SURVEY OF PHYSICS

A SURVEY OF PHYSICS IS YOUR GATEWAY TO UNDERSTANDING THE FUNDAMENTAL PRINCIPLES THAT GOVERN THE UNIVERSE,
FROM THE SMALLEST SUBATOMIC PARTICLES TO THE VAST EXPANSES OF THE COSMOS. THIS COMPREHENSIVE OVERVIEW
EXPLORES THE CORE BRANCHES OF PHYSICS, DELVING INTO CLASSICAL MECHANICS, ELECTROMAGNETISM, THERMODYNAMICS, AND
THE REVOLUTIONARY THEORIES OF QUANTUM MECHANICS AND RELATIVITY. WE WILL UNCOVER HOW THESE DISCIPLINES EXPLAIN
THE BEHAVIOR OF MATTER AND ENERGY, ILLUMINATE THE HISTORY OF KEY DISCOVERIES, AND TOUCH UPON THE ONGOING
FRONTIERS OF PHYSICS RESEARCH, EQUIPPING YOU WITH A SOLID FOUNDATION IN THIS ESSENTIAL SCIENTIFIC FIELD.
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INTRODUCTION TO PHYSICS

A SURVEY OF PHYSICS SERVES AS YOUR ESSENTIAL ROADMAP TO THE FUNDAMENTAL LAWS THAT ORCHESTRATE REALITY. IT's
ABOUT MORE THAN JUST EQUATIONS; IT'S ABOUT COMPREHENDING THE VERY FABRIC OF EXISTENCE. THIS JOURNEY WILL TAKE US
THROUGH THE ESTABLISHED PILLARS OF PHYSICAL SCIENCE, EXAMINING HOW WE'VE ARRIVED AT OUR CURRENT UNDERSTANDING
OF THE UNIVERSE'S MECHANICS, ENERGY TRANSFORMATIONS, AND THE INTRICATE INTERPLAY OF FORCES. WE’LL EXPLORE THE
EVOLUTION OF THOUGHT, FROM NEWTON’'S ELEGANT DESCRIPTIONS OF MOTION TO THE MIND-BENDING IMPLICATIONS OF
QUANTUM THEORY AND EINSTEIN'S SPACETIME. UNDERSTANDING PHYSICS IS AKIN TO LEARNING THE LANGUAGE OF NATURE, A
PURSUIT THAT HAS CAPTIVATED THINKERS FOR CENTURIES AND CONTINUES TO PUSH THE BOUNDARIES OF HUMAN KNOWLEDGE.

THIS EXPLORATION AIMS TO DEMYSTIFY COMPLEX CONCEPTS, MAKING THEM ACCESSIBLE AND HIGHLIGHTING THEIR PROFOUND
IMPACT ON OUR DAILY LIVES AND TECHNOLOGICAL ADVANCEMENTS. WE'LL TOUCH UPON THE HISTORICAL CONTEXT OF MAJOR
BREAKTHROUGHS, RECOGNIZING THE BRILLIANT MINDS WHO PAVED THE WAY FOR OUR MODERN SCIENTIFIC WORLDVIEW. \W/HETHER
YOU'RE A STUDENT EMBARKING ON YOUR FIRST PHYSICS COURSE OR A CURIOUS INDIVIDUAL SEEKING A DEEPER UNDERSTANDING OF
THE WORLD AROUND YOU, THIS SURVEY IS DESIGNED TO PROVIDE A CLEAR AND ENGAGING PERSPECTIVE ON THIS FOUNDATIONAL
SCIENTIFIC DISCIPLINE.

CrAssicAL MecHANICS: THE FOUNDATION OF MOTION

CLASSICAL MECHANICS, OFTEN CONSIDERED THE BEDROCK OF PHYSICS, DEALS WITH THE MOTION OF MACROSCOPIC OBJECTS —
THE KIND OF THINGS WE CAN SEE AND INTERACT WITH DIRECTLY. THINK ABOUT A THROWN BASEBALL, THE ORBIT OF THE MoonN
AROUND THE EARTH, OR THE GEARS IN A COMPLEX MACHINE. SIR ISAAC NEWTON'S LAWS OF MOTION ARE THE CORNERSTONES OF
THIS FIELD. HIS FIRST LAY, THE LAW OF INERTIA, STATES THAT AN OBJECT AT REST STAYS AT REST, AND AN OBJECT IN MOTION
STAYS IN MOTION WITH THE SAME SPEED AND IN THE SAME DIRECTION UNLESS ACTED UPON BY AN EXTERNAL FORCE. THIS MIGHT
SEEM OBVIOUS, BUT IT'S A CRITICAL CONCEPT THAT CHALLENGES OUR INTUITIVE, FRICTION-FILLED \WORLD.

NEWTON'S SECOND LAW, FAMOUSLY EXPRESSED AS F:MA, TELLS US THAT THE FORCE APPLIED TO AN OBJECT IS DIRECTLY
PROPORTIONAL TO ITS MASS AND ACCELERATION. THIS IS THE LAW THAT ALLOWS US TO CALCULATE HOW MUCH FORCE IS
NEEDED TO MOVE A CAR, HOW QUICKLY A DROPPED OBJECT WILL FALL, OR HOW A ROCKET WILL ACCELERATE INTO SPACE.
FINALLY, NEWTON’S THIRD LAW, THE ACTION-REACTION PRINCIPLE, STATES THAT FOR EVERY ACTION, THERE IS AN EQUAL AND
OPPOSITE REACTION. W/HEN YOU PUSH AGAINST A WALL, THE WALL PUSHES BACK ON YOU WITH THE SAME FORCE. THiS
PRINCIPLE IS FUNDAMENTAL TO UNDERSTANDING PROPULSION, FROM WALKING TO JET ENGINES.



NewToN's LAWS oF MOTION

THESE THREE LAWS, DEVELOPED IN THE 17TH CENTURY, PROVIDE A REMARKABLY ACCURATE FRAMEW ORK FOR UNDERSTANDING
AND PREDICTING THE MOVEMENT OF OBJECTS IN OUR EVERYDAY EXPERIENCE. THEY ARE THE FOUNDATION UPON WHICH MUCH OF
ENGINEERING, ASTRONOMY, AND OTHER PHYSICAL SCIENCES ARE BUILT. W/ ITHOUT THESE FUNDAMENTAL PRINCIPLES, WE
WOULDN'T HAVE BRIDGES, AIRPLANES, OR EVEN AN UNDERSTANDING OF PLANETARY ORBITS.

\WoRrk, ENERGY, AND MOMENTUM

BEYOND JUST DESCRIBING MOTION, CLASSICAL MECHANICS ALSO DELVES INTO THE CONCEPTS OF WORK, ENERGY, AND
MOMENTUM. W/ ORK IS DONE WHEN A FORCE CAUSES DISPLACEMENT. ENERGY, INITS VARIOUS FORMS (KINETIC, POTENTIAL,
THERMAL), IS THE CAPACITY TO DO WORK. MOMENTUM, A MEASURE OF AN OB_JECT/S MASS IN MOTION, IS CRUCIAL FOR
UNDERSTANDING COLLISIONS AND CONSERVATION LAWS. THE PRINCIPLE OF CONSERVATION OF MOMENTUM, FOR INSTANCE,
STATES THAT IN A CLOSED SYSTEM, THE TOTAL MOMENTUM REMAINS CONSTANT, A POWERFUL CONCEPT IN ANALYZING
INTERACTIONS BETWEEN OBJECTS.

ELECTROMAGNETISM: THE FORCE BEHIND LIGHT AND ELECTRICITY

ELECTROMAGNETISM IS THE BRANCH OF PHYSICS THAT UNIFIES ELECTRICITY AND MAGNETISM, TWO PHENOMENA THAT \WERE ONCE
THOUGHT TO BE SEPARATE. |T EXPLAINS EVERYTHING FROM HOW A COMPASS NEEDLE ALIGNS ITSELF TO THE VERY NATURE OF
LIGHT ITSELF. AT ITS HEART ARE ELECTRIC CHARGES, WHICH CAN BE POSITIVE OR NEGATIVE. LIKE CHARGES REPEL, WHILE
OPPOSITE CHARGES ATTRACT. THIS FUNDAMENTAL INTERACTION IS DESCRIBED BY COULOMB'S LAW, ANALOGOUS TO
NEWTON'S LAW OF GRAVITATION FOR MASSES.

W/HEN ELECTRIC CHARGES ARE IN MOTION, THEY CREATE MAGNETIC FIELDS. CONVERSELY, CHANGING MAGNETIC FIELDS CAN INDUCE
ELECTRIC CURRENTS. THIS INTIMATE RELATIONSHIP WAS MASTERFULLY UNCOVERED BYJAMES CLERK MAXWELL IN THE 19TH
CENTURY, WHO FORMULATED A SET OF EQUATIONS THAT BEAUTIFULLY DESCRIBE ALL ELECTROMAGNETIC PHENOMENA. THESE
MAXWELL'S EQUATIONS PREDICTED THE EXISTENCE OF ELECTROMAGNETIC WAVES THAT TRAVEL AT THE SPEED OF LIGHT,
UNIFYING LIGHT, RADIO WAVES, X‘RAYS, AND OTHER FORMS OF RADIATION UNDER A SINGLE UMBRELLA. THIS WAS A
MONUMENTAL ACHIEVEMENT, TRANSFORMING OUR UNDERSTANDING OF THE UNIVERSE.

ELecTrIC FIELDS AND POTENTIAL

AN ELECTRIC FIELD IS A REGION AROUND A CHARGED OBJECT WHERE ANOTHER CHARGED OBJECT WOULD EXPERIENCE A FORCE.
ELECTRIC POTENTIAL, OFTEN REFERRED TO AS VOLTAGE, IS THE AMOUNT OF \WORK NEEDED TO MOVE A UNIT OF ELECTRIC
CHARGE FROM A REFERENCE POINT TO A SPECIFIC POINT IN AN ELECTRIC FIELD. THESE CONCEPTS ARE CRUCIAL FOR
UNDERSTANDING CIRCUITS, BATTERIES, AND THE FLOW OF ELECTRICITY.

MAGNETIC FIELDS AND INDUCTION

MAGNETIC FIELDS ARE GENERATED BY MOVING ELECTRIC CHARGES OR BY INTRINSIC MAGNETIC MOMENTS OF ELEMENTARY
PARTICLES. THEY ARE RESPONSIBLE FOR THE BEHAVIOR OF MAGNETS AND PLAY A VITAL ROLE IN TECHNOLOGIES LIKE ELECTRIC
MOTORS AND GENERATORS. ELECTROMAGNETIC INDUCTION, DISCOVERED BY MICHAEL FARADAY, IS THE PROCESS WHERE A
CHANGING MAGNETIC FIELD INDUCES AN ELECTROMOTIVE FORCE (VOLTAGE) IN A CONDUCTOR, FORMING THE BASIS OF ELECTRIC
POWER GENERATION.

LIGHT AS AN ELECTROMAGNETIC W AVE

ONE OF THE MOST PROFOUND INSIGHTS FROM ELECTROMAGNETISM IS THAT LIGHT IS AN ELECTROMAGNETIC WAVE. THIS MEANS
LIGHT ITSELF IS A TRAVELING DISTURBANCE IN ELECTRIC AND MAGNETIC FIELDS. THIS WAVE NATURE EXPLAINS PHENOMENA LIKE



DIFFRACTION AND INTERFERENCE, WHILE LATER DEVELOPMENTS IN QUANTUM MECHANICS WOULD REVEAL ITS PARTICLE-LIKE
PROPERTIES AS WELL (PHOTONS).

THERMODYNAMICS: THE SCIENCE OF HEAT AND ENERGY

THERMODYNAMICS IS CONCERNED WITH HEAT, WORK, TEMPERATURE, AND ENERGY, AND HOW THEY RELATE TO EACH OTHER. IT's
THE SCIENCE THAT EXPLAINS WHY ENGINES WORK, HOW REFRIGERATORS KEEP THINGS COOL, AND WHY ICE MELTS. THe
FUNDAMENTAL LAWS OF THERMODYNAMICS GOVERN THE TRANSFER AND TRANSFORMATION OF ENERGY WITHIN SYSTEMS.

THE FIRST LAW OF THERMODYNAMICS IS ESSENTIALLY THE LAW OF CONSERVATION OF ENERGY. |T STATES THAT ENERGY
CANNOT BE CREATED OR DESTROYED, ONLY CONVERTED FROM ONE FORM TO ANOTHER. For EXAMPLE, WHEN YOU BURN WOOD,
THE CHEMICAL ENERGY STORED IN THE WOOD IS CONVERTED INTO HEAT AND LIGHT ENERGY. |HE SECOND LAW INTRODUCES THE
CONCEPT OF ENTROPY, A MEASURE OF DISORDER OR RANDOMNESS IN A SYSTEM. IT DICTATES THAT IN ANY NATURAL PROCESS,
THE TOTAL ENTROPY OF AN ISOLATED SYSTEM WILL TEND TO INCREASE OVER TIME, MEANING THAT SYSTEMS NATURALLY MOVE
TOWARDS A STATE OF GREATER DISORDER. THIS IS WHY A HOT CUP OF COFFEE COOLS DOWN, BUT A COLD CUP OF COFFEE
NEVER SPONTANEOUSLY HEATS UP.

THE LAWS OF THERMODYNAMICS

THE LAWS OF THERMODYNAMICS ARE INCREDIBLY GENERAL AND APPLY TO A VAST RANGE OF PHYSICAL AND CHEMICAL
PROCESSES. THEY PROVIDE CRUCIAL INSIGHTS INTO THE DIRECTIONALITY OF SPONTANEOUS PROCESSES AND THE LIMITS OF
ENERGY CONVERSION. UNDERSTANDING THESE LAWS IS KEY TO FIELDS RANGING FROM MATERIALS SCIENCE TO BIOLOGY AND
COSMOLOGY.

o FIRST LAW: CONSERVATION OF ENERGY
o Seconp LAW: ENTROPY AND THE DIRECTION OF SPONTANEOUS PROCESSES

e THIRD LAW: ABSOLUTE ZERO AND ENTROPY

TEMPERATURE AND HEAT TRANSFER

TEMPERATURE IS A MEASURE OF THE AVERAGE KINETIC ENERGY OF THE PARTICLES WITHIN A SYSTEM, WHILE HEAT IS THE
TRANSFER OF THERMAL ENERGY BETWEEN SYSTEMS DUE TO A TEMPERATURE DIFFERENCE. HEAT CAN BE TRANSFERRED THROUGH
CONDUCTION (DIRECT CONTACT), CONVECTION (MOVEMENT OF FLUIDS), AND RADIATION (ELECTROMAGNETIC WAVES). THESE
MECHANISMS ARE VITAL FOR UNDERSTANDING WEATHER PATTERNS, CLIMATE, AND INDUSTRIAL PROCESSES.

MoDEerRN PHYSICS: QUANTUM MECHANICS AND RELATIVITY

THE EARLY 20TH CENTURY BROUGHT ABOUT A REVOLUTION IN PHYSICS WITH THE ADVENT OF QUANTUM MECHANICS AND
EINSTEIN'S THEORIES OF RELATIVITY, WHICH DRAMATICALLY RESHAPED OUR UNDERSTANDING OF THE UNIVERSE AT BOTH THE
SMALLEST AND LARGEST SCALES. CLASSICAL PHYSICS, WHILE INCREDIBLY SUCCESSFUL, BEGAN TO FALTER WHEN APPLIED TO
PHENOMENA INVOLVING VERY HIGH SPEEDS OR VERY SMALL PARTICLES.

QUANTUM MECHANICS DEALS WITH THE BEHAVIOR OF MATTER AND ENERGY AT THE ATOMIC AND SUBATOMIC LEVELS. IT'S A
WORLD WHERE PARTICLES CAN EXIST IN MULTIPLE STATES SIMULTANEOUSLY , WHERE OBSERVING A PHENOMENON CAN CHANGE ITS
OUTCOME, AND WHERE PROBABILITIES REIGN SUPREME. CONCEPTS LIKE SUPERPOSITION, ENTANGLEMENT, AND QUANTUM



TUNNELING ARE CENTRAL TO THIS FIELD. RELATIVITY, ON THE OTHER HAND, ENCOMPASSES TWO THEORIES: SPECIAL RELATIVITY
AND GENERAL RELATIVITY. SPECIAL RELATIVITY DEALS WITH SPACE AND TIME FOR OBJECTS MOVING AT CONSTANT SPEEDS,
FAMOUSLY LEADING TO THE EQUATION E=MC2, WHICH SHOWS THE EQUIVALENCE OF MASS AND ENERGY. GENERAL RELATIVITY
EXTENDS THIS TO INCLUDE GRAVITY, DESCRIBING IT NOT AS A FORCE, BUT AS A CURVATURE OF SPACETIME CAUSED BY MASS
AND ENERGY.

QUANTUM MEeCHANICS: THE REALM OF THE SMALL

QUANTUM MECHANICS IS THE MOST SUCCESSFUL THEORY WE HAVE FOR DESCRIBING THE SUBATOMIC WORLD. |T EXPLAINS THE
BEHAVIOR OF ELECTRONS IN ATOMS, THE OPERATION OF LASERS, AND THE FUNDAMENTAL NATURE OF LIGHT. \W/HILE OFTEN
COUNTERINTUITIVE, ITS PREDICTIONS HAVE BEEN REPEATEDLY VERIFIED BY EXPERIMENTS, FORMING THE BASIS FOR MUCH OF
MODERN TECHNOLOGY, INCLUDING SEMICONDUCTORS AND QUANTUM COMPUTING.

SPECIAL RELATIVITY: SPEED AND SPACETIME

ALBERT EINSTEIN'S SPECIAL THEORY OF RELATIVITY, PUBLISHED IN ]905, POSITS THAT THE LAWS OF PHYSICS ARE THE SAME
FOR ALL NON-ACCELERATING OBSERVERS AND THAT THE SPEED OF LIGHT IN A VACUUM IS CONSTANT, REGARDLESS OF THE
MOTION OF THE OBSERVER. THIS LEADS TO MIND-BENDING CONSEQUENCES LIKE TIME DILATION (TIME PASSES SLOWER FOR
MOVING OBSERVERS) AND LENGTH CONTRACTION (OB_JECTS APPEAR SHORTER IN THEIR DIRECTION OF MOTION).

GENERAL RELATIVITY: GRAVITY AND THE UNIVERSE

GENERAL RELATIVITY, PUBLISHED IN 191 5, PROVIDES A GEOMETRIC THEORY OF GRAVITATION. |T DESCRIBES GRAVITY AS A
CONSEQUENCE OF THE CURVATURE OF SPACETIME, CAUSED BY THE PRESENCE OF MASS AND ENERGY. THIS THEORY EXPLAINS
PHENOMENA LIKE THE BENDING OF STARLIGHT AROUND MASSIVE OBJECTS AND THE PRECISE ORBITS OF PLANETS, AND IT FORMS THE
FOUNDATION FOR OUR UNDERSTANDING OF BLACK HOLES AND THE EXPANSION OF THE UNIVERSE.

FRONTIERS IN PHYSICS RESEARCH

THE JOURNEY OF PHYSICS IS FAR FROM OVER; INDEED, IT IS CONSTANTLY EVOLVING. TODAY'S PHYSICISTS ARE PUSHING THE
BOUNDARIES OF HUMAN KNOWLEDGE IN A MULTITUDE OF EXCITING DIRECTIONS. FROM EXPLORING THE DEEPEST MYSTERIES OF THE
UNIVERSE TO UNDERSTANDING THE FUNDAMENTAL PARTICLES THAT MAKE UP EVERYTHING, THE FIELD REMAINS VIBRANT AND
DYNAMIC.

ONE OF THE MOST SIGNIFICANT ONGOING QUESTS IS THE SEARCH FOR A UNIFIED THEORY THAT CAN RECONCILE QUANTUM
MECHANICS WITH GENERAL RELATIVITY, OFTEN REFERRED TO AS A “THEORY OF EVERYTHING.” PARTICLE PHYSICS CONTINUES TO
EXPLORE THE FUNDAMENTAL CONSTITUENTS OF MATTER AND THE FORCES THAT GOVERN THEIR INTERACTIONS, WITH ONGOING
EXPERIMENTS AT FACILITIES LIKE THE LARGE HADRON COLLIDER SEEKING TO UNCOVER NEW PARTICLES AND PHENOMENA BEYOND
THE STANDARD MODEL. ASTROPHYSICS AND COSMOLOGY ARE DELVING DEEPER INTO THE NATURE OF DARK MATTER AND DARK
ENERGY, THE MYSTERIOUS COMPONENTS THAT MAKE UP THE VAST MAJORITY OF THE UNIVERSE, AND INVESTIGATING THE ORIGINS
AND ULTIMATE FATE OF THE COSMOS.

PARTICLE PHYSICS AND THE STANDARD MODEL

THE STANDARD MODEL OF PARTICLE PHYSICS DESCRIBES THE FUNDAMENTAL PARTICLES (QUARKS, LEPTONS) AND THE
FUNDAMENTAL FORCES (ELECTEOMAGNETICI WEAK NUCLEAR, STRONG NUCLEAR) THAT GOVERN THEIR INTERACTIONS. HO\X/EVEE,
IT DOESN'T EXPLAIN GRAVITY OR ACCOUNT FOR DARK MATTER AND DARK ENERGY, DRIVING THE SEARCH FOR NEW PHYSICS.



CosMOLOGY AND THE UNIVERSE's MYSTERIES

COSMOLOGY SEEKS TO UNDERSTAND THE ORIGIN, EVOLUTION, STRUCTURE, AND ULTIMATE FATE OF THE UNIVERSE. CURRENT
RESEARCH FOCUSES ON THE BIG BANG, COSMIC INFLATION, THE NATURE OF DARK MATTER AND DARK ENERGY, AND THE SEARCH
FOR EXTRATERRESTRIAL LIFE, PUSHING THE LIMITS OF OUR OBSERVATIONAL AND THEORETICAL CAPABILITIES.

COoNDENSED MATTER PHYSICS AND MATERIALS SCIENCE

THIS FIELD EXPLORES THE MACROSCOPIC AND EMERGENT PROPERTIES OF MATTER ARISING FROM THE COLLECTIVE BEHAVIOR OF
LARGE NUMBERS OF ATOMS AND MOLECULES. |T'S CRUCIAL FOR DEVELOPING NEW MATERIALS WITH REVOLUTIONARY PROPERTIES,
FROM SUPERCONDUCTORS TO ADVANCED ELECTRONICS.

THE IMPORTANCE OF A SURVEY OF PHYSICS

ENGAGING WITH A SURVEY OF PHYSICS IS NOT MERELY AN ACADEMIC EXERCISE;, IT'S AN ESSENTIAL STEP TOWARD
COMPREHENDING THE WORLD WE INHABIT AND THE TECHNOLOGIES THAT SHAPE OUR LIVES. THE PRINCIPLES UNCOVERED IN THIS
VAST FIELD UNDERPIN EVERYTHING FROM THE SMARTPHONE IN YOUR POCKET TO THE MEDICAL IMAGING TECHNIQUES USED IN
HOSPITALS, FROM THE GLOBAL POSITIONING SYSTEM GUIDING YOUR TRAVELS TO THE FUNDAMENTAL UNDERSTANDING OF STARS
AND GALAXIES. A SOLID GRASP OF PHYSICS PROVIDES A FRAMEWORK FOR CRITICAL THINKING, PROBLEM-SOLVING, AND
SCIENTIFIC LITERACY.

FURTHERMORE, THE PURSUIT OF PHYSICS FOSTERS INNOVATION AND DRIVES TECHNOLOGICAL PROGRESS. THE THEORETICAL
BREAKTHROUGHS IN QUANTUM MECHANICS AND RELATIVITY, FOR EXAMPLE, HAVE LED TO THE DEVELOPMENT OF LASERS,
TRANSISTORS, AND NUCLEAR ENERGY. AS WE CONTINUE TO EXPLORE THE FRONTIERS OF PHYSICS, WE UNLOCK NEW POSSIBILITIES
FOR ADDRESSING GLOBAL CHALLENGES, FROM DEVELOPING SUSTAINABLE ENERGY SOURCES TO UNDERSTANDING AND MITIGATING
CLIMATE CHANGE. A SURVEY OF PHYSICS EMPOWERS INDIVIDUALS TO NOT ONLY APPRECIATE THE MARVELS OF THE UNIVERSE
BUT ALSO TO CONTRIBUTE TO ITS ONGOING EXPLORATION AND OUR COLLECTIVE FUTURE.

FREQUENTLY ASkeD QUESTIONS

QZ \WHAT IS THE PRIMARY FOCUS OF A SURVEY OF PHYSICS?

A: A SURVEY OF PHYSICS AIMS TO PROVIDE A BROAD AND FOUNDATIONAL UNDERSTANDING OF THE FUNDAMENTAL PRINCIPLES
THAT GOVERN THE UNIVERSE, COVERING ITS MAJOR BRANCHES SUCH AS CLASSICAL MECHANICS, ELECTROMAGNETISM,
THERMODYNAMICS, QUANTUM MECHANICS, AND RELATIVITY.

QI How DOES CLASSICAL MECHANICS DIFFER FROM MODERN PHYSICS?

A: CLASSICAL MECHANICS DEALS WITH THE MOTION OF MACROSCOPIC OBJECTS AT EVERYDAY SPEEDS, GOVERNED BY NEWTON'S
LAWS. MODERN PHYSICS, SPECIFICALLY QUANTUM MECHANICS AND RELATIVITY, DESCRIBES PHENOMENA AT THE ATOMIC AND
SUBATOMIC SCALES AND AT SPEEDS APPROACHING THE SPEED OF LIGHT, WHERE CLASSICAL LAWS BREAK DOWN.

Q: WHAT IS THE SIGNIFICANCE OF EINSTEIN'S THEORY OF RELATIVITY IN A SURVEY OF
PHYSICS?

A: EINSTEIN'S THEORIES OF SPECIAL AND GENERAL RELATIVITY REVOLUTIONIZED OUR UNDERSTANDING OF SPACE, TIME, GRAVITY,
AND THE RELATIONSHIP BETWEEN MASS AND ENERGY, PROVIDING CRUCIAL FRAMEW ORKS FOR MODERN COSMOLOGY AND
ASTROPHYSICS.



Q: WHY IS QUANTUM MECHANICS CONSIDERED “MODERN PHYSICS"'?

A: QUANTUM MECHANICS EMERGED IN THE EARLY 20TH CENTURY TO EXPLAIN PHENOMENA AT THE ATOMIC AND SUBATOMIC
LEVEL THAT COULD NOT BE ACCOUNTED FOR BY CLASSICAL PHYSICS, INTRODUCING CONCEPTS LIKE SUPERPOSITION AND
QUANTIZATION.

QZ \WHAT ARE SOME KEY CONCEPTS COVERED IN THE STUDY OF THERMODYNAMICS?

A: THERMODYNAMICS EXPLORES HEAT, WORK, TEMPERATURE, AND ENERGY, INCLUDING FUNDAMENTAL LAWS LIKE THE
CONSERVATION OF ENERGY AND THE CONCEPT OF ENTROPY, WHICH DICTATES THE DIRECTION OF SPONTANEOUS PROCESSES.

QZ \WHAT ARE THE CURRENT FRONTIERS IN PHYSICS RESEARCH?

A: CURRENT FRONTIERS INCLUDE THE SEARCH FOR A UNIFIED THEORY, FURTHER EXPLORATION OF PARTICLE PHYSICS BEYOND THE
STANDARD MODEL, UNDERSTANDING DARK MATTER AND DARK ENERGY IN COSMOLOGY, AND ADVANCEMENTS IN CONDENSED
MATTER PHYSICS FOR NEW MATERIALS.

Q: How DOES A SURVEY OF PHYSICS CONTRIBUTE TO TECHNOLOGICAL
ADVANCEMENTS?

A: THE THEORETICAL PRINCIPLES DISCOVERED THROUGH PHYSICS RESEARCH DIRECTLY LEAD TO PRACTICAL APPLICATIONS AND
TECHNOLOGICAL INNOVATIONS, RANGING FROM ELECTRONICS AND COMMUNICATION TO ENERGY PRODUCTION AND MEDICAL
TECHNOLOGIES.
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