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Introduction:

Physics is a fundamental branch of science that explores the nature of the
universe, its basic building blocks, and the laws that govern their
interactions. One of the most important aspects of physics is understanding the
Laws of Motion developed by Sir Isaac Newton. In this comprehensive guide, we
will explore the essentials of physics and delve into the principles that form
the basis of motion. By the end of this text, you will have a solid foundation
in the laws of physics and their practical applications.
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EHK 1a.I.A. What is Physics?

Physics is a branch of science that seeks to understand the fundamental
principles governing the behavior of the universe using mathematical and
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experimental methods. It involves the study of matter, energy, and the
interactions between them, aiming to uncover the underlying laws and theories
that explain various natural phenomena. Physics encompasses a wide range of
topics, including mechanics, electromagnetism, thermodynamics, quantum
mechanics, and relativity. By analyzing and interpreting observations,
conducting experiments, and formulating mathematical models, physicists seek to
answer fundamental questions about the structure, motion, and nature of the
physical world, leading to technological advancements and deeper insights into
the workings of our universe.

EHK 1a.I.B. Scientific Method and Measurement

Scientific Method: A systematic approach used by scientists to obtain knowledge
and understanding of the natural world through observation, experimentation, and
analysis. It involves the following steps:

1. Observation: Gathering information or data about a phenomenon or problem.

2. Formulating a question or hypothesis: Developing a testable statement or
explanation for the observed phenomenon.

3. Designing an experiment: Planning and carrying out tests or experiments to
test the hypothesis, controlling variables and ensuring reproducibility.

4. Collecting and analyzing data: Recording and organizing the obtained data,
then using statistical techniques to analyze and interpret the results.

5. Drawing conclusions: Based on the data obtained, scientists evaluate the
hypothesis and determine if it is supported or rejected.

6. Communicating findings: Scientists publish their results in scientific
journals, enabling others to replicate or build upon the research.

Measurement: The process of assigning a quantitative value to a physical
property or attribute using standard units. It is essential for acquiring
accurate and precise data in scientific research. Key concepts include:

1. Units: A standardized system of measurement, such as the International System
of Units (SI), which provides a consistent framework for measuring different
properties.

2. Measurement tools: Instruments and devices that are used to measure various
quantities, such as rulers, thermometers, balances, and spectroscopes.

3. Accuracy: The degree of closeness between a measured value and the true value
of a quantity.

4. Precision: The degree of consistency or reproducibility of multiple
measurements of the same quantity.

5. Error: The difference between the measured value and the true value,
resulting from limitations of measurement tools or human factors.

By following the scientific method and applying accurate measurement techniques,
scientists can enhance their understanding of the natural world and achieve
reliable results.

EHK 1a.II.A. Kinematics: Position, Displacement, and Distance

Kinematics is a branch of physics that studies the motion of objects without
considering the forces causing that motion. It involves various concepts,
including position, displacement, and distance.
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Position refers to the location of an object relative to a reference point. It
can be described using coordinates or spatial relationships. For example, “the
ball is 5 meters east of the tree” is a position description.

Displacement, on the other hand, is the change in position of an object. It is a
vector quantity, meaning it has both magnitude and direction. Displacement can
be calculated by subtracting the initial position from the final position. For
instance, if an object moves from point A to point B, its displacement is “5
meters west.”

Distance is a scalar quantity that represents the length of the path traveled by
an object. It does not consider direction and is always positive. Distance can
be measured by adding up all the length segments of a given path. For example,
if an object moves from point A to point B and then back to point A, the
distance traveled is “10 meters.”

Understanding position, displacement, and distance in kinematics is crucial for
analyzing and describing the motion of objects accurately. These concepts
provide a foundation for further exploration into more complex topics, such as
velocity and acceleration.

EHK 1a.II.B. Kinematics: Speed, Velocity, and Acceleration

Kinematics is a branch of physics that focuses on the motion of objects without
considering the forces causing the motion. It deals with concepts like speed,
velocity, and acceleration.

Speed refers to how fast an object is moving and is defined as the distance
traveled per unit of time. It is a scalar quantity, meaning it only has
magnitude and does not depend on the direction of motion.

Velocity, on the other hand, is a vector quantity that combines speed and
direction. It specifies how fast an object is moving and in which direction.
Velocity is determined by dividing the displacement (change in position) of an
object by the time taken to cover that displacement.

Acceleration is the rate at which an object’s velocity changes over time. It is
also a vector quantity, with direction determined by the change in velocity.
Acceleration occurs when an object speeds up, slows down, or changes its
direction. It is calculated by dividing the change in velocity by the time
taken.

In summary, kinematics involves the study of speed (magnitude of motion),
velocity (speed and direction of motion), and acceleration (rate of change in
velocity) to describe and analyze the motion of objects.

EHK 1a.II.C. Kinematics: 1-Dimensional Motion

Kinematics is the branch of physics that studies motion without considering the
forces causing it. In 1-dimensional motion, an object moves along a straight
line and its position is described by a single coordinate. The key concepts in
1-dimensional kinematics are position, displacement, velocity, and acceleration.
Position represents an object’s location relative to a chosen reference point.
Displacement is the change in position and is calculated as the final position
minus the initial position. Velocity is the rate of change of displacement and
is given by dividing the change in displacement by the change in time.
Acceleration is the rate of change of velocity and is found by dividing the
change in velocity by the change in time. These fundamental quantities are
interconnected through the equations of motion, such as v = u + at, relating
velocity (v), initial velocity (u), acceleration (a), and time (t).

EHK 1a.II.D. Kinematics: 2-Dimensional Motion
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Kinematics is the branch of physics that studies the motion of objects without
considering the causes behind it. In 2-dimensional motion, objects move along
both the x-axis and the y-axis simultaneously. The position of an object in
2-dimensional motion is described using a coordinate system, typically with the
x-axis representing horizontal displacement and the y-axis representing vertical
displacement. The concepts of displacement, velocity, and acceleration are
extended to include both horizontal and vertical components. Additionally,
vectors are used to represent quantities like displacement, velocity, and
acceleration in 2-dimensional motion. By analyzing the motion of objects in
2-dimensions, kinematics allows us to understand their trajectory, speed, and
acceleration.

EHK 1a.II.E. Kinematics: Relative Motion

Kinematics is a branch of physics that studies the motion of objects without
considering the forces that cause the motion. Relative motion refers to the
motion of an object with respect to another object or reference frame.

Key Concepts:

1. Frame of Reference: A frame of reference is a coordinate system used to
describe the position and motion of objects. It can be stationary or moving
relative to other frames.

2. Relative Velocity: Relative velocity is the velocity of an object with
respect to another object or frame of reference. It is the difference between
the velocities of the two objects.

3. Relative Position: Relative position refers to the position of an object with
respect to another object or reference frame. It is defined by the distance and
direction between the objects.

4. Relative Acceleration: Relative acceleration is the acceleration of an object
with respect to another object or frame of reference. It is the difference
between the accelerations of the two objects.

Formulas:

1. Relative Velocity: If object A is moving with velocity vA and object B is
moving with velocity vB, the relative velocity of A with respect to B is given
by vAB = vA – vB.

2. Relative Position: If object A is at position xA and object B is at position
xB, the relative position of A with respect to B is given by xAB = xA – xB.

3. Relative Acceleration: If object A is experiencing acceleration aA and object
B is experiencing acceleration aB, the relative acceleration of A with respect
to B is given by aAB = aA – aB.

Applications:

1. Navigation: Relative motion is used in navigation systems to determine the
position and velocity of an object relative to a reference point, such as a GPS
satellite or a fixed landmark.

2. Sports Analysis: Relative motion is employed in analyzing sports events, such
as calculating the relative speed of a runner with respect to the ground or
determining the relative position of players in a team game.

3. Engineering: Relative motion is used in engineering fields, such as designing
machines with moving parts or analyzing the motion of vehicles in different
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frames of reference.

4. Astronomy: Relative motion is crucial in understanding celestial motion, such
as the relative motion of planets, stars, and galaxies, which helps astronomers
study the universe and its dynamics.

EHK 1a.III.A. Dynamics: Forces and their Characteristics

Dynamics refers to the branch of physics that studies the motion of objects and
the forces that cause and affect that motion. Forces are defined as interactions
between objects that can cause a change in their motion.

There are four fundamental characteristics of forces:

1. Magnitude: This refers to the strength or intensity of a force. It is
typically measured in units such as newtons (N).

2. Direction: Forces have a specific direction in which they act. The direction
is usually represented by an arrow indicating the force’s action on an object.

3. Point of application: Forces are applied at specific points on an object. The
point of application determines how the force affects the object’s motion.

4. Line of action: Forces also have a specific line along which they act. The
line of action represents the direction in which the force is exerted.

Understanding the characteristics of forces is essential in analyzing and
predicting the behavior of objects in motion. By considering forces and their
characteristics, scientists and engineers can determine the causes of motion and
design solutions to various problems.

EHK 1a.III.B.1. Dynamics: Newton’s First Law of Motion

Newton’s First Law of Motion states that an object at rest tends to stay at
rest, and an object in motion tends to stay in motion, with the same speed and
in the same direction, unless acted upon by an external force. This law is often
referred to as the law of inertia. It implies that objects resist changes in
their motion, and the greater the mass of an object, the greater the force
required to change its motion.

EHK 1a.III.B.2. Dynamics: Newton’s Second Law of Motion

Newton’s Second Law of Motion, formulated by Sir Isaac Newton in the late 17th
century, states that the acceleration of an object is directly proportional to
the net force acting on it and inversely proportional to its mass. In
mathematical terms, this law can be expressed as F = m * a, where F represents
the net force, m represents the mass of the object, and a represents the
resulting acceleration.

This law provides a fundamental understanding of how objects move when subjected
to external forces. It allows us to predict the behavior of objects under
various forces and explains phenomena such as why heavier objects require
greater force to accelerate and why objects with less mass accelerate more when
subjected to the same force.

Newton’s Second Law of Motion serves as a cornerstone in classical mechanics,
enabling the study and analysis of motion, forces, and interactions between
objects. It forms the foundation for many other physical laws and principles and
has applications in a wide range of fields, including physics, engineering, and
everyday life.
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EHK 1a.III.B.3. Dynamics: Newton’s Third Law of Motion

Newton’s Third Law of Motion: For every action, there is an equal and opposite
reaction. This fundamental principle of dynamics states that whenever an object
exerts a force on another object, the second object exerts a force of equal
magnitude but in the opposite direction on the first object. In other words,
forces always occur in pairs and act on different objects. This law is crucial
in understanding the motion of objects and the interactions between them. It
helps explain phenomena like the recoil of a gun, the propulsion of a rocket,
and the ability to stop oneself while walking.

EHK 1a.III.B. Dynamics: Applications of Newton’s Laws

Newton’s Laws of Motion serve as the foundation for understanding the behavior
of objects in motion. They are comprised of three fundamental principles that
enable the calculation of various mechanical quantities. Here are some essential
examples of calculations using Newton’s Laws:

1. Newton’s First Law of Motion (Law of Inertia): An object at rest will stay at
rest, and an object in motion will continue moving at a constant velocity unless
acted upon by an external force. This law can be used to calculate the net force
acting on an object by considering the equilibrium of forces. For example, if an
object is being pulled with a force of 10N to the right and experiencing an
opposing frictional force of 5N to the left, the net force is 5N to the right.

2. Newton’s Second Law of Motion (Law of Acceleration): The acceleration of an
object is directly proportional to the net force applied to it and inversely
proportional to its mass. This law can be employed to calculate the acceleration
of an object when the net force and mass are known. For instance, if a force of
20N is applied to a mass of 5kg, the resulting acceleration would be 4 m/s²
(using the formula a = F/m).

3. Newton’s Third Law of Motion (Law of Action-Reaction): For every action,
there is an equal and opposite reaction. This law allows the calculation of the
force exerted by one object on another, considering the pair of interacting
forces. For example, if a person pushes a car with a force of 1000N to the
right, the car exerts an equal and opposite force of 1000N on the person to the
left.

By applying these laws, various calculations related to motion, forces, and
acceleration can be determined accurately. These calculations help explain and
predict the behavior of objects in everyday life and complex systems like
vehicles, airplanes, and celestial bodies.

EHK 1a.IV.A. Energy: What is Energy?

Energy is a fundamental concept in physics that refers to the capacity of a
system to perform work or cause change.

EHK 1a.IV.B. Energy: Forms of Energy

Energy exists in different forms, including kinetic, potential, thermal,
electromagnetic, and chemical energy. Kinetic energy is associated with the
motion of an object, while potential energy is related to its position or state.
Thermal energy is the total kinetic energy of the particles in a substance,
while electromagnetic energy is associated with light and other electromagnetic
waves. Chemical energy is stored in the bonds of molecules. Energy can be
converted from one form to another, but it can neither be created nor destroyed,
according to the law of conservation of energy. Total energy in a closed system
remains constant, only changing form or transferring between objects.
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EHK 1a.IV.C. Energy: Conservation of Energy

The conservation of energy is a fundamental principle in physics that states
that energy cannot be created or destroyed, but can only be transferred or
transformed from one form to another. This principle is based on the observation
that in any isolated system, the total amount of energy remains constant over
time.

According to the law of conservation of energy, the sum of the potential energy
and the kinetic energy of an object or a system remains constant as long as
there are no external forces or non-conservative forces acting on it. This means
that energy can change its form, for example, from potential energy (stored
energy) to kinetic energy (energy of motion) or vice versa, but the total amount
of energy in the system remains the same.

This principle has wide-ranging applications in various branches of physics and
engineering. It is used to analyze mechanical systems, understand the behavior
of objects in motion, and solve problems involving energy transfer and
transformations.

The conservation of energy is a fundamental concept that underlies many physical
phenomena and provides a powerful tool for understanding and predicting the
behavior of objects and systems in the universe.

EHK 1a.IV.D. Energy: Work and Power

– Work is the transfer of energy that occurs when a force is applied to an
object, causing it to move in the direction of the force. It is defined as the
product of the force applied and the distance over which the force is applied.
The unit of work is the joule (J).

– Power is the rate at which work is done or the amount of work done per unit
time. It is calculated by dividing the work done by the time taken. The unit of
power is the watt (W).

– Energy is a fundamental concept in physics that can take various forms, such
as kinetic energy, potential energy, thermal energy, etc. It is the ability of
an object to do work or cause a change. Energy can be converted from one form to
another, but it cannot be created or destroyed.

– Kinetic energy is the energy an object possesses due to its motion. It is
calculated as half the product of the mass of the object and the square of its
velocity. The unit of kinetic energy is the joule (J).

– Potential energy is the energy an object possesses due to its position or
condition. It can be gravitational potential energy, elastic potential energy,
chemical potential energy, etc. Gravitational potential energy is calculated as
the product of the weight of an object, the height above the reference point,
and the acceleration due to gravity.

– Energy efficiency is a measure of how effectively a system converts energy
into useful work. It is calculated by dividing the useful output energy or work
by the total input energy.

EHK 1a.V.A. Momentum and Impulse: Linear Momentum

Momentum and impulse are fundamental concepts in physics that describe the
motion of objects. Linear momentum refers to the quantity of motion possessed by
an object and is defined as the product of its mass and velocity. It is a vector
quantity, meaning it has both magnitude and direction.

Free Tiny Textbook: A Review of Classical Physics

8



EHK 1a.V.B. Momentum and Impulse: Conservation of Momentum

The principle of conservation of momentum states that the total linear momentum
of an isolated system remains constant if no external forces act upon it. This
principle is particularly useful in analyzing collisions and interactions
between objects.

EHK 1a.V.C. Momentum and Impulse: Impulse and Change in Momentum

Impulse, on the other hand, is the change in momentum experienced by an object
when a force is applied to it for a specific period of time. It is equal to the
product of the force applied to an object and the time interval over which the
force acts.

According to Newton’s second law of motion, the rate of change of momentum of an
object is equal to the net force acting on it. By integrating the force with
respect to time over the duration of interaction, the change in momentum can be
determined.

Understanding momentum and impulse allows scientists and engineers to predict
and analyze the behavior of objects in motion, ranging from the simplest
scenarios to complex collisions and interactions. These concepts are essential
for fields such as mechanics, transportation, and sports.

EHK 1a.V.D. Momentum and Impulse: Collisions

Momentum is a fundamental concept in physics that describes the motion of an
object. It is defined as the product of an object’s mass and its velocity.
Mathematically, momentum (p) can be expressed as:

p = m * v

where p is the momentum, m is the mass of the object, and v is its velocity.

Impulse, on the other hand, is the change in momentum experienced by an object
when a force is applied to it for a certain amount of time. It is calculated as
the product of the force applied to an object and the duration of the force
application. Mathematically, impulse (J) can be expressed as:

J = F * ∆t

where J is the impulse, F is the force applied, and ∆t is the duration of the
force applied.

When two objects collide, the law of conservation of momentum states that the
total momentum before the collision is equal to the total momentum after the
collision, provided no external forces act on the system. This principle is
often used to analyze and predict the outcome of collisions, both elastic and
inelastic.

In an elastic collision, both momentum and kinetic energy are conserved. The
objects bounce off each other, transferring momentum and returning to their
initial shapes. In this type of collision, the total momentum before and after
the collision remains the same, but the kinetic energy may change.

In an inelastic collision, momentum is conserved, but kinetic energy is not. The
objects stick together or deform upon colliding, resulting in a loss of kinetic
energy. In this type of collision, the total momentum before and after the
collision remains the same, but the kinetic energy decreases.

Understanding the concepts of momentum and impulse in collisions is crucial in
various fields of physics, including mechanics, engineering, and transportation.
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Proper analysis and application of these principles provide insight into the
behavior of objects during collisions, which has implications for safety,
efficiency, and performance in many practical scenarios.

EHK 1a.VI. Rotational Motion and Angular Momentum

Rotational motion refers to the movement of an object around an axis, causing it
to rotate. The key concept in rotational motion is the angle of rotation,
measured in radians, which determines the extent of rotation. The angular
velocity is the rate at which the object rotates, given by the change in angle
per unit time.

Angular momentum is a fundamental property of rotating objects and is defined as
the product of the moment of inertia and the angular velocity. It serves as a
measure of an object’s rotational motion, similar to how momentum measures an
object’s linear motion. The conservation of angular momentum states that when no
external torque acts on a system, the total angular momentum remains constant.

The moment of inertia quantifies an object’s resistance to changes in its
rotational motion, depending on its mass distribution and shape. It is
calculated by summing the products of the mass of each particle and the square
of its distance from the axis of rotation.

In practical applications, rotational motion and angular momentum are crucial in
understanding the behavior of objects and systems such as spinning wheels,
gyroscopes, planets orbiting the sun, and even subatomic particles. These
concepts have extensive applications in physics, engineering, and other
scientific disciplines.

EHK 1a.VI.A. Circular Motion and Centripetal Force

Circular motion refers to the motion of an object along a circular path. It
involves two essential concepts: centripetal force and centripetal acceleration.

Centripetal force is the force that keeps an object moving in a circular path.
It always acts toward the center of the circle and is responsible for
continuously changing the direction of the object’s velocity. Without
centripetal force, an object would move in a straight line tangent to the
circle, rather than maintaining a circular path.

Centripetal acceleration is the acceleration experienced by an object moving in
a circular path. It is always directed towards the center of the circle and is
perpendicular to the object’s velocity. The magnitude of centripetal
acceleration can be calculated using the formula a = v^2/r, where v is the
velocity of the object and r is the radius of the circle.

In circular motion, the centripetal force required to keep an object moving in a
circle depends on its mass, velocity, and the radius of the circle. Increasing
any of these factors will result in a greater centripetal force needed.
Conversely, decreasing any of these factors will require a smaller centripetal
force.

Examples of circular motion can be found in various everyday scenarios, such as
a car turning around a curve, a planet orbiting around a star, or a child on a
merry-go-round. Understanding and applying the principles of circular motion is
crucial in a wide range of scientific and engineering fields, including physics,
astronomy, and mechanical engineering.

EHK 1a.VI.B. Angular Displacement, Velocity, and Acceleration

Angular Displacement is a measure of the change in orientation of an object

Free Tiny Textbook: A Review of Classical Physics

10



moving in a circular path. It is represented by the Greek letter theta (θ) and
is measured in radians or degrees.

Angular Velocity is the rate at which an object rotates or moves around a fixed
axis. It is defined as the change in angular displacement per unit of time and
is denoted by the symbol “ω”. Angular velocity is typically measured in radians
per second (rad/s) or degrees per second (deg/s).

Angular Acceleration represents the rate at which an object’s angular velocity
changes over time. It is defined as the change in angular velocity per unit of
time and is denoted by the symbol “α”. Angular acceleration is usually measured
in radians per second squared (rad/s^2) or degrees per second squared (deg/s^2).

These three concepts, angular displacement, velocity, and acceleration, are
fundamental in understanding the motion of objects rotating or moving in
circular paths. They play a crucial role in fields such as physics, engineering,
and astronomy.

EHK 1a.VI.C. Torque and Moment of Inertia

Torque refers to the twisting force acting on an object, causing it to rotate
around an axis. It is represented by the product of the force applied
perpendicular to the axis of rotation and the perpendicular distance between the
axis and the point of application of the force.

Moment of inertia, on the other hand, quantifies an object’s resistance to
changes in its rotational motion. It is affected by the distribution of mass
around the axis of rotation and is calculated by summing up the products of each
particle’s mass and the square of its distance from the axis.

Together, torque and moment of inertia play crucial roles in understanding and
predicting rotational motion and are fundamental concepts in physics and
engineering.

EHK 1a.VI.D. Conservation of Angular Momentum

Conservation of Angular Momentum is a fundamental principle in physics that
states that the total angular momentum of a system remains constant unless acted
upon by an external torque. Angular momentum is a quantity that describes the
rotational motion of an object or a system of objects. It is defined as the
product of the moment of inertia and the angular velocity.

Mathematically, the conservation of angular momentum can be expressed as:

L(initial) = L(final)

where L represents the angular momentum, and the subscripts “initial” and
“final” refer to the initial and final states of the system, respectively.

This principle has wide-ranging applications in various fields, including
celestial mechanics, mechanics of rotating objects, and quantum physics. For
example, it explains why a spinning ice skater increases her rotational speed
when she pulls her arms closer to her body and why planets maintain their orbits
around the Sun.

The conservation of angular momentum is a consequence of rotational symmetry,
indicating that physical laws remain unchanged under rotations. As a result,
angular momentum is conserved unless external torques act on a system.

Understanding and applying the conservation of angular momentum is crucial for
engineers, physicists, and astronomers, as it allows for the prediction and
analysis of rotational motion in various contexts.
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EHK 1a.VII.A. Introduction to Gravity

Gravity is the fundamental force of nature that governs the attraction between
objects with mass. It is a universal force acting on all things and is
responsible for keeping celestial bodies in orbit, creating tides, and
determining the strength and weight of objects on Earth. The force of gravity is
characterized by the mass of an object and the distance between them, with
larger masses and closer distances resulting in stronger gravitational forces.
It follows the inverse-square law, which means that the force decreases as the
distance between objects increases. Gravity is described mathematically by Isaac
Newton’s law of universal gravitation and further explained by Albert Einstein’s
theory of general relativity. Understanding gravity is crucial in various
fields, including physics, astronomy, and engineering.

EHK 1a.VII.B. Law of Universal Gravitation

Law of Universal Gravitation: The Law of Universal Gravitation, formulated by
Sir Isaac Newton, states that every particle of matter in the universe attracts
every other particle with a force that is directly proportional to the mass of
the objects and inversely proportional to the square of the distance between
them. This force is known as gravitational force and acts along the line joining
the centers of the two objects. It is responsible for the attraction between all
objects in the universe and is crucial in explaining various natural phenomena
such as the movements of planets, tides, and the motion of celestial bodies. The
mathematical equation representing this law is F = G * (m1 * m2) / r^2, where F
represents the gravitational force, G is the gravitational constant, m1 and m2
are the masses of the two objects, and r is the distance between their centers.

EHK 1a.VII.C. Gravitational Fields and Potential Energy

Gravitational fields are regions in space where objects with mass experience a
force of attraction towards each other. This force is known as gravity.

In the context of a planet or celestial body, the gravitational field is
strongest at the center and weakens as the distance from the center increases.
This is because the force of gravity is inversely proportional to the square of
the distance between two objects.

The concept of potential energy is closely related to gravitational fields.
Potential energy is the energy possessed by an object due to its position
relative to other objects. In the case of gravitational potential energy, it is
the energy an object possesses due to its height above the ground or a reference
point.

The formula for gravitational potential energy is U = mgh, where U is the
potential energy, m is the mass of the object, g is the acceleration due to
gravity, and h is the height. This equation shows that potential energy
increases with both mass and height.

The change in potential energy can be calculated using the formula ∆U = mg∆h,
where ∆U is the change in potential energy, m is the mass, g is the acceleration
due to gravity, and ∆h is the change in height.

Understanding gravitational fields and potential energy is crucial in various
scientific fields, including physics and engineering. These concepts help
explain the behavior of objects in gravitational fields and are fundamental in
understanding phenomena such as the motion of celestial bodies and the design of
structures on Earth.

EHK 1a.VII.D. Satellites and Orbital Motion

Free Tiny Textbook: A Review of Classical Physics

12



Satellites are objects that revolve around larger celestial bodies, known as
primary bodies. They are held in orbit by gravitational attraction, which keeps
them in a constant state of free fall. Satellites can be natural, like the Moon,
or artificial, man-made objects placed into orbit around the Earth. Orbital
motion is the curved path followed by satellites due to the combination of their
forward velocity and the gravitational pull of the primary body. This motion can
be described by Kepler’s laws of planetary motion and is crucial for satellite
telecommunications, Earth observation, and space exploration. Kepler’s laws of
planetary motion describe the motion of planets around the sun.

1. Kepler’s First Law, also known as the law of ellipses, states that the orbit
of a planet is an ellipse with the sun at one of its foci. This law means that
planets follow an elliptical path rather than a perfect circle.

2. Kepler’s Second Law, also known as the law of equal areas, states that a line
drawn from the sun to a planet will sweep out equal areas in equal intervals of
time. This law implies that planets move faster when closer to the sun and
slower when farther away.

3. Kepler’s Third Law, also known as the law of harmonies, relates the time it
takes for a planet to orbit the sun (orbital period) to its average distance
from the sun (semi-major axis). It states that the square of the planet’s
orbital period is directly proportional to the cube of its average distance from
the sun.

These laws were described by the German astronomer Johannes Kepler in the early
17th century and they provided a foundation for the later development of Isaac
Newton’s laws of motion and universal gravitation.

EHK 1a.VIII. Fluid Mechanics

Fluid mechanics is the branch of physics that studies the behavior of fluids
(liquids and gases) when they are in motion or at rest. It encompasses the
principles and equations governing the flow of fluids, as well as their
interactions with solid objects. Key concepts in fluid mechanics include
pressure, viscosity, flow rates, Bernoulli’s equation, and the conservation of
mass, momentum, and energy. Understanding fluid mechanics is crucial in a wide
range of fields, including engineering, aeronautics, meteorology, and biology.

EHK 1a.VIII.A. Fluid Mechanics: Pressure and Pascal’s Principle

Fluid Mechanics is the study of how liquids and gases behave when subjected to
external forces.

– Pressure is the force exerted per unit area on a surface by a fluid. It is
measured in units of force per unit area (such as pascals or pounds per square
inch).

– Pascal’s Principle states that when pressure is applied to a confined fluid,
it is transmitted uniformly in all directions. This means that an increase in
pressure at one point in a fluid will result in an equal increase in pressure at
all other points in the fluid, regardless of the shape of the container.

– This principle explains various phenomena, such as hydraulic systems. In a
hydraulic system, a small force applied to a small area can result in a larger
force being exerted on a larger area, using the principles of Pascal’s law.

– Understanding pressure and Pascal’s Principle is essential in many fields,
including engineering, architecture, and medicine, as it helps in designing and
analyzing fluid systems, such as pipelines, hydraulic systems, and
cardiovascular systems.
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– Mastering fluid mechanics and its principles allows for efficient utilization
of fluid power and ensures the safety and functionality of various devices and
systems that rely on fluid behavior.

EHK 1a.VIII.B. Fluid Mechanics: Archimedes’ Principle and Buoyancy

Archimedes’ Principle and Buoyancy refers to the fundamental scientific concept
discovered by the ancient Greek mathematician, Archimedes. According to the
principle, an object immersed in a fluid experiences an upward buoyant force
equal to the weight of the fluid it displaces. This force is responsible for the
ability of objects to float or sink in a fluid medium.

Buoyancy depends on the density difference between the object and the fluid. If
the object is denser than the fluid, it will sink; if it is less dense, it will
float. The buoyant force acts in the opposite direction to the force of gravity,
reducing the net force on an object immersed in a fluid.

The magnitude of the buoyant force can be calculated using Archimedes’
principle. It is equal to the weight of the fluid displaced by the submerged
portion of the object. This principle explains why even heavy objects, such as
ships or airplanes, can float on water when their shape and volume are carefully
designed to displace enough water to counteract their weight.

Understanding Archimedes’ Principle and Buoyancy is crucial in several fields,
including physics, engineering, and fluid dynamics. It has practical
applications in designing efficient boats, submarines, hot air balloons, and
other buoyant objects. Additionally, it helps to explain phenomena such as the
sinking and floating of objects in liquids and the behavior of floating icebergs.

EHK 1a.VIII.C. Fluid Mechanics: Fluids in Motion

Fluid Mechanics: Fluids in Motion is the branch of physics and engineering that
deals with the behavior of fluids, including liquids and gases, when in motion.
It encompasses the study of how fluids flow and the forces exerted on them.

Key Concepts:

1. Fluids are substances that can flow and have no fixed shape. They include
liquids and gases.

2. The study of fluid mechanics explores how fluids behave when subjected to
various forces, such as pressure, gravity, and shear stress.

3. Fluid flow can be categorized into two main types: laminar flow, which is
smooth and orderly, and turbulent flow, which is chaotic and irregular.

4. Bernoulli’s principle states that as the speed of fluid increases, its
pressure decreases, and vice versa. This principle is used to explain various
phenomena, such as lift in airplane wings and the flow of blood in arteries.

5. The viscosity of a fluid determines its resistance to flow. It is influenced
by factors such as temperature and the presence of dissolved solids or gases.

6. The study of fluid dynamics includes the analysis of fluid motion in pipes,
channels, and other conduits, as well as the design and optimization of fluid
flow systems.

7. Engineers and scientists use mathematical equations, such as the
Navier-Stokes equations, to describe and predict fluid behavior. These equations
take into account factors like fluid density, velocity, and pressure gradients.

8. Applications of fluid mechanics include the design of pumps, turbines, and
engines, as well as the study of weather patterns, ocean currents, and blood
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flow in the human body.

Overall, fluid mechanics is indispensable for understanding and predicting how
fluids behave in motion, enabling advancements in numerous fields, from
aerospace engineering to medicine.

EHK 1a.IX.A. Waves and Sound: Properties of Waves

Waves are disturbances that transfer energy through a medium or space. They can
be described by several important properties:

1. Amplitude: The maximum displacement of a wave from its equilibrium position.
It determines the energy carried by the wave.

2. Frequency: The number of complete oscillations a wave makes per unit time. It
is measured in hertz (Hz).

3. Wavelength: The distance between two corresponding points on a wave, such as
crest to crest or trough to trough.

4. Period: The time required for one complete cycle of a wave.

5. Speed: The rate at which a wave travels through a medium. It is determined by
the medium’s properties.

6. Sound: A type of wave that consists of compressions and rarefactions of
particles in a medium, usually air or water. It requires a medium to propagate
because it relies on the vibration of particles.

7. Pitch: The perceived frequency of a sound wave. Higher frequencies result in
higher pitches.

8. Loudness: The perceived intensity or amplitude of a sound wave. Higher
amplitudes result in louder sounds.

Understanding the properties of waves and sound is crucial in fields such as
acoustics, communication, and music.

EHK 1a.IX.B. The Wave Equation

The wave equation is a mathematical model that describes the propagation of
waves. It is a second-order partial differential equation that relates the
second derivative of a wave function to its spatiotemporal variations. The wave
equation applies to a wide range of phenomena, including sound waves,
electromagnetic waves, and quantum mechanical waves. It is expressed as:

∂²u/∂t² = c²∇²u

where u is the wave function, t is time, ∇²u is the Laplacian operator acting on
the spatial coordinates, and c represents the wave’s speed of propagation. The
wave equation has fundamental solutions, such as sine and cosine functions,
which form the basis for harmonics and resonance phenomena. It is critical for
understanding wave behavior in many fields, including acoustics, optics, and
seismology.

The wave equation, is a second-order partial differential equation that
describes waves and their propagation. In this equation, the second derivative
of u with respect to time (∂²u/∂t²) represents the acceleration of the wave,
while the Laplacian operator (∇²u) represents the spatial variations of the
wave.

The wave equation can be derived from the principles of wave propagation, such
as the conservation of energy and the wave equation for one-dimensional waves
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(d²u/dx² = (1/c²)d²u/dt²).

Solutions to the wave equation can represent various types of waves, such as
sound waves, electromagnetic waves, or even quantum mechanical waves. The
equation is used extensively in various fields of physics and engineering to
analyze wave behavior and study phenomena related to wave propagation.

EHK 1a.IX.C. Sound Waves

Sound waves are vibrations that travel through a medium, such as air, water, or
solids. They are produced by objects that vibrate, creating disturbances in the
surrounding medium. Sound waves consist of compressions (areas of high pressure)
and rarefactions (areas of low pressure) that propagate in a wave-like pattern.
The frequency of a sound wave determines its pitch, with higher frequencies
corresponding to higher pitches. The amplitude of a sound wave determines its
loudness, with larger amplitudes corresponding to louder sounds. Sound waves can
be manipulated by various factors, including interference, resonance, and the
Doppler effect. They are essential for communication, as humans perceive sound
through their ears and interpret it as speech, music, or other sounds.

EHK 1a.IX.D. Applications of Sound Waves

Sound waves, which are mechanical vibrations that propagate through a medium,
have various practical applications in our daily lives. Here are some essential
applications of sound waves:

1. Communication: Sound waves are crucial for human communication. They enable
us to speak, listen, and understand each other. In telecommunication, sound
waves are converted into electrical signals for transmission through various
devices, such as telephones and radios.

2. Music and Entertainment: Sound waves play a vital role in music and
entertainment. Musical instruments produce different frequencies of sound waves,
creating melodies and harmonies. In addition, sound waves are used in sound
systems, speakers, and headphones to deliver soundtracks, podcasts, and other
audio content.

3. Sonar Systems: Sound waves are used in sonar technology, which stands for
Sound Navigation and Ranging. Sonar systems emit sound waves underwater and then
measure the time it takes for them to bounce back after hitting an object. This
helps in mapping underwater terrains, locating submarines, and finding objects
like shipwrecks or fish schools.

4. Medical Diagnostics: Sound waves are extensively used in medical diagnostics.
Ultrasound imaging employs high-frequency sound waves to produce images of
internal organs and structures in real-time. It helps in the diagnosis of
various conditions, such as pregnancy monitoring, tumor detection, and assessing
heart conditions.

5. Non-Destructive Testing: Sound waves are applied in non-destructive testing
techniques to assess the structural integrity of materials. For example,
ultrasonic testing uses sound waves to identify defects or flaws in metal
components, pipes, and materials like concrete or wood without damaging them.

6. Fire Alarm Systems: Sound waves are the basis of fire alarm systems. When
smoke or heat triggers the alarm, sound waves in the form of loud audible
signals are emitted to alert people in the area. This is crucial for ensuring
immediate evacuation and safety during emergencies.

7. Noise Cancellation: Sound waves can be used to cancel unwanted noise. By
generating sound waves with the same amplitude but opposite phase as incoming
sound waves, the unwanted sound can be effectively suppressed or attenuated.
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This technology is used in noise-canceling headphones, buildings, and vehicles
to improve comfort and reduce noise pollution.

In summary, sound waves find a diverse range of applications in communication,
music, sonar systems, medical diagnostics, non-destructive testing, fire alarm
systems, and noise cancellation. By harnessing sound’s properties, we are able
to enhance our daily experiences and improve various aspects of our lives.

EHK 1a.X.A. Thermodynamics: Temperature and Thermal Equilibrium

Thermodynamics is the branch of physics that deals with the relationship between
heat and other forms of energy. Temperature is a key concept in thermodynamics,
representing the average kinetic energy of particles in a substance.

Thermal equilibrium occurs when two or more systems reach the same temperature
and no energy is transferred between them. In this state, the net flow of heat
is zero, and all systems are in thermal balance.

Temperature is measured using various scales, such as Celsius, Fahrenheit, and
Kelvin. The Kelvin scale, with its absolute zero at -273.15°C, is widely used in
thermodynamics.

Understanding temperature and thermal equilibrium is essential in various
fields, including engineering, chemistry, and atmospheric sciences, as
thermodynamics governs many natural phenomena and technological processes.

EHK 1a.X.B. Laws of Thermodynamics

The Laws of Thermodynamics are fundamental principles that describe the behavior
of energy in physical systems.

0. According to the Zeroth Law of Thermodynamics, if object A is in thermal
equilibrium with object B, and object B is in thermal equilibrium with object C,
then object A and object C are also in thermal equilibrium.

1. The First Law of Thermodynamics, also known as the law of energy
conservation, states that energy cannot be created or destroyed in an isolated
system. It can only be transferred or converted from one form to another. The
total energy of a system remains constant.

2. The Second Law of Thermodynamics encompasses several concepts related to the
direction of energy flow. It states that in a closed system, without external
intervention, energy tends to disperse or spread out. This is described through
concepts such as entropy, which measures the amount of disorder or randomness in
a system. The entropy of an isolated system always tends to increase over time.

3. The Third Law of Thermodynamics defines the behavior of systems as they
approach absolute zero temperature (-273.15°C or -459.67°F). It states that the
entropy of a perfectly crystalline substance at absolute zero is zero. This law
helps define the behavior of matter at extremely low temperatures and provides
insight into the limits of achieving absolute zero.

These laws have wide-ranging applications in various fields, including physics,
chemistry, biology, and engineering. They provide a framework for understanding
and predicting the behavior of energy in systems, enabling the development of
efficient energy conversion processes and the study of complex phenomena like
phase transitions and chemical reactions.

EHK 1a.X.C. Thermodynamics: Heat and Work

Thermodynamics also introduces the concept of heat transfer, where energy is
transferred from a higher temperature region to a lower temperature region. This
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transfer occurs through conduction, convection, or radiation.

Heat is a form of energy that flows from objects with higher temperatures to
objects with lower temperatures.

Work is a measure of the energy transferred to or from a system, resulting in a
change in its state.

Equations for heat transfer by conduction, convection, and radiation

The equations for heat transfer by conduction, convection, and radiation are as
follows:

1. Conduction:

The heat transfer by conduction equation is given by Fourier’s Law and can be
represented as:

Q = -k * A * ΔT / d

where:
Q is the heat transfer (in watts or joules per second),
k is the thermal conductivity of the material (in watts per meter per kelvin),
A is the cross-sectional area through which heat flows (in square meters),
ΔT is the temperature difference across the material (in kelvins),
d is the thickness or distance through which heat flows (in meters).

2. Convection:

For heat transfer by convection, the equation depends on whether it is forced
convection or natural convection.

a) In forced convection, the heat transfer equation is represented as:

Q = h * A * ΔT

where:
Q is the heat transfer (in watts or joules per second),
h is the convective heat transfer coefficient (in watts per square meter per
kelvin),
A is the surface area over which heat is transferred (in square meters),
ΔT is the temperature difference between the surface and the fluid (in kelvins).

b) In natural convection, the heat transfer equation is given by Newton’s Law of
Cooling and can be expressed as:

Q = h * A * ΔT

where the variables h, A, and ΔT have the same definitions as in forced convection.

3. Radiation:
For heat transfer by radiation, the equation is given by Stefan-Boltzmann’s Law
and can be written as:

Q = ε * σ * A * (T1^4 – T2^4)

where:
Q is the heat transfer (in watts or joules per second),
ε is the emissivity of the object (dimensionless, ranging from 0 to 1),
σ is the Stefan-Boltzmann constant (5.67 x 10^-8 watts per square meter per kelvin
to the fourth power),
A is the surface area from which radiation occurs (in square meters),
T1 and T2 are the absolute temperatures of the two surfaces (in kelvins).
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These equations describe the fundamental principles governing heat transfer by
various mechanisms. However, it is important to note that in practice, heat
transfer often involves a combination of conduction, convection, and radiation,
and additional factors may need to be considered in more complex situations.

 

EHK 1a.XI.A. Electromagnetism: Introduction to Electromagnetic Theory

Electromagnetism is a branch of physics that studies the interaction between
electrically charged particles and magnetic fields. It is based on four
fundamental equations known as Maxwell’s equations, which describe how electric
charges create electric fields, how changing electric fields create magnetic
fields, and how magnetic fields affect electric charges. These equations unify
the previously separate theories of electricity and magnetism, and provide a
comprehensive framework for understanding electromagnetic phenomena.
Electromagnetism has numerous practical applications, including electricity
generation, transmission, and distribution, as well as the functioning of
electronic devices such as radios, televisions, and computers. Furthermore, it
plays a crucial role in the phenomenon of light and electromagnetic waves.
Overall, understanding electromagnetism is essential for comprehending a wide
variety of natural phenomena and technological innovations.

EHK 1a.XI.B. Electromagnetism: Electric Fields and Forces

Electric fields are the regions of influence around electric charges. When a
charged particle is placed in an electric field, it experiences a force due to
the interaction with the field. The force exerted on a charge by an electric
field is directly proportional to the charge and the strength of the field. This
relationship is described by Coulomb’s law.

Coulomb’s law states that the force between two charged particles is directly
proportional to the product of their charges and inversely proportional to the
square of the distance between them. Mathematically, it can be expressed as F =
k * (q1 * q2) / r^2, where F is the force, k is the electrostatic constant, q1
and q2 are the charges, and r is the distance between the charges.

Electric fields can be visualized using electric field lines. These lines
represent the direction and strength of the electric field at different points
in space. The density of electric field lines indicates the strength of the
field, with more lines indicating a stronger field.

The direction of the electric field is defined as the direction in which a
positive charge would experience a force. Therefore, electric field lines point
away from positive charges and towards negative charges.

Electric fields and forces play a crucial role in many aspects of our daily
lives. They are responsible for the attraction and repulsion of charges, the
functioning of electronic devices, and the transmission of electricity in power
grids. Understanding electric fields and forces is essential in various fields,
including physics, electrical engineering, and telecommunications.

EHK 1a.XI.C. Electromagnetism: Magnetic Fields and Forces

Magnetic fields are regions of space where magnetic forces are present due to
the presence of magnets or electric currents. These fields exert forces on
magnetic materials and moving electric charges. The existence of magnetic fields
is linked to the flow of electric charges, either in the form of electric
currents or the movement of subatomic particles.

The strength and direction of a magnetic field can be represented by magnetic
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field lines, which form closed loops around a magnet or a current-carrying
conductor. The density of field lines represents the strength of the magnetic
field, with closer lines indicating stronger fields.

Magnetic field lines follow specific patterns, such as forming concentric
circles around a straight current-carrying wire or extending from the north pole
to the south pole of a bar magnet. The direction of these lines is defined by
the convention that field lines point from the north pole to the south pole
externally and from south to north pole internally.

Magnetic forces arise when there is a interaction between a magnetic field and a
magnetic object or a moving charged particle. The force experienced is
perpendicular to both the magnetic field and the velocity of the object and can
be given by the equation F = qvBsinθ, where F is the force, q is the charge of
the particle, v is the velocity of the particle, B is the magnetic field, and θ
represents the angle between the velocity vector and the magnetic field vector.

To summarize, electromagnetism encompasses the study of magnetic fields and
forces. Magnetic fields are regions where magnetic forces are present due to
magnets or electric currents. These fields can be represented by magnetic field
lines, which indicate the strength and direction of the field. Magnetic forces
arise when there is an interaction between a magnetic field and a magnetic
object or a moving charged particle.

EHK 1a.XI.D. Electromagnetism: Electromagnetic Waves

Electromagnetic waves are transverse waves consisting of oscillating electric
and magnetic fields that propagate through space. They do not require a medium
for their propagation, distinguishing them from mechanical waves.

Key Principles:

1. Electric and Magnetic Fields: Electromagnetic waves are formed by the
interaction of oscillating electric and magnetic fields that are perpendicular
to each other and to the direction of wave propagation. These fields alternate
in direction as the wave travels.

2. Electromagnetic Spectrum: Electromagnetic waves encompass a range of
wavelengths and frequencies known as the electromagnetic spectrum. This spectrum
includes radio waves, microwaves, infrared, visible light, ultraviolet, X-rays,
and gamma rays.

3. Speed of Light: Electromagnetic waves always propagate at the speed of light
in a vacuum, denoted by ‘c’ (~3 x 10^8 meters per second). This universal speed
limit ensures that distance and time are related through the equation c = λν,
where λ represents wavelength and ν denotes frequency.

4. Polarization: Electromagnetic waves can have different polarizations, which
refer to the orientation of the electric field vector relative to the direction
of wave propagation. Polarization can be linear, circular, or elliptical,
affecting the wave’s interaction with certain materials.

5. Wave-Particle Duality: Electromagnetic waves exhibit both wave-like and
particle-like characteristics. These waves are composed of individual particles,
known as photons, each carrying discrete amounts of energy. The energy of a
photon is proportional to its frequency, as described by the relationship E =
hν, where E represents energy and h is Planck’s constant.

Applications and Importance:

1. Communication: Electromagnetic waves, particularly radio waves and
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microwaves, are extensively used for wireless communication, including radio and
television broadcasting, cellular networks, satellite communications, and Wi-Fi
technology.

2. Optics and Imaging: Visible light and other electromagnetic waves enable us
to observe and explore the world around us. They are essential in fields such as
photography, microscopy, telescopes, and medical imaging (e.g., X-rays and
magnetic resonance imaging).

3. Energy: Electromagnetic waves play a vital role in capturing and utilizing
various forms of energy. Examples include solar panels that convert sunlight
into electricity and microwave ovens that use microwaves to heat food.

4. Medicine and Industry: Electromagnetic waves find applications in medical
treatments (e.g., radiation therapy) and industrial processes (e.g.,
sterilization, non-destructive testing, and quality control in manufacturing).

Understanding electromagnetic waves is foundational to numerous scientific
disciplines and technological advancements, making it crucial for a broad range
of applications that shape our modern world.

EHK 1a.XII.A. Optics: Introduction to Geometric Optics

Geometric optics is the study of light propagation that assumes light rays
travel in straight lines and interact with simple surfaces such as mirrors and
lenses. It describes the behavior of light using the principles of reflection,
refraction, and image formation. Key concepts in geometric optics include the
laws of reflection and refraction, focal points and lengths, magnification, and
ray tracing techniques. This branch of optics forms the foundation for
understanding how light interacts with various optical systems and is
fundamental for designing and analyzing optical devices such as telescopes,
microscopes, and eyeglasses.

EHK 1a.XII.B. Optics: Reflection and Refraction

Reflection and refraction are fundamental concepts in physics that deal with the
behavior of light as it interacts with surfaces and mediums.

Reflection occurs when light bounces off a surface. The angle at which the light
approaches the surface, called the angle of incidence, is equal to the angle at
which it reflects, known as the angle of reflection. The law of reflection
states that the incident ray, reflected ray, and normal (a line perpendicular to
the surface) all lie in the same plane.

Refraction, on the other hand, occurs when light undergoes a change in speed and
direction as it passes from one medium to another. This change is due to the
different optical properties of the two mediums, such as their refractive
indices. When light enters a medium with a higher refractive index, it bends
towards the normal, while entering a medium with a lower refractive index causes
it to bend away from the normal. The amount of bending is governed by Snell’s
law, which relates the angles of incidence and refraction to the refractive
indices of the two mediums.

These phenomena have diverse practical applications. Reflection is utilized in
mirrors, shiny objects, and optical devices like telescopes and cameras,
enabling us to see ourselves and our surroundings. Refraction plays a crucial
role in the functioning of lenses, prisms, and optical fibers, which are
essential components in eyeglasses, microscopes, and telecommunications.
Understanding reflection and refraction enables us to comprehend how light
interacts with objects and mediums, laying the foundation for numerous
scientific and technological advancements.

Free Tiny Textbook: A Review of Classical Physics

21



EHK 1a.XII.C. Lenses and Optical Instruments

Lenses and optical instruments refer to tools that manipulate light for various
purposes. A lens is a transparent object with curved surfaces that refracts
light, changing its direction. Optical instruments utilize lenses to improve
vision, magnify objects, or capture images. The two main types of lenses are
convex (thicker in the middle) and concave (thinner in the middle). Convex
lenses converge light, enabling sharper focusing and magnification, while
concave lenses diverge light, causing objects to appear smaller. Optical
instruments such as microscopes, telescopes, and cameras employ combinations of
lenses to enhance or alter light for improved vision or image capturing.
Understanding lenses and optical instruments is vital in fields such as physics,
biology, astronomy, and photography.

Equations for Lenses and Optical Instruments

1. Lensmaker’s equation:

The lensmaker’s equation relates the focal length (f), refractive index of the
lens material (n), and the radii of curvature (R1 and R2) of the lens surfaces.

1/f = (n – 1) * ((1/R1) – (1/R2))

2. Lens formula:

The lens formula relates the object distance (u), image distance (v), and focal
length (f) of a lens.

1/f = (1/v) – (1/u)

3. Magnification formula:

The magnification formula relates the object height (h1), image height (h2), and
magnification (m) of a lens or optical instrument.

m = -h2/h1 = v/u

where m is negative for an inverted image and positive for an upright image.

4. Simple microscope formula:

The simple microscope formula relates the magnifying power (M) of a microscope,
the focal length (f) of the lens, and the distance between the lens and the
object (D).

M = (1 + D/f)

5. Compound microscope formula:

The compound microscope formula relates the magnifying power (M) of a compound
microscope, the focal length of the objective lens (fo), and the focal length of
the eyepiece lens (fe).

M = M1 * M2 = (1 + (D / fo)) * (-fe / D)

where M1 is the magnifying power of the objective lens and M2 is the magnifying
power of the eyepiece lens.

6. Telescope magnification formula:

The magnification formula for a telescope relates the magnifying power (M) of a
telescope, the focal length of the objective lens (fo), and the focal length of
the eyepiece lens (fe).
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M = fo / fe

These are some of the equations commonly used in optics to describe lenses and
optical instruments.

Conclusion
Physics is a fascinating subject that provides insight into the laws that govern
the behavior of our world. By understanding the essentials of physics and the
Laws of Motion, you can explain and predict a wide variety of natural phenomena.
This comprehensive guide has provided an in-depth understanding of the
fundamental principles in physics, enabling you to embark on further exploration
and practical applications of these laws. Remember, by grasping the principles
covered in this text, you have laid a solid foundation for understanding the
physical world around you.
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