
Unit Four: Astronomy 
 
Lesson 1: The Big Bang 
	
What	is	the	Big	Bang?	
	
The	Big	Bang	is	one	of	the	greatest	
scientific	theories	of	all	time.	It	is	
about	how	the	universe	started,	and	
then	made	the	stars	and	galaxies	we	
see	today.	
	
	
	
	
	
	
The	universe	began	as	a	very	hot,	small,	and	dense	superforce.	This	is	a	mix	of	the	4	cosmic	forces,	with	
no	stars,	atoms,	form,	or	structure.		This	is	referred	to	as	a	“singularity”		
	
	
Then	about	13.7	billion	years	ago,	space	expanded	very	quickly,	thus	the	name	"Big	Bang".	This	started	
the	formation	of	atoms,	which	eventually	led	to	the	formation	of	stars	and	galaxies.		
	
It	was	first	noted	in	1927	that	an	expanding	universe	could	be	traced	back	in	time	to	an	originating	
single	point.	The	universe	is	still	expanding	today,	but	getting	colder	as	well.	
	
Evidence	for	the	Big	Bang	
	
1)	Background	Microwave	Radiation	
	
Very	early	in	its	history,	the	whole	Universe	was	very	hot.	As	it	expanded,	this	heat	left	behind	a	"glow"	
that	fills	the	entire	Universe.	The	Big	Bang	theory	not	only	predicts	that	this	glow	should	exist,	but	that	
it	should	be	visible	as	microwaves	-	part	of	the	Electromagnetic	Spectrum.	
	

	
	
	
This	is	the	Cosmic	Microwave	Background	which	has	been	
accurately	measured	by	orbiting	detectors,	and	is	very	
good	evidence	that	the	Big	Bang	theory	is	correct.	
	
	

	

	



2)	Redshift	of	Galaxies	
	
The	Redshift	of	distant	galaxies	means	that	the	Universe	is	probably	expanding.	If	we	then	go	back	far	
enough	in	time,	everything	must	have	been	squashed	together	into	a	tiny	dot.	The	rapid	eruption	from	
this	tiny	dot	was	the	Big	Bang.	
	
What	is	Redshift?	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Most	galaxies	appear	to	be	moving	away	from	us.	This	means	that	the	light	from	them	is	"stretched"	
slightly	and	appears	a	bit	redder	that	it	would	otherwise	do.	
	
This	is	similar	to	what	happens	to	sound.	Imagine	that	a	fire	engine	is	driving	past	you	with	its	siren	on.	
When	it	is	moving	towards	you,	the	siren	it	quite	high	pitched.	When	it	is	moving	away	from	you,	the	
pitch	drops	and	it	sounds	lower.	With	light,	"lower"	means	more	red	and	"higher"	means	more	blue.	
	
3)	Mixture	of	Elements	around	the	Universe	
	
As	the	Universe	expanded	and	cooled	down,	the	hydrogen	and	helium	that	we	see	today	were	created.	
The	Big	Bang	theory	predicts	how	much	of	each	element	should	have	been	made	in	the	early	universe,	
and	what	we	see	in	very	distant	galaxies	and	old	stars	is	just	right.	
	

	
You	cannot	look	in	new	stars,	like	the	Sun,	for	this	evidence,	
because	they	contain	elements	that	were	created	in	previous	
generations	of	stars.	As	such,	the	composition	of	new	stars	will	be	
very	different	from	the	composition	of	stars	that	existed	billions	
of	years	ago,	shortly	after	the	Big	Bang.	
	

	
	
	
	
	

	

	



Lesson 2: Galaxies and the Vastness 
of Space 
	
What	are	Galaxies?	
	
Galaxies	are	vast	collections	of	stars,	stellar	remnants,	
dust	and	gas	that	are	bound	together	by	gravity.	
	
	
	
	
Our	galaxy,	the	Milky	Way,	contains	between	100	and	400	billion	stars	and	is	approximately	180,000	
light	years	across.		It	has	been	estimated	that	there	are	hundreds	of	billions	of	planets	in	the	Milky	Way	
galaxy.	
	
	
	
How	many	galaxies	are	there	in	the	Universe?	
	
In	2004	the	Hubble	Space	Telescope	focused	on	a	region	of	space	the	relative	size	of	a	tennis	ball	at	
100m	for	a	period	of	10	days.	The	image	revealed	more	than	10,000	galaxies.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
The	most	recent	estimates	have	put	the	number	of	galaxies	in	the	known	universe	to	be	as	high	as	10	
trillion.	(10,000,000,000,000).		This	estimate	means	that	there	are	more	stars	in	the	universe	than	there	
are	grains	of	sand	on	all	the	beaches	and	deserts	on	planet	Earth!	

	

	
	



Galaxy	Shapes	
	
The	main	types	of	galaxies	are:	
	
Spiral,	Elliptical	and	Irregular.	
	
	
	
	
	
	
	
	
	
Galaxies	are	Vast	
	
The	Milky	Way	galaxy	is	approximately	180,000	light	years	across.	A	light	year	is	the	distance	traveled	
by	light	in	one	year.	
	
	 	 	 	 1	light	year	=	9,460,000,000,000	km	
	

	
If	you	imagined	that	our	solar	system	was	
the	size	of	your	hand	(it	takes	light	almost	3	
years	to	reach	the	outermost	edge)	then	the	
Milky	Way	galaxy	would	the	size	of	North	
America.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
If	you	imagined	that	the	Milky	Way	galaxy	was	the	size	of	your	hand,	a	current	estimate	of	the	size	of	
the	known	universe	would	be	planet	Earth.		

	

	



Lesson 3: Stars 
	
A	Star	is	born	
	
The	universe	is	not	just	empty	space;	it	has	hydrogen	
and	other	dust	particles.		
	
	
Interstellar	matter	is	the	material	in	between	stars	and	
galaxies.	
	
	
Gravity	pulls	all	this	matter	together	compressing	it	to	
the	point	of	fusion	(10,000,000!C)	releasing	large	
amounts	of	energy.	
	
Regions	of	space	with	high	amounts	of	dust	and	hydrogen	are	called	Nebulae.	These	are	called	the	
birthplace	of	stars.	
	
The	life	of	a	Star	

	

	

	



Stars	have	a	life	cycle	depending	on	the	mass	of	the	star	–
low	mass,	intermediate	mass,	and	high	mass	stars.		
	
	
	
	
	
Low	mass	stars	start	small,	burn	their	fuel	slowly,	last	for	
as	long	as	100	billion	years,	change	into	very	hot	but	small	
dim	white	dwarfs,	and	eventually	burn	out.	

	
	
	
	
	
	
	
	
	
Intermediate	mass	stars	
burn	hydrogen	faster	than	
low	mass	stars	and	live	for	
about	10	billion	years.		
	
	
They	eventually	grow	into	
red	giants	then	collapse	in	
on	themselves	to	form	a	
white	dwarf	and	eventually	
a	black	dwarf.		
	
	
	
	
	
	
	
	
	
	
High	mass	stars	are	at	least	
12X	more	massive	than	our	
sun,	burn	their	fuel	faster	
the	intermediate	stars,	
exist	for	about	7	billion	years,	end	in	a	nova	or	supernova	explosion	and	become	a	black	hole	or	a	
neutron	star.	

	

	



The	death	of	a	Star	
	
During	the	natural	life	cycle	of	a	star	hydrogen	is	
fused	together	to	make	helium.	For	smaller	mass	
stars	once	they	run	out	of	hydrogen	the	end	is	
near.		
	
	
	
	
	
	
	
Larger	mass	stars	will	continue	to	fuse	helium	
into	successively	heavier	and	heavier	elements	
until	iron	is	produced.	Iron	is	the	largest	element	that	can	be	produced	in	a	star.		
	
	
	
	
Elements	that	are	larger	than	Iron	can	only	be	produced	from	a	supernova	explosion.	
	
	
	
	
	
	
The	Hertzsprung	Russell	(H-R)	
diagram	shows	the	relationship	
between	the	star’s	brightness	
(luminosity)	and	its	temperature	
or	color.		
	
	
90%	of	the	stars	fall	on	the	main	
sequence.	If	a	star	is	off	the	main	
sequence	it	is	in	the	process	of	
ending	its	life.	
	

	
	

	

		



Lesson 4: Our Solar System 
	
Heliocentric	model	
	
Our	solar	system	formed	from	a	swirling	mass	of	
gas	and	dust	about	4.5	billion	years	ago.		
	
The	densest	part	of	this	mass	formed	the	Sun	while	
the	left	over	portion	formed	the	planets.	
	

	
	
The	Sun	contains	99%	of	the	mass	of	the	
solar	system.		
	
The	Sun	consists	mostly	of	hydrogen,	
helium,	and	other	heavier	elements.	
	
Some	features	of	the	Sun	are:		
• solar	prominences		
• sunspots		
• solar	flares.	
	
	
	
	

The	Sun	also	has	several	layers,	which	are:	the	corona,	chromosphere,	and	the	photosphere.	
	

• Photosphere:	The	innermost	part	of	the	sun's	atmosphere	and	the	only	part	we	can	see.	
• Chromosphere:	The	area	between	the	photosphere	and	the	corona;	hotter	than	the	

photosphere.	
• Corona:	The	extremely	hot	outermost	layer,	extending	outward	several	million	miles	from	the	

chromosphere.	
	
The	Sun	ejects	hot	gas	and	this	creates	the	solar	wind,	which	is	a	stream	of	charged	particles	released	
from	the	upper	atmosphere	of	the	Sun,	called	the	Corona.		
	
When	these	particles	collide	with	the	atmosphere	it	creates	the	Aurora.	

	
	

	

	

	 	



Planets	
	
Our	solar	system	consists	of	a	star	
and	eight	planets.		
	
	
	
	
	
The	planets	are		

• Mercury	
• Venus	
• Earth	
• Mars	
• Jupiter	
• Saturn	
• Uranus	
• Neptune.	

	
	
Terrestrial	Planets	
	
	
The	terrestrial	(earth	like)	planets	are	Mercury,	Venus,	Earth,	and	mars.	
	
	
	
	
	
	
	
	
Jovian	Planets	
	
The	gas	giants	(or	Jovian)	planets	are	Jupiter,	Saturn,	Uranus,	and	Neptune.	
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Space	Rocks	
	

	
Between	Mars	and	Jupiter	is	the	asteroid	belt	which	contains	
material	left	over	from	the	formation	of	the	solar	system.	
	
	
	
	
	

	
	
The	Oort	Cloud	is	between	50,000	to	100,000	
AU	from	the	Sun.	(An	AU	is	the	distance	from	
the	Earth	to	the	Sun)		
	
	
	
	
	
	
	
	
Other	objects	in	the	solar	system	would	include	satellites	(moons),	asteroids,	comets,	and	Trans-
Neptunian	objects	(orbit	beyond	Neptune).	
	
	

	
	
	
	
	
	
	
	
	
	

	

	

	



Lesson 5: Measuring Distances in Space 
	
Direct	Measurement	
	
We	can	measure	relatively	close	distances	by	direct	measurement.	This	works	
for	objects	on	Earth	that	are	not	too	large.	However,	this	doesn’t	work	for	
objects	that	are	outside	of	the	Earth,	some	at	great	distances.	
	
Indirect	Measurement	
Indirect	techniques	can	also	be	used	to	measure	relatively	large	distances.	Triangulation	and	parallax	
can	be	used	to	indirectly	measure	distances	to	objects	
	
Triangulation	
	
	Triangulation	is	the	process	of	determining	the	location	of	a	
point	by	forming	triangles	to	it	from	known	points	and	
drawing	a	scale	diagram.	
	
	
	
	
	
Steps	for	performing	triangulation:	

	
1. Measure	a	straight	baseline	(line	S	on	the	diagram).	The	longer	the	baseline	the	more	accurate	

the	calculation.		
	

2. Use	a	protractor	to	measure	the	angles	at	each	end	of	the	
baseline	(angles	A	and	B	on	the	diagram).	Measure	the	angle	
between	the	baseline	and	the	line	leading	to	the	object	being	
observed.	

	
3. Use	the	two	angles	and	the	length	of	the	baseline	to	construct	a	scale	diagram.	

	
4. On	your	scale	diagram	mark	a	perpendicular	line	from	the	baseline	to	the	object	being	observed	

(line	D	on	the	diagram).	
	

5. Measure	the	length	of	this	perpendicular	line	and	use	
the	scale	of	your	diagram	to	determine	the	actual	
distance.	

	
Example:	

For	a	scale	of	1cm	=	10m,	and	if	the	diagram	has	a	line	D	of	
8.2cm	long	then	the	actual	length	is:	

	
10m/cm	x	8.2cm	=	82m	

	
	
	 	

	

	

	

	



Parallax	
	
Parallax	is	the	apparent	shifting	of	an	object	compared	to	the	background.	Our	eyes	use	this	to	give	us	
depth	perception.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
Since	we	know	the	diameter	of	Earth’s	orbit	very	precisely	we	can	work	out	distances	to	far	away	
objects	by	comparing	the	angles	seen	to	them	at	opposite	parts	of	the	year.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	



Lesson 6: Early Astronomy, Earth, 
Moon, and Sun Interactions. 
	
Geocentric	model	
	
Early	Astronomers	throughout	the	world	were	making	
observations	of	the	night	sky	as	early	as	4000	years	ago.		
	

	
	
	
Some	early	Astronomers	believed	that	the	Earth	was	the	centre	of	
the	Universe.	This	is	known	as	the	geocentric	model.	

	
	
	

The	geocentric	model	was	largely	based	on	
the	work	of	a	Greek	Astronomer	named	
Ptolemy	(second	century	AD).		

	
	
	
Heliocentric	model	
	
In	1543	Nicolaus	Copernicus	published	
findings	that	showed	the	planets	orbited	the	
Sun.	Copernicus’	findings	were	later	
confirmed	by	Galileo	Galilei.	
	
	
	
	
	
	
Johannes	Kepler	in	1595	discovered	that	the	orbits	of	the	planets	were	elliptical	and	not	circular.	
	
	
	
The	Moon	
	
Earth’s	only	natural	satellite	is	the	Moon.	
	
	

	

	

	

	

	



The	origin	of	the	moon	has	several	theories.	The	one	most	accepted	is	the	giant	impact	theory.	
	
	
	
	
	
The	Giant	Impact	
Theory	states	that	
about	4.5	billion	years	
ago	a	planet	sized	
object	collided	with	the	
Earth.			
	
	
	
	
The	resulting	ejected	
material	formed	the	
Moon.		
	
	
	
	
This	theory	is	supported	by	the	fact	that	rocks	from	Earth	and	the	Moon	have	the	same	combinations	of	
isotopes	and	are	different	from	rocks	that	have	come	from	other	parts	of	our	solar	system.	
	
	
	
A	waxing	moon	is	increasing	and	a	waning	moon	is	decreasing.	
	

	

	

	



Tides	
	
	
The	moon	is	mostly	
responsible	for	producing	
the	tides	on	Earth.	The	
Sun	also	plays	a	role.	
	
	
	
	
	
	
	
Days	and	Seasons	

	
The	Earth	rotates	from	west	to	east	about	its	axis	once	
every	23	hours,	56	minutes,	and	4	seconds	(one	sidereal	
day	in	relation	to	the	distant	stars).	A	solar	day	is	24	hours.		
	
A	solar	day	is	the	time	it	takes	for	the	Earth	to	rotate	about	
its	axis	so	that	the	Sun	appears	in	the	same	position	in	the	
sky.	The	sidereal	day	is	~4	minutes	shorter	than	the	solar	
day.	The	sidereal	day	is	the	time	it	takes	for	the	Earth	to	
complete	one	rotation	about	its	axis	with	respect	to	the	
'fixed'	stars.	
	

 
 
	
	

The	tilt	of	the	Earth	in	relation	to	
the	sun	is	23.5!.	Winter	solstice	
(shortest	day)	is	December	21	and	
the	summer	solstice	(longest	day)	
is	June	21.		
	
	
	
	

	
	
Vernal	equinox	is	around	March	20	and	the	Autumnal	equinox	is	September	23.	The	Sun	is	directly	
above	the	Earth’s	equator.	
	
	

	

	

	



	

Eclipses	
	
An	Eclipse	is	the	total	or	
partial	overshadowing	of	
one	celestial	body	by	
another.		
	
A	lunar	eclipse	occurs	
when	the	moon	is	in	the	
Earth’s	shadow.	A	solar	
eclipse	occurs	when	the	
moon	blocks	the	sun.	

	
	
	
	
	
	
	

	
The	full	shadow	of	an	eclipse	is	known	as	the	umbra	(Latin	word	for	shadow)	and	the	partial	shadow	is	
the	penumbra	(pen	means	almost).	
	

	

	



Constellations	
	
Groupings	of	stars	and	other	
celestial	objects	can	form	
distinctive	patterns	in	the	night	
sky.		
	
	
	
	
	
These	patterns	are	known	as	
constellations.	The	IAU	
(International	Astronomical	
Union)	has	88	official	
constellations.	

	
	
	
Meteor	vs	Meteoroid	vs	Meteorite	
	
Meteoroid:	A	small	particle	from	an	asteroid	or	comet	orbiting	the	Sun.		
	
Meteor:	A	meteoroid	that	is	observed	as	it	burns	up	in	the	Earth's	atmosphere	-	a	shooting	star.		
	
Meteorite:	A	meteoroid	that	survives	its	passage	through	the	Earth's	atmosphere	and	impacts	the	
Earth's	surface	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	



Lesson 7: Exploring Space, Past, Present and 
Future 
 
Optical	Telescopes	
	
As	our	observational	technology	improves	so	does	our	knowledge	of	
the	Universe.	In	1608	Hans	Lippershey	invented	the	first	telescope.	
	
	
	
In	1993	the	Keck	telescopes	were	
completed	on	the	top	of	Mt.	Mauna	Kea	
on	the	Big	Island	of	Hawaii.	These	
telescopes	have	a	10m	wide	lens	for	
gathering	faint	light.	
	

	
A	30m	telescope	is	under	construction	
near	the	Keck	observatory.	It	will	be	able	
to	view	objects	150	times	fainter	than	
the	Hubble	space	telescope.	
	
	
Radio	Telescopes	
	
Radio	telescopes	are	designed	to	capture	a	different	part	of	the	electromagnetic	spectrum	from	optical	
telescopes.	Examples	include	the	VLA	(Very	Large	Array)	in	New	Mexico	and	Mount	Arecebo	in	Puerto	
Rico.	(which	was	destroyed	in	2020	by	a	hurricane)	

	
	
	
	
	
	
	
	
	

	
	
	 	

	

	

	

	 	



Space	Telescopes	
	

Space	based	telescopes	do	not	have	to	contend	with	the	problem	of	the	Earth’s	
atmosphere	which	hinders	the	resolution	of	optical	telescopes.		
	
	
Currently	there	are	dozens	of	space-based	telescopes	focusing	on	many	different	
parts	of	the	electromagnetic	spectrum.		
	
The	Hubble	space	telescope	was	launched	in	1990	and	has	a	2.4m	wide	mirror.		
	

	
The	successor	to	the	Hubble	is	the	James	Webb	Telescope,	which	was	launched	in	2021.	It	has	a	6.5m	
wide	gold-covered	reflective	surface	and	has	100	times	the	resolution	of	the	Hubble.	It	is	so	powerful	
that	it	could	see	a	penny	from	a	distance	of	40km.	It	can	also	detect	the	body	heat	of	a	bumblebee	from	

as	far	away	as	the	moon.		It	will	
be	placed	at	the	Lagrange	point,	
which	is	4	times	further	from	
the	Earth	than	the	moon.	This	is	
to	avoid	interference	from	both	
the	Earth	and	the	moon.	
	
	
	

	
	

	
The	Kepler	Space	Observatory	is	a	telescope	that	searches	for	
planets	by	monitoring	the	slight	drop	in	light	output	from	distant	
stars	as	planets	pass	in	front	of	them.	Based	on	data	from	the	
Kepler,	NASA	estimates	that	there	may	be	as	many	as	11	billion	
planets	the	size	of	Earth	orbiting	a	star	the	size	of	our	sun	and	
within	a	region	around	the	star	that	could	support	life,	as	we	
know	it.	
	

	
	
Unmanned	Probes	
	
	
	
The	most	famous	unmanned	probe,	Voyager	1,	was	launched	in	
1977	and	is	currently	21	billion	Km	from	Earth.	It	has	left	our	
solar	system	and	is	now	in	interstellar	space.	
	
	
	

	

	

	

	

	



Rovers	are	craft	sent	to	other	planets	and	satellites.	They	
are	robotic	devices	capable	of	conducting	experiments.		
	

	
As	a	part	of	the	Cassini	mission	to	Saturn	(1997-2017)	
the	Huygens	probe,	in	2005,	landed	on	Titan	and	sent	
back	images	of	the	surface.	
	

	
Getting	to	Space	
	
Rockets	work	on	the	Newton’s	
third	law	of	motion	–for	every	
action	force	there	is	an	equal	and	
opposite	reaction	force.	

	

	

	

	

		



The	Space	Shuttle	
	
Space	Shuttle	was	an	earth	orbit	vehicle	that	was	first	
launched	in	1981	and	retired	in	2011.		
	
There	were	two	famous	lost	missions,	the	Challenger	
in	1986	and	the	Columbia	in	2003.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Space	X	

	
	
Space	X	is	a	private	company	
founded	by	Elon	Musk.	Their	goals	
are	to	reduce	the	cost	of	space	
travel	by	reusing	rockets	and	the	
eventual	colonization	of	Mars	
	

	
	
	 	

	

	

	

	

	 	



The	Space	Elevator	
	
	
	
	
A	space	elevator	is	a	proposed	type	of	space	transportation	system.	The	main	
component	would	be	a	cable	(also	called	a	tether)	anchored	to	the	surface	and	
extending	into	space.	The	design	would	permit	vehicles	to	travel	along	the	cable	
from	a	planetary	surface,	such	as	the	Earth's,	directly	into	space	or	orbit,	without	
the	use	of	large	rockets.	An	Earth-based	space	elevator	would	consist	of	a	cable	
with	one	end	attached	to	the	surface	near	the	equator	and	the	other	end	in	space	
beyond	geostationary	orbit	(35,786	km	altitude).	The	competing	forces	of	
gravity,	which	is	stronger	at	the	lower	end,	and	the	outward/upward	centrifugal	
force,	which	is	stronger	at	the	upper	end,	would	result	in	the	cable	being	held	up,	
under	tension,	and	stationary	over	a	single	position	on	Earth.	With	the	tether	
deployed,	climbers	could	repeatedly	climb	the	tether	to	space	by	mechanical	
means,	releasing	their	cargo	to	orbit.	Climbers	could	also	descend	the	tether	to	
return	cargo	to	the	surface	from	orbit	
	
	

	


