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222 T. Itakura.

                       xywewwaogeewcmexoyw,

    I[n gelleral, as widely noted, Balaneing a Survey is a,ceomplished

by applyjng the prineiple of Least Squares and for that purpose the
`` Correlate Method'' is convenjent. If acculate results in triangu-

lation are desired, eonditions in the observations are increased and

this produces an increase in number of condition equations. In ac-
coyaanee with an inerease of condition equations and'a serieses of

individual triangles, the computation of correiate equations beeomes

more and more complieated and even mistakes getting in during the

course of computation accidentally can perhaps not be avoided and
even their existenee is diflieult to diseover.

    IFor these coi:nputations, hitherto, there have been several avail-

able methods: Determinant Method as deseribed in referenees (1),
(2) and (3) in tlie foot note below, Elimination Method as in (4), (5),

(6), (7) and (8), Suceessive Approximation as in (9), ete. For elemept-

ary trjangulation nets, i.e., quadrilateral and centralpolygons, compact

forms of results are obtained by the methods proposed in (10) and (11).

    In this papev, is described a new method of making correlate
equations and their computation for fundamental triang'ulation nets,
viz., central polygins, a single row triangulation net ai]d a quadrilateral

   (1) Beitrlige zur direkten Aufl6sung der, Normalgleiehungen unter Besonderer
Berboksichtigung der Geodittisehen INetzausgleichung. von Konrad Friedrich. Z.f.V.
1930 S. 461-469, 525-539, 671-697.

   (2) Whittaker & Robinson; [I]he Calculus of Observation.

   (3) Jordan-Eggert; Handbuch der Vermessungsktmde, Bd.I,a77, S.279.
   (4) [Einige Bemerkungen Uber ctie gemeinsa]ne Ausgleichung' von Winl<eln und
Lh'ngen. Chr. Ganeff. Z.f.V. 196'O S.157-180.

   (5) Ein vereinfaches Rechnungssehema･ liber die ge]neinsame Ausgleichung £tir
Reehnenmachiene. Dr.OttoGruber. Z.f.V. 1925 S.133-140.
   (6) IDie Aufi6sung von Norma]gleichungen lliit Hilfe der Nova-Brllnsviga Reclmen-

machine. P.Werkmeister. Z.f.V. 1928 S.437-441. '
   (7) Uber die Bildung von Polygonbedingungsgleichungen mit Ililfe fingierten

Beobaehtungen. W. Jenne. Z.f.V. 1932 S.273-283.
   (8) Die Aufl6sung eines Systems lineareT GIeichungen mit mehreren Vnbekanten
imd grossen Koefiicienten und Absolutgliedern mittels der Gaussischen Additions-bezw.

SubtraktionslogaTithrnen. Karl Efiinger. Z.f.V. 1934 S.353-355.

   (9) Aufl6sung der Normalgleichungen von Dreiecl<snetzen durch Schrittwelsean-
ntihrung. Dr. I}'inkwart. Z.f.V, 192.7 S.257-270.

   (10) DieAusgleichungelemelltarerDreiecksgruppen. Th.Galachow. Z.f.V. 1935

   (ll) Zur Ausgleichung von Zentrals.vstem. 'Vi'.Dumke. Z.f.V. 1937 S.689-694.
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by means ofsl<etching 'a figure, aceompanied by the method oi' iteration

under more eomplicated eonditions, and is treated the ease, in which

all angles are observed with the equal weight. This paper eonsists
of three Chapters:

    Chapter 1 eontains reductions of eorrelate equations in general

and values of eorrelates in speeial cases obtained by metbod of eliini-

nat.ion.

    Chapter 2 contains tl]e principle of the AIeehaniea,1 Sketch A.Iethod

with some examples and is the main pa,rt of this paper.

    Chapter 3 eontains values of eorrelates in compaet tbrms obt,ained

by iinethod of eliminat,ion in general case.

    [I]his new method is one applicatioii of the solution of' st･ruet･ural

frames, proposed by Prof. Ii". [I)akabeya and ll]. Sakai in referenees

(12), (13) and (14>, to the solution of many simultaneous eclnations of

correlat/es in adjushnent of triangulation nets.

    The present author offlers grateful thanks to the authors of these

references, and espeeially to Prof. I.V. Tal<abeya for his kind g,uidance

and encouragemeiit (luring the preparation of this paper.

   (12) F. Tal<abeya,; RRhmentafeln.
   (13) Il'raeticfi1 axrfethod of Calen}ation for Viei'endeel [I]russ Bridges, F. [I]akebflya.

A!emoirs o£ the llaculty of Eng., lilokkaido Imp. Univ. Vol,4, No.2, Dec,1937.
   (14) A New Method of Rapid Computation of Secolldary Stresses of Silliple Bridge

Trusses. F. Takabeya and T. Sakai. Memoirs ofthe Faculty of Eng., Hokl.Taido Imp.

Vniv.Vo].4No.2Dee.l937.･ , e          ))
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                        CwwAWewrcme X.

         meEswevcaugwws Awwwa mexuszrmws By waEecwaoew

                    ifxe ueMXMXrwAWXOnv,

              Sle GENERAL DESCRIPTIONe

   In greiieral, there are three kinds of condition equations necces-

sary in acljustment of plane triangula･tion nets, and they are point･

equatiolls at every station, angle equations at ea,eli individual triangle

and a side equation in a set of triangulat･ion net whieh is bet"'een

two base lines or in a closed figure.

   Tl]e nuniber of these con(lition ecluations are expi'essed in -,ye]1

knownforinulaeasfbllows: ' ･                          '
   p.ointequations; AT,,=o?i,-(s-1).

   an.e.'leequations; Ar.=Si-(C)(ii-1).

   sicleequations; A'.:S2-(2T2-3).

            '

      A',, == the numl)er of point equations

      o?b=:t･he number of angles observed at a stat,ion

       s = the number of st･ations sighted at a stat･ion

      :Vl, == the number of angrile equations

      tYi = the number of sides at whose ends angles are observed

      7.Ti=thenumberoftransitstations ' '
      .[XT. = the number of side eciuations

      S2 = t･he total number of sides

      T2 = t,he total number of stations.

   Tl)e proeess of caleulation lbr adjustment can be performed con-

venient].v an{.1 systeniatically by applying the Correlat,e AIethod. In

t･})is paper, a eorrelate inethod is also a,pplied,

   In the explanatlon of this new method, tl)e xvriter calls correlates

which are related to point equations, angle equations and side equa-

t,ions by the names ``I'oint Correlates,'' ``Angle Corvelates"' and
`` Side Ciorvelates'' resl'}eetively, and expresses the!n by the following

    -tnotations '
        '
point･correlates, Ilib,Ilii,,Kb,Kli>,(i=1,2,････,n,n+l)

                 each suffix O, 2), g, (i) denotes tlie station w]]ere

       ee thepointequationiseoiitiposed,
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anglecor}'elates, .K),(･i==1,2,････,･ji)

                  each. sutlfix i denotes eaeh indivi(lual triangle

                  whe}"e the angle e(iuation is eomposecl,

asideeovrelate, Kk.

   Other notat･ions'
                  '                                                           '
,F), Q, (a), (2), ････, (n), (ve+X), X, 2, ････, ew, 3i-2, 3i-X, 3i,

W, & ete.,

 = observed values of each angle respectively,

2'p) Q)q) 2J(1), V(2)J ....) Q)(n)) {L':n+1)) V3i-2.J ?'3'i-1J 'l/'3i) 11'r)

= correetion of eaeh observed angle in seeonds,

`j3i-2, `;I3i-1, ('i == 1, 2, ････,n)

=tabular difference of log.sin.3i-2 or log.sin.3i-l per 1'X in
   the unit ofi the Iast plaee of logarit]]mic table,

   or (log.elp")ecot.3i-2 or (log.elp")･cot.3i-X,

where ]og.e/p"--(4.7494×105)-i.

           S2eCLOSEDCENTRALPOLYGeNe ･
   In a Closed Central Polygon as in IFig. 1, all inner and outer

                                                       '                   czl
                     zA

                      (Z)
                   i3 Jt=4(o
               (1)                                       5d-Z

angles are

equations

 '

and

                       3c          Jn-1' jn              @ mp @

                                   '
                            +             3n-z Jc-/ .

            cn)

                   Fig. 1.
                                             '
 assutnea to be observed, then the number of condition
is as tblloxvs'
           ,
                    tt
==n- (･n-1)=:1 attl)ecentralstatjon(O),

  3-(3--1)=1 ateachcornerstation,
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      N, = 2n-(n+1-1) = n

      Ne, == 9--llin(2(71'+1)th3} = 1･

H]he total pumber of eondition eciuat･ions is 2(n+1),

 .fo!lows:

    A point equation at, the central station (O);

               n              i='L.11'3i = fDo.

    'n･ point equat･ioBs at each eorner st,ation;

       '?'(i)+'v3i--2+vL%-4=to(i} (i,=1,2,･...,n)
                   g
    n angle equations at eaeh individual triangle;

il 7'3i-2+Q･'3i-1+Q'3i=coi (i=1,2,･･.･,n)

    A sicle equation of t,he ciosea figure;

        7Z       X (`:t3i-2 ' 2'ai-2h`:l3i-in nJ3i-i) = tus .

        i.-1
                           '
 where

       .o == .0600-S3i
                  i,-1
       .(,) = ,[.6eO -((i) + 3i-2 + 3i-4)

        (D, = 1800 -(3i-2 + 3i-X + 3i)

             n        tu. =: =(log.si-.3i-a -log.sin.3i-2).
             i-1

    Appl.y･ing the prineiple of the niethod of least

 ]f == min., instead of =zi･?i= min., ･
 where
        Ji' == = v･?J-2 .Nb( ttll il,3i -cDo)

                    n                 -2=Kli)(?,(i)+?i3i-2+T3i-4-w(i))
                    i-1
                                      '                    n                 mu2XN(V3i-2+2'n"i-1+2L"i-toi)
                    i--･-l
                 -,.7iik(l,ll:l,i

 It"roinjf=min,,viz.,eJflev=O,the .

and

)

1

>

J

thex' are as
  v

--" (1)

-･･ (2)

 uaressq ,
   '

we inake

(t:i3i:-2'Q'3i-2'`:lairl"t'3i-1)-Q)s). .

      followin o" relations are obtained ;
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             va) ==K(i) )
             v3i-4 -ny K(a+Ki-i-A3i-4'Ks

             vBi-2=Ka)+Ki+ts3i-2'K's >･････････････(3)

             v3a-i =K{i+n+Kiwuts.ei-i'Ks

             v3i =Ko+Ki J
Putt,ing relations (3) into (1), one obtains eorrelate equations as foIlows;

      '             ov   nKb +,1=,AL =='tuo
       31fti)+.ZSCi-i+.ZliL + cl(i)･liC, = w(i) (i = 1, 2, ････,n)

                      ･ ･(4)    Kb+K(i)+&L･,i)+3KL+cli･llrk=(Di (i==l,2,････,7i)

     et ?t    ;.=,da)･-Zkrkn+ ?.!..l, cZi･.Z{r}±d,･.z{rk = .. ,

                                        '     '

               '             CZ(i) == M3i-2-ut3i-4

                                            '                 '                     '             CZi=i=g3i.2-id3i..1 ････････････t･･････-･･･(5)
                                                     '
             cl, ==ZM･M ' '
   If observed angies around corner stations are separately corrected,

or simp]y, o'uter angles are not observed, point eqRations at eaeh
eorner station are omitted in equat･ion (1) and eqnation (3) or (4)

})ecomes as follows' ･               ,

             V3i-4 = Ki-1-ts3i-4'Kg'

             or?,i-2=K･i +ts3i-2'Ks
                                   -----･-･- (6)
             V3z-i == Ki ndts3i-i'Ks

             v3i =Ke+Ki

and

            n      nKb+:.iKk ==tuo

       Kb+3Kli+cli'Kk=tui (i==1,2,･'･･,'}i) '''no-･''(7)

        n        =cli'it+(l,'Kli = a)s･
        it=1
                                              .

'
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   Solving equation (7), correlates and eorvections of angles are
obtained as follows;

     -'.ifbk-[HI',3I,21Z(bl.W-e:1ito,,1ft,))im".`i,12,li,III(ii/3.(d,.t-di27b,)･krki (s)

     Kk =- suIS, ･ J
     "? =: ws "113･( }.i:=,ai･toi+(l･tu12n) +1i27? ･dtoe

      S) = d, -1/3･( S.±,clZ･+(Z2/2n)                                      ･････ (9)

         n 7z     co=:Xcoi cl=Z(li･ ･         i--1 i-=1
And

   v3i-2 == 1/3･((Di+ cD12n) - cDo/2･7?･ + IM3i-2-1/3･(ali+ clf2n))･.lil,

   a'3i-i =1/3･(toi+w12n) -tuo12･n -{",i"i+1/3･(eli+d12oi)}eK, ･ (10)

   v3i -in1/3･(tui-toln)+too/･n-1/3･((Zi-dln)･K

Relations (6) and (7) eoincide with those obtained in references (10)

and (11).

       S3. VNCLOSED CENK]iRAL POLYGON.

                     (2)
           z
   (l) 1 (Z>

       6          z3
      &          Jn
{ntn    3n-1        @

        3n2

         tn}

4

(0)

Jc'

Fig. 2.

@
Sd-1

Jc'-e

(C' J
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    In an Unelosed Central Pol.vgon as in Fig. 2, all inner and outer

angles are assumed to be observed and length of sides at both ends
Bi and B2 also to be knosvn, then the number of condit･ion equations
is as follows;

                         '
  ･ IV},:n+1-(n+1-1)==:1 attl]ecentralstation(O),
                                   at･ the corner statioi]s (1) and           2-(2-1) tu- 1and
                                   (n + 1),

           3-(3-1) == 1 at each corner station exeept
                                   {1) and (･n+1),
      .ZVh =- 2n --l---(?b+2-.1) .. ?t,

                                  '
The total number ol'i condition equations is 2?z+3, ai}d they are as

foIIows: '                             '
    Apointequationatthecentralst,ation(O>; )

           ee           =V3iplg liT =: too. '
   o?,+1 point equations at eaeh corner stat･ion; ･

       1}(O--Tl == to(1}

       V(i)+V3i-2m}fia)3i-4==tu(i) (i:L'-2,3,....,n)
                                                  ･･････ (11)
       a)(?t+1)-kV.Qn-1==tu(n+1). ' '

   ?z angle equatiions at each individual triangle;

       V3i-2+2igi-i+1'3i=coi (i==1,2,...･,n).
     '                                           '   A side equation of the figure;

       ISts (Msi-2･ v3i-2-id3i-1･vsi-1) == to.. J
       i=-･1

   ., :=36oO-(l.il=,3i+os) ･ )
  tua)==360e--((x)+a) .
  co(i) =:3600---((i)+3i-2+3i-4)                                     (i == 2, t"., ････, n)

  tu{n+i)--360D-((ft+a)+3n-x). ･ (12)

  cDi =18eO-(3i-2+3i-z+3i) (･i==1,2,････,n)
               '  tus =",E.ll).,(log･sin･3i-#-log.sin.3i-2)-･log.&-log.Bi.]

}
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　　APpl）li・9七h・p・incipl・・f　the　m・th・d・f　lea・七・q…e・・we　m・k・

∬＝minりhlslead　ofΣり・妙＝min・，

τvhere

　　　　　張Σ一2瓦（呪Σ生13盛＋僧，一ω。ぢ＝1）

　　　　　　　　　　　　』1資1）＠（1）＋㊨一ωω）

　　　　　　　　　　　　一2：藪、、＠ω＋。，、．，＋・，、．1・一ω、、，）

　　　　　　　　　　　　　　2＝2

　　　　　　　　　　　　－21隔、｝＠｛。。、）＋僧3炉一ω囲｝）

　　　ロ　　　　　　　　　　　　　　　　　　　　　　　れ

　　　　　　　　　　　　『2揖嫌・ト幽・一・＋．・1・r・∂

　　　　　　　　　　　　一・噸（晦一2・㊨3ト243‘一1・㊨31－1）…｝・

　　　　　　　　　　ミ
From　j∫＝mill．，…viz．，　a珊肋＝0，　we　ob七ain

　　　　　眺　＝Kb　　　　　　　　　　　　　　　｝

　　　　　。ω亭kω　　（ε＝1，2，●。。●，γ』十1）

　　　　　Φ3ト4＝K：ω＋K乞一一塩一4・K、
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　…（13）

　　　　　Φ3‘一2＝Kiω＋K¢＋溜　2．K・．（、一、，、，＿．，。）

　　　　　…一・＝K・測・孤『4・・一・．．K・　　　　1

　　　　　。、声k。．孤．　　　　　　j

　　I）u七七hlg　relation（13）into（11），　correla七e　equa七ions　are　Qb七ailled　as

fblloWs：

　　　　　　　　　　　　　　　　　　　　　　　　　6

（，汁脇．　＋：払　　　 一。。　　　　l
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　I　　　　　　　　　　　ゼ巴1

　　　　　　2！動＋瓦　．　＋〔価・」礁＝ωω

　　　　　　31☆の　十瓦＿1十瓦　　十〔τ㈲　。瓦＝ω（の（i＝2，3，…　。，？の
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　｝（14）

　　　　　　2ムユ，、＋、）　　＋瓦、＋♂（％。1｝・」醜＝ω（，辞1）

　　　細瓦・＋触＋3隔距瓦富ω・（域3・…川

　　　　Σ4（が瓦の’＋Σ鴫・瓦＋♂，・凡＝・ω、　　　　　）
　　　　乞・．1　　　　　　　　　　乞＝1

、
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where
              (g(i} =id1

              cl{,) --id3iH2-M3,i-4

              Cl(n+o == -`l3n-1 ''`'''''''''''"'' (15)

              cli =`g3iL2-L:l3i-1

              d. =-SA･g.

   It' observed angles around corner stations are independent･l.v cor-

rected, or simpJy, outer angles are assumed to be not observed, point

equations at each corner station are omitted in equation (11) and
equation (13) or (14) becomes as fo1!ow;

                                                     '
              v3･i-4 = Ki-i- ts3i-4' Ks

              v3i-2='Ki +A3i-2'Ks
                                      ････････-･･･････ (16)
              w3i-i=Kri -A3ihi･K.

              or3i =Ke +Ki

       (n+l).z℃b+:ll]-ZiL =tuo
                 ･i-1
            .Ziib+3.Zlrl+cli'･4=:(Di (i=1,2,････,n) o(17)

             ?t             ;:i]]cZi･.Zlrl+cZ.･liik=to. ･
             i--1
                                        '
   Solvingr equation (17), correlates and correetions of angles are

obtained as follows; ･
 -Zifb=51(2vb+3)'({Do-w13)+cl/(2n+3)eK ''
  K -- 113･(tu,+ld1(2n+3)} -tuol(2ob+3) -11f3･{ai+dl(2n+3)}･Kk (18)

  Kk =- V21S,

      D? = (os wwl/:)'' ( #.,clz"tut+cl･(Dl(2n-l- 3)) +(l･tool(2n+ 3) )

      fis) = ci, -i/5''(ii.li                    S (le･ + cl2/(2n + 3))

       co == = ct)･i

          i-1                   '
       <l-S' cl,, ..



P 1        6
      27
       (2)

both enas Bi
equations is as tbllows;

     2Vi, = 2-(2-1> ==

and 3b-

     Na ==

     Ns == 1･

The tot･al number of
follows '
      '

   n+2 point

      Vp +Vl

      va) +213+v4

      V{i) z- t
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               '
And
                '
v3,N2==113･{tu,+cDl(2'n+3)]-a)ol(2n+3)+[`:i3,-2-lf3･{d,",-cZl(2'n+3>}]･I<1,1

v3,.i=1/3'(coi+to1(2n+3)}-cDo/(2ib+3)"[`"ui-i-11/3･(cl,+cll(272+3)))]･ILT.i(20)

Q'3i ='113'(tui-2to1(2?z÷3)}tht2blol(2]z+3,)-l/3･IcZi-2/(2?z-}3.>･dl･k", 1

     S4. A SXNGLE ROW TRIANGULATION NET.

   In a Single IRo"' 'Il]riangulatioi} Net as in Fis,. 3, ali inner ancl

outer ans,les are as.sumed to be observed and the length of sides at

     '                                           '

    g,4s IGdi()4'iJtj`.-`'Y,･'.-ii 3n'4Jn

                                             Jn-z
JFL'-Z Jti-1 Cn-r)

          (iH/) {C'"X)

               Fig. 3.

 and .B2 also to be 1<nown, t･hen the nuniber

         '

         1 at"station.Z'orQ,

  (3-1)---1 atstation(1)or(･n),,

4-(4-1)--1 ateaehstationexeeptl',O.,

                      '2n+1-(n+2-1) == n

        condition equations is 2n+3, and

                    '  equations at eaeh station;

             = CDp

             -h a)")

+V3･4+v3･+･v3i+l==tu,i) (i=2s3,...･,7z-l)

of eondit

 ji?-1

-t
]O11

Cl) or C7?,),

they are as

q

,
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　　　　　・～．1ω＋．～．・3，、一・＋？，・。　；ωω　　　　　　　1
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　｝．（21）

　　　　　．～　＋’竃｝3，、一1　　　　＝ωα・

　　　？．～．angle　e｛里ua七iolユs　at　each　il〕divfdtlal　triallgle；

　　　　　・～．、3で．2．＋マ13臼＋？・3乞＝ω盛　‘（i富1，2，・…，？z）．

　　　Asid．e　ec．1．uaもiOl｝．　of　th．e　figU・・e；

　　　　　　　　　　ぎめ

　　　　　　　　需臨2●・’3・2－」・ト・’靹）一…　　　l

wllere

ω。＝360。一伊＋1）　　　　　　　　　　　　　1
ωα）＝・36G6一（α）十3十4墨）

1：：，＝瓢諜∴∵1∴　1）（斗’●’卜1）i（22）

ω，＝361）。一（顕一1＋Q）

妨＝1．8〔lo一．（3ト2＋3ト1＋3の　（i＝1，2，・…，γ1．．）

　　　　　
・・＝ 求i1・9・・i・・3卜鼠71・9・・i・・3ト2）＋i・g・恥1・9・刀・・　／

　　　Applyin9も1．・e｝）rinciple・f　the　lnet1・・d．・f　leas七squares，　we　make

丑∫＝min．，　h．｝s．tead　ofΣ？♪・①司：nil〕．，

where

　　　　　3∫富Σ・1．・・？b21㍉，（？，、，＋？．lrω。）

　　　　　　　　　　　　　一21q1）＠（、）＋免13＋？14一一ω（1））

　　　　　　　　　　　　　　　れ　エ
　　　　　　　　　　　　　一2Σ風）＠飼＋免13出．・3，＋一ωω）

　　　　　　　　　　　　　　　‘．一2　．

　　　　　　　　　　　　　一2妬）（？．！ω＋Z13，、一4＋僧ε物一ω㈲）

　　　　　　　　　　　　　一2郵（？．’α一ト「し「3耐ωα）

　　　　　　　　　　　　　　　　リム
　　　　　　　　　　　　　一2濁嫌3・一・＋・1・・一・＋・「ザ・∂

　　　　　　　　　　　　　一2凡｛魯（43卜2・牝13乞一2晦．1・’ヒ．13琶一1）一・・｝・

　　From　3∫篇1nhl｝．，、・iz．，　a珊az・＝0，　we・b七ai11
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  v(L) :=Km (i=1,2,･･･-,n)
  orq =Kq

  vl =Kp +Kl+ts1`Ks

  or2 =K(2> +Kl-rf2'Ks'                         t
  ., ==･K{i)+Ki S･(z3)
                     ,nTl)  vsz-2==Kg-i>+Ki+ta3i-2'Ks (i=2,3,.･･o

  v3i-i=Ke+i>+Ki'rk3i-i･Ks (i=Z,3,････,n-g)

  v3i =K(i) +Ki (i==2,3,････,n-X)
  vg'.-2 :- K(?z-i)+ KIn + ts3n-2eKs

  v;"oz-1=Ka +Kn-ta3n-i･Ks

  op3ot ==K(n)+Kn･ J
  Putting these re]ations (23) into (21), eorrelate eqkmt･ions are obtain-

ed as follows;

9-.ilil,,+ISII +Ai'Kl,=rco. )
3.iiti)+Kl+.Z{71i +ti4'?kl,=a)(i)

4Ki} +K-i+K}+K,i+ (l{i>'Kl,=-tu(i) (i=2,3,e･-t,n･-l)

                          i3Klov)+Kt-1+JCz -id3n-4'-Zl]li=tu(n)

                          > (g..,a)2Kb+Kln -ti3n-i'Ilili==tuq
1icT(i-o+Ki) +Kl.i+i) + 3Ki +cli'Kl, == toi (i = 1, 2, ･eo#,7z)

Ai･.k4)+id4'K(i)+tticZ(i)'Kli)--"3n-4'.IQot)

       ･i-･2
  hnt3n-i'-Kh+ ].illl=,cZz'eKi '+ (ls`4 == tus, J

where

       ifri'l.IIIi::III:[::11Ii l..･b･`････#･`s`",(2s)

       Cls=:!I]d･id. J
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   If observed angles ayound each station are independently corrected,

or simply, outer angles are not observed, point equations at eaeh
station are omitted in equation (21) and equation (Z3) or (21) beeomes

                                         '          v3i-2 == Ki+ ta3i-2･ Ks                                        }

          :lil-i :. iKK'iTts3//-i'=' Kls, z, ....,.), j e''''1''''' (26)

and

       sd,?'KiSrL++:::it.k,:.,a.).i. ('t:='Li,2,････,n) } ..(27)

       i-1
                                                 '
    Solving equation (27'), correlates and correetions of angles are

obtained as fo11ows;

              tzsl}-113･(w･i-cli･&) l
                                      ............,..,.. (2S)              Kk-mifs),' J

               Ef} =: (D,-Il.13･S cli･ coi

                          i,=,' ･･････"･･`･･･''･o'(tltL9)

               flS) = cl.-113eE] cli.
                          i-:1

           v3i-2==113･cD･i+(`f3i-2-113･d･i)･KL,

           V3i-1=lf3{tui-(`;f3･i-il"115'(li)'"ZSiL, ･･e････e･t･(1/'O)

           Z'3i =[il13･coi-113･cgie&.

                gS. A RUADRXLATERAL.
                                                          '
    InaquadrilateralasinXs,. ･ (Z)4, all inner and outer angles are (i) 1 z
assumedtobeobserved,thenthe s 3
numberofconditionequationsare X
as foilows; ･                                           '
                         '                                    .76 4  JZVi, = tt-(3-1) == 1 at each station

                                    (41R .5

                                   '  .ZVI,=6-(8.-5')=-Ll. 'Fig.4
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T]ie total number of eondition equations
follows:

      4 point equations at･ each station;

              V(o+211+Vs =L- to(1)

              V(2)+T2+'?)3 =(k)(2)

              Q)(3> -- ･V4+ T･s -- tu(3)

              V(4}+ V6+ 2'7 -- to(4) ･

     3 angle equations;

              Vl+a]2+?.)3+t'4 = tu1

              a'3+2}4+1]s+T6=:{D2

              Vs + tli6+ ?"7 + 2's = CD3 ..

     A side equat,ion;

              8              =(-1)i-ldi't'i = tos'
              i--1
xvhere .

           co") == ,L,))600-((a)+a+8)

           to(2) == 3600-((2)+2+3)

           to(3) == 3600-((3)+4+5)

           tu(4)=3600-((4)+6+7)

           wi = 1800-(a+2+3+4)

           to2 -- 1800-(3+4+5+6)

           to3 == 1800-(S+6+7+8)

               9           tu. == =(- 1)i log･sin i
              i--1
Appl:ying the metliod of least squares, we

of =v･v= min.,

"r]lere)

     ]1=:E]v･v-2K(i)(v{i)+t'i+2]s-w<!))

            -2Kl2)(Q.'c2)+212+2'3Ha}<2))

is eight

   )

I

i

j

>

J

--

and t･he>r are as

･･･････････ (31)

..........･･･ (32)

make M == min., ii]stead
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          -2K3)(v(3)+aJ4+?'s-co(3))

          --2.Kk4)(v(4)+?i6+2i7-to(4))

          -2Klt<v1+･v2+zi3+T4-to1)

          -21{h(v3+v4+ti･s+V6-(D2)

          -2Kh(tis+v6+?,7+o.is-tu3)
         'm2KL-(S,..i<--1)i"i?'i''vi-'w,).

From Jf-- min., viz., afitlev== O, one obtains

    v(e=K(,;> (i == 1, Z,3and 4) )
    vi==Kr")+ki +ta,.K. I
           tt    v2=I<(2)+Ki 4ts2'Ks

    V3 ==K(2)+Ki+K2+Au'K,

    or4 == l<(3)+Kl+K2'ts4'Ks

    vs = K(3)+K2+K3+tas'Ks

    or6 = K<4)+K2+KI3-A6'Ks

      .JP -    v7--K(4} +K3+ts7'･I<.                              I
    vs==K{o +K3-tss･K. J
  I'ut･ting the relation (33) into (31),

as folloWs;

 3Kli) +Ki +Kk+d(o'Kk==to<D)
    ;)'ll'(2) +2Ki+K2 +cl{2)･Kl,==(v(2)

        :ilK(3) +Ki--'2Kli+Kb+cl<3)'.)Yls=to(3)i

           :.),.K<4) +1{"2+211Jk+(l(4)･Kl,=w(4)

 N,)+2Kl,)+.i{ll,) +4K+;[)ltT, +cl,･Kl,=.1

     Kk,)+2K<,)+ K(,)+2Kl+4K,+2Kb+d, ･1{rl, = to,

 -Z"o +Kl,)+2Kl,) +2ItT,+IArk+d,･Kk=.,

  Z (1(i)'Kk"+ X {li'KL'+(l.'Kl, == w.

  i-1 i--:1

237

i (33)

coyre]ate equatio]is aTe obtained

l (34)
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where,

          cla)-nv`IinvMs (l(2)=ti3nnt2

          cZ(3)=ids-ti4 cle)=id7--g6
          cli=S(-1)`"idi cl,==$I]:(-1)i+ig, 'e'`'''''(3tl))

               iel i!=3
          cl3=]E8](-1)'i+igi cl.=:=ged.

              i--5

If observed angles around eaeh stat･ion are independently correeted,

or simply outer ang.les are not observed, point equations at each
statioll are omitted in equation (31), alld equation (33) or (3')gl) be-

comes as fo11ows;

                              '
                           +ts1･Ks ) '             vl == Kl

             :::keEl.., ;21Il:i i .

             v4==Kl+I<2 =-A4･K. I
                                       ･･････････････ (36)
             vs== K2+K3+As'K.

             v6= K2+K3-A6'K.

             v7== K3+ta7'Ks
             Vs= K3-tss･K.J

          .2K,+Kl, +cl,･.Zill,=L--co,

              KT,+2Kl,+ Kl,+cl2･ISC, == w2
                                        og･e...･･･'`' (37)
                   Kle, + 2Kb +d,･IYk = to3

              3             =cli･.Ai} +cls'.IC,=cDs
             i-1

   Soiving equation(37), values of correlates and cor}'ections ot: angles

are obtained a･s fo11ows:

       K=:114･(3tui-2to2+to3)-114n(3cZi-2(t]2+d3)･K'. )

       &=-1/2･(a)i-2co2+sog)+l12･((Zi-2cl2+cl3)effk l

                             '
       Kli::-=114･(tui-2tu2+3tu3)-114･(cli-2d2+3'(l3)･K,

       Kk =- scISD
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9トω。一刀4・　　　　　　　　　　　「

翰＝‘Z。一1／4・

　　　妙1司μ・（3ω、二2ω、＋ω，）一114・

　　　瞥1／4・（3・、一2・、＋・、）一1／4・｛

　　　・、≦・／4・（・、＋2・一・，）一・／4・・｛（で！ご1＋2（12（z3）

　　　・～．，4＝1／4・（ω、＋2ωrω3）一1．／4・

　　　・、一ユ／4・（一・・＋2・，＋ω，）一1／4・｛

　　　・、一・／4・（一・1＋2・2＋・、）一1／4・｛

　　　・，，司μ・（・一2・・＋3・、）一・／4・｛

　　　？，、＝］．ノ4・（ω、一2ω、＋3ω3）

wllere，
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　　　　　　　　　　　．ω，一112・｛180Q一（3十4十5十6）｝
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　　　　　　　　　　｛（3d、2〔12＋（13）一4」1｝・瓦

　　　　　　　　　　　（3・Z一2・1、＋・～・）嶺｝・凡

　　　　　　　　　　　　　　　　　　　　一44，｝・瓦

　　　　　　　　　｛（4、＋2（12‘z3）＋4」、｝・瓦

　　　　　　　　　　　　（一（Z1十2（～2十（Z3）一445｝・瓦

　　　　　　　　　　　　（一‘Z1＋2‘Z2＋（．Z3）由・｝・凡

　　　　　　　　　　　（（～1－2（～2十3（τ3）一4謡，｝・凡

　　　　一1／4・｛（（1一♀‘Z2＋3｛13）欄、｝・瓦

・、一・／2・｛・80Q一（5＋6＋7＋8）｝

　　　　　　　　　き

ωs司／2・Σ（一1）弓09
　　　　　　　　乞概ユ

　　　　　　　　　る

（11司．／2・Σ（一1）1＋1暁
　　　　　　　　琶＝1

　　　　　　　　　お

‘12＝1〆2・Σ（一1）乞＋1燐

　　　　　　　　㌍．3

　　　　　　　　　　

‘Z3嵩1／2・Σ（一1）で＋1」乞

　　　　　　　　②己5

　　　　　　　　　お
（～5＝＝：1／2・Σ雌

　　　　　　　　¢置1

・sin．ε

1

1・・

｛

、

」

o　　巳　　●　　●　　■　　●
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・（38）

（39）

・（40）
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                        CwaAswER 2,

              maEexwaAwwXevAge SuercWCwa marcWwaOge,

               gl. GENERAL DESCRIPTION.

    By ealeulating equations expressed in. the precdeeding cl')apter,

substitutin,o.' the va/lues cl and to, values of all eorvelates and corree-

tions oi' angles ean be gotten. But tl)ese ea,leulations are very complex

and one ctan not get rid of various niistakes. As tl)e i:nistakes are

onl.v .foun(it out at the final couyse of tlie calculation, the time re-

quired in ealculation and wasted in finding out, t,hese mistakes ean
not be estiinated. [l]herefore, in ordjnary praet･ise, especially in civil

eng]'neerinsr works, the process ma.y be divided int,o two:

   First,; point equations and angle equations are solved independent-

ly and observed angles are corrected.

    Seeonc.l; with these values, a side equation is solved and tl)eB,

fior the second time, already eorreeted angles are reeorrected.

   In the.present new･ computation, inany siinultai]eous equationsin

chapter 1 are solved at t,he saine time quit,e regularly on t･he figure

sketched and it' there oceur any mistal<es in an>r eourse of cta]eula-

t･ion c{uite smoothly, na,turally an(1 uneonsciously. Tl)!s is the inost

advantageous'characteristic ot' our ``AIechanical Sketeh "irethod.''

    Iii the fo11owinsr paragraphs, are explained t]}e prineiples and

proeedures for central polygons, single row triangulation net and a

quadrilateral with some numerical examples.

            SZ. CLOSED CENTRAL POLYGON.

    IEctuations (4) and (7) in S2 of ehapter 1 can be expressed in the

follo"'inE Table 1 and 2.
    In these ta,bles, tl)e lettcrs oii fig,ures ip tlie column of Sig. n of

Eqvtatioa clenote stations, nuinber of triangles "There the condition

or correiate eguations are composed, or kinds of equations. A brael<et

means the iiumber of station or a poillt equat,ion,,a figure wit･l}out

bracl<et is tl}e number of an individiial triaRgle or an angle equation,

and S meai}s a side equation of' the polygon. [Figures in the eolumn
of' 'Iieft･ Side of Equation a,re coelfieients of eorresponding eorrelates

above expressed. Let･ters in the eolutmn of Rjght Side of Equation
are absolut,e terms eorresponding to the rows of Sign of Equation.
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Table　1．

惚解励醐 孟帥①罐　θノ響塑ル伽
辮な〆鯛揚勿

垢 κ“ 縮 鶴 偏 κ 鵜 蘇 巖κ
rの 鬼 ノ プ 酔 1 ア 鰯
‘アノ 3 ノ 1 蝦　畷，♪

13 ノ ノ 鱗 麟22
ll

嵐 嵐
壱ト・

儒鴨刀 3 ノ ノ 駕　輪吻
鷲 3 タ ノ 蜴 嚇脚
ア 7 ア ア 3 鶴　　鰯

2 7 評 タ ♂ 偽　韓

＼
i

＼ 紐
》

鴛一ノ ア 野 グ 3 　卜

冾k土
認 ダ ノ ノ 3 尉　輪
8 砺輪 脚 御 嚥 鵡媚 餅幽

一
州　鮪

Table　2．
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 ･ Glancinsr at these tables, it is int'eresting t･hat the large values oti

eoeffieients are arranged in diagonal, i'rom upper left to lower right,

and ot/her eoeffieients are situated regularly and systematicai!y to this

diagonal axis. This is the ``Key'' to this new metl}od of calculation.

It may ])e eonsidered that tl)e correlate whieh has a large coeffiejent

plays a chief part in that equation, so it is a short cut to obtain the

value of' the correlate from that equation. H]lie process based upon

thisprineiple"rill})eexplainedb.v･theinethodofiteration. .
    Correlates of eaeh kind are expressed in tlie following fornis:

[1]he point, c;orre]ate Kli);

       .kli) =:113･(toci)-K-i-.Arl･-cl(i)･4) g･････-･･････e････ (41)

                       '
In this fbrmula, ai)gle eorrelates uZil}mi and Kt belong to triangles which

meet at the station (i), and tl)e denominator is tlie nui:nber of angles

arourid stat･ion Ci), that is 3. .
The aiigle correlate llTi;

       Ki = 113'(tui-1{Ri)inKki+i)-llTo-cli".Zl]k) 'n'''''･'･･････ (42)

                                                  '
In this formula,, point correlates ll]li), Kli+i)'and Al) a･re three stations

of trian.e;le xvhere this angle equation is composed, and tke denoini-

nator is the number of angles in a tria,ngle, al"'ays :').

The point correlate l%; .
              -llr6 == 1!n･･(coo- li,lll..i, -ICE) ,･'･････''''･`･･'･･'･･- (43)

'l]he angle correlates with relation to Kb are around tl)e centre station

(O), viz., all angle eorre]ates, and the denominator is the nlimber of

ang]es around the eentral station (O), that is oi.
                                                eTlie side eorrelate Kk;

       IN.1, =:1!cl.･(co,- tl,ll;Z,"i cl(i)･K(i)- tL.,fli･.tNTi) e･････････････ (4,4)

This has a relation to all point and angle eorrelates except Kb.

    A!ter tlLese relations are undterstood, tables are not needed and

the figure of this polygon beeomes convenient (Fjg. 5). [11ihis will be

called a `` Correlate Sketch.''

    First; the figure is s]scetched whieh is now going to be adjusted.

    Second; double circles are drawn at exTer>' station and in eaeh

individual triangle. In tlie inner circles, the number or sign of the
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                            Fig. 5.

eorresponding stations and'triangles are written, and in the upper and

Iower spaces between the inner and outer eircles cl and tu respectively

are written. Blan]< spaces around these double circles serve for the

entry of vaiues suecessively obtained.

    Double circles of (O) aRd S can be convenientJy drawn outside of

the figure, in order to avoid confusion.

    XVith these, tl'ie preparatioR is over and tl]e ea,leulation is begun.

    Il. Let fiirst value of Kl, be calculated thus; first values of point

and angle eorrelates aye multipiied by the upper figures d written in

each eirele (the.v are t/aken up in neighbourhood) and these produets

are added, with the opposite sign, to t]he ]ower figure w. in cirele S,

aRd this value is divideCl b.y the upper figure cl. in eirele S. [l]he

result is written near circle S.

   [Fhis process shows that equation (4'4) is calculated.

   2. Let seeond values of point eorrelates Kli) be ealeulated thus;
first values of angle eorrelates in triangles around point (i) and tl}e

produet of the "-pper figure in eircle (i) and the first value of .rcl, are

added, with the opposite sign, to the lower figure in cirele (i), and

this value is (livide(l by the number of angles around point (i), name-

ly 3r). [I]his resUlt is written under the first value.

   This process means tliat equation (41) is solved.

    3. Iiet second values of angle eorrelates -Kli be calculated thus;

seeoi}d values of point eorrelates Kli) at tl)ree points of this triangle

･i whose angle eorreJate is iiow going to be ealculated and the produet

of tbe upper,figure iR eirele i and tl)e first value of Kk a.re added,

t



.

'

with the opposite sign, to the lower figure in cirele a and t･his yalue

is dividedl by the number of observed angles in t･he triangle, namely
:')'. 'll]hese values are written undev t･I'),e first values.

   This proeess ineans that equation (42) is solved.

   4. Let the seeond value of the point correlate Kb be ealculatea with

the second values of angle eorreJat･es Kle abov･e obtaiiied and written

jR eac]) triangle; the seeo}id values of angle eorrelate$ .Zll a,re added,

with the opposite sign, to tl]e Iower figure in eirele (O) and djvided

by the number of aRgles around the station (O), namely ji.

    In this ease, there ent/ers no tern) of K,, as there is no tigure at

the upper port･ion in eirele (O). This value is written under the first

value ot" it.

    This calculation mea,ns that eciuation (43) is solvea.

    (-,. 'VXJith t]ie seeoiid values of point and apgle eorrelates aboye

obtained and b.v, tlie same proeess as in 1, t･he seeoncl value of t]ie

side correlate llik is obtained, and is written under the first value.

    [['hese proeesses 2, 3, -iL and 5 are tl'ie first round ot' ealculat･ion.

After the first round is over, the seeond and the thira rollnds are

earried out. After several vounds, t･he values thus obtained eonvei'ge
to t･1'ie eorreet valuesi.

    In tl]ese calculations, I:or the addition of tu and the yt"ues of eo]'-

relates and the final simple division, a Japanese "Soroban'' is very

eonveniently used, and lior t])e multiplieation oii cl a,nd K, a caleu-

lating machine or a slide rule is eonvenient, but" one is sl<illed on

the Soroban, inultiplieation and division are a,lso easily carried out
with it,,

    IE{[owever eireuitous this proeess may appear, it is not really.so,

but of direct judgment and more convenient. Numerical vaiues xvhieh

are requirea for any correlate are always situated near it in the figure

and are never separated ±"rom it, so mistal<es can not oceur. And if
an}r mjstake oecurs in an.y round, it is iminediately ancl uneonsciously

eorrected in the course of the next round, and moreover, caleulation
can be stopped at the required plaee of tlie results.

    And the caleulatioi} can be earried entirely on the sketch meeha-

iei6euXk.To,nlse.aVing from the consideration of solving many simult,aneous

   .[l]he more complex the iigure, the more regularly, systeiinatieally

and rapidly the ealeulation can be carried on. These are the most
significant and advantageous characteristics of this new metliod.

                                                 t.
         '
                                             '   '                      '
                                                   '
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   The firsec values of Kb, Kki) and N are good enough "rith any

values, but, to aeeelerate the eonvergenee, it is convenient to use t])e

fo11owing formulae:

           i   The point correlate llb;

       Ko == SIZn 'uao +lfn'S(as(,)-bli) ''･'･''''''･･'･'''' (4S)

                       ' t-1

where n is the number of triangles wl]icl) compose the polyg'on. The

first values of other correlates IIIIi) and KL are expressed as fo]lows;

 '               tt                                           '
  7) == 3

     Kii)=O.58(Da)+O.33coo+O･21(tu(i-o--co(i+i>) l .

          -O.38(wi-i+toi)ww'O.2,'5a)i+i                                         } ......･･･ (16)

            ,      .ZSi} = 0.7E; co,i+O.t5' 8(tui-i+coi,i)-O,5' coo

          'Oe38(co'(e-l-(D(,+o)wuO.2･'5co(iLD J

     &i)==O.55o(i}+O.25coo+O.17(coa.i,+a)<i+i))+O･12(D(i-2)

          -O.32(,il,",+cD,)-O.18(.,i,,+.,.,) ････ (17>

      liil := O.67 toi + O.29((Di-i+ toi+i) + O.24 (Di-2-O.38 e,o

          -O.32(.(i)+.(i,1})-O.18(co(i-l)+to(i+2))

 )

-Z{iti) == O.53 ,.{,, + O.2 tuo+ O.1[-,(tu(i-i) + co(i,i))

     +O.09(.<iL,}+to(i,,))-O.29(coi-i+coi)

     -O.15(,.i,1+cDlp.2)-O.13tui,2

KL = O.63.,+O.2,st･)(toi-i+tui.,)+0.19(toim2+toi,2)

     -O.3Q)o-O.29((Da)+co(i-i))+O.15(cDg.])'1-(D(i+2))

     - O,13 ,D(i-,)

> ----

J

(4.S)

t

b
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 o2, -nv 6,

    &i) = O.51 co(i)+ O.17 cDo+ O･13 (tu(i-i)+(D(i+i))

        +O.08(toa-2)+toe+2))+O.07a)(･i-3)-O.27((Di.i+tui)'

        -O.13(c,)i..2+coi,1)-O.10(cDi-3+(Di,2)

    ltTi == O.60 .i + O.22(wi-i+ wi.i) + O.16(toi.2 + to･i+2)

        -t-O.15wi73-O.25too-O.27'(toa)+tu(i+i))

        -O.13(co(irm.i)+(De+2))-O.10(toa-2)+coa+3))

 7Z = tri)

    llZIIIi) == O.5O co<" + O.1<L cDo+ O.Il2((De-i)+ tu(i+o)

        +o.o7(.{irv2)+cD(i.,))+o.e6(w(i..,)+w(i,3))

                              .                                    i        -O.26(,Di.1+,Di)-O.11(wi-,+coi,1)

        -O.09(tui73+cei+2+wi+3)

    Kl = O.tosl .i+ O.19(,Di-i+ cDi-, i) + O.14(tuiH2+ wi,2)

        +O.13((Dim,+,Dir,,)-O.21to,-O.26(tu(i.o+(D(i))

        -O.11(tu(i.i.2)+tu(i-o)-O.09(co(iL3)+to(i-2)+w(i.3))･

)

J

i

････ (49>

l..･･ (50)

  ll)bese formuiae are expressed eonveniently in Fig. 6. In Fig. 6,
numerieal values denote eoefl}cients of tu in that position and a circJe

denotes the coefficient xvhose eorrelate it is desired to obtain. These

x'alues are obtained by tal<hig terms of Q) only and neglecting the

                    n ==3
             058 -"O'?S

    ptOJ,8J3038

o･Bi [2 1[lilt 2slXX> e'?i

      ifi:'?d)

             Fi.tr, 6.

OV8 038
      --0S
-oJsDt>×<> -o#s

      Kg
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tern:L of -ZL, in equations <72) to ('78) in Sl in Chal)ter 3. g."he eal-

cu]ation of these first va!ues is suCfieientl>r acellrate ul) to two l)laces

with a slide ru]e.

   In the ease of Table 2, the metl,).od of ca,lculation i.s tl{e s,anie as

above deserib'ed, but terms -Kli), cl{i) and w(i) do not exist, ;s'o the pro-

cess can be continued iinoTe sjnnpl>r, tliat is, proeess 2 above mentioned

is omitted. '1]hen tl]e formulae are limited to G2), (43) and (44.), and

the first vaXues of the correlates are able to ])e obtained from equa-

tiolls (S') and (9), by omitt/ing the term Kk.

               Ko=31ZnA(wo-as/3) >e

               K! = 113･(tui+('d12n) -wo/Zn
                                             ........... (Sl)
    where
                   n               c" =M X (h)･i .
                   i-=1

After the values of all correlates are obtained, the values of cor-

rections of the observed angles are gotton from equation (3) or (6)

in S2 in Chapter L

    Numedcal Example 1. A CIosed Central IIexagon,

    All inner and outer angles are observed; the problem is to ad,iust

them. Figures obtained by caleulation are shown in Table 3-). Nun]-

bers in the above are orders of ealeu]ation.

    (1) ; number pf angles,
    (2) ;,observed valties of angles and sum of three angles in
           each individual triangle,
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     (3) ; values of log.sin. of observed ang]es 3･t-2 and 1/)'i-1, and

             valnes of a)i, coo, tus, and tu(i),

     (4-) : t,a}i)ulttr differenee of log.sin. per 1",

     (5) ; (gi amd (Z(i), for example,

                             (li = ,:1i-id2 := 9.05-19.43 == -10.:38.

                      ･ {la)=Ui-dis==9.05-1.3S=7.67&etc.,
     (6) ; "･J for a･ngles 3i-2 and 3i-1,
     (7) ; Correlate Sketch, this is the main point of tl]is paper,
             values of all corvelates are obtailled (this process will be

             explained ]ater),

     (8) ; Je4, .lik obtained from (7),
     (9') : eorreet･io]is v from .Zlb, Ki} and Kl in (7) and A･I{lk in (8),

     (12) ; eorreeted values ot] ang,les b.v (9),

     (13) ; co}'reeted log.sin. iXor ealculation of side lengtk of tri-

           'angulationnets,witl)ut･2Jin(10), -
     (11) ; t)･ii for t/he caleu]at,ion of probable error.

     Now Correlate Sketch in (7)willbeexplained. (Fig. 7). IJ"igures
  in t･l]e C[ouble eireles are cl a,nd a} which are sh.own in (5) in 'll]able 3,

  for example, (Zi = -10.38, tui == -5.3 in eircle 1,

              (Z(p -- 7.6'7, to(i) =" 6.3 in eirc]e (l).

' Thefirstbvaluesofcorrelatesareobtainedfrom(49>orFig.6
  O･ = 6') an(l (.4S) as fo11ows:

     The point eoyrelate .Z{lb t'rom (4g);

       Kb = O.42,×{7,.6 +O.17 (6.3 -7.2 -5.1 +3.1 +7.4 -4.8)
                     -O.2,Y (-5.3 -7.9 -9.3-, +9.5 +3.1 -9.9)

            " --          =- I't               ,
 I'oint eor!'e}ates .ll]"(i)･from Fig. 6 ;

       1it,) =･ O.17 x C).6 +O.51 × 6'.3 +O.15(-7.2-4.8) +O.e8(-5.1+7.4)

             +O.O･Nt × 3.1 -O.27(-5.C))-9.9) -O.13(-7.9 +3.1)
             -e.10(-9.3+9.5) == 7.9,

 similarl.v, ffl2)==2･.S, K3)={`)'.5, N4)=4.6, Kks)'-'4.7, N6)==2.9.

 Angle correlates Kle from Fig. 6;

       N = -O.･25× 6.6' -0.27(6.3-7.2) -O.13(-5.1-4.8)

            -O.10(7.4+;,).1) +O.60× -5.3 +O,22(-7.9-9.9)
             +O.1Ci(-9.3+3}.1) +O.15×9.5 == ---7.8,

 similarl>,, Alli=-7.4, kT3==-8.4, lii;i=-2.4, KIs==-4,O,
           jkie == -9.tt.

 These first values are written in the spaces near their double eircles.

t

.
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    The side eorrelate Kk.

    First values of point and angle correlates above obtaineCl and
written on the sketch are ]iRultiplied by the upper figures in eaeh

eirele, they are situated in neigl}bourhood, and these pro{lucts are
added. [l]hen the sum is added, with t]ie opposite sis,n, to the lower

figure in ciyele S(tu,=-326) and divided by the upper figure in
cirele S(d. == 2,i';36.68), thus the first value of the side eorrelate Kk is

obtained. That is
                ,

    K == 112,336.68･{- 326 - (7.67 × 7.9 - 2.35 × 2.8 - ･････

           upper lower upper lst. upper lst.
           figure figure figure value figure value ･･-･
           ineir-･ incir- ineir- of incir- of
           eleS eleS ele(1) ull(i) cle(2) 2112>
                            hi-dimovymim-' "pt
             . atpoint(1) atpoint(2･) ････

                    - 10.3S × -7.S + 4.15 × -7.4 t ･it･)}

                      upper lst. upper lst.
                      figure value figure value ････
                      incir- of incir- of
                      clel, ,lli. cle2 .lllh
                      iv diLpt                       intriang]e1 intriangle2 ････
    = -O.11.

This value is written under circle S.

Thisprocessmeansthatequation(44)hasbeencalculated. ,
    Second values of correlates are obt･ained as iiolloxvs:

    ?oint coirrelates ulili).

    First values of angle correlates in the tviangles around point (･i)

and t]]e product of the upper figure in eirele (･i) and the first value

of -Zlrk are added, with the opposite sign, to the lower figure in circle

(i) and t･hen this value is divided by the llumber of angles around
point (i), name]y 3'.

        .ZIIk,) == l13･( 6;.t5 -- 9.5 + ･"`-.S + 7.67 × O.11) =. s.L
                       Nlmmthal=rem.`mimin--
            no.of lowerlst.valuesin upper lst.
            angles figure triangles6 figui'e value
            around inch'- andlaround incir- of
            point cle(1) point(1) cle(1) uZilb
              (1) x-m v thmy                 ' addedwiththeoppositesign

[l]his value 8.1 is "Trjtten under the first value 7.C).
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added with the opposite sign

This value 2.6 is written under the first value 2.8.

similarly TZil13)==3.4, Kk4)== 4.5, rUils)== 4.3., -ZY16) =3.2.

These ealculations show th'at eq"ation (41) has been solved.

    The point eorrelate -Kb.

    Similarly to the case of point correlates Kki) above, but the only

diffbrenee is such that the number of angles around the point (O) is

6 and there is llo term K.

      1ih - 116･( 6.6 + 7.8 + 7.4 + S.4 + 2.4 + 4.0 + 9.5) =- 7.6.

                    - vwr m.1          no.oilower lst.valueswritteninalltriangles
         anglesfigure aroundtheeentralpoint(O),added
         aroundineir- withtheoppositesign
          point cle(O)

           (o) ･
[I)his value 7.6 is written under its first value 7.7. This proeess

means that equation (43) has been solved.

    Angle correlates Kig.

    Seeond values of point correlates at three points in the trjaugle i,
whose angle correlate is nosv gojng to " be obtajned, and the produet

of the uppev figure in cirele ･t and the fiTst x'alue oti Kk･ are added,

with the opposite sign, to the lower figure in circle i, and this value

is divided by the number of observed angles in a triangie, namely II}.

    Ki = 113･(-5.3 -8.1 - 2.6 - 7.6 - 10.35 × O.11) = -S.5,.

                    pt
        no.o£ lower 2nd.valueswritten upper lst.
        angles figure qtthreevertices(1), figure value
        intri-ineir- (2)and(O)in incir- of
        anglelclel tri.anglel clel,Kk
            " N"imm= -                                 V
                       added with the opposite sign

This value -8.3 ls wrltten under the first value -7.8.

t.
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    -ZS4, = 113･(-7,9 -- 2.6 -- 3.4 -- 7.6 + 4.15, × O.11') =: -7.0.

                     himumptanmpvmpmmo--thdnm-'
         no.of lower 2nd.va]ueswritten upper lst.
        angles figure atthreevertices(2), Iigure value
        intri-incir- (3)and(O)in incir- of
        angle2cle2 triangle2 clel 2ilk
                    Vma av-                                  V
                        added with the opposite sign

                          '
    Tl/iis value -7.0 is written under the /first value -7.4.

   '                                                       '
Similarly .Zlrls==-8.5, lli=-2./1,t', -Zli=-4.3, Kli==-8.8.
                             '

    [1]his proeess means that equation (42) is caleulated.

    Tl)e side eorrelate Kk js obtained sjmilarly to the ease of it･s first

value, but second values of point eorre]ates written at each point and

angle correlates writtell in each triangle are used. '.

    IZiil, == l/-.>.,336.6S･(- 326 - <7.67 × 8.1 - 2.35 × 2.6 --p ････

            uppev loweT upper 2nd. upper 2nd.
            tigure figure figure value figure value ･･･-
     ' inciT- incir-incir- oi ineir- of
            eleS eleS cle(1) Kic]) ele(2) .liiZ2)

                             -"                              atpoint(1) atpoint(2) ････

                     - 10.5'8 × -8.3 + 4.15 × -7.0 +････)}'

                        upper 2nd. upper Znd.
                        figure valtte figure va}ue ････
                       incir- o£ inciy- of                        elel .ZiJi cle2 lkle
                       pt thantuVannd
                         intbiangle1 intriang}e2 ････
     =:-; --O,134.

    This value -O.134 is writ-ten under the first value -O.11.

                                                          '    ll]his process means that equation (44) is solved.

    Thus the first round of calculation is over, and the next rounds

are proeeeded with. In this case, the calcu]ation reaches its end at

the fifth round and correctioi}s of observed angles can be obtained to

the seeor}d grade below zero from equatioii (3) in {}2 ,in Chapter 1.

Time required in tlttis caleulation is onl.v tliree hours. If ordinary

rigorous proeess of so}ution is applied, tl)e time required may be

three or t'our times as great.



Table ;3.

Angles

(l) (L>)

No.

j
l

l

(12)
1
1

y
(3)

:
1
1

ObseTved
 Values

Correeted
 Values

i

1
 gnitial
Loff.sin.

1

2
5'

 o
66
47
65

 r
44
17
58

ll

31.7
 6.8
26.8

I
I

 o
66
47
65

-t
44
17
58

/1

30.23
 3.69
26.08

i
i

J

9.963!912
9.8661335

(13,)
i

'

1

r

(4) (5)

Corrected
Log. sin.

1
/
/

Tabu.
 Diff.
per l/i

  A

i

i

l
1

cg

4
5

6

7
8

9

l80

 50
 58
 70

oo

57
26
36

 5.,3

34.0
16.4
17.5

180

 65
 52
 61

oo

36
55
28

 7.9

12.8
19.0
37.5

180

 50
 58
 70

oo

57･

26
36

oo.oo

27.31
14.52
18.17

I

1
'I

[
f

      r ClCOI = -D.O

9.S902535
9.9304769

180

 65
 52
 61

oo

36
55
28

oo.oo

 6.26
l7.16
36.58

u)o =:-T -7.9
 -
9.9593-"t'97

9,9019021

;
I

1
1
:

!
i

r
I

9.9631899
9.8661275

9.8902421
9.9304745

9 9593735
9,9018992

l
1
1
1
1

I
i
l

I

I

 9.05
19.43

l7.08
12.93

 9.55
15.92

1

!

l

i

-10B8

4.15

-6.37

(8) f
I

(9)
f
f
(IO)

l
l
E

(11)

-1
 11

 l
 1

(6)

A･Kk

-l.233
 2･.6g6

-2.326
 1.761

Correc-
  . t･lon

  v
J

j

A･v

L

10
ll
l2

13
14
l5

16
l7
18

180 OO

57 I7
58 35
 64 6

 9.3

50.7
10.7
49.1

179

 75
 57
 46

59

24
42
52

50.5

46.2
32.7
38.0

179

 42
 86
 50

59

48
l4
57

56.9

 9.2
56.2
 4.5

180 OO 9.9

180

 57
 58
 64

oo oo.oo

17 51.09
35 I4.50
 6 54.41

180

 75
 57
 46

oo

24
42
52

oo.oo

45.44
33.30
41.26

180

 42
 86
 50

oo

48
14
57

oo.oo

 O.64
55.86
 3.50

180 OO oo.oo

{D:, = -9.3

9.925047i
9.9311660

to4==: 9.5

9.98,57702

9.9270348

c±)s== 3.1
        '9.8321728
9.9990686

tu6 == -9.9

(Do= 6.6

tos = m326

9.9250476
9.9311709

9.9857698
9.9270356

9.8321533
9.9990685

L

I
l
1

i
I
I
l
l

l

13.52
12 87

 5.47
13.30

2-9.73

 1.38

r

L

E
I

I
i
i
I
]

O.65

-7,83

21.35

l

:
E

-1.301
 2.168

-1.841
 1.753

-O.745
 1.811

-3.096
 O.188

i

l
l
t

-1.47
-3.11
-O.72

-6.69
- 1.88
 O.67

-6.54
-1.84
-O.92

O.39
3.80
5.31

-O.76
 O.60
 3.26

-8.56
-O.34
-l.OO

[

I - l3.p,

  - 6Q.4

l
F

I
l
E

-114.3
- 24,3

- 62a5
- 29.3

 5.3
48.9

- 4.2
  8.0

-l94.6
- O.5

S A-v --

-326.0

v･v
J
t

A･A

2.1609
9.672Z
O.5184

44.7561
 3.5344
 O.4489

42.7716
 3 3S56
 O.8$64

 O.1521
14.4400
28.166!

O.5776
O.3600

73.2736
 O.1156
 1.0000

l

 81.9025
377.5249

291.7264
167.1849

 91.2025
253.4464

182.7904
165.6369

 29 9209
176.8900

516.6529
  1.90a4

  ds =

2,336.6831

pa
mp

vp-Q
pm

v
p
x
nd.

o
ny

o
pt

m
o
a-

o
cr

s
st.

o
:
H:o
ny

>
g.
:
g
g,

fl

bj

g
g
g
g
tw

mo
en
ee



Table 3.-(ContintLeel)
ro
aA

Angles

(1)

No.

(1)

(2)

(3)

(4)

(5)

(6)

   (2)

Observed
 Values

  o f tl
207 OO 25.8

261 45 26.4

235 57 35.9

249 46 47.2

225 59 55.7

259 29 22.9

(12)

Correeted
 Values

  o t t!
207 OO 33.91

261 45 29.00

235 57 39,22

249 46 51.75

226 OO O.06

259 29 26.06

(3)

 lnitial
Log. sin.

{D(l) =.=- 6.3

(t)(2) = -7.2

¢(,> = -5.1

Ct}(l) =

tu(5) =

3.1

7.4

(E)(ti) = -4.8

(13)

Corrected
Log.sin.

(4)

Tabu.'
 Diff.

per 1ii

  A

(5)

l
i
l
l
l

cZ

7.67

- 2.35

-3.38

-2 40

-7.40

(8)

A-K3

1
g

1

[

(9)

l
l

I
I

Correc-
 tion

  v

9.43

1

i
i
l
l

l

8.ll

2.60

3.32

4.55

4.36

3.16

(IO)

A･v

aa)

v･v

65.7721

6.7600

11.0224

20.7025

19.0096

9.9856

y-' v･V' ==

370.0592

(6)

A･A

  11
±3.46

F-li

e

-ct
px=
aj
."

Probable Error nv- ±O.674sY37b'I05'a.2?l4=
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 77
 7･S
 ･63
 tl
 ,
zz51 7･9

   81
   3･/4
    ･12
    Vl
   ovo7

   7･67
   (Z))

   65

 2･8
 2･6

 ･
 59
 597
2'j77

-2S

@
-n

-76.
-8･3

-834
 ve
 o
-8･if0

wJeo
 tfs

gy3j

@
-9･9

      (7)

Correlate Sketeh.

                    J･5 Zi]ifda
                   j･4

             -95
             - s'fi
             - S'67
               ･64
               ･65Z
      e             -86Jl

        9(･D4J

        -4･S
        2･9
        J･2
        J･19
         77
         764
        j'16J

   Numericai
    Only hmer
to be observed' the
             '
4 and process a,ye

be¢omes simpler,

'74
"7･0
-- 6'95'
-6･96
 JJ
-- 6･96

   4Z5

@
-7 '7

@
6･6

-763

@
 Jl

V6
V7
'J7e

o65

@
9J

--637

@
-- 9J

-24
-2･J

 .
 ･Jl
 ･J14
-Z･J16

    'Jl
   'Y7

  J 'Jra

  -]3S
  @
  rz5'1

-84
-a's
  54
 ･i5
 'j53
-8'i54

   @
   -Jts

   -O'11
   -a'rs4
    ･1.56
    li6Z
  -or/J6z

f'36

 "56

 4:pm474

-ps0

@
31

255

        -- 4v
        -43

       -437J

              -7･40
              @
               pa
              .4 1.7

               i5¥

              ,?S4

               Fig. 7.

EKampie 2. A CIIosed Central IIexagoR.

angles of the Hexagon in Examaple 1 above are assuiined

     problem is to adjust them. 7}he following [l]able

   all similar to those in ExampXe 1, and the process
  Only the Correlate Sketch ivjll be exp]ained. (Ng, 8).

,
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   First vafues of eorrelates are obta,ined fvom (Sl) as follows:

                      '                          '       . == -5.3-7.9-9.tt,+9.tj+ ?,.1-9.9 = -19.S,

       113' '(D ==-' -19.S13 = --6.6, 112i?･'a) = -19.8f12= -1.7.

NX･rith these values, one obtains;

      K6 -= 111･(6.6+6.6) = 3,.3,

      .ll'l =- 1/t,)e(-7.9-1.7) -- 6.611`la' ::-; -2.9,

similarly llli == -5'.7, Kb= -4.2, KIL=2.1, .Zlib == -O.l, Kls =-4.4,

these x'alues are written in the spaces near their eireles.

   T]}.e side eorrelate 4.

   IB'irst values of angle correlates above obtained and written in

eae]i triangle are mukiplied by t･lie upper figures in each cirele and

these produets are added, ivith the opposite sj.ov, t･o the lower fis,ure

-326 in circle S [l]his value is Clivided by t･he upper fig'ure 2,33Cl.6S

in cirele S.

liilk :-= l12,3-)36.68

  upper
  figure
  lll Cll'-
   cle S

= -O.1.2.

 fo'1-o26 -
   ]ower
   'Iigure

  111 C]IL
   cle S

(-10.tt,8 × -2.9

  1ippeT lst.
  figure value
  incir- of
  clel Kl
    in triangle l

+ 4.ltt, × -3.,7 +

  upper lst.
  figure value
 incir- of
  cle2 K)
  whv--u   in triangle 2

.･･.
)]

e

   [I]his value -O.12 is written ullder circle S.

   This proeess shows that equation (44) hats been solved,

   Secondvaluesofeorrelatesareobta-inedasfol]ows: ,

   Angle covrelates .Z{ll.

   First value of t･he point eorrelate Kb and the product of t]ie
upper figure jn eirele ･i, and the first value of -ZIJI, are added, with t,he

opposite sig'n, to tl)e lower figure in circle i. This value is divided

b.x- the nuinber of the observed angles in the triangle ･il, namely t').

       Kl, ==; 1/3･(- `r,,3 - tt,.3) - 10.38 × O.12) = -3.3,

           no.of ]oweT lst. upper lst.
           angles 'tigure value figure value
           intri- ineir- of ineir- of
           anglel clel Kl) clel .Kb
                        lp                      added ivith the opposite sis,n

   This valiie -:i3) js writtei/t unCler the first value -2.9.

'
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& == 1/cO: '(H 7.9 - r3.3 + 4.15 × O･12) =
 llO. Of

angles
ill tl'i-

angle 2

Iower lst. upper lst.
figure value figure va]ue
ineir- of ineir- of
cle2 .EII) cle2 Kk
       N---mp--nypm#mvpm-----=--Y
    added with the opposite sign

- :--)) .6
'

this value -:'3.6 is wr,itten under the first value -3.7.

Similarly Kli =-4.5, .Zl4=2.1, -Ziits==-O.4, .Z{le=-3.5.

This process means that equation (42) is solvea.

    [rhe point eorrelate lkib.

    Seeond values of all angle eorrelates Kl arou]ia the eentral point

(O) are added, xvith the opposite sign, to the lower figure in eircle

(O) and this value is divided by the number of angles around the
central point (O), namely 6.

Kb = 1/6･(6.6 + 3.3
               S..ma-
    no.of lower
    angles Ilgure
   arounct jn eir-
    point cle(O)
     (o)

+ 5,.6 + 4.5 + 2.1 + O.4 + 3.iT)r) == 3.27,

            tsv-
2nd. values of all angle eorrelates
"rritten in trian.oles around point
(O), addect with the opposite sign

mi

this value 3.27 is w･rltten under the first value 3- .3.

This proeess nle2111S that equation (z13) is solved.

    The si{le eorrelate .lil,.

    Second values of angle correlates above obtained and written in
each triangle are multiplied by the upper figures in eae]L eircle and

these produets are adde(l, with the opposite sign, to the le"'er figure

-326 in circ]e S. This value is divi(led by theupper figure 2,336.68

in cirele S.

lllk == .112,3,O,6.68

        upper
        figure
        lll Clr-
        cle S

'f
1- 326 -(- 10.38 × -3.3-,

lo"'er

figure
in cir-

cle S

upper Znd.
figure value
incir- of
clel N
 in triangle 1

+ 4.15 × -,O: .6
upper Znd'

.

iigure value
incir- of
ele2 K3
 in triRngle 2

+ "･･)]

-tl-

-- -O.130.

This value -O.ltt,O is
circle S. This process

second time.

 written under the
means that equation

first

(44)

value -O.12
is ealculated tbr

near
 t,l'le'



Table 4.

Angles

(1)
l
I
(?-) [

I
1

(12)

No.

z

2
3

Observed
 Values

um']J"T"

3!.7
 6.8
26.8

I
I

I

Correeted
 Values

 ot66 "
47 17
65 58

4
5
6

f

I
:
:

1
a
l
l

L
E
F

180 OO

 50 57
 58 26
 70 36

 5.3

34.0
16.4
17.5

7

8
9

180

 65
 5.o.

 61

oo

36
55
28

 7.9

12.8
19.0
37.5

10
11

l2

i
1

1

1

180

 57
 58
 64

oo

17
35
6

 9.3

50.7
10.7
49.1

 e
66
47
65

 1
44
17
58

 tr

27.21
 6.02
26.77

180

 50
 58
 70

oo

57
26
36

eo.oo

28.23
14.51
17.23

180

 65
 52
 61

oo

36
55
28

oo.oo

 7.08
16.60
36.32

180

 57
 58
 64

oo

17
35
6

oo.oo

51.04
,14.48

54.48

13
14
15

l6
17
l8

179 59

 75 24
 57 4.o.

 46 52

50.5

46,2
32.7
38.0

I lso

  75
  57
  46

oo

24
42
52

oo.oo

45.09
34.03
40.88

179

 4tt

 86
 50

59

48
14
57

56.9

 9.2
56.:-)

 4.5

180

 42
 86
 50

oo

48
14
57

oo.oo

 2.77
52.91
 4.32

'
j

180 OO 9.9 I
i

l

180 oo oo.oo

(3)

 Initial

Log.sin.

9.963191E
9.8661335

cDi = -5.3

9.8902535
9.9304769

cD" = -7.9

9.9593797
9.9019021

tu3= -9.3

9.9250471
9.9311660

(13) ]

Corrected
ILog..sin.

9.9631871
9.8661320

(4)
l
I
(5)

f

Tabu.
Diff.

Per IXt

  A

9.8902436
9.9304745

9.9593742
9.9018983

]
I
I
:
I
;

 9.05
19.43

17.08
12.93

 9.55
15.92･

(I

-10.38
I
I

I
I
I

(8)

b).l:= 9.5

9.9857702
9.92-iO,O,48

'

I
i

[

9.9250476
9.9311709

9.9857696
9.9270366

l3.52
l2.g7

 5.47
13.30

A･Kk

(,)-= 3.1
 D
9.83217-D8
9.9990686

to,･; = -9.9

coo== 6.6

i

"). = -326 i

9.8321582
9.9990682

L
t

E

22.73
 1.38

I
i

t

i
1

I

I
I

I-l
I

I
l

L
i

4.15

- 6.37

O.65

7.83

21,35

I

-1.180
  2.533

-2.227
 1.686

-1.245
 2.075

-1.763
 1.678

- O,713
  1.734

-2.963
 O.180

(9)

CoTrec-
 tion

  v

-4.49
-O.78
-O.03

- 5.77
-1.86
-O.27

-5.72
-2.40
-1.18

O.34
3.78
5.38

-1.11
 1.3.c,,

 2.88

-6.43
- 3.C.,9

-O.l8

(10)

A･v

- 40.6
-- l5.2

- 98.6
- 24.0

- 54.6
- 38.2

 4,6
48.6

- 6.1
 17.7

-146.1
- 45

MA･v --

-325.8

(11)

v･v

20.1601
 e.6084
 O.OO09

33.2929
 3.4596
 O.0729

(6)

32.7184
 5.7600
 1.3924

I
i
:
:

re
Vl
oo

A･i

 O I156
14.2884
28.9444

1.2321
1.7689
8.2944

41,3449
10.824I
 O.0324

 81.902o"

377.5249

291.7264
167.1849

M v･v ==

204,3108

 91.2025
253.4464

182.7904
165.6369

 29.9209
176,8900

516.6529
  1.9044

e
v
pa

nH
fi

"P

  ds =-

2,336.6831

?robable Error           x= ±e.6745-! 204.310818
     /r
= ±3.41
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   Cl)hus the first round of ealculation is over, ai}d the next rounds

are carried on.

   In this case, the ealculation reaches its end at the fourth round

and corrections of observed angles are obtained up to the second grade
below zero from equation (6) in,g2 in Chapter 1. T,he time required

in thjs proeess of ealeulation is only one hour. If an ordinary exact

process of ealeu!ation is employed, three or more hours may be wasted.

                                                        '
                            (7) i

                      Correlate Sketche

JV
J`27
 '279
 'zaz
J'ZS3

1

i

 z

-- ?･9

-J3
-J･Jl
 ']Il
--Jli?

   -mfi
   o
   VJ

.- .y'7

-J･6

 pa
 :f46
-Jpa7

4"@
--9

6

･- 4pt

-35
-mJ46
 V65
#"J466

21tjl5

(lii)

-9-9

@
6･6

 -7W@
 J･1

-0'1
-on
  2fO
  uoo
-04o1

         g3. UNCLOSED
        '   Equations <14) and (17) in

in the following [l]ables 5 and 6

    -6V7
    -@-

@ 2/
      ?'/
       '1za5
       ･ro2
      2 701

   5

-4･2
-dS
 a7
 vva
-447X

@
T J76

-P72
-p"e
 1pt
 neJ7
-pma7

4

  s

Fig. 8,

CENTRAL POLYGON..

g3 of Chapter 1 can be expressed

 respeetivel>'. .
as
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Table ;-)".

Lefi7fst'de"fagealt'om ffiffhr

S/eleef
ayteevei'on

esiS?7

eif

egtsgept,'oif ffe Kn ffr2 fftfi fir fr? ffMet ffn ffs

ro) "f z , 7 r We

e7) 2 r alrv Wrll

(g) 3 7 7
re) w(?]

x
rsw 3 r 7 drva bltw2

(n"f) 2 1
n

bl(st"t)

7 77 7 3 'dr Wr

2 1 7 7 3 d2w2

n-r f 7 1 3 dsu- njn-t

n 7 7 7 3 dnWn
s

c;41tJ ag
rffJ rreti
d, al2

vaol
dn elsWs

Table 6.

if,ynoffagwoft'"n

te)"rfif,twofewwer/em re,Yh

sreleof
tyesewpteffffe fft ff2 Mn-7 ffsu ffs

(0) n+7 7 7 1 1 We
f 7 3 ds We

2 7 3 d2 W2

mpptfif f 3 ldn-p
g

va f 3 dn tlvlsu

s d7 d2 e4?m7 dn ds ws

  These tables are tl}e same in the case of the Closed Central Polygon

in S2, the only difference being in values of coeflleients of point
eorrelates Kb, Kli) and -Kk..,rmi). But this is easily understood by sketehing,'
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a figure, because ang]es around station O are ??,+1, and those

st･ation (1) or O}+1) are two respectively.

   [l]he Correftaee Sketch is shown below (Fig. 9).

as

es
WUI

 tl
 '
w[pt1

℃Illi

((lil})

@
w

O
(s)

-es

 va

   Fig.

 values

o

o

lL(t

9,

                       9.

 Theformulaetoobtain oft,hecorvela.t,esin
follows:

 I'oint correlates rZlrki);

    K,) -- 112･(tum-.Z311-cl(,)･.Ziik)

    JSr(i) =: 113･(co(i)-Kl"i-K-cl(i)･4)

                        (i -- 2, 3, ････, ?i)

   N,i+i) =112'(co(n+oinKv-(l(.+",llrk).

 Angle eorrelates 1{r};

    liil = l/ttt.((Di-.liiii)-KZ"1)--llib-(Ii.Ilrk)

                        (･i = 1, 2, ････, n)

 'The point eorrelate -Zib;

                                '                   ( ii.li        1{Ib==11(n+1)･ tuo-=Kl) ･･･････'''''

 ThesideeorrelateKl,; '
                                 '    .Zl'.--11(l,･(co.-';$lcl(i)'lilk･i)-lkl,cli'K) ''''''''

  261

around

this case are

o･' (52)

.....･
 (55')

･o･･"'' (54)

d...4e.
 (55)
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. The proeess of caleulat･ion is also the same as described above in

the preceeding paragraph; fiffst vaiues of correlates beeome a litt･le

different and are as follows:

    .iflo=O.66.a)+O.14(bl(,)+.,)+O.06.(,)-O.30tu1-O.10to, l･

    Kl2)=O.52to(2}+O.19tuo+O･14(wa)+to(3))-O.29(toi+w2) i

    -zgrl3)=o.66tot,)+o.14{,(,D(,}+.,)+o,o6,.6}-o.3o.,,-o.lo,., ), (56)

                                         I
    IG==O.63tui+O.23tu2-O.31toa)-O.29(tu(2)+too)-O.11tu(3) I

    -Nli ==: O,63 ,,2+ O.23 ,.i-O.31 ,.(,)-O.29(,D(,)+,,o)-O.11 ,.(i). ,11

 7'b .--L. C
e7

1{rlo =: O.65 tua) + O.12 tuo + O.14 w{2) + O.06 tu(3) + O.04 tu(4)

    -O.30 .i-O.10 to,-O.07 tu,

llrt,)::O.51tu(,)+O.16too+O.14.{i)+O.13.(,)+O.03o(,)

    -O.27(.,+to,)-O.12tu,

Kl3) == O.51 w(3) + O.16 tuo + O.14 tu(4) + O.13 to(2) + O.06 toa)

    --O,27(to,+to,)-O.12to,

-lil,) = O.65 .") + O.12 tuo + O.14 tu(,) + O.06 .(,) + O.04 tu(i)

    -O.30 to,-O.10 .2-O.O--l'･ .1

Ki == O.60 to,+ O.21 tu2+O.14 .,-O.24 .o-O.30 .a}

    -O.27.{2)-O.12tu(3)-O.07tu{,)

Kh = O.60.,+O.21(tu,+to,)-O.25to,-O.27(tu(,)+tu(,))

    -O.10(to(n+tu(4))

Kh=O.60co3+O.21tu2+O.14cDi-O.24tuo-O.30a)(4)

    - O.27 cD{3)- O.12 (D2- O.07 toa) .

(;57)
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 n -- 4
      ,
     Kli> -= O.65 .a) + O.10 to, + O.13, to(,) + O.05 tu(3) + O.03(.(,)

          +.(,))-O.29.,-O.09to,-O.07to,-O.06.,

     KZ,) == O.51 ,.(,) + O.14 tu,+ O.13 .")+ O.12 .(,)+ O.06 .,(,)

          +O.04.(,>-O.26(tui+.,)-O.11to,-O.08tu,

     Kl,) == O.51 ,.(,} + O.1;5 to, + O.12(to(,) + to{,)) + O.05(w(i) + tu(,>)

          -O.26(.,+tu,)-O.11(tui+to4)

     .Zirl,) -- O.51 to(4) -e･ O.14 tuo -t- O.13 tu(s) + O.12 tu(3) + O.06 w(2)

          +O.04.(o-O.26(to,+to,)-O.lltu2-O.08to,

     Arl,) -- O.65 .(s)+ O.10 tuo + O.1,3 .(,)+ O.05 .(,)+ O.03(tu(2)

          +.{o)-O.29.,-O.09.,-O.07to2-O.06toi

     Kl = O.59 .1+O.19 .2+O.13 .,+O.11 .,-O.O)2 .o-O.29 .(i)

          -O.26 .(2)-O.11 tu(3)-O.08 to(,)-O.06 tu(,)

     Kl, = O.57 ,,,+ O.20 ,.,+ O.19 ,.,+O.13 .,-O.22 ,D,-O.26((Di2}

          +.(,))-O.11.(,)-O.13-.(s)-O.09.(1)

     Kk == O.57 ., + O.20 ., + O.19 ., + O.13 tu,-O.22 to,-O.26(.(,)

          +.(,))-O.11.(,)-O.1,3.a)-O.09tu(s)

     .Zi:l, = O.59 ., + O.19 .,+ O.13 .2+O.11 .i-O.32 .o-O.29 tu(s)

          - O.26 .(,)-O.11 .(,)-O.08 tu(2)-O.06 toa) .

7z =: 5,

 Kli} -- O.64 .(,) + O.e9 ., + O.12 .(,) + O.Oopt .(,) + O.04 tu(,) + O.02 to(,)

      +O.03.(,)-O.29.i-O.09tu2-O.06tu3-O.05(tu,+to,)

 Kl,)=O.tjOto(,}+O.12(.,+tum)+O.11.(5)+O.06.(,)+O.05.(,)

      +O.03.(6)-O.25(.,+.2)-O.10.,-O.08tu,-O.07tus

 N,) = O.50 .(,) + O.13 ., + O.12 .(4)+ O.11 .(,) + O.06 .(s) + 0.05 .a)

      +0.01.(,)-O.25(.,+tu,)-O.1O(to,+tu,)-O.07to,

263

(58)



264　　　　　　　　　　　田Jtakura．

瓦、）＝0．50ω（、）＋0．13ω。＋0．12ω（3）＋0ユ1ω（5）＋0，〔16ω、2）＋0．05ω〔6）

　　　　＋0．04ωrO25（ω，＋ω、）一〇．10（ω、＋ω、）一〇．07ω1

澱、）＝0．50ω（5）＋0．エ2（ω。＋ω（6））＋0．11ω④＋0．α5ω（き）＋0，05ω（2）

　　　　＋0．03ω（、「0．25（ω、＋ω、）一〇．1．0ω、一〇．08ω，一（）．07ω1

瓦、ド0．64ω（6）＋0．09ω。＋0．12ω（5）＋0，05ω（4）＋0．04ω（3｝＋0．02ω（2）

　　　　十〇．03ω（1）一〇29ω5－0．09ω4－0．06ω3－0。0δω2－0．05ω1

　瓦＝0．57ω1＋0ユ7ω2＋0．ユ2ω3＋0．11ω4＋0ユ0ω一〇ユ8ω⑪

　　　　一〇29ω（1》一〇．25ω（2）一〇．10ω13）一〇．08ωω一〇．07（、）一〇．05ω㈹

　鰯＝0．56ω2十〇．18ω3十〇．17ω1十〇．1．2ω4十〇．ユ1ω5－0ユ9ωo

　　　　－0．25（ω｛2）＋ω（3））一〇．10ω（ザ0．09ω（、）一〇．08ω（・）一〇．05ω（6｝

二一〇．56ω3＋0．18（ω，＋ω、）＋0．12（ω、＋ω、）一〇，19ω。

　　　　一〇．25（ω3｝＋ω（、））一〇ユ（）（ω（，）＋ω〔、））一〇．06（ω（1汁ω（・））

　瓦罵0．56ω4＋0．18ω3＋0ユ7ω5＋0．12ω2＋0．11ω一〇．19ω。

　　　　一〇．25（ωω＋ω（、｝）一〇．10ω（，）一〇．09ωω一〇．08ω（・）一〇．05ωω

　鵜＝0．57ω5＋0．17ω4＋0ユ2ω3＋0．11ω2＋0．10ωrO．18‘・。

　　　　一〇．29ω（6）一〇．25ω（5）一〇．10ω（4）一〇．08ω（3｝一〇．07ω2）一〇．05ωω．、

（59）

？z＝6，

頚1）＝0．64ωω＋0。08ω。＋0．12ω（2｝＋0．04ω（，）＋0．03（ω④＋ω（，｝＋ω（，｝）

　　　　十〇．02ω（7）一〇，28ω1－0．08ω2－0．05（ω3十ω4十ω5）一〇．04ω6

瓦，ド0．49ω（，）＋0ユ1ω。＋0、12ω（1）＋0．11ω（、｝＋0．05（ω（、）＋ω（，｝）

　　　　十〇．04ω（6）十〇．03ω（7）一〇．24（ω1十ω2）一〇．09ω3－0．07（ω4

　　　　＋ω5）一〇．06ω6

瓦8ド0．49ω（3）＋0．11（ω。＋ω（2｝＋ω（、））＋0．05（ω（、｝＋ω（6））＋（）．（14ω｛1｝

　　　　＋0．03ω（，｝一〇．24（ω、＋ω、）一〇．09（ω、＋ω、）一〇．07ω，一〇．06ω・

瓦4）二〇．49ωω＋0ユ1（ω（、）＋ω（5）＋ω。）＋0。05（ω（2）＋ω（6））＋0．03（ω（1）

　　　　＋ω（7））一〇24（ω3＋ω4）一Q．09（ω2＋ω5）一〇．07（ω1＋ω6）



　　　　Ra｝，id　a．nd　Rig・rαls　Calculati・n　f・r　Adjしlstment・f　Fu・｝damental

κ（、）一〇．49ω（、）＋0．11（ω（、）＋ω（、））＋0．05（ω（，）＋ω（，））＋0．04ω〔，）

　　　＋0．03ω（1）＋0ユ1ω。一〇．24（ω、＋ω、）一〇．09（ω，＋ω・）

　　　一〇．（）7ω2－0．06ω1

五ユ6）＝0．49ω（6＞＋0ユ1（ω。＋ω（5））＋0．12ω（7）＋（｝．05（ω（3）＋ω（、））

　　　＋（）．（）4ω（，）＋（｝．03ω（1「0．24（ω5＋ω6）一〇．09ω4－0．07（ω2＋ω3）

　　　一（）．06ω1

瓦7）一（）．64ω（7）＋0，｛）8ω。＋0．12ω（6）＋0．04ω（5）＋0．03（ω②＋ω（3）

　　　十ω（4））十〔）．02ω（1）一〇。28ω6－0．08ω5－0．05（ω2十ω3十ω4）

　　　一〇．04ω1

瓦＝0．56ω、＋0．16ω，＋0．10（ω、＋ω、）＋0．09（ω、＋ω、）一〇，16ω。

　　　一1）。28ω（，一〇．24ω（，「0。09ω（，）一〇．0テωω一〇．06（ω（、）＋ω（、））

　　　一〔｝．04ω（？）

鰯＝0，55ω2＋0．ユ7ω3＋0．16ω1＋0．11ω4＋0．10ω5＋0．09ω6

　　　一◎．ユ7ωo－0．24（ω（2）十ω（3＞）一〇．09ω（4）一〇．08ω（1）一〇，07（ω（5）

　　　＋ω（6））一〇．05ωω

属＝0．55ω、＋0．17（ω2＋ω、）＋0．Hω5＋0．ユ0（ω、＋ω，）一〇．17ω。

　　　一〇24（ω（3）＋ωω）一〇．09（ω（2）＋ω（5））一〇．07ω（6）一〇．0δ（ω（7）

　　　＋ω（】））

κ4－0．55ω4＋0．17（ω3＋ω51＋0．11ω2＋0．10（ω1＋ω6）一〇．17ω。

　　　一〇24（ωω＋ω（，））一〇．09（ω（3）＋ω（、））一〇．07ω（，）一〇．05（ω（1）

　　　＋ω（7））

瓜粛0．55ω5十〇．17ω4十〇．16ω6十（）．11ω3十〇ユ0ω2十〇．09ω1

　　　－0．17ω一〇．24（ω（，）＋ω（，））一〇．09ω（、）一〇．08ω（，〉一〇．07（ω（，）

　　　＋ω（3））一〇。05ω（1）

瓦6＝0．56ω6＋0．16ω、＋0．10（ω、＋ω、）＋0，09（ω、＋ω2）一〇．16ω。

　　　028ωrO24ω（，）一〇．09ω（、）一〇．07ω④一〇．06（ω（3，＋ω（2））

　　　一〇．04ωω．　　　　　　　　　　　　ノ
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   llI'hese values are exp]ressed eonveniently in the following Fig. 10.

In this figure, numerical values denote coefficients of to in those
positions and a circle denotes the eoe'fflcient whose correlate is about to

be obtained. These values are obtained by taking terms ot` to only and
neglecting the ter}n of K in equations (79) to (84) in g 2 iii Chapter :-}'.

   [l]he caleulation of these figest vaXues is sufflciently aceurate up to

two places xvith a slide rule.
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-ep4

  --o･ze --p?4 . -o'as -ti･l4 --pvs -ovgtttX't)X, IV,1 ,,,ttiilk/ttt,, 12,1 ,,,tt･iZl("l,@ii:

  --0V6 -aV6 -0'07 -"V7 -zav7 ･-･ave
                              Ki.

                            Fig. 10.

     In the case of [I]able 6, the metliod of ealeulation is the same as

 above described, but terms Kki), d(i,) and to(i) do not exist, so the

 proeess can be continued more simply, that is to say, the forrnulae
 are limited by (53), (54) and (55). First values ma･}' be obtained firom

 equations (18) and (19), b>r omitting' the term K..

        .Ke -- 31(Zn+3) '(eeonya,!3) )

                 {}     .he,Kei == !13' uli+tuf(2n+3) -tuOl(2n+3)'i ........... (61)

        ct)=si]: -i. J
            i-1

 After the values of all correiat･es are obtained, the values of eorree-

 tions of fhe observed aiigles are gotton from ecluation (13) or (X6)

 in S3 in Chapter 1.

     Numerical Example 3.
     An Unclosed Central ?olygon consjsting of three triaiigles.

     All inner and outer angles are observed; the prob!em is to adjust

 them, IHIe]re a,re shown values observed and obtained by calculation

 iiiL [I]able 7. Numbers in the above are in order of writing and eal-

 eulation.

     (1) ; number of angles or sign of sides,
     (2) ; observed values of angles, length ot' known side andsum
            of three angles in eaeh individual triangle,

     (3) ; values of log.sin. of observed angles 3i-2 and 3'i-1, and

            values of (o,
     (4) ; tabular differenee of long,sin. per 1",
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   (5) ; ai and cl(i), tbr example di= "t-M2 =:1.19-O.56= O.63,
                                cl(1> =- gl == 1.19,

                                d(2) == A,-id, -- L05-O.56 = O.49
                                  & ete.,
   (6) ; AiA for angles 3i-2 and 3i-1,
   (7) ; CogeseeXate Sketch, t/his is the main point oli this paper,

           values oti all correlates are obtained by this (the process

           is explained in detail later),

   (S) ; id･.Zlk, Kk are obtained from (7),
   (9) ; corrections v t'rom Kli), lirb and N in (7), and nt･Kk in (8),

   (12) ; corrected values of angles by (9),

   (ltt,) : correeted log.sin. fbr ealeulation of side length of tri-

           angulation nets, with id･v in (10),

   (11) ; tv･v'for ealculation of probable error.

   Corcrelate Sketch in (7) will be explained (Fig. 10). IFigures in

the dovLble circles are (l alld co whieli are shown in columii (5) in

the table, for example (li =O.63, wi :-11 circle 1,
                     (Z(o == 1.lt9, to(o=8 in cirele (1), & ete.,

   The first valwaes of eorrelates are obtained flrom (56) or Fig. 10

O == 31) a･s fo11ows:

I'oint eorrelates .Kki);

     Iic'a> == O.65×8 + O.14x-12 + O.12×8 + O.C6× -7 +O.04×14

               -O.30 × -l1 - O.10 × 15 -O.07 × 10 =- 5.7,

similarly uKk2)= -6.l., Kl3)==-6.9, 1ft4) =-4.9.

Angle corre]ates K};

      Kk=O.60×-11+O.21×15+O.14×10-O.30×8-O.27×-12
               -O.24×8 -O,12× -7 -O.07 × 14 == -3.3,
simila,rly &== 9.6, .Z<li=:4.;'5.

    T]ie point eorrela,te 1"1).

    First values ot' angle eorrelates -ZiZ above obtained and written in

eac]i t･riangle are added, with t･he opposite sign, to the lower figure

in cire]e (O) and this value is divicled by the number of observed

angles around polnt (Q).

           Kb = 1/4･( $ + 5'.3 - 9.6 - 4.3) == -O.7,

                         g.               no.of･ Iowei' lst.valueswritten
               angles fignre intrianglesaround
              around inch'- point(O),added
               point cle(O) witheheopposite
                (O> sign
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this value -O.7 is written near cirele (O).

This process means that equation (54) is ealculated.

    The side correlate Kk.

    First values of four point correlates written at eaeh poinL and
three angle correlates written in eaeh triangle are multiplied by the

upper figures in each eircle and t･hese produets are added, with the

opposite sign, to t･he lower figure 20 in circle S, and then this value

is divided by the upper figure 8.81 in circie S.

Kk =: l18.81･(20 - (1.19 × 5.7

upper
figure
in cir-

cle S

lower uppeT lsL
figure figure value
incir-incir- of
cleS cle(1) IZki)
      K----T-thv---.U
      at point (1)

+ O.49 ×

upper
figuTe

111 Clr-
ele (2)

-6.1 + ････

 lst.

value
 of
 Kl2)

at point (2)

1

.., oo A.

+ O.63 ×   O. o-o.o

upper lst.
figure va}ue
incir- of
clel .]l1

 in triangle 1

- O.29 × 9.6 - O.49

upper lst.
figure value
incir- of
 c}e2 K8

in triangle 2

     × 4.3)

upper lst.
figure va}ue
incir- of
cle3 .if3
L--r-----v------i

in triamgle 3

}

ll)his value

This process

    Second

3.4 is

shows

values

written near eircle S.

that equation (55) is solved on the

ot' correlates are obtained as fbllows

sketeh.

    Point correlates Ki).
    First values of angle correlates in triangies aroulld the point ('i)

and the product of the upper figure in circle (i) and the first value

of Kk are added, with the opposite sign, to the lower figure in circle

(i), and divided by the nu]nber of angles around point (i).

Kk,) =- 112･( 8 + 3.3 -

 no.of lower lst.
 angles figure value
around in cir- in tri-
 point ele(1) angle

  (1) 1

11.9 ×

upper
figure

ln clr-
cle (l)

3.4)

 lst.
value
 og
-kZi

=･ 3.6
,

added with the opposite sign

this value 3.6 is Wl'ittell under the first value 5.7.

,
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        Kz) == 113･(- 12 + :').i)' - 9.(['i - O.49 × 3.tt) == -6.7,

                        xpt-
             no.of lower lst.values upper lst.
             ar)gles figure intriang}es figure value
            aroundincir-.Iana2 irieir- of
             point cle(2)aroundpoint cle(2) Kg
              (.O.) (2)
                        V----nd h=--
                        fidded with the opposite sign

this value -6.i' is wrjt.ter/. under the first v･a,lue -6.1.

Similarly -lfl3)=-6.8, .ZY14)==i`･Z
[Fhis proeess llieans that equation (52) is solxre<] oll the sket,cth.

    Angle correlates K.
    Seeond va]ues of' point corTelates above obtained and writtei) at

eaeh point in triangle ･i and the produet of the upper figure in circle

･i and the first value of li7k are added, with t･he opposite sign, to the

Iower figure in cirele i, and th.is vaiue is divided by the number of

observed angles in t]ie triangle, namely 3.

       Kl ==r .l 13･(- 11 - 3.6 + 6.7 + O.7 - O.63 × 3.4) -- -3.1,

                        lp -            no.of lower Zhd.valueswritten upper lst.
            aiigles figure atthreepointsin figure value
            intri-incir- trianglel incir- of
           ang}el c]el elel Kls
                        v- -                                    V
                          added with the opposite sign

this value -3.1 is written under the furst value -3).3.

Similarly uZllli==10.1, llrli=:3.8.

This proeess means that equation (;')'3) is solved on the sketeb.

    The point correlate Kb.
    Second values of all an,gle eorrelates K} above obtained and written

in triangles around point (O) are ad(led, with t･he opposit･e sign, to

the ･lower fis,ure ln eirele (O) and divided by the number of an.crJes

around point (O), namely 4.

           ISib = 114･( 8 + 3.1 - 10.1 - 3.8) - --O.7,

                         .                no. of ]ower 2nd. values w'ritten
               angles figure inalltriangles
               around in eir- around point(O),
                point c)e(O) addedwiththe

                (O) oppositesign .
this value -O.7 is written under its first value -O.7.
This proeess means that equa,tion (54) is caleulated on the sketch.

t

f
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    The side correlate .Z{Z,. ･
    Il'sing second values of four point correlates written at each point

and three ans.le eorrelat･es in eaeh triangle, and by the same proeess
as in the ease of obtaining the first value oti uK], t･lie second yalue

is gotten.

    4 =- 1/8.Sl･(20 - (1.19 × 3.6 + O.46 × -cs.7 + ･･･n

         upl)er lower upper 2nd. upper Znd.
         figure figure figure value figure value ････
         ineir-incir-incir- of incir- of
          cle,S eleS cle(1) KZ]) cle(2) KkL))
                          '                     "-                                   at point (2)                      at point (1)                                                ---t

                + O.63 × -3.1 - O.29 × 10.1 - O.49 × 3.8))

                 upper 2nd. upper 2nd. upper 2nd.
                 figure value figure value figure va-lue
                 ineir- of ineir- of ineir- of
                  clel Kl cle2 KI-, cle3 Kk
                 ".pmmpp.X Xmpdivdi----V th-vmdn--
                   intrinnglel intriallgle2 intriangle3
     = 4.tt,.

[irhis value 4.3 is "'ritten undev the first value 3.4.

This proeess means that equatjo4 (5E'S)) is solved on the s]<etch for the

seeon{1 time.

    [i]'hus the first round of calculation is over, a.n( the second and

the t,h.ird rounds are earried on.

    In tliis ease, tlie calculation is stopped at the seventh round;
t/he t,ime required is only one and a halt' hours. Ii' tlie sirnultaneous

ecluations are solved by the rigorous method ordinarily, at least three

times as long' would be required.

    Atiter the values of all eorrelates are determine(t, the correet･ions

of the obserxred angles aye ealculated from equation (13) jn S3 in

C]iapter 1.



Table 7.

Anoles
  e

(1)

No.

(2)

Observed
 Values

(12)
1
l

(3)

Correeted
 Values

I

'i

 Init･ial

Log. sin.

]-

2
3

4
5
6

I

l

  c r ft
 60 2{ 58
 75 6 45
 44 32 28
180 OO 11
 63 27 30
 57 5,3 55
 58 58 20
179 59 45
 60 44 55
 51 34 3e
 67 40 25

   orl- 60 21
  75 6
  44 32

 tr
 3.3
32･.3

24.4

/

1
I
/

l
1

!
:

!

9.939049
9.985171

180 OO
 63 2-t'

 57 33
 58 58

oo.o

38.0
52.4
29.6

w] =- -l1

9.95i634
9.926344

(l,3) 1 (4)

Correctect
Lo.cr. sin.

7

8

9

T

Bl

B,

(1)

179 59 50
188 48 39

1,656.3

1,759.2

299 3S 54

I80

 60
 51
 67

oo oo.o

44 57.3
3a 349
40 27.8

I

cabo =::: ]5

9.940758.
9.893996

180 OO

188 48

oo.o

,o",8.2

299 38 56.7

O)3 ==

(!]U =

3.21914

3.24509

e)s =

:

1

   i
10 l
   1,

   '
8

   1
   l･
   i
2･Ol
   I
   i

9.939055
9.985164

9.951642
9.926341

9.940761
9.894004 ,

Tabu.
 Diff.

per lfi

  A

   i(:,) I

   1(:-;) l
   1
   1
cg) 1

   l
   .1.

z):l･)I. 2;V) 57

i

221 2,) 49.7

1.19
O.56

1.05
1.34

1.18
1.67

(5)

C"(1) :'= s
l
t

'

1
1

d

rlll ..Il 17 2･lI

O,63

(8)

,l[ Io.r.-;

f,T (L') ,.= - IL)

-- (1.1) t.-t:
 ･;･ l

   l･
   l

]-l. I

   lt

A･Kk

;JUS 2J 16 b05 25 2oV.L
C,)(g) ==

-O.29 i
      [

-O.49

I 11.]9
I

[

F

O.49

/

l
l

---

().1{.; i

      '

-1.67

 5.55
- 2.61

 4.90
-6.25

 5.50
-7.80

(9)

Correc-

 tlon
   Z,T

  5.3
-12.7
- 3.6

  8.0
- 2.6
  9.6

2.3

4.9
2.8

- O.8

2.7

- 7.3

--- 6.7

9.1

(10)

A･v

(ll)

1
V･2;･

K'robable Error ==: ±O.6745y

 6.3
-7.1

 8.4
-3.5

2.7

8.2

l

'

I
l
1

1

:

M A･v ==

  19,S

!537.72!9 =
  f/
±5.21

28.09
50.28
12.96

70.56
l2.25
9-9.16

 7.29
67.24

O.64

Z89

53.29

4.4.89

82.81

Z' ･v･v =-,

537.72

I
I
I
l

1

:

(6)

A･A

1.4161
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2.7889

cls =
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S7
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   T. Itakura.

       (7)

Corseeiate Sketch.
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@
pt

         t/
                            Fig. 11.

    Numerical Example 4.
   Ap Unclosed Cent･ral 'l'ohrcron consisting of three triai}gles.

In Example 3 above, outer angles are assumed to be adjusted at each

stationindependently,orto notobserved;itispurposedtoadjust
the ang'les at (O) aiid inner angles only. The following Table 8 and

the process are all similar those in Exampie 3, but the proeess

becomes simp. ler. -
Now only the Correlate Sketch will be explained (Fjg. 12).

   Firstvaluesofcoyrelates obtainedfrom(61)asfo11ows:

       to=-11+ltle")+10: tu13==4.67,(ol(2??･+3'))--14/9==L56.

The point correlate Kb;

      Kb-319･(8-4.67) .
Angle correlates .ZIL;

' 1{Ji==l13･(-ll+1.56)-819==-4.04,
similarly K2=4.64, IIrli=
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    The side correlate .rck ,

    First values of angle eorrelates K above obtained and writt･en in
each eireie are multiplied by the upper figures in elaeh circle and
these produets are added, with the opposite sign, to the lower figure
20 in circle S, and this value is divided b.v the upper figure 8.81
in circie S.

  Kk == 118.81･{20 - (O.63 × -4.04 - O.29 × 4.64 - O.49 × 2.97)}

       upper lower upper lst. upper lst. upper lst.
       figure figure figure value figure value figure value
       ineir-ineir-ineir- of incir- of incir- of
        cleScle8 elel Kli cle2 kr2 cle3 Kk
                    Yv-.ttpteq- " -                     int･rianglel intriangle2 intriangle3
    = 2.SS.

This value is writ･ten near circle S.

[Vhis process means that equation (55) is solved on the sketch.

    Second values of correlates are obtained as folloxvs:

    Angle correlates K.
    First value at the centre point (O) and the product of the upper
figure in eirele ･i and the first value of Kk are added, with the op-
posite si.o'n, to the lower figure in eircle i, and this resRlt is divided

b>' the number of angles in the tria-gle, namely 3.

         IG =l/5, ･(- 11 - 1.11 - O.6:3 × 2.88) == -4.64,
 IIO. Of

angles
in tri-

angle ].

this value is written un(ler

Simjlarly Kli==4.91,
'Il)his process means that

    The point correlate
    Seeond values of
the central point (O)
figure in eirele (O) and

around point (O), namely

           Kb == 114･( 8 + 4.64 - 4.91 - 3.43) -- l.07,
                         N--m Tv' ma-                no.of Iower Znd.valueswrittenin
               angles figure trianglesaroundpoint
               around incir- (O),addedwiththe
                pointgle(O) oppositesign
                 (o)
this value !s written under its first value 1.11.

This proeess means that equation (54) is ealeulated on

 lower lst. upper lst.
 'figure value figure value
 incir- a･t incir- of
 elel point clel Kk
        (o)･ ･       in     added with the opposite sign

      the first value -4.04.
 Kb := 3.43.
   e<]uatiou (53) is caleulated on the sketch.

   1th.
all angle eorrelates written in the triangles around

are added, with the opposite sign, to the lower
  this value is divided by the number of angles
    4.

the sketeh.



Table S.
ma

"o

Angles

(1)

No.

1

2
3

(2)

Observed
 Values

4
5
6

7

8
9

T

Bl

B2

I
r

 O t tl60 20 58
75' 6 45
44 32 28
180 OO 11

 63 27 30
 57 33 55
 58 58 20

]79 59 45

60 44 55
51 34 30
67 40 25

179 59 50

l88 48 39

l,656.3

l,759.2

(12)

Corrected
 Values

 o r ir
60 20 56.88
75 638.70
44 32 24.42

180 OO oo.oo

63 27 38.04
57 33 55.97
58 58 25.99

180 oo oo.oo

60 45 1.95
51 34 28.52
67 40 29.53

180

]S8,

oo oo.oo

4g 4o.o6

(3)

 Initial
Log. sin.

9.939049
9.985171

b)], = -11

9,951634
9.926344

(t)2=- 15

9.940758
9.893996

c,)3=.=.. I.O

(.Oi] =nv 8

(13)
i
   (4)

Corrected
Log. sin.

3.2]91･l

a.24509

e)s== 20

]
f

'

9.9390a8
9.985168

9.951642
9.926345

9.940766
9.893994

Tabu.
 Diff.
per 1//

  A

I.19
O.56

1 05
1.34

l (s)
l

(8)

cl

(9)

1.18
1.6?T

O.63

-O,29

I
'

I
i
l･ -O.49

l

l
l

1

J

I
I

i

I

i

1
1

l
1

        Corree-
         tion A'Ks
      -l. v

1

 3.519
-1.656

 3.105
-3.962

 3.ggo
-4･.938i
      i
      i
      l

-1.12
-6.30
- 3.58

8.04
O.97
5.99

 6.95
-1.48
 4 53

1.06

(10)

A･v

-1.3
-3.5

(11)

'v･v

8.4
1.3

l

 1.2544
39.6900
11.8164

64.6416
 O.94D9
35.8801

(6)

 8.2
-2.5

48.3025
 2.1904
20.5209

A･A

V- A･V ==

  2{).O
1J 236

2･ w'･?' =-

227.3608

I
l
l
E

i
E

1.4161
O.3136

1.1025
1.79tJ6

1.3924
2.7889

s
.

F-
rt･
pa
---
t-

g
ny
･po

cZs =

8.8091

I
1

?robable Error = ±O.6745s/22i?:360815 =
  n
±5.09
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    The side correlate tlYk.

    Similarly to the ease of the
but the seeo"nd values of angle

used.

firest value,

eorrelates

the seeond value is obtained,

xvritten in eaeh triangle are

4- l/8.84･
upper
figure

lll Clr-
cle S

 [20 -

lo"rer
figure

ln clr-
cle S

(O.63 × -4.61- O.29 x 4.91 -- O.49 × ?,.43)

         Znd. upper 2nd.upper
figure value figure value
incir- of incir- of
clel 'Kl cle2 lll]
iv tiv--in-v  intriang}el intriangle2

upper 2nd.
figure value
incir- of
ele3 llk
 in tyiangle 3

l,

J

== 2.957.

      (12)

Coffrelate Sketeh.

l
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s･462

4

Fig. IE,

.
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This value is writketi under the first value 2.88, and this process

shows that equat,ion (5)') is solved on the sl<eteh for the seeond time.

   Thus the first round of calculation is over, and the next rounds

are earried･on. In this ca,se, the caleulation is suffieient at the fourth

round and the t/irne required js less than one hour.

   [l]he'values of eorreetions of observed angles are obtained from

equation (16) in S:3 in Chapter 1.

   This exarnple is adopt/ed from referenees (10) and (11).

                                                 '

      S4e A SINGLE ROW TRXANGULATXON NETe

   Equations (21) and (27) in S4 in Chapter 1 can be expressed as

in the foIIowing Tables 9 and 10 respectively.

                                                    `

                         Table 9.

dofyif,'blifetagcagyrt'om
cSTIsimeeX

ayesst,･0es

fftgte

St'deof
opescaPt'oreiP Et,1 k, ifitCm iei2 ffr ff2

n-
ffm ffs

JS:' 2 7 ti1 Wp
(iJ ,J, r 1 3e dofttl'

(21 4 1 r r .aj21 Wr2

(n-1) g r r 7 den-v ajsu"t

(n) '3 1 z -asw.4 Wn'
g 2 7 -xi3ra-･t ble

7 7 f 7
Lj' dr bl7

2 1 r 7 3 d2 cU2

re-7 7 r 1 3 drev bln-1

n r 7 r ' d. wre

dns gr ddpt
t?) nt

ziLM･ rism-t dl d2
vev
ds {us
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               Tab]e 10.

4`offdiibleo/"euof/bn fi,gypr

"tbleerf
agcagyrt'om

Sizn
oif
digtucaXpm ff7 ffe

n-r
ffn ffs

7 3 dr Wrt-

2 3 d2 bl2

n--? 3
n-v

tun-i7

n 3 dn .ofn

dva diss d, d2
n"

ofs
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These tables are similar to the cases previousiy mentiolled in S2 and

3 ot' this Chapter, but the correlate li'o does not exist, beeause t･here

is no central station in the figure. Coefllcients of K}, and .Zli'b are 2, that,

of ll'(n and .Zll.) are 3-, and that of otl)er eorrelates are all 4, beeause

"the angles around thein are two, three and fbur respeet･ivel.v.

   The Correlate Sketch is as follows (Fig. 13).

   e.., ztda ' th'･

     g?' ee se
                       Fig. 13.

   I[]iormulae to obtain correlates are as

IPoint correlates;

      K}, == l12'(tupmKi-Ji'K)

      1{7(i}=1/3'(w(i>-KlrmlihnvJ4'Kk)

      7V'l,) = 11<l:･(a}("- Kli-i

                     (i ==･ 2, 3, ･･･

      Kn} = lf3'(

      -ZSih ==112'(wq-ll;t+gi3n-･i'Z{:])･

m'
 n-2

lbllows:

      -kL･-lgL,,-d(,)･lill,)

                .,o2-1)
tu(n)--ZIL-i'K;t+g3n-4'llTk)

k

J

atft@J -r

Wtn-

.bJa#

@
WinJ

(llll})

b-p'"'' (62)

(ll})

-ZJ"V

@
bye
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Angle correlates;

       llJl = 1f3･(coi-K,pt&vny-ifl2)rp(li' Zlli)

       u==vo)･((oi---.zfli-o-Kli)-Kki-i)-(li'Kk) .......(63)

                         (･g = 2, ,..,, ....,                                      ex-1)

       ll74z = 11:']'((Dnigll"kn-nijKkn)-.Zl]b-(1,z' Ig's) .

The side correlate;

       llik=11(l,･(w,-Al･K},-"4･K(1}-"x'1cl(i)eK(i)

                                  i-2
                                      ?t'                  +A3-4'Kl(.)+g3,t-i･Kb--cli･Kri). ･`････ (61)
                                      iTt1.
                           '
   IFormulae to obtain first values are as follows:

Angle correl-ates;

  Ki = O･S7tui+O･1gc"2-(O.Z8m.+O.Z4e)a)+O.19ev(2})

                                                          "
  Ki, = O.44twi-O.11(pt(i-1)+w(i)+ck)(･l+i))
                                                     (6S)
                            (i = Z, 3, e''',n-1)
                                               '
  Kn=O･S7tu･n+O･1Sneoz-1-(O･Z8blq+O･24W(n)+O･19ft}(n-!>)･

[i]hese values are obtained by taking terms of to only and negleetjng

the term of uZiC, in equations (85) and (86) in S/3 in Chapter 3. 0ther

point and sid.e coryelates are obtained from formulae (62) and ({]}4).

   Ill tl]e case of Table 6, formu]ae are (63) and (64,), and the first

vaZue is only for rlllk as follows;

                             '
                  K. =nv.la.. ･････--･･e･･･.･････--･`s･･･ (66)

The 1)rocess of caleulation is simi!ar to two eases above Clescribed and

will be explainea iri the following examples in detaii,

    Numerical Example S.

    A SiRgle Row [1]riangulation Net consistins,' of six trians,les.

    AII inner and outer angles are assun]ed to be observed; tlie pro-

blem is to adjust them. In Table 11 are tabliIated tigures which are

observe(1 and obtained by calculation. Numbers in the above are in
order of writing)' and caleulation.
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   (1) ; number of angles or sign of sides,
   (`.t.) ; observed values of angles, length of l<nown sides andsum
           of t])ree angles in eaeh individual triangle,

   (3) ; values of Iog.sjn. of observed ang]es 3･il-2, 3,i-l and
           values of w.
   (4) ; t･abular difference of lo.cr.sin. per 1",
   (5) : eli and (l(i), for example
           (li = M,-nt, == 8.68-8.78 = -O.lo,
           (Za) == ni4 :== ll.38, d(2) = g7-"2 == 17.37-8.78 =8.59, & ete.,

   (6) ; ]･A fQr angles 3i-2 and 3i-1,
   (7) ; CorreRate Sketch by means of which x'alues of all eor-
           relates are obtained,
   (5) ; ti･Ark, Kk is obtained frorri (7'),
   (9) : eorrection ai from ll]li) and KL jll (7) and zi･Kk in (8),
   (10) ; eorreet･ed values of angles by (9),

   (12) ; ¢'orreete{.l log.sjn. for ealculation of side len.g.;th of tri-
           angulation nets, witl]. d･v in (11),
   (1,3) ; v･e, ibr ealeulat･ion of probable error.

   Correlate Sketclt in (7) xvill now be explained (Fig. 13,). Figures

in the double eire]es (Z and a} ivhicl) are shown in (5) and (3) in

Table ll, for exan]ple (Zi = -O.10, toi= -5 in circle 1,

                    (ZLi) :11.3)8, wa)=:-5 in circle (1), &ete.,

   First vaavB,es of eorrela,tes are obtained from C6S) as follows;

      K, i= 0.57x -5 + O.15× --12 -(O.28×7 + O.24× -5 + O.19×lbW)
        == -s             '
      Ar, = O.44 × -12 -O.ll( -5+15,+6) -= op7,
similarly Kts=3, 1lli=:4, Kls==-3., Kts==5,
   [l]he side eorrelate .llk js assumed roughly from (66);

       K. = 319/2,361.51 == O.14 .

    ?ojnt eorrelat･es Ni).

   First vaiues of angle gorrelates obtained above and "rritten in the
t･riangles around point (･i) and the produet of t]]e upper figure in
cjrcle (i) and the first value of' Kk are added, with tl)e opposite sign,

to i･l)e lower figure in cirele ('i･); this value is divided b>, the number

of ai]gles ayoulld point (･i), namely 2･ at end points, 3 at t/he next
point,s a,iid 4 at the other intermeaiate points.

    '                                 '
           R',, =l12･( "i + 8 - 8.68 × O.14) =1,
              no.of loixrer lst. upper lst.
              ai]g}es figure value figuTe va]ue
              aroundincir-intri- incir- of
               poipt ele(P)anglel cle(P) .Kk
               ("P) add5Eti-IVIIil=IIiwithth"eVoTiJit;6gillgpmgi)ositesign

this x'alue is vgirit,teii near cirele (1]').
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          Kl,) == llt[)･(- 5 + 8 + 7- 11.38 × O.14) == 3,
                           NtnimvmimanU
               no.of]oxv･erlst.values upper lst.
               anglesfignreintriangles figure value
               aroundineir- lai]d2 ineir- o£               point c]e(1)a･roui]dpoint ele(1) Kk

                (1) (1) .                          Ntu mp-                                     FkV'
                           added with the opposite sign

t]iis value is writtell near cirele (1.).

          Kk,) = lf4･(15 + S + 7 - 3 - 8.59 x O.14-) =c,

                          pt
               no.oflowerlst.valuesin upper lst.
              angles figure t'rianglesl,2 figure value
              aroundineir-and3around ineir- of
               pointe]e(2) point(2) cle(2) ulig
               (2) "m v papm.                           added with the oppositd sign

this value is written near eircle (2).

Similayly Kl3)==2, liJl4)=-4, Kks)---3', TKk6)=9-, K,=4.

This calculation means that equation (62) js solved on the sl<eteh.

    Second values of eorrelates are obtained as fbilows;

    Angle correlates K}.
    First values of point correlates written at･ three polnts of triangle

･i above obtained ana the product of the upper figure in cirele ･i and

the first value of K. are added, with the opposite sjgr), to the lower

figure in eircle i an(l divided by the number of observed angles in

the triangle, namely 3.

, Kl-113･(-5-7-3-6+O.10xO.14)=-7,
                        L..mu.manv-pmmT.lav
             no.of lowerlst.valuesat upper lst.
            angles Sgure threevertices figure value
             intri- incir-intrianglel ineir- of
            anglelelel clel Kls
                        Nim.ww pt-.../                                   m-V-
                         added with the opposite sign

this value is written under the first value -S.

        Ill, = l13･(--- 12 -3-6-2 + 7.15 × O.14) = -7.4,
                         V....-m.vny-=-."v
            no.of ]owerlst.valuesat upper lst.
            angles tigurethreevertices iigure va]ue
            intrj- incir- inti'iangle2 incir- of
            angle2 cle2 c}e2 llk
                         K.di ----                                    livmo
                          added xvith the opposite sign

this v･alue is written under the first vaiue -7.
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Similarly lll]==1.6, .Zklt==4.2, .Kli==-1.6, Kl]=

This pvoeess means that equation (63) is calculated

    Point corre]ates .Kii).

    With a similar proeess to the ease of the first

values are obtained, but the seeond values of angle

near each circle i are taken.

t)･

on t･he sket,ch.

values, the

 eorrelates

seeond

wrltten

Kp == 112
 no. of
ftngles

around
 point
  (P)

e( '"i- +7-

 lower 2nd.
 figui'e value
 III CIr- lll tr-

cle (P) angle

        1
      s...m

8.68 ×

upper
figllre

lll Cll'-

ele (P)

         V
added with the opposite sign

O.14) de-

1st.

value
 of
iiiiZ,.

 -mnpl

6.4,

this value is writtell' under the first value 7.

liki)
=･=- 1/3 ･(- 5 + 7 + 7.4 - 11.38 × O.14)
             impmvimnd
 no.of lower2nd.va]ues uppeT lst.
 angles figureintriangle figure value
 aroundincir-land2 ineir- of
 point cle(1) around e]e(1) Kk
  (l) point(1)
            N.-n -                      V
             added with the opposite sign

m-. 2.6     ,

this value is written under the first value 3.

this

Kl2}

value

== 1/4･

 no. of
angles
around
 point
  (2)

(15b +

Iower
figure

m elr-
cle (2)

ls wrltten

7 + 7.4 - 1.6 -85,9 ×
n.mupmvZnd.valuesintri- upper
ari'glesl,2and3 figuTe
aroundpoint(2) ineir-
               cle (2)

under

         V
added with the opposite sign

the first value 6.

O.14) = 6.7,

 1st.
value
  of
 za
-dn-y

Similarly KZ3)==2.1,

      Kq =" 35･

This proeess meaRs
the second time.

lll,) = -3.7,

that e(IIIation

1ll,) == -3-,.6,

(62) i,q.

Kl,) =1.6,

caleulat/ed on t･he sketch for

    The side eorrelate Kk.

    Second values of point eorrelates

correlates written in eaeh triangle are

in each circle and these are added,

written at eaeh point and angle

multiplied by the upper figures

with the o})posite sign, to the



Table 11.

Angles i

(1) I (1)
1
/ -.t.-t-t.tfitttt...tt...

(10)
l

(3)

No. Obsewed
 Values

I
:

:

(12) l (4)
!

Corrected
 Values

lioiN 11
3i  1

 o
67
C)7

45

 r
35
21
3

         1 Ini:tial i
I"og. sin.

         !

f
:
i-

1

(5)

tt

4,o,

7
IL5

 O 1 !l
67 35 43.53
67 21 5.74
45 3 10.73

4
5
c;

180

 61
 48
 69

oo

36
38
45

5

lo
10
52

tlt

1
1

Corrected
Log. sin.

l

i
!

 Tabu.
 Diff.
 Per 1ii

   A,       1
  8.68 ]
       l  8.78 ,
       i

.-L..tt
 .tt."l

di

'

E
/

(8)

180 OO OO.OO

 61 36 6.52
 48 38 2.27
 69 45 51.21

   oo oo.oo

   29 l3.23
   41 13.34
   49 33.43

I
F
1

9.9659137
6.9651487

7

8
9
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 66
 62

oo

29
41

49

12

3
17
30

 180

' 50
  66
  62

'

1

1

:
i

t

I
I

")1=-O
9.9443206
9.8753667, i

         '
e)n = -12

9.8873071
9.9630148

/

I
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i
1
i

1

(9)

     iCorrec-
A･-Kk 1 tion

         ･v
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:
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 7･O

179
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sg soI
       i
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3
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oo
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180 OO OO.OO

 58 12 55.12
 51 2 58.34
 70 44 6.54

180 OO OO.OO

54 33 39.93
67 39 2.09
57 47 17.98

b)3= 10
9.9294254
9.8908092

a)-=- 7
9.9110205
9.9660872

9.9294360
9.8908064

1

'
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l 9.07
1

I
i
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l
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l
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Table 1.1.-(Continz(ecg)

Apgles

(1)

No.

(P)

(1)

(2)

(3)

(4)

(5)

(6)

(Q)

(2)

Observed
 Values

  O t tl
292 24 8

253 20 40

I72 23 43

X90 19 27

]6S l 4

]82 34 28

223 56 22

316 59 51

(10) l

Correeted
 Va]ues

  o t rt
292 24 14.47

253 20 42.75

172 23 49.82

l90 19 29.18

168 1 O.22

I82 34 24.10

223 56 23.28

316 59 54.21

(3)

 Initial

Log. sin.

(')p = 7

to")== -5

W(2) =

{i}(3) =:

cD(4) =

15

6

-10

ee(s)t: -8

w(f;) =

tua =

7

9

(l2)

Corrected
Log. sin.

(4)

Tabu.
 Diff.
per 1it

  A

:

;

1
l

l

!

l

'

l

(5)

el

8.68

ll.38
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(9)
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15.2100

l.6384

10.3041

2v"v ==

559.7601

(6)

A･A

Probable Error == ±O.6745e/559.7601/15 ==
  ft
±4.12

ve
pm

v".pt
po

:
pm

w
cla'

9
2
m
ap
H-J

o
a
-pa
ct
w.o
:
pt+)

2

>
-Q.

s
g
R
oth

aj

g
g}J

E
g-

F-a

Noo
v(



(7)

Corgegaee SkeSch.
ro
oo
ct

 0
 d4
 '
 44
 U6
 :f64
 U717
 Z71
64n

8･66

@
7

!IL)L8

o
'j

 J
 2-6
2･7
 '7
'v
 'PZI
 744
 '7(5
Z'245

-8
-7
 '

 '
-7･zaop
. 'oo7
  ?12
-7･o/z･

-･ o-te

o
-5

 6
 6'7

 v
 n3
 BJ
 es3
8"
ur2
em1

･6S9

@
/5

-7lf

@
vz

 -7
"72t
  '5
  '6
  '6
  `6J
 '6?7
 '6?5
n` 7625

J'
 l･6
f"3
 '2
 '22
 ･24
 ･25
 '25j
1'255

((illll)

-5Vfi

@
 6

 -4
 -]'7
-- J'7

  'n
  'p
  79
  '7%
  '797
'5'779

5･91

@
-7:e

 4-2
  '2
  '2J
 vo
 J.J.Z

 '5J2
4-Jjs

 -3
- 1･6

-fv
  'J
  '2
 -i4
 '13
 7?6
--1722
EJ5

@
-- 9

-19lj

@
-8

 2-
 1･6
"5
 z
 7
 ･l9
 `2S5
 '2el
X'Z79

Lk8t5

@
 7

((s)

 5
 5
 57
  ･2

 J ZJ
 :jlfp
5:I52

Z)Etjl

@
J/9

o･ts

a･lz7

 7U
 '125
 7?J6
 'f?"
 'MJ2
 7?Jpa
dvU/7

 2
 2･f
 Z'l
 '2
 ･z
 'l9
 v6
 ･t77
2･177

-ZkE

@
 9

E
Hct
pa

xs
H

 v -J-6
 '-)'7

  6
  '9
  V9
  69Z
  ･e%
-J675

 4
 J5
it
JV
 -2g
'ZJ
 'z?
 ･2/K
SZL4

Fig. 14.



        RapidandRigorousCalculationforAdjustmentofFundamental 287

lower figure 319 in cirele S, and tl}en this valute is divided' by the

upper figure 2,361.51 in cirele S.

   K = 112,･".')61.51" {319 "'- (8.68 × 6.<lz + 11.38 × 2.6 + '`'･

          upper lower upper Znd. uppeT Znd.
          figure tigure figure value t"/gure value ･･･-
          incir- incir- ineir- of il}cir- of
          cleS cleS cle(P) .IZ}) cle(1) .li:k))
                        L-wn-vwwunkemv "
                         atpoint(l]) atpoint(1) ････

                       '
                     - O.10 × -7 - 7.15 × -7.4 + ････)}

                       upper 2nd. upper 2nd.
                       figure valuefigure value ････
                       incir- Of incir- of
                       clel .?Yl cle2 LIYh
                       tipt "                        intrianglel intriangle2 ････
    im- O.127.

This value is written under the first value O.14.

ll)his proeess means that equation (64) is calculated on the sketch for

the second time.

    Thus tl}e first round of calculation is ovey, and the next rounds

are carried out. In this case, the caleulation is stopped at the eighth

round; the time required fbr this caleulation is four hours,

    After these values of all eorrelat,es are deter][iiiined, tl}e values of

correetions of observed angles are obtained from equation (23) in g3'

in Chapter 1.

    NurnericalExample6. '
    A Single IRow Triangulation Net consisting of six triangles.

    In Example S above, the outer angles are assumed to beadjusted
at each station independently, or to be not･ observed; it is proposed

to adjust inner angles only. Cl"lie following [l]able 12 and the process

are all similar to Example-g, but the proeess becomes simpler. Now
only the Correlate Sketch wilJ be explained (Fig. 15). In this ease,
the first value is only that of Kk from (66) as follows;

      Kk == 31912,:))61.51 -- O.M.

WiU) this value, the first round of caleulation is begun as follows:

    Angles eorrelates .Kl.

    The product of the upper figure in eirele i･ mult,iplied b.v the
first value of 71il, is added, with the opposite sjgn, to the lo"Ter figure

tttt

,
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in circle i, and this value is divided by the number of the observed
angles in the trlangle, namely consta･nt 5'.

           K, = 1/3･(- 5 + O.10 × O.14) in- -1.66,

                no.of ]ower upper lst.
                angles figure figure value
                intri-incir-incir- of
               aiiglel.clel elel IYk
                           "pmbuy
                       added with the opposite sign

this value is written nea,r its eirele 1.
                          '
       t/
           Kle =- 115･(--12 + 7.15 × O.14) == -5.67,

                no.of lower upper lst.
                Iwa-?'9 ifi.gSiiem ,wa:g x'agse

               angle2 cle2 c,tu1 rm.v.ppthlm-..e2 KLi ･
                      added wit}i the opposite sign

this value is written near the eircle 2.

Similarly uZlli=9n..9.P,, -KZ=2.52, !IIIi=-3.30, -Z{ll}=5.65'.

[I]his proeess shows that equation (63) is calculated on the sketeh.

    The side eorrelate .kik.

  . 'l]he products of the upper figures in eaeh cirele and second values

of angle eorrelates in the corresponding triangles are added, with the

opposite sign, to the lower figure 3,19 in circle S, and this value is

dixrided by the upper figure 2,361.51 in cirele S.

  Kk =: 112,361,51･{319 -(- O.10 x -1.66 - 7.15 x -3.67 + ････)]

         upper lower upper "st. upper lst.
         figure figure figure value figure value ････
         incir- incir- incir- of ineir- of
         cleS c}eS clel Kl cle2 .kJL
                           - in-                            intrianglel intriangle2 ･･-･
    =t O.159.

                                     '
This value is written under the first value 'O.14, and"this proeess

means that equation (64) is calcu]ated on the sketc:h.

    The first round is over, theii t,heir suceeeding rounds are continued.

In this case, the convergeney is very rapid, so t･])e calculation can

be stopped at the third round. The time required is less thEm one
hour.

    After the values of all correlates are determined, the correct/ions

of observed angles are obtained from equation (z6) in g4 in Chapter I.



Table 12.

Angles

(l)

No.

(2)

....ww.1

Observed
 Values

l

2
3

4
5
6

7

8

9

10
]1
12

 o r rt
67 35 43
67 21 7
45 3 15

13
14
15

16
17
18

B,

-B2

]
,
d

i
E
i

lse oo s
 61 36 10
 48 38 10
 69 45 52
180 OO l2

 50 29 3
 66 41 17
 62 49 30
179 59 50
        tt
 58 12 47afg'･

 51 3 eO
 70 44 6
179 59 53

 54 33 43･
 67 39 3
 57 47 23

180 OO 9
 68 35 17
43 OO OO
 68 24 -P8

179 59 45
  2`i'O.418

  345,567

(10) (3)

(lorrected

 Values

E
]

 o t rt
67 35 42J2
67 21 3.94
45 3 ]3.34

180

 61
 48
 69

oo oo.oo

36 8.20
38 3.42
45 48.38

180

 50
 66
 62

oo oo.oo

29 8.67
41 18.44
49 32.89

180

58
51
.-fTO

oo oo.oo

12 51.63
 2 59.83
44 8.54

180

 54
 67
 57

oo oo.oo

33 42.06
38 58.?.8

47 19.66

180

 68
 4.3

 68

oo oo.oo

35 24.17
OO 2.11
24 33.72

180 oo oo.oo

 Initial
Log. sin.

9.9659137
9.9651487

.al1=-5
9.9443206
9.8753667

tuo == H-l2

9.8873071
9.9630148

tu3=; 10

9.9294254
9.8908092

(t)A== 7
    '9.9110205
9.9660872

b)s=-9
9.9626874
9.8337833

b){1= 15
2.4,D,20356

2.5385323

tos= 319

(12)

Corrected
Log. sin.

9.9659135
9.9651460

9.9443186
9.8753545

(4)

Tabtt.
 Diff.

Per IU
  A

9.8873170
9 9630161

9.9294314
9.8908089

9.9110191
9.9660831

9.9626939
9.8337881

S.68
8.78

Gg･g'g

i'I
[

I
I

17.37
 9.07

l3.05
17.02

1{E.98

 8.65

 9.12
22.58

(5)

d

(8)

F
A･.}rs

- O.IO

-7.15

8.30

-3.97

6.33

-13.46

1 386
1.402

L817
2.959

2.774
1.448

2.084
2.718

2.392
1.381

1.456
3.606

(9)

Correc-

 tlon

  v

-O.28
- 3.06
- I.66

(11) (13))

r

l
!

(6)

A･v vv
l
A･A

- l.80

-6.58
-3.62

5.67
1.44
2.89

 4.63
-O.l7
 2.54

-O.94
- 4.72

-3.34

7.17
2.11
5.72

i

L

l
i

- 2.4304
-26.8668

 -20.4840
-121.9274

98.4879
13.06Q8

60.4215
-2.8934

-14.0812
-40.8280

65.39oath

47.6438

1
I

E

t
l

!

O.0784
9.3636
2.7556

 3.2400
43 2964
13,10"

32,l,489

 2.0736
 8.3521

21.4369
 O.0289
 6.4516

 O.8836
22.2784
11.1556

51r4089
 4.4521
32.7184

i

'

i

L' v･v =

265.2274

1

l

75.342･4

77.0884

IL,9.5044

343.3609

301.7169
 82.2649

'

)i .Ntv =

319.l152

'

170.3025
2S9.6804

224.4004
 74.8225

 83.17<L4

509.8564
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  Equations (34) and ( )
the following [1]ables 13 and 14 resPective]>r.

                 Table 13.
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-"46

@
15

5･6J
j･713
5'715

RUADRILATERALe
in g5 in Chapter 1 ean be
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                                                 '                        '
   In this case, the peculiarity is that the triangles composing tlie

quadrilateral all inte}'sect, so this appears in the Tables.

   Inquiring Table ll'), there are the following dispositions.

   The point equations:

    1. The eoeffieients of the point eorrelates are the number of
angles around each station, lla,mely ,3.

   2. The angle eorre]ates are those of t･riangles with touching a･t

the station w.here the point equation is composed, and their eoef-

ficients are the number of angles in t･he triangles which are con-

eentrated at the station. '
    For example in point equation (3), the angle correlates are -Kl,

K2 and Kh an(l their coeffieients are 1, 2 and 1 respeetively, because

the angles at statlo]} (3) are 4 in triangle 1, 4 and ･5 in triangle 2

and5in triangle 3. - .
    The angle equations:

   3. The eoeffLeient of the angle eorrelate of the triangle at which

the angle equation is composed is t･he number of the observed angles

in the triangle, that js always 4 in this l<ind of a quadrilateral. .

    4. In this case, t,here are the other angle correlates in the angle

equation. They are those of the triangles interseeting with the tri-

angle and their coeffieients are the number of angles whieh are eom-

mon in the interseeted triangles. .
   5. The poine eorrelates are those at the stations in the triangle

and their coeMeients are the number of angles concentrated at each
station.

    [rhe other points are all thesa,me as described in the other former

eases.

    Ta,ble 14 represents only the angle equations, the lo"rer rjght one

quarter fro)n Tabie 13 and in it ctll coe.flicients ana absolzete teomzs a7'e

(,7eiv?;cled by .O. .
    The speeial points known from Ta,ble 14 are as foIIows.

    6. The lai'ge eoefficients in diagonal are 2 and the small ones
are al} IL

    7. The correlate whose eoeflicient is 2 is the angle correlate of

the triangle inteysected with the t,riangle in which the angle equat･ion

is composed.
                                                    ,                               /
    Point, angle and side eorrelates can be conveniently obtained from

the following equations (67), (68) and (69) respeetively.

x
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      Kn == 1/3'(tu(n--ZG-Kb-cla)'Kli)

      K,) == 113･(tu{,)-2Kl-Kla-cZ(,)･4)
                           ････`･･ (67)      .Zil3) == 1/3'(to(3)-.Z{rl-2.Zih-Kh-d(3){Kk

      K(,) == 1/3･(tu(,)-K2-2Kh-d(,)･liiLL)

    Ki==111"(toi-llki)-2K(2)-liik3)-2Kli-di'4) ) '
    liil, =IA･.(to,-K,)-2K(,)-uZSrk,)-2.lll-2Kh-a,･-Z<,) t･･ (6S)

    liig=IA･(tu,-Kk,)--2&,)-Kk,)-211le-d,･llk) J

    IS4} : 11cls"(cos- ,S..,cl<i)'INft,)- il.ll, clt･Kli)･ ''''''''''''" (69)

  [l)he Correelate Sketch is as in Fig. 16 or Fig. 17. '

Fig. j.6 is used when all inner and outer angles are obseTved, Fjg.

17 is used when the inner angles only are to be adjusted.
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    The process of calculation is a little complex than the former
cases and is as follows:

    1. First vaiues of point and angle correlates are calculated and

written near their own double eircles on the sketch (first･ vaiues will

be explained later).

    z. 1ihe side correlate iilk.

    The products of the upper figures in each circle and tl)e first
va]ues of corresponding point and angle correlates are added, with
the opposite sign, to the Iower figure in eirele S, and this vaiue is

divided by the ttpper figure in cirele S. '[I]hus the first･ value of N

is obt･ained and xvritten near circle S.

    3. The point eorrelates -iiild).

    Firsti values of the angle correlates of the triangles whose angies

meet at point (i) and the produet of the upper figure in eircle (i) and

the first value of .Zlik above obtained are added, with the opposite
sign, to the lower figure in circle (i), and this value is divided by

the number of angles around point (i), namely 3. [I]hus the seeond

values of the point correlates are obtained and'written under the
first valu.es.

    In this ease, the values of angle correlates are added onee if one

angle and doubled if two angles in the ti'iangle are coneentrated at

the point. For example, at point C2), the angle eorrelate Kk is added

two times, as the angles 2 and ,9 in triangle 1 meet at the point.
[E]he other eorrelate is .Zili and the angle is only ,M)- ip triang.le 2, so

llT2 is added once on]y.

    4. Angle correlates .Zlt.

    Seeond value･s of point correlates obtained 3`ust above and written

at the points of whieh the triangle i is eomposed, the values of
angle correlates obtained just before of the triangles which are in-

terseeted with triangle i, and the product of (the upper figure in

circle i)×(the fivst value of .IVk) are gdiven the opposite sign and then
added to the lower figure in cirele i. Then this value is divided
by the nui[nber of observed ang}es in the triangle, namely 4. [L"he

number of times of addition of point correlates is the number of
angles in the triangle concentrated to the point, and that of angle

eorrelates is the number of eommon angles in the interseeted triangle,

namely always 2.

    gt. The seeond value of the side correlate -Kk is obtained as in

1, but the seeond vaiues of all eorre]ates are tal<en.
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   T]iese proeesses 2, 3, 4 and 5 are such that equations (69), (67),

C6}8) and (69) are respeetively calculated entirely on the sketch and

t/his is the first round of calculation. After the first round of cal-

culation is over, the second and the third rounds are continued.

    In the case of r.rable 14, the equations are limited to (70) and (71)

as follows:

               Kl = 112･(tu,-K,-d,･Kk)

               liGi==1/2･<tu2-Ki-Kk-cl2･KL,) '''''''"'(70)

               lirb == 1/2･(w,-Kle-d,･Kk)

              4 =: 11(Z.･(tu.- t9., cli-Ki) , ･････'････････････ (71)

where the values of tu and (l are given in (40) in .g5 in Chapter 1

aRd are a haif of those in (67), (6S), and (69).

The proeess of obtaining the value of Kl, is the same as 2. above, but

that of obtaining the angle eorrelates is simpler and as follows. The

values of apgle eorrelates obtained just before in the intersected

triangle and the produet of the upper figure in each circle by the

first value of .Kk are added, with the opposite sign, to the lower
figure in each ck'ele, and this value is dividedl by the costant 2. {l]hus

the values of the angle eorrelates are gotten and written near t,heir

own circles.

    The first values of point and angle correlates are conveniently ob-

tained from the following Tabke IS and z6 for the cases of Tables

l3 and 14 resl)eetively.

                          Table IS.

,

Wrf2 Wr?2 Wrs2 Wreq W7 cc12 blJ

Zrrn 7 2 7 2 -4,5 3 -4,5
ffr?j 2 l;T 2 7 -- 4,5 -1,5

Kr3) 7 2 7 2 -Z5 -3 -d 7s5

ffr4J 2 7 2 7 -7,5 -4,5

ffi
"" 4e5 -" 4p5 -Z5 -7,5 9 -es 4･5

liK2 3 -3 -4,5 9 --as
ff3

"" K51pt7･5 -7･5 --4･5 4.5 ･-4,5 9
facrp" pt12
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         TabXe 16.
                                  Table IS is obt･ained from
                              equations (87) ancl (89) in g4 in

                              Chapter 3 by taking t/he terms of

                              tu only and omitting the terms
                              of Ar., Table 16 is obtained from

                 fa.fanqla equation(38)jnS5inChapter1.

   Numericai example 7. A quadrilateral.

   All inner and outer angles are assumed to be observed; t･he pro-

blem is to adjust them. Figuves obtained by ealculation are shown
in [l]able 17. Numbers in the above are orders of writing and cal-
culation.

   (1) ; number of angles,

   (2) ; observed values of angles and sum of' four angles in eaeh
           tria,ng,le,

    (3) ; va!ues of iog.sin, of observed inner angles, and values of
           tui, (D, and (D(i},

    (4) ; tabular differenee of Iog.sin. per 1",

    (5) ; (li and (l{i), for example

           (Zi = idi-g2+a3-g, == 21.9-34.0+8.1-29.8 == -5,s,.s,

           (Za> == idilyas "= 21.9-44.8 = -22.9, & etc.,

    (6) ; "･g for inner angles,

    (7) ; Corereiate Sketch, this is the main point of this paper,

           by means of whieh values of all correlates are obtained
           (this proeess will be ex.plained latei`),

    (8) ; d･.i{ik; .Zili is obtained from (7),

    (9) : correct,ions v i-roiTri .Zlki) and .Zille in (7) and .t･Kl, in (8),

    (12) ; corrected values of observed angles from (9),

    (13) : corrected Iog.sin. foi' ealculation of side leng't]) of' the

           cluadrilateral, with "-v in (10),

    (11) ; v･v for t･he ealeulation of probable error.

    Now Correiate Sketch in (7) will be explained (Fig. 18).

IVIgures in the double circles are d and to whieh are shown jn (,'b)') in

                     'Table 17, for exainple, '
       cZi=-I)//'.8, (oi=-9.4, in eirele 1,
       (Za)= -22.9, a)o =: 5.1, in eirele (1), & etc.

W7 av2 ws
ff7 3 -h 2 7

ff2 -7 2 "
ff3 7 -2 3



.
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   First s'alues are obtained from Table 15 as follo"rs:

This ealculation ean be carried out b.y･ writjng the numerieal values

of tu on the top column in Table IS, perforn}in.cr the mult･ipiieatjon

mentally or with a siide rule and the addit･ion xvith a peneil or with

a soroban.

   Point eorrelates Kkn.

     Kko =- 1/12'(7 × 5.1 +2× -6.4 ww1× 7.7 +2× -6.1 -4.5 × -9.4

                                     +3×-11.5-4.5×-6.3)
         = 1/12e(35.7-12.S+7.7nv12.2･ +{1･2.//'-34.5+28.4)

         = 54.6/12 = 4.6,

     Kk,) -- 1112･(2×5.1 +7×-6.4 +2×7.7 +1×-6.1

                               -4.5×-9.4 -1.5×-6.[,)
         ==1112･(10.2-4{.8+15).4-6.1+42.l)) +9.5)
         = 26.5112 == 2.2,

similarly Kk3)==Z7, Kk4) =1.6.

   Angle eorrelates .7Sle.

      Ill == l/12 ･( -4.5 × 5.1. -4.5 × -6A, -1.5 ×7.7 -1.5 × -6.1

                     +9×-9.4-4.5×-11.5+4.5×-6.3)
         -lamu1112'(-25.0+28.8-11.5+9.2-84.6+51.7ff28.4)
         -nv -57e8/12 "= ---4･8,

similarly Kli==-3.4, Kl]=-3.7.

   These first values are written near their own cireles.

   The side eorrelate Kk.
   First values of eaeh eorrelate are multiplied by the upper- figures

in eaeh cirele and these products are added, with the opposite sign,

to the lower figure -1,224 in circle 8, and tliis value is divided
by the upper figure 17,297 in eircle S.

    Kli = 1117)297'(ny 1,224 nv (' 22.9 × 4.6 - 25.9 × L.2 + ･･e･

          upper loweT upper lst. upper lst.
          IIF:IP･m l･IF",l,9 ,fiig;p""a.iseg..g'sgevg}ue････

           cleS e}eS cle(1) IY(i) cle(2) .Kt2) ････
                             - -.--v                              atpoint(1) atpoint(P.)

                 + 33.8 × 4.8 - 80.7 x :-.',.l - 61.6 x ?).7))

                   }iiE:?'g vLSike EgPuPreg vkSiE'e fY･Xi9g vl'fi:'e

                   incir- o£ incir- of incir- of                   clel lili cle2 KEi cle3 AIh
                   ".pt-J Ntuamdi.pm-V -
                   intrianglel intriangle2 intriangle3
     = -O.1.
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This
tion

value
(69) ]'s

Second

is written

solved on

vaiues

near
the

 eitele S,

sketeh.

of correlates are

and the proeess 1lleans

obtained as follows:

that equa-

    Point correlates -Z{li).

    First values of angle correlates in triangles whose vertex is point

(i) and the product of the upper figure jn eirele (i) and the first

x'aiue of .ISil, near eirele S are added, with the opposite sign, to the

lower figure in circle (i), and then this value is divided by the nurm-

ber of angles around point (i), namel.v 3.

Number of times of' addition of a]gle eorrelates of tl)e triangle are

the number of angles eoneentrated at point (i) and in that triangle.

That ls,

           K'k,) = 113･(5.1 + 3.7 + 4.8 - 22.9 × O.1) == 4,

                no.o£ ]ower intri- intri- tipper lst.
                angles figui'e angle3 ang]el figure value
               aroundincir-ptineir- of
                point cle(1) !st.valuesof cle(1) .IYk
                 (1) anglecorrelates
                          ---v- mpV
                           added with the opposite sign

This value 4 is wrltten under the first value 4.6.

Kk2) = l13

 llO. Of

angles
around
 point
 (2)

･(- 6.4

lower
figure

m clr-
cle (2)

+ 4.8 + 4.8 + 3.4- 25.9 x O.1)

  2times,in intri- upper lst.
  trianglel angle2 figure value

  " incir- of  lst.valueofangle ele(2) Kk
     correlates

  Nbe.- .v-    added with the opposite sign

-- 2 '

Tl)is value 2 is written under the first value 2.2.

Kk3) == 1/3

110. 0f

angles
around
point
 (3)

･(7.7 + 4.8 + 3.4 + ,9,.4 + 3.7 +

            "      int･ri- 2times,in intri-
      anglel triangle2 angle3
lower
figure
in cir- L
cle (3)      rvlst. value of angle correlates

82.4

N.m-.

   upper
   figure
bl   m clr-
   ele (3)

added  nywith the opposite sign

× O.1)

  lst.
 va.Iue

  of
  lk
   ---v'

== 10.0.

This value 10.0 js written un der thevalue 7.7.
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       ,K4) ---- 113･(- 6.1 + 3.4 + 3- .7 + 3.7 - 5.8 × O.1) = 1.0.
                                N--t.-w-di---=-Y
             no.of lower intri- 2times,in upper lst.
             angles figure angle2 triangle3 figure value
            around ineir- pt ineir- of
             point c]e(4) lst.valuesofangle cle(4) Kl,
              (4) eorre]ates
                         i.mdi imY                                     h-V-
                            adaed with the opposite sign

This value 1.0 is written under the first value 1.6.

    'I]his proeess means that equation (67) is solved on tlie sketel].

    Angle correlates -Kle.

    Seeond values of point correlates at three points of t･he triangle

i, values of the angle correlates obtained just before and written in

the triangles whieh intersect triangle i and the product of the upper

figure in circle i and the first value of 1311, are added, with the op-

posite sign, to the lower figure in circle i, and tl}is x'alue is divided

b.y the number of observed angles in the triangle, namely 4.

Number of addition of point correlates is the number of observed
angles eoneentrated at tbe points, and that of other ang)e eorrelat･es

is the eomrnon observed angles, namely 2.

    Kl = 11･ti,･(- 9.4 -4 -2- 2 - 10 + 3.4 + 3.4 - 3,O,.l5 × O.1)
                         Upt hiVim-di
         no.oi ]ower at 2times, at 2times,in upper lsL
        angles figurepointatpoint point triangle2 figure value
        intri- incir- (1) (2) (3) incir- of
        anglel clelApt clel .llk                        Znd.values lst.value

                     Vm m--                                      ="v'-
                             added with the opposite sign

    ,.-, --6.0.

This value -3.0 is written'under the first value -4.8.

Kl, == 1/4o(- 11.5 - 2 - 10 - 10 - l.O + 6 + 6 + 3.7 + ;5.7 + 80.7

                     iv L--Ndi-    no.of loweT ab 2times, at 2times, 2times,in upper
    angles figurepoint at point intri- trian.trle3 iigure
    intri- incir- (2) point(3) (4) anglel incir-
    angle2eleP."mu v hm" elel                    Znd.va]uesofpointand lst.valueof
                       angleeorrelates anglecorrelate
                 XLthew ="V"
                              added with the opposite sign

This

.-. -2.

value -- 2 ls wntten under the first.value -,D,.4..

× O.1)

  lst.
 va]ue
  of
  in

 ptmbx
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.il4, == lll ･(- 6.3 - '10 - 1.0 -- 1.0 - 4

no.of lower
;.n･zl?･F ,fiig,:e"

ang]e3. cle3

      NpmpmK.pmopeY

 at 2times, at
  --polnt atpolnt point
 (3) (4) ･(1)
N.pmts         V
2nd. values of point and
   angle correlates

+2+2
  Nto-Npt'
 2 tirnes,
  in tri-

 ang]e 2
    di

+ 61.6

 upper
 figure
 ltl clr-
 cle 3

× O.1)

 1st.
value
 o£

th

                      Nim. -m-'                                         M
                              added with the opposite slgn

    hitt.hiny mo3.

This value -3 is written under the first value -3.7.

                         '    These proeesses mean that equation (68) is solved on the sl<eteb,

                 '

    The side correlate Kk. ,
    [l]he same proeess as in the case of the first value of KI, is per-

formed. But the second values of all correlates are taken.

    K :l/17,297`(- 1,224(H 22.9 × 4- 25.9 × 2 + ････

           upper ]ower uppeTZnd.upper2nd.
           figure figure figurevaluefigurevalue･･-･
           inelr- incir- incir- of ineir- of
            cleS cleS cle(1) .liZi)cle(2) t2Zrk2)
                              inv--V N----v---J
                              atpoint(1)atpoint(2)-･･･ ,

                    + 33.8 x 6- 80.7 >( 2 --- 61.6 >< 3>)

                     upper 2nd. upper 2nd. upper Znd.
                     figure value figure va･lue fig.ure va]ue
                     ineir- of incir- of incir- of
                      clel K cle2 li:l] cle3 Kh
                     Vmuppmv---U - g-mn--v---J
                     intriangle1 intriangle2 intriangle3

     ----- -O.101 .

This value -O.101 is written under its first value -O.1.

    This proeess means that equation (69) is solved fbr .the second

time.

    [l]hus the first round of ealculation is over, andt the next rounds

are continued. In this ease, the ealculation is stopped at the seventh

round; the time required for this caleulation is two and a hall: hours.

After these values of all eorre]ates are determined, the x'alues ef eor-

reetions of angles are obtained from (33) in S5 in Chapter 1.

   ."v'rll"in,wu.. .  '''/'/''"'1''/'1/'t' 1'11'li/'11/"'1"

  ..../li i･1.ii/- 1,1'･II.),111,

X..,i,1111ill''''111i'il,iii･},gs""

  ttttttt tttt/ttt   t tt      '



Table X7.

Angles

(1)

No.

I
'

(2)

Observed
 Values

/

i

(12)

Correeted
 Values

l

2

3
4

1

I 430 s2'

  3g 48

69 6
35 13

 lt

 4.0
21 3

15.1
29.0

1/ o
' 43
  31

 t
51
48

'69 6
35 13

It

58.6
19.7

 8.2
33.5

(3)

 Initlal
Log. sin.

f
F

180 OO 9.4

i
E

9.8407311
9.72g8465

9.970454g
9.7610139

i80 OO oo.o
toi = - 9.4 l

 9.2657591
 9.9574457

(13)

Corrected
Log.sin.

(4) (5)

Tabu.
 }iff'

Per lll

  A

I

1
1
1

d

(8)

I
r
I

A･Ks

(9)

I

Correc-
 tion
   z:

(10)

A･v

(11)

I
i

I
i

] t, v

9.8407193
9.7218411

9.9704485
9.7610273

21.9
34.0

l
l

i

-2.34
 3.63

-O.87
 3.l.9

-5.4
-1..6
1

-ll8.26
- 54.40

- 55.89
  134.IO

29.16
 .D..56

47.61
20.25

(6)

co

oo

5

6
10 37 34.0
65 253.4

10 37 27.7
65 2 50.6

7

8

180 OO II.5

79 9 28.6
25 10 IO.3

l
l80 OO OO.O

79 9 25.2
25 1,O 16.5

ton = -gl.5

 9.9921775
 9.6286933

i

I
:

9.2656884
9.9574430

9.9921761
9.6287211

i

!
1

1
!
l

 8.1

29.8

112.2 i

  9.8

 4.0
44,8

1

i

-33.8

80.7

r

j-al.99
   !.05
l

' -043
   4.7･9

I
i

r
:
l
l

-6.9
 4.5

- 6.3
-2.8

-3.4
 6.2

i
E

-706.86
- 27.44

i

i
IM

j

i

A･A

(1)

(2)

(3)

(4)

,I80 OO 6.3-

290 57 40.6

259 5 30.0

314 8 49.3

215 47 44.1

j
i

F

f
L
F

I

180 OO OO.O

290 57

259

314

44.9

5 32.1

8 58.8

2g5 47 44.2

l
61.6

- 13.60
 277.76
   i
   1
   i
   i

   i-1
   '

39.69
 7.84

11.56
38.44

1

i

 479.61
1,156.00

  65.61
 888.04

12,588.84
   96.04

  ]6.00
2,O07.04

to3 == - 6.3

e)s =: -1224

tu(1)

i' tu(2)

ll e)(3)

I
[,,,(,)

        t
- 5.li
        1        i

=" 6.4I        I
= 7.71
        l

= - 6.1

i
i

I
l

1
1

j
l

[

i

I

l

-22.9

pt
.D.b- .9

82.4

-5.8

I
i

I

l
i

i･v

e
.

Hs
p`"

:
BP

[
1
I

1
I
l
1
[

l
l

4.3

2.1
    I

g.s I

   1
o.i I

    i

-1224.63
I

i

:

l

18.49

4.41

90.25

O.Ol

i

:

,
i

  ds =

17,297.18'

j
t
L
2 v･v --

 3gO.27

Probable Error == ±e.6745e/310.2718
     rr
== ±4.20
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IJo
pnj
0･1

ov6
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ovz
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                     (7)

               Corwelate Sketch.

                                             Z･2
                                             2'0
                                             ･2'0
-22･e

0
5･i

-Z59

@
 -S4

1ras
zz15
2v9
211
zze

301

-3･7
-J'0
 5'0
 3'0
 2･9e
2･97
2'97
-- 2･97

61･6

@
-63

  -48
  -6V
･ 7'0
   7'Z
   7･3
   7W
   7W
  -734

-･33t5
(z)

-94

50J7

@
-115

'- 3V
-z'o
 7'0
 4t7
 aT4
 074
 O･85
-0S5

lller

@
H42zdig

po.1

..avPl
 07zatSfi

 o･/ass
 diive5S

 crnt8
--
o;ua67

-o7n69

 -5S

 -6･i                                                  @
                                                  T7

                            Fig. 18.

    Numericag exampXe 8. A quadrjlateral.

    ORIy the inner angles of a quadrilateral in Example 7 above are

assumed to be observed; the problem is to adjust them. The values
in the fo11owii'}g Table l8 are a]I sii:nilar to those in Example 7, but

the values of (l and cD are ct ha(f' of those in Exampie 7.

   Now onl:' tlie Correlate Sketch (Fjg. 19) wM be explained.

   First values of angle correlates are obtained from H"able 16 as
fo11ows:

      .rc1 == 1/4,e(5' × -4.7 -2x -5.75 +1× -3.15) = -1.4,

      Kh == 1/4･(-1× -4.7 +2× -5.75 -1× -3.15) == -O.9,

      Kb == IA･(1 × -4.7 -2× -5.75 +5× -3.15) == -O.7.

[Vhese values are written i}ear their own eireles.
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,

    [l]he first value of the side correlate -lik.

    The pro(lucts of the upper figures in each cirele a,nd the

responding first values of the angle eorrelates above obtained

written in eaeh triangle are added, with the opposite sign, to
Iower figu.re -612 in circle S, alld this value is divided by
upper figure 8,64815 in cirele S.

eor-

and
the

the

Kk == 118,648.5

upper
figure

ln clr-
c]e S

== -O.07.

-{-612 -(-16.9 ×

lower
figure

ln elr-
cle S

-1.4 + 40.35 ×

upper lst.
figure value
illCiT- Of
clel Kl
 in triangle 1

-O.9+

upper lst.
figtu'e value
incir- of
cle2 K･,
  in triangle 2

30.8 × -O.
7))

upper lst.
figure value
incir-･ of
ele3･ lih

 in triang]e 3

This

This

value is written

process means

near
t･hat

circle S.

equation (71) is solved.

Second values of eorrelates are obtained as foll'ows :

    Angle corre]ates Kl. '
    I]"irst values of the angle eorrelates in the triangles which inter-

sect the triangle i and the product of the upper figure in cirele ･t

and the first value of Kk are added, ";ith the opposite sigi), to the

lower figure in eirele i, and this value is divided by constant two.

K = lf2'(- 4.7 + O.9 - 16.9 × O.07) = -2.5.

const. lower
figure

ln clr-
cle 1

lst. upper
value figure
 of incir-
 Kh elel

1st.

value
 Df

k
added with the opposite sign

This va'Iue -2.5 is "Tritten under th.e first value -1.4.

JNI, =: 1/2 ･(-

const.

5.75

lower
figure

ln clr-
ele 2

+ 2.5 + O.7 + 40.35 >< O,07) =:

Znd. Ist.
value value

 of o£fi3 fik

upper
figure

ln clr-
ele 2

 lsL
value
 of
.iZik,

 nwew1

O.14.

         .V.
anded with the opposite sign

This value O.14 is written under the first value -Oe9･

'
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        1's'3 == l12･ e(- ,3.15 -- O.14 + 30.6 × O.07')= -O.6.

            censt. upper Znd. upper lst.
                   figure value figure value
                   lncir- of incir- of
                    ele3 .li]/.) cle3 ]Yk
                           Nim- nv.                             -                        added with the apposite sign

Cl]his value -O.6 is written under the first value -O.7.

    These proeesses mean that equation (7e) is solved.

    The side correlate ll]l,.

    By t])e same process as the ease of the first value, the secoi}d

value is obtained, but the second values of angle correlates obtained
above' and written on the sketch are used in t,his case.

ilTk = 1/8,648.5･(-612 - (-16.9 × -2.5 + 40.35 × O.14 + 30.8 x -O.6)}

                              '       upper ' lower' upper･ 2nd. upper Znd. upper Znd.
       iigure figure tigure va}ue figure value figure value
       ineir- incir- ineir-- oi incir- o£ incir- of       cleS cleS clel Kl cle2 Kh cle3 IYIi
                        -- pt                          intriang}el intriangle2 intriangle3
    == -O.075.

            '
This value -O.075 is "Tritten under the first value -O.07.

    This process means that equation (71) is ealculated for the seeond
 .tlme.'

    Thus the first round of ealculation is over, and the sueceeding

rounds are ca,rried out. In this case, the calculation is stopped at

the eighth round and the eorreetions ot; angles can be obtained ac-
eurately to the second grade below zero firom equation (36) in S5 jn

Chapter 1. Time required for t]'ie ea,leuiation of eorrelates is only

forty minutes.

    This example is adopted ftrom reference (10).



Table IS.
co
opt

Angles

(1)

No.

(2)

' Observea
 Values

1

2

3
4

L

L
I

r
L

i

1
1

i
l

1
I

 o
43
31

69
35

 t
52
48

6
13

tf

 4.0
21.3

15.1
29.0

5

6

i180

IO
65

OO 9.4

7
8

37
2

34.0
53.4

180

79
2b-

OO 11.5

9
IO
28.6
10.3

(l2)

Correeted
 Values

(3) t
/

(l3)

1

I
[

 Initial
Log. sin.

  Correeted
/ Log.sin.
i

 o
43
31

69
35

 ,
51

48

6
13

11

58.87
20.56

ll.85
28.72

180

10
65

oo oo.oo

37
2
25.23
54.20

L
;

oo oo.oo

1

I

I

I

1
l

E

'
i

I

          l,
9.8407311. I 9.8407199
9.7218465 i/ 9.7218440

9.9704541 I' 9.9704515
9.7610139 I 9.7610131
          1
          !

th)i = - 9.4/2 = -4.7

9.2657591
9.9574457

180

27.52
l3.05

9.2656607
9.9574465

79
?.5

9
10

L
:

I
1

co,, = -11.5!2 =: -5.75

9.9921775
9.6286933

I80 OO 6.31
        i
        i
        I

        l･

180 OO oo.oo

:

          i
          I

ct}3 == - 6.3/2 =:

9.9921771
9.6287056

-3.15

tus = nv1,224!2 == ff612

(4)

Tabu.
 Diff.
per 1iX

  A

21.9
,?4.0

 8.1
29.8

122.2
  9.8

 4.0
44.8

(5)

cr

-33.812
     t
=･- 16.9

 80.712

=40.35

61.6!2
== 30.8

(s) 1 (g) (10)

Correc-
 tion I
       i  vi       1

(11)

A･Kl,
1
1

A･v

E
L
l

l
I

t)`v

-1.717
 2.666

-- O.635
 2.336

･- 8.796

 O.768

-O.314
 3.512

]

l

l

l

l

:
I

i
i

1

I

l

i
l

-5J3
-O.74

-3.25
-O.28

- 8.77
 O.80

1
i

i

:

1
!
l
l
i
I
l
l

-112.347
 -25.I60

 -26.325 1･
 - s.34･4l
        i
        It
        1
        i
-983.994
   7.840i
        1
        1

         - 4.320-1.08
          l,23.200  2.75 i
      j 1

!

26.3169
 O.5476

10.5625
 O.0784

?6.9129
 O.6400

I
E

I.1664
7.5625

i

 £A･v =           E･ v･v =

           123.7872-1,224.522
'

/

(6)

A･A

 479.61
1,156.00

 65.61
888.04

12･ ,588.84

   96.04

  X6.00
2,O07.01

E
.

-tt
ge

xa
ny

P

  ds ==

17,297.18

    2
= 8,648.59

?robable Error ==
                       tt
±O.6745 Y'1'23.7872!4 = ±3.75
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(7)

Coifreiate Sketch.

4

1

.- 0V7
-- ovZ5
 pv77
 ua729
 tiVZf72

 ovne5
 "vrs4
 uapt
-uam

t.
1le5-9

0
V-7

a6as5,
(IIi)

--6ra

-IZ
-Z'5

 J･1

 33
 34
 3g
 34Pfi

J4N
-- j4ae

Fig. 19.

4Pas

@
-5･Zi

-".r
-0･6

 a7
 za･pa

 "77
o･%6
PjZE;6

 P･rs4
-o･7S4

- o'e
･- o･14

 m15
 P'7
 0･77
 0'79
 o'm
 V'7pt
 VJ7es

z

J

4
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                CwaAWewrcme 3, -

    cowrgeAeue wsome:v:s ow vAuawncs oew cgwawarcmuAwues,

       Sl. CLOSED CEN['RA.L POLYGON.
  Elimihating point correJates LIYb and KZi) in equa,tion (4) in S2 in

Chapter 1, equations are obtained as in the following [1]ab]e 19.

                 Table 19.

,sristrk

eF
effbldirttrn

kerfss/deorfestesdifitaff
M,ptA
""deof
eleescafiomffs -ffn" Ksff2 ,er3 ffff-2 ffn

7 ,y' 3 ne33-7re ne3･ 3 p., ?7

2 rede3 3-7re ntfi3 3 3 Ni' 02 ?2

3 2etf 3 ew3 ?'

ne.g 3 3
n-2

?re-2

s nee3 3-pm n"3 ?ree'7
ret-f 3 Pmp.r

?nn re"31 3 3 ee"3 -7re p.

xi7re
8 Og ge2 vge Pn-2 Pn-7 xes ?s

xsrliere

Di='n･(cl(i)+d(i-i)-3-cl,i) ('t=1,2,････,n)

'7i = n(tog)+cD(i.i)-3.cDi,)+3.'
wo

               (i f= '1, 2, ...., o!)

    ?zI). -nv ?z = cZ""ifi)-37zd,

    z-1
    n77. = 7?j = cg(i). (Dli)-3oltu. .

    i--1

> ----n

J

(72･ )･
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　　S・1Vin9七hese　equati・ns　fbr？ド3，4，5，6　and　7，

Iates　are　as　fb王10WS；

　　　　　　　　　　　　　　れ　　　　　　　　　　　　　　　　　れ
　　　　．κb＝ω。加＋1／2溺・Ση店一一1／2？L2・Σ1）乞・瓦

　　　　　　　　　　　　　　¢己1　　　　　　　　　盛漏1

　　・・　5／・・…＋・／2　（・魯・ω一・碧・今

　　　　　　　　　　　　一・／21・・（2治♂r3か）・魚・

　　？．1、・＝3

　　　　　，

　　　　κω罠ユ／3・ωω＋1／72・（3η¢＋2η1．、＋3％2）

一｛1／3・d、・＋・／72・餌＋2刀、。、＋3D、．2）｝・瓦

　　　　　　307

values　of　corre一

、

・・。・・
@（73）

　　　　瓦＝一1／24・（2ηゼ十ηぢ＋1十η¢＋2）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　》　一一・　（74）
　　　　　　　　　　　　十工／24。（21）啓十エ）膏1十1）乞＋2）。．」鴎

　。．罵＝i飛／⑤

　　　　　　　　　　　　　　　　　‘
　　　　　　　　　　　ヨ　　　　Σ）黛＝216ηs十Σ＝］1）ゴ・（2η¢十η信＋1十η啓＋2）

　　　　　　　　　　　乞＝1

　　　　無．216刀・＋国財・（2刀・＋恥1＋刀・・2）・　）

　　瓦　　＝一1／2，016　・（113ηi十49η僻1十41η2＋露一←49η乞＋3）

　　　　　　＋・／2，・羊…（・・3刀・＋49刀…＋4ω1・2＋・臓・・凧｝●●（75）

凡＝盟／簿

　　　　　　　　　　　る
　　鍛＝24，192ηs十ΣDボ（113η1十49η創十41％2十49η¢＋3）

　　　　　　　　　　ツ
　　蔓）＝・24，192エ：）ε十Σ1）琶・（1131）ぜ十491）¢＋1十411）乞＋2十49エ）2＋3）。）

　　　　　　　　　　¢粛1

？？、＝b
　　　，

　　κω癩1／3・ωω十1／825・（16ηε十8η話＋王十7η琶＋2十8η脅3十16η6＋4）

　　　　一｛1／3・・zω＋1／82δ・（16刀、＋8刀・．・＋7刀…＋8刀商3

＋1畝．、）｝・瓦



308 T．　Italζura．

　　瓦　　ニ　一1／550　・（23η乞十9η‘÷1十7η毎2十7η毫÷3十9η乞＋4）

　　　　　　十1／550　・（23エ）乞十91）毫＋1十7エ）4÷2十7．z）ゼ＋3十9エ）ぜ÷4）・ム態

瓦ロW簿
　　　　　　　　　　ら
　　製二8，250ηs十Σ刀ぜ・（23η2十9ηゼ＋1＋7ηゼ÷2十7ηぜ＋3十9η乞＋4）

　　　　　　　　　¢嵩1

　　無8・250刀・＋暑加23加9刀…＋7ρ・・2＋7刀…＋9瓦・・）り

？L罵6
　　　，

　　1ζω＝1／3・ωω十1／864。（13η琶十6η¢÷1十5η蘇2十5η盛→．3

　　　　　　　　　　　　　　　＋6ηを．4＋13ηを．5）

　　　　一｛1／3・・1ω＋1／864・（13加6刀、．、＋5ρ、．2＋5刀。3

　　　　　　　　　　　　　　　＋繊・・＋・3刀…）｝・瓦

　　瓦　　罵　一1／2，592・（86η蛋十31η乞＋1十23η乞＋2十22η信＋3十23η盛＋4

　　　　　　　　　　　　十31η乞＋5）　　　　　　辱

　　　　　　十1／2，592　・（86エ）ぢ十3ユ1）ビ＋1十231）琶＋2十22エ）乞＋3十23エ：）②÷4

　　　　　　　　　　　　十311）乞＋5）・瓦

瓦＝9老／簿

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ
　　鍛調㍉15，552り25十Σ1）ぜ・（86η¢十31ηゼ＋1一｝一23η信千2十22η乞、3

　　　　　　　　　　信一1
　　　　　　　　　　　　　　十23ηぢ＋4＋3ユη乞＋5）

　　　　　　　　　　　　
　　璽）＝＝15，5521）8十Σ．Z）乞・（861）ぢ十31エ）ゼ＋1十23エ）ぢ÷2十22エ九＋3

　　　　　　　　　　乞＝1
　　　　　　　　　　　　　　十231）ゼ÷4→一311％＋5）　。

？z篇7
　　　，

　　瓦2）＝＝」．／3・ω（の十工／55，419・（677η琶十292η乞＋1十236？7乞＋2十229η葛＋3

　　　　　　　　　　　　　　　　＋236ηぜ。4＋292η¢．5＋677ηぢ．6）

　　　　一｛エ／3・4、、，＋1／55，419・（677刀、＋292刀、．、＋236D、。2

　　　　　　　　　　　　　　　　十229．Z）琶÷3十236エ）ゼ＋4十292エ）馨＋5

　　　　　　　　　　　　　　　　＋677η、．、）｝・凡

　　瓦　　＝＝一1／36，946　・（1，0！3η恋十341η¢÷1十243η信＋2十229ηゼ＋3

　　　　　　　　　　　　＋229ηゼ＋4十243ηゼ＋5十34エη¢＋6）

　　　　　　十1／36，946　。（1．，013．Z）¢十341エ）ぜ＋1十2432ワ乞＋2十2291）蘇3

　　　　　　　　　　　　十229エ）ぜ＋4十243刀¢＋5十341刀¢＋6）。jK亀

」

（76）

（77）

（78）
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瓦罵鍛／！勲

　　　　　　　　　　　　フ
　　Σ児＝＝775，866ηs十Σ1～ボ（1，0］．3η琶十341η琶÷1十243ηゴナ2十229ηゼ．｝3

　　　　　　　　　　　　乞隔1
　　　　　　　　　　　　　　　　十229η琶÷4十243η琶＋5十341つ7乞÷6）

　　　　　　　　　　　　ア
　　難）；＝775，8661）ε十Σ1）ぞ・（1，0131）ゼ十3411）ひ1十243エ）ぜ→、2

　　　　　　　　　　　　z昌1
　　　　　　　　　　　　　　　　十2291）乞÷3十229エ）茗÷4十243エ）ゼ＋5

　　　　　　　　　　　　　　　　十3411）i→．6）．　　　　　　　　　　　　　　　　　　　）

309

　　　　　　§2。UNC瓦OSED　C£NTRA：L　PO乱YGON。

　　Eliminating　Poinも　correlates　κ「b　and．項乞》in　e（1uatio11（14）in§3

沁Chapter　2，　equations　are　obtained　as　ih　the　fb110whlg　Table　20．

Table　20．

①勲
@ρ〆

ﾚ鄭謝i卿

命汐」〉擁　〆　　右書勿
易轡ヂ

倦y調〆

�ﾝ掬脇．形 毎 砺岬 海

為7
偬 惣螂 3 3 3 〃r

恥婆頚2 鴛螂 理銘 3 ρ謬 亀

．3

3

3 醗棚
鬼一タ 稽＋4 隠噸 〃卿 砺。ア

鷲 3 3 籠←率 ’個蹴 〃縄 留鬼

5 鵡 羅 み岬 妬 必 海

where

　　1）1　＝＝（鴨十1）／2　．（3（1（1｝十2でZ（2）一6（11）　　　　　　　　　　　　　　　　　　　　　　　　　、

　　jDゼ＝（？L十1）。（（1ω十（Z（‘＋1♪一3‘～∂　　　（Z＝2，3，…　　。，？τ一一1）

　　1）π＝（η→一1）／2　。（3（1（？L＋1）→一2（Z（？の一6（Z？z）

　　η・＝3ω・＋（？汁1）／2・（3ω（1）＋2ω（，一6ω、）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　｝（79）
　　’λ‘＝3ω・＋（π十1）・（囎＋ω（・．，「3ω∂α一2，3，・…，ηd＞1
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η・・＝3・・＋（副）ノ2◎（3・…＋・・＋・…一6・・）　　　1

　　　　　　　　　　　　　1）s　ζ（昂十1）／2　・（3‘Zぞ1）十2Σ‘Zぞ乞）十361ぞπ÷1｝一6（Z8）

　　　　　　　　　　　　乞＝2　％

η・一（・＋1）／2・（3・Z・1・・・…＋2、ヨ・1ω・ωω＋3♂・・‡1…梱・一6・・づ

Solving　tllese　equa七io－s　for　？塾篇2，3，4，5　alld　6，　values　of　c6rre騨

1ates　are　 as　fb塗10NVS　；

7L＝2
　　　，

　　偏＝1／3・ω・＋2／δ3・（η、＋η2）一2／63・（刀、＋刀2）・．醜

　　．／ぐ11）＝1／2・ω11）十1／315　・（11η1十4η2）

　　　　　　　　　　一．｛1／2・♂、・・＋1／315・（・・刀、＋4刀，）｝・蕉

　　澱2Fエ／3・ω（2）＋2／63・（η、＋η，）

　　　　　　　　　　一｛1／3・（1、，，＋2／63・（D1＋D，）｝・π、

　　瓦3｝；＝まノ2。ω（3）十1／315。（4η1十・：i1η2）

　　　　　　　　　　一｛・／2・♂…＋ユ／315・（4刀・＋・・ρ・）｝・瓦

　　．π1　＝＝　一1／315　・（22？71十8？72）十1／315　・（22エ）1十81）2）・．魚

　　．1覇　　＝一1／315　・（8η1十22η2）十1／315　・（8。Z）1十221）2）・瓦

凡寓鍛／簿

　　9t＝315ηs十．Z）1・（22η1十8η2）十1）2・（8η1、十22η2）

　　窪）＝3／51）s＋1）エ。（22エ）1十8．D2）十エ）2・（8エ）1十221）2）．

タ

（80）

？z＝c）
　　　，

　　ム㌔　＝＝1／4・ωo十ゴ／10，452　・（208η1十221η2十208η3）

　　　　　　　　　一1／10，452　・（208．D1十221エ）2十2081）3）・κs

　　．κ（1）＝1／2・ω（1）十1／10，452。（263η1十91η2十62η3）

　　　　　　一｛1／2・・z、1）＋・／1・，452・（263刀、＋9・P・＋62刀・）｝・凡

　　κ（2）＝1／3・ω（2）＋ユノ5，226・（118η、＋117η2＋51η3）

　　　　　　一｛1／3・・1、，，＋・／5，226・（・18刀1＋！・7D・＋51刀、）｝・瓦



　　　　Rapid　alld　Rigorous　Calculεしtioll　for　Adjust111en七〇f　Fullda玉ne1｝もal

　　κ（3）＝1／3・ω（3）＋1／5，226　・（51η1十117η2十118η3）

　　　　　一｛・／3・・1、，，＋1／5，226・（51刀、＋117刀、＋118刀，）｝・・及

　　．κω＝ユ／2・ω（4）十1／10ブ4ξ52・（62η1十91η2十263η3）

　　　　　一一｛・／2・（Z、、，＋・／10，452・（62D1＋91刀、＋263η，）｝・及

　　κ1　＝一1／5，226　・（263η1十91η2十・62η3）

　　　　　　　　　　　　十］／5，226　・（2631）1十91z）2十62品詞3）．．z『8

　　．ノ｛壱　＝一1／402　・（7？71十20η2十7？73）

　　　　　　　　　　　十1／402　。（7．Z）1十201）2十71）3．）・瓦

　　．κ3　＝・＝　一1／5，226　・（62η1十91η2十263？ア呂）

　　　　　　　　　　　　十1／5，226　・（621）1十91．02十263．z）3）・瓦

κ、＝鍛／⑰

　　鍛一級＋1／5，226・｛ρ1（263・・1＋91・，＋62・、）＋ρ，（91η1＋260・，

　　　　　　　　　　　　＋91η，｝＋刀、（62・、＋91・，＋263・，）｝

　　駈刀汁ユ／5，226・｛刀、（263刀、＋9砺＋62刀，）

　　　　　　　　　　　　十．Z）2（911）1十2601）2十91エ）3）

＋刀，（62刀、＋91刀、＋263刀，）｝．

？z＝4
　　　，

　　ノぐb　篇1／5・ωo十1／1，030　・（14η1十17η2十173十14η4）

　　　　　　　　　一ユ／1，030・（14．D1十171）2十171）3十14D4）。1（s

　　五「ω＝ユノ2・ω（1）十1／52，530・（ユ，024η1十332η2十229η3十200η4）

　　　　　　一｛1／2・・1、1，＋1／52，530・（1，024刀、＋332刀，＋229刀，

　　　　　　　　　　　　　　　　　　＋200D、）｝・κ、

　　A二（2）＝1／3・ω（2）十／／52，530・（904η1十895η2十380η3十286η∂

　　　　　　一｛1／3・（z、・，＋1／52，530・（904P・＋8951）・＋380D・

　　　　　　　　　　　　　　　　　　＋286刀、）｝・瓦

311

1（81）

）
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　　κ（3，詔1／3・ω（3）十1／52，530・（374・η1十901η2十901η3十374η4）

　　　　　　《ユノM…＋・／52，539・（374η・＋90・刀，＋9・轟

　　　　　　　　　　　　　　　　　　＋374D、）｝・凡

　　κ（4）＝1／3・ω（4）十1／52，530・（286η1十380？72十895？73＋904．η4）

　　　　　　一｛113・・～、、，＋1／52，530・（28aD、＋380刀、＋895刀、

　　　　　　　　　　　　　　　　　　＋9D4D、）｝・瓦

　　瓦5）監1／2・ω（5）十1／52，530・（200η1十229？72十332η3十1，024η4）

　　　　　　一｛1／2・・z、・・＋1／52，530・（200刀・＋229刀，＋332ρ、

　　　　　　　　　　　　　　　　　　＋・，・24Dl）｝・瓦

　　κ・＝一1／26，265・（1，024η・＋332η，＋229η、＋200η、）

　　　　　　・十1／26，265　。（1，024エ～1十332ノ：）2十229．D3十2001）4）・瓦

　　・L醜　　＝一ユノ52，530　・（664η1十2，021．η2十682η3十458η4）

　　　　　　十1／52，530　。（6641）1十2，021エ）2十6821）3十4581）4）・、ムニ、

　　」配「3　＝一1／52，530　・（4158η1十682η2十2，021η3十664η4）

　　　　　　十1／52，530　・（4581）1→一682エ）2一ト2，021エ）3十664刀4）・篤、

　　ノ島　　篇＝一1／26，265　・（200η1十229η2十332η3＋／多024η4）

　　　　　　十：1／26，265　・（200エ）1十229エ）盆十332エ）3十1，024エ）4）・凡

瓦＝，之／働

　　9に一η。＋1／52，530・・｛2ρ・（1，024・・＋332η・＋229・、＋200η∂

　　　　　　　　　　　　＋刀2（664η、＋2，021η2＋682η3＋458η4）

　　　　　　　　　　　　十刀3（458η1＋682η2十2，021η3十664？74）

　　　　　　　　　　　　＋2D、（200・・＋229・、＋332・，＋1，024・、）｝

　　駈刀。＋ユ152，530・｛2刀、（1、024刀、＋332刀，＋229刀，＋200加

　　　　　　　　　　　　十刀2（6641）1十2，0211）2十682エ）3十4581）4）

　　　　　　　　　　　　十1）3（458エ）1十682エ）2十1，02工Z：）3十6641）4）

　　　　　　　　　　　　＋刀・（200刀・＋229D，＋332D，＋1，02伽｝．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ノ

［

［（82）



Rapid　a1ユd　R三gorous　Calculatioll　fQr　Adlustment　of・Fundalnenむal

？匙＝5，

　2望b　；1／6・ωo十ユ／」．1，142・（110η1十118η2十119η3十118η4十110η5）

　　　　　一1111，142　。（11σz）1十1181）2十1！9エ）3十1181）4十110エ）5）・瓦

　五1（1）＝1／2・ω（1）十i／330，546・（5，237η1十1，600η2十1，068η3

　　　　　　　　　　　　　　　　十981．η4十904η5）

　　　　　一｛ユ／2・♂ω＋！／330，546・（5，237刀・＋1，600刀，＋1，068刀・

　　　　　　　　　　　　　　　　　　＋981D、＋904D、）｝・瓦

　ムな2）＝1／3・ω（2）十1／495，819。（6，837η1十6，749η2十2，714．5η3

　　　　　　　　　　　　　　　　十2，106，5η4十1，885η5）

　　　　　一｛113・・～、，，＋1／495，819・（6，837刀、＋6，749刀，＋2，714。5刀、

　　　　　　　　　　　　　　　　　　＋2，！・6．5刀、＋・β85刀、）｝・κ．

ムこ（2）二1／3・ω（3，十ユ／495，819　。（2，668η1十6，795．5η2十6，808．5η3

　　　　　　　　　　　　　　　十2，772η4十2，049η5♪

　　　一｛1！3・（z、、，＋1／495，819・（2，66＆o、＋6，795．5刀，

　　　　　　　　　　　　　　　　　十6，808．5エ）3十2，772－P4

　　　　　　　　　　　　　　　　　＋2，049ρ、）｝・瓦

κ（4）＝1／3。ω（4｝十］．ノ495，819。（2，049η1十2，772η2十6，808．5η3

　　　　　　　　　　　　　　　十6，795．5η4十2，668η5）

　　　一｛玉／3・・r、、，＋1／495，819・（2，049D、＋2，772D，

　　　　　　　　　　　　　　　　　十6，808．51）3十6，795．51）4

　　　　　　　　　　　　　　　　　＋2，668塊）｝・瓦

ム「（5｝嵩・1／3・ω（5）十1／495，819・（1，885η1十2，106，5η2十2，714．5η3

　　　　　　　　　　　　　　　＋6脚η・＋6，837η・1

　　　一｛1／3・・♂、、，＋］／495，819・（1，885D・＋2，・・6．5刀・

　　　　　　　　　　　　　　　　十2，7i4．5エ）3十G，7491）4

　　　　　　　　　　　　　　　　　＋6，837刀、）｝・」鴎
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3ユ4　　　　　　　　　　　　　　　　　　　　　①．It2ku】・a．

　κ（6）＝1／2・ω（6）十］．／330β46・（904η1十981．η2＋1，0C8η3十1，Gocη4

　　　　　　　　　　　　　　　　＋5，237η5）

　　　　　一｛1／2・・Z、・・＋1／33・，346・（9（吻、＋98U），＋・，・〕6覇

　　　　　　　　　　　　　　　　　　＋1，mD、＋5，237ρ，）｝・！｛、

　ノぐ1　漏　・一1／165，273　・（5，237η1十1，60Gη2十1，068η3十98＝1．η4

　　　　　　　　　　　　十904η5）

　　　　　＋1／165，273・（5，2370、＋1，600刀，＋董，068η，÷981zフ、

　　　　　　　　　　　　＋904刀、）・ノ（，

　鰯　　＝冨一1／165，273　・（1，60Gη1十5，】49η2十1，64，6．5η3＋1，125．5η4

　　　　　　　　　　　　十98ユη5）

　　　　　十1．ノ165，27串　。（1，6001）1十5，1・491）2十1，ρ46・51）3

　　　　　　　　　　　　十ユ，125．51）4十981．Z）5）・凡．

　風罵一1／165，273・（1，068・7、＋1，646．5η，＋5，162・7，刊，646．5η、

　　　　　　　　　　　　十1，068η5）

　　　　　十1／165，273　。（1，0681）1十］，646．5エ：）2十5，162．Z）3

　　　　　　　　　　　　十】．，646．5エ）4十1，068Z）5）・」鴎

　瓦　　窺一1／165，273　・（s81？フ1十ユ，125．5η2十］，646．5η3十5，L【9η4

　　　　　　　　　　　　十1，600η5）

　　　　　十1／165，273　・（981」ワ1十1，玉25．5刀2十1，646．5エフ3　・

　　　　　　　　　　　　十5，1491）4十1．，600」ワ5）・．」醜

　κ』　＝＝一ユ／165，273　。（904η1十981η2十1，068？73十1，60G？74

　　　　　　　　　　　　十5，237η5）

　　　　　十11ユ65，273　・（904エ）1十98董1）2十］，068刀3十1，6（〕o．ρ4

　　　　　　　　　　　　十5，237刀5）・κ』

瓦識w⑤
皿一η。＋1ノ・65，2ケ3・ψ、（5，237・・、＋1，6・G・・，＋・，C68・・、＋・臨

　　　　　　　　　　　　　十904η5）

（83）
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Rapid　and　Rigorous　Calculatioll　for　Adlus七IIlellt　of　Fulldalr美elltaI

　　　　十1）2（1，600η1十5，149η2十1，646。5η3十1，125．5η4十981η5）

　　　　十1）3（］．，068η1斗一1，646．5η2十5，162η3十1，646。5η4十1，068η5）

　　　　十D4（981．η1十L125．5η2十1，646．5η3十5，／49？ア4十1，600？75）

　　　　＋刀・（90吻、＋981・・＋1，0・38η・＋1，600・、＋5，237・・，）｝

⑤一D。即65，273・｛D、（5，2371）、＋1，GOO刀，＋1，（・68刀、＋98iD、

　　　　　　　　　　＋904刀，）

　　　　十Z）2（／，600エ）1十5，1．49．Z）2十1，646．51）3十1，125．5エ）4

　　　　　　　　　　＋981刀5）

　　　　十、1）3（1，Q68刀1十ユ，646．5エ）2十5，ユ．62．Z：）3十1，646。51）4

　　　　　　　　　　十1，0681）5）

　　　　十1）4（9811）1十／，125．51）2十1，646．5刀3十5，1491）4

　　　　＿4論瓢＿賜＋羽剛り

γ～罵6，

　ノ…而　＝ユ／7・ωo十1．／38，409・（288η1十309η2十31．2η3十312η4

　　　　　　　　　　　　　　　十309η5十288η6）

　　　　一1138，409　。（2881）1十3091）2十312Z）3十3121）4十309．z）5

　　　　　　　　　　　十288．Z）6）・照

　κω＝1／2・ω（1｝十ユ／8，949，297・（119，149η1十34，577η2

　　　　　　　　　　　　　　　　十22，234η3十20，405η4

　　　　　　　　　　　　　　　　＋19，945η5＋18，554η6）

　　　　　一｛1／2・♂・、，＋1／8，949，297・（111．9，149刀・＋34，577刀・

　　　　　　　　　　　　　　　　十22，2341）3十20，4051）4

　　　　　　　　　　　　　　　　＋・9，945刀、＋・8，糊・）｝・凡

エ『（2）罵1／3・ω（2）十ユ／8，949，297。（102，484η1十100，888？72

　　　　　　　　　　　　　　　十38，474η3十29♪329η4

　　　　　　　　　　　　　　　十27，728η5→一25，6G6η6）

　　　一｛］／3・4、，，＋ユ／8，949，297・（102，484刀、＋100，888病

　　　　　　　　　　　　　　　十38，474エ）3十29，329エ）4

　　　　　　　　　　　　　　　＋27，72鴫＋25，66G刀・）｝・瓦

　　　　　　　　　9
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．316 T．　Itak；し1ra曹

1ζ（3）＝＝ユ13・ω（3，十1／8，949，297・（37，874η1十101，488η2

　　　　　　　　　　　　　　　十101，692η3十S9，506η4

　　　　　　　　　　　　　　　十30，157η5十26，90Gη6）

　　　《・／・・喚・＋エ／8，949，297・（37，874刀・＋ユ…48＆D・

　　　　　　　　　　　　　　　十101，6921）3十39，5061）4

　　　　　　　　　　　　　　　＋30，157刀、＋26，900D，）｝・瓦

κω罵113・ω（4）十1／8，949，297・（2＄，426η1十39，377η2

　　　　　　　　　　　　　　　十10ユ，821η3十101，821η4

　　　　　　　　　　　　　　　十39，377η5十28，426η6）

一｛1／3・・z、、，＋1／8，949，297・（28，426D・＋39，377刀・

　　　　　　　　　　　十101，8211）3十玉01，821jD4

　　　　　　　　　　　　＋39β77刀、＋28，426D、）｝・瓦

．照5｝＝＝ユノ3。ω（5＞十1／8，949，297・（26，900η1＋30，157η2十39，506？73

　　　　　　　　　　　　　　　十10」．，692η4十101，488η5

　　　　　　　　　　　　　　　十37，874η6）

　　　一｛・ノ3・・、，、＋・／81949，297・（26，9…、＋3・，枷，

　　　　　　　　　　　　　　　十39，506エ）3十101，6921）4

　　　　　　　　　　　　　　　＋101，488刀、＋37，8繊）｝・瓜

1ζ（6）・＝1／3・ω（6）十1／8，949，297・（25，666η1十27，728η2十29，329η3

　　　　　　　　　　　　　　　十38，474η4十1（10，488η5

　　　　　　　　　　　　　　　十102，484η6）

　　　一｛1／3・♂、、，＋1／8，949，297・（25，666刀、＋27，728刀，

　　　　　　　　　　　　　　　十29，3291）3十38，4741）4

　　　　　　　　　　　　　　　＋100，488D、＋ユ02，484ρ・）｝・瓦

κ（7）；ユ／2ω（7）・十1／8，949，297・（i8，554η1十19，945η2十20，405η3

　　　　　　　　　　　　　　　十22，234η4十34，577η5

　　　　　　　　　　　　　　　十119，149η6）

　　　一｛1／2・♂、，，＋118，949，297・（18，554D、＋19，945P，

　　　　　　　　　　　　　　　十20，405．D3十22，234エ）4

　　　　　　　　　　　　　　　＋34，577刀、＋1・9，・49刀・）｝・瓦

　　　　　　　　　　　　　　　　　　　　　　　■



Rapid　and　Rigorous　Ca！culation£or　Adlustlnenもof　Fulldamen七a1

　　」に1　＝＝一1／8，949，297　・（238，298η1十69，154η2十44，468η3

　　　　　　　　　　　　　十40，810η4十39，890η5十37，108η6）

　　　　　　十コ／8，949，297　・（238，298エ）1十69，1541）2十44，468エ）3

　　　　　　　　　　　　　十40，810エ）4十39，8901）5十37，10＄1）6）・．Zζ、

　　」脇　　器一1／8，949，297　・（69，154η1十233，5ユ．0η2十70，954η3

　　　　　　　　　　　　　十47，177η4十43，294η5十39，890η6）

　　　　　　十1／8，949，297　・（69，154．jD1一ト233，5101）2十70，954エ）3

　　　　　　　　　　　　　十47，1771）4八一43，2941）5十39，8901）6）・1魂

　　風＝一118，949，297・（44．，468η、＋70，954η，＋234，122η、

　　　　　　　　　　　　　十71，341η4十47，177η5十40，810η6）

　　　　　　十1／8，949，297　・（44，4681）1十70，954エ）2十234，122エ）3

　　　　　　　　　　　　　十7ユβ411）塵十47，177．Z：）5十40，810－Z）6）・属

　　1（霊　＝　一1／8，949，297　・（40，810η1十47，177η2十71，341η3

　　　　　　　　　　　　　十234，122η4十70，954η5十44，468η6）

　　　　　　十1／8，949，297　・（40，810エ）1十47，1771）2十71，3411）3

　　　　　　　　　　　　　　十234，122－Z）4十70，9541）5十44，4681）6）。瓦．

　　1f』　＝一1／8，949，297　。（39，890ηエ十43，294η2十47，1177η3

　　　　　　　　　　　　　十70，954η4十233，51Gη5十69，154η6）

　　　　　　十1／8，949，297　・（39，8901）1十43，2941）2十47，1771）3

　　　　　　　　　　　　　十70，954刀4十233，5101）5十69，1541）6）・瓦

　　鰯　　二＝一1／8，949，297　・（37，108η1十39，890η2十40，810η3

　　　　　　　　　　　　　十44，468η喋十69，1δ4η5十238，298η6）

　　　　　　十1／8，949，297　。（317，1081z）1十39，89αz）2十40，810D3

　　　　　　　　　　　　　十44，4681）4十69，1541）5十238，298エ）6）・」醜

κ，＝貌1簿

　　盟一・。＋1／8，949，297・｛刀・（238，298・、＋69，154・，＋44，468・、

　　　　　　　　　　　　　　十40，810η4十39，890η5十37，108η6）

　　　　　　十Z）2（69，154？71十233，5ユ0η2十70，9154η3十47，177η4

　　　　　　　　　　　　　十43，294η5十39，890η6）

317
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318 　　　　　　　　　　］昏．　Ita1くura臣．

十1）3（44，468η1十70，954η2十234，ユ．22η3十71，34ユη4

　　　　　　　＋47，177η5＋40β10η6）

十一Z）4（40，810η1十47，177η2十71，341η3十234，ユ22η4

　　　　　　　，十70，954η5十44，468η6）

十」［）5（39，890η1十43，294η2十47，ユ．77？73十70，9547／4

　　　　　　　　十233，510η5十69，ユ54η6）

十1）6（37，108η1十39，890η2十40，810η3十44，468η4

　　　　　　　＋69，154カ，＋238，298・、）｝

鮭η。＋1／8，949，297・｛刀・（238，298D・＋69，ユ54D・＋44，468D・

　　　　　　　　　　　　十40，8101）4十39，8901）5十37，1081）6、

　　　　十1）2（69，154工｝1十233ぞ510．D2十70，9541）3十47，1．77」［）4

　　　　　　　　　　　　十43，294Z）5十39，890刀6）

　　　　十1）3（44・，4681）エ十70，9541）2十234，122エ）3十71，341ノ：）4

　　　　　　　　　　　　十47，177刀5十40；810エ）6）

　　　　十エ）4（40，81QD1十47，1．77」ワ2十71，3411）3十234，122D4

　　　　　　　　　　　　十70，954、05十44，4681）6）

　　　　十エ）5（39，890．DI十43，294エ）2十47，177．Z）3十70，9541）4

　　　　　　　　　　　　＋233，5］．0刀5＋69，ユ54刀6）

　　　　十エ）6（37，1081）1十39♪890」ワ2十40，8101＝）3十44，4681：）4

　　　　　　　　　　　　＋69，154刀，＋239，298刀、）｝．

　　　§3。ASXNG正E　ROW　TRIANGULAT互OK　NET、

　　：Eliminaもing　Poinもcorrelates．1ち，瓦and」碩のill　equation（24）in

§4in　Chapter　1，　equations　are　obtained　as　in　the　fol！owing　Table　21・
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　　　　　　　　　　　　Table　21。
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孟凶轟罐　〆　噌岬吻〃
の幽　oノ’

ﾚ〃弐心

屠ダプ

呉h〆
m幽物〃彫 孫 薦／晦 偏晦倫 鹸 κ

ノ

塑
グ 3i 易 勿

2 ア 。26 6　3 巧 偽

3 7 8 一列2 ア 必 る

4 ノ 2 一夕 2 ノ 晦 為

i　．

蔚

i

πイ’ 1 2 一タ 2 7 偏 翫3

距一2 ノ 2 一9 2 ア

み2 協一2

鴛イ 3 6 一26 7 醜7
㌘理一ア

．毘 3 ワ 一23 砺 セ躍

‘ 鵡 防 易 紘 η 殊 砺． 砺 必
セ3

where

　　　jD1　諸6∠11十444十3dl（2）一12（11

　　　1）2　＝444十3‘Z（2）十3‘Z（3）一12d2

　　　1）‘　＝♂（馨＿1）十dω十♂（で幸1）一4‘Z乞　　　＠＝＝3，4，。・・。，？z－2）

　　1）π＿1＝3‘Z（～己＿2）十3♂（？㍗1，一4∠∫2処＿4－12♂％＿1

　　　1）？乙　二＝3♂（？ド1）一443π司一6∠13π＿1一一12（1％

　　　十一…娠一（6紬署＋・韓・1・縄一一6殉

　　．η1　＝6ωp＋4ω（1）十3ω②一12ω正

　　　η2　＝4ωω十3ω（2）十3ω（3）一12ω2

　　　ηづ　＝＝ω（ト1）十ω（乞）十ω（苞＋1）一4ωi　　（6＝3，4，5，・…　，？z－2）

　　η？L＿1＝3ω（？乙＿2）十3ω（鳴＿1）十4ω㈲一12ωπ＿1

　　　η，占＝3ω瞬）＋4ωω＋6ω，一12ω？z

　　　・い・2…（幅＋4・・…1・＋・翼♂ω・ωω

　　　　　　　　　　　　　　　　　　　一4…一・・ωω一臨・…）・

1（85）

」
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320 T. Itakura.
   Solving these equations quit･e approximatel.v, tl)at is,

infiuences of co.rrelates whose coeMeients are less t･han

side correlate, tlpen following values are obtained:

    ,if1 = -1/549 ･(26?7,+7op,+1413･77,)

 or -1/54-9･(156(D.+132coa)+103.7co(2)+25.).'hi"6o{3)

                + 4.7 .(,)-312 .,-S4 to,-18.8 tu,) ,

    Kh = -J1549 ･(7 77,+23 op,+4613･77,)

 or -11549･(42(D.+120tu(i)+105.3'(D(2)+84.3cv(3)

                + 15.3 a}(4)-84 coi- 276 w2`-61.2 a)3) ,

    KE == -1/9･ni

 or 419･tui-119'(a)(i-i)+co<i)+(D(i+i))

                          (i == 3, 4, 5, ････,n-2),

   .KLzhi = -1/549 '<46/3'nn-2+23'7oz-i+7nn)

 or -11549'(15.3tu(n--3)+84･3w(n-2)-l-105-3tu(n-o

                 +120tu(n)+42tuqm61･2tun-2ny276ton-1

                m84 tun) ,

    K}i == ml/tj49'(14/3'nn-2+7'?n-i+26epn)

 Or i op1/549'(4.7tu(n-3)+20V･7to(n-2)+10tt,･7tu(n-o+IP,2tu(n)

                +156 a)q-IS-8 tun-2'-±84 wn-1-312 ton) ･

      , g4eAQUADRILATERALe
   IEIiminating point corTelates .l{rli) (i == 1, 2, 3 and 4) in

(34) in S5 in Chapter 1, equat,ions are obtained as in tke

Table 22.

                       TabJe 22.

      [

4efesitae
ofuewptiefi

sifff
e,f

efwavrioff lv,r ff2 firedi ffs

ffiywtJride
erf

opcrcrrl'o"

7 3 -7 -7 mur 2,

2 7 3 7 fi2 ?2

3 -7 1 3 P3 ig3

s V7 "2 V3 0s ?s

 neglect,ing

t･hree and

L
(se))

equat･ion

t'oIlowing

/t



Rapid　and　Rigorous　Calculatioll　for　Adjustlnellt　of　Fundalnenta1 321

　　Solving　these　lequations，　values　of　correlates　a1ユd　correc七ions　of

observed　ang工es　are　obtained　as　fbllows：

瓦＝1／4・（2η一η2＋η3）一1／4・（2刀r刀2＋エ）3）・凡

凡　　誕1／4・（一η1十2η2一η3）一1／4。（一エ）1十21）2一エ）3）・瓦

鰯一1／4・（η一η2＋2η、）一1／4・（刀、一刀2＋2D，）・凡

野毛）罵ω（1）ノ3－1／12・（3η1－2η2十3η3）

　　　　　　一｛♂・1・／3一・／・2・（3刀一2刀・＋3刀・）｝・瓦

1ぐ～2｝＝＝〔ρ（2）／3－1／12・（3η1十η3）

　　　　　　一｛・z・2・／3－11・2・（3刀・＋D・）｝・瓦

瓦3）窩ω（3）／3－1／12・（η、＋2η2＋η3）

　　　　　　一｛6～（3）13－1／12・（1）1十2エ）2十1）3）｝・瓦

瓦4）＝＝ω（4）ノ3一ユノ12・（η1十3？73）

　　　　　　一｛4ω／3－1ノ・2・（D・＋3刀，）｝・瓦

．κ』＝渉～／勉

9』4・。《刀1（2η一η・＋・・）＋D・（一η1＋2・・一・、）

　　　　　　　　　　　　　　　　＋刀・（・一・・＋2・・）｝

⑤一4D。一｛エ）1（21）1－1）2十1）3）＋D・（一刀・＋2刀・の，）

　　　　　　　　　　　　　　　　　＋・03（一D一刀2＋2刀3）｝，

〕

（87）

哉nd

僧（の嵩瓦信）　　　　　　　　　　　　　　　　（忍＝・＝1，2，3　and　4）

僧1　＝ω（1）／3－1／12・（3η1・一η2）

　　　　　　一｛・／3・（‘Z（1）一3∠11）一ケ日・2・（3刀rD・）｝・瓦

免12　＝・ω（2）／3－1／12・（3？71－3η2十2η3）

　　　　　　一｛1／3・（4（2）十342）一・／12・（3刀一3刀・＋2D・）｝・瓦

り3　置ω（2）／3－11ユ2・（3η2一η3）

　　　　　　一｛・／3・（6Z（3）一343）一一1／・2・（3刀・一D・）｝・瓦
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v4 = a){3)/3 -1112･(2ni+772-773)

      -(113e(cl(3)+3A4)-1/12'(2Di+D2-D3)}･Jllk

?.)s == tu(3)/ 3-1112･(-rpi+n2+27?3)

      -- {1/3･(d(3)-3gs) -1/12･(-Di+D2+2D3)}･Kg

zi6 == to(4)/3 -1/12･(-opi+3n3)

      - (113 ･ (a(4) + 3id6) -1/12 ･(- Di + 3D3)} " -Z{ ,

v7 :tu(4)/3-1/12･(277i-3v2+3op,)

      --{1/3･(d(4)-3id7)-lf12･(2Di-3D2+3D3)}`"ZC,

vs = coa)/3 -1/12e(-op2+3,73)

      -{1/3e(cl(i)+3As)-1/12'(-ev'D2+3D3)}'liik,

where

,7i =- 112e {3wimu(toa)+2tu(2>+tu(3))]

n2 =: 1/2 ･ {3to2-(tu(2)+2tu(3)+ to">)}

op, = 1/2･{3-tu3-(to(,)+2tu(,)+tu"))}

op. in- 112･(3(D.- S.1Cl(T)'to(t))

Di==1/2t{3cli-(al(i)+2d(2)+d{3))}

P,==1/2･{3cl,-(cl(,)+2cl(,)+cl(,))}

D3 =: 1/2 ･ {3cl3-(d(3) + 2d(4) + d(o)}

D, ,. 1/2･(3cZ,- ]I.Sri,d?i)) ･
J

(88)

･････････････ (89)

       SS. ANOT]iMER COMPACT FORM IN
            A QWADRXLATERAL.
  In a quadrilateral as in Fig. 4 in g5 in Cha,pter 1, if another

way of making the angle equation, proposed by Prof. Galaehow in
the referenee (10), is employed, the following result･s are obtained.

  Condition equations: -t



   Rapid and Rigorous Calculation ior Adjustment of Fundainental

4Pointequationsateachstation; )

    Q)(1)+Vl+Vs :(1)(1)

    ･V(2)+V2+tis == tu(2)

                                  t
       V(3)+2)4+Vs :to(3J

       V(4)+V6+V7 := tu(4).

   3 Angle equations;

       Vl+V2+1)3+1)4 = tu1

       V5+V6+V7+?)8=:CD2

       Vl+V2+?)7+V8-(V3+a)4+V5+V6)::a}3

   A side equation;

        8       =(-1)i"i ,ili･vi ==: co., J
       i-1
where,

         .(,) = 36oo-((g)+x+s)

         tu(2) -- 360e-((2)+2+3)

         tu<B)=:3600-((3)+4+5)

         to(,> = 3600-((4)+6+7)

         toi ==1800-(X+2+3+4)

         to2--1800-(5+6+7+g) ,
         .,--3ts4+s+6-(x+2+7+s) 1

         tu,===(-1)ilog,sin.i. J
              i,=-1

   Applying the prineiple of the method ot- least

jf=: mi?z., instead of =vttu == o?zi?z.,

where,

      )f :=v･v-2.ifkl>(v(o+vl+ws-tum)

              -2K2}(vc2)+Q?2+tv3-(D(2))

              -2Kk3)(v(3)+v4+Vs-tu(3))

              -2&4)(v(4)+v6+V7-a)(4>)

323

････････ (90)

---st-e-ee- (91)

squares, we make
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　　　　　　　　　　4瓦＠、＋生，2れ，価一一ω1）

　　　　　　　　　　一2鰯＠5＋砂、＋嚇？，，一ω，）

　　　　　　　　　　一2焔＠・＋砂、＋僧，＋・1、回，、一・，、一・・5一免・6一ω，）

　　　　　　　　　　畷（　8Σ（一1琶＝1）・…ガ賜一）・

Fromπ＝り痂．，　viz．，　a珊a全・＝0，　we・btain，

¢・ω＝1簸の　　　　　（・‘　　1，2，3，aDd　4）　、

？，1・＝・瓦1）十．属十風十ゴr鰯

？†2一一～q・）＋瓦＋鰯一ゴ・・瓦　　　1

盆，3＝」職2）＋」磧一回＋43・瓦

免・4＝．κ～3）＋瓦一鰯一ゴ4・」礁

免・5一、照3）＋五レ鰯＋ゴ5・凡

書16嘉κ（4）＋属一風一46・瓦

定17＝瓦4）＋五毛＋」醜＋47・」＆

僧8＝κ（1）十瓦十鰯一48・瓦．

i

）

・・・・・…
@　。・・　（92）

　　Pu七もi119七he　rela七ion（92）into（90），　correla七e　equa七ions　are　ob七a｛n－

ed　as飼10Ws；

τvhere

3κ（・）＋κ1＋」醜＋2」醜＋ゴ（1）・瓦一ωω

3．1ζ（2）＋2π、　　　　＋♂（2｝・1醍＝ω（2）

31ζ（3）十・1ぐ1十　．碩一21鞠十dl（3）・．属・＝ω（3）

3五こ（4）　　　　　十2鰯　　　　　　十61（4）・及躍ωω

κα）＋2κ（2）＋κ（3）＋4κ1＋♂、・．瓜＝ω1

－Zζ（1）十　1ぐ（3）十21ζ④十4．ム轟～十‘Z2・瓦　＝ω2

2瓦1一2κ（，｝　　＋81蝿＋43・瓦＝ω3
　　る　　　　　　　　　　　ヨ
　　Σc～（の・κω＋Σ6ち・瓦＋（1。・及＝ω，，
　　乞一1　　　　　　　　　¢＝1

‘Z（1）窟41－48・

‘1（2ド」3－42

（7（3）離」5－4，

、

1

】

》　　・・・…　　。　（93）

）
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　　　　　　　d（4）嵩」7－」6　　　　　　　　1
　　　　　　　　　　　　4　　　　　　　　　　　　　　　　　　　　　　　　　　　　・。・…　　。・・　（94）

　　　　　　　♂・認Σ（一1）醐4，
　　　　　　　　　　　¢§1

　　　　　　　d2　監ΣX－1）づ＋1∠1¢

　　　　　　　　　　　琶旺5

　　　　　　　‘ε3＝』1＋」4＋46＋認？一診2－」3一』5一認8

　　　　　　　♂、　罵Σゴ・4，

　　Elimina七jng　Poin七correlates．瓦¢｝（i畠1，2，3and　4）in　equa七ion（93），

the　followiDg　equations　are　obもained．

　　　　　　　6斑一21乾　　　　　　　　　　十1）1・一Zく｝置臨η1

　　　　　－21ぐ1十6κ2　　　　　　　　　　十1）2。」に｝＝＝η2

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　。・・・・…　　。　（95）

　　　　　　　　　　　　　　　　16！ぐ』十1）3・瓦＝＝η3

　　　　　－D1・κ、÷1）2・瓦汁刀3・魚＋刀、・瓦富η。．

　　Solvhlg　equa七｛on　（95），　values　of．correlates　alld　corrections　of　ob。

served　angles　are　obtajned　as　follows；

1ぐ「1富（3η1十η2）／16一（3．D1十エ）2）／16・。石♂8

脇＝（η1十3η2）／16一（1）1十31）2）／16・瓦

」覧罵η3／16　－1）3／16・1＜直

κ（1ド・ω／3一（2η1＋2・・＋・・）／24一｛・z・1・／3イ2刀1＋2D・＋2D・）／24｝・瓦

瓦・・一・…／3《3・・＋・・）／24一｛d②／3一（3刀1＋刀・）／24｝・瓦

π…一・…／3《2η1＋2・・一・・）ノ24一｛（1（3）／3－r21）1十21）2－1）3）／24｝・風

κω一・④／3一（・・＋3・・）／24一｛・1・・／3一（刀1＋3D・）／24｝・瓦

瓦＝鍛／簿，

where　　鍛鵠ωド（3η1＋2ηrη2＋3η1＋η§〃16’

　　　　　　　戴）窩1）8一（3Z）呈十2Z）1・エ）2十31）碁十1）§♪／16．

」

（96）
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where

里｝．ItakUfa，　r

妙ω窺κω　　　　　　　（唇罵1，2，3and　4）

妙1嵩ωωβ十（5η1一η2十η3）／48

　　　一｛♂｛1）／3－41　十（51）1一エ：）2十Z）3）／48｝・瓦

砂2臨ω（2）13十（3η1十η2十3η3）ノ48

　　　《♂②／3＋ぬ＋（3D・＋刀・＋3刀・）／48｝・瓦

砂3認ω（2）ノ3十（3η1十η2－3η3）／48

　　　一｛♂、・・／3噛、＋（3D・＋刀・一3D・）／48｝・瓦

砂4癬ω（3）／3十（5ηゴーη2十5η3）／48

　　　《d、・・／3＋4・＋（5刀一刀・＋5D・）／48｝．・瓦

砂5鵠ω（3）／3十（一ηユ十5η2十5η3）ノ48

　　　一｛c洗3）／3一、45　十（一エ）ユ→一ξ∫エ）2十51）3）／48｝・瓦

砂6鵠ω（4）／3十（η1十3η2－3η3）148

　　　一｛d、・・ノ3橘＋（刀・＋3刀・一3D・）／48｝・凡

の7農ω（の13十（η1十3η2十3η3）／48

　　　一｛d、、，／3噺＋（1）1十3．Z）2十31）3）／48｝・瓦

砂8認ω（1）13十（一η1十5η2十η3）／48

　　　一｛d（1）／3・十認8　十（一1）1十51）2十1）3）／48｝・瓦，

η1霊3ω1一（ω（1）十2ω（藷）十ω（3｝）

η2罵3ω2一（ω（1）十ω㈹十2ω（4））

η3隠3ω3・一（2ωω一2ω（3））

　　　　　　ぱ
η8罵3ω8一Σ（τω・ωω
　　　　　　唇＝1

1）1無3（～1一（d（1）十2〔君（2）千（1（3））

エ）2霊3（12一（dα，十（1（3）十2dl（4））

1）3窩3（τ31一（2（1（1）一2（：～（3｝）

　　　　　　る
，D8罫34、一Σ♂も。
　　　　　壱照三

…　　。・　（97）

・・。・・・・…
@．・　（98）
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   If observed angles around a station are independenLly correeted,

or simply, outer angles are not observed, point equations at eaeh
station are omitted in equation (90), and equation (92) or (93) becomes

as follows;

             vi -pt Kl+Kh+idi-Kk

             ti, -- K,+Kh-M,･Kk

             v3 =: Kl-K3w3･Kl,

             v4 -- Kl-Kb-id4･K
                                 i             vs -- KiianKb + idseK

             v6 rp Kh-Kb-id6･Kk

             V7 -- Kh+ it ml- 4'i"Ki

             v, =: Kh + Kh -- d,･Kk ,

and

             4ilil + di'K] = toi

             4Kz+ d2'Kk := to2

             8Kh+d3`Ks =to3
         Sk di'Kig+ds'Kk =: tos･

         i-1

   Solving equation (100), eorrelates and

obtained as follows'
                '
      Ki :":1/4:'(tui-di'Klg)

       Kh == 1/4･(tu,-d,･Kk)

       Kb :== 118"(co3-d3"K,)

       Kk := sc/S,

where

       M==to.--ul1/4'(diotoi+d2'tu2+1/2

       fS) == al. -1/4･(d?+ d:+]12･clg) .

     tl, == 1/4

--e---eeoe----- (99)

.............･ (100)

correetions

     )

,

of angles are

e････'･' (101)

                             . ds e tu3)

                                    J

                                  '
      '(oi--l/2･to3)+{Ui-1/4･(di+1/2ud3)l･Kk

                                    '                       'v2 == 1/4 e (tuz + 1/2 e cv3) - {g2 + 114 o (cli + 1/2 " dB)) ･ Ark
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・・一114・（・一1／2…）＋｛4・司／4・（♂一］／2・♂・）｝・瓦

・・司／4・（・一・／2・ω・）一｛ゴ・＋・／4・（4一・／2・4・）｝・瓦

・ド・／4・（ω2司12・）＋｛4ド・／4・（♂…12・4・）｝・瓦

・・司4・（・・瞬12・ω・）《認・＋ユ／4・（drl／2・d3）｝・瓦

・・司／4・（・・＋・／2…）＋｛・・一・／4・（d・＋・／2・d・）｝・郵

・・一1／4・（ω2＋1／2・）＋｛ゴ・午・！4・（・～・＋・／2・d・）｝・瓦

・・ i102）

Rela七ions（99）七〇（102）coincide．　wi七h　those　obtained　in　refbrence（10）．

　Equ翫七ions　（93），　（95）　alld　（100）　are　able　七〇　be　expressed　in　the

following　Table　23，24　and　25　respec土ivdy．

Table　23。

∠誘傭が照臨勿 茄動グ
U｝罐。〆

�af魏

塑酬繍卿

ご7’砺 翻 御ん 話 雁 孫
ρでノ， 3 ノ ノ 2 砺 鰯，

で8， 3 8 喝 「働
‘3♪ 3 ノ ノ 一2 吻 吻
‘4， 、3 2 喝 晦，

ノ 1 2 タ 4 鵡 妨
2 1 7 2 4 壕 妨
3 盆 一2 8 嶋 妬
δ 喝 晦 嘱晦 鵡 曝 嬉 嬉 鮪

Table　24．

勢 　轟’?　　躍翻鵬
解麟御．溺 砺 ％ 孫

濯騨ヂ傭ρ〆

�塔旧
．ア 6 一3 〃ア を7

2 町2 6 巧 聾

3 ア6 乃

δ あ 乃 乃 必 偽

Table　25．

炉解岬ル魏 げ丁丁謬
形 垢 羅 毎

認鱗鯉謝㈱噂

ノ タ 偽 妨
2 蓼 壕 鮪
3 8 偽 鮪
δ 喝 幽・ 嶋 鴫 ％
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                    '

              swywrwrAmesc Anvtw eceywcxuwysxews,

                                       '   The general conclusions to be drawn from the investigations
desieribedinthispapermaybesummarisedasfollows: ･

                                                  ,    1. The process of the calculation by " Meel}anical Sket･ch Method"

ean be earried out quite mechanically and easily, in plaee of solving

many simultaneous equations.

   2. The calculation eonsists of simple addition, multiplieation and

   3. 0n the Correlate Sketeh, the numerical values usedin obt･ain-

ing the value of any correlate are always written near it and also
near eaeh other, a,nd never isolated.

   4. Numerical values fbr the addit･ion and multiplication can be

tal<en up immediately from the drawing, and the divisor is the
nuinber gf angles with relation to the correlate, so it is a simple

round number and can be known direcUy fi'om the sl<etch, with one
exeeption of the ease of the side eorrelate Kk, whose divisor is d,,
but this is also easily taken from the double circle in the sketeh.

    5. So the calculation ean be carried out easily with a slide rule

and conveniently with soroban even in the field, where a calculating

machine can not be used. t
   6. Tlius the process is carried out mechanieally and simply, so

chances of mistakes oeeurring are minimized. If any mistake should

ereep in any round, it js soon recognjzed and correct･ed immediately

and unconseiously in the course of the next round. So there is no
need especially to correet the mjstal<es, if they are not very large,

    7. The inore complex a triangulation net is and the larger the
nuiinber of condition equations beeotine, the more regularly, systein-

atieally and rapidly the ealeulat±ion ean be carried out which some
has hitherto been so complex and troublesome that various approxi-

mate met･hods have been adopted in some quarters for many >rears.

   8. The time required to solve many simultaneous equations rigo-
rously by this new met,hod is incomparably ]ess than by i[nethods of

elimination or determinaJit ordinai'ily used hitherto, and may be
even less than,by appiioximate methods.

    9. Figures and Tftbles whic]} give the first ya,lues of eorre]ates

redouble the meTits of this new rnethod and this ealeulation is a]so

very simple.
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   10. 0nly four kinds of elementary triangu]a,tion nets are treated

in this paper, butthese are all fundamental forms. iE[owevercornplex

a triangulation net is, it may be a combinat･ion of these tJour kinds

of fundamental forms, so this method is applicable to any eoiinpound

higher or geodetie triangulation nets.

    11. This new method is one use of t,he solut･ion for structural
firames, p.roposed by ?rot'. F. Takabeya, applied to t･he adjustment of

triangulation nets, and shows t}.]e x･vide range of app]icatjon proposed

by that author.

    IFinally, the li)resent author offers his grateful thanl<s to IProf.

F. Takabeya for his kind guidance in t,he preparation of this paper.


