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Chapter Two: Vectors and their properties

VECTORS

2.1

2.2

Introduction

If a sack of flour has a mass of 10kg, that mass is not dependent on where the
flour, whether it at rest in a storeroom on land or in motion on a ship in sea.
The above statement describes only the magnitude / size (10kg) but not the
position. This shows that mass is a scalar quantity.

For a quantity like velocity it is quite different. To a passenger in Mombasa
desiring to go to Nairobi city on a bus moving at 20m/s, it obviously makes a
big difference whether the bus is moving towards Nairobi city or Malindi
town. Here both direction and size/magnitude are vitally important. Such a
quantity like velocity is a vector quantity.

Scalar and Vector quantities
Scalar quantity: It is a physical quantity that has no direction and it is

completely specified by its magnitude / size alone, e.g. mass, energy, time, efc.

Vector quantity: It is a physical quantity that is completely specified only
when both its magnitude / size and direction are given, e.g.
velocity, displacement, force, momentum, acceleration etc.

Representing vectors
A vector quantity is represented in many ways.

Vectors can be analyzed when represented on a coordinate system.
Cartesian or rectangular co-ordinate. (xy plane/2 dimension)

i)

H'lf
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ii) xyz plane (3 dimension)

3
4
6

A G56) OA =

Vectors can also be represented in terms of i, j and k.

. 3
ie OA = [4] , OA = 3i+4j
3
OA = H -, OA = 3i+4j +6k
[

Position vector: It is a vector drawn from the origin of some coordinate system to a
point in space to indicate position of object with respect to

origin, i.e
3
4
6

Displacement vector: It is a directed line segment (arrow) whose length indicates the
magnitude of the displacement and whose direction is the
direction of displacement.

OA = [3] or OA=
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24 Operation on vectors

24.1 Nector addition
In addition it means two vectors are added to get another vector, i.e

A+ B =2¢C
There are two ways of doing this:-
Triangle method: If A and B are drawn to scale with tail of B at the

tip of A, then C is a vector from the tail of A to the
tip of B.

Tip — to — tip Method (polygon): It is an extension of the triangle method to
two or more than two vectors.

AB+BC=AC

A |1

AB+DC+DA=CBH
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24.2: Nector subtraction
The negative of a vector of equal magnitude but different direction.

-
L

A=-B

F Y

Vector subtraction is vector addition of opposite vectors.

A-B = A +(-B)

Example:

1. Giventhat A = 5i +3j and B =2i - 4j
Find:a) A + B bl A-B
a) A+ B=T-j b) A-B=3i-7

2.4.3: Multiplication of Vectors

We have two ways of a vector multiplication
e Dot/ scalar product
e Cross/ vector product

Dot / Scalar_product

Means the result is a scalar.
If there are two vectors A and B then the dot product of the two

vectors is defined as

A.B = |A|B|Cos 8
Where 6 is the angle between the two vectors.

Note: dot product commute, i.e
AB=BA

If the vectors are perpendicular to each other then the angle between
them is 90°.

A.B = |A|[B| Cos 90°= 0

If we express in terms of i, j and Kk then

ilk
i Jlk
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Example
1) Find A.B and B.A given that

A=2i+3j+4k and B =-j-2j +k
AB=(2x-1) +(3x =2) +(4x 1) =4
BA=(1x2) + (2x3) +(1x 4) = 4

2) Given that, |A| = /14, [B| = /16 and the angle between A and B is 30°, find A.B
A.B = |A|[B] Cos 8= 14 x /16 Cos 30° = 12.9514

Cross Product

Given that two vectors A and B the cross product of A and B is defined as

AxB=|A|B|Sing

Consider two vectors

A = aji + azj + ask and B = byi + baj + bak

i j k

a; dz dg

b, b, by

Represent in matrix form Ax B =

A X B=i[(az b3)—(b2as)] +j[(b1 as) — (a1 ba)] +k [(a1bz) — (braz)]

Example.
Giventhat A=2i+3j-k andB=-i+j+2k

Find Ax B
i j k
AxB=|2 3 -1
-1 1 2

AXB=i[B3x2)-(1x-D]+j[(-1x-)-2x 2] +k [(2x 1) - (3x -1)]
= 7i—3j+6k

kj=ik=0Kkj=jk=0andij=ji=0
Alsoii=jj=kk=1
Consider vectors A = aii + azj + ask and B = tii + bzj + bsk then,
AB (a1i + az2j + a3Kk) (b1i + bzj + bsk)
a1b1i.i + alhgi.j + absi.k + Hgblj.i +
azhaj.j + azbsj.k + ashk. + asbok.j +
ashsk .k

aib1 + 0+ 0+ 0+ azbhz +0 + 0+ 0 + asbs
aibi + azbz + azbs
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2.4.4: Multiplication with scalars

Consider vectors A, B and scalar S then

S(A+B) = 5A + 5B

2.4.5: Magnitude and Direction of a vector

Given that A = aii + a2 j + ask, then

JA] = V[(a1)* + (a2)* + (a3)*]
Example:
1. Giventhat A=2i+3j+4k, find|A|
IA| = V(2 +(3)* +(4)"] = 5.39 units

2IfA+B+C=0and A =2i+3j+4k, B=15j+6j+7k. Whatis C, |C| and angle
between C and x axis.

C=-A-B=-7i-9j-11k
€l = VI(-7)? + (9)* + (-11)*] = 15.84 units

B= Tan (-9/-7) =52.13°

2.4.6: Angle between vectors

We find angles between vectors by using the dot product. This is because
dot product gives the result of a scalar.

AB = |A|IB| Cos 6.6 = Cos™ ( :'l‘;l)

24.7. Angle between vector and axes
Consider vector A as shown:-

4

0="Tan "' (a,/a,)
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Examples.
1) Find the magnitude and direction of the following vectors.
a) A=5i+3% b) B=10i-7§ c) C=-2i-3+4k
Solution

a) JA|=r=v5T+ 32 =583
= -1 i = 0
8 = Cos (m) 30.96

b) |Bl=r=4y10% + —72 =12.21

8 =Cos ! (%) =35.020

¢) |Cl=r=v-22+ 32+ 42 =539

6 ="Tan ! (# ) = 42.03°

&=Tan"! (%) =56.31°

2) The rectangular components of the vectors which lie in x — y plane have their magnitudes and
directions given below. Find the x and y components of the vectors.
a) r=10and6=30° b) r = 7 and 8= 60"

Solution
a) x=rCosf=10Cos30"=8.66, y=rSin8=10Sin30"=5
b) x=rCosf8=7 Cos 60°"=3.5, y=rSin6=7 Sin 60"= 6.06

3. a) Find the magnitude and direction of the resultant vector A = 5i + 3j and B = 2i — 4]

Solution
R=A+B=7i—j

IR| =/(7>+ —1%) =7.07

Tanﬂ:ﬁ:i
X

7
g=-813"

248 Resolution of Vectors

A component of a vector is the effective part of a vector in that direction.
Consider a Force F pulling in the direction as shown.

¥

F,=F38in8

a
F.=F38in@ x

=1

X component of Fis F Cos &
Y component of F is F Sin @
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Example
Consider two forces Fy and F: pulling as shown below. Find the X and Y components
of the forces given that

[F1|= 2.88 and [F2| = 3.44

L 4

Fi:=|F1| Cos33.7° =2.88 Cos 33.7°=2.40,F);, = |F|Sin 33.7° = 2.88 Sin 33.7°
= 1.60

F1=2.4i+ 1.6j

Similarly

Fz, = |Fa2| Cos 35.59 = 3.44 Cos 35.5% = 2.80, Fy=|F2| Sin (-35.5)
=3.44 Sin (-35.5°)=2.00

F2= 2.80i —2.00j
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Sheet No. 2: Vectors
Q1) for the following points:

a) Draw the approximated locations of these points
b) Find the vectors between each pairs of these points
¢) Find the angles of the triangle with vertices of these points
d) Find the perimeter and the area of the triangle.
1) A(1,1,3), B(-2,3,1) and C (0,2,-2).
2) A(0,0,3), B(-2,0,1) and C (1,2,0)

Q2) If Vi=a;i+bj+c.k and V,=a,i+b,j+c,k, Prove the following
formulas

1) V-V, = a]_az+b1b2+C102
2) le V2:0 if V1//V2
3) V]_'Vz =0 if Vl .LVQ



