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1. X T ®IZ (Introduction)

RN TH DIREANY T 5 RERERITHE TBERD L ICERTRET AL S, HEZ#RD L
BRCd D 7o DITIEE TR A el 2 21T 5, £z, ~U U AE 100%8A KT L TV D EERE
BRThHD, T, WK UL - WIKERITEOMWEZ F3ITH > TEENOAEITHIH LT
TR B 720, 22 TIEZEOUIT & UTEAIOME M IR 2 AR R FHEZ BT 5,

FT, RETIE, ®BETARLIEESETADESR, HRBFAUESRR o 7 —(KiR -
53 BT EB PR SE BRGS0 PR 228 BRARHNC DWW CRIBLICHRAT 972, RIS, B 2 B CHEHIFIH O BRIZHRFIC
HEETAREERNFHEZIET D, 3BT, ERHOFFMBREAN LT 2R~ iz, F4E
ICITEAFIHOBRIC A & L b2 ER 2 H 72, Lo L, 2T DITRAKRMLERA# TH 5 DT,
IR ER AT 9 NEL S DITAH 2GR O AR 2T A CIHE 20,

o, BEE U TEET AREE, KR - B ITEFIPE, RFIAMA, Y 2 b, SR
DORLEME IR Lz, RIEFEBRTOFHAOERIZZNG 2 —Ft 72w,

Liquid Helium (He) and Liquid Nitrogen (N,) regarded as high-pressure gases for High Pressure Gas
Safety Law in Japan are dangerous if they are used incorrectly. Furthermore, He is a limited natural resource
imported from USA. Therefore, we should understand these properties of Liquid He and N,, and use them
efficiently and safely.

At first, fundamental points in the usage of cryogens are mentioned in the section 2. In sections 3 and 4, the
way of transfer of cryogens is explained in more details, and some manuals for usage of cryogens are listed
up in section 5. But, because these are minimal know-how, persons carried out low-temperature experiments

should learn some detailed textbooks for low-temperature techniques.

(FES) D BALIZ DN TO)

JEA DAL SI HASR (EBEALR) Tk Pa OSADL) THDHA, fICBETHIEANICH
WSS kgflem?, psi, Torr 5% < OB A S 5, FRIZ, psiliRIE~Y 7 ARERAHBOEFHT L <
Roid, 2N DWHHEIZOWTIX p. 49 2B I N7V, IRTIBARD EET ARLETIE, Pa (7
— V) BMELILTNWD, F—UEEIEIRKIEEZ 0 & LTRRINTIENT, THETEIHNLN
LD (e L I EZREEZ 0 & L, KREE 1 RE & T DMk EEHNW5),



1. 1. BEFABRLEITHONT
BEN AMRLEIRIET A X B8 EEIET D2 L2 AN E LTHIE Sz, %I
WD LT, @ETRALZEORLE, IR, HEIZEL, TOMHFIELZRD & AmE
BT RESGRE LD LD, LTIon-oT, @ETAZRETHHIINY TR, £
NWOEMEHT2EH (RFEOFALHRE) bIERLIAST L, FHPhIE & A LORLORE

RICHEE L hid e b7,

1. 2. BEFRAOEE L EH

BIETADI S, BUZHATHL D% THEMATA] , MIKTHLbD%E HRILTA] LED
TWD, WETAREETERSND [HETA ] IIREOWEEZET O TR, FEDIR
BThD [[EMITA] &, HOFREOWEE LD NRILT A Thbd REIES 5,

L. JEMEA AT, R3S FIZBWTEANL WPa LLETHD LD (TEF L %&R<)

2. JEMET B F LU AT, IRELS CIZBWTENN0.2 WPa L ETHDHEHD

3. WAL A AT, HJ10.2 MPa BA k& 72 ZIREEAN35 CLLFDOH D
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N5, WIKERCURIE~Y 7 L0F, fafn (0.2)
AREJENO. 2MPa Bz DIREN, Zh <
I, —189 Cfi, —268 CfHETH Y, i

U 35 X BE (°C)
35 XD IZAENTEVNDT, SESTAT (15)
D, HADFERIE &I OBt

1. 3. BEFRAORLE, Tk, HE
FEAT A D T & ITEE, b2 OO TR K0 EET A DOREE NAICEL Z LT
b5, WEEITG U CERET~ORFECHIENNEL 225505 5,
il WEH A% L EWVENOBEES AT H 2 L, HiS, KVENDEOGEES AT 5
(AT ADBE(FT AT 7—) T, HAMESN0.2 MPa DL EERD5E72 L)
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4. FEFTL U TOREERE L REHFITONT
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ERREICIHE Y, B 6 3FITHE LI ENLEAER R KRt %—) EHtr2—)
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2. ERIFHO—RFEEE (Cryogen usage techniques and safety.)

A. BEITER L TIIWiFZvy (Do not seal cryogen containers.)

IRANY 7 A - KR OWHAITZN TN 42 K, 77 K TH Y, FEEEF THINR S OBGEA
DD THATH LT OEFEL TWD, ZOWENS 273K (0 C) 1 KREDRMAE~DZELDEE,
RFIZZ N EAUK 700 38 LT 800 51272V, T ODEREEZ ANT-BEEH L5 L RHENITFEEIC
BIEL o TBRROAEBMERSH D, BRZ ANLEEREOEH L& 0 idEdfTRrbly (F1 A
OME (BhA - AR ),

RS RERFECRENNAR (LEREMNTND) bboHA, HOFEED L ki
DIERIED B 2 O THEHADOEEICITIHAEL L<fie 2 &, Fo, BAMNERITEET ARLIEOH
ME=Z, EMPPRICEMEEORELZZ 5 2 ERRBEST oM TW5S, (BEZM p. 25 33)

When cryogen containers are sealed, there is a danger of explosion because the pressure in the containers

becomes very high. Do not seal cryogen containers.
When you use relatively large sealed containers with some relief valves, please read those manuals and

understand how to use them very well.

#1  JEHKIOME (Cryogen properties)

oy WA R B EL

(gﬁsziid) (Molecular (Boiling point)  (Density) (Letant heat) (Vol/ﬁ\rfitr E\tio)
g weight) (K) (glem?) (callcm?®)

0O, 32.0 90.188 1.144 58.2 800

N, 28.02 77.348 0.810 38.5 798

“He 4,003 4,215 0.125 0.62 700

He 3.000 3.1905 0.059 0.12 440

B. AR X ONERFFOBKUCIER (Be careful for lack of oxygen.)
ASShEHBRECTERZFEHATZ288BROBNEH DD, NTHRELARTNERDS R,

Vaporization of liquid N, will increase its volume and decrease the concentration of O, in the room. When

the cryogens are used in the closed room, we must ventilate the room.

BT TR~ T2 5 ITEH DHEIRD b RE~ DR RIZEF IR VD T, DEOEATHH R
D LENIEBEZFRMMSTHZEHATES, E->T, HWHLLHMETERELENT D L ST,
BRI AT 2 AR5 A TEEE TR T 2R E TH 5, (BEZ M p. 46) £7-,
R THEANZEWR T DBNIBZBIT D 2 &, b= =2 L5 REHNEROBRIT A FR L
Z k., (BEZ=Mp. 37,38)

BRI ALY T LT ZADIREPRZIZEL< 185 LR OWRE (@F 2T 21%) ™D L, B
ARZICEVEEZ ST (K2 BAREET GEREMERXKX) 2K NME~ORE), Zhid,
b RFIHIBTRE /) 2 kv, EERBUIRIEIC/R Y, DWWIIEIZEL RS LWL D TH 5,




F, BEEN 0 % I TZ T VIREEOERNICAD &, DT h 1L EIOMER TR, #4OTHE
PRI (BVERRR), ENSENERIORIETH S L b D & 3K CEM L, MEREN20%
ks Z L 2R L TBAET D, BNSEOMERRE Z H T 2 BT M & iR SR
BT 5 (MERREHIEREERT TL UL, £, ERIRE L WA ERICEELES
JCERTH2DIIERITATHS.

FRRIZ & 2 RFIRASE 17 & DEFAEDTF v o A TRFRAT IEF% 3~5 3 CRIMIZIE T L, 700 ETlxe
AEET LD, FCHBERREMEDHINICHE S L TOARHAEWIZERRCT DERITE, K
BWCARE ST AEE LD, £, AL TYH, SiEkEE, EieriEs, ks, %)
W, /AR—ER EOBRBIENEDLIGENRZ,

72 PRI AN T (BRAEMERRR) 1T X D AE~D52%2 (Oxygen-shortage Effect)

W % (Normal 02:21%) i i
P SRR T [ SR ES
0, % mmHg

WRFE - BEUREL DI, SE, BEESERODARED), # ET,
16-12 120-90 FHEDHOKT, BMFtEOME s EES, 77/ —F
WEND, BWREIENERD AN H D,

(Increased pulse and shortness of breath, headache)

HIET I OIRT, RIS LZEC R D, RERETIRE, DV
14-9 106-68 TVVREE, BEUR - HOSY - EMHES H D, KR B Gl
W), BENT), ERSBEREE 720, BEE - R s
D, TT7—RBIZiRDiRE, iRy ERIIRIEL 2D, Bl
JENFE D,

(Drunken state, Increased body heat)

WEM:, fTEIOHBOEAE, GREKE THWARLVEZY
10-6 76-45 TER, B - XI5 - Bk (Loss of consciousness), T 7
J—EnHD, B - PRS- REERICRD, 20
BeBENAIEDELE L7250, T2 X ERELUTHIEFICE WL

BIED K D
e m] Ol ERER TR - eph - 8 - DIBE IRIZ 722D, £ <
6 LA 45 LT DA, FEITE B (Death)

C. UR#EBIZHEE (Pay attention to frostbite.)

BRARENEB T LT VR T7—F 2 —TOHHAMICRF TN D LREIREZENI DD, D
BEOWREEFREFO RICZIZLTY, ARERT A TRGNHRE SN DO THEITITR 200,
RIKEZTHALEEEERTTRD &, TRAZLDZEEN WD TFERL oDV TLEY, ONF
WHIEIZ 72 D, BRI~ U ADORRT B —BHENRRKE VW, (BEZM paT)

DX G ERIT20, BREROE O RN TR E2EDLT, RERERIIERAD
WBFREZFEHTS, EFOCEABMFRIRD LALAZLOTHEA L TUIRD RV, &L, KREIC




FRIR Do TERFIIRRSHNEE L, BRPRKROEZNITHRE LWL S5 L, £,
EEIPRB LT WERITT— AR EEZERHL, ZRNBICADDEL,

WG > T LE LTS, ZNBEFED L —HTH DR OITEOHSERAKICIRT, £z, i
RIRREBOERE L FREN oDV AIE, @BE0D FHREICRD, Yo D &R L TH
Belc17<,

We have possibility to frostbite when we touch the cold part in the transfer tube with empty hands. Please use

leather gloves. Do not use cotton gloves because liquid air sinks into the gloves.

D. M HA D EIERIKIZA LRV
(Keep off the He liquefier room except for persons concerned.)
AU T DAL D B DRI EmEN AGLEFTTH Y, BRESILHB AV EEIETH S,
(&R p. 42)

E. MEZERITEONLVTITRELAD bOLSMIIES b H 720
(Do not handle anything except transfer valve in liquid N, tank.)

M 1 ISR R ORI OS2 87, IREFR oW EIXiEm GEERD 12Xy, W Eod =
71 L BFRENEIOWRIE & DENB D K 912785 T D (RO B IXIRE TIE 2R <O m S
ERALTVDZEICHER), #r7n—) = biREERITHICRIKEFz LT AL, 21— —Z
N OE 2RI LI L O DIRIRE R 2 R A T,

B HOL LT, AEOHEHODIZEN % —EITRDOTo D DR LI, [AIhOHFITESIN
FEALUTHEEREAT 52 EDRWE O T AE T 2L RREL OB - BEEHERT D50
FENFNTN D,

INbEBFICSDLE, AELRPREREBITREEOEHICORADLDT, HHLSVTLL
Arsbbmzl, REORIIHS THRFICAEYT, FBICEKTSZL (HL, KIFHE T
MHOAWTANEFEEZSL T THTWDD, 2T EFLoR LAAEE L TWA 72D TRE TIZR W),

F, WL TRIZIIAIV T 2Z b 0O (REICHEMZ D3V THONR Y X 0%
HBODLDOTHEDITIT), SbRWVE, WHADLTORNTILTRHROAAL Z R D,

There are some relief and safety valves in liquid N, tank. If a user handles these valves, there is possibility to

increase the pressure in the tank. Please handle only transfer valve in liquid N, tank. If you find some

anomalies, please contact technicians in cryogenics division.
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J£ 715t

Transfer valve }- [ﬁ&]ﬁ 5
. il {;I_<} : {;_<} 1 \I—” ——

0 —— 3k FETAHA
wHL O T e i LS~ iLLD %

X1 IR ERITRE O IE

F. Z2HIORAH LEOREL 0 ZDRDICED D
(Pay attention to safety and suppression of cryogen losses in the transfer of cryogens)
FEHNIKRDO L ICLZ BT or A FEBEHEEK) 20 RkAET L, BRAELFIZE>TrX
I3 72039,

(@) th& Loz

ET, BRIIEMBP A TV RN I L 2R T D, BN A->TVDLr ZADFRLERD L, &
WEMET DB H D, Hl2IX, KPE> TWTHAKICEDL L REOEIFIE CRGZMET 5 2
LD, T AREEDOHARFHI TR NBIARFITE Z 561732 VO T, FrEET 2, £72,
FIRORBFIZRBIIEANZIES DB Ry 3 v 7 2 52 2O THE LRV,

b, RILEMEDOND 100 L 7 7 AD Z A OEmMARIRAER AT, B Ltk TBE)P
NAFICOETEBET L ERENH D, £, MPrOHFICHER EALTNWDLZ2E8H50D
T, BHOWRANAZRTORFEEET S (EARROE D ITEBNO T X 2 F855EH» LT
HGBAT %), IRATCERITHENHE LWGERH 5D ThrE T HRE LR,

Flo, BRFZLBLADDVIMHE S TOWDLHIE AL, ZIUIERTH 5D,

If there are some contaminations and water in the vessel, we should remove them before the transfer of
cryogens. There is a possibility that the large vessel over 100L stumbles over a stone. Please open the cap of

the vessel after the inner pressure is released.



I6i, ZEIOBRAHLURE, ZO8FEEN T3/ 57220 (Do not leave transfer of cryogens), &
R LIED b7 7T RERFEHIHEOSL B, PHIEQ N T T b5, B L T T
XLV ADVENRD D,

In the transfer of cryogens, we have possibility to be in unexpected accidents. We always need to watch

circumstances carefully.

(b) AR AER L SHL D

FERNIEZRONE BB R D D VT ENITIEWVIREE T ARV EE LT, BRI R Lo TR
TLE), v A0OBLOELIE, FREITIZ L L, BHAHLEBOTBIIRORRERDH 2 FIH
FTEDTIERSEITERRHT A (R EZAE—) ZFBALTITH>Z L THAH,

TRIRE TSSOV 7 LAOEEN (3 1) 1E, 124 39 callcc & 0.62 cal/cc TR D Z 41 (539 callce)
AT o L/hNE L, EROGE, ERBICK DMEARNRIT NS0,

ZIT, TOPEERILENERI TREND, HIZIE, HOHE, 42K ~H0TOICET DIRIK
AU T LAORE, BT 2572, 77K £ TRIKERT—HTMT 2 & 300K 2 Hm0d kD
#11/15 THLe, SbIZ, RV EZNE—bFRHETEE, 1200 2bEDT D, KIKEFH T, 300K
DHTTK NERTHAETYH, BI AR ERORI, TAT XL E—2FHT 25 LT 25|
A L7 63% THFTe,

W->T, IRAHLOERX, P77 57—

Fa2—TEH EZLIAALT, MATTANRE

#3 $1kg OBENCE T HERORE (L)
(BOC #t:  Cryogenic Data Chart £ V)

WAOEE TR L ICL, BTd-< ik %Al He N,
AL THIEN A DRI L 0 RIRNEERL MANRE (K) 4.2 77.3
FIZH W E RSB TLocT5, {HL, Mo OEE (K) | 300 77 300

BCRATERICOE T HEaRTFa—7 %

BT , .
WEoFoL ElcLT—H, Fa—T7%%F VRN T 2 FIH 31 2.2 0.46

TA LU BEOE UAATIRIE LET 5, & WML AE N oo | 15 0.29

T B T R G ki L
o TCLE D, GERITZBD” RAH LS

ZM)

In the transfer of cryogens, we should carry out precooling by the cold gas. At first, we put the transfer tube

into the bottom of the vessel, and cool slowly the tube and inner part of the vessel.



G. BARFINEREICHEH EWZITTX
b T3 (BEhIZHV)
(The neck in the vessel is weak mechanically.)

&R ERITRA L, K2 0O X ) ICHEE & &
72 LCTHIEL, SR ONERAZ BURAZ D725 7
D, REREEOE (faxVEE) THY TS
HiEZFEO, WERO TEICIE, WHFIC k> THEE S
WIF D7D DIEMEIRD BB ONTIND, Y T LR
WMOLFEETH DA, K3 DX ) ICHEHZERN " HITR
STV, HZ L H2EMOMICRIKER 2 AN T
Bt A& kT2 (RIREFR T —L PR,

KD~V T LB, RIRE R Z DT~
U LD ERERT A %R L CERAZBL 7%
A=) RRIR LMD, ZHUTIEARR AT A
)L Rl <= LT — )L RELL RIS 2 R &
0, FIiE~/LF—L FRIRZ N,

T, MADKSITEREHTATEDYIZHDZ
J& DR A 10 LRI B ILBE A TR 5 & 3kiz R
—R—= A VAL =g Ko THEGERTT 5 D
T, [REMREOME TIES - WA —H— L g
Hr—n MRegEbERbbE, ZoMEEmE%s
IZLTHrE T %,

b 0 RBITBART, EICEH THE

" Ny Kb
[ Al )

LHe AN

LN EAR

vryFavs

[ Y J

4 3 WRIREF R —v RN Y 7 LRSS

RH A

2 XA ST, HESBBIICE, T, Enit —=) IS
BEEBCLEEY, MUWCEBZMNZ7Y) LR
WwZ & (HL, 10LLAT OMRERERR HM 55%2%%—_
s > — X
FTHREHLTHELODARN), Cal—vay
The neck in the vessel is weak mechanically.
Therefore, do not knock the vessel down, and put LH e f# 0 o
> — L K
the large vibration. ST Rk
HZEE —

N

© ©
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H BEEREZERIII DT EBERBETIALBREBR OB ENE 25
(Hazard of condensed oxygen in air)
K527 L9101 KETORERED
WS (90.16 K) (ZZEFE D5 (77.33 K)
LV EWDT, BT OREFNRIEEFR
[ZE T AT, HWIRERITESR - B
FOREGIRIK & 720 2 O X -k
MR- T EAT 5,

1o T, IREFFOBIEICIREZER OB
REERL LTHVWS%E, BMEICRS
VEPHLEEIIBBMICEINAL R
WIS IZHREGIEOEEE L B2 L (#
), 70 ! | | |

0 20 40 60 80 10002 %

ROVHRKERZZEZRIZE S LY
B, BROTVRIZEFET DO DIF
N EPNIRIKEEF IR D AREMER B D,

BRI TN B HBEOBRITBVBBROTIREN R Th 5, 6> T, Fix OARMORE K ERGIZ

S, BRICFEOHDL L HLHDT, HETLOILERH D, Wik LTEK6 07 B U
({HM) N7 T — (FERZEMEICRORFHTIZOLNREY) NEHVWLND,

When liquid N is touching the air, the oxygen is condensed in the liquid N,. We have the hazard of

T/K

90.16

M5 eH-EROR - AR

explosion when flammable gases or organic compounds come into the liquid N, with the oxygen. In order to

avoid a back current of the air, please use Bunsen valve or bubbler.

S
—>
b VA

= [11]

( ‘.;: zzzzzzz

Y AH — / f U

. o
f AT A A AV
Ez
K6 (a) 7vEUH (b) NTF—

10



I. WEANYULAAD RN T VAT 7 —F 2 —TF3ERICE DR
(Do not handle the transfer tube for lig. He roughly.)
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(Do not put an air into the recovery line for He gas)
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The connections between the He recovery line and vessel or cryostat should be made tight. If the vessel

would be disconnected from the recovery line, we have the hazard of high pressure in the vessel because an
ice blocks the opening.

When you pump the He gas in the recovery line, the cryostat and pump should be made airtight completely.
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Liquid nitrogen / Liquid helium !

Do not take this elevator.
Wait for the next service.
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EEETT IR e 1oV, RAEZL 40 0.0lppm
/NI ERE% 77443=(D310, CW303)

FIERE 10K, HEf#EES) 3mW (20K 1ZT)
Higi 7 o —Hs Z A4 4 A% >k (CF1200N)
HENEHL 7 U v (AVS-46)
Xy XU X ATY v (GR-1620A)  JfiRE 1017 F
N Q RAEHER FE &

HIE#GPH 90K ~398K, KCIO, ™ * ° Cl DA% MY B ik HL e 5] 38 % oD B FE A5 A % F1)

i
Z

[

* WIREREZ 50L 4%,
X IR~V U LARER  HAV—/LREL KE 60L 28, A& 100L 35
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TOMFIIBFRILT 209% TH D5, FRFRBED 18% A T3> 7RRBZIRF KR Z, BLFEXK
ZDEKEWRNIATL Z LI > TETDHIEREMBRZIEL V), —MRIZ, NI IER 22 HERE & e
FiL 9O 22K OMBRRED TIRIL 16% & S, THLVKT L7zHEa 3B O &R B £ 72 i3H0H,
IHa K ORI, B LS, OFEV, B, 2FhI7% EORERZIERP I, S5ICHk
FIMEDIRNZER WAL LR THIZE D, KRS, MERZWAT D L EHREL D BIEELRIC
baz. ZAUIBIE X 527, BT BEZ T 2R 7 —0 X 5 ITHERE N FHRRIEICH D & i
ND, LR TERDPEEL TV LERICHEZEDT THRT 2 DIZERITATH 5,

MRFRRE DI TIC & 2 NME~OFEIL, BM-CIRREGEE D 5#, EIRER CIC XD AE
WV, EZERITOMBREDPRLINELS R GEIIPERDPAHICHNTRAOIN RN DS
WInG, BRRIEMRGATICIIMBERIRERET D & L bIZ, MBREREN 20% LU FIZR 620 E D1
WRT LD LBUETHD,

R EFR TBE A G TR SN D720, BBRFERZDERIEIZERDHEIT OV TR,
FLCZEEIANT TAZONTHEY LODTHEE SN,

(b) ENTOEFRMMM & FEEREKT

N THAIE LA A TEE TEIMNTE T2 2 L AR K 2 faBBiikoFRITH D, LarL,
AR ORKER B GN DIREER CRAHT & &L, BELETARENTKE SN D05,
FENOWKPME L 725, KT, RIEOEMITEY v I PREDOKEMEN LWInD, ERNARE V)
5V THRLUTHE LTIARL2RW, FHIEETNEE, Bl L TOARWENTREAREESR
AP ST D LB TR & & HIET LIBRRIBIZR D 2L TH D, WE, BRIV D=E
WTERT AN v, OFEIG THRIE SR 256, RIERHE t TORREIRE 0, Z5tH T2, #1H0
MEFREL p, &L, BRI ADOKHRLFELEIE T o, DIEFE LB ALEERINEINCRTEL &F
z5L,

MR DIRIFRIE Vooo=Vop1—vat p1 22D,

BELND,
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ABE, #R L7220 100 me osERNTE
FH AN SN B A 0% K i #E

W o, ORIIZL 2R, = = CHilE =20 Ne HHF vy =0.5(m’/min)

—
Je L OEEEWLEE 0, % 209% LT 5, S
. 3 ; N o | BROCIKEE v, =1
X751 m¥min DN, T 2D 5 5 ﬁ 1896 LT )
L, 14558 5T TEECREE (0,78 18% 1oy V=2
UT) L7825, 300 K, 1KJEICHITS , , ,

14O 5 10 15 20 25

WETA 1L m? TR ZE3% 1.4 L I2FEY 123BE5R (min)
T 515, 1.4 Limin DEHZEKEETY
14 55 LL FIXfER T 5.

& W % o

(a) HEOfEE

HETOWBIEAZ OO, BiEE L L TW W ECERICHIROBTE M L7y 3 iR < filh 7235
AT, REOKIDERE ULFCHEL LT, £, 7 LF T IVEE O Jelhh BRI AT A 30
2L X, ZOKETEOLIRSlE > TRILT ARFRIZED 00, BlEESZ1T 52 &0
bo, ZO%E, WL AZEHRLTWRIREEH L TWD, RILTANTE D 03U AREE T
REZRTWET DL, BHEOU EICERTH 5,

REWZ L TRAIE T A THEZ A - T2561E, KEMEREESTRVWEICT 52 EAKREIT, B
DIV BEEE LY LW TR R ERIOIRIR A 51T 2[5 5 30k G O R E TR o 7 &,
IREE, BRI L - TREOALEEN O, Kig, 72720, BEFROEBGICE D, HREITIUICT
LRI LD REHAED, BGIXMATRELZMED OT, IREBICAER2ND LnbitTnd,

(b) Ri#ERDEM

RIRRAE T ADE Y L, B L#Z 72 EOEEROBREL, F, B, ROREHLZHEOHMIIC
ZAFRT VN, RIS, BICHRIE T ADIEH P TROAE 2N K S ITREA TR OFERZMTT 5. #Kik
HAZROW D GE, ERITEMEER FEITIMITIREDORFRE ST D, £z, Hi
K OfR EEMN L, AROTZERHMOIMINC/eD X5 IZERT D, [BE30HK *]

AR TR  (REEBEORL~=2 7 L p. 2 KB T¥WHS (1975.3)
WBEE KR TN R T v 7 (=2 F)) L0k

%
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HEAE - KEETSERE

1. BEfr#E
[F&]
m cm in ft yd 1 A =10"n = 0.1nm
1 mil(3I/v) = 1/1000in = 25.4um
1 100.0 | 39.37 | 3.281 1. 0936 1 in(A >F)= 2. 54cm
0.01 1 0.3937 0. 03281} 0. 010936 1 ft(Z7—hF)=12in, 1 yd(-*r— K)= 3ft
0.0254 2.540 1 0.0833 [ 0.027778 1 R =10/33 m = 0.303030 m
0.304§ 30.48 | 12.00 1 0. 33333 1 =6 =60/33m=1.81818m
0.9144 91.44 | 36.00 | 3.000 1 1 mile=1760yd=5280ft=63360in=1609. 3m
[ fE]
m? cm? in® ft? yd? 1 a(7—/1)=100m?
1 acre (T—%7)=4840 yd?*
1 1x10* 1550 10. 76 1. 19596 =4046. 86m*
1x10™* 1 0. 1550 [0.001076 |1.196x10™* 1 £F= 400/121m*=3. 306m*
6.452x10™* 6. 4516 1 0.006944 |7. 716x10™* 1 [x= 300 #* = 991. Tm?
0. 09290 929.0 144 1 0.111109
0. 836127 8361. 3 1296. 0 9. 0000 1
[fAFE] [7FE]
m® cm® in® m’ L barrel CK) | gal CK)
1 1x10° 6.1023x10* 1 1000 6. 2898 264. 17
1x10°° 1 6.1023x1072 0.001 1 0. 0062898 0. 26417
1.639x10° 16. 39 1 0. 158987 158. 99 1 42. 000
0. 0037854 3. 7854 0. 023810 1
1 ft® = 0.028317m’
gal:gallon, 1gal (3£)=1.200gal CK)=4.5456
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kg g oz(A > A) | 1b(HR> FK) ton ()
1 ton=1000kg
1 1000 35.274 2. 2046 1.1023x107° 1 ton(F)=1016. 0bkg
0.001 1 0. 035274 0.0022046 1.1023x10° 1ton(¥%)=1.12ton (k)
0. 02835 28. 350 1 0. 062500 | 3. 1250x107°
0.45359 453.59 16. 00 1 5x10™
907. 19 9. 072x10°| 32000 2000 1
(/1] Rid
N(=kg*m/s?) dyn kef (B S HALR) m’/s L/s m’/h
1 1x10° 1. 10197 1 1000 3600
1x107° 1 1.10197x10°® 1x1073 1 3. 600
9. 80665 | 9.80665x10° 1 2.7778x107™* 0.27778 1

kgf: kilogram—force

]
Pa (=N/m?) Torr (=mmHg) kg/cm? psi(1b/in?) | atm(&JE) | K (m)
1 7.50062x107 2| 1.020x10° 1.4504x10~ 4| 9.869x10°° | 1. 0206x10~ *

133. 322 1 1. 360x10° 3 1.9337x1072 | 1.316x10™ 2 |[1.3607x10 2
9. 80665x104 735. 559 1 14. 2233 0.967841 10. 0090
6.89476x10° 51. 7149 7.031x10° 2 1 6. 805x10~ 2 0.703704
1.01325x10° 760 1. 03323 14. 6959 1 10. 3416
9.79781x10° 73. 4896 9.991x10~ 2 1. 42105 9.670x10™ 2 1

lbar=10°Pa =1.0197kg/cm?=0. 98692atm=14. 504psi, psi: pound per square inch

1b: libra(B&ARV F) , 1 CKE ton)/ft?>= 0.94508 atm, 1 Pa = 1 N/m*=10dyn/cm’
[ - =% —]

1J=IN-m=1W-s, lerg=ldyn-cm=10"], 1lkegf-m=9.80665], lcal=4.18605], lcalth(FMr= A=V

—)=4.1840], lcallT(EREAKSF ) —)=4.1868], 1eV=1.60218x107 ]
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[(Buf - By - fhgEss - H] [BMriER]

W kcal/h | kgf+m/s W/ (m-K)| kcal/(m-h-°C) | cal/(cm*s+C)
1 0. 86000 | 0. 10197 1 0. 86000 0. 0023889
1.16279 | 1 0.11857 1. 16279 1 0.0027778
9.80665 | 8.4337 |1 418. 605 360 1

(VEEE]
K C F
TI[K]= t [CC]+273.15, t [*Cl= T[K]—273.15

0 -273. 15 |H459. 67 t[Cl=5/9 t['F]1—32), t[ Fl=9/5t[C]+32
273.15 0 32 t[ Fl= T[ R]—459.67

255.37 | -17.78 0

300 26. 85 80. 33 K: KelvinGifsxtiRET), °C: Celsius FE (BIKE)
373.15 | 100 212 " F: Fahrenheit & &),

310. 91 37.78 | 100 " R: Rankin & (ZE K OHaxHEE)

[ 1 O DEEHERAE 2 12060

fE5K PRIHER AL BT PRIHER AL
10718 atto 7k a 10 deka T H da
10°1° femto 7= Ak f 102 hecto ~7 k h
10712 pico Bz p 108 kilo %o k
107 ° nano ;./ n 106 mega AN M
1076 micro ~A 71 u 10° giga X4 G
1073 mili IV m 1012 tera T 7 T
10~ 2 centi &IV F c 10%° peta ¥ P
1071 deci T d 1018 exa 7% E
[l FRIR]

%: percent (pct.) = 10?2 (=10"ppm),
ppm: parts per million = 10 ppb: parts per billion = 107
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BRIR (MK RS oWy, BRI OS5 5,
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1988 .
IR E DO ANFIETH 5793, RIE CTOERENOTR S H 5,

- {RIR BT
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NV RT w7 ARIR TR
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fHED” KB THT — 247 L7 BEETST —448E” O - RIZRKE TR,
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1) (KR T2 am, B8 - MR TN K7y 7, 4 — Ak, 1993 4.
KR T WAL T NZ OB OF— AF, 200 A < IZHEE 2 (R L CTRRE L7230 E 0
Y R7 7 ARRTE - BURE < S - BEHIOB S, BTLWEBRAIR STV D,
IR T ORI LT 2 OB (R22) OEL H 5,

R
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