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v, BFHDIE, BER LI, “HRBEREMLONKE S KRBT IBICNR T8
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HMBYEENCL B, BARL IR, WHEOBM (B 2RDIHRONDZ & Th b,

HEYEBELRFNDRTICET 2V OrOYEEBICHBTELEREG LI D, 12 21T, T
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BevTvwb, =a2— b r0ESHHERNL, 5, HE EL, BROUENRTOBIGRY D2
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EEL BEEESXFE)ThLbL, BAXIICECHRTH L, HEM(CGPM) 2, —
DOYMBRE ZDES(DER) I, BEOBMEPERLAVEICEHSA TS, D%,
YWEBORS * B EEMRICAV I FRERAT 2, BIRT L, Ehp tthig, p =1
atm = 760 mmHg = 1013 hPa L 5 icE ., ZOBERZ HARICER T 512, HI &
ICEEEILEL LV ERTH D,

BAOMSEDEZBENENF T, BRYWERNKEZ255bTHEEL L ThOh bR
Twa, BEEIE, @% BrACCRLERTLONEESI R FEYR VI, BEKE
BHETCEETAELL T RBENTES C ik, ZOF®RTHOER(F I AFICAL)DEETH
5, —F, Slicsida C i3, BETRECC, EEoWERLHLHbT, £27T, SI T,
2°C i3, BEXVWOWEES, WHEE C »EBICLCHETLE,C » 28522 L 2 EK
LTw3,

Loy, (EFE)/ (BAD) = GfE) OEBHEE, FEHERR, 77 7OERICHREN
ZEEHELTHEINTE TS, UTOEROFIZ kOB H (273 K, 1013 hPa, 1 mol
HRNVDILINE—T, TALX—ORN k]) 27T, T ZBAEHEEYHLbT,

T/K 273
H/kJ mol™! 6.01

SI Ti, EABA 75 & BEEAMA2EBOME L HIRZT T, £THEM %20 3, EAHAT
BENHRIEZ—DDKRTLICET 5, WEEDER L BANLH I # KFT 5, BN Si3v—
<> (GIR) T, BEENEFRED LN T WD, SHEKENETE L WE X3 THEL5I) %
FEI)E)icEEENTWS, BEDENE L DM B (FEEA) L, 19E(CE2 ML T)TH
5, —BHEDH 5 (coherent) BALFH & i3, HAIHIOBEREI 1 THB L 5z, &THOHAH
EDHOLNTWBLELR W), SLIZZDFTH B, Kic, EHDEL L LT atm 2HRBAT T,
atm = 101325 m~'kgs™ &%), BEFREII1 L 6%, Bif2 00N TH & X3, SI
DR T, BARFOKXKINIFCr b oY, $—XF2/XFiclL, #EFIEFN
EFNOEOSLHEICHE ), (¥EEE) 60 kilograms, 273.15 kelvins, (HZ58) 60 X v 75 4, 273.
15 e,

BERGE L B2 AL TH—DEF AL TDY, SIOHTH 5, SIHEIHEEL, 100
B, 7203, IOREZD1OKREE 2 H 6T, BRI, 1025102 F TEDHLNTW
5, HHENLTIE, v—=r &L, km Ok Hiz, BAES L OMic A—2 2 AN\,
BAOEFHEICIE, m kg (mkg TELO)NL Iz, AR—AE2 i b, BHENFEWH &
EEDEMEVWFIZLITICEE Y, ZHICHEEE 2 bi v (kkg i3, Mg ki, BREY—
DCFEDDB), cm® i3 Pm® L HICFETEL Vv, HE 750 KG(AEENTL—2F)iF, 750
kg Dk HicEL Bk, BEH Mhz Tz, MHz DL 52, KILFEDFEOLITICEET
%, mol &, mols D& HIcHEEIC Lk, BE MTC IZIEL W (C I3 BEEEL ST %
W) CRUATIE, BALCTNVR L » T R4T72 %\,
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SI T3, EAMT Y L TTRD THERAT 2, 2056 THICOWT, UTFT TR0 (R
Y5, :

WHBNEAN  EFBNOEH EFEMOES

K53 A—PF N m
Hi E3=1 A /N kg
e [ # s
Bif T RT A
BOY¥MEE e K
WHE £V (mole) mol
p, ;4 BT cd

A= NVDEFHEFOHRITRNL ) THB, (JAX) The metre is the length of path
travelled by light in vacuum during a time interval of 1/299 792 485 of a second (17th
CGPM, 1983) . (FR) x— b Juig, 518> 1/299 792 485 MRFfIcEZEH 2 HTITRAK
EEVvI,

A= FNDHERTHY), BETEWI LN ZDORILERTRS b2 b, ZHOERNFNS
FONGRIZEEICBMET 5, BEZEFNEE ¢ = 299 792 458 ms™! IERMETH 2 (#
0.3 Gm/s T, 19734FICHIFEMEE L TIRASI N, 1983FICIIERE L %0 2). > TOEBE A —
FVIEZE(BE90%, 1) 27 L10%DEEB) O bNIDIBI8IETH L, BOTCHERE
B A — b} VE#(No.22, BIA184F) 13, W L BEAHEMFICLILNTV2,?

X077 LVNEREEZDEREUTICRY, () The kilogram is the unit of mass; it
is equal to the mass of the international prototype of the kilogram (3rd CGPM, 1901). (&
F) X077 ARERXT ST LREVERICSE LV,

EEExo 7S AESRRTEZ 1A, 295, EREESPRBICHESTIN TV S,
BH£90%, 4 Y 7L0%04¢HoMBEET, BEE &8, &b 39 mm TH 5, EHEX
o 77 ABREFII600F I —E, FESr (SRESR, 6 &g, HEFERE, 1004 3 M,
s rbmEns, BAERKLE(No.6)ix, 1.000 000 169 kg (18894F), 1.000 000 170 kg

(1949-19504F) T, EBRESFE T, 0.170 mg k&<, 60FEMIC 1 pg BILL T 5%, B
B L CHEHE, —BEARETESICr OBEICHBRTELI LTH 2, EXBTOB TR
BAIH LI N—FTTTHRINIE, kgZiF i1,

METY A= FA(1 mDIFN1 %21 dm &\, 20 3F) DEHEE HO 2 RABENK
BAROEEY 1 kg &£ L72(17934F), TOEBICHO LU TEEREX v 77 25802 6Nz, D
Lic, Xu 7 74RB2LEICT DL, BREEDKIMGT L A— i, 0.999 972 kg T
hotee 22T, 1)y b = 1000028 EHT o A—bPvEied, )y FVOERIT, 1964
FFT, BRFEZLDEBETKL kgndid &KL Nz, wETH, BTN 2H 5, 1964
FEp b, Vo Fv (SITiEZWD, STEGHALTL LWBAIT, AXFEL () TRk
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XFLRIFT A—Fdm® OFFEL Y, KEZEBRETHL, ALICHRT L8
FDAERXFETLHERNSD, L d—nfINTdh 5,

BUnERE ZOMARLZLITICRT. (F3X) The second is the duration of 9 192 631 770
periods of the radiation corresponding to the transition between the two hyperfine levels
of the ground state of the caesium-133 atom (13th CGPM, 1967). (k) +3 7 A-133FEF
DIEEKBICET S, ZO0EHEML ~NAVEOBRICE b WK E N REEY 0,

9 192 631 7T0fE 2 M L ED B,

BEY 5z, RFOLETHEOEREHEEZME ). BATRII2ELUEHRHAIN TS, HEROAER
AR 2 1BIFENFTEE) DY, MWEROREZFIHT S (198F)nbENZ L LTz,

T RTIDEFEELMRIBLUTDEE D TH 3, (JEX) The ampere is that constant current
which, if maintained in two straight parallel conductors of infinite length, of negligible
circular cross-section, and placed 1 metre apart in vacuum, would produce between these
conductors a force equal to 2X10~7 newton per metre of length (9th CGPM, 1948) . (&)
R TEZEEICHEINECERICEY 2ADEKE, Bz 1 A— b AZTRTTIEST
IR, ZTHICEBRZBUALE, ZOEBKEICE IrEERNRE 1 A~ DE 2 X
10077 =a—trThUL, ZOERET T LT 5,

BERIBEOEFEICHENRNTNSLET 5, GRACOERICL ), I LK) DRSS H
T& 5, £2C, ZANDERICEFANCERY»TRNDL &, BHREBELVISIEDNH 2 M H2E
<o

HWT T NDEH (19084F) i3, WHERROKERS 5 1 sHIic 1.118 mg DB #ITHI €3
EHBRDEE Th - 72, HEHR AgNOKEBRL2ERT 2, 1 7—v > DBRETITHBT 58
NEiL, BFEZ 777 T7T—EHTENL L T, BAEDHEE TIE, (107.8682 g/mol)/

(96485.309 C/mol) = 0.00111797 ¢ = 1.11797 mg ¢ % %, TNtk 21 CHOELREBTH
H(E 23R T 2L MEDOERE, o TRESRLFELRE LA,

TNEITRUTOL ) TH B, (JEX) The kelvin, unit of thermodynamic temperature,
is the fraction 1/273.16 of the thermodynamic temperature of the triple point of water (13
th CGPM, 1967). () r 1Lt vid, KOZEEDBMIFEAEED1/273.16 T 5,

COERICLY, BERMCAZINLENEEEN, KIZEM(HE TR THER) - 12,
BNENREE, 1954FEURMIIEHEE L LITNbd 2 b -7z, B i3, KafEbnizZ &
L DH, 19678FLITE, K &7 %, Kix, Lord Kelvin (W. Thomson) i2H#r, RIEEEBD
BEZ0K T20T, KO=FHIF 273.16 K %= 2, EHMED 273.16 13, LFZ Ak
Bl nIZb 5 b,

KoWprEE 100 'C &L, KOKEE20CEL, 1 CiEZENIN0EFEL72NIR, 1dhEN
g5 (A. Celsius i & 3, 17424) 7275, 4 Th, ZIHIELTBALHVE, LEENL S ICER
EEEDD &, BEEDLNLL T RAETH, KOBBE L BEAFZALFIUTIZO L1005 127k 24
S5THbH, KOBAZBEL TAT, 99.975 C(19914) L HEI N T3 (100 CTix 7% vr),
KOBBELIL, 0.0025 CHETHB(0CTIdLW), 2%, tREERE»L LT RE
EICBTL TL BERBROKMEIZIZIZL L EVWDTH B,

w7 AR 6 DERIL, YWEER/BA=-FENKRBEMEZIL, 6/C=T/K - 273.15 &
Lk, R RBENREIL, 0C= 273.15 K (BHIc L 3)TH 5, Bl s 7 RE,

(i
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EBiIdC, ka3 r L,

KH=ZHEEL, 273.16 K (=0.01 C) TH 3, =HE (triple point) & iF, —EFRDIKE
X, %48, #AE, BAEITEECEEGEE KRB L3505, ML), BRHERO
Thd, ZEHLL(P2TE DL Jic, WEELAEEE “HIC » T AR IcHikEZ ANT,
EHRERATH LS, ZERLNVCFTATARARAND L, LIHDKDO—ERIIKICE B,
2%, “HEOWRM TR, KHyEME WA, EMEO SHEEFREL LS, BVOFIATA
Z%#ETT, XELLEI L TEE» LBT, 2LodiciBEFT2ZVR, HIET S, BEIZK
DL LA ED, 0.000 01 'C (105290 1) DZALD v, BEMcd, kOkaobn)
YRR T BIRE 2 RE EEDH Tz, BFE(1967FLE) Tid, Kidkek & & EBERICED S
hTwb, kakiz 273.15 K (2120 C)niREEW I,

ENVEIWEEHOD ) L EICRICTEE TS %, (JE3) The mole is the amount of substance
of a system which contains as many elementary entities as there are atoms in 0.012
kilogram of carbon-12. When the mole is used, the elementary entities must be specified
and may be atoms, molecules, ions, electrons, other particles, or specified groups of such
particles (14th CGPM, 1971) . (#43R) T, 0.012 kg DEFE-12ICF5 I N B KERT &
FOEENF 2 EUROWERTH 5,

WEBOBMNENIZOWTRWEWALERRY S - 2%, LoERIREZII LT
ETw3, 220 0.012 kg DEMEIEETH S, BRETF LI, BF oF A+, EF,
ZFOMOKMTELRIZINLDMAELELETH ), BHICHREI N TWALZ LFUETH D,
FEREICLCALNIEEVIZOWTAL LN, RS m 2 A— P E LI T WL, 100 K
DBEEZI0NVE Y EELIXEVWDERLS, MEEICNLT, BFnik 200 L&, nkE
NEESATR LD EH72) (molar) IIPWEETh -2 L) BRZTFIZE, TR
AEFoEHEIIWE ]l mol IcFTNIERNTOEEZ VI, TNETKRS Foks L x@ws
AT Bh, EECETIEFbN LV, FEFRICg 2 DT EER, 5t 1 774K
FrEU, GFRICEEDIINLEEIITTLaTFERE, 1LENVELAN, BER, 774K
F, I LGTF TILNE, I LA T EEDLL VW ROBID L 12, ®IVEE (molar mass)
ME9, K 18.02 gmol™?, [FE({b¥TE) 12.01 gmol™!, EF 548.58 ugmol-'7% &,

AYTFTINIRDE HICED LN TS, (L) The candela is the luminous intenisty, in
a given direction, of a source that emits monochromatic radiation of frequency 540X 10'?
hertz and that has a radiant intensity in that direction of (1/683) watt per steradian (16
th CGPM, 1979). () REBS40X102~ Y DBAKHEH 2B L, FrED K BOBE HE
h%, 1/6837 » VAT ZC T THENED, TOHACBITIREL2HI>TI7LED S,

FEIZ, BENRLI2HL50TYWHET, midn—Y 7 (candle) 1 RN 3 2 Az
L7ze ANEHDBAREL 5885 31, BOBERICKFL Twb, 22T, WRICHT 30808 -
LMW E NS R(FORREEIT 540X10' Hz T, #HE 555 nm icAHL T 2) A%, EHICH
N, TOHYTIDERIE, cd = Im/sr = (1/683) W/srio k1, BEDIRRE

(BRHRE) # 683 Im/W L EDHZZ LICHET 2, BEFELNS S DXIRILESE % B
LTw3DT, ZOREOREFENLEZ, RBRELZEFEL HESLIIIREICLNVREEN
5,
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5 SI%#BfRT51-HNFHEA

B 22835103, AENLFEL2EMET I ErENTH S, UTTIE, KEHLH
e 2w, PIEZERRT 5,

NOBfI=2— > DEHIZ, N=mkgs™>T, =2—F>DEHFHER, 1 = (HE) X
(&), 1c#<, N/9.8 ms? = 102 gZDT, MLETI0 gD AZICrd» 55 (Fic
RULBINH, 11T1N &2, RE(ER)6L kg ¥ L HHIT B34 600 N &% 5, cgs
5 SINDHNZEHIZ, dyn = cmgs? = 100° N = 10 uN #4§5,

IANX—DREMN T 2 —NVNEFEIZ, ] = NmTH3, 22T, #HETI0 g DNATR 1
mMBLHITBEHL ] 4, HFEROERIZ, W = J/sknT, LT, 100 gDNAT*
1Tl mBEHITE4FRT1 W L4 s, BRick 2433, J/C = Vo, &
1C2EFEHICNT, 1 NoORHFECEE, 1 mBIHE, 1 ]JotEL2T205, ZOBEMIS
1VTHh3.]=Nm=Ws =AVs = VC,J2SIUANDZALX—ICHRE|L TAH 2,

J = kg (m/s)? = 10® g (10> cm/s)? = 10" erg = (1/4.184) cal

FENDBEA 2 HNDERIZ, Pa = N/m? THBDT, M ETLIFEHA— FLIZ100 ghn
NACIEZENTHHEE, 1 Palrhd, SITIRHERLILWILLTWBHAE LT,
atm, mmHg, Torr (F7:13 torr) % %, 3 Torrix, (3iT 400 Pa TH % (101325/760 X
3 = 399.967), ENDEEIZRLRZ L vy, ki, KBOEE 13595.1 kg/m® %1 - /- iZ#k
SEVDOHERTH B, .

1 atm = 760 mmHg = 760 Torr = 13595.1 kg/m® X 0.76 m X 9.80665 m/s? =
101325 Pa = 1013.25 hPa
SER R DFtHE LT (B#EH) X (BBAEOERET AR/ Ok&)= p(V/n)/T
#kHTAHBW
R = 10° Pa X (22.71108 L/mol )/ (273.15 K) = 8.314508 J K~! mol™!
(EFIEDOEM X (TRTFoEH) = 77 77 —FHENT, 1 mol DETFNELE
2KH b,
1.60 X 107 C X 6.02 X 102 mol™! = 9.65 X 10* C mol™*
Zhic k), EF 10 pmol R+ P waAfd> 230 ug NEREMITT1C L2 B,

MWEES 60 W 0BT (&%E 760 Im , L— AV )AERFEEAZELEL LD, &
LT, DS, &HEIC—HTH 2 LIHET 5. T5&, XEIR, £XK 760 Im % 4rzsr
THS &, 60cd E% b, KROHEFEELZBE @A Ix, Ly Z7R) v, BEH S 1m
ATV 2HOHEHOBEL, £XE 760 Im %, PF1 m DEOEXEHE 4z m?*TH B &, 60
Im/m? = 60 Ix & % 3,

& X |

1) SI&fic D>V TELT O Mills #4505k v, AROHIRIZ, HEE28BL T,
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6)

g - LR T

BLFEMZ 2, I Mills et al.,, Quantities, Units and Symbols in Physical
Chemistry, IUPAC (FEIBR#IE SR L2384 International Union of Pure and
Applied Chemistry), Blackwell Scientific Publications, Oxford, 1988, second
ed, 1993. BAALFESERICEMRESER, HEM=R, HEIETHWLNS
BB 5o, #Fdt (1991, SI CEBBEMEZEAL Tidk bhv, HEE L
B (E 4R I L g, EREALE 3EREMNO—E TR L AR L B2%
vy, BIBRERBERZIZO—PITH 2, ERANERICHET 2 ERHEAL
i3, 19484 CGPM TEL &N/,

ARETELN L 3BT b, 170> (p) 3= 72 4= /L (um)
I, R¥FT v (dB) 12, 4> (dyn) lF=2—F> (107° N) itk b, &
B X v 7' F A (kilogram-force, kgf = 9.806 65 N, ZNHIERE T, WEHF
TR¥Xo77BELvy, kgw LEETZELHB) B=a—Lt>Yii% b, H O
D—(cal)icidvb b 355, #fb2Es o) — cal, = 4.184 ], EEEH ) —
calily = 4.1868 J, 15 C A v ) — cal,; = #14.1855 JiE, £ TP =—iC %
5, ZNEHILREZ T DL SIOHHND—DTH 5,

BIHELA, BEE I fAr—AlEnRERE L M8, 19+ (1992),

FEE, KIC & KITBN, MR (1982),

DL LARBTY, BUZHWT, METE L0 Tid v, BHBEI, HAL L B47
%, HILHKR(1980), 1= kiU, HBIR (b2 EEOME, TROLNIRT, &
2REF0H), BRE (EAL»LDELZ KDL LT, BTSN S 1 213208,
HREWBTERINIET HHEERZOH), HERER (HERBONKTE
KENZET, BHEOPH EZ0H), IHFR(KPMERTEDLNIET, SLHD
E-ZBEELE), HHBRGEHICINEDHSLNIET, Bl LT, Tl BER
DRENEL L) oH Y, Sliz, WFARLHERERE:, 2 HIChERE (O, FEH
EXfEA) 2B O EE3NE,

SIDAHZ b B WAL B RS H B, cgs MR TIZERBA L LT, cm (&>
FA—=bN), g(7724), sB) ), SIN) TNz b8 &1 MKSART
HbH, MKSA BARTIE, m (A—Mr), kg (27 74), s (B), A (7>
NP EES, EHRMRTIE, m, kegf, s 2 AR LT 5, FHEMOFI & L
T, cgs BATR T, J1dyn % &, SIIZHHBAAT R EXNBEAR) T, T¥HEAR
(BEHBAR) Tldhv, cgsRESI AL WL S ICEIEEINTW B, cgs-
esu B R & cgs-emu BT RIZBEICHEEI N T3, SI Tidevahs, SI EHFAE
NaHEMOBE LT, Bo8A (8%), 4 (min), & (h), B (d), FEAD
BC ), “&»dd, BhHid, TEERAVWLNIABROBMT, 1{LEHPS) =
0.7355 kW &, 1#¥BEH(HP)= 0.7461 kW »H 5%, —RT B8Nt H T
Hay, BUNORTTEEwbnbd b, BIZid, %, ppm, pH, ASA % &, 72
7L, SFRETIRINL FRNRTE L 4

BENE DBEMICEEWEEYH 2, BAD(HEORIDPBOEIZIH»2)E
(UOB), AX)V2D 74— liE, ABORPEETH -2 BEHZ T 2H(D
A®, 1 mom = 3.75 @ I3MFRNEHRE L > T, HEA»ITHHAE L T,




8)

9)
10)

11)

MEPERERF BT 2HPEE LBEIRCOWT

F2,%y 70 ml, KRB C, RAF#H hPa %« &,

BrRickl:, ERZER{LERE (ISO, International Organization for Standardi-
zation) DHMICEDT, BEEZ IFTLicao - TRY DI EERR T (ISO T
13%0k), CGPM T3, 3> =3 R 70A L o 7R E#EIZ IH I LICERAR—2
(DEETLBERT L) HIT B L HICHRL Tw b, ISR, BERXRXKER
TR7VA Ly 72T L, EREMIZANL, =S bbb,
BHEE, KHA ST, BN h & o /—EBEARICH L T, B (1978),
e, {LH#H, 26(2), 124(1978), % 3, constant DR TH 5 EHKIL, EH(T
W9, Lro$9), Bl B, TERLCEELNTELD, B, 08
BEMAFERICL ) CNEMGETY, EH(TWT ) LH—3 N T 5, 15
=, 1%, 50(5), 262 (1995) # ALk,

E#EARER, 101 325 Pa =1013.25 hPa(= 1 atm) ¢ @#H LN T 5, B
WKEEE F 1213 E#E NI, 10° Pa (=1 bar) T, 19824LIk%, TUPACIC LD
53 hTwa,
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Physical Quantities and Units in Science Education

Tetsuo MORIKAWA* and Yasuko NISHIYAMA®*

ABSTRACT

This paper discusses what the physical quantity is and how the physical unit is defined.
This discussion clarifies the difference between units in Japanese science textbooks and SI
(International System of Units). It is suggested that in the textbooks there are a number of
misunderstandings and errors relating to physical units. We propose a prototype for each
physical unit as a teaching material, which helps us to understand SI.
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