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Scale
Physics deal very small to very large objects. Let's go through a quick view of scales from the famous
"Power of Ten" a movie (1977) directed by Charles and Ray Eames (1998 selected to USA National Film
Regsitry, https://en.wikipedia.org/wiki/Powers_of_Ten_(film (https://en.wikipedia.org
/wiki/Powers_of_Ten_(film))).

Man, the universe is huge! Even tiny Milky Way is much larger than 1 light year! (sorry you have really small
chancwe to meet any Aliens). Notice, CMB is from distance 46 Glyr, which means light spend 46 billion years
to arrie to the Earth. There is already something strange..., the age of universe is 13.8 billon years? Let's
move on smaller scale.
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c = 299, 792, 458 m/s ∼ 3 ⋅  m/s108

Radius of  the Sun
Solar system

Pluto orbit (1930) → asteroid (2006)

1 lyr = 0.946 ⋅  m,  1pc = 3.26 lyr1016

Milky Way
Limit of  vision
46 Glyr = Cosmic Microwave Background
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Smallest we can reach is something inner structure of nucleon, so  or so, but theory suggest space-
time may be discrete at Planck scale (=size of "strings" of string theory?)

Unit

In our world, we use SI unit system (international system of units or "Système international d'unités", I hate
French). SI unit is also called MKSA system because it includes metre (m), kilogram (kg), second (s), and
ampare (A). And all other units are derived from SI units. Science often uses other system, too. For example,
physics for small world (including nuclear physics, particle physics, etc) often describes energy with mega
electron volt (MeV) where  and kg. Alternatively,
CGS system use centi metre (cm), gram (g), and second (s) for the bases of units.

SI units

5 of 7 SI units are defined by following way.
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DNA
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Atom

Nucleus

Nucleon

Planck length

10−16

1 MeV = 1.602 ⋅  J10−13 1 MeV/ = 1.782 ⋅c2 10−30

SI unit
Small world

Energy

J (kg ⋅ / )m2 s2

MeV  (  electron volt)106

Momentum

kg ⋅ m/s
MeV/c

Mass

kg

MeV/c2
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However, from 2018, this SI unit will be cahnged a lot. The main purpose of this is to remove kilogram!
Below is the list of new SI units. This shift will not affect our dayly lives, but it is crazy to throw away
kilogram?! no?

Useful numbers

h = 6.626 ×  J ⋅  s10−34

c = 2.99792458 ×  m/s108

e = 1.602 × C10−19

= 6.022 ×NA 1023

= 1.380 ×  J/KkB 10−23

ℏ ⋅ c = 197 MeV ⋅ fm
= 6.674 × N ⋅ /kGN 10−11 m2 g2

1pc = 3.26 lyr
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