
From The Steady State 
To The Big Bang

THE DISCOVERY OF THE MODERN UNIVERSE



An example of 
several “red 
shifts” of 
hydrogen light 
that Hubble 
discovered 
coming from 
galaxies





Ready to calculate how old the Universe is?
1)One light year = 9.461 x 1012  km
2)One megaparsec = 3.3 x 106 light years
3)So, a galaxy one megaparsec away is those two numbers 

multiplied together to get kilometers:   9.461 x 1012  km  x  3.3 
x 106 light years  =  3.12 x 1019 km

4)If a galaxy that far away has always been moving away 
from us at 72 km/sec, it will take this many seconds to 
happen:   3.12 x 1019 km  / 72 km/sec  =  4.34 x 1017 sec

5)4.34 x 1017 sec / (3600 sec/hr x 24 hr/day x 365 days/yr) = 
1.376 x 1010 years

This is 13.76 billion years.  That’s how old the universe is.



Life and Death of 
Stars
WHITE DWARFS, NEUTRON STARS, AND BLACK HOLES

The Birth, Life, and Death of Stars



The Eagle Nebula 
(M16): Star Nursery

6500 Light Years away from 
Earth,

About 70 Light Years Across

Has Existed for 5.5 Million 
Years

Over 1000 Stars Forming in it



The “Pillars of Creation” where 
many new stars are forming.



Photo of a Solar 
System forming in 
the Taurus 
constellation.  It is 
about 450 light 
years away.

This is about a 
million years into 
solar system 
formation, and 
shows rings where 
young planets are 
forming.



Picture of a 
new star (4.5 
million years 
old) with a 
planet 
clearly 
forming!



Going back to physics…

How do stars make starlight?  Einstein 
showed that matter could be 
converted into energy – a LOT of 
energy.  The formula for this is:

E = m!"



Stars make light by the process 
of “nuclear fusion”.  Lighter 
elements are fused together to 
make heavier elements, and 
energy is released.

Our sun converts 620 million 
metric tons of hydrogen into 
606 million tons of helium every 
second.  The lost mass gets 
converted into motion of 
particles and sunlight.

Stars have to reach a core 
temperature of over 10,000,000 
degrees before this happens.





The H-R 
Diagram Shows 
How Stars 
Evolve Over 
Their Lifetime 



How Do Stars Die?



When a star runs short 
on hydrogen, it begins 
to fuse helium into 
heavier elements.  
However, this is less 
efficient, so the star 
swells up and 
becomes less hot.

This is called the Red 
Giant phase – the first 
phase of a dying star.



When a small star (10 
times the mass of the 
sun or less) runs out of 
fuel entirely, fusion 
stops and the star dies.  

The outer layers 
disperse into a new 
nebula, and the inner 
core, still very hot, 
glows white hot for 
many millions of years.  

This is called a White 
Dwarf.



Orion



Betelgeuse



When a larger star (between 10 and 30 times the mass of 
our sun) dies, it has a more exotic fate.  

As the star collapses, the inner core gets extremely 
compressed and the outer part of the star bounces off it 
to become a nebula.  This is called a SUPERNOVA.

The gravity of the central core is so strong the atoms are 
crushed into their constituent particles, meaning the 
entire core is made up of mixed particles, mostly neutrons.

These stars are thus called “Neutron Stars”.



Remnants of first recorded supernova –
observed by Chinese in 185 CE.

https://www.theverge.com/2017/11/8/16618568/super
nova-las-cumbres-observatory-multiple-explosions-
pulsational-pair-instability

Actual telescope image of a 
supernova from 2014

https://www.theverge.com/2017/11/8/16618568/supernova-las-cumbres-observatory-multiple-explosions-pulsational-pair-instability


Picture from Space.com

Picture of 
supernova 
in a galaxy 
360 million 
light years 
away.



Jocelyn Burnell in 1967.
Discoverer of the first neutron star.

By Billthom - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.
php?curid=77181280

Chart on 
which the 
first neutron 
star was 
detected



Neutron Stars are small – they 
may be no larger than 20 
miles in diameter.

Neutron Stars are EXTREMELY 
dense – a teaspoonful would 
weigh over 100 billion tons.

Neutron Stars rotate several 
hundred times per second.

They can be very hot – about 
600,000 degrees.



Extremely Large Stars (more than 30 times the mass of the sun) die 
in the ultimate, spectacular fashion.

Like a Neutron Star, they experience a supernova.  The outer part 
of the star becomes a nebula.  

The inner part, though, has so much gravity that not only are the 
atoms crushed, but so are the subatomic particles.  We say that 
space is bent, so bent that it wraps around itself and becomes a 
tight pocket of collapsed space.

The mass of the star collapses into a “singularity”, a single point at 
the center of the 

BLACK HOLE!



A picture of 
galaxy M87, an 
elliptical galaxy 
about 53 million 
light years from 
Earth.  

The blue spot is a 
stream of very 
fast plasma 
being pushed 
out of its core.  



First Photograph 
of a real Black 
Hole.

It is at the center 
of Galaxy M87.  
The black hole 
has a mass 6.5 
billion times our 
sun.



The edge of the 
black region is called 
the “event horizon”, 
within which even 
light is bent into the 
black hole and does 
not escape.

Anything that goes 
inside the event 
horizon is not coming 
out again….

Except…. 



Quantum Mechanics predicts particles can jump from one 
place in space to any other place in space.  That means 
particles can spontaneously jump out of black holes.  

When this happens there is an intensely energetic beam of 
light called a gamma ray.  This is called “Hawking Radiation”, 
named after Stephen Hawking who came up with the idea.

What this means is that after a very long time, if more matter 
leaves the black hole than falls into it, the black hole will 
eventually “evaporate” and will explode out as a supernova 
and create a nebula.



Most galaxies have a supermassive black hole at 
their center.  This black hole will normally be 
surrounded by lots of stars orbiting it, so we do not 
see it.



Picture of a 
Quasi-Stellar 
Object:

A Quasar



Artist’s Depiction of a 
Quasar

This shows a 
supermassive black 
hole sucking in a 
galaxy and producing 
a tremendous amount 
of light in the process.



• 2000 quasars have been identified.

• They shine on average about 1000 times brighter 
than a galaxy.

• It is estimated there are 50,000 quasars in the 
universe.

• The closest quasar is 2.5 billion light years away.  

• The oldest quasar is 13 billion years old.

• It looks like the universe doesn’t make quasars any 
more.


