QUANTUM PHYSICS AND OBSERVATION

THE QUANTUM CONUNDRUM: How OBSERVATION RESHAPES REALITY

QUANTUM PHYSICS AND OBSERVATION STAND AT THE VERY FRONTIER OF OUR UNDERSTANDING OF THE UNIVERSE, PRESENTING A
LANDSCAPE WHERE THE ACT OF LOOKING CHANGES WHAT WE SEE. THIS PECULIAR RELATIONSHIP, OFTEN DESCRIBED AS THE

“ OBSERVER EFFECT,H CHALLENGES OUR CLASSICAL INTUITIONS ABOUT OBJECTIVE REALITY, SUGGESTING THAT THE VERY FABRIC
OF EXISTENCE AT ITS MOST FUNDAMENTAL LEVEL MIGHT BE INFLUENCED BY OUR MEASUREMENT. IN THIS ARTICLE, WE'LL DELVE
DEEP INTO THIS FASCINATING INTERPLAY, EXPLORING THE HISTORICAL CONTEXT, KEY EXPERIMENTS, AND PHILOSOPHICAL
IMPLICATIONS OF HOW OBSERVATION IN QUANTUM MECHANICS ISNIT_JUST PASSIVE VIEWING BUT AN ACTIVE PARTICIPANT IN
SHAPING QUANTUM PHENOMENA. W/E WILL UNPACK THE WAVE-PARTICLE DUALITY, THE ENIGMATIC ROLE OF THE MEASUREMENT
PROBLEM, AND THE ONGOING DEBATE ABOUT WHAT " OBSERVATION” TRULY ENTAILS IN THIS MIND-BENDING REALM.
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THE DAWN oF QUANTUM WEIRDNESS: EARLY OBSERVATIONS

THE SEEDS OF THE QUANTUM PHYSICS AND OBSERVATION PARADOX WERE SOWN IN THE EARLY 20TH CENTURY AS SCIENTISTS
GRAPPLED WITH PHENOMENA THAT CLASSICAL PHYSICS SIMPLY COULDN'T EXPLAIN. EXPERIMENTS INVOLVING LIGHT AND MATTER
REVEALED BEHAVIORS THAT WERE UTTERLY BAFFLING. FOR INSTANCE, THE PHOTOELECTRIC EFFECT, EXPLAINED BY ALBERT
EINSTEIN, DEMONSTRATED THAT LIGHT, TRADITIONALLY THOUGHT OF AS A WAVE, ALSO BEHAVES AS DISCRETE PACKETS OF
ENERGY CALLED PHOTONS. THIS DUAL NATURE WAS THE FIRST HINT THAT OUR MACROSCOPIC UNDERSTANDING OF HOW THINGS
WORK WOULDN'T TRANSLATE SEAMLESSLY TO THE MICROSCOPIC WORLD. EARLY QUANTUM THEORISTS LIKE MAX PLANCK AND
NIELS BOHR RECOGNIZED THAT THEIR MATHEMATICAL MODELS WERE DESCRIBING A REALITY THAT SEEMED TO EXIST IN
PROBABILITIES AND DISCRETE JUMPS, A FAR CRY FROM THE PREDICTABLE, CONTINUOUS WORLD WE EXPERIENCE.

THESE INITIAL OBSERVATIONS WEREN'T ABOUT A CONSCIOUS OBSERVER MAKING A DIFFERENCE, BUT RATHER ABOUT THE
INTERACTION OF A MEASUREMENT DEVICE WITH A QUANTUM SYSTEM. THE VERY ACT OF TRYING TO DETECT OR MEASURE A
PROPERTY, LIKE THE ENERGY OF A LIGHT WAVE OR THE POSITION OF AN ELECTRON, SEEMED TO FORCE IT INTO A DEFINITE STATE.
THIS WAS DEEPLY UNSETTLING BECAUSE, IN OUR EVERYDAY WORLD, WE ASSUME THAT OBSERVING AN OBJECT DOESN'T ALTER
ITS FUNDAMENTAL NATURE. A ROCK REMAINS A ROCK WHETHER WE LOOK AT IT OR NOT. BUT IN THE QUANTUM REALM, THIS
ASSUMPTION APPEARS TO BREAK DOWN.



W AVE-PARTICLE DUALITY: THE Two FACES oF QUANTUM OBJECTS

PERHAPS THE MOST ICONIC CONCEPT IN QUANTUM MECHANICS IS WAVE-PARTICLE DUALITY. |T POSITS THAT ALL FUNDAMENTAL
PARTICLES, SUCH AS ELECTRONS AND PHOTONS, EXHIBIT CHARACTERISTICS OF BOTH WAVES AND PARTICLES. THIS ISN'T TO
SAY THEY ARE SOMETIMES A WAVE AND SOMETIMES A PARTICLE; RATHER, THEY ARE FUNDAMENTALLY BOTH, AND WHICH ASPECT
WE OBSERVE DEPENDS ENTIRELY ON HOW WE CHOOSE TO MEASURE THEM. IMAGINE AN ELECTRON: UNDER CERTAIN EXPERIMENT AL
CONDITIONS, IT WILL BEHAVE LIKE A TINY, LOCALIZED BALL (A PARTICLE), AND UNDER OTHERS, IT WILL SPREAD OUT AND
DIFFRACT LIKE A RIPPLE ON A POND (A WAVE).

THIS DUALITY IS NOT INTUITIVE. WE DON'T SEE A BASEBALL BEHAVING LIKE A WAVE, NOR DO WE SEE A WATER WAVE
SUDDENLY ACTING LIKE A SOLID BALL. THE QUANTUM WORLD OPERATES BY DIFFERENT RULES. W/HEN WE'RE NOT TRYING TO
PINPOINT ITS LOCATION, AN ELECTRON CAN BE THOUGHT OF AS A PROBABILITY WAVE, EXISTING IN MULTIPLE PLACES
SIMULTANEOUSLY. HO\X/EVER/ THE MOMENT WE PERFORM A MEASUREMENT DESIGNED TO DETECT ITS POSITION, THIS PROBABILITY
WAVE “COLLAPSES” INTO A SINGLE, DEFINITE LOCATION, AND WE OBSERVE IT AS A PARTICLE. THIS TRANSITION FROM A
SPREAD-OUT WAVE OF POSSIBILITIES TO A LOCALIZED PARTICLE IS A DIRECT CONSEQUENCE OF THE ACT OF OBSERVATION, OR
MORE PRECISELY, MEASUREMENT.

THe DouBLE-SLIT EXPERIMENT: A CLASSIC DEMONSTRATION

THE DOUBLE-SLIT EXPERIMENT IS THE QUINTESSENTIAL ILLUSTRATION OF QUANTUM PHYSICS AND OBSERVATION. |T VIVIDLY
DEMONSTRATES WAVE-PARTICLE DUALITY AND THE PECULIAR ROLE OF MEASUREMENT. IN THIS EXPERIMENT, PARTICLES, LIKE
ELECTRONS, ARE FIRED ONE BY ONE TOWARDS A BARRIER WITH TWO SLITS. IF WE TREAT THE ELECTRONS AS PARTICLES, WE'D
EXPECT THEM TO GO THROUGH ONE SLIT OR THE OTHER, CREATING TWO DISTINCT BANDS ON A DETECTOR SCREEN BEHIND THE
BARRIER. HO\)VEVER, WHAT WE ACTUALLY OBSERVE IS AN INTERFERENCE PATTERN — A SERIES OF BRIGHT AND DARK BANDS,
CHARACTERISTIC OF WAVES INTERFERING WITH EACH OTHER.

THIS OUTCOME SUGGESTS THAT EACH ELECTRON, EVEN WHEN FIRED INDIVIDUALLY, SOMEHOW PASSES THROUGH BOTH SLITS
SIMULTANEOUSLY, BEHAVING LIKE A WAVE. THE WAVE THEN INTERFERES WITH ITSELF, CREATING THE OBSERVED PATTERN. THE
TRULY MIND-BENDING PART COMES WHEN WE TRY TO FIND OUT WHICH SLIT THE ELECTRON WENT THROUGH. IF WE PLACE A
DETECTOR NEAR THE SLITS TO OBSERVE THE ELECTRON'S PATH, THE INTERFERENCE PATTERN VANISHES, AND WE GET THE TWO
DISTINCT BANDS PREDICTED FOR PARTICLES. THE ACT OF OBSERVING WHICH SLIT THE ELECTRON PASSES THROUGH FORCES IT TO
BEHAVE LIKE A PARTICLE, DESTROYING ITS WAVE-LIKE INTERFERENCE BEHAVIOR. IT'S AS IF THE UNIVERSE KNOWS WE'RE
WATCHING AND SNAPS INTO A DEFINITE STATE BASED ON OUR OBSERVATIONAL SETUP.

THE MeASUREMENT ProOBLEM: WHERE Does THE W AVE FUNCTION COLLAPSE?

THE MEASUREMENT PROBLEM IS A CENTRAL CONUNDRUM IN QUANTUM PHYSICS AND OBSERVATION. [T REFERS TO THE QUESTION
OF HOW AND WHY THE QUANTUM WAVE FUNCTION, \WHICH DESCRIBES THE PROBABILITIES OF ALL POSSIBLE STATES OF A
SYSTEM, “COLLAPSES” INTO A SINGLE DEFINITE OUTCOME WHEN A MEASUREMENT IS MADE. BEFORE MEASUREMENT, A QUANTUM
SYSTEM CAN EXIST IN A SUPERPOSITION OF STATES — THINK OF SCHR DINGER'S CAT BEING BOTH ALIVE AND DEAD
SIMULTANEOUSLY. BUT UPON MEASUREMENT, WE ALWAYS FIND THE CAT EITHER ALIVE OR DEAD, NEVER IN BET\WEEN.

SO, WHAT EXACTLY CONSTITUTES A “MEASUREMENT”? |S IT THE INTERACTION WITH A MACROSCOPIC MEASURING DEVICE?
DOES IT REQUIRE A CONSCIOUS OBSERVER? OR IS IT A MORE FUNDAMENTAL PROCESS THAT OCCURS WHEN A QUANTUM SYSTEM
INTERACTS WITH ITS ENVIRONMENT? THESE QUESTIONS HIGHLIGHT THE PROFOUND MYSTERY SURROUNDING THE TRANSITION FROM
THE PROBABILISTIC REALM OF QUANTUM MECHANICS TO THE DETERMINISTIC REALITY WE PERCEIVE. DIFFERENT INTERPRETATIONS
OF QUANTUM MECHANICS OFFER VARIOUS SOLUTIONS, BUT THERE'S NO SINGLE, UNIVERSALLY ACCEPTED ANSWER TO WHERE AND
WHY THIS COLLAPSE OCCURS.



INTERPRETATIONS OF QUANTUM MECHANICS: BRIDGING THE OBSERVER GAP

BECAUSE OF THE UNRESOLVED MEASUREMENT PROBLEM, NUMEROUS INTERPRETATIONS OF QUANTUM MECHANICS HAVE BEEN
PROPOSED, EACH ATTEMPTING TO EXPLAIN THE ROLE OF OBSERVATION WITHOUT ABANDONING THE PREDICTIVE POWER OF THE
THEORY. THESE INTERPRETATIONS DON'T CHANGE THE MATHEMATICAL PREDICTIONS OF QUANTUM MECHANICS BUT OFFER
DIFFERENT PHILOSOPHICAL FRAMEWORKS FOR UNDERSTANDING WHAT THOSE PREDICTIONS MEAN ABOUT REALITY.

e THE COPENHAGEN INTERPRETATION: THIS IS THE MOST TRADITIONAL INTERPRETATION, LARGELY DEVELOPED BY NIELS
BOHR AND W/ERNER HEISENBERG. |T STATES THAT THE WAVE FUNCTION DOESN'T REPRESENT PHYSICAL REALITY BUT
RATHER OUR KNOWLEDGE OF A QUANTUM SYSTEM. A MEASUREMENT IS AN INTERACTION BETWEEN THE QUANTUM SYSTEM
AND A MACROSCOPIC CLASSICAL DEVICE, AND IT'S THIS INTERACTION THAT CAUSES THE COLLAPSE. |T EMPHASIZES
THAT WE CAN ONLY TALK ABOUT THE RESULTS OF MEASUREMENTS AND NOT ABOUT THE UNDERLYING REALITY BEFORE
MEASUREMENT.

o THE MANY-\W ORLDS INTERPRETATION (MW/I): ProPOSED BY HUGH EVERETT Ill, THIS INTERPRETATION SUGGESTS THAT
THE WAVE FUNCTION NEVER COLLAPSES. INSTEAD, EVERY TIME A MEASUREMENT IS MADE, THE UNIVERSE SPLITS INTO
MULTIPLE PARALLEL UNIVERSES, EACH REPRESENTING A DIFFERENT POSSIBLE OUTCOME. [N ONE UNIVERSE, THE CAT IS
ALIVE; IN ANOTHER, IT/S DEAD. THE OBSERVER IN EACH UNIVERSE EXPERIENCES ONLY ONE OUTCOME, BUT ALL POSSIBLE
OUTCOMES ARE REALIZED IN SOME BRANCH OF REALITY.

o THe De BROGLIE-BoHM THEORY (PILOT-WAVE THEORY): THIS DETERMINISTIC INTERPRETATION POSITS THAT
PARTICLES ALWAYS HAVE DEFINITE POSITIONS/ AND THEIR MOTION IS GUIDED BY A ”PILOT \X/AVE.” THE WAVE FUNCTION
HERE IS CONSIDERED A REAL PHYSICAL ENTITY. MEASUREMENT DOESN'T CAUSE COLLAPSE; RATHER, THE MEASUREMENT
APPARATUS INTERACTS WITH THE PARTICLE AND THE PILOT WAVE IN SUCH A WAY THAT WE ONLY EVER OBSERVE ONE
OUTCOME.

EACH OF THESE INTERPRETATIONS GRAPPLES WITH THE IMPLICATIONS OF QUANTUM PHYSICS AND OBSERVATION, OFFERING
DISTINCT VISIONS OF HOW REALITY MIGHT BE STRUCTURED AT ITS MOST FUNDAMENTAL LEVEL. THE DEBATE CONTINUES TO THIS
DAY, FUELED BY THE ONGOING QUEST TO RECONCILE THE ABSTRACT MATHEMATICS OF QUANTUM THEORY WITH OUR LIVED
EXPERIENCE.

ConNsclousNess AND OBSERVATION: A PHILOSOPHICAL MINEFIELD

A PARTICULARLY CONTROVERSIAL ASPECT OF QUANTUM PHYSICS AND OBSERVATION CONCERNS THE POTENTIAL ROLE OF
CONSCIOUSNESS. SOME PHYSICISTS AND PHILOSOPHERS HAVE SPECULATED WHETHER CONSCIOUSNESS ITSELF IS NECESSARY FOR
WAVE FUNCTION COLLAPSE. THIS IDEA SUGGESTS THAT PERHAPS IT TAKES A CONSCIOUS MIND TO OBSERVE A QUANTUM
SYSTEM AND THEREBY FORCE IT INTO A DEFINITE STATE. THIS IS OFTEN REFERRED TO AS THE “CONSCIOUSNESS CAUSES
COLLAPSE” HYPOTHESIS.

HO\X/EVERI MOST PHYSICISTS TODAY REJECT THIS NOTION. THE EXPERIMENTAL SETUPS THAT DEMONSTRATE QUANTUM EFFECTS
TYPICALLY INVOLVE INANIMATE MEASURING DEVICES, NOT CONSCIOUS OBSERVERS. WHILE IT'S TRUE THAT HUMAN BEINGS
ULTIMATELY INTERPRET THE RESULTS OF THESE EXPERIMENTS, THE COLLAPSE, IF IT OCCURS, IS GENERALLY UNDERSTOOD TO BE
TRIGGERED BY THE PHYSICAL INTERACTION OF THE QUANTUM SYSTEM WITH THE MEASURING APPARATUS, REGARDLESS OF
WHETHER A CONSCIOUS ENTITY IS PRESENT. THE DEBATE HIGHLIGHTS THE DEEP PHILOSOPHICAL CHALLENGES THAT QUANTUM
MECHANICS POSES TO OUR UNDERSTANDING OF WHAT IT MEANS TO OBSERVE AND WHAT CONSTITUTES REALITY.

PRACTICAL IMPLICATIONS: QUANTUM TECHNOLOGIES AND THE OBSERVER

\W/HILE THE PHILOSOPHICAL IMPLICATIONS OF QUANTUM PHYSICS AND OBSERVATION ARE PROFOUND, THE PRACTICAL



APPLICATIONS ARE EQUALLY REVOLUTIONARY. THE VERY PRINCIPLES THAT MAKE QUANTUM MECHANICS SO COUNTER-INTUITIVE
ARE BEING HARNESSED TO CREATE GROUNDBREAKING TECHNOLOGIES. UNDERSTANDING HOW OBSERVATION INFLUENCES QUANTUM
SYSTEMS IS CRUCIAL FOR DEVELOPING THESE FIELDS.

d QUANTUM COMPUTING: QUANTUM COMPUTERS LEVERAGE SUPERPOSITION AND ENTANGLEMENT TO PERFORM
CALCULATIONS THAT ARE IMPOSSIBLE FOR CLASSICAL COMPUTERS. THE ”QUBITS” THAT STORE INFORMATION IN A
QUANTUM COMPUTER CAN EXIST IN MULTIPLE STATES SIMULTANEOUSLY, A DIRECT MANIFESTATION OF WAVE-LIKE
BEHAVIOR. THE PROCESS OF READING OUT THE RESULT OF A QUANTUM COMPUTATION INVOLVES MEASUREMENT, WHICH
COLLAPSES THESE SUPERPOSITIONS INTO DEFINITE CLASSICAL BITS.

hd QUANTUM CRYPTOGRAPHY: THIS FIELD USES THE PRINCIPLES OF QUANTUM MECHANICS TO CREATE UNBREAKABLE
ENCRYPTION. FOR EXAMPLE, IN QUANTUM KEY DISTRIBUTION (QKD), INFORMATION |S ENCODED IN THE QUANTUM STATES
OF PHOTONS. ANY ATTEMPT BY AN EAVESDROPPER TO INTERCEPT AND MEASURE THESE PHOTONS WILL INEVITABLY
DISTURB THEIR QUANTUM STATES, ALERTING THE LEGITIMATE PARTIES TO THE PRESENCE OF AN INTRUDER. THIS IS A
DIRECT APPLICATION OF HOW OBSERVATION CHANGES QUANTUM INFORMATION.

d QUANTUM SENSING: RESEARCHERS ARE DEVELOPING INCREDIBLY SENSITIVE SENSORS THAT EXPLOIT QUANTUM
PHENOMENA. THESE SENSORS CAN MEASURE TINY CHANGES IN MAGNETIC FIELDS, GRAVITY, OR TEMPERATURE WITH
UNPRECEDENTED ACCURACY, OPENING UP NEW POSSIBILITIES IN MEDICAL IMAGING, NAVIGATION, AND FUNDAMENTAL
SCIENTIFIC RESEARCH. THE PRECISION OF THESE SENSORS RELIES ON CAREFULLY CONTROLLING AND MEASURING DELICATE
QUANTUM STATES.

THE DEVELOPMENT OF THESE TECHNOLOGIES UNDERSCORES THAT WHILE THE “OBSERVER” IN QUANTUM PHYSICS MIGHT NOT
ALWAYS BE A HUMAN CONSCIOUSNESS, THE ACT OF INTERACTION AND MEASUREMENT IS FUNDAMENTAL TO BOTH UNDERSTANDING
AND MANIPULATING THE QUANTUM WORLD.

THE FUTURE oF QUANTUM OBSERVATION

THE EXPLORATION OF QUANTUM PHYSICS AND OBSERVATION IS FAR FROM OVER. SCIENTISTS ARE CONTINUALLY DESIGNING MORE
SOPHISTICATED EXPERIMENTS TO PROBE THE BOUNDARIES OF QUANTUM MECHANICS AND TO BETTER UNDERSTAND THE
MEASUREMENT PROBLEM. NEW THEORETICAL FRAMEWORKS ARE BEING DEVELOPED, AND THE LINES BETWEEN THE QUANTUM AND
CLASSICAL WORLDS ARE BEING BLURRED IN INTRIGUING WAYS. AS WE DELVE DEEPER INTO THE QUANTUM REALM, OUR
UNDERSTANDING OF REALITY ITSELF, AND OUR PLACE WITHIN IT, CONTINUES TO EVOLVE. THE ONGOING QUEST TO RECONCILE
THE OBSERVER WITH THE OBSERVED PROMISES TO UNLOCK EVEN MORE PROFOUND INSIGHTS INTO THE NATURE OF THE UNIVERSE.

FAQ

QZ DOES OBSERVATION IN QUANTUM PHYSICS ALWAYS MEAN A CONSCIOUS OBSERVER?

A: NO, NOT NECESSARILY. IN QUANTUM MECHANICS, “OBSERVATION” TYPICALLY REFERS TO ANY INTERACTION WITH A
MEASURING DEVICE OR THE ENVIRONMENT THAT CAUSES A QUANTUM SYSTEM TO TRANSITION FROM A SUPERPOSITION OF
STATES TO A DEFINITE STATE. THIS INTERACTION DOESN'T REQUIRE A CONSCIOUS BEING;, IT CAN BE THE RESULT OF A PARTICLE
COLLIDING WITH A DETECTOR OR INTERACTING WITH OTHER PARTICLES.

QZ \WHY IS THE DOUBLE-SLIT EXPERIMENT SO IMPORTANT FOR UNDERSTANDING
QUANTUM OBSERVATION?

A: THE DOUBLE-SLIT EXPERIMENT IS CRUCIAL BECAUSE IT VIVIDLY DEMONSTRATES WAVE-PARTICLE DUALITY AND THE IMPACT
OF MEASUREMENT. |T SHOWS THAT PARTICLES, LIKE ELECTRONS, BEHAVE LIKE WAVES AND CREATE INTERFERENCE PATTERNS WHEN



UNOBSERVED, BUT REVERT TO PARTICLE-LIKE BEHAVIOR AND LOSE THEIR INTERFERENCE WHEN THEIR PATH IS MEASURED,
REVEALING THE DIRECT INFLUENCE OF OBSERVATION ON QUANTUM PHENOMENA.

Q: \WHAT IS THE MEASUREMENT PROBLEM IN QUANTUM PHYSICS?

A: THE MEASUREMENT PROBLEM IS THE UNRESOLVED QUESTION OF HOW AND WHY THE QUANTUM WAVE FUNCTION, WHICH
DESCRIBES PROBABILITIES, COLLAPSES INTO A SINGLE DEFINITE OUTCOME WHEN A MEASUREMENT IS PERFORMED. IT's A CENTRAL
ENIGMA IN QUANTUM MECHANICS THAT DIFFERENT INTERPRETATIONS ATTEMPT TO ADDRESS.

Q: CAN WE AVOID THE OBSERVER EFFECT IN QUANTUM EXPERIMENTS?

A: NO/ IT'S FUNDAMENTALLY IMPOSSIBLE TO AVOID THE OBSERVER EFFECT IN QUANTUM EXPERIMENTS IF YOU WANT TO
MEASURE SPECIFIC PROPERTIES. THE ACT OF MEASUREMENT INHERENTLY INVOLVES AN INTERACTION THAT ALTERS THE QUANTUM
STATE OF THE SYSTEM BEING MEASURED. THE GOAL IS TO CONTROL AND UNDERSTAND THIS INTERACTION.

QZ How DOES ENTANGLEMENT RELATE TO OBSERVATION IN QUANTUM PHYSICS?

A: ENTANGLEMENT DESCRIBES A CORRELATION BETWEEN QUANTUM PARTICLES WHERE THEIR FATES ARE LINKED, REGARDLESS OF
DISTANCE. W/HEN YOU MEASURE ONE ENTANGLED PARTICLE, YOU INSTANTLY KNOW THE STATE OF THE OTHER, REGARDLESS OF
HOW FAR APART THEY ARE. THIS INSTANTANEOUS CORRELATION, WHILE NOT DIRECTLY A “COLLAPSE” IN THE SAME WAY AS
THE DOUBLE-SLIT EXPERIMENT, IS A PROFOUNDLY NON-CLASSICAL PHENOMENON THAT HIGHLIGHTS THE INTERCONNECTEDNESS OF
QUANTUM SYSTEMS AND THE ROLE OF MEASUREMENT IN REVEALING THESE CONNECTIONS.

QI DOES THE OBSERVER EFFECT MEAN THAT REALITY IS SUBJECTIVE?

A: WHILE QUANTUM MECHANICS CHALLENGES OUR INTUITIVE NOTIONS OF AN OBJECTIVE REALITY INDEPENDENT OF OBSERVATION,
MOST INTERPRETATIONS DO NOT SUGGEST THAT REALITY IS ENTIRELY SUBJECTIVE. |NSTEAD/ THEY PROPOSE THAT THE NATURE
OF REALITY AT THE QUANTUM LEVEL IS PROBABILISTIC AND RELATIONAL, MEANING THAT PROPERTIES ARE NOT FIXED UNTIL THEY
ARE MEASURED, AND THE OUTCOME OF A MEASUREMENT DEPENDS ON THE EXPERIMENTAL SETUP.

QI ARE THERE ANY REAL-WORLD TECHNOLOGIES THAT RELY ON THE OBSERVER EFFECT?

A: YES, SEVERAL EMERGING QUANTUM TECHNOLOGIES RELY ON THE PRINCIPLES OF QUANTUM OBSERVATION. QUANTUM
CRYPTOGRAPHY, FOR INSTANCE, USES THE FACT THAT OBSERVING A QUANTUM STATE DISTURBS IT TO DETECT
EAVESDROPPERS. QUANTUM COMPUTING ALSO RELIES ON CAREFULLY CONTROLLED MEASUREMENTS TO EXTRACT INFORMATION
FROM QUBITS IN SUPERPOSITION.
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