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Lesson 1: What is Energy?

Energy is the invisible lifeblood of the universe, driving every movement,
transformation, and process we experience. Without energy, no work can be
done. Muscles wouldn’t move, trees couldn’t pull water from their roots, and
machines would remain lifeless. But what exactly is energy, and how does it
fuel the world around us? To understand this, we must first explore the two
fundamental forms of energy: potential energy and kinetic energy.

What is Potential Energy?

Potential energy is energy that is stored and ready to be used. It’s like a
coiled spring, a raised weight, or a drawn bowstring—energy is waiting to be
released, and when it is, it transforms into other forms, often into kinetic
energy, the energy of motion. Potential energy depends on the position or
condition of an object. For example, a boulder perched on a hill has
gravitational potential energy because of its height. The higher the boulder,
the greater the energy stored within it.

Christian Huygens, a 17th-century Dutch physicist, was one of the first to
explore concepts that would later contribute to our understanding of energy.
His studies on pendulums highlighted how energy alternates between
potential and kinetic forms—a principle at the heart of many natural and
man-made processes.

Kinetic Energy: Energy in Motion

Kinetic energy, in contrast, is energy in motion. It’s the energy of a speeding
car, a flowing river, or a moving baseball. The faster something moves, and
the heavier it is, the more kinetic energy it possesses. James Prescott Joule,
a 19th-century British physicist, quantified the relationship between energy
and motion, laying the groundwork for the laws of thermodynamics. His
discoveries showed that energy could be measured, transferred, and
conserved, helping us understand that energy is never lost but rather
changes forms.

The Law of Conservation of Energy

The idea that energy is conserved—that it can neither be created nor
destroyed—is a cornerstone of physics. Known as the Law of Conservation
of Energy, it explains how energy moves through the universe. When a
boulder rolls down a hill, its potential energy is converted into kinetic
energy. When the boulder crashes to a stop, the energy doesn't vanish;
instead, it transfers into heat, sound, and deformation of the ground.
Energy may change form, but the total amount remains constant.
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This principle applies on a cosmic scale, too. The Earth, like the rest of the
universe, has a fixed total amount of energy. When stars are born, they
release tremendous energy as light and heat. When stars die, their energy
doesn’t disappear—it changes form, fuelling other processes. The universe is
a vast system of energy endlessly transforming but never being replenished
or diminished.

Energy Efficiency in Australian Homes

On Earth, the way we harness and use energy can have profound effects on
the environment and our lives. In Australia, a forward-thinking initiative
known as the Nationwide House Energy Rating Scheme (NatHERS) requires
all new homes to achieve a minimum 7-star energy efficiency rating. This
standard aims to reduce energy demand, greenhouse gas emissions, and
household energy bills. Strategies to meet this goal include designing homes
with optimal orientation and window placement to capture or block sunlight,
installing solar panels, using energy-efficient appliances, and employing
materials with excellent insulation properties. These homes are also
designed to take advantage of natural ventilation, such as breezes, and
feature layouts that minimise energy waste. Through this approach,
NatHERS demonstrates how thoughtful energy management can enhance
comfort while reducing environmental impact.

Billiards: A Game of Energy Transfer

A game of billiards provides a vivid example of potential energy and kinetic
energy in action. Imagine a player carefully lining up their cue ball for a
shot. As they draw back the cue stick, they store potential energy in their
muscles and the stick itself. When they strike the cue ball, that potential
energy is released as kinetic energy, sending the ball rolling across the table.

As the cue ball strikes another ball, energy transfers. The second ball starts
to move, while the cue ball slows or stops—kinetic energy has been passed
from one to the other. When the balls eventually come to rest, their energy
isn’t lost; it has dissipated into the table as vibrations and into the air as
heat. The interplay of potential, kinetic, and transferred energy ensures the
game continues, governed by the laws of conservation.

Eating Food: Fuel for Energy

The energy of life itself begins with food. When we eat, the chemical potential
energy stored in the food is converted into kinetic energy that powers our
muscles and keeps our organs functioning. For example, the carbohydrates
in a slice of bread are broken down into glucose, which our cells use to
generate energy in the form of ATP (adenosine triphosphate). This process is
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like releasing stored energy from a coiled spring, enabling us to move, think,
and grow.

When dieting, the body begins to tap into stored energy reserves, primarily
in fat cells. These reserves represent potential energy, accumulated when we
eat more calories than we burn. As we consume fewer calories, the body
converts this stored potential energy into kinetic energy, fuelling our
activities and maintaining essential bodily functions.

This process aligns with the law of conservation—energy isn’t created out of
thin air, nor does it disappear. Instead, it shifts from one form (stored fat) to
another (motion and heat).

The Endless Cycle of Energy

Energy is not just a tool for humans and ecosystems; it’s the very essence of
the universe’s existence. When new stars ignite in the depths of space, they
convert massive amounts of potential energy stored in their gases into
radiant light and heat. Over time, these stars exhaust their energy,
collapsing into black holes, neutron stars, or scattering their matter across
space as supernovae. Even in death, their energy continues, seeding the
birth of new stars, planets, and galaxies.

On Earth, this same principle plays out on a smaller scale. The heat from
the Sun powers winds and ocean currents, driving life’s cycles. Plants
convert sunlight into chemical potential energy during photosynthesis.
When animals eat plants, this energy transfers through food chains, fuelling
every living organism. No new energy is created—it’s all a seamless cycle of
transformation.
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Energy: The Universe’s Great Connector

Potential and kinetic energy may seem like abstract concepts, but they
connect the motion of the smallest particle to the grandest cosmic events.
From a game of billiards to the life cycle of stars, these forms of energy,
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governed by the law of conservation, reveal the profound unity of the
universe. Energy is everywhere, constantly shifting and transforming,
ensuring that life, motion, and change never cease. Whether it’s the energy
stored in a boulder, the calories in a meal, or the fiery heart of a star,
energy’s unending journey is the story of existence itself.

See Physics Links
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