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Electromagnetic Spectrum (1)
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Light and the Electromagnetic 
Spectrum

• The terms light, radiation, and electromagnetic 
wave can all be used to explain the same concept

• Light comes in many forms and it took physicists 
some time to realize that x-rays, visible light, radio 
waves, etc. are all the same phenomena

• By using these different tools, astronomers are 
able to gain a lot of information on various objects



Light as a Wave

• One way to think about light is as a traveling wave

• A wave is just a disturbance in some medium 
(water, air, space)

• A wave travels through a medium but does not 
transport material

• A wave can carry both energy and information



Wave Terminology
• Wavelength - distance between two like points on the wave
• Amplitude - the height of the wave compared to 

undisturbed state
• Per iod - the amount of time required for one wavelength to 

pass
• Frequency - the number of waves passing in a given 

amount of time



Longitudinal Waves
In a longitudinal wave the particle displacement is parallel to the direction 
of wave propagation. The animation at right shows a one-dimensional 
longitudinal plane wave propagating down a tube. The particles do not 
move down the tube with the wave; they simply oscillate back and forth 
about their individual equilibrium positions.



Transverse Waves
In a transverse wave the particle displacement is perpendicular to the 
direction of wave propagation. The animation below shows a one-dimensional 
transverse plane wave propagating from left to right.

Water waves are an example of waves that involve a combination of both 
longitudinal and transverse motions.



Longitudinal waves are waves in which the displacement of 
the medium is in the same direction as, or the opposite 
direction to, the direction of propagation of the wave.

Transverse wave is a moving wave that consists of oscillations 
occurring perpendicular (right angled) to the direction of 

energy transfer (or the propagation of the wave). 

• Most waves are either longitudinal or transverse.
• Sound waves are longitudinal.
• But all electromagnetic waves are transverse…



Wave Relationships

• Notice from the definitions we can relate the 
properties of a wave to one another

periodfrequency 1=

frequencywavelength
period

wavelengthvelocity ×==



Wave Relationships
• Frequency is usually expressed in the unit of Hertz

– This unit is named after a German scientist who studied radio 
waves

– For example, if a wave has a period of 10 seconds, the frequency of 
the wave would be 1/10 Hz, or 0.1 Hz

• Note that light is always traveling at the same speed (c ~ 3 x 108 m/s)

– Remember: velocity = wavelength x frequency

• If frequency increases, wavelength decreases
• If frequency decreases, wavelength increases

s
Hz 11 =



The Electromagnetic Spectrum

 Human eyes are only able to 
process information from the 
visible part of the spectrum

 Toward longer wavelengths, 
the spectrum includes infrared 
light, microwaves, and radio

 Toward shorter wavelengths, 
the spectrum includes 
ultraviolet light, X-rays, and 
gamma rays

 All of these are forms of 
electromagnetic radiation



What does this picture show about the 
relationship between frequency and wavelength?



Electromagnetic waves

• Produced by the movement of electrically 
charged particles.

• Can travel in a “vacuum” (they do NOT 
need a medium).

• Travel at the speed of light. 
• Also known as EM waves.



Types of EM Radiation 

Longest wavelength EM waves
Uses:
– TV broadcasting
– AM and FM broadcast radio
– Heart rate monitors
– Cell phone communication
– MRI (MAGNETIC RESONACE IMAGING)

• Uses Short wave radio waves with a magnet to create an image

Radio waves



Microwaves

• Wavelengths from 1 mm- 1 m
• Uses:

– Microwave ovens
– Bluetooth headsets
– Broadband Wireless Internet
– Radar
– GPS



Infrared Radiation

• Wavelengths in between microwaves and 
visible light

• Uses:
– Night vision goggles
– Remote controls
– Heat-seeking missiles



Visible light

Only type of EM wave able to be 
detected by the human eye

Violet is the highest frequency light
Red light is the lowest frequency 

light



Ultraviolet

• Shorter wavelengths than visible light
• Uses:

– Black lights
– Security images on money
– Harmful to living things

• Used to sterilize medical equipment
• Too much causes sun burn
• Extremely high exposure can cause skin cancer



X-rays
• Tiny wavelength, high 

energy waves
• Uses:

– Medical imaging
– Airport security

• Moderate dose can damaging to cells



Gamma Rays

Smallest wavelengths, highest energy EM waves
Uses
Sterilizes medical equipment
Cancer treatment to kill cancer cells
Kills nearly all living cells.



The Electric Field
• Since EM waves consist of electric and 

magnetic fields, the physical nature of these 
fields is reviewed here.  

• By the term ‘field’, is simply meant any 
quantity which exists at every point in space, 
e.g., a ‘temperature field’.  More specifically, 
electric and magnetic fields, or taken together, 
the electromagnetic field, is associated with the 
electromagnetic interaction or force, between 
charged particles.



• (The letter q (or Q) is used as a general symbol for electric 
charge.) 

• Equivalently, the electric force per unit charge, i.e., FE/|q| 
at each point in space and time is constant, and 
independent of the size of |q|.  This ratio is used as a 
measure of the strength, E, of the electric field at each 
point, i.e., the Electric Field Strength is given by:

E = FE/|q|
This is usually written:  

FE = E⋅|q|    
The S.I. units of E are obviously N/C. 



• The electric field has magnitude and direction, i.e., it is a 
vector quantity.

• where there is an electric field, all positive charges will 
experience an electric force in the same direction and all 
negative charges will experience a force in the opposite 
direction. 

• Of these two opposite directions, the direction of the force 
on positive charges is chosen arbitrarily, i.e., the direction 
of the electric field vector E is defined as the direction of 
the electric force on a positive charge.





• Recall that a ‘volt’, the unit of electrical potential (the potential 
energy per unit charge), is equivalent to a joule/coulomb (J/C) 
and a joule is a ‘newton-meter’.  

• Verify that the units for electric field, i.e., N/C, are equivalent to 
volts/meter (V/m) (See Problem 1-2). 

• Electric field strengths are frequently expressed in these 
alternate units.

• In Example 1 we could say that E = 2.0×106 V/m = 2.0×103 
kV/m = 2.0 MV/m.

• Since an electric field can exert a force on a charged particle, it 
can cause it to move, i.e., it can do work on the particle and give 
it energy.  

• Thus, electric fields possess energy which must of course come 
from the source of the fields, which have not yet been discussed. 

• Experiments and theory show that the electric field energy 
density uE, i.e., the field energy per unit volume (J/m3) at any 
point is proportional to the square of the field strength (E2) at 
that point.  Thus, for fields in vacuum:  











• Group of fixed charges     exert a force F, given by 
Coulomb’s law, on a test charge qtest at position r. 

The Electric Field

• The electric field E (at a given point in space) is 
the force per unit charge that would be 
experienced by a test charge at that point.

r
F

qtest

This is a vector function of 
position.

E = F / qtest



Electric Field of a Point Charge

• Dividing out qtest gives the electric field at r:




F =

1
4πε0

Qqtest

r2
ˆ r 




E (


r ) =

1
4πε0

Q
r 2

ˆ r 

r

qtest

Q

F

r̂



The Electric Field

Direction of the
electric field

Superposition of electric field



Electric Field Lines 
Electric field lines (lines of force) are continuous lines 
whose direction is everywhere that of the electric field

Electric field lines:
1) Point in the direction of the electric field E
2) Start at positive charges or at infinity
3) End at negative charges or at infinity
4) Are more dense where the field has greater magnitude



Electric Field Lines 



The Electric Dipole

-q

+q
d

An electric dipole consists of two equal and opposite 
charges (q and -q ) separated a distance d.



The Electric Dipole

-q

+q
d

We define the Dipole Moment p
magnitude = qd,

p
direction = from -q to +q

p



The Electric Dipole

-q

+q
F-

F+E

θ

d

What is the total force acting on the dipole?
Zero, because the force on the two charges cancel: 

both  have magnitude qE. The center of mass does not 
accelerate.
But the charges start to move (rotate).  Why?
There’s a torque because the forces aren’t colinear.



-
q

+q
F-

F+

θ

d d sin θ

The torque is: 

τ = (magnitude of force) (moment arm) 

τ = (qE)(d sin θ)

and the direction of τ is (in this case) 
into the page



but we have defined : p = q d   
and the direction of p is from -q to +q

Then, the torque can be written as: 

τ = pxE τ = p E sin θ

-q

+
q

θ

d p
E

with an associated potential energy 
U = - p.E

θ



Electric fields due to various charge 
distributions

The electric field is a vector which obeys the 
superposition principle.
The electric field of a charge distribution is the 
sum of the fields produced by individual charges, 
or by differential elements of charge 



Electric Fields From Continuous
Distributions of Charge

Up to now we have only considered the electric field of point  charges.

Now let’s look at continuous distributions of charge 
lines - surfaces - volumes of charge 

and determine the resulting electric fields.

Sphere Ring Sheet

























Homework

Q1

Q2

Q3



Vector Notation

• The DOT product

• The CROSS product

φsinABC =≡×= BAC


φcosABC =≡⋅= BAC




The Force Exerted by a Magnetic Field

• Key Concept – Magnetic fields apply a force 
to moving charges

BvF ×= q

BdldF ×= ICurrent element



Magnetic Field

• Like electric field, can be represented by field lines
– Field direction indicated by direction of lines
– Field strength indicated by density of lines

• But, unlike electric field
– Magnetic field lines perpendicular to force
– No isolated magnetic poles, so no points in space where 

field lines begin or end



Motion of  a Point Charge in a Magnetic 
Field

• Force is perpendicular to field direction and 
velocity

• Therefore, magnetic fields do no work on 
particles

• There is no change in magnitude of velocity, 
just direction



Motion of  a Point Charge in a 
Magnetic Field



Motion of  a Point Charge in a Magnetic 
Field

• Radius of circular orbit

• Cyclotron period

• Cyclotron frequency

qB
mvr =

qB
mT π2

=

m
qB

T
f

π2
1

==



The Magnetic Field of Moving Point 
Charges

• Point charge q moving with velocity v 
produces a field B at point P

2

ˆ
4 r

qo rvB ×
=

π
µ

μo= permeability of free space 
μo= 4π x 10-7 T·m·A-1



The Magnetic Field





Electric dipole Magnetic dipole (or 
current loop)



The Magnetic Field of Currents:

• current as a series of moving charges –
replace qv by Idl

2

ˆ
4 r

Idd o rlB ×
=

π
µ

Add each element to 
get  total B field



• The net flux of magnetic field lines 
through a closed surface is zero (i.e. no 
magnetic monopoles)

∫ ==
s

nnetm dAB 0,φ
Magnetic flux

Gauss’ Law for Magnetism



Ampère’s Law
• like Gauss’ law for electric field, uses 

symmetry to calculate B field around a 
closed curve C

∫ =
c

coId µlB.



Field due to a current loop

2

ˆ
4 r

Idd o rlB ×
=

π
µ

2

ˆ

4 r

dI
d o rl

B
×

=
π

µ

224 Rx
Idld o

+
=

π
µB



Field due to a current loop
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Maxwell's equations (2) 
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Induction of Electric and Magnetic Fields
• According to Faraday:

–Electric fields are created in any region of 
space where a magnetic field is changing 
with time.

• According to Maxwell:
–A magnetic field is created in any region of 

space where an electric field is changing 
with time.

• These laws are inverses of each other and 
lead to the concept of electromagnetic 
waves

• According to Faraday:
–Electric fields are created in any region 

of space where a magnetic field is 
changing with time.

• According to Maxwell:
–A magnetic field is created in any region 

of space where an electric field is 
changing with time.

• These laws are inverses of each other and 
lead to the concept of electromagnetic 
waves



Electromagnetic Waves

• Composed of vibrating electric and 
magnetic fields the regenerate each other
–Waves move outward from a vibrating 

charge
–E.F. is always perpendicular to the M.F. 

and both are perpendicular to the 
direction of the moving wave



Electromagnetic Waves



Electromagnetic Waves
• All electromagnetic waves move at 

the speed of light
–Discovered by Maxwell

• Changing electric fields constantly 
induce changing magnetic fields 
and vice versa
–If the waves traveled at less than the 

speed of light, they would rapidly die 
out



Electromagnetic waves
Changing E produces B

A changing magnetic
flux produces an Electric
field

A changing electric
flux produces a Magnetic
field



1  

2  

The Equations of Electromagnetism

E dA q
∫ • = ε0

B dA∫ • = 0

..monopole..   

?
...there’s no 
magnetic  monopole....!!

Gauss’s Laws



4  

The Equations of Electromagnetism

E dl d
dt

B∫ • = − Φ

B dl I∫ • = µ0

3

.. if you change a
magnetic field you 

induce an electr ic
field.........

.......is the reverse
true..?    

Faraday’s Law

Ampere’s Law



...lets take a look at charge flowing into a capacitor...

E

...when we  derived  Ampere’s Law 
we assumed constant current...

.. if the  loop  encloses one 
plate of the capacitor..there is a 
problem … I = 0

B

Side view: (Surface
is now like a bag:)

EB

B dl I∫ • = µ0



Maxwell solved this problem 
by realizing that....

B E

B dl I d
dt

E∫ • = +µ µ ε0 0 0
Φ

x          
x   x x x

x  x  x  x   x  

x  x 

A changing 
electric field
induces a 
magnetic field

Inside the capacitor there must  
be an induced magnetic field...

How?. Inside the capacitor there is a changing E ⇒

where Id is called the
displacement cur rent  

Therefore, Maxwell’s revision 
of Ampere’s Law becomes....

B dl d
dt IE

d∫ • = =µ ε µ0 0 0
Φ

E

B



Derivation of Displacement Current

q EA I dq
dt

d EA
dt= = =ε ε0 0

( )
For a capacitor, and .

I d
dt

E= ε0
( )ΦNow, the electric flux is given by EA, so: ,

where this current , not being associated with charges, is 
called the “Displacement current”, Id.

Hence:

and: B ds I I

B ds I d
dt

d

E

∫

∫

• = +

⇒ • = +

µ

µ µ ε

0

0 0 0

( )

Φ

I d
dtd

E= µ ε0 0
Φ



Maxwell’s Equations of Electromagnetism
in Vacuum (no charges, no masses)

Consider these equations in a vacuum.....
......no mass, no charges. no cur rents.....

B dl d
dt

E∫ • = µ ε0 0
Φ

E dl d
dt

B∫ • = − Φ

E dA q
∫ • = ε0

B dA∫ • = 0

B dl I d
dt

E∫ • = +µ µ ε0 0 0
Φ

E dA∫ • = 0

E dl d
dt

B∫ • = − Φ

B dA∫ • = 0



Maxwell’s Equations of Electromagnetism
in Vacuum (no charges, no masses)

E dA∫ • = 0

B dA∫ • = 0

E dl d
dt

B∫ • = − Φ

B dl d
dt

E∫ • = µ ε0 0
Φ



Maxwell’s equations (1)

14

Integral  form of Maxwell’s equations:

0

QE dS
ε

⋅ =∫




0B dS⋅ =∫




BdE dl
dt
Φ

⋅ = −∫




0 0 0
EdB dl I

dt
µ µ ε

Φ
⋅ = +∫




① source of E

② no magnetic charges / 
monopoles

③ changing B → E

④ changing E → B



Maxwell’s equations (2)

15

Differential form of Maxwell’s equations:

0

E ρ
ε

∇ ⋅ =


0B∇⋅ =


BE
t

∂
∇× = −

∂




0 0 0
EB j
t

µ µ ε ∂
∇× = +

∂


 

1) Basic equations for all 
electromagnetism

2) As fundamental as 
Newton’s laws

3) Important outcome: 
electromagnetic waves





ELECTROMAGNETIC WAVES
• E = Em sin(kx - w t)
• B = Bm sin(kx - w t)

k f
T

c
k

f

= = =

= = =

2 2 2π
λ

ω π π

ω λwave speed





B dl d
dt

E∫ • = µ ε0 0
Φ E dl d

dt
B∫ • = − Φ

Electromagnetic Waves

Faraday’s law:   dB/dt electric field
Maxwell’s modification of Ampere’s law 

dE/dt magnetic field

These two equations can be solved simultaneously.

The result is:
E(x, t) = EP sin (kx-ωt)

B(x, t) = BP sin (kx-ωt) ẑ

ĵ



B dl d
dt

E∫ • = µ ε0 0
Φ E dl d

dt
B∫ • = − Φ

B
E

Special case..PLANE WAVES...

satisfy the  wave equation  

ψ ω φ= +A tsin( )Maxwell’s Solution  

Electromagnetic Waves

v

∂ ψ
∂ ν

∂ ψ
∂

2

2 2

2

2
1

x t
=

 
E E x t j B B x t ky z= =( , )  ( , ) 

dE
dt



dB
dt





Plane Electromagnetic Waves

x

Ey

Bz

E(x, t) = EP sin (kx-ωt)

B(x, t) = BP sin (kx-ωt) ẑ

ĵ

c



Static wave
F(x) = FP sin (kx + φ)
k = 2π / λ
k = wavenumber
λ = wavelength

F(x)

x

λ

Moving wave
F(x, t) = FP sin (kx - ωt )
ω = 2π / f
ω = angular frequency
f = frequency
v = ω / k

F(x)

x

λ

v



x

v Moving wave

F(x, t) = FP sin (kx - ωt )

What happens at x = 0 as a function of time?

F(0, t) = FP sin (-ωt)

F

For x = 0 and t = 0 ⇒ F(0, 0) = FP sin (0)
For x = 0 and t = t ⇒ F (0, t) = FP sin (0 – ωt) = FP sin (– ωt) 
This is equivalent to: kx = - ωt ⇒ x = - (ω/k) t 
F(x=0) at time t is the same as F[x=-(ω/k)t] at time 0
The wave moves to the right with speed ω/k



Plane Electromagnetic Waves

x

Ey

Bz

Notes:  Waves are in Phase,
but fields oriented at 900.
k= 2π / λ
Speed of wave is c=w/k (= f  l)

At all times E=cB.
c m s= = ×1 3 100 0 8/ /ε µ

E(x, t) = EP sin (kx-ωt)

B(x, t) = BP sin (kx-ωt) ẑ
ĵ

c



Properties of EM wave

25

2 2
2

2 2 ,E Ec
x t

∂ ∂
=

∂ ∂

 
2 2

2
2 2

B Bc
x t

∂ ∂
=

∂ ∂

 

Particular solutions:
0

0

cos ( )

cos ( )

xE E t
c
xB B t
c

ω

ω

= −

= −
1) Transverse wave

2) In phase: E c
B
=

3) E B⊥
 







Poynting vector
 Poynting vector represent the rate of energy flow 

per unit  area in a plane electromagnetic wave.

)(P

BEP ×=∴
0

1 
µ

The direction of )(P gives the direction in which the energy is

transferred. Unit: W/m2

28



The Poynting Vector

• Light waves (and all electromagnetic waves) carry energy

• A wave has an intensity

E B
o

EBu u u
cµ

= + =

averageI u c=

1
2

o o
av

o

E BI S
µ

= =


Poynting Vector

1

o

S E B
µ

= ×
  

Energy in EM wave  and 
The Vector P = E  X B has interpreted as representing the amount of field energy 
passing through the unit area of surface in unit time normally to the direction of flow of 
energy. This statement is termed as Poynting’s theorem and the vector P is called 
Poynting Vector.



33.5: Energy Transport and the Poynting Vector

Energy flux: 



Example 1: Energy in EM Waves

  
uE =

1
2
ε0 E2 ,  uB =

1
2µ0

B2Energy densities:

Consider cylinder:

  
dU = (uE + uB )Adz = 1

2
ε0 E2 +

B2

µ0







Acdt

What is rate of energy flow per unit area?

  
=

c
2

ε0cEB +
EB
cµ0








( )2
0 0

0

1
2
EB cε µ
µ

= +
  
=

EB
µ0

1 dUS
A dt

=
  
=

c
2

ε0 E2 +
B2

µ0







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Solution: Rate → time averaged S / intensity

Example2:  Radiation from the Sun reaches the  Earth at a rate 
about 1350W/m2. Assume it is a single EM wave, calculate E0

and B0.

20 0
0 0

0

1 1
2 2

E B
S cEε

µ
= = 0

0

2SE
cε

⇒ = 31.01 10 /V m= ×

60
0 3.37 10

E
B T

c
−= = ×

1
2 mu c u c= ⋅ =



Example 3
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Worked Example 
An electromagnetic wave of frequency f = 3.0 MHz 
passes from vacuum into a non – magnetic medium 
with relative permittivity 4. Calculate the increment 
in its wavelength. Assume that for a non – magnetic 
medium μr=1.

Solution
Frequency of the em wave = f = 3.0 MHz = 3 × 10 6 Hz

Relative permittivity of the non – magnetic medium = εr = 4
Relative permeability of the non – magnetic medium = μr = 1

00

1
εµVelocity of em wave in vacuum = C =
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 Wavelength of the EM wave in 
vacuum = λ = 

00

1.1
εµff

C
=

Velocity of em wave in 
non- magnetic medium =

rr

C
εεµµεµ 00

11
==′

Wavelength of the em wave in non-magnetic medium =

rrff
C

εεµµ
λ

00

1.1
=
′

=′
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 Therefore the change in wavelength = 














−=−′ 111.1

00 rrf εµεµ
λλ

= 

m501
4

1
103
103

6

8

−=







−

×
×

= 

i.e. the wavelength decreased by 50 m.



Homework

Q2

Q1



Relation of the speed of light and  electric and magnetic vacuum 
constants 

ε0
permittivity of free space, also 
called the electric constant

As/Vm or F/m (farad per 
meter)

μ0
permeability of free space, also 
called the magnetic constant

Vs/Am or H/m (henry per 
meter)

Appendix

http://en.wikipedia.org/wiki/Permittivity_of_free_space
http://en.wikipedia.org/wiki/Electric_constant
http://en.wikipedia.org/wiki/Permeability_of_free_space
http://en.wikipedia.org/wiki/Magnetic_constant


Differential operators

∇×

∇⋅

t
∂
∂

the divergence operator
div

the curl operator
curl, rot

the partial derivative with respect to time

yx zAA AA
x y z

∂∂ ∂
∇⋅ = + +

∂ ∂ ∂



ˆ ˆ ˆ

x y z

x y z

A
x y z

A A A

→ ∂ ∂ ∂
∇× =

∂ ∂ ∂
x x

∂
∂ =

∂

Other notation used 



Reflection, Refraction, 
Polarization

(3)
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The nature of light
– Light has properties of 

both waves and 
particles. The wave 
model is easier for 
explaining propagation, 
but some other 
behavior requires the 
particle model.

– The rays are 
perpendicular to the 
wave fronts. See Figure 
1 at the right.



Reflection and refraction
• In Figure 2 the light is both reflected and refracted by the window.



Specular and diffuse reflection
• Specular reflection occurs at a very smooth surface (left 

figure). 
• Diffuse reflection occurs at a rough surface (right figure).  
• Our primary concern is with specular reflection. 



Laws of reflection and refraction
• The frequency does not change on 

passing through a surface, but 
velocity does, and so wavelength.

• f = f0 => v/ λ= v0/λ0 => v/c λ = v0/c λ0 
• The index of refraction is       

n = c/v >1
• Angles are measured with respect to 

the normal.
• Reflection: The angle of reflection is 

equal to the angle of incidence.
• Refraction: Snell’s law applies.

In a material 
λ = λ0 /n

Figure 3 (right) illustrates the laws of 
reflection and refraction.



Reflection and refraction in three cases
• Figure 4 below shows three important cases:
If nb > na the refracted ray is bent toward the normal.
If nb < na the refracted ray is bent away from the 

normal.
A ray oriented along the normal never bends.



Reflection and Refraction



Why does the ruler appear to be bent?
The straight ruler in Figure 5(a) appears to 

bend at the surface of the water, why? 
a) This ruler is actually straight, but it appears to bend at 
the surface of the water. (b) Light rays from any submerged 
object bend away from the normal when they emerge into 
the air. As seen by an observer above the surface of the 
water, the object appears to be much closer to the surface 
than it actually is 



33.8: Reflection and Refraction:



An example of reflection and refraction





Example, Reflection and Refraction of a Monochromatic Beam:



Example, Reflection and Refraction of a Monochromatic Beam:



Total internal reflection
• Light striking at the critical angle emerges tangent to the surface. (See 

Figure 33.13 below).

• If θa > θcrit, the light is undergoes total internal reflection.
sin sin for total internal reflectiona a b b bn n nθ θ= =

( )1
crit sin /b an nθ −=



For angles of incidence larger than θa there is no refracted ray and all the light is 
reflected; this effect is called total internal reflection. For the critical angle.

Which means that 







Dispersion
• Dispersion: The index of 

refraction depends on the 
wavelength of the light. See 
Figure 6 (right).

• Figure 7 (below) shows 
dispersion by a prism.



Rainbows—I
• The formation of a rainbow is due to the combined effects 

of dispersion, refraction, and reflection. (See Figure 8 
below and on the next slide.)  



Rainbows—II



Polarization



Polarization

If the intensity of original unpolarized light 
is Io, then the intensity of the emerging light 
through the polarizer, I, is half of that.



Polarization: Intensity of Polarized Light



Polarization

• An electromagnetic wave is linear ly polar ized if the 
electric field has only one component.

• Figure 9 at the right shows a Polaroid polar izing 
filter .

max

max

ˆ( , ) cos( )
ˆ( , ) cos( )

x t E kx t

x t B kx t

ω

ω

= −

= −

E j

B k



Malus’s law 
• Figure 33.25 below shows a polarizer and an analyzer.
• A polarizer reduces the intensity of unpolarized light (I0) by a factor of 2, so the 

intensity of transmitted light is I0/2.
• A second polarizer (the analyzer) at angle f relative to the first further reduces 

the intensity according to: 

Malus’s law:    I = Imaxcos2φ.



Example
polarizer and
analyzer with
f = 30°.



Polarization by reflection

• When light is reflected at the polar izing angle θp (Brewster’s angle), the 
reflected light is linearly polarized. See Figure  10 below. 

• The polarizing angle  is θp when the reflected and refracted rays are 90° from 
each other, i.e. when θ p + θ b = 90 °.

sin sin

sin sin(90 ) cos

tan (Brewster's Law)

a p b b

a p b p b p

b
p

a

n n
n n n
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n

θ θ

θ θ θ

θ

=

= − =

=





Huygens’s principle

• Huygens’s pr inciple: Every
point of a wave front can be
considered to be a source of
secondary wavelets that
spread out in all directions
with a speed equal to the
speed of propagation of the
wave. See Figure 33.34 at
the right.



Summary









Sources of Radiation (4)

Dr. Hind I. Abdulgafour



Definition of Radiation

• “Radiation is an energy in the form of electro-
magnetic waves or particulate matter, traveling 
in the air.”

Radioactivity: Elements & Atoms
Atoms are composed of smaller particles referred to as:

– Protons

– Neutrons

– Electrons



Basic Model of a Neutral Atom.

• Electrons (-) orbiting nucleus of protons (+)
and neutrons. Same number of electrons as 
protons; net charge = 0. 

• Atomic number (number of protons) 
determines element.

• Mass number (protons + neutrons) 



Ionization 

Ionizing radiation is produced by unstable atoms. 
Unstable atoms differ from stable atoms because 
they have an excess of energy or mass or both.

Unstable atoms are said to be radioactive. In order 
to reach stability, these atoms give off, or emit, the 
excess energy or mass. These emissions are called 
radiation.



Types or Products of Ionizing 
Radiation

βα

γ or X-rayneutron



• The electro-magnetic waves vary in their length and 
frequency along a very wide spectrum.



Types of Radiation
• Radiation is classified into:

– Ionizing radiation
– Non-ionizing radiation

Ionizing Versus Non-ionizing Radiation

Ionizing Radiation
– Higher energy electromagnetic waves (gamma) or 

heavy particles (beta and alpha).
– High enough energy to pull electron from orbit.

Non-ionizing Radiation
– Lower energy electromagnetic waves.
– Not enough energy to pull electron from orbit, but 

can excite the electron.



Ionizing Radiation
• Definition: 

“ It is a type of radiation that is able to disrupt 
atoms and molecules on which they pass through, 
giving rise to ions and free radicals”.

Types of Ionizing Radiation

Alpha particles
Beta particles
Gamma rays (or photons)
X-Rays (or photons)
Neutrons



Alpha Particles:  2 neutrons and 2 protons
They travel short distances,  have large mass
Only a hazard when inhaled

Types and Characteristics of Ionizing Radiation 

Alpha Particles

Alpha Par ticles (or Alpha Radiation): Helium nucleus (2 
neutrons and 2 protons)



Beta Particles

Beta Particles:  Electrons or positrons having small mass and 
variable energy. Electrons form when a neutron transforms into 
a proton and an electron.



Gamma Rays

Gamma Rays (or photons):  Result when the nucleus 
releases energy,  usually after an alpha,  beta or positron 
transition



X-Rays

X-Rays:  Occur whenever an inner shell orbital 
electron is removed and rearrangement  of the 
atomic electrons results with the release of the 
elements characteristic X-Ray energy



• X- and Gamma Rays: X-rays are photons 
(Electromagnetic radiations) emitted from 
electron orbits. Gamma rays are photons emitted 
from the nucleus, often as part of radioactive 
decay. Gamma rays typically have higher energy 
(Mev's) than X-rays (KeV's), but both are 
unlimited. 

Neutrons
Neutrons:  Have the same mass as protons but 
are uncharged



Non-ionizing Radiation

• Definition:
“ They are electromagnetic waves incapable of 

producing ions while passing through 
matter, due to their lower energy.”



Examples on Nonionizing
Radiation Sources

• Visible light
• Microwaves
• Radios
• Video Display Terminals
• Power lines
• Radiofrequency 
• Lasers



Natural Background Radiation

• Cosmic Radiation

• Terrestrial Radiation

• Internal Radiation



Cosmic Radiation

• The earth, and all living things on it, are 
constantly being bombarded by radiation 
from outer space (~ 80% protons and 10% 
alpha particles).

• Charged particles from the sun and stars 
interact with the earth’s atmosphere and 
magnetic field to produce a shower of 
radiation.

• The amount of cosmic radiation varies in 
different parts of the world due to differences 
in elevation and to the effects of the earth’s 
magnetic field.



Terrestrial Radiation
(Uranium, Actinium, Thorium decay series)

• Radioactive material is found throughout nature in 
soil, water, and vegetation. 

• Important radioactive elements include uranium and 
thorium and their radioactive decay products which 
have been present since the earth was formed 
billions of years ago. 

• Some radioactive material is ingested with food and 
water.  Radon gas, a radioactive decay product of 
uranium is inhaled. 

• The amount of terrestrial radiation varies in 
different parts of the world due to different 
concentrations of uranium and thorium in soil.



Internal Radiation

• People are exposed to radiation from 
radioactive material inside their bodies 
such as Radon (Ra).



Radioactive material is used in:

• Medicine - diagnostic (X-ray, CAT)

• Medicine - therapeutic (Co-60, Linac)

• Medical research (radio-pharmaceuticals, accel.)

• Industry - (X-ray density gauges, well logging)

Man-Made Radiation



Radiation in Medicine

• Radiation used in 
medicine is the largest 
source of man-made 
radiation.

• Most exposure is from 
diagnostic x-rays. 



Elements of Radiation Protection Program 

• Monitor ing of exposures: Personal, area, and screening 
measurements; Medical/biologic monitoring. 

• Task-Specific Procedures and Controls: Initial, periodic, 
and post-maintenance or other non-scheduled events. 

• Emergency procedures: Response, "clean-up", post clean-
up testing and spill control. 

• Training and Hazard Communications including signs, 
warning lights, and information given. 

• Mater ial Handling: Receiving, storage, and disposal. 
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