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The Doppler effect

* Doppler effect (or Doppler
shift), named after the
Austrian physicist Christian
Doppler.

* Proposed in 1842 the
change in frequency of a
wave (or other periodic
event) for an observer
moving relative to its
source.




For waves that propagate in a medium

* For waves that propagate in a medium, such
as sound waves, the velocity of the observer
and of the source are relative to the medium
In which the waves are transmitted.

* The total Doppler effect may therefore result
from motion of the source, motion of the
observer, or motion of the medium.

« Each of these effects is analyzed separately.



Sound wave-fronts propagate
symmetrically away from the
source at a constant speed c.

«10° Doppler Effect Model in 1|Doppler Effect
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Sound source is moving at the
speed of sound in the medium
(us = ¢, or Mach 1).
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Applications of Doppler effect

Astronomy
Temperature measurement
Radar

Medical imaging and blood flow
measurement

Satellite communication
Vibration measurement



For waves which do not require a
medium, such as light

* For waves which do not require a medium,
such as light or gravity in general relativity,
only the relative difference in velocity
between the observer and the source needs

to be considered.



Astronomy

* The Doppler effect for EM waves such as
light is of great use in astronomy and results
In either a so-called redshift or blueshift.

* |t has been used to measure the speed at
which stars and galaxies are approaching or
receding from us, that is, the radial velocity.

* This is used to detect if an apparently single
star is, in reality, a close binary and even to
measure the rotational speed of stars and
galaxies



Absorption lines

» absorption lines are not
always at the frequencies
that are obtained from the
spectrum of a stationary
light source.

* Redshift of spectral lines
In the optical spectrum of
a supercluster of distant
galaxies (right), as
compared to that of the
Sun (left)
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Positive radial velocity means the star is
receding from the Sun, negative that it is
approaching.

» Since blue light has a higher frequency than red light,
the spectral lines of an approaching astronomical
light source exhibit a blueshift and those of a
receding astronomical light source exhibit a redshift.

 Among the nearby stars, the largest radial velocities
with respect to the Sun are +308 km/s (BD-15" 4041,
also known as LHS 52, 81.7 light-years away)

« and -260 km/s (Woolley 9722, also known as Wolf
1106 and LHS 64, 78.2 light-years away).



Mass—energy equivalence

Mass—energy equivalence is a consequence of special relativity.

The energy and momentum, which are separate in Newtonian
mechanics, form a four-vector in relativity, and this relates the time
component (the energy) to the space components (the momentum) in a
nontrivial way.

For an object at rest, the energy—momentum four-vector is (E, 0, 0, 0):
it has a time component which is the energy, and three space
components which are zero.

By changing frames with a Lorentz transformation in the x direction
with a small value of the velocity v, the energy momentum four-vector
becomes (E, Ev/c2, 0, 0). The momentum is equal to the energy
multiplied by the velocity divided by c2.

As such, the Newtonian mass of an object, which is the ratio of the
momentum to the velocity for slow velocities, is equal to E/c2.
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* http://en.wikipedia.org/wiki/Doppler effect




