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HCO;- 7 ATP
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NAD(F)H Formate H,O
SH{L2E: FAD 20,
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Py (.
OH
A T ARG R ]

HAETASRH A bk - EEEKHEYITCEEREC R ERIEY) - R T E
fitx s (carbon fixation) - J&HRTZZRPREA KAV - (H2HEEIAFR o A B R
REFRF T - BERREEHHTE A THERIEER - EBIEYDCSFRIRRER - HAER S biE e R i
MAREEA » DISEERERA (2022) 2 HBRMNFABIET (HARMEE) (Nature
Catalysis)

BEeRIR - 552 AE B RALG H B H AR RV ERRIEER - G e BB = e
A PRHERF6/NEE - Ty H A A TREIBSSCR e =i ik
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DI TS I8 20 & 78 T BB

RKEPCETEA = RIRS - &L - HArAERERIERGHE - S EYIRIZE - LUE xS
(RuBisCO) ZK[EIE A fbhix - WL A MG FAETEYIRRA - (EE R REIRE & 2 EIERE 14
REE - EAEPR (photorespiration) {EA] » BKERRSLR  tb4h -t UEA R WAL
iRCR  HERFERy &bl » Horr—F SRS ER M PR TR 2k - g SR Tt
fiTe

BEeRiT7EE% « ABeAYHEEW et s L 2or - BREGEHE — e S ERERRL
RGN TREIBGRIE © Eoe - RfEREPIE A th & B ARG S HIfTE - AR 2 A SR B
[l - FEIN_E 1O YIRESR (B ) RIS TR - PEER "OUNP o fEFT#8 - BEOh - BERAE
HRIBE IR RIS - A 6E P EE A - e SRRV 2E R UIRR A B A P s 2
FIIE RS R -

BB - AR - SRBERR A ~ BRI

Ttk H 2t B B S ERFIE - BR 7 SNEMA SERR FE AL R IR 25 A0fel AE BBl i
ME (FE—) REEZRN2050-FZMHRGASE - MR - BIBRATEGE T A TREIRIE R IEE —
R AR - BEE— i AR Ry rT A A RO ER i - MBI TE - [RIRF ] DU ik
W o

AWl & L EIRE B LR Bl (ATP ~ NAD(P)HFAD) FH4E - SRt REEEIRAE &
ANE i A CRE R 2R RAVEESEEEY) (acetyl-CoA ~ pyruvate femalate) - H] fIZRELE 2
RALEERL - BB AL e, ~ R

’

Bleiigtt - WHFFEBHAl 7 #ri SOELSRERGR TR - AT EIRERSE AT - FEE AR
5388 5 RARAIBC A FEALER I - DUk AR 2 R P A Y ERRSSCR,

T SR BB A IR PR - BB Rl FH A AR - BIE H ] RRE ISR A THRIGERER 1L -
EEE (EHARD) (Natwre) ~ (BHR)  (Science) ~ () (Cell) FIERMWITI L » BRZWRL
R RE (2021) FHEGLIOYIREERAE - R MAEAERETRMITEATERZEN - ARERA B
BRI - fRR BRI (LR -
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ACHEFEITTAG B 5975 A5 LR M s B T3

BEEARE20 1445EFFHE%E - H 2019 A B BRI [l B E 5 2RI Re - S8R A
P E IR B BRI E L - HFYEEIRR H CEaka T E - FEYIE TR TR RS - BIER

DEFX B EDCERAE - AL - B A BETRIIRA - BRER B TR - #R5E
PRI TR P R @

ARG SRS — (S R A LM = L - EEEE BB iR - WIFER B R AR
JEFHRHERTZE R L B BRI S B R FLE K -

F LA (A cell-free self-replenishing CO2-fixing system) »
Ha4k : https://www.nature.com/articles/s41929-022-00746-x

(fE—) BEFE (carbon sink) EEEAIEEEBULEY CHIRIE SAILRR) MRARAT TAR, - fl
AR ~ S YRE -
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ZIQIS‘:‘{;JE;; ﬁﬁl&bﬁjﬁﬁ%ﬁ

KRR £ 4 (2022) 3 H3H RN - ZEFISHE -

JE T EE R - Ry BB AN A WU SR TR R - R e PSR BL G T b - B BER (martingale
theory) -~ fff= - BEE (optimal stopping theory) KFEEISMT (sequential analysis) % » S48
IR EEE o b EiAE LR 5 Joseph  Doob » 19584EEUS 2 B FHFIEE A 1% » 4%
BATEERIBMATE] ~ JIINAKBAA A AL S G IR, - 19684 £ 1993 R HIA FHmLiE K& » Ty
BRI -

JEle B2 st - SR 19T 04 S BUR BB AL BRI FE R AT R - (LRI EN ARG Rt
FTERRURITSE - GBHEEBERHERE K ST R BN B HE B T AF » HARD IR 19744 K 19804 A& ]
Z b LIRS R L ARG B RN ST TE T B it LT TE T - BB S B B - et
JEET B BEE AT E G £ (IMS Fellow) KEESHESZESEEE (ISI Elected Member) -
FR19TAEE R ARG 1) fe 1 -
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B - b DLRHIEE i 5 ik PR 2R

AT R PIES B AFEAEE (Omer Caspi) - R ABERE B -

P EAVIREIR FUR L BRIV R ZEM, - A B RERE (2021) 42 HEE LIS IHEE]
#% (The Samson-Prime Minister's Prize for Innovation in Alternative Energy and Smart Mobility for
Transportation) ° SEARHREHY LA 11 HAELIBSIRAAER (Tel Aviv) 217 - 52 COVID-195(H
s B RO R B IEGE - DLEs 2 IeiE bt REAH (2) HRBERRREZI0E
LR > FDLES B RS (Omer Caspi) AZREZBINEHLR H S -
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RiEEEEE AR ERER L — - DO 1 0F AT A - DEREZHRE IR
gt > R BT FE EEHET - BheRIOR - IDFARMATHITE ERERT & A R ALER TR LB
bRk o FEHREETERGTHIERAS o R A BRI = S B L AR B R A - DU A Rt
FIFIBRIE - BPeRA SE A [ EBR - HELREFFEMRDE (net zero carbon  emission) R
K o SRR ERIE(CFE -

FEEVIREIR IS - BReRAIWTFE AL fGHS & B AR S B A TiAL - WP it 2R — PR Ak
WE RS - LB DR A o SR B R B TR - AR TR ROREZE ~ R - KSR lE Rt - DU
Vel o> fR VR RBIEAM RS - BHREETAORRCRTEER 5 JR ] (8 FHEZEUANESE - Bl BV TREIRRE - e
AR REI o ILERR RS EBIERTESIIT] (R (Cell) - BEBeRiily - FEHREARDITE -
firoR A SHTHIER A B RHRE, -

P SERRPEERE L - DS AL E 2R AR A SR g e i N ARTH - 1R
SREERE QNGB RIS - HE H RS B & AR R B R BUSHTR: ~ RSP E3SAETRER - Ak
RIbER ~ BIERREIBCR - BOEBEEIER AR EE  SAMES ISR AL HBE L - Rt
fil ELSEARRATR AR Y (Galit Cohen Caspi) - FEAMGHMIRE - ¥ B RIHEZ IS FREH]
B BHZREIR TS - [FIRFthas a2 SR 28 B E RS SeRRR DL
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TH - BRI ARSI - SRR S R ESREAGE - £RIRIL T AMEGHE
BHAREXEE - HREALEZRSIA - BRREE GEREE RIS EE - thz
H EEBEBCER AT T FE AT LURTREMVATTE © ARBelF Ry BRIt Ry — 8 - SCAHE DI T 75 AR it
SR~ REAMENIT R - RIS SR S R AR A B 25 WA SHE rTRER SRR R A
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20224 s e B — T I AR BE R B v
| R R - e ~ B
s~ BiLE {7 ]

WA 2 202243 H22H (EHAT) M ETHRFZRSIF3053

G @ ARV R RS TBICE =

i RIS EHTR CRBELAERIFZEAT)

FFREA ¢ EEHEIRT R

TEEELE © https://youtu.be/hwrEPBauKgw

BB A« B E RS/ ME - (02) 2789-9726

HEHE:

A3 H 20 H Al

1. G DI A ATE B R e B IR ARG EEE A
% » BREERSRI LA S A B WAL
1L HAT - ARG 28 - 552 E T -

2. FIXRBINE - FEEMGHUL © https://goo.gl/vbBIZq

RRREAREE | AR R

Wt jI1l'| /3/22
3. BOIBEAISN A Bt L BRI - 1
ST -

(1) FHEETRENERAR L R E BB AL -

(2) HHGRAKS0MZFER - {HE) HIE L 6RFE R R e B0 - Bkt -

(3) FHAIMEEL R - WEEHYS H 20 HRTE 1T LR - DUNI B R S R 5 K8
iiaZEZ I i

(4) WEERCEIE - WRATEEN L H AR -

A AR BB 2 IR i

(1) HEESERRE EREmEE AL -

(2) BAEMEREE (E SR B (RN HMEERTIFEAIR (BEAREE/E) -

(3) TREpIE R g (GEEBISAIER) -

(4) DF5 N BB IS S SRR BT E R B/ NEY - AT, 5/ -
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BERE ) B i SR Wk € A1 2R L RO A B

JRHA © 202243 H2HEIH28H

JRUE © ARBE R S S TP s S IBRY RE #2052

B eERS « MO/NH - (02) 2789-9937

JEEEHEHE © http://museum.sinica.edu.tw/exhibitions/86/

REEfE T

TESEG L BETTTEATERG B 0 MERLEERSS - BISRHES - SERS - MIFERHAE -

DABESF 2880 PR WIRB AR SO, - BRSSO Ak B SEAE B T [ R B B R

It RILBEIAEAE « EORIEEREKESILK - SFEFEALAIESZE - JAME - PRERINeS -

RN - FEVESER A - KBRS - RIGEARTHeE DU AIRE - EEiE A0

BT =50 R AR S - FRIREE - RTSRAXIENRIBL & - PREARR LS

P - SIS » HERARTIeA B SRIFURRBZALE - WS EHHE - S50E - FRE - @
ERMEIER - VARG - 154 HIER
WEEE - AR - NERTE B O AR

B8R4 H SR SR IR A=A

~

BHE IR » B T 124 RS
M R LaR I R R oA < BCE, - Pt
gL ER LA > PAFER PR - deEis
Fef2lebet: » REBHER - SUEBHRNSIN - B3
R R TR G R G - (NS E R
Fo TERMEEHEIIRIE, = -

g G AYAL =R /T TR s
RHE
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3/2—9/28

SHERREFREFHLER

RN BEXMMIIE Z18205%
BIERSR : 88= - 7Y R A 09:30-16:30
« SO REEE

it BIATEEERRRE ZHR1305%

484t : http://museum.sinica.edu.tw/

BiE: (02) 26523180

EMR PRPRRELES W RAELXMRIE
RRFARRHERME
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A By BRI B A (G - Progress of
observation in LIGO and challenge with

Taiwanese gravitational physics research
facility for future R&D

IRFfH] ¢ 20224E3 H22H (EIH) 16KF 1T

HiEG © ABEYIERT ST A

A R RSB (BN RREYEIE R )

EFFA C ETHOIES CRBEENTIERT)

VEBIEHE © https://www.phys.sinica.edu.tw/lecture_detail php?id=2577&eng=T
B At SEACRE - (02) 2789-8365 » aiting@gate.sinica.edu.tw

IHEIAZ

The observations of gravitational wave

2022 &

rovide us the new possibility to approach the N :
P P y PP !Efﬁ'%ﬁﬁ COLLOQUIUM L

tundamental physics. Our group have studied the

gravitational science in LIGO. We have played a Mar. 22 @ 150

g 1F Auditorium, Institute of Physics

role for calibration and coating studies. We will
IERRRGT PR L FiE e

start the next observing run from 2022 Dec.

LD 3 HEE
Yuki Inoue

Assistant Professor,
Department of Physics, National Central University

Recently, we are also focusing on the development

of new gravitational wave technology. To

establish these technologies, the construction of Progress of observation in LIGO and

challenge with Taiwanese gravitational

the Academia Sinica Gravitational physics N g
physics research facility for future R&D

research facility (ASGRATF') was started from last
year. In this facility we will operate the
interferometer system with cryogenic technology.
In this talk, we will discuss the activity of LIGO

and progress of R&D with new facility.

| The observations of gravitational wave provide us the new possibility to approach the
© fundamental physics. Our group have studied the gravitational science in LIGO. We have

 played a role for calibration and coating studies. We will start the next observing run from
=~ 2022 Dec. Recently, we are also focusing on the development of new gravitational wave
. technology. To establish these technologies, the construction of the Academia Sinica
| Gravitational physi arch facility (ASGRAF) was started from last year. In this facility,
erometer system with cryogenic technology. In this talk, we will

= e RUVIZ T LICO aud progress of R&:D with new fucly:
—————————

—

( Language: English / Bi#:E5

BEA | EFHELT SEEA | EXEIVE 02-2789-8365

Host | Dr. Henry Tsz King Wong Contact | Ms. Ai-Ting Chung
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https://newsletter.sinica.edu.tw/wp-content/uploads/2022/03/議程.pdf

T ¢+ ot

[ S0 1 i) ~ Hbse
ISE7E (RIS O i

e SERSRRMIPTE R (RBEBLIJERT )

FERBGAITE) (Granular  flows) EljzA]
B BIAME R R NS ~ AR R
Wk TSR T MR R 5 SR R EKE
ST~ BE LIRS IEE O BRI S5
o EE KRR EEREEIETHE - #A
FERLRSHITRE) -

SR » BAFFERIBSAYMIE - ATDIER —ER
R=AER - WA BTEE T IE - [ERRRERE )
BAEVE TR R A L O IER - YIBEERM
22 BRI R TS E R S 48 - LA

TIRRRMESIER | WIBNE] IR A PG o SETEIAEE
EARRERRERRE - DU EE ERHSE,
DUR A R RE S » i UBE A JBE LE 520 -5

([Ela) -

> o~ Bl

EEEFEIAINE - —FUIRAEEARE B
HIERR] - AlLE(E — SRR s an ] Sl e L B Ty
i AEPREE s S S KA B i - BRI
5 o RRE A GRS - WA R
s (hourglass) EA-RH RAY TR | JRBIH
% HRERARC O - TR ) BN

(quicksand) - L AEEZHTE AR —fHIFRE @ 3k
MErEdEsR "R 18, ?

BRSO - @ — TR RIRITRED © FIARTR
(intermittent flows) - BE[EIEZEAIEEETED
DTN e i WS W &: L SR SR
2 - A A ZIgHEEE - (H 2R
HHE SRR AS IR - AR A I e Bl
8 PR TS Rt (E1b) -
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T oR®h | 2 TS ik ? — RS vs. BIETHER

AnAfEANLL - AR EH T DR TR R
TR DUHRY - AR E S - 5
ARFEELL N R/ NI -

HIE o ERTEE TR, B - B
FEABIT- - ANlE 2aF7 - BANENE LSS,
N RHEE—— R L2 — RBEREF B
MIEIE ~ Bog—HEWD 1 - 2 USRI it i

(Blan = 7k) - EEANR - W HARBRES
BA—tk -

Rt 2l " iREy s o AR OZE AL
(Ax) FEZFHRE (2) B9 "2, -G£
5o NATRRMMAI B RIBERE (gradient) - W]
DLt By 12 8 (2 FE—— BEAG HER AL » A HRER
TERED oy o SEEPE RS T R RS Y A
(shear strain) ° IRZIFE T » T TERLGE
E e fEr R bR - a2 "L, AR
J& - SR YT (shear rate) » BAQ7 IR
FR I -

AT YIESRERIA " 2HEZ DI
W (REIED | KEEEEYHE "CREER
FERIURED o IEANE 2 26 5 H HES TR B R
"URE) ) BIARKIASEERE (shear strain~1) -
YPEERITR /) - TR TR — R 181
B ——EE R S REAU e TBEEL AT - R
A EESUEHIREISIAE TERER ) B

13

e T ER L BRI AR
2 WS A R L TR TR
B, GBS MET "TERXE
(dimensionless parameter) | - 35SEfEFEATE
YIERAL - BAEHNE T —HEBWE - Y
SR TAFR P r] AL E AE E # 5 2
A A R B !

"R BEswEr - HEIAFER -
AREWEFH IS EH B (Reynolds
number ) KIFEIFIAZZERL (turbulent) /“PAR

(laminar) BIRREE - 738 IEEYBRERR TR
M J7 (inertia) BAFLEHE 7 (viscosity) FYFH
B LB FTERA 2K - SRR R EE L T
The SRR IR E Y R B B —— 35N
FACFTE ATRERIE AR —m R B R - R
A RESHE T PARYAR AR IS AN 2K - S T 58
B, g

Syl » R ETERAH T - MU
% (Mach number ) HESHEREBE)
YR R AR TR B ELE - T
Bl 5 2 08 B RE T e rT RE#
JERHEAYRE B ——E BUE AR - RiFEHG T
IR R EE B LS LR E A T AT 5 AT
B AR ER T o
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SR - e JIERGE 1 R ERE RIS
ELEIRECE S B A BHCR - BRI
B - BMIXAGEZ e ?

RS » @A AR R A
HUMEIRIR & - R A2 AL N
number g i 2L HZRER Y P B
[1] » FBEERZME "2 AE 0 WS
Pt 5 AHEZHY » Viscous number (J) HIIZFIEL
HERERL S0 AT IR - HE LeyR e i
FITREILU A E IR E TR R 8 (R
RErm) [2] -

Inertia

A REEE TR R - AEIER

TR RS BR ST HREE ¢ 55 LRt R r] DU
RERERIRImMA "W AR HEER
TIRIEGE o KB o S R B L ]
P ELRZ i - SEA e s e Hafrs ARy T Y
B HAERERECEE — BN E e
& - BRI X T RE N E A——E N IEE H
RFURH SRR 2

[ AR | AREBL - L nTHE R BRBEVEN

R - WA HEVIE AT/ NE PR ey
Tt AR ERE 3] - HEHEC
BRI AR/ TR AR IR —— AR
PESCELRIRAG RZ A5 - R e B X s B A
BURRESEIE 2 M - FEARFF T RS AR ) 1Y
Rff T AT RE FH 2 e DA GE Y )
R o [RIRFFERLZ RISUEHRHE © I e R AR
RRETEDL S - AN T A EAEEE
HIRREC T ARSI B SRS 2 [ S 1]
R - S 2 AT ARSI AL & TR R €
A FERITRAVES - B AT DU AR
JCERERE AR T B ) R A T R
BN RE—— SR B n] 28 R GE AT 2
[4] -

PRERE ik, R TR R RO T B
BE o BGIRRE N - (B AT e #i Bl T he i
ik i JEE 2R AfE 57 DR R 22 T S B0 5 B R

e, -

fi 2bRE R A BE FH 5 S AR RN et B R L
FRE > Pl SR — A RIS S
RIRFTTHRAREERRRER ¢ A2 TR, R

(Omega=0. 0001rps) - WHRHHR 3 £ "
AT (Omega=0. 05rps) ~ EAE{RIL - H{H
HESRE - £ TP ) S @RES A
AHIELZ AR T bR o BBIZGREAR - Fsi 2Ry

AR T T EREIEREREII R - SRR
LGNS UNE S 13 L e FR AL 72

We ?
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BRAZIE » B RV B |
HBRH B R e EEB IR R H BOE (E A%
& BEEELURE - AR ENE R | 55
[z > T EEERGRBOL IR B, AR
BRs 1 e G T B A e 2 bR RO RS L - 38
EAE TR IR - AR BT AR RE MY Bl R A
TUERAKIAS R R T DL L BB 2 |

A2 - B EAIE T B - TEREE Sl
FERL AL IR T SRR B ) AEE R — g
& (Ve FIMERBEEAVER ) < LIEEEE
B Mtk - TlMTedl T HE R Bk
MBI BAXE——HEMZ R
slipperiness ([&2c) : HIfEEATEELIFARIFTH
FERL < [FIAH SRS - E2 R AN (d)
ke VRS | (Rllpilishear rate) ; FEMHY
Fetd - B TIELEMESREREN T &
e e

iafll " sk, MIVerHERILEE - RS T
SAMAERRRL < R CRBUA R A B Ve
MIRAEAVRERE - HE - MESRSHEHHERTHR
R E A 0 A il 7 35 3 7 2 K " velocity
weakening” iy E 52 IF 2 B AR e Y L EE K
% FTLGEAANEE Tl oo °
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W/ BL : AN & T AR 53
-

CERETTEREM - BTN EHE RGN
HAMER TEIE o BA— AR AR -

2ZE3 - £ "THEE, NERT
slipperinessia fIfl #r 2 8 » &S 7 H A < Ty
F[ERE (granular solid) ; DLj T ¥R 7E
(granular liquid ) | WafERRGG @ F9E 4RI
T OTEEESE AT, (KRR SR EREE
A RESIHER) ) - DURRER R EE R ) e i DL
Tl ) BIHBOIREE—— AR
LG IS IR M AEEH RS2 W REF AR EE
wIse s [s] -

JE R Rt Y - QS T fake ) 15
I TR AR o BN S A R Ly
PR DR Y R R IR RE IR R ZE 28 - HAER
MRS T IBRENRRIFF - FEURL ] il T LUK g
BRAERM LT ——(ERREI R ESE AN TRE
FPRZ B R K SEAE R R VeI B
—HAME LB 2 - R EkvVe »
1SRX e R TIBAMG TIE - BRARE S s SR
MR TRGER AL > BRI EHE R
B o

AR E R s - RO A LEIYy
RER - SEMHE NG DHE B = AR ER
EEERAEIGE " HER ) ARG —E D
e bt -
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BRItz Ab - BATEETS 7 R B ] Viscous numberfJHLHFIAEERT T EHEE | BUTEH R
HEAERSL » [NFsAER% T J-rheology ; B T - BRI BRI — B A & HE R R DL EAYHE
G o EARET A RTREAHAIN TR ) AR AR AR LI PR SRR AR S AT i -

AR AERRMPE A E(EE A - BURAVERERRIFRE (granular suspension) AIiiFsE "=
RE L EICRIRREA BTG T Akl o BIRREEEREAE - R L OF R R REAHEAY T RE
(granular fluid) - AAGETERERSG S 2 EEE " RGO ) EEsE T PIRISE -

B E YRR - MDA 7 T B ) NREHER o (B3 E5e R
BfE G - BRI RS T RRZRE BT EWE D R KRR - DUk
8 AMERE TR IR R B R AR - D EREENHER S - BT stEs sl B DU
n

fﬁull

=

!

[1]Forterre and Pouliquen, Annu. Rev. Fluid Mech. 40 (1), 1-24. (2008)

[2] Guazzelli and Pouliquen, J. Fluid Mech. 852, P1 (2018).

[3]Jih-Chiang Tsai, Guan-Hau Huang, and Cheng-En Tsai, “Signature of Transition between Granular
Solid and Fluid: Rate-Dependent Stick Slips in Steady Shearing”, Phys. Rev. Lett. 126, 128001 (2021)
[4]https://www.phys.sinica.edu.tw/jctsai/brittle/

(5] —HRAE + B — B IRE s KR 2 B - HEes AN - (B OR R L S A
Wk £ HE ARSNGB/ NFOKE » RPN RAE R0 - (Hegatk B RRieE S
A EY) > FERENSERTRZ T2 KL ERA R e sE AR SE SR - Rtk
H— B34 FERREEEIEEINED - 52 - D EERAENAEES  BEARWE TR
£y o MEgECE TH N ) —FF A https://www.nature.com/articles/437635a
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! Fluid Dynamics
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| (continuum)
I - -
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2ot W & i
Steel balls rolling aroundan obstaclé ~ s Animation* of flow

[Tsai et al, 2001, around an airfoil

B
i =

e 1 PR
Dol:10.1103/PhysRevE.65.011306] |N(SESRLNAE based on
S e S S et s, AR Euler equation [1757,

still in use today!]

ST v *) by Thierry Dugnolle, CCO, (2012)

e https://ecommons.wikimedia.org/w
e Y P Her e /index.php?curid=18803279

“SLow” i Intermittent “FAsT”

Debris flows ! Quicksand (it 70)

‘.

F =
ot a block of houses ~~

=y _ Earthquakes L

Sources: Wikipedia

AL R (granular flows) BFFERIAEE kR ZARTE
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(a)

* Shear Strain_. Ax(z) Rate of Shear Strain

z ;_<'—“‘. (Shear rate)
. i

R E

O— @ axz) L, _AX (@) V@) |
. AW VET N T A T 0z |
* 'Ef‘—' ~ 1/ time

= Stress = Force transmitted / Cross-sectional area, in average

e.g. Shear stress (tangential) : Jg

Normal stress (perpendicular): &, ~ or “pressure”

* both as a tensor in 3D, strictly speaking......

(c)
shear rate [in 1/s]
£ C~d s Y
? a<Ve> Dimensionless shear rate !
6 0z g dy / V. i

the characteristic speed
(material-specific, empirically determined)

AE2 : (a) fi3E "HED, 5 (b) ARERRERIF; (o) HERIZKEslipperiness
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W FERL SRR (Solid)”, R R&(Liquid)” B “ReFR&(Suspension)”
HYE&-&#H ---connected by a stick-slip zone

twﬁm (B 4 TEIEORT wdraerfsEE

kPa] " fey
1“: S *',! i pir 0.01 0.7*_-“1 10100 1000 d}’"lc
Es fl / 'f"[ h ! %'i [kPal T id
{ ' iqui
Qt |
/ ,’&ranular
Shear Stress (B ¥:44) /' Fluid

Solid-to-Solid |

0.1

EE[@NCy
(llgjjll)

1
E Lubricated

G B R R R
: J=n }//JN

“Lower limit” of the existing

paradigm “J-rheology” [since 2011]

Suspension

--adapted from Fig.3c of PRL 2021 (Dol:10.1103/PhysRevLett.126.128001)

AT © BT TR WIS
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ARSI ¥ REIHL R R
3800 R

RIS BB T HImRSHII DLUR BRI mRGERS - B H AT ik - AR A —ERAEE
AR R I e S BE — R e S I B 0 - ARG B 8 2L V) SR T SR R 5 S R e R
RN — (SRR R - AT AR E R — R 2 RS2 th ot (TC-LN) - BATC-LNfFEED
B49TEARIMYRIRE - A[AIBUREAYTC-LNGHIEIT » AT 2B i ii th & e s o i
BRI T R TR IR o RHITSEHE R LU AE RS A B ANE TR R (R e BR B A ~ U e TR
R R S R E B A R RN Z — » BISERRER S (2022) F2HFIEAE (PHERT%R)

( Science Advances)

-

WF52E5EHA © http://icob.sinica.edu.tw/Information/research_more?id=cd3cdfcf463f464ebb68be369b30a59b
F LA ¢ https://www.science.org/doi/10.1126/sciadv.abm7723

Glomerular identities
-1 I
I =2l

e k)

Single TC-LN innervation patterns

[y R N __J |

B —
Ilq_
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E

1. BERIfEIFE R L SE B R SRS A B E TR A S B TR - BB 11 AE3H TH A
e

2. IS A 2 Ry BRI SE PR A B ZE 5 - BB T2 HIHE R 1124ETH31IH Ik -

3. MR AGE AL E Ry BOR I FE AT gE & » BB 1S H I HR R 6 TH3IH 1L -

A AT R SR A R OB PR B S & - IBIHE IR TH ITHREREL6FETH3IH - -
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PN BT
REE ITIET R )RR WTIE B

PR A A E B E#RE K B ISR LB o IRIEEIATEE- R SORE ~ Frinyk
BN R ER BT IS B R, » - BRI QR R 1 i B W Aol AR o B2 B [ PR AR i 22+ FELR 259
ol e P G B B AT - HWFSSEM BZ - AE B THUERY 3 EC (city size distribution) ~ Ha
HiFEE (central place theory) ~ fEUFHENEES (agglomeration) FYBHZ - ASHABGE « 1 HIEGE -
H MG B D BRI - 5 ETEARIRRE -

FREA-20 1 2458852 Economic JournalZ XCEEFER T Austin Robinson Memorial Prize » 3% 3 254t
f TSR R e A R AR R AR T A S O B A B G —— R KA (power law) © 20204 » HEE
KN EZBEBRBIELEGET ( PNAS) X —F BB 22 Eps i T4k [ 5 R
(common power law) HYTFLE » WifFERERZ AR B MR 221 ERYICREREIE ARG - HEINE B TS
Ed s 8 (BURgrs % I E00HEtE ) L BREmEL S LT IESE » 43R 201447 B2 20204 3 SR A B

R 2 JEA AT Journal of  International Economacs

AECERTE A H 20224 1 RSB ENITEFEENTTE 5 -

KEMRFARE

5F X T

E A
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X REIRE X
Q. FH—HJELEA H CRIISE ?
A Nt ST T R BEAERL - I IR BRRY B B E 38 L R AT ~ Bk -

Q. R 1 5 LAY MN BLER 2
AL TEHR ~ BEEEE ~ JiRTT ~ REORAS - R R B A R NI

Q. Sl LR H CiPry — RJANEE — BRI 2

AL SREZIRF BLER ARSI ER RS R —— B S I R I SRR —— R IR - At @ T sl
BAT o ) ZEARTH R ELAE  RE T R R R R IRE - ARIM0 - AFAURSIE S5 - FERY RS
WHHESMAE X EEIERAL - B > EHEEERE TR - DE i S 25y B MR 2
% - BBLEMEE Z ] DI - ERTEE 0B EHELEANZR - AEMIRE R
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