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222 T. Itakura.

INTRODUCTION.

In general, as widely noted, Balancing a Survey is accomplished
by applying the principle of Least Squares and for that purpose the
““Correlate Method’’ is convenient. If acculate results in triangu-
lation are desired, conditions in the observations are increased and
this produces an increase in number of condition equations. In ac-
cordance with an increase of condition equations and a serieses of
individual triangles, the computation of correlate equations becomes
more and more complicated and even mistakes getting in during the
course of computation accidentally can perhaps not be avoided and
even their existence is difficult to discover.

For these computations, hitherto, there have been several avail-
able methods: Determinant Method as described in references (1),
(2) and (3) in the foot note below, Elimination Method as in (4), (5),
(6), (7) and (8), Successive Approximation asin (9), etc. For element-
ary triangulation nets, i.e., quadrilateral and centralpolygons, compact
forms of results are obtained by the methods proposed in (10) and (11).

In this paper, is described a new method of making correlate
equations and their computation for fundamental triangulation nets,
viz., central polygins, a single row triangulation net and a quadrilateral

(1) Beitrage zur direkten Auflésung der Normalgleichungen unter Besonderer
Beriicksichtigung der Geodiltischen Netzausgleichung. von Konrvad Friedrich. Z.£V,
1930 8. 461-469, 525-539, 671-697.

(2) Whittaker & Robinson; The Calculus of Observation.

(3) Jordan-Eggert; Handbuch der Vermessungskunde, Bd. 1, 377, S. 279.

(4) Einige Bemerkungen {iiber die gemeinsame Ausgleichung von Winkeln und
Lingen. Chr. Ganeff. Z.f.V. 1930 S. 157-180.

(5) Ein vereinfaches Rechnungsschema iiber die gemeinsame Ausgleichung fiir
Rechnenmachiene. Dr. Otto Gruber. Z.f.V. 1925 S.133-140.

(6) Die Aufldsung von Normalgleichungen mit Hilfe der Nova-Brunsviga Rechnen-
machine. P. Werkmeister, Z.f. V. 1928 8. 437-441.

(7) Uber die Bildung von Polygonbedingungsgleichungen mit Hilfe fingierten
Beobachtungen. W. Jenne. Z.{V. 1932 §S. 273-283,

(8) Die Auflésung eines Systems linearer Gleichungen mit mehreren Unbekanten
und grossen Koeflicienten und Absolutgliedern mittels der Gaussischen Additions-bezw.
Subtraktionslogarithmen. Karl Effinger. Z.f.V. 1034 S, 353-355.

(9) Auflésung der Normalgleichungen von Drelecksnetzen durch Schrittweisean-
nihrung. Dr. Pinkwart. Z.{.V. 1927 S. 257-270.

(10) Die Ausgleichung elementarer Dreiecksgruppen. Th. Galachow, Z.f.V. 1935
S. 449 -458. .

(11) Zur Ausgleichung von Zentralsystem. W. Dumke. Z.f.V. 1937 S, 689-694.
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by means of sketching a figure, accompanied by the method of iteration
under more complicated conditions, and is treated the case, in which
all angles are observed with the equal weight. This paper consists
of three Chapters:

Chapter 1 contains reductions of correlate equations in general
and values of correlates in special cases obtained by method of elimi-
nation. ,

Chapter 2 contains the principle of the Mechanical Sketch Method
with some examples and is the main part of this paper.

Chapter 3 contains values of correlates in compact forms obtained
by method of elimination in general case.

This new method is one application of the solution of structural
frames, proposed by Prof. F. Takabeya and T. Sakai in references
(12), (13) and (14), to the solution of many simultaneous equations of
correlates in adjustment of triangulation nets.

The present author offers grateful thanks to the authors of these
references, and especially to Prof. T'. Takabeya for his kind guidance
and encouragement during the preparation of this paper.

(12) F. Takabeya; Rahmentafeln.

(13) Practical Method of Calculation for Vierendeel Truss Bridges. T. Takehaya.
Memoirs of the Faculty of Eng., Hokkaido Tmp. Univ. Vol 4, No.2, Dec, 1937.

(14) A New Method of Rapid Computation of Secondary Stresses of Simple Bridge
Trusses. F. Takabeya and T. Sakai. Memoirs of the Faculty of Eng., Hokkaido Imp.
Univ. Vol. 4, No. 2, Dec. 1937. ®
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CHAPTER 1.

REDUCTIONS AND RESULTS BY METHOD
OF ELIMINATION.

§1. GENERAL DESCRIPTION.

In general, there are three kinds of condition equations necces-
sary in adjustment of plane triangulation nets, and they are point
equations at every station, angle equations at each individual triangle
and a ¢ide equation in a set of triangulation net which is between
two base lines or in a closed figure,

The number of these condition equations are expressed in well
known formulae as follows: ‘

point equations ; N, =m—(s—1).
angle equations ; N, = S—(1Thn—1).
side equations ; Ny = S§;— (273
where '

N, = the number of point equations
m = the number of angles observed at a station
s = the number of stations sighted at a station
N, = the number of angle equations
S; = the number of sides at whose ends angles are observed
77 = the number of transit stations ‘
N, = the number of side equations
Sy = the total number of sides
T = the total number of stations.

l

The process of caleulation for adjustment can be performed con-
veniently and systematically by applying the Correlate Method. In
this paper, a correlate method is also applied.

In the explanation of this new method, the writer calls correlates
which are velated to point equations, angle equations and side equa-
tions by the names ‘‘Point Correlates,” ‘“ Angle Correlates’ and
““Side Correlates” respectively, and expresses them by the following
notations ; '

point correlates, K, K, K, Kp, (i=1,2, -+, n,n+l)
each suffix 0, p, ¢, (i) denotes the station where
® the point equation is composed,
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angle correlates, Ky, (6=1,2,----,n)
each suffix ¢ denotes each individual triangle
where the angle equation is composed,

a side correlate, K.

Other notations ;

P; Q; (1)7 (2)7 ) (n); (n+l)) l: 2, crrc, R 3i'_2; 31_1, 31,

Y, & ete.,

= observed values of each angle respectively,

Tpy Vg Vs V@5 +ovey V) Vips1), Vai-2, Ugi-1, Vs, Ur,
= correction of each observed angle in seconds,

dyiogy Aoy, (B=1,2, -+, n)

= tabular difference of log.sin.3i—2 or log.sin.3i—1 per 1’7 in
the unit of the last place of logarithmic table,

or (log.e/p”’)-cot.3i—2 or (log.e/p’’). cot. 3i—1,
where log. ¢/p”’ = (4.7494 x 105)1,

§2. CLOSED CENTRAL POLYGON.

In a Closed Central Polygon as in Iig. 1, all inner and outer

Fig. 1.

angles are assumed to be observed, then the number of condition
equations is as follows;

N, =n—(n—1)=1 at the central station (0,

and 3—B~—1)=1 at each corner station,
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Ny=2n—(n+1—1)=n

N, = 2~{2n+1)1—3} =1.

The total number of condition equations is 2(n+1), and they are as-
follows :

A point equation at the central station (0);
n
Z Vg = wp .
i1
n point equations at each corner station;
'7‘(1)+Q,‘3i_2+’113.;_4.= ;) (’b = 1, 2, s, 71) .
. I e (1)
n angle equations at each individual triangle;
Vaig+ Vg1 Ve = w5 (i=1,2 ++++,m).

A side equation of the closed figure ;

g(dsi—z “ g gy 1 Vaio1) = g
where

wo = 360°— 313

wm = 360° — ((i) + 3i—2 + 3i—4)

w; = 180°— (3i—2 + 3i—1 + 3i)

0y = Sn_“,(log. sin. 3i—1 — log. sin. 3i—2) .
=1 ‘
Applying the principle of the method of least squares, we make

M = min., instead of 31w -v = min,,
where

n
M=>lv-v—2 Ix0< gy —w0>
} i=
E L(1) (1 () + 3.2 + g - 4_(0(1))
n
—2 Z 1(7)31 2+ Vs 1+’Z'uz“w¢)

K
—QIVB{E(Jzz 2 Ve — a1y "U3z_‘~1)_ws} .

From M = min., viz., 9M/9v = 0, the following relations are obtained ;
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vey = Ko

vgi-4 = Ko+ Kim1—dai-a - K
vgice = Ko+ K+ daicg Ky 4 cvvvnnnnnnnn, (3)
vai-1 = Kan+Ki— o1 Ko
vy, = Ko+ K;

Putting relations (3) into (1), one obtains correlate equations as follows;

n
nky + SR = @y
: =1
3[\7(1)'{‘1\.71_1‘*'](1 -+ d(i) . [(s = w() (’l/ = 1, 2, L, '7'L)

- (4)

Ko+ Ko+ Kgin+3 Ki+di - Ky=0; (1=1,2, ---+ n)

7 n . _
Do Ko+ 20di- Kt ds Ky = o,
=1 1=1 .
where ‘
dgy = dsi—o—dlsi—y
di = dgyg—dasq [ treretrececeneiaeiiaans (5) ‘
dy =>1d-d
If observed angles around corner stations are separately corrected,
or simply, outer angles are not observed, point equations at each

corner station are omitted in equation (1) and eqnation (3) or (4)
becomes as follows ; :

Vgig = Koy~ dsi-q - Ko
vyie = K; 4+ A2 K
vgio1 = K — Ay K
vy; = Ko+ K;

and
nly + i K = wp
=
Ky +3Ki+di Ky=w; (0=1,2, «-cv m) p coveeeers (7)

i Kk dy Ky = o, .

=1
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Solving equation (7), correlates and corrections of angles are
obtained as follows

Ky = 3/2n - (wg—0/3) +d/2n- K,

Ky = 13- (o—0/21) —eof2n— 1/3-(ds+dj2n)- K, | «ove (8)
K, =D ,
where
N = w, —1/3 (Zd : a)i—{‘d'a)/?n) +1/2n - deng
=1
D=d, —1/3- ﬁ;(zg+(~z2/2n) e (9)
i1
wzéwi (Z:édi.
=1 =
And

Vgi-2 = 1/3 . (a),;+w/2n) —wo/Q% -+ {J31_2_1/3 . (drf‘d/Q’]‘b)}"]fs
a1 = 13+ (wi+ of2n) —wof2n —{d i1 +1/3- ([di+d/2n)}-K, | - (10)
vy = 113+ (0j—w/n) +wo/n— 1/3+(d;—d[n) - K, ’

Relations (6) and (7) coincide with those obtained in references (10)
and (11).

§3. UNCLOSED CENTRAL POLYGON.

(2)
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In an Unclosed Central Polygon as in Fig. 2, all inner and outer
angles are assumed to be observed and length of sides at both ends
By and B; also to be known, then the number of condition equations
is as follows;

Ny=n+1l—(n+1-1)=1 at the central station (0),
and 2—(2—1)=1 at the corner stations (1) and
(n-+1),
3—(B—-1)=1 at each corner station except

(1) and (n-1),
N, = 2n+41—(n+2—1)=n

N, =1.

The total number of condition equations is 2n+3, and they are as
follows :

A point equation at the central station (0);
kO
Z Vot Vr = wp .
=1
n+1 point equations at each corner station ;
K6)) +a = (1)
Vot vsiet g =0  (0=2,3,---0,m) | (11)
V41 V21 = Opye1) -
n angle equations at each individual triangle ;
Vgi—ot Vgi—1+ V5 = w; (b = 1, 2, e, ’)?,\) .

A side equation of the figure;

ril (doz—2* vai-2—dlai—1* Vgi-1) = @ .
where .
w  =360°—( 3330 + )
om = 360°-((1)+1)
wgn = 360°—((i)+ 3i—2 + 3i—4) (1=2,3, -+, n)
o = 360°—({(n+1)+ 3n—1)
o = 180°—(3i—2 + 3i—1 43i) (i=1,2 -+, n)

(12)

s =§;(log.sin.3i—l ~log.sin.3i—2)+log. Ba—log. B.
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Applying the principle of the method of least squares, we make
M = min., instead of }v-v = min.,

where
M= S0 028 ( 3ot —-mo)
&
—2K 0y (vay+ v1— o)
—2 ;\j_l; Ky (v + vsia+ g a— )
—2K 41 (Va0 + Van-1— 0n41))
—2 ?;l K (vasmpt vgi g+ Vo —o0;)
n
—QI(S{ ;(Jm'—z * Uiz 3g-1 '1)3i—1)_°ws} .
From M = min.,? viz., 9M/3v =0, we obtain
v, =K
v =Ka (=1,2, , n+l)
viea = Koy +Kimi—4dsi—a K e (13)
Vgimg = K(z) +K; +dsac K

: i=1,2,-,n)
vg-1 = Kaan+K; —4dgi-1+ K

vy =K, +K;.

Putting relation (13) into (11), correlate equations are obtained as
follows : '

o

(n+1)K, + N K; = wp ]
91
2Ky +K; . + dgy N = o

K A Ka + K 4 d K= op (i=2,3, -+, n) w
: QIXY(?HI) +I(77, +d('n+1)' [(s = @(n+1)
](()I"f‘ I{(i) +~[((i+l)+SI(i -+ dZ ° [(s = w; ('I; = 2,. 3, sy, 7?/)

n+l n
2ida Ko + 20di- Ky + dy < Ky = o,
z=1 =1
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where
doy =t ]
oy = daya—ds;a
d(n+l) — _;[_18%_1 ................. (15
di = dy_p—iday
de =314-4d. J

If observed angles around corner stations are independently cor-

rected, or simply, 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 follow

vg-4 = Kio1— Ay - K
vy = K 442K
vy =Ky —da1- K
vy =Ko +K;
and '
(n+1) K + ?;11 K = @y

Ilro -+ 3[&2“"(]1 . I{s = @;

Sidi Ki+ds» K = w,
-1

2=

?

................

- (17)

-0--,/71)

Solving equation (17), correlates and corrections of angles are

obtained as follows;

Ky = 3/2n+3) - (we—w/3) +df{(2n+3) - K
K; = 1/3-{oi+ o/(2n+3)} —wo/(2n+3) —1/3-{ds+d)(2n+3)}-I,} (18)

K, =D,

where
D=d, —1/3- < }E @2+ dz/(2n+3)>
1-1
w = j:L w;
-1

. < En] dio;-+d m/(2n+3)) +d-wof(2n+3)
=

. (19)
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And

v 2=1/3+ {art f(2n+3)} —wol(2n-+ 3)+| dg_p—1/3-{di+d( 21’*”}1]1(]

vai-1=1/3+ {i-+0o)(2n+3) }— ol (200-+3) [ dyg-r+ 1/3- [ds+ d (20 +3)} |- K,
13

(20)
vy =1/3-{w—20/(2n+8) | +200/(2n+3)~1/3- {d-—‘)/(Qn-m d} K, [

§4. A SINGLE ROW TRIANGULATION NET.

In a Single Row Triangulation Net as in Fig. 3, all inner and
outer angles are assumed to be observed and the length of sides at

Fig. 3.

both ends B; and B also to be known, then the number of condition
equations is as follows; -

N,=2—2-1)=1 at station P or @,
and 3—B-1)=1 at station (1) or (n),
4—(4—-1) =1 at each station except P, @, (1) or (n),
Ny= 20+ 1—(n+2—1)=n '
N, =1.

The total number of condition equations is 2n43, and they are as
follows ;

n-+2 point equations at each station;
’Up “+ 1 = wy
Yy 3ty = o)

Wy + Vg + Vg Vs = o (b = 2: 3, e 71_1)
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Pn) + Vgpq T Vs = W(y) |
. (21)
l‘q + 'I)Snkl = @y .
n angle equations at each individual triangle;
'1‘37"2-*"(?3,'*1“{“7'37; = wy ’ (?/ = 1, 2, reety, ’)'l,) .
A side equation of the figure;
1‘
>_IJ (gi-p* Vgi-p— ul3jo1* Vgio1) = s .
where
wp = S0°—(P +1) )

wm = 360°—((1)+3+4)
o = 360°—(({)+ 3i—4 + 3i + 3i+1) (i=2,3, -..-,n—l)%‘
o = 360°—((n) + 3n—4 + 3n) (22
w0, = 360°—(3n—1 + Q)

@ =IS0°(3i=2 + 3i—1 + 3) (=12, 0)

w, = > (log.sin. 3i—1 — log. sin. 3i —2)+log. By—log. By .

i=1

Applying the principle of the method of least squares, we make
M = min., instead of S v+v = min,,

where
M= 0—=2K,(v,+11—w,)

—2K ) (vay+ s+ v4—wq))
n—1 .

—2 z; K ('U3i~4 + 13+ Va1 ()
=2 .

— 21((71.) ('2 o)+ Vap—a T+ Vep— w(n))

— 2]\:1 ('I‘q -+ V-1 wq)

k3
—2 37 N (gm0 135-1+ 13— 00y)

i=1

—2K { Z; (dai-2 * Voi—g— clysmy* ’Uﬁi—1>_ws} .

From M = min., viz., 8M/3v = 0, we obtain
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v, =K,

w =Ko (i=1,2, -, n)

v, =K,

v =K, +Ki+ 4K

vy =Kg +Ki—42-K,

v =Ky +K;

vgi-z = Ko+ Ki + g2 Ky (i=2,3, -+, n—1)
vgie1 = Kuany + Ki— 4y - Ky (i=2,3, -+, n—1)
vy =Ko +K; i=2,3,,n—1)
Va2 = Koon+ K+ A2 K

v = Ky + Ky— d3-1- Ko

v =Kp +K,.

- (23)

Putting these relations (23) into (21), correlate equations are obtain-

ed as follows ;

O, 4+ b4 K=,
8]((1) +[&71 +I\72 -+ Ll4 . ]\,S = ()
4]((1) -+ I(i—l +I(z ‘I‘I(i.ﬂ‘{" (Z(,,g) . ]&79 == () (’b' = 2, 3, ey ’/Z“‘l)
31((71) +[\7n—1+ [{n dﬁ371—4 ¢ I{s = W(p)
. - - (24)
Q-KQ +I\n —dgp-1 ]xs = wy
Kt K + Ky + 8K +ds- Ky =w; (i=1,2, -+, n)
) n-1 .
Ay K+ dy- Koy + 22 dy* Koy—dan-4+ Kmy
=
s Ky + N K Ay K = oy
=1

where

dip) = da-2—ddsi—g

di = gio—dgsiy | eeseeeeresiaaan (25

dy =>d4d.
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If observed angles around each station are independently corrected,
or simply, outer angles are not observed, point equations at each
station are omitted in equation (21) and equation (23) or (24) hbecomes
as follows ; ,

Vgi-2 = I(Z‘{‘ A37;_z . I<S l
vgi-1 = Ki—dz;-1- K, J ........... (26)

vy; = K; i=1,2,,n),
and
BKHd; Ky=w;  (i=1,2, -+, n) }

Sy Kitdy Ky = o, .
=1
Solving equation (27), correlates and corrections of angles are
obtained as follows ;

K;=1[3- (wi“'di - K) ‘l

K, =D,
where
N = (DS‘—]./B . ﬁ]di ° Wy
7";1 ' TRy (29)
D =d,—1/3-> 2.
=1

Vaimn = 1/3 w4 (dy2—1/3 - dy) - K
Vi1 = 1/3 ° wi—(‘jﬂ’i»l + 1/3 ° (Zi) . I\T‘s ----------- (30)

vy = 1/3-w;—1/3-d;- K.

§5. A QUADRILATERAL.

v In a quadrilateral as in Iig.
4, all inner and outer angles are
assumed to be observed, then the
number of condition equations are
as follows ;

T

N,=3—(3—1)=1 at each station
N,=6—(4—1=3
N, = 6—(8—3)=1.
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The total number of condition equations is eight and they are as
follows :

4 point equations at each station ;
Yy F vt U = wq)
VT2t 13 = w@
Y@y Vet Vs = @)
Dyt Vet 7 = o -

3 angle equations; ) eeeeeeeeens (31)
V1t ve+v3t vy = @
VgF 0 5+ U5 = wp
Vst gt vt s = w3 .

A side equation ;

8
23 (1)t vy =

A

where
@ = 360°—((1)+1+8)

w@ = 360°—((2)+2+3)
0@ = 360"—((3')+4+5)
ww = 360°—((4)+6+7)
oy = 180°—(1+2+3+4)
wp = 180°—(3+4+5+6)
wz = 180°—(5+6+7+8)

8
w; = D' (~1)log-sing
=
Applying the method of least squares, we make M = min., instead
of Slw.v = min,,
where,
M =S v 0—=2Kp(vpn+11+ 05— wq))

—2[{(2) (’I,‘(z) + T.Z -+ g w(2) )



Rapid and Rigorous Calculation for Adjustment of Fundamental 237

—~ 2K ) (v) + 04+ v5— oz )
— 2K ) (v + v+ vr—ootg) )
— 2K, (v +vet v+ vs—ep )
— 2K, (va+ 05+ v5+ v—awy)
— 2K (vs+ v6+ vr+ vs—aw3)

8
9K, ( S 1) Loy 'uiwws) .

1=1
Fro1‘n M = min., viz., 3M/3v = 0, one obtains
v = K (i=1,2,3and4)
v = Kmn+K; +4:- K,
vy = K(z)—l—K; — 4z K,
v = Ko+ Ki+Ket 4s- K,
v = Ko+ Ki+Ke— 4, K, <+ (33)
v5 = Ka+Ke+Ks+ 45+ K,
v = K+ Ko+ Ks—ds - K
v = K@ + K+ 47 K,

vy = K +Ks—4z- K,

Putting the relation (33) into (31), correlate equationis are obtained
as follows;

3K v K+ Kerde K= o
3N @ +2K+ Iy +dg K, = w(2)
3K @) + Ki+2h3+ K+ d(3) . I{S = w(3)
3,[&?(4) + K+ 2K+ (‘1(4) KN, = w(4)
; L o - (34)
.[X(])'{'Q[i(g)"}‘ f&(g) +4 K +2K, +d; K, = w1

Ko+ 2K g+ Kg+2R+4K+2K5+ds - K, = ws
I((l) -+ I((s) -+ 2.[((4) -+ 2[(2 -+ 4](3 -+ (73 . I{s = @3
4 , 3 .
St Ko+ S1d; - K+dy - Ky = o,
1=1

=1
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where,
da = d1—d

Cl(a) = dyg—dy

L

4
dy = (—1)*i;
i1

]
(13 = 2 (—I)IHIJ@'
=5

T. Itakura.

dg = dg—ut»

dy = dr——ds

[i]
dy =20 (—1)*y,
i

de =>74- 4.

If observed angles around each station are independently corrected,
or simply outer angles are not observed, point equations at each
station are omitted in equation (31), and equation (33) or (34) be-

comes as follows;

v = Kj

v = Ky —4;-K,
u=K+K:  +45-K,
w=K+Ks —di K,
vs=  Ke+Ks+ds K,
ve=  Ket+Ks—ds K,
v = Ks+ 47+ K,
vs = Ks— 45+ K,

2K+ K,

+4:- K,

+dy e K== oy

Ky4-2K5+ Kytdy- Ky = we

Ko+ 2K5+dy - Ky = oy

3

SVd; - Ko

=1

+d, e K, = wg

Solving equation (87), values of correlates and corrections of angles

are obtained as follows:

I(l = 1/4— . (8(01-2(02‘{‘&)3)—1/4 . (86l1~2(72+d3) . ](S ]
I(z = "—*1/2 . (w1—2w2+w3)+1/2 . ((l1—2612+(l3) ° ILYS |

Kz = 1/4 - (01— 2ws+3ws)—1/4 - (d1—2d2+3ds) - K

K, = 0D
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4 . :)
N = w,—1/4: {{]1(3(1)1""‘2(02+w3>—2(]2((4)1'—20)2+ w;3) (38)
+(13(w1’—2w2+3m3)}
ED = (Zb_—l/:': . -{(ZI(S('Zl*Q(Zz -+ (13)*—‘2(12(([1'—2(72—‘—(]3)
+((73((71—2(,Zg+3({3>}
v = 14+ (Beor— 2w+ wz)—1/4 - {(3(;1_2(,2 T dg)—4 JI} K,
vy = 1[4+ (B — 2w+ wg)—1/4 - {(3(11_2(72 dg)+4 Jz} K,
vy = 14+ (1 2og—w5)—1/4 - {(‘Tl1+'2(f’2~dg)~4d3} K,
vy = 1/4+ (014 202—wy)—1/4 {((11+Q(72—613)+4,_14} K,
(39)

vs = 1[4+ (— w1+ 200+ wn)— 14+ {(—da+ 2art do)— 45} - K,
vo = 1[4+ (—wr+ 2wp+ o) —1/4 - {(—dst 2+ dy)+4ds)} - K,

vy = 1[4+ (y—2ws+ Ze0g)—1/4 - {(cll~—‘2(12+3<‘l3)——4d7} K,

0g == 1)4 - (01— 200+ we)—1/4 - {(d1—2dp+3ds) + 4| - K,
where,

oy =1/2+ {180°—(1+2+3 +4)}
w02 = 1/2- {180°—(3 +4+5+6)}
s = 1/2+ {180°~(5 + 6 +7+8))
0, = 1/2- 28; (—1)log - sin. i
B=172-3) (1),
dp =12 i, (— 1y,

8
dy = 1/2- 33 (— 1)1,
1=5

[~
v:)

f
[y
pauy
[S9]
1

¥

e
]
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CHAPTER 2.
MECHANICAL SKETCH METHOD.

§1. GENERAL DESCRIPTION,

By calculating equations expressed in the preceeding chapter,
substituting the values d and w, values of all correlates and correc-
tions of angles can be gotten. DBut these calculations are very complex
and one can not get rid of various mistakes. As the mistakes are
only found out at the final course of the calculation, the time re-
quired in calculation and wasted in finding out these mistakes can
not be estimated. Therefore, in ordinary practise, especially in civil
engineering works, the process may be divided into two :

Itirst;  point'equations and angle equations are solved independent-
ly and observed angles are corrected.

Second ;  with these values, a side equation is solved and then,
for the second time, already corrected angles are recorrected.

In the.present new computation, many simultaneous equations in .
chapter 1 are solved at the same time quite regularly on the figure
sketched and if there occur any mistakes in any course of calcula-
tion quite smoothly, naturally and unconsciously. This is the most
advantageous characteristic of our ‘‘ Mechanical Sketch Method.”

In the following paragraphs, are explained the principles and
procedures for central polygons, single row triangulation net and a
quadrilateral with some numerical examples.

§2. CLOSED CENTRAL POLYGON.

Iicquations (4) and (7) in §2 of chapter 1 can be expressed in the
following Table 1 and 2. \

In these tables, the letters or figures in the column of Sign of
Tiquation denote stations, number of triangles where the condition
or correlate equations are composed, or kinds of equations. A bracket
means the number of station or a point equation, a figure without
bracket is the number of an individual triangle or an angle equation,
and S means a side equation of* the polygon. Figures in the column
of Left Side of Equation are coefficients of corresponding correlates
above expressed. Letters in the column of Right Side of Lquation
are absolute terms corresponding to the rows of Sign of Iliquation.
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Table 1.

5/’,2/” Lefy Siage  of eguakion ggj"; P

eguarion | o\ o) ol S IALALA .4 Fal | Epuation

) |7 { : 7\7 717 27
(7) J 7 714,
(2) J ar Ay Gy

2\ Y (

(n-7) J N7 Vord ey
n J P17 (o) Gy
7 7 7 3 d/ [A!'y
2 7 77 J (2’3 s

~
\ ,

n-r |7 Flv I Vo @y
n 717 7 N
§ oy |tz it lon) Ay | g {’dﬁv dn af}[ G

Table 2.
D : ; . Right
‘ nf’(g” Left Side of epwalion sl é of
equation [T 1514 Vo ] I | egeation |
)] Fi7 7l )
7 dy Wy
2 3 dy| oy
n=7 |7 J sl Wng
n 7 Jlde| tn
$ dy| ds s dn| ds Wy
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Glancing at these tables, it is interesting that the large values of
coefficients are arranged in diagonal, from upper left to lower right,
and other coeflicients are situated regularly and systematically to this
diagonal axis. This is the “ Key’’ to this new method of calculation.
It may be considered that the correlate which has a large coefficient
plays a chief part in that equation, so it is a short cut to obtain the
value of the correlate from that equation. The process based upon
this principle will be explained by the method of iteration.

Correlates of each kind are expressed in the following forms:
The point correlate K ;

Koy = 1/3 - (0wpn— ;1 —Ii—dy - I)  evere e (41)

In this formula, angle correlates K, and K; belong to triangles which
meet at the station (¢), and the denominator is the number of angles
around station (i), that is 3.

The angle correlate K ;
KN; =13+ (0;— Koy—KNgoy—Ko—d; - K) «oovenne ceeeees (42)

In this formula, point correlates Ny, Ky.n and K are three stations
of triangle where this angle equation is composed, and the denomi-
nator is the number of angles in a triangle, always 3.

The point correlate Ky ;

](0:1/”,.<w0_§"1__,](i> e e (48)
=1

The angle correlates with relation to Ky are around the centre station
(0), viz., all angle correlates, and the denominator is the number of
angles around the central station (0), that is n.
The side correlate K ;

K, =1/d,- <a,s_ S - Kog— S ds + _1(i> e (44
7=1 =1

This has a relation to all point and angle correlates except K.
After these relations are understood, tables are not needed and
the figure of this polygon becomes convenient (Fig. 5). This will be
called a ““ Correlate Sketch.”’
First; the figure is sketched which is now going to be adjusted.
Second ; double circles are drawn at every station and in each
individual triangle. In the inner circles, the number or sign of the



Rapid and Rigorous Caleulation for Adjustment of Fundamental 243

Fig. 5.

corresponding stations and triangles are written, and in the upper and
lower spaces between the inner and outer circles d and o respectively
are written. Blank spaces around these double circles serve for the
entry of values successively obtained.

Double circles of (0) and & can be conveniently drawn outside of
the figure, in order to avoid confusion.

With these, the preparation is over and the calculation is begun.

1. Let first value of K, be calculated thus; first values of point
and angle correlates are multiplied by the upper figures d written in
each circle (they are taken up in neighbourhood) and these products
are added, with the opposite sign, to the lower figure w, in circle S,
and this value is divided by the upper figure d, in circle S. The
result is written near circle S.

This process shows that equation (44) is calculated.

2. Let second values of point correlates K be calculated thus;
first values of angle correlates in triangles around point (¢) and the
product of the upper figure in circle (¢) and the first value of K, 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), name-
ly 5. This result is written under the first value.

This process means that equation (41) is solved.

3. Let second values of angle correlates K; be calculated thus;

second values of point correlates Ky at three points of this triangle
i whose angle correlate is now going to be calculated and the product
of the upper figure in circle ¢ and the first value of K, are added,
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with the opposite sign, to the lower figure in circle ¢ and this value
is divided by the number of observed angles in the triangle, namely

(8]

3. These values are written under the first values.
This process means that equation (42) is solved.

4. Let the second value of the point correlate K, be calculated with
the second values of angle correlates K; above obtained and written
in each triangle; the second values of angle correlates I; are added,
with the opposite sign, to the lower figure in circle (0) and divided
by the number of angles around the station (0), namely 2.

In this case, there enters no term of K, as there is no figure at
the upper portion in cirele (0). This value is written under the first
value of it.

This calculation means that equation (43) is solved.

5. With the second values of point and angle correlates above
obtained and by the same process as in 1, the second value of the
side correlate K, is obtained, and is written under the first value.

These processes 2, 3, 4 and 5 are the first round of calculation.
After the first round is over, the second and the third rounds ave
carried out. After several rounds, the values thus obtained converge
to the correct values.

In these calculations, for the addition of » and the values of cor-
relates and the final simple division, a Japanese ‘“Soroban’’ is very
conveniently used, and for the multiplication of d and K, a calcu-
lating machine or a slide rule is convenient, but one is skilled on
the Soroban, multiplication and division are also easily carried out
with it.

IHowever circuitous this process may appear, it is not really.so,
but of direct judgment and more convenient. Numerical values which
are required for any correlate are always situated near it in the figure
and are never separated from it, so mistakes can not occur., And if
any mistake occurs in any round, it is immediately and unconsciously
corrected in the course of the next round, and moreover, calculation
can be stopped at the required place of the results.

And the calculation can be carried entirely on the sketch mecha-
nically, leaving from the consideration of solving many simultaneous
equations.

.The more complex the figure, the more regularly, systematically
and rapidly the calculation can be carried on. These are the most
significant and advantageous characteristics of this new method.
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The first values of K,, Ky and K; are good enough with any
values, but, to accelerate the convergence, it is convenient to use the
following formulae :

The point correlate Ify;
Ko=5/2n e, +1/n" })"; (ﬁs(.i)—mi) ................... (45)
EEEES

where n is the number of triangles which compose the polygon. The
first values of other correlates Iy and K are expressed as follows;

[2)

n =3,
Ky = 0.58 wy)+0.38 wo O.QI(w(i_l) + (1)(7:4.]))
-O,38(wi,1+wi)~~0.25 L S T (46)

Ky = 0.75 03+ 0.38(w;-1 + wi41)—0.5 wo

—0.38( e+ 0+1)—0.25 @1

n =4,
Ky = 0.55 0 +0.25 wo%().17(m(i_1,+m(i+1)")+0.12 -2
— 0.3 wi-1+ 1) —0.18(ei41 + i r0) e (4T)
K; = 0.67 w3+0.29(e0;1 + e0i21) +0.24 e0;_5—0.58 ang

—~O.32(w(-;) + w(;,.l))—0.18(w(i_1) + wisg)

n =23,

Ky = 0.53 w5+ 0.2 wp+ 0.15(ws 1) + 041)
+0.0%wi -2+ 0 rz)—0.29(w; 1 + ;)
—0.15(wi14 @i-2)—0.13 w; 42 ceee (48)

K; = 0.63 w;+0.25(w;_1+ wi1) + 0.19((4)7;_24'(01‘42).
—0.8 wo—0.29(wg) + 0 1)) + 0. 15(w; -1y + 0 42)
—0.13 wy-2)
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n = 6,

Ky = 0.51 0@+ 0.17 awy+0.13 (0-1n+ wi 1)
+0.08(w(i-2+ @12) +0.07 w0 -5—0.27(e; -1 + 07
—0.13(wimaF 030)—0.10(i-g + 0rg) e (49)

I = 0.60 w;+0.22( w51+ 0;41) +0.16(w;_2 + w;42)
+0.15 0;-5—0.25 0p—0.27( 0w + o 41)

—0.13(0- 1) + 0g42)~0.10(w- 2 + 0 4n)

LKy = 0.50 0@+ 0.14 wo-+0.12( w1y + wry)
+0.07(w-2)+ w42) + 0.06( -5+ w0 +a)
“0.26((01;1-}'a)g)-—o.ll(a)i_z—i-wiu)

: e (50)
—0.09w;_2 4 w;r2+ w543) ‘
I(z = 03:\ a),i+O.19((oi_1+w5+1)+0.14(wi_2+w¢+2)

+0.13 (wi_g -+ a)i+3)—0.21 wo—0.26(wu-n + w(i))

— 0.1 w2+ w-1)—0.0N w2 -2) + 0 -2+ @0 +3) -

These formulae are expressed conveniently in Fig. 6. In Fig. 6,
numerical values denote coefficients of » in that position and a circle
denotes the coefficient whose correlate it is desired to obtain. These
values are obtained by taking terms of « only and neglecting the
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Fig. 6.

term of K, in equations (72) to (78) in §1 in Chapter 3. The cal-
culation of these first values is sufficiently accurate up to two places
with a slide rule.

In the case of Table 2, the method of calculation is the same as
above described, but terms Ky, dy and op do not exist, so the pro-
cess can be continued more simply, that is, process 2 above mentioned
is omitted. Then the formulae are limited to (42), (43) and (44), and
the first values of the correlates are able to be obtained from equa-
tions (8) and (9), by omitting the term K.

Z(() = 3/21’1 - (CBQ”'D;V/3) 3 °
=1/3- (wi-i—m/Zn) ~wwo/2n
where

w = 5—_“ &3y .
i
After the values of all correlales are obtained, the values of cor-
rections of the observed angles are gotton from equation (3) or (6)
in §2 in Chapter 1.

Numerical Example 1. A Closed Central Hexagon,

All inner and outer angles are observed ; the problem is to adjust
them. Figures obtained by calculation are shown in Table 3. Num-
bers in the above are orders of calculation.

(1) ; number of angles,

(2) ;. observed values of angles and sum of three angles in

each individual triangle,
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(3) ; values of log.sin. of observed angles 3i—2 and 3i—1, and
values of w;, wo, ws, and wg,
(4) : tabular difference of log.sin, per 177,

(5) : d; and dg, for example,

dy = dy—dp = 9.056—19.43 = —10.38

(Z(]) = J1—dig = 9.05—1.38 = 767 & OtC.,
4+ for angles 3i—2 and 37—1,
Correlate Sketch, this is the main point of this paper,
‘values of all correlates are obtained (this process will be
explained later),

R

(8) J-K,, K, obtained from (7),

(9) ; corrections v from Ky, Ky and K in (7) and 4+ K in (8),
(12) ; corrected values of angles by (9),

(13) corrected log.sin. for calculation of side length of fri-

angulation nets, with 4.2 in (10),
(11) ; w-» for the calculation of probable error.

Now Correlate Sketch in (7) will be explained. (Fig. 7). TFigures
in the double circles are d and » which are shown in (5) in Table 3,
for example, d; = —10.38, oy = —5.3 in circle 1,
day = 7.67, wm = 6.3 in circle (1).

The first values of correlates are obtained from (49) or Fig. 6
(n = 6) and (45) as follows:

The point correlate K, from (45);
Ky=042x6.6 +0.17 (6.3 —7.2 —5.1 +3.1 +7.4 —4.8)
—0.25 (—5.83 —7.9 —9.3 +9.5 +3.1 —9.9)
= 7.7,
Point correlates Ky from Fig. 6 ;

Ky = 017x06.6 +0.51x6.3 +0.13(—7.2—4.8) +0.08(—5.1+7.4)
+0.07x 3.1 —0.27(—5.3—9.9) —0.13(—7.9+38.1)
—0.10(—9.3+9.5) = 7.9,

similarly, Ag = 2.8, Kg=23.0, Kgy=4.0, Kg=47 Kg=2.9.
Angle correlates K; from Fig. 6;

K= —0.25%6.6 —0.27(6.3—7.2) —0.13(—5.1-4.8)
—0.10(7.4+3.1) +0.60x —5.3 +0.22(—7.9—9.9)
+0.16(—9.3+3.1) +0.15x9.5 = 7.8,

similarly, Ky= —7.4, 3= —84, K;=-—24, K;= —4.0,
e = —9.5.

These first values are written in the spaces near their double circles.
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The side correlate K .

First values of point and angle correlates above obtained and
written on the sketch are multiplied by the upper figures in each
circle, they are situated in neighbourhood, and these products are
added. Then the sum is added, with the opposite sign, to the lower
figure in circle S (w, = —326) and divided by the upper figure in
circle S (d, = 2,336.65), thus the first value of the side correlate K is
obtained. That is,

K, =1/2,336.68 - {~ 326 — (7.67 x 7.9 —2.35 x 2.8 — -+
upper lower  upper Ist. upper  Ist,
figure figure figure value figure value
in eir- in cir- in cir- of in cir- of
cle S cle § cle () Ky cle (@ Aw

at point (1) at point (2)

—10.38 x —T.8 + 415 x —Td+ )]

upper 1st. upper 1st,
figure value  figure value
in cir- of in cir- of
ele 1 K cle 2 i
1 S—

in triangle 1 in triangle 2

= —(0.11.

This value is written under circle S.
This process means that equation (44) has been calculated.

Second values of correlates are obtained as follows:

Point correlates Ky,.

First values of angle correlates in the triangles around point (%)
and the product of the upper figure in cirele (i) and the first value
of K, are added, with the opposite sign, to the lower figure in circle

(4) and then this value is divided by the number of angles around
point (¢), namely 3.

Koy=1/3-(6.3 495 + 7.5+ 7.67 x 0.11) = 8.1.

S —

no. of lower Ist, valuesin upper 1st,
angles figure triangles 6 figure  value
around in cir- and 1 around in cir- of

p(zint cle (1) point (1) cle (1) K
1)

added with the opposite sign

This value 8.1 is written under the first value

~1
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Kg=1/3-(—=72+78+74—235x 0.11) = 2.6.

[ ——
no. of lower 1st, valuesin upper Ist.
angles figure triangles1 figure  value
around in cir- and 2 around in cir- of
point cle (2) point (2) cle (2) K

(2)
added with the opposite sign

This value 2.6 1s written under the first value 2.8.
similarly Kg =34, Kgy=45, Kg=4.3, Kg=3.2.

These calculations show that equation (41) has been solved.

The point correlate K.

Similarly to the case of point correlates K above, but the only
difference is such that the number of angles around the point (0) is
6 and there is no term K.

Ko=1/6-(66+78+74+84+24+40+95)=76.

no. of lower 1st. values written in all triangles
angles figure around the central point (0), added
around in cir- with the opposite sign

point cle (0)

(©)
This value 7.6 is written under its first value 7.7. This process
means that equation (43) has been solved.

Angle correlates K.

Second values of point correlates at three points in the triangle ¢,
whose angle correlate is now going to be obtained, and the product
of the upper figure in circle i and the first value of K, are added,
with the opposite sign, to the lower figure in circle ¢, and this value
is divided by the number of observed angles in a triangle, namely 3.

Ky=1/3+(—5.3—8.1—2.6—7.6—10.35 x 0.11) = —8.3 .

no. of lower 2nd. values written upper Ist.
angles figure at three vertices (1), figure value
in tri- in cir- (2) and (0) in in cir- o
anglel clel triangle 1 clel . K

added with the opposite sign

This value —8.3 is written under the first value —7.8.
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K,=1/3-(—7.9 =26 —34-—-76 +4.15 x 0.11) = —7.0.

no. of lower 2nd. values written  upper  1st,
angles figure atthree vertices (2), figure value
in tri- in cir- (3) and (0) in in eir- of
angle2 cle2 triangle 2 clel Ky

added with the opposite sign

This value —7.0 1is written under the first value —7.4.
Similarly Ky= —85, Ky=-—2.3 K;= —43, Kg= —8.8.

This process means that equation (42) is calculated.

The side correlate K; is obtained similarly to the case of ifs first
value, but second values of point correlates written at each point and
angle correlates written in each triangle are used.

K, = 1/2,336.68 - {——‘“‘26‘ — (707 x 81 —285x 26+ ----

upper lower upper 2nd. upper 2nd.
figure figure figure value figure value
in eir- in ¢ir- in cir- of in cir- of

cle S8 cle S cle() Kpy cle(2) Ko

at point (1) at point (2)

—10.38 x —8.3 + 415 x —T.0+--++)}

upper 2nd. upper 2nd.
figure value figure value
in cir- of in cir- of
clel K cle 2 K,
in triangle 1 in triangle 2

= —0.134.

This value —0.134 is written under the first value —0.11.

This process means that equation (44) is solved.

Thus the first round of calculation is over, and the next rounds
are proceeded with. In this case, the calculation reaches its end at
the fifth round and corrections of observed angles can be obtained to
the second grade below zero from equation (3) in §2 in Chapter 1.
Time required in this calculation is only three hours. If ordinary
rigorous process of solution is applied, the lime required may be
three or four times as great.
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Angles
(1) (2) ' (12) 1 3 13) ‘ (4) (5) (8) 9 (10) (11) (6)
C k - Tabu. |
ih cre Correc-
Observed Corrected Initial Corrected Diff. - :
J . . : oy 5. A
No Values Values Log. sin. Log.sin. | per 1/ 1 A-Ks tlgn A v a-A
A
o 1 u o 1 i |
1 66 44 31.7 66 44 30.23 9.9631912 9.9631899 9.05 ‘_10 38 —~1.233 | —1.47 — 13.3 2.1609 81.9025
2 47 17 8.8 47 17 3.69 9.8661335 9.8661275 19.43 -2 2,646 —3.11 — 60.4 9.6721 377.5249
3 65 58 26.8 65 58 26.08 —0.72 0.5184
180 00 5.3 | 180 00 00.00 | w, = —5.3
4 50 &7 34.0 50 57 27.31 9.8902535 9.8902421 17.08 415 —2.326| —6.69 —114.3 44.7561 291.7264
5 58 26 16.4 58 26 14.52 9.9304769 9.9304745 12,93 ’ 1.761] —1.88 — 24.3 3.5344 167.1849
6 70 36 17.5 70 36 18.17 0.67 0.4489
180 00 7.9 | 180 00 00.00 | wy = —7.9
7 65 36 12.8 65 36 6.26 9.9593797 9 9593735 9.55 .87 —1.301| —6.54 — 62.5 42,7716 91.2025
8 52 55 19.0 52 55 17.16 9.9019021 9.9018992 15.92 20 2,168 | —1.84 — 29.3 3 3856 253.4464
9 61 28 37.5 61 28 36.58 —0.92 0.8464
180 00 9.3 | 180 00 00.00 | w;= —9.3 )
10 57 17 50.7 57 17 51.09 9.9250471 9.9250476 13.52 0.65 —1.841 0.39 5.3 0.1521 182.7904
11 58 35 10.7 58 35 14.50 9.9311660 9.9311709 12 87 ' 1.753 3.80 48.9 14.4400 165.6369
12 64 6 49.1 64 6 54.41 5.31 28.1661
179 59 50.56 | 180 00 00.00 | w,= 9.5
13 75 24 46.2 75 24 45.44 9.9857702 9.9857698 5.47 —7.83 —0.745| —0.76 — 4.2 0.5776 29 9209
14 57 42 32.7 57 42 33.30 9.9270348 9.9270356 13.30 ’ 1.811 0.60 8.0 0.3600 176.8900
15 46 52 38.0 46 52 41.26 3.26
179 59 56.9 | 180 00 00.00 wy; = 3.1
16 42 48 9.2 42 48 0.64 9.8321728 9.83215633 22.78 21.85 —3.096 | —8.56 —194.6 73.2736 516.6529
17 86 14 56.2 86 14 55.86 9.9990686 9.9990685 1.38 o 0.188 | —0.34 — 0.5 0.1156 1.9044
18 50 67 4.5 50 57 3.50 —1.00 1.0000
180 00 9.9 | 180 00 00.00 | wz= —9.9
wy= 6.6 DAp = ds =
ws = —326 —326.0 2,336.6831

[eIuemEpuUn,] JO jueuysnpy 10y uoneo[e) snoxodnyy pue prdeyg

89%



Table 3.—(Continued)

Angles
1) (2 12) 3 (13) 4) 6)) 8 (9) (10) an (6)
T Tabu.
o ; Correc-
Observed Corrected Initial Corrected Diff. - . ) - .
RNo. Values Values Log. sin. Log. sin. per 17/ d A 33 tl:n A-p - A-A
A
o o e} 7
(1) | 207 00 25.8 | 207 00 33.91 7.67 8.11 65.7721
, wpy = 6.3
(2) | 261 45 26.4 | 261 45 20.00 —2.35 2.60 6.7600
(o) == —7.2
(3) | 235 57 35.9 | 235 57 39.22 —3.38 3.32 11.0224
w(y) = —5.1
) 249 46 47.2 | 249 46 51.75 —240 4.55 20.7025
o) = 3.1
) 225 59 55.7 | 226 00 0.06 —~7.40 4.36 19.0096
' e = 74
(6) | 259 25 22.9 | 259 29 26.06 9.43 | 3.16 9.9856
(g = —4.8
Sy =
370.0592

T - 2!
Probable Error = +0.6745¢7370.0592/14 = 13.46

“panyel] °I,
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M

Correlate Sketch.

164 “£°3
J163 34

357
4359

Tig. 7.

Numerical Example 2. A Closed Central Hexagon.

Only inner angles of the Hexagon in Example 1 above are assumed
to be observed; the problem is to adjust them. The following Table
4 and process arve all similar to those in Example 1, and the process
becomes simpler. Only the Correlate Sketch will be explained. (Fig.§).
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First values of correlates are obtained from (51) as follows :
w = —b.3-=79-934+95+31—9.9 = —19.5,
153 w=—198/3=--6.6, 1/2n 0= —198/12= —1.7.
With these values, one obtains;

Ko =1/4-(6.6+6.6) = 3.3,

Ky =1/3-(=7.9—1.7) = 6.6/12 = —2.9,
similarly Np= —37, Ky= —4.2, K;=21, Ky= —0.1, K¢ = —4.4,
these values are written in the spaces near their circles.

The side correlate K.

IFirst values of angle correlates above obtained and written in
each triangle are multiplied by the upper figures in each circle and
these products are added, with the opposite sign, to the lower figure
—326 in circle S. This value is divided by the upper figure 2,336.68
in circle S.

K, = 1/2,336.68- { —326 — (—10.38 x —2.9 + 4.15 x —3.7 + )}

5 O 1
upper lower upper 1st, upper 1st,
figure figure figure value figure value
in eir- in cir- in cir- of in cir- of
cle S cle 8§ cle 1 K cle 2 K, .
in triangle 1 in triangle 2
= —0.12.

This value —0.12 is written under cirele S.

This process shows that equation (44) has been solved.
Second values of correlates are obtained as follows:

Angle correlates I

First value of the point correlate K, and the product of the
upper figure in circle 7 and the first value of X are added, with the
opposite sign, to the lower figure in circle 4. This value is divided
by the number of the observed angles in the triangle i, namely 3.

KNy =1/3:-(—53—3.3—10.38 x 0.12) = —3.3,

no. of  lower 1st, upper 1st.
angles figure value figure value
in tri- in cir- of in cir- of
angle 1 clel Ky clel K

added with the opposite sign

This value —3.3 1s written under the first value —2.9.
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Ky=1/3-(—7.9—33+ 415 x 0.12) = —3.6,

no.of lower 1st. upper 1st,
angles figure value figure value
in tri~  In cir- of in cir- of
angle 2 cle 2 K cle 2 K

added with the opposite sign

this value —3.6 1s written under the first value —3.7.

Similarly KNy = —4.5, K;=2.1, K;=—04, K;= —3.5.
This process means that equation (42) is solved,

The point correlate I, .

Second values of all angle correlates K; around the central point
(0) are added, with the opposite sign, to the lower figure in circle
(0) and this value is divided by the number of angles around the
central point (0), namely 6.

Ko=1/6-(6.6+ 3.3 + 3.6 +45+ 2.1+ 04+ 3.5) =3.27,

no. of lower 2nd. values of all angle correlates
angles figure written in triangles around point
around in cir- (0), added with the opposite sign
point cle (0)
()]

this value 3.27 is written under the first value 3.3.

This process means that equation (43) is solved.

The side correlate K.

Second values of angle correlates above obtained and written in
each triangle are multiplied by the upper figures in each circle and
these products are added, with the opposite sign, to the lower figure
—326 in circle 8. This value is divided by the upper figure 2,336.68
in circle S.

K, = 1/2,336.68+ {— 826 —(—10.38 x —3.3 + 4.15 x —3.6 + SEESY

upper lower upper 2nd. upper 2nd,
figure figure figure value figure value
in cir- in cir- in ecir- of in eir- of
cle S cle S clel Ky cle 2 K,
in triangle 1 in triangle 2
= —0.130.

This value —0.130 is written under the first value —0.12 near
circle §. This process means that equation (44) is calculated for the
second time,



Table 4.

Angles
(1) (&) (12) (3} (13) (4) (5) {8) (9 (19) (11) (6)
o Tabu. S
" i Correc-
c Observed Corrected Initial Corrected | Diff. o : . .
No Values Values Log. sin. Log.sin. | per 17 d A-Ks tl,;m A oy A
A
(o] o [s] 7/ 144 ) T T )
1 66 44 31.7 66 44 27.21 9.9631912 9.9631871 9.05 —10.38 —1.180 | —4.49 — 40.6 20.1601 1.9025
2 47 17 6.8 47 17 6.02 9.8661335 9.8661320 19.43 . 2.533| —0.78 -~ 15.2 0.6084 377.5249
3 65 58 26.8 65 58 26.77 —0.03 0.0009
180 00 5.3 | 180 00 00.00 | w; = —5.3
4 50 57 34.0 50 57 28.23 9.8902535 9.8902436 17.08 415 —2.227 | —5.77 — 98.6 33.2929 291.7264
5 58 26 16.4 58 26 14.54 9.9304769 9.9304745 12.93 - 1.686| —1.86 — 24.0 3.4596 167.1849
6 | 70 36 17.5 70 86 17.23 —0.27 0.0729
180 00 7.9 | 180 00 00.00 | wy=—7.9
7 65 36 12.8 \ 65 36 7.08 | 9.9593797 9.9593742 9.55 | _ gor|—1.2451 —5.72 | — 54.6 32.7184 91.2025
8 52 55 19.0 52 55 16.60 9.9019021 9.9018983 15.92 o 2.075| —2.40 — 38.2 5.7600 253.4464
9 61 28 37.5 61 28 36.32 —1.18 1.3924
180 00 9.3 | 180 00 00.00 | ;= —9.3
10 57 17 50.7 57 17 51.04 9.9250471 9.9250476 13.52 0.65 —1.763 0.34 4.6 01156 182.7904
11 58 35 10.7 38 35 14.48 9.9311660 9.9311709 12.87 -bo 1.678 3.78 48.6 14.2884 165.6369
12 | 64 6491 | 64 6 54.48 5. 28.9444
179 59 50.5 | 180 00 00.00 | w,= 9.5 _
13 75 24 46.2 75 24 45.09 9.9857702 9.9857696 5.47 | 7.83 —-0.713| —1.11 — 6.1 1.2321 29.9209
14 57 42 32.7 57 42 34.03 9.9270348 9.9270366 13.30 99 1.734 1.83 17.7 1.7689 176.8900
15 46 52 38.0 46 52 40.88 2.88 8.2944
179 59 56.9 | 180 00 00.00 | w;= 3.1
16 42 48 9.2 42 48 2.77 9.8321728 9.8321582 22.73 21.35 —2.963 | —6.43 —146.1 41.3449 516.6529
17 86 14 56.2 86 14 52.91 9.9990686 9.9990682 1.38 abo9 0.180 | —3.29 — 45 10.8241 1.9044
18 50 57 4.5 50 67 4.32 —0.18 0.0324
180 00 9.9 | 180 00 00.00 | w;= —9.9
wy = 6.6 YA == ,\J@@-_« g =
ws = —326 —325.8 204.3108 | 2,336.6831

"
Probable Error = +0.6745+"204.3108/8 = +3.41

8¢%
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Thus the first round of calculation is over, and the next rounds
are carried on. k

In this case, the calculation 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 §2 in Chapter 1. The time required
in this process of calculation is only one hour. If an ordinary exact
process of calculation is employed, three or more hours may be wasted.

(@)

Correlate Sketch.

&6
F¥
J27 ~072
557; ~2130
X V304
J233 7037
- 013037

Fig. 8.

§3. UNCLOSED CENTRAL POLYGON.

Equations {14) and (17) in §3 of Chapter 1 can be expressed as
in the following Tables & and 6 respectively.
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Table 5.
6;'?” Left  Side of egquation &Zgﬂ;’ .
egualion | Ko | /i M Aol Hy | K2 Hoei n| As |Eguation
0 |ner 7|7 717 ,
(7} 2 7 d(r) (V:’/)
(2 J 717 drg)|  aday
(%) _ J 717 ) oy
(n+1) 2 7 Vo) Whnw)
7 71717 J \d;| @
2 7 J d)| W
n-r |7 7107 J d”_, Wy,
n 7 717 I ldnl @y
§ ’4/) 4?) (1) tnent d, 7 d? ’ldn-l dn ds 4
Table 6.
3ign 3 ’ RIght
0’.’? . Left Side of equation s e’!o A
equation | jo | f; | sl Kn| M | equearion
) a7 |7 1117 W,
7 713 & W,
3 dz (J2
n-7 J s Wy
3 3 dn &/n
N dy| dy dong| ) dg Wy

These tables are the same in the case of the Closed Central Polygon
in §2, the only difference being in values of coefficients of point
correlates Ky, Ky and Ky,.pp. But this is easily understood by sketching
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a figure, because angles around station 0 are n+1, and those around
station (1) or (n+1) are two respectively.

The Correlate Sketch is shown below (Fig. 9).

Fig. 9.

The formulae to obtain values of the correlates in this case are
as follows:

Point correlates Ky, ;
Ko = 1/2 (oqy—K1—duny « K)
g = 18 (wg—Kin— K=y ) R
(1=2,3,----,n)
Koy = 112 - {wpen— K —dpen K3) .
Angle correlates K ;

K = 13 - (wi— Kopy— K p—No—d;  K)

(io= 1,2, vee, n) woenen (53)
The point correlate Ko ;
Ky = 1)(n+1) .(wo_}f_} f\’?) .................... (54)
i

The side correlate Kj;

ki

n+1 7
](S = ]/(Zs . <ws__2 (Z(i) . I{(L)—S“ (Zi . IX:) ............... (55)
=1

=1
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The process of calculation is also the same as described above in
the preceeding paragraph; first values of correlates become a little

different and are as follows :

n =2,
K = 0.66 o+ 0.14(we + wo) +0.06 w@—0.30 @1—0.10 wy
Ko = 0.52 0e)+0.19 w0 +0.14(0+ o) —0.29(w1 + w2)
K = 0.66 o +0.14(w@ + o) +0.06 0—0.30 wz—0.10 o

I3 = 0.63 wy+0.23 we—0.31 m(l)—0.29(w(2)+a)0)—0.11 @(3)

K = 0,63 wa+0.23 0;—0.31 w(3)~0.29(w(2)+w0)_'0.11 ) -

n =3,

Koy = 065w+ 0.12 e00-+0.14 o+ 0.06 g+ 0.04 an
—0.30 0;—90.10 @2—0.07 c0g
Ko = 0.51 w-0.16 g+ 0. 14 g -+ 0.18 gy +0.03 ey
—0.27 (w1+ 02)—0.12 g
Ky = 0.51 aog-+0.16 wo+0.14 g+ 0.13 oy + 0.0 ey
—0.27 (gt 05)—0.12 oy
Koy = 0.65 o+ 0.12 a0+ 0. 14 cogy+ 0.06 aogy+0.04 e
—0.30 w3—0.10 wz—0.07 o,
K= 0.-60 w1+ 0.21 w2+ 0.14 wz-—0.24 0;—0.30 wq)
—0.27 e —0.12 w0 —0.07 wge
Ky = 0.60 w24 0.21 (w1 + ws) —~0.25 wy—0.27(we) + @)
—0.10(ow + ww) |
I = 0.60 w3+ 0.21 e0p+0.14 0;—0.24 0p—0.30 awyg
—0.27 wy—0.12 w3 0.07 iy .

(56)

57
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n =4,
Ky = 0.65 w4 0.10 wp+0.13 axg)+0.05 wg +0.03(ewe)
+ @) —0.29 0;—0.09 03— 0.07 w3—0.06 wq
Ky = 0.51 wg)+0.14 wp+0.13 ey +0.12 cogy +0.06 eogey
+0.04 e5—0.26(w1+ 002)—0.11 023—0.08 ooy
K = 0.51 o)+ 0.15 wp +0.12( gz + way) + 0.05(wepy + as)
—0.26(wz+ ws)—0.11(w1+ wy)
Ky = 0.51 aygy+0.14 a0 -+ 0.13 oy + 0.12 wogy+ 0. 06 aey
+0.04 w(y—0.26(ws + 04)—0.11 w;—0.08 ey
Ky = 0.65 wgs)-+0.10 o +0.13 wpy -+ 0.05 e +0.03(wz)
+ w1)—0.29 w;—0.09 03—0.07 £p—0.06 o, ‘
K1 = 0.59 01+0.19 05+0.13 034 0.11 004—0.32 wp—0.29 o)
—0.26 w(y—0.11 w@—0.08 a—0.06 axs)
K3 = 0.57 w2+0.20 w3+ 0.19 w1+ 0.18 3,—0.22 w0p—0.26(wizy
+ @) —0.11 wi—0.13 o —0.09 wa
K3 = 0.57 w3+ 0.20 wp+ 0.19 004+ 0.13 03— 0.22 w0p—0.26( )
+ w9)—0.11 wxe)— 0.13 wy—0.09 wg)
Ky = 0.59 wq+0.19 w5+ 0.13 w3+ 0.11 03— 0.32 wa—0.29 wgs)
' —0.26 wiy—0.11 ag—0.08 we—0.05 wgy .

Ky = 0.64 oy +0.09 g+ 0.12 aoy+ 0.05 oy + 0.0 corgy + 0.02 e
+0.03 oy —0.29 0;—0.09 wp—0.06 aog—0.05 (e + o5)

Ko = 0.50 @+ 0.12 (wo+ om) -+ 0.11 ag -+ 0.06 ag + 0.05 w
+0.08 coey—0.25 (014 02)— 0.10 cog—0.08 023—0.07 o

Ky = 0.50 axg) +0.13 aop+ 0.12 wg+0.11 gy +0.06 aogey +0.05 aopy
+0.04 ) —0.25 (wa+ ws) — 0.10 (3 + 0g)—0.07 o

263

(58)
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Ky = 0.50 gy +0.13 wo+0.12 axgy+ 0. 11wy + 0.06 wgy + 0.05 wgy
+0.04 w1y~ 0.25 (w3 + 05) —0.10 (wz+ w5)—0.07 oy
Ky = 0.50 o) + 0.12 (w0 + axg)) + 0.11 ey + 0.06 wy+ 0.03 e
+0.03 0g—0.25 (w4 + 05)—0.10 w3—0.08 wp—0.07 o
K = 0.64 a3+ 0.09 wp+ 0.12 a3y + 0.05 wgy+ 0.04 wxzy +0.02 oz
+0.03 0g)—0.29 w5—0.09 w4—0.06 w;—0.05 w;—0.05 @y
K= 057 w01+ 0.17 wa+0.12 w3+ 0.11 s+ 0.10 05— 0. 18 cwy
—0.29 wm—0.25 axp—0.10 wig—0.08 wuy—0.07 5—0.05 w
Ky = 0.5603+0.18 w3+ 0.17 01+ 0.12 g+ 0.11 w5;—0.19 c0q
—0.25 (o) + ) —0.10 wgy—0.09 way—0.08 we—0.05 wg
Ky = 0.56 w3+ 0.18 (wg+ w5) + 0.12 (0, + w5)—0.19 wg
—0.23 (w g+ o) —0.10 (o + o) —0.06 (on + o)
Ky = 056 0,+0.18 w3+ 0.17 w5 +0.12 wo + 0.11 01—0.19 ey
—0.25 (o + 035)—0.10 w@—0.09 w@E—0.08 we—0.05 way
Ky = 057 w5+ 0.17 0, +0.12 w03+ 0.11 wz+0.10 03— 0.18 0

—0.29 05— 0. 250 —0.100¢gk—0.08 wg—0.07w 5—0.030y) . |

n = 0,

Ky = 0.6400+0.08wy+0.12 0@+ 0.04 0@ + 0.03 (0w + o + o)
+0.02 ) —0.28 01—0.08 03—0.05 (w3 + a4+ w35)—0.04 g

Koy = 0.49 w@+0.11 a3+ 0.12 w1y +0.11 wry -+ 0.05 (w0) + aois))
+0.04 w@+0.03 awm—0.24 (o) + we)—0.09 wz—0.07 (@,
+ w5)—0.06 o

Ky = 0.49 wg +0.11 (wp+ o + o) +0.05 (o) + og) - 0.04 oq)
+0.03 w5 —0.24 (w2 + 03)—0.09 (w1 + @4)—0.07 05 —0.06 w;

K = 0.49 0+ 0.11 (o + o + 0o) + 0.05 (e + @) +-0.03 (g
+ o) —0.24 (w3 04)—0.09 (w2 + ws)—0.07 (w1 + wg)

(59)
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K = 0.49 wg +0.11 (o) + o) -+ 0.05 (@) + o) +0.04 o
+0.08 o+ 0.11 a—0.24 (wy+ w5)—0.09 (w34 w)

—0.07 w,—0.06 oy

Ko = 049 0@+ 0.11 (@ + o) + 0.12 0@+ 0.05 (0@ + o)
40,04 wzy +0.03 01y—0.24 (w5 + wg)—0.09 0, —0.07 (g + w3)
—0.06 @,

Ky = 0.64 o7y -+ 0.08 0y + 0.12 w5y + 0.04 a5y + 0.03 (o) + w3y
+ o) F0.02 w1y —0.28 we— 0.08 w5—0.05 (s + w3+ wq)
—0.04 «;

K7 = 0.56 ;4 0.16 wy+0.10 (ws + w4) +0.09 (w5 + ws)—0.16 wy
—0.28 wm—0.24 6@ —0.09 0@ —0.07 0w —0.06 (o + wg)
—0.04 wpm)

K7 = 0.55 w5+ 0.17 w3+ 0.16 w3+ 0.11 wy -+ 0.10 w5+ 0.09 wyg
—0.17 wy—0.24 (e + @) —0.09 o —0.08 wn)—0.07 ()
+ @) —0.05 wpny

Ky = .55 w34 0.17 (wp+ 04) +0.11 w5+ 0.10 (o1 + w6)—0.17 ey
—0.24 (w5 + 0@)—0.09 (0@ + @) —0.07 we —0.05 (o
+om)

Ky = 0.55 04+ 0.17 (wg+ w5} +0.11 wg+0.10 (w1 + ewg)—0.17 e
—0.24 (o) + 0)—0.09 (o) + wr)—0.07 we;—0.05 (wq)
+wom)

L5 = 0.85 w5+ 0.17 wy+ 0.16 wg+ 0.11 wz+0.10 e+ 0.09 oy
—0.17 cop—0.24 (eog5) + 6)—0.09 eo—0.08 eopy— 0.07 (woe
+ wez)—0.05 wp)

K = 0.506 as+0.16 w5+ 0.10 (w5 + 3) + 0.09 (w1 + wz)—0.16 wy
0.28 wm—0.24 w@)— 0.09 w—0.07 0w —0.06 (w@) + 0@)

~0.04 wqn

| (60)

ot
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These values are expressed conveniently in the following Fig. 10.
In this figure, numerical values denote coeflicients of » in those
positions and a circle denotes the coefficient whose correlate is about to
be obtained, These values are obtained by taking terms of » only and
neglecting the term of K, in equations (79) to (84) in §2 in Chapter 3.

The calculation of these first values is sufficiently accurate up to
two places with a slide rule.

n=3
s Y —r
vzl
021
-024 ~o2 075 - 021
Yk/ Y/
097 -090
-074 -02%  —009 -026
079
019 .
-032 -l —022 -026
020
013
003 00 005 e, =006 ~008 =013 ——— p11
Atir Ki

Fig 10.
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' 012

iy \
~J0F

005
009 4
} 004
- 0%5 /
03 002
Kby
- 029 — 025 -099 -025
077 \
\ /077 =00 \ / =025
—078 /0/2' ~079 4 ‘
}-m } -o10
010 on //
- 005 e ~005 -008

-004 05 ”’7" “’ - 005 -M7
\ 005 / \ 907 /

043 003

—024

—am - 009 ﬂ/l m _M7
\ -097 / -007
205

MJ——-’””

005

/MX“”’”/ "

094 096

on

=096

0/!7

-—0?5

-979

018

- 096

~ 010
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~J74 -J08

-J24 - 095

009 s =007 ~095 209 o1 - 909 -095"= 010 017
\ 209 / \ 270 o1t
4
=00 - 006 ~9007 -907 - J97 —09q
Ki
Fig, 10.

In the case of Table 6, the method of calculation is the same as
above described, but terms K, dp and wp do not exist, so the
process can be continued more simply, that is to say, the formulae
are limited by (53), (54) and (55). First values may be obtained from
equations (18) and (19), by omitting the term A, .

Ko=3/(2n+3) - (eg—ws/3)
K;,=1/3" {mi+m/(2n+3)}—mo/(2n+3),

where

=1

After the values of all correlates are obtained, the values of correc-
tions of the observed angles are gotton from equation (13) or (16)
in §3 in Chapter 1.

Numerical Example 3.

An Unclosed Central Polygon consisting of three triangles.

All inner and outer angles are observed ; the problem is to adjust
them. Here are shown values observed and obtained by calculation
in Table 7. Numbers in the above are in order of writing and cal-
culation,

(1) ; number of angles or sign of sides,

(2) ; observed values of angles, length of known side and sum

of three angles in each individual triangle,

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

values of w,
(4) ; tabular difference of long.sin. per 17/,
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(5) ' d; and dg, for example dy = Jy—ds = 1.19—0.56 = 0.63,
dagy = 4 = 1.19,
dey = dy—dy = 1.05—0.56 = 0.49
& ete.,

y 5 44 for angles 3i—2 and 3i—1,

) ; Correlate Sketch, this is the main point of this paper,
values of all correlates are obtained by this (the process
is explained in detail later),

(8) ; 4-K,, K, are obtained from (7),

{9) ; corrections v from K, Ko and K; in (7), and 4- K, in (8),

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

(13) ; corrected log.sin. for calculation of side length of tri-
angulation nets, with ..o in (10),

(11) ; w-v for calculation of probable error.

Correlate Sketch in (7) will be explained (Fig. 10). Figures in
the double circles are d and » which are shown in column (5) in
the table, for example dy = 0.63, o = —11 circle 1,

doy =119, omy=238 in circle (1}, & ete.,

The first values of correlates are obtained from (56) or Fig. 10

(n = 3) as follows:

Point correlates K

Ky = 0.65x8 + 0.idx —12 + 0.12x8 + 0.06 x —7 +0.04 x 14

—0.80x —11 — 0.10x 15 —0.07 x 10 = 5.7,

similarly Ko = —6.1, Ky = —06.9, Kypy= —4.9.

Angle correlates K ;

K =0.60x =11 + 0.21 x15 + 0.14 %10 —0.30 x 8 —0.27 x —12

—0.24x8 —0.12x -7 —0.07x14 = —3.3,

similarly Kp = 9.6, N3=-L3.

The point correlate K.

Iirst values of angle correlates I; above obtained and written in
each triangle are added, with the opposite sign, to the lower figure
in circle (0) and this value is divided by the number of observed
angles around point (0).

Ky=1/4-( S+ 3.3 —9.6—4.8) =—0.7,
| S S ———
no. of lower 1st. values written
angles figure in triangles around
around ineir- point (0), added
point cle (0) with the opposite
) sign
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this value -—0.7 is written near circle (0).
This process means that equation (54) is calculated.

The side correlate K.

First values of four point correlates written at each point and
three angle correlates written in each triangle are multiplied by the
upper figures in each circle and these products are added, with the
opposite sign, to the lower figure 20 in circle S, and then this value
is divided by the upper figure 8.81 in circle S.

K, =1/8.81- {20 — (119 x 5.7 + 049 x —6.1 4 <+ -+

upper lower upper 1st. upper 1st.

figure figure figure value figure value

in ¢ir- inc¢ir- in cir- of in cir- of

cleS cleS cle(l) Kg cle(?) K@)
at point (1) at point (2)

+0.63 x —3.3— 0.20 x 9.6 —0.49 x 4.3) }

upper 1st, upper  Ist. upper  1Ist,
figure value figure value figure value
in cir- of in cir- of in cir- of
clel I cle 2 e cle 3 K;
‘ in triangle 1 in triangle 2 in triamgle 3
= 9.4
= 0. .

This value 3.4 is written near circle S.
This process shows that equation (55) is solved on the sketch.

Second values of correlates are obtained as follows :

Point correlates I, .

First values of angle correlates in triangles around the point (¢)
and the product of the upper figure in circle (¢) and the first value
of K, are added, with the opposite sign, to the lower figure in circle
(7), and divided by the number of angles around point (2).

Kay=1/2-( 8 + 3.3 —11.9 x 3.4) = 3.6,

no. of lower 1Ist. upper Ist.
angles figure value figure value

around in cir- in tri- in cir- of
point cle (1) angle cle (1) K
1) 1

N, por—
added with the opposite sign

this value 3.6 is written under the first value 5.7.
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Kapy=1/3-(—12 4+ 3.3 — 9.6 — 049 x 3.4) = —6.7,

R
no. of lower 1Ist, values upper 1st,
angles figure in triangles figure  value
around inecir-  1and?2 in cir- of
point  cle (2) around point cle (2) N
(2) (2)

added with the opposite sign

this value —6.7 1s written under the first value —6.1.

Similarly Kg = —6.8, Kg="7.7.
This process means that equation (52) is solved on the sketch.

Angle correlates [ .

Second values of point correlates above obtained and written at
each point in triangle 4 and the product of the upper figure in circle
i and the first value of K, are added, with the opposite sign, to the
lower figure in circle ¢, and this value is divided by the number of
observed angles in the triangle, namely 3.

Ki=1/3-(—11—3.6 4+ 6.7 + 0.7 — 0.63 x 3.4) = —3.1,

N — .
no. of lower 2nd.values written upper 1st,
angles figure at three points in figure value
in tri-  in cir- triangle 1 in eir- of

anglel clel clel K

added with the opposite sign

this value —3.1 is written under the first value —3.3.

Similarly Kz =10.1, K;= 3.8.
This process means that equation (53) is solved on the sketch.

The point correlate K.

Second values of all angle correlates I; above obtained and written
in triangles around point (0) are added, with the opposite sign, to.
the Jower figure in circle (0) and divided by the number of angles
around point {0), namely 4.

Ky=1/4-( 8+31—10.1—3.8 = —0.7,

no. of lower 2nd. values written
angles figure  in all triangles
around in cir- around point (0),
point cle (0) added with the
) opposite sign

this value —0.7 is written under its first value —0.7.
This process means that equation (54) is calculated on the sketch.
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The side correlate K.

TUsing second values of four point correlates written at each point
and three angle correlates in each triangle, and by the same process’
as in the case of obtaining the first value of K, the second value
ig gotten.

R, ==1/8.51- {20 —(1.19 x 3.6 + 0.46 x —G.7 + «---

upper lower upper 2nd. upper 2nd.

figure figure figure value figure value

incir- incir- in cir- of in cir- of

cle S cleS cled) KA cle(?) Ko
at point (1) at point (2)

+ 0.63 x —3.1 —0.29 x 10.1 — 0.49 x 3.8)}

upper 2nd. upper 2nd. upper 2nd.
figure value figure value figure value
in cir- of in cir- of in cir- of
clel K cle 2 e cle 3 poey
in triangle 1 in triangle 2 in triangle 3

=4.3.

This value 4.3 1is written under the first value 3.4.

This process means that equation (55) is solved on the sketch for the
second time.

Thus the first round of calculation is over, and the second and
the third rounds are carried on.

In this case, the calculation is stopped at the seventh round;
the time required is only one and a half hours. If the simultaneous
equations are solved by the rigorous method ordinarily, at least three
times as long would be required.

After the values of all correlates are determined, the corrections
of the observed angles ave calculated from equation (13) in §8 in
Chapter 1.



Angles
(1) (2) (12) 3) (13) €] (5) (8) © (10) 1) (6)
o B o Tabu - ~
" ae Correc-
Observed Corrected Initial Corrected Diff. e ! » N ]
Ro. Values Values Log. sin. Log.sin. | per 17/ d A-Ks tl?_n A-v v A-a
A
- o] ! ’r [« I3 144 B
1 60 20 58 60 21 3.3 9.939049 9.939065 1.19 0.63 5.55 5.3 6.3 28.09 1.4161
2 7 6 45 75 6 32.3 9.985171 9.985164 0.56 ’ —-2.61 | —12.7 ~7.1 50.28 0.3136
3 44 32 28 44 32 244 — 3.6 12.96
180 00 11 180 00 00.0 w; = —11
4 63 27 30 63 27 38.0 9.951634 9.951642 1.05 —0.29 4.90 8.0 8.4 70.56 1.1025
5 57 33 55 57 33 52.4 9.926344 9.926341 1.34 . —6.256 | — 2.6 —3.5 12.25 1.7956
6 58 58 20 58 58 29.6 9.6 92.16
179 59 45 | 180 00 00.0 wy, = 15 .
7 60 44 55 60 44 57.3 9.940758 9.940761 1.18 —0.40 5.50 2.3 2.7 7.29 1.3924
8 8l 34 30 51 84 349 9.893996 9.894004 1.67 Y| —~7.80 4.9 8.2 67.24 2.7889
9 57 40 23 67 40 27.8 2.8
179 59 50 | 180 00 000 | wy= 10 | | | | | -
¥ 188 48 39 188 48 38.2 — 0.8 YAy = 0.64 ds =
“o =8 19.8 8.8091
By ,666.3 3.21914
B, 1,759.2 3.24500
g = 20
1) 299 38 54 | 299 38 56.7 119 2.7 7.89
oy == 8
() | 220 25 57 221 25 40.7 0.49 - 73 53.29
() =2 - 12
(3) S S N 240 A0 103 -0, 16 - 6.7 44.89
() = {
(4) SUS 25 16 | 308 25 25.1 —1.67 9.1 §2.81

) = 14

Probable Error =

77
+0.6745v'537.72/9 = +5.21

[BrueurepUn g jo juamisn(py Joy uwomeno[e)) snoiofny pus pidey

gL
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O

Correlate Sketch.

-6'7
-&8
7

73
,, 073
Tig. 11
Numerical Example 4.
An Unclosed Central Polygon consisting of three triangles.
In Example 3 above, outer angles are assumed to be adjusted at each
station independently, or to be not observed ; it is purposed to adjust
the angles at (0) and inner angles only. The following Table 8 and
the process are all similar to those in Example 3, but the process
becomes simpler. :
Now only the Correlate Sketch will be explained (Fig. 12).
First values of correlates are obtained from (61) as follows :
w=—11+15+10 =14, /3 =4.67, of/(@n-+3)=14/9 = 1.56.
The point correlate K ;
Ky =3[9 - (8—4.67) = 1.11.
Angle correlates I;;
Ky =1/3-( —114+1.56)—8/9 = —4.04,
similarly K, = 4.64, K= 2.97.
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The side correlate K ,

First values of angle correlates K; above obtained and written in
each circle are multiplied by the upper figures in each circle and
these products are added, with the opposite sign, to the lower figure
20 in circle S, and this value is divided by the upper figure 8.81
in circle S,

K, =1/8.81- {20 — (0.63 x —+.04 — 0.20 x 4.64 — 0.49 x 2.97) |

upper lower upper 1st. upper Ist, upper Ist.
figure figure figure value  figure value figure value
in ¢ir- incir- in cir- of in eir- of in cir- of
cleS cleS clel K, cle 2 Ko cle 3 ye
in triangle 1 in triangle 2 in triangle 3
= 2.88 .

This value is written near circle §.
This process means that equation (55) is solved on the sketeh.

Second values of correlates are obtained as follows:

Angle correlates I .

First value at the centre point (0) and the product of the upper
figure in circle ¢ and the first value of K are added, with the op-
posite sign, to the lower figure in circle 2, and thig result is divided
by the number of angles in the triangle, namely 3.

Ki=1/3-(— 11— 111 — 0.63 x 2.88) = —4.64 ,

no. of lower  1Ist. upper 1st.
angles  figure value figure value
in tri- in cir- at in cir- of
anglel clel point clel Ks
\(0) .
added with the opposite sign
this value is written under the first value —4.04.

Similarly K,=4.91, K;=3.43.
This process means that equatiou (58) is calculated on the sketch.

The point correlate K .

Second values of all angle correlates written in the triangles around
the central point (0) are added, with the opposite sign, to the lower
figure in circle (0) and this value is divided by the number of angles
around point (0), namely 4.

Ko=1/4-( 8 4+ 4.64 —4.91 — 3.43) = 1.07,

no. of lower

angles figure

around in cir-

point cle (0)
0)

2nd, values written in
triangles around point
(0), added with the
opposite sign

this value is written under its first value 1.11.
This process means that equation (54) is calculated on the sketch.



Table 8.
Angles
(1) (6 (12) (3) (13) (4) ®) 8 (9) (10) 1) (©)
Tabu.
- ; Correc-
Observed Corrected Initial Corrected Diff. L : A .
No. Values Values Log. sin. Log. sin. per 17/ d A-Ks m;n A v A-a
A
Q 4 174 ] I
1 60 20 58 60 20 56.88 9.939049 9.939048 1.19 0.63 3.619| —1.12 —-1.3 1.2544 1.4161
2 B 6 45 75 6 38.70 9.985171 9.985168 0.56 : —1.656 | —6.30 —3.5 39.6900 0.3136
3 44 32 28 44 32 24.42 —3.58 11.8164
180 00 11 | 180 60 00.00 w = —11
4 63 27 30 63 27 38.04 9.951654 9.951642 105 —0.29 3.105 8.04 8.4 64.6416 1.1025
5 57 83 55 57 38 55.97 9.926344 9.926345 1.34 e —-8.962|  0.97 1.3 0.9409 1.7956
6 58 53 20 58 58 25.99 5,99 35.8801
179 59 45 1| 180 00 00.00 ws = 15 !
| .
7 60 44 55 60 45 1.95 9.940758 9.940766 1.18 | —0.49 3.490 6.95 8.2 48.5026 1.3924
8 51 34 30 51 84 28.52 9.893996 9.893994 1.67 ’ ~4.938; —1.48 —2.5 2.1904 2.7889
9 67 40 25 67 40 29.53 . 453 20.5209
179 59 50 | 180 00 00.00 | wy= 10 o o
¢ 1188 48 39 | 188 48 40.06 | w, = 8 1.08 | ZAU= 1 pqome | =
20.0 8.8091
B 1,656.3 3.21914 -
By 1,759.2 2.24509 Boer =
227.3608
wg = 20

Probable Error =

. "
+0.6745+/227.5608/5 = +5.09

LG

L

‘RInNBIY
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The side correlate X .

Similarly to the case of the first value, the second value is obtained,
but the second values of angle correlates written in each triangle are
used.

]Qzl@&b@0~mﬁ3x—4&—&29x£%—%ﬂ9x&%”

upper lower upper 2nd. upper 2nd. upper 2nd.
figure figure figure value  figure value figure value
in cir- in¢ir- in cir- of in cir- of in eir- of
cleS «cleS clel el cle 2 K cle 3 K
in triangle 1 in triangle 2 in friangle 3
= 2.957
(12)

Correlate Sketch,

Fig. 12,



278 T, Itakura.

This value is written under the first value 2.88, and this process
shows that equation (55) is solved on the sketch for the second time.
Thus the first round of calculation is over, and the next rounds
are carried.on. In this case, the calculation is sufficient at the fourth
round and the time required is less than one hour.
The values of corrections of observed angles are obtained from
equation (16) in §3 in Chapter 1.

This example is adopted from references (10) and (11).

§4. A SINGLE ROW TRIANGULATION NET.

Equations (24) and (27) in §4 in Chapter 1 can be expressed as
in the following Tables 9 and 10 respectively.

Table 9.
Jé‘?’” Lefy side of egualion s WAZW:;
aquarion | M) fip| Kol l£;-_4 fnillg | 1 | A i Mnl Ny |oguarion
P 2 7 4y thp
t J 717 4y Wy
2} 4 } 7117 ﬁb} » Wy
-7 4 IR AL T )
(n 7 {717 '4]/7-4 Wy
9 2 7 lsn-s “p
7 7 7 J a «
2 7|7 K d, |
-7 AL | | @ngy | oy
n IANAY J| da W
§ 4y |dg B3 -l lon| @y | d,,|dn| ds )y
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Table 10.

‘ y { Rignt
%” Lefr Side of egualion J/de,ya/
4 walion W o) i | 5 | EgUETIOR
713 dy| _

g J dy| o
I 3| lind s
"’ 3 [da|

s d,|d, o da| 45|

279

These tables are similar to the cases previously mentioned in §2 and
3 of this Chapter, but the correlate K, does not exist, because there

1s no central station in the figure.

Coefficients of K, and K, are 2, that

of K and K, are 3, and that of other correlates are all 4, because
sthe angles around them are two, three and four respectively.
The Correlate Sketch is as follows (Fig. 13).

Formulae to obtain correlates are as follows :

Point correlates ;

K, =1/2(w,— K~ Ky)

Ky =13 - (oy— K1—Kp—dy - K)

Ky = 14 Aop—K;1— Ki— K —d gy - )

(1=23 -+, n—1)

]{('n) = I/3 - (w(n)_I(n—l_]—Cn+/-13n—4 ‘ I\’a)
I(q = 1/2 ¢ (wq_ [\Tn—}' 4]371,-_1 * ]\:) .
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Angle correlates ;
Ky = 1/3+(0y—K,—Kg—~K@g—d; + K)
I = 1/3+ (07— Ku-v—Kuy— Ki-n—ds « K)
(=23, -, n—1)

K,=1/3{0,— Kp-n—Kum—K,—d,- K3) .
The side correlate ;

n-1
]Lrs = I/CZS M (ws——;ll . I\.fp—,_h . I&r(l)_ 531 (Z(,L') ° I{(i)
=2

K]

g Ko+ dana - I, — 2 di- K) . weeen (64)

Tormulae to obtain first values are as follows:
Angle correlates ;

K, = 0.57m1j{‘O.15m2—(0.28mp+0.24m(1)+ 0.19w»)

K; = 0.440,—0.11(wg_n+on+oea)

(=2,3, -, n—1) (65)

K,=0.57w,+0.15w,-1—(0.28w,+0.2404)+0.19w4-1) .

These values are obtained by taking terms of e only and neglecting
the term of K, in equations (85) and (86) in §3 in Chapter 3. Other
point and side correlates are obtained from formulae (62) and (64).

In the case of Table 6, formulae are (63) and (64), and the first
value is only for K, as follows;

I{S == (,_\S/ds R R I I I IR . (66}

The process of calculation is similar to two cases above described and
will be explained in the following examples in detail.

Numerical Example 5.

A Single Row Triangulation Net consisting of six triangles.

All inner and outer angles are assumed to be observed; the pro-
blem is to adjust them. In Table 11 are tabulated figures which are
observed and obtained by calculation. Numbers in the above are in
order of writing and calculation.
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&

} ; number of angles or sign of sides,
) ; observed values of angles, length of known sides and sum
of three angles in each individual triangle,
{3) ; wvalues of Jog.sin. of observed angles 3t—2
values of .
) ; tabulav difference of log.sin. per 17/,
) 1 d; and dg, for example
dy = 4 —a, = 8.68—8.78 = —0.10,
(2(1) = d4 = 1188, (l(z) — J'[“‘dg: 1737—87/
(6) ; Jd-a for angles 3i—2 and 3i—1,
(7) ; Correlate Sketch by means of which values of all cor-
relates are obtained,
(S) ; 4-K,, K,is obtained from (7),
(9) ; correction v from Ky and K; in (7) and - A in (8),
(10) ; corrected values of angles by (9),
{12) ; corrected log.sin. for calculation of side length of tri-
angulation nets, with 4-v in (11),
(13) ; oo for calculation of probable error.

, 3i—1 and

o
fl
»
o
)
o)
o
@,
S

Correlate Sketch in (7) will now be explained (Fig. 13). Tfigures
in the double circles d and o which are shown in (5) and (3) in
Table 11, for example ;= —0.10, @, = —5 in circle 1,

dpy = 1138, @ = —b in circle (1), & ete.,

First values of correlates are obtained from (65) as follows ;

Ny =057x =5+ 0.156x —12 —(0.28x7 + 0.24x —5 + 0.19%x15)

= —8,
Ry =044 x —12 —0.11( —5+15+6) = —7,
similarly Kg=3, N;=4, K;=—3, Ke¢=25,

The side correlate A, is assumed roughly from (66);
K, = 319/2,361.51 = 0.14 .

Point correlates K .

TFirst values of angle correlates obtained above and written in the
triangles around point (4) and the product of the upper figure in
circle (¢) and the first value of K, are added, with the opposite sign,
to the lower figure in circle (4); this value is divided by the number
of angles around point (i), namely 2 at end points, 3 at the next
points and 4 at the other intermediate points.

Ky=12-(7 + 8 — 8.68 x 0.14) =7,

no. of lower  1st, upper Ist.
angles figure value figure  value
around in cir- in tri- in cir- of
point cle (P) anglel cle (P) Ks
(P)

added with the opposite sign

this value iz written near circle (P).
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Kp=1/8-(—5 + 8 4+ 7—11.38 x 0.14) = 3,

no. of lower 1st, values upper 1st.

angles figure in triangles  figure value

around incir- 1and?2 in cir- of

point cle (1) around point cle (1) Ks
1 (1) :

added with the opposite sign
this value is written near circle (1).

Ko=1/4-(15 +8+7—3— 859 x 0.14) =G,
S —

no. of lower 1st.valuesin upper Ist,
angles figure trianglesl,2  figure  value
around in cir- and 3 around in cir- of
point cle (2) point (2) cle (2) K
2

added with the opposite sign
this value is written near circle (2).
Similarly Kg =2, Kgy=—4, Kg= -3, Kg=2, K,=4.
This calculation means that equation (62) is solved on the sketch.

Second values of correlates are obtained as follows ;

Angle correlates K.

First values of point correlates written at three points of triangle
i above obtained and the product of the upper figure in circle ¢ and
the first value of K, are added, with the opposite sign, to the lower
figure in circle ¢ and divided by the number of observed angles in
the triangle, namely 3.

Ki=18-(—5—7—8—6+0.10 x 0.14) = —7,
e )
no. of lower 1st, valuesat upper 1Ist,
angles figure three vertices figure value
in tri- incir- in triangle1  in cir- of
anglel clel clel K

added with the opposite sign
this value 1s written under the first value —8.

Kp=1/3(—12—3—6—2+ 715 x 0.14) = —7.4
| N ———

no. of Jlower 1Ist, valuesat upper 1st.
angles  figure three vertices figure value
in tri-  incir- in triangle 2  in cir- of
angle 2 cle 2 cle 2 K

added with the opposite sign

this value is written under the first value -—7.
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Similarly Ky =16, K;=4.2, K;=—1.6, Kz=5.
This process means that equation (63) is calculated on the sketch.

Point correlates K.

With a similar process to the case of the first values, the second
values are obtained, but the second values of angle correlates written
near each cirele 4 are taken.

K,=1/2- (7 + 7 — 8.68 x 0.14) = 6.4,

no. of lower 2nd. upper  1st.
angles figure value fignre  value

around in cir- in tr- in cir- of
point cle (P) angle cle (P) Ky
(P) 1 ‘

added with the opposite sign
this value is written under the first value 7.

Ko=1/3-(—=5+ 17+ 74— 1138 x 0.14) = 2.6,

[ -
no. of lower 2nd. values upper 1st,
angles figure in triangle  figure value
around incir- 1and?2 in cir- of
point cle (1) around cle (1) K
1) point (1)

added with the opposite sign

this value is written under the first value 3.

Ka=1/4-(15 + 7 + 7.4 — 1.6 — 8.59 x 0.14) = 6.7,
\—-\

PE—
no. of lower 2nd.valuesintri- upper 1st,
angles figure arigles1, 2 and 3 figure value
around in cir- around point (2) in cir- of
poir)lt cle (2) cle (2) Ks

2

added with the opposite sign
this value i1s written under the first value 6,

Similarly Kg =21, Kgy= —3.7, Kg=—36, Kg=1.,

K, =3.5.
This process means that equation (62) is calculated on the sketch for
the second time.

The side correlate K.

Second values of point correlates written at each point and angle
correlates written in each triangle are multiplied by the upper figures
in each circle and these are added, with the opposite sign, to the



Table 11.

Nelfvolin|

Angles i
M w e @ | @l e e av oy | ®
""" ’ ‘ TTapu. || i
Observed Corrected Initial Corrected = Diff. a AK C%rgclc A .. AA
Values Values Tog. sin. Log.sin. | per1” 8 p ; :
A ) R
o 1 o 7w ‘
1 67 35 43 67 35 43.53 9.9659137 9.9659142 8.68 —0.10 1.069 0.53 4.6004 0.2809 75.3424
2 67 21 7 67 21 5.74 6.9651487 9.9651476 | 8,78 U1 —1.081) —1.26 | —11.0628 1.5876 77.0884
3 45 8 15 45 38 10.73 ) —4.27 18.2329
180 00 5 | 18D 00 00.00 | wy=— 5 | {
4 61 36 10 61 36 6.52 9.9443206 = 9.9443166 | 11.38 —715 1.401 | —8.48 | —39.6024 @ 121104 129.5044
5 48 38 10 48 38 2.27 9.8753667 98753524 | 18.53 CA90 9981 | —7.73 | ~143.2369 ©  59.7529 343.3609
6 69 45 52 62 45 51.21 ‘ ! : —0.79 0.6241

180 00 12 | 180 00 00.00 | e, = —12

50 29 3 50 29 13.23 9.8873071 9.8873249 17. 2.188 ' 10.23 177.6951 - 104.6529 301.7169
66 41 17 66 41 13.34 9.9630148 9.9630115 : 9. —1.117 | —8.66 | —33.1962 = 13.3956 82.2649
62 49 30 62 49 3343 3.43 11.7649

179 59 50 | 180 00 00.00 | wz= 10

58 12 47 58 12 55.12 9.9294254 9.9294360 13.05 -3 97 1.607 8.12 105.9660 | 65.9344 170.8025
51 8 00 51 2 58.34 9.8908092 9.8908064 17.02 ’ —2.095 | —1.86 | —28.2532 2.7556 289.6804

S

70 44 6 | 70 44 6.54 0.54 0 2916

179 59 53 | 180 00 00.00 | w,= 7
54 33 43 | 54 33 39.93 | 9.9110206 | 9.9110159 | 14.98 683 | 1.844| —3.07 | —45.9886  9.4249 | 224.4004
67 39 3 | 67 39 209 | 9.9660872 | 9.9660864 ' 865 S0 —1.065| —0.91 | — 7.8715  0.8281 |  74.82%5
57 47 23 | 57 47 17.98 —5.02 25.2004

180 00 9 | 180 00 00.00 | wy=— 9 :
68 35 17 | 68 35 19.58 | 0.9626874 = 0.9626898 = 912 | o .| 1123| 258 | 23.5296  6.6564 |  83.1744
43 00 00 43 00 579 | 038337833 | 9.8337964 | 22.58 U1 -2.780 | 579 | 130.7882  33.5241 | 509.8564
68 24 28 | 68 24 34.63 6.63 43.9569

179 59 45 | 180 00 00.00 | wy= 15 - ) o
270.418 2.4320356 Saww = ds =
845.567 _ 2.5385323 319.0825 2,361.5145

wg = 319

AN L



Table 11.—(Continued)

Angles
@ @) (10) ® @ | @ e e o (1) (13) 0)
| Tabu.
i 3 Correc-
Observed Corrected Initial Corrected Diff, - - .
No. Values Values Log. sin, Tog.sin. | per 1/ d A-Es tlgn v v a-4
A
o ron o r n |
(P) | 292 24 8 | 292 24 14.47 ‘ 8.68 6.47 41.8609
p = 7 3
(1) | 253 20 40 | 258 20 42.75 ‘ 11.38 2.75 7.5625
wg)y = —5 ’
(2 | 172 23 43 | 172 23 49.82 | 8.59 6 82 46,5124
v = 15 ‘
(3) [ 190 19 27 | 190 19 29.18 — .48 2.18 4,75624
o= 6
) 1168 1 4 168 1 0.22 5.91° —3.78 14,2884
(5) 182 34 28 | 182 34 24.10 —7.90 | —3.90 15.2100
o5 = —8 \
6) | 223 56 22 | 223 56 23.28 —8.65 : 1.28 1.6384
W) = 7
(Q) | 316 59 51 | 316 59 54.21 —22.58 \ 3.21 10.3041
wg = 9 | e
Dp.v=
‘ 559.7601

1"
Probable Error = +0.6745:7559.7601/15 = £4.12

[FIusmepung jo juemysni{py 1oy uonenore)) snoxolny pue prdeyy

a8a
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lower figure 319 in circle S, and then this value is divided by the
upper figure 2,361.51 in circle S.

K, = 1/2,361.51 - {319 — (8.68 x 6.4+ 1138 x 2.6 + -+~

upper lower upper 2nd. upper 2nd.
figure figure  figure value figure  value
in cir- incir-  in cir- of in cir- of
cle 8 cle§ cle(P) Kp cle (1) K
N
at point (P) at point (1)

— 010 x —7—7.15 x —7.4 4+ )}

upper 2nd. upper 2nd.

figure value figure value

in cir- of in cir- of
clel K, cle2 K,
in triangle 1 in triangle 2

= 0.127,

This value is written under the first value 0.14.

This process means that equation (64) is calculated on the sketch for
the second time.

Thus the first round of calculation is over, and the next rounds
are carried out. In this case, the calculation is stopped at the eighth
round ; the time required for this calculation is four hours. '

After these values of all correlates are determined, the values of
corrections of observed angles are obtained from equation (23) in §3
in Chapter 1.

Numerical Example 6.

A Single Row Triangulation Net consisting of six triangles.

In Example 5 above, the outer angles are assumed to be adjusted
at each station independently, or to be not observed; it is proposed
to adjust inner angles only. - The following Table 12 and the process
are all similar to Example -5, but the process becomes simpler. Now
only the Correlate Sketch will be explained (Fig. 15). In this case,
the first value is only that of K, from (66) as follows;

K, = 319/2,361.51 = 0.14.
Withy this value, the first round of calculation is begun as follows:

Angles correlates I; .
The product of the upper figure in circle i multiplied by the
first value of K is added, with the opposite sign, to the lower figure
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in circle ¢, and this value is divided by the number of the observed
angles in the triangle, namely constant 3.
Ky=1/8+:(=5+ 0.10 x 0.14) = —1.66,
no. of lower upper  Ist.
angles figure figure value
in tri- in eir- in cir- of

anglel clel clel K
|

added with the opposite sign
this value is written near its circle 1.

Ko =1/3-(—12 + 7.15 x 0.14) = —3.67,

no. of lower upper 1st,
angles figure figure value
in tri- in cir- in cir- of
angle2 cle2 cle2 K
R vv—

added with the opposite sign
this value is written mnear the circle 2.

Similarly K= 2.95, N,=2.52, K;= —3.30, K;=5.63.

This process shows that equation (63) is calculated on the sketch.

The side correlate K.
~ The products of the upper figures in each circle and second values
of angle correlates in the corresponding triangles are added, with the
opposite sign, to the lower figure 319 in circle S, and this value is
divided by the upper figure 2,361.51 in circle S.

K, =1/2,361.51 - {819 — (— 0.10 x —1.66 — 7.15 X —3.67 + ----)}

upper lower upper JAst, upper 1st,
figure figure figure value  figure value
in cir- in cir- in cir- of in cir- of
cle § cle S clel K, ) cle 2 KzJ
in triangle 1 in triangle 2
= (.159 .

This value is written under the first value 0.14, and‘this process
means that equation (64) is calculated on the sketch. v

The first round is over, then their succeeding rounds are continued.
In this case, the convergency is very rapid, so the calculation can
be stopped at the third round. The time required is less than one
hour.

After the values of all correlates are determined, the corrections
of observed angles are obtained from equation (26) in §4 in Chapter T.



Table 12.

[BrusUIRpUN,[ JO judunsulpy Io] uoneno[e) snoiolny puv prdey

Angles
ey )] 1, 6)) (12) 4 (5) 3) (9 1y (13) (6)
Tabu. Corr
- Obgerved Corrected Initial Corrected Dift. o OIrec- y L A
Ko. Values Values Log. sin. Log.sin. | per 17/ d A Ky txgn A v
A
[o} 7 144 [] r o o
1 67 35 43 67 35 42.72 9.9659137 9.9659135 8.68 - 0.10 138 | —0.28 | — 2.4304 0.0784 75.3424
2 67 21 7 67 21 3.94 9.9651487 9.9651460 8.78 : 1.402 | - 3.06 | —26.8668 0.3636 77.0884
3 45 3 15 45 3 13.34 - 1.66 2.7556
180 00 5 | 180 00 00.00 | w, = — 5
4 61 36 10 61 36 8.20 9.9443206 9.9443186 11.38 —715 1.817 | -1.80 | —20.4840 3.2400 129.5044
5 48 38 lg 48 38 3.42 9.8753667 9.8753545 18.563 L 2959 | —6.58 | —121.9274| 43 2864 343.3609
6 69 45 52 69 45 48.38 —3.62 13.1044
180 00 12 | 180 00 00.00 wy = —-12
7 50 290 3 50 29 8.67 9.8873071 9.8873170 17.37 8.30 2.774 5.67 08.4879 | 32.1489 301.7169
8 66 41 17 66 41 18.44 9.9630148 9 9630161 9.07 " 1.448 1.44 13.0608 2.0736 82.2649
9 62 49 30 62 49 32.89 2.89 8.3621
179 59 50 | 180 00 00.00 wy = 10
10 58 12 47+ 58 12 51.63 9.9204254 9.9294314 13.056 —3.97 2.084 4.68 60.4215 | 21.4369 170.3025
11 51 3 00 51 2 59.83 9.8908092 9.8908089 17.02 " 2.718 | —0.17 —2.8934 0.0289 289.6804
12 70 44 6 70 44 8.54 2.54 6.4516
179 58 53 | 180 00 00.00 wy = 7
13 54 83 43 54 33 42.06 9.9110205 9.9110191 14.93 6.93 2.392 | —0.94 | —14.0812 0.8836 224 4004
14 g; 39 g 67 38 58.28 9.9660872 9.9660831 8.65 ’ 381 | —4.72 | —40.8280 ! 22,2784 74.8225
15 47 2 57 47 19.66 —-3.34 11.1556
180 00 9 | 180 00 00.00 wy = — §
16 68 35 17 €8 35 24.17 9.9626874 9.9626939 9.12 —13.48 1.456 7.17 65.3904 | 51.4089 83.1744
17 é‘ﬂ gg 00 ‘ggo g%l 9.8337833 9.8337881 22.58 . 3.606 2.]1) 47.6438 4.4521 509,8564
18 8 24 28 68 24 33.72 5.72 32.7184
179 59 45 | 180 00 00.00 | we= 15 | | .|
B 270.418 2.4320356 T Ay = Svow= ds =
B 345.567 2.5385323 319.1152 | 265.2274 | 2,361.5145
ws = 319

Probable Error =

4

+0.6745V/265.2274/7 = +4.15

686
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(7)
Correlate - Sketch.
236151

19

§5. A QUADRILATERAL.

Equations (34) and (37) in §35 in Chapter 1 can be expressed: in
the following Tables 15 and 14 respectively.

Table 13.

‘i’;” Left Side of egualion &g‘;?z’}
equalion e heollalea 1 | 1 | g | 15 | €gearion
n J 7 7 Vo  wiy,
2 J 217 digy| W)
3 3 7127 |dy )
(4 4 7|2 |dgy Wy
7 71217 ¢l2 d;| W
2 72|12 ]2]d)] w
J 7 718 2 dyl oy
S |lon|dea)les\dgy| | dp| Ay | ds|

Table 14.

i Z S Rrgh?
i’;ﬂ of ’%’éaa/e{in J/d;y of
agualion Ay /(, Ky | egualion

7 |27 d;| Wy

S |dy\dy\dy|ds|
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In this case, the peculiarity is that the triangles composing the
quadrilateral all intersect, so this appears in the Tables.

Inquiring Table 13, there are the following dispositions.
The point equations :

1. The coeflicients of the point correlates are the number of
angles around each station, namely 3.

2. The angle correlates are those of triangles with touching at
the station where the point equation is composed, and their coef-
ficients are the number of angles in the tmangles which are con-
centrated at the station.

TFor example in point equation (3), the angle correlates are K7,
I, and I{; and their coeflicients are 1, 2 and 1 respectively, because
the angles at station (3) are 4 in triangle 1, 4 and 4 in triangle 2
and 4 in triangle 3.

The angle equations:

3. The coefficient of the angle correlate of the triangle at which
the angle equation is composed is the number of the observed angles
in the triangle, that is always 4 in this kind of a quadrilateral.

4. In this case, there are the other angle correlates in the angle
equation. They are those of the triangles intersecting with the tri-
angle and their coefficients are the number of angles which are com-

mon in the intersected triangles.

5. The point correlates are those at the statlons in the triangle

and their coefficients are the number of angles concentrated at each
station.

The other points are all the same as described in the other former
cases.

Table 14 represents only the angle equations, the lower right one
quarter from Table 13 and in it all coefficients and absolute terms are
devided by 2. .

The special points known from Table 14 are as follows.

. The large coefficients in diagonal are 2 and the small ones
are all 1.

7. 'The correlate whose coefficient is 2 is the angle correlate of
the triangle intersected with the triangle in which the angle equation
is composed.

Point, angle and side correlates can be conveniently obtained from
the following equations (67), (68) and (69) respectively.
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Koy = 1/3+ (oy— K1—Ks—d g - K)
Koy = 1/3 (0@ —2K1— Ky—d g+ K,)
Ky = 113 - (o— K1— 2Ky~ Ky—d gy K,
Ky = 1/3+ (0@— Kz—2K3—d - K,)
Ky = 1[4+ (01— Koy—2K o — K g— 2K, —d; - K)
Ky = 1/4+ (wp— Ky— 2K 9~ Ky—2K,—2K3—d, - K,) ¢+ (65)
Ky = 1/4 - (03— Koy— 2K y— Ky— 2K, —dy - K,)

. q 3
K, = 1/d,- (ws— SV Keg— S d;s - Kq-) e (69)
%=1 i=1 Vs

The Correlate Sketch is as in IMig. 16 or Tig. 17.
Fig. 16 is used when all inner and outer angles are observed, Fig.
17 is used when the inner angles only are to be adjusted.

Fig. 16.
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The process of calculation is a little complex than the former
cases and is as follows:

1. First values of point and angle correlates are calculated and
written near their own double circles on the sketch (first values will
be explained later).

2. The side correlate K.

The products of the upper figures in each circle and the first
values of corresponding point and angle correlates are added, with
the opposite sign, to the lower figure in circle S, and this value is
divided by the upper figure in circle S. Thus the first value of K,
is obtained and written near circle S.

3. The point correlates K .

First values of the angle correlates of the triangles whose angles
meet at point (4) and the product of the upper figure in circle (4) and
the first value of K, above obtained are added, with the opposite
sign, to the lower figure in circle (), and this value is divided by
the number of angles around point (¢), namely 3. Thus the second
values of the point correlates are obtained and- written under the
first values.

In this case, the values of angle correlates are added once if one
angle and doubled if two angles in the triangle are concentrated at
the point. I'or example, at point (2), the angle correlate & is added
two times, as the angles 2 and 3 in triangle 1 meet at the point.
The other correlate is K, and the angle is only & in triangle 2, so
K, is added once only. ‘

4. Angle correlates K.

Second values of point correlates obtained just above and written
at the points of which the triangle ¢ is composed, the values of
angle correlates obtained just before of the triangles which are in-
tersected with triangle ¢, and the product of (the upper figure in
cirele ) x (the first value of K,) are given the opposite sign and then
added to the lower figure in circle ¢. Then this value is divided
by the number of observed angles in the triangle, namely 4. The
number of times of addition of point correlates is the number of
angles in the triangle concentrated to the point, and that of angle
correlates is the number of common angles in the intersected triangle,
namely always 2.

5. The second value of the side correlate K, is obtained as in
1, but the second values of all correlates are taken.
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These processes 2, 8, 4 and 5 are such that equations (69), (67),
(68) and (69) are respectively calculated entirely on the sketch and
this 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 Table 14, the equations are limited to (70) and (71)
as follows;

K= 1/2+ (01— Ko—d - &)
Kp=1/2- (wz_](l__I(B_dz CK) e (0)
1(3 = 1/2 . ((1)3—1{2“‘(13 g —[(s)

3
K, =1/d, (ws_ - Ifi) e e (71)
' =1

where the values of o and d are given in (40) in §5 in Chapter 1
and are a half of those in (67), (68), and (69). ‘
The process of obtaining the value of K, is the same as 2. above, but
that of obtaining the angle correlates is simpler and as follows. The
values of angle correlates obtained just before in the intersected
triangle and the product of the upper figure in each circle by the
first value of K, are added, with the opposite sign, to the lower
figure in each circle, and this value is divided by the costant 2. Thus
the values of the angle correlates are gotten and written near their
own circles.

The first values of point and angle correlates are conveniently ob-
tained from the following Table 15 and 16 for the cases of Tables
i3 and 14 respectively.

Table 15.

| Why | Wiy | Weyy | Wewy | Wy | Wy | Wy
/((7) 7 2 7 2 - 4‘:5 \? 4.5
K| 2 | 7 | 2 | 7 |-45 ~7.8
Ao 7 2 7 2 |-725)-3 |-25
/ (¢} 2 7 | 2 7 =05 -45
Ay =48 |45 |-7.5 |75 9 \~45 | 45
o 3 -3 -45 | 9 |~45
Ay |=45 | =78 |-7.5 |-4.5 | &5 |~45 | 9

Ffactor Uiz
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Table 16.
Table 15 is obtained from
Wy | W, | Gy equations (87) and (89) in §4 in
“, 3 -2 7 Chapter 3 by taking the terms of
/| -7 2 | =7 o only and omitting the terms
2 7 -2 3 of K,, Table 16 is obtained from
Factor Vi equation (38) in §5 in Chapter 1.

Numerical example 7. A quadrilateral.

All inner and outer angles are assumed to be observed; the pro-
blem is to adjust them. Figures obtained by calculation are shown
in Table 17. Numbers in the above are orders of writing and cal-

culation
(1)
(2)

(3)
(4)
(5)

(6)
(7)

(8)

(9)
(12)
(13

(11)

1

number of angles, ;

observed values of angles and sum of four angles in each
triangle,

values of log.sin. of observed inner angles, and values of
w1, ws and og) , ,

tabular difference of log.sin. per 177,

d; and dy, for example

dy = h—dsF—dy = 21.9—34.04-8.1—29.8 = —383.8,

dgy = H—ds = 21.9—44.8 = —22.9, & ete.,

-4 for inner angles,

Correlate Sketch, this is the main point of this paper,
by means of which values of all correlates are obtained
(this process will be explained later),

d+ N3 I is obtained from (7),

corrections v from Ky and K in (7) and 4- K, in (8),
corrected values of observed angles from (9),

corrected log.sin. for caleulation of side length of the
quadrilateral, with -2 in (10),

v+ v for the calculation of probable error.

Now Correlate Sketch in (7) will be explained (Fig. 18).
Figures in the double circles are d and o which are shown in (5) in
Table 17, for example,

dy = —33.8, w1 = —9.4, in circle 1,
dpy = —22.9, eow=>5.1, in circle (1), & etc.
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First values are obtained from Table 15 as follows:
This calculation can be carried out by writing the numerical values
of  on the top column in Table 15, performing the multiplication
mentally or with a slide rule and the addition with a pencil or with
a soroban.

Point correlates Ky .

Koy =1/12-(Tx51 +2x —6.4 —1x 7.7 +2x —6.1 —4.5x —9.4
+3x —11.5 —4.5 x —6.3
= 1/12(35.7—12.84+7.7—12.2+42.3—34.5+28.4)

= 54.6/12 = 4.6,
Kg=1/12-(2x5.1 +7x —6.4 +2x7.7 +1x —6.1
—4.5x —9.4 —1.5x —6.3)
= 1/12.(10.2—44.8+15.4—06.1+42.3 +9.5)

= 26.5/12 = 2.2,
similarly K@ =77, Ku=1.6..
Angle correlates K.
K =112 ( —4.5%x51 —4.5%x —6.4 —1.5x7.7 —1.5x —6.1
+9x —9.4 —4.5x —11.5 +4.5x —(.3)
= 1/12.(—23.0+28.8—11.5+9.2—84.6+51.7—28.4)
= —57.8/12 = —4.8,
similarly Kp= —3.4, Kz= —3.7.

These first values are written near thelr own circles.

The side correlate K.

First values of each correlate are multiplied by the upper figures
in each circle and these products are added, with the opposite sign,
to the lower figure —1,224 in circle S, and this value is divided
by the upper figure 17,297 in circle S.

K, = 117,297 - {— 1,224 — (— 22.9 x 4.6 —25.9 x 2.2 4 -+ --
upper lower upper  1st. upper  Ist,
figure figure hgule value figure value
in cir- in cir- in cir- of in ¢ir- of
cle S cle § cle(1) LK) cle(2) Awp

at point (1) at point (2)

+33.8 x 4.8 —80.7 x 3.4 —6L6 x 3.7) |

upper  Ist. upper Ist. upper 1st,
figure value figure value figure value

in cir- of  in cir- of  in cir- of
cle 1 K cle 2 pie cle 8 ye
in triangle 1 in triangle 2 in triangle 3
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This value is written near circle S, and the process means that equa-
tion (69) is solved on the sketch.

Second values of correlates are obtained as follows:

Point correlates K.

First values of angle correlates in triangles whose vertex is point
(i) and the product of the upper figure in circle (i) and the first
value of K, near circle S are added, with the opposite sign, to the
lower figure in circle (4), and then this value is divided by the num-
ber of angles around point (4), namely 3.

Number of times of addition of angle correlates of the triangle are
the number of angles concentrated at point (¢) and in that triangle.
That is,

Kgy=1/3-(G.1 + 37 + 4.8 —22.9 x 0.1) =4,

no. of lower in tri- in tri- upper Ist.
angles figure angle3 anglel figure value
around in cir- incir- of
point cle (1) 1st, values of cle (1) KN
1 angle correlates

added with the opposite sign

This value 4 is written under the first value 4.6.

Ko=1/3-(—64+48+48+34—259x01)=2,

no. of lower 2times, in in tri- upper  1Ist,

angles figure triangle1l angle 2 figure value

around  incir- Se—————————- iy cir- of

point cle (2) 1st, value of angle cle (2) K
2) correlates

added with the opposite sign

This value 2 is written under the first value 2.2.

Ke=1/3-(7.7+ 4.8 + 3.4+ 3.4+ 3.7+ 82.4 x 0.1)

Nemmmsarmmm, st
no. of lower intri- 2 times,in intri- upper  Ist.
angles figure anglel triangle 2 angle 3 figure value

around in cir- in cir- of
point cle (3) 1st. value of angle correlates cle (3) K
(3)

added with the opposite sign

=10.0.

This value 10.0 is written under the value 7.7.
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Kay=13(—6.1434+37+87—58x 0.1)=10.

no. of lower in tri- 2 times, in  upper 1st,
angles  figure angle2 triangle3  figure value
around  in ¢ir- e ipncir-  of
point  cle (4) 1st. valuesof angle cle(4) A
4) correlates
added with the opposite sign
This value 1.0 is written under the first value 1.6.

This process means that equation (67) is solved on the sketch.

Angle correlates K.

Second values of point correlates at three points of the triangle
2, values of the angle correlates obtained just before and written in
the triangles which intersect triangle 4 and the product of the upper
figure in circle 4 and the first value of K are added, with the op-
posite sign, to the lower figure in circle 4, and this value is divided
by the number of observed angles in the triangle, namely 4.
Number of addition of point correlates is the number of observed
angles concentrated at the points, and that of other angle correlates
is the common observed angles, namely 2.

Ky=1/4-(—94—4—2—2—10 + 3.4 + 3.4 — 33.5 x 0.1)
A — [ ——
no. of lower at 2 times, at 2 times, in upper  1st,
angles  figure point at point point triangle 2 figure  value
in tri- in cir- (1) 2) ) in eir- of
angle 1 clel -~ cle 1 N
2nd. values 1st, value
added with the opposite sign
= —6.0.
This value —3.0 is written under the first value —4.8.
Ko=1/4-(—11.5—2—10 — 10 — 1.0 + 6 + 6 + 3.7 + 3.7 4+ 80.7 x 0.1)
N LN —— [S—— L S——
no, of lower at 2 times, at 2 times, 2 times, in  upper  Ist.
angles  figure point at point  in tri- triangle 3 figure value
in tri- incir- (2) point (3) 4) angle 1 in cir- of
angle 2 cle 2 clel e
2nd. values of point and Ist, value of
angle correlates angle correlate
added with the opposite sign
=2,
This value —2 is written under the first value —3.4.
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Ky=1/4-(=63—-10—10—-10—4 4+ 2+ 2+ 61.6 x 0.1)

no. of
angles
in tri-
angle 3

= —3.

This value —3

is written under the first value

[ S —

N
lower  at 2 times, at - 2times, upper  Tst.
figure point  at point point in tri- figure value
incir- (3) (4) (1) angle?2 incir-  of
cle 3 cle 3 K

2nd. values of point and
angle correlates

added with the opposite sign

—3.7.

These processes mean that equation (68) is solved on the sketch.

The side correlate K, .

The same process as in the case of the first value of K, is per-

formed.

But the second values of all correlates are taken.

K, = 1/17,207 - {— 1,224 (— 22.9 x 4—25.9 x 24 +- -

upper lower upper 2nd. upper 2nd.
figure figure figure value ﬁgure value
in cir- in cir- inecir- of incir- of
cle § cle 8 cle (1) K cle(2) K
at point (1)  at point (2)
+33.8 x 6—80.7 x 2—61.6 x 3) }
upper 2nd. upper 2nd. upper 2nd.
figure value figure value figure value
in¢cir- of inecir- of incir- of
cle 1 Ky cle? K cle3 K3
in triangle 1  in triangle 2 in triangle 3
== —(,101 .
This value —0,101 is written under its first value --0.1.

This process means that equation (69).is solved for the second

time.

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

are continued.

In this case, the calculation is stopped at the seventh

round; the time required for this calculation is two and a half hours.
After these values of all correlates are determined, the values of cor-
rections of angles are obtained from (33) in §5 in Chapter 1.

i,



Table 17.

Angles
® @ (12) @) aw | @ e e | 10) a1 (6)
i Tabu. !
i i ol Correc-
I Qbserved Corrected Initial Corrected Dift. AL s A. R
No. Values Values Log. sin. Log. sin, per 177 a A-Ks mgn A vv A-a
A
o s | e] rou
1 43 52 4.0 43 51 58.6 9.8407311 9.8407193 21.9 —234| —-54 —118.26 29.16 479.61
2 31 48 213 31 48 19,7 9.7218465 9.7218411 | 34.0 3.63| —1.6  — 54.40 2.56 1,156.00
3 69 6 15.1 69 6 8.2 1 9.9704541 9.9704485 8.1 ! —0.87 | —6.9 — 55.89 47.61 65.61
4 35 13 29.0 35 13 33.5 9.7610139 9.7610273 29.8 3.19 4.5 134.10 20.25 888.04
180 00 9.4 |80 00 00.0 —33.8
wy = — 9.4 .
5 10 37 34.0 10 37 27.7 9.2657591 9.2656884 112.2 i —11.99! —6.3 —'706.86 39.69 12,588.84
6 | 65 2 534 65 2 506 9.9574457 | 9.9574430 9.8 1.05 —2.8 — 2744 7.84 96.04
180 00 11.5 | 180 00 00.0 80.7
Wy = —11.5
7 79 9 286 79 9 25.2 9.9921775 9.9921761 | 4.0 -043: —34 — 13.60 11.56 16.00
8 25 10 1Q_.3_¥ 25 10 165 9.6286933 9.6287211 448 4.79 6.2 277.76 38.44 2,007.04
180 00 6.3 -] 180 00 00.0 61.6
g = — 6.3 Sl = ds =
ws = —1224 —19224.63 | 17,297.18°
1) 290 57 40.6 | 200 57 44.9 4.3 18.49
) = 5.1 —22.9
2 | 259 5 300 | 259 5 82.1 2.1 4.41
o) = — 6.4 —25.9
(3 | 814 8 49.3 | 3814 8 ©58.8 9.5 90.25
: o= 7.7 82.4
(4) | 215 47 441 | 215 47 44.2 0.1 0.01
o) = — 6.1 —5.8
o=
310.27

"
Probable Error = +0.6745;7310.27/8 = 1-4.20

008

eInyeI] L,
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™

Correlate Sketch.,

Fig. 18.

Numerical example 8. A quadrilateral.

Only 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 following Table 18 are all similar to those in Example 7, but
the values of d and w are « half of those in Example 7.

Now only the Correlate Sketch (Fig. 19) will be explained.

Fiest values of angle correlates are obtained from Table 16 as
follows :

Ky=1/4-(3x =47 —2x =575 +1x —38.15) = —1.4,
Ky =1/4+(—=1x —4.7 +2x —5.75 —1x —3.15) = —0.9,
Iy =1/4-(1x—4.7 —2x —5.75 +3x —38.15) = —0.7.

These values are written near their own circles.
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The first value of the side correlate K.

The products of the upper figures in each circle and the cor-
responding first values of the angle correlates above obtained and
written in each triangle are added, with the opposite sign, to the
lower figure —612 in circle S, and this value is divided by the
upper figure 8,648.5 in circle S.

Ky = 1/8,648.5 - {—612 —(—16.9 x —1.4 + 40.35 x —0.9+ 30.8 x —0.7)}

upper lower upper Ist.  upper I1st. upper Ist,
figure figure figure value figure value figure value
in cir- in cir- in cir- of in c¢ir- of  in cir- of
cle S cle 8 cle 1 K cle 2 K cle 8- K;
in triangle 1 in triangle 2 in triangle 3
= —0.07.

This value is written near circle S.

This process means that equation (71) is solved.
Second values of correlates are obtained as follows :

Angle correlates K.

Trirst values of the angle correlates in the triangles which inter-
sect the triangle ¢ and the product of the upper figure in circle ¢
and the first value of K, are added, with the opposite sign, to the
lower figure in circle 4, and this value is divided by constant two,

Ky =1/2-(— 4.7+ 0.9 —16.9 x 0.07) = —2.5.

const. lower Ist. upper 1st,
figure value figure  value

in eir- of in elr- of

clel K cle 1 K

added with the opposite sign
This value —2.5 is written under the first value —1.4.

Ky =1/2-(—5.75 + 2.5 + 0.7 4 40.85 x 0,07) = 0.14..

const. lower 2nd. 1st,  upper 1st.
figure value value figure value
in cir- of of in eir- - of
cle 2 K K3 cle 2 Ks

anded with the opposite sign

This value (.14 1is written under the first value —0.9.
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Ny =1/2.(—3.15 — 0.14 + 80.5 x 0.07) = —0.6.

const. upper 2nd. upper Ist.
figure value figure  value
n cir~ of in cir- of
cle 8 K, cle 3 K

added with the apposite sign
This value —0.6 is written under the first value —0.7,
These processes mean that equation (70) is solved.

The side correlate K.

By the same process as the case of the first value, the sccond
value is obtained, but the second values of angle correlates obtained
above and written on the sketch are used in this case.

K, = 1/8,648.5 - {——612 —(—16.9 x —2.5 + 40.85 x 0.14 4 30.8 x —O.G)}

upper lower upper - 2nd.  upper 2nd.  upper Znd,
figure figure figure value figure value figure value
in cir- in cir- in cir- of in cir- of in eir- of
cle S cle S cle 1 Ky cle 2 Ko cle 3 Ny
in triangle 1 in triangle 2 in triangle 8
= —(0.075,

This value —0.075 1is written under the first value —0.07.

This process means that equation (71) is calculated for the second
time.

Thus the first round of calculation is over, and the succeeding
rounds are carried out. In this case, the calculation is stopped at
the eighth round and the corrections of angles can be obtained ac-
curately to the second grade below zero from equation (36) in §5 in
Chapter 1. Time required for the calculation of correlates is only
forty minutes.

This example is adopted from reference (10).



Table 18.

708

Angles
€Y (2) (12) (3 ' 3) (€Y & . ® %) 10) (11) ©®)
Tabu.
i f Correc-
T Observed Corrected Initial Corrected Diff. K i A- vy .
No. Values Values Log. sin. Log. sin. per 17/ d 3-Ks t]gn A v 4.4
A
B o 1 1 o 1 u |
1 43 52 4.0 43 51 58.87 9.8407311 9.8407199 21.9 ~1.717: =513 | —112.347| 26.3169 479.61
2 31 48 21.3 31 48 20.56 9.7218465 9.7218440 34.0 2,666 —0.74 —25.160 0.5476 1,156.00
3 69 6 15.1 69 6 11.85 9.9704541 9.9704515 8.1 —0.635| —3.25 —26.325 | 10.5625 65.61
4 | 3513 29.0 35 13 28.72 9.7610139 9.7610131 29.8 2.336 1 —0.28 — 8,344 0.0784 888.04 »3
1180 00 9.4 | 180 00 00.00 ]
o= — 9.4/2=—47 —-33.8/2 g
=—16.9 2
5 10 37 34.0 10 37 25.23 9.2657591 9.2656607 122.2 —8.796 | —8.77 | —983.994| 76.9129 | 12,588.84 =
6 65 2 53.4 65 2 54.20 9.9574457 9.9574465 9.8 0.768 0.80 7.840 0.6400 96.04 .
180 00 11.5 | 180 00 00.00 |
wy = —11.5/2 = —5.75 80.7/2 ;
=40.35 i
7 79 9 28.6 79 9 27.52 9.9921775 9.9921771 4.0 —-0.314, —1.08 — 4.320 1.1664 16.00
8 25 10 10.3 25 10 13.05 9.6286933 9.6287056 44.8 3.612. 295 123.200 7.5625 2,007.04
180 00 6.3 | 180 00 00.00 )
w3 = — 6.32=-315 SLo72 SAw= | Spo= | dy=
g = —1,224/2 = — 612 —1,224.522 | 123.7872 | 17,297.18
! 2
‘ = 8,648.59
I ’"
Probable Error = 4-0.6745+123.7872/4 = +3.75
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(M)

Correlate Sketch.

Fig. 19.
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CHAPTER 8. -
COMPACT FORMS OF VALUES OF CORRELATES.

§1. CLOSED CENTRAL POLYGON.

Eliminating point correlates K, and A%y in equation (4) in §2 in
Chapter 1, equations are obtained as in the following Table 19.

Table 19.

‘yg«ff Lefr  side of  egualion J,z,yi;}
equaltion /’; % /(3 }f” ., 'ff,; , /’;z /fy ggyﬂf/'ﬁﬂ
7 |-mlneg| 3 - 3| 3 |neel D, Y,

2 |n+3\g-mned| 3 F |3 |0, b
3 13 |2 S/ A
n-2 I Wz 2‘?-?
n-1 |3 s G |re3|g-mneg /N
n |ne3| 3 3 ne3lg-m 0, 1,
$ U\ 0, I, Do\ Ut | D | 2 Z-

where
D =nldp+de-n—3-d;) (i=1,2, -+, n)

N = 7'&((0(’;)‘{“ a)(,;_])“*g . wi)+8 * Wy
(i=1,2, e, n) . =0
- R SO (72)
Do =n > diy—3nd,

=1

n
N =1 2 d(q-) * W) —oNws .
i=1



Rapid and Rigorous Calculation for Adjustment of Fundamental 307

Solving these equations for = = 3,4,5,6 and 7, values of corre-
lates are as follows;

Ko = wofn+1/2n2 - S m;—1/202 -S) ;- K,
=1 =1
or 5120 - wo+1/2n - (23] wp—3 2”1 wi) ..... (73)
=1 i

—1/2n - (2 S d—3 d?;> K.
i1 '

=1

n=3a,
Ky = 1/3 - 0@+ 1/72 + (37,292,414 87442)
—{1/3- d@+1/72- (3Di+2D;,3+3D;,)} - K,

K; = —1/24- (2')7i+77i+1+77i+2\)
+1/24 - (2D;+ Dy + Djss) - K

3 ~
= 2167+ ?_1, Dy« (2m3+ 15414 Nis2)
=

3
@ = 216 DS+ ED,L . (2Di+Di+1_I"D2‘+2) .
: =1
n=4,
]\7(1') = 1/3 * W) +1/336 . (977i+577i+1+5777;+2+9"72'+3)
— {13+ dgy +1/336 - (9D;+5D;41+5D;10+9Dss)} - K,

K; = —1/2,016 - (118 7,449 701 +41 745+ 49 7;.5)
e
F1/2,016 - (118 Dy 49 Dy +41 Dyyp+49 Dyy) - K, 1+ (75)

K, = D
R = 24,1927, + il D (11375449 ;.1 + 41 0140+ 49 04.45)

|

D

94,1920, + 3 Dy - (118D; 449D 41+ 41D, + 49D 45) .
=1

n==o

-

]f(i) = 1/3 s + 1/825 . (16"7i+ 87,41+ 777i+2 + 877i+3 + 16”)7;,*4)
—{1/3 dg +1/825 + (16D;+8D;.1+TD;0+8D;4s
+16D;.0)) - K,
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K; = —1/550 « (237,971 4+ 100+ 105034 97544)
+1/550 - (28D;4+9D; 1 +7D;,0+TD; 3+9D;.4) - I,
K, =D
R = 82507, + 33 Do (2004 9 et sk 9700

5
SD = 8,250D5+ EDI ° (23D,+9D1~1+7D1+?+7D1T3+9DV4) .
i=1

n=20,

Ky =1/3-wu +1/864 - (139;+ 6701+ 55,0548
+ 67,44+ 137;45)
— {13+ da +1/864  (13D;+6D;s145D;0+5D;8
+6D;, 4+ 131)“5)} K,
K, = —1/2,592 + (86743171 + 2300+ 2205+ 237,44
v +317:45)
+1/2,592 + (86D;+31D;41+23 D545+ 22D;,5+ 23 D54
+81D;.5) - K,
K, = WD
N = 15,5520, + 31D, - (867,-+317,,1 + 287,15+ 220515
T s 8in,y)
D = 15,5520, + 31D, - (S6D;+31D;,1 +28D;0+ 22D,
T 93D, 431Ds) .
n="7T,

Ky = 18+ wg +1/55,419 - (677, +2927;, 1 +2367;.0 +2297;,5

+ 2367, 4+ 2929, 5+ 6777;.,6)
—{1/3 - de +1/55,419 - (677D;+292D;,1+236 Dy,

229D, 5+ 286D;14+ 292D 5
+6TTD;16)) - K

K; = —1/36,946 « (1,013, + 3417, 1+ 2437, 5+ 2297, .

2207, 4+ 2437, .5+ 3417;.6)
+1/36,946 - (1,018D;+341D;,1+248D; 12+ 229D 5
+229D; 4+ 243D, 5+ 241Ds46) - I,

(76)

(77)

(78)
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K, = R/D

7
N = 775,866 7, + > Dy« (1,015, 4+ 341m;, 1+ 2439, 5+ 2297, 5
=1 .
+2207;., 4+ 2437, 5+ 3417 )

-3

D = 775,866D,+ S D; - (1,018D,+ 341D, + 243D,

+229D;,3+229D;, 4+ 243D, 5
+341D;.6) .

]
=

§2. UNCLOSED CENTRAL POLYGON.

309

Eliminating point correlates K, and Ky in equation (14) in §3
in Chapter 2, equations are obtained as in the following Table 20.

Table 20.

‘if;” Loft Side of  equalion JZZ’}: /
egudlion A % Kor| | 56 Egudlion
7 Yo neg| 3 3lai0,| %

2 7z+¢lf2¢+7i§ ney I |0s| b

d
N
n-7 | 3 R+ g (;+7n) 4D ayl  Upy
7 J 3 |nes Ty D, T
s b, | b, Dng| Dy | Dy zs

where
Dy = (n+1)2 - (3dw+2de—6dy)
D; = (n+1) - (dey+dgsn—3d;) (t=2,3,«++, n—1)
D,; = (n+1)/2 - (Bdmsn+2doy—6d,)

o= 8&)0 +(’n+1>/2 . (8&)(1)"!‘20)(2)'—6(01)

7; = 3wy +(n+1) . (a’(i)+w(i+1)—8wi) (7- = 2} 3) ety n—1) [
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Ny = 8C"O + ()'l. =+ 1)/2 ° (3(*’(77,4-1)'1_ w(n)ﬁﬁw'n} |
— K3 4 o
1)3 = ()'1/ + 1)/2 . (8(7%1) +2 ;; d%,i) -+ Sd%n, 1)—(')‘ds)
7y = (n+1)/2 - (Bdyy - wwy+2 z?] ey - C()({)‘I"Sd(n;;l) 0 1)—Owg . J
t=a

Solving these equations for n = 2,38,4,5 and 6, values of corre-
lates are as follows;

n==2,

Ko =130y +2[63 - (m+n3) —2/63 - (D14 Do) - K,
Koy =12 o +1/315 - (117, +47,)

—{1/2-dg +1/315 - (11D, +4Dy)} - K,
Koy = 13- o@ +2/63 - (1,-+75)

{13 d +2/63 - (D, +Dy)} - K,

Kgy = 1/2+w@ +1/315 - (4, +117,) (80)
—[1/2+ di +1/315 - (4D, +11D,)} - K,
Ky = —1/315 - (227,-+8m,) +1/315 - (22D, +8Dy) - K,
Ky = —1315 - (S1,+227) +1/315 - (8D, +22Dy) - K,
K, = 0D ‘

N = 31579,+ Dy - (229, +8mz) + Dy - (81,,4-2275)

D = 315D, + Dy - (22D, +8Dy) + Dy - (8D, +22D) .

n=3:3,
Ko = 1/4-wy +1/10,452 - (2087, + 2217, +208n,)
—1/10,452 - (208D, +9221 D, +208Dy) - K,
Ko = 12+ oq +1/10,452 - (2637, + 9175+ 62775)
—{1/2-dgy +1/10,452 - (263D;+91D,+62D5)} + K,

Ky =1/3 wg +1/5,226 - (1187, + 11775+ 517)

—{1/3-dg +1/5,226 - (118D, + 117Dy +51Dy)} - KK,
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Koy = 1/3- og +1/5,226 « (517 + 11775+ 1187,)
—{13+ d +1/5,226 - (51D +117D,+118Dy)} - K,
Koy =112+ 0w +1/10,452 - (627+ 9175+ 2637;)
{112 deg +1/10,452 - (62D,--91D,+263Dy)} - K,
Ky = —1/5,225 - (2630, 4917, +6275) (81)
+1/5,226 + (263D, +91Dy+62Dy5) - K,
Ky = —1/402 - (To,+20m,+ 773)
+1/402 - (7Dy+20D,+7D;) « K,
Ky = —1/3,226 - (620 +91m+2637)
+1/5,226 - (62D, +91D,+263Dy) - K,
K, =%/
N = 0, +1/5,226 - | Dy(2680,+ 917+ 620) + Dy(91 + 26077,
+917y) + Do(62; + 91, +263m5) |
D = D, +1/5,226 - {D(263D1+91D,+62Dy)
+ Do(91.D; + 260D, +91Dy)
+ Dy(62D; +91 D, +263Dy)}

n=4,
Ko = 1/5+ wy +1/1,030 - (1474 L7+ 175+ 14n,)
—1/1,080 - (14Ds+ 17Dy + 17D+ 14Dy) - K,
Ky = 112 wq +1/52,530 + (1,024, + 3327, + 2297, -+ 2007,)
—{12 - dy +1/52,530 - (1,024D;+8332D,+ 229D,
+200Dy)} - K,
Ky = 1/3 - g +1/52,530 - (9047, + 8957, -+ 3807, -+ 2867,)
— {173+ dy +1/52,530 + (904D;+ 895D, + 380D,
+256D,)} - K,
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K = 1/3 - o@ +1/52,580 - (3747, + 9017, + 901, + 3747,)

—{1/3+dggy +1/52,530 - (374D +901D5+901 Dy

+374Dy)} - K,

Ky = 13wy +1/52,530 - (2867, -+ 380, + 89575+ 9047,)

— {13 dewy +1/52,530 - (286D, -+380D;+895D;

+904Dy)} - K,

K =1/2+ wg +1/52,530 - (2007; - 229, + 3327, +1,0247,)

Ky

I

Ky

K,

K, =D

N =7, +1/52,530

D = D, +1/52,530

—{1/2 - d +1/52,530 - (200D;+229D,+ 332D,

—1/26,265
+1/26,265
—1/52,530
+1/52,530
—1/52,530
+1/52,530
—1/26,265

+1/26,265

+1,024D,)} - K,

« (1,0247, 4 832m, - 22975 4 2007,)
- (1,024.D, 4 332D+ 229D, ++2000D),) - K,
- (6647, 2,0217,+ 63293+ 4587,)
- (66401 42,0210, + 682 D3 +458D,) - K,
< (4587, -+ 68275+ 2,021715 + 66477,)
< (458D, + 682Dy +2,021 D3 +664.D,) - K,
- (2007, + 2297, + 33275 -+ 1,0247,)

- (200D, 4-229D;4-332D5+ 1,024 D) - I,

- {2D(1,024; + 332, + 229, +2007,)

+ Do(66477; +2,0217, -+ 682775 -+ 458m,)
-+ D3(458771 + 682772 -+ 2,021773 + 604”74)
+2D4(200; -+ 2297, -+ 3320, -+ 1,02477,)

- {2D4(1,024D, + 3325+ 229Dy 4 200D,)
+ Dy 664D, +2,021 Dy + 682Dy -+ 458D,)
+ Do(458D, + 682D, + 1,021 Dy +-664D5)
+Dy(200D; + 229D, +- 332D +1,024D,)}

/

9

)
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n=>5,
Ko = 1/6+ @y +1/11,142 - (1107, -+ 11875+ 11975+ 1187, 11075)
—1/11,142 (110D, 4+ 118 Dy + 1195+ 118D, + 110D5) - KK,
Ko = 1/2- wg +1/330,546 + (5,2377,-+1,600%,+1,0687
+ 98174 9047;)
—{1/2+ dey +1/330,546 -+ (5,237D1+1,600D5+1,068D
+9S1D,+904Dy) - K,
Koy = 1/3 - w@ +1/495,819 - (6,8377,--6,749m,+2,714.5;
+2,106.57,+1,88575)
—{1/3+ d@ +1495,819 - (6,837D;+6,749D, +2,714.5D;
+2,106.5D,+ 1,885D5)} « K,
Koy = 13 wg +1/495,319 - (2,668, +6,795.5m,+ 6,808.57
+2,7727,+2,04975)
—~{1/3- d +1/495,519 - (2,668D;+6,795.5D,
16,808.5D+2,772D,
+2,049D5)} - K,
K = 113+ ww +1/495,819 - (2,0497;+2,7727,+6,808.57
‘ +6,795.57,42,66875)
—{1/3+ de +1/495,819 - (2,049D,+2,772D,
+6,808.5Dy+6,795.5D,
+2,668D;)) - K,
Ko = 12 wp +1/495,819 - (1,8857;+2,106.57, +2,714.57;
+6,7497,+6,837775)
~{1/3depy +1/495,819 - (1,885D;+2,106.5D;
+2,714.5D5+6,749D,
+6,837D5)} - K,

313
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K = 1/2 - w@ +1/330,346 « (9047, + 981795+ 1,087, 41,6007,
=+ 5,23775)
— { 1/2 - dgy +1/330,346 + (904D, + 981D+ 1,068,
+1,600D,+5,237D5)} - Y,
Ky = —1/165,273 - (5,237 + 1,6007;+ 1,06875 + 9517,
~+904975)
+1/165,273 + (5,237D1+1,600D,5+ 1,068 D5+ 9811,
+904D5) - K, (83)
K, = —1/165,273 + (1,6007;+5,149m,41,646.57,-+ 1,125.57,
+98175)
+1/165,273 « (1,600D; +5,149D,+1,646.5 Dy
+1,195.5D,+981D;) - K,
Ky = —1/165,273 - (1,0687,+1,646.575++5,1629,+ 1,646.57,
+1,06875)
+1/165,273 + (1,068D;41,646.5D5+5,162 D,
+1,646.5D,+1,068Ds) - K,
Ky = —1/165,273 - (981 +1,125.57,+1,640.57, 45,1497,
+1,60075)
+1/165,273 « (981D, +1,125.5D,+1,646.5D, -
+5,149D,+1,600D;) - K,
Ky = —1/165,273 - (904, + 9817, +1,06875 + 1,600,
+5,2377;)
+1/165,273 « (904D + 981D, +1,068 D5+ 1,600,
+5,237D;) - K,
K, =N/D
N =, +1/165,273 - { Dy(5,237+ 1,600, 41,0687+ 05 1
+90475;)
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+ Do 1,600, + 5, 1497, + 1,646.575+ 1,125 57, + 98 1)
-+ Dy(1,068, + 1,646 595+ 5, 16295+ 1,646.5m, + 1,06875)
+ Dy(9817, 4+ 1,125. 5754 1,646,575 + 5, 14977, + 1,600m;)
+ Dy( 9047y + 98 177, + 1,068, + 1,600, +5,237715)}
D = D, +1/165,273 -{ Dy(5,237D; +1,600D,+ 1 068Dy 951D
+904D5)
+ Dy(1,600D; +5,149D; 4+ 1,646.5D5+1,125.5D,
+981D;)
+ Dy(1,068D1+1,646.5D,+ 5,162 D5+ 1,646.5D,
+1,068D5)
+ Da(981D,+1,125.5D5+1,646.5 D5+ 5, 149D,
+1,600D5)
+ Dy 904D, +981 Dy 1,068 Dy +1,600D;+5,237Ds) } .

n==6,
Ko =17+ wp +1/38,409 - (288n, 430975+ 31205 -+ 3127,
+ 30975 - 28875)
—1/38,409 - (288014 309D, + 312D3+ 312D+ 309D
+9288Ds) - K,
Ky =1/2- (1) +1/8,949,297 - (119,149m; +- 34,5777,
+22,23475+ 20,4057,
+19,945%;5 4 18,5547)
—{1/2+ dgy +1/8,949,297 - (119, 149D, +34,577 D,
: +92,234.D5 +20,405D,
+19,945 D5+ 18,554Ds)) - K,
Ko = 1/3 o +1/8,949,297 - (102,484, + 100,8857,
' + 38, 47475+ 29,3297,
+97, 72875+ 25,66677)
—{1/3+ d +1/8,949,297 - (102,484D; + 100,888 Dy
+38,474Dy+29,329D,
+27,728 D5+ 25,666D6) - IV,
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Ko =13+ 0@ +1/8,949,297 - (37,8747, +101,4887,
+101,692n54 59,5067,
+ 30,1575+ 26,90075)

—{1/3+ dey +1/8,949,297 - (37,874D; +101,488D,
' +101,692Dg+ 89,5061,
+380,157D5+26,900D5)} - K,
K = 1/3+ 0w +1/8,949,207 - (28,4267, + 39,3777,
+101,82175+101,8217,
+ 89,3775+ 28,4267)

—{1/3+ d +1/8,919,297 - (28,426D;+39,377D,
‘ +101,821 D5+ 101,821,
+39,377D;+28,426D;) } - K,

Ky = 113 - o +1/8,949,297 + (26,9007 + 30,1577, + 39,5067
+101,6927;+ 101,4887;
+87,87475)

—{1/3 - @) +1/8,949,297 - (26,900, +30,157Dy
+39,506 D3+ 101,692D,
+101,488 D5+ 87,874D5)} - K,

K = 1/3+ we +1/8,949,297 + (25,6667, + 27,7287, + 29,3297,
‘ + 88,474, 4 100,4887;
+102,4847)

—{1/3+ dioy +1/8,949,297 - (25,666 Dy +27,728D;
+29,329D, + 38,4741,
+100,488 D5+ 102,484D5)} - K,

Ky = 12 o +1/8,949,297 + (18,5547, -+ 19,945, + 20,4057,
+ 22,234, -+ 84,5777,
+119,14976)

—{1/2+ dep +1/8,949,297 - (18,554D; 419,945 D,
+20,405D5 + 92,234 D,
+ 34,5770+ 119,149D5)} - K,
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Ky = —1/8,949,297 -
+1/8,949,297
Ke = —1/8,949,207
+1/8,949,297
Ky = —1/8,949,297
+1/8,949,297
K, = —1/8,949,297
+1/8,019,297
Ky = —1/8,949,297
+1/8,949,297
Ks = —1/8,949,297
+1/8,949,297
K, =D

N =7, +1/8,949,297

(238,2987; + 69,1547, + 44,4687,
+40,810m,+ 39,89075 - 37, 1087;)

. (238,298D; +69,154 D, +44, 468 Dy

+40,810D,+39,890D5+ 37,108 Dg) - I,

(69,154, -+233,5107,+ 70,9347,

47,1770, + 43,2945+ 39,89075)

- (89,1540, 233,510 D5+ 70,954D;

47,177 Dy +43,294 D5 +39,890D5) - K.,

(44,4687, +170,954m,+ 234, 1227,

-+ 71,34,1"74 -+ 47, 177775 -+ 40,810776)

(44,468 Dy + 170,954 D, + 234,122 Dy

+71,341D,+47,177D5+40,810D;) - K,

(40,810, +47, 1770, +171,3417,

+234,1227,+ 70,9547 + 44,4687;)

- (40,810D,+47,177D;+71,341Dy

+234,122D,+ 70,954 D5+ 44,468 De) K,

- (39,890m; + 43,2947, + 47,1777,

+ 70,9547, +233,510m;+ 69,1547)

- (39,890.D,+43,294 D+ 47,177 D,

+770,954D+233,510D5+ 69,154 De)- K,

- (37,1087, + 39,8907, + 40,8107;

+ 44,4681+ 69, 15475+ 238,2987)

< (37,108 D; +39,890 D5 +40,810 D4

+44,468D,+69,154 D5+ 238,298 D) K

-{ Dy(238,298m, + 69, 15475+ 44,4687,
-+40,8107,+ 39,8907+ 37, 1087)

+ Dy(69, 1547, +233,610m, -+ 70,9547, 4- 47,1771,

+43,2947; +39,89075)

317
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+ Dy 44,4687, -+ 70,9547, -+ 234,199, + 71,3417,
47, 17775+ 40,81075)
+ Dy(40,810m; -+ 47, 1777, + 71,3419, + 234, 1227,
70,9547, +44,46576)
+ Dy(39,890m; -+ 43,2947, -+ 47, 17Ty + 70,9542,
+238, 51075+ 69,1547)
+ D37, 1087+ 39,8907, -+ 40,8107, + 44,4687,
+69, 154775+ 238,2087,)
D = D, +1/8,949,207 - {Dy(238,298D;+ 69,154 Dy +44,465 Dy
10,8100, +39,890 D5+ 37, 108 D)
+ Dy(69, 154D, +233,510D,+ 70,954 D5 + 47, 177D,
43,294 D5+ 39,890 D)
+ Dy 44,468 Dy -+ 70,954 Dy + 234,122 D5+ 71,3410,
+47,177 D5+ 40,810D5)
+ Dy(40,810D, + 47, 177D, + 71,341 D + 234,192,
+70,954D5+ 44,468 D)
+ Dg(39,890D; + 43,2040, + 47,177 Dy +70,954D,4
+2833,510D5-+ 69,154D5)

+ Dy(37,108D; -+ 39,8900+ 40,8100, + 44,468,

| +69,154D5+238,298D)] .

§3. A SINGLE ROW TRIANGULATION NET.

Eliminating point correlates K, K, and Ky in equation (24) in
§4 in Chapter 1, equations are obtained as in the following Table 21.
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Table 21,

Sign Loft Side of  eguation 5 ;’;?f;
egualion | 1\ My | My | Ha fnifin-ofins) Hn| A | Gqer@?ion
7 231713 ”l ?,'
EATIGE K
3 7121-912 |7 J/5 %
¢ 7292 o
-3 ‘ sl 9127 oy Tes
n-2 12]-9l2|7 |0,  Tus
n-1 3162678,  Tus
n 7 |-23) Uy Un
5 D) ﬂg 30.7 3”44 3071133” ? ”'n: Dfl DJ Z-S‘

where
Dy =64+4d4+5d@n—12d,
D, =4d4+3de+3de—12d,
D, = dgyp+do+dasy—id;  (i=3,4, -, 0—2)
D, 1 =3du-aey+3d@-1,—3dop-4—12d 1
D, = 3dp-1—Adsns—6dn1—12d,,

n-1
D, = 120,64+ 4435 a1y ~1.8, —6.8, 1)

7 =06w,+4wn+30n—12w0 (85)
7, = deon+3ew+0 on—12 w2 7
7 = wg-ntentocn—te; (t=3,4,5, -+, n—2)

M1 = 3 @-2+3 O@-1) +4 w0 —12 wy-1
- = 3om-nt+4em+0w0,—12w,

n-1
7, =12 ws——<6J1 cwpt4ds o+ 3 32 de e
i

—4 sy * @y—08dan-1" a)q> .
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Solving these equations quite approximately, that is, neglecting
influences of correlates whose coefficients ave less than three and
side correlate, then following values are obtained :

Ky = —1/549 - (269,47 ny-+14/3 « 13)
or —1/549 + (156 e+ 132 o) + 103.7 wgz) +25.7 wrpm)
+4.7 0@ —312 0 ~84 wr—18.8 wy) |
Ky = —1/549 (T +237,+46/3 - )
or —1/549 - (42 wp + 120 @y + 105.3 wez) +84.3 wpy)
‘ +15.3 0 —84 01— 276 w3—61.2 w)
K =—1/9-n,
or 419 - 0;—1/9 + (0-1+ 0@ + o) » (56)
(t=38,4,b,---+,0—2),
Kooy = —1/549 «(46/3 1,2+ 237,14+ 7 7,,)
or —1/549 - (15.8 - +84.3 win-2+105.3 w1
+120 o) +42 0,—61.2 w,_5—276 w1
) —84w,) ,
K, = —1/549 - (14/3 - 11,9+ 7 1,1+ 267,,)
or . —1/549- (4.7 @um-5+25.7 wm-2)+103.7 w41y + 132 0w

+156 w,—18.8 wp-2—84 wp-1—312 wy,) .

§4. A QUADRILATERAL.

Eliminating point cerrelates Ky (¢ =1, 2, 3 and 4) in equation
(34) in §5 in Chapter 1, equations are obtained as in the following
Table 22.

Table 22.

1 SIE | of eguarion | I Side
‘ eguation | | /| Ay | A | eowarion
' 7 Jl7l7\0)] %

2 |713|1\D %
3 ) "7 713 Dg 2?
SRRV AV AV AV
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Solving these equations, values of correlates and corrections of
observed angles are obtained as follows :

Ky = 1/4-(20—y+n5)—1/4 - @Dy— Dy + D) - K,
Ky = 14+ (—m+2m—n5)—1/4+ (—Dy+2Dy—Dy) - K,
Ky =14+ (—na+275)—1/4 - (D1—Dy+2Dy) - K,
Ky = o/3 —1/12.- (37— 275+ 37;)

—{dwl3 —1/12+ 3D1—2D,+3Dy)} - K,
Koy = w@/3 —1/12 - (3m+m)

—~{de/3 —1/12- (3D, +Dy)} - K,
K = o@/3 —1/12 « (2 205+5)

—{dw/8 —1/12+ (Dy+2Dy+ Dy)} - K,
Kuy = ow/3 —1/12 - (9,4 315)

—{dw/3 =112+ (D, +3Dy)} - K,
K, = RD

(87)

RN = 4, —{D1(2171—?72+n3)+D2(-m+2ng~?}3)
+ D3 (M —"nz+ 2773)}
D = 4D, —{Dy(2D1—Dy+ Ds)+ Dy (—Dy+2Dy— D)
+Ds(Dy—Dy+2D5)}

and
v = K (i=1,2,3 and 4)
v = ew/3 —1/12 - (37,—n,)
~ {13+ (dw—3d) —1/12- (3D, —Dy)} - K,
vy = w3 —1/12 - (37— 3n,4-293)
—{1/3- (dey+3.4g) —1/12- (3D1—3D,+2Dy)} - K,
v = /3 —1/12- (37p—5)
—{1/3+ (do—34s) --1/12- (3D,—Dy)} - K,
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v = g3 —1/12 (29, +1,—71,)
— {13+ (dw+34s) —1/12+ 2D+ Do~ Dy)} - K, (55)
v = o)/ 3—1/12 - (—n+15+275)
— {13+ (dy—345) —1/12- (—Dy+Da+2D3)} - K,
e = w@/3 —1/12- (—v771+3n3)
— {13+ (dy+3ds) —1/12+ (— Dy +3Dy)} + K,
V7 = a3 —1/12 - (27,—8my+ 37;)
~{1/3 - (day—34) —1/12 - (2D1—3D +3Ds)} - K,
v = wm/3 —1/12 . (—ny+37;)
—{1/3+ (dwy+34) —1/12 - (—Dp+3Dy)} - K, ,
where
=112+ {Bor—(wm + 200+ om))
e = 1/2+ {Bwe~(w@ +9w(3)+w(4>)j
7y =112+ {3ws— (0w + 200+ om)}
Ny = 1/2+ {1 Bew,— idm w(z)}
=1, (89)

Bda—(de+2dw +dw)}

Dy = 1/2 Bclg—— (d(3)+2d(4)+(‘l(1))}

&
{
3
[3
{
Dy =112 {8dy—(dey +2d +d o)}
{
{2

Ds = 1/‘) J(7 - 2 d(,,)J

§5. ANOTHER COMPACT FORM IN
A QUADRILATERAL.

In a quadrilateral as in Fig. 4 in §5 in Chapter 1, if another
way of making the angle equation, proposed by Prof. Galachow in
the reference (10), is employed, the following results are obtained.

Condition equations :
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4 Point equations at each station;

Dy + U1+ V8 = o)

V(g) -+ Vo -+ Vg = g

V) F 04+ 05 =

Vy+ Ve + V7 = oy) .
3 Angle equations;

W+ Vet V3V = w1

V5-+ g+ vr+ Vg = wa

v1+ Vp+ V7 + Vg— (Vg -+ vy + 5+ V6) = w3
A side equation ;

8
DD g v = s
=1

where,
oy = 360°—((1)+1+8)

o@ = 360°—((2)-+2+3)

w@ = 360°—((3)+4+5)

w = 360°—((4)+6+7)

w; = 180°—(1+2+3+4)

wy = 180°—(5+6-+7+8)
ws=3+4+5+6—(1+2+7+8)
ws = 7Zj‘i(—l)i log. sin. i .

--------

-----------

323

Applying the principle of the method of least squares, we make

M = min., instead of >}v-v = min.,
where,
M = S v- 0—2Kqp(vg+ 0+ vs—ow)
—2K (v + v24 v3—0w2)
—2Ka(viey+ v+ v o)

— 2K (v + v+ 07— o)
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— 2K (v1 + vo -+ vs + 04— 1)
— 2 Ko(v54 v+ v+ Vg—ewg)
— 2K 3(v1 + vz + Vg Vg— Vg4 — V5 — g w3

3
—9F, < S (1)1, - q‘»,-—ws) :
i1
From M = min., viz., 9M/3v = 0, we obtain,

vy = Ky (i=1,2, 38, and 4) )
v =K+ K+ Ket+dy - K
vy = Ko+ K+ Ke—dy- K,
vy = Ko+ K—Ky+ 4y K,
vy = Kg+IKi—Ks—d K, § eeeniineans (92)
vy = K+ Kp—Ka+ds+ K
vy = K+ Ko—Ka—ds+ K
v = K+ Ko+ Kg+ .47« K

Vg == ]{(1)+I(9+I\73—‘J3 . I(s .

Putting the relation (92) into (90), correlate equations are obtain-
ed as follows;

8]((1) -+ I(l -+ I(g -+ 2[&)—3 + (‘Z(I) . ](g = (1)

3[&7(2) 42K, -+ d(g) K, = W(2)
SKw + Ky + Ky — 2K, + dg- Ko = g
3K 42K, + duy K = o

I((l) +2[f(2)+ I((s)“*‘ 4](1 + d1 . [&ys = 1
Ko+ Ko+2Kn+ 4K, + dy- K, = s
2]{(1) —2]((3) + 8[(3 -+ (‘Za M ]&’8 = w3

4 2
Sde Ko+ Sid; K+ do Ky, = o, ,
2=1 2=1
where
d(l) = J1—ds - ]
d(g) = /..13-;’2 l
dg = ds—d, l
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duy = dy—de |
4 = g(~1)i+ld,

dy = ?f;jé(—l)i“di

dy = dy+da+ dg+ do— dp— dy— d5— g
de = >1d-4.

Eliminating point correlates K (i =1,2,3 and 4) in equation (93),
the following equations are obtained.

6K —2K, +D Ky =m
— 2K+ 6K, + Dy K, =,
16K+ Ds - I, = 74

Dy Ky\+Dy- Ko+ Dy K3+ Dy K, =, .

Solving equation (93), values of correlates and corrections of ob-
served angles are obtained as follows ;

Ky = (3m+72)/16 —(3D;+ D,)/16 - K,
Ky = (m+3m,)/16 —(D1+3Dy)/16 - K,
Ky = 73/16 —D4/16 - K,
Ky = o3 =2+ 21+ 7)/24 — {dw/3 —(2D,+2Dy+2D5)/24}- K,
Ky = o@l3 —(@n+7:)/24 —{de/3 —(3D1+Dy)/24} - K, o0
Ko = o@/3 —2m+2m; —15)/24 -{d(3)/3 —(2D1+2D2—D3)/24}-Ks )
Kuy = ow/3 —(m+3n,)/24 —{cl(4)/8 —(D;+3 Dz)/24} K,
K,=RD, ’

where N = w, — (373429, - 9+ 302+ 13)/16

D = D, ~(3D}+2D, - Do+ 3D%+ D3)/16 .
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where
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Vu) = I((i) (7'/ = 1, 2, 3 and 4)

v = o3 +(5m—"ny+75)/48

—{dw/3 — &y +(BD—Dy+ Dy)}48} - K,
ve = w3 +(3Mm+m+3n)/48 ‘

—{d@/3 + s +(3Dy+ Do +3D)AS) - K,
v3 = w3 + (37 +7;—31)/48

—{def3 —dy +(3Dy+ Dy~3DY8} - K,
vy = w@)/3 +(5Mm—1e+575)/48

—{dw/3 + 44 +(Dy—Dy+5D)AS} - K,

Vg5 = w(g)/g +(—"71+5772+5773)/48

—{d(3>/3 — s +(—D1+5D2+5D3)/48} K,
V5 = ww/3 + (M +31,—315)/48

—{dwl3 + ds +(Dy+3D,—3Dy)/48} - K,
v = w@/3 (M + 315+ 373)/48

'—{dm/3 — iy +(D1+3D2+3D3)/48} K,
vg = w3 4 (— 457+ 15)/48

—{d@/3 + 4 +(—Dy+5D,+Dy)/48} - K,y

M = w1 —(wm+20e + om)
7y = 3wz — (o) + @+ 204)
7y = 3wz —(200—20)

Ny = 3w, — gd(i) 0

Dy = 3dy —(dwy+2den + dew)

Dy = 8dy —(dy+d@+2d)

Dy = 3ds —(2dy—2dg))

D, = 3d, ——5:‘1 @y .

ooooo
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If observed angles around a station are independently corrected,
or simply, outer angles are not observed, point equations at each
station are omitted in equation (90), and equation (92) or (93) becomes
as follows ;

Yy = I(1+K3+J1 - K,
Vg == I(] +I{3_J2 ° ](s
vy = Kj—Kg+ dg - I(S

Vy = 1(1-1(3‘—'214 ° I(g

i Y siiesassoesesens (99)
Vg = I(g—](3+ 415 ’ I(s
Vg = 1(2_1(3—‘46 ° -K's
Py = I(2+.I(3+J7 - K,
Vg = I(2+I{3~J8 * I(s 3

and
4K)+d; - Ky = o
4](2"' dz ° I(s = w2
.............. (]OO)

81(3+d3 ° I(S = w3
s+ Kt dy- Ky = w0 ©

i=1

Solving equation (100), correlates and corrections of angles are
obtained as follows; ,

Ky =14+ (or—d; - K7)
Ky = 1/4+ (wg—ds - K)
Ky = 1/8+ (wg—ds - K)
Ke=9d, e (101)

where
m = ws “““1/4'(d1 -w1+d2-w2+1/2 -dg'wa)

D=d, —1/4- (B+dZ+1/2-d3) .

vy =14+ (on+1/2- ws) + {h—1/4+ (dy+1/2+ dy)} + K,

v = 14 (o1 412+ ) — {dpt VA - (dy + 112+ &)} - K,
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vy =14+ (0;—1/2+ @
vg = 1/4« (—1/2-
v = 1/4+ (wp—1/2
vg = 1[4+ (0p—1/2-
vp = 1[4+ (wp+1/2-
vy =14

T, Itakura,

+

an) — {14 (=172 ds)} - K,

wz) —

we) + {dr—1/4+ (dp+1/2- dy)} - K,

{u
{
cog) +{ds—1/4+ (dp—1/2- dy)} - K.
{
{
{

d—1/4+ (1 —=1/2-dy)} - K,

Aot 1[4+ (dp—1/2- dy)} - K,

(w2412 ws) + {ts+1/4-(dy+1/2 - dﬁ)} K,

o (102)

Relations (99) to (102) coincide with those obtained in reference (10).

Equations (93), (95) and (100) are able to be expressed in the
following Table 23, 24 and 25 vespectively.

Table 23.

"'!” Lefyr Side of eguation wzﬂo’}
"7"’”””” Ao Aol /1y | W2\ M5 | A5 | cearreon
| J 7172 )
@ |9 2 %z Gy
(3 I\ 7|7 -2 Wy
“ 1J 2 da Wy
7 7 (2|7] |4 4| w
2 7 712 4 dz '(l/z
3 |2 |2 eldyl
§ dyy)yyldlis) )| dy| dp| dy| ds|
Table 24, Table 25.

T | F | | [ | ]
eguation [ fo| 3l s equarion | | eguation [ T15] ] ) equarion
7 6|-2 ”7 77 7 ¢ d, Gy
2 -2 6 ”2 72 2 ¢ dz by
J 610 % 3 2\
J y/) Dz |0, | Ds 75 § dy|dyldy|ey] @
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SUMMARY AND CONCLUSIONS.

The general conclusions to be drawn from the investigations
described in this paper may be summarised as follows:

1. The process of the caleulation by “Mechanical Sketch Method’’
can be carried out quite mechanically and easily, in place of solving
many simultaneous equations.

2. The calculation consists of simple addition, multiplication and
division. '

3. On the Correlate Sketch, the numerical values used in obtain-
ing the value of any correlate are always written near it and also
near each other, and never isolated.

4, Numerical values for the addition and multiplication can be
taken up immediately from the drawing, and the divisor is the
number of angles with relation to the correlate, so it is a simple
round number and can be known directly from the sketch, with one
exception of the case of the side correlate K,, whose divisor is d,,
but this is also easily taken from the double circle in the sketch.

5. So the calculation can be carried out easily with a slide rule
and conveniently with soroban even in the field, where a calculating
machine can not be used. :

6. Thus the process is carried out mechanically and simply, so
chances of mistakes occurring are minimized. If any mistake should
creep in any round, it is soon recognized and corrected immediately
and unconsciously in the course of the next round. So there is no
need especially to correct the mistakes, if they are not very large.

7. The more complex a triangulation net is and the larger the
number of condition equations become, the more regularly, system-
atically and rapidly the calculation can be carried out which some
has hitherto been so complex and troublesome that various approxi-
mate methods have been adopted in some quarters for many years.

8. The time required to solve many simultaneous equations rigo-
rously by this new method is incomparably less than by methods of
elimination or determinant ordinarily used hitherto, and may be
even less than by approximate methods.

9. TFigures and Tables which give the first values of correlates
redouble the merits of this new method and this calculation is also
very simple.
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10. Only four kinds of elementary triangulation nets are treated
in this paper, but these are all fundamental forms. However complex
a triangulation net is, it may be a combination of these four kinds
of fundamental forms, so this method is applicable to any compound
higher or geodetic triangulation nets. V

11. This new method is one use of the solution for structural
frames, proposed by Prof. ., Takabeya, applied to the adjustment of
triangulation nets, and shows the wide range of application proposed
by that author.

Finally, the present author offers his grateful thanks to Prof.
F. Takabeya for his kind guidance in the preparation of this paper.



