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Size Matters

Physics describes things that are much too small to see and much too large to visit. To keep track
of such a huge range, scientists use powers of ten. A power of ten tells us how many zeros are
involved.

For example, 10® = 1000, while 1073 = 1/1000. The prefix milli means 103, micro means 1079,
and nano means 1077,

An order of magnitude is a change by about a factor of ten. A bacteria that is 1 um across
is about one thousand times smaller than a grain of sugar that is 1 mm across.

1.1 A map of length scales

Follow the same rule used in the presentation: every labeled step is 10> = 1000 times the one
before it. The two collections below use the original lesson graphics.
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Figure 1. Length scales from a grain of sugar to California
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Figure 2. Length scales from nuclei to nearby stars
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Watch the scale change. These short films zoom from human-sized objects toward the
very small and toward the vast universe. Classic version: Powers of Ten (1977). HD
version: Modern HD variation.



https://www.youtube.com/watch?v=0fKBhvDjuy0
https://www.youtube.com/watch?v=44cv416bKP4

A Short History of Physics

Physics grew from people asking simple questions. Why do objects fall? How do planets move?
What is light? What is matter made of? Each new answer gave people a better way to describe

the world.

2.1 A brief timeline

Table 2.1: Some major turning points in physics.

When

What changed

Around 350 BCE

1600s

1700s-1800s

1905-1915

1925

1905-1975

Aristotle wrote influential ideas about motion and the natural world.
Many of his claims were later tested and corrected.

Johannes Kepler described the paths of planets. Galileo Galilei
studied falling objects and motion. Isaac Newton combined these
ideas into laws of motion and universal gravity.

The Industrial Revolution raised practical questions about machines,
heat, and energy. Scientists developed optics, thermodynamics, and
electromagnetism.

Albert Einstein developed special relativity, which changed how
physicists think about space, time, and light, and general relativity,
the modern theory of gravity.

Modern quantum mechanics gave scientists a new language for atoms,
light, and tiny particles.

Experiments and quantum ideas led toward the Standard Model of
particle physics. Its modern form took shape mainly in the 1960s and
1970s.

Scientists make observations and test models. A model earns trust when it correctly predicts
what will happen. Newton’s laws work very well for bicycles, bridges, and planets. Relativity and
quantum mechanics are needed at extreme speeds, in strong gravity, or for very small objects.

Older theories remain very useful within the ranges where experiments have tested them.



Particles and Big Questions

3.1 The Standard Model

Everything familiar around us is made from a small set of particles. The Standard Model is the
best-tested map of those particles and three of the four known fundamental interactions. Quarks
build protons and neutrons. Electrons belong to another family called leptons. Photons, gluons,
and the W and Z particles carry forces between particles.

The Standard Model has passed many demanding tests, but it does not include gravity and it
does not answer every question.

3.2 Dark matter

Galaxies spin and bend light as if they contain more mass than we can see. Physicists call this
missing, unseen material dark matter. “Dark” does not mean evil or empty. It means that it does
not shine or reflect light in the usual way. We know its gravity affects stars and galaxies, but we
do not yet know what dark matter is made of.

3.3 Dark energy

The universe is expanding. Measurements show that this expansion is speeding up. Physicists use
the name dark energy for whatever causes this speeding up. It may be a property of empty space,
a new kind of energy, or a clue that our theory of gravity needs improvement.

Two big open questions. What is dark matter? What causes the speeding-up expansion
of the universe? These questions are open because scientists have strong evidence for the
effects, but no final explanation yet.
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HOMEWORK

1. Light around Earth’s orbit. The average distance from Earth to the Sun is called one
astronomical unit (AU). Light takes about 8.3 minutes to travel one AU.

a) Estimate the time light would need to travel a distance equal to the circumference of
Earth’s orbit around the Sun.

b) Earth takes one year to travel once around the Sun. About how many times slower is
Earth’s orbital speed than the speed of light?

2. A starship to nearby stars. The nearest stars are about 4 light-years away. Imagine a
starship that travels almost at the speed of light. Estimate how many nearby stars could be
reached if the crew has 40 years for a one-way trip.

Ignore time effects from Einstein’s theory of relativity. Assume that the ship travels approxi-
mately one light-year in one year.

Hint: For this estimate, imagine that each nearby star has its own “backyard,” modeled
as a sphere of radius about 4 light-years. Compare the volume of a sphere with radius 40
light-years to the volume of one star’s backyard. You may use formular for volume of a sphere
of radius 7, but it is not really needed:

V = —mr°.
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