PCS 181 Tutorial 1 and Lecture 1


http://minutes-of-berg.livejournal.com/

KIC8462852
PROXIMA B 
Warp drive 
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The Scientific Method

· Observation
·  Hypothesis
· Experiment
· Conclusion
· Reproducibility
· Falsifiability

Electromagnetic Spectrum Unit 1

Astronomical information is transmitted by starlight. 
Starlight tells us>> the star’s temperature, chemical composition, motion, pressure, magnetic fields, etc.
Wave/Particle duality
Wavelength distance between points (Greek lambda) distance between two peaks or two troughs 
The EM Spectrum
Light (as a wave): mutually perpendicular oscillating electric and magnetic fields. Electric current has magnetic field with it.
Light moves in a wavelike pattern at a speed of c= 3 x 10^8 m/s. punch in 3 exp 8 on calc.
Wavelength, lamda: distance between peaks of wave.
Tachyons: theoretical faster-than-light particles.
Different wavelengths give different colours.
We are sensitive to visible portion of em spectrum. Red, orange, green, blue, violet.
Converge all the colours it’s white light.
EM properties: Wavelength is colour. 1 x 10^9. 1 Nanometer= 1nm= 1 billionth of a meter stick m = 1 x 10^-9= 10^-9. 
Lamda red: 700nm= 700 x 10^-9m= 7 x 10^-7m
Lamda violet=400nm= 400 x 10^-9m= 4 x 10^-7
Visible colours: ROY G BIV
Photons: bundles of energy> light as a particle.
Gamma rays, x rays (shorter than 400nm), ultraviolet (shorter than visible light short wavelengths) infrared slightly longer than red abbreviated (IR) we are sensitive to infrared because of skin (heat) Radio waves we are not sensitive and they are longest wavelength, low energy, travel far distance. When short wavelengths go through dust clouds they get crowded, but long wavelengths can go right through. For aliens always look at long wavelengths
550 nm in between red and violet
SETT: SEARCH EXTRATERRESTIAL INTELLIGENCE
Frequency: is how many wavelengths hit your eye each second (f). Number of wave peaks passing a given point each second. Different waves of finding frequency: Number of waves/second, or complete cycles/second, cycles/s, = HZ is the unit of frequency in physics. 
f= c/lambda, f of red= 3 x 10^8 m/s divided by 700 x 10^-9 m= 4.3 x 10^14 cycles/s= 4.3 x 10^14 Hz
f violet= 3 x 10^8 m/s divided

Planck Curve 
Will tell us the temperature of the surface of the star. As the star goes through the different filters you get a Planck curve. Intensity or flux is the number of photons passing through each filter (vertical axis). Temperature= 0.0029 m times k divided by lambda max or lambda dominant or lambda at the peak. T= 0.0029 m dot k divided by 550 x 10^-9 m. -273 C is the coldest it can be in space or = 0 K kelvin scale. No number smaller than 0 kelvin nothing colder or minus because that’s where scale starts. T= 5272.7 or 5300 K. Note that the surface temperature of the sun is 5800 K

       Energy of Light

       E= hf (h is a constant) aka Planck’s constant.  The h is (6.625 x 10^-34 J dot s). E red= h x (4.3 x 10^14 Hz) = 2.85 x 10^-19 J

2 blues, green, red is hydrogen spectrum
major types of spectrum: shorter wavelengths are to the left with wavelength increasing toward the right. 75% of earth is hydrogen. Absorption dark lines. 

The BOHR model of hydrogen atom

· Proton carries positive charge
· Electron carries negative charge
· 1913: electron is in circular orbit around the proton
· if you deliver energy to the atom in some way the atom takes in that energy and uses it to transit the electron to a higher orbit
· the first energy level, the ground state, or the bohr orbit is n=1 when electron and proton are as close to as possible and it runs around it
· if you excite/energize the atom so the electron disappears and the electron moves to a higher orbit
· the electron doesn’t want to be far from proton so it disappears from higher orbit and moves back to n=1 deexcitation photon emitted 
· if it goes from 6 to 1 longer transition means long wavelength, somewhere transition would give you short wavelength like 3 to 2

The Doppler effect in astronomy
· Star gives off light waves… take spectrum all stars give an absorption spectrum
· Pattern of lines of star jump one way or other, the waves are bunched together moving towards you shorter wavelengths, if pattern of lines shifted to blue end 
· If the entire pattern of spectral lines is:
· Shifted to blue end blue shifted/violet end
· Shorter distance between wavecrests
· Object is moving toward you
· If pattern is shifted to red end red shifted
· Greater distance between wavecrests
· Object is moving away from you

Procedure
· Obtain spectrum of a stationary (not moving) source ( eg hydrogen) in the laboratory.
· Obtain spectrum of a moving object (eg star) should be longer than lab nm 
· Lab 434 nm star 434.1 nm

Doppler effect to determine velocity
· C= speed of light 3 x 10^8 m/s
· Delta lambda= wavelength difference between lab and stellar spectra
· Lamda lab= wavelength on lab spectrum
· V_r= radial velocity of star
· then, v_r= c delta lamda/lamda lab
· v_r= 3 x 10^8 (434.1-434) nm/ 434 nm
· v_r 6.91 x 10^4 m/s
· v_r = 69.1 km/s divide by 1000

Radial Velocity Problem

H spectral line is lambda= 656.2850 nm in the lab
Same line is lambda= 656.2927 nm in the spectrum of Regulus
Is Regulus approaching or receding? Radial velocity?
Regulus is a bright star
Hydrogen alpha is the red line in the hydrogen spectrum, hydrogen beta is the middle like which is green line middle of spectrum, hydrogen gamma is blue or violet line end of spectrum
This hydrogen alpha line has a longer wavelength in the spectrum of regulus
Spectrum is red shifter and moving away from us.
V_r= c delta/ lambda lab lambda = (3 x 10^8 m/s) (656.2927-656.2850) nm/ 656.2850 
= 3.5 k/s
Using the Doppler effect, how can you tell that our sun rotates?

Unit 2: The Universe

Distance Units in Astronomy

Lightyear= ly; distance that light travels in one year
1 ly = 9.5 x 10^15 m
Parsec= pc: 1 pc= 3.26 ly
Astronomical unit: = AU: average distance between earth and sun
1 AU= 1.5 X 10^11 m
The Hubble Law
A galaxy is a large assemblage of stars which orbit a common center all held together by gravity
Hubble and Humason’s findings
[bookmark: _GoBack]All faraway galaxies are red shifted and receding from us.
Andromeda and milky way might interact in the future. It is coming toward us. 
Hubble law: radial velocity of a galaxy is directly proportional to distance.
Farther galaxies are receding faster. V_r is proportional d
V_r= Ho d 
75 km/s / mpc is the hubble parameter
d= v_r/ Ho distance mpc
Ho= v_r/d
1. The Universe is expanding… space itself is expanding
2. There is a… 

Cosmic Microwave Background Radiation=CMB
1965: Arno Penzias and Robert Wilson
radio astronomers at Bell Labs in NJ
worked with the first communications satellite, TELSTAR
detected a persistent radio hiss from ALL DIRECTIONS in the sky
at a wavelength of lamda 1.063 x 10^ -3 m 
temperature of the source determined by the WIEN formula
CMB TEMPERATURE
THE WIEN FORMULA T= 0.0029 m dot k/ lamda dom
T= 2.728 + and minus 0.004 K = 3 K = CMB
It is the heat left over from the origin of the universe. = Temperature of empty interstellar space. Some event must have heated the universe.
1989: Cosmic Background Explorer Satellite (COBE) launched. Provided an above-atmosphere measurement of the CMB. Confirmed that the CMB is 2.728 plus or minus 0.004 K. 
2001: Wilkinson Microwave Anisotropy Probe (WMAP) launched.
It has a 30 times greater resolution than COBE. Confirmed the value of the CMB.

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
ALPHA PARTICLE = HELIUM NUCLEI = 2 PROTONS AND 2 NEUTRONS
LITHIUM WOULD HAVE 3 OF EACH PROTON, NEUTRON, ELECTRON

The age of the universe=Hubble time


Vr=h0d where we use a Hubble parameter of 75 km/s/Mpc
Since d = v t we replace d in the above equation: v=H0vt
1=H0t, t= 1/H0=Hubble time=age of the universe
t= 1/75km/s/Mpc, then t=Mpc/75km/s, then t= 3.09 x 10^19 km/75km/s
t=4.12 x 10^17 s, then 13.1 x 10^9 years

Types of universe

Open universe: density of matter is low, gravity is weak, universe expands forever. Don’t re-contract
Closed universe: density of matter is high, gravity will halt the expansion, universe will re-contract.
If this happens repeatedly, we have an oscillating universe. 
Flat universe: universe contains the so called critical density of matter, galaxies or all matter barely manage to avoid re-collapse. It doesn’t contract to form cosmic egg.

How to decide among these futures

· Is there sufficient matter to exert a strong gravitational force?
· >_5 protons per m^3 of space, don’t need a lot, gravity will dominate and re-contract the universe. 
Density measurement of universe
The sum of all observed, luminous matter, not enough matter to re-collapse the universe

What about non-luminous matter?
Clouds of dark gas, nubula means cloud in latin, planets, dead stars, black holes, neutrinos (little particles, almost zero mass/low mass move at nearly speed of light), dark matter (vera rubin). 

Astronomers were surprised to find that stars from a galaxy’s core travel at speed similar to those close in.
A galaxies rotation curve compares the disk star’s velocities with their distances from the galaxies center

Dark Matter

Invisible material called dark matter permeates the galaxies. 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. The nature and composition of the dark matter are unknown. 

· Could it be non-luminous normal matter?
· Most of universe is hydrogen and it gives off a signal so it can’t be normal matter
· 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!). TYPE 1A supernovae always explode with approximate brightness, if we see dim far away we can see how faint it is over there compare it with it’s intrinsic we can determine the distance. 

Dark energy
Totally empty space, the vacuum, contains energy.
This energy is variously called dark energy, quintessence, the vacuum energy, the cosmological constant are other names. 

Dark energy drives the recently-observed acceleration of the universe. Dark energy doesn’t not equal dark matter.  
Inflationary Cosmology=Inflation

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. Antimatter is analog of matter they are physically identical but opposite when meet each other burst of energy and annihilate each other.

Inflation> pre big bang there was an infinite energy field. Our universe simply popped into existence as some of this energy spontaneously converted to matter. E= mc^2, m= E/c^2

Our brand-new, still small universe achieved thermal equilibrium.
Next, a fraction of a second after the big bang the universe expanded dramatically by a factor of 10^30. Same-temperature regions became widely-separated. This is all called inflation. 

The inflation process is never-ending and other big bangs arise from the infinite vacuum to produce other universes. 

Unit 3 galaxies

Recall the COBE satellite which confirmed the CMB 3K (2.728K). 
COBE was LATER asked to seek VERY small temperature variations in the CMB.
Pink Regions = 2.728 + 0.0003K, Blue regions= 2.728 – 0.0003K. 
Galaxy theorists hypothesize that galaxies “condensed” at the interface between warmer and cooler volumes of space. 

Galaxy formation 2

The first stars formed 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 attracted gas/dust into orbit. Over time, more matter was attracted until a galactic mass was present. Massive black holes are found at the centers of most galaxies. 

Properties

A galaxy is a gravitationally-bound collection of stars, gas, dust, radiation. Size is measured in light years. Galaxy range from thousands to hundreds-of-thousands of light years across. Galaxies contain from thousands to trillions of stars. 10^12 is trillions. Our galaxy has 10^11.
The milky way, our own galaxy, is about 100,000 to 120,000 light years across. Our MW is in the LOCAL GROUP which consists of about 40 member galaxies. Our sun lies about 8 kpc-26,000 ly from the center of the milky way. Hyphen means approximate in this class. Our sun travels around the Milky Way at approximate 220 km/s. Name of our sun is sol. Our earth travels around sun at approximate 28 km/s. all our galaxies are surrounded by a cloud of dark matter. 
Globular Clusters

A globular cluster is a spherical distribution of approximately 10^5 to 10^6 stars. Typically only a few hundred light years across… density is 0.4 stars/pc^3 to 1000 stars/pc^3. Our sun is the only star around us within 1 pc or 3.3 ly no other stars. Formed early in the life of a galaxy and contain 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. They are found above, below and within their galaxy. Alpha centauri closest star system to us 4.3 ly away. 

The Hubble Classification system 

· Spiral (S) (large bulges and tight arms)
· Barred Spiral (SB) (normal and barred are identical)
· Ellipticals (E)
· Irregulars (Irr)

You can assist the SLOAN galaxy survey: Galaxy zoo: hubble

Colour of Galaxies
· The colour of a galaxy is the sum of colour contributions from its stars.
· Ellipticals: reddish-orange from old stars
· Spirals: central bulge is reddish-orange from 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 amount of dust/gas are the blue-est galaxies known and support the most active star birth

Luminosity
Luminosity=L=Total energy emitted each second.
L=4pie r^2 sigma T^4 
R is the radius of object in meters (m)
T is the temperature in Kelvins (K)
Pie and sigma are constants

Approximate Mass of a galaxy


· If the luminosity, L of a galaxy is n times the luminosity of the sun nL0, then a rough estimate of its mass is n times the mass of the sun nM0. 
· The milky way is estimated to have a luminosity of Lmw approximately 1 x 10^11 L0 provide a rough estimate of its mass
· Mmw approx. ( 1 x 10^11) (1.99 x 10^30 kg) is approximately 2 x 10^41 kg
· Galaxy masses range from approximately 1 x 10^5 M0 to approximately 1 x 10^13 M0
· Our galaxy, the milky way, has a mass of approximately 5.8 x 10^11 M0, = 1.2 x 10^42 kg
Morphology of spirals

· Spirals spin faster than ellipticals, higher angular momentum, L=mvr
· Born in a turbulent environment (hypothesis)
· 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 (hypothesis)
· 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 approximate center of a group of galaxies

Quasars=Quasi-stellar objects=Qso’s

· Approximate 1960 spectra were obtained for two blue star-like objects: 3C48 and 3C273
· Their spectral lines could not be identified… until..
· Approximately 1963 Maarten Schmidt identified the extremely red-shifted hydrogen lines = large delta lambda
· Because radial velocity is proportional to change in delta lambda, the radial velocity of quasars is large.
· Because radial velocity is proportional to distance, the distance to the quasars is great
· What is radial velocity of 3C273, vr= Cdeltalambda/lambda lab, let delta lambda/lambda lab = z such that vr= cz (z is called the redshift)
· Vr= c (503-434) nm/434nm
· Vr= c (0.16)= 0.16 c which is 16% of speed of light
· = 4.8 x 10^7 m/s or 4.8 x 10^4 km/s
· similarly, 3C48 was moving at 0.33 c, 33% speed of light
· hundreds of quasars are now known and ALL are Extremely red-shifted (aka high velocity)
· what is the distance of 3C273?
· D= Vt/H0, d= 4.8 x 10^4 km/s/75km/s/Mpc = 640 Mpc
· D= (640 x 10^6pc) (3.26 ly)/1pc= 2.09 x 10^9 ly
· D= approximately 2 billion light years distant

Relativistic Velocity Equation

· Consider one of the fastest, most distant Quasars at z=5.82
· Since vr= cz, is this quasar moving at 5.82 times the speed of light?
· No material object can exceed the speed of light
· For z> approximate 0.5, we turn to relativity
· Vr= ((z+1)^2 -1)/(z+1)^2 +1)) c
· = ((5.82 +1)^2 -1)/(5.82-1)^2 +1) c
· =45.51/47.51 c, = 0.95.8 96% of speed of light

Distance to the Quasar
· if hubble law is valid, this quasar must be very far away
· d= v/H0
· d= 0.958(3 x 10^5 km/s)/75km/s/Mpc
· 3832 Mpc = 12.5 x 10^9 ly
· d = 12.5 billion light years distant
· to see quasars over such vast (cosmological) distances, they must intrinsically be very bright
· quasars often emit as much energy as 100 to 1000 normal galaxies combined
· how big are they? What are they?
· The size may be determined by a technique known as LUNAR OCCULTATION
· Moon “beside” Quasar, Moon occults Quasar
· Apparent sizes of Quasar= d= vt
· After we correct for the distance to the quasar, we find that QSO 3C273 was the size of a large star
· How could the energy of 100-1000 galaxies be produced by an object the size of a large star?

The mechanism 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 supermassive black hole
· Lambda dom= 0.0029 m k /T, dominant wavelength is in X-ray region

Summary of Quasar Properties

· Small, compact, blue objects
· Look like faint stars in photographs
· X-ray emission
· Large redshifts such that UV spectral lines appear in visible portion of the spectrum
· Spectra are dominated by emission lines (doesn’t have cool layer to pass through) give emission spectrum
· Approximately 10% are radio sources
· Optical luminosities are 100-1000 times that of normal galaxies
· Many vary in intensity over days or weeks
· Some quasars exhibit jets (optical or radio)
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