UNITS FOR MAGNITUDE IN PHYSICS

MEASURING THE UNIVERSE: A Deep DIVE INTO UNITS FOR MAGNITUDE IN PHYSICS

UNITS FOR MAGNITUDE IN PHYSICS ARE THE FUNDAMENTAL BUILDING BLOCKS THAT ALLOW US TO QUANTIFY AND UNDERSTAND
THE PHYSICAL WORLD AROUND US, FROM THE TINIEST SUBATOMIC PARTICLES TO THE VAST EXPANSE OF THE COSMOS.
W/ITHOUT A STANDARDIZED SYSTEM OF MEASUREMENT, COMMUNICATION AND PROGRESS IN SCIENCE WOULD BE IMPOSSIBLE. THIS
ARTICLE WILL EXPLORE THE DIVERSE RANGE OF UNITS USED TO EXPRESS PHYSICAL QUANTITIES, DELVING INTO THE
INTERNATIONALLY RECOGNIZED SYSTEME INTERNATIONAL DIUNIT S (SD AND ITS ESSENTIAL ROLE IN SCIENTIFIC ENDEAVORS.
WE’LL EXAMINE BASE UNITS AND DERIVED UNITS, UNDERSTAND DIMENSIONAL ANALYSIS, AND TOUCH UPON SCIENTIFIC NOTATION
AS A TOOL FOR HANDLING EXTREMELY LARGE OR SMALL MAGNITUDES. PREPARE TO EMBARK ON A JOURNEY THROUGH THE
LANGUAGE OF PHYSICS, WHERE NUMBERS AND UNITS COMBINE TO REVEAL THE SECRETS OF NATURE.
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THe IMPORTANCE OF UNITS IN PHYSICS

IMAGINE TRYING TO DESCRIBE THE LENGTH OF A TABLE WITHOUT SAYING “METERS” OR “FEET.” |T WOULD BE A NONSENSICAL
CONVERSATION, WOULDN'T IT? THIS IS PRECISELY WHY UNITS ARE SO CRUCIAL IN PHYSICS. THEY PROVIDE A COMMON
LANGUAGE, A SHARED REFERENCE POINT THAT ALLOWS SCIENTISTS ACROSS THE GLOBE TO COMMUNICATE THEIR FINDINGS
ACCURATELY AND REPRODUCIBLY. W/HEN WE TALK ABOUT A FORCE OF 10 NEWTONS, EVERYONE WHO UNDERSTANDS THE Sl
SYSTEM KNOWS EXACTLY WHAT WE MEAN. W/ITHOUT THESE STANDARDIZED UNITS, COMPARING EXPERIMENTAL RESULTS OR
BUILDING UPON THE WORK OF OTHERS WOULD BE AN INSURMOUNTABLE CHALLENGE. THEY ARE THE ANCHORS THAT GROUND OUR
ABSTRACT SCIENTIFIC CONCEPTS IN THE TANGIBLE REALITY OF MEASUREMENT.

FURTHEEMORE/ UNITS ARE NOT MERELY LABELS, THEY CARRY INHERENT MEANING AND PROVIDE CRITICAL INFORMATION ABOUT THE
NATURE OF THE QUANTITY BEING MEASURED. THE UNIT OFJOULES, FOR INSTANCE, TELLS US WE ARE DISCUSSING ENERGY, WHILE
METERS PER SECOND CONVEYS INFORMATION ABOUT VELOCITY. THIS INHERENT INFORMATION IS VITAL FOR UNDERSTANDING
RELATIONSHIPS BETWEEN DIFFERENT PHYSICAL QUANTITIES AND FOR PERFORMING CALCULATIONS THAT LEAD TO NEW
DISCOVERIES.

THE S| SysTeM: A GLOBAL STANDARD

THE SYST ME INTERNATIONAL D,UNIT S, OR S|, IS THE MODERN FORM OF THE METRIC SYSTEM AND THE MOST WIDELY USED
SYSTEM OF MEASUREMENT IN THE WORLD. |TS ADOPTION BY NEARLY EVERY NATION HAS FOSTERED UNPRECEDENTED GLOBAL
COLLABORATION IN SCIENCE AND TECHNOLOGY. THE S| SYSTEM IS BUILT UPON A FOUNDATION OF SEVEN BASE UNITS, EACH
REPRESENTING A FUNDAMENTAL PHYSICAL QUANTITY. THESE BASE UNITS ARE CAREFULLY DEFINED TO BE AS PRECISE AND STABLE
AS POSSIBLE, ENSURING THAT MEASUREMENTS REMAIN CONSISTENT REGARDLESS OF TIME OR LOCATION. THINK OF THEM AS THE
FOUNDATIONAL BRICKS UPON WHICH ALL OTHER PHYSICAL MEASUREMENTS ARE BUILT.

THE BRILLIANCE OF THE S| SYSTEM LIES IN ITS COHERENCE AND LOGICAL STRUCTURE. |T'S DESIGNED SO THAT ALL OTHER
PHYSICAL QUANTITIES CAN BE EXPRESSED AS COMBINATIONS OF THESE SEVEN BASE UNITS. THIS ELEGANT SIMPLICITY MAKES IT
INCREDIBLY POWERFUL AND VERSATILE. |T’S LIKE HAVING A UNIVERSAL TOOLKIT WHERE EVERY TOOL CAN BE EXPLAINED IN TERMS



OF A FEW BASIC COMPONENTS.

BAse UNITS: THE CORNERSTONES OF MEASUREMENT

THE SEVEN S| BASE UNITS FORM THE BEDROCK OF OUR MEASUREMENT SYSTEM. EACH ONE IS DEFINED BASED ON FUNDAMENTAL
PHYSICAL CONSTANTS, MAKING THEM EXCEPTIONALLY RELIABLE. LET’'S EXPLORE THESE ESSENTIAL UNITS:

* METER (M)Z THE S| BASE UNIT OF LENGTH. |T IS DEFINED BASED ON THE SPEED OF LIGHT IN A VACUUM. THIS MEANS THE
METER IS NOW DEFINED BY HOW FAR LIGHT TRAVELS IN A SPECIFIC FRACTION OF A SECOND, A REMARKABLY STABLE AND
UNIVERSAL CONSTANT.

¢ KiLoGRAM (kG): THE S| BASE UNIT OF MASS. ITS DEFINITION IS BASED ON PLANCK'S CONSTANT, ANOTHER FUNDAMENT AL
CONSTANT OF NATURE. THIS REPLACED THE OLD DEFINITION BASED ON A PHYSICAL PROTOTYPE, MAKING IT FAR MORE
ACCURATE AND LESS SUSCEPTIBLE TO DRIFT OVER TIME.

* SECOND (S)Z THE S| BASE UNIT OF TIME. |T IS DEFINED BY THE OSCILLATIONS OF A CESIUM ATOM. THE INCREDIBLE
REGULARITY OF THESE ATOMIC VIBRATIONS ALLOWS FOR EXTREMELY PRECISE TIMEKEEPING.

o AMPERE (A): THE S| BASE UNIT OF ELECTRIC CURRENT. |T IS DEFINED BY THE ELEMENTARY CHARGE, THE MAGNITUDE OF
THE ELECTRIC CHARGE CARRIED BY A SINGLE PROTON.

o KeLviN (K): THe S| BASE UNIT OF THERMODYNAMIC TEMPERATURE. |T IS DEFINED BASED ON THE BOLTZMANN CONSTANT,
\WHICH RELATES TEMPERATURE TO ENERGY AT THE ATOMIC LEVEL.

o MoLE (MoL): THe S| BASE UNIT OF AMOUNT OF SUBSTANCE. |T REPRESENTS A SPECIFIC NUMBER OF ELEMENTARY
ENTITIES, SUCH AS ATOMS OR MOLECULES, DEFINED BY AVOGADRO'S CONSTANT.

o CANDELA (CD)Z THE S| BASE UNIT OF LUMINOUS INTENSITY. |IT MEASURES THE POWER EMITTED BY A LIGHT SOURCE IN A
PARTICULAR DIRECTION, WEIGHTED BY THE LUMINOSITY FUNCTION.

Derivep UNITS: BUILDING ON THE FOUNDATION

ONCE WE HAVE OUR BASE UNITS, WE CAN COMBINE THEM TO CREATE DERIVED UNITS FOR A VAST ARRAY OF OTHER PHYSICAL
QUANTITIES. THESE DERIVED UNITS ARE EXPRESSED AS PRODUCTS OR QUOTIENTS OF POWERS OF THE BASE UNITS. FOR
INSTANCE, VELOCITY IS A MEASURE OF DISTANCE OVER TIME, SO ITS S| UNIT IS METERS PER SECOND (M/S). FORCE, AS
DESCRIBED BY NEWTON’'S SECOND LAW (F=MA), IS MASS TIMES ACCELERATION. SINCE ACCELERATION IS METERS PER SECOND
SQUARED (M/s2), THE UNIT OF FORCE (NEWTON) BECOMES KILOGRAMS TIMES METERS PER SECOND SQUARED (KGP|] M/S?).

THE BEAUTY OF DERIVED UNITS IS THEIR ABILITY TO ENCAPSULATE COMPLEX RELATIONSHIPS. \WHEN YOU SEE A UNIT LIKE
JouLes (J), WHICH Is kG[F] M?/S2, YOU IMMEDIATELY UNDERSTAND IT REPRESENTS ENERGY AS A COMBINATION OF MASS, LENGTH,
AND TIME. THIS INTERCONNECTEDNESS IS WHAT MAKES PHYSICS SUCH A COHERENT AND ELEGANT DISCIPLINE. MANY COMMON
UNITS HAVE SPECIAL NAMES, BUT THEY ARE ALL FUNDAMENTALLY BUILT FROM THE SEVEN BASE S| UNITS. FOR EXAMPLE, THE
PascAL (PA) FOr PRESSURE 1S N/M?, WHICH FURTHER BREAKS DOWN To kG/(MF] s2).

UNDERSTANDING MAGNITUDE: PREFIXES AND SCIENTIFIC NOTATION

PHYSICAL QUANTITIES CAN SPAN AN ENORMOUS RANGE OF MAGNITUDES, FROM THE INCREDIBLY SMALL SIZE OF AN ATOM TO THE
IMMENSE DISTANCES BETWEEN GALAXIES. T O MANAGE THESE EXTREMES, PHYSICISTS EMPLOY PREFIXES AND SCIENTIFIC NOTATION.



S| PrEFIXES: SCALING UNITS

S| PREFIXES ARE ATTACHED TO BASE AND DERIVED UNITS TO DENOTE MULTIPLES OR SUBMULTIPLES OF TEN. THIS ALLOWS US
TO EXPRESS VERY LARGE OR VERY SMALL NUMBERS IN A MORE COMPACT AND MANAGEABLE WAY. FOR EXAMPLE, INSTEAD OF
sAYING 0.00000 1 METERS, WE CAN USE THE PREFIX “MICRO” TO WRITE IT AS 1 MICROMETER (MM). SIMILARLY, A DISTANCE
orF 1,000,000,000 METERS CAN BE EXPRESSED AS 1 GIGAMETER (GM).

HERE ARE SOME COMMON S| PREFIXES:

e kiLo (k): 10%(1,000)

e MeGa (M): 10¢(1,000,000)

e cica (G): 10° (1,000,000,000)
e TeRA (T): 10™

e peTA (P): 107

e exa (E): 10™®

e MiLLi (M): 1072 (0.001)

e Micro (M): 107¢ (0.0000071)

e nano (N): 1077

e pico(p): 10772
e remTo (F): 1071

e ATTO (A): 10778

ScCIENTIFIC NOTATION: COMPACT REPRESENTATION

SCIENTIFIC NOTATION IS ANOTHER POWERFUL TOOL FOR EXPRESSING VERY LARGE OR VERY SMALL NUMBERS. IT'S WRITTEN IN
THE FORM A X 10" B, WHERE A IS A NUMBER BETWEEN 1 AND 10, AND B IS AN INTEGER. FOR INSTANCE, THE APPROXIMATE
NUMBER OF ATOMS IN A MOLE OF SUBSTANCE IS 602,200,000,000,000,000,000,000. IN SCIENTIFIC NOTATION, THIS IS
6.022 x 1023 SIMILARLY, THE RADIUS OF A HYDROGEN ATOM IS ABoUT 0.00000000005 METERS, WHICH CAN BE WRITTEN
AS 5 X 107" METERS. THIS NOTATION SIMPLIFIES CALCULATIONS AND COMPARISONS OF NUMBERS ACROSS VASTLY DIFFERENT
SCALES.

DIMENSIONAL ANALYSIS: ENSURING EQUATION CONSISTENCY

DIMENSIONAL ANALYSIS IS A FUNDAMENTAL TECHNIQUE IN PHYSICS THAT INVOLVES TREATING UNITS AS ALGEBRAIC QUANTITIES.
IT'S A POWERFUL TOOL FOR CHECKING THE VALIDITY OF EQUATIONS AND FOR DERIVING RELATIONSHIPS BETWEEN PHYSICAL
QUANTITIES. THE CORE PRINCIPLE IS THAT ANY PHYSICALLY MEANINGFUL EQUATION MUST HAVE THE SAME DIMENSIONS (UNITS)
ON BOTH SIDES. IF YOU'RE ADDING OR SUBTRACTING QUANTITIES, THEY MUST HAVE THE SAME DIMENSIONS. You CAN'T ADD
METERS TO SECONDS AND EXPECT A MEANINGFUL RESULT!



FOR EXAMPLE, CONSIDER THE EQUATION FOR THE DISTANCE AN OBJECT TRAVELS UNDER CONSTANT ACCELERATION: DISTANCE =
INITIAL VELOCITY X TIME + }4 X ACCELERATION X TIMEZ. LET’S CHECK THE DIMENSIONS. THE DIMENSION OF DISTANCE IS [L]. THE
DIMENSION OF VELOCITY IS [L]/[T], AND TiME 1s [T]. SO, INITIAL VELOCITY X TIME HAS DIMENSIONS ([L]/[T]) x [T] =[L].
ACCELERATION HAS DIMENSIONS [L]/[T]?, AND TIME SQUARED HAS DIMENSIONS [T]%. THUS, /% X ACCELERATION X TIMEZ HAS
piMensions ([L]/[T]?) x [T]? = [L]. SINCE BOTH TERMS ON THE RIGHT-HAND SIDE HAVE THE DIMENSION OF LENGTH [L], AND THE
LEFT-HAND SIDE IS ALSO LENGTH [L], THE EQUATION IS DIMENSIONALLY CONSISTENT. IF THE UNITS DIDN'T MATCH UP, IT WOULD
BE A STRONG INDICATOR THAT THE EQUATION IS INCORRECT.

THe Power oF UNIT CONVERSIONS

DIMENSIONAL ANALYSIS ALSO FORMS THE BASIS FOR UNIT CONVERSIONS. \WHEN YOU NEED TO CONVERT A QUANTITY FROM ONE
UNIT TO ANOTHER (E.G., MILES TO KILOMETERS), YOU USE CONVERSION FACTORS THAT ARE ESSENTIALLY RATIOS OF
EQUIVALENT QUANTITIES EXPRESSED IN DIFFERENT UNITS. FOR EXAMPLE, TO CONVERT METERS TO CENTIMETERS, YOU USE THE
CONVERSION FACTOR 100 cM / 1 M. BY MULTIPLYING YOUR INITIAL VALUE BY THIS FACTOR, THE ‘M UNITS CANCEL OuUT,
LEAVING YOU WITH CENTIMETERS.

BeEYonD Sl: OTHER IMPORTANT UNITS

WHILE THE S| SYSTEM IS THE UNIVERSAL STANDARD, YOU'LL ENCOUNTER OTHER UNITS IN SPECIFIC CONTEXTS, ESPECIALLY IN
OLDER LITERATURE OR SPECIALIZED FIELDS. UNDERSTANDING THESE UNITS AND THEIR S| EQUIVALENTS IS OF TEN NECESSARY FOR
A COMPREHENSIVE UNDERSTANDING OF PHYSICS.

IMPERIAL AND U.S. CusToMARY UNITS

IN SOME PARTS OF THE WORLD, PARTICULARLY THE UNITED STATES, THE IMPERIAL AND U.S. CUSTOMARY SYSTEMS ARE STILL
IN USE. THESE INCLUDE UNITS LIKE FEET, POUNDS, AND GALLONS. For INSTANCE, DISTANCE MIGHT BE MEASURED IN MILES, MASS IN
POUNDS, AND VOLUME IN GALLONS. \W/HILE LESS COMMON IN INTERNATIONAL SCIENTIFIC RESEARCH, FAMILIARITY WITH THESE
UNITS IS IMPORTANT FOR PRACTICAL APPLICATIONS AND FOR UNDERSTANDING HISTORICAL SCIENTIFIC TEXTS.

UNITS IN SPECIALIZED FIELDS

CERTAIN BRANCHES OF PHYSICS HAVE DEVELOPED THEIR OWN SPECIALIZED UNITS. FOR EXAMPLE, IN PARTICLE PHYSICS, MASS IS
OFTEN EXPRESSED IN UNITS OF ELECTRONVOLTS PER SPEED OF LIGHT SQUARED (EV/C2), RELATING MASS AND ENERGY THROUGH
EINSTEIN'S FAMOUS EQUATION E=mc2 IN ASTRONOMY , DISTANCES ARE MEASURED IN LIGHT-YEARS OR PARSECS. THESE
SPECIALIZED UNITS ARE OFTEN CHOSEN FOR CONVENIENCE AND TO REFLECT THE TYPICAL SCALES AND PHENOMENA ENCOUNTERED
IN THOSE FIELDS.

THE CAREFUL SELECTION AND APPLICATION OF UNITS FOR MAGNITUDE IN PHYSICS ARE NOT JUST ABOUT MAKING NUMBERS LOOK
NEAT;, THEY ARE FUNDAMENTAL TO THE VERY PROCESS OF SCIENTIFIC INQUIRY. THEY PROVIDE CLARITY, FACILITATE
COMMUNICATION, AND ENABLE US TO BUILD A CONSISTENT AND EVER-EXPANDING UNDERSTANDING OF THE UNIVERSE WE INHABIT.

FAQ



QI \WHY ARE STANDARDIZED UNITS FOR MAGNITUDE IN PHYSICS SO IMPORTANT?

A: STANDARDIZED UNITS ARE CRUCIAL FOR CLEAR AND ACCURATE COMMUNICATION AMONG SCIENTISTS WORLDWIDE. THEY
ENSURE THAT EXPERIMENTAL RESULTS CAN BE REPLICATED AND UNDERSTOOD BY OTHERS, FOSTERING COLLABORATION AND

SCIENTIFIC PROGRESS. W/ ITHOUT THEM, COMPARING DATA OR BUILDING UPON PREVIOUS DISCOVERIES WOULD BE EXTREMELY
DIFFICULT.

Q: WHAT IS THE DIFFERENCE BETWEEN BASE UNITS AND DERIVED UNITS IN THE Sl
SYSTEM?

A: BASE UNITS ARE THE FUNDAMENTAL , INDEPENDENTLY DEFINED UNITS IN THE Si SYSTEM, SUCH AS THE METER FOR LENGTH AND
THE KILOGRAM FOR MASS. DERIVED UNITS ARE FORMED BY COMBINING BASE UNITS THROUGH MULTIPLICATION OR DIVISION TO
REPRESENT OTHER PHYSICAL QUANTITIES, LIKE VELOCITY (METERS PER SECOND) OR FORCE (NE\X/TONS).

QI CAN YOU GIVE AN EXAMPLE OF HOW PREFIXES HELP MANAGE MAGNITUDE IN PHYSICS?

A: CERTAINLY! IF WE ARE TALKING ABOUT THE DIAMETER OF A HUMAN HAIR, WHICH IS ABoUT 0.00007 METERS, USING THE
PREFIX “MICRO"” MAKES IT MUCH MORE MANAGEABLE. 0.00007 METERS IS EQUIVALENT TO 70 MICROMETERS (MM), WHERE
"MICRO" REPRESENTS 107°. THIS IS A MORE CONCISE AND EASILY UNDERSTOOD WAY TO EXPRESS THE MAGNITUDE.

QZ \WHAT IS DIMENSIONAL ANALYSIS AND WHY IS IT A USEFUL TOOL FOR PHYSICISTS?

A: DIMENSIONAL ANALYSIS IS THE PROCESS OF CHECKING THE CONSISTENCY OF UNITS IN A PHYSICAL EQUATION. |T ENSURES
THAT THE UNITS ON BOTH SIDES OF AN EQUATION MATCH, HELPING TO IDENTIFY ERRORS IN FORMULAS OR CALCULATIONS. IT's
LIKE A SANITY CHECK FOR YOUR EQUATIONS, ENSURING THEY MAKE PHYSICAL SENSE IN TERMS OF THEIR FUNDAMENTAL
DIMENSIONS.

Q: How DOES SCIENTIFIC NOTATION HELP IN PHYSICS?

A: SCIENTIFIC NOTATION IS INVALUABLE FOR REPRESENTING EXTREMELY LARGE OR SMALL NUMBERS COMPACTLY AND
UNAMBIGUOUSLY. For INSTANCE, THE DISTANCE TO A STAR MIGHT BE AN ENORMOUS NUMBER OF KILOMETERS, WHILE THE SIZE OF
AN ATOM IS INCREDIBLY TINY. SCIENTIFIC NOTATION, LIKE 3x 108 M/S FOR THE SPEED OF LIGHT, MAKES THESE NUMBERS EASIER
TO WRITE, READ, AND PERFORM CALCULATIONS WITH.

Q: ARE THERE ANY UNITS FOR MAGNITUDE IN PHYSICS THAT ARE NOT PART OF THE SI
SYSTEM?

A: YES/ WHILE THE S| SYSTEM IS THE GLOBAL STANDARD, YOU WILL STILL ENCOUNTER OTHER UNITS. For EXAMPLE, IN THE
UNITED STATES, CUSTOMARY UNITS LIKE FEET, POUNDS, AND GALLONS ARE USED. IN SPECIALIZED FIELDS LIKE ASTRONOMY,
UNITS SUCH AS LIGHT-YEARS AND PARSECS ARE COMMON FOR MEASURING VAST DISTANCES.

Q: WHAT IS THE ROLE OF THE KILOGRAM'S DEFINITION BEING BASED ON PLANCK'S
CONSTANT?

A: THE KILOGRAM'S DEFINITION BEING TIED TO PLANCK'S CONSTANT, A FUNDAMENTAL CONSTANT OF NATURE, MAKES ITS
MEASUREMENT EXTREMELY STABLE AND REPRODUCIBLE. THIS IS A SIGNIFICANT IMPROVEMENT OVER OLDER DEFINITIONS THAT
RELIED ON PHYSICAL ARTIFACTS, WHICH COULD DEGRADE OR BE LOST OVER TIME, ENSURING GREATER ACCURACY FOR ALL MASS-
RELATED MEASUREMENTS.
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