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SCALARS: |

Physical quantities having magmtude only but no direction are called Scalars.
Scalars are completely described by

i) a number _

ii) a suitable unit :

Scalars can be added, subtracted, multiplied and divided by simple arithmetical

rules. For example: mass, distance, time, speed temperature energy, work volume and
density etc.

VECTORS

Physical quantities having  both magnitude and direction and also obey
commutanve law of vector-addition are called vectors Vectors are completely described

by : R

i) a number

ii) - asuitable unit

iif)  a certain direction CooE e : , S
- ‘Vectors can not be added, subtracted, multiplied " and divided :by simple
" arithmetical rules. For example: Displacement, velocity, acceleratlon force an;;,ular
velocxty, torque, weight, electric field strength etc.

k;,,Representatlon of a Vector: J g :

A vector is represented’ graphically by a directed hne segment or an arrow head
line segment. The length of the line, according to the scale chosen, represents the
magnitude of the vector while arrow head mdlcates the, dxrectlon To represent a vector
we need: : w ai 0

»_f

o,

1. A sultable scale

2.  .Reference axes i.e. X, y and Z-axis, or honzontal and vertical dlrectlons or the’
dlrectlons of north south east and west. L

.:."I"ypes of Vectors' 3

1) - Unit ifector ' .2y Free vectof v ) ~;~-3)°-?f"'"Positionveetor
,,_,4)‘ . Negative vector 5)‘ Null vector - ‘ e

A ) l.lmt Vector. j

‘A unit vector is that whose magmtude is umty ie. equal to 1 and has any glverv
dlI‘CCthl’l only. o :

A unit vector can be obtamed by d1v1dmg the vector w1th its magmtude 1.€.
Vector : :

-'magnitude of vector. © -

umt vector =

: : = ‘ ./\
If unit vector of a vector Ais athen

A A A
a = —_;-'-TX
I Al

R ‘ AA A )
Unit vectors along x , y and z-axis are denoted by i,j and k respectively.
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Rectangular Components of a Vector in Terms of Unit Vectors:

Consider a vector A starting from the orlgm “O” of a rectangular coordinate
system, as shown in the figure.

Its rectangular components in the direction of posmve X y and z-axis are Axl ,

A J and A, k respectlvely

Conversely the sum of rectangular component vectors produces the original

vector ;‘: ie. c ' 2
- A DA A
‘ A=A+ Ajjt Ak
The magnitude of A s gfven by formula:
|;‘:i =A= \/sz +Ay? + AZ’

2) Free Vector' : - ' i

- A vecton Wthh can be dlsplaced parallel to
1tse1f and apphed at any point is said to be a free o
vector. - o

3) Positlon Vector.,_'_u‘ . o
! A vector which represents the position of a pomt with reference toa ﬁxed point

(i.e. origin) is called POSITION VECTOR.

If the fixed point is taken as origin O and the coordmates of pomt P are x and y ‘as
shown in fig (1) then by Pythagoras theorem, the

magmtude of posmon vector £ s givenby: I ) ' P(x,y)
rr=x?+y? S yl 2 ’
)y
, ITler=Jx+ Y B N
In  three dimensional rectangular 7z * FIG #1

coordinate system.

2N . . ) . . ‘
rlEr=yxt+yt 42’
The components of a:position vector are
known as “Co- ordlnates”

44444

4) Negatlve Vector-

A vector having the same magmtude as that of the glven vector
but opposite in direction is called a negative vector of the given
vector. e.g. Negative vector of a vector is as shown in the figure.

.59 Null Vector:

A vector whose maénitude is zero and has no direction or it may have all
directions is said to be a NULL VECTOR. 1{ is denoted by O
A null vector can be obtained by adding two or more vectors.
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Direction Cosines:

If r makes angle oc, B & y with x, y, and z axes respectively then.
X ' : '

Cosa=2= X
. r ' /x2+y2+22
COSB:Z:Z—yZ‘-T )
_ T X +y' +z° -
E v 7
r N

_ z

Cosy=—Frce
VX +yi+z

. Multiphcatlon of a Vector by a Number.
. b
‘When vector A is- multnphed by a number ‘m”, a new vector is generated whose

maomtude is |m| times the magnitude of A If B is a new vector then its magmtude is
given by »

I B—lmiA - . BmlA
The dnrectlon of B is the same as that S "}/‘ / /

of vector A if “m” is positive. _ - B——|mlA
R -
The direction of vector B is opposite to that of A 1f “m” is negatlve

The multxpllcatmn of a vector by one or more numbers (say m, n) is govemed by
the followmg rules: ‘

Ly ; , . .
mA=Am - Commutative law for multiplication.

1
2 m(n A)=(mn) A =~ _° ‘Associative law for multiplication.
" - N ~ o L
3. {m+n) A =mA-+nA « Distributive law.
- — - —
4 m(A +B)=mA +mB Distributive law:" .

Division of a Vector by a Number (Non-Zero):

, @ new vector is generated whose .

19 ,’

When a vector A is'divided by a number

magmtude is

tlmes the magmtude ofA If B is a new vector then its magnitude is

[1
given by B = ’—, A.Ifwe write —’ =mthen - i B=1m]A
‘ n n Tcgk
B > : NI o / /
B =imlA et
’ ! o T . :
¥ ) B-—-—IH'IJA

' The direction of the new vector R i< the same as that of A if “n” is positive.

The direction of the new vec’ site to that of A if“n” is negative.
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Addition of Vectors by Geometrlcal Method:

There are three ways of addition of vectors by geometrlcal methods.
1. Law of parallelogram of VeCtors. o

2. Law of Triangle of vectors.

3. Head -To- Tail Rule:

1.  The Law of Parallelogram of Vectors:

. < ok . - - ' . .
According to this law, “if two vectors A and B are represented in magnitude and
direction by two sides of a parallelogram drawn from a point, their resultantR will be

] completely represented by the dlagonal passmg through the same point.

The smgle vectorRls called resultant of vectorAandB The vectorAandBare

known as components of resultant vectorR .

A

)

[ ‘ '
The parallelogram law may be used to find the resultant ot
any two vectors. In the above figure.

-

R='A‘+‘B_

‘Law of Triangle of Vectors: L

If A and ‘B are two sides of a triangle taken in order then their resultantR will
be represented by the third side taken in oppos1te order. i.e. :

-

R=A+B

=
A

Head-To-Tall Rule.

' ~ Two. or more vectors ‘can be added by ‘head-to-tail rule Accordmg to the rule
“The vectors are- drawn one by one in such a way that the head of the one vector
comc1des with the tail of the other, The resultant is given in magnitude and direction by.

a lme starting from tail of first vector to the head of the last vector”. i.e. -
= = 5 5

R=A+B+C

Where R is the resultant of vector A B and C

The magnitude and the direction of the resultant

vector can be found by scale & protector.

The magnitude and the‘ direction of the resultant vector can also be found by using

trigonometric formula i'e. law of cosine and law of sine.
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- In a triangle ABC 51de opposite to LA=a, 51de opposite to ZB=b and side

opposite to LC = ¢, as Shown in figure:
a’=1b’+c¢?—2bc cos LA

b?=a’+¢? —2accos ZB
¢? =a’ + b® - 2ab cos £C

If this law is applied on triangle OPS, we get:- -~

R*=A’+B*-2AB cos £ OPS -

59

These equations are known as “Law of Cosine”.

OR. R=+A?+B2-2ABCosZOPS
If /SPX=9 then '
' ZOPS = 180- 8

Cos £OPS = Cos(180 - 8) = - Cosd O

" Thus equation (1) becomes.

'R = VA? +B? + 2AB Cosb

LAW OF SINE:

a b ¢ ‘
SinA SinB SinC

Wi

S el

In triangle OPS

R A B
- Sin ZOPS Sm ZOSP Sm LPOS

Subtraction of Vectors: ,

~ Consider ‘wo vectors A andB If we want
to subtract vecior B from vector A then it can be
done by makmg ‘vector (1 e— B) and addmg it

with vector A. The resultant is (A - B) as

shown in the figure.
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PROPERTIES OF VECTOR ADDlTION'

1. Commutative law of vector addition:

Adcntlon of vectors is commutatwe i.e.

A + B B + A
Proof:-

Consider two vectors A& B which can form a parallelogram. If we add these

vectors by head-to-tail rule, we get a resultant vector R . In AOPS

| R=A+B - )
NAOQS R=B+A womme )

(,omparmg equanon (1) & (2)
A + B B + A

2. Associative law of ‘vector addition: B

Addition of vector is associative i.e.

(A+B)+C=A+B+&) |z B ¢

Proof: ‘ , »
Consider three vectors ;‘:, 1§ and 6 , If we add;u & ES vectors

by head-to-tail rule we get a resultant vector (R + ﬁ)

Now add vector C to vector (A + B) by head-to-tail
rule we get a resultant vector

R =(A + B)+ C—— (1)

On the other hand if we-add B and C first, we get a

resultant vector (B + C) Now add vector (B + C) to vector |

A by head-to-tail rule We get a resultant vectorR

Comparmg equanon 1&2

(A + B)* C A +(B + A)Hence Proved.
RESOLUTION OF A VECTOR'

Definition:

The process of d1v1dmg a vector’ into its rectangular components 15 called
resolution of a vector.
Explanatlon.

Con31der a vector A represented by line OP and which makes an angle 6 with

—_

the x-axis. To resolve this vector, draw perpendicular PQ and PS on x and y axis
respectively, as shown in the figure the line OQ is along x-axis and is denoted by Ax and

the line OS is along y-axis so it is denoted by f_iy.
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It can be seen by head-to-tail rule that:

zzs = Ax + ,Z;y 2%
Since ;er and ;.y are mutually perpendicular. v
Therefore they are referred as RECTANGULAR .8 P
COMPONENTS of vector A . The magnitudes of ;xx Aooall AS
and ‘;\y can be found by considering AOPQ. Here ‘ ‘ 5 '
_0Q _A | | S SIS X
Cosb= —=—= A=A i
P A
OR Ay = A Cosb
o o QP OS
Similarly, Sing= =~ ===
ey OP OP
, A,
Sing = —*
A

Where A, Acand A, are the *naomtudes of vector A, As and A respectlvely
The vector A can be Wntten in terms of 1ts components and rectangular unit vector as,
A= A 1+ A _]+ A, k '
'Composmon of Vector by lts Rectangular Components.

Definition:
The process by which a vector can be made from its rectangular components 1s
called composition of a vector.

Explanation: \ M : Y
Consider two rectangular components ;Ai and 11‘, :
of a vectorA. If we add these components by head-to- e s °
tail rule, we get a resultant vector A of which Ax and Ay | .9 . .
~are the components, as shown in the ﬁgure N isd P A
The magnitude of A can be found by con51dermg o o) e
APOS. By Pythagoras theorem o v A P
(0S)* = (OP)? + (PS)? RN
= (A +(A))

A-JAay+(ar]

The direction of A with respect to + X-axis. can be found by formula}

tanf = —1—>§
.OP

tanf = —L
A

X

%
9= tan"[——y-J
B Ax
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,Addltlon of Vectors by Rectangular Components Method'

Consider two vectors A: and Az making angles 0, & " ‘
0, with the x-axis respectively, as shown.in fig. ‘
S C Zz
1. Resolve A, into its rectangular componen‘ts ‘ )
~ Awn and Asy, the magmtude ‘of these A A
components are given by: 7 y Fig (i)
A=A, Cos 0 : : o 8 x
A=A, Sin 6, . , &
2. Move the vector A paralle'lr'to‘ Y ’ y !
itself so that its initial point lies on |f .
the terminal point of A:. Now . . Ao/ A2 :
resolve Azinto its rectangular S A= AAL f 2 Ay
. - - . oy ¢ - - !
components Az, and Az,. L As :
: ' ) . . K ty ; 1 E
The  magnitude. ‘of  these o8, 8 -
components are given by: S An AnT L 0.
Az = Az Cos B, RN S AT >\ Fig ()
A = A7 Sm 92 .

3. " The resultant vector along X- axis’
A‘ = Ah + Az(

A= Alxi+ Azxi

. xl = (A1x+A2x)l

‘ OR A = A A2x

OR Ax =A, CosGl + A, Cosez g

4. The resultant vector along y-axxs

A —A1y+A2y o

ij = Alyj- + Azyj

* A A A
OR A,J‘ = (Aly + AZy) j
Ay = (Aly -+ Azy)

OR A, =A, Sinb, + A, Sin6,
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’ : N - - :

5. If there are “n” vectors A, A, ----- AL

making angles 0,, 8, ----- , 0, with the x-

axis respectively then we shall resolve
these rectangular components.

- - - - - -

Alxa A2X3 """ ’ Anx and Alya AZ}'; ST Any-

Thus equation @ becomes

‘Kx=xlx+\;‘2x+ """ + A
Similarly eq @ become

e - — -

Ay=Ayy+ Agy+ - + Ay

The magmtude of the resultant vector A can be found by Pythagoras theorem i.e.
= (A +(A) ’

OR =\/ AY+(a)

. N A
7.  The direction of the resultant vector can be found by formula tanf = —A—’

9 =tan™ [é—’—J
AX

Product of Two Vectors:

When two vectors are multxphed with each other, answer may be a scalar or a
- vector quantity.

Thus product of two vectors.is divided into two categories.
1)  Scalar product or dot product.
2) Vector product or cross product. .

THE SCALAR PRODUCT OR DOT PRODUCT

When two vectors are multlphed w1th each other and the answer is a scalar
quantity then such a product is cailed “Scalar product”.

A dot (.) is placed between the vectors which are multlplled with each other that’s
why it is also called “dot product i.e. Scalar = vector .vector. :

Examples.

A7 The product of force F and displacement S is work “W ™.
ie. W=F.S

.2. The product of force F and velocity Vi is power “p”,
ie. P=F.V

3. The product of electric intensity E and area ve‘ctor A is electric flux ¢b?.
e, ¢ = ﬁ . ;‘:
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Explanation:-

The dot product is defined as “The product of
magnitudes of the vectors and the cosine of the angle

between them.”

Consider two vectors A & B making an angle 8 with B Cosh >

»ach other:-
ie. A.B =\AB'Cos0
Vhere B Cos® is the component of B along vector A and

0£04Lm
Special Casses of Scalar Product:

(i) Ifvsctor A is parallel to B then their scalar product is maximum.

A . B =ABCos0°=AB.(1)= AB

(ii)  Scalar product of same vectors is equal to square of their magnitude.

A.B=A.A= ‘AA Cos 0°= Ale‘A'

(iii) If two vectors are opposite to each other then their scalar product will be negatlve,

A . B =AB Cos 8= AB Cos 180° = AB (-1) =— AB

(iv) If Ais perpendicular to B then their scalar
product is minimum,
A . B =AB Cos90° = AB x 0 = 0.
. A A A
'v) For unit vectors i, j and- k, the scalar
product ‘of same unit vectors is | and for .

different unit vectors is zero.

{\/\ A A A A -

i. 1=jj k.k=1

/\I§ A A A

l._]= k=k.i=0
Commutative Law for Dot Product:

The dot product is commutative i.e.

o=
lvs i)
It
o
>

Proof:-

Consider two vectors A & B making an angle 8 with each other. Their dot

product is given by.
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R B = ABj = AB C080  ~rcorrmmrmv ) |
Where B, = B Cos8 is the prOJectxon of B onto the direction of A On the other hand.
B.A =BAg=BA C080 ---rmrmerev Q)

Where Ag = A Cosb is the projection of ;& on to the direction of }§

Comparing equation (1} & (2). '
AB Cost =BA CQSG
OR AB, = BAg

OR A.B=B.A
Thus scalar product of two vectors does not ||
change by changing the order of the vectors.

Distributive Law for Dot Product:
The dot product is distributive i.e.

A.(B+C)=AB+A.C

Proof:

Consider three vectors A,Ig & C. By
head-to-tail rule, we get:- ‘

R=B+C
OR R=C+B

>4

Now draw perpendiculars from P and S on the difection of ;‘: . The dot produht of
A and R is glven by . '
R ARp
But R B+CandRA—BA+CA

i

CA(B +C)=ABa+Cn)

-

A(B + C)=AB,+AC,

4

A(B + E)=A’§+A6

- >

A.B=A AC“ACA

M

Where By & Cyu are the projections of B and C onto the direction of A
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‘;-THE VECTOR PRODUCT OR THE CROSS PRODUCT:

When two vectors are multlphed with each other and the answer is also a vector
quantity then such a product is called “VECTOR PRODUCT?,

A cross (x) is placed between the vectors which are mulnphed thh each other
that’s why it is also known as “cross product” ie, :

Vector = Vector x Vector

Examples:
’ ) ' - e . . - .-
1. The product of position vector “r ” of force and force “F> is Torque “ 7 ”. ie.
T=rxF

2.  The product of angular veloc1tyco and radius vectorr is tangential ve1001tyV.

ie. V, =wXTr
3. The product of angular - acceleration a and radlus vectorr is tangential
acceleration at i.e. ;t-— Z X ;
4.  An electric charge movmg wnth velocity V ina magnetic field of induction B

experiences a force F whlch is given by

' F=gq (V x B)
Explanation:-
The cross product is deﬁned by the relatlon
A xB=C
|A| |B| sing u

Whereu uis a unit vector perpendlcular to both A and B
Direction:-
The direction of Cor V can be found by “Right Hand Rule”

Properties of Vector Product:-
(i)  The vector product does not obey commutatlve law

AxB#BxA orAxB——(BxA) ,

(ii) The vector ptoduct obeys dlstnbutxve law
Ax(B+C)= AxB+AxC

(iii) If vector A is parallel to B then their vector product is zero
|AxB|=|A|[B[sin6
IA X Bl = IAI lBl Sin0®
lﬁxﬁl =,§’ ,ﬁl x0

o
w:[u l;»:
=

A x5|=
In case of f,jandf(
ixi=0
jx3=0

kxk=0
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If vector A is perpendicular to B then their vector product is maximum

(iv)
lA X B‘ = ‘AI Bl Sind In case ofi, :iandfc
6 = 90° ixj=k B )
1A « 8| =|A] 8| sins0° i S
|AxB|=|A|[5) kxi=] - -~ Sin90°=1 A
Q. Prove that vector product is not commutatlve v
Consider two vectors A and Bj in a certain plane. Their vector product is given by:
v C= A X B
Wheree is a new vector. Its magnitude is given by C=AB sin9. N
The direction of C can be found by right hand rule for cross C=AxB
product or right handed screw turning rule. , 3[ B
The cross product of A & B can also be ngen by:
c AX B = (AB Sin0) ---ecemeeeeeee I6)) o
Where u isa umt vector in the direction of (_i ' A

Similarly a nght-handed screw turmng from B to A gives
the direction of unit vector D
D = BxA= (BA sme)(-ﬁ)
D = BxA=—(BA Sin)u
' -13 = _BxA=(BA Sin0)u ---e-o- )

Comparing equatl ons (1) & (2)
(AB SmG)u = (BA Sme)u
C .,= -D
AxB = - (ﬁ X Z)
Thus A X B # B xA
This shows that the vector product is not commutatlve

Give Physxcal mterpretatlon of vector prod}mt
- OR ¢

I

Prove that area of parallelogram formed by two vectors is equal to
‘magnitude of vector product

" Consider two vectors A& B which are the adjacent sides of a parallelogram

OPSQ, as shown in the figure. From figure, the area of a parallelogram = Ah

. But h=Bsin0 ]
Area of parallelogram = AB sin @ where 0'is | V

the angle between A&B. ‘ ~

The direction of the vector area can be found by A
right-handed screw turning rule. . 0 T

area or parallelogram =

AxB h=BSind

Wi

>
o
»”
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DIFFERENCES:
SCALARS

1) Physical quantities having magnitude
only but no direction are called

Scalars.

2) Scalars are completely described by
(i) anumber

(ii) a suitable unit

3) Scalars .are added, subtracted, .
multiplied and divided by simple
arithmetical rules.

SCALAR PRODUCT

1) If the product of two
vectors is a scalar quantity, the
product is called scalar pfoduct or

dot product.

2) The dot product is defined by the

relation A.B = ];‘:I ’]—3:] Cos 6

3) The scalar product obeys

. - — - -
commutative law- A . B=B .-A

4) If two vectors are perpendicular to

each other, their scalar product is zero.

A.B=0

XI-Physics Chapter#2, Page# 16

VECTORS

1) Physical quantities having both
magnitude and direction are called

Vectors.

2) Vectors are completely described by
(i) a number
(ii) a suitable unit

(iii) a certain direction

3) Vectors can.not be added,
subtracted, multiplied and divided

by simple arithmetical rules.

VECTOR PRODUCT

1) If the product of two vectors
is a vector quantity, the product
is called vector product or cross

product.

2) The cross product.is defined by

the relation /—i X B—’=IXH§{ Sin® Cl

3) The vector product does not obey

-

commutative law Ax B #Bx A

4) If two vectors are parallel to each

other, their vector product is zero.

;xé=0



