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1. Vector : Basic Introduction : T

- -
*  Aquantity having magnitude as well as the direction is called a vector. Itis denoted as AB or a .Its magnitude

(or modulus) is | AB| or | @] otherwise, simply AB or a.
| .
e Vectors are denoted by symbols such as a . [Pictorial representation'of vector]

2. Initial and Terminal Points :
The initial and terminal points means that point from which the vector originates and terminates respectively.
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3. Position Vector :
The position vector of a point say P(x, y, z) is OP=7=xi yA i and the magnitude is 7 =x+ *+ *.

The vector OP = r = xi yA k is said to be in its component form. Here x, y, z are called the scalar components or

rectangular components of and xi, yj, zk are the vector components of  along x, y, z-axis respectively.

e Also, 7= (Position Vector of B) — (Position Vector of A). For example, let A(x;, y;, z;) and B(x,, y,, z,). Then,
= (%i+Yy,j+2,k)— xi+y j+z k.
* Here , and are the unit vectors along the axes OX, OY and OZ respectively (The discussion about unit
vectors is given later under ‘types of vectors’).
4. Direction Ratios and Direction Cosines :

If r=xi+y + k, then coefficientof i, j, k in e, x, y, z are called the direction ratios (abbreviated as d.r.'s) of

N
vector . These are denoted by a, b, ¢ (i.e., a = x, b = y, ¢ = z; in a manner we can say that scalar components of
-

vector and its d.r’s both are the same).

x y z
e., , ,
\/x2+y2+zz \/x2+y2+zz \/x2+y2+zz

Also, the coefficients of i, j, k in  (which is the unit vectorof )i

are called direction cosines (which is abbreviated as d.c.’s) of vector =

¢ These direction cosines are denoted by I, m, n such that [:/='cos a, m = cos 3, n = cos yand P+rm?+n?=1
= cos?o, + cos? B + cos?y = 1.

Yy

. x z
e Itcan be easily concluded that — == cos 0, +~=m=cosf}, — =n=cosy.

Therefore, r=Iri+mrj+nrk=r(cosoi+cosf +cosy ). [Herer= | - 1.

5. Addition of vectors

—

(a) Triangular law : If two adjacent sides (say sides AB and BC) of a triangle ABC are represented by " and

-

taken in same order, then the third side of the triangle taken in the reverse order gives the sum of vectors

and e, AC=AB+BC= AC= +

N

e Alsosince AC=~CA=s AB+BC CA 0.

N

e And /TB+B?Z—XC: =>XB+B?Z+C =

- -

(b) Parallelogram law : If two vectors and  are represented in magnitude and the direction by the two
adjacent sides (say AB and AD) of a parallelogram ABCD, then their sum is given by that diagonal of

parallelogram which is co-initial with - and - ie., 6C = 6A+ 63,
6. Properties of Vector Addition

(@) Commutative property :
Consider a=a,i+a,j+a,k and b="b,i+b,j+bk be any two given vectors,
then a+b=(a, +b)i+(a,+b,)j+(a,+b)k=b+a.

(b) Associative property: (a+b)+c=a+ +

(9) Additive identity property :

(d) Additive inverse property : g+ (-a)=0=( )

Note : Multiplication of a vector by a scalar

N

Let be any vector and k be any scalar. Then the product  is defined as a vector whose magnitude is |k|

times that of  and the direction is

(i) same as that of ifkis positive, and (ii) opposite as that of i kis negative.
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Know the Terms

Types of Vectors :

(a) Zero or Null vector : It is that vector whose initial and terminal points are coincident. It is denoted by
Ofcourse its magnitude is 0 (zero).

¢ Any non-zero vector is called a proper vector.

(b) Co-initial vectors : Those vectors (two or more) having the same starting point are called the co-initial
vectors.

(c) Co-terminus vectors : Those vectors (two or more) having the same terminal point are called the co-
terminus vectors. .

(d) Negative of a vector : The vector which has the same magnitude asthe  butopposite direction. Itis denoted

—

by - .Henceif, ie., XB = —qul PQ=-QP etc.
(e) Unit vector : It is a vector with the unit magnitude. The unit vector in the direction of vector  is given by

AT . . . .
r=— suchthat r =1,s0,if r=xi+y + k then its unit vectoris:
r

X 2 y ~ z S
r= 2 2 zl+ 2 2 z]+ 2 2 2k'
\/x +y +z \/x +y +z \/x +y +z

- - X
e Unit vector perpendicular to the plane and is: +—=——=.
X

(f) Reciprocal of a vector : It is a vector which has the same direction as the vector ~ but magnitude equal to the

r

N
(g) Equal vectors : Two vectors are said to be equal if they have the same magnitude as well as direction,
regardless of the position of their initial points.

Thus &:E@{Uﬂ:lb'

— - -1
reciprocal of the magnitude of .Itis denoted as' . Hence

a and b have same direction
Also,if a=b=aji+a,j+ak=bi+b,j+a,k=a,=b,a,=b,, =

(h) Collinear or Parallel vector: Two vectors and are collinear or parallel if there exists a non-zero scalar
Asuch that =

—

e Itis importantto note that the respective coefficients of i, j, k in and are proportional provided they
are parallel or collinear to each other.
e The d.r’sof parallel vectors are same (or are in proportion).

e Thevectors and will have same or opposite direction as A is positive or negative respectively.

—

N
e Thevectors and are collinear if

(i) Free vectors : The vectors which can undergo parallel displacement without changing its magnitude and
direction are called free vectors.

Know the Formulae

The position vector of a point say P dividing a line segment joining the points A and B whose position vectors are

-

and respectively, in the ratio m : n.

mb+na mb—na

(a) Internally, JP = (b) Externally, JP =

e Also if point P is the mid-point of line segment AB, then op=—"_.
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Q.1

Ans.

Q.2.

Objective Type Questions

(1 mark each)

Area of a rectangle having vertices A, B, C and

D with position vectors - -

- and — respectively is
- b) 1
@ 5 ®)
(0 2 (d) 4

[NCERT Ex. ]
Correct option : (c)
Explanation :
The position vectors of vertices A, B, C and D of
rectangle ABCD are given as :

OA=—§+—}'+I§, OB:?+1}'+412
D ol s
=i——j+4k, OD=—1—5]+4k

The adjacent sides and of the given

rectangle are given as :

R B S An
AB=(1+Di+|——=[j+(4-4) =2
(1+1) 5 2J] (4-4)

—_—

— (1 1) A
BC:(1—1)1+[—2—2) +(4—4) =—]
ik
AB BC=2 0 0
0 -1 0
= (_ ):_
‘Hs ﬁ‘:z

Now, it is known that the area of parallelogram
whose adjacent sidesare © and is x .

So that, the .area of the given rectangle is
AB BC $q. units.

In triangle ABC (Figure), which of the following is
not true :

(@ (b)

(©) (d)

[NCERT Ex. |

Ans. Correct option : (c)
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Explanation :

Applying the triangle law of addition in the above
triangle, we have

Ans.

Q.4

()
AB BC=-CA

(i)
.. The equation given in alternative (a) is true.
AB+BC=AC

.. The equation given in alternative (b) is true.
From equation (ii), we have

The equation given in.alternative (d) is true.

Now, consider the equation given in alternative
(©):

AB+BC-CA=0

...(iii)
For equations (i) and (iii), we have :
AC=CA

= AC+AC=

, which is not true.
So that, the equation given in alternative (c) is
incorrect.

. If is a non-zero vector of magnitude ‘a’ and A a

is unit vector if
b)A=-1
(d)a=1/|

non-zero scalar, then
(@ r=1
c)a=|A A

(© A [ILICERT Ex. ]

Correct option : (d)

Explanation :
Vector is a unit vector if ‘M‘ =1.
Now,
Aa|=1
Aa 1
i 1 [a=0]
A
.

So that, vector is a unit vector if =

3
If and are two collinear vectors, then which
of the following are incorrect :

(@) , for some scalar A

(b)

(c) the respective components of and  are
not proportional
(d) boththevectors and have same direction, but

different magnitudes
[NCERT Ex. ]

Ans. Correct option : (d)
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Explanation :

If and are two collinear vectors, then they are
parallel.
Therefore, we have

(For some scalar A)
If then

If a=ai+a,j+a,k and b=bi+b,j+bk then,

bi b,j+bk=\ aji+a,j+ak
bi byj+bk=(a)i+a)j+( )

b, My,b, Aa,, A
bbb,
So that, the respective components of and are
proportional. However, vectors and  can have

different directions. Hence, the statement given in
option (d) is incorrect.

Q. 5. The vector in the direction of the vector i— j+ k

that has magnitude 9 is

@ i- j+ k (b) i- j+ k

(€) 3i-2j+2k (d) 9i-2j+2k

[NCERT Exemp. ]
Ans. Correct option : (c)
Explanation :

A~

Let a=i— +

Any vector in the direction of a vector  is givenby _ .
a
i-2j+2k _i- +

JiEoor 2 3

.. Vector in the direction of

with magnitude 9.
_9 i- j+ k
=3i-2j+2k
Q. 6. The position vector of the point which divides the

join of points and in the ratio 3 :1is:
(@ —— b) ———
© — (d) —

[NCERT Exemp.]

Ans. Correct option :(d)
Explanation :
Let the position vector of the R divides the join of
points and

3a+b)+1 -

. Position vector, R =

Since, the position vector of a point R dividing the
line segments joining the points P and Q, whose
position vectors are P and ¢ in the ration m: n

internally, is given by mygEnp.

ZR=22

Very Short Answer Type Questions (1 mark each)
- _ i- j+ k
Q. 1. Find a vector in the direction of a i- j that =9x
has magnitude 7 units. [NCERT] = 3i-6j+6k 1
[Delhi Set I, II, III Comptt. 2015]
Q. 3. Write a unit vector in the direction of the sum
= - - - - -
_ 12 2+~ a of vectors a=2i+2 -5 and =2 +j-7 .
Sol. = \/—1 \/—] = b3
5 ~5° 7 [Delhi Set III, 2014]
7 14 B iiia
= = —— 1 Sol. Let = 4i+3j-12k
then NG Va
[CBSE Marking Scheme 2015] To= V6494144 VI69 13
Q. 2. Write a vector in the direction of the vector 50, unit vector N o R
AA A A 4i+3j-12k
i—21i+2k that has magnitude 9 units. = =
r
[Delhi Set I Comptt. 2014]
Sol. Let To—i- j+ k = v —j—k "

The vector in the direction of =~ with magnitude 9 is

i—2j+2k

Required vector = 9 X ——c—
J1 +(=2) +22

Q. 4. Find a vector in the direction of vector 2i- 39’ +6k
which has magnitude 21 units.
[Foreign Set I, II, III, 2014]

Sol. Let = 2i-3j+6k
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- Sol. Sum of given two vectors is given as
The vector in the direction of =~ with a magnitude

A (i+j+k)+2i-3 +5

21is 21 X

2i-3j+6k (1+2)i+(1-3)j+ 1+5k

J2 +(=3) +62 =3i-2j+6 = (say) Y2

A unit vector parallel to this vector

Required vector = 21x

_ 15 273tk o
_3i-2j+6k

%
6i-9j+18k 1 |A|

_ 3i-2j+6k _3i-2 +6
J32+(-2)2+62 J49

Q.5. If a=x§+2j—zk and b=3§—yj+k are

two equal vectors, then write the value of

x+y+z [Delhi Set I, 2013] 3. 2. 6
=—i—-=j+—k. 1
Sol. T=xi 20k
Q. 8. Find a unit vector in the direction of

and = 3i Y A A A

are equal vectors =5i-2 +

So, - _ [O.D. Set I Comptt. 2012]

AN LA A Sol. A unit vector in the direction of vector is
or Xxi 2 k=3 y 1A (
given by
: x=3,y=-2z=-1
x+y+z=3-2-1=0. ) _ A

Q. 6. Write a unit vector in the direction of the sum of X

vectors :

- A - A
a=2i- +2 and b-i+j+3k A =3 +(-2) +62 =7
R&U [NCERT] [Delhi Set II, 2013] A _3i-2j+6k
. 7

Sol. Given, = i—-j+ k [A]

and - = —?+ j+ 312 A unit vector in the direction of

Let, T4l = 202248k, 1

. . . - ~ N A~
= (2i-j+2k)+ —i+ +3 Q.9. Find the sum of the vectors a=i-2 + ,

+ A+ 5A 7 Y% 20 DO TP
b=-2i+4 +5 and c=i-6 —
I I=+0) +() =+26 Ve [NCERT] [Delhi Set I, 2012]
So, required unit vector Sol. ~
5 SN
r r _ +5 = (i=2j+k)+(=2i . ..
= — = j+k)+(2i+4j+5k)+ i— j— k
> 26
LA s =(1-2+1) +(-2+4-6)] +1+5-7)
== +— ) .
v =0 -4j-1 =-4j- . 1
Commonly Made Error Q.10. Find the sum of the vectors :
o Generally students commit errors in finding the a=i-2j,b=2i-3j,c=2i+ k
unit vector as they don't get the result in required
vector form. [Delhi Set II, 2012]
Q. 7. Find a unit vector parallel to the sum of vectors Sol. = (-2/)+(2i-3))+ 2 +3
A A A
i+ j+k and 2i-3 j+5k. — (14242) + =2 k
U [Delhi Set I Comptt. 2012] = 5i—5j+3k. 1
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p p

Q. 11. Find the sum of the vectors : Now ABEC represent a parallelogram with AE as
S A A A A A A the diagonal.
a=i-3k,b=2j-k,c=2i-3 +
[Delhi Set 111, 2012] = AB+AC %
- - - ) ) C
Sol. = ((-3k)+(2j—-k)+ 21-3j+2k — (j+k)+ 3i—j+4k = i+ k
= (1+2)i+(2-3)j+ -3-1+2k
o Now, AE =@+ =V0+2 =2
= i-j- k 1
Q. 12. Write the number of vectors of unit length A_b _1 34 units 1
— A A A

perpendicular to both the vector 4 =27+ +2 Q. 15. Write the position vector of the point which
divides the join of points with position vectors

bd A A
and b =j+k. [1[O.D. Set I, II, III 2016]
- and in the ratio 2:1.
Sol. There are two such vectors of unit length
perpendicular to both the given vectors  and Sol. Let N B
- - e
X 0Q =
and vectors are e - The position vector of the point R dividing the join
of P and Q internally in the ratio 2 : 11is
Q.13.Find the position vector of a point which 5 - - - -
divides the join of points with position vectors — 2(2a+3b)+3 -2 A
- ) and (2 externally in the ratio
- -
2:1. [Delhi Set I, 11, III 2016] _ 4a+ b+ -
, (a-2b)-22 +
Sol.  Required vector = Y
7 4
= —+— Y2
> o - >
_(a-2b)-4 +2 5
Q. 16. Write the value of p for which the vectors
_ ” 3i4 2;'4. 9k and i-2p +3  are parallel
A A vectors. [ ][O.D. Set 1, 2014]
[AI] Q. 14. The two vectors -+ ‘and i— J 4k represent g, ail — bfl - cil [For parallel vectors]
2
the two sides’AB and AC, respectively of AABC. 2
Find the length of the median through A. or 3 _ 2 _ 9
[ [Delhi Set I, II, IIT 2016] [Foreign 2015] —2p 3
- A A — AAA or p= _1 1
Sol. AB= + and AC= j-j+ k
N
Q.17.Find a vector of magnitude v making an
angle of _ with x-axis, _ with y-axis and an
v acute angle 0 with z-axis. [][O.D. Set I1 2014]

A e
Sol. Let be the unit vector in the direction of vector
D -
: Since vector =~ makes an angle of — with x-axis,

T . . .
— with y-axis and an acute angle 6 with z-axis

therefore

cos — cos — cos O =1

[Using cos?a. + cos?p + cos?y = 1]
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2 -
or cos™® = Sol. If is the position vector of N, then by section
formula
or cos 0 = ﬁ
- - - -
or 0= — 7 2a+2b)-12 -
-
Therefore, = 524 ) 2;+4Z—2H+_)
= 5V2| cos—i+cos— j+cos—k a
( 4 2] 4 )
= 1
= 1
A n Q.21. Find the scalar components of the vector with
Q.18.If a unit vector ~ makes an angle — with i, — initial point A (2, 1) and terminal point B (- 5, 7).

Sol.

Q.19.

Sol.

Q. 20.

Get More Learning Materials Here : &

A A
with j and an acute angle 6 with | then find the

value of 6. [ ][Delhi Set I, 2013]

We know that if a vector =~ makes angle o, § & y
with , and respectively, then

cos® o, + cos? P + cos?y =1
Here, we have

o= —,B = — andy =6, an acute angle
" cos? — +cos’? — +cos?0=1 s
1 1
or —+= +cos’h=1
or COSZQ:A
1
or cosfO ==+ —orf=—- %

P and Q are two points with position vectors

and respectively. Write the

position vector of a point R which divides the line
segment PQ externally in the ratio 2: 1.

[NCERT] [O.D. Set I, 2013]
Consider two points P and Q with position vectors

and OQ= + , then position
vector of the point R dividing the join of P and Q
externally in the ratio 2: 11is

(a+b)- -2

= 1

L and M are two points with position vectors

and respectively. Write the
position vectors of a point N which divides the line
segment LM in the ratio 2:1 externally.

[O.D. Set I, 2013]

[O.D. Set I, 1, 111, 2012]

= Position vector of B — Position vector of A

= (—5§+ 7}') N +

Sol.

=(=5-2) +(@7-1j

=-7 +6j 1
2 The scalar components are (- 7, 6).
Q. 22.If a line has direction ratios 2, — 1, — 2, then what
are its direction cosines ?

[ ][Delhi Set I, II, III, 2012]

Sol. Here direction ratios of line are 2, — 1, — 2.

.. Direction cosines of line are ,
J2+ (1P + 22

1 2
2+ (A1 + (2 22+ (-1) + -2

[Note : If a, b, ¢ are the direction ratios of a line, the

L . a b
direction cosines are ,

\/2 2 z’\/z

]
Va? +b* +¢2

Q.23.If and denote the position vectors of points
A and B respectively and C is a point on AB such
that AC = 2 CB, then write the position vector of

C. [Outside Delhi Set I, II, IIT comptt. 2016]
AC:CB=2:1
Position vector of C

= =
+2

Sol.

1

[CBSE Marking Scheme 2016]

AN A A bd

- A
Q.24.1f a=4i— + and b=2i-2 + ,thenfinda

unit vector parallel to the vector

[Outside Delhi Set I, II, ITII comptt. 2016]
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Sol. = 6i—-3j+2k Y

Unit vector parallel to is 7 61—3]+ 2k v

[CBSE Marking Scheme 2016]
- -

Q. 25. Give an example of vectors and such that
- - -
b = b but [SQP 2017-18]
- A A
Sol. =i,b=j [or any other correct answer] 1

[CBSE Marking Scheme, 2017-18]

5
Q. 26. Write a unit vector in the direction of vector PQ
-
~ and Q are the points (1, 3, 0) and (4, 5, 6),
[Foreign 2014]
5
Given points are ” (1,3,0)and Q (4, 5, 6).

Here,

where

respectively,
Sol.
x=1Ly,=32=0

and X, =4,y,=52,=6

So, vector PQ= (x,—x,) ’ + W1 I+ (2,-2) ’

4-1" +6-3 7 +6-0

A A

A

= i+ + V2

. Magnitude of given vector
-
PQl -V 2 =4+ o+
= = 7 units
N

Hence, the unit vector in the direction of PQ is

d A A A
P_)Q :31+2]+6k:§i+%j+9k. v,
[PQ)

—

Q. 27. For what values of , the vectors 2i-3j+4k and

A A A
ai+ — are collinear ?
R& [HOTS; Delhi 2011]
- A A A
Sol. Letgiven vectorsare = 2 -3j+4 and
N A A A
= + -
- id
vectors and  are said to be collinear, if
- -
= , where k is a scalar.
2 -3j+4 =ka+ j-

Get More Learning Materials Here : &

A A

On comparing the coefficients of and , we get

2=kaand -3 =6kork =- 1

=——qgora=-4 1
2

Answering Tips
o Clarify the concept of collinearity of two vectors.

Q. 28.1If A, B and C are the vertices of a AABC, then what

? [Delhi 2011C]
Let AABC be the given triangle.

is the value of
Sol.

A

Now, by triangle law of vector addition, we

5
have =
- - -
or =
5
[adding on both sides]
o = +AC=-CA
- - - -
= 1

Q. 29. Find the unit vector in the direction of the sum of
A A

A A A A
vectors 2i+3 — and 4i-3j-2k.

[ U [Foreign 2015]
Sol. Try Yourself
Q.30.A and B are two points with position vectors

and respectively. Write the

position vector of a point P which divides the line
segment AB internally in the ratio 1: 2.
[All India 2013]
Sol. Try Yourself
Q. 31. Write the position vector of mid-point of the vector
joining points P(2, 3, 4) and Q(4, 1, - 2).

[Foreign 2011]

Sol. Try Yourself
Q. 32. Write a unit vector in the direction of vector
7 = i+j+ k R&y [All India 2011; Delhi 2009]

Sol. Try Yourself

S Al el
Q. 33. Find the magnitude of the vector = 37 +2j+6k"
[All India 2011C; Delhi 2008]

Sol. Try Yourself
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Q.34.Find a unit vector in the direction of vector
-

= 2i+3j+6k R& [All India 2011C]

Sol.

Q.35.Find a unit vector in the direction of vector

Try Yourself

-

= 2i-3j+6k U [Delhi 2011C]

Sol. Try Yourself

5
Q. 36. Find a vector in the direction of =

which has magnitude 6 units. [Delhi 2010C]
Try Yourself

A A A
i-j+ k,

Sol.

Q.37.Find a unit vector in the direction of vector

-

Q.38.Find a unit vector in the direction of vector

N

= 2i-6j+3k. R& [Delhi 2009]
Sol.

Q. 39. Find the position vector of mid-point of the line
segment AB, where A is point (3, 4, - 2) and B is

Try Yourself

point (1, 2, 4). [Delhi 2010]
Sol. Try Yourself
Q. 40. Write a vector of magnitude 9 units in the direction
of vector— i+ j+ k. [All India 2010]
Sol. Try Yourself

Q. 41. Write a vector of magnitude 15 units in the

direction of vector i— j+ k. [Delhi 2010]

= 6i-2j+3k. ALINdia 2009C] o1 ool
Sol. Try Yourself
o
Short Answer Type Questions (2 marks each)
Q. 1. Find the area of the parallelogram whose diagonals
are represented by the vectors = 22—3;’+ ak )., 056 = NaNe
A A A 1
and p= i- + R& [SQP 2018-19] ie., cos® = ——
" :>6=cos‘1(—§} -
Sol. = ; _i’ i [CBSE Marking Scheme 2018-19]
Answering Tip
_ —2;+4;'+412 . e Concept of Angle between two vectors should be

Jd+1 + 6 =6 b2

[ x|

Area of the parallelogram = = 3sq units.%2

| ]

[CBSE Marking Scheme 2018-19]

Answering Tip

o (Clarify the concept of finding area of parallelogram
whose diagonal all vectors.

Q. 2. Find the angle between the vectors

a=i+ - and b=i- + ] [SQP 2018-19]
Sol. The angle 6 between the vectors and is given
by
cos0 = ﬂ 1
e

(457
2

o () P ()

revised thoroughly.

Q. 3. Show that each of three vectors is a unit vector :
1 A A A 1 A A AN 1 A A A
—~(i+3j+6k), —(6i 3j+2k),—(Bi 6j+ k.
]
Sol. -1 2i+3]+6k

= — 6i-3]+2k
7

and -1 31— 6]+ 2k

sl

= 1\/4+9+36

= —\49

[N N3

= =1 1/2

b = 1\/36+ +
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= —=1 1/2

and

a = b = ¢ =1 Y2

Hence, vectors are unit vectors.

- A A A
Q.4. If a=3i+7j+2k, b=7i-2 +3 . Is
=| |.Can we say ? Give reason.
% . .
Sol. = 3i+7j+2k
-
a =/ \/_ 1
and =7 2j 3k
b = J19+4+9=\J62
Thus, a = b 14
- -
but #  because their corresponding components
are different. Y
Q.5. Find the vector of magnitude of 9 units in the
- A
direction of if a=3i-2 +3 and
b=i 4
>
Sol. Let/ 2
= (Bi-2j+ k)-i- -
or = 2i+2j+4k

Long Answer Type Questions-I

= A
_C _2i+2j+4k

le] V4+4+16
_ 2i+2j+4k
—7
_ i+j+ k
26
_ i+j+2k
A

.~ 9i+9j+18k
9c= T
\/—

Required vector
- - - -
Q.6.If a b|=60, a-b

_)
find b . R& | [S.Q.P. 2016-17]

- Z[W 4| ) 1

or b 2 =2600-484 = 2,116 1

—

or b =46 Vs

[CBSE Marking Scheme 2016]
Q. 7. The position vectors of points A, B and C are

i+3j, 12 + and 11 -3 respectively. If C
divides the line segment joining A and B in the

ratio 3 : 1, find the values of A and pu.
[Delhi Comptt. 2017]

Sol. 1 o3 o H12itpj)+1n +3

44=36+A-12=3u+3

A=8u=-5 Yo+ Y
[CBSE Marking Scheme, 2017]

(4 marks each)

. Find a vector of magnitude 5 units and parallel
i d A AA
to the resultant of = 2 +3 -k and

- AN

=72 [Delhi 2011]
- A AA - A A A
Sol. Given, =2 3 kand =i j k
Now, resultant of above vectors =
= (2i+3j- )+ -2+ = 3i+j 1

-

Let =

Get More Learning Materials Here : &

N
= 3i+j
N
A - c
Now unit vector in the direction of  is —
lcl
() +0)
e 3 1
V10 Vio Vo
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Sol.

Get More Learning Materials Here : &

Hence, vector of magnitude 5 units and parallel to

- -

resultantof and is.
3 1 15 5
5| — + or — +— 1
(\/ﬁ V10 j 10 V10
- A A A d A A A
. Let = i+j+ = 44-25 3 , and
d A A A

= -2 +k Find a vector of magnitude 6 units,
- - -
which is parallel to the vector

U [All India 2010]

R N A

Given, i+j+k, b=4i-2j+3k

- A A

and = 2 12

>

= 2(i+j+k)—(4i-2j+3k)+3 i 2]
= 2?+2}+21@—4?+2?—31@+3?— 9+ IQ

A A

j+ k

> > o

A
or =1-

1%
Now, a unit vector in the direction of vector

> > >

i-2j+2k

22
i ik

76

X j+ k 1%

A
1—

Hence, vector of magnitude 6 units parallel to the

- - — A A A
vector =6 1'—%j+%k
3 373
= 2i-4j+4k 1
. Find the position vector of a point R, which divides

the line joining two points P and Q whose position

vectors are and respectively,
externally in the ratio 1 : 2 Also, show that P is the

mid-point, of line segment RQ.

[HOTS; Delhi 2010]

-

Sol. Given, = Position vector of P = and
- -
OQ = Position vector of Q = Let be
the position vector of point R, which divides PQ in
the ratio 1 : 2 externally.
1
Q(0Q) P (OP) R
> o
7 _ L(a-3b)-22 + 1
- -
- A
*OR = M.Here,m N
m—n
> o>
_ a-3b-4 -2
-1
N
Hence, = 1%
Now, we have to show that P is the mid-point of
RQ,
i‘e' 7 = M
2
- -
We have, = + , 0Q =
- -
OR+0Q _ (3 +5b)+ -3b
2 2
_ a+ b _ 22a+b
N -
= = ~OP 2
Hence, P is the mid-point of line segment RQ. 1%
Q. 4. Show that the points A(-2i+3 j+5k), B(i+2j+3
and C(7 - ) are collinear. [Delhi 2009C]
Sol. Try yourself
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TOPIC-2

Dot Product of Vectors

Revision Notes

1. Products of Two Vectors and Projection of Vectors

N - > - -
(@) Scalar Product or Dot Product : The dot product of two vectors ~ and is defined by, a*b =|a||b|cos6

where 0 is the angle between and ,0<6<m.

N

7

. d A A A g A - =
Consider a =ayi+a, j+ask, b=bji+ + ,then a.b=ab;+ab,+ab .

S
N

- b
< Projection of a vector:  on the other vector say  is given as L%J

b

2l

N
< Projection of a vector:  on the other vector say ~isgiven as th

5
lal

Know the Properties (Dot Product)
e Properties/Observations of Dot product
= ??=|/z\| |?|c050=1 or 1A'1A'=1=; ?:k-k

i.j=il||jlcos®=0ori j=0=]k=ki

- -
2 - €eR, where Ris real number i.e., any scalar.

- -
2 - =._.( (Commutative property of dot product).
2 . =0& 1 or or| |
- o - - -
DIf06=0then - = LAlso a.a | as 0 in this case is 0.

- -

Moreoverif® =n,then . =-

>4 (Z+ ?J - _b)+ a.c (Distributive property of dot product).

o af-v)-{as)-(-")"
Know the Formulae
® Angle between two vectors and  can be found by the expression given below :

N
a

—>b -
a- - b
€080 = ———- or, §=cos ™ Era—

. lallb]

Get More Learning Materials Here : & m @\ www.studentbro.in
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Objective Type Questions

(1 mark each)

Q. 1. If 6 is the angle between two vectors  and

7

then 0 only when

a) 0<6<— b) 0<6<—
(@) > (b) 2
(c) 0<0<m (do<osn

[NCERT Misc. Ex. Q. 16, Page 459]

Ans. Correct option : (b)
Explanation :
Let 6 be the angle between two vectors  and
Then, without loss of generality, and arenon-
zero vectors so that | | and | | are positive.
It is known that, a b ‘a”b‘ os
... 0
|al ‘b‘ cos® 0
=c0s020 L ‘a‘ and ‘b‘ are positive. |
=0<0<—
Q.2. Let be two-unit vectors and 0 is the angle
between them. Then + is a unit vector if
(a) 6=— (b) 6=—
© 0=" @ o=2"
[NCERT Misc. Ex. Q. 17, Page 459]
Ans. Correct option : (d)

Explanation :

Let and betwo-unit vectors and 0 be the angle
between them.

Then, | + ‘ =" | =1L
Now, is a unit vector if ‘ll b‘ 1.
‘u+b‘—1
@ by=1
= @+b).(@a+b)=1
= Gd+ib+bi+bb=1
= \ﬁ\z+ E.E+‘5‘2=
= 1+2‘ﬁ”5‘c056+ =
cosB —1
2
:Gzz—n
So that, | + ‘ is a unit vector if 9:2—“.

Q.3. The angle between two vectors and with

magnitudes 3 and 4, respectively, and a.b= J s

(@ g (b) g

© — @ >

[NCERT Exemp. Ex. 10.3, Q. 22, Page 217]
Correct option : (b)
Explanation :

|

We know that,
ab ‘u”b

Ans.

Here,

‘ and ab=23 Given]

0os

= 243 =4/3.4.cos6

23 1
= cosf=——+==—
43 2

o="

Q.4. Find the value of A such that the vectors
a=2i+\" + and b=i+ +
(@ 0 (b) 1
3 5
o = d) —
(0 > (d) >
[NCERT Exemp. Ex. 10.3, Q. 23, Page 217]

Correct option : (d)
Explanation :

are orthogonal.

Ans.

Since, twonon-zerovectors and

Le., 0

areorthogonal,

S(i+Aj+E) i+ o+ k=
2 2A+ =
y 2

. The value of A for which the vectors 3 6 k

and 2i—4j+\k are parallel is

(a) 2/3 (b) 3/2
(c) 52 (d) 2/5
[NCERT Exemp. Ex. 10.3, Q. 24, Page 217]
Correct option : (a)
Explanation :

Leta=3i-6j+kandb=2i 4 A
nce, i||b
3 6_1

Ans.

2 4 A
y 2

Q.6.If , and are unitvectors such that ’

then the value of is
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(@) 1
(c) -3/2

(b) 3
(d) None of these
[NCERT Exemp. Ex. 10.3, Q. 29, Page 218]
Ans. Correct option : (c)
Explanation :
We have, and

Q. 7. The projection vector of on s

Q.8. If , ,and arethree vectorssuch that

and a 2, b|= and , then the value of
is

(@ o (b) 1

(c) -19 (d) 38

[NCERT Exemp. Ex. 10.3, Q. 31, Page 218]

Ans. Correct option : (c)
Explanation :
Here, 0.and * : :

ab |- ~(@a+b+c)(a+b+c)=0
@ | P ®) B S R
‘b b = 4’ +d-b+ad-c¢+b-d+b°+b-c+c-d+c-b 0
ab = @240’ 4>+ (@-b+b-c+¢-d)= [ a-b=b-q
© (d) Lﬁsz = 4+9+25+ (@-b+b-C+¢-d)=
2oL, oo —38
[NCERT Exemp. Ex. 10.3, Q. 30, Page 218] = d-b+b-E+C-d=—"=-19
Ans. Correct option : (a)
Explanation :
Projection vector of on  is given by,
Very Short Answer Type Questions (1 mark each)
- -
Q.1. If and are unit vectors, then what is the Sol. (2i+3j+2k)(2i 2 ) =12 1
— -
angle between ~ and |, so that 2 is a - 12
unit vector ? [ | [Delhi Set I, II, II Comptt. 2015] P o P= =
Sol. YYD =1 2, v
2lal"22a. | | =1 [CBSE Marking Scheme 2015]
-7 - A
v =1 Q. 3. Write the projection of the vector a =27 — + on
= 5 == - A
-J 2 the vector b =i +2 +2
W0 = — [Delhi Set I, II, III Comptt. 2014]
V2
1.1.cos O = 1 Sol. Projection ofavector onthevector isgivenby
A \/— N
= T
0= — 1 b
[CBSE Marking Scheme 2015] _ (i—j+k)y@(+ +2)
V12 422 422

= . A A
Q. 2. Find the projection of vector g4 =2i+3 +2 on

the vector p =2i+2" [NCERT]

[0.D. Set I, II, IIT Comptt. 2015]

=—=— 1

[CBSE Marking Scheme 2014]
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Commonly Made Error
y Q.7. Write the

e Most of the candidates calculate dot product instead

g g g AA D ~ ~ ~
of applying projection formula. where a=2i 2j+k, =i+2 2k and

Answering Tip S5 A A A

projection  of + on ,

e Clarify the concept of scalar projection of vector c=2i- +4 .
h hly.
thoroughly U [O.D. Set I, II, III Comptt. 2013]
A A A
. Lo Y n 5 A A A
Q. 4. Find the projection of vector i+3j+7k on the Sol. _2
vector 2i-3 j+6k. [Delhi Set II, III 2014] -
= 1+ ]—
Sol. Required projection :
= /\ /\ A
AAA A A A and = i+ k
_ (i+3j+7k).2i-3 +6 )
2/1'\—3?+62 t S #2j-2k+2i- +4
= i+j+ k
= ——=—=5 1
N
- -

Projectionof +  on
Q. 5. Write the projection of the vector ?+?+£ along

_ bt+c-a 1
the vector j . [Foreign Set I, II, I11 2014] = | = |
a
1 1 AN A A A VASEIVAN
Sol. We know that the pI‘OfCil)OH of a vector on the _ @itje2k@i 2 )
%
vector  isgivenby 40 v
%
b = =2 Y

. The projection of the vector i+ j+k along the [CBSE Marking Scheme 2013]

A

> 4 A A
vector j is, Q.8. Find ‘)M’ when the projection of a =Ai+ +4

. A A A on p=2i+6 +3  is4 units.
itk || —Le— | =1 1
Vo2 124 02 ' R& [Delhi Set I, II, IIT 2012]
Sol. Projection of “on =4
Q. 6. Write the projection of the vector 7+ j—4k on (given)
-

the vector 2i+6 j+3k . [Delhi 2015] — =4 b

-

b

[Delhi Set I, II, III Comptt. 2013]
(Mi+j+4k).2i+ + )

— J =4
Sol. Projection of on = — or M+ 6+12=7x4
b or 2L =28-18 =10
or A= - = 5 Y2
7i+ j—4k)( i
_ it > ) 22 ! J;Z * ) [CBSE Marking Scheme 2012]
+62 +
- -
Q.9. If and are perpendicular vectors,
R ! S S
) | + =13and a =5, findthevalueof b .
[CBSE Markmg Scheme 2013] D [OD Set III 2014]

Get More Learning Materials Here : & m @\ www.studentbro.in



382 |

Oswaal CBSE Chapterwise & Topicwise Question Bank, MATHEMATICS, Class-XI

Sol. a+b 2 =]al+bP+2

or WBP=() |b|

§os = | |cos®=0as6 =90
72
or (169-25)= b

=12 1
[CBSE Marking Scheme 2014]

or b

Q.10. Write the value of A so that the vectors

a=2i A and b=i-2 +3 are

perpendicular to each other ?
[ ][Delhi Set I, II, ITI Comptt. 2013]

[O.D. Set I, II, III Comptt. 2012]

Sol. =2i Aj kK
and = i- j-‘r k
For perpendicular :
=0
or 2X1+AM-2)+1%x3=0 Va
or 2L =5
or A= —- Va

Q. 11. For what value of ) are the vectors +2A +k and

2i+ j—3k perpendicular?

R& [O.D. Set I, II, III Comptt. 2013, 2011]

[Delhi Set I, II, ITT Comptt. 2012]
For two vectors to be perpendicular, their product
should be zero.

Sol.

(i+2X j+k).2i+ -3 ) =0
or 1X242Ax1+1x%x(-3)=0

A= — 1

N

Q.12.Find X , if for a unitvector and

(x+a)(x—a)=15. ][O.D. Set12013]

Sol. a =1
Given (x a)( ) =15
or =15
or x2-1=15

{--aisaunitvector a =1}

x 2 =160r x =*4

As magnitude of a vector is non-negative.
So x =4 1
[CBSE Marking Scheme 2013]

- - - -
Q.13.1f and are unitvectors, then what is the angle between and for - J b tobe unit vectors ?
[O.D. Set-II, 2016]
Sol.
[Topper’s Answer 2016]
’ b " 1 1 A A A
Q.14.If a,b and are mutually perpendicular unit and A= b= @ =i (i)
vectors, then find value of 2 +b+ Now, 204 bee? = Coibed( ar +)
[All India 2015]

Sol. Given and

unit vectors, i.e.,

are mutually perpendicular

= = =0 0

Get More Learning Materials Here : &

—4@aa) (@b) (a¢) ba

+(b.b)+(b.c)+2(c a)+(c b)+ ¢ ¢
- > -

[va.a= a 2
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[ dot product is distributive over addition] %2

= 4(] |)+2(0)+2(0)+2( ) | |

+2(0)+ (0)+ ¢ 2

> > o> o

fromEq.(j)and a b=b a
=41 +1+1=4+1+1=6
2a+b+c =+ Ya

[~ length cannot be negative]

[CBSE Marking Scheme 2015]

- -

Q.15.If and are two unit vectors such that is

BN
also a unit vector, then find the angle between

5
and [Delhi 2014]
- -
Sol. Given, a =1, b =land + =1
— 3 - >
Now, a+b = = (a b).( )
5> 5 o5 > o
> =20 - -
or a+b * = 2a.b | |
e e - =5
[-a.b b.aan a.a |al]
-> >
or 1=1+
or = -1 b2
1 - > - >
or cosO=-— [-a.b=|a||b|cosb]
1 — —
or cosf = — — [ al=]|b|=1]
or cosO = cos 2n or0 = 2n
i i 21
Hence, the angle between and is —.

[CBSE Marking Scheme 2014]

A A A

N A AA
=—i+j-2k and =2 +3 —k.
R& [All India 2009C]

- > -

Q.16. Find a. if

N A A A — A AA
Sol. Given, = —i+j-2kand =2 3 &k
Then, — (=i+j 2k).2i 3 - )
— S 2323 1
[CBSE Marking Scheme 2019]
— —
Q.17.If =2, = 3 and = 3, then find the

[All India 2010C]

. . d d
projection of on

Get More Learning Materials Here : &

N

N
Sol. Given, 2 =2, b =3and =3

- -
.. Projectionof  on

- > -
=3 [-a.b and]|a]| 11

Q.18.If a,b, c are unit vectors such that

- 5 o5 >
then write the value of

U [Foreign 2015]

Sol. Try Yourself 1

- -
Q.19.If and _are unit vectors, then find the angle

—> -
between ~ and , given that (\/— — ) is a unit
vector. [Delhi 2014C][NCERT Exemplar]
Sol. Try Yourself 1

Q. 20. Write the projection of vector — on the vector

. U [All India 2011]
Sol. Try Yourself 1
N - N
Q.21.If isaunitvectorand (x—-P). + =80, then
-
find x|. [All India 2009]
Sol. Try Yourself 1
- -
Q. 22. Write the angle between vectors and  with

magnitudes 3 and2 respectively, having =

N [All India 2011]
Sol. Try Yourself 1
- - d -

Q.23.1f =3, =2and angle between and
is 60°, then find [Delhi 2011C]
Sol. Try Yourself 1

- A A -

Q. 24.Find if = i-j and =
2i+3j 3 . [Delhi 2009C]
Sol. Try Yourself 1

Q. 25. Find the value of A, if the vectors i+ j+ k and

3i+2j-4k are perpendicular to each other.

R& [All India 2010C]

Sol. Try Yourself 1
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N > Detailed Solution :
Q. 26. Find the projection of on |, if = 8 and 5o o9
N N oa Given, angle® = 60°and a.b=—
= 2i+6j 3 [Delhi 2009]
- >
. Try Y 1f 1 a.b
So Ty Yourse s =
Q. 27. Find the magnitude of each of the vectors  and IR
b, having the same magnitude such that the angle = cos 60° = —— e H D %
9 IR
between them is 60° and their scalar productis —. | > .
2
= -0’ =-= =
R&U [Delhi/O.D. 2018] ¢ =3
- -
5 a = b =3 Y
Sol. a |b| 3 YVat1s
[CBSE Marking Scheme, 2018]
Short Answer Type Questions (2 marks each)
Q. 1. If either vector or then But ) )
the converse need not be true. Justify your answer. From eqm. (i), 2a+bis L t b
D [NCERT] [Foreign 2011] [CBSE Markmg Scheme, 2013]
= 0 AN A
Sol. Let - Q:3. Find the projection (vector) of 2i- j+k on
- -
or  |allbleosd =0 2tk [SQP 2017-18]
-
as cos 0 = a-b 1 — AN A A AN D —
o Sol. = i-j+kb=i- j+k =5 b =+
Y
- -
Either a =Qor b =0 5 N
or 0s6 =0 The required projection (vector) of on
_ ab>
6 =— 1 = Tb 1
2
thus, it is clear that the dot product of two non-zero 6]
perpendicular vector is always zero. This shows 5A A A
that the converse is not true. == i-2j+k. Y
- - - 6
Q.2.If , aretwo vectors such that a b|= a , [CBSE Marking Scheme, 2017]
=
then prove that is perpendicular to Q. 4. If 0 is the angle between two vectors i— j+ k
[/ [Delhi Set12013] and find sin . R&U [Delhi/O.D.-2018]
- > -
Sol. Given, + = a B B A A&
i—27+3k x 3i-2j+k
P it B
+ 2= a? Sol. SN =TT 0543)) si-2j+k
1-2j+3k x 3i-2"+"
or |aP+|bP+2 - = a?
| P+2 b =0 (i) = 4i+8j+ k = 6 1
- -5 oo . _ 4\/6 \/— a
Now, 2a+b b =2ab+ - 1 sinf = ——=— %
- o o :
b(2a+b) =0 q [CBSE Marking Scheme, 2018]
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Detailed Answer :

- A el
Let a=i— + = a =y1+(2) 3 =
o sin® = V1—cos?0
b=3i-2+ = b =y{3+(2 1% =14 =
sin® = ,[1-—
- - 49
o= a.b
cos 0 = SN .
NN I —
_ (i-2j+3k).81 2 ) 1
N
Long Answer Type Questions-I (4 marks each)
-
Q. 1. Find the vector p which is perpendicular to both
. AB xAC
S5 A 5o N Sol. Required vector= ———— 1
o=4 +5 —k and B=i-4j+5k and p.q =21, ‘AB XAC‘
- A
where 4 =3i -
or = (Position vector of B)

[ ][O.D. Set I, IL, III Comptt. 2014]

Sol. Any vector perpendicular to both and
Parallel to ( B) v

- - -

p = s X

i j k
=A4 5 -1 b

1 4 5

A[i(25— &)= (20 + 1) + k(~16 — 5)]

A 217 =217 - 21k 1

=21 (Given)

A 21i-21j-21k .(3i+ — ) =21
A63-21 + 21) =21 %

a1 "

p= A21i-21]-21k
1 ..~ 2 2
p= = 21i-21j-21k

p=7i 7] 7k 1
[CBSE Marking Scheme 2014]

Q. 2. Find the unit vector perpendicular to the plane
ABC where the position vectors A, B and C are

A A A

2i—-j+k, i+ +2 and 2 +
[O.D. Set I, II, III Comptt. 2014]

Get More Learning Materials Here : &

— (Position vector of A)

or = - +2 +k
Similarly
- A A A
= i+j+ k 1
ij ok
=-1 2 1
0 1 2

i(4-1)— j(-2-0)+k — —

AB x AC 3 2 k

.. Required unit vector

= —3i 27 k 1
Jia /

[CBSE Marking Scheme 2014]

Commonly Made Error

e Sometimes, candidates use cross product without
— -
and

evaluating . Some candidates make
mistakes while evaluating the unit vector in the

final answer.

Answering Tip

e Vector algebra in finding unit vector need to be
understood by the students.

- A — A
Q.3.If a i—- 7 and b=5i- LA  then find

and are
U [O.D. Set I 2013]

the value of A so that
perpendicular vectors.
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Sol. Given,

5
= i—j+7k
and 7 = Bi-j+Ak
Ty = (?—?+7I§)+ 5/1'\—A+7»A 1
_ 6i-2j+ 740k
— = A A A A A A
and - = (i—-j+7k)- 5i— +A

-4 + 7-A 1

- - — —
Since( + )and( - )are perpendicular
vectors,

- - - -

(+ Oy - =0

6 —2j+0+n 1a +7-n"y=0

or -24+T7+MN)(7-1)=0 1
or 49-22-24=0

or A2 =49-24 =25

or A = = 5 units 1

[CBSE Marking Scheme, 2013]

Q.4. Vectors , and are such that a+ b+ c

N
and =3,] |=5 and ¢ =7.Find the angle
- -

between and . [R&U [Delhi Set I, II, 111, 2014]

Sol. , % i
- — 2 2 2
or a+b = - = 1
2117
or 9+25+2|allbicosd=49 1
6 being angle between p 1
5080 = ——=—orf = — 1

[CBSE Marking Scheme 2014]

d A
Q. 5. The scalar product of the vector 4 =i+ +
with a unit vector along the sum of vectors
- A - A
b=2i+4 -5 and c=Ai+2j+3k is equal to

one. Find the value of A and hence find the unit

vector along p . [OD 2009]
[O.D. Set I, 11, 111, 2014]
Sol.  Given that

-+
a

|—1 %

- - |—> —>|

Va

or

Get More Learning Materials Here : & m

A

AN A A N AN A N
(i+j+k)y2i+4j- k)+(i+j+k)yri+ +3

A A A
— (A +2)i+6j-2k 1
or(2+4-5)+(\+2+3)

(A+2)% 3 1
A+6P=NA+2°%+400rA=1 Y

- — /\ /\ A

Hence _>+_> _ 3i+6j-2k

+

340 64 24

= —1+— ]——k 1

[CBSE Marking Scheme 2014]

Alternative Method :
- AN
Let a =i+jtk
— A A A A A A
and + = (21+4]— k)+ A+ +3
+ o= (+N)i+ -2k

- -
So, + = +0P+ o+
= VA2 440 +44 =71, (say)..() %

- Unitvector along + isgivenby:

= 1+;]—?k 14
+
Since, =1
or (z+]+k)(2+7“ +§}—%IQ):1 A
r ror
S RO R R
r r r
or —= = A+ =7

or A+6=VA2+ A+ 4, from (i) P23

or A +12A+36=A + A+ 4

or 8L =38
: A=1l=r=7 b2
- — A A A
_3i+6j-2j
Hence preali 7
+
A A A
_ 35,852 1
7 77

. Dot product of a vector with vectors

AAA A RN

i j+k,2i+ 3 and i+j+k arerespectively
4, 0 and 2. Find the vector.
[ ] [Delhi Set I, II, IIT Comptt. 2013]
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Sol. Let the required vector be
-

=xi yj zk s
- /\ . A
Also, let = i—j+k,
- A A A
= i+j- k
and = i+j+k
Given, =4orx-yt+tz=4 ..(i) 2
- -
=0or2x +y-3z=0 ..(i)%
-
and =2orx+y+z=2 ..(i)¥%
By solving eqns. (i), (ii), & (iii), we get
x=2y=-1z=1 1%
~. Thereq. vectoris = 2i—j+k V5

[CBSE Marking Scheme 2013]

Answering Tip

® Generally students commit errors in simplifying
equation which leads to get the wrong result.

Q. 7. Find the values of A for which the angle between the

A

- 2 -
vectors a=2 “i+4 + and p=7i-2 +A

is obtuse. [][O.D. Set I, 11, III Comptt. 2013]
— 2 A
Sol. Here, = 2 4k
- A A A
and =7i-2j+\k
- -
If 6 is the angle between the vectors = and ,
then
= |a||b|cos®
:b
Or cos 6 = _)u = P
o
for 6 to be obtuse
- -
cos © < 0 or <0 ¥
or 2% 4 k.7i-2j+rk <0 1
or 1422 -8L+ 1 <0
or 1402 -70 <0
or 202 -1 <0
or A2L-1) <0 A
Y

1
Ae |0, 7)
(03 !
[CBSE Marking Scheme 2013]

- -

Q. 8. If the sum of two unit vectors and is a unit
vector, then show that the magnitude of their
difference is V3 .

[Delhi Set I, I, IIT Comptt. 2012]

Get More Learning Materials Here : &

Sol. Let, =
or |C|:\/|a|2+|b|2+2|11||b|c0591
Giventhat , and are unit vectors.
So, lal=]b]=]c|=1
or 2|a| |b|cosb=-1 1
- - -
or —
|d|:\/|a|2+|b|2—2|a||b|cose
=V v 1
- =+ 1
[CBSE Marking Scheme 2012]
Q.9.If a,b,c lare three vectors such that
| |=5] |=12 and|c|=13 and a+b+c =0,
e e

find the value of a.b+ b.c +
[Delhi Set I, 11, 111, 2012]

Sol = = = _ =
or d+b+c2=0 1
or it . w2007 77 77
=10 1
or |TPHITPHITP
+2(@ b+b ¢+ )=01
1
=-—[lal +lb| +|c %
= —— (25 + 144 + 169)
=-169 1
[CBSE Marking Scheme 2012]
Q.10.1f , and are three vectors such that

— — -
|a|=3,|b|=4and| c |

is perpendicular to the sum of the other two, then

- 5 -

find a b c .

and each one of them

[0.D. Comptt. 2011, 2010]
[0.D. Set I, II, IIT Comptt. 2013]

- - >

Sol. Since a L (b+ c), therefore
- o5 o
a.(b+c) =0

or a b+ =0
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e e e - >
or a.a+(a b+ ) = Y
- - - -
or a(a+r + )= a?
or u.(u+ + ) = 32 =9 (l) %)
- 5 S o =
Similarly, b.(a+ + )= b?=16 (i) %
- o oS o -,
and c(a+ + )= c =25 (i) %
Adding eqn. (i), (ii) and (iii), we get
- - - - -
a.(a+b+c)+b.a+r +
+c.(a+ + ) =50 1
e
or (ﬂ-‘r b+ C).(LZ+ ar ) =50 73
- - o
or a+b+c 2 =50 1
or a+b+c =+B0= YV

[CBSE Marking Scheme 2013]
Q. 11. Find the angle between the vectors - and

o [NCERT Exemplar]
[Outside Delhi Set-II, 2015]

Sol. - - = d L
- - s@,22
— cosO
(?—;j( = j: [ x+[ cos8
_lzcose
9:2‘7

. angle between vectorsis —
[CBSE Marking Scheme 2015]
Q.12.If a,b,c are mutually perpendicular vectors
of equal magnitudes, show that the vector

5
is equally inclined to 4,b and . Also, find the

- - -
angle which + + makeswith or or
(] [Delhi 2017]
— - -
Sol. a4 =b = ¢ and == = ()1

Let o, B and y be the angles made by a+ b+ ¢

=
with , and respectively

or o = COos

Similarly, B = cos™ |

v = cos! |i|_> 1

a+b+c
using (i), we getaa = =7y b3

Now
- o> > - Vo - 5> o > >
a+b+c? = a’+|bP+|cP+2a b+b c+ )
1
- o> -
or a+b+c? =3 a? (using (i)

os
or a+b+c = /3|a|
1
= cos! NI B=vy A
[CBSE Marking Scheme, 2017]

Q.13.If a,b and - are mutually perpendicular vectors
of equal magnitudes, find the angles which the

- - -
vector makes with the vectors
and [ ][O.D. Comptt. 2017]
= - - -
Sol. Letthevector = a+b+ ¢ makesanglesa,

B, y respectively with the vector a,b, c

- - -
Giventhat a = b =

¢ and = =0
1
- o
coso= — AFbF c.a v
2a+b+2c a
-
2] af 2
. = Z ora=cos! = 1
3la| a
- - —

_ a+b+ ¢.b _ |ppP _1
cos P = — = =
2a+b+2c b 3] |
or [f\=cos‘11 1

- -

_ a+b+
osy= ——
2a+b+2
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2|?|2 ) Q. 15.vaect0rsH = 22+2;’+31Ac, . —;+2;'+1Ac, and
3 | " =3 + aresuchthat +A is perpendicular
or ¥ = cos™! 3 % to , then find the value of A.

U [Foreign 2011; All India 2009C]
[CBSE Marking Scheme, 2017]

R R R Sol. Given, 7= 2§+2}'+31A<, = —A+2A+IA<
Q.14.If and are two vectors, such that a = 2, R
N and =3 +
b =1land - =1,thenfind(3 - . + .
R& [Delhi2011] Also, is perpendicular to
R R Ao =0 )1
Sol. Given, ¢ =2, b =1land - =1
.. [-.when L , then = 0]
Now, (3a 5b).( ) o A A A
Now, = (2i+2j+ k)+A —i
= 6a-a+2la-b-1 ba— 5 - A A A
or +h = i2-M)+j2+ M)+k +A 1
= 6|a| +2lab-1 b- - 5 X Then from Eq. (i), we get
[@=M)+j2+20)+ 3 A3 ] =0 1
[-xx |xFandab ba] or 32-2) + 12+ 24) =0
S S or 8-A=0
=6|ﬂ|+11{1 -35 | . A =28 1
= 6(2)% + 11(1) - 35(1)* S A 5 A A a
4+ 11-35=0 . Q.16.If p = 5i+Aj—-3k and g = i+3j-5k, then
[ ; = 2 and Z =1] find the value of A, so that + and - are
L perpendicular vectors. [All India 2013]
Hence, (34 5b).( ) =0 2 Sol. Try Yourself Like Q.3 LATQ-L.

[CBSE Marking Scheme 2011]

TOPIC-3

Cross Product

Revision Notes

1. The cross product of two vectors and is defined by,

N

- -
axb=

a

)

b

A e - A
sinBn , where 0 is the angle between the vectors and ,0<0<mand is a unit vector

— -
perpendicular to both  and . For better illustration, see figure.

n b
~.0
| a
v
Consider a=a;i +a,j+ask b=bi+b j+
ik
then, ;x Z =la; a, az|=(ayb, —u3b2)1A'— (a1bs —asbl)}+ (a1by —ayby k
by b, by
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¢  Properties/Observations of Cross Product
-

A A /.\ A - A A A .
Sixi=li||i|si 0=0orixi=0=jxj= X

A A

D ixi=|i||j|sinEk=k or ixj=k, jx k=i, kx

A
1

:j_

- . - . - . . - -
S x isavector ¢ (say) then this vector ¢ is perpendicular to both the vectors and p .

- - - - B
x b= allb or, , =0.

N

2 axb# x (Commutative property does not hold for cross product).
- -

D ax(b+c)=axb a c (Left distributive).

S (b+c)xa=bxa+cxa (Rightdistributive).

(Distributive property of the vector product or cross product)
2. Relationship between Vector product and Scalar product [Lagrange’s Identity]

- - - -
or axb?+ab| _ 1

3. Cauchy-Schwarz inequality :

- - - =
For any two vectors and ,alwayshave ab|<| || |.

Note :
. If and represent the adjacentsidesofa triangle, then the area of triangle can be obtained by evaluating
1
- X
=
o If  and represent the adjacent sides of a parallelogram, then the area of parallelogram can be obtained by

evaluating X

* The area of the parallelogram with diagonals “and is—

Know the Formulae

- -
2 Angle between two vectors and  in terms of cross-product can be found by the expression given here :

- o
sinf=—" or g—gin"! jxi
[ |a] b
Theorem
Triangle Inequality

- - - >
For any two vectors and swealwayshave a+0b <| |+

- -
Proof : The given inequality holds trivially when either or ie,insuchacase a+b =0=| |+

So, let us check it for #0#

Then consider - >
+ 2= a?4|bP+2
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- =, -, -5 - o
or + = a“+|bl"+2| a|| b|cosb
For cos 6 <1, we have : |;||b|cosﬁs |ﬁ|| |

-, -, - - -, -,
or g +|bl*+ |a||blcosOL|al*+|b"+ | || |

- - — -2
or u+b2s(| [+] |)
- -
or |a+0bl|s] |+ Hence proved
Objective Type Questions (1 mark each)
Q. 1. The value of i.(jxk)+ j.(i xk)+ k.(i x j) is Ans. Correct option : (b)
Explanation :
(@ 0 (b) -1
(© 1 (d) 3 It is given that {ll'=3 and ‘b‘ :g.
[NCERT Misc.] . R
Ans. Correct option : (c) We know that g xb = a| ‘b‘ sin® 1, where isaunit
Explanation :
i.(jxk)+ j.(ixk) +k.(i % f) vector perpendicular toboth and  and 6 is the
=ii+].(~])+kk angle between  and
:1_}'}-+1 Now, X isa unitvector if ‘a b‘ I
—1-1+1 laxb|=1
Jai[e[sinen| 1
Q. 2. If 6 is the angle between any two vectors and , [ ‘E ‘ |sin6] 1
then ‘a.b‘ ‘ ‘ when 0 is equal to NG
=3x— sin® 1
(@ 0 (b) m/4 3
. 1
(c) m/2 (d) sin® N
[NCERT Misc. |
Ans. Correct option : (b) o I
Explanation :
Let 0 be the angle between two vectors ~and So that, is a unit vector if the angle between
o T
Then, withoutloss of generality, and are non- and s —.
zero vectors, so that | [and | |are positive. Q. 4. The vectors from origin to the points A and B are
‘a.b‘ - ‘a % b‘ and respectively, then
N \ﬁ\‘ﬁ‘cosez \a”;}\sine the area of triangle OAB is
o sin6 { H 4 ‘E‘ . ] (a) 340 b)J
= cos@=sin@ |-|d| an are positive.
P (© (d) —/
= tanf=1
[NCERT Exemp. ]
= p=r Ans. Correct option : (d)
4 Explanation :
Area of AOAB —|0A OB|
So that, a.b‘ :‘ X ‘when 0 is equal to — .
=%‘(2§—3}‘+2]€)x 2i+3j+k
Q. 3. Let the vectors and  be such that ‘a‘ =3 and : } i
‘b‘ = ﬂ, :% 2 -3 2
3  then x is a unit vector, if the angle 2 31
between and is 1~ N R
=—||i-3-6)-j2-4)+k 6+6
(a) m/6 (b) /4 2 ‘[’( )—j(2—4) }‘
(c) m/3 (d) m/2 = 1‘—91’ +2]+ 12]2‘

[NCERT Ex. ] 2
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p p

Area of AOAB ab = ‘a”b‘cos 0
—4 81 4+144 12=10x2cos0O
? cosO 2.3
2229 20 5
N . . sin  +1-cos® = fl—z
Q.5. Foranyvector ,thevalueof (axi)* +(axj)*+ x °* 25
is equal to sin® = ig

(a) * (b) *

() 2 (d ‘

[NCERT Exemp.] —10x2x:
5

a B‘z‘é”B“sinG‘

Ans. Correct option : (d)
Explanation : =16

Leta=xity +z Q.7. The vectors i+ j+2k; i A] k and 2i- j+1k

2 2 2 2

“ Jf +Ay J:Z are coplanar, if
i j ok (@ A=-2 (b)yA=0
ii=lx y z (€ r=1 dr=-1
1 0 0 [NCERT Exemp.]
% N ~ Ans. Correct option : (a)
=i[0]-j[- ]+k - Explanation :
=zj-vyk Let , and
@ iy=(zj—-yk) j- k For , and to be coplanar,
2 2
. . 2 2 2 2 7\, - =
Similarly, and
2 -1 A

axi?+@xjy +@axk)y =y’ +z2° +x* + 22 +x7 +
2 2 2 -2,

A —A—A-2-2-41=0

Q.6. Iil | b‘ and , then the value of ‘ x ‘ Y oeh—d—0
(@ 5 (b) 10 ( 2(*2 20
(c) 14 (d) 16 v 2 h_zr@
[NCERT Exemp. ] eorA=T
Ans. Correct option : (d) 2423
Explanation : A —2ork=— =+
Here, a =10, b =/ anda-b= 2 [Given]
Very Short Answer Type Questions (1 mark each)
Q. 1. Write the value of (i X j).k +1i.j. Q. 3. Write the value of (k Xi)-j+i.k.
[O.D. Set I, 2012] U [O.D. Set III, 2012]
Sol. @ jpk ij = kk+ Sol. (k i)j ik=jj+
=1+0=1 1 =1+0=1 1
[CBSE Marking Scheme 2012] [CBSE Marking Scheme 2012]
Q. 2. Write the value of (kX j).i+ j.k. Q.4.1f " and  are two vectors of magnitude 3 and
[O.D. Set II, 2012] _ respectively such that X is a unit vector,
. 29 - -
Sol. (k7 k= ii write the angle between & .
_ +0 [O.D. 2010] [Delhi Set II, 2014] [S.Q.P. 2012]
Sol. We know
=-1+0=-1 1
[CBSE Marking Scheme 2012] X = a | b |sin®.n,where t 1
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x =1 then x* + % + 2% = 4 (as, | | =a)
- A .
a =3 [Given] = ~yk+zj,
and b =- R = ’
1=3x —sin® and Tx = —xj+yi
or sin @ = 1 PN P N2, 02
so(axi)y +(ax )"+ X
or 0= — 1 =2(x2+y2+zz)=2a2 1

[CBSE Marking Scheme 2012]

5
aresuchthat a ~ , |b|=—

is a unit vector. Write the angle

—

5
Q.5. Vectors and

and X

[Delhi Set II, 2014]

between &

Sol. Since X is a unit vector, therefore

- -
X =1
or 4 |b|sing =1

or (ﬁ)(%)sine =1

. V3
or sin® = —

0= — 1
[CBSE Marking Scheme 2014]
- - 9 N 4
a =8|p|=3 and_"a X b|=12, find the

- —
angle between g and b..

[O.D. Set I, II, III Comptt. 2014]

Sol. We know
- - - -
X = a |b|sin®
or sirle—laxb| 2 _1
R
lallb] °
0= — 1
[CBSE Marking Scheme 2014]
Q. 7. For vector - ,if | - | = a, then write the value of :
S AP (o AP (o AP
axi| +laxj| +la k
R& [NCERT Exemplar]
[Delhi Set I, II, III Comptt. 2016]
= . .
Sol. Let =xi yj zk

Get More Learning Materials Here : &

[CBSE Marking Scheme 2016]

Q. 8. Find the direction cosines of the vector joining the
points A(1, 2, - 3) and B(- 1, — 2, 1) directed from B

to A.
[Outside Delhi Set I, II, IIT Comptt. 2016]
Sol. = 2i+4j-4k
or d-ratios of are2,4,-4
. . 1 2 2
.. Direction cosines are : —, —, —— 1

[CBSE Marking Scheme 2016]

- -

Q. 9. Find the angle between two vectors and

having the same length V2 and their vector

A A

productis —i —j+k.

[ ][Outside Delhi Set I, II, Il Comptt. 2016]

—i—j+k
Sol. sin9=W
sin O = ﬁ
or 0 = 60°
or 0= — 1

[CBSE Marking Scheme 2016]
Q.10.Find A and W if (i+37+9k)x(i-1 ) =0.
[0.D. 2016]
A=-9

u=27 1
[CBSE Marking Scheme 2016]

Sol. Getting
and

Detailed Solution :
(i+3j+9%)x 3i— + =0

or

—_
w

= N o
Il
o
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or i(3U+9N) — (U —27) + k(=L =9) =0

- -
Q.11.If a and b are two non-zero vectors such that

o 3t 9A =0 () |Zx; |= 2-b, then find the angle between
or L-27=0 (i) R
“ee s
or -A-9=0 -~.(1i) aand b - R&U[0.D. 2010] [S.Q.P. 2016]
from eqn. (ii) and (iii),
n =27 Sol. sin © = cos 6
and A=-9 or 0 = 45° 1
[CBSE Marking Scheme 2016]
Q. 12. If vectors u and b are such that |a|—% |%|=% and |;x;|=%, then find |;;| [O.D. Set II 2016]
Sol. |ad = B4 \_,M'n | |Gl =1 —
% ~I‘ 3 R
|a r-.'_ﬂ.]_r TEATYE S Q;: ﬁn&iﬂ_ pescican teetor 4 _E:_b)
T N K .
,-:;.
= .-‘_j‘- | e —— — — ——
__ﬂ_w_l T%M
5irz‘&-‘~_.'*_  _pzhg
! = .
]_a-.a-"i;-l = IIEHE._'I_maB_T,«c Y, = N
= —"J.%‘.JL_Z:.-. ‘. S
= {3 g;/ 7
sl 1
[Topper's Answer 2016]

Q. 13. Write the angle between the vectors axb and

bxa. [Delhi Comptt. 2017]

Sol. Angle between. ax'b and bxa ism. 1

[CBSE Marking Scheme 2017]
Q.14.If (; ><Z)2 +(Z-Z)Z =225 and |a| = 5, then write

the value of | b | [O.D. Comptt. 2017]

Sol. (;xg)2 +(Z-E)2 =225

or |aP|b (sin?6 + cos®0) = 225

or G?|bP =2250r [b] =3 1

[CBSE Marking Scheme 2017]
Q. 15. Write the value of the following.

ix(j+k)+jx(k+i)+kx(i+ )

[Foreign 2014]
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Sol. 2x(}+1€)+}x(1€+2)+1€x(2+})

A

AN AR A A A A A A
iXj+ixk+ jxk+jxi+kxit+kX]

A A A A A A

k

=

—j+i—-k+j-i=0

A AA

[ z><] lek——],]Xk—l Jxi

—-i]1
[CBSE Marking Scheme 2014]

—kxi =, kxj

Answering Tip

e Practice of calculation of vectors should be done
properly.

Q. 16. Find the angle between ; and Z with magnitudes

1and 2 respectively, when |2 X b |= V3.
[Delhi 2009]

Sol. Given, |;|=1,|Z|=2 and |2><Z|=\/§
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> = 6-9p =0
or |a||b|sine=\/§ P 2
- > - > A A p -~ 1
[-axb=|a||b]|sin6.nand|n|=1] 3 ;
[CBSE Marking Scheme 2009]
or 1x2xsin6 =43 Alternate Method :
- d b
or sin@ = ﬁ = sint org= = Since a and b are parallel, A alh
2 3 3 a by o
- — T
Hence, the angle between a and b is — . 1 = é: %: 9 = p= 2 .
3 1 p 3 3
[CBSE Marking Scheme 2009] N N

Q. 17. Write the value of p, for which a=3i+ 2j+9k

and p = i+ p}' +3k are parallel vectors.

[Delhi 2009]
Sol. Given vectorsare a = 3i -+ 2;’ +9k and
Z = ; A p}' A SIAc

Also 2 and b are parallel vectors.

=

SN

So, axb =0
ik

or 3 2 9 =0
1 p 3

or i(6-9p)—j(9-9)+k(3p—2) = 0

or i(6-9p)+ k(3p—2)= 0i+0 j+ 0k

On comparing the coefficients of i or k form both
sides, we get

?j Short Answer Type Questions

Q.18.1f |axb|*+|a-b|* =400 and |a| = 5, then write

the value of | b | [Foreign 2016]

Sol. Try Yourself
Q. 19. Find 2, if

@i+6j+14k)X(i =X j+7k) =0
[All India 2010]
Sol.
Q. 20. Find the value of p,

Try Yourself

i 2i+6j+27k)x (i +3j+pk) = 0

[All India 2009]

Sol. Try Yourself

Commonly Made Error

e Some candidates make mistakes while calculating
dot & cross product as vector i.i = Tand i X i = 0is
right method but candidates like i X i = 1 and i.i =
0 which is wrong.

(2 marks each)

A A

- > - A - A A A
Q.1. Find |axb|,if a=i+2j-k, b=3i+j-k.
R&U

l

Sol. 1 2 -1

31 -1
i(-241)— j(~1+3)+k(1-6)
—i-2j-5k 1
= V1222452

= J1+4+25 =30 1

Q. 2. Find the area of parallelogram whose adjacent

axb

—>a‘

A A A

N
sides are determined by the vector a =i — j +2k

d A A A
and b=2i-j—k. R&U

~ N

- - i ] 12
Sol. axb - |y _1 o
2 -1 -1
=i(1+2)—j-1-4)+k(-1+2)
=3i+5+k 1
AreaOflaXblzm:@sq.unitsl
- > - - - =
Q.3. Find |axb| if | a|=10, | b|=2 and a-b=12.
R&U
-
Sol. cos 0 = ab = 12 :E
|a||b|] 10x2 5
cos9=E
5
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25 5
- -
. |axb|
sin g = T
lallb]
- >
or |axb| =|al||b|sin6
- - 4
or |a><b|:10><2><g:16 1

Q. 4. Using vectors, find the area of triangle ABC, with
vertices A(1, 2, 3), B(2,-1, 4) and C(4, 5, -1).

[Foreign 2017]
Sol. AB = i-3j+k, AC = 3i+3j-4k Vit
1 - -
Area of AABC = §|AB xAC|
i j ok
= lmagnitude of 1 -3 1 1
2 3 3 -4
\274 .
= 5 sq. units

[CBSE Marking Scheme 2017]

?j Long Answer Type Questions-I

Answering Tip

e Learn the concept of area of triangle in terms of
vector algebra.

B

N
Q.5. If axb—cxd and a X ¢ = bxd ,then show that

Sol.

- - - -

(a—d) is parallel to (b- c), itis being given that

Z " ; and Z 4 ? [Foreign 2016] [Delhi 2009]

Given,
- - - - e
axb = ¢xd and a Xxc=bxd
e T T
or aXb—axc = cxd-bxd
- 5 -5 - o > N
or ax(b—c)+(b—c)xd =0 1

[By left and right distributive law]

e T e S

- > - >

or ax(b—¢)=dx(b-c) = 0 [~ axb=-bxa]
- o - >

or (a—dyx(b-c) =

- - - -
% (a=d) Il (b-c) 1
[CBSE Marking Scheme 2009]

(4 marks each)

Q.1. The two adjacent sides of a parallelogram are
2i—-4j-5k and 2i+2j+3k- Find the two unit

vectors parallel to its diagonals. Using the diagonal
vectors, find the area of the parallelogram.
[O.D. Set I, I, III 2016]

& A A A
Sol. a-= 2i-4j-5k
= A A A
and b = 2i+2j+3k
- — A A A
a+b = 4i-2j-2k
- - A A
and b—a = 6j+8k )

—

- -
Unit vector parallel to d; = a+b is

Get More Learning Materials Here : &

a+b
a+
R iz
|a+b|
_ 4i-2j-2]
N16+4+4
_ 4 o 2 A. 2 A
T
24 14 1
= bz
AN J— :
- o
Unit vector parallel to d, = b—
- - A A
b—a  6j+8k
= |b-a| V36+64
= il]\+§]2:§/]\+é]/€ 1/z
107 10 57 5
Area of parallelogram — | ;;x dy |
PGk
- >
dxd, =4 -2 -2
0 6 8
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= i(-16+12)— (32 0)+ k(24— 0) I I
o =11 3 2(=-4i+2j-k 114
= —4i-32j+24k -1 2 0
Area of parallelogram
> -
=
|dyxd,| = V16 +1024 + 576 _ %(7+?)x(?+?)

= 1,616 1

... Area of parallelogram - Ty squns 2

1,2 = [CBSE Marking Scheme 2014]
= < |dxd,| Ve
2 Q. 4. Find the unit vector perpendicular to both the
1 N N - 5 g A A A
= 2\/1616 vectors g+ b and a—-b, where a=i+j+k
A A N A
:1X4m and b=i +2j+3k.
2
[Foreign Set I, II, III 2014]
= 24101
- = A A A
= 20.09 or 20.1 sq. units 1 Sol. a+b = (2i+3j+ 4k), 1
[CBSE Marking Scheme 2016]
- = A A
— A A A - A = A and a-b :—j—Zk )
Q.2. If r=xi+yj+zk find (rxXi)(rxj)+xy.
N - - - -
[Delhi, 2015] Let ¢ = (a+b)x(a-10) 1
- A ALACA A 77k
Sol. rxi = (xi+yj+zk)xi J
=12 3 4 %,
AA 0 -1 -2
= —yk+zj 1
- - AA A A - AN A
rxj o= (xi+yj+zk)xj or € = -2i+4j-2k
A 1 A 2 A 1 A
AN A - - 4= g
= xk—2zi 1 or c = \/g”\/gf \/gk 1
TN TN [CBSE Marking Scheme 2014]
o (rxiy(rx)
- A A A - AN A -
N) A~ A A A A Q.5.If a =i+ j+k and b = j-k, find a vector c,
= (0i+zj-yk)(-zi+0j+xk) NN - -
suchthat g x ¢c = b and a.c =3.
== L [Delhi Set II, 2013]
N TN
S (rxi)(rxj) +ay N . A N
= _xy+ay=0 1 Sol. Let c =xi +ty] +zk
[CBSE Marking Scheme 2015] > A A A
Given a =17+ ]+k
I S S S ) SA S ) S
Q3. If a=2i-3j+k, b=-i+k, c=2j-k are S A A
three vectors, find the area of the parallelogram b =j-k
- - - - According to the question,
having diagonals 2 + b and b+ c.
- -
[Delhi Set I Comptt. 2014] a-.c=3
(i + 0+ kyei +y] +2k) =3
SR or(i +Jj+ k)i +yj+zk)= 1
Sol. a+b = ?—3?+2f<\;7+?:—/i\+2/f 1 .
or xty+z=3 ...(i)
(@ +D)x(b +¢) adl B X o=
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A A A Therefore,
o ] k A A = —
or 111=p=j-% 1 |ABx AC| = (9)® +(7)* +(12)>
I = VBI+49+144
A A AA A = /274
or(z-y)i +x-2] +y-xk=7]-k Hence,
On equating the coefficients of like terms, we get 1
z-y=0,0ry=z ...(ii) required area = E\/274. unit? 1
-z=1 (i
sl y—x=-1 ...(i\f) 1) [CBSE Marking Scheme 2013]
Solving eqns. (i), (ii), (iii) and (iv), we get Q.7. Find the unit vector perpendicular to the
x=15/3 plane of AABC whose vertices are A (3, - 1, 2),
and y=2B3=z B(1,-1,-3)and C (4,-3,1) [S.Q.P, 2013]
- 5aA 27 2a
Hence, c=*z+*]+*k 1
3 Sol. A vector L, to the plane of AABC,
[CBSE Marking Scheme 2013] - WA A
OA.=3i—- j+2k,
Q. 6. Using vectors, find the area of the triangle
whose vertices are A(1, 2, 3), B(2, - 1, 4) and C(4, O_>B = ;‘\_ ?_3]2/
5,-1). [Delhi 2017] [Delhi Set I1I, 2013] N
OR OC = 4i-3j+k
Using vectors find the area of triangle ABC with N> - A A A
vertices A(L, 2, 3) B(2, - 1, 4) and C(4, 5, -1). AB=0B-0A = —2i+0j-5k
[Delhi 2017] L. o
. N A A BC=0C-0B = 3i-2j+4k
Sol. Given, OA = i+2j+3k
5 AA A Unit vector perpendicular to plane = M
OB = 21—]+4k |ABXBC|
— A A A A A A
and OC = 4i+5j-k _) N i j ok A A A
ABXBC= |2 0 -5=-10i+7 j+4k 1
— =
Now, AB = OB-0A 5 2 4
LAk —(ie25 43k | ABxBC| = 00+ 49716 = V165
= (2i=j%4k)—(i+2j+3k) = = 1
N\~ . - Unit vector L, to the plane
OF°+* v 107+77+4k). 1
= i O 4R)
- - -
and AC = OC -0OA [CBSE Marking Scheme 2013]
A AA A A A - A ~ A~ - N ~ ~
= (4i+5j—k)—(i+2j+3k) Q.8. Let a=i+4j+2k, b=3i-2j+7k and
A A A - e - . - . .
= 3i+3j—4k 1 c=2i—j+4k. Find a vector p which is
.. The area of the given triangle perpendicular to both 2 and p and p.c =18
= %IXB X AC| 1 R&U [0.D. Set I, 11, 111, 2012]
- - -
A A A Sol. p isltoboth a and b
AR < AC ik - - >
Now, ABxAC = =
3 X NS or p = Maxb) 1%
AA A
i j k
f 3 r Wxb =|1 4 2
= i (12-3)+jB+4)+ kB +9) Now, axb =
3 -2 7
A A A
=9i +7] + 12k 1
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VECTORS
ANEIVAN A
= 32i-j-14k 1
- =
Giventhat p.c =18
A A AN A A
or M32i —j—-14k)(2i —j +4k) =18 1
or A64+1-56)=18
A=2
d AN A A
p = 64i 2] —28k. v

[CBSE Marking Scheme 2012]

- A A A d A A A
Q.9.If a=2i+j+3k and b=3i+j—-2k, then find

laxb|. [Outside Delhi Set-1I, 2015]
- -
Sol. i b =2 1 B
35 -2
— = A .
axb =i(2-15-7(4-9) +  (10-3)

laxB| = J(-17)" +(13) +(7)’

= 289 +169 +49

|ﬁ><l§| _

1343
[CBSE Marking Scheme 2015]

e d A A - VA% A A
Q.10.If a=3i—j and b =2i+ j-3k, then express

- 5 o -

- -
b in the form of b =by + b, , where b;||a and

- -
b, perpendicularto a .

[NCERT] [O.D. Set I, II, III, 2013]

e d AN A
Sol. Here a =3i—]j
— A A N
and b = 2i+j-3k
- - -
To express b = b+b,,
- = i -
where b Il g or by =) a
= NN
by = M3i-}) %
Let Iy = x?+y?+zk
- - - >
Now by La or bya Y

Get More Learning Materials Here : &

3x-y=0 ..(1)
— - -
Now, b = by+b,

A A A A A
or 2i+j-3k = BA+x)i+(y—AN)j+zk

Comparing the corresponding components

2=3\+x ...(ii) ¥2
1=-A+y
or A=y-1 ...(1ii) Y2
-3=z ..(iv) %2
From eqn. (i), 2=3(y-1) +x
or 2=3y-3+x
or x+3y=5 (V) %2
Solving eqn. (i) & (v), x = % e %
1
.. From eqn. (iii), A= >
¢ 34 14
bl = 51—5] 1/2
- 1~ 34 A
= —i+—j-3k
and b, 21+ 2] 3

[CBSE Marking Scheme 2013]

Commonly Made Error
N

o Generally students do not able to find the vector b

. = = -
in the form of p +b, , instead they add vector a

Y
and b which leads incorrect result.

Answering Tip

o Read and understand the question carefully to
avoid such errors.

Q.11.Find a unit vector perpendicular to both of

- - - -
the vectors 34+4+2b and 3a-2b, where
d A A A - A A A
a=i+j+kandb=i+2j+3k.
[Delhi Set I, II, III, Comptt. 2016]
- d 2 2 S
340 +2b = 5i+7j+9

Sol. Here

- -
and 3a-2b = i-j-3k 1+1

=
Let ¢ be the vector perpendicular to both

(3a+20) & (3a-20).

Then, C = (3a+2b)x(Ba-20)
ik
=55 7 9
1 -1 -3
= _12i+24] 12k 2

[CBSE Marking Scheme 2016]
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Detailed Solution : L.

Given 4 = i+]+k and 342-2b
b o= 1+2]+3k .
34 = 3i+3j+3k

and ZZ = 2i+4]+6k 1

- - -
Let ¢ bethe vector perpendicular toboth (3a+2b)
- -
and (3a-20).

d - ~ ~ ~
3a+2b = 5i+7j+9k 1

=i-7-3k 1
- — - —

= (Ba+2b)x(3a-2b)
ik

=5 7 9
1 -1 -3

= 1(-21+9)- j(-15-9)+i(-5-7)

= —12i+24j-12k 1

Q. 12. Show that the points A, B, C with position vectors 2i - } + lAc, i- 3;’ —5k and 3i - 4}' ~ak respectively, are the

vertices of a right-angled triangle, hence find the area of the triangle.

[O.D. Set-I, 2017]

Sol. AB = —i-2j—-6k, BC = 2i—j+k, CA = —i+3]+5k 1
Since AB, BC,CA are not parallel vectors, and AB+BC+CA = 0 .A/B, Cform a triangle 1
Also BC-CA =0 . A, B, C form a right triangle 1

Area of A = %|A73x BC| = %\/210 [CBSE Marking Scheme 2017] 1
OR
&‘ ‘<1F‘_E*i~
— b . - - -
o8 = ¢ —SJ—SL . |
6e = 87-4] -4k >N
3
—
7€ - 3§ - 5% 148 f T D |
= .-E-Q.‘—Gl'. i
L | ) — // 4]
-— Py T e —a —
SN2# = % -08 = T3] -sk k)= L= N85
%
P i\, SN - BB 0% s

A - F 243 -§=0.

() + [38) > = 1#B)™

Heme  bula A aBe o, \?k!-n%___ e

_ﬂ_l(:&f'_ + ()5

- /@N’iﬁ/

cuni e

= s+foem sewvw=l
o

_.! § W
aua = ) |AExEC|
L 8
SO | S S US> WY | _
= [ A ST it S+t ul
5 e

4
[Topper's Answer 2017]
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Q.13.If a = 21—]—2]( and b = 71+2]—3k then IJ_;LZ 01.2(7_2)\‘)_1(24_7\‘)+2(3_2}\‘)=0

express b in the form of b = IZ+ l;;, where IZ is or A=2
. , 5 b, = 4i-2j-4k Y
parallel to a and b, is perpendicularto a.
[O.D. 2017] and b, =3i+4j+k Ya
Sol. b ||la orlet b = A(2i — j—2K) 1 or (7i+2j-3k) = (4i-2j—4k)+(3i+4j+k) 1
> o o [CBSE Marking Scheme 2017]
b,= b-b

Answering Tip

= (70 5 2 =S8 = =2k =20 e Clarify the concept of scalar protection of vector
7 thoroughly.

= (7-20)i+(2+1)]-(B-20)k 1

N

- e T
Q. 14. Given that vectors 4, b, ¢ form a triangle such that a=b + c. Find p, g, 1, ¢ such that area of triangle is 5./6

N

where a=pi+qj+rk b=si+3j+4k and c=3i+j—2k. [O.D. Set II 2016]
Sol.  @:%ul ﬁum_ﬂilp’?.tﬁtﬁ____,.__ e e B G RS e s
-t ; ~
............... ,:s’?ﬁ,a&‘*_ﬂ;_____-_____-.. SIS E 5
SRR 7 0 VT P .4},'1.4?52'&.___..._\_ _______ i ST
e e i € e SR S
______-__,_,._b.n:___.._____v,-___._._-_ ______________
e el 2N o
"*"""—"f”'u"(l"‘]h ‘1':%4-&}:}-3':_&::1!& _________ S snE e s
__________ P_l.-l-q,ﬂ"r.‘r'&-‘ J.-*-.‘.’r&-\-_?\.'ﬂ_.__‘_,_-_._.____-_.___--__
____,--_.___Eq;m.hnﬂ N i
____________ ,{J:fﬁd- e i BT R S T iy S S T st e e 2 = -_.._-’___
- sy - i i ___,."__'%;'E _'T/}._,r':7- _1 __________________________
__________ Neo kit U S S A S 1Y S
- 2 Hyen g} ida S I SR WO SN L TR e
mngﬁ.u. s sl PSS SRR S e
_E»qu---ﬂm_ﬂ}_mm%ka_FL&*bL_,J_._,_-____ e e £
__________ BN | 08 ... 0 | IR .
a7 > %; da;'-k-' s = lof=tapes ")—
s e s e s B R LU, )J)f{l_p) i
IRV | 0. Sy O O . N L.P:l _&;4_-_-__..._-7_-_.'_.'____.-d___
i Gap= lc.ﬂ.-t@iﬂﬁj)_tﬂ.“ ).,u_.-__l__.?r.:.'_______--‘;4;.-,._
_________ 500 _ 4362 41840 f=9p /= B0 ____ T
=h 3 .. -F.Z‘T—_Eb‘r_ o i _
T = - - .F.‘;ﬂ — - _/;;__Iv v o B _
i ,_/... = =
[ = = - = 8 S0 p-2=5. -
i P —‘;—“ SP 5-;-',”/_ - = - = - - = ) 4
= — —_ AN pae- P
|[ ] P T .F_P/_' ll,&”_ - - - - o s
[Topper's Answer 2016]
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p p

Q. 15. Find the area of a parallelogram ABCD whose side
AB and the diagonal DB are given by the vectors

N —

Q.17.1f a = 2i+j-k, b = 4i—7}'+IAc, find a vector

5i+7k and 22+2}'+31Ac respectively. ¢ suchthat axc=b and a-¢ = 6.
K| [Foreign 2017] [Foreign 2017]
Sol. AD = AB-DB = 3i-2j+4k 1 gl Letz = xlA'+y;'+zIAc; ;Z =6o0r2x+y—-z=6
Area = | ABx AD| N axc = b
D C
i j ok
or 2 1 -1 =4i-7j+k 12
A 5 Xy z
ioj ok or zA'(z+y)—;'(Zz+x)+lAc(2y—x) = 4;—7;’+1Ac
= magnitudeof 5 0 7 1
3 2 4 orz+y=42z+x=72y-x=1 1
Solving and gettingx =3,y =2,z =2
= |14 +j - 10k| 1 ¢ =3i+2j+2k 1%
= 4297 sq. units or 34/33 sq. units 1

[CBSE Marking Scheme 2017]

Q. 16. Find the area of a parallelogram ABCD whose side

AB and the diagonal AC are given by the vectors Q181 a=i+2j+k b=2i+jand c =3i-4j-5k

R N then find a unit vector perpendicular to both of the
3i+j+4k and 4i +5k respectively. I L.
vectors (a —b) and (c —b). [All India 2015]

Foreign 2017
[Foreign ] Sol. Try Yourself
Sol. B_b = XC— AB = f_;ur]z 1 Q.19.Find a unit vector perpendicular to both of the
L vectors a+b and a—b where,; = §+;'+12 and
Area = | ABx BC|{ I,
= c b=i+2j+3k. [Foreign 2014]
Sol. Try Yourself
Q. 20. Find a unit vector perpendicular to each of the
A B vectors ;+Z and ;—Z, where ; = 3§+2}'+21Ac
lé } ]2 and b=i+2j-2k. [Delhi 2011]
= magnitudeof 3 1 4| 1 Sol. Try Yourself
1 -1 1 Q. 21. Using vectors, find the area of triangle with
vertices A(1, 1, 2), B(2, 3, 5) and C(1, 5, 5).
A a6 [All India 2011]
= |5i+j—4k]| 1 Sol. Try Yourself
) Q. 22. Using vectors, find the area of triangle with
= V42 sq. units 1 vertices A(2, 3, 5), B(3, 5, 8) and C(2, 7, 8).
[CBSE Marking Scheme 2017] [Delhi 2010C]

Sol. Try Yourself
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TOPIC-4

Scalar Triple Product

Revision Notes
1. Scalar Triple Product

- - - -
If ;, b and c are any three vectors, then the scalar product of 2 x b with ¢ is called scalar triple product of

- -
,b and c.

>
a
- o o - = -
Thus, (g x b ). ¢ is called the scalar triple product of a, b and c .
NN . > o
e Notation for scalar triple product : The scalar triple product of a, b and c s denoted by [a b c] ie.,
- - > - -5
(axb).c=[a b c].
e Properties/Observations of Scalar Triple Product

e e e . . .
S (axb).c=a.(bxc). ie, the position of dot and cross can be interchanged without change in the

value of the scalar triple product (provided their cyclic order remains the same).

- - -
S [abcl=[bca]l=[cab], ie, the value of scalar triple product doesn’t change when cyclic order

of the vectors is maintained.

-5 i e i -
Also, [abc]=—bac];[bca]=-[bac]. ie, the value of scalar triple product remains the same in
magnitude but changes the sign when cyclic order of the vectors is altered.
- - > - -5 - - >
o For any three vectors a, b, ¢ andscalar A, we have [Aa b c]=A[a b c].
S The value of scalar triple product is zero if any two of the three vectors are identical. That is,
e ) e - o>
[aacl=0=[abb]l=[ab a] etc.
S Value of scalar triple product is zero if any two of the three vectors are parallel or collinear.

< Scalar triple product of ?, ; and k is 1 (unity) i.e., [IA' ; 12] =1

- = - - - -
2 If [a b ¢]=0, then the non-parallel and non-zero vectors 4, b and ¢ are coplanar.

Know the Formulae
Volume of Parallelepiped

o If ;, _l; and ¢ represent the three co-terminus edges of a parallelepiped, then its volume can be obtained by :
- > > - 5 -
[a bcl=(axDb).c.ie,
R
(ax b).c = Base area of Parallelepiped X Height of Parallelepiped on this base
Note :
- o - -
o Ifforany threevectors a, b and ¢ wehave [a b c]=0, then volume of parallelepiped with

= — - - -
the co-terminus edges as a ,band c ,is zero. This is possible only if the vectors a, b and ¢

are co-planar.
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?i Very Short Answer Type Questions (1 mark each)

- > -
.1. Find a.(bXx c),if - 5 - AA A A A A
Q.1. Find a.(bx¢c),i a.(bxc) = (2i+j+3k).(3i+5]-7k)

a=2§+}'+3fc,b=—?+23’+fc and —6+5-21=-10 1
o A oA A [CBSE Marking Scheme 2014]
c=3i+j+2k. [O.D. Set1, I, IIL, 2014] Q. 2. Find ), if the vectors
d N AN AN D AN AN A
AA A a=i+3j+k, b=2i-j-k and
SN i j k
Sol. bxc =|-1 2 1 - AA .
3 1 2 ¢ =)\ j+3k are coplanar. [Delhi, 2015]
1 3 1
A A A — =1l =
- 4-p-j2-3+k1-g) o+ @ 1 A=0 7
A A A — 1
= 3i+5j-7k or D7 : “
[CBSE Marking Scheme 2015]
7 Short Answer Type Questions (2 marks each)
e

Q.1 Ifthevectorsg—}'+lAc,3;+}'+21Ac and;+7»3'—3fc Q. 2. If the vectors a = 2+3}'+1Ac b = k;+7}'+3lAc

are coplanar, then find the value of A.

and ¢ = 2i —}—IAC are coplanar, then find the
R&U [O.D. Comptt, 2017
L P ] value of A. [O.D. Comptt, 2017]
Sol. For three vectors to be coplanar
1 -1 1 1 3 1
3 1 2| =0 1 Sol. For coplanarity of vectors 2 -1 -1f =0 1
1 A -3 A7 3
aiF A =15 1 4-18+3A+14+A =0
[CBSE Marking Scheme 2017] Solving to getA =0 1

[CBSE Marking Scheme 2017]

(4 marks each)

‘o;i Long Answer Type Questions-I

Q. 1. Prove that:

- o5 o - — - e = - -
a{(b+c)x(a+2b+3c)t=[a b cl =de v oal=dla b el
- - >
R&U [S.Q.P. 2016-17] =[a b c] 1

e e e T T T

o (bxa CBSE Marking Scheme 2016
Sol. LHS= g-(bxa+2bxb+3bxc+cxa+2c [ arking Scheme 2016]

= = = Commonly Made Error

KrEese) 1 e Many candidates make errors while simplifying the
scalar triple product.

NN Answering Tip

+2a-(cxb) e Scalar triple product and its applications need to be

o practiced with the help of practical examples.
c =0 1

e
)+3a(bxc)+a-(cxa)

Q. 2. Show that the four points A(4, 5, 1), B(0, - 1, — 1),
] 1 C(3,9,4) and D(- 4, 4, 4) are coplanar.
[CBSE Outside Delhi, 2016]
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- 8 & b - o o
Sol. AB =-41-6]-2k, AB, AC, AD are coplanar and these three
— 8 & B vectors are co-initial vectors. So, points A, B, C, D
AC = —i+4j+3k, are coplanar. 1
— A A ~ e
nd AD = —8i-j+3k % Q. 3. Prove that
T e e T e
For 4 points to be coplanar, [a b+ c d]=[a b d]+[a c d].
|AB AC AD| =0 [O.D. Set I, TI, TIT Comptt. 2015]
-4 -6 -2 Dbt xd
ie. |1 a4 3|=o0 1% Sol. Taking LHS = a{(b+c)xd} 1+1
-8 -1 3 - 5 o - -
= a{(bxd)+(cxd)} 1
= —4(12 + 3) + 6(- 3 + 24) - 2(1 + 32) e o
= —-60 + 126 - 66 = 0, which is true = a(bxd)+a(cxd) 1
Hence, points are coplanar. 1
[CBSE Marking Scheme 2016] ->—- - - > >
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Alternative Method :
If four points A, B, C, D are coplanar, then vector

> o -
AB, AC and AD will be coplanar and so

- 5 >
| ABAC AD|=0
A=(4,51)
B=(0,-1,-1)
C=(394)
D= (4,44
By considering O = (0, 0, 0) as initial point
— A A A
OA = 4i+5]+k
- P
OB = _]_k/
- s a4
OC = 3i+9j+4k
— N ~ ~
and OD = —4i+4j+4k %
- o —
AB-= OB -0A
= —j—k-(4i+5]+k)
= —41-6j-2k Vi
— — —
AC = OC -0OA
= 3i+9]+4k—(4i+5]+k)
= —i+4]+3k A
- — —
and AD = OD -0A
= —4i+4j+4k—(41+5]+k)
= -8i-j+3k Y
Now,
- = - -4 -6 -2
|AB AC AD|=|-1 4 3
-8 -1 3

= 4(12 + 3) + 6(- 3 + 24) + (= 2)(1 + 32)
= — 60 + 126 - 66
=0 1

[ab d]l+[a c d]
[CBSE Marking Scheme 2015]

- = -
Q. 4. If the vectors a,band ¢ are coplanar, prove

- o 5 o - o
that the vectors a+b,b+c andc +a are also

[Delhi Set I Comptt. 2014]
[Delhi Set III Comptt. 2013]
[Foreign Set I, 11, III, 2014] [Delhi Set I, I, II1, 2016]

coplanar.

e e N
Sol. Here, (a+b),(b+c) (c+a) arecoplanar, 1
- > - - - - 1
o (a+t b)'{(b+ c)><(c+u)} =0
R e T T e T S
or (a+b)(bxc+bxa+cxc+cxa) =0
1

B e e T T T T T
Or g-(bxc)+a(bxa)ta(cxa)
B e T e e e

+a(cxc)+b(bxc)+b(bxa)

+Z(?x?)+g'(?x;) =0%
- o >
Z{u'(bxc)} =0
- 5 o
a(bxc) =0

)

or

- - -
. a, b, c are coplanar.

Similarly converse part can also be proved.
[CBSE Marking Scheme 2014]

Q. 5. Find the value of }, if the points with position
A AN A A A A AN A A

3i-2j-k,2i+3j-4k,—i+ j+2k and

vectors

A A

N
4i+5j+ Ak are coplanar. [S.Q.P. 2013]

Let the pointsbe A (3,-2,-1),B(2,3,-4),C(-1,1,2)
and D (4,5, \)

Sol.
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AB = (Position vector of B)
— (Position vector of A)
d A A A
AB = —i+5j-3k,
Similarly
- A A A
AC = —4i+3j+3k
— A N A
and AD = i+7 j+(A+1)k 1%
- o o
A, B, C, D are coplanar if [AB AC AD]=0 b2
- > > -1 5 -3
[ABACAD] = |4 3 3 |=0 14
1 7 A+l

211549 -7 (=3-12)+ A+ 1) (=3+20)=0 1
24+105+ 174+ 17 =0

146
or = —— 1A

17
Commonly Made Error

e Some candidates fail to apply condition of
coplanarity.

Answering Tip

e Scalar triple product and its applications need to.be
practiced with the help of practical examples.

A A

Q.6. If a=22—33’+4l§,b=i+2j— SlAc and

d A A A
¢ =3i+4j-k,then find

> > o > o5 o
a.(bxc)and (axb).c.Ts,
> o o > o o
a.(bxc)=(axb).c? R&U
2 -3 4
- 5 o
Sol. a(bxc) =11 2 -3 1
3 4 -1

— 2(2+12)+3(-1+9)+4(4-6)

=20+24-8
=36 1
- o > - -5 o
and (axb).c = c.(axb)
3 4 -1
=12 -3 4 v
1 2 -3

= 3(9-8)—4(-6-4)-1(4+3)
=3+40-7=36 1

- o5 o - o o

a.(bxc) = (axb).c. 1

[CBSE Marking Scheme 2013]
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Q.7.If p=i+j+k and q=i-2j+k  find a vector of

magnitude 5./3 units perpendicular to the vector

q and coplanar with vectors p and ¢4 .

(SQP 2018-19)

Sol. Let r=ai+bj+ck be the required vector.

Since, r 1 q
therefore, 1a—2b + 1c = 0 .1
Also, p, 9 and ? are coplanar.
ap
1 1 1
1. 2 1.=0=a-c=0 -(2)1
a>b c
Solving equation (1) and (2)
a_ _ b ¢
2-0 1+1 0+2
a b ¢
=3 —_ = —=—
2 2 2
. a b
ie., - = —-==
1 1
;= 1i+1j+1k
71 = 3
. Unitvector; = L:i+j+k 1
HERE
.. Required vector = 5V3r = 5[§+;’+1ch 1

[CBSE Marking Scheme 2018-19]
Q. 8. Find x such that the four points A(4, 1, 2), B(5, x, 6),
C(5,1,-1) and D(7, 4, 0) are coplanar.
[Outside Delhi Set-II, 2015]

- -
Sol. Here, AB, BC,C

4

are coplanar

~—

So XB.(B% xCD | =0 1
triple product is 0.

AB = Ti+(x—1)j+4k

BC = 0i+(1-x)j-7k

D = 21A'+3}'+1Ac 1%
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— = = 1ox-1 : i.e., -1 L-}-LJ,_L =0
AB.(BCxCD) = |0 1-x -7 =0 1-a 1-b 1-c

2 3 .
expanding by R, 1-a 1-b 1-c

- A A A A A A
[AI] Q. 9. If the vector p=ai+j+k, q=i+bj+k and

= A A A

S
Sol. Since the vector P, 4 and r are coplanar,

show that.

11-x+2)-(x-1)14+42(x -1) =0
22-x-14x+ 14+ 8x-8=0
—7x=-28
x=4 1%

[CBSE Marking Scheme 2015] triple produc

r =i+ j+ck are coplanar, then fora, b, c #1, then

Commonly Made Error

e Some candidates do mistake while doing scalar
e The right product is [u b C] = a~[bx C]
e but student do mistake [a b c] =

1 + 1 + 1 =1 [abc}z[uxc]xb
1-a 1-b 1-c¢

[CBSE Marking Scheme 2016]

t.

or

[;.z] C

[Outside Delhi Set I, II, III, Comptt. 2016]
[SQP Dec. 2016-17]

i then prove

=

Q.10.If a, b, c are three vectors such that a+b+c =0

-

that aXxb = bXc = ¢ Xa, and hence

b 7l=0 1 showthat[a b c] =0.  R&U [SQP 2017-18]
a 1 1 = = = = = =
Sel. ax(a+b+c) = ax0 1
i~e'/ 161 =0 R
1 1 ¢ or axb+axc =0 Y2
g 152__:152‘151 . or axb = cxa %
3 34 {1/,
a 1 1 - - - > - -
: -\ . bx(a+b+c) = bx0 Y
or -a b- =
1-a,0 " c-1 or Exz =;><E )
Ora(-1)c-1)-11=a)e~1) - 1(1-a)b-1) =0 55 s o5 o o )
ie,al-b)(1-c) + (I=a)(T-c) + (1-a)(1—-b) = 0 axb =bxc = cxa 7
1 - 5 o - 5 o - o o
= . =] o b =]
Dividing both the sides by (1 - a)(1 - b)(1 - ¢), we [a b c] = a(bxe)=c(axb)=0

get
a

1-a

1 1
_+_
1-b 1-c¢

[As the scalar triple product of three vectors

is zero if any two of them are equal.] %2
[CBSE Marking Scheme 2017-18]

Q. 11. Find the value of , if four points with position vectors 3i +63'+91Ac, i +2;’ +312, 2i +33’+1Ac and 4i +6}'+7JAc

Sol.

Get More Learning Materials Here : &

are coplanar.

Given points, A, B, C, D are coplanar, if the vectors XB, XC and AAD ar

AB=-2i-4j—6k, AC=—i 3-8k AD=i+(h-9)k are coplanar

-2 -4 -6
ie., -1 3 -8|=0
1 0 A-9
or —2[-3\+27] + 4-A+17]-6(3) =0
or A=2.

[O.D. Set I 2017]
e coplanar, i.e.,

1%

1+1
[CBSE Marking Scheme 2017] %2
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OR
4 - ~ L)
_BA= Bi+6) sk ~
68'= T+24 3L %
O.E:h:’}?d-gj\d- le
= f{? -+ ‘J-tn,: - -
LSBT, | e
Aha = pe-oa - -T -a] _et =5
Ap= s -0az i+o0i+(r9t =2
_Cru.l.nx hrlﬂ. P‘rbd-u.r_l' [a.-g.e-..:ﬂ E‘;z‘,im -Cojpfq““_
-2 =4 -5
o8 o AT
! o A9
(D (-32437) +4 (-24948) -6(3) =0 O 7
€A -54<T4p +€8 ~18 = 0- XY
A = 54 +ie-¢e NN
'Ja = ?_:'_—se =4
A=g ki 4
[Topper's Answer 2017]

Q. 12. Find the value of x such that the points A(3, 2, 1),
B(4, x, 5), C(4, 2, -2) and D(6, 5, -1) are coplanar.

[0.D. 2017]
Points A, B, C and D are coplanar, then the vectors
A_>B, A_b , and A_b must be coplanar.

Sol.

AB=i+(x—2)j+4k; AC =i 3k

AD=3i+3j-2k 1%
1 %72 4

ey 10 -3
/3 2
19) - (x-2)(7) + 4(3) =0orx = 5. 1%
[CBSE Marking Scheme 2017]

=0

or

A A A

Q.13. Let a=i+j+k,b=i and c=c,i+c,j+c,k, then

Letc; = 1andc, = 2, find ¢, which makes a, b and

(@)
¢ coplanar.
If c, = -1 and c; = 1, show that no value of ¢, ¢an

[Delhi 2017]

1 1
0 0

)

(ii)

make Z,E and ¢ coplanar.
1
1

G

1

Sol. =cy-c3

G

Get More Learning Materials Here : &

%, Z,Z,Z are coplanar [ b c] =0orc; =21
(), =-1,c5=1

[2

-

b ] =cp—c3=-2%0

- o o

or No value of ¢; can make 4, b, ¢ coplanar 1

[CBSE Marking Scheme 2017]
Q.14.If four points A, B, C and D with position
vectors 4; +3}' +312, 5; +x}' +712, 5; +3}' and

7i+ 6}' +k respectively are coplanar, then find

the value of x. [Delhi Comptt. 2017]

Sol. AB = i+(x—-3)]+4k
AC = i-3k
AD = 3i+3j-2k 1%
As A, B, C and D are coplanar
AB-(AC x AD) =0
1 x-3 4
ie., 1 0 -3 =0 1%
3 3 -2
9-(x-3)(7)+12=0
which gives
x=6 1

[CBSE Marking Scheme 2017]

@g www.studentbro.in



VECTORS

[ 409

Q.1 If
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‘o;i Long Answer Type Question-l|

(6 marks each)

- = >

a,b,c are unit vectors

NN N - -
a-b =a-c =0 and the angle between b and ¢

is =, then prove that :
6

- - -
(i) a==x2(bXc)

s e T W
(ii)) [a+ b b+ ¢ c+ a]l==1. [A][S.Q.P 2015-16]

Sol. (i) As given

- -

- — -
a-b=0,a-c=0 = a lboth b and ¢

- oS o
(as a, b, ¢ arenon-zero vectors) 1
- — -
or a || (b x ¢)
- N -
Let a =7\.(b X C)r
— - -
then | a| =Ir](bxc)l
2
a —
or 4l =
[(bxc)l
1
or |A] = =2
. T
sin—
6
A =x2
- - —
a =T2(bxc)

A b e T
(ii) Now [a+b b+ c c+a]
e e
= [(a+b)x(b+c)](c+a)
e e
= (axb)c +(bxc)a 1

(As the scalar triple product = 0, if any two vectors

are equal)
Hence,
e e e e S
a(bxc)+(axb)c = a(bxc)+c(bxc)
-5 =
=2a(bxc) 1+
- -
=2a ilaJ
2
=x1 V2

Hence proved.
[CBSE Marking Scheme 2015]

such that Q.2. If ;1 and lAJ are unit vectors inclined an angle 6,

a-b
then prove that tan g = la=b]

N

— .
|a+b|

Sol. Given |;| = |Z|:1 & 0 is angle between ; and p

)

Now (b}(

cos —
2

tan 9
2

Q.3. If with reference

S
——

~b.a-a.b+b.b

(SN

a.
laf —2ab+|bf
1-2a.b+1 1
2-2a4.b

2-2|a||b| cos®

2(1 - cos) :Z(ZSinzg) 1

0
5~
4sec 2

|a=b]

1 - -
= |a-b| 1
2

e T T T R S

a.a+a.b+b.a+b.b
|;|2+2.;.Z+|E|
142.2.b+1 v
2+2|;| |Z|cose
2(1+cos®)

0
4cos*— Y5
2 2

ZCOSQ
2

AA

1 a+b

i3]

— Hence Proved. 2
‘a + b‘

to right handed system of

AA

mutually perpendicular unit vectors i, j and k

5
and o =

3i—j,, B = 2i+j—3k, then express in

the form E = B,+B,, where B, is parallel to (;

and B, is perpendicular to o .
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B0t = [(2=3K)i + (1 +N)—3K.[3i—]] =0
32-30)-(1+1) =0

Sol. Given [;] || to a

B = 2ra 5-101 = 0
> A oA _1
B = }‘[31_]) 2 b=
> - 7 1 .. .7 1+ 3% .2
B, isLto o B, =§(31—J)&Bz =5 1+EJ—3k 2
B..0 =0 Commonly Made Errors
S s s S AA A e Some students do dot product first then cross
Given B = B,+B,=8, = [21+]—3kj - k(Si—jj product which is wrong.
2 e The right method is to do the cross product first

then dot product in scalar triple product.

=

B, = (2-3N)i+ (1+A) i-3k
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