MAJOR IN QUANTUM PHYSICS

MAJOR IN QUANTUM PHYSICS IS A RIGOROUS AND INTELLECTUALLY REWARDING ACADEMIC PATH THAT DELVES INTO THE
FUNDAMENTAL PRINCIPLES GOVERNING THE BEHAVIOR OF MATTER AND ENERGY AT THE SMALLEST SCALES. THIS FIELD EXPLORES
THE QUANTUM REALM, WHERE PARTICLES EXHIBIT WAVE-PARTICLE DUALITY, UNCERTAINTY, AND ENTANGLEMENT, CHALLENGING
CLASSICAL PHYSICS ASSUMPTIONS. STUDENTS WHO MAJOR IN QUANTUM PHYSICS GAIN A DEEP UNDERSTANDING OF QUANTUM
MECHANICS, QUANTUM THEORY, AND THEIR APPLICATIONS IN MODERN TECHNOLOGY AND RESEARCH. THIS ARTICLE PROVIDES A
COMPREHENSIVE OVERVIEW OF WHAT IT MEANS TO MAJOR IN QUANTUM PHYSICS, INCLUDING THE REQUIRED COURSEWORK,
CAREER OPPORTUNITIES, AND THE SKILLS DEVELOPED THROUGHOUT THE PROGRAM. ADDITIONALLY, IT COVERS THE SIGNIFICANCE
OF THIS FIELD IN ADVANCING TECHNOLOGY AND SCIENTIFIC KNOWLEDGE. THE FOLLOWING SECTIONS WILL GUIDE PROSPECTIVE
STUDENTS THROUGH THE ESSENTIALS OF PURSUING A DEGREE IN QUANTUM PHYSICS.

UNDERSTANDING QUANTUM PHYSICS AS A MAJOR

e CURRICULUM AND COURSEWORK FOR QUANTUM PHYSICS MAJORS

CAREER PATHS FOR GRADUATES MAJORING IN QUANTUM PHYSICS

SkILLS DeVELOPED WHILE MAJORING IN QUANTUM PHYSICS

® |[MPORTANCE AND APPLICATIONS OF QUANTUM PHYSICS

UNDERSTANDING QUANTUM PHYSICS AS A MAJOR

MAJORING IN QUANTUM PHYSICS INVOLVES STUDYING THE PRINCIPLES OF QUANTUM MECHANICS, WHICH EXPLAIN THE BEHAVIOR
OF PARTICLES AT THE ATOMIC AND SUBATOMIC LEVELS. THIS BRANCH OF PHYSICS DEPARTS FROM CLASSICAL MECHANICS BY
INTRODUCING CONCEPTS SUCH AS QUANTIZATION OF ENERGY, WAVEFUNCTIONS, AND THE PROBABILISTIC NATURE OF PARTICLE
STATES. STUDENTS PURSUING THIS MAJOR ENGAGE WITH BOTH THEORETICAL FRAMEWORKS AND EXPERIMENTAL TECHNIQUES TO
ANALYZE PHENOMENA THAT CANNOT BE EXPLAINED BY CLASSICAL PHYSICS ALONE. THE FIELD IS FOUNDATIONAL TO MODERN
PHYSICS AND UNDERPINS MANY TECHNOLOGICAL ADVANCEMENTS IN COMPUTING, CRYPTOGRAPHY, AND MATERIALS SCIENCE.

FounpATIONS oF QUANTUM MECHANICS

THE FOUNDATION OF A QUANTUM PHYSICS MAJOR RESTS ON UNDERSTANDING KEY PRINCIPLES SUCH AS THE SCHR DINGER
EQUATION, HEISENBERG’S UNCERTAINTY PRINCIPLE, QUANTUM ENTANGLEMENT, AND SUPERPOSITION. THESE CONCEPTS EXPLAIN
HOW PARTICLES EXIST IN MULTIPLE STATES SIMULTANEOUSLY AND HOW MEASUREMENT AFFECTS THE STATE OF A QUANTUM
SYSTEM. STUDENTS LEARN TO MATHEMATICALLY DESCRIBE THESE PHENOMENA AND APPLY THEM TO SOLVE COMPLEX PROBLEMS
IN PHYSICS.

INTERDISCIPLINARY NATURE

QUANTUM PHYSICS INTERSECTS WITH VARIOUS DISCIPLINES, INCLUDING CHEMISTRY, COMPUTER SCIENCE, AND ENGINEERING. THis
INTERDISCIPLINARY NATURE ALLOWS STUDENTS TO EXPLORE QUANTUM CHEMISTRY, QUANTUM COMPUTING, AND QUANTUM
INFORMATION THEORY. UNDERSTANDING THESE CONNECTIONS BROADENS THE APPLICABILITY OF QUANTUM PHYSICS KNOWLEDGE
AND OPENS DIVERSE RESEARCH AND CAREER OPPORTUNITIES.



CURRICULUM AND COURSEWORK FOR QUANTUM PHYSICS MAJORS

THE CURRICULUM FOR STUDENTS WHO MAJOR IN QUANTUM PHYSICS IS COMPREHENSIVE AND CHALLENGING, COMBINING
THEORETICAL KNOWLEDGE WITH PRACTICAL LABORATORY EXPERIENCE. COURSEWORK TYPICALLY SPANS MULTIPLE SEMESTERS
AND BUILDS PROGRESSIVELY FROM FUNDAMENTAL PHYSICS TO ADVANCED QUANTUM THEORIES.

Core COURSES

CORE COURSES IN A QUANTUM PHYSICS MAJOR GENERALLY INCLUDE:
o CLASSICAL MECHANICS — TO ESTABLISH A BASE IN NEW TONIAN PHYSICS PRINCIPLES
® [ ECTROMAGNETISM — COVERING THE BEHAVIOR OF ELECTRIC AND MAGNETIC FIELDS
o MATHEMATICAL METHODS FOR PHYSICISTS — FOCUSING ON CALCULUS, LINEAR ALGEBRA, AND DIFFERENTIAL EQUATIONS
® |[NTRODUCTION TO QUANTUM MECHANICS — FUNDAMENTAL QUANTUM PRINCIPLES AND PROBLEM~-SOLVING TECHNIQUES
o ADVANCED QUANTUM MECHANICS — DEEPER EXPLORATION OF PARTICLE INTERACTIONS AND QUANTUM SYSTEMS
o STATISTICAL MECHANICS — STUDYING ENSEMBLES AND THERMODYNAMIC PROPERTIES FROM A QUANTUM PERSPECTIVE

® EXPERIMENTAL PHYSICS LABORATORIES — HANDS-ON EXPERIENCE WITH QUANTUM MEASUREMENT AND INSTRUMENTATION

ELECTIVES AND SPECIALIZATIONS

STUDENTS OFTEN HAVE THE OPTION TO SELECT ELECTIVES THAT COMPLEMENT THEIR INTERESTS, SUCH AS QUANTUM
COMPUTING, QUANTUM OPTICS, CONDENSED MATTER PHYSICS, OR QUANTUM FIELD THEORY. THESE SPECIALIZED COURSES ENABLE
STUDENTS TO TAILOR THEIR EDUCATION TOW ARDS EMERGING FIELDS AND RESEARCH AREAS WITHIN QUANTUM PHYSICS.

CAREER PATHS FOR GRADUATES MAJORING IN QUANTUM PHYSICS

GRADUATES WHO MAJOR IN QUANTUM PHYSICS ARE EQUIPPED WITH ANALYTICAL AND TECHNICAL SKILLS THAT ARE HIGHLY
SOUGHT AFTER IN VARIOUS INDUSTRIES AND ACADEMIC RESEARCH. THE DEMAND FOR EXPERTS IN QUANTUM TECHNOLOGIES
CONTINUES TO GROW AS THE FIELD EXPANDS INTO NEW APPLICATIONS.

AcADEMIC AND ReSEARCH CAREERS

MANY QUANTUM PHYSICS MAJORS PURSUE GRADUATE STUDIES LEADING TO CAREERS IN ACADEMIA OR RESEARCH INSTITUTIONS.
THESE ROLES INVOLVE ADVANCING THEORETICAL MODELS, CONDUCTING EXPERIMENTS, AND CONTRIBUTING TO SCIENTIFIC
KNOWLEDGE IN FUNDAMENTAL AND APPLIED QUANTUM PHYSICS.

INDUSTRY AND TECHNOLOGY CAREERS

OuTsIDE ACADEMIA, CAREER OPPORTUNITIES INCLUDE POSITIONS IN TECHNOLOGY COMPANIES SPECIALIZING IN QUANTUM
COMPUTING, SEMICONDUCTOR DEVELOPMENT, AND CRYPTOGRAPHY. INDUSTRIES SUCH AS AEROSPACE, TELECOMMUNICATIONS,
AND PHARMACEUTICALS ALSO EMPLOY QUANTUM PHYSICISTS TO INNOVATE PRODUCT DESIGN AND IMPROVE PROCESSES.



OTHerR CAREER OPTIONS

ADDITIONAL CAREER PATHS FOR QUANTUM PHYSICS MAJORS INCLUDE:

DATA SCIENCE AND ANALYTICS

SoFTWARE DEVELOPMENT FOR QUANTUM ALGORITHMS
e CONSULTING IN HIGH-TECH AND SCIENTIFIC SECTORS

PATENT EXAMINATION AND INTELLECTUAL PROPERTY MANAGEMENT

SkiLLS DeveLoPED WHILE MAJORING IN QUANTUM PHYSICS

MAJORING IN QUANTUM PHYSICS CULTIVATES A WIDE RANGE OF SKILLS THAT ARE VALUABLE ACROSS SCIENTIFIC AND TECHNICAL
FIELDS. THESE SKILLS COMBINE DEEP THEORETICAL UNDERSTANDING WITH PRACTICAL PROBLEM-SOLVING ABILITIES.

ANALYTICAL AND MATHEMATICAL SKILLS

QUANTUM PHYSICS DEMANDS PROFICIENCY IN ADVANCED MATHEMATICS AND CRITICAL ANALYSIS. STUDENTS LEARN TO
CONSTRUCT AND MANIPULATE COMPLEX MODELS, INTERPRET EXPERIMENTAL DATA, AND SOLVE ABSTRACT PROBLEMS USING
LOGICAL REASONING.

TECHNICAL AND EXPERIMENTAL SKILLS

HANDS-ON LABORATORY WORK DEVELOPS SKILLS IN USING SOPHISTICATED INSTRUMENTS AND CONDUCTING PRECISE
MEASUREMENTS. THESE EXPERIENCES ARE ESSENTIAL FOR CAREERS IN RESEARCH AND DEVELOPMENT INVOLVING QUANTUM
TECHNOLOGIES.

ProGRAMMING AND COMPUTATIONAL SKILLS

MANY QUANTUM PHYSICS PROGRAMS INCORPORATE COMPUTATIONAL PHYSICS, TEACHING STUDENTS TO USE PROGRAMMING
LANGUAGES SUCH AS PYTHoN, MATLAB, or C++ TO SIMULATE QUANTUM SYSTEMS AND ANALYZE RESULTS.
COMPUTATIONAL PROFICIENCY IS INCREASINGLY IMPORTANT IN BOTH RESEARCH AND INDUSTRY.

IMPORTANCE AND APPLICATIONS OF QUANTUM PHYSICS

QUANTUM PHYSICS IS CENTRAL TO MANY MODERN SCIENTIFIC ADVANCEMENTS AND TECHNOLOGICAL INNOVATIONS. TS
PRINCIPLES ENABLE THE DEVELOPMENT OF NEW MATERIALS, ENHANCE COMPUTING CAPABILITIES, AND IMPROVE UNDERSTANDING OF
THE UNIVERSE.

QuUANTUM COMPUTING AND INFORMATION

QUANTUM COMPUTING HARNESSES QUANTUM BITS (QUBITS) TO PERFORM COMPUTATIONS AT SPEEDS UNATTAINABLE BY
CLASSICAL COMPUTERS. THIS EMERGING TECHNOLOGY PROMISES BREAKTHROUGHS IN CRYPTOGRAPHY, OPTIMIZATION PROBLEMS,
AND SIMULATION OF COMPLEX QUANTUM SYSTEMS.



MEDICAL AND MATERIAL SCIENCE APPLICATIONS

QUANTUM PHYSICS PRINCIPLES ARE APPLIED IN MEDICAL IMAGING TECHNOLOGIES SUCH AS MRI| AND IN THE DESIGN OF NOVEL
MATERIALS WITH UNIQUE ELECTRONIC AND MAGNETIC PROPERTIES. THESE APPLICATIONS IMPROVE HEALTHCARE AND ENABLE NEW
INDUSTRIAL PROCESSES.

FUNDAMENTAL ResearRCH AND CosMoLOGY

RESEARCH IN QUANTUM PHYSICS ALSO CONTRIBUTES TO UNDERSTANDING THE FUNDAMENTAL NATURE OF REALITY, INCLUDING
THE BEHAVIOR OF BLACK HOLES, THE EARLY UNIVERSE, AND THE UNIFICATION OF FORCES. THIS KNOWLEDGE EXPANDS THE
BOUNDARIES OF HUMAN COMPREHENSION AND SCIENTIFIC EXPLORATION.

FREQUENTLY ASkeD QUESTIONS

\WHAT DOES MAJORING IN QUANTUM PHYSICS INVOLVE?

MAJORING IN QUANTUM PHYSICS INVOLVES STUDYING THE FUNDAMENTAL PRINCIPLES OF QUANTUM MECHANICS, EXPLORING THE
BEHAVIOR OF PARTICLES AT THE ATOMIC AND SUBATOMIC LEVELS, AND APPLYING MATHEMATICAL FRAMEWORKS TO
UNDERSTAND PHENOMENA LIKE SUPERPOSITION, ENTANGLEMENT, AND QUANTUM TUNNELING.

\WHAT CAREER OPPORTUNITIES ARE AVAILABLE FOR GRADUATES WITH A MAJOR IN
QUANTUM PHYSICS?

GRADUATES WITH A MAJOR IN QUANTUM PHYSICS CAN PURSUE CAREERS IN RESEARCH, ACADEMIA, QUANTUM COMPUTING,
SEMICONDUCTOR TECHNOLOGY, CRYPTOGRAPHY, TELECOMMUNICATIONS, AND ROLES IN GOVERNMENT OR PRIVATE RESEARCH
LABS FOCUSED ON ADVANCED PHYSICS AND TECHNOLOGY DEVELOPMENT.

\W/HICH UNIVERSITIES ARE KNOWN FOR STRONG QUANTUM PHYSICS PROGRAMS?

ToP UNIVERSITIES KNOWN FOR STRONG QUANTUM PHYSICS PROGRAMS INCLUDE MIT, STANFORD UNIVERSITY, HARVARD
UNIVERSITY, UNIVERSITY OF CAMBRIDGE, CALIFORNIA INSTITUTE OF TECHNOLOGY (CALTECH), AND ETH ZURICH, AMONG
OTHERS.

WHAT SKILLS ARE IMPORTANT FOR SUCCESS IN A QUANTUM PHYSICS MAJOR?

IMPORTANT SKILLS INCLUDE STRONG MATHEMATICAL PROFICIENCY, ANALYTICAL THINKING, PROBLEM~SOLVING ABILITIES,
PROGRAMMING SKILLS (SUCH AS PYTHON OR MATLAB), AND A SOLID UNDERSTANDING OF CLASSICAL PHYSICS PRINCIPLES AS A
FOUNDATION.

How DOES QUANTUM PHYSICS DIFFER FROM CLASSICAL PHYSICS IN ACADEMIC STUDY?

QUANTUM PHYSICS DIFFERS FROM CLASSICAL PHYSICS BY FOCUSING ON THE BEHAVIOR OF MATTER AND ENERGY AT
MICROSCOPIC SCALES, WHERE PARTICLES EXHIBIT WAVE-PARTICLE DUALITY AND PROBABILISTIC OUTCOMES, UNLIKE THE
DETERMINISTIC LAWS GOVERNING MACROSCOPIC OBJECTS IN CLASSICAL PHYSICS.

CAN A MAJOR IN QUANTUM PHYSICS LEAD TO INTERDISCIPLINARY OPPORTUNITIES?

YES/ A MAJOR IN QUANTUM PHYSICS CAN LEAD TO INTERDISCIPLINARY OPPORTUNITIES IN FIELDS LIKE QUANTUM CHEMISTRY,
MATERIALS SCIENCE, QUANTUM INFORMATION SCIENCE, ARTIFICIAL INTELLIGENCE, AND NANOTECHNOLOGY , ENABLING
COLLABORATION ACROSS DIVERSE SCIENTIFIC AND TECHNOLOGICAL DOMAINS.



\WHAT ARE COMMON CHALLENGES FACED BY STUDENTS MAJORING IN QUANTUM PHYSICS?

COMMON CHALLENGES INCLUDE MASTERING COMPLEX MATHEMATICAL CONCEPTS, UNDERSTANDING ABSTRACT QUANTUM
THEORIES, KEEPING UP WITH RAPIDLY EVOLVING RESEARCH, AND APPLYING THEORETICAL KNOWLEDGE TO PRACTICAL PROBLEMS
AND EXPERIMENTAL DATA ANALYSIS.

ADDITIONAL RESOURCES

1. PrinCiPLES OF QUANTUM MECHANICS

THIS FOUNDATIONAL TEXT BY R. SHANKAR PROVIDES A COMPREHENSIVE INTRODUCTION TO QUANTUM MECHANICS. |T COVERS
THE MATHEMATICAL FORMALISM AND PHYSICAL CONCEPTS IN A CLEAR AND DETAILED MANNER, MAKING IT IDEAL FOR BOTH
BEGINNERS AND ADVANCED STUDENTS. THE BOOK INCLUDES NUMEROUS EXAMPLES AND PROBLEMS TO REINFORCE UNDERSTANDING.

2. QUANTUM MeCHANICS: CONCEPTS AND APPLICATIONS

AUTHORED BY NOUREDINE ZETTILI, THIS BOOK PRESENTS THE CORE PRINCIPLES OF QUANTUM MECHANICS WITH A FOCUS ON
PRACTICAL APPLICATIONS. |T OFFERS DETAILED EXPLANATIONS OF KEY TOPICS SUCH AS ANGULAR MOMENTUM, PERTURBATION
THEORY, AND QUANTUM DYNAMICS. THE BOOK ALSO INCLUDES WORKED EXAMPLES AND EXERCISES TO SUPPORT LEARNING.

3. Mopern QUANTUM MECHANICS

W/RITTEN BY J.J. SAKURAI AND JIM NAPOLITANO, THIS TEXT IS WIDELY REGARDED AS A STANDARD REFERENCE FOR GRADUATE-
LEVEL QUANTUM MECHANICS. |T EMPHASIZES THE CONCEPTUAL FRAMEWORK AND MATHEMATICAL TECHNIQUES NECESSARY FOR
ADVANCED STUDY. T OPICS INCLUDE SYMMETRY PRINCIPLES, QUANTUM MEASUREMENT, AND SCATTERING THEORY.

4. QUANTUM COMPUTATION AND (QUANTUM INFORMA TION

By MicHAEL A. NIELSEN AND ISAAC L. CHUANG, THIS BOOK EXPLORES THE INTERSECTION OF QUANTUM MECHANICS AND
INFORMATION THEORY. |T INTRODUCES THE PRINCIPLES OF QUANTUM COMPUTING, QUANTUM ALGORITHMS, AND QUANTUM ERROR
CORRECTION. THIS TEXT IS ESSENTIAL FOR STUDENTS INTERESTED IN THE EMERGING FIELD OF QUANTUM INFORMATION SCIENCE.

5. QUANTUM FieLD THEORY FOR THE GIFTED AMATEUR

ToM LANCASTER AND STEPHEN J. BLUNDELL PROVIDE AN ACCESSIBLE INTRODUCTION TO QUANTUM FIELD THEORY, A KEY AREA
OF QUANTUM PHYSICS. THE BOOK BALANCES CONCEPTUAL DISCUSSIONS WITH MATHEMATICAL RIGOR, MAKING COMPLEX TOPICS
MORE APPROACHABLE. IT IS SUITABLE FOR ADVANCED UNDERGRADUATES AND BEGINNING GRADUATE STUDENTS.

6. INTRODUCTION TO QUANTUM MECHANICS

DAVID J. GRIFFITHS® WIDELY USED TEXTBOOK OFFERS A CLEAR AND CONCISE INTRODUCTION TO THE FUNDAMENTAL PRINCIPLES OF
QUANTUM MECHANICS. |IT COVERS WAVE MECHANICS, THE SCHR[?] DINGER EQUATION, AND APPLICATIONS TO ATOMS AND
MOLECULES. THE BOOK’S APPROACHABLE STYLE MAKES IT A FAVORITE AMONG PHYSICS MAJORS.

7. QUANTUM MECHANICS AND PATH INTEGRALS

THIS CLASSIC TEXT BY RICHARD P. FEYNMAN AND ALBERT R. HIBBS INTRODUCES THE PATH INTEGRAL FORMULATION OF
QUANTUM MECHANICS. |T PROVIDES A UNIQUE PERSPECTIVE THAT COMPLEMENTS TRADITIONAL APPROACHES, EMPHASIZING THE
SUM-OVER-PATHS CONCEPT. THE BOOK IS VALUABLE FOR STUDENTS INTERESTED IN THEORETICAL AND MATHEMATICAL PHYSICS.

8. QUANTUM THEORY: CONCEPTS AND METHODS

BY ASHER PERES, THIS BOOK DELVES INTO THE CONCEPTUAL FOUNDATIONS AND INTERPRETATIVE ASPECTS OF QUANTUM
MECHANICS. |T ADDRESSES TOPICS SUCH AS QUANTUM ENTANGLEMENT, MEASUREMENT THEORY, AND THE PHILOSOPHICAL
IMPLICATIONS OF QUANTUM PHENOMENA. THE TEXT IS SUITED FOR READERS SEEKING A DEEPER UNDERSTANDING BEYOND
STANDARD FORMULATIONS.

Q. QUANTUM MECHANICS: THE THEORETICAL MINIMUM

LEONARD SUSSKIND AND ART FRIEDMAN PRESENT AN ACCESSIBLE YET RIGOROUS INTRODUCTION TO QUANTUM MECHANICS FOR
SELF-LEARNERS AND ENTHUSIASTS. THE BOOK COVERS ESSENTIAL TOPICS INCLUDING OPERATORS, WAVE FUNCTIONS, AND THE
UNCERTAINTY PRINCIPLE WITH CLARITY AND INSIGHT. |T IS PART OF A SERIES AIMED AT PROVIDING THE MINIMAL THEORETICAL
BACKGROUND NEEDED TO UNDERSTAND MODERN PHYSICS.
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