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THE GRAVITATIONAL CONSTANT G W AS FIRST MEASURED ACCURATELY BY HENRY CAVENDISH IN 1798. HE Usep AN
EXQUISITELY DESIGNED EXPERIMENT TO DETERMINE THIS FUNDAMENTAL CONSTANT OF NATURE, WHICH HAS SINCE BECOME A
CORNERSTONE IN PHYSICS AND COSMOLOGY. THIS ACHIEVEMENT NOT ONLY MARKED A SIGNIFICANT MILESTONE IN SCIENTIFIC
HISTORY BUT ALSO LAID THE GROUNDWORK FOR UNDERSTANDING THE UNIVERSE'S GRAVITATIONAL MECHANICS. IN THIS ARTICLE,
WE DELVE INTO THE FASCINATING STORY OF CAVENDISHIS PIONEERING WORK, THE SCIENTIFIC PRINCIPLES BEHIND HIS EXPERIMENT/
AND THE ENDURING IMPORTANCE OF THE GRAVITATIONAL CONSTANT G.

UNDERSTANDING THE GRAVITATIONAL CONSTANT G

WHAT Is THE GRAVITATIONAL CONSTANT?

THE GRAVITATIONAL CONSTANT, DENOTED BY THE SYMBOL G/ IS A FUNDAMENTAL PHYSICAL CONSTANT THAT QUANTIFIES THE
STRENGTH OF THE GRAVITATIONAL FORCE BETWEEN TWO OBJECTS. |T APPEARS IN NEWTON'S LAW OF UNIVERSAL
GRAVITATION, WHICH STATES THAT EVERY MASS ATTRACTS EVERY OTHER MASS IN THE UNIVERSE WITH A FORCE
PROPORTIONAL TO THE PRODUCT OF THEIR MASSES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN
THEM:

e F=G(MM,) [ R?

WHERE:
- F IS THE GRAVITATIONAL FORCE,

- M; AND M, ARE THE MASSES OF THE OBJECTS,

- R IS THE DISTANCE BETWEEN THEIR CENTERS,

- G IS THE GRAVITATIONAL CONSTANT.

THE VALUE OF G IS APPROXIMATELY 6.67430 X 107" M3kG™"S™2, BUT ITS PRECISE MEASUREMENT HAS HISTORICALLY
POSED CHALLENGES DUE TO THE WEAKNESS OF GRAVITATIONAL FORCES COMPARED TO OTHER FUNDAMENTAL INTERACTIONS.

Henry CAVENDISH AND THE QUEST TO MEASURE G

WHo W As HENRY CAVENDISH?

Henry CAVENDISH (1731-1810) WAS A RENOWNED BRITISH SCIENTIST, PHYSICIST, AND CHEMIST KNOWN FOR HIS
METICULOUS EXPERIMENTAL WORK AND PRECISE MEASUREMENTS. HIS INTERESTS SPANNED MULTIPLE FIELDS, INCLUDING CHEMISTRY
WHERE HE DISCOVERED HYDROGEN (WHICH HE CALLED ”“INFLAMMABLE AIR”), AND PHYSICS, ESPECIALLY GRAVITY.

/

DESPITE HIS RECLUSIVE NATURE, CAVENDISH'S SCIENTIFIC ACHIEVEMENTS HAVE LEFT AN INDELIBLE MARK. HIS EXPERIMENTS ON THE
PROPERTIES OF GASES AND HIS EFFORTS TO MEASURE THE EARTH'S DENSITY SHOWCASED HIS EXPERIMENTAL INGENUITY AND
DEDICATION TO EMPIRICAL SCIENCE.



THE SIGNIFICANCE oF His 1798 EXPERIMENT

IN 1798, CAVENDISH UNDERTOOK A GROUNDBREAKING EXPERIMENT TO MEASURE THE EARTH'S AVERAGE DENSITY, WHICH, IN
TURN, ALLOWED HIM TO DETERMINE THE GRAVITATIONAL CONSTANT G. HIS APPROACH INVOLVED MEASURING THE TINY
GRAVITATIONAL ATTRACTION BETWEEN LEAD SPHERES USING A TORSION BALANCE—AN INSTRUMENT THAT DETECTS MINUSCULE
FORCES THROUGH THE TWISTING OF A FINE WIRE.

THIS EXPERIMENT WAS NOT ONLY A FEAT OF PRECISION BUT ALSO A PIONEERING APPLICATION OF TORSION BALANCE
TECHNOLOGY, WHICH WOULD LATER BE REFINED AND EMPLOYED IN VARIOUS SENSITIVE MEASUREMENTS IN PHYSICS.

THE EXPERIMENTAL SETUP AND METHODOLOGY

THE T ORSION BALANCE

AT THE CORE OF CAVENDISH'S EXPERIMENT WAS THE TORSION BALANCE——A DEVICE CONSISTING OF A HORIZONTAL ROD
SUSPENDED FROM A THIN WIRE. SMALL LEAD SPHERES WERE ATTACHED TO THE ENDS OF THE ROD, AND LARGER STATIONARY LEAD
SPHERES WERE PLACED NEARBY.

THE SETUP ALLOWED CAVENDISH TO OBSERVE THE TINY GRAVITATIONAL ATTRACTION EXERTED BY THE LARGE STATIONARY
SPHERES ON THE SMALLER ONES, CAUSING THE ROD TO TWIST SLIGHTLY. THE DEGREE OF TORSION WAS PROPORTIONAL TO THE
GRAVITATIONAL FORCE BETWEEN THE MASSES.

Key COMPONENTS OF THE EXPERIMENT

o LARGE LEAD SPHERES: FIXED IN PLACE, THESE SERVED AS THE SOURCE OF GRAVITATIONAL ATTRACTION.
e SMALL LEAD SPHERES: ATTACHED TO THE TORSION BALANCE, THESE WERE ATTRACTED TO THE LARGE SPHERES.

o SuspensioN WIRE: A FINE, ELASTIC WIRE THAT SUSPENDED THE TORSION BALANCE, ALLOWING IT TO TWIST UNDER
GRAVITATIONAL FORCE.

® MEASUREMENT SCALE: MARKINGS TO MEASURE THE ANGLE OF TWIST PRECISELY.

o ENVIRONMENTAL CONTROLS: CAVENDISH CONDUCTED HIS EXPERIMENTS IN A CAREFULLY CONTROLLED ENVIRONMENT TO
MINIMIZE DISTURBANCES SUCH AS AIR CURRENTS AND TEMPERATURE VARIATIONS.

PROCEDURE OF THE EXPERIMENT

THE PROCESS INVOLVED SEVERAL STEPS:

1. POSITIONING THE LARGE STATIONARY LEAD SPHERES AT A KNOWN DISTANCE FROM THE SMALLER SPHERES.

2. OBSERVING AND RECORDING THE INITIAL POSITION OF THE TORSION BALANCE.

3. ALLOWING GRAVITATIONAL ATTRACTION TO ACT, CAUSING THE BALANCE TO TWIST.

4. MEASURING THE ANGLE OF DEFLECTION.

5. REPEATING THE PROCESS WITH DIFFERENT CONFIGURATIONS TO ENSURE ACCURACY.

6. CALCULATING THE FORCE BASED ON THE TORSION WIRE'S KNOWN PROPERTIES AND THE MEASURED DEFLECTION.

THROUGH METICULOUS MEASUREMENTS AND REPEATED TRIALS, CAVENDISH ACHIEVED AN ESTIMATE OF THE EARTH’'S MEAN
DENSITY, WHICH COULD THEN BE USED TO COMPUTE G.



THe CALCULATION AND RESULTS

FrRoM EARTH'S DensITY TO G

CAVENDISH'S MEASUREMENTS OF EARTH'S DENSITY—DERIVED FROM THE GRAVITATIONAL ATTRACTION BETWEEN THE
SPHERES— ALLOWED HIM TO DETERMINE THE VALUE OF G INDIRECTLY. USING THE KNOWN MASS OF THE EARTH AND THE
MEASURED GRAVITATIONAL FORCE, HE EMPLOYED NEWTON'S LAW TO SOLVE FORr G:

e G=Fr%2/(MMy)

W/HILE THE ORIGINAL MEASUREMENTS WERE NOT PERFECT BY TODAY'S STANDARDS, THEY WERE REMARKABLY CLOSE TO THE
MODERN ACCEPTED VALUE, CONSIDERING THE LIMITED TECHNOLOGY OF THE TIME.

PuBLISHED V ALUE AND ITS SIGNIFICANCE

CAVENDISH'S CALCULATED VALUE FOR G WAS APPROXIMATELY 6.75 X 107" M®kG™""S™2, WHICH IS REMARKABLY CLOSE TO
THE CURRENT ACCEPTED VALUE. HIS WORK PROVIDED THE FIRST ACCURATE MEASUREMENT OF G AND, CONSEQUENTLY, ALLOWED
SCIENTISTS TO ESTIMATE EARTH'S AVERAGE DENSITY AS ABOUT 5.5 TIMES THAT OF WATER.
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THIS ACHIEVEMENT WAS PIVOTAL BECAUSE IT:

- CONFIRMED NEWTON'S THEORIES W/ITH EMPIRICAL DATA,

- PROVIDED A WAY TO ESTIMATE EARTH'S MASS AND SIZE,

- OPENED PATHWAYS FOR FUTURE RESEARCH IN GRAVITATIONAL PHYSICS.

LEGACY AND MODERN IMPLICATIONS

IMPACT ON PHYsIcs AND COSMOLOGY

HenrY CAVENDISH'S EXPERIMENT REMAINS A CORNERSTONE IN THE HISTORY OF PHYSICS. ACCURATE KNOWLEDGE OF G IS
ESSENTIAL FOR:

- CALCULATING PLANETARY MASSES AND ORBITS,

- UNDERSTANDING THE DYNAMICS OF GALAXIES,

- ESTIMATING THE AGE AND EXPANSION OF THE UNIVERSE,

- DEVELOPING MODELS OF GRAVITATIONAL INTERACTIONS.

MOREOVER, CAVENDISH'S METHODOLOGY INSPIRED SUBSEQUENT GENERATIONS OF PHYSICISTS TO REFINE GRAVITATIONAL
MEASUREMENTS WITH MORE ADVANCED TECHNOLOGY.

MobDerRN TECHNIQUES FOR MEASURING G

TODAY, SCIENTISTS USE HIGHLY SENSITIVE TORSION BALANCES, LASER INTERFEROMETRY, AND OTHER SOPHISTICATED
INSTRUMENTS TO MEASURE G WITH INCREASING PRECISION. DESPITE TECHNOLOGICAL ADVANCES, THE FUNDAMENTAL CHALLENGE
REMAINS: GRAVITATIONAL FORCES ARE INHERENTLY WEAK, MAKING G DIFFICULT TO MEASURE ACCURATELY.

THE CURRENT VALUE OF G IS KNOWN TO WITHIN A FEW PARTS IN ]0,000, BUT DISCREPANCIES STILL EXIST AMONG DIFFERENT
EXPERIMENTAL RESULTS. ONGOING RESEARCH AIMS TO IMPROVE PRECISION, WHICH IS VITAL FOR TESTING FUNDAMENTAL PHYSICS
THEORIES AND EXPLORING POTENTIAL NEW PHYSICS BEYOND THE STANDARD MODEL.



CoNcCLUSION

Henry CAVENDISH'S 1798 MEASUREMENT OF THE GRAVITATIONAL CONSTANT G STANDS AS A TESTAMENT TO HUMAN
INGENUITY AND THE POWER OF PRECISE EXPERIMENTATION. HIS USE OF AN EXQUISITELY DESIGNED TORSION BALANCE ALLOWED
HIM TO QUANTIFY ONE OF NATURE'S MOST ELUSIVE FORCES, LAYING THE FOUNDATION FOR MODERN GRAVITATIONAL PHYSICS.
ToDbAY, G CONTINUES TO BE A CRITICAL PARAMETER IN OUR UNDERSTANDING OF THE COSMOS, AND CAVENDISH'S PIONEERING
WORK REMAINS A SHINING EXAMPLE OF SCIENTIFIC EXCELLENCE. AS RESEARCH PROGRESSES, THE QUEST FOR EVEN MORE PRECISE
MEASUREMENTS OF G PERSISTS, FUELING OUR ONGOING EXPLORATION OF THE UNIVERSE'S FUNDAMENTAL LAWS.

FREQUENTLY ASkeD QUESTIONS

WHAT WAS HenRY CAVENDISH'S CONTRIBUTION TO MEASURING THE GRAVITATIONAL
CONSTANT G?

Henry CAVENDISH WAS THE FIRST TO MEASURE THE GRAVITATIONAL CONSTANT G ACCURATELY IN 1798, USING A HIGHLY
PRECISE TORSION BALANCE EXPERIMENT.

How pio CAVENDISH'S EXPERIMENT DETERMINE THE VALUE OF G?

HE USED AN EXQUISITELY SENSITIVE TORSION BALANCE TO MEASURE THE TINY GRAVITATIONAL ATTRACTION BETWEEN LEAD
SPHERES, ALLOWING HIM TO CALCULATE G WITH REMARKABLE PRECISION FOR HIS TIME.

\W/HY IS THE GRAVITATIONAL CONSTANT G IMPORTANT IN PHYSICS?

G IS FUNDAMENTAL IN NEWTON'S LAW OF UNIVERSAL GRAVITATION, AS IT DETERMINES THE STRENGTH OF GRAVITY BETWEEN
TWO MASSES, INFLUENCING PLANETARY ORBITS, TIDES, AND THE STRUCTURE OF THE UNIVERSE.

\WHAT MAKES CAVENDISH'S MEASUREMENT OF G SO SIGNIFICANT TODAY?

CAVENDISH'S MEASUREMENT WAS THE FIRST TO ACCURATELY DETERMINE G, ESTABLISHING A BASELINE FOR GRAVITATIONAL
STUDIES AND ENABLING PRECISE CALCULATIONS IN ASTROPHYSICS AND COSMOLOGY.

\W/HAT KIND OF APPARATUS DID CAVENDISH USE IN HIS EXPERIMENT?

HE USED AN EXQUISITELY CONSTRUCTED TORSION BALANCE WITH LEAD SPHERES, DESIGNED TO DETECT THE VERY WEAK
GRAVITATIONAL FORCES BETWEEN OBJECTS SEPARATED BY A KNOWN DISTANCE.

How HAS CAVENDISH'S MEASUREMENT OF G INFLUENCED MODERN SCIENCE?

|T PROVIDED THE FIRST PRECISE VALUE OF G/ WHICH REMAINS A KEY CONSTANT IN PHYSICS AND HELPS SCIENTISTS REFINE MODELS
OF PLANETARY MOTION, SPACE EXPLORATION, AND THE UNIVERSE'S EXPANSION.

\W/HAT CHALLENGES DID CAVENDISH FACE WHEN MEASURING G?P

HE FACED CHALLENGES RELATED TO ISOLATING WEAK GRAVITATIONAL FORCES FROM OTHER INFLUENCES LIKE AIR CURRENTS,
TEMPERATURE FLUCTUATIONS, AND MECHANICAL VIBRATIONS, REQUIRING METICULOUS EXPERIMENTAL DESIGN.

Is CAVENDISH'S ORIGINAL VALUE OF G STILL ACCURATE TODAY?

WHILE CAVENDISH'S ORIGINAL MEASUREMENT WAS REMARKABLY ACCURATE FOR HIS TIME, MODERN TECHNIQUES HAVE REFINED
THE VALUE OF G FURTHER, BUT HIS WORK LAID THE FOUNDATION FOR THESE ADVANCEMENTS.



ADDITIONAL RESOURCES

THE GRAVITATIONAL CONSTANT G W AS FIRST MEASURED ACCURATELY BY HenrY CAVENDISH IN 1798, He Usep AN
EXQUISITELY PRECISE AND INNOVATIVE APPROACH THAT REVOLUTIONIZED OUR UNDERSTANDING OF GRAVITY AND THE
FUNDAMENTAL FORCES OF NATURE. THIS LANDMARK ACHIEVEMENT LAID THE GROUNDWORK FOR MODERN PHYSICS AND MARKED A
PIVOTAL MOMENT IN SCIENTIFIC HISTORY. IN THIS ARTICLE, WE WILL EXPLORE THE STORY BEHIND CAVENDISH’S GROUNDBREAKING
EXPERIMENT, THE METHODS HE EMPLOYED, AND THE ENDURING SIGNIFICANCE OF HIS WORK.

INTRODUCTION: THE SIGNIFICANCE OF THE GRAVITATIONAL CONSTANT G

BeFORE DELVING INTO CAVENDISH’S EXPERIMENT, IT IS ESSENTIAL TO UNDERSTAND WHY THE GRAVITATIONAL CONSTANT,
DENOTED AS G, IS SO IMPORTANT. IN NEWTONIAN PHYSICS, G SERVES AS THE PROPORTIONALITY FACTOR IN NEWTON’S LAW OF
UNIVERSAL GRAVITATION:

F=G MMy /R?

\W/ HERE:

- F IS THE GRAVITATIONAL FORCE BETWEEN TWO MASSES,
- M; AND M, ARE THE MASSES,

- R IS THE DISTANCE BETWEEN THEIR CENTERS.

THE VALUE OF G ESSENTIALLY DETERMINES THE STRENGTH OF GRAVITY IN THE UNIVERSE. W ITHOUT AN ACCURATE
MEASUREMENT OF G, CALCULATIONS INVOLVING GRAVITATIONAL FORCEST™RANGING FROM PLANETARY MOTIONS TO COSMIC

STRUCTURES—COULD ONLY BE APPROXIMATE. CAVENDISH’S MEASUREMENT IN 1798 WAS THE FIRST TO DETERMINE G WITH
REMARKABLE PRECISION, PROVIDING A FOUNDATION FOR SUBSEQUENT SCIENTIFIC ADVANCES.

THe HisToricAL CoNTEXT LEADING UP TO CAVENDISH’S EXPERIMENT

EARLY IDEAS ABOUT GRAVITY

GRAVITY HAS FASCINATED HUMANITY FOR CENTURIES. NEWTON’S FORMULATION OF THE LAW OF UNIVERSAL GRAVITATION IN
1687 REVOLUTIONIZED PHYSICS, BUT THE ACTUAL VALUE OF G REMAINED ELUSIVE FOR OVER A CENTURY. WHILE NEWTON’S
WORK DESCRIBED HOW GRAVITY BEHAVES, IT DID NOT SPECIFY HOW STRONG IT IS OR HOW TO MEASURE IT DIRECTLY.

THE CHALLENGES OF MEASURING G

MEASURING G WAS PARTICULARLY DIFFICULT DUE TO THE WEAKNESS OF GRAVITY COMPARED TO OTHER FUNDAMENTAL FORCES.
THE GRAVITATIONAL ATTRACTION BETWEEN LABORATORY-SCALE OBJECTS IS MINUSCULE, REQUIRING EXTREMELY SENSITIVE
EQUIPMENT AND METICULOUS EXPERIMENTAL DESIGN. EARLY EFFORTS BY SCIENTISTS LIKE HENRY CAVENDISH AIMED TO
OVERCOME THESE CHALLENGES.

THe RoLE oF THE ScIENTIFIC COMMUNITY

BY THE LATE 18TH CENTURY, SCIENTISTS RECOGNIZED THE IMPORTANCE OF QUANTIFYING G. THE WORK OF CAVENDISH AND

OTHERS WAS DRIVEN NOT ONLY BY CURIOSITY BUT ALSO BY THE DESIRE TO UNDERSTAND THE UNIVERSE MORE
COMPREHENSIVELY, INCLUDING PLANETARY MOTIONS AND THE MASS OF CELESTIAL BODIES.

HenrY CAVENDISH’S EXPERIMENTAL APPROACH
WHo W As HenrY CAVENDISH?

Henry CavenpisH (1731-1810) WAS A BRITISH SCIENTIST RENOWNED FOR HIS WORK IN CHEMISTRY, PHYSICS, AND
EXPERIMENTAL SCIENCE. HIS METICULOUS NATURE AND INNOVATIVE TECHNIQUES MADE HIM UNIQUELY SUITED TO UNDERTAKE



SUCH A PRECISE MEASUREMENT OF G.
THE EXQUISITELY DESIGNED T ORSION BALANCE

CAVENDISH’S KEY INSTRUMENT WAS A TORSION BALANCE, AN APPARATUS THAT MEASURES TINY FORCES BY OBSERVING THE
TWIST IN A WIRE OR FILAMENT. HIS VERSION OF THE TORSION BALANCE WAS HIGHLY REFINED AND EXQUISITELY SENSITIVE,
ALLOWING HIM TO DETECT MINUSCULE GRAVITATIONAL FORCES.

THE SETUP OF THE EXPERIMENT
THE SETUP INVOLVED SEVERAL CRITICAL COMPONENTS:

- THE ToRSION BALANCE: A HORIZONTAL ROD SUSPENDED BY A THIN WIRE, WITH SMALL LEAD SPHERES ATTACHED AT EACH END.
- LARGE LEAD SPHERES: POSITIONED NEARBY TO EXERT GRAVITATIONAL ATTRACTION ON THE SMALL SPHERES, CAUSING THE
TORSION BALANCE TO TWIST.

- MEASUREMENT OF THE TWIST: USING A MICROSCOPE AND A VERNIER SCALE, CAVENDISH MEASURED THE ANGLE OF DEFLECTION
CAUSED BY THE GRAVITATIONAL PULL.

STEP-BY-STEP PROCEDURE

1. PosITIONING THE MASSES: CAVENDISH CAREFULLY PLACED THE LARGE SPHERES NEAR THE SMALL SPHERES, ENSURING PRECISE
DISTANCES.

2. ALLOWING EQUILIBRIUM: HE LET THE SYSTEM REACH EQUILIBRIUM, WHERE THE GRAVITATIONAL FORCE CAUSED A MEASURABLE
TWIST IN THE WIRE.

3. RECORDING THE DEFLECTION: THE ANGLE OF DEFLECTION WAS RECORDED, WHICH CORRELATES TO THE GRAVITATIONAL FORCE.
4. RePEATING AT DIFFERENT DISTANCES: TO IMPROVE ACCURACY, MEASUREMENTS WERE TAKEN AT VARIOUS DISTANCES AND
CONFIGURATIONS.

5. CALCULATING G: USING THE KNOWN MASSES, DISTANCES, AND MEASURED FORCES, CAVENDISH COMPUTED G WITH
SOPHISTICATED MATHEMATICAL ANALYSIS.

THEe PrecisioN AND IMPACT oF CAVENDISH’S MEASUREMENT

THE RESULTS

CAVENDISH’S EXPERIMENT YIELDED A VALUE FOR G OF APPROXIMATELY 6.74 X 107(-11) mM3kc"(-1)s"(-2). ALTHOUGH
MODERN MEASUREMENTS HAVE REFINED THIS VALUE FURTHER, CAVENDISH’S WORK WAS ASTONISHINGLY CLOSE, ESPECIALLY
CONSIDERING THE TECHNOLOGICAL LIMITATIONS OF THE ERA.

SIGNIFICANCE OF THE RESULTS

- FIRST ACCURATE MEASUREMENT: CAVENDISH’S WORK WAS THE FIRST TO DETERMINE G WITH HIGH PRECISION, ENABLING
SCIENTISTS TO ESTIMATE THE EARTH'S MASS AND DENSITY.

- VALIDATION OF NEWTON’S THEORY: HIS RESULTS PROVIDED EXPERIMENTAL SUPPORT FOR NEW TONIAN GRAVITY.

- FOUNDATION FOR FUTURE RESEARCH: THE EXPERIMENT SERVED AS A BENCHMARK FOR SUBSEQUENT EXPERIMENTS AND
TECHNOLOGICAL INNOVATIONS IN MEASURING GRAVITATIONAL FORCES.

TecHNICAL DETAILS AND CHALLENGES OVERCOME
SENSITIVITY AND CALIBRATION

- CAVENDISH’S APPARATUS WAS EXTREMELY SENSITIVE, CAPABLE OF DETECTING FORCES AS SMALL AS A FEW MICROGRAMS.
- CALIBRATION INVOLVED ACCOUNTING FOR ENVIRONMENTAL FACTORS LIKE TEMPERATURE, AIR CURRENTS, AND VIBRATIONS.

ERROR ANALYSIS



- CAVENDISH METICULOUSLY ANALYZED POTENTIAL SOURCES OF ERROR, INCLUDING:
- TORSION WIRE IMPERFECTIONS

- EXTERNAL VIBRATIONS

- MEASUREMENT UNCERTAINTIES IN DISTANCES AND MASSES

INNOVATIONS AND PRECAUTIONS

- USE OF LEAD SPHERES TO MAXIMIZE GRAVITATIONAL ATTRACTION.
- CONDUCTING EXPERIMENTS INDOORS TO MINIMIZE ENVIRONMENT AL DISTURBANCES.
- EMPLOYING COUNTERWEIGHTS AND METICULOUS ADJUSTMENTS TO IMPROVE ACCURACY.

THe LEcacy oF CAVENDISH’S W oRrk
IMPACT ON PHYSICS AND ASTRONOMY

- PROVIDED A QUANTITATIVE FOUNDATION FOR NEW TONIAN MECHANICS.
- ENABLED CALCULATIONS OF PLANETARY MASSES AND DENSITIES.
- INFLUENCED THE DEVELOPMENT OF PRECISION MEASUREMENT TECHNIQUES.

INFLUENCE ON FUTURE EXPERIMENTS

- INSPIRED SUBSEQUENT EXPERIMENTS AIMING TO REFINE G.
- LED TO INNOVATIONS IN TORSION BALANCE DESIGN AND METROLOGY.
- CONTRIBUTED TO THE DEVELOPMENT OF EXPERIMENTAL PHYSICS AS A RIGOROUS DISCIPLINE.

MODERN RELEVANCE

TODAY/ THE VALUE OF G REMAINS ONE OF THE LEAST PRECISELY KNOWN FUNDAMENTAL CONSTANTS, BUT CAVENDISH’S
PIONEERING WORK ESTABLISHED THE METHODOLOGY AND IMPORTANCE OF PRECISE MEASUREMENT. MODERN EXPERIMENTS BUILD
UPON HIS PRINCIPLES, UTILIZING ADVANCED TECHNOLOGY SUCH AS LASER INTERFEROMETRY, CRYOGENIC SETUPS, AND VACUUM
ENVIRONMENTS.

ConcLusIoN: THE ENDURING SIGNIFICANCE oF CAVENDISH’S MEASUREMENT

HenrY CAVENDISH’S EXQUISITELY CRAFTED EXPERIMENT IN 1798 MARKED A MILESTONE IN THE HISTORY OF SCIENCE. BY
METICULOUSLY MEASURING THE GRAVITATIONAL CONSTANT G, HE TRANSFORMED GRAVITY FROM A CONCEPTUAL FORCE INTO A
QUANTIFIABLE PHYSICAL PARAMETER. HIS WORK EXEMPLIFIES THE POWER OF PRECISE EXPERIMENTAL DESIGN AND RIGOROUS
ANALYSIS, SETTING THE STAGE FOR CENTURIES OF SCIENTIFIC DISCOVERY. UNDERSTANDING G NOT ONLY DEEPENS OUR
COMPREHENSION OF THE UNIVERSE BUT ALSO REFLECTS THE ENDURING HUMAN QUEST TO MEASURE, UNDERSTAND, AND EXPLORE
THE COSMOS WITH ACCURACY AND CURIOSITY.

IN SUMMARY, CAVENDISH’S MEASUREMENT OF THE GRAVITATIONAL CONSTANT WAS MORE THAN JUST A NUMERICAL
ACHIEVEMENT, IT WAS A TESTAMENT TO SCIENTIFIC INGENUITY. His USE OF AN EXQUISITELY SENSITIVE TORSION BALANCE,
CAREFUL CALIBRATION, AND DETAILED ANALYSIS EXEMPLIFIES EXCELLENCE IN EXPERIMENTAL PHYSICS—AN APPROACH THAT
CONTINUES TO INSPIRE SCIENTISTS TODAY.

The Gravitational Constant G Was First Measured Accurately
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