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Introduction

Classical mechanics is the framework used to describe the motion of macroscopic bodies when
speeds are much lower than the speed of light and quantum effects are negligible. It is often called
Newtonian mechanics, but it was not created by Isaac Newton alone. Its development depended on
ancient debates about motion, medieval mathematical work, Renaissance astronomy, Galileo’s
experiments and idealizations, Kepler’'s planetary laws, Descartes’ and Huygens’ studies of impact,
Newton’s synthesis, Leibniz’s analytical contributions, and later reformulations by Euler, Lagrange,
Hamilton, and others. The original essay correctly identifies Galileo, Kepler, Newton, and Leibniz as
important, but it says Galileo invented the first telescope, treats Einstein’s relativity as part of
classical mechanics, and implies Newton first explained refraction and the spectrum. Galileo improved
and used the telescope for astronomy but did not invent it; Einstein’s theories mark limits and
extensions beyond classical mechanics; and optics has a separate history involving many researchers.
A precise account should explain how measurement, mathematics, and conceptual change produced
a coherent science of motion (Westfall, 1980).

Ancient Foundations and Aristotle

Aristotle developed one of antiquity’s most influential accounts of motion. He distinguished natural
motion, in which bodies move toward their proper place, from violent motion caused by an external
agent. His physics connected motion with substance, cause, and purpose. Many Aristotelian claims
were later rejected, particularly the idea that continuous force is required to sustain ordinary motion
and that heavier bodies necessarily fall faster in proportion to weight. Nevertheless, Aristotle provided
a systematic vocabulary and made motion a central philosophical problem. Classical mechanics grew
partly through criticism of his framework.

Ancient mathematicians also contributed essential tools. Euclid organized geometry axiomatically,
Archimedes studied equilibrium, levers, buoyancy, and centers of gravity, and Hellenistic astronomers
developed quantitative planetary models. Mechanics required both physical ideas and mathematical
representation; neither alone was sufficient.
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Medieval Impetus and Mathematical Physics

The transition from Aristotle to Galileo was not an abrupt leap out of a “dark age.” Medieval scholars
in the Islamic world and Europe preserved, translated, criticized, and extended ancient work. Thinkers
developed impetus theories to explain why a projectile continues after leaving the mover. Scholars at
Merton College analyzed changing qualities and formulated the mean-speed theorem, while Nicole
Oresme used geometric representations of variation. These approaches did not yet form Newtonian
mechanics, but they weakened simple Aristotelian explanations and created techniques for
quantifying motion.

Islamic astronomers improved observations and mathematical models, and scholars such as Ibn al-
Haytham transformed optics through experiment and geometrical analysis. The history of classical
mechanics is therefore international and cumulative, not a story in which modern science suddenly
appeared through two European individuals.

Copernicus and the Reorganization of Astronomy

Nicolaus Copernicus’s heliocentric model placed the Sun near the center of planetary motions and
treated Earth as a moving planet. His model still used circles and epicycles and did not provide a
physical mechanism for planetary motion. Its significance lay in reorganizing the astronomical
problem. If Earth moves, mechanics must explain why people and objects do not experience constant
violent motion and why falling bodies remain near the moving Earth. The Copernican challenge
therefore connected astronomy with terrestrial physics.

Tycho Brahe and Precision Observation

Tycho Brahe produced exceptionally accurate pre-telescopic observations of planetary positions. His
own cosmological model kept Earth stationary while planets orbited the Sun, which in turn orbited
Earth. Although this model did not become the basis of modern astronomy, Tycho’s data were crucial.
Johannes Kepler used them to discover that Mars’s orbit could not be represented accurately by
combinations of uniform circular motion. This demonstrates the role of measurement: mathematical
elegance must answer to observation.

Kepler's Laws of Planetary Motion

Kepler formulated three laws. Planets move in ellipses with the Sun at one focus; a line from a planet
to the Sun sweeps equal areas in equal times; and the square of a planet’s orbital period is
proportional to the cube of the orbit’s semi-major axis. These laws described how planets move
without explaining the universal force responsible. They replaced the ancient preference for perfect
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circles with an empirically successful geometry.

Kepler’'s area law contains a concept later associated with angular momentum, and the harmonic law
provided a decisive test for Newtonian gravitation. Newton showed that an inverse-square central
force can produce Keplerian orbital behavior. Thus, Kepler supplied the mathematical regularities that
Newton’s dynamics had to explain (Kepler, 1609).

Galileo and the Mathematics of Motion

Galileo Galilei made foundational contributions through experiments, thought experiments, and
mathematical idealization. He studied falling bodies and uniformly accelerated motion, arguing that
distance under constant acceleration grows with the square of elapsed time. He analyzed projectile
motion as the combination of uniform horizontal motion and vertical acceleration, yielding a parabolic
trajectory under idealized conditions. The original essay calls horizontal motion a “force.” In Galileo’s
analysis, the important idea is that horizontal motion can persist without a continuing horizontal force
when resistance is neglected (Galilei, 1638).

Galileo also articulated a principle of relativity for uniform motion. Experiments performed inside a
smoothly moving ship would not reveal the ship’s constant velocity. This insight later became part of
Newtonian relativity and helped answer objections to Earth’s motion.

Galileo and the Telescope

Galileo did not invent the telescope. Reports of Dutch optical instruments reached him in 1609, and
he built improved versions with greater magnification. He used them to observe mountains and
craters on the Moon, the phases of Venus, sunspots, and four moons orbiting Jupiter. These
observations challenged the belief that the heavens were perfect and unchanging and supplied
evidence compatible with heliocentrism. The telescope’s role in mechanics was indirect but profound:
it expanded the range of phenomena that a physical theory needed to explain.

Descartes, Huygens, and Collision Theory

René Descartes promoted a mechanical philosophy in which natural processes were explained
through matter and motion. His collision rules were not all correct, but he emphasized quantitative
conservation principles and helped make mechanics a general program. Christiaan Huygens
developed more accurate laws for elastic collisions, studied pendulums and circular motion, and
derived the relation for centripetal acceleration. Pendulum research improved both timekeeping and
the measurement of gravitational acceleration.

These contributions reveal that Newton’s laws emerged within an active European network studying
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impact, machines, astronomy, and time. Newton transformed the field by unifying such problems
rather than starting from nothing.

Newton’s Laws of Motion

Newton’s Philosophiee Naturalis Principia Mathematica, published in 1687, presented three laws of
motion and a mathematical theory of universal gravitation. The first law states that a body remains at
rest or in uniform straight-line motion unless acted upon by a net force. It defines inertial motion and
rejects the assumption that continuous motion always needs continuous force. The second law relates
change of motion to applied force. In modern notation for constant mass, it is commonly written F =
ma. Acceleration is directly proportional to net force and inversely proportional to mass. The original
essay incorrectly says acceleration is directly proportional to both force and mass (Newton, 1687).

The third law states that interacting bodies exert equal and opposite forces on one another. The
forces act on different bodies, so they do not cancel in the motion of either body considered
separately. Together, the laws created a general method: identify bodies, define forces, write
equations of motion, and solve for trajectories.

Universal Gravitation

Newton proposed that every mass attracts every other mass with a force proportional to the product
of their masses and inversely proportional to the square of their separation. The same law could
describe falling objects, the Moon'’s orbit, planetary motion, tides, and comet trajectories. This
unification of terrestrial and celestial mechanics was revolutionary. The heavens and Earth no longer
required fundamentally different physics.

Newton did not discover gravity as a simple event involving an apple. The apple story, in its later
popular form, compresses a long intellectual process. His achievement was a quantitative theory
supported by geometry, astronomical observations, and earlier results from Galileo, Kepler, Huygens,
and others.

Newton and Leibniz: Calculus and Priority

Newton developed methods of fluxions, while Gottfried Wilhelm Leibniz independently developed
differential and integral calculus with notation that became widely used. Calculus provided a language
for instantaneous rates of change, acceleration, curves, and accumulated quantities. A bitter priority
dispute later divided British and continental mathematicians. Modern history recognizes independent
development with different notations and presentations.

Leibniz also contributed ideas about vis viva, proportional to mass times velocity squared, which
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anticipated aspects of kinetic energy. Disputes over momentum and living force helped clarify
conservation laws. Classical mechanics was therefore shaped through disagreement as well as
synthesis.

Euler and the General Equations of Mechanics

Leonhard Euler translated and extended Newtonian mechanics into powerful analytical forms. He
developed equations for rigid-body rotation, fluid motion, and variational mathematics. Euler’'s work
helped separate the general laws from the geometric style of the Principia and made mechanics
easier to apply to complex systems. The modern notation and differential equations used in
engineering owe much to this eighteenth-century analytical tradition.

Lagrange and Analytical Mechanics

Joseph-Louis Lagrange reformulated mechanics using generalized coordinates and energy-based
functions. The Lagrangian, commonly expressed as kinetic energy minus potential energy, leads
through the Euler-Lagrange equations to the motion of a system. This method can avoid calculating
every constraint force directly and works efficiently for pendulums, connected masses, rotating
systems, and many-coordinate problems.

Lagrangian mechanics does not replace Newton’s laws by contradicting them; it expresses the same
classical content in a more general mathematical framework. It also connects mechanics with the
principle of stationary action and later theories in physics.

Hamilton and Phase Space

William Rowan Hamilton developed another formulation using generalized positions and momenta.
Hamilton’s equations describe motion in phase space and reveal structural properties such as
conservation and canonical transformations. Hamiltonian mechanics became important in celestial
mechanics, statistical mechanics, optics, and the development of quantum theory. Its abstractions
show that classical mechanics is more than the equation F = ma; it is a family of equivalent
frameworks suited to different problems (Wilson, 2008).

Optics and Its Relationship to Mechanics

The original essay places optics inside classical mechanics and credits Galileo and Newton with
introducing the field. Optics has ancient and medieval roots independent of mechanics. Ibn al-
Haytham’s Book of Optics developed experimental and geometrical accounts of vision, reflection, and
refraction centuries before Newton. Newton demonstrated that white light can be separated into a
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spectrum of colors by a prism and built a reflecting telescope, but he did not discover refraction itself.
Wave theories developed by Huygens and later experiments complicated Newton’s corpuscular
model.

Geometrical optics can be formulated using principles similar to mechanics, and Hamilton found deep
mathematical connections between ray optics and dynamics. Still, the fields should not be collapsed
into one history.

Limits of Classical Mechanics

Classical mechanics remains extraordinarily accurate for everyday objects, machines, buildings,
projectiles, spacecraft trajectories, and many astronomical systems. It has limits. Special relativity
becomes necessary at speeds approaching the speed of light; general relativity describes gravitation
where spacetime curvature is significant; quantum mechanics governs atomic and subatomic
behavior. Einstein’s relativity is therefore not ordinarily classified as part of classical mechanics,
although it reduces to Newtonian predictions under appropriate low-speed and weak-gravity
conditions.

Chaotic classical systems also show practical limits of prediction. Deterministic equations can be
extremely sensitive to initial conditions, so exact long-term forecasts may be impossible even without
quantum uncertainty.

Conclusion

Classical mechanics developed through a long chain of research rather than through Newton and
Galileo alone. Aristotle framed fundamental questions; ancient and medieval scholars developed
geometry, equilibrium, impetus, and quantitative methods; Copernicus reorganized astronomy; Tycho
supplied precise observations; Kepler found planetary laws; Galileo mathematized acceleration and
projectile motion; Huygens clarified pendulums and collisions; Newton unified terrestrial and celestial
motion; Leibniz advanced calculus and energy concepts; and Euler, Lagrange, and Hamilton created
analytical formulations that remain central. Correcting common myths strengthens rather than
diminishes the achievements of famous scientists. Galileo improved the telescope but did not invent
it, Newton did not first discover refraction, and Einstein’s relativity marks an extension beyond the
classical domain. Classical mechanics endures because it combines clear concepts, mathematical
structure, and extraordinary predictive power within its proper range of application.
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