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SUMMARY

Interference - the phenomenon of the a new, spaaiciern of the wave formation as a result
of overlapping (superposition) of two or more wavelsually refers to the interaction of
waves that are correlated because they come frersaime source or because they have the
same or nearly the same frequency. Interferencevadfes consistent (coherent) gives a
spatially constant wave amplitude distribution.

Utilisation interference phenomena — examples:

1. Precise measurement of the distance from the staitbe detector wave —
interference rangefinders, gravity meters. Measergrof displacement and shape of
objects.

2. Holography - a technique for obtaining spatial iesgvith the method of
reconstruction of the wave.

3. Noise suppression by means of generating soundsnavapposite phase to the noise
produced by a device.

4. In telecommunication - the division of the aredhs so-called cell communication
network in order to obtain the possibility of a@pendent transmission of signals
(UMTS technology).

STRESZCZENIE

Interferencja - zjawisko powstawania nowego, przesinego ukiadu fali w wyniku
naktadania si (superpozycji) dwoch lub weej fal. Zazwyczaj odnosi gido interakcji fal,
ktore g skorelowane dlategae pochodz z tego samegarddia lub dlategoze maj takie
same lub prawie takie samegsiotliwosci. Interferencja fal spéjnych (koherentnych) daje
staty przestrzennie rozktad amplitudy fali.
Wykorzystanie zjawiska interferencji — przyktady:
1. Precyzyjny pomiar diugei drogi odzrédta do detektora fali — dalmierze
interferencyjne, grawimetry. Pomiary przemieszcziesztattu obiektow.
2. Holografia — technika uzyskiwania obrazéw przestrgeh metod rekonstrukcji fali.
3. Tlumienie hatasu za pomgpakiadu generacego fale dwickowe w przeciw fazie do
hatasu wytwarzanego przez jakigzadzenie.
4. W telekomunikacji — podziat obszaru tzw. komoérkiaikomunikacyjnej w celu
uzyskania mgliwosci niezalenego przekazu sygnatow (technologia UMTS).
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1. INTRODUCTION

Interference is a physical phenomenon in which &, repatial wave pattern is formed as a
result of overlapping (superposition) of two or mavaves. This term generally refers to the
interaction of waves, which are correlated becalhsy come from the same source or
because they have the same, or nearly the sanmpiefrey. Coherent wave interference
(coherent, i.e. having the same frequency, lengith laeing in the same phase) gives a
spatially constant wave amplitude distribution.
During the superposition of the light coming frowotsources other than lasers, or even from
different positions of the same source, we do hseove interference. To induce it, the waves
must be coherent, i.e. their phase difference cdrdepend on time. Such light waves from
normal (not laser) sources are obtained by siittive light coming from a single source into
two or more beams. The radiation in each of themesfrom the same atoms of the source
and, due to their common origin, these beams anereat. To split the light into coherent
beams, the phenomena of reflection or refractidigbt may be used.
The phenomenon of interference is used in a vaokfiglds. Examples include as follows:
e measuring the distance from the source to the vidatector — interferometric laser
rangefinders, gravimeters; measuring displacenardsshape of objects,
* holography — spatial imaging technique by wave metroiction method,
* noise reduction by means of a system generatingdseaves in antiphase to the noise
produced by a device,
* in telecommunications — division of the so-callednenunication network cell in order
to facilitate independent signal transfer (UMT Shtemlogy).

2. ALBERT ABRAHAM MICHELSON - A SHORT BIOGRAPHY

Fig. 1. Albert Abraham Michelson

Albert Abraham Michelson was an American physioisPolish origin. The main points of
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his biography:

* bornin 1852 at Strzelno in Kuyavia (region in Palg

* lived in the USA since 1855,

* in the years 1889-1929 Professor of American usities: Case School of Applied
Science in Cleveland, Clark University in Worchesténiversity of Chicago,

* member of the National Academy of Sciences in Wagbn,

e The Nobel Prize in 1907 for the construction ofthgrecision optical instruments
(including the so-called Michelson interferometanyl measurements with their use,

» the second American Nobel Prize winner, and tle éine in the field of science.

Fig. 2. Michelson interferometer — scheme
A - light source,
C - translucent plate splitting a wave into beams,
B, D - mirrors reflecting light waves,
E - telescope for reading interference pattern.

The most important Michelson's invention, which ombtedly was the interferometer,
enabled its inventor to carry out very accurate sueaments ofhe speed of light, as well as
other measurements in the field of metrology.1B87, Michelson and Edward Morley
(American physicist and chemist born in 1838) caed an experiment proving thtte
speed of light did not depend on the motion of the Earth. This experiment, showing no
effect of rotational and orbit movement of the Baoih the speed of light, was of major
importance for the later development of Einstespgcial theory of relativity. Michelson
experiment was supposed to confirm the existenae lofpotheticabether, the light carrier.
A negative test result became an experimental liastbe theory of relativity.

Michelson and Morley's test results revealed thgerrfection of classical mechanics. Galilean
transformation failed in the case of Maxwell eqgolasi describing electromagnetic waves.
According to the calculations based on Newtoniarchaaics, the speed of light should
depend on the motion of the observer relative te ttypothetical aether, in which
electromagnetic waves were to propagate. It turoety however, that contrary to the

Anna Baraska 3/9TS 1
Interference not only in surveying (7739)

FIG Working Week 2015
From the Wisdom of the Ages to the Challenges eModern World
Sofia, Bulgaria, 17-21 May 2015



predictions of classical physics, the light travetishe same speed, regardless of the reference
system. Initially, many physicists believed thatclsusmall divergences between the
measurement results and the expectations of thbanas may be eliminated thanks to e.g.
more accurate measurements. Few assumed that why discovered shortcomings of the
classical theory may lead to the formulation of newore fundamental laws of nature. For
Einstein, these inconsistencies in classical pBygave rise to a new theory.

3. THEHISTORY OF MEASURING THE SPEED OF LIGHT
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Fig. 3. Galilean transformation imaging for the velocitycter

Galilean transformation of velocity is as follows:
U=v+u forthe velocities of the same sense,
U=v—-u forthe velocities of the opposite sense,
where:
U - velocity of a body in the non-moving frame,
v - velocity of the moving frame,
u - velocity of a body in the moving frame.

Fig. 4. Galileo's experiment

2L
c=—
t
wheret - time, after which the observéx notices the light signal sent by him and reflected
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a mirror held by the observeéx,.

In the first half of the seventeenth century, @aliconducted the first experimental attempts
to verify whether the speed of light is finite. Mers of the Italian Academy of Experiments
(Accademia del Cimento), which was contemporary Gxlileo, tried to conduct his
experiment to measure the speed of light, but todesyclear that the experiment could not
produce the intended result due to the inevitakfgeemental outliers, response time errors,
etc., too large in relation to the speed of lighowever, Galileo's merit was the idea of
measuring the speed of light (the wave travelliagkband forth), which was and still is used
In numerous experiments.

Ole Roemer, a Danish astronomer, was the firsteéasure the speed of light in 1676, based
on fluctuations in orbital cycle around Jupiteraofe of its satellites, 1o moon. Orbital period

is determined from the observations of eclipsesooby Jupiter. Roemer noted that as the
distance between the Earth and Jupiter increasisl anbital motion, the moments of eclipses
were delayed, and he concluded therefrom thatrésisited from the time needed for the light
to cover the Earth's orbit around the Sun.

Although the speed of light calculated in those dibons (214 000 km/s) deviated
significantly from the currently adopted one, arportant conclusion of the experiment was
its finiteness, contrary to the belief representedhe majority of contemporary physicists.

Fig. 5. The Sun §), the EarthZ), Jupiter ), lo (K) — relative positions

The next two centuries saw measurements of thedspiebght by various methods, which
resulted in the values closer to the current vafue= 299 792 458 + 1,2 m/s.

In those days, until the nineteenth century, it wssumed that, similarly to, for example, the
sound waves, the light in order to propagate needsedium called the aether, penetrating
through everything and present everywhere, evenviacuum. The aether would have to have
unusual properties:

1) high resilience due to the large value,of

2) excellent clarity and permeability, as the ptamaove without any noticeable resistance.

Each wave has a certain velocity in relation tortreglium in which it propagates. Therefore,
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when measuring, it is necessary to take into account the movemettteoEarth relative to
the aether.

4. DETAILSOF ALBERT MICHELSON EXPERIMENT

Albert Michelson attempted to detect the motiorthef Earth relative to the aether using an
interferometer which he had constructed by himself.
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Fig. 6. Albert Abraham Michelson interferometer
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Fig. 7. Scheme of the experiment using Michelson interferter Fig. 8. Interference pattern
Michelson experiment was conducted as follows:

A beam of light comes from the sours®nto a translucent plaM,, where it is split into two
beams travelling to the mirroid;, M,. After being reflected, the waves pass through the
plate again, and are directed to the teles@pa which light and dark fringes are observed -
the result of interference of the beams. Interfeegmattern depends on the difference of beam
optical paths, which may vary in sectiddgM;M, andMyM>My , due to the mobility of the
mirror M.

Due to the rotational and orbital motion of thetBathe setting of the interferometer changes,
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relative to the stationary aether. Let the avgM, of the lengthL+d be directed along the
Earth's velocity vector relative to the aethe” , and the armM¢M, of the length

L - perpendicular tcV . The time difference to be covered by the twanteaan be calculated
as follows:

1I:_L+d+L+d_ 2(L+d)  2(L+d) ,
v c+v ( Pz )_ c
C- 1_ C2
1)
. 2L 2L
_ — "y
TV vt e )
where:
1
Y¥=r0
(%)
3
therefore:

2
At=1t, —t, =—y(yL+'yd—L)
¢ (4)
Having rotated the interferometer by 90 degrees, tiirrors M;, M, shall swap roles.
Performing similar calculations, we determine tingetdifference in this position:

2y
At"'=— (L +d—yL)

¢ )
Thus, in the field of vision of the telescope, thierference pattern should change. It can be
calculated by how much the interference fringesukhanove, knowing the Earth's orbital
velocity v = 30 km/s, the wavelength= 610" m of the yellow light used in the experiment,
and the distance between the plate and the midcors].2 m. It was calculated that this shift
should bek = 0.04 fringes:

k =

A T \¢

c-(At—At") 2L v)z

(6)
whend = 0.

This value is very small, yet observable. Howevee, shift was negligible, less than 0.01
interference fringes. Repetition of the experimengr and over again, for many years and for
different wavelengths, with increasing the distatbe covered by the light should result in
a greater displacement of the interference pattéomvever, it was consistently less than 0.01
interference fringes. The shift is proportionathe square of the ratio of the Earth's velocity
relative to the aether, to the speed of light é)d so a negative result of the Michelson-
Morley experiment proved that the Earth's veloogative to the aether is much smaller than
its orbital speed. Subsequent use of lasers andrm@these are devices operating like lasers,
but emitting radiation in a different frequency gai significantly improved the accuracy of
calculations. The conclusion of the zero effecthef Earth's motion relative to the aether on
the measured speed of light was confirmed. Thius,aether does not exist, andc=const
does not depend on the frequency of the wave, itketn of propagation in space, nor on
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the relative motion of the observer and the source.
5. USING INTERFERENCE IN SURVEYING INSTRUMENTS

The phenomenon of interference is widely used vargety of surveying instruments. These
include, inter alia:

» absolute gravimeter to measure the absolute value of the gravity -idbal
gravimeter determining gravity acceleration basedtlte free fall of a body in a
vacuum; the use of a laser interferometer to deteriime path of a falling body,

» eectromagnetic interferometric rangefinder s (mobile radio interferometer),

* interferometric radars used in remote sensing to create a digital temamadlel, as
well as in land subsidence monitoring on large srea

» laser interferometersfor remote control of industrial surface deforroati
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