As you come in:

« Get a name tent

* Introduce yourself
to your neighbors

« Start chatting

* Introduce yourself
to me, if you'd like!

How The Universe Got That Way

13 billion years ago (more or less) the universe was born in
what is termed the “big bang”. It was a hot, dense soup of
particles and photons. Now, the universe is a big, cold, largely
empty space populated by galaxies, stars, planets—and you
and me.

How did it get this way? And how did we figure this out?

These are the topics of this course.
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Music: Woodstock by Joni Mitchell physicsjones@gm

Nuclear Physics

Radiation and Radioactivity
Nuclear Accounting
Fission & Fusion

Extreme Physics

Today’s Class

Inside the Atom:

Nuclear Physics
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The dream of the alchemists

The Periodic Table
of the Elements

L,., A Puzzle

xS - i
In the early days of the

& universe, 90% of the atoms
| were hydrogen, and there

were essentially no atoms
of anything heavier than

A Puzzle

So where did the heavier
elements come from?

Iron and nickel are
abundant in meteorites.

Canadian
Nickels

Actually made of nickel.
Magnetic.
Extraterrestrial.




Back to the story...
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Nuclear Radiation is lonizing Radiation
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Radiation burn from
cancer treatment

Radiograph made With
uranium-glazed pléte
and Polaroid filmes

Measuring radioactivity
Entering Neon or Trail of several

beta particle argon gas  hundred ions

Thin window

Operation of

Geiger counter poincor

T —— Electrons reacki'mg
ionization =

the wire cause a
voltage spike and

/, an audible “click”

Ejected electrons cause
a chain reaction of
ionization of the gas.

Ejected
electrons

People used to think that
radiation was pretty sexy.

Strangely, some
folks still do....

Measuring
Radiation

Things To
Test

How far away can
you be to detect
the radiation?

The cool
orange color
is from
uranium.

How can you
shield against the
radiation?

Where
does the
radiation

come
from?

Things fall apart.
Even atoms.

Anatomy of an Atom

The nucleus is made
of protons and
neutrons.A cloud of
electrons orbits the
nucleus.

~10“m

Nucleus

Nucleons =
(protons and neutrons)

The nucleus has a fairly ="
sharp boundary.




The Simplest Atom Of course, you can have elements
with more protons in the nucleus.

A hydrogen atom -
consists of a single Question
positively charged
proton and a negatively Do you see any problems
charged electron that with this nucleus?
“orbits” it.

The neutrons are the “glue” that Holding it All Together

lets the nucleus hold together. Strong nuclear force

You need just the right Helium nucleus / \
number of neutrons,

though.Too many or
too few means the

nucleus will be n—> <+—(D)
unstable.
neutron prOtOn

Electric force

Holding it All Together Atomic Accounting

Helium nucleus The number of neutrons Number of protons

in the nucleus can vary. + neutrons

The number of protons \ 4
determines the element,
the number of neutrons

neutron  proton determines the isotope. /

Number of protons

112
5051

Isotopes Tin has 10. g

Helium has 2 stable '*Sn
isotopes.

3 4
2He 2He

osn
'"Sn
'%Sn
';ZSn
'2Sn
'2Sn

124
oSN




Practice

How many neutrons are in each of the
following nuclei?
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Radioactive Dating

A scrap of
parchment from the
Dead Sea Scrolls
was found to have a
14C/12C ratio that is
79.5% of the
modern value.

This tells us the
parchment is about
1900 years old.

t,, = 5730 yr

when the earth was formed

’ All of the helium present
\ has escaped into space.

Why do we have helium at all? &

When one uranium atom decays, you get two atoms!

Alpha Decay

Really large
atoms tend to
fall apart—and
they often do so
by ejecting a
helium nucleus.

Parent nucleus

Before: x

After:

O

]

Daughter nucleus Alpha particle

23U = 29Th + SHe

$8U = 29Th + jHe




Remember:

Gravitational Time Dilation

At (in gravitational field)
At (not in gravitational field)

This is always )

less than |.

Relativity Fact #2:

Gravity affects time

Strong gravity
slows time
down.

We need a different formula for
energy too.
E= 7’”62 = ymc2
1 — u?c?

Total energy of an object of mass m moving at speed u

And when there is no motion, this reduces to
the most famous equation in the world:

E = mc?

Mass can be converted to energy, and vice versa.

When uranium decays into thorium and helium, mass is “lost”.

Question
What happens to
the “lost” mass?

238U = 234Th + 4He

N Electr
Fusion ecron Separale
into Q
If you “build” a components

helium atom from
two hydrogen atoms

and two neutrons, Neutron Proton
the resulting atom Helium atom 2 hydmgen atoms,
has less mass than 2 neutrons
you started with. Mass: Mass:
4.00260 u 2 Hatoms:  2.01566 u
. + 2 neutrons: 2.01732 u
Question Total mass:  4.03298 u
What happens to Difference in mass:

the “lost” mass? Am=0.03038 u

Electron
Energetic! Separate
into
componeme

The amount of energy
you get this way is pretty
incredible. Making a

balloon’s worth of Neutron - Proton

helium releases an Helium atom 2 hydrogen atoms,
. 2 neutrons
energy equivalent to M y
ass: ass:
7,000 gallons of gas. 400260 u 2Hatoms:  2.01566u

+ 2 neutrons: 2.01732u

That’s more gas than |
Total mass:  4.03298 u

have burned in cars in my
lifetime. Difference in mass:
Am =0.03038 u




Binding energy

Binding (MeV) per nucleon

Energy 10 Max}mum ~ 8.8 MeV per nucleon
9 ol
8 =
7 =

/

Can get
energy by
fission

~—— Can get
3 energy by
2 fusion

0 T x T T T
0 50 100 150 200 250

Mass number A

The Most Tightly Bound Element Is Iron

So, where do the
heavier elements
come from???

Electrons o 5d
65 sessesrese 4f
are —
i '.fﬂ.. 4d
Fermions 55
4p
4s ot
B -~
3p
3s F-..... Each energy level is

One per energy level....

So when you have a lot
packed in, their energies
are high.

alled a subshell.

The number of dots indicates the
number of states in a subshell
A p subshell has six states

Question: How does a star keep from collapsing?

N

04

Keeping the core warm

In the sun, 4 hydrogen atoms fuse to make | atom of helium.

Helium has 2
neutrons....
Where do the
neutrons
come from?

R ——

Electron
Separate
into Q
components

Neutron Proton

Helium atom 2 hydrogen atoms,
2 neutrons
Mass: Mass:
4.00260 u 2 Hatoms:  2.01566 u

+ 2 neutrons: 2.01732u
Total mass: _4.03298 u

Difference in mass:
Am = 0.03038 u




Neutron
Decay
Electron
—_—
Neutron
A free neutron will decay Proton

into a proton and an
electron. Energy is
released.

Neutron
Production

Electron

Neutron

Proton If you smash them together; an
electron and a proton will
form a neutron. Energy is

absorbed.
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In the sun, 4 hydrogen atoms fuse to make | atom of helium.

When it was formed, almost all of the atoms in the sun were
hydrogen atoms.

Now, about half the atoms in the sun’s core are helium atoms.
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In the sun, 4 hydrogen atoms fuse to make | atom of helium.

When it was formed, almost all of the atoms in the sun were
hydrogen atoms.

Now, about half the atoms in the sun’s core are helium atoms.

Question
What atom do Betelgeuse
600 light-years away
you get when you
combine 3 helium
atoms? 4 helium
atoms?

When hydrogen in the core runs
out, the sun can stabilize itself by
fusing helium atoms.

Question
The sun is about 4.6
billion years old. About
how much longer will
it continue?

p 3 X ,-".'-. [
In the sun, 4 hydrogen atoms fuse to make | atom of helium.

When it was formed, almost all of the atoms in the sun were
hydrogen atoms.

Now, about half the atoms in the sun’s core are helium atoms.

Betelgeuse
600 light-years away

—_—ee

When hydrogen in the core runs
out, the sun can stabilize itself by
fusing helium atoms.

Betelgeuse
600 light-years away

_

When this happens, the sun will
balloon into a red giant.




Red giant stars are
really big.

760 pixels

Question
What happens when
the star runs out of

helium?

Core supported §
by electron
degeneracy.

Core supported
by neutron
degeneracy.

Nothing stops
the collapse.

6 billion
years ago.

. Il All the very heavy atoms found in the earth were created long
ago by nuclear fusion reactions in a supernova, an exploding star.
The debris spewed out by the supernova later coalesced to form
the sun and the planets of our solar system. Nuclear physics sug-
gests that the uranium isotopes (t1p= 7.04 X 10%yr) and
28U (1), = 4.47 X 10 yr) should have been created in roughly
equal amounts. Today, 99.28% of uranium is 28U and 0.72% is
233U. How long ago did the supernova occur?




4.5 billion
years ago.

Why was
the early
universe
composed
of nearly all
hydrogen
but no
other
elements?

How does
this all end?

Why are all
of the other
galaxies
moving
away from
us?

So how did the helium get to you?




