Stars and Galaxies




The Hubble Space Telescoe HST
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A ‘Launched In 1990 the"T—'|'§T has taken images of the early universe by
being able to receive dim light that has traveled through space for 13
billion years.

Alts high orbit allows it to take
atmosphere. On a May 2009 servicing mission by the space shuttle,
astronauts made repairs and installed new instruments that will keep
the HST operational until 2014.

A The is planned to be launched2018.

It will only be a partial successor to the HST because it will only
observe in the infrared portion of the electromagnetic spectrum.

http://www.|wst.nasa.gov/videos general 3.html



http://www.jwst.nasa.gov/videos_general_3.html
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A Mission Goals

A Search for the first galaxies or luminous objects formed afte
Big Bang.

A Determine how galaxies evolved from their formation until n

A Observe the formation of stars from the first stages to the
formation of planetary systems

A Measure the physical and chemical properties of planetary
systemsand investigate the potential for life in those system:s

A


http://www.jwst.nasa.gov/videos_science.html

Stars and Galaxies

space.



o Astronomical Unit

(1) Distancemeasureab

the Sun : the Venus’s

orbit

closest star to Earth

(2) Equal to the average
distance between the Su
and Earth (150,000,000 u.
km or 93,000,000 mi.) S

(3) Used for distances Emaneds.iaeﬂemed
within our Solar System.
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Not this guy (Buzz Lightyear of Toy Story)



b

L nt y2:r

“«.

(1) The distance that a ray of light travels in one
year

(2) Atthe speed of light (300,000 km/sec or
186,000 km/sec) light travels about 9.4 trillion
kilometers (5.8 trillion miles) in one year

(3) Double stars of Alpha Centuri are about 4.3 LY
from Earth.

(4) The red giant star Betelgeuse Is nearly 490 LY
from Earth.




2 UV Cetl

* S025300.5+165258

Ross 154 »

® Sun *Barmard's 18h

& sirius i

Proxima “Alpha
Centauri

Woll 359 % Latande 21185




Distance from Earth to Proxima
Centauri, the next nearest star

+——
~40 000 000,000,000 km

g

~4 24 light-years




Using parallax

to determine A For a right triangle,
distance to a star! Awherep is the
parallax, 1AU

(149,600,000 km) Is
approximately the

NEARBY STAR

g .
average distance
from the Sun to
Earth, andl is the
distance to the star.
¢ §) Sinp=1AU
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Star in
Question

Background
Stars

ACal cul ated using parallax to
AParsec is der i pamad | farxgem atdlde fiwo



Visual explanation of 1 parsec (pc)
(not to scale)

A A parsec is the distance to a star, as seen from the Earth, when the star
has a halparallax of 1 second of arc, when observed at two opposite

positions in the orbit of the Earth around the Sun, taken 6 months
apairt.

A A parsec is equal to:

I approximately 206,265 Astronomical Units
I 3.26 light years.
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a. Sizes vary over a great range.

(1) Smallest stars may be smaller than

(2) Largest stars can be more than 2000
times the diameter of the




A comparison of star sizes

Red Dwarf Our Sun

Lower limit: 1 solar mass
0.08 solar
masses

Red Giant

Very old stars that
evolve from stars of
<5 solar masses

Blue-white
Supergiant
150 solar masses
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a. Density
(1) . Betelgeuse (a red giant)
| one tellOxmi | I 1 ont h
density.
(2) . Companion star to Sirius

IS SO dense that one teaspoon would weigh
more tharone tonon Earth.
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a. Mass

(1) Variation in mass is less than variation
In density.

(2) Most stars have masses

o f the Sunods to
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a. Composition

(1) One or two percent of
heavier elementsuch as oxygen( ), carbon

( ), calcium ( ), and sodiun{ ).

(2) Main elements in the Sun are
(a)
(b)




Brightness of Stars



(1) D)
(a) How bright the star _ annears toan  observer on
Earth.

(b) Brightest stars are first magnitude.
(c) Faintest stars are sixth magnitude

(d) Each magnitude represents a change by a factor of 2.5
magnitudes.

) A first magnitude star is 2.5 times brighter than a second
magnitude star.

i) A first magnitude star is 100 times brighter than a sixth
magnitude star.

(e) Objects brighter than first magnitude objects are




Why are there neggtivenumbess?”

- A The Greek Astronomer Hipparchus (c. 190

- BC - 120 BC catalogued about 800 stars.

& A The brightest star he observed he assigned a

magnitude of 1. The dimmest was 6.

[+ A Brighter stars have now been observed.

I Using Hi pparchusdo syst
smaller numbers than one.

A So negative numbers are used for very bright
celestial objects.




Apparent Magnitudes of Familiar Objects

Naked Eye Limit

Binocular limit

Venus and the Moon
24/03/2004




Apparent Magnitudes of Familiar Objects

e OBEC T L MAGNITLUDE

Polaris
Naked Eye Limit

Binoc¢




racrolrs Alffeetiing Appsitent Vizeniteele

(a)  Distance

The farther a star is from the
observer, the dimmer it appedrs
all other factors are equal




Faelolrs Atlifectiing Ajojsrrent Wiz eniitvele

brighter than smaller stars
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Hotter stars will appea
brighter than cooler

starsif all other The hotter of two stars of the

factors are equa|_ same size at the same
distance appears brighter




Agsolutre VMasonituo.e

(a) Called
(b) This is the brightness of a star.
(c) Depends on two factors

) . Hotter stars
emit greater intensity light than cooler stars

1) . Larger stars are brighter than
smaller stars

(d) Compares the brightness of stars on an

basis. Astronomers determine theaiiiQsityby
mentally moving all stars to a distance qQf 32.6 light
years (10 parsecs) and then determining\heir
magnitudes as seen from that distance.



Note: This must be added to your filin notes.

(4) Lwninesity

(a) This is the of a star.
(b) It is usually measured in watts/second.
(c) Luminosity can also be expressed using
A This is a comparison to t|

A TheSun is assigned 1 energy unit.

A A star that has a luminosity of 100 energy units . . .
-Emits energy at 100 ti mes the

See your ESRT NLumi nosi ty a
(The H-R Diagram)



The n-R Dizolrain

I Ejner Hertzsprung of Denmark
I Henry N. Russell of the United States



3. The H-R Diagram

b. Stars of a known distance have been
plotted according to their spectral class (as
determined by the temperature and

luminosity ) and their absolute
magnitude.
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Characteristics of Stars

(Name in italics refers to star represented by a @.)
(Stages indicate the general sequence of star development.)
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4. Our Sun




Ouir Soun

Relative Sizes of The
Earth, Jupiter, and Sun

|.comn

arnSchon

_TheSun =

Jupiter

- "
12,756 Km 142 800 Km iy
Juprter's diameter is -+ -

11.2 times the diameter
of the Earth. The Sun's dlameter is 0.7 times

the diameter of Jupiter.

-
falln ]

a. Properties of the Sun
(1) Si z @09 ti mes Elan)t hds di

2)Vol ume: Coul d hadbP¥®%%hore than



vrogsriies ol the S

(3) Temperature:
(a) temperature
Is about 5,550Celsius (~10,000
Fahrenheit).
(b) temperature

may be as high as 15,000,000
Celsius



0, The Goures? of the Sui:’s Eveigy

Deuterium Helium
+
+
¢ P g
%
Isotopes of< g —
hydrogen N\ o
e
Tritium Neutron
Key
Neutron L
Proton +

(1) _Fusion _ of light elements into heavier elements.
(2) Hydrogen converts toHelium
(a) Four _ Hydrogen (H) nuclei (each with a mass ¢

about 4.030 mass units) join to form a _Helium
(He) nucleus with a mass of only about 4.003 energy units.




(b) The mass that seems to have been lost is converted into
Energy , Which is radiated into space.

(c) Estimates indicate that about 4 million metric tons of
matter are converted into energy every second but

because the Sun Is so massive, this process can continue
for another five billion years!




The Sun’s Atmesphere

(1) Photosphere

Coronal
Streamer

(a) Bright yellowsurface
(b) 400 km thick

(c) Made of millions ofgranules 5.,
(individual cells). Granules are (erenule)
wide (about 1500 km across),
have a bright center, dark edges'h
and are the tops of columns of  sunsper
gases that are rising in the cente
and sinking at the edges.

Granules last 8 minutes. Chromosphere

(d) This is the lower denser part of
the Sunds at mos:s

Prominence

Filament



(a) Only seen during solar eclipses

(b)
()  Lower part of the
atmosphere
(1) Colored red by glowing
hydrogen

(11) Extends thousands of
kilometers above the
photosphere




(1)

(in

(iii)

Thne Cojons

Has so little gas that on Earth
it would be considered a
vacuum.

Surrounds the Sun to a heig
of more than one million
kilometers.

During a solar eclipse it is
seen as a faint, pearly light.




(3) Prominences
Huge curtains of gas >100,000 km lonigelatively cool

(a) Huge, red, flamdike arches of
material that occur in the corona.

(b) Appear like flames but the light is
caused by changes in the cooler,
denser parts of the corona.

(c) Prominences may last for hours
and can extend millions of / F 3
kilometers about the photosphe’re

Core (15000 000 C)y Chromosphere
‘onvection Zone '

Prominence %

1 _ ) @ Solar Flare
3:“1::3':;-, - (4 000 000 C)
Corona Sunspots

(2 000 000°C) (Cooler)



(b)
()

(d)
(€)

(f)

(9)

Dark spots on the
may be

Si ze

months.

(4) Sunspots

Have a dark center.

Occur in pairs. One is a north magnetic ps

and the other is a south pole.

Because of the concentration of magnetic
forces, gases in a sunspot may be as mug

greater
Lifetime varies from a few hours to a few

1,50 C cooler than the surrounding
photosphere.

Due

equator and 27 days near the poles) suns

Mo V €

to the

from

Sunos
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ri ght
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(h) : The number of sunspots varies over.ayear cycle




Solar Flares

A Occur near sunspots

A Particles ejected from
the sun |

© —— Approx. size of Earth



Solar Flare Effects
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5. Stellarr Spednes:

C

a. The Electromagnetic Spectrum

(1)

(a) Travels out in all directions from its source.
(b) Does not need a medium through which to travel.

(2) Electromagnetic energy travels through space at
the




Elgctric
field

Electric energy

Magnetic energy

A Itis a wave made of a mixture efciric andmagneticenergy .

A Small changes in an electric field create a magnetic field next to it.
This in turn creates a new electric field, which then creates a new
magnetic field and so on.

A The wave carries itself along by constantly changing its electric energy
to magnetic energy and visa versa.



Wavelength

Trough
© 20003 Brooks/'Cole Publiahing
& dvision of Thomaon Learning, Inc,




Vvavelengin ana rrequenc

Wave 1 |( wavelength (1) o

- >
one cycle

Wave 2 ( A )

A AN NN
\/\/\/\/

three cycles




Increasing energy

IAVAVAVAVAVAVA VAN

Increasing wavelength

0.0001 nm 0.01 nm 10nm 1000 nm 0.01 cm 1 ecm Im 100 m
| | I 1

Gamma rays Xrays Ullrlo- Infrared Radio waves
violet

Radar TV FM AM

Visible light

400 nm 500 nm 600 nm 700 nm

A You are probably familiar with
similar to what is in many high school textbooks.

A This is actually a simplified version.



The Electromagnetic Spectrum

Wavelengths decrease {Wavelengths in a vacuum)
e}

Wavelengths increase
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A The electromagnetic spectrum is continuous.
i There are no gaps between different wavelengths.

I This means that there is no sharp boundary between where one type ends and another begins.

A Different kinds of radiation gradually change from one to another as their properties
change.

I This results in an overlap at the boundaries.

I The name used may depend on the source of the radiation. Likewise, microwaves overlap
infrared radiation and radio waves.
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D. Sjrisoigs! ey

Spectrograph

Absormption spectrum

(1) Separates light into different wavelengths

(2) Spectroscope . Replaces the
eyepiece of a telescope with a photographic plate




Light source

Slit to form narrow
beam of light

Spectroscope :
f i : i ! Spectroscope
Using a Grating . | ' Uzing a Prispm

| Grating spreads

§ light into spectrum. Prism spreads

light into spectrum.

Spectrum

Spectrum




RINNESIOL OUSEHINB S REG

(a) Spectrum
) Unbroken band of colors
1) Indicates that the source is emitting light of all

visible wavelengths.

Rainbow: The Visible Spectrum

Shorter
wave
lengths




i) Three types of materials emit visible spectra
a) Glowing solids




b) Glowing _liguids




c) Hotcompressedjases — (asin a ste

a




(b) Bright Line Spectrum

Hlue- Blue-
Wiolet wiolet  dreen

& .-II I'I.l_ I"-l
Zas discharge _

tube containing Bright Lines
hydrogen
) Called anremissiorspectrum
i) Light of only _certain wavelengths is present.

i) Originates from chemical elements when in a glowing
gas or vapor state.



Emission Spectrum

S00 600

nanometers

Spectral Analysis

iv) Each element has its own unique bright line
spectrum.




(C) _Awbsorution Speeiviin

1)
i)

Called a spectrum
Continuous spectrum with dark lines created by

selective absorption of light.

Solar Spectrum 4

00 Angstroms

4300
43!

4399




Ausoryion Sjpeeirnm Contlaved . . .

their interiors.
AViost stars have
absorption spectra.
AMhe Sunés

i
spectrum has 67 Uf
elements. -

Continuum
Source




Continuous
Spectrum

Hypothetical

Dark Line
Spectrum

‘ ‘ Hypothetical

Bright Line
Spectrum




Using a Stellar Spectrum to find
the Composition of a Star

emissionsoectrom [ 0 e R ]
l' Hydrogen l' "

Simplified
from a Star

f : IR,

Helium




vi, Inf2rrneg s Anedsonere o1 s

clsinet

a) Planets shine due tq
light.

b) Dark lines present in the spectrum of the
planet that are not present in the spectrum
of the Sun must have originated in the
pl anet 0s at mosphere

—am mm Em — am - am -m ~— am .






0. The Life Cyele o 2 Sins

Dense molecular clouds Star formation

Star death \

Refueling the Solar 'S}-'fitem
interstellar medium. formation



NE DU

(1) About 99% of the cloud [,
IS gas, mostly hydrogen s,

(2) The remaining 1% is du S,
(1/10,000 cm in b i e S
diameter) consisting of SRS
silicon, carbide, graphite Sl -
diamond, and minor
amounts of nitrogen ancg
other elements. '

(3) Average nebula is 25
light years in diameter.




Nebulas- Stellar Nurseries

(4) An outside force (e.qg.,
shockwave from a
supernova) triggers the
force of gravity between
atoms of gas and dust and
they move towards each
other.

(5) Cloud becomes denser.
(6) Temperature increases

(7) Parts start to glow when thil
temperature Is high enoug s
It iIs now a




Protostar Formation

‘eApprox. 250 light‘years—>|

SR

Interstellar cloud

(- Ie— Approx. % light-year ——9{

Leftover
gas and

b .|<—Aféw_l:*':<:ired AU~ il

b. Continued contraction increases the density of
the protostar.

c. Fusion begins and the star is born.







(not to scale)

Main
Cloud of Gas and Dust Protostar Sequence Red Giant White Dwarf




d. When the release of energy
counterbalances the force of gravity the
star stops contracting and Is said to be in a




Blue Stavs

(1) Massive blue stars may reach a stable state in
a few hundred thousand years.






Yelllgy Starrs

(2) Less massive yellow stars may take millions of
years to reach a stable state.



Luminosity

Characteristics of Stars

(Name in italics refers to star represented by a @.)
(Stages indicate the general sequence of star development.)
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Stars

A

Small
Stars



e. Eveituzlly the light muele in thiecoves
(helium in the casecof thecSun)beérsme deplated.cc

(1) Energy of fusion no
longer balances the force
of gravity and the core
contracts again.

(2) The core heats up and
the staros ou
expand causing the star
to radiate more light and
become brighter.




(3)
(4)

700 millior km

Hydogenbumng shel
) rHewm-Dumi'g shell
~Caton-bumng shell
Cxygen-tumitg shel

~INeon-ourring shell

Slicor-bumin: she

Fusion starts again in the outer layers but the core is now composed
of only helium.

The result is the continued expansion of the star and the formation
of a red giant or aupergiant.



The Sun

L
Size of Star
i The Earth
Size of Earth’s Orbit

| —
Size of Jupiter’s Orbit

Atmosphere of Betelgeuse ~ HST-FOC

PRC96-04 - ST Scl OPO - January 15, 1995 - A. Dupree (CfA), NASA Red Giant

Astronomers estimate that the Sun could be 160 times
Its present diameter. This will be beyond the position
of Earthos orbit (about 1.

5




White Dwarif

(1)Final Stage of a (not to scale)
star os | i

(2)Most fuel is
depleted

(3)Weight of outer
layers no longer
supported by temp.
and pressure of the
core

Red Giant White Dwarf

(4) Collapse of the gia
sgueezes the nuclei of its atoms together and the star becon
white dwarf that is most likely no larger than Earth.



White Dwarf Stars Continued . . .




