are the direction ratios of two
lines, then

‘. {I-| ag + blb'.! + f.'-LCz 1
Ja2 +67 + 2ol 462 + 2

® Equation of a line through a given point Z and parallel

cos 0 =

=S = = -
to p 1S r=a+Adb
® Let the point be (x, y,, z;) and /, m, n be the direction
ratios then equation of the line :

e % = pa VB R

) m n

® Vector equation of the line passing through two points
whose position vectors g and Z is
- > - -
r=a+Alb-a)
® Cartesian equations of the line passing through two
points (x, ¥, z,) and (x,, y,, 2,) are.

X—% _Y=)Y1 _ 2%

Yo—=X1 22—2

= 25
5 2 - 5 -
® Ifo is the_)acuti angle between two lines , — ay+ by
and r = ay,+Aby, then
- -
b1.b2
S (B
|61 ]b2]

cos 0 =

® The shortest distance between two skew lines is a line
segment which is perpendicular on both lines.

- =
® Shortest distance, between twolines r = a;+ 7“;1 and

SE @ 0ibii )

= a2+ I.L b2 1 —3 =S
| | b2x bz | l
® Shortest distance between two lines *—*1 _ Y~ %1 _
z2—2z X=X YRy i iizon B b
o and - a5 by PN

Xog =X Yo—J1 222
a b 51
(¢2) b2 Cy

\ﬁjln ¢y —bycy)? +(craq — coay )2 +(ayby — azbl)2

® Distance between two parallel lines ? L ;;.,. )j; and

— - - bx(c.aa—al)
r=ay+pb l_gi

@ The equation and a plane whose distance from origin
is d and normal unit vector from origin to the plane is
- A

n, in the vector form is r.n =d.

® Ifl, m, n are the direction cosines of the normal to the
plane which is at distance d from the origin, then
equation of the plane is Ix + my + nz =d.

J,
® Let the plane passes through a point A (a). It is
>
perpendicular to the vector N . Then equation of the
I e

planeis (r—q).N = 0.

® Ifaplane passes through (x,,y,,z,) and perpendicular
to the line with direction ratios free a, b, ¢, then the
equation of the plane is a(x —x,) + b (y —y,) + c(z —2,)
= @)

® Equation of the plane passing through three points
(x,, ¥,,2)), (x5, ¥,, 2) and (x,, y,, 2,) is

Yy—-n =z2-2

Xo—%1 Ya—Y1 22—-%|=0

X3=% Y3=) 23-2%

- o

® Though three points whose position vectors are q,b

x_xl

=
and ¢ vector equation of the plane is

-5 5 o S - -
(r—a).llb-a)x(c—a)l=0
® Equation of a plane which intersect the axes at (a, 0,

0), (0, b, 0) and (0, 0, c) life Z+2+2=1.
a b ¢



N ) - >
® Let the equations of two planes be r.n,=d; and r.n,

= d,. The equation of the plane passing through the
line of intersection of the plane is

g+ Any) =d, +d,.

® Equation of the plane passing through the line &
intersection of planes A x + B,y + Ciz+D;=0and Ax
+By+Cpz+D,=0is
(ax+by+cz+d)+Magx+by+cz+d,)=0

E_Y TN _E-Z and X%z _ Y~ Y2

) x
® The lines

1 by 5] Qy by
Xg =X Yo=Y 22—2
Z— 22 =
LT R2 ] . c =0
=", arecoplanar, if & b 1
& y b Cy

® The angles between the two planes is the angle

between their normals. The angle g between the planes
- = - >
r.ny =d, and r.n, =d, is given by

- -
| ny.ng |

- -1 " 7LPa
0 = cos s ——

Ing | Iny |
- - - - A

® Let the line and plane be r = g+Ap and r.n =d
respectively and 6 be the angle between the plane and
the line, then

- -

b.n

- -
. o] |n]

® The angle 6 between two planes Ax+By+Ciz+D,
=0and Ayx + By + C,z + D, = 0 is given by

sin 0 =

AA, +BBy+CC, |
JAZ +Bf+Cf.£§ + B2 +C§‘

0 = cos™!

® In vector form the distance of a point whose position
- - - A

vector is a,, from the plane r.n =d is(d - a.n).

® The distance of a point (x4, ¥y, 2,) from the plane Ax +

IAxl + Byl + CZl + D'

VA% +B? 4+ (2 ,

By + Cz+D=is

w Multiple Choice Questions 7.0

1. The direction cosines of z-axis are : (BSEB, 2013)
(2)0,0,0 (b)1,0,0
(0,1,0 (d)0,0,1

2. Equation of a plane not cuts the co-ordinate axis at
(a,0,0)(0,5,0)and (0, 0, ¢) is : (BSEB, 2013)
(@ax+by+zr+d=0 (b)ax+by+2zx=0
© Z+24+Z2-9 @ -2 2.9

a b ¢ a b c

3. The distance between (4, 3, 7) and (1, — 1,-5)is:
(BSEB, 2013)

(a) 5 (b)5 (c) 13 (d) none of these

x
. The necessary condition for the line 7

. If O be the origin and the co-ordinates of p be (1, 2, - 3),

then the equation of the plane passing through p and
perpendicular to OP is : ) (BSEB, 2013)
(A)x+2y-32-14=0 b)x+2y+832=14
Dx—2y+32=14 dx-2y-832=14

. The direction cosines of the normal to the plane

2¢x—-3y—-6z~3=0are: (BSEB, 2010)
2 3 6 2 3 6
(a) T Ty (b) T
2 3 6
(c) T T (d) none of these
-5 4 -6
. The line < o 2 ; . > (BSEB, 2010)

(a) passes through (5, — 4, 6)

(b) has direction cosines 3, 7, 2

(c) is perpendicular to 3x + Ty — 22 = 0
(d) none of these

. For a straight line having direction coming /, m, n,

P +m2+n2:
(a)0

(BSEB, 2014)
(d) 2

—hH _Y—Hh
T om

(b1 (e)-1

=2"4 to be parallel to the plane ax + by + cx + d =
Ois: (BSERB, 2014)
@al+bn+cn=0 ®)al +bn +cm =1

!
() —= n.z (d) none of these

a b ¢ .

9. If a straight line makes equal angles with the co-ordi-

nate axes, then its direction ratios are :
()1,2,3 (b)3,1,2
(©3,2,1 di1,1,1

10. The co-ordinates of the point, which is equidistant from

11.

12.

13.

the points (0, 0, 0), (a, 0, 0), (0, b, 0) and (0, 0, ¢) are :
a b ec abdbec
@ (555) (b)(‘§’§’éJ

a bec ab ¢
©(3-35) @ (55-5)

The direction cosines of the y-axis are : (BSEB, 2015)

(@)(0,0,0) (0)(1,0,0) (c)(0,1,0) (d) (0, 0,1)
If the line 2= - Y701 _ 2721 ;o orallel to the
m n
plane ax + by + cz + d = 0, then : (BSEB, 2015)

a b ¢
(a) 5 =—=— Bal+bm+cn=0
I m n

©al?+bm2+cn?=0 (d) a?? + b%m2 + ¢2n2 =0

If the planesax + b,y + cz+d;=0andayx+by + c2

+d, = 0 are perpendicular to each other, then :
(BSEB, 2015)

@a-b_a b Db
ay by o @ b o
(€)a,a,+bb, +cc,=0 (d) a?a? +b2b2+c22=0




A R L y

| St |

14. The distance of the plane 2x + 3y + 6z + 7 = 0 from the
point (2,-3,—1)is: (BSEB, 2015)

1
(a) 4 (b) 3 (¢)2 (d) 5
15. The directions ratios of the line joining the points (x,,
¥ 2,) and (x,, y,, 2,) are : (BSEB, 2015)
(@) x, + X, ¥, +Yp 2, + 2,

(b) \/Uﬁ —xy)% +(yy — y2)? + (2 — 25)?

X txy Y1+HYe 2 +2
© 5Ty T
D x,—%, ¥, - Y12, — 2,
16. The co-ordinates of the mid-point of the line segment
joining the points (2, 3, 4) and (8, — 3, 8) are :
(BSEB, 2015)
(a) (10, 0, 12)(b) (5,6, 0) (c)(6,5,0) (d)(5,0,6)
17. If the direction cosines of two straight lines are [, m,
n, and l,, m,, n, then the cosine of the angle 6 between
them or cos 0 is : (BSEB, 2015)
(@, +m +n),+my+n,)

" (b) l_1+ﬁ.+£1_
l2 my noy

@l +mm,+nn,
) @ lll i‘ml tm
o +Mg +1y
18. The direction ratios of the normal to the plane 7x + 4y
—22+5=0are: . (BSEB, 2015)
@17,45 M®174-2 (©7,4,2 (d0,0,0
Ans: 1. (d), 2. (¢), 3. (c), 4. (a), 5. (a), 6. (a), 7. (b), 8. (a),
9. (d); 10. (a), 11. (0), 12. (a), 13. (¢), 14. (a),. 15. (d),
16. (d), 17. (c), 18. (b).
m Very Short Answer Type Questions ‘0007
Q. 1. If a line makes angles 90°, 60° and 30° with
the positive direction of x, y and z-axis respectively,

find its direction cosines.
(Rayj, 2014; Uttrakhand, 2014)

Solution
1 -
[ =cos 90° =0, m =cos 60° = E,n=c0s30°= g
1
.. Direction cosines of the line are 0, 9 g .

Q. 2. Write the cartesian of the straight line
through the point (a, f, y) and parallel to z-axis.
[AI CBSE, 2014 (Comptt)]
Solution
-+ Line is parallel to z-axis and d.c.’s of z-axis are 0,
0,1 : '
~. D.C.’s of the line are 0,0, 1
Also the line passes through the point (o, f, v)
.. Equations of the line are

x—o _y-f z-vy
0 ~ 0 1
Q. 8. Write the distance of a point p (a, b, ¢) from
x-axis. [CBSE, 2014 (Comptt.)]

Z .
P (a,b,c)
0 / ©
a Y
N
/ i "
X
Solution
Let m be the foot of the perpendicular from p or XOY

plane.

‘Let N be the foot OX the perpendicular from M on x-
axis.
Then, ON=a, NM =4, MP =¢
. Distance of p from x-axis = NP

= YNM? + MP?

Q. 4. If the cartesian equations of a line are :

3-x y+4 22-6 . .
= = , write the vector equation for

5 7 4 ,
the line. (Al CBSE, 2014)
Solution

8-x y+4 2z-6
5 7 = 4
x—3 y—-(-4) 2-38
= 05 T 7 T2
s A o) A
a =31 —J +3¢k
- ” o] -
b =-51 +7J +3k
.. vector equation of the line is
- - -
r=a+Ab
= r =B —4] +3E)+A(=3] +7] +28)

where A is a parameter.

Q. 5. Write the vector equation of a line passing
through the point (1, - 1, 2) and parallel to the line
whose equations are

-3 -1 +1
L E 5 [CBSE, 2013 (Comptt.)
Solution
g A e ~
Here, a =1 -J +2¢%
bnd ~ ~ ~
b=1+2]-2¢
Hence, the vector equation of the line is

- -
a+Ab

~!0 vl
1]

= (G-J+2R)+( +2] -2k)
where A is a parameter.




Q. 6. Find the cartesian equations of the line
which passes through the point (- 2, 4, - 5) and is
parallel to the line

x+3 4-y 2+8
- —— (CBSE, 2013)
Solution
x+3 4-y 2+8
3 5 6
x+3 y—-4 2z+8
¥ 3 T 5 s

cartesian equation of the line are
x+2 y—-4 z+5
3 -5 6
Q. 7. Find the equations of the straight line

which passes through the point (0, - 1, 4) and is par-
allel to the straight line.

—-x—2 y+3 22-6
1~ 7 3
x+2 y+3 _2z-3

= 1% 7 32
x+2 y+3 _2z-3
-2 T 14 3

Hence the equations of the required straight line are
x-0 y+1 z-4

-2 14 3
x _y+l_z-4
= 9% 14 3

Q. 8. If a line has direction ratios 2, - 1, - 2,
determine its direction cosines. (USEB, 2013)

Solution

J2?+ (12 +(-22 =9 =3
.. Direction cosines are
2 1 2

573 s .
Q. 9. Find the direction cosines of the unit vec-

tor perpendicular to the plane ;) (6 - 3.;' -2k)+1

=0. (Raj Board,, 2013)
Solution
A vector perpendicular the plane is (67 — 3 -2k
. A unit vector perpendicular to the plane is
6i —37 — 2k
V() +(=3) + (- 2
_ 61-37-2k
- 7
_8; 3:_2;
= 1
I . . 6 3
.. Direction cosines of the unit vector are 70 T
B
7"

Q. 10. Find the value of q, if the straight line

x-1 _ y-3 z-4 x-2 _ y-5_ =z-1

s =4 A and 1 =3 _, areper-
pendicular to each other. (JAC, 2014)
Solution

If the given straight lines are perpendicular to each
other, then
a,a,+bb, +cic, =0
=252 D+@B@+MNET7=0

= 2+12-7A=0

= 14-7A=0

= A =14

= A=2

. 1-x Ty-14 2-3 7T-Tx

Q. 11. The lines 3 - 2p =3 m‘ld 3p
= yli =0 ; £ are perpendicular to each other. Find
the value of p. (Raj. Board,, 2013)
Solution

The given lines are
1-x% Ty-14 2z-3

3. =~ 2p 2
x-1 y-2_ =z-3
= _3 = 2/7p_ 2 .--(1)
=" _y-5_6-2
an 3 = 1 = 5
x-1 -5 2-6
= BAE
= _3/7p . 1 _5 ---(2)

If the lines (1) and (2) are perpendicular to each other,
then

a,a,+bb,+cpe,=0

3 2
= (-3) (‘;P)+(7P)(1)+(2) -5)=0

9p 2p
—t — =

= 7 7 10=0
11p

= 7 -10=0

11p

= 7 =10

_ 710

i =1

Q. 12. Find the acute angle between the planes
2x~y+z2+8=0andx +y+2z-14 = 0. (BSEB, 2014)
Solution

@D+ (1) D+ D)2
V@72 + (=12 + (2 JO)2 + (1% + (2

cos 0 =

;W o|w

= cos 60°



A\ V] - L

Llav.vave anday

= 6 = 60°

Hence the required acute angle is 60°

Q. 13. Find the angle between the planes 2x + y
-22=5and 3x-6y-22="7. (Raj. Board, 2014)

Solution
_ )3+ D) (-6)+(-2)(-2)
cos 0 = ‘ = =
J@P + % + (22 (3% + (~6)% + (- 2
o4 4
3x7 21
9= -1 (ij
= = cos™ | 57
. 4
Hence the required angle is cos™! (2—1) .

Q. 14. Find the angle between the lines 25

y+3 _ ' x_l—y_z—G
1 ,z—7andT- 2 -~ g (JAC, 2013)
Solution
The given lines are
5—x = y+3 __—7_
3 -4 0
x—9 _ y+3 _=2-7
¥ -3 T -4 o
x l1-y 2-6
and 1 - 72 "2
-1 -6

CHDHDED+O@
080= 3+ 4R+ 02 Y + 2P 2P
5 5

)

: 1
Hence the required angle is cos™! (3) .

= = cos!

o sw
w/

Q. 15. Find the acute angle between two lines
that have the direction ratios (1,1, 0) and (2, 1, 2).
Solution

M 2)+DM D) +(0)(2)

088 = 21240 JR 12122
_2+1+0 i
T 2x3 T 2
- 0 = 45°

Hence the required acute angle is 45°.

Q. 16. Find the length of the perpendicular
drawn from the origin to the plane 2x - 3y + 6z + 21
=0. (AI CBSE, 2013)
Solution

Length of the perpendicular

_200-300+60+21 21

J@r+3%+6? 7
= 3 units

 Short Answer Type Questions 722200

Q. 1. Find the co-ordinates of the point where
the line through the points A (3, 4, 1) and B (5, 1, 6)
arises the xy-plane. - (USEB, 2014)
Solution

Equation of the line through the points A (3, 4, 1)
and B (5, 1, 6) are :

oS
|

S

[\

8

‘< =
|

Y

8 o
w W
..p.p
N o

= 2 T 23 5

Equation of xy-plane isz = 0.

If cosines the xy-plane at the point of which z = 0
therefore, putting z = 0 in the equation of the lines, then

x~3 _ y-4_0-1_ 1
2 =~ -3 5 5
o, 21
= TECTETs
R
V=TT
13 23
Hence, the required point is 55 0
Q.2.Show that thelines 2=% - ¥=7_2+3 4
-4 4 -5
x;8 = 2y2—8 =272 are coplanar. (CBSE, 2014)
Solution

The co-ordinate of coplanar is
8-9 4-7 5-(-3)

4 4 -5 -0
7 1 3
. . 5—x y=T7 2z+3
The given lines are 4 =1 F =
and x—8 _ 2y—8:z—5
7 2 3
. =5 _y-T7 2+3
4 4 -5
and el = y_—4:z_—§
7 1 3
3 -3 8
Y 4 4 -5 -0
7 1 3
=3(12+5)-3(-35-12)+8(4-28)=
= 51+161-176 =0
= 0 = 0, which is true

Hence the given lines are coplanar.



\L‘tlJ

Q. 3. Find the equation of the plane that con-
tains the point (1,
dicular to each of the planes 2x + 3y -22 =5 and x +

2x - 32 =8. (USEB, 2014)
Solution
Any plane through the point (1, — 1, 2) is given by
Ax-1D+By+1)+CE-2)=0 (D)

whose A, B, C are the d.v.’s of the normal to the plane
*+ (1) is perpendicular to the plane

2¢+3y-22 = 5
2A+3B-2C =0 .(2)
“ (1) is perpendicular to the plane
x+2y-3z = 8
A+2B-3C = 0 .(3)

from (1), (2) and (3) determln-
antically, we get
x—1 y-1 z-2

2 3 -2|_

1 2 -3
SE9+DEx-D+(-2+6)(y-1)+(4-3)(z-2) =
= - 9% +5+4y-4+2-2=0
= ~Ox+4dy+2=1
which is the required equation of the plane.

Q. 4. Show that the line x+33 =Y ;1 = z;9 and

x+1 y-2 2-5
i = == are coplanar.
[((USEB, 2013; CBSE, 13 (Comptt.)]
Solution

The co-ordinates-of coplanar

-D~(-3) 2-1 5-5
-3 1 5 =0
-1 2 5
210
= -3 1 5/ =0
-1 2 5
= 2(6-100+1(-5+15)+0(-6+1)=0
= -10+10+0 =0

= 0 = 0 which is true.

Hence the given lines are coplanar.

Q. 5. Write the vector equation of the plane pass-
ing through the point (a, b, ¢) and parallel to the

plane r .({ + J + k)= (CBSE, 2014)

Solution
- A = ~
Here, d = ai +bj+ck
- ~ N ~
n =1+J+k
.. vector equation of the plane is
- -
(r —d)n =0
- - - -
= rh-d.n =0
- > - =
= rn =4d.n

- 1, 2) and is perpen- |

(ai +b] + ch).G + jt+k)

= G +T+h)

‘:J, N

= G +J+k)=a+b+e

Q. 6. Find the vector and cartesian equation of
the line passing through the pomt (2, 1, 3) and per-
pendicular to the lines

x-1 y-2 2-3
1 - 2 3

(AI CBSE, 2014)

X
and —3

Solution
Let l, m, n be the d.c.’s of the line.
"+ line is perpendicular to the lines

1 2 3
x _Y_Z
and g =9 =%

IWD+m)+n3) =0
(=3 +m@)+n(B)=0

e o e T
10-6 -9-5 2+6
i mn
- 4714 38
l m n
= E = ——I_Z =7\,(say)
= I=2, m==TA,n=4A
.. Equation of the line are
y-2 y-1_2-3
26 —7A 4\
x-2 y-1 2-3
= 2 T 774
Q. 7. Find the volume of p, so that the lines l:
- 7y-14 - -5 b-
1-x _ 7y =Z3andl 7y=y5=bz
3 2 2 3p 1 5

are perpendicular to each other. Also find the equa-
tions of a line passing through a point (3, 2, - 4) and
parallel to line /,. (Al CBSE, 2014)

Solution
The given lines are
1-x Ty-14 2z-3
- E =
3 p 2
1-x y—2 z-3
. — =
= 1' T3 o/ ) (1
7-Tx y-5 6-z |
and 12 3p = T— 5
1-x y-5 2-6
Ux = ——= .2
2 _8/7p 1 -5 @

If the lines [, and /, ane perpendicular to each other,
then

3 p
-3) (——p) (7) -1)+(2)(=5)=0




9 p
—p+=-10=
= p+z -10=0
10
= =2 _10=0
7
- 10p = 70
= p=1

- DR’s of line [, are - 3, 1, 2.
Hence, the equation of a line passing through a point
, ) x—-3 y-2 2z2-2
(8, 2,—4) and parallel to the line 2 are 31 " 3
Q. 8. Find the vector equation of the plane
through the points (2, 1, - 1) and (- 1, 3, 4) and per-
pendicular to the plane x - 2y + 4z = 10.
(AI CBSE, 2013)

Solution
Any plane through the point (2, 1, — 1) is given by
Ax-2)+By-1D+c(z+1)=0 ...(1)

whose A, B, C are the d.r.’s of the round to the plane.
If plane (1) passes through the point (- 1, 3, 4), then
A1-2)+B3B-1)+C4+1)=0

= A(=3)+B2)+C((5)=0

If plane (i) is perpendicular to the plane x — 2y + 4z =
10, then

AD+B-2)+CH¥) = ..(3)

Eliminating A, B, C from (1), (2) and (3) deter-
minantically, we get

x-2 y-1 z+1

3 2 =0

1 -2 4
= @-2B+10)+@F-DG+12)+E+1)(6-2)=0
= 18Gx-2+17(p-1+4GE+1) =0
= 18x + 17y + 42 = 49

Q. 9. The position vectors of the two points A

andBare3i + ,; +2k and i —2,;' 4 k respectively.
Find the vector equation of the plane passing

through B and perpendicular to AB (JAC, 2014)
Solution
Here, Zl) =i _-2] -4k
no=(-2]-4k)-Gi + ] +2k)
=-2{ -3] -6k

Hence, the vector equation of the required plane is

:>(7 —2)4—{ =0

-5 > - -
= r.n=d.n
—r—2] -3] -6h)=(§ 2] —4k)(-2{ 8] -

6k)
=—-2+6+24=28

— n A R
=r . (2] +3] +6k)+28=0

Q. 10. Find the equation of the plane passing

therefore the line of intersection of the planes ;-) .

G+j+h)=1and r. @i +8] - k) +4=0are
parallel to x-axis. {AI CBSE, 2014 (Comptt.)]
Solution

Any plane passing through the line of intersection of

the planes
r G+j+h)=1 (D)

and r 2] +3]—F)+4=0 (2
is given by

S A 4 A - N A N
r.(i +J+Rk)=1+A[r.(27 +3J-k)+4] =
where A is a parameter.

o P {1+20] +A+30] + A -V} -1+40=0
(3)
Here, n= (207 +(1+30] +A-VE
DR’sof thenormalare 1 + 2A, 1 + 3\, 1 - A
plane (3) is parallel to x-axis.
Norma.l to the plane (3) is perpendlcular to x-axis.
A A+20W+A+30) O+ (A -2 =

= 1+2\h= 0
1
= A= -3
Putting the value of A is (3), we get
- 1A
= {—5] + = k} 3=0

r-j+8k)=6
o d ~ A
r(Jj-3k)+6=0
@i +yJ +2k)(] -3k)+6=0
y-32+6=0
Q. 11. Find the vector equation of the line pass-
ing through the point (1, 2, 3) and parallel to the
planes r.(i - +2k)=5and ».B3{ + j + k) =86.
(AI CBSE, 2013)

Ly

Solution
Let the line be parallel to the vector

Ed N A A
b =byi +b,J +byk
Since the line is parallel to the planes ;) (= j +

2h)=5and r (37 + ] + k) =6, therefore the line will be
perpendicular to the normal to each of these planes, there-
fore,

b,+2b, =0
311) +?) +b =0
b b _ b
-1-2 " 6 1+3
b _b_ b
- 375 4




Z =-37 +5) +4k
Hence the vector equation of the required line is

N
r o= a +A b
S Y= (G 42] +3k)+0 (3] +5] +4k)
where A is a parameter.
+1 +3 z+95
Q. 12. Show that the lines ——— = 2=~ =
. 3 5 7
x-2 -4 -
and = 4 3 =2 5 intersect. Also, find their
point of intersection. (CBSE, 2014)
Solution
The given lines are
x+1 y+3 2z+5
3 =5 " 7 =r (say) (D)
x-2 y—4 2-6
and 1 =3 73 =R (say) ...(2)

Any point on line (1) is (-1 +3r,—3 + 5r,= 5+ 7r)
Any point on line (2)is (2 + R, 4 + 3R, 6 + bR)
If lines (1) and (2) intersect, then at the point of in-
tersection for some value of r and R, we have
~-1+3r=2+R
-3+5r=4+3R
-5+7r=6+5R
= 3r-R=3 (3)
5r—3R =17 ...(4)
Tr-5R =11 ...(5)
Solvinig equations (3) and (4) for r and R, we get
1 3
r=3:8=73
These values of r and R satisfy equation (5) as

1(2) -6 (-2) - 1150
9 = 2 = 18 true

Hence the given lines (1) and (2) intersect.

1
Point of 1ntersectlon Putr = —, we have

9
3 1
—1+3r=—1+§ 9
5
—3+5r=—3+§ =—%
~5+7r=—5+%=—%

1 1 3
Hence the point of intersection is (5’ T 5)
Q. 13. Find the vector and cartesian forms of
the equation of the plane passig through the point
1, 2 4) and parallel to the lines:

r =i +2j- 4k +A(2i +3j +6F) and rei-

3} +5k +|.L(l + J - k). Also, find the distance of

the point (9, - 8, - 10) from the plane thus obtained.
[CBSE, 2014 (Comptt.)]

Solution

- A ~ A
Here, d =1 +2j —4k

- - -
r niyxXng

©2i+3] +6E)x (i + ] - k)

1} ]
= 0 o
N B

i
= |2
11 -1
(—3-6)i +6+2)] +2-3)F

= -9; +8] -k
Hence, the equation of the required plane is

- - =
(r —d)n =0
- > - -
= r.n-d.n =0
- - - -
= r.-h=d.h

(+2]~4k).(-9.+8]—F)

=(DxN+@ @)+ (=4 (-1
-9+16+4 :

11

- ~ A A
= r.(-9+8;-k)

=, = n N 2

=7 9 —-8j+k) +11=0 (D)

which gives the vector form of the equation of the
plane.

= (xi+yj+2k).(9i —8j+k) +11=0

= 9x -8y +2+11=0 ..(2)
which lines the cartesian form of the equation of the
plane.

Distance of the point (9, — 8, — 10) from the plane (2)
9(9)-8(-8)+(10)+11
J9)? + (- 8) +(1)?
81+64-10+11 146

J8l+64+1 146

= /146 units

Q. 14. Find the distance between the point (7, 2,
4) and the plane determined by the points A (2, 5, -
3),B(-2,-3,5) and C (5, 3, - 3). (CBSE, 2014)
Solution

Any plane passing through the point A (2, 5, — 3) is
given by

ax-2)+b(y-5)+c(z+3)=0 ...(1)

where a, b, ¢ are the d.r.’s of the normal to the plane.

If (1) passes through B (- 2, - 3, 5) and C (5, 3, 3), we
have

a(-2-2)+b(-3-5)+c(B+3)=0

= —4a-8b+8c=0 ...(2)
and, a (5-2)+b38-5)+c(-3+3)=0
= 3a—-2b+0c=0 ...(3)

eliminating a, b, ¢, eterminantically from equations

(1), (2) and (3), we get



x-2 y-5'2z+3

-4 -8 8/ =0
3 -2 0
=(0+16)(x—2)+(24-0)(y-5)+(8+24)(z+3)=0
= 16(x—2)+24(y—-5)+32(z+3) =
= 2x-2)+3(@y-5)+4(z+3)=

= 2x + 3y + 4z — 7 = 0 which is the equation of the
plane ABC.
Distance of the point (7, 2, 4) from this plane
2(N+32)+4(4)-7
V22 +3% 4+ 47
14+6+16-7
= J4+9+16

29
= E = /29 units

Q. 15. A line passes through (2, - 1, 3) and is
perpendlcular to the lines : = +J k) + A

@i -2j+ k) and r = 2i-j-3Fk) +p (l+2J+2k),
obtain its equations in vector and cartesian form.

(AI CBSE, 2014)

Solution
- " oA N
Here, a =21 -] +3k
5= mxnm
= (2 —2]+E) x (G +2] +2k)
i j ok
_ 12 -2 1
1 22
= (—4- 2)l +(1-4)J +(4+2k
= -6; —3J +6k
Hence, the equatlon of the line in the vector form is
r = Z+tb [where t is a parameter,]
= Fo= (2 - j+8k) + A6l —3)—6h

= xityj+zk = (2-60F +(=1-3t)] + B-60F

Equating the coefficients of ; ,,;' 3 % on both sides, we
get

x=2-6t,y=—-1-38t,z=8-6¢

x—2
= ——6_ =t

y+1

-3 =1

z2—-3

6 !

x—2 y+1 z_,’3
= -6 = T3— = 6

which are the cartesian equation of the required line.

Q. 16. Find the value of i (j x k) + j(kx i)+ kG x ) -

(JAC, 2015)
Solution :
L(Gxk)+ JhxD)+E@E % ]) [

[ jxi=-k, bxj=-i, foQ:—j
and jxf = _ij]

= i+ (D+k.(R)
=1+1+1 [vii=].j=kk=1)

=3

Q. 17. Find the area of a parallelogram whose
adjacent sides are the vectors @ =i — 2; +3E and
b=2i-j+4k. (JAC, 2015)
Solution :

-

.. Vector area of parallelogram = ax b

[
=1 -

2 —
[(8+3)—] (4—6)+h (~1+4)

11 +2]+ 3k
.. Area of parallelogram

[\]

k
3
4

—

- =
= |axb]|
= |11 + 2] + 3k |
= J(11)? +(2)% +(3)?

= J121+4+9

= /134 square units
Q. 18. Find the angle between the vectors

(USEB, 2015)

-

a= f+,;+l; and Z:f+}+}§
Solution :
Let the angle between two vectors is 0, then

a.b = |a||b|cos®
cos 6 = —)a;b
la|.[b]
G+ j+B.G+]-k)
li+j+k|.|i+]-F|
- 1+1-1)  _
{v’12+12+12H\/_I2+12+(—17}
B 1
JV3.43
1
3
= 9—cos‘1(3]




|.LU.L'

Q. 19. A line has direction ratios 2, - 1, - 2 find
the direction cosines. (USEB, 2015)
Solution :

Since direction ratios are 2, -1, — 2

Thus, direction cosines will be

; 1
2
l: = e — T e 9 5
Zrnicar @R 1R+ (2
and n = - =2
J@ +(—1>2 r (=27
- -2
\/4+4+ \/4+1+ Ja+1+4
2 -1 -9
= ==, m=— yn=
3 , 8’ 3

Q. 20. Find the equation of the straight line
which passes through the point (1, -~ 3, 2) and is

-x-1 +4 2z-4
parallel to the straight line x3 g == z2 ot
(JAC, 2015)
Solution :
Straight line ~x-1_yt+d_22-4
3 1 2
o x+1 y+4 z-2
-3 1 1

Hence, direction ratio will be — 3, 1, 1.
Direction cosines of line will be

-3 1
l = T m=s
V(=32 +1% +1 J(=8)% +12 +12
J(=3)% +12 412
= l= __3 = _1_ - L
a ettt
-3 1 1

Hence, direction cosines are —,——,—
Vit'vir'vii

Required line equation of given line :
x-1 _ y+3 2z-2

-3 1. 1
Q. 21. If a=2i + j -2k, then evaluate | a |.

(USEB, 2015)

Solution :

2% + -2k

el
Il

|2 +j-2k|

S
l

V@2 + (1) +(-2)2
= Jar1+4
Jo =3

I}

Q. 22. Find the area of parallelogram whose

adjacent sides are given by the vectors @ =i + J +k
and =37 +2j+k- (USEB, 2015)
Solution :

. Vector area of parallelogram = ax l;

Il
QO = ™o
DN =
=W I

1(1-6)—j(1-9)+£k(2-3)

= —5,+8]—k
Area of parallelogram
— |axb|=|-5+8]-Fk|

= \/(—5)2 +82+ (—1_)2 = J90 =310 square urn:ts
Q. 23. Find the equations of the straight ! e

perpendicular to the two lines x+31 = y; : = z; = )
% = y‘—37 =2 ; 7 and passing through their point of
intersection. (BSEB, 2015)
Solution :
Lines x_+31 e y;3 = 241’2 =r, (1)
and % B y__—37=z«2+7 =r, .(2)

On line (1) point, A (- 3r;—1,2r, +3,r, - 2) and on
line (2) point B (ry, - 3r, + 7, 2r, - 7).
from (1), D1rect1on rat10 of llne a,=-3,a,=2,a,=1
from (2), Direction ratio of line, b =1,b,=-3, b =2
Direction ratio of line passing through point A and B
Ci=ry+3r; +1
Cy=-3r,+7-@r +3)=-3r,~2r +4
G, = 2r2—7—(r1—2)=2r2—r1—5
Line AB will be perpendicular to first line, if ac, +

a.c +a303—0

=-3(r +3r1+1)+2(—3r_2—2r1+4)+1(2r2—r1—5)
=0

= —7r2—14r1 =0

= Try+14r, =0

= ry+2r; =0 ..(3)

Line A and B will be perpendicular to second line if
bic, +byc, +byc, =0
1(ry+3r +1)=3(=38r,—2r +4)+2(2r,—r -5)=0
14r,~Tr,—21 =0
= 2ry - r,=0
Solving equations (3) and (4)

..(4)

7‘1= ? andr2: g




-3 . -3 -3
. a0 = |-3Xx—-1,2Xx—+3,—-2
. Point A= [ 5 5 5 }
_ (é 9 :E)
“\5’5" 5
3 3 3
i = —,=3X=+7,2x==1T
and point B {5 5 5 }
g =5
“\5'5" 5
Hence, equation of line AB
4 9 13
x- i z+—
5 _ 5_ 5
3 ¢ 6 9 29 13
5 5 5 5 5 5
N 5x-4  5y-9 5z+13
-1~ -3 -16

m Long Answer Type Questions vzzz20000000
Q. 1. Find the equation of the plane perpendicu-
lar to the line joining the points (2, - 1, 2) and (3, 2,
- 1) and passing through the point (4, - 3, 1).
(JAC, 2013)
Solution :
Any plane passing through the point (4, -3, 1) is given
by .
Ax-4)+By+3)+Cz-1)=0 (D
where A, B, C are the direction ratio of the normal to
the plane
DR’s of the line joining the points (2, — 1, 2) and (3, 2,
-1) '

3-2,2+1,-1-2
. =1,3,-3

Since the plane (1) is perpendicular to this line, there-

fore, the normal to this plane is parallel to this line.
A B C

So,7* 53" 3= A(say)
A=AB=3\C=3\.

Putting these values of A, B and C in equation (1), it
reduces to

Ax-4)+3A @y +3)-30(z-1)= 0

=

= @-4)+3Wy+3)-3@E=-1)=0
= x—4+3y+9-32+3=0
= x+3y-32+8=0

which is the required equation of the plane.
Q. 2. Find the equations of the straight line per-
x+l y-3 _2+2 «

pendicular to the two lines 3 - -2 1 o 1
- 7

y_37 = E;— and passing through their point of

intersection. (BSEB, 2014)

Solution :
The given lines are

x+1 -3 z+2
- Y= °_Z -
3 T T 1 —r(say) ...(1)
-7 7
and % = yTS— = Y ; =R (say) (2)

Any point on line (1)is (- 1-3r,3 +2r, -2 +7r)
Any point on line (2) is (R, 7- 3R, — 7 + 2R)
At the point of intersection for some values of r and

R, we have
-1-3r = R
3+2r = 7-3R
-2+r = -7+2R
= 3r+R =-1 ...(3)
2r+3R = 4 ...(4)
r-2R = -5 ...(8)
Solving equations (3) and (4), we get,
r=-1R=2

These values of r and R satisfy equation (5).

Hence the lines (1) and (2) intersect. Their point of
intersection is given by

(-1+38,3-2,-2-1)or(2,1,-3)

Let the d.c.’s of the line be I, m, n, since the line is
perpendicular to (1) and (2) both, therefore '

1(-3)+m@@)+n(1)=0 ...(6) |

[{D+m(=3)+n(2)=0 .7

From (6) and (7),

S
+ |~
o
ot
+
[o2]

)~

[ m _n
= 171 1
.. DR’s of the lineare 1, 1, 1
Hence, the equation of the required line are
y-1 z+3

x—2 -
1 1 1
Q. 3. Find the image of the point (2,-1, 5) in the
x-11 y+2 z+8

line o - -4 —11° Also, find the equations

| of the line joining the given point and its image.

Find the length of that line segment also.
[CBSE, 2013 (Comptt.)]
Solution :
The given line is



P2 -1,5)
DR's
(10~ 4,-11)
A ;{ B
(11,-2,-8)
Q
x-11 y+2 z+8
10 - -z _ig Tew .

It passes through A (11,-2, - 8) and hasdr’s 10, — 4,
-11

Letp —»(2,-1,5)

Let M be the foot of the perpendicular drawn from
point p to the line AB.

Any point on line (1) is (11 + 10r, - 2 - 4r, - 8 — 11r)

For some value of r, it will represent the point M.

DR sof PMare11+10r—-2,-2—-4r+1,—-8—-11r-5

ie,10r+9,-4r-1,-11r-13

- AB L PM

S~ 10000r+9-4(-4r-1)-11(11r-13)=0

= 100r + 90+ 16r + 4 + 121r + 143 = 0
= 237r+237 =0
= r=-1

~M=(11-10,-2+4,-8+11)

=>M-(1,2,3)

Let the image of the point P in the line (1) be 6 (o, B,
V), then

M is the mid-point of PQ
22
Bl o

and 7;3 =5

= o=0,B=517v="7

Hence, the image point is (0, 5, 7)
Equations of the line joining the given point (2, — 1, 5)
and its image (0, 5, 7) ané

x—2  y+1 z-5
0-2  B5-(-1) 7-5
- x-2 _ y+1 z-5
-2 6 2
_ x—2 _ y+1__z—5
-1 3 1

Also, length of the line segment :

= J2-02+(-1-52 +(B -7
J4+36+4 =144
9./11 units

"

Q. 4. Shov&; that the lines : = @ +_;‘— k) +
A(3i - j’) and r = 4i-Fk) + n(2i + 3k) intersect.
Also, find their point of intersection.

[CBSE, 2013, 14 (Comptt.)]

Solution : . o
The given lines are r = '+ j - k) + A@Bi— ) ...
and ro= 4 -k +p@i+3k 2

If the lines (1) and (2) intersect, then at the point of
intersection for some valuAes of A and p, we have
C+j—R) +ABi =) = (4] — k) +n(2i +3k)
=S 1+307 +(A-NJ —k=@+20] +@p-1k
Equating the coefficients of i j and /# on both sides,
we get

1+3A=4+2p
1-2=0
and -1=38p-1
= 3A-2n =3 A3)
A=1 - (4)
3un=0 ~(5)
Solving equations (4) and (5), w g .
A=1,u=10

These values of A and p vlearly satisfy equation (1).

Hence the lines (1) and (2) intersect.

Their point of intersectiu is giv « by

C+j—k) +1Gi—)) =4 F

Q. 5. Find the distance of the point (2. 12, 5) from
the point of intersection of the lins: »» = 2. ;4 2k
+ M (3i + 4] + 2k) and the plane ; .(i - 2, + &) = 0.

(AI CBSE, 2014)

Solution :
The given lineis » = 27.— 47+ 2k +A (30 + 4]+ 2k)
(D
The equati_c))n of the plane is
r.G-2j+k =0 . (2)

At the point of intersection _gf line (1) and plane (2),
for some value of A, the value of r from (1)t (2) will be
the same.

o (20— 4]+ 2k) + A3i + 4 + 2R)

i-2j+k =0
= 2+8+2)+A(3-8+2)=0
= 12-3A =0
= A=4

Hence the points of intersection is :
2% 47 +2k +4(3i + 4] +2k)

= 141 + 127 + 10k
It represents the point (14, 12, 10)
Hence, the required distance

Ja4 - 272 +12-12?% + 10 - 5

J144 +0+25 = (/1G9
13 units




Q. 6. Find the distance of the point (- 1, -5, - 10)
from the point of intersection of the line r o=
2i-j+2k + A (3i+4j+2k) and the plane
r @ - j+ k) =5.[CBSE, 2014; Al CBSE, 2014 (Comptt.)]
Solution :

The given line is

r = 92§ = J+2k+)u(3l+4_}+2k) .1
The equation of the plane is
r (L—]+k) ...(2)

At the point of 1ntersection of line (1) and plane (2),
for some value of A, the values of 7 from (1) and (2) will
be the same

= {2i-j+2k+MBi+4j+2R)} G- j+k) =5

= 2+1+2)+AB3-4+2)=5
= 5+A=5
= A=0

Hence, the point of intesection of line (1).and plane
(2) is
20— j+2k
It represents the point (2, — 1, 2)
. Required distance

J@+1? + (<1452 +(2+10)%
J9+16+144
= /169

= 13 units

Q. 7. Find the equation of the plane through
the line of intersection of the planesx +y +z=1 and
2x + 3y + 4z = 5 which is perpendicular to the plane
x -y + z = 0. Also find the distance of the plane
obtained above from the orgin. (Al CBSE, 2014)
Solution : ’

Any plane passing through the line of intersection of
the planes x + y + z = 1 and 2x + 3y + 4z = 5 is given by
x+y+z—1+XA(2x+ 3y +4z—5) =0 where A is a parameter.

SA+20r+Q+30M)y+(1+40)z=1+51 ..

If plane (1) is perpendicular the plane

x—-y+2z=0

A+20) M)+ A+30) D+ (1 +40) (D) =

= 1+2A-1-3A+1+4A=0

I

...(2) then

1
= A+1=0=A=- 3
puting this value of A in (1), we get

< 1
@+y+z-1)-— 3 (2x +3y +4z-5) =
= 3x+y+2z-1)~-(2x+3y+42-5) =
= x—z+2=0
which is the equation of the required plane.
Distance of this plane from origin

0-0+2

\/<1)2 +(-1)

I

2 units
Q. 8. Find the equation of the plane passing
through the line of lntersectlon of the planes

r.iQ +3J) -6=0and r 8i -J 4k) =0, whose per-
pendicular distance from origin is unity.
[AI CBSE, 2013; CBSE, 2013 (Comptt.)]
Solution :
Any plane passing through the line of intersection of

= » . - A N . A
the planes r.G+3j) —6=0and r.(3i — j—4k) =0is
given by :

FG+3)) 6+ N [r.(3 - j—4h)] =0, where Lis a

parameter.
= . JBh+ i + @ -A)] - 4AE] —6=0 (D)
Its distance from (0) is 1
[BA+D0+B-10-40)-6]
JL+ 1% + (3 -0 — (41)?]

= 6=\JBh+ D2 +B— M2+ 40

Squaring, we get

36 = aA24+6A+1+9+A2—6A+ 16A2
= 36 = 262 + 10
= 2622 = 26
= A2=1
= A=+1
when A = 1, (1) gives
r4lr2—4k) -6 =0
- ~ A A~
= r2 +j-3k-3=20 ...(2)
when A = -1, (1) gives
F-2+4f+4h) ~6 = 0
_) A ~ ~
= r{—i+2j+2k)-3 =0 ...(3)

(2) and (3) given the required planes.
Q 9. Show that the lines:

r =3 +2j -4k +A({ +2] +2k); r= 5i - 2] +
n3i+ 2J +6k) are intersecting. Hence find their
point of intersection. (AI CBSE, 2013)
Solution :

The given lines are
3 +2] -4k +AG +2]+2E)...(1)

r

and r o= 5-2] +1u(3 +2] +6k) .(2)

If the lines (1) and (2) and intersecting, then at their

point of intersection, for some values of A and p, the values
-

| of r from (1) and (2) will be the same. Hence, at the point

of intersection, we have



== Q. 11. Find the vector equation of the plane

3] 4k +X (@ +2j+2k)=51 - 25 + p(3 + 2/ + 6k) determined by the points A (3, - 1, 2), B (5, 2, 4) and
LB+ N+ (2+20 ] +@+20h =5+ 311)Z +@2p | C(1,-1,86). Also, find the distance of point P (6, 5,
9) from this plane. (CBSE, 2013)
~2)] + 6nk A
Solution :

.equating the coefficients of i, j, %2 on both sides, we Any plane passing through A (3 — 1, 2) is given by

get , ax-3)+by+1+c(-2) =0 (D)
3+A=5+3n .(3) where a, b, ¢ are the d.r.’s of the normal to the plane.
2+20="2n-2 , 4 If plane (1) passes through B and C, then
-4+ 2\ = 6p .(5) a@+b6B3)+c2) =0 ...(2)
A—38n= 2 (6) a(—4)4-b(0)+c(4) =0 (3)
2 H 9 7 Eliminating a, b, ¢ determinantically from (1), (2) and
h-p=- -(T) (3), we get
' A-3p=+2 ...(8) -3 y+l 2-2
golving (7) and (8), we get 5 3 dl - o
A= —4,pn=-2

-4 0 4
=212x-3)~16(y+1)+12(z-2) =
= 3x-3)-4@+1)+3(z-2)=0

hese values of & and p satisfy (6).
Hence the lines (1) and (2) intersect.

Theil }A)ointAof inte:rsectiion iAs giveP by : . = 3x—4y +32-19 =0 )
the point (- 1, — 6, — 12). Its vector equationis r .(3i —4j + 3k) —19=0...(5)
qu(). Find the co-ordinates of the point whose ) 3(6)—4((5)+3(9)-19
the Jipe through @3, - 4, - 5), (2, - 3, 1) crosses the Distance of (4) from p = \/(3)2 +(4)? +(3)2
plane passing' through the points (2, 2, 1), (3,.0, 1) i
and (4, - 1» 0)- , (CBSE, 2013)  18-20+27-19
Solutio? * J9+16+9
Any plane passing through the point (2, 2, 1) is given B 6 "
by = \/3—4 units .
AlE— 2+By-2)+Cz-1) =0 ...(D) Q. 12. Find the vector equation of the plane
wher® A, B, C are the direction ratios of the normal | passing through three points with position vactors
toth 1ane e A-_ 7 '.‘_A. 7 d’.‘ “ "'Al fi _
%p ane (1) passes through the points (3, 0, 1) and (4, . '] 2k, 2i-j+ k i l *2)+ k. . n(.i $heico
“1,0, I;hen ordinates of the point of intersection of this plane
ADL+BE2)+CO) =0 .(2) - T %
i A@+BEH+CCD = 0 (3) and theline r = 3i - j-k +A(2i -2j + k).

Ehﬁunatlng A, B, C from (1), (2) and (3) (CBSE, 2013)

determipantically, we get Solution :
x=2 y-2 z-1 Here, @ =i+]-2k
1 -2 0/ =0 >
2 -3 _1[ b =21 -] +k
L 2G-D+G-D+e-1) = 0 il ¢ wife2]+h
e+y+z =7 ..(4) A
Pquﬂmm of the line joining the points (3, — 4, — 5) L ! J k
and (2 -3 1) are Lxo =2 -11
}_'1._3 y+d4 z+5 L
— = ———=— =7 (say) Ao A
-1 1 6 = -3. - J+5k
Anypointonthislineis 8-r, —4+r,—5+6r) 5 5 o= =
Itit Jies on (4), then _ Equation of the plane is (r — @).(b x ¢) =0
908~ PN+4+r)+(- 5+6r) =17 5 A . A .
B 6—2r—44r—-5+6r = 7 ={r - +J-2k).(=3{ —j+5k)=0
N 50 = 10 - . . - 2 . IR 7
- mE P =r.(-31 -J +5k)=(1 +J -2k).(-3i —J +5E)
Hence the point of intersectionis (8 -2,-4 +2, -5 + =-3-1-10

12)or(1,~ 2D | =_14




- R A n
= r.(8i +J—-5k) =14 ..(1)

The lineis r =3 — j — k +A(2{ —2] + £) ...2)
The point of intersection of (1) and (2), we have
85 - J -k +0@2i -2] + BNGi +J - 5k)—14

= 9-1+5)+A(6-2-5)=14
= 13-A =14
= A=-1
Hence, the point of intersection of (1) and (2) is

8] —J-k+(=1D@f-2]+ k)

=i+ ,} -2k
Q. 13. Find the equation of the plane which con-
ta1ns the line of 1ntersectlon of the planes

r (z+2J+3k) -4=0and r (2;+J k) +5=0and
which is perpendicular to the plane r 5i + 37 J 6k)
+8=0. (RSEB, 2013; CBSE, 2013)
Solution :

Any plane through the line of intersection of the
planes

r.G+2j+35)-4=0 ' (1)

and r.@+j-h) +5=0 ()
is given by :

FG+2]+38) —44A[r.@+ k) +5] =

= FIA+20F +@+N] +@-Nh1+5L-4=0 ..3)
(8) is perpendicular to the plane
F.(5i+3}—6E)+8=0 ()
1 +205+2+M3+B-N)(=6)=0

= 5+10A+6+3A-18+6A =0

= 19A-7=0
7

= 7\,——1—9—

Putting this value of A in (3), we get
> [( 14)¢ 45, 50;| 35
l+— —Jj+—kt+—

"I 19) T 197 T 19 19

- 7 .(33% +45] + 50k) —41 = 0
which is the required equation of the plane.

—4=0

Q. 14. Find the co-ordinates of the point where |

-2 1 -2
the line e 3 = y: - intersects the plane
x-y+2-5=0, Also, find the angle between the line
and the plane. (CBSE, 2013)
Solution :
The given line is
x;2=_y11:z;2 = r(say)

Any point on this line is (2 + 3r,— 1+ 4r, 2 + 2r)

It lies on the plane
x—-y+z-5=0,then
243r-1-4r+2+2r-5=0
= -5r=0
= r=90
.. the point of intersection is (2, — 1, 2)
Let the required angle be 6, then

@QD+4-D+2Q)
(B R P C1R 4
1

C

1
— ain—l [—=
= 0 = sin ( \/_8_7J
Q. 15. Find the vector equation of the plane
passing through the intersection of the planes

inQ =

:(1°+,;°+l§)= 6 and :(2§+3}+4£) = - 5 and the
point (1, 1, 1). (USEB, 2013)
Solution :

Any plane passing through the intersection of the

planes 7.(2 +j'+ E) =6and ?.(22 +3]+ 4k) =-—5isgiven
by '
- A . A b d N A A
r.G+j+k) —-6+A[r. (20 +3j+4k) +5]1=0 ...(1)
where A is a parameter.

= J1+207 +(1+30)] +(1+40) A1 +54—6=0
...(2)

If (2) passes through (1,1, 1), i.e, i + JA + %, then

Cai+B) . [1+207 +(1+30) ] + A+ 4N E] + 50—

6=0
=1+20+14+3A+1+4A+51L-6=0
= 14A = 3

3
= 7\.—1—4

Putting the value of A in (2), we get

> 3Y. 94 6):] 15
a2 )ief 1+ 2+ 14208+ 2

4 [( +7)L+( J_r14jj+( +7) ]+14 6=0
. [10”23A Ek]_@
=Tra| 7, 14 14 =
e
=7 (20 +23] +265)—69=0 '

which is the required vector equation of the plane
Q. 16. Find vector equation of a plane passing

through the intersection of the planes ;-) . (25 + 2_;'

+3k) =7and 1 .(2 + 5]+ 3%) =9 and the point (2, 1,
3). (Raj. Board, 2014)
Solution :

Any plane passing through the line of intersection of
the planes




r.2i+2j18h) = 7 (1)
and  7.2{+57+3%) = 9is given by (2)

P2+ 2] 438) T+ A r.2 +5]+3F) —9] =0 .(3)
where A is a parameter.

= 7 [2+207 + (2450 ] + @+ 30 <7490 (4)
If it passes through the point 2,1,3)ie, 2] + j +

3l§,then
=27 + ] +3E)[(2+207 +(2+50) ) +(3+30)5]
: . =7+ 9}
= 22+20)+1Q2+50)+3@B+30) ="7+09)
= 2+47»+2+5?»+9+97»=7+97»
= IA+6=0
2
= 7\,=—§

Putting the value of A in (4), we get

r. [(2-?)%(2—13—0)}43—2)15} =7-6

-z (Ei—é#é)

= r-\3t~3g/ =1
. - . ~ ~

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

which is the required equation of the plane.
Q. 17. Find the shortest distance between the

. x+3 y-6 2 x+2 9 z-7
hnesT=T=‘§and v =I- T
(JAC, 2013)
Solution : A
(-2)-(-3) 0-6 7-0
-4 3 2
S.D. = 4 - .
JB-2% + (8142 + (44127
1 -6 7
-4 3 2
-4 11

1+16+64
_ 18-2)-6(-8+4)+7(-4+12)
= - —— 4
1+24+56 81

9 9
= O units
Q. 18. Consider the equations of the straight
lines given by :

L :

. G+2j+E) +AG =+ k)

R
i

L,: @i - j- k) +1(2i + j+2k)
Find the shortest distance between L, and L,.
(JAC, 2014)

Solution :

- N 23 ~
bi=1i-J+¢k
- N - N
and ba =21 +j +2¢
- -

i ]k
- -
blxbz = 1 —'1 1
1 2
=-3; +3Fk
- - - -
(b1 x b2).(az — a1)
S.D, = | ——F—r-—X
'b1><b2'

(—32+3/€).(£-3j—2_;3;

N Ji= 3?2 + (32
_‘M’_‘_i’
- 3J§_ T V2
——3—units

T2

Q. 19. Find the shortest distance between the
lines

- A in ~ o~ . - ~ ~ ~

r=(4i-j)+A@E +2j-3Fk) and r =(i - j+2k)
+R(2 + 4] - 5k). (BSEB, 2014)
Solution :

b ~ ~ ~
b1 =1 +2j -3k
- R A N
and bs = 2{ +4j -5k
- - N N
a2 — a1 = -3; +2&
A
- - )
b1 X by 1 2 -3
2 4 -5
=2{ +2]
- -
11 x byl = {22+ (22 = 93



(b1 x b2).(a2 — a1)
ﬁ;l XZQ’

S.D.

(2 +2)). (- 3 + 2k)

2v2
6 3
K
= %units

Q. 20. Find the shortest distance between the
two lines whose vector equations are r = (i + 2}' + 3k)

+MGi-8j+2k)and r =(4i + 5] + 6k) +n(2i + 35 + k).

[CBSE, 2014 (Comptt.) ; USEB, 14]

Solution :
- . N .
a1 = [ +2) +3k
- R ~ N
az = 41 +5J] +6k
— ~ A A
b1 = 1 -3J +2k
— A A A
and ba = 21 +37 +k
- -

az — a1 = 3§ +3J +3Ek
i Jk
1 -3 2
2 381

= —-97 +3] +9%

- -
by x bo

JC9? + (32 + (92
J171

51 x bal =
= 81+9+81 =
= 3J19

(81 Xzz).(:t)z —21)

31 2

S.D.

(-9 +37+9k). (30 +3] +3b)

i 3J19 |
:‘27+9+27_‘ ¥
- 3J19 | |V19]

3
= E square units.

|, NCERT QUESTIONS W/

Q. 1. Find the equation of plane passing through
the point (-1, 3, 2) and | to each of the planes and

x+2y+3z=5 and 3x+3y+2=0.
(CBSE, Delhi and USEB, 2009)

Solution :
Equation of plane passing through the point (-1, 3, 2)
alx+1D+by—-8)+c(z~-2)= ..(1)

Plane (1) is perpendicular to planes x + 2y + 3z = 5, 3x

+3y+ 2=0.
Thus a+2b+3c =0 ...(2)
and 3a+3b+c =0 ..(3)

Solving egs. (2) and (3),

a b c

29-9 9-1 3.6 ~ 1 (Let)
a b ¢
= 7783 TH
= a =-TAb=8\c=-3\

Required equation of plane
—TAhlx+1D)+8L(y—-3)-38r(z-2) =
= “Tx+1D+8(y-3)-3@=-2)=0
a=—"Tx+8y—38z =25,
Q. 2. The cartesian equation of a line are

z-6.

x-5 y+4 B
= s write its vector form.

3 7 2
Solution :
Equations of given lines are
x—-5 y+4 _ x—6
3 7 2
show that the given line passes through the point A
(5, — 4, 6) and parallel to the vector ;1 =3 /i\+ 73‘+ 21/; 5

Ed A A A
PV.ofA, rn=5i-4j+6k
. Vector equation of given line
- - -
r T rn+im
r = (5L—-4]+6k)+ 7\,(3l,+7_]+2k)

Q 3. Find the S.D. between the lines whose vec-
tor equations are :

r=0-Dir¢-2)js+3-20k
and r—(s+1)t+(2s—1)J (2s+1)k
Solution :

Given equation written as :
= (-2j+3R)+t(—i+ j-2k)

5
r
5
and ,

= (i—2j-k)+sG+27-2k)

Comparing with 7 = ;; +

u.
and s = ,;+ S_,;,

- A A A AA A

n = (@-2j+3k),r=0—-j-k)

- A A A - A A A

u = (—ix j—2k) and u = (i+275-2k)
- AA A A A A
(p=1) = (i- j~k)-(i-2j+3k)

j-4k



