Chapter 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 stares 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 tin particles coming into your eye. The distance between waves is known as wavelengths. Light has a wave/particle duality. Tests can be done to show light as both wave, and as tiny particles.
· Light moves in wavelike pattern at a speed of c = 3 x 10^8 m/s. The speed of light is a constant 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
· The measurement used for measuring wavelengths is a nanometre-one billionth of a metre stick
· 1 nanometre 
· Wavelength = colour
· [image: http://puu.sh/kCuPn/b0fd0b9ee0.jpg]Wavelengths of light let us see colour; different wavelengths produce different colours.





· Visible colours: ROY G BIV (red, orange, yellow, green, blue, indigo, violet)
· Photons: bundles of energy – light as a particle
· E=mc   E=energy m=mass c=speed of light
· Humans can see wavelengths of 400nm to 700nm. 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 cannot see ultraviolet, 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 thus far deemed as non-hazardous to our bodies
Short Wavelengths
· Gamma rays
· X-rays
· Ultraviolet
· Visible (400nm – 700nm)
· Infrared
· Microwaves
· Radio waves
Long Wavelengths
· 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
· 
How to Determine the Temperature of a Star
· Get star in telescope
· Put a sequence of coloured filters at the eyepiece end of telescope
· Starlight passes through a filter and then to a computer
· Computer gives numerical value for light intensity passing through each coloured filter
· Plot of wavelengths of colour against the intensity or #of photons each second
· A Blackbody is a theoretical object that absorbs all wavelengths
· If a Blackbody is heated It will glow and emit wavelengths of whatever colour it is heated to (a.k.a its temperature). The Planck Blackbody curve is an indication of temperature
· It will always be a curve because one of the colours will emit the most light
· Planck blackbody curve tells us the temperature of a star on the surface
· Planck curve is a graph of filter colour (=wavelength) vs. intensity 
· Calculate temperature via WEIN formula
· 
· Kelvin and Celsius by 273 degrees
· Stars are measured in Kelvin’s (there are no negative numbers)
· Note that the surface temperature of the Sun is 5800 K

Energy if Light
· Formula for energy of light
· E = hf     e=energy h=Planck’s constant f=frequency
· Gamma rays have a lot more energy
· Note that shorter wavelengths produce higher frequencies and energies
Spectra
· 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
2. A hot low density gaseous element produces bright coloured lines on a black background = the emission spectrum because only certain colours are emitted. Two blues one green and red 
3. When light having a continuous spectrum passes through a cooler gas, the gas absorbs specific wavelengths = dark lines on a rainbow background = absorption spectrum. Gives them an indication of which atoms are present in the gas since atoms in the gas eat up certain wavelengths. This is how stars surface elements are identified. Tells them that hydrogen is present on the surface of the star and it is absorbing some wavelengths
The BOHR Model of the Hydrogen Atom
· Protons carry positive charge
· Electrons carry negative charge
· 1913: electron is in circular orbit around the proton
· If you add APPROPRIATE amount of energy to atom → the electron moves to a higher PERMITTED orbit (=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 state)
· These emitted photons strike a film/screen to produce the hydrogen spectrum
· The spectra of all elements are produced in a similar manner
The Doppler Effect in Astronomy
· A shorter distance between wave crests (=wave peaks) → the object is moving toward you → “blue-shifted”
· Further distance between wave crest object is moving away from you
· A greater distance between wave crests → the object is moving away from you → “red shifted”
Doppler Effect to Determine Direction of Motion
· [bookmark: _GoBack]Take the spectrum of stationary (=NOT moving) source (e.g hydrogen) in the laboratory
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