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(Tl_le Joule-Thomson Porous .Plug Experiment)

T8 3 H ( Mayer )} 1842 4, 4% 5 56 8 ME 5 B B 7% 4

2, B R R REZ MG ZBE MR R

(Mochanical equivalent of heat), ¥ # 3 #2 Hj 7L 9 ' B 5
B0 B 5 1 T 0 3 e B 46 oy 1852 % 1862 45 1
— #1390 % ( Doterminations), i A 1 19 &% 458 93 7 10C.
2 550 I i Bt 1 3 4.7 o 5 30 T B 22 B, I T
2 9 <Ly, 46 10°C. 9 3% B 5K (COL)ME 6 Bt 1 4.7 % 5

N 2 22 B, A8 T 2 B ey LB 48,37 e

B MR LT 5 g

5 e 25 SR U LT M S B 9 — 5 026 e
TER Y Ak ;

S5 e B B U 2 B Bk 2 4 M, DL 00 945 46 30 58 R 5B B
4 P I LR AR AR (LB ) R s
= WE o BRI R T K 2 2 W AR
£ -2 50 I 7 B ok ST 3 2 S I o7 78 NS O SR
05 A — R 25 S T NEAE i 1 SR B S 58 K 463 1R JE
MTET TR PR eV YT sy )



BAE REBBRZAERBR L

EHRBIEBEO F MM B2 8 A0 T

Bi 7%,

T ANAA AR A

WHARBZAMT A RN ZRAETARE ¥BETZTAR
MAAZAEDERGoRZ DBHEZ LM, ccB = AR
ZeBHEXMeBRER sBHRE ccRsZH R BecE R
Zo ff B % 0,0 DL Ok 0 350 2R 0 % DA fe. 8 IE RE A W B R
EHEREBRZAE EAZARELANRATZE AR
B2k ok oz B LM Bk A E

79. & B -2 ¥8 @ (Theory of the experiment)

fill A 58, -




 dI=d(B+pv) =dE+pdv-+vdp=dQ-+vdp,
dQ=cydi+Vdp, ¥ U U'= ¢ (%:’-),, :
g v
al= c,,dt+{fv l o ),, }dpo

%), - (3

R Py T W 5), 7 T T O

ilﬁET'FF&ZZRE lbbﬁ?%i%ll}’kiﬁ (COOllng offect) 2 3l &,

9t ), [ ( v ) » |
*ﬂﬁvﬁﬁ;?’v=Rt,£;¢;§p§&}'@ﬁ : ‘
tR ;

i NS i

; cp P
ﬁfﬁﬁ?ﬁﬁ#& AR EFEIZBRREE B E K

80 i3 l% AR W HE 2 R A (Calcula.tlon of the coohno-

Biu

eﬁ'eet for an actual gas)
‘ mmﬁﬁmﬁﬁzmmmm

o+ 2)o-4)-

28

1 v
2 {t Ta‘t")p ”}’




HAE KEBBKRZAERR 95

B B rp B8 0p 2 AL B O A (o8 R LR BT ﬁﬁ ki
EHRECHBEIABUS C BN REZLK D ZHMAR
BE R B B RO 2 3R RO,

) QHEF___TQP“;J=;;(m

e O i (p+—)(,,___)
) (p+ )= ,0___)

°
r

B S ety
_—%+'v v?
= —

g e

e T g — I, ) Wﬂﬁﬁﬁ%ﬁg( )%
A B BT Mk 2 B E,

pi L

9(20—1)
g

81. 4 1 % Mg = i 5 i £ (Inversion of the cooling effect)

2 p<

e p> 20D 5 3 A B, 03 T L e

= L) g e 2, B0 AT TR 2 S,

3 po T LU A ST IO, S0 38 6 G 0 R R
- @i, » :
# 58 i £ (Inversion curve) 8 57 5 f 38 MK ik 22 i




o C omon o= om o=

il AR, 7 AR 359 AR [,
JH AR KM A B y=pro=p, MR ZFBAR

% yi=9 (2y— ),k 18 — Ho 1 .

T R, 0, 0,00 R e B
#:, '

a2k B < 20D myr<o (2y—2) B

point ) 7€ il £ M WK fE B D 4 22 25,00 A 24 34 i (heating
offect), - .
5 KR '.

:V=P”\c e

Hip
o e W A,
i
i
10
0 :
H
o &=p
F=t+x @

O <18y—y W1 A ¥ 1) 2% ME 8P 1K & MK 1B Z BEOIK RE B state

P S L W G SR =



HEAR KEPHBAZILIERXR 98

!

I BE P=9(‘3—_"%{)7

4 1

ah G-

¥ P& fE W88 W fR b AT T — B,
vt 0P B %,

Bov=— (HAEALM M B AN, 558 T,

g ;8
v

B Lo o B0 B, ¢ O 38 0,60 % OP 2 88 A5 B ¢ UK
St W PO OB BN ) 0 0 6 i AR 6B AR M OR
. 1

OB =2 R A BB —0; BT LM 2 R
B 5 2T A 2 B RO 0 T A,

82 8% 7 o K Ak M I 22 5 I i abed W %2 2, 0 o K b
2 W, A BB D K o 2 AR TE, S A O o K d
WS B, o B) d DR B RE AR OE NE ) TR L th @
B) d 2 {1 9B UL A — © S0 Wy A A R
O 1 I R S 2 — WA T T, 8 A o R
W 1 B S 5 W R I 0 0 SBOHE R B
K, ‘




S # h = R &

ARG E B 55 abs, AR S 15
et (ke ) A6 B 00 B 60 B, 36 B 2 By 8 4T

b, ML p B e R R

1 2!

2 v 9

W 2 A L8 K 028
| e P Y
b G o |
Bt 24 T8 & 6.66, 5% 27° abs. %% 288" abs., B — 246°C
| R —40C.(Re ¢ 4 B B Y I8 00 8 L = T8 & 6.66,

ﬁt t 27 abs ﬁ 233abs j 27— 273=—246°C. J% 233—273=
—400) '

4 He A — 246°C. BT 5 MBI —246°C. & —40°C.4 1
E’“ﬁﬁﬂﬁMﬂw —40°C. DLk B B . A T
BN U R T U,

E’- | RERH (C0;) 2 B F 1R I 48 504 abs., G R 1B 7 28 72
Catm g T K TR BT 2 A ATt M A R
i —45°C. B 1TT9°C.., Hhe 42 38 5 1l 1 28 4 KU,

g 83, il o G 2 W AR S 2 45 e R ok (Deduc-

tion of the characteristic equation of a gas from observations

of the cooling effect.) S
By TR K fE H 4k M © 2SR R e W S TE BT JE 64 iR JE

ST e e A S i 5 R R - TR L Sl e



AR KEBBRZAERR 97_:

B 4 B S 0. B 5 100°0.), 5 o ) 8 B T
AR B 2 ) R B I 4 5 ok S, M B
LRt VS R R S EER A

RN d ‘
4 (Tg)p _"’:%’ o tp,

‘ AEEE B M M, 0 BRSRBE 2 R RE T ok 2 BB
S Y BB D o Lt ik 36 T 5
A T M B R E o — T BT
': 2 (v ca
b {—QF(T)L:—#—"
ARBp2z 5,
% a=0,l % S M5 T A8 S,
0 L R
. P p
AL 1 S )
; P 3¢ °




T T SINTPTON (i & * (e Shia SR S RN T L f L ERa S

AN A Al g
,f“u

G s $ g.s Z B %€ ( Reduction of the readings of an air ther-

‘mometer to the thermodynamical scale and determination of
the thermodynamic zero of temperature)
LB R A A 2 T M BE — %
.Yn. BE B 6 5% R AR B B 4} 5% 1R JE B (Absolute Thomson scale)
CAHHEHRAB

cpd .t(am)—e,
%ﬁﬁﬁ%ﬁﬁ%ﬁ%%ﬂ% JE B
e T 4% 28 5 U JE RE B AR CE RS B 1 AR N ¢ 2 TR B,
A 7% C, 48 1 25 SR IR JE B R G K 7 F BR Ve E 2 M B,

d g0 ar
Eh 'ZEE = dtQ J CP_ d%o . cP CP dt
e BN RS
T ( dt 4T o\ dr
Ot ( dr " dp ) t( oT ),,“d't““”'
: ; dF ) ot [ 20N SAE
= - Crgrr=t(ZE ) o

[ 1 3) 07} o g4
e (=IL ()l

: I(W BHAERE ﬁﬁMﬁZﬁﬁwm%%@ﬂ

!
ke ﬁj;ﬁm@ﬁﬁgﬁM$mﬁZﬁﬂ%wR%ﬂﬁi




BAR KEEHMRZIAZER 99

T B2 75 160 18 10— 1R (57,

f& o R B R A i B 4 0, AR

f&#ﬂﬁnmz%zmﬁuﬁmﬁTﬁﬁﬁaiéa

LmﬁﬁﬁﬁZﬁ
7 B Ty B Ty 08 K 2 UK K o M AR S SR P Bk

R R L KR JE Y 100 %
~ R Z“’ =z J& t;—t, =100, ;

1

(z—1)t; =100,

100

b

| iy

1

E R R A 0K 2 A B R WS 2731
R AR B BB DKL R T 2731 48 % R %,

i T O A 75 S JE Rk K 2 R, AR 2
B TR,

g
r
;
t
a

ol t)-1 (3p), o7} for e

R T DR R B IR R AT — TR 2 A
.

Dl Sl | v S L
| "_"Hrﬁ'r

s T S B, A — ARt AR T 2 T AL

| PR ARG L PR AR Bl

14 RN



TR / ! * -

M}J:SIEE

—_—

85,k 1K 2 % 4 AL F At (Linde’s process for the ligue-
faction of air)
&b?ﬁ%h)@m%%zéﬁiﬂ&{tiﬁ,gﬂﬁmﬁﬁi
ﬁ;ﬂ?ﬁl"] m%@mﬂﬁiﬁz@iﬂ#,ﬁﬁ%éﬁéﬁ B & i 58w
H) 24 HE.
ﬁ&%%ﬁﬁ?{ﬁﬂzﬁz&ﬁﬁ:@ﬁlﬁﬁ.z#ﬁ,
HEEAZEREH A ZZ KW E M E B ILERE

% T T,E B 2 A R B A 2 R A R R
i3 Ty #h f,

- B A 2 G2 IR W CT B (B BRI R M) LB
C SR B R AR JE O T R R
i ] AR

(q s =\

EVA\ AE T l #T

&
b

g=1TvHE






R A R e S

e P T e e S R

Btk | dan W SMOLIN L) S el -
PR SRS ool S e e ol
B e B la - o et Bl U Y o 2

#® Hoo2 FE A

EALE wHMRITEAR
Ve s RO AR A

(Clapeyron’s equation; Clausius’ equation)

86. % 4 W 77 M {i J 2 Wl 4% (Vapour pressure and tem.

perature) |

L 9 (S57)— Wi it B 36 7 5 75 75 65 1,08 ot A 36

I 2 0T K T 77,070 B G o WA 152 57 0 4 0 A,

WA 2 2 4R B R S R TP B 303k IR K
5.

i & E,— T+ Pv, = E,— Tp, + P,
B AR R R E T 2 A %R A LA

W 5% il AR,

L X |
; t
| ! T
} {
1 L%
A B8 v
% g =+ A@E

3



$FhLE WEBRETFRIBEBER SRR 108

fe gt p—P AR R BR TR 2 LS
RO L B R I L R Ak .

% Y=E—i, e
s h 2 dp = — pdt— pd, b
i BF L R R 2 di=0 R R dy = —pdo @i B MR
2 ’
Yy — 1="J.1Pd’v,7ﬂ;gﬂ
o :
(B, Tgy)— (By=Tp) =— | “pan, ]
1/'1 N
i
o — R g
Uin
P(v,—v) = [ “pn,

B K12 BAZE R 121 F R AR T 2 0 A B 5§46
B 1 55 5 0 AR 25 AL A B B 2 T AE A SRR L,

Bk B2
Rt a

e BT 1
8 P(o—n )=rg _BL__"_)(;@
AR v, v—b * %

. P(v,—v,)=RTlog (:::2 )+a(-1_.__1_)° }

Vg U1
RT a L R ;
X 9 —b 02 gt v—b vl " J

Fﬁlszji?iiti]‘g‘y&ﬁpﬁhﬁzﬁTzﬁ&,ﬁﬁfﬁ*




b -“u,n 5 & m o=

fwﬁ%ﬁgﬁmixﬁﬁﬁuuﬁ&ﬁﬁ
87. ﬁ B K AR (Clapeyr@n s equation)
Rep BAE RO ¢ 2 76 50N 000 AL 0 U R 0 2
1,2 = B o A
By — teps +pvy = By— thy + pvy

% o4 L=bs,
e 1R ¥ t+dt 2 5% AR E,
Li+dl=0+dE,,
R . oA =dl,
¥ R — R W O R
- ; di=vdp— pdt,

‘. o dp—Pdt=v,dp— ,dt,

(=) -~ g, .

HEEL BRI t 2R R =~ %
8 ¢ e R R TR 2,

dp _ L
dt t(")g_'vl) -

BN W Sk i 08 T A A by R A S R
SR I B b A R A58 K B T K VR MR B
EEHBR

88: JH U W PR ) I £F ¥ % i # & 2 (Deduction of Cla-

peyron’s equation by the use of a Carnot cycle)

v-_'_?)?, .~
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TPk R R AR AR %tHMﬁz %
& b &,

P :
. \A' B’

AP R
{ g+dt

v
g =1 E

A'P.B'Q 7 #& 8 A’ B'Ziﬁﬁﬁ%ﬁ& ZHR(BMRERZ
RAYE ABQP ZWE W R AR RiEZHBL
+ dL, &) 7E iR JE t-+dt g 2 Y8 B

SRPER ABQPFRfEZ B

(L+an)(1- ) (825),

Y % m—

BE T % R 3 06 IR 2 T B |

= (A'B)dp
% WAk 2 B R B (AB)dp= (v,—v;)dp,
Ld—tt = (v,— ;) dp,

ap - nhiiie
At t(ve—my) °
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89. ik 7 B A Uh B K HE B 2 % % ( Effect of pressure on
the bbiling point and the melting point)

A1 i 8 B 7 SR8
. dt  t(va—y)
.Il : dp =3 L £
L CREEARZBE, |
4 BB S W A (o) <R LB 2 7 A
?. A (), B0 vy 26 JESHC 0 JRE 7 380 0 W 86 O T
G A B B R
o :
l%ﬁ dt _ t(v,— '”1)
E } dp L
M A v 5 N K A
?' R U IO W LR KRR ) > R
R Z MG,
L{ ;
Y dt
Li-; —@“ ﬁ ﬁo
BN O B R A
Ei 90. £ 2 2 ) (Numerical results)
. )3k K AE 150, 18 B 60 7 B,

i 7k 7 150°C. mmm%z@rﬁﬁs 15 g} /4 2 5w
(%)




%% E%ﬁﬁﬁﬁﬂ&ﬁ%&&ﬁﬂﬂ 07

vz—lﬁ§1500 9 B N 7 SR 32 B B =6. 28951'!:75!&.

p= 1@;1500 W1 7K Z il B = 0175 57 5 IR, '

& 140°C., 150°C., 160°C. z&ami@ﬁrﬁrﬁ 52.482,
69.150, 89.800 % /43 75 & W, ! (
16 5% — M8 B IR (140°—150°) 4 — ¥ 2 S 48 48 1.667, &

= 1 W (150°— 160°), 45 JE 32 2 48 48 2. 075,
MBEFHMEAE EZRRA, 5 EZ &80 81.876

/45 7B F5 W,

B VA 45 25 57 OR300 D S — T 9R 2

: 1
T 1.87Tx144°

L 1=423.1" abs.,
5 It (wz-vl)—zfti —423.1x6.272x1.87 x 144

R — 423.1x6. 21742031 .87 %144 “F 510.3 .

L5 % fL % & 2 % #41,
% kR A2 ffl 48 506.6 .

&z#ﬁﬁm%ﬁ%*ﬁwzmﬁ%§WL

H@tpﬁi%ﬂi,mi :Zfiﬁéﬂ'fﬁhlﬂ:ﬁ]iﬁi%iﬁﬂi]

G 3 — R STy Ok 2 P B S B
W A Uk — 3, " e




# % s m oa

= — 57K 2 MR =157 % JE K,

m= — 42 UK 2 BB = 1.09 37 4 Ji K,

L=T79.25 /65 %5 =79.25% (41.8% 10 1 4/ %.
1=213.1 abs..

dt —273.1 % .09

Tdp  79.25x41.8x10%°
Fdp=1k 5K & Jy =1013600 & & /4 25 F5 & K,

- 973.1%.09x1013600
B L e S RN A

i 5 98 380 I — oK SR Ty A T B S 2 R
| S04 3 i 3% (W. Thomson ) L1 % B # 0 22 % 4 7% (Jamos

Thomson) 2 X #8 #F & 3
ol. W i 4 2 R (Clausius equation)
L stz EEREME
| e
d (L _d¢
Tit_(T) iz— dt

AL _ L _,dby  ,db
TRt t dt dt i

C BLedd, 78 AR R B 2 T 6 R db B 0B e 52 9 (B 4
BB LK B R R R 2 B Bk Mo R 2 Mo R

T A 0 RE S 2 B

dL L
Hl, B ey e 1 i
fh 2 e L




-

BLE ERBPHRSFTBRARZEZEBR T RRX 108

SRBEBEZE RS ER

02. LI — f 9 A 0% AR 3 2 s 7 R ok

B R 2 il g, B — W K R hd B2
s WE iy 4, ’

sl A W B K 7 5K 2 38 R i 4 (Boundary curves),

p+dp
t " .. p
Vi \B)

Y

7 1A B\\
el N
i \\
/’ s
v N ®
o B ol |
fili 4y B8 4% A'B'BAA’ i 3’ — 3,
e

(L+dL) — cydt— L+cydt, (B dL— c,dt +c,dt) ,
U kW% % R A'B',B'B,BA,AA’ 19 R,
L]

¥R ABBAA Z T f§ kT A5 R ABNM

Az b B di g,
18 ABNM 5 ¥ BAFr jik h Z 34 =L,

9 2 W B = L%,



ol o Sy S e Ly SOOI e
e ST oS R e R

|
R

RS S AR o

o

e e o

I
i
]

dL—c2dt+c1dt=L—5?—

' e b
A e o e
93. i) #1 78 15 22 It 4 (The specific heat of saturated steam)

e BEs R L . cam,

B L 7E 1007 C. K — ok 56 7y 22 0 0 78 ¥ o o2,

B RWE LA 0C, 100C, 110C,mE &2 L B
545.25,539.30, 533.17 .,k % 10 JE F-- &5 By L B& %,

72 35 — 1) WA (90°—100°), 45 JEE L322 9k 2 48 595, &% =
Fi (L00°—110°), £ J L 32 9% 4 %6 613, I 36 7 19 58 — A9 WG
8 il B, 7E 100° C. 45 L 22 3k 20 48 .604, !

Rl
W'—‘ -604°

5l L 539.30

S s | ¥

7k 1£ 100°C. 32 ¢, =1.013,

it L 070 78 A 100C. 32 b Moo=t 00—
’ '=1.013—.604;1.445,
=—1.086,
e R 5 A B AR ME 2 2R ECOR L B £,
ﬁwT%ﬁﬁﬁm%%,ﬁ%ﬁﬁ'&ﬂE Mtk 2R,

18 S % 0 AR (R R P TR P e &% O W
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5 iy el L s s PR
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O
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BAE EABBEFEAEREBERSB/A 12

2 \
D \
\P'
Ny
\‘ 3
\
P\ t’
\
\\ t
\
LY
v
g4 — [

M%&MﬁﬁzﬂmMZ%ﬁ%Ehﬁmm%ﬂWﬁ
% BB & fc PP Yk e 2 M B,
MBE—ER EF-EB=Q+W,
TR R, B — L A
| Q-+ W=k, '
Q=r—T,
%W>KMQEEH%E§ﬂﬁzmﬁE&%W-
<rc, ) 7E 88 4L B 2 B $4B E, i
94 LIGE M M B % R E M J B (Exprossion for the |
speciﬁd heat at constant saturation in terms of the épeciﬁe;" 4

heat at constant pressure)
dQ=cpdt+l’dp,wbﬁl’=—t(‘%)"),’ B

R0 48 CO A ) i 1 3 O,



o . cl A oF L

ol B pa | o

aQ : dp
et il gl

nﬁmmﬂmzﬁaﬁafuﬁ & A ey

_“!‘Q.__ﬁ & \ . : m L s

~

(2 ]
e

'”2" vy

=tz L
b (%) ],z mme % R ik W 2 (20 )
R DR vt p A, p, '

4

4=

AN
EAN L

i} .

© Jour. Ecole Polyt. XIV. 1834,
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(Equilibrium of systems; The phase rule.)

95. — % e ﬁ SR A 4£ & 4 (Conditions of natural change

- of a system)

W6 B 3 (Tsolated systom)— 3 — 3 i BE A R 2 % &
MAREZ AP B RB /(B0 E B ey B L ) | 2 AE

&% do > 0,
96. % {& % {k (Isothermal change) :
 HEsmAAR LTBBELE—RBRMAE (X

5, 8 A%, Ah ) BT B R R A A G R B B B

EAM—RZ2 RN M RZEEREWTEE

# b, bo B K B A R 2 IR e = ALK — W R Rl
AT 77 F1 4R 8 AL dp+depy > 0,

BE A/ E R Z 8088 dQ B W

18 %R %

dQ=dBE+dW, !
B U tdp—dE—dW > 0
L7 - tdp—dE> dW,

R et L T 2
PR B2 N e g



m;f,””ﬂwwmmﬁPﬁmM“ Wﬂ”ﬂ sl s e A

w1 3 R oA

d(B—td) <—dW,
k- , dp<—dw,
g mmuwmy*;wﬁ:% e A B 7 A 22 3,
g (a)’E s B 2 % 1R 8 L (Tsothermal change at constant
volume) v
%‘Eﬁﬂzﬂ#ﬂfﬂiziﬁﬁ%ﬁl#!1—-352%?%@"%’&,
HI) &5 1 88 AL 2 M Pk B dy < 0,
(B) 5 & 32 % 1 8 ft. (Tsothermal change at constant
pressure), '
%Fﬁﬁiziﬁjméﬁﬂ%ﬁZﬁﬂgﬂﬂ% i 5 1k 2 1
k- dp < —dW K5

A +pdv< 0,
1 S R A, - R TR
d@+py) <0,
% d(B—tp+pv) < 0,
B ar<0,

(m%%ﬁﬁ#w%%ﬁ%ﬁﬁm dy < 0; il 7€ H
R 1 oE E 4 1 B Mk, dC <0,)

JE 40 6 AR 00 S5 IR B AR (8D — AR R W 5 69 3 D) d¢
<—dWedW<—dy, ep AR 1 ERE2ZRHFEZY
<Y1 — Yy,

{aﬁﬁafnﬁfﬁiﬁﬁﬁi’(ﬁzw =y, —P,(§54), # h &
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—REES REVZRABE R WTEREZ R K5,
97. — % B 5 22 & ( Conditions of equilibrium of a
system ) ‘

HE—RZBERL SH, R AR BN E A4

Eﬂ:ﬂ?%iﬂ%#ﬁ,ﬁﬂ&tﬁm*ﬁ&ﬁﬁzhﬁﬁi%ﬁﬁzﬁﬁ :

(stable equilibrium),

B — JE i E B AF 2R Rk, Al 05 3088 IR GE S8 AL 5 B
3¢'>0 B % % 28 1R 76 4, B 75 58 26 4 i T, O 4 Hie A, Er]IE—-
SE Ui TE JE R AE S 2548 W, B B A,

[ 3 — % e A S22 5 4017 TR 3 0 B 45 B 2 M AR

AR B 22 RS ok R (k3 AR i 45 U 2 At AR IR RE A8 AN, %
IR T R M 2 AT T )RR A A B A RS M 2 R 2
B 22 3 T, 4R Ut BB B % A W ME R B R TR ( E MK )

98. i B 2 Jt A # 2 X (Fundamental equation of a sim ple

substance)

e N hg B E g B v, Z i ik BE=f(v,9),

B B =td¢— pdu,

% _ 2E Rl
Pr g 0 o
i 2 I= E+p'v B—y . SE,

Y=HE—tp=EH—¢ —

5 .a




SR )
Y

11€¢ s H £ FE HA

C E—t¢+pv—E d’ ¢ gfo

-

Htp, LU0 W Yo RZ,
WHEE B B=fo,) B2 RZEAFBREN
- 5 Massieu), B 3¢ b B 4 52 3 7 k35 7T o g6 05 B SR M
e A, :
BT LR B T~ (p,h), B FCt), B L=F (0 29 B
EhHBER '
99. % /& =2 # 5 | (Thermodynamic surface for a simple

substance)

# f1 @ (Willard Gibbs)J? 1878 4§ WO T B R 2
WE JH, 4 B % B B R b2 A AR ff A R 0,9, B 2 R —
B 2 oy, A8 BT Wk AR O B R B=f(0,0) & B 2=f(2.), 0k
B T2 5 B R 2 4 A % B2 [ R R AR R 2 AR

"’ . EE,.:. yie] z =% T 45 B @ (Primitive surface),
& AR Y )

i w t 9¢ b p a,v 2

' i A :

i by L BT g

: P VA i B B B J7 35 U B) %5 T (tangent plane) 3 %
- 5=0, y=0_
; — 25 T % 8 6 (inclination) % 2.,

L moore 2 61 7 T
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@—20) (), + =) (5e-),~ =) =0
B (2=®0) (— o) +(¥—Yo)to—2—2%=0,
R MR 2= —apetyto 7 471,
AR E T R ek 7k SR B 2 R TS A AR
— [ 8 1 W | (derived surface), Fz — = ff Z8 W (triangu'ar
planc), ¥ 31 i T 7T 48 = T, 4 T K % [ B8, W HS, K 7R
H=RE AT T R 2 R A R = A 2R R AR R = E(E
R B RS ) TR A W 2K HE (R 35 M K Scientific Papers,
Vol. 1, pp. 356—38 J& pp.43—45), .
hWEEAE (HHEE=AFEH ) CEEHAR
fie T B Z # k| (§100),
100. 78 B 2 # ] 1 1 (Geometrical copdition of stability)
R PREEZPHEME P RED —KREREER
P25 B Oz 78 47 22 4 BLAE 3L T P B 22 40 25 T A B R N,
pmZzZ A EAXR

(=0 (52),+ -9 (55),
—(2—2) =0,
B (=) (—po)+ (y—bo) fo
' — (z2— By) =0,
Fao,yaB P B2 AR,
AR NZ2H Ue=1,y=1n XA gmt =@




PRy, o Tl ISRy TN, Sy

B 7 T Ok A
CBIUNZ2B =Bt (0—00) (= po) + (1= bodtes
AlPZ:B =5,
B VA G 18 JE to K 5E JE J7 po T,
P,N= By — B+ po(t1— ) —to(b1— o)
= (By—tobr+pov1) — (Bo— topo -+ Pave)

Bt
10 7 R R B R ) TR 7R A 2 IR A
B 35 Py — 18 75 4 MR 1,00 3 Po 2 AT 0 4K 8 Pool— Lo
2 S 05k PN > O3 B4 o T 6 o™ 3 4 Po 52 81 2 T E,
- DL SRR JE fo KR M g Y T ok A2 AR,
g - AR T % 3 i T AR T A L ) 7P T, 2 T 2
e B topo, 8 75 47 B

R

;j 2= —Po+Yla,

g A 0 7 A R I R R gk B 7 4 W 2 i S
3 o 25 T 52 4% _

) o fp = AR L A R 2 0 S B AT Y E B
1 ;75 A B A (-t-p W (5 Ak 4 Scientific Paper, Vol. I. pp.

115);
101. ¥ 4 & A Y (Homogeneous mixture)
ﬂt@?ﬁ%_%éﬁ%ﬁﬁﬁ%ﬂﬂﬁ&%%%ﬁéﬂ,ﬁlﬁn
S B 60 Bk & 5% (hydriodic acid) 4+ M 2% & K& Bl 89 7 5 K &

- Co
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AR 7 0k TG R E 2 S T 4 M R R R 2 (W
¥5) (Ethyl alcohol) 2 B A W & 4k — ¥ E B (Ethyl acetate)
Bk AR AR A W 0 R IR 09 B 2 WS B 0 19 Kk b B
mEy,

RAWZAME TR v KA RIERA N SR ZE
B gy, e, 2 HBUE R R A 2R BB MR &
R g mg Ao +m,=1, |

dE=

oE 2B
d<;b+ " dvy+ Sy

5 Mgy Migyr=eeer ek L RN L IRAMZITH
I — % K 2 Z WE8E K 5 2 dBE=tdd—pdv,
1B dmy,dimg, -+ 5% (B w® Mgy Migyessess B )

on gl .
sl 7 g A b a¢’ R

Fr YR A& 2
dE =tdd— pdv—+ pdmy + podmy+ - ---+- T ()R 1)

PR
dm, + s dmy~+

B B i AR D 1B ot 1R

n

MR, w2 T, BE R R N 14 — AL B B
Z e, M 4 B 3% B 2 % (Potential),
10238 & 4 2 3 A& # 8 X (Fundamental equation for the
mixture)

L

""f('v)d);'ml’mm """ mn)!

$ Sreivn ,_ g
RO W el 3, A e e



G TRy . s B |

RSB — B M E

B =tdp— pdv+ puydmg 4 puodmy 4=+ -ees '
e L B

aqup—'_ o y 41 = amy’
ﬂi%,ﬁ%%iﬁﬂﬂﬁ’ﬁﬁ%ﬂ%‘&ﬁﬁfﬁﬁﬁZi

b Dot B Kk .
103. #ih #& 2 X (Other formulae)*
R &% B 58, h R E mymg, oo BEUMLE
Yy B0 U5 88, ) B b,vymymayeeemy Z — R B 5 8K
Fit V4 Bk $iI %€ #8 (Euler’s theorem),
¢ b MG ?9”1% hge % PR
Bt U E=td— pv+pamy+pgmigt--oe
BB Tt pymg 4 ovsereoerrrsasirians l
e 0 b g S S e R G @
e )
R2)ZE—F B Z 84 MO H
0= pdt—vdp+mydpty + oo seeeseessneesni(3)
R (2)2 3 F B X Z 4 3 # G
dI=tdp+vdp+pidmy4---eeeee 5
| Ay = — pdt— pdv+ pydmy 4 ----+- kg
' dl= — pdt+vdp+pydmy 4 ------,

IPHR $ 10 PR -E e T
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L2y O L
. I;Qb;P,’m'nmz: """ ’

Y, b, 0,y Migyeeveee 3
Loty 0, Mgy e e 3
Z WAk BB R

104. R ¥ 4 & IR & ¥ (Heterogeneous mixtures)

5 0 R 1875 3 1878 4% [, A — ML Jk 7T ¥k B2 W
[RB SR 2N ) M2 b RN 2 B
H0 % L B E BT K TRE 4 R K SR AR B B 4 O L B AR AR
B R 2 4 5 PE 0 T B ot T 2 BE AR U R A BEHR
i 2 |

%m&%%-z&%%&%&%%ﬁﬁ&&zmiﬁ :

B 4l 5k, B B Sr B 3852 [ 1% £+ (Component), &% 1 & 11 &
A ¥ 4 U 5 E B 78 2 T4 (Phaso) A — & G 7
e A B — AL T U2 A W7 B o A 78 % B (Non-volatile salt)
=7 7k ¥ Wi B8 4 7k B (Anhydrous salt) J 7k 7 S0 Bz . 7€ th
Aty 79 A W B 0 B LK, A A AR O 7
W5 Sk — M A 4,

105. i€ B 2B 5 =2 1% 4 (Condltlons of equilibrium at (,on-‘

stant temperature)
MW ok B TN & A R 2 .
WK A 2R,z BB p.

R R e e



s s GG N A e B el L s e S e E e SRl

B '.gzg'gg

T.f & "”11" """ ’m‘n’ ﬁ By yrsaren 8y ’& ﬁ'%ﬁ (Component sub-

L Eo
C mMRANR—EAM(EIRA N
dl = — i+ vdp - pydimy + pgdmiy ++----+ (§108)
 WCTEE R E REE ST 22— \
di= ﬁ1d77%1 A pyBgeeenee +u,dm,,

i, ORI Ly
2 H?“’l— 7SS o M T T e Bma

R, KRS L AR T B — A
=0, |
B Y
0 = py'dmy’ +pg'dimy 4 snnees i ”‘""dm”']
iy A g Ay e gt i
R vl
R R |
PP i mgP e st
ﬁ—@ﬁ’Zﬁﬁﬁaﬂ
B U4 r

(1)
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dmy' +dmy" 4 eevees +dm'11’ =0

.......................................

dmy' +dmy Freeee +dm,r=0)
F 2 3K (2) B My N 22, T BL(DAR o, A # % B

Z 0% SR AR
. er+)\1____()’ #1:v+)\1=0’ ...... I~L1p+>‘-1=0,
’LZ"*‘X‘Z:O, lu/2”+k2=0, ...... ’u‘2p+x2=0’

...................................................

B YA

ey B s T — AT 2 8 ¥ R AR B B st
45 — B 2 %75 3 AR L

106. #H £k (Phase rule)

£ — HA 22 AL & M mgt mgl mgl e ma W B2 ks — M
2 il U (n— 1) B MR Z, |

He v 5 p WA AR 22 LR A p (n—1) A 8 GBI
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124 - iSee R sy ke A

SUIR JE K I 7 48 3% 7 [p (n—1)+21 1A 48 B B K (3) T A
Y Y 5 m (5~ 1) 10 48 B A
[p(n—1)+2]—n(p—1)

il 5 B 4 A T 8 B fi(n—p+2) 18 8 ST 82 B

ST B Z BB (n—p+2) Z U FE &S RS E

KZHErBEeBR S ZEE p RHZEAMEZ R

Sk B Al A0 8 72 B Bk - An — 455 38 3, Ut 28 J W7 % ( Bakhuis
Roozeboom) 7& 7 ¥ &7 L. 8 % 2 W % Wi & It 48 H.
107. 4% 8 B & (Non-variant. systom)®
B % Z p=n-+2,0 8 1 8 B2 % B 5[ B B W) J(degrees

~of freedom ) 4% F5; 7 #H 08 A8 # — % I BE 8B O T & 8

A 145 A — E Z K.
¥ 8 8 & (Mono-variant system) ( ¥ £% & Condensed
system)

A€ 6 HE 1% Y, p=n+ 1,5 B B i 7 8 160 I8 BE R A,

o AE — 2 R T L B R 2 R A — R B

BEABE P EEHZEEREE S —E &4
4 1 B % (Di-variant system)
p=nRZHBMS ZNEEENEAHZHAK=.
PAEMEBITEERRARBCEN N ELECHE
E&Eﬂ'ﬁ%z‘ﬁﬁﬁ—ﬁ&g !
108. #H 4 ;2 % @ (Illustrations of the phase rule)



$+®  RZF AR L

(DZ*JJ%&%&?%#E B |,

ﬁ%mm%me&%xﬁmﬁ&%:%@mﬁx—
5 1 K I ) T 4 AE (iR JE 48 — .0074°C., JE 7 %8 4.6 mm.)
% B 78 22 B = 48 85 (Triple point),
JAR 6 E B @ (Jammann )@ Bl SHAER
W o A8 7 069 0] I o 42 (Bridgman) @ 3 % 1 J 5 By 2 5
B 2 (Range) i 8 i 48 & f M R A0 17 0 Dk M6 — MR 1% B 2
neLp—T AR g p R AR 2, R AR W B R,
e — B & A SU AR R e B B 2= 14-2=3, Jb AR T B B
BRAEFBMEHENE AP REM R ARS
BB L i A (B R— MR AR A S
NES TRt B ' :
(2) 4 B 2 7K ¥ W (Solution of common salt in water), -
(o) 15 % B 48 7% 6 5 B8, B R B J& 78 76 %M (Vapour
phase) 5 7k 4 5,00 A W AR & £ (870 K& = W (7 W, 7 5,
Bn=2, p=2, it B B B W R B =00 I I, K W
AT L EX eIV L ETX & AN
T T L=t P B TR et s 1
BERRENE A OTRSCRENEARERREL
WA — 7 RE A,
(b) % 10 JE M AE B3 — ﬂﬁﬂ%ﬁw@mWMWEf

o . {
R e s o
e ) s A

SERS O &

£ BL -
P RetN | PR ] SRR
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e Al e R e e

e et Yhec N s
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e W o A A KT YT S0 n=2, p=3, Ik
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R 0 K o AR AT T — B
|\ AR EZBR R —E L ERE S b,

(e) 7 F 6 B4 MK R T, B M 2 b R 2 BLU % A

LUKk b I TR A O A B LN A R A,

¥ # B O (Guthrie) 45 % 1R A ¥ % 7k B ¥ B (Cryohydrate),

LB A U9 LD Ok A B LT LT S0 =2, pd, B S — i
| B ORI W WOR — B iR I

T AE AR B B UK 2 b BE IR BE S — 22°C. (0K B & 7| B (Cryo-
hydric point)),i 77 4 .73 mm., [ B ¥ W 40 45 B 36 £ Bk

100 3,

(3)#E [ 1R A ¥ (freezing mixtures),
W OB Ok R A BRSO AR FEOR UK k2 K U R R

K K 7 AR B L B R — 22, R 7 BT

VLI % 1 UKk VS S0 R O H A8 5 30,7 5 B) —22°C. 4 Ik
(4) 7k HL 7% ¥{(Water and steam),
B R n=1,p=2 Ut 78 5 B R 46 M2 MR B — 1,
= A 0 7 75, — A 0 00 A 7 VU S T
R — SR T T — B W — B2 A
FOE 77,
105. & H W E&ﬁZﬁJ’J ZE';A%,&#jJﬁ ( Thermo-
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dynamic surface for a homogeneous mixture of two com-
ponents)

$103 B i H B SR AW HERER LA S BR
W — R RE R S s A L e,

e = & 4 F (two component system):Z 3 A& % B R B
L= P(t,p,ma,ma) 25 0% B 5B R 352 W A 90 T B, ) o+
my=1, Y ¢ & % m,,

[=F(tpe1—c) 8% L=Ff(t,p,0).

W0 B — AR A N i JE T O ® 1,

0 B 1 K SE T AT, p B 7 BOFT L {=f(te), #
W ooty L2 0 8 A B 2,y 2 0 L= (1,0) 1R B

: 2=1(y,%),
B T e T T A W A S R 2 M

% T B 20 T t=t, 7 H 2 T S — 4R, 3l 4R AR R
i =0 L 4 B % 8RB L= F(05 B 1 W JE to 3 17 ¥, {
o2 B T U1 AR I WG AR T 2RO B L e T
Ji A — R R 2 A R AR R 2 !
110. & A w6 W 22 1R A 4 22 7 i ( distillation of a
mixture of two liquids)

R A RS — 1 2 A ) TE R e R
WA A (R 7 S0 K = MR A ‘

% W B A (Liquid phase)fE i J ¢ 2 (-o il 4R EL AR 4R
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P BE 76 SR (Vapour phase) 7E 1 ¢52 {-o M £ 7 45 £
A UL i R 2 3t TR AR i R L,V % M
B 4 — ik 4 2 = 4 79 2 3548 1 (§105),
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%t mE
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om om.,

AR 2R A e =T, f 2 g

"L 2L 8 B B A(Gradiont) B 25 45 R 2
 LVEORRLE B VA % T 2 9t AR A L LT
R R R U O WA K M 7R
t 2 H K,

g B %7 o 48 B G 0 © 7 MO LT JH DL O 1M 7
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(Osmotic Pressure;Vapour Pressure; Gas Mixtures)

111 i35 B 7 _
Wit 2 S (Cell), & fu #F 7k 4 35 38 3L 45 B 2 M A,
187k 71 ¥ R 22 4 B0 7 AR 3 5 T 6 R UL RE M B 2 A
T, T, A 2 3, — A B W R U 2
g%@ﬁ@ﬁﬁﬁgww@wﬁmmﬁmmmmmW
eyanide) s, 76 5 BE [ i AT 35 B &0 16 40 U0 9 2 R fa 9,
B B S TR A A N M R A O AR LG B0 R 2 [ R
% | W J§E (Semi-permeable membrane),
16 1 % iR B Bg i (Pfoffer’s experiment), il 4 (A T.)JH
7 K 2 5 W e 3,00 0 R R R 2 K LA N 2k T I
ST — e B JUE 7 K Tl AR AL M R LI R
Wo P35 2 Sy T A LG v WL [ 2B R A
112, 855 5 RSAMIE S
2 R I ) R W o K B sk
LU R A 2 4 Ok e IR B IS B L T o A
W — A0 SRS p=nRt, S n B W OLHE AN A RIS Z B 5
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F Bt 8 S 2 1 8 OB I 2 R A, BLSKHEE

5 4B A, U 4 4 i (Van't Tloff) Ji§ 7 8 G2 2 ¥ % 0 77 )
1% p=nBt,, W {5 T U5 2 0 I 7 76 0 2 5 B BCBRIE BE TR
2 i, :

B2 — R B W OB CopHL0n, 36 5 F R B 342),76
i 1 280 abs. BE3E 1 38 6 ) B 505 mm. K AL,

5
c. p=D0% X 1013600 5 B/7F % & K.
1 1!

n= 4 31 % Ji K W2 % A B = 155 X 5ag
£=280 46 ¥ 1R J%,

| 505 % 1013600 % 34200 :
= T R e )

57 S8 52 T e R 53,6 X106,

i e R 1 22 T A% JL A B 15 2 A RO TE R
W P, 5 B E A 2 T g, 045 ) 75 T 22 9K 2 R
EAEZEAMA, :

FL o B A R B AL W 2 BT 22 Tt LB AR A

Wy I A o e e S 8 2 ok R

% 5 - 08 AR B 2 % (2 8 2 JE K Wl R Phil.

Trans. 1897 Larmor 2R,
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ERREARBNEMEREZ S F R B, EN A
B B 482 5 F MO, N S BB RS2 A TR

n, A -
N
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FAaLzhHFRIMS (MEINENBBZES TR
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e H B N2 JBE 7 2%, B 4% 4022 1858 I 7.0t By 2 @ L
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B W 7, S
114. 72 & 7 & 18 & & 77 22 B #% (Vapour pressure and
odmgtia pressure) |
B v W2 7SR O s 7 O T AL O B @
U BE R R E 7 2 B G0 U WL 08 B 7 R e R
it 305 © i3 F 2 5 oA A G A R,
B A B VR W2 B DB SN A L
7 48 7k 2% I B 2 B L) — S W W 20 2 A
W
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B B N 7 R — B 2 F B 2K B 4

Hc 7 SR 2 M (Relative) B 5,52 v % & v :
Z MR 4 B R b e 4 3 4 F oA L '

¥ B % B 35 2k 28 B % (Raoult) ® i+ 74 R R 7 22 %
K R W U R A5 G S ER R A ORORE, B B B R L 4%
R K R
116. % Wi 2 ¥ B (Boiling point of solution)
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B0 A% 22 i 6,000 26 5 U VP O B IR E 7 L iR gzmm :
A e A R p, B B K Z BB B
A e T e R E TV M2 MUk W
z@&m%%w'wﬁmBOﬁmﬁm%z#Em&

ﬁw%i@ﬂ’y{ﬁﬁﬂz\rrm —’—"=‘N¢

A0 EL e b b T o i



g R A

e e e e o
BC_ M, R KB E

dp L
~ (v—=2)t’

"".‘L:sm#, ,v'ﬁﬂﬁzﬁﬁ&mﬁ(m)m1azamsﬁk—1

. REmE,

‘ Be

N

fic. #Lﬁ—ﬁﬁ%mZﬁ%%ﬁR%$%2%®&

\ e 94
di=NT-

ﬁwméﬁmoﬁﬁacwmmﬁﬁ;ﬁm%ﬁ,
22 m :

e 007

’

gt o e (02)

ﬁ K&E%%%EZ&K&@ﬁ%&‘(Mﬁ




nt-—x Eﬁmj%ﬁ&ﬁmﬁﬂAb m.V

mann) Y+ H R [6] 6 8 A AR K B 3.
117. oy W B 22 Tk 385 2 U 5E ¥ MR W1 2 5 F B (Detormina-

tion of molecular weight of a dissolved substanee from the

-~

rise of the boiling point)
b — F 5B D3 e 2z,
B EHERR G AR AR
.167°C.,

BRZ B BB BL9C 48 vi 2 AL V8 B 90.45 LBk 2
5+ & 5 T4,(B% (C,H;) ,0),
1.=90.45x T4, |
0262 1 (307.9) _ i3
L 50 90dsxTdT p

B VL 3t Bk dt=mn(.283),
B8 MBS ¥ R 2 5 T, B ﬁ%ﬁﬁ"@z i
ﬁﬁ'%ﬁoﬂﬂ#m/mﬁ}%éﬁﬁ%ﬁ, ¢ i

1 50 /100,

% T3 A 2 e
; ]49 148 %X 283 3
m= 14 - | 3
dit= .167 ’ ' | ' :
.y 148%.283 =251, '

o 1 b7 ‘ :"‘q“
B sk 2 57 B 127, BF LAE B S W R, B2 A F :
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- 118. ¥ w2 kg [ 85 (Feezing point of solutions)

» P

L= — 98 5 F Uk Z 1% R V8 B,
v= — 3¢ b F 7K Z 7% ﬂ%&ﬁ

i t

o mEt AM

3 FW B K 2 7 5 71 4R B FI 5 0k 2 7 UK A
L

3 ﬁﬁmmﬁﬁiﬁﬂﬂﬁﬂﬂmmM$ﬁ§m'
 ms10s(n),

' Mﬁ%&zﬁﬁﬂﬁm%

o i Y 5 T B I 2 0K K TR B =K
BRI A DA W WL R A AR A5 B 0 MK AB
& (db). |
. B L= — Y5 A F UK Z FAL T8 B,
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p= 1 F B 8 A B2 75 58 8 J (%),

| . .
Rk — HRMR =L, pEBwEER

G AL AR R AT RN E—% S

Fok 2RI k2 R v M B % S T
UK 2 B BT DL WG e,

FB _ (L+L)p _ Rt 2 _4p -
P R I 7 (H '”—'T {tApdt =

LEL 2 ),

3R W — 8 AR 0= P v e R

. CB _ dp
m—%ilﬁlﬁﬁ@ﬁw—w’

CB ' dp iLp -

dt dt Teta®

FB _ (L+L)p - OB _Ip ,
Elgdt‘ R#? B‘dt‘ﬁﬁ'

~_ L'pdt:
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i %,
119. A B R A W K fi i ) (Gas mixture and dilute golu-
tion) by -
st 0 1 (Dalton) 75 1 568 0 4 9y 0 5 — 1 4 A
2 M 71,90 b gk 2 T 1 2 W AR RS2 N A0
G 2 i T A R R G © 2 L SR A

TS ORI T L M R
: 5 0 50 0 T2 S W 0k R UL 3
g R R TR O i
RE D i i
i £ 6 2 H 0 A R 35 %, ant
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WL T B A' R B 12 0 MR 5 BU AR ) 22 55 A A ).
mmﬁﬁlﬁﬁ#ﬁ%%AmiﬁﬁAmﬁ%hﬁﬁ$
& ¥ % 1fi % %5 W BB,
o BB ASE R A SR 1 IR 25E 2 4 B,
gk I B R AR 2 S A T ok M AR = 2 1 P A
B E A S1132 S R A S A W B
2 08 L 6 WG B R R A 2 4 T BOW R (n),B W B R
B2 4 B B B B A 2 4 F BT AR  (na),
B VL% A'A,AB' BB M2 IE 5 5 pppsth B
pr=nRt, p= (n,+mny)RE, pgéanto ‘ : |
LB TR B M ) (O B 16 2 9
iz T BB
pl—p+p2=ant-—‘(n1+n2) Rt—}-"n%Rt=O
B4 A 25 105 R L AR 2 S BN A R
0 R 2 i P A SR e T R
dE—tdp— AW,
EM(WWJEWM¢Uj3%Z%Twﬁﬁﬁ§E
10 46 38 L 2 6 A5 — M BT 1 2 i LB R A i B 2
B A 25, R % B K B 2 T A G
120. 4% iR A& % 2 K(Entropy of a gas mixture)
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i
i

X
Y,
RiE
3
f
"
3

P -
B o P
R e el Lol

L e ol



12 ®ooh 2 R A

4 ¢=c, logt+Rlog v+C=¢, logt+ R 10g(~;7)+x,

B g R—83.6 108,

B R A A T — R R S
FEES RS,

F L 2 L A L R

| ¢=n1[cm~log t+ R log —zta'“‘] 4n, [cvg log ¢4+ R log _;_2.
; +K2]+Btc.°
BE PR p1,past B 5 — S8 e B2 I 7,80 38

2 5 B J(partial pressure),
Bl py=mn, Rt py=mnylity -+ W I A 2 B R (gt

n

pr= E;L -Pyreeeen ﬁp.l:clp,pz:czp, ...... 5
] A 61=j*§—;b“')c2= 2721, 37 7""" % Cpy Cgy =" %"‘ﬁ%}%
:ﬁ%, """ Zﬁgo
L Pt t ------
L =3, [601 log t+ R log (?1?) +K] 1)
121. [ 9% & 3 22 B (Increase of entropy due to
diffusion) :
2
B SR IR A Rl 2 S

! t ;
2, [m log i+R log _p_+,<]] ......... (2)
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(- ~mRlog ol)-:»,R[—logcJ —SnR log—l—

; g._l.
) : v Lot >0’

B(—mRlog &) =3, R log( At )

: o " i
jﬁ£®2§ﬁ~mi&m2ﬁm&%mﬁ%2ﬁﬁ Mh
WA 4K 7T 2 95 2 T g

192 W ﬂ%%z ﬁ iR (Thermodynamlcs of a gu :
mixture) ‘

05 © B R SN TR A A — L

T AL R —cith b B — B,

FUREEAD LA ER ﬁ

B=3%n, (¢, t+h),

[
iRl B¢ ¢=2”1[ enlog i+ R log P +"1];

K o= <n1+n2+ ...... )Rt., ;
ol ;.—:E—t¢+m=z’n1(cﬁt+h1)_tz:nl [c.n log'¢ :

+ R log (——) + Kl] + Rtxn,
B L=3n, [enli—tlog t)+h— Rilog _p— et B log o,]

=X [$1+ Rt log o],
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123. S W 2 B 5 8 (Thermodynamics of dilute solu-
tion) :

SO B R B R 2 { W
B GR M RERE AR (W RZ S 0 IR LB UL R £
W M H 2 I R BB ) R LR M B T
R TR 2 A T R R U R Ok B A2 2 S R

R U K R B 60— 2 B,

124. % W ik 4 B & JE Z W #% (Surface tension and tem-
perature)

AR T=To1—ab), B £ H T — 2 A ¥ W i8  H 5 &

- 752 Kimﬁ%ﬁﬁ%ﬁﬁ2§ﬁﬁiiﬁﬁ it & 0°C.,
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R B S W o 2R 1070 0 SRR B SR
ks V

16 BG R i FE B,7 SR B i O 4 R AR IR OB, SR R
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5 T VL SR 0°C. B 1—af,=0 YR 2,0 o=,
dh 6 T 9% 77 U B k1 2 B SR AR O, S A BE L U 2 45 0
A, ‘

W ¥ 5 B B T TR B () % Tk 2 B4R,
B ME S RA KRR LB R EE AL AREA
dA, th e T W T W AR AR 2 B =% (Tds) dn=TEdsdus
— TdA R B M 2 fE 8 BdA,

08 JE S W W U 2 N = PR 2 B = TdA, B IR
Wz E=Bd4, 1 :

e
T SRR - TOAN

Y. =

e
g2 x5+ E
LR s REX
% 2
"l"E“Lt( 2% )
VY EZEIRAGBE I ERX,
TdA= EdA+t [—— (TdA)],,

ar

T=E-+t di’



E oo 4L

Zat

e TGRS

B S PR T

\, iR ‘wﬂw-‘u-lk- R A P e e L P ‘ &5 b, 3:??>!_{W\;F§‘.‘;"‘Tq
ol . i3 ¢

. Hh = B A

iZﬁEﬁ%mE i ¢ B2 T 9 o B R 2 W

ﬁ.f i

CHBRH

' T'=Ty(1—ab)" } O=t—273.1
1 3k 1, ith R,

EEREYPL Y HRROTHBR G,
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148 $® h =2 K A

B+—& HEAR
(Thermoelectric Phenomena )

125. Ji K 7 (Seebeck), #fi fif # (Peltior), % ¥ i # (Thom-
son)

1821 4% J L% % B W BRI G 52 K, B

— B B MR AR R AR B2 IR R R O BE UL B AR

i AT,

1834 4% 1 42 4 1 % 7 O 308 R 7 & B 6 2 %
B o, S0 S R R e B4,

Lhi B & 1 72 34 BB o ik TE B I % R T0,IT
i B 4 B 7E 1 JE ¢ 32 40 F £ 0% (Poltier coothaent) Y o

PHN ¥ & ¥ LT :

TR 2 B B A U B 2 UG AR B AR P
B W U e A Y B st B R AR B ol B E 2
B T % (Blectric power):Z 7 sii,au [7l 18 7 3t 51 8 — H%,

¥ U 4 $ O 1851 4% JiE JH Bk o B2 E B AL B MR
B A 2 7 S M s S 0 B B B R
e AL 7 B B 2 4 BB T, C £ B P2 06 ) %5 ( Bloctro-
motive force), [ = i B M 18 JE 2% T 2k 2 B (45 388 4 W —
S b, RS B 2 R R — B B A2 A
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% PR P4 4 B %2 = b T (Cross-section), 3¢ 1 J§ 78 ¢ &
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il o Be BB EPZ BB AR LEC nEBZ
o B ¢ 2 1 W R o 4 U B 4 M % 2 01 T o Al i R
B W, B — 35 27 4 BB T B DR 55 301G

{;,— WMBLZoB—4BZER £ \bpeclﬁc heat of elec-
tricity), B8 8% B 75 7F 9 U B i JE W BLIE ¥ 9 IR M B A
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TS A R 2 R TR R

e R A T U
196. %6 #2 #& 2 ¥ i (Theory of the thermoelectric
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iy B (B0 4 §115 22 3 W HR 8ME ) A g e BAGE R B
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I0, 78 W 78 4 JB 76 iR JE b, 632 30 16 42 1R B

i 4% % (B 48 §115 2 35 4% 3% 280 HE) 4% n 76 o Wk 5t 2 B
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a b'l;dto

b= “3 1
[ oids, f5 ct Z A |

t2 t2

da % F E@)
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ol oAt L (P )
3 2
I B e 385 = g 4 0t 06 R 2 [22 =0, 7 1
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I.Il i II2 +J- 1 O;— Oy dt= 00
t % AR :

#HERG RN HE {8 (Thermoelectric pair),

C MBS W E R A R R AV R E B ¥ B2 5 2

]
AV=d(I1) + (oa—03) dto}
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dt dt

t—q— E— +(o-,,—o-b)=0J

dt
; 11 a5 il
S b dt )4' dt =Y
411
[ ed(I)r. g SaL
T o 2
I 2 dH
e TR
av
) % II= el
ﬁ tdt )+O’a—0'b—-0
O,2— 0= —t————dzl‘]
diez °

B 10} 7R oy PR R B HE B AE — BAOE AR B PORR 0 I 2
M8 ot A — M TR BT S A 0HE, B 3 4 ) R A9 T A 22

2K
av .
dt ’

M [ B EEXS DA S E RN R HE
i e T S B B 2 W EE S A oMb 3 4 i 0k SF R Be I BT
REEIR 2RO ILHZEAXEHRB K FHNE N
127. a7 3 B W (Reversible cell)

=t

9 47 & We(Volta cell):z T 3 4 8k (Zn)) i bk 82| 9 (Cu),

e Y

A
Fdl e dimioig nei

ey W TR IO



®m o ch 2 R A

LB R W2 T A B BB 6 A T K B 8 (ZnSO,),

& J A 8 B (Copper pole) fic ;76 e di 8F ik 3l 5B 76 b i 3%
& A, 27 BB 1 A R S R R M8 5E W 22 5 e B AH I R,

BB R B TR RS B B A .

e e 5B Ve 2 T ) W AT 5 T 2 R R R BB 1

- FESE W EE B A Wl X (Trreversible type),

S+ 5 86 w(Daniell cell):z B % 48 5% (B i BF v e | b
i OB VS W | S0, S V¥ SR R R Bt IR T A B 5 8F R B R
$9 74 0 UL W A6 O ) S 3B 9B 9l B K T 3 4 A,

% W o8 5 T 7 SRR S B (ol AU T A
BT ) B T B 2 G A T RS 0 UT OB S, 2 R
W 5 A 2 K M B W A A T 0 76

128. m% W22 E. M. F.(The E. M. F. of a Daniell
coll) '

1851 46, B R @ JH [ B AEF LB W 2D %
e At 8 8 1 2k T2 B (B B 22 W e B0 06 2 0 R
B B AR B ) 2 Ml @Rt 0T ik B B Wz B M. FLUE R
S 3 A8 1 52 B K O, Tl T 52 B A

B2k 2 B R R i B Bk (Calorimetry) i 4 32, i M B E 2

E. M. F. 75 1.086, 3% % fill 5 By 5% 1 2 3 45 2 il & A5 5K,
DA B S 2 SO I 38 WM R R A Sl 2 T 4
SR B B 2 BN B OE G2 T E Rk B AR 2 2 SR M IRk RE
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5900 R T T 9 B 2T 8 0

5 98 2.4 1 B A

B B e B T 4 B (B4 ED R 1851 42 LL4%
T M T — LT B R R 3 2 BB B A v BTG A
B 0 T AR Y, TR HE B T G B Bk WS BB 2 B
C o T AR ) 38 T R O B0 7E A e ST A B
o 0B 22 W T 0 6 A R Ut o B BE B BB T 4
MARREE=STHAEBBBENS FTRET — EMK
4 B d,q0 T,

199, 7 3% % ¥ 2 ¥ # (Theory of a reversible cell)

o 8 207 2 SRR R R B o R R T AR A R
5T B A 3R R

mse(3),
WM (EEHBABEGRY FBEKED R
“kfE Y REZ X LK M Y, B 2 ff). 3% EF el @
EW,VBERZE MF B2z BVe RS
R AE TE 5 FR B Z R 2.

I@EHE%Um}

v

Ve=E+te( o




S i s el L DL SRR e )

s Al QRS ERCEE |

PRz M Re B B B i AL 584 i E 4 2B W
fie B8 K B BT Wk 20 & AR IR)BT ML R E 1R % 38 58 S 6L E 7
Pt 22 At B 58 40 22 )% JE B R N, ) B= e,

o = (2 )%ﬁﬂgﬁﬂﬁ

4R V=), 6 ez (D)) A

Br % W Z #% q%ﬁaaknz B. M. F. & 18 % 4.
6 40 0 2 K EL b 3 (Jahn) JG © % B 9 O B
A 1 2 B — T MR R R B A 5 g
. T B 2 51 52 56 W 9,0 T R M R,
5 118 15 15 W50 92 0 40 8 48 00 2 P 1Tt ()

(8126), Br U 5k I 4% 7 Wi 2 R B V=A+11, bt 95 48 3 K
® j i M &,

it 8%

Thomson, Sir W., Coll. Papers, Vol. I, p. 232. et seq. 1854
Ibid. p. 319.

Coll. Papers. Vol. I, p. 250.

Ibid. p. 479.

Sitzungsber. Berl. Akad. 1882.

Wied Ann. 1886.

Wied Ann. 1888 and 1893.
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BT E U I R M PR O T
HZ B8R
(Gas Theory and Variation of Specific Heat

with Temperature)

130. %0 3 # > 3 % (Elements of gas theory)

A E AT SRR A RERA
Bz kM b — 85 TR R A 2 E B
THRBAGREWBEAFLMFERED =2 FRE2Z
SE,RE B B 4 - AR T sz A A 4 A 6 e IE L T ok
KEBH RS FEAGTEMZERBRERZAFE
B #& 18 (free path),

IE 17T — 40 T2 9 JE S 3 4 4 A 0,08 2 0% 4R TR A% At
W5 ETHAE B KR EETES T2 BERR
B A JE 2 A T RO A E v, 0 K
u+du, v+dv, widw [ 2 5 F B B e—aC+r*+ud)dy do dw g
B :

131, ;2 7 ¥ 4 Ke (Equipartition of energy)
B R @ K It Al HE A ik B 2 W12 W)y R i O

DFHBRZEBEBERSEWEE m (effective coordi-

.:1
E
g




s oTop ST A T M SRS ¥ e St

132 S B Ry (Gas pressure)

ﬁﬂBﬂ%EFﬂ?EaﬁﬁlZﬁﬂ
SR B R R LA B @,y 2 T R R T
‘ﬁﬂﬁ%ﬁ@ﬁ%ﬁ%%ﬁ@mmmmwmwo '
L ERAZ-ERAROGHKuoeR—ATLHR
e R S vk, TR 2R
- (Impulse) = 2mu,m 5 5 F 2 B R(5 9 9 5 fH 00 2
4 % i B R B mou, i 8 26 1R Ov FHmZEER —u XK
R g R 2 R 2 ), e
LR VR R e B ukduotdvodu
s T EE KRR kAT R B
0 2 T, o L N b P W R4S 2 5
2 ndtdS .Z;j_ ﬁﬁ 52 2 i B 8 udedS - 2mu B mn*dtdS,
RS b A B S, S AE 5 T 2 Ny 2% o, B
. AAFRRAR
R ; ):mnuz—mznw
ﬁﬂﬁﬁﬁ%EWWZ$%ﬁ
(m_:w
ﬁXWZMMNﬁﬁﬂ%ﬁWzﬁﬁ¥ﬁ
m%&ﬁ#miEZEﬁpﬁmmwm%iﬁ#




, 4
SIS AN A R o S B BT 2B 38T
Oy B O:% T b2 S p B L
p=mnN@D), % p=mN(wP),
L () R0 = (),
W 8 p=m N[ (u?) + (v®) + (w1,
HEVRBAFZEE, Vi=v'+0'+u’
(V) = (u®) + () 4 (uw?),
p=-§— mNC?, O;J(ﬁ)u
(4 0 S0 B 90 W S0 K ), 0 I ) 96— (L 8 K,
R T2 5 B e,
[p= o mNC*=2 1 mNe*= 2. L yor= 2B,
BUBEMMENAF 2R ERBEMMANS T2
s B fel.
2 p 7 N 1 A S L Ui LB 2 %, p=m,
Br B, P=%PO2:
517 P’U=—‘_1;-02,
v REMERLBMNC BB TS EE LT HME—~
PSS RET ST ETS TESS - E S
B k. ]

133. 3 )% O= %’—,m;&bguaj%gm%__ﬁ%oz{ﬁ‘ l
f 0°C. K ok 56 M T 2 &



gk e B ol ~\ - B T A Y (T - e

P B h & § A

p= 001429 35 /57 %5 JiE 5K, p=1013600 & B/ J5 JE Xk

- 1013600 ..
! b C’=~/w=46100[§*/ﬁ’.

134. ¥ 3% H & it (Boyle’s law)
MBH Hwm A MZHOSGFZHRBKTRECZ
] fif 72 3 — 2 iR T RO B
Bt U po=7E K — 0E iR E Z W B (0 % H E ).
135. i& B (temperature) ;
TE®H B RmAREZRERUA S EX

m(u?) =m(v?) =m (v?) = Rt,

R B —% ¥,
B U mE?=3Rt,
R - p;%mN02=NRt:(lEbE 0=J($.
# IR R B 18.8x10°Y, | B 3 E 2 iR 5 B B R S
o,
RH
: _E-_m(?) =__;_ m (v%) =%m(ﬁ)=—21— Rt,

WA FH—BEEZERER - REHAST

A Gz R ARz e AN UGB AR ER
LA HMEKARE hEmENE),
136. )& F &% 7 F(Atom and molecules)
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ﬁ%%%ﬁﬂ%ﬁﬂﬁﬁﬁﬁ@u.mmmwm*%
1897 48, g SR B0 400 K B 2 © Ve £E R 2 AR AL
72 B B 2 [ F) (Blectron), . B B 22 B & 5 B i 7 &
1845 A 2 — B B 48 4. TT4x 10710 5 9K ¥ 4L(B.8.U.);E ‘
Foz BB B IR S S 2 AR 4 g

Bt T BB 8 BB JE T 22 R AR R 5 ) B
WO O [ — i 7R N E T R E B _é
T AL — /[R5 K R Ve E By o LB T E B )é
BMTHUETNED (AN REZBABRRFARE
CES T3 O} B :

A M (Gos tube) W REF AN ELMBAEE
Z 8 B0 B AR BT iR Z[H 4% AR (Positive Rays), bt B B2
B BB 2 R R T 2R R R |

% 1 5% © J R 18 5 & (deflexion method)sk % %2 4% 7
R 2 B S AR B T 0 3 — 2 B AR R
BE o A BR R B B SR D BN B
07 0 (Aston) @ 52 5 5 7 3 1 A T 8 3.

0 7 (Rutherford) & Jt P A L o B B 4 T B, BF %
BT MR R R W T AR 2 AR R A U A
%,

[T e ES L E LT T orhy o e
B B 2 38 [ ) — AL A 456 2 B TR W R (Neutral
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Iz%%ﬁ%%m#zﬁ%ﬁm(%ﬁﬁ%%mﬁﬁ

| ks (Vosoloy) BB B 2 % 2 G ik 2 PR R IK

LR T B S O A B X
R R R 2 ok B BT % BLE H IB).

e e 6 0,0 E B 00 T 6 B TN S 3 R L T B
WEFHEFAERTRABEFEE - BEF (H
CTEY T RS e SRR Tl St
L 1% 15 91 452 8%

2 W MR — 2 8 R & A — I (R o)
. BEEIHERBOTHMBEEFZARE— NE

B A 184557 A TR T 1 2 T o R B

TR 4 e 2 TR 2 1B ST AR 2 R L B

2 [ F-(Proton),

W R F 2 E R TR T AR A — T

ZE%Eﬁ%E%%&ﬁmm%iizﬁ%iﬁ?&

ol A o R T B R TP 2 B A v R TR

WAk O B T B 2 A SR B 2 0B T B T A 3R
 RUR R ETB A A (o) S AT R
 BEEERRT AR TR (o) BT A
RSB e, ABA MMBZE T HEE WA

- —ne,

e s R s e T SR R DURE S e S e
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\‘%

5% 2 o ﬁxmﬁﬁawmﬁﬁﬁ%ﬁ%@w
B 2

i 1B 5 T 1A — CEETREHRELEER
F 10 {6 4 B 5B T, B — A — 8 5 7 8% (20 1R R, 10 R 5B
F) K 10 0 MW 06 -0 W 08 i T A A R 206 58 4
e e 8 R, ]

18 % 2 5T 58 22,46 % B 208 H(Soddy) & e B
J& F 7 7l BL 76 % (Tsotopes), 41 . (Neon) 22 Jii 7 # 5§ 20.2,
B 5 0% 1) ok B Sl AR R T RS 20,22 W IR L 9K 2 1
N

FE 0L 2 5T, £ B B © (Boh) ik B8 Ut B I
FARR K B F 8 (Quantum Mochanics) 34 %6 35
2 % 5 ¥ We,1b 35 B iR © (Sommerfeld) % It Ay 8 # ff B b
MR RAIEE (SR RE R EREREEE
i 2 2 BALE m= b, B=t v RHRZE IR
o 3, o 8 1k 2 R e B DL 0 B W2 E DM
R B A 2 A 2 T A L

5T A A A T K 8,5 — R
B 5 T 4 TR — AL R AT AR T— A T K
B B A R e R ey

B I BB T 2 R R
B CBLGHB ) 2 M B ARE AR 7 gﬁm%&i_“l




oy m o o= R A

B B DK B SR O T2 T
 m, ; »
; "137. 4 B 2 H ¥ (The specific heat of a gas)

Ba—MAFH—H BN ZTEBES R,

R wEEFRE (O—WSFRA—HETF)
FEEEEECERARLEREUEABERS T2
EFRNEEERNS FRASEA B RS TFEEZ
B . ‘

3

e fn 4 HE BR BT ORE B 2 AR 7 b 3 % BB VT W T

7 B, % B B=—> B,
R — 040 A B,
: dB=cdt,
3R
h 6v=’—'§"‘o
s '
: e B
; | ym 22 oL,
: M E e R Ry M A R K

7K R K. :
BT o o g - S LA M R T AL R — T 2 o R
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BT TR R E A TR WA U R T
1 3 2 95 B, 6 AR ok 0 SRS B E) ok )
TAM Y E o, B R W R AT 2
i 8 57 U4 A T2 e B - B,

5 TR 7
R heehoars g insn

BoR 2 Bz 6T S8, — S B, L PR
otz oy i1 8RR EE 2R E AR AE KB R B
BEEBEASHE yZHEBEEKERREE FBERKXE F
2 3 By, 3 B R B 2 A BLWE 9T ROt 6 Sh R R A
WA — 8 EREF

R maE A= Mﬁ%mﬁ‘%tw}(é‘&i,ﬁé&ﬁ“
g )& — 82 F-FERESTREENANHEAH
=8 Aahn MEBEdnER—85F0E
B, o E=6><—;‘—Rt=3Rt,fﬁi »

=1.4,

a=3R, @=4R, y=-5=1.33
KER K BKBER v 2008 k| BT E AE
MzoT (ERESTFRNBLEHERRERE ,STHA

g0 % ),y Z Ml B bk AR R S Z R B m R F A

ZHREBEUGHYBEANREBR) RBBRKMHE

M - ELAR R A BB 2B
138. 7 i Jy B 7S Bk i 2
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%ﬂﬁ#@ﬂﬂﬁ%zﬁ%ﬁMﬁﬂ%%mﬁﬁ
g NE! o Kol k8 B B mZ 2R
E=6(% Rt)+nRt=(n+3)Rta

DI R

18 38 JE T+ @ R,y 2 il B AR O A B R B B F
A REMARWEBELBESE AR TRBMERN
BMT 2 m Rk I E L B B RS ',

ili 85 38 2 K,

i B8 32 O oy A=W R Jp B UL BRI IR B T AR
ﬁvéﬁ%&ﬁﬂiﬁ?ﬁ&@m‘é B AL wig) 2 K

. hy
Be e =Tt

TRCEE R P S R R

B 1 Al L AR B €2 B MO L IR e=ho,h A % 3 W 8]

05 72 MRS 6.55 X 10 3 v B AR BD 2 4R ) ML,
y=—"7 Z %R

% H -+ W E
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%H&ﬁxﬁﬁﬂiﬁﬁW%mkﬁWﬁﬁﬁﬁﬁ%
%9 B8 L AR H e 0B B SR A BB
AAREG L MW BT RZ G NG BERNE
1% ALK Ut 4 2 5 A% R LR R ORI K 2 B T
B, .

139. Ji JH ) — 4 1k B (CO)
RS T2 A — AR P DA e
KL Sk 0 A8 — Ot 7 40 0 % Bk J & k% B S8R % AR 1R
B 2 3B W10k BE G B 2 Bk B B 448 00047 em,

OB B X W4 = P AT 2, 00047 p=3x
10", 8x 101 48 5k (K& AF 7 4 Y1)z 34 Jie,

L 2R = X108,

hy  6.55X10~2"x3x10% 3029

WA g S e G e
H 18029 ' 7
7 0°C., 7= e =11.09,
£ 2000°C., I 8 5 fil TR A 1k 2 1R O,
8029
e
— 15 iz e s
E_-_ Ri+ Rt __-1—,

88— T it B A 2 B = amﬁﬁ%m&';¢
B R B 52 3 B,
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wekwn
.o Eﬂ—g“Rt"‘ ’u’ .
Iy
e B —1
¢ gl b hv hv o
S =7 Bteonr me”
=55 x2e”
—'[_2_~ (e”—l)z]R
G D) z%e”
R Eoh (e*— 1)'“0
o =11.09,

ﬁ (11. 1(33) AT VLR B

I#) B % 2=1.33,

| e 2R A,

H o B wfE00.22.55 20000, 2857,
4 co S0 AE0°C. 2 8.5 Z 4 2000C. 2 4.87,

Yﬁﬁbﬁmﬁﬁé R

BEEEHROCC H 2000°C.,y 1 1.4 F 1.3,

HC S I 3 Rk Bl B R SR B kB 4R DK T T 64A
. EHBM YL BME R K ‘

| 140. % gk #.(COy) . :

; U S S T S R R B E o e, B R T W
S M— T B R — T B B T RAE AL AR N SOk
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HiEkEB2.7x10%cm., 4.3x10*cm., 14.7x10™ cm.,
HFEEOC, Jb 14.7x10%cm. B EABF B EA XA
I B 2k WL RS2 By fh 1.33 [ B 1.30,

12 T AR S BB B — S 2 Rt T SRR Re (K

1B Fe, v —> 0), B b 2 A SE R 3 RE 2 — T8 R 9 4R B 6 9%
1 2 7 B B 3 Rt M,5% § Ak /8 6 B B VL6 7 18 B, o 3E

ﬁ&GRt: c? ﬂ']ﬁ7Rt,ﬁf(')'H%§

T 1.17 1 i 9L, il 4

2 OE i 45 1.83,
¥ 51 BB B iy % i 3¢ 4= @ (Hopkinson) R AR AN
T B 4%, '
141. & 3k 7& s (Halogen vapours)
R BB R S T8 W A R AR IR
B ERHAEY EREXIRIB LB R BEA P LKL
R B,

AR RS P — B T 0 7 2 B A (hy-

driodic acid) it 45 2 1K 2 5 F-11 5 4 IR 710 B 6 4 7 4,
B e B B BT UL 3R B R R 2 B A A B B —
iE 7 A, _
142. jE B % 56 f8 5] 8 38 % ( Application to.‘gas-engine
theory)

MR ET A2 s SR MmN s

oo il R



168 ® h £ g A

TR B R BT O B AR — B AR R A
Bl 7t & 2 i B, ¥ BB B I i 2 I E R K
B oo 5o BTE IR i % 22 5> F 3% B 98 2 v i T

Ra?e® oy
WL ek o=
B — S 4k BB B, B G o= W“%R EHBEZ

1

22e® J] ?ei
Wo#hn= s uw—~~, i et o e
e=1) ¢ (o

{7
=302 - , :

VL € 7 B KT 4% 2 0% 2 R B B2 Tt % B
2 B A 5 € R TR % IR 3029 2 b, v 4 A Jb Bz 7

w LR 2 et ih AR 2 B X A F,
o o

0 E=1 ; §;2 A -

# H T A

R 2 3R 0°C. ) 2000°C., € 2 & 3k J iy 2370%2;
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2273.1

B 2201 g 093 75, [ BT R A BT R P 2 i R R

b ¥ . !
143. BE 2 W # % 3 2 X, (Practical formulae for the

variation of the specific heat)

Bk 3l ol A A S W IR E R R AL SE — Y 4 RO

J S22 AT o= 0t bi-et (4 4 W 4R) 1 R 6=/ bl ol
Bt R ;
e
o BREBERZABRERLABRE OB
ot +pdv=0,

(a+bt+ct2)~‘§§.+R -iil =0,

; 2
= alog t+bt+ %+ Rlog o= M.

B 2 T AR ot il AR
Fi o= Rt & AT 7 Hi peo il 48,
144 [ 88 17 K 18 JE 2 M # (Specific heat of solid at low

temperature) |

JEVE K% B R 0 2 Bz RS OT KRG T IR B
HEBERFFRZERAIBR —-F B IEFRHERZEF B
(atomie heat)  H: fli £ 4% 6.2,

EmBRFZHERBEEHRNZ R F¥ E,ﬁ'lm‘ﬂ
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"=1.,%’ sEBEFEHARZEH® AIG—HdmZRY

B i 55 - R A% 4R B B, 26 9 08 R — R B i — 4 L A6

— B HmZERS R,
B D 4 3¢ BB 22 ¥ BB E=nsRi .
Godl

Co= dt'=n8R°
FIPEES EX X T F ST 30
CEmBEEFZHE
il L B 18
16:7 m s T m am, °
_ 16sR
v mo o

F R=13.8x107Y, [ Bk mox ( 4551 5 JE K N &2 &

F¥H)=—30% EXEZHE=.001429 5,
Mg (2% 2.7 x10%) = . 001429,

[EE O m 48 R B B 2.7 % 10" 5 4§ 5L 5 JE K, U 2 e

ZHREE DA MEEFL
R 13.8x10Yx5.4%10 ..
o ~001429 b

ac,=16 x 521 x 10* x s 2 ¥ fif, .

16 %X 521 X 104 x s
41.8x 108 S B

B B F B A= (1.994)s, '
# s=3, | A=5.9, b 4L 7 8 BR 45 22 AR 4R AE 2 B



S M0 R N BN T A 2 T s

() T A 2 K R RS (1.99) 55 B
s Wt Mo B R R R B T A T BB 2 B, |

# % 2 88 & 3nRe, B o,=3nk, it i n B 2 4
F %A,

145. fEC B R B F B 2 &8 (Fall of atomic heat at
low temperature)

wu$ﬁﬂﬁ%¢%ﬁ§2ﬁﬁ%wﬁmﬁﬁﬂ
T2 A % Mo Bk 520 B M U IE B E I AR 2 e B ST,
Dtk R RN E RN BOEER 6 BAEREKN
500 A — 1 % 9 T B 2 i R B R A T

G S o o ey i e T - - “——
AER| . —
st
bl ——— 740
BATRE =
g ETE

B Al 1 85 % 20 3R 2 o, B i 0 3 2 X B AR

2R AR A @ 2 A A R B B U R
g 2k 3 R, o
SRR B TES R TV E E
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Yo A M TT LA BB 2k 2 LR K R E 2
#h B %00 I ORE ZH R B ok 2.

146. 18 F 2 7 %(Deb-ye’s theory)

BEFF G 1912 47 B 3 — DR Y R - B B 2 3 R, e
% B G AR 2 b AR IR IB B I 4 I I BT A R M A A
BB FIEEBTZ R EE— R F LR B R
HAb R 2 % AR E VT AR W AR 2l A — o B BR v,
FEMAEHEyRov+d W - MAEEZHRIHUS

Onvdy e 0 5 6 0B 2 i B A

Vm
s A W 2 RE R BT — R B2 R f5 5 2
Y

Vi :
[" 20 misnrs,

0 Vm

3 B €0 LAWY 1% 22 i,

¥4
' ~ithu ™ pidy hv
| ﬁhquﬁﬁZ%ﬁEdmj e

3“0 AN A ML e e
yraty -

L Z5

dB j*'m 9 nhtvte " dv

0 Rt2vm3 _hv_ 2
(e o* —1)
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E % iﬁ ‘(Ill?l E—F; T 2 {[E iﬁ /J‘) i&

“'I"‘L"gl}__ r”‘ atda _):vm’
e o et R

(Eze EHAB 1+a;'-’-{ié2_.+_!‘}:’;_+ ...... ¥

# ¢o > 3nR, P A% A B A AR 2 il

B oo 27 3uR (tn 20 )y

By G r"' vte’dw
S b

Cy Lo
W B o, 2 A IR BGR M B OB S (o),
&k%ﬁf?mﬁ%ﬁAﬂE%ﬁm%%ﬁwzﬁ
i Ao . |
A l e\ EE =4
MR Aoy (T )T (k)
ﬁﬁx#ZEﬁFﬁMHmLZEﬁ% 1532 i
Fy S 5k 0 I 4 A L LT B v 2
G L TG B o A A G A R R R R 2
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A
147. B E A H £ 2 B F# ( Atomic heat near the




14 #$ h = R =

4 l ‘absolute zero)
R E BTN W, v, MR B

(Zm pdovdln ]'00 wtetda
Jo (@=D* Jo (#-D¥
% £ zt(e" +-2¢7% 1-3¢78% - ..nne ) dz,
Jo
53] _.: atec doy =" 2;,
o 3 j-ao b (e—z+2e—2z+3e—-sx+ ...... )da,__)24 ( 15 ‘)5
+_{.3)_+ ...... ) 24( 5 24 g4 ______25.97°
f—-) 3 x95.97 77?,
4 A e S '
i e 77"’(%,: e (1),
)y . , »
E B — B MR, B AR H R, A BE SR 0t B
E B Bl (Kamerlingh Onnes) B ¥ # (Keeson) (1915)® #: & ¥
RIS BN A L A (DT
E v 2 0 Bt WO M MR A

et &

© Collected Works, Vol. I, p. 877, and Jeans’ Dynamical Theory
#  of Gases, Chap. IL

® Collected Works, Vol. II, p. 718, and Jeans’, Chap. V.

@ Conduction of Eleetricity Through Gases, 1903.
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Electricity and Matter (Silliman Leetures, 1903).

‘The Corpuseular Theory of Matter (Royal Institution Lee-

tures, 1908).

Rays of Positive Eleetricity, 1913.

Isotopes, F. W. Aston, 1923.

Phil. Mag. Vol. XX VI, 1913 and Report on Radiation and
the Quantum Theory, J. H. Jeans, p. 35.

A. Sommerfeld, Atomie Structure and Spectral Lines (English
translation), 1923. _

La Théorie du Rayonnement et les Quanta, a Report to the
Solvay Congress at Brussels, 1911, p. 104. This is referred to
later as R. et Q. :

Planck, R. et Q. p. 112.

Proe. Roy. Soe., 1910.

R. et Q. p. 63.

Zeits. fiir Elektrochem, 1911.

Ann, der Physik, 1912.

Commun. Phys. Lab. of Leiden, 147a.
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@ 4pgE 5 (Radiation)

148. #5 4} (Radiation)
BT U M R AT AR AR 0, B AR
XS Ky HRSREER ST A E R EREER
1071° Jig K #& 2 y ST AR 3 £ A R HE 54 8 M.
B AR U — Rz AR — BB,
FF DA o 4 75 B4 3> 1010 Jig K[ 3 B i 47 B, M0 AEHE ) (Stream
of energy) th H SF S J0 1,3 7% LI i R S ¥ 2 4T,
By AR — B G 1,06 39 20 0 R O T A
4 R 88 W, Uk B ST A 2 [ % R J¥ 4@ 51 (Pure temperature
radiation) HE 4 4 45 — B8 Al A ok W M 1R B W 9 BT B B
Bz B, JLBR B R A Bk Bz i, 2
(Black body),
5 B B R R B 2 4 LR ¥ 2
B W 00 AT AR AR 0 ( WR T B ) B SR 0 R JE T B R
JE R SNE ST T R R E T R R 2R
B JE 1 98, B) 525°C. W0k B W 2 b B Lok R L g
B OO BTN ELR 2Ok ) B AE Wk 28 B R AL Utk
B g [ 4T 24 | (Red hot),fy 5. L 4%, 43 2 s 76 % 0% 7 Wi
) T L SR 0 AR ST 1200°C. 72 A5 B B Ak 1 R A
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W LR Bz ok Uik B PR AR 2 [ A B (white hOt)S‘:(ﬁﬁﬁ
25 % A4 5K W0 2 08,5 T 2825°C, 00 1% % 52 2 iR J¥
9048 % (Lummer), i 8 & (Pringsheim)),0

149. #g 4} € 47 (pressure of radiation)

5 %5 5 B @ R 1873 4¢ fh % i ¥ % ( olectromagnetic
theory),# Ul ¥8 5% & & 41 A B — 3% W B3 pr B 4 2 % 7y,
SRR L SRS 2 A RO R ©
(Larmor) Z A MERE B P EAFAREERS v 2
W kK R O E B 205 ) BEE 52 5 M R L IR
#® W 5 R R,

S BRGS0 BB R P 12 T 2 L
e Bt 2 W EE u/c 1B M SIS v W B A B il AR 2
A

150. %‘iﬁﬂ]‘ﬂ%ﬁ]‘lﬁﬂﬁ%ﬁ(Nﬁmal) Fﬁ}&ZﬁEﬁ
0,7 BCRkmMZ BN EREERE
57 18 A% 52 2 J7;5% A1 = B(BC) = Beosd
(B BC=AB cos 8, AB % % B T Fidic '
BO=cos 0), B 5 W 18 BD % CD, il fgmmemy
EABRBEZ R Bcos®Off B2  ga+um

S Ecos’0 >
& J725% ——WB)—ECOS 0,
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# 6 5,08 B o7 K 1 — 3

WE 7 %t O Z i 57 2 4 B, BT A b g Boos® 032 7
¥ fi,

Hdo B— /) HMZ
ST B 4 (Solid angle), i /s
# 1 = w8 OF,

e 7 4 il

” Ecos’fdw I:’Q I:' E cog?f sin 0 dfd¢
- | do R

= Erlzcos'*’ﬂ sin 6df = —l—E,
0 3

(A dw= ﬁfﬁk("'}fTPS) u Sﬁ-ST rdfsr :.izn Odd

= sin AdOde)
152. ¥ 4t 9 18 B¢ 2 W 4% (Radiation and temperature)

#0573 G #t (Stefan’s law) JE B K % % © % 1817 45,
e % WA R 2 8 BT, 0 Ak BT B AR IR IR JE BF 2
% # & (Rate of Cooling), ¥ &) h £, 4t 1 45 %5 & BF fi 1
Z W 4T 88 () B R ¥ B BF R R JE (6)32 A% 5 ek AR
He 8

E=a(1.0077)t4b,
1879 £ Rk H O XM -2 A A HFAXLKE
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o B R M B 2 B UL AR e 2 AR Eh#‘%:@é (Tyndall) 22
T B A5 RLB K 4R A 1200C. 80 2 W8 A B 525°C., i1 2

W9 2 1.7 £, |
12004273 Sy
2 (L2008 8 116, 7 UL vt B T, 9 A A
18 52 V9 %y i B B B B W K 3 B T AR
1% 5 325 9 A B A S0 A 2 TE A AL A AP 0 R A

TRk AXBRLMA AR,

1875 4 [, 7 ¥ M (Bartoli) iE JiI #4 7 B 36 J5 22 7% #G 4%

117 1884 4 o i 26 8 © W 7 — %528 I 6 U2 #0 H A
R A B 22 T 7,80 T 7 518 79 AR L0 36 R
W T A SR T B ¥ 00 0 W N Ay 2 T e
& #

153. % #f 25 & FF 4 08 22 B7 X ¥ £ £ ( Boltzmann’s de-

duction of Stefan’s law)

H—RABEZEABEBZERABEERTRES

¥ 5t 22 A8 I 51 28 (Reflector) 3 3% R 18 22 oK 3w 8 — 3 A2
W% Yic £8 (Absorbent) % W fH #5 4f U 22 iR JE B t,fp (0> 1),
RA— &R Z B

W 15 2K e A [ B 2 K B R R IR R b,

() B [ & 2 K i BB Aoz 6 AT UR (h) B2 R AT T
%k ThiE 5 9% A | T AR Ry 6 ST I 7 fik T AR

(i) # — W A& 8 4F 2 2B Bk R R/ B2 oK e, B3R

b

¥ Eorcl et . e AT T 4" . . y ] Tl : ., : [ Sk | p
L[t; Sameia ¢ m s T an atee e Rs R Qe e, i TR 8 i B bl =i e e N By L s L
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A O 3 5T T R TE T DL A I I B
AR A b,

(iii) B % 78 3% ¥ 41 2 75 AR, 3 0 [ 19 52 oK O 6 B
A o2 E Ot UR (f) 3 IR W T ZE N [ R SRR .

(V) W [ R 2 ok o bR B R Bz bE ST U R R
B2 W ST AR 0 IR E T E (6D, B 3R T K

® BB JE ¢ Kowm s p B BEAL AR A Z R
5 he.

FTo,v BEMEHRBREG HELBT HZEHE
BEMBRELAREZRSAZREBMLZEE).

BB BAMZARS Bo, BIRBEFIEZIR
pivy, BF U 1R JE R 6 32 6RO R R 2 PR (Bitp) v AE
B RR(L) R E b 2 B (Bt py) v

Fi U T8 A% O 1R 2 B,

Bin ) (Bh),

BB E (), BMZE +PEZY =REZH

=0
By,— By + r), pdv=0,
vy
¥R A28 A v=o0=v+tdy, EZ B KB
d[CE+p}%L]=01

d(Ev) +pdu=0J -



2 Mg ¥ A , 181

B L
{(dE+dp)fv+ (E+p>dv} t— (B+p) vdt=o,}
' Edv+vdE+pdv=0,
dp-t=(E+p)dt,

fr 15 3% 9 B 70 B (5151),p=

df _ 4dt

R T
E=CtCR—% ¥,
B B i ok 2 B O A \
164. LA B 4% £ 7 %2 2 1 3 1 2 B ok 3 5 He (Deduction

by Thomson’s equation)

LGB ATRERAR

‘l"f‘e'{"t ( . ’
e A Y AR HE 5T BB RS R E R ﬁmvmiwm
M BRI Z Y =— pdo, %t BB, B IR
B B I 2 € B Edo,
BB mE SRR

— pdv= Edv— t( )df»
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wak— e 4% - Eecn,

155. i ok # %€ Ht 2 ' 52 @9 & 99 (Experimental verifica-
tion of Stefan’s law)

B WA — L2 B A BN A2 AT T N 4T 6 A
B FL,— FK G B N BE BT W e, K O Bk K Pk I S 2 W St
A T8GR I 2 A B B R A — B % R R
BErzRSHEXEEL L AKTURELYE LZ
A FL0S — HR AR 2 Eh Wk M 2%,k 05 BD B B b T RB AE B iz B
SR

FHEZELEBER LB — /10 5% 2 I B R
BE TR A — R B A Lk 2 6 ST B B R R
[HE A8 8 #8222 ¥ 41, .

JMAE RIS O LINE A, BB E 100C K
1300° C. il,ph 2500 2% b A 9L ik 1 2 ¥ 51 5 B 1 22 g 4F 8
I oK 3 E A

156. 2§t ;2 ok 3 (The spectrum of a black body)

F1 JH & 7 (Fluorspar) % # #%(Prism), [ i |2 #% 5t 7
LA R B A R A R \d\ v B 2 (6 B e
LI 5B o2 0 2 R Baedh, gt i dN 8 4R 2 A IR Bk
BB, th 2 Hx AT UL AR G 3 R A Ok B M, N JH AR
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Y 1R g () 0 B2 80 3% He 1 (§158),
157, U JE B B B B8 6 8% 2 2O ( The offect of
change of temperature on the spectrum of a black body)
(a) 48 4 8 1 B B 1 % J2 O 5 2 B (Bffoct of adia
-batic change on full radiation)
.ufﬂﬁmZaﬁﬁ@ﬁﬂ@rm¢%mﬁx%
i Eot+dy,
B8 A6 2 58 LM BT AF 2 3 85 R B IR 2 2 79 B LA
pdv=—d (Ev)

= P~
Edv+3d(Ev) =0, . T
4 BEdv+3 vdE=0,+.-.- ............. 1) '\
 vB= R
B 0 ok 3 E B o ¢ K il A (DR
tdv+3 vdi=0,
Lo =g
%%‘i%’%ﬁf&?ﬁ,iﬁ#ﬁﬁﬂ (A v BE o i), ik % 48
ﬁ%ﬂ:ﬂ#,m 5 5 W, A A i B,
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(B)&5 b %h 3 Hg (Doppler effect)

U B R R 2 G B R B 9% 2 NI AE R U 9
CLE TS NS Y ¢

B U A N KR o 2 gk — i K BB u
BL 3 AR 7 2 o T A [ T3 B OE - 2 i
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& E\rS=F)+r'8,
. EA =—&‘ =
4 P } .................. (1)
/ % M=\¢'
A -—ms—ms

Y= Et; . . B=Nt,

momE  y=Ty, o=\,

i 25 R R & ¢ A BT 6, o 0 R
BB y=f(2),
m%ﬁ#mﬁzﬁw——smmi
B\ =" f(M),
B By R 2 KK AR,

Bt 2 IR AR
' (AE)® f (M)
B EA" = f(\).

138. L KL B 5%€ ft(Wien’s displacement law)
= R ER/EHRAZR
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8 7,
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F i R y=1(2)Z Bk 18 (voyo) ) F5 8 By, M i i
Z Wk AR '

Yu= yotﬁy Xm-': “:;L:
o, o B 1 S0 L0 B¢ 15 M F 72 9% SR
B DA (). B 4 T 58, 4 05 52 N B T B2,

HERAEAERBEECEXERBABREZ AR

BE BT X K B R
159. % IC 5 2 ' Ba 19 7% 9 (Experimental verification
of Wien’s law)

BERMBRBO hL 5 AR K EZ BN EN
60 58 S Nor 1 T (Ba)m o= 5 57 0 0 TR JEE th 620°
1646 (35 #E 76 J% I 60 46 % i JE). B3 2 B Al k
Bz Y-X iy 235 £ % H(\n) t=.294 em. X J&,

160. M g 5% 2 2 B 89 2 i (Distribution o.f energy in the
black body spectrum) '

& P B 4 A T 9% SE 24 o B TR I R B Bk R E X
CRALANIZ RS Brah Z 45, Bt IE Bam i F 0N, K
B W1 4% T 2 B B4k B 4k P 2 ROY AR
— s [ T R BT 2 4 T R e B R

ﬁ ® (Rayleigh) # H ﬂii B 5 B (Newtonian dyns-
mics) 3% M B R B B B2
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saecea folemy
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_ ab(67—1) |
¥R, OB % B Smhe, % AKX ZMER VKRR 2B
 BRBREMGA
BELWBRGERED
(Am) t=.294 cm.Xx JE,
o i 0 v 2 X 74
Ohm) t= o
"(’I.%%)‘R*;%“’
ho 204X 4. 96R =.294x4.96x13.8><10-1=
c 3 x1Q0
=6.7x10~27

05 W b B A R R A 2 o k4 o
2 B0 T 2K MG 2 M BT M D R 2
#8 6.55 < 1072 1 4% /5,

162. 1 6 3% (Stellar spectra)

Bt 2 % % UL 7 8 OBAFGKMNR % J¥ % 7 72 (L
T ) AR R 2 — B A R
B, 35 58 1L 6F W 3t 9,9 7 W 2 R LU OF i B B0, 58 th AT
BB R 20t A0 JE A 2000°C. 2 R AR B) 20,000°C.
Z O FEH N 6L K O 58 SR W 2 U M O B 2 (T —— B
&R Wolf. Rayot Star ) L6 i of 0 90 46 S % %0, (%
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Wolf-Rayet Star f& Wolf K Rayet = A Fir 8 3 .4k U i b
AZ&E ). o 3
:EIZ’ﬁfﬂiﬂlﬁfSQ!ﬂ:EQ%§§ﬁ§ﬁfﬁiﬂU3325§ﬁgﬁg

e 3 IS SE A Mo B, B (S158), R 2 AR

P N Z L TV E 2 R AT LR 2 R
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by b Y
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8 1 2 () 1 Nadta N 1 3
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g+ mE
2R KB W HL— Mz 5 Ok 3k JOE 3
0 X B (FE Ba T M), M — Loz 5% JE B OG Gl FE M #h O
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2% AW Wi i) e e e k2 4 R CE By W ) JE W
Az B B Ba B M),
t&ﬁGﬁiﬁﬁgﬁlﬂﬂE%ﬁﬁﬂF%ﬁ
B000°C. M Bk R L
163. & > i 1k (Stollar evolution) -

# % = I 2 B # (Tho Lano-Rittor theory) {f f& % & 18
R R B 5 L8 B R A 5 2 B B ) (Gravitation)
i 8 A 90 5 2 B B 1 A8 75 B 0 JE T % IR RE 0L @ ok B
e 31 0, i J2 1 2k 22 0 9 6,0 B o e I R ) Ao
85 (Radionctivity) JF % 4% % 5 /06 014 % 158 @ 5 8
55 B S A 2 W B £ 0R B A, B IR S0 A — M 7R 0 e
B 0 S 2K o 66 A8 3 th 0 A 36 IR R A% 0 fiy
LW A, 0 RO By 48R h BB y 2
e 16 0. 38,62 19,0 3 o O W 50 2 2 300 )8 08
W R 8 6 2 B i I

3% T g (Bddington) il 7 2 P 1 2 1

U T AR L R I % S 2 o T U LSS U 4 L
5 B 52 SN R B S R I T B (U3 R AR )4 B
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BTE MNBBSEH
(The Third Law of Thermodynamies )

164. % 7 ﬁ;& ¥ 8 X (Kirchhoff’s equatigq) ;

b EARERRES (QAKEREBERY
ok fr B R ) BLE R B 1L W45 M B W AR B,

B B LR R E ¢ A T P A B R I Q R BT

W B 283 R AL W 2 0t B (4 Bl (Reactants) 2 Jb

B, ¢ % 84k 42 M B4 R 4 (Resultants) 2 M 343, %

FHRHFBEAR
' j@ =c—¢'

&%%&f%ﬁ%d%&%zﬁﬁﬁw

AE 2 5 B Y,

(2) 2 & Wy 32 1B JE R t+dt, »

i R flE (D)D) IR e (2) 7 L1 v R O 4 oz

(a) e JI 7 T B0 3L 1R BE ph £ FH B (-t JXE B
W bl B A B 2k R W R R IR JE t-Hde, 3 B i B4 Q+dQ,
B

(b) I & Fﬁ)ﬁt%@,&ﬁ%ﬁ#mﬁt,ﬁﬁﬂj%&

Ak Wy o B8 0 IR JE Rt i +dh,
E%ETﬁ,ﬁk%ﬂszﬁﬁyﬁ%m% Ef%ﬁk:ﬁ
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DR X ME W BT3B 2 Bk, B=—Q, W K 1 4 ik
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165. 1= B Jr 4§ 22 2 %€ ¥ (Nernst’s heat theorem)
B R R '

B=y— t(%‘é’ )o’(§55)""'"’1"' .................... (1)

WLl Y BB i f (free energy) Wiz WA, B 3% 5 B R
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