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where wy = +/g/m is called the resonance frequency of the bound electrons. According to
Eq. (2.40), the electron oscillates with the frequency of the mcident field. Also, the total polar-

1zation P 1s given as

_ NelE’
P=Np=—-Nef = —————. 241
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Comparing Eq. (2.41) with Eq. (2.20) gives the medium’s polanizability

—62 (2.42)
a=— . 42
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NAEKTPOUOYVNTIKO KOUO KUK, 20yvotnTog . Tlopatnpodue 0tl 1 ToAwoyotnTo. Tov uéEcon eCoptoTol
ue mv exppoon 2.42 amod tn auyvoTyTa.

Me avuikataotaon oto vouo twv Lorentz-Lorenz moipvooue:
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Substituting the above expression into the Lorentz-Lorenz Eq. (2.23), we find that the explicit

dependence of the refractive index on frequency can be expressed as:

n?—1 Neé? 1

n2+2 3mey wi-—w?

(2.43)

So far we have assumed that the system has only one resonance frequency. In general there are

many such frequencies so that Eq. (2.43) can be replaced by a more general expression:

n'g S ]- Jﬂ\'rE'2 f:-
n?+2  3meg Z w2 — w?’ (2.44)

where the fraction f; 1s known as the oscillator strength corresponding to the resonance frequency

Evo oo to. TAéoV yopaktnpioTikd mpoopaTo. TopadslyiaTa EPOPUOYNS THS KOUATIKNG EIVOL OTH



UETPNON TOV OEikTn O100A00NS TOV aépa Kol ALY aepimV ue ) WeHoo0 TS YTEVAS OTTIKWY
oVYVOTHTWV.

AALES EQOPUOYVES THS XTEVOS OTTIKWYV GOYVOTHTWV GOVOVTIOVIOL GTHYV OKPISN UETPNON TUYVOTHTWV
laser 0lA0. KO GTODOAIMV OTOUIKMDV UETOPATEDV, OIS EKEIVES GTO ATOUO DOPOYOVOD.

drogen transition frequency with an atomic cestum fountan clock [149]. In the year of 2000,
the development of the microstructured fiber allowed octave-spanning spectra to be easily gen-
erated, which resulted m a single-step measurement process of absolute optical frequencies from
microwave standards [72,123,124]. In 2004, L -S. Ma and co-workers demonstrated optical fre-
quencies intercomparison at the level of 10~"" using four different frequency comb systems [150],
which was further reduced to 8 x 10" in 2007 [151]. The comparison concludes that femtosecond
laser frequency combs are accurate frequency synthesizers that span from RF to UV, providing fre-
quency uncertainties as small as the primary frequency standards can support. Since then frequency
comb techniques have started to gain widespread use, with precision measurements in Rb [152],

Ca [153], H[154], 1, [155], Hg" [156], Sr™ [157], Yb" [158] and In" [159] been reported so far.

Presently, the most precise frequency values recommended by the Comité International des Poids
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spectral intensities of interest frequencies in order to increase the S/N ratio of the beat frequency.
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Figure 5.3° Schematics of the frequency measurement arrangement A/2 half waveplate; FC,
fiber coupler; P, polarizer; L, Lens; APD, avalanche photodiode.
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FIG, 1. A direct reproduction of the first plate in which there was an indication of second harmonic. The
wavelength scale is in units of 100 A, The arrow at 3472 A indicates the small but dense image produced by the
second harmonic. The image of the primary beam at 6943 A is very large due to halation.
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Optical Polarisation induced in Solids

The optical electrical field induces electrical dipole moments in the
nonlinear material. The induced dipoles modify the incident beam
and for strong optical fields leads to the generation of new k-vectors

and new frequencies. . _ _
P is the dipole moment per unit volume.

Th tical
field vector The induced dipoles represents accelerating
T charged particles that radiates electromag-

netic radiation perpendicular to the
e acceleration vector.
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AviAvoy Fourier

Fourier Analysis

H yevum xivnon yopdng
Atveton omod

y(z,t)= A sink;z cos(w;t+@; ) +A; sink,z cos(wat+@, ) +....

To A, ko o1 otafepéc aonc ¢, kabopilovrar amd Tig apyikég cuvOnKeg, OnAadn otiypaio
petatomion y(z,t) ko otrypoio tayvtnta yuo t=0.

2TV mEPInTMOT YopdNG oL ekTEAEL £V GUYKEKPIUEVO TPOTO TOAAVTWOONG
ya(X,t) = A, exp[i(w,t-8,)] sin (nm x/L)

Mmnopovpue va paviacBovpe 6t pio avbaipetn cvvBeon (emadiniia) amd TpdToOVS TOALVTOONG
etvon emrpentn)! [dpete Eva oTryidOTLTTO Yo TNV APy TOV XPOVOV.

Torte

yn(X,0) = A, exp[i(-0,)] sin (nmx/L) —



o0
ya(x,0) =X B, sin (nm x/L) (F1)
n=0

Me B,= cos (®, to -0n)

Ioyver kou o avtiotpoeo e (F1)

Mmnopet po avBaipetn KOUATOHOPEPY| e KATOL0 TEPLOOKOTNTA VO ovoALOEl o€ dmepn celpd
NUTOVIK®V cLVapTHoe®V Onwg ekeiveg g (F1).

AVt @aivetal apketd avbaipeto, woTdc0 OPMS N avbapecio eEopaviletan

otav mape oto 6plo N = oo g mepintmong ovlevyuévav ceaipdiov N to TAn0og Tov ekteAovV
eYKAPOLES LKpoL TAATOVG TolovTdoels. Exel éyovpe N 1o mAn0og tpdnovg takdvtwons . H
eprypapn £kaotov tpdmov mepthdpPave ket 000 otabepés puOlopeveg

(1) mAdrog kot (2) edom. Apa éxovpe 2N mtpog Tpocdlopiopd 6Tadepés. AVTEG Pag EMTPETOVY VO
Tpocolopicovpe aBaipETES TIES APYIKNG ATOUAKPVVONG KOl TOYVTNTOG EKAGTOV copatidiov. O
TPOTYOVUEVOS IGYLPICUOG EIVOL AOYIKT] GUVETELN TNG EPOPLOYNG TOV OTOTEAECUATOG TV N
coapinv oe avbaipeta peydho aplnd cuVOEOUEVOY CONATIOIMV.

Avapopég
1. http://biology-web.nmsu.edu/twright/BIOL450/Lectures/Hand03.ppt#1
Madnpa 29-11-05 téhog
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Enavéinyn tov nepl avédivong Povpié.

2NV TPUYHOTIKOTNTO, EYOVLE TEPUTTOCELS OTOV 1] TOAAVTOTIKY] Kivnomn yopong eV avTioToly el o
ouvoplakég cuvOnKeg e akAovnta ta 0vo dxpa. I1.y. £xovpe 10 éva dkpo akAlovnto, Ve T0 dALO
GKpo umopel va ouvoceTan e Eva YMoTEPO Kot afapn) KPIko oL Vo LETaKIVEITOL Ympig TP KoTd
pnKog evog otAov. Télog, antdg o kpikog Ba pmopovce va £xel menepacuévn nala.

Me Bdon to Bedpnpa tov J. Fourier to 1822, omoiadnmote moAdmiokn mepiooikn talaviwon uropet
Vo avoAvBel o€ Eva 6DVOL0 OTAWDY GPUOVIK®DY TOAAVTOGEDY UE CVYVOTHTES TOV EIVAL TOLLOTAGOLA
THG TEPIOOOD THG TEPLOOIKNGS aVTHS Kiviong. O1 O169Popes GVVIOTMOES KIVHOEIS UE TA. CYETIKA TV
TAGTH KOl PAOEILS, OTAY TPOTTIOEVTOL GOUPWVO. UE TV OpYl THG EXOIINALAG, UTOPEL VO, dDGOVY THV
OPYIKH TOADTAOKN TEPLOOIKY KIVHOT.

Mia cuvéptnon eivor TePLOOIKN OTAV IKAVOTOLEL T oYéom

f(t+1)= f(t) 014 xdéOe t, OTOVL T givar n mepiodog . To t pmopet va eivor pio petafAnt mov va
avtiototyel og 0o, x, ONAad va £xovpe otV VIO Be®PNON GLVAPTNOTN YWPIKT TEPLOOIKOTNTOL.

To Ocdpnpo tov Fourier (MorpacOnkayv oyeTikéS 61NUEIDGELS)



2OUQOVO [LE OVTO, OTOLOONTOTE LOVOSTLLAVTITN TTEPLOdIKT cuvdptnon f(x) mov givon eite cuveyng
elte KaTd TUNHOTO CLVERNG, Kot EXEL Evay TEMEPAGUEVO apBud acvveyeldv (oto 1 oty Khion
df/dx), umopei va mapactadel og va dBpotspa Op@V TG LOPPNG:

f(x)= 2 ap +a; cosx + a; cos2x+.....+a,cosnx
o0
+b;sinx +b,sin2x+...+bysinnx='2 ag+ X (a,cosnx + b,sinnx ) (1)
n=1
Y7oLoyIGPOG TV GUVTELEGTAV, a9, Ay, KA1 by
Mo va Bpovpue Tov cuvtedeot| a, toAlamhiacialoope v EE.(1) eni cosnx , kot ota 600 GKEAN NG,
KOl 0T GUVEXELL KAVOVUE, KOl 0T 000 GKEAT, OAOKAN PO Tave cg OAn Vv mtepiodo tov X (0 g
2m).
Tote, umopet va dsybel 611

a= (1/m) [¢™ f(x) cosnx dx

Avéroya, propet va detybel otL:
by= (1/7) [¢*" f(x) sinnx dx

TéNog, amodetkvoeTaL EDKOAN TWG
ag= (1/m) [¢™™ f(x) dx
271G 0Y£€0E1S Y10 TAL @y Kol by oNUavTiKd poro mailovv ot 110t Teg

(1/m) [¢™™ sinnx cosmx dx= 0 kat

2
(1/m) [¢™™ cosnx cosmx dx= Sym
Muyoadki] avaropdotoon TV oelpov Fourier

oo}

f(x)= Y ap+ T (ascosnx + bysinnx )
n=1
O&tovtag, an= ¢y sinf, Kot by=cncos6,, 0ndTE TPOKVTTTEL

[ee]

f(x)= Y2 ap+ £ ¢, sin(nx+0, )
n=1

Omov
an
cn2= aanrbn2 Kot 0,= tan”! ---
by
[Ipdypatt, oamd T1g oYEcELS
an= Cp sinb, kot by=cncosO,



VYOVOVTOC GTO TETPAYMVO TOLPVOLLE : Cy= an +by’
Eriong, dtupodvrog kotd péin tic:

an= Cy sinb, kot bp,=c,cosb,

TaipvovpE TNV

tan0,= a, /b,

HMpofpata

1. Tetpaymvikdg Taipos, TEPLOOIKOS

Zymua 9.1

ag= (1/m) [o™™ f(x) dx= (1/m) 0 =0

a= (1/) o™ f(x) cosnx dx= (1/) ) [ Jo" A cosnx dx + ;> (-A )cosnx dx ]=0
10T,
Jo¥ A cosnx dx=+ [.*® cosnx dx=0



by= (1/m) Jo™ f(x) sinnx dx
= (1/m) [ Jo" A sinnx dx + [o" (-A )sinnx dx = (2/m) A [o" A sinnx dx =
(2/nm) A [cosnx]"= (2/nm) A (1-cosnm)

Apa, by,=0, yia dptia n, Ko eivon ico pe 4A/ (nm), yuo TEPLTTO N.

Etot,
sin3x sinsSx
f(x)= (4 A/m) (sinx + + +...)
3 5
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1. Fast Fourier Transforms:
http://www.library.cornell.edu/nr/bookcpdf/c12-0.pdf

2. Crash course on Fourier Transforms:
http://www.astro.psu.edu/users/mce/A451 2/A451/downloads/notes2.pdf
3. Tutorial on Fourier Theory
http://www.cs.otago.ac.nz/cosc453/student tutorials/fourier_analysis.pdf
4. Fast Fourier Transform (60 ceAideq):
http://asl.umbc.edu/pub/strow/p640/fftall. pdf

5. Introduction to Optics and Spectroscopy (Univ. Delaware)
http://asl.umbc.edu/pub/strow/p640/fttall.pdf

6. Introduction to Optics and Spectroscopy , Wirth
www.udel.edu/chem/sneal/sntch/Resources/Chi.pdf
7http://lwww.complextoreal.com/chapters/fft1.pdf

1. http://www.complextoreal.com/fft3.htm

2. http:/lcnyack.homestead.coml/files/afourtr/foutr1.htm (wpaio @povTioTAPIO)
3. MeTaoxnpatiopog ®oupié amooBevipevng NUITOVIKAG CUVAPTNONG:
http://cnyack.homestead.com/files/afourtr/ftdsoid.htm

4. Short time Fourier transform
http://cnyack.homestead.com/files/artran/stft2t1.htm

5. Nice sound Fourier analysis:
http://www.phy.ntnu.edu.tw/ntnujavalviewtopic.php?t=33

6. Zuveligeig:
http://artemmis.univ-mrs.fr/cybermeca/Formcont/Traisig/Convol/java convolution.htm
14. http://math.haifa.ac.il/robotics/Background/Convolution/node4.html




