
CHAPTER 3	

Light and Telescopes	




In this chapter you will discover… 
l  the connection between visible light, radio waves, and other types 

of electromagnetic radiation 
l  the debate in past centuries over what light is and how Einstein 

resolved this question 
l  how telescopes collect and focus light 
l  why different types of telescopes are used for different types of 

research 
l  the limitations of telescopes, especially those that use lenses to 

collect light 
l  what the new generations of land-based and space-based high-

technology telescopes being developed can do 
l  how astronomers use the entire spectrum of electromagnetic 

radiation to observe the stars and other astronomical objects and 
events 



What is the nature of light? 
 
 

Light can be thought of as a 
wave in an electric field 

 
or 
 

as discrete particles of energy… 
 



What is the nature of light?���
	


Light can be thought of as a wave, 
like sound waves, water waves…. 	


http://phet.colorado.edu/en/simulation/wave-interference 



What is the nature of light?���
	


Light can be thought of as a wave.  	




Wave like nature of light 
 

Light can be thought of as a wave.   
1.  The wavelength λ (m) is the distance from crest to crest. 
2.  The frequency f  (1/s, or hz) is the number of crests that pass a given 

point each second.  
 
   



Wave like nature of light	


The above animation shows waves with different wavelengths 
moving with the same speed.  Their frequencies are different.	




The velocity c of the wave is the wavelength times the 
frequency:   

The velocity of light in vacuum is constant for all wavelengths, 
regardless of the relative velocities of the observer and the light 
source. 

    c = 300,000 km/sec 
    or                               (c = 186,000 miles/sec)   
 

Ordinary matter cannot travel faster than the speed of light. 
(Einstein said this!) 

c= f ! "

Wave like nature of light 
 



The velocity of light is not infinite.   	


The Danish astronomer Ole Romer noticed this in 1675, and made an 
estimate of the speed of light (off by 25%)	




What is the nature of light? 
 

Light can be thought of as a 
wave in an electric field 

 
or 
 

as discrete particles of energy… 
 



Dual nature of light 
 

Einstein (1905) needed to assume that light can also behave like individual 
particles, call photons, to help explain the new photoelectric effect.	




Particle like nature of light 
 

Light can also behave like discrete particles called photons.  
The energy E of a photon depends on the frequency (or 
equivalently the wavelength): 

h=6.67x10-34 Js=Planck’s Constant (1903). 

E = h! f



What is the nature of light?���
	
Photons of higher energy have higher frequencies 

and shorter wavelengths, since	


E = h! f
c= ! " f

E =
h! c
"

but remember  (                )	


so	


f ! E !

! 
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Intensity  vs.  Energy 

•  The intensity of a source 
refers to the number of 
waves or photons from that 
source. 

•  A photon’s energy depends 
on the frequency. 



 
Different “types” of light. 

 
What light can tell us. 

 



Visible light	


•  White light is made up of different colors	




Visible light	


•  Different colors correspond to different frequencies (or 
wavelengths). (remember: 1 nm=1x10-9 m) 

•  The colors of the rainbow are ROY G BIV: red orange 
yellow green blue indigo violet.  

   blue      red 
     λ~400 nm=4x10-7 m        λ~600 nm=6x10-7 m 

f=c/λ=7.5x1014 1/s	
 f=c/λ=5x1014 1/s	




Visible light	

    

§  Red has the longest wavelength, the smallest 
frequency, and the lowest energy. 

§  Violet has the shortest wavelength, the highest 
frequency, and the highest energy. 

c= f ! "
E = h ! f



Visible light from Stars 



The Electromagnetic Spectrum 

•  Visible light is only a tiny fraction of the 
Electromagnetic Spectrum.  

•  For example, there is invisible radiation 
with wavelengths longer than red light 
that heats the thermometer. 



The Electromagnetic Spectrum 
wavelengths longer than visible 

•  As we go to wavelengths slightly longer than visible 
(i.e. smaller frequencies and lower energies), we find 
infrared radiation, which is basically perceived as 
heat. 

•  As we go to longer wavelengths still, we find 
microwave radiation, which is often used to pop 
popcorn.   

•  At the longest wavelengths, corresponding to the 
smallest frequencies and the lowest energies, we have 
radio waves, including AM/FM, shortwave, TV, etc. 



•  If we go to shorter wavelengths (higher frequencies 
and energies), we find ultraviolet light.  With higher 
energies, UV photons can damage skin cells.   

•  As we go even shorter in wavelength (higher in 
frequency and energy), we get X-rays.  With their 
high energies, X-rays can be used to image our 
insides.  

•  As the shortest wavelengths and the highest energies, 
we have gamma rays.   Gamma rays are sometimes 
used to sterilize food.  

The Electromagnetic Spectrum 
wavelengths shorter than visible 



The Electromagnetic 
Spectrum 

•  Visible light is only a tiny fraction of the 

Electromagnetic Spectrum.  
•  Gamma rays, X-rays, UV light, visible light, 

infrared radiation, microwaves, and radio 
waves are all different manifestations of 
electromagnetic energy.  

•  The range in wavelengths typically 
encountered span a factor of 1014. 

•  All forms of electromagnetic radiation travel 
with the same velocity, the speed of light c. 


