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APPLICATIONS OF TRE METROD OF LEAST SQUARES

TO THE ADJUSTMENT OF LEVEL CIRCUITS.

ADJUSTMENT? OF ELEVATIONS IN DAWSON
AND ST. JAMES TOWNSHIPS,
PHELPS COUNTY,

MISSOURI.

INTRGDDCT ION.

Ap introduction to a thesis ob least squares could be drawn
out to considerable leugtb in explanation: as the purpose of this
theais has been ap investigation in applications of the method of
least squares to tbe adjustment of level circuits,it will be found
in the body of tbe report cousiderab le space has been devoted to
the explauation of the difterent applications of the gethod,rith
a view that these investigatious may be of use to eugineers in
the professiou; 80 the introductory remarks will be brief.

It is well koown among engineers and otbers that measuresents
wade witb apparatus of most awy kind,chaips,rods,scales,veruniers,
micrometers,etc., abd Lo matter how careful one may be in eakiug
measurevents,there will te discrepancies awouy the otservatioos.

If a series of bencbmarks te conuected by lines of levels,some

of which are check lipes forming with the others complete circuits,
it 18 necessary to adjust tho difference in elevation so that all
the circuits will close exactly,in order that the difterence of
elevation between any two benchmarks will be coustent when cosput-
ed through two or erore series of lines by the several routes.

This is illustrated by several applicatious of the sethod of least
squares to the adjustment of elevations iu Dawson and St. James
Tosnships,Pbelps County, Missouri. .

It 1s understood that observatious are always sade as care-
tully as possikle,for the most protabtle results and winimue errors.
Positive and pegative errors of the same magnitude occur with
egoal freguency; they are equally protable.

Errors of increasing magnitude occur with decreasing - freguency.
Ssall errors occur wore freguently;are more probable that large ones.
Very large errors seldom occur;they are likely to belong in the
class of wistakes ratber in that of accidental errors.

Accidental errors-are systematically modified by the circumstances
of the observatious. The chief circumstances atffeeting a set of
observations are atwospheric conditions,the skill ot the observer,
and .the precision of the- instruments.- ‘
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The principle frow which the term "least squares" arises
is the following: In measwrements of equal precisison,the most
probable values of observed guantities are those that render
the sum of the squares of the residual errors a zminisun. The
errors that may be corrected,bowever,by this method, are only
those accidental errors that are governed by no laks other
than those of chance.

The wmethod of least squares takes first rawnk as am arith-
metical process aund by i1ts use uniformity 18 secured im the
process of adjustment and comparison, and the most probable
balancing ot errors of observations may be expected.

It is believed tbhat the metbod of least squares is not in
geueral use among engineers and that approxiamate metnods are
sore oftten substituted tor tbe adjustaeut of quantities,although
far soperior results might be expected through the employment of
the more exact metbod. There are those,no doubt,who although
versed iu sathematical science, sight Fipnd it ditticaolt to
utilize this method, for lack of conceutration and patience to
carry this process througb to completion.

It is recoumended, however, whebever precision is demanded
and subsegueunt measuremeuts are dependent upon the results,

In the adjustment of level circaits, the several lines are
welgbted iuversely as their leamgths,this causes us to state the
above priuciple as folloss: In observations where unaqual wesghts
are applsed, the wost probable values of the observed guantitses
are those that render the sum of the wervghted squares of the
restdual erTYorsy a mininue,

The levels ip Dawson and St. James Townships were run upder
my supervision by messrs.F.E.Decker,R.R.Denison,and F,B.Bollos.

In the arrangement of this thesis,and in the computations
and coostruction of drawimgs, I wish to ackuowledge the valuable

assistance rendered by Major Charles E. Cooke, Prodessor: of
Topographic Engineering.
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PART L.

THE INDEPENDENT ADJUSTMENT OF A MOLTIPLE LINE.

METHOD ©FP LEAST SQUARES APPLIED T0 PEE ADJESTMENT
OF ¥BE LINE A VIA B, €, AND D TO E.

(BASED ON THE LINE OF LEVELS RUN BY THE
U, S. QEOLGARIGCAL SURVEY IN 1908 ALONG THE FRISGO R. R.
WITH PERHANENT BENCHMARKS,™A® AT ST. JAMES,
AND PE®™ AT KNOBVIEW)~

w1



THE DETERMINATION AND ADJUSTMENT OF ELEVATIONS 1IN
PHELPS COUNTY Mlgsourl.

(Cawson Township Level Net)

Adjustaent of lines A, B, Z, T: and E, T as

Yultiple Lines of Levels. See sketeh below and Plate C.
. ’ ( .

(4

f

Z rror=o.a62/

LPhelps County,
Crarford Coun

MULTIPLE LINES. By a multiple line of levels is’
meant a set of two or more lines connectindg the same two
bench marks by routes of different length. In order to
find the wost probable value for the difference of olev-
ation between the terminals of a multiple line, it 1s
necussary to weight each constituent line inversely as
its length. Havind weighted the several lines. as thus ex-
planed, the cass becomes identical with any case of weight-
ed mecasuremonts, and hence the probable error of s single
meagurement of unit weight is given-by'the formula}

#,= 0.67454/&R0

the probablg error of any of the linus of the weight p by
the formula: S

= = E
vv vy vy vydwy ':‘L‘ - 0'6745/\%

s



and the probable error of the weidhted arithmetic mean
by the formuls:

* 4 = 0674 2PV - _ D)
r", P 6745 2p(n-1) . A 2p

Our problem is as follows:
@lven two Ilnes of loevels,as shaown Ll a theoe
above fljure,whloh jglve tnhe foliowing resuttae:
A viaea B, €, to O, 6.25 mlie tine, #11.111 ¢¢,

E ta 9, 1.00 wsife LI
t A to E glven wel ght of

ne

{
The ofloevatlon of B.M. at 4 = 1087.800 ft.,, and the oslav-
stlon of B.N. at E * '1074.005 f¢t.

Raguiret1 *ne m7os?' probsble s!tevitlonr aolf

the onolat D, 418 the prodbable error ot ANl s result,

SOLUTION.

- M D pM v . v? pv2
11.111 O.16Q_ 1.77776 . +0.077Z 0.002807 0.00044944
11.043 1.000 11.04300 ~0.0073 0.000081 0.00008100

Tp=1. 150 )12.82676 Spve0.00052044

11,068 n=2,

Dstermalination of the abdove quantlties:

A = 1087.800 ¢f¢t, A v 1097.000 *¥¢, 0 = 1098.849 f¢t.
0 = 1098.911 ¢¢t. € = 1074.005 fT¢. £ = 1074,0085 €2,
+ 11. 111 f ¢, - 13,796 ft s 24.844
Dift.Elesv A via 8, DIPf.Etevy A to E. - 13.795
€ to Do o cemaaw-
* 11.049  ¢¢t.
ol f¢, Elev, oAb vla E
te D.
0 from Orark Hwy ITne = 1098.411 f¢,
D from XKnobdbvliew B, W, = Y096.849 ft.

Observed error at 0 =0,062 f¢,.

RESIDUYAL 8¢ Iln abservatlons of «unsequsl weljgnet,tne difference
between the weljnted arltihmetlic msan and tne abdbeserved valus
of eaoh obaervation le a reelduanil, If the obdDserved vetue [a
Jreagter than thnpe wasljnted arltheetlc mean, Q9he residual) quant -
fty Is plus.,and i f Il eoese than gne wel jghted adlithmetic mean,
the resl dual guantity las minua,

Fleeat odaervead diff.1n Elev K = 11,111 ft¢,

Wel gnted arlthmeatlio mean pi « 11.058

flerat residual ervror =+ 0.053



Second obeerved dlf -4, 1n Edlev K ® 11,049 f¢.
Welghted arltthmetic mean pu 11.058
Seocaoand residual srraor " 0,009y,

‘GEXERAL PRINCIPLE: In observations of unequal precrsion;
the most probadble values of the observed quantities are
those that render the sum of tne uesgnted squares of tae

resivdual errors a minimumn. It s on aoccount of tnis prin=
clple that tne method of least squarss hae been B0 anamed,

THE WRIGHTS P are the reciprocals of the distances for
cuch line. Thnue:

A via B, ¢, to D = 6.25 milles, reclprooatlt or wWt.x=0.160,

€ to 0D = 1.00 mile » - " - " “.=21.00.
Hote: Reolprooaie And Squares can be very
oonvenlently Jlooked up (n Barlow's
Tablee of Squares, Roots, Esu.

N = the number oft observations,

CHECK: As a oneock on tne eolution es far, the evemation of
wel ghted reeslduale muet equal zero.
P v pv
0.160 +0.053 +0,009
1.000 -0.009 :21992
Epv =0,000

Then the probable error of the weighted arithmetic mean
ig:

= . 2044 _+
r,,= 0.6745 42509022042 - 0.0141 1.

1087.800 :+ 11.058 = 1038.8538 ft., _
And the most probable value for the elevation [ is:
D = 1078.8H8 20.0144 ft.

-——— - — e aa - ————— ———— - e

INTERMEEIATE POINTS. By an lntermediate polnt le meant
one lylny only on a eln3zte Illne of lLevels, and henoe
havling no fnfluenaee on the jzaneral adjustment. These may
ooour on a ftlae whoee snde have Besn gatlffactarlly ada
jus ted or an a ovifceed clrouvult., |In elther ocase, the requlira
od adjustaent s distributed unriformly throughout the
ltne,making the correction between any two polnts dfreot~
ly proportiana)l to the lasnjth between thoee two pofnts.,
ADJUSTNENY OF  INTERMNEDIATE JUNGTION POINTS B & C.
Obser-ved value of D « 1098.911 f3, (0zark Huy.Lline)
‘"Ad]ueted value of D = 1098.858 ft.

-~
[ ]
>
(=4
>
o
wm b
w
-
-
.

Adjuestman
tapar to 0 at A.

lower at D ant



Ae the dletance A via B, ¢ ta D = 6,25 mliesw,
the dlietamnoce A to = 1.00 mile; tnen the adjustsent ¢
polnt B8 s as followe:
Adjusatment to B = I S 0.053 = - 0.008 f1¢,
: 6.25
And the most probable elevation of polnt B 1oe:
= 1074.666 ~ 0.008 = 1074,.658 ¢¢,
fn Ilke mannar, as the dietanoce A to C =« 4,00
the adjuetment to ¢ = —-%c. x 0,053 = - 0.034 ¢¢t,
6.25
And the most prababdla elevation of polnant C le:
= 1083,400"= 0.034 = 1083,3646 ¢1t.
® ¢ 000 LI BB ) a0 60w e o006 IIOII.
CGHEOK on alevattlon of 0 from €.
Elevatlon of tros E = 1098,.849 1.
Elovation of E = 1034¢)0065
DI f¢f.1n Elev,E to D =24,844 €1,
Corredotlon for 1.00 mile E to O =+0.009
24.863 f¢.
Eleoev. £ = 1072¢,00S8
Most probablias Elev. ot Dm10986.8658 f1t
Obeserved Elev, ot 0=1098B.849 ¢
Adjusted Eleo t, of D=1098.858
Adjuetment= 0.009 ¢tt, (0.K.for
o e a0 e > & &6 00 o & o o e e o 00 2 e ¢ o &
Sens Platoa tfor Yhe adjusted valuas for this olroult.
& .
3 i ®
.A:c: Clbﬁ“‘(vad
-—I.OMJ'Bl\ Adjusted Line (5 D
4.0M..
ERE ML
DIAQORAM SHOWI NG ADJUSTKEKY OF POINTS BET,
A and 0. )
From the adove dlagraum (¢ |ls sasly seen how the valuoess
mlong the Obeerved{(red)line are lovered proportlosally
to the dletancee from A down to ¢the .djuotod_(bl.ok‘) [}
Thoe tdilea gram aleso eervee as a aheok on the adjustmentoe
It drawe to eountae,

the Intermnediate polnts

i

and

o

alles,

1 Hile).
ﬂ’.

of



PART IT1.

THE LEAST SQUARE ADJUSTMENT OF 4 LEVEL NET

RY METROD OF OBSERVATION EQUATTONS.

APPLIED 70 THE ADJUSTMENT
OF THE
DAWSON-ST. JAMES TOWNSHIP LEVEL NET.
PEELPS COUNTY,
MISSOURI.

(BASED ON THE A VIA B, C, AND D TO E BASE).



THE OETERMINATION AND AODOJUSTWMERT OF ELEVATIONS 1IN

PRELPS COUNTY WIBSOURIJ.

(Cawson Township Level Net)

Referring to the LCawson Township Level Net Ciagrams

indicated on pages

ing results:

and

,the field notes show the follow-

4 viaL, K to I =~ 25,875 ft.
I via P to M = - 107.201 ft.
J to H = + 93,460 f1.
M to J = + 13.695 ft.
H to F = - 40.447 ft.
F to G = - 80.065 ft.
G via X, T to A =+ 166,589 ft.
I toJ = - 933,531 ft.
A via B to H = - 135."750 ft.
A via C to ¥ = - B86,6H7 ft.
M via N, O to G = = 33,201 ft.

It is desired to find the most probable values for
the elevations of the level net junction stations I, M, J,
H, F,
then desired to find all intermediate and remaining elev-
ations in this net. Referrind to pagel ,it will be noted
that the line of levels running from A via B, C, T, to E
has previously been adjusted; levels alond the Frisco R. R.
have also buen adjusted:these lines will be considered base
lines and their values will remain unchanged. The TCawson
Township net will be considered to hinge on the 0. S. Geol-
ogical Survey Stagtions A (at St. Jasmes) and E (at Knobview),

and G. Upon finding these junction olevations, it is

8OLUTION OF PROBLEW BY METHOD OF LEAS‘T- B8QUARES.

As there are but.six unknown Bench Marks (R.Ms.)
( I, M, J,*H, F, and G), there can be but six independent;
unknowns in the observation equations, As the lines AI,}) IM,
Md, JH, BF, anad Fé, may evidently be selected as the indep-
senden® unknowns, we may write for the most probable values '

B



ot the corresponding differences of elevation:

"
|

A via L, K, to I 126,895 + Vv, ;
I via P to M = ~ 107.201 + V,

M to J = + 13,695 + V5 ;
J to H = + 3,480 + y, ;
B to F = - 40.447 + Vs :
F to @& = - 80.066 + V¢ .

The conditional eyuations involved in the ssveral
closed circuits may then be avoided by writindg all the
observation equations in tedms of these quantities.
#ritingd the reduced observation equations directlv from
the diadfam on pagelC, we have, by comparison with the
observed valaes, '

A"918°L, R, tor = yy MO 2'81868" (weidht?81160);
IviaPtoM¥ = -V, = 0.000 (weight 0.155);
M to J = Vs = 0.000 (weight 0.212):
J to B = v, = 0.000 (weight 0.67%25);
H to F = Vs = 0.000 (weight 0.571);
F to G = Vg= 0.000 (weight 2.000):
G via X, T,t0 A = =V1-Vs-V3-Vi-V5-Vs=+0.156 (weight 0.222);
Avia B to B = Vy+V,+Vs+V, =-0.171 (weight 0.294);
Avia C to F = VrsVp+Vs+V Vs  =+0.28) (weight 0.33%);
M via N,0, to G= Vs+V+V5+V6=-0. 157 (weight 0. 124);
I to J = Va4Vs3 =4+0,025 (weight 0.625).

quatlTonas

To show how the above reduced observatlonhwere form-
ed, a compilation of the values for clevations of the sev-
eral level net junoction points determined from the succes-
sive differences of elevation along the selected circuit,

A via L, K, I, P, M, J, H, F, G, X,C,to A ls shown bselow.
The closures shown above for the several clrcults are
extended below, as well ag the calculation of the respective

vel ghts.



Observed values for the elevations of stations alonsz
the Circuit A via L, X, I, P, W, J, H, 7, I, X, [, to 4,
Letermined from successive differences of elesvation:

4 = 1087.800 ft. U.S.3.S. Tron Post at St. James.
- 25.875
————— ; --._(—
I = 1061.925 ft. ——m—mmmm T = 1061.925 £t.
- 107.201 _— T
R T P
13.695 }’ -2_3_‘-5'31 ft- I tO t]ol
e / + 0.025 ft. Closure.
J = 968.419 ft. -——-——- '
* . 46
AR 4 =1087.800 ft.
H = 1041.877 Ffti——ea- 17t 070
- 40.447 745,921 ft.
________ 2 et ) .
T = 1001.4%22 ft. _45.750 ft. 4 via B to 1
N — 0.171 Closure.
- 80.066 \\\
- Tmemmemees S A= 108%7.800 ft .
6=  921.366 P, N__ i .-
A . " TT84.368 ft.
A = 1087.955 ft. S 86.5457 ft.A via C to F.
2 NNETLENT e S+ 0.283 ft. Closure.
'+ 0.155 ft Closure. S\ M= 954,724 rx.
T3R8 .
: 22,201 ft.M viu O to
A vi§°tf§1to I = g:éBA;{ies ='5Ji26': - 0.157 ft. Closure.
I via P to M .= 6:40 " = 0,156 '*"°"-°°
M 10 J = Z_721 " = O 2175 It Will be noted
J to H = 1.60 " = 0.6% that in ecach case
R to F = 1.75 n = 0. 571 the respective
I to A& = 0..50 " =0 OOO weights are the
G via X.L,to A = 4.50 m = g.pp; Teciprocals of the
A via Eto B = 3.40 " = 0.294 distances.
.M via N,0,to G = 8.0 " = 0.1%24
T to J . = 1.60 " = 0.625
4 via C to ¥ = 3,00 " = (0,323



¥e next write the normal squations,which are arived at
as summarized in the following ruole:

‘RULE: To form the normal "equation for eacn one of
thke unknoaxn quantities, multiply eacnr observation equa-
tion by the product of the uwergat of that observation
and the algebraic coefficrent of that unknoun quantity
in tnat equation, and add thre results. )

Having formed the several normal wguations, their
gsolution as simultaneous e¢quations gives the most prob-
able values of the unknown guantities.

Then by the above rule; we have:

NORNAL EO0UATION IN Vi. (Sotution tor)

0.160V, =40, 000000
0.7222Vr+0. 222V 240, 522V5+0. 222V +0. 222V 5+0. 222V6=-0.024410
0.294V140.7294V,+0.294V5+0.294V, =-0. 050274
0.232V1+0.3233V,+0. 322V5+0. 322V 0. 227V =+0,096223
1) TR IATIAE TS IR IS IR T IR IR IR IR T IIR ORI

NORMAL EQuATION Ih 'V,

+0. 156V, =+0, 000000
0.'222V1+0. 222V, 40,222V 3+0,222V 4+0. 222V 5+0.222V6=~0.0724410
0.294V1+40.294V,+0.294V;+0.234V, =~0.0H50%74
0. 323V, +0. 223V ;+0., 322V 5+0. 222V 40, 23275 =+0.096333

40, A2HV ;+0. 625V, _ =+0.01656%5

)*:-:—17;:7-21R--7T—-77-j::_?7:-:::-:::—;71__—-7227:_:_;:3'
NORWAL EOQUATION I8 Vs,

+0. 212V, =+0. 000000

0.:222V 40,1222V 40,1222V 5 40,0222V (+0. 222V ¢ +0.222V4=-0.034410

"0.'294V,:+0.'294V 4+0. 494Vy40 294%, =-0.050274

0. 223V4+0. 223V 440, 222V 340, 322V +0. 322V, =¢0,09632%

40, 124V +0. 124V 4+0. 124V 4+0. 124V4=-0.019468

40, 625V 4+0,625V5 =+0.015625

______._..—-___..—_—__-..——.._———_--—.—._-—_—_-_.___.-_‘-_______...

AT AT 41, 474V, 41, T1NY 2N, 3T IV N AT IV g+ TLAV =], S07RA

-10-



NORKAL EQUATION IN V

‘I
'+O.625V‘ =+0, 000000
O.?22V1+OJQQ?V5+OU?QGV5+D.??QV§+O;ZQZV§+OuQQQV6=—O.034410
OJ294V£*0J294V§+0U294V590U294V4 ==0.0h07274
0. 222V 30, 322V 540, 232V5+0. 222V 040, 222V, =+0.096222
__________-___-:QQEEfY, 124V(+O.124Vg40.124vﬁ=—0.019468
) IR IR IATIA T LTI RNTIT I NI LTI I o0 RIS
NORMAL EQUATION N V5.
*O.571V5 =+0, 000000
0J222Vf+0&22?v5+OJ?22V,+03222V¢¢O;222V5*05222V6=-O.034410
0. 233V y+0., 233V ;+0. 333V 5+0. 322V 140, 322V, =+0.096322
+0. % 4V34O 124V ,+0. 124V5+0. 124Ve=-0.017 468
§) «7 I TIETIIAL TR I ARG 1AL A9 LTSI IR T DI R

HORMAL EQUATION N Vg
1*2.000V5=H01000000
0.1222V 40,1222V y+0.°222V 5+0.'222V ;+0. 222V 5+0.'222V 4=-0. 034410
+0, 1'4V +0., 124V, +0. 124V 5+0. 124V ¢=-0. 017468

_—————————————_—_...——_— ———-.‘__.——_—————-——-——————-—-n—-————-———

E)+N. POON SN TN N T ARV L en  TARY e 75T el T8 f= Y NEARTDY
whenoe from the eolutflon for the Hormal Equ.tlano,
we wrlte the six falfiowing normal eguations that are
be eo0lved elmuitaneously for the values of Vl,Vz,Va,V4,V5,

NORMAL EOQUATIONS,
1)+1.009V (+0. 849V, +0. 849V y+0. 847V ,3+0. 555V 540.222V=+0. 011649
15)40. 849V y+1. 630V 241, 474V 5+0. 849V +0. 555V ;40.:225V4=+0. 027274
3)+O.849Vf*1.474V5*1.910V5+0.973V:O.679V5-+0.346V5=+O.OO7806
4) +0. 8437140, 849V ,+0.973V5+1..598V,+0, 679V, +0. 346V 4=~0.007813
5)+0. B5hV 140, 556V 540, 679V 3+0. 673V4+1.:250V5+0. 346Vs=+0. 042455
6) +0.1222V1:+0,222V2+0, 346V3+0. 346V 4+0. 346Vs+2, 246Vs==0. 057878
Now we are te¢ ecalve the above aquatlions eiauitaeancavely,

BOLUTION OF NOR®AL EOQUAT)ONS.

=11~



SOLUTION OF RNORWMAL EQUAT
Flrst se k.,

|l||n|n.qo'V3. -
1)+1.?O%O¥1+O.8490V2+O.849OV,+O.8490V4+0
2)781 18361,40. 93307320, 847075+0. 4830V 0
7):+0. 5200V, -0. 0900V, 0. 2600V ,+0
12) +0.8490V,+1. 630V, +1. 4740V,+0.8490V ,+0

X0, 1 ; 2 3 ¢
2) /40 bEBEYT 41, 1396V, + 1. 47407540, 71509V 40

JORS.,

. H5B0V 5 +0,2220V ¢=+0.
. 2137V +0, 1273Vs=+0.
.2352V,+0.0941V4=-0.

. 5660V £ +0.:2220V 4=+0.
. 5240V 5+0.2670V¢=4+0.

011643
0165713%

e e — ———— ——— o - - -

004064

0z7274
0060:24

. e S . G S S St ) i iy e i D D P M R B N B i e e S A e e e i ko R ey e AP Sl M P

8)+0.17228V,'+0. 4925V, +0.0981V,+0

3)+0. 8490V1+1. 4740V +1.9107,+0.97 20V, 40,
4) /1 5888Y 1. 6666V, +1.910V,+3. 1369V, +1.

.0210V5+0.0450V¢=+0.

A790V,+0. 74607 =+0

021250

_ .007806
3329V +0. 6732V ==0.

015243

S M D S . Dt B e > R Y L - A R D N T R A A S N N R IR R e L N D S S A e

4)oo.3490va~o.3490v2.0.9730v5.1.593v4.o.

5) /0295540, 40,7952V, +0. 9720V +0. 9720V 1.

4357 ,5-0. 2322V =20.

6790v5.u.3A60v6.-,0.

7912V5+0.4358Vs =+0.

0231656

007819

060826

10) +0.0527Vy+0. 0537V, +0.6250V41,

5)+Oi55?OY%+O. 5650V2 +Oi 6790"3 +0. 679OV4 +1
6) /01 435507 +0. 4257V ;+0. 6790V ,+0. 6750V, +0

112%V5+0. 1438V =-0.

L1250V +0. 3440V ==0.
L6739V 5+4.6023V4 =-0.

. ————— T — — - =} i e ) S S D e o iy o R it Mt M N S e T S e — —————

11):+0.1122V,+0. 1192V 5+ + +0
Summary of flirst set of sgquestlonae:

1) +0. 5200V, -0.09007V, +0. 2600V ¢+0. 22532V :+0

8)+0.1928V1+0. 4325V2+0.0381V4+0.0310V5-0

3)-0.8176V,-0. 1526V ,-2. 1423V ,~0. 6433V4-0.

10) +0.0537V,:+0.0537V,+0. 6250V,- 1. 1122V5-0

11):+0. 11923V,.+0. 1192V, +0. 5710Vs-4.

e 6 o0 0 o B 00 00 . e B O B oo 000

Second Set,
()l lminate V‘. .
7Y +0..52007,-0.0900V, +0. 3600V ;+0. 2252V, +0
8)/5?7i%§6f41.8073vz+0.36OOV¢+O.1138V5—0
12)-0.1512V,-1.8373V, 20, 12157,+0
8):+0. 1938V y+0. 4925V ,+0.0981V ;i+0.0210V,;-0
9)7220%519320. 0087V2-0.0981V4-0. 0292V 50

D D ) = i i ey e D ) R . N R TP TR N G AN N R R e e SN —m M e

12):+B. 1587V, +0. 4878V, 0. 0018V 40

~19=~

.0941V,=-0.004064
.0450V6=+0,021250
2325V g=+0,023155
. 1498Vs=~0.048555
2579Vs=+0.148187

.0941V,=-0.004064
.16§1v6339;077982
.2hIZV==0,082046
.045074=+0. 021250
-0151V6=+0.001050

— - —— =y O —— =~

-0601V¢=+0.0%%Z200"



6 congd e u. on on n
10)/:_ﬁ?él’_:9_}?221’3::__15322_4:_’_&07Vs 3196y4e-0, 727720
141-0.53117,-0. 0087¥, SRRSO

gsumasary of geoond get of equationl;
12)=0.131%2v,-1.8972y,+0. 1215y ;+0. 2592V =-0. 082045
13)+0. 1567V, +0. 4828V ,+0.0013V,~0.0501y4=+0.022300
14)-0.6217y,-0.0057V,~4. 4946V,-0.8518Y =-0. ¢14545
11)+o.1193v1+o.1193v2+o,571ov5-4.2579v6=+o.148187
Tnlrd got.
jtilmalnate V
12)-0. 1912y -1. 8972v +0. 1215V, +0. 2532V ,=-0. 082345
13) 7521332y »0. 5902y +0. 0044v5-o,o733v5-*o 027710

e . e 8 R . Y . e D D T T e e e A T M T o N

15) —1.30'7OV2+0.1‘Q3'7V5+0.1899V6-—O 0548 32A

13)40, 1667y ,+0. 4378V ;+0. 0018y 4-0. 06o1v6=*o.ozzzoo
14)/22158%7,-0. 0017y ,-1. 11497,-0.21127,=-0. 0532

e o o  —— — — —— —— " ..——___—-...—_ -—— - —— -t e —————

163 0738217 ,-1.11717,20. 27147=-0. 070910
14)-0. k217g§—0.0067v2-4 L946v5-0 8518y =~0.214545
11) /3283189740, 6217v,+2. 02357 - 22, 545877 +0. 784558
17) +0. 4260V ,-1. 4711v 5= 23 397ovz+o B7011% .

SU{llry of rKlrd gat of -qu;t[on.
15)-1. 2070V ,+0. 1237V +0. 1853V,=~0.054826
16):+0. 4821y ,~1.1131y,-0.2714V,=-0.030920
17)+0. 62507 ,-1. 4711V ,-23. 3376y%+0. 570112

Fourth geot,
(li1lalnatse V,.
15)=1, 307074+0. 123775+ 0. 1859Vs=-0.054836
16) /1230987,-3.0177v,- 0.7358v,=-0.083825

——— —— i = —— . . —— = w— —__.._—_——_-..—._————-_

18) ~2.8340V5- 0.5499V4=-0. 138842

16)40, 4821y,-1. 113175~ 0.:2714747-0.030920
17) /47 28519,-1. 1347v,-18, 04807 4=+0. 433767

——————— e . S . — -~ T e = —— v —— — s

19) +0. 0216V ;+17. 7768Vs=-0. 470682

-13-



gummary of gfgourth get of oquntlonl;
18)-12.8240V, -  0.5439V,=- 0.138%52
19)+0.0216V +  17.7766V=- 0.47068%

Flftn get,

|Il|nlnl{n V5
18)-2.8940V,~  0.5499V,=- 0.138652
19)/21§§46v 18381, 7262V, =-6%.062671
20) T NE5R1 18537, 2265, 201333

gummary of Flfth set of
20) +2381, 1857V =-63,2013%%
Then V,=-0. 02654

e b 8 b LI 1 » 080

ques tiona:

3ubo§|1uto thle value for Véln equation 18) snd solve
far ’

18)-2.8940V5+0.014594345 =-0. 138662
Then -2.8940V5=-0. 152256346
And Vs5=+0.052956

Subetitute the_ vwives found for Vg and V5 Ila esquatlion 15)
and solve for V22

15)~1. 3070V, +0.0045506572 -0.004933785 =-0.05H48%%
Then -1.2070V,=-0.0H564528712 '
And V,=+0.04%1%27

SUbStitUte the valvor tound for V6 ,V

) . | . 5 ,.n¢V2 In sguation
1 an solve or ‘
1

11)+0.1193V,+0.00515288311 +0.030237876 +0.1130045646 =0.148187
Then +0.1193V,=-0.00020843111
4nd V,=-0.001747

betl ute tha '.bu" for VS ,V5 ,V2 yand Vl In equatlion

nd aolve for

0.00030844 ~0.0038873% QBA 80 3124505468 ~0.002497414 =
==0.004064.

Su
7)
7)-
Then +O.36OOV‘=—0.0092313498
And V,=-0.0256432

—14~



gubetlituts

equation

the

valueaua
and

found
eolve fo'r

1)

l%r:VSI,VB ,V2 ,V1 s and V‘

3
1)-0.001762723 +0.0366706023 +0.843V;~0.021770307-
~0.00589188 =+0.011443,

Then +0.845V,=-0.0249866723
And V,=-0.02943

o000ODO

00000 Do6ooocO

060000 o

o000

Chock these V values thru one of the equations in the
first set,
4)-0.001482203 +0.03667085"7 ~0.02863533 -0.040377514+
+0.035357124 -0.00718284 =-0.007813
And we find that these values will chekk O = O thvu the
fourth decimal pluce.

Now we find that the most

and we find:

Summary of residual values.

v, =-0.001747 ft;
V,=+0.043192 ft;
V5==0.022420 ft;
V,=-0.025642 ft;
V;=+0.052956: £;
Vg==0.026540 f4,

forences of elevation are:

4 via L, E,
I via P to M
M to J
J to H
H to ¥
F to G

Then from A
woe have the

stations.

A=108".8000
-25.0767

to I = —25.875 - 0.001%
-10%7.201 + 0.042Z
12.695 - 0.023%4
72,460 -0.02656
=- 40. 447 + 0.05320
=~ 80.066 -~ 0.0265
via the

Boow N own

- '25.8%767
-107. 1578
+ 12,4656
+ 73.4%44
~ 40. 2340
-~ 80.0325

route L,K,I,P,M,J,H,F,G, back to

probable values for the 4if-

ft;
ft;
£t
ft;
ft;
ft.

most probable elovations of the unknown

ft. M= ?§§:Z§§? ft.

£t J= 368.4311 ft.
2T5.45344

ft. H=1041.8655 ft

=15~

A=1041.
-40.

-80-
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(0O) NORMAL

EQUATIONS.

: Vi A Va A Vs V, Absolute
Term
1) #1.008 +0.849 +0.849 +0,849 +0.655 +0.222 ~0.011649 = O
2) +0.849|+1.830 +1.474 +0.849 +0.5665 +0.222 ~0.027274 = O
3) +0.849 +1.474|+1.910 +0.973 +0. 679 +0.348 ~0.007806 o)
4) +0.B4P +0.849 +0.973|+1.698 #0,679 +0.346 +0.007819 = O
5) +2.555 +0.585 +0.879 +0.879|+1.260 +0, 346 ~0. 042455 = O
8) +0.222 +0.222 +0.348 +0. 348 +08. 346 |+2. 348 +0,053878 = O
(Numabars balow the red Jlne are redundant oumbere).
(P) Solution of Normsl Equations.
1 2 a3 4 [ 6 Ab%o]ute
P: +1.0090 +0.8490 +0.8490 +0.8490 +0.5550 +0.2220 —0.03?249
P 0-0.9911)-0.8414 -0.8414 -0.8414 -0,5601 -0.2200 +0.011645
Pyt ¢ ¢+ ¢ 40,0167 +0.7697 +0.1347 +0,0880 +0.0362 -0.017473
Pysre- s ¢ +(-1.0921) -0.8287 -0.1471 -0,0961 -0.0384 +0.019082
Pgo-t -t ** ¢+ ¢ 4+0.5654 +0,1469 +0.1401 +0.1300 +0.016968
Da® «-sovosoe 00 2 (21.7687) -0.26908 -0.2478 -0.2208 =0.030011
Bpeoero v eom s e e 0 40,8257 +0,1627 +0,1202 +0.015782
Pp» 0 v eoee e e e 0 (09,2111) -0, 1870 -0.1456 -0.0196114
Bo- e s sty e e b e 00 0 40,8604 +0.1848 —=0.041682
Pro =0 t-siers mee e e e e e 0 (21,1602) —0,1883 +0.047943
Ptt e, o, o, &, 8. ¢ 8., w, @a. w &_ ®w. &4, a e, &a_. 86 ». e a *’2‘2172 +0.058803
Pi. e, ®_. &, 6. @ . e, w, e o . o 5, = PO e, o, o._ » -(_0‘4509) _0.026514
{(3)FPird most praobable values for the dif-
ferenoces of elevation.
A via L,K,t0o I = -26.,875 -~ 0.0018 = - 25.8788 f¢t;
I via P to M =-107.201 + 0.0440 = =-107.1570 f+%;
M to J =4 183.685 ~ 00,0304 = + 18,8648 f£t;
J to H. =+ 73.460 ~ 0.0257 = + 73.4333 ft;
H to F == 40,447 + 0.0530 = - 40,3940 ft;
P to G z- BO, 0688 - 00,0285 = - B0.0925 ft.
?) Phen from A via the route L,K,I,P,M,J,H,FP,G,back to A
we hase)the most probable elevations of {he inknown atations:
A = 1087,8000 ft., M = ©054.7664 ft., K = 1041.8653 ft.,
=_25.8768 +13.6646 =_40,3940

I = 1081.9284 ft. J = 988.4310 ft. ‘F = 1001.4713 ft.,
2107,1670 . $73.43438 =80,0926

M = 954.7884 ft., B = 1041.8863 ft., G = 921.3788 ft.

-16-



(q) Solution

of Normal Equations.

2 3 4 5 A Ahéolute
G +1.8300 +1,4740 +0, 8490 +0. 5650 +0. 2220 —0.033274 o1y
o] r0s7143 -0.7143 -0.7143 -0. 4870 ~0,1888 +0,008801 o
+o.91£_:9;3§gz‘19:1§47 +0, 0B80O +0, 0352 -0.017473
@ ¢ oo +2.9100 +0. 9780 +0. 8790 +0.3460 -0. GO7806 G
Qe ° - -0.7143 =0.7148 -0.4870 =0.1888 +0.009801 Ge
Qs - ° =-0,8303 =0,1118 ~-0.0719 «0.0292 +0.014973 O
+0. 5664 +0.1489 +0.1401 +0.1300 +0,016968
I *** ° 41,6980 +0.6780 +0.3460 +0.007819 g
o - - - Stete s e 20,7143 -0.4670 ~0. 1868 +0.0098801 ¥
G - ° ot =0,0188 =0.0129 =0,0052 +0,002570 G
$ - ° ° et k.. -0,0382 -0,0884 -0.0338 —0.004408 (oY
+0. 8257 +O.1627 +0.1202 +0.015782
Quo*r - tet toe s s s+ $1.2500 +0.3460 ~0,042455 o
Qua® * ¢ to4 tot tot et _0,3053 ~0.1221 +0.006408 g,
(4% S ¢ ¢ e -0. 0085 -~0,0034 +0.001679 Qe
Qg * - ° ¢ s © e -0,0347 -0,0322 -0.004206 Gia
et ¢t e < e -0 0321 -0,0237 -0.003109 G4
+0.8884 +0.1646 -0,041882
+2.88% o
R © s s tet et 42,3460 +40,053878 @
%d » e, &, . ‘u . - . . . » » » . .‘0. 0488 _‘,0.002563 q;"
Gup ottt st st te sie e+ 00014 +0.000671 gy,
Ga® " ot toteet s s s s s s 10,0200 -0,008901 qqe
mo .. o ., . . . » - . - . - - - _00‘0175 ‘-0. 002298 mo
@o s, o - s Y a 3 . . - » Y - _0.0312 +o‘007890 mo
+2.2172 40.068803
(r) Solution of Normal Equations.
I Vo 14 . Va Ve Ve
Yy +0,011545 +0.0192082 -0,030011 -~0.010114 +0.047943 -0.028514
Yo +0.006833 +0.001018 +0,008098 +0.003880 +0.,005019
s =~0.020134 -0.005089 -0.0138124 —-0.010424 +0.052962
e
Te +0.021814 +0.003779 +0.008874 -0,025888
r's +0,025549 40.025194 -0.03038658
Te =0,037007 +0.043983 - Ad justment Quantities:
r» -0.001800 Vs 2-0.0016 V. ==0,025%7
Vo =+0, 0440 Vs =¢0, 0”30
Check these V¥V values thru one 2 . 8 .
?f éhe equations in (0),and we Va+-0.0304 Ve =-0.0265
n
1 —0.001614400 +8.037341567 -0, 025779885 ~-0,021809112

029393910 =0, 005888108 ~0,011648000 = 0 -
And we find that these _values cheok O=0 thru the seventh
deoimsl place.
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THE ODETERMINATION AND ADJUSTMENTY OF ELEVATLIONS IN

PHECLPS COUNTY Ml SS8OURI.

(Cawgon Township Level #det)
ADJUSBTMENTY OF INTYERMEDIATE JUNGCTION POINTS L, X, P, N, O.
NoRe:(See discussion on Inteemedlate Pointe osn page <)
Obseeved value of | = 1061.925 ¢¢t, (Republlo Ré.Line)
Adjusted value of 1 = 1061.923
Adjuetment = ¢ 0,002 ft.Lower 1ine at | and
taper to 0,00 at AL
dlet,
As the,A via L, ¥ to )| = 6,25 malles,and the dletance
A to L s 0.5 mitee;then the adjuetment to palnt L 1Is as
follows:
rdjuetment to L = -2a5_ x 0,002 = - 0.00015 4.
§,25
And the most probable eslevation of pofnt L le=
»= 1078, 427 - 0.000 = 1078. 427 f£2.

In Ilke manner,as the dietance A to X = 1,75 miles,

dha sadjustment to K = -

NI~

1275 ., o0.002 = - 0.00054 ¢t¢t.
6 5

And the most probabis elevatloen of pofnt K {a=

= 1092.694 - 0.00) = 1092.693 fr.

o & ] j
e S d e Lae i b:
§€ ¥ IS »—F—A""oy.ar" - A} &
Al L Adjusted Line ) re
INER. T 6.25 M,

DIAGRAM SHOWING ADJUSTMENY OF POINTS BET,
: A and 1.

From 3ne adave dlagram it Jeo savly eeen Now Qhe vxizes
atong the Obeaeoewved (Ine are towered proportional teo ¢thes
dlistance from A to the Adjusted )ine. The dlagram aliso
serves as a ocheok on the adjustment of the Intermnediate
Potate [¢ drawn to swalew horlzontally and verttlioally.,
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Road)

ft, (Repubdiloe

73 Y. 2
NN

a o
— o~
pValk =}

(=X~
—~

>
[ 4
o0
a a

LS
o9

o @0
33
o d
> >

AR -]
°ce
>
- @
o>
e —
o v
o«

lower-

be

ta

0.002 ft.Llne

L 4

Adjustaent

the wesnt)

ft,(froa

954. 724

].

. Conslrixction Lime

consdsoutlve

1

i

of
eltevation.)

ommation
F ffe.1n

A
(
d

954,146

ot polnt W

value

Adjusted

ralaed

0,042 ft,LIine ¢to

Adjuestment

at

E4M ———

4.0M, ———

F

« 20e' e

Ry

0
z L
-o
] .
] (= - ¥
< =
- [T
-J ¥
- -
- O
n x Do
e o0
e <D
- — <
3 o
—
o
=

.

NN

—» LOWER.

LEGT =
3

s

~

acoompanylng

the

diajranm

From

slomliar trila

proportionate

by
In tne

Ilnes

as

proportion

as

stated

Relations

¢ 0.002

0.042
L T N e NN

¢« 0.002 )

(x

4.0

algevraloalily:

Soilve

0.002

*

0,042

.

0,002

§. 4

0.002 )

»

(0.042

-0.002

6. 4

flnd:

w B

An ad

(Adjustment to polnt P.)

tt.

-;0.0255

X

polnatr P

of

ebloevatlon

probabla

mos t

the

Then

6,026

928,578 f1t,

928,552
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Arranjed vafues of point N
(lan Varge ocurocult from
summatlion of cofnsscutive = 954.724 ft., (from thoe west)
diffea. In elevatlon) -
Adjuated valiue of polnt W = §9654.766
Adjustment = - 0.042 fYt,.Line to bpe raised
e at M.
Arranjed value of paint @
(1a larye olroult froa
summatlion of consscutlive = 921.523 $¢. (from M vim N,;0 ¢to
d1ffe. 1n elevation), -
Adjusted value of polnt a- = 921,379
Adjusteaent = ¢ 0,144 ft.Line to be IOweraed
vt @§.
From the acocompanylay dlajgrae by proportionate A
llres In the elmlilar trlanjyles,we eftect tne C?:
adjustment of polnts N anad 0 axs tollows: - :
/ I
ADJUSTMNENT OF POIRT N, y
o 1
Reltatlons stated as a proportlon, N !
4 <
. < t
8.05 0.144 ¢ 0,042 R f
— o — - - e e B o BN R M e e e o W (o ~ :
0.9 (0.042 <~ x) W :
. &
By algebra: 0o e v :
N W
0. S ;“J Co
«X = (0,186 x —w__) - 0.042 . N AN
8.05 ‘ et o | $
Solving: S O : X
s ':\ -~ l °
X = 0,0212 ftt, Adjus ta= . S I
ment to pofnt N. e T .01 AGRAM SHOWING i
& < ADJUSTMENT OF |
Th e ths moet probabdle T e POINTS H and 0O, !
Jetlvation of pofnt /- o :
Ol¢r = |
N-375A071’°.021- J'E \ -. :
2 ! <L H
prrosz et :;‘ji -
L
Z"f N a 0] [ Adiuated (las, G
w :
| Jg (<
f'\#:;i-
Y «< i
S5 AN
. o
S
Comshuction Line,
L—o.9m—
3.3 M-
B.05 M.
ADJUSTHENT OF POINT 0D, 8.05 0. 144 ¢ 0.042
In the seame RMARNO? 49 ADOVOE!Immw - macamaceam~a=n
: 3,3 (Y +» 0.042)
Solving: Y=m0.0342 ¢t,The adJustaeat to polat O.
Yhen the moet peobable elevation of polnt

=969.702

0=969,736 0.03%34 f e,



THE

Tunlicate Lines of Lewels,
line 2SD 4s a
ce sketch below and the three Plates of Cawson Township.

Q

[

— —

DETERUWUINATION

PHELPS

AND

COUNTY

ADJUSTHENT OF

MISSOURI,

(Cawson Township Level Net)

ELEYATIONS

b N

Adjustment of lines PG and NK as Purallel
and the adjustment c¢f the

Cuplicate Line of Levels.

!

i
1
.
. aaa

— -~ .

Saemyes

[ L}

1 [

b}

. ,

(

4 ——t

maate am ko

PO SR

| 3 ' ! -I
b H [}
RN Uiy = X RS SRS SN (. DD S SN SN DU S S --_--.-_-,‘_“J‘--J
[ . i { ) 1 ' H 1 N 4 ) 1
‘ ‘ ' \ ’ ' ' > y )
[ ‘ i ' ) 1 : » ' f : » ' .
PR R R, IS P AL S S P NS S | (R S
D o roM A CT R
! i } i ) ' 1 8 \ : ' P ; ! H \ ]
RN PRSI SR A ’---'-_l P TR NI IS LA U IOQUU SRUpE RN
Tomeotor R il H b =5 NI Pl i it
Y R R Lo Coo
F"‘ﬂ---;“}‘ R el e B s i Sk EE I -----‘------ﬁ----—-4-—-?—-‘r—‘1
H . H ‘ ’ ( » v H H (Y . X .
| 3 ‘ ' : « . 1 ) ‘ ! ‘ : ‘ ; P ’ '
+ ) 4 1 M ! ; ; H " A3 1 H N
I : LI ! { 1 : } (R4 ; ! t i i t ]

Adjusted values are as follows]:
N
0

It is required to find the most pre
the polnts Q, R,

and S.

~N O~
OO O\~d
N N N

a s
(= AC I \)
L =S -

w0 0O D

ACJUSTUENT OF POINT 0.
Parallel Cuplicate Lines of Le¥els: By a parallel duplicate
line of levels i3 meant a line that ise run twice over the

f

L,
o
»
»

bable elevations of

same route with equal care and in the same direction.levels

are sometimes run in this wanner when there are two instru-

ments on the work, as was the case when the line P& was run,
also the line NR.

Obnervaed

Observed

slevation of poeint P = 428.55K2
. b . . « " Q@ = 997,242
DIfference In elavatlon - :2;:;;3
elevadtion of point P = 928,552
» a L] L - - ‘ n 997.237
Difterence |lan eslevatlan = :63.3:;

=]~

fe.
Y 1et instruamaent,
. a - a
tt.2nd Instruament,
» » a -
- » L § L ]



UNKETSRTEL X¥PASUREMENTS. If the difference of elev-
ation of two stations vSs measured a numder of times in
the same manneyr,over the 'same lengnt of line, and under
‘such conditions that tare dirjfferent determinations may be
Iregarded as of equal wesgat,tnen tne aritimetic mean of
the ‘several resSults i1's the most prooadle value of trrs

drfference of ealevation. Tne probable orror of a sinzle
measursesment 1 a 3lven by the formula:

ry= 0.6745 Af--S--q-

The probabla error of the aritnmretlo mean of n measuras-
mentes by the foramauila:

= _Ti1_ = d_ZEE____
P. é 0.6745 nzn = 1)

_ ADJUSTMENT OF POINT Q.

Observed Valuss v v
68.630 ft. +0.0025  0.00000525
68.685 ft. -0.0025 0.00000625

2)1%7:373 "0.0000 0.00001250 =sv*
z = 68.6875 ft. Oheek n=2. (No.of Obs.)
r,= 0.6745 \/-2'(_‘;999_1;?9- = 2 0.0017 ft.

(> -

Then the most probable value for the difference in
elevation = A8.6875% 0.0017 ft.
And the most probable olevation of the point Q is us

Adju tﬁgf¥?IUd f peint P 9gg:ggg ft.

Adjuste In eleviP to & = “63.588
Most probable elev.point Q= 397.266 ft.

ADJUSTMENT OF POINT R.

fol lows:

Obaerved olevation of polnt N = 322.250 1¢.
. " . " " . R = 8 » 383 ® let |lastrument,
Ditfferenoce 1a etevation «~ . 8,867 - . " "
Obsarved elevatlon of polnt N = 875,250 f¢t,
» - hd v » " R = 866,293 " 2ad lanstrument
0Ol fferance |n elevation = . 8.096§7 - . - v

Y,



ADJUSTMERNTY OF POINTY R.

The line N to R is a parsllel duplicate line of
levels,

Obeserved values v V2
8.857 ft. - 0.045  0.002025
8.357 ft. + 0.045  0.002025
2z = 17.824 T0.000  0.004050 =Sv?2
z = 8.312 ft. Preer 422, (No.of Obs.)

0.0040
ro= 0.6745 4122999929 44 5304 24,
2(z - 1)

Then the most probable value for the difference 1in
elevation = 8.31%2% 0.0304 °ft.

And the most probable elevation of the roint R is as

follows: :

875.092 f+t.

Adjusted value of point N
Adjusted Ciff.in elev,N to R
Most probable elev.point R

]

i
(o0
W
—
D

fl
(0]
ON
N
—
(o]
Q
b
o+

ACJUSTMEXT OF POINT

Cuvlicate Lines of Levels: By o duplicate line

of lovels is meant a line that is run twice over the
same route with equal care, but in ovrposite directions.

@2

Letting d repreesent the disecrepancy batwaen tne
result obtalned trom the forward (line and that obtaln-
ad €¢rom the reverss |lne,ws have: .

V.= ¥ === and V.= - —=—

1 2 2 2

Subestituting these values In thes followlnyg equat-
fon and replacing Iy wltn T far ths case of dupllcoate
Ilnee, we have thas probabls rror af a alngloe iotor-lna
(forward or veveree) by a ilne of ths lenjth :

r = 0.6745
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Substitutins:

. 2
a 0.6745 a°
ror 0.6745 \[--S. o 0:2740 _i
L 745 2(n - 1) 1.41421%6 n -1

Iln the ovase of dupllioag4e measurement o,(ﬂ - 1)=(Q-])= 1.

Then:

r = 0.4763 Ya% =2 0.4743 a.

And for the error of the arlthmetlc mean in duplicate
leveling:

O T ‘"?Féf:"' RS YTt AR

r,(approximately) =%1/2 4.

ADJUSTMENT OF POINT S.

Observed elevatlon of poelnant 0 =
L] -

9 ft(Fromw South)
w [ ] w v w 8 - 9 L]

Differenoce In elevatton e 27.242(golnz North)

Observed efleoevation of polnt 8§ = 942.516 fe.
d . . i . "o 0 » 969.743 “(Ffrom North)

‘DI tference in elevatlion -0,27.227(Goln3 Sauth)

Observsd Values
27.242 ft. Thent r =30.4743 x 0.015 =2 0.0071 ft.
27.227 ft. And: 1,=%0.3373 x 0,015 =% 0.0051 £%.
3 = 0.015 f+t.and 1/2 4 = 0.00%5 ft.
Then the most probable value for the differcnce in
elevation = 27.242 - 0.0075 =27.2435%0.0051 ft.
And the most probable elevation of the point S is as
follows:

Adjusted value 5f point O

969.702 ft.(On Circuit)

Adjusted Ciff.in elev.0 to S = -27.250 ft.
Most probuble elev.point S = 942. 452 ft.
SUMMARY OF THE ELEVATIONS OF ALL OF, THE JUNCTION POINTS.
A 2 1J3R7.82217° f¢%, IV 4TI fe, ATR,DYy%0
B = 1371.4.48%533 ¢, u . 1041.aﬁas $t. o - 340, 7090 ft
C = 19dx, 2685 €1, I = 10AY,2233% ¢4, P Q20,5780 1t
T o= 1938.2K80 ft. J = °h3. 4311 ft. a = 997.Mg_g ft
o= 1074,9059 Fur. XK = 1392.4%40 f¢t. R = 8hh,18 ot
Fom 1001.4715% #f¢t. L = 1078.4270 f1t. 8 e 342, 4520 1
voo= 9hae, TEH5AR ¢ ¢,
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THE DETERMINATION AND ADJUSTNENT DOF ELEVATIONS IN
. PHELPS COUNTY MISSOURI.
(Cawson Townshiv Level Nes)

ADJUSTYMENT OF INTEARAMEDIATE TEMPORARY . 0.0020 f¢,.
BENGCH WARKS BETWEER THE POINTS 2
) | )~ 0. 0015 .
k(at StaJamos)AND I {(at Milos J
Sahoal), A : - 5 0.0010 *
L Y "
I el e e B _-—5— 0.0005 *
o. . [
- 0.0000 .
- - “*2dTeefea™ ALFaS X" @ o H
-
—: k = T x T t = LI 3 ® B [ 3 B T
=
o o [ 2% v [Fal [ a Do o O W "9 7o
[e] w ~ o~ ~ o~ o Nuv\v\m~ o o ~ o
e o B N A
DIAGRAM TO SCALE SHO®ING ADJUSTMENT OF ALL
POINTS BETWEEN A AND 1.
(See diagram on page )
The adjustment of theso intermediats Banch Narkes
ean be effeoted by escallnjg the adjustment correctltons
from the above dlagram,and subtraetinjg each correctlion
from the (Obwerved Elevatioana an [t apoears in the Level
Noten; or,1 f deelred, the adjustmant corrections can be
computed by the following formula for tnis eectioa(R to [):
FORMUL A: Dist. A to Inter, Pt,
ABjustment Yo Intermediate Polant = - oo oo x0,002.

Ih. thlas case, The AdJustment Correoctionses ares to be
subtraoted from the Observed Elovatlons,as stated above.

MERAMEC SPRINGS ANO RED BIRD OUADRANBLES.,
PHELPS COUNTY.
8§T. JAMES AND DOAWSON TYOWNSBSHIPS,
The elevations in the followind list are based on
a precise—1level line run in 1308 by €.L.McNair from the
Jnited States Army Bngineers' bench mark at Labadie Yo.,
the accepted elevation of which is 472.672 feet,
| The levelind under adjustment was run in the Fal
of 1221 by the Vocational [Cepartment of the Missouri
School of Mines and Metallurdy from the Uniied States
teological Survey bench mapks at St.Jamss and Knobview,
the accepted elevations of which are 1087.800 fuet and

1074.005 feet respectively.
: —-2F~
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MERAMEC SPRINGS QUADRANALE.

(Latltude 37°45'-38°; (ongltude 91°30'<g1l”45"')

(8¢t James Township)

D -
o xx
> -
om

a
- W
om -

’ ox
Q= m
X =
mOom
ras
7 8

Desorlptlon 8
St, James,corner of
Meramec and Nashington
St's.,about 70 ft.north
of center line of
Frisco R.R. track,Zh
ft. from dorner of
Comme™mcial Hotel, in
angle between cross
walk and side walk;
iron post stamped

v n
20987, (sew Burtetin 1087.800 0.000

ED BIRD QUADRANGAGLE.,

1087.800 P.B.M.

(Latl tude -38"15';longltude 91°30°*-91°%45"*)

St. James 0.Hh mil es
north of,on Jefferson
vourd at intersection
of Parker Lane road,
concrets dulvert,
north end wall,top of;
chisdled squarve. 1078. 427 0.000
St.James, 1.75 miles

north of,on Jefferson

road, at intersection

of Republic road,on

south side of road,

10" black jack tree,

in base of;copper

nail and washer,  1032. 694 - 0.001

~06-

1078. 427

1092.693



N\

AN
.

4.

Elevatl
Desocrlption By f1d.,

St. Jumes, 2.'25 nmiles north af,cn feez Feet  feet
Republic road, Jefferson road,0.5

miles north of,culvert, west end,

sandstone slab, top of;painted

Syuared. —————e—memmee— .. 1034, 345 ~0.001 10324. 344

Cor.

© o
x- D>
m >
-a

Jefferson road, 1.0 mile north of

on Xgpublic road,T road east,aﬂ

Cox's residencs, 100 ft,esast of,

sanistone boulder in N.%.Cor.of

T road; topcorner broxen off,

painted white, ~—~cemmo 1024.715 -0.001 1024.714

Joefferson roal, 1.5 miles north of,

2obinson creek,0.75 miles south of,

Fitzenreider's residence, 100 ft.

west of, wadon gate post,in base of;

copper nail and washer., ~———---——= 398. 469 -0.001 278, 448

Robinson Creek,0.25 miles south of,

on Republic road,on east side of

road, 10" post oak tree near

fenndy's mail box,in buse of;nail, 223.575 -0.001 923.574

Jefferson road, 2.25 miles north of,
on Republic road, Robinsoa Clreek,

west bank of, 24" white oak tree,

iy root of;copper nail and washer. 317.404 -0.001 317.603
(Dn-lon To-nlhlp)

Robinson Creek,0.25 miles north of,

15 ft. west of road,sandstone

boulder on St.James-Dawson Twp.

Line, opposite wire fence mornor,

point is on south hillside, 200 ft.

gouth of WooXlchoppet's cabin;

painted cross on top of boulder. 1022.3%4 -0.001 1022, 393

-27-



10.

11.

Elevatlion

Desorliption, 8y F1d. Bk.

Robinson Creek,0.75 miles north Jeet

of,on republic roawd, Township

lipne,0.5 miles north of,at north

end of ridge, 30 ft.west of road,
sandstone boulder, top of;chisel~

ed squarg, —————————————— 1037. 423

Robimson Creek, 1.0 mile north of,

on Republic road, at foot o2 hill,
concrete culvert zcross road,W.

end wall, top of;chiseled Sq.--- 234,325

Robinson ZCreck, 1.25 miles north
of,Miles School House, 1.0 mile
south of, T road west,center of
roads; road eldvation,--~—————--— 376.005H

Milgs School House,0.5H milas S.

of,on Republic road,Marrs Ceme-

tary, 400 ft.north of,ecast side

of road, sandstone boulder at

rail fence corner, top of;chisel-

ed 8QUAre, ——~——mm—mm—— e 1055.077

‘St.James, 6.0 miles north of,on
Reoublic road, Safe,2. b miles E.
of,¥iles School, 25 Rt.W.o0f, S.W.
Cor.S.E.Gtr.of the S.W.&tr. Sec.
20, T. 39N., R. AW, , 60 ft.S.f.0f,
concrete well curb, top of;

.bronze tablet stamped” "

St.James, 6.0 miles north of,on

Republic road, Safe, 2. miles ‘E.

of,cross roads at Miles School,
northeast corner of school
ﬁbqse,limastone wheoel guard, top
of;painted sgquare., —----—————-= 1061. 25

-0.001

-0.002

-0.002

~-0.00z2

-0.00%

-0.002

1033. 422

734. 323

376.003%

1059.075

PIBLM.

1061, 923
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Desasrlption.

e
7o e |
YoeY 4w

-]

)

ORI
L

thoe

Miles School,0.75 miles north
of,on Republic road, W.L.Mart-
in's house, 1PO ft.S.f.o0f,on
top of hill,on cast side of
road, 12" post oak tree,in base

of;copper nail and washer.-—-- 102%.85%7

Miles School, 1.2 miles north

of,on Republic road, Bourbeuse

River,0.75 miles south of forg,
at dim cross road,southeast
corner of,sandstone boulder;

painted square.

—— o — — - —

oboeerved

fr.,

megr = >» 0

+0.006

>
7

+0.003%

fe,
Correntlona,

0.0256

Adjus tment

valuves,

1023

924,

0.002)

. 8A0

259



No.

14.

15,

1ha,

15,

17.

18.

Desoription.

Miles School, 1.75 miles north
of,on Kepublic road, Fourbsuse
Kiver,0.Z miles south of, farm
house, 600 ft. east of,on cast
side of road, 15" walnut tree,
in base of;copper nail ani
Washer, ————-meoeem—cmmm—m—am

“ash School House, 0.75 miles
south of, Bourbsuse ERiver, at
ford, 100 ft.south of,cast bank
of river, 30" sycamore tree, in
basg of;covper nail ani washer.

Bourbeuse ERiver, at ford, on
Repablic road,center of river;
road elevation, —----==—-- ————

Bourbeuse River, 0.%25 miles N.
of,on Ekepublic road,at T.road
sast,northeast corner of,in

base of fence post;copper nail
end washer. ~——-————m————e————

Eourbeuse River,0.75 miles V.
of, Wash School, 400 ft. S.W.of,
J.%.Crossner's house, 300 ft.
S.FE. of,8 ft.west of three mail
boxvs,on west side of road, 14"

scaley bark hickory tree,in root

of;coppur nail and washer. -—

W%ash School,0.bH miles north of,

on Republic road,Little Bour-
bouse creck,at ford,on south

bank, west side of road, 10" scal-
ey bark hickory tree,in base of;

copper nail and washer., —-—-----

873.567 :

823.338 -

8%4.000 -

840. 106 :

347. 536 :

.o
(\Q
©
™

+0.010

+0.014

+0.014

+0.016

+0,017%

+0,0%23

N —a
« @
X 3-¥

Som >

87 2. B

840.012

824.014

£840. 122

947.615

825.350



Yo. Desorlption. »

E

. By

P. ‘hash School, 1.0 miles north of, 4
Little Rourbeuse Creek, 0.5 Wi.
north of,Harrison School,0.5 Mi.
south of,?helps~éasconadc County
Line, 1.0 mile south of, Austin E.
Breuer's house, 200 ft. west of,
at T.road sast,west gide of Rep-

ublic road,Z ft.inside of fence,
10" post oak tree,in base of:

@M<
-
0
-
®
«
“.
—m >
o ™~ a
o &
< L
« o

copper nall and washer, —————---
f . . ! Adjustaa
L - w 3
- »w . -
- c - “ [N
- Q -«
-4 c - « s
o~ o & '
o |es =
. - » -
o LI - B
i 3~ ) - A 1_‘
-0 !_z;;/’ .
«|lb O »” ar
“ L = T e
o LB e |
_r 19L - izp !
N “";u n.:
- - r " C
= - A
=
o . . o
-3 o - -— o
A o~ = E .
o . ~
<o ©o )
7% r~
o o
DI1AGRAM TO0 SCALE SHOWING TYHE ADJUSYMENY OF ALL POENTS
BETWEEN P anD Q.

It wlil} be rememdered that the (lae P to 0 Te a
spur (fne of (evels In our schoma of adjusimant, The Ilnoe
P to O wae run as a paralletlt dupifoate (Ilne of levele,and
the most probabla valuesse for the elevationn ot the polnte
en suoch a tline Is the aversja of the eseveral detsmralaat
The adove dlagram shows a (r.dg linse o0¢ levels run by &
Brandls Instrumean end a (blua {ine 0f (avels run dy a
Qurley Instrument:ae these lnetruments were of equsi refil
sent,equal welght wae appiled ta to tne work done by each
lnetrument. The(3green) llne repreients the averaje af thne
Inetrumental determlinratlons. Jn the 1evel aast adjustment
just precaeeding, It wae found that the polnt P was 0.026
low, As the epur Iline P to Q himnjes dlrectly on tne point
P,then the whole Iime P to 0 witl have to be ralsed 0,026
tn ths diagram this adjuetment Is shown by the (blaok)iin

!
O
¥

[ -
L4
-



el

19.

120,

21,

The adjuestment Ip 2 oonstant of 0,026

be added to saach of the averajge Inestrumantal.

valuas between P and 0. Thla e sappeuncrant

FORMUL A:
Adj.Cor.to Inter.Pt, mAv.0bs Value + 0,026.
Dascrlption. Elevation
Byf:le:tl.ak.

(See description on page 31) 228. 5572

Yash School,1.25 miles north of,

Little Rourbeuse Creek,0.75 Mi.

north of,Harrison School,Q.%5

miles South of,@hclos—éasconade

County Line,0.75 miles south of,

Steve Lorts' house,70 ft.north

of,T.roud west(Mail road to Hish

Gate in Maries Count7),northwest

corner of roads, 24" oak stump in

fence corner, top of; ten veany _

nail, ——----- Tt Brandis 962.732
Carley  962.725
Average —§35T55§

Harrison School House,on St.

James-Republic rcad,west side

of School Building,north con-

erete door step, top ofichisel-

ed SQUATE, =——=~——————————ne Brandis 255.674
Gurley 265,468
Averagde '§Z§T§ZE

Harrison School House,O.Z25 Wi,

north of,on Lepublic roagd,

Phelps-éascoﬁade County Line,

0.2%5 miles south of,private

T.road west, southwest corner

0f, 16" blazed black oak tree;

bent nail in base of, —-—-- Brandis 959.594
Gurley 959.578
‘Averagde _5357553

30—

fe.
observed

from diagram,

eh)oh

the

Cor.
feeat

+0.0%2

N

+0. 026

+0, 026

+0.026

to

[\ 3L St

Yo
e
N e
-J ..
e 0]

KNy Sam o
[, Wi - 9

362.755

965, 692

359.61%



Deacription,
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Harrison School House, 0.50

miles north of,on Republic

road,intersection St.James-

Republic road and High Gate-

Red Bird road,0.5 miles south

of,?hulps—éasconude County

Line, 28 ft. south of,center

of road, 30 ft. west of,5 ft.

inside wire fence,in line with

center of road north into

Gasconade Count7, dim T.road

weat, PO ft. south of;iron

post stamped "937 ", -=--- Erandis = 997. 242
Gurley  997.237

Ay - ——— e - -

937.240 +0.026

Thrs completes the description and adjustment

of levels from St. James northuest via Jefferson

39%7. 266 P.B.M.

0} the line

Eoad to 1n-

tersection with Republic Road.tnence north via Fefublic Road

to Pnelps-Gasconade County Line,

~33~



MKERAMEC SPRINGBS QUADRARNGLE.

(Latitude 37°45'-38°; 1 0ngitude 91%30'~91°45")
(st, James Townsenip)

LINE FROMWM ST, JAMES EAST VIA OZARK HIGHWAY TO PHELPS-
CRAWFORD COUNTY LINE,SAID POINT ONE MILE NORTHEAST OF KNOA8~

VIEW RAILROAD OEPOT.

ADJUSTMENY OF INTERMEDIATE BENCH MARKS ALONG THE ROUTE
A YIA B AND C TO O0.(A I8 the P.B.M. at St,James and D0 [as the
T.B.H. at tnhe [ntersectlon of the Ozark HIl 3hway and the Pheoelpsa=-

Crawtord .County Llna,)

SELOW IS DIAGRAM TO SCALE SHOWING THE AODJUSTMERT OF ALL
INTERMEODO!)ATE POINTS ALONG THE QZARK HIGHWAY BETWEENRTA®AT 87.

JAMES ANDMO™AT THE COUNTY CLINE NEAR XNOBYI(EW.

Thea adjustment of thess I[ntermediate dDenoh marke ocan be
sffeoted by soalling tne adjustment corractlons from thae dia-
gram, and subtracting eaoh correctlon from the 2bssrved
elavatian a8 1t appears (n the Il evel notes and descrlption
»ooks;or, | ¥ dasired, the adjustment corrections ocen be com-
puted by the folfowing formula for the wseation A to 0:

AT |
Digt. A to Inter.P1t. //I! )
ADJ.OFINYER PV a® oo mm e cmc e asme x 0.0653, ’ ), W
6.25 T b
it 1
F [ Vo
. 0 G
e il ( ]
B N \ (.
(See ODlagram on paga ) Aﬁﬁ ﬂ :1 (e
Etevatlons thise asotlan {: 0 1 I‘
reviousl ad]justed,as follaws: P = o [ L il ! Ve
P y ' 1
U e m
AL = 1087.8000 f¢t, ; I W v o I~ o
p = 1074.6580 * , L ( o E - e .
c = 1083.34660 * , RNk 0 ;‘: R 2 lo e
D = 1098.8580 " . o uﬁ:: : Lir R r ! ]
'ﬁ e |!{ :| Ve )| & I
AT v || i [ ) | ]
; j[ o 1 S ! 1 I
' l—: 1 il 1 |
. 1 RO = ]: " ) :
Tl - 1= e 1. oo i h
- l.“ll}i, [P 1 '|' 1 |
SR I 1 N
i (e oy ) b i 1
o e (=21 1 ) ) h JI ] 1 )
o =] [ ooy , o v f 1
s Voo I‘lln H ¢ ) !1: :I 1 I
. :’ Vol il ) ) i || ; 1
2w | 246 ; %ie | N
Ae 22 a 23 25 27 28 (¢ 30 31 0
- Ad]Jueted Line,
= = - - n 3 B » B ” L 3 " B
(=] (=] o o o o w o o D 7 0 "]
o - o v~ o II S o o o — -~ ~
o o o R VY o e . “w e
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23.

24.

25.

Desocrlption, Elevatlio
Fild, d

By
(See description on page 26) 10é'§f§00

St.James,0.4 miles vast of,on
St. Jawes~-Cuba road(Ozark High-
way), frisco R.R.,H50 ft north of,
turn in road to north, hOO ft.W.
of,concrete culvert across road,
north e¢nd wall, top of;chiseled

8QUATE, —=———m—mmem—mm————e - 1055, 342

(Latltude 3%8° ;g.a; Dv )
St.James, 1.0 mile g?ﬁ‘jg?fs

on Jzark Highway,T.road ecast
(interssction of Ozark Highwav

and Red Bird roaud), 400 ft.S.of,
Cr.%.A.Scott's house, 300 ft W.

of,on W.side of road, 10" elm

tree,in root of;copper nail

and washer., —~—————e—mmmm—— 1074. 656

St. James, 1.5 miles N.F.of, on

Ozark Hidhway,O0.H miles cast of

Red Rird road intersection, on

N.side of road, 12" post osak

tree,in base of; copper nail

and washer, =——=——e———mme——na 1062. 462

St.James, 1.76 miles northeast

of,on Ozark Highway, concrete

culvert across road, south snd

wall, top of;chiseled triangle. 1034.437

St.James,2.0 miles N.E.of,on
Ozark Highway,on top of hill,
center of road; road elevation. 1054{446

-35-

n
K .

Cor,

Adjd
Elevw
07866 1087860 p.B. M.

-0.002 1045, 350

1%30'-91%45")

~0.003 10%74.6568

-0.01%2 1062. 656

-0.015 1034. 422

-0.017 1054, 429



27.

=Cl.

29.

Descrlption,

@m
“ -
oM<
[l ]
[ y-.es
w o
x >

A U 2

St. James, 2.5 miles northeast

of,on Ozark Highway, friendship

School, 1.5 miles west of, con—-

crete culvert(errected 8-13-20

by T.HBall),north end wall, too

of; chiseled square. ————-———— 1010.05%7

Friendship School, 1.25 miles

west of,on Dzark Highway, at T.

road N.to Hinkle P.D.,Corrugat-

ed iron culvert, rock on east

end of culvert, top of;chiseled
triandle. ——--cmmemmmee o 1018.325

friddship School,0.5 miles W.
of,on Ozark Highway, Gerber's

Store, A00 feet W.of,concrete

culvert, north ond wall, top of;
chiseled trisngle. ~—=————-—- 1062.045
Friendship School,on Ozark

Highway, southwest corner of

concrete porch of school

house, top of;chiseled triandle,
painted "1083. 2"-———mesemea—- 1083%. 400

Friendahlp Soenhool,on0zark

Highway, 50 ft.8.W. of,in School
Yard, 10 ft. from fence corncr,

20 ft.N.of center of QOzark

Highway, 30 ft.E.0f center of T.

road north;iron post stamped

"1083", memmmmmm e 1083. 458

friendship School,0.2b miles E.
of,private T.road N.to Louis

Hall's residence,’75 ft.W.of,

concrote culvert, S.end wall,

top of;chigvled square, ----- 1037.041

o
n o
™
o~

-0.030

-0.024

-0.02%4

~-0.0%26

N - a
~e—
< a
.

“9m >

1010.0326

1018. 903

1062,015

1082. 266

1083. 424 P. B. M.

1037.005



No.

Descriptlon. Elevatlion Ad| a.
Y reeit " jett Fert

Friendship School,0.9 miles E.

of, on Ozark Hiqhway,bhclps-

Crawford County Line,1l.1 miles

west of,concrete culvert, south

end wall, top of;chiseled

8qUATrY, —rem—m—mm—— e —————— - 1042. 237 -0.044 1042.2532

iriendship School, 1.5 miles

east of,on Ozarkx Highway,Phelps-

Crawford County Line,0.5 wmiles

wast of,Knobview,0.5 miles north

of across field,concrete culvert

under Ozark Highway,north end

wall, top of;chiseled squars.- 1028.412 -0.043 1028.3%63

Friendship School, 2.0 miles

vast of.on Ozark Highway, at

cross roads on Phelps-Craw-

ford County Linu,éOuthwcst'

corner of roads, 14" hickory

tros, in base of; copper

nail and washer., ———=—-————-———- 10%8.311 -0.0H53% 1078.8hH8

Thys completes tne descriptson and adjyustment of tne
line of levels from Sit. James east via Qzark Higamay to the
Prelps-‘Craxford Comwnty Line, sard poinl ome mile nortaeast of

Knobview Kailroad [epot.

. =3f-



PART. 1TT1.

THE LEAST SQUGARE ADJOUSTHMEXNT OF A LEVEL NET
BY METHOD OF ORSERVATION BQUATICNS.

APPLIED TO TRHE ADJUSTMENT
CFP THE
DAWSON-ST. JAMES TOWNSHIPS LEVEL NET,
PHELfS COUNTY,
MISSODRI.
(BASED OR THE LINE OF LEVELS RUN BY THE
V. 8, BEOLOGICAL SURVEY IR 1908 ALONG THE FRISCO Re R~

WITH PERNANENT BEMNCHRARKS,™AS® AT ST. JAMES, AND
"EY AT KROBVIEW).
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Showing elevations and closures when level circaits are
arranged as shown in plat on page40.

A

1087.800 (St.James ) Adjusted value.

I = 1061:925 (Miles School) C = 1083.221
-107.201 .+ 15.511

M = ©054.724 (Royal) D = 1008.732
+ 13.895 D = 1098.579 in arr.Cir.

J = 988.419 + C,75% Closure at €.
+ 73.460

H = 1041.879 (Red Bird 2nd Jakes Prairie Rds.)

+ 32.608
B = 1074.487 (Red Bird Rd.and Ozark Highway.)

+ 8,734 8 = 1041.87¢
C = 1083.221. (Friendship School ) - 40.447

- 82.223 F = 1001.432
P = 1000.998 F = 1000.998 in arr.Cir.

- 80.0886 + (Q.424 Clesure st I,

G = 920.932 (Jakes Prairie and Tribby Rds.)
+177.647

- 1098.579 (Ozark Higbway and County Lipe.)
— 24.844 '

1073.735 (Erobview Depot.)
1074.005 ( " " ) Adjusted valus.

- (€.270 Closure. bt ¥nocbview.

oy

o
]

od
o

Note: The values
= 1081.925 given on this page are
_~ 98.531 not adjusted values,but
968.394 only an arramgemeant to
968.419 in above arranged circuit. facilitate the ad-

-~ (0.025 Closure on circult above.At J. justment that is
to be made on the

054.724 following pages by
_:_33.201 the theory of [east

921.523, . Squares.
. 920.932 in above arranged cireuit.

+ 0.5%1 Closure on circuit above.fit G.

= 1087.800
- 13.134

1074.868 r
“B = 1074.487 in abeve arramged ciremit.

+ 0.179 Closure on circuit above.At B.
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Observation Equations.

(A 10 I) +W enerecemiennneoscecasnsnacnnse = +0.000 (weight 0.1580)
(I to M) eov #+Vacoaae Pececencectssonannea s = +0,000 (weight 0.158)
(M to J) coese-- 1% cocranas ceseerevencsenn = +0.000 (weight 0.312)
(J to H) eecesececcns T/ = +0.000 (weight 0.625)
(B to B) serrecccee 6o Vg vecretccerenaee = +0.000 (weight 0.264)
(B to C) ~ecsese Sessecsaccscs W cerectennnas = +0.000 (weight 0.333)
(C to F) ................... sc oo +% ....... = +0.0oo (ﬁ'eight 0.333)
EF to Gg Ceseiasacscsasensasacannann % «ve = 40.000 Ewaigbt Z-OOOZ
G toD) sevenneanensoncannn cecaniocacee +Vg = +0,000 (weight 0.222
gD to E; V2 % -% -% -% -% -% -% -%=-0.270 gweigbt 1.000;
I toJ) ... % +%G,....... Ceececnaneavaas = -0.025 (weight 0.82%
(A to B) +W&h +W% +Wp +V, +Vp ccecccevesse ce+ = +0.179 (weight 1.000)
(B to ) eaeecccccncansce +Vg +V% +V cccc--- = +0,434 (weight 0.571)
(M to G)==ec*=es +G +V, +% +% +% +% ccc = +0.591 (weight 0.124)
(C to D)eecreecreccccsenanen tect 4% 4§ +% = +0.153 (weight 0.445)

. Formation of the Normzl Equations.

Normal Equations are formed in the following mapper -from the
Observation Equations:

RULE: To form the normal "equations for each one of ‘the un-
knowrn guantsties, multiply each observatron equatson by the Hrod-
of the mesght of that observatiorn and ‘the alge&fq;c coeffrcient
of that unknown quantity .sn thet equation, arnd add the resunlts.

Baving formed the several normal equations, their solution
as simple simultaneous equations gives the most probable values
of the -unknown quantities.

Ae slmple,simulitanecus sgquetions of the flret degres,the
normal equatlions may be solved by aay of the slgebraic methode 6f
s)imationy dy addition or -ubtrkotlon, by subetltution, or by coama-
parlsome. In fact, thess methode are sntiefaotory whon thero are
but two equatione to be wmolved. But {a larger sete, of three oF
mors, It i« possible to ehorteam the nwmoerloaud work by takiag ad=
vaotage of the peoculfar eymmotry whioh aill normwad esguation poeerss.
tt e muoh enesler to salve a set of normat .q..(l;l. thus a wsst of
ordisary,elmuitanceoce eguatlone of the ecause mumber whiob do not

heawe thile symnetry.
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1)

2)

3)

£)

Normal Eguatien in V; .
+0.160% * *-* * ¢

+1.000V; +1.000¥; +1.000% +1.000V, +1.000% +1. OOOVu +1 OOO\E +1. OOO\E +]1. OOOV;,

Abnolute

+0.080060

= +0.270000
+1,000V; +1.000% +1.000% +1.000% +1.,000% * - =-* s s vo0 v v 0 o = = +0.,178000
+2.180V; +2.000% +2.000% +2.000% +2.000% +1.000% +1.000% +1.0&\£ +1.000W% = +0.442000
Normal Eguation in % .
s_. 8 s, @ +O 150% . [ ) . . P P .« e . . - +0.0000C‘O
+1.000% +1.000% +1 000V +1. OOO‘L +1 OOOVs +1 OOOVG +1 OOOV, +1 OOOYI; +1, OOOVQ = +0.270000
. » o o +0.825% +0.826% - * ’ : oo = -00.0155625
+1,000% #1.000% +1.000V; +1.000% +1.000‘E MR = +0.179G00
+2,000V, +2.781%, +2.626W +2.0C0Y, +2.000% +1.000V; +1.000% +1,000¢ +1.000% = +0.433375
Nermal Equation in % .
toees v e 040, 312% ‘ =+0.0000000
+1 000V, +1.000% +1.000V; +1.000V, +1 OOOV, +1 OOOV; +1 OOO\"; +1 OOO\& +1 OOOVQ = +0.2%0000
e v e+ 40,825V 40.825% + + ¢ *- . . . . = —=0.015625
+1 000V1 +1 000V, +1.000V +1,000% +1 000% : s = +0,178000

+0,124V +0,124Y, +0.

124V +O 124‘73 +O 124V7 +0.124% -

+0.073%840

+2,000V; +2.826W +3.061V; +2.124Y, +2,124V5 +1.124V, +1,124% +1,124% +1,000% =+0.506585S0

Nermal Equation in Y, .
» . » . +O 025‘]4

+1.000% +1.000% +1.000% +1.000% +1.000% +1. OOOV +1. OOOV; +1.000% +1 OOOV; =

+1,000% +1.000%; +1.000% +1.000% *1.
se e e 40,124F, +0.124Y 40,

- . . » * - .

OOOV5 -------
124V +0.124V, +0. 124V7 +0.124% *

+0.000000
+0, 270000
+0.179000
+0.073284

+2,000V +2,000% +2.124% +2,749% +2.124V *,rl.lzzit\;{g +1.124% +1.124%} +1.000%

+0,522284
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5)

8)

7)

Normal Equation in Vg .

L T T N T Y B S e |

* v 40,204y -
+1.000% +1.000% +1.000% +1,.000% +1.000% +1,
+1. OOOV1 +1, OOOVg +1 OOO\% +1 000% +1.000% -
.08 4_ e *» » "+O 5/1‘1'5 +O
© +0.124% +O.124‘L +0,124Vs +0.

.. . 2., 8. & =

- & . - -« .

OOOVG +1 OOOV, +1 OOO\@ +1. OOOE{;
571V, +0.571% - o
124V, +0.124% +0,124% - *

B nunwn

Abesclute
Torn

+0.000000
+0,2700060
+0.179000
+0.247814
+0.073284

+2.000V; +2.000% +2.124V, +2.124% +2.989% +1.

Normal Equation in V5 .

- . +O
+1 OOOV1 +1.000V, +1, OOOVS +1 000V, +1,000Vs +1.
. . * +0,571% +0,

: +O.124Va +O.124\L, +0.124% +0.

F .. - + 3

B95% +1.695% +1.124% +1.000%

BJBVB 2 » o+ = & s & s * =
000V +1.000% +1. OOOVB +1 OOO\B =
571% +0.571% * * ' =

124V, +0,124% +0,1247%

+0.770098

+0.000000
+0.270000
+0.247814
+0.073284

+1.000% +1.000V, +1,124V%; +1.124% +1.6895%; +2.

Rormal Equation in V,

s_ 2 L] . - » * L3 .

+1.000% +1, ooov2 +1.000% +1.000% +1. 000% +1.
0t +0.571% +0.
Tt ot +0.124% +o 124Y +0.124% +0.

- L] L] * e* ®_ e s s 8 2

028Vy +1.695% +1,124% +1.000%

- +O 333‘1, . B & »
000V +1.000% +1.000% +1 000\6
571% +0.571%
124V, +0.124% +0.124% *
+ v 40,445, +0.445% +0.445]

+0, 581098

+0.000000
+0. 370000
+0.247814
+0.073284
+0 068086

+1.000V, +1.000V +1.124V5 +1.124Y, +1.8056%-+1.

Nermal E:quation in Va

+1 000V, +1. OOOV: +1, OOO\E +1. OOOV4 +1 000Vs +1.
’ +O 124% +0. 124\74 +0.124% +0.

L] 3 Ll * .

BO5Vs +2.473V, +1.569% +1.448p =

© ¢ +2.000% ¢
000V, +1.000% +1.000% +1.000V,
124%, +0.124% +0. 124‘5 v

+0.4456% +0,445% +0.4457,=

+0.859183

+0.000000
+0. 270000
+0.073284
+0.088085

8) +1.000% +1.000% +1,124% +1.124% +1.124% +1.124V, +1.589V, +3.569% +1.445‘Vg—

+0.411369



Nermal Equation in § .

........................ c oo e +0,202% = +0.000000
+1 000, +1. 000% +1. 1000% +1. 000T, +1.000% +1.000% +1.000% +1.000% +1.000% = +0 270000
IR s e e + +0.445Y +0.445% +0.445% = +0,068085

9) +1.000% +1.000% +1.000% +1.000% +1,000% +1,000V +1.445% +1,445% +1.687% = +0.338085

(0)
NORMAL BQUATIONS

A % % % % % 5 % % Abreiats
1) +2.160 +2.000 +2.000 +2.000 +2.000 +1.000 +1.000 +1.000 +1.000 -0.448000
2) 12.666 +2.781 +2.825 +2.000 +2.000 +1.000 +1.000 +1.000 +1.000 -(C.433375
3) +%.000 +2.88F | +3.081 +2.124 +2,124 +1,124 +1.124 +1.124 +1.000 -0.50885%2
4) +2 .000 +2.56@ +2. &Z‘lﬂég +2.124 +1.,124 +1.124 +1.124 +1.000 ~—0.522:284
5) +2.000 +2.000 +2.124 +2.1_Z:‘;—t2.989 +1.695 +1.6%95 +1.124 +1,000 -0.7700%8
8)  +1.000 +1.000 +1.12€ +1.176 +1.69K | +2.028 +1.695 +1.124 +1.000 —0.591098
1) +1.000 +1.000 +1.186 +1.774 +1.898 +1.698 | +2.473 +1.569 +1.445 —0.659183
8)  +4.000 +1.000 +1.174 +1.124 +1.124 +1.124 _:ZtgééfLif.see +1.445 —-0.411369
9)  +1.000 +1.000 +1.000 +1.600 +1.000 +1.080 +1.448 +1.448 | +1.667 —0.338085

{Humbers below the red Jine are redundant nu-born.i

o0 O O O O O 9 9©O




-G~

1 Z
+2,1800

+2.,00000
(=0.4630) -0.92800

+0,.828C0
. (~1,0764)

(P) Solution

P

Ji

+2.00000 +2,00000
-0.,82600 -0.82600

+0,77300 +0,14800
-0,83206 —0,15931

. +0.56582 +0,148886

-----

.« (-1.7673) =0.26308

+0.83428
(-1.1987)

. . * . .

of Korwal Equations,

+2,00000
—-0.92600

+0, 14800
-0.,15831

+0,14888
—0,26308

+0.20926
-0,28084

+1,02177

e« 0. (=0.9787)

. - .

-

&
+1.,00000
-0.486300

+0.,07400
-0.07885

+0,13643

—0.24111

+0.16032
-0.18018

+0.88361
~0.88908

+1.04176
~0.9599)

7
/

+1,00000
=0.48300

+0,07400
-0.079265

+0,13643
-0.24111

+0.18032
-0.18019

+0,11261
-0.66905

+0.70878
~(.88034

+1.00456
(=0.99565)

. L] . .

-

+1,00000
—0.46300

+0.07400
-0.07566

+0.,13643
-0.24111

+0.15032
-0.1801¢2

+0.11281
-0.11021

+0.51979
-0.498956

+0.81118
-0.80841

+2,326863

o~
[

+1.00000
=0.48300

+0. 07400
-0.079865

+0,01243
-0.02107

+0.06894
-0.08065

+0.044186
-0.04322

+0.48794
—0.46837

+0.80087
-0.59827

+0,34862

(=0.41727)=0.14543

+0.56359"
(~1.8084)

Fbsoluto
Torm

=0,449000
+(.207887

=0.017801
+0,018946

-0.076240
+0,13473¢

-0.083649

+0, 100270 -

-0.310480
+(.303887

—0.140827
+0.,1349288

-0.113038
+0.112529

+0.0045632
=0.001821

+0.024204
=0.043722



(q) Solution of Normal Equations.

+0.01243 =0.076240

+0.13643

+8.,14806 +0,.14888 20,13643 +0,136453
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(») Solution of Normal Equations.

V: . V‘. V_-:, V;.;

5 +0.287887 +0Q,018848 +0,134739 +0.1002%0

ry +0.020243 +0.003482 +0,000961 +0.002652

re —0.002068 —0.000356 —0.001077 —0.000805

Iy =0,082054 -0.010830 —~0.032783 —0.024500

s -0.028118 —0,004837 —0.014843 —0,010243

r, —9.180811 -0.027686 —.045687 -0.043561 +0,178622

r -0.021403 -0.0038682 —0.,006081 +0.023113

n -0.032807 —0.029478 +0.03542%

rn +0,050386 —0.054422 Adjustwent Quantitieg%

ryo —0.0288637 Vo= -0.0296 V¥ =+0,1736
Vo= —0.0544 Yy =+0,0807
%= +0.0354 % =+0.1380
%= +0,0231 % =+0.0045

Observed "'0 QTFLct.d
L1KE ::f:1:::°. GCorreotlon 1‘111‘.no.

4 to I = -2b5.875 —0.0298 = —25.9046 ft.

I te M = -107.201 -0.0544 =-107.2564 "

¥ to Jd = + 13.69b +0.03b4 == 13.7304 "

d to H = +73.480 +0.0231 =+ 73,4831 " ,

B te B =+ 32.808 +0.1737 =+ 32,7817 " °

B to C =+ 8,734 +0.0607 =+ 88,7847 " _

¢ to F = - 82.223 +0, 1380 =— 82.0870 " =

F to G = - 80.066 +0.,0045 =-.80.06815 "

G te D = +177.847 —0.0437 =+177.8033 " J

D to B =- 24,844 -0.0357 . =— 24,8797 "

V-
+0.3038687 +0,134988 +0.112528 —0.001891 —0.043722
+0.001880 +0.020478 +0.026158 +0.006358
~0.000492 ~0.002229 ~0.002718 +0,004487
—0.090970 —0.092505 +0.135969

~0,040633 +0.0680732

%

|12

A

Check in Normal)Equation (1):

{Pagse

-0.064015 +0,070868
-0.108844 +),046228
~0.043722 +0.347324
—0.442000 +0,060732

+0.135259

+0.00448%
-0.885581 +0.6658578

—0.86558 +0.66558

Excellent oheoke

Adjywusted Elevation of Jupctson Posnts.

In Dawmson Tornshtﬁ Phelps County,
1052, Eco Tt.
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* 78, 4831
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PART 1v.

TRE LEAST SQUGART ADJUSTMENT OF 4 LEVEL XET
BY NETHOD GF CONDITION LOUATIONS
AND
CORRELATIVES.
APPLYED TO THE ADJUSTMENT
OF THE |
DAWSON-ST. JANES TOWNSEIPS LEVEL NET,

PEELPS COURTY,
MISSOURI.

(BASED ON TBE L!NE OF LEVELS RUN BY THE
U, S. QEOLOGIGCAL SURVEY N 1508 ALONS THE FRISGCO R. f.
WITH PEQRANENT BERCHUMARKS ®"A® AT 5T, JAKES,
AND ®E® AT KNOBVIEW).
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Least Square Adjustment of lLevel Ret.

Link Observed y... Miles PaNeight Derived Correoted
From To Diffsrenoce Distance =-%- Correoction Difference
A to B = 13.134 a 1.0 1,000 -0, 0308 - 13,1848
B C + 8,734 b 3.0 0. 3883 +0, 0808 + 8,7948
cC* D + 15.b11 o 2,25 Q. 444 -0. 0569 + 15,4541
D" E = 24.844 d. 1,0 1.000 =0. 0354 - 24.8794
C " F =82,223 e 3.0 0. 333 +0,1387 - 82,0883
P® G - 80,088 £. 0.5 _ 20000 +0, 047 - 80.08613
D ® G =177.6847 -4 4,05 0.222 +0, 0453 -177, 8017
F " B + 40,447 h 1.76 0.571 +0.0833 + 40,5108
B "™ H - 32,808 i 3.4 0,204 -0.1781 - 32.7811
R " J < 73.480 J 1.8 0. 825 -0.0238 . - 73,4838
A" 1 - 25,875 k 6. 25 0.180 =0, 0204 -~ 25.9044
I J = 93.531 1 1.8 0. 825 +0. CO78 - 93,5234
J " M - 13,886 B 3.21 0.312 «0, 0363 - 13,7303
I " M =107.201 n 6.4 0.158 =0, 0543 =107.2563
-G " M '+ 33,201 o) 8. 06 O.124 +0.15868 + 33.3578
Condition FEguations.

1) 0=-0.082-d-c=-b ~a

2) O=+0.153+g~f-e+c

8) 0=-~0.43¢ +e8 +h=-1i+bD

4) 0 =-0.157 - h+f +p—-m-]j
5) 0 =+0.204 +3a+3i+j-1-%k
IS 0==-0.028+m-n +1

Bach complete c¢ircuit Furnishes the condition that the sum of
its adjusted differences of elevation shall equal zero when given
the proper signs as if run continuously around the circuit,clockwise
or counter—clockwise.

Number of Conditions = (No.of lines) - (No. of Jnct.points) + 1.
" " n n =, +]15 - 10 + 1=28.

The minus signs applied to the small case letters in the sbove
condition eguations result from changing the direction of the arrows
{when red arrow goes in opposite direction froe the black arrows in
in diagram on preceeding page) 30 as to be continuocus sronnd each
circuit., It is not necessary that all the circuits be traversed in
the same direction in a given prcblem,but for-clesrness the work will
appear more consistant if . 8ll the circuits .are traversed in one dir—

ection,either clockwise or counter~clockwiss.
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TABLE OF CORRELATES. Produot of Cs with Corrglates.

lines thp 1 2 3 4 5 6 3 +.3b35 +.1806 +.5863 +.1846 +.0871 +.0848  Sum(Sum x p)Lines
a +10 -1 ') ) () +1 .o 0 -03535 Sesa00 4Be0e TEEE ) +.04%71 I EEER] "'3064 -00306 a
b 030 -1 ') +1 . --. -n 0 -03535 -o.ooo..-+o5563 TN beoe e [N +o2028 +.0608 b
O 225 1 #1 .. 4. ee es 0 ~o 3585 441006 .cceee seces eeses esess =0 2620 =-.0B89 o
@ 10 =1 .. ¢ oo ss es =1 =23B535 cesecs sssss  sesse ssess wesss =e3535 =.0854 d
8 .30 4. =1 +1 +. e e 0 esses =+1008 +#.BB83 ..uve  seeee sssee +ed5B% +,1367 e
f .06 .. =1 .. +1 .. .. o] cesee =¢1008 L.vee *e1948 Lieee ceese +,0042 +,0047 £

€ e85 ..+l ae ee ee e. #1 ceeee +0100B Leees sesee scecee esees ++1008 +,0463 g
h o175 o6 o0 +1 =1 .. .. 0 ceess oseese +.BBB3 ~i104B seees  cesss +.83615 +,0633 b
1 84 .4 .. =1 .. 1 ., o} eesee seese =eBBB3 L.eee te0471 L.... =.5082 =,1731 i
J 18 44 we ee =1 +1 .. o} ceses ssese seese —e1B48 +,0471 L.... =.14%77 -, 0238 J
K o825 44 4s ee .. =1 .. =1 veses eseees evees sseee =s0471 Leees =+0471 =.0294 k
1 218 44 ee se e =1 +1 O vecee seese seses eseese =40471 +,0848 +.0477 +. COTB 1
B +821 ¢0 es oo =1 .. +1 O veses esses ssees =e1948 ..... +,0848 =.1100 =.0353 m
N o84 o4 ea s se se =1 =1 ceses ssses seves sssee essses —s0848 ~,0848 =,0643 n
P 805 e¢ oo oo +1 .. .. #1 ceeoe esees seses +01948 seeve sese. +,1048 +,15688 P

NORMATL EQUATIONS.

The normal equations may be written by inspection as follows
owing to the simplicity of the condition equations.

To form the Norm?l E uatigns:' left hand
ist. Square eaoh guantit n column 1 1le and side table of correlate
sgd multiplyqby itsyi/io p,and add the resulta= +0.7250: erates
2nd. Multiply eash guantity in oolumn 1 bgdqunntitiea in oclumn 2 on same
a

line,multiply by their 1/10 p, and resultas =0.2250:;
ad ., uultipl eaoch quantity in column 1 by guantitiea in column 3 on same
1line hu{tiplg by their 1/10 p, and add results= -0,3000;
4th, Hultipli each gquantity in ocolumn 1 bg gquantities in ooclumn 4 on same
v line wultip by their 1/10 p, and add results= +0Q,0000;
bt h. Hultipli eaoch quantity ip ococlumn 1 bg quantitieas in column 5 on same
" line,multiply by their 1/10 p, and add resulta= ~3,1000;
8th. "ultipl{ eaoh guantity in column 1 bi quantities in oolumn & on same
line,pult add results= +0,0000. -

iply by their 1/10 p, and
This givaa the First normal equation.
7the Square eaoh guantity in column 2 and nultiplz by its 1/10 p,and add
reaultac=+1, 0250;
Gthe Multiply each quantitg in oclumn 2 by eaoh adjmoent quantity in turn
in the other columns by their 1/10 p as above and add results:

Rthe Prooceed as above until all terme have been nultiplied d t
normal equatien has besn completed. plied,and the 8th



NORMAL EQUATIONS.,

1 /2 z 4 F £ (q) ) Creck
40,7250 =-0,%2250 -0,3000 +0.0000 =-0.1000 +C.0000 -0.0gQ +0, 1600 +0.0380
=0.22601+1.0250 -0.3000 -0.0500 +0.0000 +0.0000 +0.1E2 +0,4500 +0,6030
-0.3660 -0.3000|+1.1150 -0.1750 -0.3400 +0.0000 =-0,434 +0.0C00 -0.4340
+0.0000 ~0.0500 =0+1760]+1.5100 =0.1600 =0.3210 =0.15%7 +0.8040 +0.64%70
=0.-1000 +0,0000 -0,3400 -0f15§61:}L§§5Q_-0.1600 +0.7204 +0.6250 +0.8290
+0,0000 +0,0000 +0:6000 -0.3210 -0-1600]+1,1210 =0,026 +0.6400 +0. 6150

Note: Sum and Check ocolumne will not be used in the following solution
of the above pormal equations; but will be ueed later in a subseguent
solution of normal squations.The(q) is the absolute term,

(P) Solution of Normel Fouations.
1 2 3 ¢ 5 6 “Bfg;S’E
+0.7250 =~0.2260 -0.3000 +0.0000 =0.1000 +0.00C0 =9.0620000
(-1.3793) +0.3103 +0.4138 +0.00C0 +0.1379 -0.0000 +0.08HH166

« +0.955Z2 -0.3931 -~0.0500 =~0.0310 +0.0000 +0.1337614
« o« « (-1.0469) +0.4115 +0,0522 +0.0325 =0.0000 -0.1400348

e o 6 8 o 2 ¢ o o ‘O. 8291 "‘O. 1956 —Co 3942 . +0.0000 -Oo 4046128
“e o o o o(=1,2061) +0.2359 +0.4754 -0.0000 +0.4880035

¢ e s e e s e s e e e 0 . +1,4612 -0,2646 -0,2210 -0.2454526
(~0.6843) +0.174Z +0.2197 +0.1679631

St e e s et e a e e e e e e e oo +]1,1384 -0,.21P9 =0,0353133
t 6 s e o 6 o 6 e o s s s s e s « «(-0.8784) +0.1896 +0.0%1015%

'?v Py P P g

c e e e s e s o s 41,0096 =0.0856313
e e v e e o o o o (=0,9906) +C.0848079

. Notes on
The P,Q,R Sclution of Normal Faoustions.

=

v
~

Orposite pageff8 of this thesis will be found the lLeast Saquare
figure adjustment of & Gecdetic Quadralatersl on the folded plete.
The problem on the plate was tuken frem tbe Topegraphic Instructions
of the Upnited States Geclogical Survey page 61 to page 71,for the
instruction of students in my cless ir Geodetic Computaticns. On
compsriscn with the Geolegicel Survey publicstion ip the description
of the method for solving normel equeticne,it will be found thet the
encluded plate goes much more into the deteils of the method.

As the P,6,R, soclution of normsl equations used here irp this
level net adjustment is identical with thet used in the sd juetment of
the triesngulation scheme,by referring to the plate opposite page 118,
it will be found very easy to follow tbe process end steps in tbe
given computation and slso in otber computations in this thesis where
thke P,6,R solution of normal eguatioms has buwen employed.
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(g) Solution of Normel Ecustions.

4 AB30LUTE

2 % e 5
a +1.0250 -0.3000 =0.050C +0.000C +0.0000 +0. 1638000
q2 :9;9698 _=0.03931 *0.9900 :0‘0319,_10‘0090 —0.0122§§§
+0.9652 ~C.3931 '0.0500_ -0.0310 +C.0000 +0.1337614
gs ¢ = . +1,1150 ~0.1750 =0.340C +0.0000 =0.4340000
Qs + ¢« + o o =0,1241 +0.000C =0.0414 +0.00CC -0.0258558
Qs . - ... 0:1818 -0.0206 -010128 +0.0000__+0.0560428
+0.8291 -~0.1956 -023942 +O‘._QOOO -C.4046128
Ga o *»  + = . « +#1,810C -0.18C0 =C.221C =0.1570000
gy o+ o . -C.0000 +0.0000 =0.0000 =0.0000000
Qe + - . . « =0.0026 =0.0018 +0.CCCO +0.0069987
9e - - : . . =0.0461 -0.0930 +0.0000 =0.0954482
+1,4813 =0.2846 =(C.2210 ~-(0.2454525
Qwo * s e e ee v +1,38E0° =0.180C +0.204C(CC
gn - - .o . . =0.0138 +(C.0CC0 -0.0085498
Qg & o o v oo v o . ~0.001C +C.0000 +0.0043472
Qs+ - o S -0.1874 +0.000C —C.1923529
Gaae + - - SR - 70,0444 -0.0559 -0.0427578
+1,1384 —0.2152 -=0.0353133
Qas s * <+ - o . o s . . . +1.1210 =0.025C(C0
Qas s * v e e s o> e .. . « « =0.0000 +0.0000000
q”- e & 6 o o s o o ¢ o . ¢ - -0.0000 "0.0000000
Gm+ + + % ¢ s s u s e e e s e+ . =5.0000 +0.0000000
gm+ = - * o+ e e e e s e e . « - =C.0705 -0.,0£39259
Om+ +- . .. v oo+ 20.0409  —C.0086954
+1.0086 -0.0858213
(r) Solution of Normal Equations.
1 > 3 4 5 &
r, +0.0855168 —-C.1400348 +(.4880035 +0.1679631 +0.0310192 +0.0848079
Fe +0,0000000 ~0.0000000 +0.0000000 +0.C186323 +0.0160796
ra +0.0064949 +0.0015307 +0.0223208 :9;99§§Qé§ +(C.0470988
re +0.0000000 +0.0101880 +0.0459533 +0.19480C0
re +0.2302168 +0.2289370 +0.5563478
re +0.0312227 +0.10062C9 Some authorities on Least
+0.3534508 Square,csll "(r) Solution of Wormal

Equations" the, "Back Solution".
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Summary of Junction Elevations in Dawson Township,
Phelps County,Mlssourl.

1087.8000 > 1087.8000
= 13.1848 = 25.9044
1074.56354 I = 981.8958
+_ 87948
1083.4302
+ 15.4841
1098.8843 > 10988.8843
-~ 24,8794 ~17%7.8017
1074.0049 G = 921.2828
Cheok + 80,0613
F = 1001.3439 —~——> 1001.3439
+ 82.0862 + 40.5103
C = 1083.4302 B = 1041.8542 ~~r—> 1041.8542
Cheok ¥ 32.7811 ~ 73.4836
B = 1054.6353 J = ©68.3708
. Check ~ 13.7303
0E4,8403 < M = 954,8403
+1C7.2553 ~ 33.3578
T = 1081.8958 G = 921.2825
. Cheok Cheok
ADJUSTETD ELEVATIONS.
A = 1087.8000 F = 1001,2432
B = 1074.8354 G = 921.2826
C = 1083.4302 H = 1041.854Z2
D = 1008.8843 I = 1081.8958
E = 1074.0050 J = 0938.3708

M = 0954.6403.

Points ¥k, L, N, O, P, are adjusted as intermediate
points and take correctlons proportionate to thelr
distances from adjacent junction points,

: ADJUSTED ELEVATIONS.
K = N =
L= 0=
P =
Points Q, R, S, are at the ends of spur lines and will
take the same corrections as P, N, O,respectively.

ADJUSTED ELEVATIONS.
C = R = S =

=54~



Abrid
N e d- i
A B'ORHAL EQUATIOI?S. Mggggt}dﬁ.
C - .
(1) +0.7550 -0.2% 3 2 F e : 7 '
. .2850 -0.3 , Const. Chegk. ;2287
Ez) oL 41,0250 —0.3288 :8'8§88 :g-laoo +0.0800 -0.0820 40,055 “Tt nust be ronest
(ig P +1.1150 —0.1750 -0‘3388 +0.0000 +0.1530 +0.8030 column incluse:emfmbered that the (Chgok)
(4 1 LS00 73-2800 100000 =0.4340 ~0.4340 of an oquation wbothor mertioy or mon '
C . e e e s o2 . +0.6470 that,whe i written or not
(8) e sa :0_1000 +0.2040 +0.8290 Jjust to gh;hfeffrldged form is used,a’sso
CON o) b Soluts 1.1210 =0.C250 +0.8150 be. read down a;d:tgetgoefficients must
(2) - A n N\ e 0 :)ltlon ofﬂNormal Equations by Abridged Method add Colunmegr:%};;;i:ezz line(2);
(2) 7 77 110280 ~0.3000 -C.0500 +0.0C P Coust. Ghook. ' fne(2)=+.3030.
7) -+ 0.0088-0-0931 +0.0000 #0.0000 40.000C +0.1530 +0..5030 (Normal Bqustior
(I1) - » +6""‘ Nues  Xs .0310 +0,0000 -0,0192 +0.C118 7 Equation (2). not
(3) oSS o Soa -0 0000 55010”10000 0 TR B8 (7 rorc.pE Caree s g Sasa
Iy . .1 +0.8148 V(T hor.G.. " ‘ that th
(8)y r e —é.%éig :0.0750 <0.3400 +0.0000 —0.4340 -0.4340 10 G.2748) (2)+(7). numerator of
9y - v - - N e _8-8200 ~C.0414 +0.0000 =0.0257 +0.0157 (I(h°7m31 Equation (3). uased ap o’ o®
(TIT) »- ¢ e e 0 SRRSO 08 -0.0128 +0.0000 +0.0551 +0,2530 (RS or xo.4138, waltiplier nas
() r - ee pE 0. 1956 —0. 3942 100000 . 1046 —0.1853 /(T hor.o #) or x 0.4115 ~©® ®1én ohanged,
- L T . - 2V2 . Y o hor 0L18E8
(10) =+ = = 00w +1.5100 -0.1600 ~0.3210 ~0.1870 +0.847C (N ) (3)+(8)+(9).
(11)« = = = om0 oo o o e 1 00aa _O.ooog +0.0000 +0.0000 +0.0000 (I) if?él Bquation (4),
(12) + v+ oo e e .. "0:0.*16(1) -083%0 +C,0000 +C.0070 +0.0322 (II)X(#%% or x (.0000.
(IV)s =+ v o oo e e :i—zgié-__;___Q_:Q-0000_—0.9954 -0.0390 (III)x(fgigg)Or *x 0.0523,
B e 10,2548 —0.3510 —0.2454 +0.8402 /(3 hor.C nlcp)or” 0.2359.
s e s e ) A =
oy il | +1.3850 -0.1600 +0.2040 10.6290  (Normal E (4)+(10)401) +(12).
18) = e oee e e e 18700 8 +0.0000 -0.0085 +0.0052 (I)x(+#%%%)quatl°" (5).
Ei?% ...... C e e - -0.18$2 :g.gggg :g.0043 +0.,020C (Il)x(;ggég)°g X 8-1379.
B - L0000 =C.1924 =0.0786 (II1)x(+§¥$4 rx 0.0325.
(W) L 0:0884 20.0580 €087 «C.11S (T A ons Sri7ee-
Ei)): R - Rk :0.2159 -0.0353 +C.8871 /(I hor.C.6872) (:3+z4§§
(1%)- e L +(1:é(2)ég ~0.0250 +C.8150 (Normal Equati & Alu,+(14)+(15)+(16).
(19). L. : : : : - * a e "’O:OOOO :06'80088 :g‘gocgg (I)x("'g'%%%) or iog (()836
(20) » ¢ eeee oo C e e e e o :8-8000 ~0.0000 *G.0000 %%%%;ﬁ?fggzggr x 0.0000.
Eg%;: e - 705 -0.0539 40,1407 (IV)x(++1H4%)Jorx 8'%?00'
IIIIIIIIIITIII S ttn e (o Cattter - coeer
.0856_+0.9240 v(2 hcr.C.QZQO)(;)gii897'
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ABRIDGED - METHOTD A .
C O RRETLATTESTS .
A B C b E ¥ FROGCESS,

Constants +0.0820 -C.1338 +0.4048 +C.2454 +0.0353 +0.0858.,.Copy (VI)(V)}{IV}(III)(II)(I)Const Column.

F~terms

B-terms

D=-teras

C~terms

B-teras

+1.00957-'Div1de(v1)c tCol b F =
+0.0000 +0.0000 +0.0000 +0.0272 +o,o183..........;Hultiply(V)??s)(g1¥?711§5¥§gLcg?}zfg.agégaqa

———m——— 3, (R4E= 'lace at head of .
+0,0536--?-€..?.?.E-oglu:n E?a of Col.8 Table of Correlates.

+1c1§§£?-ooooool-oDi?idﬁ E CplnE b¥EV
+0.0047 +0.0015 +C¢0157 *0.0lZO--o.--...-..--o--..ﬂultiPI{(IV) III I

B S LA R=F.sesesee+Place at head of Co
+0.2846.:E:€:£?7.:.-...... -oolumn D.
-_—tie

+1.4613-...--..o----o'-o-.Divida z COI.D by(Iv)COl.D=+O.1948.
+0-OOOO +0.0097 +O-038100 ..a-....o..-.....o......Hultipl{(III;(I%)éIlCOI.D X +0. 1248,
] L] ol.

+(1,]948=Teessescscscecsssss Place at hea 4 Table of Correlates,
+O-4584.....,.0...0...-].......... column C.

$0.829] ) . e ennecerernnscnnaaeasaDivide T Col.C by(III)C01.C= +C.5529.

0l,E=+(.04708
{I)Col.E x +0.0471,
5 Ta

}C
I)
1. ble of Coprelatesn.

)
T

Multiply(II)(I)Column C x +C,5529,
+C,.1669 +0.232§ 4055202 CesarsescscanssecssccsssssPlace 8l heag of Col.3 Table of Correlates,
+0-094Zo.o:otototoooo--.o--.a-p'-.oo.--.-- °°1umn B'

+Ol955210000000l0000000.ooo.-....-..c..oo.DiYide Z c°1°B by(II)COl'E = +0°0991'

ssescssssscsssrenssssescssssccsesesscncsssscelinlti 1 (I)Col.a » +C.0991=+0.0223.
+0.0223 +ﬂ.0991=80......-....ona--o--.-o---oooo Elaospa heBd Of c°1.2 Table Of correlates.
+0-25490.:l........c-..l............llq'.......::: oolumn A.

————————r . 7 . b - = Pad .
+0-72500ooqooo..-.nlo'oooool-o.o-ooo............'.Divide E Col A Y (I)col A +0. 3516

+O‘35163Ao.n.--o-ooo.--oo--oo-. oooooo s e caseenase .Plaoe at head Of c°1.1 Table Of Correlates.

(Reference is made above between
this Egge)and the page preceed-
is.

The method given abcve is & substitute for the (F),(q),(r) Solution
of Normal Equations; =all other steps in the procass of level net adjust-
ment are identical with those given in Part of this Thesis, and will
not ba given again here.

Rote: tha v (Check mark) at the ends of rows (II),(III),(IV),(V),and(VI),
are written to indicate that the © of Column and Row are exactly satisfied.
Unavoidable discrepancies in the last figure of the Checkvterm,due to re-—
wainders,should be removed by arbitrairly correcting the check-term before
preceading with the next step in the elimination;this is best done by draw-
ing a line thru the erroneous figure and writing the correct one above it
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ABRIDGED
EQUATIONS.

NORMAL
2

1 3 4 5 A
+0.7250 -002250 —0.3000 +0.0000 -001000 +0.0000
e s o » +1,0250 ~0.3000 =-( OBOO +0,0000 +0, 0000
[ T ] . +1.1150 -001750 —0-3400 +0.0000
e ® s e 9 +1.5100 -0.1800 -003210
. - 3 . . [] 3 L3 L3 +1.3850 -0.1600
« ® » e & ® s a e e & & @ +1.1210

METBOD

I's

N
-000620
+0, 1530
=0.4340
-0, 1670
+0, 2040
-000250

Solution of Normal Equations

2 3

+
(o]

* ¢ « +0,3103 +0.4138 =0,0000 +0.1378 =-0.0000
e o o o =0.0888 ~0,0831 +0.0000 =0.,0310 +0. 0000
e ¢ o+ « +0,09552 ~0,3831 =-0.0500 =-0,0310 +0.0000
e s » o« o o s » +0,4115440,05235+0,03245+0.0000
e o v v s o o v 31,1150 =0.1750 -0.3400 +0.0000
¢ o ¢ o v o0 e+ _0.1241 40,0000 ~0.0414 40,0600
. d L b . . -0-1618 -000206 *0.0128 +0.0000
* * *r e e = 40,8291 -0.1858 -0.8842 +0.0000
Y o s 0 0 s e e e s v 4(,2350140,4754640. 0000
e e e e e e e e . +1.B100 =0.1800 =-0.3210
*® & € & 5 & s s = & = » -OOOOOO +0, 0000 ~0.0000
. ¢ . s o s s & » « =0s00268 -0,0018 +0.0000
. Form’ob Enéck.. . . , -0.0461 -0.0930 +0.0000
e o F1.4613 =777 +1.481% -0,2548 -0,3210
s e ~Q, 2546 s v e »

-0.3210

-0, 2454 - & ® ° = s @
+0., 8403 /Horizontallys

2Columne ¢ o v
0, 0001 error, - .

® 0 0 v 0 0@
LI T I I I
% a8 ¥ e
a0 4 s 8 s

s ® ® ® 8 ® ® ® ® » e g & B s F B s = +1,1210 =0, 0260 +0. 8150
s ® ® ® & ® & & ®B & ® P @ e & B B ¥ T = +0.0000 +0,. 0000 +0, 0000
s ® & 8 8 & ® @ & @ ¢ ¥ W @ & = > s » = + (. 0000 +0. 0000 +0, 0000
e ®» ® ® @ ®» 8 ® ® + & 9§ e =B 2 e B 3 s @ +C, 0000 +0,. 0000 +0. 0000
e e & ® 8 @ 8 s a ®» s e 8 s s =» s s » « =0,0705 0,053 +0.,1408
s s ® ® ® ®» 5 8 = = " ® s = & & a e _0.0409 _0.0067 +0.1682/
e ¢ & ® 8 a2 ® "8 s B e 2 " = @ & 2 = e @ +1, 0098 =0. 856 +0. §238¢
. [ ] - . . * L] » . . . [] [ - L] . L] . . - - . - +0.08479—0-91502
B ACK SOLUTION.
2 1200 0 43800 0. 18783+0 03110+0 2479
+0.08550-0- 4 8+ - +0a - - . L] . . L L L .
+0, 00000-0, 00000+0. 00000+0, 01883+0,01608, & +» » 2 o s s o o » o
+0.00649+0.00153+0.02239+0T00800+0-04 18. o o o« s s o = s o« s &
+0, 0000040, 0101840.045085+0., 18476 o 2 » s o o o« o o o = s = o &
+0, 28022+0.226804+0,bb5834. <« o ¢ » £ = + & s e & 2 e o s+ s s .
+0003122+O.10058— s » & # ® ® 8 ® & & s ® € s 5 & s & v 2w =
+°035343. L4 . L] . * L] L] . . - L] - L] . L) . . . - L] L] . . L - L] -»

1 4 5 3]
« 7260 =0.2250 =0,3000 +0Q,0000 -0.1000 +0. 0000

+1, 3850 -0,1800
-0.0138 +0, 0000
-0, 0010 +0, 0000
~0, 1874 +0. 0000
-0,0444 -0.05589
+1,1384 -0.2158 -0, 0354 +08:871"
« « » o+ +0.189885+0,08110-0. 77825

¥
-O-C620
+0. 0855

+0. 1530

“0-0192

+0, 1338

=-0,4340
=0.025%7
+0, 0551

-0, 4046 ~0,1863Y
+0. 48800+0. 19937

+0, 0000
+0. 0070
-0.08b4

-0.24E4 +0,8402V
e e = o » +0,174283+40,21867+0, 16793-0, 43810

+0. 2040

>
+0,0380
+0.68030
-0.4340
+0, 8470
+0,.8290
+0,.,8150

i,e=2 F £
by Abridged HothofT °f check oposite line (14).

o
+0, 0380
-0. 0b24

+0, 6030
+0, 0118

+0.6148+
-0, 14008-0. 64383

~0.4340
+0. 0157
+0, 2530

+0, 6470
+C. 0322
-0.0390

+0. 8280

-0, 0086 +0, 0052

+0, 0043
-0.1924
-~0.0428

+0Q. 0200
-0, 0786
+0, 11156

B .

Note,’
It must be remembered that the(Check})
column includes all of the goeffioi
an equation,whether written or no:,;gtghgg
when the abrid%ed form ie used,the ocoef-
ficients must be read down and to the right

Normal Equatigg?%?fs'
Divide Normal Equation (1) by -0,7250.

Normal Equation
ult, Normal ?g.
(2) + a;.
Divide (8
Normal Eguation i?).
Mult, Normal Egq. x +0,4138.

§u1t (?) x +0,411b4.

(33+ 9)+§1o .® horizontally -0.1653).

Divide (11} by -0,8201.

Normal Equation i?).

Mult.Normal Eq.{ x +0.0000,

Mult.(8) x +0,05235.
ult.(11) x +0 2?59}.

(43+{12)+(13)+(14). (5 nor.+0,8403).

Divide (15) by ~1.4613.

Normal Equation 5;.

¥ult, Normal Egé 1) = +0,1379.

(?)-

(1) 'x +0.3103.
horizontdlly +0.8148).
by -0. 9552.

Mult, (8) x +0, 45,
Mult.(1 x +0,47548,
ult, (15) x +0

17423,
. (53+(16)+(17 +?18?+ 18). (£ hor.+0.8871},
Divide (20) by —1.138&. ( 71)
NHormal Equation ée

Mult. ormal Eq. {1 " x +0. .
Mult. z d Oi 00000

Mult. 1 % +0, 0000,
Mult. (15

051532805 (29 10885 (20)+ (25 )  3ev0. 0001,

Divide (28) by -1,0098.

Co VI (V) (IV), (III),(IT), 'R
wott. v} ?%v} I11d.1 Ii.fl go{%g)525.38479.
Mult. {Iv), (1%}, 1*2,11 Col{B)x+0. 04718,
Bult. §I§’i£§106 I o(umn(4 x +0.10476.
ult, I; EolGmn (ETDK ag.;oagé?5834'
Column (1),
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ADJUSTMENT RY THEE METHOD OF CORRELATES.
THEORY.

The final adjusted values of the observed quantities
must satisfy the conditions of the problem in hand, and must
be the most probable values, acoording to the Theory of Least
Squares, that will satisfy all the conditions. Therefore, the
sum of the weighted squares of the corrections(residuoals,v)
nust be a minimum.

Then:

U=wa? +pb?+ e + mg@----" “+ wmz°= a ninimun (D

which must be satisfied simultaneously with the following
conditions. Multiplying the condition equations on page 80

in succession by the factors, —2C:, —2C,, —2G, etc.,respect-
ively,

+2CG ¢ + 2Gd + 2Gc +2Gb +2G a =0
2% —2Cg + 2Cf +2Ge -2Gc =0 (2)
+26 @6 —2Gke = 2Ghb 42G1 -2Gb =0

26 261 -2CJ +2G1l +2Gk —2Ga =20

. » - - L] - - - - - . - - -

Adding these equaticns to (1) and collecting the coefficients
of the separate a, b, ¢, etc., we have the reguirement that,

W +2a(C - Cs)
wb® + 26(C - G)
g ? = 2c(C + C)

(3)

+ + + 4

2(Cicn Co G +Ce G+ - . . ) = a minimum.

For the minimum, the first derivative of this expression with
respect to each a, b, ¢, etec., must be placed equal to zero,
Therefore,

S_U =oma+ 2(G —C) =0, dividing by 2 and solving for a,
a 1 :
a==>(~C *+G)
Wa
%—E = 2mb + 2(C. — G) = 0, dividing by 2 and solving for b,

b=']:(_01 +Q))
o
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au
— =2wc¢c —2(G + G)

0, dividing by 2 and solving for c,

de
1
c==(-G +G)
B
v _ _ ¢
dz_-v-----o_0)60¢

Where wp, %, W, ctc.= & are the weights respectively, d= distances
U = ¥ weighted residvals squared,desired to be 2 minimum,
a, b, ¢, etc. = corrections for the links,
G, &, G, etc.= the adjustment factors solved for in the
_ normal eguations.
h, &, &, ctc.=constants of observed closure respectively
in the several circuits.

au . . X
— = the differential of U with respsct to a, or the first

derivative.
The constant 2 comes from the differentiation of the express-
ions in each eguation eguated to 0.

Substituting these values of the a, b, ¢, etec. in the con—
dition equations on page 50, and combining the coefficients of G,
G, G, etc.,we obtain the xormal Egquetiens: Which partake of the
following form:

aax ab ac
(w10 + [5]G@ + [F)G + . . . . + &

b bb b
(20 + (5210 + (3G *+ - . . . + &

b
(2210 + [(0G + (571G * < -« .+ =0

0
0 (4)

If the foregoing substitutioms. and and like Cs combined,we
arrive at the normal equations as appear on the top of page 52.

In forrping the normal equations, it may be found somewhat
simpler to follow the rules of thumb formulated from the fore—
going theory.which will be found on page §1 for the formation of
normal equations from the condition equations,and on pages 10
apd 41,by a similar demonstration, for the formation of normal
equetions from observation equations.
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APPLICATION OF TRE THEORY.
Least Sqguares computation consists in rendering the value

of 0 in the following expression a minimum.

¢}

a® + .333b% + .444¢F + & + .3338% + 22 + .223¢ + .5V1h

+ .294i% 4 I.ezsj’ + ,18K° + .8251% +.312m® + 1561 + .124p%.

Condition Terms.

-2G [-.082-d-c-b -

-2C (+.183 + g - f ~ e +

-2 {-.434 + e + h - i +

-2G, [-.187 - h + £ + p -

—2Cs [+.204 + 2 + 1 + j -

—2C (—-.025 + m - n + 1]
The coefficients of the above

rarily as —2 ipn order to simplify

al
c)
b])
n ~ j]
1 - k]

condition terms is taken arbit-
the expressions for the "V*

corrections (ie. a, b, ¢, etc.) for the links.

To make the above expression for U a minimum requires that
its differentials with respect to a, b, ¢, ete. be each equated

to zero, as follows:

23+2C4_2Q=O)
then
a=~0G + G.cevunos

. .B866b + 2, - 2G
ther

b=-3C +3&.....
.888c + 2G. — 2G =
then

e = =2.25G + 2.25C

2d + 26 = Q,
then
G = = Gt ervedivenanan
.666e + 26 ~ 2CG =
then

BQO - e

e=-3G +

0,

.0,

=1 times{(—C + Cs)
3 " (G +G)
2.2 " (-G + &)
1" =G
3 " (G +G)

These expressions when
simplified and with the
Cs transposed to the
right-hand side of the
equations,will then
appear as extended to
the left, and form the
correlates as they are
tabulated on page 51.



4f + 26 - 2G = 0,
then

T =-.5CG + .5C......
.444g - 2C = 0,

then

g€ =+4.5C...cucuoun..

1.1421'] - ZCB + 2C‘ = 0)
then
h = +1.758G ~ 1.75G ...

.8881 + 26 - 26 =0,
then
1=~ 3.4CG + 3.4Gs....

1.2580) + 2G ~ 2G = 0,
then

jg=-1.8G +1.8G....
.32k + 2G = O,

then

k=—- 8250 .eeeieucenn

1.2501 + 2G = 2G = 0,
then
1l = - 1.8G + 1.8G....

.8324m + 2C, - 2G = 0O,
then

m=- .321C + .321C%..
.312n + 2C = 0,

then

N =+ B.4C8 ceeesunoanan
.248p - 2C =0,

then

p=+ .805C .e-uacuan.e

—61-

0.5

4.5

1.75

8.20

0.321

6.4

8.05

times (-C; + G )

"
\

(—Ce )

(+Go

(-G

(=Cs

(—Cs

(=G

+Ce

+Cy

G)

G)

G )

G)

Ce )



PART V.

PROPORTIONAL ADJUSTMENT OF INTERMEDIATE BENCRMARKS
FROM CORRECTED ELEVATIONS OF ADJACENT JONCTIOR POINTS.

APPLIED TO THE ADJUSTMENT
oF
INTERMEDIATE BENCHMARKS
IN THE
DAWSON-ST. JAMES TOWNSHIPS LEVEL NET,
PHELPS COUNTY,
MISSOURI.

(BABED OM THE LINE OF LEVELS RUN BY THE
4. 8. GEOLOGICAL SURVEY IN 1908 ALONG THRE FRISCO R. R.
WITH PERRANENT BENCHNARKS "A® AT ST, JAMES,
AND YE" AT KNOBVIEW).
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Adjustment of intermediamte bench marks between point 4 at St.James and
point T at Miles Sehool on Republic Road.

The adjustment of these Intermedlate benoh maerks oun be eaffeoted
by soallng the adjustment oorrections from the dlagram below aod subdbtraot
Ing eash oorreotlon from the obsserved eloevation as 1t eappesrs In the
ievel notesjor, |f deslred, the adjustment oorreotions oan bs osomputed
by the following formuias for thie seotlon, (4 to !).

DERIYATION OF ADJUBTHENY FORMULA,

Elave A = 1087.800 — Eloevy |. = 1061.9250 Qbser.
Oore = 0.000 o ' le »_1061,8354 Ad)us.
| § - 0.0296 Cor.
S
A X‘l zl
 "Gzsmi
Correction ¢, for any intermediate point at distance d.
from A and betwesn points £ and I:
L
0.0296 x 4 . 0
C == -12220.C-s or = - 0.004736d. . ¥
6.2b oV g
R -0
< ° ' 0y :
4 o ~ o
= - ™ - .
o < o © o~ o
a -t o™ o [-] »
(s H Lg] o™ o Y
g ~ o o [-3 .
o oy o (-] ]
[} ~ (=] L]
" [ [~ L}
- a1 -] L]
N ~ [
o 23] (-]
o ~ [
-+ -l [~ »
L--J =] . -+
(=3 » - |
~ o E-]
- »
. ™ -
/‘[ @
o
v AD JUBTEO - ,
-5 =3 bt i o N < W0 o~ MmN O - —
— i
:6 bd uw o o [ [ o [ o oy < [ 1) W
- o ~ o~ ~ ™ ~ o ™~ w - -] [\ ] ~ o~
- * (] . ’ * . L] L] - . - » . .
"o o »d ™ ™~ .39 23] -+ -+ -+ -+ Y [ 31 T3] ¥-3
ARAPH FOR THE AOJUSTHENT OF INTERKEDIATE POLINT BETWEENW A AHND I.



L.

Merimec  Springs Quadrangle.

(Latitude 37 45'-33;longitude 91 30!1-91 45!')

(St.James Township)

Line from St. James,nortliwest via Jefferson road to-
the intersection of Republic road, -thence north via Rep-
ublic road,9.5 miles to the Pnelps-~Gasconade County Line.

St.James,corner of Meramec and
Washington Sts.,about 70 ft.N.

of,center 1ine of Frisco R.R.

track,25 ft.from corner of Com-

mercial Botel,in angle between

cross walk and side walk;iron

post gtamped ?1098M". —cmecuwaeaa.a 1087.800

St.James,0.5 miles N.W.of,on

Jefferson road at intersection

of Parker Lane road,concrete
culvert,north end wall, top of;

chiseled gquar€., —-=-—--==—c-mea-- 1078.427

8t.James,1.75 miles N.W.of,on
Jeffergon road at intersection
of Republic road,on south side
of road,lO" black jack tree,in
base of:copper nail and washer 1002, 694

St.James,2.25 miles N.of,on Rep=

ublic road,Jefferson road,0.5

miles N.of,culvert,west end of,
sandstone slab, top of;painted

8QUATE, ~m—r-mem—mea——— - 1034,345

Jefferson road,l1.0 mile N.of,on
Republic road,T road east at

Coxt's house,100 ft. B, of, sand

stone boulder in northeast cor-

ner of T road;top corner broken

off and painted white, ==<--e-- 1024,.715

Jefferson road,l.5 miles norih of,
Rébinsons Creek,0.75 miles south

of ,Fltzenriedert!s residence,100.

feet west of ,wagon gate post,in

base ofjcopper nail and washer. 998.469

-4~

0.000

~0.002

-0.008

"0. 015

1087.800

1078.425

1092.686

1034.335

1024.702

998.453
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Il

Robinson!s Creek,0,25 miles south

of,on Republic road,on east side

of road,10" post oak tree,near

Kenndy's mail box,in base of tree;

Nalls ~-—mmeme e r e - 923.575

Jefferson road,2,25 miles north of,

on Republic road,Robinsons Creek,

west bank of,24% white oak tree,

in root of;copper nail and washer. 0917.604

(Dawson Township)
Robinsons Creek,C.25 miles noxth ¢f,
15 feet west of road,sendstone boul -
der on 'St,James-Dawsgon Township line,
opposite wire fence corner on east’
gide of road,point is on south hill
glde 300 feet south of wood chopper's
cabin:painted cross on top of "
DPOULAET  mmmmm e e et A e 1022. 394

Rovinsons Creek,07% miles north of,

on Republic road,township 1line,0.5

miles noxrth of,at noxrth end of ridge,

30 feet west of road,sandstone boulder,

top of;chigeled square. —------=--- 1039.423

Robinsons Creek,l.0 mile north of,
or Republic road,at foot of hiil,
concrete culvert across road,west '
end wall, top of;chiseled square.- 934.325

Robinsons Creek,1.25 miles north of,

Miles School House,1.0 mile south of,

T road west,center of roads;road =
elevation, =e—mearmamcamm e 976.005

Miles School House,0.5 miles south of,

on Republlc road,Marrs Cemetary, 400

feet north of,east side of road, sand

gtone boulder at rail fence corner,

top of;chiseled square. ==wm-a==-a-- 1059.027

8t.James,6.0 miles N.of,on Republic
Rd.,Safe,2.5 miles E.of,cross Rds.at

Miles School,N.E.corner of B8chool
House,limestone wheel guard, top of;
painted square. =-—e---mmmnceoa---o 1061.925

"‘O- 018

"'0.021

-0.023

~0.024

-0.025

-0.030

923.557

917.585

1022.374

1039.402
934.302

975.981

1059.052

1061.895



Adjustment of peint P en Republiec Road 0.5 miles south of
Harrisem Sechoel, and the determinatiow of intermediats points
between I and P only.

Eloeve ]l » 1061.9230 obssr, Elovw
"

42.T240 Arramged
o ¢ = 2061.8954 Adjus, . ! vet

5 =
¥ » 054.,7304 Adjustad

L Y T ¥ % e Do My ey g g

- 090296 Geore * 920064 Ceor,
CALCULATION OF THE CoR= g
RECTRON FOR POINT P, b
x + 0064 _ 2.4 J
.0380 6.4 IT P e
.0360 x 2.4 L~y ;S
= - .0064
_ 8.4 Blev P = 928.5520 Observed
x = .0135 - 0064 — 0.0071 Cer.
x = -~ 0.0071 Cor.for P. Elev P = 928.5449 Adjusted.

Yo ba applled te sbearved
efoevatien.

Tre0e oo e >o oo eae ovee s2acee seos0 0

™ Corre¢tion ¢. for any interemediate point at distance d.
™. from P and between points I and P.
~ oF
' C— .0071 = 4 ADJ=§;::::J::R:ULA-
0225 4.0
o
"8 0225 d
$ . C=——+ .0071
L L 4.0 T] Then
: &, 5 C=(-.005625d~.0071)
E "~ §
R 14 - L
: - ,»J', l j-‘r___.d_.oiaow
o ] LT 4.0 P
L -4 [ 3
.8 O a
< o ]
- L] @)
@ @ -
a ) &
[ 2 @ D Y
. s [ S
o [ L Lad "~
r [C -
D - o [-
L [ 3 L
a o
K 3 (-4
-
A v d 88T ED Lt neEe . .
R 3 3 - o = e 8
LR = L -3 L 1) - [ J [ J - [ )
- o L] « ™ -~ LY [ ] [ .1 [ ]
- g LY ] & 4 * [ ] 4 [ ]
F B [~ o o [l - ~ L [ J ,
ARAPE FOR BHUE ABJUSTUENT OF &NTERMNEODAVE POSNTS BETNEENS AND P,
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II

12

13

14

15

15a

17

St.James, 6.0 miles north of,on

Republic road,Safe,2.5 miles

east of,Miles School,25 feet

west of,5.W.Cor.S.E.Qtr.of—the
8.W.Qtr.,8et.20,T 39 N.,R.6 W.,

60 feet southeast of,concrete

well curb,top of;bronze tablet. 1059.528

Miles School,0.75 miles north of,

on Republic road,V.L.Martin's

house,150 feet southeast of,on

top of hill,on east side of road,

12" post oak tree, in base of; '
copper nall and washér. =--c------ 1023.857

Miles Bchool,l.2 miles north of,

on Republie road,Bourbeuse River,

0.75 miles south of ford,at dim

cross road, southeast cornexr of;

palnted square on sandstone

bouwlGer. =——=m—mcm e mm e 924.251

Miles School,l1.75 miles north of,
on Republic road,Bourbeuse River,
0.2 miles southkh of,farm house, 600
feet east of,on east side of road,
15" walnut tree,in base ofjcopper -
nall snd washer, =--cccmaccmcu--a 873.567

Wash School House,0.75 mlles south

of ,Bourveuse river ford,100 ft.S.

of,east bank of river,30" gycamore
tree,in base of;copper nail and

WasheY, —c-emrc e e e e - 839,998

Bourbeuse River,at ford on Republic
roz=d,center of creek;rcad elevation.
Road Elevation. —-=e-c—cameeconn—- 834.000

Bourbeuse river,0.25 miles north of,
on Republic road,at T road east,N.E.
cornexr of,in base of fence post; -
copper nail and washér., —e=a-=--«- 840.1.06

Bourbeuse Riv.,0.75 miles N.of,Wash

Sch. ,400 ft.S.W.of,J.W.Crossnerts

house, 300 ft.S.B. of,8 ft.W.of three

mai) boxes,on W.side of road,l4"

scaley bark hilckory tree,;in root of; -
copper nail and washer. =wmwwe---- 947.596

-67-

-0.030

~0.025

-0.023

~0.020

~0.017

-0.015

1059.458

1025.832

924.228

B873.547

839.981

833.983

840.090

947.583



Adjustment of intermediate bench marks between the points
P and Q on the Republic Road near the Phelps—Gasconade
County Line.

tt wll)i be remembered that the {line P to Q le & spur
fine of levels In oar eocheme of edfjustment. The i(lne P to @
wae run eao & parallel duplfoate line of loeveln,and the most
probedle valuese for the slovatlione of the polnte on suoh a
tiIne 1o the aversge o0f the soevetail determinations. The din~
gram below showe Ilnes of (evels runm by Brandle and Gurtey
fastrumaentasres theoeo foetrumente were of equal refimamaent,
equal welght wae appliled to the work doane by saach lnetruvament.
The green fine reprecents the average of the fnstruamentdl
determiaatione. (n tho (evel net adjuetment preceeding, 12
wae fouved that the point P was 0.0071 ft. high, Ae the epur
ilre P to O hlagao dtrectly on the polntP,then the whols
tlne P to 0 will have to be Jovered 0.007) ft.tn the dfagren
the ndjmasted (ftne (o wshown [r blaok,

“

Eleve P = 928.5520 Obeerved . Eleveld = 997,2400 OGbaerved
e P = 928.5443 Adjueted v 0 = 997.2%29 Adjusted
-:—; 0:7: Cor « —:-;:;;7I Core.
Correction ¢ for any intermediate s.,.4;.
point betwsen P and Q: ///. - Kob
C = average observed elev / , °,
minus 0.0071. %,
,
AC/
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18.

19

20

Wash 8chool,0.5 riles north of,

on Republic road,Little Bour-

beuse Creek,at ford,on south

bank,on west side of road,10"

scaley bark hickory tree,in base

of;copper nail and washer. ----- 835.927 =0.010

-Wash Schoo0l,1.0 nmiles north of,

Little Bourbeuse Creek,0.5 miles

north of,Harrison School,0.5 miles

south of ,Phelps-Gesconade County

Line,l.0mile south of,Austin E.

Bruer's house,200 feet west of,

at T road east from Republic road,

on west side of roed,2 feet ine

sicde of fence,10" post oak tree,

in base of;copper nail and '
WaSIEY s =m——e e e 928.652 -0.007

'Wash School,l.25 north of,Little

Bourbeuse Creek,0.75 milesg north

of,Harrison School,0.25 miles

south of,Pnelpe-Gasconade County

Line,0.75 niles south of,Steve

Lortt!s house,70 feet norta of,T

road west(Mail road to High Gate),

northwest corner of roads,24" oak

stump in fence corner, top of; -

ten penny nail.-~-~---eccmmmeam-an 962.732 Brandis,
962.726 Gurley.

—— . -

Average 962.729 ~0.007

Harrison School House,on S5t.James-

Republic road,wegt side of School

Building,north concrete door step,-

top of;chiseled square,--=----- 865,874 Brandis,
965.658 Guriey.

Average 965.666 =0.007

Harrison School House,0.25 miles

north of,on Republic road,Phelps-

Gasconade County Line,0.25 miles

south of,private—T road west, south

west corner of,16" blazed black

oak tree;bent nail in base of.-- 959.594 Brandis,
959.578 Gurley.

Avergge 959.586 -0.007

_69_

835.917

928.545

962.722

965,659

9569.579



Harrison School House,0.5 miles

north of,on Republic road,

intersection of St.Jawmes-~Republic

road and High Gate-Red Bird rosad,

0.5 miles south of,Phelps-Gas~

conade County Line,28 feet south

of,center of road,30 feet west of,

5 feet inside wire fence,in line

with center of road north into

Gasconade County,dim T road west,

50 feet south of;iron post P.B. L

stamped "997", —ccmcccmmcmmeea o 997.242 Brandis,
897.237 Gurley.

Average 997.240 ~0.007 997.223

-50-



Adjustment of intermediate temporary bench marks bestwsen point
I at Miles School of Republic Road and Point J two miles dus
east on the Red Bird Road.

DERIVATION OF ADJUSTMENTY FORMNULA.
e fleveinageiises My
- 06.0296 %-"»‘ :-;:;;EE cor.
o T T :
§ C}(—-_c/- )g
J— Ve

Correction ¢. for any intermediate point at distance d. from J
and between I and J:

C - .0238 B a
. 0080 1.6
C = lgggg—i—— + .0236
1.8
C=-( .00375a + .0236 )
C=(-.003754 - .0238 )
. O8 35 6enpy E D Lorowe
4 2 | . .
of L L o oy 7.3
< S 0 Py ° o
- o | B . * o
E o (-] [y
R o
A D J B 38T ETD L & R E .
1 32 33 ' 34 J
=3 o 2 2 -
et o ° e o

GRAPB FOR THE ADJUBTIEI‘I’ OF LMYERMEDIATE POINTE BETWEER 1 AND-d.
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33

34

Red Bird Quadrangle.

(Latitude 38 -38 15!';longitude 91 30'-01 45')

(Dewson Township)

Line from ¥iles School House on Republic Road,east
via road 2.0 miles,to point on Red Bird Road, two miles

north of St.James-Dawson Township Line.

\

St.Jares,6.0 miles north of,on

Republic Road,Safe,2.5 miles

east of,cross roads at Miles
School,noxrtheast corner of

school house, sarastone wheel -
guard, top of;painted square.--- 1081.925

Mlleg School,0.25 miles east of,:

on north and south center line.

and pvetween sections 20 and 29,

R.6 W.,T.39 N., at dim T rocad
north,center of road;road elev. 1052.867

Wileg School, 0.75 miles east

of ,Rinelzxt?'s house,200 feet

north of,at cross roads, south-

west corner of,sandstone boul-

ber, top of;dob of, paint, ------ 1045.151

¥iles School, 1.2 miles east of,

via crooked road through woods,

Red Bird Road,0.4 mileg west of,

on south side of road,16% post

oak tree,in root of;copper nail

and washer, ——em--mccamcamman-~ 1037.012

Robinsons Branch, 2.5 miles north

of, 8t.James-Dawson Township Line,

30 miles north of,on top of hill,

Red Bird Road at T road west to

Miles School,nortimvest corner of
roads,l15" white oak tree,in roov

of ;copper nail and washer. ---- 968,394

-2~

-O- 050

-0.029

-0,027

"05024

1061.895

1054.838

1045.124

1036.987

968,370



Adjustment of intermediate temporary bench marks between point
B at the intersection of Ozark Highway and Red Bird Road, and
point B at the intersection of Jakes Prairie and Red Bird Roads.

b ER I VATI ON . 0°F
A D J U 8T MK ENT F 0 R M O L & .
EloevaB - 107456660 Obsor,
T el Gl GO T DR e
- 0.0308 Cor. :--S:;g;; ver.
L
o
* b
. ; .
O C_ i
0[“_—‘—4/—-—-—--—
B g LH
£ — .__A3‘4_ —

Correction ¢. for any intermediate point at distance 4. from B
and between B and H.

€.=.0.0808 _ __d__ 5 = _0.1787.4 , o.
5-1%50 3.3 ana c 5.3 0. 0308
8implifying:
C = —-(0,.051088 4 + 0.0308)
and finally
G = ( -0.051088 d - 0.0308). l
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QRAPH FOR THRE ADJUSTHEENT OF INTERMEDIATE POINTS BETWEEN B AND H.
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56

37

38

Red Bird Quadrangle.

(Latitude 38 -38 15';longitude 91 30' =91 45')

(Bt.James Township)

Line from intersection of Ozark Highway and Red Bird
Road,which is 1.0 mile northeast of St.James, thence north

via Red Bird Road,to Royal P.0.,and Phelps-Gasconade

County Line.

St.James,l.0 mile northeast of,
on Ozark Highway,T road east,
(intersection Ozark Highway and

Red Bird Road),400 feet south of,

Dr.E,A.Scott's house, 300 feet
wegt of,on west side of road,lo"
elm tree,in root of;copper nail
and washeI's =w=mamcccccccanaa.aa

St.James, 1.5 miles north of,
intersection of Red Bird road
and Ozark Highway,0.5 miles
north of ,N.E.Jonnegon's house,
75 feet eaBt of,on east side

of road,20 feet inside of
fence,12" hickory tree,in root
of ; copper nail and washer., =~---

Flag Spring Bchool,0.25 miles
east of, Britton!s Store,0.25
miles west of,on Red Bird road,
turn in road to east,30 feet
south of, sandstone culvert
across road,west end wall, top
of;chiseled square, =—=-=w-=—=--

Flag Spring School,0.5 miles
east of,Brittonts Store,in
front of, center of road at
turn to north;road elevation.--

Flag Spring B8chool,0.75 miles
northeast of,B8t.James,2.5 miles
north of,at Y road to noxrth,in
center of Y,10" post oak tree,
in base of;copper nall and
washer, =-==-=s==-ac==crcoco==-

1074.666

1069.326

1029.621 .

1039.320

1023.293

~0.031L

=0.057

-0,084

-0,118

1074.635

1069,269.

1029,537

1039.224

1023.17b
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40

41

42

Flag Spring School, 1.25 miless
northeast of, BrittonksStore,

0.75 ' miles north of, dim cross

roads, southeast corner of, 104

post ocak tree, in base ofl;

copper nail and. washer,------e-- 10161547

Brittons-Store,1.25 miles:. north

of, St. James 3.5 miles north of,

on:Red Bird Road, at ford across
Robinson's Branch, 50 féet south
of,projecting Cotton Rock Stone:

in bluff, on west side:of road;

chigeled square€.-—--—-~wome-uoa-. 952. 626
(Bench Mark obliterated by dynamite)

Robinsonts Branch, 025 miles

north of, on Red Bilrd Road, at

dim cross roads,tile culvert on:

west side of road, south end wall,

top of; chiseled square.-~e--n--- 1025.576

(Dawson Township)

Robinson's Branch, 0.5 miles

north of, on Red Bird Road, on
St.Jamesg-Dawson Township Line, on

east side of road, opposite T.-

Snow's Mail Box,#12A,gate post,

in. -haBe of;copper nail and :

WaBhe g~ —mme e e —m—— e 1054.905

Robinson's Branch, 0.9 miles

north of, on Red Bird Road,at
intersection of Red Bird and

Jekeg Prairie roads, (Y road to
northeast),F.Berries house, 300

féet south of, southeast corner-

of roads;l4" post cak tree,root

of; coppeér nail and washer, ---~--- 1042.947

Rovinson&s Branch, 09 miles.north

of ,on Red Bird »o0ad, at intersec-

tion of Red Bird and Jakes Prairie

roads, (Y road northeast),F.Bezries

house, 230 feet south of;crotch

in: Y roads, opposite east end of

¥ggon gate, five feet south of P.B.M.
ence; iron poststamped"1042"----1042.058

_75

"01134

~0.159

=-0.208

-0.205

1016.413

952.467

1025.404

1054,720

1042.742

1041.853



Adjustment of intermedizte temporary bench marks between point
B at intersection of Jakes Prairie and Red Birg Roads, and
point. J on Red Bird Road two miles north of StiJames-Dawson
Township Line.

DERIPATION OF ADJUSTHENT FORKWUL 4.

Obeerva, . - T
5'3"=:§21§23§§§ T R Eleved = 968.5980 Observ.
Adlu:‘.m l'\\)) . J = 968,3704 Adjvet,
Core =- 0.2045 g c N - 0.2276 cor.
/f¢+~_d 'Lj

Correction c. for any intermediate point at distance d.from H
and between H and J.

Q-g-g%%ggé = _igg_ and c = Q‘—%ggl-g + 0.2046
Phen:
C = —-{(0.01443876 4 + 0.2045) and C = (-0.0144875 4 - 0.2045).
o e 8 ERVYVED LENE . l
L
0
v
€
R
o R - -
o i (-
[ ] o~N o
-*| [ » .
o) .
o
A D JUb B3 TEDB T T N E .
H 43 44 J
L ]
23 - B e
- b . . n
- &3 o L o] -
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Adjustment of iptermediate bench marks between point J on Red
Bird Road two miles north of StiJames— Dawson Twp.line,and

poirt ¥ 500 feet north of Royal Post Office.

The adjustment of these intermediate bench marks oan be
effected b{ scaling the adiustment corrections from the large
diagram below and subtraocting each correction from the observ-
ed slevetion as it A appears in the level notes;or,if
desired, the adjust- ment oorrections scan be com-
puted by the foll- owing formuls foer this
section, Jto M.

C—8LZZ - -

A
Iy
]
“-o7Zi—

Q

Gz = M
DERIVAPION OF ADJUSTMENT FORMULA.

-0

Elev.ym 968 8 Observed. M= .
SR PRI S Elpvau= 95409030 Ovesrved,

= 0,2278 Cor. - 0.1726 cor.
Correction c¢. for any intermediate point at distance d.from M
and between the points J and M.

G - 0.1726  _ __4d_ _ _ 0550 4
-2-p7o850-~- = yr51- @eprd  C 5-51— * -1728
~ C = -~ (0,017184 4 + 0.1728)
0 5 s
€ g Finall
| Ve L, ¥ g=(-0.01718¢ 4 -0.1726 )
N g
L l
0
v
€| o« E
~ - ~ "~ ") o~ L
o~ od R -~ o~ o - @ 0
N| N e N O O\O\o"m\o
| o ™| &~ | ]| On ~ &N
ol 8 I'HEFN
. R @ e~ =
A O J U 8 T EOD L 1 N E . E
J 45 46 4Y 48 490 50 51
2T - s d
- o -~ - - o o o o
=

GRAPH FBR THE ADJUBTMENY OF INTERMEDLATE POINTS BETWEEN J AND K.
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44

45

46

47

Robinson's Branch, 1.4 miles

north of, Township line,09 miles

north of,on Red Bird road,on top

of: hill, at T road west, north-

west corner of, 12" white oak

tree base of; copper nail and

washer. -r—==cwa- e e 1036.078

Robinson's Branch,2.0 miles

north of, Dawson Towmship Line

1.5 miles north of, on Red Bird.

Road, Eikmans house, 50 feet

east of, on west side of road

at gate, sandstone bouider, top

0f; chiseled sQUATEC.-~==c=-c—wea- 996, 226

Robinson's Branch 2.5 miles

north of, Dawson St.James Town-

ship Line, 2.0 miles north of,

on top of hill, at T road west

to Mile School, northwest corner

of 20ads,15" white oak tree,root

of; copper nail and washer ----- 968.598

Robinson's Branmh, 2.75 miles

north of, on Red Bird Road, on

top of hill, N.D.Putnam!s house,

40" southeast of, on west side of

road, five feet inside of yard

fence, 12" walnult tree,root of;

copper nalil and washer.--——=—w=a- 967.970

Robinson's Branch, 3.5 miles

north of, intersection of Red

Bird and Jakes Prairie Road, 2.6

miles north of, ford at Clear-

creek, Q7 miles south of, on

Red Bird Road, sandstone bouwlder

at side of road, top of painted

SQUATEC . wmmememrm——c e i ——— 975.138

Clear Creek,0.5 miles south of,

on Red Bird Road, intersection

of Red Biré Road with Jakes

prairie Road, 2.8.miles north of,

18 "Black Oak treeat side of road,

in rpoot of ;copper nall and washer894.860

—78—

-0.212

~04220

-0. 228

-0 [ 224

"0.211

-0. 208

1035,866

996,006

968.370

967.746

974,977

894,652



Adjustment of point N on Red Bird Road 0.9 wiles north of
Reyal P.0., awd point O on Jakes Prairie road 0.2%5 miles
south of Phelps-Gasconade County Line. N and Q are inter-
eediate junction points on the linve M via N and O to G.

. ] A
el e EEEE R .'
i N
X 5
ge<xg—sx Y
[ B.I3I—>
k- B e
—y N O G
Blev.M = 954,7240 Arranged Elev.Md = 954.2030 Observ.
i T 23S 8a0 TR "7'M = 95417304 Adjusi.
. .Blev.N = 8%75.0710 Arranged ~ 0.1728 Cor.at
M via N &4 £94. 8850 Mo
0 to 6. | Blev.0 = 989,7380 Arraunged
=48, 2130
Blev.G = 921,5230 Arranged
LIflev.cs = 921,2814 Adjusted
5 - 0.24186 ggrg.ectlon
- Ty ‘? 'C II’
B | Let Y = Cor.%o O,then:
Y = 1726 _ _3.3_
Let x = vor.to N, then: 0. 0780 8. 05
X - ,1728 _ _0.9_ 00 x 3,38
0.0680 8. 05 Y = ‘Qﬁ-gjag-F- + .1728
- 20890 _x 0 :
x= L'Qgéfsg'tg * .1726 | y = -(,0288 +.1726)
x= -(.0077 + .1728)  .|o TDER: -
o o e Y = - 0,2008 Corito :
x S Then: o . X
- — . (-]
. . x = =0,1803 Cor.to |o
o o N. Blev.0=969.7380 Arrangad
~0,2009 Cor.
Blev. N=875.0710 égiangd " 0=989.5351 Adjusted.
juFl § B =2 . T=======
" N=864, 8907 Adjustd
AD J U S TE LI N E =
M N 3 G
: © S o 0
-0 on 1) [~}
2o e - -

Q@RAPH FOR THE ADJUSTMENY OF INTERMEDIATE JUNCTIOX POINTS R
AND 0.
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Adjustnent of intermediate bench marks between point M 500 feet
north of Royal Post Office, and point N 1100 feet south of Red
Bird Road Ford across Big Rourbeuse River.

The adjustment of these intermediate benchb marks can be
effected b{ sceling the adiustment sorrections from the large
diagram below and subtracting esoh correction from the observed
elevation as it agsears ipn the level notes;or, if desired, the
adjuetment ocorrections ocan be computed by tne following formula
for thig section of the net,M to N.

DERIVATION OF ADJUSTHKENT FORMULA.

1

- Q

— 0y

M- T 0

Ik ~of—§ W

3 |

y,
Elteva U = 954.9030 0O0beserv., Elev, N = 875,2500 Obeserv,
» M = 964.7304 rdjust-~ " R = 874.8907 Ad]Juet.

---;:1726 Cota- - 0.359% Cor.

Correction ¢. for any intermediate vpoint at distance d. from M
and between points M and N.

Q 5-2ad72¢ = 9. and ¢ = 2:1887.d 4 o.1726

(-0.20744 4 =~ 0.1728).

c = -(0.20744 8 + 0.17286) or o]

0.3593

0.2741)

AD J 8 8 TE SD L L N E &
M H2 N
»

[ X=) o o
- L 4 on
- 0 ' -
=20 [ o

GRAPE FOR THE ADJUSTMENT OF INTEEMEDIATE
POINTS BETWBEN M AND N.
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52

Royal Post Office, 1.5 miles

south of, on Red Bird Road,

Clear Creek,bridge over, south

east end of. concrete bridge,

elevation on hand rail.------ 872.690

Royal Post Office, 1.2 miles

south of, Clear Creek bridge,

0.3 rmiles north of,T road east,

100" south of, concrete culvert
across road, center of; road
elevation., ~e=-mameooaaoiaaaoo 924.9014

Royal Post Office, 1.0 mile

south of, at T road nortihwest,

24" Black Oak tree on west side

of road, in base of;

copper nail and washer.---~---- 98353.208

Royal Post Office, 0.25 miles

south of, on Red Bird Road,on

east side of road, 30" White

Oax tree, in root of;

copper nail and washer.------=- 985.210

Royal Post Office, on Red Birc .
Road,Steen's Store, north end

of concrete porch, one foot out

from Building, six inches fron

north end of porch;bronze P.B.M.
tablet stampedV961S —wemmewea- 960,631

Royal®Post O0ffice, 500 feet north
of ,Royal School House&,1000 feet
north of,at T road west to Rep-
ublic Road, soutlwest corner of,
telephone pole,in base of;

- copper nail and washeér.---—--- 954,903

Royal Post Office, 0.6 miles

north of,on Red Bird Road,Hunt-
smen's House, 200 feet north

west of,on east side of road,

16" Red Oak Tree,in root of; .
copper nail and washer,~--e--e-= 935,969

-81~

-0.200

~0.194

~0.191

~0.178

-0.173

-0.274

872.490

924,720

083,017

985,032

960,438

954,730

935.695



Adjustment of iptermediate bench marks between the points
N and R on the Red Bird Road near the Phelps-Casconade

County Line.
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Royal Post Office,)l.2b miles

north of,on Red Bird Road,at T

road east to Jakes Prairie Road,

50" feet south of T road,on east

side of road,14" Red Oak Tree,

in base of ;copper nail and

washer. -~ar=m e m e ——————— 875,250 =0.3569

Royal Post Office,1.45 miles

north of,on Red Bird. Road,Ford

across Big Bourbuese River,125

feet southwest of,center of

road, 30 feet west of,main channel

of River,B80 feet south of,leaning

12" slippery Elm Tree in south

bank of River, inbase of; ten

venny 1ngil.--m-ccccarcm e maneena 812.023 =0.359

Réyal Post O0ffice,).7E miles
north of,on Red Bird Road,Red

~Bird Post Office,2.00 miles south

of,intersectiorn Red Bird - St.

James and Red Bird - High Gate
roads,1.50 miles south of,Ford

across Blg Bourbuese River,0.3

miles noxrth of,large Red Barn

on east side of recad,100 feet
sovtiwest of, center of road,

25 feet west of, (Primary Traver-

se Station#87),worm fence,4 feet
inside of,in lot;Iron Post set

on Phelps Gasconade County Line, P.B.M.
stamped "866Mcmmmmcm e e 866.338 =0.,359

83~

874.891
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‘Adjustment of interwmediate bench marks between poeint P on
Republie Read 0.5 miles south of Rarrison School, and peint
M on Red Bird Road H00 feet north of Royal Post Office.

DERIVATION OF ADJUSTMENT FORMULA.

ElovePwg28.7320 O0duffF———~— A - ———- Elevoed=954,90350 Obe.
* Pw)28.5449 Aas & Y=954.7304 Ad].
Car. =~ 0.1862 2 Cle——d— Cor. w— 0,1726

Qe
N

2.

Correction ¢. for any intermediate point at distance d.from ¥
and between P and M. '

c = -(0.005825 4 + 0.17286)
" and finally
¢ = (-0.005826 d - 0.17286).

— ) 0 B 8 ¢ R
l vED E e _
L
o~ 0 - ) o o ‘ w
© [ ™ @ o o~
@ v ™ ~ ~ o~ L ~
- E ~ ~ - - 0 -
- R > a [ L3 ' [ ]
o o - =) o o
~ E
R
4 A D J b 8 TE D L ¢ g £ a l
P H4 hH b Y7
-
o o e o
:: ﬁ - "3 (-, -
L 3 a a * L] *
20 [ ~ - w 3]

. QRAPH ROR THE ADJULSTNENT OF INTERMEDLMATE POtNTS BETNEER P ARD M.
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56

55

54

Red Bird Quadrangle.
(Latitude 38 =38 15';longitude 91 30'-91 45!)

(Dawson Towmship)

Line from point on Red Bird Road 500 feet north of
Royal Post Office,thence west 2.5 wmiles via road to point
on Republic Road 1.0 mile north of Wash School.

Royal Post Office,500 feet north
of ,Royal School House,l1000 feet
north of,at T road west to Rep-
ublic Road, southwest corner of,
telephone pole,in base of;cop=-
per nail and washer.-—~-w-a--=--

Royal Post Office,0.5 miles west
of,at foot of hill,at private
road southwest to farm house,on
north side of road,infence cor-
ner, twin white oak tree,in base
of ;copper nail and washer. ~---~

Bourbeuse River Ford,at mouth of
Little Bourbeuse,middle of ford;
road elevation, -—~~=—c=mccmmmna-

Royal Post Office,lQ west of,
S.T.Mitchel's house,600 feet
east of,Bourbeuse River ford,
700 feet west of,on north side
of road,at corner of woods,20"
white oak tree,in root of;copper
nall and washeér. —-—-w----m--e-=-

Royal Post Office,1.65 miles
west of,Bourbeuse River foxrd,
0.75 miles west of,Republic Rd.,
0.75 miles east of,Phelps-Gasg-~
conade County ILine,1.0 mile south
of, south side of road,at T road
south,12” white oak tree,in base
of;copper nail and washer. ~----

-85~

954,903

863.080

813.000

831.792

924.692

"0.173

-0.178

-0.182

954,730

862.904

812.822

83L.613

924.510



VWash School,i.0 mile noxrth of,
Little Bourbeuse Creek,0.5
miles noxrth of,Harrison School,
0.5 miles south of,Phelpa~Gas-
conade County Line,l1.0 mile
south of,Austin E.Breur!s house
200 feet west of,at T road east
from Republic Road,on weat side
of road,2 feet inside of fence,
10" post oak tree,in base of;
copper nail and washer.---=-=-~-

-86--

928,731

928.545



Ad justment of intermediate bench marks betwsen point E at
Enobview Dgpot,and point D at the intersection of the (zark
Highway and the Phelps—Crawford Line.

DERIVATION OF ADJUSTMENT FORMKULA.

‘ 1 Y - a d § -
ElovaE 1074.805 Adjust EtoveD= 1098,8490 Obswrv.
Cor. = 0.000 ft. " 0= 1008.8847 Adjust.

-l G -

L3 0.0357 Cor,

Cr
L
& N
}

Correction ¢. for any intermediate point at distance d.from E,
and between the points F and D.

-.C___ = __@8__
0, 0357 1.0
Then:—
C = (+0.0357 4).
» (=1 o
[ X3 wy o
-0 s .
-— =1 ~
=a A
E A D J USTESHD LI NE . n
o
: A
|
2 s 8
3o . E ~
= “°0
? "
4 . o
N >
©
¢, l
173 -

GRAPH FOR THE ADJUSTMENT OF INTERMEOI!IATE
POIRTS BETWEEN E AND Do
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Adjostment of intermediate bench marks between point D at the
intersection of the Ozark Highway and the Phelps-Crawford County
Line,and point G at the intersection of Jakes Prairie and Tribby

roads,0./ miles south of HAinkle P.O.

DERIVATION OF ADJUSTMENT FORMULA.

Elove3ng§21.2020 Observ,

€Elev.Dw1098.849 Obaer,
* @aw0921.2814 Adjuaat,

- 0=1098s8847Adjoet,

+ 0.0357Cer- ¢ 0.0794 Cor.
Dyt S o
I
AR
b ¢ N
_________ -

Correction c¢. for any intermediate point at distance d.from point
D and between points D and G. »

C-0,0867 - __d__
5. 5439 a5
=_9;%282_é- + 0.0357

c=(+0.000711 & + ©0.0357)

; © I O w0 [Tn] (=] o o O
- wN N v ™~ (V] w0 (-] [TaY O W N
- . - » » » ) . L] L] )
=4 (-] [ -] [ o~ 0 .2} - « -
D 58 60%le2 63 64 65 66 873G
A D J UV S YT ED L { N E
R -4 D, o o~ R
A - o [~ ‘OA
o | B o I«
o S © o w oS -
D. "'I‘Eﬂ 'Y »| a © OE
_-\-I_IGV?!: . . 51 N .

T~
I

G..

GRAPH FDR THE ADJUSTMENT OF INTERWMEDIATE
POINTS BETWEEN D AND 8.
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39

60

Red Bird Quadrangle.

(Latitude 38-38 15';longitude 91 30'~01 45')

(St.James Township)

Lire {rom Knobview Depot,east 0.5 miles via Frisco
Railroad to Phelps-Crawford County Line,thence north via
Pheps-Crawford County Line road,3.5 miles to T road west,
to Jekes Prairie road,thence wegt via T road,l.d miles to
Jakes Pragirie rozd at a point 0.5 miles south of Hinkle

Post Office.

Knobview Depot,e0 feet east of,

45 feet south of center of track,

12 feet east of R.R. crossing,

2 feet north of R,R.Property line, '
iron post stamped "1084",--~-=--- 1074.005

Knobview Depot,0.5 milesg east of,

via R.R.,concrete semasphore base,
southwest corner, top of;signal

949 on Phelps-Crawford County
line;painted squareé. ~---~-------- 1081.484

Friendship Schoo0l,2.0 nmiles east of,

on Ozark Higlway,at cross roads on
Phelps-Crawford County ILine, south-

west corner of roads,l14" hickory tree,

in base of;copper nail and washer.l098.849

Knobview Depot,l.5 miles north of,

on Phelps~Crawford County line roed,

Ozaxk Highway,0.5 miles north of,
Cucarolot!s house,?5 feet northeast

of,on west. side of road,in fencé

1ine,12" locust tree,in base of;

copper nail and washer, —--—-=--=<-- 1071.411

(Dawson Township)

Knobview Depot,2.25 miles north of,

on Phelps~ Crzwford County line road,
Ozark Highway,1.25 miles north of,

drain to northwest,)l00 feet soutih of,

on wegt side of road,20" white oak
tree,1in base of; copper nail and

WasSher. ==a-mammmecme e mmmmmm oo 1064.3548

~89_

0.000

0.018

0,036

0.040

0.048

1074.005

1081.502

10%88.885

1071.451

1064.396
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62

63

64

- 65

66

Knobview Depot,2.5 miles north

of,on Phelps~Crawfoxrd County

Line Road,Ozark Highway,l.5

miles north of,on top of hill,

oppoeite mail box on east gice

of roed,center of road;road _
elevation. =memmeccccmccmnancaa 1087.589

Knobview Depot,2.75 miles north

of,on Phelps-Crawford County

Line Road,Ozark Highway,l.75

miles north of,fsrm house, 350

feet northwest of,on rock pro-

jecting out of ground in center

of road,15 feet northwest of

fence corner,top-of rock; '
painted square., —e=-e-----a--- 1012.794

Ozark Highway,2.25 miles north

of,on Phelps-Crawford County

Line Road,at dim cross roads,

on top of hi)1,15 feet south~

west of roads,on stump; -
painted square. —-me—c-—ccauo-- 1071.623

Ozark Highway,2.65 miles north

of,on Phelps-Crawford County

Line Road,Hinkle P,0.,225 miles
southeast of,on top of hill,in

01d abandoned field,west side of
road,conglomerate boulder, top -
of jpainted square, =--=-cca--- 1040.245

Ozeark Highway,3.00 miles nortih

of ,on Prhelps-~Crawford County

Line road,right angled turn in

road east,?5 feet south of,T

road west to Hinkle P.0O,,just
opposite,on east side of road,
gandstone boulder,top of;

painted square. =e-w-w------—- 994.501

Phelps-Crawford County Line,

0.5 miles west of,on Tribby
road,Hinkle P.0.,1.5 miles south

east of,30 feet east of drain,

on south side of road,sandstone
,boulder,top of;painted sqguare. 994.905

~50~

0.050

0.033

0.057

0.060

0.065

0.070

1087.639

1012.847

1071.680

1040.305

994.566

994,975
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68

Phelpe-~Crawford County Line,

1.0 wijle west of,on Tribby road,

Hinkle P.0.,1.0 nile southeast

of,at dim cross roads,l0feet

south of center of roads, send-

stone boulder projecting out of

ground, top of;painted square,-- 9£0.010

Prnelps-Crawford County Line,

1.25 miles west of,on Tribby

road, southeast corner,S.W.Qtr.

of-the S.E.Qtr.Sec.25,T.39N.,

R.6 W, ,at private road noxrth,

rmail box on north side of road,

center of road Jjust opposite;

road elevation, —--==—~-r——reo- 949.773

Hinkle Post Office,0.5 miles

south of,intersection Jakes Prairie

and Tribby roads, (T road east)(sign
board 10 miles to Cuba),east side

of Jakes Pralrie road,30 feet nopth

of road intersection,8% walnut tree,

in base of;copper nail znd

WaShNeY, =em-=m—mm—mmmec e nmmca 921.202

_9 1-

0.074

0.076

0.079

9850.084

949.849

921.281



Adjustment of intermediate temporary bench marks beiwsen
point A" at St.James and point B at the intersection of Red
Bird Road and Ozark Bighway.

DERIVATION OF ADJUSTMENT FORMULA

Elevse A = 1067.800 Eloeve 8 = 1074.6660 Obeerv,
Cor.= 0.000 o B = 1074.6352 Adjuat.

- 0.0308 Cor.

tﬂl__ 0.0308 . _.1

g
— Lai.m A

Correction c. for any intermediate point at distance d.
from 4 and between points A and B.

I - ]
.0308 1.0 :
— .0308 &
- 1.0
C = - 0.0308 d.

§
¢
. ~
v
®
.
BN AON S,

o7 2
< My
N o
<. -
Q; o
%
%
o -
-
(-]
~ (o]
4 o
e 3 i ‘;
ADJU-8-TE'B LI NE .
-z N m
aV)
L ]
aO 7= o
- - o
2o ° -
ORAPH FPOR TEE APJUSTHENRT AF SNVERMEPEATE POGNTRS BEYNEEN A ANRD B,
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Adjostment of interwediate bench marks between point R at the
intersection of Red Bird Road apnd the Ozark Bighway,and point
C on the Ozark Highway at Rriendship School.

The adjustment of these intermediate bench marks can be
effected b{ scaling the adjustment corrections from the large
diagraem below and oombinin% each correoction algebraiecally with
the observed elevation as It appears in the level fisld notes;
ori 1f desired, the adjustment correctiona for the intermediate
poln

t8 can be computed by the following forwuls Por this section
of the level net,B to C.

DERTVATION OF ADJUSTHUENT FORWNULA.

1074.6660 Obasrv. Elev.C
* B = 1074.6362 Adjust. v

L T W

» 1083,4000 Observ,
¢ & 1083.,4299 Adjust,

-4 ~d

+ 0a0285 Cot.

Correction c.for any intermediate point at distanmce d.from G and
between the points B amd C.

C_+_0.0208 _ !

- 00,0807 4
C_*+_0.0299 _ __3__ = 0.0807 d - 0.0289
3-368% 5.0 snd ¢ 3.0 0
C = -(0.020233 @ — 0.02908) then C = (+0.0209 - 0.020233 4).
038
L £p,
g 0 J /50 o o
R o ~ =3
ole ~ “« P
- < -l O [—] N
)| R . Ol -~ . o
B : R ' o R
hodusrep Lo : % LIRE. o A o
| Col o q, s2
| Lo L e 9
T N T R O S T
B 8g 70 w1 72 73 74 g
- 1
oo o ["3Y o o {759 o o
-—_—o [T 5% o [~] [ 4 N w o
= - o & o - - P -

GRAPH FOR THE ADJUSTHMENY OF INTERMEDIATE
POINTS BETWEER B ANO ©.

_93_



A.
22

B.

69

70

71

HERANMEC SPRINGS QUADRANGLE.,
(Latltuds 37%45°% -38°; (osgltuds 91°30' -91%45°7)

(8t. James Townsnlyp)

A
LINE FROM 8T, JAMES EAST VIA OZARK RIGHWAY TO PHELPS-
CRAWFORD COUNTY LINE, 8AID POIHT ONE HMILE NORTMEASY OF KNOB-

VIEW RAILRCAD DEPOT. obssrved Adjustad
Doescription. Elevatlon COR. gloevation
(See desoription on page 64 ) 1087.800  0.000 1087.800

 8t.James 0.4 miles east of, on

St.Jemes-Cuba road(Ozark High-

way}, Frisco R.R.,HO0ft. north

of,turn ir road to north, 500

ft.west of,conerete culvert,

acrossroad,north end wall,

top of;chiseled square. —————————- 1066.36% -0.0124 1065. 251

RED BIRO QUADRANGLE.
(Latitade 38°~38°165"%; longltude 91°30*' -91°45°)

(St.Jamass Township)

St.Jemes, 1.0 miles N.E. of,
Ozark Bighway, T road east
(intersection of QOzark Righway
and Red Bird roed), 400 ft. S.of,
Dr.E.A.Scott's house, 306 fi. W.
of, on W. side of roed, 10" olm

tree, in root of;copper nail
and washer. 3074.666  =0.031 1074. 635

St.James,1.5 miles R.E. of, on
Ozark Highwey,0.5 miles ecast of
Red Bird road intersectiorn, cn
N.side of road, }2" post oak tree,

in base of; copper nail and
washer. - 1062.669 -0.021 1062.648

St. James,1.75 miles northeast
of, on Ogark Highway, concrete
culvert seross road, south end
wall, top of; chiseled triangle. 1034. 437 -0.015 1034.422

.Si-'ﬁnles;.Q.Q miles N.E. of, on

Ozark Highway, on top of hill,
ecepter of road; road elevation, 1954.446  -0.016 1054. 436
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Adjusfment of intermediate beumch marks between point C om the
Ozark Bighway at PFriendship School, apnd peint D at the inter-
section of the Ozark Highway and the Phelps-Crawford Coanty
Line.

The adjustment of these intermediste temporary bench
marks can be effected bg-scalin the adjustmernt correstions
from the large diagram below and combining sach correction
acoording to_its_=mign with the observed elevation as it app~
ears in the level field notes; or,if desired,tbhe adjustment
corrections can be computed by the followipng formuls for this
section of the level net,C to D.

b € R 1 v A T 1 0 W 0 F
A D J U 8 T N ET £ 0 R M U L A o
EtevoaC = 1003.4080 0Obessrv. EfoveDd = 10999110 0O0bssesrv.,
" ¢ = 10863.4299 Adjust, a " D m 1098.0847 Adjust.
-—— - - - - Q P N L
N
4 0.0299 GCor. x - 0.0283 Cor.
ci_ 6p
N
ak ] _d- _+ J
R I S
< —2.2% ->

Coprection ¢c. for any intermediate point at distance d. from €
apd between the points C awnd D.

g_i;QLQggg = ;_éa_ = 9 0§ g_é —
5..0582 5.35 and  © geg2 0. 0298
C = =(0,024978 d - 0.0299) then C = (+0.0289 - 0.0249%8 d).
™~ L K\
o o \\\V‘- ¢ o
o v LENEN
o 3 (-3
iy R
R« ADJUSBTED 1 % LINE.
of A | :
I
o 8 e : :
=3 E’ 65@\ | )
N P S A SR ]
8 75 76 77 B
1
: (-4 w [ 3% o [~}
- ™~ ~ ~ o~
ze o - - :

ARAPH FOR THE ADJUSTMENY OF INTERMEDIATE

POINTS BETWEEN C AND Do

_95_



72

73

74

Gg‘

75

76

St. James, 2.P miles northeast

of, on Ozark Highway, Friemndship

School, 1.F miles west of,con-

crete culvert(errected 8-13-20

by T. Ball), north end wall, top

of; chiseled square. 1010.05%

Priendship School, 1.25 miles

west of, on Ozsrk Bighwsy, at T.

road N. to Rinkle P.0., Corrugat-

ed iron culvert, rock on east

end of culvert, top of; chiseled

triangle. - - 1018,926

Friendship School, 0.5 miles W.

of, on Ozark Highway, Gerber's

Store, 600 feet W. of, concrete

culvert, north end well, top of;

chiseled triapgle. 1062.045

Friendship School, on Ozerk

Bighway, southwest cornerof

concrete porch of school

bouse, top of; chisgeled triangle,

painted ®1083.3". - 1083, 400

Priend :Se¢hool, rod.0zark Bighway,

BOfeet S.K. of, in School Yard,

10 ft. from fenece corner,30 ft.

N. of centor of QOzark Bighway,

20 ft. E. of center of T. road

north; iron post stamped"1983". 1083. 458

Priendship School, 0.25 miles E.

of, private T. road N. to Louils

Bell's residence, 75 ft. ¥. of,

concrete culvert, S. end wall

top of; chiseled sguare,—————-~—- 1037.041

Friendsbip School, (.9 miles E.
of, on Qzark Highway, Phelpse-
Crawford County ‘Lire, 1.1 miles
west of, concrete culveri, south

.end end .wall, top of; chiseled

Square.—-- — 1042,297

0..000

+0.005

+0.020

+0.0%0

+0.030

+0.024

+0.001

1010.057

1018.931

1062.065

1083.430

1063.488

103%7.065

1042.298
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C.

Friendship Schoocl, 1.5 miles

east of, on Ozark Bighway, Phelps

Crewford County Line, 0.5 miles .

west of, Knowview, 0.5 miles north

of across field, concrete culvert

under Ozark Highway, north end

wall, top of; chiseled squars.—-—-~ 1028.412 ~0.014

Friendship Schcol, 2.0 miles
east of, om Ozark Righwsy, et

cross roads on Phelps - Crawford .

county Line, souwthwest corner

of rcads, 14" hickory tree, in

base of ; coprer nall and

washer. ——-- 1098.911 -=0.026

1028. 398

1098. 885

Thes compleies the descraption and adyustment of the
line of levels from St. James east via Ozark Highway to the
Phelps=Cremford County Line, 'said point one mile moriheest of

Enehview FRailroad Depot.
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Adjustmert ef intermediate beneh marks between point € on the
Ozark Bighway at Friendship School,and peint F on the Jakes
Prairie Road 1.0 mile scnth of Bimkle Post Offiece.

ﬁ

= —65%/ >

DERIVATION OF ADJUSTHERTY FORMULAS.

¢

EloeveC = 2083.4000 Obesrv. EfovaF = 1001.1770 Observ,
" ¢ w 1083.4299 Adjust. " F = 1001.3429 AdJust.
-4 Ey VR ED Em U W Y - m e ar'w o= oy e
s 0,0299 Cor, + 0.1659 Cor.

Correection e. for amy intermediate point at distance d. from €
and between the peints C and F.

GRAPA FOR THE ADJUSTYMENT OF IRTERNEOILATE
POINTS BETWEEN O AND F.

L ]
[ -] o o o o
:? ? o -] o
xo - - ~ ~
O 8 79 ) F
2
a(> ADJUSTED LINE.
o~ -
-3 N
ol R
° o A
O @ o 1
on o
Cg . by s
i Sep - - E a
Algebraic Ve N a
Solution. <
Q—E—gggggg = —-.Q - )
~1380 3.8
_ 0.1880_4 ¢,
c = e o + 0.0209 Ve,

€ (¥0.04583 4 + 0.0299).
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Red Bird Quadrangle.
(Latitude 38-38 15';longitude 91 30'-91 45!)

(8t.Jeres Township)

Line from Friendship School on Ozark Highway,in center
of section 11,T. 38 ¥., R.6 W., north via road 3.0 miles
to point on St.James-~Jakes Prairie road,1.0 mile south of
Hinkie Post Office,at a T road south east.

Friendship School,onOzark high-
way,in center of sec.11,T.38 XN.,
P.6 W.,southwest corner of con-
crete porch of School House, top
of;chigeled triangle.-~----e---a 1083.400 0.030 1083.430

Friendship School,on Ozark High-

way,in center of sec.)l1,T.38 N.,

R,6 W.,50 feet southwest of,ir

school yard,10 feet from fence

corner,30 feet north of cenier of

Ozark Highway,30 feet east of

center of T road north;iron post P. B. I '

stamped. —mm—memm e e 1083.458 0.030  1083.488
"083"N,

Friendship School,0.5 miles north

of ,Hinkle P.,0.,3,5 mites souith of,

T road west,east side of road,8"

black oak tree,in root of;copper

nail and washer. —-=------—---c-a= 1018.238 0.052 1018,290

(Dawson Towmshin)

Friendsnip School,l.5 miles north

of, Hinkle P. 0C.,2.5 miles south of,

on township line between 8t.James and

Dawson Townships,bridge on township

line road over south fork of Clear

Creek,nortiwest corner of bridge;

cooper nail and wkasher. —------- 951.418 0.088 951.516

Friendship School,2.0miles north

of,Hinkle P.0O,,2.0 miles south of,

east side of road,inrock ledge;

chiseled trianglé.--eccecmaa-aa-- 046,415 0.120 945,535



Friendsliip School, 3.0 niles

north of ,Hinkle 2.0.,1.0

mite southwest of,on Jakes

Prairie road,at T road south-

east(road to Friendshlp Sch.)

southeast corner of roads,15H

white oak tree,in base of;

copper nail and washer.-—----- 1001.177 0.166

-100-
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Ad justment of intermediate bench marks between point B at the
insersection of Red Rird and Jakes Prairie roads,and point F
on Jakes Prairie Road 1.0 miles soutb:of Hinkle P.0. and 3.0
miles porth of Friendship School.

DERIVATION OF ADJUSTMENT FORWULA.

EleveH ™ 21042.0580 @bserved. EleveF= 1801,6120 Observed.
. H wm 1041.8535 Adjusted. ® Fm= 1001.3429 AdjJusted.
:--0.:2-0‘; Cor. I :--;.26;;-' Gore.
e = ;____-+ ______ T
o >
§ PECCERUVETN A o )
vl 4 A
24 « /, 75 > F
Correction c¢.for avy intermediate point at distance d.frem H
and between the points 0 and K.
4 N
€. -_0,2045 . __8__
= 0,0838 4 .
C 198 + 0.,2045
¢ = -(0.088343 d + 0,2045)
¢ = (-0.038343 & - 0.2045).
o a S_E__R_ V__E._o-—l L | N E . —‘
o - 3 -
«\ o [F) -]
- 'S ¥ ~ o~
© N E . .
Q: . R
AD JUSTETD L ¢t N E .
B 81 a2 P
- B].
2s . o ~
[ P Yy .
mo é - -

@RAPH FOR THE ADJYSTMENY OF INTERMEDIATE
POIRTB. BETWYEEN B AND F.,
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81

82

Red Bird Quadrangle.

(Latitude 38 =38 15!;longitude 91 50'-91 45')

(Dawson Township)

Line from intersection of Red Bird and Jakes Prairie
roads, thence northeasst 2.75 miles via Jakes Prairie rosd
to Collins School and Hinkle P.0:,thence northn 4.5 niles
via Jakes Prairie road to Phelps~Gasconrade County Line,

2.0 niles west of Jakes Prairie Poet Office.

Rovinsons Branch,0.8 miles north of,

on Red Bird Road,at intersection _

of Red Bird and Jakes Praolirie roads,

(Y road Northeast),F.Berries house,

230 feet south of, in crotch in Y

roads, opposite east enc. of wagon

gate, 5 feet soutn of fencejiron P.B. K,
post stamped M10429, —mcmaicmnane== 1042,058

Intersection Red Bird and Jakes

Prairie roads,0.75 rmiles nortneast

of,on Jakes Prairie road,main fork

of Clear Creek,0,5 miles southwest

of,via way of road,H,Eiknan's

nouge,100 feet east of,on east side

of 'road,14" post oak tree,in base

of jcopper nail and washer. -~------ 9€4.540

Intersection of Red Bird and Jakes

Proirie roaCs,l1.25 niles nortieast

of,on Jakes Prairie roacd,Hinkle

P.0O., 1.5 miles gouthwest of,Clear

Creck Ford, (Main fork), 50 feet

east of,at angle in road to north,
southeast corner of road,in fence
lipe, 20 "hickery tree,in bose of;

coppexr nail and washer., ==~--—-a-w- 913.091

Friendship School,3.0 miles nortn

of, Hinkle P,0,.,1.0 mile southwest

of on Jakes Prairie road,at T road
soutneapt(road to Frilendship Sch.),
southeast corner of roads,15"white

oak tree,in base of;copper nail

and waghelT., =—=w—o~v—o—ccanaocmnna—n 1001.61%

~162-

-0.205

"‘O. 231

-0,250

-o. 268

1041.853

964.309

915.841

1001.343



Adjustment of intermediate temporary bench marks between point
F on Jakes Prairie Road 1.0 Mile soutb of Hinkle P.0.and 3.0
miles north of Friendship Sebool, apnd point 6 0.5 miles south
of Hinkle P.0. at the intersection of Jakes Prairie and Tribby

roads. .

Derivation of Formuls for the Adjustment

Q
1}

l

0,2681

S IMEO M~

Intermediate Points.

Observed., Eleve G =
Adjusted. L] Q@ w

1892 -—»

d

0:2048.9 + 0. 2626

-(0.009 @& + 0.2838)

(~0.009 4@ - 0.2636)

033ELVED

LIy=Z.

Betweer F and G,s dist-
apce of 0.5 wiles,the
level field notes show
that no intermediate
points were established o

in this section of the
net.

9
Ly
w0
o~

F

0.00 MWl

A D J B S8 TETD Lt HE -

6

o. 50

BRAPKE SHOWING ADJUSTNENT OF POINTS

F AND @,
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Ad3justment of intermediate bench marks betwees point 6 0.5
piles south of Rinkle P.0. at the intersection of Jakes
Prairie and Tribby roads, and poirt O on Jakes Prairie Road
0.25 miles soutbh of the Phelps-Gasconade County Line.

The adjustment of these intermediate temporary bench
marks can be effected b{ scalxn% the adjustment corrections
from the larde diagrsm below and aubtracting each oorrection
from the obsérved elevation as it appears in the field level
notegzor,if desired,the mdjustment corrections can bes com—
puted by the following formula for this section of the letel

net,G to O.
- -
'J\’ _ _ﬁF‘— / 4‘
§  ce—a
el 4 {

— 75— 9
DERIVATION OF ADJUSTMENT FORMULA

(NAAA

Elevs@ = 922.5450 Observed. Elevaed = 969.7580 Observed.
- G = 921.2814 Adjusted. ¥ 0 = 969.5351 Adjested.
:-;.2636 Cor, - 0+2229 Cor,

Correction ¢. for any intermediate point at distance d. from 6
and between G and 0.

- 0,0407 4
and c = —L4 55 + 0.2229

C = -(0,008568 d + 0,2229) or C = (-0.008568 d — 0.2229).

1
_—
{
~—
—
i
.

© o ° o o “« J o o
L3} @ - L= - [ o O] L -] [}
o « X -« - N L N Y o~
~ - ~ o~ o~ ™ 0 o o~ o~
L ] [ ] » * a » ' - a
o o =S o =S I E o o
R
A D J U 8T E O L ¢t R E .

.G 83 B85 88 87 88 gg 9o ©
@ % M 'S © o o o o
- o~ o o o o o = °
:; - - o e ~ - ° o

GRAPH FOR TEE ADJUSTMENT OF INTBRMEDIATE
POINTS BETWEEN G ARD O.
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84

85

86

87

. .
Hinlle P,0,,0.5 miles south of,
intersection Jakes Prairie and

T-ibby roads, (T road east)(simn

voard 10 miles to Cuba),east sile

Jakes Prairvie road,30 feet morthn

of road intersection,8'walaut

tree,in base;conner nail and

L £e3 =3l R e LT T SIS P e 921.545

Collins Schoo0l,800 feet nortl o7,
Hinkle Svore aad P.0.,40 Teet
soutliieast of,40 feet west of center
0% »oad,in line witih tanzent of

road to noriheast;iron post P. B. .
stamped M0Z9Y mmmmmccm - 1038.938

Coilins School,800 Feet norta of,

Hin:le Store and P.O.,southeast

corner of porch, top of floor;

cooner nail and WoSHer, =-—w—-w=--~ 1040.617

inkle PQ.,0.5 miles north of,

on Jakes Prairie-road, soutirrest

corner sec.l13,R.6W,T.39 N.,350

feet north of,on west side of

road, opvosite private T road

east to white Mouse,16% black

jack tree, in base of;copper o
nail and washer, =—=———eaoa—c—--- 984.964

Hinkle P.0.,1.2 miles north orf,

o Jakes Prairie road,at private

T road east, soutneast corner of

road,l0" post ocax tree,in dbase of;

copper nail and 7asher. =—w-—--- 1057.863

Hinkle P.0.,1.75 miles nortin of,

Qak Grove School,2.0 miles south

of,0ld deserted farm houseon west

gide of road,1285 feet southeast of,

on top of hill, east side of road,

10" Black jack tree,in root of; -
copper nail and waBhRer,=--m-——=== 1086.932

-165-

-0.264 921,281

-0.258 1038.680

-0.258 1040,359

~0.254 ©984.710

~0.249 1057.614

-0.244 1086.688



~Adjustwent of Permanent Bencb Mark S on Jakes Prairie Road at
the Phelps=Gasconade County Line. The adjonstment is to he
made between the points O and S with the line tied back at Q.

This section,0 to S, is a spur line to the level net;
1t was run as a duplicate line of levels,that is:the line wes
run over the same route twice, but in opposite directions:i.e.
0.to S and from S_baock to 0. See pagse of this thesis for a
discussion on duplicate lines of levels.

AN A LY T { ¢ A D Jd U 8 T N € NT
0 F P O 1 N T 8.
Elev.0 = 69,7580 Pbserv.In oafrault -
969 > Q vla 0 and R to M. Elev,O 969.7430 2:':::;
" 0 = 969.5351 Adjostad. on, spur
- 0.2229 Cor. " 0e 969-5351 Adjuwt.
T".'._'; ——— - 0.2079 Cora.
N .
N x N
m 235 > '—7-25——>S
9 ! £,

. < —0.5 >
Now for the adjustment of S,

Let X w the correctlon desliroed.
Then:

X_ 13 . g- and X =

[od [=]

2
3

oto

- 0u2
§-8158
and;

X = ~(0.0075 * 0.2079)

0.2154 ft.the correation to be applled

nd finall X = -
* * v to ¢the obsarved elevatifon of S,
Phen: Elevi S = 942\5160 Observed.
n =_0,2164 Correction.
" S.= 942.3006 Adjusted.
0BSERVED : LTRE -
an - .
o L s ~
~ ~ S
~ 0 |o o~
g " . a
o E o o
R
A D J U 8T E D L 1 ® E .
0 8 9,
[ ]
e o . °
- o~ -
xo - e
DIABRAM FOR THE GRAPHIG ADJUBTMENT OF POINTY B.
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88

89

50

8.

Oak Grove School,l.5 miles south
of ,on Jakes Prairie road,dim T

road wegt, 200 feet north of,farm
house on east side of road,200 ft
west of,in fence corner,east side
of road,i4"® red oak tree,in base
oT;copper nail and washeY,we—w-- -

Oak Grove School,0.5 miles south
of ,on Jekes Prairie road,¥W. E,
Wright's house, 200 feet north of,
at T road east and private road
west thru gate,top of hiil,center
of roads; road elevation, a-e-—-~-

Oak Grove Schrool,on Jakeg Prairie
road,Dawson Township,Phelps-Gas-
conade County Line,0.75 miles S.
of ,in front of School House,125
feet west orf,ecast side of road,
14% gscaley bark hickory tree,in
root of;copper nail and washer.--

Oak Grove School,in Dawson Twp.,
0.5 miles north of,T road east,
50 feet south of,T road west to
Red Bird road, 20 feet north of,
northwest corner of roads,10"
post oak tree,in base of;copper
nail and washer., —==m=rmmmmcanca-=--

Oak Grove School,0.75 miles noxrth
of,T road east on County Line,
Jakes Prairie P.0.,2.0 miles west
of,at private T road west on
County Line, - Sewell's house,80 ft
soutiwest of,Phebps-Gasaconade
County Line,10 feet north of,north
east corner of roads;iron post
stamped 19427, ==~ -ommmmeennnaaan

Qak Grove School,0.5 miles north
of,T road east,50 feet south of,
T.road west to Red Bird road,20 £t

north of,northwest corner of roads,

10" post oak tree,in base of;
copper nail and washer, —=--=-----

999.372

967.072

900.143

P. B. M.

942,516

969,743

~0.238

-0. 230

-0.223

-0.215

-0.208

999.134

066.842

899,917

969.535

942,301

969,535



Adjustment of intermediate temporary bench marks between point
N on the Red Bird Road 6.9 miles north of Royal P.0.,and point
O on the Jakes Prairie Road (.25 wiles south of the Phelps-
Gasconade County Line.

The adjustment of these intermediate temporary benech
can be effected by scaling the adjustment corrections from
the large diagram below and subtrasting each correction from
the observed elevation as it appears in the level field note
book;or,if desired,the adjustment corrections ¢sn be ocomput-
ed by the following formula for this seetion,N to O.

Elov.K=875.0930 _T N Elev.0=969.7580
C

o N
AdJ. N : o
& hdj.
ElOVAN-314-39o7 /‘jubd_—_f bE'.VQO.969-5351
-------- ’ N -y A oy ———
Cora == 0.2023 <« 2. > Cor. =< 09,2229

DERIVATION OF ADJUSTUENTY FORMULA.

Correction e¢. for any intermediate point at distanee d. from N
and between the points N and O.

C_=-.0.20238 _ __d__
0.0206 5.4
= 9 Qggﬁ_g +
c +2%3 02023
¢ = -(0.,008583 4 + 0.2023)
¢ = (-0.008583 d - 0.2023).
o 8 & £ R V_E D LUNE e
l =T l
L : 2 ot 2
o 0 = - “ 5 ~
o~ w o~ ] ™~ v o~
n E 3 iy o g o
o R o a
A D Jdu 8 T E O L 1 R E
N 91 92 93 0
k- 2 : ER
. Y & 3
;O. o [l -l oN

GRAPR FOR THE ADJUSTMENT OF INTER-
MEDIATPE POINTS BETWEEN N AND O.
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93

92

21

Red Bird Quadrangle.
(Latitude 38 -38 15!';longlitude 91 30! =91 45')

(Dawson Township)

Line from point on Jakes Prairie Road 0,25 miles
south of County Line,thence west two-~one half miles to
point on Red Bird Road 0.5 miles south of Phelps-~Gas-
conade County ILine and 1.25 miles north of Royal P.O.

Oak Grove School in Dawson Twp,

0.5 miles north of,T road esst,

50 feet south of,T road west to

Red Bird road, 20 feet north of,

northwest corner of roads,l10"

post oak tree,in base of;copper

nall and washeér,-~=--c-------en- 969.758 =0,223 969.535

Oak Grove Church,800 feet north

“east of,J.B.Copeland?!s nouse,

800 feet west of,in bottom of

branch to north,north sid& of

road, 24" gycamore tree,in root

of;copper naill and washer. ---- 834,182 -0.219 833.963

Oak Grove Church,0.6 miles west

of,T road south on line between

Secs.?2 and 3 produced north, 30

feet west,concrete culvert across

road, north end wall,top of;

painted squar€.--~-e--cmeaa-o—a--=~ 895.903 0.214 895.689

Oak Grove Church,l.2 miles west of,

Red Bird Road,0.65 miles east of,

Spurgeon's houge, 300 feet south-

west of,on north side of road,twin

trunk walnut tree,in root of;

copper nall and washer. —--ee=- 863.954 ~0.209 863,745

" Royal P. 0.,1.25 miles north of,

on Red Bird Road,Oak Grove Church,

-1.85 miles west of,Phelps~Gas-

conade County Line,0.5 miles

south of,Red Bird Ford across

Bourbeuse River,1100 feet south

of,at T road east to Jakes Prairie

road, 50 feet south of T road,on

egst side of road,14" red oak tree,

in base of;copper nall and washer. 875,093 -0.202 874.891
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CONCLUSION.

_ In conclusion, a brief outline will be given covering
the mein classes of problems which have been considered end
the methods of solution end their spprovriate applications
to the problem at hand.

Direot Qbservations of a Single (Quantity.
4djyustment. Take the wmean or the weighted mean of the
obseryed guantities.

Indirect QObservations.

4djustment. Write the observation eguatione and from
them the normal eguations; the solution of the latter gives
the unknown quantities themselves or the corrections to their
assumed approximate values, The nuwber of the observstions
equations will be the same as that of the observations; the
- nuwber of the normel equations will equsl that of the mnknown
quantities,which mvst always be less than that of the obser-
vations.
Conditioped Observations.

ddyustment., Write the condition. equations in their
general form and then in their simple form involving the cor-
rections. From thewm form the normal egquations, the same in
number as the conditions. The solution of the normal equations
gives a set of factors,called correlates,one for each condition
equation,from which the desired corrections to the obssrved
quantities are deterained.

In sumpmarizing what has been stated above, there are in
general two methods of finding the mwost probable values of the
unknown guantities in cases involving conditioned quantities.

In the first method the condztional equations are avoid-
ed ( or illiminated ) by impressing their significance on the
observation eguations,which reduces the problem o the cases
as considered in Parts (II) and (III).

In the second method the observetion equations are illim-
inated by impressing their significance on the conditional equa-
tions,when the solution may be effected by the method of correl-
atives as copsidered in Part (IV).

The first method is the most direct in elementary problems,
say with not .more than three residual unknowns,but the second
method by usimg corditional eguations instead of observation
equations and.completing the solution by the method of correla-
tives in connection with the resolts obtained from the solwtion
of the normal equations,greatly reduces the work of computetion
in the case of complicated problems with four or mors unknown
guantities to be solved.

. The best methods of solving normal eguations,as I have
found them, are those given in Part (IV) pagesbs, 56, and 57,
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APPLICATIONS OF THE METHOD OF LEAST SQDARES
70 TRE ADJUSTMENT OF LEVEL CIRCUITS.

ADJUSTMEN® OF ELEVAPIONS IN DAWSON
AND S®. JAMES TOWNSHIPS,
PHELPS COUNTY,

MISSOURT.
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PHELPS COUNTY,
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