Astronomy
Chapter 5 – Light and Matter
5.1 Light in Everyday Life
· Light is a form of energy
· The energy that light carries is called radiative energy
· In astronomy, the rate at which carries energy toward or away from us is more important than the total amount of energy it carries
· The rate of energy flow is measured in watts (1W = 1 j/s)
· Light and Colour
· A prism split light into the rainbow of light is called a spectrum
· The basic colours of a spectrum are red, orange, yellow, green, blue, and violet
· White is when the basic colours are mixed pretty much evenly
· Black is what we perceive when there is no light (no colour)
· The primary colours of vision are red, blue and green (directly detected by the cells in your eyes
· You can produce a spectrum with either a prism or a diffraction grating
· How do Light and Matter Interact ?
· Light can interact with matter in 4 different ways…
· Emission (light bulb)
· Absorption (touching a light bulb)
· Transmission (Glass; allows light to pass through)
· Reflection/Scattering (Mirror)
5.2 Properties of Light
· Newton guessed himself that light is made up of tiny particles
· Other scientists later discovered light behaves like waves
· Particles and Waves
· Particles
· Individual atoms and molecules are all examples of particles
· A particle of matter can sit still or it can move from one place to another
· A particle is a thing where a wave is more so a pattern revealed by interactions with particles
· Waves
· 3 Basic Properties
· Wavelength
· Distance from one peak to the next
· Frequency
· The number of peaks passing by any point each second (cycles per second)(Often called Hertz - Hz)
· Speed
· How fast the energy travels from one place to another
· Light as an Electromagnetic Wave
· Fields associated with forces, such as electric and magnetic fields, describe the strength of the force that any particle would experience at any point in space
· *Light is an electromagnetic wave
· Since the speed of light is constant and Wavelength X Frequency = Speed, as wavelength gets bigger, frequency decreases and vice versa
· Photons: “Particles of Light”
· Light behaves as both a wave and a particle
· Light comes in individual “pieces,” called photons, that have properties of both particles and waves
· Each photon of light carries a specific amount of radiative energy, the shorter the wavelength of the light, the higher the energy of the photons
· There is light that our eyes cannot see, the spectrum of visible light that splits into the rainbow of color is only a tiny part of the complete range of light’s wavelength’s
· The complete spectrum of light is usually called the electromagnetic spectrum, light itself is often called electromagnetic radiation
· Infrared – wavelengths somewhat longer than red light
· *Radio waves are the longest wavelength light
· The region near the border between infrared and Radiowaves is sometimes called microwaves
· Ultraviolet – wavelengths somewhat shorter than blue light
· Shorter wavelengths – X rays
· Shortest wavelengths – Gamma rays
· Ultraviolet photons carry enough energy to harm cells in our skin (sunburn, skin cancer)
· X rays can only be blocked by bones
5.3 Properties of Matter
· Democritus
· Said if you break down rocks into pieces so small they’re indivisible “atoms”
· Claimed four basic elements “fire, water, earth and air”
· Atoms are not indivisible, they are composed of even smaller particles
· Atoms come in different types, each type corresponds to a different chemical element
· Atomic Structure
· Atoms are made of particles that we call protons, neutrons and electrons
· Protons and neutrons are found in the nucleus at the center of the atom
· The properties of an atom depend mainly on the electrical charge in the nucleus
· Atomic Terminology
· Each different chemical element contains a different number of protons in its nucleus (atomic number)
· The combined number of protons and neutrons in an atom is called its atomic mass number
· Versions of an element with different numbers of neutrons are called isotopes
· Molecules
· Atoms can combine to form molecules
· Substances composed of molecules with two or more different types of atoms are called compounds
· A chemical bond is the interaction between electrons and that hold a molecule together
· The process by which molecules escape from a solid is called sublimation, (evaporation for gases)
· Molecular Dissociation and Ionization
· Molecular dissociation is the process by which molecules split into pieces
· Ions have a net positive charge
· The process of stripping electrons from atoms is called ionization
· The type of hot gas, in which ions become ionized, is called plasma
· Sun could be said to be made out of plasma
· Phases and Pressure
· Pressure is the force per unit area pushing on an object’s surface
· The higher the pressure created by water vapor molecules in our atmosphere, the higher the rate at which water molecules return to the ocean
· High pressure can also cause gases to dissolve in liquid water
· How is energy stored in atoms ?
· Atoms can contain energy in 3 different ways…
· They possess mass-energy in the amount mc2
· They possess kinetic energy by virtue of their motion
· Most importantly (reading the messages encoded in light), atoms contain electrical potential energy that depends on the arrangement of their electrons around their nuclei
· The possible energies of an atom are known as the energy levels of an atom
· Electrons can rise or drop energy levels (energy level transitions)
· Energy must be conserved, therefore energy level transitions can only occur when an electron gains or loses the specific amount of energy separating two levels
5.4 Learning from Light
· The process of obtaining a spectrum and reading the information it contains is called spectroscopy
· It’s more useful to display them as graphs as to display the amount of radiation and intensity at different wavelengths
· Three Basic types of spectra:
· Continuous
· The rainbow spans a broad range of wavelengths without interruption (light bulb )
· Emission line
· Emits light only at specific wavelengths that depend on its composition and temperature, the spectrum therefore contains bright emission lines against a black background (cloud of gas)
· Absorption line
· Think of a Light Bulb – Cloud of Gas – You, cloud of gas absorbs but you can still see most of the continuous light
· How does light tell us what things are made of ?
· Emission and absorption lines form as a direct consequence of the fact that each type of atom, ion or molecule possesses a unique set of energy levels
· Electrons can’t stay in higher energy levels for long, they always fall back to the ground state, level 1
· The fact that hydrogen emits and absorbs light at specific wavelengths makes it possible to detect its presence in distant objects (applies to all elements etc.)
· At higher temperatures, more highly charged ions will be present, so we can estimate the temperature by identifying the ions that are creating spectral lines
· Molecules also produce spectral fingerprints
· Molecules usually have smaller energy changes but the energy levels are more closely together than in atoms
· Molecules therefore produce spectra with many sets of tightly bunched lines, called molecular bands that are usually found in the infrared portion of the electromagnetic spectrum
· Thermal Radiation
· An object where photons strike it and aren’t allowed to escape easily…
· The photons trying to escape are quickly absorbed by an atom or molecule, which quickly reemits the photon but often with a slightly different wavelength and in a different direction
· The emitted photons bounce randomly inside the object
· When they finally escape the object their radiative energies have become randomized so that they are spread over a wide range of wavelengths, which would explain the continuous spectrum of light (smooth)
· The spectrum from such an object depends only on the object’s temperature
· The temperature dependence of this light explains why we call it thermal radiation
· Thermal radiation spectra are the most common type of continuous spectra
· The two laws of thermal radiation
· Stefan-Boltzmann Law
· Each square meter of a hotter object’s surface emits more light at all wavelengths
· Wiens Law
· Hotter objects emit photons with a higher average energy (which means a shorter average wavelength)
5.5 - The Doppler Effect
· If an object is moving toward us, the light waves bunch up between us and the object, so that its entire spectrum is shifted to shorter wavelengths, because shorter wavelengths of visible light are bluer, the Doppler shift of an object coming toward us is called a blueshift and when the object is moving away, its light is shifted to longer wavelengths, so a redshift
· Wavelengths in stationary hydrogen clouds are called rest wavelengths
· [bookmark: _GoBack]Doppler shifts do not give us any information about how fast an object is moving across our line of sight, but they reveal how fast a distant object is moving toward or away from us and can also reveal information about motion within the object (think of an orbit – blue, nothing, red)
