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cost rate
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direct eligible costs

Project implementation personnel costs

Project implementation personnel
remuneration costs

Other project implementation personnel
costs (business trips)

Material, facility and equipment costs

Patents, licences, etc.

Costs of informative and publicity
activities (for a project not related with
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Investments in kind (for a project not
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Other project implementation costs
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Type of
costs

indirect

direct

direct

direct

direct

direct

direct

direct
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Costs
eligible ineligible
125 359.80 135.00
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3 133.90 0.00
0.00 0.00
32 716.15 0.00
8 868.09 0.00
635 664.50 1152.00

TOTAL
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%
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5.1

1.4
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incl.
VAT

0.00

0.00
0.00

0.00

3 861.58

543.90

0.00

0.00

1 539.09
5 944.57
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Analytical classical description of resonances in
Fabry-Perot and whispering gallery mode resonators

A. Atvars

Institute of Atomic Physics and Spectrascopy, University of Latvia, Raina
boulv.19, LV-1050, Latvia

E-mail: Aigars.Atvaredlu.lv

Abstract. Whispering gallery mode optical resonators have attracted attention
due to their simplicity and applicability for sensing. Analytical formulas are
provided that describe resonance conditions in optical resonators. Basic terms
are introduced - /! free spectral range, (-
factor, summation principle of -factors of various processes, Finesse. Description
of interference of an infinite number of waves of progressively smaller amplitudes
and equal phase differences is given. Description of Fabry-Perot resonator with
nonequal reflection coefficients is given. Optical all pass and add drop filters
are described, providing analytical formulas for summary amplitude of fields in
different ports, intensity distribution, maximal and minimal intensities, resonance
depth, resonance width, Finesse, Q-factor. Analytical deseription of resonators
will help to analyse effects of optical resonators, to interpret results of experiments
and will guide in the development of novel applications of microresonators.

Keywords: optical resonances, Q-factor, Fabry-Perot resonator, whispering gallery
maode resonator

Submitted to: Phys. Ser

Publikacija “Analytical classical

description of resonances in
Fabry-Perot and whispering
gallery mode resonators”
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Laser stabilization using Whispering gallery mode
reference resonator

I Brice, A Atvars, A Cinins, and J Alnis
Institute of Atomic Physics and Spectroscopy, University of Latvia, Jelgavas str. 3,
Riga LV1004. Latvia

I_ .
E-mail: arturs.cinins@lu.lv

February 2020

Abstract. A frequency stabilization system for an external cavity diode laser

was built based on temperature stabilized whispering gallery mode microresonator.

Stability of the system was measured using an optical femtosecond frequency comb.

The system was tested in conjunction with Rb staturation absorption spectroscopy

setup to evaluate resonator mode drift. For a fused silica microsphere temperature

stabilized near room temperature, Allan deviation of 3- 10~ was achieved at averaging

time of 2 s.
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zurnala Journal of Physics B:
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Whispering gallery mode resonators covered by ZnO nanolayer

Iga Brice!, Roman Vier', Kristans Draguns’, Karls Grundstins, Aigars Avvars!, Jans Alns',
Emerson Coy” and Igor tsunskyi”
p 1 Universy of
Lavia, Raina Blv. 19, Rigy, LV-1586, Latvia

, 1614,
Boznan, Poand
emal: oman.viter@u v

Abstract
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Inga Brice, Karlis Grundsteins@), Aigars Atvars®@), Janis Alnis®), Roman Viter@),

Arunas RamanaviciusD1*

1004, Latvia
b Laboratory of Nanotechnology, State Research Instiute Center for Physical Sciences and
Technol i 3, LT-10257, Vilnius, Lith

Abstract
‘Whispering gallery mode (WGM) resonators (WGMRS) are very promising for sensing purposes.
because a resonance frequency shift can be caused by the perturbation of the surounding
environment induced by different analyte concentrations. In this research WGM-resonators were
applied in new concept of glucose sensor based on the shift of WGM resonance frequency induced
by enzymatic oxidation of glucose by glucose oxidase (GOX), which was immobilized on WGM-
resonator surface. During the enzymatic reaction catalyzed by GOx electrons from glucose via GOx
are wansferred towards co-immobilized gold nanoparticles (Au-NPs). WGM-resonators were
fabricated from standard telecommunication optical-fiber meled in a hydrogen flame. Whispering
gallery mode resonance based optical signals generated by these WGM-resonators were evaluated.
‘These WGM-resonators, which were characterized by suficient qualiy factors, were moified with
Au-NPs using dip coating method in order to form hybrid WGM-resonator (WGMRS/Au-NPs)
strucure. Then WGMRS/Au-NPS structure was investigated using SEM and, after  these

investigations, the sensitivity of WGMRS/Au-NPs-based resonators towards glucose has been

assessed by the evaluation whispering gallery mode resonance based optical signals. Then the next

modification step of WGMRS/Au-NPs resonators by enzyme ~ GOX — has been performed in order
o design WGMRS/Au-NPS/GOX-based resonator structure, which showed increased sensitvity
towards glucose in comparison to that of WGMRS/GOx-based resonators, which vere not modified
by AuNPs. WGMRS/AuNPSGOx-based glucose sensor was tested at several glucose
concentrations in the range up to 2.4 mM and it was determined that WGM-resonance frequency
shift rae significantly increases at higher glucose concentrations. Therefore, WGM.-resonance

frequency shift rate was determined as characteristc of analytical signal suitable for the
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