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Operations on vectors

One of the things we can do with vectors is to add them together. We shall start by
adding two vectors together. Once we have done that, we can add any number of
vectors together by adding the first two, then adding the result to the third, and so

on.

E&b Key Point

We can add two vectors a and b by making b start where a finishes, and completing the
triangle. Alternatively, we can make a and b start at the same place, and take the diagonal of
the parallelogram.

Subtracting two vectors

What is a — b? We think of this as a + (—b), and then we ask what —b might mean. This will
be a vector equal in magnitude to b, but in the reverse direction.

a —_——
b
—_—
-b

Now we can subtract two vectors. Subtracting b from a will be the same as adding —b to a.
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q Key Point

a— b means a+ (—b)

What happens when you add a vector to itself, perhaps several times? We write, for example,
a+a+a=3a.

In the same way, we would write
na=a+..+a.
N —

n copies

Q Key Point

A vector na is in the same direction as the vector a, but n times as long.
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What is a dot product (Inner product)?

* Dot product or Inner product of vectors a and b is represented as:
. a-b=s

* Dot product of two vectors results in a scalar.
Multiply the corresponding components of the two vectors
* The dotbproduct equals to the result of addition of all the multiplied components

a, 1
az] . [bz = a.b; +a,b, + asbs.
az| Lbs
* Example:

sz 11l =2-1=1

3 2
. [_1]-[1]=3><2+(—1)><1+0><\/§= 5
0l 2

How to dot two vectors

* Dot product can be computed only between vectors of same
dimension.

* Dot product is commutative
*a-b=b-a

a1

2 3
1 ] - l1] =3x2+ (—1)x1+0xyV2 =5
V2l Lo

A| = y/a? + b2
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Geometric interpretation of a dot product

* The result of a dot product of vectors is a scalar, and cannot be depicted as a
vector.

However, this scalar value is proportional to the cosine of the angle between the
vectors.

So dot product can be computed in two different ways. One as the sum of the
product of the corresponding components as mentioned earlier, and the other as
a-b=|all bl cosé

Both computation methods will yield the same result.

* Example:
ca= \/5] — 0
ca-b=2x2xcos60" =2
* By earlier approach,a - b = [‘/15] . [g] =0+2=2

Geometric interpretation of a dot product

*a-b=|al||b]| cos®

* What if a is a unit vector (||al|=1)
* a - b would be the length of the perpendicular projection of b on a

* Vector c is the image of bon a
* Direction of c is the same as a
* Magnitude of c is

ab

* llcll = 1Ibll cos & ==
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Cross product of parallel vectors

* From the geometrical representation of cross product it is inferred
that the cross product of parallel vectors is a zero vector

axb =|lall||b]|sin0" =0

* i.e. cross product of a vector with itself is zero vector

axa=|lal|lal|sin0" =0

Dot Product and Cross Product (Cos, Sin) Related to cosine and sine wave

Discussion

Cross product of orthogonal vectors

* From the geometric representation of cross product, it is inferred that
the cross product of two orthogonal vector is the product of their
magnitude.

axb = lallllbll sin90" = ||alll|bl
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Application of Cross product

* To find the area of a triangle.

Area of triangle = % h |B| A
=7 14l sin@ |B| h
=~ AxB| 0
2 0

L=~
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