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The Light of your Life



Light
We can observe the universe because atoms emit

photons



Photons
• massless subatomic particles
• travel at the speed of light
• exhibit both wave-like and particle-like behavior

– High energy photons (X-rays and  rays) can
penetrate materials, like little bullets.

– All photons diffract (bend) around obstacles, like
waves. No shadows are perfectly sharp.

– Photons refract (change their direction of travel)
when passing through media with differing
properties (indices of refraction). This is why a
lens can focus light.



Photons
• Photons obey the wave equation:  x λ = c

–  is the frequency (time between crest passages)
– λ is the wavelength (distance between crests)

    (for any wave, the product of the wavelength and the
frequency is the velocity)

      (c is the speed of light, 3 x 105 km/s)

• Photons carry energy: E = h 
      h is Planck's constant, or 6.6 x 10-27 erg seconds

• No limitations on wavelength or frequency.



Small Distances

1 meter (m) =
• 100 centimeters (cm)
• 1000 millimeters (mm)
• 106 microns (µm)
• 109 nanometers (nm)
• 1010 Angstroms (Å)



Electromagnetic Radiation



ElectroMagnetic Spectrum
•  rays (gamma rays). The highest energy photons.

Produced by extremely energetic events: solar flares
and terrestrial lightning; gas at temperatures near
109K.  rays are dangerous to living things because
they can penetrate tissue.  <  0.01nm.

• X-rays: also high energy, penetrating radiation.
0.01nm  < 10nm.  Dental X-rays are about 0.012nm.
They penetrate soft tissue, but are stopped by the
minerals in bone. Produced by 106-108 K gas, or by
matter falling onto neutron stars or black holes.

•  rays and X-rays do not penetrate the Earth's
atmosphere.



ElectroMagnetic Spectrum
• Ultraviolet (UV): 10-300nm. Generated by 104-105K

gas. Most UV is absorbed by ozone, but some near-
UV radiation penetrates the Earth's atmosphere, and
can cause sunburn.

• Optical penetrates the atmosphere, and can be seen
with the naked eye. Astronomically, 300<<1000nm.

• Infra-red (IR): 1000 nm (1 micron) to 1 millimeter.
Some penetrates the atmosphere, mostly at  <10
microns (µm). Felt as heat. IR is generated by objects
with temperatures <1000K. At 300K, you radiate
strongly at 10 µm. Light with  >100 µm is often
called sub-millimeter (sub-mm) or millimeter (mm)
radiation



ElectroMagnetic Spectrum
• Radio:  >1 mm. Atmosphere is transparent to radio

waves with 0.2 mm <<200m. Generated mostly by
electrons oscillating in a magnetic field, processes
similar to those we employ to generate AM and FM
radio signals.

• FM radio and television operate at wavelengths of a
few meters (about 100 megahertz), while AM radio
operates at wavelengths of a few tenths of a
kilometer (about 1000 kilohertz).

    AM radio penetrates better than FM amidst the
canyons of Manhattan, or into mountains, because of
a wave-like property: waves can bend (or diffract)
around objects the size of the wavelength of smaller.



What Penetrates the
Atmosphere?



How Photons Are Made

Accelerating Electrons



How Photons Are Made

Electronic transitions in atoms



Types of Spectra

Continuous spectrum

Emission lines

Absorption lines



Kirchoff’s Laws

Continuous spectrum

Emission lines

Absorption lines

•A hot opaque object  a continuous spectrum
•A hot transparent gas  an emission line spectrum
•A cool transparent gas superposed on a hot opaque
object  an absorption line spectrum



Notes on Kirchoff’s Laws

• Hot and cold are relative terms
• You need a background continuum to have

absorption lines
• You can also have emission lines on a background

continuum



Continuous Spectra

Black Body Spectra

Generated by hot gas

•Peak   on T
•Brightness T4

•Luminosity area x T4



Black Bodies
Objects in thermal equilibrium

– Neither heating up nor cooling down
• Spectral shape depends only on temperature
• Wien's law: T = 2.9 x 106K/max

    Peak of the spectrum gives the temperature.
• Stephan-Boltzmann law: power emitted per unit

area = T4.  iz the Stephan-Boltzmann constant This
is the Stephan-Boltzmann law. The brightness of an
object and its temperature determine its angular size
(radius/distance).



Line Spectra
Atomic lines reveal
•  elemental compositions
•  gas temperatures
•  ionization states



Solar Spectrum



What Else Light Does
Light also
• Reflects
• Scatters
• Is absorbed
Spectra can be wonderfully complex

Mars



Inverse-square law
• The intensity of light falls off as 1/d2

• d is the distance between the source and the
observer.

If we know the true
brightness, say from the
Stephan-Boltzmann law,
then we can determine
the distance to the object.



Doppler Effect
Emission from a moving object is shifted in wavelength.
• The emission is observed at longer wavelengths (red

shift) for objects moving away, and at shorter
wavelengths (blue shift) for objects moving towards us.

• d/=v/c
• d is the shift is wavelength,
    : the wavelength
    v: is the velocity of the source,
    c: is the speed of light.
If we can identify lines,
then we can determine how fast
The source is moving towards
or away from us.


