M. Maheswaran — Notes on Vectors

Definitions

Introduction to Vectors

A vector is a mathematical entity that has magnitude and direction.
Two vectors are equal to each other if an only if their magnitudes and directions are the same.

A vector with magnitude equal to zero is called the zero vector or the null vector.

The vector — V has the same magnitude as Vv but has the opposite direction.
A unit vector has magnitude equal to 1. Unit vectors in different directions are different from each other.

Note that there is a class of vectors known as localized vectors where a point of application has to be specified in addition to magnitude and direction. We shall not
consider such vectors here.

Names: We use letters in bold type or with arrows on top to denote vectors. E.g., we may use a, b, U, V.

Notation: We shall write the magnitude of vector V as ||V |

When coordinate systems in :? or R* are used, a vector is said to be in standard position when the initial point of the vector coincides with the origin O. Then, the
components of the vector are the coordinates of the terminal point of the vector.

Some basic properties of vectors in geometry, in %2, and in % are given in the following table:

Property

Geometry

9{2

9{3

Representation

We represent a vector by a directed

: _ 2
line segment or a displacement. 7

E.g., Vz@. F

V = <vq, Vo>,

If v =a&, where O is the origin,
then the coordinates of A are (vy, V).

V =<V, Vy, V3>,

If v =a&, where O is the origin, the
coordinates of A are (vy, Vs, Va).

Magnitude If Vv =PQ, then | V || = length of line segment PQ. |V ||= V2 +v2 |V = N2 +v2 +v2

Direction If V =PQ, the direction of V is the direction from P to Q. The direction of v is the direction | The direction of V is the direction
from the point (0, 0) to (vy, V). from the point (0, 0, 0) to (vy, V5, V3).

Equality If v :@ and W=RS then If V. =<vy, vo>and W = <wy, Wo>, If V =<vy, vy, V3> and

v = w if and only if PQ is equal
and parallel to RS.

/Q 5

then v =w if and only if v;= w; and
Vo= Wo.

W = <Wy, W, W3>, then vV = w if and
only if vi=wy, v,= W, and vs= Ws.

Zero Vector

Geometrically, a zero vector may be represented by a point.

0 =<0, 0>

0=<0,0,0>
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Property

Geometry

9{2

mS

The vector —v

If Vz%,then—ﬁz@.

/Q/Q
5 7 pS

=V =<-vy, V>

=V = <=V, —Vp, V3>

The vectorcv ,

If c=0, thencV is the zero vector.

CV =<Cvy, CV>.

CV =<Cvy, CV,, CV3>

where c is a If ¢ >0, then ¢ V = PR, where R is on PQ such that PR = ¢ PQ.
scalar Note that Q and R are on the same side of P.
For all values of | 1f¢ <0, thencVv =PS, where S is on QP such that PS = |c| PQ.
¢ we have Note that Q and S are on opposite 3|des of P.
[ev (el v].

/ —1 < c = eV

|] q: .:' =1 ov o =—1
o=
Unit vector If Vv = PQ the unit vector G in the direction of If V= <Vq, Vo>, then If Vv = <Vy, Vp, V3>, then
_ 1 _ 1

The unit vector in | V is given by U :PR,WhereRisapoint on PQ U=ﬁ<V1,V2 > u=ﬁ<vpvzuv3 >
the direction of with length PR = 1. R must be on the same side R vV +V; Vi V5 +Vg
the vector V is of Pas Q. /
given by U = ” ”
Addition of Let Vv and w be two given vectors. To add If V. =<vy, vo>and W =<wy, Wo>, | If V =<vy, vy, V3> and
Vectors these, we draw line segments OA and AB so g e B then V + W = < v+ Wy, Vot wp> W = <wjy, W, W3>, then

that OA=V and AB=W . w V + W = <vit+ Wy, Vot Wy, Vgt Wa>

Then, V + W = OB. Q0w
Subtraction of Let vV and w be two given vectors. To obtain g If V.=<vy, v,>and W =<wy, wo>, | If V =<vy, vy, V3> and

Vectors

VvV — w is defined
tobe V +(-w)

vV —w , we draw line segments OAand ACso
that OA=V and AC = — W .
Then, v —w =0OC..

then V. — W = < vi— Wy, Vo— Wy>

W = <W4q, Wy, W3>, then
V — W = <Vi— Wy, Vo— Wy, V3— W3>
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