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Cl. m1q.'L 6,2-m/1'<;11 
1;'1. b'L2

-,1JllJx ,?J1P'., 
=0; 

by ll1ultiplying the tel'll1S of the til'st ('o[nmn b," ,'IJl n,lld by npp[ying 
in n,1l," n,l'bitl'aJ'y ,"va.r !lIC arJclition of Ihe 1'O\YS anel lhe colnmns, 
Ihere it: al\Va.ys n, mn,ll'ix of six qllitcll'n,lic fMllls n,nnnlling itself' fOl' 
thc conie ,1\ = 11,2 = O. 

The jll'qjeetive t I!c()l'ems ('elat ing to I he cil'cnJal' sext ie YII ea.n Lh nA 
be Iml1s[ntecl illto pl'opel'ties of thc most gencl'n,l sexlic of genns lwo. 
Tt. is snpe1'f111011'3 to wl'ile down how these theorems 1'1111; we slmll 
quote hl! one as all exn,l1Iple: in CVClT sextic of genns t\VO the 
pln,lles of the sexisocanl conicR )1n,ss tllL'ongh a fixeel point of the 
q 11 a(ld sec n,nl. 

5. If the inlel'section of the (wo enbic snrfaces consitlel'eel in 
Iho pl'eceeling ('13) anel \14) is ('ompletecl by n line allel a COllie 
having a point in comnlOn, we lw,yc not n, :::pecial cn,se of the 
I)l'eceel illg cn,sc, in the sense of HA T,PHl~~; bn t I bis I iJle n,nel (his 
conic form n, speciitl case of n, twisted cllbic and the Rextie is 
tllCl1 of' ol'del' tIlI'ee. Really in this ense Ihe eqllalions (13) n,nd (14) 
can be C;lIcl! 111n,1 Ihe line ,1:,:t'a n,nnnll-, {{,2, rt'/ anc! hJ

2 without 
n,nnl1lling Cl of c' t n,lId Ihc ll1atl'ix 

Ct C'1 11 

Ch2 
(t)'2 I1 

hit') l11en Ihe elements of its seeond 1'O\V e1isappeitl'ing fOl' a same lino. 
H)' tllÎs pl'Oceed illg we ca.n st nel,)' I he se).1 ie of gen liS t1wee; wc 

('a.11 1'e{ind Iho lInivalent cOI'I'e'3pondollce beLwcell ilR points itnt! its 
II'isoean Is, COl'l'pspondcnco 1'0nnc1 by 1\11'. F. SCHim (Jlfilt/i. /1/111. vol. 

18): we call Iwing ha('k the I'cpl'eSenlalion of' Ihe CIlI'\'e 10 tl, mall'ix 
of Iwel\'e linolv' fOI'I11'3 whieh wc ha"e l-,tlltlied in om' Cinq Etudes 
nnd 111 the l3nlll'tlns dl' l'Aclu{,fmie 7'o.'!lt1e dl' l3eZljirJlfl' (May 1907), ele. 

qhcnl, OeL 26, 1908. 

Mathematics. - "0/1 tlul combiniltol'Y ]Jl'obll'7n 0/ ~hl']INlm." By 
DI'. ,1. A. BAHlL\U. Commnnicated by Pml'. D .. T. KOR'I'l.]\\'].]G. 

(Communicatcfl in the meeting or OclobCl' 31, ] OOS). 

Til ito:; moc;t 6enCl'ni f'ol'm tlIis pl'ohlem 1'11I1S a.<; followR: 
/u)' ",/tielt VII lu es (~l n mul in !ww ))I(/np rel/II.'! Ilt;rÎilI'eut 1) /M!/S is 

it jJo.'?s·ihle to w)'ite dUIIJn (( 7l1l171bel' of (:ombil7atio77s p 10 ]I of n 
dellll'nts in such, (/ II'II!/ thll t (dl eomhin(f tions q to I/ IIppMl' in it, 
ench one time? 

I) i. e, which do nol paSs into each olber hy means of snbslilulions of I he n elements. 



- 3 -

( 853 ) 

A geometriral wn.y of putting iho cl'lestion is this: 
wlu'elL comhinat01',Ij eOnrifjH1'a tiolls /lJltOse lJOi11fs 80 m'e 1'epl'esented 

by tlw cOlnbil1ation~ (/ lo q of n lettl!7's, wlU:lst the eombinat,:ons p 
to iJ 1'epl'esent its /3p,,_q, 7JOssess systems of 8})/'-I, conü/inin[j all 
lJoints of the Cf eaeh one time rmd 1t01lJ mrmy types of 8ueIL s1fstems 
appem' 7:n eaclL dejinite case? 

The fh'st qnestion gave rise io in vestigations for = 3, q = 2, the 
t/'iple systems (KJRIClfAN, RgISS, Nlt:T'l'O, lVIoOJm, HI~lt'PTJ<at, BRUNEI .. 1) ); 
the seconcl q uestion is discllssed by J. m: VRIES~) anel CARP 3). 

Hero some resuIts' are 'commnnicated for p > 3, q> 2, We 
aclhere 1'01' ihis to the fit'st for111 of tbo question anel we call a 
system as is demnndecl thcre nn 8 (p, q), n. 

1f we isolnte in nn S (Zi, q), n nll sets of p hnving in common n 
cel'tain nt'bi/mrily chosen letter, and if we omit that letter fl'0l1l it, 
an S (p-i, q-1), 71,-1 is genemted; l'epetition of the operation 
givcs ri sc to an S (p-2, q-2), n-2 nnd so on; tho possibility ot 
an S (p, q) presll pposes thu8 that of n. soeies of Rystemfil of lower 
rank 4), which series can be bl'oken off at 

S (p - I] + 2 ,2), n - '1 + 2 
Invorsel)' all imn.ginablc systCIl1S n.l'e acquil'ed by completion of 

systems commencing ,,"ith q = 2. 
80 we cau expert,: 

out of 8(3,2), n = 7 
ont of 8(8,2), n = 9 

etc. vV c wilt show t ha.l 
tlw/II in one type. 

8(4,3), n = 8 
8(4,3), 11 = 10 
8(5,4), n = 11 
8(6,5), n = '12 

thc fom systcms mcntioncd 

A 
B 
C 
]) 

cxiSL (Joch ().! 

1) CU1nbrià,r;e aJul Dltblin ]!uth. Jou)'JZal Ir, 18,1,7; JOIl1ïwl (. cl. r. 1l. a. 
Nat/wm. 56, 1859; .Mut/wm. Annalen 42, 18\)3; 43, 1893; 4.9, 18\)7; 50, 1808; 
AS8ociation (nl1u;ctise, C0l1rJ7'ès de J3ol'clcaux 1893; JOUI'}1ul de Liou'illle (5) 
Vit, 1901. 

~) Vers'. en J/edccl. Kon. Akacl. r. Wet. 3nl seL'ies, Vl, p. 13, ] 88!!; l1Irltlwm, 
Annalen 34, 35, ]889, '90. ' 

S) DisseL'tation, UtL'cchl 1902, p. 38. 

') For eacil ~ystem of the sCl'Îcs lbo condiLion must be snlisflod: (~) divisible ' 

by (~) Thus lhelc will be 110 Ei (6, 4), n = 10, ~\ILllOlIgh (~) is llivisible by 

(~). on account of lhe im]Jossibility of an .'3 (5, 3) n = 14: (134
) is nol divisible 

hy (~} 

[ ____ 1 
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A. An 8(J,3), n = 8 eonóists of (~) =(!) = 14 qnadl'nplets, 

so il is a schemati(' Cf. (8p 14~). If we add to Ihe h'iplels of an 
8 (3, 2), n = 7, IhaL is of a Cf. (7~) a new letter, anel if ont of tlte 
qnadrllplets Ihns fOl'meel we choose one, then in Ihe completioll 
with Bevcn !lew Cjnaell'uplels sought for the pairs of the selecled 
Il'ipletb lllust appeal' slill hvice; so a ncw quach'llplet l'e111ains, ('0111-

plel1lentm'y la the one selected. 
Tltis holds fa l' eaeh quacll'uplel; t!Je whole completion is thns 

eomplemental'y anel only possible in one way 1). 
13. lf in l:Ln S (4, 3), 11 = 10, that is a Cf. (1°12,3°4), we choose 

an al'bitral'y Cjuach'nplet 1234, eneh pair of Ihese lettm's nppeal'R in 
thJ'ee more qnacll'l1plets; ba there are 18 more sueh quadruplets. 
Then eaeh óillgle let/el' appeal's two tillles more, complelecl with 
tl'Ïplets ont of 5,6,7,8,9,0, which tJ'iplets f01'111 tllllS togelhel' a 
Of. (6~, 8a). Or the whole system onl.1' thl'ee quacll'uplets out of 
5,6, 7,8, 9,0 remn,in, whicb in paiJ's may hMe al, most only I wo 
lcttel's in ('ommon. Sneh systems of thl'ee exist howevel' onl,)' in one 
type 2), as: 

5 G 7 8 5 6 9 0 7 8 9 0, 
witl! ",hieh Ihe syslcm to be formeel mllst commencc. The eight 
triplets of letters missing hel'c form of llecessity tlJe Ufo (6 1 ,8~), whielt 
hl'enks np anI)' in Ol1e way into fom pairó compleling each othel', 
If we complete these pairs l'espectively will1 1,2,3 anel 4 (in which 
ol'dcl' is il'l'elevmJt) the following C[llac\mplets al'c formeel: 

157l:J 2570 3589 4580 

j 6 8 ° 2 6 8 9 :3 6 7 ° 4 6 7 9. 

Thc ent i l'e rl1J't hCI' complet iOH is now detel'Jllinefl and must l'UIl 
fiS follows: 

1 4 5 G 1 258 2 3 7 9 
2 :3 5 6 1 2 G 7 2 3 8 0 
1 3 7 8 j :3 5 0 245 9 
247 8 1 3 6 9 2 4 6 0 
1 290 147 () 345 7 
349 ° 148 9 3 J 6 8 

Now thilt with this the c:-.ii=>tellce of onl,)' (mI) type is assnJllC'd, we 
call give it ft sirnplcl' {ol'm; we shall do j his in two ways. 

1) Tbe scheme (Sj. 14. 1) indicates in the measure'polytope 138 lhe vertices, rOl ming 
with point zel'o ::md its opposile vertex logclhel' ,1 Cl'oss,polylope ('~ (NicilW 
AJ'cllie{ 1i. lVisk. 2ud Series, VII, p, 255), 

J) The cOlllplemcl1Lal'y type ot' a division of si~ elemeuts into tlu'ce pails , 
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'Ve in the fh'st place l'elllembel' IIJat the 8 (3, 2), 11 = Ü deducec1 
fl'om S (4,3), 1/ = 10 is }'eY7l/1l!' com711utrttioe (MoORl~), i, c, tht1,t it::; 
g'l'OUP pos::;esses a l'eguh1,l' eOllllllllialive &ubgl'ollp of the type: 

1 2 345 6 7 8 9 
2 a J 5 648 9 7 
3 1 2 6 4 fi 9 7 8 
4 5 G 7 891 2 3 
5 648 9 7 231 

645 9 7 8 3 1 2 
7 8 9 1 2 345 6 
897 2 3 J 5 ti 4 

~ 7 8 3 I 2 645 

lndeed, an S (3,2), n = l:) appcnl's ir wc slIbllllt thc triplet& 
123; J47 159; J68 

Lo all thc &UbstitlltiOI1& of thü, gl'OUp, 
If wc 1l0W add 10 cn,eh of these Lwcl ve triplets t1, Wl'O anel iL' wc 

subtnÏt HJC q lla.dl'u plets 
1 2 4 5 anJ 1 2 6 9 

to tbc snb&titntions or the gl'onp, then Uw 12 + 18 = ~O quadl'nplets 
of thc S (4, 3), n = 10 al'e fOl'meel. 

Sceondly wc ob::;e1've, that the sys/cm i& cyclic allli appea.l''3 a,mollg 
othel's by submitting the quadl'upletH 

1237; 1245 ; 1358 

to thc cyele (1 2 345 6 7 8 9 0), 

C. Ir we choosc out of an S(5,4),n=1l, tltat is aOf,(llao,66,), 
a lluintnple -1 2345, then all tl'iplets of it lllust t1,ppettt' still thl'ee 
tillle::;, all pairs 1ll01'Co\'er still I wo times, lhe single leLtel's aftel'
wH,nl& Lhl'ee times, witlt whieh OIC 10 X 3 + 10 X 2 + 5 X 3 = 65 
l'cll1tl,ining lluintuplets of the system me exhausted, The single lctters 
are eomplctccI witlt quudl'llplets out or 6,7,8,9,0, a, whieh lllay 
lw",e aL most tlu'ce lettcl's in COIllHlon and whielt form Logethel' a 
Of, (()IO' 154), consistillg of lh'e (6 2,3\) as appeal'ed in B, Of this bllt 
olle type exists I), 80 thaI. e, g, lhe 8 (5,4) eOl1unences wilh: 

1890a 2790al3780a ,*789((,57890 
1670a 2689a 36890'46800, 5690(( 
16789 2678013679a 46790 5678((, 

J) Deduced from the weJl,known system of five three-divisions of si::.. elements 
oi SERREl', 

;: 
i'"~ , 

I
1 

I[ 
i 

11 

1 

1 
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The furthel' cOl1stitutÏon is now detel'll1illcd anel must run as follows : 

1 2 6 9 0 1 4 (j 8 I( 2:~ () 0 ft 2 5 6 7 9 ;) 5 6 7 0 
1278a 1471:)() 23789 25~0(l :3589a 
t 3 G 8 (/ 1 5 6 8 0 2 4 Ö 7 ft :3 4 6 7 8 4 5 6 8 9 
'13790 1579a 248DO ::lJ90a 4570a 

12367 125öa 1:35(j9 23469 2J560 
1 2 :3 8 0 1 2 5 7 0 'I 3 5 7 8 2 3 4 7 0 2 4 5 7 8 

·1239a 1258~) 1;)50a 2348rt 2459a 
1 2 4 6 8 1:3 4 (i 0 1.Je 5 6 7 2;) 5 () 8 3 J 5 6 !l 

1 2 J 7 9 '1:3 J r; a 1...1: 58ft 2:3 5 7 Cl ;) 4 5 7 9 
1240a 1348914.58023590 :3...1:580 

A sim plo fOl'lll of tho s,)'ötelll 1) is obta,illed by su bmit t illg 1 he 
tluÎntuplets 

1 2 :3 J 0; 
1 2 4 ;) 9; 

1 2 358; 1 2 :3 6 7; 
1 2 4 ö 8;' 1 2 5 7 0 

to tbe cyclo: 
(1 2 :3 4 5 6 7 8 !) 0 ((). 

D, By a l'ensolling nl1alogoLls to thitt in sectioJl A is evidont. tllat 
S (6,5), n = J 2, thaL is a Cf, (12 61D 132,,) must appeal' by cO\llplemenlal''y 
completioll of 8(5,...1:), n= 11, so it iLppeal'S 0111,)' in one Iype. 

III gClleml ont of each 

8 (1J = q + 1, q), n == 2'1 + :3 
is fOl'lllecl IJ.)' complementrLL'y completioll all 

S (jJ = q + 2, q + 1), n = 2q + 4. 
Passillg to syblGll1s S (p,1] = 2), IZ fol' al'uitml''y ij 2), wo obseno 

thnL fOL' theil' existellce is necessal',r at least: 

u(n-l) p(p-l) 
clivisible b.r --

1.2 1.2 

anel 
n-l elivisible by p-1, 

whièh cOllditiollS a1'O fullillecl onl,)' by Uw (wo series of numbers 

r n = P (1J- 1) . (IJ + 11 (IJ = 0,1,2, ..... . 
IJ n = p (p-l) . [IJ + IJ \ 

1) A S (5,4), n = 11 was given by LJ.:A (Echtc. Times IX), thc l11clhod in which 
lhis was genel'alec! is unknowll to me, as Ihis pllbJicatioll was not attainable 
for me; ho wever, lhe system must he of thc same type. We rem ark Jlloreover. 
that to provc tltis, it is not suflicient to assert lhat all remainclers have a fixed 
type, camp. MAHTINE'l"l'I (Annali cU ]1cttem. (2) XV). The same holds 1'01' A, B 
anc! D. . 

2) These 8(p,2) are to be distinguished from tlJC systems of BnUNI:L, in which 
each set of iJ is regardecl as containing 0111y the ]J pairs of elements succeeding 
each other (proc. Verb. Soc. de Bo/'cleClu.'lJ, 18U3/D6, p. 58 alld lSUS/99, p. 59, 71). 
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The term <'IJ' 0 has 110 signifkanC'e lil I j in IJ it indien,tes that 
wlJen Wl'itillg all n = /J 101101'-; wc IIa\'c \VI'itlen al tlle balllC (illle 
all paiL's of tbose le1(0I's. Tlliti bJ stelll 11, ,u = 0 will uc of ticl'vico 
iu \Vha! follows. 

We shall llO\V gi ve a 11101'0 cxlensi ve fOL'lIl to (lle lll/dlt/dic(/ ttUU
the01'em of NTI]'l"I'O (I.c. § 3) wllieh becollles: 

Uat of a/l,. S(p,2) 111 unel ({I/, S(jJ,2),'JI,~ an S(jJ,2)I/,I/l J can oe 
dedltced, if orw dis/Juses ui a s//sl!J}JI (~/ jJ (/1-1) /)()l'llwlatlu1l.'i uf 1J 
tllemen ü;, in /Ultielt Cl e01l/J!e uI elelJll'Jlts nevel" VCCI/pi!':) tlte .'iIWW place. 

FOl', ir tllc clementti of tlte t\\'o b.YblolllS arc 1"Otip. It/. (k = 1,2 .... 1/,1) 
anel bi ct = 1,2, ..... n~) we etUl tltcn dCtligllute nIJl. lICW cle1l1cnts 
by Ck,l. Of tbese elcmentti we forlll 1111'1'13 Jdndti of IJ sctti of p, mUllely: 

1>t. out of e/telt set of jJ It j (l • .•• • Il/J IlCW 11-1;els: 

Cl,/, C2,/, ... , . cp,! CL = 1,2 ...... /1,2) ; 

21ld • out of eac!J bel of p ólb •.... Ó/I lIew /Hetti: 

C/:,l, CI.·,2, .••..• CI:,I' (I.; = 1,2 ...... nJ; 

3ld . out of ('((elt S~l of 1J aj{( •••.• !li"~ cOllluiueü witlJ (!C/eh bCt of II 
bib • .... b" new p-se!s: 

CI'!l' C'2.1 •. ...•. C",!,,, where ll· .... · Lp are ever}" time tho bttme 
ns the indices 1 .... 11 of the set of 11 of b, yet difreL' 11-1 times iu 
order of bllccebsion accol'cliJlg 10 lhe p-1 pel'U1ulaliolls of thc syslclll 
of p'eJ'lllllhttiolJti sllpposed as dispo&able. 

lt iti clea~ tbat in tllis Wtt.)' a couple of the Hew elemcnts cau 
Hevel' appettL' more lha.n Ullee ",hilst t!le nllmocr or' forllleel seIs of 
iJ a.mounts to: 

n j (n 1-1) Jt~(1/.-1) nj(ltl-I) n.(It.-1) 1t j lt z(lt 11t2-1) 
n ----+nj -+ p(p-I) .---

2 p(p-1) p(p-l) p(p-l) p(p-I) p(p-l) 

so tlUtL l'eally all 8(11,2), n l ll 2 is fOt'mecl. 
No\V we dbposc of tinch tl pe1'll1utatioll-systCllJ, wlJeJl: 
1) p = 4: the Lwelve even pCl'll1ulations; 
2) p p)'ime, the system then cOllsisls of: 

(1, 2, 3, 4 ....... p)C!/c. 

(1, 3, 5, 7 ....... p-1)cJc. 
(1, 4, 7, 10 ....... )C!/c. 

(1, p, 1J-1, p-·2 . .. 2)c//t. 1
). 

1) Comp. e.g. BRUNEL, Proc. Verb. 80c. de 80rcleau.1' 1894/95, p. 56, or AHRCNS. 

]t[atlwnw tisrlw Unterlwltllugel/, p. 27~: "Pl'omenaden von n2 Personen Zll je 11". 

II is !lol decilled whelher also olher "alnes of 1J allow a soluLiun. 
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(Fol' 13 = 3 the system jm,( contaillb the total group and so 
the theorem of N [~'I."1'0 J'eappcn l's). 

So we have: 
The possibility of tlw nwltipliclltion is l/s8l1red fol' P = 4 O}' jJl'illte. 

Now by takillg aE> fnctors 11 1 = n~ = jJ, so ter111 11, x = 0, we 
obtnin: 

Fo?' }J = ± Ol' pl'h/le t!te e,dlj/enGe u! 8(1',2), Il = IJ' is assuI'ed. 
Snch a systelll, teL'm 11, ,v = i i&, regal'decl as Cf.-scheme, a 

Cf. !P',+I, p(p+'1)/,I; its p-sets can be dividecl into (p + 1) pL'iucipal 
gl'OllpS of ]1, each of wlliclt contains all tlle lJ~ elements. 

vVe can now give in a more extensive from all otller tIlCol'em 
of NE'l"l'O (l.c. ~ 2), wlJich becomes here: 

Out of (fn /:) (z), 2), n (!Iî S (p, 2), (p-I) 12 + I urm óe Jimned ij' we 

IUl/Je at ow' disposlI[ (( sc/wme of (p-I)~ sets uf p Ultt of p (p-I) 
element", Iwviny lIIlûualL!I not 11201'13 tlwn OW! dement in COJnlllon, 
w/tich elements IIwst be I{ble to b)'ea7,; up into P jJ1'incipal ,qI'OUpS 

of (p-i). 
For, we ean ndd (0 the elements {lJ,\, al,2 .... (ll,n of the g,ivell 

sy &tem (p-2) scries of new ones: 

(lp_l,l , ap-I,2 , .... ap-I,7I' 

and moreover a, last element ao' 

For each set of p of the given system we must now form ou tof 
the IJ Cp-i) clements with the same second indices a sC'heme as 
the one indicated in the thcorem! taking ea,re that always the 
(p-i) elements with equal seeoncl inclex f01'Jl1 a principal gl'oup. 
Finally we must a,dd to each principal group tbc element aO! by 
whielt n,lso these pL'incipaJ gL'OUpS are completed ta 1). lt i:; clear 
that the sets of p formed in this way ran have two by two at mosL 
but one eletuent in common, while their number amounts 10: 

11 (n-1) I(p-l) n t1)ltp-1) n) 
(p_l)2. ___ +n= , 

p(p-l) p(p-l) 

80 that an S (p , 2) , (p-i) n + i iti formeel. 
Thc possibility of the method now depends on the pl'esence of 

a seheme: 
{p(p-l)p_1 , (p-1)2} 

JI 

01', replacing p by p- i, of 

lp ~p+l)p ,p!+ll, 
but tllat is jusl the notntion of (be auo\'e-melllioned 8 (p , 2), n = p~, 
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if but in the diagram we exchange 1'0WS and columns. Tt satisfies, 
moreover the fllrther conditions ; so we have: 

The decluctioll oJ an 8 (p,2), (p-l) n + 1 out of CLn S (p,2), TI, is 
assu1'ed, when p = 5 01' a prime number +1. 

If we apply this to n = p, we iind: 
The e.'Vistence of S (r, 2), n = p (p -1) + 1 is assurecl fOI' p = 5 

01' a prime number + 1. 
These systems form the term I, x =- 1; as Of.-sehemes they are 

Oif. lp (p - 1) + 11'1· 
It is deal' that thei1' remainders to one element again beeome 

S (p -1,2), n = (p _1)2, that is term H, x = 1 out of the sel'ies 
p-1. 

In eyelic fOl'm we find: 

n = 13, P = 4 (1, 2, .. 5, .. 7) eye. 
n = 21, P = 5 (1, 2, .. 5, .. 15, .. 17 .. ) eye. 
n = 31, P = 6 (1, 2, .. 5, .. 7 .. 14, .. 22 .. ) eye. 1

) 

We finally pass on to the generation of an S(4, 2,) n=25. 
As Of. the system is a Of. (25s' 50.), the remainder to eaeh qua

druplet is a Of. (21 4), The latter must have the property that the 
non-united elements may be united to triplets, so that out of it al'Ïses 
a Of. (21 4 , 283) whieh breaks up into fom prineipal-7-sides ~). By 
imagining tbe seven 1ines of su eh a 7 -side to be every time convergent 
to one point and the four points of eonvel'genee to be eollinear, 
the rlesired Of. (25s' 504) is formed. 

We obtain a solution by submitting 
1, .. 3, .. 9, .. 12 ; 
1, .. 8, .. 15 , (completeu by 22); 
1, .. 2, .. 6 , (in tUl'ns eomp1eted by 23, 24 and 25); 

to the eycle 

and by finally adding: 
22, 23, 24, 25. 

(1, 2, 3, ... 21) 

In like manner we shall find that in general all 
S(p,2), n=2p(p-l)+1, 

that is a Cf. l~p (p - 1) + 1 2p , 4Z) (p -1) + 2'11, 
1) Comp. E. MALO, (Interm. des Mathém. XVl, p. 63). The 2p cycles given 

there for each pare mulually I idenlical and so they furnish every time but one 
type. 

i) Comp. a former paper in these Proceedings (p. 290). In the mean time I have 
found that the result ~iven there, in as fal' as it concerns n = 13 is oblained in ab::mt 
the same way by BRUNEL (Jow'nal cle Lio!t1)illa, 1901), and all'eady in 1800 by 
DE PASQUALE, Rendie. R. Inst. Lombardo (2) 32, P 213. 

24 
Proceedings Royal Acad. Amsterdam. Vol. XI. 
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( 360 ) 

will consist of a 

Of. ! (2p -1) (p -1)'ll, 
whose missing pairs of elements can be united to flets of (p-1), flO 
that a 

Of. !2p (p -1»)1, 1) (2p - 1)p-ll 
is formed which breaks up inlo p prll1cipa,l-(2p -l)·sides. 

As in the series p = 4, just as for p = 3, the two exteusions of 
the theorerns of NETTO can be applied, we can form, in the first set 
of hundred, systems S (4, 2) for: 

n = 13, 25, 49; 4, 16, 40, 52, 64, 76, 100. 
The still missing values are: 

n = 37, 61, 73, 85, 97; 28, 88, 
of which 85 might be acquired by 28. 

Physics. - 'c Rema1'ks on tlte Leyden obsel'vrttions of tlte Zeeman
E.tfect at low tempel'atuJ'es." By W. VOlG'!'. (ColllmUllicated by 
Prof. H. A. LORENTZ). 

(Communicated in the Meeting of October 31, 1908). 

The Obflel'Vations of KAMERUNGH ONNES and JEAN BEQ,UEREL 1) on the 
ZEEi\IAK-Effect at e:.\.ceedingly low telllperatl1l'es have led to some 
surprlSlng results, among which are t wo, very llltel'esting from the 
theoretical standpoint. These I wilI try to thl'oW lIght upon in tlle 
following. 

1. 1t has been found, when the observatlOll was made along Lhe 
optic aXlS of an u ni axi al c1'ystal (whel'e sueh a body acts as if 
isotl'opic) a longltndmaI maglletic field being used, that tIJe compo
ne~lts of thc ZEEMAN-doublet have different intensitics. The componenL 
on the side of the sho1'te1' wave-length had genel'ally (though not 
always) the gl'eateI' intensity. 

This result 8eems to show, that in the crystal one sen8e of l'otation 
is preferred to the other. Therefore it might be inlel'esting, to considel' 
fil'stly the effect of a magnetic field 011 a natul'ally activc cJ'ystal. 
I may at this point l'emark thai, C'Olltl'ary to what should be e» pectecl, 
the eff'ectfl of the natural activity and of' the magnetic field do not 
snpel'pose eacl! othel', but l'aLllet' singlllal' combined effects appeal' iJl 
the neighbollrhoocl of an absOl'ption band. 

]) J. BCC.QUEREL and KAMCRLINC.1I ONNCS. TIH.'sc Proceet!llIgs Febl u..tl'y 29th 1908. 


