Announcements
* Quiz 3 due Monday
— Problem set 3 for quiz 3 practice

* Approximate reading schedule for the upcoming
week

— Friday Feb 7: Chapter 2, sections 2.1 to 2.3
— Monday Feb 10: Chapter 2, sections 2.4 to 2.8

— Wednesday Feb 12: Chapter 3, sections 3.1 to
3.3

— Friday Feb 14: Chapter 3, sections 3.4 and 3.5



Astronomy in the News «

SN2@14): | .
A Supernova in M82 | .
Or, (almost) everything we'll cover in this class!



Supernova: an exploding star

Two types of
supernova

Type II: A massive star reaches the end of its fuel
supply, collapses into a neutron star or black
hole



Supernova: an exploding star

Two types of
supernova

Type la: Explosion of a white dwarf star, dense
remnant of a lower mass star.



Discovery

January 21, 2014.

As clouds close in during a
practical astronomy class,
students at University
College London spot a

new star in the galaxy
M82




Discovery

Stanfc

Radlett T Lz Waltham Abbey
% Clay . A
ik . 9. Enfield Lock
atford Borehamwood tighEeipst Trent Park Enfield
Bushey : Pordeis End ]
Elstree Barnet  Oak Hill Park onders )
Bushey Heath (A1 ‘ > 2
East Barnet 5
= Na1) 4)S fields Park L g g
Stanmore University of Amos Grove £ T
Hatch End ~ London Observatory (10 [ 400
Burnt Oak = Wo
Binar Wealdstone Noel Park 3
Colindale grest i
cote Harrow Kenton The Hyde Harringay
Brent Cross
South Harrow bl * azenove
as Y )
TR 2 | A406 | Golders Hill Park N . (A12]
Wembley Brent Park Hackney Marsh
Northolt :
8 Stratford
Greenford e Tsoh
ormwood Scrubs v
* [A40 ] A5 | I(‘szétgfy%{::z "
a I R [A15] [A1020] % Rainham ,
Southall UL >oplar
s Shepherd's Bush London Foee i . 7"@% O ne Of U LO S tWO
itry Park AL s 2 PPRACALRLE
Turnham Green s o
M4, L 2 & Thames Barrier Park r ' I I
* ambeth . -
Brentford Southwark Park A102 Rainham 0-35 et re Ce eSt ron
tior Belvedere  RSPB Natt
WWT London I
Wi London § v |\ mm C14 telescopes.
Greenwich Park
Hotinslow. ' | Richimond x205) =Fllle Lewisham Welling These were used to
rockwell Park
PAz1e " Bexleyheath Crayford . .
| Twickenham s . oa find the supernova in
o Sexley
anworth Tedd & :' [ 1 IVI 8 2
eddington E= Downham Sidcup
Wimbledon New Beckenham =
Hampton Kingston upon Thames Chislehurst EEEl Hextable S PhOtO. UCL MAPS/O.
Bromley
Molesey New Malden Mischad Elmers End Shortlands Bickiey > U S h e r
Surbiton [A3] Morden Thornton Heath o Swanley
mes Petts Wood
Long Ditton Woreaster Park Crockenhil Far
Croydon West Wickham Orpington
EEXEl  North Cheam ping
am . Esher Sl - b
am 2 #) Duppas Hill 5 Eyns
Chessington  Stoneleigh Wallington
Claygate Sutton ¥ Farnborough %
' South Croydon : g b g
Chessinaton World Ewell (T an~xls Green Street G ﬁ



Followup observations

* Location precisely determined with 10 m Keck
telescope in Hawaii

* First optical spectrum with 3.5 m ARC telescope in
New Mexico reveals this is a Type la supernova

 SN2014J is currently near maximum brightness, bright
enough to see with a small telescope




Why is this important?

* Closest Type la supernova since 1972, and closest of any
type since 2004

* Can study in detail!

Distance to M82:
11.5 million light years

This is close!




More on Type la Supernovae




“Standard candles”

If you know how bright it is, you can tell how far away it is



Brightness
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After some calibration,
Type la supernovae all
have the same peak
brightness



Type la supernovae and cosmology

* Distant Type la
supernovae are fainter
* than we expected them
el to be
e * This appears to be
i because the universe is
not only expanding, but
accelerating!
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Dark energy and the accelerating universe

% The Nobel Prize in Physics 2011
2 Saul Perlmutter, Brian P. Schmidt, Adam G. Riess

The Nobel Prize in
Physics 2011

T 74% Dark Energy

J \ O
.\ .\ .
Phot . M t P t t Phot t
Saul Perlmutter Brian P. Schmidt Adam G. Riess

The Nobel Prize in Physics 2011 was divided, one half awarded to Saul
Perlmutter, the other half jointly to Brian P. Schmidt and Adam G. Riess
"for the discovery of the accelerating expansion of the Universe through
observations of distant supernovae”.

4% Atoms



What is dark energy?




These observations depend on Type la Supernovae...

... and we don’t understand them yet!




Astronomy 103

Copernican Revolution Wrap-up
Light and Matter
Please read Chapter 2



The Earth is flat
There is a preferred direction (up) W
The Earth is at rest. Space is absolute — there is an

CONCEPTS OF SPACE AND TIME
PRE-GREEK

unmoving place from which positions and velocities
can be measured

Time is absolute:
You know what it means for two events to occur
at the same time

Space is flat



Pre-Greek




Pre-Greek




Pre-Greek
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GREEK

The Earth is curved

Up depends on where you are

The Earth is at rest. Space is absolute — there is an
unmoving place from which positions and velocities
can be measured

Time is absolute:
You know what it means for two events to occur
at the same time

Space is flat
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Galilean




GALILEAN
Meaning of the Copernican Revolution

"he Earth is curved
Up depends on where you are

"he Earth is moving — we no longer have an
absolute, unmoving reference point

Time is absolute:
You know what it means for two events to occur
at the same time

Space is flat

It will take another 200 years before
these last two assumptions are
modified — more on that later!



Light and Matter

Please read chapter 2
Today we will cover sections 2.1 to 2.3



Everything®* we know about the universe
outside our solar system comes from light

We can’t put stars and galaxies in lab and
do experiments on them — we can only look
at the light they emit
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*Almost. There are also some
charged particles, and soon
we may detect gravitational
radiation that isn’t light.



To understand light and how it is produced, we first need to review
some facts about the electric force

Charges can be positive or negative

Particles or larger objects with the same charges (two positively
charged particles or two negatively charged particles) repel each
other

Particles with opposite charges (one positive and one negative)

attract each other
opposite
charges

et attract Charged particles
create an
electrical force,
just as massive

like particles create a
charges gravitational
force.
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Positive and negative charges \\\0




% &
The electric force is caused by the electric field —
imagine it as a bunch of outward pointing lines
from a positive charge (and inward for negative

charge). These electric field lines stretch out to
infinity, but weaken as they go outward.

field lines

“ﬁ +§: %-§
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The electric field from an The electric field from an

isolated positive charge isolated negative charge
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What does this have to do with light?

When a charge changes its position, its field changes, and the
information that the particle has moved is transmitted by the
electric field.




What does this have to do with light?

When a charge changes its position, its field changes, and the
information that the particle has moved is transmitted by the
electric field.




But the information that the particle has moved is
not communicated instantaneously:

There is a maximum speed of information in our
universe.

This information moves 2995’7555”458

at a speed of 300,000
km/s,
the speed of light,

or the maximum speed ~
in the universe | @




This speed limit means that light
travels in a wave

When a charge moves, the information that it is at a
new position travels outward at 300,000 km/s.

A

electric field

electric charge
moving up and
down

Light is a wave in
the electric field



After 1 second, the electric field has changed only
within a distance 1 light-second from the charge
(about the distance from the Earth to the Moon).

A

L4

Light is a wave in
the electric field



After 2 seconds, the electric field has changed
within a distance 2 light-seconds from the charge.

Light is a wave in
the electric field



After 3 seconds, the electric field has changed
within a distance 3 light-seconds from the charge.

Light is a wave in
the electric field



This charge moving up
and down creates a wave
in the electric field that
moves at 300,000 km/s.

This wave in the electric
field is what we call light,
and the speed at which it
travels is called the
speed of light. We
always use the letter c
for the speed of light.




This is not quite the whole story. A changing electric
field turns out to produce a magnetic field, so the
wave is really a wave in both the electric field and
magnetic field. But it is the electric field that we see:

Electric
field
vibration

Direction
of wave
motion

Magnetic
field
vibration

So light is also called electromagnetic radiation



So light is a wave. There are two important
characteristics about waves:

Frequency — number of waves that pass a point per
second — units of Hertz or Hz

Wavelength — distance between wave crests

A — Lambda

Wavelength
: : Crest

Undisturbed Trough
state

>
Direction of wave motion



All electromagnetic radiation (light) is defined by
its wavelength (or frequency).

For visible light the longest wavelength is red and
the shortest is violet.

A prism can break up light into its colors, which are
defined by wavelength — discovered by Newton.

700 nm

. 600 nm

500 nm

400 nm




The complete spectrum of light

But visible light is only a narrow part of the full

spectrum of electromagnetic radiation.

Visible wavelengths have wavelengths between

400 nm (violet) and 700 nm (red)
1 nm =1 nanometer= 10°m

There is stuff at longer and shorter wavelengths.

Visible light

Short wavelengths - - Long wavelengths
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What is the relation between frequency and wavelength?

This is a distance = speed X time problem.
Look again at a wave moving by you, with one crest passing

you each second, for a slow frequency of 1 crest per second or
1 Hz.

In the second between crests the first crest has moved away at
the speed of light.

P
Direction of wave motion



The second crest is now passing you. The first crest has
moved one second at the speed of light, so it is 300,000 km
away from the second crest

This means that the distance between crests is 300,000 km.
This is the wavelength of the wave.

2nd crest

15t crest

- 300,000 km Crash

Trough

>
Direction of wave motion



This is a very long radio wave with wavelength
A = 300,000 km, nearly the distance to the Moon.

Now suppose that in 1 second, 100 crests pass you
(frequency f = 100 Hz).

Then the time between crests is 1/100 s and the

wavelength is
A =300,000 km/s x 1/100 s = 3,000 km.

A higher frequency (faster, more energetic electron)
gives a shorter wavelength.



In general, for a frequency of f crests per second,
you can see that the time between crestsis T = 1/f.
The distance between crests is then given by
distance = speed x time:i.e. A=cTor

\_C
f

We can also reverse the relation to solve for the
frequency

C

F=3



Which of the following waves has the
highest frequency?

A radio wave with A=21 cm
E X-rays with A=1019m

@ Visible red light with A=700 nm

m Infrared radiation with A=10°m




Which of the following waves has the
highest frequency?

@ Visible red light with A=700 nm=7x10"m

n Infrared radiation with A=10°m




Astronomical objects produce radiation from the full

electromagnetic spectrum, from very high frequency

gamma rays to very low frequency radio waves — so
astronomers observe at all wavelengths

FIRST X-RAY IMAGE OF MARS .

GAMMA RAY BURST i Chandra
ACIS- |

E=04- 0.7keV July 4, 2001
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The radio spectrum is crowded!

UNITED

NOT ALLOCATED

STATES
FREQUENCY
ALLOCATIONS

THE RADIO SPECTRUM

RADIO SERVICES COLOR LEGEND

ApowA ==t e
| [ wmsomusl [T woorsmoncan
AW A [ B
s [l wows B

Reserved
for radio
astronomy!

= == |
oo [ e [ oo
O W
- WOBLEATE
ACTIVITY CODE
- N - CNEFMENT NN GOVERNMENT SHAFE:
[ re———

P U.S. DEPARTMENT OF COMMERCE
fi |\ National
INAY Goico of Spocirum Mansgement

N occber 2000

3kHz 300 kHz




