Week 1

 

The Scientific Method:
· Observation
 Observe to understand something.
· Hypothesis 
Make an educated guess on what you have observed. Explain why it happened.
· Experiment
 Show that it is true, formulate an experiment to prove your hypothesis.
· Conclusion
 Return to hypothesis, explain why it is right or wrong. Make new hypothesis. 
· Reproducibility
 Experiments must be reproducible by other individuals who are not in any relation with you.
 

The Electromagnetic spectrum - EM
-Astronomical information is transmitted by starlight.

-Starlight tells us the star’s temperature, chemical composition, motion, pressure, magnetic fields, etc.

 

Light: mutually perpendicular oscillating electric and magnetic fields.

Light is an electromagnetic wave. Example, water waves coming into your eye, or tiny particles coming into your eye. The distance between waves in known as wavelengths.
Light has a wave/particle duality. Tests can be done to show light as both a wave, and as tiny particles.
 

Light moves in wavelike pattern at a speed of c = 3 x 108 m/s.
The speed of light is a constant in space but can be slowed down on earth when it passes through matter such as plastic or glass. 

Wavelength: distance between peaks of wave.

*represented by λ
 

Relativity suggests that only light can travel at the speed of light, however it doesn`t deny the possibility of other matter which can travel faster, ie.tachyons
Tachyons: comes from Greek word speed. Theoretical faster-than-light particles. 

 

-The measurement used for measuring wavelengths is a nanometre-one billionth of a metre stick

 

1 nanometre = 1 nm =   1m        = 1 x 10-9 m = 10-9 m

         1 x 109
 

Wavelength =colour. 

Wavelengths of light let us see colour; different wavelengths produce different colours. 

 

λred = 700 nm = 700 x 10-9 m = 7 x 10-7 m

λviolet = 400 nm = 400 x 10-9 m = 4 x 10-7 m

λGreen/yellow= 550 nm= 550 nm x 10-9 m = 5.5 x 10-7 m

 

-Visible colours: ROY G BIV

-Photons: bundles of energy – light as a particle.

-Humans can see wavelengths of  400 nm to 700 nm

-When humans see all the wavelengths of light at once the eye perceives them as white light, and when no wavelengths are present humans see black. 

-Humans can not see ultraviolet light, x rays or gamma rays. These are harmful for your eyes, and require protection. They have extremely short wavelengths and are also dangerous to our cells/organs. 

-We feel infrared as heat radiation while radio waves pass right through us. These are long wavelengths are thus far deemed as non-hazardous to our bodies. 

 

SHORT WAVELENGTHS
 

GAMMA RAYS

X-RAYS

ULTRAVIOLET

VISIBLE (400 nm- 700 nm)

INFRARED

MICROWAVES

RADIO WAVES

 

LONG WAVELENGTHS
 

Frequency

Frequency = f = number of wave peaks passing a given point each second.

Frequency is measured in waves per second; complete cycle per second = cycles/s  is measured in Hz (hertz). 

 

F = c/wavelength

 

Fred = 3 x 108 m/s = 4.3 x 1914 cycles/s =4.3 x 1014 Hz.

        700 x 10-9 m

 

FViolet = ?

 

How to Determine the Temperature of a Star!!
 

1.Planck Curve (Planck Blackbody Curve)

 

· Get star in telescope.
· Put a sequence of coloured filters at eyepiece end of telescope. (ROY G BIV)
· Starlight passes through filter and then data is entered into computer.
· Computer gives numerical value for light intensity passing through each coloured filter.
The Planck curve is a graph of colour wavelength vs. Intensity.
Black body is the theoretical body that absorbs all wave lengths that are shone upon it.

· Planck Blackbody Curve is a graph that is intensity vs. wavelength.

· λdom or λmax is the value you are looking for on the graph. It will tell you which wavelength is predominately being emitted by the star and is represented by the highest peak on the graph. 
 
 

2.Calculate temperature via WIEN formula:

 

T = 0.0029 m•K

λdom
 

T =        0.0029  m•K

      550 x 10-9 m

 

T = 5272.7 ~ 5300 K

 

The surface temperature of our sun is ~5800 K.

 

-273 degrees Celsius is known as absolute zero. Can not get any colder than this because it is at absolute zero that atoms/particles stop moving and therefore behaving in a manner we are familiar with. Kelvin scale begins at 0 K = -273 degrees Celsius, therefore there is no negative degrees Kelvin. 

- Room temperature is roughly 273 Kelvin.

 

Energy of Light
· E = hf 
h = Planck constant = 6.625 x 1034 joules/sec 
f= frequency

 

C = fλ
 

f= C 

     λ
 

λ= C
      f    

 

-A joule is ¼ of a calorie

 

E=hf

Ered= (6.625 x 10-34 J/s) (4.3 x 1014 cycles/s)

Ered=2.85x10-19 J

 

-Shorter wavelengths produce higher frequencies and energies.

 

Spectra
A spectrum is single, spectra is plural. 3 types of spectra that we can obtain.

Kirchoff’s Three Laws of Spectral Analysis

 

1. Light from a hot, dense gas or solid object, when passed through a prism, produces a merging rainbow of colours = continuous spectrum.

[image: image1.png]



 

1. A hot low-density gaseous element (i.e. Helium or Hydrogen) bright coloured lines on a dark background = emission spectrum, aka. The Hydrogen Spectrum. 

Does not show all colours, not continuous. This is the spectrum of hydrogen. Emits two blues (Gamma and Delta), one green (Beta), and one red (Alpha).

 
[image: image2.png]



 

 

1. When light having a continuous spectrum passes through a cooler gas, the gas absorbs specific wavelengths = dark lines on a rainbow background = absorption spectrum.

 
[image: image3.png]



 

 

 

The Bohr Model of The Hydrogen Atom
· Proton carries positive charge.
· Electron carries negative charge.
· 1913: electron is in circular orbit around the proton
· Add the appropriate amount of energy to the atom and this will excite the electron and make it jump a higher PERMITTED orbit, further away from the center of the atom  ('The Excited State')
· Electron can later move to a lower PERMITTED orbit by releasing the excess energy as a burst of radiation = a photon of light ( = de-excited)
· These emitted photons strike a film/screen to produce the hydrogen spectrum.
· The spectra of ALL elements are proceed in a similar manner.
 
 

The Doppler Effect in astronomy
-If the entire pattern of spectral lines is: 

-shifted to the blue end of the spectrum it means that the star you are looking at is moving towards you because the wavecrests are closer together

-shifted to the red end of the spectrum it means that the star you are looking at is moving away from you because the wavecrests are further apart. 

 

A shorter distance between wavecrests (= wavepeaks) – the object is moving toward you – “blue-shifted”
A greater distance between wavecrests – the object is moving away from you – “red shifted”
 

 

The Doppler Effect to determine direction of motion
 

-Take the spectrum of a stationary (not moving) source, (ex. Hydrogen) in the laboratory. 

-Take the spectrum of a moving object (ex. Star)

-Compare the two spectra.

 

Doppler Effect to determine velocity
 

-Let c = speed of light = 3 x 108 m/s

-Δλ= wavelength difference between lab and stellar spectra.

-λLab = wavelength on lab spectrum

-vr = radial velocity of star

 

Therefore:  vr = c Δλ 

                            λLab
 

Vr = (3 x 108 m/s)(434.1 – 434) nm
                         434 nm

Vr=6.91x104 m/s

Vr = 6.91 x 102 km per sec.

Vr=69.1 km/s

 

Radial Velocity Problem
 

A spectral line of hydrogen has a wavelength of 656.2850 nm in the lab. This same line appears at 656.2927 nm in the spectrum of Regulus. Is Regulus approaching or receding? What is its radial velocity?

Regulus is receding; this same line has a longer wavelength in the spectrum of Regulus, so it is red shifted, moving away from us.

 

Vr = c Δλ = (3 x 108 m/s)(656.2927 – 656.2850) nm 

         λLab                                     656.2850 nm

Vr = 3500 m per s = 3.5 km per sec.

 

Using the Doppler effect discussed here, how can you tell that our sun rotates?

Because by studying it we can tell that the sun recedes and approaches us at the same time, and the only way something can approach and recede is something that is rotating. 
 

 

 

Week 2

January-13-11

3:26 PM

 

 

Distance Units in Astronomy
 

-Lightyear = ly: distance that light travels in one year. 

                                 1 ly = 9.5 x 1015 m.

No object that has mass can travel at the speed of light. 
-Parsec = pc: 1 pc = 3.26 ly.

-Astronomical unit = AU: average distance between the earth and sun.

 

The Hubble Law
-A galaxy is large assemblage of stars and contains from a few thousand to trillions of stars, all held together by gravity and orbiting a common center.

-Hubble and Humason determined the DISTANCES and RADIAL VELOCITIES of FARAWAY galaxies.

All faraway galaxies are redshifted and receding from us. 

The HUBBLE LAW: The radial velocity of a galaxy is directly proportional to distance – Farther galaxies are receding faster.

Vr oCd

Vr = Hod

D = vr
Ho
Ho = vr
D

Ho = 75 km/s
Mpc

 

1. The universe is expanding

2. There was a heat event at the beginning of space and time as proven by the discovery of CMB.

 
D (distance) = velocity x time.

Time = distance / velocity.

 

Cosmic Microwave Background
Radiation = CMB (Also CBR)

· 1965: Arno Penzias and Robert Wilson, radio astronomers at Bell Labs.
· Working with the first communications satellite, TELSTAR.
· Detected a persistent radio hiss coming from ALL DIRECTIONS in the sky at a wavelength of 
· λ = 1.063 x 10-3 m.
· The temperature of the source can be determined from the Wien formula.
· T= 0.0029mk
λdom
· T = 2.728 + 0.004 K = 3k = CMB
· This is the temperature of empty space between the stars. Some event must have heated the Universe.
 
Cosmology
Penzias and Wilson had accidentally discovered the remnant (leftover) heat from the birth of the Universe. (Big bang theory)

1. The universe is expanding

2. There was a heat event at the beginning of space and time as proven by the discovery of the CMB.

Thus the universe originated in an explosive event called the BIG BANG.
 

CMB Confirmation
-1989: Cosmic Background Explorer Satellite (COBE) was launched. 

Provided an above-atmosphere measurement of the CMB.

Confirmed that the CMB is 2.728 = / – 0.004k.

-2001: Wilkinson Microwave Anisotropy Probe (WMAP) was launched. 

It has a 30 times greater resolution than COBE.

Confirmed the value of the CMB.

Still giving info about the composition, geometry, history of the Universe and the amount of matter within it.

 

 

The Cosmological Principle
The universe is:

1. Isotropic: It looks the same in all directions.

2. Homogeneous: matter is approximately evenly and uniformly distributed. Every region is the same as every other region.

3. Universal: The laws of physics are the same everywhere.

 
The History of the universe
	Time After Big Bang
	Event

	< 1 s, t = 1 x 1012K

1000

 

4 s

 

 3 minutes

 

30 minutes

 

380,000 years. T = 3000 K

 

 1 x 109 years

 

2 x 109 years

 

? years
	All types of elementary particles in existence. Particle transmutations occur.

 

 

Matter and anti-matter begin annihilation to produce energetic photons.

 

Neutrons and protons fuse to form helium Nuclei
 

Elementary particle transmutations cease.

 

Recombination Era -> photon energies have declined enough such that Hydrogen and Helium ATOMS can survive.

 

Galaxies form

 

Stars form

 

Present time = age of the universe


 
 

The Age of the Universe = Hubble Time​
 

-Recall Hubble law: 

Vr = H0d where we use a Hubble parameter of 75 km/s
                         Mpc

-Recall that d = vt; replace d in above equation

V = H0vt (divide v by v and you get 1)

1 =H0t

t = 1/H0 

 

Hubble Time = Age of Universe= T=1/H0
t = 1   
75 km/s      (when there is a fraction over a fraction, the one at the bottom is moved to the top!)

     Mpc

 

t = Mpc
  75 km/s

 

t = 3.09 x 1019 Km     (the seconds (s) at the bottom moves to the top and the km cancels out)

          75 Km/s

 

t = 4.12 x 1017s

 

t = 13.1 x 109 years

 

t ~ 13.1 billion years

 

Types  of Universe
 

· Open universe – density of matter is low -> Gravity is weak -> Universe expands forever.
· Closed universe: Density of matter is high -> Gravity will halt the expansion and re-contract the universe. If this happens repeatedly, we have an oscillating universe.
· Flat universe: Universe contains the so-called critical density of matter -> galaxies barely manage to AVOID re-collapse.
 
ρcmf=5protons                           
              m3                                            ρ= density

 

-If you find less than 5 protons per cubic meter than the universe will expand forever

-If you find more than 5 protons per cubic meter than the universe will collapse on itself

-If you find 5 protons per cubic meter the universe will oscillate and last forever

 

 

 

 Future of an Open or Flat universe
	Time after Big Bang
 

1: 1 x 1012 years 

 

2: 1 x 1014 years

 

3: 1 x 1017 years

 

 

4: 1 x 1018 years

 

5:1 x 1030 years

 

 

 

6:1 x 10100 years

 

7: Far future
	Situation
 

Hydrogen and Helium are depleted so that no new stars can form.

 

Existing stars run out of fuel.

 

All stars will have experienced ~ 100 disruptive encounters, flinging their planets into space.

 

Evaporation of stars and collapse of galaxies into Black Holes at their centers.

 

Protons decay ????

P+→ e+ + v (a positron and neutrino; antimatter)

e+ + e- → γ (a photon = a burst of radioactive energy)

 

Hawking → Black Holes decay

 

The Big Fizzle = an ever-expanding gas of electrons, protons, neutrons, photons.
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 Future of a Closed  or Oscillating Universe
	Time after Big Bang
 

1: 1 x 1012 years 

 

2: 1 x 1014 years

 

3: 1 x 1017 years

 

 

4: 1 x 1018 years

 

5:1 x 1030 years

 

 

 

6:1 x 10100 years

 

 

 

7: Far future
	Situation
 

Hydrogen and Helium are depleted so that no new stars can form.

 

Existing stars run out of fuel.

 

All stars will have experienced ~ 100 disruptive encounters, flinging their planets into space.

 

Evaporation of stars and collapse of galaxies into Black Holes at their centers.

 

Protons decay ????

P+→ e+ + v (a positron and neutrino; antimatter)

e+ + e- → γ (a photon = a burst of radioactive energy)

 

At some unknown future time, re-contraction begins. Faraway groups of galaxies become blue-shifted, the density of the Universe increases, Black Holes increase in number and feast on everything within reach.

 

Black Holes will meet and coalesce (merge) into ONE Black Hole.

= the universe = the new singularity

= THE BIG CRUNCH

Nemesis: the theoretical name of the interruption between the sun and other things.


 
 

Possible topic: The arrow of time: Steven Hawkings theory that time will reverse and go backwards
 parallel universes
 

How to decide among these futures
Is there sufficient matter to exert a strong attractive gravitational force?

> 5 protons per m3 of space

-Gravity will dominate and re-contract the universe

→a closed or oscillating universe

 

< 5 protons per m3 of space

-Gravitational attraction among all particles is insufficient to “close” the universe.

→ An open universe that expands forever
 

 

Density Measurement of Universe
When we sum all observed, luminous matter, we do NOT find enough matter to re-collapse the Universe; we do not find 5 or more protons. 

 

What about non-luminous matter?

Clouds of dark gas, planets, dead stars, Black Holes, neutrinos...

... DARK MATTER 

The ultimate fate of the Universe is still undetermined.
(What is dark matter: we do not know, it is undetermined)

 

The further an object is from the center of mass the slower it moves. 

-Newton and Kepler 

 

DARK MATTER
-A Galaxy Rotation Curve plots star velocities vs. their distance from the center of the galaxy.

-Vera Rubin determined that star velocities measured at the edge of our galaxy violate Newtonian and Keplerian laws; The stars move at the same speed!!

-Invisible material called DARK MATTER permeates our galaxy (And other galaxies);It exerts a gravitational influence on the stars causing them to move faster than expected.

-LG(Local Group- group of galaxies moving through space together which the Milky Way is a part of)

-Andromida is the one of the only galaxy in our LG which is moving towards us.

-DARK MATTER also affects members of a group of galaxies.

-The nature and composition of the DARK MATTER are unknown.

Could it be non-luminous normal matter?
-Scientists thought that it was non-excited Hydrogen because Hydrogen makes up the majority of the universe. However Hydrogen in any state gives of a radio signal and Dark Matter does not; therefore its not Hydrogen. 

Unknown types of particles?
Gravitational effects from galaxies in a parallel Universe?
 

The universe is composed of:
4% Baryonic Matter= normal matter (protons, neutrons, etc.)

23% Dark Matter

73% Dark Energy (presently causing an acceleration of our Universe = another mystery!)

 

Dark Energy
aka. Quintessence, the Vacuum, the cosmological constant. 

Totally empty space, the Vacuum, contains energy; it doesn't just sit there

-energy can spontaneously change to mass, but instead of turning into mass this energy caused the universe to expand faster and faster. 

-Dark Energy drives the recently-observed acceleration of the universe

 

INFLATIONARY COSMOLOGY = INFLATION
Alan Guth    Andre Linde    Scientific American, November 1994, p.48

 

-Pairs of virtual particles “pop” into existence from the vacuum and quickly annihilate each other.

-Virtual particles are permitted to exist by the laws of Quantum Mechanics.

-Proven to exist by the Casimir Experiment.

 

Inflation -> pre-Big Bang there was an infinite energy field and our Universe simply “popped” into existence as some of this energy spontaneously converted to matter.

E=mc2 → M = E/c2
 

-When brand-new and still small, our Universe "popped" into existed, paused for the tiniest moment in order to achieve thermal equilibrium and then rapidly expanded. 

-A fraction of a second after the Big Bang, the Universe expanded dramatically by a factor of ~1030.

-Same-temperature regions became widely-separated.

This explains the universal CMB = 2.728K ~ 3K in all directions of space.

-Inflation: this process is never ending and other Big Bangs arise from the infinite Vacuum to produce other universes!!

Similar to a froth of bubbles (universes popping into existence constantly)

The Multiverse is the set of ALL universes.
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Galaxies
Recall the COBE satellite which was launched to confirm the CMB ~3K (2.728 K)

COBE was LATER asked to seek VERY small temperature variations in the CMB.

COBE found TINY temperature deviations of +/- 0.0003 K.

COBE confirmed that the CMB was ~3 K.

A color-coded map was produced of the sky as seen from Earth.

Pink regions = 2.728 + 0.0003 K

Blue regions = 2.728 – 0.0003 K

Galaxy theorists hypothesize that galaxies “condensed” at the interface between warmer and cooler volumes of space.

 

Galaxy Formation 2
The first stars to form after the Big Bang were extremely massive... Hundreds of times the mass of our Sun.

These stars only lived a few million years and exploded as supernovae, leaving Black Holes as remnants.

These massive Black Holes attract gas and dust into orbit.

Over time, the system attracted more matter until a galactic mass was present.

Massive Black holes are found at the centers of most galaxies.

 

Properties of Galaxies
A galaxy is a gravitationally-bound collection of stars, gas, dust and radiation.

Galaxies range from thousands to hundreds-of-thousands of lightyears across.

Galaxies contain from thousands to trillions of stars.

Galaxies usually gather into groups.
Many groups = a galaxy cluster.
Our Milky Way is the LOCAL GROUP which consists of about 40 member galaxies.

Our Sun lies about 8 kpc ~26,000 lightyears from the center of the Milky Way.

Our Sun travels around the Milky Way galaxy at ~220 km/s.

 

Globular Clusters
A globular cluster is a spherical distribution of ~105 to 106 stars.

Typically only a few hundred lightyears across.

Formed early in the life of a galaxy and contains the oldest stars known.

Follow random paths through their home galaxy -> do NOT move ~ circularly in the plane (disk) of the galaxy as most stars do.

 

The Hubble Classification System
· Spiral (S)
· Barred Spiral (SB)
· Ellipticals (E)
· Irregulars (Irr)
· See handout for characteristics of each type.
· You can assist the SLOAN galaxy survey: http://www.galaxyzoo.org/default.aspx
 
Colour of Galaxies
· The colour of a galaxy is the sum of colour contributions from its stars.
· Ellipticals: reddish-orange from old stars.
· Spirals: bulge is reddish-orange from the presence of old stars there.
· Spiral arms are blue from the presence of hot young stars (forming from the gas and dust in the arms)
· Irregulars: contain largest amounts of gas/dust are the bluest galaxies known and support the most active star birth.
 
Luminosity
· Luminosity = L = Total energy emitted each second.
· L = 4 π R2 σ T4
· R is the radius of objects in meters (m)
· T is temperature in Kelvins (K)
· Pie and o (omega) are constants.
 
Approximate mass of a galaxy
· If the luminosity, L, of a galaxy is n times the luminosity of the sun, nLo, 
· We can roughly estimate it’s mass to be n times the mass of the sun, nMo.
· The Milky Way is estimated to have a luminosity of Lmw ~1 x 1011 Lo. Provide a rough estimate of its mass.
· MMW ~ (1 x 1011)(1.99 x 1030 kg)
· MMW ~ 2 x 1041 kg.
· Galaxy masses range from ~1 x 105 Mo to ~1 x 1013 Mo.
· Our galaxy, the Milky Way, has a mass of ~5.8 x 1011 Mo.
 
Morphology of Spirals
· Spirals spin faster than elliptical and have higher angular momentum, L=mvr. Born in a turbulent environment???
· Spirals form/contract slowly and have gas/dust to support ongoing star birth.
· Spiral structure is extremely delicate and would be destroyed in a collision with another massive galaxy.
· Obvious spirals have NOT undergone major collisions.
 
Morphology of Ellipticals
· Ellipticals rotate more slowly than spirals. Born in a quiet environment???
· Ellipticals contracted faster and triggered early star formation that used up their dust and gas.
· Galactic Cannibalism: Mergers of galaxies produce a Giant Elliptical at the ~center of a group of galaxies.
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Quasars = Quasi-stellar objects = QSO’s
~1960 Spectra were obtained for two blue star-like objects: 3C48 and 3C273

Their spectral lines could not be identified, until.

~1963 Maarten Schmidt realized that we were looking at EXTREMELY red-shifted Hydrogen lines = Large Δ λ
 

Vr = c Δ λ
Change in lab

 

Let Δ λ = Z such that

Change in lab

 

Vr = cz        z is called the “redshift”

Vr = c (503 – 434) nmé434 nm

Vr = c (0.16) = 0.16 c

=16% of the speed of light

Vr = 0.16 (3x108) m/s

= 4.8 x 107 m/s = 4.8x104 km/s

Similarly, 3C48 was moving at 0.33c = 33% of the speed of light.

Hundreds of quasars are now known and all are extremely red-shifted.

What is the distance to 3C273?

D= vr 
H0
d = 4.8 x 104 km/s
75 km/s/Mpc

D = 640 Mpc

D = (640 x 106 pc) (3.26 ly) = 2.09 x 109 ly

1 pc

d ~ 2 billion years away.

The fastest, most distant Quasar known has z = 10

Consider a Quasar with z = 4.11

Since vr = cz, is this Quasar moving at 4.11 times the speed of light?

NO! No material object can exceed the speed of light.

For z > ~0.5, we must turn to relativity.

Vr = (z+1)2-1) c

(z+1)2 + 1)

Vr = (4.11 + 1)2 -1 c

= (4.11 + 1)2 +1

= (25.11/77.11)c

= 0.93

If hubble law is valid, this Quasar must be VERY far away.

D = v
Ho
D = 0.93 (3 x 105 km/s)
75 km/s
Mpc

d = 3720 Mpc = 12 x 109 ly

~ 12 billion years.

 

-Because Vr oc Δ λ, the radial velocity of Quasars is large.

-Because vr oc d, the distance to the Quasars is great.

 

Quasars
-The See Quasars over such vas cosmological distances they must intrinsically be VERY BRIGHT!

-Quasars often emit as much energy as 100 to 1000 normal galaxies combined

-the size may be determined by a technique known as lunar osculation

-the moon is very close and Quasar is very far away but there is an apparent effect 

-(osculate-to kiss) the moon osculates the quasar

-Apparent size of quasar d=vt

-After we make corrections to account for the distance of the Quasar, we find that QSO 3C73was the size of a large star

-How could  the energy of a 100 to 1000 galaxies be produced by an object the size of a large star??

-How could this energy be produced from such a small volume?

 

 

The Mechanisms of a Quasar

Quasars are usually found in groups of galaxies.

 

The Quasars and the galaxies have similar redshifts.

· Similar velocities
· Similar distances
· An association
 
-“Fuzz” around Quasars shows stellar absorption spectra which are typical of galaxies.
-Quasars are very luminous centers of distant, young galaxies.

-Quasar energy is radiated by matter swirling in an accretion disk around a super massive Black Hole.

 

T = 0.0029 m.K                       ΔDom = 0.0029 m.K
         ΔDom                                                  T
 

Summary of Quasar properties
-Small, compact, blue objects (quasars appear blue because they emit high levels of x-rays which we cannot see...the closest visible wavelength humans can see is blue)

-Look like faint starts in photographs

-X-ray emission

-Large redshifts such that UV (ultraviolet) spectral lines appear in visible portion of the spectrum.

-Spectra are dominated by emission lines.

~10% are radio sources

-Optical luminosities are 100 to 1000 times that of normal galaxies.

-Many vary in intensity over days or weeks.

-Some Quasars exhibit jets (optical or radio)

-Quasar = active center of a young galaxy. 

 

 

Birth of Stars...Lives of Stars...Interstellar Matter
-Dust and gas fill the space between the stars.

-Stars form out of the dust/gas in space.

 

Dust
-Dust is ~1% of the total visible mass in space.

-Obscures our view of distant objects.

-Is a mixture of: 

-elongated, tiny grains of dirty ice (shaped like needles),

-grains of graphite (carbon), 

-silicate particles, 

-and -complex molecules.

 

Interstellar Reddening
-Light from a star passes through the dust.

-The dust particles are ~same length as blue wavelengths (λ) 

-The dust scatters blue wavelengths more than red wavelengths; a large number of red photons pass unhindered through the dust and reach the observer...

Therefore: Star appears redder than it actually is.

 

GAS
There is ~100 times more gas mass than dust mass in the universe.

 

Gas ~ 100

Dust

 

The visible Universe contains:

~75% Hydrogen

24% Helium

<1% other

 

 H1 Regions
-These are clouds of neutral (=NOT ionized) Hydrogen.

-Contain ~1 Mo to 100 ~Mo-
-The cold Hydrogen gas is in its ground state (n = 1 orbit)

-The hydrogen atom has TWO possible ground state configurations:

-parallel spin

-anti-parallel spin

-The proton and the electron can turn in the same direction or in the opposite direction

-The electron can undergo a spontaneous “spin flip” (change the direction of its rotation)from the aligned (= parallel) state to the Opposed (=anti-parallel) state.

-It is easier for the atoms to spin in opposite directions than in the same direction, therefore when a spin flip occurs the excess energy must be released

-Excess energy is released as a tiny burst of radiation= a photon of definite wavelength of 21 cm; λ= 0.21 m.

-The wavelength is in radio region of EM spectrum- far beyond the visible spectrum

-The corresponding frequency is:

f= c
     λ
F=1.42 x 109Hz 

  = 1.42 billion   (1.42 GHz)

 

This wavelength is used to map the Milky Way Galaxy, and to search for messages from extra-terrestrials.

 

Starbirth Scenario
Consider an interstellar molecular cold H2 cloud.

· ~ 10 lightyears across and containing (104 – 106) Mo- 
 
(Mo- is the symbol for the mass of the sun.)

 

-Random particle fluctuations in the cloud act as gravitational foci to attract more material.

-Gravitational force is proportional (oc-ȣ (on its side)) to mass.

 -Contracting condensates within the cloud dissipate their gravitational energy as heat (infrared radiation)

-Particles coming off the surface of a star – stellar winds

-Material falling onto a condensate -> internal heat and shock waves which dissociate the H2 molecules within it. (The heat and shock causes them to split)

-This contracting object is a PROTOSTAR (Not a star, will become one)

-When the core (the central 10 – 15%) of the Protostar reaches 10 million K = 10 x 106 K = 1 x 107 K (Takes millions of years to get to this temperature)

-Hydrogen-based nuclear reactions begin in the core and a star is born.
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MAIN SEQUENCE STAR

 

-A star which has a hydrogen based (H-based) nuclear reactions in the core is a Main Sequence Star.
-The entire birth process takes 106 to 109 years for an average star.

-Roughly 5 – 8% of stars are MASSIVE. Masses much greater than the sun.

-The process is faster for a massive star due its size ~105 years. The pressure it exerts on its core is much greater and therefore the process is much faster. 

 

THE MAIN SEQUENCE STAGE

-At Tcore​ = 10 x 106 K (the is the minimum temperature the core must be at for the nuclear reactions to continue)

- Hydrogen fusion nuclear reactions in the core produce outward radiation pressure to counter-balance the inward pull of gravity.

-A Main Sequence star spends its life in this delicate balance between outward pressure and inward gravitational pull. 

-90-95% of stars are Main Sequence stars....including our sun

-If the star uses all its fuel, it will collapse inward. Larger stars create black holes when they collapse.

-We look at the nuclear reactions which occur in the core of a Main Sequence star... Like our Sun.

 

Hydrogen Fusion Reactions = Proton-Proton Chain
-When protons approach each other at a distance of 10-15 m of each other a burst of energy is released and the protons fuse to create a new atom.

-The strongest force in the universe is the strong nuclear force / strong force / nuclear force. Happens when two atoms are as 10-15 meters close.

 

 

1H + 1H -> 2H + e+ + v.                 (deuterium, positron, neutrino)

e+ = the equivalent of anti-matter.

2H + 1H -> 3He + y                (Helium isotope, radiation burst (photon))

3He + 3He -> 4He + 1H + 1H             (helium, hydrogen)

 

-A small amount of mass is released as energy (4.3 x 10-12 J) 

-Not much energy produced BUT a typical star has 1038 such reactions each second!

-Therefore, the energy produced each second is (4.3 x 10-12 J)(1 x 1038) = ~ 4 x 1026 W

-This is the luminosity (energy per second) observed for our sun (a typical star)

-Set of nuclear reactions that occur in most stars. This is what powers stars and our sun. 

-Neutrinos are extremely difficult to catch. Scientists have had an extremely difficult time catching any.

-Two hydrogen’s will repel each other, but once the temperature meets 10K and come as close as 10-15 meters, and force them to merge into deuterium.

-As long as the nuclear reactions are occurring, the star will have a fine balance and live. If it did not occur, star would collapse.

-The burst of radiation takes roughly 100,000 years to reach the surface.

-The parts on the left are always greater mass than the right side. Energy is created and released during the transformation process.

 

 

Dark Matter Revisited – Vera Rubin
Examine the velocity of stars at various points along the galaxy’s radius.

A graph of velocity vs. distance from center of galaxy = Galaxy Rotation Curve.

Invisible material called Dark Matter permeates the galaxy.

It exerts a gravitational influence on the stars causing them to deviate from Newton’s and Kepler’s laws.

DARK MATTER also affects members of a group of galaxies.

There is MORE mass in a galaxy and in between galaxies in groups than previously believed.

This mass gives NO signal (we only detect its gravitational influence on luminous objects)!

Unknown massive particles?

Many,many light particles, eg. Neutrinos?

Largish escaped planets?

Many dim/failed/dead stars?

Black holes?

Gravitational pull from a parallel Universe?

The nature/composition of Dark Matter is still UNKNOWN
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A “Main Sequence” star fuses Hydrogen nuclei into Helium nuclei deep in its core (=proton-proton chain) Hydrogen is slowly declining as stars continuously use it up.

In order to force the protons near each other, the core temperature must be 10 x 106 K = 10 million K.

4H ->->1 He

Hydrogen content goes down, helium content boosted

~1038 such reactions occur each second. 

MASSIVE Stars: greater core densities and greater core pressure. A massive star is 10 x the mass of the sun or greater. 5-8% of stars are massive.

Massive stars have faster rate of hydrogen fusion. Their lifetimes are a few million years shorter than main sequence lifetimes.

Average, normal stars (like our sun) will fuse Hydrogen over a lifetime of several billion years.

90-95% of stars are Main Sequence stars.

 

The Sun
-Massive stars only live for a few million years, our sun is NOT a massive sun

-The weight/gravity of a massive star is so immense that it heats the core faster and therefore its life is ended faster. 

-Normal stars-like our sun- live for billions of years.

-Our sun, a normal star, will fuse hydrogen in its core for a total of ~10 billion years.

-Our sun is now 4.5 billion years old.

 

Nemesis
-~55% of stars have a companion-they are not born on their own

-our sun seems not to have a sibling (this is not yet been confirmed)

-Mass extinctions occur on Earth ~every 25-30 million years. (All the animals die) 

-Perhaps the sun has a never-observed companion which comes near to the Sun periodically (approximately every 25-30 million years). 

-It disturbs the orbits of nearby comets, asteroids and meteors.

-These may crash into Earth and precipitate mass extinctions.

-Nemesis: the  theoretical name of the interruption between the sun and other things.
-Nemesis is the goddess of divine retribution who punishes excessive pride, undeserved happiness, and the absence of moderation.
 

 

Characteristics of Nemesis
If it exists

Mass ~0.01 Mo (one-one hundredth the mass of our sun).

Distance = 89 x 103 AU. ~ 90,000 AU

AU = average distance between earth and sun.

Period ~ 26 million – 30 million years.

 

The Red Giant Phase
-When stars run out of hydrogen reactions diminish and gravity wins pulling the core in (gets smaller)

-Core runs low on Hydrogen fuel and contracts dramatically.

-Core contraction = temperature rise in core.

-At T=100 x 106 K = 1 x 108 K = 100 million Kelvin, helium is produced.

-Helium-based nuclear fusion reactions take place in the core.

*nickname for helium is Alpha (α)

 

Helium Fusion Reactions = Triple α Process
4He + 4He -> 8Be + y (beryllium, radiation burst)

Left side has more mass than right side because some mass is changed to energy.
 

4He + 8Be -> 12C + y (carbon, radiation burst)

Note that three Helium nuclei fuse to form one Carbon nucleus. 

A small amount of mass is converted to energy & released.

This process reverses the processes of collapsing.

 

Shell Fusion
H fusion: Tcore = 10 million Kelvins = 10 x 106 K
He fusion: Tcore = 100 million Kelvins = 100 x 106 K
-There is a temperature gradient from the core to the surface of the star.

-Around the He-fusing core there is a shell of stellar material which is at 10 million Kelvin = 10 x 106 K.

-Hydrogen fusions take place in this shell.

-Red = cooler surface; surface cool as gas expands

-Star has expanded so star becomes larger, surface becomes cooler.

-Core + energy + shell energy -> increased radiation pressure outward.

-Star expands and surface reddens = a red giant.

-A Red Giant star is NOT fusing hydrogen in its core (it is no longer a main sequence star) 

-Our sun is too small-has insufficient mass- to induce carbon fusion...it will just slowly fade away 

-A very massive star can undergo SEVERAL red giant phases. Successive core contractions can produce   He, C, O, Ne, Mg, Si in the core and in surrounding shells.

 

Evolutionary Stages of Massive Star (25 Mo)
Hydrogen Fusion                 7x106
Helium Fusion                      7x105
Carbon Fusion                      600 years

Oxygen Fusion                      6months

Silicon Fusion                        1 day

Core collapse                        1/4 second

Core bounce                         milliseconds

Super Nova                           10 seconds 

 

-As massive stars go through different fusions, the materials created support the star from collapsing for less and less through each stage-the heavier the fusion element the shorter the life of the fusion process

-There is no sun with a large enough mass to fuse Iron, therefore once only iron remains in a sun's core the sun dies.

 

 

Evolutionary Stages of a Normal Star (< 4 Mo)
-90 – 95% of stars are regular. They are less than 4 times the mass of the sun.

-Our sun is a normal star, and it is not massive.

-Our sun and stars are similar mass can ONLY fuse H->He and He->C

-When our sun has a core consisting of Carbon (and a little bit of Oxygen_ it will DIE because our sun has insufficient mass to perform C-based nuclear reactions needed to generate outward pressure and balance the inward pull of gravity.

-Stars form out of hydrogen and helium in vast interstellar clouds.

-As the universe ages, hydrogen is being transformed into heavier elements inside the star.

-The hydrogen component of the universe is always declining. The abundances of heavier elements are increasing.

-Eventually new stars will cease to form and the stelliferous era will end. (stelliferous means star bearing)

-As the stars die, the universe will become dark and cold.

 

 

Measuring the properties of stars
Recall distance units used in astronomy.

Lightyear = ly: distance that light travels in one year 12 ly = 9.5 x 1015m

Parsec = 1 pc: 1 pc = 3.26 ly

Astronomical unit = AU: average distance between the Earth and the Sun

 

Distance VIA Parallax Method
Parallax angle is the angle at which the stars seem to have shifted from an origin point on earth. The stars haven't actually shifted- the earth has. 

 

We introduce a parallax angle, θ 

Sin beta = opposite         = 1 = θ (for small angles)

                   hypotenuse      d

D =    1      If beta is in seconds of arc (“), than d is in parsecs (pc)

       Beta”

D =  3.26  If we multiple by 3.26, than d is in lightyears (ly)

       Beta”

This method is good for stars at d < ~50 pc (163 ly)

 

Apparent magnitude (m)
Hipparchus (Hipparcos) of Greece (2nd century B.C.) divided the VISIBLE stars into 6 groups.

M = 1 (brightest star in Greek sky)

M = 2

M = 3

M = 4

M = 5

M = 6 (barely visible)

 

*M = 1 is 2.5 times as bright as m = 2

   M = 2 is 2.5 times as bright as m = 3

*Note the magnitude has no S.I. units
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Determination of apparent magnitude (m)
Star -> starlight -> photocell -> current -> meter -> computer

 

A magnitude problem
W Pegasi is an 8th magnitude (m = 8) star and Fomalhaut is 1st magnitude (m = 1). Which star appears to be brighter? How much Brighter?

M = 8 is fainter than the barely visible m = 6. 

Fomalhaut has a smaller magnitude than W Peg, so Fomalhaut is brighter.

Δm = 8 – 1 = 7.

*Ratio of brightness = r = 2.5delta m 

R = 2.57 = ~610 times brighter.

 

Absolute magnitude (m)
Absolute magnitude (m) of a star is the apparent magnitude (m) that it would have if placed at a precise distance of 10 parsecs (= 32.6 ly) from us.

The equation which converts apparent magnitude to absolute magnitude is M = m + 5 – 5log(d)

Where d, must be in parsecs.   

1 parsec=3.26 ly

 

Problem
What is the absolute magnitude of the Sun if its distance from us is 4.7 x 10-6 pc, and its apparent magnitude is -26.5

The Sun is the brightest celestial object. 

M= m + 5 - 5log (d)

 

M = -26.5 + 5 – 5log(4.7 x 10-6)

 

M = 5.14    With today’s smog and air pollution, the Sun would be barely-visible if located 10 pc from us.

What is the absolute magnitude of Alpha centauri if its distance is 4.4 ly from us and its apparent magnitude is m+-0.01?

 

M= -0.01 + 5- 5log(4.4ly/3.26)

M= -0.01 + 5 - 5log(1.35)

M= 4.34

 

What is the Parallax angle in seconds of arc (=arcsec)?

d=  1 .
      θ"

 

"= arcseconds

 

θ"=  1    =  0.74"

       1.35

 

 

Luminosity = L
Luminosity, L is the total amount of energy emitted by the star each second.

 

L = 4(π)R2(σ)T4        Where σ = 5.67 x 10-8  W
                                                                        m2K4
L0 = 3.9 x 1026W

 

 

Radius Determination Problem
The surface temperature of the Sun is 5800 K. Determine it's radius in m.

If L = 4(π)R2(σ)T4, than

 

R = [L/ 4(π)(σ)T4 ] 1/2
R = [3.9 x 1026 / 4π(5.67 x 10-8)(5800)4]1/2
 

1/2 = square root!!! Square root answer!!

 

R = ~7 x 108 m = Ro
 

 

The Hertzsprung Russell Diagram
-A plot of stellar luminosity (or magnitude) versus surface temperature.

-A plot of stellar magnitudes versus surface temperature (or spectral type)

-The Harvard Spectral Classification System ( = spectral type) is

O    B    A    F    G    K    M  (Oh, Be, A, Fine, Guy/Girl, Kiss, Me)

-O and B are the hottest. Our sun is a G. M are only a few thousand degrees on surface, much cooler.

-O and Bs are bluish in colour. K and Ms are reddish in colour.

-Stars further to the left of the diagram are larger and therefore have a shorter lifespan. Stars to the right of the Diagram are very small and can live for trillions of years. 

 

Our sun is classified as G2

 

-The HR diagram has distinct regions: giants, main sequence, white dwarfs.

White dwarfs are dead stars- they no longer have nuclear reactions.

Giants have used up their hydrogen- fusing heavier metals- they have core fusion and shell fusion

Main sequence have hydrogen fusion in the core

 

 

Spectroscopic “Parallax”
This method enables us to determine the distance to farther stars.

It is more inaccurate than the parallax angle method. This is because no parallax angle is actually calculated. Data-the absolute magnitude- is taken from the Harvard Spectral Classification System and interpreted. 

 

Problem
Determine the distance (in pc and in ly) to a main sequence star with apparent magnitude of -1.1 and a surface temperature of 10,000 K.

From the HR diagram, the absolute magnitude is M = ~2

Recall M = m + 5 -5log(d) 

 

Log (d) = m – M + 5 / 5

 

d = 10(m-5+5)/5
 

NOT ON FORMULA SHEET, MEMORIZE RADIUS EQUATION FOR LUMINOSITY AND THIS EQUATION FOR HERTZSPRUNG RUSSELL DIAGRAM IN SPECTRALSCOPIC PARALLAX.
 

d= 10(-1.1 -2 +5)/5
 

d = 100.38
 

d =2.4 pc = 7.8 ly

 

Problem 2
Spica is a main sequence star, spectral class B0, apparent magnitude 0.91. How far is Spica (in pc)?

The HR Diagram -> M ~ -3.5

 

d=10(0.91 +3.5+5)/5
 

d=101.882
 

d= ~76 pc

 

Period-Luminosity Curve for Cepheid Variable Stars
-This is a plot of period versus magnitude (M)

-Period = time duration of a cycle.

-A Cepheid is a big young star that has yet to settle. It is unstable and pulsates like a heart, until it is able to pull itself together and balance the gravitational force.

-A Cepheid variable star grows larger and brightens. It then grows smaller and dimmer.

-The entire cycle occurs over a timespan of days.

-Cepheids can be used as farther distance indicators.

-The period-luminosity curve is the work of H. Leavitt.

-A Cepheid varies in its brightness so we use an average absolute magnitude, M.

 

Finding Distance using a Cepheid
Problem
We observe a Cepheid having an average apparent magnitude of 15 and a period of 10 days in another galaxy. Is the Cepheid visible to the naked eye? What is the distance (in pc and in ly) to the Cepheid / galaxy?

 

d=10(m-M+5)/5
 

d=10(15+3+50/5
 

d=1023/5 = 104.6
 

d = ~4x104 pc ~1.3x105 ly (Large Magellanic Cloud)

 

Velocity
Recall that radial velocity (Vr) is the component of the star’s velocity along our line of sight.

 

Vr = cΔλ 

        Δlab
 

Proper motion (μ) is the star’s angular displacement perpendicular to our line of sight.

Stars are too far away to tell movement.

It is measured in arcseconds per year (=seconds of arc per year)

 

Tangential Velocity
Tangential velocity is the component of the star’s velocity perpendicular to our line of sight.

 

Vt = 4.74 x 103 μd

 

Where     Vt is in m/s

d is in pc

μ is in arcsec per year (“/year)

 

 

Space velocity
Space velocity (Vs) is the actual velocity of the star in space.

Need to use a2 + b2 = c2
[image: image4.jpg]



 

Vs = (Vr2 + Vt2)1/2 
 

Distance/Velocity Problem
A nearby White Dwarf has a parallax angle of 0.232 arcsec (=0.232”). Its proper motion is 2.95 arcsec/year (=2.95”/year) and its radial velocity is 54 km/s. What is the object’s actual speed in space (in km/s)?

 

Vs = (Vr2 + Vt2)1/2        We need Vt
 

Vt = 4.74 x 103 μ d     We need d

 

d = 1 /θ” = 1 / 0.232” = 4.31 pc

 

Vt = 4.74 x 103 (2.95)(4.31) = 60.3 x 103 m/s = 60.3 km/s

 

Vs = (Vr2 + Vt2)1/2
 

Vs = (542 + 60.32)1/2
 

Vs = 80.9 km/s ~81 km/s
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Death of Stars
Stars die in several different ways

The manner of death is determined by the star’s mass
 

Death of lightweight stars
These are < ~4 Mo
These are normal stars... 95% of stars are in this category.

1. Core runs low on hydrogen fuel.

Star leaves main sequence (= hydrogen fusion) phase.
1. Core contracts and at 100 x 106 K, star fuses Helium (3α -> 12C) in core. 

2. Star runs low on Helium fuel in core.

3. It is now composed of mainly carbon and some oxygen.

4. Gravity causes outer layers to collapse onto Carbon core, squashing it and raising the core temperature.

5. Core temperature never becomes high enough to initiate carbon-based nuclear fusion reactions because the star isn't heavy enough. 

6. Computer simulations -> energy is released by gently blowing off the star’s outer layers at

 ~25km/s.
 

A white dwarf is a dead or dying star. It glows due to remnant heat. 

 

Planetary Nebula
-No more nuclear reactions in the core of star.

-Star dies with a compressed carbon (some oxygen) core.

-A planetary nebula consists of the dying/dead star remnant surrounded by a shell of gases ejected by the star.

-The central remnant core is small, very hot and plots on the lower left of the HR diagram. It is a white dwarf.

-The white dwarf has NO nuclear reactions in the core and shines by remnant heat left over from when it was an active star.

-An white dwarf will never have any more nuclear reactions if it is isolated. However if it has a companion it will explode into a type 1 supernova. 

 

Type 1 supernova 

A white dwarf which has or acquires a companion may suck some material from its companion if they get close enough and start a series of nuclear reactions which will make it explode= type 1 supernova.

 

Typical White Dwarf
-Mass ~0.8 Mo – 1 Mo
-Mass limit is 1.4 Mo = the Chandrasekhar limit. If the mass is greater the dying star will become something other than a White Dwarf. 

-Size ~same size as Earth.

-Density ~103 kg/cm3. Approx. 1 teaspoon / sugar cube has 1 ton of gravity.

-Magnitude = M ~ +11 (very dim)

-Temperature ~ 15000 K on surface.

-No longer has a central energy source.

-We can detect ~500 White Dwarfs -> our MW galaxy must contain billions of them.

-The brightest star in our sky is Sirius A and it has a faint White Dwarf companion, Sirius B.

-The mass of Sirius B is < ~ 1 Mo
-And it is only 1/10,000 as bright as Sirius A. 

 

Death of middleweight stars
These are ~8 Mo -> 20 Mo
< ~ 5% of stars are > ~4 Mo 
1.Star undergoes several Red Giant phases, producing even-heavier elements in the core.

Since Iron does not fuse, this causes the core to collapse; the outer shells bounce off the core and it becomes an explosive supernova.

Fusions decrease as they progress. The star takes only 10 seconds to explode into a supernova after iron fuses in the core.

2. When star has an iron core, Iron will NOT fuse -> outward radiation pressure decreases.

3. Star collapses inward, squashing core to fantastic densities.

4. This inward pressure dissociates the core iron into constituent particles: neutrons, protons, electrons.

5. Protons and electrons are forced to merge to produce neutrons.

6. neutrons reach max density and collapsing layers of star strike this tight ball of neutrons and 

7. Star dies violently in a supernova explosion in seconds.

8. High temperatures and densities in the ejecta support ALL known nuclear reactions.

9. ALL elements created and ejected into space.

10. Huge neutrino production... most neutrinos escape into space.

11. The elements >Hydrogen in our bodies etc. Came from the violent death of a star/stars.

 

Supernovae
-Massive stars live for a few million years, but “go supernova” in seconds.

-A supernova event can shine 108 times brighter than the progenitor star

-A SN event may out-shine its home galaxy.

-The bright ejecta grow more diffused and dim over a few years.

-We observe very few supernovae in our MW galaxy.

-Only ~5% of stars have sufficient mass.

-The SN event is relatively short-lived.

-The MW is a very dusty galaxy. 

-We observe ~2 SN every hundred years in other galaxies.

 

Supernovae in the Milky Way Galaxy
1. 1054        Chinese GUEST star. As bright as our full moon... Could read at night!

2. 1572        Observed by Tycho Brahe... some remnants remain

3. 1604        Observed by Johannes Kepler

4. 1680        Observed by John Flamsteed... heavily obscured by interstellar matter

We have NOT seen a Supernova in our own Milky Way galaxy in ~330 years!
 

Neutron “stars”
A light curve is a plot of light intensity versus time
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Time

Ex: above are lights going on, then off, then on, than off

 

 

 

1967: Jocelyn Bell (graduate student at Cambridge) was using a radio telescope to search/study Quasars.

 

                                                                  Pulsar Light Curve
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Time  

 

-This unknown object was “pulsing” and nicknamed PULSAR

-This “pulsing” object was, in fact, the collapsed core remnant of a supernova explosion.

-This was the first discovery of a neutron “star”

-This tight ball of closely-packed neutrons shares characteristics with the nuclei of atoms.

-A neutron “star” typically has the ~same density as an atomic nucleus.

 

Earth’s Magnetic Poles
-Solar wind would strike us if we did not have a magnetic field. Liquid core that sloshes around creates magnetic field. Solar wind will hit us and deflect, spiralling and heading to the north and south pole.

-They are charged particles. Charged particles bounce of oxygen in the air and de-energize releasing blasts of energy.

-A magnetic field indicates in what direction a charged particle would travel around the earth.

 

Pulsation explanation
-A neutron “star” (NS) is the compacted core of a star that had a magnetic field.

-Hot spots radiate at various wavelengths (most famous is crab pulsar, at ALL wavelengths)

- “hot spots” wavelengths range from visible to invisible.

-The neutron “star” has a strong magnetic field which directs charged particles to the North or South magnetic poles.

-The particles continually strike the surface of the NS, creating polar “hot spots”

-If the NS is properly oriented with respect to Earth, we detect the beams of radiation emitted by the “hot spots” as the NS rotates on its axis.

-This is the “lighthouse effect”

-If we detect these pulses we call the object a pulsar.

-However a pulsar is a neutron “star” but every neutron “star” is NOT a pulsar.

-There are probably many unobserved neutron “stars” undetectable because their north/south poles are not oriented toward Earth.

 

Typical Neutron “star”
-Mass range 1.4 Mo < MNS <~ 3 Mo
-The more massive an object is in life the smaller its remnants after death:

The smaller a star is in life, the larger is its collapse core that it leaves behind. Greater mass in life, smaller collapse of star. During implosion (squashing) more mass will make core smaller.

-Size ~20 to 100 km across ~ about the size of a city.

-Density is similar to that of an atomic nucleus ~ 1017kg/m3 to 1018 kg/m3.

-Temperature ~ 10 x 106 K on surface.

-Period =0.1 to 4 seconds.

-Older pulsars have longer periods of pulses because they slow down when they get older.

-We know of ~500 pulsars.

 

 

Intensity
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*a celestial body of hydrogen gas which tries to become a star must be a minimum of 8x the Mo in order to succeed. Otherwise it will fail and become a very dark mass called a brown dwarf.

 

Supernova 1987A
-Ian Shelton, a student form the University of Toronto observed the Supernova from an observatory in Chile. 

-SN1987A occurred in the Large Magellanic Cloud, an irregular galaxy near our own at ~170,000 LY away.

-The progenitor star was a blue giant star, Sanduleak.

-Huge neutrino bursts were detected by Earth-based equipment after the event occurred. 

-This particular SN event has been studied from the actual explosion to the present day thanks to modern technology.  

 

*Colgate started and funded the building of special equipment to observe supernovae.

 

Death of very massive stars
-These are > ~25 Mo
<~ 5% of stars are > ~4 Mo
-Star undergoes several red giant phases, producing even-heavier elements in the core.

-When star has an iron core, it explodes in a supernova event BUT

-If the collapse core is >~3 Mo, it cannot resist the pull of gravity and collapses to a Black Hole Singularity.
 

*A Singularity is a place where our known physics and mathematics don't make sense. Answers result in infinities: ie. we have determined that a black hole has infinite density. 

 

Black Hole
-A black hole consists of the central singularity and the event Horizon boundary. A circle (horizon boundary) with a small circle at the center (singularity).

-The event horizon is where an object must travel at the speed of light to escape. If you step into the event horizon, you are sucked in.

-Inside the event horizon, an object must exceed the speed of light to escape. Light itself cannot escape the Black Hole.

-The event horizon of a Black Hole is the “point of no return.”

 

Schewrzschild Black Hole
-it appears that this black hole is not rotating!

 

The Event Horizon
-The collapsed core (= the singularity) is hidden by the Event Horizon...there is no such thing as a naked  singularity. 

-The event horizon is a non-tangible, non-visible spherical location in space surrounding the singularity.

-Events that occur within the Event Horizon cannot send information to the outside universe.

-Radiation and matter cannot escape after passing into the Event Horizon unless they exceed the speed of light.

 

If you fall into a black hole you will be stretched out very thin until you are broken into pieces and merge with the singularity. This process is called "speghettification". 

 

Escape Velocity
-This is the minimum velocity you must have to escape the gravitational pull of a massive object.

-The gravitational constant is G = 6.67 x 10-11 N•m2
                                                                       kg2
-Vesc= (2GM / R)1/2
-M is mass of object in kg and R is radius in m.

 

Escape velocity for Earth
-The earth has a mass of 6x1024kg and a radius of 6.4 x 106m. Determine the escape velocity in km/s.

Vesc = (2(6.67x10-11)(6x1024) / 6.4x106m, than square root.

Vesc = 11183 m/s ~ 11 km/s

 

Black Hole Radius
We can re-arrange the previous equation for radius of the black hole.

RBH = REH = RS = 2GM / (Vesc)2 

Vesc = speed of light

We know that at REH, Vesc = c = 3x108 m/s.

If a collapsed stellar core is 25 Mo’ (25 times the mass of the sun) determine the radius of its Event Horizon (= radius of the black hole)

RBH = 2GM / (Vesc)2
RBH = 2(6.67x10-11)(25)(1.99x1030) / (3x108)2
RBH = 74 x 103 m = 74 km

 

The Schewrzschild Radius, Rs
Note that there are several constants in the previous equation, 2, g, Mo’ Vesc (=c)

Evaluating these constants gives us ~3000 m = 3km. 

The previous equation may be written more briefly as the Schwarzschild radius:

RS = 3M*km.

Where M = Mobject / Mo
 

Black Hole Radius Problem AGAIN
If a collapsed stellar core is 25 Mo’ determine the radius of its event horizon (=radius of black hole)

Rs = 3 M*            * is mass of the singularity

M* = Mobject / Mo = 25 Mo / Mo = 25

Rs = 3 (25) km = 75 km.

This agrees well with previous results.

Thus if the mass of the singularity is given in solar masses, eg: 9 Mo, 20 Mo, 27 Mo
Then Rs is, respectively, 3 x the mass eg: 27 km, 60km and 81km.

Note that RS is in km when you use this simple equation.
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Black Holes
Generally divided into four categories depending on mass.

1. Mini Black Hole (Primordial BH): Hawking postulates that these might have formed during the Big Bang... never found

 
Rs ~ 9x10-6 km

~ 9x10-3m

~ 9 mm

 

But don’t try to hold one! Mass ~ mass of earth

 

1. Stellar Black Hole: forms from the gravitational collapse of a single star of large mass.

 
Mass ~ 3 Mo to ~ 100 M​o​ 

Rs ~ 9 km to 300 km

 

1. Intermediate Black Hole: forms from the collapse of material equivalent to thousands of solar masses.

 
Mass ~ 100 Mo to 1000s Mo 

Rs ~ 300 km to 3000’s km

 

Whether they exist or not is uncertain... early stages of research.

 

1. Supermassive Black Holes: thought to reside in the centers of most galaxies and to power active galactic nuclei (eg. Quasars)

 
Mass ~ several 106 Mo to several 109 Mo.

Rs ~ 3 x 106 km to > 3 x 109 km

 

Our milky way galaxy is believed to have a “sleeping” supermassive black hole (~3 x 106 Mo) at its center.

 

SEARCHING FOR A BLACK HOLE
They emit no light, so we can’t see a black hole directly.
 

The Search
-We seek a stellar Black Hole in a binary system consisting of a visible Giant star and an invisible companion.

-The Black Hole used to be a companion in a binary system (two stars/companions moving through space). 

-If the companion is invisible it's because it's a Black Hole. 

-We seek a giant star that wobbles in its orbit, that's how we know it has a companion (affected by  another object's gravitational force).

-The companion causing the wobble must be invisible; planets can cause stars to wobble so the companion must be invisible- not a planet. 

-The invisible companion must have a mass >~ 3 Mo
-The system must be emitting x-rays (from a surrounding accretion disk)

 

T = 0.0029 mk

          λdom
 

*We can use the Wien equation to determine the temperature of the accretion disk.

  

Cygnus X1
-Best stellar black hole candidate.

-We can see a visible supergiant star of ~30 Mo
-The supergiant star is “wobbling” under the influence of an invisible companion.

-The system is emitting x-rays.

-Mass of the invisible companion is ~9.5 Mo
-Recall that a black hole singularity has a mass >~ 3 Mo
 

Accretion Disk Problem
A black hole accretion disk has a luminosity of 1030 W and emits x=rays of wavelength 1 nm. Determine its temperature in K and its radius in km.

 

T = 0.0029 mK / 1 nm = 0.0029mK / 1 x 10-9 m

T = 2.9 x 106 K

 

L = 4 (pie) r2 sigma T4 ON FORMULA SHEET, REARRANGEMENT FOR R IS NOT!!!

R = L / 4 pie sigma T4 = value than square root.

RAD = 1 x 1030 / 4 pie (5.67 x 10-8)(2.9 x 106)4) square rooted

R = 1.41 x 105 m = ~141 km.

 

*luminosity is the total energy emitted per second

 

Escape velocity problem
Find the escape velocity in km/s from the planet Jupiter which has a mass of 1.9 x 1027kg and a radius of 7 x 107 m.

 

VESC = (2GM / R) square rooted

VESC = (2(6.67 x 10-11)(1.9 x 1027) / 7 x 107) square rooted

VESC = 6 x 104 m/s = 60 km/s

 

Apparent magnitude problem
The giant star Betelgeuse is 95 pc away. If it “goes supernova”, it will have an absolute magnitude of ~ -17. During this period of maximum brightness, what apparent magnitude would it have?

 

M = m+5 -5log(d)

m = M – 5 + 5log(d)

m = -17 – 5 + 5log(95)

m = -22 + 5log(95)

m = -12, as bright as the full moon!

 

 

 

 

 
