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RouGHLY How HigH CouLb A 370 K Copprer BALL LIFT ITSELF IF IT CouLp TRANSFORM ALL OF ITS THERMAL ENERGY

UNDERSTANDING THE POTENTIAL LIFTING POWER OF A COPPER BALL BASED ON ITS THERMAL ENERGY INVOLVES EXPLORING
CONCEPTS FROM THERMODYNAMICS, MATERIAL SCIENCE, AND PHYSICS. SPECIFICALLY, THIS SCENARIO CONSIDERS A COPPER
SPHERE AT A TEMPERATURE OF APPROXIMATELY 370 KeLvIN (WHICH 1S ABouT 97°C or 206.6°F), AND EXAMINES HOW
MUCH HEIGHT IT COULD THEORETICALLY ATTAIN IF IT COULD CONVERT ALL OF ITS THERMAL ENERGY INTO MECHANICAL WORK.
\W/HILE THIS IS A THOUGHT EXPERIMENT RATHER THAN A PRACTICAL ENGINEERING SCENARIO, IT PROVIDES VALUABLE INSIGHTS
INTO THE PRINCIPLES GOVERNING ENERGY TRANSFORMATION AND THE LIMITS SET BY PHYSICS.

IN THIS ARTICLE, WE WILL DELVE INTO THE FUNDAMENTAL CONCEPTS NECESSARY TO ESTIMATE THIS HEIGHT, INCLUDING THE
THERMAL ENERGY OF THE COPPER BALL, THE EFFICIENCY OF ENERGY CONVERSION PROCESSES, AND THE PHYSICAL LIMITATIONS
INVOLVED. WE WILL ALSO EXPLORE RELATED TOPICS SUCH AS THE THERMODYNAMIC LAWS, THE SPECIFIC HEAT CAPACITY OF
COPPER, AND THE MAXIMUM THEORETICAL WORK OBTAINABLE FROM THERMAL ENERGY, OFTEN REFERRED TO AS THE CARNOT
EFFICIENCY.

LET’S BEGIN BY UNDERSTANDING THE PROPERTIES OF COPPER AND THE BASIC CALCULATIONS NEEDED TO APPROACH THIS
PROBLEM.

PrOPERTIES OF COPPER RELEVANT TO THERMAL ENERGY CALCULATIONS

BEFORE ESTIMATING HOW HIGH A COPPER BALL COULD LIFT ITSELF, IT IS ESSENTIAL TO UNDERSTAND THE MATERIAL'S
PROPERTIES RELATED TO HEAT CAPACITY AND ENERGY CONTENT.

SpeciFic HEAT CAPACITY oF CoOPPER

- COPPER HAS A SPECIFIC HEAT CAPACITY (C) ofF APPROXIMATELY 0.385 J/GK.
- THIS MEANS THAT TO RAISE 1 GRAM OF COPPER BY 1 KELVIN, APPROXIMATELY 0.385 JOULES OF HEAT ENERGY ARE
REQUIRED.

DensiTY AND MASs ofF THE CoPPER BALL

- DENSITY OF COPPER: ABOUT 8.96 G/cme.
- THE MASS (M) OF THE COPPER SPHERE DEPENDS ON ITS RADIUS, WHICH CAN BE CALCULATED IF NEEDED.

THERMAL ENERGY CONTENT AT 370 K

- THE TOTAL THERMAL ENERGY STORED IN THE COPPER BALL DEPENDS ON ITS MASS AND THE TEMPERATURE DIFFERENCE RELATIVE
TO A REFERENCE (SUCH AS ROOM TEMPERATURE OR ABSOLUTE ZERO).

CALCULATING THE THERMAL ENERGY OF THE COPPER BALL

To ESTIMATE HOW HIGH THE COPPER BALL COULD LIFT ITSELF, \WE NEED TO KNOW THE TOTAL THERMAL ENERGY STORED WITHIN



IT AT 370 K.

ASSUMPTIONS FOR THE CALCULATION

- THE COPPER BALL IS INITIALLY AT 370 K.

- THE REFERENCE TEMPERATURE (T o) 1S ABSOLUTE RO (O K) FOR CALCULATING TOTAL THERMAL ENERGY, ALTHOUGH IN
PRACTICE, THE ENERGY AVAILABLE FOR WORK IS LIMITED BY THERMODYNAMIC LAWS.

- THE MASS OF THE COPPER BALL IS KNOWN OR CAN BE ASSUMED FOR THE CALCULATION.

ExAMPLE CALCULATION

SUPPOSE WE HAVE A COPPER SPHERE WITH A RADIUS OF 10 cM:

1. CALCULATE THE voLuME (V):

V=(4/3)R®=(4/3)xnx(10cM)*~ 4188.8 cM®

2. CALCULATE THE MASS (M):

M = DENSITY X VOLUME = 8.96 6/cmM® x 4188.8 cM®* =~ 37,569 = 37.57 k&
3. CALCULATE THE TOTAL THERMAL ENERGY (Q):

SINCE THE SPECIFIC HEAT CAPACITY IS PER GRAM:

Q=MXCcXAT

AT=370K-0K=370K

Q=37,5696x0.385]/cK x 370K ~ 5 359,858 |

THIS IS THE TOTAL THERMAL ENERGY STORED IN THE SPHERE RELATIVE TO ABSOLUTE ZERO. BUT CONVERTING ALL OF THIS
ENERGY INTO MECHANICAL WORK TO LIFT THE SPHERE IS IMPOSSIBLE IN PRACTICE DUE TO THERMODYNAMIC CONSTRAINTS.

THeoReTICAL MAXIMUM W oRrk AND CARNOT EFFICIENCY

IN THERMODYNAMICS, THE MAXIMUM AMOUNT OF WORK OBTAINABLE FROM A HEAT ENGINE OPERATING BETWEEN TWO
TEMPERATURES IS GOVERNED BY THE CARNOT EFFICIENCY.

UNDERSTANDING CARNOT EFFICIENCY

- CARNOT EFfICIENCY (H) = 1-T colp / T_HoT

- FOR A HEAT ENGINE OPERATING BETWEEN:

- HoT reservoOIR AT T_HoT = 370K

- CoLD ReSERVOIR AT T_coLb = O K (THEORETICAL LIMIT)

- IN REALITY, THE COLD RESERVOIR CANNOT BE ABSOLUTE ZERO, SO ACTUAL EFFICIENCIES ARE LOWER.

MAXIMUM THEORETICAL W ORK

- THE MAXIMUM WORK (\W_MAX) FROM THE THERMAL ENERGY IS:



W _MAX = Q XH

- SINCE H APPROACHES 1 AS T_COLD APPROACHES (O K, IN THEORY, THE ENTIRE THERMAL ENERGY COULD BE CONVERTED INTO
¥/ ORK.

- HO\X/EVER, ACCORDING TO THE SECOND LAW OF THERMODYNAMICS, ]OOO/O EFFICIENCY IS IMPOSSIBLE, AND PRACTICAL
LIMITATIONS PREVENT FULL CONVERSION.

EsTIMATING THE HEIGHT THE CoPPER BALL CouLp LIFT

THE KEY IS TO RELATE THE MECHANICAL WORK OBTAINED TO LIFTING THE SPHERE TO A CERTAIN HEIGHT.

\X/ ORk-ENERGY PRINCIPLE

- MECHANICAL X/ ORK (\X/) DONE TO LIFT AN OBJECT IS:
W =MXGXH

\WHERE:

- M = MASS OF THE OBJECT

- G = ACCELERATION DUE TO GRAVITY (~9.8 1 M/s?)
- H = HEIGHT

CALCULATING THE HEIGHT

- REARRANGED AS:

H=\W /(Mxa)

- USING THE THERMAL ENERGY AS THE MAXIMUM W ORK:

H=Q/(MXa)

- SUBSTITUTING THE EARLIER THERMAL ENERGY ESTIMATE (5,359,858 J):
H~5,359,858)/(37.57 kG X 9.81 M/s?) ~

H~5,359,858)/ 368.4N=~ 14,551 METERS

ResULT: UNDER IDEALIZED, PERFECTLY EFFICIENT CONVERSION OF ALL THERMAL ENERGY, THE COPPER SPHERE COULD
THEORETICALLY LIFT ITSELF APPROXIMATELY 14.5 KILOMETERS VERTICALLY.

PrACTICAL LIMITATIONS AND REAL-\W ORLD CONSIDERATIONS

W/HILE THE ABOVE CALCULATION OFFERS A FASCINATING THEORETICAL MAXIMUM, REAL-WORLD FACTORS SEVERELY LIMIT THE
ACTUAL HEIGHT ACHIEVABLE.



LIMITATIONS INCLUDE:

- THERMODYNAMIC INEFFICIENCIES: NO REAL ENGINE CAN CONVERT ALL THERMAL ENERGY INTO WORK; TYPICAL EFFICIENCIES ARE
MUCH LOWER.

- ENERGY LOSSES: HEAT LOSSES THROUGH RADIATION, CONDUCTION, AND CONVECTION REDUCE THE AVAILABLE ENERGY.

- MATERIAL CONSTRAINTS: THE STRUCTURAL INTEGRITY OF THE COPPER SPHERE UNDER SUCH ENERGY CONVERSION, AND THE
MEANS TO HARNESS THE ENERGY, ARE NON-TRIVIAL.

- CONVERSION MECHANISM: NO KNOWN MECHANISM ALLOWS DIRECT CONVERSION OF THERMAL ENERGY INTO MECHANICAL WORK
WITH ]OOO/O EFFICIENCY, ESPECIALLY FROM A SOLID OBJECT LIKE A COPPER SPHERE.

REALISTIC SCENARIO

- ASSUMING A PRACTICAL EFFICIENCY OF AROUND 300/0 (\X/HICH IS STILL OPTIMISTIC), THE MAXIMUM LIFTED HEIGHT WOULD BE
ROUGHLY:

HR 14.5Mx 0.3 = 4.35kM

THIS IS STILL AN IMPRESSIVE THEORETICAL HEIGHT, ILLUSTRATING THE ENORMOUS ENERGY CONTAINED WITHIN A RELATIVELY
SMALL AMOUNT OF THERMAL ENERGY AT HIGH TEMPERATURES.

ReLATED CONCEPTS AND ADDITIONAL INSIGHTS

UNDERSTANDING THE ENERGY TRANSFORMATION FROM THERMAL TO MECHANICAL ENERGY IN THIS CONTEXT CONNECTS TO
SEVERAL BROADER SCIENTIFIC PRINCIPLES.

SPECIFIC HEAT AND ENERGY STORAGE

- THE HEAT CAPACITY OF MATERIALS DETERMINES HOW MUCH ENERGY THEY CAN STORE AT A PARTICULAR TEMPERATURE.
- COPPER'S HIGH THERMAL CONDUCTIVITY ALSO INFLUENCES HOW QUICKLY IT EXCHANGES HEAT WITH SURROUNDINGS.

THERMODYNAMICS AND EFFICIENCY

- THE SECOND LAW OF THERMODYNAMICS LIMITS THE MAXIMUM EFFICIENCY OF HEAT ENGINES.
- THE CARNOT CYCLE REPRESENTS THE THEORETICAL MAXIMUM EFFICIENCY ACHIEVABLE BETWEEN TWO TEMPERATURE
RESERVOIRS.

PoTENTIAL REAL-\W/ ORLD APPLICATIONS

- WHILE CONVERTING ALL THERMAL ENERGY INTO MECHANICAL WORK IS IMPOSSIBLE, REAL-WORLD SYSTEMS LIKE STEAM
TURBINES AND INTERNAL COMBUSTION ENGINES OPERATE AT EFFICIENCIES FAR BELOW THE THEORETICAL MAXIMUM.
- UNDERSTANDING THESE LIMITS HIGHLIGHTS THE IMPORTANCE OF MAXIMIZING EFFICIENCY IN ENERGY SYSTEMS.

CoNCLUSION

IN SUMMARY, IF A 370 K COPPER BALL COULD CONVERT ALL OF ITS THERMAL ENERGY INTO MECHANICAL WORK WITHOUT
LOSSES, IT COULD THEORETICALLY LIFT ITSELF APPROXIMATELY 14.5 KILOMETERS HIGH. THIS CALCULATION UNDERSCORES THE



IMMENSE ENERGY STORED IN THERMAL FORM AND THE POTENTIAL OF THERMODYNAMIC PRINCIPLES. HO\X/EVER/ PRACTICAL
LIMITATIONS, INCLUDING THERMODYNAMIC INEFFICIENCIES AND MATERIAL CONSTRAINTS, MAKE SUCH A FEAT IMPOSSIBLE IN
REALITY. NONETHELESS, THIS THOUGHT EXPERIMENT PROVIDES A COMPELLING ILLUSTRATION OF THE RELATIONSHIP BETWEEN
THERMAL ENERGY, WORK, AND THE FUNDAMENTAL LAWS GOVERNING ENERGY TRANSFORMATION. |T ALSO EMPHASIZES THE
IMPORTANCE OF EFFICIENCY IN DESIGNING REAL-WORLD ENERGY SYSTEMS AND HIGHLIGHTS THE REMARKABLE POTENTIAL ENERGY
CONTAINED WITHIN EVERYDAY MATERIALS LIKE COPPER.

FREQUENTLY ASkeD QUESTIONS

How HIGH couLD A 370 KG COPPER BALL LIFT ITSELF IF IT CONVERTED ALL ITS
THERMAL ENERGY?

IT COULD THEORETICALLY LIFT ITSELF APPROXIMATELY 1.88 MILLION METERS (ABOUT 1,880 KILOMETERS) INTO THE AIR.

WHAT ASSUMPTIONS ARE MADE TO CALCULATE THE LIFTING HEIGHT OF THE COPPER
BALL?P

THE CALCULATION ASSUMES ]OOO/O CONVERSION EFFICIENCY OF THERMAL ENERGY INTO MECHANICAL WORK AND NEGLECTS
ENERGY LOSSES SUCH AS HEAT DISSIPATION AND AIR RESISTANCE.

How MUCH THERMAL ENERGY DOES A 370 kG COPPER BALL CONTAIN AT ROOM
TEMPERATURE?

AT ROOM TEMPERATURE (~25°C), THE THERMAL ENERGY IS ROUGHLY 7.4 X 106 JOULES, BASED ON COPPER’S SPECIFIC HEAT
CAPACITY.

\WHAT IS THE SIGNIFICANCE OF SUCH A HYPOTHETICAL ENERGY CONVERSION IN REAL-
\WORLD PHYSICS?

[T ILLUSTRATES THE ENORMOUS AMOUNT OF ENERGY STORED IN MATERIALS AND HELPS UNDERSTAND THE LIMITS OF ENERGY
CONVERSION AND THE EFFICIENCY OF HYPOTHETICAL PERPETUAL ENERGY TRANSFORMATIONS.

CoULD A COPPER BALL REALISTICALLY CONVERT ALL ITS THERMAL ENERGY INTO LIFT?

NO, IN REALITY, NO MATERIAL OR SYSTEM CAN CONVERT ALL THERMAL ENERGY INTO MECHANICAL WORK WITHOUT LOSSES; THIS
SCENARIO IS PURELY THEORETICAL.

How DOES THE CONCEPT OF ENERGY CONSERVATION APPLY IN THIS SCENARIO?

|T DEMONSTRATES THAT THE THERMAL ENERGY CONTAINED IN THE COPPER CAN, IN THEORY, BE FULLY TRANSFORMED INTO
POTENTIAL ENERGY TO LIFT THE OBJECT, EXEMPLIFYING ENERGY CONSERVATION PRINCIPLES.

W/HAT WOULD BE THE IMPLICATIONS IF SUCH A CONVERSION WERE POSSIBLE ON A
LARGER SCALE?

[T COULD REVOLUTIONIZE ENERGY STORAGE AND TRANSFER, BUT PRACTICALLY, THE ENORMOUS ENERGY REQUIREMENTS AND
INEFFICIENCIES MAKE THIS SCENARIO IMPOSSIBLE WITH CURRENT TECHNOLOGY.



How DOES THE GRAVITATIONAL POTENTIAL ENERGY RELATE TO THE LIFTING HEIGHT IN
THIS SCENARIO?

THE MAXIMUM HEIGHT IS DETERMINED BY DIVIDING THE TOTAL THERMAL ENERGY BY THE WEIGHT OF THE COPPER BALL MULTIPLIED
BY GRAVITATIONAL ACCELERATION, AS PER POTENTIAL ENERGY CALCULATIONS.

\W/HAT ROLE DOES THE SPECIFIC HEAT CAPACITY OF COPPER PLAY IN THIS
CALCULATION?

[T DETERMINES HOW MUCH THERMAL ENERGY IS STORED PER UNIT TEMPERATURE INCREASE, WHICH IS ESSENTIAL FOR ESTIMATING
THE TOTAL THERMAL ENERGY AVAILABLE FOR CONVERSION.

IS THE CALCULATED HEIGHT DEPENDENT ON THE INITIAL TEMPERATURE OF THE COPPER
BALL?P

YES, INCREASING THE INITIAL TEMPERATURE INCREASES THE THERMAL ENERGY STORED, WHICH COULD, IN THEORY, RESULT IN A
HIGHER LIFTING HEIGHT IF ALL ENERGY IS CONVERTED EFFICIENTLY.

ADDITIONAL RESOURCES

CopPpPER BALL THERMAL ENERGY CONVERSION

INTRODUCTION: THE FASCINATING INTERSECTION OF MATERIAL SCIENCE AND
ENeERGY CONVERSION

IMAGINE A PERFECTLY SPHERICAL COPPER BALL, CAPABLE OF TRANSFORMING ALL ITS THERMAL ENERGY INTO MECHANICAL WORK.
How HIGH COULD SUCH AN OBJECT ELEVATE ITSELF? WHILE THIS SCENARIO IS THEORETICAL, IT OFFERS AN INTRIGUING GLIMPSE
INTO THE PRINCIPLES OF THERMODYNAMICS, MATERIAL PROPERTIES, AND ENERGY CONVERSION EFFICIENCY. IN THIS DETAILED
EXPLORATION, WE DELVE INTO THE PHYSICS THAT WOULD DETERMINE THE MAXIMUM HEIGHT A 370-KILOGRAM COPPER SPHERE
COULD ACHIEVE IF IT COULD CONVERT ALL OF ITS THERMAL ENERGY INTO LIFTING POWER.

THIS ANALYSIS ISNIT_JUST AN ACADEMIC EXERCISE; IT PROVIDES INSIGHTS INTO ENERGY HARNESSING, MATERIAL LIMITS, AND THE
POTENTIAL OF THERMODYNAMIC TRANSFORMATIONS. W/HETHER YOURE A SCIENTIST, ENGINEER, OR SIMPLY A CURIOUS MIND,
UNDERSTANDING THE KEY PRINCIPLES BEHIND SUCH A HYPOTHETICAL SCENARIO REVEALS THE REMARKABLE INTERPLAY BET\WEEN
ENERGY, MATERIAL SCIENCE, AND PHYSICS.

UNDERSTANDING THE BASIC PRINCIPLES

THe CONCEPT OF ENERGY TRANSFORMATION

TO COMPREHEND HOW HIGH A COPPER SPHERE COULD LIFT ITSELF, WE MUST FIRST UNDERSTAND THE PRINCIPLE OF ENERGY
CONSERVATION. THE CORE IDEA IS THAT ALL THERMAL ENERGY STORED WITHIN THE COPPER BALL CAN, IN AN IDEAL SCENARIO, BE
CONVERTED INTO MECHANICAL WORK — SPECIFICALLY, GRAVITATIONAL POTENTIAL ENERGY — WHICH WOULD ALLOW IT TO
ELEVATE ITSELF AGAINST GRAVITY.

THE KEY ASSUMPTIONS HERE ARE:



- ToTAL ConvEersIoN EFFiCiENCY: T009% OF THERMAL ENERGY IS CONVERTED INTO MECHANICAL WORK, WITH NO LOSSES.
- No EXTERNAL LossES: NO HEAT LOSS TO SURROUNDINGS, AND THE PROCESS IS PERFECTLY EFFICIENT.
- INITIAL THERMAL ENERGY: THE THERMAL ENERGY IS UNIFORMLY DISTRIBUTED WITHIN THE COPPER SPHERE.

W/HILE THESE ASSUMPTIONS ARE HIGHLY IDEALIZED AND PHYSICALLY IMPOSSIBLE IN REAL-\WORLD CONDITIONS, THEY SERVE AS A
THEORETICAL MAXIMUM FOR THE PURPOSE OF THIS CALCULATION.

THE THERMODYNAMIC PERSPECTIVE

THE PROCESS CAN BE VIEWED THROUGH THE LENS OF THE FIRST LAW OF THERMODYNAMICS: THE CHANGE IN THERMAL ENERGY
(INTERNAL ENERGY) EQUALS THE WORK DONE PLUS HEAT EXCHANGED. HERE, SINCE WE'RE ASSUMING ALL THERMAL ENERGY GOES
INTO LIFTING THE OBJECT, THE WORK DONE (\W/) EQUATES TO THE CHANGE IN GRAVITATIONAL POTENTIAL ENERGY:

\[ W =m\TiMes G \TiMES H \]

\¥/HERE:

-\(M\) = MAss oF THE copper sPHERE (370 kG)

-\( G \) = ACCELERATION DUE TO GRAVITY (~9.8 1 M/s?)

-\(H\) = MAXIMUM HEIGHT ACHIEVABLE

THE INITIAL THERMAL ENERGY (\( Q \)) STORED IN THE COPPER SPHERE DEPENDS ON ITS TEMPERATURE, SPECIFIC HEAT
CAPACITY, AND MASS:

\[Q=m\1iMes c_{p} \TiMes \DeLTA T \]

\X/HERE:

-\(Cc_{r}\) = speciFic HEAT cAPACITY oF copper (~385 J/(kG'K))

-\(\DeLTA T \) = TEMPERATURE DIFFERENCE BETWEEN THE INITIAL STATE AND A REFERENCE TEMPERATURE (USUALLY ROOM

TEMPERATURE)

THE KEY QUESTION BECOMES: GIVEN THE INITIAL THERMAL ENERGY \( Q \), WHAT IS THE MAXIMUM HEIGHT \( H \) OBTAINABLE?

CALCULATING THE THERMAL ENERGY OF THE COPPER SPHERE

DETERMINING THE INITIAL THERMAL ENERGY

LET’S ASSUME THE COPPER SPHERE IS INITIALLY HEATED TO A HIGH TEMPERATURE, FOR EXAMPLE, 1000°C (1273 K),
STARTING FROM ROOM TEMPERATURE (~20°C, 293 K). THe TeMperATURE DIFFERENCE (\( \DeLTA T \)):

\[\DeLta T = 1273\ K- 293\ K=980\K\]
NOW, CALCULATING THE THERMAL ENERGY:

\l

Q=m\1iMes c_{p} \TiMes \DELTA T

\]

\[
Q =370\ ka \TiMes 385\ J/(ka'K) \TiMes 980\ K



\]
\[

Q \approx 370 \TiMes 385 \TiMes 980
\]

CALCULATING STEP-BY-STEP:

-\( 385 \1iMes 980 \approx 377,300 \)
-\( 370 \TiMes 377,300 \approx 139,801,000\ J\)

THUS, THE TOTAL THERMAL ENERGY STORED IN THE COPPER BALL AT 1000°C Is APPROXIMATELY 140 MiLLION JouLEes (1.4 x
10”8 J).

NOTE: IF THE SPHERE WERE HEATED TO A HIGHER TEMPERATURE, SAY 1500°C (1773 K), THE THERMAL ENERGY WOULD
INCREASE PROPORTIONALLY.

IMPLICATIONS OF THERMAL ENERGY CONTENT

THIS ENORMOUS ENERGY CONTENT HIGHLIGHTS THE POTENTIAL POWER STORED WITHIN A HOT COPPER SPHERE. HO\X/EVER/
CONVERTING THIS ENERGY ENTIRELY INTO LIFTING WORK IS PURELY HYPOTHETICAL AND ASSUMES PERFECT THERMODYNAMIC
EFFICIENCY, WHICH IS IMPOSSIBLE PRACTICALLY. STILL, THIS NUMBER PROVIDES THE BASIS FOR CALCULATING THE MAXIMUM
POTENTIAL HEIGHT.

CALCULATING THE MAXIMUM LIFT HEIGHT

APPLYING THE CONSERVATION OF ENERGY

THE MAXIMUM HEIGHT \( H \) THE SPHERE COULD REACH IF ALL THERMAL ENERGY IS CONVERTED INTO GRAVITATIONAL
POTENTIAL ENERGY:

\[

Q =M \TIMeS G \TIMES H

\]

REARRANGED:

\[

H = \rrAc{Q3}{M \TIMES G}

\]

SUBSTITUTING THE KNOWN VALUES:
\[

H=\rRAc{1.4 \TiMes 10"{83\ J}{370\ kG \TiMes 9.8 1\ m/s"{2}}
\]

CALCULATING DENOMINATOR:

\[
370 \TiMes 9.81 \approx 3,629.7\ kc\ M/s™{2}



\]

Now, DIVIDING:

\[
H \approx \FRAC{ 1.4 \TiMes 107{833}{3,629.7} \aprrOX 38,580\ M

\]

RESULT: THE COPPER SPHERE COULD THEORETICALLY LIFT ITSELF APPROXIMATELY 38.6 KILOMETERS INTO THE AIR.

UNDERSTANDING THE SIGNIFICANCE OF THIS HEIGHT

THIS IS ROUGHLY EQUIVALENT TO THE CRUISING ALTITUDE OF HIGH-ALTITUDE JETS AND WELL INTO THE STRATOSPHERE. |T
UNDERSCORES THE IMMENSE ENERGY STORED IN THERMAL FORM WITHIN A RELATIVELY SMALL MASS OF METAL AT HIGH
TEMPERATURE, AND THE THEORETICAL POTENTIAL TO CONVERT THAT INTO LIFTING POWER.

PrACTICAL CONSIDERATIONS AND LIMITATIONS

W/HILE THE CALCULATIONS ABOVE PAINT AN INTRIGUING PICTURE, SEVERAL CRITICAL FACTORS PREVENT SUCH AN IDEALIZED
SCENARIO FROM MATERIALIZING IN PRACTICE.

1. THERMODYNAMIC INEFFICIENCIES

- REAL-WORLD ENERGY CONVERSION SYSTEMS ARE FAR FROM 100% EFFICIENT. THE CARNOT EFFICIENCY, WHICH LIMITS THE
MAXIMUM POSSIBLE EFFICIENCY OF HEAT ENGINES, DEPENDS ON THE TEMPERATURE DIFFERENCE BETWEEN THE HOT SOURCE AND
COLD SINK.

- TYPICAL EFFICIENCIES ARE IN THE RANGE OF 30-509%, MEANING ONLY A FRACTION OF THERMAL ENERGY CAN BE CONVERTED
INTO \WORK.

2. MATERIAL CONSTRAINTS AND STRUCTURAL INTEGRITY

- HEATING COPPER TO EXTREMELY HIGH TEMPERATURES (CLOSE TO ITS MELTING POINT OF ]O85°C) INTRODUCES RISKS OF
DEFORMATION OR MELTING.

- THERMAL EXPANSION CAN CAUSE STRUCTURAL STRESSES, POTENTIALLY DEFORMING THE SPHERE OR CAUSING FAILURE BEFORE
REACHING HIGH TEMPERATURES.

- AT HIGH TEMPERATURES, COPPER OXIDIZES RAPIDLY, COMPLICATING HEAT MANAGEMENT AND DURABILITY.

3. HEAT Losses AND ENVIRONMENTAL EFFECTS

- IN REALITY, HEAT DISSIPATES INTO THE ENVIRONMENT THROUGH RADIATION, CONVECTION, AND CONDUCTION.
- MAINTAINING A HIGH TEMPERATURE REQUIRES CONTINUOUS ENERGY INPUT, MAKING THE PROCESS ENERGETICALLY AND
ECONOMICALLY IMPRACTICAL.



4. CONVERSION MECHANICS

- TRANSFORMATION OF THERMAL ENERGY INTO MECHANICAL LIFT INVOLVES COMPLEX SYSTEMS SUCH AS TURBINES, ENGINES, OR
THERMODYNAMIC CYCLES, EACH WITH THEIR OWN EFFICIENCY LIMITS.
- MECHANICAL FRICTIONS, LOSSES IN GEARS, AND OTHER INEFFICIENCIES FURTHER DIMINISH THE ACHIEVABLE LIFT.

ALTERNATIVE PERSPECTIVES: How Do ReaL SysTemMs COMPARE?

W/HILE THE HYPOTHETICAL SCENARIO CONSIDERS PERFECT ENERGY CONVERSION, REAL-WORLD SYSTEMS LIKE ROCKETS, TURBINES,
AND ENGINES HAVE EFFICIENCIES BETWEEN 20-509,. FOrR EXAMPLE:

- JET ENGINES: ~40-509, EFFICIENCY.

- STEAM TURBINES: ~85%, IN IDEAL CASES BUT OFTEN LOWER IN PRACTICE.

- CHEMICAL ROCKETS: CAN ACHIEVE HIGH SPECIFIC IMPULSES BUT RELY ON CHEMICAL ENERGY RATHER THAN THERMAL ENERGY
CONVERSION.

APPLYING REALISTIC EFFICIENCIES TO OUR INITIAL THERMAL ENERGY REDUCES THE MAXIMUM ACHIEVABLE HEIGHT
PROPORTIONALLY. FOR EXAMPLE, AT 509 EFFICIENCY, THE MAXIMUM HEIGHT HALVES TO APPROXIMATELY 19.3 kM, STILL
SUBSTANTIAL BUT FAR LESS THAN THE THEORETICAL MAXIMUM.

CoNcLUDING REMARKS: THE Power oF THEORETICAL PHYsICS

THE EXPLORATION OF HOW HIGH A 370 KG COPPER SPHERE COULD LIFT ITSELF IF IT COULD CONVERT ALL THERMAL ENERGY INTO
MECHANICAL WORK REVEALS THE EXTRAORDINARY POTENTIAL HIDDEN WITHIN EVEN MODEST AMOUNTS OF ENERGY. IN THE
IDEALIZED CASE, THE SPHERE COULD REACH HEIGHTS OF NEARLY 39 KILOMETERS, DEMONSTRATING THE ASTONISHING ENERGY
DENSITY OF THERMAL ENERGY IN METALS.

HO\X/EVER/ TRANSLATING THIS THEORETICAL MAXIMUM INTO REALITY FACES INSURMOUNTABLE PHYSICAL AND ENGINEERING
BARRIERS. NONETHELESS, SUCH THOUGHT EXPERIMENTS SERVE AS POWERFUL TOOLS FOR UNDERSTANDING THE LIMITS OF ENERGY
CONVERSION, THE IMPORTANCE OF EFFICIENCY, AND THE INCREDIBLE ENERGY STORED WITHIN MATERIALS.

IN THE BROADER CONTEXT, THEY INSPIRE INNOVATIONS IN ENERGY HARNESSING, THERMODYNAMICS, AND MATERIALS SCIENCE,
PUSHING THE BOUNDARIES OF WHAT IS POSSIBLE AND PROVIDING A PROFOUND APPRECIATION FOR THE PHYSICAL LAWS
GOVERNING OUR UNIVERSE. W/HETHER FOR ADVANCING ENGINEERING, DEVELOPING SUSTAINABLE ENERGY SOLUTIONS, OR SIMPLY
SATISFYING CURIOSITY, CONTEMPLATING THESE EXTREMES FUELS SCIENTIFIC PROGRESS AND DEEPENS OUR UNDERSTANDING OF THE
NATURAL \WORLD.
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