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Abstract:  

The Lorentz force equation fully characterizes electromagnetic forces on stationary and moving charges.  Despite the 

simplicity of this equation, it is highly accurate and essential to the understanding of all electrical phenomena because 

these phenomena are observable only as a result of forces on charges. Sometimes these forces drive motors or other 

actuators, and sometimes they drive electrons through materials that are heated, illuminated, or undergoing other 

physical or chemical changes.  These forces also drive the currents essential to all electronic circuits and devices and this 

force oppose the light in atom. Maxwell’s macroscopic equations combined with a generalized form of the Lorentz law of 

force are a complete and consistent set of equations. As per the Einstein photo electric effect when it enter into an atom 

the equation will be hν=hν0 +1/2 mv2. When the photon enter in atom it oppose the light for this reason and when less 

energy photon enter in atom it is throw out by the electromagnetic force and for this reason the explanation of Einstein 

photo electric effect does not explain that what happen with less energy photon. 
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INTRODUCTION  

Properties of Light: 

What is light?  

This question has been debated for many centuries. The 

sun radiates light, electric lights brighten our darkness, 

and many other uses of light impact our lives daily. The 

answer, in short, is light is a special kind of 

electromagnetic energy. The speed of light, although 

quite fast, is not infinite. The speed of light in a vacuum 

is expressed as c = 2.99 × 108 m/s. Light travels in a 

vacuum at a constant speed, and this speed is 

considered a universal constant. It is important to note 

that speed changes for light traveling through non-

vacuum media such as air (0.03% slower) or glass 

(30.0% slower). For most purposes, we may represent 

light in terms of its magnitude and direction. In a 

vacuum, light will travel in a straight line at fixed speed, 

carrying energy from one place to another. Two key 

properties of light interacting with a medium are [1-3]:  

 1. It can be deflected upon passing from one medium to 

another (refraction).  

 2. It can be bounced off a surface (reflection).  

The field of detection and measurement of light energy 

is called radiometry. It uses a standardized system for 

characterizing radiant energy.  

Let there be light!” 

So begins Genesis, the biblical account of the formation 

of the universe. Indeed, before there was anything, 

there was light. This description hardly changes in the 

modern day, Big-Bang theory of cosmic origins which 

posits that from the very earliest of moments, through 

to the first 380,000 years, the universe was a broiling 

broth of radiation. Light – electromagnetic radiation – 

bathed all space with one blinding, elemental glow. 

Indeed, a veritable pea-soup fog of lascivious light 

pervaded the entire juvenile universe. The cooled 

remnant of this natal glow is still visible to us today, 

nearly 13.5 billion years on from the beginning, as the 

cosmic microwave background radiation.  The universe 

was born of light, and the galaxies, the stars, the planets, 

and you and I are its progeny. Incredibly, nearly 10 

billion years on from the first moments that signaled 

the beginning of the beginning, the fecund universe saw 

the evolution of eyes capable of, well, seeing the light. 

And then, about 2,500 years ago, humans (the 

intelligent apes) began to ask what it was that their eyes 

were seeing [2-4].   

FUNDAMENTAL PROPERTIES OF ELECTROMAGNETIC 
WAVES 

Electromagnetic energy [2, 5-8] is the means by which 

information is transmitted from an object to a sensor. 
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Information could be encoded in the frequency content, 

intensity, or polarization of the electromagnetic wave. 

The information is propagated by electromagnetic 

radiation at the velocity of light from the source directly 

through free space, or indirectly by reflection, 

scattering, and reradiation to the sensor. The 

interaction of electromagnetic waves with natural 

surfaces and atmospheres is strongly dependent on the 

frequency of the waves. Waves in different spectral 

bands tend to excite different interaction mechanisms 

such as electronic, molecular, or conductive 

mechanisms. 

Electromagnetics involves the macroscopic behavior of 

electric charges in vacuum and matter. This behavior 

can be accurately characterized by the Lorentz force law 

and Maxwell’s equations, which were derived from 

experiments showing how forces on charges depend on 

the relative locations and motions of other charges 

nearby.  

Additional relevant laws of physics include Newton’s 

law, photon quantization, and the conservation 

relations for charge, energy, power, and momentum.  

Electromagnetic phenomena underlie most of the 

“electrical” in “electrical engineering” and are basic to a 

sound understanding of that discipline.  

Electrical engineering has delivered four “miracles” — 

sets of phenomena that could each be considered true 

magic prior to their development.  The first of these to 

impress humanity was the electrical phenomenon of 

lightning, often believed to be a tool of heaven, and the 

less powerful magnetic force that caused lodestones to 

point north.  The explanation and application of these 

invisible forces during the eighteenth and nineteenth 

centuries vaulted electrical engineering to the forefront 

of commercial interest as motors, generators, electric 

lights, batteries, heaters, telephones, record players, and 

many other devices emerged.  

The second set of miracles delivered the ability to 

communicate instantly without wires around the world, 

not only dots and dashes, but also voice, images, and 

data.  Such capabilities had been commonplace in fairy 

tales, but were beyond human reach until Hertz 

demonstrated radiowave transmission in 1888, 15 

years after Maxwell’s predictions.  Marconi extended 

the technique to intercontinental distances.  

Third came electronics and photonics — the ability to 

electrically manipulate individual electrons and atoms 

in vacuum and in matter so as to generate, amplify, 

manipulate, and detect electromagnetic signals.  During 

the twentieth century vacuum tubes, diodes, transistors, 

integrated circuits, lasers, and superconductors all 

vastly extended the capabilities and applications of 

electromagnetics.  

The fourth set of electrical phenomena involves 

cybernetics and informatics — the manipulation of 

electrical signals so complex that entirely new classes of 

functionality are obtained, such as optimum signal 

processing, computers, robotics, and artificial 

intelligence. This text focuses on the electromagnetic 

nature of the first three sets of phenomena and explores 

many of their most important applications. 

Electromagnetic Forces  

Forces on free charges and currents  

Lorentz force equation and introduction to force  

The Lorentz force equation [4, 6-9] fully characterizes 

electromagnetic forces on stationary and moving 

charges.  Despite the simplicity of this equation, it is 

highly accurate and essential to the understanding of all 

electrical phenomena because these phenomena are 

observable only as a result of forces on charges. 

Sometimes these forces drive motors or other actuators, 

and sometimes they drive electrons through materials 

that are heated, illuminated, or undergoing other 

physical or chemical changes.  These forces also drive 

the currents essential to all electronic circuits and 

devices.  

When the electromagnetic fields and the location and 

motion of free charges are known, the calculation of the 

forces acting on those charges is straightforward. These 

charges and currents are confined within conductors 

instead of being isolated in vacuum.  Finally, when the 

charges and charge motion of interest are bound within 

stationary atoms or spinning charged particles. The 

problem usually lies beyond the scope of this text when 

the force-producing electromagnetic fields are not given 

but are determined by those same charges on which the 

forces are acting (e.g., plasma physics), and when the 

velocities are relativistic. 

Electromagnetic Waves  

Waves at planar boundaries at normal incidence  

How plane waves are reflected from planar boundaries 

at normal incidence, and when the waves are incident at 

arbitrary angles.  How linear combinations of such 

waves can satisfy all boundary conditions when they 

are confined within parallel plates or rectangular 

cylinders acting as waveguides.  By adding planar 

boundaries at the ends of such waveguides, waves can 

be trapped at the resonant frequencies of the resulting 

cavity, then treat waves in anisotropic, dispersive, and 

ionized media, respectively.  

Introduction to boundary value problems  

How uniform planes waves could propagate in any 

direction with any polarization, and could be 

superimposed in any combination to yield a total 
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electromagnetic field. The general electromagnetic 

boundary value determining exactly which, if any, 

combination of waves matches any given set of 

boundary conditions, which are the relations between 

the electric and magnetic fields adjacent to both sides of 

each boundary. These boundaries can generally be both 

active and passive, the active boundaries usually being 

sources.  Boundary conditions generally constrain E 

and/or H for all time on the boundary of the two- or 

three-dimensional region of interest. Therefore we may 

solve boundary value problems simply by hypothesizing 

the correct combination of waves and testing it against 

Maxwell’s equations. That is, we leave undetermined 

the numerical constants that characterize the chosen 

combination of waves, and then determine which values 

of those constraints satisfy Maxwell’s equations. This 

strategy eases the challenge of hypothesizing the final 

answer directly. Moreover, symmetry and other 

considerations often suggest the nature of the wave 

combination required by the problem, thus reducing the 

numbers of unknown constants that must be 

determined [6-10].  

The four basic steps for solving boundary value 
problems are:  

1) Determine the natural behavior of each 

homogeneous section of the system in isolation (absent 

its boundaries).  

2) Express this natural behavior as the superposition of 

waves characterized by unknown constants; symmetry 

and other considerations can minimize the number of 

waves required.  

3) Write equations for the boundary conditions that 

must be satisfied by these sets of superimposed waves, 

and then solve for the unknown constants.  

4) Test the resulting solution against any of Maxwell’s 

equations that have not already been imposed.  

Variations of this four-step procedure can be used to 

solve almost any problem by replacing Maxwell’s 

equations with their approximate equivalent for the 

given problem domain [6-9]. 

Electromagnetic Fields in Simple Devices and 
Circuits  

Resistors and capacitors  

One important application of electromagnetic field 

analysis is to simple electronic components such as 

resistors, capacitors, and inductors, all of which exhibit 

at higher frequencies characteristics of the others.  Such 

structures can be analyzed in terms of their: 1) static 

behavior, for which we can set ∂/∂t = 0 in Maxwell’s 

equations, 2) quasistatic behavior, for which ∂/∂t is 

non-negligible, but we neglect terms of the order 

∂2/∂t2, and 3) dynamic behavior, for which terms on 

the order of ∂2/∂t2 are not negligible either; in the 

dynamic case the wavelengths of interest are no longer 

large compared to the device dimensions.  This 

understanding can be extrapolated to more complex 

structures.  

One approach to analyzing simple structures is to 

review the basic constraints imposed by symmetry, 

Maxwell’s equations, and boundary conditions, and then 

to hypothesize the electric and magnetic fields that 

would result.  These hypotheses can then be tested for 

consistency with any remaining constraints not already 

invoked.   

All physical elements exhibit varying degrees of 

resistance, inductance, and capacitance, depending on 

frequency. This is because: 1) essentially all conducting 

materials exhibit some resistance, 2) all currents 

generate magnetic fields and therefore contribute 

inductance, and 3) all voltage differences generate 

electric fields and therefore contribute capacitance.  

Most passive electronic components have two or more 

terminals where voltages can be measured.  The voltage 

difference between any two terminals of a passive 

device generally depends on the histories of the 

currents through all the terminals.  Common passive 

linear two terminal devices include resistors, inductors, 

and capacitors (R’s, L’s. and C’s, respectively), while 

transformers are commonly three- or four-terminal 

devices [5, 7-10].   

Electrostatic MEMS sensors  

Sensors are devices that respond to their environment.  

Some sensors alter their properties as a function of the 

chemical, thermal, radiation, or other properties of the 

environment, where a separate active circuit probes 

these properties.  The conductivity, permeability, and 

permittivity of materials are typically sensitive to 

multiple environmental parameters.  Other sensors 

directly generate voltages in response to the 

environment that can be amplified and measured.  One 

common MEMS sensor measures small displacements of 

cantilevered arms due to temperature, pressure, 

acceleration, chemistry, or other changes.  For example, 

temperature changes can curl a thin cantilever due to 

differences in thermal expansion coefficient across its 

thickness, and chemical reactions on the surface of a 

cantilever can change its mass and mechanical 

resonance frequency. Microphones can detect 

vibrations in such cantilevers, or accelerations along 

specific axes [9-12]. 

Einstein photo electric effect:  

When it enter into an atom: hν=hν0 +1/2 mv2 

Where hν is total energy of photon,  

hν0 is energy require to pass through the EM force,  

½ mv2 is rest energy  
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Where hν0 = w= F.r 

F = total electromagnetic force experience by photon 

when photon is trying to go in atom.  

r = distance traveled by photon. 

Method 

The total energy of the photon is =hν 

According to Einstein‘s equation hν = hν0 + 1/2mv
2
 

Where, hν0 = required energy to throw out the electron 

1/2mv
2 

is kinetic energy of electron 

If we use Einstein theory then we have to find hν0. We 

know that work = energy 

Then the work has done by photon to pass through the 

electromagnetic. 

Let the photon done dW work to travel dr distance in the 
(H or He) atom 

 
Or dw =F.dr 
Total work done by photon to travel from A to B 

ʃA
B  

dw  =  ʃA
B 

F.dr 

 W B  - WA = F (B- A) 

 W B A  = F.RBA 

Where RBA is distance between A and B 

Therefore final equation is 
W = F.R 
Where W = hν0   = is loss of energy when electron pass 

through the E.M Field. 

CONCLUSION 

Therefore when the photon enter in atom it oppose the 

light for this reason when less energy photon enter in 

atom it is throw out by the electromagnetic force and 

for this reason the explanation of Einstein photo electric 

effect does not explain that what happen with less 

energy photon.  
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