QUANTUM PHYSICS PROBABILITY

THE ULTIMATE GUIDE TO QUANTUM PHYSICS PROBABILITY

QUANTUM PHYSICS PROBABILITY LIES AT THE HEART OF UNDERSTANDING THE UNIVERSE AT ITS MOST FUNDAMENTAL LEVEL.
UNLIKE THE PREDICTABLE WORLD OF CLASSICAL PHYSICS, WHERE OUTCOMES CAN BE DETERMINED WITH CERTAINTY GIVEN
ENOUGH INFORMATION, QUANTUM MECHANICS INTRODUCES AN INHERENT PROBABILISTIC NATURE TO REALITY. THIS ARTICLE WILL
DELVE INTO THE FASCINATING REALM OF QUANTUM PROBABILITY, EXPLORING HOW IT GOVERNS THE BEHAVIOR OF SUBATOMIC
PARTICLES, THE MEANING OF WAVE FUNCTIONS, THE IMPLICATIONS OF QUANTUM SUPERPOSITION AND ENTANGLEMENT, AND HOW
THESE CONCEPTS MANIFEST IN VARIOUS QUANTUM PHENOMENA. WE'LL UNPACK THE COUNTER-INTUITIVE NATURE OF QUANTUM
EVENTS AND SHED LIGHT ON HOW SCIENTISTS USE PROBABILITY TO PREDICT AND EXPLAIN THE MICROSCOPIC WORLD, BRIDGING
THE GAP BETWEEN ABSTRACT THEORY AND OBSERVABLE REALITY.
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THE PRoBABILISTIC NATURE OF THE QUANTUM \W/ ORLD

IN THE MACROSCOPIC WORLD WE INHABIT, CAUSE AND EFFECT ARE TYPICALLY DIRECT AND PREDICTABLE. IF YOU PUSH A BALL
WITH A CERTAIN FORCE, YOU CAN CALCULATE PRECISELY HOW FAR IT WILL ROLL. HO\X/EVER, WHEN WE SHRINK DOWN TO THE
QUANTUM REALM—THE DOMAIN OF ATOMS, ELECTRONS, PHOTONS, AND OTHER SUBATOMIC PARTICLES—THIS DETERMINISTIC
PREDICTABILITY BREAKS DOWN. |NSTEAD, WE ENCOUNTER A UNIVERSE GOVERNED BY PROBABILITIES. |T'S NOT THAT WE LACK THE
INFORMATION TO MAKE A PRECISE PREDICTION; IT'S THAT THE VERY FABRIC OF REALITY AT THIS SCALE IS INHERENTLY
UNCERTAIN. EVENTS DON'T HAVE A SINGLE, GUARANTEED OUTCOME; THEY POSSESS A RANGE OF POTENTIAL OUTCOMES, EACH
WITH A SPECIFIC PROBABILITY OF OCCURRING.

THIS FUNDAMENTAL SHIFT IN PERSPECTIVE FROM CERTAINTY TO PROBABILITY IS ONE OF THE MOST REVOLUTIONARY ASPECTS OF
QUANTUM MECHANICS. |T CHALLENGES OUR INTUITION, WHICH IS BUILT ON OBSERVING THE BEHAVIOR OF LARGER OBJECTS. THINK
OF IT LIKE THIS: FOR EVERYDAY OBJECTS, WE CAN DRAW A CLEAR LINE FROM A STARTING POINT TO AN ENDPOINT. IN THE
QUANTUM WORLD, IT'S MORE LIKE A CLOUD OF POSSIBILITIES, WHERE THE PARTICLE COULD BE IN MANY PLACES OR HAVE MANY
PROPERTIES SIMULTANEOUSLY, WITH VARYING LIKELIHOODS FOR EACH.

W/HY PROBABILITY IS ESSENTIAL IN QUANTUM MECHANICS

THE NECESSITY OF PROBABILITY IN QUANTUM MECHANICS ARISES FROM THE WAVE-PARTICLE DUALITY OF QUANTUM ENTITIES.
PARTICLES LIKE ELECTRONS, WHICH WE OFTEN CONCEPTUALIZE AS TINY SOLID SPHERES, ALSO EXHIBIT W AVE-LIKE PROPERTIES.
THESE WAVES AREN'T LIKE THE WAVES ON THE SURFACE OF WATER, THEY ARE PROBABILITY WAVES, OFTEN REPRESENTED
MATHEMATICALLY BY A WAVE FUNCTION. THIS WAVE FUNCTION DOESN'T DESCRIBE A PHYSICAL WAVE IN SPACE BUT RATHER
THE PROBABILITY OF FINDING THE PARTICLE IN A PARTICULAR STATE OR LOCATION. W/ITHOUT A PROBABILISTIC FRAMEWORK,
WE WOULD HAVE NO WAY TO CONNECT THESE ABSTRACT QUANTUM WAVES TO THE CONCRETE, OBSERVABLE PARTICLES WE
DETECT IN EXPERIMENTS.

FURTHERMORE, QUANTUM PHENOMENA OFTEN INVOLVE INTERACTIONS WHERE THE PRECISE OUTCOME IS NOT PREDETERMINED. FOR
INSTANCE, WHEN A PHOTON HITS A BEAM SPLITTER, IT DOESN'T ALWAYS GO THROUGH OR ALWAYS REFLECT. |NSTEAD, THERE'S
A CERTAIN PROBABILITY IT WILL BE TRANSMITTED AND A CERTAIN PROBABILITY IT WILL BE REFLECTED. QUANTUM MECHANICS



PROVIDES THE TOOLS TO CALCULATE THESE PROBABILITIES, ALLOWING US TO PREDICT THE OVERALL BEHAVIOR OF A LARGE
NUMBER OF SUCH EVENTS, EVEN IF WE CAN'T PREDICT THE FATE OF A SINGLE PARTICLE WITH CERTAINTY.

W AVE FUNCTIONS AND PROBABILITY AMPLITUDE

AT THE CORE OF QUANTUM PROBABILITY IS THE CONCEPT OF THE WAVE FUNCTION, OFTEN DENOTED BY THE GREEK LETTER PSI
($\PSI$). THIS IS A MATHEMATICAL FUNCTION THAT ENCAPSULATES ALL THE INFORMATION ABOUT A QUANTUM SYSTEM.
HO\X/EVER, THE WAVE FUNCTION ITSELF IS NOT DIRECTLY OBSERVABLE. |NSTEAD, IT'S THE SQUARE OF ITS MAGNITUDE,
$|\PSI|A2$, THAT HOLDS THE KEY TO PROBARBILITY. THIS IS WHERE THE CONCEPT OF PROBABILITY AMPLITUDE COMES INTO
PLAY.

THE WAVE FUNCTION CAN BE A COMPLEX NUMBER, MEANING IT HAS BOTH A REAL AND AN IMAGINARY PART. THE PROBABILITY
AMPLITUDE IS ESSENTIALLY THE VALUE OF THIS WAVE FUNCTION AT A GIVEN POINT OR FOR A GIVEN STATE. WHILE THE
AMPLITUDE CAN BE POSITIVE, NEGATIVE, OR EVEN IMAGINARY, IT'S ITS ABSOLUTE VALUE SQUARED THAT GIVES US A REAL,
NON-NEGATIVE NUMBER REPRESENTING A PROBABILITY DENSITY. SO/ IF THE WAVE FUNCTION IS LARGE IN A PARTICULAR REGION
OF SPACE, THE PROBABILITY OF FINDING THE PARTICLE IN THAT REGION IS ALSO HIGH.

THE MEANING OF PROBABILITY AMPLITUDE

THE PROBABILITY AMPLITUDE IS A CRUCIAL BRIDGE BETWEEN THE ABSTRACT MATHEMATICAL DESCRIPTION OF A QUANTUM
SYSTEM AND THE PHYSICAL REALITY WE CAN MEASURE. IMAGINE A SINGLE ELECTRON. ITS WAVE FUNCTION DESCRIBES THE
LIKELIHOOD OF FINDING THAT ELECTRON IN VARIOUS POSITIONS. IF THE PROBABILITY AMPLITUDE IS LARGE AT POINT A AND
SMALL AT POINT B, IT MEANS THAT IF WE WERE TO MEASURE THE ELECTRON'S POSITION, WE ARE MUCH MORE LIKELY TO FIND IT
AT A THAN AT B. THE PROBABILITY AMPLITUDE ITSELF DOESN'T TELL YOU THE PROBABILITY DIRECTLY, BUT IT'S THE RAW
MATERIAL FROM WHICH PROBABILITIES ARE DERIVED.

IT'S IMPORTANT TO UNDERSTAND THAT THE WAVE FUNCTION FOR A PARTICLE DOESN,TJUST DESCRIBE ITS POSITION. [T CAN
ALSO DESCRIBE ITS MOMENTUM, ENERGY, SPIN, AND OTHER PROPERTIES. FOR EACH OF THESE PROPERTIES, THERE'S A
CORRESPONDING PROBABILITY AMPLITUDE THAT DETERMINES THE LIKELIHOOD OF MEASURING A SPECIFIC VALUE FOR THAT
PROPERTY. THIS PROBARBILISTIC NATURE MEANS THAT EVEN IF WE PREPARE A QUANTUM SYSTEM IN EXACTLY THE SAME STATE
MULTIPLE TIMES, WE MIGHT GET DIFFERENT RESULTS EACH TIME WE MEASURE A CERTAIN PROPERTY, BUT THE DISTRIBUTION OF
THOSE RESULTS WILL BE GOVERNED BY THE PROBABILITIES DICTATED BY THE WAVE FUNCTION.

BorN RULE: CONNECTING PROBABILITY AMPLITUDE TO OBSERVABLE
OuTCoMES

THE BORN RULE, FORMULATED BY PHYSICIST MAX BORN, IS A CORNERSTONE OF QUANTUM MECHANICS. |T PROVIDES THE
EXPLICIT CONNECTION BETWEEN THE ABSTRACT WAVE FUNCTION AND THE PROBABILITIES OF OBSERVABLE EVENTS. SIMPLY PUT,
THE BORN RULE STATES THAT THE PROBABILITY OF FINDING A PARTICLE IN A PARTICULAR STATE OR LOCATION IS
PROPORTIONAL TO THE SQUARE OF THE MAGNITUDE OF THE WAVE FUNCTION ASSOCIATED WITH THAT STATE OR LOCATION.
THIS IS OFTEN EXPRESSED MATHEMATICALLY AS $P(x) = [\Psi(x)|" 2%, WHERE $P(x)$ IS THE PROBABILITY DENSITY AT
POSITION $x$, AND $\PSI(X)$ IS THE WAVE FUNCTION AT THAT POSITION.

THIS RULE IS FUNDAMENTAL BECAUSE IT ALLOWS PHYSICISTS TO MAKE QUANTITATIVE PREDICTIONS ABOUT EXPERIMENT AL
OUTCOMES. WITHOUT THE BORN RULE, THE WAVE FUNCTION WOULD REMAIN A PURELY THEORETICAL CONSTRUCT WITH NO
CLEAR LINK TO THE MEASURABLE WORLD. |T TRANSFORMS THE COMPLEX-VALUED PROBABILITY AMPLITUDE INTO A REAL, NON-
NEGATIVE PROBABILITY, WHICH IS WHAT WE INTUITIVELY UNDERSTAND AS LIKELIHOOD.



THE SIGNIFICANCE OF SQUARING THE W AVE FUNCTION

THE ACT OF SQUARING THE MAGNITUDE OF THE WAVE FUNCTION IS NOT ARBITRARY, IT'S ESSENTIAL FOR SEVERAL REASONS.
FIRSTLY, IT ENSURES THAT PROBABILITIES ARE ALWAYS NON-NEGATIVE, WHICH IS A FUNDAMENTAL REQUIREMENT FOR ANY
PROBABILITY DISTRIBUTION. W AVE FUNCTIONS THEMSELVES CAN BE NEGATIVE OR IMAGINARY, BUT THEIR SQUARED MAGNITUDES
ARE ALWAYS POSITIVE REAL NUMBERS. SECONDLY, IT PROVIDES A CONSISTENT WAY TO NORMALIZE PROBABILITIES. THE SUM OF
PROBABILITIES OVER ALL POSSIBLE OUTCOMES FOR A GIVEN MEASUREMENT MUST EQUAL ONE (OR -|OOO/O> SQUARING THE
AMPLITUDE AND INTEGRATING OVER ALL POSSIBLE STATES ENSURES THIS NORMALIZATION CONDITION IS MET, MEANING THE
PARTICLE IS GUARANTEED TO BE FOUND SOMEWHERE.

CONSIDER AN EXPERIMENT WHERE YOU'RE TRYING TO DETECT AN ELECTRON. THE WAVE FUNCTION FOR THE ELECTRON MIGHT BE
SPREAD OUT OVER A LARGE REGION. THE BORN RULE TELLS US THAT THE PROBABILITY OF DETECTING THE ELECTRON IS HIGHEST
IN REGIONS \WHERE $|\PSI|A2$ IS LARGEST. THIS IS CRUCIAL FOR DESIGNING EXPERIMENTS AND INTERPRETING THEIR RESULTS. IT'S
THE FOUNDATION UPON WHICH WE BUILD OUR UNDERSTANDING OF HOW QUANTUM SYSTEMS BEHAVE IN THE REAL WORLD.

QUANTUM SUPERPOSITION AND PROBABILITY

ONE OF THE MOST MIND-BENDING CONCEPTS IN QUANTUM MECHANICS IS SUPERPOSITION. IT'S THE IDEA THAT A QUANTUM
SYSTEM CAN EXIST IN MULTIPLE STATES SIMULTANEOUSLY UNTIL A MEASUREMENT IS MADE. BEFORE MEASUREMENT, THE SYSTEM
IS NOT IN ONE DEFINITE STATE BUT RATHER IN A COMBINATION, OR SUPERPOSITION, OF ALL POSSIBLE STATES. THIS IS WHERE
QUANTUM PROBABILITY TRULY SHINES, AS IT DESCRIBES THE LIKELIHOOD OF COLLAPSING INTO EACH OF THESE INDIVIDUAL
STATES UPON OBSERVATION.

FOR EXAMPLE, AN ELECTRON’S SPIN CAN BE “UP” OR “DOWN.” IN SUPERPOSITION, AN ELECTRON CAN BE IN A STATE THAT IS
SIMULTANEOUSLY PARTIALLY SPIN-UP AND PARTIALLY SPIN-DOWN. THE WAVE FUNCTION FOR THIS SYSTEM WOULD DESCRIBE
THE PROBABILITY AMPLITUDE FOR EACH OF THESE POSSIBILITIES. UPON MEASUREMENT , THE SUPERPOSITION “COLLAPSES,” AND
THE ELECTRON IS FOUND TO BE EITHER SPIN-UP OR SPIN-DOWN, WITH PROBABILITIES DETERMINED BY THE SQUARED MAGNITUDES
OF THE RESPECTIVE AMPLITUDES IN THE ORIGINAL SUPERPOSITION.

PROBABILITIES IN SUPERPOSITION STATES

W/HEN A QUANTUM SYSTEM IS IN A SUPERPOSITION OF STATES, ITS WAVE FUNCTION IS A SUM OF THE WAVE FUNCTIONS FOR
EACH INDIVIDUAL STATE, EACH MULTIPLIED BY A PROBABILITY AMPLITUDE. LET'S SAY A PARTICLE CAN BE IN STATE A OR STATE
B. ITS WAVE FUNCTION MIGHT BE $\Psi = c_A \psi_A + c_B \psi_B$, wHere $c_A$ AND $C_B$ ARE COMPLEX
PROBABILITY AMPLITUDES. ACCORDING TO THE BORN RULE, THE PROBABILITY OF FINDING THE PARTICLE IN STATE A UPON
MEASUREMENT IS $|c_A|"2$, AND THE PROBABILITY OF FINDING IT IN STATE B IS $|c_B|"2$. THE SUM OF THESE PROBABILITIES,
$lc_Al"2 +|c_B|"2%, MUST EQUAL 1.

THIS PROBABILISTIC NATURE OF SUPERPOSITION IS WHAT MAKES QUANTUM COMPUTING SO POWERFUL. QUANTUM BITS, OR
QUBITS, CAN EXIST IN A SUPERPOSITION OF 0 AND -|, ALLOWING THEM TO PERFORM MANY CALCULATIONS SIMULTANEOUSLY.
THE PROBABILITY OF OBTAINING A PARTICULAR RESULT AFTER A QUANTUM COMPUTATION DEPENDS ON THE COMPLEX
AMPLITUDES OF THE SUPERPOSITION STATES INVOLVED, HIGHLIGHTING THE DIRECT APPLICATION OF QUANTUM PROBABILITY IN
CUTTING-EDGE TECHNOLOGY.

QUANTUM ENTANGLEMENT AND PROBABILISTIC CORRELATIONS

QUANTUM ENTANGLEMENT IS ANOTHER PHENOMENON WHERE PROBABILITY PLAYS A PIVOTAL ROLE, SHOWCASING A PROFOUND
INTERCONNECTEDNESS BETWEEN QUANTUM PARTICLES. W/HEN TWO OR MORE PARTICLES BECOME ENTANGLED, THEIR FATES ARE
LINKED IN SUCH A WAY THAT THEY CAN NO LONGER BE DESCRIBED INDEPENDENTLY, EVEN IF SEPARATED BY VAST DISTANCES.



MEASURING A PROPERTY OF ONE ENTANGLED PARTICLE INSTANTANEOQUSLY INFLUENCES THE STATE OF THE OTHER(S),
REGARDLESS OF THE SEPARATION. THIS INFLUENCE ISN'T A CLASSICAL COMMUNICATION, BUT RATHER A CORRELATION THAT IS
PROBABILISTIC IN NATURE.

IMAGINE TWO ENTANGLED ELECTRONS. IF ONE IS MEASURED TO HAVE SPIN-UP, THE OTHER, NO MATTER HOW FAR AWAY, WILL
INSTANTANEOUSLY BE FOUND TO HAVE SPIN-DOWN, AND VICE-VERSA. THIS PERFECT CORRELATION ISN'T PREDETERMINED IN A
CLASSICAL SENSE; RATHER, THE INITIAL ENTANGLED STATE EMBODIES A PROBABILITY DISTRIBUTION FOR THESE OUTCOMES THAT
IS INHERENTLY LINKED.

THe ProBABILISTIC NATURE OF ENTANGLED STATES

THE WAVE FUNCTION DESCRIBING AN ENTANGLED SYSTEM IS NOT SIMPLY A COMBINATION OF INDIVIDUAL WAVE FUNCTIONS.
|NSTEADI IT's A SINGLE, UNIFIED WAVE FUNCTION THAT DESCRIBES THE COMPOSITE SYSTEM. THIS WAVE FUNCTION DICTATES
THE PROBABILITIES OF VARIOUS OUTCOMES WHEN MEASUREMENTS ARE PERFORMED ON THE ENTANGLED PARTICLES. FOR
INSTANCE, IF WE HAVE TWO ENTANGLED PARTICLES, THE PROBABILITY OF MEASURING PARTICLE 1 TO BE INSTATE A AND
PARTICLE 2 TO BE IN STATE B MIGHT BE DICTATED BY A TERM IN THE JOINT WAVE FUNCTION.

THE SEEMINGLY INSTANTANEOUS NATURE OF THESE CORRELATIONS, FAMOUSLY DESCRIBED BY EINSTEIN AS “SPOOKY ACTION AT
A DISTANCE,“ IS A DIRECT CONSEQUENCE OF THE PROBABILISTIC FRAMEWORK. THE PROBABILITIES FOR THE OUTCOMES OF
MEASUREMENTS ON ENTANGLED PARTICLES ARE DEEPLY INTERTWINED. THIS MEANS THAT WHILE WE CAN'T PREDICT WITH
CERTAINTY THE OUTCOME OF A SINGLE MEASUREMENT ON ONE PARTICLE, THE PROBABILITIES OF OUTCOMES FOR BOTH PARTICLES
ARE INEXTRICABLY LINKED, ALLOWING FOR PRECISE PROBABILISTIC PREDICTIONS ABOUT THE CORRELATED RESULTS.

APPLICATIONS OF QUANTUM PHYSICS PROBABILITY

THE PRINCIPLES OF QUANTUM PHYSICS PROBABILITY ARE NOT MERELY ABSTRACT CURIOSITIES, THEY FORM THE BEDROCK OF
NUMEROUS MODERN TECHNOLOGIES AND SCIENTIFIC ENDEAVORS. FROM THE LASERS IN OUR BLU-RAY PLAYERS TO THE
TRANSISTORS IN OUR SMARTPHONES AND THE CUTTING-EDGE RESEARCH IN QUANTUM COMPUTING AND CRYPTOGRAPHY, THE
UNDERSTANDING AND APPLICATION OF QUANTUM PROBABILITY ARE INDISPENSABLE.

IN THE REALM OF QUANTUM COMPUTING, THE ABILITY TO HARNESS SUPERPOSITION AND ENTANGLEMENT RELIES ENTIRELY ON
MANIPULATING PROBABILITY AMPLITUDES. QUANTUM ALGORITHMS ARE DESIGNED TO EXPLOIT THE PROBABILISTIC NATURE OF
QUBITS TO PERFORM CALCULATIONS FAR BEYOND THE REACH OF CLASSICAL COMPUTERS. SIMILARLY, QUANTUM
CRYPTOGRAPHY USES THE PRINCIPLES OF QUANTUM MECHANICS, INCLUDING PROBABILITY, TO ENSURE SECURE COMMUNICATION
CHANNELS.

QUANTUM COoMPUTING AND CRYPTOGRAPHY

QUANTUM COMPUTING LEVERAGES SUPERPOSITION TO ALLOW QUBITS TO REPRESENT MULTIPLE VALUES SIMULTANEOUSLY. THE
POWER OF QUANTUM ALGORITHMS LIES IN THEIR ABILITY TO EXPLORE THESE MULTIPLE POSSIBILITIES CONCURRENTLY, GUIDED BY
THE UNDERLYING QUANTUM PROBABILITIES. THE OUTCOME OF A QUANTUM COMPUTATION IS A PROBABILISTIC DISTRIBUTION OF
RESULTS, AND THE ALGORITHM IS DESIGNED SUCH THAT THE CORRECT ANSWER HAS A HIGH PROBABILITY OF BEING MEASURED.
THIS FUNDAMENTALLY PROBABILISTIC APPROACH IS WHAT GIVES QUANTUM COMPUTERS THEIR POTENTIAL ADVANTAGE FOR
CERTAIN TYPES OF PROBLEMS.

IN QUANTUM CRYPTOGRAPHY, THE VERY ACT OF EAVESDROPPING ON A QUANTUM COMMUNICATION CHANNEL INEVITABLY
DISTURBS THE QUANTUM STATE OF THE TRANSMITTED PARTICLES. THIS DISTURBANCE ALTERS THE PROBABILITIES OF
MEASUREMENT OUTCOMES, ALERTING THE LEGITIMATE USERS TO THE PRESENCE OF AN INTRUDER. THIS SECURITY IS GUARANTEED
BY THE PROBABILISTIC NATURE OF QUANTUM MECHANICS, ENSURING THAT ANY ATTEMPT TO GAIN INFORMATION WITHOUT
AUTHORIZATION WILL BE DETECTABLE.



MATERIALS SCIENCE AND MEDICAL IMAGING

QUANTUM PROBABILITY ALSO FINDS APPLICATIONS IN UNDERSTANDING AND DESIGNING NEW MATERIALS. THE ELECTRONIC
PROPERTIES OF MATERIALS, WHICH DICTATE THEIR CONDUCTIVITY, OPTICAL BEHAVIOR, AND MAGNETIC PROPERTIES, ARE
GOVERNED BY QUANTUM MECHANICAL PRINCIPLES. PREDICTING THESE PROPERTIES OFTEN INVOLVES COMPLEX CALCULATIONS OF
ELECTRON WAVE FUNCTIONS AND THEIR ASSOCIATED PROBABILITIES WITHIN THE MATERIAL'S STRUCTURE. THIS ALLOWS
SCIENTISTS TO ENGINEER MATERIALS WITH SPECIFIC DESIRED CHARACTERISTICS.

FURTHERMORE, ADVANCED MEDICAL IMAGING TECHNIQUES LIKE MAGNETIC RESONANCE IMAGING (MRI) ARE ROOTED IN QUANTUM
MECHANICS. MRI MACHINES EXPLOIT THE QUANTUM PROPERTY OF NUCLEAR SPIN. THE PROBABILISTIC BEHAVIOR OF THESE SPINS
IN MAGNETIC FIELDS IS WHAT ALLOWS FOR THE DETAILED IMAGING OF SOFT TISSUES WITHIN THE HUMAN BODY. | HE PRECISE
CONTROL AND MEASUREMENT OF THESE QUANTUM STATES, GUIDED BY PROBABILISTIC PREDICTIONS, ARE CRUCIAL FOR THE
DIAGNOSTIC POWER OF MRI.

FAQ

Q: WHAT IS THE FUNDAMENT AL DIFFERENCE BETWEEN CLASSICAL PROBABILITY AND
QUANTUM PROBABILITY?

A: CLASSICAL PROBABILITY DEALS WITH THE LIKELIHOOD OF EVENTS IN A DETERMINISTIC SYSTEM WHERE OUTCOMES ARE
CERTAIN IF ALL INITIAL CONDITIONS ARE KNOWN. QUANTUM PROBABILITY, ON THE OTHER HAND, DESCRIBES THE INHERENT
UNCERTAINTY IN PREDICTING THE OUTCOME OF EVENTS AT THE SUBATOMIC LEVEL, WHERE SYSTEMS CAN EXIST IN MULTIPLE
STATES SIMULTANEOUSLY UNTIL MEASURED. THE PROBABILITIES IN QUANTUM MECHANICS ARE NOT DUE TO A LACK OF
INFORMATION, BUT A FUNDAMENTAL FEATURE OF REALITY.

QI How DOES THE WAVE FUNCTION RELATE TO PROBABILITY IN QUANTUM MECHANICS?

A: THE WAVE FUNCTION, DENOTED BY $\PSI$, IS A MATHEMATICAL DESCRIPTION OF A QUANTUM SYSTEM. THE PROBABILITY OF
FINDING A PARTICLE IN A PARTICULAR STATE OR LOCATION IS GIVEN BY THE SQUARE OF THE MAGNITUDE OF THE WAVE
FUNCTION IN THAT STATE OR LOCATION, A PRINCIPLE KNOWN AS THE BOrN RULE ($P = [\psI|*2$).

Q: CAN QUANTUM PROBABILITY PREDICT THE EXACT OUTCOME OF A SINGLE QUANTUM
EVENT?

A: NO, QUANTUM PROBABILITY CANNOT PREDICT THE EXACT OUTCOME OF A SINGLE QUANTUM EVENT. |T CAN ONLY PROVIDE
THE PROBABILITY OF EACH POSSIBLE OUTCOME. FOR EXAMPLE, IT CAN TELL YOU THERE'S A 500/0 CHANCE AN ELECTRON WILL BE
SPIN-UP AND A 500/0 CHANCE IT WILL BE SPIN-DOWN, BUT IT CANNOT TELL YOU WHICH WILL HAPPEN IN A SINGLE MEASUREMENT.

QI \WHAT IS SUPERPOSITION , AND HOW DOES PROBABILITY APPLY TO IT?

A: SUPERPOSITION IS THE QUANTUM MECHANICAL PRINCIPLE THAT A SYSTEM CAN EXIST IN MULTIPLE STATES SIMULTANEOUSLY.
PROBABILITY IS USED TO DESCRIBE THE LIKELIHOOD OF THE SYSTEM COLLAPSING INTO EACH OF THESE INDIVIDUAL STATES WHEN
A MEASUREMENT IS PERFORMED. THE WAVE FUNCTION OF A SUPERIMPOSED STATE IS A SUM OF THE WAVE FUNCTIONS OF
INDIVIDUAL STATES, EACH WEIGHTED BY A PROBABILITY AMPLITUDE.

Q: How DOES ENTANGLEMENT INVOLVE PROBABILITY?

A: ENTANGLEMENT LINKS THE STATES OF TWO OR MORE PARTICLES SO THAT THEY CANNOT BE DESCRIBED INDEPENDENTLY. THE
W AVE FUNCTION FOR AN ENTANGLED SYSTEM DICTATES THE PROBABILISTIC CORRELATIONS BETWEEN MEASUREMENT OUTCOMES
FOR THESE PARTICLES. MEASURING ONE PARTICLE INFLUENCES THE PROBARBILITIES OF OUTCOMES FOR THE OTHERS, EVEN AT VAST



DISTANCES.

Q: ARE QUANTUM PROBABILITIES SUBJECTIVE OR OBJECTIVE?

A: THE PREVAILING INTERPRETATION IN QUANTUM MECHANICS IS THAT THESE PROBABILITIES ARE OBJECTIVE, MEANING THEY ARE
INHERENT PROPERTIES OF THE QUANTUM SYSTEM ITSELF, NOT A REFLECTION OF OUR KNOWLEDGE OR LACK THEREOF. THE
MATHEMATICAL FRAMEWORK AND EXPERIMENTAL EVIDENCE SUPPORT THIS VIEW.

Q: WHAT IS THE ROLE OF MEASUREMENT IN QUANTUM PROBABILITY?

A: MEASUREMENT PLAYS A CRUCIAL ROLE BY CAUSING THE COLLAPSE OF THE WAVE FUNCTION. BEFORE MEASUREMENT, A
QUANTUM SYSTEM EXISTS IN A SUPERPOSITION OF POSSIBILITIES DESCRIBED BY PROBABILITIES. UPON MEASUREMENT, THE
SYSTEM “CHOOSES” ONE OF THESE POSSIBILITIES, AND ITS STATE CHANGES, WITH THE PROBABILITY OF CHOOSING A
PARTICULAR STATE DETERMINED BY THE BORN RULE.
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