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Precise Level Survey of Lunsing,

Inghan Co., KAichisan.

Tho reason for taking uron oursolves a task of this.

Mapmituce wan te find out the difficultios encountcred in the ‘

field of actial work,and to goin a facility in the use of the “;

instruments of curvoring. The object in fiver is to establish a

eyston of procise lovels around the City of Lansins,ichican,

ers! to iccate by moans of tris systom rolijeble Eenck \'arks at

various points,upon which accurate work mey be besod.’rior to

thio tino the City of Lansing di4 net roneese such ea eveton.

burther,tho city !s growins so rapiclz thet such a svetem @8

rrecice levolsitnuch Marks 4s absolutly neceacary for further

work Guch as road bullding, paving, sewer construction, shdcwalka,

ana the extension cf the watcr works system.

the difficultica encountered were muserous,the main

ono Sor us boing to obtain rosults which are reliablo. “his

moans putting cursolvos on a plaw cqusl to that of t':e U.S.

Coast and Ueocotic Curycy,witen consists of men woo aro Ofe

Ployod by tne U.e.i.uovemp-ont as jiavin.; larse experiance and

tooriloal trainins alon; this line cf worke “he alfficulties

cnoo.mtercd in hanélin; tho trociso lsvel,and tie errors causcd

by tnoose ca4frficultios wilh bo ctcoussed later.

Tho 4nstruent used in tite works wea t.. Voast end

Geodotic curvoy 1200 Dreciso Lovel ownod by tn: Civil Lepartront

of the Lialtican Acrioultural Collese. “ho maker was !.G.Frisher

of the 'iehn Cpe, it.Louis,: oO. she mekak used for the castinss is

@ composition of Co parts of soft cast iron,end J4 rerts of rrain
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Fie. 2.—THE COAST AND GEODETIC SURVEY LEVEL OF 1900.

 

 



   Fig. 1.—TuHE COAST AND GEODETIC §URVEY LEVEL or 1900.
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fastened to tio tube itself. the viel is confined longitudinally

by cork rings. The level tube is fastened to the telescope at

the objective end by means of a sqinro hrw.cd vertical clarrins

sorew,whild two opposing sercivvs odiict tho lovel laterally.

‘vo slighily enlarscd pertirns of te telescope

tubo, which are indicated in Fic. ,are turned to eonal dine

moters,and are co-axial with tho objective head and draw head

bearinc. Sy means or wene collars,e4? suitabto shop contrivances

the intersection of the vertical snidor trread and the midélo

horizemtal threal ie so adjustod as t4 co-ineidoe with the

veoretris avie or the instmment,thus avoldinf error “uc to

tne divercence oF the line of sisht,and tho moticn of tho draw

tube. tho Iectol vial is also placed parallol to tre line of

sifht in the shop,before tio Inatmmrent 18 finally assorblod.

ihe objectivo has oa focal longth of #11 ccntimecters. Two

Steoinieil eyeplocos of ©.5 and 12.6 milimoters rocrectivelyz

equivalent focus are provicod,liaving a macnifyires rover of 45

anc °° diarctors. “he srston of crider throanca consists of one

vorticel ond ttree horizontal lines. Th: rpper end lowor threads

embrace a distance ef 50 conti eters at a distance of 100 motors.

2ne Level readin> devicc, the cyo tube of rhich has

been placed ct tinoculer distance from the ovo picce ef the

telcsocre, tims cnebles toe chsorvor to centrole both tho rod

end the ievel bubble at the e.ro timo.

ano 23.es0 cf tho HeMEle and tho scalo adivisicns

near tlio counter of tiie bubble run are refleoted by the

nirror above tho oroning cf t!.o cuter level tube into two



priers, gui ars Povlectced Ly tocr. Auto Win observer's evoe,in

ea direction raralloi to tna ccletoors Tne prism has curved

surfaces,anc toepotrer with a loms meuntind hetwoon then and

52 feo » 48 * 2 “. _ 7 ~ pt. “nt ys ~

the evc,reduce tito distanced betuesy t.:7 onds of tie bubble

and tite co to tia normal @gisrtomea «cf Chettyes vigictie

. ; - & 2 4 . 2 7% gt ly : ~ oy * 5 . ”auto CBLCNtLAL Teatures of breucrtunco of tio rrocise.

. 280 irstrustont is irreverelbic,ard as ci rio as posulble,

womee Lto momitulaticon is necesvarily a prepecan of oirrie

observatios3

we stl GeOSion of t:.0 Llnsurument is euch thai a Giancc of tormore

aturc wlll net intrceauce error.

Oe the bubble reodgin;, devise cnables tis ecbserver to ctane erect

and Wale very accurat: resciries of Lott) rod and bubble alrost

sfiimiltancousl’.

§. ic instrovoent bas a crall surfrce oxporco: to t o nind.

GE. cho instrorent ic heavilyacriemed, which alse becl:s to

aveid wind troubisc as ruch aa rosaeiblce.

2>pe rods used are those of tea rosulation Csast an:

eeodetico curvey type, boirs of the crossesection crown in

Vice - they aro made of iwiito rinc, thoreurhly beilea in rarafe

fis: and ere 3 1/3 metors Lore. The red is divided into retors,

aoectior+crs,and contireters,2rd malivetore oro cotiioateud. Gio red

23 waintod alternetlyv black anmicweite ver ooaccs of ono contie

notoer a3 aham in fice 0 wO Lisures siovwin: tou cistances

on the red are invorted go that they canis Ya. erect whon

soen throurn the tolcsontiae

Lhe ped is also ecuicmod uithi a scherical bubblo by
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The problem of adjusting the error of a line during the

day is of great importance. Messrs J.EeJohnsén, H.M.Wilsom and

F,J.Hayford have presented long technical discussions urom the

subject of error. They all agree upon the following methods of —

edjusting errors as given below in the order of importance.

1. By the method of Least Squares.

2. By the assumption that tho error is direetly propor-~-

tional to the square root of the distance.

S. By the acsumption that the error is dircotly pro-

portional to the distance.

the first method of adjusting errors is in use in a

large n network of levols often several thousand miles in length.

This method is the only reliable one for the case of extensive

survoys,and for very precise worke

The second method of adjusting errors is held by most

authorities to be sufficiontly rigid for level lines of several

hundred miles in length.This method is aleo usod for adjusting

the error of closure accumilated at the end of a day's circuit.

the third method of adjusting the errror, e.4. the

error is directly proportional to the length of the clreuit is

also commonly used to adjust the error of closure accumlated

during the day. Results secured from the above rothod seem to

stend the test requirod of them. Prof. J.B8.Johnson holds that this

method is as reliable as any of the agove for short disstances.

Then too, the matter of adjusting the error should bo a case of

judgonent in some instances. «ith these idoas in view,and also

the fact that with the instrumont usod,the only errors which

are due to observations,umstable supports,and atmospheric

Yy



conditions aro apt to orcop in, this method was used. Any other

source of error was not of sufficiont namitude,thorefore it was

noclcctods

the Intornational Coodotio Assoolation have Pized tho

the following linits for probable error of tho moan regult as

follows,per kiloeneter.

ttl rm.per kilometer is vory good.

+2 oe @ ° a fair.

+ 5 8 8 ” e ® tobdrable

+5 e fF on @ ® to larce.

fhe above results ere esteblished by mon of bread

exporiance, toecethor with the best facilities for dobng work of

tho extreanest accuracy.

The limit of the U.S.Coast and Goadotic Survey is + 4 mm.

per kilomotor,and that of tho Lissipri River Curvey was + 10 ra.

por kilometer. While this last normed linit was cocidod upon as

ourcritorion in accuracy,we have with throo exceptions,

attainod the desree of accuracy equal to that of the U.S.Coast

and Geodotio Survoy,as shown by the following tcble. "

LINE. Kilonot. Act.Errer. E.por Ke Oeea
Belliel, to V.G.cor.NgBk.& Logon. 1.2275 0018 @.0014 20044

¥.8.Locgan,noar Hyland to V.S. 1.6590 =. COBO #0050 eCCrn
cor.tranklin & Wash.

V.Sevach.& Franklin to Belied. 20402 @.0051 +.00355 eCOCEF

B.li.B,and V.Geon cor.Sheridan C706 @,0021 @.0020 OCS
& Ponnsylvania.

V.eSeon Sheridan & Ponn.and 1.2405 #.CO58 #.0047 sea

B.H.7,a8°O%0 S.Pomn. 1.0565 4.0019 +4,0010 .¢C41

O28 S.Ponn.& BelieB. 04725 #0042 o,0090 COz7

Delieh to Belle2. 21.1599 =,0040 0045 F045



Allowable
Liétance Actual Lrror per Error for
flo. Error. Kilo. USeCe&.GeSe

B.el0, to Boel] 141299 #0051 #,0027\. | .0043

B.Mell, to V.S.cor.  .7010 =,0044 @.CO80 20032
SteJoo & Logan

V.S.cor.St.Joe & 07773, 003140 0085
Mich.e& B.tel. wi ose hake

B.Mel, to Belie13, 1.2347 +.0045 +.0035 00044
mm, oes saw

DESCLIPTION OF BLIGH MARKS. Me ie
X

P.Beiiel, soventh brick cast of north woot comer of udohigan

ave.,School,on corner of Michigan and Logan.

P B.M.2 Top of the north east comer of bottom step of east

entrance to main Blind SchoolrDullding.

P.B.L.5, Top of south west corner of concrote foundation of

bolow corner window of tho Walkor building,on corner

of Franklin and Washington.

PeBlied, Hole on top on north side of water trough on the north east

eact cornor of Case and Franklin.

P.B.ue5, mouth cact cornor of top step of south entsraece of tho

Yranklin Ave. School,on corner of Franklin and New York.

P.BelieG, On the south west cornor of the top of the stepping

stone in front of 737 lorth Pennsylvanias

B.bslie7. On the south east comer of the top of the stepping

stone in front of 1:0 South Ponnsylvania.

P.Bel.8, Comtor of the top of the North Vest portion of west

retaining wall of the Grand Trunk Bridre over the Kea

kivor.

P.bel-.9, the south east cornor of the top off tho Lron pedestal

supporting the post which supports the South Sast comer

of the roof on the east end of tho Crand Trunk Depot.

/t



P.Beue1IC, On the north onvt corner of the wost pier of the Grand

frunk Relke Eridse ovor tho Grand fiver,Vost of Wachinz-

tone tore

P.Betiell. Lolt hoad north cast cornor of tho nort:: plier of tho

Logan etroet brid:jo over tho Grand Rivers.

P.Dele12, North wost cornor of the top step ef the north entrance

to the Logan St. School.

PeBelielS, South wost corner of the top step of wost entrance of

City Hall.

‘he above bench marks can be found,martod P.Bellel,

Pelelie2,et0., (Procise Bonch Kaork.)} as shorm above. The

Valvo ttoms of tho hydrants vore uses as tuming points when

avatlable,and are locetod on tho map.eacorpenying this thosis.

the above procice bonch marke ere also show upon

tho map, tovethor with the lino of the procice level survey,

amd the comhéurs at five foot intorvala,which wore talon from levol:c

obtained Por street intersections obtofined frem tho oity encsinoor.

this map and tho noto book will be found in tho pocket at tho |

back of this theaise All nhotarrenhs wore token from cute found

in en artical onnthe preciso lovel in the tronsaetions of the

Amertoan Soolety of Civil Ingitoers.
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conditions aro apt to orcop in, this method was used. Any other

source of error was not of sufficiont namitude,therefore it was

noglootod. |

the Intornational Coodetioc fssoolation havo fixed tho

tho following limits for probable error of tho moan rogult as

follows,por kilenctcr. |

#+1 rm.por kilcreter is vory good.

-o Ff " e a foir.

+3 e 8 ” e ® tobdrable

+ 5 @* ® on @ ® to larve.

the above results are established by ron of bread

expcriance, toecethor with the best facilitics for dcbing work of

the extreanest accuracye

The limit of the U.S.Coast and Coodetic Survoy is + 4 rm.

per kilonmetor,and that of tho Lissipri River Curvey was + 10 rn.

por kilometer. While this last nemed linit was cocidcd upon as

our critorion in accuracy,we have with throe excertions,

attainod tho degree of accuracy equal to that of the U.S.Coast

ond Geodotio Survey,as shown by the following toble. _

LINE. Kilomot. Act.Error. E.por Ke pen
Belel, to V.6.cor.H¥Ybk.& Logan. 1.2275 =.0018 @.0014 0044

¥.8.Locan,noar Hyland to V.S. 1.6550 =. COFD @.0050 Ctra
ecer.franklin & Vashe

V.S.Vach.& Franklin to Beliede o2402 @.0071 +.0055 eOClls

BeliB,and V.Seon cor.eShoridan e756 #0021 0050 CCL
& Ponnsylvoania.ikiteeae 1.2405 4,COS8 #0047 tramy

B.H.7,a8d'925 S.Ponn. 1.0365 +.0019 4,0010 .CC41

O28 S.Fonn.& BelieB. 04725 #0042 o,0C690 C0r7i

Delle8 to Balle2. 1.1399 #004200043 a



Allowable
Liétance Actual Lrror per Error for

iilo. Error. Kilo. UeSeCe&.GeS.

B.Ue10, to Beliell 141299 #0051 -#,0027,: | .0043

B.Mell, to VeS.cor. .7010 @.0044 se COBO 20052
SteJoso & Logan N

V.S.cor.St.Joe & 07775 2.0031 0040 .0035
Miche& B.Mel. PT ar a Ss é

B.Ho1l, to B.li.13, 1.2247 +.0045 +.0035 00044
~

NGS ay
x

DESCLIPTION OF BCH MARKS. ie a: Ae

P.B.iiel, seventh brick cast of north wost comer of ndchigan

Ave.,Schocol,on comer of Hehik and Losane

P.B.u.2 Top of the north east corner of bottom step of east

entrance to main Blind Schoolrbullding.

P.B.L.S, Top of south west corner of concrete foundation of

bolow corner window of tho walkor Bbuildingyon corner

of Franklin and Washington.

P.G.liet, Hole on top on north side of water trough on the north east

east corner of Case dnd Franklin.

P.B.M.5, outh cast corner of top siep of south enmtcrenco of tho

Franklin Ave. School,on corner of Franklin and New York.

P.BelieG, On the south west cormor of tho ton of the stepping

stone in front of 737 North Pennaylvania.

Bebelie7. On the south east comer of the top cf the stepping

stone in front of 1°0 South Ponnsylvania.

P.B.u.8, Comtor of the top of the North Vest portion of west

retaining wall of the Grand Trunk Bridrse over the hed

kivor.

P.B.1.9, she south east cornor of the top off tho fron pedestal

supporting the post wiich supports the South Gast corner

of the roof on the cast ond of tho Crand Trunk Dopote

/#



P.BelelC, On tho north on:t corner of the wost pier of the Grand

trum: Re. Bridse ovor tho Grand River,West of Vachinz-

tone tore |

P.Bellell. Lolt hoad north cast cornor of tho north pier of tho

Logan stroet bride over tho Grand Rivere

P.5elel2, North wost cornor of tho top step of the north eontrence

to the Losan St. School.

PeBeliglS, South wost corner of the top stop of west entrance of

City Halli.

Tne above bench marks can be found,martod P.U.Mel,

Peelie2,0106., (Procise Bench Har.) ao shorn abovee. The

Valvo stoma of the hydrants wore uses as turning points when

available,and are located on the map.eacormponyins this thoals.

She above precise bonch marks are also show upon

tho map, torothor with the line of the precise level surveys,

ed the comhéurs at five feot intorvale,which wore telcon from levolc

odtained Gor street intorsesctions obtotned from the ofty ensinoor.

this map and tho noto book will be found in the rocket at tho

back cf this theaise All photarrenhs wore takon from cuts found

in en artical onntho preciso lovel in the jronsaetions of tho

fmortean Sooiety of Civil Engitoors.

Je.
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