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The Scalar Product
Consider the two vectors a and b, Note that the tails of the two vectors 
coincide and that the angle between the vectors is labelled 𝜃.

Their scalar product, denoted by a · b, is defined as the product

It is very important to use the dot in the formula, that is why the scalar 
product is also known as the dot product.



Example
Vectors a and b are shown below. Vector a has modulus 6 and vector b has modulus 7 and 
the angle between them is 60 . Calculate a.b.





A formula for finding the scalar product
We consider vectors in the x y plane. Suppose



Example 



Exercise 

Solution
We use the previous  formula in



Example 



Resolving one vector along another

The scalar product can be used to find the component of a vector in the 
direction of another vector. Let n be a unit vector in the direction of n.

Study the figure carefully and note that a 
perpendicular has been drawn from P to meet n
at Q. The distance OQ is called the projection of 
a onto n.



Using the scalar product to find the angle between vectors

We have two distinct ways of calculating the scalar product of two vectors.

Example

Solution





The Vector Product

The right-handed screw rule:

The two vectors a and b lie in a plane; this plane, 
denoted e, which is perpendicular to this plane.

On the other hand, if the right-handed screw is 
turned from b towards a the screw will retract in 
the direction of f



Definition of the vector product

We define the vector product of a and b, written a x b, as:

Where Is the magnitude of a vector in the direction of unit vector e



• a x b is not equal to b x a because their directions are opposite. In 
fact a x b = −b x a.

• If a and b are parallel, show that a x b = 0.    Why?



Example
Show that i x  j = k and find expressions for j x k and k x i.





A formula for finding the vector product
Develop a formula for finding the vector product of two vectors given in Cartesian form: Suppose a 
= a1i + a2j + a3k and b = b1i + b2j + b3k then





Example
Evaluate the vector product a x b if a = 3i − 2j + 5k and b = 7i + 4j − 8k.



Using determinants to evaluate a vector product

A more convenient and easily remembered method is to use determinants

the vector product of two vectors given in Cartesian form: Suppose a = a1i + a2j + a3k and b = 
b1i + b2j + b3k



Using determinants to evaluate a vector product



Example



Lines and Planes
Consider the point P(4, 5) and its position vector 4i + 5j shown





Example



Direction ratios and cosines in three dimensions
The direction cosines are the cosines of the angles between the vector and each of the axes. 
It is conventional to label direction cosines as `, m and n and they are given by



The vector equation of a line
Consider the straight line APB shown in the figure below. This is a line in three-dimensional space



Example 





Example



The vector equation of a plane
Consider this plane:





Example


