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Purpose of the Digital Edition

The High-Pressure Physical Chemistry Laboratory (abbreviated as X-1) at Kobe University’s Faculty
of Engineering existed from 1965 to 1995, graduating 231 students. This book is the digital edition
of a self-published volume, planned to preserve the laboratory’s records for posterity and released on
April 15, 2022.

As a printed work, it was acquired in 2022 by the National Diet Library, Kobe University Library,
and other university libraries, as well as Hyogo Prefectural Library and other public libraries [Note

1]. We have now decided to create a digital edition to make it accessible to a wide range of readers.

Furthermore, as this year, 2025, marks the 100th anniversary of the birth of the late Professor
Emeritus Tadashi Makita, who led the laboratory, we have enhanced the abstracts to also serve as an
index. Additionally, to honor the professor’s international achievements, we have included English

abstracts.

Abstract

Regarding the Cover, or in lieu of a Preface (i)
The cover of this book incorporates three elements that symbolize the laboratory. The three elements
are:
1. Intensifier : A pressure booster essential for high-pressure equipment (p. 61)
2. Green : The global environment (p. 42)
3. Grapevine : An image of communication connections (p. 166)
These three aspects can be said to symbolize the personality of Professor Makita, who presided over

the laboratory for many years.

Chapter 1: Research Activities in the High-Pressure Physical Chemistry Laboratory (p. 1)

At the beginning, we distributed “To Graduate Students and Students Coming to the High-Pressure
Physical Chemistry Laboratory” (p. 2) to students. This is the essence of the professor’s thinking,
which can be found on page 1 of the “Laboratory Manual for Students” (p.254) included in the

appendix.

We also transcribed Professor Makita’s retirement commemorative lecture, “The Joy of Studying

the Thermophysical Properties of Fluids at High Pressures.” This final lecture also offers a glimpse



into the wartime and immediate postwar period (p.3) of the Department of Chemistry at Kyoto
University’s Faculty of Science, the professor’s alma mater and a source of Japanese science and

technological advancement.

From 1962, for a year and a half, he stayed at the Thermophysical Properties Research Center
(TPRC) as a visiting professor in the Department of Mechanical Engineering at Purdue University, a
prestigious university in the United States, where he received guidance from the director, Professor
Yeram S. Touloukian [Note 2] (p. 10).

Chapter 2: Selected Works Related to Professor Makita (p.23)
The standout piece in this chapter is “What I Learned from Professor Makita” by Professor Emeritus
Koichi Watanabe of Keio University (p. 38).
The following passage evokes the warm camaraderie between the two recipients of the ASME
(American Society of Mechanical Engineers) Yeram S. Touloukian Award [Note 3].

“Since the cover was for a collection of thermophysical properties of environmentally friendly
alternative refrigerants, Professor Makita said, ‘Let’s use a bright green color.” I remember being

secretly delighted because I have loved green colors since [ was a child.” (p. 42)

Chapter 3: “News Letter from X-1 ‘INTENSIFIER’” by Year (p. 47)
A newsletter published by the laboratory from 1980 to 1993, with contributions from faculty

members and graduates. We transcribed a total of 46 issues of “Intensifier,” totaling 198 pages.

This period coincided with what could be considered a peak in Japan’s scientific and technological
advancement. The newsletter documents the faculty’s perspectives on scholarship and education,
educational and research activities conducted while struggling with research funding even then
(p. 97), interactions with Chinese researchers centered around the 1980s, and the achievements of
graduates who went on to various fields.

A significant number of these individuals also contributed to Chapter 4:Reflections from 2022.

Regarding academic exchanges with China in the 1980s, Professor Xiao Yanfan of Tianjin University
summarized them in “Professor Makita and Research on Thermophysical Properties of Fluids in
China” (1992, p. 185).

Professor Zheng Xiyin of Dalian University of Technology also contributed three essays. These
professors survived the Cultural Revolution (1966—-1976) and came to Japan hoping to rebuild the

collapsed higher education system.

Mr. Shinichi Nishikubo, who would later become a renowned entrepreneur [Note 4], contributed



“Various Aspects of Microcomputers” (1984, p. 82) and “ Recommendations for Leaving Corporate
Life “ (1993, p. 197). In the following chapter, “Contrail” (2022, p. 225), he summarizes his journey
from the chemical industry to the software industry, and then to the aviation industry. His essay
(1993) reveals that around the mid-1980s, on the recommendation of Professor Makita, he enrolled
as a research student in the Department of Systems Engineering for about two years, to prepare for a
leap into a new field. Professor Makita’s commentary on this essay states: “Isn’t the greatest creative

work of a university teacher to discover the brilliance of individuality?” (1993, p. 203).

Chapter 4: Reflections from 2022 (p. 211)
This is a retrospective of 21 contributors to this publication in the year 2022, offering insights into

the era of the contributors who lived through the first 20 years of the 21st century.

The list of contributors starts with the late Professor Emeritus Yoshiyuki Tanaka, who passed away
in May 2022 and so, was unable to read this commemorative publication (p. 212), and ends with a
special contribution, “Memories of My Father,” by Professor Akifumi Makita of Akita Prefectural
University (at the time), son of Professor Tadashi Makita and a forest ecologist (p. 250).

Chapters 3 and 4 can be viewed as primary sources documenting the history of Japanese science and
technology, universities, and industry over the 75 years since the end of WW 1II , written from the

perspective of individual experiences.

Like Mr. Nishikubo, Professor Ryoichi Yamamoto of Kyoto University [Note 5], who authored
“Distant Rokkodai [Note 6]” (2022, p. 246), comes to mind as someone who studied again in the
Kobe University laboratory and then forged his own career path. His journey—returning to the
laboratory from a globally prominent automobile company, experiencing the Great Hanshin-Awaji
Earthquake, and subsequently conducting research at the University of Cambridge—is detailed
within the text. It also cites specific figures illustrating the decline in Japan’s international research

standing at the time of writing.

Appendix: Laboratory Manual for Students (p. 254)

This 31-page Manual was distributed to students assigned in 1973.

It includes handwritten sections, concisely summarizing research mindset, safety precautions, high-
pressure equipment design data, and more, making it a valuable historical educational document.
Professor Koichi Watanabe seemed to recognize the essence of Professor Makita’s laboratory

management in this Manual.



Notes

(Note 1) Holding Libraries: This book is held at the National Diet Library, and some university libraries, at Tohoku
University, Kyoto University (Faculty of Science, Department of Chemistry Library), Osaka Metropolitan
University, Hiroshima University, and Kyushu University. Multiple copies are also held by Kobe University Library
and its Historical Documents Room. Additionally, it is held as reference material in several public libraries in Hyogo
Prefecture, including the Hyogo Prefectural Library and Kobe City Library.

(Note 2] Yeram S. Touloukian (1920—-1981) was an American professor of mechanical engineering born of Armenian parents
in Istanbul, Turkey. He served as Director of the Thermophysical Properties Research Center at Purdue University
in Indiana. He was world-renowned for his work in thermophysics, and his name has become synonymous with the

field of thermophysical properties. Summarized from Wikipedia English.

(Note 3] Yeram S. Touloukian Award: According to the ASME website, “This award is bestowed triennially to recognize
outstanding technical contributions in the field of thermophysical properties. An individual who is internationally
recognized for major contributions in the thermophysical properties field is eligible to receive this award.” After
Professor Tadashi Makita in 1991, Professor Akira Nagashima of Keio University received the award in 2000,
followed by Professor Koichi Watanabe in 2009. Since then, no researcher based in Japan has received the award.

(Note 4) Shinichi Nishikubo (1955— ) Japanese entrepreneur from Izumisano City, Osaka Prefecture. CEO Chairman of
Microjet Inc. Entered Kobe University in 1974. Summarized from Wikipedia Japanese.

(Note 5) Ryoichi Yamamoto (1965— ) Japanese chemical engineering scholar from Kanazawa City, Ishikawa Prefecture.
Professor, Department of Chemical Engineering, Graduate School of Engineering, Kyoto University. Entered Kobe

University in 1984. Summarized from Wikipedia Japanese.

(Note 6] Rokkodai: Name of Kobe University’s main campus. It is located on the slopes of Mount Rokko and offers a
panoramic view of Kobe City and Osaka Bay.
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Thermophysical Properties of Fluids under High Pressures

BEHE Tadashi Makita

Many of the thermophysical properties of fluids are greatly altered at high pressures, and
the study of the effects of temperature and pressure on these properties is of much scientific
and technological importance. The definition, classification and character of thermophysi -
cal properties are discussed, as well as the philosophy in their researches. The general be -
havior of the typical properties with temperature, pressure and density is summarized in
both gaseous and liquid phases. Some anomalous phenomena are also reviewed briefly.
The present status of the database systems is referred for the practical use of the thermo -

physical property information.
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(Reproduced with permission from Japan Society of Thermophysical Properties)
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Fig.4 Effects of Pressure, Temperature and Density on Viscosity of Toluene [42]
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Fig.5 Effects of Pressure, Temperature and Density on Thermal Conductivity of Toluene [42]

EMBAOEE T 2 EIMRARRT 22580
KEERXD S+, TaitRid, flifFk 2 ERATH2IcH
b 53, KRB L BV, [ERED R PHT)
¥BOEHBCICHHENS., coRORE, FEL
AL L T BN R AR FEE - Bl - AREEL Y
WChENIHBE E 723 [45] | BIED & ¢ AEHH
DORIRIE B I T2 nds, RIKOL 1R %
FRTZDWCEM LR THS., UL, MERCHL
Ti&, Figs.2,4, 50660 X5, EIMAROE
b Tdh 2icsh, LOFEHTEERTE R,

ORI IA R ZINRGROMNE [44, 46] 1E,
REREK [47] Ok > WCHEMTIEs <, SEOFZC
FHOE T A,

7 K 70roiiptt

C F C#f (chlorofluorocarbons, &AF I3 $FE 7 0
vEMENS) . ALFENCEET, &8 - &0 T

K-l ERSEY AR - BECTH L. Ml
PESAE UL HERAINZE,, 7 /0K
TR, T2 AF v U ZARRRH, FEEH - BRI EO
A@%# L T, bhbhoRE - FREOWELICE
B2 & & bic, EERTHILMBMO—BEEIH-T
Wa, Fle, HKAHIE L TENMESZ DT VR
(bromochlorof luorocarbons) &, AMYLFE TS - &
BT - AZER - KRB TFAERERE LD, [LEE
FUCRIBL , Bk GWETEEMEHERL T 5,
LirL, ch b EMBBVEE oL v o 5 BIRT 3
C EMBAMICE ), Montreal FBEBIC LD, 19894F 7
AL OHE - HBOBKIDHE Y, SHEidRTERES
NBC LWl ~TnD, Lich->T, iERKDCF CH
PO UHERNLU KR LS, TRvF )
HEETIGZCELL, L, T U FORMIED
HERIEBE L O BB DI BRIECR X LW EME
DI FRAEMSBH L5 > T D,

29



30

Table 2 Properties of Regulated and Alternative Fluorocarbons
Refrigerant Formula CA Reg.No. Mol.wt. Tn/T Te/C  Te/T  Po/MPa LT/y ODP  GWP  Tox. Flam.
<Regulated Fluorocarbons>
CEC- 11 CClHF 75-69-4 137.37 -111 23.8 198 4.41 75 1.0 1.0 Low Non
CFC- 12 CCl.F2 75-71-8 120.91 -158 -29.8 111.8 4.13 111 1.0 2.8 Low Non
CFC-113 CC1.FCCIE 76-13-1 187.38 -35 47.6  214.1 3.41 90 0.8 1.2 Low Non
CFC-114 CC1F.CCIF2 76-14-2 170.92 -94 3.6 145.6 3.25 185 1.0 3.6 Low Non
CFC-115  CCIFaCRy. ....... 76:15-3_ 154,47 106 -38.7  79.8 8.12 380 0.6 4.0 Low MNon _
Halon 1211  CBrClF, 353-59-3 165.36 = -4.1 153.8 = 25 30 = Low Non
Halon 1301 CBrF, 75-63-8 148.91 -168 -57.8 66.9 3.96 110 10.0 0.8 Low Non
Halon 2402 CBrF.CBrf. 124-73-2 259.82 -110 47.3 214.6 3.44 - 6.0 = Low Non
<Alternative Fluorocarbons>
HCFC- 22 CHCIF » 74-45-6  86.47 -160 -40.8 96.15 4.99 16 0.05 0.34 Low Non
HCFC-123 CHC1.CF, 306-83-2 152.93 -107 277 »183.71 3.666 2 0.02 0.02 Lowx Non
HCFC-124 CHCIFCF 3 2837-89-0 136.48 -199 -i2.1 122.5 3.66 7 0.02 0.09 Lowk Non
HCFC-141b  CH5CCL.F 1717-00-6 116.95 -103 32.1 204.2 4.25 9 0.08 0.10 Low¥ 9~16%
HCFC-142b - CH,CCIF 75-68-3 100.50 -131 -9.2 137.1 4.04 19 0.05 0.3 Low 9~15%
HCFC-225ca CF,CF.CHCl,  422-56-0 202.94 -94 51.1 203.6 3.07 = 40.04 1= Lowx Non
HCRC-225ch CCIFSCRoCHCIF §07-65-1. 202.94  -97.  56.1 2118  2.98 - €0.04 -  Lows Non
HFC- 23 CHF 5 75-46-7 70.01 -163 -82.1 25.9 4.82 = DW= Low Non
HFC- 32 CH.F 75=10-5. 52.02 & =51.8 78.4 5.83 =81 {0.04 Low Flam
HEC-125 CHF .CF 4 345-33-6 120.02 -103 -48.5 66.2 3.63 25 0 0.5 Low¥ Non
HFC-134a CH2FCFs 811-97-2 102.03 -101 -26.2 101.15 4.065 21 O 0.3 Lowk Non
HFC-143a CH3CF 4 420-46-2  84.04 -111 -47.7 73w, 381 42 0 0.75 (Low) Flam,
HEC-152a CH3CHE, 75-37-6 66.05 -117 -24.7 113.3 4.52 2 0 0.03 Low 4~18%

LT: Lifetime in the atmosphere,

ODP: Ozone depletion potential (CFC-11 = 1.0)

, GWP: Global warming

potential (CFC-12 = 1.0), Tox.: Toxicity, *:Testing under Program for Alternative Fluorocarbon Toxi-

city,
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T, TENFE2015FF T, EHEINBZC LWk
T3, Table 1 Wik, HEITRTHZCF CHHEN
o VROMHE S, T BRMMETHEHCF CH

Flam.: Flammability (Numerical values are lower and upper explosive limits.)
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To the Memory of Professor Tadashi Makita

Hf EZ

Tanaka, Yoshiyuki

In memory of the late Professor Tadashi Makita, the first president and the permanent advisor of the
Japan Society of High Pressure Science and Technology, this article reviews his personal history,
major scientific achievement and his personality including philosophy as a scientist.

Dr.Makita was born in Osaka on August 23, 1925. He received a Bachelor of Science degree in
Chemistry in 1948, and a Doctor of Science in Physical Chemistry in 1960 from Kyoto University.
After filling various posts at Kyoto Institute of Technology from 1949 to 1966, Dr.Makita moved to
Kobe University in1967, where he was a professor of high-pressure physical chemistry in Department
of Chemical Engineering, Faculty of Engineering during 22 years. His main works were concerned in
the effect of temperature and pressure on the thermophysical and physico-chemical properties of
fluids. Dr.Makita received the second Y.S.Touloukian Award at the Eleventh Symposium on
Thermophysical Properties in Boulder, Colorado, U.S.A. on June 24, 1991 for his distinguished
achievement in the thermophsical property research of fluids under high pressure. He regretfully

succumbed to cancer on April 9, 1994 aged 68 years.

[thermophysical property, fluid, high pressure, physicalch emistry, data evaluation, database]
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Phopto 1. Dr. and Mrs. Makita at the Touloukian
Award Ceremony(Jun.,1991)

T65T MAHREAPEET MF KZETERCRLER

Department of Chemical Science and Engineering, Faculty of Engineering, Kobe University, Rokkoudai,

Nada-ku, Kobe 657
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What I Have Learnt from the Late Professor Tadashi Makita

EEB FE—

Watanabe, Koichi

In memory of the late Professor Tadashi Makita, the present article reviews some of the major

scientific achievement he has achieved throughout his distinguished career in thermophysics over the

last 40 years. Specific emphasis is given to three major contributions that Professor Makita has
devoted himself at the High Pressure Data Center of Japan, Japanese Association of Refrigeration and
the Japanese National Committee on the Properties of Water and Steam. The present author has also

been involved in these three different activities in collaboration with Professor Makita with whom the

present author being acquainted for more than 25 years.

Some of the living lessons that the present author has learnt from him in different occasions of

revealing the thermophysical properties of fluids of technical importance are also described.
[Thermophysical properties of fluids, alternative refrigerants, steam properties, data evalution, and

data center]
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Table 1 Criteria to be considered for the evaluation of
thermophysical property data.

(1) Career of the investigators in the specified fields.

Also, the past contribution from the same research
group or affiliation to which the investigators belong
will be another item of supplementary information.

(2) Character of the journal or conference in which that
work was reported.

(3) Character of the work, especially the principal purpose
of the investigation.

(4) Purity of the sample, quantitative description of the
impurities, and additional description by which the
purity of the sample could be estimated. Applied
purifying methods, as well as the description of the
sample supplier.

(5) Adopted methods of measurements, besides the propriety
of the theoretical backgrounds on which experiment
was based.

(6) Dimensions and materials used in the equipment.
Methods of calibration adopted, including the infor-
mation about the property values of the calibrating
substances. Methods of corrections applied, as well as
the quantitative description of the comrected physical qua-
ntities. Some special precautions taken in the measure-
ments.

(7) Methods of measurements for physical parameters such
as pressure, temperature, composition, etc. It should
be noted that the temperature scale has changed
several times internationally. Also the precision of the
measured parameters.

(8) Fundamental physical constants used in the calcul-
ations. Especially the molecular weight, which has been
changed frequently, is a noteworthy factor.

(9) Methods of presentation of the experimental data,

i.e., numerical tables, diagrams or correlations.
Other essential factors are: the effective digits of the
reported data, the nuﬁber of data points, the covered
ranges of state parameters and the deviation of the
experimental data from the proposed correlation.

(10) Reported accuracy of the experimental data, in addition
to the methods of estimation of the various experimen-
tal errors.

(11) Scatter of the reported experimental data.

(12) Comparison with other literature values. Com-
ments or evaluation published in the literature.
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Foundation 2% L CHIfE & M 7zo FEEGIE - AR D OB EEZ HN— LT 701y ¥ 3
NPT W7z, parallel session 2% { Bl & 72 WHEERDEBEL TV DR ETH - 72

R OB % WL L 727 —~ & LC. chlorofluorocarbons (7 W Y 3H) &% V' v @i & fCE
OB T A8 R VEERANEH 7z NASADS 4V VRN, KREBRBIRER S

FE - HEBRHNZOWTOFHMHZEH ), KIED du Pont BL O Allied D 2 KA —=A =05, {HEIK
I &AM DA S . FrB B oA TR 1992 41258 Ly 1993 SEDHWEETE % L D
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RO B WYE L LT, R23, R32, R123, R123a. R124, R125. R134, R134a. R141b, R142b,
R143a, R152a % H\F\ £ 5 O#WPE (P V T BILR, ek, BB, BUREER) OB 2 M L 720
AIOWHEE BIEK) e — bRy TOrEB)RA L L TH 2 IEILEH R A1 B0 B o B2 4
K& R13da OEFFMEZ B5 Lo €030, WHEOWMEICHET 5 12 fFoWiEs R Tbh Iz,

Z4Ial» Symposium (2 1&. Workshop on Subsecond Thermophysics. ZMPEICE$ 54 2 ol 0K
IF— (11N 1983 ERHBM) . F— I N—ADERLE EORHME L G, T 5
T O, KB, BRI, Computer Simulation, RIMIASR % &A%, @ OBYHE—E T
FUE L WREEE—OEINHLORTH o 7o MIRENLIIRD 2 DL LT 572,

HEH W [AROBRYET — & N— 2 OREEE] (BRI [40 55
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AN E L TIE 25 4ER Y DR TH o 7255 FHEE @ Dr. Cezairliyan 13 1H & T Ared”—"Tadashi”
OMTHY. F 1 HOERIEIPEDKD Dinner IZH AN, ZORE T, 25 4F4j O Bl Touloukian 3% D
ARCNEBE L $720 4 HHOKIZ Ared OFFFTRIDILIRZ L A b7 VRN S, RO
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HDERTCORELWI ETHo 72,

KED6 HIZEETH D, FHKD 6 ADOLS 37 HOKIIZA->TE Y, Btz rtdincs
Z LML TWA, Symposium FiFIEEIR T, EXICEIHHON—XRF2—DH > HIZRKER
23 101° F (38C) &\ o) il iR Td o 720 KRBEOHRIIZH o 72 @A HICEE LT
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BIFREE» 72 E 9, B 7% AIC Gaithersburg #* 5 Washington Down-Town ¥ T Taxi T30 NV
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(July 3, 1988)
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EHYEENr o EIEEE S THWES,

THTRYEWHEEBHPD Y T3, "WEH LEAXHEL2 4TI CHRBEVEX D) 3. (H.
FRERIME > TV B Lw) X9 7%) BETHIN=2M5, RV EFORY DT, WHHL %
HIZT 5, %< T, MADANMIZIIRT %o WEEHT. EMEICE . BEIRT 5, TARS
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IS, UGB LA, EMPEHDEER, R LR AVOMEDZLEFEH) Lo TH 5
TOOHAPRE LT HERMELVD, WALALREIZE ST, oL ) RERATITHTES L
IBANEMESRIEL D FEA. IRAMRELEFEDO Y225 5D T, RWEIRTHG & EH% &
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WNTER R BINEC X 2 iR B
PR IRAGEOEESRCE (IERE)
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IF&ESE L7t ah—FR EOIEARY YN E
HAREA  IREEEEEHC X 2 R
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FHER  EERME oA S o BER (HI P)
A IE IREVEEFNC X 5 R123a O EHE
FEAEG EE 7O RSERE RO (R TRk
EELHAEE 70 REGEOMNIEE X ORISR
SRR R RN
EHTE EBETORMKOBERE (k)
WIE—  BIETOREGWEORMESE (E4kE)
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fmEREEC
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TELLZITELVDHOEZEL LHIOEITETOT, LEHEHFICIERFHRED T2 LA L BHEWLFE
T G - BB

No.30 ( October 17,1988 ) HIGH PRESSURE LAB., KOBE UNIVERSITY

&HE

RO REITHRE D RALKIWATI5CEE D 6 FFATICIZE > R) EHPENLIESERD F L7,
FFEAEFEICIE, “KECEBRWLE™ FHE2HEMELARY S, FHHTERMICTIHROZ L %
HEATBY 9,

O [HFEIZH ZALRFEND>720h] LB LVWIKRICEMZ b 5T KAz, BEhDRKIIITT

ORHAADHBARIZOEL,, EHOTH = F Il “BRHFEE THH5 Lv, 541
SRR E SbN b BELRRIH T WS, Carib #1258 L 72 hurricane “Gilbert” 1 HL5E
885mb. i KJEHE 95m/s THM KM AT S L 50 HITOK%Z ¥ L 72, Bangladesh Tid, ELo}4512

J 7 Tkt (WUE A+ JHE D RRIE) 29K L. AOD 1/3 124725 3700 T ARRE K,
WEE D 30 HAIEL TWA, HHEjZIEKEOH - L TRE. & corn 23R & P TN FTEZ

Z3725 9 THbH, 6 FH Washington I[ZHFE L7z & &, K TOVEIN 2 BICV AL/ corn 2F
FIBRDO KB ICBE SN TV AR E TV TA, b9 25 F L HiOFE TRHME/Z2S, D72 Purdue K
% (Indiana M) OREMIZHHE (mid-east) OFEHAT T, WE TR Y OKPHEITHC T £ T corn
BT, KB corn D25 Y corn @I2%T 5 TH > 720 D Indianapolis 7> 5At? Chicago (&

389 % US Highway 52 1% “Corn-belt” & EFREINS X 912, corn % EWTHESTW/2, pop-corn
% corn-flakes DFFEDOMTH H Y. T VOMEIIHHE Lol e LTEIRIZFE > TWa,

OZ D &) LRERGDFERIIMIES 5 o HEDPIHREEEH ) ORI UK IR “THERE (Green-
House effect)” 12T 5, 2 EHEIEGHHE R —H D Journalist 17 0 ¥ AEITHEOMT 72285 2%, #b

RiEFEO7a VEEZ1Ippm LT TH Y, BEORERNEOTCKIZEI T TR CO2TH S,

CO2 1Z225H1Z 340ppm & E M, 44 05% T 2HML T b, {LABREZHIRYEETFLZ L DT

EWHETH 205 CO2 DWILE T % HARDERRL WG EH D 77 v 7 b v O b ke
T\ MEFoTHRAUII T THY, D EREM LT TXHETbONLI LT R, L

LEZTAHANE, HERIFLTH, BHEIZFE -2 ) ZKERMZ > TH, HEFEIZ 02—~ COz OIS &

HEDTWDLIRTH L, KIJEEITIKE % CO: B ThH Y. AMEHE CO2 DK %2> T b,
L@ NOx % S0z 12132 F LWl COz ICIIEATH 5o SEOKMORE RS ZE S IS

RRITHE T 2 R0E 2 0A, ABO 50 4F - 100 k%285 & 505 CO: DFHREEEE 2 7%

TN % 5%, ImEREZ— N ATHYIZE5 25 COIEBRLN TS L, Hil &3 XTHEK

2T 52 TELV ILFEMITHRERDOBFRNAE ) T EAEFE LA, COz BN HEZ D

L CO DAPHICRE L T A NVF— 2B 5720121F, #HLUED CO D HAETLEI EIChb, B



RO S CO2 240 THAL L. HIEKICIED S E v idea bd Do X — 1 BFEEHE. CO2 DO
LW REMHBEMORTREIZ BhECR 2L ERD T —<Th b, HFEOGHICEDEZ Tz
72E720e RO HIZSHEL L7 “ITABLERE” BKOBROFEEIZL TW 2220 EEwTh b,
O% 4 MvEE L EAR News Letter b 30 5 Th b, FHEDATFISZHM LT, 25T 10FEICHR %,
5 OMES (M 1) ZEH L 72w, (HH  #)

ESFERMEERESOESR - PESICHELT
HFH

I AP S (International Association for Properties of Steam) DHEEA8 H 21 HA 5 26 H F T,
Canada ORI O ZBIIT Vancouver Hi2d 5 U B C  (University of British Columbia) Thifi &
N7zo TAP SIFFEEBHKBRJEEOERW 2EEZEL I L2 HIE LT, 1929 4 UK ERE )
ZHTTVLEET, FETHRS TV 2%45%K (Steam Tables) I3ZDEATHS, I APS
DOFMET 5 EEAHEIE 5 EEICHESNS T CP ST, 1984 412 Moscow T4 10 HIASFf X v (A
ABERAIRFENT) . RELE 11 [IAF = IO Praha THAN S, I CP SOV, FEX
ERRFEATMBEE O ) FH THESI NS, FED “EEFRT B TAPSORMETH L, HED
IEEENE, oK - 3E AL - Ve - AF Y - vl F T HROBTET, TVEYF Y - AT 057
Edsobserver £ LTHEL TWa, SMEERENZRESZHS 2 EPHRFEMN TSN, AFHTIZH
REMIRAEDE 139 RE AN ZOHAZRIZLTVDE, TORHKT B AR ERM A —H —
304k & K- EATOMZEL TR SN 4 b 2 OFRE O THESITHIE L7205 F4 (Working
Group) (XA & BIZHah, WG — AldHiK (D20 #&T) OBEIJEEE & EEEEICOWT, EH
SN A 7 VOGS (566C - 31MPa) %z TRRDEED 72D DFAMANI &R SN S L\l
DWEIHED TS, —~HWG - BIZ[KEHOLFIZ Y D o KIJ-RFIIFEEDOFEREH DK K
AR IR L THFETIE 2 < BT OAKEY - AKUEESEH] - pH SRR 2 B R O I A KW 7
ESPOMER T2 EAT VS, & ITHRITIZEEREOBLA%E <. KRB % & TR
B IEME e T — 7 DER EN T D, WG &b, FEPGH L ZEIZOWTOMREEZFELEHD
HEm T ARETHY, GESNTHRITIAP SHLIHRATEENS,

XL o72UBCIE. FAEB3TTDFEL VKRS T, Vancouver ®—2 DD Jhi#) 5 kiDL
Kz 5o TW5, #RICE T 7z Campus (CEBFWIZEH OEWAEAE L, 18 hole @ golf 3 % 1
Lo, SO BB fti i i R LD H 0 B OB EEESC AR PR D BB XA ZE 55
TWb, Y TRILL 22HE T fER (A TMHALDOH%) %il& L7z Nitobe Memorial Garden (213,
HAEREFZEZDXRDH D, EMPMLDITE DITHIZ SN, SEITAENEL VW 7259, Campus
R 50m O HHIZH V) R RO B VWELKEIC R > TB ), BMADZIDEHDONWT
W%, Z®O—2 No. 6 Beach trail # T4 & Wreck Beach ICH %, “HMfto” & THIRTREE
B WMARBTAHTAH L7did, NEEENZ2BIRD H Y B2 L\ nudist beach & %5 TWb, Xk
POHWITM L THRFOZOERERED 5, ROTICETHRGBZ T 2B L, K4 LifFlREzHUkT 5
B, KD 7229 BRMEICAD L. EDDTHRLIRTIRE R TV L HBRFEICHZL2FHATH
Bo TANY EBEFIIEE L. BHRIZXBOKEDHI OBV b Ry, 72 LA AL
Mo THHNBVHETH L, +V VEREDT DD 70 Y BHIOLENED I %2F1T 5,
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£ OHE KL Down town TH I L7z, 1986 EXPO TPHHE L 72 Sky-train (X5 T #A %
linear motor-car T4 21.4km - 20 BR%Z M N i Tz > T 5%, DO AVLEZ MW % Sea-bus HHr L
WD U THBRZE V. #BOA S - Bus * Rope-way % %t b fikv» T 30 40 T3k 1200m @ Grouse
Mt “HEBI" OTHEIZATT 5, LHICEITEE (H20IEKIN) 202 GIUrZEEh, EiEk
Vancouver O~ TE, ML REHREAROENZE, AH U2 OMTFTOBE L 1ZH 25>
1223 % o
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KA (IR 60 4%)

X-10#Hkk BILRKTL &) P RAITKTHPM TR RO L v & —TWwTB ) 9, #r
BT T3 7 A CRIED ADHI ) F 4 Ao BHEIITIMZEHE & 5SS, AT ATHE.: & 2 1k Y
FATHYF Lize BUEGARBEEY), 50, AdRY 7, Gtk THRMBEID S8R E L
CTHEIZA AN - T Fo GHRIOERIZOO00KEDT 0 225 OFH] & v ) RITHT W EF0)
ROMFEHBAHET 27075 A 2852 & T, BN, BEHEY, V7 MISOAS
Ao TLODHMBEEIES, L0 B LT IRV IERIZ A>T LEVE L,
MHELT24E%, wob DI ERdsb AL D IEAEREBAGI LS LIZLIE, HMoY 7 R
Bb 27 E MR TT A, BEARMOELRO S L b S IR L 2SR ) ¢ A, B
EESH D FATIOVTOI AV LAV AT HD T,

CO4AAPSRFRIIHETL L, HIRRPHHE, HEHERHEFOT LD, HNFEERENI NS LT
BYEF. MBI E %o OERINES 72T 07T AONY (30)e FHEEE - 7225,
BHEIHE > T B BEE LIEATT 2 RO S, B, s LBH 2 E ORAOB T, HHIE,
DB RETREOPOESIES S, HMkOZ LS, B HOTFS, 2BOHS SAZ L
SEBHH A TTo ZHIHBIR S THP D EGoh L L 25T, FARA S HSO L — X%
VRS AT D M S 1253705 T E LS, &0 FT& TR, 20T T, Bk 2 529
ZV I BoTEZE VI KL T ZRTh 2l —HAME DB TR -7 Ha Fidn s, = ha
HEUTIEE L D100 o TR BOIT - LW E T, TANZ) budkv, fR. RE2r%R ) HHC
HOES TFo BHAATD, KALTH, TCIEERTLE) Wk, L L. 2212979758
ERPETHHo72DbVEDD X ShT, ZOKD S IIEH A AES S0 FIZES* Ronii s
DIZHWERTY, (L7222 E2WTTA%)

SAUCRABICIA Y Y E v 2 b#boTWADTL £ 9 0 HIRIHE~TE Z L7 WEAE
Bro 72 TF e AT AT LRSI CH o THET. WEESERVTL £ 5,

LD EDHDORNC EEEPET VST L ZRTik, CHF A T 36008 )
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WA THEOBRECZHL EIFET
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1989 4L H. X - 1#8KH - FA—H
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IV Bl & WA RAGSE A & 25 SRRt & 3R AR O 2 O 72 bV — X ThHh B ROANIH
FtifNou < &2 & TT NS, Seoul LD AIR, & A 77— Rl TALE Vo2 AKR—Y
BT ABRPOMV PRTHR D 53 #F ke Bl & BB OBTE RS O ZR & 58 ) b o %z
KL X85,

ST X- 1 TREALZ2—ADDH 727259 D BRII5HERBAEK. 2 NHOWE A,
Dr. Graham Morrison CKE{Z#:)5 National Institute of standards and Technology [NIST] —IH
National Bureau of Standards % &#s) DkiE v o722 A, Morrison I HADKE 7T > D
F5E - BFZEIRIL DD 720 KREBUF 2 HIRES N TRH L, HETOHKRE I F—%2& 2T, i
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722D, X - 1 OBIFETIE, SRR R BERFKIC X 20 OER R EO 7 1 2 MO H
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DEBEOWARLENTE, NV APV DI o 72 RS 5% 2 ), REFREIIR D IH
R Digital {b L T AR ) B o 72 E -9 o T — < OFELRH L IE 0 Bl g b MEFH 1 HE A
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(L% THFHIMEA 62 SEE X D A HD 50 L e V). REDSE 5 MEIFIE L7z /L L0
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