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Abstract

AHEOBENRREREF, 2FLARILTCOEREEICS IT2EENERF , 2FAT—ITOESE
NEREANEZTV , TOMEAERBNIDETLE 202E5ER=ZHBAK (EFE) &
HEFRZTWVL , ZID=I , K, X2/ —=I)EOHRE , FELETSICEFORIKICIE  WESEM
AEKBROBENBESEZEZBABENEHZEL TRHEL , BALEL L . BXkDOHITDH
ABDERSIC, ChSBEFERT , BRNIESEDESRIFERICUBTY . FICBHMZT LIS
NP2EFRIANBEXDESEN BARANICEL | Z<OBEICHROFSELYNNEVWICKZVNT
T .RLBIMBECHRUAMEIREZZAVT  BEMITZEO L MZTEIMULRLEESR L
ICkY  EBESEARIVNILOEFBEAEEZERLEL = .
BEEEESEARINILZERBNL , BERNOI FOEHERERESENSERENT
WBRZEZBASHICLELE . AP TREBRDIDFRA AN EETIHEICIE , IE—HKMHEN
AUTHOBEZELE Y  BBXBEICHBEESEEZELSLET . F—REHNSOERE
WETV, ARVNILOBERINFOS A LBEFHORA A FTZIYVIATHBPTES EZHS
MILELE . ARIRNILOEN —BTE2EFTELS |, THh SREDILBEBAS BN OB E
BE—HIBEERLELE . o, BERNOBECEDIN B —HKUENFEL , ChiEEK
BEEEIZTLLET . COARTNILZEBPICRY |, AIEEChEARIBNILE-BL , FC
AESREHDLEBERIRILBERE—HTHcemK, 7ILO-I) , ZLTEOREYWTRLE
L.

ReYHNHSEHAEL LILBOESEL BREESERNOTAEENLEEDOTHY , 51, TDE
RESOFE—REBLVEVLEENTY . SSBBIREICOBNDEERRBELFEEITVET .
BRO—ZEIHBIXELTRRLTHBY |, ESICHEROBILEZIEHHRICRRIDERELTVET

The aim of this project was to make high precision optical measurements of spontaneous
fluctuations that arise for finite temperatures, at the atomic and molecular scales. In the academic
year 2022, in collaboration with Takahisa Mitsui (School of Medicine), we observed and analyzed
the spontaneous fluctuations that arise in water, ethanol and methanol, and their mixtures, as well
as water solutions of salt, sugar and other substances, through the intensity fluctuations they
cause. As can be surmised from the properties of salt water, these liquids are transparent, and the
signals due to spontaneous fluctuations are quite weak. In particular, shot-noise that inevitably
arises from the quantum statistical nature of light is larger than the signals we aim to observe in
many cases, by orders of magnitude. By using noise reduction methods we developed, the shot-
noise, as well as other types of noise, were reduced by three orders of magnitudes or more to
achieve measurements of the spontaneous fluctuation spectra in liquids.

We analyzed the observed spectra and established that they are composed of fluctuations due to
molecular and ionic motions that lead to diffusion, and temperature fluctuations. When multiple
types of molecules or ions exist in the liquid, the inhomogeneities they induce leads to scattering,
causing intensity fluctuations in the transmitted light. Using the theory of single particle motions, we
derived the corresponding theoretical spectrum from first principles, that describes the observed
spectra. Not only the shapes of the spectra agree with the theory, but the diffusion constants
obtained from the spectra agree with those from previous literature. Also, temperature in liquids is
not completely uniform, and dynamic temperature fluctuations arise in liquids. We derived the
corresponding spectrum theoretically, and the diffusion constants obtained from the observed
spectra using this theory were shown to agree with the thermal diffusivities of water, ethanol and
their mixtures.

These fluctuations we measured were previously unobserved, and their underlying theory was
derived from first principles in our work. We believe that the work constitutes an important
foundation, leading to future developments. The part of the work described here has been
published, and a number of further papers on this work are in preparation.

Notes

Genre

Research Paper




URL https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=2022000010-20220028

BREFBAZZMBERVARD NJ(KOARA)IZEBEHEATVWAR OV TV OEEER., ThThOEESE, ZLFTLFHRLWRETECREL. TOEINEEEEEICELST
REENTVET, 5IALHLE>TE., BEEEEETFLTIRALEZ L,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.


http://www.tcpdf.org

2022 FFE FHERAETS (EAME) wrrreasss 20z 2T

Zit=) BEEE B4 Bz
WRRKE fBEN%E 200 (B) A
K4 B E#—E K4 (3&EE) |Kenichiro Aoki

HHIERE (AAFE

FREEICET2ERMMEBERRZOM B OHBTREZAV-ESHEAE LT OERAEN

e (GER)

High precision measurements of spontaneous fluctuations at finite temperatures using original noise reduction and their theoretical
analysis

1. HIREERFROBE

AMEDEMIEEF PFLANILTOEAEREEICST2EHEMERF, R FAT—ILTOESTOEHEATEET, TOMHEE
RN T H2ETLE:. 2022 FEF=ZHBEAK (EEE) EERAEEFITL, 7ZILa—IL, K, A2/—)VEDQREK, £=SLI2ZF0D
RIKICIE, WEEENA-KAERODBRENTELSEEZEANLBEDEHZECTAEL, BFLELE. EBKOBITHMNEKSIZ, &
NOBIKITERT, BERMIESEDESILERICHBTT. HICHSNHEBT LLINIEFMEITHNELDESENBAMIZAL, £<
DHEEITHEDELEFIVEVNIRENTT. L XBBICHARLEESREZZHANT, ARSI ESOETE I MULE
DEFDEIZKY, BOFARINLOEEEAEEZRLELT-.

BIEShEELERARINLEZERMGAL, BEERADDFOEHLEEERELENOEREINTNSIEEHLMILEL. &ikFT
[FELRENDFOAAUIEEFTZIESICIE, E—HENELTHORIEEZELSE, BANXBREICHBHESTEL-OLET. £—
FRENSDEBHENTZEITL, ARIMLOEE (X1 FIFDOSUE LB DA AFTIVIRTHEATESRZEFHALMIZLELE. AR
IRV —BT BT THL, ZIAOREALERMA B DILEZRME—BT S eERLEL. F=, BRIARNDEEIZ(EDH
FTHLE—HENEEL, CNITEMELLIZEIRLET. CORRIMNLEERIIZTRD, AIESNE=ARIMLE—HL, FIHhBR
FOIEURMII AR R E BT 528K, 7ILa—)L, FLTEDREAYWTRLEL.
BEANSEBIEL-ILBDELELEERERELFIIVOTATSN-ELDTHY, 512, FOERBELSEE—REBLYVEN-EDT
T SOLBIZREICOUMNDZIEELHRELFEEZZTVET. HEDO—SHIXRXELTERLTEY, SOHIZHERDR/XZAADICHEE
ITHEBELTLNET.

2. MREBRRAEEOME R

The aim of this project was to make high precision optical measurements of spontaneous fluctuations that arise for finite
temperatures, at the atomic and molecular scales. In the academic year 2022, in collaboration with Takahisa Mitsui (School of
Medicine), we observed and analyzed the spontaneous fluctuations that arise in water, ethanol and methanol, and their mixtures, as
well as water solutions of salt, sugar and other substances, through the intensity fluctuations they cause. As can be surmised from
the properties of salt water, these liquids are transparent, and the signals due to spontaneous fluctuations are quite weak. In
particular, shot—noise that inevitably arises from the quantum statistical nature of light is larger than the signals we aim to observe in
many cases, by orders of magnitude. By using noise reduction methods we developed, the shot—noise, as well as other types of noise,
were reduced by three orders of magnitudes or more to achieve measurements of the spontaneous fluctuation spectra in liquids.

We analyzed the observed spectra and established that they are composed of fluctuations due to molecular and ionic motions that
lead to diffusion, and temperature fluctuations. When multiple types of molecules or ions exist in the liquid, the inhomogeneities they
induce leads to scattering, causing intensity fluctuations in the transmitted light. Using the theory of single particle motions, we
derived the corresponding theoretical spectrum from first principles, that describes the observed spectra. Not only the shapes of the
spectra agree with the theory, but the diffusion constants obtained from the spectra agree with those from previous literature. Also,
temperature in liquids is not completely uniform, and dynamic temperature fluctuations arise in liquids. We derived the corresponding
spectrum theoretically, and the diffusion constants obtained from the observed spectra using this theory were shown to agree with
the thermal diffusivities of water, ethanol and their mixtures.

These fluctuations we measured were previously unobserved, and their underlying theory was derived from first principles in our work.
We believe that the work constitutes an important foundation, leading to future developments. The part of the work described here
has been published, and a number of further papers on this work are in preparation.
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