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* Energy

conserved



motion (speed) Kinetic energy
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https://phet.colorado.edu/sims/html/energy-skate-
ark/latest/energy-skate-park en.html


https://phet.colorado.edu/sims/html/energy-skate-park/latest/energy-skate-park_en.html




* Food energy calories

* Thermal energy
* Kinetic energy



theory of relativity
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convert mass into something else



mass matter

property

less mass more speed



atoms
subatomic particles



* Most things we can see or
detect, like stars, planets, and
humans, are made of atoms.

* Every atom is composed of a
nucleus, surrounded by a
cloud of electrons.

* The nucleus itself is made of
protons and neutrons, each of

which is around 100,000
times smaller than an atom.

A Helium Atom
Credits: Modification of work by Yzmo (Wikipedia)









chemical elements
atomic matter
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and down quarks

Electrons

subatomic particles

up



electrons up quarks down quarks
elementary particles

photon



Standard Model of Particle Physics
fundamental interactions

mediated
force carriers



electromagnetic interaction

photons
strong interaction

gluons

weak interaction
W and Z bosons



* Gravity

general relativity






electron volts (eV)
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elementary
charge
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e Neutrinos

https://voutu.be/bGGrdeZuFWo


https://youtu.be/bGGrdeZuFWo

matter particles
generations

electron neutrinos

unstable






spin

* Momentum
* Angular momentum

spin



integer half-integer
bosons

fermions



Higgs boson

Large Hadron Collider (LHC) CERN



* CERN European Organization for Nuclear Research



Large Hadron Collider (LHC)
* Large:
* Hadron:

e Collider:



converting between mass and speed



https://voutu.be/iImOpF9bPOwc


https://youtu.be/imOpF9bP0wc










subatomic particles
* Elementary particles

* Composite particles






antiparticle

positron
antiproton

e Antimatter



annihilate









before

conserved



mass is not conserved

oscillate
frequency wavelength

converting between mass and speed



atomic nuclei
nuclear fusion

proton-proton chain p-p chain

CNO cycle



positron emission BT (beta
plus) decay

proton
neutron
positron
electron neutrino
total charge is conserved






* [sotopes
atomic number

* Hydrogen-1 'H protium
* Hydrogen-2 “H deuterium
e Hydrogen-3 3H  tritium

 Half-life



[sotopes of hydrogen
Credits: BruceBlaus (Wikipedia)









weak interaction



e Helium-3 3He
e Helium-4 “He






strong interaction






branch I


















CNO
(carbon-nitrogen-oxygen) cycle
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