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Let L be a complemented modular lattice of order n2:4, and :5 the. auxiliary ring of 

L. J.v.Neumann (1)(1l has proved that L is isomorphic to the lattice ll;s of all principal 
n 

right ideals in Sn, which is the set of all n-rowed square matrices with elements in S. 

Let a--,.al. be an involutory dual automorphism of L, such that a~al. implies a= o. Then 

al. is the orthogonal complement of a. This dual automorphism a--,.::i..1. of L induces an 

involutory dual automorphism n--,.nl. of R@5 • 
n 

When L is of finite dimensions (in this case IS is a skew-field), Birkhoff and v.Neumann 

(lJ has proved that there exists an involutory anti-automorphism a--,.a• of IS and a 
n n 

definite diagonal Hermitian form l'u.i,cpipt in IS, such that cp,='P;, aud l'a1cp;ai =0 
i=l i=l 

implies a 1 =0 (i= I,··, n), and the anti-automophism a-a* of S generates the given auto-

morphism n--,.n.L of Rrs . In this case we can define an inner i:;roduct 
n 
n 

(a, b)= l'a1cp;f31 
i=l 

of two n-dimensional vectors a=(a1,··,a.,), b=(p 1 , .. ,/1,,). And the orthogonality of a 

and b defined by (a, b)=0, is closely related to the orthogonal complements in L._(2l 

In this paper, I shall prove that these results hold also in the general case, under 

the assumption that L has an orthogonal homogeneous basis of order n2:4. 

f. Let L be an orthocomplemented modular lattice. If we denote the orthogonal 

complement of a by al., then a-,.al. is an involutory dual automorphism of L, such that 

a~a.l. implies a=0. 

In what follows, we shall assume that L has an orthogonal homogeneous basis of 

order n2:4: 

(a1, ;k= l,··, n)_l_, 

a1,~ah (~·, h= 1,··, n), 

a1 u···va,,= I, 

ah~a k .l. (k=!='1i)P1 

n n n 
In this case, ak..L=V ah. For, V ah~ak.l.' and ak.l. and V ah are both complements 

11=1,li*k h=l.h*k h=l•h*k 
of ak• 

2. Let (ak, ckh ;k, h = 1, .. , n) be a normalized frame in L, which is obtained from the 

orthogonal homogeneous basis (ak ;k = 1, .. , n), and let S be the auxiliary ring of L relative 

to this frame. Then L is isomorphic to R6 .<4l And the involutory dual automorphism 
n 

a--,.a.l. of L induces a unique involutory anti-:iutomorphism .A--,.A* of Sn,'6l and 

(I) The numbers in square brackets refer to the list given at the end, of this paper. 
(2) Cf. also Birkhoff [I] 71-72. 
(3) When L is a continuous geometry of order ns4 with orthogonal co:n;,lem~nts, there 

exists such an orthogonal homogeneous basis. 
(4) v.Neumann [!] Theorem 14·!. 
(5) v.Neumann [ll Theorem 4·3, Theorem 4·4. 
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(1°) A*.A=0 implies A=0, 

(2°) for every A 16" there exists a unique Hermitian idempotent E such that 

(A)r =(E)r, and (1-E), is the orthogonal complement of (E)r•\ll 

3. To the normalized frame (ak,ekh ;k, h= 1,-··, n) in L, there corresponds a normalized 

frame in Rt,.: 
Ckh =(Ekk-Ekh)r =(Ehh -Ehk)r; k,h= 1, .. , n), 

where 

if (i~j)= (l", h), 

if (i,i)=t=(k, h).l21 
n n 

Since >' ·Ehh=1-Ekk, EnEhh=0 (l=t=h), we have V ah=(I-Ekk),. Then by 1, 
h= l.hejcll, h=l,li:ich 

(1-Ekk)r is the orthogonal complement of (Rkk).,-. Hence by 2 (2°) Ekk (k=l, .. ·,n) are 

Hermitian idempotents in ~n• 

4i. Since Ekh=EkkEk 1., we have Eki.=Eki.Ekk. Hence if we put Eki.=(C;/'h), then 

.f+k implies (;ikh=0. Similarly from E1.: 11 =E;,,hE1111 , we have Rki.=E11 hEi.k• Hence i=t=h 

impiies ( ;jkh =0. Consequently there exists 'f kh, such that 

!'. ,kh - f't' kh, 
",J - l 0, 

if (i,j)=(h, k), 

if (i,j)=t=(h, !.). 

Since Ei.1.:E;1,=E:r,=E1.:1,, we have 

'P1i,'Pk1i='fkk=l (k,h=l, .. ·,n). 

5. Denote by ffi(Eu), the set of all A such that AEu=BuA=A. ffi(Eu) is a 

subring of 6,,. If A dR(E11), then B 11 A*= A* E, 1 =,4*, and .A*dR(E1 i). Therefore, _A---,.A* 

is an involutory anti-automorphism of ffi(E1 t). For A =(au)d)i\f;'11), (i,j)=t=-(1, 1) implies 

a;j=0, and ffi(Et 1 ) is isomorphic to 6 by the correspondence A-•ati- Hence _A---,.A* 

induces an involutory anti-automorphism a---,.a* of 6, aud for A =(aii)dJi(JiJ11), we have 

A*=(a;j*), ((i,J)+(t, 1) implies a;j=a;J*=0.) 

6. If A16n, put Ak1i=EuAEh,, then Akh1fft(E1t) and A=l'EkiA/.hEih· Hence we 

have 
k,h 

A*= l'Eii.AkhEkt• 
li:,h 

Let A =(a;j), A*=(r ;i), and put the values of E 1 ;., Ek 1, Aki. obtained in 4i and 5. Then 

we have 

ru=<p, ,ajt'f Jt (i,j= 1,-··, n). 

Put 'f;=<f!;t (i=l, .. ,n). (Of course 'f 1 =<p 11 =1.) Then from II <fil'Pli=<hrlfn=I. 

Hence <p 1 ; =<p;l ='f71 , and <p; (i= 1,-··, n) are regular elements. And we have 

(i,j= 1,. .. , n). 

Since EH=B;i, we have 1p7 1<p19,=I, that is <p;='fi• Therefore <p;(i=l, .. ·,n) are Her­

mitian elements. 

7. Let a;(i=I, .. , n) be elements of 6, 

fa-', if .i=I, 
a --u-lo if '..J..t ' .J,' 

(I) v.Neumann [I] Theorem 4·5. 

snch that l'ai<p;a; =0. 
i=l 

For A=(a;j), where 

(2) Cf. v.Neumann [!] 113. (Ek1,,;k,h=J, ... ,n) ha syJtem of matrix units of e •. 
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we have by 6 A* = (r i j), where 

·- -l ·* _Ja.j*'fj, 
riJ-'Pi u.J;'PJ- l 0, 

if i= 1, 

if i=t= L 

Hence A*A=0, and by 2 (1°) we have A=0. That is a.;=0 (i=l,-··,n). 

8. Summing up the results of 5, 6, 7, we obtain: 

Corresponding to the involutory anti-automorphism .A-.A* of e;, obtained in 2, there 

exists an involutory anti-automorphism a-a* of ® and a de.finite diagonal Hermitian form 
,. n 

2,' a';<p;{3;, where 'f;(i= 1,-··, n) are fi.1:ed Hermitian regular elements, and .l' rJ!;<p;a; =0 
i=l i=l 
irnpl'ied a; =0 (i= 1,-··, n), and A*=(tp11 aji'f j) correspond.~ to A =(a;;)· 

9. Between two n-dimensional vectors a=(av··,an)· b=(f31,-··,f3n), (a;,(3;i6), we 

define the inner product by 

(a, b)=l'a";'f;/3;, 
i=al 

When (a, b)=0, we say that a and b are orthogonal, and write a.Lb. And two right 

linear sets W'l,. 91 of n-dimensional vectors are said to be ortho:;onal, when a.Lb for every 

ai~W, bi9/. 

The right ideals n m e;., and the right linear sets ~.n of n-dimensional vectors are in 

a one-to-one correspondence, oorresponding elements being linked by the following rel­

ations: 

(a;;) in if and only if (llu,··,a,.;) E')Jc for J=l,-··,n; 

(a. 1 ,-··,an)E?lJc if and only if there exists (a.;;)rn with o. 11 =o.; (i=l,-··,n). 

And H@'J,. is lattice-isomorphic to the system of all right linear sets. In this case the 

right linear set \lJt corresponds to a principal right ideal n=(('i;;)), if and only if Wl is the 

set of all linear combinations of vectors a 1 ,-··, an for which 

a j =(ali,-··, a,.1 ), U = 1,- •·, n).m 

But by 2, for a principal right ideal n m ®n, there exists a Hermitian idempotent E 

such that a=(E)r, and a~=(l-E)r• Let E=(7];;); then by 8 E*=('f117J.it'Pi)- Therefore 

E=E* and E 2 =E mean 

'ft 17JJ1'fj=7};;, 1,'7J;k7JkJ =7J;J ('i,j=1,-··,n). 
k 

To a=(E), corresponds ~.n(a)=(a 1 ,-··, an) where 

a .i =(7J1J, ··, 7}n;) (j = 1,-··, n), 

and to a.L=(l-E)r corresponds ~Ji(a.L)=(b 1 ,-··, bn) where 

bj=(-7Ji;,···,-7Ji-uJ, 1-7Jjj,-7Jj+i,J,··, -7),.;) (.j=l,-··, n). 

Hence (a;, b j)= --1.'7Jkh'Jki+7J/l'P j ='P;(-l''P1 1 "F;t;'Pk7}1<i+'P1'7Ji't'P i) 
k k 

='P, (-l'7J; k7Jk i+7J u) =0. 
k 

Therefore, two right linear sets tlJi(a) and \lJ/(n.L) which correspond to aER@'J and its or-,. 
thogonal complement a.L, are orthogonal. 

Consequently, an ortlwcomplemented modular lattice, which has an orthogonal homog­

eneous basis of order n2;4, is lattice-isomurphic to a system, of right lfoea,· sets of n­

dimensional vectors, and thi.~ correspunde,we pre.3crve.~ the orthogonal property. 

(ll v.Neumann [I] 27. 

-95-



F. MAEDA (Vol. 14 

References. 

G. Birkhoff [I], L1<ttice '1.'!wory, New York, 1940. 
G. Birkhoff and J. v.Neumann [!], '1.'he logic of qnantum 111.c,ehnnics, Annals of Math., 37 (1936), 

823-843, 
J. v.Neumann [!] Lcctw·c.s on Oont-inuou.s Gm,netr·ie.~ II, Princeton, 1936-1937. 

HmoRHIMA UNIVERSITY. 

• 

-96-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


