
VECTORS &
3-DIMENSIONAL GEOMETRY

Chapter 08

  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 . A is called the initial point and B is called the

terminal point. The magnitude of vector AB  is expressed by

.AB
uuur

AB may also be represented by a
r

and its magnitude by

| |a
r

.

   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
r

. The direction of zero vector is indeterminate.

  1.2  Unit Vector

A vector of unit magnitude in direction of a vector a
r

is called unit

vector along a
r

and is denoted by â . Symbolically 
a

a
â r

r

= .

  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 a
r

and b
r

are collinear if and

only, if bKa
rr

= , where K Î R – {0}.

  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) of a point P is

the vector OP . If a
r

 and b
r

 are position vectors of two points AA

and B, then, abAB
rr

-=  = pv of B – pv of A.

  1.7 Section Formula

If a
r

 and b
r

 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 :

nm

bman
r

+

+
=

rr
r

. Note p.v. of mid point of AB =
a + b

2

rr

2.  ALGEBRA OF VECTORS

   2.1  Addition of vectors

If two vectors a
r

 & b
r

 are represented by OA  & OB , then their

sum ba
rr

+  is a vector represented by OC , where OC is the

diagonal of the parallelogram OACB.

® abba
rrrr

+=+  (commutative)

® cbacba
rrrrrr

++=++  (associative)

® a0a0a
rrrrr

+==+

® aa0aa
rrrrr

+-==-+

   2.2  Multiplication of a Vector by a scalar

If a
r

 is a vector & m is a scalar, then m a
r

 is vector parallel to a
r

whose modulus is |m| times that of a
r

. If m > 0 then ma
r

and a
r

have same direction and if m < 0, then they have opposite
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directions. This is multiplication is called Scalar Multiplication.

If a
r

 & b
r

 are vectors & m, n are scalars, then :

m aa
rr

=  m = m a
r

m(n a
r

) = n(m a
r

) = (mn) a
r

(m + n) a
r

 = m a
r

 + n a
r

m ( ba
rr

+ ) = m a
r

 + m b
r

   2.3 Subtraction of Vectors

a - b
rr

 is defined as addition of vectors a
r

and (-b)
r

.

3.  TEST OF COLLINEARITY

Three points A, B, C with position vectors c,b,a
rrr

 respectively

are collinear, if & only if there exist scalar x, y, z not all zero

simultaneously such that; 0,xa yb zc+ + =
rr r

 where x +y +z =0

4.  TEST OF COPLANARITY

Four points A, B, C, D with position vectors d,c,b,a
rrrr

 respectively

are coplanar if and only if there exist scalars x, y, z, w not all zero

simultaneously such that 0dwczbyax =+++
rrrr

where,  x + y + z +

w = 0

5. SCALAR PRODUCT OF TWO VECTORS

® baba
rrrr

=× cos q (0 £ q £ p)

note that if q is acute then  b.a
rr

 > 0 & if q is obtuse then

b.a
rr

 < 0

®
2 2.a a a a= =

r r r r

® . .a b b a=
r rr r

 (commutative)

® cabacba
rrrrrrr

×+×=+× (distributive)

® . 0a b a b= Û ^
r rr r

0, 0a b¹ ¹
rr

® (ma) . b a . (mb) m (a . b)= =
r r rr r r

, where m is scalar..

® ˆ ˆ ˆ ˆ ˆ ˆi.i = j.j = k.k = 1 ;

ˆˆ ˆ ˆ ˆ ˆi.j = j.k = k.i = 0

® projection of 
b

b.a
bona r

rrrr
=

® the angle f between a
r

& b
r

is given by cos
ba

b.a
rr

rr

=f

0 £ f £ p

®  if  a
r

 = 
1 2 3
ˆ ˆ ˆa i + a j + a k  and b

r
= 

1 2 3
ˆ ˆ ˆb i + b  j + b k  then

b.a
rr

 = a1 b1 + a2 b2 + a3 b3

® 2
3

2
2

2
1 aaaa ++=

r

®
2
3

2
2

2
1 bbbb ++=

r

NOTES :

   (i) Maximum value of bab.a
rrrr

=

   (ii) Minimum values of  a . b a b= -
r rr r

   (iii) Any vector a
r

 can be written as,

.k̂k̂aĵĵaîîaa ×+×+×=
rrrr

   (iv) A vector in the direction of the bisector of the angle

between two vectors a
r

& b
r

 is 
b

b

a

a
r

r

r

r

+ .

Hence bisector of the angle between the two vectors

a
r

& b
r

is b̂â +l , where l Î R+.

Bisector of the exterior angle between a
r

& b
r

 is b̂â -l

l Î R–{0}.
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6. VECTOR PRODUCT OF TWO VECTORS

® If a
r

& b
r

 are two vectors & q is the angle between them

then baba
rrrr

=´  sin q n̂ , where n̂  is the unit vector

perpendicular to both a
r

& b
r

 such that a
r

, b
r

 & n̂  forms a

right handed screw system.

® Geometrically ba
rr

´  equals area of the parallelogram

whose two adjacent sides are represented by a
r

& b
r

® a b 0 a and b´ = Û
r rrr r

are parallel (collinear) (provided

0b,0a ¹¹
rr

) i.e. bKa
rr

= , where K is scalar..

® abba
rrrr

´¹´  (not commutative)

® bambmabam
rrrrrr

´=´=´  where m is scalar

® )ca()ba()cb(a
rrrrrrr

´+´=+´ (distributive)

® ˆ ˆ ˆ ˆ ˆ ˆi × i = j× j = k × k 0=

® ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆi × j =k, j× k = i, k × i j=

®  If a
r

 = 
1 2 3
ˆ ˆ ˆa i +a j + a k  and b

r
= 

1 2 3
ˆ ˆ ˆb i +b j + b k then

1 2 3

1 2 3

ˆ ˆ ˆi j k

a b a a a

b b b

´ =
rr

® Unit vector perpendicular to the plane of a
r

& b
r

 is

ˆ
a b

n
a b

´
= ±

´

rr

rr

® A vector of magnitude ‘r’ & perpendicular to the plane of

banda
rr

is 
r a b

a b

´
±

´

rr

rr

®  If q is the angle between a
r

 & b
r

 then sin q =
a b

a b

´
rr

rr

®  If c&b,a
rrr

are the pv’s of 3 points A, B and C then the

vector area of triangle ABC = ]accbba[
2

1 rrrrrr
´+´+´ .

The point A, B & C are collinear if 0accbba =´+´+´
rrrrr

® Area of any quadrilateral whose diagonal vectors are 
1d
r

&

2d
r

is given by 21 dd
2

1 rr
´

® Lagranges Identity : for any two vector b&a
rr

;

b.bb.a

b.aa.a
)b.a(ba)ba( 2

222 rrrr

rrrrrrrrrr
=-=´

7. SCALAR TRIPLE PRODUCT

® The scalar triple product of three vectors b,a
rr

 & c
r

is

defined as :

.a b c a b c´ =
r rr r r r

 sin q cos f where q is the angle

between c
r

 & b
r

 & f is angle between a and b c´
rr r

It is also written as ]cba[
rrr

, spelled as box product.

® Scalar triple product geometrically represents the volume

of the parallelopiped whose three coterminous edges are

represented by ]cba[V.e.ic&b,a
rrrrrr

=

® In a scalar triple product the position of dot & cross can

be interchanged i.e.

a . (b c) (a b) .c Also [a b c] [b c a] [c a b]´ = ´ = =
r r r r rr r r r r r r r r r

]bca[]cba[.e.i)bc(.a)cb(.a
rrrrrrrrrrrr

-=´-=´

® If a
r

 = 
1 2 3
ˆ ˆ ˆa i + a j + a k ;  b

r
= 

1 2 3
ˆ ˆ ˆb i + b j + b k  and

c
r

 = 
1 2 3
ˆ ˆ ˆc i + c j + c k  then .

ccc

bbb

aaa

]cba[

321

321

321

=
rrr
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In  general, if  nbmbbb;namaaa 321321

rr
l
rrrr

l
rr

++=++=  and

ncmccc 321

rr
l
rr

++=  then

321

321

321

ccc

bbb

aaa

cba =
rrr ;m né ù

ë û

r r r
l

where n&m,
rr

l
r

 are non - coplanar vectors.

® c,b,a
rrr

are coplanar a b cé ùÛ ë û

rr r
 = 0.

® Scalar product of three vectors, two of which are equal or

parallel is 0.

NOTES :

 ® If c,b,a
rrr

 are non-coplanar then 0]cba[ >
rrr

for right

handed system & 0]cba[ <
rrr

for left handed system.

 ® ˆ ˆ ˆi j k 1é ù =
ë û

 ® ]cba[K]cbaK[
rrrrrr

=

 ® ]dcb[]dca[]dc)ba[(
rrrrrrrrrr

+=+

 ® The volume of the tetrahedron OABC with O as origin

& the pv’s of A, B and C being c&b,a
rrr

 respectively is

given by ]cba[
6

1
V

rrr
=

 ® The position vector of the centroid of a tetrahedron if

the pv’s of its angular vertices are d,c,b,a
rrrr

 are given

by ].dcba[
4

1 rrrr
+++

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 : 0a b b c c aé ù- - - =
ë û

r rr r r r
 &

2a b b c c a a b cé ù é ù+ + + = ë ûë û

r r rr r r r r r

8. VECTOR TRIPLE PRODUCT

Let c,b,a
rrr

 be any three vectors, then the expression )cb(a
rrr

´´

is vector & is called vector triple product.

Geometrical  Interpretation of  a×(b×c)
rr r

Consider the expression )cb(a
rrr

´´ which itself is a vector. Since

it is a cross product of two vectors )cb(anda
rrr

´ . Now )cb(a
rrr

´´

is a vector perpendicular to the plane containing )cb(anda
rrr

´

but cb
rr

´  is a vector perpendicular to the plane containing b
r

 &

c
r

, therefore )cb(a
rrr

´´ is a vector lying in the plane of b
r

 & c
r

and perpendicular to a
r

. Hence we can express )cb(a
rrr

´´  in terms

of b
r

 & c
r

 i.e. )cb(a
rrr

´´ = cybx
rr

+  where x and y are scalars.

® c)b.a(b)c.a()cb(a
rrrrrrrrr

-=´´

a)cb(b)ca(c)ba(
rrrrrrrrr

×-×=´´

® )cb(ac)ba(
rrrrrr

´´¹´´

9.  LINEAR COMBINATIONS

Given a finite set of vectors ,c,b,a
rrr

..... then the vector

+++= czbyaxr
rrrr

.... is called a linear combination of ,c,b,a
rrr

.....

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

(a) If b,a
rr

 are non zero, non-collinear vectors then

b'ya'xbyax
rrrr

+=+ Þ x = x’ ; y = y’

(b) Fundamental Theorem in plane :  Let b,a
rr

 be non-zero,

non- collinear vectors. Then any vector r
r

coplanar with

b,a
rr

 can be expressed uniquely as a linear combination of

b,a
rr

i.e. There exist some unique x, y Î R such that

rbyax
rrr

=+

(c) If c,b,a
rrr

 are non-zero, non-coplanar vectors then :

c'zb'ya'xczbyax
rrrrrr

++=++ Þ x = x¢, y = y¢, z = z¢
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(d) Fundamental Theorem in Space :  Let c,b,a
rrr

 be non-

zero, non- coplanar vectors in space. Then any vector r
r

can be uniquely expressed as a linear combination of

c,b,a
rrr

  i.e. There exist some unique x, y, z Î R such that

rczbyax
rrrr

=++ .

(e) If 21 x,x
rr

.................. nx
r

are n non zero vectors & k1,

k2,............kn are n scalars & if the linear combination

n2211 k......xkxk ++
rr

0x n =
r

Þ k1 =0, k2 =0,.......kn = 0

then we say that vectors 21 x,x
rr

.................. nx
r

are Linearly

Independent Vectors.

(f) If 21 x,x
rr

.................. nx
r

are not Linearly Independent then

they are said to be Linearly Dependent vectors i.e. if

n2211 k......xkxk ++
rr

0x n =
r

 & if there exists at least one

kr ¹ 0 then 21 x,x
rr

.................. nx
r

 are said to be Linearly

Dependent.

NOTES :

 ® If a
r

 = ˆ ˆ ˆ3i + 2j + 5k  then a
r

 is expressed as a Linear

Combination of vectors ˆ ˆ ˆi, j, k . Also a
r

, ˆ ˆ ˆi, j, k  form a

linearly dependent set of vectors. In general, every set

of four vectors is a linearly dependent system.

 ® ˆ ˆ ˆi, j, k  are Linearly Independent set of vectors. For

1 2 3
ˆ ˆ ˆK i + K j + K k  = 0 Þ K1 = 0 = K2  = K3

 ® Two vectors b&a
rr

 are linearly dependent Þ a
r

 is

parallel to b
r

 i.e. 0ba =´
rr

Þ linear dependence of a
r

 &

b
r

. Conversely if 0ba ¹´
rr

 then a
r

 & b
r

 are linearly

independent.

 ® If three vectors a, b, c
rr r

 are linearly dependent, then they

are coplanar i.e. 0]c,b,a[ =
rrr

conversely, if 0]c,b,a[ ¹
rrr

,

then the vectors are linearly independent.

10.  RECIPROCAL SYSTEM OF VECTORS

If c,b,a
rrr

 & 'c,'b,'a
rrr

 are two sets of non-coplanar vectors such

that 1'cc'bb'aa =×=×=×
rrrrrr

 then the two systems are called

Reciprocal System of vectors.

]cba[

ba
'c;

]cba[

ac
'b;

]cba[

cb
'a rrr

rr

rrr

rr

rrr

rr
´

=
´

=
´

=

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

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

vector of the point P with respect to the same origin is  x k̂zĵyî ++ .

2. DISTANCE FORMULA

Distance between any two points (x1, y1, z1) and (x2, y2, z2) is

given as 2
21

2
21

2
21 )zz()yy()xx( -+-+-
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Vector method

We know that if position vector of two points A and B are given

as OA and OB  then

|AB| = |OAOB| -

Þ |AB| = (x2i + y2j + z2k) – (x1i + y1j + z1k)|

Þ |AB| = 2
12

2
12

2
12 zzyyxx -+-+-

  2.1 Distance of a Point P From Coordinate Axes

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 = ,zy 22 +  PB = ,xz 22 +  PC = 22 yx +

3. SECTION FORMULA

(i) Internal Division

If point P divides the distance between the points A (x1, y1, z1)

and B (x2, y2, z2) in the ratio of m : n (internally) then the coordinates

of P are given by

÷
ø

ö
ç
è

æ

+

+

+

+

+

+

nm

nzmz
,

nm

nymy
,

nm

nxmx 121212

(ii) External division

÷
ø

ö
ç
è

æ

-

-

-

-

-

-

nm

nzmz
,

nm

nymy
,

nm

nxmx 121212

(iii) Mid point

÷
ø

ö
ç
è

æ +++

2

zz
,

2

yy
,

2

xx 212121

NOTES :

All these formulae are very much similar to two dimensional

coordinate geometry.

  3.1 Centroid of a Triangle

÷
ø

ö
ç
è

æ ++++++
º

3

zzz
,

3

yyy
,

3

xxx
G 321321321

  3.2. In - Centre of Triangle ABC

÷
ø

ö
ç
è

æ

++

++

++

++

++

++

cba

czbzaz
,

cba

cybyay
,

cba

cxbxax 321321321

Where | AB | = a, | BC | = b, | CA | = c

  3.3 Centroid of  a Tetrahedron

If  A (x1, y1, z1), B (x2, y2, z2), C (x3, y3, z3), and D (x4, y4, z4) are the

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

are given by

, ,
4 4 4

i i ix y zæ ö
ç ÷ç ÷
è ø

å å å

4. RELATION BETWEEN TWO LINES

Two lines in the space may be coplanar and may be non- coplanar.

Non- coplanar lines are called skew lines if they never intersect

each other. Two parallel lines are also non intersecting lines but

they are coplanar. Whether two lines are intersecting or non

intersecting, the angle between them can be obtained.

 5. DIRECTION COSINES AND DIRECTION RATIOS

(i) Direction cosines : Let a, b, g be the angles which a directed

line makes with the positive directions of the axes of x, y

and z respectively, then cos a, cosb, cosg are called the

direction cosines of the line. The direction cosines are

usually denoted by (l, m, n).
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Thus l = cos a, m = cos b, n = cos g.

(ii) If l, m, n, be the direction cosines of a lines, then

l 2 + m2 + n2 = 1

(iii) Direction ratios : Let a, b, c be proportional to the direction

cosines, l, m, n, then a, b, c are called the direction ratios.

If a, b, c are the direction ratio of any line L then k̂cĵbîa ++

will be a vector parallel to the line L.

If l, m, n are direction cosines of line L then k̂nĵmî ++l  is

a unit vector parallel to the line L.

(iv) If l, m, n be the direction cosines and a, b, c be the direction

ratios of a vector, then

÷
÷

ø

ö

ç
ç

è

æ

++++
=

++
=

222222222 cba

c
n,

cba

b
m,

cba

a
l

or 
2 2 2 2 2 2 2 2 2

a b c
, m , n

a b c a b c a b c

æ ö- - -
= = =ç ÷ç ÷

+ + + + + +è ø
l

(v) If OP = r, when O is the origin and the direction cosines of

OP are l, m, n then the coordinates of P are (lr, mr, nr).

If direction cosines of the line AB are l, m, n, | AB | = r, and

the coordinates of A are (x1, y1, z1) then the coordinates of

B are given as (x1 + rl, y1 + rm, z1 + rn)

(vi) If the coordinates of P and Q are (x1, y1, z1) and (x2, y2, z2)

then the direction ratios of line PQ are a = x2 – x1,

b = y2 – y1 and c = z2 – z1 and the direction cosines of line

PQ are l = 
|PQ|

xx 12 -
, m = 

|PQ|

yy 12 -
 and n = 

|PQ|

zz 12 -

(vii) 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 a1, b1, c1 and a2, b2, c2

respectively then we can consider two vectors parallel to the

lines as 
1 1 1
ˆ ˆ ˆa i + b j + c k and 

2 2 2
ˆ ˆ ˆa i + b j + c k and the angle

between them can be given as

.
cbacba

ccbbaa
cos

2
2

2
2

2
2

2
1

2
1

2
1

212121

++++

++
=q

(i) The lines will be perpendicular if a1a2 + b1b2 + c1c2 = 0

(ii) The lines will be parallel if 
2

1

2

1

2

1

c

c

b

b

a

a
==

(iii) Two parallel lines have same direction cosines i.e. l1 = l2 ,

m1 = m2, n1 = n2

  7. PROJECTION OF A LINE SEGMENT ON A LINE

(i) If the coordinates of P and Q are (x1, y1, z1) and (x2, y2, z2)

then the projection of the line segments PQ on a line having

direction cosines l, m, n is

| l (x2 – x1) + m(y2 – y1) + n(z2 – z1) |

(ii) Vector form : projection of a vector a
r

 on another vector b
r

is 
|b|

ba
b̂a r

rr
r ×

=×  In the above case we can consider PQ

as (x2 – x1) î  + (y2 – y1) ĵ  + (z2 – z1) k̂  in place of a
r

 and

l î  + m ĵ  + n k̂  in place of .b
r

(iii) l | r
r

|, m | r
r

|, and n | r
r

| are the projection of r
r

in x, y and z

axes.

(iv) r
r

= | r
r

| (l î  + m ĵ   + n k̂ )
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8. EQUATION OF A LINE

(i) The equation of a line passing through the point

(x1, y1, z1) and having direction ratios a, b, c is

c

zz

b

yy

a

xx 111 -
=

-
=

-
= r. This form is called symmetric

form. A general point on the line is given by

(x1 + ar, y1 + br, z1 + cr).

(ii) Vector equation : Vector equation of a straight line passing

through a fixed point with position vector a
r

 and parallel

to a given vector b
r

 is ar
rr

=  + l b
r

where l is a scalar..

(iii) The equation of the line passing through the points

(x1, y1, z1) and (x2, y2, z2) is

12

1

12

1

12

1

zz

zz

yy

yy

xx

xx

-

-
=

-

-
=

-

-

(iv) Vector equation of a straight line passing through two

points with position vectors a
r

 and b
r

 is )ab(ar
rrrr

-l+= .

(v) Reduction of cartesion form of equation of a line to vector

form and vice versa

c

zz

b

yy

a

xx 111 -
=

-
=

-

Û 1 1
ˆ ˆ ˆ ˆ ˆ ˆr (x i yj z k) (ai bj ck)= + + + l + +

r
.

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

(iii) y–axis x = 0, z = 0

(iv) z–axis x = 0, y = 0

(v) Parallel to x–axis y = p, z = q

(vi) Parallel to y–axis x = h, z = q

(vii) Parallel to z–axis x = h, y = p

9. SKEW LINES

(i) The straight lines which are not parallel and non–coplanar

i.e. non–intersecting are called skew lines.

If D = 

'n'm'

nm

'''

l

l

g-gb-ba-a

 ¹ 0, then the lines are skew..

(ii) Vector Form : For lines 11 ba
rr

l+ and 22 ba
rr

l+  to be skew

0aa)bb( 1221 ¹-×´
rrrr

 or )]aa(bb[ 1221

rrrr
- ¹ 0.

(iii) Shortest distance between the two parallel lines

bar 1

rrr
l+=  and bar 2

rrr
m+=  is d = 

|b|

b)aa( 12 r

rrr
´-

.

10. PLANE

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

(i) Normal form of the equation of a plane is

l x + my + nz = p where l, 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, c are the direction ratios of the normal to the

plane.

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

(x1, y1, z1) is given by a (x – x1) + b (y – y1) + c (z – z1) = 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 (x1, y1, z1),

(x2, y2, z2), (x3, y3, z3) is 0

1zyx

1zyx

1zyx

1zyx

333

222

111 =
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(v) Intercept Form : The equation of a plane cutting intercepts

a, b, c on the axes is 1
c

z

b

y

a

x
=++

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

point having position vector a
r

 and normal to vector n
r

is

n)ar(
rrr

×- = 0 or r n a n× = ×
r r r r

NOTES :

   (a) Vector equation of a plane normal to unit vector n̂  and

at a distance d from the origin is ˆr n d× =
r

   (b) Planes parallel to the coordinate planes

(i) Equation of yz–plane is x = 0

(ii) Equation of xz–plane is y = 0

(iii) Equation of xy–plane is z = 0

   (c) Planes parallel to the axes :

If a = 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 ,cba 222 ++  where a, b, c are coefficients of x, y

and z respectively e.g.

2 2 2 2 2 2 2 2 2

ax by cz

a b c a b c a b c
+ +

± + + ± + + ± + +

2 2 2

d

a b c
=

± + +

Where (+) sign is to be taken if d > 0 and (–) sign is to be

taken if d < 0.

   (f) Any plane parallel to the given plane ax + by + cz + d = 0

is ax + by + cz + l = 0. Distance between two parallel

planes ax + by + cz + d1 = 0 and ax + dy + xz + d2 = 0 is

given as 
222

21

cba

|dd|

++

-

   (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
r

and

parallel to candb
rr

is r
r

 = a
r

+ l b
r

 + m c
r

 (parametric form

where l and m are scalars).

or )cb(a)cb(r
rrrrrr

´×=´×  (non- parametric form)

11  ANGLE BETWEEN TWO PLANES

(i) Consider two planes ax + by + cz + 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, c) and (a’, b’, c’) respectively, hence  the

angle q between them is given by

cos q = 
222222 'c'b'acba

'cc'bb'aa

++++

++

Planes are perpendicular if aa’ + bb’ + cc’ = 0 and planes are

parallel if 
'c

c

'b

b

'a

a
==

(ii) The angle q between the planes 1 1,r n d× =
r r

22 dnr =×
rr

 is

given by cosq = 
|n||n|

nn

21

21 rr

rr
×

 Planes are perpendicular if

0nn 21 =×
rr

 and Planes are parallel if .nn 21

rr
l=

12.  A PLANE AND A POINT

(i) Distance of the point x , y , z¢ ¢ ¢
 from the plane

ax + by + az + d = 0 is given by 
2 2 2

' ' 'ax by cz d

a b c

+ + +

+ +

(ii) The length of the perpendicular from a point having

position vector a
r

 to a plane nr
rr

×  = d is given by

p = 
|n|

|dna|
r

rr
-×

.

13.  ANGLE BISECTORS

(i) The equations of the planes bisecting the angle between

two given planes a1x + b1y + c1z + d1 = 0 and

 a2x + b2y + c2z + d2 = 0 are
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2
2

2
2

2
2

2222

2
1

2
1

2
1

1111

cba

dzcybxa

cba

dzcybxa

++

+++
±=

++

+++

(ii) Equation of bisector of the angle containing origin : First

make both the constant terms positive. Then the positive

sign in 
2
2

2
2

2
2

2222

2
1

2
1

2
1

1111

cba

dzcybxa

cba

dzcybxa

++

+++
±=

++

+++

gives the bisector of the angle which contains the origin.

(iii) Bisector of acute/obtuse angle : First make both the

constant terms positive. Then

a1a2 + b1b2 + c1c2 > 0

Þ origin lies in obtuse angle

a1a2 + b1b2 + c1c2 < 0

Þ origin lies in acute angle

14.  FAMILY OF PLANES

(i) The equation of any plane passing through the line of

intersection of non–parallel planes a1x + b1y + c1z + d1 = 0

and  a2x + b2y + c2z + d2 = 0 is given by a1x + b1y + c1z + d1

+ l (a2x + b2y + c2z + d2) = 0

(ii) The equation of plane passing through the intersection of

the planes 1nr
rr

×  = d1 and 2nr
rr

×  = d2 is )nn(r 21

rrr
l+× = d1

+ ld2 where l is an arbitrary scalar

(iii) Plane through a given line : Equation of any plane through

the line in symmetrical form.

n

zz

m

yyxx 111 -
=

-
=

-

l
 is A (x  –  x 1)  +  B (y  –  y1) +

C (z – z1) = 0 where Al + 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 a1x + b1y + c1z + d1 = 0 and

a2x + b2y + c2z + d2 = 0. This form is also known as non–

symmetrical form.

15. ANGLE BETWEEN A PLANE AND A LINE

(i) If q is the angle between the line 
n

zz

m

yyxx 111 -
=

-
=

-

l

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

sin q = 2 2 2 2 2 2

a bm cn

(a b c ) m n

é ù+ +
ê ú
ê ú+ + + +ë û

l

l

(ii) Vector form : If q is the angle between a line )ba(r
rrr

l+=

and nr
rr

×  = d then sin q = 
ú
ú
û

ù

ê
ê
ë

é ×

|n||b|

nb
rr
rr

.

(iii) Condition for perpendicularity 
c

n

b

m

a
==

l
, nb
rr

´  = 0

(iv) Condition for parallelism  al + bm + cn = 0, 0nb =×
rr

16. CONDITION FOR A LINE TO LIE IN A PLANE

(i) Cartesian form : Line 
n

zz

m

yyxx 111 -
=

-
=

-

l
 would lie in

a plane ax + by + cz + d = 0 if ax1 + by1 + cz1 + d = 0 and

al + bm + cn = 0.

(ii) Vector form : Line bar
rrr

l+= would lie in the plane

nr
rr

×  = d if nb
rr

×  = 0 and na
rr

×  = d

 17. COPLANER LINES

(i)  If the given lines are 
n

z

m

yx g-
=

b-
=

a-

l
 and

'n

'z

'm

'y

'

'x g-
=

b-
=

a-

l
, then the condition for

intersection/coplanarity is 

'n'm'

nm

'''

l

l

g-gb-ba-a

 = 0 and

the plane containing the above two lines is

0

'n'm'

nm

zyx

=

g-b-a-

l

l
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(ii) Condition of coplanarity if both the lines are in general

assymetric form :-

ax + by + cz + d = 0 = a’x + b’y + c’z + d’  and

ax + by + gz + d = 0 = a’x + b’y + g’z + d’

They are coplanar if 0

''''

'd'c'b'a

dcba

=

dgba

dgba

18. COPLANARITY OF FOUR POINTS

If the points A(x1 y1 z1), B(x2 y2 z2), C(x3 y3 z3) and D(x4 y4 z4) are

coplaner then

141414

131313

121212

zzyyxx

zzyyxx

zzyyxx

---

---

---

 = 0

Similarly, in vector method the points A )r(C),r(B),r( 321

rrr
 and

)r(D 4

r
 are coplanar if there exists 4 scalars a, b, c and d such that

0a b c d+ + + =  and 1 2 3 4 0ar br cr dr+ + + =
r r r r

19.  SIDES OF A PLANE

(i) A plane divides the three dimensional space in two parts.

Two points A (x1 y1 z1) and B (x2 y2 z2) are on the same side

of the plane ax + by + cz + d = 0 if ax1 + by1 + cz1 + d and

ax2 + by2 + cz2 + d are both positive or both negative and

are on opposite sides of plane if these values are opposite

in signs.

(ii) A plane ax + by + cz + d = 0 divides the line segment joining

1 1 1x , y , z  and 2 2 2x , y , z  in the ratio

÷÷
ø

ö
çç
è

æ

+++

+++
-

dczbyax

dczbyax

222

111

(iii) The xy–plane divides the line segment joining the point

(x1, y1, z1) and (x2, y2, z2) in the ratio .
z

z

2

1-  Similarly

yz – plane in the ratio of 
2

1

x

x
-  and zx– plane in the ratio

of  
2

1

y

y
-

20. FOOT OF PERPENDICULAR AND IMAGE OF A

POINT W.R.T. A PLANE

Let P (x1, y1, z1) be a given point and ax + by + cz + d = 0 be a given

plane. Let  (x’, y’, z’) be the image point. Then,

1 1 11 1 1

2 2 2

2' ' ' ax by cz dx x y y z z

a b c a b c

- + + +- - -
= = =

+ +

And if (x2, y2, z2) is foot of perpendicular from point P on given

plane, then

1 1 12 1 2 1 2 1

2 2 2

ax by cz dx x y y z z

a b c a b c

- + + +- - -
= = =

+ +
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SOLVED EXAMPLES

  Example – 1

Show that the point P ( 2 )a b c+ +
rr r

, Q ( )a b c- -
rr r

,

R(3 2 )a b c+ +
rr r

 and S(5 3 5 )a b c+ +
rr r

 are coplanar given

that a, b, c
rr r

 are non–coplanar..

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

PQ, PR, PS
uuur uuur uur

 are coplanar..

PQ
uuur

= – 3 b 2c-
r r

PR
uuur

 = 2 a b c- +
rr r

PS
uur

 = 4 a b 4c+ +
rr r

Let PQ
uuur

 = l PR
uuur

 + m PS
uur

Þ 3b 2c- - = l
r r (2a b c)- +

rr r
+ m (4a b 4c)+ +

rr r

Þ 3b 2c- -
r r  = (2l + 4m) a

r  + (–l + u) b
r

 + (l + 4m) c
r

As the vectors, a, b, c
rr r  are non–coplanar, we can equate

their coefficients.

Þ 0 = 2l + 4m

Þ –3 = – l + m

Þ –2 = l + 4m

l = 2, m = – 1 is the unique solution for the above system

of equations.

Þ PQ 2 PR – PS=
uuur uuur uur

PQ, PR, PS
uuur uuur uur

 are coplanar because PQ
uuur

 is a linear

combination of PR
uuur

 and PS
uur

.

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

  Example – 2

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.

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

points of the diagonals AC and BD.

Let a, b, c, d
r rr r

 be the position vectors of A, B, C, D

respectively.

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

a c
m ,

2

+
=

r r
r b d

n
2

+
=

r r
r

Þ NM
uuuur

 = 
(a c) (b d)

m n
2

+ - +
- =

r rr r
r r

Þ NM
uuuur

 = 
c b d a

2 2

æ ö æ ö- -
-ç ÷ ç ÷

è ø è ø

r rr r

Þ NM 1/ 2 BC AD= -
uuuur uuur uuur

Let BC = k (AD)
uuur uuur

Þ NM
uuuur

 = 1/2 (k – 1) AD
uuur

NM || AD and NM = 1/2 (k – 1) AD

Þ NM = 
2

ADBC

2

AD)AD(k -
=

-

Þ NM is parallel to AD (and BC) and is half the difference of

BC and AD.
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  Example – 3

Show that the diagonals of a parallelogram bisect each

other.

Sol. Let a, b, c, d
r rr r

 be the position vectors of a vertices of a

parallelogram ABCD.

AB = DC and AB || DC

(because ABCD is a parallelogram)

Þ AB = DC
uuur uuur

Þ b a c d- = -
r rr r

Þ (b d) / 2 (a c) / 2+ = +
r r r r

Þ P.V of mid point of BD = P.V of mid point of AC

Þ mid points of BD and AC coincide. Hence AC and BD

bisect each other.

  Example – 4

Show that the medians of the triangle are concurrent and

the point of concurrence divides each median in the ratio

2 : 1.

Sol. Let a, b, c
rr r

 be the position vectors of the vertices of a

triangle ABC.

Let D, E, F be the mid–points of sides with P.Vd, e, f
r rr

as

shown.

Þ d
r

 = (b c) / 2+
r r

Þ 2d b c= +
r r r

Þ e (c a) / 2= +
r r r

Þ 2e c a= +
r r r

Þ f (a b) / 2= +
r rr

Þ 2f a b= +
r rr

Now try to make the RHS of each equation equal.

Þ 2d a a b c+ = + +
r rr r r

Þ 2e b b c a+ = + +
r rr r r

Þ 2f c c a b+ = + +
r rr r r

Þ 2d a 2e b 2f c a b c+ = + = + = + +
r r r rr r r r r

Note that the sum of scalar coefficients of vectors is equal

to 3 in each expression.We divide each term by 3.

Þ
2d a 2e b 2f c a b c

3 3 3 3

+ + + + +
= = =

r r r rr r r r r

Þ
2d a 2e b 2f c a b c

2 1 2 1 2 1 2 1

+ + + + +
= = =

+ + + +

r r r rr r r r r

Þ the point G [ (a b c)+ +
rr r

/3] divides AD, BE and CF each

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

intersection of all medians.

Þ medians are concurrent and centroid G divides each median

in  2 : 1.

Centroid G º
a b c

3

æ ö+ +
ç ÷
è ø

rr r

  Example – 5

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

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

Let OP = QO a=
uuur uuur r

 and OR b=
uuur r

Þ QR a b and RP a b= + = -
uuur uuurr rr r

Now QR . RP a b . a b= + -
uuur uuur r rr r

= a2 – b2

= a2 – b2 = 0

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

QR . RP 0 90= Þ q = °
uuur uuur
Q
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  Example – 6

The vertices of a triangle are A (2, 3, 0), B (–3, 2, 1) and

C (4, –1, 0). Find the area of the triangle ABC and unit

vector normal to the plane of this triangle.

Sol. Area of DABC = 1/2 | AB AC |´
uuur uuur

ˆ ˆ ˆAB = (–3 –2) i + (2–3) j (1 0) k+ -
uuur

Þ ˆ ˆ ˆAB = –5 i – j + k
uuur

and ˆ ˆ ˆAC = 2i – 4j 0k+
uuur

AB AC´
uuur uuur

 = 

042

115

k̂ĵî

-

--  = ˆ ˆ ˆ4i + 2j + 22k

Þ area of DABC = 126484416
2

1
=++  sq. units

and unit vector normal to the plane of this triangle

= 
ˆ ˆ ˆAB AC 4i 2j 22k

| AB AC | 2 126

´ + +
=

´

uuur uuur

uuur uuur

= 
126

k̂11ĵî2 ++

  Example – 7

A line makes angles a, b, g and d with the diagonals of a

cube. Prove that :

cos2 a + cos2 b + cos2 g + cos2 d = 4/3

Sol. 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 :

ˆOA = a i
uuur

, ˆOB = a j
uuur

, ˆOC = a k
uuur

where a is the length of the edge of the cube

Let P, Q, R, S be the other vertices of the

cube opposite to O, A, B, C respectively.

Hence the diagonals of the cube are OP, AQ, BR, & CS.

ˆ ˆ ˆOP = a i + a j + a k
uuur

ˆ ˆ ˆAQ = a i + a j + a k
uuur

ˆ ˆ ˆBR = a i – a j + a k
uuur

ˆ ˆ ˆCS = a i + a j – a k
uuur

If n̂  = ˆ ˆ ˆx i + y j + z k  is the unit vector along the line

which makes the angles a, b, g & d with diagonals,

cos a = 
n̂ . OP ax ay az x y z

ˆ| OP | | n | a 3 3

+ + + +
= =

uuur

uuur

cos b = 
3

zyx ++-
 ;  cos g = 

3

zyx +-

cos d = 
3

zyx -+

Þ cos2 a + cos2 b + cos2 g + cos2 d

3

1
 [ (x + y + z)2 + (–x + y + z)2 + (x – y + z)2 + (x + y – z)2 ]

3

1
 4 (x2 + y2 + z2) = 4/3 [Q  x2 + y2 + z2 = 1]

  Example – 8

Show that : ˆ ˆ ˆ ˆ ˆ ˆi (a i) j (a j) k (a k) 2a.´ ´ + ´ ´ + ´ ´ =
r r r r

Sol. L.H.S. = ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ[(i i)a (i a)i] [(j j)a (j a) j]× - × + × - ×
r r r r

+ ˆ ˆ[(k k) a×
r

ˆ ˆ(k a)k]- ×
r

= ˆ ˆ ˆ ˆ ˆ ˆa a a [(i a)i ( j a) j (k a)k]+ + - × + × + ×
r r r r r r

= 3 x y z
ˆ ˆ ˆa [a i a j a k]- + +

r
 = 3 a a 2a- =
r r r

 = R.H.S.

Note : It is useful to remember that x–component of 
x
ˆa a i=

r

etc ......
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  Example – 9

Find a vector of magnitude 5 units coplanar with vectors

ˆ ˆ ˆ3i – j – k  and ˆ ˆ ˆi j – 2k+  and perpendicular to the vector

ˆ ˆ ˆ2i 2j k+ + .

Sol. Let ˆ ˆ ˆa 3i – j – k=
r

ˆ ˆ ˆb i j – 2k= +
r

and ˆ ˆ ˆc 2i 2j k= + +
r

A vector coplanar with a
r  and b

r
 and perpendicualr to c

r

can be taken as

r c (a b)= ´ ´
rr r r

l where l  is a scalar

a
r  × b
r

 = k̂4ĵ5î3

211

113

k̂ĵî

++=

-

--

ˆ ˆ ˆi j k
ˆ ˆ ˆc (a b) 2 2 1 3i – 5j 4k

3 5 4

´ ´ = = +
rr r

Þ r =
r
l ˆ ˆ ˆ3i – 5j 4k+

| r | | | 9 25 15 5= + + =
r

l

l = ± 
2

1

25

5
±=

the required vector is 
1 ˆ ˆ ˆr (3i 5 j 4k)
2

= ± - +
r

  Example – 10

Show that the lines ˆ ˆ ˆ ˆ ˆ ˆr 3i j k i j k= - + + l + +
r

and

ˆ ˆ ˆ ˆ ˆ ˆr 2i 2 j – 2k i – j 2k= + + m +
r

 are intersecting and hence

find their point of intersection.

Sol. Let p
r

 be the position vector of their point of intersection.

Þ p
r

 = ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ3i j k (i + j + k) = 2i + 2j –2k+ (i –j + 2k)- + + l m

Þ (3 + l) î  + (l – 1) ĵ  + (l + 1) k̂  = (m + 2) î  + ( 2 – m) ĵ

+ (2m – 2) k̂

Þ 3 + l = m + 2 ...(i)

Þ l – 1 = 2 – m ...(ii)

Þ l + 1 = 2m – 2 ...(iii)

The lines are intersecting if these equations are

consistent.

from (i) and (ii), we get

l = 1, m = 2

Substituting these values in (iii), we get

1 + 1 = 2 (2) – 2

Þ 2 = 2

Þ l = 1, m = 2

satisfied (iii) also

Hence lines are intersecting and the point of intersection is :

ˆ ˆ ˆ ˆ ˆ ˆp 3i – j k i j k= + + l + +
r

ˆ ˆ ˆ ˆ ˆ ˆ3i – j k i j k= + + + +

ˆ ˆ4i 2k= +

Þ 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 = c b-
rr

 = ˆ ˆ ˆ4i – 2j – 2k

Þ the equation of BC is : r b t(c b)= + -
r rr r

Þ ˆ ˆ ˆ ˆ ˆr –2i j 3k t 4i 2 j 2k= + + + - -
r

Let position vector of D be
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ˆ ˆ ˆ ˆ ˆ ˆd –2i j 3k t 4i 2 j 2k= + + + - -
r

because D lies on line BC.

Now AD BC^
uuur uuur

Þ AD . BC 0=
uuur uuur

Þ (d a) (c b)- × -
r rr r

= 0

Þ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ3i j k t 4i 2 j 2k . 4i 2 j 2k 0é ù- + + + - - - - =
ë û

Þ (4t – 3) 4 + (1 – 2t) (–2) + (1 – 2t) (–2) = 0

Þ 24t – 16 = 0

Þ t = 2/3

Þ ˆ ˆ ˆ ˆ ˆ ˆd –2i j 3k (2 / 3) (4i 2j 2k)= + + + - -
r

2 1 5ˆ ˆ ˆd i j k
3 3 3

= - +
r

Þ D º ÷
ø

ö
ç
è

æ
-

3

5
,

3

1
,

3

2

2 1 5ˆ ˆ ˆAD d a 1 i j 2 k
3 3 3

æ ö æ ö
= - = - - + -ç ÷ ç ÷

è ø è ø

uuur r r

= – 
1 1 1ˆ ˆ ˆi j k
3 3 3

- - AD = | AD |
uuur

 = 
3

1

3

3
=  units

  Example – 12

Find the equation of the plane passing through the points

A (2, 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 ˆ ˆ ˆ ˆ ˆr i – j k (2i k)= + + l +
r

.

Sol. Let N
uur

 be a vector perpendicular to the plane of DABC.

Þ N
uur

 = AB AC´
uuur uuur

ˆ ˆ ˆ ˆ ˆ ˆ3i j k 2i j 2k= - + + ´ - + -

= 

212

113

k̂ĵî

--

-

ˆ ˆ ˆ3i 8j k= - - -

Þ the equation of the plane is

(r a).N 0- =
uurr r

 where a
r ˆ ˆ ˆ2i j 3k= + +

Þ r . N a . N=
uur uurr r

Þ ˆ ˆ ˆr . 3i 8j k 6 8 3- - - = - - -
r

Þ ˆ ˆ ˆr . 3i 8j k 17- - - = -
r

The given line is ˆ ˆ ˆ ˆ ˆr i j k (2i k)= - + + l +
r

To find the point of intersection, we solve these equations

simultaneously.

Þ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆi j k 2i k . 3i 8j k 17é ù- + + l + - - - = -
ë û

Þ (2 l + 1) (–3) + 8 + (l + 1) (–1) = – 17

Þ l = 3

Þ the point of intersection is

ˆ ˆ ˆ ˆ ˆr i j k 3 (2i k)= - + + +
r

Þ ˆ ˆ ˆr 7i j 4k= - +
r

Þ coordinates are (7, –1, 4)

  Example – 13

From the point A (1, 2, 0), perpendicular is drawn to the

plane ˆ ˆ ˆr . 3i j k 2- + =
r

 meeting it at the point P. Find the

coordinates of point P and the distance AP.

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

the plane, the vector ˆ ˆ ˆN 3i j k= - +
uur

 is parallel to AP..

Þ equation of AP is ˆ ˆ ˆ ˆ ˆr i 2 j t (3i j k)= + + - +
r

Now we solve equations of AP and plane to get point P.

Þ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆi 2j t 3i j k . 3i j k 2é ù+ + - + - + =
ë û

Þ (3t + 1) 3 + (2 – t) (–1) + t = 2

Þ t = 1/11



VECTORS & 3-DIMENSIONAL GEOMETRY

Þ point P is ˆ ˆ ˆ ˆ ˆr i 2j 1/11(3i j k)= + + - +
r

14 21 1ˆ ˆ ˆr i j k
11 11 11

= + +
r

Þ P º ÷
ø

ö
ç
è

æ

11

1
,

11

21
,

11

14

AP = 

222

0
11

1
2

11

21
1

11

14
÷
ø

ö
ç
è

æ
-+÷

ø

ö
ç
è

æ
-+÷

ø

ö
ç
è

æ
-

= 
11

1

  Example – 14

The position vectors of the points P and Q are

ˆ ˆ ˆ ˆ ˆ ˆ5i 7j 2k and 3i 3j 6k+ - - + +  respectively. The vector

ˆ ˆ ˆA 3i j k= - +
r

 passes through the point P and the vector

ˆ ˆ ˆB 3i 2j 4k= - + +
ur

 passes through the point Q. A third

vector ˆ ˆ ˆ2i 7j 5k+ -  intersects vectors A
r

 and B
r

. Find

the position vectors of the points of intersection.

Sol. Equation of line AP º 1
ˆ ˆ ˆ ˆ ˆ ˆr 5i 7 j 2k 3i j k= + - + l - +

r

Equation of line BQ º

3
ˆ ˆ ˆ ˆ ˆ ˆr 3i 3j 6k 3i 2 j 4k= - + + + l - + +

r

Since Point D lies on AP, its position vector can be taken

as : 
1

ˆ ˆ ˆ ˆ ˆ ˆd 5i 7 j 2k 3i j k= + - + l - +
r

A vector parallel to line CD is ˆ ˆ ˆ2i 7j 5k+ -

Equation of line CD º

1 2
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆr 5i 7 j 2k 3i j k 2i 7 j 5k= + - + l - + + l + -

r

solve equation of line BQ with equation of line CD to get

point of intersection C.

Solve BQ and CD to get :

1 2
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ5i 7 j 2k 3i j k 2i 7 j 5k+ - + l - + + l + -

3
ˆ ˆ ˆ ˆ ˆ ˆ3i 3j 6k 3i 2 j 4k= - + + + l - + +

Equating the coefficients of i, j and k, we get

5 + 3l1 + 2l2 = – 3 (1 + l3) ....(1)

7 – l1 + 7l2 = 3 + 2l3 ....(2)

–2 + l1 – 5l2 = 6 + 4l3 ....(3)

Solve equations (1), (2) and (3) to get :

l2 = – 1, l3 = – 1 and l1 =  – 1

Þ D º (2, 8, –3) and C º (0, 1, 2)

  Example – 15

The volume of the parallelopiped whose sides are given

by ,k̂î3OC,k̂ĵîOB,ĵ3î2OA -=-+=-=  is :

(a) 
13

4
(b) 4

(c) 
7

2
(d) none of these

Ans. (b)

Sol. The volume of parallelopiped 

2 3 0

1 1 1

3 0 1

a b c

-

é ù= = -ë û
-

r r r

2( 1) 3( 1 3) 2 6 4= - + - + = - + =

  Example – 16

The points with position vectors

ˆ ˆ ˆ ˆ ˆ ˆ60i + 3j, 40i - 8j, ai - 52j are collinear, if :

(a) a = – 40 (b) a = 40

(c) a = 20 (d) none of these

Ans. (a)

Sol.  if 20 11AB i j= - -
uuur

$

and ( 60) 55 , thenAC a i j= - -
uuur

$ the three points  A. B and

C will be collinear if

60 55
40

20 11

a
a

- -
= Þ = -

- -
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  Example – 17

A vector a
r

 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
r

has components p + 1 and 1, then :

(a) p = 0 (b) 
3

1
por1p -==

(c) 
3

1
por1p == (d) p = 1 or p = – 1

Ans. (b)

Sol. Here,  (2 )a p i j= +
r

$ , when a system is rotated,the new

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

2 2
. . ( 1)= + + Þ =
r r r

$i e b p i j a b

2 2 2 24 1 ( 1) 1 4 2 1+ = + + Þ = + +or p p p p p

23 2 1 0 (3 1)( 1) 0p p p pÞ - - = Þ + - =

1
1,

3
pÞ = -

  Example – 18

Let a, b, c be distinct non-negative numbers. If the vectors

k̂î,k̂cĵaîa +++  and k̂bĵcîc ++  lie  in a plane, then c is:

(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

Ans. (b)

Sol. Since, three vectors are coplanar.

1 0 1 0

a a c

c c b

=

Applying 1 1 2

0

1 0 1 0

0

a c

C C C

c b

® - =

2 21 0ab c ab cÞ - - = Þ =

  Example – 19

If 
rr r

a b c, ,  are non-coplanar unit vectors such that

2

cb
cba

rr
rrr +

=´´ , then the angle between a
r

 and b
r

 is :

(a) 
4

3p
(b) 

4

p

(c) 
2

p
(d) p

Ans.     (a)

Sol. Since, 
2

b c
a b c

+
´ ´ =

r r
r r r

1 1

2 2
a c b a b c b cÞ × - × = +
r r r r r r r r

On equating the coefficient of c
r

,we get

1 1
cos

2 2
a b a b q× = - Þ = -
r r r r

1 3
cos

42

p
q q\ = - Þ =

  Example – 20

Let u,v and w
r r r

 be vectors such that 0.u v w+ + =
r r r

 If

3, 4u v= =
r r

 and | w
r

| = 5, then uwwvvu
rrrrrr

×+×+×  is :

(a) 47 (b) – 25

(c) 0 (d) 25

Ans. (b)

Sol. Since, 0u v w+ + =
r r ur r

2
0u v wÞ + + =

r r ur

2 2 2
2 0u v w u v v w w uÞ + + + × + × + × =

r r ur r r r ur ur r

9 16 25 2 0u v v w w uÞ + + + × + × + × =
r r r ur ur r

25u v v w w uÞ × + × + × = -
r r r ur ur r
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  Example – 21

If , anda b c
rr r

 are three non-coplanar vectors, then

(a + b +c).[(a + b) × (a + c)]
r rr r r r r

 equals :

(a) 0 (b) ]cba[
rrr

(c) ]cba[2
rrr

× (d) ]cba[
rrr

-

Ans. (d)

Sol. a b c a b a cé ù+ + × + ´ +
ë û

r r r r r r r

a b c a a a c b a b cé ù= + + × ´ + ´ + ´ + ´ë û

r r r r r r r r r r r

a a c a b a a b c= × ´ + × ´ + × ´
r r r r r r r r r

b a c a b a b b c+ × ´ + × ´ + × ´
r r r r r r r r r

c a c c b a c b c× ´ + × ´ + × ´
r r r r r r r r r

a b c b a c c b a a b cÞ + + Þ\
r r r r r r r r r r r r

  Example – 22

If ˆ ˆˆ ˆ ˆ ˆ, 4 3 4a i j k b i j k= + + = + +
rr

 and k̂ĵîc b+a+=
r

  are

linearly dependent vectors and ,3c =
r

 then :

(a) a = 1, b = – 1 (b) a = 1, b = ± 1

(c) a = – 1, b = ± 1 (d) a = ± 1, b = 1

Ans. (d)

Sol. Since, , ,a b c
r r r

are linearly dependent vectors.

0a b cé ùÞ =ë û

r r r

1 1 1

4 3 4 0

1 a b

Þ =

Applying, 1 2 1 3 3 1, ,C C C C C C® - ® -

1 0 0

4 1 0 0 ( 1) 0 1

1 1 1

b b

a b

- = Þ - - = Þ =

- -

Also, 3c =
r

 [given]

2 21 3 ,given c i j ka b a bé ùÞ + + = = + +
ë û

$

2 21 1 3 1 1a a aÞ + + = Þ = Þ = ±

  Example – 23

Let k̂2ĵî2a -+=
r

 and  .ĵîb +=
r

 If c
r

 is a vector such

that , 2 2a c c c a× = - =
r r r r r

 and the angle between ba
rr

´

and c
r

 is 30º, then cba
rrr

´´  is equal to :

(a) 
3

2
(b) 

2

3

(c) 2 (d) 3

Ans. (b)

Sol. In this equation, vector c
r

is not given therefore,

we cannot apply the formulae of a b c´ ´
r r r

(vector triple product).

sin 30 ...( )a b c a b c i´ ´ = ´ °
r r r r r r

2 1 2 2 2

1 1 0

i j k

a b i j k´ = - = - +

$
r r

$

2 22 ( 2) 1 4 4 1 9 3a bÞ ´ = + - + = + + = =
r r

Since, 2 2c a- =
r r

 [given]

2
8c aÞ - =

r r

8c a c aÞ - × - =
r r r r

8c c c a a c a aÞ × - × - × + × =
r r r r r r r r

2 2
2 8c a a cÞ + - × =

r r r r

2
9 2 8c cÞ + - =

r r
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2
2 1 0c cÞ - + =

r r

2
1 0 1c cÞ - = Þ =

r r

From Eq.(1),
1 3

(3)(1).
2 2

a b c
æ ö

´ ´ = =ç ÷
è ø

r r r

  Example – 24

Let ˆ ˆˆ ˆ ˆ ˆ2 , 2a i j k b i j k= + + = + -
rr

 and a unit vector c
r

 be

coplanar. If c
r

 is perpendicular to a
r

, then c
r

 is equal to :

(a) k̂ĵ
2

1
+- (b) 

1
i j k

3
ˆ ˆ ˆ- - -

(c) ĵ2î
5

1
- (d) k̂ĵî

5

1
--

Ans.     (a)

Sol. It is given that c
r

is coplanar with a
r

 and b
r

, we take

...( )c pa qb i= +
r r r

Where, p and q are scalars.

Since, 0c a c a^ Þ × =
r r r r

Taking dot product of a
r

in Eq.(i), we get

2
0c a pa a qb a p a q b a× = × + × Þ = + ×

r r r r r r r r r

2

2

2 1 1 6

2 2

2 2 1 3

a i j k

a

a b i j k i j k

é ù= + +
ê ú
ê ú= + + =
ê ú
ê ú× = + + × + -ê ú
ê ú= + - =ë û

r
$Q

r

r r
$ $

0 6 3 2p q q pÞ = × + × Þ = -

On putting in Eq.(i), we get

( 2 )c pa b p= + -
r r

2 2c pa pb c p a bÞ = - Þ = -
r r r r r r

2 2 2c p i j k i j ké ùÞ = + + - + -
ë û

r
$ $

2 23 3 ( 3) 3c p j k c pÞ = - + Þ = - +
r r

22 2 218 .18c p c pÞ = Þ =
r r

21 .18 1p cé ùÞ = =
ë û

r
Q

2 1 1

18 3 2
p pÞ = Þ = ±

1

2

j k
c

- +
\ = ±
r

  Example – 25

Let ˆ ˆˆ ˆ ˆ ˆ2 , 2a i j k b i j k= - + = + -
rr

 and k̂2ĵîc -+=
r

be

three vectors. A vector in the plane of b
r

 and c
r

, whose

projection on a
r

 is of magnitude 3/2 , is

(a) k̂3ĵ3î2 -+ (b) k̂3ĵ3î2 ++

(c) k̂5ĵî2 +-- (d) k̂5ĵî2 ++

Ans. (a,c)

Sol. Given vectors are 2 , 2a i j k b i j k= - + = + -
r r

$ $ and

2c i j k= + -
r
$

Any  vector r
r

in the plane of b
r

and c
r

is

2 2r b t c i j k t i j k= + = + - + + -
r r r

$ $

(1 ) (2 ) (1 2 ) ....( )t i t j t k i= + + + - +$

Since,projection 
2

.
3

r on ais
r r

2

3

r a

a

×
\ =

r r

r

2(1 ) (2 ) (1 2 ) 2

36

t t t+ - + - +
Þ =

(1 ) 2 1 3t t orÞ - + = Þ = -
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cos 1, 1,a b givenq é ù= = =
ë û

r r
Q

,Now u a a b b u a a b b= - × Þ = - ×
r r r r r r r r r r

22
u a a b bÞ = - ×
r r r r r

2 2
cosu a bqÞ = -

r r r

2 2 22cos 2cosÞ = + - ×
r r r r r
u a b a bq q

2 2 21 cos 2cosu q qÞ = + -
r

2 22 21 cos sinu uq qÞ = - Þ =
r r

, [ ]Also v a b given= ´
r r r

2 2 2 2 2 2sinv a b v a b qÞ = ´ Þ = ×
r r r r r r

2 2sinv qÞ =
r

2 2
u v\ =
r r

,Now u a a a b b a a a a b b aé ù× = - × × = × - × ×
ë û

r r r r r r r r r r r r r

2 2 2 2cos 1 cos sin= - = - =
r
a q q q

2sin sinu u a vq q\ + × = + ¹
r r r r

u b a a b b bé ù× = - × ×
ë û

r r r r r r r

2
a b a b b b a b a b b= × - × × = × - ×
r r r r r r r r r r r

0 ...( )a b a b i= × - × =
r r r r

0u u b u u v\ + × = + = =
r r r r r r

,Also u a b u a u b u a× + = × + × = ×
r r r r r r r r r

u u a b u u a vÞ + × + = + × ¹
r r r r r r r r

On putting t=1,-3 in  Eq.(i) respectively,we get

2 3 3r i j k= + -$ $

2 5or r i j k= - - +$ $

  Example – 26

Which of the following expressions are meaningful

questions?

(a) )wv(u
rrr

´× (b) w)vu(
rrr

××

(c) w)vu(
rrr

× (d) )wv(u
rrr

×´

Ans. (a,c)

Sol. (a) u v w× ´
r r ur

is a meaningful operation.

Therefore, (a) is the answer.

(b) u v w× ×
r r ur

is not meaningful, since v w×
r ur

is a scalar

quantity and for dot product both quantities should

be vector.

Therefore, (b) is not the answer.

(c) u v w×
r r ur

is meaningful, since it is a simple multiplication

of vector and scalar quantity.

Therefore, (c) is the answer.

(d) u v w´ ×
r r ur

is not meaningful, since v w×
r ur

is a scalar

quantity and for cross product, both quantities should

be vector.

Therefore (d) is not the answer.

  Example – 27

Let a
r

and b
r

 be two non–collinear unit vectors. If

b)ba(au
rrrrr

×-=  and ,v a b= ´
rr r  then |v|

r
 is

(a) |u|
r

(b) |au||u|
rrr

×+

(c) |bu||u|
rrr

×+ (d) )ba(u|u|
rrrr

+×+

Ans.     (a,c)

Sol. Let q be the angle between a
r

and b
r

.Since, a
r

and b
r

are

non-collinear vectors, then 0 .andq q p¹ ¹

We have, cosa b a b q× =
r r r r
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  Example – 28

Let A B C, ,
r rr

 be three vectors of lengths 3, 4, 5 respectively..

Let A
r

 be perpendicular to B C B to C A,+ +
r r rr r

 and

C to A B.+
r r r

 Then the length of vector A B C+ +
r rr

 is...

Ans. ( 5 2 )

Sol. Given, 3, 4, 5A B C= = =
ur ur ur

Since, 0 ....( )A B C B C A C A B i× + = × + = × + =
ur ur ur ur ur ur ur ur ur

2 2 2 2
2A B C A B C A B B C C A\ + + = + + + × + × + ×

ur ur ur ur ur ur ur ur ur ur ur ur

9 16 25 0= + + +

.( ) 0from Eq i A B B C C Aé ù× + × + × =ë û

ur ur ur ur ur ur

2
50A B C\ + + =

ur ur ur

5 2A B C\ + + =
ur ur ur

  Example – 29

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

vectors a b c and d, ,
r rr r

 respectively such that

a d b c b d c a 0- - = - - =
r r r rr r r r

. . . The point D, then, is

the.... of the triangle ABC.

Ans. (Orthocentre)

Sol. , 0As a d b c b d c a- × - = - × - =
r ur r r r ur r r

AD BC and BD CAÞ ^ ^

which clearly represents from figure that D is orthocentre

of ABCD

  Example – 30

If A B C, ,
r rr

are three non-coplanar vectors, then

A B C B A C

C A B C A B

. .
....

. .

´ ´
+ =

´ ´

r r r rr r

r r r rr r

Ans. (0)

Sol.

A B C B A C

C A B C A B

× ´ × ´
+

´ × × ´

ur ur ur ur ur ur

ur ur ur ur ur ur

0
AB C B A C A B C A B C

C A B C A B C A B

-
= + = =

ur ur ur ur ur ur ur ur ur ur ur ur

ur ur ur ur ur ur ur ur ur

  Example – 31

If A 1 1 1 C 0 1 1= = -
r r

, , , , ,  are given vectors, then a

vector B
r

 satisfying the equations A B C´ =
r rr

 and

A B 3. =
r r

 is ........

Ans.
5 2 2ˆ ˆ ˆi j k
2 3 3

Þ + +

Sol. Let B xi y j zk= + +
ur

$

Given ,A i j k C i j= + + = -
ur ur
$ $

Also, given A B C´ =
ur ur ur

ˆ ˆ(z y)i (x z)j (y x)k j kÞ - - - + - = -$ $ $

0, 1, 1z y x z y xÞ - = - = - = -

Also, 3 3A B x y z× = Þ + + =
ur ur

On solving above equations, we get

5 2
,

3 3
x y z= = =

5 2 2ˆ ˆ ˆi j k
2 3 3

Þ + +
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  Example – 32

If the vectors ai j k i bj kˆ ˆ ˆ ˆ ˆ ˆ,+ + + +  and i j ckˆ ˆ ˆ+ +  (a¹b¹c¹1)

are coplanar, then the value of

1 1 1

1 a 1 b 1 c
.....+ + =

- - -

Ans. (1)

Sol. Since, vectors are coplanar

1 1

1 1 0

1 1

a

b

c

\ =

Applying 2 2 1 3 3 1,R R R R R R® - ® -

1 1

1 1 0 0

1 0 1

a

a b

a c

- - =

- -

1 1

(1 ) (1 ) (1 )

1 1 0 0

1 0 1

a

a b c- - -

Þ - =

-

1 1
(1) ( 1) (1) 0

1 1 1

a

a b c
\ - - + =

- - -

1 1
0

1 1 1

a

a b c
\ + + =

- - -

1 1 1
1 0

1 1 1a b c
\- + + + =

- - -

1 1 1
1

1 1 1a b c
\ + + =

- - -

  Example – 33

Let b 4i 3j and cˆ ˆ= +
r r

 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 c
r r

, respectively,,

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

Ans. 2i j-$

Sol. Let c ai b j= +
r
$

Since, b
r

and c
r

are perpendiculars to each other..

Then, 0 4 3 0b c i j ai b j× = Þ + × + =
r r

$ $

4 3 0 : 3 : 4a b a bÞ + = Þ = -

3 4 ,c i jl\ = +
r

$ where l is constant to ratio.

Let the required vectors be a pi q j= +
r

$

Projection 
a b

a onb is
b

×
r r

r r
r

4 3
1 4 3 5 ....( )

5

p q
p q i

+
\ = Þ + =

Also, projection of 
a c

a on c is
c

×
r r

r r
r

3 4
2 3 4 10

5

p q
p q

l l

l

-
Þ = Þ - =

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

2c i j\ = -
r
$
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0r i i i jé ùÞ - × ´ + =
ë û

r
$ $ $

0xi y j zk i i i i jé ùÞ + + - × ´ + ´ =
ë û

$ $ $ $ $

( 1) 0x i y j zk ké ùÞ - + + × =
ë û

$

( 1) 0x i k y j k zk kÞ - × + × + × =$

0 ...( )z iÞ =

Equation of plane containing i j-$ and i k+$ is

0r i j i j i ké ù- - - + =
ê úë û

r
$ $ $

0r i j i j i ké ùÞ - - × - ´ + =
ë û

r
$ $ $

0xi y j zk i j i i i k j i j ké ùÞ + + - - × ´ + ´ - ´ - ´ =
ë û

$ $ $ $ $ $

( 1) ( 1) 0x i y j zk j k ié ùÞ - + + + × - + - =
ë û

$ $

( 1) ( 1) 0 ...( )x y z iiÞ - - - + + =

Let 
1 2 3a a i a j a k= + +

r
$

Since, a
r

is parallel to Eqs.(i) and (ii), we get

3 0a =

and 1 2 3 1 2 30 , 0a a a a a a+ - = Þ = - =

Thus, a vector in the direction ais i j-
r
$

If q is the angle between 2 2 ,a and i j k- +
r

$ , then

(1)(1) ( 1)( 2) 3
cos

1 1 1 4 4 2 3
q

+ - -
= ± = ±

+ + + ×

1 3
cos

4 42
or

p p
q qÞ = ± Þ =

  Example – 34

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

perpendicular to i j kˆ ˆ ˆ+ +  is.......

Ans.
1

2
j k× - +

Sol. Any vector coplanar with 2 2i j k and i j k+ + + +$ $ is given

by

2 2a x i j k y i j k= + + + + +
r

$ $

( ) ( 2 ) (2 )x y i x y j x y k= + + + + +$

This vector is perpendicular to i j k+ +$ ,if

( )1 ( 2 )1 (2 )1 0x y x y x y+ + + + + =

4 4 0x y x yÞ + = Þ - =

2a x j xk x j k a x\ = - + = - + Þ =
r r

Hence, the required unit vector is

1

2
j k× - +

  Example – 35

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

of the plane determined by the vectors i i jˆ ˆ ˆ, +  and the

plane determined by the vectors i j i kˆ ˆ ˆ ˆ, .- +  The angle

between a
r

and the vector i 2 j 2kˆ ˆ ˆ- +  is........

Ans.
3

4 4
or

p p

Sol. Equation of plane containing i$ and i j+$ is

0r i i i jé ù- + =
ë û

r
$ $ $
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  Example – 36

Let OA a OB 10a 2b, ,= = +
uuur uuur rr r

 and OC b,=
uuur r

 where O, AA

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, then k = ........

Ans. (6)

Sol. Since, q=area of parallelogram with OA
uuur

and OC
uuur

as

adjacent sides

OA OC a b= ´ = ´
uuur uuur r r

and p=area of quadrilateral OABC

1 1
OA OB OB OC

2 2
= ´ + ´
uuur uuur uuur uuur

1 1
10 2 10 2

2 2
a a b a b b= ´ + + + ´
r r r r r r

5 6a b a b a b= ´ + ´ = ´
r r r r r r

6p q\ =

6kÞ =

  Example – 37

Let a b and c,
rr r

 be three vectors having magnitudes 1, 1

and 2 respectively. If a a c b 0,´ ´ + =
r rr r r

 then the acute

angle between a and c
r r

 is .........

Ans.
6

p

Sol. Given, 0a a c b´ ´ + =
r r r r r

0a c a a a c bÞ × - × + =
r r r r r r r r

(2cos ) 0Þ - + =
r r r r
a c bq

2 2
2cosÞ - = -

r r r
a c bq

2 2 2
24cos a c 2.2cos a c bÞ q× + - q × =
r r r r r

2 24cos 4 8cos 1q qÞ + - =

24cos 3qÞ =

3
cos

2
qÞ = ±

For q  to be acute, 
3

cos
2

q =

6

p
qÞ =

  Example – 38

Find all the values of l such that x, y, z ¹ (0, 0, 0) and

i j 3k x 3i 3j k y 4i 5j z ix jy kz+ + + + + - + =l + +ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ–

where i j kˆ ˆ ˆ, ,  are unit vectors along the coordinate axes.

Ans. (0, –1)

Sol. Since, 3 3 3 4 5i j k x i j k y i j z+ + + - + + - +
r r r r r r r r

ix jy kzl= + +
r r r

3 4 , 3 5 ,3 0x y z x x y z y x y z zl l lÞ + - = - + = + + =

(1 ) 3 4 0, (3 ) 5 0andx y z x y zl lÞ - + - = - + + =

3 0x y zl+ - =

Since, ( , , ) (0,0,0)x y z ¹

\Non-trivial solution.

0Þ D =

1 3 4

1 (3 ) 5 0

3 1

l

l

l

- -

Þ - + =

-

2(1 ) 3 5 3( 15)l l l lÞ - + - - - -

4(1 9 3 ) 0l- + + =

2( 1) 0l lÞ + =

0, 1l\ = -
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  Example – 39

The position vectors of the points A, B, C and D are

3i 2j k 2i 3j 4k i j 2kˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ, ,- - + - - + +  and 4i 5j kˆ ˆ ˆ ,+ +l

respectively. If the points A, B, C and D lie on a plane,

find the value of l.

Ans.
146

–
17

Sol. Here, 5 3AB i j k= - + -
uuur

$

4 3 3 7 ( 1)AC i j k and AD i j kl= - + + = + + +
uuur uuur

$ $

We know that A, B, C, D lie in a plane if AB
uuur

, AC
uuur

, AD
uuur

 are

coplanar i.e.

1 5 3

0 4 3 3 0

1 7 1

AB AC AD

l

- -

é ù = Þ - =ë û
+

uuur uuur uuur

(3 3 21) 5( 4 4 3) 3( 28 3) 0l lÞ - + - - - - - - - - =

17 146 0lÞ + =

–146

17
l\ =

  Example – 40

If A, B, C, D are any four points in space, prove that

AB CD BC AD CA BD 4´ + ´ + ´ =
uuur uuur uuur uuur uuur uuur

 (area of D ABC).

Sol. Let the position vectors of points A,B,C,D be

, , and
r r r ur
a b c d respectively..

Then, , , ,AB b a BC c b AD d a= - = - = -
uuur r r uuur r r uuur ur r

, ,BD d b CA a c CD d c= - = - = -
uuur ur r uuur r r uuur ur r

,Now AB CD BC AD CA BD´ + ´ + ´
uuur uuur uuur uuur uuur uuur

b a d c c b d a a c d b= - ´ - + - ´ - + - ´ -
r r ur r r r ur r r r ur r

| b d a d b c a c c d c a b d= ´ - ´ - ´ + ´ + ´ - ´ - ´
r ur r ur r r r r r ur r r r ur

|b a a d a b c d c b+ ´ + ´ - ´ - ´ + ´
r r r ur r r r ur r r

2 ....( )a b b c c a i= ´ + ´ + ´
r r r r r r

Also, are of ABCD

1 1

2 2
AB AC b a c a= ´ = - ´ -
uuur uuur r r r r

1

2
b c b a a c a a= ´ - ´ - ´ + ´
r r r r r r r r

1
....( )

2
a b b c c a ii= ´ + ´ + ´
r r r r r r

From Eqs. (i) and (ii)

2(2 )AB CD BC AD CA BD area of ABC´ + ´ + ´ = D
uuur uuur uuur uuur uuur uuur

4 area of ABC= D

  Example – 41

If vectors a b c, ,
rr r

 are coplanar, show that

a b c

a a a b a c 0

b a b b b c

. . .

. . .

=

rr r

r rr r r r r

r r r rr r

Sol. Given that, a b c
r r r

are coplanar vectors.

\There exists scalars x,y,z not all zero, such that

0 ...( )xa yb zc i+ + =
r r r

Taking dot with a
r

and b
r

respectively, we get

0 ...( )x a a y a b z a c ii× + × + × =
r r r r r r

0 ...( )and x a b y b b z c b iii× + × + × =
r r r r r r

Since, Eqs.(i), (ii) and (iii) represent homogeneous

equations with ( , , ) (0,0,0)x y z ¹

Þ Non-trivial solutions

0\D =

0

a b c

a a a b a c

b b b b b c

Þ × × × =

× × ×

r r r

r r r r r r r

r r r r r r
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  Example – 42

Let A 2i k B i j kˆ ˆ ˆ ˆ ˆ, ,= + = + +
r r

 and C 4i 3j 7kˆ ˆ ˆ .= - +
r

Determine a vector R
r

 satisfying

R B C B and R A 0.´ = ´ =
r rr r r r

.

Ans. ˆ ˆ ˆi 8j 2k- - +

Sol. Let R xi y j zk= + +
ur

$

R B C B\ ´ = ´
ur ur ur ur

4 3 7

1 1 1 1 1 1

i j k i j k

x y zÞ = -

$ $

( ) ( ) ( ) 10 3 7y z i x z j x y k i j kÞ - - - + - = - + +$ $

10, 3, 7y z z x x yÞ - = - - = - =

and 0R A× =
ur ur

2 0x zÞ + =

On solving above equations,

1, 8 2x y and z= - = - =

8 2R i j k\ = - - +
ur

$

  Example – 43

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

cxi 6j 3k and xi 2j 2cxkˆ ˆ ˆ ˆ ˆ ˆ- - + +  make an obtuse angle

with each other.

Ans.
4

,0
3

-æ ö
ç ÷
è ø

Sol. Let 6 3 2 2 .a cxi j k and b xi j cxk= - + = + +
r r

$ $

Since,  a
r

and b
r

make an obtuse angle.

20 12 6 0a b cx cxÞ × < Þ - + <
r r

0cÞ < and discriminant <0

20 36 4.( 12) 0c and c cÞ < - - <

0 12 (3 4) 0c and c cÞ < + <

4
0

3
c and cÞ < > -

4
,0

3
c

-æ ö
\ Îç ÷

è ø

  Example – 44

For any two vectors u and v
r r

 prove that

2 2 2 2
a u v u v u v and. + ´ =
r r r r r r

2 2
b 1 u 1 v+ +

r r

                     = 
22

1 u v u v u v.- + + + ´
r r r r r r

Sol. (a) Since, cosu v u v q× =
r r r r

and sinu v u v nq´ =
r r r r

where, q  is the angle between u
r

and v
r

and n is

unit vector perpedicular to the plane of u and v
r r

.

Again,
2 2 2 2cosu v u v q× =

r r r r

2 2 2 2sinu v u v q´ =
r r r r

2 2 2 2 2 2cos sinu v u v u v q q\ × + ´ = +
r r r r r r

2 2
....( )u v i=

r r

(b) 
2

u v u v+ + ´
r r r r

2 2
2u v u v u v u v= + + ´ + + × ´

r r r r r r r r

2 2 2
2 0u v u v u v= + + × + ´ +

r r r r r r

[\ u v´
r r

is perpendicular to the plane of u and v
r r

]

2 2
1u v u v u v\ + + ´ + - ×

r r r r r r
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2 2 2 2
2 1 2u v u v u v u v u v= + + × + ´ + - × + ×

r r r r r r r r r r

2 2 2 2
1 .( )u v u v from Eq i= + + +

r r r r

2 2 2 2 2
1 1 1 1u v v v uæ ö æ ö æ ö æ ö= + + + = + +ç ÷ ç ÷ ç ÷ ç ÷

è ø è ø è ø è ø

r r r r r

  Example – 45

A line with positive direction cosines passes through the

point P(2, –1, 2) and makes equal angles with the coordinate

axes. The line meets the plane 2x + y + z = 9 at point Q. The

length of the line segment PQ equals

(a) 1 (b) 2

(c) 3 (d) 2

Ans. (c)

Sol. Since, 1

3
l m n= = =

\Equation of line is 
2 1 2

1 1 1

3 3 3

x y z- + -
= =

2 1 2 [ ]x y z r sayÞ - = + = - =

\Any point on the line is

2, 1, 2Q r r rº + - +

QQ  lies on the plane 2 9x y z+ + =

2( 2) ( 1) ( 2) 9r r r\ + + - + + =

4 5 9rÞ + =

1rÞ =

3,0,3QÞ

2 2 23 2 (0 1) (3 2) 3PQ\ = - + + + - =

  Example – 46

The area of the triangle whose vertices are A (1, –1, 2),

B(2, 1, –1), C(3, –1, 2) is ......

Ans. 13 .sq unit

Sol. Area of 
1

2
ABC AB ACD = ´

uuur uuur

2 3AB i j k= + -
uuur

$

2and AC i=
uuur

$

1 2 3 2 3 2

2 0 0

i j k

AB AC j k\ ´ = - = - -

$
uuur uuur

1

2
Area of triangle AB ACÞ = ´

uuur uuur

1
2 9 4

2
= × × +

13 sq units=

  Example – 47

The unit vector perpendicular to the plane determined by

P(1, –1, 2), Q(2, 0, –1) & R(0, 2, 1) is ......

Ans.
2

6

i j k+ +
±

$

Sol. A unit vector perpendicular to the plane determined by

P,Q,R

PPQ R

PQ PR

´
= ±

´

uuur uuur

uuur uuur

PQ PR
Unit vector

PQ PR

´
\ = ±

´

uuur uuur

uuur uuur

3 – 3 –PQ i j k and PR i j k= + - = +
uuur uuur

$

1 1 3

1 3 1

i j k

PQ PR\ ´ = -

- -

$
uuur uuur
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( 1 9) ( 1 3) (3 1)i j k= - + + - - + +$

8 – 4 4i j k= +$

4 4 1 1 4 6PQ PRÞ ´ = + + =
uuur uuur

Hence the unit vector is

2

6

i j k+ +
= ±

$

  Example – 48

If the angle between the line 
y 1 z 3

x
2

- -
= =

l
 and the plane

x + 2y + 3z = 4 is cos–1
5

14
,

æ ö
ç ÷ç ÷
è ø

 then l equals to

(a) 
3

2
(b) 

2

5

(c) 
5

3
(d) 

2

3

Ans. (d)

Sol.
0 1 3

1 2

x y z

l

- - -
= =

2 3 4x y z+ + =

Angle between line and plane (by definition)

1 1

2 2

1 1 2 2 3 5 3
sin sin

1 4 9 1 4 14 5

l l

l l

- -
æ ö æ ö× + × + × +

= =ç ÷ ç ÷ç ÷ ç ÷
+ + + + +è ø è ø

So, 

2
2 2

2

(5 3 ) 5
1 sin cos 1

1414 5

l
q q

l

+
+ = + =

+
Q

2

2

(5 3 )
5 14

5

l

l

+
Þ + =

+

2 2 2(5 3 ) 5 5 14 5l l lÞ + + + = +

2 2 225 30 9 25 5 70 14l l l lÞ + + + + = +

30 50 70lÞ + =

2
30 20

3
l lÞ = \ =

  Example – 49

The length of the perpendicular drawn from the point

(3, –1, 11) to the line 
x y 2 z 3

2 3 4

- -
= =  is

(a) 66 (b) 29

(c) 33 (d) 53

Ans. (d)

Sol. Let feet of perpendicular is

(2 ,3 2,4 3)a a a+ +

Þ  direction ratio of lines are 2,3,4

2(2 3) 3(3 3) 4(4 8) 0a a aÞ - + + + - =

1aÞ =

Þ  Foot of perpendicular is (2,5,7)

Þ  length of perpendicular 2 21 6 4 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) x – 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

2 2 0x y z k- + + =

1 3
3

k
kÞ = Þ =

2 2 3 0x y z\ - + - =  or 2 2 3 0x y z- + + =

  Example – 51

If the line 
x 1 y 1 z 1

2 3 4

- + -
= =  and 

x 3 y k z

1 2 1

- -
= =

intersect, then k is equal to

(a) –1 (b) 
2

9

(c) 
9

2
(d) 0

Ans. (c)
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Sol. 1

1 1 1

2 3 4

x y z
r

- + -
= = =  and 2

3

1 2 1

x y k z
r

- -
= = =

or 1 2 1 2 1 22 1 3,3 1 2 ,4 1r r r r k r r+ = + - = + + =

1 22 2r rÞ - =  and 1 24 1r r- = -

1 1

3
2 3

2
r r

-
- = Þ =  and 2 5r = -

9 11 9
1 10 10

2 2 2
k k\- - = - + Þ = - =

  Example – 52

The image of the line  
x 1 y 3 z 4

3 1 5

- - -
= =

-
 in the plane

2x – y + z + 3 = 0 is the line :

(a) 
x 3 y 5 z 2

3 1 5

- + -
= =

- -

(b) 
x 3 y 5 z 2

3 1 5

+ - -
= =

-

(c) 
x 3 y 5 z 2

3 1 5

+ - +
= =

- -

(d) 
x 3 y 5 z 2

3 1 5

- + -
= =

-

Ans. (b)

Sol. DR’s of line = 3,1,-5

DR’s of the normal of plane = 2,-1,1

3(2) 1( 1) 5 0Þ + - - =

So, the line is parallel to the plane

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

1 3 4 2(2 3 4 3)

2 1 1 6

x y z- - - - + +
= = = -

-

1 3 4
2

2 1 1

x y z- - -
Þ = = = -

-

3, 5, 2x y zÞ = - = =

Þ  Equation of image of the line is

3 5 2

3 1 5

x y z+ - -
= =

-

  Example – 53

The angle between the lines whose direction cosines

satisfy the equations l + m + n = 0 and l2 = m2 + n2 is :

(a) 
2

p
(b) 

3

p

(c) 
4

p
(d) 

6

p

Ans.     (b)

Sol. 0l m n+ + =   …….(1)

2 2 2l m n= +    …..(2)

From (1) and (2)

2 2 2( )m n m n+ = +

2 0 0,mn mÞ = Þ =  or 0n =

If 0m =   then from (1)

0
1 1

l n
l n l n+ = Þ = - Þ =

-

If 0n =   then from (1)

0
1 1

l m
l m l m+ = Þ = - Þ =

-

Þ  angle between the lines

(1)(1) ( 1)(0) ( 1)(0)
cos

1 0 1 1 0 1
q

+ - + -
=

+ + + +

1

2
=

3

p
qÞ =
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  Example – 54

A line in the 3-dimensional space makes and angle

0
2

pæ ö
q < q £ç ÷

è ø
 with both the x and y axis. Then the set of

all values of q  is the interval:

(a) 0,
4

pæ ù
ç ú
è û

(b) ,
6 3

p pé ù
ê ú
ë û

(c) ,
4 2

p pé ù
ê ú
ë û

(d) ,
3 2

p pæ ù
ç ú
è û

Ans.    (c)

Sol. We know that 
2 2 2cos cos cos 1a + b + g =

2 2 2cos cos cos 1Þ q + q + g =

2 2cos 1 2cosÞ g = - q

20 cos 1£ g £Q

20 1 2cos 1Þ £ - q £

21 2cos 0Þ - £ - q £

20 2cos 1Þ £ q £

2 1 1
0 cos 0 cos

2 2
Þ £ q £ Þ £ q £

,
4 2

p pé ù
Þ qÎ ê ú

ë û

  Example – 55

The plane contaning the line 
x 1 y 2 z 3

1 2 3

- - -
= =  and

parallel to the line 
x y z

1 1 4
= =  passes through the point:

(a) (1, -2, 5) (b) (1, 0, 5)

(c) (0, 3, -5) (d) (-1, -3, 0)

Ans.     (b)

Sol. DR’s of the given lines are (1,2,3) and (1,1,4)

Þ  DR’s of the normal to the plane

i j k

1 2 3

1 1 4

=

$ $

i(5) j(1) k( 1)= - + -$ $

5i j k= - -$ $

It contains the point (1,2,3)

Þ  Equation of the plane is

5(x 1) 1(y 2) 1(z 3) 0- - - - - =

5x y z 0Þ - - =

It also passes through (1,0,5)
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EXERCISE - 1 : BASIC OBJECTIVE QUESTIONS

VECTORS

Basics of Vectors

1. In a regular hexagon ABCDEF,

AB a, BC b and CD c= = =
uuur uuur uuurr r

. Then, AE =
uuur

(a) a b c+ +
rr r

(b) 2 a b c+ +
rr r

(c) b c+
r r

(d) a 2b 2c+ +
rr r

2. If ABCDE is a pentagon, then

AB AE BC DC ED AC+ + + + +
uuur uuur uuur uuur uuur uuur

 equals

(a) 3AD
uuur

(b) 3AC
uuur

(c) 3BE
uuur

(d) 3CE
uuur

3. Which of the following is unit vectors

(a) ˆ ˆi j+ (b) 
+ +ˆ ˆ ˆi j k

2

(c) ˆ ˆ ˆi j k+ + (d) 
+ +ˆ ˆ ˆi j k

3

4. If ˆ ˆ ˆ ˆa 2i 5j and b 2i j,= + = -
rr

 then unit vector in the

direction of a b+
rr  is

(a) ˆ ˆi j+ (b) ˆ ˆ2 i j+

(c) ˆ ˆi j / 2+ (d) ˆ ˆi – j / 2

5. For any two vector a
r

 and b
r

, correct statement is

(a) | a b | | a | | b |- = -
r rr r

(b) | a b | | a | | b |+ ³ -
r rr r

(c) | a b | | a | | b |+ = +
r rr r

(d) | a b | | a | | b |- £ -
r rr r

6. If ˆ ˆ ˆi, j, k  are position vectors of A, B, C and AB CX=
uuur uuur

,

then position vector of X is

(a) ˆ ˆ ˆi j k- + + (b) ˆ ˆ ˆi – j k+

(c) ˆ ˆ ˆi j – k+ (d) ˆ ˆ ˆi j k+ +

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

point P are respectively a
r

 and b
r

 then the position vector

of middle point of AB is

(a) 
b a

2

-
r r

(b) 
a b

2

+
rr

(c) 
a b

2

-
rr

(d) none of these

8. The points with position vectors

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ3i – 4j – 4k, 2i – j k and i – 3j – 5k+ form

(a) an equilateral triangle

(b) an isosceles triangle

(c) a right angle triangle

(d) none of these

9. The position vector of two points P and Q are respectively

p
r

 and q
r

 then the position vector of the point dividing PQ

in 2 : 5 is

(a) 
p q

2 5

+

+

r r

(b) 
5p 2q

2 5

+

+

r r

(c) 
2p 5q

2 5

+

+

r r

(d) 
p q

2 5

-

+

r r

10. The position vector of the vertices of triangle ABC are

ˆ ˆ ˆi, j and k  then the position vector of its orthocentre is

(a) ˆ ˆ ˆi j k+ + (b) ˆ ˆ ˆ2 i j k+ +

(c) + +
1 ˆ ˆ ˆi j k
3

(d) + +
1 ˆ ˆ ˆi j k
3

11. If, D, E, F are mid points of sides BC, CA and AB

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

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

DDEF is

(a) 
+ +ˆ ˆ ˆi j k

3
(b) ˆ ˆ ˆi j k+ +

(c) 2 ˆ ˆ ˆi j k+ + (d) 
+ +ˆ ˆ ˆ2 i j k

3
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12. If ˆ ˆ ˆ ˆ ˆ ˆa 3i 2j k and b i j k,      


 then the unit vector

parallel to a b
 , is

(a)  1 ˆ ˆ ˆ2i j 2k
3

  (b)  1 ˆ ˆ ˆ2i j 2k
5

 

(c)  1 ˆ ˆ ˆ2i j 2k
3

  (d) none of these

13. 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:

(a) 7 (b) 38

(c) 155 (d) None of these

14. The vector c


, directed along the internal bisector of the

angle between the vectors, k̂4ĵ4î7a 


 and

k̂2ĵî2b 


 with 65|c| 


 is :

(a) )k̂2ĵ7î(
3

5
 (b) )k̂2ĵ5î5(

3

5


(c) )k̂2ĵ7î(
3

5
 (d) )k̂2ĵ5î5(

3

5


15. The vector k̂ĵ2îa 


lies in the plane of the vectors

ĵîb 


 and k̂ĵc 


 and bisects the angle between

b


 and c


. Then which one of the following gives possible

values of  and  ?

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

(c)  = 1,  = 2 (d)  = 2,  = 1

Collinearity and Coplanarity Conditions

16. If position vectors of A, B, C, D are respectively

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ2i 3j 5k, i 2j 3k, 5i 4j – 2k and i 10j 10k,       

then

(a) AB || CD (b) DC || AD

(c) A, B, C are collinear (d) B, C, D are collinear

17. If the vector b


 is collinear with the vector

 a 2 2 , 1, 4 & | b | 10  


, then

(a) 0ba 
 (b) 0b2a 



(c) 0ba2 
 (d) none

18. If ˆ ˆ ˆ ˆ ˆ ˆa 4i 2j 3k and b 8i 4j 6k      


 are two vectors

then a


, b


 are

(a) like parallel (b) unlike parallel

(c) non-collinear (d) perpendicular

19. If 

2 3

2 3

2 3

a a 1 a

b b 1 b 0

c c 1 c



 



 and vectors    2 21,a,a , 1,b,b  and

 21,c,c  are non–coplanar, then the product abc equals

(a) 2 (b) –1

(c) 1 (d) 0

Scalar and vector products

20. If the moduli of vectors a


 and b


 are 1 and 2 respectively

and a.b 1,


 then the angle  between them is :

(a)  (b) 

(c)  (d) 

21. If the angle between a


 and b


 is  then for a.b 0


(a) 0 <   <  (b) 0 <  or > /2

(c) /2 <  <  (d) 0 <  < /2

22. 2 2(A B) (A B)  
  

 equals

(a) 2 22 (A B )
 

(b) 4 A . B
 

(c) 2 2A B
 

(d) none of these

23. If a b ,


then (a b) . (a b) 
  

is

(a) positive (b) negative

(c) zero (d) none of these

24. If ˆ ˆ ˆ ˆ ˆ ˆa i 3j 2k and b 4i – 2j 4k    


,

then (2 a


 + b


) . ( a


 – 2 b


) equals

(a) 14 (b) –14

(c) 0 (d) none of these
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25. Angle between the vectors ˆ ˆ ˆ ˆ ˆ ˆ2i 6j 3k and 12i – 4j 3k+ + +

is

(a) 
1 1

cos
10

- æ ö
ç ÷
è ø

(b) 
1 9

cos
11

- æ ö
ç ÷
è ø

(c) 1 9
cos

91

- æ ö
ç ÷
è ø

(d) 1 1
cos

9
- æ ö

ç ÷
è ø

26. If ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆi j k, 2i 5j, 3i 2j – 3k and i – 6j – k+ + + +  be p.v. of

four points A,B,C and D respectively, then the angle

between AB
uuur

 and CD
uuur

 is

(a) p/4 (b) p/2

(c) p (d) none of these

27. Projection vector of a
r on b

r
is

(a) 
2

a .b
b

| b |

rr r
r (b) 

a .b

| b |

rr

r

(c) 
a .b

| a |

rr

r (d) 2

a .b
b̂

| a |

rr

r

28. The angle between the vectors ba
rr

+  & ba
rr

- , given

1|b|,2|a| ==
rr

 and angle between b&a
rr  is p/3, is

(a) 
3

2
tan 1- (b) 

3

2
tan 1-

(c) 
7

3
tan 1- (d) none

29. Given the vectors b&a
rr  the angle between which equals

120°. If 4|b|&3|a| ==
rr

 then the length of the vector

b
2

3
a2

rr
-  is

(a) 36 (b) 27

(c) 54 (d) none

30. =
ú
ú
û

ù

ê
ê
ë

é
-

2

22
|b|

b

|a|

a
r

r

r

r

(a) 22 |b||a|
rr

- (b) 

2

|b||a|

ba

ú
ú
û

ù

ê
ê
ë

é -
rr

rr

(c) 

2

|b||a|

|b|b|a|a

ú
ú
û

ù

ê
ê
ë

é -
rr

rrrr

(d) none

31. If the coordinates of the points A, B, C be (–1, 3, 2),

(2, 3, 5) and (3, 5, –2) respectively, then ÐA =

(a) 0º (b) 45º

(c) 60º (d) 90º

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

perpendicular to line CD when

(a) a = –1, b = –1 (b) a = 1, b = 2

(c) a = 2, b = 1 (d) a = 2, b = 2

33. If a
r

 and b
r

 are vectors of equal magnitude 2 and a be the

angle between them, then magnitude of a
r

 + b
r

 will be 2 if

(a) a = p/3 (b) a = p/4

(c) a = p/2 (d) a = 2p/3

34. If q be the angle between vectors ˆ ˆ ˆ ˆ ˆ ˆi 2j 3k and 3i 2j k,+ + + +

then the value of sin q is

(a) 6/7 (b) 
2 6

7

(c) 1/7 (d) none of these

35. Two non zero vectors a
r

 and b
r

 will be parallel, if

(a) a
r

. b
r

 = 0 (b) a b 0´ ¹
r rr

(c) a
r

 = b
r

(d) none of these

36. If a
r

 and b
r

 are two vectors, then -

(a) a b a b´ ³
r rr r

(b) a b a b´ £
r rr r

(c) a b a b´ >
r rr r

(d) ´ <
r rr r

a b a b

37. If a b a . b´ =
r rr r

then angle between a and b is

(a) 0° (b) 90°

(c) 60° (d) 45°
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38. The unit vector perpendicular to vectors ˆ ˆ ˆ ˆi j and j k+ +  is

(a) - +
1 ˆ ˆ ˆi j k
3

(b) + -
1 ˆ ˆ ˆi j k
3

(c) + +
1 ˆ ˆ ˆi j k
3

(d) none of these

39. If |a . b|
rr

 = 3 and |a b|´
rr

 = 4, then the angle between

a
r

 and b
r

 is

(a) cos–1 3/4 or 
1 3

cos
4

-p -

(b) cos–1 3/5 or 1 3
cos

5
-p -

(c) 1 13 3
sin or sin

5 5
- -p -

(d) p/4 or 
3

4

p

40. If a
r

, b
r

, c
r

 are any vectors then which one of the following

is a wrong statement.

(a) a
r

 + b
r

 = b
r

 + a
r

(b) a
r

.b
r

 = b
r

.a
r

(c) a
r

 × b
r

 = b
r

 × a
r

(d) |a b| |b a|´ = ´
r rr r

41. If for vectors a
r

 and b
r

, a
r

 × b
r

 = 0 and a
r

.b
r

 = 0, then

(a) a b
rr

(b) a b^
rr

(c)  a 0 or b 0= =
rr rr

(d) none of these

42. If a
r

 × b
r

 = a
r

 × c
r

 then correct statement is

(a) a
r

 = 0

(b) b
r

 = 0 = c
r

(c) b
r

 = c
r

(d) above three are not necessary

43. For any vectors a
r

, b
r

 ; |a
r

 × b
r

|2 + (a
r

. b
r

)2 is equal to

(a) 
22

a b (b) a
r 2 + b

r
2

(c) a
r

2 – b
r

2 (d) 0

44. If ´ = ´
r rr r

a b c d  and ´ = ´ ¹ ¹
r r r rr r r r

a c b d and a d, b c,

Then

(a) -
rr

a d  is parallel to -
r r
b c .

(b) -
rr

a d  is perpendicular to -
r r
b c .

(c) -
rr

a d  is equal to -
r r
b c .

(d) none of these

45. Vectors b&a
rr  make an angle 

3

2p
=q . If 2|b|,1|a| ==

rr

then =-´+ 2)}ba3()b3a{(
rrrr

(a) 225 (b) 250

(c) 275 (d) 300

46. Unit vector perpendicular to the plane of the triangle ABC

with pv’s c,b,a
rrr

 of the vertices A, B, C is

(a) 
D

´+´+´ )accbba(
rrrrrr

(b) 
D

´+´+´

2

)accbba(
rrrrrr

(c) 
D

´+´+´

4

)accbba(
rrrrrr

(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

(a) 9 sq. units (b) 18 sq. units

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

48. If the vectors a b andc,
rr r

 from the sides BC, CA and AB

respectively of a triangle ABC, then

(a) a b b c c b 0. . .= = =
r r rr r r

(b) a b b c c a´ = ´ = ´
r rr r r r

(c) a b b c c a 0. . .= = =
r rr r r r

(d) a b b c c a 0
r rr r r r

´ + ´ + ´ =

Scalar and vector triple product.

49. For non-zero vectors |c||b||a||c.ba|,c,b,a
rrrrrrrrr

=´  holds

if and only if

(a) 0c.b.0b.a ==
rrrr

(b) 0b.a,0a.c ==
rrrr

(c) 0c.b.0c.a ==
rrrr

(d) 0a.cc.bb.a ===
rrrrrr
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50. The volume of the parallelopiped whose sides are given

by .ĵ3î2OA -= k̂ĵîOB -+= and k̂î3OC -=  is :

(a) 4/13 (b) 4

(c) 2/7 (d) none

51. If a b c a b c , where a,b, c are´ ´ = ´ ´
r r rr r r r r r

any three

vectors such that ba
rr

× ¹ 0, cb
rr

× ¹ 0, then a and c
r r

 are

(a) inclined at an angle of 
p

6
 between them

(b) perpendicular

(c) parallel

(d) inclined at an angle of 
3

p
 between them

52. Let ˆ ˆ ˆ ˆ ˆa j k and c i j k= - = - -
r r

. Then the vector b
r

satisfying a b c 0´ + =
rr r

 and a . b 3,=
rr

 is

(a) ˆ ˆ ˆi j 2k- + - (b) ˆ ˆ ˆ2i j 2k- +

(c) ˆ ˆ ˆi j 2k- - (d) ˆ ˆ ˆi j 2k+ -

53. Let a, b and c
rr r

be three non-zero vectors such that no two

of them are collinear and 
1

a b c b c a
3

´ ´ =
r rr r r r

. If q is

the angle between vector b and c
r r

, then a value of sin q is:

(a) 
2

3
(b) 

2 3

3

-

(c) 
2 2

3
(d) 

2

3

-

54. Let a, b and c
rr r

 be three unit vectors such that

3
a b c b c .

2
´ ´ = +
r rr r r

 If b
r

 is not parallel to c,
r

then the angle between a
r

 and b
r

 is :

(a) 
2

p
(b) 

2

3

p

(c) 
5

6

p
(d) 

3

4

p

Numerical Value Type Questions

55. If G is the intersection of diagonals of a parallelogram

ABCD and O is any point and OA OB OC OD+ + + =
uuur uuur uuur uuur

 k OG
uuur

.

Then the value of k is

56. If vector ˆ ˆ ˆ ˆ ˆ ˆ2i 3j – 2k and i 2j k+ + +  represents the adjacent

sides of any parallelogram then the sum of squares of

lengths of diagonals of parallelogram is

57. The 2 vectors ˆ ˆ ˆ ˆ ˆj k and 3i j 4k+ - + represents the two sides

AB and AC, respectively of a DABC. Then twice of square

of length of the median through A is

58. 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

59. The plane XOZ divides the join of (1, –1, 5) & (2, 3, 4) in

the ratio l : 1, then 6l is :

60. If vectors (x – 2) ˆ ˆi j+  and (x + 1) ˆ ˆi 2j+  are collinear,,

then the value of x is

61. If points ˆ ˆ ˆ ˆ ˆ ˆi 2k, j k and i j+ + l + m  are collinear, then l + m

equals

62. If a, b, c
ur ur r

 are non coplanar vectors, then the points with

p.v. a 2b 3c, 2a b 4c, 7b 10c- + + l - - +
ur ur r ur ur r ur r

 will be

collinear if the value of l is

63. The number of distinct real values of l for which the vectors

2 2i j k i j k-l + + -l +ˆ ˆ ˆ ˆ ˆ ˆ,  and 2i j k+ - lˆ ˆ ˆ  are coplanar is

64. If a
r  and b

r
 are unit vectors and 60° is the angle between

them, then 3b) . (4a b)(2a - +
r rrr

equals

65. If vectors ˆ ˆ ˆ ˆ ˆ ˆ3i 2j 8k and 2i xj k+ + + +  are perpendicular

then -x is equal to

66. If vector a
r

 + b
r

 is perpendicular to b
r

 and 2 b
r

 + a
r

 is

perpendicular to a
r

, then 

2

a

b

æ ö
ç ÷
ç ÷
è ø

r

r equals
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67. If ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆa 2i j k, b 3i – 4j 2k and c i – 2j 2k= + + = + = +
rr r

then 3

times the projection of a b on c+
rr r

 is

68. If the angle between two vectors ˆ ˆ ˆ ˆ ˆi k and i j ak+ - +  is

p/3, then the non-negative value of a is

69. The number of vectors of unit length perpendicular to the

vectors ˆ ˆ ˆa 2i j 2k= + +
r

 and ˆ ˆb j k= +
r

is

70. Let C,B,A
rrr

 be vectors of length 3, 4 and 5 respectively..

Let A
r

 be perpendicular to B,CB
rrr

+  to AC
rr

+  and C
r

 to

BA
rr

+ . Then square of length of the vector, CBA
rrr

++  is:

71. If ˆ ˆ ˆ ˆ ˆ ˆa 2i j 3k, b i 3j 3k= + + = + +
rr

, then ´
rr 2|a b|  is

72. If ( a
r

× b
r

)2 + 2(a.b)
rr

 = 144 and a 4,=
r

 then b
r

is equal to

73. ˆ ˆ ˆ ˆ ˆ ˆi j . j k k ié ù+ + ´ +
ë û  equals

74. If the diagonals of a parallelogram are respectively

ˆ ˆ ˆ ˆ ˆ ˆa i j 2k, b i 3j 4k,= + - = - +
rr

 then the square of the area of

parallelogram is

75. Twice of the area of the parallelogram constructed on the

vectors q2pa
rrr

+=  & qp2b
rrr

+=  where q&p
rr

 are unit

vectors forming an acute angle of 30° is

76. If the value of [(a 2b c) (a b) (a b c)]+ - - - -
r r rr r r r r

 is equal to

k ]cba[
rrr

. Then the value of k is

77. Let c,b,a
rrr

 be three non-coplanar vectors & r,q,p
rrr

 are

vectors defined by the relations

]cba[

ba
r,

]cba[

ac
q,

]cba[

cb
p rrr

rr
r

rrr

rr
r

rrr

rr
r ´

=
´

=
´

= .

Then the value of the expression;

( ) . ( ) . ( ) . isa b p b c q c a r+ + + + +
r rr r r r r r r

78. Volume of the tetrahedron whose vertices are represented

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

and D (2, 3, 2) is :

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 :

(a) < 0, 0, 0 > (b) < 1, 1, 1 >

(c) 
1 3

0
2 2

< >, , (d) 
3 1

0
2 2
, ,< >

80. A line makes equal angles with co-ordinate axes. Direction

cosines of this line are

(a) ± 1,± 1,± 1 (b) 
1 1 1

, ,
3 3 3

± ± ±

(c) 
1 1 1

, ,
3 3 3

± ± ± (d) 3, 3, 3± ± ±

81. If a line passes through the points (–2, 4, –5) and

(1, 2, 3) then its direction-cosines will be :

(a) 
2 8 3

77 77 77
, ,< - > (b) < – 3, 2, + 8 >

(c) 
3 2 8

77 77 77

-
< + >, , (d) < 3, – 2, 8 >

82. A line makes acute angles of a, b and g with the

co-ordinate axes such that cos a cos b = cos b cos 
2

9
g =

and 
4

cos cos
9

g a = , then cos a + cos b + cos g is equal

to :

(a) 25/9 (b) 5/9

(c) 5/3 (d) 2/3

83. If a line has direction ratios < 2, –1, –2> , then its direction-

cosines will be :

(a) 
2 1 2

3 3 3
, ,< > (b) 

1 1 1

3 3 3
, ,< >

(c) 
2 1 2

3 3 3
, ,

- -
< - > (d) 

2 1 2

3 3 3
, ,< - - >
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84. Two lines, whose direction ratios are :

< a
1
, b

1
, c

1 
> and < a

2
, b

2
, c

2 
> respectively are perpendicular

if

(a) 
1 2 1

1 2 2

a a c

b b c
= = (b) 

1 1 1

2 2 2

a b c

a b c
= =

(c) a
1
a

2
 + b

1
b

2
 + c

1
c

2
 = 0 (d) a

1
a

2
 + b

1
b

2
 + c

1
c

2
 = 1

85. A line makes angles a,b,g with the coordinate axes.

If a + b = 90º, then g =

(a) 0 (b) 90º

(c) 180º (d) None of these

86. The direction cosines of the line, x = y = z are :

(a) 
3

1
,

3

1
,

3

1
(b) 

3

1
,

3

1
,

3

1

(c) 10,13,5 (d) 
5

1
,

10

1
,

13

1

Equation of lines in 3-D

87. A line passes through a point A with p.v. k̂ĵî3 -+  and is

parallel to the vector k̂2ĵî2 +- . If P is a point on this line

such that AP = 15 units, then the p.v. of the point P may be:

(a) k̂9ĵ4î13 -+ (b) k̂9ĵ4î13 +-

(c) k̂11ĵ6î7 +- (d) ˆ ˆ ˆ7i 6j 11k+ + +

88. Image of the point P with position vector k̂2ĵî7 +-  in

the line whose vector equation is,

l+++= k̂5ĵ5î9r
r

)k̂5ĵ3î( ++  has the position vector :

(a) (–9, 5, 2) (b) (9, 5, –2)

(c) (9, –5, –2) (d) none

89. Find the angle between the two straight lines,

l++-= k̂4ĵ2î3r
r

)k̂2ĵî2( ++-  and

)k̂6ĵ2î3(k̂2ĵ3îr +-m+-+=
r

:

(a) )21/4(cos 1- (b) )21/4(sin 1-

(c) )21/17(sin 1- (d) )21/17(cos 1-

90. The lines,

)k̂4ĵ3î2(k̂3ĵ2îr1 ++l+++=
r

and )k̂5ĵ4î3(k̂4ĵ3î2r2 ++m+++=
r

 are :

(a) coplanar (b) skew

(c) such that shortest distance between them is 1

(d) none

91. The equations of x-axis in space are

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

(c) x = 0 (d) y = 0, z = 0

92. Two lines 
1 1 2 2r a b and r a b= +l = +m
r rr r r r

 would be

coplanar if:

(a) ]bba[]bba[ 212211

rrrrrr
=

(b) 1 1 2 2 1 2a . b b (a . b ) b=
r r r rr r

(c) )b.b(a)b.b(a 212211

rrrrrr
=

(d) 
1 1 1 2 2 1 2 2a . b a . b a . b a . b- = -
r r r rr r r r

93. The point of intersection of lines,

4

3z

3

2y

2

1x
&

1

z

2

1y

5

4x -
=

-
=

-
=

-
=

-
 is :

(a) (–1, –1, –1) (b) (–1, –1, 1)

(c) (1, –1, –1) (d) (–1, 1, –1)

94. The straight lines 
3

3z

2

2y

1

1x -
=

-
=

-
 and

2

3z

2

2y

2

1x

-

-
=

-
=

-
 are

(a) parallel lines (b) Intersecting at 60º

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

95. A line with direction cosines proportional to 2, 1, 2 meets

each of the lines x = y + a = z and 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)

96. The angle between the lines 2x = 3y = – z and

6x = – y = – 4z is

(a) 30° (b) 45°

(c) 90° (d) 0°
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97. If the straight lines x = 1 + s, y = -3 - l s, z = 1 + ls and

t
x

2
,=  y = 1 + t, z = 2 – t, with parameters s and t

respectively, are coplanar, then l equals

(a) –2 (b) –1

(c) 
1

2
- (d) 0

98. If the lines

x 2 y 3 z 4 x 1 y 4 z 5
and

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

1 1 1: r a b= + l
rr r

l  and 
2 2 2: r a b= + m

rr r
l  is:

(a) 
- ´

´

r rr r

r r
2 1 1 2

1 2

a a . b b

b b
(b) 

- ´

´

rr r r

r r
2 1 2 2

1 2

a a . a b

b b

(c) 
- ´

´

r rr r

r r
2 2 1 1

1 2

a b . a b

b b
(d) 

- ´

´

r rr r

r r
1 2 1 2

1 2

a b . b a

b b

Various form of Equation of Planes

100. The line, 
5

4z

4

3y

3

2x -
=

-
=

-  is parallel to the plane :

(a) 3x + 4y + 5z = 7 (b) 2x + y – 2z = 0

(c) x + y – 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

3

2z

2

1y

2

1x -
=

-

-
=

-
, is

(a) 4x – y – 2z + 6 = 0 (b) 4x – y + 2z + 6 = 0

(c) 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 (b) x – 5y + 6z – 19 = 0

(c) x + 5y + 6z + 19 = 0 (d) x – 5y – 6z – 19 = 0

103. A plane meets the coordinate axes in A, B, C and (a,b,g) is

the centroid of the triangle ABC. Then the equation of the

plane is

(a) 3
zyx

=
g

+
b

+
a

(b) 1
zyx

=
g

+
b

+
a

(c) 1
z3y3x3

=
g

+
b

+
a

(d) ax + by+ gz = 1

104. The plane ax + by + cz = 1 meets the co-ordinate axes in

A, B and C. The centroid of the triangle is :

(a) (3a, 3b, 3c) (b) ÷
ø

ö
ç
è

æ

3

c
,

3

b
,

3

a

(c) ÷
ø

ö
ç
è

æ

c

3
,

b

3
,

a

3
(d) ÷

ø

ö
ç
è

æ

c3

1
,

b3

1
,

a3

1

105. 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

(c) x – y – z – 15 = 0 (d) x + y + z + 15 = 0

106. The equation of the plane containing the line

1 1 1x x y y z z

m n

- - -
= =

l
 is

a (x – x
1
) + b(y – y

1
) + c(z – z

1
) = 0, where :

(a) ax
1
 + by

1
 + cz

1
 = 0 (b) al + bm + cn = 0

(c) 
a b c

m n
= =
l

(d) lx
1
 + my

1
 + nz

1
 = 0

107. The vector equation of the plane passing through the origin

and the line of intersection of the plane r. a = l
r r

 and

r. b = m
rr

 is :

(a) r. a b 0l - m =
rr r

(b) r. b a 0l - m =
rr r

(c) r. a b 0l + m =
rr r

(d) r. b a 0l + m =
rr r

108. 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 – P’a’ = 0 (b) P/a = P’/a’ = 0

(c) Pa + P’a’ = 0 (d) P/a = P’/a’
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109. The Plane 2x – (1 + l) y + 3l z = 0 passes through the

intersection of the planes

(a) 2x – y = 0 and y – 3z = 0

(b) 2x + 3z = 0 and y = 0

(c) 2x – y + 3z = 0 and y – 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 = 0 is

(a) 7x – 2y + 3z + 81 = 0 (b) 23x + 14y – 9z + 48=0

(c) 51x – 15y – 50z + 173 = 0 (d) none of these

111. The  equation of the plane containing the two lines

x 1 y 1 z 0 x y 2 z 1
and

2 1 3 2 11 1

- + - - +
= = = =

- - -
 is

(a) 8x + y – 5z – 7 = 0 (b) 8x + y + 5z – 7 = 0

(c) 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 = 0 and lx + my + nz + p = 0 and

parallel to the line y = 0, z = 0

(a) (bl – am) y + (cl – an) z + dl – ap = 0

(b) (am – bl) x + (mc – bn) z + md – bp = 0

(c) (na – cl) x + (bn – cm) y + nd – cp = 0

(d) none of these

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

intersection of lines 
x 1 y 2 z 3

3 1 2

- - -
= =  and

x 3 y 1 z 2

1 2 3

- - -
= =  and has the largest distance from the

origin is:

(a) 7x + 2y + 4z = 54 (b) 3x + 4y + 5z = 49

(c) 4x + 3y + 5z = 50 (d) 5x + 4y + 3z = 57

Some Formulae of Plane

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

intersection of the line, 
12

2z

4

1y

3

2x -
=

+
=

-
 and the

plane, x – y + z = 5, is :

(a) 10 (b) 11

(c) 12 (d) 13

115. The point at which the line joining the points (2, –3, 1) &

(3, –4, –5) intersects the plane 2x + y + z = 7 is :

(a) (1, 2, 7) (b) (1, –2, 7)

(c) (–1, 2, 7) (d) (1, –2, –7)

116. The point of intersection of the line 
3

2z

2

1y

1

x +
=

-
=  and

the plane, 2x + 3y + z = 0, is :

(a) (0, 1, –2) (b) (1, 2, 3)

(c) (–1, 9, –25) (d) ÷
ø

ö
ç
è

æ --

11

25
,

11

9
,

11

1

117. The direction ratio of normal to the plane through

(1, 0, 0), (0, 1, 0), which makes an angle 
4

p
 with plane

x + y = 3, are :

(a) 1, 2, 1 (b) 1, 1, 2

(c) 1, 1, 2 (d) 2,1, 1

118. If line )k̂2ĵî2()k̂ĵ2î(r ++l+--=
r

is parallel to the

plane 14)k̂mĵ2î3(.r =--
r

 then the value of m is

(a) + 2

(b) – 2

(c) 0

(d) can not be predicted with this much informations

119. The distance of the point (1, –5, 9) from the plane

x – y + z = 5 measured along a straight line x = y = z is

(a) 3 5 (b) 10 3

(c) 5 3 (d) 3 10

120. The reflection of the point (a,b,g) in the xy – plane is

(a) (a,b,0) (b) (0,0,g)

(c) (–a, –b, g) (d) (a, b, –g)

121. The plane 2x – 3y + 6z – 11 = 0 makes an angle sin–1(a)

with x-axis. The value of a is equal to

(a) 
3

2
(b) 

2

3

(c) 
2

7
(d) 

3

7
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122. If a plane passes through the point (1, 1, 1) and is

perpendicular to the line 
x 1 y 1 z 1

3 0 4

- - -
= = then its

perpendicular distance from the origin is

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

(c) 7/5 (d) 1

123. The angle between the planes, 2x – y + z = 6 and
x + y + 2z = 7 is

(a) 30º (b) 45º

(c) 0º (d) 60º

124. The length of the perpendicular from origin on plane

5)k̂12ĵ4î3(.r =+-
r

 is

(a) 
69

5
(b) 

69

25

(c) 
13

5
(d) 

13

5

125. The angle between the line, 
4

2z

2

1y

3

1x -
=

-
=

+
 and the

plane, 2x + y – 3z + 4 = 0, is :

(a) ÷÷
ø

ö
çç
è

æ-

406

4
sin 1 (b) ÷÷

ø

ö
çç
è

æ-

406

14
sin 1

(c) ÷÷
ø

ö
çç
è

æ-

2914

4
sin 1

(d) None of these

126. If the given planes, ax + by + cz + d = 0 and

a´x + b´y + c´z + d´ = 0 be mutually perpendicular, then:

(a) 
'c

c

'b

b

'a

a
== (b) 0

'c

c

'b

b

'a

a
=++

(c) aa´ + bb´ + cc´ + dd´ = 0

(d) aa´ + bb´ + cc´ = 0

127. The angle between the line 
c

2z

b

2y

a

2x -
=

-
=

-
 and the

plane ax + by + cz + 6 = 0 is

(a) 
222

1

cba

1
sin

++

- (b) 45º

(c) 60º (d) 90º

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

(a) (3, 5, –2) (b) (–3, 5, 2)

(c) (3, –5, 2) (d) (–1, 4, 2)

129. The image of the points (–1, 3, 4) in the plane x – 2y = 0 is

(a) (15, 11, 4) (b) 
17 19

1
3 3
, ,

æ ö
- -ç ÷

è ø

(c) (8, 4, 4) (d) 
9 13

4
5 5
, ,

æ ö
-ç ÷

è ø

130. Distance between two parallel planes 2x + y + 2z = 8 and

4x + 2y + 4z + 5 = 0 is

(a) 
3

2
(b) 

5

2

(c) 
7

2
(d) 

9

2

131. If the distance between planes, 4x - 2y - 4z + 1 = 0 and

4x - 2y - 4z + d = 0 is 7, then d is:

(a) 41 or - 42  (b) 42 or - 43

(c) -41 or 43 (d) -42 or 44

132. If the angle between the line 2(x+1) = y = z + 4 and the

plane 2x y z 4 0- + l + = is 
6

p
, then the value of l is

(a) 
135

7
(b) 

45

11

(c) 
45

7
(d) 

135

11

133. A symmetrical form of the line of intersection of the planes

x = ay + b and z = cy + d is:

(a) 
x b y 1 z d

a 1 c

- - -
= =

(b) 
x b a y 1 z d c

a 1 c

- - - - -
= =

(c) 
x a y 0 z c

b 1 d

- - -
= =

(d) 
x b a y 1 z d c

b 0 d

- - - - -
= =

Numerical Value Type Questions

134. If a line makes angles a, b, g with the co-ordinate axes, then

- (cos 2a + cos 2b + cos 2g) is :

135. If the straight lines x = 1 + s, y = – 3 – ls, z = 1 + ls and x

= t/2, y = 1 + t, z = 2 – t, with parameter s and t respectively,

are coplanar, then -l equals to
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EXERCISE - 2 : PREVIOUS YEAR JEE MAIN QUESTIONS

VECTORS

1. 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 = 7  is : (2018)

(a) 
2

3
(b)

2

3

(c) 
2

3
(d) 

1

3

2. If the position vectors of the vertices A, B and C of a

ABCD  are respectively ˆ ˆˆ ˆ ˆ ˆ4 7 8 , 2 3 4i j k i j k+ + + +  and

ˆˆ ˆ2 5 7 ,i j k+ +  then the position vector of the point, where

the bisector of AÐ meets BC is : (2018/Online Set–2)

(a) 
1 ˆˆ ˆ4 8 11
2

i j k+ + (b) 
1 ˆˆ ˆ6 11 15
3
i j k+ +

(c) 
1 ˆˆ ˆ6 13 18
3
i j k+ + (d) 

1 ˆˆ ˆ8 14 19
4
i j k+ +

3. The magnitude of the projection of the vector ˆˆ ˆ2 3i j k+ +

on the vector perpendicular to the plane containing the

vectors ˆˆ ˆi j k+ +  and ˆˆ ˆ2 3i j k+ + , is

(2019-04-08/Shift-1)

(a) 
3

2
(b ) 6

(c) 3 6 (d) 
3

2

4. Let ˆˆ ˆ3 2a i j xk= + +
r

 and ˆˆ ˆ ,b i j k= - +
r

 for some real x.

Then a b r´ =
rr

 is possible if: (2019-04-08/Shift-2)

(a) 
3 3

3
2 2

r< £ (b) 
3

5
2

r ³

(c) 
3

0
2

r< £ (d) 
3 3

3 5
2 2

r< <

5. Le t
1 2

ˆˆ ˆ ˆ ˆ3 and 2 3 . Ifi j i j ka b b b b= + = - + = -
r r r rr

wh er e

1b
r

is parallel to a
r

and 
2b
r

is perpendicular to

a
r then

1 2b b´
r r

is equal to: (2019-04-09/Shift-1))

(a) ˆˆ ˆ3 9 5i j k- + + (b) ˆˆ ˆ3 9 5i j k- -

(c) 
1 ˆˆ ˆ3 9 5
2

i j k- + + (d) 
1 ˆˆ ˆ3 9 5
2
i j k- +

6. Let ˆˆ ˆ3 2 2= + +
r
a i j k and ˆˆ ˆ2 2= + -

r
b i j k be two vectors.

If a vector perpendicular to both the vectors +
rr

a b and

-
rr

a b has the magnitude 12 then one such vector is

(2019-04-12/Shift-1)

(a) ˆˆ ˆ4 2 2 2i j k+ + (b) ˆˆ ˆ4 2 2i j k- -

(c) ˆˆ ˆ4 2 2i j k+ - (d) ˆˆ ˆ4 2 2i j k- - +

7. If the volume of parallelepiped formed by the vectors

ˆ ˆˆ ˆ ˆ,i j k j kl l+ + + and ˆî kl + is minimum, then l is equal

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

(a) 
1

3
- (b) 

1

3

(c) 3 (d) 3-

8. Let Ra Î and the three vectors

ˆˆ ˆ 3a i j ka= + + , ˆˆ ˆ2b i j ka= + -  and

ˆˆ ˆ2 3c i j ka= - + .

Then the set : , and are coplanarS a b ca=

(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



VECTORS & 3-DIMENSIONAL GEOMETRY

9. Let ˆˆ ˆ ˆ ˆ, and a i j b i j k c= - = + +
rr r

be a vector such that

20 and . 4, then | | is equal to:a c b a c c´ + = =
r rr r r r r

(2019-01-09/Shift-1)

(a) 
19

2
(b) 9

(c) 8 (d) 
17

2

10.
1 2

ˆ ˆˆ ˆ ˆ ˆ2 ,Le 2t a i j k b b i b j k= + + = + +
rr

and

ˆˆ ˆ5 2c i j k= + +
r

 be three vectors such that the projection

vector of on is .b a a
r r r

If a b+
rr

is perpendicular to c
r ,then

| |b
r

is equal to:

(2019-01-09/Shift-2)

(a) 32 (b) 6

(c) 22 (d) 4

11. Let 1 2
ˆ ˆˆ ˆ ˆ ˆ2 3 , 4 3 6a i j k b i j kl l= + + = + - +
rr

and

3
ˆˆ ˆ3 6 1c i j kl= + + -

r
  be three vectors such that

2b a=
r r

and a
r

is perpendicular to c
r . Then a possible value

of 1 2 3, ,l l l is: (2019-01-10/Shift-1)

(a) (1, 3, 1) (b) 
1

,4,0
2

æ ö
-ç ÷

è ø

(c) 
1

,4, 2
2

æ ö
-ç ÷

è ø
(d) (1, 5, 1)

12. Let 2 a ba l= - +
rr r

 and 4 2 3a bb l= - +
rr r

 be two

given vectors where vectors and
rr

a b  are non-collinear..

The value of λ for which vectors and
rr

a b are collinear,,

is: (2019-01-10/Shift-2)

(a) -4 (b) -3

(c) 4 (d) 3

13. Let ˆ ˆˆ ˆ ˆ ˆ2 4 , 4a i j k b i j kl= + + = + +
rr

 and

2 ˆˆ ˆ2 4 1c i j kl= + + -
r

 be coplanar vectors. Then the

non-zero vector a c´
r r is: (2019-01-11/Shift-1)

(a) ˆ ˆ10 5i j- - (b) ˆ ˆ14 5i j- -

(c) ˆ ˆ14 5i j- + (d) ˆ ˆ10 5i j- +

14. Let ˆ ˆ ˆ ˆ3 , 3i j i j+ + and ˆ ˆ1i jb b+ - 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

acute angle between OA and OB is  
3

2
, then the sum of

all possible values of b  is

(2019-01-11/Shift-2)

(a) 4 (b) 3

(c) 2 (d) 1

15. The sum of the distinct real values of m , for which the

vectors, ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ, ,i j k i j k i j km m m+ + + + + + are co-planar,,

is _. (2019-01-12/Shift-2)

(a) -1 (b) 0

(c) 1 (d) 2

16. Let a, b and c
rr r

be three unit vectors, out of which vectors

b and c
r r

are non-parallel. If a and b are the angles which

vector a
r makes with vectors andb c

r r
 respectively and

1
a b c b

2
´ ´ =
r rr r

, then a b-  is equal to

(2019-01-12/Shift-2)

(a) 30° (b) 90°

(c) 60° (d) 45°

17. Let ,a b and c
rr r

 be three unit vectors such that

2 2| | | | 8.a b a c- + - =
rr r r

 Then 2 2| 2 | | 2 |a b a c+ + +
rr r r

 is

equal to : (2020-09-02/Shift-1)

18. Let the position vectors of points ‘A’ and ‘B’ be ˆˆ ˆi j k+ +

and ˆˆ ˆ2 3 ,i j k+ + respectively. AA point ‘P’ divides the line

segment AB internally in the ratio :1( 0).l l > If O is the

origin and 
2

OB . OP 3 OA OP 6,- ´ =
uuur uuur uuur uuur

 then l is equal

to ………… . (2020-09-02/Shift-2)



VECTORS & 3-DIMENSIONAL GEOMETRY

19. Let a,b,c RÎ be such that 2 2 2 1,a b c+ + = If a

cosq
2 4

cos cos ,
3 3

b c
p p

q q
æ ö æ ö

= + = +ç ÷ ç ÷
è ø è ø

where ,
9

p
q =

then the angle between the vectors ˆˆ ˆai bj ck+ +  and

ˆˆ ˆbi cj ak+ +  is (2020-09-03/Shift-2)

(a) 
2

p
(b) 

2

3

p

(c) 
9

p
(d) 0

20. Let 0x be the point of local maxima of f(x) a . (b c),= ´
rr r

where ˆ ˆˆ ˆ ˆ ˆ2 3 , 2a xi j k b i xj k= - + = - + -
rr

and

ˆ7c i=
r ˆˆ2 .j xk- +  Then the value of . . .a b b c c a+ +

r rr r r r
 at

0x x= is : (2020-09-04/Shift-1)

(a) – 22 (b) – 4

(c) – 30 (d) 14

21. I f  ˆa 2i j 2 ,k= + +
r
$ $  t h e n  t h e  v a l ue  o f

2
ˆ ˆ( )i a i´ ´ +
r 22 ˆ ˆˆ ˆ( ) ( )j a j k a k´ ´ + ´ ´

r r
is equal to ... .

(2020-09-04/Shift-2)

22. If the volume of a parallelopiped, whose coterminous

edges are given by the vectors

ˆ ˆˆa i n ,b 2i 4j nj k k= + + = + -
r r
$ $ $  and

ˆˆc n j 3 (n 0),i k= + + ³
r

$ is 158 cu. units, then:

(2020-09-05/Shift-1)

(a) . 17a c =
r r

(b) . 10b c =
r r

` (c) n = 9 (d) n = 7

23. Let the vectors , ,a b c
rr r  be such that a 2, b 4= =

r r
and

c 4=
r

. If the projection of b
r

on a
r

is equal to the projection of

c
r

on a
r

and b
r

is perpendicular to c
r

, then the value of

a b c+ -
r r r

is______ (2020-09-05/Shift-2)

24. If and
rr

a b are unit vectors, then the greatest value of

3 a b a b+ + -
r rr r

is_____. (2020-09-06/Shift-1)

25. If x and y
r r

be two non-zero vectors such that

| | | |x y x+ =
r r r

and 2x yl+
r r

 is perpendicular to y
r

, then the

value of l is _______ (2020-09-06/Shift-2)

26. A vector ˆˆ ˆ2 ( , R)a ı ka b a b= + + Î
r

ø lies in the plane of

the vectors, ˆˆb ı j= +
r

and ˆˆˆ 4 .c ı j k= - +
r

If a
r

 bisects the

angle between b
r

and c
r

, then (2020-01-07/Shift-1)

(a) ˆ. 3 0a ı + =
r

(b) ˆ. 4 0a k + =
r

(c) ˆ. 1 0a ı + =
r

(d) ˆ. 2 0a k + =
r

27. Let a, b and c
rr r

be three unit vectors such that a b c 0+ + =
rr r .

 If a.b b.c c.al = + +
r rr r r r

 and d a b b c c a= ´ + ´ + ´
r r rr r r r

 , then the

ordered pair , dl
r

 is equal to :

(2020-01-07/Shift-2)

(a) 
3

, 3a c
2

æ ö
´ç ÷

è ø

r r
(b) 

3
, 3c b

2

æ ö
- ´ç ÷

è ø

rr

(c) 
3

, 3a b
2

æ ö
- ´ç ÷

è ø

rr
(d) 

3
, 3b c

2

æ ö
´ç ÷

è ø

r r

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

on a line passing through ( a ,7,1) is 
5 7 17

, ,
3 3 3

æ ö
ç ÷
è ø

,

thena equal to_____ (2020-01-07/Shift-2)

29. If volume of parallelopiped whose coterminous edges

are given by ˆˆ ˆu i j kl= + +
r

,  ˆˆ ˆ 3v i j k= + +
r

and

ˆˆ ˆ2w i j k= + +
r

 be 1 cu. Unit. If q be the angle between

the edges u
r

and w
ur

, then, cos q can be:

(2020-01-08/Shift-1)

(a) 
7

6 6
(b) 

5

7

(c) 
7

6 3
(d) 

5

3 3
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30. Let ˆ ˆˆ ˆ ˆ ˆ2 ,= - + = - +
rr

a i j k b i j k be two vectors. If rc is a

vector such that ´ = ´
r rr r
b c b a  and . 0=

r r
c a  then .

rr
c b is

equal to: (2020-01-08/Shift-2)

(a) 
1

2
(b) 

3

2
-

(c) 
1

2
- (d) 1-

31. If  the  vec to rs ˆˆ ˆ( 1) ,p a ı a ak= + + +
r

ø

ˆˆ ˆ( 1)q aı a ak= + + +
r

ø  and ˆˆ ˆ ( 1)r aı a a k= + + +
r

ø ( )a RÎ

are coplanar and 2 23( . ) | | 0p q r ql- ´ =
r r r r

,then value of

l is____. (2020-01-09/Shift-1)

32. 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)

33. ,
rr

a b  and r
c be  th ree vector s such tha t

3 , 5, . 10= = =
r rr r

a b b c and the angle between 
r
b  and rc

is 
3

p
 . If ra  is `perpendicular to vector ´

r r
b c , then

´ ´
rr r

a b c is equal to (2020-01-09/Shift-2)

34. Let a 2 i j 2 k
® Ù Ù Ù

= + -  and b i j .
® Ù Ù

= +   If c
®

  is a vector such

that a . c c
® ® ®

= ,   c a 2 2
® ®

- = and the angle between

a b
® ®æ ö

´ç ÷
è ø

 and c
®

 is ,
6

p
then the value of  a b c

® ® ®æ ö
´ ´ç ÷

è ø
 is:

(2021-07-20/Shift-1)

(a) 
2

3
(b) 4

(c) 3 (d) 
3

2

35. Let a , b , c
® ® ®

 be three mutually perpendicular vectors of

the same magnitude and equally inclined at an angle q

with the vector a b c .
® ® ®

+ +  Then 236 cos 2q  is equal to

____ (2021-07-20/Shift-1)

36. For p > 0 a vector  2v 2i p 1 j= + +
r

$ $  is obtained by rotating

the vector 1v 3pi j= +
r

$ $  by an angle q about the origin in

a counter clockwise direction. If  
3 2

tan ,
4 3 3

a -
q =

+
 then

the value of a is equal to ?

(2021-07-20/Shift-2)

37. In a triangle ABC, if BC 3, CA 5= =
uuur uuur

and BA 7,=
uuur

then

the projection of the vector  BA
uuur

 on  BC
uuur

 is equal to ?

(2021-07-20/Shift-2)

(a) 
11

2
(b) 

13

2

(c) 
19

2
(d) 

15

2

38. Let the vectors 2 a b i a 2b c j b c k+ + + + + - +$ $

1 b i 2b j bk+ + -$ $ and

2 b i 2b j 1 b k a, b, c R+ + + - Î$ $

be co-planar. Then which of the following is true ?

(2021-07-25/Shift-1)

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

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

39. Let p 2i 3j k= + +
r
$ $  and  q i 2 j k= + +

r
$ $  be two vectors. If a

vector  ˆr i j k= a + b + g
r

$ $  is perpendicular to each of the

vectors  p q+
r r

 and  p q-
r r

 and r 3,=
r

 then

a + b + g  is equal to ________ ?

(2021-07-25/Shift-1)
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40. Let  a i j 2 k
® Ù Ù Ù

= + +  and  b i 2 j 3k .
® Ù Ù Ù

= - + +  Then the vector

product  a b a a b b b+ ´ ´ - ´ ´
r r r rr r r

 is equal to:

(2021-07-27/Shift-1)

(a) 5 30 i 5 j 7 k
Ù Ù Ùæ ö
- +ç ÷

è ø
(b) 5 34 i 5 j 3k

Ù Ù Ùæ ö
- +ç ÷

è ø

(c) 7 30 i 5 j 7 k
Ù Ù Ùæ ö
- +ç ÷

è ø
(d) 7 34 i 5 j 3k

Ù Ù Ùæ ö
- +ç ÷

è ø

41. Let  a i j k,b
Ù Ù Ù Ù

= + +
r

 and c j k
Ù Ù

= -
r

 be three vectors such

that a b c´ =
r r r

 and a.b 1.=
r r

 If the length of projection vector

of the vector b
r

on the vector a c´
r r

 is l, then the value of

3l2 is equal to ______. (2021-07-27/Shift-1)

42. Let  a, b
r r

 and c
r

 be three vectors such that a b b c= ´ ´
r r r r

.

If magnitudes of the vectors a, b
r r

 and c
r

are 2,1  and 2

respectively and the angle between b
r

 and c
r

 is

0
2

pæ ö
q < q <ç ÷

è ø
, then the value of 0

2

pæ ö
q < q <ç ÷

è ø
 is equal

to: (2021-07-27/Shift-2)

(a) 
3 1

3

+
(b) 2

(c) 3 1+ (d) 1

43. Let   a i j k, b 3 i j k
Ù Ù Ù Ù Ù Ù

= - a + b = + b - a
r r

 and

ˆ ˆ ˆc i 2j k= -a - +
r

, where  a and b are integers. If  a.b 1= -
r r

and b.c 10,=
r r

 then  a b .c´
r r r

 is equal to ______.

(2021-07-27/Shift-2)

44. Let three vectors  a , b
® ®

 and c
®

 be such that

a b c , b c a
® ® ® ® ® ®

´ = ´ = and a 2.
®

= Then which one of the

following is not true? (2021-07-22/Shift-2)

(a) Projection of a on b c
® ® ®æ ö

´ç ÷
è ø

 is 2

(b) 
2

3 a b 2 c 51
® ® ®

+ - =

(c) a b c c a b 8
® ® ® ® ® ®é ù é ù

+ =ê ú ê ú
ë û ë û

(d) a b c b c 0
® ® ® ® ® ®æ öæ ö æ ö

´ + ´ - =ç ÷ç ÷ ç ÷
è ø è øè ø

45. Let a vector a
®

be coplanar with vectors b 2 i j k
® Ù Ù Ù

= + +

and c i j k .
® Ù Ù Ù

= - +  If a
®

 is perpendicular to

d 3i 2 j 6 k,
® ® Ù Ù

= + +  and a 10.
®

= Then a possible value of

a b c a d b a c d
® ® ® ® ® ® ® ® ®é ù é ù é ù

+ +ê ú ê ú ê ú
ë û ë û ë û

 is equal  to :

(2021-07-22/Shift-2)

(a) –40 (b) –42

(c) –29 (d) –38

46. Let a, b and c be distinct positive numbers. If the vectors

a i a j c k, i k
Ù Ù Ù Ù Ù

+ + +  and c i c j b k
Ù Ù Ù

+ +  are co-planar, then c

is equal to: (2021-07-25/Shift-2)

(a) ab (b) 
a b

2

+

(c) 
1 1

a b
+ (d) 

2

1 1

a b
+

47. If  a 2, b 5
® ®

= =  and a b 8
® ®

´ = , then a . b
® ®

 is equal to:

(2021-07-25/Shift-2)

(a) 5 (b) 4

(c) 6 (d) 3

48. If  a 3 b
® ®æ ö

+ç ÷
è ø

 is perpendicular to 7 a 5 b
® ®æ ö

-ç ÷
è ø

 and a 4b-
r r

is perpendicular to 7 a 2 b
® ®æ ö

-ç ÷
è ø

, then the angle  between

a
®

 and b
®

 (in degrees) is___ (2021-07-25/Shift-2)

49. Let  ˆ ˆ ˆa 2i j 2k= - +
r

 and ˆ ˆ ˆb i 2j k= + -
r

. Let a vector u
r

 in

the plane containing a
r

 and b
r

. If u
r

 is perpendicular to

the vector ˆ ˆ3i 2 j k+ -
r

 and its projection on  a
r

 is 19 units,

then  
2

2u
r

is equal to _____ (2021-09-01/Shift-2)
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50. If the projection of the vector i 2 j k+ +$ $  on the sum of the

two vectors 2i 4 j 5k+ -$ $ and i 2 j 3k-l + +$ $ is 1, then l is

equal to _______. (2021-08-26/Shift-2)

51. Let ˆ ˆ ˆa i 5j k,= + + a
r ˆ ˆ ˆb i 3j k= + +b

r
and ˆ ˆ ˆc –i 2j 3k= + -

r

be three vectors such that, b c 5 3´ =
r r

 and a
r

 is

perpendicular to b
r

. Then the greatest amongst the values

of  
2

a
r

 is ______. (2021-08-27/Shift-1)

52. Let  ˆ ˆ ˆa i j k= + +  and ˆ ˆb j k.= -  If  c  is a vector such that

a c b´ =  and a.c 3= , then a. b c´  is equal to :

(2021-08-26/Shift-1)

(a) -2 (b) 6

(c) 2 (d) -6

53. Let a
r

 and b
r

 be two vectors such that 2a 3b 3a b+ = +
r r r r

and the angle between a and b
rr

 is 60°. If  
1

a
8

r
is a unit

vector, then b
r

is equal to ? (2021-08-31/Shift-1)

(a) 5 (b) 8

(c) 4 (d) 6

54. Let  a, b, c
rr r

 be three vectors mutually perpendicular to each

other and have same magnitude. If a vector r
r

 satisfies

a r b a b r c b c r a c 0´ - ´ + ´ - ´ + ´ - ´ =
r r r rr r r r r r r r r

,

then r
r

 is equal to: (2021-08-31/Shift-2)

(a) 
1

a b 2c
2

+ +
rr r

(b) 
1

2a b c
2

+ -
rr r

(c) 
1

a b c
3

+ +
rr r

(d) 
1

a b c
2

+ +
rr r

55. Let ˆ ˆ ˆa i 2j 3k = + -
r

and ˆ ˆ ˆb 2i 3j 5k= - +
r

.

ˆ ˆ ˆIf r a b r, r ( i 2j k) 3´ = ´ × a + + =
r r r r r

 and

ˆ ˆ ˆr (2i 5j k) 1, R× + - a = - aÎ
r

, then the value of 
2| r |a+
r

is equal to (2021-03-16/Shift-2)

(a) 13 (b) 15

(c) 9 (d) 11

56. Let c
r

 be a vector perpendicular to the vectors ˆ ˆ ˆa i j k= + -
r

ˆ ˆ ˆand b i 2j k= + +
r

. If ˆ ˆ ˆc (i j 3k) 8× + + =
r

 then the value of

c (a b)× ´
r r r

 is equal to ___ (2021-03-16/Shift-2)

57. Let a vector ˆ ˆi ja + b  be obtained by rotating the vector

ˆ ˆ3i j+  by an angle 45° about the origin in counter

clockwise direction in the first quadrant. Then the area of

triangle having vertices , , 0,a b b  and (0, 0) is equal

to (2021-03-16/Shift-1)

(a) 1 (b) 
1

2

(c) 2 2 (d) 
1

2

58. Let the position vectors of two points P and Q be ˆ ˆ ˆ3i j 2k- +

and  ˆ ˆ ˆi 2j 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 QS  and the length of vector  TA  is 5  units,

then the modulus of a position vector of A is

(2021-03-16/Shift-1)

(a) 5 (b) 171

(c) 227 (d) 482

59. Let O be the origin. Let ˆ ˆ ˆOP xi yj k= + -  and

ˆ ˆ ˆOQ i 2j 3xk, x, y R,= - + + Î x 0> , be such that

PQ 20= and the vector OP  is perpendicular to OQ.

If  ˆ ˆ ˆOR 3i zj 7k,= + - z R,Î  is coplanar with OP and

OQ, then the value of  2 2 2x y z+ +  is equal to :

(2021-03-17/Shift-2)

(a) 1 (b) 9

(c) 2 (d) 7

60. Let x  be a vector in the plane containing vectors

ˆ ˆ ˆa 2i j k= - + and ˆ ˆ ˆb i 2j k.= + -  If the vector x is

perpendicular to ˆ ˆ ˆ(3i 2j k)+ - and its projection on a is

17 6
,

2
then the value of  

2
x is equal to .................. .

(2021-03-17/Shift-2)



VECTORS & 3-DIMENSIONAL GEOMETRY

61. Let a 2i 3j 4k= - +
r
$ $  and b 7i j 6k= + -

r
$ $ .

If  r a r b, r i 2 j k 3,´ = ´ × + + = -
r r r r r

$ $  then r 2i 3j k× - +
r
$ $

is equal to : (2021-03-17/Shift-1)

(a) 12 (b) 13

(c) 10 (d) 8

62. Let a and b
rr

 be two non-zero vectors perpendicular to each

other and  | a | | b | .=
rr

 If  | a b | | a |,´ =
rr r

 then the angle

between the vectors  (a b (a b))+ + ´
r rr r

 and a
r

 is equal to :

(2021-03-18/Shift-2)

(a) 1 1
sin

6

- æ ö
ç ÷
è ø

(b) 1 1
cos

3

- æ ö
ç ÷
è ø

(c) 1 1
sin

3

- æ ö
ç ÷
è ø

(d) 
1 1

cos
2

- æ ö
ç ÷
è ø

63. A vector a
r

 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
r

has components

p + 1 and 10,  then a value of p is equal to :

(2021-03-18/Shift-1)

(a) 1 (b) 
4

5

(c) 
5

4
- (d) –1

64. Let three vectors a, b and c be such that c  is coplanar

with a  and b, a c 7× =  and  b  is perpendicular to c

where ˆ ˆ ˆa i j k= - + +  and ˆ ˆb 2i k= + , then the value of

2
2 a b c+ + is _________. (2021-02-24/Shift-1)

65. Let  a i j 3k= + a +
r
$ $  and b 3i j k.= - a +

r
$ $   If the area of the

parallelogram whose adjacent sides are represented by the

vectors a and b
rr

 is 8 3 square units, then a b×
r r

 is equal

to: (2021-02-25/Shift-2)

66. Let  ˆ ˆ ˆ ˆ ˆa i 2j k, b i j= + - = -
rr

 and ˆ ˆ ˆc i j k= - -
r

 be three

given vectors. If  r
r

 is a vector such that r a c a´ = ´
r r r r

 and

r b 0× =
rr

, then r a×
r r

 is equal to ____.

(2021-02-25/Shift-1)

67. If vectors  1
ˆ ˆ ˆa xi j k= - +

r
 and  2

ˆ ˆ ˆa i yj zk= + +
r

 are

collinear, then a possible unit vector parallel to the vector

ˆ ˆ ˆxi yj zk+ +  is (2021-02-26/Shift-2)

(a) 
1 ˆ ˆ ˆi j k
3

+ - (b) 
1 ˆ ˆi j
2

-

(c) 
1 ˆ ˆ ˆi j k
3

- + (d) 
1 ˆ ˆj k
2

- +

68. If a and b
rr

are perpendicular, then a a a a b´ ´ ´ ´
rr r r r

 is

equal to (2021-02-26/Shift-1)

(a) 0
r

(b) 
41

a b
2

rr

(c) a b´
rr

(d) 
4

a b
rr

3-DIMENSIONAL GEOMETRY

69. The shortest distance between the z-axis and the line

x +y + 2z - 3 = 0 = 2x + 3y + 4z - 4, is

(2015/Online Set–2)

(a) 1 (b) 2

(c) 4 (d) 3

70. A plane containing the point (3, 2, 0) and the line

x 1 y 2 z 3

1 5 4

- - -
= =   also contains the point :

(2015/Online Set–2)

(a) (0, 3, 1) (b) (0, 7, -10)

(c) (0, -3, 1) (d) (0, 7, 10)

71. If the line, 
x 3 y 2 z 4

2 1 3

- + +
= =

-
 lies in the plane,

lx + my – z = 9, then l2 + m2 is equal to : (2016)

(a) 18 (b) 5

(c) 2 (d) 26

72. The distance of the point (1, –5, 9) from the plane

x – y + z = 5 measured along the line x = y = z is(2016)

(a) 10 3 (b) 
10

3

(c) 
20

3
(d) 3 10



VECTORS & 3-DIMENSIONAL GEOMETRY

73. The shortest distance between the lines lies 
2 2 1

x y z
= =

and 
2 4 5

1 8 4

x y z+ - -
= =

-
 in the interval :

(2016/Online Set–1)

(a) [0, 1) (b) [1, 2)

(c) (2, 3] (d) (3, 4]

74. 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+2z=3 and 2x-2y+z+12=0, is : (2016/Online Set–1)

(a) 2 2 (b) 2

(c) 2 (d) 
1

2

75. The number of distinct real values of l for which the lines

2

1 2 3

1 2

x y z

l

- - +
= = and 2

3 2 1

1 2

x y z

l

- - -
= =

are coplanar is : (2016/Online Set–2)

(a) 4 (b) 1

(c) 2 (d) 3

76. If the image of the point P(1, –2, 3) in the plane, 2x + 3y

– 4z + 22 = 0 measured parallel to the line, 
x y z

1 4 5
= =  is

Q then PQ is equal to : (2017)

(a) 3 5 (b) 2 42

(c) 42 (d)  6 5

77. 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

6 7 8

+ - -
= =  and 

x 1 y 2 z 3

3 5 7

- - -
= =   is :

(2017/Online Set–1)

(a) (2, –4, 2) (b) (-1, 2, –1)

(c) (0, 0, 0) (d) (1, 1, 1)

78. The line of intersection of the planes = ˆ ˆ ˆr. 3i j k
r

- + and

ˆ ˆ ˆr. i 4 j 2k 2,
r

+ - =  is: (2017/Online Set–1)

(a) 

4 5
x z

y7 7
2 7 13

- -
= =

-

(b) 

4 5
x z

y7 7
2 7 13

- +
= =

-

(c) 

6 5
x y

z13 13
2 7 13

- +
= =

- -

(d) 

5
x y

z13 13
2 7 13

6
- -

= =
- -

79. If the line, 
x 3 y 2 z

1 1 2

- + + l
= =

- -
 lies in the plane,

2x – 4y + 3z = 2, then the shortest distance between this

line and the line,  
x 1 y z

12 9 4

-
= = is :

(2017/Online Set–2)

(a) 2 (b) 1

(c) 0 (d) 3

80. 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 ABCD  is :

(2017/Online Set–2)

(a) 2 2 2

1 1 1
1

x y z
+ + = (b) 2 2 2

1 1 1
3

x y z
+ + =

(c) 2 2 2

1 1 1 1

9x y z
+ + = (d) 2 2 2

1 1 1
9

x y z
+ + =



VECTORS & 3-DIMENSIONAL GEOMETRY

81. If 1L  is the line of intersection of the planes

2x 2y 3z 2 0,- + - = x y z 1 0- + + =  and L
2
  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
1
 and L

2
,

is : (2018)

(a)
1

2
(b)

1

4 2

(c) 
1

3 2
(d) 

1

2 2

82. 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
3 2 1

x y z
+ + = (b) x + y + z = 6

(c) 
1 1 1 11

6x y z
+ + = (d) 

3 2 1
1

x y z
+ + =

83. An angle between the plane, x + y + z = 5 and the line of

intersection of the planes, 3x + 4y + z -1 = 0 and

5x + 8y + 2z + 14 = 0, is: (2018/Online Set–1)

(a) 
3

sin
17

æ ö
ç ÷ç ÷
è ø

-1
(b) 

3
cos

17

æ ö
ç ÷ç ÷
è ø

-1

(c) 
3

cos
17

æ ö
ç ÷
è ø

-1
(d) 

3
sin

17

æ ö
ç ÷
è ø

-1

84. An angle between the lines whose direction cosines are

given by the equations,

l + 3m + 5n = 0 and 5 lm – 2mn + 6nl = 0, is :

(2018/Online Set–2)

(a) 
1

cos
3

æ ö
ç ÷
è ø

-1
(b) 

1
cos

4

æ ö
ç ÷
è ø

-1

(c) 
1 1

cos
6

- æ ö
-ç ÷

è ø
(d) 

1
cos

8

æ ö
ç ÷
è ø

-1

85. 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)

(a) (-3, 2, 1) (b) (3, 2, 1)

(c) (-1, 2, 3) (d) (1, 2, -3)

86. The sum of the intercepts on the coordinate axes of the

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

87. If the angle between the lines, 
2 2 1

x y z
= =  and

5 7 14 3

2 4

x y z

p

- - -
= =

-  is 
2

cos ,
3

æ ö
ç ÷
è ø

-1
 then p is equal to :

(2018/Online Set–3)

(a) 
7

2
(b) 

2

7

(c) 
7

4
- (d) 

4

7
-

88. 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

(c) x - y - z = 0 (d) x + 3y + z = 4

89. The length of the perpendicular from the point (2, –1, 4)

on the straight line,
3 2

10 7 1

x y z+ -
= =

-
 is:

(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



VECTORS & 3-DIMENSIONAL GEOMETRY

90. The vector equation of the plane through the line of

intersection of the planes x + y + z = 1 and

2x + 3y + 4z = 5which is perpendicular to the plane

x – y + z = 0 is : (2019-04-08/Shift-2)

(a) ˆˆ 2 0r i k´ - + =
r

(b) ˆˆ. 2 0r i k- - =
r

(c) ˆˆ 2 0r i k´ + + =
r

(d) ˆˆ. 2 0r i k- + =
r

91. If a point R(4, y, 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) 2 14 (b) 2 21

(c)  6 (d) 53

92. If the line, 
1 1 2

2 3 4

x y z- + -
= =  meets the plane,

2 3 15x y z+ + = at a point P, then the distance of P from

the origin is: (2019-04-09/Shift-1)

(a) 
5

2
(b) 2 5

(c) 
9

2
(d) 

7

2

93. A plane passing through the points (0, -1, 0) and (0, 0, 1)

and making an angle 
4

p
with the plane 5 0,y z- + = also

passes through the point: (2019-04-09/Shift-1))

(a) 2,1, 4- - (b) 2, 1, 4-

(c) 2, 1, 4- - - (d) 2,1,4

94. The vertices B and C of a ΔABC lie on the line,

2 1

3 0 4

x y z+ -
= = such that BC = 5 units.Then the area

(in sq. units) of this triangle, given that the point

1, 1, 2 ,A - is: (2019-04-09/Shift-2))

(a) 5 17 (b) 2 34

(c) 6 (d) 34

95. Let P be the plane, which contains the line of intersection

of the plane, 6 0x y z+ + - = and 2 3 5 0x y z+ + + = and

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))

(a) 
17

5
(b) 63 5

(c) 205 5 (d) 
11

5

96. If a unit vector a
rmakes angles ˆ ˆwith , with

3 4
i j

p p
and

ˆ0, with kq pÎ then a value of q is:

(2019-04-09/Shift-2)

(a) 
5

6

p
(b) 

4

p

(c) 
5

12

p
(d) 

2

3

p

97. If Q (0, –1, –3) is the image of the point P in the plane

3x – y + 4z = 2 and R is the point (3,–1 , –2), then the area

(in sq. units) of DPQR is : (2019-04-10/Shift-1))

(a) 2 13 (b) 
91

4

(c) 
91

2
(d) 

65

2

98. If the length of the perpendicular from the point

to the,0,  0 line, b b b ¹

1 1 3
is ,

1 0 1 2

x y z- +
= =

-
is equthen al to:b

(2019-04-10/Shift-1)

(a) 1 (b) 2

(c) –1 (d) –2
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99. The distance of the point having position vector

ˆˆ ˆ2 6i j k- + + from the straight line passing through the

point (2, 3, -4) and parallel to the vector, ˆˆ ˆ6 3 4i j k+ - is:

(2019-04-10/Shift-2)

(a) 7 (b) 4 3

(c) 6 (d) 2 13

100. A perpendicular is drawn from a point on the line

1 1

2 1 1

x y z- +
= =

-
to the plane 3x y z+ + = such that the

foot the perpendicular Q also lies on the plane

3.x y z- + = Then the co-ordinates of Q are:

(2019-04-10/Shift-2)

(a) (1, 0, 2) (b) (2, 0, 1)

(c) (-1, 0, 4) (d) (4, 0, -1)

101. If the plane 2 2 3 0x y z- + + = has the distances 
1

3
and

2

3
units from the planes 4 2 4 0x y z l- + + = and

2 2 0x y z m- + + = respectively, then the maximum value

of l m+ is equal to : (2019-04-10)/Shift-2

(a) 9 (b) 15

(c) 5 (d) 13

102. If the line 
2 1 1

3 2 1

x y z- + -
= =

-
intersects the plane

2x + 3y – z + 13 = 0 at a point P and the plane

3x + y + 4z = 16 at a point Q, then PQ is equal to

(2019-04-12/Shift-1)

(a) 14 (b) 14

(c) 2 7 (d) 2 14

103. A plane which bisects the angle between the two given

planes 2 2 4 0x y z- + - =  and 2 2 2 0x y z+ + - = passes

through the point: (2019-04-12/Shift-2)

(a) (1, -4, 1) (b) (1, 4, -1)

(c) (2, 4, 1) (d) (2, -4, 1)

104. The length of the perpendicular drawn from the point

(2, 1,  4) to the plane containing the lines

ˆˆ ˆ ˆ ˆ2= + + + -
r
r i j i j kl and

ˆˆ ˆ ˆ ˆ 2= + + - + -
r
r i j i j km is ______.

(2019-04-12/Shift-2)

(a) 3 (b) 
1

3

(c) 3 (d) 
1

3

105. The equation of the line passing through (–4, 3, 1) parallel

to the plane x + 2y – z – 5 = 0 and intersecting the line

1 3 2

3 2 1

x y z+ - -
= =

- -
is: (2019-01-09/Shift-1)

(a) 
4 3 1

2 1 4

x y z- + +
= = (b) 

4 3 1

1 1 3

x y z+ - -
= =

(c) 
4 3 1

3 1 1

+ - -
= =

-

x y z
(d) 

4 3 1

1 1 1

x y z+ - -
= =

-

106. The equation of the plane containing the straight line

2 3 4

x y z
= = and perpendicular to the plane containing the

straight lines and is:
3 4 2 4 2 3

x y z x y z
= = = =

(2019-01-09/Shift-2)

(a) x - 2y + z = 0 (b) 3x + 2y - 3z = 0

(c) x + 2y - 2z = 0 (d) 5x + 2y - 4z = 0

107. If the lines x = ay + b, z = cy + d and x = a’z + b’,

y = c’ z + d’ are perpendicular, then:

(2019-01-09/Shift-2)

(a) ab’ + bc’ + 1 = 0 (b) cc’ + a + a’ = 0

(c) bb’ + cc’ + 1 = 0 (d) aa’ + c + c’ = 0



VECTORS & 3-DIMENSIONAL GEOMETRY

108. The plane passing through the point (4, -1, 2) and parallel

to the lines 
2 2 1

3 1 2

x y z+ - +
= =

-
and

2 3 4

1 2 3

x y z- - -
= = also passes through the point:

(2019-01-10/Shift-1)

(a) (1, 1, -1) (b) (1, 1, 1)

(c) (-1, -1, -1) (d) (-1, -1, 1)

109. Let A be a point on the line

ˆ ˆ ˆr 1 3 i 1 j 2 5 k= - m + m - + + m
r

and B(3, 2, 6) be a

point in the space. Then the value of  μ for which the

vector AB
uuur

is parallel to the plane 4 3 1x y z- + = is

(2019-01-10/Shift-1)

(a) 
1

4
(b) 

1

8

(c) 
1

2
(d) 

1

4
-

110. The plane which bisects the line segment joining the points

(–3, –3, 4) and (3, 7, 6) at right angles, passes through

which one of the following points?

(2019-01-10/Shift-2)

(a) (–2, 3, 5) (b) (4, –1, 7)

(c) (2, 1, 3) (d) (4, 1, –2)

111. On which of the following lines lies the point of inter-

section of the line 
54 3

2 2 1

yx z-- -
= = and the plane,

2?x y z+ + = (2019-01-10/Shift-2)

(a) 
3 4 1

3 3 2

x y z+ - +
= =

-
(b) 

4 5 5

1 1 1

x y z- - -
= =

-

(c) 
1 3 4

1 2 5

x y z- - +
= =

-
(d) 

2 3 3

2 2 3

x y z- - +
= =

112. The plane containing the line 
3 2 1

2 1 3

x y z- + -
= =

-
and

also containing its projection on the plane

2x + 3y – z = 5, contains which one of the following points?

(2019-01-11/Shift-1)

(a) (2,2,0) (b) (–-2,2,2)

(c) (0,–2,2) (d) (2,0,–2)

113. Two lines 
3 1 6

1 3 1

x y z- + -
= =

-
and 

5 2 3

7 6 4

x y z+ - -
= =

-

intersect at the point R. The reflection of R in the xy-

plane has coordinates : (2019-01-11/Shift-2)

(a) 2, 4, 7- - (b) 2, 4, 7-

(c) 2, 4, 7 (d) 2, 4, 7-

114. If the point (2, α, β) lies on the plane which passes through

the points (3, 4, 2) and (7, 0, 6) and is perpendicular to the

plane 2x – 5y = 15, then 2α – 3β is equal to :

(2019-01-11/Shift-2)

(a) 12 (b) 7

(c) 5 (d) 17

115. A tetrahedron has vertices P(l, 2, 1), Q(2, 1, 3), R(-1, 1, 2) and

O(0, 0, 0). The angle between the faces OPQ and PQR is:

(2019-01-12/Shift-1)

(a) 
1 17

cos
31

- -æ ö
ç ÷
è ø

(b) 
1 19

cos
35

- -æ ö
ç ÷
è ø

(c) 
1 9

cos
35

- -æ ö
ç ÷
è ø

(d) 
1 7

cos
31

- -æ ö
ç ÷
è ø

116. The perpendicular distance from the origin to the plane

containing the two lines, 
2 2 5

3 5 7

x y z+ - +
= = and

1 4 4

1 4 7

x y z- - +
= = , is (2019-01-12/Shift-1)

(a) 11 6 (b) 
11

6

(c) 11 (d) 6 11

117. If an angle between the line,  
1 2 3

2 1 2

x y z+ - -
= =

-
and

the plane, 2 3x y Kz- - = is 1 2 2
cos

3
-

æ ö
ç ÷ç ÷
è ø

then a value of

K is (2019-01-12/Shift-2)

(a) 
5

3
(b) 

3

5

(c) 
3

5
- (d) 

5

3
-
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118. Let S be the set of all real values of l such that a plane

passing through the points 
2 2, 1, 1 , 1, , 1l l- - and

21, 1, l- also passes through the point 1, 1, 1- - Then

S is equal to (2019-01-12/Shift-2)

(a) 3 (b) 3, 3-

(c) 1, 1- (d) 3, 3-

119. The plane passing through the points (1, 2,1), (2, 1, 2)

and parallel to the line, 2x = 3y, z = 1also passes through

the point : (2020-09-02/Shift-1)

(a) (0, –6, 2) (b) (0, 6, – 2)

(c) (– 2, 0, 1) (d) (2, 0, –1)

120. 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

( , 3,5),a - then a  is equal to : (2020-09-02/Shift-2)

(a) – 5 (b) 10

(c) 5 (d) – 10

121. 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)

(a) x – y – 2z = 1 (b) x – 2y + z = 1

(c) 2x + y – z = 1 (d) x + 2y – z = 1

122. The lines r (i j) (2i k)= - + +
r
$ $ $l and r (2i j) m(i j k)= - + + -

r
$ $ $ $

(2020-09-03/Shift-1)

(a) do not intersect for any values of l and m

(b) intersect when l = 1 and m = 2

(c) intersect when l = 2 and 
1

m
2

=

(d) intersect for all values of l and m

123. 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)

(a) (0, –1, 1) (b) (4, 0, 1)

(c) (4, 0, –1) (d) (0, 1, –1)

124. Let a plane P contain two lines ˆ ˆ ˆ( ),r i i j Rl l= + + Î
r

 and

ˆˆ ˆ( ), .r j j k Rm m= - + - Î
r

 If ( , , )Q a b g is the foot of

the perpendicular drawn from the point M (1,0, 1) to P,

then 3 ( )a b g+ +  equals ………. .

(2020-09-03/Shift-2)

125. If the 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 ÎR,then the distance of the

point (3,2, –1) from the  plane P is……. units.

(2020-09-04/Shift-1)

126. The distance of the point (1, –2, 3) from the plane

x – y + z = 5 measured parallel to the line 
2 3 6

x y z
= =

-
is:

(2020-09-04/Shift-2)

(a) 
1

7
(b) 7

(c) 
7

5
(d) 1

127.  If (a,b,c) is the image of the point (1,2, –3) in the line,

1 3

2 2 1

x y z+ -
= =

- -
, then a+b+c is

(2020-09-05/Shift-1)

(a) 2 (b) 3

(c) –1 (d) 1

128. If for some a Î R, the lines 1

x 1 y 2 z 1
L :

2 1 1

+ - -
= =

-
and

2

x 2 y 1 z 1
L :

5 1a a

+ + +
= =

-
 are coplanar, then the line L

2

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)

129. The shortest distance between the lines

1 1

0 1 1

x y z- +
= =

-
and 1 0x y z+ + + = , 2 3 0x y z- + + =

is: (2020-09-06/Shift-1)

(a) 1 (b) 
1

2

(c) 
1

3
(d) 

1

2
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130. A plane P meets the coordinate axes at A, B and C

respectively. The centroid of DABC 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)

(a) 
1 1 2

2 1 1

x y z- - -
= = (b) 

1 1 2

2 2 1

x y z- - -
= =

(c) 
1 1 2

1 2 2

x y z- - -
= = (d) 

1 1 2

1 1 2

x y z- - -
= =

131. 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)

132.  The shortest distance between the lines

3 8 3

3 1 1

x y z- - -
= =

-
and 

3 7 6

3 2 4

x y z+ + -
= =

-
 is:

(2020-01-08/Shift-1)

(a) 2 30 (b) 
7

300
2

(c) 3 (d) 3 30

133. The mirror image of the point (1, 2, 3) in a plane is

7 4 1
, ,

3 3 3

æ ö
- - -ç ÷

è ø
.Which of the following points lies on this

plane? (2020-01-08/Shift-2)

(a) (1, -1, 1) (b) (-1, -1, 1)

(c) (1, 1, 1) (d) (-1, -1, -1)

134. If the distance between the plane, 23x – 10y – 2z + 48 =0

and the plane containing the lines 
1 3 1

2 4 3

x y z+ - +
= =

and 
3 2 1

,
2 6

x y z
Rl

l

+ + -
= = Î , is equal to 

633

k
,

then k is equal to_______ (2020-01-09/Shift-2)

135. Let P be a plane passing through the points (1, 0, 1),

(1, –2, 1) and (0, 1, –2). Let a vector a i j k
® Ù Ù Ù

= a + b + g  be

such that  a
®

 is parallel to the plane P, perpendicular to

i 2 j 3k
Ù Ù Ùæ ö
+ +ç ÷

è ø
 and a . i j 2 k 2,

® Ù Ù Ùæ ö
+ + =ç ÷

è ø
 then  

2
a - b + g

equals ____. (2021-07-20/Shift-1)

136. If the shortest distance between the lines

1r i 2 j 2 k i 2 j 2 k , R, 0
® Ù Ù Ù Ù Ù Ùæ ö

= a + + + l - + l Î a >ç ÷
è ø

and 2r 4 i k 3 i 2 j 2k , R
® Ù Ù Ù Ù Ùæ ö

= - - + m - - m Îç ÷
è ø

 is 9, then a is

equal to ______. (2021-07-20/Shift-1)

137. The lines x ay 1 z 2= - = -  and x = 3y – 2 = bz – 2,

(ab ¹ 0) are coplanar, if ? (2021-07-20/Shift-2)

(a) b 1,a R 0= Î - (b) a 2,b 3= =

(c) a 2,b 2= = (d) a 1, b R 0= Î -

138. Consider the line L given by the equation

x 3 y 1 z 2

2 1 1

- - -
= = . 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)

(a) (1, 2, 2) (b) (–1, 1, 2)

(c) (1, 1, 1) (d) (1, 1, 2)

139. Let the foot of perpendicular from a point P 1, 2, 1-  to

the straight line 
x y z

L
1 0 1

= = =
-

 be N. Let a line be drawn

from P parallel to the plane x y 2z 0+ + =  which meets L

at point Q. If  a is the acute angle between the lines PN

and PQ, then cos a is equal to ______________ ?

(2021-07-25/Shift-1)

(a) 
1

2 3
(b) 

1

5

(c) 
3

2
(d) 

1

3

140. Let the plane passing through the point (–1,0, –2) and

perpendicular to each of the planes 2x + y – z = 2 and

x – y – z = 3 be  ax by cz 8 0+ + + = , then the value of

a + b + c is equal to: (2021-07-27/Shift-1)

(a) 8 (b) 4

(c) 3 (d) 5

141. Let a plane P pass through the point (3,7, –7) and contain

the line, 
x 2 y 3 z 2

.
3 2 1

- - +
= =

-
 If distance of the plane P

from the origin is d, then d2 is equal to ______.

(2021-07-27/Shift-1)
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142. For real numbers a and 0,b ¹ if the point of intersection

of the straight lines 
x y 1 z 1

1 2 3

- a - -
= =   and

x 4 y 6 z 7
,

3 3

- - -
= =

b
 lies on the plane x 2y z 8,+ - =

then a -b  is equal to: (2021-07-27/Shift-2)

(a) 5 (b) 3

(c) 7 (d) 9

143. 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,+ + = is equal to ______.

(2021-07-27/Shift-2)

144. Let L be the line of intersection of planes r. i j 2 k 2
Ù Ù Ùæ ö
- + =ç ÷

è ø

r

and r. 2 i j k 2.
Ù Ù Ùæ ö
+ - =ç ÷

è ø

r
 If P , ,a b g is the foot of

perpendicular on L from the point (1, 2, 0), then the value

of 35 a + b + g  is equal to : (2021-07-22/Shift-2)

(a) 134 (b) 119

(c) 143 (d) 101

145. If the shortest distance between the straight lines

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

4 x 2 2 y z 3 , R- = - l = - l Î  is 
1

,
38

then the

integral value of  l is equal to : (2021-07-22/Shift-2)

(a) –1 (b) 2

(c) 3 (d) 5

146. If the lines 
x k y 2 z 3

1 2 3

- - -
= =  and

x 1 y 2 z 3

3 2 1

+ + +
= =  are co-planar, then the value of k is

_____________. (2021-07-25/Shift-2)

147. The distance of line 3y 2z 1 0 3x z 4- - = = - +  from the

point 2, 1,6-  is (2021-09-01/Shift-2)

(a) 2 6 (b) 4 2

(c) 2 5 (d) 26

148. 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)

(a) 4,0, 2- (b) 
1

2,0,
2

æ ö
- -ç ÷

è ø

(c) 
1

3,1,
2

æ ö
-ç ÷

è ø
(d) 0, 2, 4-

149. 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

6 7 8

+ - -
= =  and 

x 1 y 2 z 3
.

3 5 7

- - -
= =

Then (PQ)2 , is equal to _______. (2021-08-26/Shift-2)

150. Let P be the plane passing through the point (1, 2, 3) and

the line of intersection of the planes r. i j 4k 16+ + =
r
$ $  and

r. i j k 6.- + + =
r
$ $ Then which of the following points lie

on P? (2021-08-26/Shift-2)

(a) (3, 3, 2) (b) (-8, 8, 6)

(c) (4, 2, 2) (d) (6, 6, 2)

151. A hall has a square floor of dimension  10m × 10m (see the

figure) and vertical walls. If the angle GPH between the

diagonals AG and BH is 1 1
cos ,

5
-  then the height of the

hall (in meters) is: (2021-08-26/Shift-2)

(a) 5 3 (b) 5

(c) 2 10 (d) 5 2
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152. Equation of a plane at a distance 
2

21
from the origin,

which contains the line of intersection of the planes

x – y – z –1 0=  and 2x y – 3z 4 0,+ + =  is :

(2021-08-27/Shift-1)

(a) –x 2y 2z – 3 0+ + = (b) 3x – 4z 3 0+ =

(c) 3x – y – 5z 2 0+ = (d) 4x – y – 5z 2 0+ =

153. The distance of the point (1, –2, 3) from the plane

x – y + z = 5 measured parallel to a line, whose direction

ratios are 2, 3, –6 is: (2021-08-27/Shift-1)

(a) 2 (b) 5

(c) 3 (d) 1

154. 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 d2 is equal to _____.

(2021-08-26/Shift-1)

155. A plane P contains the line x + 2y + 3z + 1 = 0

= x – y – z – 6, and is perpendicular to the plane

2x 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) (–1, 1, 2) (d) (0, 1,1)

156. The angle between the straight lines, whose direction

cosines are given by the equation 2l 2m n 0+ - =  and

mn nl lm 0,+ + =  is : (2021-08-27/Shift-2)

(a) 
3

p
(b) 

1 4
cos

9
- æ ö

p - ç ÷
è ø

(c) 
1 8

cos
9

- æ ö
ç ÷
è ø

(d) 
2

p

157. Let S be the mirror image of the point Q (1,3,4) with respect

to the plane 2x y z 3 0- + + =  and let R 3,5, g be a point

on this plane. Then the square of the length of the line

segment SR is _______. (2021-08-27/Shift-2)

158. The equation of the plane passing through the line of

intersection of the planes r. i j k 1
Ù Ù Ùæ ö
+ + =ç ÷

è ø

r
 and

r. 2 i 3 j k 4 0
Ù Ù Ùæ ö
+ - + =ç ÷

è ø

r
 and parallel to the x-axis is :

(2021-08-27/Shift-2)

(a) r. i 3k 6 0
Ù Ùæ ö
+ + =ç ÷

è ø

r
(b) r. j 3k 6 0

Ù Ùæ ö
- - =ç ÷

è ø

r

(c) r. i 3k 6 0
Ù Ùæ ö
- + =ç ÷

è ø

r
(d) r. j 3k 6 0

Ù Ùæ ö
- + =ç ÷

è ø

r

159. The square of the distance of the point of intersection of

the line 
x 1 y 2 z 1

2 3 6

- - +
= =  and the plane 2x y z 6- + =

from the point (–1, –1, 2) is _________ ?

(2021-08-31/Shift-1)

160. 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 2z 9 0,+ - + =  be

x y Z 3 0a + b + g + =  then a + b + g  is equal to ?

(2021-08-31/Shift-1)

(a) –15 (b) 15

(c) –23 (d) 23

161. The distance of the point (–1, 2, –2) from the line of intersection

of the planes 2x + 3y + 2z = 0 and x – 2y + z = 0 is:

(2021-08-31/Shift-2)

(a) 
42

2
(b) 

5

2

(c) 
1

2
(d) 

34

2

162. Suppose the line 
x 2 y 2 z 2

5 2

- - +
= =

a -
 lies on the plane

x 3y 2z 0+ - + b = , then a + b is equal to ____

(2021-08-31/Shift-2)



VECTORS & 3-DIMENSIONAL GEOMETRY

163. If the foot of the perpendicular from point (4, 3, 8) on the

line 1

x a y 2 z b
L :

l 3 4

- - -
= = , l 0¹  is (3, 5, 7), then the

shortest distance between the line L1 and line

2

x 2 y 4 z 5
L :

3 4 5

- - -
= =  is equal to

(2021-03-16/Shift-2)

(a) 
1

3
(b) 

1

2

(c) 
1

6
(d) 

2

3

164. 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

2 2 2 2

x 11 y 19
3

(y 19) (z 12) (x 11) (z 12)

- -
+ +

- - - -

2 2

z 12 x y z

14(x 11)(y 19)(z 12)(x 11) (y 19)

- + +
+ -

- - -- -

is equal to (2021-03-16/Shift-2)

(a) 3 (b) 0

(c) –45 (d) 39

165. 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
 is 

3 m 1 2

- - +
= = , then the value of |m| is equal

to ____. (2021-03-16/Shift-2)

166. Let P be plane lx my nz 0+ + = containing the line,

1 x y 4 z 2

1 2 3

- + +
= = . If plane P divides the line segment

AB joining points A 3, 6, 1- - and B 2, 4, 3- in ratio

k : 1 then the value of k is equal to

(2021-03-16/Shift-1)

(a) 4 (b) 3

(c) 1.5 (d) 2

167. If for  a > 0, the feet of perpendiculars from the points

A a, 2a, 3- and B 0, 4, 5 on the plane lx + 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) 66 (b) 41

(c) 55 (d) 31

168. 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

2 1 1

+ - +
= =

-
 and containing the line

x 2 1 y z 1

3 2 1

- - +
= =  is x y z 24,a + b + g =  then

a + b + g  is equal to : (2021-03-17/Shift-2)

(a) 19 (b) 18

(c) 21 (d) 20

169. Let P be an arbitrary point having sum of the squares of

the distances from the planes x y z 0, lx nz 0+ + = - =

and x 2y z 0,- + =  equal to 9. If the locus of the point P is

2 2 2x y z 9,+ + = then the value of l – n is equal to

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

170. 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

171. 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 – 7 is ……………. . (2021-03-17/Shift-1)

172. If a i j 3k,= a + b +
r

$ $ b i j k= -b - a -
r

$ $  and c i 2 j k= - -
r
$ $

Such that a b 1× =
r r

 and b c 3× = -
r r

,  then 
1

a b c
3

´ ×
r r r

is

equal to …………… . (2021-03-17/Shift-1)

173. Let the mirror image of the point (1,3,a) with respect to

the plane ˆ ˆ ˆr (2i j k) b 0× - + - =
r

 be 3, 5, 2 .- Then, the

value of a b+  is equal to _______.

(2021-03-18/Shift-2)
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174. Let P be a plane containing the line 
x 1 y 6 z 5

3 4 2

- + +
= =

and parallel to the line 
x 3 y 2 z 5

.
4 3 7

- - +
= =

-
  If the point

1, 1,- a  lies on the plane, P, then the value of | 5 |a is

equal to _______. (2021-03-18/Shift-2)

175. The equation of the planes parallel to the plane

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)

176. 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 2 2 2(a b c d )+ + +  is .................. .

(2021-03-18/Shift-1)

177. Let a.b RÎ . If the mirror image of the point P(a, 6, 9)

with respect to the line 
x 3 y 2 z 1

7 5 9

- - -
= =

-
 is

20,b, a 9- - , then a b+  is equal to

(2021-02-24/Shift-2)

(a) 88 (b) 84

(c) 90 (d) 86

178. The vector equation of the plane passing through the

intersection of the planes ˆ ˆ ˆr (i j k) 1× + + =
r

 and

ˆ ˆr (i 2j) 2× - = -
r

, and the point (1, 0, 2) is:

(2021-02-24/Shift-2)

(a) ˆ ˆ ˆr (i 7j 3k) 7× + + =
r

(b) ˆ ˆ ˆr (3i 7 j 3k) 7× + + =
r

(c) 
7ˆ ˆ ˆr (i 7 j 3k)
3

× - + =
r

(d) 
7ˆ ˆ ˆr (i 7 j 3k)
3

× + + =
r

179. Let l be an integer. If the shortest distance between the

lines x 2y 1 2z- l = - = - and x y 2 z= + l = - l  is

7
,

2 2
then the value of l  is ____.

(2021-02-24/Shift-2)

180. The distance of the point (1, 1, 9) from the point of

intersection of the line 
x 3 y 4 z 5

1 2 2

- - -
= = and the plane

x y z 17+ + = is (2021-02-24/Shift-1)

(a) 2 19 (b) 38

(c) 19 2 (d) 38

181. 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+ + + =

182. 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
uuur

 on this plane is of length:

(2021-02-25/Shift-2)

(a) 
2

3
(b) 

2

5

(c) 
2

7
(d) 

2

11

183. A line ‘l’ passing through origin is perpendicular to the

lines

1l : r 3 t i 1 2t j 4 2t k= + + - + + +
r

$ $

2l : r 3 2s i 3 2s j 2 s k= + + + + +
r

$ $

If the co-ordinates of the point in the first octant on ‘l
2
’ at

a distance of 17  from the point of intersection of ‘l’ and

‘l
1
’ are (a,b,c), then 18 (a + b + c) is equal to:

(2021-02-25/Shift-2)

184. Let a be the angle between the lines whose direction cosines

satisfy the equations l m n 0+ - =  and 2 2 2l m n 0+ - = .

Then the value of 4 4sin cosa + a is:

(2021-02-25/Shift-1)

(a) 
5

8
(b) 

3

4

(c) 
1

2
(d) 

3

8
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185. The equation of the line through the point (0, 1, 2) and

perpendicular to the line 
x 1 y 1 z 1

2 3 2

- + -
= =

-
 is:

(2021-02-25/Shift-1)

(a) 
x y 1 z 2

3 4 3

- -
= =

-
(b) 

x y 1 z 2

3 4 3

- -
= =

-

(c) 
x y 1 z 2

3 4 3

- -
= = (d) 

x y 1 z 2

3 4 3

- -
= =

-

186. If the mirror image of the point (1, 3, 5) with respect to the

plane 4x 5y 2z 8- + =  is , , ,a b g then 5 a + b + g

equals : (2021-02-26/Shift-2)

(a) 39 (b) 41

(c) 47 (d) 43

187. Let L be a line obtained from the intersection of two planes

x 2y z 6+ + =  and y 2z 4+ = . If point P , ,a b g  is the

foot of perpendicular from (3, 2, 1) on L, then the value of

21 a + b + g  equals: (2021-02-26/Shift-2)

(a) 68 (b) 102

(c) 142 (d) 136

188. If 1,5,35 , 7,5,5 , 1, ,7l  and 2 ,1, 2l  are coplanar,,

then the sum of all possible values of l is :

(2021-02-26/Shift-1)

(a) 
44

5
(b) 

39

5

(c) 
44

5
- (d) 

39

5
-

189. Consider the three planes

1P : 3x 15y 21z 9+ + =

2P : x 3y z 5,  and- - =

3P : 2x 10y 14z 5+ + =

Then, which one of the following is true?

(2021-02-26/Shift-1)

(a) P
1
 and P

2
 are parallel

(b) P
1
, P

2
 and P

3
 are parallel

(c) P
1
 and P

3
 are parallel

(d) P
2
 and P

3
 are parallel

190. Let (l, 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
4

4
11 11

l læ ö
- -ç ÷

è ø
 is equal to ____ . (2021-02-26/Shift-1)
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EXERCISE - 3 : ADVANCED OBJECTIVE QUESTIONS

VECTORS

Objective Questions I [Only one correct option]

1. If b&a
rr

 lie on a plane normal to the plane containing d&c
rr

then, )dc(.)ba(
rrrr

´´  is equal to

(a) –1 (b) 1

(c) 0 (d) none

2. ‘P’ is a point inside the triangle ABC such that

0)PC(AB)PB(CA)PA(BC =++  then for the triangle

ABC the point P is its

(a) incentre (b) circumcentre

(c) centroid (d) orthocentre

3. Let p
r

 is the p.v. of the orthocentre & g
r

 is the p.v. of the

centroid of the triangle ABC where circumcentre is the

origin. If gKp
rr

=  then K =

(a) 3 (b) 2

(c) 1/3 (d) 2/3

4. If the unit vectors 1 2e and e
r r

 are inclined at an angle

2q and 1|ee| 21 <-
rr

, then for q Î [0, p], q may lie in the

interval :

(a) ÷
ø

ö
ê
ë

é p

6
,0 (b) ú

û

ù
ê
ë

é pp

2
,

6

(c) ú
û

ù
ç
è

æ
p

p
,

6

5
(d) ú

û

ù
ê
ë

é pp

6

5
,

2

5. Two given points P and Q in the rectangular cartesian co–

ordinates lie on y = 2
x + 2 

such that ˆ. 1OP i = -
uuur

 and

ˆ. 2OQ i = +
uuur

 where î  is a unit vector along the x–axis.

The magnitude of 4OQ OP-
uuur uuur

 will be :

(a) 10 (b) 20

(c) 30 (d) none

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

pv s a b c and d' , ,
r rr r

 respectively such that

0)ac(.)db()cb(.)da( =--=--
rrrrrrrr

.

Then for the triangle ABC, D is its :

(a) incentre (b) circumcentre

(c) othocentre (d) centroid

7. Let ,k̂aĵaîaa 321 ++=
r

k̂bĵbîbb 321 ++=
r

 and

k̂cĵcîcc 321 ++=
r

 be three non–zero vectors such that c
r

is a unit vector perpendicular to both a andb
rr

. If the angle

between a and b
rr

 is p/6, then 

2

321

321

321

ccc

bbb

aaa

 is equal to :

(a) 0

(b) 1

(c) )bbb()aaa(
4

1 2
3

2
2

2
1

2
3

2
2

2
1 ++++

(d) none of these

8. The vectors q&p
rr

 satisfy the system of equations

2p q a, p 2q b+ = + =
rr r r r r

 and the angle between q&p
rr

 is q.

If it is known that in the rectangular system of

co-ordinates the vectors b&a
rr

 have the forms a
r

= (1, 1)

& b
r

= (1, –1) then cos q =

(a) 
5

4
(b) 

5

4
-

(c) 
5

3
- (d) none
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9. Let A a
r

 and B b
r

 be points on two skew lines par
rrr

l+=

and qubr
rrr

+=  and the shortest distance between the skew

lines is 1, where p
r

 and q
r

 are unit vectors forming adjacent

sides of a parallelogram enclosing an area of 
2

1
 units. If

an angle between AB and the line of shortest distance is

60°, then AB =

(a) 
2

1
(b) 2

(c) 1 (d) l Î R – {0}

10. If c&b
rr

 are any two perpendicular unit vectors and a
r

 is

any vector, then, )cb(
|cb|

)cb(.a
c)c.a(b)b.a(

2

rr
rr

rrr
rrrrrr

´
´

´
++ is

equal to :

(a) a
r

(b) b
r

(c) c
r

(d) none of these

11. If A1, A2, A3, ......, An are the vertices of a regular plane

polygon with n sides & O is its centre then

=´ +

-

=

å )OAOA( 1i

1n

1i

i

(a) 12 OAOA)n1( ´- (b) 12 OAOA)1n( ´-

(c) 12 OAOAn ´ (d) none

12. If the vector product of a constant vector OA  with a

variable vector OB  in a fixed plane OAB be a constant

vector, then locus of B is :

(a) a straight line perpendicular to OA

(b) a circle with centre O radius equal to OA
uuur

(c) a straight line parallel to OA

(d) none of these

13. Let C,B,A
rrr

 be vectors of length 3, 4 and 5 respectively..

Let A
r

 be perpendicular to B,CB
rrr

+  to AC
rr

+  and C
r

 to

BA
rr

+ . Then length of the vector, CBA
rrr

++  is :

(a) 25- (b) 2

(c) 25 (d) none of these

14. If &a b
rr

 are unit vectors such that

,0b2a3b3a2ba =-´+×+
rrrrrr

 then angle between a
r

 and

b
r

(a) 0 (b) p/2

(c) p (d) indeterminate

15. If a plane cuts off intercepts OA = a, OB = b, OC = c from

the coordinate axes, then the area of the triangle ABC =

(a) 
222222 baaccb

2

1
++

(b) )abcabc(
2

1
++

(c) abc
2

1

(d) 
222 )ba()ac()cb(

2

1
-+-+-

16. Let a i k b xi j 1 x k= - = + + -
rr ˆ ˆ ˆ ˆ ˆ,  and

c yi xj 1 x y k= + + + -
r ˆ ˆ ˆ .  Then a b cé ù

ë û

rr r
 depends on

(a) only x (b) only y

(c) neither x nor y (d) both x and y

17. The value of a so that the volume of the parallelopiped

formed by the vectors i aj k j ak i j k+ - + + +ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ, ,  becomes

minimum is

(a) 3 (b) 
1

2

(c) 
1

3
(d) 

7

4
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18. If the vectors ,k̂ĵîa ++ k̂ĵbî ++  and k̂cĵî ++

(a ¹ b ¹ c ¹ 1) are coplanar then the value of

=
-

+
-

+
- c1

1

b1

1

a1

1

(a) 1 (b) –1

(c) 0 (d) none

19. =´´´´´´´´´ )]ba()ac()ac()cb()cb()ba[(
rrrrrrrrrrrr

(a) 2]cba[
rrr

(b) 3]cba[
rrr

(c) 4]cba[
rrr

(d) none

20. The triple product ))]dc(b(a[.)ad(
rrrrrr

´´´+  simplifies to

(a) ]dca[)d.b(
rrrrr

(b) ]dba[)cb(
rrrrr

×

(c) ]dba[)a.b(
rrrrr

(d) none

21. Let b,a,r
rrr

 and c
r

be four non–zero vectors such that ,0ar =×
rr

,crcr,brbr
rrrrrrrr

=´=´ then [a b c] =

(a) |a| |b| |c| (b) –|a| |b| |c|

(c) 0 (d) none of these

22. If c,b,a
rrr

 are such that a b c 1, c a b,é ù = = l ´ë û

r rr r r r

b^a
rr

< 
3

2p
 and ,3b,2a ==

rr 1
c ,

3
=
r

 then the angle

between a
r

 and b
r

 is

(a) 
6

p
(b) 

4

p

(c) 
3

p
(d) 

2

p

23. If ,oc3b2a
rrrr

=++  then accbba
rrrrrr

´+´+´  is equal to

(a) )cb(6
rr

´ (b) )ac(6
rr

´

(c) )ba(6
rr

´ (d) none of these

24. If ,0dadcba =´×´´´
rrrrrr

 then which of the following

is always true

(a) d,c,b,a
rrrr

 are necessarily coplanar

(b) either a
r

 or d
r

 must lie in the plane of b
r

 and c
r

(c) either b
r

 or c
r

 must lie in plane of a
r

 and d
r

(d) either a
r

 or b
r

 must lie in plane of c
r

 and d
r

25. If P
1
 : 1r n× -
r r

 d
1
 = 0, P

2
 : 2r n×
r r

 – d
2
 = 0 and P

3
 : 3r n×
r r

 – d
3
 = 0 are

three planes and 1 2n , n
r r

 and 3n
r

 are three non–coplanar

vectors then, the three lines P
1
=0, P

2
=0 and

P
2
=0, P

3
=0 and P

3
 = 0, P

1
 = 0 are

(a) parallel lines (b) coplanar lines

(c) coincident lines (d) concurrent lines

26. If b,a
rr

 and c
r

 are three unit vectors equally inclined to

each other at an angle a. Then the angle between a
r

 and

plane of b
r

 and c
r

 is

(a) q = cos–1

÷
÷
÷
÷

ø

ö

ç
ç
ç
ç

è

æ

a

a

2
cos

cos
(b) q = sin–1

÷
÷
÷
÷

ø

ö

ç
ç
ç
ç

è

æ

a

a

2
cos

cos

(c) q = cos–1

÷
÷
÷
÷

ø

ö

ç
ç
ç
ç

è

æ

a

a

sin
2

sin

(d)  q = sin–1 

÷
÷
÷
÷

ø

ö

ç
ç
ç
ç

è

æ

a

a

sin
2

sin

27. For any vector ˆ ˆ ˆ ˆ ˆ ˆA, i (i A) j ( j A) k (k A)´ ´ + ´ ´ + ´ ´
r r r r

simplifies to

(a) A3
r

(b) A
r

(c) A
r

- (d) A2
r

-

28. If c,b,a
rrr

 be the unit vectors such that b
r

 is not parallel to

c
r

 and b)cb2(a
rrrr

=´´  then the angle that a
r

 makes with

c&b
rr

 are respectively

(a) 
4

&
3

pp
(b) 

3

2
&

3

pp

(c) 
3

2
&

2

pp
(d) 

3
&

2

pp
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29. If a vector a
r

 is expressed as the sum of two vectors 'a
r

and a ''
uur

 along and perpendicular to a given vector b
r

 then

a"
uur

 is

(a) 
b

b)ba(
r

rrr
´´

(b) 2

b (a b)

b

´ ´
r rr

r

(c) 
b

)ba(b
r

rrr
´´

(d) 2

a b
b

b

´
rr r
r

30. If candb,a
rrr

 are any three vectors, then

c)ba()cb(a
rrrrrr

´´=´´  is true if :

(a) c&b
rr

 are collinear (b) c&a
rr

 are collinear

(c) b&a
rr  are collinear (d) none of these

31. ˆ ˆ ˆ ˆ ˆ ˆ( r . i) (i r ) ( r . j) ( j r ) ( r . k) (k r )´ + ´ + ´ =
r r r r r r

(a) 0 (b) r
r

(c) r2
r

(d) r3
r

32. For a non zero vector A
r

 if the equations C.AB.A
rrrr

=

and CABA
rrrr

´=´  hold simultaneously, then

(a) A
r

 is perpendicular to CB
rr

-

(b) BA
rr

=

(c) CB
rr

=

(d) AC
rr

=

33. Let k̂î2bandĵîa -=+=
rr

. The point of intersection of

the lines abar
rrrr

´=´  and babr
rrrr

´=´  is :

(a) k̂ĵî ++- (b) k̂ĵî3 +-

(c) k̂ĵî3 -+ (d) k̂ĵî --

Objective Questions II [One or more than one correct option]

34. The vectors c,b,a
rrr

 are of the same length & pairwise form

equal angles. If ˆ ˆa i j= +
r

 & ˆˆb j k= +
r

 then c
r

 can be

(a) (1, 0, 1) (b) ÷
ø

ö
ç
è

æ
--

3

4
,

3

1
,

3

4

(c) ÷
ø

ö
ç
è

æ
-

3

1
,

3

4
,

3

1
(d) ÷

ø

ö
ç
è

æ
--

3

1
,

3

4
,

3

1

35. The vector )ab(a
rrr

´´  is

(a) perpendicular to a
r

(b) perpendicular to b
r

(c) coplanar with a
r

& b
r

(d) perpendicular to ba
rr

´

36. )vu(.)vu(
rrrr

´´  is equal to

(a) 
v.vv.u

v.uu.u
rrrr

rrrr

(b) 222 v.u)v.u(
rrrr

-

(c) 222 )v.u(|v||u|
rrrr

- (d) none

37. If ĵbîaz1 +=
r

 & ĵdîcz2 +=
r

 are two vectors in ĵ&î

system where r|z||z| 21 ==
rr

 & 0z.z 21 =
rr

 then

ĵcîaw1 +=
r

 and ĵdîbw 2 +=
r

 satisfy

(a) r|w| 1 =
r

(b) r|w| 2 =
r

(c) 0w.w 21 =
rr

(d) none of these

38. If c,b,a
rrr

 and d
r

 are the pv’s of the point A, B, C and D

respectively in three dimensional space and satisfy the

relation ,0d2cb2a3 =-+-
rrrr

then :

(a) A, B, C and 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 d&c,b,a
rrrr

are linearly dependents.
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39. a and b
rr

 are two non collinear unit vectors. Then

byax,b,a
rrrr

-  form a triangle, if:

(a) x = –1; y = 1 and 
a ^b

a b 2cos
2

æ ö
+ = ç ÷

è ø

rrrr

(b) x = –1; y = 1 and cos (a ^ b) +
rr

| a b | cos [a ^ (a b)] 1+ - + = -
r rr r r

(c) 
a^ b a ^b

a b 2cot cos
2 2

æ ö æ ö
+ =- ç ÷ ç ÷

è ø è ø

r rr rrr
 and

       x = –1, y = 1

(d) none of these

40. If ,b2aOD;b3a2OC;bOB;aOA
rrrrrr

-=+===  the length

of OA  is three times the length of OB  and OA  is

prependicular to DB  then )OCOD(.)ACBD( ´´  is :

(a) 2|ba|7
rr

´ (b) 2|ba|42
rr

´

(c) 0 (d) none of these

41. b̂&â  are two given unit vectors at right angle. The unit

vector equally inclined with b̂&â  and b̂â ´  will be :

(a) )b̂âb̂â(
3

1
´++- (b) )b̂âb̂â(

3

1
´++

(c) )b̂âb̂â(
3

1
´-+ (d) )b̂âb̂â(

3

1
´-+-

42. If a
r

and b
r

 unequal unit vectors such that

,ba)]ba2()ab[()ba(
rrrrrrrr

+=+´+´-  then angle q between

a
r

and b
r

 is

(a) 
2

p
(b) 0

(c) p (d) 
4

p

43. A vector d
r

 is equally inclined to three vectors ,k̂ĵîa +-=
r

ĵî2b +=
r

 and .k̂2ĵ3c -=
r

 Let z,y,x
rrr

 be three vector in

the plane of a,c;c,b;b,a
rrrrrr

 respectively then

(a) 14dx =×
rr

(b) 3dy =×
rr

(c) 0dz =×
rr

(d) 0dr =×
rr

 where zyxr
rrrr

d+m+l=

44. Identify the statement(s) which is/are INCORRECT ?

(a) )a)(ba()]ba(a[a 2rrrrrrr
´=´´´

(b) If c,b,a
rrr

are non–zero, non coplanar vectors, and

0c.vb.va.v ===
rrrrrr  then v

r
must be a null vector

(c) If a
r

 and b
r

 lie in a plane normal to the plane containing

the vectors a b,c d, where a, b, c,d- -
r r r rr r r r

 are non–zero

vectors, then  odcba
rrrrr

=´´´

(d) If c,b,a
rrr

and 'c'b,'a
rrr

 are reciprocal system of vectors

then 3'ac'cb'ba =×+×+×
rrrrrr

Numerical Value Type Questions

45. If 3, 4, 5 , ,= = = ^ + ^ +
r r rr r r r r r

a b c and a b c b c a

2

then^ + + +
r rr r r r

c a b a b c  is .....

46. , ,a b c
rr r are three unit vectors and every two are inclined to

each other at an angle cos–1(3/5). If a b pa qb rc´ = + +
r rr r r

,

where p, q, r are scalars, then 55q2 is equal to
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Assertion & Reason

Use the following codes to answer the questions

(A) If both assertion and reason are correct and reason

is the correct explanation of assertion.

(B) If both 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.

47. Assertion : Let ,k̂2ĵ6î4b,k̂ĵ3î2a -+=-+=
rr

 then

oba
rrr

=´

Reason : If oa
rr

¹ , ob
rr

¹  and a
r

 and b
r

 are non–collinear

vectors, then ba
rr

´ = ab sin q n̂ , where q is the smaller

angle between the vectors a
r

and b
r

 and n̂  is unit vector

such that ˆa,b,n
rr

taken in this order form right handed

orientation

(a) A (b) B

(c) C (d) D

(e) E

48. Assertion : Let ,ĵî3a -=
r

.k̂3ĵî2b -+=
r

If 21 bbb
rrr

+=

such that 1b
r

 is collinear with a
r

 and 2b
r

is perpendicular

to a
r

is possible, then .k̂3ĵ3îb2 -+=
r

Reason : If a
r

 and b
r

 are non–zero, non–collinear vectors,

then b
r

 can be expressed as 21 bbb
rrr

+= , where 
1b
r

 is

collinear with a
r

and 2b
r

 is perpendicular to a
r

.

(a) A (b) B

(c) C (d) D

(e) E

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.

49. Column–I Column–II

(A) If ĵba =+
rr

 and (P) 1

ĵˆ2a b 3i ,
2

- = +
rr

 then

cosine of the angle between

a
r

 and b
r

 is

(B) If ,cba
rrr

==  angle between (Q) 35

each pair of vectors is 
3

p
 and

,6cba =++
rrr

 then =a
r

(C) Area of the parallelogram (R) 7

whose diagonals represent

the vectors k̂2ĵî3 -+  and

k̂4ĵ3î +-  is

(D) If a
r

 is perpendicular to (S)
5

3
-

b,cb
rrr

+  is perpendicular to

,ac
rr

+ c
r

 is perpendicular to

3b,2a,ba ==+
rrrr

 and

6c =
r

, then  =++ cba
rrr

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. Match the following

Column-I Column-II

(A) If the vectors , ,a b c
rr r

(P) . . .= =
r rr r r r

a b b c c a

form sides , ,BA CA AB
uuur uuur uuur

of DABC, then

(B) If , ,a b c
rr r

  are forming (Q) . . . 0a b b c c a= = =
r rr r r r

three adjacent sides of

regular tetrahedron, then

(C) If a b´
rr

 = c
r

, b c´
r r

= a
r (R) a b b c c a´ = ´ = ´

r rr r r r

then

(D) , ,a b c
rr r

 are unit vectors (S)
3

. . .
2

a b b c c a+ + = -
r rr r r r

and a b c+ +
rr r

 = 0 then

The correct matching is

(a) A ® R ; B ® P; C ®P,Q; D ® S

(b) A ® R,S ; B ® P; C ®S; D ®Q

(c) A ®P ; B ®R; C ® Q; D ®P,S

(d) A ® R ; B ®Q; C ®P; D ® S

Paragraph Type Questions

Using the following passage, solve Q.51 to Q.54

PASSAGE

Three vectors ˆˆ ˆa, b and c  are such that

ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆa b c, b c a, c a b.´ = ´ = ´ =

Answer the following questions :

51. If vector ˆˆ ˆ3a 2b 2c- +  and ˆ ˆa 2c- -  are adjacent sides of

a parallelogram, then an angle between the diagonals is

(a) 
4

p
(b) 

3

p

(c) 
2

p
(d) 

3

2p

52. Vectors ˆˆ ˆ2a 3b 4c- + , ˆˆ ˆa 2b c+ - and ˆˆ ˆxa b 2c- +  are

coplanar, then x =

(a) 
5

8
(b) 

8

5

(c) 0 (d) 1

53. Let ˆ ˆˆ ˆx a b, y 2a b,= + = -
r r

 then the point of intersection of

straight lines yxyr,xyxr
rrrrrrrr

´=´´=´ is

(a) ˆ2b (c) ˆ3b

(c) ˆ3a (d) ˆ2a

54. ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆa b c b c a c a b× ´ + × ´ + × ´  is equal to

(a) 1 (b) 3

(c) 0 (d)  – 12

3-DIMENSIONAL GEOMETRY

Objective Questions I [Only one correct option]

55. Consider a tetrahedron with faces f1, f2, f3, f4. Let

4321 a,a,a,a
rrrr

be the vectors whose magnitudes are

respectively equal to the areas of f1, f2, f3, f4 & whose

directions are perpendicular to these faces in the outward

direction. Then

(a) 
1 2 3 4a a a a 0+ + + =

rr r r r
(b) 4231 aaaa

rrrr
+=+

(c) 4321 aaaa
rrrr

+=+ (d) none

56. Let b,a
rr

 and c
r

be non–coplanar unit vectors equally

inclined to one another at an acute angle q. Then a b cé ù
ë û

rr r

in terms of q is equal to :

(a) qq+ 2cos)cos1( (b) q-q+ 2cos21)cos1(

(c) q+q- cos21)cos1( (d) none of these

57. If line makes angle a,b,g,d with the four diagonals of a

cube, then the value of cos
2
a + cos

2
b + cos

2
g + cos

2
d =

(a) 1 (b) 4/3

(c) 2/3 (d) Variable

58. 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

(a) 6 (b) 23

(c) 32 (d) 26
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59. The direction ratio’s of the line x – y + z – 5 = 0 = x – 3y – 6 are

(a) 3, 1, –2 (b) 2, –4, 1

(c) 
3 1 2

, ,
14 14 14

-
(d) 

2 4 1
, ,

21 21 21

-

60. A variable 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) x
2
 + y

2
 + z

2
 – x – 2y – 3z = 0

(b) x
2
 + 2y

2
 + 3z

2
 – x – 2y – 3z = 0

(c) x
2
 + 4y

2
 + 9z

2
 + x + 2y + 3 = 0

(d) x
2
 + y

2
 + z

2
 + x + 2y + 3z = 0

61. The straight lines 
3

3z

2

2y

1

1x -
=

-
=

-
 and

2

3z

2

2y

2

1x

-

-
=

-
=

-
 are

(a) parallel lines (b) Intersecting at 60º

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

62. The equation of the plane which bisects the angle between

the planes 3x – 6y + 2z + 5 = 0 and 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

63. 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 (b) a/2

(c) 3a/2 (d) 1/a

64. If 21 a,a
rr

 and 3a
r

 are non–coplanar vectors and

(x + y – 3) +1a
r

(2x – y + 2) 2a
r

+ (2x + y + l) 3a
r

 = 0
r

holds for some ‘x’ and ‘y’ then ‘l’ is

(a) 
3

7
(b) 2

(c) 
3

10
- (d) 

3

5

65. If the foot of the perpendicular from the origin to a plane

is P (a, b, c), the equation of the plane is

(a) 3
c

z

b

y

a

x
=++

(b) ax + by + cz = 3

(c) ax + by + cz = a2 + b2 + c2

(d) ax + by + cz = a + b + c

66. Equation of line in the plane P : 2x – y + z – 4 = 0 which is

perpendicular to the line l whose equation is

2

3z

1

2y

1

2x

-

-
=

-

-
=

-
 and which passes through the point

of intersection of l and P is

(a) 
1

1z

5

1y

3

2x

-

-
=

-
=

-
(b) 

x 1 y 3 z 5

3 5 1

- - -
= =

-

(c) 
1

1z

1

1y

2

2x +
=

-

+
=

+
(d) 

1

1z

1

1y

2

2x -
=

-

-
=

-

67. Equation of plane which passes through the point of

intersection of lines 
2

3z

1

2y

3

1x -
=

-
=

-
 and

1

3x -

3

2z

2

1y -
=

-
=  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. Let A(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 + 142  = 0

(b) 2x – 3y + z – 14  = 0

(c) 2x – 3y + z + 2 = 0

(d) 2x – 3y + z – 2 = 0

Numerical Value Type Questions

69. If equation of the plane through the straight line

5

z

3

2y

2

1x
=

-

+
=

-
 and perpendicular to the plane

x – y + z + 2 = 0 is ax – by + cz + 4 = 0, then find the value

of 103a + 102b + 10 c.

70. In a regular tetrahedron let q be the angle between any

edge and a face not containing the edge.  If cos2q = 
a

b

where a, b Î I+ also a and b are coprime, then find the

value of (10a + b)

71. 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 a2 + b2 + c2 + 2abc.

72. If the reflection of the point P(1, 0, 0) in the line

1 1 10

2 3 8

x y z- + +
= =

-
is (a, b, g). Find – (a + b + g)

Assertion & Reason

Use the following codes to answer the questions

(A) If both assertion and reason are correct and reason

is the correct explanation of assertion.

(B) If both 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. Assertion : If k̂ĵîc,k̂ĵ2îb,k̂î3a ++=++-=+=
rrr

and

ĵî2d -=
r

, then there exist real numbers a, b, g such that

dcba
rrrr

g+b+a=

Reason : d,c,b,a
rrrr

 are four vectors in a 3–dimensional

space. If d,c,b
rrr

 are non–coplanar, then there exist real

numbers a, b, g such that dcba
rrrr

g+b+a=

(a) A (b) B

(c) C (d) D

(e) E

 74. Assertion : Let c,b,a
rrr

 and d
r

 are position vectors of four

points A, B, C and D and ,0d6c5b2a3
rrrrr

=-+-  then points

A, B, C and D are coplanar.

Reason : Three non zero, linearly dependent co–initial

vectors PSandPR,PQ  are coplanar..

(a) A (b) B

(c) C (d) D

(e) E

75. 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 c’ ¹  kc, then the straight line

ax + by + cz + d = 0, kax + kby + c’z + d’ = 0, does not

intersect the plane z = a, where a is any real number except

d ' kd

kc c '

-

-
.

(a) A (b) B

(c) C (d) D

(e) E
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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.

76. Column–I Column–II

(A) Foot of perp. drawn for (P) ÷
ø

ö
ç
è

æ

29

69
,

29

30
,

29

107

 point (1, 2, 3) to the line

4

2z

3

1y

2

2x -
=

-
=

-
 is

(B) Image of line point (1, 2, 3) in (Q) ÷
ø

ö
ç
è

æ

29

69
,

29

125
,

29

88

the line 
4

2z

3

1y

2

2x -
=

-
=

-
 is

(C) Foot of perpendicular from (R) ÷
ø

ö
ç
è

æ

29

78
,

29

44
,

29

68

the point (2, 3, 5) to the plane

2x + 3y – 4z + 17 = 0 is

(D) Image of the point (2, 5, 1) in (S) ÷
ø

ö
ç
è

æ

29

185
,

29

57
,

29

38

the plane 3x – 2y + 4z – 5 = 0

is

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

77. Consider three planes

P
1 
: 2x + y + z = 1

P
2 
:  x – y + z = 2

P
3 
: ax + 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

(A) The value of a is (P) 1

(B) The length of projection of PQ (Q) 2

on x-axis is

(C) If the coordinates of point R on (R) 4

the line PQ situated at minimum

distance from point ‘O’ are (a, b, c),

then the value of 7a + 14b +14c is

(D) If the area of DPOQ is 
b

a
(S) 3

Then the value of a – b is where

a & b are co prime numbers

The correct matching is

(a) 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

Using the following passage, solve Q. 78 to Q. 80

Passage

Let a
1
x + b

1
y + c

1
z + d

1
 = 0 and a

2
x + b

2
y + c

2
z + d

2
 = 0 be

two planes, where d
1
, d

2
 > 0. Then origin lies in acute angle

if a
1
a

2
 + b

1
b

2
 + c

1
c

2
 < 0 and origin lies in obtuse angle if

a
1
a

2
 + b

1
 b

2
 + c

1
c

2
 > 0.

Further point (x
1
, y

1
, z

1
) and origin both lie either in acute

angle or in obtuse angle, if (a
1
x

1
 + b

1
y

1
 + c

1
z

1
 + d

1
)

(a
2
x

1
 + b

2
y

1
 + c

2
z

1
 + d

2
) > 0. One of (x

1
, y

1
, z

1
) and origin lie

in acute angle and the other in obtuse angle, if

(a
1
x

1
 + b

1
y

1
 + c

1
z

1
 + d

1
) (a

2
x

1
 + b

2
y

1
 + c

2
z

1
 + d

2
) < 0

78. Given the planes 2x + 3y – 4z + 7 = 0 and

x – 2y + 3z – 5 = 0, if a point 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.

79. Given the planes x + 2y – 3z + 5 = 0 and

2x + y + 3z + 1 =0. If a point 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.

80. 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 b,a
rr

 and c
r

 form the sides BC, CA and ABAB

respectively of a triangle ABC, then : (2000)

(a) 0accbba =×+×+×
rrrrrr

(b) accbba
rrrrrr

´=´=´

(c) accbba
rrrrrr

×=×=× (d) 0accbba =´+´+´
rrrrrr

2. If b,a
rr

 and c
r

 are unit coplanar vectors, then the scalar

triple product 2 2 2a b b c c aé ù- - -
ë û

r rr r r r
 is equal to :

(2000)

(a) 0 (b) 1

(c) – 3 (d) 3

3. If a b and c,
rr r

 are unit vectors, then

222
accbba
rrrrrr

-+-+-  does not exceed : (2001)

(a) 4 (b) 9

(c) 8 (d) 6

4. Let ,k̂îa -=
r

k̂)x1(ĵîxb -++=
r

 and

ĵxîyc +=
r

+ (1 + x – y) k̂  Then a b cé ù
ë û

rr r
 depends on :

(2001)

(a) only x (b) only y

(c) neither x nor y (d) both x and y

5. If a
r

 and b
r

 are two unit vectors such that b2a
rr

+  and

b4a5
rr

-  are perpendicular to each other, then the angle

between a
r

 and b
r

 is : (2002)

(a) 45º (b) 60º

(c) ÷
ø

ö
ç
è

æ-

3

1
cos 1 (d) ÷

ø

ö
ç
è

æ-

7

2
cos 1

6. Let kji2V
rrrr

-+=  and .k3iW
rrr

+=   If U
r

 is a unit vector,,

then the maximum value of the scalar triple product

WVU
rrr

 is : (2002)

(a) – 1 (b) 610 +

(c) 59 (d) 60

7. If ˆ ˆ ˆa i j k , a b 1= + + × =
rr r

 and ,k̂ĵba -=´
rr

 then b
r

 is :

(2003)

(a) k̂ĵî +- (b) k̂ĵ2 -

(c) î (d) 2 î

8. If c,b,a
rrr

 are three non-zero, non-coplanar vectors and

,a
a

ab
bb

21

r
r

rrrr ×
-= ,a

a

ab
bb

22

r
r

rrrr ×
+=

1 2 2

c a c b
c c a b

a b
,

| | | |

× ×
= - -

rr r r rr r r
rr 1

2 12 2

c bc a
c c a b ,

| a | | b |

××
= - -

rrr r rr r r
rr

2
3 22 2

c bc a
c c a b ,

| a | | b |

××
= - -

rrr r rr r r
rr 4 2

c a
c a a.

| a |

×
= -

r r
r r r

r

Then which of the following is a set of mutually orthogonal

vectors ? (2005)

(a) 11 c,b,a
rrr

(b) 21 c,b,a
rrr

(c) 32 c,b,a
rrr

(d) 42 c,b,a
rrr

9. Let ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆa i 2j k, b i j k, c i j k.= + + = - + = + -
rr r

A vector coplanar to a
r

 and b
r

 has a projection along c
r

 of

magnitude 
3

1
, then the vector is : (2006)

(a) k̂4ĵî4 +- (b) k̂4ĵî4 -+

(c) k̂ĵî2 ++ (d) none of these
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10. Let c,b,a
rrr

 be unit vectors such that 0cba
rrrr

=++ . Which

one of the following is correct ? (2007)

(a) a b b c c a 0´ = ´ = ´ =
r r rr r r r

(b) 0accbba
rrrrrrr

¹´=´=´

(c) a ×b = b×c = a × c 0¹
r rr r r r

(d) ac,cb,ba
rrrrrr

´´´  are mutually perpendicular

11. Let two non–collinear unit vectors â  and b̂  form an acute

angle. A point P moves so that at any time t the position

vector OP  (where O is the origin) is given by â cos t + b̂

sin t. When P is farthest from origin O, let M be the length

of OP  and û  be the unit vector along OP . Then,

(2008)

(a) 
2/1)b̂â1(Mand

|b̂â|

b̂â
û ×+=

+

+
=

(b) 
2/1)b̂â1(Mand

|b̂â|

b̂â
û ×+=

-

-
=

(c) 
2/1)b̂â21(Mand

|b̂â|

b̂â
û ×+=

+

+
=

(d) 
2/1)b̂â21(Mand

|b̂â|

b̂â
û ×+=

-

-
=

12. If c,b,a
rrr

 and d
r

 are the unit vectors such that )dc()ba(
rrrr

´×´ =1

and ca
rr

× = 
2

1
, then (2009)

(a) c,b,a
rrr

 are non–coplanar

(b) d,b,a
rrr

 are non–coplanar

(c) d,b
rr

 are non–parallel

(d) d,a
rr

 are parallel and c,b
rr

 are parallel

13. Let P, Q, R and S be the points on the plane with position

vectors ˆ ˆ ˆ ˆ ˆ ˆ ˆ2i j, 4i, 3i 3j and 3i 2 j- - + - +  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

14. Two adjacent sides of a parallelogram ABCD are given by

ˆ ˆ ˆ ˆ ˆ ˆAB 2i 10j 11k and AD i 2j 2k= + + = - + +
uuur uuur

. 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 a

is given by (2010)

(a) 
8

9
(b) 

17

9

(c) 
1

9
(d) 

4 5

9

15. Let ˆ ˆ ˆ ˆ ˆ ˆa i j k, b i j k= + + = - +
rr

 and ˆ ˆ ˆc i j k= - -
r

 be three

vectors. A vector v
r  in the plane of a and b,

rr
 whose

projection on 
1

c is ,
3

r
is given by (2011)

(a) ˆ ˆ ˆi 3j 3k- + (b) ˆ ˆ ˆ3i 3j k- - -

(c) ˆ ˆ ˆ3i j 3k- + (d) ˆ ˆ ˆi 3j 3k+ -

16. If a
r

 and b
r

 are vectors such that | a b |+
rr

 = 29  and

ˆ ˆ ˆ ˆ ˆ ˆa 2i 3j 4k 2i 3j 4k b,´ + + = + + ´
rr

 then a possible

value of ˆ ˆ ˆ(a b) . 7i 2 j 3k+ - + +
rr

 is     (2012)

(a) 0 (b) 3

(c) 4 (d) 8

17. The equation of the plane passing through the point

(1, 1,  1) and perpendicular to the planes

2x + y – 2z = 5 and 3x – 6y – 2z = 7, is (2017)

(a)  –14x + 2y + 15z = 3 (b) 14x – 2y + 15z = 27

(c) 14x + 2y – 15z = 1 (d) 14x + 2y + 15z = 31
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18. Let O be the origin and let PQR be an arbitrary triangle.

The point S is such that

OP.OQ OR.OS OR.OP+ = +
uuur uuur uuur uuur uuur uuur

OQ.OS OQ.OR OP.OS= +
uuur uuur uuur uuur uuur uuur

Then the triangle PQR has S as its (2017)

(a) incentre (b) circumcentre

(c) orthocenter (d) centroid

19. Let O be the origin, and OX,OY,OZ
uuur uuur uuur

 be three unit vectors

in the directions of the sides QR,RP, PQ,
uuur uuur uuur

 respectively, of

a triangle PQR. Then (2017)

| OX OY |´ =
uuur uuur

(a) sin(P + R) (b) sin 2R

(c) sin (P + Q) (d) sin (Q + R)

20. If the triangle PQR varies, then the minimum value of cos

(P + Q) + cos (Q + R) + cos (R + P) (2017)

(a) 
3

2
- (b) 

3

2

(c) 
5

3
(d) 

5

3
-

Objective Questions II [One or more than one correct option]

21. Let A
r

 be a vector parallel to line of intersection of planes

P1 and P2 through the origin. P1 is parallel to the vectors

k̂3ĵ2 +  and k̂3ĵ4 -  and P2 is parallel to k̂ĵ-  and ĵ3î3 + ,

then the angle between vector A
r

 and k̂2ĵî2 -+  is

(2006)

(a) 
2

p
(b) 

4

p

(c) 
6

p
(d) 

4

3p

22. The vector(s) which is/are coplanar with vectors i j 2k+ +
^ ^

ˆ

and  i 2 j k+ +
^ ^

ˆ ,  and are perpendicular to the vector i j k+ +
^ ^

ˆ

is/are (2011)

(a) j k
^ ^

- (b) i j
^ ^

- +

(c) i j
^ ^

- (d) j k
^ ^

- +

23. A line l passing through the origin is perpendicular to the

lines

1 : 3 t i 1 2t j 4 2t k tˆ ˆ ˆl , –+ + - + + + ¥< <¥

2 : 3 2s i 3 2s j 2 s k s+ + + + + ¥< <¥ˆ ˆ ˆl , –

Then, the coordinate(s) of the point(s) on l2 at a distance

of 17  from the point of intersection of l and l1 are

(2013)

(a) 
7 7 5

3 3 3
, ,

æ ö
ç ÷
è ø

(b) (–1, –1, 0)

(c) (1, 1, 1) (d) 
7 7 8

9 9 9
, ,

æ ö
ç ÷
è ø

24. Let x, y
r r

 and z
r

 be three vectors each of magnitude 2

and the angle between each pair of them is 
3

p
. If a
r

 is a

non-zero vector perpendicular to x and y z and b´
rr r r

 is

a non-zero vector perpendicular to y and z x,´
r r r

 then

(2014)

(a) .b b z z x= -
r r rr r

(b) .a a y y z= -
r r r r r

(c) . . .a b a y b z= -
r rr r r r

(d) .a a y z y= -
r r r rr

25. Let DPQR be a triangle. Let a QR, b RP= =
uuur uuurrr  and c PQ.=

uuurr

If a 12, b 4 3,= =
rr

b.c 24,=
r r

then which of the following

is (are) true ? (2015)

(a) 

2

12
2

c
a- =

r
r

(b) 

2

30
2

c
a+ =

r
r

(c) 48 3a b c a´ + ´ =
rr r r

(d) . 72a b = -
rr
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26. Let 1 2 3
ˆ ˆ ˆû u i u j u k= + +  be a unit vector in R3 and

1 ˆˆ ˆˆ 2 .
6

w i j k= + +  Given that there exists a vector v
r

 in

R3 such that ˆ 1u v´ =
r

 and ˆ ˆ. 1.w u v´ =
r

Which of the

following statement(s) is(are) correct ? (2016)

(a) There is exactly one choice for such v
r

(b) There are infinitely many choices for such

(c) If  û  lies in the xy-plane then |u
1
|= |u

2
|

(d) If  û lies in the xz-plane then 2|u
1
| = |u

3
|

27. Let L
1
 and L

2
 be the following straight line.

1 2

1 1 1 1
: :

1 1 3 3 1 1

x y z x y z
L and L

- - - -
= = = =

- - -

Suppose the straight line

1
:

2

x y z
L

l m

a g- - -
= =

-

lies in the plane containing L
1
 and L

2
, and passes through

the point of intersection of L
1
 and L

2
. If the line L bisects

the acute angle between the lines L
1
 and L

2
, then which of

the following statements is/are TRUE ? (2020)

(a) 3a g- = (b) 2l m+ =

(c) 1a g- = (d) 0l m+ =

28. Let a and b be positive real numbers. Suppose

ˆ ˆPQ ai bj= +
uuur

and ˆ ˆPS ai bj= -
uuur

 are adjacent sides of a

parallelogram  PQRS.  Let u
r

 and v
r

be  the  projection

vectors  of  ˆ ˆw i j= +
ur

 along PQ
uuur

and ,PS
uuur

respectively. If

u v w+ =
r r ur

and  if  the  area  of  the  parallelogram  PQRS

is  8,  then  which  of  the following statements is/are

TRUE? (2020)

(a) a + b = 4

(b) a – b = 2

(c) The length of the diagonal PQ  of the parallelogram

PQRS  is 4

(d) w
ur

is an angle bisector of the vectors PQ
uuur

and PS
uuur

29. Let  O be the origin and ˆ ˆ ˆOA 2i 2j k,= + +

ˆ ˆ ˆOB i 2j 2k= - +  and 
1

OC OB OA
2

= - l  for some

0.l >   If  
9

OB OC ,
2

´ =  then which of the following

statements is (are) TRUE? (2021)

(a) Projection of  OC  on OA   is 
3

2
-

(b) Area of the triangle OAB  is 
9

2

(c) Area of triangle ABC  is 
9

2

(d) The acute angle between the diagonals of the

parallelogram with adjacent sides  OA  and OC  is 
3

p

Numerical Value Type Questions

30. If a and b
® ®

 are vectors in space given by 
i 2 j

a
5

^ ^
® -

=  and

2i j 3k
b

14

^ ^ ^

,
® + +

=  then the value of

2 a b a b a 2 b is. ....
® ® ® ® ® ®é ùæ ö æ ö æ ö

+ ´ ´ -ç ÷ ç ÷ ç ÷ê úè ø è ø è øë û
(2010)

31. Let a i k b i j
^ ^ ^ ^

,
® ®

=- - = - +  and c i 2 j 3k
^ ^ ^®

= + +   be three given

vectors. If r
®

 is a vector such that r b c b
® ® ® ®

´ = ´  and

r a 0. ,
® ®

=  then the value of r b.
® ®

 is..... (2011)

32. If a, b and c
rr r

 are unit vectors satisfying

2 2 2| a b | | b c | | c a | 9,- + - + - =
r rr r r r

 then

| 2a 5b 5c |+ +
rr r

 is  (2012)
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33. Let a, b
rr

 and c
r

 be three non-coplanar unit vectors such

that the angle between every pair of them is 
3

p
. If

a b b c pa qb rc´ + ´ = + +
r r rr r r r

, where p,q and r are scalars,

then the value of 

2 2 2

2

p + 2q + r

q
 is (2014)

34. Let a
r  and b

r
 be two unit vectors such that a.b 0=

rr
. For

some x, y R, let c xa yb a b . If c 2Î = + + ´ =
r rr r r r

 and the

vector c
r

 is inclined at the same angle a  to both a and b
rr

and then the value of 28cos is ____ .a (2018)

35. 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)

36. Let ˆ ˆˆ ˆ ˆ ˆ2 2a i j k and b i j k= + - = + +
rr

 be two vectors,

consider a vector , , .c a b Ra b a b= + Î
rr r

If the projection

of c
r

on the vector a b+
r r

is 3 2 , then the minimum value

of .c a b c- ´
r r r r

equals (2019)

37. In a triangle PQR, let , .a QR b RP and c PQ= = =
ruuuv uuuv uuuvr r

 If

| | 3, | | 4a b= =
rr

and 
. ( ) | |

,
. ( ) | | | |

a c b a

c a b a b

-
=

- +

rr r r
r rr r r then the value

of 2| |a b´
rr

is ……… . (2020)

38. Let a, b and g be real numbers such that the system of

linear equations

x 2y 3z+ + = a

4x 5y 6z+ + = b

7x 8y 9z 1+ + = g -

is consistent. Let |M| represent the determinant of the matrix

2

M 1 0

1 0 1

a gé ù
ê ú= bê ú
ê ú-ë û

Let P be the plane containing all those (a, b, g) 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)

39. Let u, v
r r

 and w
r

 be vectors in three-dimensional space,

where u
r

 and v
r

are unit vectors which are not perpendicular

to each other and u w 1, v w 1,w w 4× = × = × =
r r r r r r

. If the

volume of the parallelopiped, whose adjacent sides are

represented by the vectors u, v
r r

 and w
r

, is 2 , then the

value of 3u 5v+
r r

 is ____. (2021)

Assertion & Reason

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 II 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 I.

(c) Statement I is true, Statement II is false.

(d) Statement I is false, Statement II is true.

40. Let the vectors PQ,
uuur

TU,ST,RS,QR  and UP  represent

the sides of a regular hexagon.

Assertion : 0)STRS(PQ
r

¹+´ .

Reason : 0RSPQ
r

=´  and 0STPQ
r

¹´ . (2007)

(a) A (b) B

(c) C (d) D
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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.

41. 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

     vectors a, b & c
rr r

 is 2. Then, the volume

    of the parallelopied determined by vectors

2 a b , 3 b c and c a´ ´ ´
r rr r r r  is

Q. Volume of parallelopiped determined by 2.  30

     vectors a, b & c
rr r

  is 5. Then, the volume

    of the parallelopiped determined by vectors

3 a b , b c and 2 c a+ + +
r rr r r r

 is

R. Area of a triangle with adjacent sides 3.  24

     determined by vector a and b
rr

 is 20. Then,

    the area of the triangle with adjacent

     sides determined by vectors

2a 3b and a b+ -
r rr r

 is

S. Area of a parallelogram with adjacent 4.  60

     sides determined by vectors a and b
rr

 is

    30. Then, the area of the parallelogram

    with adjacent sides determined by

     vectors a b+
rr

 and a
r  is (2015)

     P   Q  R   S       P  Q  R   S

(a) 4   2   3   1 (b) 2   3   1   4

(c) 3   4   1   2 (d) 1   4   3   2

Text

42. If w,v,u
rrr

 are three non–coplanar unit vectors and

a, b, g are the angles between u
r

 and v,v
rr

 and w,w
rr

and

u
r

 respectively and z,y,x
rrr

 are unit vectors along the

bisectors of the angles a, b, g respectively. Prove that

[x y y z z x]´ ´ ´
r r r r r r

= 
2

sec
2

sec
2

sec]wvu[
16

1 2222 gbarrr
. (2003)

43. 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)

44. If a b c d, , ,
r rr r

 are four distinct vectors satisfying the conditions

a b c d´ = ´
r rr r

 and a c b d,´ = ´
r rr r

 then prove that

a b c d a c b d. . . . .+ ¹ +
r r r rr r r r

(2004)

45. 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

1 1 1
S , ,

2 2 2

æ ö
ç ÷
è ø

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 SR and t ST= = = =
r uur r uuur r uuur r uur

, then

the value of p q r t´ ´ ´
r r r r

 is ____ (2018)

3-DIMENSIONAL GEOMETRY

Objective Question I [Only one correct option]

46. Let the vectors a b c and d, ,
r rr r

 be such that

.0dcba =´´´
rrrr

 Let P1 and P2 be planes determined by

the pairs of vectors b,a
rr

 and d,c
rr

 respectively, then the

angle between P1 and P2 is: (2000)

(a) 0 (b) p / 4

(c) p / 3 (d) p / 2
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47. The positive value of ‘a’ so that the volume of the

parallelopiped formed by k̂aĵ,k̂ĵaî +++  and k̂îa +

becomes  minimum is : (2003)

(a) 4 (b) 3

(c) 1 3/ (d) 3

48. The value of k such that 
x 4 y 2 z k

1 1 2

- - -
= =  lies in the

plane 2x – 4y + z = 7, is (2003)

(a) 7 (b) –7

(c) No real value (d) 4

49. The unit vector which is orthogonal to the vector

k̂6ĵ2î3 ++  and is coplanar with the vectors k̂ĵî2 ++

and k̂ĵî +-  is : (2004)

(a) 
41

k̂ĵ6î2 +-
(b) 

13

ĵ3î2 -

(c) 
10

k̂ĵ3 -
(d) 

34

k̂3ĵ3î4 -+

50. If the lines 
x 1 y 1 z 1

2 3 4

- + -
= =  and 

x 3 y k z

1 2 1

- -
= =

intersect, then the value of k is (2004)

(a) 
3

2
(b) 

9

2

(c) 
2

9
- (d) 

3

2
-

51. A variable plane 
x y z

1
a b c

+ + =  at a unit distance from origin

cuts the coordinate axes at A, B and C. Centroid (x, y, z)

satisfies the equation 
2 2 2

1 1 1
K

x y z
.+ + =  Then value of K is

(2005)

(a) 9 (b) 3

(c) 1/9 (d) 1/3

52. 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)

(a) 0 (b) 1

(c) 2 (d) 2 2

53. The number of distinct real values of l, for which the

vectors 2 2ˆ ˆˆ ˆ ˆ ˆ,i j k i j kl l- + + - +  and k̂ĵî 2l-+  are

coplanar, is : (2007)

(a) zero (b) one

(c) two (d) three

54. The edges of a parallelopiped are of unit length and are

parallel to non–coplanar unit vectors ĉ,b̂,â  such that

2

1
âĉĉb̂b̂â =×=×=× . Then the volume of the

parallelopiped is (2008)

(a) 
2

1
 cu unit (b) 

22

1
 cu unit

(c) 
2

3
 cu unit (d) 

3

1
 cu unit

55. Let P (3, 2, 6) be a point in space and Q be a point on the

line r i j 2k 3i j 5kˆ ˆ ˆ ˆ ˆ ˆ .= - + + m - + +
r

 Then the value of m

for which the vector PQ
uuur

 is parallel to the plane

x – 4y + 3z = 1 is (2009)

(a) 
1

4
(b) 

1

4
-

(c) 
1

8
(d)  

1

8
-

56. 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)

(a) 
1

2
(b) 2

(c) 2 (d) 2 2

57. The equation of a plane passing through the line of

intersection of the planes x + 2y + 3z = 2 & x – y + z = 3 &

at a distance 
2

3
 from the point (3, 1, –1) is  (2012)

(a) 5x – 11y + z = 17 (b) 2x y 3 2 1+ = -

(c) x y z 3+ + = (d) x 2y 1 2- = -
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58. Let PR 3i j 2k= + -
uuur

ˆ ˆ ˆ  and SQ i 3j 4k= - -
uuur

ˆ ˆ ˆ  determine

diagonals of a parallologram PQRS and PT i 2j 3k= + +
uuur

ˆ ˆ ˆ

be another vector. Then, the volume of the parallelopiped

determined by the vectors PT, PQ and PS
uuur uuur uur

 is (2013)

(a) 5 (b) 20

(c) 10 (d) 30

59. Perpendiculars are drawn from points on the line

x 2 y 1 z

2 1 3

+ +
= =

-
 to the plane x + y + z = 3. The feet of

perpendiculars lie on the line.      (2013)

(a) 
x y 1 z 2

5 8 13

- -
= =

- (b) 
x y 1 z 2

2 3 5

- -
= =

-

(c) 
x y 1 z 2

4 3 7

- -
= =

- (d) 
x y 1 z 2

2 7 5

- -
= =

-

60. From a point P , ,l l l , perpendiculars PQ and PR are

drawn respectively on the lines y = x, z = 1 and

y = – x, z = – 1. If P is such that QPRÐ  is a right angle,

then the possible value(s) of l  is(are) (2014)

(a) 2 (b) 1

(c) –1 (d) 2-

61. Let P be the image of the point (3, 1, 7) with respect to the

plane x – y + z = 3. Then the equation of the plane passing

through P and containing the straight line 
x y z

1 2 1
= =  is

(2016)

(a) x + y – 3z = 0 (b) 3x + z = 0

(c) x - 4y + 7z = 0 (d) 2x - y = 0

Objective Questions II [One or more than one correct option]

62. If the straight lines 
x 1 y 1 z

2 K 2

- +
= =  and 

x 1 y 1 z

5 2 K

+ +
= =

are coplanar, then the plane(s) containing these two lines

is/are (2012)

(a) y + 2z = –1 (b) y + z = –1

(c) y – z = –1 (d) y – 2z = –1

63. Two lines L1 : x = 5, 
y z

3 2
=

-a -  and

L2 : x = a, 
y z

1 2
=

- -a  are coplanar. Then, a can take

value(s). (2013)

(a) 1 (b) 2

(c) 3 (d) 4

64. In R3, consider the planes P
1
 : y = 0 and P

2
 : x + z = 1. Let

P
3
 be the plane, different from P

1
 and P

2
, which passes

through the intersection of P
1
 and P

2
. If the distance of the

point (0, 1, 0) from P
3
 is 1 and the distance of a point (a,

b, g) from P
3
 is 2, then which of the following relations is

(are) true ? (2015)

(a) 2a + b + 2g + 2 = 0 (b) 2a - b + 2g + 4 = 0

(c) 2a + b - 2g - 10 = 0 (d) 2a - b + 2g - 8 = 0

65. In R3, let L be a straight line passing through the origin.

Suppose that all the points on L at a constant distance

from the two planes P
1
 : x +2y -z +1 =0 &

P
2
 : 2x - y + z - 1 = 0. Let M be the locus of the foot of the

perpendiculars drawn from the points on L to plane P
1
.

Which of the following point(s) lie(s) on M.

(2015)

(a) 
5 2

0, ,
6 3

æ ö
- -ç ÷

è ø
(b) 

1 1 1
, ,

6 3 6

æ ö
- -ç ÷

è ø

(c) 
5 1

, 0,
6 6

æ ö
-ç ÷

è ø
(d) 

1 2
, 0,

3 3

æ ö
-ç ÷

è ø

66. Consider a pyramid OPQRS located in the first octant (x

³ 0, y ³ 0, z ³ 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)

(a) the acute angle between OQ and OS is 
3

p

(b) the equation of the plane containing the triangle OQS

is x – y = 0

(c) the length of the perpendicular from P to the plane

containing the triangle OQS is 
3

2

(d) the perpendicular distance from O to the straight line

containing RS is 
15

2
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67. Let P
1
 : 2x + y - z = 3 and P

2
 : x + 2y + z = 2 be two planes.

Then, which of the following statements(s) is (are) TRUE?

(2018)

(a) The line of intersection of P
1
 and P

2
 has direction ratios

1, 2, –1

(b) The line 3x 4 1 3y z

9 9 3

 
   is perpendicular to the

line of intersection of P
1
 and P

2

(c) The acute angle between P
1
 and P

2
 is 60°

(d) If P
3
 is the plane passing through the point

(4, 2, –2) and perpendicular to the line of intersection

of P
1
 and P

2
, then the distance of the point (2, 1, 1)

from the plane P
3
 is 

2

3
 .

68. Let L
1
and L

2
 denote the lines

 ( 2 2 ), andr i i j k R      

 

 (2 2 ),r i j k R    




respectively. If L
3
 is a line which is perpendicular to both

L
1
and L

2 
and cuts both of them, then which of the following

options describe (s) L
3
? (2019)

(a) 
  1

(2 ) (2 2 ), t R
3

r i k t i j k     


 

(b) 
   2

(4 ) (2 2 ), t R
9

r i j k t i j k      


 

(c) 
   2

(2 2 ) (2 2 ), t R
9

r i j k t i j k      


 

(d)  (2 2 ),r t i j k t R   




69. Three lines


1 : ,L r i R  



2

ˆ: ,L r k j R   


and

 
3 : , .L r i j k R    
 

are given. For which point(s) Q on L
2
 can we find a point

P on L
1
 and a point R on L

3
 so that P, Q and R are collinear.

(2019)

(a)  1

2
k j (b)  k j

(c) k (d)  1

2
k j

70. Let , , ,    be real numbers such that

0   2 2 2+ + and 1. + = Suppose the point

(3,2, -1) is the  mirror  image  of  the  point  (1,0, -1)  with

respect  to  the  plane x y yz  + + = .  Then  which  of

the  following statements is/are TRUE? (2020)

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

(c) 4  = (d)     + =

Numerical Value Type Questions

71. Consider the set of eight vectors

 V ai bj ck:a b c 11      
ˆ ˆ ˆ , , , .  Three non-coplanar

vectors can be chosen from V in 2p ways. Then, p is

(2013)

72. Three lines are given by

,r i R  




   ˆˆ ˆ ˆ ˆ,  and ,r i j R r i j k R         
 

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  then

the value of (6)2 equals (2019)
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Assertion & Reason

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 II 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 I.

(c) Statement I is true, Statement II is false.

(d) Statement I is false, Statement II is true.

73. Consider the planes

3x – 6y – 2z = 15 and 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 15kˆ ˆ ˆ+ +  is parallel to the

line of intersection of the given planes. (2007)

(a) A (b) B

(c) C (d) D

74. Consider three planes

P1 : x – y + z = 1

P2 : x + y – z = 1 and P3 : x – 3y + 3z = 2

Let L1, L2, L3 be the lines of intersection of the planes

P2 and P3, P3 and P1, P1 and P2, respectively.

Statement–I : At least two of the lines L1, L2 and L3 are

non-parallel.

Statement–II : The three planes do not have a common

point.

(2008)

(a) A (b) B

(c) 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. 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 ¹ 0 and (P) the equations represent

      a2 + b2 + c2      planes meeting only at a

= ab + bc + ca      single point

(B) a + b + c = 0 and (Q) the equations represent

      a2 + b2 + c2      the lines x = y = z

¹ ab + bc + ca

(C) a + b + c ¹ 0 and (R) the equations represent

      a2 + b2 + c2      identical planes

¹ ab + bc + ca

(D) a + b + c = 0 and (S) the equations represent

      a2 + b2 + c2       the whole of the three

= ab + bc + ca      dimensional space.

The correct matching is

(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

76. Consider the lines

1

x 1 y z 3
L :

2 1 1
,

- +
= =

- 2

x 4 y 3 z 3
L :

1 1 2

- + +
= =  and the

planes P1 : 7x + y + 2z = 3, P2 : 3x + 5y – 6z = 4. Let

ax + by + cz = d the equation of the plane passing through

the point of intersection of lines L1 and L2 and

perpendicular to planes P1 and P2.

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   Q  R   S       P  Q  R   S

(a) 3   2   4   1 (b) 1   3   4   2

(c) 3   2   1   4 (d) 2   4   1   3
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77. Match the following. (2015)

Column–I                                        Column–II

(A) In a triangle D XYZ, let a, b, (P) 1

and c be the lengths of the

sides opposite to the angles

X, Y and Z, respectively.

If 2(a2-b2)=c2 and 
sin X Y

,
sin Z

-
l =

then possible value of

n for which cos(npl) = 0 is

(B) In a triangle DXYZ, let a, b (Q) 2

and c be the lengths of the

sides opposite to the angles X, Y

and Z respectively. If

1 + cos 2X – 2cos 2Y = 2 sin X sin Y,

then possible value(s) of 
a

b
 is are

(C) In R2, let (R) 3

ˆ ˆ ˆ ˆ ˆ3 , 3 1i j i j and i jb b+ + + -

be the position vectors X, Y

and Z with respect to the origin O,

respectively. If the distance of Z

from the bisector of the acute

angle of 
3

OX with OY is ,
2

uuur uuur
 the

possible value(s) of |b| is(are)

(D) Suppose that F(a) denotes the (S) 5

area of the region bounded

 by x = 0, x = 2, y2 = 4x and

y = |ax - 1| + |ax - 2| + ax,

       where a Î {0, 1}. Then the

value(s) of F(a) + 
8

2,
3

       when a = 0 and a = 1, is (are)

(T) 6

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

1

x 1 y 2 z 1
L : = =

3 1 2
,

+ + +
2

x 2 y 2 z 3
L : = =

1 2 3

- + -
(2008)

78. The unit vector perpendicular to both L1 and L2 is

(a) 
i 7 j 7k

99

ˆ ˆ ˆ- + +
(b) 

i 7 j 5k

5 3

ˆ ˆ ˆ- - +

(c) 
i 7 j 5k

5 3

ˆ ˆ ˆ- + +
(d) 

7i 7 j k

99

- -ˆ ˆ ˆ

79. The shortest distance between L1 and L2 is

(a) 0 unit (b) 17 3 unit/

(c) 41 5 3 unit/ (d)  17 5 3 unit/

80. 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 L1 and L2 is

(a) 2 75 unit/ (b) 7 75 unit/

(c) 13 75 unit/ (d)  23 75 unit/

Text

81. Find 3–dimensional vectors 1 2 3v v v, ,
r r r

 satisfying

,6vv,2vv,4vv 312111 =×-=×=×
rrrrrr

29vv,5vv,2vv 333222 =×-=×=×
rrrrrr

(2001)

82. (a) Find the equation of the plane passing through the

points (2, 1, 0), (5, 0, 1) and (4, 1, 1).

(b) If P is the point (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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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. Find the equation of the plane containing the lines

2x – y + z – 3 = 0, 3x + y + z = 5 and at a distance of 
1

6

from the point (2, 1, –1). (2005)

85. Incident ray is along the unit vector v̂  and the reflected

ray is along the unit vector ŵ . The normal is along unit

vector â  outwards. Express ŵ in terms of â  and v̂ .

(2005)
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EXERCISE - 1 :
BASIC OBJECTIVE QUESTIONS

1. (c) 2. (b) 3. (d) 4. (c)

5. (b) 6. (a) 7. (b) 8. (c)

9. (b) 10. (c) 11. (d) 12. (a)

13. (a) 14. (a) 15. (a) 16. (a)

17. (c) 18. (b) 19. (b) 20. (b)

21. (d) 22. (a) 23. (c) 24. (b)

25. (c) 26. (c) 27. (a) 28. (a)

29. (a) 30. (b) 31. (d) 32. (a)

33. (d) 34. (b) 35. (c) 36. (b)

37. (d) 38. (a) 39. (b) 40. (c)

41. (c) 42. (d) 43. (a) 44. (a)

45. (d) 46. (b) 47. (a) 48. (b)

49. (d) 50. (b) 51. (c) 52. (a)

53. (c) 54. (c) 55. (4) 56. (46)

57. (17) 58. (2) 59. (2) 60. (5)

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)

77. (3) 78. (6) 79. (c) 80. (b)

81. (c) 82. (c) 83. (d) 84. (c)

85. (b) 86. (a) 87. (b) 88. (b)

89. (a) 90. (a) 91. (d) 92. (a)

93. (a) 94. (d) 95. (b) 96. (c)

97. (a) 98. (c) 99. (a) 100. (b)

101. (d) 102. (a) 103. (a) 104. (d)

105. (a) 106. (b) 107. (b) 108. (d)

109. (a) 110. (d) 111. (a) 112. (a)

113. (c) 114. (d) 115. (b) 116. (d)

117. (b) 118. (a) 119. (b) 120. (d)

121. (c) 122. (c) 123. (d) 124. (c)

125. (a) 126. (d) 127. (d) 128. (b)

129. (d) 130. (c) 131. (c) 132. (c)

133. (b) 134. (1) 135. (2)
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CHAPTER -8   VECTORS & 3-DIMENSIONAL GEOMETRY

EXERCISE - 2 :
PREVIOUS YEAR JEE MAIN QUESTIONS

1. (a) 2. (c) 3. (d) 4. (b)

5. (c) 6. (b) 7. (b) 8. (b)

9. (a) 10. (b) 11. (b) 12. (a)

13. (d) 14. (d) 15. (a) 16. (a)

17. (2) 18. (0.8) 19. (a) 20. (a)

21. (18) 22. (b) 23. (6) 24. (4)

25. (1) 26. (BONUS) 27. (c) 28. (4)

29. (c) 30. (c) 31. (1) 32. (81)

33. (30) 34. (d) 35. (4) 36. (6)

37. (a) 38. (b) 39. (3) 40. (d)

41. (2) 42. (b) 43. (9) 44. (b)

45. (b) 46. (a) 47. (c) 48. (60)

49. (1494) 50. (5) 51. (90) 52. (a)

53. (a) 54. (d) 55. (b) 56. (28)

57. (d) 58. (b) 59. (b) 60. (486)

61. (a) 62. (b) 63. (d) 64. (75)

65. (2) 66. (12) 67. (c) 68. (d)

69. (b) 70. (d) 71. (c) 72. (a)

73. (c) 74. (a) 75. (d) 76. (b)

77. (c) 78. (d) 79. (c) 80. (a)

81. (c) 82. (d) 83. (a) 84. (c)

85. (a) 86. (b) 87. (a) 88. (c)

89. (a) 90. (d) 91. (a) 92. (c)

93. (d) 94. (d) 95. (d) 96. (d)

97. (c) 98. (c) 99. (a) 100. (b)

101. (d) 102. (d) 103. (d) 104. (c)

105. (c) 106. (a) 107. (d) 108. (b)

109. (a) 110. (d) 111. (c) 112. (d)

113. (a) 114. (b) 115. (b) 116. (b)

117. (a) 118. (b) 119. (c) 120. (c)

121. (c) 122. (a) 123. (c) 124. (5)

125. (3) 126. (d) 127. (a) 128. (a)

129. (c) 130. (b) 131. (b) 132. (d)

133. (a) 134. (3) 135. (81) 136. (6)

137. (a) 138. (a) 139. (d) 140. (b)

141. (3) 142. (c) 143. (7) 144. (b)

145. (c) 146. (1) 147. (a) 148. (b)

149. (96) 150. (d) 151. (d) 152. (d)

153. (d) 154. (26) 155. (d) 156. (d)

157. (72) 158. (d) 159. (61) 160. (c)

161. (d) 162. (7) 163. (c) 164. (a)

165. (2) 166. (d) 167. (a) 168. (a)

169. (0) 170. (d) 171. (4) 172. (2)

173. (1) 174. (38) 175. (4) 176. (28)

177. (a) 178. (a) 179. (1) 180. (d)

181. (d) 182. (d) 183. (44) 184. (a)

185. (a) 186. (c) 187. (b) 188. (a)

189. (c) 190. (8)
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EXERCISE - 3 :
ADVANCED OBJECTIVE QUESTIONS

EXERCISE - 4 :
PREVIOUS YEAR JEE ADVANCED QUESTIONS

CHAPTER -8   VECTORS & 3-DIMENSIONAL GEOMETRY

1. (c) 2. (a) 3. (a) 4.  (a)

5. (a) 6. (c) 7. (c) 8. (b)

9. (b) 10. (a) 11. (a) 12. (c)

13. (c) 14. (d) 15. (a) 16. (c)

17. (b) 18. (a) 19. (c) 20. (a)

21. (c) 22. (b) 23. (a) 24. (c)

25. (d) 26. (a) 27. (d) 28. (d)

29. (b) 30. (b) 31. (a) 32. (c)

33. (c) 34. (a,d) 35. (a,c,d) 36. (a,c)

37. (a,b,c) 38. (a,c,d) 39. (a, b) 40. (a,b,c)

41. (a,b) 42. (a,c) 43. (c,d) 44. (a,c,d)

45. (50) 46. (9) 47. (b) 48. (d)

49. (d) 50. (a) 51. (a) 52. (a)

53. (c) 54. (b) 55. (a) 56. (c)

57. (b) 58. (b) 59. (a) 60. (a)

61. (d) 62. (d) 63. (d) 64. (c)

65. (c) 66. (b) 67. (b) 68. (a)

69. (1710) 70. (13) 71. (1) 72.  (7)

73. (b) 74. (b) 75. (d) 76. (a)

77. (d) 78. (b) 79. (c) 80. (b)

1. (b) 2. (a) 3. (b) 4. (c)

5. (b) 6. (c) 7. (c) 8. (b)

9. (a) 10. (b) 11. (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,c,d) 26. (b,c) 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)

41. (c) 43. 
9

2
cu unit 45. 

1

2
46. (a)

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. (a,d) 64. (b,d) 65. (a,b) 66. (b,c,d)

67. (c,d) 68. (a,b,c) 69. (a, d) 70. (a,b,c)

71. (5) 72. (0.75) 73. (d) 74. (d)

75. (a) 76. (a) 77. (a)

78. (b) 79. (d) 80. (c)

81. 1 2 32 , 3 2 4v i v i j and v i j k= = - + = - ±
r r r

$ $ $

82. (a) 2 3,x y z+ - = (b) Q(6, 5,-2)

84. 2 3 0 62 29 19 105 0x y z and x y z- + - = + + - =

85. 2 .w v a v a= -$ $
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