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J. THE SELF-DIFFUSION COEFFICIENT OF A Friid.

| 4,4. Ddefinition of D.

ks comedan o mamde m of tagged fankicl

(a radiodatofe of He ouf o for Ainstame) which am
lecokid of Ua fmnk Fzo ot The orgin of Mime. Y{ we At
e agatim, aoelve | oo forkichs Wil diffune in tha Hoat
Hluid aud, ok Tme £, wt sbatwt a wnambaton <(rt)
o toggued fartihs at th foink €. Th f(aur of forksclu
ds  giron Ay |
@ F(he) = -pVe(5®)
s D (ewiaT) da Ga diffauian comotant.  On the other homd,
Hy cwonoewalion of tagged ﬁa:a*du dmplia thak

(2) e __ VT

at
Ao thak tha c.ona.Maﬁhn. c(};t) c‘..y,a e M_h,wwh,

aﬁ:ﬁw&om L?u-a.ﬁ.&n. :

(5) ?_C_ = ] 'V"c
k14

This equakin ohoutd afse de ateped by ta
A'l{- cornid o tion fu’no&on— G‘ (:,*-’) at lomis s ch. -fahgu, thom
the wdi.l&bnzﬁ;\m&) fa'& .‘_:: w‘&inh’&lﬁd as e
P\o-ba,(n-&.g dpyuu:% Haot a f.'a—??q,d. fucwb.d.l. fe foo»aL

M&qu‘nﬁ?dﬁhut)g,imw&m att{.-.ou.‘gcn.
{4)

a}.’b=o: 26 2 -
063 . DV & (Nt t W
(#) X Y™ ‘(J) ( G)

. the andfal conolldion

g(?jo) = 5(7)

"of Ha porbich.

T -uf.l-a.ﬁim- (&) oAt m‘f# Actuad .LJ wt o&‘f.n‘
t“u. AJ—{ }-a.\k ag Ha Anﬂtmo&'«t Acwdlu.'ng_ fumcﬁa'n.:

-

k.r -
G, (r8)

(s) £ (ke = jar"e'
We moblic Hhat g(Z,o)=4 omd 4F f«tlouu Ammachatis,
from the . agaation (#) that
) Fo(Rt) = exp (- R7DIEN)
Oand | 4‘1 Fouwdwn <n resson n‘ (5):
- > ikt s
6 (nt) = _ﬂae F (k&)
#) {an)

= (uc‘bft\-)v" exp (- A
4 el

wdhgtfu;afomna’ﬁ(gt).&tuw#fs-owm
the atom - Aguar dia flacument  (rt(t)) 1 a tagged farbicls
AoalLd -&.’Mml# wth bwne !

® (i) = € DE 4 (¢ 7.)

T4 auﬁ&w;eu cocffrarnt 4 thantfort @ mmicd wie
o{'dq. woriakion unth lGuma of the mean Aquart Lia [La.cx munk

A M&Q .mtl.w.wdml-' ‘f« m.LaAw\-Chj, D s Ha “.a-uau:\n# .
In o cafitlany Andlally filled wrh He Lot fluid e
Loatnk at t=0 a thin taa;m of & rediodotope of te
dinumt we want B measune the a&‘ﬁman mﬁazwb
kf,&.,th.@im ¢ dor slafard , we measunt ¢, eananttalisn
alarg e cafullary akir , amd we obtarn D fum, tHae one-



dimminadonal  cpuvalivn b He egualion (7).

Jt 4 alse b de mobicd Hat D can 4e <x frsadd
an s og S (kw), the seff fark of e dynamic bt
focton . S (£ w) i difmd as He spaa- bGme Froce

ﬁwfo«m ag A (r,t);

> -4&-? +® Lwt >
S(*,w)— 2 Jdre / dt e ﬁ(r‘t)
I Y o
(9)
oo Lwt -
= E:Ln i £ (4¢)

-

Uing the wtfusrm (¢) of Fhe) whick i rebd

(45) S (khw) = 4 __ Dk
* w4 (k)"
T‘Au.zfom,,ain, the »Co;‘j M-tm?t{, Lmit we com
wuly
L b J (lz w)= 2
k+° fLew?
amd () D o= W ohim et i s (R4
[ATY. ) ka0 hE

T e,T.Lajzdn. (1) dou mot ru-,(aa.dé povdu  anm
asy miams o dulinmine D Meause ik 4 Aot o ff ekt
A accamadily mvasws S, (hw) in de Limd of amadd
wengq duol  meominbivn lxaw,fm Any offrorim ale d-uo'\#
of S (4,&;) should  Koweoun gudd e nould (1) in Hae
lcnmg, Aooae awd. Am} wo&ngtk Lowik ) s Hak (1) adould
e Mpardid ab o cawhiatkency  2qcabion -

4,1. Relation of D with the velocity autocorrelation

funetion (V. A.F).

Jt i maore cmabwchion & comdas aaﬁ&mzm
codff cant witk th relocily aulocomdolion  fum clion ;
2(6)= (& (t) 4, (o))
whine & (¢) A& He x - comfonimt of e veloaly of th toggd
fparkel ab Gime ¢ . Indud, the sqrabion (8) cam e

W, sn an okofic i d

(12) D o= Aim L)

tyoe L
whane x(t) = jtu‘ () 44

Ao tHhak
t
= [ oat' [ cu f)u ()
]o j Cu (€) ()

n a A"'wténhaaat Apetom  we acfuct e wlowl
auts combalion funckion Lo defunc mly on the lme infiwel
62 s, mot o th dec of tia awgin of Lo - Thinefou ;
(13) (= (6)-] aU:J ou (4 (8)d (o)

avel we have B .«ow&?\,a.a An E:L. dom acn defucliol  4n
thae F}m 4. In Ha .Lsu,aﬁ.'an. (13) we com mewr A'chawt?_
Ly erdan °f Jhﬁ?&m&éhﬂ:

0 t ¢ L
{2 (D)= / atoj ar’ (o ()u (9> +/ déj at’ (u (8)4 (o) >
1 0 [
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?u.ﬁl.'r\g A=_4 An ta fdu!' Aln.&.r.a.l amol m&a»}
hat (¢ (-4)u (0} >= (4 (+') U (o) > we obtacn

eens [T (u@a@> ([ | )

t
> = -&'.m./ dA(u‘(A)u‘(o)>(4__:;)

top o )
whun 4 g 04 t xnf-‘r\i? the VAF (u () 4, fo) >
s lkiu.a.L & (4, (A))(blx(o)) =0 and D HSecomu:

(44) PR R CYOTNO)

As tha d‘.ﬁw&:m cocﬁf'a:t.ht iy ta antigod of tha
welo ety aulss comdabion fmmm it conkains much Akt
din forum akilow Hoan. e VAF ,.,u..LJ In what f%wa
we adatl At mor inkluatid cn e Sekaroun of ECE)
Haw in the volea of Che diﬂu«kn cocffi wint whs ch
howeoon fprawcdin  the useful comisbing squakion (14).
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“;féum 1. Domacn ag lnﬁra&b» in Hu Eg. (13) .

© ae that:
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T4 adornk e Hehaweur a{ 2(E) 4 garen by the
-L?.la.ﬁbn. (A¢) o.f tha Ajfpondix A:

0 2O = > [4_..*_‘ (aay | e¥ iﬂ'ﬁl}
T I T

whoe a = a4 te x- comfonink n“ tha m;amaﬁéu
4F de ponkich subgctid B ta F .
2 o kit # fo

Jt 4 2any e cadeudat Che mmean - Aqear vadi
93’ the occlnalion : .

z 4 20 U
(6) Caady= A(F D= ! = =
mt ™ %, A%

wlare U s the [ptmﬁal gy a‘ dc.&TAM amatx.ufud
A tha PMCLBA. r& tha &aagtof. fa.\,hoh w(-wt? e x-axis.
The mnf-’&u&aﬁ;hd owerage (4€) cam 4e w‘dln:

v e_u/k‘T

1 A ¢
(' {Fiv= _A.Jdr‘

whone A = Jdrc")e_ulh‘r
THe a.d-pubm (1) com e xnﬁgha.td % /-M
& gire:
‘ _UlR T
iy T PR
A

TN
*U o e
ay (R kT ¢ 3;:‘) s & T _‘;ijdr 3(r) Va(r)

o v @A) dmols the buo by kv alshiic fotmkial oud
m#&mbm&m%%ﬂﬂud~
Bearing dn muind  that (uiye kT /m , it

-fruawl t“.u.c{-nu that :



. k T 1 tl
3 2 = B - X L.
W e T (e S
wn 4 m -» > L
(2) £ = ;__ dr (}(r) v oar(r)
m

Jt A Afza.cgul{omwm.d o adow Har M, B the
fm}uku&( ag o brakio og He ba.g?cct fanliche J.'{ atl the ofrmua
Ain the J.L'?J..(cl werr  malniplned f'u.d, at  thas ama.gc_
u,‘tu.'-b.bu‘m f,oah‘ﬁ.;:m.. dat ud J.'ma?;'wc Hat Ha _a?,.ﬁm_

i in equilibiuin wth di bgped forkich Locakid ot Fao0.
H oo wtfond to [onbial tnngy around 7 we odbain

U(F; r:,;;:), U(;-:)E, rﬂ) + (:-r-‘:) -V:U
4 Z -
+.2,,P3'3¢ﬂ(& )(«. )

Ne mowr tohe o conf&?mﬁohai ama? A5 céhu.n-:
(U("J> = (U(".)>+~Z—<V u> (l'-"o)
and  wt au ekt Ga wtau'»} fon.u. on Ha t'a.g,?:_d,‘ foartich b
-2 (V> (FR) = - ml)(R)

4,3, Relation of 2(¢) with other correlation Functions

L3,
As we ae ma—t’m%( AndBurtid dn tha maolibn of a
prtn, alim , wlick we Lobd Y, we adatl conombiak on
Ha 44{- comclation ]ﬁ«.moaém,.-
<) G(rne) = (8[F-(Lw-re)]>
ibich 4 bt averag
L ak b forbin

E.‘s{'f'

(t)-r+r(o) wlin we Pmow Hat ot wes

Mm&% olamasly of Froong Hha forkicle

- 3
docalid ok o fant [ (o) ar €0, The daur of comowalin
4 He ﬂ'a??-wf, r(,a-«ﬁ:r,&. Aoy G'; counie b Hu m.armalc'&wa'on, :
Je ey 47 = 1
A

amd Lm G (rt) =

ts oo
We con allisnativly dfos the dinncly of e fabiete
at G [k T and Aime ¢ by -
P,;'(?'t) = §[T-0w]
amd. A wnllh e aqualbn (11 as

£
v

v < S(F-E(t))s(:La(O)))
VR (FE) e (,0) >
the afatial  Fouwor mmfom foc ) o

Cf-. (r-r') t)

"If we dxfm.

P" (rt 6 H . >
:) p e

Pk‘:(h) = jdr <

J.kr(e
P(rt): 2 )

we oblaun : . - + -
- — N -4k, (Q(a)_g(oy)

E(&,t} =J dre c‘;‘(l)t) = < e >

o (W EGD e (g (p, O

This ahows that He inbivmidiak AMM;.? ft«mo&on
’F(kt) 4 th Ome  comelation fa«.o&»b dﬂ{ the k Fouaiia,
an’m.&m oy | the cwonink of He foctich i
‘gt H - > -
oo by L0 = 4 @) p(nD)

el Ha uf.:_n.»&dn. 1 www? :
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3P.., v
at ¥ 3“ -
edn 6& undii.n, in  Fousien mw{o«m ‘o
(t) +4.h. 1hgt)=o
The Ae!{ airtnd uLbcoM&f»aﬁ-on. fa‘eﬁ'o'\v:
C(kt) = {1k 1.,(*)][ & rAVLD
cam t‘fwvfo'\.l. L wultlh, :
C(ht) = { o () £ 0= (P®Rw)
_ 4% F, (k)t) _
)
'Fm&hl.?.v.aﬂ-nn.w M-'MNJHJ&M

Fownion fwfowu a‘

(+3) C(*,“) = &S (kW)

Thia nastt amfhariza ta clow rdobiontef. Sekwen
the Al fpant of the dyramic alucline footen amd Ha
Al cwonant au o comcladion f.maﬁlone

The meolion of the #ngle foarlith i dlirmind by
F (ht) o b Fourin oo foun 5, (hw). Tk 40&3 Lime
Shamna of L (RE) 4o given by the squolin (€). T < alie
.Anﬁw@, A atidy te short blime anpandim of l:(z,t):

— 3 : [
() F k)= 1+ A -—-d&! +—-t¥ ' +-—
4
&l drt ‘eae 4! de¥ lteo

el __ff.f --(é.(e]é.> '-"t<"">=_h"(h_5]')=_w:'
at* 'pea & a0 x "
4:{ e d«f"u

k):: ht(t:%-r)

PSRN > VRPN Y - TIVA lf“«.-&fud.

(k}lr) GMMIGAJ- 6} the tqualisn

L We thafore mollen  Bak the farabotic shafe o{ﬁ(gt)
at shok b 4 ondy diliseind by te mian - sguane by
of tha velooly of th tagged fokich - Thia cam be Gocd &
the fact M,atro#dwwm,&ﬂmﬁnhﬁ&m s
aw Adial gai. Y we aseuwne that thi farkich aduin af
,ame dx%u%-«thdutsom%m»'

F(kt)-(e <h.ut >..4.._‘_'-_.(u LI
The munt b in the u,cmu.. q[r(ge)m
e Aave

4%, | o e
Ty L_: J <3u(")1 ) -*- (“-. v katy

Jtum}ﬁ&wt{nat(u) SCkT) cwol we

"t.u-ur ‘{»m»th. -uya.&on-@tt) H\m& (a, )g__ a2t Hwe:
™

PRy o o, (Sw +.a.)
dE¥ie=0
whoe N, i sdabd B g(r) and & e inbralomie Jotntial .

The adort lame atfovaion uj I:'.(I:t) i then giron. bg':

(25) | £ (ke ;..4_ w3054 )__--..

From this we can dtliomine the fwﬂ' o m s
g‘ SA(‘EQ), From the d;.fm‘&fon, 01 the l.,uau&.on. cg_) we Aowe
+n Lt » '

F, (ht) - [ e 3G

AT E (he)e (D (0"
#‘r

wrhase @y = [T WS (he)



e om fogunsy momink of S (Rw). fecorting b che
efonodon (15) we thusfow  ebtain .
oty = fT S (ki) dw
(2%) ” Cuty
Ca¥> = Wf (30 +a))
At . odeo mobie Hat :

1

2
wﬁ

[t

_tim 4 ARG Ly g > 2
PLT Ax Ax

ko
4 that we cwould 2ot o sblain 2 (8) #4». Las ua monds
n{ 5(3;,&) at very Amall Mo pndion tbﬂ.amfbu- The wfard pumd
in dxff-w.& Aowon.  btcduse  gne mecds Lorge anecclink
M?(u (@~ lolsd"') Al H\mfou Smatl Am.&ﬁu‘vg ama{u-
In Haure cmolbiom 4t 4 aa,ﬁla.d.t & wbact {(;;cu)
fqy“, de Gtal O‘?hmt Al efline {a.aﬂ'ot. S(Em).

. (s)

A4 Measurements of D dsing Neulron diffraction

J¢ a Ln /M'm:.df.lc_ ,!cu-‘&&. Ao miasune e da.‘ffandon.
m#aini' dmu?k muvtwon  Lntlaslic Ma.diur} u/;uimﬁ-
Jt oo wetl Rown that e dowbl - aﬁwmae ACa,dLu.‘n?
cross arcbion foxmuﬁ.onmu; 7y Fron ‘?:

d'e

(23)

= (%_) [(b; S(Tz,m)+ (<b‘>-<b>‘) S, (h,m)]
d dw o

whie 6 0 &LAWMA? -!lmgfi. 11&!&4&!\4‘ E‘?q,mduu-

The ‘ft'Mf' owm. din () oltaomdu He cunons Acallising

Ofauuﬁ.ou "‘y t“c“a.l}%a?l fnuo&u.a’ G{Am.tﬁu'ng -&mgf‘- <6 .

bl

T acond  liwm  dwowdu e incafoant Aca,m.»\.('n‘?_ The
Ancohoumt acallioing dour frowdis Ty wacful in fownakiin
almut  tha avuage molion of a girn abm among th et
alivaa  Ln the Prid , tut & ebtacn b omguia He sfarabicn
of Ha acaltind Anrasly accordkng & (2F). Faem thi font

q ver i idial wtiabon wadd de mt i we cdd work

m om  sbwmk  for whidd (b5 faffun & be dmatl or cmnirfu.
aufo«mwajy by T shinents | Hycdiogen amd Vamadium,
ekt aued a /M/.u,? ; e f“ut f“"“'" a  wolroudan o,
whose tiontieal wrodyws G Liffedt ) amd Vamadiwm Ros an
Ancommoniint  Kigh m&;\} font Ompoaliw . & odn & cbrain
M{uu.a,ﬁ_% He colint amd dincfuent fanls of th dealliing.
o Lt s Hosfore micssory 5 work wnth amixtina o
diffount dsolofic  comforilions . We skatl take ar an womfl
e work of Skotd et al.“! on Ligucd Argen at Tx 85.1 K.
'Teb? Love made Acalliving et farimint; w;:& neubiors of 45 amed
W meV oo oa samlh #mf frre A an saotofe

fm., whick & Acamn} s okt | ond m oa muxtou %

%A amd 4°A wvth tha mm{«od*'&éh. a.o{d‘r.ua'.d. 4o that de aak;

a&fmw & edont acallising  wed  clote & He manmum
volue fosrdl (o [T, % £9). We shall mot dwell o
wpnmamtad  dlads but Lt ws meba Hat tHhe it fure wandnd
wmsclikh  a wy imfortant in th amalyst . Bn facade
the data. st e comictid e nargy rteoclubicn Bwaa&m‘?)
Aco.dhiv-’ -(7 the cotornn amd WLL&}A AMM'V?_.



| LY
The ofpopriali acalliving fu.mbsu fa\. the Giro
aom pa anw
(8 S (k)=
(8S) + ()
@y S (hw) = 1
CoRIC)
whoe  the M{\M-cufvl' ‘| atomols fom.w'xﬁbu'amd. f:n:'L oleme lia
frv iratance the chaant Acallising «Cmgt‘. of the mexbre -

The aquakion (21) da avloed  for S (hw) which i aubatdnbd
«n Eq.(29) . T4 fmm‘du S . [k,w) L Guwra 0! sum Sn)-

Bon S cam Se cbtain fom i £q.(22) .
Lk ud mobee Hat in q,#.u'd.,a.a an m\a&aau&n

which fosmuss inowaion agmmey S(hw) okotd de srvarcant
d

in ta change hsok- Mouorn in o danreal flasd
s(F-w0) = S(hu). On the otten Ramd da core- accllons
fou manlion Ac.a.mau."\} fm am  Aquilib L Arotim. Mf
0’6‘1 the pawccple of At aclid, bodawe @ the croas-acoban
SRw) for e wwont whin Bo apun abionbs e mungy buw
fu:m. the dncdint moadion @ Loago, by e Ka.ﬁ’n.

-uk,( ':“;) Hoom 8’(I,-w), which dweacda e omiarm

q = g arismn. huo by e aphon
(35) S(hw)a ‘“l’(:—‘:‘) s k,-w)
From thia agcoadion it a fosridl & comBusk
o agmmubiiyed  form T(hw) whick kan won fancly wiek

Aa fack & w:

__"___: [(b:‘)‘ s (k) +(b:‘)‘§u(h,m)]

[(50) 8 lo) + (1) 5.09)]

1
() . ;(:.Im) - txt;,(_ E‘:’_) s,(h,o.\_)

-th"r
and b 44 5(:,«.:) whick @& & be wnd Fm, cam fors Mo
with the F oadn ﬁ.mfom a{ deraily fluo&;.a,a.?u <n a
claw‘wl ﬂu«'d . dn /»aaﬁ.wla.i\. .

—fwt o

»> - +" - '

}-;(h,f) = j dw e im(’l.w)
-y

-t [ dwenwt S, (k)

The wcporcmontat wvalus ,&w 's;w C-l:,m) obtacred by
shld ot af. on afown Lin the f;wu_ (2). In orean G
intinfut o data, amd expoin the overall abape obeond,
Py T mzfu.L b compdn G Lomats

a) In an ideal gad thou 4 mo comel alic nd

Stwun foskcls 4o that G;(;':-t)-al. . The calwlabiin
d 6 (R6) A abaight fovrond. If the bogged pondiets  umns
Locatid ot the jenk Fwo0 at G t20, & 4 foumd at th
frink T FE ak Gme € with the pobdalitety f(¥) giren

b;( e Man well diaGobuban fd.mc&éh. n; redocalis - Thu-f-emz

4rridr G (nt) = 4T vide f(r?)

mut

exP(- ——

2 k"r

w £ -( - )’fz

R
i ‘T

Fram, tha wt obtacn:

(33) G;(r,t)-( ™ )%exl.(- _"..t_...t)

ankTth Iu >t



(Aa w) en Y

-2’0
-£°0
-0

v

A i |

(row)
(ms,')oug S -G°0

-y
F/
o IS0
L4 [a+]
-9
&
=y

YGE=

=

<

——

o o

v

l-gg:)' q

Fa

—
_J'

e

FL?.J_ I?Q&Mnk Acallin Louw- fwm, -et.q.uof. mim at 2K

Attn. Skiod .+ 1 @

\@
fom which it follows dat ;
‘ f’;(ﬁ,é)z “f’ (_ £<u1>kzb‘)= m:’tz
(33)
5 ( w) <
" (hh'rh‘) P( zwz)
I dis <obiod gt qu.t S, (k) < m;w-m
fomelion of @, ulth  folf whh at u( ki ta
(3“-) W(ﬁ) 4 (.Z-ﬂhg (u. >)

Wik) voain Aoty unth k. In o Legud His Lok i
Anbinaling  oa (t,7)v0 that i, as fong as th bagged farbol
fos mot dod Boe lme 4o fol the funonc of He otk
fortichs an the flucd. In frackie o Adrad gas Limit

Lo anefed fo kY o o™ Fg- ).
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2 s -!.?u.a;&bn- (35) we tbtain the gosedam ajfronion aldis n
A A4 f; (k‘(:) :
a (3%) Ftt)= exp (- £ =(¥) k')
of tho short Mme anfameion of this atjucrim of fulke)
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He o dcﬂ.uwm bl (.- ) omd the
wdial ges (---). M Rafman ).

In tf.:.f-;mQ. ik iy ddrwn Rew the eock awult
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The fgun (5) abhows thak, in the gousrian
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Te rnf aninon a{ He routt  offucned J{n E (& t)
whin e 4 mmade of He widih funcdin (u) wth
comfulin data 44 giren an the foune (8). For am exhaustiic
Mes of the tfmrimuntal work don Before 1935 the
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A8, Molecular Bynamics calculations.

The aludy o the awolion of a tagaed farbich
an o dmee fhud i oa diffeatt mmany - body poblem
became  of e along Lnbinocbions bebwun fartColu.
The tagged foticle Antiracts with tha fhud which welou
with <& own dynamia (4n fraine of the toagged partiele )
owmd aocks back an & at a Lakin Gime. WL awoprck
4 a ayetem  whon  the wtliadvn an <nclfendent of tack
otk , this back- four it of th flud dads & o
m..f,aca_,czac dynamich . A4 we shoall ae din tha mect geclions,
te thondn for ducachng tuae comdalion are aatho <nwelod.
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Mg-'w cam Se cbouged
d.) ot anlivevediali  Aumgctiin (V—VNS) wfane Vo
s
4 the dow- /\d—e}u'n? vetums, the VAF sfows an anclad
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deocare (4ee €9- 1), frllowed by o (lation and o Lorg
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. THE LANGEVIN  EQUATION .

We cam Lrarn o Lot about the detacls g{ e dgr\amu
ag a .h‘na-& f.mx'lch Ammeritd in a ﬂw'd- bat; —o(udg(n‘? Hae
a(amgw.‘n, M&m L.oe. Ha danarm'u o{ a -&u.sc. aral “-uw;(_

forticl 4n a bath o{ amall amd Agu forlicha . wnfo«,mmu}

we are An demmal inftiustid by e deocriflin of a teg ged
fartice  of about e some mass as the barh poskicl . The
rakls  we  ant 3:.-»’0\} b obta ~ an EAG stelion an not
.(mmLah‘ooCZe[ afplicadls L suok podloms.

L1 The simple Langevin equation. )

a) General mruthod.

7‘{4 ﬂcu.;{ farkicle i3 <mmeutd £n a f{w'd %
Amall fabitn , & does mot asfond f5 <mflack of
andindual alims (A moliodn) but b Pl ot akiing of the
Hotad aak ajxm/ma LY. AM{M. T4 mobon vf te
fartice will Hinefors adowr am average fehanoo | en which
A Ao fosd  an erale mwolibn duw B the Flr cbuations
an tde foree axfecenad by the fankide . The equakion of
macbion of e farkicle cam bt wniln ;

%3) mi - F(t) ireq)
u{mﬂ;/&taifow,;mfh}mu%tdq(mda
on the n&atg W) at cardin Lime ¢ In ndin & 4o able,

A& avloe o tqualion (43) He f"a"““‘"g offro i makiond any
maadle

~a. th wllaon UmeT( the characliniabe
Koora oj, the f&svﬁmﬁém)a arrumid & kaa, ammact
Wth Mofack o T Hy horaclivabe dicay lime of tha
rehuly of th ooy faakich . Undu this Qs m flion we
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the wlocily & (¢) ot Loms t
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;s (;>a, + E(e)
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(Fr2s ~Tu
whow § iy the prlion codfiiet ($2 6Tha fn a
h\?t Apbve  of nacliua @ in a flud a{ adear Wocor ty 4, a4
given by Tehu' dow). TRa affrorimakin s chordy palid
of b velooly of He Brownian fadich iy mad amallo

Han th Homad 'vdnu’fj af Bk A faktiela.

—d- R(E) ) the ramdom fover , fl ctiadn
rey nafidly (characdiintic Gme T,) it m{{.{,vj*&) He dicay
A T (S of u, amd o indufendent of i

-e_ on &%Ac«.&_a{&mﬁbnaf&
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adort Aiwme (X(t+T) X(t)>= G Q(T)n 6I(T)
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for tach comporect X of E.’, and @(T) i Ahanply foohed
ok T=0. Acoonding b thioe aswmplons the equation (43)
Aecomas :
(45) - ;_3; Z 4 1)
Thia & mot an ordinary ouﬂmmu equation

decapae ch) Lay m..l# Ataﬁﬁ'oa&% a&f‘md. )&.o[_um
The poblim  amounts G Au&h'h} the Eq. (#7) amd f'nd—(n}_

e pobabitly oisbicbubion WL e ;. ) of th wloul ot Gme
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X "

- S (a-t _
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A=_/° ¢ (+) R(a)
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-@) Calculation af e ?a.'oﬁ:m cotff‘cd.hﬁfenf
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Ak b irBion alis analyses 4y Rahwman
(?o)} amd Bkt o - tmfisdcod  modide of
E?M} ”')} the fuc velume pwocdd of Tusnbutl a0
contirisons Plucliobion mectd gron by Sumdin ™ a0 el
roedds ady o cdljuatobl foramatig awd do not account for
e maliabie dgnamia of S P .
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:%unwu&gr amd b&d&mﬁ

I, KINETIC THEGRY 0F ATOMIC TRANSPORT.
Kinbe Huvia atbhmpl 45 codadak e
Moot diy by bukion foﬂtc&éﬂd °j He f&ud.. For < nafrmer
A w dumsl () 2 f(EE L) e fake fae futalilly

doory o e boggud posiide ok T ot G b, we
can PG th ’szcu,% ol ol aticn f&oﬁo&cr\. a4 |

) (a4 (8)>= [dide v (b)) o) CAm b E)>
amdt e empharia Wl be puk | n EBallc Guoua , e
o cotadabion o £ (T, T, 6). Thi i a com fplcatie
mamy - docly  frotlim  breaure Ha toggd fasbicl  dinlTubd
at Gme t, e sorounding Hod | e dor i bomen
feotogats  amd sact bock gt togged fakeh at
bme €. By o debailid Alucly of He Dk aun rin o G, we
con Rupe 6 adindify e muckaniams <mcdinlying
ock Plour #:&, Agaun  we abholl meet oo v fle Lindta
(4) s care whine the fogpd fabicle safusoncs fugunt
bk doft colliwions wll o G the Fohhkun- Plawch
equation which confornd Ao mcne fytes  tHan che
P nian.  aunlion tb-c? ;) cmoencly ) when Ha togad
fenticle A M#cﬁaﬂ A5 nane A walent  cotlpoma L, we
il  maak  Ha Reltgwmann  and EMLOE? taicwn |, wlich
ane wery Awful <n diluls gases and m@m&d[
atnse f&u.'au. The acltial nliafion <n &'}u‘ou Ay
behpin  thue tws wlume Lnil aud b very d.c',lfuu
b whack ampll fhpread  fhsomina pam the  artukn
Jﬁ}LaLcLﬁnA.

3){. Fokker- Planck equation .

At s e clon for <ratance @ oo de mompnmal

Ao omd afiely e diy Gibubion fonetion Liw€) of tha



velocdy of e toggd fatich . Aol we bail apoic due Ha
Aface  dppadine o f. T we asrume Hor a dime dntived
Tocam e defmd  which 4 @) Aerg comfand & the
Aime,  stade Tf rale clarn  Llucbiakions dut (<« ) sdow
with  seopret £ the rdakabion b Y o vele iy | we com
WAl :
(i21) f(o,ﬂr):jdu’f(qrjt) B (Ve T)

whoe  fo (¥ T) o Prbobo iy dat, of He foutiche
hos the vedo g v al tum €, b il e Foumd anth e
ma% v oak bume £4T . Leandy He prescling  offrors mabinm
aw ot of the Buwwiiam mebon of o Keasy fankich.
At ws also rolia Hat f (v, t) 4 not mecersanidy o
""(’u.(,&bum din G bilisn - TE coan be Che ooy cbution fmoc:m
of the vlowdy  oflin ang Fren andial comfounation of the
A‘\’,;M\m_.

The & ausin (iom M%&A} P HT) & a fumcﬁé'r\,
of the velocily v amet of the veloody inoument w= tp’
It com e fc’vmcz,t&é wu e n

(i22) b (»wt)=( &‘(-ur J E}#,)>
whow F(t) b He Gtal foree  etfononad by the fonkole
el dum,wuar A4 fakmmamrnmwméhrdou?
of the é’o_?}ad. farliche g b e oin e Prove nean o G,
tkuau‘f, we cam  acharads  F(t') ik the Ao bamaki'c .M_J-a.na(-(u;
foree - T v and  the ramolom Forr R(E) o thae the momenks

°i p{vwr)

w(T) _4}' P (2 w,r)wdw= _i/ CFED 4 5w
z T m ™

T

- { L —"'—_/*PC";w,r)w"du: A e (REIREDS
wd, /

2T

T 5 k)
| A <eca")m'c)>= b+ T
m & ki

a.ocm’o(&'ﬂg & the 2quation (52) and beewwse T < —&mg an AL

)\.Lnf-l.cl‘ A thi i Acade 06‘ Ha #Aut&cu&-ohd aj the Aam dom

‘fotu- cewu.ﬂg the ﬁm,mf.u. W <3 A Aan olem fmcm awd £
7y 3 Y d . - 5

whode unddh G- ree -6-} 'w"(r) We con munw wrelt
_F‘(vt-f-'c)-_-.J f(vwe)’b(vwr)dw

amd e M\.a# £ pamd ?f(,,,_w &) 4n a T'a?-éetm,u & b ioin

AN S DN El‘f}

IE Nl /n_’
wheae w?
thas whamiion to Che fu'wt‘ tuo limd  we thtecn &l
Folhin - Plapch, -v.?uuﬁm :
o MED S (o ar

b1 m-q.Bu» m v

£y tha m.tf‘ ML m ot o{ f:(v,w,t). J’fbw VISP R

0({ LoUME, 4 dan -a.?w.‘i:.‘bu'um A?«J#@Pﬂ_} a_f=o and Ha
-t?u_auabn, fas gre aolition c{du Bfawn_-

'TP(v,t)_ A exh (- """L)

ak*
I/u'!ud.. Ly Ay (m af&m.tmuahai) o(aombu.ten_ fa welicin

of the velowly  (Mow wetliom oo i brenkion )
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Now if we dimets 71"(?,3,0 Che fhate- sfans  furbabitiy
Al bibulion of the toged [abich we obfain, €n a
Akm‘gufommd. j,mua,ujaﬁ.‘m .,j the eguaticn (1) :

wzs) Eig.gl_‘.)ii),; 1?..:_?..._- _ﬂ_i_ 3_3. (+ ‘:"i)]f

dn @ Chie - dimmrional  aetrn an Cha obiwni of on extanal
ﬂf‘,m. At B angrcdlivnts i rg this  Fokko - Plamch
YQualion am the Aawe ab tde Aaowindan U{m# . Thte aic
Woo  funcfal muMods of wiing Tha sgualian

o) Fiutr we cam vk for Th aolubon af (izs)
compalible uwith the Lniliak  comeliliord . P ovdo G make
< ar Awfle as foandl M&?a—mxm-?ﬂe m G
i, oﬁmoﬁw&n'm)&tw andume Chat we aw :Mf?r_
Anbris Gl v Ha velowly disbicbubion fumdbon of o
Xmﬂut [.MQ(L Ammeatd an a  one- ddmowrmal g bem
Ml inkignalion  over the apaw vosiabh , f(v €) obu da
ofle equalion (i) which  we /,«m,wh un et e chowge.
A Ga rawr vaaiobls

§/.,,,,,t fﬂ'/m
V= we 5 F{v,t)= X (Vt)e = F(v¢)

The Fobikin- Planckh “"i‘-LC‘JaOf\- mawr Decamay

X ) awx
(1) T ¢ (€) T
e He Ft) = k&\ F(&It)

The dx.ﬁu.b’m 4?.,m1.'ien (126 ) s zam%; aglued | ff{ f(c,c:o).:é‘("uj

7o
ik Avlubion 4
kA
R0 P R G A— )
t , Y gt ;
[ar o) )2 i [ pea
THis iy i dation 'Fam\oacn, wlipwd wd g codwdak
(= V3 ™Miam- A Qtant vedew »‘ﬁ the wl-ouig ogh’w, f”ai?:.d,
pordcbe ( And Gally ak ast) ak G €2

-5
m

(VY = E'(/r_ e
Thay 4 the - d&'m.::ﬁmali pquvolenk Ap bhe atauld we
cbtarned 4? A ddact sinki grakion o[f the 2gx alions oJ’ o Lo
an Ha Baiomidan t&m\&/_ (eq- (S1)) . For a Aolulion
of the full Fokho- PLlanch eqiadion (136 ), we acfrn the
niadin Ao e dook o Riu amd Gray )

4) Y we an by wodbu Gd dn the o(-t‘#ou-\'n\,
weffint of G toged forbile we mut sbicly G dmg
Lima Aikaiown of {(15,6), 0 B Mhou Frads basforn
F(3.5,8 . we hmw dhat fhe) obus te & fforon
tqualion  at 'Ccng G Ao Hat

_?LD!‘:

j f(;}:}}t) dl—; ~oe
’3"&/ FM amﬁw‘mn ‘31 d.t. Fo.‘bk.u— PtWJL
L?J.alzmr\' we obtain

of A i) F

(147 ) L. (a-490 )]

whars A=§_2__(5.+."£_2..)
rmaa m 3

A:A du_ Fok,&.t/\.- Ffam(}'t_, UML-
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In the diffuron mpme 3 cam be copdiwd as dmatt
amel  he  effrck °'D/"“;; com be biabid o1 a amatl
folinb aliin  An th aquabion (127).

The mm - potionbad Lowalien

(122) RV {

2t

com be avlord if we Fmow T igin funclions of He ofuatsr A

Alfeny= Auleny
whie (g0 Y i @ welsr i the Hilbed apoe with Gl
dnntn fuoduct

Ctlg> = [d3 @.B) %) g¢»)
whow f (0) 48 The tguilibuiiom dislibubin famclion of d
veloccly - Of counne f,(0) ool 4 a svbukion of the eqealion
€e8) with Al-o becann & comnjonds B a 4 balic nary
Ahﬂc{&%%(%ﬁ_o).ﬁu we Fmonr  Che
2t Gon volines Apy ik i eary & adow Hat U georamal
Avlbion a'{ (i23) 4s ;

¥~= qZL. aQ e

m

At

whow the @ 's ane debinmained by Che <nibal conclidiom -

of cwiae ol AT 4 au negolive amd the dmatliat o

(in abaglate vedus ) | uwhach delinsna the long Gme behaw o
of i Aao Tn nee b obiun th Long G

Aed qip nn of the avlubion G tHa equakion (127), the ondy bkm;
we Rave o do 4 MGAL&;M&AM&MW <
allivd. whon  we anboduc ta fortinbokon - g5 . Tha can
Ao dina Ay seandard pofukalion ‘Uu.o\?- amd we obrmcn
Aohivg da X-ams alowg th veelor §

12

B D AR C A R A LA M L R

g Q

@) Al= Al {4,

The fivt Goo Gums vaninhas  awd we ::3 as wetl
anbioduse e tiun Mmoo an e i | becanre (ff,/ﬁ/q)“}:o)
amdin the emoition tlat we add m,cn%m-m.m €
A B dinominakor in ordin & acpd  Ea Jx.'ntgwa due &

He {a.d' that A’ .o . we RLine oltadn

q . z
A°= J&m ‘f <\'Pvl1);

> Ve |He
[ —-£
(135) Do im v Lo |9
€30 A- &

It L ""’-";t & 2o «6-? diet caledadion Hat [ @ >
AA L .u.‘?wvtctm. a{ A uv the u'gmuu.l.u.. £ Hover |

m

D= v&'\’l <£.P° l?x 4
Es o0 ;S"__é
(l‘b\) ™

ko T

The o cens r‘()—; which we obrainedd Bha  armfle ausuts
< /,cw% Mo Lrmirloed Mo a diuck colakalion Prne
4hy Bagwnian  meotiong thiowi . TAL sanpm why  we Aot done b
s that  we shatl weet  am wfparm idon. & (130) whin

'U‘ lq’.>= % <LP.[V:,(€°>

wre AEAU(?_ da f’}u-&amahr\. amdd EM‘W} -l-?.l_wtcbn.&- Mo
dibacly com b quual an  da boock  wutlin 4’} by bwna and
De fu.r\u_(;‘”‘



3,2. The Boitzmann and Enskeg <equations.

The Fohhin- Planch cgualion was 3 fasimd
fum Che equalion (14 ) winmdin tha aseum plion that che
awtrage veleeky  of thi togad fadiel changu roy aleuly
sl that bhis chamge Awalh f;m fu,umk amel ight
celliyioms . NMaw we  courdon ey offerl care whim t‘oﬁu{
fortrele ma{—m—gm Aoar  ut Ja,L?,_ mam nfuem & aws fans | as
oA Ha o case an o dduip gad . ijmum har thua
airts a Mme T ‘&"‘j“"‘%w‘* wth e durodion To of
a wtlisdon ) bub sdot wanth mnjuck My o Aimi T, bobwcn
collid domd | we cam again anil Ge cquadion (121} Foo e
velowty  diyGibalion  fumclisn  of e togg o farkol j when

AT

(132) B (v90) <« X 8(v-0)y T W(vlv)

The fout Bum  comtofonclt & thi  abisomcs of cotha o ma
dnhg Ho ALuwa arfwal T oamd wW(vie) 4 the taws fe
frob at g vl v o kit B I we choox T K7 amd
eefoamd f(v,t+T) an a Togdor selu we obtain the
Mastiv € quation for the velocily wiati'bcbiin;

() UL faw [us]s) p')- win ) ]
wrhire  the -f;w,bab/mm cores fomald B UL v G oasup tons
{which <nevate £) onmd the tecond im  olen cartes
V> Gawn o | which make F(0,6) dicuasc. Tn
dimeonroma  oamd  din Fhe obdtawee of om e banat foree, the

cquadion of ewolubion of i full dibububion fumcdion 2(70E)

vy »67 ﬂrwa«fm}} ath da aquakiom ( 133) ¢

sy 2GR0 3 o zja;‘f[w(;;:,m 2T,
" o W) 2R e ]
whe we Rave arvomad  that the mye of the ponkichs 4
gl th avd thiufor that the Rawnton fubel il
defends ondy o 7 W0, 7) difamold on the musmbin o
darh fakichs which aw locakid at [ and that have «
whouly ¥ wuck that, affin th wollinion, the velscily of o
toggued fokicl becomn ¥, Tt defands also ow the 4 e Tiaing
Chams - Atetion fm. auch o colliann went, which cam be
col cud atiol 4y dasrcad amechonidd .

Ta ndin & sbtaia the danmcat Froles mamn
equalion, we ru?&d- e apatiod condobions behvein e
{'n-?aui omd Lot foakiiles. Mou Mmmz.:g W Qb Lwme
tHat the MMQZ’M/-MJM '&wr‘j_ a velocety Gn
the romge ;’; B dv L nqpb(;’) dr whem n o e
Moo il ot Q) <1 Fht g A briwm relacid
dia Cbration of 4abh fonkichs . Undew thas ool astampbon
which 2aa m«’# be ralid <n a diduk gad the equakbin (i34 )
Arcmua Lnran :

- cr}
(135} 3_5_+'u-,:')_£=41C £

¥
whens C“)M the  wllisinn of.uo.t:ﬂ.. Thais Lg;n.)&ien eara
a cose annomblowe A Hha Pohhi- Planch tgualim (125).
T fo«ma&hm we ol B pblocn the of&ffu.mm Cof.#'uw\t Can,



coam, a.;ou'n Are Aﬁ#&é&d awel we  of taum fex ehe o&#f.«mm.
:.c-c#uim& o{ the v(:a??ca& fadicl .

(438) Do m lim (9| A
Esxo0 * )
mC L&
omd we fowe o A(I.;d.g e 4.:.3wurn.lu.u .y# He ofrats C“),
Th aa done  on the ook of Ricbrr amd Be duanc™ iy

vl

(133) 3= kT

X')-am_l‘l,(i)(f)
wWhuy the  wtlison .{nﬁg«a.& Jla)(ai) olefends on e

kallicl Ay namicd of e clluvons. In a dacd afhane
?&.u.'d) b cam be atown thak (i3F) mobinews & el

And e Anute

(132) D=

3 ky 7 V2
(=
whoe 0 i the Rancl afhene diarnitin, -

A Guak imfrovement oo thi aeswtt Ao e
ohtaind by Envkog ™). Tl assamplan of bwo - budy
wllids Gub  Lis tomnmoed bt Mpalial covmd abivm behuocn
podicly  ane tolu, aecowunt of 'ZU.GJA}QAL-L[? Lt can e 4oud
that the wlliston rak iy .Mé'?mmd‘(ryn}d\.t rusmbitn
bty of both fonkicla, Lt by ) whue g@)
the radiad i Oidmabin 7}%%“ ad contack . The arg umomst
comn M madi ot Acgarous (”)M Aeady G the Elwiqg_

A Y weffcink in a Aand - afdan Honid
D, %
()

(138) . . 3
€
901') qu-"?(a-)

W e s mosmable wmbu of e Rand afdae Aicometin,
thes wm e avalt fowca valaas \3’ ke Ad{-a(&f/u,amm
coffaint  whichk aw of the mght oden o{ma.a,m'ﬁadl.

Lt ws Aomecor -om{}»o.bj; ot the Erakeg Aoté <
thinimd  wumcdir the  astumpbion  of <ndepenolnt b ey
estlininnd . Wt Adall  exasmire tha comflicatons which aure
whon o B &  account aﬁ)’\- tha dy s cad fo(m}ﬂbﬁ.én,
of th both «6? the togad falich An a Hakie acclion.

The 2quolion (439 ) . mm@ wase ful o
“raluating i flunm codffiaints 4n Vom dn Waals and
ronckallre Loquads . Nokeing that da 2gsation of Abak
of auch fluds 4 wot that ols ffenent from te equakisn
of 4tk oﬁ‘ a Aond 4fhou ﬁg’d)mma? c(.:fm an
affeclive Rand afhe diamebin 7(7) which malaty
Ha aolical Ligud. This Aas dbewn oone 4y Dy mend
Ao (76,337, F8)
T(T) o thu wquakion of slab . Atcaunt a{ ta  aof¥ren
of the actnal intin akonue fotenbad the officlic o amiti
AfainkA oA T Ahowast. TAE canm e me% LKoo o
A b fock Hat, as T sncuaca, the wllivon behocon

-'(.-VL ACAL ga.o _,&_?,U.d_d) 51&/ Gdf‘ﬂbo dv\;

aftnu  Dteomns masw awerne onad the  cloawst  olin tomce a#
affoach oecrars. Acartli amed Laahin TV efflud ehs
blumg Ao mackats aud  Hrned rethor grod avvuls

Ha A-ol{‘ &*ﬂuﬁm cvotank. Vadowe amd Mm(go)zmpmxd
Arriwrhol Bhe alh Jr'&( m—:nﬁ_ Hae Coarnaldanm- S"m-&'y\a (1)



-L?u.aﬁirn of Afli A& deliamionn T(T), <nakod of e
A'nf-w.‘m‘ Pervews — Teweh .aqu.a./a:';n. The 4.?9:.0112'&'1 o{ Yy
{acﬁr 2 ‘

2= -.._.P——-z 4+¢qg,(o’)

fnkﬂT

whow 4 Tn el s Che /\a*‘-‘u'\g Praction. Velit amd WMCN)
Lave sdnon that tHe Cornakan- S’qu&hg Lguadibn

E A+ ,\“‘_'\1_,‘3

cy = _‘——‘;—

(4-4)
A4 coAnack cm't"*.r;n d.L @cmacy o{ MM— COA/CQ wmm -
T&ufeu. an a faad A/}\LAL a%«.u'c{ e 4 Muﬁ.u.% G T
by O A& M amol Che diammilin T (T),
In ordin & olhimmmine T (T) Protopafos .d-a.i-(s

gt Chat | af the distame o{qlc.mr affrbachk 6&%
ok T of th fotde i tqual & The cnbinoalbruc
folinbiod V(e(T)). :fl( V{r) <4 wpamdid arcund b

E))

md e ak T, we obfadn

A (O'(T)-U'O)L:s ak T

Asiner %

CIRIUREYCRES)

The codffouint B meandy e soume for all mubols

This 4 awn asptct o tha Ande mana mu.tﬁr\; formada .
Frara, the 2guation (b0l A &4 the rdalive wbrabidn
arnflilide of thi alims ossunol T ak Ghe mulkng [fonk
md%ﬂ%wnfbwmawmc%kw.
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Putpapas ebal. foumd that tht mbua g <oui2
Be gilz Head & o ?a-mi ﬂ'f b i mindal  daka.
Aok wd o lice  Hanreta  fhat thg alio omictid el
Ennkag amitt (138) by da fachin G (1) = b/% , Ha rato
of the actial HS diffaem eqffuant (sltacmd by
atiodarn dynarmics  codadotions ) M e Cnatog rmluc D
diffusion

3 3. Density expansion of the

constant.
In the st of the Frolbgmann- Enakog hicwy
Hu-émm# collissons  aar i deid  un coned olid | Tha A
Takid ab dow duenly dut | e i dewn'ly <nowwea, Uhe
Aogqed  forkicl ol mamns colly felondyu the Luth aud
Accaatoe  olliaiany  can ¢ ’A-tg”vg( comid ody o . Tha
comdokisn  frousss ane schamoakiyd £n the f?b(}u. (/2).
The f?u/u, 2 adaos @ stgunee of two comddabid
T oab ta sfaa Ame fonk B the tog g o pandTele
cllided again with G fakicl () with which it fod
collichd  beforn amd that may Rave fpt th mimeny o
the punine wllision . Thae cotluions are of He genual
Gyl descuded  Ln the Fagee (2e) s aflin He fint
Lnlinackion bebwan (1) amd (2) ok A, the fog geol  fowhcls

eodliy Cond

mw;m ey a{ aoncemilotid  colllwns  wr i ol
fostichs  amd  collidu at the fonk 8 unfh a tabh  Larkieh ()
b che (dmbd;, o n il ety ) Aas dopr che memo of the
fwe nccunlin at AL The fadkele @0 may te e danma

ad (1) of can e n(.cﬁ[mvub. In thay ”M'ng celliscon’ muckaniam
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£he otliaions ak A amd B aimumut awd <t < cdiar
that such corulabid squincd auat e fropaty
o cooun tid ?ﬂ‘ A Puo/u)J? drsens be Ad{—ou#puéon <y
domae  fluids .
A ot slf A5 anbiodua dfnanvcal comdation
cowralh s & guunalijadion of The tqualion (136):

(i4t) D 1
m e
1 , 1 2
B / B

3
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am axpamsion of the ellhion ojnator wn fowes of the dounty

DA A
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scfomd D in fpowed of n:
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..“ \ DR‘JN ._/f___ C(a) ___4__

¢ c
The Lrnfonamt font Ao molica &b Fhak the coveclio s

B D oy divagt as n decomus amall j Houforw the o famnm

(143) moy rot e Aiglimaki. It 4 fonbl & frd

A e arg winents () by shoe the (»umf&?+m.£) o of

thia a&‘mgm;g- At ead fo’\. < ratamer cnarndin He a&‘u?um..

@24) in ﬁgw (R); and 2lmati the frotoltly of

rellirm  frowna . We duol [ = v/ = tmet Ghe awmage

,{n‘hw eoldiron fu?uuc‘?) wheow £ 6 e mean J‘M.. path

amd T8 o He wlliden crar- aebiin . The otk £y that

Ay, olllion ar C orours an He Lt inthwnd T; 7+ o 9

I, dt . T?'u.d wllaion at C Lods & o smatlliion ar Bm&
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