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2 E \ l 2.1 What is the boiling point of water on Mt. Evans, Colorado, where the atmospheric
pressure is two-thirds that at sea level?
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! 2 $ 2.3 A cloud chamber contains water vapor at its equilibrium vapor pressure P, (T;)
L corresponding to an absolute temperature T;. Assume that

(i) the water vapor may be treated as an ideal gas;
(i) the specific volume of water may be neglected compared to that of the vapor;
(iii) the latent heat / of condensation and y = ¢,/c,, may be taken to be constants:
1= 540 cal/g, y = 3.
(a) Calculate the equilibrium vapor pressure P, (T) as a function of the absolute
temperature 7.

(b) The water vapor is expanded adiabatically until the temperature is 7, 7 < T;. Assume
the vapor is now supersaturated. If a small number of droplets of water is formed
(catalyzed, e.g., by the presence of ions produced by the passage of an « particle), what is
the equilibrium radius of these droplets?
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(¢) In the approximations considered, does adiabatic expansion always lead to super-
saturation?

o) This pvoolun 05ks me Yo ke Y Sanme 566 of assuumptions o
Pl (20 Arefore UIL Jost stad with Ha integrated form

Pl < Lo
JuTlr, = %(T T
o= “ELNFT W &= 'PD{’_H‘/ Pfa

T Aifference s Yime 16 that ouv limite of inﬁr&a\)\e&fbn ll\o.nc}/w\ad o
Ak PP, 3 T refer 4o AiReront quandibies 1n-this prblom .
T, o {\us\' Sowe mla%h-mvté ol ewporokiune & prissiut (’,Ongavvthbn,
whidh ¢Bunhalln forne o tonstant 0F Mi-cﬁsrmlﬁar\, whias T defiae o8 x.TFor
Hhis Problim P orrespods TS, ek (o] are Solvi-g foc,

> [P (- « {H‘/m’

b) A veoder d\\mp\,&k will DA\% vonain i equilibnun Wit e ek yapor

wWhaon
Loy, (yTr)
?\m\vw 52 ?r(T> i ’PM(T>C Ak (HU(W\% Eo‘y] ] 2.'25)
T Sudace Yonsion Goelfoiund v radivs of dvoplek
m: mass of aps wioleaue {) mg;\-\& of aps

So | will cevvte 4hais 1 Yoms of Hu constands ' &Wwa_bwnusina_
and define o= ’LQ'/«A/p?- & L= ﬂﬂ/z

% -)/T
L



SD\V\’%%V  owe G
T luRop/y = 21
2 = a(ThuRens/ 'Hp)“

We ot ok Hra Vopor wos oukiabedicalli_ expowded o o Yenpuadre
T owe 'Sx)S\' Ve Ao detevrmime ?Vmpu/‘ WE con datermine thus lﬂbb ‘\—mww-g
Mua.w!rubz_ %

?Vr = Consk ‘Fw adialortic Crpodnsions

: = NT
M\’S% \Y) =

= ?I-YTY =anst
=) ?T—Y/(q’") = @onst
So i fok Hok  PL(TOT6 = B, T

Svee Hhe M(i\-xb«\'wk has o Yewrpaohine Ty and novwahk (Sodureked) vopor
?Yt'sw“ Y 1,) -

=y ‘va\a»(: 'Poé(";‘) (-}:—_ Y/Y—( ] ()(@’b/Tﬂ ¥>Y/y.|
O« So\d%%{M(MUS E
= o [T Aafe s (2 o]
T b+ ;’_ﬁ\h(%)‘r]-‘
] pe ey N wl%:eﬂ-/zr
= a[b(l—ﬁ)m'y_lﬂm(nﬂ kz%f%

Q) So +his might be o oposk kit fo stop and fhiinke ; wlhgdk s ac*wzl'»&
(Am‘n% on hee” wnd Whatdoes Huan& ean 19\6 SUPWSochrmlfm'z.

SUPLYSo&WoJ‘[m for o Nopor 5 0 Stote (n wlhnda Hae Porak pressive
of Hhe \oper s Gjrc“i'ef' Huan Hs quﬂfbvf,,-m Vopor Pressure. It's o stacke
ol unstable qw’h‘\aﬁum = wonney. Haad a svnall Pevrorbahion +o Hhe Suskem
will lesd 40 an intreased vake of condensahion uvehl +Hae system reackes a Stable
equilibium(iwhen e presswe £alis 4 Hae equilibvipm Vaper Pressut) .

So whak does \’\Uah%)vvu.m/\ Swpu’soch)roi'fm? Well picturs i
0% o Stoke in (?‘V) space Haak dbes ot lic oata Path of un isetbavinal
expansion ot femnper st T,



H: bou.. lOD\A_G, H\)oura\y solutiom Yo 'P'wLLW\ 22(¢>/ léou'(l hottee Hud Lt Fries +o
use. this UV\J.MS-\-uvxdfnazf of Supersoduvadron ”FVW‘” At oS Supersaturmtea i junrao:#kd
as o resolk of adiabakic tx‘;nmsibn under B Mum'g ﬁgswpka

Hrs WSWWM' 0 150&?‘\6 indeciphevalde , becanse he Uses terms b doesn't rtalb% db\‘?n()
but i+ opes Sow:kwnej like Haic:

A sdiabostic expavsion will lesd 4 Hhe Ais cooling_ o &

leX's Consider the 1scthamel Tatus £ Lonstount

& —rO n (‘?,\/) ‘5‘)&(1_ P
e sughenn Stawts @ point A wits
T / V, & ?N (T,) JLGM%-H/‘L S‘jS"’C\M a

Then H\J %A*SMMCW\
a5t e RV e

of our asswmption of Hre forvin
o P, P lT, 2 OSway tha
idead g \aas.

Bt e vivor proves Haat Mae Shade s o pass Haougi port B Lnder e
adicbahic trmmsfouration I sherk | wm wkerprdan of Huang's solvbion is Yes, because
H dses. qubiswv\w\m dse has Aeciphuned +.

Heve hup o kkernadtie approada t

Tolw)
Pl
PulT)

Supersavoration Yequives Hiod th nan peswe after an adiokatic expansion is
6‘(0“\'0( Aan P (D , A%5 W Hre C)cPansfw\ leads 4o 4+ 3353\-:/,\,\ c,oolv-%‘h) &—"CW\PT

=) ’PA,\(TB > 1 wheve 'P"\= 'P,o(ﬂ)(lyyr—l
Pul(T) T

dunt +o ahizboatic exXpansion
\ b/
Frona our ASSumsplions N 2 dervnine A 'PALT) ~ e /T Y EL'Y 4 17,,_/K

=P Lrel (_T_ Vha o (5D (154.. oa.
PA EW To

o

UwFolMoc\-du\ this Aoes viot Quite 31\;:, U Pe amswer Sinee He xponential Yo (€ SW-H\M
1, Lok Hhe povier terme is ot S Let's veariroite 3 ol Hoo ]ea,

NS C\’/To &) LI 7
T
_|’,— To _ T
(o) > T4 (D)
Delivs. e QUM\J’%\% X3 T—:_'; = T'/To = |-x

> 2 (e-1) >3 (0

Botl, Cam be exparder m pows of ¥ Stnce Y1 & o padss of g s [K]<]
{’W\ob‘“-‘ SVUS. Then we Canm Compet o1 MWL'@WW '-43815’



== -_\Fj(x+x"+x3+xu ;.‘->> ﬁ(x+¥+)§+{-‘i +>

Therchre adishatic L)meﬁnm will M‘Gni\{l»& \eak o Swpevsaturatton i Ha AFpllm,.xyd,
Condivon 15 Safisfied

b ¥
i
. -\

Recall ‘\’\'\ai' nglz and b= K/“/Rg U900 K. fov water yaper, Since Hhe
evibeah ok o waker is Lelow TTobD K- , M & & sake b Sonpy Hoat+hnis
S Sotished by o, veosenalde padey vapr Sugtom.

Thofove Ye5, wndev oul 68suumphas, pdislodre ey povTSian M Leacts 4
SILPU’SM'UY‘UJTM T




2‘ l—]’ ( 2.4 Show that the heat capacity at constant volume C, of a Van der Waals gas is a

function of the temperature alone.
We \oon Aok Oy vs %ivun%
1= Al\
B o)
Therefore we naech Ao obtwn o foovt £ Haw indernat e of

e \Upn der Woak gas 05 4 fonckion DFWMTZ volwire V.
A N S Woals 9880 follows taw cquodion of Stode.

poiuel e 0D

V-l Nt
From e Kest \aw of Humodspnamics ve \orow Fha
=—(2V
P2y

however it ¢ ot clear how 4o hol& S Lomstrt qu\, (. Thaeefore.
we Con Yeedh Hie piove accsssibde voodion lechwean Prussuwi £
Na  HdMmholtz potrdal A= U-TS

- (SA
> dA= -SAT-PaAV o P-7(25) , S (&,
Ikt ot & constan +emspomtine fram initial volame Uy o find volum V/
3 A=-nRT(Y) — &L + (D
whie (L) i an inkegrodion Constud Hat o diparnd on T Since T w0
Fain 4 be o conttandt oLbLVln% wv('eﬂwchbw. he exack LA Ppresson B ccm

is ot Impwtand Since ye ey, Wd Yo Remnongtrode Haat on
dLWﬂS OV\T/W{—-M l'{«o(.l:;éy\oﬂ.svn'—l’- C\‘ L‘a’

Sinee U= A+TS, e musk adso detarmine e v of S
L =L A =
SR ey R (58 - C(T)

Whoe oo (1) denokes diferudmdion with vespeck o tenmperodure
S U= (T)- .@\\/f_ BE TG



Nowe we ean oy solve for Gy

= C\( =T C"(T)
wlhidn C,melua depads o T A ot V.




