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PREFACE

Science laws are statements that describe natural phenomena or
relationships in the physical world that have been repeatedly observed and
confirmed through empirical evidence and experimentation. These laws are
based on observations, measurements, and calculations, and are often
expressed in mathematical terms.

Examples of well-known scientific laws include:

Newton’s Laws of Motion: These laws describe the behavior of objects
in motion and explain the relationship between force, mass, and
acceleration.

The Law of Conservation of Energy: This law states that energy
cannot be created or destroyed, only transformed from one form to another.

Ohm’s Law: This law describes the relationship between the voltage,
current, and resistance in an electrical circuit.

Boyle’s Law: This law explains the relationship between the pressure
and volume of a gas at a constant temperature.

The Law of Universal Gravitation: This law describes the relationship
between the masses of two objects and the gravitational force between them.

These laws are fundamental to our understanding of the natural world
and are the foundation upon which many scientific theories and applications
are built. This book describes the various laws used in physical sciences and
elaborates on the some of the applications of each of these laws.

The book summarizes the Science Laws at one place, so it will be very
useful to the wide range of audience: school students, college students,
engineering students, PhD students, scientists and academicians.






1. AMPERE’S LAW

Ampere’s law is a fundamental law in electromagnetism, discovered by
André-Marie Ampeére in the early 19th century. The law relates the magnetic
field generated by a steady current to the current density that creates it.

The mathematical expression of Ampere’s law in integral form is:

$B xdl=pol

where B is the magnetic field, I is the current passing through the surface
enclosed by the closed path dl, and po is the permeability of free space.

The integral form of Ampere’s law is used to calculate the magnetic field
around a current-carrying wire or a conductor. The law states that the line
integral of the magnetic field around a closed path is proportional to the
current enclosed by the path.

The law can also be expressed in differential form, which is useful in the
study of electromagnetic waves and in the design of antennas. The
differential form of Ampere’s law is:

VxB=poJ
where J is the current density.

André-Marie Ampére



2 1. Ampere’s Law

Ampere’s Law
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Applications of Ampere’s Law

Ampere’s law has many practical applications, including:

¢  Design of electromagnets: Ampere’s law is used in the design of
electromagnets, which are used in a wide range of applications, including
electric motors, MRI (Magnetic Resonance Imaging) machines, and particle
accelerators.

¢  Magnetic field measurement: Ampere’s law is used in the
measurement of magnetic fields generated by currents, such as in the study
of magnetic materials and in the design of magnetic sensors.

¢  Calculation of magnetic fields: Ampere’s law is used to calculate
the magnetic field generated by various current distributions, such as wires,
solenoids, and toroids.

¢  Study of plasmas: Ampere’s law is used in the study of plasmas,
which are important in fusion research and plasma-based devices.

Ampere’s law is a crucial principle in electromagnetism, with numerous
practical applications in various fields of physics and engineering.



2. ARCHIMEDES’ PRINCIPLE

Archimedes’ principle is a fundamental principle in physics that relates to
buoyancy and the behavior of objects immersed in fluids. It was discovered
by the ancient Greek mathematician and scientist Archimedes. Archimedes’
principle states that when an object is submerged in a fluid, it experiences
an upward buoyant force equal to the weight of the fluid it displaces. In
other words, the buoyant force exerted on an object is equal to the weight
of the fluid displaced by the object.

This principle can be understood by considering the forces acting on an
object submerged in a fluid. The object experiences a downward force due
to its weight, which can be thought of as the force of gravity acting on it. At
the same time, the fluid exerts an upward force on the object, called the
buoyant force. This principle has many practical applications.

Archimedes’ Principle
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Upward bouyant force = Weight of the water displaced
Archimedes of Syracuse

Applications of Archimedes’ Principle

Archimedes’ principle has many practical applications in a variety of fields.
By understanding the principles of buoyancy and fluid dynamics, engineers
and scientists can design more effective and efficient systems and devices.
Some of the notable applications of Archimedes’ principle are:
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¢ Diving: Archimedes’ principle is important in the sport of diving.
Divers use weights and buoyancy compensators to control their buoyancy
and remain at a desired depth. Understanding the principles of buoyancy is
essential for safe and effective diving.

¢ Hot air balloons: Archimedes’ principle is also used in the design
and operation of hot air balloons. By heating the air inside the balloon, the
air becomes less dense than the surrounding air and creates a buoyant force
that lifts the balloon into the air.

¢ Density measurements: Archimedes’ principle is used to
determine the density of solid objects. By measuring the weight of an object
in air and then in water, the volume of water displaced can be calculated,
allowing for the calculation of the object’s density. This technique will give
more accurate results especially for complex shapes and porous materials.

¢ Oil drilling: Archimedes’ principle is used in the drilling of oil
wells. By injecting a fluid with a density higher than the oil, the oil is
displaced upward, allowing it to be pumped to the surface.

¢  Design of ships and submarines: The principle of buoyancy is
used extensively in the design and construction of ships and submarines.
The shipbuilders use this principle to calculate the buoyant force acting on
the ship’s hull, and to determine its stability and safety while at sea.

¢  Water treatment: Archimedes’ principle is used in water
treatment plants to separate solids from liquids. This is done by introducing
a coagulating agent into the water, which causes the suspended solids to
clump together and settle at the bottom of the tank, leaving the clear water
above.

¢ Food industry: Archimedes’ principle is used in the food industry
to measure the fat content in milk, cheese, and other dairy products. The
density of the fat in the milk can be measured using Archimedes’ principle,
and this information is used to determine the fat content.



3. ARRHENIUS EQUATION

The Arrhenius equation is a mathematical formula that describes the
temperature dependence of chemical reactions. It is named after the
Swedish chemist Svante Arrhenius, who first proposed it in 1889. The
equation relates the rate constant (k) of a chemical reaction to the
temperature (T) and the activation energy (E.) of the reaction:
k = A x exp (-Ea/ RT)

where A is the pre-exponential factor (sometimes called the frequency
factor), R is the gas constant, and exp is the exponential function. The
Arrhenius equation shows that the rate constant of a reaction increases
exponentially with increasing temperature. It also implies that the activation
energy is related to the temperature dependence of the reaction rate, and that
a higher activation energy leads to a more temperature-sensitive reaction.
The Arrhenius equation is widely used in many branches of science and
engineering, including chemistry, physics, materials science, and chemical
engineering.
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Applications of Arrhenius Equation

The Arrhenius equation is a mathematical equation that relates the rate
constant of a chemical reaction to temperature. It is commonly used in the
field of chemical kinetics and has several applications in various scientific
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and engineering fields. Here are some notable applications of the Arrhenius
equation:

¢  Chemical kinetics: The Arrhenius equation is primarily used to
study the temperature dependence of reaction rates. By measuring reaction
rates at different temperatures, the Arrhenius equation can be used to
determine the activation energy (Ea) of a reaction and the frequency factor
(A) in the rate equation. This information helps in understanding the
reaction mechanism and predicting reaction rates at different temperatures.

¢ Thermal analysis: The Arrhenius equation is widely used in
thermal analysis techniques such as differential scanning calorimetry (DSC)
and thermogravimetric analysis (TGA). These techniques involve
measuring changes in sample properties (such as heat flow or weight loss)
as a function of temperature. The Arrhenius equation can be applied to
analyze the thermal behavior of materials, including decomposition
reactions, oxidation, phase transitions, and degradation kinetics.

¢ Materials science: The Arrhenius equation finds applications in
materials science and engineering for studying the temperature-dependent
properties of materials. It helps determine parameters such as diffusion
coefficients, activation energies for diffusion, and thermal stability of
materials. These insights are crucial for designing materials with specific
properties and understanding their behavior under different thermal
conditions. This information is also useful to synthesize various
compounds.

¢  Pharmaceutical industry: In pharmaceutical research and
development, the Arrhenius equation is utilized to evaluate the stability of
drugs and predict their shelf life. By conducting accelerated stability studies
at elevated temperatures, the reaction rate constants can be determined using
the Arrhenius equation. This information allows for estimating the
degradation rate of drugs at typical storage temperatures and establishing
appropriate storage conditions.

¢ Environmental science: The Arrhenius equation has applications
in environmental science, particularly in modeling and predicting chemical
reactions in atmospheric chemistry. By considering the temperature
dependence of reaction rates, the Arrhenius equation helps in understanding
the kinetics of important processes such as pollutant degradation,
atmospheric reactions, and photochemical reactions.

¢ Thermal treatment processes: Industrial processes involving
heat treatments, such as metal heat treatment or polymer curing, can benefit
from the Arrhenius equation. By understanding the temperature dependence
of reaction rates, process parameters can be optimized to achieve desired
material properties or efficient processing conditions.



4. AUGER-MEITNER EFFECT

The Auger-Meitner effect, also known as the Auger effect or Auger decay,
is a fundamental physical process that occurs in atoms, molecules, and
solids. It involves the emission of an Auger electron when an atom
undergoes an electronic transition.

The process was first theorized by Lise Meitner in 1922 and later
experimentally observed by Pierre Victor Auger in 1923. It is named after
both scientists. The Auger-Meitner effect played a crucial role in the
development of quantum mechanics and our understanding of atomic and
molecular interactions.

The Auger-Meitner effect occurs in atoms or molecules with multiple
electron shells. When an inner-shell electron is ionized, typically by an X-
ray photon or by electron collision, an electron from an outer shell fills the
vacancy. This transition releases energy, which can be transferred to another
electron in the system. Instead of emitting a photon, the excess energy is
transferred to a third electron, which is subsequently ejected from the atom.
This ejected electron is called an Auger electron.

The energy of the emitted Auger electron is characteristic of the atom or
molecule involved in the process. By measuring the energy spectrum of
Auger electrons, scientists can gain valuable information about the
electronic structure and chemical composition of materials.

Lise Meitner Pierre Victor Auger
(Credit: French Academy of Sciences — Institut de France)
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Two views of the Auger process. (a) illustrates sequentially the steps
involved in Auger deexcitation. An incident electron (or photon) creates a
core hole in the 1s level. An electron from the 2s level fills in the 1s hole
and the transition energy is imparted to a 2p electron which is emitted. The
final atomic state thus has two holes, one in the 2s orbital and the other in
the 2p orbital. (b) illustrates the same process using X-ray notation, KL;L, 3.

Applications of Auger-Meitner Effect

Auger-Meitner effect or Auger electron spectroscopy (AES), has diverse
applications, ranging from surface analysis and semiconductor technology
to material science, archaeology, and fundamental research. Its ability to
provide detailed information about surface and near-surface properties
makes it a valuable tool in numerous scientific and technological
disciplines. Here are some notable applications:

¢ Surface Analysis: AES is widely used for surface analysis and
characterization of materials. It can provide information about the elemental
composition and chemical states of the outermost atomic layers of a
material. This is particularly useful in fields such as materials science,
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nanotechnology, and semiconductor industry, where understanding the
surface properties is crucial for optimizing device performance.

¢ Thin Film Analysis: AES is employed for analyzing thin films
and multilayer structures. It can determine the thickness and composition of
individual layers in a thin film stack, providing insights into the film growth
processes and interfaces. This is valuable for applications such as
semiconductor device fabrication, optical coatings, and magnetic storage
media.

¢  Semiconductor device development: AES is utilized in the
research and development of semiconductor devices. It can characterize the
dopant distribution, elemental composition, and contamination levels in
semiconductor materials and devices. This information helps optimize
device performance, reliability, and yield.

¢  Surface chemistry studies: AES is employed to study surface
chemical reactions and processes. It can provide insights into adsorption,
desorption, and surface reactions occurring at the atomic and molecular
level. This is important for understanding catalysis, corrosion, surface
passivation, and other surface-related phenomena.

¢  Material quality control: AES can be used for quality control and
assurance in various industries. It enables rapid and non-destructive analysis
of material surfaces, ensuring that the desired composition and purity levels
are maintained. This is applicable in industries such as metallurgy,
electronics, pharmaceuticals, and automotive.

¢ Archaeology and art conservation: AES finds applications in the
analysis of cultural heritage materials. It can identify the elemental
composition of artifacts, paintings, and historical objects without causing
significant damage. This aids in the authentication, restoration, and
preservation of cultural artifacts.

¢ Fundamental research: The Auger-Meitner effect is also studied
for its fundamental significance in understanding electron dynamics and
interactions in atoms, molecules, and solids. It provides insights into
electron energy levels, relaxation processes, and electronic structure. This
knowledge contributes to advancements in quantum mechanics and the
theoretical understanding of matter.



5. AVOGADRO’S HYPOTHESIS

Avogadro’s hypothesis states that "equal volumes of gases, at the same
temperature and pressure, contain the same number of molecules." In other
words, if you have two containers of gas that are at the same temperature
and pressure, and they have the same volume, they will contain the same
number of molecules. This hypothesis is also known as Avogadro’s law.

Avogadro’s law is a gas law that states that at a constant temperature
and pressure, the volume of a gas is directly proportional to the number of
molecules or atoms present in the gas. This law is named after Amedeo
Avogadro, an Italian scientist who first proposed it in 1811.

Mathematically, Avogadro’s law can be expressed as

V=Kkxn

where V is the volume of the gas, n is the number of gas molecules or
atoms, and k is a proportionality constant. This law is only valid for ideal
gases, which are gases that behave according to certain idealized
assumptions, such as having no intermolecular forces and occupying no
volume themselves.

Avogadro’s law is important in many areas of science and engineering,
including chemistry, physics, and materials science. It is often used in
calculations involving the behavior of gases, such as determining the molar
volume of a gas or the number of moles of a gas in a given volume.

Amede Avogadro
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Applications of Avogadro’s Hypothesis

The applications of Avogadro’s hypothesis are numerous and include:

¢  Stoichiometry: Avogadro’s hypothesis is used to calculate the
stoichiometry of chemical reactions, which involves the ratios of reactants
and products. By knowing the number of molecules in a given volume, it is
possible to calculate the amount of substance (moles) present in that gas.

Hydrogen ~ Oxygen
Vol ) Volume (V,)
\ /
\ ° o ® // O
\ * ol
° e o o ° e ® ©
[ ] L] L ]
o o © o ° ° o ® o0
° ° o e ° e © o0 o
Number of moles (n,) Number of moles (n,)
[L - L] Avogadro number = 6.022 x 102

no-n,

¢ Ideal gas law: Avogadro’s hypothesis describes the behavior of
gases under certain conditions. The ideal gas law relates the pressure,
volume, temperature, and number of molecules of a gas.

¢ Atomic and molecular mass: Avogadro’s hypothesis is used to
determine the atomic and molecular masses of elements and compounds.
By measuring the mass of a given volume of gas, and knowing the number
of molecules, it is possible to calculate the mass of each individual
molecule.

¢  Gas density: Avogadro’s hypothesis is used to calculate the
density of gases. By knowing the mass of a given volume of gas, and the
number of molecules in that volume, it is possible to calculate the density.

¢  Gas mixtures: Avogadro’s hypothesis is used to calculate the
composition of gas mixtures. By knowing the number of molecules of each
gas in a given volume, it is possible to calculate the proportion of each gas
in the mixture.

¢ Reaction rates: Avogadro’s hypothesis is used to calculate the
rate of chemical reactions that involve gases. By knowing the number of
molecules in a given volume of gas, and the rate at which those molecules
react, it is possible to calculate the overall rate of the chemical reaction.

¢ Molecular collisions: Avogadro’s hypothesis is used to study the
behavior of molecules in gases. By knowing the number of molecules in a
given volume of gas, and their average speed, it is possible to calculate the
rate of molecular collisions, which is an important factor in many chemical
and physical processes.



6. BEER-LAMBERT LAW

The Beer-Lambert Law, also known as the Beer-Lambert-Bouguer Law, is
a relationship that describes the absorption of light by a material. The law
states that the amount of light absorbed by a material is directly proportional
to the concentration of the material and the distance that the light travels
through the material. The mathematical expression of the Beer-Lambert
Law is:
A=¢glc

where A is the absorbance of the material, € is the molar absorptivity or
extinction coefficient of the material, 1 is the distance that the light travels
through the material (known as the path length), and c is the concentration
of the material.

[
Transmitted Light

it

Pierre Bouguer
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Applications of Beer-Lambert Law

Beer-Lambert Law is a fundamental relationship in the study of light-matter
interactions, with many practical applications in science, engineering, and
medicine. Here are some of the most common applications:

¢ Spectroscopy: The Beer-Lambert Law is used in spectroscopy to
measure the concentration of a substance in a solution. Spectroscopy is the
study of the interaction between light and matter, and is used in a wide range
of fields, including chemistry, physics, and biology.

¢  Chemical analysis: The Beer-Lambert Law is used in chemical
analysis to measure the concentration of a substance in a sample. This can
be useful in determining the purity of a substance or in monitoring chemical
reactions.

¢  Environmental monitoring: The Beer-Lambert Law is used in
environmental monitoring to measure the concentration of pollutants in air
or water. This can help to identify sources of pollution and to monitor the
effectiveness of pollution control measures.

¢  Medical diagnostics: The Beer-Lambert Law is used in medical
diagnostics to measure the concentration of substances in biological
samples, such as blood or urine. This can be useful in diagnosing diseases
and monitoring the effectiveness of treatments.

¢ Quality control: The Beer-Lambert Law is used in quality control
to measure the concentration of different components in a product, such as
in the pharmaceutical industry where it is used to ensure the correct
concentration of active ingredients in medicines.

¢  Forensics: The Beer-Lambert Law is used in forensic science to
identify and quantify different compounds in samples, such as blood or
urine, to help solve crimes or accidents.

¢ Agriculture: The Beer-Lambert Law is used in agriculture to
measure the concentration of different nutrients, such as nitrogen and
phosphorus, in soil samples to determine the health of the soil and the
suitability for different crops.

¢ Astronomy: The Beer-Lambert Law is used in astronomy to study
the absorption of light by interstellar dust and gas, allowing scientists to
study the composition and properties of the interstellar medium.



7. BELL’S THEOREM

Bell’s theorem is a fundamental principle in quantum mechanics that
demonstrates the non-locality of entangled particles and the limits of
classical physics. It was proposed by physicist John Stewart Bell in 1964
and has since been experimentally verified.

The theorem states that any theory based on local realism (i.c., the idea
that physical properties exist independently of observation and that
information cannot be transmitted faster than the speed of light) must violate
certain inequalities, known as Bell inequalities, when applied to
measurements of entangled particles.

Entangled particles are pairs of particles that are created in such a way
that their quantum states are correlated, even if they are separated by large
distances. When one particle is measured, the state of the other particle is
instantaneously determined, regardless of the distance between them.

Bell’s theorem shows that this instantaneous correlation between the
particles cannot be explained by local realism, as it would require
information to be transmitted faster than the speed of light. Instead, it
suggests that quantum mechanics is a non-local theory, meaning that the
properties of particles can be correlated across space without any direct
interaction.

The experimental verification of Bell’s theorem has significant
implications for our understanding of the nature of reality and the limits of
classical physics. It also has practical applications in quantum computing
and quantum communication, as entangled particles can be used to transmit
information in a secure and efficient way.

(Credit: https://cds.cern.ch/record/1823937)
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Applications of Bell’s Theorem

Bell’s theorem has had a significant impact on our understanding of
quantum mechanics and has opened up new possibilities for technology and
science. Its applications in quantum cryptography, quantum teleportation,
and quantum computing have the potential to revolutionize information
technology and bring about new advances in fields such as medicine,
finance, and materials science. Some of the most common applications
include:

¢  Quantum cryptography: Bell’s theorem provides the theoretical
foundation for quantum cryptography, a method of secure communication
that relies on the principles of quantum entanglement. By using entangled
particles, quantum cryptography can ensure that information is transmitted
in a completely secure and un-hackable way.

¢  Quantum teleportation: Bell’s theorem is also essential for
quantum teleportation, a process that allows the transmission of quantum
information from one location to another. By using entangled particles,
quantum teleportation can transfer the quantum state of one particle to
another particle, even if they are separated by large distances.

¢  Quantum computing: Bell’s theorem has significant implications
for quantum computing, a rapidly developing field that aims to build
computers that can solve certain problems much faster than classical
computers. The non-locality of entangled particles plays a crucial role in
quantum computing algorithms, and Bell’s theorem helps to explain how
these algorithms work.

¢ Foundations of quantum mechanics: Bell’s theorem has led to a
deeper understanding of the foundations of quantum mechanics, including
the role of entanglement and the limits of classical physics. It has also
inspired new theoretical frameworks for understanding quantum mechanics,
such as Bohmian mechanics and many-worlds interpretation.



8. BERNOULLI’S PRINCIPLE

Bernoulli’s principle, named after Swiss mathematician Daniel Bernoulli,
states that as the speed of a fluid increases, its pressure decreases. This
principle is derived from the conservation of energy for a fluid flowing
through a pipe or channel, and it applies to both liquids and gases. The
principle states that in a streamline flow of an inviscid (non-viscous) and
incompressible fluid, the total mechanical energy per unit volume (sum of
pressure energy, kinetic energy, and potential energy) remains constant
along a streamline. The equation for Bernoulli’s principle is expressed as:
P+1/2 pv"2 + p g h = constant

where,

P is the pressure exerted by the fluid,

p (rho) is the density of the fluid,

v is the velocity of the fluid,

g is the acceleration due to gravity,

h is the height (elevation) of the fluid above a reference point.

It’s important to note that Bernoulli’s principle assumes certain ideal
conditions, such as steady flow, incompressibility, and negligible viscous
effects. In practical situations, where these assumptions may not hold,
additional factors such as fluid viscosity and losses due to friction must be
considered.

Daniel Bernoulli
(Credit: https://www.hmb.ch/en/museums/objects-in-the-
collection/details/s/portract-des-daniel-bernoulli/)
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Energy per unit volume before = Energy per unit volume after

2 2
B + ,pvy+ pgh, = P, +,pv, + pgh,

Pressure| |Kinetic
Energy

The often cited example of the
Bernoulli Equation or "Bernoulli
Effect" is the reduction in pressure
which occurs when the fluid speed
increases.

P Increased fluid speed,
1 decreased internal pressure.

Applications of Bernoulli’s Principle

Bernoulli’s principle is a fundamental principle in fluid dynamics that
describes the relationship between fluid speed and pressure. Its applications
are widespread, from aviation and fluid mechanics to automotive design and
sports equipment. The practical applications of Bernoulli’s principle
include:

¢ Aviation: Bernoulli’s principle is essential to the understanding of
aerodynamics, which is the study of how air moves around objects. The
principle explains why airplane wings generate lift, by creating a region of
low pressure above the wing as air flows over it faster than beneath it.

¢ Fluid mechanics: The principle is also useful in fluid mechanics,
which is the study of the behavior of fluids in motion. It can help explain
why water flows faster through a narrower pipe than a wider one.

¢ Automotive industry: Bernoulli’s principle is used in the design
of carburetors and fuel injectors in combustion engines. These components
use the principle to create a pressure difference to atomize fuel for
combustion.

¢  Ventilation: Bernoulli’s principle is also used in the design of
ventilation systems, such as air ducts and HVAC systems, to regulate air
flow and pressure.

¢ Sports equipment: Bernoulli’s principle is applied in the design
of sports equipment such as golf balls and tennis balls, which have dimples
and fuzz respectively, to create turbulence in the air flow and reduce drag.



9. BIOT-SAVART LAW

The Biot-Savart law is a fundamental law in electromagnetism that
describes the magnetic field generated by a steady electric current. It was
discovered independently by Jean-Baptiste Biot and Félix Savart in 1820.

The law states that the magnetic field at any point in space, due to a
current-carrying wire or a conductor, is directly proportional to the
magnitude of the current and the length of the conductor, and inversely
proportional to the square of the distance between the point and the
conductor. The direction of the magnetic field is given by the right-hand
rule, which states that if you point your right thumb in the direction of the
current, then the curl of your fingers gives the direction of the magnetic
field.

The mathematical expression of the Biot-Savart law for the magnetic
field dB at a point P due to a small segment of wire carrying current I is:

dB = (o / 4m) (I x AL x Sin®) / r2

where Lo is the permeability of free space, dL is the infinitesimal length
of the wire segment, r is the distance from the wire to point P, and x denotes
the cross product.

The Biot-Savart law is widely used in various fields of physics and
engineering, such as electromagnetics, magneto-hydrodynamics, and
plasma physics, to calculate the magnetic field due to various current
distributions.

MAGNETIC FIELD DUE TO CURRENT ELEMENT
BIOT-SAVART LAW
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