Chapter 08

VECTORS &

3-DIMENSIONAL GEOMETRY

VECTORS

1. VECTORS & THEIR TYPES

Vector quantities are specified by definite magnitudes and definite
directions. A vector is generally represented by a directed line

segment, say AB. Ais called the initial point and B is called the

terminal point. The magnitude of vector AB is expressed by

‘E‘ AB may also be represented by d and its magnitude by
lal.

1.1 Zero Vector

A vector of zero magnitude is a zero vector i.e. which has the same
initial & terminal point, is called a Zero Vector. It is denoted by

O . The direction of zero vector is indeterminate.

1.2 Unit Vector

A vector of unit magnitude in direction of a vector j is called unit

|Nl

vector along @ and is denoted by a . Symbolically a =

o)

1.3 Equal Vector

Two vectors are said to be equal if they have the same magnitude,
direction & represent the same physical quantity.

1.4 Collinear Vector
Two vectors are said to be collinear if their directed line segments
are parallel disregards to their direction. Collinear vectors are also

called Parallel Vectors . If they have the same direction they are
named as like vectors otherwise unlike vectors.

Symbolically, two non — zero vectors @ and b are collinear if and

only,if a = Kb, where K € R— {0}.

.2
1.5 Coplanar Vector

A given number of vectors are called coplanar if their line segments
are all parallel to the same plane. Note that “Two Vectors Are
Always Coplanar”.

1.6 Position Vector of A Point
Let O be a fixed origin, then the position vector (pv) ofa point P is
the vector OP . If @ and b are position vectors of two points A
and B, then, AB=b-3 =pv of B —pv ofA.

1.7 Section Formula
If a and b are the position vectors to two points A and B then
the p.v. of a point which divides AB in the ratio m : n is given by :

a-+mb i+b
=227 Note p.v. of mid pointof AB= aT

=]

m+n

2. ALGEBRA OF VECTORS

2.1 Addition of vectors

Iftwo vectors 3 & b are represented by OTA & @ , then their

sum z+b is a vector represented by O_C., where OC is the
diagonal of the parallelogram OACB.

* a+b=b+a (commutative)
* a+ ‘B)+ c=a+ (‘B + 6) (associative)
*  a+0=a=0+a

% a+(-a)=0=(-3)+a

2.2 Multiplication of a Vector by a scalar

o)

If a is a vector & mis a scalar, thenm @ is vector parallel to

whose modulus is m| times that of @ . If m > 0 then m@ and a
have same direction and if m < 0, then they have opposite
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directions. This is multiplication is called Scalar Multiplication.

Ifd & b are vectors & m, n are scalars, then :
m (d)=(E)m=ma
m(ng )=n(ma )=(mn) a
(m+n) @ =ma +na
m(5+5)=m5 +mb

2.3 Subtraction of Vectors

@-b is defined as addition of vectors g and ().

3. TEST OF COLLINEARITY

Three points A, B, C with position vectors @, b, ¢ respectively
are collinear, if & only if there exist scalar X, y, z not all zero

simultaneously such that; xag + yl; +z¢ =0, where x +y +z =0

4. TEST OF COPLANARITY

Four points A, B, C, D with position vectors a, B, <, d respectively
are coplanar if and only if there exist scalars X, y, z, w not all zero

simultaneously such that xa + yb + z¢ + wd = 0 where, x+y+z+

w=0

5. SCALAR PRODUCT OF TWO VECTORS

»* ﬁ-B=|§”B‘cosG(OS6Sn)

note that if 0 is acute then a.b >0 & if 0 is obtuse then

a.b <0
*  G.a=ld =a
* G.b=b.a (commutative)
#  (p+c)=d-b+a-¢ (distributive)
*  Gb=0calb (az0b=0)
» (mad).b=4a.(mb)=m @ .b), where mis scalar.

*  ii=jj=kk=1;

ij=1k=ki=0

projection of a on b= ﬂ

[

1

o

the angle ¢ between a & b is given by cos ¢ = |ﬁ| ‘B‘
a

0<¢<m

if 4=a,i+a,j+ak and p=bi+b,j+bk then

a.b =a; b, +a,b,+a,b,
|a| = yai +a; +a;
b= /b +b3+b2

NOTES:

(@)

(i)

(iii)

(iv)

Maximum value of a.b = |5| ‘B‘

Minimum valuesof 3 .p=— |§| ‘B‘

Any vector 3 can be written as,

a=(-i)i+(a-3)i+GR)k
A vector in the direction of the bisector of the angle

i b
between two vectors 3 &, is E"’ﬂ .

Hence bisector of the angle between the two vectors

a&bis x(é+6),where7\. eR*.

Bisector of the exterior angle between 3 & p, is A (ﬁ - B)

A e R-{0}.
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6. VECTOR PRODUCT OF TWO VECTORS

* If @ &b are two vectors & 0 is the angle between them

then axb =|§| ‘B‘ sin O n, where N is the unit vector

perpendicular to both a &b suchthat a, b & 1 formsa
right handed screw system.

* Geometrically [axb

whose two adjacent sides are represented by a &b

* daxb=0<>dand b are parallel (collinear) (provided
a#0,b=0)ie a= Kb , where K is scalar.

»* axb#bxa (not commutative)

»* (ma)xb=ax (mB): m(ﬁ x B) where m is scalar

*  dx(b+0) = (axb)+(@xd) (distributive)

*  ixi-jxjokxk=0

» ;xj =1A(,j><f<=i,f(><i=j

»* Ifi =ai+a,j+ak and = b,i+b,]j+b,kthen

i j ok
ixb=|a, a, a,
bl b2 b3

Q
X
Sy

* If 0 is the angle between 3 & p, thensin 0=

(Y

S

equals area of the parallelogram

@
If &, b & ¢ are the pv’s of 3 points A, B and C then the
1

vector area of triangle ABC = 5[5x5+f)x6+6><5].

The point A, B & C are collinear if xb+bx ¢ +¢xa = 0

Area of any quadrilateral whose diagonal vectors are al &
- L5 =

d, is given by 3 ‘dl Xdz‘

Lagranges Identity : for any two vector a & b:

@@xb)? =[d’ \6\2 _@.b) =

o o

a.
a

o'l e
ol W)

7. SCALAR TRIPLE PRODUCT

*

The scalar triple product of three vectors 5,‘5 & ¢is

defined as :
ﬁ.(l; XE) =|d] ‘5‘ |¢| sin 6 cos ¢ where 6 is the angle
between ¢ & b & ¢ is angle between & and b x¢&

It is also written as [a b ¢], spelled as box product.

Scalar triple product geometrically represents the volume
of the parallelopiped whose three coterminous edges are

represented by &, b & ¢ie. V=[a b¢]

In a scalar triple product the position of dot & cross can
be interchanged i.e.

.(bx¢) =(@xb) ¢ Also[d

o)
[on]
ol

ald:

Il

—
[on]
ol
o)

[l

Il
~
ol
o)
(=]
e

.(bx¢)=—4.(cxb)ie.[abc]=—acb]

o)

If5 =aji+a,j+ak; p=b,i+b,j+bk and

a, a, a;
¢ =citc,jtck then[abc]=b, b, b,l.
€, G G
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st

In general, if & =a,/+a,M+a,fi;b=b, ¢+ b, +b,ii and

a; a, ay
6=clz+02ﬁ1+c3ﬁ then[ﬁBé]: b, b, by [En?ﬁ};
C; C €3

where ¢, m & n are non - coplanar vectors.

»* a, b, ¢ are coplanar < [5 b E] =0.

»* Scalar product of three vectors, two of which are equal or
parallel is 0.
NOTES:

* If 3, B, ¢ are non-coplanar then [a b ¢] > 0 for right
handed system & [@ b ¢] < 0 for left handed system.

» [i ] 12] -1

* [Kabc]=K[abd]

* [@+b)cd]l=[acd]+[bcd]

#  The volume of the tetrahedron OABC with O as origin
& the pv’s of A, B and C being &, b&¢ respectively is

. |

given by V =g [Ab¢c]

% The position vector of the centroid of a tetrahedron if
the pv’s of its angular vertices are &, b, ¢, d are given

1 - - _ -

by Z[a+b+c+d].
Note that this is also the point of concurrrency of the
lines joining the vertices to the centroids of the opposite
faces and is also called the centre of the tetrahedron. In

case the tetrahedron is regular it is equidistant from the
vertices and the four faces of the tetrahedron.

# Remember that: [(5—5) (5—5) (E—ﬁ)] =0 &

ko
8. VECTOR TRIPLE PRODUCT

Let a, B, ¢ be any three vectors, then the expression a x (B X C)

is vector & is called vector triple product.

Geometrical Interpretation of aXx (bx¢)

Consider the expression & x (bx ) which itself is a vector. Since
it is a cross product of two vectors & and (bx¢) . Now & x(bx¢)
is a vector perpendicular to the plane containing g and (ExE)
but bx¢ is a vector perpendicular to the plane containing b &
¢ , therefore @ x (bx¢)is a vector lying in the plane of § & &

and perpendicular to 3 . Hence we can express & x (bx¢) in terms

of p & ¢ i.e. ax(bxE)= xb+y¢ where x and y are scalars.
#*  ax(bxd)=@.¢)b-(@.b)¢
(@xb)xc=(3-¢)b—(b-¢)a

* (@xb)xc#ax (bx3)

9. LINEAR COMBINATIONS

Given a finite set of vectors a,b,¢ then the vector

NETERE

T =xa+yb+zC+...iscalled a linear combination of a,b,¢, .....

for any x, y, z..... eR. We have the following results :

(a) If a, b are non zero, non-collinear vectors then
xa+yb=x'a+yb=>x=x";y=y’

(b)  Fundamental Theoremin plane: Let 3, b be non-zero,

non- collinear vectors. Then any vector t coplanar with

a, b can be expressed uniquely as a linear combination of

5,6 i.e. There exist some unique X, y € R such that

(© If &, b, ¢ are non-zero, non-coplanar vectors then :

xa+yb+zc=x'a+y'b+zc=>x=x,y=y,z=27
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©)

©

®

Fundamental Theorem in Space : Let 3, B, ¢ be non-

zero, non- coplanar vectors in space. Then any vector ¥
can be uniquely expressed as a linear combination of

a, B, ¢ 1i.e. There exist some unique X, y, z € R such that

If X, Xy eeeemmieeenn X, are n non zero vectors & k,

| ST k, are n scalars & if the linear combination

then we say that vectors X, X, «ococeveveunnee X, are Linearly

Independent Vectors.

If X, Xy oo X, are not Linearly Independent then
they are said to be Linearly Dependent vectors i.e. if

k, X, +k,X, +....k, X, =0 &ifthere exists at least one

k.#0then X, X, oo X, are said to be Linearly

Dependent.

NOTES:

* Ifg =3+ 23 +5k then 3 is expressed as a Linear

Combination of vectors i, j, k. Also 4, i, j,k form a

linearly dependent set of vectors. In general, every set
of four vectors is a linearly dependent system.

i, j, k are Linearly Independent set of vectors. For
Ki+K,j+Kk=0=K,=0=K, =K,

Two vectors 4 & b are linearly dependent =3 is

parallel to b i.e. axb =0 = linear dependence of & &

b. Conversely if axb=0 then 3 & p are linearly

independent.

If three vectors 3, b, ¢ arelinearly dependent, then they

are coplanari.e. [a, b, ¢] =0 conversely, if [a, b, ¢]# 0,

then the vectors are linearly independent.

10. RECIPROCAL SYSTEM OF VECTORS

If a, B, ¢ & a', B', ¢' are two sets of non-coplanar vectors such

that 3-a'=b-b'=c-¢'=1 then the two systems are called
Reciprocal System of vectors.

3 - DIMENSIONAL GEOMETRY

1. INTRODUCTION

There are infinite number of points in space. We want to identify
each and every point of space with the help of three mutually
perpendicular coordinate axes OX, OY and OZ.

1.1 Axes

Three mutually perpendicular lines OX, OY, OZ are considered as
three axes.

1.2 Coordinate planes

Plane formed with the help of x and y axes is known as x—y plane
similarly plane formed with y and z axes is known as y — z plane
and plane formed with z and x axis z—x plane.

1.3 Coordinate of a Point

Consider any point P on the space and drop a perpendicular from
that point to x — y plane; then the algebraic length of this
perpendicular is considered as z—coordinate; and from the foot of
the perpendicular drop perpendiculars to x and y axes the algebric
length of these perpendiculars are considered as y and x
coordinates respectively.

1.4 Vector Representation of a Point in Space

Ifthe coordinates of a point P in space are (X, y, z) then the position

vector of the point P with respect to the same originis x i + yj vk

2. DISTANCE FORMULA

Distance between any two points (X, y;, z,) and (X,, y,, Z,) is

given as \/(xl —x,)2 +(yi = y2)" + (2 -2,)°
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.4

Vector method NOTES:

We know that if position vector of two points A and B are given . . .
All these formulae are very much similar to two dimensional

as OAand OB then coordinate geometry.

|AB|=OB-OA | 3.1 Centroid of a Triangle

= |AB[=(xity, t2k) - (xjity,j 2/ k)

X +X,+X; Vi +Yy+Y; Z{+2Z,+2Z
G| X1tXa+Xs Yity,+ys 2142474
= |AB|:\/(Xz_xl)2+(3’2—Y1)2+(Zz_zl)2 ( 3 ’ 3 ’ 3 J

2.1 Distance of a Point P From Coordinate Axes

AX,.y,.2)
Let PA, PB and PC be the distances of the point P(x, y, z) from the
coordinate axes OX, OY and OZ respectively then

PA= Jyz +7%, PB=/,2 +x2, PC= Jx2 +y? B(x.vz)  C(X5,¥4,2)

3. SECTION FORMULA 3.2.1In - Centre of Triangle ABC

(i) Internal Division

(ax1 +bx, +cx; ay, +by, +cy; az,; +bz, +cz3)

If point P divides the distance between the points A (x,, y;, Z;) at+btc a+btc ° a+btc

and B (x,, v, z,) in the ratio of m : n (internally) then the coordinates
of P are given by Where |AB |=a,|BC|=b,|CA|=c

(mxz +nX, my,+ny, mz,+nz j 3.3 Centroid of a Tetrahedron

m+n ~ m+n ~ m+n
IfA(Xln Yp 21)7 B (x27 y2: 22)7 C (X3: Y37 23): and D (X47 Y4: Z4) are the

vertices of a tetrahedron then the coordinates of its centroid (G)

A P B .
. . . are given by
o PR
xi yi Zi
(ii) External division ( 4 4 4 J

mx, —nX; my,—ny, mz,—nz
m-n = m-n ~ m-n 4. RELATION BETWEEN TWO LINES

m:n Two lines in the space may be coplanar and may be non- coplanar.
< 5 Non- coplanar lines are called skew lines if they never intersect
A s 41') each other. Two parallel lines are also non intersecting lines but

they are coplanar. Whether two lines are intersecting or non
(iii) Mid point intersecting, the angle between them can be obtained.

[Xl ;Xz Rl ;Yz A ; Zz) 5. DIRECTION COSINES AND DIRECTION RATIOS

@ Direction cosines : Let o, 3,y be the angles which a directed
— 10 » line makes with the positive directions of the axes of x, y
and z respectively, then cos o, cosp, cosy are called the
direction cosines of the line. The direction cosines are
usually denoted by (/, m, n).
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(i)

(iii)

@iv)
[g
or (Z

®

(i)

(vii)

Thus /=cos a, m=cos 3, n=cos Y.

If [, m, n, be the direction cosines of a lines, then
[2+m?2+n2=1

Direction ratios : Let a, b, ¢ be proportional to the direction
cosines, /, m, n, then a, b, ¢ are called the direction ratios.
Ifa, b, c are the direction ratio of any line L then ai+ b} +ck

will be a vector parallel to the line L.

If 7, m, n are direction cosines of line L then ¢} + m]' +nk is
aunit vector parallel to the line L.

If /, m, n be the direction cosines and a, b, ¢ be the direction
ratios of a vector, then

B a = b n c
- ) - )
x/az+b2+c2 \/az+b2+c2 «/a2+b2+c2

_ -b
Jai+pi+c?

-a
= ’m
Va2 +b% +¢?

—c
n-=
Va2 +b% +¢?

If OP =r, when O is the origin and the direction cosines of
OP are /, m, n then the coordinates of P are (/r, mr, nr).

If direction cosines of the line AB are /, m, n, |AB | =r, and
the coordinates of Aare (x,,y, z,) then the coordinates of
Bare givenas (x, + 1/, y, +rm, z, + rn)

Ifthe coordinates of P and Q are (x,,y}, z,) and (X,, ¥, Z,)
then the direction ratios of line PQ are a = x, — x,
b=y, -y, and ¢ =z, -z, and the direction cosines of line

Z)—7Z

[ PQ|

X2~ X Yo N

PQ| ™7 |PQ|

PQare /= andn=

Direction cosines of axes : Since the positive x—axis makes
angles 0°, 90°, 90° with axes of x, y and z respectively,
therefore

Direction cosines of x—axis are (1, 0, 0)
Direction cosines of y—axis are (0, 1, 0)

Direction cosines of z—axis are (0, 0, 1)

&

6. ANGLE BETWEEN TWO LINES

If two lines having direction ratios a;, b,, ¢, and a,, b,, ¢,
respectively then we can consider two vectors parallel to the

lines as alf+blj+c112 and azf-i-sz +c212 and the angle

between them can be given as

@

(i)

(iii)

a;a, +b;b, +cic,

cos0 = .
Jal+b? ¢l JaZ+bl+cl

The lines will be perpendicular ifa;a, +b b, +c,c,=0

. . L3 _b ¢
The lines will be parallel if —=—=—
ay by ¢

Two parallel lines have same direction cosines i.e. [, = /,,

l’Ill :1’112, Ill :Ilz

7. PROJECTION OF A LINE SEGMENT ON A LINE

@

(i)

(iii)

()

If the coordinates of P and Q are (x,,y;, z,) and (X,, ¥, Z,)
then the projection of the line segments PQ on a line having
direction cosines /, m, n is

| l(xz_ X]) + m(Yz‘Y]) + n(Zz_ Z]) |

Vector form : projection of a vector 3 on another vector p

. .~ a-
1s a-b=—

B In the above case we can consider P_d
as (x,—x,) i +(y,—y)) i +(z,-2,) k inplaceof a and

li +mj +nk inplace of b.

/|T],m|7 |, and n|T | are the projection of T inx,yand z

axes.

F=|7|( +m] +nk)
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8. EQUATION OF A LINE

@) The equation of a line passing through the point
(X}, ¥}» 2;) and having direction ratios a, b, ¢ is

X7 Y _bYI =272 _ | This form is called symmetric
a c

form. A general point on the line is given by
(x, +ar,y, +br,z, +cr).
(i)  Vector equation : Vector equation of a straight line passing

through a fixed point with position vector 3 and parallel

to a given vector b is f=a tA b where A is a scalar.
(iili) The equation of the line passing through the points
(XY, 2) and (X,, Y5, Z,) is

X=X _ Y% _
X=X Y27Y1

z—-7,

2~ 7
@v)  Vector equation of a straight line passing through two
points with position vectors 3 and b is T =a + MB —-a).

(\4) Reduction of cartesion form of equation of a line to vector
form and vice versa

X=X _ Y= N _27%
a b c

& T =(x1+yj+2zK)+Mai +bj+ck).

NOTES:

Straight lines parallel to co—ordinate axes :
Straight lines Equation

(i) Through origin y=mX,Z="nX

(ii) X—axis y=0,z=0
(i) y—axis x=0,z=0
(iv) Z—axis x=0,y=0
) Parallel to x—axis y=p,z=q
(vi) Parallel to y—axis x=h,z=q
(vi)  Parallel to z—axis x=h,y=p

9. SKEW LINES

@) The straight lines which are not parallel and non—coplanar
i.e. non—intersecting are called skew lines.

a-a BB -y
IfA=| /¢ m n

' 1

n

# 0, then the lines are skew.

A m

(i)  Vector Form: For lines a, + 7»61 and a, + 7‘62 to be skew

(b,xb,)-(3,—-4,)%0 or [b, b, (@, —a,)] #0.

(iii) Shortest distance between the two parallel lines
o o N - - (3, -d)xb
r=a;+Ab and r=a, +pub isd= T

If a line joining any two points on a surface lies completely on it
then the surface is a plane.

OR

If a line joining any two points on a surface is perpendicular to
some fixed straight line, then the surface is called a plane. This
fixed line is called the normal to the plane.

10.1 Equation of a Plane

@) Normal form of the equation of a plane is
[ x +my +nz=p where /, m, n are the direction cosines of
the normal to the plane and p is the distance of the plane
from the origin.

(ii)  General form: ax + by +cz+d =0 is the equation of a plane
where a, b, ¢ are the direction ratios of the normal to the
plane.

(iii) The equation of a plane passing through the point

(X,,¥,Z) isgivenbya (x—x) +b (y—y,) +¢ (z—z) =0 where

a, b, c are the direction ratios of the normal to the plane.

(iv)  Plane through three points : The equation of the plane
through three non-collinear points (x;, y,, Z,),

X y z

X Y17
(X27 Yo» Zz): (X37 Y3» Z3) 18 X v, 7,

X3 V3 Z3

[ e S S
Il
(e}
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s

(\4) Intercept Form : The equation of a plane cutting intercepts

. X z
a, b, c on the axes is —+Z+—:1

a b c

(vi)  Vector form : The equation of a plane passing through a

point having position vector a and normal to vector i is

(f—d)-fi=0or f-ii=a-i

NOTES:

(a) Vector equation of a plane normal to unit vector n and
at a distance d from the originis r-n=d
(b) Planes parallel to the coordinate planes
(i) Equation of yz—plane isx =0
(ii) Equation of xz—plane is y=0
(iii) Equation of xy—plane is z= 0
(c) Planes parallel to the axes :

Ifa=0, the plane is parallel to x—axis i.e. equation of the
plane parallel to the x—axis is by +cz+d=0.

Similarly, equation of planes parallel to y—axis and parallel
to z—axis are ax + cz+d =0 and ax + by + d =0 respectively.

(d) Plane through origin : Equation of plane passing
through origin is ax + by +cz = 0.

(e) Transformation of the equation of a plane to the normal
form : To reduce any equation ax + by + cz—d =0 to the
normal form, first write the constant term on the right
hand side and make it positive, then divided each term

by y/a? + b2 +¢2, where a, b, ¢ are coefficients of x, y

and z respectively e.g.

ax by cz

+ +
i\/a2 +b2+c? i\/a2 +b%+c? i\/a2 +b%+¢?

d
+Va® +b% +c?
Where (+) sign is to be taken if d >0 and (-) sign is to be
taken ifd <0.

(f) Any plane parallel to the given plane ax + by +cz+d=0
is ax + by + ¢z + A = 0. Distance between two parallel
planes ax +by +cz+d, =0and ax +dy +xz+d,=01is

[di —d, |

given as TS 5
va“+b“ +c¢

K

(g) Equation of a plane passing through a given point and
parallel to the given vectors : The equation of a plane

passing through a point having position vector a and
parallelto bandGis T = a+Ab +ué (parametric form

where A and p are scalars).

or T-(bx¢)=a-(bxc) (non-parametric form)

11 ANGLE BETWEEN TWO PLANES

@) Consider two planes ax + by + ¢z + d = 0 and
a’x +b'y+c¢'z+d =0. Angle between these planes is the
angle between their normals. Since direction ratios of their
normals are (a, b, ¢) and (a’, b, ¢”) respectively, hence the
angle 0 between them is given by

aa'+bb'+cc'

\/az +b2 +¢? \/a'2+b'2 +c?

cos 0=

Planes are perpendicular if aa’+ bb’+ cc’= 0 and planes are
b
parallel if 3’ === E’
a' b ¢

(i)  The angle O between the planes 7 -7, =d,, T-n, =d, is

ﬁl'ﬁ

given by cosf = Planes are perpendicular if

|0y [, |

1, -n, =0 and Planes are parallel if 0; =An,.

12. A PLANE AND A POINT

@ Distance of the point (x',y',zl) from the plane

ax+by+az+d:0isgivenbyw

N +b* +¢

ii e length of the perpendicular from a point havin

ii The length of the perpendicular fi point having
position vector a to a plane 7.7 = d is given by

|a-n—d|

In|

13. ANGLE BISECTORS

@) The equations of the planes bisecting the angle between
two given planes a;x + b,y +¢,z+d, =0 and

p:

a,x +byy+ec,z+d,=0are
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a;x+byy+c;z+d; _aX+byy+cyz+dy

JaZ+b? +c? JaZ+b2+c2

(ii) Equation of bisector of the angle containing origin : First
make both the constant terms positive. Then the positive

a;x+byy+ciz+d, __‘_a2x+b2y+czz+d2

2,12, .2 2,12, .2
\/a1 +bj +¢i \/a2+b2 +c5

sign in

gives the bisector of the angle which contains the origin.
(iii) Bisector of acute/obtuse angle : First make both the
constant terms positive. Then
aa,+tbb,+cc,>0
= origin lies in obtuse angle

aa,+bb,+cc,<0

= origin lies in acute angle

14. FAMILY OF PLANES

@) The equation of any plane passing through the line of
intersection of non—parallel planes a x +b;y+¢,z+d, =0
and a,x +b,y+c,z+d,=0isgivenbya,x+b;y+c,z+d,
+A(a,x+by+c,z+d,)=0

(ii)  The equation of plane passing through the intersection of
the planes 7-n; =d, and 7-n, =d,is £-(0; +An,)=d,

+Ad, where X is an arbitrary scalar

(iii)  Plane through a given line : Equation of any plane through
the line in symmetrical form.
XX _ YN _277% .
7 m . iSA(x-x)+B((y-yp)+
C(z—z)=0where A/l+Bm+Cn=0
NOTES:

A straight line in space is characterised by the intersection of
two planes which are not parallel and therefore, the equation
of a straight line is a solution of the system constituted by the
equations of the two planes a;x + b,y + ¢,z +d, = 0 and
a,x + b,y + ¢,z + d, = 0. This form is also known as non—
symmetrical form.

15. ANGLE BETWEEN A PLANE AND A LINE

X _ YN _27%4
m n

@) I 0 is the angle between the line X

and the plane ax + by + cz+d =0, then

al +bm+cn
sin 0= \/(a2 +b%+c?) \/62 +m’ +n’

(i)  Vector form : If 0 is the angle between a line T =(a + 7»6)

and 7-n =dthensin®= { Pli }
|bl[n]

Condition for perpendicularity L = % =
a

(iii)

(iv)  Condition for parallelism a/+bm+cn=0, b.fi=0

16. CONDITION FOR A LINE TO LIE IN A PLANE

X _ YN _277%
m n

()  Cartesian form: Line — would lie in

aplane ax +by+cz+d=0ifax, +by, +cz, +d=0and

al+bm+cn=0.

(i)  Vector form : Line =3+ Abwould lie in the plane

T-i=difp.f=0and a-n =d

17. COPLANER LINES

x-a_y-B_z-y

(i) If the given lines are and
! m n
x—o'_ y-p'_z-v .
—=""—_—=——, then the condition for
l m n
a-a' BB y-v
intersection/coplanarity is | ¢ m n | =0and

A m n

the plane containing the above two lines is

x—a y—-p z-y
4 m n [=0

A m
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&

(ii) Condition of coplanarity if both the lines are in general (ii) Aplaneax+by+cz+d=0divides the line segment joining
assymetric form :- (x,y.2) and (x,,¥,,z,) in the ratio
ax+by+cz+d=0=ax+by+c'z+d and
ox+PBy+tyz+8=0=ax+py+yz+8& _.ax;+by, +cz, +d
ax, + by, +cz, +d

‘ E ¢ :11 (iii) The xy—plane divides the line segment joining the point
a' 1 cl 1
They are coplanar if =0
Y P o By o (X1> ¥p» z)) and (X,, y,, Z,) in the ratio A Similarly
a' Bv ,Yv S Zy

X
— plane in the ratio of ——L and zx— plane in the rati
18. COPLANARITY OF FOUR POINTS L S T

Ifthe points A(x, y, z,), B(x, ¥, 2,), C(X; y3 2;) and D(x, y, z,) are of _ YL
coplaner then Y,

Xo=Xp Yo= Y1 Zp77Z 20. FOOT OF PERPENDICULAR AND IMAGE OF A
X3—=X1 Y3=Y1 Z3—Z| =0 POINT W.R.T. A PLANE
Xg=X1 Ya=Y1 2477

Let P (x;,y;,2,) beagiven pointand ax + by +cz+d = 0be a given
Similarly, in vector method the points A (%)), B(f,),C(%;) and plane. Let (x',y’, Z) be the image point. Then,

D(%,) are coplanar if there exists 4 scalars a, b, ¢ and d such that x'-x, _y-y z'-z —2(ax, +by, +cz, +d )

o a b c a+b*+c’
a+b+c+d=0 and ar +bi, +cr, +dr, =0

And if (x5, y,, Z,) is foot of perpendicular from point P on given
19. SIDES OF A PLANE plane, then

(i) A plane divides the three dimensional space in two parts. X=X, M=V Z,=Z —(ax, +by, +cz, +d)
Two points A (x, y, z,) and B (x, y, z,) are on the same side a b ¢ a+b +c*
of the plane ax + by +cz+d =0 if ax; + by, + cz; +d and
ax, + by, + cz, + d are both positive or both negative and
are on opposite sides of plane if these values are opposite

in signs.
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SOLVED EXAMPLES

Example—1

Sol.

Let

U

Show that the point P(d+2b+¢), Q(d—b-¢),
R(3d+b+2¢) and S(5G+3b +5¢) are coplanar given
that 3 b,¢ are non—coplanar.

To show that P, Q, R, S are coplanar, we will show that

PQ, PR, PS are coplanar.

PQ=-3b-2¢
PR =2d-b+¢
PS =4 d+b+4C

PQ =% PR +p PS

_3p—2¢=2 (2a-b+3)+ 1 (4a+Db+47)

3b-2¢ =QA+4w d +(A+u) p +(A+4p) ¢

As the vectors, a, B, ¢ are non—coplanar, we can equate
their coefficients.

0=2A+4p

—3=—A+p

—2=A+4u

A =2, u=— 1 is the unique solution for the above system

of equations.
PQ=2PR -PS
PQ, PR, PS are coplanar because PQ is a linear

combination of pR and PS.

the points P, Q, R, S are also coplanar.

Example—2

Let

Prove that the segment joining mid—points of the diagonals
of a trapezium is parallel to the parallel sides of the trapezium
and is equal to half the difference of their lengths.

. Let ABCD be the given trapezium and M, N be the mid

points of the diagonals AC and BD.

Let d,b,¢,d be the position vectors of A, B, C, D
respectively.

using section formula, mid points of AC and BD are :

A (&) D (d)
N M
B(B} C(c)
. d+¢ . b+d
m= , n=——mo
2 2
NT/[=rY1—ﬁ=(a+C)_(b+d)
2
~ (¢-b) (d-a
NM = ) B 2
NM =1/2(BC-AD)
BC =k (AD)
NM =12(k-1) AD
NM||AD and NM=1/2 (k- 1)AD
k(AD)-AD BC-AD
NM = =
2 2
NM is parallel to AD (and BC) and is half the difference of

BCand AD.
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Example-3

Sol.

U

Show that the diagonals of a parallelogram bisect each
other.

Let 4,b,¢,d be the position vectors of a vertices of a
parallelogram ABCD.

AB=DC AB|DC
(because ABCD is a parallelogram)

and

D (d) C(©)

A (@) B (b)

(b+d)/2=(E+6)/2
P.V of mid point of BD =P.V of mid point of AC

mid points of BD and AC coincide. Hence AC and BD
bisect each other.

Example—4

Sol.

Show that the medians of the triangle are concurrent and
the point of concurrence divides each median in the ratio
2:1.

Let 4,b,¢ be the position vectors of the vertices of a
triangle ABC.

Let D, E, F be the mid—points of sides with P.Vd,&, fas

shown.

A(a)

f=@+b)/2 = 2f=d+b

Now try to make the RHS of each equation equal.

(=W
(oat}

2d+a=a+b+¢
26+b=b+c+a
2f+C=c+a+b

2d+@=28+b=2f+c=a+b+¢
Note that the sum of scalar coefficients of vectors is equal
to 3 in each expression.We divide each term by 3.

2d+da 28+b 2f+¢ d+
3 3 3

+C

w | Tl

2d+3 28+b 2f+¢ d+b+¢
2+1 2+1 2+1 2+1

the point G [ (2 + b+ ¢)/3] divides AD, BE and CF each

internally in ratio 2 : 1. Hence G is the common point of
intersection of all medians.

medians are concurrent and centroid G divides each median
in2:1.

Centroid G = [a+l;+cj

Sol.

Show that the angle in semi—circle is a right angle.

Let O be the centre and r be the radius of the semi—circle.

Q a O a P
Let OP=QO=3a and

@=§+Band@=5—b
Now QR.RP=(d+b).(da-b)
:aZ_bZ

=a2_b2=0

because a = b = radius of the semi—circle.

*QR.RP=0=>0=90°
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Example—6 cube opposite to O, A, B, C respectively.
Y 4
The vertices of a triangle are A (2, 3, 0), B (-3, 2, 1) and ! B 5

Sol.

C (4, -1, 0). Find the area of the triangle ABC and unit
vector normal to the plane of this triangle.

Area of AABC=1/2 | ABxAC |

A

B c

AB=(3-2)i+(2-3)j+(1-0)k
AB=-5i-j+k
and  AC =2i —4j+0k
k
1| = 4i+2j + 22k
0

area of AABC = %x/16+4+ 484 =+/126 sq. units

and unit vector normal to the plane of this triangle

ABxAC _ 4i+2j+22k
" |ABxAC]| 24126

2i+j+11k

V126

Example—7

Sol.

A line makes angles o, B3, y and & with the diagonals of a
cube. Prove that :

cos? o+ cos? B + cos?y + cos? 8 =4/3

Let the origin O be one of the vertices of the cube and OA,
OB, OC be the edges through O along the axes so that :
0—1423{5 O_].?,:aj’ &::aﬁ
where a is the length of the edge of the cube
Let P, Q, R, S be the other vertices of the

Hence the diagonals of the cube are OP, AQ, BR, & CS.
613=af+aj+a12
Ka=af+aj+af(
ﬁi=affaj+af<
CS=ai+aj—ak

If 4 = xi+y]j+zk is the unit vector along the line

which makes the angles a., B, y & 8 with diagonals,

3 A.OP ax+ay+az x+y+z
COS(X*|(—)§||ﬁ| a\/g \/g
—X+y+z X—-y+z
cos B = «/5 ; cosy= \/g
X+y-z

cos o= T

cos? o+ cos? B + cos? y + cos? &

S LGy + 2P Cxby 4P+ (xoy 27 (o y - 2]

1
54(X2+y2+Z2):4/3 [ x2+y2+22=1]

Example -8

Sol.

Show that : ix(dx1)+ jx(@x j)+kx(@xk) = 2a.
LHS.= [(i-1)a—(i-a)i]+[G-Da—-G-a)]+ [(k-k) &
~(k-a@)k]
—d+a+a—[(i-a)i+(-a)j+k-a)k]
~3d-[a,i+a,j+a,k]=38-d=2d ~RHS.

Note : Itis useful to remember that x-component of a = a i
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Example—9

Sol.

Find a vector of magnitude 5 units coplanar with vectors
31— 3 —k and i +j —2k and perpendicular to the vector
2i+ 2} +k.
Let &=3i—j-k

b=i+j-2k

and G=2i+2j+k

A vector coplanar with 3 and § and perpendicualr to g

can be taken as

T =/(Ex(@axb) where / is a scalar

j ok
—1|=3i+5]+4k
1 -2

Ex(@xb)=|2 =3i-5j+4k

3

N N =
A~ FBS

iy, (3f—sj+412)

IT]=|£]|9+25+15 =5

the required vector is T = +—— (31— 5] + 4k)

L
7

Example-— 10

Sol.

=

Show that the lines f=3i—j+f<+7n(i+3+f<) and

=21+ 2:]' —2k+ u (i - :] + 21;) are intersecting and hence
find their point of intersection.

Let p be the position vector of their point of intersection.

P =31—j+k+A(1+]+k) =2i+2j2k+u (i +2Kk)

U

=

K

GV i+A-Dj+A+ D k=@+2)i+(2-w ]

+(2u-2) k

34+h=p+2 ()
A—1=2-p (i)
A+1=2u-2 (i)

The lines are intersecting if these equations are
consistent.

from (i) and (ii), we get

A=1, u=2

Substituting these values in (iii), we get
1+1=2(2)-2

2=2

A=1,pu=2

satisfied (iii) also

Hence lines are intersecting and the point of intersection is :
p :3ff]+12+7»(f+]+f<)
=3f—]+12+ (i+j+l§)

=41 +2k

the coordinates of this point are (4, 0, 2).

Example— 11

The vertices of a triangle ABC are A (1, 0, 2),
B (-2, 1,3)and C (2,1, 1). Find the equation of the line
BC, the foot of the perpendicular from A to BC and the
length of the perpendicular.

Sol. A vector parallel to BC is

=

BC=¢-b =4i - 2j- 2k
A(@@)
Bb) D C(©)

the equation of BCis: T =b+t(S—b)
F =20+ j+3k+t (41 -2)-2k)

Let position vector of D be
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U

U

VR

a:—zi+3+312+t(4i—2j—2f<)

because D lies on line BC.

Now AD | BC

AD.BC=0

(d-d)-(-b)=0
[—3i+j+f<+t(4i—2j—212)](4i—2j—212)=0

(At-3)4+(1-20) (-2)+(1-2) (-2)=0
24t-16=0
t=2/3

d=-21+]+3k+(2/3) (4i-2j-2k)

Example — 12

Sol.

Find the equation of the plane passing through the points
A2,1,3),B (-1, 2,4)and C (0, 2, 1). Hence find the
coordinate of the point of intersection of the plane ABC

and the line T=i-j+k+A (2i+Kk).
Let N beavector perpendicular to the plane of AABC.
N = ABxAC

:(—3f+}+12)x(—2f+]—21§)

I
|
98]
—_— =
—

U

U

=

=

the equation of the plane is
(f-a)N=0 where 3 =2i+j+3k

T.N=3a.N

A A

f.(—3i—8}—1€)=—6—8—3
(—3?—8j—k)=—17

T.

The given line is ¥ =1—j+k+A (2i+Kk)

To find the point of intersection, we solve these equations
simultaneously.

[ijknn (2 +K) . (31 -81-k) =17

QCA+1)(3)+8+(A+1)(-1)=-17

A=3

the point of intersection is
f=f—3+f<+3(2f+12)

T=7i—j+4k

coordinates are (7,—1, 4)

Example — 13

Sol.

U

From the point A (1, 2, 0), perpendicular is drawn to the
plane T . (3iA —j+ 12) =2 meeting it at the point P. Find the

coordinates of point P and the distance AP.

Let us first find the equation of line AP. As AP is normal to

the plane, the vector N =3i— 3 +k is parallel to AP.
equation of AP is T =i+2j+t (3i—j+k)

Now we solve equations of AP and plane to get point P.
[f+23+t (3i—j+l§ﬂ .(3i—]’+1§) =2

BGt+1)3+Q2—1t)(-1)+t=2
t=1/11
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Solve BQ and CD to get :
At(1,2,0)
."l ."I 2 " _ " N _ " " e “ _ n
AN Si+7)-2k+2 (31-G+K)+ 2, (20+7]-5Kk)
/ ,-'II
P = =314 3]+ 6k + 1, (31 + 2]+ 4k)
{ /
Equating the coefficients of i, j and k, we get
= pointPis T=1+2j+1/11(3i—j+k) 5430, 20, =3 (1 +2y) A1)
T—h;+Th,=3+2%, «(2)
ol 21. 1p 24N, 5K, =6+4L 3
TRARTRART! M 3 ~A3)
Solve equations (1), (2) and (3) to get :
(14 21 1) Ay=—1A=—1 and A =-—
= =T v 0
1111 = D=(2,8,-3) and  C=(0,1,2)
Example — 15
14 Y (21 Y (1 Y .
AP=,||—-1| +|—=2| +|—-0
11 11 11 The volume of the parallelopiped whose sides are given
| by OA =2i-3j,0B=i+j-k,0C=3i-k, is:
T 4
@ 3 (b)4
Example - 14
The position vectors of the points P and Q are (C)% (d) none of these
51+7j—2k and —3i+3j+6k respectively. The vector
i an el P Y Ans. (b)
A=3i- 3 +k passes through the point P and the vector
2 30
B =-3i+2j+4k passes through the point Q. A third Sol.  The volume of parallelopiped = [;1 b EJ -1 4
vector 2+ 7] —5k intersects vectors A and g . Find 30 -1
the position vectors of the points of intersection.
=2(-D+3(-1+3)=-2+6=4
. i i =T=51+7]-2k+}, (3i—j+k
Sol. Equation of line AP ] 1 ( ] ) Example— 16
Equation of line BQ = ) ) o
The points with position vectors
r=-3i+ 3_] + 6k + }\.3 (—31 + 2_] + 41() 60; n 33’ 4(); ) 83, ai ) 523 are collinear, if:
Since Point D lies on AP, its position vector can be taken (a)a=—40 (b)a=40
as: a:5f+73—2f<+k1 (3f—ﬁ+12) (c)a=20 (d) none of these
Ans. (a)

A vector parallel to line CD is 21+ 73 5k - X .
Sol.  if 4B =-20i—11j
Equation of line CD =

e f e d AC = (a—60)i— 55 j,then the th ints A. B and
P =5i+7j-2k+2, (31-j+k)+n, (20 +7)-5K) an (a=60)i =55, then the three points A. B an

Cwill be collinear if
solve equation of line BQ with equation of line CD to get

point of intersection C. a-60_ =55

-20 -11

a=-40




VECTORS & 3-DIMENSIONAL GEOMETRY

s

Example—17

Ans.

Sol.

A vector a has components 2p and 1 with respect to a
rectangular cartesian system. This system is rotated
through a certain angle about the origin in the counter

clockwise sense. If, with respect to the new system, a
has components p + 1 and 1, then :

(@p=0 (b)p=1°rp=—§

1
(C)pzlorp:§ (dp=lorp=-1

(b)
Here, a=(2p)i+ j,» when a system is rotated,the new

component of a are (p+1) and 1.

- A A -2 -2
i.e.b:(p+1)i+j:>‘a‘ :‘b‘
or 4p* +1=(p+1)? +1=4p> = p* +2p+1
=3p*-2p-1=0=>@p+1)(p-1)=0

2p:l,—%

Example-18

Ans.

Sol.

Leta, b, ¢ be distinct non-negative numbers. If the vectors
ai + aj’ + cf(, i+k and ci+ c} +bk lie in aplane, then cis:
(a) the Arithmetic Mean of a and b
(b) the Geometric Mean of a and b

(c) the Harmonic Mean of a and b

(d) equal to zero
(b)

Since, three vectors are coplanar.

a a c
1 0 1|=0
c ¢ b
0 a c
Applying C, > C, -G,|1 0 1|=0
0 ¢ b

2—1(ab—02)=02ab=02

K

Example-19

Ans.

Sol.

If & b,¢ are non-coplanar unit vectors such that

, then the angle between a and b is :

3 T
(@) 7 (®) 7
(© 5 (d)w
(@)

On equating the coefficient of . ,we get

ZI'E:—%D‘&HE‘COSHZ—L

N

:6’:3—”

2 4

c.cosf=—

Example — 20

Ans.

Sol.

Let G4,v and W be vectors such that 3j +y +1p=0. If

|i’|:3’ |‘7|:4 and | |=5,then 4-V+vV-w+w-4 is:
(2)47 (b)-25

(©0 (d)25

(b)

Since, y +v+w=0
- . 2
2‘u+v+w‘ =0

“2 -2 —2
:>‘u‘ +M +‘w‘ +2(u-v+v-w+w-u)=0

:>9+16+25+2(Z¢-§+§-7v+%&):0

Su-v+v-w+w-u=-25
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Example — 21

Ans.

Sol.

If G,band ¢ are three non-coplanar vectors, then

(@+b+¢).[(@+D) x (+¢)] equals :

(@)0 (b) [ab¢]
(¢) 2-[abc] (d) —[ab¢]
(d)

(21+B+E)'[(Zz+l3)><(21+5)]

(a+b+¢)[axa+axcebxa+bxc]

{Zz-(&xé)ﬂ?-(Exgz)+gz~(l3x2)}
+{B~(sz5)+21~(Ex5)+5~(5x5)}
{E-(Exx2)+Z-(Ex5)+2-(5x2)}

s(abe)e(bac)+(cha)=r(abe)

Example — 22

Ans.

Sol.

If G=i+]+k, b=4+3]+4k and ¢=i+0j+Pk are

linearly dependent vectors and |6| =3 , then :

(@a=1,p=-1 b)a=1,p=+1
)a=-1,p==1 (doa==1,p=1
(d

Since, a,b, ¢ are linearly dependent vectors.

=[ab c]=0
I 1 1

=4 3 4|=0
1 a p

Applying, ¢, = C, -C,C; > G =G,

10 0
4 -1 0 |=0=>—-(f-D=0=>p=1
a-1 p-1

K

Also,H=\/§ [given]
=Sl+a’+ 4% =3 [given,c :§+a}'+ﬁlﬂ

Sl+a’+1=3=a’ =1 a=+1

Example — 23

Ans.

Sol.

Let 3=2i+j—2k and b=i+]. If ¢ is a vector such
that a-¢ =|E|, |E —Zz| =22 and the angle between (5 X B)

and ¢ is 30°, then ‘(5 X B)X E‘ is equal to :

2 by~
@3 (b)
©2 d)3
(b)

In this equation, vector ¢ is not given therefore,

we cannot apply the formulae of 4 xpx ¢
(vector triple product).

‘(5 XB)XE = ‘EMBHE‘ sin30° ...(Y)

i
‘lel; =2
1

A~

k
2|=2i-2j+k
0

—_ =

:>‘Zl><l;‘=\/22+(—2)2+1 =J4+4+1=9=3

Since, ‘E - Zz‘ =22 [given]

=|e

—|e* +9-2[d =38
e +9-2[¢
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:‘2‘2—2‘2‘“:0 :>Z’=p(—3}+3/;):>‘2‘Zp\/(—3)2+32
(- o= Y
FromEq.(l),‘(aXZ’)XE = (3)(1).(%) =% =1=p>.18 [H :1]

1 1
Example —24 Spl=—=p=t——
s 18 32

Let 5=2§+}+/€, E=f+2}—l€ and a unit vector ¢ be

coplanar. If ¢ is perpendicular to 3, then ¢ is equal to : Le=%

@EtiE w iR

1 (’.‘ A.) 1 (’: A A) Let 6221’:—}4']2,5:24'2}—]; and 6=i+j—2f( be
CR-AN CFARE . :
three vectors. A vector in the plane of {, and ¢, whose
Ans. (a)

projection on 3 is of magnitude ¥2/3 ,is
Sol. Itis given that . is coplanar with ; and p , we take

(a) 2i+3j-3k (b) 2i+3j+3k
E=p21+ql; (D) o
©) —2i-j+5k d) 2i+j+5k
Where, p and q are scalars. (©) -2i-j+ (@ 2i+j+
Ans. (ac)

Since, ¢ L g=>c-a=0
- Sol.  Given vectorsare g =2i— j+k, h=i+2j—k and
Taking dot product of , in Eq.(i), we get a=a=J el

Z=f+}—2fc

St 2 - -
c~a:pa-a+qb~a:>0:p‘a‘ +qb-a‘
Any vector ;. in the plane of  and ( is

ca=2i+ j+k ;=l§+t(2)=§+2}'—l§+t(§+}—2/€)

=(+0i+Q+0)j—(1+20k ..(0)

-~ 2
B B Since,projection ¥ on ais \/;

=0=p-6+q-3=>g=-"2p

ra |2
On putting in Eq.(1), we get ”W: 3
a
¢ = pa+b(-2p)
- T - = 20+H-2+1)-(1+2¢) 2
2C=pa—2pb:c=p(a—2b) :>| JE |: g

=c=p|(21+]+k)-2(i+25-F)] =|-(+0)|=2=1=10r-3
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Ko

On putting t=1,-3 in Eq.(i) respectively,we get _ cos [ ‘;1‘ _1, ‘l;‘ _1, given}
F=2i+3j-3k
s Now, ii=~(a-B)b = [u] =|a~(a-B)5

= i =[a- (@)

Which of the following expressions are meaningful

questions? = ‘;‘2 _ ‘Zz —cos@l—w‘z
(a) - (Vx W) (b) (i-¥)-w
2 -2 5 =2 - -
© (@-9) W (d) Gx (VW) = [uf" =[d] + cos® 0" ~2c0s0(a-0)
Ans. (a,c)

-2 ) )
:‘u‘ =1+cos“@—2cos” O

Sol. (a) u (\j X VV) is a meaningful operation.

-2 2
. _ 2 a2
Therefore, (a) is the answer. 2‘“‘ =1-cos 92‘u‘ =sin” @

(b) l;(;;t;) is not meaningful, since . is a scalar Also, v=axb [given]
quantity and for dot product both quantities should
S22 = =2 =2 =22
be vector. :>M :‘axb :>M :‘a‘ ‘b‘ -sin’ @
Therefore, (b) is not the answer.

-2
oy —«in?
(©) (u -V)Wis meaningful, since it is a simple multiplication = M =sin"¢

of vector and scalar quantity. 2 o
. Soul =\v
Therefore, (c) is the answer. ‘ ‘ ‘ ‘

(d) ;X(;;&) is not meaningful, since .}, is a scalar Now, ;.El:[5_(5.5)5]5:Z,.E,_(E,.E)(E.Z,)

quantity and for cross product, both quantities should

be vector. -2 )
:‘a‘ —cos’@=1-cos’ @ =sin’ @

Therefore (d) is not the answer.
‘;‘+‘;¢~5‘=sin6+sin26¢‘;‘

Let g and p be two non—collinear unit vectors. If ;B:[a_(ag)ﬂg

i=da—(@-b)b andy = gxp, then |V| is

(a) [u] (b) [u[+|u-a
(c) |U|+|u-b| (d) |U|+u-(@+D) =a-b-a-b=0 ..(>i)
Ans. (a,c)

o [+ B = + 0 =fu] =¥
Sol. Let @ be the angle between ;4 and p .Since, ;and p are

non-collinear vectors, then @ # 0and 6 # . Also, u '(ZI +b ) =u-a+u-b=u-a

We have, 5'52‘5“5‘0059 :‘ﬁ‘+ﬁ-(&+5)=‘ﬁ‘+ﬁ-& ¢M
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Example - 28

Let A,B,C be three vectors of lengths 3, 4, 5 respectively.
Let A be perpendicular to B+C BtoC+A and

C to A+ B. Then the length of vector A+B+C is...

(5v2)

Sol. Given,‘z_‘l" = 3,‘73‘ = 4,‘6‘ =5

Ans.

Since, 4-(B+C)=B-(C+4)=C-(4+B)=0 ..()

w|asBcl <[4

<[

+Jef
=9+16+25+0

[from Eq.(i)2-§+§~6+6-2:0J
~Jd+B+c =50
.'.‘Z+§+E"=5\/§

Example - 29

A, B, C and D are four points in a plane with position

vectors @,b,¢ and d respectively such that

(5—&).(5—5) = (B—a).(5—5)=0 . The point D, then, is
the.... of the triangle ABC.

Ans. (Orthocentre)

Sol. s, (a-):(5-¢)=(5-d)(¢-a)=0
= AD 1 BCand BD | CA

which clearly represents from figure that D is orthocentre
of AABC

-3 ) -
B(b)

. 4
Example — 30

|

Example — 31

If f\z(l,l,l), é=(0,1,—1) are given vectors, then a

vector B satisfying the equations AxB=C and

Ans.

Sol. Let B=uxi+yj+zk
Given A=i+ j+k,C=i—
Also, given 4xB=C
= (z-yi-(x-2)j+(y-0k=j-k
=z-y=0,x—z=Ly-x=-1

Also, 4-B=3=x+y+z=3

On solving above equations, we get

X =— _Z_g
Y 3
:_i+_3+§12
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Example — 32

Ifthe vectors ai+j+k, i+bj+k and i+j+ck (azbzcl)

are coplanar, then the value of

1 N 1 N 1
(-a) (1-5) (1e) ™

Ans. (1)

Sol.  Since, vectors are coplanar

— = S

e
—_
Il
(e

(o)

Applying R, > R, —R,R; > R; — R,

a 1

l-a b-1 0 |=0

l1-a 0 c—1
| a 1 1|
(I-a) (1-b) (-0

=1 -1 0 =0
1 0 -1

o a 3 1 _ 1 _
..1_a(1) l—b( 1)+1—c(1) 0

o
Example — 33

Let B:4f+3j and ¢ be two vectors perpendicular to
each other in the xy-plane. All vectors in the same plane
having projections 1 and 2 along b and ¢ , respectively,

are given by .........

Ans. (2; - })

Sol. Letc=ai +b}'
Since, j and  are perpendiculars to each other.
Then, b-c=0= (4§+3}')-(a2+b}) -0
=4a+3b=0=>a:b=3:-4

nC= /1(3i+ 4j), where /] is constant to ratio.

Let the required vectors be ¢ = p; + q}'

- &
Projection a onbis——

g

=3P e )

- -.a-c
Also, projection of a OnClS‘T
q

_3Ap-4iq
54

=2 =3p-49=10

On solving above equations , we get p=2,q=-1

so=2i—]
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Example — 34

Ans.

Sol.

A unit vector coplanar with i+j+2k and i+2j+k and

perpendicular to f+3+12 iSeuee.

J5 (1)

Any vector coplanar with ;+}'+2]Acand ;+2}'+ ]:r is given
by

Zzzx(f+}'+2]§)+y(f+2}+l§)

= (x+ )i+ (x+2y)j+Qx+ »)k

This vector is perpendicular to ;+} i if

x+ N+ (x+2)1+2x+ ) =0
=4x+4y=0=>-x=y
.‘.Zl=—x}'+xl:t:x(—}+l:t):>‘a‘=\/§|x|

Hence, the required unit vector is

(i)

-

Example - 35

Ans.

Sol.

A non-zero vector g is parallel to the line of intersection

of the plane determined by the vectors II+] and the
plane determined by the vectors 1—3 i+k. The angle

between 3 and the vector f—2j+2f< iS.en.....

Equation of plane containing ; and i+ Jjis

-3 7 (7]

:(?—?)-[ix(h}ﬂ:()
:>{(x2+y}+z1€)—§}.[§x§+§x}]=o
:>{(x—1)§+y}+z/}}-[1€]:o

= (x=Di-k+yj-k+zk-k=0

=z=0 ..(0)

Equation of plane containing ;— jand ;4 } is
(P (=9)(i-7) () =0
(i) (- )<(i+ )] =0

A~ A

:>{(x;+y}'+zic)—(;—}')}'[§x§+§xk—jxf—}'xic]=O
:>{(x—1)2+(y+1)}+zi€}-[—}+/§—2}:0
=>-(x-D-+D)+z=0 ...(i1)
L€t5=a1;+a2}'+a3l}

Since, 4 is parallel to Egs.(i) and (ii), we get
a, =0
and a,+a,—a;, =0=a, =-a,,a;, =0

A

Thus, a vector in the direction gisi— j

If gis the angle between ¢ and i— 2}' +2k, , then

OM+ENED) 3
Vi+1+4+4 23

cosf =+
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Example - 36

Ans.

Sol.

Let OA =4, OB =103 + 2b, and OC = b, where O, A

and C are non-collinear points. Let p denote the area of
the quadrilateral OABC, and let q denote the area of the
parallelogram with OA and OC as adjacent sides. If
p=kq,thenk=........

©)

Since, g=area of parallelogram with 4 and (O(C as

adjacent sides
_[oix0c]|=axd
and p=area of quadrilateral OABC

~[0A <0+ J[0Bx0C]

; ax(105+25)‘+%‘(105+213)x5

=‘ZZXZ7‘+5‘ZZXZ;‘ = 6‘Zz><13‘
.. p=06gq

=k=6

Example — 37

Ans.

Sol.

Let 3,b and ¢ be three vectors having magnitudes 1, 1

and 2 respectively. If 5><(§x6)+6 =0, then the acute

angle between @ and € is..........
s
Given,ax(ax¢)+5=0
= (a-¢)a—(a-a)e+b=0
= (2cos@)a—c+b=0
= (2c0s0a-¢) =(-b)

-2
a

- -2
= 4cos’0-a] +|c b

2— 2.200s6‘;1‘ H =

= 4cos’@+4-8cos> O =1

= 4cos’0=3

3

=cosfd=+—
2

3
For @ to be acute, cosf = ER

=0==
6

Example — 38

Ans.

Sol.

Find all the values of A such that x, y, z # (0, 0, 0) and
(f+j+3f<)x+(3f—3]+f<)y+(—4i+53)z:k(fx+}y+f<z)

where i, j,k are unit vectors along the coordinate axes.
0,-1)

Since, (f+}+3l§)x+(3f—3}'+l?)y+(—4f+5})z
:l(;x-i-}'y—i-l;z)
=>x+3y-4z=Ax,x-3y+5z=1y,3x+ y+0z =1z
=>(1-A)x+3y-4z=0,x—3+A)y+5z=0and
3x+y—-Az=0

Since, (x, y,z) # (0,0,0)

.. Non-trivial solution.

=A=0
1-4 3 -4
=1 -B3+4) 5 |=0
3 1 -1

:(1—,1)(3,1+/12—5)—3(—,1—15)
—-4(1+9+34)=0

= AA+1)? =0

S A=0,-1
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Example -39 . )
:2‘a><b+b><c+c><a‘ ()]
The position vectors of the points A, B, C and D are
R o Also, are of AABC
3i-2j-k, 2i+3j—4k, —i+j+2k and  4i+5j+Ak,
respectively. If the points A, B, C and D lie on a plane, _ l‘ZExA—C“" _ l(g _;)X(E —Zz)
find the value of \. 2 2
Ans, 1% = Hpxi-bxa-axc+axd
17 2
Sol. - Here, 4B =—i+5]-3k —Jaxb+bxcrexal ..
AC =—4i+37+3k and AD =i+7j+(A+Dk From Egs. (i) and (ii)
We know thatA, B, C,D lieinaplane if 45, 4C, 4D are ABxCD+BCx AD+CAx BD =2(2area of AABC)

coplanari.e.

= 4(area of AABC)

15 -3
[@RE]:O: 4 3 3 |=0 Example — 41
1 7 A+l

If vectors @,b,¢ are coplanar, show that
= -BA+3-21)-5(-41-4-3)-3(-28-3)=0

= 174+146=0 a b ¢
ad db a.c=0
L A="120 ba bb be
S T .a b. .c
Example —40 Sol.  Given that, ¢ b ¢ are coplanar vectors.
IfA, B, C, D are any four points in space, prove that . There exists scalars x,y,z not all zero, such that
ABxCD+BCxAD+CAxBD|=4 (areaof AABC). x21+yl;+22=0 (D)
Sol. Let the position vectors of points A,B,C,D be Taking dot with 4 and j respectively, we get

a,b,c and d respectively. x(; .;)er(g.;})ﬂ(a.é) =0 ..(ii)

Then, AB=b-a, BC =c—b,

i~
S|
2
Iy

and x(&l;)+y(zl;)+z(zz;) =0 ...(i0)
Since, Eqgs.(i), (ii) and (iii) represent homogeneous

Now,|ABxCD+ BCx AD +CAx BD equations with (x,y,z) #(0,0,0)
= Non-trivial solutions
(b=a)x(d-c)(c-B)x(d-a)+(a-c)x(a-5) ~A=0

xd—axd—bxc+axc+exd—cxa—bxd

Il
S

AL
S

Il
(=)}

+Ex5+5x2—5x1§—2x2+2x5| =

ST
oo o
S S
SN
A1 A

Sl
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Example — 42

Ans.

Sol.

Let A=2i+k, B=i+j+k, and C=4i-3j+7k.
Determine a vector R satisfying
RxB=CxBand R.A =0.

(—i—sj+212)

Let ﬁ:x;+y}'+zl;

RxB=CxB

PG ok i Kk
=>lx y z|=4 3 7
1 1] 1 1 1

= (y—z)i—(x—2)j+(x— )k =-10i +3]+ Tk
=>y-z=-10,z—x=3,x-y=7

and . 4=0

=2x+z=0

On solving above equations,

x=-l,y=-8andz=2

.'.§=—§—8}+212

Example — 43

Ans.

Sol.

Determine the value of ‘c’ so that for all real x, the vector

cxf—6]—3f( and xf+23+20xf< make an obtuse angle

with each other.

59

Let g = cx;—6}'+31Ac and b= x;+2}'+20xl;.
Since, 4and 7 make an obtuse angle.

=ab<0=cx’—12+6cx<0

= ¢ < 0 and discriminant <0

=<0 and 36¢* —4.(-12)c <0

=>c<0and12c(3c+4)<0

:>c<0andc>—§

Example — 44

For any two vectors tiandV prove that
(a) [a.5] +[ixv[ =[d[’|v]" and
(b) (1+|ﬁ|2)(1+|v|2)
= |1—ﬁ.\7|2+|ﬁ+?/+(ﬁx?/)|2
Sol.  (a) Since, -V = |u[v|cos 0
and xv = u][|sin 07
where, @ is the angle between ; and y and 5, is

unit vector perpedicular to the plane of yand v .
=2 22 o

Agam,‘wv‘ :‘u‘ M cos” @

~ 2 22 . 5

‘uxv‘ :‘u‘ M sin” @
a2 . =2 =22 ) .

‘uv‘ +‘u><v‘ :‘u‘ M (cos 6 +sin 0)
~2)-12 )

:‘u‘ M (D)

(b) \a+;+(;xa)2

L2 - -2 - o = =
:‘u+v‘ +‘uxv‘ +2‘u+v‘-‘uxv‘

2 2 e~ - -2
‘ +M +2u-v+‘u><v‘ +0

= ‘u
[ . 1%y is perpendicular to the plane of uand v |
2 . p
+ ‘1 —u -v‘

.'.‘u+v+(u><v)
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‘ ) Example — 46

The area of the triangle whose vertices are A (1, —1, 2),
B(2,1,-1),C3,-1,2)is......

S22 e = = -2 .
:‘u‘ +M +2u-v+ uxv‘ +1-2u-v+lu-v

=i <[ e [ [om Ea.0)

Ans. \/Esq.unit
:‘&‘2(1+‘;‘2)+(1+‘\7‘2):(1+‘§‘2)(1+‘&‘2) e
Sol.  Areaof A4BC = E‘AB x AC‘

A line with positive direction cosines passes through the

point P(2, —1, 2) and makes equal angles with the coordinate and AC =2i
axes. The line meets the plane 2x +y+z=9 at point Q. The

length of the line segment PQ equals

AB=i+2j-3k

A~

ik
@1 (b) V2 L ABxAC=|l 2 -3 =2(-3j-2k)
© 3 (@2 200
Ans. (c)
= Area of triangle =l‘2§><2€"
. 1 2
Sol. Since, j=m=np=—
NE)
=%-2-\/9+4
=+/13 sq units

Example — 47

The unit vector perpendicular to the plane determined by

' o x=2 oyl z-2 P(1,-1,2),Q(2,0,-1) &R(0,2, 1)is ......
.. Equation of line is -1 1
5 BB (2047 +k)
Ans. +t———~
J6
:>x—2:y+1:2—2 =r [Say]
. Auy poit on the lie s Sol. A unit vector perpendicular to the plane determined by
PQR
O=(r+2,r-1r+2) —\ (==
_+(PQ)><(PR)
"~ O lies on the plane 2x+y+z=9 - ‘FQ’XFE‘
S 2r+2)+(r=-D)+(r+2)=9
) P0)<(PR
=>4r+5=9 = Unit vector = iw
=r=1 PO PR|
=0(3,0,3) PO =i+ j—3k and PR=—i+3j
PO=i+j-3kand PR=—i+3j-k
.'.PQ:\/(3—2)2+(0+1)2+(3—2)2 =3 i k

7k
~POxPR=[1 1 -3
-1 3 -1

i
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=i(=149)+ j(~1-3)+ k(3 +1)
=8i-4j+4k

= [POx PR| = 4a+1+1 =416
Hence the unit vector is

(2§+}+1Ac)

J6
Example — 48

=t

If the angle between the line x ZY__I :Z__3 and the plane

2 A

5
x+2y+3z=4iscos’! ( —J then A equals to

14
3 o 2
@5 ®)
s 2
©3 @3
Ans. (d)
x-0 y-1 z-3
Sol. )
x+2y+3z=4

Angle between line and plane (by definition)

11422413 5431 J

=sin™" [ J =sin™’ [—
VI+4+491+4+ 22 V14+/5+ 22

(5+341)° 5

So, m+ ” =1 ( sin? @+ cos* @ = l)

2
3%4.5:14
5+4
= (5+34)"+5(5+47)=14(5+ 27)

= 25+304+94% +25+ 547 =70+144%
=304+50=70

=301=20 .'.ﬂz%

o
Example — 49

The length of the perpendicular drawn from the point

(3.1, 11)to the line X=Y=2_273
2 3 4
(@) 66 (b) 29
(©) /33 (d) /53
Ans. (d)

Sol. Let feet of perpendicular is
Qa,3a+2,4a +3)
= direction ratio of lines are 2,3,4
=2Q2a-3)+3Ba+3)+4(4a—-8)=0
=S a=1

= Foot of perpendicular is (2,5,7)

= length of perpendicular _ /] 1 62 142 = /53
Example — 50

An equation of a plane parallel to the plane
x—2y+2z—5=0 and at a unit distance from the origin is

(a)x—-2y+2z-3=0 (b)yx—2y+2z+1=0
(c)x—-2y+2z-1=0 (d)x—2y+2z+5=0
Ans. (a)

Sol.  Equation of a plane parallel to x-2y+2z-5=0 and at a unit

distance from origin is

x—=2y+2z+k=0

[#

=>—=1= k=3
3

Sx=2y4+2z-3=0o0r x-2y+2z+3=0

Example — 51

If the line X—l_¥y+l_z=1 4 x-3_y-k_z
2 3 4 1 2 1
intersect, then k is equal to
1 b 2
(a)— ®) 5
2 d)0
© 3 @

Ans. (c)
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x-1 +1 z-1 -3 —k
SRAL =1 and al P .2 Z?zrz

2 3 4 1 2

Sol.

or 2rn+1=r,+3,3n-1=2r,+k,4n+1=r,

=2n-r,=2 and 45, -1, =-1

-3
2n=3=1r =5 and r, = -5
.'.—2—1:—10+k:>k:10—£:2
2 2 2
Example — 52
The image of the line X;1 = yI3 = 24 in the plane

2x—y+z+3=0istheline:

x-3 y+5 z-2
e

b Xx+3 y-5 z-2
®) 3 1 =5

Xx+3 y-5 z+2
© 337

4 x-3 y+5 z-2
@ 3 1 =5

Ans. (b)

Sol. DR’sofline=3,1,-5
DR’s ofthe normal of plane=2,-1,1
=3(2)+1(-1)=5=0
So, the line is parallel to the plane

Image is point (1,3,4) in plane

x-1 y=3 z-4  22-3+4+3)

2 -1 1 6

= Equation of image of the line is

x+3 y-5 z-2
3 1 -5

Example — 53

The angle between the lines whose direction cosines

satisfy the equations / + m +n= 0 and 2= m?+ n’is :

T b
@7 ® 3
n z
©7 @
Ans. (b)
Sol. [J+m+n=0 ....... )

P=m?+n ...

From(1)and (2)
(m+n) =m* +n’
=2mn=0=>m=0,o0r p=0

If ;s = Q thenfrom (1)

l+n:0:>l=—n:>£=i
1 -1
If » =0 thenfrom(1)
[ m
l+m:0:>l=—m:>—=—1

—> angle between the lines

_ (D) +(=D(0) +(=D(0)
osf= V404114041
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Example — 54

Ans.

Sol.

A line in the 3-dimensional space makes and angle

n
9(0 <b< 5) with both the x and y axis. Then the set of

|
3l

We know that cos” o+ cos® p+cos?y=1

all values of 9 is the interval:

(@ (Oﬂ ®) [
T T
© {;’ﬂ @ (

(©

>

o la
w3

w3

= cos”0+cos’ O+cos’ y=1
:>coszy=1—200529
0<cos’y<l
=0<1-2cos’0<1
=-1<-2c0s°0<0

=0<2cos’0<1

1
DOSCOSZOSEDOSCOSGS—

1
N

K

Example — 55

x-1 y-2 z-3

The plane contaning the line 1 > 3

and

parallel to the line ? = % =§ passes through the point:

@(1,-2,5) (b)(1,0,5)
(©(0,3,-5) (@) (-1,-3,0)
(b)

DR’s of'the given lines are (1,2,3) and (1,1,4)
—> DR’s of the normal to the plane

ik
=l 2 3
11 4

=i(5) - j+ k(=D
=5i—j—k

It contains the point (1,2,3)

= Equation of the plane is
Sx-1)-1(y-2)-1(z-3)=0
=5x-y-z=0

It also passes through (1,0,5)
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VECTORS

Basics of Vectors

In a regular hexagon ABCDEF,
AB=a, BC=band CD=¢. Then, AE =
() a+b+¢ (b) 2d+b+¢
(©) b+¢ (d) @+2b+2¢
If ABCDE is a pentagon, then

AB + AE + BC + DC + ED + AC equals
(a) 3AD (b) 3AC
(c) 3BE (d) 3CE

Which of the following is unit vectors

n < 1;

@ i+] (b>(”j-—2+)
A n (i+]’+f<)
(C)1+]+k (d)T

If a=2i+5jandb=2i—], then unit vector in the

direction of 3 4+ p is

(b) ﬁ(i+j)

(a) i+]

© (i+3)/2 (@ (i-3)/+2

For any two vector a and b, correct statement is
@ |d-b|=[@|-|b| () [d+b[2]d|-|b]
(© d+bl=la|+|b]  (d)]d-bl<|a|-|b]
If 1,},k are position vectors of A, B, C and AB = CX »
then position vector of X is
(a) —i+j+k (b) i—j+k

() i+]—f< (d) f+]+f<

10.

11.

L 2

EXERCISE - 1 : BASIC OBJECTIVE QUESTIONS

If the position vector of points A and B with respect to

point P are respectively a4 and p then the position vector
of middle point of AB is

b-a a+b
b
(@) > (b) 5
(©) 2 ;b (d) none of these

The points with position vectors
3i—4j—4k, 2i— j+k and i —3j— 5k form
(a) an equilateral triangle

(b) an isosceles triangle

(c) aright angle triangle

(d) none of these

The position vector of two points P and Q are respectively

p and g then the position vector of the point dividing PQ

in2:5is
p+q 5p+2q
— b

@ 2+5 ®) 245
2p+5G P—q

(C)W (d 245

The position vector of the vertices of triangle ABC are

i,jand k then the position vector of its orthocentre is

@) i+j+k ® 2(i+i+k)

1 /2 4 -
d —Ili+j+k
()\/5( )
If, D, E, F are mid points of sides BC, CA and AB

© 5(i+3+K)

respectively of a triangle ABC, and i+ j, j+ k k+1 are

p.v. of points A, B and C respectively, then p.v. of centroid of
ADEF is

i+j+k X A A
(a)T (b) i+j+k
(c)z(i+j+12) () —2(i+;+k)
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12.

13.

14.

15.

If a=3i- 2} +kandb=—i+ 3 + 12, then the unit vector

parallel to 3 +p, is

(a) %(2?—%212) (b) %(2?—}212)

1

© 5

A parallelopiped is formed by planes drawn through the
points (2, 3, 5) and (5, 9, 7), parallel to the co-ordinate
planes. The length of a diagonal of the parallelopiped is:

(2i - j + 212) (d) none of these

@7 ) 5%
(c) V155 (d) None of these

The vector ¢, directed along the internal bisector of the

angle between the vectors, 5:7f_43’_4f< and

b=-2i—j+2k with |¢|=5+/6 is:

2 2 (=7j+28) by 2 (504534 2K)
@ 3 (b) 3

(c) %(f+7}+212) (d) %(—5§+5]'+212)

The vector 3 = o] + 2] + [312 lies in the plane of the vectors

b= I+3 and ¢= 3+f< and bisects the angle between

b and ¢ . Then which one of the following gives possible
values of o and B ?
(@a=1,p=1
a=1,=2

b)a=2,p=2
(dDa=2,p=1

Collinearity and Coplanarity Conditions

16.

If position vectors of A, B, C, D are respectively
2i+3j+5k, 1+2j+3k,—51+4]—2k and 1 +10j+10k,
then

(a) AB || CD

(c) A, B, C are collinear

(b) DC || AD
(d) B, C, D are collinear

17.

18.

19.

If the vector p is collinear with the vector

a=(2v2,-1,4)&|b|=10,, then

(@) a+b=0 () a+2b=0

(€) 2a+b=0 (d) none
If @ =4i-2j+3kand b=—8i+4j—6k are two vectors

then @, p are

(a) like parallel (b) unlike parallel

(c) non-collinear (d) perpendicular
a a’ l+a’

If b b> 1+b’|=0 and vectors (I,a,a*), (1,b,b*) and
c ¢ 1+¢

(1,c,cz) are non—coplanar, then the product abc equals
(a)2
(©1

(b) -1
)0

Scalar and vector products

20.

21.

22,

23.

24,

If the moduli of vectors 3 and { are 1 and 2 respectively

and 4.b =1, then the angle 0 between them is :

(2) 0=7/6 (b) 6=1/3

(c)0=n2 (d) 6 =2w/3

If the angle between 7 and p, is 0 then for a.b >0
(@0<0<n (b)0<Bor6>mn2
(e)m2<0=<m (d)o<0<m2
(A+B)? + (A -B)? equals
(a) 2(A*+B%) (b) 4A.B
(c) A2 +B? (d) none of these
I 3] = [o], then (@ +b). (@~b) is

(a) positive (b) negative

(c) zero (d) none of these

If 3=1+3j—2k and b =41 - 2j+4k,
then (23 + b).(a —2b) equals

(a) 14 (b)-14
(©)0 (d) none of these
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i%&%—?
25.  Angle between the vectors 2i+ 6]+ 3k and 121 — 4]+ 3k 3 5 T
30 - =
is [|5 § |b |2}
a9
(a) cos™ [%j (b) cos l(ﬁj - i b |
a1
(©) cos™ (i] (d) cos 1(5) R
o1 (c) M (d) none
|a[[b]

26. If i+]+k,2i+5},31+2j-3kandi—6j—k be p.v. of
31. If the coordinates of the points A, B, C be (-1, 3, 2),

four points A,B,C and D respectively, then the angle (2,3, 5) and (3, 5, —2) respectively, then ZA =

between AB and CD is (a) 0° (b) 45°
(a) n/4 (b) n/2 (c) 60° (d) 90°
OF: (d) none of these 32.  The coordinates of the points A, B, C, D are (4, a, 2),
(5,-3,2), (B, 1, 1) & (3, 3, -1). Line AB would be
27.  Projection vector of g on p is perpendicular to line CD when
. (a)oc:—l,[S:—l (b)(X,Zl,BZZ
BELT: (b)%t; ©oa=2,p=1 a=2,p=2
b]

33. If 3 and p are vectors of equal magnitude 2 and o be the

!

=~ angle between them, then magnitude of @ + p will be 2 if

a.b ib -
© 73 @z ® (@) o= 73 (b) a.= /4
(c)a=m/2 (d) a=27n/3

28.  The angle between the vectors 3+ & 3—p, given o o
34.  IfObethe angle between vectors i+ 2j+ 3k and 3i +2j+Kk,

lal=2,] b |=1 and angle between 3 & b is /3, is then the value of sin 6 is

26
(a) tan" —= (b) tan™" \/z @ 6/7 ® ==
NE) 3
(c) 1/7 (d) none of these
3 35. Two non zero vectors g and b will be parallel, if
-1
(c) tan ",/ — (d) none
(@) a.b=0 (b) axb=0
29.  Given the vectors 3 & b the angle between which equals ©)i=b (d) none of these

120°. If |a|=3&|b|=4 then the length of the vector 36. If 3 and p are two vectors, then -
25—%515 (a) [a x B|> |a| B (b) |a < B|=< [a] [B]
() [a xB|>a|[p| () |a xb|<la| ||

(@) 63 (b) 7.2

37.  If ‘5 X B‘ =4.b then angle between a and b is
(C) 4\/§ (d) none (a) 0° (b) 90°
(c) 60° (d) 45°
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38.  The unit vector perpendicular to vectors i+ jand j+k is

@ -1+ o g5ivick

i+ 3 + 1::) (d) none of these

1
© 75l

39. If|a.b| =3and |axDb]| =4, then the angle between

3 and p is
a3
(a) cos™ 3/4 or m—cos 1Z
(b)cos'3/50r &t —cos_l%
(c) sin™"! 3 or t—sin~! 3
5 5

(d) n/4 or %

40. If 4, b, ¢ are any vectors then which one of the following
is a wrong statement.
@a+tb=bta b)a.b=b-a

@axb=bxa  (@|axb|=|bxa

41. Ifforvectors 3 and b, d x b =0and 4 .b =0, then

(a) a b (byaLlb

(c) a=0orb=0 (d) none of these
42. If 3 x H = a x ¢ then correct statement is

(@a=0

b b=0=c¢

©b=¢

(d) above three are not necessary

43.  Foranyvectors 3, b ;la X b+ (4a.p)*is equal to
22 -
(@) [a] [ (®) a2+

(c)@a?- b2 (@0

44. If axb=cxd and dxcé=bxdandd=d, b=,
Then
(@) &4 —d isparallelto b - .
(b) & —d is perpendicularto b — & .
(¢) 53 -d isequalto p —¢.

(d) none of these

45.  Vectors 3 & b make an angle ezzTn.If|5|:1,|B|:2

then {(d+3b)x (3a—b)}* =
(a) 225
(c) 275

(b) 250
(d) 300
46.  Unit vector perpendicular to the plane of the triangle ABC

with pv’s @, b, ¢ of the vertices A, B, C is

@ (xb+bxc+Exa) ) (xb+bx¢+Cxa)
2A

axb+bxc+cxa)

(
© 4A

(d) none

47. The area of the quadrilateral ABCD, where A(0, 4, 1),

B(2, 3,-1),C(4, 5, 0) and D(2, 6, 2), is equal to
(2) 9 sq. units (b) 18 sq. units

(c) 27 sq. units (d) 81 sq. units

48.  If the vectors &b and¢ from the sides BC, CA and AB

respectively of a triangle ABC, then

(c) 3.b=b.¢=¢.a=0 (d) axb+bxc+cxa=0

Scalar and vector triple product.

49.  Fornon-zero vectors &, b, ¢,|axb.¢|=|a||b||¢| holds

if and only if
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50.

51.

52.

53.

54.

The volume of the parallelopiped whose sides are given
by OA=2i-3]. OB=i+j—kand OC =3} _f is:
(a)4/13
(c)2/7

(b) 4

(d) none
If (axE)xa:ax(Exé),whereé,B,Eareany three

vectors such that a-b# 0, b-¢ # 0, then 4 and ¢ are

T
(a) inclined at an angle of s between them

(b) perpendicular
(c) parallel

I
(d) inclined at an angle of 3 between them

Let a=j-kandé=i-j—k. Then the vector p
satisfying axb+¢ =0 and a.b=3, is

(a) —i+j-2k (b) 2i—j+2k
(©) i-j-2k (d) i+j-2k

Let &, b and ¢ be three non-zero vectors such that no two
. R WEIR S .
of them are collinear and (axb)xc =3 ‘b‘ |c| |a| LIf Qs

the angle between vector b and ¢, then a value of sin 8 is:

23

2
(a) 3 (b) BE

22 2
© 75" @75

Let a, band ¢ be three unit vectors such that

3

éx(bxé)z?(]?H-é). If B is not parallel to ¢,

then the angle between 3 and p is:
ki3 by 2T
(a) B (b) 3

5n L
© & @

Numerical Value Type Questions

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

If G is the intersection of diagonals of a parallelogram
ABCD and O is any point and OA +OB+0OC+0OD = k OG .

Then the value of k is

Ifvector 2i +3j— 2k and i+2]j+k represents the adjacent
sides of any parallelogram then the sum of squares of
lengths of diagonals of parallelogram is

The 2 vectors 3 +k and 3i - 3 + 4k represents the two sides

AB and AC, respectively of a AABC. Then twice of square
of length of the median through A is

P is a point on the line segment joining the points
(3,2,-1) and (6, 2, -2). If x co-ordinate of P is 5, then its

y co-ordinate is

The plane XOZ divides the join of (1,-1, 5) & (2,3, 4) in
the ratio A : 1, then 6A is :

If vectors (x — 2) f+] and (x + 1) f+2j are collinear,
then the value of x is

If points i+ 2k, j+k and Ai+pj are collinear, then A +

equals

If a, b, ¢ are non coplanar vectors, then the points with

p.v.a-2b+3c,2a+Ab—4c, —7b+10c will be
collinear if the value of A is

The number of distinct real values of A for which the vectors
~A*i+j+k, i-A*j+k and i+ j—A’k are coplanar is
If 3 and p are unit vectors and 60° is the angle between
them, then (23 —3b) . (44 +b) equals

If vectors 3i+2]j+8k and 2i +xj+k are perpendicular
then -x is equal to

If vector & + b is perpendicular to b and 2b + & is

2

a
perpendicular to a , then W equals



VECTORS & 3-DIMENSIONAL GEOMETRY

s

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Ifd=21+j+k b=31—4j+2k and ¢ =1— 2]+ 2k then 3

times the projection of 2+bon ¢ is

If the angle between two vectors i+ k and i—j-i— ak is
n/3, then the non-negative value of a is

The number of vectors of unit length perpendicular to the

vectors @ =2i+j+2k and b=j+kis

Let A, B, C be vectors of length 3, 4 and 5 respectively.

Let A be perpendicular to 1§+é,]§ to C+A and C to

A +B. Then square of length of the vector, A +B+C is:
If @ =2i+j+3k, b=1i+3]j+3k, then |axb[ is

If(axp )P+ (?1.5)2 =144 and |Ei| =4, then ‘B‘ is equal to

) (5804 e

If the diagonals of a parallelogram are respectively
a=i+ 3 - 21A<, b=i- 3j + 4];, then the square of the area of
parallelogram is

Twice of the area of the parallelogram constructed on the
vectors 4 =p+24 & b=2p+q where p&{ are unit
vectors forming an acute angle of 30° is

If the value of [(d+2b—¢) (a—b) (a—b—7)] isequalto

k [@ b ¢]. Then the value of k is

Let a, b, ¢ be three non-coplanar vectors & p,q, T are

vectors defined by the relations

—
ol ol

p= .q

(X e it
ol | ol

X
[db¢]

Then the value of  the expression;
(@+b).p+(b+7).G+(C+a).Fis
Volume of the tetrahedron whose vertices are represented

by the position vectors, A (0, 1,2); B (3,0, 1); C (4, 3, 6)
andD (2, 3,2)is:

i%ﬁ?
3-DIMENSIONAL GEOMETRY

Introduction and Concept of DC & DR

79.  If a line makes angles 90°, 60° and 30° with positive
direction of x, y and z-axis respectively, then its direction-
cosines are :

()<0,0,0> by<1,1,1>
(c)<0,l,£> (d)<£,l,0>
2 2 2 2

80. A line makes equal angles with co-ordinate axes. Direction
cosines of this line are

1

1 1
b) t—— b t—
) BTBTB

(a1l x14+1

1 1 1
(c) =, t-,%2 (d) +/3,5/3, 43

37373
81. If a line passes through the points (-2, 4, —5) and
(1, 2, 3) then its direction-cosines will be :

i> (b)<-3,2,+8>

@ <=

3 2 8 . (@9<3-28>

NN

82. A line makes acute angles of o, B and y with the

co-ordinate axes such that cos a.cos B =cos 3 cos ¥ = 9

4
and COSY cosa = 9" then cos a + cos 3 + cos v is equal

to:
(a) 25/9 (b) 5/9
(c) 5/3 (d) 2/3

83. Ifaline has direction ratios <2, —1,—2>, then its direction-
cosines will be :

212 <t 11,
@ <333 ® <333

<_2 1=z <2 L 2
© SENE <373 73
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84. Two lines, whose direction ratios are : 90.
<a,b,c >and<a,b,, c,>respectively are perpendicular
if
@ =l b L=
a bl b2 CZ a2 b2 CZ
(c)aa,+bb,+cc,=0 (daa,+bb,+cec,=1
85. A line makes angles a,B,y with the coordinate axes.
Ifa+ P =90°%theny=
(@0 (b) 90°
(c) 180° (d) None of these
86.  The direction cosines of the line, x =y =z are : 92.
R L1
(a)\/g’\/g’\/g (b)3’3’3
R S
(©) V5,413,410 @ 75 0" 5
Equation of lines in 3-D
A 93.
87.  Aline passes through a point A with p.v. 3i+j—k and is
parallel to the vector 2 — 3 +2k . IfP is a point on this line
such that AP = 15 units, then the p.v. of the point P may be:
(a) 13i+4j-9k (b) 13i—4j+9k
P n 2 A r 94,
(c) 7i-6j+11k (d) +7i+6j+11k
88.  Image of the point P with position vector 7i — 3 +2k in
the line whose vector equation is,
T=9i+5 ]+5 k+n (i+3 3’+51A<) has the position vector :
(8 (-9,5,2) (b) (9. 5,-2) o5,
(©) (9,-5,-2) (d) none
89. Find the angle between the two straight lines,
F=3i-2j+4k+\ (<2i+j+2k) and
- 20 r P 'S . 96.
r=1+3j-2k+pn (3i—-2j+6k):

(a) cos™'(4/21) (b) sin”'(4/21)

(c) sin”'(17/21) (d) cos™'(17/21)

The lines,
T =i+2j+3k+A (20 +3]+4k)

and 7, =2i+3j+4k +p (3i + 4]+ 5k) are:
(a) coplanar (b) skew

(c) such that shortest distance between them is 1

(d) none

The equations of x-axis in space are

(a)x=0,y=0 (b)x=0,z=0

(©)x=0 (dy=0,z=0

Two lines r=3, +}M]51 and r=a, +p52 would be

coplanar if:

(a) [a, b, b,]=[d, b, b, ]

(b) (& .b,)b, = (@, .b)b,

(c) 4, (b,.b,) =4, (b, .b,)

(d) & .b,—4,.b,=4,.b,—4,.b,

The point of intersection of lines,

x-4 y-1 z_ x-1 y-2 z-3
=—=—& = = is
5 2 1 2 3 4
(a) (-1,-1,-1) ®) (-1,-1,1)
(c)(1,-1,-1) (d)(-1,1,-1)

x-1 y-2 z-3

The straight lines and
2 3
x—1 _ y-2 _ z-3 are
2 2 -2
(a) parallel lines (b) Intersecting at 60°

(c) Skew lines (d) Intersecting at right angle

A line with direction cosines proportional to 2, 1, 2 meets
each of the linesx =y +a=zand x + a=2y =2z. The co-
ordinates of each of the points of intersection are given by

(a) 3a, 3a, 3a), (a, a, a) (b) (3a, 2a, 3a), (a, a, a)
(c) 3a, 2a, 3a), (a, a,2a) (d) (2a, 3a, 3a), (2a, a, a)
The angle between the lines 2x =3y =—z and
6x=—y=—-4zis
(a) 30°

(c) 90°

(b) 45°
(d) 0°
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97.  Ifthe straight linesx=1+s,y=-3-As,z=1+Asand

t
X=E, y=1+1t z=2 -t with parameters s and t
respectively, are coplanar, then A equals
(a) 2 (b)-1
© 5 (@)
98.  If'the lines

x—2:y—3:Z—4 and x—lzy—4:Z—5

1 1 -k k 2 1

are coplanar, then k can have
(a) any value (b) exactly one value
(c) exactly two values (d) exactly three value

99, The shortest distance between the skew lines

¢,:T=a,+\b, and ¢, : T =4, +pub, is:

‘(52—51) (b, xb,) ‘(52—51).(52x52)
@ = O
R N e

b, xb, 1 X By

Various form of Equation of Planes

100. The line, x—2 = y-3 = z=4 5 parallel to the plane :
3 4 5

(@)3x+4y+5z=7 b)2x+y-2z=0
()x+ty—z=2 (d)2x+3y+4z=0

101. The equation of the plane passing through the points
(3, 2, 2) and (1, 0 —1) and parallel to the line
x-1 y-1 z-2

2 -2 3 °®

(a)4x—-y—-2z+6=0 (b)dx—y+2z+6=0
(©)4x-y-2z-6=0 (d)3x-2z-5=0

102. The equation of a plane which passes through (2, -3, 1)

and is normal to the line joining the points (3, 4, —1) and
(2,-1,5)is given by :

(a)x+5y—-6z+19=0
(c)x+5y+62+19=0

(b)yx —5y+6z—-19=0
(d)x—-5y-62-19=0

103.

104.

105.

106.

107.

108.

A plane meets the coordinate axes in A, B, C and (a,3,y) is
the centroid of the triangle ABC. Then the equation of the
plane is

X 'y z X y z
—+=+—=3 by —+=+—=1
@ By ® By
3x 3y+ | q .
© 5 gy (d) ox + By+ vz

The plane ax + by + ¢z = 1 meets the co-ordinate axes in
A, B and C. The centroid of the triangle is :

a b c
(a) (3a, 3b, 3¢) (b) (g’?gj

[é 3 EJ [L 1 LJ

© 2" b e @ {32736 3¢

The equation of the plane which is right bisector of the
line joining (2, 3, 4) and (6, 7, 8), is :

(a)x+y+z-15=0 b)x—-y+z-15=0
©)x—y-z-15=0 (dx+ty+z+15=0

The equation of the plane containing the line

a(x—x)*+b(y-y)+ec(z—z)=0, where:
(a) ax, + by +cz, =0 (byal+bm+cn=0

a
(c)z=;= (d) £x, +my, +nz, =0

n
The vector equation of the plane passing through the origin

and the line of intersection of the plane . a =i and

r.b=pis:

(@) E (28-pb)=0 (b E(1b-pé)=0

() (ra+ub)=0 (&) & (rb+pd)=0

Equation of the plane passing through the line of

intersection of the planes

P:ax+by+cz+d=0,P:a’'x+b’y+c'z+d =0, and
parallel to x-axis is :

(a)Pa—Pa’=0
(c)Pa+Pa’'=0

(b) P/a=P"/a’= 0
(d) P/a=P'/a’
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109. The Plane 2x — (1 + A) y + 3A z = 0 passes through the

intersection of the planes
(a)2x—y=0andy-3z=0
(b)2x+3z=0andy=0
(c)2x—y+3z=0andy-3z=0
(d) none of these

110. The equation of the plane through the intersection of the

planes x + 2y + 3z=4 and 2x + y—z =-5 and perpendicular

to the plane 5x + 3y + 6z + 8=01s
(a)7x—2y+3z+81=0 (b)23x+ 14y—9z+48=0
(©)51x—15y—50z+173=0  (d) none of these

111. The equation of the plane containing the two lines

x—1:y+1:z—Oandi:y—2:z+l is

2 -1 3 -2 11 -1

(@) 8x+y-5z-7=0
(c)8x—y-5z-7=0

b)8x+y+5z-7=0
(d) none of these

112.  The equation of the plane through the intersection of the

planes ax + by + cz+d=0and [x + my + nz+ p =0 and
parallel to the liney=0,z=0

(a)(bl—am)y+(cl—an)z+d/—ap=0
(b) (am—bl) x + (mc—bn) z+ md —bp =0
(c)(ma—ch)x+(bn—cm)y+nd—cp=0
(d) none of these

113.  Equation of the plane which passes through the point of

x-1 y-2 z-3

3 1 5 and

intersection of lines

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

and has the largest distance from the

origin is:
(@) 7x+2y+4z=>54
(c)4x+3y+5z=50

(b)3x+4y+5z=49
(d) 5x+4y+3z=57

Some Formulae of Plane

114. The distance of the point, (-1, -5, —10) from the point of

x=2 y+1 z-2

intersection of the line, 3 4 T and the
plane,x —y+z=35,is:

(a) 10 (b) 11

(c) 12 (d) 13

115.

116.

117.

118.

119.

120.

121.

The point at which the line joining the points (2, -3, 1) &
(3, 4, -5) intersects the plane 2x +y+z="7is :

(a) (15 2’ 7) (b) (1$ 72: 7)
(©) (-1,2,7) (d)(1,-2,-7)
. . . ox y-1 z+2
The point of intersection of the line 1 = N = 3 and

the plane, 2x +3y +z=0, is:
() (0,1,-2) (b)(1,2,3)

(c) (-1,9,-25) (d) (_—1 2 _—25j

111 11

The direction ratio of normal to the plane through

(1, 0, 0), (0, 1, 0), which makes an angle % with plane

Xx+y=3,are:
@ 1,2, 1 b 1,1, V2
(©)1,1,2 ) V2,1, 1

If line 7= (; - 2} - 12) +A (2{ + 3 + 212) is parallel to the
plane 7. (3i1—2j—mk) =14 then the value of m is

(a)+2

(b)-2

(c)0

(d) can not be predicted with this much informations

The distance of the point (1, =5, 9) from the plane
X —y +z =5 measured along a straight linex=y =z is

(@) 35 (b) 1043

(©) 53 @ 3410

The reflection of the point (a,B,y) in the Xy — plane is
(a) (o.,3,0) (b) (0,0,)

(c) (-0, B, 7) (d) (o, B, —=7)

The plane 2x — 3y + 6z — 11 = 0 makes an angle sin™'(o)
with x-axis. The value of a is equal to

(a) g (b) g
2 3
(© 7 (d) 7
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122.

123.

124.

125.

126.

127.

128.

If a plane passes through the point (1, 1, 1) and is
perpendicular to the line X y(;l = z-1 then its
perpendicular distance from the origin is

(a) 3/4 (b) 4/3

(c)7/5 @1

The angle between the planes, 2x —y + z = 6 and
x+ty+2z="Tis

(a) 30° (b) 45°
(©)0° (d) 60°
The length of the perpendicular from origin on plane

f.(3i—-4j+12k)=5 is

5 25
— b —_
@ % ®) 6
5 5
c) — d |—
(c) 3 (d) 1/13
The angle between the line, XHL_y=1_ 272 hdthe
2 4

plane,2x +y—3z+4=0,is:

ol 4 .| 14
(a) sin (—m] (b) sin (—WJ

. 4
(c) sin 1( ] (d) None of these
14429

If the given planes, ax + by + cz+d =0 and
a’'x+b y+c z+d  =0bemutually perpendicular, then:

a_b_c b _+£
(a) al bl Cl () C

L0

(c)aa” +bb +cc”+dd =0
(daa +bb +cc =0

Xx-2 y-2 z-2

The angle between the line and the

a b c
plane ax + by +cz+ 6=01is
(a) sin™ . (b) 45°
va’+b’+c?
(c) 60° (d) 90°

The image of the point P (1, 3, 4) in the plane
2x—y+z+3=0is

(a) (35 57 _2)
(C) (35 _5’ 2)

(b) (-3,5,2)
(d)(-1,4,2)

129.

130.

131.

132.

133.

S
The image of the points (—1, 3, 4) in the plane x —2y =0 is

17 19
®) [‘?‘?1)

() (— = 4)

Distance between two parallel planes 2x +y + 2z = 8 and
4x+2y+4z+5=0is

(a) (15,11, 4)

(©) (8,4, 4)

3 5
@ ) 5

© 2 @
2 2
If the distance between planes, 4x - 2y - 4z + 1 = 0 and
4x -2y -4z+d=0is 7, thendis:
(a)41l or-42 (b)42 or-43
(c)-41o0r43 (d) -42 or 44
If the angle between the line 2(x+1) =y =z + 4 and the

plane 2x —y ++/hz+4 = OIS — , then the value of A is

6 b
135 45
@ ®) 7
45 135
© = @~

A symmetrical form of the line of intersection of the planes
x=ay+bandz=cy+dis:

x-b y-1 z-d
@) a 1 ¢
x-b-a y-1 z-d-c
b) — =7~
x-a y-0 z-c

© % "7 T4

~b-a_ y-1_
&~ ~

z—d-c
d

Numerical Value Type Questions

134.

135.

If aline makes angles o, 3, y with the co-ordinate axes, then
- (cos 2oL+ cos 2P + cos 2y) is :

If the straight linesx=1+s,y=—3—-Ais,z=1+Asand x
=t/2,y=1+t,z=2—t, with parameter s and t respectively,
are coplanar, then —A equals to
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EXERCISE - 2 : PREVIOUS YEAR JEE MAIN QUESTIONS

Let@=3+ jand f =20 — ] +3k. If = f, -, where

VECTORS S

The length of the projection of the line segment joining
the points (5, -1, 4) and (4, -1, 3) on the plane,

x+y+z=71is: (2018)
2 2
ONE ®) 75
2 1
© 3 3

If the position vectors of the vertices A, B and C of a
AABC are respectively 47 +7j+8k, 2i+3j+4k and
2i +5j+7k, then the position vector of the point, where

the bisector of /4 meets BCis: (2018/Online Set-2)

(a) %(45+8]’+11/€) (b) é(6z’+11}'+15/3)

© %(6?+13}'+181€) (d) %(85+14}+191€)

The magnitude of the projection of the vector 27 + 3}' +k

on the vector perpendicular to the plane containing the
vectors  + j+k and [ +2+3k, is

(2019-04-08/Shift-1)

w2 ©)6
3
© 36 @ @

Let a:3f+2j'+x1€ and E:f—j+l€, for some real x.

Then |axb|=r is possible if:  (2019-04-08/Shift-2)

(a)\/§<i’§3\/g (b)rZS\/g
(c)0<rs\/g (d)3\/g<r<5\/§

ﬁlis parallel to & and /;’Zis perpendicular to

a ‘[henﬁ1 X Bz is equal to: (2019-04-09/Shift-1))

(a) =3{ +9j +5k (b) 3i —9j -5k

(©) %(—3f+9}'+5/€) (d) %(35—9}4512)

Let G=3{+2j+2kand b =i +2]—2kbe two vectors.
If a vector perpendicular to both the vectors G+ 5 and
d—b has the magnitude 12 then one such vector is

(2019-04-12/Shift-1)

(a) 4(27 +2]+2k) (b) 4(27 -2/ k)

(c) 4(20 +2] k) (d) 4(-27 -2] +k)

If the volume of parallelepiped formed by the vectors

i+ /’L} + 1€, j + Ak and 27 + k is minimum, then 4 is equal

to (2019-04-12/Shift-1)
1 1

@~ ®) 5

© V3 @ 3

Let o e R and the three vectors
a=ai+j+3k,b=2+j—ak and
T=ai-2j+3k.

Then the set S = (a :@,b and T are coplanar)

(2019-04-12/Shift-2)
(a) is singleton
(b) is empty
(c) contains exactly two positive numbers

(d) contains exactly two numbers only one of which is
positive
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10.

11.

12.

13.

Let G=i—j,b=i+)+k and ¢ be a vector such that

Gxé+b=0anda.c=4,then |¢| is equal to:
(2019-01-09/Shift-1)
L4 b) 9
@) 7 (b)
17
(©8 d

Letd=i+j+2k, b=b i+b,j+~/2k and
E=5+]+ 2k be three vectors such that the projection
vector of b on @ is |Zi|. If G + b is perpendicular to g ,then

| b |is equal to:
(2019-01-09/Shift-2)

(@) /32 (b)6
(©) V22 (d)4

Let G =2i+2]+3k b =4 +(3-2,)j+6kand

¢=3+6j+(4 1)k be three vectors such that

b=2gand dis perpendicular to ¢ . Then a possible value

of (4,4, 4,)is: (2019-01-10/Shift-1)

1
(b) [—5’4’@

(d) (1,5, 1)

(@) (1,3, 1)

1
(c) (5,4, —2)

Let @ =(A-2)d+b and B=(44-2)a+3b be two
given vectors where vectors g and 5 are non-collinear.

The value of A for which vectors @ and £ are collinear,

is: (2019-01-10/Shift-2)
(a) -4 (b) -3
(c) 4 (d)3

Let G=i+2j+4k,b =i +Aj+4k and

¢= 25+4}+(22 —1)l€ be coplanar vectors. Then the

14.

15.

16.

17.

18.

w

non-zero vector g x ¢ is: (2019-01-11/Shift-1)

(a) —10i —5; (b) —14i -5

(c) —14i +5] (d) =10 +5)

Let </3i + j,i ++/3] and fi +(1- f3) ] respectively be the

position vectors of the points A, B and C with respect to
the origin O. If the distance of C from the bisector of the

3
acute angle between OA and OB is ﬁ , then the sum of

all possible values of £ is

(2019-01-11/Shift-2)
(a) 4
(©)2

()3
@1

The sum of the distinct real values of 4 , for which the

vectors, ui+ j+k,i+uj+k,i+ )+ pkare co-planar,

is . (2019-01-12/Shift-2)
(a)-1 (®)0
()1 (d) 2

Let 3, b and ¢ be three unit vectors, out of which vectors
b and ¢ are non-parallel. If o and P are the angles which

vector 3 makes with vectors b and & respectively and

éx(BxE):%B, then |a—ﬂ| is equal to

(2019-01-12/Shift-2)
(b) 90°
(d) 45°

(a) 30°
(c) 60°

Let &,band ¢ be three unit vectors such that

|G—b[+|a—c=8. Then |G+2b[ +|a+2¢| is
equal to : (2020-09-02/Shift-1)

Let the position vectors of points ‘A’and ‘B’be i + j + k
and 27 + j + 3k, respectively. A point ‘P’ divides the line
segment AB internally in the ratio A:1(4 > 0).If O is the
origin and OB.OP -3 ‘O_A x @‘2 =6, then ), is equal

to . . (2020-09-02/Shift-2)
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19.

20.

21.

22,

23.

Let a,b,ce Rbe such that

cosO=bhcos (6’+2?”j =ccos (9+4?”j, where 9:%,

) 25.
then the angle between the vectors ai +bj +ck and
bi +¢j +ak is (2020-09-03/Shift-2)
ju ) 27 26.
@ (b) 5
2 d)0
© 5 (d)
Let X, be the point of local maxima of f{x) =3. (B x ¢),
where G = xi =2 +3k, b =—2i +xj —k and
A A on .o 27.
¢=7i -2j+xk. Thenthevalueof 4.5 +b.¢+¢.a at
X=Xx,1s: (2020-09-04/Shift-1)
(a)—22 (b)—4
(c)-30 (d) 14
If a= 2{+]+2I€, then the value of
A A |2 N ~ 12 A A~ |2
|i x(axi)| + [Ix@x [ +|ix@xb) is equal to ...
(2020-09-04/Shift-2)
If the volume of a parallelopiped, whose coterminous
edges are given by the vectors 28.
a=i+j+nk,b=2i+4j—nk and
c= f+n3 + 3]2(11 >0),1is 158 cu. units, then:
29.
(2020-09-05/Shift-1)
(a) a.c=17 (b) 5.¢=10
(c)n=9 (d)n=7

Let the vectors G,b,¢ be such that H = 2,‘5‘ =4and

H =4 TIfthe projection of p on a is equal to the projection of
con aand bis perpendicular to ¢, then the value of

Ja+b-dis (2020-09-05/Shift-2)

ad+b*+ct=11f a 24.

e
If G and b are unit vectors, then the greatest value of

V3la+b|+[a-blis_ (2020-09-06/Shift-1)

If Xandy be two non-zero vectors such that

| X+ y|=/X|and 2X+ Ay is perpendicular to y, then the
value of A is (2020-09-06/Shift-2)

A vector g = ai +2j+ fk(a, f R) lies in the plane of
the vectors, h=7+ jand ¢ =7— j+4k.If 5 bisects the

angle between j, and ¢ , then (2020-01-07/Shift-1)

(@) a.i+3=0 (b) a.k+4=0

© a.i+l1=0 d) a.k+2=0
Letd, b and € be three unit vectors such that i+b+¢=0-

IfA=ab+bc+cdand d=axb+bxc+Exa ,thenthe

ol

ordered pair (k, d) is equal to :

(2020-01-07/Shift-2)
3 —
——,3¢xb
o33

(d) [%, 3bx Ej

If the foot of perpendicular drawn from the point (1,0,3)

(a) (%, 3ax Ej

(©) (—% 3€1><B)

37373
(2020-01-07/Shift-2)

5717
on a line passing through (« ,7,1) is [_ 5 _),

then & equal to

If volume of parallelopiped whose coterminous edges
are given by =f+j+ﬂ]€, v =f+j+3]€ and
Ww=2i+ j + ]2 be 1 cu. Unit. If © be the angle between

the edges 7; and ;.v , then, cos 0 can be:

(2020-01-08/Shift-1)

7 5
@ §7 () 5

7 5
© 55 @35
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30.

31.

32.

33.

34.

Letd=i-2j+k b=i—j+kbe two vectors. If¢ is a

vector such that bxé=bxd andé.d=0 thené.b is

equal to: (2020-01-08/Shift-2)
(a) : (b) :
a) — _2
2 2
36.
B ;
© 5 @ -1
If the vectors p=(a+1)i +aj+ak,

§=ai+(a+l)j+a/€ and 7 =ai+aj+(a+1)k (acR)

are coplanar and 3(p.g)’ —A|7xg ['=0 then value of

Ais_ (2020-01-09/Shift-1) 37

The projection of the line segment joining the points
(1,-1,3) and (2,-4,11) on the line joining the points (-1,2,3)
and (3,-2,10) is . (2020-01-09/Shift-1)

5,1; and ¢ be three vectors such that

|a| = \/§,|5| =5,b.¢ =10 and the angle between j and ¢

T
is 3 - If 7 is 'perpendicular to vector jxg, then 38,

a x (b %) is equal to (2020-01-09/Shift-2)
- A A A N AA -
Let a =2i+ j-2k and b =i+ j. If ¢ isavectorsuch

- >
that a.c =

- - >

c—a

E

=242 and the angle between

- o) -
(axbjxc

(2021-07-20/Shift-1)

- - - T
(ax bj and c is g,then the value of 1s: 39,

2
@ 5 (b) 4

3
©3 @ 3

w

-> > >
Let a,b,c be three mutually perpendicular vectors of

the same magnitude and equally inclined at an angle 6

N
with the vector a+b+c. Then 36cos® 20 is equal to

(2021-07-20/Shift-1)

Forp>0avector vy = 2i+ (p+ 1)3 is obtained by rotating
the vector v, = ﬁpﬁ-j by an angle 6 about the origin in

(a\/§—2)

a counter clockwise direction. If tan =———~
43 +3

, then

the value of a is equal to ?

(2021-07-20/Shift-2)
In a triangle ABC, if ‘B‘EI‘ = 3,‘67&‘ =5and ‘EX‘ =7, then

the projection of the vector BA on BC is equal to ?

(2021-07-20/Shift-2)

i NE
@ ®) >

19 PR
© 5 @

~

Let the vectors (2+a+b)f+(a+2b+c)J—(b+c)k
(1+b)i+2bj—bk and

(2+b)i+2bj+(1-b)k a,b,ceR
be co-planar. Then which of the following is true ?
(2021-07-25/Shift-1)

(b)2b=a+c
(d)a=b+2c

(a)2a=b+c
(c)3c=a+b

Let p=2i+3j+k and q =1+2j+k be two vectors. Ifa
vector = ((xi+ [33 + yﬁ) is perpendicular to each of the
vectors (f) + 21) and (I; —21) and H = \/3, then

|OL|+|[3| +|y| is equal to ?

(2021-07-25/Shift-1)
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40.

41.

42.

43.

44.

g ANEA A — A A A
Let a =i+ j+2k and b =—i+2 j+3k. Thenthe vector
product (5+B)x(5x((5—5)x5))x5 is equal to:
(2021-07-27/Shift-1)

(a) 5(30i—5j+7k}

© 7(30?—5}+71§j ) 7(34?—5}+31§j

AACAA -

Let a=i+j+k,b and c=j-k be three vectors such

that axb = ¢ and a.b = 1. Ifthe length of projection vector

of the vector b on the vector axc is /, then the value of

32 is equal to (2021-07-27/Shift-1)
Let 5,5 and ¢ be three vectors such that a = BX(BXE) .

. 46.
If magnitudes of the vectors a,b and ¢ are \/5,1 and 2
respectively and the angle between b and c is
6[0 <0< g) , then the value of 6(0 <0< g} is equal
to: (2021-07-27/Shift-2)

V3+1
(a) (b)2
NG
(© B +1 (d)1
47.

Let a=i-oj+Pk,b=3i+pj-ok and
c= —oci—23+f< , where o and P are integers. If ab =—1

and b.c =10, then (5 XB)E is equal to

(2021-07-27/Shift-2)  48.

- > -
Let three vectors a,b and c¢ be such that

e e T T -
axb=c,bxc=aand |a|=2.Then which one of the
following is not true? (2021-07-22/Shift-2)
- - - 49.
(a) Projection of a on| bxc | is2
- o —>2
(b) [3a+b-2c| =51

(b) 5[34i—5j+3k) 45.

© FE?H?ZE}ZS

@ ;X([a:}[;_:jjza

- -
Let a vector a be coplanar with vectors b =21+ j+k

d ANANEEVAN bd

and c=i-j+k. If a is perpendicular to

> o A A - .
d =3i+2 j+ 6k, and |a| = \/ﬁ Then a possible value of

e s e
[a b c}{a d b}{a c d} is equal to :

(2021-07-22/Shift-2)
(a)—40 (b)—42
(c)-29 (d)-38
Let a, b and ¢ be distinct positive numbers. If the vectors

A A ASIAN AN A A AN
ai+aj+ck,i+k and ci+cj+bk are co-planar, thenc

is equal to: (2021-07-25/Shift-2)
a+b
(a) v/ab ®) —
1 1 2
© 7% D71 71
7+7
a b
- - - - - >
If |a|=2,|b|=5 and |axb|=8,then |a.b| isequal to:
(2021-07-25/Shift-2)
(@5 (b)4
(c)6 (d)3

NN - - -~ -
If (a +3 bj is perpendicular to (7 a—->5 b} and (a - 4b)
- -
is perpendicular to [7 a—2 b} , then the angle between

- -

a and b (indegrees)is (2021-07-25/Shift-2)
Let a=2i—j+2k and b=i+2j—k. Leta vector ¢ in
the plane containing @ and b. If © is perpendicular to

the vector 31 + 23 —k andits projectionon a is 19 units,

then |26|2 is equal to (2021-09-01/Shift-2)
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50. If the projection of the vector i+ 2] +k on the sum of the ~ S0-

two vectors 2?+43—51A< and —Ai+ 23+312 is 1, then A is
equal to . (2021-08-26/Shift-2)

51. Let 5:f+53+a12,6=f+33+B12and 6=—f+2]—312 57,

be three vectors such that, |B X 6| =53 and 3 is

perpendicular to b . Then the greatest amongst the values

of [ais__ . (2021-08-27/Shift-1)
52. Let a=i+j+k and b=]j—k. If T isavectorsuch that

axc=b and ac =3, then 5.(B><E) is equal to :

(2021-08-26/Shift-1)

(a) -2 (b) 6 53
(c)2 (d) -6 )
53. Leta and b be two vectors such that ‘25 + 36‘ - ‘35 + B‘
_ - I -, .
and the angle between a and b is 60°. If Py ais a unit
vector, then ‘B‘ is equal to ? (2021-08-31/Shift-1)
(@5 (b) 8
(c)4 (d)6
54.  Let &,b,¢ bethree vectors mutually perpendicular to each
other and have same magnitude. If a vector T satisfies 59
ax{(F-b)xa|+bx|(F-¢)xb+ex{(F-a)xc}=0 |
then T is equal to: (2021-08-31/Shift-2)
(a) ~(a+5+22) (b) ~(2a-+5-¢)
2 2
(©) l(54ﬁ+6) () l(5+B+6)
3 2
55. Leta=i+2j-3k and b=2i-3j+5k.
60.

Ifrxa=bxr,r-(ai+2j+k)=3 and

f-(2f+53—ocf<) =-1,a € R, then the value of oc+|f|2

is equal to (2021-03-16/Shift-2)
(a) 13 (b) 15
©9 (d) 11

L 2

Let ¢ bea vector perpendicular to the vectors a =1 + ] -k
and b=1+2j+k.If ¢-(i+j+3k) =8 then the value of
¢-(axb) isequalto (2021-03-16/Shift-2)
Let a vector oi+j be obtained by rotating the vector

\/§;+3 by an angle 45° about the origin in counter

clockwise direction in the first quadrant. Then the area of

triangle having vertices (oc, B), (0, B) and (0, 0) is equal

to (2021-03-16/Shift-1)
1
(@1 (b) 7
1
() 242 (d) 2

Let the position vectors of two points P and Q be 3i — ] +2k

and i+ 23— 4k , respectively. Let R and S be two points

such that the direction ratios of lines PR and QS are (4,1,
2) and (-2, 1, -2), respectively. Let lines PR and QS

intersect at T. If the vector TA is perpendicular to both

PR and @ and the length of vector TA is /5 units,

then the modulus of a position vector of A is
(2021-03-16/Shift-1)

@ /5 (b) Vi71
(©) 227 (d) 482

Let O be the origin. Let OP=xi+ yj -k and
@z—f+2]+3xl;,x,yeR, x>0, be such that
‘ﬁ)‘ =+/20 and the vector OP is perpendicular to OQ.
If OR=3i+z—7k, zeR, is coplanar with OP and

0Q, then the value of x + y? +2z* isequal to :

(2021-03-17/Shift-2)
(a) 1 (b)9
(©)2 (d7

Let X be a vector in the plane containing vectors

a=2i—j+k and b=i+2j—k If the vector Xis

perpendicular to (3f + 23 —12) and its projection on ais

176
2

,then the value of |§|2 isequal to ......ccveennnns .

(2021-03-17/Shift-2)
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61.

62.

63.

64.

65.

66.

Let a=2i—3j+4k and b=7i+]-6k.

If ¥xa=rxb,(i+2]+k)=-3, then ?-(21-3]‘+12)

is equal to : (2021-03-17/Shift-1)
(a) 12 (b) 13
(¢) 10 (d) 8

Let @ and b be two non-zero vectors perpendicular to each
other and |ﬁ|=|6|. If |5><B|=|5|, then the angle

between the vectors (a +b +(a x b)) and 7 is equal to :
(2021-03-18/Shift-2)

(a) sin”! [%) (b) cos™! [%)

(1 _IE 1 ]
¢) sin” | — d) cos” | —
() [ NE (d) NG
A vector a has components 3p and 1 with respect to a

rectangular cartesian system. This system is rotated through
a certain angle about the origin in the counter clockwise

sense. If, with respect to new system, a has components

p+1and /10, then a value of p is equal to :
(2021-03-18/Shift-1)

4
@1 (b) 5

5
(©) - 1 (d)-1

Let three vectors a,b and T be such that T is coplanar
with @ and b,a-c=7 and b is perpendicular to ©
where @ =—i+j+k and b=2j+k, then the value of
— 2

2|5+ b +6| is (2021-02-24/Shift-1)

Let a =i+ ocj+312 and b = 3{—(134-12, If the area of the
parallelogram whose adjacent sides are represented by the
vectors dand b is 83 square units, then a-b is equal
to: (2021-02-25/Shift-2)

Let a=i+2j—k b=i—j and ¢=i—j—k be three

and

o)

given vectors. If T is a vector such that Txd =¢x

f-b=0,then ¥-3 is equal to )
(2021-02-25/Shift-1)

67.

68.

. 4
If vectors @, =xi—j+k and a, = i+yj+7k are
collinear, then a possible unit vector parallel to the vector

Xi+}a+zlA< is (2021-02-26/Shift-2)

@%WH) @%@3
(©) %(f—}ﬂ%) ) %(—j’ﬂ%)

If @ and b are perpendicular, then 7 x (5 x (5 x (5 x B))) is

equal to (2021-02-26/Shift-1)
- L 45

(a) 0 (b) S

(c) dxb @ [a*b

3-DIMENSIONAL GEOMETRY

69.

70.

71.

72.

The shortest distance between the z-axis and the line
X+y+2z-3=0=2x+3y+4z-4,is

(2015/Online Set-2)
(b)2
(d)3

(a)1
(c)4
A plane containing the point (3, 2, 0) and the line

x-1 y-2 z-3

also contains the point :

1 5 4
(2015/Online Set-2)
(@) (0,3, 1) (b) (0,7, -10)
(©)(0,-3, 1) (d) (0,7, 10)

Xx-3 y+2 z+4

If the line, " lies in the plane,
Ix +my—z=9, then >+ m?is equal to : (2016)
(a) 18 )5

(c)2 (d) 26

The distance of the point (1, =5, 9) from the plane
X —y +z =15 measured along the line x =y = z is(2016)

10
(2) 1043 ® 75
(c) ? (d) 3410
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fass

73.

74.

75.

76.

77.

The shortest distance between the lines lies

N | =
N =<
|

x+2 y-4 z-5

and in the interval :

-1 8 4
(2016/Online Set-1)

(@) [0, 1) () [1,2)

(c)(2,3] (d) (3, 4]

The distance of the point (1, -2, 4) from the plane passing
through the point (1, 2, 2) and perpendicular to the planes
x-y+27=3 and 2x-2y+z+12=0, is : (2016/Online Set-1)

(a) 242 (b) 2

1
© 2 Gy

The number of distinct real values of A for which the lines

x-1_ y-2 z+3 dx—3_y—2_z—l
o2 2T T

are coplanar is :
(2)4
(©)2

(2016/Online Set-2)
(b) 1
d3
If the image of the point P(1, -2, 3) in the plane, 2x + 3y

—4z + 22 = 0 measured parallel to the line, % = % :g is
Q then PQ is equal to : (2017)
(@) 35 (b) 242

(©) V42 @) 65

The coordinates of the foot of the perpendicular from the

point (1, =2, 1) on the plane containing the lines,

x+1 y-1 z-3 dx—l_y—2_z—3
6 7 8§ 73 5 7

is :

(2017/Online Set-1)
() (-1,2,-1)
(d)(1,1,1)

(@) (2,-4,2)
(¢) (0,0,0)

78.

79.

80.

w
The line of intersection of the planes = f-(3f - 3 + 12) and

£.(i+4]-2k) =2, is: (2017/Online Set—1)

NE
(a) 7_Y__ 17
-2 13
4
X——= zZ+=
by —7_Y _
2 -7 13
6 5
X—— y+-—
©_13_""13_7
2 -7 -13
-8 G 3
@ 1 2 T13_z
2 -7 -13
-3 +2 +A
If the line, AL A lies in the plane,

-1 -2

2x — 4y + 3z =2, then the shortest distance between this

ine and the line, 2 9 2 is:

(2017/Online Set-2)
(a)2 (b) 1
(c)0 (d)3

If a variable plane, at a distance of 3 units from the origin,
intersects the coordinate axes at A, B and C, then the locus

of the centroid of AABC is:

(2017/Online Set-2)
I 1 1 1 1 1

—+—+—=1 —+—+—=3
(a) Xz yz Zz (b) Xz yz Zz

1 1
© Ty
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e
i

81.

82.

83.

84.

If L, is the line of intersection of the planes
2x-2y+3z-2=0, x—y+z+1=0 and L, is the line
of intersection of the planes

X+2y—-z-3=0,3x—-y+2z-1=0, then the distance of

the origin from the plane, containing the lines L and L,

is : (2018)
1 1
(a) N7 (b) NG
1 1
(©) 32 (d) 22

A variable plane passes through a fixed point
(3, 2, 1) and meets x, y and z axes at A, B and C
respectively. A plane is drawn parallel to yz-plane through
A, a second plane is drawn parallel zx-plane through B
and a third plane is drawn parallel to xy-plane through C.
Then the locus of the point of intersection of these three
planes, is:

(2018/Online Set—1)

(a)§+§+%=1 b)x+y+z=6
rrr.nu 3,200
(C)x y z 6 (d)x y z

An angle between the plane, x + y + z =5 and the line of
intersection of the planes, 3x + 4y + z -1 = 0 and
Sx+8y+2z+14=0,is: (2018/Online Set—1)

(a) sin™ [\/%] (b) cos™ (\/%J

owrld) ()

An angle between the lines whose direction cosines are
given by the equations,

I+3m+5n=0and 5 Im—-2mn +6nl =0, is :

(2018/Online Set-2)
a1
(a) cos™ [gj

(b) cos™ (l)
4

(c) cos™! [—lj (d) cos™ [lj
6 8

85.

86.

88.

89.

L 2

A plane bisects the line segment joining the points
(1,2,3) and (-3, 4, 5) at right angles. Then this plane also

passes through the point : (2018/Online Set-2)

(@) (3,2, 1)
(©)(-1,2,3)

The sum of the intercepts on the coordinate axes of the

() (3,2, 1)
(d(,2,-3)

plane passing through the point (-2, -2, 2) and containing
the line joining the points (1, -1, 2) and (1, 1, 1), is :

(2018/Online Set-3)

(a) 4 (b)-4
(c)-8 (d) 12
) Xy z
If the angle between the lines, E=E=T and

S5-x_Ty-14_ z-3 a(2
D, 4 is €OS 3) then p is equal to :

2 p
(2018/Online Set-3)
7 by 2
OF (b) 3
7 A
© - @ -

The equation of a plane containing the line of intersection
of the planes 2x —y —4 =0 and y + 2z — 4 = 0 and passing

through the point (1, 1, 0) is : (2019-04-08/Shift-1)
(a)x-3y-2z=-2 b)2x-z=2
©)x-y-z=0 dx+3y+z=4

The length of the perpendicular from the point (2, -1, 4)

x+3 y-2 =z

on the straight line, 0 = T

(2019-04-08Shift-1)
(a) greater than 3 but less than 4
(b) less than 2
(c) greater than 2 but less than 3

(d) greater than 4
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90.

91.

92.

93.

94.

The vector equation of the plane through the line of 95.

intersection of the planes x + y + z = 1 and
2x + 3y + 4z = 5Swhich is perpendicular to the plane
X—y+z=0is: (2019-04-08/Shift-2)

(@ Fx(i-k)+2=0 () 7.(i-k)-2=0

(o) Fx(f+k)+2=0 (@ F(i-k)+2=0
If a point R(4, v, z) lies on the line segment joining the
points P(2,-3, 4) and Q(8, 0, 10), then distance of R from

the origin is: (2019-04-08/Shift-2)

(a) 214 (b) 2421
(©) 6 (d) V53
. x-1 y+1 z-2
If the line, = = meets the plane,

2 3 4

x+2y+3z =15 at a point P, then the distance of P from

the origin is: (2019-04-09/Shift-1)

(a) g (b) 245
9 o7
© 3 @

A plane passing through the points (0, -1, 0) and (0, 0, 1)

and making an angle % with the plane y—z+5=0,also

passes through the point:

(@) (—V2.1,-4)

(2019-04-09/Shift-1))

®) (vV2.-1.4)

(© (—/2.-1,-4) @ (v2.1.4)

The vertices B and C of a AABC lie on the line,

x+2 y-1 z )
3 :T :Zsuch that BC = 5 units.Then the area

(in sq. units) of this triangle, given that the point

A(1,-1,2), is: (2019-04-09/Shift-2))

(@) 5\17 (b) 2434
(©) 6 (d) 34

96.

97.

98.

e
Let P be the plane, which contains the line of intersection

of the plane, x+y+z—-6=0and 2x+3y+z+5=0and

it is perpendicular to the xy-plane. Then the distance of
the point (0, 0, 256) from P is equal to:

(2019-04-09/Shift-2))

17

@ 5 (b) 6345
11

(c) 20545 Oy

. VR AR
If a unit vector ; makes angles ngthz,Zwuh J and

0 (0, ) with k then a value of @is:

(2019-04-09/Shift-2)

Sx T
(@) 3 (b) ”

S 2z
(©) 2 (d) 3

If Q (0, -1, =3) is the image of the point P in the plane
3x—y+4z=2and R is the point (3,1, —2), then the area
(in sq. units) of APQR is : (2019-04-10/Shift-1))

(@ 213 (b) @
@ 0y

If the length of the perpendicular from the point

(8,0,8) (B #0) to the line,

z_y—l_z+1iS\ﬁ hon 4 i o,

1 0 1 > en f is equalto:
(2019-04-10/Shift-1)

(a)1 (b)2

(c)-1 (d)-2
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99.

100.

101.

102.

103.

The distance of the point having position vector

—i+2j +6k from the straight line passing through the
point (2, 3, -4) and parallel to the vector, 6; +3} —4f is:

(2019-04-10/Shift-2)

(a)7 (b) 43
(©) 6 d) 2413

A perpendicular is drawn from a point on the line

= %to the plane x+ y+z =3such that the

x=1_ y+l1
2 -1
foot the perpendicular Q also lies on the plane

x—y+z =3. Then the co-ordinates of Q are:
(2019-04-10/Shift-2)

(b) (2,0, 1)

(d) (4,0,-1)

(2)(1,0,2)
(©) (-1,0,4)

1
If the plane 2x—y+2z+3=0has the distances 3 and

< units from the planes 4x-2y+4z+A=0and

3
2x—y+2z+ u = 0respectively, then the maximum value

of A+ uisequalto: (2019-04-10)/Shift-2

(a)9 (b) 15
(©)5 (d) 13
) x=2 y+1 z-1
If the line = = intersects the plane

3 2 -1
2x + 3y —z + 13 = 0 at a point P and the plane
3x +y+4z=16 ata point Q, then PQ is equal to

(2019-04-12/Shift-1)

(a) 14 (b) V14
(© 247 () 214

A plane which bisects the angle between the two given

planes 2x—y+2z—-4=0 and x+2y+2z -2 =0passes

through the point: (2019-04-12/Shift-2)
(a)(15'45 1) (b) (1747'1)
(©(2,4,1) (d)(2,-4,1)

104.

105.

106.

107.

The length of the perpendicular drawn from the point

(2, 1, 4) to the plane containing the lines

F=(i+])+A(i+2]-k)and

F=(f+j’)+,u(—z°+]’—21€) is

(2019-04-12/Shift-2)

1
@3 () 3

1
© 3 GG

The equation of the line passing through (-4, 3, 1) parallel
to the plane x + 2y — z — 5 = 0 and intersecting the line

x+1 y-3 z-2
-3 2 -1

is: (2019-01-09/Shift-1)

x—4 y+3 z+1 x+4 _y-3_ z-1

@ = 1 4 )T 1 3
x+4 y-3 z-1 x+4 y-3 z-1
© 3777 o D e

The equation of the plane containing the straight line
xX_y_z . ..
5 = 3 = N and perpendicular to the plane containing the

. . x y z.
rX_JY_ ===1s:
straight lines 3 4 2 3

(2019-01-09/Shift-2)
(a)x-2y+z=0 (b)3x+2y-3z=0
(c)x+2y-2z=0 (d)5Sx+2y-4z=0
Ifthe linesx =ay+b,z=cy+dand x=az+b/,

y =c’z+ d"are perpendicular, then:
(2019-01-09/Shift-2)
(@)ab’+bc'+1=0 (b)ycc'+a+a'=0

()bb' +cc'+1=0 (daa"+c+c'=0
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108. The plane passing through the point (4, -1, 2) and parallel ' x-3 y+l_z-6 X+5 y-2 z-3
. X+2 y-2 z41 113.  Two lines 3 T and 7 " 6 a
to the lines = = and
3 -1 2 intersect at the point R. The reflection of R in the xy-
plane has coordinates : (2019-01-11/Shift-2)
x—2_y—3_z—41 "  th -
1 2 3 also passes through the point: (a) (2’ —4, _7) (b) (2, —4, 7)
(2019-01-10/Shift-1) ©) (2’ 4, 7) ) (_2’ 4, 7)
(@) (1,1,-1) (b) (1,1, 1)
L1 1 Dl -1 1 114. Ifthe point (2, a, B) lies on the plane which passes through
© 1 -1, -1) (@) 1. -1, 1) the points (3,4, 2) and (7, 0, 6) and is perpendicular to the
109. Let Abe a point on the line plane 2x — 5y = 15, then 2o — 3 is equal to :
F=(1-3u)i+(u—1)j+(2+5u)k and B(3, 2, 6) be a (2019-01-11/Shift-2)
point in the space. Then the value of p for which the (a) 12 (b)7
e . (©5 (d)17
vector AB is parallel to the plane x—4y+3z=11is )
(2019-01-10/Shift-1) 115.  Atetrahedron has vertices P(1,2, 1), Q(2, 1, 3),R(-1, 1,2) and
0O(0, 0, 0). The angle between the faces OPQ and PQR is:
1 1 2019-01-12/Shift-1
@ ®) 5 ‘ e
cos' -7 cos”' -
9 3 ),
110. The plane which bisects the line segment joining the points © cos”' (__9j () cos™ (__7}
(-3, -3, 4) and (3, 7, 6) at right angles, passes through 35 31
which one of the following points? 116. The perpendicular distance from the origin to the plane
(2019-01-10/Shift-2)
o . x+2 y-2 z+5
(@) (=2, 3, 5) (b) 4,-1,7) containing the two lines, 3 5 7 and
(©)(2,1,3) (d) (4, 1,-2)
. . . . . . x-1 y-4 z+4
111.  On which of the following lines lies the point of inter- I = 2 = - is (2019-01-12/Shift-1)
tion of the line =t =22 2273 14 the pI
section of the line — > [ and the plane, 1
a b) =
X+y+z=27 (2019-01-10/Shift-2) @) 11\/8 ®) \/g
x+3_ 4oy _z#l o ox-4_y-5_z-5 (©11 () 6vi1
@57 5 T O T
. x+1 y-2 z-3
117. If an angle between the line, = = and
x-1_ y-3 z+4 x=2 y-3 z+3 2 1 -2
© = T )T T2 T3 23
the plane, x—2y—Kz =3is cos™ [T] then a value of
112. The plane containing the line -3 _y+2_z-lang

-1 3

also containing its projection on the plane
2x +3y—z =15, contains which one of the following points?

(2019-01-11/Shift-1)
(b) (__27272)
(d) (2707_2)

() (2,2,0)
(C) (05_252)

(2019-01-12/Shift-2)
(b) w/E
5

5
@ 3

Kis
F
(a) 3

3
(©) B
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118.

119.

120.

121.

122.

123.

124.

Let S be the set of all real values of A such that a plane

passing through the points (—/12, 1 1),(1, -7, 1) and

(L 1, - 2) also passes through the point (~1, —1, 1) Then
(2019-01-12/Shift-2)

) {3, -3}

S is equal to

@ (V3]

(c) {1, -1} d) {3, -3}

The plane passing through the points (1, 2,1), (2, 1, 2)
and parallel to the line, 2x = 3y, z = lalso passes through

the point : (2020-09-02/Shift-1)
(a) (0,-6,2) (b) (0,6,-2)
(©)(=2,0,1) (d)(2,0,-1)

A plane passing through the point (3, 1, 1) contains two
lines whose direction ratios are 1, -2, 2 and 2, 3, —1
respectively. If this plane also passes through the point

(a,—3,5), then @ is equal to : (2020-09-02/Shift-2)
@-5 (b) 10
(©5 (d-10

The foot of the perpendicular drawn from the point
(4, 2, 3) to the line joining the points (1, -2, 3) and
(1, 1, 0) lies on the plane : (2020-09-03/Shift-1)

b)x-2y+z=1
dx+2y—-z=1

(ayx—y-2z=1
(c)2x+ty-z=1
The lines r=(i-j)+/(2i+k) and t=(2i—j)+m(i+j—k)

(2020-09-03/Shift-1)
(a) do not intersect for any values of / and m

(b) intersect when /=1 and m =2

(c) intersect when /=2 and m =%

(d) intersect for all values of / and m

The plane which bisects the line joining the points
(4, -2, 3) and (2, 4, —1) at right angles also passes
through the point : (2020-09-03/Shift-2)

() (0,1, 1) (b) (4,0, 1)
(c) (4,0,-1) (d) (0, 1,-1)

Leta plane P contain two lines 7 =i + A (i + /), A € R and

F=—j+u(j—k),ueR If Q(a, B, y)is the foot of
the perpendicular drawn from the point M (1,0, 1) to P,
then 3 (a¢+ S+ y) equals .......... .

(2020-09-03/Shift-2)

125.

126.

127.

128.

129.

Ifthe equation of a plane P, passing through the intersection
of the planes, x+4y — z+7=0 and 3x+y+5z=8 is
ax+by+6z=15 for some a, b eR,then the distance of the
point (3,2, —1) from the plane P is....... units.
(2020-09-04/Shift-1)

The distance of the point (1, —2, 3) from the plane

y_Zz .
=S T 18

x
X —y + z= 5 measured parallel to the line 273 5%

(2020-09-04/Shift-2)

1
@ (b)7

7
© 7 (@1

If (a,b,c) is the image of the point (1,2, —3) in the line,

H_y=3_z then a+b+c is
2 o
(2020-09-05/Shift-1)
(a) 2 (b3
(c)-1 (d1

. x+1 y-2 z-1
If for some @, e R, the lines L, : S T T

and

Xx+2  y+l1  z+1

L =
T a 5—a 1

are coplanar, then the line L,

passes through the point: (2020-09-05/Shift-2)

(a) (2,-10,-2) (b) (10,-2,-2)
(c) (10,2,2) (d) (-2,10,2)
The shortest distance between the lines
x-1 y+1 =z
T:_—1=Tand X+y+z+1=0,2x-y+z+3=0
is: (2020-09-06/Shift-1)
1
(a)1 () NE]
1 1
(c) 5 (d) 5
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falal

130.

131.

132.

133.

134.

135.

A plane P meets the coordinate axes at A, B and C
respectively. The centroid of AABC is given to be
(1, 1, 2). Then the equation of the line through this centroid
and perpendicular to the plane P is:

(2020-09-06/Shift-2)

x-1 y-1 z-2
2 1 1

x-1_ y-1 z-2
2 2 1

(a) (b)

x-1 y-1 z-2
1 2 2

x-1_ y-1 z-2
1 1 2

(©) (d)

Let P be a plane passing through the points (2,1,0), (4,1,1)
and (5,0,1) and R be any point (2,1,6). Then the image of

R in the plane P is: (2020-01-07/Shift-1)
(a) (6,5,2) (b) (6,5,-2)
(c) (4,3,2) (d) 3,4,-2)

The shortest distance between the lines

x-3 y-8 z-3 d
3 1 T T 4

x+3 y+7 z-6
= = is:

(2020-01-08/Shift-1)

;
@ 2430 (b) 73300
© 3 ) 3430

The mirror image of the point (1, 2, 3) in a plane is

7 4 1
(_E T3 _EJ .Which of the following points lies on this

plane? (2020-01-08/Shift-2)
(@ (1,-1, 1) (®) (-1,-1, 1)
(© (1,1, 1) (d) (-1, -1, -1)

If the distance between the plane, 23x — 10y — 2z + 48 =0

+1 y-3 z+1
2 4 3

and the plane containing the lines

x+3 y+2 z-1
2 6 A

k
J(A€R) i —_——
( € ), is equal to \/@,

(2020-01-09/Shift-2)
Let P be a plane passing through the points (1, 0, 1),

and

then £ is equal to

— A A A
(1,-2,1)and (0, 1,-2). Leta vector a =a i+f j+vk be
such that ; is parallel to the plane P, perpendicular to
A A A > (A A A 2
[i+2j+3k) and a.| i+ j+2k [=2, then (a—P+y)

equals . (2021-07-20/Shift-1)

w

If the shortest distance between the lines

N

L :(xi+2j+2k+7{i—2j+2k),k eR,a>0

e A A A N N
and T, :—4i—k+u(3i—2j—2kj,ue R is 9, then o is

equal to (2021-07-20/Shift-1)
The lines x=ay—1=z-2 and x =3y — 2 =bz - 2,
(2021-07-20/Shift-2)

(b) a=2,b=3

(ab # 0) are coplanar, if ?

(a) b=1,aeR {0}

(c)a=2b=2 (d) a=1,beR-{0}

Consider the line L given by the equation

X;3 = yl_l = 212 . Let Q be the mirror image of the

point (2, 3,—1) with respect to L. Let a plane P be such that

it passes through Q, and the line L is perpendicular to P.

Then which of the following points is on the plane P ?
(2021-07-20/Shift-2)

(@) (1,2,2) ®)(-1,1,2)

()1, 1,1) (d) (1, 1,2)

Let the foot of perpendicular from a point P(L 2, _1) to

the straight line L = % = % -~ beN. Leta line be drawn

from P parallel to the plane x+y+2z =0 which meets L

at point Q. If « is the acute angle between the lines PN
and PQ, then cos a is equal to ?
(2021-07-25/Shift-1)

1 1
(@ m (b) NG
6 o
(©) > d 5

Let the plane passing through the point (1,0, —2) and
perpendicular to each of the planes 2x + y —z =2 and
Xx—y—z=3be ax+by+cz+8=0, then the value of
a+Db+cisequal to: (2021-07-27/Shift-1)

()8 (b)4

(c)3 (d)5

Let a plane P pass through the point (3,7, —7) and contain

Xx-2 y-3 z+2
-3 2

from the origin is d, then d?is equal to
(2021-07-27/Shift-1)

the line, . If distance of the plane P
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142.

143.

144.

145.

146.

147.

For real numbers o and f # 0, if the point of intersection

of the straight lines ~—= = y-1_z-1
1 2 3

and

x-4 y-6 z-7
B 3 3

, lies on the plane x+2y—-z=3§,

then a.—f is equal to: (2021-07-27/Shift-2)

(@)5 (b)3
(c)7 (d)9
The distance of the point P(3, 4, 4) from the point of
intersection of the line joining the points Q(3, -4, —-5) and

R(2,-3, 1) and the plane 2x +y+z =7, isequal to .
(2021-07-27/Shift-2)

Let L be the line of intersection of planes ;( i—j+2 kj =2

and f.[z i+ j—kj =2. If P(o,B,y)is the foot of
perpendicular on L from the point (1, 2, 0), then the value
of 35(a+B+7) is equal to : (2021-07-22/Shift-2)

(a) 134 (b) 119
(c) 143 (d) 101
If the shortest distance between the straight lines

3(x-1)=6(y-2)=2(z-1) and

L, then the

38

(2021-07-22/Shift-2)

4(x-2)=2(y-r)=(z-3),AeR is

integral value of A is equal to :
(a)-1 (b)2
(¢)3 (d)5

x-k y-2 z-3
2 3

If the lines and

x+1 y+2 z+3
3 2

are co-planar, then the value ofk is

. (2021-07-25/Shift-2)
The distance of line 3y —2z—1=0=3x—-2z+4 from the

point (2,-1,6) is (2021-09-01/Shift-2)

(a) 26 (b) 44/2
(©) 25 (d)26

148.

149.

150.

151.

éﬁ;ﬁ{'
Let the acute angle bisector of the two planes
x—2y—2z+1=0 and 2x—-3y—6z+1=0 be the plane

P. Then which of the following points lies on P
(2021-09-01/Shift-2)

1
(b) [—2, O’_Ej

(d) (0,2,—4)

(@) (4,0,-2)

1
(C) [3, 1, —Ej

Let Q be the foot of the perpendicular from the point

P(7, -2, 13) on the plane containing the lines,

x+1 y-1 z-3 dX—lzy—222_3
6 7 8 M3 s 7

Then (PQ)?, is equal to . (2021-08-26/Shift-2)
Let P be the plane passing through the point (1, 2, 3) and

the line of intersection of the planes f(I + 3 + 412) =16 and

r.(—{+ 3 + 12) = 6. Then which of the following points lie

on P? (2021-08-26/Shift-2)
(a) (37 37 2) (b) ('85 89 6)
(c)(4,2,2) (d) (6, 6,2)

A hall has a square floor of dimension 10m x 10m (see the
figure) and vertical walls. If the angle GPH between the

diagonals AG and BH is cos™' %, then the height of the

hall (in meters) is: (2021-08-26/Shift-2)

y F
|
med
|
AN
------ i S
A
10 m
D 10 m C
(a) 53 (b)5
(c) 2410 (d) 542
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152.

153.

154.

155.

156.

157.

/ 2
Equation of a plane at a distance 71 from the origin,

which contains the line of intersection of the planes

Xx—y—z-1=0and 2x+y—-3z+4=0, is:
(2021-08-27/Shift-1)

(a) x+2y+2z-3=0 (b) 3x—-4z+3=0

(¢) 3x—y-5z+2=0 (d) 4x—-y—-5z+2=0

The distance of the point (1, —2, 3) from the plane
X —y + z =5 measured parallel to a line, whose direction
(2021-08-27/Shift-1)

(b) 5
(1

ratios are 2, 3, —6 is:
(a)2
(©)3
Let the line L be the projection of the line :

x-1 y-3 z-4
2 1 2

In the plane x —2y —z = 3. If d is the distance of the point
(0, 0, 6) from L, then d? is equal to .
(2021-08-26/Shift-1)

A plane P contains the line x + 2y + 3z + 1 =0
=X —y—z— 6, and is perpendicular to the plane

—2X 4+ y +z+8 = 0. Then which of the following points lies

on P? (2021-08-26/Shift-1)
(a)(1,0,1) b)(2,-1,1)
(C) (_17 1’2) (d) (07 1’1)

The angle between the straight lines, whose direction

cosines are given by the equation 21+2m-n=0 and

mn+nl+lm=0, is: (2021-08-27/Shift-2)

(b) T— cos! (EJ
9

T
@ >

T
(@) 3

©) cos™! [§J
9

Let S be the mirror image of the point Q (1,3,4) with respect
to the plane 2x — y+z+3=0 andlet R(3,5,y) bea point

on this plane. Then the square of the length of the line

segment SR is (2021-08-27/Shift-2)

158.

159.

160.

161.

162.

The equation of the plane passing through the line of

intersection of the planes ;[ i+ j+ kj =1 and

;.[2 i+3j- kj +4 =0 and parallel to the x-axis is :
(2021-08-27/Shift-2)

(a) }.(?+3f<)+6=o (b) ;.(}—31A<j—6:0

(©) F.[?—:sﬁjw:o ) F.(3—31§j+6=o

The square of the distance of the point of intersection of

the line x=1_ y;2 = Z;Ll and the plane 2x—y+z=06
from the point (-1, -1, 2) is ?

(2021-08-31/Shift-1)

Let the equation of the plane, that passes through the point
(1, 4,-3) and contains the line of intersection of the planes

3x—2y+4z-7=0 and x+5y—-22+9=0, be
ox+PBy+yZ+3=0 then a+B+7y is equal to ?
(2021-08-31/Shift-1)

(b) 15
(d)23

(a)-15
(c) 23

The distance of the point (—1,2,—2) from the line of intersection
of the planes 2x + 3y +2z=0and x — 2y +z=0 is:
(2021-08-31/Shift-2)

5

(@) \/;_2 (b) 5
1 34
0% 0%

Xx-2 y-2 z+

Suppose the line 2 lies on the plane

o -5
x+3y—-2z+B =0, then (a+[3)is equal to

(2021-08-31/Shift-2)
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163.

164.

165.

166.

If the foot of the perpendicular from point (4, 3, 8) on the

- ) -
line Ll:"la:y3 =Z4b

, 120 is (3,5, 7), then the

shortest distance between the line L1 and line

x=2 y-4 z-5

L .
2773 4 5 s equal to
(2021-03-16/Shift-2)
(a) 5 b) 5
1 : f
() NG @ 43

If (x, y, z) be an arbitrary point lying on a plane P which
passes through the points (42, 0, 0), (0, 42, 0) and
(0, 0, 42), then the value of the expression

x—11

N y—19
(y—-19)*(z-12)*

+(x—11)2(z—12)2

N z—12 _ X+y+z
(x=11)2(y=19)> 14(x-11)(y-19)(z-12)

is equal to (2021-03-16/Shift-2)
(@3 (b0
(c)-45 () 39

If the distance of the point (1, =2, 3) from the plane
X + 2y — 3z + 10 = 0 measured parallel to the line

x-1 2-y z+3 . |7 .
= = 1s ,|—, then the value of |m| is equal
3 m 1 2

to . (2021-03-16/Shift-2)

Let P be plane Ix+my+nz=0 containing the line,

I-x y+4 z+2

. If plane P divides the line segment
1 2

AB joining points A(—3, -0, 1) and B(2, 4, —3) in ratio
k : 1 then the value of'k is equal to

(2021-03-16/Shift-1)
(b)3
(d)2

(a)4
(c) 1.5

167.

168.

169.

170.

171.

172.

173.

L 2

If for a > 0, the feet of perpendiculars from the points
A(a, —2a, 3) and B(0, 4, 5) on the plane Ix +my +nz=0
are points C(0,—a, —1) and D respectively, then the length

of line segment CD is equal to (2021-03-16/Shift-1)

(a) V66 (b) V41
(©) /35 (d) V31

If the equation of plane passing through the mirror image

of a point (2, 3, 1) with respect to line
x+1 y-3 z+2 o .
= = and containing the line
2 1 -1
x-2 l-y z+1 |
= = is  ox+Py+yz=24, then

3 2 1
a+B+y isequalto: (2021-03-17/Shift-2)
() 19 (b) 18
(c) 21 (d) 20
Let P be an arbitrary point having sum of the squares of
the distances from the planes x+y+z=0, Ix—nz=0

and x—2y+z =0, equalto 9. Ifthe locus of the point P is

x* + y2 +7? =9, then the value of 1 — n is equal to
(2021-03-17/Shift-2)

The equation of the plane which contains the y-axis and
passes through the point (1,2, 3) is :

(2021-03-17/Shift-1)
(a)3x+z=6 (b)x+3z=0
(c)x+3z=10 (d)3x-z=0

If the equation of the plane passing through the line of
intersection of the planes

2x—7y+4z—-3=0,3x—5y+4z+11=0 and the point

(-2, 1, 3) is ax+by+cz—7=0, then the value of
2a+b+c—T7iS coeiiiinns . (2021-03-17/Shift-1)

If 5=o&+[33+312, B:—Bi—ocﬁ—lz and 6:1_23_12
- L L~ =\ =y,
Such that a-b=1 and b-c=-3, then 5(axb)-c)ls

(2021-03-17/Shift-1)
Let the mirror image of the point (1,3,a) with respect to

the plane 7-(2i—j+k)—b=0 be (-3,5,2).Then, the

equalto ............... .

value of |a +b| is equal to

(2021-03-18/Shift-2)
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174.

175.

176.

177.

178.

179.

-1 y+6 z+5
3 4 2

Let P be a plane containing the line X

Xx-3 y-2 z+5
-3

and parallel to the line . Ifthe point

(1, -1 oc) lies on the plane, P, then the value of |5a|is
(2021-03-18/Shift-2)
The equation of the planes parallel to the plane

equal to

x—2y+2z-3=0 which are at unit distance from the

point (1,2, 3)is ax +by+cz+d=0.

If (b—d)=K(c—a), then the positive value of K is
(2021-03-18/Shift-1)

Let the plane ax +by+cz+d =0 bisect the line joining

the points (4, -3, 1) and (2, 3, —5) at the right angles. If
a,b,c,d are integers, then the minimum value of

(@2 +b% +¢? +d?) 1S o, .
(2021-03-18/Shift-1)
Let ab eR . If the mirror image of the point P(a, 6, 9)

x-3 y-2 z-1
5 -9

is

with respect to the line

(20,b,—a—9) , then |a +b| is equal to
(2021-02-24/Shift-2)

(a) 88 (b) 84

(c) 90 (d) 86

The vector equation of the plane passing through the

intersection of the planes ;~(f+j+f<) =1 and

t-(i-2j)=-2,and the point (1, 0, 2) is:
(2021-02-24/Shift-2)

@) r-(i+7j+3k) =7 (b) 1-GBi+7j+3k) =7

- A oA - 0 h A 7
© r-(i—7j+3k):g @ 1+ 75430 =

Let A be an integer. If the shortest distance between the

lines x—-A=2y—-1=-2zand x=y+2A=z-X is
7

i, then the value of |7»| is .

242

(2021-02-24/Shift-2)

180.

181.

182.

183.

184.

w

The distance of the point (1, 1, 9) from the point of

x-3 y-4 z-

intersection of the line 5 5 > and the plane

X+y+z=171is (2021-02-24/Shift-1)

(a) 24/19 (b) 38
(c) 1942 (d) V38

The equation of the plane passing through the point
(1, 2,-3) and perpendicular to the planes 3x+y—-2z=5

and 2x-5y—-z=7,is (2021-02-24/Shift-1)

(a) 6x-5y+2z+10=0 (b) 6x-5y+2z-2=0

(c) 3x—-10y+2z+11=0 (d) 11x+y+17z+38=0

A plane passes through the points A(1,2,3), B(2,3,1) and
C(2,4,2). If O is the origin and P is (2, —1, 1), then the

projection of OP on this plane is of length:

(2021-02-25/Shift-2)
(a) 2
Y3

2

of

2 2
o ef

A line ‘I’ passing through origin is perpendicular to the
lines

Lt =(34t)i+(=1+2t)]+(4+20)k

L:r=(3+2s)i+(3+2s)j+(2+s)k

If the co-ordinates of the point in the first octant on ‘1, at
a distance of +/17 from the point of intersection of ‘I’ and
‘1" are (a,b,c), then 18 (a + b + ¢) is equal to:

(2021-02-25/Shift-2)

Let o be the angle between the lines whose direction cosines
satisfy the equations [+m-n=0 and 1> +m? -n> =0.
*ais:

(2021-02-25/Shift-1)

Then the value of sin* a.+ cos

5 3
@ 3 ®)

1 3
© @ 3



VECTORS & 3-DIMENSIONAL GEOMETRY

185.

186.

187.

The equation of the line through the point (0, 1, 2) and

-1 y+1 z-1.
= = is:
2 3 -2

perpendicular to the line X

(2021-02-25/Shift-1)

x _y-l x_y-1l_z-2

X _y-1_ z-2 X _y-1_ z-2
© 377 3 D377 "3

If the mirror image of the point (1, 3, 5) with respect to the

plane 4x—5y+2z=8 is (OL, B, y),then 5(0c+B+y)

equals : (2021-02-26/Shift-2)
(a) 39 (b) 41
(c) 47 (d) 43

Let L be a line obtained from the intersection of two planes
X+2y+z=6 and y+2z=4.Ifpoint P(a, P, y) isthe
foot of perpendicular from (3, 2, 1) on L, then the value of
21((x+[3+y) equals: (2021-02-26/Shift-2)
(a) 68

(c) 142

(b) 102
() 136

188.

189.

190.

If (1,5,35),(7,5,5) ,(1,7»,7) and (27»,1, 2) are coplanar,
then the sum of all possible values of A is :
(2021-02-26/Shift-1)

44 39
(@) (b) 5

44 39

(c) -y (d Y

Consider the three planes

P :3x+15y+21z=9

P, :x-3y-z=35, and

Py :2x+10y+14z =35

Then, which one of the following is true?
(2021-02-26/Shift-1)

(a) P, and P, are parallel

(b) P, P, and P, are parallel

(c) P, and P, are parallel

(d) P, and P, are parallel

Let (A, 2, 1) be a point on the plane which passes through
the point (4, -2, 2). If the plane is perpendicular to the line
joining the points (-2, -21, 29) and (-1, —16, 23), then

2
[ % j _ ‘1‘_71» —4isequalto . (2021-02-26/Shift-1)
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EXERCISE - 3 : ADVANCED OBIJECTIVE QUESTIONS

VECTORS 6. A, B, C and D are four points in a plane with

pv's a, b, ¢ and d respectively such that
Objective Questions I [Only one correct option]

B (@—d).(b—¢)=(b—d).(c-4)=0.
1. If 3&b lie ona plane normal to the plane containing ¢ & d

_ _ Then for the triangle ABC, D is its :
then, (axb).(cxd) is equal to

(a) incentre (b) circumcentre
(@)-1 ®)1 (c) othocentre (d) centroid
(©0 (d) none
2. ‘P’ is a point inside the triangle ABC such that /- Letd=a, i+a,j+ak, b=bi+b,j+bk and

BC (P7§) +CA (ﬁ) +AB (ﬁf) =( then for the triangle
ABC the point P is its

(a) incentre (b) circumcentre is a unit vector perpendicular to both @andb . If the angle

¢ =c,i+c,j+c;k be three non—zero vectors such that ¢

(c) centroid (d) orthocentre

3. Let p is the p.v. of the orthocentre & g is the p.v. of the
centroid of the triangle ABC where circumcentre is the

origin. If p=Kg thenK =

(@3 (b)2 (@0
() 1/3 (d)2/3 (b) 1
4. If the unit vectors € and &, are inclined at an angle

1 2 2 2 2 2 2
20 and | é, —¢€, |<1, then for 8 € [0, ], 6 may lie in the (©) 4 (ay +a; +a3) (by +b; +b3)

interval :
(d) none of these
T B o= . .
(a) [O, Ej (b) rE 5} 8. The vectors p&q satisfy the system of equations
2p+q =4, p+2q=>b and the angle between p & is 0.
© (5?71’ n} (d) g, 5%} If it is known that in the rectangular system of
) co-ordinates the vectors a & b have the forms @ = (1, 1)
5. Two given points P and Q in the rectangular cartesian co—

ordinates lic on y = 2" "*such that OP.{ =—1 and & b=(1,~1)thencos 0=

00 .i =+2 where i is a unit vector along the x—axis. 4 4
¢ @ 3 b) =3
The magnitude of OQ —4 OP will be :
10 b) 20
(@) ®) (©) _3 (d) none

(c) 30 (d) none 5
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9.

10.

11.

12.

LetA (3) and B (l;) be points on two skew lines T =a +Ap

and T =b+ug and the shortest distance between the skew

lines is 1, where p and q are unit vectors forming adjacent

1
sides of a parallelogram enclosing an area of 2 units. If

an angle between AB and the line of shortest distance is
60°, then AB =

1
(a) 7 (b)2

)1 (d) % eR- {0}

If b&¢ are any two perpendicular unit vectors and a is

any vector, then, (@.b)b+(a.c) 6+E‘;LX‘? (bx¢) is
[bxc|

equal to :

@a (b) b

() ¢ (d) none of these

IfA,, A, A,, ..., A, are the vertices of a regular plane

polygon with n sides & O is its centre then

n-1|
(OAi XOAM) =

i=1

(a) (1-n) O_Az ><O_A1 (b) (n-1 O_Az ><O_A1

(¢) n OA, xOA, (d) none

If the vector product of a constant vector OA with a

variable vector aé in a fixed plane OAB be a constant

vector, then locus of B is :
(a) a straight line perpendicular to OTA

(b) a circle with centre O radius equal to ‘O_A"

(c) a straight line parallel to a&

(d) none of these

13.

14.

15.

16.

17.

e
i
é%ﬁﬁ-ﬁ

, 1§, C be vectors of length 3, 4 and 5 respectively.

>

Let
Let A be perpendicularto B+C,B to C+A and C to
A +B.Then length of the vector, A+B+C is:

() —5V2 (b) V2

(©) 542 (d) none of these

If G&b are unit vectors such that

(é + B) (25 + 3B)x (35 - 25): 0, then angle between a and

b
(@0 (b) /2
()= (d) indeterminate

If a plane cuts off intercepts OA=a, OB =b, OC = ¢ from
the coordinate axes, then the area of the triangle ABC =

(a) %\/bzc2 +c’a’ +a’b’
1
(b) 3 (bc+ca+ab)

1
— abc
OF

(d) %\/(b—c)2 +(c—a)’ +(a—b)’

Let a=i—Kk, B:x{+ji+(1—x)f< and
¢=yi+xj+(1+x—y)k. Then [5 b E] depends on

(b) only'y
(d)both x and y

(a) only x
(c) neither x nor y

The value of a so that the volume of the parallelopiped

formed by the vectors i+aj—k, j+ak, i+ j+k becomes

minimum is
1
@ V3 ) 5
1 7
©f @
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18.

19.

20.

21.

22.

23.

If the vectors af+]+f<, §+b3'+lA< andf+j+cl§ 24.

(a# b #c#1)are coplanar then the value of

1 1 1
+ +
l-a 1-b 1-c¢

(@1 (b) -1

()0 (d) none

[@xb)x(bxC) (bxT)x(Cxa) (Exa)x(@xb)]= 25.
(a) [abe) (b) [Ab ]

(c) [abg]* (d) none

The triple product (d+3a).[ax (bx(¢xd))] simplifies to

26.

(@) (b.d)[E<d] (b) (b-¢)[@bd]

(c) (b.3)[d bd]

(d) none

Let 7,3,b and ¢ be four non—zero vectors such that T -a = 0,

< b| = 7] B} [ ¢ = 7] |6} then [ b ¢] =
(a) [af [b] c] (b) —af [b] |c]
(©0 (d) none of these

If ab,¢ are such that [56 aJ:La:xng,

- 2 - 41
a"b< ?n and |5|:\/E,‘b‘:\/§, \c\:ﬁ, then the angle 27,

between a and b is

T T
@ & ®) 7

28.

T T
(©) 3 (d) 5

If 3+2b+3¢=0, then axb+bxc+xa is equal to
(a) 6(bx3) (b) 6(¢x3)

(c) 6(@xb)

(d) none of these

1f ((axb (¢ xd))-(axd)=0, then which of the following
true

is always

(a) a,b,c,d are necessarily coplanar

(b) either a or d must lie in the plane of b and ¢
(c) either p or ¢ must lie in plane of @ and d

(d) either a or b must lie in plane of ¢ and g
IfP :7f-d =0,P,: 7-n,-d,=0andP,: 7 -1i; —d,=0are
three planes and 1,,n, and 1, are three non—coplanar

vectors then, the three lines P =0, P =0 and

P,=0,P =0 and P,=0, P =0 are
(a) parallel lines (b) coplanar lines

(c) coincident lines (d) concurrent lines

If 4,b and € are three unit vectors equally inclined to

each other at an angle o.. Then the angle between 3z and

plane of b and ¢ is

cosa
(a) 0= cos ! | 2% (b) 6 = sin”! o
d cos—
cos 5 )
sin— sin%
= cos! =sin!
(c) 6=cos Sno (d) 6=sin Sno

For any vector A,ix(ixA)+jx(jxA)+kx(kxA)
simplifies to
() 3A (b) A
() —A (d) —2A

If 4, b, ¢ be the unit vectors such that { is not parallel to
¢ and 3x (25 XC) = b then the angle that a makes with

b&¢ are respectively

T T n 2%

—&— b) —&—
(a)3 4 ()3 3
()TC&2TC (d)n&n
0) — &= Lol

2 3 2 3
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29.

30.

31.

32.

33.

If a vector a is expressed as the sum of two vectors 3

and a" along and perpendicular to a given vector b then

a" is
. (5><l:))><5 ) Bx(—él'le;)
b ‘b
bx(axb) axb -
- d) 7=
(©) 5 (d ‘b‘

If a, band¢ are any three vectors, then
ax(bx¢)=(axb)x¢ is true if :

(a) p& ¢ are collinear (b) 3 &¢ are collinear
(¢) 3&b are collinear (d) none of these
(F.0)(AxT)+(F.]) GxT)+(F.k) (kxT) =
(a)0

()21

(b) T
(d) 37
For a non zero vector A if the equations A.B=A.C

and AxB=AxC hold simultaneously, then

(a) A is perpendicular to B—C

(b) A=B
(¢c) B=C
(d C=A

Let §:f+jand6:2i—12. The point of intersection of
the lines Fxd =bxa and Txb=axb is:
(b) 3i—j+k

(@) —i+j+k

(© 3i+j-k @ i-j-k

émﬁ

Objective Questions II [One or more than one correct option]|

34.

35.

36.

37.

38.

The vectors &, b, ¢ are of the same length & pairwise form

equal angles. If §:f+} & l;:j'+l€ then ¢ can be

41 4
®|"3°373

1 4 1
@("3373

(@) (1,0, 1)

1 41
©1373'3

The vector ax(bxa) is
(a) perpendicular to a
(b) perpendicular to b
(c) coplanar with a & b
(d) perpendicular to ax b

(Uxv).(uxVv) is equal to

(a)

(b) (@.V)? — 2. v

<=
< al
< <

[=TRN =1]

© i |v-@.v)*>  (d)none

Ile :ai+bj & zzzci_;_dj' are two vectors in I&j

system where |z, |=|z,]|=r then

& z,.2,=0
W, =ai+cjand W, =bi+d ] satisfy

(@ |w, =t ®) |w,[=r

(c) w,.w, =0 (d) none of these

If &, B, ¢ and d are the pv's of the point A, B, C and D
respectively in three dimensional space and satisfy the
relation 33 —2b+¢—2d =0, then :

(a) A, B, Cand D are coplanar

(b) the line joining the points B and D divides the line
joining the point A and C in the ratio 2 : 1.

(c) the line joining the points A and C divides the line
joining the points B and D in the ratio 1 : 1.

(d) the four vectors a, B, ¢ & d are linearly dependents.
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39.

40.

41.

42.

aand b are two non collinear unit vectors. Then

5,]3, xa— yB form a triangle, if:

- a1b
(a)x=-1;y=1and ‘ 5+b‘=2cos(a2b]

(b)x=—1;y=1and cos (@ "b)+

|da+b|cos[a”—(@+b)]=-1

_ AR 2 AR
(c) ‘ §+b‘ =—2cot (azbjoos [azbj and

x=-1,y=1
(d) none of these
If azé;@zg;&:25+35;@:5—25, the length
of a is three times the length of (Té and OTA is

prependicular to DB then (Ej X E) . (@ X &5) is:

(a) 7]axb]? (b) 42|axb|?

(©0 (d) none of these
A &b are two given unit vectors at right angle. The unit

vector equally inclined with A &b and axb will be :

(a) —%(é+f)+ﬁxl§) L(:21+l?>+é1><l?>)

g ® 7

1

(©) NE)

A7 An | R
(a+b-axb) ——(a+b-axb)
@~

NG

If aand b unequal unit vectors such that

(3-b)x[(b+a)x(2d+b)]=a+b, then angle O between

aand b is
T
OF (b)0
T
©m @ 7

43.

44.

A vector (Zi) is equally inclined to three vectors a = i- 3 + 1A<,
b=2i +j and ¢ = 33 —2k. Let X,y,Z be three vector in

the plane of a,b;b,6;¢,a respectively then

1

(a) X-d=14
(b) y-d=3
() z-d=0

(d) T-d =0 where T =AX+py +6Z

Identify the statement(s) which is/are INCORRECT ?
(2) a@x[ax(@xb)]=(dxb)@*)

(b) If a,b,¢are non—zero, non coplanar vectors, and

0 then y must be a null vector

<

(o]
I

<

ol
I

va=v. .
(c) If @ and b lie ina plane normal to the plane containing
the vectors @—b,é—d, whered,b,é,d are non-zero

vectors, then (5 X B)x (E X a)= 0
(d) If a,b,cand

a',b'c' are reciprocal system of vectors

then a-b'+b-c'+¢-a'=3

Numerical Value Type Questions

45.

46.

If |a|=3,[p|=4,|¢[ =S and @ L (b+¢).b L(¢+a),

a, b ,¢ are three unit vectors and every two are inclined to

each other at an angle cos'(3/5). If @x b=pi+qgb+ré,

where p, q, r are scalars, then 55¢7 is equal to
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Assertion & Reason

47.

48.

Use the following codes to answer the questions

(A) Ifboth assertion and reason are correct and reason

is the correct explanation of assertion.

(B) Ifboth assertion and reason are true but and reason

is not the correct explanation of assertion.
(C) If assertion is true but reason is false.
(D) If assertion is false but reason is true.

(E) If assertion and reason are both false.

Assertion : Let 3=2i+3j—k b=4i+6j—2k, then

o)
X
ol
I
ol

Reason:Ifa#0, b»0 and a and b are non—collinear
vectors, then axb = ab sin O N, where 0 is the smaller

angle between the vectors a and b and 11 is unit vector

such that 3,1 taken in this order form right handed

orientation

(a) A (b)B
©C (dD
(e E

Assertion : Let 3 =3f—j, b= 2i+j—3f<, If B:Bl +‘52
such that Bl is collinear with 3 and 62 is perpendicular
to @ is possible, then b, =i +3j—3k.

Reason : If 3 and p are non—zero, non—collinear vectors,
then b can be expressed as b= 61 +132 , where b, is

collinear with a and ‘52 is perpendicular to a .

(@A
() C
() E

(b) B
(dD

&

Match the Following

49.

Each question has two columns. Four options are given
representing matching of elements from Column-I and
Column-II. Only one of these four options corresponds
to a correct matching.For each question, choose the
option corresponding to the correct matching.

Column-I Column-II

(A) If +b=] and ®) 1

A

23 -b=3i+2, then

2
cosine of the angle between
a and b is

(B) If |5|=‘B‘=|6|, angle between Q 53

T
each pair of vectors is 3 and

‘5+B+6‘=\/g, then |5|=

(C) Area of the parallelogram R) 7

whose diagonals represent

the vectors 3i+ j— 2k and
i-3j+4k is
(D) If a is perpendicular to S -z

b+ c, b is perpendicular to
¢+a, ¢ isperpendicular to

3 +b,[d]= 2,‘5‘:3 and

|6|=6,then ‘5+B+E‘=

The correct matching is

(a) A-R; B-P; C-Q; D-S
(b) A-P; B-R; C-Q; D-S
(c) A-Q; B-R; C-R; D-P
(d) A-S; B-P; C-Q; D-R
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50.

(A)

(B)

©

(D)

Match the following

Column-I Column-II

~~
=
-’
Ql
S
I
>
[e)]
I
o
&

If the vectors @, b, ¢
form sides BA, CA, AB
of AABC, then

If G, b,¢ are forming

three adjacent sides of

regular tetrahedron, then
If axb = ¢, bxé=a

then
d, b, ¢ are unit vectors

and @+b+¢ =0 then

The correct matching is

@A—>R;B->P;C->PQ;D—>S
bA->R,S;B—>P;C—>S;D—-Q
(c)A—>P;B—->R;C—>Q;D—>PS
(d)A—>R;B—->Q;C—>P;D—>S

Paragraph Type Questions

Using the following passage, solve Q.51 to Q.54
PASSAGE

51.

52.

Three vectors 4, band ¢ are such that

A
A

dxb=¢& bxe=4,¢xa=b.
Answer the following questions :

If vector 34 —2b+2¢ and —a—2¢ are adjacent sides of
a parallelogram, then an angle between the diagonals is

T T
@ ®) 3

T 2
© 5 @ 5

Vectors 2?1—3B+46, a+2b—cand xa—-b+2¢ are
coplanar, then x =

8 5
OF O

(©)0 (d1

53.

54.

Let X =4+, y=2a- b, then the point of intersection of

straight lines TXX =y XX, TXy=Xxyis
(@) 26 (©) 3b
(c) 3a (d) 2a

A

é~(l§><é)+bo(é><é)+é-(é><f)) is equal to

(@)1
(©)0

(b)3
d —12

3-DIMENSIONAL GEOMETRY

Objective Questions I [Only one correct option]

55.

56.

57.

58.

Consider a tetrahedron with faces f|, f,, f3, f,. Let
a,,a,,a,,a, be the vectors whose magnitudes are

respectively equal to the areas of f,, £, f;, f; & whose
directions are perpendicular to these faces in the outward

direction. Then
(a)d,+d,+d,+a,=0 (b)d +a,=4,+a,

(c) a,+a,=a,+a, (d) none

Let 5,13 and ¢ be non—coplanar unit vectors equally

inclined to one another at an acute angle 6. Then [5 b 6]

in terms of O is equal to :

(a) (1+cosB)+/cos26 (b) (14+cosB)+/1-2cos26

(¢) (1—cosB)+/1+2cosB (d)none of these

If line makes angle a.,f3,y,0 with the four diagonals of a
cube, then the value of cos’o + cosZB + coszy + 0878 =
(a1 (b) 4/3

(c)2/3 (d) Variable

If the sum of the squares of the distance of a point from the
three coordinate axes be 36, then its distance from the origin
is

(b) 332
(d) 652

(a) 6

© 243
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59.

60.

61.

62.

63.

The direction ratio’s of the linex—y+z—-5=0=x-3y—6 are

(a) 37 15 -2 (b) 27 _49 1

1 2

3 2 4 1
O O

Avariable plane passes through a fixed point (1, 2, 3). The

locus of the foot of the perpendicular drawn from origin to

this plane is :
(a)x2+y2+zz—x—2y—3Z:O
(b)x2+2y2+3zz—x—2y—3z:0
(c)x2+4y2+9zz+x+2y+320
(d)x2+y2+zz+x+2y+3z:0

-1 y-2 z-3
2 3

The straight lines X and

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

arc

(a) parallel lines (b) Intersecting at 60°

(c) Skew lines (d) Intersecting at right angle

The equation of the plane which bisects the angle between
the planes 3x — 6y +2z+5=0and 4x — 12y +3z—-3=0
which contains the origin is

(a) 33x— 13y +32z+45=0

b)x-3y+z-5=0

(c)33x+13y+32z+45=0

(d) None of these

P is fixed point (a, a, a) on a line through the origin equally
inclined to the axes, then any plane through P perpendicular
to OP, makes intercepts on the axes, the sum of whose

reciprocals is equal to

(a)a
(c)3a2

(b) a2

@) 1l/a

64.

65.

66.

67.

émﬁ

If a,,a, and a; are non—coplanar vectors and

xty-3)a,+(2x-y+2)a,+(2x+y+A)a; =)

holds for some ‘x’ and ‘y’ then ‘A’ is

7
(a) 3 (b) 2

10

5
(©) ey d 3

If the foot of the perpendicular from the origin to a plane
is P (a, b, ¢), the equation of the plane is

X 'y z
—+=4+—=3
@ a b ¢

(b)ax+by+cz=3
(¢c)ax + by + cz=a?+b*+ ¢?
(d)ax+by+cz=a+b+c

Equation of line in the plane P : 2x —y +z—4 =0 which is

perpendicular to the line / whose equation is

X ; 2 =Y _12 =z _23 and which passes through the point

of intersection of / and P is

x-2 y-1 z-1 x-1 y-3 z-5
A

Xx+2 y+1 z+l B _
O T Wt
Equation of plane which passes through the point of

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

intersection of lines and

x-3 y-1 z-2

and at greatest distance from the

point (0, 0, 0) is :
(a)4x +3y+5z=25 (b)4x+3y+5z=50

(c)3x+4y+5z=49 (d)x+7y-5z=2
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68.

LetA(1,1,1),B(2, 3, 5), C(-1, 0, 2) be three points, then
equation of a plane parallel to the plane ABC which is at
distance 2 from plane ABC

(a)2x—-3y+z+ 2414 =0

(b)2x—3y+z— 14 =0
(€)2x—-3y+z+2=0
(d)2x-3y+z-2=0

Numerical Value Type Questions

69.

70.

71.

72.

If equation of the plane through the straight line

x=1 y+2

z
=— and perpendicular to the plane
2 o3 5 e pe P

Xx—y+z+2=0isax—by+cz+4=0, then find the value
of 10°a+ 10’b + 10 c.

In a regular tetrahedron let 6 be the angle between any

edge and a face not containing the edge. If cos20 =

SRS

where a, b € I also a and b are coprime, then find the
value of (10a + b)

If the planes x —cy —bz =0, cx —y + az = 0 and
bx + ay — z = 0 pass through a straight line, then find the

value of a> + b2 + ¢? + 2abc.

If the reflection of the point P(1, 0, 0) in the line

x—=1 y+1 z+10 .
2 = -3 = 8 ls(a,B,y).Flnd—(ot-i-B-i-y)

Assertion & Reason

Use the following codes to answer the questions

(A) Ifboth assertion and reason are correct and reason

is the correct explanation of assertion.

(B) Ifboth assertion and reason are true but and reason

is not the correct explanation of assertion.
(C) If assertion is true but reason is false.
(D) If assertion is false but reason is true.

(E) If assertion and reason are both false.

73.

74.

75.

s,
o
Assertion : If a :3i+12,13:—f+23'+1;,6 :f+j+12 and
d=2i —3', then there exist real numbers a, 3, v such that

d=ob+Bc+vd

Reason : a,b,c,d are four vectors in a 3—dimensional
space. If b,c,d are non—coplanar, then there exist real

numbers o, B, y such that @ = ab+B¢ +yd

(@) A (b)B
©C (dD
() E

Assertion : Let 5,5,6 and d are position vectors of four

points A, B, Cand D and 3a — 2b+5¢-6d =0, then points
A, B, C and D are coplanar.

Reason : Three non zero, linearly dependent co—initial

vectors (P_Q:ﬁ{ and }%) are coplanar.

(a) A (b)B
(¢ C (dD
(e)E

Assertion : A point on the straight line 2x +3y —4z =5,
3x — 2y + 4z = 7 can be determined by taking x = k and
then solving the two equations for y and z, where k is any

real number except 12/5.

Reason If ¢ # kc, then the straight line
ax + by + cz +d =0, kax + kby + ¢’z + d" = 0, does not

intersect the plane z= a, where a is any real number except

d'-kd

ke—c'’

(a)A (b)B
©C dD
() E
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Match the Following 71.

76.

Each question has two columns. Four options are given

representing matching of elements from Column-I and

Column-II. Only one of these four options corresponds

to a correct matching.For each question, choose the

option corresponding to the correct matching.

(A)

(B)

©

D)

Column-I Column-II
107 30 69
Foot of perp. drawn for @®) 59°29°29
. . A)
point (1, 2, 3) to the line
(B)

X—2 _ y—lzz—2 is
2 3 4

88 125 69) (©
Image of line point (1, 2,3)in  (Q) 29°29°29

x=2 y-1 z-2.

the line is
3 4

) 68 44 78
Foot of perpendicular from  (R) 29°29°29

(D)
the point (2, 3, 5) to the plane
2x+3y—4z+17=01is

38 57 185

Image of the point (2,5, 1) in  (S) (E,E,Ej

Consider three planes
P 2x+y+z=1
P:x-y+z=2

Prax+y+3z=5

The three planes intersects each other at point P on XOY

plane and at point Q on YOZ plane. O is the origin.

Column-I Column-II
The value of o is @1

The length of projection of PQ Q)2

on x-axis is

If the coordinates of point R on R) 4

the line PQ situated at minimum

distance from point ‘O’ are (a, b, ¢),

then the value of 7a + 14b +14c is

If the area of APOQ is \/% S)3

Then the value of a — b is where

a & b are co prime numbers

The correct matching is

the plane 3x -2y +4z-5=0

1S

The correct matching is

(a) A-R; B-P; C-S; D-Q

(b) A-R; B-S; C-P; D-Q

(c) A-R; B-P; C-Q; D-S

(d) A-P; B-R; C-S; D-Q

(@)A->S;B—>P;C—>Q;D—>R
b)A—-P;B>R;C>Q;D—>S
(c)A>R;B—-Q;C—>P;D—>S

(d)A—>R;B—>P;C—>Q;D—>S
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Paragraph Type Questions 78.

Using the following passage, solve Q. 78 to Q. 80

Passage

Letax+by+cz+d =0andax+by+c,z+d =0be
two planes, where d,, d,> 0. Then origin lies in acute angle
ifaa, +bb, +cc, <0 and origin lies in obtuse angle if
aa +b b +cc,>0.

Further point (x,, y,, z,) and origin both lie either in acute
angle or in obtuse angle, if (ax, + by, + ¢z, +d)
(ax, +by +c,z +d,)>0.0neof (x,,y,,z)and origin lie

in acute angle and the other in obtuse angle, if

(alxl + blyl + CIZI t dl) (aZXI + b2y1 + CZZI t dZ) < 0

80.

79.

iaﬁ?
Given the planes 2x + 3y — 4z + 7 = 0 and
x—2y+3z—-5=0,ifapoint P is (1, -2, 3), then

(a) O and P both lie in acute angle between the planes
(b) O and P both lie in obtuse angle

(c) O lies in acute angle, P lies in obtuse angle

(d) O lies in obtuse angle, P lies an acute angle.

Given the planes x + 2y — 3z + 5 = 0 and
2x+y+3z+1=0.Ifapoint P is (2, -1, 2), then

(a) O and P both lie in acute angle between the planes
(b) O and P both lie in obtuse angle

(c) O lies in acute angle, P lies in obtuse angle

(d) O lies in obtuse angle, P lies an acute angle.

Given the planes x + 2y — 3z + 2 = 0 and
x—2y+3z+7=0, if the point P is (1, 2, 2), then

(a) O and P both lie in acute angle between the planes
(b) O and P both lie in obtuse angle
(c) O lies in acute angle, P lies in obtuse angle

(d) O lies in obtuse angle, P lies an acute angle.
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EXERCISE - 4 : PREVIOUS YEAR JEE ADVANCED QUESTIONS

VECTORS

Objective Question I [Only one correct option]

1.

If the vectors 4,b and ¢ form the sides BC, CA and AB
respectively of a triangle ABC, then : (2000)

(d) axb+bxc+exa=0
If 555 and ¢ are unit coplanar vectors, then the scalar

triple product [(25 —];) (25 —E) (2¢- 5)} is equal to :

(2000)
(@) 0 (b) 1
©-43 ) 43
If 4, b and ¢ are unit vectors, then
2 2. 2
‘a - b‘ + ‘b - c‘ + |c - a| does not exceed : (2001)
(a) 4 ()9
(©)38 (d) 6

Let g=i—k, B:xi+j+(l—x)f( and

¢=yi+xj*t (1 +x-y)k Then [555J depends on :
2001)

(a) only x (b) only y

(c) neither x nor y (d) both x and y

If 3 and p, are two unit vectors such that a+2b and

54 —4p are perpendicular to each other, then the angle

between a@ and b is (2002)
(a) 45° (b) 60°

() cos ! (%j (d) cos ! (%)

Let V=2i+j—k and W=1+3k. If U isaunit vector,
then the maximum value of the scalar triple product

[ﬁ \' W] is : (2002)
(@)1 () V10 +4/6
(©) V59 ) V60

Ifa= (f+j+f<), a-b=1and axb=j—k, then b is:

(2003)
(@) i—j+k (b) 2j-k
)i (d)2i
If Q,Bj are three non-zero, non-coplanar vectors and
- - b-d. - bd.
by =b--—14, by =b+—nd,
al al
6o S35 Sbg S Cdg Chi
R T T T T T e
o Ga b, - ez Sd
3=C——Sa—-—=-0 4 =a-—
af P af

Then which of the following is a set of mutually orthogonal
vectors ? (2005)

(a) {5,51,61} (b) {5,51’62}

(©) {a.b,.5: (d) {a.by.6 )

A A A

Let d=i+2j+k b=i-j+k c=i+j-k.

A vector coplanarto 3 and b has aprojection along ¢ of

magnitude % , then the vector is : (2006)
3
(a) 4i—j+4k (b) 4i+]j-4k

(c) 2i+j+k (d) none of these
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10.

11.

12.

Let a,b,¢ be unit vectors such that a + b+¢=0. Which

one of the following is correct ? (2007)

Let two non—collinear unit vectors 3 and f, forman acute

angle. A point P moves so that at any time t the position

vector Qp (where O is the origin) is given by 3 cos t+ b

sin t. When P is farthest from origin O, let M be the length

of op and {j be the unit vector along OP . Then,
(2008)

and M =(1+4a-b)"/?

and M =(1+a-b)"?

and M = (1+24 -b)"/?

and M = (1+2a-b)"?

If 4,b,¢ and § are the unit vectors such that (a x b) - (¢ xd) =1

and 3.¢= —, then (2009)

N | —

(a) 5’6,6 are non—coplanar
(b) a,b,d are non—coplanar
(©) B,a are non—parallel

(d) a,d are parallel and b,¢ are parallel

13.

14.

15.

16.

17.

imﬁ
Let P, Q, R and S be the points on the plane with position

vectors —2i—j, 41, 3i +3j and —3i + 2] respectively. The

quadrilateral PQRS must be a (2010)

(a) parallelogram, which is neither a rhombus nor a
rectangle

(b) square

(c) rectangle, but not a square

(d) rhombus, but not a square

Two adjacent sides of a parallelogram ABCD are given by
AB=2i+10j+11k and AD = —i + 2]+ 2k . The side AD
is rotated by an acute angle a in the plane of the
parallelogram so that AD becomes AD'. If AD’ ‘makes a
right angle with the side AB, then the cosine of the angle o
is given by (2010)

8 17
@ (®) %
1 4+/5
© 5 @ Tf

Let =i+ j+k,b=i—j+k and ¢=i-j—k be three

vectors. A vector v in the plane of 3 and B, whose

o .1
projection on ¢ is—, is given by

V3

(2011)

(a) 1-3j+3k (b) -3i-3j—k

(c) 3i—j+3k (d) i+3j-3k
If 3 and p are vectors such that |a+b| = /29 and

5x(2f+33+4f<)=(2f+3]+412)><6, then a possible

value of (5+5).(—75+23+31§) is (2012)
(2) 0 (b) 3
()4 (d)8

The equation of the plane passing through the point
(1, 1, 1) and perpendicular to the planes
2x+y—-2z=5and3x—-6y—2z=7,is (2017)

(a) —14x+2y+15z=3 (b) 14x -2y +152=27
(o) 14x+2y—-15z=1 (d) 14x +2y + 15z=31
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18.

19.

20.

Let O be the origin and let PQR be an arbitrary triangle.
The point S is such that

OP.OQ +OR.0S = OR.OP + 0Q.0S = OQ.OR +OP.0S
Then the triangle PQR has S as its (2017)

(a) incentre (b) circumcentre

(c) orthocenter (d) centroid
Let O be the origin, and OX,0Y,OZ be three unit vectors

in the directions of the sides QR RP, PQ, respectively, of

a triangle PQR. Then (2017)
| 0Xx0Y |=

(a) sin(P +R) (b) sin 2R

(¢)sin(P+Q) (d) sin (Q + R)

If the triangle PQR varies, then the minimum value of cos

(P +Q)+cos (Q+R)+cos (R +P) 2017)
3 b 3

@ 3 (b) 5
S 3

© 3 (@ =3

Objective Questions II [One or more than one correct option]

21.

22.

Let A be a vector parallel to line of intersection of planes
P, and P, through the origin. P, is parallel to the vectors

2j+3k and 4j-3k and P, is parallel to i—k and 3i+ 35,

then the angle between vector A and 2i+ 3 —2K is

(2006)

s s
@ ®) 5

T 3
(©) s (d) 7

AA

The vector(s) which is/are coplanar with vectors i+ j+ 2k

A A A

and i+2j+ 1A< and are perpendicular to the vector i + j+ Kk

is/are (2011)
(a) -k (b) —i+]
() i-j (d) —j+k

23.

24,

25.

iﬁ;ﬁ{'
A line / passing through the origin is perpendicular to the

lines

L:(3+t)i+(—142t) j+(4+2t)k, —o<t<oo

L:(3+28)i+(3+2s)j+(2+s)k, —oo<s<w

Then, the coordinate(s) of the point(s) on /, at a distance

of \/17 from the point of intersection of / and /, are

(2013)

775
(@ (g;gj (b) (-1,-1,0)

7738
) (3’5’5]

Let X,y and Z be three vectors each of magnitude /2

(©) (1,1, 1)

I
and the angle between each pair of them is 3 Ifaisa

non-zero vector perpendicular to X and y x Z and b is

a non-zero vector perpendicular to ¥ and Z x X, then

(2014)

(d) a=(a.5)(2-7)
Let APQR be a triangle. Let a = QR, b= RP and ¢ = PQ.

If[a] =12, [b|= 43, b ¢ = 24, then which of the following

is (are) true ? (2015)
(a) H—|a| =12 (b) E+|a| =30
2 2

©) ‘5x5+5xﬁ‘ 483 (d)ah=-72
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26.

27.

28.

Let G=u,i+u,j+u,k be a unit vector in R® and 29.

~ 1 con r . . .
W:ﬁ(l +]+2k). Given that there exists a vector v in

R’ such that [i2 x ¥| =1 and .| x V| = 1. Which of the
following statement(s) is(are) correct ? (2016)
(a) There is exactly one choice for such 3

(b) There are infinitely many choices for such

() If 4 lies in the xy-plane then [u |= [u,|

(d) If 4 lies in the xz-plane then 2|u,|= |u,|

Let L, and L, be the following straight line.
z—-1 x-1 y z-1

and L,: ==
-3 -1 1

JARE L
1 -1 3

Suppose the straight line

x—a _y-1 z-y
T m -2

L

lies in the plane containing L, and L,, and passes through
the point of intersection of L, and L,. If the line L bisects
the acute angle between the lines L and L, then which of

the following statements is/are TRUE ? (2020)
(a) a-y=3 b) l+m=2
() a-y=1 (d) I+m=0

Let a and b be positive real numbers. Suppose

PO=ai+bjand PS=aqi-bj are adjacent sides of a

parallelogram PQRS. Let u and ybe the projection

vectors of w=/+ ] along PQ and PS, respectively. If

‘L—t‘ +M = ‘v—v‘ and if the area of the parallelogram PQRS

is 8, then which of the following statements is/are

TRUE? (2020)
(a)a+b=4
(bya-b=2

(c) The length of the diagonal PQ of the parallelogram
PQRS is4

(d)  is an angle bisector of the vectors Il’é and pg

Let O be the origin and OA = 2i + 23 +k,
OB={-2j+2k and OC-_(OB-30A) for some

A>0. If ‘@x&‘ = %, then which of the following

statements is (are) TRUE? (2021)

_ _ 3
(a) Projection of OC on QA is —5

9
(b) Area of the triangle OAB is 5

9
(c) Area of triangle ABC is 5
(d) The acute angle between the diagonals of the

— __.=n
parallelogram with adjacent sides OA and QC is 3

Numerical Value Type Questions

30.

31.

32.

If aandb are vectors in space given by a= NG and

> 2i+j+3k
b=——+——, then the value of
V14

(2;+a).[(;xgjx(;_zz)}s.._.

A AA A A A

Let a=-i-k, b=—i+j and c=1i+2j+3k bethree given

(2010)

- B T
vectors. If r is a vector such that rx p = cxp and

> -

-
r.a =0, then the value of r.b is.....

(2011)
If 4, band ¢ are unit vectors satisfying
|a—b[ +|b-C[ +|c-a[=9, then

|2d +5b+5¢| is (2012)
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33.

34.

35.

36.

37.

Let a,b and C be three non-coplanar unit vectors such

T
that the angle between every pair of them is — . If

3

dxb+bx¢=pa+qb+rc, where p,q and r are scalars,

p2 + 2q2 + I,2
thenthe valueof =™ > is

2014
q (2014)

Let 3 and { be two unit vectors such that ib=0.For

some X,y € R, let E:x5+y5+(5><5).lf |E|:2 and the

vector ¢ is inclined at the same angle o to both @ and b

and then the value of 8cos’ais . (2018)

Let P be a point in the first octant, whose image Q in the
plane x + y = 3 lies on the z-axis (that is, the line segment
PQ is perpendicular to the plane x + y = 3 and the mid-
point of PQ lies in the plane x + y = 3). Let the distance of
P from the x-axis be 5. If R is the image of P in the xy-

plane, then the length of PR is . (2018)

Let G=2{+j—kandb=i+2j+k be two vectors,
consider a vector ¢ = aa + /)’B ,a, 3 € R.Ifthe projection

of ¢ on the vector (5 + 5) is 32 , then the minimum value

of (E—(szB))E equals (2019)
In a triangle PQR, let G =QR,b =RP and ¢ = PQ. If

@.(¢-b) |a|
la|+]b]|

> then the value

o
I

ad

=
I

N
o
=]

[oN
1

I

of |Gxb[is .eve.... ) (2020)

38.

39.

K o

Let a, B and y be real numbers such that the system of
linear equations

x+2y+3z=a
4x+5y+6z=0

7x+8y+9z=y-1

is consistent. Let [M| represent the determinant of the matrix

a 2
M=|B 1
0

,_
— o =

Let P be the plane containing all those (o, 3, y) for which
the above system of linear equations is consistent, and D
be the square of the distance of the point (0, 1, 0) from the
plane P. The value of D is . (2021)

Let 1,v and W be vectors in three-dimensional space,
where U and v are unit vectors which are not perpendicular
to each other and 4-w=1,v-w=1,w-w=4. If the
volume of the parallelopiped, whose adjacent sides are

represented by the vectors 4,V and w, is 2, then the

value of [3U+5V] is . (2021)

Assertion & Reason

40.

For the following questions choose the correct answer
from the codes (a), (b), (c) and (d) defined as follows.

(a) Statement I is true, Statement II is also true;
Statement I1 is the correct explanation of Statement
I.

(b) Statement I is true, Statement II is also true;
Statement II is not the correct explanation of
Statement 1.

(c) Statement I is true, Statement I is false.

(d) Statement I is false, Statement II is true.

—_— — —

Let the vectors ﬁ, @,RS,ST,TU and UP represent

the sides of a regular hexagon.

Assertion : P_Q> x (R_é + ﬁ) #0.

Reason : PQxRS=0 and PQxST #0- (2007)
(a)A (b) B
() C (dD
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Match the Following

41.

Each question has two columns. Four options are given 45

representing matching of elements from Column-I and
Column-II. Only one of these four options corresponds
to a correct matching.For each question, choose the

option corresponding to the correct matching.

Match List-I with List-II and select the correct answer
using the code given below the lists.
List—I List—II

P. Volume of parallelopiped determined by 1. 100

43.

vectors @, b & ¢ is 2. Then, the volume

of the parallelopied determined by vectors

2(5><B),3(B><E)and(6x5) is 44.

Q. Volume of parallelopiped determined by 2. 30

vectors @, b & ¢ is 5. Then, the volume

of the parallelopiped determined by vectors 45.

3(a+b),(b+¢)and 2(c+4) is
R. Area of a triangle with adjacent sides 3. 24

determined by vector & and b is 20. Then,

the area of the triangle with adjacent

sides determined by vectors
(25 + 3‘5) and (5 - B) is
S. Area of a parallelogram with adjacent 4. 60

sides determined by vectors & and b is

30. Then, the area of the parallelogram

46.

with adjacent sides determined by

vectors (5+B) and 3 is (2015)

PQR S
@4 2 3 1
©3 412

PQR S
()2 3 1 4
@1 4 3 2

Text

o

If 4,v,w are three non—coplanar unit vectors and
a, B, y are the angles between {j and v,v and w,w and

u respectively and X,y,Z are unit vectors along the

bisectors of the angles o, 3, y respectively. Prove that

l oo osa 2B oY
= uvw] sec” —sec” —sec” —

16 [ ] > 5 (2003)
A plane is parallel to two lines whose direction ratios are
(1,0,-1) & (-1, 1, 0) and it contains the point (1, 1, 1,). If
it cuts coordinate axes at A, B, C. Then find the volume of
the tetrahedron OABC. (2004)

If 4,b,¢,d are four distinct vectors satisfying the conditions

o

xb=cxd and &xé=bxd, then prove that

ol

d (2004)

ol
on]

b+¢c.d=a.c+

[

Consider the cube in the first octant with sides OP, OQ
and OR of length 1, along the x-axis, y-axis and z-axis,
respectively, where O(0, 0, 0) is the origin. Let

S[% l %J be the centre of the cube and T be the vertex

of the cube opposite to the origin O such that S lies on the

diagonal OT. If p=SP,q=SQ, r=SRand t=ST, then

the value of ‘(f) xq)x (;XY)‘ is (2018)

3-DIMENSIONAL GEOMETRY

Objective Question I [Only one correct option]

Let the vectors &,b,candd be such that

(5 x B)x (E X a) =0. Let P, and P, be planes determined by

the pairs of vectors Q,B and E,a respectively, then the
angle between P, and P, is: (2000)
(@) 0 b)yn/4

(c)ym/3 (dym/2
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47.

48.

49.

50.

51.

52.

The positive value of ‘a’ so that the volume of the 53.

parallelopiped formed by i+ a} + ﬁ,i +ak and ai+k

becomes minimum is : (2003)
(a) 4 (b)3
(© 1/+/3 (d) 3
54.
x-4 y-2 z-k . .
The value of k such that | = | = 5 lies in the
plane 2x —4y+z =17, is (2003)
(a)7 (b) -7
(c) No real value (d)4
The unit vector which is orthogonal to the vector
3i+ 2} +6k and is coplanar with the vectors 2i+ 3 +k
and i—j+12 is: (2004)
2i-6j+k 2i—3]
a) — — — b
(a) Tal (b) NE 55.
3j-k . 4i+3j-3k
© o TR
If the Li x-1_y+1_z-1 d x-3_y-k z
e lines —=="==— and — =" =]
intersect, then the value of k is (2004)
3 9
@ 3 (b)
2 o 3 56.
© 5 @ 3
A variable plane 3+%+E:1 at a unit distance from origin
a c
cuts the coordinate axes at A, B and C. Centroid (x, v, z)
satisfies the equation LZ+LZ+L2: K. Then value of K is
Xy
(2005)
(a)9 (03 S7-

(©) 1/9 (d) 173

A plane passes through (1, -2, 1) and is perpendicular to
two planes 2x — 2y + z=0 and x — y + 2 z = 4, then the

distance of the plane from the point (1,2, 2)is  (2006)
(@0 (b) 1
© 2 d) 242

iﬁ_ﬁ{'
The number of distinct real values of A, for which the

vectors —+j+k,i—Aj+k and i+j-2%k are

coplanar, is : (2007)
(a) zero (b) one
(c) two (d) three

The edges of a parallelopiped are of unit length and are

parallel to non—coplanar unit vectors a,b,C such that

é-f):l;-é:é-é:%. Then the volume of the

parallelopiped is (2008)

1 1
(a) ﬁ cu unit (b) m cu unit

3 . LI
(©) > cu unit (d) \/5 cu unit

Let P (3, 2, 6) be a point in space and Q be a point on the
line f=(i—j+2f<) + M(—3{+3+51;). Then the value of p

for which the vector PQ is parallel to the plane

x—4y+3z=1is (2009)
1 oL

@ (b) =5
1 o L

© 3 @ 3

The point P is the intersection of the straight line joining
the points Q(2, 3, 5) and R(1, —1, 4) with the plane
5x —4y—z=1.If S is the foot of the perpendicular drawn
from the point T (2, 1, 4) to QR, then the length of the line

segment PS is (2012)
1

@ 75 (b) 2

(c)2 (d) 242

The equation of a plane passing through the line of
intersection of the planes x + 2y +3z=2 & x-y+z=3 &

2
at a distance T from the point (3, 1,-1)is  (2012)

3
(a)5x—1ly+z=17 (b) \/§x+y:3\/§—1

() x-2y =1-+2

(c) x+y+z=\/§
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58. Let PR=3i+j-2k and SQ=i-3j-4k determine _7
63. TwolinesL,:x=35, 3_a -2 and
diagonals of a parallologram PQRS and ﬁ=f+23+3f<
be another vector. Then, the volume of the parallelopiped y__ 2
o L Ly:x=a, 775, are coplanar. Then, o can take
determined by the vectors PT, PQ and PS is (2013)
value(s). (2013)
(@5 (b) 20 (@)1 (b) 2
(c) 10 (d) 30 ©)3 (d) 4
59.  Perpendiculars are drawn from points on the line g4 1, R’, consider the planes P, : y=0and P,: x+z= 1. Let
x+2  y+l z P, be the plane, different from P, and P,, which passes
5~ ] 3 totheplanex+y+z=3. The feet of through the intersection of P and P,. If the distance of the
point (0, 1, 0) from P, is 1 and the distance of a point (a,
perpendiculars lie on the line. (2013) B, v) from P, is 2, then which of the following relations is
(are) true ? (2015)
x y-1 z-2 x y-1 z-2 _ 3 _
(a) P (b) T3 T s (@A)2a+PB+2y+2=0 ®)20-P+2y+4=0
©)2a+pf-2y-10=0 (d)20a—-P+2y-8=0
3 . . . .
x y-1 z-2 x y-1 z-2 65. InR’letLbea stralght. line passing through the .orlgm.
(c) Z:T: 5 (d) 3=_—7= 5 Suppose that all the points on L at a constant distance
from the two planes P, : x +2y -z +1 =0 &
' . P,:2x~y+z~-1=0.Let M be the locus of the foot of the
60.  Froma point P(%, %, 1), perpendiculars PQ and PR are perpendiculars drawn from the points on L to plane P,.
drawn respectively on the lines y = x, z = 1 and Which of the following point(s) lie(s) on M.
y=-x,z=—1.If P is such that /QPR is a right angle, (2015)
then the possible value(s) of ) is(are) (2014) ( 5 7%) (_l 1 l)
@ %7673 ® 176 73%
(a) V2 (b)1
5 0 1 1 0 2
(c)-1 d) -2 (c) % (d) 303
61.  LetP bethe image ofthe point (3, 1, 7) with respect to the 66.  Consider a pyramid OPQRS located in the first octant (x

plane x —y +z = 3. Then the equation of the plane passing

through P and containing the straight line % =% = % is
(2016)

(a)x+y—-3z=0 (b)3x+z=0

()x—4y+7z2=0 (d)2x-y=0

Objective Questions II [One or more than one correct option]|

62.

_ x+l y+1 z
If the straight lines X_IZY_H:E and =2
2 K 2 5 2 K

are coplanar, then the plane(s) containing these two lines

is/are (2012)
(ay+2z=-1 b)y+tz=-1
©)y-z=-1 (dy-2z=-1

>0,y >0, z>0) with O as origin, and OP and OR along
the x-axis and the y-axis, respectively. The base OPQR of
the pyramid is a square with OP = 3. The point S is directly
above the mid-point T of diagonal OQ such that TS =3.
Then (2016)

T
(a) the acute angle between OQ and OS is 3

(b) the equation of the plane containing the triangle OQS
isx—y=0
(c) the length of the perpendicular from P to the plane

containing the triangle OQS is %

(d) the perpendicular distance from O to the straight line

.. .15
containing RS is \/;
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67.

68.

LetP :2x+y-z=3and P,:x+2y+z=2be two planes.
Then, which of the following statements(s) is (are) TRUE?
(2018)

(a) The line of intersection of P, and P, has direction ratios

1,2,-1

(b) The line x-4 = 1-3y ~Zis perpendicular to the
9 9 3

line of intersection of P, and P,
(c) The acute angle between P, and P, is 60°

(d) If P, is the plane passing through the point
(4, 2,-2) and perpendicular to the line of intersection
of P, and P,, then the distance of the point (2, 1, 1)
from the plane P, i 2
rom the plane P, is —= .
p 3 \/5
Let L and L, denote the lines

r=i+A(-i+2]+2k),AeR and

;zy(2;—}+2/€),,ueR

69.

70.

Three lines

~

L :¥=Ai,AeR
L,:F=k+uj, peR and
L, :r =§+;’+}/1Ac,}/eR.

are given. For which point(s) Q on L, can we find a point

PonL andapointR onL, sothat P, Q and R are collinear.

(2019)
N a A
(@) k+=J (b) k+j
A N
© k (d) k_Ej
Let a,f, 7, 0be real numbers such that
a*+p*+y* #0anda +y =1.Suppose the point

(3,2, -1) is the mirror image of the point (1,0, -1) with

respect to the plane ax+ fy+yz=06. Then which of

the following statements is/are TRUE? (2020)
@@ at+p=2 (b) 6-y=3
(c) o+ =4 d) a+p+y=0

respectively. If L is a line which is perpendicular to both o oooyoy o Type Questions

L,and L, and cuts both of them, then which of the following

options describe (s) L,? (2019)

(a) ;:%(2§+l€)+t(22+2}'—l}),teR
= 2~ A P
(b)r=§(4l+]+k)+t(21+2]—k),teR

(c) ?=§(2?—}+21?)+f(25+2}—’;)’t €R

(d) r=t(2i+2j-k),teR

71.

72.

Consider the set of eight vectors

V=[ai+bj+cf<:a,b,ce{—l,l}]. Three non-coplanar

vectors can be chosen from V in 2P ways. Then, p is
(2013)

Three lines are given by
r=Ai,AeR
?:,u(f+]'),,ueR and?:;/(f+]'+1€),yeR

Let the lines cut the plane x +y + z=1 at points A,B and
C respectively. If the area of the triangle ABC is A then
the value of (6A)?equals (2019)
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Assertion & Reason

73.

74.

For the following questions choose the correct answer

from the codes (a), (b), (c) and (d) defined as follows.

(a) Statement I is true, Statement II is also true;
Statement I1 is the correct explanation of Statement
L

(b) Statement I is true, Statement II is also true;
Statement II is not the correct explanation of
Statement 1.

(c) Statement I is true, Statement II is false.
(d) Statement I is false, Statement I is true.

Consider the planes
3x—6y—2z=15and 2x +y—2z=>5.

Statement—I : The parametric equations of the line of
intersection of the given planes are x = 3 + 14t,
y=1-2t,z=15t.

Statement-II : The vector 14i+2j+15k is parallel to the

line of intersection of the given planes. (2007)
(@) A (b)B
(©C (d)D

Consider three planes

Piix-y+z=1
Py:x+y-z=1landPy:x-3y+3z=2

Let L,, L,, L, be the lines of intersection of the planes
P, and P,, Py and P, P, and P,, respectively.

Statement-I : At least two of the lines L, L, and L,are
non-parallel.

Statement—II : The three planes do not have a common

point.

(2008)
(@) A (b)B
(©C (d D

Match the Following

Each question has two columns. Four options are given
representing matching of elements from Column-I and
Column-II. Only one of these four options corresponds
to a correct matching.For each question, choose the
option corresponding to the correct matching.

75.

. 4
Consider the following linear equations

ax+by+cz=0,

bx+cy+az=0,

cx+ay+bz=0 (2007)
Column-I Column-II
(A)a+b+c=0and (P) the equations represent
aZ+b2+c? planes meeting only at a
=ab+bc+ca single point
B)a+b+c=0and (Q) the equations represent
a?+b2+c? the linesx=y=1z

#ab +bc+ca
(C)a+b+c=0and

a?+b?+c?

(R) the equations represent
identical planes
#ab+bc+ca

MD)a+b+c=0and

a2+ b2 +¢?

(S) the equations represent
the whole of the three

=ab+bc tca dimensional space.

The correct matching is

76.

(a) A-R, B-Q; C-P; D-S
(b) A-Q, B-R; C-P; D-S
(c) A-S, B-Q; C-P; D-R
(d) A-R, B-Q; C-S; D-P

Consider the lines

x=4 y+3 z+3

L:==’L2112

and the

planes P, : 7x +y +2z =3, P, : 3x + 5y — 6z = 4. Let
ax + by + cz = d the equation of the plane passing through
the point of intersection of lines L, and L, and
perpendicular to planes P, and P,.

Match List-I with List—II and select the correct answer

using the code give below the lists. (2013)
List-I List-II
P. a= 1. 13
Q. b= 2.3
R. c= 3.1
S. d= 4. 2
P QR S PQR S
(@3 2 41 b)1 3 42
©3 214 @2 413



VECTORS & 3-DIMENSIONAL GEOMETRY

77.  Match the following.
Column-I

(A) In atriangle A XYZ, leta, b,
and c be the lengths of the

(2015)
Column-II

® 1

sides opposite to the angles

X, Y and Z, respectively.

sin(X—Y)
sinZ

If 2(a>-b*)=c?and * =

then possible value of 78.

n for which cos(nmd) = 0 is
(B) In a triangle AXYZ, leta, b
and c be the lengths of the

Q 2

sides opposite to the angles X, Y
and Z respectively. If
1+cos2X—2cos2Y=2sinXsinY,

then possible value(s) of % is are 79.

(C) InR?, let (R) 3

i+ ], i ++/3] and pi + (1-8)j

be the position vectors X, Y

and Z with respect to the origin O, 80.
respectively. If the distance of Z

from the bisector of the acute

angle of OX with OY is i, the

V2

possible value(s) of || is(are)
(D) Suppose that F(a) denotes the S5
area of the region bounded
Text
byx=0,x=2,y*=4xand
y=lax — 1| + Jox — 2| + ax,

where o € {0, 1}. Then the

81.

8
value(s) of F(a) + 5\/5,

when o =0 and o = 1, is (are)
(Mo 82.
The correct matching is
(a) A-P,R,S; B-P; C-P,Q; D-S,T
(b) A-P,R,S; B-P; C-T,Q; D-S
(c) A-P,S; B-Q; C-P; D-S, T
(d) A-S,T; B-P; C-P,Q; D-P,R,S

Passage Based Problem

Using the following passage, solve Q.78 to Q.80

Consider the lines

L :x+1:y+2:z+1

z+1 _x—2:y+2:z—3
3 1 2

o L,:
2 2 3

(2008)

The unit vector perpendicular to both L, and L, is

—i+7j+7k . —i-7j+5k
@ Joo N

—i+7j+5k . 7i-7j-k
(© 53 (d) J99

The shortest distance between L, and L, is

(a) 0 unit (b) 17/~/3 unit

(c) 41/5/3 unit (d) 17/5v/3 unit

The distance of the point (1, 1, 1) from the plane passing
through the point (-1, =2, —1) and whose normal is

perpendicular to both the lines L| and L, is

(a) 2/~/75 unit (b) 7/~/75 unit

(¢) 13/~/75 unit (d) 23/+/75 unit

Find 3—dimensional vectors V,,V,,V, satisfying
ViV =49V, =2,V - V3 =0,

(a) Find the equation of the plane passing through the
points (2, 1, 0), (5,0, 1) and (4, 1, 1).
(b) IfPisthepoint (2, 1, 6), then the point Q such that PQ

is perpendicular to the plane in (a) and the mid point
of PQ lies on it. (2003)
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o

83.

T is a parallelopiped in which A, B, C and D are vertices
of one face and the face just above it has corresponding
vertices A’, B', C', D', T is now compressed to S with face
ABCD remaining same and A’, B, C', D’ shifted to A",
B”,C"”,D" in S. The volume of parallelopiped S is reduced
to 90% of T. Prove that locus of A” is a plane.

(2004)

84.

85.

w

Find the equation of the plane containing the lines

1
2x7y+zf3:0,3x+y+z:5andatadistanceof%

from the point (2, 1,-1). (2005)
Incident ray is along the unit vector v and the reflected
ray is along the unit vector w . The normal is along unit

vector & outwards. Express W in terms of a and V.

(2005)



Answer Key

o,

CHAPTER -8| VECTORS & 3-DIMENSIONAL GEOMETRY )
EXERCISE-1:
BASIC OBJECTIVE QUESTIONS
1. (c) 2.(b) 3.(d) 4. (c) 77.(3) 78.(6) 79. (c) 80. (b)
5. (b) 6.(a) 7. (b) 8. (c) 81.(c) 82.(c) 83.(d) 84. (c)
9. (b) 10. (c) n. (d) 12. (a) 85. (b) 86. (a) 87. (b) 88.(b)
13. (a) 14. (a) 15. (a) 16. (a) 89. (a) 90. (a) 91. (d) 92. (a)
17. (c) 18. (b) 19. (b) 20. (b) 93. (a) 94. (d) 95. (b) 96. (c)
21.(d) 22.(a) 23. (c) 24.(b) 97. (a) 98. (c) 99. (a) 100. (b)
25. (c) 26. (c) 27.(a) 28. (a) 101. (d) 102. (a) 103. (a) 104. (d)
29. (a) 30.(b) 31.(d) 32.(a) 105. (a) 106. (b) 107. (b) 108. (d)
33.(d) 34. (b) 35.(c) 36.(b) 109. (a) 10. (d) m. (a) n2.(a)
37.(d) 38.(a) 39. (b) 40.(c) 1n3.(c) n4. (d) 15. (b) ne. (d)
41. (c) 42.(d) 43. (a) 44. (a) 1n7. (b) n8. (a) n9. (b) 120. (d)
45. (d) 46. (b) 47. (a) 48. (b) 121. (c) 122. (c) 123. (d) 124. (c)
49. (d) 50. (b) 51. (c) 52. (a) 125. (a) 126. (d) 127. (d) 128. (b)
53.(c) 54.(c) 55.(4) 56. (46) 129. (d) 130.(c) 131. (c) 132. (c)
57.(17) 58.(2) 59. (2) 60.(5) 133. (b) 134. (1) 135.(2)
61.(1) 62.(3) 63.(2) 64.(0)
65.(7) 66. (2) 67.(17) 68.(0)
69.(2) 70. (50) 71.(70) 72.(3)

73.(2) 74.(14) 75.(3) 76.(3)



ANSWER KEY

CHAPTER —8| VECTORS & 3-DIMENSIONAL GEOMETRY

EXERCISE - 2:
PREVIOUS YEAR JEE MAIN QUESTIONS

1. (a)
5. (c)
9. (a)
13. (d)
17.(2)
21.(18)
25.(1)
29.(c)

33.(30)
37.(a)
41.(2)
45. (b)
49. (1494)
53.(a)
57.(d)
61. (a)
65.(2)
69. (b)
73. (c)
77.(c)
81.(c)
85.(a)
89.(a)
93. (d)

2.(c) 3.(d)
6. (b) 7. (b)
10. (b) 1. (b)
14. (d) 15. (a)
18.(0.8) 19. (a)
22. (b) 23.(6)
26. (BONUS) 27.(c)
30.(c) 31.(1)
34.(d) 35.(4)
38.(b) 39. (3)
42. (b) 43.(9)
46.(a) 47. (c)
50.(5) 51. (90)
54. (d) 55. (b)
58. (b) 59. (b)
62.(b) 63.(d)
66.(12) 67.(c)
70.(d) 71. (c)
74.(a) 75. (d)
78.(d) 79. (c)
82.(d) 83.(a)
86. (b) 87.(a)
90. (d) 91. (a)
94. (d) 95. (d)

4. (b)
8. (b)
12. (a)
16. (a)
20.(a)
24.(4)
28. (4)
32.(81)

36.(6)
40. (d)
44. (b)
48. (60)
52. (a)
56. (28)
60. (486)
64.(75)
68.(d)
72.(a)
76.(b)
80. (a)
84.(c)
88.(c)
92. (c)
96. (d)

97.(c)
101. (d)
105. (c)
109. (a)
n3. (a)
n7.(a)
121. (c)
125. (3)
129. (c)
133. (a)
137. (a)
141. (3)
145. (c)
149. (96)
153. (d)
157.(72)
161. (d)
165. (2)
169. (0)
173. (1)
177. (a)
181. (d)
185. (a)
189. (c)

98. (c)
102. (d)
106. (a)
10. (d)
n4. (b)
n8s. (b)
122. (a)
126. (d)
130. (b)
134. (3)
138. (a)
142. (c)
146. (1)
150. (d)
154. (26)
158. (d)
162.(7)
166. (d)
170. (d)
174. (38)
178. (a)
182.(d)
186. (c)
190. (8)

99. (a)
103. (d)
107. (d)
m. (c)
15. (b)
n9. (c)
123. (c)
127. (a)
131. (b)
135.(81)
139. (d)
143. (7)
147. (a)
151. (d)
155. (d)
159. (61)
163.(c)
167. (a)
171. (4)
175. (4)
179. (1)
183. (44)
187. (b)

100. (b)
104.(c)
108. (b)
n2.(d)
ne. (b)
120. (c)
124.(5)
128. (a)
132.(d)
136. (6)
140. (b)
144. (b)
148. (b)
152. (d)
156. (d)
160. (c)
164. (a)
168. (a)
172.(2)
176. (28)
180. (d)
184. (a)
188. (a)



ANSWER KEY

CHAPTER -8| VECTORS & 3-DIMENSIONAL GEOMETRY

EXERCISE - 3:
ADVANCED OBJECTIVE QUESTIONS

1. (c)

5. (a)

9. (b)

13. (¢)
17. (b)
21. (c)
25. (d)
29. (b)
33.(c)
37. (a,b,c)
41. (a,b)
45. (50)
49. (d)
53.(c)
57.(b)
61.(d)
65. (c)
69. (1710)
73. (b)
77.(d)

2.(a)
6.(c)

10. (a)
14. (d)
18. (a)
22, (b)
26. (a)
30. (b)
34. (a,d)
38. (a,c,d)
42. (a,c)
46.(9)
50.(a)
54. (b)
58. (b)
62.(d)
66. (b)
70.(13)
74. (b)
78. (b)

3. (a)

7. (c)

1. (a)
15. (a)
19. (c)
23.(a)
27.(d)
31. (a)
35. (a,cd)
39.(a,b)
43. (c,d)
47. (b)
51. (a)
55. (a)
59. (a)
63.(d)
67. (b)
71.(1)
75. (d)
79.(c)

4. (a)

8. (b)
12.(c)
16.(c)
20.(a)
24.(c)
28. (d)
32.(c)
36. (a,c)
40. (a,b,c)
44. (a,.c,d)
48. (d)
52. (a)
56. (c)
60. (a)
64.(c)
68. (a)
72. (7)
76. (a)
80.(b)

EXERCISE-4:
PREVIOUS YEAR JEE ADVANCED QUESTIONS

1. (b) 2.(a) 3.(b) 4. (c)
5. (b) 6.(c) 7.(c) 8. (b)
9. (a) 10. (b) 1. (a) 12. (c)
13. (a) 14. (b) 15. (c) 16. (c)
17. (d) 18.(c) 19.(c) 20. (a)
21. (b,d) 22.(a,d) 23. (b, d) 24. (a,b,c)
25.(a,cd) 26.(bc) 27.(a,b) 28.(a,c)
29. (a,b,c) 30.(5) 31.(9) 32.(3)
33.(4) 34.(3) 35.(8) 36.(18.00)
37.(108) 38.(1.50) 39.(7) 40.(c)

9 ) 1
41. (c) 43. Jcuunit 48. 5 46. ()
47.(c) 48.(a) 49. (c) 50. (b)
51. (a) 52. (d) 53.(c) 54.(a)
55. (a) 56.(a) 57.(a) 58.(c)
59. (d) 60.(c) 61.(c) 62.(b,c)
63.(ad) 64.(bd) 65. (a,b) 66. (b,c,d)
67.(cd) 68.(abc) 69.(q,d) 70. (a,b,c)
7. (5) 72.(0.75)  73.(d) 74. (d)
75.(a) 76. (a) 77. (a)
78. (b) 79. (d) 80.(c)

81. (\71 =20, =—;+} and v3 232—2}'-_%4/;)
82.(a) x+y-2z=3, (b) Q(6,5,-2)
84. 2x—y+z-3=0and 62x+29y+19z-105=0

85. ?v:;—z(&.;)a
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