WHERE DOES LIGHT COME FROM PHYSICS

\W/HERE DOES LIGHT COME FROM PHYSICS? THIS FUNDAMENTAL QUESTION DELVES INTO THE VERY NATURE OF EXISTENCE,
EXPLORING HOW LUMINOUS ENERGY IS GENERATED AND PERCEIVED. LIGHT, AN ELECTROMAGNETIC WAVE AND A STREAM OF
PHOTONS, ORIGINATES FROM ENERGETIC PROCESSES AT THE ATOMIC AND SUBATOMIC LEVELS. UNDERSTANDING ITS ORIGINS
UNLOCKS INSIGHTS INTO EVERYTHING FROM THE SUN'S BRILLIANCE TO THE GLOW OF A SIMPLE LAMP. THIS ARTICLE WILL EXPLORE
THE DIVERSE SOURCES OF LIGHT IN PHYSICS, EXAMINING THE QUANTUM MECHANICS BEHIND EMISSION, THE ROLE OF THERMAL
RADIATION, AND THE FASCINATING PHENOMENON OF LUMINESCENCE. WE'LL UNPACK HOW EXCITED ELECTRONS RELEASE ENERGY AS
PHOTONS, THE IMPACT OF TEMPERATURE ON LIGHT EMISSION, AND THE CHEMICAL AND ELECTRICAL PROCESSES THAT ALSO GIVE
RISE TO ILLUMINATION.
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THE QUANTUM NATURE OF LIGHT EMISSION

ATITS CORE, THE ORIGIN OF LIGHT IN PHYSICS IS DEEPLY ROOTED IN THE PRINCIPLES OF QUANTUM MECHANICS. LIGHT IS NOT
JUST A CONTINUOUS WAVE, IT ALSO BEHAVES AS DISCRETE PACKETS OF ENERGY CALLED PHOTONS. THESE PHOTONS ARE
EMITTED WHEN THE ENERGY STATE OF CHARGED PARTICLES, MOST COMMONLY ELECTRONS, CHANGES. IMAGINE AN ELECTRON
ORBITING AN ATOM. |IT OCCUPIES SPECIFIC ENERGY LEVELS, MUCH LIKE RUNGS ON A LADDER. AN ELECTRON CAN ABSORB ENERGY,
PERHAPS FROM HEAT OR ANOTHER PHOTON, AND JUMP TO A HIGHER ENERGY LEVEL. THIS EXCITED STATE IS UNSTABLE. TO
RETURN TO ITS MORE STABLE, LOWER ENERGY LEVEL, THE ELECTRON MUST RELEASE THE EXCESS ENERGY. THIS RELEASED ENERGY
TAKES THE FORM OF A PHOTON, A QUANTUM OF ELECTROMAGNETIC RADIATION. THE ENERGY OF THIS PHOTON, AND THEREFORE
ITS FREQUENCY AND COLOR, IS PRECISELY DETERMINED BY THE DIFFERENCE IN ENERGY BETWEEN THE TWO LEVELS THE ELECTRON
TRANSITIONED BETWEEN.

THIS PROCESS OF ABSORPTION AND SUBSEQUENT EMISSION OF PHOTONS IS FUNDAMENTAL TO UNDERSTANDING HOW MANY LIGHT
SOURCES FUNCTION. W/HEN YOU SEE A NEON SIGN GLOW, FOR EXAMPLE, ELECTRICITY EXCITES THE GAS ATOMS WITHIN THE
TUBE, CAUSING THEIR ELECTRONS TO JUMP TO HIGHER ENERGY STATES. AS THESE ELECTRONS FALL BACK DOWN, THEY EMIT
PHOTONS OF SPECIFIC COLORS, CREATING THE VIBRANT ILLUMINATION WE ASSOCIATE WITH NEON LIGHTS. SIMILARLY/ THE LIGHT
EMITTED FROM A FLUORESCENT BULB INVOLVES A SIMILAR PROCESS, THOUGH IT'S A BIT MORE INDIRECT. ELECTRICITY EXCITES
MERCURY VAPOR, WHICH EMITS ULTRAVIOLET LIGHT. THIS UV LIGHT THEN STRIKES A PHOSPHORESCENT COATING ON THE INSIDE
OF THE BULB, CAUSING THE COATING'S ELECTRONS TO GET EXCITED AND SUBSEQUENTLY EMIT VISIBLE LIGHT AS THEY DE-EXCITE.
IT'S A CASCADE OF QUANTUM EVENTS LEADING TO ILLUMINATION.

ATOMIC EXCITATION AND DE-EXCITATION

THE CONCEPT OF ATOMIC EXCITATION AND DE-EXCITATION IS CENTRAL TO UNDERSTANDING QUANTUM LIGHT EMISSION.
ELECTRONS WITHIN ATOMS ARE NOT FREE TO ORBIT AT JUST ANY DISTANCE FROM THE NUCLEUS; THEY ARE CONFINED TO
SPECIFIC, QUANTIZED ENERGY LEVELS. THINK OF IT AS A SET OF ORBITS, EACH WITH A DEFINED ENERGY VALUE. \WHEN AN ATOM
ABSORBS ENERGY — THROUGH COLLISIONS WITH OTHER PARTICLES, ABSORPTION OF OTHER PHOTONS, OR ELECTRICAL
DISCHARGE — AN ELECTRON CAN BE “KICKED” UP TO A HIGHER ENERGY LEVEL, ENTERING AN EXCITED STATE. THIS EXCITED STATE
IS TEMPORARY. THE ATOM NATURALLY WANTS TO RETURN TO ITS LOWEST ENERGY STATE, KNOWN AS THE GROUND STATE. To
DO SO, THE ELECTRON MUST SHED THE EXCESS ENERGY IT GAINED. THIS ENERGY IS RELEASED IN THE FORM OF A PHOTON. THE
ENERGY OF THIS PHOTON IS EXACTLY EQUAL TO THE ENERGY DIFFERENCE BETWEEN THE HIGHER AND LOWER ENERGY LEVELS. THIS
IS WHY DIFFERENT ELEMENTS EMIT DISTINCT COLORS OF LIGHT WHEN EXCITED; THEIR ELECTRON ENERGY LEVELS ARE UNIQUE.



PHoTON EMISSION: THE BIRTH OF LIGHT

THE EMISSION OF A PHOTON IS THE VERY BIRTH OF LIGHT FROM AN ATOMIC OR SUBATOMIC PERSPECTIVE. |T'S NOT A GRADUAL
PROCESS BUT A DISCRETE EVENT. WHEN AN ELECTRON TRANSITIONS FROM A HIGHER ENERGY LEVEL TO A LOWER ONE, IT DOESN'T
JUST RELEASE ENERGY IT RELEASES A SPECIFIC QUANTUM OF ENERGY, A PHOTON. THE ENERGY OF THIS PHOTON DIRECTLY
CORRESPONDS TO THE FREQUENCY OF THE EMITTED LIGHT, AS DESCRIBED BY THE FAMOUS EQUATION E= HF, \WHERE Eis ENERGY,
H1s PLANCK'S CONSTANT, AND F IS FREQUENCY. IF THE ENERGY DIFFERENCE IS LARGE, THE PHOTON WILL HAVE HIGH ENERGY AND
THUS A HIGH FREQUENCY (LIKE BLUE OR ULTRAVIOLET LIGHT). IF THE ENERGY DIFFERENCE IS SMALL, THE PHOTON WILL HAVE
LOWER ENERGY AND A LOWER FREQUENCY (LIKE RED OR INFRARED LIGHT). THIS QUANTUM LEAP IS WHAT GIVES LIGHT ITS
PARTICULATE NATURE AND EXPLAINS THE DISTINCT SPECTRAL LINES OBSERVED WHEN ANALYZING LIGHT FROM SPECIFIC SOURCES.

THerMAL RADIATION: THE W ARM GLoW oF OBJECTS

NOT ALL LIGHT ORIGINATES FROM THE PRECISE, QUANTIZED JUMPS OF ELECTRONS IN ATOMS. A SIGNIFICANT SOURCE OF LIGHT,
ESPECIALLY IN OUR EVERYDAY EXPERIENCE, IS THERMAL RADIATION. ANYTHING WITH A TEMPERATURE ABOVE ABSOLUTE ZERO
EMITS ELECTROMAGNETIC RADIATION. THIS HAPPENS BECAUSE THE ATOMS AND MOLECULES WITHIN AN OBJECT ARE IN CONSTANT
RANDOM MOTION, VIBRATING AND COLLIDING. THESE VIBRATIONS ARE ESSENTIALLY CHARGED PARTICLES (ELECTRONS AND
PROTONS) OSCILLATING. ACCORDING TO CLASSICAL PHYSICS, ACCELERATING CHARGES EMIT ELECTROMAGNETIC RADIATION.
THEREFORE, ANY OBJECT THAT IS NOT AT ABSOLUTE ZERO WILL RADIATE ENERGY IN THE FORM OF ELECTROMAGNETIC WAVES,
INCLUDING VISIBLE LIGHT.

THE KEY CHARACTERISTICS OF THERMAL RADIATION DEPEND ON THE OBJECT'S TEMPERATURE. A COOLER OBJECT WILL EMIT
MOSTLY INFRARED RADIATION, WHICH WE FEEL AS HEAT BUT CANNOT SEE. AS THE OBJECT'S TEMPERATURE INCREASES, IT BEGINS
TO EMIT RADIATION AT SHORTER WAVELENGTHS, INCLUDING VISIBLE LIGHT. THIS IS WHY A HEATING ELEMENT ON A STOVE
GLOWS RED WHEN IT GETS HOT, THEN ORANGE, AND IF IT COULD GET EVEN HOTTER, IT WOULD EVENTUALLY APPEAR WHITE OR
EVEN BLUISH-WHITE. THE SPECTRUM OF THERMAL RADIATION IS CONTINUOUS, MEANING IT EMITS A WIDE RANGE OF
WAVELENGTHS, UNLIKE THE DISCRETE LINES SEEN IN ATOMIC EMISSION. THE HOTTER THE OBJECT, THE MORE RADIATION IT EMITS,
AND THE SHORTER THE PEAK WAVELENGTH OF THAT RADIATION. THE SUN, A GIANT BALL OF EXTREMELY HOT GAS, IS A PRIME
EXAMPLE OF A CELESTIAL BODY EMITTING VAST AMOUNTS OF THERMAL RADIATION, PROVIDING THE LIGHT AND HEAT ESSENTIAL
FOR LIFE ON EARTH.

BLACkBODY RADIATION EXPLAINED

T O UNDERSTAND THERMAL RADIATION MORE FORMALLY, PHYSICISTS OFTEN USE THE CONCEPT OF A “BLACKBODY.” A
BLACKBODY IS AN IDEALIZED OBJECT THAT ABSORBS ALL INCIDENT ELECTROMAGNETIC RADIATION, REGARDLESS OF FREQUENCY OR
ANGLE OF INCIDENCE, AND ALSO EMITS RADIATION PERFECTLY. \WHILE NO REAL OBJECT IS A PERFECT BLACKBODY, MANY OBJECTS
APPROXIMATE THIS BEHAVIOR, AND STARS ARE EXCELLENT EXAMPLES. THE RADIATION EMITTED BY A BLACKBODY IS SOLELY
DEPENDENT ON ITS TEMPERATURE AND IS KNOWN AS BLACKBODY RADIATION. THIS IS A CONTINUOUS SPECTRUM, MEANING IT
EMITS ACROSS A RANGE OF WAVELENGTHS. THE INTENSITY OF THE RADIATION AND THE DISTRIBUTION OF WAVELENGTHS CHANGE
SIGNIFICANTLY WITH TEMPERATURE. AT LOW TEMPERATURES, THE PEAK EMISSION IS IN THE INFRARED, BUT AS TEMPERATURE
RISES, THE PEAK SHIFTS TOWARDS SHORTER WAVELENGTHS, EVENTUALLY ENTERING THE VISIBLE SPECTRUM AND EVEN THE
ULTRAVIOLET RANGE.

THE ROLE OF TEMPERATURE IN LIGHT EMISSION

TEMPERATURE IS THE DIRECT DRIVER BEHIND THERMAL RADIATION. THE MORE THERMAL ENERGY AN OBJECT POSSESSES, THE MORE
VIGOROUSLY ITS CONSTITUENT ATOMS AND MOLECULES VIBRATE AND MOVE. THESE VIBRATIONS CAUSE CHARGED PARTICLES
TO ACCELERATE, LEADING TO THE EMISSION OF ELECTROMAGNETIC WAVES. FOR EVERYDAY OBJECTS, THIS EMISSION IS
PREDOMINANTLY IN THE INFRARED SPECTRUM, WHICH OUR EYES CANNOT DETECT BUT OUR SKIN SENSES AS HEAT. HO\)(/EVER, AS
AN OBJECTIS TEMPERATURE CLIMBS, ITS EMISSIONS BEGIN TO INCLUDE VISIBLE LIGHT. THIS IS THE PRINCIPLE BEHIND



INCANDESCENCE. THINK OF A PIECE OF METAL BEING HEATED IN A BLACKSMITH'S FORGE. T STARTS TO EMIT A FAINT RED GLOW,
THEN BECOMES ORANGE, YELLOW, AND EVENTUALLY WHITE-HOT. EACH COLOR SIGNIFIES A SHIFT IN THE DOMINANT

W AVELENGTHS OF THE EMITTED LIGHT, DIRECTLY CORRELATED WITH THE INCREASING TEMPERATURE. THE HOTTER IT GETS, THE
SHORTER THE WAVELENGTHS IT EMITS MOST STRONGLY, LEADING TO THE PERCEPTION OF BRIGHTER AND BLUER LIGHT.

LUMINESCENCE: LIGHT WITHOUT HEAT

W/HILE QUANTUM EMISSION AND THERMAL RADIATION ACCOUNT FOR MANY LIGHT SOURCES, THERE'S ANOTHER FASCINATING
CATEGORY: LUMINESCENCE. LUMINESCENCE REFERS TO THE EMISSION OF LIGHT BY A SUBSTANCE NOT RESULTING FROM HEAT. THIS
MEANS THE MATERIAL GLOWS WITHOUT BEING SIGNIFICANTLY HEATED, DISTINGUISHING IT FROM INCANDESCENCE. LUMINESCENCE
ENCOMPASSES A VARIETY OF PROCESSES, EACH TRIGGERED BY A DIFFERENT FORM OF ENERGY INPUT OTHER THAN HEAT. THeSE
PROCESSES OFTEN INVOLVE THE EXCITATION OF ELECTRONS TO HIGHER ENERGY STATES, SIMILAR TO ATOMIC EMISSION, BUT THE
INITIAL EXCITATION MECHANISM IS DIFFERENT.

ONE OF THE MOST COMMON FORMS OF LUMINESCENCE IS FLUORESCENCE, WHICH IS THE PHENOMENON SEEN IN FLUORESCENT LIGHTS
AND HIGHLIGHTER PENS. ANOTHER IS PHOSPHORESCENCE, WHERE THE LIGHT EMISSION PERSISTS FOR A PERIOD AFTER THE
EXCITATION SOURCE IS REMOVED, AS SEEN IN GLOW~IN-THE-DARK MATERIALS. OTHER TYPES INCLUDE CHEMILUMINESCENCE (LIGHT
PRODUCED BY CHEMICAL REACTIONS, LIKE IN GLOW STICKS), BIOLUMINESCENCE (LIGHT PRODUCED BY LIVING ORGANISMS, LIKE
FIREFLIES)/ AND ELECTROLUMINESCENCE (LIGHT PRODUCED BY AN ELECTRIC CURRENT PASSING THROUGH A MATERIAL, AS IN
LEDs).

FLUORESCENCE AND PHOSPHORESCENCE

FLUORESCENCE AND PHOSPHORESCENCE ARE CLOSELY RELATED FORMS OF LUMINESCENCE THAT RELY ON THE EXCITATION AND
SUBSEQUENT DE-EXCITATION OF ELECTRONS WITHIN A MATERIAL. IN FLUORESCENCE, WHEN A MATERIAL ABSORBS ENERGY (OFTEN
FROM ULTRAVIOLET LIGHT)/ ITS ELECTRONS JUMP TO HIGHER ENERGY LEVELS. HO\X/EVER, THEY QUICKLY RETURN TO THEIR
GROUND STATE, EMITTING PHOTONS OF VISIBLE LIGHT IN THE PROCESS. THIS EMISSION IS ALMOST INSTANTANEOUS, MEANING THE
GLOW STOPS AS SOON AS THE EXCITATION SOURCE IS REMOVED. PHOSPHORESCENCE W ORKS SIMILARLY, BUT THE ELECTRONS
GET TRAPPED IN INTERMEDIATE ENERGY LEVELS FOR A LONGER DURATION BEFORE RETURNING TO THE GROUND STATE. THIS
“DELAYED RELEASE” OF ENERGY IS WHY PHOSPHORESCENT MATERIALS CONTINUE TO GLOW FOR MINUTES OR EVEN HOURS AFTER
BEING EXPOSED TO LIGHT. |T°S LIKE A TEMPORARY ENERGY STORAGE MECHANISM.

CHEMILUMINESCENCE AND BIOLUMINESCENCE

CHEMILUMINESCENCE AND BIOLUMINESCENCE ARE FORMS OF LIGHT EMISSION DRIVEN BY CHEMICAL REACTIONS. IN
CHEMILUMINESCENCE, THE ENERGY RELEASED FROM A CHEMICAL REACTION IS DIRECTLY CONVERTED INTO LIGHT. A COMMON
EXAMPLE IS THE GLOW STICK, WHERE BREAKING THE INNER VIAL MIXES CHEMICALS THAT REACT TO PRODUCE LIGHT.
BIOLUMINESCENCE IS ESSENTIALLY A BIOLOGICAL FORM OF CHEMILUMINESCENCE. ORGANISMS LIKE FIREFLIES, CERTAIN FUNGI, AND
DEEP-SEA CREATURES PRODUCE LIGHT THROUGH SPECIFIC BIOCHEMICAL REACTIONS INVOLVING MOLECULES LIKE LUCIFERIN AND
LUCIFERASE. THIS “LIVING LIGHT” IS INCREDIBLY ENERGY-EFFICIENT AND SERVES VARIOUS PURPOSES IN NATURE, SUCH AS
ATTRACTING MATES, DETERRING PREDATORS, OR ILLUMINATING THEIR SURROUNDINGS.

ELECTROLUMINESCENCE AND LEDS

ELECTROLUMINESCENCE IS THE PROCESS WHERE A MATERIAL EMITS LIGHT IN RESPONSE TO AN ELECTRIC CURRENT PASSING
THROUGH IT. THIS IS THE FUNDAMENTAL PRINCIPLE BEHIND LIGHT EMITTING Diobes (LEDS). IN AN LED, A SEMICONDUCTOR
MATERIAL IS USED. \WHEN AN ELECTRIC CURRENT FLOWS THROUGH IT IN THE CORRECT DIRECTION, ELECTRONS AND HOLES (THE
ABSENCE OF ELECTRONS) RECOMBINE AT A P~N JUNCTION. THIS RECOMBINATION RELEASES ENERGY IN THE FORM OF PHOTONS. THE



COLOR OF THE LIGHT EMITTED BY AN LED DEPENDS ON THE SPECIFIC SEMICONDUCTOR MATERIAL USED AND ITS BAND GAP. LEDsS
ARE HIGHLY EFFICIENT LIGHT SOURCES AND HAVE REVOLUTIONIZED LIGHTING TECHNOLOGY DUE TO THEIR DURABILITY, ENERGY
EFFICIENCY, AND VERSATILITY.

OTHER SOURCES OF LIGHT

BEYOND THE MAJOR CATEGORIES, PHYSICS ACKNOWLEDGES SEVERAL OTHER PHENOMENA THAT GENERATE LIGHT. LASERS, FOR
INSTANCE, PRODUCE HIGHLY CONCENTRATED AND COHERENT BEAMS OF LIGHT THROUGH A PROCESS CALLED STIMULATED
EMISSION. IN STIMULATED EMISSION, AN INCOMING PHOTON TRIGGERS AN EXCITED ATOM TO RELEASE AN IDENTICAL PHOTON,
LEADING TO A CHAIN REACTION OF PHOTON PRODUCTION THAT AMPLIFIES THE LIGHT. ANOTHER SOURCE IS THE GENERATION OF
LIGHT THROUGH FRICTION, KNOWN AS TRIBOLUMINESCENCE, THOUGH THIS IS TYPICALLY A FAINT AND INTERMITTENT GLOW. EVeN
THE COLLISION OF PARTICLES AT VERY HIGH ENERGIES CAN PRODUCE LIGHT. UNDERSTANDING THESE DIVERSE ORIGINS HELPS US
APPRECIATE THE PERVASIVE AND FUNDAMENTAL NATURE OF LIGHT IN OUR UNIVERSE.

LASERS: COHERENT LIGHT GENERATION

LASERS, AN ACRONYM FOR “LIGHT AMPLIFICATION BY STIMULATED EMISSION OF RADIATION,” ARE REMARKABLE SOURCES OF
LIGHT BECAUSE THEY PRODUCE A HIGHLY ORGANIZED BEAM. UNLIKE THE RANDOM EMISSION OF PHOTONS FROM MOST SOURCES,
LASER LIGHT IS COHERENT, MEANING ALL THE PHOTONS ARE IN PHASE AND TRAVEL IN THE SAME DIRECTION WITH THE SAME
WAVELENGTH. THIS IS ACHIEVED THROUGH STIMULATED EMISSION. W/HEN A PHOTON OF A SPECIFIC ENERGY PASSES NEAR AN
ATOM IN AN EXCITED STATE, IT CAN STIMULATE THAT ATOM TO RELEASE AN IDENTICAL PHOTON, IN PHASE WITH THE ORIGINAL.
BY USING MIRRORS TO REFLECT THE PHOTONS BACK AND FORTH THROUGH A GAIN MEDIUM, THIS PROCESS IS AMPLIFIED,
RESULTING IN A POWERFUL, DIRECTIONAL BEAM OF LIGHT. LASERS HAVE MYRIAD APPLICATIONS, FROM BARCODE SCANNERS TO
SURGICAL TOOLS AND SCIENTIFIC RESEARCH.

TRIBOLUMINESCENCE AND OTHER PHENOMENA

TRIBOLUMINESCENCE IS A LESS COMMON BUT INTERESTING SOURCE OF LIGHT. |T OCCURS WHEN CERTAIN MATERIALS EMIT LIGHT
WHEN THEY ARE MECHANICALLY STRESSED, RUBBED, OR BROKEN. THIS PHENOMENON IS OFTEN OBSERVED WITH CRYSTALLINE
SOLIDS. THE EXACT MECHANISM IS STILL DEBATED BUT IS THOUGHT TO INVOLVE THE SEPARATION OF POSITIVE AND NEGATIVE
CHARGES WITHIN THE CRYSTAL LATTICE, CREATING ELECTRICAL DISCHARGES THAT EMIT LIGHT. TS A SUBTLE EFFECT, OFTEN
SEEN AS FAINT FLASHES. OTHER/ MORE ENERGETIC PHENOMENA, SUCH AS THE EMISSION OF LIGHT DURING NUCLEAR REACTIONS OR
PARTICLE COLLISIONS IN ACCELERATORS, ALSO CONTRIBUTE TO OUR UNDERSTANDING OF WHERE LIGHT CAN ORIGINATE IN THE
UNIVERSE, SHOWCASING THE DIVERSE WAYS ENERGY CAN BE TRANSFORMED INTO LUMINOUS RADIATION.

THE JOURNEY FROM THE QUANTUM REALM OF ATOMIC ELECTRON JUMPS TO THE MACROSCOPIC GLOW OF A HOT OBJECT, AND
INTO THE SPECIALIZED BRILLIANCE OF LASERS, REVEALS THAT LIGHT IS A MULTIFACETED PHENOMENON WITH DIVERSE ORIGINS.
W/HETHER IT'S THE LIFE-GIVING WARMTH OF THE SUN, THE ARTIFICIAL GLOW OF OUR HOMES, OR THE INTRICATE LIGHT SHOWS
OF NATURE, PHYSICS PROVIDES A COMPREHENSIVE FRAMEW ORK FOR UNDERSTANDING WHERE LIGHT COMES FROM. THIS
EXPLORATION OF LUMINOUS ENERGY CONTINUES TO DRIVE INNOVATION AND DEEPEN OUR APPRECIATION FOR THE FUNDAMENTAL
FORCES THAT SHAPE OUR OBSERVABLE WORLD.

Q: WHAT IS THE MOST COMMON SOURCE OF LIGHT WE ENCOUNTER DAILY?

A: THE MOST COMMON SOURCES OF LIGHT WE ENCOUNTER DAILY ARE A COMBINATION OF THERMAL RADIATION (LIKE FROM THE
SUN AND INCANDESCENT BULBS) AND LUMINESCENCE (LIKE FROM LEDS, FLUORESCENT LIGHTS, AND SCREENS). THE SUN'S THERMAL
RADIATION IS CRUCIAL FOR LIFE ON EARTH, WHILE ARTIFICIAL LIGHTS IN OUR HOMES AND DEVICES PREDOMINANTLY UTILIZE
LUMINESCENT TECHNOLOGIES LIKE LEDS AND FLUORESCENCE.



Q: How DOES THE SUN PRODUCE LIGHT?

A: THE SUN PRODUCES LIGHT PRIMARILY THROUGH NUCLEAR FUSION REACTIONS IN ITS CORE. HYDROGEN ATOMS FUSE TO FORM
HELIUM, RELEASING IMMENSE AMOUNTS OF ENERGY. THIS ENERGY IS THEN TRANSPORTED OUTWARD AS PHOTONS, WHICH
EVENTUALLY ESCAPE THE SUN'S SURFACE AND TRAVEL THROUGH SPACE AS LIGHT AND HEAT. THE SUN'S SURFACE ITSELF IS SO
HOT THAT IT ALSO EMITS SIGNIFICANT THERMAL RADIATION ACROSS THE ELECTROMAGNETIC SPECTRUM.

QZ ARE ALL COLORS OF LIGHT PRODUCED BY THE SAME MECHANISM?

A: NO, NOT ALL COLORS OF LIGHT ARE PRODUCED BY THE SAME MECHANISM. THE COLOR OF LIGHT IS DETERMINED BY ITS
WAVELENGTH OR FREQUENCY. WHILE DIFFERENT MECHANISMS CAN PRODUCE A WIDE SPECTRUM OF COLORS, THE SPECIFIC COLOR
EMITTED IS DEPENDENT ON THE ENERGY OF THE PHOTONS. FOR EXAMPLE, IN ATOMIC EMISSION, THE ENERGY DIFFERENCE BET WEEN
ELECTRON LEVELS DICTATES THE COLOR, WHILE IN THERMAL RADIATION, TEMPERATURE DETERMINES THE PEAK WAVELENGTH.

Q: CAN LIGHT BE PRODUCED WITHOUT ANY ENERGY INPUT?

A: NO, LIGHT CANNOT BE PRODUCED WITHOUT ANY ENERGY INPUT. LIGHT IS A FORM OF ENERGY ITSELF, AND ITS CREATION
ALWAYS INVOLVES THE CONVERSION OF SOME OTHER FORM OF ENERGY. THIS ENERGY INPUT CAN BE IN THE FORM OF HEAT,
ELECTRICAL ENERGY, CHEMICAL ENERGY, OR OTHER FORMS OF EXCITATION THAT LEAD TO THE EMISSION OF PHOTONS.

QI \WHAT IS THE DIFFERENCE BETWEEN FLUORESCENCE AND PHOSPHORESCENCE?

A: THE MAIN DIFFERENCE LIES IN THE PERSISTENCE OF THE LIGHT EMISSION. FLUORESCENCE IS THE NEAR-INSTANT ANEOUS EMISSION
OF LIGHT WHEN A MATERIAL IS EXCITED, AND THE GLOW STOPS AS SOON AS THE EXCITATION SOURCE IS REMOVED.
PHOSPHORESCENCE INVOLVES A DELAY IN THE LIGHT EMISSION, AS EXCITED ELECTRONS GET TRAPPED IN INTERMEDIATE ENERGY
STATES BEFORE RETURNING TO THEIR GROUND STATE, CAUSING THE MATERIAL TO GLOW FOR A PERIOD AFTER THE EXCITATION
SOURCE IS GONE.

Q: How po LEDs PRODUCE LIGHT?

A: LEDs (LiGHT EMITTING DIODES) PRODUCE LIGHT THROUGH ELECTROLUMINESCENCE. W/HEN AN ELECTRIC CURRENT PASSES
THROUGH A SEMICONDUCTOR MATERIAL IN AN LED, ELECTRONS AND “HOLES” RECOMBINE AT A JUNCTION. THIS RECOMBINATION
RELEASES ENERGY IN THE FORM OF PHOTONS, WHICH WE PERCEIVE AS LIGHT. THE COLOR OF THE LED IS DETERMINED BY THE
SPECIFIC SEMICONDUCTOR MATERIAL USED.

QZ IS HEAT ALWAYS INVOLVED WHEN LIGHT IS PRODUCED?

A: NO, HEAT IS NOT ALWAYS INVOLVED WHEN LIGHT IS PRODUCED. W/HILE THERMAL RADIATION (LIGHT PRODUCED BY HEAT) IS
A MAJOR SOURCE OF ILLUMINATION, PHENOMENA LIKE FLUORESCENCE, PHOSPHORESCENCE, CHEMILUMINESCENCE, BIOLUMINESCENCE,
AND ELECTROLUMINESCENCE PRODUCE LIGHT THROUGH PROCESSES THAT DO NOT PRIMARILY RELY ON HIGH TEMPERATURES.
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