THE TERM HEAT IN PHYSICS IS

THE TERM HEAT IN PHYSICS IS OFTEN MISUNDERSTOOD, LEADING TO CONFUSION IN EVERYDAY CONVERSATION AND EVEN IN
INTRODUCTORY SCIENTIFIC CONTEXTS. |T FUNDAMENTALLY REFERS TO THE TRANSFER OF THERMAL ENERGY BETWEEN SYSTEMS
DUE TO A TEMPERATURE DIFFERENCE. UNLIKE WORK, WHICH IS ENERGY TRANSFERRED BY MECHANICAL MEANS, HEAT IS ENERGY IN
TRANSIT, ALWAYS FLOWING FROM A REGION OF HIGHER TEMPERATURE TO A REGION OF LOWER TEMPERATURE. THis
FUNDAMENTAL CONCEPT UNDERPINS MANY PHENOMENA , FROM THE OPERATION OF ENGINES TO THE VERY EXISTENCE OF WEATHER
PATTERNS ON OUR PLANET. UNDERSTANDING HEAT IS CRUCIAL FOR GRASPING THERMODYNAMICS, THE BRANCH OF PHYSICS THAT
DEALS WITH HEAT AND ITS RELATION TO OTHER FORMS OF ENERGY AND WORK. THIS ARTICLE WILL DELVE INTO THE INTRICACIES
OF WHAT HEAT IS IN PHYSICS, EXPLORING ITS DEFINITION, ITS RELATIONSHIP WITH TEMPERATURE AND INTERNAL ENERGY, THE
DIFFERENT MODES OF HEAT TRANSFER, AND ITS SIGNIFICANCE IN VARIOUS SCIENTIFIC AND TECHNOLOGICAL APPLICATIONS.
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WHAT HEAT TrRuLY MEANS IN PHYSICS

AT ITS CORE, THE TERM HEAT IN PHYSICS IS PRECISELY DEFINED AS THE PROCESS OF ENERGY TRANSFER THAT OCCURS BECAUSE
OF A DIFFERENCE IN TEMPERATURE. IMAGINE TWO OBJECTS, ONE MUCH HOTTER THAN THE OTHER. W/HEN THEY COME INTO
CONTACT, ENERGY WILL NATURALLY FLOW FROM THE HOTTER OBJECT TO THE COOLER ONE UNTIL THEY REACH THERMAL
EQUILIBRIUM, MEANING THEY ARE AT THE SAME TEMPERATURE. THIS FLOW OF ENERGY IS WHAT WE CALL HEAT. IT'S VITAL TO
UNDERSTAND THAT HEAT ISN'T SOMETHING AN OBJECT “POSSESSES” LIKE MASS OR VOLUME, RATHER, IT'S A PHENOMENON THAT
HAPPENS BETWEEN OBJECTS OR SYSTEMS. |T°S THE KINETIC ENERGY OF MOLECULES IN MOTION, AND WHEN THESE ENERGETIC
MOLECULES COLLIDE WITH LESS ENERGETIC MOLECULES, THEY TRANSFER SOME OF THEIR ENERGY, INCREASING THE INTERNAL
ENERGY OF THE COOLER OBJECT AND DECREASING IT FOR THE \WARMER ONE.

THINK OF IT LIKE THIS: IF YOU HAVE A CROWDED ROOM AND AN EMPTY ROOM NEXT DOOR, AND YOU OPEN A DOOR BETWEEN
THEM, PEOPLE WILL NATURALLY SPREAD OUT INTO THE LESS CROWDED SPACE. SIMILARLY/ THERMAL ENERGY, CARRIED BY THE
RANDOM MOTION OF ATOMS AND MOLECULES, WILL SPREAD FROM A REGION OF HIGH CONCENTRATION (HIGH TEMPERATURE) TO A
REGION OF LOW CONCENTRATION (LO\X/ TEMPERATURE). THIS TRANSFER CONTINUES UNTIL THE ENERGY DISTRIBUTION IS MORE
UNIFORM, HENCE THE CONCEPT OF THERMAL EQUILIBRIUM. THIS CONCEPT OF ENERGY IN TRANSIT, DRIVEN BY TEMPERATURE
GRADIENTS, IS A CORNERSTONE OF THERMODYNAMICS AND EXPLAINS A VAST ARRAY OF NATURAL PROCESSES.

HeaT vs. TEMPERATURE: A CrRUCIAL DISTINCTION

ONE OF THE MOST COMMON POINTS OF CONFUSION WHEN DISCUSSING THE TERM HEAT IN PHYSICS IS ITS DISTINCTION FROM
TEMPERATURE. WHILE THEY ARE INTIMATELY RELATED, THEY ARE NOT THE SAME THING. TEMPERATURE IS A MEASURE OF THE
AVERAGE KINETIC ENERGY OF THE PARTICLES WITHIN A SYSTEM. |T TELLS US HOW HOT OR COLD SOMETHING IS ON A RELATIVE
SCALE. For INSTANCE, A POT OF BOILING WATER HAS A HIGHER TEMPERATURE THAN A GLASS OF ICE WATER BECAUSE THE

W ATER MOLECULES IN THE BOILING POT ARE, ON AVERAGE, MOVING MUCH FASTER.

HEAT, ON THE OTHER HAND, AS WE'VE ESTABLISHED, IS THE TRANSFER OF THERMAL ENERGY FROM A HOTTER OBJECT TO A
COLDER OBJECT. SO, WHILE TEMPERATURE INDICATES THE INTENSITY OF MOLECULAR MOTION, HEAT DESCRIBES THE QUANTITY OF
ENERGY EXCHANGED DUE TO THAT DIFFERENCE IN INTENSITY. A LARGE BODY OF WATER AT A MODERATE TEMPERATURE MIGHT
CONTAIN MORE TOTAL THERMAL ENERGY THAN A SMALL OBJECT AT A VERY HIGH TEMPERATURE. HO\X/EVERI IF YOU TOUCH THEM,



THE SMALL, VERY HOT OBJECT WILL TRANSFER MORE ENERGY TO YOUR HAND (CAUSING A BURN) BECAUSE ITS TEMPERATURE IS
SO MUCH HIGHER, DRIVING A GREATER RATE OF HEAT TRANSFER.

TEMPERATURE AS A MEASURE OF AVERAGE KINETIC ENERGY

TO ELABORATE ON THE DISTINCTION, CONSIDER THE MICROSCOPIC VIEW. TEMPERATURE IS DIRECTLY PROPORTIONAL TO THE
AVERAGE KINETIC ENERGY OF THE CONSTITUENT PARTICLES (ATOMS, MOLECULES) OF A SUBSTANCE. IN SOLIDS, PARTICLES
VIBRATE ABOUT FIXED POSITIONS; IN LIQUIDS, THEY MOVE AROUND MORE FREELY, AND IN GASES, THEY MOVE RAPIDLY AND
RANDOMLY. THE HIGHER THE TEMPERATURE, THE GREATER THE AVERAGE SPEED AND THUS THE AVERAGE KINETIC ENERGY OF THESE
PARTICLES. THIS IS WHY MATERIALS EXPAND WHEN HEATED — THE INCREASED MOLECULAR MOTION CAUSES THEM TO TAKE UP
MORE SPACE.

HeAT As ENERGY IN TRANSIT

HEAT, IN CONTRAST, IS THE MECHANISM BY WHICH THIS AVERAGE KINETIC ENERGY IS SHARED BETWEEN SYSTEMS WHEN THEY ARE
AT DIFFERENT TEMPERATURES. WHEN A HOT OBJECT AND A COLD OBJECT ARE IN THERMAL CONTACT, THE FASTER-MOVING
PARTICLES OF THE HOT OBJECT COLLIDE WITH THE SLOWER"MOVING PARTICLES OF THE COLD OBJECT, TRANSFERRING KINETIC
ENERGY. THIS PROCESS CONTINUES UNTIL THE AVERAGE KINETIC ENERGY OF THE PARTICLES IN BOTH OBJECTS IS EQUAL,
SIGNIFYING THERMAL EQUILIBRIUM. THEREFORE, HEAT IS A DYNAMIC PROCESS, A FLOW OF ENERGY, NOT A STATIC PROPERTY AN
OBJECT POSSESSES.

INTERNAL ENERGY: THE SUM oF MicroscopriC MOTION

W/HEN WE TALK ABOUT HEAT, WE ARE OFTEN REFERRING TO CHANGES IN A SYSTEM’'S INTERNAL ENERGY. INTERNAL ENERGY IS THE
TOTAL ENERGY CONTAINED WITHIN A THERMODYNAMIC SYSTEM. |T ENCOMPASSES ALL THE MICROSCOPIC FORMS OF ENERGY,
INCLUDING THE KINETIC ENERGY OF THE PARTICLES (DUE TO THEIR TRANSLATION, ROTATION, AND VIBRATION) AND THE
POTENTIAL ENERGY ASSOCIATED WITH THE FORCES BETWEEN THESE PARTICLES. THEREFORE, INTERNAL ENERGY IS A STATE
FUNCTION, MEANING IT DEPENDS ONLY ON THE CURRENT STATE OF THE SYSTEM, NOT ON HOW IT GOT THERE.

THE FIRST LAW OF THERMODYNAMICS IS CRUCIAL HERE. IT STATES THAT THE CHANGE IN INTERNAL ENERGY OF A SYSTEM IS
EQUAL TO THE HEAT ADDED TO THE SYSTEM MINUS THE WORK DONE BY THE SYSTEM. MATHEMATICALLY, THIS IS OFTEN
EXPRESSED AS AU = Q - W, WHERE AU IS THE CHANGE IN INTERNAL ENERGY, QQ IS THE HEAT ADDED TO THE SYSTEM, AND W/ IS
THE WORK DONE BY THE SYSTEM. THIS LAW HIGHLIGHTS THAT INTERNAL ENERGY CAN BE CHANGED BY EITHER HEAT TRANSFER OR
BY DOING WORK ON OR BY THE SYSTEM. \WHEN HEAT IS ADDED TO A SYSTEM (Q IS POSITIVE), ITS INTERNAL ENERGY INCREASES.
IF THE SYSTEM DOES WORK (W IS POSITIVE), ITS INTERNAL ENERGY DECREASES, ASSUMING NO HEAT IS ADDED.

KINETIC AND POTENTIAL ENERGY COMPONENTS

\W/ITHIN INTERNAL ENERGY, THE KINETIC COMPONENT IS DIRECTLY RELATED TO TEMPERATURE. THE FASTER THE PARTICLES MOVE,
THE HIGHER THEIR KINETIC ENERGY, AND CONSEQUENTLY, THE HIGHER THE TEMPERATURE. THE POTENTIAL ENERGY COMPONENT
ARISES FROM THE INTERMOLECULAR FORCES. IN SOLIDS AND LIQUIDS, THESE FORCES ARE SIGNIFICANT, HOLDING THE PARTICLES
TOGETHER. IN GASES, ESPECIALLY IDEAL GASES, THE INTERMOLECULAR FORCES ARE OFTEN CONSIDERED NEGLIGIBLE, AND THE
INTERNAL ENERGY IS PRIMARILY KINETIC.

THE FIrsT LAW OF THERMODYNAMICS



THE FIRST LAW OF THERMODYNAMICS, AS MENTIONED, IS THE PRINCIPLE THAT GOVERNS THE RELATIONSHIP BETWEEN HEAT,
WORK, AND INTERNAL ENERGY. IT'S ESSENTIALLY A STATEMENT OF THE CONSERVATION OF ENERGY APPLIED TO THERMODYNAMIC
SYSTEMS. IF YOU ADD ENERGY TO A SYSTEM AS HEAT, THAT ENERGY WILL EITHER INCREASE THE SYSTEM'S INTERNAL ENERGY OR
BE USED TO DO WORK ON THE SURROUNDINGS, OR A COMBINATION OF BOTH. THIS FUNDAMENTAL LAW IS CRITICAL FOR
UNDERSTANDING HOW ENGINES OPERATE, HOW REFRIGERATORS COOL, AND HOW BIOLOGICAL PROCESSES OCCUR.

THE LAWS OF THERMODYNAMICS AND HEAT

THE TERM HEAT IN PHYSICS IS CENTRAL TO THE LAWS OF THERMODYNAMICS, WHICH ARE FUNDAMENTAL PRINCIPLES GOVERNING
ENERGY TRANSFORMATIONS. THE ZEROTH LAW OF THERMODYNAMICS DEALS WITH THERMAL EQUILIBRIUM. |T STATES THAT IF
TWO SYSTEMS ARE EACH IN THERMAL EQUILIBRIUM WITH A THIRD SYSTEM, THEN THEY ARE IN THERMAL EQUILIBRIUM WITH EACH
OTHER. THIS CONCEPT UNDERPINS THE DEFINITION OF TEMPERATURE ITSELF.

THE FIRST LAY, AS DISCUSSED, IS THE CONSERVATION OF ENERGY, LINKING HEAT, WORK, AND INTERNAL ENERGY. [T TELLS US
THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY TRANSFERRED OR TRANSFORMED. THE SECOND LAW OF
THERMODYNAMICS IS PERHAPS THE MOST PROFOUND AND DEALS WITH THE DIRECTIONALITY OF NATURAL PROCESSES. |T STATES
THAT THE TOTAL ENTROPY OF AN ISOLATED SYSTEM CAN ONLY INCREASE OVER TIME, OR REMAIN CONSTANT IN IDEAL CASES
WHERE THE SYSTEM IS IN A STEADY STATE OR UNDERGOING A REVERSIBLE PROCESS. IN SIMPLER TERMS, HEAT NATURALLY FLOWS
FROM HOT TO COLD, AND IT'S IMPOSSIBLE TO CREATE A PROCESS THAT SOLELY TRANSFERS HEAT FROM A COLDER BODY TO A
HOTTER BODY WITHOUT ANY EXTERNAL WORK INPUT. THIS IS WHY PERPETUAL MOTION MACHINES OF THE SECOND KIND (THOSE
THAT CONVERT HEAT ENTIRELY INTO \X/ORK) ARE IMPOSSIBLE.

THE ZEROTH LAW: ESTABLISHING THERMAL EQUILIBRIUM

THE ZEROTH LAW IS ESSENTIAL BECAUSE IT PROVIDES THE FOUNDATION FOR MEASURING TEMPERATURE. |F WE HAVE A
THERMOMETER, WE CAN USE IT TO MEASURE THE TEMPERATURE OF OBJECT A AND OBJECT B. IF BOTH HAVE THE SAME READING,
THEY ARE IN THERMAL EQUILIBRIUM. THIS ALLOWS US TO DEFINE TEMPERATURE AS A PROPERTY THAT DETERMINES WHETHER A
SYSTEM IS IN THERMAL EQUILIBRIUM WITH OTHER SYSTEMS.

THe Seconp LAW: THE ARROW OF TIME FOR HEAT

THE SECOND LAW DICTATES THE DIRECTION OF SPONTANEOUS PROCESSES. HEAT TRANSFER FROM A HOT OBJECT TO A COLD
OBJECT IS A SPONTANEOUS PROCESS THAT INCREASES ENTROPY. THE REVERSE PROCESS, HEAT FLOWING FROM COLD TO HOT,
W OULD DECREASE ENTROPY, WHICH IS FORBIDDEN BY THE SECOND LAW UNLESS WORK IS DONE. THIS IS WHY AIR CONDITIONERS
AND REFRIGERATORS NEED ELECTRICITY TO OPERATE — THEY USE WORK TO FORCE HEAT AGAINST ITS NATURAL TENDENCY TO
FLOW FROM HOTTER TO COLDER REGIONS.

MoDES oF HEAT TRANSFER

THE TRANSFER OF HEAT, WHICH IS THE ESSENCE OF THE TERM HEAT IN PHYSICS, CAN OCCUR THROUGH THREE PRIMARY
MECHANISMS: CONDUCTION, CONVECTION, AND RADIATION. EACH MODE OPERATES DIFFERENTLY AND IS DOMINANT IN DIFFERENT
SCENARIOS.

CoNDUCTION



CONDUCTION IS THE TRANSFER OF HEAT THROUGH DIRECT CONTACT OF PARTICLES. IN SOLIDS, WHERE PARTICLES ARE TIGHTLY
PACKED, VIBRATIONS FROM HOTTER REGIONS ARE PASSED ALONG TO NEIGHBORING PARTICLES, MUCH LIKE A WAVE. METALS ARE
EXCELLENT CONDUCTORS OF HEAT BECAUSE THEY HAVE FREE ELECTRONS THAT CAN EASILY CARRY THERMAL ENERGY. IN LIQUIDS
AND GASES, CONDUCTION ALSO OCCURS THROUGH MOLECULAR COLLISIONS, BUT IT'S GENERALLY LESS EFFICIENT THAN IN
SOLIDS BECAUSE THE PARTICLES ARE MORE SPREAD OUT.

CONVECTION

CONVECTION IS THE TRANSFER OF HEAT THROUGH THE MOVEMENT OF FLUIDS (LIQUIDS OR GASES). W/HEN A FLUID IS HEATED
FROM BELOW, THE WARMER, LESS DENSE FLUID RISES, WHILE THE COOLER, DENSER FLUID SINKS. THIS CREATES A CIRCULATING
CURRENT, KNOWN AS A CONVECTION CURRENT, WHICH EFFICIENTLY TRANSFERS HEAT THROUGHOUT THE FLUID. ExXAMPLES
INCLUDE THE HEATING OF WATER IN A POT OR THE CIRCULATION OF AIR IN A ROOM HEATED BY A RADIATOR.

RADIATION

RADIATION IS THE TRANSFER OF HEAT THROUGH ELECTROMAGNETIC WAVES, MOST NOTABLY INFRARED RADIATION. UNLIKE
CONDUCTION AND CONVECTION, RADIATION DOES NOT REQUIRE A MEDIUM AND CAN TRAVEL THROUGH A VACUUM. THE SUN
HEATS THE EARTH THROUGH RADIATION. ALL OBJECTS WITH A TEMPERATURE ABOVE ABSOLUTE ZERO EMIT THERMAL RADIATION.
THE HOTTER AN OBJECT, THE MORE RADIATION IT EMITS. THIS IS WHY YOU CAN FEEL THE WARMTH OF A CAMPFIRE EVEN FROM A
DISTANCE.

PRACTICAL APPLICATIONS OF HEAT IN PHYSICS AND ENGINEERING

THE UNDERSTANDING OF THE TERM HEAT IN PHYSICS IS NOT MERELY ACADEMIC, IT'S FUNDAMENTAL TO COUNTLESS
TECHNOLOGICAL ADVANCEMENTS AND EVERYDAY PHENOMENA. FROM THE ENGINES THAT POWER OUR VEHICLES TO THE WAYS WE
GENERATE ELECTRICITY AND EVEN THE DESIGN OF OUR HOMES, HEAT TRANSFER PRINCIPLES ARE INDISPENSABLE.

® |NTERNAL COMBUSTION ENGINES, FOR INSTANCE, RELY ON CONTROLLED EXPLOSIONS TO GENERATE HEAT, WHICH IS THEN
CONVERTED INTO MECHANICAL WORK. THE EFFICIENCY OF THESE ENGINES IS DIRECTLY TIED TO HOW EFFECTIVELY HEAT IS
MANAGED AND TRANSFERRED.

o POWER PLANTS, WHETHER BURNING FOSSIL FUELS, USING NUCLEAR REACTIONS, OR HARNESSING GEOTHERMAL ENERGY, ALL
INVOLVE GENERATING HEAT TO PRODUCE STEAM, WHICH THEN DRIVES TURBINES TO GENERATE ELECTRICITY.

® REFRIGERATION AND AIR CONDITIONING SYSTEMS ARE DESIGNED TO MOVE HEAT FROM A COLD SPACE TO A WARMER
SPACE, REQUIRING CAREFUL MANIPULATION OF HEAT TRANSFER PROCESSES.

® BUILDING INSULATION IS DESIGNED TO MINIMIZE HEAT TRANSFER BETWEEN THE INTERIOR AND EXTERIOR, KEEPING HOMES
WARM IN WINTER AND COOL IN SUMMER, THEREBY SAVING ENERGY.

o COOKING METHODS, FROM BAKING TO FRYING, ALL INVOLVE THE TRANSFER OF HEAT TO PREPARE FOOD.

CoMMON MISCONCEPTIONS ABOUT HEAT

DESPITE ITS FUNDAMENTAL NATURE, SEVERAL MISCONCEPTIONS ABOUT THE TERM HEAT IN PHYSICS PERSIST IN POPULAR
UNDERSTANDING. ONE OF THE MOST PREVALENT IS THE IDEA THAT HEAT IS SOMETHING AN OBJECT “CONTAINS” OR “HAS.” As



WE'VE EMPHASIZED, HEAT IS ENERGY IN TRANSIT, NOT A STORED PROPERTY. AN OBJECT HAS INTERNAL ENERGY, AND HEAT IS THE
PROCESS BY WHICH THIS ENERGY IS EXCHANGED.

ANOTHER COMMON MISCONCEPTION IS CONFUSING HEAT WITH TEMPERATURE. W/HILE RELATED, THEY ARE DISTINCT. AN OBJECT
CAN HAVE A HIGH TEMPERATURE BUT CONTAIN LITTLE HEAT IF IT'S VERY SMALL. CONVERSELY, A LARGE OBJECT AT A MODERATE
TEMPERATURE CAN CONTAIN A SIGNIFICANT AMOUNT OF INTERNAL ENERGY AND THUS BE CAPABLE OF TRANSFERRING A LARGE
AMOUNT OF HEAT.

FINALLY, PEOPLE SOMETIMES THINK OF HEAT AS A SUBSTANCE, LIKE "CALORIC FLUID,” WHICH WAS A HISTORICAL, NOW~
DISCREDITED THEORY. MODERN PHYSICS CLEARLY DEFINES HEAT AS A FORM OF ENERGY TRANSFER, DRIVEN BY TEMPERATURE
DIFFERENCES. UNDERSTANDING THESE DISTINCTIONS IS KEY TO A ROBUST GRASP OF THERMAL PHYSICS.

IN CONCLUSION, GRASPING THE PRECISE DEFINITION AND IMPLICATIONS OF THE TERM HEAT IN PHYSICS IS ESSENTIAL FOR A DEEP
UNDERSTANDING OF THE NATURAL WORLD AND THE TECHNOLOGIES THAT SHAPE OUR LIVES. |IT'S A CONCEPT THAT BRIDGES THE
MICROSCOPIC REALM OF ATOMS AND MOLECULES WITH THE MACROSCOPIC PHENOMENA WE OBSERVE DAILY. FROM THE WARMTH
OF THE SUN TO THE EFFICIENCY OF A CAR ENGINE, HEAT IS A PERVASIVE FORCE, AND ITS PRINCIPLES ARE THE BEDROCK OF MUCH
OF MODERN SCIENCE AND ENGINEERING.

FAQ

Q: WHAT IS THE DIFFERENCE BETWEEN HEAT AND THERMAL ENERGY?

A: THERMAL ENERGY IS THE TOTAL INTERNAL ENERGY OF A SYSTEM DUE TO THE MOTION OF ITS PARTICLES. HEAT, ON THE
OTHER HAND, IS THE TRANSFER OF THERMAL ENERGY FROM ONE SYSTEM TO ANOTHER DUE TO A TEMPERATURE DIFFERENCE. THINK
OF THERMAL ENERGY AS THE AMOUNT OF “STUFF” AND HEAT AS THE PROCESS OF MOVING THAT “STUFF” FROM ONE PLACE TO
ANOTHER.

Q: CAN AN OBJECT HAVE HEAT?

A: NO, AN OBJECT CANNOT “HAVE” HEAT. IT POSSESSES THERMAL ENERGY OR INTERNAL ENERGY. HEAT IS THE PROCESS OF
ENERGY TRANSFER, NOT A QUANTITY THAT AN OBJECT STORES. \WHEN WE TALK ABOUT AN OBJECT BEING ”HOT,” WE ARE
REFERRING TO ITS HIGH TEMPERATURE AND THUS HIGH AVERAGE KINETIC ENERGY OF ITS PARTICLES.

Q: Is HEAT A FORM OF ENERGY?

A: HEAT ITSELF IS NOT A FORM OF ENERGY, BUT RATHER A MECHANISM BY WHICH ENERGY IS TRANSFERRED. THE ENERGY BEING
TRANSFERRED IS THERMAL ENERGY. SO, WHILE HEAT IS INTIMATELY RELATED TO ENERGY, IT'S MORE ACCURATELY DESCRIBED AS
ENERGY IN TRANSIT.

Q: WHY DOES HEAT ALWAYS FLOW FROM HOT TO COLD?

A: THIS IS EXPLAINED BY THE SECOND LAW OF THERMODYNAMICS. SYSTEMS NATURALLY TEND TOWARDS STATES OF HIGHER
ENTROPY (DISORDER). HEAT FLOW FROM HOT TO COLD INCREASES THE OVERALL ENTROPY OF THE UNIVERSE. IT'S THE MOST
PROBABLE WAY FOR ENERGY TO SPREAD OUT AND BECOME MORE EVENLY DISTRIBUTED.

QZ How 1S THE AMOUNT OF HEAT TRANSFERRED MEASURED?

A: THE AMOUNT OF HEAT TRANSFERRED IS TYPICALLY MEASURED IN UNITS LIKE JOULES (J) IN THE INTERNATIONAL SYSTEM OF
UNITs (SI), or caLorIes (CAL) AND BriTISH THERMAL UNITS (BTU) IN OTHER SYSTEMS. THE AMOUNT OF HEAT TRANSFERRED
DEPENDS ON THE TEMPERATURE DIFFERENCE, THE MASS OF THE SUBSTANCES INVOLVED, AND THEIR SPECIFIC HEAT CAPACITIES.



Q: DOES HEAT TRANSFER OCCUR IN A VACUUM?

A: YES, HEAT CAN TRANSFER THROUGH A VACUUM VIA RADIATION. ELECTROMAGNETIC WAVES, SUCH AS INFRARED RADIATION,
CAN TRAVEL THROUGH EMPTY SPACE AND CARRY THERMAL ENERGY. THIS IS HOW THE SUN'S HEAT REACHES EARTH.

Q: WHAT IS SPECIFIC HEAT CAPACITY?

A: SPECIFIC HEAT CAPACITY IS THE AMOUNT OF HEAT ENERGY REQUIRED TO RAISE THE TEMPERATURE OF ONE UNIT OF MASS OF
A SUBSTANCE BY ONE DEGREE CELSIUS (OR KELVIN). SUBSTANCES WITH HIGH SPECIFIC HEAT CAPACITIES REQUIRE MORE ENERGY
TO CHANGE THEIR TEMPERATURE, MEANING THEY HEAT UP AND COOL DOWN MORE SLOWLY.

Q: How DOES HEAT TRANSFER RELATE TO WORK?

A: BOTH HEAT AND WORK ARE WAYS TO TRANSFER ENERGY INTO OR OUT OF A SYSTEM. THE FIRST LAW OF THERMODYNAMICS
STATES THAT THE CHANGE IN INTERNAL ENERGY OF A SYSTEM IS EQUAL TO THE HEAT ADDED TO THE SYSTEM MINUS THE \WORK
DONE BY THE SYSTEM (AU = Q - \X/) THEY ARE DISTINCT MECHANISMS OF ENERGY TRANSFER, THOUGH THEY CAN BOTH AFFECT
THE INTERNAL ENERGY OF A SYSTEM.
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