WHAT COLOR IS PHYSICS

WHAT COLOR IS PHYSICS IS A QUESTION THAT MIGHT SEEM STRAIGHTFORWARD, BUT DELVING INTO IT REVEALS A FASCINATING
SPECTRUM OF INTERPRETATIONS, FROM THE LITERAL TO THE METAPHORICAL. WHILE PHYSICS ITSELF DOESN'T POSSESS A
SINGULAR, INHERENT HUE, ITS STUDY AND REPRESENTATION ARE DEEPLY INTERTWINED WITH THE COLORS WE PERCEIVE IN THE
UNIVERSE. THIS ARTICLE WILL EXPLORE THE MULTIFACETED ANSWER TO “WHAT COLOR IS PHYSICS/” EXAMINING HOW LIGHT,
ENERGY, AND MATTER MANIFEST IN VIBRANT DISPLAYS THAT ARE FUNDAMENTAL TO OUR UNDERSTANDING OF THE PHYSICAL
WORLD. WE'LL VENTURE INTO THE PHYSICS OF COLOR PERCEPTION, THE COLORS OF CELESTIAL BODIES, THE VIBRANT HUES OF
SCIENTIFIC EXPERIMENTS, AND EVEN THE SYMBOLIC COLORS USED IN DIAGRAMS AND REPRESENTATIONS. PREPARE TO SEE PHYSICS
IN A WHOLE NEW LIGHT — OR RATHER, A SPECTRUM OF LIGHTS!
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THe PHYsIcs oF SeeiNG: How WE Percelve CoLOR

W/HEN WE ASK, “\WHAT COLOR IS PHYSICS,” THE MOST IMMEDIATE CONNECTION IS TO THE VERY PROCESS BY WHICH WE
PERCEIVE COLOR. THIS INTRICATE DANCE INVOLVES LIGHT, OUR EYES, AND OUR BRAINS. PHYSICS EXPLAINS THAT COLOR ISN'T
AN INTRINSIC PROPERTY OF OBJECTS, RATHER, IT'S HOW OUR EYES AND BRAINS INTERPRET DIFFERENT WAVELENGTHS OF LIGHT
THAT REFLECT OFF OR ARE EMITTED BY THOSE OBJECTS. AN OBJECT APPEARS RED BECAUSE ITS SURFACE ABSORBS MOST

W AVELENGTHS OF VISIBLE LIGHT AND REFLECTS THE LONGER WAVELENGTHS, WHICH OUR EYES REGISTER AS RED. IT's A
PHENOMENON ROOTED IN ELECTROMAGNETISM, THE VERY FABRIC OF PHYSICS.

THINK ABOUT A RIPE APPLE. |T'S RED, RIGHT? BUT SCIENTIFICALLY SPEAKING, THE APPLE ITSELF ISN'T “RED.” ITS SURFACE
MOLECULES ARE STRUCTURED IN SUCH A WAY THAT THEY PREFERENTIALLY SCATTER AND REFLECT LIGHT IN THE 620-750
NANOMETER RANGE OF THE ELECTROMAGNETIC SPECTRUM. OUR PHOTORECEPTOR CELLS, THE CONES IN OUR RETINAS, ARE
STIMULATED BY THESE SPECIFIC WAVELENGTHS, AND OUR BRAIN PROCESSES THIS INFORMATION, TRANSLATING IT INTO THE
SENSATION WE CALL “RED.” W/ITHOUT PHYSICS AND THE UNDERSTANDING OF LIGHT AND ITS INTERACTION WITH MATTER, OUR
EXPERIENCE OF A COLORFUL WORLD WOULD BE A COMPLETE MYSTERY.

How LIGHT INTERACTS WITH MATTER

THE INTERACTION OF LIGHT WITH MATTER IS THE CORNERSTONE OF OUR PERCEPTION OF COLOR. WHEN LIGHT, WHICH IS A FORM
OF ELECTROMAGNETIC RADIATION COMPOSED OF PHOTONS, STRIKES AN OBJECT, SEVERAL THINGS CAN HAPPEN. |T CAN BE
ABSORBED, REFLECTED, OR TRANSMITTED. THE COLOR WE SEE IS PREDOMINANTLY DETERMINED BY THE WAVELENGTHS OF LIGHT
THAT ARE REFLECTED BACK TO OUR EYES. FOR INSTANCE, A BLUE SHIRT APPEARS BLUE BECAUSE IT ABSORBS MOST OF THE
VISIBLE LIGHT SPECTRUM BUT REFLECTS THE SHORTER WAVELENGTHS THAT OUR EYES PERCEIVE AS BLUE. THIS ABSORPTION AND
REFLECTION ARE GOVERNED BY THE QUANTUM MECHANICAL PROPERTIES OF THE ATOMS AND MOLECULES THAT MAKE UP THE
OBJECT’S SURFACE.

THE RoLE oF THE HUMAN EYE AND BRAIN

OUR VISUAL SYSTEM IS A MARVEL OF BIOLOGICAL AND PHYSICAL ENGINEERING. T HE HUMAN EYE CONTAINS SPECIALIZED CELLS
CALLED CONES, WHICH ARE SENSITIVE TO DIFFERENT RANGES OF WAVELENGTHS — BROADLY CORRESPONDING TO RED, GREEN, AND



BLUE LIGHT. W/HEN LIGHT ENTERS THE EYE AND HITS THE RETINA, THESE CONES ARE ACTIVATED TO VARYING DEGREES. For
EXAMPLE, IF LIGHT CONTAINING A STRONG COMPONENT OF YELLOW WAVELENGTHS STRIKES THE RETINA, BOTH THE RED~
SENSITIVE AND GREEN-SENSITIVE CONES WILL BE STIMULATED. THE BRAIN THEN INTERPRETS THIS COMBINED SIGNAL AS YELLOW.
THIS COMPLEX PROCESS, EXPLAINED BY THE PHYSICS OF OPTICS AND THE NEUROSCIENCE OF PERCEPTION, ALLOWS US TO
EXPERIENCE THE RICH TAPESTRY OF COLORS AROUND US.

THE SPECTRUM OF LIGHT: PHYSICS' FUNDAMENTAL PALETTE

AT ITS CORE, PHYSICS VIEWS THE UNIVERSE AS BEING ILLUMINATED BY THE ELECTROMAGNETIC SPECTRUM. THIS SPECTRUM IS
NOT A SINGLE COLOR BUT A CONTINUOUS RANGE OF WAVELENGTHS, EACH CARRYING DIFFERENT AMOUNTS OF ENERGY. VISIBLE
LIGHT, THE PORTION THAT OUR EYES CAN DETECT, IS JUST A SMALL SLIVER OF THIS VAST SPECTRUM. THE COLORS WE SEE —
RED, ORANGE, YELLOW, GREEN, BLUE, INDIGO, AND VIOLET (ROYGBIV) — ARE SIMPLY OUR WAY OF CATEGORIZING DIFFERENT
WAVELENGTHS WITHIN THIS VISIBLE BAND. EACH COLOR REPRESENTS A DISTINCT FREQUENCY AND ENERGY LEVEL OF LIGHT,
FUNDAMENTAL CONCEPTS IN PHYSICS.

W/HEN PHYSICISTS DISCUSS LIGHT, THEY ARE OFTEN REFERRING TO ITS WAVE-LIKE PROPERTIES, DESCRIBED BY WAVELENGTH AND
FREQUENCY, OR ITS PARTICLE-LIKE PROPERTIES AS PHOTONS. THE ENERGY OF A PHOTON IS DIRECTLY PROPORTIONAL TO ITS
FREQUENCY (AND INVERSELY PROPORTIONAL TO ITS \X/AVELENGTH), A RELATIONSHIP FAMOUSLY DESCRIBED BY PLANCK'S
EQUATION. SO, FROM A PHYSICS PERSPECTIVE, THE “COLOR" OF LIGHT IS DIRECTLY TIED TO ITS ENERGY CONTENT, RANGING
FROM LOW-ENERGY RADIO WAVES TO HIGH"ENERGY GAMMA RAYS, WITH THE VIBRANT COLORS WE SEE NESTLED NEATLY IN
BET\WEEN.

VIsiBLE LIGHT AND THE ELECTROMAGNETIC SPECTRUM

THE ELECTROMAGNETIC SPECTRUM ENCOMPASSES ALL FORMS OF ELECTROMAGNETIC RADIATION, ORDERED BY FREQUENCY AND
WAVELENGTH. AT ONE END ARE RADIO WAVES, WITH VERY LONG WAVELENGTHS AND LOW FREQUENCIES. AS WE MOVE UP THE
SPECTRUM, WE ENCOUNTER MICROWAVES, INFRARED RADIATION, VISIBLE LIGHT, ULTRAVIOLET RADIATION, X-RAYS, AND
FINALLY, GAMMA RAYS, WHICH HAVE THE SHORTEST WAVELENGTHS AND HIGHEST FREQUENCIES (AND THUS, THE HIGHEST
ENERGY). VISIBLE LIGHT, WHICH SPANS WAVELENGTHS FROM APPROXIMATELY 400 NANOMETERS (VIOLET) To 700
NANOMETERS (RED), IS THE PORTION OF THIS SPECTRUM THAT ALLOWS US TO PERCEIVE COLOR. THIS ORDERED ARRANGEMENT IS
A FUNDAMENTAL CONCEPT IN UNDERSTANDING THE PHYSICAL NATURE OF LIGHT AND ITS ASSOCIATED COLORS.

\W/ AVELENGTH, FREQUENCY, AND ENERGY

THE RELATIONSHIP BETWEEN WAVELENGTH, FREQUENCY, AND ENERGY IS CRUCIAL TO UNDERSTANDING COLOR FROM A PHYSICS
STANDPOINT. W/ AVELENGTH (/\) IS THE DISTANCE BETWEEN SUCCESSIVE CRESTS OF A WAVE, AND FREQUENCY (N) IS THE
NUMBER OF WAVES THAT PASS A POINT PER SECOND. [HEY ARE INVERSELY PROPORTIONAL: AS WAVELENGTH INCREASES,
FREQUENCY DECREASES, AND VICE-VERSA. ENERGY (E) IS DIRECTLY PROPORTIONAL TO FREQUENCY, OFTEN EXPRESSED BY THE
EQUATION E = HN, WHERE H IS PLANCK'S CONSTANT. THEREFORE, SHORTER WAVELENGTHS (LIKE VIOLET LIGHT> HAVE HIGHER
FREQUENCIES AND MORE ENERGY THAN LONGER W AVELENGTHS (LIKE RED LIGHT). THIS FUNDAMENTAL PHYSICAL PRINCIPLE
DICTATES THE ENERGETIC PROPERTIES OF EACH COLOR WE PERCEIVE.

CoLors IN THE CosMos: CeLESTIAL HUES EXPLAINED

LOOKING UP AT THE NIGHT SKY, WE ARE MET WITH A BREATHTAKING ARRAY OF COLORS, ALL EXPLAINED BY PHYSICS. STARS
DONITJUST TWINKLE, THEY SHINE IN VARIOUS HUES OF RED, ORANGE, YELLOW ,6 WHITE, AND BLUE. THE COLOR OF A STAR IS A
DIRECT INDICATOR OF ITS SURFACE TEMPERATURE. HOTTER STARS EMIT MORE BLUE AND WHITE LIGHT, WHILE COOLER STARS
EMIT MORE RED AND ORANGE LIGHT. THIS PRINCIPLE OF BLACKBODY RADIATION IS A CORNERSTONE OF ASTROPHYSICS, ALLOWING



US TO GAUGE THE THERMAL STATE OF DISTANT CELESTIAL BODIES SIMPLY BY OBSERVING THEIR COLORS. THE PHYSICS BEHIND
STARLIGHT IS, IN ESSENCE, THE PHYSICS OF COLOR ON A COSMIC SCALE.

Bevonp STARS, NEBULAE AND GALAXIES PAINT THE UNIVERSE WITH ETHEREAL COLORS. THESE VIBRANT DISPLAYS ARE OFTEN
THE RESULT OF GAS CLOUDS BEING ENERGIZED BY NEARBY STARS, CAUSING THEM TO EMIT SPECIFIC WAVELENGTHS OF LIGHT, A
PHENOMENON KNOWN AS EMISSION. THE PHYSICS OF ATOMIC EXCITATION AND DE-EXCITATION DICTATES WHICH COLORS ARE
PRODUCED, REVEALING THE CHEMICAL COMPOSITION AND PHYSICAL CONDITIONS OF THESE COSMIC \WONDERS. FROM THE FIERY
RED OF A DYING STAR TO THE BRILLIANT BLUE OF A YOUNG, HOT STAR, THE COLORS OF THE COSMOS ARE A DIRECT
MANIFESTATION OF FUNDAMENTAL PHYSICAL LAWS.

STELLAR TEMPERATURES AND STAR CoOLORS

THE COLOR OF A STAR IS A POWERFUL DIAGNOSTIC TOOL FOR ASTRONOMERS, DIRECTLY CORRELATING WITH ITS SURFACE
TEMPERATURE. THIS PHENOMENON IS EXPLAINED BY THE PHYSICS OF BLACKBODY RADIATION. A PERFECT BLACKBODY EMITS
RADIATION AT ALL WAVELENGTHS, BUT THE PEAK INTENSITY OF THIS RADIATION SHIFTS WITH TEMPERATURE. FOR COOLER
STARS, THE PEAK EMISSION LIES IN THE RED OR INFRARED PART OF THE SPECTRUM, MAKING THEM APPEAR RED OR ORANGE. AS
STARS GET HOTTER, THE PEAK SHIFTS TOWARDS THE BLUE END OF THE SPECTRUM, RESULTING IN YELLOW , WHITE, AND EVEN
BLUE STARS. OUR SUN, A YELLOW STAR, HAS A SURFACE TEMPERATURE OF ABOUT 5,500 DeEGREES CELSIUS.

NEBULAE AND EMISSION SPECTRA

NEBULAE, VAST CLOUDS OF GAS AND DUST IN SPACE, OFTEN DISPLAY STUNNING COLORS DUE TO THE EMISSION OF LIGHT. W/ HEN
THESE GASES ARE ENERGIZED BY NEARBY STARS, THEIR ATOMS BECOME EXCITED. AS THESE ATOMS RETURN TO THEIR GROUND
STATE, THEY EMIT PHOTONS OF SPECIFIC WAVELENGTHS, CREATING DISTINCT SPECTRAL LINES. For EXAMPLE, HYDROGEN ATOMS
EMIT RED LIGHT (SPECIFICALLY THE H-ALPHA LINE), WHICH IS WHY MANY NEBULAE APPEAR REDDISH. OXYGEN ATOMS CAN EMIT
GREEN OR BLUE LIGHT. THE PHYSICS OF ATOMIC EMISSION SPECTRA ALLOWS US TO IDENTIFY THE CHEMICAL COMPOSITION OF
THESE CELESTIAL NURSERIES AND UNDERSTAND THE PROCESSES OCCURRING WITHIN THEM.

THE VIBRANT W ORLD OF PHYSICS EXPERIMENTS

THE LABORATORY IS ANOTHER PLACE WHERE PHYSICS BURSTS INTO COLOR, NOT JUST THROUGH THE OUTCOMES OF
EXPERIMENTS BUT ALSO IN THE VERY TOOLS AND TECHNIQUES USED TO STUDY THE UNIVERSE. LASERS/ FUNDAMENTAL TOOLS IN
MANY PHYSICS DISCIPLINES, ARE DESIGNED TO EMIT LIGHT OF A VERY SPECIFIC, MONOCHROMATIC COLOR. THE COLOR OF A LASER
IS DETERMINED BY THE MATERIAL AND ENERGY SOURCE USED TO EXCITE THE ATOMS WITHIN IT, A DIRECT APPLICATION OF
QUANTUM MECHANICS AND ATOMIC PHYSICS. FROM THE DEEP RED OF A HELIUM-NEON LASER TO THE VIBRANT GREEN OF SOME
SOLID-STATE LASERS, THESE INSTRUMENTS SHOWCASE THE CONTROLLED USE OF LIGHT'S COLOR PROPERTIES.

SPECTROSCOPY, A FIELD THAT RELIES HEAVILY ON PHYSICS, USES COLOR TO ANALYZE MATERIALS. BY SPLITTING LIGHT INTO
ITS CONSTITUENT COLORS (ITS SPECTEUM), SCIENTISTS CAN IDENTIFY THE ELEMENTS PRESENT AND THEIR ABUNDANCE. W/HETHER
IT'S ANALYZING THE COMPOSITION OF A SAMPLE IN A CHEMISTRY LAB OR STUDYING THE LIGHT FROM DISTANT GALAXIES,
SPECTROSCOPY LEVERAGES THE UNIQUE “COLOR FINGERPRINTS” OF ELEMENTS AND COMPOUNDS. EVEN THE SEEMINGLY MUNDANE
COLORS OF SAFETY EQUIPMENT IN A LAB — THE YELLOW OF CAUTION TAPE, THE RED OF EMERGENCY BUTTONS — OFTEN HAVE
PHYSICAL OR PSYCHOLOGICAL MEANINGS ROOTED IN SCIENTIFIC UNDERST ANDING.

LASERS: MONOCHROMATIC LIGHT SOURCES

L ASERS ARE REMARKABLE DEVICES THAT PRODUCE A HIGHLY FOCUSED BEAM OF LIGHT WITH A SINGLE, SPECIFIC WAVELENGTH,
MEANING THEY EMIT LIGHT OF A SINGLE COLOR. THIS MONOCHROMATIC NATURE IS A DIRECT RESULT OF STIMULATED EMISSION, A



QUANTUM MECHANICAL PROCESS. THE SPECIFIC COLOR OF A LASER IS DETERMINED BY THE GAIN MEDIUM USED — THE MATERIAL
THAT AMPLIFIES THE LIGHT. FOR EXAMPLE, A HELIUM-NEON LASER TYPICALLY EMITS RED LIGHT, WHILE CERTAIN SEMICONDUCTOR
LASERS CAN BE TUNED TO EMIT A WIDE RANGE OF COLORS, FROM INFRARED TO VISIBLE TO ULTRAVIOLET. THE PHYSICS OF
ENERGY LEVELS IN ATOMS AND MOLECULES DICTATES WHICH SPECIFIC WAVELENGTHS CAN BE PRODUCED.

SPECTROSCOPY: UNLOCKING ELEMENTAL SIGNATURES

SPECTROSCOPY IS A POWERFUL ANALYTICAL TECHNIQUE USED ACROSS MANY SCIENTIFIC FIELDS, AND IT RELIES ENTIRELY ON THE
PHYSICS OF LIGHT AND MATTER. W/HEN LIGHT PASSES THROUGH A SUBSTANCE OR IS EMITTED BY IT, THE SUBSTANCE ABSORBS
OR EMITS SPECIFIC WAVELENGTHS, CREATING A UNIQUE SPECTRAL “FINGERPRINT.” BY DISPERSING THIS LIGHT INTO ITS
CONSTITUENT COLORS USING A PRISM OR DIFFRACTION GRATING, SCIENTISTS CAN ANALYZE THESE SPECTRAL LINES. THE
PRESENCE AND INTENSITY OF THESE LINES REVEAL THE CHEMICAL COMPOSITION, TEMPERATURE, AND OTHER PHYSICAL PROPERTIES
OF THE SUBSTANCE. FOR INSTANCE, A FLAME TEST IN CHEMISTRY USES THE CHARACTERISTIC COLORS EMITTED BY HEATED METAL
SALTS TO IDENTIFY THEM.

SymeoLIC COLORS IN PHYSICS DIAGRAMS AND REPRESENTATIONS

BEYOND THE LITERAL PHYSICS OF COLOR, THE DISCIPLINE ALSO EMPLOYS A RICH VOCABULARY OF SYMBOLIC COLORS IN ITS
DIAGRAMS, MODELS, AND EDUCATIONAL MATERIALS. THESE COLORS ARE NOT ARBITRARY;, THEY OFTEN CARRY SPECIFIC MEANINGS
THAT AID IN UNDERSTANDING COMPLEX CONCEPTS. FOR EXAMPLE, IN DIAGRAMS OF ELECTRICAL CIRCUITS, RED IS FREQUENTLY
USED TO REPRESENT THE POSITIVE TERMINAL OR LIVE WIRE, WHILE BLACK OR BLUE SIGNIFIES THE NEGATIVE TERMINAL OR
NEUTRAL WIRE. THIS CONVENTION HELPS IN VISUALIZING THE FLOW OF CURRENT AND POTENTIAL DIFFERENCES, MAKING ABSTRACT
ELECTRICAL CONCEPTS MORE TANGIBLE AND UNDERSTANDABLE.

IN FIELDS LIKE THERMODYNAMICS AND FLUID DYNAMICS, COLOR IS USED TO REPRESENT TEMPERATURE, PRESSURE, OR VELOCITY.
HOTTER REGIONS MIGHT BE DEPICTED IN RED OR ORANGE, WHILE COLDER REGIONS ARE SHOWN IN BLUE OR VIOLET. SIMILARLY,
AREAS OF HIGH PRESSURE MIGHT BE A DEEP RED, AND LOW PRESSURE A CALMING BLUE. THESE COLOR MAPS, OR “FALSE-COLOR”
IMAGES, ARE INVALUABLE TOOLS FOR QUICKLY INTERPRETING COMPLEX DATA SETS AND COMMUNICATING SCIENTIFIC FINDINGS TO
A WIDER AUDIENCE. THE PHYSICS OF COLOR PERCEPTION IS LEVERAGED HERE TO CONVEY INFORMATION EFFICIENTLY AND
INTUITIVELY.

ELecTrICAL CircuiT DIAGRAMS

IN ELECTRICAL ENGINEERING AND PHYSICS, SPECIFIC COLORS ARE CONVENTIONALLY USED IN CIRCUIT DIAGRAMS TO DENOTE
DIFFERENT COMPONENTS AND CONNECTIONS. RED IS ALMOST UNIVERSALLY USED TO INDICATE THE POSITIVE TERMINAL OF A
POWER SOURCE OR THE “HOT” WIRE CARRYING CURRENT. BLACK OR BLUE IS TYPICALLY USED FOR THE NEGATIVE TERMINAL OR
THE "NEUTRAL” WIRE, COMPLETING THE CIRCUIT. GREEN IS OFTEN DESIGNATED FOR THE GROUND CONNECTION, PROVIDING A
SAFETY REFERENCE POINT. THESE COLOR CODES ARE NOT JUST AESTHETIC CHOICES; THEY ARE FUNCTIONAL CONVENTIONS THAT
ENHANCE CLARITY AND REDUCE THE RISK OF ERRORS WHEN WORKING WITH ELECTRICAL SYSTEMS, RELYING ON ESTABLISHED
PHYSICS PRINCIPLES OF CHARGE FLOW.

DATA VISUALIZATION IN SCIENTIFIC FIELDS

MANY BRANCHES OF PHYSICS, FROM METEOROLOGY TO PARTICLE PHYSICS, UTILIZE COLOR MAPPING FOR DATA VISUALIZATION.
THIS TECHNIQUE, OFTEN REFERRED TO AS “EALSE COLOR," ASSIGNS DIFFERENT COLORS TO REPRESENT VARYING QUANTITIES LIKE
TEMPERATURE, DENSITY, MAGNETIC FIELD STRENGTH, OR ENERGY LEVELS. For INSTANCE, WEATHER MAPS USE A SPECTRUM OF
BLUES, GREENS, YELLOWS, AND REDS TO ILLUSTRATE TEMPERATURE VARIATIONS ACROSS GEOGRAPHICAL REGIONS. IN PARTICLE
ACCELERATORS, COMPLEX COLLISION EVENTS ARE VISUALIZED USING COLOR TO DENOTE THE TYPE AND ENERGY OF PARTICLES



PRODUCED. THIS APPLICATION OF COLOR LEVERAGES OUR INNATE ABILITY TO DISCERN DIFFERENCES AND PATTERNS, MAKING
COMPLEX SCIENTIFIC DATA MORE ACCESSIBLE AND INTERPRETABLE.

THe UNSeeN CoLoRrs oF PHYsIcs: BEYOND THE VISIBLE SPECTRUM

\WHILE WE'VE EXPLORED THE COLORS WE SEE, IT'S CRUCIAL TO REMEMBER THAT PHYSICS DEALS WITH A VAST ARRAY OF
PHENOMENA THAT EXIST OUTSIDE THE VISIBLE SPECTRUM. RADIO WAVES, INFRARED RADIATION (\X/HICH \WE FEEL AS HEAT)/
ULTRAVIOLET LIGHT, X‘RAYS, AND GAMMA RAYS ALL HAVE THEIR UNIQUE PHYSICAL PROPERTIES AND INTERACTIONS. WHILE WE
CAN'T “SEE” THESE WAVELENGTHS DIRECTLY, PHYSICISTS HAVE DEVELOPED INGENIOUS INSTRUMENTS TO DETECT AND STUDY
THEM, TRANSLATING THEIR PRESENCE INTO FORMS WE CAN UNDERSTAND, OFTEN THROUGH GRAPHICAL REPRESENTATIONS OR
AUDIBLE SIGNALS. THESE “UNSEEN coLoRrsS” ARE JUST AS FUNDAMENTAL TO THE UNIVERSE AS THE COLORS WE PERCEIVE WITH
OUR EYES.

THE STUDY OF THESE NON-VISIBLE FORMS OF ELECTROMAGNETIC RADIATION HAS LED TO PROFOUND DISCOVERIES, FROM THE
MICROWAVES THAT REVEAL THE AFTERGLOW OF THE BIG BANG TO THE X-RAYS THAT ALLOW US TO PEER INSIDE THE HUMAN
BODY. EACH OF THESE REGIONS OF THE ELECTROMAGNETIC SPECTRUM IS A “COLOR” IN THE BROADER PHYSICS SENSE — A
DISTINCT MANIFESTATION OF ENERGY WITH ITS OWN SET OF PHYSICAL LAWS GOVERNING ITS BEHAVIOR. SO, WHEN ASKING
“\WHAT COLOR IS PHYSICS,” WE MUST ALSO CONSIDER THE INVISIBLE HUES THAT SHAPE OUR UNDERSTANDING OF THE COSMOS
AND THE UNIVERSE WITHIN US.

INFRARED AND HEAT RADIATION

INFRARED RADIATION IS A PART OF THE ELECTROMAGNETIC SPECTRUM WITH WAVELENGTHS LONGER THAN VISIBLE RED LIGHT AND
SHORTER THAN MICROWAVES. W/HILE INVISIBLE TO THE HUMAN EYE, IT IS STRONGLY ASSOCIATED WITH HEAT. ALL OBJECTS
WITH A TEMPERATURE ABOVE ABSOLUTE ZERO EMIT INFRARED RADIATION. THIS PHENOMENON IS A DIRECT CONSEQUENCE OF THE
THERMAL MOTION OF ATOMS AND MOLECULES WITHIN AN OBJECT. PHYSICISTS USE INFRARED CAMERAS AND SENSORS TO DETECT
THIS RADIATION, ALLOWING THEM TO “See” HEAT SIGNATURES, ANALYZE THERMAL PROPERTIES OF MATERIALS, AND EVEN STUDY
DISTANT CELESTIAL OBJECTS THAT ARE COOL AND EMIT PRIMARILY IN THE INFRARED. IT’S A HIDDEN SPECTRUM THAT PLAYS A
VITAL ROLE IN ENERGY TRANSFER.

RAbDIo W AVES AND MICROWAVES

RADIO WAVES AND MICROWAVES OCCUPY THE LONGEST WAVELENGTH AND LOWEST FREQUENCY PORTIONS OF THE
ELECTROMAGNETIC SPECTRUM. THESE FORMS OF RADIATION ARE ESSENTIAL FOR MODERN COMMUNICATION, FROM BROADCASTING
RADIO AND TELEVISION SIGNALS TO POWERING OUR W/ I-FI AND MICROWAVE OVENS. IN ASTRONOMY, RADIO TELESCOPES DETECT
RADIO WAVES EMITTED BY CELESTIAL OBJECTS LIKE PULSARS AND QUASARS, REVEALING PHENOMENA INVISIBLE IN OPTICAL LIGHT.
MICROWAVES ARE ALSO USED IN RADAR SYSTEMS AND IN THE COSMIC MICROW AVE BACKGROUND RADIATION, A FAINT
AFTERGLOW FROM THE BIG BANG, WHICH PROVIDES CRUCIAL EVIDENCE FOR THE UNIVERSE'S ORIGIN. THEIR “COLORS” ARE
IMPERCEPTIBLE TO US BUT ARE FUNDAMENTAL TO UNDERSTANDING THE UNIVERSE AND OUR DAILY LIVES.

ULTRAVIOLET, X-RAYS, AND GAMMA RAYS

MOVING TO THE SHORTER W AVELENGTH, HIGHER FREQUENCY END OF THE SPECTRUM, WE FIND ULTRAVIOLET (U\/) LIGHT, X-
RAYS, AND GAMMA RAYS. uv LIGHT, WHILE INVISIBLE TO HUMANS, IS RESPONSIBLE FOR SUNBURN AND IS USED IN STERILIZATION.
X‘RAYS, WITH THEIR HIGH ENERGY, CAN PENETRATE SOFT TISSUES, MAKING THEM INVALUABLE FOR MEDICAL IMAGING. GAMMA
RAYS, THE MOST ENERGETIC FORM OF ELECTROMAGNETIC RADIATION, ARE PRODUCED IN NUCLEAR REACTIONS AND COSMIC EVENTS
LIKE SUPERNOV AE. PHYSICISTS STUDY THESE HIGH-ENERGY RADIATIONS TO UNDERSTAND SUBATOMIC PARTICLES, COSMIC
PHENOMENA, AND TO DEVELOP ADVANCED MEDICAL TREATMENTS. THESE “COLORS” REPRESENT THE MOST ENERGETIC



INTERACTIONS IN THE UNIVERSE.

THe GRAND UNIFICATION OF FORCES

W/HILE NOT A LITERAL COLOR, THE QUEST FOR A UNIFIED THEORY IN PHYSICS, THE “GRAND UNIFICATION,” SEEKS TO DESCRIBE
ALL FUNDAMENTAL FORCES OF NATURE — GRAVITY, ELECTROMAGNETISM, THE STRONG NUCLEAR FORCE, AND THE WEAK NUCLEAR
FORCE — AS DIFFERENT ASPECTS OF A SINGLE, UNDERLYING FORCE. IN A SENSE, THIS GRAND UNIFICATION MIGHT REPRESENT A
SINGULAR, FUNDAMENTAL “COLOR" OR ESSENCE FROM WHICH ALL OBSERVABLE PHENOMENA, AND THEIR ASSOCIATED COLORS,
EMERGE. |T’S A THEORETICAL FRAMEWORK WHERE ALL THE SEEMINGLY DIFFERENT “COLORS” OF PHYSICS ULTIMATELY DERIVE
FROM A SINGLE, UNIFIED SOURCE, A PROFOUND CONCEPT AT THE FRONTIER OF THEORETICAL PHYSICS.

FAQ

QZ DOES PHYSICS HAVE A SPECIFIC , SINGLE COLOR ASSOCIATED WITH IT?

A: NO, PHYSICS ITSELF DOES NOT HAVE A SINGLE, INHERENT COLOR. THE CONCEPT OF COLOR IN PHYSICS IS RELATED TO THE
WAVELENGTHS OF VISIBLE LIGHT AND HOW THEY INTERACT WITH MATTER, AS WELL AS SYMBOLIC REPRESENTATIONS USED IN
SCIENTIFIC COMMUNICATION.

QZ How DOES PHYSICS EXPLAIN THE COLORS WE SEE IN EVERYDAY OBJECTS?

A: PHYSICS EXPLAINS THAT THE COLORS OF OBJECTS ARE A RESULT OF HOW THEIR SURFACES ABSORB AND REFLECT DIFFERENT
WAVELENGTHS OF VISIBLE LIGHT. THE REFLECTED WAVELENGTHS ARE WHAT OUR EYES PERCEIVE AS COLOR.

Q: ARE THE COLORS OF STARS EXPLAINED BY PHYSICS?

A: YES, THE COLORS OF STARS ARE A DIRECT INDICATOR OF THEIR SURFACE TEMPERATURES, A CONCEPT EXPLAINED BY THE
PHYSICS OF BLACKBODY RADIATION. HOTTER STARS APPEAR BLUER, WHILE COOLER STARS APPEAR REDDER.

Q: \WHAT ROLE DO COLORS PLAY IN PHYSICS EXPERIMENTS AND VISUALIZATIONS?

A: COLORS ARE USED EXTENSIVELY IN PHYSICS EXPERIMENTS AND DATA VISUALIZATION TO REPRESENT DIFFERENT QUANTITIES
LIKE TEMPERATURE, ENERGY LEVELS, OR ELECTRICAL POTENTIAL. THEY HELP SCIENTISTS INTERPRET COMPLEX DATA AND
COMMUNICATE FINDINGS EFFECTIVELY.

Q: CAN WE SEE ALL THE “COLORS” THAT PHYSICS DEALS WITH?

A: NO, PHYSICS DEALS WITH A MUCH BROADER SPECTRUM OF ELECTROMAGNETIC RADIATION THAN JUST VISIBLE LIGHT. THIS
INCLUDES RADIO WAVES, MICROWAVES, INFRARED, ULTRAVIOLET, X‘EAYS/ AND GAMMA RAYS, WHICH ARE INVISIBLE TO THE
HUMAN EYE BUT ARE STUDIED USING SPECIALIZED INSTRUMENTS.

Q: Is THERE A CONNECTION BETWEEN PHYSICS AND THE SYMBOLIC USE OF COLORS IN
DIAGRAMS?

A: ABSOLUTELY. PHYSICS USES COLOR SYMBOLICALLY IN DIAGRAMS, FOR EXAMPLE, TO REPRESENT POSITIVE AND NEGATIVE
TERMINALS IN ELECTRICAL CIRCUITS, OR TO MAP TEMPERATURE GRADIENTS IN FLUID DYNAMICS. THESE CONVENTIONS AID IN
UNDERSTANDING COMPLEX PHYSICAL CONCEPTS.



QZ How DOES THE PHYSICS OF LIGHT RELATE TO THE PERCEPTION OF COLOR?

A: THE PHYSICS OF LIGHT EXPLAINS THAT VISIBLE LIGHT IS COMPOSED OF DIFFERENT WAVELENGTHS, EACH CORRESPONDING TO A
SPECIFIC COLOR. OUR EYES AND BRAINS INTERPRET THESE WAVELENGTHS TO PERCEIVE THE RANGE OF COLORS IN OUR
ENVIRONMENT.
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