QUANTUM PHYSICS PREREQUISITES

UNLOCKING THE QUANTUM REALM: ESSENTIAL QUANTUM PHYSICS PREREQUISITES

QUANTUM PHYSICS PREREQUISITES ARE THE BEDROCK UPON WHICH A DEEP UNDERSTANDING OF THE UNIVERSE AT ITS MOST
FUNDAMENTAL LEVEL IS BUILT. VENTURING INTO QUANTUM MECHANICS CAN FEEL LIKE STEPPING INTO A REALM GOVERNED BY
ENTIRELY DIFFERENT RULES, AND INDEED, IT IS. THIS FIELD, WHICH DESCRIBES THE BEHAVIOR OF MATTER AND ENERGY AT THE
ATOMIC AND SUBATOMIC SCALES, IS NOTORIOUSLY COUNTERINTUITIVE. ToO TRULY GRASP CONCEPTS LIKE SUPERPOSITION,
ENTANGLEMENT, AND WAVE-PARTICLE DUALITY, A SOLID FOUNDATION IN CERTAIN AREAS OF MATHEMATICS AND CLASSICAL
PHYSICS IS ABSOLUTELY ESSENTIAL. THIS ARTICLE WILL GUIDE YOU THROUGH THESE CRUCIAL PRELIMINARY SUBJECTS, FROM THE
FOUNDATIONAL PRINCIPLES OF CALCULUS AND LINEAR ALGEBRA TO THE CLASSICAL THEORIES THAT QUANTUM MECHANICS
ELEGANTLY EXTENDS AND, IN SOME CASES, REPLACES. WE WILL EXPLORE WHY EACH PREREQUISITE IS IMPORTANT AND HOW IT
DIRECTLY CONTRIBUTES TO UNDERSTANDING THE QUANTUM \WORLD.
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THE MATHEMATICAL T OOLKIT: BUILDING YOUR FOUNDATION

BEFORE YOU CAN EVEN BEGIN TO PONDER THE BIZARRE NATURE OF QUBITS OR THE UNCERTAINTY PRINCIPLE, YOU NEED A ROBUST
MATHEMATICAL FRAMEWORK. THINK OF MATHEMATICS AS THE UNIVERSAL LANGUAGE OF PHYSICS, AND FOR QUANTUM PHYSICS,
IT’S A PARTICULARLY COMPLEX DIALECT. W/ITHOUT PROFICIENCY IN CERTAIN BRANCHES OF MATHEMATICS, THE EQUATIONS AND
CONCEPTS OF QUANTUM MECHANICS WILL REMAIN OPAQUE, LIKE TRYING TO READ A FOREIGN TEXT WITHOUT A DICTIONARY. IT’s
NOT JUST ABOUT MEMORIZING FORMULAS; IT'S ABOUT UNDERSTANDING THE UNDERLYING LOGIC AND THE RELATIONSHIPS BETWEEN
DIFFERENT MATHEMATICAL CONCEPTS. THIS UNDERSTANDING ALLOWS YOU TO MANIPULATE EQUATIONS, INTERPRET RESULTS,
AND EVEN DERIVE NEW INSIGHTS INTO QUANTUM PHENOMENA.

CaLcurus: THE LANGUAGE oF CHANGE

CALCULUS, IN ITS MOST FUNDAMENTAL FORM, IS THE STUDY OF CONTINUOUS CHANGE. IN QUANTUM PHYSICS, EVERYTHING IS IN
MOTION, CONSTANTLY EVOLVING. WE'RE NOT DEALING WITH BILLIARD BALLS OBEYING SIMPLE TRAJECTORIES; WE'RE DEALING
WITH PROBABILITY WAVES THAT SPREAD AND INTERACT. THIS IS WHERE CALCULUS BECOMES INDISPENSABLE. DIFFERENTIATION
ALLOWS US TO DESCRIBE THE RATE OF CHANGE OF QUANTUM STATES OVER TIME — ESSENTIALLY, HOW A QUANTUM SYSTEM
EVOLVES. |NTEGRATION/ ON THE OTHER HAND, HELPS US TO CALCULATE PROBABILITIES, AVERAGE VALUES, AND THE TOTAL
EXTENT OF A WAVE FUNCTION. FOR INSTANCE, TO FIND THE PROBABILITY OF FINDING A PARTICLE IN A SPECIFIC REGION OF SPACE,
YOU'LL NEED TO INTEGRATE ITS WAVE FUNCTION OVER THAT REGION. W/ITHOUT A SOLID GRASP OF DERIVATIVES AND
INTEGRALS, YOU'LL FIND YOURSELF LOST IN A SEA OF UNINTERPRETABLE MATHEMATICAL EXPRESSIONS.

LINEAR ALGEBRA: VECTORS, MATRICES, AND STATES

LINEAR ALGEBRA IS THE BACKBONE OF QUANTUM MECHANICS, PERHAPS EVEN MORE SO THAN CALCULUS. AT THE HEART OF
QUANTUM MECHANICS IS THE CONCEPT OF A QUANTUM STATE, WHICH IS REPRESENTED MATHEMATICALLY AS A VECTOR IN A
COMPLEX VECTOR SPACE. THIS VECTOR, OFTEN CALLED A “KET” (REPRESENTED AS |\I-’>), CONTAINS ALL THE PROBABILISTIC



INFORMATION ABOUT THE SYSTEM. MEASUREMENTS IN QUANTUM MECHANICS INVOLVE OPERATORS, WHICH ARE REPRESENTED BY
MATRICES. THESE MATRICES ACT ON STATE VECTORS TO CHANGE THEM OR TO YIELD EIGENVALUES, WHICH CORRESPOND TO THE
POSSIBLE OUTCOMES OF MEASUREMENTS. [UNDERSTANDING CONCEPTS LIKE VECTOR SPACES, BASIS TRANSFORMATIONS,
EIGENVALUES, AND EIGENVECTORS IS ABSOLUTELY CRUCIAL. For EXAMPLE, THE POSSIBLE ENERGY LEVELS OF AN ATOM ARE THE
EIGENVALUES OF THE HAMILTONIAN OPERATOR, AND THE CORRESPONDING EIGENVECTORS ARE THE ENERGY EIGENSTATES.
MASTERING LINEAR ALGEBRA PROVIDES YOU WITH THE TOOLS TO REPRESENT AND MANIPULATE QUANTUM STATES AND
OBSERVABLES.

CoMpLEX NUMBERS: BEYOND REAL-\WW ORLD INTUITION

QUANTUM MECHANICS FREQUENTLY EMPLOYS COMPLEX NUMBERS, WHICH ARE NUMBERS THAT HAVE A REAL PART AND AN
IMAGINARY PART. W/HILE WE DON'T ENCOUNTER COMPLEX NUMBERS DIRECTLY IN OUR EVERYDAY MACROSCOPIC EXPERIENCE, THEY
ARE FUNDAMENTAL TO DESCRIBING THE WAVE-LIKE NATURE OF QUANTUM PARTICLES. W AVE FUNCTIONS IN QUANTUM MECHANICS
ARE INHERENTLY COMPLEX-VALUED. THE IMAGINARY UNIT, v (THE SQUARE ROOT OF - 1 ), PLAYS A VITAL ROLE IN DESCRIBING
THE PHASE OF A WAVE, WHICH IS CRITICAL FOR UNDERSTANDING PHENOMENA LIKE INTERFERENCE. WITHOUT A COMFORTABLE

W ORKING KNOWLEDGE OF COMPLEX NUMBERS — THEIR ARITHMETIC, THEIR REPRESENTATION IN THE COMPLEX PLANE, AND THEIR
RELATIONSHIP TO EXPONENTIALS — YOU’LL STRUGGLE TO MAKE SENSE OF QUANTUM MECHANICAL EQUATIONS AND THEIR
PHYSICAL INTERPRETATIONS.

CLAsSICAL PHYsICS: THE STEPPING STONES TO QUANTUM

W/HILE QUANTUM MECHANICS DESCRIBES A WORLD VASTLY DIFFERENT FROM OUR EVERYDAY EXPERIENCE, IT DOESN'T SIMPLY
DISCARD CLASSICAL PHYSICS. |NSTEAD, IT OFTEN EMERGES FROM CLASSICAL PHYSICS IN SPECIFIC LIMITS OR PROVIDES A MORE
FUNDAMENTAL EXPLANATION FOR CLASSICAL PHENOMENA. THEREFORE, A STRONG UNDERSTANDING OF CLASSICAL PHYSICS
SERVES AS A VITAL BRIDGE, PROVIDING CONTEXT AND LAYING THE GROUNDWORK FOR THE MORE ABSTRACT QUANTUM
CONCEPTS. |T HELPS YOU APPRECIATE WHAT QUANTUM MECHANICS REVOLUTIONIZES AND WHY THESE NEW IDEAS WERE
NECESSARY.

THE PiLLARS oF CLASSICAL MECHANICS

NEW TONIAN MECHANICS, THE BEDROCK OF CLASSICAL PHYSICS, DESCRIBES THE MOTION OF MACROSCOPIC OBJECTS UNDER THE
INFLUENCE OF FORCES. CONCEPTS LIKE FORCE, MASS, ACCELERATION, MOMENTUM, AND ENERGY ARE FUNDAMENTAL.
UNDERSTANDING NEWTON'S LAWS OF MOTION IS CRUCIAL BECAUSE QUANTUM MECHANICS, IN A SENSE, DESCRIBES THE
MICROSCOPIC BEHAVIOR THAT ULTIMATELY LEADS TO THESE MACROSCOPIC LAWS. FOR EXAMPLE, THE CONCEPT OF ENERGY
CONSERVATION, A CORNERSTONE OF CLASSICAL MECHANICS, IS ALSO A FUNDAMENTAL PRINCIPLE IN QUANTUM MECHANICS,
ALBEIT OFTEN EXPRESSED IN A MORE ABSTRACT FORM. FAMILIARITY WITH CONCEPTS LIKE POTENTIAL ENERGY, KINETIC ENERGY,
AND THE WORK-ENERGY THEOREM WILL MAKE THE TRANSITION TO QUANTUM ENERGY CONCEPTS MUCH SMOOTHER.

ELECTROMAGNETISM: THE OTHER HALF OF THE CLASSICAL PICTURE

CLASSICAL ELECTROMAGNETISM, GOVERNED BY MAXWELL'S EQUATIONS, DESCRIBES THE BEHAVIOR OF ELECTRIC AND MAGNETIC
FIELDS AND THEIR INTERACTIONS WITH CHARGED PARTICLES. THIS IS PROFOUNDLY IMPORTANT FOR QUANTUM PHYSICS BECAUSE
LIGHT, A PHENOMENON OF ELECTROMAGNETISM, IS QUANTIZED INTO PHOTONS. (UNDERSTANDING CONCEPTS LIKE ELECTRIC FIELDS,
MAGNETIC FIELDS, ELECTROMAGNETIC WAVES, AND THE INTERACTION OF LIGHT WITH MATTER IS DIRECTLY PREPARATORY FOR
UNDERSTANDING QUANTUM ELECTRODYNAMICS (QED), ONE OF THE MOST SUCCESSFUL QUANTUM FIELD THEORIES. THE
PHOTOELECTRIC EFFECT, FOR INSTANCE, WHICH WAS CRUCIAL IN THE DEVELOPMENT OF QUANTUM THEORY, IS A DIRECT
DEMONSTRATION OF THE PARTICLE NATURE OF LIGHT AND ITS INTERACTION WITH ELECTRONS, AN ELECTROMAGNETIC
PHENOMENON.



THERMODYNAMICS AND STATISTICAL MECHANICS: PREPARING FOR MANY-BoDY
SYSTEMS

\W/HILE PERHAPS NOT AS IMMEDIATELY OBVIOUS AS MECHANICS OR ELECTROMAGNETISM, THERMODYNAMICS AND STATISTICAL
MECHANICS PROVIDE VALUABLE CONTEXT FOR UNDERSTANDING THE BEHAVIOR OF LARGE COLLECTIONS OF PARTICLES, WHICH IS
RELEVANT TO MANY AREAS OF QUANTUM PHYSICS, PARTICULARLY CONDENSED MATTER PHYSICS. CONCEPTS LIKE ENTROPY,
TEMPERATURE, AND STATISTICAL DISTRIBUTIONS HELP IN UNDERSTANDING HOW MACROSCOPIC PROPERTIES EMERGE FROM
MICROSCOPIC QUANTUM BEHAVIOR. STATISTICAL MECHANICS, IN PARTICULAR, BRIDGES THE GAP BETWEEN THE MICROSCOPIC
WORLD OF PARTICLES AND THE MACROSCOPIC WORLD WE OBSERVE, A BRIDGE THAT QUANTUM MECHANICS ALSO TRAVERSES.

Key MATHEMATICAL CONCEPTS FOR QUANTUM PHYSICS

TO TRULY DELVE INTO THE QUANTUM REALM, CERTAIN MATHEMATICAL CONCEPTS ARE NOT JUST HELPFUL, BUT ABSOLUTELY
IMPERATIVE. THESE ARE THE TOOLS YOU'LL BE WIELDING CONSTANTLY AS YOU NAVIGATE THE WORLD OF QUANTUM STATES,
OPERATORS, AND PROBABILITIES.

DIFFERENTIAL EQUATIONS: DESCRIBING EVOLUTION AND STATES

MANY FUNDAMENTAL LAWS IN PHYSICS ARE EXPRESSED AS DIFFERENTIAL EQUATIONS, AND QUANTUM MECHANICS IS NO
EXCEPTION. THE SCHR DINGER EQUATION, ARGUABLY THE MOST CENTRAL EQUATION IN NON-RELATIVISTIC QUANTUM
MECHANICS, IS A PARTIAL DIFFERENTIAL EQUATION. | T DESCRIBES HOW THE WAVE FUNCTION OF A QUANTUM SYSTEM EVOLVES
OVER TIME. SOLVING THIS EQUATION, OR APPROXIMATIONS TO IT, IS KEY TO PREDICTING THE BEHAVIOR AND PROPERTIES OF
QUANTUM SYSTEMS. UNDERSTANDING HOW TO SET UP AND SOLVE VARIOUS TYPES OF DIFFERENTIAL EQUATIONS, INCLUDING
ORDINARY AND PARTIAL DIFFERENTIAL EQUATIONS, IS THEREFORE A VITAL PREREQUISITE FOR ANYONE SERIOUS ABOUT QUANTUM
PHYSICS.

PROBABILITY AND STATISTICS: EMBRACING UNCERTAINTY

ONE OF THE MOST STRIKING DEPARTURES OF QUANTUM MECHANICS FROM CLASSICAL PHYSICS IS ITS INHERENTLY PROBABILISTIC
NATURE. WE CANNOT, IN GENERAL, PREDICT THE OUTCOME OF A SINGLE QUANTUM MEASUREMENT WITH CERTAINTY. |NSTEAD,
QUANTUM MECHANICS PROVIDES PROBABILITIES FOR DIFFERENT OUTCOMES. THEREFORE, A SOLID FOUNDATION IN PROBABILITY
THEORY AND STATISTICS IS ESSENTIAL. CONCEPTS LIKE PROBABILITY DISTRIBUTIONS, EXPECTED VALUES, VARIANCE, AND
STATISTICAL INFERENCE ARE ALL HEAVILY UTILIZED WHEN INTERPRETING THE RESULTS OF QUANTUM EXPERIMENTS AND
CALCULATIONS. YOU’LL BE CALCULATING PROBABILITIES AND UNDERSTANDING STATISTICAL DISTRIBUTIONS CONSTANTLY.

UNDERSTANDING W AVE-PARTICLE DUALITY

THE CONCEPT OF WAVE-PARTICLE DUALITY IS CENTRAL TO QUANTUM MECHANICS AND IS ONE OF ITS MOST PERPLEXING
FEATURES. THIS DUALITY DICTATES THAT QUANTUM ENTITIES, SUCH AS ELECTRONS AND PHOTONS, CAN EXHIBIT BOTH WAVE-
LIKE AND PARTICLE-LIKE PROPERTIES, DEPENDING ON HOW THEY ARE OBSERVED. THIS IS A RADICAL DEPARTURE FROM CLASSICAL
PHYSICS, WHERE OBJECTS ARE DEFINITIVELY EITHER WAVES OR PARTICLES. UNDERSTANDING THIS DUALITY REQUIRES A
DEPARTURE FROM CLASSICAL INTUITION AND AN EMBRACE OF A MORE NUANCED REALITY.

THE MATHEMATICAL REPRESENTATION OF W AVES

W/ AVES IN PHYSICS ARE TYPICALLY DESCRIBED BY FUNCTIONS THAT VARY IN SPACE AND TIME, EXHIBITING CHARACTERISTICS
LIKE WAVELENGTH, FREQUENCY, AMPLITUDE, AND PHASE. MATHEMATICAL TOOLS LIKE TRIGONOMETRIC FUNCTIONS, FOURIER



ANALYSIS, AND COMPLEX EXPONENTIALS ARE USED TO REPRESENT AND MANIPULATE THESE WAVE FUNCTIONS. IN QUANTUM
MECHANICS, THE WAVE FUNCTION IS A MATHEMATICAL CONSTRUCT THAT EMBODIES THE PROBABILITY AMPLITUDE OF FINDING A
PARTICLE AT A CERTAIN POINT IN SPACE AND TIME. UNDERSTANDING THE MATHEMATICAL PROPERTIES OF WAVES IS THEREFORE
FUNDAMENTAL TO GRASPING THE WAVE-LIKE ASPECT OF QUANTUM PHENOMENA.

THe QUANTUM MecHANICAL W AVE FUNCTION

THE WAVE FUNCTION, OFTEN DENOTED BY THE GREEK LETTER PSI (“I-’), IS THE CENTRAL OBJECT IN QUANTUM MECHANICS. IT IS A
COMPLEX-VALUED FUNCTION THAT ENCODES ALL THE INFORMATION ABOUT A QUANTUM SYSTEM. THE SQUARE OF THE
MAGNITUDE OF THE WAVE FUNCTION (l‘l”|2> AT A GIVEN POINT IN SPACE AND TIME REPRESENTS THE PROBABILITY DENSITY OF
FINDING THE PARTICLE AT THAT LOCATION. LEARNING HOW TO INTERPRET THE WAVE FUNCTION, HOW IT EVOLVES ACCORDING
TO THE SCHR DINGER EQUATION, AND HOW TO EXTRACT PHYSICAL INFORMATION FROM IT IS A KEY PART OF MASTERING
QUANTUM PHYSICS. THIS NECESSITATES A DEEP UNDERSTANDING OF BOTH CALCULUS AND COMPLEX NUMBERS.

THE POWER OF MATHEMATICAL TooLS IN QUANTUM MECHANICS

THE ABSTRACT NATURE OF QUANTUM MECHANICS NECESSITATES A PRECISE AND POWERFUL MATHEMATICAL LANGUAGE. THE
TOOLS WE’VE DISCUSSED ARE NOT JUST ACADEMIC EXERCISES; THEY ARE THE VERY MEANS BY WHICH WE DESCRIBE, PREDICT, AND
UNDERSTAND THE QUANTUM \WORLD.

OPERATORS AND OBSERVABLES

IN QUANTUM MECHANICS, PHYSICAL QUANTITIES THAT CAN BE MEASURED, SUCH AS POSITION, MOMENTUM, AND ENERGY, ARE
CALLED OBSERVABLES. THESE OBSERVABLES ARE REPRESENTED MATHEMATICALLY BY LINEAR OPERATORS THAT ACT ON THE

W AVE FUNCTION. FOR EXAMPLE, THE MOMENTUM OPERATOR IS RELATED TO THE SPATIAL DERIVATIVE OF THE WAVE FUNCTION.
THE EIGENVALUES OF THESE OPERATORS CORRESPOND TO THE POSSIBLE RESULTS OF MEASUREMENTS. UNDERSTANDING THE
PROPERTIES OF OPERATORS, INCLUDING THEIR COMMUTATION RELATIONS, IS ESSENTIAL FOR COMPREHENDING HOW
MEASUREMENTS AFFECT QUANTUM SYSTEMS AND FOR FORMULATING THE FUNDAMENTAL PRINCIPLES OF QUANTUM MECHANICS.

EIGENVALUES AND EIGENVECTORS

AS MENTIONED IN THE CONTEXT OF LINEAR ALGEBRA, EIGENVALUES AND EIGENVECTORS ARE CRITICAL. WHEN AN OPERATOR ACTS
ON A SPECIAL TYPE OF VECTOR CALLED AN EIGENVECTOR, THE RESULT IS SIMPLY THE EIGENVECTOR MULTIPLIED BY A SCALAR
NUMBER, KNOWN AS THE EIGENV ALUE. IN QUANTUM MECHANICS, THE EIGENVALUES OF AN OBSERVABLE OPERATOR REPRESENT THE
POSSIBLE VALUES THAT CAN BE OBTAINED WHEN MEASURING THAT OBSERVABLE. | HE CORRESPONDING EIGENVECTORS REPRESENT
THE QUANTUM STATES IN WHICH THE SYSTEM IS FOUND WITH THAT SPECIFIC MEASUREMENT OUTCOME. FOR INSTANCE, THE
ENERGY EIGENVALUES OF AN ATOM CORRESPOND TO ITS DISTINCT ENERGY LEVELS.

THE TRANSITION TO THE QUANTUM W/ ORLD

THE JOURNEY FROM CLASSICAL PHYSICS TO QUANTUM MECHANICS IS A PROFOUND INTELLECTUAL LEAP. | T REQUIRES SHEDDING
DEEPLY INGRAINED INTUITIONS AND EMBRACING A NEW SET OF RULES THAT GOVERN THE UNIVERSE AT ITS SMALLEST SCALES. THE
PREREQUISITES DISCUSSED HERE ARE THE BRIDGES THAT MAKE THIS TRANSITION POSSIBLE, ALLOWING US TO NOT JUST OBSERVE
BUT ALSO TO UNDERSTAND THE QUANTUM REALM.



THe LiMmiTs oF CLASSICAL INTUITION

OUR EVERYDAY EXPERIENCES ARE GOVERNED BY CLASSICAL PHYSICS. WE SEE OBJECTS MOVE IN PREDICTABLE PATHS, AND WE
ASSUME THEY HAVE DEFINITE PROPERTIES LIKE POSITION AND MOMENTUM SIMULTANEQUSLY. HO\X/EVER, AT THE QUANTUM LEVEL,
THIS INTUITION BREAKS DOWN. PARTICLES CAN EXIST IN MULTIPLE STATES AT ONCE (SUPERPOSITION), AND THEIR PROPERTIES
CAN BE INTRINSICALLY LINKED IN WAYS THAT DEFY CLASSICAL EXPLANATION (ENTANGLEMENT). RECOGNIZING THESE LIMITATIONS
OF CLASSICAL PHYSICS IS THE FIRST STEP IN APPRECIATING THE NECESSITY AND THE WONDER OF QUANTUM MECHANICS.

QUANTUM MECHANICS AS A MORE FUNDAMENTAL THEORY

QUANTUM MECHANICS IS CONSIDERED A MORE FUNDAMENTAL THEORY THAN CLASSICAL PHYSICS. |T CAN EXPLAIN PHENOMENA
THAT CLASSICAL PHYSICS CANNOT, SUCH AS THE STABILITY OF ATOMS, THE BEHAVIOR OF LIGHT, AND THE PROPERTIES OF
SOLIDS. IN THE MACROSCOPIC LIMIT, THE PREDICTIONS OF QUANTUM MECHANICS CONVERGE TO THOSE OF CLASSICAL PHYSICS.
THIS MEANS THAT CLASSICAL PHYSICS IS AN EXCELLENT APPROXIMATION FOR LARGE-SCALE SYSTEMS BUT BREAKS DOWN AT
THE ATOMIC AND SUBATOMIC LEVELS. UNDERSTANDING THIS RELATIONSHIP HELPS TO CONTEXTUALIZE THE DEVELOPMENT AND
IMPORTANCE OF QUANTUM THEORY.

THE PiLLARS oF CLASSICAL MECHANICS

CLASSICAL MECHANICS, FOUNDED ON IsaAC NEWTON'S GROUNDBREAKING \WORK, PROVIDES THE ESSENTIAL FRAMEWORK FOR
UNDERSTANDING MOTION AND FORCES IN THE MACROSCOPIC WORLD. BEFORE DIVING INTO THE OFTEN BIZARRE RULES OF THE
QUANTUM REALM, IT'S CRUCIAL TO HAVE A FIRM GRIP ON THESE CLASSICAL PRINCIPLES. THIS FOUNDATION HELPS US
UNDERSTAND WHAT QUANTUM MECHANICS IS REVOLUTIONIZING AND HOW IT EXTENDS OUR UNDERSTANDING OF THE UNIVERSE.

NewToN's LAWS oF MoTIoON

NEWTON’S THREE LAWS OF MOTION ARE THE CORNERSTONES OF CLASSICAL MECHANICS. THE 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 UNBALANCED FORCE. THE SECOND LAW QUANTIFIES THIS RELATIONSHIP: FORCE
EQUALS MASS TIMES ACCELERATION (FZMA)‘ THE THIRD LAW DESCRIBES ACTION-REACTION: FOR EVERY ACTION, THERE IS AN
EQUAL AND OPPOSITE REACTION. THESE LAWS ALLOW US TO PREDICT THE TRAJECTORY OF OBJECTS, CALCULATE FORCES, AND
UNDERSTAND MOMENTUM. IN QUANTUM MECHANICS, WHILE THE DIRECT APPLICATION OF F=MA MIGHT DIFFER, THE UNDERLYING
CONCEPTS OF FORCE, MOMENTUM, AND ENERGY CONSERVATION REMAIN VITAL. For INSTANCE, UNDERSTANDING THE
CONSERVATION OF MOMENTUM IN CLASSICAL SYSTEMS PROVIDES A FOUNDATION FOR APPRECIATING ITS QUANTUM
COUNTERPART.

ENERGY AND MOMENTUM CONSERVATION

THE PRINCIPLES OF CONSERVATION OF ENERGY AND MOMENTUM ARE FUNDAMENTAL IN CLASSICAL PHYSICS. ENERGY
CONSERVATION STATES THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY TRANSFORMED FROM ONE FORM TO ANOTHER.
MOMENTUM CONSERVATION STATES THAT IN AN ISOLATED SYSTEM, THE TOTAL MOMENTUM REMAINS CONSTANT. THESE
CONSERVATION LAWS ARE INCREDIBLY POWERFUL FOR ANALYZING PHYSICAL SYSTEMS, AND THEY CARRY OVER DIRECTLY INTO
THE QUANTUM WORLD, ALBEIT OFTEN EXPRESSED IN MORE ABSTRACT MATHEMATICAL TERMS. For EXAMPLE, THE ENERGY OF A
QUANTUM SYSTEM IS DESCRIBED BY THE HAMILTONIAN OPERATOR, AND ITS CONSERVATION IS DEEPLY LINKED TO TIME
EVOLUTION.

RoTATIONAL MOTION AND ANGULAR MOMENTUM

BEYOND LINEAR MOTION, CLASSICAL MECHANICS ALSO ADDRESSES ROTATIONAL MOTION, INTRODUCING CONCEPTS LIKE TORQUE,
ANGULAR VELOCITY, AND ANGULAR MOMENTUM. ANGULAR MOMENTUM IS A CRUCIAL QUANTITY IN PHYSICS, PARTICULARLY IN



ATOMIC PHYSICS WHERE ELECTRONS ORBIT NUCLEI. UUNDERSTANDING CLASSICAL ANGULAR MOMENTUM, ITS CONSERVATION, AND
ITS VECTOR NATURE PROVIDES A VITAL CONCEPTUAL STEPPING STONE FOR GRASPING QUANTUM ANGULAR MOMENTUM, WHICH
PLAYS A SIGNIFICANT ROLE IN ELECTRON SPIN AND ORBITAL ANGULAR MOMENTUM IN ATOMS AND MOLECULES.

ELECTROMAGNETISM: THE OTHER HALF oF THE CLASSICAL PICTURE

W/HILE MECHANICS DEALS WITH THE MOTION OF OBJECTS, ELECTROMAGNETISM DEALS WITH FORCES ARISING FROM ELECTRIC
CHARGES AND CURRENTS, AND THEIR ASSOCIATED FIELDS. THIS AREA IS PARTICULARLY RELEVANT TO QUANTUM PHYSICS
BECAUSE LIGHT, A FUNDAMENTAL SUBJECT OF QUANTUM INVESTIGATION, IS AN ELECTROMAGNETIC PHENOMENON.

ELECcTRIC AND MAGNETIC FIELDS

ELECTROMAGNETISM IS BUILT UPON THE CONCEPTS OF ELECTRIC AND MAGNETIC FIELDS. ELECTRIC FIELDS ARE GENERATED BY
ELECTRIC CHARGES, AND MAGNETIC FIELDS ARE GENERATED BY MOVING ELECTRIC CHARGES (CURRENTS) OR INTRINSIC MAGNETIC
MOMENTS. UNDERSTANDING HOW THESE FIELDS ARE GENERATED, HOW THEY INTERACT WITH CHARGES, AND HOW THEY
PROPAGATE AS WAVES IS ESSENTIAL. THE QUANTUM NATURE OF LIGHT (PHOTONS) AND THE INTERACTION OF LIGHT WITH
MATTER ARE DEEPLY ROOTED IN ELECTROMAGNETIC PRINCIPLES.

ELECTROMAGNETIC W/ AVES AND LIGHT

|_IGHTI AS WE PERCEIVE IT, IS A FORM OF ELECTROMAGNETIC RADIATION, WHICH PROPAGATES AS WAVES. MAXWELL'S
EQUATIONS UNIFIED ELECTRICITY AND MAGNETISM AND PREDICTED THE EXISTENCE OF THESE WAVES, DESCRIBING THEIR SPEED AND
PROPERTIES. THE UNDERSTANDING OF LIGHT AS A WAVE IS A CRUCIAL CLASSICAL CONCEPT THAT WAS LATER REVOLUTIONIZED
BY QUANTUM MECHANICS, WHICH REVEALED ITS PARTICLE-LIKE NATURE (PHOTONS). THE PHOTOELECTRIC EFFECT, A
PHENOMENON THAT ESTABLISHED THE QUANTUM NATURE OF LIGHT, DIRECTLY INVOLVES THE INTERACTION OF ELECTROMAGNETIC
RADIATION WITH MATTER.

INTERACTION OF FIELDS WITH CHARGES

How ELECTRIC AND MAGNETIC FIELDS EXERT FORCES ON CHARGED PARTICLES IS A CORE CONCEPT IN ELECTROMAGNETISM. THIS
UNDERSTANDING IS FUNDAMENTAL TO QUANTUM MECHANICS, WHERE SIMILAR INTERACTIONS ARE DESCRIBED IN A MORE
SOPHISTICATED, PROBABILISTIC MANNER. For INSTANCE, UNDERSTANDING HOW AN ELECTRON (A CHARGED PARTICLE) RESPONDS
TO ELECTRIC AND MAGNETIC FIELDS IN CLASSICAL PHYSICS PROVIDES A BASIS FOR UNDERSTANDING HOW ELECTRONS BEHAVE IN
ATOMS AND IN QUANTUM FIELD THEORIES.

THERMODYNAMICS AND STATISTICAL MECHANICS: PREPARING FOR MANY-
Boby SYSTEMS

W/HILE NOT ALWAYS EMPHASIZED AS A DIRECT PREREQUISITE FOR INTRODUCTORY QUANTUM MECHANICS, A BASIC
UNDERSTANDING OF THERMODYNAMICS AND STATISTICAL MECHANICS IS INVALUABLE, ESPECIALLY WHEN DELVING INTO AREAS
LIKE CONDENSED MATTER PHYSICS OR QUANTUM STATISTICAL MECHANICS. THESE FIELDS BRIDGE THE GAP BETWEEN THE
MICROSCOPIC WORLD OF INDIVIDUAL PARTICLES AND THE MACROSCOPIC WORLD OF OBSERV ABLE PROPERTIES.

TEMPERATURE AND HEAT

THERMODYNAMICS DEALS WITH HEAT, WORK, AND ENERGY, AND THE RELATIONSHIP BETWEEN THEM. CONCEPTS LIKE
TEMPERATURE, ENTROPY, AND THE LAWS OF THERMODYNAMICS DESCRIBE THE BEHAVIOR OF SYSTEMS IN TERMS OF MACROSCOPIC
PROPERTIES. W/HILE QUANTUM MECHANICS DESCRIBES THE MICROSCOPIC CONSTITUENTS, THERMODYNAMICS AND STATISTICAL
MECHANICS HELP US UNDERSTAND HOW THESE MICROSCOPIC BEHAVIORS GIVE RISE TO THE MACROSCOPIC THERMODYNAMIC
PROPERTIES WE OBSERVE.



STATISTICAL DISTRIBUTIONS

STATISTICAL MECHANICS PROVIDES THE TOOLS TO UNDERSTAND HOW THE AVERAGE BEHAVIOR OF A LARGE NUMBER OF
PARTICLES LEADS TO MACROSCOPIC PROPERTIES. |T USES PROBABILITY AND STATISTICS TO ANALYZE SYSTEMS WITH MANY
DEGREES OF FREEDOM. THIS IS HIGHLY RELEVANT TO QUANTUM PHYSICS, AS MANY QUANTUM SYSTEMS INVOLVE A VAST NUMBER
OF INTERACTING PARTICLES (E.G.l ELECTRONS IN A SOLID). (UNDERSTANDING STATISTICAL DISTRIBUTIONS LIKE THE MAXWELL-
BOLTZMANNI FERMI‘DIRACI OR BOSE-EINSTEIN DISTRIBUTIONS IS CRUCIAL FOR DESCRIBING THE BEHAVIOR OF QUANTUM
ENSEMBLES.

ENTROPY AND DISORDER

ENTROPY IS A MEASURE OF DISORDER OR RANDOMNESS IN A SYSTEM. IN CLASSICAL THERMODYNAMICS, IT'S A MACROSCOPIC
PROPERTY. IN STATISTICAL MECHANICS, IT'S RELATED TO THE NUMBER OF POSSIBLE MICROSCOPIC CONFIGURATIONS THAT
CORRESPOND TO A GIVEN MACROSCOPIC STATE. UUNDERSTANDING ENTROPY HELPS IN GRASPING CONCEPTS LIKE THE ARROW OF
TIME AND THE TENDENCY OF SYSTEMS TO MOVE TOWARDS STATES OF HIGHER PROBABILITY, WHICH HAS QUANTUM
IMPLICATIONS, ESPECIALLY IN UNDERSTANDING IRREVERSIBLE PROCESSES AND DECOHERENCE.

THE TRANSITION TO THE QUANTUM W/ ORLD

SUCCESSFULLY NAVIGATING THE TRANSITION FROM CLASSICAL PHYSICS TO QUANTUM MECHANICS IS ABOUT MORE THAN JUST
LEARNING NEW EQUATIONS; IT'S ABOUT A SHIFT IN PERSPECTIVE. THE PREREQUISITES WE'VE DISCUSSED PROVIDE THE NECESSARY
CONCEPTUAL AND MATHEMATICAL SCAFFOLDING FOR THIS PROFOUND TRANSFORMATION.

RecoGNIzING THE LIMITATIONS oF CLASSICAL MODELS

OUR EVERYDAY EXPERIENCE IS A CLASSICAL ONE, AND OUR INTUITIONS ARE BUILT UPON IT. HO\X/EVER, AS WE’VE SEEN,
PHENOMENA AT THE ATOMIC AND SUBATOMIC LEVELS BEHAVE IN WAYS THAT DEFY THESE CLASSICAL INTUITIONS.
UNDERSTANDING THE SPECIFIC INSTANCES WHERE CLASSICAL PHYSICS FAILS — LIKE EXPLAINING THE STABILITY OF ATOMS OR THE
NATURE OF BLACKBODY RADIATION — HIGHLIGHTS THE NEED FOR A NEW FRAMEWORK, WHICH QUANTUM MECHANICS PROVIDES.

THe PReDICTIVE POWER OF QUANTUM MECHANICS

DESPITE ITS COUNTERINTUITIVE NATURE, QUANTUM MECHANICS HAS PROVEN TO BE AN EXTRAORDINARILY SUCCESSFUL THEORY.
|T ACCURATELY PREDICTS THE BEHAVIOR OF MATTER AND ENERGY AT THE SMALLEST SCALES, LEADING TO TECHNOLOGIES LIKE
LASERS, TRANSISTORS, AND MAGNETIC RESONANCE IMAGING (MRD THIS SUCCESS UNDERSCORES THE IMPORTANCE OF
MASTERING ITS PREREQUISITES TO UNLOCK ITS PREDICTIVE AND EXPLANATORY POWER.

BUILDING BLocks FOrR ADVANCED QUANTUM CONCEPTS

THE MATHEMATICAL AND CLASSICAL PHYSICS FOUNDATIONS ARE NOT MERELY INTRODUCTORY HURDLES, THEY ARE THE BUILDING
BLOCKS FOR MORE ADVANCED QUANTUM CONCEPTS. W/ITHOUT A SOLID GRASP OF LINEAR ALGEBRA, ONE CANNOT DELVE INTO
HILBERT SPACES OR QUANTUM COMPUTATION. W/ITHOUT UNDERSTANDING W AVE PHENOMENA, CONCEPTS LIKE QUANTUM
TUNNELING OR INTERFERENCE BECOME ABSTRACT MATHEMATICAL CURIOSITIES RATHER THAN DESCRIBABLE PHYSICAL PROCESSES.
THE PREREQUISITES ENSURE YOU ARE EQUIPPED TO TACKLE THESE MORE INTRICATE ASPECTS OF QUANTUM PHYSICS.



FAQ

Q: WHAT IS THE MOST CRUCIAL MATHEMATICAL SUBJECT TO MASTER FOR QUANTUM
PHYSICS?

A: WHILE A STRONG FOUNDATION IN SEVERAL AREAS IS IMPORTANT, LINEAR ALGEBRA IS OFTEN CONSIDERED THE MOST CRUCIAL
MATHEMATICAL SUBJECT FOR QUANTUM PHYSICS. |T PROVIDES THE FRAMEWORK FOR REPRESENTING QUANTUM STATES AS
VECTORS, OBSERVABLES AS OPERATORS, AND FOR UNDERSTANDING HOW MEASUREMENTS AFFECT THESE STATES.

QI Do | NEED TO BE A CALCULUS EXPERT TO UNDERSTAND QUANTUM PHYSICS?

A: A SOLID UNDERSTANDING OF DIFFERENTIAL AND INTEGRAL CALCULUS IS HIGHLY BENEFICIAL, IF NOT ESSENTIAL, FOR QUANTUM
PHYSICS. CALCULUS IS USED EXTENSIVELY TO DESCRIBE THE EVOLUTION OF QUANTUM SYSTEMS OVER TIME (VIA THE
SCHR DINGER EQUATION) AND TO CALCULATE PROBABILITIES, WHICH ARE CENTRAL TO QUANTUM MECHANICS.

Q: Is CLASSICAL MECHANICS TRULY NECESSARY IF QUANTUM MECHANICS IS SO
DIFFERENT?

A: YES/ CLASSICAL MECHANICS IS A VITAL STEPPING STONE. |T PROVIDES THE CONCEPTUAL LANGUAGE AND UNDERSTANDING OF
FUNDAMENTAL PRINCIPLES LIKE ENERGY AND MOMENTUM CONSERVATION, WHICH ARE EXTENDED AND REFINED IN QUANTUM
MECHANICS. |T ALSO HELPS IN UNDERSTANDING THE LIMITS WHERE CLASSICAL PHYSICS BREAKS DOWN AND QUANTUM EFFECTS
BECOME APPARENT.

Q: How IMPORTANT ARE COMPLEX NUMBERS IN QUANTUM PHYSICS?

A: COMPLEX NUMBERS ARE ABSOLUTELY FUNDAMENTAL TO QUANTUM PHYSICS. W AVE FUNCTIONS, WHICH DESCRIBE QUANTUM
STATES, ARE INHERENTLY COMPLEX-VALUED. THE IMAGINARY UNIT PLAYS A CRITICAL ROLE IN DESCRIBING THE PHASE OF
QUANTUM WAVES, WHICH IS ESSENTIAL FOR PHENOMENA LIKE INTERFERENCE.

Q: CAN | LEARN QUANTUM PHYSICS WITHOUT A STRONG BACKGROUND IN
ELECTROMAGNETISM?

A: WHILE INTRODUCTORY QUANTUM MECHANICS CAN BE STUDIED TO SOME EXTENT WITHOUT A DEEP DIVE INTO
ELECTROMAGNETISM, A STRONG BACKGROUND IS HIGHLY RECOMMENDED, ESPECIALLY FOR MORE ADVANCED TOPICS. PHENOMENA
LIKE THE PHOTOELECTRIC EFFECT, AND THE QUANTUM NATURE OF LIGHT (PHOTONS), ARE DEEPLY ROOTED IN ELECTROMAGNETISM.

QI \WHAT IS THE ROLE OF PROBABILITY AND STATISTICS IN QUANTUM PHYSICS?

A: PROBABILITY AND STATISTICS ARE CENTRAL TO QUANTUM PHYSICS BECAUSE THE THEORY IS INHERENTLY PROBABILISTIC. WE
CANNOT PREDICT THE OUTCOME OF A SINGLE QUANTUM MEASUREMENT WITH CERTAINTY, INSTEAD, QUANTUM MECHANICS
PROVIDES PROBABILITIES FOR VARIOUS OUTCOMES. THEREFORE/ A GOOD UNDERSTANDING OF PROBABILITY DISTRIBUTIONS AND
STATISTICAL CONCEPTS IS ESSENTIAL FOR INTERPRETING QUANTUM PHENOMENA.

Q: How DOES UNDERSTANDING CLASSICAL ANGULAR MOMENTUM HELP WITH QUANTUM
PHYSICS?

A: CLASSICAL ANGULAR MOMENTUM PROVIDES A CONCEPTUAL FOUNDATION FOR UNDERSTANDING QUANTUM ANGULAR
MOMENTUM, WHICH IS CRUCIAL FOR DESCRIBING ELECTRON SPIN, ORBITAL ANGULAR MOMENTUM IN ATOMS, AND THE BEHAVIOR OF
PARTICLES IN VARIOUS QUANTUM SYSTEMS. THE MATHEMATICAL FRAMEWORK FOR CLASSICAL ANGULAR MOMENTUM IS A DIRECT



PRECURSOR TO ITS QUANTUM MECHANICAL TREATMENT.

Q: IS THERE A SPECIFIC ORDER IN WHICH | SHOULD LEARN THESE PREREQUISITES?

A: GENERALLY, A STRONG FOUNDATION IN BASIC ALGEBRA AND TRIGONOMETRY COMES FIRST. THEN, CALCULUS (DIFFERENTIAL
AND INTEGRAL) AND LINEAR ALGEBRA ARE PARAMOUNT. A SOLID GRASP OF CLASSICAL MECHANICS AND ELECTROMAGNETISM
SHOULD IDEALLY PRECEDE OR BE CONCURRENT WITH THE MORE ADVANCED MATHEMATICAL PREREQUISITES, AS THEY PROVIDE THE
PHYSICAL CONTEXT. THERMODYNAMICS AND STATISTICAL MECHANICS CAN OFTEN BE STUDIED AFTER INITIAL EXPOSURE TO
QUANTUM MECHANICS, OR CONCURRENTLY IF FOCUSING ON AREAS LIKE CONDENSED MATTER PHYSICS.
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