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UNIT 3 : Thermometry and Fiber Optics

Thermometry and Fiber Optics: Measuring Temperature and Transmitting Light

Introduction

From determining the ambient temperature to transmitting vast amounts of data over long
distances, the fields of thermometry and fiber optics have made significant advancements in science
and technology. This article delves into the essence of both realms, exploring their fundamental
concepts and their applications in the modern world.

1. Thermometry: The Science of Temperature Measurement
Thermometry deals with measuring temperature, which indicates the average kinetic energy of the
particles in a substance.
e Thermometric Property: A physical property that changes measurably with temperature,
e.g., the expansion of a liquid in a thermometer.
e Types of Thermometers:
¢ Liquid-in-Glass Thermometers: Use the expansion or contraction of a liquid, typically
mercury or alcohol, to measure temperature.
e Bimetallic Strip Thermometers: Use the different expansion rates of two bonded
metals to indicate temperature.
¢ Thermocouples: Measure the voltage difference between the junctions of two
different metals, which varies with temperature.
e Resistance Thermometers: Use the change in electrical resistance in a wire (often
platinum) to determine temperature.
¢ Infrared Thermometers: Measure the infrared radiation emitted by an object to
determine its temperature.

2. Fiber Optics: Guiding Light for Communication and More
Fiber optics is the technology of transmitting light through thin strands of glass or plastic fibers.
¢ Principle: Based on the phenomenon of total internal reflection, where light is confined
within the fiber and propagated over long distances with minimal loss.
e Core Components:
e Core: The inner part of the fiber where light travels.
¢ Cladding: Surrounds the core with a lower refractive index, ensuring that light
remains confined within the core.
e Buffer: Protects the core and cladding from external damage.
¢ Types of Fiber Optic Cables:
¢ Single-mode Fibers: Have a small core and are used for long-distance
communication as they reduce light dispersion.
e Multimode Fibers: Have a larger core and are used for shorter distances since they
can carry multiple light modes or rays.
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e Applications:
¢ Telecommunications: For high-speed data transmission over vast distances.
e Medical Imaging: As endoscopes to view inside the body.
e Military and Defense: For secure communication links.
e Sensors: To detect changes in temperature, pressure, and other environmental
factors.

Conclusion:

Thermometry and fiber optics, though distinct fields, have both profoundly impacted our
lives. Thermometry aids in diverse areas from healthcare to industrial processes, ensuring safety,
efficiency, and accuracy. Fiber optics, on the other hand, has revolutionized communication, bringing
the world closer with high-speed data transmission. Together these fields exemplify how scientific
understanding can lead to technological innovations that reshape society.

1.1 Heat, temperature, temperature scale: Degree Celsius, degree Kelvin, degree
Fahrenheit.
Heat, Temperature, and Temperature Scales: A Primer

Introduction

Heat and temperature are fundamental concepts in the realm of thermodynamics, and
understanding them is crucial to a wide range of applications, from everyday life to advanced
scientific research. The measurement of temperature is facilitated by various temperature scales.
This article elucidates the differences between heat and temperature and introduces the major
temperature scales in use.

1. Heat:

e Definition: Heat is a form of energy that is transferred between systems or bodies due to a
temperature difference. It flows from a region of higher temperature to one of lower
temperature.

e Units: In the International System of Units (SI), heat is measured in Joules (J).

e Modes of Transfer: Heat can be transferred through conduction (direct contact), convection
(fluid motion), and radiation (electromagnetic waves).

2. Temperature:
¢ Definition: Temperature measures the average kinetic energy of the particles in a substance.
Itis anindicator of how hot or cold an object is with respect to a standard.
* Role: Temperature determines the direction of heat transfer. Heat always moves from an
object with a higher temperature to one with a lower temperature.
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3. Temperature Scales:
Different temperature scales have been developed over time, each with its own reference points and
units.
e Degree Celsius (°C):
e Reference Points: The freezing point of water is 0°C, and the boiling point is 100°C
(under standard atmospheric pressure).
e Usage: Widely accepted in most countries for daily and scientific use.
e Kelvin (K):
e Reference Points: Absolute zero (the theoretically lowest possible temperature) is 0
K. The Kelvin scale does not use the term "degree."
o Difference: A change of 1 Kelvin is equivalent to a change of 1°C. The Kelvin scale is
shifted by 273.1S from the Celsius scale, so 0°C is equivalent to 273.1S K.
e Usage: Primarily in scientific contexts, especially in thermodynamics, where absolute
temperatures are essential.
¢ Degree Fahrenheit (°F):
¢ Reference Points: The freezing point of water is 32°F, and the boiling point is 212°F
(under standard atmospheric pressure).
¢ Conversion: To convert between Fahrenheit and Celsius:
e °C=95(°F-32)
e °F=59°C+32
e Usage: Primarily in the United States and its territories.

Conclusion:

Heat and temperature, though closely related, serve distinct roles in the science of
thermodynamics. Temperature, an indicator of the thermal energy of a substance, is quantified using
various scales, each with its own unique history and application. Understanding these scales and
their interrelationships is essential for accurate measurement and communication in both daily life
and scientific endeavours.

1.2 Modes of heat transfer: Conduction, Convection and Radiation, Applications in daily
life.
Modes of Heat Transfer: From Science to Daily Life

Introduction

Heat transfer is an intrinsic part of our daily experiences, from cooking food to feeling the
warmth of the sun. Understanding the methods by which heat moves—conduction, convection, and
radiation—offers insights into both natural phenomena and technological processes. This article
delves into these three modes of heat transfer and their manifestations in our daily lives.

1. Conduction:
e Definition: Conduction is the process by which heat is transferred through a material without
the material itself moving. It primarily occurs in solids, where particles are closely packed.
e Mechanism: Heat is transferred by the vibration of atoms and molecules, with warmer
(faster vibrating) particles transferring energy to cooler (slower vibrating) ones.
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e Examples in Daily Life:
e Cooking with a metal pan: The heat from the flame is conducted from the bottom of
the pan to its contents.
¢ Holding a hot cup: The heat from the hot beverage inside is conducted to the outer
surface, warming your hand.

2. Convection:
¢ Definition: Convection involves the movement of fluid (liquid or gas) to transfer heat. The
warmer part of a fluid rises due to decreased density, and the cooler portion sinks, resulting
in a flow.
¢ Mechanism: As a fluid is heated, it becomes less dense and rises. Conversely, cooler fluid is
denser and sinks. This cycle results in the circulation of fluid, effectively transferring heat.
e Examples in Daily Life:
¢ Boiling water: Hot water rises, and cooler water moves to the bottom to be heated,
creating a convection current.
e Heating aroom: Warm air from a heater rises, and as it cools, it descends, creating a
circulation pattern that distributes heat throughout the room.

3. Radiation:

e Definition: Radiation is the transfer of heat in the form of electromagnetic waves. Unlike
conduction and convection, radiation does not require a medium and can occur even in a
vacuum.

¢ Mechanism: All objects emit radiation proportional to their temperature. The sun, being
extremely hot, radiates vast amounts of energy, mostly in the form of visible light, ultraviolet,
and infrared waves.

e Examples in Daily Life:

¢ Feeling the sun's warmth: Even though space is a vacuum, the heat from the sun
reaches us through radiation.

e Using a microwave oven: Microwaves radiate energy that excites water molecules in
food, heating it up.

¢ Infrared heaters: These heaters emit infrared radiation, which is absorbed by objects
and people, making them feel warm.

Conclusion:

The modes of heat transfer—conduction, convection, and radiation—are foundational
principles that influence numerous phenomena in our daily lives. From the simple act of touching a
warm surface to complex climate systems, the movement of heat shapes our experiences and the
world around us. Recognizing and understanding these mechanisms enriches our appreciation for
both everyday experiences and the marvels of science and technology.
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1.3 Boyle's law, Charle's law, Gay Lussac's law, perfect gas statements equations and
simple numerical.
Gas Laws: Understanding the Behaviour of Gases

Introduction

Gas laws provide insight into the behaviour of gases under various conditions, making them
fundamental in the realms of chemistry and physics. Let’s delve into the foundational gas laws:
Boyle’s, Charles’, and Gay-Lussac’s, and also touch upon the perfect gas equation.

1. Boyle’s Law:
e Statement: For a given quantity of gas held at a constant temperature, the pressure of the
gas is inversely proportional to its volume.
¢ Mathematical Representation: P x 7= constant orP1 x V1 =P2 x V2
¢ Implication: As the volume of a gas decreases, its pressure increases, provided the
temperature remains constant.

2. Charles' Law:
e Statement: For a given quantity of gas at constant pressure, the volume of the gas is directly
proportional to its absolute temperature.
e Mathematical Representation: TV = constant or T1V1=T2V2
e Implication: As the temperature of a gas increases, so does its volume, assuming the
pressure remains unchanged.

3. Gay-Lussac's Law:
e Statement: For a given quantity of gas at constant volume, the pressure of the gas is directly
proportional to its absolute temperature.
e Mathematical Representation: TP = constant or T1P1=T2P2
¢ Implication: When the volume of a gas is held constant, its pressure will increase as its
temperature increases.

4. Perfect Gas Law:
Combining Boyle’s, Charles’, and Gay-Lussac’s laws gives us the Ideal Gas Law, also known as the
Perfect Gas Law.
e Statement: The product of the pressure and volume of an ideal gas is directly proportional to
the number of molecules of the gas and its absolute temperature.
e Mathematical Representation: PV=nRT
Where:
e Pisthe pressure of the gas.
e Vis the volume of the gas.
* nisthe number of moles of the gas.
e Risthe universal gas constant.
e Tis the absolute temperature.
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Simple Numerical:

Suppose we have a gas at a pressure of 1 atm and a volume of 10 liters at 273K. If we increase the
temperature to S46K while keeping the volume constant, what will be the new pressure?

Using Gay-Lussac's Law: T1P1=T2P2

Given: P1=1 atm T1=273 K T2=546 K

Substitute in the values to solve for P2:

P2=P1xT1T2 P2=1 atmx273 K546 K P2=2 atm

So, the new pressure will be 2 atm.

Conclusion:

The behaviour of gases under varying conditions of temperature, pressure, and volume can
be effectively understood and predicted using these foundational gas laws. These laws are not only
academically significant but also play a crucial role in practical applications, ranging from engineering
systems to environmental science

1.4 Law of thennal conductivity ,Newton's law of cooling.
Law of Thermal Conductivity and Newton’s Law of Cooling: Exploring Heat Transfer Dynamics

Introduction

Heat transfer is a pervasive phenomenon, underlying everything from the warmth of a cozy
sweater to the cooling mechanisms of advanced machinery. Two fundamental principles that
elucidate aspects of heat transfer are the law of thermal conductivity and Newton’s law of cooling.
Let's delve into the intricacies of these principles.

1. Law of Thermal Conductivity:
e Definition: Thermal conductivity quantifies the ability of a material to conduct heat. It is an
intrinsic property that varies among different materials.
e Mathematical Representation: Q=—kxAxXAXAT

Where:
e Qisthe heat flow rate (usually in Watts).

e krepresents the thermal conductivity of the material (W/m-K).
e Aisthe cross-sectional area through which heat flows.

e AT denotes the temperature difference across the material.

e Axisthe thickness of the material.

¢ Implication: Materials with high thermal conductivity values (like metals) transfer heat
quickly, while those with low values (like wood or foam) are insulators.

2. Newton's Law of Cooling:
e Statement: Newton’s law of cooling describes the rate of temperature change of an object in
relation to the difference between its temperature and the ambient temperature (or that of
its surroundings).
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*  Mathematical Representation: AtAT=-k(T-Tambient)
Where:

cooling rate also decreases.

e kisaproportionality constant.
e Trepresents the temperature of the object.
e ambient Fambient is the temperature of the surroundings.
¢ Implication: An object will cool faster when there's a significant difference between its
temperature and that of its surroundings. As the temperature difference decreases, the
cooling rate also decreases.

Conclusion:

The law of thermal conductivity and Newton's law of cooling are foundational in
understanding and predicting how heat transfers under various conditions. They play critical roles in
fields like engineering, climatology, and even biology, offering insights into phenomena ranging from
the design of efficient building insulation to the preservation of temperature-sensitive vaccines. A

solid grasp of these laws equips us to navigate and innovate within a world deeply governed by
thermal interactions.

1.5 Law of refraction, total internal reflection.
Law of Refraction and Total Internal Reflection: Unveiling the Behavior of Light

Introduction

Light, an electromagnetic wave, displays an array of behaviors when interacting with
different media. Among these behaviors, refraction and total internal reflection are phenomena that
have significantly shaped our understanding of optics and have found vast applications, from
microscopes to optical fiber technology. Let’s delve into these foundational concepts.

1. Law of Refraction (Snell's Law):
¢ Definition: Refraction is the change in direction of a wave due to a change in its speed,
typically observed when light passes from one medium to another.
e Snell’s Law: n1sin(91)=n2sin(52)
e  Where:
e nland n2 are the refractive indices of the first and second media, respectively.
e 91 isthe angle of incidence in the first medium.
e 92 isthe angle of refraction in the second medium.
¢ Implication: When light travels from a rarer medium to a denser medium (like air to glass), it
bends towards the normal. Conversely, when transitioning from a denser to a rarer medium, it
bends away from the normal.
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2. Total Internal Reflection:
¢ Definition: Total internal reflection (TIR) is a phenomenon where light, attempting to pass
from a denser medium to a rarer medium, is completely reflected back into the denser
medium.
¢ Condition for TIR: TIR occurs when the angle of incidence exceeds a particular angle called
the critical angle.
e Critical Angle: For TIR to take place, the angle of incidence must be greater than the critical
angle, Etc, which can be found using: sin(#c)—-n1n2
Where nl is the refractive index of the denser medium and n2 is that of the rarer medium.
¢ Implication: TIR is the principle behind optical fibers, where light signals are transmitted over
long distances with minimal loss by ensuring that the angle of incidence within the fiber
remains above the critical angle.

Conclusion:

The law of refraction and the concept of total internal reflection play vital roles in the study
of optics. From eyeglasses correcting vision to the internet reaching homes via optical fibers, these
principles are foundational in shaping various facets of technology and everyday life. Through a
profound understanding of how light behaves under different conditions, scientists and engineers
harness its properties for innovative applications and solutions.

1.6 Optical fibber: Principle, construction and working Types of Optical fibers; Single mode
step index, Multimode step index, Multimode graded index Applications of optical fibers.
Optical Fiber: The Highway of Light

Introduction

Optical fibers have revolutionized communication, bringing unparalleled speed and
bandwidth to data transmission systems. Beyond their primary application in telecommunications,
they've found uses in medical imaging, sensing, and military technologies. Let's explore their
principles, construction, working, and various types.

1. Principle of Optical Fiber:

Optical fibers work on the principle of total internal reflection (TIR). When light enters the
fiber under certain conditions, it undergoes TIR, ensuring minimal loss of signal and its confinement
within the fiber across vast distances.

2. Construction of Optical Fiber:
An optical fiber is typically composed of:
e Core: The innermost part where light is transmitted. Made of high-quality glass or plastic, its
refractive index is higher than the surrounding layers.
e Cladding: Surrounds the core and acts as a protective layer. It has a lower refractive index,
ensuring TIR occurs within the core.
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o Buffer Coating: An additional protective layer around the cladding, providing
mechanicalprotection against damage and moisture.

3. Working of Optical Fiber:
¢ Transmission: Light signals, often from lasers or LEDs, enter the fiber at a certain
angle,ensuring TIR.
¢ Guidance: Through TIR, the light signal travels within the core of the fiber, bouncing off the
boundary between the core and cladding.
¢ Reception: At the destination end, the light signal exits the fiber and is detected by
photosensitive devices, converting the light back into electrical signals.

4. Types of Optical Fibers:
¢ Single Mode Step Index:
e Comprises a thin core, transmitting a single light path or mode.
e Offers high bandwidth and can transmit data over longer distances.
e  Primarily used in telecommunications and cable TV.
¢ Multimode Step Index:
e Features a wider core, allowing multiple light paths or modes.
e Suitable for shorter distances due to modal dispersion.
e Common in local area networks (LANs) and some medical instruments.
¢ Multimode Graded Index:
¢ Unlike the uniform core of step index fibers, its core has varying refractive indices,
highest at the center and decreasing towards the periphery.
e This design reduces modal dispersion, providing improved bandwidth over
multimode step index fibers.
¢ Usedin LANSs, data centers, and some telecommunication applications.

5. Applications of Optical Fibers:
¢ Telecommunications: The primary use, providing high-speed internet, cable TV, and
telephone services.
¢ Medical Imaging: As endoscopes to view inside the body in minimally invasive surgeries.
e Sensors: In temperature, pressure, and structural health monitoring systems.
e Military and Aerospace: Secure communication links, navigation systems, and aircraft
control systems.

¢ Industrial and Energy: In inspection systems and to monitor conditions within machinery
and equipment.

Conclusion:

Optical fibers stand as a testament to human ingenuity, turning a fundamental
understanding of light into a tool that’s transformed global communication. Whether connecting
continents, diagnosing medical conditions, or enhancing industrial processes, the optical fiber
remains a cornerstone of modern technological advancements.






