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BASIC CONCEPTS OF VECTORS n

'TOPIC1
TERMINOLOGY AND REPRESENTATION OF VECTORS

In our day-to-day life, we use terms like length,
mass, time, distance, speed , area, volume, density,
temperature etc, whose measurement can be
expressed in simple numbers together with
appropriate units of measurements. However, some
quantities are tricky to deal with. For example, if you
want to travel from one place to another, you will
not only want to know how far apart the two places
are (ie, the distance between them), but you will
also need to know the direction that leads from one
place to another. The physical quantity that combines
distance and direction is called displacement. There
are many more physical quantities that also require
direction like velocity, acceleration, force, etc. Consider
the following two statements:

(1) The mass of a body is 4 kg.
(2) The displacement of a body is 4 m.

In statement (1), we have complete information.
To ask its direction is a meaningless question. In
statement (2), we have incomplete information
because the direction of displacement is not given.
However, the statement that “The displacement of a
body is 4 m towards North” is meaningful and gives
us complete information.

So, we say mass is a scalar, and displacement is a
vector.

In this chapter, we are going to study about various
forms of vectors, their properties, scalar product,
vector product, etc.

Scalars

The quantities which have only magnitude but no
direction are called scalars (or scalar quantities). For
example, length, mass, area, volume, density and
temperature, are scalars. These are represented by
single letters such as g, b, ¢, etc.

Vectors

The quantities which have magnitude as well as
direction are called vectors (or vector quantities). For
example, displacement, velocity, acceleration, force

etc, are vectors. These are represented by single
- - >
letters with an arrow on them such as a, b, c, etc.

:ﬁ Important

= A vector has both magnitude and direction and thus can
be represented by a real number and a specified direction.
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Geometric Concepts of a Vector

Though vectors can be dealt both analytically and
geometrically, but we shall confine ourselves to a
detailed study of geometric concept of vectors.

Directed line segment

An ordered pair of points (A, B) in a plane or space
and written as AB is called a directed line segment.
A is called its initial point and B is called its terminal

point. Its direction is from A and B. It is therefore,
o

represented by AB (read as ‘vector AB').
A > B

The length of the line segment AB indicates the
-3

magnitude of the vector AB and the direction of
—_

arrow head indicates the direction of the vector AB.

Position Vector

Let O(0, 0, 0) be the origin and P be a point in space
having coordinates (x, y, z) with respect to the origin

i
O. Then, the vector QP is called position vector of the
point P with respect to O.

Using distance formula (from Class Xl), the magnitude

e
of OP is given by

i
|OP|= >A:2+yz+z2

Plx,u.2)

0 >y

7S

X

(Here, O is the initial point and P is the terminal
point.)

16} Important

= |n practice, the position vectors of points A, B, C, etc,

- = =
with respect to the origin O are denoted by a, b, c, etc,
respectively.
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' TOPIC 2
TYPES OF VECTORS

Equal Vectors

Two vectors are said to be equal if they have (i) the
same length and (ii) the same direction. (The starting
(or initial) points of two vectors is immaterial)

In the following figure, @ and b are equal vectors.

=y — 3 =P
Equal vectors a and b are writtenas a=b.

Example 1.1: Find the values of x and y so that
the vectors 2 + 3} and xi + g} are equal. [NCERT]

Ans. Two vectors are equal if and only if their
corresponding components are equal.

Thus, 2 +3) = xi +yj

= x=2andy=3

Zero Vector or Null Vector

A vector, whose length is zero and having any
—5

direction, is called a zero vector. Itis denoted by 0.

—_ > —
The vectars AA, BB, TT, etc, are also zero vectors.

Thus, initial and terminal points of a zero vector
coincide.

Unit Vector

A vector, whose magnitude is unity (ie, 1 unit), is
called a unit vector.

-
A unit vector in the direction of a vector a is denoted
by a.

[w})
I
B

where,

@ Important

5.8
= g can also be represented by | a | &.

al

Example 1.2: Find a unit vector in the direction of
the vector a =§+]+2k

Ans. Unit vector in the direction of d
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Coinitial Vectors

Two or more vectors having the same initial point are
called coinitial vectors.

Collinear or Parallel Vectors

Two or more vectors are said to be collinear or parallel
if they are parallel to the same ling, irrespective of
their magnitudes and directions.

ie, Vectors aandb are collinear or parallel if 3=2b .
Example 1.3: Show that the vectors 2j - 3] + 4k
and - 4i + 6 - 8k are collinear. [ NCERT]

Ans. Twovectors alf + 023’ + 0312 and blf + sz’ + b312

are collinear if W By Yo
by b, b

Here, 2 _3_4_1
-4 6 -8 2

So, the given vectors are collinear.

Like Vectors

Twao vectors are said to be like vectors if they have the
same direction, irrespective of their magnitudes.

Unlike Vectors

Two vectors are said to be unlike vectors if they
have the opposite directions, irrespective of their
magnitudes.

Negative of a Vector

A vector whose magnitude is the same as that of a
given vector, but direction is opposite to that of it,
is called negative of the given vector. For example,

— —
vector BA is negative of the vector AB and is written

— —
as BA=-AB
Free Vector

A vector, which is independent of its position, is called
a free vector. Its initial point is arbitrary. Throughout
this chapter, we will be dealing with free vectors only.
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'TOPIC3 |
ADDITION AND SUBTRACTION OF VECTORS

Triangle Law of Vector Addition
Triangle law of vector addition states that if two
vectors, say a and b are positioned in such a way

thot the initial point of b is at the terminal point of
a and then the vector joining the initial point of a

to the terminal point of b gives the sum of the two
vectors. If ¢ (say) is the sum of the two vectors, then

- o -
c iswrittenas ¢ = a+ b.

In general, if we have two vectors dand b [Fig. (i)},
then to add them, they are positioned so that the
initial point of vector b coincides with the terminal
point of vectors ; [Fig. (i)]. Then, the vector Z + B
represented by the third side AC of the triangle ABC,

§'s
gives us the sum (or, resultant) of the vectors a and
b [Fig. (iii).

C - — ”
g\ g BrK B
> — 3B - B
a A 3 i a
(0] (if) (iii)
ie, in AABC, we have
S g _
AB+ BC =
o -

Now, again, since AC

equation, we have
—_— — ——

AB + BC =-CA

— — — =

AB+BC+CA=0

=-CA, from the above

This means that when the sides of a triangle are
taken in order, it leads to zero resultant as the initial
and terminal points get coincided.

3
The difference of vectors a and b, represented by
- gis that vector which when added to b gives

-y 5 = g —
a. Equivalently, a - b may be defined as a + (- b).

A i-baf oy
b a
0
VECTOCrS
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Parallelogram Law of Vector Addition

Consider, a boat in a river going from one bank of the
river to the other in a direction perpendicular to the
flow of the river. Then, it is acted upon by the two
velocity vectors; one is the velocity imparted to the
boat by its engine and other one is the velocity of the
flow of river water. Under the simultaneous influence
of these two velocities, boat will travel with a different
velocity. To get idea about the effective speed and
direction (i.e, the resultant velocity) of the boat, we
have the parallelogram law of vector addition.

E

(0]

—
let aandb be two vectors represented by the

two adjacent sides of a parallelogram in magnitude
—
and direction (see figure), then their sum a+b

is represented in magnitude and direction by the
diagonal of the parallelogram through their common
vertex.

6}’ Important

=+ From the figure above, using the triangle law, we have
_ — —

OA+ AC = OC
—_— —_— —_—
iy OA + OB = OC

which is parallelogram law. Thus, we may say that the two
laws of vectors addition are equivalent to each other.

Properties of Vector Addition
(1) Commutative propertu:

- -
For any two vectors a and b, we have

= = = -
a+b=b+a

(2) Associative property:

- — —
For any three vectors a, b and ¢ , we have

(a’+3)+ ?=3+(E+ ?)

(3) Additive Identity:

-3
For any vector a. we have

- — -2 -2 -
a+0=0+a=a
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(4) Additive Inverse:

— -
For any vector a, there exists—a such that,

FRVAETIE

3+(—3)=6=(—3)+3

Here, (= (_J)) is called the additive inverse of a.

"TOPIC4
MULTIPLICATION OF A VECTOR BY A SCALAR

—
When, we multiply a vector a by a scalar A,
=
then the product Aa is defined to be a vector
whose magnitude is |A| times the magnitude of
=¥ . =, N . . .
a,ie,|ra|=|A|l a]| and whose direction is the
-
same or opposite to that of g according to as A is

positive or negative.

-

2
a a >

2q -a
>

Thus, 2ais a vector, whose magnitude is twice and
. . . S =7 .

direction is the same as that of g, and —a is a

vector which has the same magnitude but direction

-
is opposite to that of a.

Note that, if A = L provided 3¢8,

-

| al

— - 1
|ha| =|Alld|=—|d|=1

S
lal

then,

-
So, La represents the unit vector in the direction of

— g . i 1 -
a. Wewriteitas a=——a

Y
| al
A Caution

- -
= For any scalar 3,00 = 0

The addition of vectors and the multiplication of
a vector by a scalar together give the following

distributive laws:

— —
Let, a and b be any two vectors, and k and m be

any two scalars. Then,
w2 <% -

(1) k(a+ b) = ka +kb;

@) (k+m)a = ka + ma’;_

@3) (km)a = k(ma)=m(ka).

' TOPICS |
COMPONENTS OF A VECTOR

Orthogonal Unit Vectors i ] and k

Let us take the points A(1, O, 0), B(O, 1, 0) and
C(0, 0, 1) on the x-axis, y-axis and z-axis respectively.
— — —

Then, clearly | OA|=1,| OB |=1and |OC |=1.

—  —> —

The vectors |OA|,| OB | and | OC |, each having

magnitude 1, are called unit vectors along the
axes OX, OY and OZ respectively, and denoted by

f,}'andlz, respectively (see figure). Clearly, i, jand k

are orthogonal unit vectors.

VECTOCrS
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C(0,0,1)

Y
B(0, 1,0)

A(1,0,0)

Components of a Vector

s
Consider the position vector OP of a point P(x, y, 2).

Let P, be the foot of the perpendicular from P on the
plane XOY.

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122

FAFER



Z:
N
R
Plx.y, 2)
2k
r A
w" &
s =Y
xi e
Q P1

X

We, thus, see that P, P is parallel to z-axis. As i, j and k
are unit vectors along the x, y and z-axes, respectively
and by the definition of the coordinates of P, we have

— —

P,P=OR =zk

_— — —_— —

Similarly, QP, = OS =yj and SP, =0Q =xi

Therefore, it follows that

— —_ >
OP, = 0Q+0S
il
i — —>
and OP = OP +FpP
= xi +yj + zk

Hence, the position vector of P with reference to QO is
given by

— - - = =

OP (orr) = xi +yj+zk
This form of any vector is called its component form.
Here, x, y and z are called as the scalar components

of ? and xfg} andzk are called as the vector
components of 7 along the respective axes. The
length of 7 = xi + Y+ zk is given by,
— ~ ~ ~
| rl=|xi +y+zk|
= \/x2 T
Some Important Results

—
If @aondb are any two vectors given in the
component form a;i +a, ] + 0312 and byi + by j + b;l?,
respectively, then,

- -
(1) The sum (or resultant) of the vectors a and b is

given by,

=y =¥ = 5 L
a+b =(ay +by)i +(a; + by)j+(az +bg)k

VECTOCrS
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(2) The difference of the vectors aandb is given by
- = = % ~
a-b =(ay-by)i +(a; - by)j + (a3 - by)k
(3) The vectors aandb are equal if and only if
ay=by; ay=by; az=bs

(4) The multiplication of vector g by any scalar A is
given by

aa = (hay)l + (ray)] + (rak
(5) Vectors aandb are collinear (or parallel) if there
exists a non-zero scalar A such that h= ra
= byi + by + b3lz =Mayi +0,) + a3l'c‘)
= b, = ha;, b, =ia,, by =2ay

b
—y _1=b_2=ﬁ=l
a a, a3

Components of a Vector Along a Given

Direction

. -

- d
Let r = PQ be any vector and OX = g along the
line [ (say) as shown in the figure.

Q

ol

Take a point A on the line L. Through A, draw a line

-—
segment AB parallel and equal to PQ|. Therefore,

—_ — —

AB=PQ-= r

Let, 6 be the angle between ¥ and .
From B, draw BC L OX. Then, ZCAB = 6.

£
Directed line segment AC is defined as the

- -
component of vector r along a.

— —
Length of the component of vector r along a

=AC=ABcosb=| Y | cos®
Hence, the length of the component of vector

g
¥ along @ is | 7 |cos 8.

A Caution

=
= If the direction of @ s reversed, the angle between

=3 —
r and a is 180° - 6 and the length of the component is

| 7 || cos (180°-0) | .
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| TOPIC 6 |
DIRECTION COSINES AND DIRECTION RATIOS OF A VECTOR

Let, P(x, y, z) be any point in space whose position
-

vector is OP.

—
If, OP makes angles o, B and y with positive directions
of the coordinates axes OX, OY and OZ respectively,
then cos «, cos B and cos y are called direction cosines

-
of OP and usually denoted by [, m and n respectively.
The angles «, B and y are called direction angles and
lies between — m and m.

Z
N
c
= 'is(x, y,2)
Y
p
(0] S
e >
o
A
X
; T T g
As x-axis makes angles of 0, 23 with OX, OY and

OZ respectively, therefore, direction cosines of x-axis

are (cos O,cos%,cos%) ie, (1, 0, 0). Similarly, the

direction cosines of y-axis and z-axis are (0, 1, 0) and
(0, 0, 1) respectivelu.

Some Important Results

e
Let P(x, y, z) be any point in space such that OP = 7
-3

and direction cosines of Qp are [, m, n.

Then,

— - s
Q) =) r y=m| elz=Ml+ ]
4 -~ ~ ~
2 r=l+mj+nk
3) P+m?+n?=1
Let [, m, n be the direction cosines of a vector r and
a, b, ¢ are three numbers such that [ = Aa, m = Ab and
n = Ac for some non-zero real number A. The triplet

(a, b, ©) are called direction ratios of r.

VECTOCrS
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Relation between Direction Cosines
and Direction Ratios

>
Let, a, b, ¢ be the direction ratios of any vector r.
whose direction cosines are [, m, n. From the definition,
we have,

thenl=Aa,m=Abandn=2Ac

[2 2

Since, +mien?=1,

we have, A@?+b%+c)=1
1

= A=t—e —
Ja? +b? + 2

If we consider the positive value of 4, then

a b &

l= fm= , N =
'\/02 +b2+c? Va2 + b? + 2 Na? +b? + c2

Thus, to obtain the direction cosines of a vector from
the given direction ratios a, b, ¢, divide each number g,
b, c by the positive or negative square root of the sum

of the squares of direction ratios ie, Ya’ + b? + ¢2.
A Caution

= The sum of the squares of the direction cosines is always
equal to 1, but the sum of the squares of the direction ratios
need not be 1.

Example 1.4: Find the direction cosines of the

vector i + 2] + 3k. [NCERT]

Ans. We know that the direction ratios a, b, ¢ of a
vector r = xi +yj+zk are just the components
x, Yy and z of the vector.
Further, the direction cosines [, m, n are given by

i=i, m=L and n=—"

— o —
r [ rl | rl

Here,a=1b=2andc=3 and

¥ |=12 422+ 32

Thus, =
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'TOPIC7 |
POSITION VECTOR OF A VECTOR JOINING TWO POINTS

Let, P(x1, y1, z1) and Q(x2, yz, z2) be any two points.

—

Then the vector joining P and Q is the vector PQ

(see figure).

B
a
"’
P

TN,

4
'v" ,-"
fo) e

Y
v
-

=

X

Joining the points P and Q with the origin and
applying triangle law to A OPQ, we have

—_ - —

OP+PQ=00Q

Using the properties of vector addition, the above
equation becomes

— —p —

PQ = 0Q-0OP

o # “ T & e sy
ie. PQ = ()i +Y,J+2k) = (x;i +y,j+2k)

= (X2 B Xl)i + (yz . yl)J o (22 - Zl)k

' TOPIC 8
SECTION FORMULA

Let P and Q be two points represented by the position
—F - —

vectors OP (= a)andOQ (= E), respectively with

respect to the origin O. Then the line segment joining
the points P and Q may be divided by a third point,
say R, in two wauys, internally [see figure ()] and
externally [see figure (ii)].

-—)
Here, we intend to find the position vector OR(:?)

for the point R with respect to O.
Case 1: When R divides PQ internally in the ratio

—_ Z S
m : n, then, 0R(=7) = M
m+n

VECTOCrS

www.aepstudycircle.com

FPRUANCTIES PAFER

—
Also, the magnitude of PQ is given by

|§g‘ i, caPell, P le - 1)

Example 1.5: Find the direction cosines of the
vector joining the points A(1, 2, -3) and B(-1, -2, 1)

directed from A to B. [NCERT]
L,

Ans. Here, AB = Position vector of B - Position of

vector of A

_—, ~ ~ ~ ~ ~ ~
= AB=(-i-2j+k)-(+2]-3k

—y & *® ~
[ AB = —-2i -4 +4k

5
So, the direction ratios of AB are=-2,-4 and 4.

Also,
’/TB = JC 2R e a4

eul38 =6

So, the direction cosines of AB are

Case 2: When R divides PQ externally in the ratio

- —
mb-na

= |

= —
m:n,then, OR(=r) =

&ﬂ' Important
- —

** [fR is the mid-point of PQ, then OR(= _;) =

o o
a+b

-» - >
= If a,b and ¢ be the position vectors of the vertices A,
B and C of AABC, then the position vector of centroid of the

- =+ =
a+b+c

3

triangle is

When, R divides PQ internally in the ratio m: n, then

e
o &~ \m+n m+n
- - -

or r =\Ab+pa,
where, A +pu= i PO,

m+n m+n
Thus, position vector of any point R an the line PQ can

- -
be taken as Ab+pa.
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Example 1.6: Find the position of a point R
which divide the line joining two points P and Q
whose positions are i+2j-k and —i+j+k
respectively, in the ratio 2 : 1 (A) internally (B)
externally.

—_— _? ~ ¢ - ,:—‘.
Ans. (A) OR=2( I+ j+k)+1( +2j-k)

2+1
. _f+4}+12
3
® e ol s i+ j+k)-10+2]-k)
2-4
_=8la 0l
1
= -3i +3k

Example 1.7: Show that the points A, B and C with
position vectors a =dl = 4]’ ~ 4k, b=2i- 3 +k

and ¢ =i - 3} - 5k respectively form the vertices

of a right-angled triangle. [NCERT]
Ans. Here,
—
AB =PV.of B-PV.of A
= b-a
=@ -]+ k) - (3] -4] - 4k)
=—i+ 3)' + 5k

x|| CBSE
SRACTIEE PARER

S |Ké| = 1/(- 1y 32 %50~ .35 0!

BC =PV, of C= PV, of B
- =
= c-b
= {i —3] ~ 5k =2l = ]+
= —i-2j-6k
e
So, |BC| = y(-12 +(-2)% + (-6)% = VAT ..(i)
CA =PV.of A-PV.of C
= 8—C
= (3i - 4] -4k)- (i - 3] - 5k)
= 2f—j’+l€
-
So, |CA|=y22+(-1?+1? =6 i)

—_ - - —

We can see AB+BC+CA= 0 .So A, B, C are the

vertices of a triangle.
From (i) to (iii), we have

|AB2+|CAZ =35+6=41=|BC]
Hence, the points A, B and C with position

- B3
vectors a, b and ¢ respectively form the

vertices of a right-angled triangle.

COBJECTIVE Type Questions)

[ 1 mark]

Multiple Choice Questions

1. The two vectorsj+ k and 3i-J + 4k represents
the two sides AB and AC, respectively of
AABC. The length of the median through A is:

V34 Va8
&z
© V18 @ 52

[CBSE Practice Set-2 2023]

Ans. (a) @

- -~

: = 3 b
Explanation: AD =§f+5k

[CBSE Marking Scheme Practice Set-2 2023]

VECTOCrS
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Detailed Answer:

rd

B M C

To find the median of triangle ABC we need to
find mid-point of the side opposite A.

Let it be M.
i ~ ~
Given AB = j+k
— ~ ~ ~
and AC = 3i— j+4k
Using the triangle law of vector addition
— — —
BC = AC- AB
= (31— j+4k) - (j+k)
= 37 -2j+3k
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BC

o]
=
I

N |

= E., - 3’2 (since AM is
2'—‘“2 the median)

In A ABM using the vector law of addition

— _— —
we have AM = AB+BM

N8 s 3;
(j+k)+{3'=J*5

3z, mVm Fav
=i+ j—j+=k+k
g e

Length of the median through A is the

Non

distance between AM = N units

2. @The value of p for which p(i + j+k)isa

unit vector is:

1
(@) 0 ® 75
(© 1 (d) V3  [CBSE 2020]
3. ABCD is a rhombus, whose diagonals
_ — — —
intersect at E. Then, EA + EB + EC + ED
equals to:
A —
(a) O (b) AD
— —_—
(¢) 2BC (d) 2AD
[CBSE SQP 2023, CBSE 2020]
=y
Ans. (@ 0

Explanation: Given, ABCD is a rhombus whose
diagonals bisect each other.

— — — —
|EA|=|EC| and |EB|=|ED| but since they are

opposite to each other so they are of opposite
signs

- — — —
= EA=EC and EB=ED.

VECTOCrS
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A
Bt s
s
> EA+EC=0 0
EB+ED=0 i

Adding (i) and (ii), we get

—_— — — —>

EA + ED+ EC+ ED=0

[CBSE Marking Scheme SQP 2023]

A Caution

™= Students should keep in mind that equal magnitude
does not mean equal vector. Direction should also be
considered.

4. The position vector of the point which

— -
divides the join of points2a -3 b and a+b

in the ratio 3 : 1 internally, is:

- -

@ 3a-2b () 7a-8b
2
3a a5
a S5a
intem— d CE )
© > (d) 2
Ans. (d) 29
4

Explanation: Let given points be A (2a-3b) and

- =

B(a+b).

Also, let the point C divides AB in the ratio 3 : 1.

| 3 1
[

A Cc
.. Position vector of point C

B

_ 3(a+b)+1(2a -3b)
3+1

3(a +b)+1(2a -3b)
3+1
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5.@if |la| = 4 and -3 < A < 2, then the
range of Ikglis:
(ﬂ) [0) 8] (b) [-12' 8]
(¢) [0, 12] (d) [8,12]

— e -
6. If two vectors a and b are such that |a|

— -+ ¥ =4 —
=2, |b]| =3and a.b =4,then |a-2b]| is

equal to:
@ 2 ®) 2J6
(c) 24 (d 2\/5
[CBSE SQP 2022]

Ans. (b)) 26

- -
Explanation: |a-2bl = (a-2b).(a- 2b)

-2 5

— - =¥=¥
la-2bf? = a.a-4a.b+4b.b

- - > -
laP-4a.b+4|b ]
=4-16+36=24
- o
la-2bJ =
- -
> la-2b] = 246
[CBSE Marking Scheme SQP 2022]

7. @The vector having initial and terminal
points as (2, 5, 0) and (-3, 7, 4) respectively, is:
(@) -i +12] +4k (b) 5i +2j-4k

(©) -5 +2j +4k d) i+j+k

8. The position vectors of the vertlces P Q cmd
RofAPQR.are 4 2; + 4k 3 + 6; + 8k

and 41 + J + k respectively.
Which of the following is the vector that

_ 5
represents the median PS ?

T R 1 % s WY B
a) —i+—j+—-k (b) 2i+3j+—k
(@ Sl Sh+ gk @) Ve

g% . 3= . g : - L ARG 5
8 ol ~k ——: +=j+ <k
& sttgltgk @ ot

[CBSE Question Bank 2023]

Sy e Is
Ans. —i+=j+ =k
ns. (c) 21+21+2

Explanation:
The position vectors of the vertlces P, Q and R

of triangle PQR are (- I+2J+4k) (3:+GJ +8k)

VECTOCrS
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and (4; + j+ 12) respectively.
The position vector of the origin is 0i + 03’ +0k -
00 =(3-0)7 +(6-0)J +B-0)k
= (3i +6j+8K),

OR =(4-0)i +(1-0)J +(1-0)k

= (4;+3+12)
—_— —

—>  0Q+O0R
ol —Q;

=" +4);+(6+1)_"j+(8+1)tz
- 2

_(7i+7)+9K)

- P [.27._(_1>_];+{§_2]3+(g_4];

97 Bia 1
=|=i+=j+=k
2 27 2
Therefore, the required vector that represents

— — 92 Fx -
the medion pPS is PS =|—i+—-Jj+=k| for
2 2 2
the position vectors of the vertices P, Q and R of
triangle PQR being (i + 2+ 4k), (3i+6, +8k),

~

(4;+ j+ J;) respectively.

% - » -3 ” -
9. f a = 4i+6j and p = 3j+4k, then the

=5
vector form of the component of a along

b is: [CBSE SQP 2023]

i8¢ = 18 % .0
(a) ?(3:+4k) (b) 2—5(31+4k)
180> .~ 18- =
(c) ?(3:+4k) (d) E(4:+6;)

1B we -
Ans. (b) g(3j+4k)

=

Explanation: Vector component of @ along

Bllied s e
le 25

[CBSE Marking Scheme SQP 2023]
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Detailed Answer: Given,

—3) A i
a =4i+6j
_) - ~
and b = 3j+4k
—
|b| = y9+16 =5
— =

a.b=4x046x3+0x4=18

s " - —
Component of a along b = B iq 18
= 5
|b]
— — 18 ~
Component of @ along b = —
-
_18 b
ot
1b|
_ 18(3j+4k)
5 8
18 A -
= —(3j+4k
55 Bi+4k)

=5
10. If a is a non-zero vector of magnitude a and

s
A a non-zero scalar, then L a is a unit vector,

if:
(@) =1 (b) a= x|
(c) A=-1 (d)a=ﬁ
——

Ans. (d) a_lil

=2 2
Explanation: We have, i a is a unit vector.

-3
|la]=1
-
=4 |2 llal=1
— [Ala=1
1
= (5 s e
| 2]

11. The figure formed by four points j + j + k,
2] + 3], 3l + 5] - 2k, k<] 1540

(a) parallelogram  (b) rectangle

(c) trapezium (d) square
Ans. (c) trapezium

Explanation: Consider the vertices as

—_— & P ~

OA =1+ j+k

OB =27 +3]
VECTOCrS
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OC =3i+5)-2k

e roon

oD =k-j

— =3 =9 5 o
AB = OB-0A =i +2j-k,
- = =3 & % &
BC =0C-0B=i+2j-2
— =) =0 - - ~
CD = 0OD-0C =-3i-6j+3k

<8 +2j-B

DA = ;:+2_7

A B
It is clear that,

— — — —»
[DA|#|BC|=#|CA|=|DA]

— —
Also, AB||CD

Hence, figure formed by four points is a
trapezium.

@ Concept Applied

- -+ = -
- Vectors @ and b are parallel/collinear if a=ib

12. Shown below is a regular hexagon whose
two vertices are joined by a vector.

a

O
-

Oy
oy

-

d
Which of the statement(s) is/are true?

— —

() a and d are equal vectors.
- —

() b and e are collinear vectors.
P -2

() ¢, d and g are coinitial vectors.

Option:
(a) only (1)
(b) only (1)
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(c) only (I) and (Il)
(d) all (), (1) and (1)
[CBSE Question Bank 2023]
Ans. (a) only (Il)
Explanation: Statement (I): From the figure,

— —
we can see that a and d are parallel but not

equal.

Statement (Il): From the figure, we can see
— -

that b and e are parallel and we know that

parallel vectors are collinear.
Statement (ll): From the figure, we can see that

X1l
PRACTIEE PARPER

CBSE

—x =¥ =
c,d and g does not have the same starting

point, thus they are not coinitial vectors.
Hence, only statement (ll) is correct.
—
13. @ Unit vector along PQ, where coordinates

of P and Q respectively are (2, 1, -1) and
(4, 4,-7), is:

(@) 2i+3j-6k

2 34 62 A
C) =l el b, i Mt e
() —i 7;+ (d) =t 7k

(b) -2i-3j+6k

[CBSE 2023]

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]

cip
14. Find a vector @ of magnitude 52, making

an angle of % with x-axis, % with y-axis

and an acute angle 6 with z-axis.

[CBSE 2014]
Ans. Given, l=cos£—i m=c sE=0.
4 2 2
n=cos®B
As we know that,
Pim2eni=1
% §° 2 2
~l—=1 +(0) +cos"8 =1
(7)o
= c0326=1—1=1
2 2
. 1
cosB =T
s V2
= cose=cosE
4
= p==
4
n—cosi—i
3N

Vector g = 5V2(li + mj + nk)

1 5)
_SJ—L\/_'+OJ+\EI<J

= 5(7 + k)
VECTOCrS
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Ans. The

15. Find the sum of the vectors a = | — 2]+ k,

b=-21+4j+5 and ¢ =7 - 6] - 7k.
[CBSE 2012]

~

=¥ ~
given vectors are, a=i-2j+k,

g ,. o 3 — - -~ ~
b=-2i +4j+5kand c =i -6j-7k

- =
. Sum of vectors= a+ b+ ¢

=1 0Tk~ +4] 45841 ~8]-7F
— —43—E

—

16. Find a unit vector in the direction of PQ,

where P and Q have co-ordinates (5, 0, 8)

and (3, 3, 2) respectively. [NCERT Exemplar]

Ans. Given, coordinates of P and Q are (5, 0, 8) and
(3, 3, 2) respectively.

— — —

PQ = 0Q- OP

(31 +3]+2k) - (5i +0]+8k)
-2i +3]-6k

B

. Unit vector in the direction of PQ
—
- PQ
I PQ I
_ -2i+3j-6k
s
_ -21+3j-6k
7

__ -2i+3]j-6k
27 +3% + (-6)?
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17. Find a vector in the direction of the vector
i — 2j + 2k that has magnitude 9.

Ans. let, g = -2]j+2k

Any vector in the direction of vector a

sl
.. Vector in the direction of @ with magnitude 9

_ 9_(!—2_;+2k)

= 31 - 3] +2k)

18. Find a unit vector in the direction of sum of

¥ =8 53 = = o o
vectors a = 2i- j+kand b= 2j+k.
[NCERT Exemplar]

- >

5
Ans. Let, ¢ bethesumof aand b.

— - =
c =a+b

= 2f—j+£+23+£
= 2?+}’+2I2

e
~. Unit vector in the direction of ¢

2f+}+2E
V2241242
20442k
NG

-;- i+ j+2k)

A Caution

= |n this solution, we will first find the sum of vectors
and then the unit vector.

19.Find a vector in the direction of

a=2- } + 2k, which has magnitude of 6

units. [Delhi Gov. 2022]
Ans. Given, g=df - g 2%
So, la| = ‘{22 $ (1 + 2
VECTOCrS

www.aepstudycircle.com
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= JEr174=+0=3
.. Required vector
= 6x z
lal

g & -J420)
3

= 227 - j+2k)
= 4] - 2]+ Ak

20.If P(1, 5, 4) and Q(4, 1, -2), then find the

—
direction ratios of PQ.

Ans. Let, O be the origin of reference.

-

Then, OP =i+5]+4k
_) -~ ~ ~

and 00 B4 4 ]2k
— — —

Now PQ = 0Q-OP

4i + j-2%k-7-5]- 4k
=37 -4]-6k

—
So, the d.r's of PQ are (3,-4,-6).

pE—

21. Find the scalar components of AB with
initial point A(2, 1) and terminal point
B(- 5, 7). [CBSE 2012]
—

Ans. AB = Position vector of B - Position vector of A

= EPAT -84 )

(5= + 7 -17

~7i+6]

. The scalar components are (- 7, 6, 0).

22. What is the value of 2, if A(3i + 2] - 6k) isa

unit vector?
Ans. We have,
| 3 +2] -6k)|= 1/32 N
=J9+4+36
=49 =7
Since, l(3f e 2)’ - 612) is a unit vector
)\‘ —; i% = il
|3i +2j-6k| 7
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23. Find the ratio in which i + 2] + 3k divides
the join of - 2i +3j+5k and 7 - k.

Ans. Let, the required ratio be A : 1, then on applying
section formula, we get

é o ani W AMTF TEISI-2] 8] + Sk)
i+2j+3k Bt

(71-2]1‘ ( 3 )ﬂ.
i+ J
A+1 A+1
+(5_}')IQ
rA+1

On equating the coefficient of } both sides, we
get

= | +2j+3k

Hence, the required ratio is % el

)
PRYANCTIEE

CBSE

FAFER

24, Shown below are two vectors in their
component forms.

u = 3f~pj+512
v =-6i+14]+qk

For what values of p and g are the vectors
collinear?

- _> _) -
Ans. Since, the vectors U and v are collinear

L
A g
- 5
= —l=—p:—l=—
2 14 2 q
— p=7andg=-10

25.@If a=-xi +2j-2k and b =3i -y - k

are two equal vectors, then write the value

of x +y + z [CBSE 2013]

26. @Find the position vector of a point which
divides the join of points with position

— = =5 —
vectors a - 2b and 2a + b externally in the
ratio 2: 1. [CBSE 2016]

( SHORT ANSWER Type-| Questions (SA-1) )

[ 2 marks]

- -
27.f a= i+j+2kand b = 2i + j-2k, find the
unit vector in the direction of:

(A) 6b

- —

(B) 2a-b [NCERT Exemplar]
= - o = = - = "
Ans. Here, a = i+ j+2k and b = 2i + j-2k

— RS A
6b =6(2i+j—2k)
=12/ +6)-12k

(A)

<
~. Unit vector in the direction of 6 b

_) A A~ ~
6b 12/ +6]-12k

i - 127462+ (12)

12/ +6j-12k
J324
_ B(2i + j-2k)
- 18
27 +j-2k
3

VECTOCrS

www.aepstudycircle.com

- —

B) 2a-b =2(i+]+2k)-(2 + j-2k)
= 21 +2]+4k-27 - j+2k
= :y'+ 6k

- -
. Unit vector in the direction of 2a-b

= =¥ n .
_ 2a-b _ j+6k

= 12 62

|2a-b| P+

| (R~
= — (j+6k
ﬁ(1+ )

- —

28.If aand b are the position vectors of A
and B, respectively, find the position vector
of a point C in BA produced such that

— —
BC =1.5 BA. [NCERT Exemplar]
— - —> >
Ans. Here, OA =a,0B=b
—_— — — =2 =X
BA =0A-0B=a-b
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— =
So, 15BA =15(a-b)
= — .
But, BC =15BA [Given]
- —

oc OB =15(a -b)

—_ - -
= GE-b =15a0—-15b
— - -
= OC =15a-05b
-
5 b
_a__
2 Z
_3a-b
R

Hence, the position vector of the point C is

[BQ—b]
5 '

— —  — —>

29.If PO+ 0Q = QO+ OR, then show that the

points P, Q and R are collinear.

_— — @ — —

Ans. Given, PO - 0Q = QO - OR

_ —  — —

= 0Q-0P=OR-0Q

_  — —  —>

e
O -+
-

As Q is a common point for both vectors.
Hence, the poins P, Q, R are collinear.

30.If A, B, P, Q and R be the five points in
a plane, then show that the sum of vectors

—_— = - — — -

AP, AQ, AR, PB, QB and RB is IRB.

Ans. Applying triangle law of addition of vectors in
As APB, AQB and ARB, we get

XII CBSE
FRACTIES PAFER

P
— — —
AP + PB = AB,
—  —> S
AQ + QB = AB,
— — s
AR + RB = AB

On adding all these, we get

—_ S S 3 — > —>

AP + PB + AQ+ QB + AR + RB = 3AB

31. @Find the value of p for which the vectors
3i + 2] + 9k and i - 2pj + 3k are parallel.
32. Write the value of cosine of the angle which

the vector a =] + j+k makes with the
y-axis. [CBSE 2014]

- a

Ans. Given, a=f+:j+l€

iy
Now, unit vector in the direction of a s,

_Ag A5 1
B fff

Hence, the cosine of angle which the given

k

1
vector makes with y-axis is ﬁ

(SHORT ANSWER Type-Il Questions (SA-II))

[ 3 marks |

-

33. A vector r has magnitude 14 and direction

ratios 2, 3, -6. Find the direction cosines and

VECTOCrS

www.aepstudycircle.com

= = 2
components of r , given that r makes an

acute angle with x-axis. [NCERT Exemplar]
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=
Ans. Here, Ir] =14
_) ~ -~ ~
Let r = ai+bj+ ck
-
Since, 2, 3, - 6 are direction ratios of r ,
a .Bohic
7. Y

=a=2x b=3kand c=<6\

-

r =a(2i +3j-6k)

—

Since, |r| =14

= 4224902 £ 3602 = 196

= 4937 = 196
=y 2 =4
=5 A=+2
5
Since, r makes an acute angle with x-axis,
A=10
-

r 4?+63’—12I€

5 -

r

NOW, r - —
—y

|rl

_ 4i+6j-12%
J4? +6% +(-12)

4i +6j-12k
V196

4] +6j-12k
14

S : iy 23 -6
Hence, the direction cosines of r are T

and its components are 4,6}, -12k-

34. @A vector r is inclined at equal angles
to the three axes. If the magnitude of ris
2./3 units, find r . [NCERT Exemplar]

35.Show that the vectors g = 3f - 2]+ k,

B=f—3}+5fund?= 2f+}—4§ form a
right-angled triangle.

VECTOCrS

www.aepstudycircle.com
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—» S i .
Ans. Given, vectorsare a = 3i - 2 + Kk,

=¥ - -~ ~ = ~ od 5l
b=7-3]+5k and ¢ =20 + ] -4k

Then, 13] = V32 + (2% + (1)?
= JGrd+1=

15| = Y2+ (=37 + (59

= V1+9+25 =435

ool TR g

1€1=
=J4+1+16 =421
Now. |a 2 +| ¢ = (I4) + (¥21)?
-
=35=|b
|aR+12R=1bP
Hence, the vectors form a right-angled triangle.
36. If the position vectors of the points A, B, C and
D are 2 + 4k, 5i + 3\3] + 4k, —ZJ_}'+E
and 27 + k respectwelg, then prove that CD
— 2 —
is parallel to AB and CD = §AB
Ans. We have,

—
AB = Position vector of B - Position vector of A

= (51 +34/3] + 4k) - (2 + 4k)

=43 +3«/§}'

—
CD = Position vector of D - Position vector of C

= (2 +k) - (-243] +k)
=2f + 23]

27 ++/3))

%(3? +343))

2——)

—AB
5

e 2——)

Hence, CD is parallel to AB and CD == AB

UJ

37. If a unit vector @ makes angle % with }:,E

with :( and an acute angle 6 with ’2. then
find the components of a and the angle 6.
Ans. Consider, vector @ makes angle o, f and y with

i ] andk respectively, then
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cos?a + coszﬁ - coszy =

It is given that a=£.|3=%andy =0 is an

acute angle.

5 c052£+ coszE+ cos?e =1
4 3
= 1+1+cos;29=1
2 4
=5 vc:os.26=1-l~l
2 4
_4—2—1_3
4 4

FPRUANCTIES PAFER

= COSH =

N | =

n

= ory=§

w|a

Now, d= | a | {(coscx)f - (cosB)j kS (cosy)lz}

T )2 A LAY
= (cos—-]: +(cos-—); +(cos—]k
4 3 3

(LONG ANSWER Type Questions (LAD

[ 4 & 5 marks ]

38. Using vectors, find the value of k such that
the points (k, -10, 3), (1, -1, 3) and (3, 5, 3)

are collinear. [NCERT Exemplar]
Ans. Given, points are Ak, -10, 3), B(1, -1, 3) and
(3,5, 3),
— — —
AB = OB - OA
=(i - j+3K) - (ki =10 +3k)
=(1-Ki+9]
and, BC = 0OC- OB

= (37 +5)+3k) - (i - j+3k)

=2i +6]
Since, the points A, B, C are collinear, then there

exist some scalar A such that
— —

AB =)BC

=  (1-k)i+9] =A(2/ +6))
On comparing the coefficients, we get

1-k=2A (i)
and, 9 =6A
3
A==
2
Putting the value of & in equation (i), we get
1-k=2x 3
2
= 1-k=3
= k=-2
Hence, the value of k is -2.
VECTOCrS

www.aepstudycircle.com

Ans. In AABC, using the triangle law of vector

39.The two vectors j+k and 3i - j+ 4k

represent the two sides AB and AC,

respectively of a AABC. Find the length of
the median through A. [CBSE 2016, 15]

addition, we have

- —  —
BC = AC- AB
A
B D) &
Here, AC =3i - } +4k and

AB = j +k (given)

BC = (3i-j+4k)-(j+k)
=8 -2} 43k

Now, AD is a median of AABC at point D. So,
point D divides BC in two equal parts.
— 1 —

BD = -BC
2

. %(37 ~2]+3k)

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122



Now, in AABD, using the triangle law of vector
addition we have

- — —

AD = AB + BD
s O B . 3
e B 2.3
G+hb+(3i-3+2k)
=§-T+OJ+EE
2 2
— 2 2
|AD| = (5) +02+(§)
2 2
_ [ 25
= ._+._
4 4

37 1
=J——=-34
A

Hence, the length of the median through A is

l\ﬁz units.
2

40. Find the position vector of a point R,
which divides the line joining two points
P and Q whose position vectors are

- - — -
2a+ b and a - 3b respectively, externally

in the ratio 1 : 2. Also, show that P is the

mid-point of line segment RQ. [CBSE 2010]
— = ¥
Ans. Given, OP =Paositionvectorof P=2a+b
— - e
0Q = Position vector of Q = a-3b
—%

Let, OR be the position vector of a point R,

which divides PQ in the ratio 1 : 2 externally.

< 2 >
1 < 1 >l
: : :
(00Q) (OP) (OR)
SE__MS—BB)—X2;+B)
193
[by external section formula]
_a-3b-4a-2b
=1
=
_-39-5&
T =8
=3a+5b
+ SB

www.aepstudycircle.com

FRVAETFIE
Now, lets prove that P is the mid point of RQ.

f,e__ OP ]

>

= e o —> —>
We have, OR =3a+5b, OQ = a-3b

_ —

- - - —
_OR+0Q _3a+b+(a-3b)
E 2 2
- — 4
< 4a—2b=20_b
2
-
= OP

Hence, P is the mid-point of line segment RQ.
Hence, proved

7 2 a - e =P ~ ~ ~
41.let a=i+ j+k, b=4i -2j+3kand

and find a vector of

magnitude 6 units, which is parallel to the

- - -
vector 2a - b+ 3c.

Ans, Let 3:7.},}'4—]2. E:4f-2j+3!2 and

ke
c

~

+

.’

=i-2

Now, 2a- b +3¢ = 2+ j+k)
—(4i =2]+3k) +3( -2] +k)

=2 +2j+2%k-4i +2]-3k+3i -6j+3k

=f-213k
Now, a unit vector in the direction of vector

- - —
2a-b+3c

> - o

" 2a-b+3c

|2a-b+3¢C|

j—-2}+2k

JE+ 3 4+ P

_i=2]+2k
4444
_i=2]+2k
3
Faclef
4 3 3
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So, vector of magnitude 6 units parallel to the

- =2 —
vector 2a- b +3c

VECTOCrS

g 383

=2 -4]+4k

www.aepstudycircle.com
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42. @Points L, M and N divide the sides BC, CA
and AB of AABC in the ratio 1: 4, 3: 2 and

L e A

3:7, respectively. Prove that AL + BM + CN

5 -
is a vector parallel to cK, when K divides

AB in the ratio 1: 3.

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122



SRAETIE

PRODUCT OF TWO VECTORS a

“TOPIC1 |
SCALAR (OR DOT) PRODUCT OF TWO VECTORS

Multiplication of two vectors is defined in two ways,
namely, scalar (or dot) product where the result is a
scalar, and vector (or cross) product where the result
is vector.

- —
The scalar product of two non-zero vectors a and b,

denoted by a.b, is defined as a.b = a I b | cos®,

A Caution

- - - -
= [feither a = 0 or b = 0, then 8 is not defined, and in

- =
thiscase a.b =0

Some Important Observations
- -

(1) a.b isareal number.

(2) Let a and B two non-zero vectors. Then,
-3 — —¥ -
a.b =0 ifandonlyif @ and b areperpendicular

to each other, ie., ZE =0 3 1 B

—5 = -5 =
= 0, the a.b=|allb|. In particular,

()

Ql @

If
— —
a.a =| af

- -
(4) If0=n then a.b =—| a|| bl.

(5) For three mutually perpendicular unit vectors
i, jandk, we have

if=1 }'.)’:1; kk=1and f.}:jﬁ:l&f:O

(6) The angle 6 between two non-zero vectors
- -

— e S " e_ Gb
aandb is given by cosb = R , %
lallb]
a.b
or, | L

14 1IB|
Geometrical Interpretation of Scalar
Product of Two Vectors

Let (ﬁ,:gond O_B>=Eand Z/AOB =0

From B, draw BM perpendicular on OA. Then,
VECTOCrS
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-5 —> o A
a.b=|al|b| cosB
- e - —>
=|a|(b]| cosB)=|a|OM

= (Modulus of 3) (Projection of b along 3)

ol

oy

M A T

Qlwy

Similarly, gk = (Modulus of B) (Projection of
- —
a along b)
= PR

i.e, Projection of a along b = —
b

Properties of Scalar (or Dot) Product

Property 1 (Commutative): For any two vectors

— —
a and b, we have
- > -
a.b=>b.a
=g o
Property 2: For any two vectors a and b and a

scalar m, we have

- = - —> - -
(ma).b =m(a.b)=a.(mb)
Property 3: (Distributive over addition/subtraction):

- -
For any two vectors a, b and ¢, we have

-3 = — - -
a(b+c)=gb+a.c
= = - =3 o5 o
and a(b-c)=a.b-a.c
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- > — b A
Property 4: a.a=| a [’z 0, where q is any vector.

Property 5: For any two vectors @ and B we have
(1) a(-b)=-(a.b)=(-a).b
o) (-a)(-b)=a.b

Property 6: For any two vectors a and 3 we have,

al

ol

1) |a+bP=|aP+|b[+2

ol

o) |a-bP=|ak+|bP-2a.
3 (a+b)(@-by=lal-|bP

Scalar Product in Terms of

Components

Let a= a,i +a,j +ask and b= byi + b, + bsk. Then,

._b> = (01;‘\ + azj + GBk‘).(blf + sz + b-_:,’e)

Ql

= ayi byl + by + bsk) + Gy J.(byi + by ] + bsk)
+azk(byi + b, + bsk)

= (ayby) (1) + (@155) () + (ayb3)(i k)
+(agby)(Jd) + (ayb5)(J.J) + (azb3)(JK)
+(asby ) (k.7) + (asby)(k.J) + (asbs)(k.k)

= a1b1(1) + a1b; (0) + a1b3 (0) + azb; (0)
+ agby (1) + agbs (0) + asby (0)
+ asb; (0) + asbs (1)
= aiby + a;b; + asbs

Thus, the scalar product of two vectors is equal
to the sum of the products of their carresponding
components.

Conclusions

1 I ; = alf + az_} + a312 and E = blf + sz + b3E

are two non-zero vectors inclined at angle 6, then

- =

a.b = 01b1+02b2+a3b3
=¥ =3 2 o BllEe o
la|lb| Jal+az+ag.\/b1+b2+b3

cosB =

2 If a-= alf E3 02]' + aalz and b = blf + sz' - b3IE

are two non-zero parallel vectors then,

VECTOCrS
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B—l- = g = b_3 [Condition of Parallelism]

@3) If a= a,i +a,] + azk and b= byi +b,j + bk
are two non-zero perpendicular vectors, then
Cl]_bl + szg oo a3b3 =

[Condition of Perpendicularity]

Projection of a Vector on a Line

-

Suppose a vector a makes an angle 8 with a directed
line, say [ in anti-clockwise direction. Then, the

=

projection of a along the line | is a vector p (say)

o
whose magnitude is |a| cos 8 and the direction
along the line L

P

d';}’ Important
—3

= P is called the projection vector and its magnitude | p |

—

5
is called the projection of a on the directed line L

- -+

Thus, the projection of a on the vector b is given by

- - -
Projection of @ along b = a.b
5
b
=G.?
b
- -
a.b
m—
| b|

Example 2.1: Find the angle between the vectors
— o
a=i-2j+3kand b =3i -2j +k. [NCERT]

Ans. Let 0 be the required angle between the given
vectors. Then,

-
cos B = a.b
- =
lallb|
i (1 —2j+3K)(3 —2j +k)

2 4 (2P + B 4 (P 4 12

3+4+3 10 S

0= cos (2]
7
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Example 2.2: Find the projection of the vector

i —}' on the vector | +}. [NCERT]
—» - ~ — A ~
Ans. let, a=i- jandb =i + j.
We know that,
- -
= o a.b
Projection of aonb = ——
| b
_ -+
12 +42
1-1
==——=-0
2
e —
Example 2.3:Find |a | and | b |, if
(@+b)(a-b)=8and|a|=8|b|. [NCERT]
Ans. Here,
- 2> 3 - e T e e T I
(a+ b)(a-b)=a.a-a.b+b.a-b.b
— —
=laP-|bP
[a:b = b.al]
o —
= Jaf-|b?=8 (Given)
= @|b)P-|bF=8
- —
= 64|bP?-|bP=8
gy e e
= 63|b|> =8 [lal=8]b]]
B« ,3_2\/5.
= 1b1= 63 " 377
|3|=3&=ﬂ
W7 3T
> 1642 > 22
Thus, |a|= —=and | b |= —=
Blalssponioker

Example 2.4: Show that | a | b+ | b | a is
perpendicular to | a | b- | b | a. [NCERT]
Ans. Consider (| @ | b+|b|a)(d|b-]|b|a)
=(d|b)Mdl|b)+(b|a)(alb)
+(d|B)-1B|a)+(b|a)-|b|a)
=|dP(b.b)+|blld|(a.b)-|allB|(b.a)

-1bP(d.a)

VECTOCrS
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= |aPIBP+lallbl{(a.b)-(b.a)}~-|bPlal
=0 {'.'(—;.B =f_7}a)}

- -
Thus, |alb +|blad is perpendicular to

|a|b-|b|a.
Hence, proved.

Example 2.5: If the vertices A, B, C of a triangle
ABC are (1, 2, 3), (- 1, 0, 0), (0, 1, 2) respectively,

then find ZABC. [NCERT]
Ans. Here, ZABC is the angle between the vectors
o o
BA and BC.
AL 2,3)
B-1.0,0) S
Now,

—
BA =PV.of A-PV.ofB
= (1 +2]+3k) - (-17 + 0] + Ok)
=2 +2]+3k
_—
BC =PV.of C-PV.ofB
(0F + j+2k) - (17 + 0] + 0k)

f+}'+2l€

Now,

- -
LABC = c0S 1 ﬂ

o >
|BA || BC |

—cos‘l{ @ +2]+36).( + j+2k) }
NP+ R P12 +12 422

_1[2+2+6]
COSs

V176

cos 1 &
V102

Example 2.6: Show that the points A(1, 2, 7),

B(2, 6, 3) and C(3, 10, - 1) are collinear. [NCERT]

Ans. In order to show that the given points A, B and
C are collinear, we shall show that

e — .

| AB |+ | BC |=| AC |

.
Now, AB =PV.ofB-PV.of A

= (21 +6]+3k)- (7 +2]+7k)
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;+4_}-4I;

J1° 4 o)’
=38 ()

_)
Similarly, BC =PV.of C-PV.0of B

(3i +10) - k) - (2 +6 + 3k)

f+4]-ak

1/12 + 4% 14y

=33 i)

= &l

'TOPIC2 |
VECTOR (OR CROSS) PRODUCT OF TWO VECTORS

The vector (or cross) product of two non-zero vectors

=3 = - -
a and b, denoted by axb, is

- -
definedas ax b =| a Il a | sin@n,

where 6 is the angle between

— =3 . :
aand b, 0 €0<n and N is a v

— —
unit vector perpendicular to both Vectors aandb,
such that a@,b and# form a right handed system

(see figure) ie, the right handed system rotated from

_. _’ . + * ~
a to b moves in the direction of .

A Caution

- [feither =0 or b= 0. then 0 is not defined, and in this

- -
case, axb =0.

Vector Normal to The Plane of Two
Given Vectors

5%
Let a and b be two non-zero, non-parallel vectors,
and let 6 be the angle between them. Then
- 5> o - B
axb=|al|lb|sinén
where, A is a unit vector perpendicular to the plane
e = - 2 h y
of aandb, such that a, band A form a right-

angled system.

—
HXB=|G><

VECTOCrS
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T
and  AC =PV.of-PV.ofA
= (31 +10]- k)= (i + 2] +7k)
=2 +8) -8k
s ‘:c;‘ _ 224821 (8p
=233 i)

From (i), (i) and (jii), we find that

a6+ -l

Hence, the given points are collinear.

- -

is a unit vector perpendicular to the
| ax b |

- .
plane of aandb.

This also give us "a vector of magnitude m

- -

perpendicular to the plane of gand b" is given by

& m(ax b)

laxb |
Some Important Observations

- =
(1) axb isavector.

(2) Vector product of two non-zero vectors vanishes
if and only if they are parallel or collinear.

Let 3 and B be two non-zero vectors. Then,
axb = 6 if and only if aand b are parallel to

. - = 2 -
each other,ie, axb =0 a || b.

(3) If8=0,then axb= 6 In particular, axd= 6
4 If @ = =, then ng H) In particular,
— - =%
ax(-a)=0

) f0=Z then axb=|a|b|
2

(6) Vector product is not commutative, ie,
5> P D>
deb#* bxa.
- > . = .
Since, |laxb|=|all b]| sind
-2 = e =% "
=|bxa|=|b]|l a|sind
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- -
but direction of ax b is opposite to that of
- —
bxa

- = e
So, (axb=-bxa)

(7) For three mutually perpendicular unit vectors
f_} and k, we have,

ixi=0; jx]‘:O; k xk =0;
ij:lz; jx£=; Exf:j;
Ixla=k &sii=-T fuk<-]

(8) The angle 6 between two non-zero vectors
LECW |
a and b is given by siné):'i"‘—l_’,I
lallb|

- -

or 0= Sin_l M S

- -
lallb]|
o if aandb represent the adjacent sides of a

; : By s
triangle, then its area is given by 5 a5 |.

Area of AABC = %BC.AD (1)
A
2
o
B > > C
E D

e -
But, BC=|b|and AD = | a | sinf

Thits, Amsa6FAARC = %BC,AD

==|b in®

Slbllialsin
- S

=l|axb|

2

(10) If a andb represent the adjacent sides of a

- -
parallelogram, then its area is givenby | ax b |-
Area of parallelogram ABCD = ABDE (i)
= -
But, AB=|b|andDE=|a| sin®
i £

A E 35
b

VECTOCrS
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- —
(11)If a and b represent the diagonals of a then its

FPRUANCTIES PAFER

Thus, area of parallelogram ABCD
= AB.DE

=|b| a|sind

- -
=g b

area is given by %ng Bl.

Let PORS be a parallelogram with diagonals PR
and QS intersecting at O(origin).

Svk
P Q
—> - —> —3
let PR=aand QS=b
Now,
5 —
OR -8 0S<—b:OP=-23:00=-2b
2 2 2
i
= PQ =PV.of Q-PV.of P
i it
2 2
1. & 2
= —(a-b
2( )
=3
and PS =PV.of S-PV.of P
=18 + 1q
2
1 -
== b
5(@+b)

d o
= Area of ZJPQRS = |PQ xPS |
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Properties of Vector (or Cross) Product

Property 1: For any two vectors gand b and a

scalar m, we have
- - - -
(ma)x b = m(axb)=ax(mb)
Property 2: (Distributive over addition/subtraction):

-5 = —
For any three vectors a, b and ¢, we have

SR = - —
and ax(b-c)=axb-axc
Vector Product in Terms of

Components

Let g = alf - azj' - 03.'2 andb = blf + bz_}‘ - bBIE.Then,

> =
axb

(a,i +a,] + azk) x (byf + b, + byk)

alf X (blf + sz' + bSE)

+ 02}' % (blf + sz’ + b312)

+agk x (byi + b, j + bsk)

(asby)(i % 1) + (ayby) (T x J) + (aybs)(i x k)
+(@gby)(J % ) + (aby)(J % J) + (agb3)(J x )
+(agby)(k x 1) + (azb,)(k x J) + (asbs)(k x k)
_ (@,5,)(0) + (a;b)(®) + (@,b;)(= )

+(ayb;) (= k) + (a,b,)(0) + (a,bs)(7)
+(asby)() + (agby)(~ 1) + (ash3)(0)

(azbs — a3b,)i — (aybs - asby)]

i J Kk

= al 02 03

bl b2 b3
VECTOCrS
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Example 2.7: Find a unit vector perpendicular

to each of the vectors a+ b and a - 3, where

a-3i+2j+2k and b =i +2] - 2k. [NCERT]
Ans. We know that unit vector perpendicular to each

- B —)_B)
of the vectors 3 and 3 = (_(Z +_)) - (_(Z _>)
| (@+b)x(a-b)|

Now, a+b = (31 +2j+26)+( +2j-2k)
= 47+4}

— —* ~ @ ~ ~ ~ -
and  a-b = (3 +2]+26)- (7 +2j-26)

= 2/ + 4k
Yk
S P - -
Thus, (a+b)x(a-b)=4 4 0
2 0 4
- 16i - 16 - 8k

= |(@+b)x(a-b)| =576 =+24
Hence, unit vector perpendicular to each of the

vectors gand g= (3+f)x(g _f)
|(@+ b)x(a-b)]|

=
24
[27 2. 1*)
or 2| =i ——=j-=k
3@ BF 3

Example 2.8: Find the area of a triangle with
vertices A(1, 1, 2), B(2, 3, 5) and C(1, 5, 5). [NCERT]

Ans. Here,
PV.of A = f+j+2l€:

PV.of B = 27 +3] + 5k;
and PV.ofC= f+5}'+5!2

A
B > C

We know that,

1 — —_—>

Area of AABC= = | BC x BA | )
2
s

Now, BC =PV of C-PV.ofB

(i +5] +5k) - (2i +3] +5k)

»?+23
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And, BA =PV.of A-PV.of B
= (i + j+2k) - (27 + 3] + 5k)
=-i-2j-3k
& Tk
So, BA =|F1 2 0
A P,
= —6i -3]+4k

= | BCx BA | = {62 +(-3 + 42

= V61

From (i), we have

Lo ok
AreaofAABC:-il BCx BA |

= % 61 sq. units
Example 2.9: Find the area of a parallelogram
whose adjacent sides are determined by the
vectors @ =i — j + 3k and b=2i-7j+]. [NCERT]

Ans. We know that,

— —

Area of paraellelogram ABCD = | AB xAD |..()

D g
2
A 5 B
i ]k
R - -
Now, AB x AD = axb=[(1 -1 3
2 -7 1

20i + 5] - 5k

— —
= | AB x AD | = 4/20% +5% + (-5
= f450 = 152

From (i), we have
Area of parallelogram ABCD

— —>
=| AB x AD |

= 1542 sq. units

—>

Example 2.10: If either a =0 O b= 8, then

i T 4
axb=0. Is the converse true? Justify your

answer with an example. [NCERT]

VECTOCrS
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Ans.Let,3:?+J’+Eond3=3f+3}+3£.

Here, la]=412+12+12 =B = 0
and 1B =+432432432 =330
i J ok
Now, Bxb=1 % 4
A

(3-3)i —(3-3)] +(3-3)k
=
Thus, the converse is not true as axb = 6 but
= =F — =
a#0orb=0.
Example 2.11: Case Based:

Ginni purchased an air plant holder which is in the
shape of a tetrahedron. Let A, B, C and D are the
coordinates of the air plant holder where A = (1, 1, 1),
B=(21'S)€=(3.2 2)and D= (3 3, 4).

D

Based on the above information, answer the
following questions.

-

(A) The position vector of BA is:

() —i—2k (b) 2i+k
(c) i+2k (d) ~2i -k

(B) The position vector of AC is:
(@) 2i-j-k () 2i+j+k

() —2i— j+k d) i+2j+k
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B %
(C) Find the position vector of AD .

4
(D) Assertion (A): Area of AABC = \/-; $qQ. units.

1—) -_>

Reason (R): Areaof AABC= —| AB x AC |

N

(a) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true but (R) is false.
(d) (A) is false but (R) is true.

—_
(E) Find the unit vector along AD .

Ans. (A) (© i+2k

—_
Explanation: Position vector of AB

=@-1)i +(1=1)J + @-1)k
= ; +2I;
(B) (b) 2i+ j+k

—

Explanation: Position vector of AC

=(3- 1)! +(2 1)_1 +(2 1)k
—21+J+k

)
PRUNCTIES /AN

—

(C) Position vector of AD
=3-1)i +3-1)J +@-1)k
=20 +2)+3%k
(D) (a) Both (A) and (R) are true and (R) is the
correct explanation of (A).

— —

Explanation: Area of AABC = —| ABx AC |

= O o
=N R

—i0-2-j(1-4k1-0)
=-2,’+3]‘+£

~ 1ABXAC|= [ 22+32+17
_ JiT =

1
Area of AABC = — \/]7 $Q. units

2
-
P
(E) Unit vector along AD = —_
—
| AD |
 2i+2j+3k  2i+2j+3k
T 292437 J4+4d+9

1 2i+2j+3k)

7

COBJ ECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

1. The points D, E and F are the mid-points of
AB, BC and CA respectively.

C#4.9

A0,0)

(Note: The figure is not to scale.)

VECTOCrS
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What is the area of the shaded region?
(a) 2 sqg. units

(b) g sq. units

() — sq. units

1
2
@ (2426

} sg. units

[CBSE Practice Set-1 2023]

Ans. (b) %sq. units

[CBSE Marking scheme Practice Set-1 2023]
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Explanation: In the given figure

S = = — e s 5
AB =2i+2j and AC = 4i+6j

Area of triangle ABC
PJ ok
1. 50— 1
= S| ABxAC|= 52 2 0
4 6 0

A4 .
[4ki=—2-=2 sq. units.
Now, area of shaded region

= %xAr(AABC) = gxz

= g:;q.um'cs;.

2.If 0 is the angle between any two vectors

aand b, then | a.b |=| @xb | when 0 is
equal to:
e
a) 0 b) —
(a) ()4
®
c) — d
() 2 (dn
Ans. (b ks
(b) 2

g — -
Explanation: | a.b |=| ax b |
- =

- =
= |al||b|cosO=|allb]| sind

= cosf =sinB
= 9:E
4

7. =2 - —
3. @ lal =10, |1bl=2and a.b = 12, then

value of | a.b |is:
(@5 (b) 10
(0) 14 (d) 16
[NCERT Exemplar]

4. The value of A for which two vectors
2i- j+2k and 3i+ ) j+k are perpendicular

is:

(a) 2 (b) 4

() 6 (d) 8 [CBSE SQP 2023]
Ans. (d) 8

Explanation: Dot product of two mutually
perpendicular vectors is zero.
= 2x3+(-1)A+2x1=0
= A=8.
[CBSE Marking Scheme SQP 2023]
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@ Concept Applied
™= The dot product of two vectars is SE =| 5 Il E | cos®.
IF0 = 90° a.b=0.
5. If (f +2 j’) x (si +3] +c:2) = 0, what are the

values of Land o ?

(a) l=%,c=0
5

(b) l=§’°=5

(c) ¥=3.a=0

(d) cannot be found as there are two
unknowns and only one equation
[CBSE Practice Set-1 2023]
=
Ans. (@) A= -2-.0':0
[CBSE Marking Scheme Practice Set-1 2023]

Explanation: Given, g =j- j + 7k and

b=5i—j+ik =0

L = =
W >
aQa O =
I
o

i(A6)- j(c)+k(3-51)=0
A6=0,6=0,3-5,=0
=5 A==

6. If i,j,k are unit vectors along three
mutually perpendicular direction, then:

@ i.j=1 b)ixj=1
© i k=0 d ixk=0
[CBSE 2020]

Ans. (0) i k=0

Explanation: Since, f}k are
perpendicular.

i k20

mutually

[Sincei.k = i kcos@ = ik cos % =ik x 0=0]

7. @if 0 is the angle between any two vectors

— . - -
a and b, then a.b = 0 only when:

(a)0<9<g (b) 0<6<

L
2

(€ 0<0<m dOo<b<n
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8. The area of the parallelogram whose
adjacent sides are i+kand 2i + J +k is:
(a) 3 sq. units (b) 2 sq. units
(c) 4 sq. units (d) V3 sq. units
Ans. (d) /3 sq units.

Explanation: The area of the parallelogram
whose adjacent sidesare | + k and 2i + j + k

is1(f+l§)x(2f+}+l2)| Q. units.

Now, (7 + k) x (27 + ] + k) =

[ I
= O s
b= Py

——i+j+k
So, | (T +k)x (2 + j+k)|

(A | B N ]

Hence, the area of parallelogram is V3 §Q. units.
9. @If 3:f+2_}'+2]§, |3|:5 and the angle

—> P
between aandb is ry then the area of the

triangle formed by these two vectors as two

sides is:
15 : :
(a) i sq. units (b) 15 sq. units
15 153

(c) ra $q. units (d) $Qg. units

2
- - - -
10. If |axb|=\/§ and a.b=-3, then angle

— —
between a and b is:

2n n
a) — b) —
(a) 3 (b) 5
b1 Snt
c) — d) —
© 3 (d) 5
[CBSE 2023]
S5n
Ans. (d —
5. (@) —
Explanation: Given,
- —
laxb| =3
- —
and a.b =-3
- — —e
a.b =|al|b]|cos
- =
-3 =|al||lb|cos8
VECTOCrS
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FRYAETIE
=, oy 4 _3 ‘
lallb| g e -(0)
laxb| = |a| b] &no
B3 =|allb|gine

&

_—3.sin9 [fram (i)]
cosf

\/5 =-3tan 6
tan B = -ﬁ
3
= L
B
tan b = tunS—Tt
6

11. Let a and b be two unit vectors and 0 be
the angle between them. Then, @ + b isa

unit vector, if 0 is equal to:

s s
= by =
- ®) 3
T 2n
c) — d —
(© 2 (d) 3
2n
Ans. (d —
@ 3
- o
Explanation: Here, |a| = |b| = 1 and
|la+b| =1
= |a+gF=1
3 ) 3 >
- (a+b)(a+b)=1

= B +20.b+|bP2=1 {~3.5=D.3}
=3 20.b+2=

fo1d1=1b|=1
= |3||B]cose=~%

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122
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12.1f a=i+3j+2kandb=pi+j-k are

orthogonaland | @ |=| b |, then (&, 1) is:

0 (33
o (33T
v 9 (37)

¥ w m
Explanation: Since, a=i+3+2k and

b= i + j —k are orthogonal,

- >
ab =0

=i+ +2k).(ui + j-k) =0

= H+A=-2 =0,0orp=2-2 ..()
— -

Also, la|=|b|

gives V12422422 = 2 +1% +(-1)

= A2+5=p24+2 (i)

Solving (i) and (i), we get

1
A=—andu=
3 M

SN

13. @ a=2i - j+2k,and b = 5i - 3] - 4k

Projection of @ on b
rojection a on
then )

is equals to:
= —
Projection of b on a

5v2

(@) 1 ®)

3 3
() 572 (d) 275

14.If the of | 6 +j+ 4k on

2+ 6]‘ +3k is4 units, then the value of 4 is
equal to:

(@)-9

projection

(b) -5

©5 (d) 9
[CBSE Practice Set-2 2023]
VECTOCr$S
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- —
and @ x b = 0, then (m, n) is equals to:
24 36 24 36
(a) (-?.-?) (b) [?.?)
24 36 24 36
@(-5%) @ (5-%)
[Diksha]
24 36
s | [-?-—5—]
_) ~ ~ ~
Explanation: a = 2i +3j -5k
=3 ~ ~ ~
And b =mi+nj+ 12k
— A
axb -2 3 -5
m n 12
=i (36 +5n) - j(24 + 5m)
+k(@2n-3m)=0
36 +5n=0 > @ x b =0]
36
= n=-—
5
And 24+5m =0
24
m=-—
L5
Thus, (m,n) = (_E_ﬁ)
5 o

XII CBSE
FRACTIES PAFER

Ans. (c) 5
Explanation: According to the Question

(Af+}+f£).(2f+?j+3l2) i
|2i +6j+3k|

246412 _

V4+36+9

A=5

4

[CBSE Marking Scheme Practice Set-2 2023]

—> 4 2 e — . S 2 5
15.1f a = 2i+3j -5k, b =mi +nj + 12k

16. Few of us would have seen a building whose
sectional view resembles a parallelogram.
Sneha was speechless when she came
across the picture of a building shown
below. She wanted to check her friend's
knowledge of vector algebra by asking her a
very simple question on finding the length of
the diagonal of the parallelogram.
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If i+j-k and 2i -3j+k are adjacent
sides of the building, then the lengths of its
diagonals are:

(a) V3,414 (b) V13, V14
(© V21,43 @ V21,413
Ans. (d) /21,413
Explanation: Let @ =i + j -k and
b =2 -3]+k

Then, the lengths of two diagonals are given

2> -2 > -
by|a+b|and|a-b|

Now, Z+B =3r?—2:f

And 3—3:—?+4}‘—2!€

= 13 +5| =37+ (-2 = VI3;
and | 8= = -1+ 47 4 (=27

=21

Assertion-Reason Based Questions

In the following questions a statement of
Assertion (A) is followed by a statement of
Reason (R).

Choose the correct answer out of the following

choices.

(a) Both (A) and (R) are true and (R) is the correct
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.

(d) (A) is false but (R) is true.

FPRUANCTIES PAFER

17. Assertion (A): The position of a particle
in a rectangular coordinate
system is (3, 2, 5). Then
its position vector be

2i +5) +3k.

Reason (R): The displacement vector of the
particle that moves from point

P(2, 3, 5) to point Q(3, 4, 5) is
i+ 7.
Ans. (d) (A) is false but (R) is true.
Explanation: The position of a particle in a
rectangular coordinate system is (3, 2, 5). Then
its position vector be 3+ 2_} +5k _
Now, the displacement vector of the particle

that moves from point P(2, 3, 5) to point
Q3. 4.5)

—(3-2)i +(4-3) ] +(5-5)k

~

=i+ j

18. Assertion (A): The direction cosines of

vector A - 2i +4)-5k are
- W
Jas' Jas' Jas’

Reason (R): A  vector having zero
magnitude and arbitrary

direction is called ‘zero vector’
or ‘null vector’.

Ans. (b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

Explanation:
3
Direction cosines of A = 2i +4j -5k are:
2 4

VRSP 2SR

9% 147 4(-5Y

" a5’ a5 a5
We know that, a vector having zero magnitude

and arbitrary direction is called ‘zero vector’ or
‘null vector’.

( CASE BASED Questions (CBQs) )

Read the following passages and answer the
questions that follow:

19. Teams A, B, C went for playing a tug of war
game. Teams A, B, C have attached a rope to

VECTOCrS

www.aepstudycircle.com

[ 4 & 5 marks |

a metal ring and is trying to pull the ring into
their own area.

Team A pulls with force F; 0= 6i+ OJ’ N.
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Team B pulls with force F; = —4i+ 4} N, ©) —F’ pe E’ g e 5 £
3

1 D

Team C pulls with force F3 = —3;—3} N, 6;+0}-4;+ 4}_3}_3}

Crer . oL
D% g // = =kt
o S =
__________ fo:’_w, A IF] = Y1 +(1)? = J2kN.
R Lan ol
/R\" \\ (D) F =—-i+]
A7 .
B o : 6= n-tan* (1)
Based on the above information, answer the 1
following questions: = 14
(A) What is the magnitude of the force of - n—z
Team A? 3n
(B) Which team will win the game? = 4"
(C) Find the magnitude of the resultant force where '8’ is the angle made by the resultant
exerted by the teams. force with the +ve direction of the x-axis.

(D) In what direction is the ring getting JCESE PRl Schieme SQP 2023]

pulled? [CBSE SQP 2023] 20. Solar Panels have to be installed carefully so
Ans. We have, that the tilt of the roof, and the direction to
. the sun, produce the largest possible electrical
Rl = 62+0% =6kN, power in the solar panels.
A surveyor uses his instrument to determine
“;; | = m the coordinates of the four corners of a roof
where solar panels are to be mounted. In
=432 = 42 KN, the picture, suppose the points are labelled
- counter clockwise from the roof corner nearest
IRl = (-3)% +(-3)? to the camera in units of meters P; (6, 8 4),

P5(21, 8 4), P3 (21, 16, 10) and P, (6, 16, 10).

= /18 = 32 kN.
(A) Magnitude of force of Team A = 6 kN .

B) Since  a+c = 3(i- j)

and b = —4(i - J)

- =

So, b and a+c are unlike vectors having

same intial point (A) What are the components to the two

and |B| = 4ﬁ edge vectors defined by A=PV of
g P, -PVof P; and B = PV of P4 - PV of
and |a+c| = 3‘[2_ P;1? (where PV stands for position vector)

(B) @) Find the cross product of K and 3 >

Thus, |F,|>|F,+F,| also F, and F+F, are (C) What are the components to the vector
- =
unlike. N perpendiculars to AxB and the
Hence B will win the game. surface of the roof ?
VECTOCrS

www.aepstudycircle.com 2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122




Ans. (A) We have, A =PV of P, - PV of P;
=(21-6,8-8, 4 - 4)
= (15,0, 0)
=PVOfP4—PVOfP1
=(6-6,16-8,10-4)
©, 8, 6)

- =

A
©) N =AxB

=-90j +120k  [From (B)]

Components to the vector N = (-90, 120)

21. The flight path of two airplanes in a flight
simulator game are shown below. The
coordinates of the airports P and Q are
given.

Airplane 1 flies directly from P to Q.
Airplane 2 has a layover at R and then flies
to Q.

The path of Airplane 2 from P to R can be
represented by the vector B+ J= 2k.

(Note: Assume that the flight path is straight
and fuel is consumed uniformly throughout
the flight.)

(A) Find the vector that represents the
flight path of Airplane 1. Show your
steps.

(B) Write the vector representing the path
of Airplane 2 from R to Q. Show your
steps.

© @ What is the angle between the
flight paths of Airplane 1 and Airplane
2 just after takeoff? Show your work.

(D) @ Consider that Airplane 1 started the
flight with a full fuel tank.

Find the position vector of the point
where a third of the fuel runs out if
the entire fuel is required for the flight.
Show your work.

[CBSE Practice Set-1 2023]

Ans. (A) The vectors' for points P and Q are.
==2] +]+ 3k

ng’=3f+43-_;z

VECTOCrS
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The vector representing the flight path of
Airplane 1 is:
—_— — —
PQ = OQ-OP

= (Bi+4j-k)-(-2i + j+3k)
=5 +3]-4k

(B) The path of Airplane 2 from R to Q is
represented by,

— _— —
RQ = PQ- PR

(51 + 3] - 4k) - (5i + ] - 2k)

=i
[CBSE Marking Scheme Practice Set-1 2023]

22. A class Xll student appearing for a competitive
examination was asked to attempt the
fol(owing ques}tions.

Let ?:i—Q}and 5’:2f+j+312

Y

(A) F'nd the relatlon between a and b if
| a+ b 1= | a- b |-
— — —
(B) Evaluate (Za + b) [(a + b) x(a-2b)].

(C) @ Find the area of the parallelogram

formed by a and b as diagonals.
- = - —

Ans. (A) Given, |la+b| =|a-Db]
On squaring both sides, we get

- — =% =35
|a+b| =|la-b]|
- =
2a:b =0
- —
5 i - .b
- -

Thus, a is perpendicular to b.

(B) We have 3:?—2}' B—2f+3+312

So, (2G+b)—2r 47+2 +j+3k
=4|—3J+3k
Also, (a+DB) = 8] = jaak
- > n A - - n
and, (a-2b) =i-2j-4i-2j-6k
= -3/ -4j-6k

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122



Now, (a+ b)x (a - 2b)

s
Bl 2 ~10"4
8 a0p

i(6+12)- j(-18 + 9) + k(- 12 - 3)
18i + 9] - 15k

. (2a+b)[(a+b)x(a-2b)]

= (4] - 3] +3k).(18] + 9] - 15k)
=72-27-45

=72-72

=0

23. Geetika's house is situated at Shalimar Bagh
at point O, for going to Alok's house she first
travels 8 km by bus in the East. Here at point
A, a hospital is situated. From hospital, Geetika
takes an auto and goes 6 km in the North, here
at point B school is situated. From school, she
travels by bus to reach Alok's house which is at

30° East, 6 km from point B.

» N

School B
Geetika's Hco)use Bhm A Hospital

Based on the above information, answer the

FPRUANCTIES PAFER

following questions.

(A) What is the vector distance between
Geetika's house and school?

(B) How much distance Geetika travels to
reach school?

(C) What is the vector distance from school
to Alok's house?

(D) What is the vector distance from
Geetika's house to Alok's house?

(E) What is the total distance travelled by
Geetika from her house to Alok's house?

—

Ans. (A) Wehave, OA =8i and AB =6J

_ — —

OB = OA + AB = 8i+6

(B) To reach school Geetika travels
=(8+6)km=14km
(C) Vector distance from school to Alok's house

= 6cos30°7 +6sin30°J

= 6x£l+6x—_} = 3\/_r+3j

(D) Vector distance from Geetika's house to
Alok's house = 87 +6 j+3v3i+3)

= (8+3v3)i+9)

(E) Total distance travelled by Geetika from
her house to Alok's house = (8 + 6 + 6) km
=20 km.

(VERY SHORT ANSWER Type Questions (VSA) )

[ 1 mark]
24. Write the vectors of unit length P 2%
perpendicular to both the vectors )
R = |axb| =17 +(-27+(7
—> ~ ~ ~ ~ -~
a=2i+j+2kand b = j + k. [CBSE 2016] = AR <A uris
Ans. Since, we know that there are two such vectors ; 2}_ wof

of unit length perpendicular to both the given Unit vectors = i(f]
vectors. i b B

o o -i(-_fr_p_;z]

axb 3 3 3
Such vectors are

- =

| ax b |

= N R

-5 - Eod
Then, axb =12 1
0 1

VECTOCrS

i1-2)-j(2-0)+k@2-0)

www.aepstudycircle.com

25. @Find the angle between the vectors
2?-]'+l2 and 3f+4]'—l2 ;
26. Find A, if the projection of ; = ).}+}+412 on

b = 2i+6]+3k is 4 units. [CBSE 2012]
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Ans. We know, Projectionof @ on b = “:2
|b]
g A (Ai+ j+4k).(2i+6 j+3k)
V22 +62 +32
2L.+6+12
=5 4 ==
Ja9
= 28 =2%+18
= 21 =10
= x=5

Hence, the value of & is 5.
27. @Find the value of the following expression:

- - - -
|axb [* +(a.b)?
— -
28.Find | x|, if for a unit vector a,

(x - a).(x + a) = 15. [CBSE 2013]

-
Ans. Given, a is a unit vector.

5
Then, |a |=1

- = 5 =

Now, we have (x — a).(x + a) = 15
>3 2?5 5> >

= X.X-a.Xx+x.a-a.a =15
33 23 D3 S>>

=% X.X-a.x+a.x-a.a=15

[~ Scalar product is commutative ie,

== =
a.b = b.aj
—5 =
= | x > -] a=15
g
iy |xP-1=15
-
L | x P =16

oy
— |X|=4

[ length cannot be negative]

- - e e

29. @If axb= cxdand axc = b xd , show

> =» = =% =3
that a —dis parallel to b — ¢ where a # ¢

- -

and b+ c. [Dikshal]

- = i

30. Write the projection of (b+c) on g,

where a = 2;-23‘+;c, b = ::+2;'—21Ac and
c = 2i-j+4k. [CBSE 2013]

VECTOCrS
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Ans. Here, b+c = (i+2)-2k)+(2i— j+4k)
= 3;+}+2I2

- = —

Now, projection of (b+c¢) on a

J (b+c).a

lal

(3i+ j+2k).(2i -2 +k)
- \/22 SN

31. Dot product of a vector with vectors
i-j+k2i+j-3k and §+j+k are

respectively 4, 0 and 2. Find the vector.

[CBSE 2013]
Ans. Let, the required vector be ?:xf+g}’+zle,
Also, let,
S ~ ~ ~ A —> ~ ~ -
a=i-j+k, b=2i+j-3k,c=i+j+k
Now, 7-a=4,7-b=0, 7 ¢ =2
=5 X-y+z=4 ()}
2x+y-3z=0 (i)
X+y+z=2 (i)

Subtracting eq. (i) from eq. (iii), we get
= X+y+2)-(x-y+2=2-4

=% 2y=-2

= y=-1 (iv)

Putting the value of y in (i) and (jii), we get
2x-3z=1

And x+z-3=0

= Y=20z=1

. g ? b r
~. Required vectoris r =2i - j+ k-

32. @Evaluate (2a + 3b) x (5d + 7b).

33. You must have seen gardeners using a lawn
mover to cut grass in the lawn. A lawn mover
is a machine that uses one or more revolving
blades to cut a grass surface to an even
height and the height of the cut grass may
be fixed by the design of the mover. Let the
displacement be represented by the vector

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122



; and the force applied be represented by

£
the vector b as shown in figure below.

Find the magnitude of each of the two

— —
a and b, the

magnitude, such that the angle between

vectors having same

them is 60° and their scalar product is % -

[CBSE 2018]

_)
Ans. Given that |3|=|g|, a.b =% and angle
between them is 60°
Weknow, g.b = IleBl cos O
9 - -
= 5=Ia||a|c0560°
- —»
[-1bl=]al]
s
= g=|ct|2 xl
2 2
= |a|2 =9
ek Na| =

FPRUANCTIES PAFER

[~ magnitude cannot be negative]

Thus, la| =|b|=3

( SHORT ANSWER Type-| Questions (SA-I) )

[ 2 marks |

- >
34. If the sum of two unit vectors @ and b is

a unit vector, show that the magnitude of

their difference is /3. [CBSE 2019, 12]

Ans. let ¢ = a+b. Then, given | Z =i

To prove: |3—3 =3
Proof: Since c=d+b
=¥ - -
= le|=la+b]
= 1=|3+E|
- -
=> la+b? =1

- 5 o5 o

= (a+ b)(a+b) =1

= = = -
=|aP +2a-b+|bP=1

- =

= 1+2a.b+1=1

VECTOCrS
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— — —
35. @ If a+b+c=0,Jal=3,|b|=5and|c| = 7

then find the angle between aandb.

36. Find the sine of the angle between the vectors

- -
= 2a.b =-1 (1)
Now, consider,

- - > 3 5> o

|la-b P = (a-b)(a-b)

— > —> -
=|laf-2a.b+|bP
=1-(-1)+ 1 [Using (i)]
=3

- -
=5 la-b] =43

Hence, proved.

- - -

= =¥

[CBSE Practice Set-2 2023]

5 i 4 o —» & “ -
a=3i+j+2kand b= 2i-2j+4k.
[NCERT Exemplar]
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a +b) = 2(1+ cos0)

- 4% = =X % - ~ = >
Ans. Here, a = 3i + j+2kand b = 2/ -2j+4k . v LR SRR Y
— 4
.b h
cos B = f — = (3+b) = 4c0529
2
| a ” b | A A (5]
A . R o la+b| =2cos -
_(37+]+20)(21 - 2]+ 4k) S .
N3 41742222 4+ (-2)? + 42
6-2+8 12 39. The vectors g=1a. 2} + 2k and
X \/ﬁ 24 = x/x3x T .
V24 \2.7x3x8 b=-i-2k are the adjacent sides of a
12 3
= m= ﬁ parallelogram. Find the angle between its

diagonals.
sin @ = +/1-cos?

Ans. Given, a

*

v V b
12

~ 87 + Pk

J’J‘ 7
Hence, the sine of angle between the given
vectors is %
& Caution Clearly, (a+b) are (a—b) are the diagonals
™= Alternatively, using ] ax t:| =| (;|| g|sm 0, sin & can be
calculated, of the parallelogram
B =3 = % A =
T e a+b =3 -2j+2k)+(-i - 2)
37. @ Find |x| if (x—a).(x+a) =12, wiherdle 5 o]
is a unit vector. [CBSE SQP 2022]
38. If a and B are unit vectors, then prove that o at it e
|3+6| = 2 cos 9, where 0 is the angle =4,’_2j+4;2
between them. [CBSE Term-2 SQP 2022]
Now, let 6 be the acute angle between the
Ans.  Gib)(a+b)=|a+|bP +2a.b) diagonals.
N - 2> > -
la+b|*=1+1+2cosB " — (a+ b).(a-b)
20 o T
= 2(1 + cos 0) = 4cos” — |la+b|la-b|
la+3|=2msg _ (2 -2))(41 -2+ 4k)
2 V4 +4416+4+16
[CBSE Marking Scheme Term-2 SQP 2022] » 8+4 1
226 2
Detailed Answer: T
poce s D= —
4

A A
Here, a and b are the unit vectors. :
Hence, the angle between diagonals of the

BG4 By = 6P+ 1B+ 2. B .
(@+b){a + b)= J@i" AlBlg+2(a . b) parallelogram is e
But 3 and B are unit vectors

40. Using vectors, find the area of the triangle

A A 2 _ A A
(@+0) =1+1+ 213k 151 G ABC with vertices A(1, 2, 3), B2, -1, 4) and
= @+b)® =24211 ¢osb C(4, 5,-1). [NCERT Exemplar]
VECTOCrS
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Ans. Here, AB =(2-1)i+(-1-2)j+@-3)k
=f-3j+l2
A =(A-11+5- 2)]+ 1-3)k
= 3] +3] -4k
A(1,2,3)
B@2-1.4 C(4,5,-1)
D s R
SO, IABXAcl = 1 -3 1
5 8 -4

i i Wy v O
+k(3+9)

(o]
——)
+
~
.
+
e
N
<>

Now, area of AABC =

Q2 7 412"

V274 sq. units

N[ N D=

@ Concept Applied

= Remember that area of AABC = %|AB xAC |

41. @If 9 is the angle between two vectors
i —2j+3kand3i - 2]+ k, find sin 6.

[CBSE 2018]

42. Show =Tk

3i + 7} +k and 5i + 6]’ + 2k form the sides

[CBSE 2020]

that the vectors

of a right-angled triangle.

FRYAETIE
Ans. Let, O_A’ =0 | +k

OB =37+7]+k

—

OC =5 +6]+2k
= a ~ a A & A
Then, AB = (3i+7j+k)-(2i - j+k)

= (3-2i +(7+1)j+(1-1)k
=f+8}

AC = (5 +6])+2k)- (27 - ]+ k)
=3f+7_7+l2

BC = (5i +6) +2k)- (31 + 7] +k)
=2f—}'+f

So, IAB| = \/124-82 = \/E
|ACI = V3172112 = 59

|BC| = 422+(-12+1% = fg

+|AC] +|BC [= | AB P

So, by the converse of Pythagoras theorem,
sides AB, BC and AC form a right triangle,
right-angled at C.

Hence, proved

43. If a=f-}+7;2 and 5:53‘-}+AE. then find

the value of | so that vectors d+bandd- b

are orthogonal. [CBSE SQP 2022]

wi ke ER e i A A A

Ans. _;_ji7kandb =5i— j+ Ak
Hence,
G+b=6i—2]+(7+A\kand G-b=-4 +(7- Ak

will be orthogonal if, (G+b).(G-b) =0

ie,if-24+(49-2)=0
= A% =25
ie. if, A=+5
[CBSE Marking Scheme SQP 2022]

( SHORT ANSWER Type-Il Questions (SA-I) )

[ 3 marks]

> o 3 e e e e

44.if a+ b+ ¢ =0,showthat axb = bxc = cxa.

Interpret the result geometrically.

[NCERT Exemplar]

VECTOCrS
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=5 = -5
Ans. Here, a+b+c =0

— - -
= b =-c-a
- - — - -

Now, axb = ax(-c-a)
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el - — - -
- -
e o i Ans. We have, alb =rad
- — == S
= _;x’c’ [-axa=0] a.b -d.c =0
S, =V S a(b-¢)=0
axb = —axc B (
3 A 0 - (5-7) =0
- = - = - o e
And bxc = (-c-a)xc or al(b-c)
= =3 = o — B)=E>
= —CxC—-0xc s e
s g or al(b--c)
= —axc =5 =¥ - =
— £ = = Also, axb = axc
a bxc = —axc (i) S o
From (i) and (i), we get ax(i_i) =_(3 L
= L R =gy oy = (b—c)=00ra”(b—c)
axb = bxc = cxa = oy
= b=c

e e

[--axc=cxa] o all (E’_E’)
Hence, proved.

— - =
a cannot be both perpendicular to (b - ¢)

Geometrical interpretation: y &
and parallelto (b - c).

N <3
=a

if ABCD is a parallelogram, such that AB = Hence, r-c
— =¥
and AD = b and its adjacent sides are making 47. et \"WPL 4T + 5“,‘ “k, BT - 4j L50 and
an angle 6 between each other, then
Area of parallelogram ABCD 23 4 j - k. Find a vector d which
- - - — 5 s
=|al||b| sinb=|axb]| is perpendicular to both ¢ and b and
& - -
d.a=21. [CBSE 2018]
Ans. Given, @ = 4i + 5}' -k
—> - ~
b =i-4j+5k
— ~ A~ ~
c =3i+j-k
Parallelograrns on same bgse and between Since, 2 % perpendicular to both = GrdD
same parallel lines are equal in area
- - -
- = - = - — s l(C X b)
laxb| = |bxc| = |axc]
So, area of parallelogram formed by taking ~ : J K
) o s = A3 1 -1
any two sides represented by a, b and c as 1 -4 5
adjacents are equal. 5 N 2
= Mi(5-4)- jA5+1)+ k(-12-1)]
R e g R 2 - i .
45. @if g = i+ j+kand b =j-k, find a vector = Ali -16j - 13k] ()
- - = - - = =
c suchthat axc= band a.c =3. Now, d.a=21 (given)
[NCERT Exemplar] o Mi -16)-13k).(4i +5] -k) =21
46.f 32 0,a.b=a.c,axb=axc then show = M4 -80+13) =21
that b = c. - A(-63) =21
VECTOCrS
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-21 1
= = —_—— =
63 -
oy 1> - 2
d=?(l ~18 ] —13k)
48. r and s are unit vector. If |r +s| = 2
find:

(A) the value of (4 r- s) (2 r+ s)

(B) the angle between r and s

- =

Ires| =2

- =
- lr+sP =

Ans. We have,

- =5 5 =
- |r+s]lr+s| =2
e e T e T e )

= F.rer.s+s.r+s.8s =2

= A = - 3 — =
= rP+2r.s+|sP =2 [-r.s=s.r]
- —
= 18%r s+l =2
— -

[~ rand s are unit vectors]|

i ]

= r.s =0

49, @if aandb are unit vectors inclined at an

FPRUANCTIES PAFER

- - - -

(A) (4r-s)(2r+5s)

- = - =3 =

—8|r|2+4r s§—2s0r-|sP

- -

=8x1+2r.s-1

—5 =¥
g

=7+ 2(0)
=

e

(B) Let, 8 be the angle between r and s.

- = 0
s R
Then, cos B = — _—1x1 =0
[rils]
= 9=E
2

angle 0, then prove that sin LI Jd-b]-
2 2

[CBSE 2011]

CLONG ANSWER Type Questions (LA))

[ 4 & 5 marks |

50. Show that area of the parallelogram whose

diagonals are given by a and b is ——— Iaxbl

Also find the area of the parallelogram
whose diagonals are 2;2—}'+IE and f+3}-’2.

[NCERT Exemplar]
Ans. Let, ABCD be a parallelogram such that
— -
AB = p and AD
D &
=5
g
_)
a
A -3 B
p
L,
— BC = AD = q

By triangle law of vector addition, we have

AC = AB+BC

= p+g=a (et -(0)
VECTOCrS
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Similarly, 8_[3 = ﬁhﬁ
- = =
=-p+q=>b (let) (i)

On adding (i) and (i), we get

- > —

(a+b) = 2q
= 3=%(3+3)
On subtracting (i) from (i), we get

- - -

(a-b) =2p

— ], E¥n =%
= p == (a-b)
2

- - 1 =& = =
Now, pxq = Z(a-b) x (a+b)

e e e i
=Z(axa+axb—bxa—bxb)
=l(2x3+3xf—;)

4

s s
=_—(axb

2( )
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So, area of parallelogram ABCD

Hence, proved.
Now, area of parallelogram with diagonals

2i-j+kand i +3j-k
= % (27 - j+E)x( +3]-k)
i Wk
=%2 4 4
T

= L|ia-9-j2-1+ke+ )|
== |—2f+3)'+7£|

S
+
(o]
+
B
[{]

N N NP N

/62 sq. units

@ Concept Applied

™ If p and g are adjacent sides of a parallelogram,

then the area of the parallelogram = | p % q|

51. Let 3=f+4}+2l2,3 =3 -2j+7k and
7 A - PS e
c=2i-j-4k. Find a vector p which

£
is perpendicular to both ;and b and

p.c=18. [CBSE 2012, 10]
Ans. Given, vectorsare, g =i + 4)‘ +2k
—> -~ ~ ~
b=31-2j+7k
g = 2;‘_}"4&
Let, 3=x.'?+g;'+zlz

- —
We have, p is perpendicular to both a ond_é.

= - -

p = A(axb), where A is some scalar.

wax N o &
axb =1 4 2

8 <3 7

= i(28+4)- j(7-6) + k(-2-12)
VECTOCrS

www.aepstudycircle.com

FRVAETIE

=90]= f2a 4f

p = A(32i- j—14k) 0
Also, p-¢ =18 (given)
= A(32i— j-14k).(2i— j—4k) =18 [using ()]
- A(64 +1-56) = 18
= A= —1§ =2
9

Putting the value of A in (i), we get
e e e ~
p = 2(32i— j-14k)
= 64i-2j-28k

52.@If a,band ¢ are three

perpendicular

mutually
vectors of the same
magnitude, then prove that a+b+c I8
equally inclined with the vectors 3, bandc.
[CBSE 2017, 13, 11]

53. The of the

' r 3 . . .
a=i+j+k with a unit vector along

scalar product vector

the sum of vectors b = 2] + 4]’ -5k and

€=+ 2} +3k is equal to one. Find the
value of A and hence find the unit vector
along BiE. [CBSE 2014]

—> - ~

Ans. Given, a=i+j+l§.3=2f+4)‘—5!2.
and ¢ = A +2] + 3k
Now, b+¢ =2f+4}'-5/2+;j+2j+312

= (2+A) +6] -2k

[B+8 | saf@+A)F +6% 4 (2

=N4+22 440 +36+4

= A2 + 42 + 44

s
Unit vector along b + Z

_ b+¢
|B+_'
_(2+2)i+6j-2% 0
JAZ + 40 + 44

Given, scalar product of (f + } ¥ IE) with above

unit vector is 1.
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E+ - Now, put the value of A = 1 in equation (i), we
ie. (i +j+k)- L b : g

| D | get unit vector along (b + ¢ )

R . (241 +6) - 2%

= (el TR ] _ V12 +4(1) + 44

N T
=12+ +1(6) + 1-2) = Y22 + 41 + 44 _3i+6)-2k

S
- A+6= 22 +4n+44 e~
=5 A2436+120 =22+ 4) + 44 =3!+67J-2k
(Squaring both sides)
= bhed WPl et
= A=1 TR !
VECTOCrS
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