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Guillaume Amontons First Took A Stab At Measuring Absolute Zero In 1702. What
Would Be The Most Reasonable to assume is that his initial efforts laid
foundational ideas that would influence thermodynamics for centuries to come.
Although early scientists lacked the sophisticated technology we have today,
their curiosity and ingenuity allowed them to make significant strides in
understanding the nature of temperature and the elusive concept of absolute
zero. This article explores Amontons's pioneering work, the scientific
context of his era, the methods he might have used, and what modern science
considers the most reasonable estimates of absolute zero based on his
pioneering efforts.

Historical Context of Guillaume Amontons’s Work

The Scientific Environment of the Early 18th Century

In the early 1700s, the scientific community was rapidly evolving, driven by
the curiosity of thinkers like Isaac Newton, Robert Boyle, and others. The
understanding of heat and temperature was still primitive; concepts such as
kinetic energy and thermodynamics had not yet been formalized. Scientists
relied heavily on empirical observations, experimental setups, and the
development of measurement tools like thermometers.

During this period, the exploration of heat's nature was central to
scientific debate. The caloric theory, which posited that heat was a fluid-
like substance, was dominant. Guillaume Amontons, a French physicist and
inventor, made significant contributions to this field, particularly through
his work on thermometers and the behavior of gases.

Guillaume Amontons’s Contributions to
Temperature Measurement

Innovations in Thermometry

Amontons is credited with developing some of the earliest thermometers that
used a sealed air or alcohol-filled tube to measure temperature variations.
His designs improved the sensitivity and reliability of temperature readings,
which was crucial for experimental physics. These thermometers, though



primitive by modern standards, provided a means to quantify temperature
changes with more consistency.

Understanding of Gas Behavior and Friction

Beyond thermometry, Amontons studied the properties of gases and friction.
His experiments with gases under pressure and temperature variations
contributed to a better understanding of thermodynamic principles. His
observations about the relationship between pressure and temperature of gases
laid early groundwork for the ideal gas law.

Attempting to Measure Absolute Zero in 1702

The Challenges Faced by Early Scientists

Measuring absolute zero in 1702 was an extraordinary challenge. Scientists
lacked precise thermometers capable of reaching extremely low temperatures,
and the concept of an absolute temperature scale had not yet been
established. They relied on indirect methods, empirical relationships, and
logical deductions.

Key challenges included:

- Limited accuracy of temperature measurement tools

- Lack of a theoretical framework for absolute temperature

- Inability to reach extremely low temperatures with available technology
- Difficulty in controlling and measuring the state of gases at very low
temperatures

What Would Have Been Reasonable Approaches?

Given these constraints, Amontons and his contemporaries might have
approached the problem through several logical steps:

1. Observing Gas Behavior: Noticing that gases contract when cooled, they
could attempt to determine the lowest temperature at which a gas would
cease to exert pressure or contract further.

2. Using Thermometers: Employing his thermometers to track temperature
changes during compression or expansion of gases to find a point where
temperature readings plateaued or indicated a minimal value.

3. Empirical Extrapolation: Extrapolating the relationship between pressure
and temperature, assuming it was linear or following some predictable
pattern, and estimating a temperature where pressure would reach zero.



What Would Be The Most Reasonable Estimate of
Absolute Zero?

Modern Understanding of Absolute Zero

Today, we define absolute zero as exactly 0 Kelvin, equivalent to -273.15°C
or -459.67°F. This temperature represents the point at which particles reach
their lowest possible energy state, and all thermal motion ceases
theoretically.

Historical Estimates and Their Basis

Prior to the formalization of the Kelvin scale by Lord Kelvin in the mid-19th
century, scientists attempted to estimate absolute zero through experiments
involving gases, thermometers, and extrapolation.

Amontons’s experiments likely led him to observe that as gases are cooled,
their pressure or volume decreases and approaches zero at some low
temperature. Based on the empirical relationships and the limited technology
available, reasonable estimates of absolute zero at that time ranged from
about -250°C to -273°C.

Most Reasonable Estimate Based on Amontons’s Work

Considering Amontons’s observations and the scientific context, the most
reasonable estimate of absolute zero in 1702 would have been close to -250°C
to -273°C. This estimate aligns with the understanding that gases contract
and exert less pressure as they cool, and extrapolations of these behaviors
suggest a temperature near -273°C.

This range reflects the limitations of early measurement techniques and the
absence of a formalized thermodynamic framework. Nonetheless, Amontons’s work
laid important groundwork, hinting at the existence of a fundamental Llower
limit to temperature.

Legacy and Impact of Amontons’s Work

Influence on Thermodynamics

Although Amontons did not explicitly define absolute zero, his experiments
and thermometric innovations contributed to the gradual development of



thermodynamics. His observations about gas behavior helped scientists like
Lord Kelvin formulate accurate temperature scales and understand concepts
like entropy and thermal energy.

Building Blocks for Future Science

Amontons’s efforts demonstrated that temperature could be measured with
relative precision and that gases had predictable physical behaviors at
different temperatures. These insights proved critical for the later
development of absolute temperature scales and the eventual understanding of
quantum phenomena at very low temperatures.

Conclusion: The Reasonable Perspective in
Historical Context

While Guillaume Amontons did not succeed in precisely measuring absolute
zero, his pioneering efforts in thermometry and gas behavior experiments
provided critical clues. Given the technological limitations of his time and
the scientific knowledge available, a reasonable estimate of absolute zero in
1702 would have been around -250°C to -273°C. This estimate, based on
empirical observations and extrapolations, aligns closely with modern
science’s understanding, which pinpoints absolute zero at -273.15°C (0
Kelvin).

Amontons’s work exemplifies the spirit of scientific inquiry—building on
observations, making educated guesses, and pushing the boundaries of
knowledge. His early attempts helped set the stage for the formal
thermodynamic laws and temperature scales that underpin much of modern
physics today.
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Frequently Asked Questions

What methods did Guillaume Amontons use in 1702 to
attempt measuring absolute zero?

Guillaume Amontons used experimental techniques involving thermometers and
controlled cooling methods to estimate the temperature at which all molecular
motion ceases, aiming to approximate absolute zero.

How accurate were Amontons' measurements of absolute
zero in 17027

Amontons' estimates were pioneering but not highly precise by modern
standards; he approximated absolute zero to be around -270°C, which is close
to the currently accepted value of approximately -273.15°C.

What scientific significance did Amontons' attempt
to measure absolute zero have at the time?

His efforts contributed to the understanding of temperature scales and laid
groundwork for the development of thermodynamics, influencing future
scientists like Lord Kelvin.

Why was measuring absolute zero challenging in the
early 18th century?

Limited technology, lack of advanced thermometric devices, and the difficulty
in reaching extremely low temperatures made precise measurement of absolute
zero very challenging at that time.

What advancements in science stemmed from Amontons'
early work on temperature measurement?

His pioneering experiments helped improve thermometric techniques and
influenced the development of absolute temperature scales, ultimately leading
to the Kelvin scale.

What is the most reasonable interpretation of
Amontons' 1702 measurement attempts today?

It is reasonable to see Amontons' work as an early, approximate effort to
understand absolute zero, laying important groundwork despite the
technological limitations of his era.



Additional Resources

Guillaume Amontons’s 1702 Attempt to Measure Absolute Zero: An In-Depth
Exploration of Early Thermometry and Its Significance

Introduction

The quest to understand the nature of temperature and the concept of absolute
zero has been a fundamental journey in the history of science. Among the
pioneering figures in this endeavor was Guillaume Amontons, a French
physicist and inventor whose innovative experiments in 1702 marked one of the
earliest attempts to quantify the lowest possible temperature—what we now
understand as absolute zero. This exploration not only reflects the
scientific curiosity of the early 18th century but also laid foundational
ideas that would influence thermodynamics and temperature measurement for
centuries to come.

In this detailed review, we will examine Amontons's work within its
historical context, analyze what he might have reasonably achieved in his
experiments, and explore the scientific principles governing the concept of
absolute zero. We will also look at how subsequent developments built upon
his pioneering efforts, and what modern science considers the most reasonable
understanding of his early measurements.

Historical Context of Thermometry in the Early 18th Century
The State of Scientific Knowledge in 1702

- Limited understanding of temperature: Prior to the 18th century,
temperature measurement was rudimentary. Early thermometers relied on liquids
like alcohol or mercury, but the principles of thermal expansion and
calibration were still developing.

- Lack of a universal temperature scale: The concept of an absolute
temperature scale did not exist. Instead, scientists used relative scales
such as the hot and cold extremes of their thermometers.

- Emerging interest in thermal phenomena: The scientific community was
increasingly interested in quantifying heat, often motivated by practical
applications such as cooking, brewing, and understanding atmospheric
phenomena.

Guillaume Amontons’s Background

- Innovator and experimenter: Amontons (1663-1705) was known for his work in
physics, especially in studying gases, thermodynamics, and mechanics.

- Notable inventions: He improved the air thermometer, which used the
pressure of air in a sealed vessel to measure temperature.

- Philosophical approach: Amontons sought to understand the nature of heat,



and his experiments aimed at establishing foundational principles rather than
precise measurements.

Amontons’s 1702 Experiment: The Approach and Its Scientific Basis
The Objective

- To determine the lowest temperature limit-essentially, to identify a
temperature at which thermal motion would cease.

- To approximate what we now call absolute zero, the temperature at which
particles would have minimal thermal motion.

The Experimental Setup

While detailed records from 1702 are sparse, based on Amontons’s known
methods and scientific principles, his approach likely involved:

- Air thermometers: Using the pressure of a fixed amount of air in a sealed
container as a proxy for temperature.

- Expansion and contraction: Observing the changes in volume or pressure with
temperature variations.

- Cooling methods: Employing natural cooling (e.g., placing thermometers in
cold environments) or artificial cooling techniques available at the time,
such as immersion in cold water or snow.

The Reasoning Behind His Method

- Thermal expansion of gases: Amontons understood that gases expand when
heated and contract when cooled.

- Pressure as an indicator: He relied on the principle that, at constant
volume, pressure changes reflect temperature changes.

- Seeking a limit: By cooling the air thermometer as much as possible, he
aimed to observe the point where pressure would no longer decrease,
suggesting a minimum temperature.

What Would Be the Most Reasonable Qutcome of Amontons’s 1702 Measurements?

Given the experimental constraints and scientific understanding of the era,
what could Amontons reasonably have achieved?

Limitations of Early Thermometers

- Imprecise calibration: The thermometers of the early 18th century lacked
standardized scales, making precise readings impossible.

- Material limitations: The thermometric liquids and containers were subject
to imperfections, leaks, and inconsistent responses to temperature.

- Environmental factors: Ambient temperatures, insulation, and experimental



control were rudimentary.
The Extent of Cooling Achieved

- Cooling to natural environments: Amontons could have cooled his air
thermometers to the temperature of the surrounding environment, perhaps as
low as freezing or sub-zero temperatures in winter.

- Artificial cooling methods: Without modern refrigeration, cooling below 0°C
was challenging. Snow, ice, or cold water could bring temperatures down to
around -10°C or lower, depending on conditions.

- Approximate lower limit: It is reasonable to estimate that Amontons could
have approached temperatures near -20°C in ideal conditions, but reaching
temperatures close to the modern concept of absolute zero (-273.15°C) was
beyond his capabilities.

Theoretical Interpretation of His Results

- No definitive zero: Amontons likely observed that as he cooled his air
thermometer, the pressure decreased, approaching a minimal value, but could
not confirm it reached a true zero.

- Recognition of a limit: He might have suspected that there was a lowest
possible temperature, but lacked the means to confirm it definitively.

- Influence on subsequent scientists: His work hinted at the idea that
temperature had a lower bound, inspiring future experiments to refine the
concept.

Scientific Principles Underpinning Absolute Zero and Their Evolution
The Concept of Absolute Zero

- Thermodynamics perspective: Absolute zero is the temperature at which
particles have minimal thermal motion, and the entropy of a perfect crystal
is zero (per the third law of thermodynamics).

- Gas laws: The ideal gas law (PV = nRT) predicts that at constant pressure,
volume decreases linearly with temperature, tending towards zero as
temperature approaches absolute zero.

- Modern measurement: Using precise thermometers and pressure sensors,
scientists can accurately approach and measure temperatures very close to
absolute zero.

How Amontons’s Work Fits into This

- Early insight: His experiments contributed to understanding the
relationship between pressure and temperature in gases.

- Limitations: Without the quantitative tools to measure extremely low
temperatures, he could only approximate the concept.

- Progression: Later scientists, such as Lord Kelvin, formalized the absolute
temperature scale based on gas laws and theoretical considerations, building
upon the foundational ideas Amontons explored.



The Reasonable Interpretation of Amontons’s 1702 Achievements

Considering the scientific context and experimental limitations, the most
reasonable interpretation of Guillaume Amontons’s efforts in 1702 is:

1. He successfully demonstrated that gases contract upon cooling,
establishing a relationship between temperature and pressure.

2. He observed a decreasing trend in pressure as temperatures dropped, moving
toward a minimal value.

3. He recognized the existence of a lower temperature limit, although he
could not measure or define it precisely.

4. He did not reach absolute zero, but his experiments laid the groundwork
for future thermodynamic theories.

5. He contributed to the conceptual understanding that temperature has a
fundamental lower bound, inspiring subsequent scientists to refine
measurements and theories.

Impact and Legacy of Guillaume Amontons’s Work
Immediate Scientific Influence

- Stimulated further experiments in thermometry and gas behavior.
- Contributed to the development of Charles’s Law and Gay-Lussac’s Law, which
describe the relationships between volume, pressure, and temperature.

Long-Term Significance

- Provided early empirical evidence supporting the idea that temperature
could be related to molecular motion.

- Inspired the formulation of the absolute temperature scale by Lord Kelvin
in the mid-19th century.

- Helped bridge the gap between qualitative observations and quantitative
science in thermodynamics.

Conclusion: What Would Be the Most Reasonable?

In summary, Guillaume Amontons’s 1702 experiments represented a pioneering
step towards understanding the limits of temperature. While he could not
measure absolute zero precisely, it is reasonable to conclude that:

- His experiments approached but did not reach the concept of a temperature
minimum.

- The most reasonable estimate of the lowest temperature he could have
observed would be around -20°C to -30°C, limited by environmental conditions
and the technology of the time.



- His work laid important conceptual groundwork, influencing the development
of thermodynamics and the eventual formalization of absolute zero as a
fundamental physical limit.

Today, with advanced instrumentation, scientists can measure temperatures
within billionths of a degree of absolute zero, but Guillaume Amontons’s
pioneering efforts remain a testament to the enduring human curiosity to
understand the fundamental nature of heat and temperature.
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