THERMODYNAMICS FOR PHYSICS

THERMODYNAMICS FOR PHYSICS: UNDERSTANDING ENERGY, ENTROPY, AND THE UNIVERSE

THERMODYNAMICS FOR PHYSICS IS A FUNDAMENTAL BRANCH OF SCIENCE THAT EXPLORES THE RELATIONSHIPS BET\WEEN HEAT
WORK, TEMPERATURE, AND ENERGY. |T PROVIDES THE BEDROCK FOR UNDERSTANDING HOW ENERGY TRANSFORMS AND FLOWS,
GOVERNING EVERYTHING FROM THE MICROSCOPIC BEHAVIOR OF ATOMS TO THE GRAND COSMIC EVOLUTION OF THE UNIVERSE.
THIS COMPREHENSIVE EXPLORATION WILL DELVE INTO THE CORE PRINCIPLES OF THERMODYNAMICS, INCLUDING THE RENOWNED
LAWS THAT DICTATE THESE ENERGETIC INTERACTIONS. WE WILL UNPACK CONCEPTS LIKE ENTHALPY, ENTROPY, AND THE
DIFFERENT TYPES OF THERMODYNAMIC SYSTEMS, ILLUSTRATING THEIR IMPORTANCE IN VARIOUS PHYSICAL PHENOMENA AND
TECHNOLOGICAL APPLICATIONS. BY THE END OF THIS ARTICLE, YOU'LL POSSESS A SOLID GRASP OF THE FOUNDATIONAL
CONCEPTS THAT MAKE THERMODYNAMICS SUCH A VITAL DISCIPLINE IN THE STUDY OF PHYSICS.
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INTRODUCTION TO THERMODYNAMICS

THERMODYNAMICS FOR PHYSICS IS A CORNERSTONE OF OUR UNDERSTANDING OF THE NATURAL WORLD, OFFERING PROFOUND
INSIGHTS INTO HOW ENERGY BEHAVES AND IS TRANSFERRED. AT ITS HEART, THERMODYNAMICS BRIDGES THE GAP BET\WEEN
MECHANICS AND HEAT, PROVIDING A FRAMEWORK FOR ANALYZING SYSTEMS THAT INVOLVE ENERGY IN ALL ITS FORMS. W/HETHER
WE'RE DISCUSSING THE EFFICIENCY OF AN ENGINE, THE BEHAVIOR OF GASES, OR THE PROCESSES OCCURRING WITHIN STARS,
THERMODYNAMIC PRINCIPLES ARE AT PLAY. THIS FIELD IS BUILT UPON A SET OF FUNDAMENTAL LAWS THAT, ONCE UNDERSTOOD,
UNLOCK THE SECRETS OF ENERGY TRANSFORMATIONS AND THE DIRECTIONALITY OF PHYSICAL PROCESSES. WE WILL JOURNEY
THROUGH THESE LAWS, EXPLORING THEIR IMPLICATIONS AND HOW THEY SHAPE OUR PHYSICAL REALITY.

THE ZeErROTH LAW OF THERMODYNAMICS

THE ZEROTH LAW OF THERMODYNAMICS, THOUGH STATED AFTER THE FIRST TWO, IS FUNDAMENTAL TO ESTABLISHING THE
CONCEPT OF TEMPERATURE. |T MIGHT SOUND A BIT ODD TO HAVE A “ZEROTH” LAW, BUT IT WAS FORMULATED TO LAY THE
GROUNDWORK FOR THE OTHER LAWS. ESSENTIALLY, IT STATES THAT IF TWO SYSTEMS ARE EACH IN THERMAL EQUILIBRIUM WITH
A THIRD SYSTEM, THEN THEY ARE IN THERMAL EQUILIBRIUM WITH EACH OTHER. THINK OF IT LIKE THIS: IF YOUR COFFEE CUP IS THE
SAME TEMPERATURE AS THE ROOM, AND THE THERMOMETER YOU USED TO MEASURE THE COFFEE IS ALSO THE SAME TEMPERATURE
AS THE ROOM, THEN YOU KNOW THE COFFEE AND THE THERMOMETER ARE AT THE SAME TEMPERATURE, EVEN IF YOU NEVER
DIRECTLY COMPARED THEM. THIS LAW IS CRUCIAL BECAUSE IT ALLOWS US TO DEFINE AND MEASURE TEMPERATURE RELIABLY
USING THERMOMETERS, FORMING THE BASIS FOR ALL SUBSEQUENT THERMODYNAMIC CONSIDERATIONS.

THERMAL EQUILIBRIUM EXPLAINED

THERMAL EQUILIBRIUM OCCURS WHEN THERE IS NO NET FLOW OF HEAT BETWEEN TWO SYSTEMS IN THERMAL CONTACT. THIS
MEANS THEIR TEMPERATURES ARE EQUAL. THE ZEROTH LAW PROVIDES THE THEORETICAL JUSTIFICATION FOR THIS STATE. \WHEN
WE USE A THERMOMETER, WE ARE RELYING ON THE ZerOTH LAW. THE THERMOMETER, BEING THE “THIRD SYSTEM,” REACHES
THERMAL EQUILIBRIUM WITH THE OBJECT BEING MEASURED, AND IN DOING SO, ALLOWS US TO ASSIGN A QUANTITATIVE VALUE



TO THE OBJECTIS TEMPERATURE. W/ITHOUT THIS FUNDAMENTAL PRINCIPLE, THE VERY CONCEPT OF A CONSISTENT AND
MEASURABLE TEMPERATURE WOULD BE PROBLEMATIC.

THE FIRST LAW OF THERMODYNAMICS: CONSERVATION OF ENERGY

THE FIRST LAW OF THERMODYNAMICS IS ESSENTIALLY A STATEMENT OF THE CONSERVATION OF ENERGY, ADAPTED TO
THERMODYNAMIC PROCESSES. |T DICTATES THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY CONVERTED FROM ONE
FORM TO ANOTHER. IN A THERMODYNAMIC SYSTEM, THE CHANGE IN INTERNAL ENERGY ($\DELTA U$) IS EQUAL TO THE HEAT
ADDED TO THE SYSTEM ($Q$) MINUS THE WORK DONE BY THE SYSTEM ($\W/$). THIS CAN BE EXPRESSED AS $\DELTA U =Q -
\W$. THIS LAW IS INCREDIBLY POWERFUL BECAUSE IT APPLIES UNIVERSALLY TO ANY PROCESS WHERE ENERGY IS INVOLVED,
WHETHER IT'S A CHEMICAL REACTION, A PHASE CHANGE, OR THE OPERATION OF AN ENGINE. T TELLS US THAT IF WE PUT ENERGY
INTO A SYSTEM, IT WILL EITHER INCREASE THE SYSTEM'S INTERNAL ENERGY OR BE EXPELLED AS WORK, OR A COMBINATION OF
BOTH. THERE ARE NO ENERGY LEAKS OR MAGICAL ENERGY CREATIONS IN A CLOSED SYSTEM.

INTERNAL ENERGY, HEAT, AND W/ ORK

INTERNAL ENERGY ($U$) REPRESENTS THE TOTAL ENERGY CONTAINED WITHIN A THERMODYNAMIC SYSTEM, INCLUDING THE KINETIC
AND POTENTIAL ENERGIES OF ITS CONSTITUENT PARTICLES. HEAT ($Q$) IS THE TRANSFER OF THERMAL ENERGY BETWEEN
SYSTEMS DUE TO A TEMPERATURE DIFFERENCE. W/ ORK ($\X/$) IN THERMODYNAMICS OFTEN REFERS TO THE \WORK DONE BY OR ON
A SYSTEM AS IT EXPANDS OR CONTRACTS, PUSHING AGAINST EXTERNAL PRESSURE. (UNDERSTANDING THE INTERPLAY BETWEEN
THESE THREE QUANTITIES IS KEY TO APPLYING THE FIRST LAW. For INSTANCE, WHEN A GAS IS HEATED IN A CYLINDER WITH A
MOV ABLE PISTON, THE ADDED HEAT CAN INCREASE THE INTERNAL ENERGY OF THE GAS, OR IT CAN BE USED TO PUSH THE PISTON
OUTW ARDS, PERFORMING WORK ON THE SURROUNDINGS. THE FIRST LAW ENSURES THAT THE TOTAL ENERGY REMAINS
ACCOUNTED FOR.

ENTHALPY: A UseruL THERMODYNAMIC POTENTIAL

ENTHALPY ($H$) IS ANOTHER CRUCIAL THERMODYNAMIC PROPERTY THAT IS CLOSELY RELATED TO THE FIRST LAW. IT IS
DEFINED AS $H = U + PV$, WHERE $P$ IS PRESSURE AND $V'$ IS VOLUME. ENTHALPY IS PARTICULARLY USEFUL FOR
ANALYZING PROCESSES OCCURRING AT CONSTANT PRESSURE, WHICH ARE COMMON IN CHEMISTRY AND BIOLOGY. THE CHANGE IN
ENTHALPY ($\DELTA H$) IS EQUAL TO THE HEAT TRANSFERRED AT CONSTANT PRESSURE. THIS SIMPLIFIES MANY
CALCULATIONS, AS WE DON'T NEED TO EXPLICITLY ACCOUNT FOR THE WORK DONE BY EXPANSION OR CONTRACTION IN SUCH
SCENARIOS. |T’S LIKE A CONVENIENT SHORTCUT FOR TRACKING ENERGY CHANGES UNDER SPECIFIC CONDITIONS.

THE SECOND LAW OF THERMODYNAMICS: ENTROPY AND THE ARROW OF T IME

THE SECOND LAW OF THERMODYNAMICS IS ARGUABLY THE MOST PROFOUND AND THOUGHT-PROVOKING OF THE
THERMODYNAMIC LAWS. |T INTRODUCES THE CONCEPT OF ENTROPY AND SETS A DIRECTION FOR NATURAL PROCESSES. IN ITS
SIMPLEST TERMS, IT STATES THAT IN ANY SPONTANEOUS PROCESS, THE TOTAL ENTROPY OF AN ISOLATED SYSTEM WILL
INCREASE OVER TIME. ENTROPY ($S$) IS OFTEN DESCRIBED AS A MEASURE OF THE DISORDER OR RANDOMNESS WITHIN A SYSTEM.
THE MORE DISORDERED A SYSTEM IS, THE HIGHER ITS ENTROPY. THE SECOND LAW IMPLIES THAT WHILE ENERGY CAN BE
TRANSFORMED, IT TENDS TO SPREAD OUT AND BECOME LESS USEFUL FOR DOING \WORK. THIS IS WHY PERPETUAL MOTION
MACHINES OF THE SECOND KIND, WHICH WOULD CONVERT HEAT COMPLETELY INTO WORK WITHOUT ANY WASTE, ARE
IMPOSSIBLE.



ENTROPY: DISORDER AND PROBABILITY

ENTROPY ISNIT_JUST ABOUT DISORDER IN A MESSY ROOM; IT'S A STATISTICAL CONCEPT. A HIGHLY ORDERED STATE HAS FEWER
POSSIBLE ARRANGEMENTS OF ITS CONSTITUENT PARTICLES THAN A DISORDERED STATE. FOR EXAMPLE, A DECK OF CARDS NEATLY
SORTED BY SUIT AND RANK HAS VERY LOW ENTROPY. ONCE SHUFFLED, THE CARDS CAN BE IN A VAST NUMBER OF
PERMUTATIONS, REPRESENTING A STATE OF HIGH ENTROPY. NATURAL PROCESSES TEND TO MOVE FROM STATES OF LOWER
PROBABILITY (MORE ORDER) TO STATES OF HIGHER PROBABILITY (MORE DISORDER) BECAUSE THERE ARE SIMPLY MORE WAYS FOR
A SYSTEM TO BE DISORDERED THAN ORDERED. THIS STATISTICAL TENDENCY IS WHAT DRIVES THE INCREASE IN ENTROPY.

SPONTANEITY AND |RREVERSIBILITY

THE SECOND LAW EXPLAINS WHY CERTAIN PROCESSES HAPPEN SPONTANEOUSLY WHILE OTHERS DO NOT. A HOT OBJECT PLACED
IN A COLD ENVIRONMENT WILL NATURALLY COOL DOWN, TRANSFERRING HEAT TO THE SURROUNDINGS, INCREASING THE OVERALL
ENTROPY. THE REVERSE, WHERE THE COLD SURROUNDINGS SPONTANEOUSLY TRANSFER HEAT TO THE HOT OBJECT, NEVER
HAPPENS. THIS IRREVERSIBILITY IS A DIRECT CONSEQUENCE OF ENTROPY ALWAYS INCREASING IN ISOLATED SYSTEMS. IT's WHAT
GIVES TIME ITS DIRECTION — THE “ARROW OF TIME” POINTS TOWARDS INCREASING ENTROPY. \WE OBSERVE THINGS BREAKING,
NOT SPONTANEOUSLY UN-BREAKING.

THE THIRD LAW OF THERMODYNAMICS: ABSOLUTE ZERO AND ITS
IMPLICATIONS

THE THIRD LAW OF THERMODYNAMICS DEALS WITH THE BEHAVIOR OF SYSTEMS AS THEY APPROACH ABSOLUTE ZERO
TEMPERATURE. ABSOLUTE ZERO, APPROXIMATELY -27 3.15 DEGREES CELSIUS OR O KELVIN, IS THE THEORETICAL POINT AT
WHICH ALL MOLECULAR MOTION CEASES. THE THIRD LAW STATES THAT IT IS IMPOSSIBLE TO REACH ABSOLUTE ZERO IN A FINITE
NUMBER OF STEPS. AS A SYSTEM GETS COLDER, ITS ENTROPY APPROACHES A MINIMUM OR ZERO VALUE. HOWEVER, YOU CAN
ONLY GET INFINITELY CLOSE TO ABSOLUTE ZERO; YOU CAN NEVER ACTUALLY GET THERE. THIS LAW HAS SIGNIFICANT
IMPLICATIONS FOR CRYOGENICS AND UNDERSTANDING THE QUANTUM BEHAVIOR OF MATTER AT EXTREMELY LOW TEMPERATURES.

THE UNATTAINABLE ABSOLUTE ZERO

REACHING ABSOLUTE ZERO WOULD IMPLY A STATE OF PERFECT ORDER WITH ZERO ENTROPY. THE THIRD LAW TELLS US THAT
THIS IS AN ASYMPTOTIC LIMIT. AS WE REMOVE MORE AND MORE HEAT FROM A SYSTEM, IT BECOMES INCREASINGLY DIFFICULT TO
REMOVE THE REMAINING HEAT. IMAGINE TRYING TO SCOOP OUT ALL THE WATER FROM A LEAKY BUCKET, YOU CAN GET MOST OF
IT, BUT A FEW PERSISTENT DROPS WILL REMAIN. SIMILARLY/ AT EXTREMELY LOW TEMPERATURES, QUANTUM EFFECTS BECOME
DOMINANT, AND COMPLETELY ELIMINATING ALL THERMAL ENERGY BECOMES AN INSURMOUNTABLE CHALLENGE. THIS LAW SETS A
FUNDAMENTAL LIMIT ON HOW COLD THINGS CAN GET.

Key THERMODYNAMIC CONCEPTS AND DEFINITIONS

A SOLID UNDERSTANDING OF THERMODYNAMICS FOR PHYSICS HINGES ON GRASPING SEVERAL CORE CONCEPTS AND DEFINITIONS.
THESE TERMS ARE THE BUILDING BLOCKS FOR MORE COMPLEX ANALYSES AND THEORIES. THEY PROVIDE THE PRECISE LANGUAGE
NEEDED TO DESCRIBE AND QUANTIFY ENERGY TRANSFER AND TRANSFORMATION.

® SYSTEM: THE SPECIFIC PART OF THE UNIVERSE UNDER INVESTIGATION.

* SURROUNDINGS: EVERY THING OUTSIDE THE SYSTEM.



® BOUNDARY: THE INTERFACE SEPARATING THE SYSTEM FROM ITS SURROUNDINGS.

® STATE VARIABLES: PROPERTIES OF A SYSTEM THAT DESCRIBE ITS CONDITION, SUCH AS TEMPERATURE, PRESSURE,
VOLUME, AND INTERNAL ENERGY.

o PROCESSZ A CHANGE IN THE STATE OF A SYSTEM.

e EQUILIBRIUM: A STATE WHERE A SYSTEM'S PROPERTIES ARE NOT CHANGING OVER TIME.

o ADIABATIC PROCESSI A PROCESS WHERE NO HEAT IS EXCHANGED BETWEEN THE SYSTEM AND ITS SURROUNDINGS.
® |SOTHERMAL PROCESS: A PROCESS OCCURRING AT CONSTANT TEMPERATURE.

® |SOBARIC PROCESS: A PROCESS OCCURRING AT CONSTANT PRESSURE.

® |SOCHORIC PROCESS: A PROCESS OCCURRING AT CONSTANT VOLUME.

TyPes oF THERMODYNAMIC SYSTEMS

THERMODYNAMIC SYSTEMS CAN BE CLASSIFIED BASED ON THEIR INTERACTION WITH THEIR SURROUNDINGS. THIS CLASSIFICATION
HELPS IN SETTING UP AND SOLVING THERMODYNAMIC PROBLEMS. THE TYPE OF SYSTEM DICTATES WHAT CAN CROSS ITS
BOUNDARIES (ENERGY, MATTER, OR NEITHER).

e OPEN SYSTEM: CAN EXCHANGE BOTH ENERGY AND MATTER WITH ITS SURROUNDINGS. AN EXAMPLE IS A POT OF BOILING
WATER WITHOUT A LID.

e CLOSED SYSTEM: CAN EXCHANGE ENERGY BUT NOT MATTER WITH ITS SURROUNDINGS. A SEALED CONTAINER OF GAS
HEATED EXTERNALLY IS A CLOSED SYSTEM.

o |SOLATED SYSTEM: CANNOT EXCHANGE EITHER ENERGY OR MATTER WITH ITS SURROUNDINGS. AN IDEAL THERMOS FLASK
IS AN APPROXIMATION OF AN ISOLATED SYSTEM.

APPLICATIONS OF THERMODYNAMICS IN PHYSICS

THE PRINCIPLES OF THERMODYNAMICS ARE NOT CONFINED TO THEORETICAL DISCUSSIONS; THEY HAVE WIDESPREAD AND CRUCIAL
APPLICATIONS ACROSS VARIOUS FIELDS OF PHYSICS AND BEYOND. FROM THE ENGINES THAT POWER OUR WORLD TO THE VERY
FORMATION OF STARS, THERMODYNAMICS PROVIDES THE EXPLANATORY POWER.

ENGINEERING AND TECHNOLOGY

IN MECHANICAL AND CHEMICAL ENGINEERING, THERMODYNAMICS IS INDISPENSABLE. |T GOVERNS THE DESIGN AND EFFICIENCY OF
POWER PLANTS, REFRIGERATION SYSTEMS, ENGINES (INTERNAL COMBUSTION AND_JET), AND CHEMICAL REACTORS.
(UNDERSTANDING THE FLOW OF HEAT AND THE CONVERSION OF THERMAL ENERGY INTO MECHANICAL WORK IS FUNDAMENTAL TO
OPTIMIZING THESE TECHNOLOGIES AND MINIMIZING ENERGY WASTE.



ASTROPHYSICS AND COSMOLOGY

THERMODYNAMICS PLAYS A VITAL ROLE IN UNDERSTANDING CELESTIAL BODIES. THE ENERGY PROCESSES WITHIN STARS, THE
FORMATION OF PLANETS, AND THE EVOLUTION OF THE UNIVERSE ITSELF ARE ALL GOVERNED BY THERMODYNAMIC LAWS.
CONCEPTS LIKE ENTROPY HELP EXPLAIN THE IRREVERSIBILITY OF COSMIC PROCESSES AND THE EVENTUAL FATE OF THE UNIVERSE.

MATERIALS SCIENCE

THE BEHAVIOR OF MATERIALS UNDER DIFFERENT TEMPERATURE AND PRESSURE CONDITIONS IS A KEY AREA WHERE
THERMODYNAMICS IS APPLIED. PHASE TRANSITIONS, MELTING POINTS, BOILING POINTS, AND THE STABILITY OF DIFFERENT
MATERIAL STRUCTURES ARE ALL PREDICTABLE AND EXPLAINABLE USING THERMODYNAMIC PRINCIPLES. THIS IS CRUCIAL FOR
DEVELOPING NEW MATERIALS WITH SPECIFIC PROPERTIES.

STATISTICAL MECHANICS

STATISTICAL MECHANICS PROVIDES A MICROSCOPIC FOUNDATION FOR THERMODYNAMICS. |T USES PROBABILITY AND STATISTICS
TO EXPLAIN THE MACROSCOPIC THERMODYNAMIC PROPERTIES OF SYSTEMS BASED ON THE AVERAGE BEHAVIOR OF THEIR
CONSTITUENT PARTICLES. THIS BRIDGE BETWEEN THE MICROSCOPIC AND MACROSCOPIC WORLDS IS A TESTAMENT TO THE
UNIFYING POWER OF THERMODYNAMIC CONCEPTS.

IN CONCLUSION, THERMODYNAMICS FOR PHYSICS IS A VAST AND ESSENTIAL SUBJECT THAT CONTINUES TO SHAPE OUR
UNDERSTANDING OF ENERGY, ITS TRANSFORMATIONS, AND ITS IMPLICATIONS FOR THE UNIVERSE. BY MASTERING ITS CORE LAWS
AND CONCEPTS, WE GAIN A DEEPER APPRECIATION FOR THE FUNDAMENTAL WORKINGS OF NATURE AND THE TECHNOLOGIES WE
CREATE.

FREQUENTLY ASKED QUESTIONS ABOUT THERMODYNAMICS FOR PHYSICS

Q: WHAT IS THE MOST IMPORTANT LAW OF THERMODYNAMICS IN PHYSICS?

A: WHILE ALL LAWS ARE CRUCIAL, THE FIRST AND SECOND LAWS ARE OFTEN CONSIDERED THE MOST FUNDAMENTAL AND
IMPACTFUL. THE FIRST LA\X/, THE CONSERVATION OF ENERGY, IS A UNIVERSAL PRINCIPLE, WHILE THE SECOND LAW INTRODUCES
ENTROPY AND THE DIRECTIONALITY OF TIME, PROFOUNDLY SHAPING OUR UNDERSTANDING OF NATURAL PROCESSES.

Q: How DOES THERMODYNAMICS APPLY TO EVERYDAY LIFE?

A: THERMODYNAMICS IS EVERYWHERE! FROM THE WAY YOUR REFRIGERATOR COOLS FOOD AND YOUR CAR ENGINE CONVERTS
FUEL INTO MOTION, TO THE PROCESS OF COOKING AND EVEN YOUR OWN BODY'S METABOLISM, THERMODYNAMIC PRINCIPLES ARE
CONSTANTLY AT PLAY.

Q: CAN ENERGY BE LOST ACCORDING TO THE FIRST LAW OF THERMODYNAMICS?

A: NO, THE FIRST LAW STATES THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY CONVERTED FROM ONE FORM TO
ANOTHER. SO, ENERGY IS NEVER TRULY LOST, IT SIMPLY CHANGES ITS FORM OR LOCATION.



Q: WHAT DOES ENTROPY REALLY MEAN IN A PHYSICS CONTEXT?

AN PHYSICS, ENTROPY IS A MEASURE OF THE DISORDER OR RANDOMNESS WITHIN A SYSTEM. IT'S ALSO RELATED TO THE
NUMBER OF POSSIBLE MICROSTATES A SYSTEM CAN BE IN TO ACHIEVE A GIVEN MACROSTATE. A HIGHER ENTROPY MEANS A MORE
DISORDERED OR LESS AVAILABLE STATE FOR USEFUL \WORK.

QZ IS IT POSSIBLE TO REACH ABSOLUTE ZERO TEMPERATURE?

A: ACCORDING TO THE THIRD LAW OF THERMODYNAMICS, IT IS IMPOSSIBLE TO REACH ABSOLUTE ZERO TEMPERATURE IN A
FINITE NUMBER OF STEPS. W/HILE WE CAN GET EXTREMELY CLOSE, A PERFECT STATE OF ZERO MOLECULAR MOTION REMAINS AN
UNATTAINABLE THEORETICAL LIMIT.

QI \WHAT IS THE DIFFERENCE BETWEEN HEAT AND TEMPERATURE IN THERMODYNAMICS?

A: TEMPERATURE IS A MEASURE OF THE AVERAGE KINETIC ENERGY OF THE PARTICLES IN A SUBSTANCE, INDICATING HOW HOT OR
COLD IT IS. HEAT, ON THE OTHER HAND, IS THE TRANSFER OF THERMAL ENERGY BETWEEN SYSTEMS DUE TO A TEMPERATURE
DIFFERENCE. YOU CAN HAVE A HIGH TEMPERATURE BUT A SMALL AMOUNT OF HEAT, OR A LOW TEMPERATURE BUT A LARGE
AMOUNT OF HEAT TRANSFERRED.
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