Line and Plane

Let's Study
6.1 Vector and Cartesian equations of a line.
6.1.1 Passing through a point and parallel to a vector.
6.1.2 Passing through two points.
6:2 Distance of a point from a line.
6.3 Skew lines
6.3.1 Distance between skew lines
6.3.2 Distance between parallel lines.
6.4 Equations of Plane:
6.4.1 Passing through a point and perpendicular to a vector.
6.4.2 Passing through a point and parallel to two vectors.
6.4.3 Passing through three non-collinear points.
6.4.4 In normal form.
6.4.5 Passing through the intersection of two planes.
6.5 Angle between planes:
6.5.1 Angle between two planes.
6.5.2 Angle between a line and a plane.
6.6 Coplanarity of two lines.
6.7 Distance of a point from a plane.
\
ﬁ\\ Let’s recall.

Aline in space is completely determined by a point on it and its direction. Two points on a line
determine the direction of the line. Let us derive equations of lines in different forms and discuss

parallel lines.

6.1 Vector and Cartesian equations of a line:

Line in space is a locus. Points on line have position vectors. Position vector of a point
determines the position of the point in space. In this topic position vector of a variable point on line

will be denoted by 1 .




6.1.1 Equation of a line passing through a given point and parallel to given vector:
Theorem 6.1 :

The vector equation of the line passing through A(g) and parallel to vector b is ¥ =a+ Ab.
Proof:
Let L be the line which passes through A(E) and parallel to 7 / b L
vector b .
Let P( ) be a variable point on the line L.

AP isparallel to p. / AT

AP =\p,where A is a scalar . v
OP — 04 = L] 0

r-a=2xb X

T =a+\b Fig. 6.1

is the required vector equation of the line. Remark: Each real value of A

corresponds to a point on line L and conversely each point on L determines unique value of
A. There is one to one correspondence between points on L and values of L. Here A is called a

parameter and equation 7 = a + 1D is called the parametric form of vector equation of line.
Activity: Write position vectors of any three points on the line ¥ = g +Ap .

Remark: The equation of line passing through A(E) and parallel to vector b can also be expressed
as(r —a )% b = 0. This equation is called the non-parametric form of vector equation of line.
Theorem 6.2 :

The Cartesian equations of the line passing through A(x,, y,, z,) and having direction ratios
X _ V=N _Z274

a b c

X
a, b, care

Proof: Let L be the line which passes through A(x,, y,, ;) and has direction ratios a, b, c.
Let P(x, y, ) be a variable point on the line L other than A.
Direction ratios of L are x— X,y -Y,, 2 -z,
But direction ratios of line L are a, b, c.

X=X _Y=h_z2-4

L 5 are the required Cartesian equations of the line.
a C
In Cartesian form line cannot be represented by a single equation.

Remark :

« Ifp =aj +b ] +ck thena, b, c, are direction ratios of the line and conversely ifa, b,, c,

are direction ratios of a linethen h =a,i +b, | +c k is parallel to the line.
X=X _Y=-» _Z-

P Z1 =) are called the symmetric form of Cartesian equations
a C

* Theequations
of line.

» Theequations x =x, +2Aa,y =y, + Ab, z =2z, + Ac are called parametric form of the Cartesian
equations of line.

M1oc)
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 The co-ordinates of variable point P on the line are (x, + Aa, y, + Ab, z, + Ac).

» Corresponding to each real value of A there is one point on the line and conversely corresponding
to each point on the line there is unique real value of A.

* Whenever we write the equations of line in symmetric form, it is assumed that, none of a, b,
c is zero. If atleast one of them is zero then we write the equations of line in parametric form
and not in symmetric form.

* In place of direction ratios a, b, ¢ if we take direction cosines I, m, n then the co-ordinates of
the variable point P will be (x, + Al, y, + Am, z + An), A(Xx,,Y,,Z,)

AP? = (x, + Al =x)?+ (y, + Am =y )* + (z, + \n =2 )?
= (L2 + (um)? + (n)2 = (1) + (m)? + ()} = 22
AP2=2%2 - AP=|)Aland A=+ AP
Thus parameter of point on a line gives its distance from the base point of the line.
6.1.2 Equation of a line passing through given two points.

Theorem 6.3 : The equation of the line passing through A

— — .. — - — Az
(a)andB(b)is r =a *+A(b- a). ‘ L
Proof: Let L be the line which passes through A(a) and B P 3
(b). A _ -
Let P(7 ) be a variable point on the line L other than A. :
. 4p and L 4 are collinear. a Y
. AP =M\ AB,where  is a scalar . o
— . — _ o X
r-a=i(b-2) rT=a+r(b-a)
Fig. 6.2

—a + M b —E) is the required equation of the line.

=l

Remark: The equation of the line passing through A(g) and B(B) can also be expressed as
(r-a)x(b-a)=0.

Theorem 6.4 : The Cartesian equations of the line passing through A(x, y, z,) and B(x,, y,, Z,) is
X=X _Y=»n _Z27%

N=X% W= ZHTE4

Proof: Let L be the line which passes through A(x,, y, z,) and B(X,, Y,, Z,)
Let P(x, y, z) be a variable point on the line L other than A.
. Direction ratios of Lare x—x,y-y,,Z-2,
But direction ratios of line L are X, =X, y,-V,, Z,— Z,
X—X _Y=» _Z-%

=X M= T4

are the required Cartesian equations of the line.




@ Solved Examples )

Ex.(1) Verify that point having position vector 4] —11 ] + 2k lies on the line
T =(61-4] +5K)+1(27 +7] +3Kk).
Solution: Replacing F by 4i —11 ] +2k we get,
41 —1] +2k =(61 =4]+5k)+21 (20 +7] +3Kk)
L 6+20=4,-4+7A=-11,5+31=2
From each of these equations we get the same value of A .
. Given point lies on the given line.

Alternative Method: Equation T = a+Ap canbewrittenas T — a=ip
Thus point P(T ) lies on the line if and only if ¥ — a is a scalar multiple of b.
Equation of lineis 7 = (61 —4] +5 k) +M2i +7]+3Kk).
a=6i 4] +5kandb =21 +7]+3Kk

The position vector of given pointis 7 = 47 11 ] +2k
F-a=(@i-11] +2k)-(6i -4} +5k)=-2i -7] -3k
=—(2i+7]+3Kk)
=-1b, a scalar multiple of b .

. Given point lies on the given line.
Ex.(2) Find the vector equation of the line passing through the point having position vector

47 - ] +2k and parallel to vector —2j — | + k
Solution: The equation of the line passing through A(a) and parallel to vector b is F = a+Ap .
The equation of the line passing through 4 — ] + 2k and parallel to vector —2§ — ] + k is
F=@-]+2k)+1(=2i =] + k).

Ex.(3) Find the vector equation of the line passing through the point having position vector

21 + ] -3k and perpendicular to vectors | + J + k.and j +2] -k
Solution:

Leta=2j + ] -3k, p =i+ ] +kandc=j +2] -k

We know that b x T is perpendicular to both band T .

. bxTis parallel to the required line.
k
=-3j +2] +k

— = —.>
N — <D

-1

Thus required line passes through a = 2] + j — 3k and parallel to-3{ +2 ] + k..
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. Itsequationis F = (2§ + ] —3k) +A(=3i +2] + k)

Ex.(4) Find the vector equation of the line passing through 2§ + | — k and parallel to the line
joining points —j + J +4k and j +2] +2k.

Solution :
Let A, B, C be points with position vectors a =2j + | =k, b == + ] +4k and
C =i +2] +2k respectively.

BC =C—-p=(+2] +2k) —-(-i + ] +4k)= 27 + ] -2k
The required line passes through 2§ + | — k and is parallel to 2§ + | -2k
Its equationis ¥ = (2§ + ] — k) +A2i + ] -2k)
Ex.(5) Find the vector equation of the line passing through A(1, 2, 3) and B(2, 3, 4).
Solution: Let position vectors of points Aand Bbe @ and b .
. a=j+2] +3kandp =2} +3] +4k
b-a =(Qi+3] +4k)-(i +2] +3k) =(i + ] +k)
The equation of the line passing through A(a) andB(b) isTt =a +A(p —a).
The equation of the required lineis ¥ = (i +2] +3k)+A(T+ j+ k)

Activity: Verify that position vector of B satisfies the above equation.

Ex.(6) Find the Cartesian equations of the line passing through A(1, 2, 3) and having direction ratios
2,3, 7.

Solution:
The Cartesian equations of the line passing through A(x,, y,, z,) and having direction ratios

XY _z2m4

a b ¢

Here (x,, y,, z,) = (1, 2, 3) and direction ratios are 2, 3, 7.

x-1 y-2 z-3
37
Ex.(7) Find the Cartesian equations of the line passing through A(l, 2, 3) and B(2, 3. 4).
Solution: The Cartesian equations of the line passing through A(x,, y,, z,) and B(x,, y,, Z,) are
X=X _Y=»n _ 274

Xo=X W= Z—Z

Here (x,, ¥, z,) = (1, 2,3) and (x,, ¥,, 2,) = (2, 3, 4).

. Required Cartesian equations are > ~1_Y=2_ 273
2-1 3-2 4-3

X
a, b, care

Required equation

ox=1_y=-2 z-3
1 1 1
X=-1=y-2=7-3.




Activity: Verify that co-ordinates of B satisfy the above equation.
Ex.(8) Find the Cartesian equatlons of the line passmgthroughthe point A(2, 1,-3) and perpendicular
tovectorsp =i + | +kandtT =ji+2] -k

Solution: We know that b x T is perpendicular to both b and c.

A A ~

i J k
~pxct=[1 1 1 =_-3i +2] +kis parallel to the required line.
1 2 -1

The direction ratios of the required line are -3, 2, 1 and it passes through A(2, 1, -3).
x-2_y-1_z+3

Its Cartesian equations are
-3 2 1

Ex.(9) Find the angle between lines ¥ = (? +2] +3k)+ X(Z? 2] +k)
and 7 =(i +2] +3k )+ +2] +k)
Solution: Let p and T be vectors along given lines .
b=2i-2]+k adc =1 +2] +2k
Angle between lines is same as the angle between p and ¢ .
The angle between p and T is given by,
o _55_ :(2?—2]+12)-(i+2]+2|2)
|b|-|c| 3x3

9

.co0s0=0 .. 06=90°

Lines are perpendicular to each other.

Ex.(10) Show that lines ¥ = (=i —=3] +4k)+ % (=100 — | + k) and

F = (—10| -] +k) },t(—l — 3] +4k) intersect each other.

Find the position vector of their point of intersection.

Solution: The position vector of a variable point on the line 7 = (—? —3] +4k)+ k(—lof— ] +k)is
-1-100) ] +(3-n] + @A+ k
The position vector of a variable point on the line
F=(10] - ] + k) +u(=i =3] +4k)is(-10-1p)i + (-1 -3p)j + (1 + 4k
Given lines intersect each other if there exist some values of A and u for which
(-1-200)§i +(-3-0)] +(@+Mk =(-10-1p)i +(-1-3w ] + (1 +4p k
-1-101=-10-1p,-3-A=-1-3pand4+Ar=1+4p

10—, =9, A-3u=-2and L—4p=-3 .. ... 1)

Given lines intersect each other if this system is consistent
10 -1 9

As|1 -3 -2/ =109-8)+1(-3+2)+9(-4+3)=10-1-9=0
1 4 -3




. The system (1) is consistent and lines intersect each other.
Solving any two equations in system (1), weget. A =1, u=1
Substituting this value of A in (-1 -102)] + (-3-1) ] +(4 + A k we get,-11] —4 | +5Kk
- The position vector of their point of intersection is ~117 —4 ] +5 k.

Ex.(11) Find the co-ordinates of points on the line * 1 = Y =2 _Z*3 \vhich are at 3 unit
distance from the base point A(-1, 2, -3). 3
Solution: Let Q (2A — 1, 3 + 2, 6A — 3) be a point on the line which is at 3 unit distance from the

point A(-1,2,-3) .. AQ=3
JRAY +(32) +(62) =3 < (22) +(34) +(64))=9 - 492> =9
3 3

A=—=or—

There are two points on the line which are at a distance of 3 units from P.
Their co-ordinates are Q (2A — 1, 34 + 2, 6A — 3)
Hence, the required points are

132 3 (485 54
7 7 7 77 7

@ Exercise 6.1 )

(1) Find the vector equation of the line passing through the point having position vector
—27 + | + k and parallel to vector 4] — ] +2k.

(2) Find the vector equation of the line passing through points having position vectors
3i +4 ] -7k and6i — ] + k.

(3) Find the vector equation of line passing through the point having position vector
57 +4 ] + 3k and having direction ratios -3, 4, 2.

(4) Find the vector equation of the line passing through the point having position vector
i +2] +3k and perpendicular to vectors | + ] + k and2j — | + k.

(5) Find the vector equation of the line passing through the point having position vector
~i -] +2k and parallel tothe line 7 = (i +2] +3k)+A(3] +2] + k).

(6) Find the Cartesian equations of the line passing through A(-1, 2, 1) and having direction ratios
2,3, 1.

(7) Find the Cartesian equations of the line passing through A(2, 2,1) and B(l, 3, 0).

(8) A(-2,3,4),B(l, 1, 2) and C(4, -1, 0) are three points. Find the Cartesian equations of the line
AB and show that points A, B, C are collinear.

x+1 _ y+3 _ z—4 and x+10 _ y+1 _zZ-
-10 -1 1 -1 -3
co-ordinates of their point of intersection.

(9) Show that lines ! intersect each other. Find the

(10) Aline passes through (3, -1, 2) and is perpendicular to lines
F=(+]-k)*@i-2]+k)andr =i + ] -3k)+u(i -2 ] +2k).Findits
equation.
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x—-2 y-4 z+4
= i passes through the origin.

(11) Show that the line

12
6.2 Distance of a point from a line: -
P (o)
Theorem 6.5:
The distance of point P(a ) from the line ¥ = a+Lb is
2
.
b
o _ _ [ _
Proof: The line ¥ = @ +Ab passes through A(a). Ala) M_®
Let M be the foot of the perpendicular drawn from P to the line Fig. 6.3

F=a+ b
AM =‘m‘ = the projection of AP on the line.
= the projection of AP on b. (As line is parallel to 5)
b
2
Now AAM P is a right angled triangle. ... PM? = AP? - AM?

e e ¢ [(a-a)B]
:‘AP‘ —‘AM‘ = ‘a—a‘ - —

2
-t [

g

| o | Y o [(e-a)b]
The distance of point P(a) fromthe line v = (a+/lb) IS PM = ‘a a‘ ‘b‘

Ex.(12) : Find the length of the perpendicular drawn from the point P(3, 2,1) to the line
7 =(7§+ 7}+61€)+A(—2§+2}+3/€)

Solution:
The length of the perpendicular is same as the distance of P from the given line.

. . - . _ — . - 2 (a—a)-i;z
The distance of point P(a ) from the line 7 =a+Ab is ‘a—a‘ - T




Here o =37 +2  +k, & =7i+7 ] +6k, b =-2i +2] + 3k

a =(3j+2 ] +k)=(7i +7 ] +6 k)=-4j -5] - 5k

o

o —a]=(~4)" +(-5) +(=5)" =V16+25+25 = /66
(a-a).h =(-4i -5 ] -5 k).(-2i +2 | +3k)=8-10-15=-17
b = (-2) +(2) + (3 =17

The require length =

a_az_(a—a)ﬁzz |17
AR R

2
=66-17 =/49 =7 unit

Ex.(13) : Find the distance of the point P(0, 2, 3)from the line X3 _»=1_z+4

Solution:

5 2 3
Let M be the foot of the perpendicular drawn from the point
P(0, 2, 3) to the given line. P0.23)
M lies on the line. Let co-ordinates of M be (5A — 3, 24 + 1, 3\ — 4).
The direction ratios of PM are (54 -3) -0, (2L +1)-2, (31 -4) -3
i.e.bA =3, 2A-1, 3A-7
The direction ratios of given line are 5, 2, 3 and
PM is perpendicular to the given line .
5(5% - 3) + 2(2 - 1) + 334 - 7) = 0 y [
=1 M
Fig. 6.4

The co-ordinates of M are (2,3, -1).
The distance of P from the line is PM = \/(2—0)2 +(3—2)2 +(—1—3)2 — /21 unit

6.3 Skew lines:

If two lines in space intersect at a point then the shortest distance

between them is zero. If two lines in space are parallel to each other

then the shortest distance between them is the perpendicular distance .

between them. R
A pair of lines in space which neither intersect each other

nor are parallel to each other are called skew lines. Skew S b

lines are non-coplanar. Lines in the same plane either >

intersect or are parallel to each other. 0 B
In the figure 6.5, line CP that goes diagonally across the plane

CSPR and line SQ passes across the plane SAQP are skew lines % Q

The shortest distance between skew lines is the length of the segment  “x

which is perpendicular to both the lines. Fig. 6.5
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6.3.1 Distance between skew lines :

Theorem 6.6: The distance between lines 7 :51+).1131 and fza_2+/12132 is (@ - |_ )_b| b2|
b, xb
Proof: Let L and L, be the lines whose equations are 7 a +X b, az+k2 b,
respectively. Let PQ be the segment which is perpendicular to both L, and L,.
To find the length of segment PQ. b,
Lines L,and L, pass through pointsA(a,) and B(a,) respectively. —
- 1 2p g p_ (_1) ( 2) p y A(El) V
Lines Land L.are parallel to |y, and p, respectively. (Ll/-/q
As PQ is perpendicular to both Land L, it is parallel to b, * b, ’
The unit vector along PO = unit vector along le 52: n (say)
PQ = The projection of 43 on PO = 4g.n
— — BZ
po|@ ) (<) —
‘]; X 1;‘ ‘ B (@) . Q L
Fig. 6.6
. . - — ~ = . |(52—al)-(1;]><l;2)|
The shortest distance between lines ¥ = a, +A, p,and 7 = a,+X, p,is ‘ |13 13| ‘
X
Remark b
» Two lines intersect each other if and only if the shortest distance between them is zero.
- Linest = a +A b,and r = @, +A, b, intersect each other if and only if
(@;-2)(b, * b,) =0
- - - X=X - z—z
Lines — 1 =2"1 275 _ o4 2 Y2 _ 275 jntersect each other if and only if

b, a a, b, c,
Xo=X W=V Z,7%

a, b, ¢

Ex.(14) Find the shortest distance between lines ¥ = (2 — J) +0M27 + ] -3Kk)
and F=i-]+2k +p@i+J-5k)

Solution: The shortest distance between lines 7 :aﬂlﬁland r =a,*,b,is ‘_
Here 3, =2f - | , a,=1 - +2k, b,=2i + ] +3k. p,=2] + ] -5k

a,-a=(i-]+2k)-@i-7)=-1+2k




A A~

ik
And p,xp,=[2 1 -3|=-2i+4)
2 1 -5

b, xb,|=4+16 =20 =245

(a,-3,)(b,xb)=(-i +2k) - (-2i +4 ])=2

—-q 1
The required shortestdistance ‘5 ( l‘ )‘ ‘2\/5‘ ﬁ unit.
_ _ _ x—-1 y-2 z-3 x—2:y—4:Z—5
Ex.(15) Find the shortest distance between lines > 3 a and 3 4 5

Solution:
The vector equations of given linesare 7 = (1 +2] +3 k) +A27 +3] +4 k)
and 7 =(2§ +4] +5 k) +uGi +4] +5k)

_ _ a, —
nd F=a,+Ap is(z

Tl
QO
X |

The shortest distance between lines 7 = a, + LD,

N}
NS

Here 31:' +2 § +3Kk, a,=2i +4] +5k,p,=2] +3] +4 k. b,=3i +4] +5k)

~

La,~8,= (27 +4 J+5K) = (i +2] +3k)=1i +2] +2k

>

(@3

X

S

Il
W N =~
AW <o
[ I S

Il

|

+

[\e]

~

b

|51><52|=\/1+4+ =6

(Ez_a)(B 1X62):(?+2 j +2 iz)(—? +2i—|2):1

(a2_al)'(b_lxl;2)| 1

The required shortest distance ‘5 xl?‘ ‘ % unit.
1 2




Ex.(16) Show that lines :
F=(i+]-k)+r@i-2]+k)andr =47 -3 ] +2k) +u(i —2] +2k)
intersect each other.

Solution: Lines ¥ = & +A, p,and 7 = Ez + ), b, intersect each other if and only if

(a,- &) (b,* b,)=0

Herea =i+ j —k,a,=4i -3] +2k, b,=21-27+k, b,=i-2]+2k,
a,- 8 =31 -4] +3k
3 -4 3
(- a)(b,*b,)=|2 -2 1]=3(2)+4(3)+3(-2)=—6+12-6=0
1 =2 2

Given lines intersect each other.

6.3.2 Distance between parallel lines:
Theorem 6.7: The distance between parallel lines ¥ = a+A p and T = a,+Ap is|(a,— a) x|
Proof: Let lines represented by ¥ = & +Lp and F = a,+\p bel and |,

Lines L,and L, pass through A( a,) and
B(a,) respectively.

Let BM be perpendicularto L,. To find BM o B (a,) Lo
AAMB is a right angle triangle. Let m £~ BAM = 0 ) i’
sin@ :%
AB

BM = AB sin 0 = AB.1sin 0 = AB.|b|. sin 0 d

‘Exl;‘:‘(az—(_zl)xl;‘

The distance between parallel lines < [ 0 s> [ | =

T - o i i Al(a)) M

r=a+ip and 7 =a,+A b isgivenby

Fig. 6.7

d =BM :‘(52 —a)xb

Ex.(17) Find the distance between parallel lines 7 = (Zi -] +k)+ 7»(2? + ] —2k)and
F=(i-]+2k)+p@i+]-2k)
Solution: The distance between parallel lines ¥ = a +1b and F=a,*t A b given by

d=|@-a)xb

(@
11
N

Here a=21—-] +k, a,=1-] +2k,




az—_l:(f—}+2A)—(2;—}+lAc):—f+lg and §o2iti—2k
A I A
(@,-a)xb=|-1 0 1:%—1 0 1—1{—2—12}
I I ER
d=‘(52—al)xz)=gunit

Alternative Method:

The distance between parallel lines 7 =a,+Ab and 7 =a, +Ab is same as the distance of

point A(a, ) from the line 7 =@, + Ab . This distance is given by

=z
(@]
=
Ql
3]
|
Kl
Il
—
~.)>
|
~.>
+
[\
>
SN—
|
—
~.>
|
~.>
+
>
SN—
Il
|
~.)>
+
>

b=2i+j-2k, |6|=3

— — =77 2
d= 5152|2{%} = 2—(—%) =1/2—%=gunit

X
Ex.(18) Find the distance between parallel lines - = L2 and = =
2 -1 2 2 -1 2

Solution:
The vector equations of given lines 7 = 1(22—}4 212)
and 7:(f+}’+l;)+u(22—}‘+212)
The distance between parallel lines 7 =a, + b and 7 =a, + Ab is given by d = ‘(52

Here &, =0, a, =i+ j+k b = 21— j+2k

A

sLa,—a =i+j+k

And z}zm
3




PRk
e 1 iy a2\ 3 7
—a)x<b=|1 1 U=Zl1 1 1:5{31—3k}:z—k
ORI -

a, —a, )x b| =2 unit

&

Exercise 6.2 )

1)
(2)

(3)

(4)
Q)

(6)

(7)

(8)

1)

(2)

Find the length of the perpendicular from (2, -3, 1) to the line x;rl = y;3 = Z+11

Find the co-ordinates of the foot of the perpendicular drawn from the point 2?—}‘+51Ac to the
line 7 = (1 li— 2}' —SIQ) + A (10?—4}' -1 112) . Also find the length of the perpendicular.

Find the shortest distance between the lines 7 = (4;—})+/1(;+ 2}—31;) and
7:(;—}+2l;)+,u(§+4}—5];)

+l:y+l:Z+l a

Find the shortest distance between the lines x7 nd x—3_y-3_z-7

-6 1 1 -2 1
x—1_ y+1 z+10
2 -3 8

Find the perpendicular distance of the point (1, 0, 0) from the line
Also find the co-ordinates of the foot of the perpendicular.

A(L, 0, 4), B(0,-11, 13), C(2, -3, 1) are three points and D is the foot of the perpendicular from
Ato BC. Find the co-ordinates of D.

By computing the shortest distance, determine whether following lines intersect each other.
() 7 =(i=7)+2(2i +k) and 7 =(2-])+ u(i+5-k)
4 -5 -5 7 1 3

If lines x—1_y+l_z-1 and x—3_y—k_z intersect each other then find k.
2 3 4 1 2 1

Miscellaneous Exercise 6 A

Find the vector equation of the line passing through the point having position vector 3; + 4}- 7k
and parallel to 6i— j+k .

Find the vector equation of the line which passes through the point (3, 2, 1) and is parallel to
the vector 2;+ 2 -3k -




(3)

(4)
®)
(6)
(7)
(8)

©9)

(10)

(11)
(12)
(13)
(14)

(15)

(16)

(17)
(18)

(19)
(20)

(21)

Find the Cartesian equations of the line which passes through the point (-2, 4, -5) and parallel
x+2 y-3 z+5

5 6
Obtain the vector equation of the line

to the line

x+5 y+4 z+5
5 6
Find the vector equation of the line which passes through the origin and the point (5, -2, 3).

Find the Cartesian equations of the line which passes through points (3, -2, -5) and (3, -2, 6).
Find the Cartesian equations of the line passing through A(3, 2, I) and B(Z1, 3, 1).

Find the Cartesian equatlons of the line passmg through the point A(1, 1, 2) and perpendicular
to vectors p _,+21+k and ¢ —3z+2] k.

Find the Cartesian equations of the line which passes through the point (2, 1, 3) and perpendicular
x—lzy—222—3 and =Y _Z%

2 3 -3 2 5
Find the vector equation of the line which passes through the origin and intersect the line

to lines

Xx—1=y-2=z-3atright angle.

l-x 7y-14 z-3 7-Tx _y-5_6-z

Find the value of A so that lines and I " are at right
angle. 3 22 2 3

: . -1 y-2 z-3 - - -
Find the acute angle between lines xl =7 " =22 and x21=y12=213.

Find the acute angle between linesx=y,z=0and x=0,z=0.
Find the acute angle between linesx=-y,z=0 andx =0,z =0.

Find the co-ordinates of the foot of the perpendicular drawn from the point (0, 2, 3) to the line
x+3 y-1 z+4

5 2 3
By computing the shortest distance determine whether following lines intersect each other.

(i) 7=(§+}—l§)+i(2§—}+l€) and 7:(22+2}—3/€)+u(f+}'—2l€)

(ii) x-=5 _ Y- 7 z+3
5

x—1 y+1 z-1 and x=2 y+m z-2

2 3 4 1 2

Find the vector and Cartesian equations of the line passing through the point (-1, -1, 2) and

parallel to the line 2x-2=3y +1=6z-2.

andx—-6=y—-8=z+2.

If lines * intersect each other then find m.

. o . .- A 5A n AN
Find the direction cosines of the line » = (—21 +5] —k]+/1(21 +3]).
Find the Cartesian equation of the line passing through the origin which is perpendicular to
x—=1_ y+1 z-1
. . . 3 4
Write the vector equation of the line whose Cartesian equationsarey =2 and 4x -3z +5=0.

X—-1=y-2=z-1and intersects the
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(22) Find the co-ordinates of points on the line x-1 = =2 3 which are at the distance 3 unit
from the base point A(l, 2, 3). 1 2

6.4 Equations of Plane :

Introduction : A plane is a surface such that the line joining any two points on it lies entirely on it.
Plane can be determined by
(i) two intersecting lines
(i) two parallel lines
(iii) a line and a point outside it
(iv) three non collinear points.

Definition: A line perpendicular to a plane is called a normal to the plane. A plane has several
normals. They all have the proportional direction ratios. We require only direction ratios of normal
therefore we refer normal as the normal to a plane.

Direction ratios of the normal to the XY plane are 0, 0, 1.

6.4.1 Equation of plane passing through a point and perpendicular to a vector.

Theorem 6.8: The equation of the plane passing through the point A(E) and perpendicular to

vector N iISF. 7=ag-7 - A
Proof: Let P(T) be any point on the plane. -
. AP is perpendicular to .
AP =0 I—
~(F-a)-n=0 O

oo M@
Lren—a-n= Tt
_ AP P(r)
r-n=d4a-n

Fig. 6.8

This is the equation of the plane passing through the point A(ﬁ) and perpendicular to the vector n .

Remark :

* Equation 7 -n = a-n is called the vector equation of plane in scalar product form .

« If a-n=dthenequation 7-77 = a-7 takesthe form r-n=d.

mNno)
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Cartesian form :

Theorem 6.9 : The equation of the plane passing through the point A(x,, y,, z,) and direction ratios
of whose normal are a, b, cisa (x—x,) + b(y-y) +c(z-z) =0.

Proof: Let P(x, y, z) be any point on the plane.
The direction ratios of AP are x —x,,y -V, Z-Z,.
The direction ratios of the normal are a, b, c. And AP is perpendicular to the normal.
sa(x=x)+b(y-y)+c(z-z)=0. This is the required equation of plane.
Remark: Above equation may be writtenasax + by +cz+d=0

Ex.(1) Find the vector equation of the plane passing through the point having position vector
2i+3j+4k and perpendicular to the vector 2§+}‘—21§.

Solution: We know that the vector equation of the plane passing through A(é) and normal to
vector n isgivenby .n=qg-n-

Here @ =2i+3j+4k, n=2i+ j—2k

a-ﬁz(z§+3}+41€)- (2E+}—21€)=4+3—8=—1

The vector equation of the plane is 7 .(22+ - 2/}) 1.

Ex.(2) Find the Cartesian equation of the plane passing through A(1, 2, 3) and the direction ratios of
whose normal are 3, 2, 5.

Solution: The equation of the plane passing through A(x,, y,, z,) and normal to the line having
direction ratios a, b, cis a(x - x,) + b(y -y,) +c(z-z) =0.

Here (x,, ¥,, z,) = (1, 2, 3) and direction ratios of the normal are 3, 2. 5.
The Cartesian equation of the plane is 3(x - 1) + 2(y - 2) + 5(z - 3) = 0.
~3X+2y+52-22=0.

Ex.(3) The foot of the perpendicular drawn from the origin to a plane is M(2, 1, -2). Find vector
equation of the plane.

Solution: OM is normal to the plane.

.. The direction ratios of the normal are 2, 1, -2.

The plane passes through the point having position vector 2§+}'—212 and vector OM = 2?+}’— 2k
is normal to it.

Its vector equation is ;. = g-7 .




!

-(2§+}—21€):(22+}-21€)-(2E+}—21€)

(2+7-2k)=9.

l

6.4.2 The vector equation of the plane passing through point A(ﬁ) and parallel to b and T :

Theorem 6.10 : The vector equation of the plane passing through the point A(E) and parallel to
non-zero and non-parallel vectors b and € is (¥ —a)-(bx¢)=0.

Proof: As vectors b and T are parallel to the plane, vector b x T is normal to the plane. Plane
passes through A(ﬁ). 1

Let P(T) be any point on the plane. bxc

is perpendicularto b x €

- AP
AP (hxc)=0 ~NA—

.'.(77—5)-([;><5)=0 A(E)..."—:.__
7-(bxz)=a-(bxc) is the required equation. AP *p(r)
Fig. 6.9

Remark: As Ap, b and T are parallel to the same plane, they are coplanar vectors. Therefore AP
can be expressed as the linear combination of b and €. Hence AP =1b + uc for some scalars A
and p.

F—a=Ab+uc
F=a+Ab+puc This equation is called the vector equation of plane in parametric form.

Ex(4) Find the vector equation of the plane passing through the point A(-1, 2, -5) an parallel to
vectors 4i—j+3k and j+ j— .

Solution: The vector equation of the plane passing through point A(é) and parallel to b and T is
F-(bxc)=a-(bxc)

Here g=—i+2j—5k,b=4i— j+3k,c=i+j—k

A N

ik
bxc=|4 -1 3 =-2i+7j+5k
11 -1

Ql

-(Exz)=(—§+2}—51€)-(—2§+7}+5}%)=—9




The required equation is 7~(—2§+7}‘+51€) =-9

Ex.(5) Find the Cartesian equation of the plane 7 = (;—}')+/1(;+}'+l;)+ u(f—2}+312)

Solution: Given plane is perpendicular to vector n, where

ik
i=bxc=l 1 1=5-2j-3k
1 -2 3

.. The direction ratios of the normal are 5, -2, -3.

And plane passes through A(Z, -1, 0).

- Its Cartesian equation is a(x - x,) + b(y —y,) +¢c(z-z,) =0

S5(x=1)-2(y+1)-3(z-0)=0

SO5X-2y-3z-7=0

6.4.3 The vector equation of plane passing through three non-collinear points :

Theorem 6.11 : The vector equation of the plane passing through non-collinear points A(é) , B(B)
and C(C) is (F-a)-(b—a)x(c-a)=0

Proof: Let P(T) be any point on the plane passing through non-collinear points A(a), B(B)and

C(T) .
.'. \_
_ ABX
S AP-ABx AC=0
o(F-a@)-ABx AC=0 /
i AC

This is the required equation of plane.

Cartesian form of the above equation is

X=X Y=y Zz—Z
X,=X V=V, Z,—z|=0
X=X 3™V Z3TE

Ex.(6) Find the vector equation of the plane passing through points A (1, 1, 2), B (0, 2, 3) and
C(4,5,6).




Solution; Let @, b and T be position vectors of points A, B and C respectively .
ca=i+j+2k, b=2j+3k c=4i+5)+6k

~b —5:—§+}'+l§ and 5—5:3f+4}'+4l€

ik
(b-a)x(c-a)=|-1 1 1=7/-7k
3 4 4

The plane passes through g =+ j+ 2k and 7 —7k is normal to the plane.
. Its equation is (7—5)~(7}'—7l€) =0

(7-(2+}+2]€))-(7}—7/€)=0

!

-(7}—712)=(§+}+2z€)-(7}—71€)

|

-(7}—712) =—7 is the required equation.
6.4.4 The normal form of equation of plane.

Theorem 6.12: The equation of the plane at distance p unit from the origin and to which unit vector
n isnormalis 7.n=p

Proof: Let ON be the perpendicular to the plane ... ON =p
As n is the unit vector along ON, ON = pn
Let P(T) be any point on the plane.

~NPLn ~NP-n=0
.'.(7—pn)'n:0 .'.;7-1:1—]9;1';1:0
..7;[—]):0 .'.77';[:p

Fig. 6.11

This is called the normal form of vector equation of plane.

Remark:

* If I, m, n are direction cosines of the normal to a plane then n=1/i + mj + nk .

* If N is the foot of the perpendicular drawn from the origin to the plane and ON = p then the
co-ordinates of N are (pl, pm, pn).

* The equation of the plane is Ix + my + nz = p. This is the normal form of the Cartesian
equation of the plane.

» There are two planes at distance p units from origin and having n as unit vector along normal,
namely r-n=+p

(m17)
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Ex.(7) Find the vector equation of the plane which is at a distance of 6 unit from the origin and to
which the vector 2 j+ 2k is normal.

Solution: Here p =6 and 7 = 2i — j + 2k o |n|=3

. _ ’E_A. 2"
_._nzizw

n

The required equation is - 7.5, = p

_._F.{#J%

-(22-}4212):18

!

Ex.(8) Find the perpendicular distance of the origin from the plane x -3y +4z-6 =0
Solution : First we write the given Cartesian equation in normal form.
I.e.inthe form Ix + my + nz=p

Direction ratios of the normal are 1, -3, 4.

1 -3 4
Direction cosines are , ,
V26 26 /26

1 -3 4 6
Given equation can be written as NiT3 xX— N3 v+ 7% z= e
6

The distance of the origin from the plane is E

Ex.(9) Find the coordinates of the foot of the perpendicular drawn from the origin to the plane
2x+y—-2z=18

Solution:

The Direction ratios of the normal to the plane 2x +y -2z =18 are 2, 1, -2.

N . 21 2
Direction cosines are —,—,——
33 3
. . .. 2 1 2
The normal form of the given Cartesian equation is Ex + Ey _EZ =6
p=6
. . 2 1 2
The coordinates of the foot of the perpendicular are (Ip, mp, np) = {6 (Ej ,6 [5]6[—§D = (4,2,—4)




Ex.(10) Reduce the equation 7-(3?—4}4 1212) =8 to the normal form and hence find
(i) the length of the perpendicular from the origin to the plane

(i) direction cosines of the normal.
Solution: Here 1 =3i—4j +12k =13

(3i-4j+12k) g

The required normal formis ;.

13 13
8
(i) the length of the perpendicular from the origin to the plane is T
(ii) direction cosines of the normal are i,_—4,£.
13 13 13

6.4.5 Equation of plane passing through the intersection of two planes :

If planes (77, —d,)=0 and 7 -7, —d, =0 intersect each other, - 7*(7+7,)+\(di+d;)=0

then for every real value of 2 equation 7 (7, +Am,)=(d, +Ad,) ([ ——  _—]

represents a plane passing through the line of their intersection

7 ﬁl’dl - }72§Qg

If planes ax+by+cz+d =0 and ax+by+c,z+d,=0
intersect each other, then for every real value of A, equation iLineof

intersection
(alx +by+cz+d)+A (azx +b,y+c,z+d, ) =(0represents a plane
passing through the line of their intersection.

Fig. 6.12
Ex.(11) Find the vector equation of the plane passing through the point (1, 0. 2) and the line of
intersection of planes 7-(f+}'+l€) =8 and 7-(2§+3}'+41§): 3

Solution: The equation of the required plane is of the form equation .. 7 (7, + A7, ) —(d, + Ad, ) =0

=

-[(h]+I2)+i(2i+3]+4|2)}:8+31 .. ()

l

((1+22)7+ (1432) j+ (1+42)k ) =8+ 32

The plane passes through the point (1, 0, 2).

o (i 2k)- (1224 (1432) j+ (1+42)k ) =8+ 32
S (1422)+2(1+424) =8+34

SIH2A+2+8A =843




STA

=5

5

A=2 - (2)

7

From (1) and (2) we get

!

|

-((f+}+l€)+%(2§+3}+41€)}:8+3(%j

-(17§+22}+27/€)=71

@ Exercise 6.3 )

1)

(2)
(3)

(4)

Q)

(6)

(7)

(8)

©)

(10)
(11)

Find the vector equation of a plane which is at 42 unit distance from the origin and which is
normal to the vector 2; + j— 2k .

Find the perpendicular distance of the origin from the plane 6x—-2y+3z-7=0.

Find the coordinates of the foot of the perpendicular drawn from the origin to the plane
2x+6y—-3z=63.

Reduce the equation F-(3§+4}‘+12]€) =78 to normal form and hence find

(i) the length of the perpendicular from the origin to the plane (ii) direction cosines of the
normal.

Find the vector equation of the plane passing through the point having position vector ; + } +k
and perpendicular to the vector 4;+5j + 6k -

Find the Cartesian equation of the plane passing through A( -1, 2, 3), the direction ratios of
whose normal are 0, 2, 5.

Find the Cartesian equation of the plane passing through A(7, 8, 6) and parallel to the XY
plane.

The foot of the perpendicular drawn from the origin to a plane is M(1,0,0). Find the vector
equation of the plane.

Find the vector equation of the plane passing through the point A(-2, 7, 5) and parallel to
vectors 4;— j+3k and i+ j+k .
Find the Cartesian equation of the plane 7 = (5;—2}—3/;)+ﬂ(;+}+/;)+ #(;—2}4312).

Find the vector equation of the plane which makes intercepts 1, 1, 1 on the co-ordinates axes.




6.5 Angle between planes: In this article we will discuss angles between two planes, angle between
a line and a plane.

6.5.1 Angle between planes: Angle between planes can be determined from the angle between their
normals. Planes 7 -7, =d, and 7 -1, =d, are perpendicular to each other if and only if n,-n, =0
Planes a,x+by+cz+d, =0 and a,x+b,y+c,z+d, =0 are perpendicular to each other if and only
if aa,+bb,+cc,=0

Definition : If two planes are not perpendicular to each other then the angle between them is
defined as the acute angle between their normals.

The angle between the planes 7 -7, =d, and 7 -1, =d, is given by cos6 =

Ex.(12) Find the angle between planes 7~(§+}'—21€) =8 and 7-(—2;+}'+l; =3
Solution: Normal to the given planes are 7, =i+ j—2k and n, = i+ j+k

The acute angle 6 between normal is given by

cosf = n M
][]
0 (f+}—2l€)-(—2§+}+l€) ‘_3‘ 1
.. COS = = |—| = —
J6 -6 6| 2
1 7
c.cosf =— L O=600=2
2 3

The acute angle between normals 0, and n, is 60°.

The angle between given planes is 60°.
6.5.2 Angle between a line and a plane: Line 7 =g+ A is perpendicular to the plane 7 -7 =4 if
and only if b and M are collinear. i.e. if 5 =77 forsomet e R Line # =g+ Ab is parallel to the
plane of 7.7 =4 and only if b and M are perpendicular to each other. i.e.if 5-7=0.

Definition : The angle between a line and a plane is defined as the complementary angle of the acute
angle between the normal to the plane and the line.

Because of the definition, the angle between a line and a plane can't be obtuse.

If O is the angle between the line 7 =@ + Ab and the plane 7 -7 =d then the acute angle between the
line and the normal to the planeis Z _ .




Ex.(13) Find the angle between the line 7 = (§+ 2}+l§)+l(f+}‘+l€) and the plane 7-(2;—}'#;) =8
bei
B[]

S|

Solution: The angle betweenthe line 7 =g + A» andtheplane 7 -7 =d isgivenby sin@ =

Here p =i+ j+k and 7=2i— j+k

.-.b-ﬁ=(§+}+/€)-(2§—}+1€)=2—1+1:2

‘5‘:\/1+1+ -3 and n|=v4+1+ =6

oo BTl 2 A
0 |
S0 =sin"’ (ﬁl

3

6.6 Coplanarity of two lines:

We know that two parallel lines are always coplanar. If two non-parallel lines are coplanar then the
shortest distance between them is zero. Conversely if the distance between two non-parallel lines is
zero then they are coplanar.

Thus lines 7 =a, + A,b, and 7 =@, + A,b, are coplanar if and only if (52 —51)-(51 X l;2)= 0
The plane determined by them passes through A (&) and b, xb, . is normal to the plane .

Its equation is (7 —a,)-(B,x5,)=0.

X —X. - zZ—Z — — — ; ;
1 YN _ETA g I YT 275 are coplanar if and only if

Lines
a b, G a, b, &

Y, =% =W ZH7F

a, b, ¢ |=0
a, b, )
X=X Y= z—z
The equation of the plane determined by them is | q, b, ¢ [=0
a2 b2 cz
{218)




Ex.(14) Show that lines 7 =(7+j~£ )+ 2(2i-2j+4) and 7= (4137 +2k )+ (i ~2j+2k) are
coplanar. Find the equation of the plane determined by them.

Solution: Lines 7 =a,+Ab, and 7 =@, +A,b, are coplanar if and only if (a, —51)-(51 Xb_2)=0
Here c‘1]=2+}‘—12, 52:42—3}421;
b =2i-2j+k b =i-2j+2k
na,—a=3—-4j+3k
4 3

3
(@,-a)-(Bxb,)=]2 -2 1=3(-2)+4(3)+3(-2)=—6+12-6=0
1 =2 2

.. Given lines are coplanar.

A A ~

ik
Now b xb,=[2 -2 1=-2i-3j-2k
1 2 2

The equation of the plane determined by them is (7—51)-(

S
X
S
~
Il
[e)

!

(byxb,)=a,-(bxb,)
(21 —3j -2k =(i+]—|2)-(—2?—3]—2|2) 0

) Aa)
)

=l

“
. N
=
|
w
N
|
N
~>

6.7 Distance of a point from a plane.

To find the distance of the point A(&) from the plane 7 -n = p

|a-al

The distance of the origin from the plane 7., = p isp.

The equation of the plane passing through A(a) and parallel to
the plane

|—| A(G)

A

T-n=pi57.n:5.n. |—|

The distance of the origin from the plane 7., =g-n IS ‘c‘z-ﬁ




The distance of the point A(&) from the plane 7-n = p is given by ‘p— a-n

Remark : For finding distance of a point from a plane, the equation of the plane must be in the
normal form.

Ex.(15) Find the distance of the point 4; -3+ 2k from the plane . (—2?+}‘—21Ac) =6
Solution: Here @ =4i -3+ 2k, =—2i+ j — 2k
A= (=2) +(1) +(=2) =3

. (—2§+}—2/€)
"= 3

The normal form of the equation of the given plane is

_.(—2i+§—2k):2 s
~ A A A (—2§+}—2l€)
Now, c_z-n=(4i—3j+2k)-—

(42—3}+21€)~(—2§+}—2/€) B
B 3 R

.an=-5
The required distance is given by‘p— 5'ﬁ‘=|2—(—5)| =|7|=7

Therefore the distance of the point 4; -3 + 2k from the plane (—2?+}'—21Ac) =6 is 7 unit.

@ Exercise 6.4)

(1) Find the angle between planes 7-(?+}+2]€):13 and F~(2§—}‘+l€)=31.

(2) Find the acute angle between the line 7~(f+2}‘+2]€)+/‘t(2§+3}—612) and the plane
7-(22—}+1€)=0

(3) Show that lines 7=(2}'—3/€)+ﬂ,(2+2}'+3/€) and 7:(2;+6}+31Ac)+,u(2;+3}+4l;) are
coplanar. Find the equation of the plane determined by them.

(4)  Find the distance of the point 4; —37+ from the plane 7-(2f+3}—6fc) =21.
(5)  Find the distance of the point (1, 1, -I) from the plane 3x+4y-12z+20=0.
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Remember This: Line )

The vector equation of the line passing through A(c_z) and parallel to vector bis r=a+Ab
The vector equation of the line passing through 4(a) and B(b) is r=a+A(b—a)-

The Cartesian equations of the line passing through A(x,, y,, z,) and having direction ratios a,
bcare X~ M _Y~N _Z7%4
a b c

2
The distance of point P(¢) fromthe line - = g+ A5 is given by ‘a _ 5‘2 _ %
b

The shortest distance between lines r=q +Ab and =g, +A,b, is given by
(Clz —01)'([?1 sz)
‘51 X 52‘

Lines 7 = Zl + /1151 and r= ZIz + /1252 intersect each other if and only if
(212 —211)'(1_?1 Xzz)ZO

X=X _Y=nNh_2-% X=X V=Y, _27%5

Lines = and = intersect each other if and
al bl cl aZ b2 CZ
Xo =X Vo=V 2,74

only if a, b, =0

a b 2 G

The distance between parallel lines r=a +Ab and r=a,+Ab is given by
d =‘(az —al)xb

Plane )

The vector equation of the plane passing through A(a) and normal tovector 7 is 7-n=a-n
Equation r-n=a-n iscalled the veetor equation of plane in scalar product form.
If a-n=d then equation r-n= a-n takes the form ron=d

The equation of the plane passing through A(x,, y,, z,) and normal to the line having direction
ratios a,b,c is a(x-x,) + b(y-y,) + c(z-z)) = 0.




The vector equation of the plane passing through point A(E) and parallel to b and c is
r-(bxc):a-(bxc)

Equation = g+ Ab + pc is called the vector equation of plane in parametric form.

The vector equation of the plane passing through non-collinear pointsA(Z,), B(E) and C(c)

is (r-a)-(b-a)x(c-a)=0
X=X Y-V Z—Z

Cartesian from of the above equationis |x, —x;, y, -y, 2z,—2z/|=0

X=X V3=V 2373
The equation of the plane at distance p unit from the origin and to which unit vector nis normal
is . n=p
If I, m, n are direction cosines of the normal to a plane which is at distance p unit from the
origin then its equation is Ix + my + nz = p.

If N is the foot of the perpendicular drawn from the origin to a plane and ON = p then the co-
ordinates of N are (pl, pm, pn).

If planes (; . 1;1 —d,)=0 and ,_,,_12 —d, =0 intersect each other, then for every real value
of A.equationy - (n1 + Ana) —(d, + Ad,) =0 represents a plane passing through the line of
their intersection.

If planes and a,x+b,y+c,z+d=0 and a x+b,y + ¢,z + d, = 0 intersect each other, then for every
real value of A, equation (a x+by + ¢,z + d,) + A (ax+b,y ¢,z + d,) = 0 represents a plane
passing through the line of their intersection.

- - - - o n-n
The angle between the planes 7-n1 =d, and r-n2 =d, is given by cos6 = |=—==
i,
- - - . b-n
Theacuteangle betweentheline » = g+ Abandtheplane r-n=d isgivenby sin@ = |——
alia

Lines 7= a, + b, and r = az + 2, b2 are coplanar if and only if (a2 —a1)- (b1 xb2) =0

and the quation of the plane determined by them is (I_’ - 211) : (Z_)l X 1_72) =0

X=X Y=V Z—Z X=X, Y=V, 275

Lines and B
a b, ¢ a, b, G,

X=X V=)V Z—Z

are coplanar ifandonly if a b, ¢,| =0, and the equation of the plane determined
a, b, G
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X=X Y=y Z—Z

by them is q, b, =0

a, b, &)

The distance of the point A(ZI) from the plane ;_»;2 = p is given by ‘p —a-

Miscellenous Exercise 6 (B)

Choose correct alternatives.

n

1)  If the line XY z is perpendicular to the line x—1 = y+2 = z-3 then the value of k
is: 3 4 k 3 k—1
11 11 11 4
A)— B)-— C)— D)—
) 4 ) 4 ) 2 )11
2)  The vector equation of line 2x -1 =3y+2=z-2s
— 1_ 2_ —_ - —_ —_
A) | rx e . .
r—(zz 3]+2kj+l<3z+2]+6k)
B) ;:f—}+(22+}+E)
o 7=(3i-7)+ali-27+6F)
2
D) z_ﬂ:(f+})+l(f—2}+6%)
3)  The direction ratios of the line which is perpendicular to the two lines
-7 17 -6 5 3 -6
X yrl_z andx+ _Yr2_z are
2 -3 1 1 2 -2
A) 4,57 B)4,-5,7 C)4,-5,-7 D)-4,5,8
4)  The length of the perpendicular from (1, 6,3) to the line X y_—l _Z- 2
1 2 3
A) 3 B) Vil C) V13 D) 5
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5) The shortest distance between the lines = (; + 2}' + lAc) + /”t(; - } - IAC) and
?:(2i—j—k)+u(2i+j+2k) is
1 3 3
A)—= B) C)—= D) ¥
V3ON2 T2 2
5 Theli x=2 y-3 z-4 dx—l_y—4_z—5 4 ool "
) e lines 1 " —k an k > - and coplanar i
A) k=1lor-1 B) k=0or-3 C) k=+3 D) k=0or-1
-1 -2 -3
7) Thelinesfzzziandx P and are
2 3 -2 —4
A) perpendicular B) inrersecting C) skew D) coincident
8)  Equation of X-axis is
A) X=y=z B) y=12
C) y=0,z2=0 D) x=0,y=0
9)  The angle between the lines 2x =3y =-z and 6x =-y = -4z is
A) 45° B) 30° C) 0° D) 90°
10) The direction ratios of the line 3x + 1 = 6y-2 = 1-z are
A) 2,16 B) 2,1,-6 C)2,-1,6 D) -2,1,6
11) The perpendicular distance of the plane 2x + 3y - z = k from the origin is ¥14 units, the value
of kis
J14
A) 14 B) 196 c) 2414 D)
12) The angle between the planes and }7(; - 2;’ + 31;) +4=0and " (2i +Jj- 3k) +7=0 jg
/4 T (3 (o
A) E B) E C) cos” (Zj D) cos (ﬁ]
13) Ifthe planes 7-(2i— A/ + l;) =3 and 7 '(4i —Jj+ Hk) =3 are parallel, then the values of A
and p are respectively.
1 1 1 1
A) —,—2 B) ——,2 c) ——,—2 D) —,2
)5 )3 ) 75 )5
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14)

15)

16)

17)

18)

19)

20)

1.
(1)

)
3)

(4)

The equation of the plane passing through (2, -1, 3) and making equal intercepts on the
coordinate axes is

A)x+y+z =1 Byx+y+z=2 C)x+y+z=3 D)x+y+z=4
Measure of angle between the planes 5x-2y+3z—-7 =0and 15x — 6y +9z +5=01s
A) 0° B) 30°
C) 45° D) 90°
The direction cosines of the normal to the plane 2x-y+2z=3 are
n2l2 212
37373 37373
o212 ;2. 2l 2
37373 37373
The equation of the plane passing through the points (1, -1, 1), (3, 2, 4) and parallel to Y-axis

IS:
A) 3x+2z -1=0 B) 3x —2z=1 C) 3x+2z+1=0 D) 3x+2z=2

Theequationoftheplaneinwhichtheline x-S _y-7_z+3 and Xx=8 _y-4_z+53
lie, is 4 -+ -5 7 1 3

A)17x-47y -24z2 +172=0
B) 17x + 47y - 24z + 172 =0
C)17x+47y + 24z +172=0
D) 17x - 47y + 24z + 172=0

+1 - -4
If the line x2 =Y 3m _Z p lies in the plane 3x-14y+6z+49=0, then the value of m is:
A)5 B) 3 C)?2 D) -5
The foot of perpendicular drawn from the point (0,0,0) to the plane is (4, -2, -5) then the

equation of the plane is

A)dx+y+5z2=14 B) 4x - 2y -5z =45

C)x-2y-5z=10 D)4x +y+6z=1I

Solve the following :

Find the vector equation of the plane which is at a distance of 5 unit from the origin and which

is normal to the vector 2i + } +2k

Find the perpendicular distance of the origin from the plane 6x+2y+3z-7=0

Find the coordinates of the foot of the perpendicular drawn from the origin to the plane
2X+3y+6z=49.

Reduce the equation . (6i +8j+ 24k) =13 to normal form and hence find
(i) the length of the perpendicular from the origin to the plane
(i) direction cosines of the normal.
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()
(6)

(7)

(8)
©)

(10)

(11)
(12)

(13)

(14)
(15)
(16)

7)

(18)
(19)

Find the vector equation of the plane passing through the points A(l, -2,1), B(2, -1, -3) and
C(0,1,5).

Find the Cartesian equation of the plane passing through A(1, - 2, 3) and the direction ratios of
whose normal are 0. 2, 0.

Find the Cartesian equation of the plane passing through A(7, 8, 6) and parallel to the plane
. (6i+8j+7k):0

The foot of the perpendicular drawn from the origin to a plane is M(l, 2,0). Find the vector
equation of the plane.

A plane makes non zero intercepts a, b, ¢ on the co-ordinates axes. Show that the vector
equation of the plane is 7. (bci +caj+ abk) = abc

Find the vector equation of the plane passing through the point A(-2, 3,5) and parallel to vectors
4i+3k and i+ j

Find the Cartesian equation of the plane 7 = /l(; + } — lAc) + U (; + 2}' + 312)

Find the vector equations of planes which pass through A(l, 2,3), B(3, 2, 1) and make equal
intercepts on the co-ordinates axes.

Find the vector equation of the plane which makes equal non-zero intercepts on the co-ordinates
axes and passes through (1,1,1).

Find the angle between planes 7 -(—2; + } + 21;) =17and r- (2; + 2}’ + lAc) =71.

Find the acute angle between the line r= i(f— } + lAc) and the plane Py (22 —j+ lAc) =23
amwﬂmunms?:(§+4})+A(?+2}+3£)amL?=(3}—%)+y(ﬁ+3}+4%)

are coplanar. Find the equation of the plane determined by them.
Find the distance of the point 3; 4 3}- 4 from the plane ;.(zf+ 3}' + 6/2) =21

Find the distance of the point (13, 13,-13) from the plane 3x + 4y - 12z = 0.

Find the vector equation of the plane passing through the origln and containing the line
r :(f+4] +k)+/1(f+2Aj +k)

Find the vector equation of the plane which bisects the segment joining A(2,3, 6) and B( 4,3, -2)
at right angle.

Show that linesx =y, z=0and x + y =0, z = 0 intersect each other. Find the vector equation of
the plane determined by them.
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