
Radiation, Matter and Energy 



What is light? 



Light is an 
electromagnetic wave 



Light is an 
electromagnetic wave 





Light is also a particle 
Photons: “pieces” of light, each with precise wavelength, 
frequency, and energy. Think of photons as tiny bullets 

Energy is proportional to frequency 

Within the visible spectrum, blue light has higher energy 
than red light 

Within the electromagnetic spectrum, X-rays have the 
highest energy, followed by UV, visible light, IR, and radio 

Remember: Light is just one form of electromagnetic 
wave of energy, the kind we can detect with our eyes. 



What is matter?  
Atomic structure: 

b 



Atomic Terminology  
•  Atomic Number = # of protons in nucleus  
•  Atomic Mass Number = # of protons + neutrons  



Atoms organized on Periodic Table  
•  Atomic Number = # of protons in nucleus 
•      



Atomic Terminology  
•  Isotope: same # of protons but different # of 

neutrons. (4He, 3He) 



Atomic Terminology  
•   Molecules: consist of two or more atoms (H2O, CO2) 
 



What is energy?  
Energy is a very broad 
concept, basically it’s 
anything that can make 
matter move or change 
 
Energy changes forms 
but is not created or 
destroyed: this is a law 
of physics 
 
Life mostly uses light 
energy (the Sun) and 
potential (chemical) 
energy from molecules 



In all matter, anywhere in the universe, atoms and 
molecules in constant, microscopic motion 
 
Temperature is a measure of the average kinetic 
energy of the many particles in a substance. 



All atoms and 
molecules in the 
universe are in 
constant microscopic 
motion or vibration: 
 
Thermal energy 
 
As a result, every 
substance emits a 
smooth spectrum of 
radiation, mostly at 
invisible infrared 
wavelengths: 
 
Thermal radiation 



Temperature Scales 
Stars are 
thousands 
of degrees 
 
 
Terrestrial 
planets 
 
Outer gas  
Planets 
 
Most of the 
universe 



How does light tell us the temperatures of planets 
and stars? 

Thermal Radiation 
 
•  Nearly all large or dense objects emit thermal 

radiation, including stars, planets, you, me… 
•  Thermal radiation has a smooth and broad 

spectrum, like the Sun’s rainbow of color 
•  An object’s thermal radiation spectrum depends 

on only one property: its temperature 



Two Properties of Thermal Radiation: 
1.  Hotter objects emit more light at all frequencies per unit area. 
2.  Hotter objects emit photons with a higher average energy. 
 



How do light and matter interact? 
•  Emission 
•  Absorption 
•  Transmission 
•  Reflection or Scattering 

Terminology:   
•  Transparent: transmits light 
•  Opaque: blocks (absorbs) light 

Everything we know 
about the universe is a 
result of these effects 



Interactions of light and matter 

Applied to a distant object like a planet, this can give us 
important physical information               remote sensing 



Example: the Sun’s Spectrum 



Chemical Fingerprints 

•  Every atom, ion, and molecule has a unique 
spectral “fingerprint” 

•  We can identify the chemicals in gas by 
their fingerprints in the spectrum. 

•  With additional physics, we can figure out 
abundances of the chemicals, and often the 
temperature, pressure, and much more. 



Example: Hydrogen Spectrum 



Hydrogen Electronic Energy Levels 



Hydrogen gas glowing (Hα at 656 nm) 

Credit: Nick Wright/IPHAS 



Example: More Elements… 

Lithium 

Sodium 

Potassium 

Rubidium 

Cesium 

Mercury 

Neon 



Sodium gas glowing (yellow light) 

Look at previous slide to see why it is yellow… 



We can even see ionized elements! 

O++ 

He+ 

H 



What types of light spectra can we observe? 



We also see molecules in space 

In addition to electronic transitions, molecules can also 
vibrate and rotate.  These transitions are at lower energy 
and thus occur in the infrared to radio wavelengths. 

Vibration Rotation 

Vibrations are quantized Rotations are also quantized 



     Obscuring Dust Cloud … what is it made of ?? 



Dust is made primarily of Silicates 
(Si-O bonds vibrating) 



Example: Rotational Transitions 

Optical Image Carbon Monoxide 
molecules 



Example: Carbon Monoxide towards Orion 

CO 



  Rotational Transitions in Radio Spectrum 

Wavelength ~ 1mm.  The frequency of this 
observations is ~2000x higher than FM radio 

Detections of organic molecules in space! 



Two Fundamentally Different Spectral Mechanisms 

Spectral lines:                                  Thermal radiation: 

•  narrow, sharp features 
•  pattern unique to each element 
•  gives chemical composition 
•  emission (hot, diffuse gas) 
•  absorption (cool, diffuse gas) 

•  broad, smooth continuum 
•  peak emission gives temperature 
•  higher temp, shorter wavelength 
•  no information on composition 
•  everything emits thermally 


