QUESTIONS TO ASK PHYSICS

UNLOCKING THE UNIVERSE: ESSENTIAL QUESTIONS TO Ask PHYSICS

QUESTIONS TO ASK PHYSICS ARE THE VERY BEDROCK OF SCIENTIFIC INQUIRY, ACTING AS THE COMPASS THAT GUIDES US
THROUGH THE INTRICATE LANDSCAPES OF THE UNIVERSE. FROM THE INFINITESIMALLY SMALL TO THE COSMICALLY VAST, THESE
FUNDAMENTAL QUERIES PUSH THE BOUNDARIES OF OUR UNDERSTANDING, DRIVING INNOVATION AND REVEALING THE HIDDEN LAWS
THAT GOVERN REALITY. EXPLORING THESE QUESTIONS ALLOWS US TO DELVE INTO THE NATURE OF MATTER, ENERGY, SPACE,
AND TIME, UNCOVERING THE PROFOUND CONNECTIONS THAT WEAVE THE FABRIC OF EXISTENCE. THIS ARTICLE WILL EQUIP YOU
WITH A COMPREHENSIVE FRAMEW ORK FOR APPROACHING PHYSICS WITH CURIOSITY, COVERING FOUNDATIONAL CONCEPTS,
ADVANCED THEORIES, AND THE VERY FRONTIERS OF SCIENTIFIC EXPLORATION, ALL DESIGNED TO IGNITE YOUR INQUISITIVE SPIRIT.
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FounpaTIONAL QUESTIONS IN CLASSICAL PHYSICS

CLASSICAL PHYSICS, THE PHYSICS OF OUR EVERYDAY EXPERIENCE, OFTEN BEGINS WITH OBSERVATIONS OF MOTION, FORCES, AND
ENERGY. |T'S ABOUT UNDERSTANDING HOW THINGS MOVE AND WHY THEY MOVE THE WAY THEY DO. THESE QUESTIONS, THOUGH
SEEMINGLY SIMPLE, LED TO REVOLUTIONARY INSIGHTS THAT STILL FORM THE BASIS OF MUCH OF OUR TECHNOLOGICAL WORLD.
THINK ABOUT A FALLING APPLE OR A ROLLING BALL, CLASSICAL PHYSICS PROVIDES THE FRAMEWORK TO DESCRIBE THESE
PHENOMENA WITH REMARKABLE ACCURACY. |T’S THE PHYSICS OF NEWTON'S LAWS, OF GRAVITY, AND OF ELECTROMAGNETISM,
WHICH GOVERNS EVERYTHING FROM THE LIGHT WE SEE TO THE ELECTRICITY THAT POWERS OUR LIVES.

W/HAT IS MOTION AND HOW CAN WE DESCRIBE IT?

\UNDERSTANDING MOTION IS ARGUABLY THE FIRST AND MOST FUNDAMENTAL QUESTION IN PHYSICS. \WE OBSERVE OBJECTS
MOVING ALL AROUND US CONSTANTLY. THE CRUCIAL DISTINCTION LIES IN HOW WE QUANTIFY THIS MOVEMENT. IS IT A CHANGE
IN POSITION? IS IT A CHANGE IN SPEED? OR IS IT A CHANGE IN DIRECTION? THESE INQUIRIES LEAD US TO CONCEPTS LIKE
VELOCITY AND ACCELERATION. FOR INSTANCE, WHEN WE ASk “"HOW FAST IS THIS CAR GOING?”, WE ARE ASKING ABOUT ITS
VELOCITY. WHEN WE ASK “IS THE CAR SPEEDING UP OR SLOWING DOWN?", WE'RE PROBING ITS ACCELERATION. THESE
SEEMINGLY BASIC MEASUREMENTS ARE ESSENTIAL FOR PREDICTING HOW OBJECTS WILL BEHAVE.

WHAT ARE FORCES AND HOW DO THEY CAUSE CHANGES IN MOTION?

FORCES ARE THE AGENTS OF CHANGE. THEY ARE THE PUSHES AND PULLS THAT CAN MAKE OBJECTS START MOVING, STOP
MOVING, OR CHANGE THEIR DIRECTION. IsaAC NEWTON'S GROUNDBREAKING WORK LAID THE FOUNDATION FOR UNDERSTANDING
FORCES. HIS LAWS OF MOTION DIRECTLY ADDRESS THIS: 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 UNBALANCED FORCE. THIS
FUNDAMENTAL PRINCIPLE, OFTEN REFERRED TO AS INERTIA, IS A DIRECT ANSWER TO THE QUESTION OF WHY OBJECTS RESIST
CHANGES IN THEIR MOTION. FURTHERMORE, NEWTON'S LAW OF UNIVERSAL GRAVITATION IS A PRIME EXAMPLE OF A FORCE
QUESTION, ASKING WHAT KEEPS THE PLANETS IN ORBIT AROUND THE SUN.

How IS ENERGY CONSERVED, AND WHAT ARE ITS DIFFERENT FORMS?

THE CONCEPT OF ENERGY IS CENTRAL TO PHYSICS. IT'S THE CAPACITY TO DO WORK, AND ONE OF THE MOST PROFOUND
DISCOVERIES IN PHYSICS IS THE PRINCIPLE OF CONSERVATION OF ENERGY. THIS PRINCIPLE STATES THAT ENERGY CANNOT BE
CREATED OR DESTROYED, ONLY TRANSFORMED FROM ONE FORM TO ANOTHER. WE cAN ASK, “\¥/ HERE DOES THE ENERGY GO WHEN
A BALL ROLLS TO A STOP?” THE ANSWER IS THAT IT'S CONVERTED INTO HEAT AND SOUND DUE TO FRICTION. UNDERSTANDING
THE VARIOUS FORMS OF ENERGY — KINETIC (ENERGY OF MOTION)/ POTENTIAL (STORED ENERGY), THERMAL, ELECTRICAL,
CHEMICAL, AND NUCLEAR — ALLOWS US TO ANALYZE AND PREDICT ENERGY TRANSFORMATIONS IN COUNTLESS SYSTEMS, FROM
SIMPLE MACHINES TO COMPLEX BIOLOGICAL PROCESSES.



ExPLORING THE QUANTUM REALM: QUESTIONS THAT REDEFINE REALITY

AS WE VENTURE BEYOND THE MACROSCOPIC WORLD, WE ENTER THE BIZARRE AND FASCINATING REALM OF QUANTUM MECHANICS.
HERE, OUR EVERYDAY INTUITIONS OFTEN FAIL US, AND THE QUESTIONS BECOME MORE ABSTRACT, PROBING THE FUNDAMENTAL
NATURE OF REALITY ITSELF. AT THIS LEVEL, PARTICLES BEHAVE IN WAYS THAT DEFY CLASSICAL DESCRIPTIONS, EXHIBITING
WAVE-PARTICLE DUALITY AND INHERENT PROBABILITIES. |T'S THE PHYSICS THAT UNDERPINS MODERN ELECTRONICS, LASERS, AND
OUR UNDERSTANDING OF ATOMIC AND SUBATOMIC PARTICLES.

W/HAT IS THE NATURE OF LIGHT AND MATTER AT THE SMALLEST SCALES?

THIS QUESTION LEADS US TO THE CONCEPT OF WAVE-PARTICLE DUALITY. FOR CENTURIES, LIGHT WAS DEBATED TO BE EITHER A
WAVE OR A PARTICLE. QUANTUM MECHANICS REVEALED IT TO BE BOTH, DEPENDING ON HOW YOU OBSERVE IT. SIMILARLY,
PARTICLES LIKE ELECTRONS, WHICH WE TYPICALLY THINK OF AS TINY BALLS, ALSO EXHIBIT WAVE-LIKE PROPERTIES. ASKING
“DOES THIS ELECTRON BEHAVE LIKE A WAVE OR A PARTICLE?” HIGHLIGHTS THE COUNTER-INTUITIVE NATURE OF QUANTUM
PHENOMENA. THIS DUALITY IS NOT JUST A CURIOSITY;, IT'S ESSENTIAL FOR UNDERSTANDING HOW ATOMS FORM MOLECULES AND
HOW LIGHT INTERACTS WITH MATTER.

How DO PROBABILITIES GOVERN THE BEHAVIOR OF SUBATOMIC PARTICLES?

IN THE QUANTUM WORLD, CERTAINTY OFTEN GIVES WAY TO PROBABILITY. INSTEAD OF KNOWING PRECISELY WHERE A PARTICLE
IS AND WHAT ITS MOMENTUM IS, WE CAN ONLY SPEAK OF THE PROBABILITY OF FINDING IT IN A CERTAIN STATE OR LOCATION.
THIS IS FAMOUSLY CAPTURED BY HEISENBERG'S UNCERTAINTY PRINCIPLE, WHICH STATES THAT YOU CANNOT SIMULTANEOUSLY
KNOW BOTH THE EXACT POSITION AND THE EXACT MOMENTUM OF A PARTICLE. ASKING “W/HAT IS THE PROBABILITY OF AN
ELECTRON BEING IN THIS SPECIFIC ORBIT AROUND AN ATOM?” IS A TYPICAL QUANTUM QUESTION. THIS PROBABILISTIC NATURE IS
NOT DUE TO OUR LACK OF MEASUREMENT TOOLS, BUT RATHER AN INTRINSIC FEATURE OF THE QUANTUM UNIVERSE.

W/HAT IS SUPERPOSITION AND ENTANGLEMENT?

SUPERPOSITION DESCRIBES THE ABILITY OF A QUANTUM SYSTEM TO BE IN MULTIPLE STATES AT ONCE UNTIL IT IS MEASURED.
IMAGINE A COIN SPINNING IN THE AIR; BEFORE IT LANDS, IT'S NEITHER HEADS NOR TAILS BUT A COMBINATION OF BOTH
POSSIBILITIES. ENTANGLEMENT, ON THE OTHER HAND, DESCRIBES A PHENOMENON WHERE TWO OR MORE PARTICLES BECOME LINKED
IN SUCH A WAY THAT THEY SHARE THE SAME FATE, REGARDLESS OF THE DISTANCE SEPARATING THEM. |F YOU MEASURE A
PROPERTY OF ONE ENTANGLED PARTICLE, YOU INSTANTLY KNOW THE CORRESPONDING PROPERTY OF THE OTHER, A CONNECTION
ALBERT EINSTEIN FAMOUSLY CALLED “SPOOKY ACTION AT A DISTANCE.” ASkING “How CAN THESE TWO PARTICLES BE LINKED
INSTANTANEOUSLY ACROSS VAST DISTANCESP” OPENS UP PROFOUND QUESTIONS ABOUT INFORMATION AND CAUSALITY.

CosMoLoGICAL PuzzLes: QUESTIONS ABOUT THE UNIVERSE'S ORIGINS AND FATE

ONCE WE UNDERSTAND THE FUNDAMENTAL BUILDING BLOCKS OF THE UNIVERSE AND THE FORCES THAT GOVERN THEM, IT's
NATURAL TO ASK ABOUT THE UNIVERSE AS A WHOLE. COSMOLOGY TACKLES THE GRANDEST QUESTIONS IMAGINABLE,
EXPLORING THE BIRTH, EVOLUTION, AND ULTIMATE DESTINY OF EVERYTHING THAT EXISTS. THESE ARE THE QUESTIONS THAT
HAVE CAPTIVATED HUMANITY FOR MILLENNIA, NOW APPROACHED WITH THE RIGOROUS TOOLS OF MODERN PHYSICS.

How DID THE UNIVERSE BEGIN, AND WHAT EVIDENCE SUPPORTS THE Bic BANG THEORY?

THE PREVAILING SCIENTIFIC MODEL FOR THE ORIGIN OF THE UNIVERSE IS THE BIG BANG THEORY. THIS THEORY POSITS THAT THE
UNIVERSE BEGAN AS AN EXTREMELY HOT, DENSE POINT THAT RAPIDLY EXPANDED AND COOLED, LEADING TO THE FORMATION OF
MATTER AND ENERGY AS WE KNOW IT. KEY EVIDENCE SUPPORTING THIS INCLUDES THE COSMIC MICROW AVE BACKGROUND
RADIATION (A FAINT AFTERGLOW OF THE BIG BANG), THE ABUNDANCE OF LIGHT ELEMENTS LIKE HYDROGEN AND HELIUM, AND THE
OBSERVED EXPANSION OF THE UNIVERSE (HUBBLE'S LAW). ASKING “W/HAT WAS THE UNIVERSE LIKE IN ITS VERY FIRST
MOMENTS?” orR "How DO WE KNOW THE UNIVERSE IS EXPANDING?” ARE CENTRAL TO UNDERSTANDING OUR COSMIC ORIGINS.

W/HAT ARE DARK MATTER AND DARK ENERGY, AND WHAT IS THEIR ROLE IN THE UNIVERSE?

DESPITE ACCOUNTING FOR THE VISIBLE MATTER AND ENERGY WE OBSERVE, IT TURNS OUT THAT NORMAL MATTER AND ENERGY
MAKE UP ONLY ABOUT 50/0 OF THE UNIVERSE. THE REST IS COMPOSED OF MYSTERIOUS SUBSTANCES KNOWN AS DARK MATTER
AND DARK ENERGY. DARK MATTER, DETECTED THROUGH ITS GRAVITATIONAL EFFECTS ON VISIBLE MATTER, SEEMS TO PROVIDE
THE EXTRA GRAVITATIONAL “GLUE” HOLDING GALAXIES TOGETHER. DARK ENERGY, ON THE OTHER HAND, IS THOUGHT TO BE
RESPONSIBLE FOR THE ACCELERATING EXPANSION OF THE UNIVERSE. ASKING “W/HY IS THE UNIVERSE'S EXPANSION SPEEDING UP?”



OR “How CAN WE DETECT INVISIBLE MATTER?” ARE SOME OF THE MOST PRESSING QUESTIONS IN MODERN COSMOLOGY, HINTING
AT PHYSICS BEYOND OUR CURRENT UNDERSTANDING.

W/HAT IS THE ULTIMATE FATE OF THE UNIVERSE?

THE FUTURE OF THE UNIVERSE DEPENDS ON SEVERAL FACTORS, MOST NOTABLY THE TOTAL AMOUNT OF MATTER AND ENERGY IT
CONTAINS. WILL IT CONTINUE TO EXPAND FOREVER, BECOMING COLD AND DILUTE (THE Big FREEZE).p WILL GRAVITY
EVENTUALLY HALT THE EXPANSION AND CAUSE IT TO COLLAPSE BACK ON ITSELF (THE Bic CRUNCH).p OR IS THERE ANOTHER
SCENARIO AT PLAY, INFLUENCED BY THE MYSTERIOUS DARK ENERGY? THESE QUESTIONS LEAD TO AN EXPLORATION OF DIFFERENT
COSMOLOGICAL MODELS AND THE ONGOING EFFORTS TO REFINE OUR MEASUREMENTS OF THE UNIVERSE'S FUNDAMENTAL
PROPERTIES. UNDERSTANDING THE UNIVERSE'S FATE IS A PROFOUND QUEST TO COMPREHEND OUR PLACE WITHIN ITS GRAND,
UNFOLDING NARRATIVE.

THE FRONTIERS OF PHYSICS: UNANSWERED QUESTIONS AND FUTURE DIRECTIONS

EVEN WITH THE INCREDIBLE PROGRESS MADE IN CLASSICAL AND QUANTUM PHYSICS, AS WELL AS COSMOLOGY, THERE ARE STILL
VAST FRONTIERS OF THE UNKNOWN. THESE ARE THE AREAS WHERE CURRENT THEORIES BREAK DOWN, WHERE PARADOXES ARISE,
AND WHERE THE NEXT GENERATION OF PHYSICISTS IS ACTIVELY SEEKING ANSWERS. | HESE QUESTIONS ARE NOT JUST ABOUT
FILLING IN GAPS; THEY ARE ABOUT POTENTIALLY REVOLUTIONIZING OUR UNDERSTANDING OF REALITY.

How CAN WE UNIFY QUANTUM MECHANICS AND GENERAL RELATIVITY?

ONE OF THE BIGGEST CHALLENGES IN THEORETICAL PHYSICS IS RECONCILING QUANTUM MECHANICS, WHICH DESCRIBES THE
UNIVERSE AT THE SMALLEST SCALES, WITH GENERAL RELATIVITY, WHICH DESCRIBES GRAVITY AND THE UNIVERSE AT THE
LARGEST SCALES. THESE TWO INCREDIBLY SUCCESSFUL THEORIES, WHEN APPLIED TO EXTREME SITUATIONS LIKE BLACK HOLES OR
THE EARLY UNIVERSE, YIELD CONFLICTING PREDICTIONS. DEVELOPING A THEORY OF “QUANTUM GRAVITY” IS A MAJOR GOAL,
WITH CANDIDATES LIKE STRING THEORY AND LOOP QUANTUM GRAVITY ATTEMPTING TO PROVIDE A UNIFIED FRAMEWORK. ASKING
“\X/HAT HAPPENS AT THE SINGULARITY OF A BLACK HOLE?” oR “CAN WE DESCRIBE GRAVITY AS A QUANTUM FORCEP” ARE
DIRECT ATTEMPTS TO BRIDGE THIS GAP.

ARE THERE EXTRA DIMENSIONS BEYOND THE FOUR WE KNOW?

MODERN THEORETICAL FRAMEWORKS, PARTICULARLY STRING THEORY, SUGGEST THE POSSIBILITY OF EXTRA SPATIAL DIMENSIONS
BEYOND THE THREE WE PERCEIVE (LENGTH/ WIDTH, HEIGHT) AND THE DIMENSION OF TIME. THESE EXTRA DIMENSIONS ARE
THEORIZED TO BE CURLED UP, OR COMPACTIFIED, AT INCREDIBLY SMALL SCALES, MAKING THEM UNDETECTABLE WITH CURRENT
TECHNOLOGY. QUESTIONS ABOUT WHETHER THESE DIMENSIONS EXIST, AND IF SO, HOW THEY INFLUENCE THE FUNDAMENTAL
FORCES AND PARTICLES WE OBSERVE, ARE AT THE FOREFRONT OF THEORETICAL PHYSICS. INVESTIGATING “COULD THERE BE
MORE THAN JUST THE DIMENSIONS WE EXPERIENCEP” COULD UNLOCK ENTIRELY NEW PARADIGMS.

W/HAT IS THE FUNDAMENTAL NATURE OF CONSCIOUSNESS AND ITS RELATIONSHIP TO THE PHYSICAL WORLD?

W/HILE NOT TRADITIONALLY CONSIDERED A CORE PHYSICS QUESTION, THE NATURE OF CONSCIOUSNESS AND ITS CONNECTION TO
THE PHYSICAL UNIVERSE IS AN INCREASINGLY DEBATED TOPIC, PARTICULARLY AS WE GRAPPLE WITH COMPLEX SYSTEMS AND
ARTIFICIAL INTELLIGENCE. COULD CONSCIOUSNESS BE AN EMERGENT PROPERTY OF COMPLEX PHYSICAL INTERACTIONS, OR IS
THERE SOMETHING MORE FUNDAMENTAL AT PLAY? THIS DELVES INTO THE PHILOSOPHICAL IMPLICATIONS OF PHYSICS AND THE
MIND-BODY PROBLEM. W/HILE PHYSICS PRIMARILY FOCUSES ON OBSERV ABLE PHENOMENA, EXPLORING THE INTERSECTION OF
CONSCIOUSNESS AND THE PHYSICAL WORLD IS A FRONTIER THAT PROMISES DEEP INSIGHTS.

THE IMPORTANCE OF ASkING QUESTIONS IN PHYSICS

THE PURSUIT OF KNOWLEDGE IN PHYSICS IS FUNDAMENTALLY DRIVEN BY CURIOSITY AND THE RELENTLESS ASKING OF QUESTIONS.
IT'S THROUGH THESE INQUIRIES, FROM THE SIMPLEST OBSERVATIONS TO THE MOST COMPLEX THEORETICAL CHALLENGES, THAT
WE EXPAND OUR UNDERSTANDING OF THE UNIVERSE. EACH QUESTION, WHETHER ANSWERED OR NOT, OPENS UP NEW AVENUES OF
RESEARCH, SPARKS NEW EXPERIMENTS, AND REFINES OUR MODELS OF REALITY. THE PROCESS OF QUESTIONING ENCOURAGES
CRITICAL THINKING, PROBLEM-SOLVING, AND A DEEPER APPRECIATION FOR THE INTRICATE WORKINGS OF THE COSMOS. IT’'s THE
ENGINE OF SCIENTIFIC PROGRESS, ENSURING THAT OUR EXPLORATION OF THE PHYSICAL WORLD IS A CONTINUOUS AND DYNAMIC
JOURNEY.

FREQUENTLY AskeD QUESTIONS ABOUT QUESTIONS TO Ask PHYSICS



QZ W/HY IS ASKING QUESTIONS SO IMPORTANT IN LEARNING PHYSICS?

A: ASKING QUESTIONS IS CRUCIAL BECAUSE IT SIGNIFIES ENGAGEMENT AND A DESIRE TO UNDERSTAND. |T HELPS CLARIFY
CONFUSION, IDENTIFY GAPS IN KNOWLEDGE, AND PROMPTS DEEPER EXPLORATION OF CONCEPTS. W ITHOUT ASKING QUESTIONS,
LEARNING WOULD BE PASSIVE AND SUPERFICIAL.

Q: WHAT ARE SOME GOOD STARTING QUESTIONS FOR SOMEONE NEW TO PHYSICS?
A: FOR BEGINNERS, GOOD STARTING QUESTIONS MIGHT INCLUDE: “HOW DOES GRAVITY WORK?”, “\W/HAT MAKES THINGS
MOVE?”, "\WHAT IS ENERGYP”, AND “\W/HY IS THE SKY BLUE?”. THESE ARE RELATABLE AND LEAD TO FUNDAMENTAL CONCEPTS.

QI How DO QUESTIONS ABOUT DARK MATTER AND DARK ENERGY HELP PHYSICISTS?

A: QUESTIONS ABOUT DARK MATTER AND DARK ENERGY DRIVE RESEARCH BECAUSE THEIR EXISTENCE IS INFERRED FROM OBSERVED
GRAVITATIONAL EFFECTS AND COSMIC EXPANSION RATES, RESPECTIVELY. ANSWERING THESE QUESTIONS COULD REVOLUTIONIZE
OUR UNDERSTANDING OF COSMOLOGY AND FUNDAMENTAL PHYSICS.

Q: WHAT KIND OF QUESTIONS ARE PHYSICISTS ASKING ABOUT THE EARLY UNIVERSE?

A: PHYSICISTS ASK QUESTIONS LIKE: “\WHAT WAS THE UNIVERSE LIKE IMMEDIATELY AFTER THE BIG BANG?”, “How DID THE
FIRST STARS AND GALAXIES FORM?” | AND “\W/HAT ARE THE FUNDAMENTAL PARTICLES THAT EXISTED THEN?”. THESE PROBE THE
UNIVERSE'S INITIAL CONDITIONS AND EVOLUTION.

QZ How DO THEORETICAL PHYSICISTS FORMULATE THEIR QUESTIONS?

A: THEORETICAL PHYSICISTS OFTEN FORMULATE QUESTIONS BY IDENTIFYING INCONSISTENCIES OR LIMITATIONS IN CURRENT
THEORIES, SEEKING UNIFYING PRINCIPLES, OR POSING THOUGHT EXPERIMENTS TO EXPLORE THE LOGICAL CONSEQUENCES OF
PHYSICAL LAWS.

QZ ARE THERE ANY QUESTIONS IN PHYSICS THAT MIGHT NEVER BE ANSWERED?

A: IT's possieLE. SOME QUESTIONS MAY LIE BEYOND OUR CURRENT OBSERVATIONAL CAPABILITIES OR THEORETICAL
FRAMEW ORKS. HO\X/EVER, THE PURSUIT OF ANSWERS OFTEN LEADS TO UNEXPECTED DISCOVERIES, EVEN IF THE ORIGINAL
QUESTION REMAINS ELUSIVE.

QI How DO EXPERIMENTS HELP ANSWER THE QUESTIONS PHYSICISTS ASK?

A: EXPERIMENTS ARE DESIGNED TO TEST HYPOTHESES DERIVED FROM QUESTIONS. THEY PROVIDE EMPIRICAL EVIDENCE THAT CAN
SUPPORT, REFUTE, OR REFINE THEORIES, GUIDING PHYSICISTS TOWARD MORE ACCURATE DESCRIPTIONS OF PHYSICAL PHENOMENA.
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