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0-1 Bifif (Unit) [b% TEAI3 % F72SIHAL  (International System of Units) 5P (HADORE]HOP-E T %
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1,000,000,000 10° giga G 2GHz GBRERABEE
Length lorxora Meter

1,000,000 106 mega M 1.5MQ (BliAkDHEH(1cm))

[1:1g 5 Area A Square Meter m? 1,000 103 kilo Kk kg (B

L35 Volume 4 Cubic Meter m3 100 102 hect h 1013 hPa  CK&UE)

0
)] Force F Newton N (kgms?) ! 10

0.1 10! deci d Idm’=1L

E=h Pressure porP Pascal Pa (Nm2) 0.01 102 centi c lem (BX)

TR Temperature T Kelvin K 0.001 1073 milli m ImL=1cc (AR

B Mass " il n 0.000001 10 micro u 6~8 um (FRIMBRDEEL)
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IRV F— Energy E Joule J(Nm) d
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R Time t Second S 1 A =100 pm
0.000000000000001 105 femto f 10 fm (RFEEDOKRE X)

W & Amount of Substance n Mole mol
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E¥p(gem™) p =%

Wi 2B AT
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1-1 ZUEDIES) GERITHR-72)
3. BRHEPI0DEIA « IERT, B> T3 LOEEOBRIL )
(1) 1 atm = 1013.25 hPa =1.01325X10° Pa

(2) 1 atm = 1 bar

(3) 1 torr = 1 mmHg (4) 1 atm = 760 mmHg

4 HPHEP.30~310D [[EhH] ZHHA. BHE-O TS OERPIL I

F
p=+ (0-3-2)
T BAERD VDN DRI X A

SbF DRBITHATEHREL TS = REDOREEZH LTV

HNep © WD D DR U,
m

(1) TEHOSIHALE. PaTH B, 1 Pa 2Pa 0.5 Pa
(2) BEHEIE X1 atmTH B, [OOB kY. KT-DEENPNELIRDE — HIM
l
(3) BEHEIE L, pOoTHT. FE RIS, BirOEE p LIENIHHTS]
(4) Jr2A0E 2%, TEEEDSERIE L72IREETH B,
px p= (1I-1-1) == pV =nx (EH) (1-1-2)
BoyleDik |l
\_ J SAEDREIZ S0 NES] ITBBRLTHES
= 2% GRS FEEERET ) THS
« ZUER! (Barometer) @ HHODOEIMSHENERDD 1-2 B8 (Temperature)
PBIRATA -1 T AKEEDLWAED R EH SV RIEDME % KD 5 Jiik: #2288 0 3L
[ Wtk CHE) #Ep WHOBS h BHIEE g ] / Wbk A LB BOEES & WikB & Wik CHBOPHE
| ERKLHMRASRREMTIEN = RAOKS | % N —. mﬁ:cmwﬁ
; _
P=7 (0-3-2)

p=v (17173

WA S LOWEOEREY © V=hA (1-1-4) r—bl

| F=mg | e WithOBRm : m=pv =pha |

_phag _

kR |

A

- WP ED (ERE)

s JE L HFEDWIIIRS AT IRE LIV — K SRR S IR
BIREIA-1 LB ARASEERE W T - ZX IR T
DR [ koo ff = pmi < 5 |
V=hA=Alcos6 (1-1-4) mp p=pglcost (1-1-5)
| kO S hTE XU X IR | |

p phg (1-1-5)

IELWRES - (EROMEOREI KD S D o ﬂ A
+ JHEE (Temperature)
5T (K 9 (°C @ Celsius Degree)
HifE ¢ SIHRTIE. K ZHWS  GlRHERE) (°C < HXHELEE)
T L BCEI RO A RE GHB)
2 DOMEHBTEIZH B L X, 2D0OWMEDIIEHNFE L
S ONERES) (BUEE) OTRNF—D LR EED 5 RE

- 5 H Bk o
NI AHBE (Celsius Scale) : I%JET  KOBEC KD#EE100°C
TEASMRIREE Hi%  (Perfect-Gas Temperature Scale) } s
YIRS B% (Thermodynamic Temperature Scale ki ’




159248 Y LAOREH BRAZERDT, AROEILEBIN
17144 77 —L A MZKZHEKRHEY (100 F =37.8°C)
174248 NV YR K BZEREEY A VIZEE ™
18014  Dalton® Jii -
18214 B =Xy 7 BEGEX 27880
18484E IV E I (P AY V) HifaxtiiEE Z3Eng
Gay-LussacDORFZER S (Charle®#:HI)
o SEASUAIRE E '
BEXF (Thermocouple)
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,mwzié(nmumm)m&mK@umpwa>ﬁ?E M1K

H?k;gﬁ o K o« KD3IREIAE B ‘\{ R kD BETED 2 |
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https://www.youtube.com/watch?v=x YKTIMWNr4w

RIEDHREIF20194ES H20H M HED > /
BoltzmannfE¥ k Z IEMEIZ1.380649 x 10723 JK 1 LEDHD - 1 KPRE S

20194E5 H20 H BLEE O STHAT O f1#E

XE: hrTT R’E&  XA=P HE: /5L
BEEE407 S ALY DE S 13 29979245845 M1 HiioXzsEBRYO
M e EL. FREDHRIC (o] =3 T T Lol JSLEHZOHERICE
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EOTOEEICHIBRE, *OUS L. TF0E
#ohEERC

6.62607015%10*Js &

HEE: TN EHBECE-THE

0012 09540 s,

¥ 12 OhICHEE

TERFOHIEL EEER % (SI) B ¥

WHOERNTEE L7 LIBIDETD

CRODERTHS. EEHREO—DOHEM
¥ SR ORI OEE

1BV EREC ST AME OB
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BERBMTEST. kiR

BRI FoRT
HZH LA ML OERTETICREBSALRRIC/E
VAR EREETIERCEVZFAOERREED

RAFRE : FILEY
RS FOERES Y {0

1/273.16 hZhefh, ZhoNBHEORS A—PLICDE2X107
R ¥ o =P OIERELEI—EDER.

HIVE R FENYT R m ¥

% IEFE(C1.380849X 102 J/KE FoNTI ENRER o £

EHBECESTHESND, | 1.602176634x 10 CEED B EILH>THRESNS,

PERSWFHP © https://www.aist.go.jp/aist_j/mews/au20181116.html

N\

BN s et isp31-3200 THED R, B> TVB bOEROBE
(D) N ¥ I ZAHEX KROFEE R LR Z100555 LIcHEY TH 5.

Q) NI ZAHEOHANIX [Cl T, 1atm FOKRDEREAIZ 6 = 0C TH D,
(3) BN FIREHBIIOMMIT K] TH S,
(4) MaXIFEEIX, T=0K TH %,

N Y,
« Z4 (Heat)

fS L gor0

BT ) BT RV E—0 1 Bl

EF D IREPRZIMESEMT S L, SiEDE» S IKEDIRICBE TS L —

-0 GEE -
FROBE > AROEE FROBE = ARDEE

B, —HmiciEhDd B, WA EFELY
#OPH(Thermal Equilibrium)

*EUT, TRNXF—DOBBOBRIZOVWTEHRTZ S,
kMEDIREZD HDIZOVTREE DS TIIRV. = BTN,

« Z3X)NX¥— (Energy)

5 Eore

Hiff o]

EF L AT SR80 (Capacity to do work)

* RN F—LIEIFY) VU YET MEFH] oK
| TRV F—IIEH (Transfer) TEXD |
BHTRNF— o KTV PRI F— BHT R E— o EET L E—

!

Energy transfer

~ 4EH (Work)

Bl w

Hify ]

EFE L NTHS > Tk EEI»TZ L
G o
o m ]




13 S

PNV ISWEDIRE © p,V,n, T TEES 84 > HHES3
[%Eﬁﬁi (Real Gas) : o FHIHEIEH - 7 HEREPDHD
Sk (Perfect Gas) @ 0 FRIHEAER IOV E S OBES

* SERXUEDIRE RPN EIPNDE T
RANDEER] (Boyle‘s Law) . Robert Boyle 25166045125 #£
* Dalton®D i F-#18014E — Boyleld, T * B FZH SN

I 1
BE(T) ER = ;
NN N iy
al éﬁﬁwﬁ
R et w1 |
% ik, v /48, 17V
E1A-2 VAW RREICBT 5 —EROTE[ADIE E_1A-3 —ERECENE 1/VICHLTTay F ¥R E
T EREAE Y. BRI (o = — ) T, TRk A SN2,
FRAE 0,
. nT—%E _ax (X
pV =a(EX) (1-3-1) [ > [lE1 p= %
757010 ¥

o Wb BEEno>EL  fedh o Bl
s —RBIBIZIR B X oIz T a Y b (EHZ 450 Dibetter)

p.33 J—Fh

75 72DIEY p-33
o Bifh © BEANOOR: MEdh © e
s —WBBIZED Xz Ty b (EHZE 458 HSbetter)

/=K ERISOTNEHBNSOTNREDEEIDE :0)%% :

SIBRETEZOT, ZOOYEROMOBROZLUME > ;
RIET BcHICiE, TNEHHIERESZSLS5B70OY b w%%ﬁlﬁ’;k%@,}‘ﬁ%mﬂ')'c@‘é
EAS500|bELN. OV RLEE, BRESXDSL '

SEERT BOUERICEETSD, TRENBLEE S . o
Blh © AR HERD R

WT—RIGFIRTH 2.

a b c

50, @ . . 50, w( ) ; T 50 : © : :

40F x 1 40 ]
§ 30 A é 30L 4
R 20 , = 20l i
= B 20

10 1oL

% i 3 3 K i 2 3 0 i 3 3

RS/ m? R/ m’ R/ m?

273 KiC B 3 [AEAD TS & R D 1%

s RANDOBEAEE 25 Z LHPMRINZEZSNDDT, (b) XX
cEMEEZD X9 Tay k(0 BPRLRD

FCEBREZITHOTH, T—F¥DELDHDIHTEDLER—b - O EILD
EBERLLETERBLTVZS |

-

Ao | ZERPSEIZRD EII2Tuy B LT,
F—=DIELOER LI DM D
1 | * rEeo%) EHALTOZOTEHOS A Fii L
° A LTHWS
2r® 1 J—h EBNSOTREEBLNSOTREDLEDE

le ZICBRHETEZDT, ZOoOYEBOBOBROZYMESE
RIET BcHICE, TNESHIERESZSLS5B70OY b
EFS500|bELN. OV RLEE BRESZDSL
SIKKRTDIORIFRICEETHD, ZThRIVEBLLZICS
WT—RNBFIETH 5.

5 0 50

4r ° 1 400 1
3 N B 30L 4
2r ° B 201 4

°
1 B 10+ 4
° °
°
P I I I I . d \ \ \

L B R S T S N

* ARFIZOLR— b« fsid MHAT] T2 520X 5 ITH < 2 EARY)

¥ ¥ IV DEH] (Charle's Law) & J.A.C. Charle 231 7874EIZ36

J. Gay-LussaclZ X D 180 14EIT &
BoyleDiERIA S 100458, Bk — REOFHEAN « AR 272>

o ~Em

i ' THRHT RFadDEH (Avegadro's Principle) .
d BT ISIAEIZHE R (TARY Ruoyy1ih)

' T ORI < . BTN ORI b B KR

V=b(EH)T (1-3-2)

i, v

0

L. EOHEILE bbb 0=—273°C
AT B LRI 012 T EITIERL &S

| V=c(E¥On (1-33) |

35

pV =a(EH) (1-3-1)

V=b(EHT (1-3-2)
[V =c&¥on (133 | ol

v %éﬁﬁ;@ ;i il

REE SRR l0‘/
(1-3-4) ! 0 02 04 06 08 10 12 14

Number of moles (#)




« SR (Gas Constant) = . mmu..m‘-,-< - EEEEIT B 2 S A KA DR .35
LP TR molOREEHRBIHRS WHT 1 AZHRS ERR ) 3. BRSSO A T MR, I LOHE GRS N
R (1-3-5) k : Boltzmann Constant  ssus L K (1) BEXBOEET. 0°C, 1 atm ZEEHEIZT 5
Na - Avogadro Number  ssussxios  a'barc i () 52 kORI, 25°C. 1 atm 2EIEIZT B
w70 (3) LU WRIE. 0°C, 1 bar ZEEHEIZF 2
* SEAANR DIREE i1 pV =nRT (1-34) (4) SERSROWRNE, 25°C, 1 bar ZEEHEIZT S
(1-3-4) > 3EH h —BDYHBH) — FF 713K MR (Tsothermal)
SELERMEDIRGE
Eifio LOA 4. EREBLEREE & E D) FIz 50 % 52250k ] moldIRETA RO X1,
p (1) 22.414 dm?3 (2)0.22414 L (3) 24.789 dm? (4) 1.0000 dm3
é%z; W@;‘%Aﬁ; Bias ek & )?I\;Jéim&m‘f:‘:ﬂ % E{fﬁ(lsobars) %ﬁﬁ(lsochors)
BA5E 1 molDEE v \ J
22414 dm’ (1 atm, 273.15 K) EEEBRBER Y & JE 1L, W% el BB &k
24.789 dm3 (1 bar, 298.15 K) UL DS - MR TELBIB LT 2
L4 B &I BN LIE
@ (@] RT
« 5y (Partial Pressure) ¢ R LXK pv =nRrT - g =L (144 (14-1)— p; = nis
. n
BE o EROBRNT, ZORAEFT | o © e N
EREE LD EIRE LI EZDEN ENTHE ¥ = g (1-4-3)
p;V = n,RT (1-4-1) WY IREET FioxX kv p; = (1-4-5)
« S EDP:HI (Law of Partial Pressure)
NESEAEDOER] or Dalton®iEHI] &3 IEHh 5 WIE1A -3 + 5y EDEHE
N N BR%ISEE ¢ N, 75.5,0,232,Ar 1.3 4H1.20 atm®d & XD E
2% = ORI, - Z pi (1-4-2) ,3 HRD N = b1, 0 : - : ;
mﬁi®%é> [ J8h 5 pi=nx REED RIRGILE — EADKIER |
* BN 5% (Mole Fraction) o ZOWMEDE &
TN - FRYGIE - BUREIER & LIRS HIA &7 1 DORBUIk BRI = — o~ 100
INEE = A n; . 5}?‘ I 0)‘:&)1/ N2 O2 Ar
TNIH X (1-43) ' atkoen ix, 4 (M =128.02) (M=32.00)  (M=239.95) Total
ENSEIE 0~1 DI =1 100 gDEMEIRS 755 ¢ 232¢ 13¢g
. s A =N i ) 2.694 mol 0.725 mol 0.0325 mol 3.452 mol
i : H, 1.5 mol. N, 3.5 molDREXMHDOH, EN,DE)N 5 HEERD K B 0.780 0210 Py
S H 0.937 atm 0.252 atm 0.011 atm 1.20 atm
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[ 5225 (Perfect Gas) | = [BIHAMAF (Ideal Gas) J ]

[ SELRHORBIRR © pV = nkT ]

- s« | OERA LB BCPES & WiAB Lk CABTEH

| REEMERED | ROBRERIBORE M-

IZRNF—OBBOREIZOVTERTE D,
MEDIREZD DI OV TEESPETIIAR, = BHIIRN,

BeR1-1 0 JTEHORBII S OS5, EEZETIXMIM L THign,

CoMEOHETEHREZLTWS?
BER1-2 : L F—o> TR ? FRYL T P
2EM1-3  HET & =R F—OBIRIZ?

mEAE 1. HARSUAOIRIE HERU, pV = nRT, .3 37
A5 TpV] ERTIZFACHZERTT E, MERLTVWDEDEAS ?
ARSI 2. JET) < RRT - RES TR ? R L BNIMANES ? T 2




