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01' will the entl'opy of thc gas. whirh is monatomir fl'om a therll)o­
dYllmnic r point of view at Vet'y low tempel'atlll'es, pel'lIaps not be 
repl'esented b.r (16), bnt have a "aIne kN log 2 '3maller? This see1l1S 
irn probabIe, at least al fi I'St slgh t. A rel'fectly 5atisfartory answer to 
this qnestlOl1 is pl'obabl.r to he expected only fl'om a general I heory 
of qlUtllta, ~ 

Howe\ el', '3omething can be said about the division by NI also 
withont havmg l'ecollJ'so to the solid phase. Suppose we have the 
ge,lloral theory of quanta 'Ve COl1le 10 Ihe conc1ll'3iol1 that fol' the -
determinatiol1 of the thermodynamir probability we have not to 
l'eckon wit I! infinitely smc111 l'egions, hut with sueb of a detinite 
tinite e>..tent. This, howm er, holds only wlthoul l'esel'mtion fOl' 

systems the molecnles of \V hieh are aU different. Of a gas for wbicb 
th is is the case, we could not say that the enll'opy was pt'opol,tional 
to the lllass; rt would ll1uch '3oone1' contain a term k log lVI. Now, 

NI 
howe,'el', the entl'opy of a mIxture of dIfferent gases is 1. 10,C1 , , 

1/ 1 nJ ..•. r 
greater than when th~ gases nre equal, whieh can be thermody­
nnmically derived for large values n1 etc., while it seems natUl'al 
ro consider it also as "alid fol' small n's, ln1 etc. 'a1'e of course the 
numbe1's of molecules fol' the dIffiwent kinds, lV is = !Jn t ). If now 
all n's are = 1, lU other words, if the gas eonsis1s of nothing but 
different molecules, the entl'0PJ' ",Hl be I.: log (N 1) greater than fOl' 
n gas con5isting of 110thing hut eqllal molecules. For tbo latter we 
slmll then have to subtt'art J., log (N 1) from the original entropy 
eÀpresBion. Such considerations ]lave origlJ1ally led me to the division 
by NI and to the formuln (16). 

Physics. - "On interfe1'ence plteno1ne11(( to be e,vpected 1Vlten Rönt,qen 
mys lJGSS tltrougli (( di-rttmm·c ,qa.<;." By Prof. P. EHln:NFEsT. 

(Oommunicated by Prof. H. A. LorwNTz.) 
, 

(Communicated in the meeting of Ji'ebruury 27, Hl] 5). 

As i5 lmown W. FrmmRICH'l) has ascel'tain.ed th at a beam of 
R(mtgen rays pas'3ing thl'ough ye][ow ,~rax and othet' amol"jlhollS solid 
snbstances gives intel'ference rings on a photograrhic plate placecl 
behind it, Liquid paraffin also gives a ring, which) how;evel', does 
not represent a maximum of darkness, bilt an intlertion point of 

1) W. FRlEDRICH, Eine neuc Inlmferenzerscheiul1ug bei Röntgenstt'ulen: Phys. 
Zsdu. 14, (1913), p. 317, 
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Ille decJ'ease of darkness. FRnmlucH shorny discUR'3e'3 Iwo possJbIe 
expJanalioJls of j he obsel'veel phenomenon. 

a Thó sohd amol'pholls bod/es may be 1ll1agined as buili IljJ of 
small cl'.rstals. Thc intel'fel'ence spO tE. of the diffel'ent illdivldllal 
bodieE. unifoI'lnJ,)' tlll'l1ed in itIl dil'ections \lIlIte on Ihe photogl'uphJC 
plate to l'ings. 

ó. FOI' the sohd aIllOl'phons '3nb9tances anel pal'ticnla1'ly of tllè 

liqmds is "die Anol'dnnng dol' Teilchen eine vollkommen l'egellosel>. 
In the case of ihe passage of Rontgen l'ays thl'Ollgh E.llrh an amol'ph­
ons medillm we shonIcl, mcet wl!h a phCIJOIllCIIOIl t'tllalogoll'3 10 that 
of Ihc passage of rays of light lhl'ollgll a 9,la,s& plate stl'CWI1 \Vitl! 
lycopodIUm powdel'.l) \ 

FlUEDRICJI ~ites the cn'ClImRta-nce that also 1'01' liqllid paraffin all 
intcl'l'eI'ence l'mg OCCUJ'S, 111 f~LVOl1J' of Ille serond explanation, and 
he therefol'e expresses the snppositiun that hel'e we shonld have to 
do "mit Beugnng am l'\JoIekul resp. Alom". 
I E. HUPkA l) tt'Jes, if 1 have I1ndel'stood hlln r01'l'e('11,'·' to give 
anolher explanatlOJ1, m which the mean distal1re of the molerules 
i'3 declsi ve as "gmtmg constant". 

A trushvorthy l111l'od urLlOn of '3tatistical considel'ations on which 
tho calrulation of the dal'l;: 'lÏngs lI1\1st rest, docs 1I0t seem easy to 
me even for liquidE. on acconnt of the compact al'l'angement of the 
molecules and particulal'ly on arconnt of the unknown complexes 
(associatIOn) of adjacent moleC'ules. 

I mar be thel'efol'e allowed to pomt ont brieft)' that the pl'oblem 
is considembly simplel' in case of h'ansition of Rontgen l'nJ's t!t1'ou,q11 
a di-atomie gai}, Whether the eJJpe7'imental difficllltJes can be SUl'· 

monnted, I cannot judge; ill case this shonld be sa, some new data 
ll1ight be obtained IJl this way on the situation of the atOl11S in the 
gas molecule, 

§ 1. Let hOnlogeneous plane Röntgen) l'ays faU on an isolated di· 
tttomic gas molecule. Both atOl11S erhit secondnrr waves which inter-
1'01'0 in the whole spaco. W· e consider the interf'el'enre ill an al'bl-

,j tmr)' point P of a pI~ne E (photogmphic plate), which lies normal 
to the dil'ection of incidenre of the Rontgen ray at the distance IJ 

J 

behind the molecule. D may be ronsidel'ed as infimtely great with 

1) DRUDE, Oplik I, Afd. Kap. IV; M LAUE, Beugungserseheinungen fin virlcn 111l' 

t'cgclmasslg vellellLen 'reilehen SilzbcL. d. pl'euss. Akud. 1915 
I 2) E HUPKA, Die Inlel·fel'en;. del' Rontgcllsll'nhlcn Smnml. Vieweg, Heft 18 
1(14), p. 62. 

78* 
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l'esped to the rentl'al di'3tancc n of tbe two atoms of the molecule, 
whielt arc snpposed to be eqnal fol' the sake of simplicity. 

Tf conserntively thc molecnlc axis is given n,ll possible dil'ertions 
by the molccnle being t Ill'ned l'ound anc of the t wo atol11s A;, the 
phase dIfference with which the secondary wa\ es of Al aud A~ 
intcl'fel'e in tbe point P changes. henrc the intensit.r of tlle radia· 
tion thel'e. 

W"e calculate the mean intensity in the point Pand inqnil'e: in/ 
what WrtJ! does tln's menn häensitJ! vm'y 1vith the situntion of P on 
the l)late E? 

Fa!' reasans of symmetr.r the mean intensi1y is of ('ourse the 
same fol' all th ase points P fot' which the dil'ection molecule ~ 
point P farms tbe same angle rp with the dil'ection of incidence of _ 
the Rontgen rays. 'Vith incl'ease of rp the lllean density however 
changes oscillatol'ily namely as: 

if 

sin 23t'Q +--
2nQ 

2a . rp 
O=-S111- . 
" ). 2 

(2) 

fl is the wavelength of thc Röntgen l'aJ's; n thc distauee of the two 
atOllls (snpposed as points 2)) from each other]. 

Thc consecntivc maxima and minima of (1) are in tue following 
ratio to each ot hel' J) : 

2: 0,78: 1,13 : 0,91: 1,07 
and lie at: 

2.7TQ=Oj 4,49; 7,72; 10,90; 14,07. 

a 
- ({IO r{'1 rf'2 rf'~ 
J. 

1/2 0° I, 90° - -
I. 

1 0 41 71° 114° 

2 0 21 34 50 

3 0 14 22 32 

1) 'See appendix. 
2) TL is convcnicnl lo con fine oUl'selves for thc presenl 10 lhis schcmalisalioll, 

lilt expcl'ill1rnt shall givc an indicatiol1 for possibly l1ecrssal')' l'pfinrmellt of the 
scheme. 

si?/ X . 
11) Comp tbe tables fol' --X 111 JAIINKE u. EnIlJE. Functionenlafeln. 
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The pl'eceding table gi .. es the eOl'l'esponcling values of (p ior different 

values of 
a 

§ 2. Instead of a single di-atomie gas molecule now n whole ga:; 
I!HtSS is irradiated; the dimensions of the irradinted qunntity, however, 
will be comparatively small compal'êd" with the elist~tnce between t11e 
gas anel the photographic plate E (e.g. 1 mm. to 5 cm.). 

We state 1): 
Tlte da1'k ring,')" on tlw, plwtogmpldc pfate wilt tlll:'n - e.lcept jol' 

a ,')"ligltt climillution in slta1'pness - continue tv be relJi'esentecl by 
equation (1). 

The decl'ease of slHtl'pness cOl'l'esponds with the slight changes in 
. sitna.tion and size, w hielt tbe rings (1) nnclergo when tbe centl'e of 
tIle molecule discllssecl in § 1 is made to pass consecutively through 
all the points of the small irracliatecl region. 

§ 3: In the experimental realisa,tion of these ring:; we ai·o confl'ontecl 
with cliffieulties whiel! are indeed very gl'eat, but yet posbibly lIO\' 
inSlll'mOllntable. 

1. The probably very slight inten:;ity of the whol€' seconclal'y 
radiation. In any case we shall choose vapolll's the a,toms of whirh 
will be as heavy as possible 2). 

2. The incident l'açliation must be as bomogeneolls as possible Ol' 
anyw,ty possess snelt a distl'ibution of intensity in the spectrlllll that 
at least the lil'st ring eloes not fade away eniirely. In order to be 
still ab Ie to calculate a in the lMtel' case from tbe distl'ibntioll of 
light and dal'k, 'the spectrum eli:;tl'ibution must be knowIl frOlll 
interfel'enee figm'es fot, crystals. 

'3. If the fil'st ring is to fall on f,woumble values of (P, a: j. must 
cel·taillly be/ gl'eatel' thall olle (see the table in § 1). 

4. Possibly the nark l'ings tlutt origirutte l'l'óm tlte alllOl'phollS 
glas:; vessel in whieh the vapoUl' is cOlltaincd, ll1ight be tl'oublesome ~), 
Then we shoulcl have to replace the amol'phous glass e.g, by mica. 

APPEN DIX. 

'['he seeondal'y waves which two atoms 11, B send to a c1efinite 

1) See appendix. 
2) Or perhaps soilltiolls; but bere thc phcnomenOl ure theoreLically morc com­

plicated. 
3) They have llot oceuned in FRIEDlUOH'S cxperimcnts with yellow WelX. 
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point P of the photographic' plale, give at that place eonjointly tne 
(list111'hance of equilibriam J 

J1Isin p (t - T.1) + JlI 8in p (t - TB) • (a) 

The time avemge of the square of (a), - taken over a period, is: 
.M~ 

- [1 + 2 C08 P (TA - tB) + 1] = .11I~ [1 + I:OSp (TA - TB)] • (a) 
2 

lf' the two atoms A, B belong to d~tfe1'!;lÛ molecules of the gas, 
tbe qualltity cos P (T.i-TB) assumes equally of ten equally large positive _ 
and negative values during the time of exposure in consequence of 
the independent movement of the molecules, so that here the time 
avel'age of CO$ 17 (rA-TB) beeomes zero. 

It is different witll two atoms belonging to the ijame lUoleC'ule. 
We spJit up here tlle taking of Ihe time avel'age into two phafles: 
J. All possible ol'Ïentations of tlle axis of the di-atomie molecule, 
Olle atom being fixecl. n., Hepetition of this avel'age value detel'­
Illination fol' all possible situations of that at om inside the (irradiat~d) 
gas space. . 

Jllean valtte deteJ'mination I. 
Let CA be an illeident Röntgen ray, AD the secondal'y ray that 

travels ft'om i.ttom .l! to the point P of the photographic plate. What 
is Ihe locus of all the sitna.tiolls of the atom B, for whiclt the 
difference of path 

CDA - B~F = 1::. 
has one t"Lnd the sallle value? 1) Answel': Descl'ibe l'ollnd A a sphel'e 
with radius eqllal to the fixed distance of the atoms AB = a. 
lntersect thifl sphere with the phtlle B' YB, whicb is llormal to the 
plaue of dri.twiug cr AD, allel pandlel to tile stmig'ht line A U 2), 

The dl'cle BB' aloug which this plnllc intet'sects the flpbel'e is the 
l'eq uireel lOCUl:i; fol' all its poiu ts : 

EBP' = .I!)'BP'. 

Hence all of tbem give 011e anel thc same differeuce of path with 
respect 10 CAD, whicb can also be l'epl'esellteel by 

-, 
finally a)so by 

b.. = XYZ - CAD 

, rp 
b.. = VA W = 2 (AY) i:J~n-

. 2 (r) 

J) AB is so bl11all comparcd with AP and BP thal AP and EP may be con· 
sidel'cd ab parallel) llcncc 6. <tb Lhe dill'cl'cnce of paLh wiLh which Uw ~ecolldary 
WLtVCi> ft'om A aUl! B Ul'1'ivc in P. 

2) A minor parallel Lo Lhc plane B'YB \Vould jusL l'cllecL U1C rays EB') YX, EB 
iu lhc clirecLioll B'F', YZ, Bli'. 
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A 

c E x E 

In connection with this 
pI::. 

(JOb P (r~1 - TB) = (Jas - , 
c 

\ 

(ó) 

alld tbe meall \Iuluc cletermillatioll I cOllsists in this thai (ó) iE> illtegl'ated 
with respect io all the zone::; of the sphel'e para/lIel to BB', anel 
divided by the sUl'face ot' the bphere. 

Ir wc put 
. A.Y=7t, 

this J'ields 
+(t (( 

_l_Jdlt . 2.1ta • cos pb.. = ~' f'cll~ cos \ 2p 7~ sin (p I = 
4.1m~ c ct J < l c 2 f 

-a U 

2;rf 

C f sin 2.1t'Q 
----- dU(JU81l= • 

rp 23l'Q 
2ap sin - 0 

2 
In this 



- 8 -

HHO 

2ap . ~ , 
-l>tn-=2.1t'Q 

() rp 

is put for &hOl'lnes&. 
ThllS we get the dal'k l'ings: 

11P 1...1- ---( 
I>in 2:rr:Q) 

\ 2.1lQ 

which \Vere rnentioned in § j 1). 

DeteJ'mination of tlte mean vulue 1l. 
The distauces from Rontgen tube 10 molecnle, auel from moleC'llle 

to photogl'aphic plate being enol'tnoLisly hU'ge iu comparison \vith 
the distnnce AB=ll, we could act np to rlOW <ts if we had to deal 
wilh an illterference pl'oblem of FIM.UE~HO~'gH. lf tOl' the determinatioJl 
of t11e mean value 1I the ,moieeuie is made to OCCllpy all sitllatiolls 
ill the il'l'adiated space, these molecule displaGement& are practicall)' 
&till iJltinitesimal comparecl wIih tlle di&tnnce from HoutgeIl tube, 
but not compa,l'ed with thc distance frorn molecnle to plate. 
In cOllnection with t1lÏs in the slight c1i&placements of the Uloleenle 
7Jam/lel to the pllOtogntphic plate tbe dark l'ings move over ttll 
equally large chstan('e. In displaccl1lClll uOl'17l<tl to thc pIttte a &light 
8lJlal'geluen t Ol' c1itninll ~ion of the riugt> OC'c 1I l'S. We see tlmt tbis 
bl'lIIgb about a slight ütding of the rings. 

Geology. - "On tlie !Jl'anitic al'ea of Rokan (.Ll1iddle-Swnatl'a) 
anc! on contact-plwnumena in tlw sltl'l'ollndiu,r:; IJcltists. By DJ'. 
H. A. BROUWER, (Communicated by Prof. G. A. F. l\IOJ"ENGHAAF~). 

(Commullicated in the meeting ol' June 27, 1914). 

Betweell Rok~1.n nIJd Loeboek Banclhal'a the Rolmn Kil'i cuts_ a 
grallitie mass of aooLtt 41

/ 2 Ion. in widtli, whieh 011 its northW8&tern 
allel soutllenstem sides is nc\joinecl by tel'tiary sandstones llnd cong)o­
memte&, whielt 110we\'e1', along n. portion of tILe south we&t lilllit, are 
&epal'ated fl'Ol~ tlle ,gmnite by ~1. nul'l'OW strip of. &chists. 

Dlll'ÏJlg the explomtion of this al'ea somc tacts were collected 
cOllcel'1lillg the vadolls t'a('ie& of [he gmnitetl allel the cOlltactplJcnolllena 
iJl the &Ltl'l'ouneling schists. The schi&ts dip towal'ds the gl'anitic mass 

1) The I'.wtor lJI2 varies 01 COUI'5e .dso wilh cp; 'pc'r1mps in Uw :o:lme Wd.y as 
cos2 ({J. III S 1 we havc howevel' dibl'eguldcu t/ü:. val'Îalion 1'01' the prescut to gel 
a liL:.l survey. : .c_ 

0, 


