COSMOLOGY
The Doppler Eﬀect
- If we look at the spectrum of light emitted by a star or galaxy we can discover if
they are moving, and if they are moving then how fast or in which direction. We
can do this by using an eﬀect called the Doppler eﬀect.
- The Doppler eﬀect is a property of all waves. It happens not only with sound
waves but also light waves. When astronomers look at light spectra from distant
stars and galaxies they can see the Doppler eﬀect.
The dark lines are called absorption lines. They
are the frequencies of light that have been
absorbed by hydrogen. Here, the spectrum from
a nearby galaxy shows that the positions of the
dark lines have moved towards the red part of
the spectrum. The spectrum from a distant
galaxy shows that the lines have moved even
further towards the end. The last spectrum
shows the greatest shift for the furthest galaxy.
We call this displacement ‘red-shift’. It indicates
a relative motion between the galaxies and the
observer.

Red-shift = emitted waves have their wavelength increased, that is, moved to the
red end of the spectrum
- Red-shift indicates that the source of the light waves is moving away from the
observer. Blue-shift indicates that the source of light is moving towards the
observer.

When we compare the light emitted from all the diﬀerent galaxies a clear pattern
emerges. Almost all the galaxies emit light with red-shift. The further away a galaxy
is the greater the red-shift and therefore the faster it is moving away from us. We
see exactly this pattern in situations that involve explosions. So scientists now

believe that the Universe is expanding and that at some time in the past, all the
matter in the Universe was in one place just before an explosion. As the Universe
expands, the galaxies get further apart. This theory is called the Big Bang Theory.
The Doppler Equation
The equation to calculate the speed at which a star/galaxy is moving relative to us:
change in wavelength, Δλ
reference wavelength, λ0

=

velocity of a galaxy, v
speed of light, c

Cosmic Microwave Background (CMB) Radiation
To reinforce the idea that the Universe began with a Big Bang, scientists searched
for something else that we might connect with an explosion - that is, the release of
energy. This energy would be in the form of waves. But as the Universe expands
these waves become stretched and therefore they would have much longer
wavelengths than before. In fact these wavelengths were predicted to be so long
that they would be in the microwave part of the electromagnetic spectrum. In the
1960s scientists detected this afterglow of energy. As was predicted, they are
microwaves and can be detected in all directions in the Universe. They became
known as cosmic microwave background (CMB) radiation.

