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ZHESIS.

The promotion of the rapidity and accuracy of levell-

ing is one of the most important features of modern engin-

eering. By means of a system of precise levelling, a

net-work of lines establishing standard bench works, has

been run throughout this country, and all constructive

orerations are referencedfrom these benches. This work

has been accomplished by the Coast and Geodetic Survey,

together with the lines of levels taken by the Geological

Survey.

On account of the importance of this work, much at-

tention has been paid to the improvement of instruments to

be used. One of the most modern is the precise level re-

cently adopted by the United States Coast and Geodetic

Survey, and the determination of the capabilities of one

of these instruments is the object of our research.

The instrument used was the United States Coast and

Geodetic Survey Frecise Level No. manufactured by Mann

and Company of St Louis, Missouri, U. S.A. This level

was in factory condition, never having been taken from the

box until the beginning of this work.

With the aforesaid object in view, a line was selected

about ten miles long, extendinz from a bench work cut in
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stone window-sill of Piatt's power house in Lansing to a

bench work on corner stone of foundation of Lake Shore depot

at Dimondale, Michigan.

The general direction of the line was southwesterly

throush a slightly hilly country.

The levelling party consisted of three men, their du-

ties beins as follows:- (1) Instrument man; (2) Red man; and

(3) Aman to take notes and keep the instrument shaded with

an umbrella whenever the sun shone.

The general atmospheric conditions were comparatively

favorable for working.

Before beginning the test, the instrument was adjusted

until the error of closure was only $#m.m. for 100 feet.

Permanent bench pare (I) north side of Piatt's power

house, cross-notched on top of east end of stone sill of

east window,

The followins is a copy of notes taken wh:le running

line.
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84.33 22.20

DIRECT LINE.

March 28, 1904.

| Back Sights.
a Readings. Thread

Point. ° Ze 3. dist. Temp. Remarks.

P.B.M.1l. 27.70 26.72 25.70 26.71 2.00 37 Cloudy. Windy.

T.P.l. 18.84 11.84 10.38 11.85 2.96 87

" 2. 14.98 13.41 11.78 13.39 3.20 38 " "

" 3.17.87 16.34 14.71 16.31 3.16 39 Reading fair.

"4. 23.91 22.28 20.52 22.24 3.39 40 Umb. for Wind.

"5. 25.50 23.59 21.52 23.54 3.98 38

"6. 13.53 11.90 10.18 11.87 $3.35 39

125.91 22.04

REVERSE LINE.

T.B.M.2. 20.40 18.79 17.05 18.75 3.35 38

Tp..1. 16.60 14.71 12.69 14.67 3.91 36

" 2. 8.52 6.92 5.29 6.92 3,23 36

" 3. 8.81 7.30 6.70 7.27 £3.11

"4. «611.49 9.39 8.20 9.86 3.29

" & 18.29 16.67 14.94 16.63 3.35 36 Clovdy.Read fine.

" 6 112.20 10.24 9.24 10.23 (1.96



Point.

T.Pel.

a 2.

" 4,
!

tf 6.

T.B.2.

T.P.1.

"2.

" 3.

"4.

1? 5.

P.B.I.e1.

1.

12.10

15.72

12.59

8.00

16.56

17.12

20 .40

13.51

17.39

15.28

16.3897

25.82

DIRECT LINE.

sirhts.
Thread readings.

11.15

14.20

11.00

6.40

14,99

15.33

18.79

e

10.12

12.59

9.28

4.73

13.31

13.43

17.05

 

10.36

6.38

14.95

15.23

18.75

91.62

REVERSE LINE.

11.89

23285

15.69

13.74

14.88

LO .18

£1.56

12,01

14.19

12.11

13.27

24.14

14.86

23.80

13.66

15.80

13.71

14.85

20.200

118.68

Thread
dist.

1.98

3.13

3.31

3.27

3425

3.69

21.98

3.32

4.40

3428

3.20

3.17

3.12

39

40

38

37

36

36

36

36

36

2.68 36

22.17

Remarks.

Cloudy Windy.

1? tt ft

Sunny. Read-
ing poor.
Umb.for Wind.

Foor read.

Read. fine.

" t Cloudy

! st t

"Nl t! tt



DIRECT LINE.

Back Sights.
Thread Readings. thread

Point. ae 2. 3. Mean. dist. Temp. Renarks.

T.B.M.2. 830.51 28.94 27.29 28.91 3.22 41 Reading good.
Cloudy.

T.P.1. 19.89 18.388 16.79 18.35 3.09 41

" 2, 21.06 19.48 17.79 19.44 3.27 41

" 3. 20.45 18.92 17.82 18.90 3.13 41

" 8, 19.52 18.00 16.86 17.96 3.16 42

T.B.M.3. 31.91 30.19 28.39 30.16 3.52 42

T.P.1 25.05 23.59 22.08 23.57 2.97 43

" 2. 22.19 20.62 18.98 20.660 3.21 43

t 3. 18.49 18.10 17.69 18.09 (0.80 44

195.98 26.44

REVERSE LINE.

T.BeM.4. 30.81 29.43 26.01 29.42 2.80 46

T.P.2. 5.00 4.50 3.95 4.48 1.05 46

" 2. 13.43 11.93 10.30 11.89 3.13 96

" 3. 12.26 10.76 9.14 10.72 3.12 46

T.B.M.3. 24.88 28.00 21.02 22.96 3.84 46

T.P.1. 13.00 11.40 9.80 11.40 3.20 46

t 2. 12.88 112.24 9.51 12.21 3.37 47

" 8. 12.56 10.99 9.32 10.96 3.25 47

" 4, 15.89 14.50 18.05 14,48 _2.84 48

127.52 23.76
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"4,

T.BI.8.

T.P.1.

"2,

" 3.

TBA.

T.P.l.

"8.

"8.

T.BM.3.

T.P.l.

" 2.

"63.

"4.

T.B.M.2.

DIRECT LINE.
Bask Si

Thread Readings.
1.

12.78

12.86

13.68

13.61

24.78

12.95

16.55

5.19

30.81

18.46

21.99

20.72

82.50

19.51

19.80

20.14

20.52

32.52

Be

11.27

11.40

12.24

12.00

22.96

11.39

15.00

4.66

29.43

9,68

9.86

10.70

10.382

20 .94

9.71

ts.

Mean.
11.24

11.37

12.21

11.98

22.257

11.35

14.98

4.65

29.42

130 .07

REVERSE LINE.

13.07

20.41

19.43

30.50

18.00

18.35

18.60

18.92

31.02

17.66

18.74

18 .09

28.39

16 .41

16.79

16.97

17.24

29.47

18 .06

20.388

19.41

30 .46

17.97

18.31

18.57

15.89

32.90

193 .05

Thread
Dist. Temp.

3.10

3.00

2.98

33.20
3.64

3.24

3.16

1.68

2.80

26.39

.80

3.25

2.638

4.11

3.10

3.01

3.17

3428

23235

Renarks.

41

41

41

41

42

42

43

43

“A,

46

46

46

46

46

46

4”

47 Cloudy.

48 Readinzs fine.
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Thread Readings.
ae

31.52

32.33

7270

29.91

27.24

26.97

18.90

1.51

Ze

30.10

30.83

6.29

23.39

20470

25.21

16.80

96

2L. 76

25.60

4.39

28.38

28.84

12.19

3.

28.60

29.27

4.79

26.77

24.05

23.37

14.57

208

r
Mean. Dist. Temp. Remarks.

 

24.20 25.92

29.70

23.008

3.26

26.20

27.09

LO .O0°

Siphts.

30.07 2.92 64

30.81 8.06 54

6.26 2.91 54

28.386 3.14 54

25.65 3.19 54

25.19 38.60 54

16.76 4.33 54

195 1.13 04
164.05 24,28

REVERSE LINE.

3.41 52

21.74 2.06 53

25.55 4.060 53

4.37 2.29 54

29.29 4.15 54

28.84 3.39 54

12.16 4.10 54.

146.87 23.40
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5.

6.

T ~B eid 4 e

Thread
X

30 .64

28.92

18.58

17.76

15.28

29.05

27.71

27.61

read

8.

DIRECT LINE.

Fore

Readings.

29.39

27-54

16.39

15.77

12.09

at GO

26.82

20.95

QAPILUS

3.

28.04

26 .07

14.08

Sights.

Mean.

29.36
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20.81

C029
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0.95

11.72

30.00

23.69

22.62

12.97

27.29

0.38

9.61

2%. 20

21.08

20.28

11.56

25.16

0.95

11.68

29.97

23.65

22458

12.95

27.28

129 .04

2.60

2.85

4,50

4,14
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54
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Dist. Zemp. Remarks.

Cloudy.

f

Gct Sunny.

Reading fine.
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TeBeiiedD.

T.P.1.

n 62.

" 83.

m4:

T.B.M.6.

T.P.l.

"2.

"63.

"4.

T.BM.7.

T.P.l.

"2.

"8.

"4,

"65.

" 6.

a

DIRECT LINE.

Thread Readings.

a:

6.52

32246

30.32

32.52

3.69

7.69

31.62

27.478

2.39

2.84

9.39

32.08

32.69

30.92

5.55

28.74

2oe79

2.20

18.72

2.

5.10

30.84

29.78

30.88

2.32

5.38

30.71

26.49

1.41

2.54

7.95

21.65

$2.09

25.91

5.07

28.27

21.05

22.52

i6.61

3.

3.61

29.32

29.40

29.13

0.90

2.91

29.75

25.13

0.33

2.23

6.43

31.21

31.43

28.84

4.56

27.77

19.19

20.77

14.36

9.

5.06

28.26

21.01

22.50

16.56

350 .30

Thread
Dist. Temp.
 

2.91

3.14

0.92

8.39

2.79

4.78

1.87

2.65

2.01

0.61

2.96

0.87

1.21

2.08

0.99

0.97

3.60

3.48

4 36

43.54

44.

48

Remarks.

7:15 A.M.

Nice.

Cloudy.
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DIRECT LINE.

Thread Readings.

2. 3. Mean.

21.60 18.50 21.57

27.37 24,36 27.381

3.86 3.67 3.85

23.71 22.14 23.68

24.12 22.59 24.09

coell 20.59 22.08

1.44 1.01 1.40

24.93 25.76 c2.51

222.98 239.53 29.58

31.50 30.66 31.4:

6.84 5.67 6.83

3.96 o.79 3.06

4.32 4.55 4.61

1.56 16.68 19.651

22.0% £2.35 24,45

3.06 2264 5.05

10 67 7,00 10.55

24.93 £23.42 24.55

11.53 10.01 12.56- to O oO
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Point.
T.BM.8.

TWP.

" 2,

" 3,

" 4,

" 6,

" 6,

T.BAM.7.

T.P.l.

" 2,

" 3,

"4,

" 5,

T.BwN.5.

T.P.2.

" 2,

" 3.

"4,

" 6.

anread Readinss.

1.

12.58

32.14

17.13

15.88

12.65

8.41

26.56

2.96

30 .54

25.35

4.465

8,

11.06

30.64

11.

REVERSED LINE.
Pesto

 

‘Thread
Mean. Dist.

11.038 3.14 652

30.61 3.08

14.68 4.94 652

12.30 §.21

12.62 1.93

2.49 C.58

LES 0.49

23.45 1.53

30.14 1.79

20.07 4,44

3.00 0.73 46

14.52 4.56

20.23 1.14

203.72 33.67

DIRECT LINE SECOND TIME.

6.99

2% 225

OL.21

30,24

23.08

3.70

5.49

21.78

20.41

29.92

20.70

2.93
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24.20 4,78

21.19 1.55

30.23 0.62

23.04 4.65

3.62 1.52

109.231 39.91

March 30,
1904 e Pp olte

Renarke.
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T.P.1.
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80.62
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1.25

27.93

26.83
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Mean.  Dist.iemp.

25.88 4.02 6060 Rainy 12330

21.69 3.40 Rainy.

31.28 1.30

12.46 2.15

30.52 1.66

32.55 O .46

13.00 5.36

2.62 0.57 Stitt

L.Gc ane

25.42 0.97

27.66 1.63

5.63 6.96

12.72 _0.46

250,86 34.60

30.96 1.62

171 0.391

28.93 6.08

8200 0.45 78

26.59 3et3

19.96 2.34 71

211.07 39.90

sprinkling.

Apr. 23,1904.

meading Poor.

 



1s.

DIRECT LINN.

Thread Readinrs.
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17.40 15.45 13,39

15.76 14.24 12.61
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REVERSE LINE (Cont'd.)
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thread Readiness,
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Fore siphts.

coread Readings,
thread

Ze 3» Mean. Dist. semp. Remarks.

24.04 228.91 24.03 2.22 68 Very windy.

14.60 13.86 14.57 2.39 "

24.€5 23.26 24.58 2.53 "

29 80 27.71 20.27 3,10 "

92.45 10.24

REVENSE LINE.
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17.44 16.13 17,42 e000 Rained.
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29.97 30.77 1.59
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DIRECT LINE.

Back 5 dente.

Thread Readin’s.

 

 

wlirgad
Point. 1. 2. 3. Kean. Sist. Zon

 P.BLM,II. 24.40 23.62 22.79 23.60 1.61 70

T.P.1. 81.21 30.79 30.85 30.78 0.76

t 2, 82.63 31.42 $0.14 31.40 2.49.

" 3. 21.98 21.15 20.29 21.14 1.68

t 4. 23.81 21.66 19.385 21.62 4.43

t 5. 28.67 25.86 22.90 25.81 5.77

t 6, 25.16 22.12 13.88 22.05 6.28

" o7, 5.96 4.82 8.61 4.80 2.35

T.3.2[.120012.91 11.54 16.10 11.52 £.81 172

T.P1. 4.11 45.65 38.17 3.64 0.94

" 2, 11.72 10.80 9.82 10.768 1.90 71

t 3. 30.20 27.383 24.28 27.27 5.92

m 4, 16.12 12.83 11.88 12.78 4.75

t 5S. 128.03 830,89 28.65 29.08 2.38

2798.55 44.97
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DIRKCT LINZ.

Fers sishts.

Maread Moodines.4
~~ b eo -”

  

" Le 4.10 2233 1.46 ue BO L 64

"6S. 3.64 3.19 eeTlL OLE C.93

"4. 5.285 oe OU 0.62 Seo Oell

"5. «620.56 17.43 14.07 17.385 6.46

" 6. 21.62 19.860 17.88 19.77 O04

"7, 15.05 12.55 9.93 12.50 5.10

TBs. 20.55 17.82 14.928 17.77 0.65

T.P.l. 31.72 S1.213 30.55 S1.15 1.18

"2. «629.3% 26.92 24.23 26.56 5.0L

P.Beail.TIL. 5.02 4.45 93.60 fe 45 1.69
 

"erp. Remarks.

66 Breezy

68

~
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n
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Cloudy.

Slisht wind,
Cloudy.
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it

1?

9

"

tt

$2



Point.

rea

1.

P.B.M.IITI e 6.32

T.P.1.

"2.

"3.

"4,

"Se

" 6.

nod.

"668.

"6G.

"10.

"oil.

T.Hiield. -

T.P.1.

"2.

"683.

12.83

4.00

29.63

31.98

26.39

14.95

30.65

12.07

28.74

26.95

5 © ©

q
o c
O

wo

6.28

12.06

11.18

Reverse Line.

Back

adinrss.

Ze 3.

4.48 3.65

10.25 7.538

2.20 0.37

25.645 27.22

81.3806 80.75

24.97 23.42

14.7% 14.506

29.17 27.386

10.17 &.1%

26.67 24.48

230647 19.74%

6.82 3.85

5.93 4.71

4.07 O.09

11.64 11.21

11.06 10.¢4
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Temn.

Getting dark.

©
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Point.

T.P.l,

"2

"3.

m4,

" 5.

"6.

"7.

"8.

"9.

" 10.

"lil.

T.BM1S.

T.P.l.

"2.

" 3.

P.B.u.IL.

thread Readiness,
1.

32,08

15.79

30.09

7620

9.25

14.95

21.72

27.80

32.75

27.16

22.22

23.21

31.86

31.389

23.12

27.89

24,

REVIZSE LINE.

rore

 

sirsnts.

2. 3.

30.3% 28.65

13.72 11.49

22.30 24.33

5.12 2.83

$.06 8.87

16.74 14.52

19.50 17.15

7.16 6.48

29,50 26.70

24.51 21.66

£7.13 25.97

22.62 22.41

36.87 29.83

30.80 30.18

27.14 26.12

27.15 26.36
 

Thread
Liean Dist. Temp. Remarks.

30.26 . 3.38 Cloudy end
slishtly —

13.67 4.30 breeZy.

£7 eat 5.76 65 "

6.07 4.42 it

9.06 1.38 it

14.74 0.48 "

12.46 4.57 68 "

7.15 1.382 ft

29.75 6.05 at

24.45 5.52 "

27.11 2,25 tt

22.81 0.80 tt

80.05 2.03 "

20.79 1.24 "

of L3 2.00 "

27.15 1.53 tt

246.77 46.93 "



The following are the differences of elevation between

ne several temnorary benchmarks togetiicr with ths errors

or closure:

srom P.o.iieLl. to T.O.u,ID + 4.02 d.cwm. tie ervor was -.03

Prom T...IDT to " IV, 4+ 65.72 ” nt $19

" TV i V. ~- 17.67 ft "1 it ' +4.16

i Hoya " VIII + 40.37" " " "  +.06

" "VIII HX +# 1.63," " " "  +,02;;

tt " xX Mu ' YT 63.733 tt h " t O74

" TKI " PUD... - £4.17 " Ni " w= .0Q7

Towadld ALiPfsrsnces + 396.47 "'

c
trron P.3.t.1 Go Pp.G tT +101 .88

4193.35 d.¢e.m. Tho error vas +.28 dom
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of wire fe: b
e ce and °' nort. °°? trlephone role opposite

Stiefle's.

’
t

? v > ~ | wt - ~ ort ee . - + *Teele Tan ef stone in holley scuth of corer to-e .
~- @ a/ Ba

ae = 7 a7 ~! +oapd Birmontale,.
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Tv nT ae ~~ wf i

YB wieel. Novtheast corner of
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under sovthwest cornsr of wast nant of Dinondale depot.
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