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Nature of L ight and Matter
• Goals

– Understand the Properties of L ight: Speed, 
Wavelengths, Colors.

– How is temperature related to color?
– The cause of emission and absorption lines.
– The redshift/Doppler  effect.

• The Speed of L ight
– Fundamental Constant

• 299,792,458 km s-1

– Galileo - Lanterns of hill tops
• No detectable time delay.

– Romer- Eclipse of moons of Jupiter
• Time of eclipse depends on the distance of the Earth from 

Jupiter .
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• Speed of L ight
– Fizeau &  Foucault - Rotating mir ror

• L ight travels to a rotating mir ror  then to a stationary mir ror  and 
back.

• Rotating mir ror  moves through and angle and the image of 
returned light is offset.

• 300,000 km s-1

• Spectrum of L ight
– Light is made up of many different wavelengths 

Figure 5-3
• Discovered by Newton using 2 Pr isms.

– Light behaves as a Particle (Newton) and Wave(Huygens)
• Par ticles are called photons. 

• Duality of the nature of light shows our  model to be inexact.
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• L ight as a Wave
– Young’s double slit exper iment

• L ight passes through 2 slits (e.g. waves).
• L ight shows inter ference patterns (ser ies of dark and br ight 

bands).
• Br ight Bands (positive inter ference).
• Dark bands (destructive inter ference).

• Electromagnetism 
Figure 5-6, 5-7

• Light and magnetism exist as a field (Maxwell’s Equations).
• Distance between 2 peaks/troughs is the wavelength (llll ).

• 1 Angstrom = 0.1 nm
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• Measures of wavelength
– Wavelength and Frequency

• f: frequency (Her tz [Hz])

• c: speed of light

· llll : wavelength 

– Example (Hydrogen)
• Atoms emits light wavelengths of 21.12cm. 

• High frequency            Low wavelength
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• Radiation and Temperature
– Dense Sources 

• Color  relates to temperature (e.g. the element on an electr ic fire).

• Amount of light (intensity) and color  relate to the temperature of a 
source.

• Hotter  object: Shor ter  wavelength
More energy

• Cooler  object: Longer  wavelength
Less energy

– What does temperature mean?
• Temperature relates to the motion (average speed) of atoms.

• Example: Solid and gas (gas is at higher  temperature - atoms move 
more freely).

red-orange (cooler) dull
yellow-white (hotter) bright
blue-white (very hot) brilliant

slowly move atoms   Cold

speedat  move atoms Hot    
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– Definition of Temperature
• Absolute Zero: When atoms move as slowly as possible. Faster  the

agitation of atoms the greater  the Kelvin temperature.
• T(K) = T(oC) + 273.15

0 K = -273.15 oC = -460 oF
• Room temperature (20 oC)

– Temperature vsRadiation
Figure 5-10

• Radiation var ies with T as a Blackbody Curve. A per fect absorber  
and emitter . 

• Spectrum is continuous (no gaps) with a shape and height that 
depends on T.

• Hotter               Shor ter  wavelengths
• L ight still produced at all wavelengths.

459.4 - T
5
9

T KF ====

Low Temperature (3000K) - Peaks at 1 mmmmm
- Low intensity

High Temperature (12000K) - Peaks at 300 nm
- High intensity
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• Blackbody Curve
• I f we measure the Spectrum of a dense object we can measure its 

Temperature.
• Planck Function

• h=6.6256x10-34 J s  (Planck’s Constant)
• k=1.38x10-23 J K -1 (Boltzmann Constant)

• Wein and Stefan-Boltzmann Laws
– Wein’s Law (1893)

l :l :l :l : wavelength of peak intensity (m)
T: temperature (K)

· llll is inversely propor tional to T
• Color  is dependent on temperature
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– WeinsLaw (T vs llll ) 
Figure 5-10

• 1200K: peak is in ultraviolet
3000K: peak is in infrared

• Measur ing the  peak gives  temperature
– Example: Sun’s sur face temperature

– Example: Wavelength of the Ear th

• Ear th radiates at 10mmmmm (beyond our  spectral range). I t doesnt glow 
in the dark          

3000K 0.96mmmmm
6000K 0.48mmmmm
12000K 0.24mmmmm
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– Stefan Boltzmann Law
• Relates total energy radiated per  meter2 per  second and 

temperature  (energy radiated at all wavelengths).
• Measure of energy = Joule 

1 Watt (W) = 1 Joule per  second (J/s)
100 W light bulb = 100 J/s

• Amount of energy depends on size of an object (a forest fire 
gives of  more energy than a match).

• Calculate energy per  unit sur face area -energy flux (e.g. 
energy per square meter). Measured in  J m-2 s-1 or  W m-2

• 2x Temperature               16x Flux 

4-2-8-

2-
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K m  W5.67x10Constant  :

(K) eTemperatur :T

)m (Wflux  energy :F

T F                  

Boltzmann Ludwig - Stefan Joseph
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T(Ear th) = 300K      T(Sun)=6000K
160000 x Flux
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– Stefan Boltzmann Law
• Example:Average flux energy from the Sun at the Earth is 

1370 W m-2. What is the flux density of the Sun at its 
sur face?

Area of Sphere = 4ppppr2

Total luminosity = 4ppppr2 x 1370 w m-2

= 4p p p p x (1.5x1011)2 x 1370 
= 3.9x1026 W

In 1s the Sun radiates 3.9x1026 J into space!

Flux at the Sun’s sur face
Size of the sun = 6.696x108 m

Flux on surface = 

= 6.41x107 W m-2

Sun has a much larger flux density than that 
received by the Ear th (1/r 2) effect.
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– Example: How much energy do Sir ius and the Sun 
emit?

• Sir ius : sur face Temperature of 10,000K

• Emits in the ultraviolet

• Sir ius emits 8.8x more energy than the Sun.
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• L ight as a Wave and a Par ticle
– Cant explain Blackbody by a wave

• Light behaves as a par ticle (photons).
• Each photon is a packet of energy.
• I f the energy is sufficient a reaction can occur  (e.g. sun tan, 

photoelectr ic effect).
• Blackbody caused by the group proper ties of the photons (Planck 

Function).
– Energy of Photons

• h: Planck’s Constant 6.625x10-34 J s
• c: speed of light
• llll : wavelength
• E: energy
• Increasing llll ®®®® decreasing energy.
• Increasing nnnn ®®®® increasing energy.
• One photon carr ies a small amount of energy.
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– Example: A laser  scanner  (633nm)

• Energy of the laser  = 10-3 J s-1

• Stream of photons
– Energy in terms of frequency

• nnnn: frequency (Hz)
• h: Planck’s constant
• E: energy

photonper  J  3.14x10    
m 6.33x10

)s m (3x10x  s)J  (6.625x10
  

c h
E
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• Spectral L ines
Figure 5-14

– Spectra are not completely continuous
• Spectral lines (absorption and emission).
• Discover by Kirchoff (1814).
• Spectral lines are unique to an element (e.g. DNA testing).
• Identifying lines leads to discovery of elements in 

astrophysics (e.g. Helium).

– Kirchoff’sLaws
• A hot opaque body (e.g. a blackbody or  hot dense gas) 

provides a continuousspectrum with no spectral lines.
• A hot transparent body produces emission linespectra -

br ight spectral lines.
• A cool transparent body in front of a continuous spectral 

sources produces absorption lines. Absorption and emission 
lines of the sameelement occur  at the samewavelength.



Survey of Astronomy A110Light and Matter



Survey of Astronomy A110Light and Matter

– Kirchoffs Law

– Emission and Absorption L ines
Figure 5-14

• Absorption if gas is cooler  than the background source.
• Emission if gas is hotter  than the background.
• Elements absorb and emit at specific wavelengths. This implies an 

atomic structure for  the elements.
• Elements emit in all directions.

– Spectroscopy: study of spectra
Figure 5-15

• Continuum tells about temperature.
• L ines tell about composition.
• “ DNA fingerpr inting”  of stars.

Dense                Continuous             Blackbody
(Sun, Tungsten Filament)

Low Density            L ine Spectra
(Gas Clouds, Atmospheres)
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• Atomic Structure of Elements
– Ruther ford’s Model

• aaaa-par ticles deflected from nuclei of atoms.
• Atomic nuclei have a positive charge.
• Nuclei made up of protons (+ve) and neutrons (neutral) bound by strong

force.
• Nuclei sur rounded by electrons (-ve).

– Atomic Nuclei
• protons: 1.7x10-27 kg
• neutrons: »»»»1.7x10-27 kg
• mass proton = 2000 x mass electron
• Atom is neutral: 

number  of protons = number  of electrons
• Ions are charged: missing electrons

– Spectral L ine Emission
• Bohr : Spectral L ines of Hydrogen

• Regular  ser ies of lines: Balmer ser ies

H(aaaa) = 656.3 nm
H(bbbb) = 486.1 nm
H(gggg) = 434.0 nm
H(dddd) = 410.7 nm
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– Balmer Ser ies (Hydrogen)

• R: Ryberg’s Constant (1.097x107 m-1)
• n: integer  (n>2)

• Electrons can only orbit at par ticular  energy levels (unlike planets).
• Bohr  orbits n=1,2,3.....
• Electrons jump from one energy level to the next emitting and 

absorbing photons.
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• Bohr  Atomic Model
Box 5-5

• N: number  of the inner  orbit
• n: number  of the outer  orbit
• R: Rydberg’s constant
• llll : wavelength

– N=1: Lyman ser ies (ultraviolet)

– N=2: Balmer ser ies (optical)
– N=3: Paschen Ser ies (infra-red)
– Ionizing an Atom

• Moving an electron from N=1 to n=¥¥¥¥
• Electron removed: atom ®®®® ion (+ve)
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• Energy Levels
– Change in Energy

• DDDDE: difference in energy between levels
• llll : Wavelength of emitter /absorbed photon

– Emission/Absorption
• Electrons gain a level: absorbs a photon.
• Electrons lose a level: emits a photon.

– Emission lines
• Hot gas has a lot of kinetic energy (rapidly moving par ticles). 

Collisions excite electrons (higher  energy level). Electrons cascade 
down emitting light.

– Absorption lines
• Cool, slow moving atoms hit by photons. Electrons are kicked to a 

higher  energy level absorbing the photon.
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• Doppler  Shifts
Figure 5-23

– The observed wavelength of light depends on the motion of the 
source

• Car  siren changes frequency/wavelength

• DlDlDlDl : Wavelength shift
• llll E: Wavelength emitted
• llll O: Wavelength observed
• v: velocity of source
• c: speed of light

– Measur ing Redshift
• Identifying spectral lines and measur ing shift from restframegives 

objects redshift. 
• Redshift is a measure of radial velocity.

Approaching ®®®® Compressed ®®®® Shorter  llll ®®®® blue shift
Receding        ®®®® Expanded    ®®®® Longer  llll ®®®® red shift
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– Example 1: Receding Spaceship
• Space moves at 300 km s-1 away from us and fires a 633nm laser .

• Couldn’ t excite a He Ne gas

– Example 2: Randy Johnson Fastball
• 100 mph fastball = 0.04 km s-1

• Observe the ball in the visible (500 nm)

• Redshift of light is not a big effect in every day life.
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