BAEMOIHAICH->TGEERIETFIAEE 1Z2ZE<ZSLY)

REHIZIE, ZEEEOFIRICECTRDIIGIY—IZHMLTNET,
REMECHFAITDRICE. EDEDDESAIHE LTS,

* EFENEZZBICRRIOEFEYTHY. FRICHE--TE. COEZBIVERRKAEEZTIVE
BNHYET,

CC.EMENE=ZBICRBIIEZFDEEYTHAN. VIIAT4T - ATV ADFAEVADEHET
FMATEET,

@ . \TYVIR AL THY . EHEDHIRACFIATEES .,

BL: LEEDIY—IBRASNTVENEEE, EFENRRRXFRUVRERFOHEFICRELET
BET. FEMMLN DEFNLZBENICER>T. ROMTHRT S LEEFHELET,

I EERVEEYOEMN.EE.BES

I Bk

M A3—YNRIEFDRNRERE

IV #ER. RE. TOMDER

V RXEHEEZLEITERSINE=ZRHEEDMIZOLNTOD I IV

CHAIZH->TIE. ROELLNDIL Iy EBAREEL TLZELY,

HIRKE UTokyo OCW =ZFfiT{ifiHzE=
Copyright 2015, BIREF

The University of Tokyo / UTokyo OCW The Global Focus on Knowledge Lecture Series
Copyright 2015, Kyoko Ishizaka




PR

B8 -8 - RO AhILME

YIMEFIF D e T InbA 3T D FEEEFEIT

HRAKFARFRIFRAAREYEIFEHEIR
EFHEILIFNOZHORAME L F—

Al &FF



outline

- WIERIFEIT

o |

KbDEF

- EMEEEFR

. Bz

o MRATHILIEZIR




MERFE BiERYIE BEEYIRE
FEA & F
FEIE IR
o s 1%
BHE
W th ()BT Nt R e

SIRIGEE EHEREZE SIS

FLLVEZEIYH

19

Hg



MIERIE < TFUTFILHAIUR

(i

BETFIFLFLRERLVDDHEEE > HHR

(

* —

)

Image by Mytho88, from Wikimedia Commons CC BY-SA 3.0 '
https://commons.wikimedia.org/wiki/File:2009_Toyota_Prius_01.jpg \

—

Image by Pixeden.com, from

/ S| i s—é 1$ \ Wikimedia Commons CC BY 3.0

https://commons.wikimedia.org/wiki/F

LS| (%*EE IEI E%) ﬁz E ile:IPhone5white.png
=
AEY (USBAE! ., SDA—K) Tl ﬁﬁ

LED(RHEF 14 —F) FEH Hip @
S \—I:_\\ Xb _-I-_*}i; ZF.F%i
L—+ INTETA 1% 7, EAEH

\-?“47\71/4 /




MERF (ERYEF) EFFRER

ke

F B RERDRIALER

[NV REER | (BMAEZF D ERE)

/N REEER (1920%s) :
E{AR D DEFEELRICERY RS EEF %
[RFOREHEENAENMICEE

Image by Anton, from
- Wikimedia Commons
- https://commons.wikimedi

3 “——@ a.org/wiki/File:Diamonds_ =
e CCBY.SA 2.0 B R4 RER (BILAS) B
EHEHE L 52—

v MEONE (SR, LB, ERE) H
v EBEOBR. SO ERIH)

1920  /\UREH

1939 FAA—F

1948 cSORA

1950’s £iEMEK
1960’s LS|

1962 IR LED
FEARL—H—

1993 S/LED




outline

D BEAROEFL/N\URER

- BMEEEFR

+ BIGE
o« MRATAIVIEIZA




& (electron) &[&

YAFADEH -1.6x101°C
B= 9.1x10-31 kg S=+1/2 5=-1/2
Zt"‘/(ﬁfiﬁd)%) 1/2 up ‘ down *
L DOFRHFDUVED
THOOOHERFTIE,

ETOLOMNTHFIENRIOMEEZRFD “"BEFHF

Photo Credit:ESO/M. Alexander. CC BY 4.0
https://www.eso.org/puinc/images/potw1404a/

RIFDEYE EDENE
[EE) | BEN

BTDIREIIEFNFIENREEERIT



RFEOET

BEFIETTRILT—DIEWIEIZ2D (RE > up, down) 3 D
IBF-STLK

ESe

iH
K

RFTC—BSOWIRILEF—FEFEDODEF = &4

NS EFIL. LD IRFHALNIE,
RFRIZzHBET H_LHAHE

RFEIDEFDOYEY =tFHEE
T FRREAZER




REGRREEZLDEE

A AEE
SiENaCligE 1)

Image by Didier Descouens, from
Wikimedia Commons CC BY-SA 4.0
https://commons.wikimedia.org/w
iki/File:Selpologne.jpg

»

v/

Image by Mario Sarto, from
Wikimedia Commons CC BY-SA 3.0
https://commons.wikimedia.org/
wiki/File:Brillanten.jpg

FANEIR

P glitter.png CC BY-SA 3.0

sﬁ"ﬁé

Image by Anton, from
Wikimedia Commons
;’ https://commons.wikimedi
a.org/wiki/File:Diamonds_

Image by Periodictableru, from
Wikimedia Commons CC BY 3.0
https://commons.wikimedia.org/
wiki/File:Platinum_crystals.jpg

mage by
NASA
Glenn

| Research
Center

Image by World Imaging, from
Wikimedia Commons CC BY-SA 3.0
https://commons.wikimedia.org/wi
ki/File:Toi_250kg_gold_bar.jpg




E&E P OEF (KM LFEAR)

';.'. ‘
.:' -..‘-_ ‘g:. o -
a )/ "4 \\ wWis .
'Y, '- o ""h" \ . ‘t:;. 3
v W : " ,)“" \"‘ '._. ' AN
i ‘ Reprinted image with perm|55|on from Sato et aI
s i ‘ Physical Review B, vol.59, pp.2035-2039, 1999.
. Copyright 1999 by the American Physical Society.
http://dx.doi.org/10.1103/PhysRevB.59.2035
JRF
-~
RF#% FRAIELIS

\ VEDDEF DAY
R IEHT LEFBIREIET

BFEEOETORRIRILY—
JTILILAIL(E,



http://dx.doi.org/10.1103/PhysRevB.59.2035

B PDEFDERY KL

{Ar

DEFIFEFEZENLDIAEMDEFNoDFNEELSL

> 1em3FHY10BE DR FHAIRAT-EHR TSR R

e
o= TLYr=
ZIRREIREITEEL LY ABLE

T_RAR—ILIEADEE




E{&hOEFDERYRKL

AP DEFIIRFZODSI NEMDEFNoDFNERELS
> 1em3FHY10BE DR FHAIRAT-EHR TSR R

KRB f BEME (GRL)
HHEFISEEL. OEFHELFHIETEIE
> TEERICHT 52— FiEll NUREROR

__EF 4




E{&hOEFDERYRKL

9

BRPDEFIIEFZNLDE| NEMDEFNoDFNZERELSD

1em3Z Y 103E DM FINBAT-EM L ZHERR

RRB7S i B4E GELED

HHE

s FICEBL. DEFNEDRFNITESE

[ZFERISHTH—AETLEL] NFERDORE

RF#DOBHAGE I DRToOY LV (r)DHRZEEE

(il
._H

PDHILICEILNTULNS., EAET,

EF o DEE (SRR (FEEBR TS

X {hdDE

X ARERECHEEBFIRIREITLIZEFLE R TELL

IV E, ENOMRICELLENGRIXETILEA



B PDEFDERY KL

15IJ )fEAgi‘%ﬁ@sm{%

Image by Praveen Thappily, from Wikimedia Commons CC BY-SA 3.0
https://commons.wikimedia.org/wiki/File:Bloch_function.jpg

vvvvvv

S\ R T RIRLT
BT 0 GRBIRAS)

h* d?
omdr? +VT(F)}¢(F) E}é(r)

SETREFO BIBROBEY e oo
BRIALE— ro oy, XDRN

J]]l'l

Reprinted image with permission from Sato et al.,

Physical Review B, vol.59, pp.2035-2039, 1999.

Copyright 1999 by the American Physical Society.
http://dx.doi.org/10.1103/PhysRevB.59.2035 {

albTaoh—FHERK

EBHITABEFDIRILY—
é_to) %O)E%n-l_ﬁj_é /\./I‘n-l_ﬁ
FE. FERK, EEELZEDFETES /N UFER



http://dx.doi.org/10.1103/PhysRevB.59.2035

INRETEDB: FA4T7EUR

’5‘ 4’7=E/I~° C IREEZRE INUREHE

A ‘

Image by Anton, from
ey Wikimedia Commons

g ik Fre Dramont
:l: EEE 1: % E s_glitter.png CC BY-SA 3.0
BT EEE AR NS I i M
T—45HE: OpenMX %E%@I&’%ﬂ k

CREA DOFEH)

ITRIJLEX—E (BFHRILN

h® d®
{—%F+V(r)}¢(r) = E¢(r)

Image by Praveen
Thappily, from
Wikimedia Commons
CCBY-SA 3.0
https://commons.wiki

I;l"‘) l/¥ —E ég-'_ﬁ :
(/ §> I\\\E-I_ﬁ) ;iilaﬁzzi/rmi:ig/ﬁle:mo



NRETEDOH: FA4AT7EUR

947%/PC IREEZR

10 -l IR (Z0)
______ S S Y

B/ \FR
(T RTEFE-TLNS)

ITARILEX—E (BFARILLN

Image by Anton, from Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Dia
monds_glitter.png CC BY-SA 3.0

T—24H 8 OpenMX

INRIZEFAZRIZETF->TLVSEES
BEHEIZITZEFTEN (v TZBAAINERY)
SHEixKorFEIR

https://commons.wikimedia.org/
wiki/File:Brillanten.jpg




Reprinted
figure with
permission
from N.
Egede
Christense
nand B. O.
Seraphin,
Physical
Review B,
vol.4,
pp.3321-
3344,
1971.
Copyright
1971 by
the
American
Physical
Society.
https://dx.
doi.org/10.

1103/Phys
RevB.4.33

21

BT O
GRELD L)

INVRICEFONBASBICEFT-OTLSIES

EFIEITS(UEREF) -S>=%RFE o o

a.org/wiki/File:Toi_250kg_g
old_bar.jpg CC BY-SA 3.0

TnITII



https://dx.doi.org/10.1103/PhysRevB.4.3321

&, FEEF, MERIE

o= FEA RS
BREEY (HEN) BEMZESHETESD BEREBEILL

Image by Periodictableru, from Wikimedia Commons Image by Didier Descouens, from Wikimedia Commons

. . - . %k Image by NASA Glenn - . b
https://commons.wikimedia.org/wiki/File:Platinum_c Research Center https://commons.wikimedia.org/wiki/File:Quartz_Br%C3
rystals.jpg CCBY 3.0 %A9sil.jpg CC BY-SA 4.0

SENR SilEEfF 25 RA
CEESHESES 2 BI85 D YRR A A B

NVFEE > BREE. LT E ZIERERRI=F R nT e

BCHEEREEDBRBLLELICHH., SHBELEH




B ICim Tl .« . 51)  http://www.centerforinversedesign.org/ kv ITR—

HE#REE T —AR—X
INURBEEGIZE DL

Center for ,
Achieving the grand challenge of materials anc

YVE SR AT ERS

T7A)HhERE  Center for Inverse Design
IRILF—E The Center for Inverse Design is an Energy Frontier Research Center of the U.S.

Department of Energy Office of Science. To address a crucial scientific grand
challenge, the Center is pursuing a new approach to material science. As shown in
the figure below, rather than using the conventional direct approach ("Given the
structure, find the electronic properties"), we are using a "materials by inverse
design” approach ("Given the desired property, find the structure”).
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\ U Materials by Inverse Design

<77 Conventional Approach

Desired Properties EEkOF7IT7O—F Materials

Cormparison of the "materials by inverse design” approach {left to right) versus
the conventional approach (right to left)

The target properties of interest include general semiconductor optical and electrical

Credit: The U.S. properties; the desired materals functionalities include electron- and hole-conductive
%%’:73;2”;/2{52‘:\:5; transparent conductors, solar absorbers, and nanostructures for ene sustainabili
htfcp'//\ivww rel.gov/dis Our predictions of materials are examined iteratively by various synthetic
' claimer.html approaches, including high-throughput parallel materials science. *
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Possible high T, superconductivity
in the Ba—La—Cu—O system

J. G. Bednorz and K. A. Muller
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J. G. Bednorz and K. A. Miiller (1986)
Possible high T_ superconductivity in the
Ba—-La—-Cu-0 system, Zeitschrift fiir Physik B
- Condensed Matter 164(2):189-193, p.190
Fig.1 “Temperature dependence of
resistivity in Ba,Las ,CusOs 3. ..”

Z. Phys. B Cond. Matt. 64, 189 (1986)

“The characterization of the new, apparently super-
conducting, phase is in progress. An identification of
that phase may allow growing of single crystals for
studying the Meissner effect, and collecting specific-
heat data to prove the presence of high Tc bulk super-
conductivity.” (Bednorz and Miller 1986, p.192)
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Reproduced from Yoshinori Tokura (2003) Correlated-electron physics
in transition-metal oxides, Physics Today, vol.56(7):50-55, p.52
Fig.2(a), with the permission of AIP Publishing.
http://dx.doi.org/10.1063/1.1603080
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