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FORLEWORD

We chose the subject of "istablishing a Base Lipne" for
our thesis because we wished to learn more sbout United
Stutes Coust & Geodetlc Survey wethods of obtuining thelr
great sccuruacy in meusarlng distunces. +e first met with
this subject in a Geodesj class at Michigan State College.
e bellieve thut the practice cbtaiuned in performing the
work necessary for the coupletion cf this thesis has given
us experience that we otherwise would not hsave obtalaed.

we wish to thank the Civil Englineering Department for
supplying the necessary eguipment, to thank Professor C.i.
Cade for his &id, advice and criticism, and to thank ir.
P.Fe VanAtta and lr. D.H. Barnes for the elevations with
which they provided us, in connection with their thesis.

«e belleve thut the college will derive some benefit
from this thesis because the baese line is permanent eand can
be used in coanection with courses given in Geodesy acd
Astronony.

Signed
Howard Girardin
Fred wheeler

Louls Stachel



Estaeblishing and leasuring
A Bese Line

A base line is the prellminary step 1ln triangulation
work sni therefore is a very importaant part. The length
of the base liune must be determined by at lesast two com-
plete measurements with standardized tuapes, with & resual-
tant accuracy of a probsble error of 1 part in 1 million.
This meusurement is used in trisngulation work to compute
the sldes of the originul trlangle by the wethod of "Least
Squares". Then the computed sidesgs sre used to determine
the sides of other triscgles. This procedure continues
ani 1t can be seen that u elight error ian the messureuwent
of the bsase liue will accumulate us the work progresses.

The base llne 1s locsted en the north side of the
road ranuing sast and west from Farm Lsne, in frout of the
Beef Cattle Bara, to South Harrison LKoad ia froat of the
Michigan 3tute Pollice Barracks. It begins about Z00 ft.
468t of the spur track and extends westwurd for spprox-
imately 1000 ft. A sketch showing the location of the
base line in reference to the fence and road is on the

following pege.
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In order to make the
base line permaneant the ‘
monuments were coastructed
of coacrete. The moaument
at each ead of the baseis
16 in. squere at the bottom |
and is placed about 12 in.
ander the surface of the
ground zad projects about

8 in. above the surface.

They are reinforced with an

iron pipe the total length
of the monument. Securely End Monument

fastened in the top of the

pipe is a 3 in. diameter, standard U.8.C.& G.S. bruss plate.
Each end monument is also fitted with & brass plate provid-
ing spaces for Latitude, Loangitude and Elevation of the
mark in the center of the 3 in. diameter brass plate. The
monuments placed in between the two large monuments are the
standard U.S.C. & G.3. monuments, placed at intervals of
approximately 100 ft. These monuments are 1l in. squsare

at the bottom and taper down to 7 in. squure at the top,
being 4 ft. 6 in. high. They are plsaced in the ground

with from 8 to 18 in. of the monument protrudiag above the
surface, depending upon the topography of the ground be-

tween stations. Lach mcnument is reinforced with &an iron



ripe in which a brass plate 1s secured, us ia the end
monuments.

At the east enl of the base smaller mcnuments are
placed at lntervsals of 10 ft., to be used ia connection
with the fileld work cof the estronomy clusses given by the
Civil Engineering Depertmeunt. These monumecnts are 6 in.
square and & ft. long contulning a brass plcte and rein-
forced in the 2ume munner &s the other monuments.

After the sites of the terminsl stations were select-
ed, the first step was to place the trunsit oa one end of
the line and sisht on & renge pole of terget accurately
placed on the other end of the line. The stakes to mark
the points to plesce the monuments were sccurstely set on
line at intervals of approximately 100 ft. The line was
then cleared of brush so that the tepe would hung free
when under tension.

The intermediate und astronomicsal monuments were made
in the concrete lasboratory, mesking use of the forms provid-
ed by the UeS.C. & G.S. They were mude of concrete of s
1l:4:2 mix and of a consistancy so that the mixture could
be easlly tamped. After setting for a week the monuments
were truansported to the site of the buse llne. The end
monuments were poured in the field, using & stundard form
provided by the J.S.C. & G.S. After secoudery stukes were
set and strings stretched to murk the point already mark-
ed on the preliminsry stzkes, holes werc dug &nd the coa-

crete monaments placed directly under the intersectlion of



the strings. The monuments provided for the astroanomy
class were placed in the ground directly on line and ap-
proximately 10 ft. apart. A mark wes scratched oa the
brass plate directly on line to be of aid in lining the
tape. Also a mark was scratched perpeandicular to the first
one as a reference when the distance was measured.

The measuring of the base was done with tapes which
were standardized at the Rureau of Standards at washington
DeCe All measurements of the line were run once forward
and once backwerd with each tape and under verying weather
conditions. Tape-stretchers and a standardized scale were
employed to get the required tension oa each tape for every
measuremeant. Dividers and a steel scale, divided into
1/100 of &n lach, were used to obtain the slight variatioans
over or under 100.000 ft.

The rear tape-man
stretched the tape with |
a tape-stretcher aund 1
accurately placed the .
zero of the tape on the |
mark on the center of ‘
the brass plate at the

gero statican. The froat ]

man stretched the tape to i

the required tension and |

kept it thus aatil the Lear Tape-man
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third man huad measared pmm K =
the slight deviation
from exactly 100.000
ft., by means of the
dividers. +hean the
third men had measur-

ed it with the divid-

ers, he then used the |

scale and found out how ' - -~ = — - — ——— — .

many 1/100 of an inch Froant tape-muan and third man

it wes over or under

100.000 ft. He recorded this as (+) when over and (=-) when
ander and while he did this the froat man resd snd recorded
the temperature oan & stendardized thermcmeter which was
gsupported on the tape sc thal the exact temperature of the
tape could be known. This procedure was repeated between
each staticn uantil the end c¢f the line was reached. Then
the tepe was turmed around and snother messurement was

made in the szue mancer going back to the gero station.

The lengths of the tepes snd the pounds of tensica to
apply varied with ezch tupe. This information along with
the temperature at which the tape was staundardlized was
sent from wWashiongton, D.C. When the tapes were returned
after they were stendardized.

Ia fiading the latitude of one end of the base line,

and the aximuth of the line, observations on Polaris were



tskea. These observations were teken at night along with
the astronoay clesse.e A theodolite, a chronometer end =
stop watch were usei 1o teking the rezdings. The theodo-
lite wus set over the polnt on one end monument and the
plates set on zero. Tle cross hairs.were slghted on the
Capitol Mational Bauk tower in Lansing snd an engle of
approximately 90 degrees turred ocff. The telescope wes
elevated to aun aungle of c«boit 42 degrees und when this
was doune, lPolaris cculd be seen in the telescope less.
The cross halrs wiere set horlzontuliy aud verticelly on
Poluris snd the stop watch syacronized with Lhe chrono-
meter. ihen the lnstrunent-men had the crcss hulrs ex-
actly on the stsr he called "teke™ snd tre stop wetch was
stopped. The timwe to & tenti: of & second wus noted and
recorded. The horizontul &nd vértlcal angles were read
and recorded. Three readlngs were tuken ian this maagner
and then the cross hairs were sighted aguin on the tower
and the horlzontel wngle reed to serve &s 8 check on the
rer.dings. The telescope was inverted snd the same pro-
cedure followed to tuke three more recdings with the
telescope la this position to take care of any error 1in
the lastrament. After these were tsken the croes hsirs
heirs aguln ceatered on the tower und the mark checked,

This completed the obeervations.

The same oObservations were used to find the szimuth
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of the line us those to find the Latitude of the point.
The =zimuth of the star vies computed &nd the horizontul
anyle that was read on the theodclite when euch reailug
wus made wWas added to the azlimath of the star. This
yielded the azinath of the imaginury line from the polint
to the tower. The engle from the tower to the Liase line
wes turned off and added to the ewgimuth of the lasglinary
linc froa the point to the tower. This addition yielded

the requircd azimath of the line proper.
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Conclusion

Ia concladliog this thesis we hope to heve conveyed
to the reader o definite snd cleur ldew of how & base line,
sultuble for J.Se.Ce & G.S. wWork ls mezsured snd Low the
Latituie of a point and tre wmzimuth of & line may be com-
puted from a series of observstious on a pole stur. 'Ipoa
exunining the deta it is very piaiuly seen trhet the best
results 1o weasuriug were obtzained when the tempercture
reinained uneurly counstant becsase the variaticn due to a
few degrees chuange in the temperuture of the tupe causes
a consideruble error in the wesusurement of the line.
Therefore the best tiue for meusuring a line is on &

cloudy, misty day o1 €lse at night,



The followl:.g data was obtzined in measaring the base
line with tupe Jo. Be.3. 4413 oa a clouady day.
Supported at 0 & 100 ft. at 66°?, 10 1lbs. tension
Length = Y¥9.940 ft.

Sta. Temperstire Dist.(+)or(-) Diff. Sta. Elev.
Jo. Degrees F. ft. eleve ft. Moo
0-1 70 +0.07917 0.040 0 849.19¢3
1-2 69 -0.,03500 0.133 1 849.2298
2-3 69 +0.04250 1.585 2 849.2727
3-4 72 +0.00917 1l.482 S 847.7877
4-3 72 -0.02917 0.089 4 8456.3007
-0 71 +0.01083 0.255 b 846.2163
6-7 70 +0.08250 0.585 6 84644713
7-8 69 ~0.04083 2.603 7 847.0563
8-9 70 -0.00583 0.753 8 849.6243
9-10 70 -0.01823 0.505 9 850,3323
10 849.8373
10 849.8873
10-9 70 -0.01833 0.505 9 860.2823
9-8 70 ~0.00583 0.7568 8 849.6243
8-7 70 -0.03917 2.568 7 847.05663
7-6 70 +0.08167 0.585 o 846.4713
6-5 70 +0.01167 0.255 S 846.,2163
5-4 70 ~0.03000 0.089 4 846.2057
4-3 69 +0.01167 1.4382 3 B847.7877
3=2 67 +0.04417 1.585 2 849.3727
£-1 %) -0.038:3 0.133 1 B49.2298
1-0 68 +0.08167 0.040 o 849.1998



were ovtalaed.

Sta.
Ko

0-1

9-10

10-9

tegs. dist.
£e.

100.01917
¥9.91500

99.93250
99.94917
99.91082
92.95083

100.02£50
99.89917
99.93417
99.92167

99.92167
99.93417
99.90083
100.02167
99.95167
$9.91000
€9.90167
99.93407
99.90167
100.02147
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By using the datz oa page 16,

Temne.
COTrr.

+0.00129
+0.00005
+0.00005
+0.00258
+0.00258
+0.00194
+0.001z¢
+0.00065
+0.00129
+0.001Z29

+0.00129
+0.00129
+0.00129
+0.00129
+0.001Z29
+0.00129
+0.00065
~0.000V55
-0.00129

0.00000

the

Trae ince.

length

100.02046

99.915656
99.98315
95.96175
99.91241
9C.50277

100.02379

€9.39982
99.93b46

$9.92296

©9.92296
99.93546
99.60212

100.02296

99.95296
99.91129
99.95232
99.98342

$9.,20058

100.02167

Grade
corr.
(-)
0.00000
0.00009
0.012b6
0.010¢9
0.00000
0.00023
0.00172
0.02z202
0.00287
0.00127

0.00127
C.00z87
0.03501
0.00173
0.00023
0.00000
0.01098
0.01257
0.00009
0.00000

fcllowling resalts

True hor.

length

100.020406

99.¢1556
99.97059
$9.94076
99.¢1341
99.95244

100.0£207

99.86680
99.9272569
99.92169

99.62169
99.90259
99.86911

100.02123

99.95263
99.91129
99.94134
$9.5708b6
$9.90029

100.02167
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The following date wes obtained in messuring the base
line with tape Xo. GZ1565 0a a cloudy, misty duye.
Sapnorted at O & 100 ft. at ©68°F, £2 1lbs. tension
Length = 99,998 ft.

Sta. Tempersature Dist.(+)or(-) Diff. in Stu. Elev.
Xo. Degrees P. ft. elev. ft. To.
0-1 o2 +0.08249 0.040 0 849.1998
1-2 53 -0.03580 0.133 1 849.2398
2-3 b4 +0.02540 1.585 2 849.2727
3-4 54 -0.00299 1.482 3 847.7877
4-5 54 -0.07583 0.089 4 846.3057
6-6 54 +0.00458 0.255 5 846.2163
6-7 54 +0.08291 0.685 6 846.4713
7-8 54 -0.08233 2.568 7 847.0663
8-9 56 -0.00166 0.758 8 849.6243
9-10 o8 -0.02166 0.505 9 85043822
10 849.8873
10 849.8873
10-9 153 8 -0.02416 0.505 9 800.38823
9-8 51 ~-0.00166 0.758 8 849.6243
8-7 51 -0.03208 2.568 7 847.0563
7-6 52 +0.03541 0.5685 6 846.4713
6-5 52 +0.00499 0.285 b 846.2163
5-4 52 -0.07374 0.089 4 846.3057
4-3 52 -0.00208 1.482 3 847.7877
S=-2 52 +0.03024 1.585 2 849.3727
2-1 52 -0.02416 0.123 1 849.2598
1-0 52 +0.08223 0.040 0 849.1998



vvere obtained.

Stu.
10

0-1

9-10

10-9
9-8

JHeas,.

ft.
100.08049
99.96220
100.03:40
9¥9.99001
99.92217
100.00258
100.08091
99.91407
99.99624
99.97654

99.97384
99.990634
99.91592
100.08241
100.00299
99.924%26
99.99592
100.02424
99.96384
100.081335

dist.

Tempe.
CcCOIrre
(=)
0.01022
0.00968
0.00903
0.00903
0.00903
0.00903
0.00905
0.00%03
0.00774

0.00645

0.01097
0.01097
0.01097
0.01022
0.010z22
0.01032
0.01032
0.01082
0.01032
0.010z2

By using the datsa on page 12, the

Trae ince

1

1

9
1

1

1

1

length
00.07017
99.956253
00.02437
99.98598
99.91214
9.9¢355
00.07188
99.90564
99.98860
99.96989

99.96287
99.985637
99,.,90495
0G.07209
99.99267
99.91394
99.98560
00.023292
99.953562
00.07101

Grade
COrYre

0.00000
0.00008
0.01268
0.01049
0.00000
0.00032
0.00171
0.03302
0.00285

0.00128

0.00127
0.00286
0.03302
0.00173
0.000c2
0.00000
0.01094
0.01256
0.00009
0.00000

following results

True hor.
length

100.07017
99.95244
100.97499
99.97499
99.91314
99.99223
100.07017
©9.872061
99.98674
99.96801

99.9€100
99.98£52
99.87193
100.07136
99.9¢225
99.91394
99.97466
100.01136
$9.98343
100.07101
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The followiug data was obtulned in wmeusuring the base
line with tupe lNo. éﬁl&ﬁ at night.
Supported at O & 100 ft. at 66°F, £& lbs. tenslon
length = $9.998 ft.

Sta. Temperature Dist.(+)or(-) Diff. in Sta. Slev.
No. vegrees F. ft. elev. ft. Xo.
C-1 60 +0.08410 0.040 0 849.1998
1-2 60 -0.030683 06133 1 849.2398
2-3 60 +0.03583 1.685 2 849.3727
é-4 60 -0.02333 l1.482 3 847.7877
4-5 60 -0.07750 0.089 4 846.3057
b-6 60 +0.00416 0.255 5] 846.2163
6-7 60 +0.09583 0.585 6 84644713
7-8 69 -0.08416 2.568 7 847.0563
8-9 69 -0.00083 0.758 8 849.6243
9-10 59 -0.01166 0.505 9 850.3823
10 849.8873
10 849.,8873
10-9 68 -0.01450 0.505 9 850.2823
9-8 58 -0.00166 0.758 8 849,6243
8-7 68 -0.08L83 2.5563 7 847.05663
7-6 58 +0.093L3 0.585 6 846.4713
6-5 58 +0.00166 0.255 ) 846.,2163
b-4 58 -0.07250 0.089 4 8406,3057
4-3 o8 -0,002£0 1.482 ! 847.7877
3-8 58 +0,03416 1.685 4 849.3727
£-1 53 -0.02500 0.133 1 449.2398
1-0 58 +0.08442 0.040 0 849.1998



®ere cbtuined.

Stae
NG

0-1
1-2
2-3
3-4
4-5
6-6
6-7
7-8
8-9
$-10

10-9-

9-8
8-7
7-6
6-5
5-4
4-3

1-0

wmes8. dicst.

Lft.
100.038216
©99.90217
100.0.283
99.96406
99.92050
100.00216
100.09283
99.91584
99.997117
99.9304

99.98550
99.990c4
99.91217
100.09133
99.99%06
99.92550
99.99550
100.0S&17
99.906300
100.08241

Tewip.
corr.
(-)
0.CCule
0.00516
0.00516
0.00&16
0.005156
0.00516
0.008016
0.00b631
0.00581

0.00u81

0.00445
0.00045
0.00645
0.00045
0.00045
0.00¢45
0.000645
0.00045
0.00645
0.00645

By using the date ou pege 14, the

True iic.
length

100.07700

(619
-

v

[{e]

95701
100.02867
99.95950
99.91554
99.992700
100.08867
99.90803
99.991Z26

99.980583

€9.977056
99.58989
99.90572
100.08438
99.99%21
99.91905
99.98%05
100.02872
$9.9L055

100.07£96

Creade
corr.
(=)
0.00000
0.00007
0.01257
0.010¢6
0.00000
0.00034
0.00173
0.02202
0.00£87

0.00127

0.001%56
0.00z886
0.03:01
0.00172
0.00032
0.00000
0.01099
0.0125%
0.00009
0.00000

following results

True hor.
length

100.07700
99.9506¢ 4
100.01610
99.943854
99.91524
99.99666
100.08694
$9.87501
99.58829
¢9.979¢&5

99.978680
99.687083
99.87271
100.08Z16
$9.99289
99.91905

100.01217
99.5504586

100.07596



weire ovtuluede.

Sta.
IO

0-1

l.8E8.

ft.

100.08607

$9.91107
¥9.93l07
€9.85032
§9.912E20

9Y9.95667

100.02607

$9.90676
99.94167

99.92833

99.92750
99.94533
99.90107

100.02750

99.95917
93.91500
99.95089
99.93500
99,91083

100.02500

dist.

-13-

Tempe.
COrr.

+C.00z08
+0.,001Z29
+0.001¢9
+0.00129
+0.0019
+0.000¢5
+0.00005

0.C00C0

0.00000

0.00000

0.00000
0.00000
0.00000
0.00000
-0.00129
-0.001£9
-0.00065
-0.00C65
=0.00065
-0.00005

By wling thne data on pepe 13, the

True irnce.

length

100.02¢25

99.91296
99.95276
99.98712
99.91379

99.9b7¢8

100.02732

£9.40076
€9.964167

99.,9£852

$9.95750
99.94233
99.90167

100.0£750

99.95788
99.91371
92.90018
¥9.Y68C5
99.51018

100.02435

Greds
cOrr.
(=)
0.000090
0.00008
0.01256
0.010¢8
0.00000
0.00033
0.00171
0.02202
0.00286

0.00127

0.00130
0.0023z
0.03301
0.00171
0.00033
0.00000
0.01095
C.01256
0.00008
0.00000

fellowicg results

True Lore.

lepgth

100.02925

99.¢1288
99.97020
99.94614
99,9127¢
99.9£0699

100,025¢61

99.87365

99.,938381

8¢.92706

99.9L620

99.856866

100.0£579

€9.95765
99,91371
99.94422
99.97179
$9.01010

100.02425
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The vilaes ou pages 18 snd 1D were glven & weight of
¢ and the values on pages 11,17 and 19 were given & weight
of 1. Thea the arithmetical meun was tnkeu and the follow-

lug resualis cbtalned.

Sta. liean hor. leagth
Ro. ft.
0-1 100.0£676
1-2 99.94C1lE
£-3 100.00007
3-4 99.96185
4-5 - 99.91426
b-6 90.98225
6=17 100.06108
7-8 99.87168
8-9 99.97076
9-10 99.956626

Totel length = €00.71241



Sanvle Calcalstions for Bsse Line

Dbute tuken from pupge 10.

Tane GZ100 Length = $9.998 ft. at €8°2 snd £2 1lbs tcnsion
ieasurement mude from Sta. 1 to "tu. 2.

Tennrereture = H4°7,

Increment under 100.00' = 0.04583"

ileas. length = ¥9.998 - 0.04583 = 99,9L217

Tempe corr. = 0.00000646 X 100 X 14 = ~0.009086"

i'rae iacliued leungth = §%.95217 - 0.00903 = $99.94214"

Crade corrcction = -\? ?RL2 -E%

vhere L = length and 4 = diff. ia elev.

v 3 )
Grsade correction = -{99.94514 -V'99.943142 - 0.1332 )

\

= -0.00009"

i

Tr'J.e h01‘. leﬂgti\ = 99.94:14 - 0000009 = 99.94::;05'



vutz sud Culculetioass for Obtaining

Lutitude snd Azimuth of Line

Telescope agtch tiaze Vertiocal angle Korizontul angle
reverged ?O 29 48?6 41° pe' 00" ble £2' 40"
" €0 4y 19.0 41° ©l' 107 8l° 26" £O"
" 20 L2 £gl.7 41° 50' 40" 8le 27' zZOo"
Direct £l 02 <o.0 41° 5I' 40™ g€le 30' oO"
" 21 05 2Z&.l 41° 54" 40" &l° 31' 10"
" 21 08 Be6 41° £5' oo" 6le 22' g0Q"

Aversgze 20 E£o €0.05  41° 62' bl.67" 8le® 26' £0O"

h m 8
Average of datch readings = 20 b6 £0.b3
Znown wateh aud clock corre = +18.00
Locsl civil time (1) = 0 656 ZB.53

Solar time (©) = 1lh Z1m b6.£78 or 174° 9' 0.45"
d = 83° &' 58.22"
Coordinztes of Dlolaris
OC m 1h 378 64.038

Eour angle (t) = @ - oC = 9h ECm H2.248 or 148° £8' 3.6"

reduaction
© = 11h ola 66.87s
o(= 9h EZm bZ.f48
t = 17h 4Ym 4.68
h'= 41¢ B2' L1.67"
Z'= 48° 7' 8,87
r = 0° 1' 8.¢4"
2 = 48° &' 10.97"



neduction Com'd

ten F = cotfycos t
cot d = 0.01824
cos t = -0.8H248

tun P = «0.,01E£63

P = -0° b2' 43.44"

sin(gb + F) = cos P cos Z csc
cos ? = 0.000883

cos L = 0.667258

csc d = 1.000170

sin( + ) = 0.6672734

(p + F) = 41° 51' Bl.82"

(= 420 44" 35.26"

Sia A = sin t coad _ 0.52297 X 0.01833 _ 0.0128714
81a Z 0.74475

Agiwath of etar (A) = 0° 44' £0.00"

Azimuth to tower = 97° £51' 40.00"

Angle frowm tower to line = 7° pH' 77
Azimath of 1line = 9g7° H1' 40.00™ - 7° £5' 7"

mm o m xog9e 56' T3.00"
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