WHAT DOES EV MEAN IN PHYSICS

UNDERSTANDING “EV” IN PHYSICS: THE ELECTRONVOLT EXPLAINED

WHAT DOES EV MEAN IN PHYSICS? THIS IS A QUESTION THAT OFTEN SURFACES WHEN DELVING INTO THE MICROSCOPIC WORLD
OF ATOMS AND SUBATOMIC PARTICLES, OR WHEN EXPLORING THE ENERGIES INVOLVED IN NUCLEAR REACTIONS AND PARTICLE
ACCELERATORS. THE “E\/,” OR ELECTRONVOLT, IS A FUNDAMENTAL UNIT OF ENERGY USED EXTENSIVELY ACROSS VARIOUS
BRANCHES OF PHYSICS. |T PROVIDES A CONVENIENT AND INTUITIVE WAY TO MEASURE THE ENERGY CHANGES EXPERIENCED BY
CHARGED PARTICLES AS THEY MOVE THROUGH ELECTRIC POTENTIALS. UNDERSTANDING THE ELECTRONVOLT IS CRUCIAL FOR
GRASPING CONCEPTS IN QUANTUM MECHANICS, NUCLEAR PHYSICS, SOLID-STATE PHYSICS, AND EVEN ASTROPHYSICS. THiS
ARTICLE WILL BREAK DOWN THE ELECTRONVOLT, ITS DEFINITION, ITS RELATIONSHIP TO OTHER ENERGY UNITS, ITS COMMON
APPLICATIONS, AND WHY IT'S SUCH A VALUABLE TOOL FOR PHYSICISTS.
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THE FUNDAMENTAL DEFINITION OF THE ELECTRONVOLT

SO, WHAT EXACTLY IS AN ELECTRONVOLT? AT ITS CORE, THE ELECTRONVOLT (EV) IS DEFINED AS THE AMOUNT OF KINETIC
ENERGY GAINED BY A SINGLE ELECTRON WHEN IT IS ACCELERATED THROUGH AN ELECTRIC POTENTIAL DIFFERENCE OF ONE VOLT.
IMAGINE AN ELECTRON, WHICH CARRIES A FUNDAMENTAL NEGATIVE CHARGE, STARTING FROM REST. IF YOU THEN PLACE IT IN AN
ELECTRIC FIELD CREATED BY A VOLTAGE DIFFERENCE OF ONE VOLT, THIS FIELD WILL EXERT A FORCE ON THE ELECTRON, CAUSING
IT TO ACCELERATE AND GAIN KINETIC ENERGY. THE ENERGY IT ACQUIRES THROUGH THIS ACCELERATION IS PRECISELY ONE
ELECTRONVOLT. THIS DEFINITION MAKES THE ELECTRONVOLT A UNIT DIRECTLY TIED TO THE FUNDAMENTAL PROPERTIES OF
CHARGE AND ELECTRIC POTENTIAL, WHICH ARE CENTRAL TO ELECTROMAGNETISM AND ATOMIC PHYSICS. IT°S A SMALL UNIT,
REFLECTING THE TINY SCALE OF INDIVIDUAL CHARGED PARTICLES AND THE ELECTRIC FIELDS THEY TYPICALLY ENCOUNTER.

THE BEAUTY OF THE ELECTRONVOLT LIES IN ITS SIMPLICITY AND ITS DIRECT CONNECTION TO EXPERIMENTAL SETUPS. W/HEN
PHYSICISTS DESIGN EXPERIMENTS INVOLVING CHARGED PARTICLES, THEY OFTEN CONTROL THE POTENTIAL DIFFERENCES THEY
APPLY. THIS MEANS THAT THE ENERGIES INVOLVED IN THESE EXPERIMENTS ARE NATURALLY EXPRESSED IN TERMS OF
ELECTRONVOLTS, MAKING THE RESULTS EASIER TO INTERPRET AND COMPARE. IT°S LIKE MEASURING DISTANCES IN FEET OR METERS;
THE UNIT IS CHOSEN BECAUSE IT’S PRACTICAL FOR THE SCALE OF MEASUREMENT. IN PHYSICS, THE ELECTRONVOLT IS THE GO-TO
UNIT FOR THE ENERGIES OF INDIVIDUAL PARTICLES, FROM THE ELECTRONS IN ATOMS TO THE HIGH-ENERGY PARTICLES CREATED IN
ACCELERATORS.



CALCULATING THE ELECTRONVOLT: THE MATH BEHIND THE MEANING

TO TRULY GRASP THE ELECTRONVOLT, IT'S HELPFUL TO SEE HOW IT'S CALCULATED. THE ENERGY GAINED BY A CHARGED
PARTICLE IS EQUAL TO THE CHARGE OF THE PARTICLE MULTIPLIED BY THE POTENTIAL DIFFERENCE IT TRAVERSES. FOR AN
ELECTRON, ITS ELEMENTARY CHARGE IS DENOTED BY 'E’. THE ELEMENTARY CHARGE IS APPROXIMATELY 1.602 x 10-19
CoULOMBS. W/HEN THIS ELECTRON IS ACCELERATED THROUGH A POTENTIAL DIFFERENCE OF 1 VOLT, THE ENERGY GAINED (E) IS
GIVEN BY THE FORMULA:

E=qV

\WHERE:
Q IS THE CHARGE OF THE PARTICLE (IN COULOMBS)
V IS THE POTENTIAL DIFFERENCE <IN \/OLTS)

For AN ELECTRON (Q = E) AND A POTENTIAL DIFFERENCE OF 1 VoLT (V = 1 V), THE ENERGY GAINED IS:
E=(1.602%x10-19C) (1V)=1.602 x 10-19 JouLes

THEREFORE, 1 ELECTRONVOLT (1 EV) IS EQUAL TO APPROXIMATELY 1.602 x 10-19 JOULES. THE JOULE IS THE STANDARD
SI UNIT OF ENERGY, BUT FOR THE INCREDIBLY SMALL ENERGIES INVOLVED AT THE ATOMIC AND SUBATOMIC SCALES, THE JOULE
BECOMES CUMBERSOME TO USE, LEADING TO VERY SMALL NUMBERS WITH MANY DECIMAL PLACES. THE ELECTRONVOLT OFFERS A
MUCH MORE MANAGEABLE SCALE.

THIS CONVERSION HIGHLIGHTS THE INVERSE RELATIONSHIP BETWEEN THE NUMERICAL VALUE IN ELECTRONVOLTS AND_JOULES. A
TINY FRACTION OF AJOULE CORRESPONDS TO A SINGLE ELECTRONVOLT, EMPHASIZING HOW SMALL THE ENERGY TRANSFERS ARE
WHEN DEALING WITH INDIVIDUAL ELECTRONS OR PROTONS. THIS IS WHY PHYSICISTS WORKING WITH THESE PARTICLES PREFER TO
TALK IN EV RATHER THANJOULES.

WHY USE ELECTRONVOLTS? ADVANTAGES AND PRACTICALITY

THE WIDESPREAD ADOPTION OF THE ELECTRONVOLT IN PHYSICS ISN'T ARBITRARY IT STEMS FROM SEVERAL KEY ADVANTAGES
THAT MAKE IT INCREDIBLY PRACTICAL. FIRSTLY, AS MENTIONED, IT PROVIDES A CONVENIENT SCALE FOR THE ENERGIES INVOLVED
IN ATOMIC AND SUBATOMIC PROCESSES. DEALING WITH NUMBERS LIKE 1.602 x 10-19 JOULES FOR THE ENERGY OF A SINGLE
PHOTON OR THE KINETIC ENERGY OF AN ELECTRON CAN BE UNWIELDY. USING ELECTRONVOLTS, THESE ENERGIES ARE OFTEN IN THE
RANGE OF A FEW EV TO SEVERAL MILLION EV (MEV) or EVEN BILLION EV (GEV), WHICH ARE MUCH EASIER TO COMPREHEND
AND WORK WITH.

SECONDLY, THE DEFINITION OF THE ELECTRONVOLT IS INTRINSICALLY LINKED TO FUNDAMENTAL PHYSICAL CONSTANTS AND
EXPERIMENTAL PARAMETERS. \WHEN AN EXPERIMENT INVOLVES ACCELERATING A CHARGE THROUGH A KNOWN VOLTAGE, THE
RESULTING ENERGY IS NATURALLY EXPRESSED IN ELECTRONVOLTS. THIS DIRECT CORRESPONDENCE SIMPLIFIES EXPERIMENT AL
DESIGN, DATA ANALYSIS, AND THE REPORTING OF RESULTS. [T ALLOWS PHYSICISTS TO DIRECTLY RELATE THEIR MEASUREMENTS
TO THE ELECTRICAL FORCES AND POTENTIALS THEY ARE MANIPULATING.

FURTHERMORE/ THE ELECTRONVOLT SERVES AS A COMMON LANGUAGE ACROSS DIFFERENT FIELDS OF PHYSICS. WHETHER YOU'RE
STUDYING THE ENERGY LEVELS OF ATOMS IN CHEMISTRY, THE IONIZATION ENERGIES OF GASES, THE ENERGY RELEASED IN NUCLEAR
FISSION, OR THE COLLISION ENERGIES IN PARTICLE ACCELERATORS, THE ELECTRONVOLT PROVIDES A CONSISTENT UNIT FOR
COMPARISON. THIS UNIVERSALITY IS CRUCIAL FOR INTERDISCIPLINARY RESEARCH AND FOR BUILDING A COHESIVE UNDERSTANDING
OF PHYSICAL PHENOMENA.

ELECTRONVOLTS IN ACTION: DIVERSE APPLICATIONS IN PHYSICS

THE ELECTRONVOLT FINDS ITS WAY INTO A STAGGERING ARRAY OF PHYSICS APPLICATIONS, DEMONSTRATING ITS IMMENSE
UTILITY. IN ATOMIC PHYSICS, THE ENERGY LEVELS OF ELECTRONS WITHIN ATOMS ARE OFTEN EXPRESSED IN ELECTRONVOLTS. For



INSTANCE, THE IONIZATION ENERGY OF HYDROGEN, THE ENERGY REQUIRED TO REMOVE ITS ELECTRON, IS ABOUT 13.6 EV.
SIMILARLY, THE ENERGIES OF PHOTONS EMITTED OR ABSORBED DURING ELECTRONIC TRANSITIONS WITHIN ATOMS ARE TYPICALLY
MEASURED IN EV.

IN SOLID-STATE PHYSICS, THE BAND GAP OF SEMICONDUCTORS, A CRUCIAL PROPERTY DETERMINING THEIR ELECTRICAL
CONDUCTIVITY, IS OFTEN GIVEN IN ELECTRONVOLTS. For EXAMPLE, SILICON HAS A BAND GAP OF ABOUT 1.1 eV AT ROOM
TEMPERATURE. THIS VALUE DICTATES HOW EASILY ELECTRONS CAN BE EXCITED FROM THE VALENCE BAND TO THE CONDUCTION
BAND, INFLUENCING THE BEHAVIOR OF TRANSISTORS AND OTHER ELECTRONIC DEVICES.

NUCLEAR PHYSICS EXTENSIVELY USES THE ELECTRONVOLT, PARTICULARLY ITS LARGER MULTIPLES LIKE KILO-ELECTRONVOLTS
(keV), MEGA-ELECTRONVOLTS (MeV), AND GIGA-ELECTRONVOLTS (GEV). THE ENERGY RELEASED IN NUCLEAR REACTIONS,
SUCH AS FISSION AND FUSION, IS TYPICALLY IN THE MEV RANGE. PARTICLE ACCELERATORS, DESIGNED TO PROPEL SUBATOMIC
PARTICLES TO EXTREMELY HIGH ENERGIES FOR COLLISION EXPERIMENTS, ARE OFTEN CHARACTERIZED BY THE MAXIMUM ENERGY
THEY CAN IMPART, MEASURED IN GEV OR EVEN TERA-ELECTRONVOLTS (TEV).

EVEN IN ASTROPHYSICS, THE ELECTRONVOLT IS USED. THE ENERGY OF COSMIC RAYS, HIGH-ENERGY PARTICLES THAT TRAVEL
THROUGH SPACE, CAN RANGE FROM A FEW EV TO INCREDIBLY HIGH VALUES, SOMETIMES REACHING 1020 EV OR MORE.
(UNDERSTANDING THESE ENERGIES HELPS ASTRONOMERS AND PHYSICISTS COMPREHEND THE PROCESSES OCCURRING IN DISTANT
GALAXIES AND ENERGETIC CELESTIAL EVENTS.

CoMPARING ELECTRONVOLTS TO OTHER ENERGY UNITS

\W/HILE THE JOULE IS THE S| UNIT FOR ENERGY, UNDERSTANDING HOW THE ELECTRONVOLT RELATES TO IT IS ESSENTIAL. AS
CALCULATED EARLIER, T EV = 1.602 x 10-19 JoULES. THIS MEANS THAT ONE JOULE IS A COLOSSAL AMOUNT OF ENERGY
COMPARED TO THE ENERGY GAINED BY AN ELECTRON MOVING THROUGH A SINGLE VOLT. TO PUT IT ANOTHER WAY, IT TAKES A
STAGGERING NUMBER OF ELECTRONS MOVING THROUGH ONE VOLT TO EQUAL JUST ONE JOULE OF ENERGY.

ANOTHER COMMON ENERGY UNIT ENCOUNTERED IN PHYSICS, ESPECIALLY IN RELATION TO THERMAL ENERGY AND STATISTICAL
MECHANICS, IS THE BOLTZMANN CONSTANT MULTIPLIED BY TEMPERATURE, KBT. AT ROOM TEMPERATURE (AROUND 300
KeLvin), kBT 1s APPROXIMATELY 0.025 EV. THIS COMPARISON HELPS ILLUSTRATE THAT THE ENERGIES INVOLVED IN EVERYDAY
THERMAL MOTION ARE ON A SIMILAR ORDER OF MAGNITUDE TO THE ENERGIES OF ELECTRONS IN ATOMIC TRANSITIONS, FURTHER
JUSTIFYING THE USE OF EV.

THe SIGNIFICANCE OF “EV” IN PARTICLE PHYSICS

IN THE REALM OF PARTICLE PHYSICS, THE ELECTRONVOLT IS NOT JUST A UNIT; IT'S A FUNDAMENTAL CURRENCY. EXPERIMENTS IN
PARTICLE ACCELERATORS AIM TO COLLIDE PARTICLES AT ENERGIES HIGH ENOUGH TO CREATE NEW, HEAVIER PARTICLES OR TO
PROBE THE FUNDAMENTAL FORCES OF NATURE. THE ENERGIES ACHIEVED IN THESE ACCELERATORS ARE ROUTINELY MEASURED IN
MEGA-ELECTRONVOLTS (MEV), GIGA-ELECTRONVOLTS (GEV), AND EVEN TERA-ELECTRONVOLTS (TEV). FOR INSTANCE, THE
L ARGE HADRON CoLLIDER (LHC) AT CERN ACCELERATES PROTONS TO ENERGIES OF UP TO 13 TEV.

THESE HIGH ENERGIES ARE DIRECTLY RELATED TO EINSTEIN'S FAMOUS EQUATION E=MC?, WHERE ENERGY CAN BE CONVERTED INTO
MASS, AND VICE VERSA. WHEN PARTICLES COLLIDE AT THESE IMMENSE ENERGIES, NEW PARTICLES WITH SIGNIFICANT MASS CAN BE
PRODUCED. THE MASS OF ELEMENTARY PARTICLES THEMSELVES IS OFTEN QUOTED IN UNITS of MeV/c? or GEV/c?. For
EXAMPLE, THE MASS OF A PROTON IS APPROXIMATELY 938 MeV/c2. WHEN WE TALK ABOUT THE ENERGY OF THESE PARTICLES,
WE ARE OFTEN REFERRING TO THEIR KINETIC ENERGY, WHICH IS ALSO MEASURED IN EV. THIS INTERCONNECTEDNESS BETWEEN
ENERGY, MASS, AND MOMENTUM, ALL OFTEN EXPRESSED USING THE ELECTRONVOLT SCALE, UNDERSCORES ITS IMPORTANCE IN
UNDERSTANDING THE SUBATOMIC UNIVERSE.

ELECTRONVOLTS IN EVERYDAY ANALOGIES

\W/HILE IT MIGHT SEEM ABSTRACT, WE CAN DRAW ANALOGIES TO HELP VISUALIZE THE CONCEPT OF THE ELECTRONVOLT. IMAGINE



A SMALL BALL ROLLING DOWN A GENTLE INCLINE. THE HEIGHT OF THE INCLINE REPRESENTS THE POTENTIAL DIFFERENCE, AND THE
MASS OF THE BALL IS ANALOGOUS TO THE CHARGE OF THE ELECTRON. |F THE BALL STARTS FROM REST AND ROLLS DOWN AN
INCLINE THAT PROVIDES A CERTAIN “PUSH” OR POTENTIAL ENERGY, IT WILL GAIN KINETIC ENERGY. THE ELECTRONVOLT IS LIKE
MEASURING THE “OOMPH" OR KINETIC ENERGY GAINED BY A SINGLE, VERY TINY PARTICLE AFTER IT RECEIVES A SPECIFIC “PUSH”
FROM AN ELECTRIC FIELD.

ANOTHER WAY TO THINK ABOUT IT IS IN TERMS OF LIFTING OBJECTS. LIFTING A HEAVY OBJECT A SIGNIFICANT HEIGHT REQUIRES
A LOT OF ENERGY (\X/ORK). LIFTING A VERY LIGHT OBJECT A TINY DISTANCE REQUIRES VERY LITTLE ENERGY. AN ELECTRON IS
INCREDIBLY LIGHT, AND THE “PUSH" FROM A SINGLE VOLT IS RELATIVELY SMALL. SO, THE ENERGY GAINED, MEASURED IN
ELECTRONVOLTS, IS A VERY SMALL AMOUNT OF ENERGY COMPARED TO EVERYDAY EXPERIENCES. IT’S LIKE MEASURING THE
ENERGY OF A SINGLE RAINDROP HITTING THE GROUND RATHER THAN THE ENERGY OF A TIDAL WAVE.

THE QUANTUM REALM AND THE ELECTRONVOLT

THE ELECTRONVOLT IS PARTICULARLY SIGNIFICANT IN THE QUANTUM MECHANICAL DESCRIPTION OF THE UNIVERSE. MANY
QUANTUM PHENOMENA , SUCH AS THE ENERGY LEVELS OF ATOMS, THE ENERGY OF PHOTONS, AND THE ENERGIES INVOLVED IN
CHEMICAL BONDS, ARE QUANTIZED, MEANING THEY EXIST ONLY IN DISCRETE PACKETS OR LEVELS. THE ELECTRONVOLT IS THE
NATURAL UNIT TO EXPRESS THESE QUANTIZED ENERGIES. FOR EXAMPLE, THE DISCRETE ENERGY LEVELS OF ELECTRONS IN AN ATOM
ARE SPACED BY AMOUNTS TYPICALLY MEASURED IN A FEW ELECTRONVOLTS. W/HEN AN ELECTRON JUMPS BETWEEN THESE LEVELS,
IT ABSORBS OR EMITS A PHOTON WITH AN ENERGY PRECISELY MATCHING THE DIFFERENCE BETWEEN THE LEVELS, AND THIS ENERGY
IS CONVENIENTLY EXPRESSED IN EV.

THIS QUANTIZATION IS FUNDAMENTAL TO HOW ATOMS INTERACT, HOW LIGHT IS EMITTED AND ABSORBED, AND HOW MATTER
BEHAVES AT THE MICROSCOPIC LEVEL. THE ELECTRONVOLT, BY PROVIDING A PRECISE AND CONVENIENT WAY TO QUANTIFY
THESE DISCRETE ENERGY PACKETS, BECOMES AN INDISPENSABLE TOOL FOR UNDERSTANDING THE QUANTUM \WORLD. W ITHouT IT,
DISCUSSING THE PRECISE ENERGIES OF ATOMIC TRANSITIONS OR THE ENERGY CARRIED BY INDIVIDUAL PHOTONS WOULD BE FAR
MORE CUMBERSOME.

FREQUENTLY ASkeD QUESTIONS

Q: IS AN ELECTRONVOLT A UNIT OF MASS OR ENERGY?

A: AN ELECTRONVOLT (EV) IS A UNIT OF ENERGY. W/HILE IT IS SOMETIMES USED IN CONJUNCTION WITH THE SPEED OF LIGHT
SQUARED (C2) TO EXPRESS THE MASS OF PARTICLES (E.G., MEV/C2), ITS FUNDAMENTAL DEFINITION IS THAT OF ENERGY.

QZ How DOES AN ELECTRONVOLT RELATE TO THE ENERGY OF LIGHT (PHOTONS).p

A: PHOTONS, WHICH ARE PARTICLES OF LIGHT, CARRY ENERGY THAT IS OFTEN MEASURED IN ELECTRONVOLTS. FOR EXAMPLE,
VISIBLE LIGHT PHOTONS TYPICALLY HAVE ENERGIES RANGING FROM ABOUT 1.6 EV (FOR RED LIGHT) To 3.3 eV (FOR VIOLET
LIGHT). X-RAYS AND GAMMA RAYS HAVE MUCH HIGHER ENERGIES IN EV.

Q: WHAT IS THE DIFFERENCE BETWEEN EV/, kEV, MEV, GEV, AND TEV?

A: THESE ARE ALL UNITS OF ENERGY BASED ON THE ELECTRONVOLT, DIFFERING BY POWERS OF 1000:

1 keV (kiLo-ELECTRONVOLT) = 1000 eV

1 MeV (MEGA-ELECTRONVOLT) = 1,000,000 eV

1 GeV (elga-eLEcTRONVOLT) = 1,000,000,000 eV

1 TeV (Tera-ELECTRONVOLT) = 1,000,000,000,000 eV



THESE LARGER UNITS ARE USED TO DESCRIBE THE ENERGIES OF PARTICLES IN NUCLEAR REACTIONS AND HIGH-ENERGY PHYSICS
EXPERIMENTS.

Q: \WHY DON'T WE JUST USE_JOULES FOR EVERYTHING IN PHYSICS?

A: WHILE THEJOULE IS THE STANDARD S| UNIT OF ENERGY, IT'S OFTEN IMPRACTICAL FOR THE VERY SMALL ENERGIES
ENCOUNTERED AT THE ATOMIC AND SUBATOMIC SCALES. USING ELECTRONVOLTS RESULTS IN MUCH MORE MANAGEABLE NUMBERS
AND DIRECTLY REFLECTS THE EXPERIMENTAL CONDITIONS INVOLVING ELECTRIC POTENTIALS.

Q: DOES THE ELECTRONVOLT APPLY TO OTHER CHARGED PARTICLES BESIDES
ELECTRONS?

A: YES/ THE DEFINITION OF THE ELECTRONVOLT IS THE ENERGY GAINED BY A CHARGE OF MAGNITUDE EQUAL TO THAT OF AN
ELECTRON WHEN ACCELERATED THROUGH A POTENTIAL DIFFERENCE OF ONE VOLT. SO, IF A PROTON (\X/HICH HAS THE SAME
MAGNITUDE OF CHARGE BUT POSITIVE) IS ACCELERATED THROUGH ONE VOLT, IT ALSO GAINS ONE ELECTRONVOLT OF KINETIC
ENERGY.

Q: WHAT IS THE TYPICAL ENERGY RANGE OF ELECTRONS IN AN ATOM?

A: THE ENERGIES OF ELECTRONS BOUND WITHIN ATOMS ARE TYPICALLY IN THE RANGE OF A FEW ELECTRONVOLTS TO SEVERAL
HUNDRED ELECTRONVOLTS, DEPENDING ON THE ELEMENT AND THE SPECIFIC ELECTRON SHELL.

Q: How 1S THE ELECTRONVOLT USED IN DESCRIBING NUCLEAR REACTIONS?

A: NUCLEAR REACTIONS, SUCH AS FISSION AND FUSION, RELEASE LARGE AMOUNTS OF ENERGY, OFTEN IN THE MEGA-
ELECTRONVOLT (ME\/) RANGE. THIS ENERGY RELEASE IS A KEY ASPECT STUDIED IN NUCLEAR PHYSICS AND POWER GENERATION.
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