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The Solar System

A solar system is a star with planets, moons, asteroids and comets orbiting it
Our system is heliocentric meaning the Sun is at the centre
8 planets orbit the Sun in the same general plane

Planets orbit due to gravitational attraction between them and the Sun

e Smaller planets are rocky
e larger planets are gas giants
Models of the Solar System:

1. Geocentric (old model)
e FEarth atcentre
e Everything moves in perfect circles

2. Heliocentric (correct model)

e Sun atcentre .
Evidence:

o Retrograde motion > Mars appears to move backwards
> caused by Earth cvertaking Mars
e Galileo ons orbit Jupiter (not Earth)
o Kepler rbits are elliptical, not circular
Planetary Orbits
e Gravity provides a cerit tal force
- which constantly changes t lirection of motion
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i Velocity chang direction 2 so the planet is accelerating even at constant speed I

[ 8 N _§ § § § W BN BN BN BN BN BN BN BN BN BN B B BN B B B B B B B B S S S . -

Orbital Speed Equation:

2nr
V=7
What it means: o
v = orbital speed ) : — =
r = orbital radius (distance from the Sun) So, because Earth’s orbital radius is 149.6 million
T = time for one orbit km, and one orbit takes 365 days (8,7664 hours,

we can calculate the Earth’s orbital speed as
e Distance travelled in one orbit = circumference = 2nr follows:
e Speed =distance +time

939,950,000 = 2xtr where r = 149.6 million km

o Closer to star > stronger gravity
> higher speed needed to stay in orbit 939,950,000 km _ 107,226 km/h
8,766 hours ’
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Gravity

| Cravitational Field Strength is defined as force per unit mass 1

Gravitational field strength tells you how much force acts on each kilogram of mass

Orbital Speed Equation:

g = gravitational field strength (N/kg)
F = gravitational force (N)
m = mass (kg)

Weight Equation:

Weight is the force acting on an object due t

W = weight (N)
m = mass (kg)
g = gravitational field strength (N/kg)

Because:
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| Weight = gravitational force |

Mass stays co

Mass:
e Amount of matter
e Constant
e Measuredin kg

Universe = billions of galaxies
— (Galaxy - billions of stars
= Solar system > planets

Elliptical Orbits:
Objects move faster
when closer to the star
because gravity is stronger there

e Planetary orbits are slightly elliptical
e Comets are highly elliptical
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Weight:
e Force due to gravity
e Changes depending on planet
e Measured in newtons (N)

Motion in the Universe

-

Circular orbit

The planet moves
fastest at the point
closest to the star
and now has
enough speed to
start to pullaway
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The planet moves
slowest at the
point furthest

from the star and

is pulled back in
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Stars

Colour & Temperature
Blue = hottest Red = coolest

Yellow Dwarf Star Red DwarfStar Red Giant Star Red Supergiant "Star Blue Giant Star

Brightness

Two types:
e Apparent magnitude = how bright it looks from Eart!

e Absolute magnitude = brightness at a fixed distance (10 parse:

The Life Cycle of a Star

1. Formation
= Stars start as a nebula (gas + dust)
= Gravity pulls particles togethe: > temperature increases

= Nuclear i gins

2. Fusion

Hydrogen nuclei fuse > turning them into helium

e Thisreactio ses energy

e Energy creaies outw ressure

e This balances gravity > fo stable star (main sequence)
3. End of Life:

Average stars (like the Sun): Red giant » planetary nebula - white dwarf > black dwarf

Massive stars: Red supergiant > supernova > neutron star / black hole
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Hertzsprung-Russell (HR) Diagrams

. . Betelgeuse
Shows relationship between: ‘. SUPERGIANTS ‘
Temperature (x-axis) ‘ Rigel ‘

And
Luminosity/brightness (y-axis) 09 Pole‘

Antares

star
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Main regions within the diagram:

e Main sequence (diagonal)
e Red giants (top right)
o White dwarfs (bottom left)

Luminosity (Sun=1)
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Red Shift o e (Kelvin) / Stellar Classification
Travelling light shifts toward the red end of spectrum This he 2ns because Galaxies are moving away
> wavelength increases > Doppler eifect

Doppler Equation:
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I The change in wavelength deperic' = on the speed ofthegalaxy|
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Further galaxies » moving away fastei
= Universe is expanding

THE ELECIROMAGNETIC SPECTRUM
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Galaxy receding Galaxy approaching
Light waves ‘stretched’ — Red Shift Light waves ‘squashed’ — Blue Shift
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The Big Bang Model
The universe began from a single point and has been expanding ever since

Evidence for the Big Bang

1. Red Shift shows galaxies are moving away - universe is expanding
2. Cosmic Microwave Background (CMB)

= The early universe was very hot > it emitted high-energy radiation
= Asthe universe expanded this radiation was stretched > now microwaves

As it has been detected in all directions it is very strong evidence for the Big Bang Theory

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern  Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years 5 R id
Early galaxies : ! 1 billion years
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Everything Links! ’ \
First stars appear O 300 million years
Gravity - uses orbits -
Orbits 2 require trinetal force " 380 thousand years

Fusion » balances gravity tars
Qed shift> s '

ws expansion

Expansion 2 supports Big Bang
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:am Pitfalls to Avoid

e “Planets need a force to keep moving forward” - no, only to change direction

e “Acceleration means speeding up” 2 no, also change in direction
e “Red shift = colour change only” - actually evidence of motion
e “Stars explode randomly” > depends on mass and fusion stages

e Gravity controls motion in space

e Fusion powers stars

e Star mass determines its life cycle

e Lightfrom galaxies shows the universe is expanding
e This supports the Big Bang theory
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