
Vector and Scalar Quantities

Vector is a quantity having magnitude and direction.

Vector is represented by a letter with arrow head over them showing 

direction as :     𝐀

Vector quantities change either with the change in direction or with the 

change in magnitude or with the change of both magnitude and direction.

Scalar is a quantity having only magnitude 

Scalar is represented by a letter only as : A

Scalar quantities change with change in magnitude only.
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Vector and Scalar quantities in Physics

The Physical quantities which are completely specified by their 

magnitude or size alone are called scalar quantities. 

Examples : Length, mass, volume, density, speed, temperature, 

work, energy, power, electric potential etc.

The Physical quantities which have both magnitude and direction 

are called vector quantities. 

Examples : velocity, acceleration, force, linear momentum, 

impulse, torque, angular momentum, electric field, magnetic field 

etc.



Position vector

A vector drawn from the origin to the position of a particle at any instant is 
called position vector. Consider a particle at P at a distance x from the origin 

along X-axis. The position vector of the particle = 𝐎𝐏 = 𝐱 as shown below:

Also consider a particle located at point  P  along X-Y plane at time t, then 

𝐎𝐏= 𝒓 is the position vector of the particle at instant t. Here 𝒓 is the sum of 
two components of vectors along x and y axis. 𝒓= Ƹ𝑖 𝑥+ Ƹ𝑗 y , where Ƹ𝑖 , Ƹ𝑗 are unit 
vectors parallel to X, Y axis, x and y are distance along horizontal x-axis and 
vertical y-axis.
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Displacement vector

The displacement vector of a moving particle in a given interval of time is a 

directed line segment from the  initial to the final position of the particle.

Consider a moving particle in X-Y plane be at position P at time t then its position 

vector will be 𝐎𝐏=𝒓 and 𝒓 = Ƹ𝐢 x + Ƹ𝒋 y , where Ƹ𝐢 and Ƹ𝒋 are unit vectors along X and 

Y axis. Similarly position vector for 𝐏𝟏 in time 𝐭𝟏is 𝐎𝐏𝟏 =𝐫𝟏 and 𝐫𝟏= Ƹ𝐢 𝑥1 + Ƹ𝒋 𝑦1 . 

Here x, y, 𝑥1 and 𝑦1 are distance from origin O along X and Y axis. Displacement 

vector in the time interval (𝐭𝟏-t) =𝐏𝐏𝟏 =𝐫𝟏-𝒓 = Ƹ𝐢 (𝑥1-x) + Ƹ𝒋 (𝑦1 -y).

Displacement vector represents the change in position of a moving particle in the 

given time interval.
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Equal, negative and collinear vectors

Two vectors are said to be equal if they have equal magnitude and same 

direction. The vectors 𝐀 and 𝐁 are equal in length and are in same direction as 

shown below: 𝐀= 𝐁 Angle between two equal vectors is 𝟎°.

𝐀

𝐁

Two vectors of equal magnitude but drawn in opposite direction are said to be 

negative vectors. 𝐀= −𝐁 Angle between negative vectors is 𝟏𝟖𝟎°.
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Vectors having equal or unequal magnitude but drawn in the same direction are 

called collinear vectors. Angle between two collinear vectors is 𝟎°.
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𝐁 here 𝐀 ≠ 𝐁

Or  𝐀 𝐁 here𝐀 =𝐁



Co-initial and unit vectors

Vectors having common initial point are called co-initial vectors. The vectors 

𝐀 ,𝐁, Ԧ𝐂 and 𝐃 are co-initial vectors as they have common initial point O.

A vector of unit magnitude and whose direction is same as that of the given 
vector is called unit vector. A unit vector represents the direction of the given 

vector. Consider a vector 𝐀 and its magnitude is given by modulus sign as 𝐀 , 

(vector is enclosed between two vertical bars called modulus sign indicating 
positive value) and unit vector is represented by cap or caret or hat over a 
letter.  Vector= magnitude of the vector × direction of unit vector

𝐀 = 𝐀 𝐀 here 𝐀 is the unit vector drawn in the direction of 𝐀 . Unit vector 

is vector divided by its magnitude as : 𝐀 =
𝐀
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Orthogonal unit vectors

The unit vectors along X-axis, Y-axis and Z-axis are Ƹ𝐢, Ƹ𝐣 and 𝒌 respectively. 

The unit vectors Ƹ𝐢, Ƹ𝐣 and 𝒌 are mutually perpendicular to each other and hence 

called orthogonal unit vectors. The unit vectors Ƹ𝐢, Ƹ𝐣 and 𝒌 represent the 

direction of a vector along X-axis, Y-axis and Z-axis. The unit vectors are 

along the three mutually perpendicular lines meeting at a point which form a 

rectangular coordinate system to represent three dimensions. In 3-dimension a 

vector has three components x, y and z along three mutually perpendicular 

axes.  The x, y and z component of a position vector 𝒓 can be written as:

x Ƹ𝐢, y Ƹ𝐣 and zመ𝐤 or position vector 𝒓 =x Ƹ𝐢 + y Ƹ𝐣 + zመ𝐤
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Scalar product or dot product of two vectors

The scalar product of two vectors 𝐀 and  𝐁 is define as the product of the magnitude of 

𝐀 ( 𝐀 ) and  𝐁 ( 𝐁 ) multiplied by the cosine of the smaller angle between  them. 

It is represented by 𝐀 .𝐁 and is read as 𝐀 dot  𝐁. If 𝜽 be the angle between 𝐀 and  𝐁

then 𝐀 .𝐁 = AB𝐜𝐨𝐬𝛉 , here A= 𝐀 and B= 𝐁 are magnitude of vectors 𝐀 and  𝐁.

𝐀 .𝐁 = A(B𝐜𝐨𝐬𝛉)= magnitude of 𝐀 × Component of  𝐁 in the direction of 𝐀.

Dot product of two equal vectors:

Since angle between two equal vectors is zero. If  𝛉=0 and 𝐜𝐨𝐬𝟎°=1 dot product of 

𝐀 .𝐀 = AA𝐜𝐨𝐬𝟎° =A𝟐. Similarly dot product of unit vectors Ƹ𝐢, Ƹ𝐣 and 𝒌 will be 1 as :

Ƹ𝐢. Ƹ𝐢= Ƹ𝐣. Ƹ𝐣 = 𝒌. 𝒌=1 . The angle between two perpendicular vectors is 𝟗𝟎°and  𝐜𝐨𝐬𝟗𝟎°=0 

hence dot product of two  perpendicular vectors is zero. Ƹ𝐢. Ƹ𝐣= Ƹ𝐣. መ𝐤 = 𝒌. Ƹ𝐢=0. 

Dot product of two unequal vectors is commutative i.e. 𝐀 .𝐁= 𝐁 .𝐀 .

𝐀

𝐁

𝜽
O

B𝐜𝐨𝐬𝛉



Vector product or cross product of two vectors

The cross or vector product of two vectors is a single vector whose magnitude is equal 
to the product of the magnitudes of two given vectors multiplied by the sine of the 
smaller angle between the two given vectors. The direction of  vector given by the 
cross product of the two vectors is perpendicular to the plane containing the two 

vectors. Let two vectors  𝐀 and  𝐁 and 𝛉 be the angle between them, then cross product 

of vectors 𝐀 and 𝐁 is given by: 𝐀 × 𝐁 = (AB𝐬𝐢𝐧 𝜽)ෝ𝐧 = Ԧ𝐂 ,here ෝ𝐧 is the unit vector 

which gives the direction of vector Ԧ𝐂 . Cross product is not commutative

𝐀 × 𝐁 ≠ 𝐁 × 𝐀

The unit vector ෝ𝐧 normal to the plane containing vectors 𝐀 and 𝐁 is given by:

ෝ𝐧 =
𝐀×𝐁

𝐀𝐁 𝐬𝐢𝐧𝛉
=

𝐀×𝐁

𝐀×𝐁

Cross product of two parallel vectors or equal vectors is zero.

Angle between two equal vectors is zero, 𝛉=0  𝐬𝐢𝐧 𝟎°=0

𝐀 × 𝐀 = (AA𝐬𝐢𝐧 𝟎° )ෝ𝐧 =0. 

Similarly Ƹ𝒊 × Ƹ𝒊 = Ƹ𝐣 × Ƹ𝐣 = መ𝐤 × 𝒌 =0 ,

Ƹ𝒊 × Ƹ𝒊=( Ƹ𝒊 Ƹ𝒊 𝐬𝐢𝐧 𝟎°) ෝ𝐧=(1× 𝟏× 𝟎)ෝ𝐧 = 𝟎, Ƹ𝐣 × Ƹ𝐣= (1× 𝟏 × 𝟎)ෝ𝐧=0

And መ𝐤 × 𝒌= (1× 𝟏 × 𝟎) ෝ𝐧=0, as Ƹ𝒊 = Ƹ𝐣 = 𝒌 =1

ෝ𝐧
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Ԧ𝐂=(AB𝐬𝐢𝐧 𝛉)ෝ𝐧



Cross product between the pair of unlike unit vectors

Let Ƹ𝐢, Ƹ𝐣 and 𝒌 be the unit vectors along three axes of coordinate system. These three  

vectors are mutually perpendicular to each other angle between each consecutive pair is 

𝟗𝟎°. Cross product of any two unit vectors ( Ƹ𝐢, Ƹ𝐣, 𝒌) in anticlockwise direction gives 

positive value of third vector. If cross product of two unit vectors are taken in 

clockwise direction, then we get negative value of third vector.

Ƹ𝒊 × Ƹ𝐣 = 𝒌, Ƹ𝐣 × መ𝐤 = Ƹ𝒊, 𝐤 × Ƹ𝐢 = Ƹ𝐣, as Angle between two unequal unit vectors is 𝟗𝟎°, 𝛉=

𝟗𝟎° 𝐬𝐢𝐧 𝟗𝟎°=1. 𝒊 × Ƹ𝐣=( Ƹ𝒊 Ƹ𝐣 𝐬𝐢𝐧 𝟗𝟎°) 𝒌=(1× 𝟏 × 𝟏)መ𝐤 =𝒌

Ƹ𝐣 × መ𝐤 =( Ƹ𝐣 መ𝐤 𝐬𝐢𝐧 𝟗𝟎°) Ƹ𝒊=(1× 𝟏 × 𝟏) Ƹ𝒊= Ƹ𝒊, 𝐤 × Ƹ𝐢=( 𝐤 Ƹ𝐢 𝐬𝐢𝐧 𝟗𝟎°) Ƹ𝐣 =(1× 𝟏× 𝟏) Ƹ𝐣= Ƹ𝐣

When cross product of two unit vectors are taken in clockwise direction then

Ƹ𝐣 × Ƹ𝐢 = −𝒌,    መ𝐤 × Ƹ𝐣 = − Ƹ𝒊,

Ƹ𝐢 × መ𝐤 =− Ƹ𝐣
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