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2. Experimental research of fiber lasers with frequency-shifted feedback

Pedepar:

1. B mucepTanii onucyeTbCs OCTiKEeHHS j1a3epiB 3i 3CYHYyTHM 32 YaCTOTOIO 3BOTOTHUM 3B's13KoM (3433),
MiJCUTIOI0YNMO CEPEeIOBUILEM SIKUX € OITUYHI BOJIOKHA 3 TIOMIlIKaMHU i0HIB ep6iio Ta iTep6ito. EkciepumeHTanbHO
HiATBEPAKEHA Teopis, sIKa Jae 3MOTy pO3PaxyBaTH YaCTOTHE TOJIOXKEHHS Ta IIMPUHY CIIEKTPA BUIIPOMIHIOBAaHHS
3433 n1a3epa, BUKOPMCTOBYIOYM TiJIbKU TaKi IapaMeTpu Jiadepa, K XxapaKTepHa WYPUHA JIiHii BTpaT Ta YaCcToTa
aKyCTO-OITUYHOTrO MoAyJsiTopa. [IpogeMoH-CcTpoBaHo, 1o crekTp 3433 sazepa € raycoBoio QpyHKII€0 3
HEBEJINKOIO ACMMETPI€l, ii MAKCMMYM CIIEKTPY € 3CYHYTUM BiJHOCHO MiHIMy BTpaT P€30HATOPY Ha [IEBHY
BEJIMYVHY, SIKa MaVKe He 3aJIEXKUTh Bifl ITIOTY>)KHOCTI HAKa4KU. 3a JOMOMOTOI0 3BY>KEHHS CcrieKTpy 3433 sazepa ta
inTepdepomerpa Pabpi-Ilepo 3 BUCOKOIO Pi3KiCTIO TOKA3aHO, 1o crekTp 3433 nazepa 6€3 30BHILIHBOI 3aTPaBKU €
CYLIJIBHUM, a [IPYU HasIBHOCTI MOHOXPOMATHUYHOTI'O 3aTPaBHOTO Jla3epa CKIANAETLCS 3 JUCKPETHUX KOMIIOHEHT,
PO3[IiJIEHMX YACTOTOI0 aKyCTO-ONTUYHOTO MOLYJIAITOpa. EKCIIepMMEHTaNbHO NOBEEHO, o Npu (a3oBiil MOLyJIsLii
BUITPOMIHIOBaHHS 3aTPaBHOrO Jla3epa BUNpPOoMiHoBaHHS 3433 na3epa micss nIpoxokeHHs yepe3 iHTepdepomeTp

MafikesibCOHaA CTa€ aMILIITYJHO-MO/y/IbOBAaHUM, IIPUYOMY IJIMOMHA MOJYJISLii pe30HAHCHO 301/IbIIyEThCS Ha



4acCTOTi, IPONOPLiMHIN Pi3HULI JOBXUH IJIe4el iHTeppepomeTpa. BUKOpHUCTaHHS 30BHIIIHBOTO 3aTPaBHOTO Jla3epa
3 (a30B0I0 MOAYJISILIi€I0 OiMIbII HIK HA MOPSLOK IIOKPAIlly€e BiJHOLIEHHS CUrHAJ /IIyM IIpYU BUMipIOBaHHi BigcTaHe!
3a ponomoroo 3433 sazepa. Po3nisibHa 34aTHICTE TAKOrO METOY BUMIPIOBaHHS BiZICTaHEN IIPSAMO IIPOIOPLIiMHA
LIXPUHI CIIEKTPa BUIIPOMIHIOBaHH4 Jslasdepa B gianasoHi Big 60 mo 3000 [Ty, EkcriepyMeHTanbHO EPEBIPEHO
3aJIEXKHICTb BEJIMYMHYU CUTHAJTY aMILIITYOHOI MOZy sl Bif iHIeKcy Moy isnii Ta BincTaHi B mianazoHi Big 15 cM 1o
5 M, sIKa JIyXKe 100pe y3roKy€eTbCs 3 TEOPETUYHUMU PO3PAXYHKAMMU.

2. The thesis deals with the studies of the frequency-shifted feedback (FSF) lasers with optical fibers doped by
erbium and ytterbium ions as gain medium. It presents experimental characteristics of an Yb3+-doped fiber ring
laser operating with frequency-shifted feedback (FSF) through an acousto-optic modulator (AOM) and seeded by
both a stationary continuous-wave (CW) laser and spontaneous emission. The spectrum and output characteristics
for operations with several effective gain bandwidths established by Fabry-Perot etalons inside the cavity are
demonstrated. Observation using a high finesse Fabry-Perot interferometer shows that, as expected from earlier
work, although the spectrum of the FSF laser without seeding is continuous, when seeded by a CW-laser the
spectrum consists of a comb of discrete modes, each offset from the seed by an integer number of AOM frequency
shifts. The experimental results are in good quantitative agreement with the theory developed earlier. It is shown
that a frequency-shifted feedback laser, when seeded by a phase-modulated narrow-band radiation field, is a
powerful tool for distance measurements to accuracy better than 10 ?m and resolution better than 100 ?m, for
distances of a few meters. In such measurements the unknown distance forms one arm of a Michelson
interferometer, in which the intensity of the output signal is modulated at the phase-modulation frequency of the
seed. The amplitude of the output-signal modulation exhibits a resonance for every distinct signal delay, i.e. for
each distinct distance within the laser spot on the target. The use of a phase-modulated input seed allows one to
use a very narrow-bandwidth filter when measuring the return signal. In the range of 60-3000 GHz the resolution
of the distance measurement method is proportional to the laser spectral width. The dependence of the amplitude
modulation magnitude upon the modulation index and the distance is experimentally verified in the range 0,15-5
m, and it is in good agreement with theoretical calculations.
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