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ABSTRACT

In this work we study of Doppler broadening by using four beams of light. The
measurable velocity (m.s-1) was in the range of -5.2x107 to 5.2x107. The maximum
measurable velocity (m.s-1) was found to be limited by the signal-to-noise ratio. The
intensity spectrum broadened linearly when velocity (m.s-1). At the same time, the
spectral amplitude decreased and eventually approached the noise level. Increasing the

laser power or improving the transducer sensitivity can extend the maximum. In contrast,
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the minimum measurable velocity (m.s-1) increased. Immediate, which represents the
velocity sensitivity of the system, was limited by the frequency resolution of the system
(-1.5x1014 Hz). Increasing the number of piezoelectric transducer cell (PZT) points can
improve the minimum.

1. Introduction

In this work we study Doppler effect is the change in the
observed frequency of a source due to the relative motion
between the source and the receiver. The relative motion that
affects the observed frequency is only the motion in the Line-
Of-Sight (LOS) between the source and the receiver [1]. When
the source of the waves is moving towards the observer, each
successive wave crest is emitted from a position closer to the
observer than the previous wave. Therefore, each wave takes
slightly less time to reach the observer than the previous wave.
Hence, the time between the arrivals of successive wave crests
at the observer is reduced, causing an increase in the
frequency. While they are travelling, the distance between
successive wave fronts is reduced, so the waves "bunch
together”. Conversely, if the source of waves is moving away
from the observer, each wave is emitted from a position
farther from the observer than the previous wave, so the
arrival time between successive waves is increased, reducing
the frequency. The distance between successive wave fronts is
then increased, so the waves "spread out"[2]. Doppler first
proposed this effect in 1842 in his treatise "Uber das farbige
Licht der Doppelsterne und einiger anderer Gestirne des
Himmels" (On the colored light of the binary stars and some
other stars of the heavens).[3] The hypothesis was tested for
sound waves by Buys Ballot in 1845.[4] He confirmed that the
sound's pitch was higher than the emitted frequency when the
sound source approached him, and lower than the emitted
frequency when the sound source receded from him.
Hippolyte Fizeau discovered independently the same
phenomenon on electromagnetic waves in 1848 (in France, the
effect is sometimes called "effet Doppler-Fizeau" but that
name was not adopted by the rest of the world as Fizeau's
discovery was six years after Doppler's proposal).[5] In
Britain, John Scott Russell made an experimental study of the
Doppler effect (1848).[6], and the Application of Doppler
Effect in Sirens, Thesirenon a passing emergency
vehicle will start out higher than its stationary pitch, slide
down as it passes, and continue lower than its stationary pitch
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as it recedes from the observer. Astronomer John
Dobson explained the effect thus, "The reason the siren slides
is because it doesn't hit you. “In other words, if the siren
approached the observer directly, the pitch would remain
constant until the vehicle hit him, and then immediately jump
to a new lower pitch. Because the vehicle passes by the
observer, the radial velocity does not remain constant, but
instead varies as a function of the angle between his line of
sight and the siren's velocnyvr =V, cos & where @ is the

angle between the object's forward velocity and the line of
sight from the object to the observer, the other application of
Doppler Effect is  Astronomy, The Doppler effect
for electromagnetic waves such as light is of great use
in astronomy and results in either called red shift or blue shift.
It has been used to measure the speed at
which stars and galaxies are approaching or receding from us,
their radial velocities. This may be used to detect if an
apparently single star is, in reality, a close binary, to measure
the rotational speed of stars and galaxies, or to detect exo
planets. Note that redshift is also used to measure
the expansion of space, but that this is not truly a Doppler
effect.[7]This redshift and blue shift happens on a very small
scale, if an object is moving toward earth, there would not be a
noticeable difference in visible light [8,9]. The use of the
Doppler effect for light in astronomy depends on our
knowledge when the spectra of stars are not homogeneous.
They exhibit absorption lines at well-defined frequencies that
are correlated with the energies required to excite electrons in
various elements . The Doppler effect is recognizable in the
fact that the absorption lines are not always at the frequencies
that are obtained from the spectrum of stationary light source.
Since blue light has higher frequency than red light, the
spectral lines of an approaching astronomical light source
exhibit blue shift 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
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64, 78.2 light-years away). Positive radial velocity means the
star is receding from the Sun, negative that it is approaching,
the Doppler effect is used in some types of radar, to measure
the velocity of detected objects. A radar beam is fired at a
moving target as it approaches or recedes from the radar
source. Each successive radar wave has to travel farther to
reach the car, before being reflected and re-detected near the
source. As each wave has to move farther, the gap between
each wave increases, increasing the wavelength. In some
situations, the radar beam is fired at the moving car as it
approaches, in which case each successive wave travels a
lesser distance, decreasing the wavelength. In either situation,
calculations from the Doppler effect accurately determine the
car's velocity. Moreover, the proximity fuze, developed during
World War 1l, relies upon Doppler radar to detonate
explosives at the correct time, height, distance, etc [10]
2. Experimental Procedure

Experimental had done to eliminates Doppler broadening
in measurements made and will allow for Doppler-free
saturated absorption. Four beams of light are derived from the
same laser using piezoelectric transducer cell (PZT) and (USB
2000) spectrometer, which pass the beams through a cell. The
laser then passed through the piezoelectric transducer cell. The
piezoelectric transducer cell incident beam into four beams,
the (USB 2000) spectrometer were placed one behind the
incident beam. The subtraction of the overlap and reference
beam circumvents Doppler broadening, leading to Doppler-
free laser-saturated absorption spectroscopy.
3. Results and Discussion
3.1 Results
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Figure 1. Wavelength verses intensity Spectra of
piezoelectric transducer cell(PZT).
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Figure 2. Frequency verses intensity Spectra of
piezoelectric transducer cell (PZT).
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Figure 3. Maxwell-Boltzmann velocity distribution. The
Intensity vs. their velocity component in one direction for
room temperature He Ne laser.
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Figure 4. Doppler profile. The Intensity vs the laser
frequency offset from resonance has a Gaussian line shape.
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Figure 5. Doppler frequency shift as a function of average
flow velocity.

3.2 Discussion

In Fig (1) and fig (2) a laser beam passes through the
piezoelectric transducer cell (PZT) and its intensity is
measured by (USB 2000) spectrometer as the laser
(wavelength and frequency) is scanned through the natural
resonance wavelength. When a laser beam propagates through
piezoelectric transducer cell (PZT), the two stimulated
transition processes change the intensity of the laser beam and
(wavelength and frequency). Moreover, Doppler shifts
associated with the random thermal motion of the absorbing
atoms must also be taken into account. here is an interplay
among these effects which is critical to understanding
saturated absorption spectroscopy.
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We begin with the basic equation describing how the laser
intensity changes as it propagates through the piezoelectric
transducer cell (PZT) and then continue with the effects of
Doppler shifts and population changes.

Atoms in piezoelectric transducer cell (PZT) cell move
randomly in all directions with each component of velocity
having a distribution of values. Only the component of
velocity parallel to the laser beam fig (3) Maxwell-Boltzmann
velocity distribution. The intensity of laser beam vs. their
velocity component in one direction for room temperature.
Direction will be important when taking into account Doppler
shifts. The intensity of laser beam in the velocity group
between (3x10" m.s* and -3x10" m.s™) is given by the
Boltzmann velocity distribution this is just a standard
Gaussian distribution with a mean of zero indicating the laser
beam are equally likely to be going in either direction.

In fig (4) Intensity moving with a velocity v see the laser
beam Doppler shifted by the amount v(v/c).We will take an
equivalent, alternate view that intensity moving with a
velocity v have a Doppler shifted resonance frequency in the
lab frame. The sign has been chosen to be correct for a laser
beam propagating in the positive direction so that the
resonance frequency is blue shifted to higher frequencies ifv is
positive and red shifted if v is negative. The intensity from a
velocity group at a laser frequency vis then obtained by
adjusting the Lorentzian so that it is centered on the Doppler
shifted resonance frequency v'.

As also shown in Fig (5) the measurable velocity (m.s™) was
in the range of -5.2x10" t05.2x10’.
4. Conclusion

The maximum measurable velocity (m.s™) was limited by
the signal-to-noise ratio. When velocity (m.s™) increased, the
intensity spectrum broadened linearly with velocity (m.s™). At
the same time, the spectral amplitude decreased and eventually
approached the noise level. Increasing the laser power or
improving the transducer sensitivity can extend the maximum.
In contrast, the minimum measurable velocity (m.s™), which
represents the velocity sensitivity of the system, was limited
by the frequency resolution of the system (-1.5x10% Hz).
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Increasing the number of piezoelectric transducer cell (PZT)
points can improve the minimum.

Reference

[1]Florian lon Petrescu, A NEW DOPPLER EFFECT
Germany 2012, ISBN 978-3-8482-2990-1

[2] Florian lon, Petrescu. A New Doppler Effect. Books on
Demand. p. 81. ISBN 3848229900.

[3] Alec Eden The search for Christian Doppler,Springer-
Verlag, Wien 1992. Contains a facsimile edition with
an English translation.

[4] Buys Ballot (1845). "Akustische Versuche auf der
Niederl&ndischen Eisenbahn, nebst gelegentlichen
Bemerkungen zur Theorie des Hrn. Prof. Doppler (in
German)".Annalen der Physik und Chemie.11: 321
351. Bibcode:1845AnP...142..321B. doi:10.1002/andp.184514
21102.

[5]Becker (2011). Barbara J. Becker, Unravelling Starlight:
William and Margaret Huggins and the Rise of the New
Astronomy, illustrated Edition, Cambridge University Press,
2011; ISBN 110700229X, 9781107002296.

[6] Scott Russell, John (1848). "On certain effects produced
on sound by the rapid motion of the observer". Report of the
Eighteenth Meeting of the British Association for the
Advancement of Science. John Murray, London in
1849. 18 (7): 37-38. Retrieved 2008-07-08.

[7]1The distinction is made clear in Harrison, Edward Robert
(2000). Cosmology: The Science of the Universe (2nd ed.).
Cambridge University Press. pp. 306ff. ISBN 0-521-66148-X.
[8] http://www.grg.northwestern.edu/projects/vss/docs/commu
nications/3-what-is-the-doppler-effect.html.

[9] Evans, D. H.; McDicken, W. N. (2000). Doppler
Ultrasound (2nd ed.). New York: John Wiley and
Sons. ISBN 0-471-97001-8

[10] http://www.radartutorial.eu/11.coherent/co06.en.html.


https://books.google.com/books?id=HYIMsn1TH9EC&pg=PA81&lpg=PA81&dq=When+the+source+of+the+waves+is+moving+towards+the+observer,+each+successive+wave+crest+is+emitted+from+a+position+closer+to+the+observer+than+the+previous+wave.&source=bl&ots=qQ3UhzAToR&sig=oOiIlQ70pkhfInrzGO4v8e_NnUU&hl=en&sa=X&ved=0ahUKEwj8ttW1w5TOAhXBy4MKHYvsB3wQ6AEILzAD#v=onepage&q=When%20the%20source%20of%20the%20waves%20is%20moving%20towards%20the%20observer%2C%20each%20successive%20wave%20crest%20is%20emitted%20from%20a%20position%20closer%20to%20the%20observer%20than%20the%20previous%20wave.&f=false
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/3848229900
https://en.wikipedia.org/wiki/English_language
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1845AnP...142..321B
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1002%2Fandp.18451421102
https://dx.doi.org/10.1002%2Fandp.18451421102
https://en.wikipedia.org/wiki/Cambridge_University_Press
https://en.wikipedia.org/wiki/Special:BookSources/110700229X
http://www.ma.hw.ac.uk/~chris/doppler.html
http://www.ma.hw.ac.uk/~chris/doppler.html
https://books.google.com/?id=-8PJbcA2lLoC&pg=PA315#PPA306,M1
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-521-66148-X
http://www.qrg.northwestern.edu/projects/vss/docs/communications/3-what-is-the-doppler-effect.html
http://www.qrg.northwestern.edu/projects/vss/docs/communications/3-what-is-the-doppler-effect.html
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-471-97001-8
http://www.radartutorial.eu/11.coherent/co06.en.html

