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1-1 Physical Quantities

In general, physical quantities are divided into two types:

a- Scalar Quantities

These are quantities that are defined by their magnitude (magnitude) only. Examples
include work, time, and mass, and they can be subject to normal algebraic operations

when adding and subtracting.

b- Vector Quantities

These are quantities that are defined by both their magnitude (Magnitude) and their
direction (Direction). Examples include speed, force, and acceleration. These
quantities are not subject to simple algebraic operations, but rather are subject to

directional algebra when adding, subtracting, and multiplying.



Lecture 1 Electromagnetic Waves Dr. Mokhalad Ali

1. Vector Analysis and Vector Algebra

1-1 Vector is a quantity having both magnitude and direction such as
displacement, velocity, force and acceleration.

Q-.eee.n. 1s a quantity having both magnitude and direction such as displacement,
velocity, force and acceleration.

a- vector b-Momentum  c-energy d-Wave e-all

Vector: It is the basic building unit of linear algebra. Rather, it is the foundation on which
all linear algebra is based.

Q-....... It is the basic building unit of linear algebra.

a- linear algebra ~ b- Vector  c-(aand b) d-all

1- Vector Algebra
Laws of vector algebra. If A, B and C are vectors and m and n are scalars, then
A+B=B+A Commutative Law for Addition
A+ (B+C) = (A+B) + C  Associative Law for Addition
mA = Am Commutative Law for Multiplication
m (nA) = (mn) A Associative Law for Multiplication
(m+n) A=mA +nA Distributive Law

m (A+ B)=mA +mB  Distributive Law

e Example:
Letustake A=10and B =5

A+ B = B + A Commutative Law for Addition
10+5=5+10

15=15
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e Example:

Prove: - (3+7) = (-3)+(-7)
Proof:

-(10) = -3-7

-10=-10

LHS=R.HS

e Example:
Letustake A=2,B=4andC=6 L.HS=A+{B+C)=2+ (4 +6)

=12
RHS=(A+B)+C=(2+4)+6
=12

LHS=RHS12=12

e Examplel- Find 1- A+B 2-A-B 3-A+2B
A= 2i+6j+3k B=i+2j+2k
Solution:
1- A+B=(2+1)i+ (6+2)j+(3+2)k = 3i+8j+5k
2-A-B= (2-1)i+(6-2)j+(3-2)k = j+6j+k

3-A+2B="7

e Example:
Letustake A=2, B=4 and C=6

L.H.S=A+(B+C) =2+ (4 + 6)
=12

RHS=(A+B)+C=(2+4) +6

Dr. Mokhalad Ali
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=12

LHS=RHS12=12

12 =12

Q-(Associative Law for Multiplication) What is the value of the left and right parts of the

a- 30 b-40 c-50 d-60 e-70

1-3 Scalar product The process of multiplying a vector quantity by another
vector quantity, the product of which is a non-vector scalar quantity, which has
only an amount..

Q- The process of multiplying a vector quantity by another vector quantity, the
product of which is a non-vector scalar quantity, which has only an amount.

a- dot b- Cross c-(aand b) d-(bandc) e-all

« The dot product of two vectors Is given by the formula
_, —

a. b =lallblcos(8).

—
al

— =
. b = |allb] cos(8).
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The following laws are valid:
1. A.B=B.A Commutative Law for Dot Products

2.A.(B+C)=A.B+ A.C Distributive Law
3. mA.B)=(mA). B=A.(mB)=(A.B)m, where m is a scalar. m

4. i.i=j.j=k. k=1, i.j=j.k=k.i=0

S.IfA=Al1+A2j+ A3 kand B=Bl1i+ B2 j+ B3 k,then
A .B=A1B1+A2 B2+A3 B3

A.A=A2=A12+A22+A32B.B=B2=
B12+B22+B32

6.IfA.B =0 and A and B are not null vectors, then A and B are perpendicular.

Example: Find the scalar product of the vectors
a=2i+3j-6k and b=i+09k.

Solution: To find the scalar product of the given vectorsa and b, we will multiply their
corresponding components.

ab = (2i + 3j - 6k).(i + 0j + 9k)
=2.1+3.0+(6).9
=2+0-54 ¢

=-52
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Example:

Calculate the scalar product of vectors a and bwhen the modulus of a is 9, modulus of
b is 7 and the angle between the two vectors is 60°.

Solution:

To determine the scalar product of vectors a and b, we will use the scalar product
formula.

a.b =|a| [b| cosb
=9 x 7 cos 60°

=63 x1/2
=31.5

Q - Calculate the scalar product of vectors a and b when the modulus of a is 9,
modulus of b is 7 and the angle between the two vectors is 60°.

a-31.5 b-31.6 c-31.7 d-31.8 e-31

Q- In the scalar product, the value of the relationshipi.i=j.j=k.k=..........

a-0 b-1 c-2 d-(aand b) e-all

1-4 Vector products

The process of multiplying a vector quantity by another vector quantity, the product
of which is a vector quantity with magnitude and direction.

o The cross product of two vectors is given by the formula

—

a x b =|allb| sin(6).

Cross or vector product

1-4-1 The following laws are valid:
1. Ax B =-B x A Commutative Law for Cross ProductsFails
2. A x(B+C)=AxB+ AxC Distributive Law
3. m(A x B)=(mA) x B=A x (mB) = (A x B)m, wherem is a scalar.
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4, ixi=jxj=kxk=0

ixj=-jxi=k,
jxk=—kxj=i
kxi=—ixk=j.

5.IfA=Ali+ A2j+ A3 kand B=Bli+ B2j+ B3 k,then
6. The magnitude of A x B is the same as the area of aparallelogram with sides A

and B.

7.1f A x B =0 and A and B are not null vectors, then Aand B are parallel.
Example :Findthe cross product of two vectors ? = (3,4,5)

and —i; =(7,8,9)
Solution:

The cross product is given as,

Tk
axb=3 4 5
7 8 9

= [(4%9)-(5%8)] | —[(3%x9)—(5x7)]] +[(3x8)—-(4xT)] k

= (36-40)1 —(27-35)] +(24-28) k = -41 + 8] -4k

Example: Two vectors have their scalar magnitude as
la|=2V3 and |b| = 4, while the angle between the two vectors is 60c.

Calculate the cross product of two vectors

Solution:

We know that sin60° = 13/2

_ —
The cross product of the two vectorsis given by, a X b =
lallblsin(6) = 243x4x43/2 = 121
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e Cross multiplication is an operation that can be performed on two vectors

to produce another vector.

e Cross product is represented by a multiplication sign placed between the
two vectors.

-,

e Cross product “ix"j Itequals "k

e The cross product “jxi equals = k
e |f the two vectors are parallel in the same direction or parallel in the
opposite directions, then their cross product is 0.

e The cross product has a maximum value when the two vectors make a
right angle to each other.



