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Vector Algebra

Important Concepts and Formulae :

Types of quantities : Mainly there are two types of quantities - scalar quantities and

vector quantities.

Scalar quantity : The quantities having only magnitude, but no direction are called scalar

quantities. e.g. speed, mass, density, volume, temperature etc.

Vector quantity : The quantities having magnitude and direction both are called vectors.
e.g. velocity, acceleration, displacement etc.

Representation of Vectors :

A vector is presented by a line segment whose initial end-point and terminal end-point are ﬁgd.

If P is the initial end-point and Q is the terminal end-point, then the vector is represented by PQ.

PQ is called its length or measure or magnitude.

- >

Magnitude of PQ is |[PQ| = PQ.

Types of Vectors :

)

@)

&)

“)

S))

(6)

Q)

@®)

Zero vector : If the magnitude of a vector is zero or if the initial and terminal end-points of

the vector are the same, such a vector is called a zero vector. It is denoted by 8 .
Equal vectors : If the magnitude and direction of two vectors are the same, the vectors are
called equal vectors.

Unit vector : A vector whose magnitude is 1 is called a unit vector. A unit vector in the

- A -
direction of x is denoted by x. If x is a non-zero vector, then the unit vector in its

A e
directionis x=—— x .
%

| x|
Vectors in the same direction : If the directions of two non-zero vectors are same, they

are called vectors in the same direction.
. - - - - .
If there exists a scalar £ > 0 such that x = ky, then x and y are vectors in the

same direction.

Vectors in opposite directions : If the directions of two non-zero vectors are opposite to

each other, they are called vectors in opposite directions.
e T - - - . . . .
For x#0, y=20,if x =ky,k<O0then x and y are vectors in opposite directions.

Thus, vectors in the same or in the opposite directions are called parallel vectors.
Collinear vectors : Two vectors whose directions are same or opposite are called
Collinear vectors.

Vectors in different directions : If the directions of two vectors are neither the same

nor opposite, then they are called vectors in different directions.
- - - - - .
If x# 0, y# 0 and for any non-zero k€ R, x #ky, then x and y are vectors in

different directions.
Negative of a vector : A vector with the same magnitude as the given vector has and in

the direction opposite to that of the given vector is called negative of the given vector.

1041




(9) Bound vector : A vector with the initial end-point as origin is called a bound vector.
(10) Free vector : If the initial end-point of a vector is any point other than origin, it is called

a free vector.

%
(11) Position vector : If O is the origin, the position vector of point P is QP . If the position
- - ) — - -
vectors of A and B are @ and b respectively, then AB = b — a.
., . . _)
Position vector of origin is 0 .
- — - -

(12) The sum of two vectors : The sum of two vectors x and y is vector x + y. This is the

- -
resultant vectorof x and y .

Laws to find the sum of vectors : S ¢
— - A x Y
(1) Triangle law : As shown in the figure, if AB = x and b N
— - Y
BC = y are the two sides of a triangle, then the third side of 5
A - B
X

— - >
the triangle AC will be the vector x + y . This law is called

Figure 20.1

the triangle law of addition of vectors. B

(2) Parallelogram law : In parallelogram OACB, if two

- - S
adjacent sides are QA = x and OB = y, then the diagonal

%
OC through the common initial end-point O will represent the

— - — - — -
sumof x and y. OC = 0OA + OB = x + y

(3) Polygonal law : If » — 1 sides of a polygon represent

- - > -
the vectors X, X, X3, ..., X, in order, then the nth side of

. = -
the polygon will represent X; + X5 + X3 + ... +X,_4.

Figure 20.3

Components of a vector :

A A A

i, J, k represent unit vectors in the positive directions of X-axis, Y-axis and Z-axis

%
respectively. The position vector of a point P(x;, x,, x3) in R3is x.

A A A N

— A A
Jj+ xyk . Here, x,i, xzj and x;k are the projection vectors of x on

A
where x =xp0 +x,
A A A

N
X-axis, Y-axis and Z-axis. x|, x,, x5 are the scalar components of x and x;i, x, J, X3k are

%
the vector components of x .

- -
Magnitude of x is [x|= x’ +x3 + x5 .
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Linear combination of vectors :

- - - - - - o -
If r =ax +by +cz,then r isa linear combination of vectors x, y and z, where q,

b, ¢ are real constants.

Inner product (Scalar product or dot product) of vectors :

A A A A

- -
If r =xi+xjand y = ¥ i+Yy,j are vectors of R2, then the inner product is denoted by

- > .
x -y and is defined as x|y, + x,),.

—

%
X oy T Xyt X),

A N A A A A

- —
Similarly, if x =x;i +x,j +x3k and y =y i +y,J + y;k are vectors in R3, then

- >

XY TN T XYy Xy
Properties of inner product :

(1) Inner product is a scalar quantity and so it is also called scalar product.

- - - - - -

2 x-x20and x - x =0 x =0
- > -

3) x x = 1lxP
- - - -

4 x-y=y- x
- - - - - -

S x -tk y)y=(kx)-y =k(x - y)where k € R
- - - - > - -

© x - (y*tz)=x- -y+tx- gz

7 i-i=j-j=k-k =1

8) i-j=0,j-k=0,i-k=0

- - e
(9) Cauchy-Schwartz inequality : | x . yl<| x| [yl

- -
For non-zero vectors x and y,

> - > - - . . . .
() lx.yl=lxIlyl & x and y are in the same or opposite directions.
.o % % % % % . . . .
(i) I x.yl<lxl Iyl & x and y are in different directions.
- > - —
(10) Triangle inequality : | x + yl<|x|+[yl
- -
If x and y are non-zero vectors,

o = - - - - . . .
(i) lx+ yl=lxl+lyl & x and y are in the same direction.

.o % % % % % . . . . . . . .
(i) lx + yl<lxl+lyl & x and y are in opposite direction or in different directions.
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- - - - - -
Note :(1) (x + y) (¥ — y)=|xP—[y]

- - - - - -
Q) [x + yP=[xP+[yP+2(x )

- = -, - - =
Q) |x —yP=[sP+[yP=-2(x ")

- - -
Work : The work done by a force is a scalar quantity. Work done w = F - d where d is the

%
displacement of the object in a particular direction under the force F .

QOuter product of vectors and its properties :

A A

— A N A — A N . .
If x =xyi +xyJ +x3k and y =y;i +y,j + y;k are vectors in R3, then their outer

product (cross product) is (x,y3 — X3y,) i + (x5, —x¥3)J + (X;¥, — X,y k and is denoted by
- -
X X y.

The outer product of two vectors can also be calculated using determinants as
as A A

i j ok
- —
x Xy ="M X2 X,
NoY2 V3
Properties :
. . . . - - %
(1) Outer product is a vector quantity and so it is 2) x xx =0
also known as cross product.
- - - - - - - - -
B xx0=0xx=0 4) x Xy =—-y X x

e e T T e e

- - - - "
(5) xx(ky)=(kx)xy=k(xxy) where, k € R ) xx(y+z2)=xxy+xxz

A A A A A A - A A AN A AN A A
(7N ixi=jxj=kxk=0 B) ixXj=k, jxk =i,kxi=]

) Note :(i) Outer product is not defined in R2.
(ii)) If x and y are collinear vectors, then x X y = 0 i.e. )’_1_)’_2_)’_3 where

- A A A A

— A
x =xyi tXxyJ Tx3k and y =y i +y,J +y3k.

>

Relation between dot and cross products :
1Y x ;>|2 +17 - 7|2 g |;>|2 . This relation is called Lagrange’s identity.

- 2 = -
, b, ¢ and d are four vectors, their inner product 18

Inner product of four vectors : If a
- 5 5 S
— - — — a-c a - d
(a xb) (c xd)=|-» » - -
b c b-d

Scalar triple product (box product) and its properties :
% H H . % % H . . .
If x, y and z are vectors in R3, x - (y x z) is called their scalar triple product or box

R L B

. R . - o -
product and is denoted by [x y z].Itisascalar. [x y z] =D, where D= |51 Y2 )3
4 2 23
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- -
() If x, y and ? are the coterminus edges of a parallelopiped, then its volume is the

- 5 > - o -
modulus of [x y z]ie V=I[x y zll.

A - A N A A A

— A X A A N N D

are the coterminus edges of a tetrahedron, then

- o5 o
volume of the tetrahedron = %I[x y zII

If A, B, C, D are the vertices of a tetrahedron, then its volume

- - - - - -

.
.
A

V=2l[AB AC AD]l = 2I[BA BC BD] C
- s 5 e - = >
A [x y zl=[y z x]=[z x y] v
N N T N T .
@ [x x y1=0.[x y x]=0[x y y]=0 Figure 20.4
- = - - - - - — A
G) [kx y zl=I[x ky z]=[x y kz]=kx y z]; where ke R
e
© [x y 0]=0
- — — =l - d
D [x »y zl=-1y x z]
(If [x ¥ Z] = k. then interchanging any two vectors of X, y,Z we get —.)
- - - - N - e
® [xxy yxz zxx]=[x y z]
R T T
X 'x x'y x 'z
e T T
O 15 3 =] v v
R T
Xz y'z 7'z

S =
(10) If |[ X vy z ]| = [||7||z|, then parallelopiped will become a cuboid.
Vector Triple Product :

- = -
If x, y, z are vectors in R3, then their vector triple product is,

— - — e - = =
xX(yxz)=(xz)y—-(x y)z.
d 4 g — 4 - 4 g — d
If r=x x(y X z),then r L x and r L (y X z)and r is a vector in the plane of

- -
y and 7.

— - -
X

- - = e - -
Note : (x x y)x z =(x - z)y —(y " z)x

Collinear vectors :

Vectors which are parallel to the given line are called collinear vectors. Their magnitudes can be
different.

- - = - - - .
For non-zero vectors x and y,if x =ky, ke R— {0}, then x and y are collinear vectors.
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— A A A A
X

5
=x;i *x,j and y =y i +y,J are collinear, if and only if x,y, — x,y, = 0.

— - . . o> - -
Vectors x and y of R3 are collinear if and only if x x y = 0.

- -
x and y are collinear if and only if |; ) ;| = |;| |;|

Coplanar vectors :

Vectors lying in the same plane are called coplanar vectors.

. — — - - - - -
If at least one of o, B, Y€ Risnon-zeroandox +PBy +yz = 0, then x, y,and ; are

coplanar or linearly dependent vectors.

- = -
If x, y and z are non-coplanar (linearly independent) vectors, then

- -

- -
ox +By +yz =0 =2a=0,=0and y=0.

- - — - — -
If r isin the plane of x and y, then r =ax +Py, o2+ P2 #0.

- = d - =
In R3 x, y and z are coplanar if and only if [y y z]=0.

° Angle between two non-zero vectors : If the measure of the angle between two non-zero

- -
A

vectors (x, y) = o, then a = cos™!

|_)”_)|,O(,G [0, =];
X1y

Results :
% . . .

e If x and y are vectors in the same direction, then o = 0
% . . . .

e If x and y are in opposite directions, then o0 =

- — - - T
@ If x - y=0ifandonlyif x L y i.e.a=?

- - - >
® x 'y =lxllyl cos a
- - - -
o |x x y|=Ilxllyl sin o
- -
. . - - . X Xy
® Unit vector perpendicular to both x and y is *———-.
| x x yl

. - -
o Area of AABCis A= L|AB x AC|
2
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- 5 >

e If a, b, c¢ are vectors representing the sides of AABC, then the area of AABC is

- - -
A= LIaPIBP—1a. pP

— —
e If AC and BD are the diagonals of parallelogram ABCD, then the area of parallelogram

Lo o
ABCD = -|ACxBDI
Angle bisector :
- -
- . - - - x y
If r is a bisector of the angle between x and y, then r = |—+-—=5—|.
x| Iyl

Projection of a vector :

- -
If x and y are neither zero vectors nor perpendicular vectors, then projection vector of

- - - >
- - x-y |- . - - X-y|—
x on y is |~ |y.lItisdenoted by Proj , x . So, Proj,x = |~ |y
|y 2 y y |y
Magnitude of projection vector :
lx-yl . o > 5
= is the magnitude of projection vector of x on y.
|yl
- -
2y o -2 -
|%| is called the component of projection vector of x on y . It is denoted by Comp_, x .
Y

y

Direction cosines, direction angles and direction ratios of a vector :

A A

— A
If o, B and 7y are the measures of the angles made by the vector x =x;i +x,/ +x;3k with

N
the positive directions of X, Y and Z axes, then o, B and 7y are called the direction angles of x

and cos o, cos B and cos 7y are called its direction cosines.

A A — A A A

- A -
If x =x;i +x,J +x3k, x#0 and m # 0, then mx = mx;i + mx,J + mxyk. The

%
numbers mx,, mx,, mx; are called the direction ratios (direction numbers) of x .

x X x
® cos O = 71,005[3:?2 and cosy=j3
| x| | x| | x|
2

® cos? o+ cos? P+ cos?y=1

® sin? o+ sin® B+ sin®y=2
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Division of a line-segment (Section formula) :

- - -
If x and y are the position vectors of points A and B respectively and if point P( 7))

- -
—_ e
divides AB in the ratio A from A, then r = % A #-1)
- —
_  _ my+nx
@ IfA=m:nthen r = 21YTNX
m+n
o - -
® The position vector of midpoint of AB is X T Y .
2

- -
e If A(x), B(y) and C(;) are the vertices of AABC, then the position vector of centroid

> o >

of AABCis X Ty + 2.
3

- - -
® The position vector of incentre of AABC will be ax-l—b%
a+o+c

- — —
where, a = |[BC|, b = |CA|, ¢ = |AB|.

Inverse system of vectors :

- o o
If a, b, ¢ are non-zero, non collinear and non-coplanar vectors, then we can get vectors

R - - - -

- = - -, b x c ; cXa T, axb
a’, b>and ¢’ suchthat ¢ =———F—, 0 =—F—F——, ¢ =— 5 5.
[a b c] [a b c] [a b c]

- - - - -

N
Vectors a’, b> and ¢’ are called inverse system of vectors of a, b, c.

Properties :
e T e I Y
(1) a-a'=b-b'=c-c'=1
e T T S e e R
2 a-b'=a-c'=b-a'=b-c'=c-a'=c-b'=0
- 5 >
G) la” b’ =

- > -
(4) a’ b’ and ¢’ are non-zero, non-collinear and non-coplanar vectors.
e e e T T S
B axa+bxb’+cxc’=0

A A A A

A A
© i=i, j=j, k=k’
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)

Sol. :

@)

Sol. :

)

Sol. :

: Multiple Choice Questions :
- - A - A - A
If a is a unit vector, then (a - i)> + (a - j)* + (a - k)* = .....
(A)0 B)1 © 2 (D)3

. A B o 1, 2., 2
Taking @ =a,i +ayJ + ayk, lal=\laf +a; +a; =1

- A A A
a i =a,a ] =ay,and ¢ - k =ag

l

—> A —> A —> A 2 2 2
(a-i)+@a )+ -k?=a +tay+az=1 Ans.

- . AV VR I A
If a isa unit vector, then la xil" +lax jlI" +laxkl” = ...

(A) 0 B)1 ©) 2 (D) 3
) N A /\ A —

Taking a = a;i +a,J +a3k,|a|:\/a12+a§+a32 =1
— A A A — A A A — A A A

and a xi =ayj —a,k; axj=ak-ai and axk=ayi—aj
d A d A d A
M2 2 2

la xil +|a><]| +laxkl =(a32+a§)+(a12+a32)+(a§+a12)

=2(af +a3 +a3) =2(1) =2 Ans.

A

+ (B)

$ (O

BN
If a is a unit vector making an angle of measure T with b = i and perpendicular to

4

1Y 1A A 15,17 IR A
(A) NN (B) NN © ﬁ]+ﬁk (D) ﬁj——zk
- A A A -
Let a =ayi +a,] +azk. |a|=w/a12+a§+a32 =1
- -
N _& . T _ q
cos(a, b) = -  — . From this, cos; = —
lallbl !
i
2 4
- - - -
a lc=>ak =0>a;=0
Also, af +a3 +ai =1
S+a3+0=1
4 L
AN 1/\ 1/\
_ 1 on .
a=pito] Ans

F(A)
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@)

Sol. :

©)

Sol. :

(©)

Sol. :

- = > - _

Ifax=02.Yy=04.7=0 then [x y z] = .. (a#0)

(A) 1 ® e ©) 0 (D) not possible
- - - - - - -

Since a is perpendicular to three vectors x

, vy and z,the vectors x

, ¥y and z are coplanar.

Ans. : (O)
Second method : 7 .x =0, ?? =0, 5.7 =0
- 5
x, y, z may be coplanar or non-coplanar.
- = > - = >
If x, y, z arecoplanar, then [x y z]=0.

- -5 5 - — — — -
If x, y, z are non-coplanar, then each non-zero a € R3 canbe writtenas a = px +qy +rz.
- > - - - - - - - - - -
a-a=a-(px +qy+rz) =pla-x)+qla-y)+r(a-z) =0

- -
I P Thirdmethod'lfx #0, y #0 7z #0,
=0 - - -
al x,a L y
lal=0.But a# 0.A contradiction - -
a =i(x X y)
- o 5 - - - - -
X, y, z are not non-coplanar. a*z =0=>%x X y)-z =0
- o S
N TN =[xy z|=0
x, vy, z are coplanar. N o N
If any one of x, y or z is 0, then
d - -
[X, Yo Z]:O o7
lx «y - z[=0
- > - - - o > -
Ifax(bXC)— , then ..... (a 2k(bxc), a #0)

- > - = - > - >
(A) bllc B) allp ©) allc D) bLlec
- - - - - - - - > -
ax(be)—o = a||(b><c) or a =0 or bxc=0
— - . — e T S . - 5 o
a # 0.Since a 2k(bxc), all(bx c) is not possible. So, b x ¢ =0

- -

bllc Ans. : (A)

o SRR
If for unit vectors a, b and c, if ax(bx ¢) ==, then (a, b) = ...
T T 5T 2T
A ® = © & D) 2=
%
- - e c
a><(b><c)=7
N
- - — - - — c

(a-c)b —(a b)c=7'

— _ — — — —> —> —> ;}
lel=1=c#0 So, bxc#0 asax(bXC)=7

1050




)

Sol. :

®)

Sol. :

©)

e T T T S e S

N
b X

(a-c)bxb—-=(a- b)bxc)= 3
- >
e
—(a-b)(b><c)—b <
- o
a'bZ—%
AL
|a||b|c0s(a b):—%
‘)/\*) 1
() (1) cos(a, b) =3
A
(Z, Z) = cos™! (_71) = 277:
—> A A A A

AN > A - A A
x=2i+3j+k, y=2i+j—k and z =i+ 3k.

(B)5 ©) 0

XAy Q20T +B+NT

Ans. : (D)
- - -
If x + Ay is perpendicular to z,

(D) 6

A . . — A A
— M)k is perpendicular to z =i + 3k.

C+20)(H+B+VN O +A-2)3B)=0

2+20+3-31=0

5=\ Ans. : (B)
- - AN 0
a and b are unit vectors and (a, b) = 6, then 2sin7 = e

- - - e - =

A) tla - bl ®)la - bl © Lla+ ol D) la + bl
4sim S = 2(1 - cos6)

=1+ 1-2(1)1) cosd

- - - =
=lalP +16PF =2lallbl coso
- >
=|0¢—b|2
- >

. 2sin% =la-»bl

- 5 - T
If x-(yxz)=lxllyllzl, then .....

e e e T
(A) x-y, y-z, z-x are non-zero.

e e T T T S

(B)Oneofx y#0,y-z#0,z-x#0 is true.

=1

N
X

AN

—_

N
Z

I
<

©

=
AN

- -
Z-X

=0

%
-y
- -
y=0,y-

(D) 0,

- - )
(a and b are unit vectors)

Ans. : (B)
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Sol. :

(10)

Sol. :

- - - - -
x-(yxz)=[x y z]
- - -
x, y and z
) - o5 -5
Since, [x y z
- - = — — -
x Ly, ylzad 7z L x
- - - > - -
x-y=0,y-z=0andz-x=0

Second method :

- 5 o

- = =
:|x||y><z|cosoc

x-(yxz)

- -
= | x Il yll z1sincoso

T
= |x||y||z|
sinf = cosa, = 1

a ]l wla

1
_)
-z =0

< | <] @

e e

T
1=l x1lyllzl, the parallelopiped becomes a cuboid.

SN S

%
where o0 = (x , y X z)

AR

where B = (y , z)

(given)

e e T

Similarly, from y-(z X x), z-x =0 and from z-(x X y), x-y =0

- > - > - -
xy=y-z=z x=0
- -
If a, b and
AABC, then ......
- - o o 5
A a-b+b-c+c-a=0
e e T
€ a-b=b-c=c-a
- -5 -5 -
a+b+c =0
- - 5 > - =
aX(a+b+c)=ax0
e T
axb+axc =0
e -
axb-cxa=0
- - - -
a Xb =c¢ X a
o - - - -
Similarly, a X b = b X ¢
- - - - - -
a Xb =b Xc¢c =c¢ Xa
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Ans.

Ans.

is the volume of a parallalopiped with coterminus edges

+ (D)

+ (D)

5 - — —
¢ are the vectors representing respectively the sides BC, CA and AB of

[IIT : 2000, AIEEE : 2012]

ol

®)
(D)

X

8l ol

- >
Xb=>
- -
Xb+b

ol
+

X

ol

ol

X

2l ol

[
ol

X

Ans.

+ (B)




(11)

Sol. :

(12)

Sol. :

(13)

Sol. :

- A n A A ~ - — - N
If x=2i +3J—k, y =1i — J,then the unit vector perpendicularto x + y and x — y

(A) %(21' _ 2 +10k) (B) %(21' +2j - 10k)
(©) %(i +j+5k) (D) %(i — j+5k)

(x+ )% (x — 3)=~xx3)+(y x x)

- - A A A A A A
=2(x xXxy)=-2+i —J—-5)=2i +2] +10k

= =
N S5 5 (x + y) x(x—y)
Unit vector perpendicular to (x + y)and (x — y) ==

|(;+;)x(;—;)|

| A n
=4+ ——0 +j+5k :
+ 3 \/§( J ) Ans. : (O)
- - - - - - - - -
If a, b and ¢ are coplanar unit vectors, then [2a — b 2b - ¢ 2c¢ — a] =...... [IIT : 2000]
(A) 0 B)1 ©) -3 D) 3
- > - - - -

Since a, b and ¢ are coplanar, 2a - b,2b — ¢ and 2c - a w1ll too be coplanar.

- - - - - -
2a-b 2b-c¢c 2¢c—-a]l =0
- -
a c

%
b

Note : [ 1=0
- > - > - - > >
.[2a-b 2b-c 20—a]—7[a b ¢]1=0 Ans. : (A)
— A A A - n A .
Vectors a = i + J + k and b = j — k are given.
- - 5 > - > —
If ¢ is avector suchthat a X c =b and a - ¢ =3, then ¢ = ...
sh 2 2 s 2% 2h 27 s 2% 2f
(A) gl—gj—gk (B)_§l+§]+§k ()—l+3]+ k (D) —gl—g‘]—gk

A A A

%
Suppose ¢ =cyi t¢yJ + 3k,

- >
Now, a - ¢ =3. So,¢; +t¢cy+tc3=3 (H

- 5 o
axXc=5»>b

A N A A n A
(c3—cp)i T (c;—c3)J t(ey—cpPk =0i +J — &k

c3-¢,=0; ¢, —¢cg=1and ¢, — ¢, =1
3= ¢y (@)
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(14)

Sol. :

(15)

Sol. :

c;=1+¢ 3)
By solving (1), (2) and (3),

_ 2 _ _ 5
G3=3=¢ andcl—§
d AN A A
c :§i+%j+%k
Ans. : (O)
- - - . - o, > oy > o,
If a, b and ¢ are unit vectors, then the value of la — b " +1b6 — ¢l +l¢ - al* cannot
be greater than ...... . [IIT : 2001]
(A) 4 B)9 ©) 8 (D) 6
- o o
la+b+cl 20
-5 =05 -5 e e T S
lal® +1561" +1cl +2a-b+b-c+c-a)=z0
e T T T
l+1+12>22(a-b+b-c+c-a)
e e T T
322(a-b+b-c+c-a) (hH
- - - o - - - - - e T T
Now,|a—b|2+|b—c|2+|c—a|2 =2(|a|2+|b|2+|c|2)—2(a-b+b-c+c-a)
s T e e
=21+1+1)-2(a-b+b-c+c-a)
<6+3=9 (From (1))
- - - - - -
{Value9ispossibleifwetakea=l ],b=J k,c=k l-} Ans (B)
V2 2 2
e e e —
If ABCDEF is a regular hexagon and AB + AC + AD + AE + AF =)L AD, then A = ......
(A) 6 (B)4 © 3 (D) 2
By triangle law of addition of vectors, A
T
In AACD, AD = AC + CD
B F
- -
= AC + AF (D )
- o > C E
and in AAED, AD = AE + ED
- > D
= AE+AB 2) Figure 20.5
Adding, (1) and (2),
e e
2AD = AB+ AC + AE + AF
e T
3AD = AB+ AC+AD+ AE + AF. So, A = 3. Ans. : (O)
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— — e — - —
(16)  In a trapezium, BC = m AD. For vector x, x = AC + BD and x is collinear with AD.

% %
If x =nAD then n = ......

(A)ym+1 Bym -1 ©)1-m (D) -m -1
- - —
Sol. : x = AC + BD
— — — -
nAD = AC + (BC + CD)
- - =
nAD = AC + mAD + CD
S —
nAD = (AC + CD) + mAD
- > —
nAD = AD + mAD
— —
nAD = (1 + m)AD
n=m-+1 Ans. : (A)
— A A = N A AN > A A AN — - d
17y If a=i-k, b=xi+j+(0-x)k,c=yi+xj+(+x—-y)k then [a b ] is not
dependent on ...... . [1IT : 2001, AIEEE : 2005]
(A) only x (B) only y (C) any one of x and y (D) x and y
1 0 -1
e
Sol. : [a b ¢] =]F L (1-x)
y x l+x-y
1 00
= 10 (C; > C3+C,—Cy
y x 1
=1
- 5 o
[a b c] isnot dependent on x and y. Ans. : (D)

A

J+ b312 are parallel (collinear), then

A A A

- — A
(18)  Iftwo vectors x =a,i +a,Jj +ayk and y =b;i +b,

- 5 5 >

...... (x=#0, y#0 )
b _Dh _ 4
(C) a; = by, ay = b,, a5 = a4 (D) no relation between coordinates a;, b;; i =1, 2,3
- - - -
Sol. : Since non-zero vectors x and y are parallel, x =ky, k#0

A A

A A A A
aji +ayj +agk =k(byi +byJj + byk)

4_%_%

by b E -
(If any b, = 0, then a; = 0.) Ans. : (A)
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(19)

Sol. :

(20)

Sol. :

2D

Sol. :

(22)

> 5 5

4 A A e A A A g g
If x =—i +3k and y=i-3j+2k.If y=a+ b, where a is parallel to x and

- >

bJ_x then (a, b) = ...
AN 3/\ AN 7/\ 1/\ 1/\ 3/\ 3/\ /\ 1/\
(A)[ jt+3 >k, 1—7]+7kj (B) [— i 7k,7l—3j+§k]
1Y 37 30 A1) 1 N 3 3 h g
(C) [—E_]—Ek, 51 —3]+§k (D) | ~3¢ +]+§k, 51 —4]+§k

- -
a and x are parallel vectors.

- A A - -

- A N A
a =o(—i +3k)and b=y—-a =(1+a)i —3Jj + 230k

- - - -
Now, b L x.So, b - x =0
—(l+o0)+32-300)=0
5=100c.So,0c=%
o 1h, 3) 2o_ 37 )
a 5 Ek and b 5l-3]+5k Ans. : (B)

e A AN A A -

%
If a=xi+yj+ zk b =j and c¢ is a vector such that a, c and b follow the right hand

thumb rule, then C = e [AIEEE : 2002]
A A — A A A
(A)zi —xk B)o ©) yi (D) —zi —xk
- 5 > - — —
Since a, ¢, b follow the right hand thumb rule, then ¢ = b X a
— AN N
c =zi —xk Ans. : (A)
- A A - A A e - - o
a=3i-5j, b=6i+3j.1f c=axb, then lal:lpl:lcl=_.. [AIEEE : 2002]
(A) \34:4/45:39  (B) \/34:/45:39 (C) 34:39:45 (D) 39 : 35 : 34
- -
lal=v9+25=-34; |bl=-36+9=1/45
— - - A -
and ¢ = a x b =39k.So, el =39
— - >
al:lpl:lel = /34 .45 39 Ans. : (B)
—> A A A —> A A A —> A A A
If a=i—j+k, b=2i+2j—k and ¢ =2i — j—k, then the unit vector perpendicular to

- - >
a+b and b —c¢ is ...

(A) +i (B) + j (©) +k (D) +L <z Lk
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Sol. :

(23)

Sol. :

(24)

Sol.

A - = A

N
+b =3i +J and b—c =37J

- o - o

A
- - - - +b)X (b - 9k A
TheunitVectorperpendicularto(a+b)and(b—c)isi[(i _>) ( c)l i—/\=ik
l(a+b)x(b-c)l 1okl

Ans. : (O)

> > A

If a,b=1i+2j+ 3k and c=2i- ] + 4k satisfy the right hand thumb rule, then a =

1 A /\ A
(A) 57 (11 = 2) +5k) (17 +27 —5k)

(B) SJ—
() %(lli +2j+5k) (D) %(11?—2?—51?)

-
C

-
b,

S|

follow right hand thumb rule.

2, Z, ;) will also follow right hand thumb rule.

A A A
_ 11i +2j =5k
| 56

N
I

Ans. : (B)

N
X c
%
C

>
Sl S

X

- = A A - A A - = A
If a,b=k-j and ¢ =2j+k are coplanar and a l b, then a =

(A) 75 (k) (B) 75 (i +) ©) 5=k (D) 75(i = J)

— A A A

: Suppose a =ayi +a,j+ak

- > -
Now, a, b and c¢ are coplanar.

- o >

[a b c]=0

a 4ay a3
0 -1 1
0o 2 1

—3a; = 0. So, a; = 0

- o 5
a

and a L b=

- A A —
a=a,j +ayk and so lal=+21a,|

N
b =0. From this, a; — a, = 0. So, a3 = a,

N
A +_ 9

a =-S5 —i—(]+k) Ans. @ (A
lal V2 )
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Second method :

- -
Vector coplanar with » and ¢ and perpendicular to

- - -

ﬁ
b is b x (b xc)

— (b-c)b—(b-b)e = (24D =j)=22j+k = —3j—3k
A A
Required unit vector Ziwz 1 "k Ans. : (A
q o £ (j+k) (A)
— A A A A A — - = =
25 a=2i-j+2k,b=3j+k.If ¢ isa unit vector, then the minimum value of [a b c]
IS ...
(A) /89 (B)—/89 © 0 (D) —+/15
- = - - -

Sol. : [abc] =1[cab]

- > o
= c-(axb)
- = - >N S
= lcll a x b lcosd where 6= (c , a x b)
- = - - o
The minimum value of cos® = —1 and so the minimum value of [a b c] is — | a x b |.
O — A A A
Now, l axb |l =1-7i-2j+6kl = [49+4+36 = /39
. - o >
So, minimum value of [a b ¢ ] is —+/89 . Ans. : (B)
. A A A AT
(26) A vector making angles of same measure with 4 = 3(2i=2j+k), b=35(-3i-4k), €= J
and having magnitude /51 is ...... .
A A A A A A A A A N A A
(A) 5i + j+ 5k B)Si — j+5k (C) 5i +j—-5k (D) 5i — j -5k
—> A A A
Sol. : Suppose the required vector is x = x i + x, j + x3k.
—
Now, lxI=+/51
X2+ x2 + x2 = 51 )
e T - -
For vectors a, b, ¢, lal=1LI1bl=1LIcl=1
- - > >
x is making angles of equal measure with a, b, c .

- - - - - -
X-a x-b X-c
- -5 5 5 5 S
Ixllal 1xI1bl Ixllcl
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e T T
xa=x-b=x-c

1 1

E(le = 2xy T x3) = 3(_3x1 — 4x3) = x,
2xl—5x2+x3=0and3x1+5x2+4x3=0
M _X2_8

55 _5 25 (By Cramer’s rule)

% = xTz = i—SS = k (Assume)

Substituting x, = 5k, x, = k, x; = =5k in (1)

K = 1. It follows that k = *I

—> A N A

x==x05i+j-5k) Ans. : (O)

- - - -

27) If a+2b and 5a —4b are perpendicular to each other for unit vectors Z and Z , then

(a,b) = ... [IIT : 2002]
T T 11 12

(A) T (B) 3 (©) cos 3 (D) cos "=

—

- - -
Sol. : (a+2b)-(5a—-4b)=0

) - — )
5lal” +6(a-b)-8lbI" =0

- - - -
5+6(a-b) —8=0 (Ialzlblzlj
- -
ab=§
- -
N -1_a-b 01 _ W
Now, (a, b) = €05 ——— = cos 5 = 7 Ans. : (B)
lallbl

A A

(28)  If the inner product of the unit vector parallel to the sum of 4i -5+ 2k and

N A I A A A
2i+3j+ak with i+ j+k is 1, then a = ...
(A) 1 (B)-1 © 0 (D) 2

=1

A A A
Sol. : The sum of the given vectors is =6i-2j+Q2+a)k.

- - -
A vector parallel to x is y =mx, m=#0

A A A
=m6i-2j+2+ak)

N A N
L6i-2j+C+a)k

A
y = 2
J44 + 4a + a
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A A AN A
Now, y-(i +j+k)=1
+6 -2 +2+a) = Ja* +4a + 44
a® + 12a + 36 = a> + 4a + 44
8a =18. S0, a=1 Ans. : (A)

a a’> 1+ad°

- - -
29) If |b b* 1+b°|=0 and vectors x =(l,a d®. y = (1. b, ¥ and 7 = (1, ¢, ¢?) are
2 3
c ¢ l+c¢

non-coplanar, then abc = ......
(A) (@a=b)(b—-c)c—a) B) 3 © 0 (D) -1

a a* 1+d°

b b> 1+b°|=0

Sol. :
c & 1+¢°
a a® 1 a & o
b b 1|+|b b* b |=0
c 21 c &
1 a d? 1 a d?
1 b b*|+abc|l b b*|=0
1 ¢ ¢ 1 ¢ ¢
1 a d°
o (+abc) |1 b b*|=0
1 ¢ ¢
1 a a°
- o 5 2
Since, x, y, z are non-coplanar, 1 b b7 |#0
1 ¢ 2
1 + abc =0
abc = -1 Ans. : (D)
AN A ALA o . . . -
(30) —i + j — k bisects the angle between 3i + 4 j and ¢ . The unit vector in the direction of ¢ is...... .
1 A A A 1 A A A
(A) 7z (11 +10j + 2k (B) = 11i 10 +2k)
-1 " AR -1 " AR
(©) 75 (1i +10 + 2k) (D) = d1i =10 +2k
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Sol.

OR L1 PQ (OP = 0Q = 1, so AOPQ is isosceles and OR is the median.)

Here AOPR = AOQR.
mZPOR = mZQOR

%
OR is the angle bisector of ZPOQ.

% . . /\ A % H
OR is the angle bisector of » and ¢ and so of p and .
A A A N N
But, —i + j — k is the angle bisector p and .

% A A A
OR=A(=i+j—k); L£0

e e T T
Now, OP+0Q = OR +RP + OR + RQ

- > >
20R + RP — RP

%
20R

A AN AN

l/\ AN
sb+co)=h(=i+j-k

A

AA A
2M=i+j—-k)—b

o
Il

A A A gA gA
= —27»i+27uj—27uk—§i—§j

o
Il

(-2% - %)? + (2x - %)? _ ok

Also, \/ (—2x —%)2 + (2x —g)z 42 =1
1202 — gh + 1 =1

x(lzx - %) ~0

% A — A - A A
: Suppose QP=pH and QOQ=c, where b =3i+4j
b
e ; A A
oP=p = — = 58i+4))
b1
P R
Suppose the midpoint of PQ is R. Figure 20.6

)
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GD

Sol.

(32)

Sol. :

(33)

Sol.

But,?»;tO.So,XZ%

Placing value of A in (1),

A A A A
c=T5(1i +10j +2k) Ans. : (C)

- — —
If A(x),B(y) and C(z) are vertices of an equilateral triangle ABC and orthocentre of

AABC is origin, then ...... is true.

- - > =0 =0 =0 e - - -
(A x+y=z B) IxF+1ylF =1z © x+y+z=0 O Ixl+lyl=1zl

¢ Orthocentre of AABC is origin.

BN
Position vector of origin is 0.
Since, AABC is an equilateral triangle,

position vector of its orthocentre = position vector of centroid

- o5 -

T x+y+z

0= 3

e

x+y+z=0 Ans. : (O)

—

A A A —>
If v=2i+j—-k w=i+3k and u 1is a unit vector, then the maximum value of

[u v w] is ... . [IIT : 2002]
(A) -1 (B) V10 + /16 (C) /39 (D) V6
- 5 > - - - - 5 o >N
[u v wl = u-(vxw) = lullv xwlcos (v , w)

. %/\% . %
Maximum value of cos(v ,w) is 1 and |y| =1

- = = - = A A N

Maximum value of [u v w] = lv xwl = 13i =7j—kl = /59 Ans. : (O)
- A A A - A A A e 0 7R R
x=3i+2j+4k and y=4i+7j+4k.If z=xxy, then IxI":lyl":[zI" = ...

(A) V29:9:4/585  (B)29:81:585 (C)9:15:3 (D) 29 : 81 : 487

- -
:x?P =29, Iyl =81

- - -
zZ T xXYy

A A A
—20i +4j+13k

%

| 2|2 =400 + 16 + 169 = 585

— — -

xP:1yP:1zI> =29:81:585 Ans. : (B)
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/\ A — A A

> A -
X —k and z=k—-i. If w is a vector with magnitude V6, perpendicular

AN >
(34 -j,y=

- ) - - -
to x and coplanar with y and z, then w = .....

(A) +(i = ]+ k) B)+(i + ] - k) ©) +(—j+2k) (D) @i+ j—-2k

5
Sol. : Suppose w=aqa;i+a,j+ a3k

- - - >
xlw = xw =20
a, —a, = 0. So, a; = a, @)
- > —
w, y and z are coplanar.
e
[w y z] =0
a a4 a3
-1 0 1
ay +ay, + a3 =0 (@))

From (1) and (2),
2a; + ay; = 0. So, a; = 2a,

N
Now, Iwl=+6
a12+a22+a32=6
a12+a12+4a12=6
a12= 1. So, ay =+1 =a, and a; = F2
d A A A
w = (i + j—2k) Ans. : (D)
— A A=A - S5 A . —
(35) a=21+]—2k b_l+] If ac—lcl(axb C)_K and Ic—al 242 for
- - > -
vector ¢, then l(a x b) x ¢l = ......
3 2
(A) 1 ®) 3 © 3 (D) 2
%
Sol. © lc —al=22
-

N
lc —al’> =8

-, - > -5
lcl® =2(c - a)+lal” =8

-, - -, -
lclF =21cl4+9=8. So, lcl" =2lcl+1=0

- -
(el -12%=0.90, |c|=

5> T - N
Now, I(a x b) X ¢l = la x bllcl sm((axb) c)
= |2i—2j+k|(1)(5) -3 Ans. : (B)
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(36)

Sol.

(37)

Sol.

(38)

Sol.

If the position vectors of vertices A, B, C of right angled AABC are

A A A A A AN A A T[

2i—j+kNi-3j+k i-3j-5k mB =2 then A= ..

(A) 1 or 2 (B)-1 or 2 € 1 or -2 (D) -1 or -2
- >

: msB =1 = ABLBC

- -
= AB-BC =0

S (A =2)i=2)) (=N -6k =0
S A=2)1 =)&) =0

= A=2o0r A=1 Ans.

A A

F(A)

A A
The vector with magnitude /2, coplanar with j+k and i+k and perpendicular to

A A

A .
-2i—-4j +2k 1s ... .

A A A A A A A A A A A
(A) i+k B)i+2j—k (C) i+2j+2k (D) 3i —6j -3k

A A

g A
¢ Let the required vector be r =ai +bj+ ck.

A A AN A

A AN A
ai +bj+ck, j+k and i+k are coplanar.

a b ¢
01 1({=0
1 01

a+b-—c=0

A A Ay A A A
Also, ai +bj+ck and -2i —4j+ 2k are perpendicular vectors.
—2a — 4b + 2¢ =0
a+2b—-c=0
Also, a+b—-c=0

Let L=
-1

— A A —
r=M-i-k),and |rl=v2 = A = +1

—> A
r=i-+

Y
-1

ol

A A

Lo

- . - - - - .
If @ and b are unit vectors, then la + bl+la — bl has maximum value ...... .

(A) 1 (B)2 (€) 242 (D) V2

- - - - - -
s la+blP = lalP +16P +2a-b

- >
— 1+ 1 + 2lallpl cosd

=2 4+ 2cos0 = 2(1 + cosB) = 2 X 2COS2%
7 0 0_m
la + bl —200s7 0S7S7

or —i—k Ans.

F(A)
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(39)

Sol. :

S

|
S
S
I

Ny
|
SR
I

2sin %

=5 =5 - >
lal” 161" = 2lallblcosd

2 — 2cos® = 2(1 — cosO) = 4sin29

2

la + bl+la - b |=2(cos7+sin7js2x/§ (Maximum value of cos§+sin§ is V2 ]
- - - -
Maximum value of la +b| + la = bl is 22. Ans. : (O)
NN N - o > - - - o
If u,v and w are vectors, then (u + v —W)'[(M— V)X(V—W)} = [AIEEE : 2003]
e e e
(A) u-(v xw) B) u-(wxv) ©) 3u-(v xw) (D) 0
- - > - o - o - - - - - - > - >
(u+v—w)-{(u—v)><(v—w)} = (u+v—-—wrl(u Xxv)—(u xw)+(v Xw)]
- o > - 5 > - 5 >
=u-(vxw—v-(uxw)y—w-(uxXv)
- 5 o e e
= [u wl=[v u wl—-[w u v]
- 5 o - 5 > e
=[u v wl+[u v wl-[u v w]
- -5 -
=[u v w]
e
= u-(vxw) Ans. : (A)
Second method :
- - -
Let, u = (uy, uy, uz), v = (v, vy, v3), w = (W[, Wy, W3)
u1+V1_W1 I/l2+V2_W2 u3+V3_W3
D = U—n U=V Us—v3
ViI—WwW Vo =Wy V3= W3
V1 Vo V3
Uy—V, Uy—Vy U3—V
= |Mi—" 27 V2 37V3 (R, = R, - R, - Ry
VI=W Va =Wy V3= W3
Vi V2 V3
= | U U
(R, - R, + R; and R; —» R; — R))
W Wy W3
W Uy Uz
— Y1 V2 V3 (RI N RZ)
wp o wp Wy
e
= u-(vxXw) Ans. : (A)
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(40)

Sol. :

1)

Sol. :

(42)

Sol. :

(43)

Sol.

- A AN = A A A - A - A
u=i+jv=i-j and W—l+2]+3k If for n, wu-n=0, v-n=0, then
— A
lw-nl = ... [AIEEE : 2003]
A1 (B)2 © 3 (D) 0
- -
— A — A u X v A
uln and v L n. For this, n—ﬂ: 5 =k
quvl
- A
lw-nl =3 Ans. : (O)
A A A g N A

If the vectors x—1+2J+3k y_21—]+4k and a 1is a vector such that aJ_x and

aJ_y,then a = ...

A A A A A A
(A) 187 +3j — 8k (B) 22i + j — 8k
(C) —22i +2j + 6k (D) —22i — 4 + 10k
- o - o

alx and aly
- - - -

A vector perpendicular to both x and y is +(x x y).

- - -

a and *(x x y) are collinear vectors.

- - = A A A

a = Mxxy) = Mli+2j-5k) (A # 0)

e AN AN A

IfA=-2, a=-22i-4j+10k Ans. : (D)

A A — A A A
If AB =3;+4k and AC =5i —2j+ 4k, then the length of the median of AABC from A

to BC is ... . [AIEEE : 2003]
(A) V72 (B) /33 (C) /288 (D) 18
N
AD_AB;AC = 4i —j +4k
IADI J16 +1+16 Ans. : (B)
- 5 > L - - -
If for wvectors a, b, c, a+b+c=0 and |a|=1,|b|=2,|c|=3, then
e T T T
ab+b-c+c-a = ... [AIEEE : 2003]
(A) =7 B)7 © 1 (D) 0
- 5 > 5 e e e
S lat b+ P =lal +16P +1cP +2ab+b-c+c-a)

e e T T

0=1+4+9+2(a-b+b-c+c-a)

e e T

ab+b-c+c-a=-7 Ans. : (A)
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(44)

Sol. :

(45)

Sol. :

A A A A A N A
If the volume of a parallelopiped with edges i + aj + k, j+ak and ai + k is minimum,

then a = ..... , 0<a< 1.

[IIT : 2003]
1
(A) V3 (B)2 © 7 (D) 3
1 a 1
Volume of parallelopiped, V = Modulus of 0 1 a] - Modulus of l —a+ad =1 —a+d
a 0 1
1 —a+d)=1-al - d?) A
0<a<l = 0<a?<1 = 0<1-a*<1
= 0<a(l-a®)<a<l S
V=|l-a+d|=1-a+d 5 5
av. _ 2 - _ L 1
da—0:>3a—l 0 = a J§’O<a<l 5
d*v 6
Figure 20.7

o+

V is minimum when a =

1 1 2 . -
V(@0)=1, V()= I,V(ﬁ) =1- % aew Al e global minimum for a = %

Ans. : (O)
A aS A

A A N A A
For the volume of the parallelopiped with edges i + xj, 4i — j + xk and —xi + j — k to be

maximum, x = ...... where x € [0, \/5 ]
(A) -3 B) 1 (€) -1 (D) 3
1 x O

Volume of parallelopiped, V = Modulus of 4~ x|~ NModulus of 1 + 3x —
-x 1 -1
Vo= |1+ 3x — 23 0

0<x<3 20<x2<3=0<@3-1x3)

V=1+3x-x

A

av. _ 2 _ _ P . . >
e 0 = 3 - 3x 0= x 1 <« : 4 : =
d*V
VismaximumforOSxS\/g at x = 1.
v
V(0) = 1, V(1) = 3, V(3) = 1 Figure 20.8
V is global maximum for x = 1. Ans. : (B)
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(46)

Sol.

47)

Sol. :

(48)

Sol. :

Note : V = |1 + 3x — xJ|

dv .
e changes sign from +ve to —ve at x = 1.

For 0 < x < 1, V increases; for x > 1, V decreases

V is maximum for x = 1.

A A A A A A
Two forces 4i + j—3k and 3i + j — k are acting on a particle and hence the particle moves
from the point (1, 2, 3) to (5, 4, 1). The work done on the particle is ...... . [AIEEE : 2003, 2004]
(A) 30 units (B) 40 units (C) 50 units (D) 20 units
— — — A A A
¢ Resultant force F = F1+Fy = 7i+2j—4k
N A A N
Displacement ¢ = 4i +2j -2k
- =
Work done, w = F-d =28 + 4 + 8§ = 40 units Ans. : (B)

A A

—> A A — A AN
On applying two forces F; =2i +aj—k and F, =3i +4j+k on a particle, its displacement
— N A A
is d =2i-3j+5k. If the work done is 34 units, then a = ......
(A) —12 B) 12 ©) -1 (D) 1
- -

_ - _ A A
F =Fi+F2 =5, 4(a+4j

- -
Work, w = F-d

34 =10 — 3a — 12. So, 36 = -3a. So, a = 12 Ans. : (A)
- 5 > - g —
a, b, c arenon-zero vectors and no two of them are collinear. If a + 2b and ¢ are collinear
- - - - - -
and b +3c¢ and a are collinear, then a +2b +6¢ = ...... (A is a non-zero constant)
[AIEEE : 2004]
- — - -
(A) ha B)Ab (C) Ac (D) o
- - -

a +2b and c¢ are collinear.
- - -
a+2b=kc, k € R-{0}
— — —
b +3c¢ and a are collinear.

- - -
b+3c=kya, k, € R-{0}

l

- - - - -
a+2b—-2b+3c)=kc—-2kya

\)

- - -
a—-6c=kc-2ka
- d
a and c¢ are non-collinear.

- e d
Comparing coefficients of a and ¢,

1 —
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(49)

Sol.

(50)

Sol. :

D

Sol.

- - - -
a+2b+6c=0 Ans. : (D)
- - = — — - — -

If a, b, ¢ are non-coplanar vectors and A is a real number, then a +2b +3c¢,Ab +uc

and 2A — 1)? are non-coplanar for ...... values of A.

(A) all (B) all except one (C) all except two (D) exactly two

- - -

- - -
: If the vectors a +2b +3c,Ab +pnc and (20 — 1)c are coplanar,

1 2 3

0 A u -0
0 0 2A-1
AM2A — 1) = 0
A=1orA=0

The given vectors are non-coplanar for all value of A except two. Ans. : (O)

then

- 5 > - - - > )
(axb)xc__lbllcla for non-zero vectors a, b and c . If 0 is the measure of the

angle between b and ¢, then cos® = ......

1 V2 1 V2
) 1 ) 32 © -1 (D) -2
A A T e
(axb)Xczglbllcla

e T S - - >

(a- c)b—(b c)a——lbllcla

- - - - -

(If a and b are collinear, then (axb)Xc—O From this, a = 0. But a isa

non-zero vector.)
- - - - - > - -

Comparing coefficients of ¢ and b, a-c =0 and —b-c=%|b||c|

- - - -

Ibllclcos®=—+ IbIIcI

cos® = — L Ans. : (O)

3

A A AN A AN A
The unit vector which is coplanar with i+ j+2k and i+2j+k and perpendicular to

A A A

i+ j+k is ... .
P P
(A) 5 (B) 5 ©) 5 (D) 5

A A A — A

—> A A
: The vector perpendicular to x =i+ j+k and coplanar with y =i+ j+2k and

- A AN - - >
z=0i+2j+k is £(x X(y X 2)).
- - 5 > - > > A A
Now, x><(y><z)—(x )y —(x-y)z —4(l+]+2k)—4(l+2]+k) = —4j+ 4k
A A

>

>

Required unit vector = + itk So, required vector = L~ X

5 5 Ans. : (O)
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(52)

Sol.

(53)

(54)

—

If a unit vector x makes an angle of measure % with X-axis, an angle of measure % with

BN
Y-axis and an acute angle 0 with Z-axis, then 6 and x are respectively ...... .

AN A AN

A AN A A A A ) N N AN AN
(A)£i+j+k B) & V2i+j+k (©) E’I—J‘Fk (D)E\/Ei—j+k
303 3 2 3 V3 3’ 2

%
: If o, B, v are the measures of the angles which x makes with axes, then

A A A A
cos?o, + cos*B + cos’y = 1 and x = cosoti + cosPJj + cosyk.

cosz% + coszg + cos?® = 1

Stz cos“0 = 1. So, cos<6 2
cosO = % (0 is acute)
_ T
=3
- A S A 1 AN
and x =:Ez+51+§k::765i+j+k) Ans. : (B)
e 1 ) - - —
If [a b axb]=z for unit vectors a« and b, then (a . b) = ...
T s T T
A 2 ® % © X D) X
S e e S
a b axb]zz
e |
(axb)-(axb)zz
- - - -
lax b =1. S0, laxbl=y
- - >N | N> |
lallblsin(a b):7 = sin(a » b):7
>N > -
(a » b):g Ans. : (D)

- A A - A A
If the adjacent sides of a parallelogram are a =3i +4j and b =4i + 3, then the measure

of the angle between its diagonals is ...... .

T 2T T 3T T 5T T
(A) 3 or = (B)T or —= © 5 o = (D) 5
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. g 4 A A d — A 7
Sol. : Diagonal vectors are a + b =7i+7j and a —b=—i+j.

e ~n )
Now, (a+b)(a—-b)=lal”=lpl" =25 -25=0

- -

(Z+Z)J_(a—b)

The measure of the angle between the diagonals is % Ans. : (D)
> A A A DD - S A A -
55 If a=i+j+k,a-b=1 and axb=j -k, then b = ... [IIT : 2004]
(A i—j+k B)2j-k ©) i (D) 2i
- - =5
Sol. : a-a=lal" =3
— — - A A AN A A
ax(axb)y=>(+j+k)yx({—-k
- o o - = = A A A A A A A A
(a-bya—-(a-a)b=ixj—ixXk—jXk+kxj
A N A g A N A N
(i+j+k)-3b=k+j—-i-1i
A —>
3i =3b
—> A
b =i Ans. : (O)

e A A A
(56)  The unit vector which is perpendicular to a =3i +2j+ 6k and coplanar with

- AA A - A A A

b=2i+j+k and c=i—j+k is ... [IIT : 2004]
A A A A A A A A A A
2i —6j+k 2i—3J 3j-k 4i -3j -3k

A) 2LZ0ItK B C p) 2L =°J =5k

N =7 B =75 © 7% O =

. . . - . — - > - >
Sol. : The vector which is perpendicular to a and coplanar with » and ¢ is a X (b X ¢).

- - - - - - - o o

Now, a x(bxc¢c) = (a-¢c)b—-(a-b)c

A A A A A A
=T7Ri+j+k)-14(i—-j+k)

A A
=21j-7k
A AN
Requi . _3j-k .
equired unit vector = Ans. : (O)
J10
Second method :
- A A Ao -
Suppose x =xi +x, j+xk, b and ¢ are coplanar.
- 5 >
[x b ¢] =0 (H
- > - >
and x La=>x-a =0 2
-
Now, required vector can be obtained from (1), (2) and | x| = 1. Ans. : (O)
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(57)  If the sum of two unit vectors is a unit vector, then the magnitude of the difference between

the vectors is ...... .

(A) 1 B)1 + 3 (€) 2 (D) V3
- - -

arb=c. lal=Ipl=lcl = 1

7

Sol. : Let

- o, =05
Now, la + b1 =lcl

—n ) - -
lal” +161" +2a-b =1

A

- - >N >
1+ 1+ 2lallblcos® =1 (Taking (a » b) = 0)
cos6=—%
= o, =05 =5 . > -1
Now, la—bP = laP +16F ~2lallbleod = 1 + 1 -2(3}) = 3
- -
la—bl =3 Ans. : (D)
Second method :
- > - o - —
la+bF +la-bF=2lal +21pF
- >
la—bPP =2+2-1=3
- -
la — bl = 3 Ans. : (D)
- o
—> —> —> A —> —> N - - b+C
(58) a, b, c are unit vectors, b and c¢ are not parallel. If 4 x(px )= , then
N>
(asb) = ......
T 3N T 2T
A % ®) x © X D) 2
- o5 - PO
. b+ c
Sol. : -2 -
ax(bxc) 7
i e T e 1 = 1
(a~c)b—(a~b)c:ﬁb+ﬁc
- - - -
Now, b and c¢ are not parallel. So, a-b =75
- >
A 1 a-b _1( —1
(Z, b) = cos llﬁ”ﬁl = cos 1(3) = n—% = 37“ Ans. : (B)
allb




(59)

Sol.

(60)

Sol.

¢ From the triangle law of vectors,

: Vectors ai +aj+ck, i +k and ci +cj+ bk are coplanar and so,

>

If C is the midpoint of AB and P ¢ AB , then ...... [AIEEE : 2005]
- - - e

(A) PA+PB=PC (B) PA+PB=2PC
e e e

(C) PA+PB+PC=0 (D) PA+PB+2PC=0

- - -
For, APAC, PA + AC = PC (1)

- - -
and for APCB, PB + BC = PC A # C # B

Figure 20.9

- =S = - =
PB - AC=PC (AC=CB) 2)

From (1) and (2),

- = =
PA + PB =2PC Ans. : (B)

Second method :
%
a

-
b

N
a

—+

5
If P is taken as origin, the position vectors of A, B, C are a, b, respectively.

[\8)

% i —
a+b
PC = 3

- 5 5 = =
2PC=a+ b =PA+PB Ans. : (B)

AN AN AN AN A

AN A
If ai +aj+ck, i+k and ci +cj+ bk are coplanar, then ¢ = ......

(a, b, c are different positive numbers.) [AIEEE : 2005]

(A) Arithmetic mean of a and b (B) Geometric mean of a and b

(C) Harmonic mean of a and b (D) 0

a a
A A AA A A A A 1 0
c C

S = 0
Il
=

a(-c) —alb —¢c) + ¢(c) =0
—ac —ab + ac + 2 =0
2 = ab

¢ is the GM. of @ and b. Ans. : (B)
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(1)

Sol. :

(62)

Sol.

(63)

Sol.

- A — - A
t2a+b=i+j and a+2b=i-]

— RN d
If a, p and ¢ are non coplanar vectors and A is a real number, then

- > - - e
A(a+b) A*b Acl=la b+c bl is ... [AIEEE : 2005]
(A) not possible for any A. (B) possible for only one value of A.

(C) possible for only two values of A. (D) possible for three values of A.

e

[A(Z+Z) 22 b x?]z[a b+c b]

—

X(Z + Z)-()&Z x x?) = Z-((Z +c) X Z)
7&2-(3 X ?)} = Z-(? x Z)
7&‘{2-(3 X ?)} = —Z(Z X ?)

- 5 o

But a-(bxc)20

A* = —1 is not possible.

The given statement is not possible for any A. Ans. : (A)
> 5 A A - > A A - - >N

If 2a+b=i+j and a+2b=1i-j for vectors a and b, then cos(a , b) = ...
4 4 4 4

@A) 2 ®) -1 © 3 D) - 4

A

e A

- S A A - - A A
2a+b=i+j and 2a +4b=2i-2]j
— A A
3b=i-3j
AN AN A AN
2 A — AN | — 37 i +37
Z:l—?’?’] and «a :i—j—213J =l3J
- -
IbI=@ and |a| = @
- = g
LA a-b 9 4
Now, cos(a , b) = 5 5 =710 = -3 Ans. : (B)
lallbl )
- - -
If IFI=IF,] =5 and the work done due to these forces is H and displacement is d ,
then maximum value of H = ...
— — — —
(A) |d | (B)2|d | (C) 5]d | (D) 10/d |
— —
IR 1=K =5
- - - - -
IF|l = |F1+F2| < IR I+1E| < 10
-
Maximum H = 10 | d | Ans. : (D)
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(64)

Sol.

(65)

Sol.

- - o - — —
lal = IbI—IcI and a L b, bJ_c cJ_a Then a+b+c makes an angle of measure

...... with any one of the given vectors.

—-1( 1 -1 2 -1(1 -1(2
(A) cos (f) (B) cos (ﬁ) (C) cos (3) (D) cos (§)
— —
: Suppose lal=lbl=lcl = m
- 5 - 2 2 i T TS
Now, la +b+cl= |a| +|b| +|c| +2(a-b+b-c+c-a) = 3m?

- 5 >
la + b+ cl =\/§m

e T
e A (a+b+c) a
Now, cos(a+b+c , a)

- -
la + b+ cllal
R T )
_a-at+tb-a+tca _M 1
(3m)m im® B
- o oSN 1
(a+b+c ,a) :cos_lﬁ Ans. : (A)

AN AN

- A -
Let a=i+2j+k, b=

A
1

A A i A A A
| — j+k and ¢ =i + j— k. If the magnitude of the projection
. - I - .
of a vector in the plane of @ and b on ¢ is NeE then the vector is ...... . [HT : 2006]

AA A AA A AA A AA A
(A) 4i+ j+4k B)3i+j-3% ©C) 2i+j-2k (D) 4i +j -4k

— - -

— —
¢ A vector in the plane of ¢ and b is r = ma +nb

A

—m+mi + Cmo—n)j + (m+ )k

- -

. o . 1
Magnitude of projection of r on ¢ is R

- >
lr-cl

a

Il

[(m+n)(1) + 2m—n)(1) + (m + n) (1)l 1

V3 N
[2m — n| =
2m — n =1 or 2m — n = —1
2m — 1 =n 2m + 1 =n

{

N A A A A A A
r =Cm-1)i +J +0@m- 1)k or r =Cm~+ 1)i — J +Cm+ 1k

A A
Out of the given options, the only option with the coefficients of i and k to be same

A

N A
is4i+j+4k. Ans. @ (A)
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4 - -
(66)  The position vectors of the vertices of a triangle are x, y, z. If the circumcentre of the
triangle is origin, its orthocentre is ...... .
N N o e e
(A)x +y+ 7B X+try+z (C *+ry+z (D) origin
2 3

5
Sol. : The circumcentre of the triangle is origin (0 ) and the position vector of centroid is

e

%
X+ ¥+ 2. Centroid divides the line-segment joining orthocentre (%) and circumcentre in the
3

ratio 2:1 from orthocentre.

e - -
x+y+z 200)+1(h)
3 241
e
h=x+y+z Ans. : (A)
e e T T S
a-a a-b a-c
e e T T
(67) b-a b-b b-c| = ...
e e T T
c.a cb c-c
- -5 > - o o, - o o
(A) [a b c] B) [a b c] ©) [a b c] D) 0
— A A N = A A AN = A A AN
Sol. : Let a=ai+ay,j+azk,b=bi+byj+bk, c=ci+c,j+ck,
e e T T S ’ ’ 2
a-a a-b a-c aj +a; + a3 aib, + a,by, + azby  ajc; + aycy, + azes
bt o po| = ab taby vaby B 4D B b+ by + by
S5 5 oo aic; + a,cy + ascz  biep + byey, + by clz+c§+c§
c.a cb c-c
4 4y 43 a b g
—|h b b @ boo (Using properties of determinants)
a 6 G a by
- o o
=la b c] Ans. : (B)

N AN

2 A N 2 A AN AN A 2 A
(68)  Vectors —A“ i+ j+k, i —A"j+k and i + j — A"k, will be coplanar for ...... values of A.

(A) zero (B) one (C) two (D) three
AT 11
Sol. : If the vectors are coplanar, | 1 A1 | =0
11 A2




(69)

Sol. :

(70)

AR - D) -1 -D+ 1A +A)=0
A+ DA+ D2 =A%) =0
Since, A2 >0, A2 =2
A =242

Two values of A satisfy the condition. Ans. : (O)

—

A A —> A A A
and c=xi+x-2j—-k, c

- A >
If for vectors a =i+ j+k, b=

A A A
1

- j+ 2k is coplanar

— —
with a and b, then x = ..... [AIEEE : 2007]

(A) 1 (B) -4 ©) 2 (D) 0
- A . —> — —> — —
¢ is in the plane of a and b. So, a, b and . are coplanar.
- 5 o
[a b ¢]=0
1 1 1
1 -1 21=0
x (x=2) -1
0 0
2 3 2]=0 (Cl_’CI‘CZJ
2 x-1 -1 =66
2(x — 1) + 6 = 0. From this, x = -2. Ans. : (O)
- > - >
- - — — — b.a—) — — b.a—)
If a, b, ¢ are non-zero, non coplanar vectors and b1 =b — = a, b, =>b + = a,
lal lal
- > - > - > - — - > - >
- - c-a — b-c > — - c-a— bl.ca - - c-a — b-c —
cir=c¢ — + by, co=c - a— b1, c3=c - a+ b, and
P 1P P InP P 1P
a c a b c c
- > - >
— - c-a— b-c =
c4a=0C= 2P at P b | then ... are mutually perpendicular. [T : 2005]
C
- 5 > - 5 > - > > - > >
(A) (a, b1, ¢c3) (B) (a, b1, c2) (€) (a, b1, c1) (D) (a, b2, c2)
- > - >
- - Z Z b-aZ ﬁ; b-alﬁlz 0
a-bp = 4773 = ab=——"lal =
lal? lal
- -
al b
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N - > Z—)
— g c-a — -c
Now, bicg = bi-|c- S, 4t 55 by
lel lel
- > Z)—>
- = c-a — 7 cC 2
= b1-c - a-br + |b11° = 0
R -2
lcl lel
Option (A) is not the answer.
- > ;—)
- = - - c-a — c o
Now, bi-c, = bi-|c———a—-——bi
2 2
P
- > - >
7 7 ca>P IC|—>|2_—>—> - 5 - - >
= bi-c — =5 a-by — — bilI" = b-c—b-c=0 (a-b =0)
lal I
- -
b Lec,
- > - -
- — — c-a — blcz
and a-c, = @+ ¢———d=——— 0l
FAY
- = - >
B i P
N =0 a-c—a-c= (a-b=0)
lal bl
- >
alc,
- > -

Vectors in (a, by, c,) are mutually perpendicular.

(Note : This is called Gram - Schmidt orthogonalization process.) Ans. : (B)
- 4 - 4
(71) a, b, ¢ are non-zero, mutually perpendicular vectors with equal magnitudes and if vector x
- - - - - - - - - > - - -
satisfies aX{(x—b)xa}+b><{(x—c)><b}+cX{(x—a)Xc}— , then x = ...
| oo o - o o | oo o oo o
(A)i(a+b—c)(B) z(a+b-c) ©) 3(a+b+o0) D) 3(a+b+0)
- - - e e e
Sol. : Let lal=Ibl=lcl =m and a-b=b-c=c-a=0
- - o - - - - - - - - - -
axX{(x—-b)yxal+bx{(x—c)Xxb}+cx{(x—a)yxc}=0
R T T R T S e R T S e T T
a-a(x—-b)—(a(x=b)a+b-b(x—c)—(b(x=—c)b+c-c(x—a)—-(c(x—a))c
%
=0

- - > - > - > > - = > - = 5 >
m(x—b)+m(x—c)+m(x—a)—(a x)a—(b-x)b—-(c-x)c=0
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(72)

Sol. :

(73)

Sol. :

- - - - 2 o e s e T

3m xX—m (a+b+c)—(a x)a—(b-x)b—-(c-x)c=0

Taking inner product With a,

- - e

(a-a)-(a-x)(a-a)=0

3m? (x a)—m2

- - - =
3m2(x-a)— n12(m2)—(a-x)m2 =0

- > )
20x-a)y—-m"- =0 (m # 0)
N 2 - - 2 - - 2
x-a =" Similarly, x.p =" and x. ="_
2 2 2
) e m2 e -
3m~ x — m(a+b+c)——(a+b+c)—0

-
X =

(a+b+c) Ans. : (C)

- o o - -

If a><(b><c)—b><(c><a) and [a b c¢]#0, then cx(axb) = .

RN

(A) a xb (B) b x ¢ ©) cxa D) 0

— - = — - =
ax(bxc)=bX(cXa)

- > > - > > - o > - > >

(a-c)b—-(a-b)c=(b-a)c —(b-c)a

- -5 > - o - - -

(b-c)a+(a-c)b —2(a b)c:_O)

- > o -

- -
Since, [a b ¢]#0, a, b, ¢ are non-coplanar.
- - - -
la +mb +nc =0 =>1=m=n=20
- - - - - >
b-c=0,a-c=0and a-b=0
- - - e - o o —
Now, ¢ X(axb) = (c-b)a—-(c-a)b =0 Ans. : (D)

AN d A

- A A /\' . — A AN —> .
If a=0i+2j+Bk isinthe planeof b =i+ j and ¢ = j + k and a bisects the angle

5
between b and ;) , then the values of o and [ are respectively ...... [AIEEE : 2008]
(A) 1 and 1 (B) 2 and 2 (C) 1 and 2 (D) 2 and 1
- -
. . - s b c
The vector bisecting angle between » and ¢ is a = A —+ =
b1 lcl
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(74)

Sol.

(75)

Sol.

A A A A
A N I RS
i +2j+Bk=A = 5
A A NG A
OLl+2]+Bk=ﬁl+ 27»]+—2k
A A
o= 7, 2=+2)A B= NG
A= 42
“ o=1and B = Ans.
- R - N SN
If a=8b, c=-7b for non-zero vectors, a, b, ¢, then (a,c) = .....
(A) 7 (B) 0 © = D) Z
- - — - =,
SA a-c 8b)(-7b) 561D
tcos(a,c) = —» - = - - = —>2=—1
lallcl I8bll-7b1 561D 1
>N S
(a,c)=m Ans.

- - - -
Note : a is in the direction of » and ¢ is in the direction opposite to that of b .

AR

(a,c) =T

F (A

F (A

The edges of a parallelopiped are of length 1 unit and they are parallel to non-coplanar vectors

NN A A A AN A AN A . .

a,b,c.If ab=b-c=c-a :%, then the volume of the parallelopiped is ...... . [IIT : 2008]
1 1 1

) F ®) 575 © 3 ®) 7

¢ The volume of the parallelopiped will be equal to the magnitude of [cAz lA) 2].

ANRAN VANAN N A
aa ab a-c
A A A AN A ANIVAN VANIVAN
Now, [a b c]2 = |ab b-b b-c
VANAN ANA VANEAN
ac b-c cc
1 1
33
141
T A1 A N T B |
11 2 4 2\4 2 4 8 8 2
37 3 1
A AN A 1
[a b c] =7
The volume of parallelopiped = % Ans.

F (A
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(76)

Sol.

(77

Sol.

-

- -
Let the angle between a and b be acute. At time ¢, set of points P is OP which is
A A . . . . . % .
a cost + bsint . When P is at a maximum distance from origin, the length of OP is m. If the
— A
unit vector in the direction of QP is u, then ...... [IIT : 2008]
A A A A
n a+b A Al " a—->b Anl
Ay =" and m=(1+a-b)? (B) ¥=———" and m=(+ab)?
la + bl la — bl
A A A A
A a+b Anl A a—b>b A Al
(C) == and m=(1+2a-bh)’ (D) #=7——" and m=(+2a-b)’
la + bl la — bl
% A N
: |OP| = |a cost + bsint |
1
A A AN A —
m = (|a|2 cos’t + bl sin®t + 2a-b cost sint)?
2 2 ANEVAN i
= (cost + sin“t + a-bsin2t)?
AN A l
= (1+a-bsin2t)?
— T
For maximum |OP|, sin2t = 1. From this, r = -
VANEIAN l
m = (1+a-b)?
% A A A A
_ i . _ a+b
OP = 4 cos T+ bsmz NG
AN AN
. . . . % . A a + b
The unit vector in the direction of QP is # = —— Ans. : (A)
la +b
A A AN . .
On applying a force of magnitude 5 in the direction of i + 2 j — 2k on a particle, the particle
is displaced from (3, 1, 2) to (7, 5, 3), then the work done is ...... .
70 50 25 35
(A) 2 B) 2 © 2 D) 2
A N A
— S(i + 2j — 2k) A A A
P Foree, F o= "0 T a0 = 2(i+2j-2k
li +2j -2k

A A A

Displacement d=(1.53) -G 1.2)=4i+ 4j+k
- -
Work = F - ¢4

=24 +8-2=2 Ans. : (B)
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>N - -
(78) If (a, b):%“ and Comp_>a=—2x/§, then |a| =
b

(79)

Sol.

%
(A) 4 (B) 6 ©) 12 (D) 4|5 |
- -
g .
Comp_>a:a b
JX -
bl
- -
lallblcos™®
23 = —
bl
%
—Z\EZIaI(—gj
5
la| =4 Ans. : (A)
- - -

Vectors a, b and ¢ are of same magnitude and the angle between any two of them has

d A A - A A —
same measure. If a=j+k and p=f+i, then ¢ =

A A A AN A 1/\ 1/\ 4/\ _1/\ 1/\ 4/\
(A) i+ j+2k B) i-j ©) 3i+3j-3k D) Fi-3j+3k

— - —
lal=1bl=2=lcl

i A A N

Let ¢ =xi+yj+zk. From this x> + )2 + z2 = 2 (1)

The angle between any two of the vectors has the same measure.

l=y+zand 1 =x + ¢z
l—-z=ypyand | —z=x

Substituting values of x and y in (1),
1-z+A-22+222=2
322 — 4z =0

k Ans. : (D)




(80)

Sol. :

@1

Sol. :

(82)

A A A AN AN A
If the points with position vectors 3i + 60, —52i + aj and —8i + 40 are collinear, then

(B)-20 (C) 40

A A A A A A
ABi +60j), B(-52i + aj) and C(-8i + 40 j) are collinear.

- >
AB=ABC

(—52? + a?’) - (3? + 60;') = 7»{(—8? + 403’) - (—52? + a?’)}

—55? + (a - 60)/]\' = 7»(44/1'\ + (40 - a)/J\')

—55 = 44\ and a— 60 = M40 — a)
5 5
-7 = A. and a — 60 = -7(40 — a)
4a — 240 = 200 + 5a
—40 = a
e
If ABCDEF is a regular hexagon and AB = x, BC= y, CD =
- > - > - >
(A) x+y B)y+z ©C) z+«x
R T
AE = AB+BC+CD +DE A
N
5> 5 s X
= x+y+z+BA B
%
S s y
= x+y+z-AB
N T C
= Xx+y+z-—x 3%
-
- = ¢ D
= y+z _
Figure 20.10
Second method :
- - —
AE = AF +FE
- = L 5
=BC+CD=y+z
- = —
If ABCDEF is a regular hexagon, then AD + EB + FC = ......
— — —
(A) AB (B)2AB (C) 3AB

(D) —40
Ans. : (D)
%
, then AE = .....
- -5 -
D) x+y+z
F
E
Ans. : (B)
Ans. : (B)
%
(D) 4AB
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Sol.

(83)

Sol. :

(84)

¢ For a regular hexagon ABCDEF,

- > - -
AD|/BC and AD=2BC

- - - >
EB||FA and EB =2FA

- — - —
FC|AB and FC =2AB A
- = = - = — B F
Now, AD+ EB + FC = 2(BC + FA + AB)
- —
= 2(BC + FB) C E
— \
= 2FC
— D
= 2(2AB) Figure 20.11
%
= 4AB Ans. : (D)
- - -
If u,v and w are non-coplanar vectors and
- - - - > - - - -
Bu pv pwl-[pv w qul-[12w gv qu]l=0, then ... [AIEEE : 2009]
(A) only one value for (p, ¢) (B) two values for (p, q)

(C) more than two values are possible, but not all the values (D) all values are possible for (p, q)

- - - - -

- - - -
Bu pv pwl—-[pv w qul—-[2w gv qu]l=0

- 5 - > 5 - =

3p2[u v w]—pglu v w]+2q2[u v w]=0

- 5 o e
3p2 —pg + 2¢> =0 (Since u, v, w are non-coplanar, [u v w]#0)
> — 24¢%> 2 0 (Taking it as a quadratic equation in p)
2342 20
¢* < 0. But since ¢> > 0, ¢ = 0 and from that p = 0
(», q@) = (0, 0) is the only possible value. Ans. : (A)
- - — - - - = S -
If a, b, ¢ and g4 are unit vectors such that 4. :% and (a X b)-(c xd) =1,
then ...... [IIT : 2009]
i e
(A) a, b, c are non-coplanar (B) a, b, 4 are non-coplanar
- - - - - -
(C) b and g are not parallel (D) a and 4 areparalleland b and ¢ are parallel
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A >N = > A o

Sol. : Suppose (a , b)=0,(c, d)=B and (axb, cxd)=y

e

Now, (a X b)-(¢c xd)=1

T

|a><b||c><d|cosy:1

- > - =
(allbl sino)y delld]l sinB) cosy =1

sindt, sinf} cosy =

This is possible only if sinat = 1, sinp = 1 and cosy = 1. (sinot = 0, sinf >
" - =
=3 B=73 V=0
- o > " Y - - - -
alb.cld and (axb)ll(cxd). So, axb=k(cxd)

- -
Taking dot product with ¢ and 4 respectively,

- > e
C

(@axb)c=k(cxd)yc=0 and (axb)yd=k(cxd)yd =0

A - = S

a, b, ¢ are coplanar and a, b, 4 are coplanar.

Option (A) and (B) are not possible.

- o . - - - - - -
Let, p Il 4 if possible. Then p = +4 (|b|=|d| and pll d)
e N —
Also, (a x b)-(¢c xd)=1. So, (axb)(cxb)—+1 (Taking ¢ = =£b)
e
[axb ¢ b]l==l1
e
[c b axb]l==%1
- > - >
c-(bx(axb)==x1
e - - >
c-(b-b)ya - (b-a)b) =%l
- = - = 2 - - =
cra==%1. But q.c=1 (b-b=IpP=1 and a Lb=ab=0)
- -
b and 4 are not parallel vectors.
- - - - - - - -
Taking a|ld and b || c,then d =xa and ¢ =%b
- - - o
But then g.-¢ =0. But a-c =5
Option (C) is true. Ans. : (O)
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— A — A A — A A AN —>
@B If ai=a-(i+j)=a-(i+j+k), then a = ...
(A i +J + k (B) i ©) J (D) k

— A N AN

Sol. : Let a=aqi+a,j+azk

— A — A A — A A A
Now, a-i=a-(i+))=a(+J]+k
a1=a1+a2=a1+a2+a3

a, = a; *ay,and a; +a, = a; + a, + a4

a, =0 and a; = 0

A d
a

— . A
a=ai. Taking a; = 1, i

Ans. : (B)

A A A A
(86) If xi + 8, is a vector in the direction of —3i + 4 j and has magnitude 10, then x = ......

(A) 6 (B)2 ©) -6 (D) -2

A A A A
Sol. : A unit vector in the direction of —3i +4; is %(_31' +47))

A A A AN

The vector in the direction of —3i + 4 j and with magnitude 10 is = %(_31‘ +47)

A A A A

xXi+8j=-6i +8j

x = -6 Ans. : (O)
- - -

@) If a =2, 1,-1), b =(,-1,1)and ¢ = (1, -1, 0), then a vector with magnitude 3 and

_) % ﬁ . . . . .
parallel to a — b + ¢, but in the opposite direction, is ...... .

1 A A A /\ /\ A 1 A A A /\ /\ A
(A) 3 (2i = j+2k) (B) 2i —j+2k (©) 3(=2i+j-2k) (D) =2i+j=2k

- 5 o
a_

Sol. : b+c=@ 1, -1)-(@G, -1, 1)+, -1, 0

=(2, 1, 2)

N T
la-—b+cl =y4+1+4 =3
- -

N
The vector with magnitude 3 and in the direction opposite to that of a — b + ¢,

e
a—b+c
S {
e
la-b+cl
A A A
= 2i—-j+2k Ans. : (B)
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- >

(88) If the angle between any two of the vectors a«, b and ? has measure % and
- - - > o o
lal=3,1bl=4,1cl=2,then la + b — cl = ......
(A) 33 (B) V55 (C) 27 (D) 55
>N SN A -
Sol. : Here, (a ,b)=(b , c)=(c , a)=?
- o - - e e R
Now, la +b—-cP = 1aP +16P +IcP +2(a-b - b-c - ¢-a)
- > - - - >
=9 + 16+4+2(|a||b|cos%—lbllcIcos%—|c||a|cosgj
=20 2@ (1)- o - @04}
=29 +2{6 -4 -3y =29_2=27
- 5 >
la +b—cl =33 Ans. : (A)
- A A - A A A - - - - = -
(89) Let a=j—k and ¢c=i—j—k.If (axb)+c=0 and a-b =3,then b = .....
[AIEEE : 2010]
A)—i+j-2k  ®2i-j+2k  (©i-j-2k (D) i+ -2k
- > - >
Sol. : (axb)+c=0
- - > - - >
axX[(axb)+c]l=ax0
— - > - o >
ax(axb)y+axc=0
- - o e s T T S
(a-b)ya—-(a-a)b+axc=0
/\' A — A A A 4
3(J—-k)y=-2b+(2i-j-k)=0
N A A —
—2i+2j—-4k=2b
A A A e
—-i+j-2k=b Ans. @ (A)

—> AN N AN = N AN AN —> AN N N
90) Ifa=i—-j+2k,b=2i+4j+k and ¢ =Ai + j+ pk are mutually perpendicular

vectors, then (A, W) = ...... [AIEEE : 2010]
(A) (3. 2) B2, -3) ©) (2. 3) (D) G, -2)
Sol. : Given vectors are mutually perpendicular.
- > - > - - - -
alc= ac=0 blc = b-c=0
A—-1+2u=0 S22+ 4+ u =0
A+2u =1 S22+ u = 4
Solving the equations (A, W) = (-3, 2) Ans. : (A)
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oD

Sol.

92)

Sol.

N A AN N AN
If the position vectors of points P, Q, R and S in a plane are —2i — j, 4i, 3i +3j and

N AN
—3i 4+ 2j respectively, then quadrilateral PQRS is ...... [T : 2010]

(A) a parallelogram which is not a rectangle or rhombus
(B) square

(C) rectangle, but not a square

(D) rhombus

. - AN AN - AN AN - AN AN — AN AN .
: Sides are PQ=6i+ j,QR=-i+3j,RS=-6i—j,SP=i-3; and diagonals are
- AN AN - AN AN
PR=5i+4j and QS=-7i+2j.
- - - -
Here, since PQ || RS and QR ||SP, quadrilateral PQRS is a parallelogram.
- -
PQ-QR # 0. From this it follows that, it is not a rectangle or square.
- -

PR - QS # 0. From this it follows that, it is not a rhombus.

The quadrilateral PQRS is a parallelogram which is not rectangle or rhombus. Ans. : (A)

— N A N
The adjacent sides of a parallelogram ABCD are represented by vectors AB=2i +10j+ 11k

— A A A —
and AD=-i+2j+2k. Side AD of the parallelogram ABCD rotates in the plane of

— —
ABCD through an angle with measure o and it becomes AD’. If AD’ makes right angle with
%
AB, then coso = ...... [ITT :2010]

) 3 (B) U7 © 1 (D) +E

: Suppose mZBAD = [

- >
AB-AD = -2 +20 +22=40>0

cosPp > 0
T
0<[3<7

i.e. P is an acute angle.

- — A ) B
AB - AD 40 g Figure 20.12

cosp = ST 5 Wm0 T 9
|ABI|ADI

sinf} = @

> N> - —
Now, (AD ,AD’) = oo and AD’ L AB
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o+ P = %
cos(o. + B) =0
cosocos B — sinosinfB = 0

8 J17

GCOSO — —5—sinoL = 0

8cos o0 = V17 sin o
64cos’o. = 17(1 — cos)

8lcos?o. = 17. So, coso. = @ Ans. : (B)

A AN ASEAN A A AN AN N
(93)  If vectors pi+ j+k,i+qgj+k and i+ j+ rk are coplanar, then
pgr -+ qFE) = [AIEEE : 2011]
(A) 2 (B)O ©) -1 (D) 2

Sol. : Since the vectors are coplanar,

I
o

p 1
I q
1 1 r

plgr — 1) —1r -1+ 11 —¢q) =0
pgr —-p—-—r+1+1-¢q=20

pgr — (@ +q+r=-=2 Ans. : (D)
- aS A AN > aS A AN - A A A . . . — .
(94) a=i+j+k,b=i—-j+k and ¢ =i — j— k. The magnitude of projection of v, lying
. - > -1 -
in the plane of @ and b on ¢ is N Then v = ... [T : 2011]
(A) i -3 +3k (B)=3i-3j—k  (C)3i-]+3k (D) i +3) -3k

- . 4 -
Sol. : v is a vector in the plane of a and b.
- - -
v ma + nb, m n e R

A

=(m+n)? + (m —mn)Jj +(m+n)1§
lycl

]
1+ m) @)+ (m=n) (=) + (m + n) (-1
B NG

]l = (m — n)

m-—n = %1

. d
Proj_, v
c

- A A
In v, the coefficients of i and k are the same. Also by taking m — n = -1,
. . i A AN A
Out of the given options, v = 3i — j + 3k. Ans. : (O)
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95)

Sol.

(96)

Sol.

. — N N N —> N AN A .
The bisector of the angle between vectors a =4i +4j -7k and b =i —2j+ 2k is c.

— -
If lel=3J6, then ¢ = ...

A A A
(A) 7i+j—k

—

¢ Angle bisector ¢

AN AN AN

(B)7i+2j—k
9

A A A
C) 7i-2j-k

- —
- -
lal bl
A A A A A A
4i+4j—-7k i —-2j+2k
= m 9 3

A

A A
= %(7i—2j—k)

[P = 22—
m = £9
—> A

c

A A -
c

%
(A) 6AO (B)SAO
e
: Suppose AB=a,BC=0b=A0
— - = 5 o
Now, AC = AB+BC=a+5b
— -
AD = 2BC=2b
- > =
AE = AD + DE
- —
= AD- AB
- >
=2b—-a

A AN A
==-Ti+2j+k

- -

-
(C) 4A0

A

N

A

(D) 7i-2j—k
9

| y - = -
For a regular hexagon ABCDEF with centre at origin AB + AC + AD + AE + A

SN
(D) 3A0

A

Figure 20.13

(Given)

+ (O
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7

Sol. :

(9%)

Sol. :

99)

Sol. :

i - -
=2b-a-BC =2b-a-b =p - q

Pt AC s AD A AR A AR — a+(a+B)+ QD +Qb-a) +(b - a)

+AC+ AD + AE+ AF =
- —
=6b = 6A0 Ans. : (A)
- — — — — - =
If al b, then aX[axX{aXx(axb)}] = ...
—p= Vi 62 4 g -4 —
A) =lal™» ®B) lal’ b (C) —lal(a x b) D) lal” (a x b)
N - - - -
ax(@xb) = (aba-(aab = -lalsp (alb=ab=0)

axlax{ax@axbl = axlaxlalp)

-0 > - o - -9 >
NalP{ax(axb)y = -lalf lalb) = |02
Ans. : (B)

AN N N N AN N AN N N
If vectors Ai+ j+k (A+1Di+j+k and Ai+ j—k are coplanar, then the set of

values of A is ......

(A) R (B)R - {2} (C) R—{1} D) P
A1 A 10

A+1 1 1| =|r+1 1 0 (C; > C3 — Cy
A1 - O

20 -A =120, VA e R
The given vectors can not be coplanar for any value of A.

The set of values of A is §). Ans. : (D)

—

- 5 > - = - . -

a, b, ¢ are non-zero, non-coplanar vectors. If a’, b’ and ¢’ are the inverses of a, b
- . - - = - = = - = =

and c¢ respectively, then a'-(a + b)+b'-(b + c)+c'(¢c +a) = .....

(A)0 B)1 ©) 2 (D) 3

’

—> . . —>
a’ is the inverse vector of a .

- > - > - >

a“a=1 gnd a"“"b=0=a'"-c etc

e e e e - o o

a“(a+b)+b'-(b+c)+c'(c+a) =3 Ans. : (D)




(100)

Sol. :

(101)

Sol. :

- 5 o - - - .
Out of vectors a, b, ¢ and d, vectors a and b are not perpendicular to each other. If

@ d=0and bxc=bxd then d = ... (320, c=0, c#d) [AIEEE : 2011]

b-c |- N boc |- a-c |-
(A)b—z.zc (B)c+E (C)b+zizc (D)c—z.zb
. Lo ,

- -
a and b are not perpendicular to each other and so a - b #0 and a -d =0

- - - — —
bll(¢c —d). From this, ¢ —d =mb _ m e R — {0} (1)

5
Taking dot product with a ,

-

e - - - - -
a-c a-b). From this it follows that, @a-¢ —0=m(a-b)

- >
a-c
m =
- >
a-b
- >
o . - = a-c |7
Substituting value of m in (1), ¢ —d = — |b
a-b

- >
= a-c |7 -
c-|l55|b =4 Ans. : (D)
a-b
-5 o o - - -
a, b, ¢ are non-zero vectors and no two of them are collinear. If ¢ + 35 and c¢ are
- - - - - -
collinear and b +2c¢ and a are collinear, then a +3b +6¢ = ...... [AIEEE : 2011]
- - - - -
(A) a B) b ©) o D) a + ¢
- - - - - -
a +3b and c¢ are collinear. So, a + 3b =mc, m € R - {0} (D
— — e ) — —> —>
b+2c and a are collinear. So, b + 2¢ =na, n e R - {0}
- - -
3b +6¢c =3na 2)

On subtracting (2) from (1),

- — - —
a—-—6c=mc —3na

- - -
(1 +3nma —(6+mc =0
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(102)

Sol. :

(103)

Sol. :

- -
a and c¢ are non-zero and non-collinear.

1+3n=0and6+m=0.$o,n=—§andm:—6

Substituting the value of m in (1) (or n in (2)),
a+3b+6c=0 Ans. @ (C)
- i g A A A A A A — - -
If la+bl=29 and a x(2i +3j+4k)=Qi+3j+4k)x b for vectors a and b,

e d d /‘\ /\. A
then a possible value of (a + b)-(=7i +2j+3k) is ...... [1IT : 2012]
(A) O B)3 © 4 (D) 8

d A AN N A AN N —>
axQQi+3j+4k)=QRi+3j+4k)yxb
i A A A A A A - -
axXRi+3j+4k)-2i+3j+4k)xb =0
- A A A - A A A -
axXRi+3j+4k)+bx2i+3j+4k)=0

— — A A A —
(a+b)yxQRi+3j+4k)=0

\

—mQ2i +3) +4k), meR - {0}

|2

N

+b
%
b

Q| ©

+bl" = m*(4 + 9 + 16)

29 = m%(29). So, 1 = m?. So, m = +I
-
a

d A A AN
+b=xQ2i +3j+4k)

A A A A A A
(27 + 3+ 4k) (=70 + 2 + 3k)
= (14 + 6 + 12) = +4

- - A A A
Now, (a + b)-(=7i +2j+ 3k)

A possible value of (a + b)-(=7i +2j+3k) is 4. Ans. : (O)

4 4 . i N AN i AN AN .
a and b are unit vectors. If ¢ =a +2b and d =5a — 4b are mutually perpendicular,

- -
then the measure of the angle between a and b is ... [AIEEE : 2012]
T T T T

A X ® = © Z D) X
- - - S
c L d.So, ¢ g =0

(a +2b)-(5a — 4b) = 0
. 5lal +6a-b-8lbl =0

SN

. 5(1) + 6lallblcose — 8(1) = 0, where (a ., b) = 6

'.6cos9—3=0:>cos9=l:>9=% Ans. : (O)

[\
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— - —> - . -
(104)  In parallelogram ABCD, AB =4 and AD= p and ZBAD is an acute angle. If r represents

the perpendicular from B to AD, then ? = e [AIEEE : 2012]

- >

N ( = - - - - R - > R
_3Xr-q) PO A I A A I 3(p-q)
A 34-"57r B -dt|55|p ©a-|55p O -3¢+
(p-p) p-p p-p (p-p)
Sol. : Let BE L AD
— - - -
AE is the projection of ¢ on p. A 1 B
% %.% N
- — r
p°p E
) - = =
Now, in AABE, AB + BE = AE D C
Figure 20.14
- = =
BE = AE - AB
- -
- . - -
r:izp_q Ans. : (B)
p-p

- = > S > S ) S - - -
(105) Ifla = bl" +16 = ¢l +lc¢ = al® =9 forunitvectors a, b, ¢ ,thenl4a +3b +3cl =

(A) 7 (B)3 O 1 D) 0
Sol. : la =6l +15 = cP+1é-aP =9
2al +16P 1Py =2@d-b+b-c+c-a)=9
e e e T
20+ 1 +1)—-9=2(a-b+b-c+c-a)
e e T
3 =2(ab+b-c+c-a) (hH
- o o ) =0 = T T T
Now, la+b +cl” = lal® +16FF +1clP +2(a-b+b-c+c-a) =3 -3 =0
- -
la + b+ cl =
- - - -
a + b + c¢c =0
- - -
b + ¢ = —a
- - - - - -
l4a +3b +3cl = l4a +3-a)| =|a] =1 Ans. @ (C)
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(106)

Sol. :

(107)

Sol.

(108)

Sol.

- >
N la x bl
If (a, b)y==, then ——5 5 = ...
4 a-b
A) 1 B)-1
- o ST EAIEN
la x bl lallblsin(a , b)
S>>0 L A, T lang =
a-b lallblcos(a , b)

© &

D) 75

Ans.

F(A)

If the projections of a vector on axes are 3, -2, 6, respectively, then the direction cosines of

the vector are

-2 6 3 -2 6
53 (B) 25: 35725

(A)

w|w

)l bl

e A A

: Suppose the projections of x =X i +x, j + x3k

-

723. SO, X = 3
lil

Similarly, x, = -2 and x; = 6

— A
X

-
X

A /\ A
=3i —2J] + 6k

%
Ixl=9+4+36 =7

N

. . . 3 26
Direction cosines of x are

777

©) 375

=2
7

3| w

’ ’

A

3 -2 6
D wm®m

A
in the direction of i 1is 3.

Ans.

Note : There is a unit vector in option (C) only and so it has to be the answer.

(D) 18

- - -
=3 and lal=lbl=lcl=3

Ans.

(S

- -
a, b, ? are the edges of a parallelopiped. If the dot product of any two of them is 3 and
the magnitude of each of them is 3, then the volume of parallelopiped is ...... .
(A) 9 (B) 12415 (C) 615
. . . e e e
¢ According to the given conditions, a-b=b-c =c-a
e e e T
a-a a-b a-c
s T PR
R T T S
a-c b-c c-c
9 3 3 311
=39 =27(1 3 1} =274 — 2 —2) = 540
3 11 3
s
Volume = l[la b <]l
= 615

(9
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- 5 o . - - - e e T e Y
(109) Inverse vectors of a, b, ¢ are respectively a’, b> and ¢’. Then a Xxa’+ b xb’+ ¢ X ¢’

e e 5 5 5 -
A a+b+c B)a’+b” +c¢’ ©) [a b ] D) 0
e e e
e ax(bxc) bx(cxa) c¢XxX(axb)
Sol. : axa’+bXxb’+cXxXc’ = + +

1 e -5 o o - o > - o o - o o - o o
= {(a-c)b—-(a-b)yc +(b-a)c —(b-c)a +(c-b)a —(c-a)b}
- o5 5
[a b c]
N
=0 Ans. : (D)
- - - -
(110)  a x[a X(axb)] = ...
- > > e e e
(A) a-(bxa)—>b-(a xb) B) (b xa)(axa)
- 5 5 o o
(©) (a-a)b x a) (D) [(a x b)-ala
- - - - - - > > - > -
Sol. : aX[aXx(axb)] = axX[(a-b)a—-(a-a)b]
e - o o
= (a-b)(axa)—(a-a)(a X b)
- > > e e
= (a-b)0+(a-a)(b X a)
e T T
= (a-a)(b xa) Ans. : (O)
amy laxolP = .
BN - - e R
a b a a a-a a-b a-b a-a
(A)HH (B)ea © e e (D)ee - >
b a b b ab b-b a-b b-b
Sol. : According to Lagrange’s identity.
la x5 +(a-5)? =lal [pP
e
|—> —>|2 e e a-a a-b
axbl’” = (a-a)(b-b)-(a-b)(a-b) = |, , ., | Ans. : (O)
ab b-b

- - - -
(112)  If the angle between a and b is acute and the angle between a and ¢ is obtuse for

4 A A

2 \ AN
vectors a =x"i +xj+2k, b =i

A A — A A A
—3j+k and ¢ =2i-8j+3k, then x € ...

A) ,3) B)(@2.3) © 10, 1H v 2,3) (D) (1.3)
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Sol. : The angle between a and b is an acute angle.

- -

a-b >0

X2 -3x+2>0
x—-—Dx-2)>0

X € (2, o) or x € (=0, 1)
X € (—oo, 1) U (2, )

” ” < ? | ? >
The angle between a and ¢ is obtuse. — oo 1 > 3 oo
- -
a: c <0
22— 8 + 6 <0
x—-—Dx-3)<0
- >
x € (1, 3), But forx € (1, 2], a-b % 0.
x € (2, 3) Ans. : (B)
—> N A AN > N N N — N A AN
(113) a=aqi+ayj+tak,b=bi+b,j+byk and c =ci+c,j+c3k are non-zero vectors
2
a a, a
such that ¢ is a unit vectorand ¢ L a, c L b.If (g, b)zg,then L2 B3 = .
G ¢ G
- - I -
(A) 0 (B)1 © IlalIpF @) 2Hal 1pP 1cP

Sol. : Using property of determinants |AB| = |A| |B|, where A and B are square matrices,

a a4 4z |(a 4y da a ay az||la b ¢
G G G| 6 G q ¢ a|lay by o

(By using the property of converting rows into columns)

a12 + a% + a32 aib, + a,by, + azb;  ajc; + aycy + azes
— |ab +aby +azby  bf +by +b; b+ bye, + bycs

a;c; + ascy +asey  biep +byey + biey 012 + c% + 032

a12 + a% + a32 aib, + a,by + azb; 0
= |ab + ayby + azb; bi +b; +b; 0 (Matrix multiplication)
0 0 1
— - = = -
(cLla,clb and |c]| =1)
= (af +a; +a3) (b +b; +b7) — (apby + ayb, + azbs)?
d g - - g -2 - - d -
—lalP 6P =la-bP =la x bl" = |, ]2 |b|2s,-n2% = %|0,|2|b|2 Ans. : (C)
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Second method :

- - - -
¢c la and ¢ L b and |c]| =

- -
%
axb
c ==
- -
lax bl
a a a 2
1 Gy a3 S o
Now, b b, byl = [(axb)-c]
G G G

2
- >

(axb) (a X b)

|a><b|

-, -
|a><b|2 = |a| |b| sng = 1|a|2|b|2 Ans. @ (O)

- - R T -
(114)  Non-zero vectors a and b are perpendicular to each other. If r x ¢ = b, then r

(o0 is a scalar.)

- - - 1T 7 "
(A) o(a x b) B)ob ———(axb) (C) ab x a) (D) aa + ((l X b)
b1 laP
- > - >
Sol. : a, b and a x b are non coplanar.

- . - — - - -
Any vector r can be written as r =oa +Bb + y(a x b), where o, B, y are scalars.
- - - o - o - = -
Now, rXxa=a(aXa)+PB(bxa)+y({(axb)xa)
- > e
sz—B(aXb)+y(a a)b—y(a b)a
- - o > - >
b +PBaxb)—ylalF b +y0)a=0

a7 N - - -
A-vylaPF)b +Ba x b) =0

5
1-vylalP =0 and B=0 (Z, Z, a4 x b are non-coplanar)
y=—1
5
lal?
- - - . o
r=oa+0b+ (a X b)
R
lal
- 1 - o
r = oa+ 2(a)(b) Ans. : (D)
lal
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(115)

Sol.

(116)

Sol.

: Questions Asked in JEE Main and Advanced :

% A A _) A A A
If vectors AB=3i+4k and AC=5i-2j+4k represent two sides of AABC, then the

length of the median drawn from A is ...... [JEE-Main : 2013]
(A) V18 (B) V72 (C) V33 (D) 45
3 TC /\ /\ " A A A
: The median drawn from A is + = 8i—-2j+8k =4 — j + 4k
2
Its length = J16 + 1 + 16 = /33 Ans. : (O)

— AA A —> A A A
PR=3i+ j—2k and SQ =i —3j— 4k represent the diagonals of a parallelogram and one

— A A A
vector with initial point P is PT =i + 2 j + 3k. The volume of the parallelopiped with edges

- — -
as PT, PQ and PS is ... [JEE-Adv. : 2013]
(A)5 (B)20 (©) 10 (D) 30
- - - T
* PQ+QR=PR /
%
- b A A A P a} Q
a+b=3i+j -2k (1)
%
b
- -5 >
and SR + RQ =SQ
—> — N A N
a—-b=i-3j-4k ) S R
Solving (1) and (2), Figure 20.15
—> A A A d A A A
a=2i—j—-3k and b=i+2j+k
% A A N % A AN A % N A A
PQ=2i-j—-3k and PS=i+2j+k and PT=i+2j+3k

. . - = — - = —
The volume of the parallelopiped with edges PT, PQ, PS = I[[PT PQ PS]!

1 2 3
- = — 2 -1 -3

Now, [PT PQ PS] = =1(5 - 2(5 + 3(5) =10

The volume of the parallelopiped = 10 Ans. : (O)
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(117)

Sol.

Match the questions given in table I with the answers given in table II. [JEE Adv. : 2013]
Table 1 Table II
- 5 o
(P)| Ifthe volume of a parallelopiped with coterminus edges a , b, ¢ is2,then
- > e e
the volume of the parallelopiped with edges 2(a x b), 3(b X ¢), (¢ X a)
is ... 1 100
- o o
(Q)| If the volume of a parallelopiped with edges a, b, ¢ is 5, then the
. X - > - > - o
volume of the parallelopiped with edges 3(a + b), (b + ¢) and 2(c + a)
is ...... 2 30
- -
(R)| If the area of a triangle with sides @« and b is 20, then the area of
- - - .
triangle with sides (24 +3b) and (a — b) is ... . 3 24
- -
(S)| If the area of a parallelogram with adjacent sides as @ and b is 30, then
- - -
the area of the parallelogram with sides as (a + b) and a is ... .| 4 60
@ Q ® O
(A) 4 2 3 1
B) 2 3 1 4
© 3 4 1 2
(D) 1 4 3 2
e - = -
: (P) : The volume of the parallelopiped with edges a, b, ¢ is lla & cll =2

. . - - - > - >
Now, the volume of the parallelopiped with edges 2(a X b),3(b X ¢) and (¢ X a)

2 x B) 3(b x¢) (cxa)l
¢ ¢xa

1l

- = =
6lla xb b x

X

6[a b PP =622 =24
(P) - 3

[Note: Actually, no need to proceed now. (P) — 3 appears only in option (C). So, ans. is (C).]

Q

- -

- - 5 o
: The volume of the parallelopiped with edges a, b, ¢ islla b cll =5

e e - -
The volume of the parallelopiped with edges 3(a + b), (b + ¢) and 2(c¢ + a) is

3a+b) b+c 20c+a)ll
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(118)

Sol. :

e e e e T - S S
=6lla+b b+c c+all =¢l2la b cll =602)5) =60
Q — 4
. - -
(R) : The area of a triangle = %Iaxbl
20:1|—> —>|
5a><b
40 = a x bl

- - - -
The area of the triangle with sides 2a + 35 and a — b,

T - - -
= 3l2a +3b)x(a - b)l

| - - - - | - -5 s 5
= sl-2a x b)+3(b x a)l = 31-5(a x b)l = Slax bl = 5(40) = 100
R) —> 1
. . . - - > -
(S) : The area of the parallelogram with adjacent sides as @ and b = |4 x p|
la x b1 = 30

- - -
So, the area of the parallelogram with adjacent sides @ + b and a is

- — hd 4
= l@+byxal = b xal =[xl =30
S — 2
So, (P) >3, Q -4 R)—>1,(S) —» 2 Ans. : (O)
- = - - - o > -
For unit vectors a, b and ¢, if a —+/3b + ¢ = 0, then the angle between a and ¢ has
measure ...... [JEE : 2013]
A T ®) T © % D) 7
a-Bb+c=0
- o -
a+c=\3b
la + P =3lpP
lal” +1cl +2|a||c|cos(a ,c)=3|b|
SN
1+ 1+ 2(1)(Deos(a, ¢) = 3(1)
—SA = 1
cos(a , ¢)=5
S A T
(a ,c)== Ans. : (B)
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- - . - - > - - -
(1199 a and b are non-collinear. If vectors u = (¢ —2)a +b and v =2 +3x)a —3b are

collinear, then o = ...... [JEE : 2013]
3 2 3 2
@A) 3 B) 2 © -3 (D) -2
— - - -5 >
Sol. : v and u are collinear. So, u x v =0
- > - - -
(@=2)a+b)x((2+30)a -3b)=0
- o - o
3o —2)(axb) + 2+ 30)(bxa)=0
- o -
(6 —30) — (2 +300)) (axb)=0
- > e
4 — 60 =0 (Since a, b are non-collincar a X b #0)
- Ans. : (B)
(120)  If projections of a vector in R3 on X, Y, Z axes are 2, 3 and 6 respectively, then magnitude
of the vector is ...... . [JEE : 2013]
(A) 12 B)7 ©) 9 (D) 6

— A A A
Sol. : Suppose the position vector of A is a =a i +a,j+ a3k and that of B is

— A A A

% A A A
AB:(bl —al)i +(b2 —az)j+(b3 —(13)](
— A
. . % . . AB.i
Projection of AB on X-axis is N 2
lil
(b —a) =2
Similarly, (b, — a,) =3 and (b; — a3) = 6
%
IABl = (b —a)? + (b, —ar)* + (b —a3)* = J4+9+36 =7 Ans. : (B)

Second method : The vector is _r) =2i + 3j + 6k

|7| = J4+9+36 =7

g N A AN = N N N g A N A
(121) Suppose a =2i—-j+k, b=i+2j—k and ¢ =i+ j—2k are three vectors. If for
. . . —> — 4 . 2 — —>
some A € R, the magnitude of projection of b +Ac on a is \3.then b +Ac = ..
[JEE : 2013]
N A N A A N A A N N N N
(A) 27 + ]+ 5k (B) 2i +3j - 3k (C) 27— j-5k (D) 2i +37 + 3k

. .. - - - 2
Sol. : Magnitude of projection of b + Ac on a is \/;
—> 4 N N A
b+Ahc=0+Ni+Q2+AN)j—-0UA+2Nk
— - >
|(b+7»c)-a|_ 3

%
lal

3
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(122) Vector (i x a)-b)i +((jx a)b)j+(kxa)b)k

Sol.

(123)

Sol.

2+2L—-2—-A—1-2Al
6
A —1]=2

A+1=2 o A+1==2
A =1 A =3

d e A A A — e A A A
b+Ac=2i+3j-3k or b+Ac=-2i—-j+5k Ans. : (B)

...... [JEE : 2013]

(A) bxa B) a ©) axhb D) b

e aS N A — A A N
tLlet a=aqi+ay,j+azk and b =bi+b,j+bk

N A D
Now (ixa)yb =1i a b]

1 0 O
— |4 4 das

= a,b, — a,b
b] b2 b3 273 372

A DD A
Similarly (j X a)-b = asby — a;by and (k X a)-b = a;b, — a,b,

A > A

W Gxa)rp)i+t(Gxa)yb)j+kxa) bk

- o
= axb Ans. : (O)

Second method :
(<?xa>.zj?+(<9xa>.;3j3-+(<zxa>.z)z

R ((i- (a xb))z‘ +(<j-<a xb)jj +(<k- (a xb))k - axb Ans. : (C)
The vertices of AABC in R3 are A2, 3, 5), B(-1, 3, 2), C(A, 5, w). If the median drawn from
A makes angles of same measure with axes, then (A, W) = ...... [JEE : 2013]

(A) (10, 7) B (7. 35) © (7, 10) D) 5.7

: In AABC, midpoint of BC is D(#, 4, HTH)

— _s\A A _\A
AD:(}”25)i+j+(“28)k
%

AD, makes equal angles with all the three axes.

S A DA DA
AD-i = AD-j = AD-k

A—5 n—8 _ _
2:1: 2.SO,7L—7,M_10

A ) = (7, 10) Ans. : (C)
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- A A A = A A - - = =S
(124 a=2i+j-2k,b=i+j and c¢ are vectors such that a-c =lcl,lc —al=22 and
- - - B - > -
the angle between a X b and ¢ has measure < then l(a x by x cl = ...
1 33 3
) ®) 33 ©) 3 D) 3
Sol. : |(Z><Z)x?|= IZXZ”?W'”%
A AN D N
= 12i =2+ kl lel(3) = 31c]
Now, [? —-Z|2 =8
IcP +1alP —24-¢ =38
1P +9-21¢l-8=0 (a-c=lch
IcP —2lcl+1=0
lcl-1? = ME
(lcl=1D"=0.So, |c| =1
- > - 3
l(axb)yxcl =3 Ans. : (D)
e T T T - o o, .
(125) If [axb bxc cxal=A[a b c]°,then A = ... [JEE Main : 2014]
(A) 2 (B)3 © 0 D) 1
e e T T > o o,
Sol. : We know that [axb bxc c¢XxXal=[la b c]
A =1 Ans. : (D)
e T e T S o - >
Note : [axb bxc c¢xa]l = (axb)[(bxc)x(cxa)l

= (@ xB){(bx)a)e —(bXc)e)a)

= (axb){[b ¢ alc-[b ¢ cla)
= {@xb)y OB ¢ al-0)

=la b clla b <

—la b T
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- 7 - - - -
(126) For vectors x, y and z, |x|=|yl=1zl=+2 and the angle between any two of them

P - - — — - -
has measure 3 If a is perpendicular to x and y X z and b is perpendicular to y
— —
and z X x, then ... [JEE Adv. : 2014]
- i e T — e
(A) b=(b-z)(z — x) B) a=(a-y)(y-2)
- - i e — e
©) a-b=-(a y)(b-2) (D) a=-(a-y)(z - y)
- - N SN > 1
Sol. : x -y = lxllyleos(x, y) = (ﬁ)(ﬁ)cos% = 2(5) =1
-5 o o o
Similarly, y-z =z-x =1
- - - -
a is perpendicular to x and y X z.
- - - - - 5 - 5 -
a ={mx X(y X z2)} = m{(x-2)y —(x-y)z} = m(y - 2)
d d N - ~>2 - —
Now, a -y = m(y—-z)y = mlylF —z-y) =m2 -1) =m
- - -5 5 -5
a = (a-y)Xy-2)
Option (B) is true.
- - - —
b is perpendicular to y and z X x.
- - - - - = > - o > - -
b = n{yx(zxx)} = n{(y-x)z-(y-2)x} = n(z - x)
- = — - = v - =
Now, b 'z = n(z —x)-z = nlzl” - x-2) = n2-1)=n
- - = = =
b = (b-2)(z-x)
Option (A) is true.
- - = = — - = = —
Now a - b = ((a-y)(y - 2))((b-2)(z = x))
e e - -5 > >
= (a-y)(b-2)(y — 2):(z = x))
e e T e e Y 2, o
=(a-y)(b-z)(y-z—y-x—lzI"+z-x)
- -5 -5 o
=(a-y)b-z)(1-1-2+1)
- - 5 >
=—(a-y)b-z)
Option (C) is true.
Since (B) is true, (D) is also true.
In this way, options (A), (B), (C) and (D) are true. Ans. : (A), (B), (©), (D)
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e
(127) a, b, c are non-coplanar unit vectors. The angle between any two of them has measure %
N T S - - - P2 + 26]2 +r?
If axb+bxc=pa-+qgb+rc forreal constants p, g, r, then q—2 = e
[JEE Adv. : 2014]
(A) 1 (B)2 © 3 (D) 4
- > - > P
Sol. : a-b = |a||b|cos?
1
= (3
- -
a‘* b = %
L. e e T
Similarly, p-¢ = ¢-a :%
e - — - —
Taking dot product of a X b + b X ¢ =pa +qb +rc with a,

T - = = =5 - = - >
a(axb)y+a-(bxc)y=plal" +g(a-b)+r(a-c)

[a b c]=p+%+% ()
— —
Similarly, taking dot product with 4 and c,
e e - -0 -
b-(axb)y+b-(bxc)=pla-b)+qlbl” +rb-¢)
0="Lyig+2.8, 0=p+2 +r Q)
e e - - > —n
and c-(a><b)+c-(b><c):p(a-c)+q(b-c)+r|c|
- 5 5
[c a b]=g+%+r
- o o
[a b c]=g+%+r 3)
From (1) and (3),
p+%+%=%+%+r
p=r
From (2), p = —q. So, r = —q
2 2 2 2 2 2
pT+2q°+r° g +2¢" +¢q
Now 5 = 5 =4 Ans. : (D)

q q
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(128) 1f lal=2151=3 and 124 = 51=5, then 12a + 5] = ... [JEE : 2014]

Sol. :

(129)

Sol.

(130)

Sol.

e d A A A
: ex(i+2j+5k)=0

(A) 17 B)7 ©) 5 D) 1
124 - 5P =25

- - - -
4lalF —4a-b +1bP =25

- -

16 +9 -25=4qg - b
- -
0= a b

— e
g +5P = 4lal +4a-5 +16F =16 + 9

|22+Z| =5 Ans. : (O)
-0 - A A A - - A A A
If lel"=60 and ¢ x (i +2j+5k)=0.then c-(=7i +2j+3k) = ..... [JEE : 2014]
(A) 42 (B) 12 (C) 24 (D) 1242

-

- A /\ A .
¢c and i +2J + 5k are collinear.

- A A A
c =Mi +2Jj +5k),LeR— {0}
<P = [M2(30).  So, 60 = 30| A 2

WP =2 (c| = 60)
A= £2

- A A A
c =+2(i +2Jj + 5k)

—> AN A AN A A A A A A
Now, c-(=7i +2j+3k) = £v2(i +2j +5k)-(=7i +2j +3k) =122 Ans. : (D)

If ?:3?—6?—12,;:?+43'—312 and ?:3?—43'—1212, then the magnitude of
- - -
projection of x X y on z is ... [JEE : 2014]
(A) 12 B) 15 ©) 14 (D) 13
- 5 > e
S5 5o daxyzl ey ozl
: The magnitude of projection of x X y on z = |%| = |%|
z z
3 6 -1
e
Now, [x y zl=|1 4 3] =3(-60) + 6(-3) — 1(-16) = —182
3 4 -12
. . - - - 182
The magnitude of projection of x X y on z = 3 - 14 Ans. : (O)
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(131) If a and b are unit vectors, la + bl=+3 and ¢ =a +2b +3(a x b), then 2lcl = ......

[JEE Online : 2015]

(A) V55 (B) V37 (C) V51 (D) V43
Sol. : la+bP=3

- - - >
lalF +16 +24-b =3

- >
Il +1+2a-b =3

- >
a'b = %
laxsl = 1aP-15F ~1a-5F =1 -1 =3
) _ - d =l - n
Now, lclF =1la+2b+3ax bl
-0 ) - = - > - 5 o - 5 o
=lalF +4lpl +9laxbl"+4a-b +6a-(a xb)+12b-(a x b)
3 1 55
=1+ 4+ 9(3) +a(d) + 60 + 120 = 2
— —
|c|=§. So, 2lel = 55 Ans. : (A)
- - - - >
(132)  Inparallelogram ABCD, |IABl=a, IADI=b |ACl=c, then DA-AB = [JEEonline:2015]

(A) 3@ + B+ A B3 -+ A (©) 3@+ 8- D) 30+ - )

e
Sol. : AB+AD=AC

- =2, =,
|AB + ADI” =|ACI

ol

- - = =
IABI + [ADI” + 2AB-AD =|ACI

N

- -
a* + b + 2AB-AD = ¢

>
ISR\
ws]

- -

a2 + b2 + 2AB(_DA) _ 02 Flgure 20.16

- —
@ + b2 — 2 = 2DA-AB

(@® + b2 - ) = DA-AB Ans. : (O)
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(133)

Sol. :

(134)

Sol. :

=
a, b, c¢ are non-zero vectors such that no two of them are collinear and
- > o - - - -
(axb)xc =§|b||c| a. If 0 is the measure of the angle between » and ¢, then
sinf = ... [JEE Main : 2015]
() 22 (B)- 2 (© 2 (D) - 283
- o - T aE d e
(axb)X(::glb”cla
e — T
(c-a)b —(c b)a ——|b||c|
- - T - .
—(c-b)=§|b||c| (a, b are not collinear)
- W0
—|c||b|c0s9=§|b||c|
cos® = L. So, sing = 22 0c[0,n] Ans. : (A
B T . .
In APQR. ¢ =QR.b =RP, ¢ =PQ. If lal=12, 151 =43, b-¢ = 24, then which of the
following is true ? [JEE Adva. : 2015]
- -
P - P -
A) Z _lal=12 B) 1 +1a1=30
e - -
(C) laxb+cxal=48/3 D) a-b =-72
e
a+b+c=0 p
- o -
b+c=-a
b+ cF=l-al P 2
5P +1¢P +25-¢ =lal
a8 + 1P+ 204) = 144 >
Q a R
el = 48 Figure 20.17
el = 443
-
2
e =% -1
2

Option (A) is true.
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(135)

Sol.

®)

R
el =% 112236230
2

Option (B) is false.

D a+b=-c

- > -
la +b|2 :|—c|2

lalP +16P +24-5 =1cP
- =
2a-b =48 — 144 — 48

- >

ab =-72
Option (D) is true.

- > —
©C) b+c=-a

. A - - - o - o
Taking outer product with a, a Xx(b+c)=—-a X a

S

- -
a C

N
=0

S

X0+ aX

Q

- -
C a

Sl

X

X

e
al

- -
Now, la x b + ¢ x 2la x bl

2IGPIBP —la-BP = 214 x 48— (727 = 4843

Option (C) is true. Ans. : (A), (O), (D)
- = i . N - = -
p. q and r are non-coplanar vectors in R3. The components of s on p, g, r are 4,3,

. - . . e e e T
5 respectively. If the components of s in the directions of —p+¢g+r; p—q+ r and
e .
—-p—gq + r arex, ),z respectively, then 2x + y + z = ...... [JEE Adva. : 2015]
(A)9 (B)4 © 3 D)5
- - g 4
: Components of s on p, g, r are 4, 3, 5.

- - -
s =4p +3qg +5r

- - 5 > - 5 > - o o
Let s=x(-p+q+r)+y(p-qg+r)+z-p-q+r)

- - - — - -
dp+3qg+5r =(x+y-2)p tx—-y-2g +x+ty+tzr
—~x+y—-z=4x—-y—-z=3and x+y+z=35

Solving above equations, x = 4, y = %,zz—%

2x+y+z=9 Ans. : (A)

1110



(136)

Sol.

If the magnitude of projection of o+ [3? on \/5? + ? is V3 and oo = (2 + /3 B), then
a possible value of |0] is ...... . [JEE Adva. 2015]
(A)3 (B)2 © 1 (D) -1

. . . N AN AN A .
: The magnitude of projection of vector oi +Bj on ~f3i + j is V3

ka?+B%<J£+jﬂ_
N =3

3o + Bl =23
V3o + B =23 or Ba+ B =23

Now, o =2 + 3B

VBe+V3B)+p=2J3 or V32 +3B) +B=-23
B=0 a=2 s 4B =43
lof =2 B=-3,0=-1
o =1
lof = 1 or 2 Ans. : (B), (O)

(137)  With respect to the origin O, the position vectors of points P, Q, R are /3 ? + 3 , ? +.3 3 and

Sol.

B? +0- B)? respectively. If the distance of point R from the angle bisector of (;’ and
(7) is %, then a possible value (values) of |B] is ...... [JEE Adva. : 2015]
(A) S B)4 O 1 (D) 2

— —

: The equation of the angle bisector of OP and OQ is x — y = 0.

... . A A Y
The position vector of R is Bi + (1 -) ;. N
The coordinates of R are (B, 1 — PB).
Q(1, /3)
3
Distance of R from x — y = 0 is NG
P(V/3, 1)
B-a-pl_ 5
V2 2
< O >X
2B-1=3 or 2-1=-3 J
Fi 20.18
B=2 or B = I igure
Bl =1 or 2 Ans. : (C), (D)
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(138)  Unit vectors a and b are non-collinear. If u = a —(a-b)b and v =

Sol.

: Questions with More Than One Correct Answers :

- 5 - N - - -
a X b ,then |v |

- - - - - - - e s
(A) [u | B)u|+]u- al © [vi+lu-b] D) ful+u-(a+b)
- -
lal=1]b]=1

%
Let (a , b) =

- - - -
Now, a - b =|a||b| cosO

- -

a - b = cosd

- e
Now, u ;—(a b)b

- - - - - - - -
lulP =lal —2(a -b)(a -b)+ (a-b) b

- = - =
1-2(a - b)Y+ (a-b)

- > > 2, - - - -
=l-(a - b)Y2=1-cos’0=sin?0=1laxbl (la xb|=|a||b| sind = sinB)
- — — - —
vl =lul (v =a xb)
(A) is true.
- - - - - — - -
Now,u-;)=2-2>—(a-b)(a-b)=|a|2—(a-b)2=l—cos29=sin29
- - - - =5 -
lu|+fu al=[v[+]v[#]v]
(B) is not true.
N - > e - > - =
u-b =a-b—-(a-b)(b- -b)y=ab-(ab)lbl>=0
— - - — —
[(vitlu - bl=lul=]v]
(C) is true.
- - - - > - = > -
w-(a+b)=ua+up=IvlF+o0

- - = - N =05
lu|+u-(a+b)=|v|+Ivl

(D) is not true. Ans. : (A) (O)
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(139)

Sol.

(140)

Sol.

(141)

Sol.

A A A A

A A A A A :
The vector which is coplanar with i + J +2k and i +2J + k and perpendicularto i + J + k
is ... .

AA AA A AA
(A) J -k B)—i +J © i-1J (D) -J+ &k
N A /\ AN —> A /\ A
Vector which is coplanar with ¢ = i + J +2k and b =i +2J + k and perpendicular to

AN
+J+k 1s r

c =

— A - - -
i A(c X(a xb))
- - - - - -
=A({(c “b)a —(c " a)b)
A A A AA
=AN@4i +4)+8k —4i —8J —4k)
AN A
=\ (4] +4k)
Cosidering the options given, taking A =+ L ,

N

A A -
r =—J] +korr

Y Ans. : (A), (D)

— A Y A — A A A
If vectors p =ai —2J +5k and g = i +bJ —ck are collinear, then (a, b, ¢) = ......

(A) (-1, 2,5) (B) (% —4, —10) ©) (1,-2,-5) (D) (—% 4, 10)

- - .
p and ¢ are collinear.

A A A A A A
(@i =2]+5k)=m (i +bJ] —ck)
Comparing coefficients on both sides,

a=m,—-2=mb, 5=-mc

Takingm=1,a=1 =-2, ¢=-5 So, (C) is true.
Taking m = %,aZ %, b=-4,¢c=-10 So, (B) is true.
Takingm=-1,a=-1,b=2,¢c=5 So, (A) is true.
Takinng—%, a=—%,b=4,c= 10 So, (D) is true.

Ans. : (A), (B), (C), (D)
Second method :

- - - b 2 1 1 .
pxqg=0>= P ab=-2,ac=-5a=1, 3o -1, -3 So, all options are correct.
Ans. : (A), (B), (O), (D)
Out of the following options, ...... is meaningless.
- - - - > - - - - 5 -
(A) ax(bx c) B)ax(b - c) ©€) a (b c) D) (a- b)c

- -
b - ¢ is a real constant whose dot product or cross product with any vector is not possible.

So, options (B) and (C) are not possible.

- -5 o - - - -
(a - b)c isproduct of ¢ by a scalar, and so, (D) is possible. a X (b X ¢ ) is the vector
triple product and so (A) is possible. Ans. : (B), (O)
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(142)

(143)

Sol.

- = - -
If p, g and r are non-coplanar and x =
then ......

— - > R
A x - p+y g+ zr =3

4 - - - — — d
C) Ppxx+gxy+rxz=0
- - - = - = 1
x Pty q+z-7r = = =

e
pqr
_ 1
- > >
pqr

(A) is true, (B) is not true.

- A T

NOW,pr+q><y+r><z=|:

1 A e A A

paqr

(C) is true, (D) is not true.

N AN /AN A A
If vectors (x2 — 6)i + (x—2y)J + (2 —5)k and i +2k are parallel, then (x, y) =

(A) (2. 1) ®) @, 1)

- = >

paqr

- > - - - -
Bx -pPty g+ z-r
- - =S > - i

N
D)ypx x+g xy+rxz=px(g xXr)

- S = - = = - = >

——— [(gxr)-p +(rxp)-q +(pxq)-r]

- = — - > —> - = -

T = lllearplt[rprqgl+[pqgr]]=3

- - = i - — - -

ﬁ[px(qxr)-ﬁ-QX(rXP)+FX(pxq)]

- - - - - — - = = - = = -

[ }[(P cr)g—(p-gq)r+(qg-p)r—(q-r)p+(r-q)p—(r-p)q]=0

Ans. : (A), (C)

© =2.-1 D) @,-D

N AN A A AN
Vectors (x2 — 6)i + (x —2y)J + (2 —5)k and i + 2k are parallel vectors.

A A A A A
(2 —6)i +(x—2)J +0% =5k =Ai +2k)
¥2-6=\A x-20=0, y2-5=2)

Now, 2 — 5 =2\
Y2 —5=2(x2-6)

Y2 =2x2 -7
=827
=17

y = #£1. Hence x = £2

(x,») =2, Dor (-2,-1)
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(144)

Sol.

(145)

Sol.

AN A A A

N . N . )
If vectors 5i +xJ —2k and —yi + J + zk are collinear, then (x, y, z) = ......

B) (‘71 ~10, —4) ©) (‘71 10, 4)

A A A A A A
5i +xJ —2k and —yi + J + zk are collinear.

(A) (1, -3, -2)

A A A A A A
50 +xJ =2k =A(—yi + ] +zk)

5=-A, x=A\, 2=\
=5
Y= x=7\.andz—7
Taking A = 1, x=1, y=-5 z==22
(A) is true.
. -1 -1
Tak1ngk=7, x= =, y=10, z=4

(C) is true but (B) is not true.

Taking A = 2, x=2, yZ_TS, z=-1#-+4

(D) is not true.

ﬁ
Note : It can also be verified by taking cross product as 0 .

— - -

D) (2, 3. - 4)

Ans. : (A), (C)

- - - — -
The adjacent sides of a parallelogram are x =—a +3b and ¥y =3a + b.If|a|=|b|=2

4 A 4 T .
and (a , b) = 3 then the lengths of the diagonals are ...... .

(A) 47 (B) 45 (C) 43 (D) 42
C

Let in parallelogram ABCD,
% - % —>
AB = x and AD = y. N

y
- L -
|ACP =1x + yP

A —>> B

X

- %2 -
=l xP+|yP+2x -

Figure 20.19

- —>2 - —>2 - — - -
=l-a +3bF +13a + bl +2(-a +3b)-Ba + b)

) > - = ) = - = 5 = 5 -
=lalP+9b1-6a b +9al+Ib +6a - b -6lal”+6lb|"+16a - b

— — T
=4+36+36+4-24+24+16| a | |b|cos?

= 80 + 16(2)(2) (%) — 80 +32=112

%
|AC| =47

—
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% — —

Now, IBDI2 =]x — y |2
— — - =
=lxP+1yP-2x-y

- = - > - - - -
=l-a +3b 1" +13a + b -2(-a +3b)-Ba + b)
=80 —32 =48

_)
IBD| =443 Ans. : (A), (C)

A A A A A A
(146) If the vectors (@ +8)i +(a+7)J +(a@a+6)k;(a+35)i +(a+4)j + (a+3)k;

A A A
(a+2)i +(a+1)Jj + ak are coplanar, then a ......
(A)>0 B)<o0 (©) ¢R (D) eR

Sol.  Given vectors are coplanar.

a+8 a+7 a+6
a+5 a+4 a+3 -0
a+2 a+l a

3 3 3
303 3 _,

a+2 a+l a

It is true for every a € R. Ans. : (A), (B), (D)

- N e e T e T S
(147) x, y and z are non-coplanar vectors such that a=x+y+z,b=x+y-1z,

e — - - - — — — -

c=x-y+z and d =4x -3y +5z.1f d =pa +qb +rc,then ...
3

A)p=1 Bp+q=73 C© »p+tqg+tr=3 DOg+r=3

- -

- —
Sol. d =4x -3y +5¢

- - — — - — - - — - - -
px+y+z)tglx+y—-—z)+r(x—-—y+z)=4x -3y +5¢

- 7 =

x, Y, z being non-coplanar,
ptqg+tr=4 (1)
ptq-—r=-3 ?2)
p—q+tr=>5 3)

Solving equations (1), (2) and (3),
p=1 qg= _71, r= % So, (A) is true.
pt+tq= % So, (B) is false.

-p+qg+tr=2 So, (C) is false.
q+r=23. So, (D) is true. Ans. : (A), (D)
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(148)

Sol.

(149)

Sol.

(150)

Sol.

- - - ) - - )
a, b and ¢ are non-coplanar unit vectors and @ and b are non-collinear.

-

- - - —
Ifx/i(a X b)X ¢ = a *+ b,then ...

— —

(A) the angle between a and ¢ has measure 3Tn
- - P
(B) the angle between @ and ¢ has measure T
(C) the angle between » and ¢ has measure -
— — P
(D) the angle between » and ¢ has measure T
- - - - —
V2(a x b)x ¢ =a + b
- -
- 5 - - - - a b
(a  c)b —(b c)a:ﬁﬂLﬁ
AU | A | - - .
(a ~c)= NG and (b - ¢c) = N (a and b are non-collinear.)
(a, C) = % (b B C) T4
(B) is true, (C) is true. Ans. : (B), (O)
- > — - o >
For vectors a, b and ¢, if [a b <¢] =0, then ......
e e
(A) a, b, ¢ are coplanar (B) a, b, ¢ are non-coplanar
- o > - 5 5
(C©) a, b, c¢ are collinear (D) a, b, ¢ are linearly dependent
- o o e o
[a b ¢]=0.S0, a, b, ¢ are coplanar and so, a, b, c¢ are linearly dependent.

Ans. : (A), (D)
A A A A A A
A vector perpendicular to 27 -3J + k and i + J — 2k and whose magnitude is 3 is ......
A A A A A A A A A A A A
(A) N3(i +J+k) B)-3(i+J+k) (O3 +J-k) O)-V3(i+J-k)

- A A A - A A A - -
A vector perpendicularto x =2i -3j +kand ¥y =i + ] -2k istAMx X ¥).

— - A /\ A
Now, x X y =5i +5] +5k
N —
lx X Y| =543
- -
. . - o (x xX'y)
The unit vector perpendicular to x and y =+——"+
| x x yl

A AN A

1 X
:ﬂ:ﬁ(l+]+k
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%
The vector with magnitude 3 and perpendicular to x and y =43

- o >
For non-coplanar vectors a, b, ¢, (

(151) @ X b)+(b X
A) (a - b)x(c - b)
B) (a - b)x(a - c)
© (a-c)x(c—b)

(D) l(a (b —c)+ b x(c —a)* ¢ x(a—b)

- -
(x X y)
- -
| x x yl

-

=+.3 (? + ? + I?)
Ans. : (A), (B)

(e xa)=

- - - - - - - - - - - - - - - -
Sol. (a—-b)X(c —b)=aXc —-—aXb—-—bXc # aXb +bXc+c¢ Xa
. (A) is not true.
- - - - - -
(Note : ¢ X b + b X ¢ + ¢ X a isnotthe zero vector. Verify)
- - - - - - - - - - - - - - - -
Now,(a —b)X(a —c)=—a Xc —bXa+bXc=cXa+taXb+bXc
- (B) is true.
- - - - - - - - - - - - - - - -
(a —c)X(c—b)y=aXc—-—-aXb+tcxb=-(cXa+taxXxb+bXc)
.~ (C) is not true.
1.~ - > - - > - - -
Also,7[(a><(b—c)+b><(c—a)+c X (a — b)]
1. - — - - — - — - - — —
=§[a><b—a><c+b><c—b><a+c><a—c><b]
1.~ - - - - - - - - — - —
=§[a><b+c><a+b><c+a><b+c><a+b><c]
1 - - - - - -
27(2)(a><b+b><c+c><a)
- - - - - -
=aXb t+tbXc tc Xa
- (D) is true. Ans. : (B), (D)
o - - - - -
(152) If for distinct non-collinear vectors a, b, ¢ and d, a X b = ¢ X d and
- - - -
a X c = b Xd,then ...
- - - - - - - - - - - - - - - o
A a b +c d=a c*+b - d B)a- b +c  d##b - d+ a-c
- - - - - - - -
©) (a=d)l[(b = ¢) D) (a +d)I(b = c)
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- - - - - -
Sol. a Xb =c¢c Xdand a X ¢

- -
= b xd
- - - - - - - - - -
(a Xb)—(c Xxd)=0wand (a Xc)—(bxd)=0
- - - - - - - -
(a Xb)—(c X d)= (a Xc)—(bXxXd)
- - - - - - - - -
(a Xb)—(a Xc)*T(bxd)-(c xd)=20
- - - - - - -
a X(b —c)+*(b —c)xd =20
- -
a X(b —c)—d XxX(b —¢c)=0
-
C

(a —d)x(b - c)=10

- - - -
(a —d) (b = ¢)
.~ (C) is true, (D) is not true.
— - - —
Now, since (a — d ) and (b — ¢ ) are parallel, they are not perpendicular to each other.
- - - -
(a —d) (b —c)#0

— - -

- - - - >
a b —a " c—d-*b+td c 720
- > - > - - - >
a b tc  d#*#a c*+tb - d

- (A) is not true, (B) is true. Ans. : (B), (O)

e - - - - - —
(153) If for non-zero vectors a, b, ¢c; a X b + b X ¢ + ¢ X a = 0, then

- - - - - -
A)(a xb)x c =0 B)(a xb) ¢ =0
— - - - > >
(C) a and b X ¢ are collinear. (D) a, b, ¢ are coplanar.
- - -
Sol. (a X b)X ¢ isa vector, but 0 is scalar. So, (A) is not true.
- - - - - - -
a Xb tbXc +tcXa=20
%
Taking dot product with ¢
- - - - - - - - - - -
(axb) ¢c+ (bxc) ¢c+(cXxa)-c=0"¢
- 5 o - 2 - - 5 -
[a b c]+[b ¢ c]*+[c a c]=0

—

[a

Syl
[
—
I
o

1119



- - - - 5 >
(a xb) ¢ =0and a, b, c are coplanar.

(B) and (D) are true. (1)

- — - - — - . —
b X ¢ isperpendicular to both b and ¢ and from (D) b X ¢ is perpendicular to g too.

(C) is not true. Ans. : (B), (D)
- - - - - - - - - . - - -
Note:If b X ¢ =Aa ,thena'(ch):Ka'az?\,|a|2=0$1ncea'(ch)=0.
- - - - -
But ¢ # 0.So,A=0.Hence b X ¢ = 0, which is not possible.

A A A

N A AN A=Y A A A
(154) If for vectors @ =2i +xJ +x*k, b =i =3j +k, ¢ =3i +QBx+11)Jj +(x -9k,
>N\ > . >N\ > .
(a , b) is acute and (a , c¢) is obtuse, then x € ......
(A) (===, 1) (B) (2, 3) (O) (oo, ) U (2,3) (D) (===, 2)
>N >N >
Sol. (a , b) is acute and (a , c) is obtuse.
- > - >
a b >0 a ¢ <0
X2 -3x+2>0 S0+ 32+ 1l + %3 - 9x2 <0
x-2)(x-1>0 X —6x2+ 1lx—6<0
X € (—o0, 1) U (2, ) L= DEE-5x+6)<0
LSx-DEx-2)x-3)<0
wx € (—oo, 1)U (2, 3)

Ans. : (A), (B), (O
: Assertion and Reason Type Questions :

Explanation : Each of these questions contains statement 1 (Assertion) and statement 2 (Reason).

Each question has four choices, option (A), (B), (C) and (D), which are as follows. You have
to select the correct choice.

(A) Statement 1 is true, statement 2 is true. Statement 2 is the correct explanation for statement 1.

(B) Statement 1 is true, statement 2 is true. Statement 2 is not a correct explanation for
statement 1.

(C) Statement 1 is true, statement 2 is false.
(D) Statement 1 is false, statement 2 is true.

A A A A A A A A A
(155) Statement 1: If (p +a) i +bJ +ck,ai +(q+b)J +ck and ai +bJ +(r+c)k are

a b c
coplanar vectors and pgr # 0, then —+—+— =—]
p q T

e - - -
Statement 2: If o, b, ¢ are coplanar,then g - (b X ¢)=0

- A A A - A A A - A A A
Sol. x =(p+ta)i+b]+ck, y=ai+(q+b)]+ck, z =ai +bJ] + (r+c)k are coplanar.
- > -

So,[x y z]1=0

p+a b c
a q+b ¢ |=0
a b r+c
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(156)

Sol. :

(157)

p —q O
a b r+c

p(gr +qc + br) + glar) = 0
pqr + pgc + prb + gra = 0

b

c a
—t—t—=-1 (Divide by pgr # 0)

r q p
Statement 1 is true.

e - - - - -5 -
a, b,c arecoplanar. So, ¢ (b X ¢c)=01ie. [a b ¢c] =0

Statement 2 is true and is the correct explanation for statement 1. Ans. :
- A A A N A A N N N
Statement 1: ¢ =i + J+k, b =2i —2k and ¢ are vectors such that ¢ X ¢ = b
- - . -
and a - ¢ = 10. Then unit vector along ¢ is —(21 + J +2k)
A A

Statement 2: Any vector in R3 can be written as a linear combination of i , J and k.

- A A A
Suppose ¢ =xi +yJ +zk

- - -
Now a X ¢ = b

A A A A A
-i +x—-—20] +(y—x)k =21 -2k
z—y=2, x—-z=0, y—-x=-=2
- -

Also, a - ¢ =10
x+y+z=10
Takingx=zand y=2z-2,z+z-2+z=10
z=4=xand y =2

- A A A
c =4i +2J] +4k

5
lc|= ~16+4+16 =6

. . ) ) - 1 AN A A
The unit vector in the direction of ¢ = 5(2 i+ ] +2k)

So, statement 1 is true. Statement 2 is also true, but it does not give correct explanation of

statement 1. Ans. :

e
PQ. QR. RS, ST, TU and UP are the sides of a regular hexagon.

— - - -
Statement 1: PQ X (RS + ST) # 0

— - - - - -
Statement 2: PQ X RS = 0 and PQ X ST # 0
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Sol. :

(158)

Sol. :

(159)

Sol. :

— N T p Q
PQ X (RS +ST)# 0
— - >
PQ x RT = 0
— — U R
PQ and RT are not parallel vectors.

Statement 1 is true.

- =
and PQ Xx RS = 0

T S
- > .
So, PQ || RS is not possible. Figure 20.20
e > — - -
and PQ x ST # 0, from which PQ and ST are not parallel vectors. But PQ || ST.
Statement 2 is false. Ans. : (O)
- A A A - A A A - - -
Statement 1: If ¢ =i — J +2k and b =-3i +3J] —6k,then ¢ X b = 0
) - e I T R .
Statement 2: For non-zero, non-collinear vectors a and b, |a X b|=|a||b|sin (a , b)

- — A A A A A A
a X b= —J]+2k)yx(3i +3J] —6k)
A A A A A A -
=-3(i —J+2k)x(i —J+2k)=0
Statement 1 is true.

Statement 2 is also true. But statement 2 does not give correct explanation for statement 1.

Ans. : (B)
- Y A - A A A - > -
Statement 1: ¢ =3/ —k and b =-3i +2J + k. If b =5 +b, isa vector such that
- - - . - - A A A
b, is parallel to a and b, is perpendicular to a ,then b, =-3i + J + 3k

— - -
Statement 2: If p, and b, are non-zero, non-collinear vectors, then 5 can be written as
= — - - — —
b =b, +b,, where b, isparallelto ¢ and b, L a.
- -
b, is parallel to a .

— /\ /AN A A
b =mQ@J—-k)=3mJ] —mk

- - —
Now, b = b + b,

— — —
A /\ N /\ N
= 31 +2J] +k —3mJ] + mk
N /\ N
=-3i +2-3m)J +(m+ 1)k
- - - -
b, L a.So, b, - a =

Q-3m)3)+m+1)(=1)=0
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(160)

Sol. :

(161)

Sol. :

6-9m-m-1=0

5 =10m. So, m =

| —

- A A

| W
| —

- A ;\ A A A A
and b, = =3i + > +5k #-3i +J +3k

| w

Statement 1 is false. Statement 2 is true. Ans. : (D)

- - o>

- -
Statement 1: If [x|=4, |y|=3and|x + y|=5,then |[x — ¥|=5
- - - - - -
Statement 2: |¢ — b|=|a + b| where a and b are non-zero vectors.
- - - - N
|x + yP=lxPH[yP+2x -y
N —

25=16+9+2x -y

— d

x -y =0

— — N - N N
Now |x = Y2 =|xP+|yP=2x -y =16+9-0=25

- —

“lx—-Y[=5

Statement 1 is true.

— — - - Lo —
la — b|=|a + blistrueonlyif a L b
Statement 2 is false. Ans. : (O)
- - - > - o - - - 5 >
Statement 1: If x- ¢ =0, x - b =0, x- ¢ =0,(x # 0),then a, b, ¢ are coplanar
- - - - .
and @ + b + ¢ = 0 ispossible.
- 5 o - o o
Statement 2: If o, b, ¢ are coplanar, then [a b ¢] =0
- - - -
a =0= x L a
- > - -
x b =0=x L b
- - -
xc=0=>x L ¢
- . - > - - -
So, x is perpendicularto a, b and ¢ and x # 0
- o >
a, b, c are coplanar.
S . - - - -
Now, a, b, c¢ are coplanar. From this, aa + Bb + Yc = 0 where atleast one of

o, B, vy is non-zero.
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Taking o =B =7v=1,

— I I d . o
a + b + ¢ = 0 isa possibility.

Statement 1 is true.

. - = = - - -
Since a, b, ¢ arecoplanar [a b c¢] =0

Statement 2 is true. But statement 2 is not enough to explain statement 1. Ans. : (B)

e e e T T

%
(162) Statement 1: If g, b, ¢ are coplanar,then ¢ X b, b X ¢, ¢ X a are coplanar.
e e T - o o
Statement 2: [a X b b Xc ¢ Xa

xal=2[a b c]

e T - - - - - -
Sol. : [axb bxc cxal=(a Xb) (b X c)X(c X a))

X

—(a X b) (b Xe) a)e —((b XY e)al

- - S Y s G
=(a Xb) ([b ¢ alc—-[b ¢ cla)
e T - -
=[a b c¢cl](a xXb) ¢ -0
T =
=la b 0]2

Now, If

—

%
a
_)
[a b 1=0
_)
b

S

%
[ c1*=0
- T T
a ¢c ¢cxal=0

[

- - - - -
a X b, b X ¢ and ¢ X g are coplanar.

- =
Xb b X
%

Statement 1 is true. Ans. : (O)

- — - - A A A
(163) Statement 1 : If A(a), B(b), C(c ) are three points, where a i + 2] + 3k,

A

N A A - A A A
b =2i +3] +5k and ¢ =5i +8J + 13k, then OABC is a tetrahedron,

where O is the origin.

- - >
Statement 2: If o, b, ¢ are non-coplanar and they respectively are position vectors of

A, B, C, then OABC will be tetrahedron where O represents origin.

- > e
Sol. : [OA OB OC]=[a b c]
1 2 3

_12 3 5

5 8 13
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1 20

2 30
= =0 (C;—>C-C, -Cy
580 P

So, OABC is not a tetrahedron.

Statement 1 is false.

- 5 > - -5 >

Now, If a, b, ¢ are non-coplanar, then [a¢ b ¢] #0

OABC represents a tetrahedron.

Statement 2 is true. Ans. : (D)

- - - -
(164) Statement 1: |a|=|b|= a = b
- - - - - -
Statement 2: If @ = b,then a - b =|al?=|b
- - - - - - - -
Sol. : If ¢ = b,then |a|=]|b|,butif |a|=|b]| then g = b is not true.
- - - - — —
because if |a | =|b |, then a =—b is also possible for event @ = (3, 4), b = (-4, 3).
- - - -
a #b.But=|al|=|b]|
So, statement 1 is false.
- - - - -

Now, a =b = a - a=a b =|al

- - - - - - -
and a =b = a b =0b- b =|b]

- - - = - -

a:b,thena'b=|a|2:|b|2

Statement 2 is true. Ans. : (D)

A

A A A A A A
(165) Statement 1: The edges of a parallelopiped are j + xk, i +xJj + k and xi + k. If

x=- %, then the volume of parallelopiped will be maximum. x € [0, 1]

- - - . . L1, 27
Statement 2: If a, b, ¢ are edges of parallelopiped, then its volume is 6|[a b ]l

Sol. : Volume of parallelopiped = |V|, where

- o o

V=1[a b c]
01 x
=P e g+ = +x-F =T +x(1-x2)<0
x 0 1
V=1-x+x
dv d*v
Now, — =3x%2 — 1 and 7 = 6x
dx dx
: - — . L
For maximum V, It =0=>x i\/g
d*v -6
and | —5 =—-=<0
@y
3
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. . 1
Volume will be maximum for x = — 7

Statement 1 is true.

T e
Now, volume of parallelopiped with edges a, b, ¢ is|[a b c]|-

Statement 2 is false. Ans. : (O)
— -
(166) Statement 1: If the angle between unit vectors x and y has measure 0 and the angle bisector
- >
. . - xX+y
is a unit vector, then g = 0
Zcosi

Statement 2: If in the isosceles triangle ABC, AB = AC = 1, then the bisector of ZA will be

- d d
AE = AB-IZ—AC.

Sol. : Since AABC is isosceles, the median drawn from A and the bisector of ZA will be the same.

- = A
The median AD = AB+ AC|
2
- -
- d — X v A y
So, the bisector of ZA is AE = AB er AC a
Statement 2 is true.
BN N B D C
If x and y are congruent sides of an isosceles triangle, the median .
Figure 20.21
N - -
+
AD = 222
2
_> 1 - — — d
ADP =L [[XP+|y2+2x] || cosd]
_ 1 _ 1 _ 1 2 0
=g [1+1 +2c0s0] = 5 (1 + cosB) = 5 X 2cos >
R 0 0
|AD | = cos= Since 0 < 6 <, cos = >0
- -
Now, the median AD will become the angle bisector ¢ .
-
If the angle bisector a is a unit vector.
— - >
> __AD _ x+ty
a - 0
| AD| 2c0s
Statement 1 is true and statement 2 is enough to explain statement 1. Ans. : (A)
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: ‘Match the Following’ Type Questions :
(167) Match the questions given in Part I with the answers in Part II.

Part 1 Part II
- s - = - - - =
() [If a, b, ¢ represent the sides P)|¢ - -b=>b-c=c-a=0
- > —
BC, CA and AB of AABC, then ......
- - - - - -
(2) | If the edges of a cube are @|a b =b c=c a
= —
a, b and ¢, then ......
- o o . - - - - - 3
(3) | If a, b, ¢ are unit vectors and ®|la b +b - c+c a=- 3
- - - -
at+ b+ ¢ =0,then ...
- - - - - - - - - - - -
@ |If a xb=c¢c and b X ¢ = a, S)la Xb =b Xc¢c =c¢c Xa
then .......
A) 1) =), @)= @), B =@, (4 —()
B) (M =@, @)=/, G =@, 4>
O @M =06, Q=@ G =0, 4=
D@D =06, Q>0 G =@, @@
e
Sol. : (1) a, b, ¢ are sides of AABC.
1.7 - 1 2 - 1.7 -
TheareaofAABC=§|a ><b|=§ | b ><c|:§|c X a
- - - - - - - - o - - -
la X b|=|b Xc|=|c Xa|and a X b, b X ¢ and ¢ X g are in the same direction.

(Direction perpendicular to the plane of the triangle.)

= = e
aXb =bXc¢c =c¢c Xa
(1) —(s)
- - -
(2) Sinceitisacube, |a|=|b|=]c |

AABC is equilateral.

- > - - T
a'b=|a||b|cos?

- - - = .

b c=|b||c|cos?

- - - - -

c a=|c||a|cos?

- > - - - -
a b =b"c=c"a
(2) = (9

(Actually, (1) = (s), (2) = (q) occurs only in option (C). So, Ans. (C))
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(168)

Sol. :

—

- - - - - - - -
@ la+b+clP=laP+|bP+|cP+2a b+ b -

-

0=3+2a b +b -

- o - o
a b t+b c *+ -

(3)— @

Y - - -
4 axb =c = c Laad ¢ L b

|
\

%
+ ¢ a)

{
Ql ol

are perpendicular to each other.

= S - -
a b =b " c=c  a-=0

“4) — (p) Ans. : (C)

- L S S A — A A Ao A A A
Ifa=i-J-k, b=1+J]+k,c=1i-]+k,d-=

those given in Part I with that of Part II :

~>

/\. A
+ J — k, then match

Part I Part I1
P b M | 3
Qb ¢ di @l a- s
R ¢ - d 3| a-ec
S) ¢ xd @ | 4
5) | 27 -2k
©) | 27 +2k

(A) () = (1), (Q = @), R)=(2), (5)—=0O)
B) P) =), (Q—=>®, R)—=@2) (5= (©)
© @) =3, Q- R)= (1), (S —=06)
(D) (P) = 3), (Q = (1), R)—=(2), (S)— (6

— — -
a

b - ¢c =1-1+1=1 and

- - -
e =1+1-1=1=pb - ¢

P) =)

Qb ¢ a1=" " M=10-Daci-Dr1a+n=0+2+2=4
11—

Q-

- -
=]l—-1—-1l=-land g - b

N
a

%
R) ¢ - l—1-1=-1

N
c .

R) = (2)

(Here, it is clear that the answer is (B).)

uloal

N
b
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(169)

Sol. :

— — A A A A A A
S) ¢ xd =(i —J+k)yx(i+J]-k)
A A

=2] +2k
(S) — (6) Ans. : (B)
Short method : (S) — (6)
Q- Ans. : (B)
- 5 o
For a, b, ¢ € R3, match the concepts of Part I and Part II :
Part 1 Part II
- - - - - -
D] axb =aXc Pl a L b
- - - - - - - -
O|If a, b and a X b are unit vectors, then .....| Q| la+b|=|b|+]a]
- - o - - - - -
B)[axb bXxXc ¢ Xal (R)| a, b are unit vectors.
- - - -5 o
| If a, b are in the same direction, then ...... S| [a b c]
- o o,
M| [a b c]
- - -
(U)| a and ¢ — b are collinear.
- 5 >
(V)| a, b, c are collinear.

(A) (1) = (S), @) =>(Q), )= (M), - R
B) (1) = U), 2= [R), G =6, - P
O D=0, @—=>F), O-=>M. G —-Q
(D) (1) = U), 2) = (@), 3) = (D, 4 - Q)

- - - -
(1) axXxb =aXc
- - - - -
aXb —aXc =20
ﬁ

- - -
a X(b —¢c)=0

- - -
a and b — ¢ are collinear.
(H — )

- — - - - -
@ laxbl> +la-bP=lal[b]
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(170)

Sol. :

—

G) [axb b x
(3) = (T)

- -
c c XalFla b c]?

- - 5 >

(Here, it is decided that the answer is (D).)

@ a
P

%
=kb,k>0

- — - -
Now, |a + b|=kb + b|

—k+ D) ||

- -
= Kbl + 15|

- -
=lal+]b]

“ = (Q

Note : On finding first (2) and then (3), answer (D) is decided.

%
and b are vectors in the same direction.

(k> 0)

(Taking £ > 0)

Questions Based on Information :

The vertices of AABC are A(2, 0, 2), B(1, 1, —1) and C(4, -2, 1). The point D divides AB from

Ans.

- (D)

A in the ratio 1:2 and E divides AC from C in the ratio 1:2. F is a point in space. The point of

. . H H . .
intersection of CD and BE is P. The distance of F from the plane of AABC is 3 J2.

From the above given data, answer the following questions :

(1) Position vector of P is

A A A A A A A A A A A A
(A)3i+J+k B)Y-3i +J]+k C)3i —J +k (D)-3i —J+2k

(2) Volume of tetrahedron ABCF
(A) 7 cubic units  (B) % cubic units (©) % cubic units (D) % cubic units

(1) D divides AB from A in the ratio 1:2.

. 51
e

. — -
.. The equation of CD, r

N
r

- - -
=a tA(b — a),he R (The equation of a line in space)

A A A 5 A 1 A A
=4i -2j] +k + A ((§—4)i +(§+2)j +(1—1)k)

A NN A A A
=41 —2]+k+?(—7z +77),

E divides AC from C in the ratio 1:2.

10 —4 4
E (? ER 5)

oo
The equation of BE

AN

>

\ A
+J -k +

~
=

\ A A u A A A
l+J—k+?(7i—7j+7k),

(2-1)f + (517 + (3+1)8) ne v
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© ©
To obtain the point of intersection of CD and BE, suppose,

TA 7A < A
the point (4—— =2+, 1) of CD is on BE.

(4—ﬁ —2+ﬂ1j (1+7“1 Uy —1+7—”)

3 37 3° 3
t=-1+ 2 anda-2 -4 0
6 _
7~ U
7(6) _ TA
33 (7j 3
3 _
.5 = A
The point of intersection is P(3, -1, 1)
A A N
The position vector of Pis 3i — J + k Ans. : (O)
(2) Volume of tetrahedron ABCF § (Area of base AABC x Altitude from F to AABC)

- -
Now, the area of AABC |AB x AC|
A A A A A A
(=i +J —-3k)yx Qi —2J] — k)|
AN
77 — 77|
72

= —~ square units

% [%x 3@)

| —

Volume of tetrahedron

=7 cubic units Ans. : (A)
- - e - 4 - -
(171) If b # 0, a can be written as ¢ = b + by, where by is parallel to » and by is

%
perpendicular to b .

- -
by =Ab,A#0
e e e T T ) - >
a-b=b-b+by-b=Albl" because b, L b
- -
a-b = . - -
A= ——, (b is projection of @ on b))
lb P
- - - d
- a-b i a-b b - A A
Proj,a = |5 b or Proj,a = |75 |5 = (a-b)b




Sol. :

- - - -
a-b . - . — - > _a-b -
Now, —=— is the component of a in the direction of » i.e. Comp_a = —— = a
| b ||
- - - 7 - - o o - - - -
If a =kb,then a = b and by = 0 and if ¢-» =0,then a=b, and b = 0.
Answer the following questions, from the above data :
- A A A - A A A - Z;}
() If @ =2i+j+kand b =—4i —2] + 4k, then Comp_l;a =T=;>'/b\
| b
(A) 1 (B) -1 <©0 (D)—%
- A A A - A A .
@ Ifa =2i +J—kand b =4i +3k. then Projoa =
(IR L% A L% a2
(A) 9s(4i +3k)  (B) $(4i +3k) (C) —3 (47 +3k)
- A A A - A A A - - -
3 Ifa=4i+J+3kand b =i +J -k and a = by +b,,then by, = ...
1 A A A 2 A A A
(A) 2107 = J + 11k) B) 2(i +J - k)
LA A A LA A A
(©) (107 + J +11k) (D) (141 +57] + 7k
- -
C - a-b -8-2+4 6
(1) tomp_.a === = Jeraric ~ 6 | Ans.
||
- >
Proi . o a-b| - 8-3 A A 1,0 A
(2) Froj,a = P b = |igrg) (41 +3k)= (i +3k) Ans.
N — = - - -
3) a = b + by, where b is the projection of ¢ on b.
- -
- - a-b| 441-3 A A A 2 A A A
b = Pﬁuza |ZP b = O+1+1)(l +J—k)= g(l + J —k)
4 - 4
Now, by = a — b
A A 7, A A A
=4i+ J+3k —5(i+J—k)
_10% 1% un
=3 i+ g_]-+ E_k
Lot o0 .
=300+ +11k) Ans.

(D)2 (41 +3k)

+ (B)

+ (B)

()
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(172) A2, 1, -2), B(0, 1, 4) and C(1, 4, 1) are non-collinear points on a plane. N is the foot of

Sol. :

perpendicular from B to AC . Answer the following :

(D

(@)

)

)

Position vector of N ......

(A) 7(101 +13J +2k) (B) 7(101
1 A ¢ A 1 A

© 7(101 —13J +2k) (D) 7(101

Area of ABNA = ...

/\. AN
—13J —2k)

/\' AN
+13J +2k)

1506 20 20410 20V6
(A) 130 B) =7 (©) 2010 (D) 2
cos (LNBC) = .......
V10 2 o 210
(A) 1o ®) 2 ©) 2 (D) 210
Suppose N divides AC from A in the ratio A.
A+2 —A+1 A-2
Coordinates of N (7&+1’ TR 7L+1)
ndl (7&+2 =5\ —37&—6]
BN = (AF0 2+ a1
- —
BN L AC
- —
BN - AC =0
A+2 —SA -3A-6
(X+1’ A+ A+l ) CL-.3)=0
“A-2+25A-9AL—-18=0
150 =20
_ 4
h=3
.o .1 A A A
The position vector of N'is = (107 — 13 —2k) Ans. : (B)
A2, 1,-2)
- —
Sol. : (2) Arca of ABNA = 1|AB x BN
1 A A 1 n A A
=521 +6k)x (107 =207 —30k)|
20 % A A $ A
= |0 +3k)x (i =27 =3k)|
AN
= 10167 +20), B(0, 1. 4) cd. =D
Figure 20.22
_ 20410

= =—— square units

Ans. : (O)
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- -

BN -BC
Sol. : (3) cosZNBC = —
IBN|IBCI
1 AN A A A A A
=(10i —20j —30k)-(i —5j—3k)
-T— = ﬂ)f - W0 Ans. : (D)
7J1+4+9-\/1+25+9 TN25
- A A A - A A A - A A A —
(173) Suppose a =3i —6J +2k, b =-3i +6J +2k and ¢ =3i +6J —2k. x isthe
- - - — -
projection of ¢ on b and Yy is the projection of x on ¢ . Answer the following :
H vy =...
43 A A A
(A )943(31 +67 —2k) (B) ot Bi +6J —2k)
943 A A A
() 943(31 L6 —2k) (D) oy (31 +6J —2k)
- >
2 x b = ...
(A) =H (B) —41 © % (D) 41
(3) Which of the following options is correct ?
- - - - -
(A) a, x and b are coplanar. (B) a and y are collinear.
- - - - -
(C) a, x and y are coplanar. (D) x and ¢ are collinear.
- -
- - a-b|, —41 A A A
Sol. : (I) x = PTOJZG “p b =5 (B3 +6J+2k)
- >
— o x-c | 41 (23 A A —043
y = Projx = | (B 6T +6) - _2k)= el +67-2k)
c
Ans. : (D)
- o
— - a - b RN - =
2 x b =—=—(b-b)=a-b =4l Ans. : (B)
| b I?
— - e
(3) Since x and b are collinear, a, x, b are coplanar.
- = - - - -
No two of a, x and y are collinecarand [a x y] #0
- -5 -
[a x y]=non-zero constant.
1 -1 1
- 7 —41)( =943 -1 1 1
[a x y]= (4—9)[ 3]36 #0
“9) 11 -l
Only option (A) is true. Ans. : (A)
o
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