A SMALL PLANET HAVING A RADIUS OF 1000 KM ExeErTS A
GRAVITATIONAL FORCE OF TOO N ON AN OsJecT THAT Is

INTRODUCTION

A SMALL PLANET HAVING A RADIUS oF 1000 kM EXERTS A GRAVITATIONAL FORCE oF 100 N ON AN OBJECT THAT IS...

UNDERSTANDING THE GRAVITATIONAL INTERACTIONS BETWEEN CELESTIAL BODIES AND OBJECTS ON THEIR SURFACES IS
FUNDAMENTAL IN PHYSICS AND ASTRONOMY. IN THIS ARTICLE, WE EXPLORE THE INTRIGUING SCENARIO OF A TINY PLANET WITH A
RADIUS OF MERELY 1000 kM EXERTING A SPECIFIC GRAVITATIONAL FORCE OF 100 N oN AN OBJECT. WE WILL ANALYZE THE
PARAMETERS INVOLVED, DERIVE THE RELATIONSHIPS GOVERNING GRAVITY, AND INTERPRET WHAT THIS SIGNIFIES ABOUT THE
PLANET’S MASS, DENSITY, AND OTHER PHYSICAL CHARACTERISTICS.

FUNDAMENTALS OF GRAVITATIONAL FORCE

NewToN's LAW oF UNIVERSAL GRAVITATION

AT THE CORE OF OUR ANALYSIS LIES NEWTON'S LAW OF UNIVERSAL GRAVITATION, WHICH STATES THAT EVERY POINT MASS
ATTRACTS EVERY OTHER POINT MASS IN THE UNIVERSE WITH A FORCE DIRECTLY PROPORTIONAL TO THE PRODUCT OF THEIR
MASSES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THEM. MATHEMATICALLY:

e F=G(MM,) [ R?

X/ HERE:

F IS THE GRAVITATIONAL FORCE BETWEEN THE TWO OBJECTS

o G IS THE GRAVITATIONAL CONSTANT, APPROXIMATELY 6.674 X 107" N-(M/kG)?
® M, IS THE MASS OF THE PLANET

® M, IS THE MASS OF THE OBJECT

® RIS THE DISTANCE BETWEEN THE CENTERS OF THE TWO OBJECTS (RADIUS OF THE PLANET IF THE OBJECT IS ON THE
SURFACE)

MAss AND RADIUS RELATIONSHIP

THE MASS OF THE PLANET CAN BE RELATED TO ITS DENSITY (P) AND VOLUME (V) BY:

e M=pV

SINCE THE PLANET IS SPHERICAL, ITS VOLUME IS!

oV =(4/3)nR®



DETERMINING THE MASS OF THE PLANET

GIVEN DATA AND ASSUMPTIONS

FROM THE PROBLEM, WE HAVE:

¢ RADIUS OF THE PLANET, R = 1000 kM = 1,000,000 MeTERS

o FORCE EXERTED ON THE OBJECT, F = TOO N

ASSUMING THE OBJECT IS LOCATED ON THE SURFACE OF THE PLANET, THE DISTANCE R IN NEWTON'S LAW IS THE RADIUS OF THE
PLANET ITSELF. THE MASS OF THE OBJECT, My, IS UNKNOWN AND NEEDS TO BE DETERMINED OR EXPRESSED IN TERMS OF THE OTHER
PARAMETERS.

RELATING FOrRCE, MASS oF OBJECT, AND PLANET

FroM NEWTON'S LAW:

F=G (mx m2) / r2

REARRANGED TO SOLVE FOR M; (THE PLANET’S MASS):

m = (F r2) / (G mz2)

SINCE Mg IS UNKNOWN, WE CAN EXPRESS THE MASS OF THE OBJECT IN TERMS OF ITS WEIGHT OR OTHER KNOWN QUANTITIES IF
PROVIDED. FOR THE PURPOSE OF THIS ANALYSIS, LET'S CONSIDER TYPICAL SCENARIOS AND ASSUME THE OBJECT HAS A MASS M.

ExPRESSING THE OBJECT’Ss MASS

IF THE OBJECT HAS A KNOWN WEIGHT (\W/), THEN:

o« W=M3

WHERE G IS THE ACCELERATION DUE TO GRAVITY AT THE PLANET’S SURFACE, WHICH WE WILL CALCULATE LATER.
ALTERNATIVELY, WITHOUT SPECIFIC DATA ABOUT My, WE CAN EXPRESS THE RATIO OF THE PLANET’S MASS TO THE OBJECT’S
MASS BASED ON THE FORCE:

CALCULATING THE PLANET’s MAss

DERIVING THE RELATIONSHIP WITH THE SURFACE GRAVITY

THE ACCELERATION DUE TO GRAVITY AT THE SURFACE OF THE PLANET (G) IS GIVEN BY:

e c=GM,/r?

REARRANGED TO FIND My:



«m=6r2/G

SINCE THE GRAVITATIONAL FORCE ON THE OBJECT IS ALSO F = Mo G, THEN:

«6=F/m,

SUBSTITUTING INTO THE MASS EQUATION:

m=(F /m) r2 /G

REARRANGED:

mi=F r2/ (G m2)

THIS CONFIRMS OUR EARLIER EXPRESSION, EMPHASIZING THE DEPENDENCE ON THE OBJECT’S MASS.

ESTIMATING THE SURFACE GRAVITY

SUPPOSE WE DO NOT KNOW My, BUT WE UNDERSTAND THAT FOR AN OBJECT EXPERIENCING A FORCE OF 100 N AT THE SURFACE,
WITH A CERTAIN MASS My, THE GRAVITY IS!

«c=F/m,

For EXAMPLE, IF THE OBJECT IS 10 KG, THEN:

e c=100N/ 10kG = 10 M/s?

THIS WOULD BE COMPARABLE TO EARTH'S GRAVITY, INDICATING A SIGNIFICANT GRAVITATIONAL PULL FOR SUCH A SMALL
PLANET.

DETERMINING THE DENSITY OF THE PLANET

UsING THE DerIVED MASS

IF WE KNOW OR ESTIMATE THE MASS OF THE PLANET, WE CAN DETERMINE ITS AVERAGE DENSITY:

ep=m/V=m/[(4/3)r%]

SAMPLE CALCULATION

ASSUMING THE OBJECT HAS A MASS M, = 10 kG, AND THE FORCE EXERTED IS 100 N, THEN THE SURFACE GRAVITY G IS 10
M/s2. USING THE RELATION FOR M;:

me=F r2/ (G mz2) =100 N (1,000,000 m)2 / (6.674x10-*1 N-(m/kg)2 10 kg)

CALCULATING NUMERATOR:



100 (1x10°)2 = 100 1x10'2? = 1x10!*

CALCULATING DENOMINATOR:

6.674x10-*1 10 = 6.674x10-1°

THEREFORE, THE MASS OF THE PLANET:

mi = 1x10'% / 6.674x10-1° = 1.498x1023 kg

NO\X/, THE VOLUME OF THE PLANET:

V = (4/3)m(1x10°%)3 = 4,1888x10'8 m3

FINALLY, THE AVERAGE DENSITY:

p=m / V= 1.498x10%23 kg / 4.1888x10'8 m3* = 3.58x10+ kg/m3

THis DENSITY (~35,800 kG/M®) IS EXTREMELY HIGH, SUGGESTING A VERY DENSE MATERIAL, POSSIBLY AKIN TO METALLIC OR
EXOTIC PLANETARY COMPOSITIONS.

IMPLICATIONS AND PHYSICAL CHARACTERISTICS

Size AND COMPOSITION

THe sMALL RaDIUS ( 1000 kM) INDICATES A PLANET SIGNIFICANTLY SMALLER THAN EARTH, WHICH HAS A RADIUS OF
APPROXIMATELY 637 1 kM. THE DERIVED MASS AND DENSITY SUGGEST A DENSE BODY, POSSIBLY COMPOSED OF HEAVY
ELEMENTS OR EXOTIC MATERIALS.

SURFACE GRAVITY AND POTENTIAL ENVIRONMENT

WITH A GRAVITY SIMILAR TO EARTH'S (AEOUND 10 M/Sz), AN OBJECT ON THIS PLANET WOULD EXPERIENCE A FAMILIAR
GRAVITATIONAL PULL, DESPITE THE PLANET’S DIMINUTIVE SIZE. THIS HAS IMPLICATIONS FOR POTENTIAL SURFACE CONDITIONS
ATMOSPHERIC RETENTION, AND THE POSSIBILITY OF HOSTING LIFE OR CONDUCTING EXPERIMENTS.

1

CompPARISON WITH KNowN CELESTIAL BODIES

¢ THE MOON HAS A RADIUS OF ABOUT 1737 kM AND A MASS OF 7.35X 1022 kG, WITH SURFACE GRAVITY OF 1.62
M/s2.

e OUR HYPOTHETICAL PLANET HAS A SMALLER RADIUS BUT A MUCH HIGHER DENSITY, INDICATING A DIFFERENT
COMPOSITION OR FORMATION HISTORY.

CONCLUSION

THE SCENARIO OF A SMALL PLANET WITH A RADIUS oF 1000 kM EXERTING A 100 N GRAVITATIONAL FORCE ON AN OBJECT
PROVIDES A FASCINATING GLIMPSE INTO PLANETARY PHYSICS. BY APPLYING NEWTON'S LAW OF GRAVITATION, WE DEDUCE



THAT SUCH A PLANET WOULD NEED TO BE EXCEPTIONALLY DENSE TO PRODUCE THE OBSERVED FORCE AT ITS SURFACE. THE
CALCULATIONS HIGHLIGHT THE IMPORTANCE OF UNDERSTANDING THE RELATIONSHIPS BETWEEN MASS, RADIUS, DENSITY, AND
GRAVITATIONAL ACCELERATION. THIS ANALYSIS

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE GRAVITATIONAL ACCELERATION ON THE SURFACE OF A SMALL PLANET
WITH A RADIUS oF 1000 kM EXERTING A 100 N FORCE ON AN OBJECT?

THE GRAVITATIONAL ACCELERATION CAN BE CALCULATED USING NEWTON'S LAW: G = F/M W ITHOUT THE MASS OF THE
OBJECT, WE CANNOT FIND G DIRECTLY, BUT ASSUMING THE OBJECT’S MASS, WE CAN DETERMINE G BASED ON THE FORCE EXERTED.

How DO YOU CALCULATE THE MASS OF THE SMALL PLANET WITH A RADIUS oF 1000
KM EXERTING A 100 N FORCE ON AN OBJECT?

UsING NEWTON'S LAW OF GRAVITATION: F = G (M M) / R"2. REARRANGED TO FIND M: M = (F r"2) / (G M). YOuU NEED THE
MASS OF THE OBJECT TO COMPUTE THE PLANET'S MASS.

\WHAT IS THE SIGNIFICANCE OF THE GRAVITATIONAL FORCE oF 100 N ON AN OBJECT ON
THIS SMALL PLANET?

IT INDICATES THE STRENGTH OF THE PLANET'S GRAVITATIONAL PULL ON THE OBJECT, WHICH AFFECTS THE OBJECTIS WEIGHT AND
POTENTIAL FOR SURFACE ACTIVITIES.

How poes THE SMALL RADIUS OF 1000 kM INFLUENCE THE GRAVITATIONAL FORCE
EXERTED BY THE PLANET?

A SMALLER RADIUS GENERALLY INCREASES GRAVITATIONAL ACCELERATION IF THE MASS REMAINS CONSTANT, LEADING TO A
STRONGER GRAVITATIONAL FORCE ON OBJECTS NEAR ITS SURFACE.

CAN SUCH A SMALL PLANET WITH A RADIUS OF 1000 kM SUPPORT LIFE , CONSIDERING
ITS GRAVITATIONAL FORCE?

WHILE GRAVITY IS A FACTOR, SUPPORTING LIFE DEPENDS ON MANY CONDITIONS. THE PLANET'S MASS, ATMOSPHERE,
TEMPERATURE, AND OTHER FACTORS ARE CRITICAL, THE GIVEN DATA ALONE IS INSUFFICIENT TO DETERMINE HABITABILITY.

\WHAT FORMULAS ARE USEFUL TO ANALYZE THE GRAVITATIONAL INTERACTIONS ON A
SMALL PLANET WITH GIVEN PARAMETERS?

NEWTON'S LAW OF GRAVITATION, F = G (M M) / R"2, AND THE FORMULA FOR GRAVITATIONAL ACCELERATION, G = G M /
R™2, ARE ESSENTIAL FOR SUCH ANALYSIS.

ADDITIONAL RESOURCES

A SMALL PLANET HAaVING A Rabius O 1000 KM ExerTs A GravITATIONAL Force OF TO0O N ON AN OBJECT THAT Is

(UNDERSTANDING THE GRAVITATIONAL INTERACTIONS BETWEEN CELESTIAL BODIES AND OBJECTS ON OR NEAR THEIR SURFACES IS
FUNDAMENTAL TO PHYSICS AND PLANETARY SCIENCE. THE STATEMENT ABOUT A SMALL PLANET WITH A RADIUS oF 1000 kM
EXERTING A GRAVITATIONAL FORCE oF 100 N oN AN OBJECT OFFERS AN INTRIGUING BASIS FOR ANALYZING GRAVITATIONAL



PRINCIPLES, PLANETARY CHARACTERISTICS, AND THEIR IMPLICATIONS. IN THIS ARTICLE, WE WILL EXPLORE THE PHYSICS BEHIND
THIS SCENARIO, EXAMINE THE PARAMETERS INVOLVED, AND DISCUSS BROADER INSIGHTS INTO PLANETARY GRAVITY, DENSITY,
AND THEIR EFFECTS.

UNDERSTANDING THE GIVEN SCENARIO

THE CORE STATEMENT INVOLVES A SMALL PLANET WITH A SPECIFIC RADIUS EXERTING A CERTAIN GRAVITATIONAL FORCE ON AN
OBJECT. TO ANALYZE THIS, WE NEED TO INTERPRET THE DATA!

- RADIUS oF THE PLANET, \( R = 1000\, \TexT{km} = 1 \1iMes 1076\, \TexT{M} \)
- GRAVITATIONAL FORCE oN THE ogJecT, \( F = 100\, \TexT{N} \)
- MASS OF THE OBJECT, WHICH IS NOT SPECIFIED AND WILL BE CONSIDERED AS \( M \)

OUR GOAL: TO DETERMINE THE MASS OF THE OBJECT, THE MASS OF THE PLANET, AND UNDERSTAND THE CHARACTERISTICS OF
THIS PLANET.

APPLYING NEwTON'S LAW oF UNIVERSAL GRAVITATION

NEWTON'S LAW STATES:

\[
F =G \rrac{M \TivMes M}{r"2}
\]

¥/ HERE:

-\(F\) = GRAVITATIONAL FORCE

-\( G \) = craviTATIONAL CONSTANT \( \APPrOX 6.674 \TiMes 107{-1 13\, \TexT{Nm}"2/\TexT{kc}"2 \)
-\(M\) = MASS OF THE PLANET

-\(M\) = MASS OF THE OBJECT

-\(R \) = DISTANCE BETWEEN CENTERS (HERE, EQUAL TO THE RADIUS)

ASSUMING THE OBJECT IS ON THE SURFACE OF THE PLANET:

\[
F = G \rrac{M \TiMes MKR"2}
\]

REARRANGED To FIND \( M \):

\[
M = \rrAc{F \TiMes R"2}{G \TiMes M}
\]

SINCe \( M \) IS UNKNOWN, WE NEED TO CONSIDER TYPICAL OBJECT MASSES OR EXPRESS \( M \) IN TErMS oF \( M \).



DETERMINING THE MASS OF THE OBJECT

SUPPOSE THE OBJECT IS A PERSON OR AN OBJECT WITH A MASS OF 10 kG (A COMMON BENCHMARK)I

\[
m= 10\, \texT{kc}
\]

SUBSTITUTING INTO THE FORMULA:

\[
M = \rrAac{ 100\, \TexT{N} \TiMes (1 \TiMes 1076\, \Text{mM})*23{6.674 \TiMes 107{-11} \1iMes 10\, \TexT{kc}}

\]

CALCULATING NUMERATOR:

\[
100 \1iMes 1 \1imes 107°{123} = 1 \1imes 107{ 14}

\]

CALCULATING DENOMINATOR:

\[
6.674 \1iMes 10°{-113 \7TiMes 10 = 6.674 \1iMes 10°{-103

\]

THus:

\[
M = \rrac{1 \TiMes 107{1433{6.674 \TiMes 10"{-103} \aprrox 1.5 \TiMes 10"{23}\, \TexT{kc}

\]

THIS MASS IS COMPARABLE TO THAT OF MERCURY (~3.3 X 10”23 KkG), INDICATING THE PLANET IS QUITE DENSE.

ANALYZING PLANETARY DENSITY

KnowiNg THE MASS \( M \) AnD RADIUS \( R \), WE CAN COMPUTE THE AVERAGE DENSITY:

\[
\rHo = \FrRAC{M}{V}
\]

W/HERE VOLUME OF THE SPHERE:

\[
V = \rrac{4}X3} \PIR"3
\]

CALCULATING:

\[
V = \rrac{43}{3} \pi (1 \1iMes 1076)"3 = \rrac{4}{3} \Pi \TiMes 10"{ 18} \approx 4.19 \TiMes 10"{ 18},
\TexT{mM}"3

\]



THEN,

\[
\rHO = \FRAC{ 1.5 \TiMes 107{23}}{4.19 \TiMes 10"{18}} \approx 3.58 \TiMes 10"{4}\, \TexT{kc/mM}"3

\]

THiS DENSITY (~35,800 kG/M®) SUGGESTS A VERY DENSE PLANET, COMPARABLE TO EARTH'S core DENSITY (~ 13,000
KG/M®), INDICATING THIS HYPOTHETICAL PLANET COULD BE COMPOSED OF HEAVY ELEMENTS.

PHYsICAL FEATURES AND CHARACTERISTICS OF THE PLANET

BASED ON THE CALCULATIONS:
- Size: WITH A RADIUS OF 1000 KM, THE PLANET IS SMALLER THAN EARTH (~637 1 KM RADIUS), BUT STILL SIZABLE.

- MASS AND DENSITY: THE HIGH DENSITY IMPLIES A COMPOSITION RICH IN HEAVY ELEMENTS LIKE IRON OR NICKEL.
- GRAVITY: THE SURFACE GRAVITY \( G \) CAN BE CALCULATED:

\[

6 = G \FrRaAc{MHR"2} = \rrAc{F}{M}

\]

For \(M= 10\, \TexT{ka} \):

\[

6 = \rRAC{ 100\, \TexT{N}}{ 10\, \Text{kc}} = 10\, \Tex7{m/s}"2
\]

THIS IS ROUGHLY EQUIVALENT TO EARTH'S GRAVITY ("‘98 M/52>, MEANING OBJECTS WOULD EXPERIENCE SIMILAR WEIGHT.

IMPLICATIONS AND BROADER CONTEXT

(UNDERSTANDING SUCH A SMALL YET DENSE PLANET OFFERS INSIGHTS INTO PLANETARY FORMATION, STRUCTURE, AND GRAVITY.

FEATURES OF SMALL, DENSE PLANETS

- HiGH DENSITY: INDICATES A COMPOSITION OF METALS OR DENSE MINERALS.
- SURFACE GRAVITY: CAN BE COMPARABLE TO EARTH DESPITE SMALLER SIZE, IF MASS IS SUFFICIENTLY HIGH.
- POTENTIAL FOR HABITABILITY: THE HIGH GRAVITY COULD INFLUENCE ATMOSPHERIC RETENTION AND SURFACE CONDITIONS.

Pros AND CoNs oF SMALL, DENSE PLANETS

Pros:

- STRONG GRAVITATIONAL FIELD: COULD SUPPORT A SUBSTANTIAL ATMOSPHERE.
- CoMPACT SizE: EASIER TO EXPLORE OR COLONIZE DUE TO SMALLER SURFACE AREA.
- UNIQUE GEOLOGY: HIGH DENSITY SUGGESTS UNIQUE GEOLOGICAL PROCESSES.



Cons:

- HigH GRAVITY EFFECTS: COULD BE CHALLENGING FOR HUMAN HABITATION.
- LIMITED SURFACE AREA: LESS SPACE FOR ECOSYSTEMS OR RESOURCES.
- POTENTIAL FOR EXTREME CONDITIONS: HIGH DENSITY MAY CORRELATE WITH INTENSE HEAT OR MAGNETIC FIELDS.

ReAL-\W ORLD ANALOGUES AND COMPARISONS

W/ HILE HYPOTHETICAL, SUCH A PLANET RESEMBLES SOME OF THE DENSEST KNOWN CELESTIAL BODIES, LIKE NEUTRON STARS,
WHICH HAVE ENORMOUS DENSITIES BUT ARE FAR SMALLER IN RADIUS. FOR PLANETS, THE DENSEST TERRESTRIAL PLANETS, LIKE
MERCURY AND EARTH, HELP ILLUSTRATE THE PRINCIPLES UNDERPINNING THIS SCENARIO.

CONCLUSION

THE ANALYSIS OF A SMALL PLANET WITH A RADIUS OF 1000 kM EXERTING A TOO N GRAVITATIONAL FORCE ON AN OBJECT
REVEALS FASCINATING INSIGHTS INTO PLANETARY PHYSICS. THROUGH APPLYING NEWTON'S LAW, WE DEDUCED THAT THE
PLANET WOULD NEED TO BE EXTRAORDINARILY DENSE, WITH A MASS COMPARABLE TO LARGE PLANETARY BODIES LIKE MERCURY,
BUT PACKED INTO A SMALLER VOLUME. THIS RESULTS IN HIGH SURFACE GRAVITY SIMILAR TO EARTH'S, MAKING IT AN INTRIGUING
CANDIDATE FOR THEORETICAL STUDIES ON PLANETARY STRUCTURE AND GRAVITY. SUCH EXPLORATIONS DEEPEN OUR
UNDERSTANDING OF PLANETARY FORMATION, THE DIVERSITY OF CELESTIAL BODIES, AND THE FUNDAMENTAL LAWS GOVERNING
OUR UNIVERSE.

Key TAKEAWAYS:

- SMALL PLANETARY RADIUS DOES NOT NECESSARILY MEAN WEAK GRAVITY, DENSITY PLAYS A CRUCIAL ROLE.

- HIGH DENSITY INDICATES A COMPOSITION RICH IN HEAVY ELEMENTS.

- SURFACE GRAVITY CAN BE COMPARABLE TO EARTH'S ON A SMALL, DENSE PLANET.

- ANALYZING SUCH SCENARIOS HELPS UNDERSTAND REAL EXOPLANETS AND CELESTIAL BODIES BEYOND OUR SOLAR SYSTEM.

THIS COMPREHENSIVE EXPLORATION UNDERSCORES THE IMPORTANCE OF FUNDAMENTAL PHYSICS IN PLANETARY SCIENCE AND
ENCOURAGES FURTHER CURIOSITY ABOUT THE DIVERSE WORLDS THAT MIGHT EXIST ACROSS THE UNIVERSE.
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Gravitational Force Of 100 N On An Object That Is
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