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Preface

This book introduces three issues of thermal science together with the
stories of people who were involved in the processes of discovery and
invention related to each issue. First is a story describing the period
leading up to creation of thermal dynamic and statistical mechanics.
Second is a history of the development of low-temperature technology
and of identification of some mysterious phenomena associated with
superfluid helium? Third is a story explaining the work of many people
who contributed to clarification of superconducting phenomena. The
philosophy of this book which authors wish to express is that close
collaborative work of both sciences in part 1 and 2 has been producing
new rich knowledge until now.

The descriptions of discovery and invention related to each of
these issues are interesting and impressive for those specializing in
physics and for those who are not. Regarding the narratives explaining
these issues, although it is important to explain the contents of discoveries
and inventions in a readily comprehensible manner, particular contents

might be difficult to grasp by non-experts. This book is therefore



primarily intended to describe the efforts that discoverers and inventors
of these issues undertook and the hardships they encountered. The days
of geniuses will be introduced: typically filled with distress, their joy at
pioneering a new horizon is moving. In some cases, conventional
concepts should have been changed to bring the truth into relief. Many
collisions were unavoidable when promoting their ideas. Arguments
engendered many tragedies attributable to others’ differences of opinions
and dogged adherence to conventional ways of thinking. The evolution
of these stories will be introduced.

The authors believe that through acquaintance with these stories,
readers of a younger generation aspiring to specialization in physics
might come to know the joys of study more deeply. We hope that
people who are not specialized in physics will come to realize the
fact that scientific studies have been advanced through myriad
human struggles. We will be happy if this small publication can

convey the history of these developments of thermal physics.



RE@EANFEN>—K —
B & O < &
FRAF - EieRA- - WIS - B HES

[Noon—a] &

B &R - BERFc®

Wil RR&NETY S
B S RO R FHinH 1
LE iz © Hm
KRR
PR E VREIR SRR
BARH IV BRMEINROC
HADANBESHIRZ
BOELLAN YD N



R oo dn

FERPWREWP ULy 3

m— 1AL AT HREL

BROHE- Q™MK —
RIRYT © RRN—VEN

N — = QRIS R
FEREHUV O REEHRIKL
PR S 4
HN0D—Qm

Bl KERMEEE 18

(2K QW
YA H 2 ORE
RN DN AE-IEKIR

Wil BAADPNQEHE D

.C\WA_NIJ @%;Aﬁm I \/F a EI%NA_



THECHR

FRAY ARENRL Y
LR DN QHIE
HIZEQEK M
EmEHVH T —L &R

GRS

ol ENRERE (R
AN K R HE
FNNQRSE L WEHE
H IR NK Q BiiaRib
R Qv



ok SERKFCTH- LS

WaR (N NO—n &

— BESCHK

W BEEOH ( QEHO B

{ DG QAR

BHEQHES (

114

o FIER (DS OKHEIHR
HIOL LR (aD g
SREP QR
HE<NEPVR QD LRUFKL
H—2 NN H X QRIE

INBEN R —ZURMD AN N



Wit BRIEEC K

R AN N ORI
HERORR

FHWIL L H20e (D=

KK IREK

S0P PREQHI AL DR
1O S

S

159

BN O AWEOL8 S EN- Qe
AN AN R NERE O LK —X
BN N QEE

IN N ADNZKEE U

ERT o KEE
NANBDIRE Q R

FOR AT N\ Q=lES

10



R0 U —

= R Q IR
R M<EEORY 8
RAKX QB
R EHE N
RS N R Q &

9

o~

Rl NEESHEWIR-EEE g
BT IK
Hha0-H &0
0N NRRQHIAD
ER VR TR
BEXYTARORY
BRI 1 X D48 5 EEINE X A

11



HEERC VW I-—X

iR @R SRR

gl BUmoKE §
TRy =N
N<eHWS

PR —=

Wil N © HERIRANDG
HH=LT—QER
H AR 4 — 5 & ANEENQ

240

KRG H Q IR ik
RS LRI
B D RKHIR 8 5

I M-I s O K

D@D~ 0 QR

12



Roi EEEGEOHRE
YN RN EIN— QTS
[ 1% s QBT IE N Q B
D4 <ERTVOER

HEESN Y- —

ol KE(QO®Im
IEER R QWO
O L SRR Q R
PEQHSEs
THHT RO RP LI
R R AT
NP —R—
R R I
KB IR HEH N XIS
R MNEHEL Qi

13



RARAM
N XE

INTMNNNT N Y A —&

MR gD —Ak
¥QFLZ 5 MR
VOISR

319 316

R R<NE&\H1E

o

14



PA=E=E

CONTENTS
Preface
[ Prologue to part | ] 12
Part 1. Creatures of Science for Thermodynamic and Statistical Phenomena
Chapter 1. Birth of science on thermal phenomena. 17
« Physical scale corresponding to the degree of feeling between hot and cool.
« Improvement of thermometer
« \olume variation of gas
« Industrial revolution and steam engine
« Can we completely transform thermal energy to mechanical energy?
* Modeling of steam engine
« Clapeyron followed up on the idea of the modeling
Chapter 2. Researchers who have matured the thermodynamics 36
« Effect of European culture
* Glasgow in mist
» Meditation to Sadi Carnot

« Discovery of Joule's mechanical equivalent

15



« Concept of absolute temperature in quest of the physical mean
» Establishment of basic lows
« Discovery of entropy
Chapter 3. Kinetic theory of gasses 55
« Idea by Bernoulli
* Challenge by Maxwell
« Cultural environment of grate Bolttzmann
Chapter 4. Challenge presented by Boltzmann 62
« Introduction to entropy in kinetic theory of ideal gases
« Discovery of H-theorem
* Quest to Boltzmann's distribution function
« Creatures over the end of Boltsmann's agony
« Recursion and Ergodic hypothesis

« Epitaph

Part 1. Creatures of Physics in Materials Science
[Prologue to part2] 93

16



PA=E=E

Chapter 1. Start to low temperature world 98
» Competition for liquefaction of the helium gas
* The world in low temperature phenomena
Chapter 2. Mysterious phenomena in super fluid helium 114
« non-solidification properties of liquid helium
« Discovery of A transition
« Super heat-conduction discovered by the daughter and
her father
* Tragedy of Ehrenfest
* Rutherford and Kapitsa
« Technicians supporting to Kapitsa
» Discovery of superfluidity
* Helium Il creeping up the container
* Fountain effect
« Small container from which liquid helium flow out
indefinitely
« Two kinds of sound in superfluid helium

« Super current in superfluid helium

17



» Small container from which liquid helium
flow out indefinitely

» Two kinds of sound in superfluid helium

* Super current in superfluid helium
Chapter 3. Intrinsic property of superfluidity 159

« Fate of particles, which do not shoot a dice

* Bose whom Einstein rescued

* London's theory

» Jailed Landau

* Friendship in peril of life

* Birth of Landau school

» World of dressed Boson

Il.  The world of super conductivity
Chapter 1. Birth of super current 196
* Discovery by Onnes
« Effort to produce persistent current

* Anecdote on birth of superconducting magnet

18



PA=E=E

Chapter 3. Intrinsic property of superfluidity
« Fate of particles, which do not shoot a dice
Chapter 2. Superconductivity exhibiting various
characteristics
» Magnetic flux pushed out from the super conductor
« Superconductor floating up against the
gravitation to a ferromagnet

« Struggle of London brothers

159

207

« Superconducting measuring instruments with high sensitivity

« Secret of heat switch
« Fuse with highly accurate operation
« Discovery of type Il superconductor
Chapter 3. Intrinsic properties in superconductivity
« Bardeen's inveteracy
* Encounter of three researchers
* Revealed veil
Chapter 4. Visualization of the world in

guantum phenomena

19

228

240



* Giaever's bane
« Visualization of energy gap
« Dream of graduate course student
« Dancy supper current
« No error for integer quantities
* Quant zed magnetic flux
 Marvelous characteristics in SQUID
Chapter 5. Discovery of high temperature
superconductivity 272
* Encounter of Bednorz and Muller
* Renewal of the record on superconducting
transition temperature after thirteen years interval
« Collaboration with Japanese researcher
» Worldwide fever
Chapter 6. Output to the futurescience 295
« Research and development after the initial fever
» New discovery of metallic superconducting material

« Extensity in application

20



PA=E=E

Chapter 6. Output to the futurescience
« Research and development after the initial fever
* New discovery of metallic superconducting material
« Extensity in application
« Superconducting electric generator
* Linear motor car
« Superconducting power storage
« Various magneto-levitation transport systems
« Superconducting power line
« Medical instruments by using SQUID
* Observation of body by MRI (NMR-tomography)
« Other applications
Post face

References

21

295

316
319



NOo—2

LR P NBHERERNQEXKWREAWV LU ®RALLHEORNE ER
DL L HWOERKNVES K O 200° HIvERTZREK A0V sV QEHEIEK
EUORAOCT T 1) QRIWRAP K WES LR 04" DR PAXDH
R RRIR O RIZVE SO EKEWR L U4 0427 E O YEFN R QRN
REOREPRE LR O EQCLRER RKEQEXKPY” WUy | &
RENEI0 1 VEBEZ 400 O SR VI O D& O 42°

B B B Kawilom oL° Vo £407 mROBRESHKE
O QOTHH L LR U O PR QEEGRI R LPE o< Sd° &KX
M0 HEQ RERIRAQICERE DL WRWEHV RERFRNQ
£ O UEBROEKGEE ST B EfF-2QmyabyY Eo#EVEY
LSO QAMNPAXDHRREVT HFEEMNVORZIKEYE VXN
FOREVLHFEV VA NRE CRERIFOHKR W H P 404° BE 4
T0D 2 ) AN Qo4 VB O J°

BO#HLI WONHKLPQLR 0L FRICHKMR RO wiTHEaH

22



Tun—7

PEHNLTU—QEKACVUBRE O S 4° WO H N1 U— RN
RPN LS Gl HER i K 0o O S IH 0 HINQ RIER 0L
SHPRME HEFOHAM ODI L8804 RN P NOFE W
R KEOHELL 0L WRD 1 QRELSTHHVER L meL B &R
HOHKARQED RV AOERINL O 4° 1) L NEIRG) ) VL MR
BHEMY 200° WRBEHKLEQONED X REREV H N1 U—NKE
RALLOBF WO HOSEHELR O 20400 & 1) QKVREN
B0V ERWEDY ELEL QLS LHIO LIy RV W
R O QTR Lo lIE QX KERN DENLS O 4° mE Qi
SE SN O D0 1 L QARSI SRl L O QLN
HOFELIK O TREWEEOLIQN°

HQEH ML RQ08 W1 R ORQ KR EW O W EQ RE e’
HQEEN K VIXE O WAL W22 0L R QHIEUANKIEAGLQ
D54 VRS K2 D QR SO RKEWERN SN BROOSLS )
VLR R O RERQOMA KK VARG L D507 3
T RHCHRERMUESN O RO 1S OQEHFTEE NS L PRV

23



Q04 KAND N QIRNEVEEO IV RULT PAXDHR DAL M

bf
RO DR[O WEPAXDH RO DO O O 5re° EQEN IO
BOARNKAREROVRS ELrnEERS A8 0 R RN Y NI
WM ARNROLR O BN P NQE L TBHWIER QU0 R°

DO HUELEOL REVEECE AL HRE - BERHLsD

<7 LV SRRENUR EEQ RITHE NER- VBT WEOR
Mo 0 <y QREV e’

HRSMNARY O IO WY A00 5 40 5 JAUNTE A QI E K LD
0 % x xS BHNERBEERENVHIS L HEE0CRRDE XELO
EONFERIEIC # EHOKRENWHSHVEIE D VDO H
KA #ed 0 R BE O LIRS BERE AN WRERReHN s1vE
BERUE HEEZ0P—F0 0oL XirQEqw M Ofim o it 5° il
P DR Bl H IS L0 RN >0V BEOEKY R0
4 ) A MU S 5 °

24



