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Light and the
Electro-Magnetic spectrum

Koupelis   - chapter 4
OpenStax - chapter 51

Today’s lecture: Light

• How do we learn about the objects in the Universe? 
About their properties?

• From their light

• Light is radiation

• So to understand the Universe, we need to we learn 
about the nature of light/radiation itself

2



24/11/2024

2

What is the nature of light?

•  Useful in the dark

•  A kind of electro-magnetic wave, carrying energy

•  The only messenger from the Universe
available to astronomers 
(except meteorites, Moon rocks, cosmic rays, gravitational waves)
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Light : what is its nature?
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Light as an electro-magnetic wave
Electric field

Magnetic field

A changing electric field
induces

a changing magnetic field,
and vice versa
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Properties of light
(and electro-magnetic radiation in general)
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Properties of light

•  Light behaves like a wave (like sound)

•  Light behaves like a particle: photons

•  Light transports energy; each photon is an energy ‘package’.

•  Photons with shorter wavelengths carry more energy.

• Light can propagate in vacuum

•  Light moves at the maximum speed  (usually indicated by c )
In vacuum: 299.792,458 km/s (roughly 1.08 billion km/hr)
In other media (air or glass) this speed is slightly lower.

(and electro-magnetic radiation in general)
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Light as a wave

Waves can interfere, so can light.

Light propagates 
through vacuum.
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Light as a wave

Frequency =
speed

wavelength

Energy =  constant x frequency

n =
c

l

A few simple relevant formulas:

l

c

E = h· n = h· c / l
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‘sailing’ with radiation pressure
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Properties of light
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(and electro-magnetic radiation in general)
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Light as a particle
CCD

A CCD (Charge-Coupled Device)
counts photons, part of a digital camera!

Recall :  E = hn
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How to measure the speed of light?

Ole Roemer (1675) : orbital period of Io (1.76 days)

Result : 214.000 km/s  (wrong, but almost correct)
19

Armand Fizeau (1849) :  double mirror with gear 
wheel

Result : 315.000 km/s   (correct to 5%)

How to measure the speed of light?
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The rainbow 

White light consists of a rainbow of colours
A ‘colour’ is light with a specific wavelength
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The spectrum
Newton (1666):

“Light consists of small,
fast-moving particles”
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the electro-magnetic spectrum 
Visible light is only a small part of the total 

electro-magnetic spectrum.

Typical wavelength of ‘visible’ electro-magnetic radiation:

500 nano-meter = 0.0005 millimeter    (‘green’ light)
23 24
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The Electro-Magnetic spectrum

25

Ultra-violet 
(±10 – 390 nanometer)

more energetic than visible light

It’s usually stopped by the ozone 
layer

Causes tanning, sun burn, skin cancer

26



24/11/2024

14

X-rays
(±0.03 – 3 nanometer)

Penetrates deep into materials.
medical applications
screening luggage
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Gamma radiation
(shorter than ±0.03 nanometer)

Most energetic radiation
Produced in radioactive decay

Very harmful to life 
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Infrared

Less energetic than visible light
“heat radiation”

remote controls, security

(±720 nanometer –
300 micrometer)
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Microwaves

(±300 micrometer –
1 centimeter)

(sub-) millimeter radiation
micro-wave, radar
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Radiowaves
(±1 centimeter -

kilometers)

Electro-magnetic radiation 
with the longest wavelengths;

radio, WiFi,
navigation, radar etc 

31

Glowing objects

Hot objects radiate

from glowing red
to white hot

metal, lava, stars, etc.

higher     temperature     lower 32
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Glowing objects

Hot objects radiate, from glowing red to white hot
metal, lava, stars, etc.
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Planck curve: 
blackbody radiation

glowing red

white hot

From colder to hotter
(increasing Temp):

- Peak of the spectrum shifts 
to the blue 
(shorter wavelengths)
à Wien’s law

- Intensity of the radiation 
increases at all wavelengths
à Stefan-Boltzmann’s law
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Wien’s law

wavelength of the peak (m) = 
0.003

Temperature (K)
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The structure of atoms

discrete ‘orbits’ or energy levels of electrons in an atom

described by quantum-mechanics
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discrete energy levels with regularity

Hydrogen-atom
emission, absorption, 

ionization
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Absorption
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Light from the Sun

We can measure which atoms are present in the atmosphere of a star!
41

Emission & Absorption

emission lines

absorption lines42
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Transmission

Reflection or scattering

cloud

Absorption & Reflection
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Spectra of astronomical objects

emission linesabsorption lines

Solar spectrum Planck curve

continuum
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Information from the spectrum
•  The continuum informs us about:

➢ the temperature of an object (Wien’s law)

•  Emission & Absorption lines inform us about:

➢ which elements an object is made of

➢ the density & temperature of these elements

Each element has a ‘finger print’

emission lines

continuum
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Doppler effect

higher pitched soundlower pitched sound
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Doppler effect

47

Object moves away from us  :  red shift

Object does not move

We measure the Doppler shift, and thus velocities, 
using Emission and Absorption lines

Object moves towards us     :  blue shift

wavelength ➞

Doppler effect
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Object moves away from us  :  red shift

Object does not move

We measure the Doppler shift, and thus velocities, 
using Emission and Absorption lines

Object moves towards us     :  blue shift

wavelenghth ➞

Doppler effect

The amount of the shift is proportional to the velocity of the object 
with respect to us
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The  “       - law”
R

2

1
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The Earth
atmosphere
protects us against 

harmful radiation from 
the Universe
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Atmospheric ‘windows’
The ‘optical’ window

53

Teaser and summary

• We observe objects as they were when their light was emitted
(constancy of the speed of light) à we can learn about the past by 
studying even more distant objects

• From the wavelength at which the maximum intensity is radiated, we can 
infer the T of a star

• From the absorption/emission lines we learn about the chemical 
composition and the velocity with respect to us (along the line-of-sight) 54
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Next lecture:

Telescopes
windows to the universe

Koupelis   - chapter 5 
OpenStax - chapter 6
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