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Slovni vyjadieni, komentafe a pripominky oponenta:

Diplomova prace Bc. Maximiliana Goleni je zaméfena na moznosti studia kvantové
turbulence v supratekutém heliu pfi teplotach 20 mK — 920 mK pomoci mikroskopickych elektro-
mechanickych oscilatort. Oscilatory byly testovany nejprve ve vakuu, kde vykazovali nelinearni
chovani. Na zakladé rezonan¢nich experimentii bylo prokazano, ze hlinikova vrstva MEMS je pii
teplot¢ 20 mK ve slabém magnetickém poli 12,6 mT supravodiva, ale pii vyssich teplotach a
magnetickych polich ptechdzi do normalniho (rezistivniho) stavu. V supratekutém heliu byl pii
teplot¢ 20 mK pozorovan silny utlum rezonanéniho pohybu mikroskopickych elektro-
mechanickych oscilatori vlivem kvantové turbulence, kterd je generovana vlastnim pohybem
oscilatord.

Bc. Maximilian Golena prokazal praktické i teoretické znalosti z oboru fyziky nizkych
teplot, dokazal zanalyzovat a interpretovat pivodni experimentalni vysledky na rezonujicich
mikroskopickych elektro-mechnickych oscilatorech. Pfi feSeni diplomové prace prokézal
samostatnost jednak pfi realizovani narocnych nizkoteplotnich experimentt, ale také pfi analyze a
interpretaci experimentalnich dat. Bohuzel celkovd uroven diplomové prace utrpéla velkym
mnozstvim zejména tiskovych chyb, viz pfiloha. Diplomovou praci tedy navrhuji hodnotit
stupném velmi dobie.

Pripadné otazky pri obhajobé a naméty do diskuze:

1) Reseni (1.30) rovnice pro tlumeny linearni harmonicky oscilator (1.29) je feSeni v ustaleném
stavu. Jaké je obecné feSeni rovnice (1.29)? Jaky je odhad Casu, ktery potiebuji jednotlivé
elektromechanické oscilatory po zapnuti hnaciho proudu na ustaleni pohybu ve vakuu a v He
1?

2) V tab. 2.2 uvadite rozméry a hmotnosti pouzitych mikroskopickych elektro-mechanickych
oscilatorti. G1R ma na prvni pohled vétsi objem nez G1L, nemél by mit tedy za piedpokladu,
ze jsou ze stejného materialu, i vétsi hmotnost?

3) Kde je métena teplota béhem experimentu? Na obrazku experimentalniho uspofadani (obr.
2.4) neni ziejmé, kde je umistén teplomér. Nemuize pii experimentech ve vakuu vznikat
teplotni gradient mezi pozici ocilatorit G1L(G1R) a pozici G3R?

4) Zkouseli jste méfit odezvu mikroskopickych elektro-mechanickych oscilatort i na vyssich
harmonickych frekvencich, které by méli byt citlivé na odchylky od sinusového
(harmonického) priibéhu rychlosti pohybu?

5) Byla v obrazku 4.8 oproti obrazku 4.7 korigovana velikost magnetického pole vzhledem
k radia¢nimu $titu z nerezové oceli 304? Stejné pro vsechny MEMS, nebo pro G3R 0 jinou
hodnotu vzhledem k jiné poloze v experimentalnim zatizeni?

6) Jaky je odhad nejistot v urceni fita¢nich parametrt v tabulce 4.2?

7) V tabulce 4.3 uvadite relativni zmény efektivnich hmotnosti MEMS. Neni mi jasny
diametralni rozdil v hodnotach uvadénych pro G1L a G1R, které maji skoro stejné rozméry,
hmotnosti, viz tab. 2.2, a pomér kvadrati rezonan¢nich frekvenci ve vakuu a v heliu.

Praci

M doporucuji

U nedoporucuji

uznat jako diplomovou.

Navrhuji hodnoceni stupném:

Q vyborné M velmi dobfe [ dobfe U neprospél/a

Misto, datum a podpis oponenta:
V Praze dne 6.9.2023 doc. Mgr. Jaroslav Kohout, Dr.



Piiloha k posudku diplomové prace
Tiskové a vécné chyby:
str. 4:,,V(X,t)“ — v(X,t)
str. 4, rov. 1.1: ,,V ' (pv)“ = V-(ov)
str. 4: ,,... velocity v and...” — ...velocity v and...
str. 4, rov. 1.2: ,Vv=0.“->V.v=0
str.4,rov.1.4a1.5: Vv‘—>V
str. 5, rov. 1.6: ,v*“ > Vv
str. 6: ,,where circulation w is V x v.“ — where circulation @ is V x v.
str. 7, rov. 1.12: ,,0x“ — 0V, ,,0y" — OVy
str.8: ,,...layer.Hovever... — ...layer. Hovever...
str. 10, rov. 1.18: ,r“ —>r, , ®“ —> @
str. 10: ,,where r is the space vector, WV is the macroscopic phase...“ — where r is the space vector,
@ is the macroscopic phase...
str. 11: nezavedena zkratka ,, HVBK‘: Hall-Vinen-Bekharevich-Khalatnikov
str. 11, rov. 1.20: ,,vs“ —> Vs, ,, T“ —> T, ,,Fns“ = Fns
str. 11, rov. 1.21:,,va* = Vn, ,,Fns“ — Fns
str. 11: ,,where vi is the velocity...“ — where vj is the velocity...
str. 11:,,...and va = 77 / rhon is the kinematic viscosity...“ — ...and vn = 7 /pn is the kinematic
viscosity...
str. 13, rov. 1.25: , I > I"
str. 13, rov. 1.26: ,,0“ > &, , I > I’
str. 13: ,,...macroscopic phase @,...“ — ...macroscopic phase @,...
str. 14, rov. 1.27: . I'““ > I"
str. 14: ,,...C must be 271q.“ — ...C must be 2nq, where q is an integer.
str. 14, rov. 1.28: ,,a0/0° — ao/a
str. 14, rov. 1.31: ve jmenovateli realné a imaginarni ¢asti ,,(wo?- ©%)* — (wo?- ©?)*+ w?)?
str. 14, rov. 1.31: v &itateli imaginarni &asti ,,(wo*- ©?)* = w(wo*- w?)
str. 17: ,,...is proportional to T3,...“ — ...is proportional to T3, ...
str. 18, obr. 2.1: chybi popis osy x
str. 20: ,,Magnet is excited with driving AC electrical current I.“ — MEMS is excited with driving
AC electrical current 1.
str. 20: ,,This gradual change can be explained by the gradual rise of the aluminium film on the
micro-chip.“ — This gradual change can be explained by the gradual rise of the aluminium film on
the silicon micro-chip.*
str. 20, tab. 2.2: ,, | - length of the beam” — L - length of the beam (viz rovnice 2.2)
str. 21, obr. 2.3: ,, Electrical scheme of a microchip with wires G1L and G1L.” — Electrical
scheme of a microchip with wires G1L and G1R.
str. 23: “... downto T=20mK.” — ... downto T =20 mK., “...vacuum inB=13 mT.” —
..vacuum in B=13mT., “...fieldto B=63 mT,...” — ...field to B =63 mT,...
str. 24: “tw =80 8” — tw =80 s, “Af” — Af, “T =500 mK” - T =500 mK, “B=12.6 mT” » B =
126 mT,“B=63mT” —>B=63mT,“T=20mK” > T=20mK, “B=9.45mK” — B =9.45
mT
str. 24: “Insert shows the resonance curve for the three lowest drives. — Insert shows the
resonance curve for the three lowest driving voltages.
str. 26-29, obr. 3.3,3.4,3.5,3.6,3.7,3.8,3.9,3.10: “B” > B, “T" > T



str. 27, obr. 3.5:Ve vloZzeném grafu pro G1R neodpovida barva nejvyssi rezonanéni kiivky legendé
a rozsah x-osy neni jednozna¢ny (uvedena pouze jedna hodnota).

str. 27, obr. 3.5, pro G3R: popis y-osy: ,, Voltage [Hz]” — Voltage [Vims]

str. 27, obr. 3.5, pro G1L: Rozsah X-osy neni jednozna¢ny (uvedena pouze jedna hodnota).

str. 29, obr. 3.9: ,,...atB=63mT and T =20 mK*“ — ...at B=63mT and T = 20 mK in vacuum.
str. 29, obr. 3.10: ,, T =20 mK, B =126 mT“ —> T=20mK, B=9.45mT

str. 30: ,,...magnetic field B =63 mT,...“ — ...magnetic field B = 63 mT,

str. 30, obr. 4.1, legenda: ,,baseT* —» 20 mK, ,,B =12.6 mT,...“ > B =126 mT

str. 31, obr. 4.2: ,.B=12.6 mT,...“ > B =126 mT,,,B=63mT,...“ > B=63mT

str. 31: ,,...using Uamp = Ums/N2.“ = ...using Uamp = Ums/\2., ,....at T=20 mK...“ —at T =20
mK

str. 32, obr. 4.3, popis y-osy: ,,Speed amplitude [m/s]” — Speed amplitude - 107(10%) [m/s],
“...driven by V = 500mK for drives U =2.98 V (left) and U =7 V (right)...” — ...driven by T =
500mK for driving voltages U = 2.98 V (left) and U =7 V (right)...

str. 32:,,... peak at V=7 Vims did...“ — ... peak at U = 7 Vs did..., ,,T =20 mK“ — T =20 mK
str. 32: ,,...for G1L and G1R in 12 mT fields only 10 Hz, but for fields they broaden to 26 mT and
more. For G3R we can see that in lowest field its width is 40 Hz.” — ...for G1L and G1R in 12
mT fields only ~10 mHz, but for 63 mT fields they broaden to ~26 mHz and more. For G3R we
can see that in lowest field its width is 40 mHz.

str. 33: ,,...displacement x,...“ — ...displacement Xamp,... (Viz rov. 4.2)

str. 33, obr. 4.4: ,,.. for driving voltage V =7 V in T = 500 mK.*“ — .. .for driving voltage U = 7 V
in T =500 mK.

str. 34, obr. 4.5, 4.6: ,,...at B =12 mT (cyan)...“ — ...at B=12 mT (cyan)...

str. 35:,,...fleldB=12.6 mT all...” — ...field B=12.6 mT all..., “...for the highest driving
current, V =233 V,...” — ...for the highest driving voltage, U =2.33 V...

str. 36, tab. 4.1: ,,Vcrit[V]“ — Ucrit[V], ,,Verit [MmM/S]* — Verit [Mm/s]

str. 36, 0br. 4.7: ,T=20mK“—>T=20mK, ,B=126 mT”—>B=945mT,“l =14 ud” —> | =
1.4 pA,,,B=945mT” > B =9.45mT

str. 36: “...driving currents 0.99 VV and 2.33 V.” — ...driving voltages 0.99 V and 2.33 V.

str. 37, obr. 4.8: ,,...as a function of driving voltage for measurement in vacuum (full symbols) and
in He ll(empty symbols) at the same temperature T = 20 mK.” — ...as a function of driving force
for measurement in vacuum (empty symbols) and in He Il (full symbols) at the same temperature T
=20 mK.

str. 37 ,,This behavior lets us estimate critical velocities of MEMS and afterwards (using Equation
2.3) determine critical velocities.” — This behavior lets us estimate critical velocities of MEMS
and afterwards (using Equation 2.3) determine critical voltages.

str. 37, obr. 4.8 legenda: “He I, T=20mK,B=19mT” > Hell, T=20mK, B=9.45mT

str. 37: ,,...as a function of driving voltage for measurement in vacuum (full symbols) and in He
[1(empty symbols) at the same temperature T = 20 mK.” — ...as a function of driving force for
measurement in vacuum (empty symbols) and in He Il (full symbols) at the same temperature T =
20 mK.

str. 38: “Value of constant  can be determined as 0.53.” — chybi odkaz na literaturu

str. 38: “Hypothesis of quantum turbulence also supports the increase of resonance line width of
MEMS from 10 to 25 Hz for G1L and G1R wire.” — Hypothesis of quantum turbulence also
supports the increase of resonance line width of MEMS from 10 to 25 mHz for G1L and G1R
wire.(viz obr. 4.7)

str. 38: “Mass of MEMS m is provided in Table 2.2.” — Mass of MEMS myac is provided in
Table 2.2.



str. 39, tab. 4.3: “Ames/Meff” — AMes/Mest

str. 40, rov. 4.8: “d?x/dx?” — d? X/dz?

str.41: “B=0"—>B=0,“l=0"—>1.=0,“Tc=1.175K” > T, = 1.175 K

str. 44: v citaci [1] neuvedeno: In book: Cold Chemistry (pp.Low Energy and Low Temperature
Molecular Scattering), Publisher: Royal Society of Chemistry, Editors: A. Osterwalder, O. Dulieu
str. 44: v citaci [4] neuvedeno: PhD thesis, Printed by: Ponsen & Looijen B.V., Wageningen,
November 2008, ISBN: 978-90-367-3651-0 Printed version, ISBN: 978-90-367-3652-7 Electronic
version

str. 44: v citaci [7] neuvedena strana: 130-148

str. 44: v citaci [10] neuvedeno: Editors: Jyeshtharaj Joshi, Arun K. Nayak, Paperback ISBN:
9780081023372, eBook ISBN: 9780081023389

str. 44: v citaci [11] neuvedeno: 296 pp. ISBN 0 521 45713 0. Journal of Fluid Mechanics, 317,
407-410. doi:10.1017/S0022112096210791

str. 44: v citaci [13] neuvedeno: Vol 6 (Course of Theoretical Physics), eBook ISBN:
9781483161044

str. 45: v citaci [16] ma byt: Alyaa Adel Mahmoud, Superfluidity properties of “He using rotating
interacting condensate boson as a quantum simulator, Ms.C. thesis, Faculty of Science EI-Minia
University EI-Minia, Egypt, November 6, 2018

str. 45: v citaci [22] neuvedeno ¢islo ¢lanku: 134520

str. 45: v citaci [28] neuvedeno: Bachelor Thesis, MFF UK, Prague

str. 45: v citaci [31] neuvedeno: 2D Mater. 8 042001, DOI 10.1088/2053-1583/ac152¢

str. 45: v citaci [33] neuvedeno: J. Phys. Colloques 49 (1988) C8-113-C8-114,

DOI: 10.1051/jphyscol:1988843



