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ADVERTISEMENT. 

{Monograph XXII. | 

The publications of the United States Geological Survey are issued in accordance with the statute 
approved March 3, 1879, which declares that— 

“The publications of the Geological Survey shall consist of the annual report of operations, geo- 

logical and economie maps illustrating the resonrees and classification of the lands, and reports upon 

general and economic geology and paleontology. The annual report of operations of the Geological 
Survey shall accompany the annual report of the Secretary of the Interior, All special memoirs aud 
reports of.said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but 

otherwise in ordinary octayos. ‘Three thousand copies of each shall be published for scientifie exchanges 

and for sale at the price of publication; and all literary and cartographic materials received in exchange 

shall be the property of the United States and form a part of the library of the organization: And the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States.” 

The following joint resolution, referring to all government publications, was passed hy Congress 
July 7, 1882: 

“That whenever any document or report shall be ordered printed by Congress. there shall be 
printed, in addition to the number in each case stated, the ‘usual number * (1,900) of copies for binding 
and distribution among those entitled to receive tliem.” 

Except in those cases in which an extra number of any publication has been supplied to the Sur- 
vey by special resolution of Congress or has been ordered by the Secretary of the Interior, this oftice 

has no copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 
pp. 1map.—A preliminary report describing plan of organization and publications. 

II. Second Annual Report of the United States Geological Survey, 1880-’81, by J. W. Powell, 
1882, 8°. 1v,588pp. 62 pl. 1 map. 

Ill. Third Annnal Report of the United States Geological Survey, 1881—’82, by J. W. Powell, 
18838. 8°. xviii, 564 pp. 67 pl.and maps. 

IV. Fourth Annual Report of the United States Geological Survey, 1882~83, by J. W. Powell. 
1884. 8°. xxxii, 473 pp. 85 pl. and maps. ; 

V. Fifth Annual Report of the United States Geological Survey, 1883-’s4, by J. W. Powell. 

1885. 8°. xxxvi, 469 pp. 58 pl.and maps. 
VI. Sixth Annual Report of the United States Geological Survey, 188485, by J. W. Powell. 

1885. 8°. xxix, 570 pp. 65 pl. and maps. 
VII. Seventh Aunual Report of the United States Geological Survey, 1885~86, by J. W. Powell. 

1888. 8°. xx,656 pp. 71 pl. and maps. 
VIII. Eighth Annual Report of the United States Geological Survey, 1886—87, by J. W. Powell 

1889, 8°. 2y. xix,474,xii pp. 53 pl.and maps; 1 p.1. 475-1063 pp. 54-76 pl. and maps. 
TX. Ninth Annual Report of the United States Geological Survey, 1887—’88, by J. W. Powell. 

1889. 8°. xiii, 717 pp. 88 pl. and maps. 
X. Tenth Annual Report of the United States Geological Survey, 188889, by J. W. Powell. 

1890. 8°. 2vi xv,774 pp. 98 pl. and maps; viii, 123 pp. 
XI. Eleventh Annual Report of the United States Geological Survey, 1889-90, by J. W. Powell. 

1891. 8°. 2y. xv,757 pp. 66 pl. and maps; ix, 351 pp. 30 pl. and maps. 
XII. Twelfth Annual Report of the United States Geological Survey, 1890-791, by J. W. Powell. 

1891. 8°. 2y. xiii,675 pp. 53 pl.and maps; xviii,576 pp. 146 pl. and maps. 
XIII. Thirteenth Annual Report of the United States Geological Survey, 1891~’92, by J. W. 

Powell, 1893. 8°. 3v. 
I 



Il ADVERTISEMENT. 

MONOGRAPHS. 

I. Lake Bonneville, by Grove Karl Gilbert. 1890, 4°. xx,438 pp. 5lpl. lmap. Price $1.50. 
Il. Tertiary History of the Grand Canon District, with atlas, by Clarence E, Dutton, Capt., U.S. A. 

1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00. 
III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 

1882. 4°. xv,422 pp. 7pl. and atlas of 21 sheets folio. Price $11.00. : 
1V. Comstock Mining and Miners, by Eliot Lord, 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50. 
V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 

pp. 151]. 29 pl. and maps. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris - 

Fontaine. 1883. 4+. xi, 144 pp. 541. 54 pl. Price $1.05. 
VIL. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 

16 pl. Price $1.20. 
VIII. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4°. xiii, 298 

pp. 241. 24 pl. Price $1.10. 
IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New 

Jersey, by Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35 pl. Limap. Price $1.15. 
X: Dinocerata. A Monograph of an Extinet Order of Gigantic Mammals, by Othniel Charles 

Marsh. 1886. 4°. xviii, 243 pp. 561. 56 pl. Price $2.70. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by 

Israel Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. and maps. Price $1.75. 
XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Em- 

mons. 1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40. 
XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 

1888. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00. 
XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut 

Valley, by John 8. Newberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00. 
XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4°. xiv, 

377 pp. 180 pl. Text and plates bound separately. Price $2.50. 
XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 

53 pl. Price $1.00. 
XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquereux. Edited by F. 

H. Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 
XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P. Whitfield. 1891. 4°. 402 pp. 50pl. Price $1.00. 
XIX. The Penokee: Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. 

Irving and C. R. Van Hise. 1892. 4°. xix, 534 pp. Price $1.70. 
XX. Geology of the Eureka District, Nevada, with an atlas, by Arnold Hague. 1892, 49. xvii, 

419 pp. 8pypl. Price $5.25. 
XXI. The Tertiary Rhynchophorous Coleoptera of the United States, by Samuel Hubbard Seud- 

der. 1893. 4°. xi, 206 pp. 12 pl. Price 90 cents. 
XXII. A Manual of Topographic Methods, by Henry Gannett, chief topographer. 1895. 4°. 

xIv, 300 pp. 18 pl. Price $1.00. 

In press: 

XXII. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, T. Nelson Daley 
and J. E. Wolff. 

In preparation: 

—Mollusea and Crustacea of the Miocene Formations of New Jersey, by R. P. Whittield. 
—Sauropoda, by O. C. Marsh. 
—Stegosauria, by O. C. Marsh. 
—Brontotheride, by O. C, Marsh. 
—Report on the Denver Coal Basin, by 8. I’. Emmons. 
—Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by S. F. Emmons, 
—Vhe Glacial Lake Agassiz, by Warren Upham. 

BULLETINS. 

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Angitic Rocks, by Whitman Cross, 
with a Geological Sketch of Buttalo Peaks, Colorado, by 8. F. Emmons, 1883. 8°. 42 pp. 2 pl 
Price 10 cents. 

2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, ete. 
computed by Albert Williams, jr. 1883. 8°. ” 8 pp. Price 5 cents. 

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30', from Tompkins 
County, N. Y., to Bradford County, Pa., by Henry 8. Williams. 1884. 8°. 36 pp. Price 5 cents 

4, On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9 pl. Price 5 ce ve 
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 8°. 325 

pp. Price 20 cents. 
6. Elevations in the Dominion of Canada, by J.W.Spencer. 1884. 8°. 43 pp. Price 5 cents. 
7. Mapoteea Geologica Americana. A Catalogue of Geological Maps of America (North and 

South), 1752-1881, in geographic and chronologic order, by Jules Marcou and John Belknap Marcou. 
1884. 8°, 184 pp. Price 10 cents. 



ADVERTISEMENT. iil 

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. 
R. Van Hise. 1884. 8. 56 pp. 6pl. Price 10 cents. 

9. A Report of work done in the Washington Laboratory during the fiscal year 188384. FP. W. 
Clarke, chief chemist; T. M. Chatard, assistant chemist. 1884. 8. 40 pp. Price 5 cents. 

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Wal- 
cott. 1884. 8°. 74 pp. 10pl. Price 5 cents. 

11. On the Quaternary and Recent Mollusea of the Great Basin; with Deseriptions of New 
Forms, by R. EUsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, 
by G. K. Gilbert. 1884. 8°. 66pp. 6pl. Price 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward 8. Dana, 1884, 8°. 
34 pp. spl. Price 5 cents. 

13. Boundaries of the United States and of the several States and Territories, with a Historical 
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent 
Strouhal. 1885. 8°. 238 pp. Price 15 cents. 

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White, 1885. 8°. 
33 pp. Price 5 cents. 

16, On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. &°. 
86 pp. 3pl. Price 5 cents. 

17. On the Development of Crystallization in the Igneous Rocks of Washve, Nevada, with Notes 
on the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 
cents. 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America, 
by Charles A. White. 1885. 8°. 26 pp. 3pl. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 8°. 28 pp. Price 5 cents. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W, F. Hille- 

brand. 1885. 8°. 114 pp. 1pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation. A Report on the Region between the Grand 

and Moreau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White. 1885, 8°. 25 pp. 5 pl. 

Price 5 cents. 
23. Observations on the Junction between the Kastern Sandstone and the Keweenaw Series on 

Keweenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pl. 
Price 15 cents. 

24, List of Marine Mollusea, comprising the Quaternary fossils and recent forms from American 
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healey Dall. 
1885. 8°. 336 pp. Price 25 cents. 

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas 
Barnes. 1885. 8°. 85 pp. Price 10 cents. 

26. Copper Smelting, by Henry M. Howe. 1885, &°. 1LO7 pp. Price 10 cents. 
27. Report of work done in the Division of Chemistry and Physies, mainly during the fiscal year 

188485. 1886. 8°. 80 pp. Price 10 cents. 
28. The Gabbros and Associated Hornblende Rocks occurring in the Neighborhood of Baltimore, 

Md., by George Huntington Williams. 1886. 8°. 7&8 pp. 4 pl. Price 10 cents. 
29, On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886. 

8. 41 pp. 4pl. Price 5 cents. 
30, Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles 

Doolittle Walcott. 1886. 8°. 369 pp. 33pl. Price 25 cents. 
31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and 

Arachnids, by Samuel Hubbard Seudder. 1886. 8°. 128 pp. Price 15 cepts. 
32. Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by 

Albert C. Peale. 1886. 8°. 235 pp. Price 20 cents. 
33. Notes on the Geology of Northern California, by J.S8. Disler. 1886. 8°. 23 pp. Price 5 cents. 
34, On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Kocene 

and other groups, by Charles A. White. 1886. 8°. 54 pp. 5 pl. Price 10 cents. 
35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 8°. 

62 pp. Price 10 cents. : 
36. Subsidence of Fine Solid Particlesin Liquids, by Carl Barus. 1886. 8°. 58pp. Price 10cents. 
37. Types of the Laramie Flora, by Lester F. Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents. 
38. Peridotiteof Elliott County, Kentucky, by J.S. Diller. 1887. 8°. 31lpp. Ipl. Price5cents. 
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. 8°. 

84 pp. Ipl. Price 10 cents. 
40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 

8°. 10 pp. 4 pl. Price 5 cents. 
41. On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, by Henry 8. 

Williams. 1887. 8°. 121 pp. 4 pl. Price 15 cents. 
42. Report of work done in the Division of Chemistry and Physies, mainly during the fiscal year 

1885~86. F.W. Clarke, chief chemist. 1887. 8°. 152 pp. 1pl. Price 15 cents. 
43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene 

A. Smith and Lawrence C, Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents. 



IV ; ADVERTISEMENT. 
. 

44, Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. 8°. 35 pp- 
Price 5 cents. 

45. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887, 8°. 
94 pp. Price 10 cents. 

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an Intro- 
duction by N.S. Shaler. “1888. 8°. 143 pp. Price 15 cents. 

47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of 
yualyets employed, by Frank Austin Gooch and James Edward Whitfield. 1888, 8°. 84 pp. Brice 

cents 

48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888, 8°. 88 
pp. Price 10 cents. 

49, Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert 
Simpson Woodward. 1889. 8°. 133 pp. Price 15 cents. 

50. Formulas and Tables to Facilitate the Construction and Use of Maps, by Robert Simpson 
Woodward. 1889. 8°. 124 pp. Price 15 cents. 

51. On Invertebrate Fossils from the Pacific Coast, by Charles Abiathar White. 1889. 8°, 102 
pp. 14pl. Price 15 cents. ’ 

52. Subaérial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel 
Cook Russell. 1889. 8°. 65 pp. 5 pl. Price 10 cents. 
‘5 me The Geology of Nantucket, by Nathaniel Southgate Shaler, 1889. 8°. 55 pp. 10 pl. Price 

cents 
54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8°. 

315 PP. incl.l pl. 11pl. Price 25 cents. 
55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal 

year 1886-87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 96 pp. Price 10 cents, 
56. Fossil Wood and “Lignite of the Potomae Formation, by Frank Hall Knowlton. 1889. 8°. 

72 pp. Tpl. Price 10 cents. 
57, A Geological Reconnoissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49 pp. 

2pl. Price 5 cents. 
58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by 

George Frederick Wright, swith an introduction by Thomas C hrowder Chamberlin. 1890. 8°. 112 
pp. inel. 1 pl. 8pl. Price 15 cents. 

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. 45 
pp. pl. Price 10 cents. 

60. Report of work done in the Division of Chemistry and Physies, mainly during the fiseal 
year 188788. F. W. Clarke, chief chemist. 1890. 8°. 174 pp. Price 15 cents. 

61. Contributions to the Mineralogy of the Pacific Coast, by William Harlow Melville and Wal- 
demar Lindgren, 1890. 8°. 40 pp. 3 pl. Price 5 cents. - 

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan, a con- 
tributien to the subject of dynamic met: amorphism in eruptive rocks, by George Huntington Williams, 
with an introduction hy Roland Duer Irving. 1890, 8°. 241 pp. 16 pl. Price 30 cents. 

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, including a list of North Amer- 
ican species and a systematic arrangement of genera, by Anthony W. Vogdes. 1890. 8°. 177 pp. 
Price 15 cents. 

64. A Report of work done in the Division of Chemistry and Physics, mainly during the fiseal 
year 1888-89. EF. W. Clarke, chief chemist. 1890. 8°. 60 pp. Price 10 cents. 

65. Stratigraphy of the Bituminous Coal Field of Pennsylvania, Ohio, and West Virginia, by 
Israel C. White. 1891. 8°. 212 pp. i1pl. Price 20 cents. ; 

66. On a Group of Volcanic Rocks from the Tewan Mountains, New Mexico, and on the oceur- 
rence of Primary Quartz in certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Priced 
cents. 

67. The relations of the Traps of the Newark System in the New Jersey Region, by Nelson 
Horatio Darton. 1890. 8°. 82 pp. Price 10 cents. 

68. Earthquakes in California in 1889, by James Edward Keeler. 1890. 8°. 25 pp. Price 5 
cents. 

69. A Classed and Annotated Biography of Fossil Insects, by Samuel Howard Seudder. 1890. 
8°. 101 pp. Price 15 cents. 

70. A Report on Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1890. 8°. 
79 pp. Price 10 cents. 

71. Index to the Kuown Fossil Insects of the World, including Myrviapods and Arachnids, by 
Samuel Hubbard Seudder. 1891. 8°. 744 pp. Price 50 cents. 

72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham. 1891, 8°. 
229 pp. Price 20 cents. 

73. The Viscosity of Solids, by Carl Barus. 1891. 8°. xii, 189 pp. 6 pl. Price 15 cents. 
74. The Minerals of North Carolina, by Frederick Augustus Genth. 1891. 8°. 119 pp. Price 

‘15 cents. 
75. Record of North American Geology for 1887 to 1889, inclusive, hy Nelson Horatio Darton, 

1891. 8°. 173 pp. Price 15 cents. 
76. A Dictionary of Altitudes in the United States (second edition), compiled by Henry Gannett, 

chief topographer. 1891. 8°. 393 pp. Price 25 cents. 



: ADVERTISEMENT. Vv 

77. The Texar Permian and its Mesozoic types of Fossils, by Charles A. White. 1891, 8°. 51 
pp. 4pl. Price 10 cents. 

78. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal 
year 1889-90, FP. W. Clarke, chief chemist. 1891. 8°. 131 pp. Price 15 cents. : 

79. A Late Volcanic Eruption in Northern California and its peculiar lava, by J. S. Diller. 
_ 80. Correlation papers—Deyonian and Carboniferous, by Henry Shaler Williams. 1891. 8°. 

279 pp. Price 20 cents. 
81. Correlation papers—Cambrian, by Charles Doolittle Walcott. 1891. 8°. 547 pp. 3 pl. 

Price 25 cents. 
82. Correlation papers—Cretaceous, by Charles A. White. 1891. 8°. 273 pp. 3 pl. Price 20 

cents. 
83. Correlation papers—Eocene, by William Bullock Clark. 1891, 8°. 173 pp. 2 pl. Price 

15 cents. 
84. Correlation papers—Neocene, by W. H. Dall and G. D. Harris. 1892. 8°. 349 pp. 3 pl. 

Price 25 cents. 
85. Correlation papers—The Newark System, by Israel Cook Russell. 1892. 8°. 344 pp. 13 pl. 

Price 25 cents. 
86. Correlation papers—Arehean and Algonkian, by C.R. Van Hise. 1892. 8°. 549 pp. 12 pl. 

Price 25 cents. - 
90, A report of work done in the Division of Chemistry and Physics, mainly during the fiscal 

year 1890-91. F-W. Clarke, chief chemist. 1892. 8°. 77 pp. Price 10 cents. 
91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 88 pp. 

Price 10 cents. 
92. The Compressibility of Liquids, by Carl Barns. 1892. 8°. 96 pp. 29 pl. Price 10 cents. 
93. Some Insects of special interest from Florissant, Colorado, and other points in the Tertiaries 

of Colorado and Utah, by Samuel Hubbard Seudder, 1892. 8°. 35 pp. 3 pl. Price 5 cents. 
94. The Mechanism of Solid Viscosity, by Carl Barus. 1892. 8°. 138 pp. Price 15 cents. 
95. Earthquakes in California in 1890 and 1891, by Edward Singleton Holden. 1892. 8°. 31 pp. 

Price 5 cents. 
96. The Volume Thermodynamics of Liquids, by Carl Barns. 1892. 8°. 100pp. Price 10 cents. 
97. The Mesozoic Echinodermata of the United States, by W. B. Clark. 1893. 8°. 207 pp. 50pl. 

Price 20 cents. 
98. Flora of the Ontlying Carboniferous Basins of Southwestern Missouri, by David White. 

1893. 8°. 139 pp. dpl. Price 15 cents. 
99. Record of North American Geology for 1891, by Nelson Horatio Darton. 1892. 8°. 73 pp. 

Price 10 cents. 
100. Bibliography and Index of the Publications of the U. 8. Geological Survey, 1879-1892, by 

Philip Creveling Warman. 1893. 8°. 495 pp. Price 25 cents. 
101. Insect fauna of the Rhode Island Coal Field, by Samuel Hubbard Seudder. 1893. 8°. 

27pp. 2pl. Price 5 cents. 
103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure, 

by Carl Barus. 1893. 8°. 57 pp. 9pl. Price 10 cents. 
104, Glaciation of the Yellowstone Valley north of the Park, by Walter Harvey Weed. 1893. 8°. 

41 pp. 4 pl. Price 5 cents. 
105. The Laramie and the-overlying Livingstone Formation in Montana, by Walter Harvey 

Weed, with Report on Flora, by Frank Hall Knowlton. 1893. 8° 68 pp. 6pl. Price 10 cents. 
106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893. 8°. 288 

pp. 45 pl. Price 20 cents. 
107. The Trap Dikes of Lake Champlain Valley and the Eastern Adirondacks, by James Furman 

Kemp. 
Phos. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893. 8°. 

108 pp. 12 pl. Frice 15 cents. 
109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their contact phe- 

nomena, by William Shirley Bayley. 1893. 8°. 121 pp. 16 pl. Price 15 cents. 
110. The Paleozoie Section in the vicinity of Three Forks, Montana, by Albert Charles Peale. 

1893. 8°. 56 pp. 6 pl. Price 10 cents. 

In press: 

102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by C. B. Boyle. 
111. Geology of the Big Stone Gap Coal Fields of Virgitia and Kentucky, by Marius R. Camp- 

bell. 
112. Earthquakes jn California in 1892, by Charles D. Perrine. 

In preparation: 

— Correlation papers—Pleistocene, by T. C. Chamberlin. 
— The Moraines of the Missouri Coteau and their attendant deposits, by James Edward Todd. 
— On the Structure of the Ridge between the Taconic and the Green Mountain Rauges in Ver- 
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Pek Or SDR ANSMIT LAL: 

DrparTMENT OF THE INTERIOR, 

U.S. Grotoaica, Survey, 

GrocRaPHic BRANCH, 

Washington, D. C., May 17, 1892. 

Six: I have the honor to submit herewith for publication a manual of 
the topographic methods in use by the Geological Survey, accompanied by 
a collection of constants and tables used in the reduction of astronomical 
observations for position, of triangulation, of height measurements, and 
other operations connected with the making of topographic maps. It must 
be understood that the methods are not fixed, but are subject to change and 
development, and that this manual describes the stage of development 
reached at present. 

In the preparation of this work I have to acknowledge the aid of many 
of my associates, notably Mr. H. M. Wilson and Mr. 8. S. Gannett. To 
Mr. R. 8. Woodward, now connected with the U. S. Coast and Geodetic 
Survey, I am indebted for the ‘Instructions for the Measurement of Hori- 
zontal Angles” in Chapter m1. These instructions, which were drawn up 
by Mr. Woodward several years ago for the guidance of field parties en- 
gaged in primary triangulation, have resulted in a great increase in accuracy 
and considerable economy of time and labor. To Messrs. G. K. Gilbert 
and W. J. McGee I am indebted for their kindly criticism, especially con- 

cerning the chapter upon the “ Origin of Topographic Features.” 
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Some of the tables have been prepared in this office; others have been 

compiled from various sources, notably from appendices to reports of the 

U.S. Coast and Geodetic Survey and “Lee’s Tables and Formule.” 

Very respectfully, 

Henry GANNETT, 

Chief Topographer. 

Hon. J. W. PowE1, 

Director U. S. Geological Survey. 



A MANUAL OF TOPOGRAPHIC METHODS. 

By Henry GANNETT. 

CoHCASR TEARS i 

INTRODUCTION. 

The object of this manual is to present a description of the topographic 

work, instruments, and methods used by the U. 5. Geological Survey, 

primarily for the information of the men engaged upon this work. It is 

not intended as an elementary treatise upon surveying, as it presupposes < 

knowledge of the application of mathematics to surveying equivalent to 

that to be obtained in our professional schools. Neither is it intended as a 

general treatise on topographic work, although it may, to a certain extent, 

supply the existing need of such a work. 

The Geological Survey is engaged in making a topographic map of the 

United States. Excepting for certain areas, lying mainly in the far West, 

there existed, prior to the inception of this work, no maps upon a sufficiently 

large scale and in suitable form for the use of the geologist. While the 

primary object of the map is to meet the needs of the geologists of the 

Survey, it has been thought economical to adjust the plans so that the result- 

ing map may be adequate to serve all needs for which general topographic 

maps are used. 

Certain areas, especially in the far West, have been surveyed and 

mapped by other organizations, notably those of the general and state gov- 

ernments, upon a sufficiently large scale, and with sufficient accuracy for 

the use of the Geological Survey; much material also exists in the form of 

triangulation, of lines of levels, and of other partial surveys which can be 
1 
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put to use and will assist to a greater or less extent in the preparation of 

the map. These maps and other material have been, or may be, adopted 

by the Geological Survey. Their extent is represented upon the accom- 

panying map, PI. 1, as fully as “possible, and they are enumerated, with a 

brief description, as follows: 

SURVEYS UNDER THE UNITED STATES GOVERNMENT. 

The Survey of the Fortieth Parallel, from 1867 to 1872, under Mr. 

Clarence King, embraced a zone of country 105 miles in breadth, extend- 

ing from the meridian of 104° to that of 120° west of Greenwich, and 

comprising an area of 87,000 square miles. The maps were made upon a 

scale of 4 miles to an inch, with contours having a vertical interval of 300 

feet. The work was controlled by triangulation, resting primarily upon a 

base line measured by determining astronomically the latitudes of two 

points, and the azimuth of the line connecting them; and, secondarily, upon 

a base line extending nearly from the eastern to the western limits of the 

work, the coordinates of the ends of which were determined astronomically, 

the latitude by zenith telescope and the longitude by telegraphic time com- 

parisons. Primary triangulation was done with theodolites reading to ten 

seconds. Secondary triangulation and location were executed with minute 

reading instruments, and topography was sketched and afterwards trans- 

ferred to the platted framework. Heights were measured by barometer and 

the vertical arc. 

The Geological and Geographical Survey of the Territories, under 

Dr. F. V. Hayden, between 1873 and 1878, surveyed areas in Colorado, 

New Mexico, Utah, Wyoming, Idaho, in all about 100,000 square miles. 

The maps were published upon a scale of 4 miles to an inch, with a contour 

interval of 200 feet. The base lines for the control of this work were 

measured with steel tapes, under uniform tension, and with corrections for 

temperature. Triangulation was carried on with 8-inch theodolites read- 

ing to ten seconds, and was adjusted by a graphic method. Secondary 

triangulation, the location of topographic details, and the measurement of 

heights were effected by methods quite similar to those employed by the 

Survey of the Fortieth Parallel. 
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The Survey of the Rocky Mountain Region, under Maj. J. W. Powell, 

embraced an area of about 60,000 square miles, covering parts of Wyoming, 

Utah, and Arizona. This work was done between 1869 and 1877. The 

maps were drawn upon a scale of 4 miles to an inch, with contour intervals 

of 250 feet. The work was controlled by triangulation from base lines 

measured with wooden rods. It was carried on with a theodolite having a 

10-inch circle reading by vernier to ten seconds, and was adjusted by the 

method of least squares. Secondary triangulation was done with minute 

reading instruments, and minor locations, together with topographic details, 

were obtained by the use of the plane table. Heights were measured by 

the barometer, supplemented by the vertical circle. 

The Northern Transcontinental Survey, an organization instituted by 

the Northern Pacific railroad company for the survey and examination of 

its lands, mapped, during the years 1882 and 1883, areas in Montana, Idaho, 

and Washington, aggregating about 43,000 square miles. These maps were 

intended for publication upon a scale of 4 miles to an inch, with contours 

having vertical intervals of 200 feet. The work was based upon triangu- 

lation, which was executed mainly with a theodolite having a circle 8 

inches in diameter reading by vernier to ten seconds. The triangulation 

was adjusted graphically. The topographic methods were quite similar to 

those of the Hayden Survey. 

The U. 8. Coast and Geodetic Survey has covered the greater part of 

the Atlantic, Gulf, and Pacific coasts with triangulation, and with a narrow 

strip of topographic work. This strip is of variable width, depending 

largely upon the configuration of the coast, being, as a rule, narrow where 

the coast is simple, and broad where it is complex. Altogether an area of 

nearly 40,000 square miles has been surveyed, the original sheets beng 

upon a scale of 1:10000 or 1:20000, the contours having vertical intervals 

of 20 feet. Most of this work is directly available as finished work. Upon 

some of it, however, the contours, owing to the great age of the original 

maps, have been obliterated, and it becomes necessary to resurvey this ele- 

ment. In addition to its coast work, the geodetic work of this organization 

has been extended into the interior in various directions, especially in New 

England, and along the eastern border of the Appalachian Mountain system, 
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through the states of New York, New Jersey, Pennsylvania, Maryland, 

Virginia, West Virginia, North Carolina, Tennessee, Georgia, and Alabama. 

The work of connecting the Atlantic and Pacific coasts has been carried 

far toward completion, a belt having been extended westward from the 

head of Chesapeake Bay into central Kansas. A base has been measured 

near Colorado Springs, Colorado, and work has been extended thence east- 

ward to the east boundary of the state, while from the Pacific coast triangu- 

lation has been brought eastward across California, Nevada and Utah. 

In assisting the state surveys, the Coast and Geodetic Survey has, 

moreover, done a considerable amount of triangulation in the states of Mas- 

sachusetts, New York, New Jersey, Pennsylvania, Kentucky, Tennessee, 

and Wisconsin. 

The United States Lake Survey has mapped the shores of the Great 

lakes, carrying triangulation around them, and connecting the head of Lake 

Michigan with the foot of Lake Erie. A belt of triangulation has also been 

carried from the neighborhood of Vincennes, Indiana, northward along the 

eastern border of Hlinois, connecting with the triangulation on the shore of 

Lake Michigan. 

The Engineer Corps, U. 8. Army, has completed a number of small 

pieces of topographic work in different parts of the country, and is now 

engaged in mapping the course of the Mississippi and Missouri rivers, con- 

trolling the work by geodetic methods. 

The surveys of the General Land Office have extended over an area 

of about a million and a half square miles, and plats have been prepared 

representing the drainage of this entire area. The quality of this work is 

of varying degrees of excellence, but from its inception in the early part 

of the century its quality has improved greatly. Most of this work can be 

utilized either directly or indirectly by methods to be detailed hereafter. 

SURVEYS UNDER STATE GOVERNMENTS. 

Massachusetts—Between 1830 and 1842, the state of Massachusetts 

earried on what was for the time an elaborate system of triangulation, 

known as the Borden Survey. By this organization numerous points, in 

the aggregate several hundred, were determined within the limits of the 
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state. Subsequently, many of these points were redetermined by the 

Coast and Geodetic Survey, by more elaborate methods, thus furnishing 

what served substantially as a primary system of triangulation within which 

and to which the Borden work has been adjusted. As thus adjusted, the 

Borden locations are sufficiently accurate for the ordinary needs of map 

work upon the scale of one mile to an inch. 

New York.—For several years, terminating in 1885, the state of New 

York supported a survey which was devoted to the geodetic location of 

points within its area. The work was of a high grade, comparing favora- 

bly with that of the Coast and Geodetic and Lake Surveys. 

For many years also, the same state supported what was known as the 

Adirondack Survey, which was engaged mainly in a triangulation of the 

Adirondack region. Of this work few results have been published. 

New Jersey—In the year 1875, the state of New Jersey instituted a 

topographic survey of its area. The plan of the work contemplated a map 

upon a publication scale of one mile to an inch, with contours at vertical 

intervals ranging from 5 to 20 feet. Control of the work was furnished in 

part by the triangulation of the Coast and Geodetic Survey and in part by 

triangulation of its own. In J uly, 1884, the completion of that state was 

undertaken by the U. 8. Geological Survey, by which organization it was 

pushed forward to a conclusion in 1887. 

Pennsylwania—In Pennsylvania considerable topographic work has 

been done by the State Geological Survey. This work is of a local char- 

acter and confined to small areas, which have been mapped upon large 

scales, and the aggregate area is not large. It was carried on by traverse 

by the use of stadia and level. 

RAILROAD AND OTHER SURVEYS. 

Besides the material above enumerated, there exist in various parts of 

the country maps in great number and of varying quality. They consist of 

town and county maps, mainly made by traversing roads with odometer 

and compass, of railroad lines, executed in the ordinary manner by transit 

and chain, the surveys of the boundaries of the states and territories, ete. 

Some of this material may prove of service. 
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In addition to the material enumerated above, numerous astronomic 

determinations of position have been made by governmental organizations 

and by private parties. These positions, scattered over the interior, will, as 

far as they go, relieve the Geological Survey from carrying on this expen- 

sive work. - 

In addition to all this material, the railroads of the country furnish, ii 

their profiles, a vast body of measurements of height. These differ greatly 

in value, those of certain railroads, and generally those of the great systems, 

being of a high degree of accuracy, while others are worthless. The errors 

in these profiles are seldom in the leveling itself, but are due to the fact 

that a road is leveled in sections, the profile of each section being based 

upon an arbitrary datum point. Mistakes often occur in joining the profiles 

of the several sections, and in correcting them for differences in their datum 

points. 

PLAN OF THE MAP OF THE UNITED STATES. 

The field upon which the Geological Survey is at work is diversified. 

It comprises broad plains, some of which are densely covered with forests, 

while upon others trees are entirely absent. It contains high and rugged 

mountains, plateaus, and low, rolling hills. In some regions its topographic 

forms are upon a grand scale, while in others the entire surface is made up 

of an infinity of minute detail. Some parts of the country are densely 

populated, as much so as almost any region upon the surface of the globe, 

while great areas in other parts of the country are almost without settle- 

ment. Geologically, portions of the country are extremely complex, re- 

quiring, for the elucidation of geologic problems, maps in great detail, while 

other areas are simple in the extreme. 

It is obvious that from this diversity of conditions, both natural and 

material, maps of different areas should differ in scale, and that with the 

difference in natural conditions and the difference in scale there must come 

differences in the methods of work employed. The system which is found 

to work to advantage in-the high mountain regions of the west is more or 

less inapplicable to the low forested plains of the Mississippi valley and the 

Atlantic plain. 
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SCALE. 

The scales which have finally been adopted for the publication of the 

map are 1:62500 or very nearly 1 mile to an inch, and 1:125000, or very 

nearly 2 miles to an inch. 

When this work was commenced in 1882, three different scales were 

used for different parts of the country, depending upon the degree of com- 

plexity of the topography and the geological phenomena, upon the density 

of population and the importance of the region from an industrial point of 

view. These scales were 1:62500, 1:125000, and 1:250000._ The maps as 

fast as produced have found extended use, not only among geologists, but 

in all sorts of industrial enterprises with which the surface of the ground is 

concerned, and have already become well nigh indispensable in the pro- 

jection of railroads, water works, drainage works, systems of irrigation, and 

other similar industrial enterprises. Their extended use has developed a 

requirement for better maps; i. e., maps upon a larger scale and in greater 

detail. At one stage of its development this requirement was met by dis- 

continuing all mapping upon the scale 1:250000, which it was recognized at 

that time was inadequate to the requirements. Since then the standard of 

the requirements has continued to rise and, consequently, the plan of the 

map has been enlarged by the extension of the areas mapped upon the scale 

of 1:62500, and a corresponding reduction of the areas to be mapped upon 

the scale of 1:125000. Meantime, however, large areas have been mapped 

upon the discarded scale, and the maps have been published and widely 

distributed. Such areas will be remapped for the larger scales only as 

special needs may arise. 

The considerations which have determined the selection of the above 

scales are as follows: They are believed to be sufticiently large to represent 

with faithfulness all the details required to picture the country and show the 

proper relations of its features, and to make the map of the greatest pos- 

sible service for industrial and scientific uses consistent with other require- 

ments to be mentioned hereafter. These scales are sufficiently large to 

present the details of nearly all geological phenomena. The map represents 

the country in sufficient detail to admit of the selection upon it of general 

routes for railroads and other public works and to show the location of 
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boundary lines in such way that their position may be recognized upon the 

ground. On the other hand, the scales are not so large as to prevent the 

representation upon a single sheet of a considerable area, so that the rela- 

tions between different regions can be seen at a glance. 

A map on a larger scale than this would require a greater time for its 

completion and a greater expense, and when one considers the fact that the 

map upon these scales of the entire United States, even excluding Alaska, 

will, at best, cost in the neighborhood of twenty million dollars and at the 

present rate of progress require fifty years for its completion, one scarcely 

feels inclined to increase the labor and expense without an excellent 

reason for so doing. There is yet another objection to increasing the scale 

beyond that absolutely necessary. To be of value, such a map must undergo 

revision at frequent intervals, in order to incorporate any changes in culture 

and possibly in natural features due to natural or artificial agencies. ‘The 

larger the scale the more frequently such revision should be made, and 

hence the labor and expense of keeping a map up to date would be greatly 

increased. 

In this matter the experience of the civilized nations of Europe, all of 

which have prepared topographic maps of more or less of their areas, while 

certain of them have mapped their entire areas several times, is of great 

service and points unmistakably in the direction of the adopted scales. The 

history of these nations in this matter presents a singular degree of uni- 

formity. Their first maps were upon large scales, and upon them they 

attempted to represent all details of natural and artificial topography, even 

property lines, so that one set of maps would answer for all purposes. Kx- 

perience of the difficulty and expense of keeping up such maps (without 

counting their original cost) has taught them that economy consists in the 

production of, not a single map, but a series of maps, each designed to serve 

a special purpose; one as a cadastral map, another as a military map, and 

another, and this the most important, as a general topographic map. It 

further taught that this topographic map should be on a comparatively small 

scale, and accordingly, as a rule, the maps of foreign countries are upon 

scales approximating one mile to an inch, a scale which is sufficient to show 

all topographic details of a general character, and serves all ordinary pur- 
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poses. The following table presents the scales of the general topographic 

maps of various Kuropean countries: 

Scales of topographic maps of European nations. 

in Cae eee ete eee Sei co Soe cicietet es aenesd cae alMcecacuethias ooecaaeect 1: 63360 

GTS Mim Dit Amin Cele en are pats ce wee rAccecisote ace nic ot Smee aiy ein sasomehitaaea 1: 63360 

US GRIT ENE eres Pr TORE eet Pee See oe oe Soa scam See Sa meiests esc ce 1: 100000 

JACI SL UTUa vee Rs, ee Nana pe ores tS ae a ee aS a en 1: 75000 

MEMO Dewars AAG kSeees Beoc pate Set oo Chae Mae ae aE sh Stet Sees ena ae 1: 80000 

§ 1:25000 
een iit ser Minera Sacra re ces EST San eer ¢ 150000 

Holland heer eee ao ae seis sccieiee oa see ee oeecieaes Ge baat tn tire = cineis enlaces. 1: 25000 

OE pode kooeedoe ace a6 ede ae Doe ODO EE SEES SE Sogn eH boos phere Raeens Basa 1:50000 

Mialiyere emeee oo see See asec sca sen mAs aee eee niece tees eo ebeaseesee ee 1: 100000 

Sweden. =.-.----- EOS Seo SEO ERE CAD ODS E Oe CO ais tee eee Cie ers aera 1: 100000 

ISI s Hee gop S EB AOL SD OO ESRI EEE DRONA GS SOC as Set eRa rs Anions _...-.1:126000 

Be loa igre eere rer eee eect ceo ee ales ee nia scien =i nyaiaersers ia ni § pipes 
¢ 1:40000 

Wenmanks sean a= qos oe eis es Meee ee sae oe sew sel Saale move se esSte eS sens 1:40000 

OI ER ocbe25 abc decbapanCcesee mas Obs ed SoC ACES He EC Se ener ae eacOees os oe 1: 100000 

TERME ve soe oSeoacome oecuds Dene neo b SEQ opEgoT ere onbes Spao been -SpSbaboeaa- 1: 100000 

CONTOUR INTERVAL. 

The relief of the earth’s surface is now represented upon maps almost 

entirely by contour lines or lines of equal elevation. Until a comparatively 

recent date this element, secondary in importance only to the horizontal 

element, or the plan, has been ignored. 

The contour intervals which have been adopted for the map of the 

United States are as follows: 

For the seale of 1:62500, the intervals range from 5 to 50 feet; for the 

scale of 1:125000, 10 to 100 feet, and, for the scale of 1:250000, the interval 

is 200 or 250 feet. 

FEATURES REPRESENTED. 

In this matter, the experience of European nations tends in the direc- 

tion of reducing the number of features which should be placed upon the 

map. It has been decided, in the preparation of the map of the United 

States, to go even beyond the present practice of European nations in this 

regard and to limit the map to the representation of all natural features 
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which are of sufficient magnitude to warrant representation upon the scale, 

and to confine the cultural features, that is, the artificial ones, to those which 

are of general or public importance, leaving out those which are private in 

their nature. Under this definition the map will represent cities, towns, and 

villages, roads and railroads and other means of communication (with the 

exception of private roads), bridges, ferries, tunnels, fords, canals and 

acequias and boundaries of civil divisions. Fences, property lines, private 

roads, and other objects of a kindred nature are not represented. The 

reasons for excluding private culture are apparent. They are, first, because 

such features are not of sufficient general interest to pay the cost of survey- 

ing or representing them; second, because they change rapidly, and, in 

order to keep the maps up to date, would require constant resurveys and 

republication, while if the map is not kept constantly up to date, it is mis- 

leading, and, third, their number and complexity confuse the map and 

render its more important features less intelligible. 

SIZE OF SHEETS. 

Atlas sheets are designed to be approximately of the same size, 175 

inches in length by from 12 to 15 in breadth, depending upon the latitude, 

and all those of the same scale cover equal areas, expressed in units of 

latitude and longitude, that is, each sheet upon the 4-mile scale covers 

one degree of latitude by one degree of longitude; each sheet upon the 

2-mile scale, 30 minutes of latitude and longitude, and each sheet upon 

the 1-mile scale, 15 minutes of latitude and longitude. The sheets are 

thus small enough to be conveniently handled, and, if bound, form an 

atlas of convenient size. From the fact that each sheet is either a full 

degree or a regular integral part of a degree, its position with relation to 

the adjacent sheets and to the area of the country is easy to discover. 

GEOMETRIC CONTROL. 

From the constructive point of view, a map is a sketch, corrected by 

locations. The work of making locations is geometric, that of sketching is 

artistic. This definition is applicable to all maps, whatever their quality or 

character. However numerous the locations may be, they form no part of 
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the map itself, but serve only to correct the sketch, while the sketch sup- 

plies all the material of the map. The correctness of the map depends 

upon four elements: first, the accuracy of location; second, the number of 

locations per square inch of the map; third, their distribution; and, fourth, 

the quality of the sketching. It is in connection with the first of these 

elements that it seems desirable to define what constitutes accuracy. The 

greatest accuracy attainable is not always desirable, because it is not 

economic. The highest economy is in properly subordinating means to 

ends and it is not economic to execute triangulation of geodetic refinement 

for the control of maps upon small scales. The quality of the work should 

be such as to insure against errors of sufficient magnitude to appear upon 

the scale of publication. While the tendency of errors in triangulation is 

to balance one another, still they are liable to accumulate, and this liability 

must be guarded against by maintaining a somewhat higher degree of 

accuracy than would be required for the location of any one point. It is 

not difficult to meet this first condition of accuracy of the maps. The 

maximum allowable error of location may be set at one-hundredth of an 

inch upon the scale of publication. This admits of an error upon the ground 

not greater, on a scale of 1:62500, than 50 feet. 

The second condition of correctness, that is, the number of locations 

necessary for the proper control of the work, is not easily defined. The 

requirements differ with the character of the country. A region of great 

detail and of abrupt features requires more control than one of great uni- 

formity and gentle slopes and of large features, so that no general rule can 

be laid down. Furthermore, it depends upon the quality of the sketching; 

with indifferent sketching a greater number of locations is required in order 

to bring the map up to the requisite quality. 

The following table presents a summary of the amount of control 

obtained during the field season of 1891 in the different fields of work in 

this survey. It is presented not as a type of what should be, but to show 

what has been done and also to illustrate the wide range in the amount of 

control brought about by the differences in the character of the country 

and methods of work. 
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Statistics of control, field season 1891. 

Northeast | Southeast Central division. 
division, division, | 

| New Appalachi- a Nl ty = 
England, an region z A é I 
New York, | and z | 3 | z z | 

\ and Penn- | Atlantic 3 ek g 3 
| ; sylvania. Plain. | £ a | 5 a | 

| Area surveyed, square miles. ....--...---.-------------- 3, 150 8, 090 | 1, 446 1, 095 | 7, 600 1, 480 

‘Eriangulation stations ..--.--------.--2--2 2 ------ 2-22 650 108 | ASS ae See eae Benes ie oe 8 

Number of square inches per station .----.--..--------. 4.7 UtAy? No toes ssane 46.3 

Points located by triangulation. --.....-.--.-----.-. =2| 3, 330 | OT [Ree Seen etctscead See taio— as) bee saaee 

| Triangulation stations and located points ---..-..-. =| 3, 980 | TERN pst nee 

| Number of above locations per square inch---..----. 1.3 OTM Wek Cn ese 

| Number of miles traversed ---.-------------------.----- 4, 460 19) 2G9 pissscs2- 

| Inches traversed per square ND Sereno st COLE BOSOM | 14 og es veer 

Number of traverse stations .........---.----- ner bas errs | 29, 150 DLS 008 Sees reer meme tat acters 

Traverse stations per square inch.-.--...---.-----.----- 9.3 56.1 teats Ae 

Total number of locations per square inch..--.---..---. | 10,6 PARAS mes terres He 

| Traverse stations per linear mile .----....-.------------ | 6.5 9.2 | Fatn owe ke 

Heights measured instrumentally ------.--------------- | 5, 700 | 7. 200 | 1, 276 

Heights measured by aneroid-------------.------------- | 23. 886 48, 880 | Q40SL a5, cet ee ee ae 13, 100 

| Total number of measured heights --.---..---.----------- | 29, 586 56, 680 B10) lee sac eo 16,556 

Heights per square inch. ---.--------------------------- 9.4 28.0 3.6 (ial 8.7 | | 
| | 

As the reader wil! observe, the amount of control of various sorts is 

given in the above table with reference to areas in square inches upon the 

map as published. It is given in these terms in order to eliminate from it 

the question of scale. 

No statistics of horizontal control are given for the areas surveyed in 

Wisconsin, Illinois, and Kansas, because most of it is furnished by the 

surveys of the General Land Office, and therefore the presentation would 

be but a partial one. 

There are two general methods for location of stations and of minor 

points for the correction of the sketch, the one by angular measurements 

(triangulation), the other by measurement of directions and distances, 

or what is known popularly as the traverse or meander method. In ordinary 

practice, work may be done by either of these two methods, or they may 

be used in conjunction. The former of the two methods may be carried on 

with the plane table, various forms of the theodolite, with a compass, or, 

indeed, with an angle-reading instrument. The latter method may be car- 

ried on with the same instruments, supplemented by various forms of odom- 

eters, chain, steel tape, stadia, etc., for the measurement of distance. The 

first method, whenever it can be used economically, is the most accurate, 
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and is, as a rule, the most rapid, and the locations are likely to be of the 

greater service and distributed most uniformly. It can be used eco- 

nomically where the country presents more or less relief, and where 

points for location, either natural or artificial, exist in sufficient numbers 

and are well distributed. These conditions are satisfied almost every- 

where in the western mountain regions, where mountain peaks, summits 

of hills, plateau points, buttes, ete., furnish an abundance of natural 

points for stations and locations. It can be used, to a considerable 

extent, though not with the same ease or economy in the Appalachian 

mountains; but in this region it is necessary to supplement it extensively 

by traverse lines, especially in tracing the courses of streams in the valleys. 

It can be used, too, in the hill country of New England, where objects of 

culture, such as churches, houses, ete., furnish an abundance of signals. On 

the other hand, throughout the whole extent of the Atlantic and the Gulf 

plains, where the country is level or nearly so, and is covered with forests, 

the traverse method of surveying must be resorted to. This is a country 

devoid of sharp natural objects, a country in which extended views can not 

be obtained. The only economical way, therefore, of proceeding, is, start- 

ing from some point located by the triangulation, to carry a line of stations, 

connected together by distance and direction measurements, until the line 

checks upon a second triangulation point. For many reasons, this method 

of obtaining locations is inferior to the former. It is inferior not only in 

accuracy, but in the facilities which, as carried out, it affords for sketching 

the country, and it should be so regarded, and should be adopted only when 

it becomes necessary, or when the former method can not be applied eco- 

nomically. For convenience, traverse lines are generally run along the 

roads or trails, and thus the best points for commanding views of the country 

are avoided rather than sought. Being practically confined to the roads, 

there is danger that the topographer neglects, in a greater or less measure, 

the areas lying between them. On account of the errors incident to run- 

ning a traverse it is necessary that, in this class of work, frequent locations 

be made by triangulation for checking and thereby eliminating its errors. 

The locations dealt with in the above table fall into one or the other 

of these two classes. Locations by triangulation are of much greater value 
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than those by traverse. As a rule, they are selected points chosen because 

each controls positions in a certain area. On the other hand, traverse loca- 

tions are not, as a rule, chosen for their control value, but only for intervisi- 

bility on roads. Furthermore, the great majority of traverse stations are of 

no service whatever beyond carrying the line forward, so that in estimating 

the total amount of control in a certain area where the control is made up 

in whole or in part of traverse lines, less weight should be given to them 

than to locations by triangulation. 

The third element of accuracy, the distribution of locations, is a point 

concerning which it is equally difficult to speak definitely. Other things 

being equal, the distribution should be uniform over the area, but it will 

necessarily vary with the character of the surface. The accompanying 

diagram shows the amount and distribution of control in a typical piece of 

work. In general, in the mountain regions, locations by angular measure- 

ments are frequent and accompany the ranges or ridges, and such locations 

are few in number in the valleys, being supplemented there by traverses. 

The fourth of the elements of the correctness of the nap depends upon 

the artistic sense of the topographer, upon his ability to see things in their 

proper relation, and his facility in transferring his impressions to paper. 

This is by far the most important and the most difficult to meet. 

The education of the topographer, therefore, consists of two parts—the 

mathematical and the artistic. The first may be acquired largely from 

books, and this book knowledge must be supplemented by practice in the 

field. The second, if not inherited, can be acquired only by long experi- 

ence in the field, and by many can be acquired only imperfectly. In fact, 

the sketching makes the map, and, therefore, the sketching upon the Geo- 

logical Survey is executed by the best topographer in the party, usually its 

chief, whenever it is practicable to do so. 
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CLASSIFICATION OF WORK. 

The work involved in making a map usually comprises several opera- 

tions, which may in practice be more or less distinct from one another. 

They are enumerated as follows: 

First—The location of the map upon the earth’s surface, by means of 

astronomic observations. 

Second.—The horizontal location of points. 

This is usually of three grades of accuracy, primary triangulation, or 

primary traverse, in cases where triangulation is not feasible; secondary 

triangulation for the location of numerous points within the primary triangu- 

lation; and ordinary traverse, for the location of details. 

Third—The measurement of heights, which usually accompanies the 

horizontal location, and which may, similarly, be divided into three classes, 

in accordance with the degree of accuracy. 

Fourth—The sketching of the map. 

Nearly all of the geometric work of the Survey, the work of location, 

is executed by five instruments. 

Theodolites, of a powerful and compact form, used in the primary 

control. 

Plane tables, with telescopic alidades of the best type, used for second- 

ary triangulation and height measurements. 

Plane tables, of crude, simple form, with ruler alidades, used for 

traversing and minor triangulation. 

Odometers, for measuring distance. 

Aneroids, for the measurement of details of heights. 
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With these instruments nine-tenths of the work is done, and these 

instruments will be described in their proper places with such fullness of 

detail as seems necessary. 

Other instruments, such as transits, surveyors’ theodolities, compasses, 

wye levels, hand and Abney levels, telemeters, chains, tapes, and mercurial 

barometers, are occasionally used. Most of these instruments, which are 

commonly figured and described in all works on surveying, are assumed to 

be well known to the readers of this manual and will therefore receive no 

special attention. 

ASTRONOMIC DETERMINATIONS OF POSITION. 

The object of astronomic determinations of position is to locate the 

map upon the earth’s surface. They are made also for the purpose of 

checking and correcting positions determined by primary triangulation and 

primary traverse. 

With regard to the checking of the primary triangulation by astronomic 

determinations, it should be understood that in the case of a single determi- 

nation the work by triangulation is far more accurate than by astronomic 

determinations, even when made under the best of cireumstances. It is, 

therefore, desirable to introduce checks of this kind upon primary triangu- 

lation only when the latter has been carried for a long distance, 200 or 300 

miles, for instance, in the course of which it may have accumulated errors 

greater than those incident to astronomic work. 

The case is different with primary traverse. The great number of 

courses required in this work affords an opportunity for the accumulation 

of error much greater than is the case with triangulation, and consequently 

it is desirable to introduce more frequent checks in this work. It may be 

said that, in general, such work should be checked at every 100 miles. 

As was suggested above, the best astronomic determinations are none 

too good for the control of maps. Indeed, certain errors incident to this 

work, some of which as yet can not be corrected, may be of magnitude 

sufficient to show upon the scale of the map. It is necessary, therefore, in 

these determinations to use the best instruments and the most refined 
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methods known to modern science, in order to reduce all avoidable errors 

to a minimum. 

Whatever determinations have been made by the U. 8. Coast and 

Geodetic Survey, the United States Lake Survey, or the Mississippi River 

Commission, whether by astronomical work or by triangulation, these posi- 

tions may be utilized for the above purposes. 

DEFINITIONS. 

Sidereal time is the time indicated by the stars, a sidereal day being 

the time which elapses between two passages of the vernal equinox across 

the meridian. Solar or apparent time is the time measured by the sun’s 

apparent movement or the revolution of the earth with reference to the sun, 

and since the earth revolves at a differing rate in different portions of its 

orbit, the solar days are not of equal length. A mean day is the average 

solar day;-mean time differs from solar time by an amount which varies 

with the time of year, and which, under the name of ‘“ equation of time,” is 

given in the Nautical Almanac. Mean time differs from sidereal time by 

about a day in the course of a year, or about four minutes in each day; 

the mean day being longer than the sidereal day. To convert a given date 

of mean time into sidereal time it is necessary to obtain, from the Nautical 

Almanac, the sidereal time at noon immediately preceding the date in ques- 

tion. Then the interval after noon, expressed in mean time, is converted 

into sidereal time by table xxxm in this volume, and the result added to the 

sidereal time of mean noon. Local time, whether sidereal, solar, or mean, 

is the time of the locality as distinguished from the time of any other 

locality. It must be distinguished from railroad time, which is the local 

time only of certain meridians. 

The right ascension of the sun or a star is the sidereal time which has 

elapsed between the passage of the vernal equinox and the star across the 

meridian. It is commonly expressed in hours, minutes, and seconds. 

Declination is the angular distance of a heavenly body north or south 

of the equator. It is plus when north and minus when south of the equator. 

The zenith distance of a heavenly body equals its declination, minus 

the latitude of the place of observation. 

Latitude is determined by what is known as Talcott’s method, by 

MON XXII 2 
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measuring the differences of zenith distance at culmination of two stars 

which culminate on opposite sides of the zenith. 

Longitude is determined by telegraphic comparison of local time at 

two stations, the longitude of one of which is known. This involves the 

determination of the errors of the clocks or chronometers used, which is 

done by observation of transits of stars across the meridians of the places of 

observation. 

ASTRONOMICAL TRANSIT AND ZENITH TELESCOPE. 

A single instrument is used for the determination both of latitude and 

time. This is a combination of 

the transit and zenith telescope. 

The instruments in use upon the 

Geological Survey were made by 

Saegmuller and embody the latest 

improvements in these combined 

instruments. One of them is fig- 

ured herewith. The circular base 

rests upon three leveling screws. 

Upon this circular base the whole 

instrument can be made to re- 

volve when using it as a zenith 

telescope <A ciréle is graduated 

around the base, having a microm- 

eter screw for slow motion, for 

making settings and adjusting the 

instrument in azimuth. The frame 

of the instrument is cast in one 

piece, and the standards are hol- 

low in order to reduce the weight 

of the upper part of the instrument. 

The telescope has a focal distance 

of 27 inches and a clear aperture 

Fic. 1.—Astronomical transit and zenith telescope. of 25 inches. Its magnifying 

power with diagonal eyepiece is 74 diameters. The length of the axis of 
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the telescope is 16 inches. For use as a zenith telescope, the telescope is 

equipped with a vertical circle reading by vernier to 20 seconds, attached 

to which is a delicate level. In the focus of the object-glass there is, besides 

the ordinary reticule for use in transit work, a movable thread, which is 

moved by means of a micrometer screw, by which measurements of differ- 

ences of zenith distances are made. It is furnished with direct and diagonal 

eyepieces, the latter of which is commonly used in astronomical work. 

For use as a transit instrument, the telescope is equipped with a deli- 

cate striding level for measuring the inclination of the pivots, and a revers- 

ing apparatus for turning the telescope in the wyes. The reticule, as the 

stationary threads in the focus of the instrument are called, consists of five 

threads for observing the transits of stars. The reticule is illuminated by 

means of bull’s-eye lamps, the light from which comes through the hollow 

axis of the telescope and is reflected by a mirror placed at the intersection 

of the telescope with its axis. 

CHRONOGRAPH. 

The chronograph is used for the purpose of recording the time of 

transits of stars as observed with the ¢ransit instrument. It may be popu- 

larly characterized as an instrument for measuring time by the yard. It 

consists essentially of a drum, upon which is wound a strip of paper, and 

which is kept in revolution by.a train of clockwork controlled by an escape- 

ment. A pen carried upon a small car, which is moved very slowly in a 

direction parallel to the axis of the cylinder, traces a spiral line upon the 

paper on the drum. This pen is held in place by a magnet, which is carried 

upon the car, and as long as the current from the battery passes through 

the coil and thus holds the armature the pen traces an unbroken spiral line. 

If the current is suddenly broken and restored, the armature is set free for 

an instant and a jog is made in the line traced. The battery commonly 

used in connection with this outfit is the ordinary zinc, copper, and sulphate 

of copper battery, of which four cells are usually required. The ordi- 

nary dry battery can also be used and is much more convenient. With this 

apparatus break-cireuit chronometers are used. These differ from ordinary 

chronometers in the fact that they are arranged to break an electric circuit 
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automatically at regular intervals. Those in use upon the Geological Sur- 

vey break the circuit every two seconds, and the end of the minute is indi- 

cated by breaking at the fifty-ninth as well as the fifty-eighth and sixtieth 

seconds. When one of these chronometers is connected with a battery and 

a chronograph is put in the same circuit, the beginning of every even sec- 

ond is recorded upon the chronograph by a jog on the paper, and the dis- 

tance between the jogs in each case represents, therefore, two seconds. The 

observer at the instrument is provided with a telegraph key, which may also 

be put in the circuit with the chronometer and chronograph, and as a star 

Fic. 2.—Chronograph. 

near the meridian crosses a thread in the telescope he records that fact by 

pressing on the key, which makes a record upon the chronograph along 

with the record of the chronometer. 

An illustration of the form of chronograph in use upon the Geological 

Survey is shown upon Fig. 2. 

* 
FIELD WORK. 

Since the observations for latitude and longitude, though different, 

are made with the same instrument, at the same time, and by the same 

party, certain parts of the work apply equally to both determinations and 

may be described once for all. 
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In the selection of a station, care must be taken to avoid a locality 

where, for any cause, the ground is liable to be seriously jarred, as, for in- 

stance, proximity to a railroad track or to a street over which heavy 

wagons pass. It should have a clear view from the southern horizon through 

the zenith to the northern horizon. It is desirable to locate at a convenient 

distance from a telegraph station, as it is necessary to bring a wire in from 

such station for the purpose of comparing chronometers. If possible, the 

station should be selected upon a public reservation, in order that the per- 

manence of the monument marking the spot, which is to be erected, may 

be assured. But, in any event, one should avoid a locality in which such a 

monument is likely to be disturbed. 

The support of the instrument should consist of a brick pier sunken 

fully three feet in the ground and rising above it to the requisite height. 

Upon this should be placed for the immediate support of the instrument, a 

block of stone well set in mortar. The chronograph may -be set up on an 

ordinary table. Over all should be erected a wall tent with a slit closed 

by flaps in the roof, which can be opened when observing. The instrument 

is set up upon the pier, collimated, leveled, and the verticality of the 

threads tested as accurately as possible, and is then pointed upon the pole 

star. This places it somewhere near the meridian. Then taking the time 

of transit of a star which culminates close to the zenith, and comparing this 

time with the right ascension of the star, a sufficiently close approximation 

to the clock error is obtained for use in placing the instrument in the meri- 

dian. The instrument is then turned in azimuth to point upon some close 

circum-polar star approaching upper or lower culmination, moving the in- 

strument in azimuth with the tangent screw so as to keep the star under 

the middle wire up to the instant of culmination. If this is done accurately 

at the first attempt, the instrument is placed nearly in the meridian and is 

ready for work, but it commonly happens that more than one trial is 

required before the meridian is reached. In any case, the result should be 

verified by a second star, before proceeding with the observations. 

OBSERVATIONS FOR LATITUDE. 

As preliminary to this work it is necessary to prepare a list of pairs of 

stars, the two stars of each pair having such zenith distances that they will 
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culminate at nearly equal distances from the zenith, one to the north and 

the other to the south of it. Such a list can be prepared from the Safford 

Catalogue of the Wheeler Survey. For this it is necessary to know the 

approximate latitude of the station, the right ascensions and the declina- 

tions of the stars. The zenith distance of a star is equal to its declination, 

minus the latitude of the place. The stars of each pair should culminate 

within a few minutes of one another. They must be observed consecu- 

tively, and, therefore, those stars should be selected which culminate as 

nearly as possible together, leaving only a sufficient interval of time 

between them for setting the imstrument. 

Before beginning to observe, the instrument should be closely collimated 

and drawn into the meridian. 

Upon the approach of the first star of the pair to the meridian, the 

instrument should be set for it, using the vertical circle for that purpose, 

and setting the spirit level upon the vertical circle as nearly level as possi- 

ble. Then, as the star traverses the field of the telescope, keep the movable 

thread in the reticule upon it by means of the micrometer screw until it 

crosses the middle vertical thread. Then read and record the micrometer 

and the two ends of the level bubble. Without disturbing in the slightest 

degree the setting of the telescope, turn the entire instrument 180° upon its 

bed plate, when it will point north of the zenith, at the same angle that it 

formerly pointed south, or vice versa, as the case may be, and will be set 

for the other star upon the opposite side of the zenith. As this approaches 

culmination, follow it with the micrometer as before, until it reaches the 

middle thread; then record as before the readings of the micrometer and of 

the level, whether it has changed or not. 

This constitutes the observations upon a single pair of stars. For the 

determination of latitude twenty such pairs of stars should be observed 

each evening, if possible, and the same pairs of stars should, also assuming 

it to be possible, be observed upon other evenings. The following exam- 

ple, taken from observations at Rapid, South Dakota, shows a portion of 

the star list and the form of record: 
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LATITUDE DETERMINATION. 

List of Stars, for Observation with Zenith Telescope. 

(Station: Rapid, South Dakota. Approximate Latitude: 44° 05/.] 

) Name or | | | 

PR | Mag. | Class. R. A. | Dec. | Zen. dist. Setting. 

alogue. } | 

ho m. i 
7 Lacerte ..-. 4.0) A A 22° 27. 49° 43! | 5° 38'N. /2 5 at y 
10 Lacerte ...| 5.0) A A 22 34 38 29 DardOMISE NS erate cb gon 

1580s tewnce ==! G55 |e ee 224d 45 37 | 82. N. 12) oN 
bles sees 6.5 A 22 47 42 42 PEE SENS = 

) ditssceceascse 6.5 C 22 52 38 42 5 23 8. | 5 29 5 
| HEY Me ss Sseescce 5.0 A | 2 99 49 26 Oe CASON AES eae 

| 
1600 secon see 6.0 ZAC eee 28 008 56 34 12° 29° N. |Ra5 ion 
IGEB hacke ease 6.7 B 23 (18 81 56 | Uta |S ieese ok 

ie A ecko | 5.6 A 3 42 67 12 | 23 OF N.}2 93 05 N.| 
168622 soso |S SER PR 23 47 21 03 Doe TOZinS el Wimree a = yall 

i} 

| Un aetnsc eee 4.5 A 23 52 24 32 19 33 S Lio 31S 
| dP casaan 6.5 B 24 00 63 35 19 30 N 31) 

Example of Record. 

(Station: Rapid, South Dakota. Date: November 9, 1890. Instrument: Fauth combined transit and zenith telescop 

No. 534. Observer: S8.5.G. Recorder: A. F. D.} 

laniiorome!| Level. | | 
Star name or | N. or emorom Dit ore Al @SENS) ell spent 

number. Ss. | e er uit. re ate = | —(N’ +S!) | dvemar S.| 

| reading. NE Seis || ; | 

|) Rev. | Rev. Div. Div. | Div. | 
7 Lacerta....- | N. | 26.256 | 39.9 | 16.7 | +56. 6 
10 Lacertew....| S. | 24.052} —2.204] 26.5] 49.7 —16.2 

| —19.6 

nL ee ae N. | 30.432 | 42.0] 18.7)  +60.7 
Nfs lecosece seal SE 20.095 | —10.337 | 21.9] 45.0 | —66.9 

| — 6.2 | 
| | 

1 GR Seer oe Ss. 25. 164 ye nldead 37.6 | —51.7 | Faint. 
L5VOes eee ee cee | N. | 26.703 | +1.539} 38.1] 15.0 453.1 | Distinct. 

TRE | 
i} | 

1600222 aeeee eee N. 32. 214 | 37.5 1 51.6 
GK GEE ecmemee s. 16.033 | —16.181 19.9] 43.1 —63.0 | Taint. 

—11,4 

167602 -c-s-ee | N. | 26.656 51.0 | 28.0 79.0 
Tet: [ 3 Bee oa ) BS 17.684 | —8.972) 17.0) 39.6 —56.6 | 

| | —-22.4 | | 
NS ome Pisa oe S. | * 25.345 | 18.0 | 40.9 58.9 | 
220M Abs Bus N. 23,722 | 41.623) 36.0]- 13.2 +49. 2 

= hi | 
| | | | 

REDUCTION OF LATITUDE OBSERVATIONS. 

Before proceeding with the reduction of latitude observations, it is nec: 

essary to investigate the constants of the instrument, to ascertain the value 

of a division of the latitude level, and of a division of the head of the 

micrometer screw. 

The value of a division of the head of the micrometer serew is measured 
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by observing the transits of some close circumpolar star, when near elonga- 

tion, across the movable thread, setting the thread repeatedly at regular 

intervals in advance of the star, and taking the time of its passage, with the 

reading of the micrometer. The precaution should be taken to read the 

latitude level occasionally and correct for it.if necessary. This correction, 

which is to be applied to the observed time, is equal to one division of the 

level, in seconds of time, divided by the cosine of the declination of the 

star and multiplied by the level error, the average level reading being 

taken as the standard. 

The time from elongation of the star requires a correction in order to 

reduce the curve in which the star apparently travels to a vertical line. 

The hour angle of the star is first obtained from the equation, 

cos ¢, = cot 6 tan 9g, 

6 being the star’s declination and @ the latitude. 

The chronometer time of elongation, T, = a — t, — 6t, a being the 

right ascension of the star obtained from the Nautical Almanac, and s¢ the 

error of the chronometer. 

Having thus obtained the chronometric time of elongation, the correc- 

tion in question is obtained from the observed interval of time of each ob- 

servation before or after elongation, from tables in Appendix No. 14, U.S. 

Coast and Geodetic Survey Report for 1880, pp. 58 and 59. A discussion 

of this subject will be found in the appendix above referred to, and in 

Chauvenet’s Practical Astronomy, vol. 11, pp. 360 to 364. 

The times of observation thus corrected for level, and distance from 

elongation, are then grouped in pairs, selected as being a certain number of 

revolutions of the micrometer apart, and the time intervals between the 

members of each pair obtained. The mean of these, divided by the sum of 

revolutions which separate the members of each pair, is yet to be corrected 

for differential refraction, which is derived from the following equation: 

Ret. = 57 {i sme see 24: 

R being the value of a division of the micrometer and Z the zenith distance of 

the star. Four-place logarithms are sufficient for computing this correction, 

as it is small. Below is given an example of record and computation of the 

value of a revolution of the micrometer of combined instrument No. 534, 

one of the two in possession of the Geological Survey. 
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The value of a division of the level is commonly measured with a level 

trier. The latitude level may, however, be easily measured by means of 

the micrometer, the value of a revolution of that being obtained by the fol- 

lowing method: 

Point the telescope upon some well-defined terrestrial mark and set 

the level at an extreme reading near one end of the tube. Set the movable 

thread upon the object and read the micrometer and the level. 

Now move the telescope and level, until the bubble is near the other 

end of the tube. Again set the movable thread upon the object and again 

read both micrometer and level. It is evident that the micrometer and the 

level have measured the same angle, and that the ratio. between these read- 

ings equals that between a revolution of the micrometer and a level division. 

An example illustrative of this is appended. 

Determination of value of 1 division of latitude level No. 534. 

{By comparison with micrometer screw 534 } 

, Level. | Difference. | 
Microme 5 SF ee ee he Wal ap 

ter. + ne es | : S 
N. Ss. Microm.| Level. 

. d. d. db. a. | 
8.025 47.3 | 29.2 d. d. 
8. 508 20.7 02.7 48.3 26.55 704.9 1283. 

8.509 | 18.9 | 01.0 
7,984 | 49.8 | 31.0 52.5 30. 45 927. 2 1599, 

| 
8.511 18.5 | 00.6 
8.045 | 47.2 | 29.1 46.6 28. 60 818.0 1333. 

9.076 | 18.7 | 00.8 
8. 604 46.0 28.0 47.2 27. 25 742.6 1286. 

9.442 | 23.7 06.0 
9.009 | 48.0 | 30.0 43.3 24.15 583. 2 1046. 

10.055 | 21.8 04.0 
| 9.574 | 48.0 | 30.1 43.1 26.15 683. 8 1258. 

| 10.661 24.0 | 06.1 
10. 2:2 50.7 | 33.0 44.9 26. 80 718.2 | 1203 

eee rah 18.3 | 00.7 
| 11.252 | 48.3 31.9 51.9 | 30.60 936.4 1588. 

12,328 | 20.0 | 02.3 | 
11.872 | 46.1 28.5 45.6 | 26.15 | 683.8 | 1192 

12.869 | 22.2 | 04.6 | 
12.438 | 47.7 | 30.0 43.1 | 25.45 | 647.7 1097. 

13.468 | 23.0 | 05.3 | 
| 13.080 | 44.5 | 26.9 38,8) «| 21.755, 464.4 | 836. 
|} 14.146 | 20.1 | 02.4 | 

13.702 | 45.4 | 27.8 44.4 25. 35 642.6 | 1125. 
14.758 | 22.3 | 04.8) | 
14.282 | 48.6 | 31.0 47.6 | 26.25 689.1 | 1249. 

| | a 
Same|-ooee--- jee ethos eee tetee ten eens 9241.9 | 16095. 

log Sis ene ee tees 16095, = 4.20669. 

INI COD eee tae eae eed — Osada. 

log 1 Div. Micrometer---.--... = 9.87966. 

1 Div. level... .- =1'.320 log. =0.12059. 
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Following the determination of the constants of the instrument used, 

the next step is to obtain the apparent declinations of the stars used. When- 

ever possible, these should be taken from the Nautical Almanac or the 

Berliner Jahrbuch. In other cases they must be computed. The positions 

of stars are given in Safford’s Catalogue, for the epoch 1875.0, together with 

the annual precession and proper motion. The declinations there given 

should be revised by the aid of more recent catalogues, particularly with 

reference to stars of class C. The annual precession and proper motion 

multiplied by the number of years which have elapsed and applied, together 

with the effect of secular variation in precession, give the declination at the 

beginning of the year. Further corrections to bring the positions down to 

the date of observation are expressed by the symbols Aa’, Bb’, Ce’, Dd’. 

Logarithms of a’, b’, c’, d’ are given in Safford’s Catalogue, and A, B, C, and 

D are given in the Nautical Almanac. A slight additional correction, also, 

is to be made for proper motion, for the elapsed portion of the year. This 

reduction is illustrated below. 

LATITUDE DETERMINATION. 

Example of reduction. Computation of apparent declination of star 1539. 

{From Safford’s Catalogue, p. 40.] 

Anpual | Proper 
| Jeclinati 875. J 
De clin ation 1 75.0 precession. | motion. 

iy it Star No. 1539 0 
45 33 29.20 | SPREE 08 

Yr. u ' ” oe a ; 

(1890-1875) x 18.87= + 4 43.05=— Precession for 15 years. 
" 

15xX—. 03= 0 00.45—= Proper motion for 15 years. 
+ 0 00.07=Secular variation in precession. 

= 45 38 11.87=Declination 1890. 
4+ 9.38= Aa’ 
— 0.78=Bb! 
+ 6.88= Ce! 
+10.16= Dd’ 
—. 0.03— Proper motion, Jan. 1—Noy. 9, 1890. 

45 38 37.48 = Declination Nov. 9, 1890. 

log a’ = 1.2757 log b/ = 9.5294 log c/ = 9.7367 log d’ = 9. 8273 
Nov. 9. log A = 9.6966 log B = 0.3649, log C =1.1006 log D=1.1796 

0. 9723 9. 8943p 0. 8373 1. 0069 
uu wu wu 

Aa! =+ 9.38 Bb =— 0.78 Co’ =+ 6.88 Dd’ =+ 10.16 

With all this preliminary work done, the reduction proper of latitude 

observations is comparatively a simple matter. Grouping the observations 

by pairs, the mean declination of each pair is obtained, the corrections for 
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difference of micrometer readings and levels are applied, with a small cor- 

rection for differential refraction, and the result is the desired latitude. 

Following is an example of the reduction of six pairs of stars observed 

for latitude at Rapid, South Dakota: . : 

LATITUDE DETERMINATION, 

Example of Reduction. 
ul u 

{Station: Rapid, South Dakota. November 9, 1890. Half Rev. Micrometer=37.900. One Div. Level=-1.33.] 

| Corrections. a “ 
4 Star num- = = atitude (Weight 

Date. 5 é by % (8; + 62) ] | 5 p.n 
bers. ; Microm. | Level. | Refr. ib p- 

es & 
s7L " 1 , “a °o ‘ “un fo} “ 1 “w “ WW °o U ua . mw 

= §7Lacertand?) ; a lla MG Ie Cons - 
Nov. 9- yO Lacenk: S| i 42 87.33 | 38 29 04.60 | 44 06 15.97 1 23.53 6.51 03 | 44 04 45.90 ~ 98) 5.78 

1539 1551 | 45 38 37.48 | 42 44 04.63 11521). 061= 63077) |)\=-2508)) — 41 47.12 - 90 6.41 

1565 1579 | 38 43 39.78 | 49 27 41.04 05 40.41 |— 0 58.33 | +0.46 | —.03 42.51 sie) 1.98 

1600 1633 | 56 34 06.66 | 31 55 56.91 15 01.78 |—10 13.25 | —3.78 | —.19 44.56 ~ 90 4.10 

1676 1686 | 67 12 10.93 | 21 03 54.02 08 02.48 |— 3 08.43 | —7.44 | —.07 46. 54 . 93 6.08 

1702 1722 | 24 32 09.04 | 63 35 27.34 03 48.19 |4. 1 01.51 | —3.22 | +. 02 46.50 -90 | 5.85 

5.40 | 30.20 
) 

Somer 9. Weighted mean—44° 04’ 45. 59". 

OBSERVATIONS FOR TIME. 

With the transit mounted, leveled, and adjusted in the meridian, the 

chronograph set up and running and connected in a circuit with the battery, 

and the chronometer and observing key connected in the same circuit the 

observer is prepared to begin time observations. 

The list of stars which should be used is that given in the Berliner 

Jahrbuch as the list is fuller and more accurate than that in any other cat- 

alogue which gives day places. Stars should be so selected north and south 

of the zenith that the azimuth errors will balance one another as nearly as 

possible, as is explained hereafter. On the approach of the selected star to 

the meridian, the telescope is set by means of the vertical circle upon the 

altitude of the star above the horizon, deduced from the declination and the 

latitude. As the star crosses each thread in the reticule, the fact is recorded 

by pressing the observing key, which produces, as described above, a record 

upon the chronograph sheet. In this way four time stars, as stars between 

the equator and zenith are designated, and one circumpolar star, or a star so 

near the pole that it is constantly in sight, should be observed. Then the 

telescope should be reversed in the wyes and a similar set of stars observed. 
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Between observations upon any two stars the striding level should be 

placed upon the, pivots of the instrument and readings taken to ascertain 

*the departure of the axis from a horizontal position. 

In order to avoid unequal expansion of the pivots from unequal heat- 

ing, both bull’s-eye lamps must be lighted and placed in their stands, in 

order that both pivots may be equally heated. 

After the comparison of chronometers at the two stations, to be here- 

after described, a similar set of stars should be observed, if possible. 

REDUCTION OF TIME OBSERVATIONS. 

Certain constants of the transits should be measured before proceeding 

with the reduction of time observations. The value of a division of the 

striding level should be measured by means of a level trier. The equatorial 

interval of time between each of the threads and the mean of all the threads 

should be obtained, as it is not infrequently needed in utilizing broken or 

imperfect observations. These can best be obtained from observations on 

slow moving stars, but any stars may be used for the purpose. The inter- 

vals as observed, are reduced to the equator by multiplying them by the 

cosine of the declination of the star observed. 

The object of these observations is specifically the determination of 

the error of the chronometer. This error equals the right ascension of a 

star minus its observed time of transit, corrected for certain instrumental 

errors. These errors are ‘as follows: “ 

CORRECTION FOR ERROR OF LEVEL. 

The level error, designated by 6, is ascertained from the readings of 

the striding level. The value of a division of the level in seconds of time 

must have been previously ascertained by means of a level trier. ‘The 

effect of the level error is greatest at the zenith and diminishes to zero at 

the horizon. The correction in seconds of time is given by the following 

equation: 
Cor=b cos (g—5) see 6=bB. 

When the declination is north, it is to be regarded as having a plus 

sign for upper and a minus sign for lower culmination. When south it is 

negative. 
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CORRECTION FOR INEQUALITY OF PIVOTS. 

This correction can be made a part of the level correction. 

Let p= the inequality of pivots. 

B = inclination of axis given by level for clamp west. 

B’/= inclination of axis given by level for clamp east. 

b =true inclination of axis for clamp west. 

b’= true inclination of axis for clamp east. 

—B 

4 

b=B-4 p for clamp west. ® 

then p= 

b’= B’ — p for clamp east. 

(Chauvenet, vol. 1, p. 155.) 

CORRECTION FOR ERROR OF COLLIMATION. 

This correction, designated by c, is the departure of the mean of the 

threads from the optical axis of the telescope. For stars at upper culmina- 

tion with clamp west it is plus when the mean of the threads is east of the 

axis, and minus when it is west of it. For stars at lower culmination the 

reverse is the case. The value of ¢ is one-half the difference between the 

clock error indicated by stars observed before and after reversal of the 

instrument, divided by the mean secant of the declinations of the stars. 

This is slightly complicated with the azimuth, although the effect of that is 

largely eliminated by the proper selection of stars. Consequently it is to 

be obtained by approximations, in conjunction with the azimuth errors. 

The correction to be applied to each star equals ¢ see 6 = cC, which is plus 

for a star at upper culmination and minus for a star at lower culmination. 

It is least for equatorial stars and increases with the secant of the declination. 

CORRECTION FOR DEVIATION IN AZIMUTH. 

This correction, designated by a, represents the error in the setting of the 

instrument in the meridian. Itseffect is zero at the zenithand increases toward 

the horizon. Since the instrument is liable to be disturbed during the oper- 

ation of reversal, it is necessary to determine the azimuth error, both before 

and after reversal, separately. A comparison of the clock error, determined 

from observations upon north and south stars, will furnish the data neces- 
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sary for the determination of azimuth. Practically, it is determined by 

elimimation from equations involving the mean of all these stars observed 

in each of the two positions of the instrument, after correcting for level, and 

as it is slightly complicated with collimation it must be reached by two or 

more approximations. The error is essentially positive when the telescope 

points east of south, and negative when west of south. The correction 

applicable to any star is expressed in the following equation: 

Cor.=a sin (p—6) sec d=aA. 

It must be understood that the declination when north is positive for 

upper and negative for lower culmination, and that with south declination 

it is negative. 

CORRECTION FOR DIURNAL ABERRATION. 

The right ascension of stars, as taken from the Berliner Jahrbuch, must 

be corrected for diurnal aberration, which equals 0°.021 cos g see 6. This 

correction is positive for upper and negative for lower culmination. 

These corrections are summarized in the following equation: 

4 t=a—(t+aA+lB+cC). 

A, B, C, as seen above, are constants, depending upon the latitude of ’ ’ 5) ’ ’ 5 

the place of observation and the declination of the star. ‘T'ables for these p 

quantities will be found in an appendix to Annual Report U.S. Coast and 

Geodetic Survey for 1874. 

The following is an example of the form for record of observation and 

reduction of time observations, taken from a campaign for the determination oO 
to} 

of position of Rapid, South Dakota. 
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Time determination: Brample of record. 

A MANUAL OF TOPOGRAPHIC METHODS. 

Rapid, South Dakota, November 20, 1890. Fauth transit, No. 534. Sidereal chronometer: Bond & Sons, No. 187 
1 division of level = 0°,118. Hourly rate of chronometer — 0*.133.] 

7 Cephei. » Pegasi. w Piseium. 33 Piscium, a Androm. 

Glaniph ceasenaer=*coean Ww. Ww. Ww. ic Nive Ww. 

telescope north |telescope south.|telescope south. telescope south. telescope south. | telescope north. 
W. Sum. E.| W. Sum. E.| W. Sum. E.| W. Sum. E.| W. Sum. 5 . Sum. £. 

lIShevells.2 sy teeae eee d CER Gd he CG! ad dja ad @| a ad did ad id 
'19.8 —88.1 68.3 |68.0 +87.1 19 1/20.0 —89.5 69.5/68.2 +86.9 18.7'19. 8 —89.3 69. 5)19.7 —89.5 69.8 
68.2 +-87.6 19.4 |20.2 —89. 2 69. 0/68.8 +87.2 18, 4/19.9 —89.4 69.568,3 +86.8 18. 5)/68.8 +87.3 18.5 

Difference —. ..-... — 0.5 —2.1 — 2.3 — 2.5 — 2.5 — 2.2 

h. m. 8. Ti) wees Da ite he he ani 3; ho ™ 8 
Whe awl aoapa act seine 23 34 52.25] 23 47 24.00] 23 54 10.89] 00 00 13.33 | 00 03 12.00 

a0 tee 35 11.40 28. 55 14. 88 17. 96 16. 83 
18 fe a 29. 41 32. 72 19. 22 21.94 21.32 
Vie 46.78 36.75 23.14 25. 95 26. 00 
Wantessacedoess2 36 05. 00 41.09 27.20 29. 83 30. 85 

SOU esses eee = 4.84 3.11 5. 83 9.01 7.00 

Mean 23 35 28.97] 23 47 32.62) 23 54 19.07 00 00 21.80; 00 03 21.40 
Aberration —.07 —. 02 —.02 —. 02 —.02 
Correction for level ....| bB —. 22 —. 06 —.05 —. 04 —. 06 
Correction for rate-..-.-. | +. 05 ? }-. 03 +.01 +.00 +.00 

Reduced transit. -.--..-.- 23 35 28.83 23 47 32.57) 23 54 19.01 00 00 21.74) 00 03 21.32 
‘Pabular Rh. Ams... =.= 23 34 53.13 46 55. 67 53 41.98 | 23 59. 44.61 00 02 44.42 

—3d. 70 — 36. 90 —37. 03 —37. 13 —36. 90 

div. e 5 A 
— —9 92 D p: a Meany ots eyels = x .118= —.0596=b. Inequality of pivots.. —. 00 

BiG WE ressoohcosdocssesuonccnece y Pegasi. Br. 6. « Ceti. 44 Piscium. 12 Ceti. 

Glam pier seeeteeee a= == at E. E. E. E. E. 

( Telescope south. | Telescope south. | Telescope south. | Telescope north. 
W. Sum. £. W. Sum. 2&. W. Sum. E. W. Sum. 2£. 

19.2 —88.3 69.1 | 68.7 +87.3 18.6 | 19.2 —88.4 69,2 | 68.9 +87.8 18.9 
Meh S-nccticesssssoconsosc5 68.9 +87.8 18.9 | 19.4 —88.7 69.3 | 68.5 +86.7 18.2 | 18.9 —87,9 69.0 

i d d da ad 
Soeue a ORG Coen Ses ante areas RY, cae eclinasoo Isl Bas 

him. = 8. h. m. 8. he Os, 128: he Winn 8. hom. 8. 
WY ne GL ese no adapoceeaeccocisc 00 08 05.25 00 10 05.00 00 14 20.70 00 20 17.35 00 24 56.85 

Wie = 09, 30 22. 81 24. 68 20. 84 25 00.73 
INDI Se 13, 54 39. 30 28. 52 24.93 05. 37 
iu ie 17. 65 56. 90 32. 90 29. 16 09.15 
J ISHS OR ORAE SE HOnee areas 22. 00 li 15.49 37. 23 33. 42 13. 07 

Sun= 774 _ 9.50 4.08 5.70 5.17 
MGT seem e cae me eee se 00 08 13.55 39. 90 28. 81 25.14 05, 03 

Correction for aberration ...-. —~02 —. 06 —. 02 —. 02 —. 02 
Correction for level -..-.- bB= —. 02 —.09 —.02 —.02 —.02 
Correction for rate -....-....-- —. 02 —..02 —. 03 —. 04 _ —- 05 

Reduced transit..-.-..--.-.-- —— 00 08 13.49 00 10 39.73 00 14 28.74 00 20 25.06 00 25 04.94 
Pabulay Wey Alo. eee o— 00 07 36.59 10 03.56 00 13 51.75 00 19 48.17 00 24 27.91 

a—t— —36, 90 —36. 17 —36. 99 — 26, 89 —37. 03 

ie z | 
Div. 8 A 8. 

Mean of levels = — = x.118 =—.027—b. Inequality of pivots =. 00. 
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COMPARISON OF TIME. 

After time has been thus observed the chronometers at the two stations 

should be compared by telegraph. 

Chronometers are compared in the following manner: The chronometer 

at one station being in circuit with the chronograph and recording upon it, 

the chronometer at the other station is switched into the general telegraphic 

circuit, by which it is brought to the first station and switched into the 

local cireuit there, so that the two chronometers register upon the same 

chronograph, their beats being marked side by side by the same pen. 

Fig. 3.—Switchboard. 

After this has gone on for a minute or more the operation is reversed, the 

chronometer at the first station is switched into the telegraphic circuit and 

made to record upon the chronograph with the chronometer at the second 

station. Of course the observers are informed of the hour and minute at 

which the joint record upon the several chronographs begins. 

This method constitutes what is known as the automatic exchange of | 

signals. 

The arbitrary exchange of signals is made as follows: 

Each chronometer recording on its own chronograph as usual, and each 

local circuit being connected with the main-line circuit, the observer at one 

station breaks the circuit by means of the main-line talking-key, which 

break is recorded on the chronograph sheets at both stations. The breaks 
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are repeated at every two seconds for at least one full minute. The opera- 

tion is then reversed by the observer at the second station making the 

breaks which are recorded at both stations as before. 

The differences of time between the chronometers at the two stations 

are read from the chronograph sheets at each station and corrected for 

error of the chronometers. The results from the two chronograph sheets 

will differ by an amount equal to twice the time occupied in transmission 

of signals. The mean of the two is therefore the approximate difference of 

longitude. 

This result is yet to be corrected for personal equation, or the differ- 

ence between the errors of observing of the two observers. Every observer 

has the habit of recording a transit a little too early or too late, the differ- 

ence between two observers not infrequently being as great as a fourth of 

a second. To measure this difference, the observers usually meet, prefera- 

bly at the known station, both before and after the campaign, and observe 

for time each with his own instrument, or with one similar in all respects 

to that used in the campaign. A comparison of the time determinations 

made by the two observers gives an approximation to the personal equation. 

A better method, but one not always practicable, is for the observers, 

having completed half of the observations for time and longitude, to ex- 

change stations for the remainder of the work. The mean of the results 

before and after exchange of stations will eliminate personal equation. 

There is one error incident to this work which can not be eliminated. 

This is the unequal attraction of gravity, or local attraction, or, as it is 

sometimes called, station error. The neighborhood of a mountain mass 

will attract the plumb line and deflect the spirit level to such an extent as 

to cause serious errors in astronomical determinations of latitude and time. 

The same result is frequently produced by a difference in density of the 

underlying strata of rock, so that station errors of magnitude often appear 

where they are not expected. Indeed, the station error can not be pre- 

dicted with any certainty, either as to amount or even direction. 

The only practical method of even partially eliminating this error is 

to select a number of stations for astronomical location, under conditions as 

widely diverse as possible, connect them by triangulation, and by this 
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means reduce all these astronomical determinations to one point, thus ob- 

taining for this point a number of astronomical determinations each having 

a different station error. The mean of these gives for this pomt a position 

from which—in part, at least—station error has been eliminated, and this 

mean position can be transferred back by means of the triangulation to the 

several astronomical stations, thus giving each of them a position similarly 

comparatively free from station error. 

OBSERVATIONS FOR AZIMUTH. 

The initial direction trom which the directions of other lines in primary 

triangulation and in primary traversing are computed is obtained by means 

of astronomic observations. Such observations should be taken not only 

upon the initial line, but at intervals throughout the work for its verification. 

Such intervals should not exceed in the primary triangulation 100 miles, and 

in primary traversing 10 to 20 miles. 

Azimuth observations are made with the theodolite used in primary 

triangulation or traverse. The observations consist in the measurement of 

the horizontal angle between some close circumpolar star, usually Polaris, 

and a terrestrial mark, generally a bull’s-eye lantern set at a distance of half 

a mile to a mile from the observing station. The time of observation on the 

star should be noted by a chronometer or a good watch. As the star is at 

a much higher angle of elevation than the lamp it is necessary not only to 

level the instrument carefully but to measure the error of level and to cor- 

rect for it. It is therefore essential that the value of a division of the level 

bulb be known. These observations for azimuth may be made at any time 

of the night, but preferably they should be made at or near the time of. 

elongation of the star, as it is then moving most slowly in azimuth, and any 

error in the time of observation has the least effect upon the resulting azimuth. 

If such observations be taken at elongation, no record of time need be made, 

and the reduction of the observations is simplified. When such observations 

are made at any other time than at elongation, the time must be noted, as 

it forms an element in the reduction. The error of the clock or watch used 

may be obtained by comparison with railroad time, and corrected for the 

difference in longitude between the station and the meridian of the railroad 

time. A form of observation and record is appended. 
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AZIMUTH OBSERVATIONS. 

Example of record. 

{Station: West base, near Little Rock, Ark. Fauth ne theod. No. 300. December 27,1888. 1 div. micr.=2/. 1 div. 
evel = 3”,] 

Level. Micrometer. | | 
= ate eS Ei] 

Object. Time P.M.) wruost | wast A = Mean. Angle. 

| end | end + 3 

| Telescope direct. 
I 

| h. m, 8. | Div. | .Div. Oa sein: SL BC em 5 a 
Polanisssc=<sea---%- 4 346 00 14.8 165 58 25.1 345 59 39.9 |) 

| loos ” 

| lai5 32 30.0 
| | 

East base (mark). 101 32 18.1 281 31 21.8) 101 32 09.9 | | 
East base (mark) - 101 32 19.8] 281 31 19.7] 101 32 09.51/12 U5 34 16.1 
Polaris 345 58 22.0] 165 57 01.4 | 345 57 53.4 |5§ } 4 

| 

Telescope reverse. | 

Polarige=-sco= ess 11 17 14 50.5 | 10.1 211 28 29.0 31 27 23.4 211 28 22.4 
| 12.9 | 466 
| | aaa 
| 63.4 | 56.7 TD SD GEE 

+6.7 
SSW DANC (TOALK) aad bety Aiea hanes ceceke sae 327.05 06.7) 147 03 09.5 | 327 04 16.2 | 

erlang Dise) (in ani) ate | cee es ae ol mete Oe at oe 327 04 26.3) 147 03 00.6) 327 03 56.9 | bus 37 08.8 
WAP OlaTIS oes oe eae ll 26 22) 14.3 46.3 211 27 10.7) 31 26 07.4 |. 211 26 48.1 | - | 

50.1 | 10.5 | 

aaa —s | 
64.4 | 56.8 | 

+7.6 

AZIMUTH OBSERVATIONS. 

Summary of results. 

[Station: West base, Arkansas. December 27, 1888.] 

Individual results. | Combined results. 

if fe} ‘ “uw au =) rn 

294 10 34.22 | 
P 35.25 D 
36.35 

| 38. 80 
49.92 | 
Q (42.35 R 

First set.....- ieee 34.8 § | 

#630 41-10 R. | 
|» 39. 38 

4108 iar) ae 
33.5.5 37.65 D 

( 42.42 
45.4 § 43.90 D. Be 

a 

26.42 
40.85 33.60 R. | J 

Second set ---..--..--- 4 

420} 47-05 R. 
; | 40.10 

40.3 | 36.0 98815 D 

CEN! Hit Tp Sa ee aia Ne pee ee eee ee 294 10 39.26 
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REDUCTION OF AZIMUTH OBSERVATIONS. 

The time of observation of a star is first to be corrected for the differ- 

ence in longitude, assuming that railroad time has been used, and for the 

error of the watch. It is then reduced from mean to sidereal time. From 

the sidereal time of observation is to be subtracted the right ascension of 

Polaris, if that star is used, which is given in the Nautical Almanac, the 

result being the hour angle or the sidereal time which has elapsed since it 

passed the meridian of the place of observation, given in hours, minutes, 

and seconds. This result is to be converted into degrees, minutes, and 

seconds. 
a sin t 

Then tan = ————————— 
l-b cos t 

where a=sec p cot 6, g=the latitude. 

Nes tan cv) 

~ tan 6 S—the declination of star. 

t= hour angle. 

A=angle between north pole and the mark. 

This angle is to be corrected for level as follows: 

level corr.= —4 Cree a eqees is h. 

d being the value of a division of the level. 

w+w’', readings of west end of level bubble. 

e+e’, readings of east end of level bubble. 

h, the angular elevation of pole star. 
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An example of reduction is as follows: 

AZIMUTH OBSERVATIONS. 

Example of reduction. 

Foe ei o 7 “ 
{Station: West base; December 27, 1888. Observer, $.S8.G. Latitude=34 45 26.8 Longitude 92 13 31.5.) 

: i hh, “in. (8: 
Time of observation =Tw ——s Le CO Le 
Correction; ninetieth meridian time to92°.215—— 8 54 
Watch slow; ninetieth meridian time + 02 

local mean time Tm=10 51 26 
Correction; mean to sidereal time = +1 47 
Right ascension mean sun 18 26 36 

Sidereal time of observation 29) 19) 49 
k. A. Polaris — 1 18 25 

Hour angle t —=28 01 24 
= 24 

h. 5. 
t (time) = 4 Ol 24 

t (arc) —60 21 00 

tanA=—88Mt_  wherea=see g cots b— tae 
A a 1—b cos t eroecee tan 6 

ty te “ ° ' “ 

b=34 45 26.8 log see==0. 0853539 logtan..34 45 26.8—9.8413076 
6=88 43 11.9 log cot.= 8. 3491690logtan..88 43 11.91. 6508310 

loga . z “ = 8.4345229 log b = 8. 1904766 
log sin t 60 21 00. =9.9390515 log cost = 9. 6943423 

log a sin 1 =8.3735744 log —. 0076704  —7. 8848189 
log (1—) cos t) =9.9966559 + 1.0000000 

o , a“ ——— 

log tan A 178 38 08.0 =8. 3769185 0. 9923296 =1—b cost 
angle to +115 32 30.0 
mark ad 

Level corr. —3.8 level corr. = -> ; (w+w’)—(e—e’) } warty 

° 1 " aa Div. ” 

Az. of mark=294 10 34.2 <i X7.1X .694=—3.8 

When observations for azimuth are to be made at elongation, it is nec- 

essary to know the mean time of elongation. This is computed by the 

following method: the hour angle at elongation is obtained from the follow- 

ing equation: 
cos t, =tan @— cot o. 

The hour angle plus the right ascension of the star gives the sidereal 

time of its western elongation, which, reduced to mean time, gives the local 

mean time in question. 

The azimuth of a pole star at elongation is determined by the use of 

the following equation: 
sin A = sec @ cos 6. 
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The following is an example of these computations: 

Example of the computation of the azimuth at elongation, and the local mean times of both 

elongations of Polaris. 

[Latitude = = 40°. Meridianof Washington. November 28, 1891.] 

Sine Azimuth at elongation = sec. ¢ cos 8. 
log. sec. 40° £ = 0. 1157460 

log. cos 6 88 44 05.5 = 8. 34398038 

log. sine A 1 39 05.8 = 8. 4597263 

Cos. hour angle at elongation, te, —tan # cot 5. 
log. tan 40° = 9, 9238155 

ek iy 
log. cot 5 88 44 05.5 = 8. 3440862 

log, cos te 88 56 17.5 = 8. 2678997 
h. mm. &. 2 

te=5 55 45.2. 

Sidereal time western elongation, Ts = R. A. Polaris + te. 
m. 8. 

R. A. Polaris 193572 
te = 5 58 45.2 

Sidereal time western elongation Pe 2054 
hk. A. mean sun = a;s—16 29 14.4 

Sideral interval before noon, I == 9) 713) 54:0 
Correction sidereal to mean interval 1 30.7 

Mean interval before noon 9 12 23.3 Nov. 28. 
Loeal mean time, western elongation = 2 47 36.7 A.M., Nov. 28. 

he Mm 7/8 
Sidereal time eastern elongation = 24" + a—te=19 23 50,0 

as=16 29 14.4 
= 2 54 35.6 
—~ 0 28.6 

Sideral interval after noon, I 
Correction sidereal to mean interval 

Local mean time eastern elongation = 2 54 07.0\ P. M., Nov. 28. 5 
Local mean time western elongation 2 47 36.7 A. M., Nov. 28. 

8. 
For longitudes west of Washington decrease times of elongation 0.66 for each degree. 



Cal ASP YT Tn, 7h hr: 

HORIZONTAL LOCATION. 

The primary control or geometric work is, in the ordinary case, effected 

by triangulation. Wherever this is not practicable or not economic, resort 

is had to what is known as primary traversing, but wherever the country pre- 

sents sufficient relief for the purpose, triangulation is employed, as it is more 

accurate and cheaper. “in some parts of the country triangulation of suffi- 

ciently accurate character for controlling the map has been executed by 

other organizations, notably by the U.S. Coast and Geodetic Survey, and the 

U.S. Lake Survey. Wherever such triangulation is available, the results 

should be adopted and utilized for the control of the maps. 

PARTY ORGANIZATION. 

The primary triangulation is generally carried on by a special party. 

It is, however, on some accounts and under certain circumstances, economi- 

ealtand advisable that all the work be done by one and the same party. 

The disadvantage is that it divides the time and attention of the topographer, 

requiring him to turn his attention from one thing to another; the advan- 

tage, that it insures the selection of such points as are needed by the 

topographer for carrying forward the work. If the work is done by a special 

party, the points selected are more likely to be chosen on account of their 

forming good figures in the triangulation, than on account of their conve- 

nience and usefulness to the topographer. The secondary triangulation, the 

traversing, and the sketching are usually carried on by different men, but 

under a single party organization. The sketching is done by the chief of 

party, the secondary triangulation and height measurement by his most 

experienced assistant, while the traversing, with height measurement, is done 

by the other assistants. 
41 
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-BASE-LINE MEASUREMENT. 

This is, ordinarily, the first of the preparatory steps toward map making. 

Upon the proper selection of the site of the base line and its correct meas- 

urement depends all the subsequent work of triangulation. The site must 

be reasonably level. It is not essential that it be absolutely so, but the 

more closely it approaches a plane the less difficulty will be experienced in 

making an accurate measurement. The site should afford sufficient room 

for the measurement of a base from 5 to 10 miles in length. A base less 

than 5 miles in length is not an economical one, inasmuch as it is less 

costly to extend the base than to complicate the expansion. <A greater 

length than-10 miles is unnecessary, because this length permits of easy 

expansion, and, if the length be greater than this, it may be difficult to con- 

struct signals at the two ends of the base, which will be intervisible. 

The ends of the base must be intervisible, and they must be so situated 

with regard to suitable points for expansion and triangulation as to form 

well proportioned figures. Whenever possible, the base line should form a 

side or diagonal of a closed quadrilateral or pentagonal figure. 

While it is unnecessary to devote time to obtaining the extreme of 

accuracy in the measurement of a base, this measurement should be so 

accurate that its errors can not affect the map, although multiplied many 

times in the associated triangulation. All necessary precaution should be 

taken to secure this result. 

Various methods and instruments have been employed in the measure- 

ment of base lines upon the Geological Survey. At first wooden rods were 

employed, varnished and tipped with metal. When used in measuring, 

these were supported upon.trestles and contacts made between them, with 

considerable refinement. The advantage of using these rods consisted in 

the fact that their length is but slightly affected by temperature, which is 

the main source of error in base-line measurement, and being thoroughly 

varnished they were not greatly affected by moisture. 

Subsequently bars of metal were employed of the pattern known as 

the Coast Survey secondary bars. These consist each of a steel rod between 

two zinc tubes. As the two metals expand at different rates under changes 

of temperature, their relative lengths at any temperature. as compared to the 
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relative lengths at a normal temperature is, theoretically, an indication of the 

temperature of the bars at any time. The arrangement for indicating their 

relative lengths forms a part of the apparatus, and is intended to indicate 

the temperature of the bars, and thus to afford means of reducing the lengths 

of the bars to a normal temperature. It has not been found, however, to 

work well in practice. Besides this, there are other objections to the use of 

bars of any kind, which may be summarized as follows: First, their use is 

expensive. A considerable number of men are needed, and as the.measure- 

ment proceeds slowly it often requires from a month to six weeks to measure 

and remeasure a base five miles in length. Again, since these bars are but 

four meters in length, there are many contacts to be made in.each mile of 

measurement, and each contact affords the possibility of a trifling error. 

In view of these objections and of certain positive advantages which 

the change would produce, it was decided, in 1887, to drop the use of bars 

in the measurement of base lines, and to adopt in their place long steel 

tapes. By their use it has been found easy to attain the required degree of 

accuracy in measurement, inasmuch as the number of contacts is reduced 

to a small fraction of the number necessary in the use of bars, while the 

uncertainty in regard to the temperature of the measuring apparatus is 

reduced to a minimum by carrying on the measurement at night or in cloudy 

weather. ‘The expense of the measurement is greatly reduced. Fewer 

men are required. The work of preparing the ground and the work of 

measuring are much lessened, and the rapidity of measuring is increased 

manyfold. The diminished cost makes it practicable to measure much 

longer bases, thus. diminishing the number of stations required in the 

expansion. It allows, also, a measurement of base lines at shorter intervals 

in the triangulation. . 

The tape in use has a length of 300 feet. It should be carefully com- 

pared, at an observed temperature, with the standard of the U. 8. Coast and 

Geodetic Survey, both before and after its use in base measurement. Prefer- 

ably, the site for the base line should be selected along a railway tangent, 

as such a location is approximately level, and the railway ties afford an 

excellent support for the tape. If such a location can not be obtained, it 

should be selected so as to fill the requirements above mentioned, cleared 
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of brush and undergrowth, and, if necessary, its sharp inequalities should 

be leveled. The tape should be supported by a series of low stools, whose 

legs are pressed into the ground at intervals of not more than 25 feet, while 

similar stools should sustain each end of the tape. 

The personnel required in the measurement of a base line is, in an 

ordinary case, as follows: 

First. The chief of the party, who exercises a general supervision over 

the work, marks the extremities of the tape and provides the necessary pre- 

cautions against errors in the measurement, as hereafter stated. 

Second. The rear chainman, who adjusts the rear end of the tape to the 

contact marks and who carries and reads one of the thermometers. 

Third. The head chainman, who adjusts the forward end of the tape 

exerts the requisite tension upon it, and carries and reads a second ther- 

mometer. 

Fourth. A recorder. 

The measurement of a base with the steel tape is a simple matter. 

Provision must, however, be made, first, for the proper alignment of the 

base; second, for the proper tension of the tape; and, third, for the measure- 

ment of temperature. 

The alignment is a simple matter, and is generally marked out upon 

the ground in advance of the work of measurement. In cases where a 

railway tangent furnishes the site for the base line, no alignment is needed 

beyond the provision for keeping the tape always at a uniform distance 

from one of the rails. A 

For insuring a uniform tension of the tape, an ordinary spring balance 

is used, which is attached to the forward end of the tape, where a tension 

of twenty pounds is applied. In order to apply* this uniformly, and to _ 

insure against slip of the tape, an apparatus devised by Mr. H. L. Baldwin, 

jr., of the Geological Survey, is in use. 

For its use, it is necessary to obtain strips of board about five feet long 

and four inches in width, in number equal to the number of lengths of tape 

of which the base line consists. Numbered strips of zine of equal number, 

each about eight inches long and an inch in width, are tacked to blocks of 

wood, and these blocks of wood in turn nailed down upon the boards above 
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mentioned, while the boards are, in case measurement is made along the 

railway tangent, nailed down to the railway ties. These boards are 

designed to support the devices for maintaining the tension, and the con- 

tacts are marked upon the strips of zine. Mr. Baldwin’s apparatus consists 

essentially of a wheel worked by a lever and held by ratchets in any 

desired position. ‘This wheel is attached to the spring balance in such a 

way that by turning it the strain is put upon the spring balance, which is 

held at the desired tension by the ratchets. A small mechanism at the rear 

end of the tape is employed to hold the zero of the tape at the opposite 

mark. The great length of the tape, 300 feet, allows considerable friction 

or drag when the supports are frequent, and in order to insure a reasonably 

uniform distribution of the strain upon the tape, it should be raised and 

allowed to fall with the strain on. 

The measurements should be made at night, or during cloudy days, 

in order that the temperature of the air, which is that indicated by the 

thermometers, and that of the tape be as nearly as possible the same. The 

temperature must be carefully observed by at least two thermometers at 

each tape length, in order that the best possible data for temperature cor- 

rection may be obtained. 

The base should be measured at least twice, and the two results com- 

pared by sections of 1,200 feet, or four tape lengths. The ends of the 

base must, if possible, be permanently marked by means of stone monu- 

ments set into the ground so that their surfaces are but a few inches above 

its level and the exact position of the ends should be indicated by a cross 

cut in a copper bolt embedded in the head of a stone, in order that the 

base may be preserved for future references. 

A line of levels must be run over the site or over the stools which 

support the tape for the purpose of obtaining its profile and thereby the 

means for deducing its horizontal length. 

REDUCTION OF BASE LINE MEASUREMENT. 

The first correction to be applied is that of reduction to a standard. 

The correction for this is obtained by comparison with the standard of the 

U.S. Coast and Geodetic Survey. The correction for the entire line is in 
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proportion to the correction as obtained by comparison with the standard. 

If the tape be longer than the standard, the correction will be positive, if 

shorter, negative. 

Second. The correction for inclination, the data for which are obtained 

by running a line of levels over the base line. This line of levels gives the 

rise or fall, in feet and decimals of a foot, between the points of change in 

inclination. From this and the measured distance the angle of inclination 
. , F h : ; 
is computed from the formula, sin 6 = R: R being the distance and h. the 

difference in height, both given in feet. The correction in feet to the dis- 

tance is then computed by the equation, 

sin? 1’ 
Corr.= —> 

a 

(See Lee’s Tables, p 83.) 

Third. The correction for temperature. Steel expands for each degree 

6 R or 0.00000004231 & R, @ being expressed in minutes. 

of temperature .0000063596 of its length. This fraction multiplied by the 

average number of degrees of temperature at the time the base line was 

measured above or below sixty-two degrees, which is taken as the normal 

temperature, gives the proportion in which the base line is to be diminished 

or extended on account of this factor. Care must be taken to obtain cor- 

rectly this average temperature. It must be the mean of all the thermo- 

metric readings, taken at uniform intervals of distance during the measure- 

ment. If the temperature be above the normal, the correction is positive, 

and vice versa. 

Fourth. The reduction to sea level. The base line is measured on a 

circle parallel to the sea surface and raised above it, at an elevation which 

is known at least approximately. This circle with radii drawn therefrom to 

the center of the earth forms approximately a triangle similar to that formed 

by the radii of the earth with the sea surface. The length at sea level is 

derived with a sufficient approximation to correctness by the proportion: 

R: h:: K: correction. 

Rh. being the radius of the earth, h the mean height of the base line 

above sea level, and K its measured length. (See Report U. 8. Coast and 

Geodetic Survey, 1882, Appendix 9, p. 190.) 
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The following is an example taken from the records of measurement 

in 1889 near Spearville, Kansas, together with the reduction of this base 

for inclination, temperature, and elevation alk ove sea level: 

Record of measurement and reduction of Spearville base, Kansas. 

[Section 1. Stations 0-10. October 16, 1889, Light rain falling. ] 

Ti; Thermometers. 7. 

No. of Tape. eae! Tension. al aoe cupereuate Total length of section, 

Pounds. ° ° 
ine 19.75 |, 50.5 50.0 ° 
2 20. 00 50.5 50. 0 Mean temp. = 50.51 
oom 20. 00 50.5 50. 0 

yee 20.25 50.5 | 50.0 ° ° ° 
5- 20. 00 50.7 50.5 62— 50. 51—=11, 49 
ie 20.125 51.5 50. 6 S) 4 
Yin 20. 25 51.0 50.8 —11. 493000. 1 tape length ............ = 300. 0617 
8. 20. 00 50.8 50.2 000006 u ! 
Ome 20.125 50.8 50.0 is 10300. 0617 -....-....... =3, 000. 617 

10 20. 00 50.7 50. 5 =—.207 ‘Temperature corr ..--.-- —. 207 

Result first measurement=3, 000. 410 

[Second measurement, October 17, 1889.] 

| Ti Thermometers. , : t 

No. of Tape. aay ‘Tension. eMule pais eee, Total iength of section. 

| —o = zs 

h. m.| Pounds. co © 
1 12 13 20. 00 52.3 a2. 4 
2 21 20. 25 53.3 52.9 ° Tape set back from sta.0  .85 inch. 
3 25 20. 00 53.8 54.0 Mean=—53. 96 =.071 toot. 
Ae 29 19. 75 59.0 54.8 Oe g y 
5. 33 20, 00 55. 0 53. 2 62 —53.96— 8. 04 
6... 36 20. 00 53.8 54.0 2) y 
oe 38 20. 00 54.0 54.0 — 8, 04 x 3000. v u 
los 41 20.12 54.5 54.0  . 000006 LOD BOON OGL Tres eet ace =3. 000. 617 
9.. 45 19. 75 55.1 54.4 y Set back...-... a —.071 

10 50 20.13 54.5 54.1 =—.M5 Temperature corr ------.. —.145 

Result second measurement=3, 000.40) 

Correction for inclination Spearville base, Kansas. 

in2 
Correction asin’). e2 x Distance. 

= == - — 

: Differ- | | log 
Approximate | 9 in? 1! ; log } i Seater ence of | Angle @ | log 6 2 log @ sin* + log dist:' | a. Correction. distance. haetan | = ‘= 3 correction. 

| a = 

Feet. Feet. iene 
200 0.8 13° 34 1, 1326 2. 2652 2. 6264 2. 3010 16 . 0015 

4, 200 4.2 2 22 0. 3674 0, 7348 ) { 3. 6232 | 6.5 . 0010 
4, 000 12.0 10 08 1, 0052 2. 0104 3.6021 | 8. -0173 
1, 000 1.0 3 23 0.5250 1, 0501 3.0000 | 6. . 0005 
2, 000 3.0 5 04 0. 7024 1. 4049 8, 3010 7. 3¢ . 0021 
4, 200 22.0 12 23 1.0917 2.1834 ' 8. 6232 8, 46 0271 
2, 800 7.0 8 27 0. 9263 1, 8527 | 3. 4472 Tes! . 0084 
1, 000 0.0 0 00 0. 0000 0. 0000 7 E 3. 0000 0. . 0000 
1,000 1.0 3 23 | 0.5250 1.0500 Constant. <) 3° 0000 6.6 0005 
4, 200 20.0 11 16 1. 0504 2. 1008 5. 6232 8.5 . 0224 
3, 800 6.0 5 20 0, 7267 1. 4535 3, 5798 7. 6 . 0046 
2, 000 4.0 6 45 0, 8293 1. 6086 i 3010 | 7.8 . 0038 
5, 400 31.4 19 39 1. 2934 2. 5867 3. 7324 8.9 . 0882 
2, 000 2.6 4 24 0, 6437 1. 2874 | 3.3010 7. - 0016 

135 0.05 1 18 0. 1072 0, 2144 2. 1303 4. - 0000 

. 1790 
| | 

. 
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Reduction to sea level. 

(CorrechiOn ye ae cn setae ee eam aes oleae celal eel ee eee eel ee ee = a 

log K (metres) - Sees eee eee ODUDO: 
log h ements SiS -- = 2.87599 
Colog R. E 3. 19660 

lop oo iMetres)=~ ac oes a cee veer eee ae heer eee eee eee tee oo ene eee eee see eee ene = 0.13215 
Lop fmetres £0 16eb- aac Caen sae aloes eis a aate ene es crate Peteaete ama e oe eieers ciao ea ere ae Eee eee See = 0.51599 

ee >) ares ee eee eat Pe pec man anis Gece Sear ee Aether 5 t= fey suse acta Bes Soeactin Le 0. 64814 

Spearville base: Summary by sections. 

{Corrected for temperature. | 

Sie First Second | peel ee ee | 
Stations. PrGaatinct | me detree | Difference. | 

First — Second. | 
' I 1 

1lto 10 3, 000, 410 3, 000. 401 | +. 009 
10 20 418 | .393 | +.025 
20 30 - 431 | 431 | +. 000 
30 40 - 426 446 | —. 020 
40 50 -437 478 —. 041 
0 60 417 455 | —. 0388 
60 70 - 369 - 392 | —. 023 
70 80 .366 =| = 356 +. 010 
80 90 955 938 +. 017 
90 100 . 676 . 667 | +. 009 

100 110 eee 000. 899 | 3, 000. 898 +. 001 
110 119 | 2,700. 581 2, 700. 571 +-.010 
119 «126 2; 100. 244 2) 100. 234 | +. 010 

| 37, 806. 629 | 37, 806. 660 | --. 031=. 372 
| 

! 

Mean of 2 measurements ......----- = *37, 806. 645 
Reduction from S. W. base to A. 168. 235 
Reduction from N.E. base to A, ----— 2. 864 
Correction for inclination. ---..-.----- 0.179 
Reduction to sea level ......-..- As 4.448 
Corrected length ...-.....:--------- = oye 630. 919 

PRIMARY TRIANGULATION. 

The base line having beén measured, the next step is the expansion. 

This work, as well as the body of the triangulation, consists in the selection 

of stations, the erection of signals, and the measurement of angles. Each 

triangle proceeding from the base line outward will, when the angular meas- 

urement is completed, have one side and the three angles known, from which 

the other two sides can be computed by means of a simple trigonometric 

formula. 

The expansion differs from the body of the triangulation only in the 

fact that the average length of the sides of the triangles is less. As the 

expansion: progresses away from the base line, the sides of successive triangles 

become gradually longer, until the average length of side of the triangula- 

tion is reached. Since the sides are increasing in length, and hence since any 

* Corrected for temperature. 
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inaccuracy in the measurement of the base is multiplied, this work must 

be planned and executed with greater care than the body of the triangula- 

tion requires. 

A base line measured as above prescribed requires little expansion, 

since from the extremities of an 8 or 10 mile base one can observe 

directly on points 12 to 15 miles away, a distance as great as the average 

side of a triangle. Ordinarily, from the ends of the base, the surveyor 

can observe directly upon stations in his scheme of triangulation. 

In the western mountain region, where the sides of triangles may be 

20 to 50 miles in length, an expansion is required. 

- SELECTION OF STATIONS. 

In the selection of triangulation stations two different sets of require- 

ments must be served. 

First. They must be so selected as to afford what is known as strong 

figures, in order to reduce to a minimum the errors which will creep into an 

extended system. In order to insure intervisibility, they should, if possible, 

be located: upon hill or mountain summits, the most commanding in the 

neighborhood. No triangle upon which dependence is placed for the loca- 

tion of a station should have at that station an angle of less than 30° or 

more than 150°. 

The stations should, if practicable, be grouped into simple figures, as 

quadrilaterals, or pentagons with an interior station, etc. In cases where an 

area is being covered with triangulation, such groupings naturally occur, 

but in certain cases the triangulation takes the form of narrow belts of fig- 

ures, and then the belt may consist of simple triangles or quadrilaterals, as 

more complex figures are rarely desirable. 

Second. Since the sole object of this triangulation is the control of the 

topographic map, the location of stations must, as far as is consistent with 

accuracy, be adjusted to the needs of the topographers. This requirement 

affects most seriously the distance between stations. Every atlas sheet 

must contain at least two primary stations, and a third is desirable. ‘Thus, 

for controlling the sheets on the seale 1:62500, the stations should not be 

more than 10 or 12 miles apart, and should be located with direct reference 

MON XXII——4 
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to the control of certain sheets. Again, since the primary stations must be 

occupied by topographers for intersecting on numerous points, they must 

be selected with reference to this requirement. They should command an 

extended view, especially of points suitable for cutting in, such as hill and 

mountain summits, houses, churches, etc. 

The instrument should, wherever possible, be accurately centered under 

the signal. Whenever it is necessary to set up off center, the direction and 

distance to the signal should be carefully measured and recorded. 

SIGNALS. 

While signals should be of the simplest and least expensive form which 

will serve the purpose, their form and material must depend upon the require- 

ments and the materials at hand. Ina mountainous country, where the 

summits are treeless, simple cairns of stone, 7 to 10 feet in height, are em- 

ployed. Where the summits are wooded, it is frequently convenient to clear 

them, leaving a single tree to serve asa signal. In such cases it is advisable 

to trim the tree of branches, with the exception of a tuft at the top. Where 

the station is clear, but with green timber easily accessible, it is advisable 

to make a tripod of small trees, each with a tuft at its top. In undulating 

and hill country it is often necessary to erect scaffolds. These should be 

built of sawed lumber and framed in simple fashion. If the lines are short, 

a pole with a flag may be set in the top. If the lines are long, the tower 

itself may serve as a signal, in which case its upper part should be clothed 

in black and white cotton. 

The annexed cut shows a form of framed signals adapted for use on 

the treeless plains of Kansas and the rolling open hills of New England, 

and elsewhere, where observing towers are not necessary. (PI tv.) 

It is frequently necessary to raise the instrument to a considerable ele- 

vation above the ground, in order to overlook surrounding obstacles. In 

such cases the structures for supporting the instrument should be combined 

with the signals, and hence they may properly be described and figured 

here. These observing towers should be in two parts. An interior struc- 

ture, solidly built of sawed lumber, if available, for the immediate support 

of the instrument, and a framework surrounding it, supporting a platform 
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just below the stand for the instrument, for the observer. The two should 

be separate, in order that the jarring incident to moving about on the plat- 

form be not communicatéd to the instrument. Such a type of observing 

tower is figured in Fig. 4. : 

Fie. 4.—Signal and instrument support. « 

When sawed lumber is not obtainable, other material must be used. 

In the Sierra Nevada of California, among the sugar-pine forests, a support 
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for the instrument is not unfrequently obtained by sawing off the top of a 

high tree, and setting the instrument upon the stump, 50 or 75 feet above 

the ground, the tree being guyed out by wire cables to prevent swaying in 

the wind. The platform for the observer is supported by neighboring trees, 

similarly sawed off and supported for the purpose. Similar devices are 

resorted to also in the forests of West Virginia, Kentucky, and Tennessee. 

In the secondary triangulation in these regions, the instrument support is, 

in many cases, provided as above described, while the observer’s platform, 

instead of having an independent support, is attached to the same tree. This 

is objectionable, but is often the best that can be done. 

Fic. 5.—Coast Survey Heliotrope. 

In other cases it is more economical to support the instrument upon the 

ground, and to have openings made through the forest upon the station hill, 

in the directions of the sight lines, or even to have the whole summit cleared. 

It is not infrequently necessary to use more elaborate forms of signals, 

especially when the point observed upon is below the horizon line, so that 

the background, instead of being the sky, consists of forests or brown plains, 

In such.cases resort is had to heliotropes. These are simply instruments for 

reflecting the sunlight to the observer at the instrument. The simplest form 

is a circular mirror with a screw hinged at the back, giving a universal 

motion. This is screwed into a stake or tripod over the center of the station 

to be observed upon, and a ray of sunlight is thrown through a small hole 

in a board nailed to a stake 10 or 15 feet away, and in the direction of the 

observer at the distant station. This form has the advantage of simplicity, 
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as the simplest backwoodsman can manage it; and the triangulator can 

firmly fix all range stakes upon one visit to the station, and be sure of seeing 

the flash as he observes from each of the surrounding stations in turn. 

Two other forms are in use, the Coast Survey type and the Steinheil. 

See Figs. 5 and 6. The former consists of a telescope which is provided 

with a screw for fastening it into any con- 

venient support or upon the theodolite. Upon 

the telescope is a mirror and two rings, the axis 

of the rings as well as the center of support of 

the mirror being parallel to the line of sight 

of the telescope. The telescope being directed 

upon the observing station, the mirror is so 

turned as to reflect the sunlight through the 

rings and necessarily to the observing station. 

In many cases the use of a second mirror is 

necessary, owing to the relative position of the 

two stations and the sun, and such a mirror 

forms a part of the outfit. This form is little 

used, on account of its liability to get out of 

adjustment. The Steinheil heliotrope is ac om- 

pact little instrument, which can be carried in a 

case like a pair of field glasses. It consists of 

a small sextant mirror, the two surfaces of which 

are as nearly absolutely parallel as possible. 

This mirror has a small hole in the center of 
Fig. 6.—Steinheil Heliotrope. 

the reflecting surface. Below this central hole 

is a small lens in the shaft carrying the mirror, and below the lens is 

some white reflecting material, as plaster of Paris. The mirror is so mounted 

that it has four different motions, two about its horizontal axis and two 

about its vertical axis, each of which can be separately bound or controlled 

by clamps or friction movements. To use the Steinheil, it is screwed into 

some wooden upright, as the side of a tree, in such a position that the main 

axis carrying the lens and plaster of Paris reflector shall be parallel to the 

sun’s rays. The observer standing behind the mirror receives from the rear 
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surface of the glass a reflection of the sun, producing an imaginary sun 

The mirror should not be moyed until this imaginary sun, moving with it, 

appears to rest on the object to which the flash is to be cast, as the hill on 

which the triangulator is standing. As both surfaces of the mirror are par- 

allel, the true reflected rays of the sun from the surface of the mirror will 

also be cast on the object sighted to. é 

This instrument is in great favor, especially with the Western parties, 

where portability is a matter of moment, first, because it is light and con- 

venient to carry and use, and second, because there are no movable parts 

to get out of adjustment by jarring. This latter is a serious defect in the 

Coast Survey instrument, since unless frequently tested the two rings may 

have moved, thus causing the reflection to be cast out of parallelism with 

the line of sight of the telescope. 

The use of heliotropes presupposes the employment of men to operate 

them, thus increasing materially the expense of the work. Misunderstand- 

ings continually arise between the heliotropers and the observer, causing 

vexatious delays, and therefore their employment should be avoided when- 

ever possible. 

THEODOLITES FOR TRIANGULATION. 

Several instruments differing widely in power and degree of accuracy 

have been in use for the measurement of angles in the primary triangula- 

tion. Formerly theodolites having circles 6, 7, 8, 10, and 11 inches in 

diameter and reading by vernier to 10 seconds were employed, and the 

results were reduced and adjusted by Least Squares. Subsequently, it 

appeared desirable to employ a higher class of instruments and thus obtain 

more accurate results, which would render unnecessary this tedious adjust- 

ment. Pursuant to this decision the use of these vernier theodolites has 

been, in the main, discontinued, and theodolites having 8-inch circles, read- 

ing by micrometer microscopes, have been substituted almost universally 

in the primary work. 

One of these theodolites is represented in Pl. v and Fig. 7. 

The cirele, as was above stated, has a diameter of 8 inches, and is sub- 

divided to 10 minutes. The object glass is 2 inches in diameter and its 



EIGHT-INCH THEODOLITE AND TRIPOD. 





THEODOLITE. 55 e 

focal distance is 164 inches. The telescope with the eyepiece commonly 

used has a power of about 30 diameters. 

The circle is read by means of two microscopes, placed opposite one 

another. Within the field of the microscope is a comb stretching over the 

space of 20 minutes. This comb has ten teeth, divided into two parts by 

a depression, each corresponding to 2 minutes. Parts of a minute down to 

2 seconds are read by means of a micrometer screw moving a pair of fine 

threads in the field of the microscope. 

Fig. 7.—Eight-inch Theodolite, detail. 

INSTRUCTIONS FOR THE MEASUREMENT OF HORIZONTAL ANGLES. 

The following general precautions should be observed in the measure- 

ment of all horizontal angles in the primary triangulation. 

The instrument should have a stable support, which may be a stone 

pier, a wooden post, or a good tripod. If a portable tripod is used, its legs 

should be set firmly in the ground. 

The instrument should be protected from the direct rays of the sun by 

means of an umbrella, or a piece of canvas like a tent fly. It should also 

be shielded from winds which may jar or,twist either it or its support. 

The foot screws of the instrument after it is leveled for work should 
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be tightly clamped. Looseness of the foot screws and tripod is a common 

source of error, especially with small instruments. 

The alidade, or part of the instrument carrying the telescope and 

verniers or microscopes, should move freely on the vertical axis. Clamps 

should likewise move freely when loosened. Whenever either of these 

moves tightly, the instrument needs cleaning, oiling, or adjusting. 

The observer should always have a definite preliminary knowledge of 

the objects or signals observed. The lack of it may lead to serious error 

and entail cost much in excess of that involved in getting such knowledge. 

Great care should be taken to insure correctness in the degrees and 

minutes of an observed angle. The removal of an ambiguity in them is 

sometimes a troublesome or expensive task. 

The errors to which measured angles are subject may be divided into 

two classes—viz., first, those dependent on the instrument used, or instru- 

mental errors; and second, those arising from all other sources, which, for 

the sake of distinction, may be called extra-instrumental errors. 

The best instruments are more or less defective, and all adjustments 

on which precision depends are liable to derangement. Hence the general 

practice of arranging observations in such a manner that the errors due to 

instrumental defects will be eliminated in the end results. The principal 

errors of this kind and the methods of avoiding their effects are enumerated 

below. 

Measurements made with a graduated circle are subject to certain sys- 

tematic errors commonly called periodic. Certain of these errors are always 

eliminated in the mean (or sum) of the readings of the equidistant verniers 

or microscopes, and both of the latter should be read with equal care in 

precise work. Certain other errors of this class are not eliminated in the 

mean of the microscope readings, and these only need consideration. Their 

effect on the mean of all the measures of an angle may be rendered insig- 

nificant by making the number of individual measures with the circles in 
9 
360° 

where 
nm - 

each of n equidistant positions separated by an interval equal to 

m is the number of equidistant verniers or microscopes. Thus, if m=2, 
evaye) : 

the circle should be shifted after each measure by an amount equal to 
: n 
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which, for example, is 45° for x=4 and 30° if n=6. The degree of ap- 

proximation of this elimination increases rapidly with . (For specifications 

as to particular instruments see “Number of sets required and astronomical 

azimuths” below.) The effect of this class of errors is always nil on an 

angle equal to the angular distance between consecutive microscopes or a 

multiple thereof. Otherthings equal, therefore, we would expect the measures 
oO 

of such special angles to show less range than the measures of other angles. 

Besides the instrumental errors of the periodic class, there are also 

accidental errors of graduation. These are in general small, however, in 

the best modern circles and their effect is sufficiently eliminated by shifting 

the circle in the manner explained under “ Periodic errors” above. 

The effect of an error of collimation on the circle reading for any 

direction varies as the secant of the altitude of the object observed. The 

effect on an angle between two objects varies as the difference between the 

secants of their altitudes. This effect is eliminated either by reversing the 

telescope in its Ys, or by transmitting it without changing the pivots in the 

Ys, the same number of measures being obtained in each of the two posi- 

tions of the telescope. The latter method is the better one, especially in 

determining azimuth, since it eliminates at the same time errors due to 

inequality of pivots and inequality in height of the Ys. 

The effect of the error of inclination on the circle reading for any 

direction varies as the tangent of the altitude of the object observed. If 

the inclination is small, as it may always be by proper adjustment, its effect 

will be negligible in most cases. But if the objects differ much in altitude, 

as in azimuth work, the inclination of the axis must be carefully measured 

with the striding level, so that the proper correction can be applied. The 

following formula includes the corrections to the circle reading on any 

object for collimation and inclination of telescope axis: 

c sec h-+-b tan h; 

¢ = collimation in seconds of. are, 

b=inclination of axis in seconds of are,’ 

h=altitude of object observed. 

Parallax of wires occurs when they are not in the common focal plane 

of the eyepiece and objective. It is detected by moving the eye te and 

fro sidewise while looking at the wires and image of the object- observed. 
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If the wires appear to move in the least, an adjustment is necessary. The 

eyepiece should always be first adjusted to give distinct vision of the cross 

wires. This adjustment is entirely independent of all others and requires 

only that light enough to illuminate the wires enter the telescope or micro- 

scope tube. This adjustment is dependent on the eye and is in general 

different for different persons. Hence maladjustment of the eyepiece can 

not be corrected by moving the cross wires with reference to the objective. 

Having adjusted the eyepiece, the image of the object observed may be 

brought into the plane of the cross wires by means of the rack-and-pinion 

movenient of the telescope. A few trials will make the parallax disappear. 

When circles are read by micrometer microscopes it is customary to 

have them,so adjusted that an even number of revolutions of the screw will 

carry the wires over the image of a graduation space. If the adjustment 

is not perfect, an error of run will be introduced. This may in all cases be 

made small or negligible, since by means of the independent movements of 

the whole microscope and the objective with respect to the circle, the image 

may be given any required size. In making this adjustment some standard 

space, or space whose error is known, should be used. At least once at each 

station where angles are read, observations should be made for run of 

micrometers. An example of such readings is given under sample of field 

notes below. 

Tangent and micrometer screws should move freely, but never loosely. 

In making a pointing with the telescope the tangent screw should always 

move against or push the opposing spring. Likewise, bisections with the 

micrometer wires should be made always by making the screw pull the 

micrometer frame against the opposing spring or springs. 

Extra instrumental errors may be divided into four classes—namely, 

errors of observation, errors from twist of tripod or other support, errors 

from centering, and errors from unsteadiness of the atmosphere. 

Barring blunders or mistakes, the errors of observation are in general 

relatively small or unimportant. With practiced observers in angular meas- 

urements, such errors are the least formidable of all the unavoidable errors, 

and their elimination in the end results is usually well nigh perfect. The 

recognition of this fact is very important, for observers are prone to attribute 
s 
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unexpected discrepancies to bad observation rather than to their much more 

probable cause. After learning how to make good observations the observer 

should place the utmost confidence in them, and never yield to the tempta- 

tion of changing them because they disagree with some preceding observa- 

tions. Such discrepancies are in general an indication of good, rather than 

poor, work. 

Stations or tripods which have been unequally heated by the sun or 

other source of heat usually twist more or less in azimuth. The rate of 

this twist is often as great as a second of arc per minute of time, and it is 

generally nearly uniform for intervals of ten to twenty minutes. The effect 

_of twist is to make measured angles too great or too small according as they 

are observed by turning the microscopes in the direction of increasing gradua- 

tion or in the opposite direction. This effect is well eliminated, in general, 

in the mean of two measures, one made by turning the microscopes in the 

direction of increasing graduation and followed immediately by turning the 

microscopes in the opposite direction. Such means are called combined 

measures or combined results, and all results used should be of this kind. 

As the uniformity in rate of twist can not be depended on for any considera- 

ble interval, the more rapidly the observations on an angle can be made 

the better will be the elimination of the twist. The observer should not 

wait more than two or three minutes after pointing on one signal before point-+ 

ing on the next. If for any reason it should be necessary to wait longer, it 

will be best to make a new reading on the first signal. 

The precision of centering an instrument or signal over the reference or 

geodetic point increases in importance inversely as the length of the triangu- 

lation lines. hus, if it is desired to exclude errors from this source as small 

as a second, one must know the position of the instrument within one-third 

of an inch for lines a mile long, or within 6 inches for lines 20 miles long, 

The following easily remembered relations will serve as a guide to the re- 

quired precision in any case: 

1 second is equivalent to 0.3 inch at the distance of 1 mile. 

1 second is equivalent to 3.0 inches at the distance of 10 miles. 

1 second is equivalent to 6.0 inches at the distance of 20 miles. 

1 minute is equivalent to 1.5 feet at the distance of 1 mile. 
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The notes should always state explicitly where the instrument and 

signals are and give their coordinates (preferably polar coordinates) if they 

are not centered. 

Objects seen through the atmosphere appear almost always unsteady, 

and sometimes this unsteadiness is so great as to render the identity of the 

object doubtful. The unsteadiness is usually greatest during the middle of 

the day. It generally subsides or ceases for a considerable period between 

2 p.m. and sundown. ‘There is also frequently a short interval of quietude 

about sunrise, and on cloudy days many consecutive hours of steady 

atmosphere may occur. For the best work, observations should be made 

only when the air causes small or imperceptible displacements of signals. 

In applying this rule, however, the observer must use his discretion. Errors 

of pointing increase rapidly with increase of unsteadiness, but it will fre- 

quently happen that time may be saved by counterbalancing errors from this 

source by making a greater number of observations. Thus, if signals are 

fairly steady it may be economical to make double the number of observa- 

tions rather than wait for better conditions. 

The best results in a triangulation are to be obtained by measuring the 

angles separately and independently. Thus, if the signals in sight around 

the horizon are in order A, B, C, ete., the angles A to B, B to C, ete., are by 

this method observed separately; and whenever there is sufficient time at 

the observer's disposal this method should be followed. 

Besides measuring single angles, it is desirable to measure independ- 

ently combined angles—i. e., angles which consist of the sum of two or more 

single angles. Thus, supposing O to be the observing station and A, B, and 

C stations sighted on, the observer should measure not only the angles AOB 

and BOC, but the combined angle AOC. This is necessary not only because 

this angle may be used directly in the triarigulation, but it will be needed in 

forming conditions for adjusting the angles about the observing station, or 

the station adjustment, as it is called. 

In order to secure the elimination of the errors mentioned above, the 

following programme must be strictly adhered to: 

Pointing on A and readings of both microscopes. 

Pointing on B and readings of both microscopes. 
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Transit telescope and turn microscopes 180°. 

Pointing on B and readings of both microscopes. 

Pointing on A and readings of both microscopes. 

80° 
Shift circle by ~—— and proceed as before until x such sets of measures 

rhaoa) 
have been obtained. 

Then measure the angles B to C, C to D, ete., including the angle 

necessary to close the horizon, in the same manner. 

A form for record and computation of the results is given below. 

When repeating instruments are used, the same programme will be fol- 

lowed except that there should be five pointings instead of one on each of 

A and B, the circle being read for the first pointing on A and the fifth on 

B, and again for the sixth pointing on B and the tenth on A. 

The importance of having the measures of a set follow in quick succes- 

sion must be constantly borne in mind. Under ordinarily favorable condi- 

tions an observer can make a pointing and read the microscopes once a 

minute, and a set of five repetitions should be made in five minutes or less. 

When several stations or signals are visible and a nonrepeating instru- 

ment is used, time may be saved without material loss of precision in the 

angles, by observing on all the signals successively according to the follow- 

ing programme, the signals being supposed in the order A, B, ©, ete., as above. 

Pointing on A with microscope readings. 

Pointing on B with microscope readings. 

Pointing on C with microscope readings. 

Pointing on A with microscope readings. 

Transit telescope and turn microscopes 180°. 

Pointing on A with microscope readings. 

Pointing on B with microscope readings. 

Pointing on C with microscope readings. 

Pointing on A with microscope readings. 

on 180 . ; 
Shift circle by ——— and proceed as before until » such sets have been 

n 
obtained. 
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The angles A to B, B to C, ete., read in this way may be computed as 

in the first method, always combining the measure A to B with the immedi- 

ately succeeding measure B to A to eliminate twist. There is a theoretical 

objection to this process of deriving angles founded on the fact that they 

are not independent, but in secondary work this objection may be ignored 

as of little weight. 

For the 11-inch theodolite and for the new 8-inch instruments made 

by Fauth & Co., all of which read by micrometer microscopes, four (4) sets 

of measures on as many different parts of the circle will be required; and 

for the repeating theodolite six (6) sets of measures will be required, all 

measures being made according to the programmes given above. 

Under ordinary circumstances and with due care in centering, angles 

measured as specified above should show an average error of closure of the 

triangles not exceeding 5”. 

Under specially unfavorable conditions the number of sets of measures 

should be increased, care being always taken to shift the circle so as to 

eliminate periodic errors. 

The practice of starting the measurement of an angle or series of 

angles with the microscopes reading 0° and 180°, 90°, and 270°, ete., must 

be avoided; otherwise the errors of these particular divisions will affect 

many angles. In shifting the circle it is neither necessary nor desirable to 

x : ; 180 
have the new positions differ from the preceding one by exactly —~ A 

TD 

difference of half a degree either way is unimportant as respects periodic 

errors, and it is advantageous to have the minutes and seconds differ for the 

different settings. 

Field notes should be clear and full. The date, place, name and num- 

ber of instrument used, and the names of observer and recorder should be 

recorded at the beginning of each day’s work at a station. The positions 

of the instrument and signals observed should be defined either by a full 

statement or reference to such in each day’s notes. The time of observa- 

tions should be noted at intervals to show that the instrument does not 

stand too long between pointings. 
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When mistakes are made in the record, the defective figures should not 

be erased, but simply crossed out, and an explanation furnished in the col- 

umn of remarks. Great care should be taken not only to avoid “cooking” 

or “doctoring” notes, but to avoid suspicion thereof. 

The following example of form of record is taken from the primary 

triangulation executed in 1889 in western Kansas: 

Record of measurement of horizontal angle. 

Staticn: Township corner, Kansas, July 1, 1889. Fauth 8-inch theodolite No. 362, one division of micrometer ) 
head = 2 seconds. | 

| | | 

Station. Micr. A. | Mier. B. | Mean reading. Angle. Mean. | 
| 

Telescope direct. | 
I Din. oF Divot em EU y G0 ‘ Lae 

Walton 12, 18) ju273: 12’ 0959 | 193, 12) 21.2 36 29 03.9 | 
Newt -.-- 41 11.9 309 41 13.2 129 41 25.1 05.9 | 
Newt .--.-.----- ae 41 15.6 809 41 12.1 129: 41 27.7 08. 0 
RVV SRM GO DN alee = 93 12 10.6 | 273 12 09.1 93 12 19.7 

Telescope reversed. 
ALCON eee eee eee 27 403.2 | 318 0 ne 
INGWitte= a= 0 2a 56 02.8 | 354 9 | Al 00.5 
DING wittersctecia- em =: 56 06.2 | 354 be |! De 7 01.8 
Wialtonioes n= sa sear cease 38 27 05.2 | 318 <4 2.6 03.1 

Telescope reversed. | 
AMEN Ryle o Sete es secs 183 07 03.0 27.2 | 183 O07 00.2 
ING Wii = =o === --} 219 36 05.0 8 | 219 36 04.8 04. 6 
Newitcnst ceca: -.| 219 36 08.1 5 219 36 07.6 03.9 
Walton .---.--.-. on 3 O07 06.4 1 | 183 07 04.5 03.1 

Telescope | 
Walton 24 28. 6 | 228 50.7 | | 
Newt 53 27.4 1 | 264 53 53.5 | 02. 8 
New 54 O11 1. | 264 53 57.2) | 04.3 
Walton - 2a 29.3 1 PPI De Ot aU 05.8 | 

[aha al By iL | 

4| 15". 9 

IM Gam G14 Cond DINE TMMCASUTES tie an tse ns Sai oa win ella dn nwa el aieta)nie we me sei ene m ominimeinm se rin =36° 29/ 03/'. 98 

“ Instrument over center of station. 

ORGANIZATION OF PARTIES AND PROSECUTION OF WORK. 

A party for carrying on primary triangulation usually comprises only 

the chief and an assistant, with the addition of a driver and cook, in case the 

party is living in camp. Frequently, however, a man is employed to super- 

intend the construction of signals, and it is generally found economical to em- 

ploy such aman. The chief of the party is expected to select the stations 

and direct the forms of signals to be erected, and to measure angles. Ina 

mountainous country the selection of stations is usually a simple matter. 

From the summit of a mountain the chief of a party may be able to seleet 

stations for considerable distances ahead and to order the erection of signals, 

turning over to the man employed for that purpose the business of erecting 
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them. On the other hand, in a densely wooded region such as the Cumber- 

land plateau, where the summits have approximately the same elevation, the 

selection of stations is an extremely difficult matter, requiring great ability 

and experience and involving an immense amount of labor. In such a region 

the chief of party finds it necessary to travel great distances, visit many hills, 

and even has to climb to the summits of the highest trees, in order to select 

intervisible stations. 

The selection of stations must be kept in advance of the reading of 

angles, but it is not advisable to keep it too far ahead, on account of the 

danger of the destruction of signals before arigles have been read upon them. 

Therefore, the chief of a party finds it necessary to alternate between the 

two kinds of work, selecting and preparing three or four stations, then re- 

turning and measuring the angles. | 

When it is necessary to use heliotropes, the party has necessarily to be 

increased by one man for each heliotrope employed. The proper manage- 

ment of such a party then becomes a matter calling for the exercise of much 

judgment on the part of the triangulator. _ If it is convenient for the chief of 

party to place each heliotroper before observing angles, and to show them 

where to direct their instruments, men of ordinary intelligence may be em- 

ployed: and the work is one calling rather for time than skill. Where, how- 

ever, the party is moving almost daily, the observer and heliotropers occu- 

pying a different station nearly every day, as is possible in the dry and clear 

atmosphere usually prevailing in the West, the chief of party has to arrange 

a schedule for each man, showing the order in which he is to occupy the 

stations and in what direction he is to flash from each. The heliotroper 

must be a man having some topographic and technical skill, so that he may 

find his point, set up on center and direct his flashes to the right place, 

besides exercising a goodly amount of common sense judgment. A simple 

code of signals being agreed upon, it then becomes an easy matter for the 

triangulator to let the heliotropers know that the work is completed, when 

they at once move to the next designated station. 
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REDUCTION OF PRIMARY TRIANGULATION. 

REDUCTION TO CENTER. 

In case any station was occupied off center, the directions as read must 

first be reduced to center. In the diagram, let w be the 

R 

y 

point occupied; y, the station, r the distance between them, A the point to 

which the direction is laid and the angle at that point, and R its distance, 

approximately known. Then, from the relations between the sides and the 

angles of the triangle, 

Rees sin aes sin A 

r sin x 
R sin 1” 

; r sin x 
sin A =~ 

R 

correction in seconds of are. 

and A = (in seconds) 

The following example taken from the triangulation in Kansas will 

serve to illustrate the form of effecting this reduction. The references are 

to the diagram on page 67. 

Reduction to center of station at Walton A. 

[See explanation: Appendix No. 9, page 167, U.S. Coast anil Geodetic Survey report for 1882. ] 

distance, inst. to center ='.48 log= 9.6812 
log feet to meters = 0.5160 

distance, inst. to center log meters = 9, 1652 — log r. 

| = <. Sa] Aiwa messes - hanp re x ton xtoo xtop | xtoq xtor x tos 
Drecinon: 7°, 73°. 105° 185°. | 2730 | 306° 

=| | | 

log sin angle- -- 3¢ 9, 0859 9. 9806 9. 9849 8.9403 9.9994 | 9. 9080 
Co. log, distance 5 1| 5,9182 6, 4228 6 4 6.0079 | 6.2514 
lop Ys em se aess = . 1652 9. 1652 9. 1652 9.1652 | 9.1652 | 9.1652 
Co. log sin 1/’.. 5. 3144 5.3144 5.3144 5. 3144 | 5.3144 5. 3144 

| On 4976 0.3784 | 0. 8873 9. 6633 0. 4869 0. 6390 | 
| Correction to direction ..... | ov, 31 2,39 | Tl. 71 01, 46 37,06 | 47.36 

” “ " 

Correction to angle a =n to 0 —0. § 
b=o0 top —2. 39 
g—ntop —0.: 

cp tog —7.7 
d=qtor +0. 
e=r tos +3. 06 ~ - 
h=q tos +0. = —3. § 
f=s ton +4.36 +0.31 = +4. 67 

The angles are measured on a spherical surface and the sum of the 

three measured angles of each triangle should equal 180° plus the spher- 

MON XXIL 5 
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ical excess. The latter need be computed and subtracted from the sum of 

the angles, however, only for the purpose of testing the accuracy of closure 

of the triangle, as in the reduction the angles are treated as plane angles. 

When the area of the triangle is large, the spherical excess in seconds (E) 

should be computed by the equation: 

S) 

= sin 1” 

where S= the area of the triangle in square miles, and r the radius of 

curvature of the earth in miles. When the triangle (being within the 

United States) has an area less than 500 square miles, r may be assumed 

as constant, and the spherical excess may be obtained by dividing the area 

in square miles by 75.5. 

The next step is the adjustment of the angles‘about the observing sta- 

tion, or the station adjustment, as it is called. Referrmg to the diagram, 

which represents the angles read at Walton station, in Kansas, it is seen that 

eight angles were measured as follows— 
. 

| | 
weer Angles locall Station | Correc- P 

Obs. angle. | adjust- | tion to panes and 
ment. center. SEURSUN ED | center. 

fe) ‘ “a au “uw ° 4 “uw 

a Dunkard—Peabody...........------| 65 45 28.37 +.51 +2.08 | 65 45 30.96 
b Peabody—Newt ...--..--.---------- | 31 47 58.50 +.52) +5.32 1 31 48 04.34 

| STi Sea eee ee === || a ranso pe cereTh| sesene =e eee | 97 33 35.30 
g Dunkard—Newt (meas.) .--..-.--.-- 97 33 28.39 —.49) +7.40| 97 33 35.30 

Difference .-..-.-.----.--- ==) SGP ene bene co dis 00. 00 

| iS ed . Ei 

d Township cor.—Royer...-...-------- | 87 44 57.41 —. 56 —2.60 | 87 44 54.25 
é Royer—Bennett -----.------..---.-- | 34 00 03.35 —. 56 —1.30 | 34 00 01.49 

Sibi (See bens cbs dstieesse |) IE i) [nok ood besasoncis- 121 44 55.74 
h Township cor.—Bennett--...-.------ 121 44 59.05 +.59 —3.90 | 121 44 55.74 

sabi | ssscoscojpeooressce 00. 00 

f Bennett—Dunkard ..........------. 61 09 26.17] | +.02 +4.67 | 61 09 30.86 
g Dunkard—Newt-..-....----.--.---- 97 23 28. 39 —.49 | +7.40 97 33 35.30 
c¢ Newt—Township cor ...-------.--.- 79 32 06.25 +. 02 —8.17| 79 31 58.10 
h Tp. corner.—Bennett..------.------ 121 44 59.05 +.59 —3. 90 | 121 44 55.74 

SH ensandcassceccoscesses = ma Sb) IAD TO os scengse) Ree escoac 360 00 00.00 
Shel ea a ee Ee ede | 00. 00 

| | 

Of these a+ 6 should = g, d+-e should = h, andy +¢+h-+ fshould 

— 360°. Thus are formed in this case three conditions affecting eight 

unknown quantities. The method by which are found the corrections which 
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fulfill these conditions is that known as the method of Least Squares. It is 
unnecessary to explain the theory of this method, but only to show how it 

is applied in the class of cases under consideration, which can best be 
done by tracing a case through. There are here three equations of condi- 
tions, as follows: 

(1) a +b —g—1".52 = () 

Qe ee = S06 
(3) f+g+c+h—0"14=0 

in which the letters represent, not, as in the diagram, angles, but unknown 
corrections to the angles. The coefficient of each of these corrections is 
unity. Arrange them in tabular form, the numbers at the top referring to 
the equations, thus forming what is called a table of correlates. Now mul- 
tiply each coefficient by itself and every other in the same horizontal line, 
and sum them. There result three normal equations, as follows: 

Ww y L 

| io | 
| a 1 | | —-— $$ ________ 
ier | 1 | nae x 

c | 1 | 1 +3. 00w —1.00z —1".52—0 
d | iat 12 +3. 00y —1. 00z +-1.71=0 
e | es} 3 —1. 00w —1. 00y +-4. 00z —0”. 14 = 0 

| 

hh | | 1 | a> eee _ ee 

q —all 1 
| h 
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These three equations involving three unknown quantities, are then 

solved by elimination, with results as follows: 

w—=+.515 

y = —.562 
€= +.023 

These values can now be substituted in the table of correlates, columns 

1, 2, 3; the algebraic sum of lines a, b, c, d, ete., giving corrections to the 

angles a, b, c, d, ete. 
1 A) 3 Corrections to 

= . angles. 

| | H 
a al Sealy | +. 515 
b +.515 +. 515 
c +. 023 +. 023 
d | —.562 —. 562 
@ {| = 562071 —. 562 
f +.023 | 4.023 
g | . 515 +. 023 | —. 492 
h +. 562 +.023 4.585 

FIGURE ADJUSTMENT. 

The measurement of the angles having been executed by instruments 

and methods much better than the needs of the map require, it is not ordi- 

narily necessary to make any figure adjustment, further than an equal dis- 

tribution of the error of each triangle among the three angles. 

Still, as the necessity for a more elaborate adjustment may arise, a 

description of the method of applying the least square adjustment to geo- 

metric figures in triangulation is here given, with a simple example of its 

application. 

Each geometric figure in a system of triangulation is composed of a 

number of triangles. The measured angles of each triangle should equal 

180° plus the spherical excess. Each triangle, therefore, furnishes an equa- 

tion of condition, which is known as an angle equation. The number of 

angle equations in any figure is equal to the number of closed triangles 

into which it can be resolved. But since certain of these are a consequence 

of the others, the number of angle conditions which it is desirable to intro- 

duce is less than the number of triangles. 

The number of angle equations in any figure is equal to the number 

of closed lines in the figure plus one, minus the number of stations. Thus, 

in a closed quadrilateral, the number of angle equations is 6 + 1—4=3. 
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There is another class of conditions, known as side equations, which 
can be best explained by reference to a figure. In the example, diagram, 
suppose the figure 0, 1, 2, 3 to represent the projection of a pyramid, 
of which 1, 2, 3 is the base and 0 the apex. A geometric condition of such 
figure is that the sums of the logarithmic sines of the 
angles about the base, taken in one direction, must ‘ 2 
equal the similar sums taken in the other direction, 
i. @., the product of the sines must be equal. In the 
present case, log. sin 0, 1, 2 + log. sin 0, 2, 3 i log. ~ s 
sin 1, 3; 0 should equal log. sin 1, 2, 0 + log. sin 2, 3, 0 + log. sin 0, 1, 3. 

The number of side equations which can Be formec in any figure is 
equal to the number of lines in the figure, plus 8, minus twice the number 
of stations in it or/ + 3—2n. Ina quadrilateral, 6 4+ 3—8=1. 

The numerical term in each angle equation is the difference between 
the sum of the observed angles on the one hand and 180° + the spherical 
excess on the other. This is positive when the sum of the observed angles 
is the greater, and vice versa. The coefficients of the unknown corrections 
are in each case unity, unless weights are assigned. 

The numerical term in each side equation is the difference between 
the sums of the logarithmic sines, taken in the two directions. The coefti- 
cients of the unknown corrections are the differences for one second, in the 
logarithmic sines of the angles. 

The method of making up and solving these equations and applying 
the corrections to the angles can best be shown by means of an example. 
That here given is the simplest case involving both angle and side equa- 
tions, namely, the case of a quadrilateral. The method of forming correla- 
tives and normal equations, and their solution, is similar to that employed 
in station adjustment, and therefore the details are omitted. 

In the equations of conditions and correlatives, the angles are desig- 
nated by directions, to which the corrections are finally applied. Thus 
the angle of 302 is designated as — 3/0 + 2/0, the sign — being given to 
the left-hand and the sign + to the right-hand direction. 



A MANUAL OF TOPOGRAPHIC METHODS. 

Example of figure adjustment by least squares. 

Observed angles. 

fo} ‘ “ 

3:01 120 39 14.781 
(a).. ; 0-13 21 26 17.806 

1:3-0 37 54 37.180 
: 180 00 09, 767 

Spherical excess —— 0.148 
Closure error + 9.619 

§ 01:2 81 52 51.222 
(b) -- 1:20 62 22 38.500 . 

201 35 44 45.861 
180 00 15.583 

— 0.189 

Closure error +15. 394 

1:2:3 91 28 38.000 
231 28 95 10,360 
31:2 60 26 33.416 

180 00 21.776 
— 0, 234 

Closure error + 21,542 

2°3°0 65 59 47.540 
(c) ; 3°0°2 84 54 28.920 

0°2°3 29 05 59.500 
180 00 15.960 

— 0.193 

Closure error + 15.767 
| 

Side equation. 

[Taking 0 as the pole.] 

; Tabular | Corree- Corrected log. A F 
Log. sines of pss . . A Spherical) Log. sines of 

Angle. spherical angle. parerence Gentes amesol E eee excess. plane angles. 

(ith Roe pie oe 9,9956249.7) +3.0| —25.0 9.9956224.7 | —. 063 9. 9956224 
Of 22a eee eee 9. 6869340. 0 | 37.9 | —127.9 9. 6869212. 1 —. 065 9, 6869210 
UGE H(t = See 9. 7884705. 9 27.0 --1.2 9. 7884704. 7 —. 050 9. 7884703 

Spm eee — 29, 4710295. 6 29. 4710141. 5 29, 4710137 

@) 9.9474437.5| 11.0] —59.4 9.9474378.1 | —.063 9. 9474378 
9. 9607184. 9 9.4 —i7.7 9. 9607107. 2 —. 064 9, 9607107 
9. 56288959. 2 | 53.7 —203. 0 9. 5628656. 2 —. 049 9, 5628653 

ST eet 29, 4710481. 6 | 29. 4710141. 5 29, 4710137 
From above .-....- 29. 4710295. 6 | 5 

Difference ....-..-. 00. 0000186. 0 | 000. 0 0000. 

(Gy) Boe ee ene ee eee ee O=+186,0 — 3.0 (%)+ 03.0 (?)—37.9 (2)+4 37.9 (3)— 27.0 (4)-+ 27.0 (2) 
—[—11.0 (4)4- 11.0 ($)— 9.4 (@)+ 9.4 (9)— 53.7 (2) +. 53.7 (2).] 

Equations of condition. 

() Sas oo Se sac See bate coe cee Ee O=+ 9.619 343-947-349 - 
(b) - ses --0=+15 .394—$+7—349—G+3 
(G) ie 2es Eon aescmes date se Resco eae tne ee eee eee ee eee O=+15 .767—4+9—3+2—-9+3 

Collecting terms in (d) and dividing through by 100 so as to avoid dealing with large numbers. 

(Oise ee eae eee She ee 0= +1.86 + .507 (2) + .030 % — .489 (2) +.379 (3) —.270 (3). 
+ .176 (3) + .110(3) + .094 (2) —.537 (3). 
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Table of correlatives. 

Direc- 
tion. b. 

0/1 
0/2 
0/3 
1/0 
1/2 
1/3 
2/0 
2/1 
2/3 
3/0 
3/1 
3/2 

Forming the normal equations in the usual manner, we have: 

u" 

(Gee ieee ad 0=+ 9.619 | +6.000 | +2.000 | 42.000 | —0.598 
(b) - -.| O=+415.394 | +2.000 | +6.000 | —2.000 | —1. 076 
(c) --| 0=+15. 767 | +2.000 | —2.000 | +6.000 | +0.950 
(cass eee 0=— 1.860 | —0.598 | —1.076 | +0.950 | 41.054 

Solving: we find the following values: 

u" 

a = -+ 1.900 
b = — 4.386 
c = — 5,208 
d = + 3.059 

Substituting the values of a, b, c, d, in the table of correlatives. 

| Correction 
Direction. A. B. Cc. D. to each 

direction. 

“a 

g —1.900 +4386 |.-.200. seoee| 1.551 +4. 037 
$  ewemannnnnne —4. 386 +5. 208 —1. 496 —0. 674 
3 5 —2. 770 
a —2. 486 
4 4-4. 722 
4 —2. 726 
3 —0. 822 
i —4, 294 
3 +5. 496 
a +3. 308 
i +0. 257 
i —4. 049 

Observed angles. Corrections. | es Se Sunes Plane angles. 

° uy mw “uw au fo} ‘ a wt fe} t ua 

3.0.1 120 39 14.781 —3. 308—2. 486 120 39 08.986 —. 049 120 39 08.94 
0.1.3 21 26 17.806 —4, 037+ 0. 257 21 26 14.026 —. 049 21 26 13.98 
1.3.0 37 54 37.180 +2, 726—2. 770 387 54 37.136 —. 050 37 54 37.08 

180 00 00,148 | —.148 180 00 00.00 

0.1.2 81 52 51,222 —4. 037-4, 294 81 52 42.891 | —.063 81 52 42.83 
1.2.0 62 22 38.500 —4, 722—0. 674 62 22 33.104 | —.063 62 22 33.04 
2.0.1 35 44 45, 861 +0, 822—2. 486 35 44 44.194 —. 063 35 44 44.13 

180 00 00,189 —.189 180 00 00.00 

1.2.3 91 28 38.000 —4, 722—4. 049 91 28 29.229 —.078 91 28 29.15 
2.3.1 28 05 10.360 —5. 496—2. 726 28 05 02.1388 | —.078 28 05 02.06 
3.1.2 60 26 33.416 —0, 257A, 294 60 26 28.865 | —.078 | 60 26 28.79 

. 180 00 00.232 —. 234 180 00 00.00 

2.3.0 65 59 47.540 —5. 496—2. 770 65 59 39.274 | 064 65 59 39.21 
3.0.2 . 84 54 28.920 —3. 308—0. 822 84 54 24.794 | —. 064 84 54 24.73 
0.2.3 29° 05 59, 500 +0. 674—4. 049 29 05. 56.125 | 065 29 05 56.06 

181 00 00,193 . 198 180 00 00.00 
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For a full discussion of the Method of Least Squares and its application 

to triangulation see ‘A Treatise on the Adjustment of Observations, by T. 

W. Wright, B. A.,” pp. 250-370. New York. D.Van Nostrand. 1884. 

COMPUTATION OF DISTANCES. 

In each triangle, starting with the base line, there is known at least 

one side and the three angles. The remaining sides are computed by the 

well-known proportion of sides to sines of opposite angles, or expressed 

: b sin A 
mathematically, @=———. 

; sin B 

used in meters, and seven place logarithms should be employed. 

In this computation distances should be 

The following is an example of the correction of the angles and the 

computation of the sides of triangles taken from the work in Kansas: 

Angles locally | 
Station. adj. and re- | }error. | Planeangles. | Log sines. 

duced to center) 

Gea eae 7, ol Manes 
‘Township corner ...-...-.--- 36 29 04.0 | + .5 36 29 04.5 0,2257704 
ING WE ae seen ee ee 63 58 56.2 | + 6 63 58 56.8 9.9535952 
Wish 600 eee eee 79 31 58.1 | + .6 79 31 58.7 9.9927124 

= | 
179 59 58.3 
Error = —1.7 

DUO poh Retr NC yy tm VAR A ee 3.5771611 
Mop sin Ne witese sence te aa ae aces Hate sc netann gece ened esate gfe ars Seto creme occas 9.9535952 
a. c, log sin Township corner.-.--..<. 2... 2-2 o eae enon Recreate -eeswages senate ech oe 0.225704 

Log dist. Township corner— Walton 
Log dist. Newt-Walton.. - - 
Lop sin’ Walton. estes sees eee 27124 
G..¢, lopyain township GOrner 2. soe e tee oe eee en tees an nao see eee nee ee arene eae ae oe eee 0.2257704 

Log dist. Township corner—Newt....-.....--.------------------- cans Sosa ceeseoc oe pSeEhe oteLes 2050 3.7956439 

COMPUTATION OF GEODETIC COORDINATES. 

The next step is the computation of the latitude and longitude of the 

stations and the azimuth or direction of the lines connecting them. Initially, 

the latitude and longitude of some point is determined by astronomical 

observations, and this point is connected with the triangulation. The 

azimuth, or angle with a south line, of a line connecting this point with some 

station in the triangulation is also determined by astronomical observations. 

These, with the observed angles and the computed distances between the 

stations, form the data from which the latitudes and longitudes of the sta- 

tions and the azimuths of the lines connecting them are computed. The 
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difference in latitude between two adjoining stations is obtained from the 

following equation, based upon the Clarke spheroid : 

—dL=K cos a B+K?* sin’ a’ C + (dL) *D — hK? sin’ E, 

in which 

dL is the difference in latitude. 

K, the distance between the stations in meters. 

a’, the fore azimuth of the line connecting them, measured round clock- 

wise from the south through the west. 

h, the first term. 

6, the approximate difference in latitude, being the sum of the first 

two terms. 

B, C, D, and E, constants derived from the dimensions and figure of 

the earth. 

These are given for various latitudes in tables at the close of the 

volume. 

The difference in longitude is obtained by means of the fi lowing 

formula : 
iM — KK sin a AY 

cos L/ 

in which 

dM is the difference in longitude. 

L’, the newly determined latitude. 

A’, a constant, from tables near the end of the volume, and the others 

as above. 

The azimuths at the two ends of a line differ from one another, on 

account of the convergence of the meridians. ‘That first determined is known 

as the fore azimuth, the other, the back azimuth. All azimuths are meas- 

ured from the south point around to the right. 

The back azimuth is computed from the formula: 

ei Geel) 
. 

cos $ dL 
= da—= aM 

where M is the longitude of the first station. 

L, the latitude, and 

L’ the latitude of the second station. 
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The constants used are those of the Clarke spheroid of 1866. 

These formulz are derived and explained in Appendix No. 7, Report 

U.S. Coast and Geodetic Survey for 1884. 

The following are examples of the use of the formule, taken from the 

triangulation in New Mexico : 

Nell—Chuscea. 159 29 08.728 
120 54 13. 980 

Azimuth a: 

° ‘ “ 

Spherical angle: | 

Azimuth a’; | Nell—Zuni. 38 34 54. 748 
da + 180° 179 50 02. 124 

Azimuth (a): | Zuni—Nell. 218 24 56,872 

GEODETIC COORDINATES. 

LATITUDE. LONGITUDE. 

to) ‘ a“ °o 1 “ 

L: 35 25 13.443 Nell. A: 108 37 24.925 
éL —17 47.546 Geo. Pos, No. 5. 5A + 17 15.360 

L’ 35 O07 25.927 Zuni. nv 108 54 40, 285 
Geo. Pos. No. 6. 

Computation for Computation for longitude: 
latitude: 

log. K 4, 6236305 
log. K 4. 6236305 ey -Sinia/ 9. 7949286 

co 3B 8. 5111933 eA. 8. 5092394 
** cos a! 9. 8930500 “sec, L! 0. 0872944 

—— Corr. for diff. arc. & sine = — 15 

log (I) ae 
log. (V) 3. 0150914 

log. K? EN 1035/'.360 
ee Cc 

“sin? a’ 9.58986 Computation of azimuth: 

log. (11) 0, 09408 log. (V) 3.015091 
= ae L+L' 

log. D 2. 3679 * sin ( oy ) 9. 761522 

 [I+1T}? 6.0568 SL 

** geu. ( = —) 0. 000001 
log. (111) 8.4247 

ap log. (VI) 2.776614 log. E 6, 0124 g t 
“Fk? gin?a/8. 8371 ba ay ae us 
(us) 3.0279 a BA 

log. (IV) 7.8774 < 
: == Azimuth check. 

() —«-1066. 286-+ 
(ID 1.2424 | —_———_— 

(IIT) 026+ {I+I11] 1067. 528 ——- ——— 
(IV) -008— | log. ‘ 3. 0283792 Check: 

—————| ‘{I+I]]?  6,0567584 Spher. angle 
—6L = +1067. 5464 at 

Computation of Azimuth a, in Book , page c 
Spherical angle and distance = K, in Book , page, Triangle No. 

Station; Computed by E 

| | °o i “a 

Azimuth a: | Chusca—Nell. 339 21 40.150 
Spherical angle: | 25 11 38. 601 | 
Azimuth a’: Chusea—Zuni. | 

6 a + 180° | 

| Azimuth (a): Zuni—Chusea. | 
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GEODETIC COORDINATES. 

LATITUDE. LONGITUDE. 

12) Uy “u fo} ‘ a“ 

L: 35 53 06.746 Chusea. A: 108 50 14.518 
6L — 45 40.818 Geo. Pos. No. 4. 5A +4 25.768 

Li 35 07 25.928 Zuni. aU 108 54 40. 286 
‘ y Geo. Pos. No. 6. 

Computation for Computation for longitude : 
latitude: 

a log. K 4. 9280539 
log. K 4, 9280539 ‘gin a! 8. 8999220 
LEE) 8. 5111594 ee 2 
“eos a! 9. 9986260 * sec. L! 0. 0872944 

Corr. for diff.are &sine — 
log. (I) 3. 4378393 

== log. (V) 
6A log. K? 

yan} 1, 26435 
“ sin? a’ 7..79982 Computation of azimuth: 

log. (IT) 8 log. (V) 2. 424503 

log. D 7 8703 * sin ( “*) 9. 764002 

I+TT)}? 6.8757 “ 
] "© sec (+) 0. 000009 

log. (ITT) 9. 2460 a 

log. E 6.0214 log. (VI) 2. 188514 

"2 sintal 7. 6559 oa —,, 1541/. 350 
“ (1) 3.4378 —2' 34/’, 350 

log. (IV) 7.1151 Azimuth check : 

@) 2740. 560-+ BH ie 
(11) . 083+ 218 24 56.872 

_—_—__—_——_- 184 30 44.401 

(IIT) - 176+ | (1+ IL] 2740. 643 — = 

(IV) .001— | log. ‘* 3.4378525 Check: 33 54 12.471 
—___—_| ‘* [I+II]? 6.875705 Spher. angle 

—6L +2740. 818 | at Zuni 33 54 12.469 

Computation of Azimuth a, in Book 67, page 4. 
Spherical angle and distance = K, in Book 64, page 12, Triangle No. 3. 

Station; Computed by H. M. W. 

When the lines are not more than twenty miles in length, the equation 

for latitude may be simplified without appreciable error by dropping the 

last two terms. 

TRAVERSE LINES FOR PRIMARY CONTROL. 

In level country, especially if it is covered with forests, it is very expen- 

sive to carry on triangulation, and in some cases practically impossible to 

do so. Under such circumstances the only means of obtaining an adequate 

control for maps is by means of traverse lines. 

A traverse line consists of a series of direction and distance measure- 

ments. Each course, as the direction and the accompanying distance are 

called, depends upon the one immediately preceding it, and a continuous 

chain is thus formed. Traverse lines are largely used in the topographic 

work proper for making minor locations. The primary traverse differs 

from these only in the fact that it is much more elaborately executed. 

The initial point of a primary traverse must be located either by 

triangulation or by astronomic determinations. The end of the line should, 
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if possible, be a point similarly well located. The line should, if practica- 

ble, follow a railroad, in order to obtain the easiest possible grades, and 

thus avoid errors incident to slope. 

The instrument used for measuring directions should have a circle 6 to 

8 inches in diameter, and should read by vernier to 10 seconds. The the- 

odolites formerly used in the primary triangulation are generally used in 

this work. A larger or more elaborate instrument is not advisable on 

account of the difficulties of transporting it and frequently setting it up. 

Upon short lines instruments reading to minutes may be used. 

The readings should be upon signals consisting of poles, and fore and 

back rodmen must be employed for carrying and setting them. The 

angular measurements between the poles should be read by both verniers; 

and it is advisable to note the compass readings at the same time, in order 

to avoid gross errors. At intervals of 10 to 20 miles, depending upon the 

number of courses to a mile, observations should be made for azimuth, 

observing for this purpose upon the pole star, preferably at elongation. 

The measurements of distance are effected by the use of steel tapes, 

and preferably by 300-feet tapes, similar to those used in measuring base 

lines. Two chainmen should be employed, and in order to avoid errors in 

the count, it is well to count the rails, in case the work is done upon rail- 

road tracks. 

The temperature should be noted by means of thermometers at frequent 

intervals, in order that the proper corrections may be applied. 

The errors incident to running primary traverses are of two classes: 

errors of direction and errors of distance. 

Those of direction are similar to those treated of under the head of 

Instructions for the Measurement of Horizontal Angles, and need not be 

specified here. 

Owing to the necessity of setting up the theodolite at frequent inter- 

vals, it is impracticable to observe at each station the series of angles speci- 

fied in the above-mentioned instructions, and only a single or at the most 

a double measure of the included angle, with the reading of each vernier, 

is practicable for the measurement of direction. It is here provided that 

observations for azimuth upon Polaris should be much more frequent than 

in triangulation, and thus an absolute correction to the directions is intro- 
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duced much oftener. At each azimuth station the new astronomie azimuth 

should be adopted in place of that carried forward, and in case the discrep- 

ancy between the two is sufficiently great to involve perceptible error upon 

the scale of the map, the correction should be uniformly distributed forward 

from the first: station. 

In running these traverses all road crossings should be located, as 

topographic traverses will be run over the roads and will be connected with 

the primary traverses at these points. All prominent houses or natural 

features of any kind in sight from the line must be located by intersection, 

as they will doubtless be used by the topographers for location. 

When traversing in a country which has been surveyed by the General 

Land Office into townships and sections, the crossing of every township 

and section line should be located, and the directions of the township lines 

with reference to the line of traverse should be carefully measured in order 

to establish as close a relation as possible between the traverse line which 

serves as ultimate control, and the township system of surveys, which serves 

as a secondary control. 

Lines of traverse exceeding 100 miles in length should be reduced by 

computation. The distances should be corrected for error of tape, for tem- 

perature, and slope, and should be reduced to sea level, in the same man- 

ner as above described in treating of the reduction of base lines, in case 

these corrections are of sufficient amount to affect the length appreciably 

upon the map. 

The courses should be corrected for convergence of meridians. Then, 

commencing at the initial point, the latitude and departure of each station, 

one from another, should be computed in feet. The sum of the latitudes 

converted into seconds of latitude gives the difference in latitude, and the 

sum of the departures converted into seconds of longitude gives the differ- 

ence in longitude. 

Short lines of traverse may be platted with minute reading protractors, 

but in this platting the utmost care should be exercised. 

PRIMARY ELEVATIONS. 

The initial elevations of this work are derived from various sources. 

Any trustworthy results known to be of a sufficient degree of accuracy for 
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the purpose may be adopted. Whenever elevations have been determined 

within the area to be surveyed by the United States Coast and Geodetic 

Survey or the United States Lake Survey, they may be accepted without 

question. The work of these organizations has been sketched in the early 

part of this volume and is shown upon map No. 1. 

When these determinations are not available, initial bench marks 

should, if possible, be obtained from the profiles of railroads traversing 

the district. These have been adjusted and the results published in the 

Dictionary of Altitudes (Bulletin No. 76, U. 8. Geological Survey). In 

case there are no railroads to furnish initial datum points, as may occur 

in the sparsely settled regions of the West, or the profiles available are 

regarded as untrustworthy, it may become necessary to use barometric 

observations. Where a series of these, of a year or more in length is 

available, the result may be regarded as sufficiently trustworthy for this 

purpose. 

In regions where secondary triangulation is practicable the measure- 

ment of heights may be taken up with the plane table directly from datum 

points, as above indicated, and carried throughout the work by means of 

this instrument. Otherwise it becomes necessary to do more or less level- 

ing in order to extend and multiply datum points to control the less 

accurate work connected with the traversing. If practicable, the wye 

level should be employed. 

The extent of the work of the wye level which may be required 

depends mainly upon the contour interval of the map to be made. It may 

be said in general, that a single line across a sheet will furnish a sufficient 

number and a suitable distribution of points for the proper correction of 

the subsequent work. Wherever practicable such lines should be run 

along railroads, in order to obtain easy grades and thus lighten the work. 

When railroads are not available, they should be run along wagon roads, 

selecting, so far as they will suit the purpose, those having the easiest 

grades and the straightest courses. 

Where the control of the map is effected by means of primary trav- 

ersing, such traverse should be accompanied by a level line, unless that of 

the railroad which the traverse follows appears to be of sufficient accuracy. 
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SECONDARY TRIANGULATION. 

The work of making secondary locations by intersection is done mainly 
by plane table. The use of the theodolite for this purpose is restricted to 
those cases where but little of this kind of location can be effected, and 

where, therefore, it seems scarcely worth while to prepare plane-table sheets. 

By means of the primary triangulation, two or three points are usually 

located upon each atlas sheet. Within this primary triangulation, and 

depending upon it, are then located a large number of points, either by 

intersection, by traverse, or by both methods, forming a geometric frame- 

work upon which the sketching of the map depends. 

Location by intersection should be carried as far as practicable—that is, 

all points capable of being located in this manner should be so located in 

order to afford the most ample control possible for the traverse lines, by 

which the intervening areas are to be filled in, it being understood that the 

location by intersection is more accurate and more rapid, and consequently 

in every way more economic, than location by traverse. 

THE PLANE TABLE. 

Much misapprehension exists, especially in this country, regarding the 

character and application of this instrument. This arises, apparently, from 

the fact that it is little known. For making a map the plane table is a uni- 

versal instrument. It is applicable to all kinds of country, to all methods 

of work, and to all scales. For making a map it is the most simple, direct, 

and economic instrument; its use renders possible the making of the map 

directly from the country as copy, and renders unnecessary the making of 

elaborate notes, sketches, photographs, ete., which is not only more expen- 

sive, but produces inferior results. 
~] =) 
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The plane table is essentially very simple, consisting of a board upon 

which is fastened a sheet of drawing paper. This board is mounted upon 

a tripod, which, in the more elaborate forms of the instrument, possesses 

great stiffness and stability. It should be capable of being leveled, of 

being turned in azimuth, and of being clamped in any position. Upon the 

paper is produced directly in miniature a representation of the country. 

When set up at various places within the area in process of being mapped, 

the edges of the board must always be placed parallel to themselves—that 

is, a certain edge of the board must always be set at the same angle with 

the north and south line. This is called orienting the board. 

Directions are not read off in degrees and minutes, but platted directly 

upon the paper. The instrument used for this purpose is known as the 

alidade, and consists of a ruler with a beveled edge, to which are attached 

for rough work two raised sights, and for the higher class of work a tele- 

scope turning on a horizontal axis. This telescope carries also a delicate 

level and a vertical are for the measurement of angles in the vertical plane, 

from which relative heights are obtained. The method of using this instrv- 

ment is extremely simple in principle, and becomes difficult in practice only 

when a high degree of accuracy is required. 

The work of making locations from intersections obtained by means of 

the plane table requires that the instrument have the utmost stability con- 

sistent with lightness and portability. It requires an alidade equipped with 

a telescope of considerable power and good definition. In short, it requires 

that the plane table be in every respect of the best modern type in order 

that the highest degree of accuracy possible to represent upon the paper be 

attained. Various forms of plane-table movement have been in use, includ- 

ing the heavy and cumbersome but stable movement of the Coast and Geo- 

detic Survey, and the light but unstable movement used by the same 

organization in its less important work. At present a table is in general use 

which was invented by Mr. W. D. Johnson, of this Survey, which combines 

the elements of stability, lightness, and facility of operation in a remarkable 

degree. (See Fig. 8.) This movement is essentially an adaptation of the 

ball-and-socket principle, so made as to furnish the largest practicable 

amount of bearing surface. It consists of two cups, one set inside the other, 
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the inner surface of one and the outer surface of the other being ground so 

as to fit accurately to one another. The inner cup is in two parts, or rather 
consists of two rings one outside the other, the one controlling the move- 
ment in level and the other that in azimuth. From each of these rings there 
projects beneath the movement a screw, and upon each of these screws is a 
nut by which itis clamped. ‘There is no tangent screw for either the leveling 

JOHNSON PLANE-TABLE HEAD 

a. Pane Table board  f. UpperLevel Cup 
6. Bearing Plate g. Lorer " aS 

c. Tripod Head 2. Level Clamp 
a "' Legs € Azimuth Clamp 
e. Azuruith Cup 

Fia. 8.—Johnson plane-table tripod head. Section. 

or the azimuth motion, as none is required. The movement is sustained 

by a light hard-wood tripod with split legs. The board used generally 

accommodates a full atlas sheet, but necessarily differs in size, owing to 

the different scales of field work adopted. The largest board used for 

this movement holds an atlas sheet upon a scale of 1:45000, and is 24 by 36 

inches in size. 
MON XXII——6 
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The question of paper for the plane-table sheets, especially in inter- 

section work, is of great importance, as paper which expands and contracts 

differently in different directions under varying conditions of moisture will 

easily produce errors of magnitude in the work. It matters little if the 

paper contracts and expands, provided it does so uniformly in all directions, 

but all paper is made with more or less fiber, and accordingly expands and 

contracts more in one direction than in another. To counteract this, two 

thicknesses of paper are used, preferably that known as Paragon paper, 

mounted with the grain of the two sheets at right angles to one another, 

and with cloth between the layers. In sheets so prepared it has been found 

that»there is practically no distortion, even under the most severe tests. 

The board is generally made of seasoned white pine, from one-half to 

five-eighths of an inch thick, with cleats across the ends fastened in such a 

way as to allow the body of the board to contract and expand freely, and 

therefore without warping. Into the corners of this board and on the edges 

at points halfway between the corners are set female screws for holding 

the paper to the board. At corresponding points in the plane-table sheet 

are punched holes half an inch in diameter which are lined with eyelets, 

and through which pass screws with broad heads fitting into the female 

screws in the board. ‘The holes in the paper, being larger than the screws, 

allow the paper to expand or contract freely when the screws are loose. 

When tightened, the broad heads of the screws bind the paper firmly in place. 

THE ALIDADE. 

The alidade used with this plane table consists of a ruler of brass or 

steel 18 inches to 2 feet in length, graduated upon a chamfered edge to suit 

the scale of work, and carrying upon a column a telescope having a focal 

distance of 12 to 15 inches and a power of about 15 diameters. It has a 

vertical arc reading by vernier to single minutes, and a delicate level upon the 

telescope. In some alidades there is an adjustment to make the zeros of the 

vertical are and the vernier coincide, when the telescope is horizontal, while 

in others it is necessary to read the index error of the vertical are and eorrect 

for it, there being no such adjustment. The telescope turns in a sleeve, for 

adjustment of vertical collimation. 
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Upon the plane-table sheet is constructed a projection upon the scale 

of the field work, and upon that are platted such of the primary points as 

fall upon the sheet, each plane table sheet bemmg made to correspond to an 

atlas sheet. These primary points are first occupied by the plane tabler. 

The instrument is set over one of these stations, leveled, and clamped. 

The ruler edge of the alidade is then laid upon the line connecting this 

station with a neighboring one upon the sheet, and the table turned until 

the other station is upon the vertical wire in the telescope. ‘The instrument is 

then oriented, and, after clamping in azimuth, is ready for work. Keeping 

the ruler upon the occupied station on the sheet, the telescope is then turned 

upon other objects which it is desirable to locate, and lines are drawn, in 

turn, toward them. The instrument is then taken up and moved to a second 

station, where it is again set up, leveled, and oriented, as before. A sight is 

then taken, and a line drawn in the direction of each point sighted from the 

first station, and the intersection of each pair of sight lines is the true position 

of the corresponding point upon the map. In this way, station after station 

is occupied by the plane table, and numerous points are located by inter- 

section. If possible, each point thus located should be intersected from at 

least three stations in order to verify its location. 

Any point thus located on the map may be used afterward as a station. 

In case it is necessary to occupy a point toward which no line has been 

drawn, or which has not been located, the simplest and best plan for effect- 

ing its location is as follows: 

Fasten upon the plane-table board, which necessarily has not yet been 

oriented, a piece of tracing linen, or ,in default of that, a piece of tracing 

paper. Assume a point upon this linen to represent the station, take sights 

upon, and draw lines to all located points within the range of vision, and 

then, loosening the linen from the board, move it about over the map until 

these sight lines fall upon the proper points upon the map. Then prick 

through the position of the station from the linen to the map underneath. 

This location should then be testéd by sighting from the point thus found 

to the various objects to see if the sight lines fall upon the points as marked 

upon the map. 
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In ease one line of sight upon the required station has been obtained, 

that sight line may be utilized in making the location as follows by resee- 

tion: Having leveled the table, place the alidade upon this sight line 

already drawn, with the telescope pointing toward the object from which 

the sight was taken. Then turn the table in azimuth until the telescope 

falls upon this point, and clamp it. The table is now oriented, but the posi- 

tion of the present station is unknown further than that it is known to be upon 

this line. Then select some station whose direction makes a wide angle 

with this line, and move the alidade until the cross wire falls upon this 

selected station, while the ruler at the same time is upon the representation 

of the station upon the map. The ruler will then cross the sight line at 

the point desired. By way of check, repeat the process with another sta- 

tion or located point. For this purpose a point in suitable direction is 

valuable in proportion to its proximity. 

Using the instrument as described above, the topographer locates from 

them all possible points. Then visiting in turn such of them as he finds 

necessary, perhaps a dozen or twenty, he locates by intersection points all 

over the sheet in as great number and as well distributed as possible, and 

with special reference to the needs of the traverse men, who will come after 

him and whose work will be located by means of his determinations. All 

this work must be done with the utmost nicety and precision. The setting 

of the alidade upon the station must bisect the needle hole by which it is 

marked and the lines of direction must be drawn with a sharp-pointed pencil. 

The necessity for precision will be recognized when it is understood 

that any error introduced in the early part of the plane-table triangulation 

will be not only perpetuated, but increased many times over as the work 

progresses, and as soon as an error becomes appreciable it produces difficul- 

ties and uncertainties in making locations, which may lead to embarrassing 

delays, and ultimately require that all the work be repeated. 

MEASUREMENT OF ALTITUDES. 

While making horizontal locations of points with the plane table, their 

heights must also be measured, relative to that of the point occupied. This 

is done by means of the vertical are of the alidade and the level upon the 
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telescope. Pointing upon the object whose relative height is to be measured, 

the telescope must first be brought to a horizontal position. In case the 

vertical arc is movable, its zero must then be brought to the zero of the ver- 

nier. In ease it is not moyable, the index error, with its sign, must be read. 

The telescope is then raised or depressed to the point and the reading 

obtained. ‘This adjustment of the vertical are or reading of the index error 

must be done for each point, as the table cannot be leveled with sufficient 

accuracy, or cannot be expected to maintain its level, so as to dispense with 

it. Knowing the horizontal distance to the point and the angle of elevation 

and depression, the difference in height is obtained by the solution of a right- 

angled triangle, thus: 

h=d tang a, 

h being the difference in height, d the distance, and a the angle of elevation 

or depression. ‘This distance is then to be corrected for curvature of the 

earth and for refraction by the atmosphere. The correction for the former 

is obtained with sufficient accuracy by the following empirical rule. The 

curvature in feet equals two-thirds the square of the distance in miles. It is 

always positive in sign, whatever may be the sign of the difference in height. 

Refraction is an uncertain and variable quantity. It is usually greatest 

at morning and night and least at midday. It is greater the nearer the line 

of sight is to the ground. Often in desert regions it is excessive in amount. 

It is usually assumed at one-seventh the curvature, and is negative. 

Tables for the solution of vertical angle work are appended to this 

volume. These give differences in height for all angles and distances which 

should be employed, with corrections for curvature and refraction. 

Differences of height should not be measured at greater distances than 

10 miles, if it can be avoided. An error of 1’ in the measurement of the 

angle is at this distance about 15 feet, while the uncertainty of refraction 

in such a length of line is necessarily great. 

TRAVERSE WORK. 

As stated above, under the head of primary traverses, a traverse line 

consists of a series of direction and distance measurements depending upon 

one another. ‘These lines should be connected wherever possible with trian- 
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culation points in order to check up accumulated errors. If it were prac- 

ticable or economic to carry on all the work of location by intersection, this 

would be the most accurate and on most accounts the best way to effect it, 

but it is only in limited localities, such as high mountain regions, where bold 

topographic forms predominate and where there is little or no culture, that 

the method of intersection is practicable for locating all necessary points. It 

is probable that in nine-tenths of the area of the United States it will be 

found necessary to locate the details of topography, culture, and drainage: 

by means of traverse lines. In different parts of the country the relative 

extent to which the two methods can be applied depends upon various 

circumstances, principally the amount of relief of the surface and the prey- 

alence of forests. Thus upon the Atlantic Plain, which is densely covered 

with forest, and which is very level, it is necessary to use the traverse 

method exclusively, including even the primary control. Passing from this 

as an extreme case, through rolling and hilly country to the high sharp 

mountains of the West, the triangulation method becomes more and more 

prominent while the traverse method finally becomes used but little, except 

in the details of roads and other cultural features. 

For executing traverse work various instruments have been in use for 

measuring both distances and directions. For direction there have been 

used theodolites of various forms and prismatic compasses and for distances 

the stadia and the wheel. 

At present all traverse work is done with plane tables, wpon which the 

directions and distances are platted directly. The plane table used for this 

purpose is of the simplest possible form, consisting of a board about 15 

inches square, into one edge of which is set a narrow box containing a com- 

pass needle 3 inches in length. This table is supported by a tripod of light 

construction, without leveling apparatus, the leveling of the instrument 

being effected with sufficient accuracy by the tripod legs. A single screw 

fastens the board to the tripod head and the adjustment in azimuth is made 

by simply turning the board with the hand. It is held in place by friction. - 

The table is adjusted in azimuth, or oriented, by means of the compass 

needle that is, it is turned until the needle rests opposite the zero marks 

in the compass box, and is thus always made approximately parallel to 

itself, provided the magnetic declination remains constant. 
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The alidade consists of a brass ruler, 12 inches long, with folding sights. 

The edge of the ruler is graduated to facilitate platting of distances. Ordi- 

nary drawing paper backed with cloth is used for plane-table sheets, and is 

attached to the board by thumb tacks. 

When traversing is done along roads, as is commonly the case, dis- 

tances are measured by counting the revolutions of a wheel, usually one 

of the front wheels of a buggy or buckboard. For counting the revolutions, 

various automatic devices have been in use. The old form of odometer 

known as the pendulum was first tried and was unqualifiedly condemned. 

The form now in general use was devised by Mr. E. M. Douglas of this 

Survey. See Fig. 9. 

Zi 

Fia. 9.— Douglas odometer. 
. 

For operating this a cam is placed on the hub of the wheel, which by 

raising a steel spring as the wheel revolves carries the index forward one 

division for each revolution. This form is the most trustworthy that has 

yet been devised, but is not altogether satisfactory, and many topographers 

prefer to count the revolutions of the wheel directly, using an arrangement 

by which a bell is rung at each revolution. 

An experience covering many thousands of miles of measurement has 

shown that as a working method of measuring distances on roads the wheel 

is superior to the stadia, alike as to accuracy and rapidity 

A traverse man is generally assigned a tract of country within which 

he is instructed to run traverses of all the public roads and of such of the 

private roads as appear to be necessary in order to control the entire tract. 

If practicable, he is furnished with the positions of the points located within 
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his tract properly platted upon his plane-table sheet, or, if these can not be 

furnished, with such descriptions of them as are necessary to enable him to 

recognize them and close his lines upon them or connect with them by tri- 

angulation. He is furnished with a horse and buggy or buckboard, traverse 

plane table, and aneroid. He has no rodman, but is expected to sight natural 

objects. Setting up his instrument at his initial station, he levels it roughly 

by means of the tripod legs, orients it by turning the table until the com- 

pass needle is on the zero mark in the compass box, then, marking a pomt 

on the paper to represent his initial station, and placing his alidade upon it, 

he points it to an object selected as his second station, and draws a line in 

that direction. Driving along the road he passes the point sighted at, noting 

the distance to it by the reading of the odometer, or the count of the revolu- 

tions of the wheel, and the height as recorded by the aneroid, and passes on, 

selecting some point from which he can see the point sighted at. There he 

stops, sets up his table as before, orients it, and sights upon the same signal 

which he sighted from his initial station. He plots the distance to the signal 

along the sight line from his initial station; then from the location of the sig- 

nal as thus established he plots his second station by the distance measure- 

ment and the reverse of the observed direction. In this way the work pro- 

eresses, a hundred stations or more being occupied in the course of the day. 

In this work one should aim to make as few stations and to take as long 

sights as possible consistent with accuracy. Bends of the road between 

stations can be sketched with all needful accuracy. 

During the progress of the work all points off the line which are capa- 

ble of being located by intersection must be located by sights taken from 

stations, and special care must be taken to connect them with the points 

located by the secondary triangulation, in order to afford as many checks as 

possible to the accuracy of the traverse line. 

Traverse lines should close with but trifling error—an eighth of an inch 

upon the paper in a distance of 10 or 12 miles is as great an error as should 

be permitted—and all errors of closure should be shown. No line should 

be arbitrarily closed on the traverse sheet. 

The traverse man should sketch or locate all country houses, should 

note all road intersections and all railroad crossings, specifying by simple 
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conventions the character of the crossing, whether over, under, or grade 

crossing. He should similarly describe all stream crossings, distinguishing 

fords, ferries, and bridges. 

MEASUREMENTS OF HEIGHT IN CONNECTION WITH TRAVERSE LINES. 

Height measurements in connection with traverse lines are effected in 

one of two ways—either by vertical angles with the telescopic alidade or 

by the use of the aneroid. 

In regions where little or no secondary triangulation can be done, it 

becomes necessary to accompany certain of the traverse lines by profiles 

determined by vertical angles. Such profiles should be surveyed at inter- 

vals of 4 or 5 miles where the contour interval is 20 feet, and at intervals 

of 8 or 10 miles where it is 50 feet. 

The alidade generally used in running these profiles is of a small com- 

iia. oer Telescopic ‘Aliaade. 

pact form, with low standards and short ruler. The telescope has low 

power, but carries a good vertical are and a level. The are and vernier 

are graduated to single feet with a radius of a mile, instead of degrees and 

minutes, in order to facilitate computation. This graduation is made on the 

assumption that where the angle is less than 5° the are and the tangent do 

not materially differ. 

With this instrument the plan of the traverse is run precisely as above 

sketched, except that a rodman is frequently employed. In running the 

profile, which is done coincidently with the plan, the points sighted for 

elevation may be the same as are used for the plan. If a rodman is em- 

ployed, the target on the rod should be set at the height of the instrument 

to simplify record and computation. 
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It must not be understood, however, that it is at all necessary that the 

survey of the profile should establish the height of all the points located 

by the traverse. The profile should give the elevation of all valleys and 

summits, and of all road crossings. The line should be carried forward 

and these points measured by as*few and as long lines of sight as possible. 

Often the roof of a house will furnish a datum point for use for a mile or 

two. Indeed, in an open, settled country the line can frequently be carried 

forward continuously by using housetops as targets. 

The reduction of the profile must keep pace with the field work, so 

that on arriving at a check point the amount of the error may be shown at 

once. If this is not more than one-fourth or one-fifth of the contour 

interval, it is not considered as of material account. If, however, it reaches 

half a contour interval, the work should be examined, and if the error be 

not discovered the line should be resurveyed. 

The heights, as determined, should be written in ink upon the plane- 

table sheet in their proper places. 

THE ANEROID. 

In the great majority of traverse work heights are measured with 

aneroids. The aneroid consists of a vacuum box of thin corrugated metal, 

which is compressed by an increase and expanded by a decrease in the 

pressure of the atmosphere. A train of mechanism magnifies this trifling 

movement enormously and moves an index upon a graduated dial. This 

dial is graduated to feet of elevation and also to inches of barometric 

pressure.- 

Several sizes of aneroids are made; that having a diameter of 24 

inches is on the whole found the most satisfactory. 

Owing mainly to its extreme delicacy the aneroid is a very uncertain 

instrument. It should be used differentially only, and for small differences 

in height and small intervals of time. Its indications should be checked 

by reference to known elevations whenever opportunity is afforded during 

the day, and at the beginning and ending of each day’s work. 

On commencing work the movable scale on the aneroid should be set 

at the known height of the starting point and a note made of its reading 

on the inch scale. Elevations should then be read directly from the scale 
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of feet. The heights of all points along the line of traverse which will be 

required in making the contour sketch should be read and written upon the 

traverse. Every depression and elevation, road crossing, ete., should thus 

be measured. There is, however, no necessity for reading the aneroid at 

every station in the traverse. It will merely encumber the work with a 

mass of useless data. 

Upon reaching a check point, comparison should be made with the indi- 

cations of the aneroid. If the difference is considerable—i. ¢., more than a 

contour interval the error should be distributed backward along the line in 

proportion to distance. If it is small, it may be neglected. 

Birt o> «ly I Ili ir a 
ua aoa wn Bet juan a 

Fic. 11, —Aneroid. : Fic. 12.—Works of the Aneroid. 

n all this work notebooks ar required, except as a convenient form In all tl k notebooks are not required, pt t fe 

of carrying paper upon which to make the trifling computations required. 

1e plane-table sheets comprise all the records necessary. 1e work, as The plane-table sheet prise all the record ‘you Ll Ks 

it progresses, criticises itself by its closures in position and elevation, and, 

wherever necessary, is revised immediately. 

ORGANIZATION OF PARTIES AND DISTRIBUTION OF WORK. 

Secondary triangulation, traversing 2, measuring of heights, and sketch- 

ing are commonly carried on by one party. This consists of the chief of 

party, who directs all the operations, and who does all the sketching; an 
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assistant who carries on the secondary triangulation, selected as possessing 

special fitness for that work, and one, two, or more assistants who are 

engaged in traversing, the number of these assistants depending upon the 

rapidity with which the country can be sketched relative to the rate at which 

the traversing progresses. If possible, the different items of work of sucha 

party should follow one another in a certain order. The secondary trian- 

gulation should be done first in order that the traverse men may be furnished 

with positions and heights for locating and checking their traverse lines. The 

traversing should follow, in order that all the control may be furnished to 

the chief of party for his use in sketching. This order, which is followed as 

closely as practicable, requires that the members of the party be scattered 

over a considerable area of country, and if they are living in camp it 

requires that they remain away from it a considerable part of the time, or 

else that a large amount of traveling be done in order to reach camp at night. 

Where they are not living in camp, the most economical disposition is to 

scatter them at various places within their fields of work. In any case, con- 

stant communication must be had between the chief of party and his assist- 

ants, in order that they may work in accord. 

STADIA MEASUREMENT. 

Under certain circumstances it is found advisable to use the stadia 

method for measuring distances in place of the wheel. This is the case 

where lines are to be run without reference to roads, and consequently 

where the wheel cannot be employed with advantage. It has been used, too, 

in southern Louisiana, where peculiar methods of work imposed by the nature 

of the topography have made its employment economic. The instrument used 

for the stadia or telemeter method of measuring distances may be anything 

carrying a telescope. ‘To the reticule of the telescope are added two or more 

fixed horizontal wires placed at a certain distance apart. A rod or board 

subdivided to suit the interval between the wires and painted in glaring 

colors forms part of the outfit. When this rod is set up at a distance from 

the telescope, that distance is ascertained from the number of subdivisions 

of the rod which are included between the wires of the telescope, the value 

of each division of the rod being known. Upon the Geological Survey cer- 
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tain theodolites and telescopic alidades are equipped with stadia wires. 

These wires are three in number, the intervals between them being equal. 

The rods are 14 feet in length and hinged so as to close to 7 feet. The 

intervals upon the rods are of one foot each. The wires in the telescope are 

so spaced that when the rod is at a distance of 100 feet, the space between 

the two extreme wires will subtend one foot on the rod. At a distance of 

1,400 feet, therefore, this space will subtend the entire length of the rod, 

while at a distance of 2,800 feet two adjacent wires in the telescope will 

subtend the entire length of the rod. Distances less than 100 feet are esti- 

mated by means of the fractional part of a foot upon the rod, which is 

included between the wires. The distances are read off upon the rod by 

the surveyor at the instrument. 

In measuring distance upon slopes, correction must be made to reduce 

the inclination measured to horizontal distance. Tables for this reduction 

are to be found in Bulletin. Where the slope is slight it is not regarded as 

necessary to make this reduction, especially where there are frequent points 

for checking and correcting the line. 

The rod may be used also for measurement of the profile of a line. 

For this purpose, a pot should be marked upon it at the same height as 

the telescope of the instrument and vertical angles taken to this point. 

The work which has been carried on in southern Louisiana is peculiar 

in the fact that the slopes are extremely gentle, requiring, in order to show 

the relief at all, a contour interval not greater than 5 feet. For the location 

of contours of so small an interval, even vertical angles are not sufticiently 

accurate, and the work of measurement is e‘fected by spirit level. The 

instrument used is a theocolite of compact and simple form, to which the 

name of gradienter has been applied, which is equipped with stadia wires. 

The low ridges which accompany the streams of this region and which form 

all the relief are located by means of lines run approximately at right angles 

to the streams from their banks down to the swamps on either side. Dis- 

tances are obtained by stadia and differences of elevation by using the 

gradienter as a wye level, and the stadia rod as a level-rod. 
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THE CISTERN BAROMETER. 

In work having a large contour interval, 50 feet or more, the cistern 

barometer is used to seme extent, though not as much as formerly. Its use 

is now confined to the work in the far West, where it is employed in the 

determinations of heights of points in the valleys not easily reached by 

vertical angles. 

The barometer is an instrument for measuring the pressure of the 

atmosphere. At the level of the sea this pressure of about 15 pounds per 

square inch supports a column of mercury about 30 inches in height. As 

one rises above sea level and leaves a portion of the atmosphere behind 

him the pressure diminishes and the column of mercury sustained by it is 

of less height. 

The cistern barometer, in its most portable form, is made by H. J. 

Green. It consists of a cistern into which dips the lower open end of a 

glass tube 31 or 32 inches in length, the whole being inclosed in a brass 

case. The cistern consists of a number of parts, including a short glass 

cylinder, below which is fitted the inverted frustum of a hollow cone of 

boxwood. This is succeeded by a second frustum, placed upright, from 

the lower end of which depends a bag of buckskin. The bottom of the 

latter is raised or lowered by means of a screw in the brass case of the 

cistern. The cistern is closed at the top by a boxwood ring, which is fitted 

to the top of the glass cylinder. By means of an annular piece of kid, 

which is securely lashed to the boxwood ring and to the barometer tube, 

the cistern and the tube are connected. From the under surface of the 

boxwood ring depends an ivory point about a quarter of an inch in length. 

Upon the brass casing of the tube is a graduation into inches and twentieths, 

by which, with the aid of verniers, the scale may be read to 0.002 of an 

inch. ‘To this brass case is attached a thermometer, for indicating the tem- 

perature of the instrument. For carriage the barometer is placed in a 

wooden case fitted to its shape, and this in turn in a case of heavy leather 

fitted with a shoulder strap. It should always be carried in an inverted 

position. 

To read the instrument it should be hung where it can swing freely. 

Then, by lowering the screw at the bottom, drop the mercury in the cistern 
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until its top just touches the ivory point above mentioned. This can be 

best effected by making the ivory point and its reflection from the surface 

of the mercury barely touch one another. Then move the vernier until its 

bottom is just tangent to the convex top of the mercury in the tube. 

The vernier is read like other verniers and requires no special expla- 

nation. Besides reading the height of the column of mercury in the 

barometer, it is necessary to read its temperature by means of the attached 

thermometer, and also the temperature of the air by means of a thermom- 

eter hung in the shade. 

The barometer is used differentially—that is, the difference in height 

between two points is determined by the difference in the indications of two 

barometers, one at each point. In order to obtain the height above sea level 

of one of these points, that of the other must be known. The latter is called 

the base station, and its altitude should be determined either by leveling or 

by a long series of barometric observations referred to some other point 

whose altitude has been established. The proper selection of a base station 

or a system of base stations for reference of work to be done in a certain 

locality is a matter involving considerable judgment and a knowledge of 

the peculiar errors to which the barometer is liable, as well as a knowledge 

of the topography of the country and its probable influence upon the 

fluctuations of barometric pressure. The base station should be near the 

middle of the area. If but one base station is employed, it should be near 

the middle altitude of the region. If two be used, one should be at the 

altitude of the low or valley country and the other should in altitude be 

near the high summits. In the Hayden survey of Colorado three base 

stations were employed at once—one at Denver, at an altitude of 5,300 

feet; one at Fairplay, 10,000 feet, and one near the summit of Mount 

Lincoln, 14,200 feet. To these base stations were referred severally those 

observations taken at points most nearly approaching them in height. 

Comparisons should be made between the readings of the base barome- 

ter and the readings of those to be used in the field. These comparisons 

should be made with the barometers hung side by side and should be made 

in full—i. e., by lowering the mercury from the tubes, its level in the cistern 

and the to the ivory point, and resetting the verniers at each reading 
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attached thermometers should be read. Both barometers should be read by 

the same observer. A half dozen observations made at intervals of half an 

hour will answer as well as a greater number. Such comparisons should, 

if practicable, be made at the beginning and the end of the season, when- 

ever a new tube is put into either barometer, or after any repairs to either 

instrument. 

The discrepancies between the readings of two barometers are due to 

several causes, among which are differences in setting of the scale of inches, 

differences in the caliber of the tubes, causing different amounts of capillar- 

ity and differences in the perfection of the vacuums in the tubes. Differ- 

ences due to the first two are generally trifling, amounting to but a few 

thousandths of an inch. If large discrepancies exist, they are usually due 

to the last cause, and this should be corrected. 

The cistern barometer is a very frail instrument, and although in the 

mountain form it is protected from accident as thoroughly as possible, still 

tubes are not infrequently broken while in the field. It is necessary, there- 

fore, to provide the requisite means for making repairs, such as sealed tubes, 

distilled mercury, etc. When a tube is broken, the barometer should be 

opened at once, and the mercury poured out, in order to prevent it from 

dissolving the screws and other brass work of the instrument. 

The work of filling and replacing a tube is a delicate operation. After 

taking the barometer to pieces, the new tube should be opened by breaking 

off the small end, the break being made at a distance from the stricture equal 

to that upon the old tube. It should be effected by cutting it around with 

a sharp file, when a little pressure will cause it to break; then the edge of 

the break should be smoothed with a file. The collar which forms the top 

of the cistern should then be lashed on to the tube at the stricture. The 

mercury to be used should be very pure, and to clear it from mechanical 

impurities, it should be strained through chamois skin immediately before ; 

use. It should then be poured into the tube through a paper funnel, and 

the tube filled to within an inch of the top. Then, covering the open end 

of the tube with the finger, protected by a piece of kid, invert the tube, 

letting the bubble of air slowly traverse the tube up and down for the pur- 

pose of collecting the minute air bubbles which may have remained in the 
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tube. Do this repeatedly, if necessary, until the mercury appears perfectly 

clear of bubbles. Then fill the tube with mercury, drawing out with a straw 

any bubbles that may then be near the top. Invert the tube in the case, put 

on the glass ring and the upper cone of the cistern, and screw them together. 

Then fill the cistern with mercury, put on the lower cone, with the bag and 

the brass cover, and the work is complete. The test of a satisfactory result 

is the sound made by the column of mercury as it strikes the top of the tube. 

If there is a sharp metallic click the vacuum is good, but if the sound is 

muffled the vacuum must be improved. It is well to warm the mercury 

betore pouring it into the barometer, in order to drive out any moisture in 

it. This is especially advisable if the atmosphere is damp at the time. 

It is by some thought advisable to boil the mercury in the tube during 

the operation of filling. This is usually done over an alcohol lamp, two or 

three inches of mercury being poured into the tube at a time and brought 

to a boil until the tube is filled. The mercury which is to be poured into 

the cistern is then also boiled. This is a very delicate and tedious operation, 

and is attended with much risk to the tubes. Its utility is questionable, 

inasmuch as the mercury in the barometer is exposed to the atmosphere and 

soon contains as much moisture as before. 

It often becomes necessary to clean the surface of the mercury in the 

cistern. To do this, take off the lower cone of the cistern; then, placing 

the finger, protected by a piece of kid, over the open end of the tube, 

invert the barometer slowly and pour out the mercury from the cistern. 

Strain it through chamois skin, replace it in the cistern, and put the latter 

together again. 

Observations at the base stations should, whenever practicable, be 

made hourly from 7 a. m. to 9 p. m., in order to insure haying base obser- 

vations coincident with those taken in the field. When not practicable to 

do this, they should be made at 7 a. m., 2, 6,and 9 p.m. Each observation 

should include the reading of the attached and detached thermometers. 

Whenever the observations at a station of the U.S. Weather Bureau are 

available, they may be used as base records. In most cases, however, these 

observations are made with barometers reading only to one-hundredth of 

an inch, but, upon proper application, the Weather Bureau has in all cases 
MON XXII——7 
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substituted barometers reading more minutely in order to meet the require- 

ments of the work of this Survey. 

In field work, barometers should be read at each camp hourly during 

the daytime, if practicable, or, if not, at sach hours as to correspond with 

the readings at the base station and with readings made by the topographer - 

in the course of his work, having in view the use of the camp as a sort of 

secondary base station. The topographer or his assistant should read the 

barometer on all stations, and at all important points the heights of which 

cannot be more easily obtained by vertical angles. 

Measurements of height made with cistern barometers are subject to 

periodic and accidental errors. The periodic errors are probably due to 

imperfections in the formulas and constants used in the reduction. Many 

attempts both from theoretical and practical points of view have been made 

to remedy these defects, but thus far without success. The accidental errors 

are due to errors of observation and to local differences in the pressure of 

the air at the points at which observations are made. Where the hori- 

zontal distance between the two stations compared is great, such differences 

may be correspondingly great, and the same is true where there is a con- 

siderable difference of elevation between the two stations. 

Under favorable circumstances barometric observations should give the 

height within a score of feet. Where the circumstances are unfavorable—as, 

for instance, where there is a great difference of elevation between the two 

stations or a great horizontal distance between them—the error may be large, 

reaching 100 feet, and even in extreme cases 200 feet. 

REDUCTION OF BAROMETRIC OBSERVATIONS. 

The pressure of the atmosphere at the sea level is approximately 15 

pounds per square inch, or is equivalent to that of a column of mercury 

30 inches in height. With elevation the pressure diminishes, but not in a 

simple ratio to the altitude, as would be the case if all the strata had the 

same density. The density is proportional to the pressure, and as the 

pressure upon each layer is produced by the body of air above it, it follows 

that each succeeding layer of air is less dense than that which underlies 
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it. The relation between altitude and atmospheric pressure, as stated by 

Gilbert, is as follows: 

The difference in height of any two localities is equal to a certain constant 

distance multiplied by the difference between the logarithms of the air pressures at 

the two localities. 

This relation gives the first and principal term in the various tables for 

the reduction of barometric work. Different determinations of the constant 

distance, known as the ‘pressure constant,” have been made, and these 

different pressure constants cause the principal differences in the various 

tables in use. 

Of the different sets of tables yielding good results, the most con- 

venient for use are those known as Guyot’s. They are published in the 

Smithsonian Miscellaneous Collections, No. 13, and republished in this 

volume tables I to V. These tables are derived from the formula of La 

Place and use his coefficients. The formula, reduced to English measures, 

is as follows: 

t+¢ — 64 

Ca 
Z=log. e X 60158.6 English feet (1+ 0.0026 cos 2 L) 

L(y Zt82262, ok) 
[ 20886860 ' 10443430 ) 

h = the observed height of the barometer 

zt = the temperature of the barometer at the lower station; 

¢ =the temperature of the air 

h’ = the observed height of the barometer 

zr’ = the temperature of the barometer at the upper station. 

¢t/ = the temperature of the air 

Z = the difference of level between the two barometers ; 

L =the mean latitude between the two stations; 

H =the height of the barometer at the upper station reduced to the 

temperature of the barometer at the lower station ; or, 

H=/W' §1+-0.00008967 (7 — 7’)}. 

Table I gives, in English feet, the value of log. H or h X 60158.6 for 

every hundredth of an inch, from 12 to 31 inches in the barometer, together 
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with the value of the additional thousandths, in a separate column. These 

values have been diminished by a constant, which does not alter the differ- 

ence required. 

Table II gives the correction 2.343 feet & (7 — 7’) for the difference of 

the temperature of the barometers at the two stations, or 7— 7’. As the 

temperature at the upper station is generally lower, z7— 7’ is usually posi- 

tive and the correction negative. It becomes positive when the temperature 

of the upper barometer is higher and 7— 7’ negative. When the heights 

of the barometers have been reduced to the same temperatures, or to the 

freezing point, this table will not be used. 

z+ 52252 
20886860 

approximate altitude for the decrease of gravity on a vertical acting on 

Table IV shows the correction D’ to be applied to the 

the density of the mercurial column. It is always additive. 

Table V furnishes the small correction for the decrease of 
h 

10443430 

gravity on a vertical acting on the density of the air; the height of the 

barometer at the lower station representing its approximate altitude. 

Like the preceding correction, it is always additive. 

USE OF THE TABLES. 

In Table I find first the numbers corresponding to the observed heights — 

of the barometer / and h’. Suppose, for instance, = 29.345 in.; find in the 

first column on the left the number 29.3; on the same horizontal line, in the 

column headed .04, is given the number corresponding to 29.34 = 28121.7; 

in the last column but one on the right, we find for .005 = 45, or for 

29.345 = 28126.2. Take likewise the value of h’, and find the difference. 

If the barometrical heights have not been previously reduced to the° 

same temperature or to the freezing point, apply to the difference the cor- 

rection found in Table II opposite the number representing 7 — 7’; we thus 

obtain the approximate difference of level,’ D. 

For computing the correction due to the expansion of the air according 

ff NGM 
900 

tures, subtract from that sum 64; multiply the rest into the approximate 

to its temperature, or D a ) make the sum of the tempera- 
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difference D and divide the product by 900. This correction is of the same 

sign as (¢-+¢—64). By applying it, we obtain a second approximate dif- 

ference of level, D’. 

In Table II], with D’ and the mean latitude of the stations, find the 

correction for variation of gravity in latitude, and add it to D’, paying due 

attention to the sign. 

In Table IV with D’, and in Table V with D’ and the height of the 

barometer at the lower station, take the corrections for the decrease of 

gravity on a vertical, and add them to the approximate difference of level. 

The sum thus found is the true difference of level between the two 

stations, or Z; by adding the elevation of the lower station above the level 

of the sea, when known, we obtain the altitude of the upper station. 

UTILIZATION OF THE WORK OF THE PUBLIC LAND SURVEYS. 

In all the states and territories except the original thirteen, together with 

Vermont, Kentucky, Tennessee, Texas, and Alaska, the public-land sur- 

veys have been carried on, and many of these states have been entirely 

covered by these surveys. 

These surveys were made for the purpose of dividing the land into 

parcels suitable for sale or other disposition, and with little reference to 

map purposes. The work differs widely in quality in different parts of the 

country, in some regions being very bad, in others of high quality. Gener- 

ally speaking, the later work is much the better. 

This work is extensively used by the Geological Survey as an aid in 

the preparation of its maps. The extent to which it is utilized, and the 

methods employed in using it, will be detailed in this chapter. Before 

proceeding with this, however, it is desirable to describe the methods 

by which this work has been and is carried on. 

The system of subdivision is an extremely simple one. It consists, first, 

in the division of the land into large blocks, the division of these blocks into 

townships, approximately 6 miles on a side, and the subdivision of these 

townships into sections, each containing about 1 square mile. Further 

subdivision of these sections into quarter sections, or even smaller areas, has 

been done by private surveyors. 
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The supervision of the surveys is vested in surveyors-general, one in 

each state or territory in which such surveys are being carried on. The 

surveys are made by contract, at certain stated prices per linear mile, and 

are subject to examination by salaried officers of the Land Office. 

The initial work consists in the measurement of a principal meridian 

and a base line, their intersection being the initial point of the survey. 

These lines are run with considerable care. The principal meridian may 

be run both northward and southward from the initial point, and the 

instructions require that observations be made for azimuth at intervals not 

greater than 12 miles, and that the line be double chained, two sets of chain- 

men being employed for that purpose. In measuring a base line, which is 

to follow as closely as possible a parallel of latitude, in case the theodolite 

be usedsit is to be run by means of a succession of tangents to the parallel, 

not exceeding 12 miles in length. At intervals of half a mile a point on the 

parallel is marked by offsets from the tangent line, and at the end of 12 

miles a new tangent is commenced. In case it be run by solar compass, it 

must be checked by latitude observations at intervals of 12 miles. The base 

line may be run either east or west from the principal meridian. At inter- 

vals of 24 miles on the base line auxiliary meridians are run in the same 

manner as prescribed for the principal meridian, and, at intervals of 

24 miles on the meridian, correction lines are run east and west in a 

similar manner. It is only recently that the interval between guide merid- 

ians and correction lines has been reduced to 24 miles, or 4 townships. 

Heretofore the intervals have differed at different times, but have in all cases 

been greater. These lines are run with a solar compass or theodolite, and 

never in later years with the ordinary compass, and all these lines double 

chained. 

By this means the country is divided into approximate squares 24 miles 

on aside. Each such area is then divided into townships approximately 6 

miles on a side. The east and west sides of these townships are meridians 

which are run northward from the base line or from the correction line, 

having a breadth upon the base or correction line of 6 miles, but decreasing 

in breadth with the convergence of the meridians. The north and south 

sides of tie townships may be run east or west, as the case may be. The 
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east and west township lines as at first run are simple random lines, which 

are corrected backward in order to suit the positions of the township 

corners, as determined upon the guide meridians and north and south town- 

ship lines. The township lines are all run with a solar compass or transit, 

and double chaining is not required. The east and west sides of the sec- 

tions are run in all cases northward, while the north and south sides may be 

run either east or west. Asin running township lines, the first east and west 

and north and south lines in the northern tier of sections are merely random 

lines, to be corrected backward, the mile posts upon the township lines 

being regarded as the final locations of the section corners. In running the 

section lines the quarter-section corners are marked, but the lines are not run 

by the Government surveyors. The accurnulated errors in the subdivision 

of the township are thrown into the northern and western tiers of sections. 

Surveys have been started from numerous initial points, involving the 

measurement of a number of principal meridians and base lines. No system 

has been followed in the arrangement of principal meridians and base lines, 

or in the subdivision of the country with respect to them. 

In making these surveys, topography is mapped to but a limited 

extent. The positions of all streams are obtained at the points of crossing 

of the lines—i. e., at intervals of a mile.” The same is the case with roads. 

All streams of importance, however, are traversed, and, in the case of navi- 

gable streams, both banks are traversed separately. The margins of all 

lakes and ponds of magnitude are traversed, and the outlines of all swampy 

and marshy areas are indicated. Indeed, were the work done thoroughly 

everywhere, there would be obtained material for a map fairly accurate in 

details of the horizontal elements. Practically, however, the degree of ful- 

ness varies with the surveyor. In many cases the plats are sufficiently 

full of detail for maps upon a scale of 2 miles to an inch, and in some 

cases for a scale even larger. In other cases, over considerable areas, the 

drainage represented is exceedingly scanty. In some townships few or no 

streams are represented. In other words, for mapping purposes, the work 

is by no means uniform in quality. Furthermore, no attempt has hereto- 

fore been made to obtain correct positions. Most of the initial points of the 

survey were assumed arbitrarily, and their positions in latitude and longi- 
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tude have never been determined. Another and, for mapping purposes, 

important element which is wanting in this work is the relief. In some 

vases aneroid observations have been taken along the lines of survey, but 

they were never used for the purpose of drawing contours. 

The plats are prepared in duplicate, one copy being retained at the 

local land office and the other deposited in the central office at Washing- 

ton. They are now being photolithographed, and a limited number 

printed of each. These plats are upon a scale of 2 inches to a mile 

They show the subdivisions of the townships with their areas. They show. 

also the streams, roads, swamps, lakes, timber, and prairie as they existed 

at the time of survey. Relief is but feebly expressed. If any attention is 

paid to it, it is indicated by crude hachures. 

This work is of service mainly, if not entirely, in furnishing secondary 

locations. Its value for this purpose, however, differs widely. In some 

regions it is not sufficiently trustworthy to be used, even when closely 

controlled by triangulation. In forest-covered or broken country it is often 

difficult to find the corners, so that it becomes necessary to supplement the 

few discovered by traverses connecting one with another. This has been 

the case with the surveys in Missouri. In open country, on the other hand, 

where the surveys are of good quality, they furnish a complete and admi- 

rable system of minor location, often obviating entirely the necessity of 

making any horizontal locations, aside from the primary work necessary 

to eliminate the accumulated errors of the system. In Iowa, Illinois, and 

Wisconsin, traversing is done only to a limited extent and for the purpose 

of locating the details of what are called “diagonal” roads—that is, roads 

not upon section lines. The common practice of constructing roads upon 

section lines, which, in the prairie states, has grown out of this plan of sub- 

division, aids greatly in the work of survey. This system of roads is highly 

developed in Kansas, where, by state law, every section line may have a 

road upon it. This fact, coupled with the rectangular subdivision of the 

sections into quarters, 80’s, and 40’s, marked by fences or hedges, and the 

fact that all these subdivisions are indicated upon county maps, renders the 

work in this state a simple matter, while the resulting map is admirably 
. > e a 

controlled. The same is true of Nebraska and the Dakotas, as far as settle- 
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ments have extended westward, while Wisconsin, Illinois, and Iowa present 

conditions almost as favorable. 

The public-land surveys are corrected either by extending over 

them belts of triangulation or by primary traverses. When the former is 

employed, it is unnecessary to cover the area with triangulation. It is 

sufficient to restrict it to belts of simple figures, such as triangles or quadri- 

laterals, such belts being 75 to 100 miles apart. 

Each triangulation station should be connected by the simplest and 

most direct method with the nearest section corner of the land surveys. This 

is done generally by measuring the direction and chaining the distance, 

although it may be necessary to run a short traverse, or even a bit of minor 

triangulation, in order to reach the section corner. In this way connection 

is made with the land surveys at intervals of 10 or 15 miles along the belt of 

the triangulation. These locations are of course supplemented by any other 

accurate locations which may have been made in the region under survey. 

When primary traverses are employed for control, connection should 

be made with all section and township lines crossed, the distance along the 

line to the nearest corner should be measured, and the direction of the line 

relative to the courses of the traverse should be measured. 

In open country, where the public-land surveys are of good quality, 

as above described, the work of the topographic parties is reduced to the 

measurement of heights, and sketching. All the roads are matters of public 

record and are obtained from the county officers. The same is true of the 

plats of all towns and the plans and profiles of all railroads. These are 

obtained and placed upon outline plats of the townships, upon a scale double 

that of which the maps are to be published. 

Heights are measured with the vertical circle and by aneroid, except in 

Illinois, where, the contour interval being 10 feet, the vertical circle only is 

used. 

Where both are used, the vertical angle lines are run at intervals of 4 

or 5 miles in one direction, while roads at intervals of a mile are run in the 

other direction with aneroids, checking them upon the crossings of the 

vertical angle lines. Sketching goes on coincidently with the measurement 

of heights. 
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SKETCHING. 

This, being by far the most important part of the work of map 
making, should be done by the most competent man for this work in the 

party—as a rule, by its chief. Besides the fact that he is presumably the 

best sketcher in the party, there is another reason for requiring that he 

should execute the sketching. He is held responsible for the quality of 

the work, not only of the sketching, but also of the accuracy and the 

sufficiency of the control. In the sketching of the map he has the best 

possible opportunity for examining into the condition of the control and of 

remedying any weaknesses. . 

_ Upon the completion of the secondary triangulation, the traverse 

work, and the measurement of heights within an area, which may be large 

or small according to convenience—but preferably should comprise a quarter 

sheet—he should cause all this control to be assembled upon one sheet. 

The traverse lines with all points located from them should be adjusted to 

the secondary locations, and all measurements of height should be plotted 

upon this skeleton, thus presenting in complete form all the control within 

the area. With this sheet upon a sketching board the chief of party 

should go over the ground, sketching the drainage, culture, and forms of . 

relief. The latter should be sketched in actual continuous contours, direct 

from the country as copy, so that upon leaving the sketching stations the 

only work remaining to complete the map will be inking and lettermg. In 

heavy country, however, where the contours follow one another closely, it 

may often be sufficient to put in on the stations only a part of the contours— 

every fifth one, for instance—in order to economize time in the field. 

Stations for sketching may be selected with the utmost freedom. An exact 
106 
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location is unnecessary. Any point on or off the road which affords an 

outlook will serve. Asa rule, frequent stations should be made, and one 

should not attempt to sketch at great distance unless the conditions are 

favorable, as they may be in a country of large, bold features. It may be 

necessary to travel over all the roads which have been traversed and to 

climb many hills in order to sketch the entire area satisfactorily. On the 

other hand, in a different region the entire area may be sketched by a 

limited amount of travel or from a few elevated points. In a low country 

of small features much travel will be required, as these details must be 

sketched from near points. Ina bold country of high relief, which may 

be sketched entirely from a few points, care must be exercised in the 

selection of sketching stations. From a great altitude the lower details 

will be dwarfed and will measurably disappear, while from low points the 

relations, forms, and masses of the greater elevations cannot be properly 

seen. Insuch a country stations at different elevations must be selected in 

order to see all parts of the country to the best advantage. The extreme 

summits will prove of little service as sketching stations. 

Sketching is artistic work. The power of seeing topographic forms 

in their proper shapes and proportions and of transferring these impressions 

to paper faithfully is of all acquirements one of the most difficult to obtain. 

The difficulty is increased by the necessity of expressing form by, means of 

continuous contour lines at fixed intervals. This work involves a knowl- 

edge of the elements of structural geology and good judgment in applying 

them. 

Every map, whatever its scale, is a reduction from nature and conse- 

quently must be more or less generalized. It is therefore impossible that 

any map can be an accurate, faithful picture of the country it represents. 

“The smaller the scale the higher must be the degree of generalization, 

and the farther must the map necessarily depart from the original. 

Now, it is in this matter of generalization that the judgment of the 

topographer is most severely tested. He must be able to take a broad as 

well as a detailed view of the country; he must understand the meaning 

of its broad features, and then must be able to interpret details in the light 

of those features. Thus, and thus only, will he be competent to male just 
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generalizations. This will enable him to decide what details should be 

omitted and what ones preserved, and, where details are omitted, what to 

put in their places in order to bring out the dominant features. 

It is not possible to define the degree of detail which the maps should 

represent. The limit commonly given—that is, the limit imposed by the 

scale of the map—is not always the best. In representing country which 

has little plan or system, such as moraines or sand dunes, it is well to work 

in as much detail as the scale will bear. But where the country shows a 

system in its structure to which the minor detail is subordinate, the omission 

of some of this detail may give greater prominence to the larger features. 

The amount of detail thus omitted must necessarily be left to the judgment 

of the topographer, but no more should be omitted than is necessary to 

give full expression to the general features of the country. 

ORIGIN OF TOPOGRAPHIC FEATURES. 

As an aid in the interpretation of the various topographic forms which 

present themselves, the following brief discussion is appended. 

Topographic features originate from a variety of causes and are modi- 

fied by many agencies. They are formed by uplift from beneath, of great 

or small extent. They are formed by deposition from volcanoes, glaciers, 

water, and the atmosphere. They are formed or modified by aqueous and 

ice erosion. ‘They are modified by gravity. 

These are the principal agencies in producing topographic forms as we 

see them to-day. These forms are only in rare cases the work of a single 

one of the above agencies; generally two or more have taken part in pro- 

ducing the present condition. Of all these, aqueous agencies are by far 

the most potent. Their work is seen in nearly all topographic forms, while 

in those of great age their action has been so extensive as to mask or oblit- 

erate all superficial traces of the action of any other agency. 

UPLIFT. 

The internal stresses of the earth, however produced, have resulted 

in raising certain portions of the crust and depressing others. Commonly 

these movements have been slow and of great duration. Some of them 
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are of continental extent, producing plateaus, while others have been very 

limited in extent, throwing up narrow ridges or blocks. They have 

uplifted the strata at various angles, so high in some cases as to throw them 

beyond the vertical, infolding the strata and even breaking them by faults. 

Incidental to the uplifts are flexures and faults. The flexures may be 

classed as anticlinal folds, where they are bent downward on either side, 

and monoclinal flexures, where local strata first bend downward and then 

by a reverse curve resume horizontality. In a fault the rock is divided by 

a fracture and one part is moved up past the other. 

It is through uplift that continuous mountain ranges, ridges, and 

inclined plateaus have originated—not, however, in the shapes that appear 

to-day, for most of them during and since their rise have been carved by 

erosion out of all resemblance to the forms which uplift alone would have 

given them. 

The ridges and valleys of the Appalachian region are the results of 

uplifts, with numerous sharp folds and faults, which raised at various angles 

an alternation of hard and soft beds, from which erosion has since carved 

the existing alternations of ridge and valley. 

Other movements of uplift, resulting from the intrusion among the 

strata of great lenses of voleanic rock, have usually resulted in the forma- 

tion of elliptic mountains or groups of mountains. As these movements 

have oceurred at different periods in geologic history, some have been 

affected more, others less, by erosion. Certain mountains of this volcanic 

type present to-day an aspect little affected by erosion, while others have 

been greatly modified by its agency. 

Sierra la Sal, in eastern Utah, is an example of this class. Here the 

stratified beds above the volcanic rock which were bent upward by the 

uplift were probably broken over the top, and have been removed by 

erosion until now they only surround the base of the group, dipping away 

from it steeply, forming hogbacks. 

In New Mexico there’ are seen numerous volcanic “necks” rising 

abruptly from the plateau. These necks are intrusions of volcanic rocks, 

which were forced up while molten into the stratified rocks. The latter 

have since been eroded away, leaving the harder necks as isolated, preeip- 

itous mountains. 



110 A MANUAL OF TOPOGRAPHIC METHODS. 

DEPOSITION FROM VOLCANIC ACTION. 

Deposits from volcanic action may be grouped as follows: (1) of liquid 

lava, in the forms a, of streams and lakes, resulting in plains, tables, and 

mesas, and b, of cones with craters, with gentle slopes. (2) of scorize and 

cinders, of which have been built cones with steep slopes, either with round 

tops or with craters. 

Deposits of the first group consist largely of fields of basalt which have 

been poured out from low vents or craters and spread in horizontal sheets, 

in many cases covering great extents of territory. The Snake river plains 

of Idaho furnish an example. As most of these eruptions are of recent date, 

these sheets of basalt have suffered little from erosion, their form remaining 

much the same as when they were poured out and spread over the land. 

The surface is undulating, broken here and there by low cliffs marking the 

edges of the flow, and by cracks and fissures here and there, especially near 

the borders of the field. Owing to the frequency of the fissures, flowing 

water is scarce upon these basalt fields, for the streams, sinking in the fissures, 

find underground channels, to reappear at the borders of the fields in springs. 

AQUEOUS AGENCIES. 

EROSION. 

The principal agency im shaping topographic forms is aqueous erosion. 

In nine-tenths of the area of the United States the work of this agency is 

prominent, while over much the larger part of the country the forms are 

apparently due entirely to this action. It is so commonly seen, that the 

topographer finds himself unconsciously reasoning in accordance with its 

laws and attempting to apply them to forms produced by other agencies. 

A country shaped by aqueous erosion is to him a “regular” country, while 

one shaped by other agencies, less known, is irregular. The former can, to 

some extent, be foreseen. In such a region, one reasons from the seen to 

the unseen, while the vagaries of the latter can seldom be predicted. By 

its agency the Appalachian mountains have been reduced from a compli- 

cated system of mountain folds to the present comparatively low and simple 

system of sandstone ridges and limestone valleys. In the Cumberland 
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plateau has been produced its remarkably complex drainage system. From 

enormous plateaus have been carved the great ranges of Colorado, with 

their peaks, canyons, and cliffs. From the plateaus of the Colorado drain- 

age system thousands of feet of rock have been worn away, leaving here 

_and there great cliffs and high plateaus to show the magnitude of its work, 

while the great canyons dividing the lower plateaus, some of them a mile in 

depth, though the least among its works, are the topographic wonders of 

the world. From the moment the land rose above the sea, this agency of 

destruction has been at work, and its labors will not cease until the land 

again sinks beneath the waves. 

The action of water on rocks may be divided into three parts—weather- 

ing, transportation, and corrasion. ‘The rocks of the general surface of the 

land, or the terrain, are disintegrated and converted into soil by weathering. 

The material thus loosened is transported by streams, and while thus being 

transported it helps to corrade other material from the channels of ‘the 

streams. In weathering, the chief agents are solution by water, frost, the 

mechanical beating of rain, gravity, and vegetation. Some rocks, particu- 

larly limestones, are entirely dissolved by water, especially when it is charged 

with carbonic acid; others are dissolved only in part and the remaining part 

is thus disintegrated. Rocks are cracked and broken by the freezing of 

water in their interstices. W-hen the foot of a cliff is undermined by erosion, 

the upper portion, failing of support, breaks off in fragments by its own 

weight. The roots of plants pushing their way into the interstices of rocks 

pry them apart and thus aid in disintegration. In general, soft rocks disin- 

tegrate more rapidly than hard rocks and soluble rocks more rapidly than 

insoluble rocks. Disintegration is more rapid in a moist than in a dry climate. 

The product of disintegration is soil, and this may be regarded in future 

discussion as a soft bed subject to the same laws of corrasion and transpor- 

tation as other beds, with only such modifications as its want of cohesion 

requires. 

TRANSPORTATION AND CORRASION. 

Rain falls upon the surface, a portion of it sinks and reappears in springs, 

while another portion flows down the surface and collects in water courses, 

which, joining one another, produce, finally, large streams. During a rain 
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storm the entire surface is a network of water courses, from the most minute 

rills to the main streams, and in studying: transportation and corrasion the 

action of these minute rills, which cover the entire terrain, must be considered 

as fully as that of the main stream and its primary branches. 

Corrasion is effected by the detritus which running water holds in 

suspension. Soft recks are corraded rapidly, hard rocks slowly. The rate 

of corrasion is increased by an increase in the volume of the stream, an 

increase in its velocity, an increase in the amount of detritus borne by it, 

and by increased coarseness of that detritus. Hence it is that the tiny rain- 

water rivulets have very feeble corrasive powers; but as they combine into 

larger and larger streams, and as they wash into their channels a larger and 

larger amount of detritus, and as the slope of their beds becomes greater, 

their power for corrading their beds increases, and hence it is that the cor- 

rading power of the main stream is greater than that of any of its branches, 

and in the main stream, if the slope were uniform, the corrasive power 

would be greatest near its mouth. 

Suppose a.stream to have initially a uniform slope from its source to 

its mouth—then its volume, its velocity, and the amount of detritus borne 

by it will be greatest near its mouth; and corrasion, although going on all 

along its course, will be most rapid there. The slope of the stream will 

therefore be reduced most rapidly in the lower part of its course, and thence 

progressively up stream. It results from this that the normal profile of a 

stream bed is a curve, concave upward. 

While the slope of the stream bed remains considerable and the velocity 

consequently great. the stream flows in a comparatively straight channel, 

and devotes its energies to deepening its bed, and thus reducing its slope. 

As the slope becomes thus reduced the course of the stream changes to a 

crooked, winding one, and its corrasive energies are diverted from its bottom 

to the sides of its bed. It is then said to approach ‘base level.” 

Swift streams commonly flow in straight channels; sluggish streams, 

in crooked channels. 

While lowering its bed by corrasion the main stream lowers, necessarily, 

the mouths of its immediate affluents, and these affluents are, therefore, in 

addition to their own proper work, obliged to cut their lower courses down 
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to a level with the main stream. The same operation which is going on in 

the main stream is going on in these affluents, but with different intensity, 

owing fo their smaller volume of water and perhaps smaller amount of sedi- 

ment, and to the fact noted below, that their mouths are constantly being 

lowered. Now, following up these branches as they subdivide into smaller 

and smaller streams, a point is finally reached where the little rivulets, with 

their feeble cutting power, are only able to keep their lower courses cut 

down to the level of the stream to which they are tributary. They have | 

no energy to spare in working back up their own courses. At this point the 

curve changes from one concave upward to one convex upward. This con- 

vex curve is the curve of all the minor rain-water rivulets—in short, it is the 

curve of the terrain—while the concave curve is the curve of the water 

courses. The former is the curve of the upper relief of the country, the 

latter is the curve of the valleys. 

The relative extent of these two curves depends mainly upon the 

climate and upon the range of elevation of the country, or, in other words, 

upon the relative rapidity of corrasion of their beds by the perennial streams, 

and the erosion of the terrain by the rain-water rivulets. In a well-watered 

region, where the range of elevation is small, and where the larger streams 

are near base level, the hill forms are broad, rounded, and convex, and the 

valleys are equally rounded, with concave forms. Of this type is the undu- 

lating billowy surface of the Great Plains and the Atlantic and Gulf plains 

of the Southern states. 

Where the range of elevation is great, the curves both of valley and 

ridge become sharper and more angular. The streams have a greater fall 

and proportionally increased power, and therefore cut more rapidly; but, 

on the other hand, they have more work to perform. The Cumberland 

plateau, with its intricate network of streams, consists of a close alternation 

of ridges and valleys, with straight slopes at very steep angles, the bottoms 

of the gorges and the summits of the ridges being but slightly rounded. 

Few of the streams have reached base level, except in some cases near their 

mouths, and corrasion of their beds is still active. In a high mountain range 

all these features become still more accented. The main streams have a 

steep descent and corrade their beds rapidly. Their valleys are narrow, 
MON XXlI——8 
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with steep slopes on both sides. The mouths of the secondary streams are 

rapidly lowered, and thereby their work is greatly increased. 

There is therefore a distinction to be observed between superficial 

erosion or erosion by the petty rain-water streams on the one hand and 

that by the larger streams on the other. The first forms, as a rule, convex 

slopes; the last, concave slopes. Between them, however, no sharp line can 

be drawn. In general, the former erodes soil only, the soft superficial bed, 

while the latter, if swift, is at work chiefly on rock. The energy of the 

former is widely dispersed, that of the latter is concentrated. The general 

reduction of the surface is done by the former, while the latter is confined 

to deepening narrow stream beds. Where the main streams are near base 

level, superficial erosion goes on more rapidly than stream corrasion, since 

the slope and velocity of the streams are near a minimum. Where the 

streams are still corrading rapidly, their beds are usually lowered faster 

than the terrain, and the balance is more and more on the side of the 

streams, the greater the range of elevation. In a mountain region, as has 

just been stated, the gorges are cut far below the spurs and summits. 

Hence, where stream corrasion predominates over surface erosion, the con- 

save curve predominates, and where surface erosion is more rapid than cor- 

‘asion by the streams, the convex curve is the ruling one. 

In an arid region, where the rain-fall is not only scanty, but spasmodic 

in character, coming mainly in sudden showers of great volume, but short 

duration, the stream beds are few in number. The drainage system is 

scanty and imperfectly developed. The weathering of rocks goes on slowly, 

and consequently the soil bed is thin. The soft material which the 

streamlets can erode is not abundant. Consequently the scanty rains do 

little surface erosion, but as they collect in large volume in the few water 

courses, they deepen them at a rapid rate. Erosion of the terrain in an arid 

region is therefore slow, while stream corrasion is proportionally rapid. 

It is frequently the case that streams collect their waters from high 

mountains, and on their way to the sea pass down through arid regions. 

The action of such streams upon the arid region is the same as above 

described from streams originating within this region, except that it is more 

intense. Little or none of the waters of such a stream flows over the ter- 
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rain of the arid area, to contribute to the planing down of its surface; but, 

on the other hand, the volume and consequently the energies of the stream 

for corrasion are greatly increased by the copious contributions from the 

mountain region. Therefore, in such cases corrasion by the streams reaches 

a maximum, relative to erosion of the terrain. 

It is thus that canyons in the arid region are formed. They are found 

wherever, from any cause, stream corrasion is decidedly more rapid than 

surface eroston. 

Such canyons, when in homogeneous rocks, rarely contain vertical 

cliffs. These are commonly formed in strata of differing hardness by sap- 

ping and undermining, which will be explained later. 

In certain parts of the arid region, notably in the Great basin, the rain- 

fall is so scanty that the drainage systems are very feeble. The little rain 

that falls in the valleys is at once absorbed by the thirsty soil or the atmos- 

phere, while the streams which flow down from the mountains, cutting, it 

may be, deep canyons in their sides, dwindle away on reaching the valley, 

depositing, as they sink, their loads of detritus. With this detritus have 

been floored to a vast depth most of the valleys of the Great basin. It has 

been deposited there, instead of being carried off to the sea. The Great 

basin, which is in reality a large number of basins more or less independent 

of one another, is without outlet simply because of its small rainfall. Were 

the rainfall to increase, it would soon contain many lakes, and as the water 

rose these would overflow, the higher flowing into the lower and the lower 

flowing into the sea. The streams connecting them and the sea, would soon 

corrade channels, cutting them down to lower and still lower levels, and 

progressively draining these lakes, and thus a drainage system would be 

established. 

Sinks exist in other parts of the country, but are there due to different 

causes. They are common in the Appalachian region. In these sinks the 

water has an underground outlet through passages in the soluble limestone 

with which the valleys are floored. They are common among the terminal 

moraines of the continental glacier, in Minnesota, Wisconsin, Michigan, and 

New England, where they are called kettles. Here glacial material has been 

deposited so recently that time has not yet been afforded for the establish- 

ment of drainage systems. 
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Every stream tends to extend its drainage area by erosion at its 

sources on all sides, necessarily at the expense of its neighbors. The stream 

having the most rapid fall erodes the margin of its basin most rapidly. 

Hence in their struggle for existence the stream having the most rapid descent 

succeeds in drawing area from others. But in so doing it diminishes its own 

rate of fall, so that eventually a state of equilibrium among streams may be 

reached. This extension of basins is called piracy. It is going on actively 

in the Appalachian valley, where numerous examples may be found. 

While under certain circumstances the courses of streams are mutable, 

under other conditions streams maintain their courses with great pertinacity. 

Of this, water gaps and camyons across mountain ranges are striking results. 

Where such a canyon is found, the river flowed before the range or ridge 

existed. The range may haye risen across its course, in which case the 

river, like a circular saw, maintained its course by corrasion, cutting the ean- 

yon as the mountain rose. Of this action the canyon of Green river through 

the Uinta range is an example. 

Or, the river, draining a surface of soft or soluble rocks, and eroding 

this surface down, may have uncovered a ridge of hard rock lying across 

its course. In this case, like the other, the river maintains its course by 

cutting a canyon through the ridge. The Appalachian valley presents num- 

berless examples of water gaps formed as above described. Among them 

may be mentioned Delaware Water gap, through which Delaware river passes 

Kittatinny mountain, gaps of the Susquehanna and the Juniata, that of the 

Potomac at Harpers Ferry, and Big Moceasin gap, while Little Moccasin 

gap is in process of completion. While these are prominent and well known 

cases, in certain localities, every little ridge is cut into a line of knobs by 

them, so that, next to the parallelism of its ridges and valleys, the water gaps 

of the Appalachian valley constitute its most prominent feature. Such of 

these gaps as can be shown should appear on the map, and when owing to 

the minuteness of these features it becomes necessary to omit them, one 

should recognize the fact that the formation in this region is that of parallel 

ridges and so represent the structure. 

Wind gaps are abandoned water gaps, from which the stream has 

been drawn away by a more powerful neighbor. ‘These should not be 
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confounded with passes, or low points in mountain ranges, caused by the 

eating away of divides at the heads of streams. 

The valley of every stream above base level slopes not only toward 

the stream, but with it—i. e., toward its mouth. Every branch on entering 

the valley feels the influence of this slope and turns its course in greater 

or less degree down the valley, entering the main stream at an acute angle. 

Similarly the main stream feels the influence of the tributary and turns toward 

it; hence the tributary commonly joins the main stream at the head of a bend 

in the latter. 

When, however, a stream has recently, by thé extension of its drain- 

age basin, tapped an adjacent stream, the stream so tapped may not yet 

have accommodated its course to that of the principal stream, so that it still 

enters it at an obtuse angle. 

Again, when the stream is near base level a different condition is pre- 

sented. The main stream is on a ridge of its own construction, and the 

tributary often comes into the valley at a lower level than the ridge and 

flows parallel with it for a distance before breaking through and joining its 

waters. Loup fork of the Platte river, Nebraska, is an example of this. 

The Platte flows there upon a ridge of its own creation. The Loup comes 

down into its valley and flows parallel to it for many miles. 

As was stated before, a stream near base level becomes crooked and 

winding. It has ceased to corrade its bottom, but corrades the sides of its 

bed, especially at the heads of its bends, and deposits its load on the inside 

of its bends. Its course changes frequently, now extending its bends 

farther into the bank and now cutting them off. In this way it eventually 

excavates a broad alluvial bottom, which may be subject to overflow when 

the stream is in flood and through which the stream winds in long curves, 

of size roughly proportional to the magnitude of the stream. 

In the preceding pages no reference has been made to the influence of 

structure upon topographic forms. The alternation of hard and soft beds 

of rock and the dip of these beds have decided influence upon topographic 

forms, which are now to be considered. The influence of these factors upon 

topography is, it must be premised, greater in the arid regions of the West 

than in the moister East. The reason of this is that disintegration is much 
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more rapid in the moister climate, and consequently that, finding an 

abundance of material in the bed of soil, a larger proportion of the ener- 

gies of corrasion are devoted to removing it, while proportionately less is 

devoted to rock work. Still the effect of structure is by no means absent 

in the East. 

Since disintegration and corrasion of hard or insoluble rocks go on 

slowly, and of soft or soluble rocks rapidly, the elevated areas are conse- 

quently, as a rule, composed of the former, while the depressed areas are 

commonly of the latter class of rocks. It as the survival of the hardest. 

When erosion has” left a peak, a projection, spur or boss, a butte or 

mesa, a neck or dike, it is commonly because the material is harder than 

that adjoining. The valleys of the Appalachian region are almost without 

exception cut in soluble limestone, while the ridges are mainly, and the 

higher ones entirely, of sandstone. 

Streams usually make their channels along lines of least resistance. 

They accommodate themselves to the softness of the rocks and avoid 

obstacles. The more rapid the stream, however, the less does it care for 

obstacles, while gentle streams are most easily diverted. 

The level surface of a plateau is generally the summit of a hard bed, 

from which, it may be, softer beds have been washed away and on which 

erosion has comparatively come to a standstill. 

Where rocks of different hardness are subjected for the same time to 

an equal intensity of corrasion, since the effect upon the softer rock is 

greater than that upon the harder, it will be brought down to gentler 

slopes; in other words, other things being equal, the harder the rock the 

steeper the slope, the softer the rock the more gentle the slope. Now, let 

this proposition be applied to the cross sections of stream beds. Suppose 

two stream beds, one in soft rock, another in hard rock, both of them sub- 

jected to the same climatic agencies and the same corrasive action for the 

same time. In these two rocks the stream beds will be carved somewhat as 

shown in Nos. 1 and 2, in Figure 13, indicating progressive stages of opera- 

tion. 

The simplest case for consideration and a very common one is that of 

horizontal beds, alternately hard and soft, such as are represented in Fig- 
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ure 13, Nos. 3 and 4. Suppose No. 3 to represent a cross section of a canyon, 

the upper bed of the plateau being hard, sueceeded by soft and hard beds 

in alternation, as is seen in the Grand 

sanyon of the Colorado, Pl. xim. The 

course of the stream in forming this 

canyon is shown by the light lines in 

the figure. It cuts first a canyon with 

steep sides in the upper hard bed, 

an operation which perhaps consumes 

much time. Then reaching the softer 

bed below, it burrows rapidly into it, 

at the same time undermining the bed 

above, which from its weight breaks 

away, leaving cliffs. A similar opera- 

tion carries it through the next hard 

and soft beds. Thus a succession of a 

cliffs and terraces is formed. The 

presence of cliffs in a canyon wall 

generally indicates that the bed be- 

neath the cliff is more easily eroded Rie tao" Crees suotions of canyons: 

than that above it. The fragments of the cliff falling upon the slope of the 

soft bed below form what is known as a talus. 

The above is a common case in a plateau region, since the surface bed 

is usually hard. Where the surface consists of a soft bed, No. 4, Fig. 13, 

represents the condition of the canyon walls. The undulating surface of 

the soft bed slopes down to the cliff produced by undermining the hard bed 

beneath. Otherwise the case is similar to that described above. 

A third case is afforded by the Black canyon of the Gunnison in Col- 

orado, where a hard sandstone forms the surface of the plateau, underlain 

by granite. A section is represented by No. 5 in Fig. 13. The sandstone 

stands at an angle of about 30°, beneath which are the walls of the granite 

canyon, which are somewhat steeper, the angle of slope being perhaps 40° 

to 45°. There is no undermining and consequently there are no vertical 

clifts. 
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Consider next the case of a stream flowing parallel to the strike of 

inclined beds, where they are alternately hard and soft. When the incli- 

nation of the beds is not great, the stream, having cut down to the surface 

ql’ of the hard bed, as represented in 

=+s No. 1, Fig. 14, tends to travel later- 

ally down the dip of the bed, under- 

mining both soft and hard beds on 

the lower side and extending the slope 

on the upper side. When the dip is 

considerable, it may carry away all 

the material on the upper side, as 

in No. 2, Fig. 14. 

In this way streams may cut broad 

swaths across the terrain and remove 

both hard and soft beds from great 
No. 2. 

Fic. 14.—Cross sections in inclined beds. areas of inclined plateaus. 

Fine examples of streams flowing on the strike of hard inciined strata 

are seen in the hogbacks of Colorado. 

Next, consider the longitudinal profile of a stream which is cutting its 

bed, when flowing over a succession of beds alternately hard and _ soft. 

Since it cuts soft rocks more rapidly than hard ones, its profile will show 

irregularities. Wheresflowing over soft beds, its current is less rapid than 

over hard beds of rock. The.stream adjusts its profile to the work to be 

performed. 

The ultimate result of aqueous erosion upon a surface is to reduce it 

to a plain of slight elevation, of gentle, easy slopes. It then approaches 

base level, a condition where the entire surface resembles the condition of 

a base-level stream, where vertical corrasion is practically at an end. Abso- 

lute base level is a conception merely, which many regions approach, but, 

owing to the fact that as the slopes become gentler, erosion becomes feebler, 

they cannot reach. 

The stage of progress of an area toward base level is said to indicate 

its age. In youth it may present a great elevation and high relief. Its 

streams may have rapid courses with irregular profiles, broken by lakes, 
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rapids, and falls. As the age of the region increases these inequalities are 

cut away. The lakes are drained, the falls and rapids disappear. ‘The 

mountains and hills are worn down, and finally the entire surface is reduced 

~to a low rolling expanse. The region approaches base level. It is in its 

old age. “Plains represent old age among topographic features. 

The life of a topographic area is not to be measured in years, but in 

its cycle of changes, which have little reference to time. The time required 

to run through its life differs with the conditions under which and the ma- 

terials upon which erosion acts. It varies with the intensity of erosive 

action and with the amount of work to be done. 

Sometimes a region after being reduced nearly to base level has been 

again elevated. Such elevation brings again into action the erosive agen- 

cies to carve and plane the terrain a second time. A region thus restored 

to youth by elevation is the mountain region of North Carolina. The 

bench level of the country is an old base level, which has been raised. In 

this the streams are now cutting and regulating their courses, while the 

bench level, in its gentle undulations, shows the old base-level surface, 

little affected as yet by recent erosion. 

DEPOSITION FROM WATER. 

When the swift current of a stream is checked, as by a reduction of 

slope or by a widening of its bed, it deposits a part of its load. It is thus 

that river banks, river and lake terraces, and bars at the mouth of streams 

are made. Of the building of river banks, fine examples are seen in south- 

ern Louisiana. Before the stream was lined with levees the Mississippi 

river overflowed its banks at every considerable rise. Loaded with detritus, 

it suddenly spread over its banks to the dimensions of an inland sea; its 

velocity was thereby checked and much of its load was quickly deposited, 

the greater part, including the coarsest material, falling on its immediate 

banks, which were thereby built up higher than the adjoining country. The 

river and bayous of this region flow on the tops of ridges of their own con- 

struction, the only land above the swamps. The highest ground every- 

where is that on the immediate river bank, whence the slope is away from 

the stream on either hand to the swamp, as shown in PI. xv. 
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Now, let this operation be extended farther. As a stream builds its 

ridge higher it soon reaches a condition of instability and it then forsakes its 

bed for an adjoining lower course. It builds this up and in turn abandons 

it. So in time it builds up a dry delta, or, as it is called, a fan, made up of 

a radiating group of abandoned ridges marking its former courses. 

Lake terraces are formed by the collection of material at the water's 

edge. Whether brought down by gravity alone or transported by water, 

its descent is checked on reaching the water and it accumulates at the 

water’s edge. : 

GLACIAL DEPOSITION, 

The northern part of the United States was, in recent geologic times, 

covered by a sheet of ice, a glacier of continental dimensions. Its bound- 

aries, within the United States, included New England, New York, north- 

ern Pennsylvania, Ohio, Indiana and Illinois, all of Michigan, Wisconsin, 

Minnesota and the Dakotas, much of Iowa, and northeastern Montana. 

The glacier had a southern movement, but this advance southward was, 

on the whole, neutralized by the melting of the ice on the southern bor- 

der. In cold seasons, the movement of the glacier gained on the power of 

the sun’s heat to melt it, and it advanced southward. In warm seasons, 

it retreated northward. The action of this glacier in originating and modi- 

fying topographic forms was twofold. It eroded and carried away material 

and it deposited material. It is the latter result that is considered here. 

The material, consisting of bowlders, gravel, and sand borne by the 

glacier was deposited as it melted, and consequently is most abundantly 

distributed in the neighborhood of its southern boundary. Owing to the 

recent character of the deposits,” they have been little eroded. Lakes, 

swamps and waterfalls abound in the region in question. The terminal 

moraines which mark the limits of the glacier consist of an irregular mass 

of material, thrown down in the greatest confusion, with crooked winding 

streams and sink holes. There is no symmetry or law in its disposition, 

but it is made up of details, which bear no relation to its whole. On this 

account it must be sketched piecemeal. The topographer must go all over 

it, picking up each detail by itself, and necessarily the control must be 

equally minute. 
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Within the limits of this terminal moraine, the commonest character- 

istic feature of glacial deposition is the drumlin, an oval mound of drift, of 

height ranging from a few feet up to several hundred feet, and from one to 

several square miles in area. They are extremely regular in shape and 

their curves are round and smooth. In many localities they are so abun- 

dant as practically to cover the surface, the intervals between them being 

level and often marshy. The axes of these drumlins are commonly par- 

allel, giving a curiously artificial appearance to the map. In country other- 

wise level, they determine the course of the streams, forcing them to wind 

around their curves. Pl. xvi shows a portion of the drumlin area of 

southern Wisconsin, and Pl. xvm a part of the terminal moraine of the 

same region. Pitted plains, which are level areas dotted with little pits, 

are common features of glacial action. Osars, or long winding ridges, are 

not uncommon, while numerous other forms, such as kettles, etc., are fre- 

quently seen, but are of less importance as topographic features. 

Glaciers still exist in the Rocky mountains, the Sierra Nevada, and the 

Cascade range, though they are by no means as extensive as in former 

times. At the bases of many of the ranges of this region are found lateral 

moraines reaching out from the mouths of mountain gorges and connected 

at their ends by terminal moraines. 

The lateral moraines are of regular form, stretching in narrow ridges, 

in some cases parallel, in others curving away from one another from the foot 

ofthe canyon. The terminal moraines are like that of the continental glacier, 

confused masses of material heaped up in disorder and consequently difficult 

to-sketch in the highest degree. 

GLACIAL EROSION. 

Glacial erosion is very similar in its laws and action to aqueous erosion, 

or rather to that part of it which is called corrasion. The principal differ- 

ence between them lies in the fact that ice is much less plastic and conse- 

quently does not accommodate itself so readily to the form of its channel. 

It moves, too, much more slowly and in far greater volume than water. 

The corrading effect of the continental glacier is shown in northern 

New England, New York, Michigan, Wisconsin, and Minnesota very mark- 
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edly. In the western part of this region it has scoured the surface, cutting 

away the soft rocks, and leaving the hard ones in projecting knobs, as in the 

Marquette Iron range of Michigan. This work was done so recently that 

the drainage systems have not yet been well developed. The streams are 

tortuous and are interrupted by lakes, swamps, and rapids. 

In northern New England and New York the glacier covered a region 

of considerable relief, in which streams had established deep courses. Mauch 

corrasion was done by it, but upon its retreat the streams reoccupied their 

former beds. : 

Most of the gorges of the Rocky mountains and Sierra Nevada, which 

had previously been excavated by streams, have been occupied by glaciers, 

and here and there small glaciers may still be found at their heads. These 

glaciers, when they were in their prime, occupied the gorges from side to 

side, and by their erosion broadened them from the sharp almost Y shape 

which water corrasion had given them to a — shape, similar to that of the 

bed of a stream, but many times larger. 

. At the heads of the main gorge and many of its branches, where the 

névé fields formerly united and were crowded together into a glacier at the 

heads of the gorges, there is commonly an amphitheater with steep, even 

precipitous, walls, curving around in a semicircle. In the middle of this is 

sometimes a lake or pond, with a rim of rock inclosing it on the lower side. 

This lake basin was scooped out by the glacial ice, as it came together 

down the steep slopes of the amphitheater. Here the ice has only modified 

and shaped a gorge originally carved by water. Where the little streams, 

flowing toward one another down the steep mountain side, had cut many 

little gorges, with sharp spurs between them, the ice has pared away the 

spurs, producing an amphitheater. Pl. xvi illustrates the cirque in the 

Rocky mountains of Colorado. 

DEPOSITION FROM THE ATMOSPHERE. 

The winds transport sand and deposit it in drifts, known as dunes, 

They commonly appear as lines of hills, like hogbacks, with the gentle 

slope toward the prevailing winds. Not having been shaped by erosion. 

they present great inequalities of surface. 
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SCALE OF FIELD WORK. 

The scale upon which the field work is executed is commonly larger 

than that upon which the maps are to be published. In the northeastern 

states it is set at 1:45000, the scale of publication being 1:62500. In 

the southeastern States it is approximately 1 mile to an inch, the scale of 

publication being for most sheets 1:125000, though certain sheets in Mary- 

land and Florida have been published on the scale 1:62500. In the Missis- 

sippi valley it is uniformly about double that of publication. Where the 

scale of publication is 1:62500, the scale of field work is 2 inches to 1 mile, 

and where the former is 1:125000, the latter is 1 mile to an inch. In the 

western states, the scale of publication being 1:125000, the field sheets are 

made uniformly on the scale of 1 mile to an inch. 

REPORTS. 

Each field party is required to make a monthly report to the chief of 

division and the chief topographer upon the progress of the work in his 

party during the month. In the case of topographic parties these reports 

are made upon printed forms, of which the following is a sample: 

MONTHLY REPORT OF TOPOGRAPHIC PARTY. 
[To be made outin duplicate promptly at the close of each month, one copy to be sent to the geographer 

in charge of the division and one copy to the chief topographer. ] 

DEPARTMENT OF THE INTERIOR, U. 8S. GEOLOGICAL SURVEY, 

, 189 

Str: The following report for the month of , 189 , includes a statement of progress of the 
topographic party under my charge: 

Names and positions of all members of party, 

Instruments used, 

Barnard. Miller. Beall. | Arrick. 
| 

z = = = 

Daysiot eld! wonk=~-4--sse= soo ee oo -- = | 
Triangulation stations oceupied .-..---. | 
Points located by triangulation... .---- 
Milles itraversedle 2 2-2/2 -=52255- 224-6 
Mravetse stations 28. -.se<- =e snes c. 
Points intersected fromm traverse .----. - 
Elevations by vertical angles -. ....----- 
Elevations by aneroid --...-.--...--.-. 
Area sketchede ose 2-2 2c.ccose's css ote 

Expended—for salaries, $ ; all other expenses, $ 3 total, $———. 

Yours respectfully, 

To % ——— 
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REMARKS: 

Sheet. Shade surveyed area. 

Upon the back of this form is a diagram representing an atlas sheet, 

as above, upon which is to be indicated the area surveyed during the month. 

As will be seen, this report calls for statistics concerning the control of 

work, specifying secondary triangulation, traverse and the measurements of 

height, together with the areas sketched. 



INSPECTION, iG 

INSPECTION. 

Inspection of the work is done by the chiefs of parties and of divisions, 

and, in special cases, by persons detailed by them for this purpose. 

The accuracy and adequacy of the control are shown by the monthly 

reports and the field sheets are undergoing constant examination from the 

chiefs of party and of division. The quality of the sketching is examined 

on the ground. As far as possible this is done during the progress of the 

work, using the field sheets as soon as completed. When this is impracti- 

cable, it is done during the succeeding field season, using photographs of the 

original maps. 



CHAPTER: Voir: 

OFFICE WORK. 

The office work of the topographers consists in the reduction and trans- 

fer of the work from field sheets to the original maps. The reduction is 

universally effected by photography, this method having been found the 

most accurate and economical way of effecting it. 

The original sheets are to serve as the original record of work and as 

manuscript for the engraver. To answer these purposes, they are made 

complete in all respects as to hydrography, hypsography, and public cul- 

ture. Every original sheet contains within itself all matter which is to be 

engraved or placed on record, except as hereafter noted. 

While it is entirely unnecessary that these sheets be fine specimens of 

the draftman’s skill, they are workmanlike in appearance, clear, and legible. 

The original sheets are commonly drawn upon the scale upon which 

they are to be published, in order that the engraving may be done directly 

from the original maps rather than from photographs of them. Frequent 

departures are, however, made from this rule, to meet other requirements. 

The contour intervals differ widely in different parts of the country, 

ranging from 5 feet up to 100 feet. Where the scale is 1: 62500 the com- 

monest contour interval is 20 feet. In Florida and Illinois the contour 

interval is reduced to 10 feet, while in the low alluvial regions of southern 

Louisiana it is only 5 feet. 

With a scale of 1:125000 the contour interval in the Appalachian 

mountain region is 100 feet, in the Piedmont region it is 50 feet, and upon 

the Atlantic plain 20 feet, while in the Dismal swamp of Virginia and North 

Carolina it has been set at 5 feet. With the same scale in Missouri, Arkan- 

sas, and eastern Kansas the contour interval is 50 feet, while in western 

Kansas in more recent work it is 20 feet. In Texas the contour interval 
128 
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ranges from 20 to 50 feet, the later work having the smaller contour inter- 

val. In the country west of the one hundredth meridian the contour 

interval is frequently changed with the alternation of mountain and valley, 

and intervals of 25, 50, and 100 feet are employed, the interval frequently 

changing upon the same sheet. Hast of the one hundredth meridian the 

same necessity for making frequent changes in contour interval does not 

exist, and in the work throughout that region the contour interval is uni- 

form upon each sheet. 

The projection used is the polyconic, each sheet being projected sepa- 

rately. 

Upon originals to be published upon a scale of 1: 62500 the projection 

interval is 5 minutes, while single minute lines may be drawn if desired. 

The construction of a projection upon a scale of 1: 62500 for a limited 

area is a simple matter, but requires care and accuracy and the use of the 

best drafting instruments. The process will be described for this scale, for 

which, as well as all other scales heretofore in use, tables are appended to 

this volume. 

First draw a line down the middle of the sheet. Lay off on this line 

the length of the several projection spaces in latitude. ‘Take from the pro- 

jection table for the scale 1:62500 the length of 5 minutes of latitude and. 

lay it off repeatedly, thus establishing the points of intersection of parallels 

at 5 minutes with the middle meridian. Through these points draw lines 

across the sheet at right angles to the middle meridian, using beam com- 

passes for this purpose. Lay off on these lines the dm’s for 2’ 30’ and 7 

30” from the middle meridian, corresponding to the latitude on each side, 

and at these points erect short perpendiculars. On these lay off the dp’s 

corresponding to the dm’s and through the points thus obtained draw and 

ink the projection lines. 

For other scales and areas the process is quite similar, but when a 

large area such as that of the United States is to be projected, the mechan- 

ical difficulties greatly increase. 

Original sheets must conform in size and shape to equal parts of square 

degrees—i. e., each sheet should comprise 15’ of latitude by 15’ of longitude, 

or 30’ in each dimension, according to the scale. 

MON XXII——9 
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COLORS AND CONVENTIONS. 

The work upon the original sheets conforms to the system of conven- 

tions and lettering adopted by the Survey. Streams must be inked in heavy 

Prussian blue, lettering and culture in India ink, and contours in burnt sienna. 

Indelible inks must not be used on original sheets. Every fourth, or fifth 

contour, Whatever the contour interval, should be emphasized, in order to 

distinguish it from the others, and the contours so distinguished should be 

freely marked in columns with the number of feet above sea level which 

they indicate. 

Upon the map should be located all towns of sufficient importance to 

contain post-oftices; all railway stations and other settlements of any impor- 

tance; all houses, all public roads, and, in unsettled regions, the principal 

trails; all railroads, canals, and acequias; all tunnels of sufficient length to 

be represented; bridges, ferries, fords, and dams upon streams of sufficient 

importance to be double-lined; all glaciers, marshes, sand, and sand dunes, 

and all state, county, and township lines. 

The convention for cities and towns must conform as closely as possible, 

in extent, direction of streets, etc., to the actual plan of the place, and the 

houses in the built portion should be blocked in. 

Depression contours should, if they inclose large areas, be indicated by 

numbering them freely. If the area is small, they should be hatched, the 

hatchings being on the side of the line toward the depression. 

The extent of forests and of flood plains will not be placed upon the 

original maps, but should be colored upon photographs of them. 

TITLES AND LEGENDS. 

The sheets are without border or neat line, the outer projection lines 

taking the place of the latter. Upon the margins the latitudes and longi- 

tudes of the projection lines must be given. The titles and legends must 

conform in arrangement and character to those on the printed sheets. 

Wherever it is practicable to do so, care must be taken to connect the con- 

tours, streams, and culture on the margins of sheets with the adjoining sheets. 

All field work should, if possible, be platted and the work completed during 

the office season immediately succeeding the field work, and no sheet should 

be reported as completed until it is ready in all respects to be engraved. 
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APPENDIX. 
FROM TABLES FOR COMPUTING THE DIFFERENCE IN THE HEIGHT OF TWO PLACES 

BAROMETRICAL OBSERVATIONS. 

TABLE. I.—D—60158.58 X log Horh. Argument: The observed height of the barometer at either station. 

[Extracted from Smithsonian Miscellaneous Contributions. } 

Barom- Hundredths of an inch. Thou- | Barom- 

ete in | Se eter in 

ng. 1 == = | ee Eng. 
inch. | .00 OL O02 O03 | 04 05 06 07 08 -09 | an inch. inch. 

| | | | 

Eng. ft. | Eng. ft. | Eng.ft. | Eng.ft. | Eng. ft. Eng.ft. g.ft.| Eng. ft. | Eng. ft.| Eng. ft. Feet. | 

12.0 4763.4 | 4785.2 | 4806.9 | 4828.7] 4850.4 | 4872.1 i 4 | 4937.0] 4958.6 12.0 

12.1 4980.2} 5001.8 | 5023.4 | 5044.9| 5066.4 | 5087.9 9} 5152.4] 5173.8 | 12.1 

12.2 5195.2 | 5216.6 | 5238.0 | 525 5280.7 | 5302.1 7 | 5367.0 387. 2 | | 12.2 

12.3 5408.5 | 5429.8 | 5452.0) 5472.2 | 5493.4 | 5514.5 8 | 5578.9 9. 0 1 2.1 12.3 

12.4 5620.1 | 5641.2) 5662.2 | 5683.2) 5704.3 | 5725.3 2| 5788.1 . 0 2) 4.2 )) 12.4 

12.5 5829.9 | 5850.8 | 5871.7 |) 5892.6) 5913.4 | 5934. 2 .0 | 5975.8 | 5996.6) 6017.4 || 3 6.2 || 12.5 

12.6 6038.1 | 6058.8 | 6079.6 | 6100.2} 6120.9 6141.6 | .2| 6182.8} 6203.5 | 6224.0 4 8.3 |) 12.6 

12.7 6244.6 | 6265.2 | 6285.8 6306.3 | 6326.8) 6347.5 | -8| 6388.3 | 6408.8 | 6429.2 5 10.4 12.7 

12.8 | 6449.6 | 6470.0 | 6490.4 | 6510.8 | 6531.1 6551. 5 -8| 6592.1 6612.4 | 6632.7 6 12.5 12.8 

12.9 6652.9 | 6673.2 6693.4 6713.6) 6733.8 6754.0 .1| 6794.3 | 6814.4] 6834.5 \| 7 14.6 || 12.9 

13.0 6854.7 | 6874.7 | 6894.8 | 6914.9 | 6934.9 | 6955.0 .0 | 6995.0 | 7014.9) 7034.9 8 16. 13.0 

13.1 7054.9 | 7074.8 7094.7 | 7114.6 | 7134.5 | 7154.4 «3 | 7194.1 7213.9} 7233.8 |) 9 18.7 || 13.1 

13.2 7253.6) 7273.3 | 7293.1 | 7312.9 | 7332.6 | 7352.3 1] 7391.8) 7411.4 | 7431.1 1 13.2 

13.3 7450.8 | 7470.4 | 7490.0 | 7509.6 | 7529.2 | 7548.8 -4) 7587.9 | 7607.4 7627. 0 | 13.3 

13.4 | 7646.5 | 7666.0 7685.4 7704.9 7724.4 | 7743.8 3.2 | 7782.6 | 7802.0 | 7821.4 || 13.4 

13.5 7840.8 | 7860.1 | 7879.4 7898.7 | 7918.0 | 7937.3 | 7956.6 | 7975.8 7995.1 | 8014.3 | 13.5 

13.6 || 8033.6 | 8052.8 | 8071.9 8091.1 8110.3 | 8129.4 | 8148.6! 8167.7 | 8)86.8! 8205.9 || | | 13.6 

13.7 || 8225.0 | 8244.0 8263.1) 8282.1 | 8301.1 | 8320.1 8339.1 | 8358.1 | 8377. i 8396. 0 ri EE) 13.7 

13.8 8415.0! 8433.9] 8452.8 | 8471.7! 8490.6 | 8509.4! 8528.3 | 8547.1 | 8565.9} 8574.8 || 2 3.8 || 13.3 

13.9 8603.6 | 8622.3 | 8641.1 8659.9 | 8678.6 | 8697.4 8716.1 | 8734.8) 8753.5) 8772.2 || 3 5.6 13.9 

14.0 8790.8 | 8809.5) 8828.2 8846.8 | 8865.4 | 8884.0) 8902. 6 | 8921.2) 8939.7 | 8958.3 4) 7.5 \ 14.0 

14.1 3976.8 | 8995.4 9013.9 9032.4 | 9050.8 | 9069.3 9087.8 | 9106.2 | 9124.6 | 9143.0 5, 9.4 14.1 

14.2 9161.4 | 9179.8 9198.2 9216.6] 9234.9 | 9253.3 | 9271.6} 9289.9 9308.2 | 9326.5 || 6 11.3 14.2 

14.3 9344.7 | 9363.0 | 9381. 3 9399.5 | 9417.7 | 9436.0] 9454.2 | 9472.3 | 9490.5 | 9508.7 7| 13.2 |) 14.3 

14.4 9526.8 | 9545.0 | 9563.1 9581.2 | 9599.3 | 9617.4 9635.5 | 9653.5 | 9671.6 | 9689.6 8 15.0 |) 14.4 

| | 

14.5 9707.6! 9725.7 | 9743,7| 9761.7 | 9779.6 | 9797.6 9815.6 | 9833.5 | 9851.4 | 9869.3 9 17.0 14.5 

4.6 9887.2! 9905.1 | 9923.0 | 9940.9 | 9958.7 | 9976.5 | 9994.4 | 10012. 2 | 10030.0 | 10047. 8 |) 14.6 

14.7 10065.5 10083.3 | 10101.1 10118. 8 | 10136.6 | 10154.3 | 10172.0 | 10189.7 | 10207.4 | 10225. 1 14.7 

14.8 10242,7 | 10260.4 | 10278.0 | 10295.7 | 10313.3 | 10330.9 10348. 5 | 10366. 1 | 10383.6 | 10401. 2 1 Leva 14.8 

14.9 10418.7 | 10436.3 | 10453.8 | 10471.3 | 10488.8 | 10506. 3 10523.7 | 10541.2 | 10558.6 | 10576.0 2 3.4 14.9 

15.0 | 10593. 4 | 10610.8 | 10628.2 | 10645.6 | 10662.9 | 10680. 3 | 10697.6 | 10715.0 | 10732.3 | 10749.6 || 3 5.1 15.0 

15.1 || 10766.9 | 10784.1 | 10801.5 | 10818.7 | 10836. 0 10853. 2 | 10870.5 | 10887.7 | 10904.9 | 10922. 1 4 6.8 15.1 

15.2 || 10939.3 | 10956.5 | 10973. 6 | 10990.8 | 11008, 0 | 11025.1 | 11042.2 | 11059.3 | 11076.4 | 11093. 5 } 5 8.5 15. 2 

15.3 11110.6  11127.7  11144.7 0 -11161.8 | 11178. 8 | 11195. 8 | 11212.8 | 11229.8 | 11246.8 | 11263.8 || 6 10.2 15.3 

15.4 11280.8 | 11297.8 | 11314.7 | 11331.6 | 11348.6 | 11365.5 | 11382. 4 11399. 3 | 11416.2 | 11433.0 7| 11.9 15.4 

15.5 l 11449.9 | 11466.7 | 11483.6 | 11500. 4 | 11517.2 | 11534.0 | 11550.8 | 11567. 6 | 11584.4 | 11601.1 8 13.6 | 15.5 

15.6 I 11617.9  11634.6 | 11651.4 | 11668.1 | 11684.8 | 11701. 5 | 11718.2 | 11734.9 | 11751.6 | 11768.2 || 9 15.3 15. 6 

15.7 |} 11784.9 | 11801.5 | 11818.2 | 11834.8 | 11851.4 | 11868.0 | 11884.6 | 11901.1 11917.7 | 11934.3 15.7 

15.8 | 11950.8 | 11967.3 | 11983.8 | 12000. 4 | 12016.9 | 12033. 3 12049. 8 | 12066.3 | 12082.7 | 12099. 2 | 15.8 

15.9 12115.6 | 12132.0 | 12148.4 | 12164.8 | 12181.2 | 12197.6 | 12214.0 
12230. 4 | 12246.7 | 12263.1 | 15.9 

| | 
16.0 | 12279.6 | 12295.9 | 12312.2  12328.5 | 12344. 8 | 1 | 12377. 4 3.6 | 12409.9 | 12426.1 - 16.0 

16.1 || 12442. 4 | 12458.6 | 12474. 8 | 12491.0 | 12507. 2 4 | 12539. 6 | .7 | 12571.9 | 12588.0 || 16.1 

16.2 12604.2 | 12620.3 | 12636.4 | 12652.5 | 12668. 6 .7 | 12700. 8 | .8 | 12732.9 | 12748.9 1 1.6 16.2 

16.3 || 12765.0 , 12781.0 | 12797.0 | 12813. 0 | 12829. 0 .0 | 12861. 0 | 12876.9 | .9 | 12908. 8 2 3.1 16.3 

16.4 | 12924.8 12940. 7 | 12956.6 | 12972.5 | 12988. 4 .3 | 13020. 2 | 18036. 0 .9 | 18067. 7 3 4.7 16.4 

| | 
| 

16.5 || 13083.6 | 13099.4 | 13115. 2 | 13131. 0 | 13146.8 | 1162.6 | 13178.4 | 18194. 2 .0 | 13225. 7 4 6.3 | 16.5 

16.6 || 13241.5 | 18257. 2 | 13272.9 | 13288. 6 | 13304.3 | 18320.0 | 13335.7 | 18351.5 -1 | 13382, 7 5| 7.8 ) 16.7 

16.7 13398. 4 | 13414.0 | 13429.6 | 13445. 2 | 13460.8 | 13476. 4 | 13492. 0 | 13507. 6 | 3.2 | 138538.7 || 6] 94 16.7 

16.8 | 13554.3 | 13569.8 | 13585.4 | 13600.9 | 13616.4 13631.9 | 13647.4 | 13662.9 | .4 | 13693.9 || 7 11.0 16.8 

16.9 | 13709.4 | 13724.8 | 13740.3 | 13755.7 | 13771.1 | 13786. 5 | 18801.9 | 13817.3 | .7 | 13848. 1 | 8 12.5 \| 16.9 

| 
| | | | 

17.0 | 13863.5 | 13878.8 | 13894. 2 | 13909. 6 | 13924. 9 13940. 2 | 13955. 6 29 2 | 14001. 5 9 14.1 17.0 

17.1 | 14016.8 | 14032.0 | 14047.3 14062. 6 | 14077.8 | 14093.0 | 14108. 3 3.0 | .7 | 14153. 9 |) ea 

17.2 14169. 1 | 14184.3 | 14199.4 | 14214.6 | 14229.8 | 14244.9 14260. 1 275.2 | 14290.3 | 14305. 5 || 17.2 

17.3 14320.6 | 14335.7 | 14350.8 | 14365.8 | 14380.9 | 14396. 0 14411.0 | 14426.1 | 14441.1 | 14456. 2 || 17.3 

17.4 || 14471.2 | 14486.2 | 14501.2 | 14516.2 | 14531. 2 14546. 1 | 14561. 1 | 14576. 1 | 14591. 0 | 14605. 9 1 1.5 || 17.4 
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Tasie. 1.—D—60158.58 log Hor h. Argument: The observed height of barometer at either station.—Cont’d. 

Barom-| Hundredths of an inch. Thou- Barom- 
eter in sandths | eter in 
Eng. 7 of Eng. 
inch. | 00 | .o4 | 02 | 03 | 04 | 05 | 06 | 07 | .08 | .09 |) aninch. | inch. 

| | | 
Eng. ft. | Eng. ft. | Eng. ft. | Eng.ft. | Eng. ft. | Eng.ft. | Eng.ft. | Eng.ft. Eng.ft. Eng. ft. Feet. 

17.5 || 14620.9 | 14635.8 | 14650.7 | 14664. 6 380.5 | 14695.4  14710.3 | 14725.2  14740.1  14754.9 2 2.9 17.5 
17.6 || 14769.8 | 14784.6 | 14799. 4 | 14814.3 .1 | 14843.9 | 14858.7 | 14873.5 | 14888.2 | 14903. 0 3 4.4 17.6 
17.7 || 14917.8 | 14932.5 | 14947.3 | 14962. 0 8 | 14991.5 | 15006.2 | 15020.9 150385.6 | 15050.3 4 5.8 UT, 
17.8 || 15065.0 | 15079.6 | 15094.3 | 15109.0 | 15123.6 | 15138. 2 | 15152.9 | 15167.5 | 15122.1  15196.7 5 7,3 17.8 
17.9 15211.3 | 15225.9 | 15240.5 | 15255.0 | 15269.6 | 15284.2 | 15298.7 | 15313.3 | 15327.8 | 15342. 4 6 8.8 17.9 

| 

18.0 || 15356.8 | 15371.3 | 15385.8 | 15400.3 | 15414.8 15429.3 | 15443.7 | 15458.2 | 15472.7 | 15487.1 7) 10.2 18.0 
18.1 15901.5 | 15516.0 | 15530.4 | 15544.8 | 15559.2 | 15573.6 | 15588.0 | 15602.4 | 15616.8 | 15631. 2 8) 11.7 18.1 
18. 2 15645.5 | 15659.9 | 15674. 2 .5 | 15702.9 | 15717.2 | 15731.5 | 15745.8 | 15760.1 | 15774. 4 9 13.1 18.2 
18.3 15788. 6 | 15802.9 | 15817. 2 .4 | 15845.7 | 15859.9 | 15874.2 | 15888.4 | 15902.6 | 15916.8 18.3 
18.4 15931. 0 | 15945.2 | 15959. 4 3.6 | 15987.8 | 16001.9 | 16016.1 | 16030.2 | 16044.4 | 16058.5 18.4 

18.5 16072. 6 | 16086.8 | 16100.9 .0 | 16129.1 | 16143.2 | 16157.3 | 16171.3 | 16185.4 | 16199.5 18.5 
18.6 16213.5 | 16227.6 | 16241.6 6 | 16269.7 | 16283.7 | 16297.7 | 16311.7 | 16325.7 | 16339.6 18.6 
18.7 16353.5 | 16367.5 | 16381.5 5.4 | 16409. 4 | 16423.3 | 16437. 2 | 16451.2 | 16465.1 | 16479. 0 1 1.4 18.7 
18.8 16492.9 | 16506.8 | 16520.7 .6 | 16548.5 | 16562.3 | 16576. 2 | 16590.0 | 16603.9 | 16617.8 2 2.7 18.8 
18.9 16631.5 | 16645.4 | 16659. 2 3.0 | 16686,8 | 16700.6 | 16714.4 | 16728.1 | 16741.9 | 16755.7 3 4.1 18.9 

i 
19.0 16769. 4 | 16783.2 | 16796.9 .6 | 16824.3 | 16838.1 | 16851.8 | 16865.5 | 16879. 2 | 16892.8 4 5.4 19.0 
19.1 16906.5 | 16920. 2 | 16933. 9 .5 | 16961.2 | 16974.9 | 16988.5 | 17002.1 | 17015.8 | 17029.4 5 6.8 19.1 
19.2 || 17043.0 | 17056.6 | 17070, 2 8 | 17097.4 | 17110.9 | 17124.5 | 17138.1 | 17151.6 | 17165.2 6/ 81 19. 2 
19.3 || 17178.7 | 17192.2 | 17205. 8 .3 | 17282.8 | 17246.3 | 17259.8 | 17273.3 | 17286.8 | 17300.3 7 9.5 19.3 
19.4 17313.7 | 17327.2 | 17340. 6 .1 | 17367.5 | 17380.9 | 17394.4 | 17407.8 | 17421.2 | 17434.6 8| 10.9 19.4 

. | | 

19.5 || 17448.0 | 17461. 4 | 17474.8 | 17488. 2 | 17501.6 | 17515. 0 17528.3 | 17541.7 | 17555.0 | 17568. 4 9| 12.2 19.5 
19.6 || 17581.7 | 17595.0 | 17608.3 | 17621.7 | 17635.0 | 17648.2 | 17661.5 | 17674. 8 | 17688.1 | 17701. 4 19.6 
19.7 || 17714.6 | 17727.9 | 17741.1 | 17754.4 | 17767.6 | 17780.8 | 17794.1 | 17807.3 | 17820.5 | 17833.7 19.7 
19.8 || 17846.9 | 17860.1 | 17873.3 | 17886.5 | 17899.6 | 17912.8 | 17926.0 | 17939.1 | 17952.2 | 17965. 4 19.8 
19.9 | 17978.5 | 17991.6 | 18004.8 | 18017.9 18031. 0 | 18044.1 | 18057.2 | 18070.3 | 18083. 4 | 18096. 4 1 1.3 19.9 

| 
20.0 || 18109.5 | 18122.6 | 18135.6 | 18148.7 | 18161.7 | 18174.8 | 18187.8 | 18200.8 | 18213.8 | 18226.8 2 2.6 20.0 
20.1 18239. 8 | 18252.8 .8 | 18278.8 | 18291.8 | 18304.8 | 18317.7 | 18330.7 | 18343.6 | 18356.6 3 3.9 20.1 
20. 2 18369.5 | 18382.5 5.4 | 18408.3 | 18421.2 | 18434.1 | 18447.0 | 18459.9 | 18472.3 | 18485.7 4 5.1 20. 2 
20.3 18498. 5 | 18511. 4 3 | 18537.1 | 18550.0 | 18562.8 | 18575.7 | 18588.5 | 18601.3 | 18614.1 5 6.4 20.3 
20.4 18626.9 | 18639. 7 .5 | 18665.3 | 18678.1 | 18690.9 | 18703.6 | 18716.4 | 18729.1 | 18741.9 6 he 20.4 

20.5 || 18754.6 | 18767.4 | 18780.1 | 18792.9 | 18805. 6 18818. 3 | 18831.0 | 18843.7 | 18856. 4 | 18869. 1 7 9.0 20.5 
20.6 18881.8 | 18k94.5 | 18907.2 | 18919.9 | 18932.5 | 18945. 2 | 18957.8 | 18970.5 | 18983.1 | 18995. 7 8 10.3 20.6 
20.7 |) 19008.3 | 19021.0 | 19032.6 | 19046. 2 | 19058. 8 19071. 4 | 19083.9 | 19096.5 | 19109.1 | 19121.7 9} 11.6 20.7 
20.8 19134.2 | 19146.8 | 19159.3 | 19171.9 | 19184. 4 | 19196.9 | 19209.5 | 19222.0 | 19234.5 | 19247.0 20.8 
20.9 19259. 5 | 19272.0 | 19284.5 | 19297.1 | 19309.5 | 19322.0 | 19334. 4 | 19346.9 | 19359.3 | 19371.8 20.9 

21.0 || 19384.3 | 19396.7 | 19409.1 | 19421.5 | 19434. 0 | 19446. 4 | 19458.8 | 19471.2 | 19483.6 | 19496.0 1 1.2 21.0 
21.1 |) 19508.4 | 19520.8 | 19533.1 | 19545.5 | 19557.9 | 19570.2 | 19589. 6 | 19594.9 | 19607.3 | 19619. 6 2 2.4 21.1 
21.2 || 19632. 0 | 19644.3 | 19656.6 | 19668.9 | 19681.2 | 19693.5 | 19705.8 — 19718.0 | 19730.3 | 19742.6 3 3.6 21.2 
21.3 19754.9 | 19767.1 | 19779. 4 | 19791.6 | 19803.9 | 19816.1 | 19828.4 | 19849.6 | 19852.8 | 19865. 0 4 4.8 21.3 
21.4 19877. 3 | 19889.5 | 19901.7 | 19913.9 | 19926.0 | 19938. 2 | 19950.4 | 19962.6 | 19974.7 | 19986. 9 21.4 

21.5 || 19999.1 | 20011.2 | 20023.3 | 20035.5 | 20047.6 | 20059.7 | 20071.8 | 20083. 9 20096. 1 | 20108. 2 5 6.0 21.5 
21.6 || 20120.3 | 20132.3 | 20144.4 | 20156.5 | 20168.6 | 20180.7 | 20192.7 | 20204.8 | 20216.9 | 20228. 9 6 7.2 21.6 
21.7 20241. 0 3.0 | 20265 0 | 20277.6 | 20289.1 | 20801.1 | 20313.% | 20825.1 | 20337.1 | 20349. 1 7 8.4 2107 
21.8 20361. 1 3.0 | 20385.0 | 20397.0 | 20409.0 | 20420.9 | 20432.9 | 20444.8 | 20456.8 | 20468. 7 8 hye 21.8 
21.9 20480. 7 .6 | 20504.5 | 20516. 4 | 20528. 3 | 20540.2 | 20552.1 | 20564. 0 | 20575.9 | 20587.8 9 10,9 21.9 

0 20599. 7 | 20611.5 | 20623. 4 | 20635.3 | 20647.1 | 20659.0 | 20670.8 | 20682.7 | 20694.5 | 20706.3 22.0 
2, 1 20718. 2 | 20732.0 | 20741.8 | 20753. 6 | 20765.4 | 20777.2 | 20789.0 | 20801.8 | 20812.6 | 20824. 4 22.1 

| 22.2 20836. 2 | 20847.9 | 20859.7 | 20871. 4 | 20883.2 | 20894.9 | 20906.7 | 20918. 4 | 20930.1 | 20941.9 22.2 
2.3 20953. 6 | 20965.3 | 20977. 0 | 20988.7 | 21000.4 | 21012.1 | 21023.8 | 21035.4 | 21047.1 | 21058. 8 1 Gil 22.3 
4 21070. 5 | 21082.1 | 21093.8 | 21105.4 | 21117.1 | 21128.7 | 21140.4 | 21152.0 | 21163.6 | 21175.3 2 2.3 22.4 

Bb} 21186. 9 | 21198.5 | 21210.1 | 21221.6 .2 | 212448 | 21256.4 | 21268.0 | 21279.5 | 21291.1 3 3.4 22.5 
6 21302. 6 | 21314.2 | 21325.8 | 21337.3 .9 | 21360. 4 | 21371.9 | 21383.5 | 21395.0 | 21406.5 4 4.6 22.6 

| a 1 | 21429.6 | 21441.1 | 214 .0 | 21465.5 | 21487.0 | 21498.5 | 21509. 9 4 5 5.7 22.7 
| 8 9 3 21567. .7 | 21590. 1 | 21601.6 | 21613.0 | 21624. 4 8 6 6.8 22.8 

| 9 .3 Sirf 21681. 4 .8 | 21704.2 | 21715.6 | 21727.0 | 21738.3 7 7 8.0 22.9 

3.0 .0 4 . 7 | 21795. .4 | 21817.7 | 21829.1 | 21840.4 | 21851.7 3. 0 8 9.1 23.0 
3.1 3 6 “0 | 21908. : 6 | 21930.8 | 21942.1 | 21952.4 | 21964. 7 0 |} 9} 10.2]} 23.1 

2 ay .5 | 3 | 2202 3 | 22043.5 | 22054. 7 0 | 22077. 2 38.4 | 23.2 
3 || 22099. 6 8 5 | 22155.6 | 22166.8 0 | 22189, 2 . 4 | 23.3 

3.4 || 2291.5 7 2 | 29967.3 | 22978. 4 6 | 22300. 7 aay 23.4 
if 

Bt) 0 7.4 | 22378.4 | 22389.5 .6 | 22411. 7 8 23.5 

3.6 st!) 21 | 22489, 1 | 22500. 2 | .2 | 22522. 3 3. 3 23.6 
7 4 -4 | 22599. 4 4} 21.4 | 22632. 4 4 PGBYI 
8 b 3 22 | 22709: 1 . 1 | 22731.0 | 22742.0 9 1 1L1 23.8 

Bt) 22763. 8 .8 .5 | 22818. 4 9.4 | 22840.3 | 22851. 2 2.0 2 2.2 23.9 

24.0 22873.0 , 22883.9 | 5.5 4 | 22938. 2 22960.0 | 22970. 8 3 3.2 24.0 
24.1 || 2 7 2.5 0 -8 | 23046. 6 | 23068.3 | 23079.1 |} 4) 4.3 || 24.1 
34, 2 9 | 23100.7 0 3.8 | 23154.5 | 23176. 1 | 23186.8 || 5 5.4 24.2 
24.3 | 5 208. 3 a) 1.3 | 23262. 0 | 23283. 4 | 23294. 2 6 6.5 24.3 
24.4 || 23304. 9 | 23315. 6 6 3 | 23369. 0 23390. 3 | 23401. 0 7 7.5 24.4 



BAROMETRIC TABLES. 13) 

TABLE. I.—D=60158.58 x log H or hh. Argument: The observed height of the barometer at either station— 
Continued. 

Barom- By weal Thou- Barom- 
eter in Hundredths of an inch. sandths | eter in 
Eng. ~ — — of || Eng. 
inch. | 00 On 02 | .03 -O4 05 0S -09 | aninch, || inch. 

| Eng. ft.| Eng. ft. Eng. ft.| Eng. ft.; Eng. ft. Eng. ft. -| Eng. ft.| Eng. ft. | Feet. 
24.5 || 23411.7 | 23422.3 0 | 23443.7 | 23454. 3 64.9 | 23475.6 23496.8 | 23507.4 || 8) 8.6 |] 24.5 
24.6 23518. 1 | 23528.7 | 23539.3 | 23549.9 pon 71.1 b sya, 3 | 23602.9 | 23613.5 || 9 9.7 || 24.6 
24,7 || 23624.1 | 23634.6 | 23645.2 | 23655.8 | 23666.3 | 23676.9 | 23687.5 | 23698.0 | 23708.6 | 23719.1 || 24.7 
24.8 23729. 7 | 23740. 2 | 23750.7 | 23761.2 | 23771.7 | 23782.3 | 23792.8 | 23803.3 | 23813.8 | 23824.3 24.8 
24.9 || 23834. 8 | 23845.3 | 23855. 7 | 23866.2 | 23876.7 | 23887.2 | 23897.7 | 23908.2 | 23918.6 | 23929. 1 uw 1.0 24.9 

25.0 || 23939.5 | 23949,9 | 23960.4 | 23970.8 | 23981.3 | 23991.7 | 24002.1 | 24012.5 | 24023.0 | 24033. 4 2 2.1 0 
25.1 | 24043.8 | 24054.2 | 24064.6 | 24075.0 | 24085.4 | 24095.7 | 24106.1 | 24116.5 | 24196.9 | 24137.2 || 3 chal 1 
25.2 | 24147.6 | 24158. 0 | 24168. 3 | 24178.7 | 24189.0 | 24199.4 | 24209. 7 | 24220.1 | 24230.4 | 24240.8 || 4) 4.1 5 
25.3 || 24251.1 | 24263. 4 | 24271.8 | 24982.1 | 24299. 4 | 24302. 7 | 24313. 0 3 | 24333.6 | 24343.9 || 5) 5.11] 95.3 
25.4 || 24354.2 | 24364.5 | 24374. 7 | 24385.0 | 24395.3 | 24405.5 | 24415. 8 | 5.1 | 24436.3 | 24446.6 || 6] 6.2 |) 25.4 | 

| 

25. 5 24456. 8 | 24467.0 | 24477.3 | 24487.5 | 24497.8 | 24508.0 | 24518. 2 4 | 24538.7 | 24548. 9 7 7.2 |) 25.5 
25.6 24559.1 | 24569.3 | 24579.5 | 24589.7 | 24599.9 | 24610. 0 | 24620. 2 -4 | 24640. 6 | 24650.7 8 8.2 || 25.6 
25.7 24660.9 | 24671.1 | 24681.2 | 24691.4 | 24701.5 | 24711.7 | 24721.8 QO | 24742.1 | 24752. 3 9 9.21) 25.7 
25.8 || 24762.4 | 24772.5 | 24782.6 | 24792.8 | 24802.9 | 24813.0 | 24893.1 3.2 | 24843. 3 | 24853. 4 25.8 
25.9 24863. 5 | 24873.6 | 24883.7 | 24893.7 | 24903.8 | 24913.9 | 24921.0 ~O | 24944, 1 | 24954.1 |) | 25.9 

| 

26.0 24964. 2 | 24974.2 | 24984.3 | 24994.3 | 25004. 4 | 25014.4 | 25094. 4 .4 | 25044.5 40) | 26.0 
26.1 25064. 5 | 25074.5 | 25084.5 | 25094.5 | 25104.5 | 25114.5 24.5 -5 | 25144. 4 4 _ 26.1 
26.2 25164.4 | 25174.4 | 25184.3 | 25194.3 | 25204.2 | 25214.2 | 25224.1 »1 | 25244.0 | 25254. 0 1 1.0 26. 2 
26.3 25263. 9 | 25273.8 | 25283. 8 | 25293.7 | 25303. 6 | 25313.5 | 25323. 4 3 | 25343. 2 | 25353.1 2 2.0 26.3 
26.4 | 25363. 0 | 25372.9 | 25382.8 | 25392.7 | 25402.6 | 25412. 4 | 25499.3 2 | 25442.1 | 25451. 9 3 2.9. 26.4 

26.5 | -8 | 25471.7 | 25481.5 | 25491. 4 | 25501.2 | 25511.0 | 25520.9 .7 | 25540. 5 | 25550. 4 4| 3.9 26.5 
26.6 2 | 25570. 0 | 25579.8 | 25589. 7 | 25599.5 | 25609.3 | 25619.1 -9 | 25638.7 | 25648. 5 5 4.9 26.6 
26.7 .3 | 25668.1 | 25677.8 | 25687. 6 | 25697.4 | 25707.1 | 25716.9 7 | 25736.4 | 25746. 2 6 5.9 26.7 
26.8 .9 | 25765. 6 | 25775. 4 | 25785.1 | 25794.8 | 25804.6 | 25814.3 . 0 | 25833. 8 | 25843. 5. 7| 69 26.8 
26.9 | 2 | 25862.9 | 25872. 6 | 25882.3 | 25892.0 | 25901.7 | 25911.4 | 25921.1 | 25930.8 | 25940.5 || 8| 7.8 || 26.9 

27.0 || 25950.2 | 25959. 9 | 25969.6 | 25979. 2 | 25988.9 | 25998.6 | 26008.2 | 26017.9 | 26027.5 | 26037.2 || 9| 8.8]| 27.0 
27.1 | 26046.8 | 26056.5 | 26066.1 | 26075.7 | 26085.3 | 26095.0 | 26104.6 | 26114.2 | 26123. 8 4 27.1 
27.2 || 26143. 0 | 26152. 6 | 26162.2 | 26171.8 | 26181. 4 | 26191.0 | 26200.6 | 26210.2 | 26219.8 :3 27.2 
27.3 | 26238.9 | 26248. 0 | 26258.0 | 26267.6 | 26277.2 | 26286.7 | 26296.3 | 26305.8 ao 9 27.3 
27.4 | 26334.4 | 26344. 0 | 26353.5 | 26363.0 | 26372.5 | 26382.1 | 26391.6 | 26401. 1 | . 6 .1 | 1] 0.9 || 27.4 

} 

27.5 26429.6 | 26439.1 | 26448.6 26458.1 | 26467.6 | 26477.1 5 | 26496. 0 .5 | 26514. 9 2 19 |) 27.5 
27.6 || 26524.4 | 26533.9 | 26543.3 | 26552.8 | 26562.3 | 26571.7 .2 | 26590. 6 0 | 26609. 5 3 2.8 27.6 
27.7 |, 26618. 9 | 26628. 4 | 26637.8 | 26647.2 | 26656.7 | 26666. 1 .5 | 26684. 9 28 /1/26703.7 |] 4) 8.7 Ni) 27.7, 
27.8 || 26713.1 | 26722.5 | 26731.9 | 26741.3 | 26750.7 | 26760. 1 .5 | 26778.8 2 | 26797. 6 5 4.7 27.8 
27.9 26806. 9 | 26816.3 | 26825.6 | 26835.0 | 26844.3 | 26853. 7 .0 | 26872. 3 .7 | 26891. 0 6 5.6 27.9 

28.0 | 26900.4 | 26909.7 | 21919.0 | 26928. 4 | 26937.7 | 0! .3 | 26965. 6 .0 | 26984. 3 7 6.5 || 28.0 
28.1 || 26993.6 | 27002.9 | 27012.2 | 27021.5 | 27030.7 0 | 9.3 | 27058. 6 -8 | 27077. 1 8 7.5 28.1 
28.2 || 27086.4 | 27095.6 | 27104.9 | 27114. 2 123.4 | 20% | -9 | 27151.2 | 27160. 4 | 6 9 8.4 28.2, 
28.3 || 27178.9 | 27188.1 | 27197.3 | 27206.5 | 27215.7 | ALi Wee. 2) 2 4 | 27252.6 } 8 28.3 
28.4 || 27271.0 | 27280.2 | 27289.4 27298.6 | 27307. 8 | 0 .2 | 27335.3 | 27344.5 3.7 | 28.4 

| | 
28.5 27362.9 | 27372.0 | 27381. 2 | 27390.4 | 27399.5 | 27408.7 | 27417.8 | 27427.0 | 27436.1 Bes | 28.5 
28.6 || 27454.4 | 27463.5 | 27472.6 | 27481.8 | 27490.9 | 27500.0 | 27509.1 | 27518.2 | 27527. 4 5 28. 6 
28.7 || 27545.6 | 27554.7 | 27563.8 | 27572.9 | 27582..0 | 27591.1 | 27600.2 | 27609.3 27618. 3 4 1 0.9 28.7 
28.8 || 27636.5 | 27645.5 | 27654.6  27663.7 | 27672.7 | 27681.8 | 27690,8 | 27699.9 | 27708.9 | 9 2 1.8 28.8 
28.9 || 27727.0 | 27736.0 | 27745.1 | 27754.1 | 27763. 1 | .2 | 27781. 2 | 27790. 2 | 27799.2 | 27808. 3 3} 2.7 28.9 

| | i} 

29.0 27817. 2 | 27826. 2 | 27885. 2 | 27844.2 | 27853. 2 | : -2 | 27871. 2 | 27880. 2 1 | 27898.1 || 4 Wesi6 29.0 
29.1 27907.1 | 27916.1 | 27925.0 | 27934.0 | 27943.0 | 27951.9 | 27960.9 | 27969.8 .8 | 27987. 7 5 4.5 29:1 
29.2 | 27996.7 | 28005.6 | 28014.6 | 28023.5 | 28032.4 | 28041.4 | 28050.3 | 28059. 2 2 | 28077. 1 6 5.4 29.2 
29.3 28086. 0 | 28094.9 | 28103.8 | 28112.8 | 28121.7 | 28130.6 | 28139.5 | 28148. 4 -3 | 28166. 2 uf 6.3 29.3 
29.4 28175. 1 | 28184. 0 | 28192.9 | 28201.7 | 28210.6 | 28219.5 | 28298. 4 | 98937. 2 i | 28254. 9 8 | 7.2 |) 29.4 

| | | 
29.5 28263.8 | 28272.6 | 28281.5 | 28290.3 | 28299.2 | 28308.0 | 28316.9 ati] ~5 | 28343.4 1) 9] 8.1 29.5 
29.6 || 28352. 2 | 28361.0 | 28369.8 | 28378.7 | 28387.5 | 28396.3 | 28405. 1 3.9 .7 | 284381.5 | 29.6 
29. 7 28440.3 | 28449.1 28457.9 | 28466,7 4 | 28484.2 | 28493.0 | 2 .8 .6 | 28519. 3 || | 29.7 
29.8 28528.1 | 28536.9  28545.6 | 28554.4 aide 9 | 28580.7 | 28589. 4 -2 | 28606. 9 || 29.8 
29.9 28615.7 | 28624.4 | 28633.2 | 28641.9 | 6 . 3 | 28668. 1 | 28676.8 | 28685.5 | 28694. 2 | fal 8.6 29.9 

i al 
30.0 | 28702. 9 | 28711. 6 | 28720.3 | 28729.0 | 28737.7 | 28746. 4 | 28755.1 | 28763. 8 Bray | PAVBIEL ||| 02yt axe 30.0 
30.1 28789.8 | 28798.5 | 28807.2 | 28815.9 | 28824.5 | 28833.2 | 28841. 9 Bi} 9,2 | 28867.9 || 3) 2.61) 30.1 
30.2 || 28876.5 | .2 | 28893. 8 | 28902. 5 | 28911.1 | 28919.8 | 28928. 4 | 28937. 0 .7 | 28954.3 |] 4 3.4 || 30.2 | 
30.3 || 28962.9 | 5 | 28980.1 | 28988.8 | 28997. 4 | 29006.0 | 29014.6 | 29023.2 | 29031.7 | 29040.3 | 5| 4.3'|] 30.3 
30.4 | 29048.9 | -5 | 29066.1 | 29074.7 | 29083.3 | 29091.8 | 29100.4 | 29109.0 | 29117.6 | 29126.2 || 6 | 5.2 |) 30.4 

| | | 

30.5 29134. 7 3.3 | 29151.9 | 29160.4 | 29169.0 | 29177.6 29194, 29203. 2 | 29211. 8 | ff 6.0 30.5 
30.6 |} 29220.3 . 9 | 29237. 4 | 29245.9 | 29254. 4 | 29262.9 2 288. 5 97. 0 8! 69 30.6 
30.7 || 29305. 5 0 | 29322.5 | 29331.1 | 29339. 6 | 29348. 1 3.5 || 29382.0 |} 9 | 7.7 || 30:7 
30.8 | 29390.5 | 29399.0 | 29407.5 | 29416.0 | 29424. 4 | 20432. 9 3 | 29466. 8 | 30.8 
30.9 29475. 2 | 29483. 7 | 29492.1 | 29500. 6 | 29509. 0 | 29517.5 8 | 29551. 2 | 30.9 



15 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE I1.—Correction for t—tr’, or difference in the temperature of the barometers at the two stations. 

{ This correction is negative when the attached thermometer at the upper station is lowest; positive when the attached 

| 

SIS EE CO 00 ST Se OT STI CO CORO RIES FAO 

o 

ara 

thermometer at the upper station is highest. ] 

Cor- Cor- 
rec- 
tion. 

1s 

is ore LT WHoOmn 

AoRNH oucsus 

b 
He DD et tO 

zl Cor- | Jor- re of 
rec- rec- EF rec- 

* | tion. | tion. ‘ * | tion. 

| 

| z. #e.| E.ft.|| © ° E. ft. 
1.0} 49. 2)) 31,0) 72. 6||-41.0 | 51.0 .0! 142, 
-5| 50. 4|| 31.5] 73. 8]| 41.5) 51.5 .5| 144) 

2,0) 51.5) 32.0) 75.0)| 42.0 52. 0} 2.0) 145. 
2.5| 52. 7)| 32.5] 76. .5| 52.5) .5| 146. 
3.0 53.9) 33.0) 7.3) 43.0) | 53-0) .0} 147. 

.5| 55. 1|| 33.5) 78.5|| 43,5] 101. 9l| 53. 5) 5 148 
0) 56. 2|| 34. 0] 79. 6|! 44.0] 103. 1| 54. 0| 0, 149. 
.5| 57.4|| 34.5] 80. 8]| 44.5] 104. 2|| 54.5 5] 151. 
0} 58.6) 35.0) 82.0]] 45.0) 105. 4|| 55.0 . 0} 152. 
5) 59.7|| 35.5) 83,2) 45.5) 106. 6|| 55.5 .5] 153. 

0) 60.9) 36.0) 84.3] 46.0) 107.8) 56.0 0) 154. 
5) 62.1) 36.5) 85.5 46.5] 108.9|| 56.5 36, 5] 155 

7.0) 63. 2|| 37.0) 86.7] 47.0) 110. 1\| 57.0 57.0] 157 
.5| 64, 4|| 37.5! 87.8]| 47.5] 111.3|| 57.5) 5] 158, 
0) 65.6] 38.0) 89.0) 48.0) 112. 4|) 58,0 58. 0) 159 

5} 66.8|| 38.5) 90.2) 48.5) 113. 6|| 58.5 58.5] 160 
0) 67.9) 39.0) 91.4] 49.0 114.8) 59.0 59.0| 161. 
.5) 69.1) 39.5) 92.5) 49.5) 116.0) 59.5 39. 5| 162 
.0| 70.3) 40.0) 93.7) 50.0) 117. 1)| 60.0) 70.0) 164. 
.5) 71.4|| 40.5) 94. 9|| 50.5) 118. 3)) 60.5 5) 165. 
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226.1 
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proxi- 
mate 

| differ- 

level. 

1, 000 
2, 000 

4, 000 
5, 000 

6, 000 
7, 000 
8, 000 

10, 000 

11, 000 
12, 000 

16, 000 
17, 000 
18, 000 
19, 000 

21, 000 

23, 000 

TABLE III.—Correction for the difference of gravity in various latitudes. 

[Correction positive from latitude 0° to 45°; negative from 45° to 90°.] 
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TABLE LV.—Correction for- 

_ | Deerease of gravity . | Decrease of gravity | _ | Decrease of gravity 
Approxi- on a vertical. Approxi- on a vertical. [eSuotaESs | ona vertical. 
_mate Positive. |__mate Positive. mate | Positive. 

difference} difference ___| difference}! _ nea == 
a Std | i |! of level. o +500 | of level. o +500 | of level. ° | +500 

Eng. feet.| Feet. Feet. ||Eng. feet.) Feet. Feet. En g. feet. Feet. 
1, 000 2.5 3.9 10, 000 29.8 31.5 19, 000 67.0 
2, 00G 5.2 6.6 11, 000 33.3 35.1 || 20, 000 71.4 
3, 000 129) 9.3 12, 000 36.9 38.7 || 21,000 75.9 

: 4,000 10.8 12.2 13, 000 40.6 42.5 || 22,000 80.5 
5, 000 13.7 15. 2 14, 000 44.4 46.3 || 23, 000 85. 2 
6, 000 16.7 18.3 15, 000 48.3 50. 3 24,000 | 90.0 
7, 000 19.9 21.5 16, 000 52.3 54.3 | 25,000 | 94.9 
8, 000 23,1 24.7 17. 000 56.4 58.4 || 
9, 000 26.4 28.1 | 18,000 60.5 62.6 || | 

TABLE V.—Correction for the height of the lower station.— Positive. 

] 
Approxi- Height of the barometer, in English inches, \Logomarse Height of the barometer, in English inches, | 
mate at lower station. mate at lower station. 

difference : == —\ difference) oe 

oflevel. | 46 | 28 | 20 | 22 | 24 | 26 | 28 | oflevel.| 16 | £8 | 20 | 22 | 24 | 26 | 28 | 

| i} 

Eng. feet.| Feet. | Feet.| Feet.| Feet. Feet.| Feet. Feet.| Eng. feet. Feet.| Feet. | Feet. | Feet. | Feet. 

1, 000 1.6) 1.3] 1.0) 0.8] 0.6) 0.4) 0.2 14,000 | : 17.8'| 14.1) 10:8) 7.7) 4.9) 206 

2, 000 BL oneal | eeenO) | leeleD? |) elect eOn zig | (03 15, 000 19:1 || 15:1 | 11.5'| 8:3) 5.3 5 

4 3, 000 Oe SBE BRU) PSR aI ail ae te Ce) 16, 000 20.3 | 16.1 | 12.3] 88] 5.6) 2.7 

4, 000 Gash cee | ARON SD) le Qe2e i |) 10217 17, 000 21.6 | U7) 18.1 9.4} 6.0] 2.8 

5. 000 7.8 6.4 5.0] 3.8 2.8 1.8 0.8 18, 000 22.9 | 18.1 | 13.8 9.9 6.3 3.0 

6, 000 Qf) 726) 60) £6) 3:3] 21) 1.0 19, 000 24.1 { 19.2] 14.6] 10.5) 6.7) 3.2 

7, 000 11.0) 89 Unit) fase) SSG PE a2 20, 000 25.4 | 20.2) 15.4) 11.0) 7.0) 3.3 

8,000 |12.5|10.2| 81] 62) 44] 28) 13 21, 000 26.7 | 21.2 | 16.1] 11.6) 7.4| 3.5 

9,000 | 14.1 |) 14] 9.1] 6.9] 5.0] 3.2) 1.5 22, 000 | 28.0 | 22.2 | 16.9 TPM Stel) tol 

10,000 | 15.7) 1257) JO) 7.7) 5.5) 3.5) 1.7 23, 000 99.2 | 23:2) 17.7] 12.7) 81) 3.8 

11, 000 17.2} 14.0] 11.1} 85 6.1 3.9 1.8 24,000 | 37.6 | 30.5 | 24.2 | 18.5 | 13.2 8.4 4.0 

12:000 | 18.8) 15.3) 12.1] 9.2) 66) 4.2) 2.0 25,000 | 3 | 31.8 | 25.2 | 19.2} 13.8] 8.8) 41 

13,000 | 20.4] 16.5] 13.1 | 10.0] 7.2| 4.6) 2.2 | 
| \ 

| | | | | | | 
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TaBLE VI.—Differences of altitude to the nearest foot for angles from 1 minute to 2 degrees and for distances 
under 1 mile—Continued. 

Angle of 
elevation. Ditferences of elevation in feet. 

MON XXII——10 
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TABLE VII.—Differences of altitude from angles of elevation or depression. 

Difference of altitude = f + Dh, + hy for angles of elevation. 
—Dh, + hz for angles of depression. 

D=distance in miles, a= angle of elevation or depression ; 
h, = 5280 ft. X tam a; hk, = correction for curvature and 
refraction. Argument for h, isa; argument for his D. 

0° fo zo} 8° 4° 5° 6° 7° g° 9° LOST alte 12° 18° 14° | 16° 
| 

h, h, h, hy h, h, h, h, h, h, h, h, h, h, h, h, 

| 
a Feet. | Feet.| Feet.| Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. 
0 0.0} 92.2) 184.4) 276.7) 369.2) 461.9) 555.0! 648.3) 742.0) 836.3) 931. 0 1026. 3) 1122.3) 1219. 0) 1316.5 1414.8 

\ 
1 1.5] 93.7| 185.9) 278.2) 370.7] 463.5| 556.5) 649.9] 743.6] 837.8] 932. 6| 1027. 9] 1123.9] 1220. 6] 1318.1| 1416.4 
2 3.1) 95.2) 187.4) 279.8) 372.3) 465.0) 558.0] 651.4) 745.2} 839.4) 934.2) 1029.5) 1125.5) 1222.2) 1319.7) 1418. 0| 
3 4.6} 96.8) 189.0) 281.3) 373.8) 466.6) 559.6) 653.0) 746.7) 841.0) 935.8) 1031.1) 1127.1) 1223.8) 1321.3) 1419.7) 
4 6.1) 98.3) 190.5) 282.9) 375.4) 468.1) 561.2) 654.5) 748.3) 842.6) 937.3) 1032.7) 1128.7) 1225.5) 1323.0) 1421.3 
5 7.7) 99.8] 192.1) 284.4) 376.9) 469.7| 562.7) 656.1) 749.9} 844.1) 938.9) 1034.3) 1130.3) 1227.1) 1824.6) 1423.0 

6 9. 2} 101.4) 193.6} 286.0) 378.5) 471.2) 564.3) 657.7) 751.4) 845.7) 940.5) 1035.9) 1131.9) 1228.7) 1326.2) 1424. 6 
7 10. 7} 102.9) 195.1) 287.5) 380.0) 472.8) 565.8) 659.2) 753.0) 847.3) 942.1) 1037.5] 1133.5) 1230, 3) 1327. 9 1423 9 
8 12.3) 104.4) 196.7) 289.0) 381.6) 474.3] 567.4) 660.8) 754.6) 848.9) 943.7) 1039.1) 1135.2) 1231.9) 1329.) 1427.9 
9 13. 8) 106.0) 198.2; 290.6) 383.1) 475.9) 568.9) 662.3) 756.1) 850.4) 945.3) 1040.7) 1136.8) 1233.6) 1331.1) 1429, 6 

10 15. 4] 107.5) 199.8) 292.1) 384.6) °477.4) 570.5) 663.9] 757.7] 852.0) 946.8) 1042.3] 1138.4) 1235.2) 1332. 8) 1431. 2 

11 16.9) 109.1) 201.3) 293.7) 386.2) 479.0) 572.0) 665.5) 759.3) 853.6] 948.4) 1043.8] 1140. 0) 1236.8] 1334.4) 1432.9) 
12 18.4) 110.6) 202.8) 295.2) 387.7| 480.5) 573.6! 667.0| 760.9] 855.2) 950.0) 1045.4] 1141.6) 1238. 4] 1335. 0 1484.5 
13 20.0) 112.1) 204.4) 296.7) 389.3) 482.1) 575.1) 668.6 762.4) 856.8) 951.6) 1047.0) 1143.2) 1240.0; 1337.7) 1436. 2 
14 21.5) 113.7) 205.9) 298.3) 390.8) 483.6) 576.7) 670.1 765.0) 858.3) 953.2) 1048.6) 1144. 8 1241.7) 1339.3) 1437. 8} 
15 23. 0) 115.2) 207.5] 299.8) 392.4] 485.2) 578.2) 671. 7 765, 6) 859. 9) 954. 7| 1050, 2) 1146.4) 1243.3) 1340.9 1439. 5) 

16 24.6) 116.7) 209.0) 301.3} 393.9] 486.7) 579.8) 673. 3| 767.1) 861.5) 956. 3) 1051. 8) 1148.0 1244.9) 1342.6) 1441.1 
17 26.1| 118.3) 210.5) 302.9) 395.5, 488.3) 581.3) "674.8 768.7) 863.0) 957.9) 1053.4) 1149.6 1246.5) 1344.2 1442.8 
18 27. 6; 119.8) 212.1; 304.4) 397.0, 489. 8) 582.9} 676.4) 770.3) 864.6) 959.5 1055.0) 1151.2) 1248.1 1345.8 1444.4 
19 29,2) 121.4) 213.6, 306.0) 398.6 491.3) 584.4) 677.9) 771.8) 866.2) 961.1) 1056.6) 1152.8 1249.8 1347.5) 1446.1 
20 30. 7) 122.9) 215.1) 307.5} 400.1) 492. 9} 586.0) 679.5) 773 4) 867.8] 962.7) 1058.2) 1154.4) 1251.4) 1349.1) 1447.7 

| 
21 32.3) 124.4) 216.7, 309.1) 401.6) 494.5) 587.6] 681.1) 775.0) 869.4) 964.3) 1059.8) 1156.1 0} 1350.8 1449. 4 
22 33.8) 126.0) 218.2, 310.6) 403.2) 496.0) 589.1) 682.6) 776.5) 870.9) 965.9 1061.4) 1157.7 6) 1352.4 1451.0) 
23 35. 3) 127.5} 219. 8) 312.1) 404.7] 497. 6) 590.7} 684.2) 778.1) 872.5] 967. 5 1063.0) 1159. 3 2) 1354.0 1452.7 
24 36.9) 129.0) 221.3) 313.7] 406.3) 499.1) 592.2) 685.7) 779. 7 874.1) 969.0 1064.6) 1160.9 9) 1855.7, 1454. 4 
25 38.4) 130.6) 222.8) 315.2) 407.8) 500.7) 593.8) 687.3) 781.3) 875.7) 970.6) 1066.2) 1162.5 5) 1857.3 1456.0 

| 

26 39.9) 132.1) 224.4) 316.8) 409.4) 502.2) 595.4) 688.9) 782.8) 877.3) 972.2) 1067.8} 1164.1) 1261.1) 1358.9 1457.7 
27 41.5) 133.6) 225.9) 318.3} 410.9} 503.8] 596.9] 690.4) 784.4| 878.8] 973.8) 1069.4] 1165. 7 1162.7) 1860.6 1459.3 
28 43.0) 135. 2) 227.4) 319.9) 412.5) 505.3) 598.5) 692.0) 786.0 880.4) 975.4 1071.0) 1167.3 1264.4) 1362.2) 1461.0 
29 44.5) 136.7) 229.0, 321.4) 414.0) 506.9) 600.0) 693.6) 787.5, 882.0) 977.0 1072.6) 1168.9) 1266.0) 1363.9 1462.6 
30 46.1) 138.3] 230.5) 322.9) 415.5! 508.4) 601.6) 695.1] 789.1| 883.6) 978.6 1074.2| 1170.6] 1267.6] 1365.5] 1464.3; 

31 47,6) 139. 8) 232.1) 324.5) 417.1) 510. 0} 603.1) 696.7) 790.7) 885.1) 980.1) 1075.8) 1172.2) 1269.3) 1367. ‘| 1465. 9 
32 49,2) 141.3) 233.6) 326.0] 418.6) 511.5) 604.7) 698.2) 792.2 886.7; 981.7 1077.4) 1173.8) 1270.9) 1368.8 1467.6 
33 50.7) 142.9) 235.1) 327.6] 420.2) 513.0) 606.2) 699.8) 793.8 888.3) 983.3 1079.0) 1175.4) 1272.5) 1370.4 1469. 2 
34 52.2) 144, 4) 236.7) 329.1) 421.7) 514.6) 607.8) 701.4) 795.4) 889.9) 984.9 1080.6) 1177.0) 1274.1| 1372.1) 1470.9) 
35 53. 8) 146.0) 238.2) 330.6) 423.3) 516.2) 60).3) 702.9] 797.0 891.5} 986.5 1082.2) 1178.6) 1275.7] 1373. 7 1472.5 

| | 
36 55. 3) 147.5) 239.8) 332.2) 424.8) 517.7) 610.9 704.5) 798.5) 893.0) 988.1, 1083.8) 1180.2) 1277.4 1375.3) 1474.2 
37 56.8) 149.0) 241.3) 333.7) 426.4) 519.3) 612.5) 706.1) 800.1) 894.6) 989.7) 1085.4! 1181.8) 1279. 0) 1377. 0) 1475. 9) 
38 58.4) 150.6) 242.8) 335.3) 427.9! 520.8) 614.0 707.6] 801.7) 896.2] 991.3] 1087.0} 1183.4) 1280.6) 1378.6] 1477.5 
39 59.9] 152.1) 244.4) 336.8) 429.5) 522.4) 615.6) 709.2) 803. 2} 897.8] 992.9) 1088. 6) 1185. 0) 1282. 2) 1380.3) 1479, 2 
40 | 61.4) 153.6) 245.9) 338.4) 431.0) 523.9) 617.1 710.7) 804.8 899.4! 994.5) 1090.2! 1186.7! 1283.9] 1381.9] 1480.8 

41 63.0) 155.2) 247.5) 339.9) 432.6) 525.5) 618.7 712.3) 806.4) 900.9 996.0) 1091.8) 1188.3) 1285.5) 1383.5) 1482.5 
42 64.5) 156.7) 249.0) 341.4) 434.1) 527.0) 620.2) 713.9} 807. 9} 902.5 997.6) 1093.4) 1189. 9 1287.1) 1385. 2) 1484.1 
43 66. 0} 158. 2) 250.5) 343.0) 435.6) 528.6) 621.8) 715.4) 809.5) 904.1 999.2) 1095. 0) 1191. 5) 1288.8) 1386.8 1485.8 
44 67.6) 159.8° 252.1) 344.5! 437.2) 530.1) 623. 3] 717.0; 811.1) 905.7 1000.8, 1096.6) 1193.1] 1290. 4) 1388.5) 1487.5 
45 69.1) 161.3, 253.6) 346.1 438.7) 531.7). 624. 9) 718.6) 812.7) 907. 3| 1002.4, 1098.2) 1194.7] 1292.0) 1390.1) 1489.1 

| | | 

46 70.6) 162.9 255.1) 347.6 440.3) 533.2) 626.4 720.1) 814.2) 908.8 1004.0/ 1099.8) 1196.3) 1293.7] 1391.8) 1490.8 
47 72,2) 164.4, 256.7) 349.1 441.8) 534.8) 628.0) 721.7) 815.8) 910.4 1005.6) 1101.5) 1197.9) 1295.3) 1393.4) 1492.4 
48 73.7) 165.9 258.2) 350.7 443.4) 536.3) 629.6) 723.3) 817.4) 912.0 1007.2] 1103.1) 1199.6) 1296.9] 1395.0) 1494.1 
49 75. 3) 167.5) 259.8) 352.2 444.9) 587.9] 631.1) 724. 8) 819.0) 913.6, 1008.8) 1104, 7) 1201.2) 1298, 5) 1396.7} 1495. 8 
50 76.8) 169.0, 261.3) 353.8 446.5) 539.4) 632.7) 726.4) 820.5) 915. 2 1010. 4} 1106.3} 1202.8) 1300. 2) 1398.3) 1497. 4) 

51 78.3) 170.6, 262.8) 355.3 448.0) 541.0) 634.2) 728.0) . 0} 1107. 9) 1204.4) 1801.8] 1400.0) 1499.1 
52 79.9} 172.1) 264.4) 356.9 449.6] 542.5) 635.8) 729.5 . 6) 1109. 5) 1206.0) 1303. 4) 1401. 6) 1500.7 
53 81. 4| 173.6) 265.9) 358.4 451.1) 544.1) 637.3) 731.1 - 2} 1111.1) 1207.7) 1305. 0) 1403. 3) 1502. 4) 
54 82.9) 175.2) 267.5) 360.0 452.7) 545.1] 638.9) 732.7. . 8} 1112.7) 1209.3) 1306.7) 1404.9) 1504.1) 
55 84.5) 176.7, 269.0) 361. 454.2) 547.2) 640. 4! 734. 2 4) 1114. 3) 1210. 9) 1308.3] 1406. 51505. 7 

56 86, 0) 178.2) 270.5) 363.0 455.8) 548.7] 642.0) 735.8) i . 0} 1115. 9) 1212.5) 1309. 9) 1408. 2) 1507. 4, 
57 87.5) 179.8) 272.1) 364.6 457.3) 550.3) 643.6) 737.4 * -5) 1117.5) 1214, 1) 1311. 6! 1409. 8! 1509. 0 
58 89.1) 181.3, 273.6) 366.1 458.9) 551.8) 645.1) 738.9) - 1) 1119.1] 1215. 8) 1313.2) 1410.5) 1510. 7) 
59 90. 6} 182.9 275.2) 367.7 460.4) 553.4) 646.7} 740.5 , h - 7) 1120.7) 1217.4} 1314.8) 1413.1) 1512. 4 
60 92, 2) 184.4) 276.7) 369.2 461.9) 555.0) 648.3] 742.0) 836.3] 931.0) 1026.3) 1122.3] 1219. 0) 1316.5) 1414. 8) 1514.0 

| 
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TaBLeE VIII.—Corrections for curvature and refraction. 
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TABLE IX.—For computing differences of altitude from angles of elevation or depression (applicable to 
scale 1:45000). 

[Prepared by R. S. Woodward.] 

an «9 § + Dh, + hy for angles of elevation. 
Difference of altitude = ¥— Dh, + fv for angles of depression. 
D = distance in seale divisions ,, inch each; a = angle of elevation or depression; hj = 75 feet x tan a; he=correc- 

tion for curvature and refraction. ; 
Argument for h, is a; argument for hg is D. 

h, in feet. D hy D hg 

' oC ° 20 0 ° ) ‘o ° Seale Seale 
| 0 1 be 8 e 5 6 d divisions.| ¥eet- divisions. Feet. 

| | lie | 

0 . 000 | 1.309 | 2.619 8.9381 | 5.245 | 6.562 7. 882 9. 208 00 0 720 60 
1 | 022 1.331 2. 641 3. 952 5, 266 | 6. 583 7.905 9. 231 93 1 726 61 
2 . 043 1.853 | 2.662 3. 974 5. 288 6. 605 7.927 9. 253 131 2 732 62 
3 065 | 1.375 | 2.684 3.996 | 5.310 6, 628 7.949 9.275 161 3 738 63 
4 - 087 1. 396 2. 707 4.018 | 5,332 6, 649 7. 971 9. 298 186 4 744 64 

5 109 | 1.418 2.728 4.040 5. 354 6, 671 7. 993 9, 319 208 5 750 65 
6 .131 | 1.440 2.750 4.062 | 5.376 6. 694 8.015 9, 342 228 6 755 66 
i .153 | 1,462 2.172 4, 084 5.398 | 6.715 8. 037 9. 364 246 7 761 67 
8 .175 1. 483 2.794 4.105 5,420 6.737 8. 059 9.386 26: 8 767 68 
9 196 1. 505 2.815 4,127 5, 442 6. 760 8. 081 9, 408 279 9 772 69 

10 218 | 1.527 2. 837 4.150 5. 464 6.781 8.104 9. 430 294 10 Wis 70 
11 . 240 1.549 2. 859 4.171 5,485 6. 803 8.125 9. 452 308 1l 783 71 
12 +262 | 1.571 | 2.881 4.193 5. 508 6. 826 8.147 9.475 $22 12 789 72 
13 -283 | 1.593 | 2.903 4,215 §. 530 6.847 | 8.170 9, 496 335 13 794 73 
14 . 305 1.615 2.925 4, 237 5, 551 6, 869 8.191 9.519 348 14 500 74 

15 ~B20 1. 636 2. 947 4, 258 5. 573 6.892 | 8.214 9.541 360 15 805 75 
16 3849 1. 658 2. 968 4, 281 5. 596 6.913 8. 236 9, 563 372 16 811 76 
17 -371 ,| 1.680 2.990 4, 303 5. 617 6. 935 8. 258 9, 586 883 17 816 77 
18 - 393 1. 702 3. 012 4,324 5. 639 6.958 | 8.280 9. 607 394 18 821 78 

} 19 . 415 1. 723 3. 034 4.346 | 5,661 6, 979 8. 302 9. 630 405 19 826 79 
| 

20 436 1. 746 38. 056 4,368 | 5.683 7.001 8.324 9. 652 416 20 §32 80 
o1 - 458 1.768 | 3.078 4.390 5. 705 7. 024 8. 346 9. 674 426 21 837 81 
22 . 480 1.789 | 3.100 4. 412° §. 727. 7. 045 8. 368 9. 697 436 22 842 82 
24 «002, | D811 3. 121 4, 434 5. 749 7. 067 8. 390 9.718 446 23 847 83 
24 .523 | 1.833 3.143 4.456 | 5.771 7.090 8.413 9. 741 455 24 852 84 

25 - 545 1. 855 3.165 4,477 5. 793 7.111 8, 434 9: 465 25 857 85 
26 . 567 1. 875 3.187 4,499 5, 815 7.133 | 8.457 9. 474 26 862 86 
27 . 589 1. 898 3. 209 4. 522 5. 836 7.156 8.479 9, 483 27 867 87 
25 - 610 1.920 3. 231 4,543 5. 859 7.177 8. 501 a 492 28 872 88 
20 . 633 1.942 3. 253 4. 565 5. 881 7. 200 8. 523 9. 501 29 877 89 

30 . 655 1. 94 3. 274 4. 587 5.9 T. 222 8.545 D: 509 30 882 90 
31 . 676 1. 986 3. 296 4.609 | 5.92 7. 243 8. 567 9. 518 31 87 91 
32 - 698 2.008 3.318 4. 631 5.9 7. 266 8. 589 9. 526 32 892 92 
33 -720 | 2.029 3.340 4.653 | 5. 7. 288 8. 611 2: 584 33 897 93 
34 742 | 2.051 8. 362 4.675 | 5. 7.309 8. 633 9. 642 84 901 94 

} 

35 . 763 2.073 3. 384 4, 696 6.013 7. 332 8, 656 9. 985 550 35 906 95 
36 . 785 2. 095 3. 406 4.718 6. 0384 7.354 8. 677 10. 007 558 36 911 96 
37 . 807 2.116 3.427 4.741 6. 056 7.375 8. 700 10, 029 566 37 916 97 
38 .829 | 2.138 3.449 4. 762 6. 078 7.398 8. 722 10. 051 57 38 920 98 
39 SSb1> 3} 25161 3.471 4.784 6. 100 7.420 8. 744 10. 074 581 39 925 99 

40 . 873 2. 8.495 4. 806 6. 122 7.442 8. 766 10. 096 588 40 930 100 
41 . 895 2 3.515 4, 828 6, 144 7.464 8.788 10. 118 595 41 934 101 
42 - 916 2.2: 3.537 4, 850 6.166 | 7.486 8.810 10.141 603 42 939 102 
48° | .938 |) 2: 3. 559 4, 872 6.188 7.508 8. 833 10. 162 610 43 943 103 
44 . 960 | 2. 3. 580 4.894 6, 210 7. 530 8.854 10. 185 617 44 948 104 

45 | .982 2. 291 3. 602 4.915 6. 232 7. 552 8. 877 10. 207 624 45 953 105 
46 1. 003 2.313 | 3.624 4.938 6. 254 7.574 8. 899 10. 229 631 46 957 106 
47 | 1.025 2.335 3. 646 4, 960 6, 276 7.596 8. 921 10. 252 637 47 962 107 
48 | 1.047 2 3. 668 4.981 6, 298 7. 618 8.943 10. 273 644 48 966 108 
49 1. 069 2 38. 690 5, 003 6, 320 7. 640 8. 965 10. 296 651 49 971 109 

50 | «1.091 3. 712 5. 025 6, 342 7. 662 8. 987 10.318 657 50 975 =| 110 
61 1.113 | 3.733 5, 047 6, 364 7. 684 9,010 10. 340 664 51 980 111 
52 1.135 | 8.755 5, 069 6, 385 7. 706 9, 031 10. 363 670 52 984 112 
53 1.156 3. 776 5. 091 6. 408 7. 729 9. 054 10. 384 677 53 988 113 
54 | 1.178 3.799 5.113 6. 430 7. 750 9, 076 10, 407 683 54 993 114 

55 | 1.200 3. 821 5. 6,451 7.772 9, 098 10, 429 690 55 997 115 
56 1. 222 3. 843 5. 6.474 7.795 9,120 10. 451 696 56 1001 116 
57 | 1.248 38. 865 5. 6,496 7. 816 9,142 10, 474 702 57 1005 117 
568 | 1.265 3. 886 5.2 6.517 7.839 | 9.164 10. 496 708 58 1010 118 
59 1, 287 3.909 5. 6.540 7. 861 9.187 10. 518 714 59 1014 119 

60 1.309 | 2.619 38. 931 5. 245 6. 562 7. 882 9. 208 10. 540 720 60 1018 120 
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TaBLe IX.—For computing differences of altitude from angles of elevation or depression (applicable to 
scale 1:45000)—Continued. : 

hy in feet. D hy D ho 

' ‘0 ) 0 ° Qo te) ° ° Seale Seale 
8 8 | 10 | i 12 18 14 15 divisions.| Feet. divisions. Feet. 

0 10. 540 11.878 | if 225 | 14.578 | 15.942] 17.315} 18.700] 20.096 00 0 720 60 
1 10.563 | 11.901 | 13.247 | 14.601) 15.964) 17.338 | 18.723} 20.119 93 1 726 61 
2 10.585 | 11.923 | 13.270} 14.623 | 15,987] 17.361 | 18.746 | 20.143 131 2 132 62 
3 10.607 | 11.946) 13.292) 14.647| 16.010] 17.384) 18.769! 20.166 161 3 738 63 
4 10.630 | 11.968 13.315 | 14.669 16.033 | 17.407 | 18.792 | 20.190 186 4 744 64 

| 
5 10.651 | 11.991 | 14.692 | 16.056] 17.430 18.815} 20.213 208 5 750 65 
6 10.674 | 12.013 ; 14,714 | 16.078] 17.453 | 18.838] 20.236 228 6 755 66 
7 10.696 | 12.035 | 18.382 | 14.737] 16.102] 17.476! 18.862 | 20.260 246 7 761 67 
8 10.718 | 12.059 | 13.405} 14.760} 16.124] 17.499] 18.885 | 20.283 268 8 767 68 
9 10.741 | 12.080 | 18.427! 14.782] 16.147] 17.522) 18.908] 20.307 279 9 772 69 | H | 

10 | 10.763 | 12.103 | 13. 450 | 14.805 | 16.170} 17.545} 18.931] 20.330 294 10 778 70 
11 10.786 |- 12.125 | 13.472} 14.828] 16.192] 17.568) 18.955] 20.353 308 11 783 71 
12 | 10.807 | 12 147 | 13.495 | 14.851 | 16.216) 17.591 | 18.978 | 20.377 322 12 789 72 
18 | 10.830 |} 12.169) 13.517 | 14.873] 16.238] 17.614] 19.001] 20.401 335 13 794 73 

| 14 | 10.852! 12.192) 13.540| 14.896] 16.261 | 17.637] 19.024 | 20.424 348 4 800 74 
| 

15 10.874 | 12.214 | 18.562) 14.918 17.660 | 19.048} 20.447 360 15 805 75 
16 | 10.897 12. 237 | 13.585 | 14.941 17.683 | 19.071 | 20.470 372 16 811 76 
17 | 10.919 | 12.259] 13.607) 14.964 17.706 | 19.094 | 20.494 383 17 816 7 
18 10.941 | 12.282 | 13.630 | 14.986 17.729 | 19.117*) 20.518 394 18 821 78 
19 10.963 | 12.304) 13.652 | 15.009 | 17.752) 19.142] 20.541 405 19 826 79 

20 | 10.986 | 12.326/ 13.675 | 15.031 | 16.398) 17.775 | 19.164] 20.564 416 20 832 80 
21 31.008 | 12.349} 13.697 | 15.055] 16.421) 17.798 | 19.187] 20.588 426 21 37 | 81 
22 | 11.030) 12.371! 13.720) 15.077 | 16.444 | 17.821] 19.210] 20.611 436 22 842 82 
23 | 11.053] 12.394 | 13.742) 15.100) 16.467] 17.845! 19.234] 20.635 446 23 847 83 
24 | 11.075 | 12.416 | 13.765; 15.123] 16.489 | 17.867 | 19.257 20.659 455 24 852 | 84 

25 11. 097 16.513 | 17.890} 19.280] 20.682 465 25 857 85 
26 11.119 16.535 | 17.914 | 19.303) 20.705 474 26, 862 86 
27 11. 142 16.558 | 17.937 | 19.327} 20.728 48: 27 Su at 
2s 11. 164 16.581 | 17.959 | 19.350] 20.752 492 28 872 88 
29 11. 186 16.604 | 17.983 | 19.373 | 20.776 501 29 877 | 39 

80 | 11.209) 12.550) 13.909 | 15.259] 16.627] 18.006 | 19.396] 20.799 509 30 882 90 
81 11.231 | 12.573 | 13.923) 15.282] 16.650} 18.029 | 19.420] 20.823 518 31 887 91 
32 11.254 | 12.595 | 13.945 | 15.304] 16.673] 18.052] 19.443 | 20.846 526 32 892 92 
83 | 11.275] 12.618) 13.968) 15.327) 16.696 | 18.075] 19.466] 20.869 534 32 897 93 
34 11.298 | 12.640 | 13.990! 15.349] 16.719] 18.097] 19.489] 20.893 542 34 901 94 

35 11.320} 12.663 | 14.013) 15.373 | 16.741] 18.121] 19.513] 20.917 550 35 906 95 
36 11.343 | 12.685! 14.035) 15.395 | 16.765] 18.145 | 19.536} 20.940 558 36 911 96 
37 11.365 | 12.708 | 14.059 | 15.418 | 16.787] 18.167 | 19.559 | 20.964 566 37 916 97 
38 11.387 | 12.730 | 14.081 | 15.441 | 16.810] 18,190] 19.582] 20.987 573 38 920 98 

| 89 | 11.410] 12.753) 14.104 | 15.463) 16.833] 18.214 | 19.606] 21.011 581 39 925 99 | | 

40 11. 432 14.126 | 15.486 | 16.856 | 18,237 588 40 930 | 100 
41 11. 454 TA 149} Td, | ¢ 0 | 595 | «41 934 | 101 
42 11. 476 14971), 15 | : 603 42 939 102 
43 11. 499 14.194) 15. | 16. 8. ¢ 10: 610 43 943 103 
44 11.521 14.216 | 15. 16,948! 18.329] 19 723] 21.129 G17 44 948 104. 

45 11.543.| 12.887] 14.239] 15.600] 16.971) 18.352] 19.746] 21.152 624 45 953 | 105 
46 11.566 | 12.910] 14.262) 15.622 | 16.993 18.376] 19.769 | 21.175 631 46 957 106 
47 11.588 | 12.932] 14.284] 15.646 | 17.017| 18.399] 19.792] 21.199 637 47 962 | 107 
45 11.611} 12.955] 14.307] 15.668) 17.03 18.421] 19.816] 21.222 644 48 966 108 
49 11.633 | 12.977] 14.329 | 15.691 | 17.062 | 18.445] 19.839 | 21.247 651 49 971 109 

60 | 11.655) 13.000] 14.352] 15.714 | 17.086] 18.468] 19.862] 21.27 657 50 975 110 
61 11.677 | 12.022} 14.374 | 15.736} 17.108} 18.491] 19.886] 21.293 664 51 980 1 
52 11.700 } 13.045 | 14.398} 15.760 | 17.131 | 18.514] 19.909] 21.317 670 52 984 112 
53 11.722 | 13.067 | 14.420] 15.782 | 17.154] 18.538] 19.933] 21.340 677 53 988 | 113 
54 11.745 | 13.090 | 14.443) 15.805 | 17.177 | 18.560 | 19.956] 21.364 683 54 993 14 

55 11.767 | 13.112} 14.465) 15.828] 17.200] 18.583] 19.979] 21.388 690 55 997 115 
56 11.789 | 138.135 | 14.488 + 22¢ 18.607 | 20.002 | 21.412 696 56 | 1001 116 
57 11.812 | 13,157 | 14.510 15.873 | 17.246 | 18.630 | 20.026 | 21.435 702 57 1005 | 117 
58 11.834 | 13.180 | 14.533 | 15.896 s 18.653 | 20.050 | 21.459 708 59 1010118 
59 11.857 | 13.202] 14.556) 15.919} 17.292) 18.676} 20.073 | 21.482 714 58 | 1014 | 119 

60 11.878 | 13.225 | 14.578 | 15.942 | 17.315} 18.700} 20.096 | 21.506 720 60 1018 | 120 

= or oo a —) = a i] ie 
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TABLE X.—For computing differences of altitude from angles of elevation or depression (applicable to scale 
of 1:30000). 

[Prepared by R.S. Woodward.] 

a é __§ +Dh)+h, for angles of elevation. 
Difference of altitude— § yeas for angles of depression. 
D=distance in seale divisions ;; inch each; a=angle of elevation or depression; h;—50 feet x tan @; hga—correction 

for curvature and refraction. E 
Argument for hk; is a; argument for hz is D. 

h, in feet. D he D hy 

| 

, . ° 90 ‘o ° 5O . Seale | | Seale 
oe a | = 4 & ie oe he divisions. Feet. divisions. Feet. 

0 000 . 873 | 1. 746 2. 620 3 4.374 5. 255 6,139 000 0 1080 60 
1 O14 . 887 1. 760 2. 635 3 4,389 5.270 | 6.154 139 1 1089 61 
4 029 -902 | 1,775 2. 649 3 4. 403 5. 284 6. 169 197 2 1098 62 
3 043, . 916 1.789 | 2.664 3 4,418 5, 299 | 6.183 242 3 1107 63 
4 058 . 931 | 1, 804 2. 678 3. 4.433 5.314 6.198 279 4 1116 64 A 

5 072 .945 | 1,819 | 2.693 | 3. 4.447. | 5.328 | 6.213 312 5 1124 | 65 
6 087 .960 | 1.833 2.708 Bee 4. 462 5. 643 6, 228 342 6 1138 66 
i 102 . 974 1. 848 2. 122 3. 4.477 5.358 | 6.242 369 7 1141 67 
8 116 - 989 1. 862 2. 737 3.613 4.491 5.373 | 6,257 394 8 1150 68 
9 131 1. 003 1.877 2.751 3.628 4, 506 5. 387 6,272 » 418 9 1158 69 

10 . 145 1,018 1. 891 2. 766 3. 642 4.521 5. 402 6. 287 441 10 1167 70 
11 . 160 1.033 | 1.906 2.781 38, 657 4,535 5.417 | 6.301 462 11 1175 71 
12 174 1. 047 1.921 2.795 | 3. 672 4.550 5.431 | 6.316 483 12 1183 72 
13 -189 1.062 | 1.935 2. 810 3. 686 4.565 5, 446 6,331 503 13 1191 73 
14 |* .203 1. 076 1.950 2, 824 3. 701 4.579 5. 461 6. 346 622 | 14 1199 74 

15 -218 1,091 1. 964 2. 839 3.715 4.594 5. 476 6. 361 540 | 15 1208 75 
16 +2382 | 1.105 1.979 2. 854 3.730 4. 609 5, 490 6, 375 558 16 1216 76 
ae iy seat 1.120 1.993 2. 868 3. 745 4. 623 5 505 6. 390 575 17 1224 77 
18 . 262 1.134 | 2.008 2. 883 3.759 4.638 5. £20 6. 405 592 18 1231 78 
19 - 276 | 1.149 2. 023 2. 897 | 3. 77: 4. 653 5, 535 6, 420 608 19 1239 79 

20 . 291 1. 164 2. 037 2. 912 3.789 4. 667 5.549 | 6.434 624 20 1247 80 
21 . 805 1.178 2. 052 2.927 3. 803 4. 682 5. 564 6, 449 639 21 1255 81 
22 320 1.193 | 2.066 2. 941 3,818 4.697 5.579 6. 464 654 22 1268 82 
23 . 884 1. 207 2.081 2.956 3. 832 4.711 5.593 6.479 - 669 23 1270 83 
24 ~ 349 1. 222 2.095 2.970 3. 847 4.726 5.608 | 6.494 683 24 1278 84 

26 . 363 1. 236 2.110 2.985 | 3.862 4.741 5. 623 6. 508 697 25 1286 85 
26 . 378 1. 250 2.125 2.999 3. 876 4.755 5. 638 6, 523 Wil 26 1293 86 
27 . 392 1. 265 2.139 3. O14 3. 891 4.770 5, 652 6. 538 725 27 1301 87 
28 - 407 1, 280 2.154 3. 029 3.906 | 4.785 5, 667 6.553 738 28 1308 88 
29 ~422 1, 294 2.168 3. 043 3.920 4. 800 5.682 | 6.568 751 29 1315 89 

30 - 436 1.309 2.183 3. 058 3.935 4.814 5. 697 6. 582 764 30 1823 90 
31 .451 1324 | 2.197 3. 072 3.949 | 4.829 5. 711 6. 597 cm 31 1330 91 
32 - 465 1. 338 2. 212 3. 087 3.964 | 4,844 5.726 | 6.612 789 32 1337 92 
383 - 480 1. 353 2. 227 3.102 3.979 | 4.858 5. 741 6. 627 801 33 1345 93 
34 ~ 494 1. 367 2. 241 3.116 3.993 4.873 5. 755 6. 642 813 34 1352 94 

35 -509 | 1.382 3.131 4.008 | 4.888 5.770 6. 656 825 35 1359 95 
36 523 | 1.396 3.145 | 4.023 4.902 5. 785 6. 671 837 36 1366 96 
37 - 538 1.411 3.160 | 4.037 4.917 5. 800 6, 686 848 37 1873 97 
38 - 552 1.425 | 3.175 4.052 4,932 5. 814 6. 701 860 38 1380 98 
39 . 567 1.440 3, 189 4, 067 4.946 5. 829 6.716 871i 39 1387 99 

40 + 582 1.455 | 8. 204 4.081 | 4,961 5. 844 6.730 882 40 1394 | 100 
41 . 596 1.469 | 3. 218 4. 096 4. 976 5. 859 6, 745 893 | 41 1401 101 
42 - 611 1, 404 < fc 4.110 4.990 5. 873 6. 760 904 42 1408 102 
43 . 625 1.498 | b £ 4.125 | 5.005 5. 888 6.775 914 43 1415 103 
44 . 640 1.513 | 4.440 | 5.020 5. 903 6. 790 925 44 1422 104 

45 . 654 1.527 2.401 4.154 5. 0384 5.918 6. 804 935 45 1429 105 
46 . 669 1, 542 2.416 4.169 | 5.049 5. 932 6.819 946 46 1436 106 
47 . 683 1.557~| 2.431 } 4.184 5. 064 5. 947 6. 834 956 47 1442 107 
48% - 698 1,571 2.445 | | 4.198 | 5.079 5. 962 6. 849 966 48 1449 108 
49 . 712 1. 586 2.460 4.213 | 5.093 | 5.977 6, 864 970 49 1456 | 109 

50 . 727 1. 600 2.474 4. | 5.108 5. 991 6. 879 986 50 1462 110 
51 - 742 1.615 2.489 4. 6. 006 6. 893 ° 996 51 1469 111 
52 - 756 1. 629 2. 503 4. 6, 021 | 6. 908 1006 52 1476 | 112 
53 771 1. 644 2.517 89 4. 5. 152 6. 036 6.923 1015 53 1482 | 113 

| 54 785 1. 658 2.533 3. 408 4, 2 | 5.167 6. 050 6. 938 1025 54 1489 | 114 

55 . 800 1. 673 2.547 3. 423 4.301 | 5.181 6.065 | 6.953 10384 55 1495 115 
| 56 . 814 1. 688 2. 562 3.438 4.316 | 5, 196 6.080 | 6,967 1048 56 1502 116 
| 67 . 829 1.702 | 2.57 3.452 4.330 | 5.211 6, 095 6. 982 1053 57 1508 117 

58 . 843 1.717 2.591 3. 467 4.345 5.226 | 6.109 6. 997 1062 58 | 1615 118 
59 . 858 1,781 2. 606 3.481 4. 360 | 5.240 | 6.124 7. 012 1071 59 1521 119 

| | 
60 873 1. 746 2. 620 3. 496 4.374 | 5. 255 6.139 7. 027 1080 60 1527 120 

| i 
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TABLE X.—For computing differences of altitude from angles of elevation or depression (applicable to scale 
of 1: 30000—Continued. 

i 

h, in feet. D hy D hy 

' g° go 10° 11° 12° 13° 140 15° J. Scale | Feet.|_. Scale | reet 
divisions. *\divisions. ; 

1) 7, 027 7.919 8.816 9.719 | 10.628} 11.543] 12.466] 13.397 000 0 1080 60 
1 7. 042 7.934 8.831 9.734 | 10.643 | 11.558] 12.482] 13.413 ree Te pal 1089 61 
2 7. 056 7. 949 8. 846 9.749 | 10.658 | 11.574 | 12.497] 13.428 EOE bh °2 1098 62 
3 7.071 7,964 | 8.861 9.764 | 10.673 | 11.589] 12.513 | 13.444 242 | 3 1107 63 
4 7. 086 7.979 8. 876 9.779 | 10.688 | 11.604] 12.528] 13.460 B29) | ‘4 1116 64 

5 7.101 7.994 | 8.891 9.794} 10.704 | 11.620] 12.543) 13.475 312 5 1124 | 65 
6 7.116 | 8.008 8. 906 9.809 | 10.719 | 11.635} 12.5 13. 491 342 6 113: 66 
7 7.131 8. 023 8. 921 9.824 | 10.734} 11.650] 12.574 | 13.506 369 | 7 1141 67 
8 7.145 8. 038 8.936 9.840 | 10.749} 11.666] 12.590 | 13.522 394 | 8 1150 68 
9 7.160 8. 053 8.951 9.855 | 10.764 | 11.681 | 12.605 | 13.538 418 | 9 | 1158 69 

10 7.175 8. 068 8.966 9.870 | 10.780 13. 553 441 | 10 1167 70 
il 7.190 8. 083 8.981 9.885 | 10.795 13. 569 462 | 11 1175 71 
12 7. 205 8. 098 8. 996 9.900 | 10.810 13. 584 483 12 1183 72 
13 7. 220 8.113 9.011 9.915 | 10.825 | 13.600 503 13 1191 73 
14 7.235 | 8.128 9. 026 9.930 | 10.841 13. 616 522 14 1199 74 

15 7.249 8. 143 9.041 9.945 | 10.856 15 1208 | 75 
16 7. 264 8.158 9.056 9.960 | 10.871 16 1216 | 76 
17 7.279 8.173 9. 071 9.976 | 10.886 17 | 1224 77 
18 7. 294 8. 188 9. 086 9.991 | 10, 902 7 18 | 12381 78 
19 7. 309 8. 202 9,101 10.006 | 10.917 ! } 19 ; 1289 79 

i} 

20 7. 324 8.217 9.116 10.021 | 10.932 624 20 1247 80 
21 7. 339 8.232 | 9.131 10.036 | 10.947 639 21 1255 | 81 
22 7. 353 8, 247 9.146 10.051 | 10,962 | 654 22 1263 82 
23 7.368 | 8.262 | 9.161 10.066 | 10.978 “669 23 1270 83 
24 7. 383 8.277 | 9.176 10.082 | 10.993 683 24 1278 84 

25 7. 398 8. 9,191 10.097 | 11.008 697 | 25 1286 85 
26 7.413 8. 9. 207 10.112 | 11.023 | Tit 26 1293 86 
27 7.428 8. 9. 222 10.127 | 11.039 725 27 1301 87 
28 7. 443 8. 30 9, 237 10,142 | 11. 054 | 738 28 1308 88 
29 7.457 8. 9, 252 10.157 | 11. 069 | 751 29 1315 | 89 

| | 
30 7.472 | 8.367 9. 267 10.172 | 11.084 764 30 1323 90 
31 7.487 | 8.382 | 9.282 10.188 | 11.100 776 31 1330 91 
32 7. 502 8.397 9. 297 10.203 } 11.115 789 32 1337 92 
33 7.517 8.412 9. 312 10,218 | 11,130 | sol 33 1345 93 
34 7.532 | 8,427 9. 327 10.233 | 11.146 813 34 1352 94 

| 
35 7.547 8. 442 9. 342 10.248 | 11.161 | 825 35 1359 95 
36 7. 562 8.457 9, 357 10.263 | 11.176 | 837 36 1366 96 
37 7.576 | 8.472 | 9.372 10.278 | 11.191 848 37 1373 97 
88 7.591 8.487 | 9.387 10.294 | 11.207 860 38 1380 * 98 
39 7. 606 8.502 9. 402 10.309 | 11.222 | S71 39 1887 | 99 

40 7. 621 8.516 | 9.417 10, 324 | 882 40 1394 | 100 
41 7. 636 8.531 9. 432 10.339 893 41 1401-101 
42 7. 651 8.546 9, 447 10. 354 904 42 1408 | 102 
43 7. 666 8.561 | 9.462 10. 369 914 43 1415 103 
44 7. 681 8.576 | 9.477 10. 885 | 925 44 1422 104 

45 7.695 | 8.591 | 9.493 10.400 | 11.314 935 45 1429 | 105 
46 7.710 8.606 9.508 10.415 | 11.329 946 46 1436 106 
47 7.725 8. 621 9, 523 10.431 | 11.344 956 47 1442 107 
48 7. 740 8.636 | 9.538 10.445 | 11.359 | 966 48 1449 108 
49 7.755 8. 651 9,553 10.460 | 11.375 976 49 1456 109 

| ) 

50 7.770 | 8,666 9, 568 10.476 | 11.390 986 50 | 1462 | 110 
51 7.785 8. 681 9, 583 10.491 | 11.405 996 51 1469 | 111 
52 7.800 8.696 | 9.598 10.506 | 11.421 1006 52 1476 112 
53 7. 815 8.711 9. 613 10.521 | 11.436 1015 53 1482 | 113 
54 7, 830 8.726 9. 628 10.536 | 11.451 1025 54 | 1489 | 114 

55 7,844 | 8.741 9. 643 10.552 | 11. 467 1034 55 | 1495 | 115 
56 7. 859 8. 756 9, 658 10.567 | 11.482 1043 56 1502 | 116 
57 7.874 8.771 9. 673 10.582 | 11.497 1053 57 1508 | 117 
58 7.889 | 8.786 | 9.689 10.597 | 11.513 1062 58 1515 | 118 
59 7. 904 8. 801 9. 704 10.612 | 11.528 1071 59 1521 | 119 

60 7.919 8.816 9.719 10.628 | 11.543 1080 60 1527 | 120 
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TABLE XI.—Differences of altitude 

D sin a cos a, in which D is the observed distance of the 
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telemeter staff, a is the angle of elevation or depression, and h is the difference in height. 
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TABLE XIII.—Constants. 

Dooce ace a HES GRY 
logs meses ---- =0. 4971499 

180°. 2 moron = 7 
Tare JO 97?-29578=579 17’ 44/'.8: log.=1. 7581226 

10800’ __1_ 3447174677: log.=3. 5362739 
7 are 1’ 

7/1 848000"___1 ___96964””,80625: log. 5. 3144251 
. 7 sin 1’ 

comp. log.=4, 6855749 
=log. sin 1’ 

Log. 
Number of degrees in circumference... ... 360=2. 5563025 
Number of minutes in circumference. --..- 21, 600=4. 3344538 
Number of seconds in circumference, -.-.. 1, 296, 000—6. 1126050 

e Length of arc of 1 degree...........-..... - 01745329—8. 241877410 
Length of are of 1 minute--. -- .00029089—6. 4637261—10 
Length of are of 1 second ................ - 000004848 —=4, 6855749—10 

Constants of generating ellipse of Clarke's spheroid. 

Cent : Log. 
asemimajor axis—20, 926, 062 feet, 7. 3206875 

— b=semiminor axis—20, 855, 121 feet, 7. 3192127 

—( jl  ) = 0.00676866 7. 8305030—10 

n=(1— 1—e) (1+ y1—e)—= 0. 00169792 7. 2299162—10 

Length of the meter in inches according to various authorities. 

Inches. 
1 meter—89. 370432, Clarke, 1866-1873. 

=39. 370790, Kater, 1818. 
—=39. 368505, Coast Survey, 1851-1858 (Hassler corrected). 
=39. 38092, Hassler, 1832. 
=39. 36985, Lake Survey, 1885. 
=39. 377786, Theoretical ten-millionth of quadrant (Clarke). 
=39, 37, By act of Congress, 1866. 

The standard meter has its normal length at 32° F. 
The standard yard has its normal length at 62° F. 
The value first given is the one generally adopted by scientific men in 

the United States. 

Values adopted in the measurement of an are of parallel extending from Ireland to the river Ural in Russia, 
as the exact relative lengths of standards used as the wnits of measure in the triangulations of England, 
France, Belgium, Prussia, and Russia. 

| Expressed in | Expressed in . : 
Standards. terms of the eae ae lines of the eepreeeedin 

standard yard. : toise. : 

WUT Rt oe ea ecocospe So mccspn ss 1, 00000000 36. 000000 405, 34622 914, 39180 
The toise --- : 2. 13151116 76. 734402 864. 00000 1, 949. 03632 
PRO MELEL =. areia wee sainle nice sin wmncise= e's 1. 09362311 39, 370432 443, 29600 1, 000. 00000 

* CONVERSION TABLES. 

TaBLE XIV.—WMeters into yards. 

[Extracted from Appendix No. 6, U.S. Coast and Geodetic Survey Report for 1884]. 

{1 meter = 1.093623 yards. ] 

I! | | 

Meters. Yards. Meters. Yards. || Meters. Yards. | | Meters. Yards. Meters. Yards. 

$ } . | | - 

100, 000 109, 362.3 
90, 200 98, 426, 1 9, 000 9, 842.61 | 900 984. 26 | 90 98. 426 9 9. 843 
80, 000 87, 489.8 8, 000 8, 748.98 |) 800 874.90 |) 80 87. 490 8 8.749 
70, 000 76, 553. 6 | 7,000 7,655.36 | 700 765.54 | 70 76.554 | 7 7. 655 
60, 000 65, 617.4 | 6, 000 6,561.74 | 600 656. 17 60 | 65.617 | 6 6. 562 
50, 000 54, 681. 2 | 5, 000 5, 468.12 | 500 546.81 || 50 4.681 | 5 5. 568 
40, 000 43, 744.9 4, 000 4,374.49 || 400 437. 45 | 40 43.745 4 4.374 
30, 000 32, 808.7 3, 000 3, 280. 87 300 328.09 |) 30 32. 809 3 3. 281 
20, 000 21, 872.5 2,000 2,187.25 || 200 | 218. 72 | 20 21. 872 2 2.187 
10, 000 10, 936. 2 1, 000 1, 093. 62 | 100 | 109. 36 | 10 10. 936 « 1 1.094 

5 | | 
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TaBLE XV.— Yards into meters. 

[1 yard = 0.914392 meter. ] 

Yards. Meters. | Yards. Meters. Yards. Meters. Yards. Meters. Yards. Meters. 

| 
100,000 | 91,439.2 | 
90, 000 82, 295.3 9, 000 8, 229. 53 900 822. 95 90 82. 295 9 8. 230 
80, 000 73, 151.3 8, 000 7, 315.13 800 731. 51 80 73. 151 8 7.315 
70, 000 64, 007.4 7, 000 6, 400. 74 700 640. 07 70 64, 007 7 6. 401 
60, 000 54, 863.5 6, 000 5, 486. 35 600 548. 64 60 54. 864 6 5. 486 
50, 000 45, 719. 6 5, 000 4,571.96 500 457. 20 50 45. 720 5 4.572 
40, 000 36, 575.7 4, 000 3, 657. 57 400 365. 76 40 36. 576 4 3. 658 
30, 000 27, 431.8 3, 000 2, 743. 18 300 274. 32 30 27. 432 3 2.743 
20, 000 18, 287.8 2, 000 1, 828. 78 200 182. 88 20 18. 288 2 1. 829 
10, 000 9,143.9 1, 000 914. 39 100 91, 44 10 9,144 il 0.914 

TaBLE XVI.—WMelers into inches and inches into meters. 

[1 meter =39.370432 inches. log. = 1.5951702.] {1 inch = 0.02539977 meter. log. = 8.4048298.] 

Meters. Inches. Inches. Meters. 

at 39. 37043 1 0. 025400 
2 78. 74086 2 0. 050800 
3 118. 11130 3 0. 076199 
4 157. 48173 4 0. 101599 
5 196, 85216 5 0. 126999 
6 236. 22259 6 0. 152399 
7 275. 59302 7 0. 177798 
8 314. 96346 8 0. 203198 
9 354. 33389 9 0, 228598 

TABLE XVII.—WMeters into statute and nautical miles. 

1 meter = 0.00062138 statute mile. 
1 meter = 0.00053959 nautical mile. 

« {| . | | . | . 
Statute | Nautical | | Statute | Nautical | | Statute | Nautical | Statute | Nautical 

Meters. miles. mniles. || Meters. miles. miles. || Meters. miles. miles. | Meters. miles. miles. 
| 

100,000 | 62.138 | 53.959. || 
90, 000 55. 924 48. 563 9, 000 5. 592 4, 856 900 0,559 0. 486 90 0. 056 0. 049 
80, 000 49. 710 43. 167 8, 000 4.971 4.317 800 0. 497 0. 432 80 0. “50 0, 043 
70, 000 43. 496 37. 772 | 7, 000 4. 350 3.777 || 700 0.435 0, 378 70 0. 043 0. 038 
60, 000 37. 283 32. 376 6, 000 3. 728 3. 238 600 0.373 0, 324 60 0. 037 0. 032 
50, 000 31. 069 26. 980 5, 000 3. 107 2. 698 500 0.311 0. 270 50 0. 031 0. 027 
40, 000 24, 855 21. 584 4,000 2.486 2.158 400 0. 249 0, 216 40 0. 025 0. 022 
30, 000 18. 641 16. 188 3,000 1. 864 1.619 300 0.186 0. 162 30 0.019 0. 016 
20, 000 12. 428 10, 792 2, 000 1, 243 1.079 200 0. 124 0.108 20 0.012 0.011 
10, 000 6. 214 5.396 1, 000 0. 621 0. 540 100 0. 062 0, 054 10 0 006 0. 005 

TABLE XVIII.—Statute and nautical miles into meters. 

1 statute mile — 1609.330 meters. 
1 nautical mile = 1853.248 meters. 

Meters in | Meters in | Meters in Meters in Meters in|Meters in Meters in/Meters in 
Miles.| statute | nautical Miles.| statute | nautical || Miles.| statute | nautical || Miles.| statute | nautical 

miles. miles. miles. miles. miles. tiles. miles. miles. 
| 

100 160, 933.0 | 185,324.8 | 
90 144, 839.7 166. 792.3 9 14, 483. 97 |16, 679. 23 29 1, 448. 40 | 1, 667, 92 .09 144. 84 166.79 
80 128, 746. 4 148, 259. 8 8 12, 874. 64 |14, 825. 98 8 1, 287. 46 | 1, 482. 60 . 08 128. 75 148. 26 
70 112, 653.1 129, 727. 4 ui 11, 265. 31 |12, 972. 74 act 1, 126.53 | 1,297. 27 07 112. 65 129. 73 
60 96, 559. 8 111, 194.9 6 9, 655. 98 |11, 119. 49 .6 965. 60 | 1,111. 95 . 06 96. 56 111.19 
50 80, 466. 5 92, 662. 4 5 8,046.65 | 9, 266.24 -o 804. 67 926, 62 i ac 05 80. 47 92. 66 
40 64, 373. 2 74, 129.9 4 6, 487.32 | 7,412.99 4 643, 73 741. 30 04 64. 37 74.13 
30 48, 279.9 55, 597. 4 3 4, 827.99 | 5,559. 74 .3 482. 80 555. 97 . 03 48. 28 55. 60 
20 32, 186, 6 37, 065. 0 2 3, 218.66 | 3, 706. 50 -2 321. 87 370.65 || .02 32.19 37. 06 
10 16, 093, 3 18, 532.5 1 1, 609. 33 | 1,853.25 |; «1 160. 93 185. 32 | -01 16. 09 18, 53 

Meters x 39.370432 | —inches, or to log. of meters add 1.5951701 
Meters X 3.280869 = feet, or to log, of meters add 6.5159889 
Meters X 1.093623 = yards, or to log. of meters add 0.0388676 
Meters x 0.000621377 = miles, or to log. of meters add 6.7933550 
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TABLE XIX.—For projection of maps of large areas. 

(Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.) 

LENGTHS OF DEGREES OF THE MERIDIAN. 

Latitude. Meters.* Statute miles. | Latitude. Meters.” Statute miles. | 

° ° 

0 110, 567. 2 68. 704 45 111, 130.9 69. 054 
1 110, 567.6 68. 704 46 111, 150. 6 69. 066 
2 110, 568. 6 68. 705 47 111, 170.4 69. 079 
3 110, 570.3 68. 706 48 111, 190.1 69. 091 
4 110, 572.7 68. 708 49 111, 209.7 69. 103 
5 110, 575. 8 68, 710 50 111, 229. 3 69,115 

6 110, 579.5 68, 712 51 111, 248.7 69.127 
ue 110, 583.9 68, 715 52 111, 268. 0 69. 139 
8 110, 589. 0 68. 718 53 111, 287.1 69.151 
9 110, 594. 7 68. 721 5 54 111, 306.0 69. 163 

10 110, 601.1 68. 725 55 111, 324.8 69,175 

11 110, 608. 1 68. 730 56 111, 343.3 69. 186 
12 110, 615. 8 68. 734 57 111, 361.5 69.197 
13 110, 624.1 68.739 58 111, 379.5 69. 209 
14 110, 633.0 68. 744 59 111, 397.2 69. 220 
15 110, 642.5 63. 751 60 111, 414. 5 69. 230 

16 110, 652. 6 68. 757 61 111, 431.5 69. 241 
17 110, 663. 3 68. 764 62 111, 448. 2 69. 251 
18 110, 674.5 68, 771 63 111, 464-4 69. 261 
19 110, 686. 3 68. 778 64 111, 480.3 69. 271 
20 110, 698.7 68. 786 65 111, 495.7 69, 281 

21 110, 711. 6 68. 794 66 111, 510.7 69. 290 
22 110, 725. 0 68. 802 67 111, 525.3 69. 299 
23 110, 738. 8 68. 811 68 111, 539.3 69. 308 
pa 110, 753. 2 68. 820 69 111, 552.9 69. 316 
25 110, 768. 0 68. 829 yo 111, 565, 9 69, 324 

26 110, 783.3 68. 839 71 111, 578.4 69, 232 
27 110, 799. 0 68. 848 2 111, 590. 4 69. 340 
28 119, 815.1 68. 858 73 111, 601.8 69. 347 
29 110, 831.6 68. 869. 74 111, 612.7 69. 354 
30 110, 848.5 68, 879 75 111, 622.9 69, 360 

31 110, 865.7 68. 890 76 111, 632.6 69. 366 
32 110, 883. 2 68. 901 q7 111, 641.6 69. 372 
33 110, 901.1 68. 912 78 111, 650.0 69. 377 
34 110, 919. 2 68. 923 79 111, 657.8 69. 382 
35 110, 937. 6 68. 935 80 111, 664.9 69, 386 

36 110, 956. 2 68. 946 81 111, 671.4 69. 390 
37 110, 975.1 68. 958 82 111, 677.2 69. 394 
38 110, 994.1 68. 969 83 111, 682. 4 69. 397 
39 111, 013.3 68. 981 84 111, 686.9 69. 400 
40 111, 032.7 68, 993 85 111, 690.7 69, 402 

41 111, 052. 2 69. 006 86 111, 693. 8 69. 404 
42 111, 071.7 69. 018 87 111, 696. 2 69. 405 
43 111, 091. 4 69. 030 88 111, 697.9 69. 407 
44 111, 111.1 69,042 89 111, 699.0 69. 407 
45 111, 130.9 69. 054 90 111, 699.3 69, 407 

* These quantities express the number of meters and statute miles contained within an are of which the degree of lati- 

tude named is the middle; thus, the quantity, 111032.7, opposite latitude 40°, 1s the number of meters between latitude 39° 

30’ and latitude 40° 30’. 



or) A.MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XIX.—For projection of maps of large areas—Continued. 

[Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.) 

LENGTHS OF DEGREES OF THE PARALLEL. 

Latitude. Meters. Statute miles. | Latitude. Meters. Statute miles. 

° ° 

0 111, 321 69.172 45 78, 849 48. 995 
1 1, 304 9.162 46 7, 466 8. 136 
2 1, 253 9.130 47 6, 058 7. 261 
3 1,169 9. 078 48 4, 628 6. 372 
4 1,051 9. 005 49 3,174 5. 469 

5 110, 900 68. 911 50 71, 698 44,552 
6 0,715 8.795 51 70, 200 3. 621 
7 0, 497 8. 660 52 68, 680 2. 676 
8 0, 245 8. 504 53 7,140 1.719 
9 109, 959 8. 326 54 5, 578 0. 749 

10 109, 641 68.129 55 63, 996 39. 766 
11 9, 289 7.910 56 2,395 8.771 
12 8, 904 7. 670 57 60, 774 7. 764 
13 8, 486 7.410 58 59, 135 6.745 
14 8, 036 7.131 59 7,478 5,716 

15 107, 553 66. 830 60 55, 802 34, 674 
16 7, 036 6.510 61 4,110 3. 623 
17 6, 487 6.169 62 2, 400 2.560 
18 5, 906 5. 808 63 50, 675 1, 488 
19 5, 294 5. 427 64 48,934 0. 406 

20 104, 649 65. 026 65 47,177 29.315 
21 3, 972 4. 606 66 5, 407 8.215 
22 3. 264 4.166 67 3, 622 7.106 
23 2,524 3. 706 68 1, 823 5. 988 
24 1, 754 3. 228 69 0,012 4, 862 

25 100, 952 62.729 70 38, 188 23. 729 
26 100, 119 2. 212 71 6, 353 2. 589 
27 99, 257 1, 676 72 4, 506 1. 441 
28 8, 364 1.122 73 2, 648 20. 287 
29 7, 441 0. 548 74 0, 781 19, 127 

30 96, 488 59. 956 75 28, 903 17. 960 
31 5,506 9, 345 76 7, 017 6. 788 
32 4,495 8.716 77 5, 123 5. 611 
33 3,455 8. 071 78 3, 220 4.428 
34 2, 387 7.407 79 1,311 13. 242 

35 91, 290 56. 725 80 19, 394 12, 051 
36 90, 166 6. 027 81 17, 472 10. 857 
37 89, 014 5, 311 82 15, 545 9, 659 
38 7, 8385 4.579 83 13, 612 8. 458 
39 6, 629 3. 829 84 11, 675 7,255 

40 85, 396 53. 063 85 9, 735 6. 049 
41 4,137 2. 281 86 7, 792 4, 842 
42 2, 853 1. 483 87 5, 846 3. 632 
43 1, 543 50. 669 88 3, 898 2. 422 
44 80, 208 49. 840 89 1, 949 1.211 
45 78, 849 48.995 90 0 0. 000 



: PROJECTION TABLES. 

TABLE XIX.—For projection of maps of large areas—Continued. 

{Extracted from Appendix No. 6, U.S. Coast and Geodetic Survey Report for 1884.] 

AkCS OF THE PARALLEL IN METERS. 

Latitude. |Value of 1’. || Latitude: |Value of 1’. Latitude. | Value of 1’. 

f 
| 

° Li } Oo) 2 

| 24 00 1695.9 33. 00 1557. 6 42 00 1380.9 
10 Ce | 10 4.7 10 17.3 

20 Sath 20 127, 20 73.7 

30 1689.3 30 48.7 30 70.0 
40 7.0 40 5.8 40 66.4 

- 50 4,8 50 PAL an 50 62.7 

25 00 1682.5 34 00 1539. 8 43 00 1359.1 
10 80.3 | 10 6.8 10 55.4 

20 1678. 0 20 3.7 20 51.7 

30 ve 30 0.7 30 48.0 

40 3.3 40 27.6 40 44.3 

50 1.0 50 4.6 50 40.5 

26 00 1668.7 35 00 1521.5 44 00 1336.8 

10 6.3 10 18.4 | 10 33.1 

20 3.9 20 15.3 20 29.3 

30 1.5, 30 12,2 30 25.5 

40 1659. 1 40 09.1 40 21.7 
50 6.7 50 05.9 50 18.0 

27 00 1654.3 36 00 1502.8 45 00 1314. 2 

10 51.8 10 1499. 6 10 10.3 

20 1649.4 20 6.4 20 06.5 

30 6.9 30 3.2 30 02.7 

40 4.4 40 0.0 40 1298. 8 

50 1.9 50 86.8 50 95.0 

28 00 1639. 4 37 00 1483. 6 46 00 1291.0 

b 10 6.9 10 80.3 10 87.2 
20 4.3 20 77.1 20 83.3 

30 Th) 30 73.8 30 79.4 

40 29.2 40 70.5 40 75.5 

50 6.6 50 67.2 50 71.6 

29 00 1624.0 38 00 1463. 9 47 00 1267. 6 

10 21.4 10 60.6 10 63.7 

20 18.8 20 57.3 20 59.7 

30 6.1 30 53.9 30 55.8 

40 3.5 40 50.6 40 51.8 

50 0.8 50 47.2 50 47.8 

30 00 1608.1 39 00 1443.8 48 00 1243.8 

10 5.4 10 40.4 10 39.8 

20 27 20 37.0 20 35.8 

30 0.0 30 33.6 30 31.7 

40 1597. 3 40 30. 2 40 27.7 

50 4,5 50 26.7 50 23.6 

31 00 1591.8 40 00 1423.3 49 00 1219.6 

10 89.0 10 19.8 10 15.5 

20 6.2 20 16.3 20 11.4 

30 3.4 30 12.8 30 07.3 

40 0.6 40 09.3 40 03.2 

50 17.8 50 05.8 50 1199. 1 

32 00 1574.9 41 00 1402.3 50 00 1195.0 

10 Tea 10 1398.8 10 90.8 

20 69.2 20 95.2 20 86.7 

30 6.3 30 91.6 | 30 82.5 

40 3.4 40 88.1 40 78.4 

50 0.5 50 84.5 | 50 74.2 

‘ 

167 



168 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XIX.—For projections of maps of large areas—Continued. 

[Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.] 

COORDINATES OF CURVATURE. 

- 

NATURAL SCALE._VALUES OF X AND Y IN METERS. 

—  h 

Latitude 24°. Latitude 25°. Latitude 26°. Latitude 27°. 

Longi- Longi- Longi- Longi- 
tude. x x tude. x x tude. x x tude. x ¥ 

o U ° Ul ° ’ ° ‘ 

1 00 101, 753 361 1 00 100, 951 372 1 00 100, 118 383 1 00 99, 256 393 
2 00 203, 500 1, 445 2 00 201, 896 1, 489 2 00 200, 231 1, 532 2 00 198, 505 1,573 
3 00 305, 237 3, 250 3 00 302, 831 3, 351 3 00 300, 332 3,447 3 00 297, 742 3, 539 | 
4 00 406, 999 5,778 4 00 403, 749 5, 957 4 00 400, 416 6, 128 4 00 396, 960 6, 291 | 

5 00 508, 660 9, 028 5 00 504, 645 9, 307 5 00 500, 476 9, 574 5 00 496, 154 9, 829 | 
6 00 610, 336 | 13, 001 6 00 605,514 | 13,401 6 00 600,506 | 13, 786 6 00 595,316 | 14,154 | 
7 00 711,981! 17,695 7 00 706, 349 | 18,239 7 00 700, 501 18, 763 7 00 694, 440 19, 264 
8 00 $13,590 | 23,109 8 00 807,146 | 23, 821 8 00 800,456 | 24, 505 8 00 793,522 | 25, 159 
9 00 915,159 | 29, 245 9 00 907,899 | 30,146 9 00 900, 364 | 31, 011 9 00 892,554 | 31, 839 i 

10 00 | 1,016,681 | 36,102 || 10 00 } 1,008,603 | 37,215 || 10 00 | 1,000,218] 38, 282 || 10 00 991,529 | 39,303 
11 00 | 1,118,152 | 43,679 || 11 00 | 1,109,252 | 45,026 | 11 00 | 1,100,015} 46,316 | 11 00 | 1, 090,442 | 47,551 | 
12 00 | 1,219,566 | 51,977 || 12 00 } 1,209,841] 53,578 || 12 00 | 1,199,747 | 55,114 | 12 00 | 1,189, 287 56, 583 | 
13 00 } 1,320,919 | 60,994 |) 13 00 } 1,310,364 | 62,873 || 13 00 | 1,299,409 | 64,675 || 12 00 | 1,288,057 | 66,398 
14 00 | 1,422,205 | 70,731 |) 14 00 } 1,410,815 | 72,909 || 14 00 | 1,398,994 | 74,998 | 14 00 | 1,386, 746 76, 995 

15 00 | 1,523,420 | 81,186 || 15 00] 1,511,190 | 83,685 || 15 00 1,498,498 | 86, 082 | 15 00 | 1,485,348 | 88,374 
16 00 | 1,624,558 | 92, 360 | 16 00 | 1,611,483 | 95,202 || 16 00 | 1,597,914 | 97,928 | 16 00 | 1,583,857 | 100,534 | 
17 00 | 1,725,614 | 104,251 |'17 00 f 1,711,688 | 107,458 || 17 00 | 1, 697, 237 | 110,534 || 17 00 | 1, 682, 267 | 113,474 | 
18 00 | 1,826,583 | 116,859 | 18 00 | 1,811, 800 | 120, 453 || 18 00 | 1,796;460 | 123,899 || 18 00 | 1,780,570 127, 193 
19 00 | 1,927,460 | 130,184 | 19 00 | 1,911,813 | 134,186 |! 19 00 | 1,895,578 | 138,023 || 19 00 1, 878, 762 | 141, 690 

20 00 | 2, 028, 240 | 144, 225 || 20 00 | 2,011,722 | 148, 656 || 20 00 | 1,994,585 | 152,905, || 20 00 | 1,976, 836 156, 966 
21 00 | 2,128,918 | 158,981 || 21 00 | 2,111,522 | 163, 862 | 21 00 | 2,093,475 | 168,544 || 21 00 | 2,074,786 | 173, 018 
22 00 | 2,229, 488 | 174,451 |} 22 00 | 2,211,207 | 179, 805 || 22 00 | 2,192, 243 | 184,939 || 22 00 | 2,172, 606 | 189. 845 
23 00 | 2,329, 946 | 190, 634 || 23 00 | 2,310,771 | 196,482 || 23 00 | 2, 290, 882 | 202,089 || 23 00 | 2,270,289 | 207, 447 
24 00 | 2,420, 287 | 207,530 || 24 00 | 2,410,210 | 213, 894 | 24 00 2, 389, 387 | 219,993 || 24 00 | 2,367,830 | 225, 823 

25 00 | 2,530,505 | 225,188 || 25 00 | 2,509,518 | 232,038 || 25 00 | 2,487,753 | 238,650 || 25 00 | 2,465,222 | 244, 970 
26 00 | 2, 650,596 | 243,458 |) 26 00 | 2, 608,689 | 250,914 || 26 00 | 2,585,973 | 258,061 || 26 00 | 2,562,459 | 264, 889 
27 00 | 2, 720, 554 | 262, 487 || 27 00 | 2,707, 718 | 270,521 |) 27 00] 2,684, 042 | 278, 222 || 27 00 | 2, 659,535 | 285,577 

| 28 00 | 2, 830, 374 | 282,225 || 28 00 | 2,806, 600 | 290, 859 || 28 00 | 2,781,953 | 299,132 || 28 00 | 2,756, 445 | 307, 035 
29 00 | 2, 820, 052 | 302,671 || 29 00 | 2,905,329 } 311,925 || 29 00 | 2,879, 702 | 320,788 || 29 00 | 2,853,181 | 329, 259 
30 00 | 3, 029, 582 | 323, 825 || 30 00 | 3, 003, 900 | 333,718 || 30 00 | 2,977, 281 | 343,197 || 30 00 | 2,949, 739 | 352, 249 



169 PROJECTION TABLES. 

TaBLe XIX.—For projections of maps of large areas—Continued. 

[Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.] 

COORDINATES OF CURVATURE, 

NATURAL SCALE._VALUES OF X AND Y IN METERS. 

Latitude 28°. Latitude 29°. | Latitude 30°. | Latitude 31°. 

Longi- Longi Longi- es Longi- 

tude. x x tude. x ¥ tude. x X tude. x ¥ 

° ‘ °o ‘ fe} ‘ ° ‘ 

1 00 98, 363 403 1 00 97, 439 412 1 00 96, 487 421 1 00 95, 505 429 

2 00 196, 719 1, 612 2 00 194, 872 1, 649 2 00 192, 967 1, 684 2 00 191, 002 1,717 

3 00 295, 062 3, 627 3 00 292, 291 3,710 3 00 289, 432 3, 789 3 00 286, 484 3, 863 

4 00 393, 385 6, 447 4 00 389, 689 6, 595 4 00 385, 875 6,735 4 00 381, 943 6, 867 

5 00 491,682 | 10,073 5 00 487,059 | 10,305 5 00 482,288 | 10,523 5 00 477, 371 10, 729 

6 00 589,945 | 14,505 6 00 584,394 | 14, 838 6 00 578, 665 | 15,153 6 00 572, 760 | 15,450 

7 00 688,168 | 19,741 7 00 681, 687 20, 194 7 00 674, 998 20, 623 | 7 00 668,103 | 21,027 

8 00 786, 347 | 25, 782 8 00 778, 931 26, 374 8 00 771, 279 26, 934 8 00 765,392 | 27,461 | 

9 00 884,472 | 32, 627 9 00 876,120 | 33,376 9 00 867,602 | 34,084 9 00 858,619 | 34, 751 

10 00 982,537 | 40,276 || 10 00 973,246 | 41,199 || 10 00 963,658 | 42,074 || 10 00 953,777 | 42,897 

11 00 | 1,080,537 | 48,728 || 11 00 1,070,302 | 49,845 || 11 00 | 1, 059, 741 50,903 || 11 00 | 1,048, 858 51, 898 

12 00 | 1,178,464 | 57,983 || 12 00 1, 167, 282 | 59,313 |) 12 00 | 1, 155, 744 60,570 || 12 00 | 1,143,854 | 61, 753 

13 00 | 1,276,312 | 68,040 || 13 00 | 1, 264,178 | 69,601 || 13 00 | 1,251, 658 71, 074 || 13 00 | 1,238, 758 | 72,462 

14 00 | 1,374,075 | 78,899 || 14 00 1, 360, 983 80,706 || 14 00 | 1,347,477 | 82,415 14 00! 1,333, 561 84, 024 

15 00 | 1,471,745 | 90,558 || 15 00} 1, 457, 691 | 92,631 || 15 00 | 1,443, 198 94,591 |) 15 00 | 1,428, 257 96, 487 

16 00 | 1,569,315 | 103,017 || 16 00 1, 554, 295 | 105,375 || 16 00 | 1, 538, 800 | 107, 603 16 00 | 1,522, 837 | 109, 701 

17 00 | 1,666,781 | 116,275 || 17 00 1, 650, 787 | 118,935 || 17 00 | 1, 634.290 | 121,449 || 17 00 | 1,617,294 | 123, 815 

18 00 | 1,764,135 | 130,331 |) 18 00 | 1, 747,161 | 133,311 || 18 00 | 1,729, 654 | 136,127 || 18 00 | 1,711, 621 | 138, 777 

19 00 | 1,861,371 | 145,185 || 19 00 | 1, 843, 410 | 148,502 | 19 00 | 1,824,887 | 151, 637 19 00 | 1,805,810 | 154, 586 

20 00 | 1,958, 481 | 160,835 || 20 00 | 1,939, 527 | 164,506 || 20 00 | 1,919,982 | 167, 977 || 20 00 | 1,899, 852 | 171, 241 

21 00 | 2,055,460 | 177,280 || 21 00 2,035, 505 | 181,324 |) 21 00 | 2,014,930 | 185,147 || 21 00 1,993, 740 | 188, 741 

22 00 | 2,152,302 | 194,518 || 22 00 2,131, 338 | 198, 953 || 22 00 | 2,109,725 | 203,143 || 22 00 2,087,468 | 207, 085 

23 00 | 2,248,998 | 212,550 || 23 00 | 2,227,020 | 217,392 || 23 00 2,204, 359 | 221,966 || 23 00 2,181, 027 | 226,270 

24 00 | 2,345,544 | 231,374 || 24 00 2, 322, 539 | 236,640 || 24 00 2,298, 825 | 241,616 |} 24 00 2, 274, 411 | 246, 295 

25 00 | 2,441,932 | 250,988 || 25 00 2, 417, 893 | 256, 695 || 25 00 | 2,393, 116 | 262,089 |} 25 00 | 2,367,610 | 267, 159 

26 00 | 2,538,156 | 271,391 || 26 00 | 2, 513, 074 | 277,558 || 26 00 | 2, 487, 224 | 283,383 || 26 00 | 2,460,618 | 288, 860 

27 00 | 2,634,210 | 292,582 |) 27 00 2,608, 075 |*299, 224 || 27 00 | 2, 581, 144 | 305,498 || 27 00 2,553, 427 | 311, 396 

28 00 | 2,730,087 | 314,559 || 28 00 | 2, 702, 890 | 321,694 || 28 00 | 2,674, 867 | 328,432 || 28 00 | 2,646,029 | 334, 765 

29 00 | 2,825,779 | 337,321 || 29 #0 | 2, 797, 511 | 344,964 || 29 00 2, 768, 385 | 352,183 || 29 00 | 2,738,418 | 358, 966 

30 00 | 2,921,284 | 360,866 || 30 00 | 2, 891,931 | 369,036 || 30 00 | 2, 861, 694 | 376,749 || 30 00 | 2,830, 585 | 383, 997 



if 70 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XIX.—For projections of maps of large areas—Continued. 

[Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.] 

COORDINATES OF CURVATURE, 

NATURAL SCALE._VALUES OF X AND Y IN METERS. | 

Latitude 32°. | Latitude 33°. Latitude 34°. I Latitude 35°. 

Longi-| = | | Longi- = Longi- | Longi- 
tude. 28 ¥ tude as a | tude. a ¥ | tude. 2 ps 

° ’ \ ° if | ° ‘ | | ° ’ 

1 00 94,494 — 437, 1 00 93, 454 444 1 00 92, 385 | 451 |} 1 00 91, 289 457 
2 00 188, 980 1, 748 2 00 186, 899 1,777 || 2 00 184, 762 1, 803 2 00 182, 568 1, 828 
3 00 283, 449 3,933 || 3 00 280, 328 3,997 | 3 00 277,121 | 4,057 3 00 273, 830 4,112 
4 00 377,894 | 6,991 | 4 00} 373,731 7,106 || 4 00 369,454 7, 212 4 00 365, 064 7,310 

| 
5 00 472, 307 10, 922 | 5 00 467, 100 11, 102 5 00 461,751 | 11,268) 5 00 456, 261 11, 421 
6 00 566. 680 15,727 6 00 560,428 15, 986 6 00 554, 004 16, 225 6 00 547, 412 16, 445 
7 00 661,004 | 21,404 | 7 00 653, 704 21,757 es00! 646,205 | 22, 082 7 00 638,509 | 22, 381 
8 00 755,272 | 27,954 || 8 00 746,922 | 28,414 || 8 00 738, 344 | 28, 839 8 00 729,542 | 29,229 
9 00 849,475 | 35, 375 9 00 $40,072 | 35,957 |) 9 00 830, 413 36,494 | 9 00 820, 501 36, 987 

| | 
10 00 943,605 | 43, 667 / 10 00 1, 933, 146 | 44,385 | 10 00 922, 403 | 45, 048 | 10 00) 911,379 | 45, 656 
11 00 | 1,037,655 | 52,829 | 11 00 | 1,026,136 | 53,697 | 11 00 | 1,014,305 | 54,499 | 11 00 | 1,002,165 | 55, 234 
12 00 | 1,131,616 | 62,861 || 12 00 | 1,119, 033 63,893 | 12 00 | 1,106,110 | 64,846 || 12 00 | 1,092,850 | 65,721 
13 00 | 1,225,480 | 73,761 || 13 00 | 1,211,829 | 74,971 |) 13 00 | 1,197,809 | 76,089 | 13 00 | 1,183,426 | 77,115 
14 00 | 1,319,289 | 85,529 | 14 00 | 1,304,515 | 86,931 | 14 00 | 1,289,395 | 88,227 || 14 00 | 1, 273,884 89,415 

| | | 
15 00 | 1,412,885 | 98,164 || 15 00 | 1,397,083 | 99,771 \ 15 00 | 1,380,858 | 101,258 || 15 00 | 1,364,214 102,619 
16 00 61,506,411 | 111,664 | 16 00 | 1,489,526 | 113,491 | 16 00 | 1,472,190 | 115,180 | 16 00 | 1,454,407 | 116,728 
17 00 1,599, 808 | 126,029 || 17 00 | 1,581, 834 | 128, 089 | 17. 00 | 1,563,381 | 129,993 || 17 00 | 1,544,454 | 131,738 
18 00 1,693,067 141,256 |; 18 00 | 1,673,998 143,564 | 18 00 |. 1,654,423 | 145,696 || 18 00 | 1,634,347 | 147, 650 
19 00 1,786,182 | 157,346 || 19 00 | 1, 766, 011 159,914. 19 00 | 1,745,308 | 162,287 || 19 00 | 1,724,076 | 164, 460 

| | | | 
20 00 1,879,144 | 174,296 || 20 00 | 1,857,866 | 177,138 I 20 00 | 1,836,026 | 179,763 || 20 00 | 1,813,632 | 182, 168 
21 00 | 1,971,946 192,105 21 00 1,949,553 195,234 21 00 | 1,926,569 | 198,124 || 21 00 | 1,903,006 | 200,772 
22 00 2,064,579 2 || 22 00 | 2,041, 062 | 214, 201 | 22 00 | 2,016,929 | 217, 368 || 22 00 | 1, 992,190 | 220, 268 
23 00 | 2,157,035 | 23 00 | 2,132,387 | 234,037 | 23 00 | 2,107,097 | 237,493 | 23 00 | 2,081,174 | 240, 657 
24 00 | 2, 249,305 | 24 00 | 2,223,521 | 254,740 | 24 00 | 2,197,065 | 258,497 || 24 00 | 2,169, 949 | 261,936 

\| ; 
25 00 | 2, 341, 385 | 71, 90L || 25 00 | 2, 314, 453 | 276, 309 || 25 00 | 2,286 823 | 280,378 || 25 00 | 2,258,507 | 284, 102 
26 00 | 2,433,264 | 293,981 | 26 00 2,405,175 | 298,741 || 26 00, 2,376,363 | 303,134 || 26 00 | 2.346,838 | 307,154 
27 O00 | 2,524,935 316,910 | 27 O00 | 2,495, 680 | 322,034 27 00 | 2,465,677 | 326,763 || 27 00 | 2,434,934 | 331, 089 
28 00 | 2,616,390 340,686 | 28 00 | 2,585,961 | 346,187 || 28 00 | 2,554, 756 | 35), 262 || 28 00 | 2,522,787 | 355, 905 
29 00 | 2,707,621 | 365,307 | 29 00 2,676,007 | 371,197 | 29 00 | 2,643,591 | 376,629 || 29 00 | 2,610,386 | 381,598 
30 00 | 2, 798, 621 | 390, 770 | 30 00 | 2,765,812 | 397,061 || 30 00 | 2, 732,175 | 402,863 || 30 00 | 2,697,724 | 408, 168 

| | \ \ 



PROJECTION TABLES. EGA 

FaBLeE XIX.—For projections of maps of large areas—Coxtinued. 

[Extracted from Appendix No. 6, U.S. Coast and Geodetic Survey Report for 1884.] 

COORDINATES OF CURVATURE. 

NATURAL SCALE.—_VALUES OF X AND Y METERS. 
2 

Latitude 36°. Latitude 37°. | Latitude 38°. Latitude 39°. 
_|| | 

Longi- Longi- | | Longi- | Longi- - 
tude. a8 | B3 tude. 2S Me tude. 2s Me | tude. 26 ue 

| 
Ona | o 4 cy Kova 

1 00 90, 164 462 1 00 89, 012 467 1 00 87, 833 472 || 1 00 86, 627 476 
2 00 180,319 | 1,850 2 00 178, 015 1, 870 2 00) = 175, 656 1, 888 2 00 173, 243 1, 903 
3 00 270, 455 4,162 3 00 266, 997 4, 207 3 00; 263,458 4, 247 3 00 259, 839 4, 281 
4 00 360, 562 7,399 4 00 | 355,951 7,479 4 00 351, 230 7, 549 4 00 346, 403 7,611 

5 00 450,631 | 11,560 5 00 444,865 | 11, 685 5 00 438,962 | 11,795 5 00} 432,925) 11,891 
6 00 540,653 | 16,645 6 00 533, 730 16, 824 6 00 526, 643 16, 983 6 00! 519,396 17,121 
7 00 630,618 | 22, 652 7 00 622,536 | 22, 896 7 00 614, 263 | 23,112 || 7 00 605, 803 | 23, 300 
8 00 720,517 | 29, 583 8 00 711, 273 | 29,901 8 00 701,812 | 30,183 || 8 00 692,138 | 30,428 
9 00 810,340 | 37,435 9 00 799,932 | 37,838 9 00 789, 280 | 38,195 9 00 778, 388 38, 504 

10 00 900,078 | 46,209 || 10 00 888,503 | 46,706 || 10 876,657 | 47,145 
11 00 989,720 | 55,903 || 11 00 976,975 | 56,503 | 11 00 963,933 | 57, 034 
12 00! 1,079,259 66,515 || 12 00 | 1,065,340! 67,229 || 12 1,051,098 | 67, 860 

Ss i) b ‘= 00 864,545 | 47,527 
00 950,598 | 57,496 
00 | 1,036,536 | 68, 409 

= = 
= to 

i—i—} —T—) 13 00 | 1,168,684 | 78,046 || 13 00 | 1,153,587 | 78,882 || 13 1, 138,141 | 79,622 || 13 00 | 1,122,349 | 80, 266 
14 00 | 1, 257,987 | 90,494 || 14 00 | 1,241,707 | 91,462 || 14 00 | 1,225,053 | 92,319 || 14 00 | 1,208,027 | 93, 064 | 

| 
15 00 | 1,347,156 | 103, 856 |/-15 00 | 1,329, 690 | 104,967 || 15 00 | 1,311,823 | 105,949 || 15 00 | 1,293,559 | 106, 802 
16 00 | 1,436,184 | 118, 133 16 00 1,417,526 | 119,395 || 16 00 | 1,398,441 | 120,511 | 16 00 | 1,378,934 | 121,479 | 
17 00 | 1,525, 061 | 133,323 | 17 00 | 1,505,206 | 134,745 |) 17 00 | 1,484,899 | 136,002 || 17 00 | 1,464,144 | 137,093 | 
18 00 | 1,618,777 | 149, 423 || 18 00 | 1,592,721 | 151,015 || 18 00 | 1,571,185 | 152,421 || 18 00 | 1,549,177 | 153, 642 | 
19 00 | 1,702,324 | 166,433 | 19 00 | 1,680,059 | 168,203 || 19 00 | 1, 657, 289 | 169, 767 i 19 00 | 1,634,023 | 171, 124 | 

| i} 

20 00 | 1,790,691 | 184,350 | 20. 00 | 1, 767,211 | 186,307 || 20 00 | 1,743,202 | 188, 037 | 20 00 1, 718, 671 | 189,537 | 
21 00 | 1,878,870 | 203,173 || 21 00 | 1,854,169 | 205, 326 |) 21 O00 | 1, 828,914 | 207,229 || 21 00 | 1,803,113 | 208, 878 
22 00 | 1,966, 851 | 222, 899 || 22 00 | 1,940,922 | 225, 258 || 22 00 | 1,914,415 | 227,341 |) 22 00 | 1,887,337 | 229, 146 
23 00 | 2,054,625 | 243,527 || 23 00 | 2,027,462 | 246,099 || 23 00 | 1,999, 694 | 248,370 || 23 00 | 1,971,333 | 250,337 
24 00 | 2,142,183 | 265,055 || 24 00 | 2,113,777 | 267,849 || 24 00 | 2, 084,743 | 270,315 || 24 00 | 2,055,091 | 272, 450 

25 00 | 2,229,516 | 287,179 || 25 00 | 2,199, 860 | 290,503 |} 25 00 | 2, 169,551 | 293,172 || 25 00 | 2,138,602 | 295, 481 
26 00 | 2,316,613 | 310,798 | 26 00 | 2,285,699 | 314,061 || 26 00 | 2,254,109 | 316,939 || 26 00 | 2,221,854 | 319, 429 
27 00 ! 2, 403, 467-| 335, 009 || 27 00 | 2,371, 287 | 338,519 || 27 00 | 2,338,406 | 341,613 || 27 00 | 2,304,838 | 344, 289 
28 00 | 2,490,068 | 360,111 || 28 00 | 2.456.612 | 363,874 || 28 00 | 2,422,433 | 367,192 || 28 00 | 2,387,545 | 370, 059 
29 00 | 2,576,407 | 386,099 | 29 00 | 2,541, 667 | 390,125 || 29 00 | 2,506,181 | 393,672 || 29 00 | 2,469,963 | 396, 736 
30 00 | 2,662,475 | 412,971 | 30 00 | 2,626,441 | 417,267 || 30 00 | 2,589,639 | 421,050 || 30 00 | 2,552, 084 | 424,317 



A MANUAL OF TOPOGRAPHIC METHODS. 

e 
TABLE XIX.—For projections of maps of large areas—Continued. 

[Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.] 

COORDINATES OF CURVATURE. 

NATURAL SCALE.-VALUES OF X AND Y IN METERS, 

Latitude 40°. | Latitude 41°. Latitude 42°. , Latitude 43°. 
| 

Longi- x Longi- - | Longi- Longi- 
tude. x ¥ | tude. x x tude. x x tude. =x ae 

Opens He RS) 9 Curl, Ong 

1 00 85, 394 479 1 00 84, 136 482 1 00 82, 851 484 1 00 81, 541 485 
2 00 170, 778 1,916 2 00 168, 260 1, 927 2 00 165, 691 1,935 2 00 163, 071 1, 941 
3 00 256, 140 4,311 3 00 252, 363 4,335 3 00 248, 508 4, 354 3 00 244, 578 4, 367 
4 00 341, 470 7, 663 4 00 336, 432 7, 706 4 00 331, 292 7, 739 4 00 326, 050 7,763 

5 00 426, 757 11, 972 5 00 420, 457 12, 039 5 00 414, 030 12, 092 5 00 407, 476 12, 129 
6 00 511, 990 17, 238 6 00 504, 428 17, 335 6 00 496, 712 17, 410 6 00 488, 844 17, 464 | 
7 00 597,158 | 23, 460 7 00 588,332 | 23,591 7 00 579, 325 | 23, 693 7 00 570,143 | 23,766 
8 00 682,252! 30, 637 8 00 672,159 | 30,807 8 00 661, 861 | 30,941 8 00 651,361 | 31, 036 
9 00 767,260 | 38, 768 9 00 755, 897 38, 983 9 00 744, 305 39, 152 9 00 732,486 | 39, 272 

| 10 00 852,171 47,852 || 10 00 839,537 | 48,118 || 10 00 826,648 | 48,325 || 10 00 813,508 | 48,474 
11 00 936,975 | 57,888 || 11 00 923, 067 | 58,209 || 11 00 908,879 | 58,459 |} 11 00 894, 415 58, 639 
12 00 | 1,021,661 | 68,875 || 12 00 | 1,006,475 | 69,256 || 12 00 990,985 | 69,553 || 12 00 975,195 | 69,766 
13 00 | 1,106,218 | 80,811 || 13 00 | 1,089,752 | 81,258 || 13 00 | 1,072,956 | 81,605 || 13 00} 1,055,837 | 81, 854 
14 00 | 1,190,636 | 93,695 || 14 00 | 1,172,886 | 94,212 || 14 00 | 1,154,781} 94,614 |] 14 00 | 1,136,329 | 94,901 

15 00 | 1,274,904 | 107,525 || 15 00 | 1,255, 866 | 15 00 | 1,236,449 | 108,577 || 15 00 | 1,216,661 | 108,905 
) 16 00 | 1,359.012 | 122,300 || 16 00 | 1,338, 681 | 16 00 | 1,317,948 | 123,493 || 16 00 | 1,296,820 | 123, 864 

17 00 | 1,442,949 | 188,017 |] 17 00 } 1,421,321 | 17 00 | 1,399, 267 | 139, 360 |] 17 00 | 1,376,795 | 139, 777 
18 00 | 1,526,704 | 154, 675 || 18 00 | 1,503,775 | 18 00 | 1,480,395 | 156,175 |} 18 00 | 1,456,575 | 156, 640 
19 00 | 1,610,267 | 172,272 || 19 00 | 1,586,031 | 173, 210 || 19 00 | 1,561,321 | 173,937 |) 19 00 | 1,536, 148 | 174, 451 

| | 
20 00 | 1,693, 628 | 190,805 || 20 00 | 1,668,079 | 191,841 || 20 00 | 1,642,035 | 192,642 || 20 00 | 1,615,505 | 193, 209 
21 00 | 1,776,775 | 210,272 || 21 00,| 1,749,909 | 211,409 || 21 00 | 1,722,524 | 212, 289 || 21 00 | 1,694, 632 | 212, 909 
22 00 | 1, 859, 698 | 230, 671 || 22 00 | 1,831,509 | 231,914 || 22 00 | 1,802,779 | 232, 874 || 22 00 | 1,773,519 | 233, 551 
23 00 | 1,942, 387 | 251,998 |} 23 00 | 1,912, 869 | 253,352 || 23 00 | 1,882,788 | 254,396 |] 23 00 | 1,852,155 | 255,129 
24 00 | 2, 024, 833 | 274, 252 || 24 00 | 1,993,978 | 275,719 || 24 00 | 1, 962,540 | 276,850 || 24 00 | 1,930,528 | 277, 642 

25 00 | 2,107,023 | 297,430 || 25 00 | 2,074,826 | 299,014 || 25 00 | 2, 042, 024 | 300, 234 || 25 _00 | 2, 008, 628 | 301, 087 
26 00 | 2,188, 948 | 321,528 |) 26 00 | 2,155, 402 | 323,233 || 26 00 | 2,121 230 | 324,544 |] 26 00 | 2, 086,443 | 325, 459 
27 00 | 2,270,597 | 346,543 || 27 00 | 2,235,695 | 348,374 || 27 00 | 2, 200,146 | 349,778 || 27 00, | 2,163,963 | 350, 750 
28 00 | 2,351,961 | 372,473 |) 28 00 | 2,315,695 | 374,432 || 28 00 | 2,278, 762 | 375,932 |] 28 00 | 2,241,176 | 376,974 
29 00 | 2,433, 029 | 399,314 || 29 00 | 2,395,392 | 401,404 || 29 00 | 2,357, 067 | 403, 002 || 29 00 | 2,318,071 | 404, 109 
30 00 | 2,513, 790 | 427, 063 |) 30 00 | 2,474,774 | 429, 287 || 30 00 | 2,435, 052 | 430,985 |} 30 00 | 2,394, 639 | 432, 157 



PROJECTION TABLES. De 

TABLE XIX.—For projections of maps of large areas—Continued. 

[Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.) 

COORDINATES OF CURVATURE. 

NATURAL SCALE.—_VALUES OF X AND Y IN METERS. 

Latitude 44°. Latitude 45°. Latitude 46°. Latitude 47°. 

Longi- x yanel| Longi- | || Longi- Longi- _ | x Y¥ De x x Y pong! 
tude. tude. 

/ 

00 77, 464 486 
00 154, 915 1,945 | 
00 232, 342 4,376 
00 309, 732 7,779 

00 78, 847 486 
00 157, 682 1,946 
00 236, 493 4,378 
00 315, 269 7, 783 

00 76, 056 485 
00 | 152,100] 1,942 
00 | 228,119} 4,368 
00} 304,101) 7,765 

00 80, 206 486 
00 160, 401 1,945 | 
00 240, 572 4,375 
00 320, 708 7,778 

400,797 | 12,152 
00 480, 82° 17, 496 
00 560,786 | 23, 811 

mone o 

393,996 | 12,160 
00 472,663 | 17,508 
00 551,258 | 23, 826 

00 640, 662 | 31, 094 00 629,769 | 31,114 
00 720,445 | 39,345 00 708,184 | 39, 370 

00 800,122 | 48,563 || 10 00 786,492 | 48,594 || 10 00 772, 623 | 48,565 || 10 00 758,520 | 48,477 
00 879,681 | 58,746 || 11 00 864,679 | 58,782 || 11 00 849,416 | 58,747 || 11 00 833,895 | 58, 640 
00 959,110 | 69,893 || 12 00 942,735 | 69,936 || 12 00 926,075 | 69,893 |) 12 00 909,135 | 69,765 
G0 | 1,038,399 | 82,002 || 13 00 | 1,020,647 | 82,051 || 13 00 | 1,002,588 | 82,000 || 13 00 984,227 | 81, 849 
00 | 1,117,535 | 95,072 |} 14 00 | 1,098,404 | 95,127 |) 14 00 | 1,078,943 | 95,067 || 14 00 | 1,059,158 | 94, 890 

00 387, 074 | 12, 153 
00 464, 354 | 17,498 
00 541,562 | 23,813 
00 618, 684 | 31,096 
00 695,708 | 39, 347 

380, 034 | “12,131 
00 | 455,904} 17, 467 
00 | 531,700 | 23,770 
00 | 607,410 | 31,040 
00} 683,020 | 39, 276 CaONan £WNeO 

i—] — 

Conant Pwbr Oo 

i=] i=) 

CONAN FwWNrO 

=) — 

CarnNan 

ert atl eet PONE OS 

- uo 00 | 1,196,507 | 109,100 |} 15 00 | 1,175,994 | 109,162 | 15 00 | 1,155,128 | 109,091 || 15 00 | 1,133, 917 | 108, 887 
16 00 | 1,275, 303 | 124,084 || 16 00 | 1,253,404 | 124,153 || 16 00 | 1,231,131 | 124,071 || 16 00 | 1,208,491 | 123, 837 
17 00 | 1,353, 911 | 140,023 |} 17 00 | 1,330,624 | 140,099 || 17 00 | 1,306,940 | 140,003 || 17 00 | 1,282, 868 | 139,738 
18 00 | 1,432,320 | 156,913 || 18 00 | 1,407,640 | 156,996 || 18 00 | 1,382,543 | 156,887 || 18 00 | 1,357,036 | 156, 587 
19 00 | 1,510,519 | 174, 753 || 19 00! 1,484,443 | 174, 842 || 19 00 | 1,457,928 | 174,718 || 19 00 | 1,430, 984 | 174, 381 

20 00 | 1,588,496 | 193,540 || 20 00 | 1,561,019 | 193,635 || 20 00] 1 20 00 | 1,504,697 | 193,118 
21 00 | 1,666, 240 | 213,270 || 21 00 | 1,637,358 | 213,371 || 21 00] 1 21 00 | 1,578,166 | 212,793 
22 00 | 1,748,738 | 233,942 || 22 00 | 1,713,447 | 234,048 |) 22 00} 1. 22 00 | 1,651,377 | 233, 405 

il 
1 

23 00 | 1,820,980 | 255,552 || 23 00 | 1, 789,276 | 255, 663 || 23 00 23 00 | 1,724,320 | 254,950 
24 00 | 1,897,955 | 278,096 |} 24 00 | 1,864,831 | 278,211 || 24 00 24 00 | 1,796,982 | 277,425 

04,999 | 301,441 || 25 00 | 1,869,351 | 300, 824 
78, 528 | 325,820 || 26 00 | 1,941,415 | 325, 146 

051, 745 |} 351,120 00 | 2,013,163 | 350, 386 
124, 639 | 377,337 | 38 00 | 2,084,583 | 376, 539 
197,197 | 404,468 || 29 00 | 2,155, 663 | 403, 602 
269, 410 | 432, 507 30 00 | 2, 226,392 | 431, 569 

25 00 | 1,974,650 | 301,572 || 25 00 | 1,940,103 | 301,690 || 25 00] 1, 
26 00 | 2,051,055 | 325,977 || 26 00 | 2,015,079 | 326,097 || 26 00] 1 
27 00 | 2,127, 159 | 351, 306 || 27 00 | 2,089,749 | 351,427 || 27 00 | 2, 
28 00 } 2, 202,950 | 377,555 || 28 00 | 2,164,100 | 377,676 || 28 00 | 2, 
29 00 | 2,278,417 | 404,722 || 29 00 | 2,238,121 | 404,841 |) 29 00 | 2, 
30 00 | 2,353, 550 | 432, 801 || 30 00} 2,311,802 | 432,918 || 30 00 | 2, 

bo a 
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TABLE XIX.—For projections of maps of large areas—Continued. 

{Extracted from Appendix No. 6, U. 8. Coast and Geodetic Survey Report for 1884.) 

COORDINATES OF CURVATURE. 

NATURAL SCALE.—VALUES OF X AND Y IN METERS. 

Latitude 48°. Latitude 49°. Latitude 50°. 

Longi- | Longi- Longi- 
tude. x Y tude. 28 ue tude. x ¥ 

°o 7 oO 1 fe} ‘ 

1 00 74, 626 484 1 00 73, 172 482 1 00 71, 696 479 
2 00 149, 239 1, 936 2 00 146, 331 1, 928 2 00 143, 379 1,917 
3 00 223, 827 4,355 3 00 219, 465 4, 337 3 00 215, 037 4,313 
4 00 298, 377 7, 742 4 00 292, 561 7, 709 4 00 286, 656 7, 667 

5 00 372, 877 12, 095 5 00 365, 606 12, 044 5 00 358, 224 11, 978 
6 00 447, 314 17, 414 6 00 438, 588 17. 340 6 00 429, 727 17, 246 
7 00 521, 677 23, 698 7 00 511, 493 23, 598 7 00 501, 154 23, 469 
8 00 595, 951 30, 946 8 00 584, 310 30, 815 8 00 572, 492 30, 646 
9 00 670, 125 39, 157 9 00 657, 026 38, 991 9 00 643, 727 38, 777 

10 00 744, 186 48, 329 10 00 729, 627 48,123 10 00 714, 847 47, 859 
11 00 818, 123 58, 461 11 00 802, 102 _ 58, 212 11 00 785, 839 57, 891 
12 00 891, 921 69, 552 12 00 874, 438 69, 254 12 00 856, 691 68, 872 
13 00 965, 570 81,598 || 13 00 946, 622 81, 248 13 00 927, 389 80, 798 
14 00 1, 039, 056 94, 598 14 00 1, 018, 642 94,191 14 00 997, 922 93, 669 

15 00 1, 112, 367 108, 551 15 00 1, 090, 485 108, 082 15 00 1, 068, 277 107, 482 
16 00 1, 185, 491 123, 453 16 00 1, 162, 138 122, 918 16 00 1, 138, 440 122, 234 
17 00 1, 258, 416 139, 302 17 00 1, 233, 591 138, 697 17 00 1, 208, 400 137, 923 
18 00 1, 331, 129 156, 096 18 00 1, 304, 829 155, 416 18 00 1, 278, 144 154, 546 
19 00 1, 403, 618 173, 832 19 00 1, 375, 840 173, 071 19 00 1, 347, 660 172, 099 

20 00 1, 475, 871 192,506 || 20 00 1, 446, 613 191,660 || 20 00 1, 416, 934 190, 581 
21 00 1, 547, 876 212, 116 21 00 1, 517, 135 211, 180 21 00 1, 485, 956 209, 987 
22 00 1, 619, 620 232, 658 22 00 1, 587, 394 231, 627 22 00 1, 554, 711 230, 314 
23 00 1, 691, 091 254,128 || 23 00 1, 657, 378 252,998 || 23 00 1, 623, 189 251, 559 
24 "00 1, 762, 279 276,524 || 24 00 1,727, 073 275,288 || 24 00 1, 691, 377 273, 717 

25 00 1, 833, 170 299,842 || 25 00 1, 796, 470 298, 495 25 00 1, 759, 262 296, 785 
26 00 1, 903, 752 324, 077 26 00 1, 865, 554 322, 614 26 00 1, 826, 833 320, 758 
27 00 1, 974, 015 349,225 || 27 00 1, 934, 315 347,640 || 27 00 1, 894, 077 345, 633 
28 00 2, 043, 945 375, 283 28 00 2, 002, 740 373,570 || 28 00 1, 960, 983 371, 404 
29 00 2,113, 531 402,245 || 29 00 2, 070, 817 400,399 || 29 00 2, 027, 538 398, 068 
30 00 2, 182, 762 430, 107 30 00 2, 138, 536 428, 123 30 00 2, 093, 731 425, 619 
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TABLE XX.—Coordinates for projection of maps. 

PROJECTION TABLES. 

[Prepared by R. S. Woodward.] 

Seale szgoa0- 

. ‘go 
5 me g 2 Coordinates of developed parallel for— 
4 rod ot 
Dal oo. 
on Bn 2 i 

2 3s FI or = 15‘ longitude. 30’ longitude. 45’ longitude. 1° longitude. 

B® sags E ais Rat = OH 

e |e2ee 
4 Ss x y x i x y x vi 

os: Inches. | Inches. | Inches.| Inches. | Inches.| Inches. | Inches.| Inches. | Inches. 
Pa Wl Sere cece 3. 974 - 004 7.949 - 015 11. 923 - 033 15. 898 - 059 

15 4, 361 3. 966 - 004 7.933 O15 11. 899 - 033 15. 865 - 059 
30 8. 722 3. 958 - 004 7.916 - 015 11. 874 - 033 15. 832 - 059 
45 13. 083 3.950 - 004 7.900 - 015 11. 850 - 034 15. 800 - 060 

26 00 17. 444 3. 942 - 004 7. 883 - 015 11. 825 - 034 15. 767 . 060 

15 4, 362 3. 933 - 004 7. 866 -015 11. 800 - 034 15. 733 - 061 
30 8. 723 3. 925 - 004 7. 849 - O15 11. 774 - 034 15. 699 - 061 
45 13. 085 3. 916 - 004 7. 833 015 11.749 - 035 15. 665 - 061 

27 00 17. 446 3. 908 - 004 7. 816 015 11.723 035 15. 631 - 062 

15 4, 362 3. 899 - 004 7. 798 016 11, 697 - 035 15.596 - 062 
30 8. 724 3. 890 - 004 7.780 - 016 11. 671 - 035 15. 561 . 063 
45 13. 087 3. 881 004 7. 763 . 016 11. 644 - 036 15. 526 . 063 

28 00 17. 449 3. 873 . 004 7.745 ies a6 11. 618 - 036 15. 490 . 064 

15 4.363 3. 863 - 004 7.727 - 016 11.591 036 15. 454 - 064 
30 8. 726 3. 854 - 004 7.709 - 016 11. 563 - 036 15. 418 - 064 
45 13. 088 3, 845 - 004 7. 691 - 016 11. 536 086 15. 382 - 065 

29 00 17. 451 3. 836 - 004 7. 673 - 016 11.509 - 036 15. 345 - 065 

15 4. 363 3. 827 - 004 7. 654 - 016 11, 481 - 037 15. 308 - 065 
30 8.727 3. 817 - 004 7. 635 - 016 11, 453 - 037 15. 270 - 066 
45 13. 091 3. 808 004 7. 616 - 016 11. 425 - 037 15. 233 - 066 

30 00 17. 454 3.799 - 004 7. 598 - 017 11, 396 - 037 15.195 - 066 

15 4. 364 3.789 - 004 7.578 - 017 11. 367 - 037 15. 156 - 067 
30 8. 728 3.779 - 004 7. 559 -017 11. 338 - 038 15.118 - 067 
45 13. 092 3.770 - 004 7.540 -017 11. 309 - 038 15. 079 . 067 

31 00 17. 457 3. 760 004 7.520 - 017 11, 280 . 038 15. 040 - 068 

15 4. 365 3.750 - 004 7.500 - 017 11. 250 - 038 15. 001 - 068 
30 8.730 3. 740 - 004 7. 480 017 11, 221 - 038 14. 961 - 068 
45 13. 095 3.730 - 004 7.460 - 017 11.191 - 038 14. 921 - 068 

32 00 17. 460 3. 720 - 004 7.441 017 11, 161 - 039 14, 881 - 069 

15 4. 366 3.710 - 004 7.420 - 017 11.130 - 039 14.840 | .069 
30 8.731 3. 700 - 004 7.400 - 017 11,100 - 039 14, 799 - 069 
45 13. 097 3. 690 - 004 7.379 - 017 11. 069 039 14. 758 - 070 

33 00 17. 462 3. 679 - 004 7.359 . 017 11. 038 - 039 14.718 - 070 

15 4. 366 3. 669 - 004 7.338 - 018 11, 007 039 14. 676 - 070 
30 8. 733 3, 658 - 004 7.317 - 018 10. 975 - 040 14. 633 - 070 
45 13. 099 3. 648 - 004 7. 296 - 018 10. 943 - 040 14.591 - 071 

34 00 17. 465 3. 637 - 004 7. 275 -018 10. 912 - 040 14. 549 - 071 

15 4, 367 3. 626 - 004 7. 253 - 018 10. 879 - 040 14. 506 - 071 
30 8. 734 3. 616 - 004 7.231 - 018 10. 847 - 040 14. 463 - 071 
45 13.101 3. 605 004 7.210 - 018 10. 815 - 040 14. 420 - 072 

35 00 17. 468 3. 594 - 004 7.188 - 018 10. 782 - 040 14. 376 - 072 

15 4, 368 3. 583 - 004 7.166 . 018 10, 749 . 041 14. 332 - 072 
30 8. 735 3.572 - 004 7.144 - 018 10. 716 - 041 14, 288 . 072 
45 13. 103 3. 561 - 005 7. 122 018 10. 683 - O41 14, 244 - 073 

36 00 17. 471 3. 550 - 005 7.100 - 018 10. 650 - 041 14. 200 . 073 

15 4, 368 3.539 - 005 7.077 - 018 10. 616 - 041 14. 154 - 073 
30 8. 736 3.527 - 005 7. 054 - 018 10. 582 - O41 14. 109 073 
45 13. 105 3.516 . 005 7. 032 018 10, 547 -041 14. 063 . 073 

37 (00 17.473 3. 504 - 005 7. 009 -018 10. 513 - 041 14. 018 074 

15 4. 369 3. 493 - 005 6. 986 - 018 10.479 - 041 13. 972 . 074 
30 8.738 3. 481 - 005 6. 963 - 018 10. 444 - 042 13. 925 - O74 
45 13. 108 3.470 - 005 6. 939 - 018 10. 409 - 042 13. 879 O74 
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TABLE XX.—Coordinates for projection of maps. 

A MANUAL OF TOPOGRAPHIC METHODS. 

Seale sztoya—Continued. 

[Prepared by R. S. Woodward.] 

§ 2 g ° Coordinates of developed parallel for— 
a ro & 
oe oe. 
Si | ; F 
2s gece 15’ longitude. 30/ longitude. 45' longitude. 1° longitude. 

B° |gase Paes ae ame : E 
3 S| y Mi y y 

Onis Inches. | Inches. | Inches.| Inches. | Inches.| Inches. | Inches.| Inches. | Inches. 
38 00 17.477 3. 458 - 005 6.916 . 019 10, 374 ~ 042 13. 832 . O74 

15 4.370 3. 446 . 005 6. 892 -019 10.339 - 042 13, 785 - 074 
30 8.740 3. 434 - 005 6. 869 - 019 10. 303 - 042 13.737 - 075 
45 13. 110 3.422 - 005 6. 845 019 10. 267 . 042 13. 690 . 075 

39 00 17. 480 3.411 - 005 6. 821 - 019 10. 232 ~ 042 13. 642 - 075 

15 4.371 3.398 - 005 6.797 - 019 10.195 - 042 13.594 . 075 
30 8. 741 3. 386 . 005 6.773 .019 10. 159 . 042 13. 545 . 075 
45 13,112 3. 3874 ~ 005 6.748 - 019 10.123 - 042 13. 497 075 

40 00 17. 483 3. 362 . 005 6, 724 -019 10. 086 . 042 18. 448 . 075 

15 4.371 3.350 - 005 6. 699 . 019 10. 049 - 042 13. 399 . 075 
30 8. 743 3.337 . 005 6. 675 ~ 019 10. 012 - 043 18. 349 . 076 
45 18. 114 3. 325 - 005 6. 650 019 9. 975 . 043 18. 300 . 076 

41 00 17. 486 3.312 - 005 6. 625 - 019 9, 937 . 043 13. 250 - 076 

15 | 4.372 | 3.300 | .005 | 6.600 | .o19 | 9.900 | .043 | 13,200 | .076 
30 8.744 3, 287 - 005 6.575 - 019 9, 862 - 043 13. 149 . 076 
45 13.117 3.275 - 005 6.549 -019 9. 824 . 043 13. 098 - 076 

42 00 17. 489 3. 262 - 005 6. 524 - 019 9. 786 - 043 13. 048 - 076 

15 4. 373 3. 249 . 005 6, 498 - 019 9. 747 . 043 12. 996 . 076 
30 8. 746 3. 236 . 005 6.472 . 019 9. 709 - 043 12. 945 - 076 
45 13.119 3. 223 - 005 6. 447 019 9. 670 - 043 12. 893 . 076 

43 00 17. 492 3.210 . 005 6, 421 - 019 9.631 - 043 12. 842 . 076 

15 4,374 3.197 . 005 6, 394 . 019 9.592 . 043 12. 789 - 076 
30 8. 747 3.184 - 005 6. 368 . 019 9. 552 - 043 12. 736 - 076 
45 13.121 3.170 . 005 6.342 - 019 9.513 - 043 12. 684 . 076 

44 00 17. 495 3. 158 . 005, 6.316 019 9.473 - 043 12. 631 077 

15 4.375 3.144 + 005 6, 289 - 019 9. 433 - 043 12. 578 077 
30 8. 749 3.131 . 005 6. 262 . 019 9. 393 - 043 12, 524 - 077 
45 13. 124 3.118 . 005 6. 235 019 9. 353 . 043 12. 471 077 

45 00 17. 498 3.104 - 005 6. 209 -019 9.313 - 043 12. 417 077 

15 4.375 3. 091 - 005 6.181 .019 9. 272 - 043 12. 363 .077 
30 8. 751 3.077 - 005 6.154 -019 9.231 - 043 12, 308 077 
45 13. 126 3. 063 . 005 6.127 . 019 9.190 . 043 12, 254 077 

46 00 17.501 3.050 . 005 6. 100 . 019 9. 150 - 043 12. 200 077 

15 4.376 3. 036 - 005 6. 072 019 9.108 . 048 12, 144 - 077 
30 8. 752 3. 022 . 005 6. 044 .019 9. 067 - 043 12. 089 077 
45 13.128 3. 008 - 005 6.017 .019 9. 025 043 12. 033 077 

‘47 00 17. 504 2.994 - 005 5.989 - 019 8. 983 . 043 11. 978 076 

15 4.377 2.980 . 005 5. 961 . 019 8. 941 . 043 11, 922 . 076 
30 8.754 2. 966 . 005 5. 933 .019 8. 899 . 043 11. 865 - 076 

' 45 13.131 2. 952 - 005 5. 904 .019 8. 857 . 043 11. 809 . 076 

48 00 17. 508 2. 938 . 005 5. 876 019 8. 814 . 043 11. 752 . 076 

: 15 4.378 2. 924 - 005 5, 848 .019 8.771 . 043 11. 695 . 076 
30 8. 755 2. 909 - 005 5. 819 . 019 8. 728 . 043 11, 638 . 076 
45 13. 133 2. 895 . 005 5.790 .019 8. 686 - 043 11. 581 . O76 

49 00 17.511 2. 881 . 005 5.762 . 019 8. 643 . 043 11. 524 . 076 

; 15 4.378 2. 866 . 005 5. 733 . 019 8.599 . 043 11. 465 . 076 
30 8. 757 2. 852 . 005 5. 704 . 019 8.555 . 043 11. 407 . 076 
45 13.135 2. 837 . 005 5. 675 .019 8.512 . 042 11, 349 - 076 

50 00 17.514 2. 823 - 005 5. 646 .019 8. 468 11. 291 . 076 



PROJECTION TABLES. 

TABLE XXI.—Coordinates for projection of maps. Scale yx25z5. 

{Prepared by R. S. Woodward.| 

Wargo’ sie. Absci elon ise: Be Ea Abscissas of developed parallel. 
| 2 6 Ey 
| BE | g32q Ordinates of devel- 
| Se $325 | 5’ longi- | 10’ longi-| 15’ longi- | 20/ longi- | 25 longi- 30’ longi. oped parallel. 
le aie Agee tude. tude. tude. tude. | tude. tude. 
| rs 

) 
| Sx git Inches Inches. | Inches. | Inches. | Inches. | Inches. | Inches. S| 
| cig Sips cee 2. 650 5. 299 7.949 | 10.599 | 13.249 | 15.898 | 85 | 4, oes 

10 5. 815 2. 646 5. 292 7.938 | 10.584 | 13.931 | 15.877 | se |. 2 26 
20 11. 629 2.642 | 5.285 7.927 | 10.570 | 13.212 | 15.854 | 8S 

cs 30 17.444 | 2.639 | 5.278 7.916 | 10.555 | 13.194 | 15.833 | A™ 
40 23.259 | 2.635 | 5.270 7.905 | 10.540 | 13.176 | 15.811 = 
50 29. 074 2. 631 5, 263 7.894 | 10.526 | 13.157 | 15.788 aA Femael| eae 

=) || | A i! 
| | 

HG MOON Deemed oe 2. 628 5.256 | 7.883 | 10.511 | 13,139 | 15.767 i oe Le 
10 5. 816 2. 624 5.248 | 7.872 | 10.496 | 13.120 | 15.744 | 45 007! 008 
20 11. 631 2. 620 5. 240 7.861 | 10.481 | 13.101 | 15.721 | 99 “013.| 1013 
30 17. 446 2.616 5. 233 7.849 | 10.466 | 13.082 | 15.698 | 95 | ‘090, _o21 
40 | 23.262 2. 613 5, 225 7.838 | 10.451 | 13.063 | 15.676 | 39 029 030 
50 | 39.077 2. 609 5. 218 7.827 | 10.436 | 13.045 | 15.654 lee lhe 

: 27 00 |-e---- 5-22. 2. 605 5. 210 7.816 | 10.421 | 13.026 | 15.631 | sa || oe 
10 5. 816 2.601 |- 5.203 7.804 | 10.405 | 13.006 | 15,608 5 
20 | 11.633 2.597 5.195 7.792 | 10.390 | *12:987 | 15.584 |——— 
30 | 17.449 | 2.593 5. 187 7.780 | 10.374 | 12.967 | 15.560. | 
40 | 23.265 2. 589 5.179 | 7.768 10. 358 12. 947 15. 537 5 9.001 | 0.001 
50 29, 082 2.586*| 5.171 7.757 | 10.342 | 12.9298 | 15.514 | 10 003 | . 004 

15 008 008 
2B IROOM pe eee nee 2, 582 5. 163 7.745 | 10.327 | 12.909 | 15,49) | 20 -014 | 014 

10 5. 817 2.578 5,155 7.733 | 10.311 | 12.889 | 15.466 | 25 022 |. 022 
20 11, 634 2.574 5, 147 7.721 | 10.294 | 12.868 | 15.442 | 30 -031 | . 032 
30 17. 451 2. 570 5. 139 7.709 | 10.278 | 12.848 | 15.418 
40 | 23, 268 2. 566 5. 131 ZG) TROP || TPR |] TU fey | eres 
50 29, 086 2. 562 5, 123 7.685 | 10.246 | 12.808 | 15.369 

28° 290 
e900) WEES ose. 2. 558 5.115 7.673 | 10.230 | 12.788 | 15.345 : 

10 5. 818 2. 553 5. 107 7.660 | 10.213 | 12.767 | 15.320 Mmlcs ace: 
20 11. 636 2. 549 5, 098 7.648 | 10.197 | 12.746 | 15.295 sil coscotallto.G01 

: 30 17. 454 2. 545 5. 090 7.635 | 10.180 | 12.725 | 15.270 | 46 ood | 004 
- ; 40 23. 272 2. 541 5. 082 7.622 | 10.163 | 12.704 | 15.245 | 35 “008 | 008 

50 29. 090 2. 537 5, 073 7.610 | 10.146 | 12.683 | 15.220 | 5) “oe | cota 
9 Ws SOOO eastern 2533 | 5.065 | 7.508 | 10.130 | 12.662 | 15.195 | 25 | -022| 028 

10 5. 819 2.528 5. 056 7.585 | 10.113-! 12.641 | 15.169 ? ; 
20 11, 638 2. 524 5. 048 7.572 | 10.096 | 12.620 | 15.143 
30 17. 457 2.520 5.039 7.559 | 10.078 | 12.598 | 15.118 
40 23. 276 2. 515 5. 031 7.546 | 10.061 | 12.577 | 15.092 30° 31° 
50 29. 094 2.511 5. 022 7.533 | 10.044 |- 12.555 | 15.066 |_ 

319,00) slez322- seen: 2.507 5.014 7.520 | 10.027 | 12.534 | 15.040 5 | 0.001} 0.001 
10 5. 820 2.502 5.005 7.507 | 10.009 | 12.512 | 15.014 | 10 -004 | 004 
20 11. 640 2, 498 4,996 7.494 9.992 | 12.490 | 14.987 | 15 008 | 008 
30 17. 460 2. 493 4, 987 7. 480 9.974 | 12.467 -| 14.960 | 20 -015 | 015 
40 23.280 | 2.489 4,978 7. 467 9.956 | 12.445 | 4.934 | 25 023 | 023 

250 29. 100 2.485 4. 969 7. 454 9.938 | 12.423 | 14.908 | 30 033 | . 034 

SPIN e | Meena seem 2. 480 4.960 7.441 gkbare | 193401" 194881 | ee 
10 5.821 | 2.476 4,951 7.427 9.903 |. 12.379 | 14.854 | 310 390 
20 11. 642 2.471 4,942 7.413 9.884 | 12.355 | 14.827 
30 17. 462 2. 467 4,933 7. 400 9.866 | 12.333 | 14.800 |——|_———| 
40 23. 283 2. 462 4,924 7. 386 9.848 | 12.310 | 14.772 ' | Inch. | Inch. 
50 29, 104 2.458 4.915 7.373 9.830 | 12.288 | 14.745 5 | 0.001 | 0.001 

: 10 004 | 004 
SEM). | Hee peeeeiee 2. 453 4.906 7. 359 9.812 | 12.265 | 14.717 | 15 | .008| .009 

10 5, 822 2.448 4. 896 7. 845 9.793 | 12.241 | 14.689 | 20 | .015| .015 
20 1.643 | 2,444 4, 887 7. 331 9.774 | 12.218 | 14.661 | 25 | .023]  .024 
30 17. 465 2.439 4. 878 7.316 9.755 | 12.194 | 14.633 | 30 034 | 034 
40 23, 287 2. 434 4. 868 7. 302 9.736 | 12.171 | 14.605 
50 29. 109 2, 429 4.859 7. 288 9.718 | 12.147 | 14.575 

33° 340 
SAR OD Ese teas soca 2.425 4.850 7. 274 9.699 | 12.124 | 14.549 

10 5. 823 2.420 4, 840 7. 260 9.680 | 12.100 | 14.520 |——-—— —— 
20 11. 645 2.415 4, 830 7. 246 9.661 | 12.076 | 14.491 Bi || osoor |= oco1 
30 17. 468 2.410 4.821 7. 231 9.642 | 12.052 | 14.462 | 15 | “oo! “004 
40 23, 291 2. 406 4.811 7.217 9.622 | 12.028 | 14.434 | = | “oo9| <o09 
50 29.113 2.401 4, 802 7.203 «| 9.604 | 12.004 | 14.405 | 55 | ‘or6| ‘o16 

25 . 024 025 
30 035 036 

MON XXII 12 
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178 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXI.—Coordinates of projection of maps. 

[Prepared by R. S. Woodward.] 

Scale yzsyyo—Continued. 

Abscissas of developed parallel. 
a 

come se, 
23 Sats 
Sa REAE 5/ longi 
Be | See | tude. 

| ro 

o Inches. Inches. 
85 00 |------.2-2-. 2.396 

10 5. 824 2.391 
20 11. 647 2, 386 
30 17.471 2. 381 
40 23. 294 2.377 
50 29. 118 2. 372 

BY} WW Ieee sone sane 2. 367 
10 5, 824 2.362 
20 11. 649 2.357 
30 17. 473 2. 351 
40 23. 297 2.346 
50 | 29.122 2.341 

| 

37, 00) _y2==---2--=-- 2.336 
10: } 5. 826 2.331 
20 11. 651 2.326 
30 17. 477 2.321 
40 23. 302 2.316 
50 29. 128 2.311 

BEE) Wesssese eoce 2.305 
10 5. 827 2. 300 
20 11. 653 2. 295 
30 17. 480 2.290 
40 23. 306 2, 284 
50 29. 133 2.279 

Bi Wi |eecscrosess 2. 
10 5. 828 2.2 
20 11. 655 2.2 
30 17. 483 2. 
40 23. 310 2. 
50 29. 138 2. 

40) (00) |-===-----<— 2.241 
10 5. 829 2. 236 
20 11. 657 2. 230 
30 | 17.486 2.225 
40 23. 314 2.219 
50 29.143 2.214 

CHENIN aa Sse aces 2. 208 
10 5. 830 2. 203 
20 11. 659 2.197 
30 17. 489 2. 192 
40 23.319 2. 186 
50 29, 149 2.180 

AD) COO Saecees eee 2.175 
10 5. 831 2. 169 
20 11. 661 2.163 
30 17. 492 2.157 
40 23. 323 2.152 
50 29. 154 2.146 

43° 00 |.----------- 2,140 
10 5. 832 2.135 
20 11. 663 2.129 
30 | 17.495 2.123 
40 23. 327 2.117 
50 29. 159 2.111 

10" longi- | 15" longi- | 20’ longi-|25' longi-|30/ longi-| Ped parallel. 
tude. tude. tude. tude. tude. 

oS 

Inches. | Inches Inches. | Inches. | Inches. | 3a 
4. 792 7.188 9.584 | 11.980 | 14.376 | EE | 40 350 
4.782 7.174 9.565 | 11.956 | 14.347 | S09 
4.773 >| 7.159 9.545 | 11.932 | 14.318 | 648 
4. 763 7.144 9, 526 11. 907 14.288 | AT 
4. 753 7.130 9.506 | 11.883 | 14.259 
4.743 7.115 9.486 | 11.858 | 14.230 iW apis |k Teer. 

5 | 0.001 | 0.001 
4. 733 7.099 9. 466 11. 833 14, 200 10 004 004 
4.723 7. 085 9.446 | 11:808 | 14.170 | 15 “009 |. 009 
4.713 7.070 9. 426 11. 783 14. 139 20 016 016 
4.708 7. 055 9.406 | 11.757 | 14.109 | 95 095 | 025 
4. 693 7.039 9.386 | 11.732 | 14.078 | 30 “036 | 036 
4. 683 7. 024 9.366 | 11.707 | 14.048 

4. 673 7.009 9.345 | 11.682 | 14.018 36° 37° 
4. 662 6.994 9.325 | 11.656 | 13.987 
4. 652 6.978 9.304 | 11.630 | 13.956 |—— 
4, 642 6. 963 9,284 | 11.605 | 13.925 
4, 631 6.947 9.263 | 11.579 | 18,894 a 0. or 0. ae 

. 62 ; . 242 ; Ep : : 4.621 6. 932 9. 24 11.553 | (13.864 15 Ol eben 

4.611 6.916 9.222 | 11.527 | 13.832 0 -016 |. 016 
4. 600 6.900 9.200 | 11.501 | 13.801 | 2 +025 | . 026 
4.590 6. 884 9.179 | 11.474 | 13.769 | 30 036 |  .037 
4.579 6. 869 O58. || haley Sie re |e 
4. 568 6. 853 9.137 | 11.421 | 13.705 
4.558 6. 837 9.116 | 11.395 | 13.673 37° 38° 

4.548 6.821 9.095 | 11.369 | 13.642 |—_ 
4.537 6. 805 9.073 | 11.342 | 13.610 pW igeyidy || Tero: 
4.526 6.789 9. 052 11.315 13, 577 5 0.001 | 0.001 
4.515 6.773 9.030 | 11.288 | 13.545 | 10 “004 | .004 
4. 504 6. 756 9. 008 11. 261 13. 513 15 009 009 
4,493 6.740 8.987 | 11.234 | 13.480 | 90 “016 | 017 

25 026 | . 026 
4. 483 6.724 8.965 | 11.207 | 13.448 | 30 “037 | 037 
4.472 6.707 8.943 | 11.179 | 13.415 
4.461 6.691 8.921 | 11.152 | 13.382 
4. 450 6. 674 8.899 | 11.124 | 13.349 39° 40° 
4, 439 6. 658 8. 87 11.097 | 13.316 
4. 428 6. 641 8.855 | 11.069 | 13.283 .|———| 

4.417 6. 625 8.834 | 11.042 | 13.250 5 | 0.001 | 0.001 
4, 406 6. 608 8.811 | 11.014 | 13.217 | 10 004 |  . 004 
4.394 6.591 8.788 | 10.985 | 13.183 | 16 -009 | . 009 
4. 383 6.575 8.766 | 10.958 | 13.149 | 20 -017 | 017 
4.372 6.558 8.744 | 10.929 | 18.115 | 29 026 | — . 026 
2360) | 6.541" || Sire |) 109901 || 118, 08%) 30) |) 087) | Re 088 

_——— 
4.349 6. 524 8.698 | 10.873 | 13.048 
4. 338 6.507 8.676 | 10.844 | 13.013 40° 41° 
4.326 6.490 | 8.653 | 10.816 | 12.979 

. 4.315 6. 472 8.630 | 10.787 | 12.945 
4.303 6.455 8.607 | 10.759 | 12.910 1 |) Jnehe: | Inch: 
4, 292 6. 438 8. 584 10.730 | 12.876 5 0.001 0.001 

10 -004 |. 004 
4,281 6.421 8.561 | 10.701 | 12.842 | 415 “009 | 009 
4. 269 6.403 8.538 | 10.672 | 12.807 | 90 “017 | 017 
4.257 6.386 8.514 10.643 | 12.772 25 026 . 026 
4.246 | 6.368 8.491 10.614 | 12.737 30 .038 | .038 
4.934 | 6.351 8.468 | 10.585 | 12.701 
4, 222 6.333 8.444 | 10.556 | 12.667 |—— 

420 430 

5 | 0.001} 0.001 
10 004 | . 004 
15 -010 | .010 
20 .017| .017 
25 026 | .027 
30 038 | . 038 
| 

Ordinates of devel- 



PROJECTION TABLES. 

TABLE XXI.—Coordinates for projection of maps. Scale +33'559—Continued. 

[Prepared by R. S. Woodward.] 

By ad 
Oo. so 3 Abscissas of developed parallel. 
Si | Batre 
3s seen ; ] Ordinates of devel- 
ae Bags q 3. | 10"lone}- | 15" Salon 5 | 957 «| 397 ; oped parallel. $a § 288 | 5! longi- | 10’ longi- 15’ longi-| 20’ lorgi-| 25’ longi-| 30’ longi- 
Ci se S| | S a tude. tude. tude. tude. tude. tude. 

o 

Oa Inches. Inches. | Inches. | Inches. | Inches. | Inches. | Inches. fc 
AAR OD Me Wisc eaescts 2.105 4.210 6. 316 8.421 | 10.526 | 12.631 | SF | yo, ae 

10 5. 833 2.099 4.199 6. 298 8.397 | 10.496 | 12.596 | &3 
20 11. 666 2.093 4.187 6. 280 8.373 | 10.467 | 12.560 | 84 
30 17. 498 2. 087 4,175 6, 262 8.350 | 10.437 | 12.594 | 4” 
40 23. 331 2.081 4.163 6.244 8.326 | 10.407 | 12.489 |—— 7 
50 29, 164 2.076 4.151 6. 227 8.302 | 10.378 | 12.453 ine le7racren|erache 

d5m 00 Woes ss oes --| 2.070 4,139 6. 209 8.278 | 10.348 | 12.417 A 2 ae e ae 
10 5. 834 2. 064 4.197 6.191 8.254 | 10.317 | 12.381 | 45 010 010 
20 11. 668 2. 057 4,115 6. 172 8.230 | 10.288 | 12.345 | 90 017 017 
30 17.501 2. 051 4. 103 6. 154 8.206 | 10.257 | 12.308 | 95 027 027 
40 23. 335 2. 045 4.091 6. 136 8.181 | 10.226] 12.272 | 30 038 038 
50 29, 169 2.039 4.079 6.118 8.157 | 10.197 | 12.236 

SGUROUU ee stance eee 2.033 4. 067 6. 100 8.133 | 10.166 | 12.199 4go Wes 
10 5. 835 2.027 4,054 6. 081 8.108 | 10.136 | 12.163 
20 11. 670 2. 021 4, 042 6. 063 8.084 | -10,104 | 12.195 |—— 
30 17.504 2. 015 4.030 6. 044 8.059 | 10.074 | 12.089 
40 23, 339 2.009 4.017 6.026 8.034 | 10.043 | 12.052 5 | 0.001} 0.001 
50 29, 174 2. 003 4,005 6. 008 8.010 | 10,013 | 12.015 | 10 - 004 004 

15 010 010 
AT MOO | euscee caret 1.996 3.992 5. 989 7. 985 9,981 | 11.978 | 20 017 O17 

10 5. 836 1,990 3.980 5.970 7. 960 9.951 | 11.941 | 25 - 027 027 
20 11. 672 1, 984 3. 968 5. 951 7.935 9.919 | 11.903 | 30 - 038 038 
30 17. 508 1, 978 3.955 5. 933 7.910 9.888 | 11.866 
40 23. 344 1,971 3. 943 5.914 7. 885 9.857 | 11.828 
50 29. 180 1, 965 3. 930 5, 895 7. 860 9.826 | 11.791 47° 48° 

48) (00) Jes. esucescs 1.959 3.917 5, 876 7.835 Re |) ane) 
10 5. 837 1, 952 3.905 5. 857 7.810 9.762 | 11.714 5 | 0.001! 0.001 
20 11. 674 1, 946 3. 892 5. 838 7. 784 9.730 | 11.677 | 10 “004 | 004 
30 17.511 1,940 3. 879 5. B19 7.759 9.699 | 11.638 | 15 “o10 |! 010 
40 23. 348 1.933 | @.867 5. 800 7.733 9.667 | 11.600 | 90 “017 | 1017 
50 29, 185 1. 927 3. 854 5.781 7.708 9,635 | 11.562 | 95 “027 | 1026 

30 038 | .038 
AD) 100) see aecccvece 1.921 3. 841 5. 762 7. 682 9.603 | 11.523 

10 5. 838 1,914 3. 828 5. 743 7. 657 9.571 | 11.485 |—— —— 
20 11, 676 1,908 3.815 5.723 7. 631 9.539 | 11.446 490 re 
30 17.514 1.901 3. 803 5.704 7.605 9.507 | 11.408 
40 23. 352 1,895 3.790 5. 684 7.579 Ona740 >| ee 369))| | 
50 29, 190 1,888 3.777 5. 665 7.553 9.442 | 11.330 ere a on 5; 

9 : : é ; : 10 004). 004 BO O0) jst ecteececes 1,88 3.764 5. 646 7.527 9.409 | 11.291 | 18 eel eee 

20 017 | .017 
25 026 | 026 
30 038 | .038 
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TABLE XXII.—Coordinates for projection of maps. 

A MANUAL OF TOPOGRAPHIC METHODS. 

[Prepared by R. 8S. Woodward.] 

Scale szto0- 

| 
‘ote ee o Abscissas of developed parallel. 
os pels 
Es Ba oe = Ordinates of devel- 
ais Baae lop Jongi-| 5! longi- | 74/ longi-| 10’ longi-| 124/ lon- | 15’ longi- oped parallel. 
ee. Sh 2 a tude, tude. tude. tude. gitude. tude. 

ro | | pe 

Oo 

el Inches. Inches. | Inches. | Inches. | Inches. | Inches. | 3a 
25 00 2.650 | 5.299 7.949 | 10.599 | 13.248 | 15.898 | > | o., ape 

05 2.648 | 5,296 7.944 | 10.591] 13.239 | 15.887 | She 
10 2. 646 5. 292 7.938 | 10.584 | 13.230 | 15.876 | 8% | 
15 2. 644 | 5, 288 7.938 | 10.577 | 13.221 | 15.865 | A™ 
20 2.642 | 5,285 7.927 | 10.569 | 13.212 | 15.854 Sey 
25 2.641 | 5,281 7.922 | 10.562 | 13,203. | 15,843 iad) ere ach: 
30 2. 639 5,277 7.916 | 10.555 | 13,194 | 15.832 21 | 0.000 | 0.000 
35 2.637 | 5.274 7.911 | 10.548 | 13,184 | 15.821 5 | 7002 | . 002 
40 2.635 | 5.270 7.905 | 10.540 | 13.175 | 15.810 7 | 1004 | ‘004 
45 2.633 | 5.266 7.900 | 10.533 | 13.466. | 15.799 | 49 | ‘007 | 007 
50 2.631 | 5.263 | 7.894 | 10.526 | 18.157 | 15.788 | 393) [010 | .010 
55 2.630 | . 5.259 7.889 | 10.518 | 13.148 | 15.777 | 15 | [015 | [015 

| | | | 
26 00 2.628 5.256 7.8838 | 10.511 | 13.139 15,66 ———— 

05 2. 626 mee |) eGre || ne |) mana |) ap | 
10 2. 624 5. 7.872 | 10.496 | 13.120 | 15.744 
15 2. 622 Ds 7.866 | 10.489 13h) 15788 27° 
20 2. 620 5. | 7861 | 10.481 | 13,101 | 15.721 
25 2.618 5.237 | 7.855 | 10.473 | 13.092 | 15.710 
30 2.617 | 5,233 | 7.849 | 10.466 || 13.082 | 15.699 1 | Inch 
35 2.615 5. | 7.844 | 10.458 | 18.073 | 15.688 23 | 0.000 
40 2.613 | 5. | 7.838 | 10.451 | 13.064_| 15.676 5 | .002 
45 2.611 | 5. | 7.883 |° 10.443 | 13.054 | 15.665 7% | .004 
50 2,609 | 5. 7.827 | 10.436 | 13.045 | 15.654 | 10 | .007 
55 2. 607 5.2 7.821 | 10.498 | 13.035 | 15.642 | 123] O11 

| 15 | .015 
27 00 2, | 5,210 7.816 | 10.421 | 13.026 | 15.631 

05 2. 5. 207 ZS) pe TieZh}S || en Gk: YT GR), || 
10 2) 5. 203 7.804 | 10.405 | 13.006 | 15.608 | —_—_—_—— 
1b : 2. 5. 199 7.798 | 10.397 | 12.997 | 15.596 aye = 
20 23. Bs 5. 195 7.792 | 10.389 | 12.987 | 15.584 
25 29, 082 2. 5. 191 7786 <|° TOrsea. 1 ao77 | T557a=\ ss 
30 34. 898 2.5 5. 187 7.780 | 10.374 | 12.967 | 15.561 
35 2. 5.183 7.774 10. 366 12.957 | 15.549 ‘i Inch. | Inch. 
40 2. | 5,179 7. 769 10. 358 12. 948 15. 537 24 | 0.000 | 0.000 
45 2. 5.175 7,763 | 10.350 | 12.938 | 15.525 5 | ~.002 | .002 
50 2. 5.171 7.757 10. 342 12. 928 15, 514 Tk | .004 | .004 
55 2. 5, 167 7.751 | 10.335 | 12.918 | 15.502 | 10 | .007 007 

| 124 | .011 011 
28 00 2. 5. 163 7.745 | 10.327 | 12.908 | 15.490 | 15 | .015 016 

05 2. 5. 159 7.739 | 10.319 | 12.898.| 15.478 
10 2. 5.155 7.733 | 10.311.) 12.888 | 15.466 
15 2. 5.151 7.727 | 10.303 | 12.878 | 15.454 
20 2. | 5.147 7.721 | 10.294 | 12.868 | 15.442 | 990 
25 2. 5. 143 7.715 | 10.286 | 12.858 | 15.430 
30 2.5 5. 139 TATOO) a || 1052 7Shu| pele S48 ened > eAle eal el 
35 2. 5.135 7.703 | 10.270 | 12.838 | 15.405 jo eee 
40 2.3 5.131 7.697 | 10.262 | 12.828 | 15.393 Fe Neel | 
45 2. 5.127 7.691 | 10.254-| 12.818 | 15.381 24 | 0. 000 
50 QE 5. 123 7.685 | 10.246 | 12.808 | 15,369 5 | .002 
55 QE 5.119 7.679 | 10.238 | 12.798 | 15.357 7% | 004 2 10 | .007 

29 00 2.558 | 5.115 | - 7.673 | 10.930 | 12.788 | 15.045 | 12h) -O1T 
05 2,555 5.111 7.666 | 10.222 | 12.777 | 15.333 | 15 | .016 
10 2. 553 GAO I eGlan aly atnOue) oj] Tene Ie aleys yt) see ee 
15 2. 551 5.103 | 7.654 | 10.205 | 12.756 | 15.308 
20 2.549 5098 97648: |r AO TO7 1 1221746) II) 915. 205 | eee ome 
25 2.547 6.094 | 7.641 | 10.188 | 12.735°| 15,283 | 290 30° 
30 45 5.090 | 7.635 | 10.280 | 12.725 | 15.270 | 
35 2. 543 5. 086 7.629 | 10.172 | 12.715 35,288 = —— 
40 2. 541 5. 082 7.623 |. 10.164 | 12.704 | 15.245 | , 
45 2.539 5. 078 7.616 | 10.155 | 12.694 | 15.233 | 9) neh els 
50 2.587 5.073 | 7.610 | 10.147 | 12.684 | 15.220 Fail Peogotiestoos 
55 2.585 5.069 | 7.604 | 10.138 | 12.673 | 15.208 Sle : 7 | . 004 004 

30 00 2.533 | 5.065 | 7.598 | 10.130 | 12.663 | 15.195 1 | Sue meee 
05 2.530 5, 061 7.591 | 10.122 | 12.652 | 15.182 | 322) -q76 017 
10 2. 528 5.057 7.585 | 10.113 | 12.641 | 15.169 | te 
15 2. 526 5. 052 7.578 | 10.104 | 12.630 | 15.157 
20 2.524 5. 048 7.572 | 10.096 | 12.620 | 15.144 
25 2. 522 5. 044 7.565 | 10.087 | 12.609 | 15.131 
30 2. 520 5. 039 7.559 -| 10.079 | 12.598 | 15.118 
35 2.518 5.035 7.552 | 10.070 | 12.587 | 15.105 
40 2.515 5.031 7.546 | 10.061 | 12.577 | 15.092 
45 2.513 5. 026 7.540 | 10.053 | 12.566 | 15,079 
50 2.511 5, 022 7.533 | 10.044 | 12.555 | 15.066 
55 2.509 5.018 7.527 | 10.036 | 12.544 | 15.053 



TABLE XXII.—Coordinates for projection of maps. 

PROJECTION TABLES. 

[Prepared hy R. 8. Woodward.] 

Seale zhy,7—Continued. 

oe | 
Cis ae 2 + Abscissas of developed parallel. 
gE 3a ts Be | 2883 eae = 
54 RASS | 24! longi-| 5/ longi- 74 longi- | 10’ longi- | 124’ lon- | 15' longi- 
3 A Aa 5 & tude, tude. tude. tude. witude. | tude. 

as = Ee 

erg Inches. Inches. Inches. Inches. Inches. | Inches. | Inches. 
31 00 2.5 5. O14 Le 10. 027 12, 534 15. 040 

05 2 5. 009 its 10.018 15. 027 
10 2. 5.005 | 7.507 10.009 | 15. 014 
15 2. 5, 000 7. 500 10. 000 | 15.000 
20 2. 4.996 7.494 9.992 | 12.489 ; 14. 987 
25 2. 4.991 7.487 9.983 |>12.478 | 14.974 
30 2. 4. 987 7. 480 9. 974 12.467 | 14.961 
35 2. 4.983 7.474 9, 965 12. 456 14, 948 
40 2. 4.978 7. 467 9, 956 12.445 | 14.934 
45 2. 4. 974 7. 460 9. 947 12.484 | 14.921 
50 2. 4.969 7.454 9, 938 12. 423 14. 908 
55 2. 4,965 7. 447 9.930 | 126412 14. 894 

32 00 2. 480 4.960 | 7.441 9.921 12. 401 14. 881 
. 05 2.478 4.956 | 7.434 9. 912 2 14. 868 

10 2.476 4, 951 7.427 9. 903 14. 854 
15 2.473 4. 947 7.420 9. 894 14. 840 
20 2.471 4.942 7.413 9. 884 14. 827 
25 2. 469 4.938 7.407 9. 875 14. 813 
30 2. 467 4.933 7.400 9. 866 14. 800 
35 2. 464 4.929 le 9, 857 14. 786 
40 2. 462 4.924 9. 848 14. 772 
45 2.460 4. 920 1.3 9. 839 14. 759 
50 2. 458 4.915 7.372 | 9. 831 14. 745 
55 2.455 4.910 7.366 | 9.821 14. 731 

3300 2.453 4. 906 7. 35 9,512 12, 265 14. 718 
05 2.451 4. 901 7.5 9. 802 1. 20K 14. 704 
10 2.448 4. 897 Tad 9.793 | 12,241 14. 690 
15 2. 446 4, 892 7. 38 9. 784 12.230 | 14.676 
20 2.444 BAS87 Ine Tae 9. 774 12. 218 14. 662 
25 2.441 4. 882 TL 9. 765 12. 206 14. 648 
30 2. 439 4, 878 7.3 9. 756 12.195 | 14. 633 
35 2. 437 4. 873 ie 9. 746 12.183 | 14.619 
40 2.434 4. 868 7.9 9. 737 12.171 14. 605 
45 2.432 4. 864 ti 9. 728 12. 160 14. 591 
50 2. 430 4,859 | - 7.2 | 9.718 12. 148 14. 577 
55 2.427 4.854 | 7. | 9.709 12. 136 14. 563 

34 00 2.425 4.850 | 7. 9. 700 12. 124 14. 549 
05 2.423 4. 845 7. 9, 690 12.112 14. 535 
10 2.420 4. 840 7. 9. 680 12. 100 14.520 
15 2.418 4.835 7 9. 671 12. 088 14. 506 
20 2.415 4, 831 7 9, 661 12. 076 14. 492 
25 2.413 4. 826 7 9, 652 12. 064 14.477 
30 2,411 4. 821 7 9, 642 12. 052 14. 463 
35 2.408 4,816 7. 22 9, 632 12. 040 14. 448 
40 2. 406 4.811 7.2 9. 623 12. 028 14, 484 
45 2.403 4. 807 7. 9. 613 12. 016 14, 420 
50 2.401 4. 802 te 9. 604 12.004 | 14.405 
55 2. 399 4.797 lin | 9.594 11, 992 14, 391 

36 00 2. 396 4.792 7.188 9, 584 11. 980 14.376 
05 2.394 4. 787 7.181 9, 574 11. 968 14, 362 
10 2.391 4. 782 7.174 9. 565 11, 956 14. 347 
15 2.289 4.777 7.166 9. 555 11, 944 14. 332 
20 2.386 4.773 7.159 9.545 11. 931 14.318 
25 2. 384 4. 768 7.151 9.535 11, 919 14. 303 
30 2. 381 4, 763 7. 144 9. 525 11. 907 14. 288 
35 2.379 4.758 7. 137 9, 516 11. 895 14. 273 
40 2.376 4, 753 7.129 9, 506 11. 882 14. 259 
45 2, 374 4.748 7.122 9, 496 11. 870 14. 244 
50 2.372 4. 743 7.115 9, 486 11. 858 14. 229 
55 2. 369 4.738 7.107 9.476 11. 845 14, 214 

} 

36 00 2. 367 4.733 | 7.100 9. 466 11. 833 14. 200 
05 2. 364 4.728 7. 092 9. 456 11. 820 14. 185 
10 2. 362 4, 723 7. 085 9,446 11. 808 14. 169 
15 2.359 4.718 7.077 9. 436 11. 795 14.154 
20 2.357 4,713 7. 070 9. 426 11. 783 14. 139 
25 2. 354 4. 708 7. 062 9. 416 11.770 14. 124 
30 2, 352 4.703 7. 055 9. 406 11. 758 14. 109 
35 2.349 4. 698 7. 047 9. 396 11. 745 14. 094 
40 2.346 4, 693 7. 039 9. 386 11. 732 14. 079 
45 2. 344 4. 688 7. 032 9. 376 11. 720 14. 064 
50 2. 341 4. 683 7. 024 9. 366 11.707 14. 048 
55 2.339 4. 673 7.017 9.356 | 11.694 14.033 

| 

Ordinates of devel- 
oped parallel. 

31° 

i Inch Inch. 
22 0.000 
5 ~ 002 

7 .004 
10 . 008 
124 | .012 
15 O17 

| Inch. 
24 | 0,000 | 0,000 
5 - 002 - 002 
7% | .004 - 004 

10 . 008 . 008 
12% | .012 - 012 
15 - 017 - O17 

en 

| 33° 

u Inch 
24 | 0.000 
5 - 002 
7% | .004 

10 - 008 | 
124 | 012 
15 -017 

33° 34° 

u Inch. | Inch. 
| 28 | 0,000 | 0.000 
| . 002 -002 | 

7h] 004 | .004 | 
10 | .008 -008 | 
128} .012 019 
15 017 . 018 

ey 

a | 
| Inch. 

0. 000 | 

002 | 
O04 | 
. 008 
~012° | 
018) | 

—— 

35° 3e0 | 
S| | | 

y Inch. Inch. | 
24] 0.000 0.001 
5 - 002 . 002 
74] .004 005 

10 . 008 008 
124 | ..012 013 
15 .018 018 

181 



182 A MANUAL OF TOPOGRAPHIC METHODS. 

TaBLE XXII.—OCoordinates for projection of maps. Scale sz}oo—Continued. 

[Prepared by R. 8. Woodward. ] 

| | 
3 = 2 & a Abscissas of developed parallel. 
o bo - 
S|) eis) i= = Ordinates of devel- 
2 | Beas | 247 longi-| 5! longi- | 7}/ longi-| 10‘ longi-| 12}/ lon- | 15’ longi-) oped parallel. 
ea si zm tude. tude. tude. tude. gitude. tude. 

| | e 
BP 2 |) Sinches: Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | S32 

Psqe 00h etceeas ees | 2.336 4.673 7. 009 9.345 | 11.682 | 14.016 | SF | 970 60 
05 | 5.826 2. 334 4, 667 7. 001 9,335 | 11.669 | 14.003 | 43 
10 11. 651 2.331 4. 662 6. 994 9.325 | 11.656 | 13.987 | && 
15 17. 477 2.329 4, 657 6, 986 9.314 | 11.643 | 13.972 | A 

| 20 23. 302 2. 326 4.652 6.978 9.304 | 11.630 | 13.956 
25 2. 323 4. 647 6.970 |- 9.294 | 11.617 | 13.941 i Seer hk Tee 
30 2.321 4, 642 6. 963 9.283 | 11.604 | 13.925 24] 0.001. | 0.001 
Sbuilae 2.318 4. 637 6.955 9.273 | 11.591 | 13.910 5 | /002 | .002 
40 |. 2.316 4. 631 6.947 9. 263 11. 578 15, 894 7 005 005 
45%)|2 2.313 4. 626 6.939 9, 253 11, 566 13. 879 10 008 008 
50) ies 2.311 4.621 6. 932 9.242 | 117558- | 18.863 | jo. | (073 013 
55 | 2. 308 4.616 6. 924 9.232 | 11.540 | 13.848 | 35° | [018 019 

| 
BB /O0le adn ae eer 2.305 4.611 6.916 9.222 | 11.527 13.832 ———— 

5a b827 2, 208 4. 606 6. 908 9.211 | 11.514.| 18.817 a5 
10 | 11. 653 2. 300 4. 600 6.900 9.201 | 11.501 | 13.802 | 
15 17. 480 2. 298 4.595 6. 892 9.190 | 11.488 | 13.785 | ———| 
20 2. 306 2.295 4.590 6. 885 9.179 | 11.474 | 13.769 
25 29, 133 2. 292 4.584 | 6.877 9.169 | 11.461 13. 753 ‘| Inch 
30 f 2, 290 4.579 6. 869 9.158 11. 448 13. 737 2% | 0.001 
35 2. 287 4.574 6. 861 9.148 | 11.435 | 13.722 5 | .002 
40 2. 284 4.569 6. 853 9.137 | 11.422 | 13.706 7k | .005 
45 2. 282 4, 563 6. 845 9.127 11. 408 13. 690 10 - 008 
50 2.279 4.558 6. 837 9.116 | 11.395 | 13.674 | 124) .013 
55 2.276 4.553 6. 829 9.106 | 11.382 | 13.658 | 15 | .019 

39 00 2} 4,547 G. 82 9.095 | 11.369 | 13.642 
05 2. 4,542 6.813 9.084 | 11.355 | 13.626 
10 2. 4.537 6. 805 9.073 | 11.342 | 13,610 
15 Py 4.531 6.797 9.063 | 11.328 | 13.594 
20 2. 4.526 6.789 9.052 | 11.315 | 13.578 
25 2. | 4.521 6.781 9.041 | 11.301 | 13.562 
30 2. 4.515 6.77 9.030 | 11.288 | 13.545 
35 2 4.510 6. 765 9.020 | 11.274 | 13.529 
40 2 4.504 6.757 9.009 | 11.261 13. 513 
45 oF, 4.499 6. 748 8.998 | 11.247 | 13.497 
50 2, 4. 494 6.740 8.987 | 11.234 | 13.481 
55 BP 4.488 | 6.732 8.976 } 11.221 | 13,465 

40 00 2. 241 4. 483 6. 724 8.966 | 11.207 | 13.448 
05 2. 239 4,477 6.716 8.955 | 11.193 | 13.432 40° 
10 2, 236 4,472 6.708 8.944 |} 11.180 | 13.415 
15 2. 233 4. 466 6. 699 8.933 | 11.166 | 13.399 |—— 
20 2.230 4, 461 6.691 8.922 | 11.152 | 13.382 i elTacren| 
25 2. 4.455 6. 683 8.911 11. 138 13. 366 es 0.001 
30 a, 4.450 6. 675 8.899 | 11.124 | 13.349 Rules 008 | 
35° 2) 4, 444 6. 666 8.888 | 11.111 13, 333 all aaa | 
40 D, 4,439 6. 658 8.877 | 11.097 | 13.316 | 44° “ete 
45 2 4. 433 6. 650 8.866 | 11.083 | 13.300 | 35, | 973 
50 | 4.498 6. 642 8.855° | 11.069 | 13.283 | 457 | “O19 | 
55 4,499 6. 633 8.844 | 11.056 | 13.267 Sal es | 

41 00 2. 208 4.417 6. 625 8.833 | 11.042 | 13.250 
05 2. 206 4.411 6. 617 8.822 | 11.028 | 13.233 
10 2. 203 4. 406 6. 608 8.811 | 11.014 | 13.216 
15 2. 200 4.400 6. 600 8.800 | 11.000 | 13.200 
20 2.197 4, 394 6.591 8.789 | 10.986 | 13.183 
25 2.194 4.389 6. 583 8.777 | 10.972 | 13.166 |——7 
30 2.192 4.383 6.575 8.766 | 10.958 | 13.149 410 490 
35 2.189 4,377 6. 566 8.755 | 10.944 | 13.132 
40 2.186 4. 372 6.558 8.744 | 10.930 | 13.115 = 
45 2.183 4.366 | 6.549 8.732 | 10.916 | 13.099 ; ; 
50 2180°| 4.361 | 6541 | 8.721 | 10,902 | 13,082 | © | Zmeh. | Inoh. 
55 2.178 4.355 6. 533 8.710 | 10.888 | 13.065 25 | 0.001 | 0.001 

5 . 002 . 002 

2 00 2.175 4.349 | 6,524 8.699 | 30.873 | 13.946 Th} .005 | .005 
05 2.172 4, 344 6.515 8.687 | 10.859 | 13.031 | 10 | .008 | .008 
10 2.169 4.338 6.507 8.676 | 10.845 | 13.014 | 128 | -018 | .013 
15 2.166 4,332 6. 498 8.664 | 10.830 |. 12,996 | 15 | .019 | .019 
20 2.163 4.326 6. 490 8.653 | 10.816 | 12.979 
25 2.160 4.321 6.481 8.641 | 10.802 | 12.962 
30 2.158 4,315 6. 472 8.630 | 10.787 | 12.945 
35 2.155 4.309 6. 464 8.618 | 10.773 | 12.928 
40 2.152 4.304 6.455 8.607 | 10.759 | 12.910 
45 2.149 4. 298 6.447 8.596 | 10.744 | 12.893 
50 2.146 4,292 6,438 8.584 | 10.730 | 12.876 
55 2.143 4. 286 6. 429 8.573 | 10.716 | 12.859 
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PROJECTION TABLES. 183 

TABLE XXII.—Coordinates for projection of maps. Scale =x}y5—Continued. 

[Prepared by R. S. Woodward.] 

= He 
a | a) ae Abscissas of developed parallel. 

ee | = BEI Ordinates of devel- 

acai 53258 | 2k/longi-| 5’ longi- | 74! longi-| 10/ longi-| 124’ lon- } 15! longi- oped parallel. 
eihab al psteiat: tude. tude. tude. tude. | gitude- | tude. 

é 2 ie A 
| o 

lee Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | >a 
43 00 2.140 4, 281 6.421 8.561 10,701 | 12,842) | 82 | yao ve 

05 2.137 4,275 6.412 8.550 | 10.687 12.824 | Ens 
10 2.134 4, 269 6. 403 8.538 | 10.672 | 12.807 | Sa 
15 2. 132 4, 263 6.395 8.526 10.658 | 12.789 | R™ 
20 2.129 4, 257 6.386 PGE WATE IE AGH PN esr cl al roel 
25 2.126 4.251 6.377 8.508 | 10.628 | 12.754 ‘| Inch. | Inch. 
30 2.123 4. 246 6. 368 8.491 10. 614 12. 736 24 | 0.001 | 0.001 
35 2.129 4, 240 6.259 8.479 | 10.599 | 12.719 5 002 | .002 
40 2.117 4, 234 6.351 8. 468 10. 585 12. 701 Tk | .005 - 005 
45 2.114 4, 228 6. 342 8.456 10. 570 12. 684 10 - 008 - 009 
50 2.111 4, 222 6. 333 8.444 10, 555 12. 666 12 - 013 013 
55 2.108 4. 216 6, 324 8. 432 10, 541 12. 649 15 +019 - 019 

| 
44 00 2.105 4-210 6.316 8.421 10.526 | 12.631 

05 2.102 4, 205 6.307 8.409 | 10.511 | 12.613 45° 
10 2.099 4.199 6,298 8.397 | 10.496 | 12.596 
15 2. 096 4,193 6. 289 8.385 | 10.482 | 12.578 aa 
20 2. 093 4. 187 6, 280 8. 373 10, 467 12. 560 | Inch. 
25 2. 090 4.181 6.271 8. 361 10.452 | 12.542 24 | 0. 001 
30 2. 087 4.175 6. 262 8.350 10. 437 12.524 | 5 + .002 
35 2. 084 4,169 6. 253 8.338 | 10.422 | 12.506 73 | .005 
40 2. 081 4.163 6. 244 8. 326 10. 407 12. 489 10 - 009 
45 2.078 4,157 6, 235 8.314 | 10.392 | 12.471 | 124] .013 
50 2. 076 4,151 6. 227 8. 302 10. 377 12. 453 15 -019 
55 2.073 4,145 6, 218 8,290 | 10.363 | “12.435 

45 00 2.070 4.139 6.209 BED Bim ie OS SAS NG LOST a 
05 2. 067 4, 133 6. 200 8.266 | 10.333 12. 399 45° 46° 
10 2. 064 4,127 6.191 8.254 | 10.318 | 12.381 
15 2.061 4.121 6.181 8.242 | 10.302 | 12.363 ——— 

4 20 2.058 4.115 6.172 8.230 | 10.287 12. 345 ' | Inzh. | Inch: 
25 2. 054 4,109 6,163 Bi218 5 108272) 1) 2) 327 240.001 | 0.001 
30 2. 051 4,103 6.154 8.206 | 10.257 | 12.308 5 | .002 | .002 
35 2. 048 4.097 6.145 8.194 | 10.242 | 12.290 7k | .005 | .005 
40 2.045 4.091 6.136 8.181 10.227 | 12.272 10 | .009 | .009 
45 2. 042 4, 085 6.127 8.169 10.212 | 12.254 122 | .013. | .013 
50 2.039 4.079 6.118 8.157 | 10.197 | 12.236 | 15 019 019 
55 2. 036 4.073 6,109 8.145 | 10.182 | 12.218 

46 00 2. 033 4. 067 6.100 8.133 10.166 | 12.200 47° 
05 2.030 4, 060 6.091 8.191 || 10) i511" |) 12180 

E 10 2.027 4. 054 6. 081 8.108 | 10.136 | -12.163 |——— 
7 @ 15 2. 024 4, 048 6. 072 8.096 | 10.120 | 12.144 ' | Inch. 

20 2.021 4, 042 6. 063 8.084 | 10.105 | 12.126 24 | 0.001 
25 2.018 4, 036 6. 054 8.072 | 10.090 | 12.107 5 | .002 
30 2.015 4,030 6. 044 8.059 10.074 | 12.089 Tk 005 
35 2.012 4. 023 6.035 8. 047 10.059 | 12.070 | 10 | .008 
40 2.009 4.017 6. 026 8.035 | 10.043 | 12.052 | 124 | .013 
45 2. 006 4,011 6.027 8.022 | 10.028 | 12.033 | 15 | .019 
50 2. 003 4.005 6. 008 8.010 | 10.013 12. 015 | 
55 1.999 3.999 5. 998 7. 998 poy th antl | 

47 00 1.996 3.993 5. 989 7. 985 9.982 | 11.978 | 47° 48° 
05 1.993 3.986 | 5.980 7.973 9.966 | 11.959 | 
10 1.990 3.980 | 5.970 7. 960 9.950 | 11.940 + 
15 1. 987 3.974 | 5.961 7.948 9.935 | 11.922 ' | Inch. | Inch 
20 1.984 3. 968 5 951 7.935 9.919 | 11.903 24 | 0.001 | 0.001 
25 1.981 3.961 5. 942 7. 923 9.903 | 11.884 5 | .002 | .002 
30 1.977 3.955 5. 933 7.910 9.888 | 11.865 74| .005 | .005 
35 1,974 3.949 5, 923 7,898 | 9.872 | 11.846 | 10 | .008 | .008 
40 1.971 3.943 5.914 7. 885 9.856 | 11.828 124} .013 | .013 
45 1. 968 3.936 5. 904 7.872 | 9.841 11. 809 15 | .019 | .019 
50 1.965 3.930 5.895 7.860 | 9.825 11. 790 
55 1, 962 3.924 5. 886 ay ct Ves ts Do Jia Ralf | Far es 

le} 

48 00 1.959 3.917 5. 876 7. 835 9.794 | 11.752 
05 1. 956 3.911 5. 867 7, 822 9: 778ihn|| lle 733) | -|———_, —_- — 
10 1.952 3.905 5, 857 7.810 9. 763 11. 714 ' | Inch. 
15 1.949 3.898 5, 848 7.797 9.746 | 11.695 23 | 0.001 
20 1. 946 3. 892 5. 838 7. 784 9.730 | 11.676 5 | .002 
25 1. 943 3. 886 5, 829 7.771 9.714 | 11.657 7x | .005 
30 1.940 3.879 5.819 7.759 9.698 | 11.638 10 | .008 
35 1, 937 3. 873 5.810 7. 746 9. 683 11.619 | 123] .013 
40 1.933 3. 867 5. 800 7.733 9.667 | 11.600 | 15 | .019 
45 1. 930 3. 860 5.790 7.721 9. 651 11.581 
50 1. 927 3. 854 5. 781 7. 708 9.635 | 11.562 |— 
55 1.924 3, 848 5.771 7. 695 9.619 | 11.543 

| 
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TABLE XXTI.—Coordinates for projection of maps. 

A MANUAL OF TOPOGRAPHIC METHODS. 

[Prepared by R. S. Woodward.) 

Scale =z}3p—Continued. 

Latitude of 

° 

50 

Bo 
= ez Ei Abscissas of developed parallel. ad 

5 3 gem = Ordinates of devel- 
4 822% | 2s longi-| 5’ longi, | 74! longi-| 10’ longi-| 124/ lon- |15/longi-| Ped parallel. 
= Ame tude, | tude. | tude. tude. gitude. tude. 

i) | 
| | on 

’ Inches. | Tnehes. Inches. | Inches. | Inches. | Inches. Ba 
00 1.921 | 3.841 | 5.762 7. 682 9, 603 11.524 | BF 49° | 500 
05 1.917 3. 835 5. 752 7. 670 9, 587 11. 504 aoe z 
10 1.914 3. 828 5.742 | 7.657 9.571 11. 485 oa 
15 1.911 | 3.822 5,733 7. 644 9. 555 11.466 | A } 
20 1.908 | 3.815 5.723 | 7.631 9. 538 11.446 
25 1.905 3. 809 5. 713 7.618 95522) [bsttedo7e I reall rene dliemien 
30 1. 901 3.802 | 5.704 | 7.605 9. 506 11, 407 24 | 0.001 | 0.001 
25 1.898 3.796 | 5.694 7. 592 9.490 | 11.388 | ‘002 | ‘002 
40 1.895 3.790 5.684 | 7.579 9.474 | 11.369 74 | 1005 | 005 
45 1. 892 3. 783 5.675 | 7.566 | 9.458 11, 349 10 008 008 
50 1. 888 3.777 5.665 | 7.553 | 9.442 11, 330 123 015 013 
55 1. 885 3.770 5.655 | 7,540 9. 426 11,311 15 | .019 019 

00 1, 882 | p. 764 5. 646 | 7. 528 9. 409 11, 291 

TABLE XXIII. 

{Prepared by S. S. Gannett.] 

— Coordinates for projection of maps. Scale a405- 

Abscissas of developed parallel. 
Ordinates of devel- 

oped parallel. Pabientle Longitude interval. c 
0 

parallel. Longi- | 

5! ater ian oad OF 15! tude Tuch. 
| | interval. 
|— 

‘D u Inches. | Inches. | Inches. | Inches. u 
39 00 | 6,316 9.474 | 12.632 | 18,948 | 5 - 003 

05 ~309 | 2463 | 617 - 926 Tk 007 
O73 | =. 305 .457 | .609 |- .914 10 - 012 
10 . 301 .451 | 602 | .903 15 | ..026 
15 . 204 .440 | 587 -881 | ean 

Latitude onal dis- 20 | 6.286 9.429 | 12.572 | 18.858 | interval.) jo oes. 
224) ||) 92,282. -423 565 - 847 
Pit ees PaIBe |e boT 836 | 7 Tnch. 
30 .271 . 406 . 542 -813 tl) EGE) 

i 2 | 3.237 
35 | 6.264 | 9.305 | 12.527 | 18.791 perl ataicee 
374 . 260 . 389 - 520 . 780 5 8094 
40 256 384 512 . 768 8 9.712 
45 . 249 . 373 497 . 746 7 112991 

8 12. 950 
50 6. 241 9.361 | 12.482 | 18,723 | 9 14. 569 
52h ||. 237 - 356 475 .712 | 10 16, 188 
br | 6238 . 350 . 467 : 701 Mae he 
ON ares 9 : f . 67. E 

8 Bue se ae i tude in. Inch. 
terval. 40 00 6. 226 9.339 | 12.452 | 18,678 

05 - 219 - 328 - 438 . 656 y 
074 -215 - 322 . 429 . 644 5 -.003 
1055 | e200 -316 . 422 . 633 7% 007 
iby 0203 . 805 406 |. 609 10 012 

15 026 
20 6.196 9.293 | 12.392 | 18.587 3 id. 
224 $192 “288 “384 ‘576 | Latitude] Meridi- 
25 . 188 . 282 - 376 -564 | interval. | jo ces. 
30 .180 . 270 . 361 .540 

] | D Inch. 

35 6.173 | 9.259 | 12.346 | 18.518 u rae 
374 .169 . 253 . 338 . 506 3 aay 
40 .165 - 247 - 330 -495 7 6.476 
45 .157 . 236 SS15u mereaTe = 8.095 

i | 6. |) 9°74 | 
50 6.150 9.224 | 12.300 | 18.449 Tot) dedaan 
52h .146 .219 - 292 . 438 8 | 12.952 
55 .142 - 213 285 .427 9 14. 571 

| 60 134 201 -269 | .403 10 16. 190 
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PROJECTION TABLES. 

TaBLE XXIII.—Coordinates for projection of maps. 

{Prepared by S. 5. Gannett. | 

Scale gs}55—Continued. 

Abscissas of developed parallel. f 
- Ordinates of devel- 

Latitude Longitude interval. oped parallel. 
of — 

parallel. Longi- 

5! 7! 10° 15! tude | Inch. 
interval. 

Oe! Inches. | Inches. | Inehes. | Inches. _ 6 
41 00 | 6.134 | 9.201 | 12.269 | 18.403 z one 

05 127 - 190 254 - 380 ie oe 
07k | .123 .184.| .246 - 368 13 096 
10 119 -178 - 238 356 2 - 02 
15 1 166 222 . 333 cat 

Ae eridi- 
| ya ende onal dis- 

20 | 6.103 9.155 12. 206 18.310 “| tance. 
224 099 .149 .198 . 298 ————— 
25 . 095 143 . 190 . 286 : Inch. 
30 - 087 131 .175 - 263 1 1.619 

Dy an) REWPED) 
3 | 4.858 

35 6. 080 9.119 | 12.159 | 18.239 4 6,477 
374 76 113 -152 227 5 | 8,097 
40 . 072 -107 143 215 6 9. 716 
45 . 064 - 096 .128 .192 7 11. 335 

8 12. 955 
9 14. 574 

50 6.056 9. 084 12.113 18. 169 10 16. 193 
524 . 052 078 105 DD 
55 048 -072 096 -145 | Longi- 
60 041 061 081 .122 | tudein-| Inch. 

terval. 

42 00 6. 041 9.061 | 12.081 | 18.122 | 7 | 
05 033 049 066 - 098 5 | 003 
O74 029 - 043 . 057 086 7h 007 
10 025 037 050 . O74 10 O12 
15 017 025 034 051 15 026 

20 6. 009 9.013 | 12.018 | 18.027 | Latitude Rablens 
224 - 005 . 007 010 015 |interval.| “once. 
25 001 001 - 002 - 003 ah 
30 5. 993 8.989 | 11.986 | 17.979 ; MET Pal 

1 1. 620 5 . 
35 | 5.985 | 8.978 | 11.970 | 17.956 BEN \praies 
374 . 981 971 . 963 944 rie Wh cact ts 
40 977 - 966 - 955 932 peadlessacn 
45 - 969 954 .939 . 908 8 | 9.718 

| Twa ab Rpy? 

50 5.961 8.942 | 11.923 | 17.884 E } Tee 
52h -957 - 936 915 .872 10 | 16. 196 
55 - 953 -930 . 907 861 : 
60 945 -918 891 . 836 : 

Longi- 
tude in- Inch. 

43 00 5. 945 8.918 | 11.891 | 17.836 | terval. | 
05 | = .937 906 875 .812 ; 
074 | 933 ~900 . 867 . 800 
10 ja -929 . 893 858 787 it pees 

| 6 g 842 76 ‘ 15 hes 921 . 881 84 763 ab odes ee 

15 . 026 
20 | 5.913 8.869 | 11.825 AS — 

Pry . 909 . 863 -817 . 726 . eridi- 
35 +905 1857 809 img | Latitude | onal dis- 
30 | 896 B44 . 793 . 689 -| tance. 

| g Inch. 

35 | 5.888 8.832 | 11.777 | 17.665 1 1. 620 
37) | 884 - 826 . 769 653 2 3. 240 
40 |  .880 . 820 760 . 640 3 - ne 
| 2 : alte -616 ; 45 87 808 | 744 1 | wee 

| 6 9.719 

50 | 5.864 | 8.796 1n502 ||). nee 
524 | =. 860 .790 580 | 9 {4.579 
55 | B56 783 .567 10 16,199 
60 . 848 771 543 saan 

185 
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TabBLe XXIII.—Coordinates for projection of maps. 

[Prepared by S. 8. Gannett.] 

Scale <shy9 —Continued. 

Abscissas of developed parallel. ‘ . 
Es Ordinates of devel- 

Latitude Longitude interval. oped parallel. 
of —— a 

{parallel. Longi- 
5S 74! 10! 15! tude Tneh. 

interval. 
| 

0 ud Inches. | Inches. | Inches. | Inches. U | 
44 00 5. 848 8.771 11. 695 17, 543 5 | - 003 

05 . 839 . 759 . 679 - 518 7k . 007 
074 . 835 . 753 . 670 «505 10 - 012 
10 . 831 746 - 662 - 493 15 - 027 
15 . 823 . 734 | - 646 - 469 

| Latitude | Meridi: 
20 5, 815, 8.722 | 11.629 | 17.444 | interval.| “tance, 
224 . 810 - 715 . 621 ASL S| ey 
25 . 806 “109° | - 613 419 | 
30 . 798 - 697 . 596 . 394 | a Inch. 

1 1. 620 
2 3. 240 

35 5. 790 8. 685 11. 580 17. 370 3 4. 861 
37h 786 | . 678 -571 ~ 307 4 6. 481 
40 . 782 . 672 - 563 . 345 5 8.101 
45 . 773 . 660 . O47 - 320 6 9. 721 

7 11. 341 
8 12. 962 

50 5.765 | 8. 647 11. 530 17. 295 9 14, 582 
52k -761 | -641 | - 523 . 284 10 16, 202 
55 1157 | .635 | 514 .271 
60 . 749 . 623 - 497 . 246 | 

| | 

TaBLE XXIV.—Area of quadrilaterals of Earth’s surface of 1° extent in latitude and longitude. 

[Prepared by R. 8S. Woodward.] 

Middle 
latitude 
of quad- 

| 

COMD ANA UrRRwWwW NNerOCO 

eo oc 

rilateral. 

Area 
in square 
miles. 

° 

15 
16 

|| 16 
7 

iS) rss 

nonn 
an 

Middle 
latitude 
of quad- 
rilateral. 

1 

30 
00 
30 
00 
30 

00 
30 
00 

Ov 

Area || Middte| arog || Miadte| arog || Middle} arog || Middle} arog 
. latitude | . latitude | . latitude | ; latitude | . 3 
in square of quad- in square of quad- in Si uare of quad- in St uare, of quad- in square 

miles. rilateral. miles. rilateral.| ™Ue8- rilateral. eee pave miles. 

° 4 ° 1 ° iy | °o ‘ 

4583. 92 30 30; 4109.06 45 30} 3354.01 60 30 | 2364.34 75 30| 1205.13 
72. 94 31 00) 4088, 21 46 00 24. 49 61 00 28. 02 76 00 1164, 49 
61. 61 31 30 67. 05 46 30]. 3294.71 || 61 30 2291. 51 76 30 23.75 
49. 94 32 00 45.57 47 00 64. 68 62 00 54. 82 77 00 1082. 91 
37.93 32 30 23.79 47 30 34. 39 62 30 17. 94 77 30 41,99 

| 

25. 59 33 00 01. 69 48 OO 03.84 | 63 00) 2180.89 || 78,00] 1000.99 
12. 90 33 30 3979. 30 48 30] 3173.04 || 63 30 43. 66 78 30 959. 90 

4499, 87 34 00 56. 59 49 00 41.99 64 00 06. 26 79 00 18. 73 
86. 51 34 30 33.59 49 30 10. 69 64 30 2068, 65 79 30 877. 49 
72. 81 35 «(00 10. 22 50 00} 3079.15 | 65 00 30. 94 80 00 36.18 

58.78 || 35 30] 3886.67 50 30 | 47.37 || 65 30 1993, 04 80 30 794.79 
44.41 36 00 62. 76 51 00 15. 34 66 00 54, 97 81 00 53. 34 
29. 71 36 30 38. 56 51 30 | 2983.08 66 30 16.75 81 30 11. 83 
14. 67 37 (00 14. 06 52 00 50. 58 67 00 1878. 37 82 00 670. 27 

4399, 30 37 30 3789, 26 52 30 17.85 || 67 30 39, 84 82 30 28, 64 

83. 60 38 . 00 64.18 53 00 | 2884. 88 68 00 1801. 16 83 00 586. 97 
67. 57 38 30 38. 80 53 30 51. 68 68 30 |, 1762.33 83 30 45, 24 
51. 21 39 00 13.14 54 00 18. 27 69 00 23. 36 84 00 03. 47 
34.52 || 39 30] 3687.18 54 30 2784. 62 69 30 1684, 24 84 30 461, 66 
17.51 || 40 00 60. 95 55 00 50. 76 70 00 45, 00 85 00 19, 81 

00.17 |} 40 30 | 34. 42 55 30 16. 67 70 30 05. 62 85 30 377. 93 
4282. 50 41 00 07. 62 56 00! 2682.37 71 00 | 1566.10 86 00 36. 02 

64. 51 41 30 3580. 54 56 30.) 47.85 71 30 26. 46 86 30 294. 08 
46, 20 42 00 53.17 57 00) 13.13 72 00 | 1486.70 || 87 00 52.11 
27.56 || 42 30 25.54 || 57 30| 2578.19 72 30 46.81 | 87 30 10.12 

| | | 
08.61 || 43 00) 3497.62 58 00 | 43. 05 73 00 06.81 || 88 00 168, 12 

4189. 33 43 30 69. 44 58 30 | 07. 70 73 30 1366.69 | 88 30 126. 10 
69.74 44 00 40.98 || 59 00) 2472.16 74 00 26.46 || 89 00 84. 07 
49. 83 44 30 12.26 || 59 30 | 36, 42 74 30 1286, 12 89 30 42. 04 
29. 60 45 00 3383. 27 60 00 | 00.48 | 75 00 45. 68 90 00 00. 00 



AREAS OF QUADRILATERALS. ~ I ey ie 

Taste XXV.—Areas of quadrilaterals of Larth’s surface of 30! extent in latitude and longitude. 

[Prepared by R.S. Woodward. ] 

| Middle Middle Middle Middle Middle Middle 

. Area in . Area in A Area in s Area in ; Area in A Area in 

latitude latitude - latitude ‘ latitude latitude latitude 

of quad- Sate of quad- nna of quad- bedtee of quad- ay of quad- aaneee of quad- Sree | 

rilateral. - | 'rilateral. ’ |lrilateral. - |\rilateral. es. |\rjlateral.| “US: |\rilateral.| ™>°* 

- = = = — = = 

om? ool cose Ay 1 le 08 a2 Gua 

0 30 1188.05 || 30 30) 1027.27 60 30 591, 09 15 1188.08 || 30 45 | 1024.68 60 45 586, 56 

1 00 1187.92 |, 31 00 | 1022.06 61 00 582. 01 45 1188.00 |) 31 15) 1019.43 61°15 577.45 

1 30 1187. 70 31 30 1016. 77 61 30 572. 88 15 | 1187.82 31 45] 1014.10 61 45 568. 30 

2 00) 1187.39 32 00 | 1011.40 62 00 563. 71 45 1187.56 || 32 15) 1008.69 62 15 559. 11 

2 30 1186, 99 32 30] 1005.96 62 30 554. 49 15 1187. 20 32 45 1003. 20 62 45 549. 86 

45 | 1186.76 

00 | 1186.51 33 00} 1000.43 63 00 545. 23 

30 | 1185. 95 33 30 994. 83 63 30 535. 92 

00 | 1185. 28 34 00 989. 16 64 00 526, 57 

30 | 1184.53 34 30 982. 41 64 30 517.17 

00 | 1183.70 35 (00 977. 58 65 00 507, 74 

15 | 1186.24 33 15 997. 64 63 15 540. 58 
45 | 1185, 62 83 45 992. 00 63 45 531. 25 
15 | 1184.92 34 15 986. 29 64 15 521. 88 
45 | 1184. 13 34 45 980.50 || 64 45 512. 46 
15 | 1183, 24 35 15 974, 64 65 15 503, 01 

80 | 1182.77 35 30 971. 68 65 30 498. 26 

00 | 1181.76 || 36 00 965. 70 66 00 488. 75 
1180. 66 36 30 959. 65 66 30 479.19 

00 | 1179. 48 37 «(00 953.52 || 67 00 469, 60 

30 | 1178.20 37 30 947. 32 67 30 459. 96 

45 | 1182. 28 35 45 968. 70 65 45 493.51 
15 | 1181.22 36 15 962. 68 66 15 483. 97 
45 | 1180. 08 36 45 956. 60 66 45 474. 40 
15 | 1178.85 || 37 15 950. 43 67 15 464.78 
45 | 1177.53 37 45 944, 21 67 45 455.13 

00 | 1176.84 38 00 941.05 68 00 450, 29 

30 | 1175.39 |; 38 30 934.71 || 68 30 440. 59 || 

00 | 1173. 86 39 00 928. 29 69 00 430. 84 15 | 1173.06 39 15 925. 06 68 45 435. 72 

80] 1172.23 39 30 921. 80 69 30 421.06 45 | 1171.39 || 39 45 918. 53 69 15 425. 96 

00 | 1170,52 40 00 915. 25 70 00 411.25 10 15) 1169.63 40 15 911. 94 69 45 416.16 

15 | 1176.13 38 15 937. 88 67 45 455.13 
45 | 1174.63 || 38 45 931.51 68 15 445. 45 

Comm ANAS TPH werereco ° 

= SCOCDD WANA TPP WO 

wo Ss 

| 10 30) 1168.73 40 30 908. 61 70 30 401.41 10 45) 1167.80 40 45 905, 27 70 15 406. 34 

11 00 | 1166.84) 41 00 901. 91 71 00 391.53 11 15] 1165. 86 41 15 898.54 || 70 45 396, 47 

11 30 | 1164.86 41 30 895. 14 71 30 381, 62 11 45) 1163.85 41 45 891.73 71 15 386. 58 

12 00} 1162.81 42 00 888. 30 72 00 371. 68 12 15] 1161.75 42 15 884. 85 71 45 376, 65 

12 30 | 1160.67 42 30 881. 39 72 30 361.71 || 12 45 1159.56 42 45 877. 91 72 15 366, 70 

13 00 | 1158.44 43 00 874. 41 73 00 351.71 13 15) 1157.29 43 15 870. 90 72 45 356. 71 

13 30 | 1156.12 43 30 867.37 73 30 341. 68 13 45) 1154.93 43 45 863. 82 73 15 346. 69 

14 00; 1153.72 44 00 860. 25 74 00 331. 62 14 15) 1152.48 44 15 856, 67 73 45 336. 65 

14 30) 1151.23 44 30 853. 07 74 30 321. 53 14 45} 1149.95 44 45 849, 46 74 15 326, 58 

15 00 | 1148.65 |) 45 00 845. 82 75 00 311. 42 15 15) 1147.33 45 15 842,18 74 45 316, 48 

15 30} 1145.99 45 30 838. 51 75 30 301. 28 15 45 | 1244.63 45 45 834, 83 75 15 306. 36 

16 00 | 1143.25 46 00 831.13 76 00 291. 12 16 15] 1141.84 46 15 827. 42 75 45 296, 21 

16 30| 1140.41 || 46 30 823. 68 75 30 280. 94 16 45) 1138.96 46 45 819. 94 76 15 286. 04 

17 00 | 1187.50 47 00 816.18 77 00 . 73 17 15 36. 00 47 15 812.40 76 45 275. 84 

17 30 | 1134.49 47 30 808.60 || 77 30 260. 50 17 45 | 1132.96 47 45 804. 79 W715 265. 62 wt a = 

18 00 | 1131.41 |, 48 00 800. 97 78 00 15 | 1129.83 48 15 797.13 77 45 255. 38 

18 30} 1128.24 | 793. 27 78 30 239.98 || 18 45 1126.62 | 48 45! 789.39 78 15 245. 12 

19 00 | 1124.98), 49 00 785. 50 79 00 | 229.68 || 19 15} 1123.32 49 15 781. 60 78 45 234, 83 

79 30| 1121.64 || 49 30] 777.68) 79 30 | 219.37 || 19 45 | 1119.93 49 45 773.74 79 15 224, 53 

20 00) 1118.21 |) 50 00 769.79 || 80° 00 209,05 || 20 15) 1116.47 50 15 765, 83 79 45 214, 21 

i oo oo Ss 

nm a = < a = -) 

20 30) 1114.71 50 30 761.85 || 80 30 | 198. 70 20 45} 1112.92 50 45 757. 85 80 15 203. 88 

21 00 | 1111.11 51 00 753.84 | 81 00 188. 34 21 15] 1109.28 51 15 749. 82 80 45 193. 52 

21 30 | 1107.44 51 30 745.78 || 81 30 177. 96 21 45) 1105.57 51 45 741. 72 81 15 183. 15 

22 00 | 1103.68 |; 52 00 i 82 00 167.57 22 15} 1101.77 52 15 733. 57 81 45 172.77 

22 30 1099.84 || 52 30 729,47 || 82 30 157. 16 22 45] 1097.88 52 45 725, 36 82 15 162. 37 
+. 

xa wo x (2) or 

23 00! 1095.91) 53 00) 
93 30 | 1091.90 | 53 30 
24 00) 1087.81 || 54 00 
24 30 | 1083.64 || 54 30 
25 00 | 1079.39 | 55 00 

83 00) 146.74 23 15] 1093.92 53 15 717. 08 82 45 151. 95 

23 45 | 1089. 87 53 45 708. 76 83 15 141. 53 

7 | 24 15 | 1085.74 || 54 15 700. 38 83 45 131. 09 

84 30 115.42 || 24 45] 1081.52 54 45 691. 94 84 15 120. 64 

| 85 00 104.95 || 25 15 1077. 2 55 15 683. 44 84 45 110. 18 

ao - i=) — = te on [o) a 

25 30) 1075.05 55 30 | 679.17 85 30 94.48 25 45 | 1072.85 55 45 674. 89 85 15 99. 72 

26 00} 1070.64 || 56 00 670.60 |; 86 00 84. 01 26 15 | 1068, 40 56 15) 666,29 85 45 89. 25 

26 30} 1066.14, 56 30 661. 97 86 30 73.52 || 26 45 | 1063.86 45) 657. 64 86 15 78. 76 

27 00 | 1061.56 57 00 | 653.29 87 00 63.03 27°15) 1059. 24 57 15 648. 93 86 45 68. 27 

27 30| 1056.90 || 57 30 644.55 || 87 30 52.53 27 45) 1054.54 57 45 640.17 87 15 57.78 

on a 

28 00 | 1052, 16 58 00 635.77 || 88 00 | 42.08 28 15 | 1049.76 58 15 631. 36 87 45 47. 28 

28 30) 1047.34 58 30 626. 93 88 30 | 31. 53 28 45 | 1044.90 58 45 622. 49 88 15 36.78 

29 00 | 1042. 44 59 00 618. 05 89 00 21. 02 29 15} 1039.97 59 15 613. 59 88 45 26. 27 

29 30 | 1037.47 59 30 609. 11 89 30 10. 51 29 45 | 1034.95 59 45 604.62 || 89 15 15. 76 

30 00 | 1032. 41 60 00 600. 13 90 00 00. 00 30 15 | 1029, 85 60 15 595, 62 89 45 5. 26 
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TABLE XXVI.—4reas of quadrilaterals of Larth’s surface of 15' extent in latituae and longitude. 

[Prepared by R. S. Woodward. ] 

| ; — al : ; : 
ese |Avea in Middle Area in| Middle |, yeain|| Middle | 4 6a in Middle Area in|| Middle | \+eain atitude | Square || latitude | oo nare| latitude GHEE latitude |", ape latitude Sines latitude Gt 

| of quadri- IS jof quadri- hee || of quadri- a * || of quadri- an s, | of quadri- at of quadri- an 
lateral. | Mes: lateral. ss || lateral. te lateral. ce: lateral. | M08: lateral. Beet 

= : | | [ 

ON ial awe CO, Wi 1 OP tee OMe) ary es OPA Lay 

0 07 30 | 297.02 8 15 00 | 294.03 || 16 22 30 | 285,28 24 30 00 | 270.91 || 32 37 30 | 251.15 40 45 00 | 226,32 
0 15 00 297. 02 8 22 30 | 293. 94 16 30 00 | 285.10 24 37 30 | 270.65 || 32 45 00 | 250.80 40 52 30 | 225. 90 
0 22 30 | 297. 02 8 30 00 | 293.85 | 16 37 30 | 284.92 24 45 00 | 270.38 || 32 52 30 | 250. 45 41 00 00 | 225.48 
0 30 00 | 297.01 8 37 30 | 293.75 || 16 45 00 | 284.74 | 24 53 30 | 270.11 || 33 00 00 } 250.11 41 07 30 | 225.06 
0 37 30 | 297.01 8 45 00 | 293.66 |) 16 52 30 | 284.56 25 00 00 | 269.85 I 33 07 30 | 249, 76 41 15 00 | 224. 64 

0 45 00 | 297.00 8 52 30 -56 || 17 00 00 | 284.38 |) 25 07 30 | 269.58 || 33 15 00 | 249. 41 41 22 30 | 224.21 
0 52 30 } 296.99 9 00 00 3.47 | 7 07 30 | 284.19 || 25 15 00 | 269.31 || 33 22 30 | 249. 06 4I 30 00 | 223.79 
1 00 00 | 296.98 9 07 30 37 || 17 15 00 | 284.00 || 25 22 80 | 269. 04 33 30 00 | 248. 71 41 87 30 | 223.36 
1 07 30 | 296.97 9 15 00 27 17 22 30 | 283.81 || 25 20 00 | 268.76 || 33 37 30 | 248.36 41 45 00 | 222.93 
115 00 | 296.96 9 22 30. 3. 16 17 30 00 | 283.62 || 25 37 30 | 266.49 || 33 45 00 | 248, 00 41 52 30 | 222.50 

1 22 30 | 296.94 9 30 00 | 293.06 || 17 37 30 | 283.43 25 45 00 | 268, 21 33 52 30 | 247. 65 42 00 00 | 222.08 
1 30 00 | 296.93 9 37 30 | 292.95 17 45 00 b | 25 52 30 | 267.94 34 00 00 | 247.29 42 07 30 | 221.65 
1 37 30 | 296.91 9 45 00 | 292.85 || 17 52 30 26 00 00 | 267.66 34 07 30 | 246.93 42 15 00 | 221.21 
1.45 00 | 296.89 9 52 30 } 292.74 || 18 00 00 | 282. 26 07 30 | 267.38 34.15 00 | 246.57 42 22 30 | 220.78 
1 52 30 | 296, 87 10 00 00 | 292,63 || 18 07 30 | 282. 66 26 15 00 | 267.10 34 22 30 | 246, 21 42 30 00 | 220, 35 

2 00 00 | 296.85 10 07 30 | 292.52 18 15 00 | 282. 46 26 22 30 | 266.82 34 30 00 | 245. 85 42 37 30 | 219.91 
2 07 80 | 296. 82 10 15 00 | 292.41 18 22 30 | 282.26 26 30 00 | 266, 64 34 37 30 | 245,49 42 45 00 | 219. 48 
2 15 00 | 296.80 10 22 30 | 292.30 18 30 00 | 282.06 || 26 37 30 | 266.25 | 34 45 00 | 245,13 42 52 30 | 219. 04 
2 22 30 | 296.77 10 30 00 | 292.19 18 37 30 | 281. 86 | 26 45 00 | 265.97 34 52 30 | 244.76 | 43 00 00 | 218.60 
2 30 00 | 296, 75 10 37 30 | 292,07 18 45 00 | 281. 66 26 52 30 | 265, 68 35 00 00 | 244.40 | 43 07 30 | 218.16 

2 37 30 | 296. 72 10 45 00 | 291.95 18 52 30 | 281.45 | .27 00 00 | 265.39 35 07 30 | 244, 03 43 15 00 | 217.73 
2 45 00 | 296.69 10 52 30 | 291.83 19 00 00 | 281.25 27 07 30 265.10 35 15 00 | 243.66 | 43 22 30 | 217.28 

. 252 30 | 296.66 11 00 00 | 291. 71h 19 07 30 | 281. 04 27 15 00 264.81 35 22 30 | 243.29 | 43 30 00 | 216. 84 
3.00 00 | 296. 63 11 07 30 | 291.59 19 15 00 | 280.83 | 27 22 30 | 264.52 35 30 00 | 242, 92 43 37 30 | 216.40 
3 07 30 | 296, 60 11 15 00 | 291, 47 19 22 30 | 280. 62 27 30 00 264. 28 35 37 30 | 242.55 || 43 45 00 | 215. 96 

3.15 00 | 296, 56 11 22 30 | 291. 34 19 30 00 | 280. 41 27 37 30 | 263.93 35 45 00 | 242.18 || 43 52 30 | 215.51 
3 22 30 | 296.53 11 30 00 | 291. 22 19 37 30 | 280.20 | 27 45 00 | 263. 64 35 52 30 | 241.80 || 44 00 00 | 215.06 
3 30 00 | 296.49 11 37 30 | 291.09 19 45 00 | 279.99 | 27 52 30 | 263.34 36 00 00 | 241.43 || 44 07 30 | 214. 61 | 
3 37 30 | 296, 45 11 45 00 | 290.96 || 19 52 30 | 279.77 | 28 00 00 | 263. 04 36 07 30 | 241.05 | 44 15 00 | 214.17 
3 45 00 296,41 11 52 30 | 290.83 |; 20 00 00 279.55 \| 28 07 30 | 262. 74 36 15 00 | 240,67 | 44 22 30 | 213.72 

{| } 
3 52 30 |- 296, 36 12 00 00 | 290.70 20 07 30 | 279.34 28.15 00 | 262.44 36 22 30 | 240.29 | 44 30 00 | 213.27 
4 00 00 | 296.32 12 07 30 | 290.57 20 15 00 | 279.12 28 22 30 | 262.14 36 30 00 | 239.91 44 37 30 | 212.82 
4 07 30 | 296.28 12 15 00 | 290, 44 20 22 30 | 278.90 28 30 00 | 261, 84 36 37 30 | 239,53 44 45 00 | 212. 37 
4 15 00 | 296, 23 12 22 30 | 290.30 20 30 00 | 278.68 || 28 37 30 | 261.53 36 45 00 | 239.15 44 52 30 | 211.91 
4 22 30 | 296.18 12 30 00 | 290.17 20 37 30 | 278.46 || 28 45 00 | 261.23 36 52 30 | 238.77 45 00 00 | 211, 46 | 

4 30 00 | 296.13 12 37 30 | 290.03 || 20 45 00 | 278.23 || 28 52 30 260. 92 37 00 00 | 238.38 45 07 30 | 211.00 
4 37 30 | 296.08 12 45 00 | 289.89 20 52 30 | 278.00 | 290000 260,61 37 07 30 | 237.99 45 15 00 | 210.55 
4 45 00 | 296.03 12 52 30 | 289.75 || 21 00 00 | 277.78 || 29 07 30 | 260.30 37 15 00 | 237.61 45 22 30 | 210.09 | 
4 52 30 | 295.98 33 00 00 | 289.61 | 21 07 30 | 277.55 29 15 00 | 259.99 |} 37 22 30 | 237.22 45 30 00 | 209. 63 
5 00 00 | 295.93 || 13 07 30 | 289,47 21 15 00 | 277.32 29 22 30 259.68 || 37 30 00 | 236, 83 45 37 30 | 209,17 | 

| 

5 07 30 | 295. 87 13 15 00 | 289.33 || 21 22 30 } 277.09 29 3) 00 | 259.37 37 37 30 | 236.44 || 45 45 00 | 208.71 
5 15 00 | 295.81 13 22 30 | 289.18 21 30 00 | 276. 86 29 37 30 | 259.05 || 37 45 00 | 236.05 45 52 30 | 208.25 
5 22 30 | 295.75 13 30 00 289.03 | 21 37 30 | 276.63 || 29 45 00 || 37 52 30 | 235. 66 46 00 00 | 207.78 
5 30 00 | 295.69 || 13 37 30 | 288.88 || 21 45 00 | 276.39 || 29 52 30 | 38 00 00 | 235, 26 46 07 30 | 207.32 
5 37 30 | 295. 63 | 13 45 00 | 288.73 | 21 52 30 | 276.16 || 30 00 00 | || 38 07 30 | 234, 87 46 15 00 | 206. 86 

|| | | | | 

5 45 00 | 295.57 || 13 52 30 | 288.58 22 00 00 275.92 || 30 07 30 | 257.78 38 15 00 | 234. 47 46 22 30 | 206.39 
5 52 30 | 295. 51 14 00 00 | 288.48 |! 22 O07 30 | 275.68 30 15 00 | 257. 46 38 22 30 | 234. 07 46 30 00 | 205. 92 
6 00 00 | 295. 44 14 07 30 | 288.28 | 22 15 00 275.44 || 30 22 30 | 257.14 || 38 30 00 | 233.68 46 37 30 | 205. 45 
6 07 30 | 295.37 14 15 00 | 288.12 || 22 22 30 275.20 30 30 00 | 256,82 || 38 47 30 | 233, 28 46 45 00 | 204.99 
6 15 00 | 295, 31 14 22 30 | 287.96 22 30 00 | 274.96 30 37 30 | 256. 49 38 45 00 | 232. 88 46 52 30 | 204.52 

6 22 30 | 295. 24 | 14 32 00 | 287. 81 22 37 30 | 274.72 30 45 00 | 256.17 38 52 30 | 232,48 47 00 00 | 204.05 
6 30 00 | 295,17 | 14 37 30 | 287. 65 22 45 00 247.47 30 52 30 | 255. 84 39 00 00 | 232. 07 47 07 30 | 203. 57 
6 37 30 | 295.09 || 14 45 00 | 287.49 22 52.30 | 274. 22 31 00 00 | 255, 52 39 07 30 | 231. 67 47 15 00 | 203.10 
6 45 00 | 295.02 14 52 30 | 287.33 23 00 00 | 273. 98 31 07 30 | 255.19 39 15 00 | 231.27 47 22 30 | 202.63 
6 52 30 | 294.95 15 00 00 | 287.17 23 07 30 | 273.73 31 15 00 | 254. 86 39 22 30 | 230. 86 47 30 00 | 202.15 

=) S Ss 294, 87 15 07 30 | 287.00 23 15 00 | 273.48 31 22 30 | 254,53 39 30 00 
07 30 | 294.79 15 15 00 | 286.83 ||. 23 22 30 | 273.23 31 30 00 | 254.19 39 37 30 
15 00 | 294.71 15 22 30 | 286.67 || 23 30 00 | 272.98 || 31 37 30 | 253. 39 45 00 
22 30 | 294.63 15 30 00 286.50 23 37 30 | 272.72 31 45 00 | 253.53 39 52 30 
30 00 | 294.55 || 15 37 30 | 286.33 || 23 45 00 | 272.47 || 31 52 30 | 253. 40 00 00 

230. 45 47 37 30 | 201. 67 
230, 04 47 45 00 | 201.20 
229. 63 47 52 30 | 200.72 
229, 22 48 00 00 | 200, 24 
228. 81 48 07 30 | 199.76 

| 

| 
| 

37 30 | 294. 47 15 45 00 | 286.16 23 52 30 | 272. 21 | 32 00 00 | 252. 85 40 07 30 | 228.40 || 48 15 00 | 199. 28 
45 00 | 294.39 || 15 52 30 | 285.99 24 00 00 271.95 | 32 07 30 | 262.51 40 15 00 | 227.99 48 22 30 | 198.80 

oo CHOgn 

52 30 294. 30 16 00 00 | 285.82 || 24 07 30 | 271.69 32 15 00 | 252.17 40 22 30 | 227.57 || 48 30 00 | 198.32 
00 00 | 294. 21 16 07 30 | 285. 64 24 15 00 | 271.44 32 22 80 | 251.83 || 40 30 00 | 227.15 || 48 37 30 | 197.83 
07 30 | 294, 12 16 15 00 | 285,46 || 24 22 30 | 271.17 32 30 00 | 251.49 40 37 30 | 226.73 | 48 45 00 | 197,35 

| | | li 
®eaty 324434 



AREAS OF QUADRILATERALS. 189 

TABLE XXVI.—4reas of quadrilaterals of Harth’s surface of 15’ extent in latitude and longitude—Cont’d. 

[Prepared by R. S. Woodward. } 

Middle |sroain|| Middle |areain|| Middle |areain|| Middle js reain|| Middle | 4,6 in|! Middle |, -oain latitude gant latitude Maiane latitude Samoa latitude aaa, latitude irae latitude 
of quadri- ee of quadri- ee of quadri- oars of quadri- a ~ | of quadri- | Saat of quadri- | cs a 
lateral. 1 lateral. * || lateral. | ™©S: |) lateral. eS: || lateral. | ™*°S || Jateral. | Mules: 

| | 

fo} 1 au °o {2 Ww | fo} ‘ a“ | ° / “a | ° d “a || °o ‘ a“ 

48 52 30 | 196.86 55 45 00 | 168.72 || 62 37 30 | 138.04 || 69 30 00 | 105.27 | 76 22 30 70. 87 83.15 00 | 35.38 
49 00 00 | 196. 38 55 52 30 | 168.19 62 45 00 | 137, 47 | 69 37 30 | 104. 65 | 76 30 00 70. 24 || 83 22 30 34.73 
49 07 30 | 195. 89 56 00 00 | 167, 65 62 52 30 | 136.89 || 69 45 00 | 104.04 || 76 37 30 69.60 | 83 30 00 34.08 
49 15 00 | 195. 40 56 07 30 | 167.11 63 00 00 | 136. 31 69 52 30 103. 43 76 45 00 68. 96 83 37 30 33. 42 
49 22 30 | 194.91 56 15 00 | 166.57 63 07 30 | 135.73 70 00 00 | 102. 81 76 52 30 68. 32 83 45 00 | 32.77 

49 30 00 | 194. 42 56 22 30 | 166.03 63 15 00 | 135.15.) 70 07 30 | 102. 20 77 00 00 | 67.68 || 83 52 30| 32.12 
49 37 30 | 193. 93 56 30 00 | 165. 49 63 22 30 | 134.56 70 15 00 | 101. 59 77 07 30 | 67,04 || 84.00 00] 31.47 
49 45 00 | 193.44 56 37 30 | 164.95 63 30 00 | 183.98 70 22 30 | 100.97 77:15 00) 66.41 84 07 30 | 30.81 
49 52 30 | 192. 94 56 45 00 | 164. 41 63 37 30 | 133.40 70 30 00 | 100.35 77 22 30) 65.77 || 841500] 30.16 
50 00 00 | 192.45 56 52 30 | 163.87 63 45 00 | 132.81 70 37 30 | 99.74 77 30 00 | 84 22 30 | 29.5] 

50 07 30 | 191.95 57 00 00 | 163. 32 68 52 30 | 182.23 70 45 00 | 99.12 77 37 80 | 64.49) 843000) 28.86 
50 15 00 | 191. 46 57 07 30 | 162.78 64 00 00 | 131. 64 70 52 30 | 98.50 77 45 00 | 63.85 || 84 37 30| 28.20 
50 22 30 | 190.96 57 15 00 | 162. 23 64 07 30 | 131.06 || 71 00 00} 97.88 || 77 52 30] 63.20 84.45 00 | 27.54 
50 30 00 | 190. 46 57 22 30 | 161.68 64 15 00 | 130.47 71 07 30 | 97.26 78 00 00} 62.56 | 8452 30| 26.89 
50 37 30 | 189.96 57 30 00 | 161.14 64 22 30 | 129.88 || 7115 00} 96.65 78 07 30 | 61.92 85 00 00 | 26,24 

r=) a a e 

50 45 00 | 189. 46 57 37 30 | 160.59 64 30 00 | 129.29 71 22 30 | 96.03 781500 | 61.28 85 07 30 | 25.58 
50 52 30 | 188. 96 57 45 00 | 160. 04 64 37 80 | 128.70 71 30 00} 95.41 78 22 30 | 60. 64 85 15 00 | 24.93 
51 00 00 | 188.46 57 52 30 | 159.49 64 45 00 | 128.12 71 37 30 | 94.78 78 30 00 | 60.00.) 85 22 30] 24.27 
51 07 30 | 187. 96 58 00 00 | 158. 94 64 52 30 | 127.53 71 45 00 | 94.16 78 37 30 | 59.35 85 30 00 | 23.62 
51 15 00 | 187.46 58 07 30 | 158.39 65 00 00 | 126.94 71 52 30 | 93.54 78 45 00 | 58.71 85 37 30 | 22.97 

51 22 30 | 186.95 58 15 00 | 157.84 65 07 30 | 126.34 72 00 00 | 92.92 78 52 30 | 58.06 85 45 00 | 22.31 
52 30 00 | 186. 45 58 22 30 | 157.29 65 15 00 | 125.75 72 07 30 | 92.30 || 79 00 00 | 57.42 85 52 30 | 21.66 
51 37 30 | 185. 94 58 30 00 | 156.73 65 22 30 | 125.16 72 15 00 | 91.68 79 07 30 | 56.78 86 00 00 | 21.00 
51 45 00 | 185. 43 58 37 30 | 156.18 65 30 00 | 124.57 72 22 30 | 91.05 79 15 00 | 56.13 86 07 30 | 20.35 
51 52 30 | 184.92 58 45 00 | 155, 62 65 37 30 | 123.97 72 30 00 | 90.48 79 22 20 | 55,49 86 15 00} 19.69 

52 00 00 | 184, 41 58 52 30 | 155. 07 65 45 00 | 123.38 72 37 30 | 89.80 79 30 00 | 54.84 86 22 30 | 19.04 
52 07 30 | 183. 90 59 00 00 | 154.51 65 52 30 | 122,78 72 45 00 | 89.18 79 37 30 | 54.20 86 30 00 | 18.38 
52 15 00 | 183.39 59 07 30 | 153.96 | 66 00 00 | 122.19 72 52 30 | 88.55 79 45 00 | 53.55 86 37 30 | 17.72 
52 22 30 | 182.88 59 15 00 | 153. 41 66 07 30 | 121.59 73 00 00 | 87.93 79 52 30 | 52.91 86 45 00 | 17.07 
52 30 00 | 182.37 59 22 30 | 152. 84 66 15 00 | 120.99 73 07 30 | 87.30 80 00 00 | 52.26 86 52 30| 16.41 

52 387 30 | 181.85 59 30 00 | 152. 28 66 22 30 | 120. 40 73 15 00 | 86.67 80 07 80 | 51.62*|) 87 00 00| 15.76 
52 45 00 | 181.34 59 37 30 | 151.72 66 30 00 | 119.80 73 22 30 | 86.05 80 15 00 | 50.97 87 07 30 | 15.10 
52 52 30 | 180. 82 59 45 00 | 151.16 66 37 30 | 119.20 | 73 3000 | 85.42 80 22 30 | 50.32 8715 00} 14.44 
53 00 00 | 180.31 59 52 30 | 150. 60 66 45 00 | 118. 60 73 37 30 | 84.79 80 30 00 |. 49. 68 87 22 30| 13.79 
53 07 30 | 179.79 60 00 00 | 150.03 || 66 52 30 | 118.00 73 45 00 |} 84.16 80 37 30 | 49.03 87 30 00} 13.13 

53 15 00 | 179. 27 60 07 30 | 149. 47 67 00 00 | 117. 40 73 52 30 | 83.53 80 45 00 | 48.38 87 37 30 | 12.48 
53 22 30 | 178.75 60 15 00 | 148.91 || 67 07 30 | 116.80 74 00 00 | 82.91 80 52 30} 47.73 87 45 00 | 11.82 
53 30 00 | 178.23 60 22 30 | 148.34 | 67 15 00 | 116.20 74 07 30 | 82.28 81 00 00 | 47.08 87 52.30 | 11.16 
53 37 30 | 177.71 60 30 00 | 147.77 67 22 30 | 115.59 74:15 00} 81.65 81 07 30 | 46.44 88 00 00 | 10.51 
53 45 00 | 177.19 60 37 30 | 147.21 67 30 00 | 114.99 74 22 30 | 81.01 8115 00 | 45.79 88 07 30 9.85 

53 52 30 | 176. 67 60 45 00 | 146. 64 67 37 30 | 114.39 74 30 00 | 80.38 81 22 30 | 45.14 88 15 00 9. 20 | 
54 00 00 | 176.14 60 52 30 | 146.07 67 45 00 | 113.78 74 37 30 | 79.75 81 30 00 | 44.49 88 22 30 8. 54 
54 07 30 | 175. 62 61 00 00 | 145.50 |) 67 52 30 | 113.18 74 45 00 | 79.12 81 37 30 | 43,84 88 30-00 7.88 
54 15 00 | 175.10 61 07 30 | 144.93 68 00 00 | 112.57 74 52 30 | 78.49 81 45 00 | 43.19 88 37 30 7. 22 
54 22 30 | 174.57 | 61 15 00 | 144.36 | 68 07 30 | 111.97 75 00 00 | 77.86 8152 30 | 42.54 88 45 00 6.57 

54 30 00 | 174.04 |) 61 22 30 | 143.79 68 15 00 | 111.36 75 07 30 | 77. 22 82 00 00 | 41.89 88 52 30 5.91 | 
54 37 30 | 173.51 61 30 00 | 143.22 | 68 22 30 | 110.76 7515 00 | 76.59 82 07 30 | 41.24 89 00 00 5, 26 
54 45 00 | 172.99 61 37 30 | 142.65 || 68 30 00 | 110.15 75 22 30 | 75.95 || 82 15 00 | 40.59 89 07 30 4. 60 
54 52 30 | 172.46 61 47 00 | 142.08 || 68 37 30 | 109.54 75 30 00 | 75.32} 82 22 30} 39.94 89 15 00 3. 94 
55 00 00 | 171. 93 61 52 30 | 141.50 68 45 00 | 108. 93 75 37 30 | 74.69 82 30 00 | 39.29 89 22 30 3.28 | 

55 07 30 | 171.39 | 62 00 00 | 140.93 68 52 30 | 108. 32 75 45 00 | 74.05 82 37 30 | 38.64 89 30 00 2. 63 
55.15 00 | 170. 86 62 07 30 | 140.35 | 69 00 00 | 107.71 75 52 30 | 73.42 82 45 00 | 37.99 89 37 30 1.97 
55 22 30 | 170.33 62 15 00 ) 139.78 | 69 07 30 | 107.10 76 00 00 | 72.78 82 52 30) 37.34 89 45 00 1.31 
55 30 00 | 169.79 || 62 22 30 | 139.20 || 69 15 00 | 106. 49 76 07 30 | 72.14) 830000) 36.69 89 52 30 0. 66 
55 37 30 | 169. 26 62 30 00 | 138.62 || 69 22 30 | 105.88 7615 00| 71.51 | 83 07 30 | 36.03 
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TaBLeE XXVII.—Fuactors for the computation of geodetic latitudes, longitudes, and azimuths. 

{From Appendix No. 7, Report U.S. Coast and Geodetic Survey, 1884.] 

LATITUDE 28°. 

log. A log. B log. € log. D log. E 
Latitude.) | 

| ditt. 1’ = —0.06 | diff. 1 = —0.16 | diff. 1’ =+ 0.54] diff. 1” = +0.03 | diff.1”—+- 0.04 
| | | 

° mi | | 

25 00 | .8.509 4629 | 8.511 8881 1, 07457 2, 2762 | 5, 8300 
il. | 36 | 7 490) 64 03 
2 32 | 62 523 66 05 
3 29 | 52 555 68 08 
4 26 49 588 70 11 

05 23 | 32 621 72 13 
6 19 | 22 654 oe 16 
7 16 12 687 17 18 
8 13 | 02 719 79 21 
9 09 =| 8.511 8793 752 81 24 

10 8.509 4606 8.511 8783 1, 07785 2, 2783 5, 8326 
11 03 | 73 817 85 29 
12 00 63 850 87 32 
13 8.509 4596 53 883 89 34 
14 93 | 43 915 91 37 

15 90. | 33 948 93 39 
16 86 | 23 981 96 49 
17 83. | 13 1. 08013 98 45 
18 | 80 | 04 046 2. 2800 47 
19 76 8.511 8694 078 02 50 

= 20 8.509 4573 8.511 8684 1.08111 2. 2804 5. 8352 
21 70 74 143 06 55 
22 66 64 176 08 59 
23 63 54 208 10 60 
24 60 44 241 12 63 

25 56 34 273 14 66 
26 53 24 306 16 68 
27 50 14 | 338 18 71 
28 46 04 | 370 20 73 
29 43 8.511 8594 | 403 23 76 

30 8.509 4540 8.511 8584 | 1, 08435 2. 2825 5. 8379 
31 37 74 468 27 81 
32 33 64 500 29 84 
33 30 54 582 31 87 
34 26 44 565 33 89 

35 23 34 597 35 92 
36 20 24 629 37 94 
37 17 14 662 39 97 
38 18 Od 694 41 5. 8400 
39 | 10 | 8.511 8494 726 : 43 02 

40 | 85094507 | 8.511 S184 | 1. 08758 2. 2845 5, 8405 
41 03 | 74 791 47 08 
42 | 00 64 823 49 10 
43 | 8.509 4496 54 855 51 13 
44 | 93 44 887 53 16 

45 | 90 34 919 55 18 
46 86 24 951 57 21 
47 | 83 14 984 59 24 
48 80 04 1. 09016 61 26 
49 76 8.511 8393 048 63 29 

50 8.509 4473 8.511 8383 1.09080 2. 2865 5. 8431 
51 70 73 112 67 34 
52 66 63 144 69 37 
53 63 53 176 71 39 
54 60 43 208 73 42 

55 56 33 240 75 45 
56 53 23 272 77 47 
57 50 13 304 7 50 
58 46 03 336 81 53 
59 43 8.511 8293 368 83 55 

60 8.509 4439 8.511 8283 1. 09400 2. 2885 5. 8458 
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TaBLe XXVII.—JSactors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 26°. 

) 

log. A log. B log. € log. D | log. E 
Latitude. 2 | a | © e 3 

| diff. 1 =— 0.06) diff. 1/"—=—0.17 | diff. 1/"== 4-0.52) diff. 1" +-0.03 | diff. 1” = +-0.04 

| | 
° ‘ | 

26 00 8.509 4439 8.511 8283 | 1.09400 2. 2885 5. 8458 
1 36 72 432 87 61 
2 33 62 464 89 63 
3 29 52 | 496 91 66 
4 26 42 527 93 69 

05 22 32 559 95 71 
6 19 22 591 97 74 
7 16 12 623 99 17 
8 12 01 655 | 2. 2901 79 
9 09 8.511 8191 687 | 03 82 

| 

10 8.509 4406 8.511 8181 1. 09718 2. 2905 5, 8485 
11 02 at 750 07 88 
12 8.509 4399 61 782 09 90 
13 95 51 814 1 93 
14 92 40 845 | 13 96 

15 88 30 877 15 98 
16 85 20 909 17 5. 8501 
17 82 - 10 940 19 04 
18 78 00 972 | 20 06 
19 75 8.511 8089 1.10004 | 22 | 09 

20 8.509 4372 | 8.511 8079 1.10036 | 2. 2924 5. 8512 
21 68 69 067’ | 26 14 
22 65 | 59 099 28 17 
23 61 48 130 30 20 
24 58 38 162 32 22 

25 54 28 19S a| 34 25 
26 51 18 225 36 28 
27 48 08 257 38 30 
28 44 | 8.511 7997 288 40 33 
29 41 87 320 «| 42 36 

30 8.509 4337 8.511 7977 1. 10351 2. 2044 5, 8539 
31 34 | 67 383 46 41 
32 31 56 414 47 44 
33 27\~ | 46 446 49 47 
34 24 «| 36 iy 51 49 

35 20 25 509 53 52 
36 17 15 540 55 55 
37 ng) ~ | 05 571! 57 57 
38 10 8.511 7895 603 59 60 
39 o7 | 84 634 61 63 

40 8.509 4303 8.511 7874 1. 10666 2. 2963 5, 8566 
41 00 | 64 697 65 68 
42 8.509 4296 | 53 728 66 7 
43 93 43 760 68 74 
44 89 33 791 70 76 

45 86 22 822 72 79 
46 83 12 854 74 82 
47 79 02 885 76 85 
48 76 8.511 7791 936 78 87 
49 To 81 947 80 90 

50 8.509 4269 | 8.511 7771 1.10979 2.2981 5. 8593 
51 65 60 1.11010 83 95 
52 62 50 041 85 98 
53 58 40 072 87 5. 8601 
54 55 29 103 89 04 

55 52 19 134 91 06 
56 48 09 166 93 09 
57 45 8.511 7698 197 94 12 
58 41 88 228 96 14 
59 38 T7 259 98 17 

60 8.509 4234 8.511 7667 1. 11290 2.3000 5. 8620 
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TaBLeE XXVII.—F actors for the computation of geodetic latitudes, longitudes, and azimuths—Continued, 

LATITUDE 27°. 

log. A log. B log. € log. D log. E 
‘Latitude. 

| diff. 1’ — 0. 06) diff. 1’ — 0. 18) diff. 1’ +0. 51| diff. 1+ 0. 03 | diff. 1/= +0. 05 
| 

°o rf ) 

27 00 8.509 4234 8.511 7667 1.11290 2. 3000 5, 8620 
1 31 57 321 02 23 
2° 1 27 46 352 04 25 
3 24 36 383 06 28 
4 20 25 414 07 31 

5 17 15 445 09 34 
6 13 05 476 ll 36 
7 10 8.511 7594 507 13 39 
8 06 | 84 538 15 42 
9 03 | 73 569 7 44 

10 8.509 4200 | 8,511 7563 1. 11600 2. 3018 5. 8647 
11 8.509 4196 | 53 631 20 50 
12 93 42 662 22 53 
13 89 32 693 24 55 
14 | 86 21 724 26 58 

15 82 11 755 27 61 
16 79 00 786 29 64 
17 75 8.511 7490 817 31 66 
18 72 79 848 33 69 
19 68 69 878 35 72 

20 8.509 4165 8.511 7458 1, 11909 2. 3037 5. 8675 
21 61 48 940 38 W7 
22 58 37 971 40 80 
23 54 27 1. 12002 42 83 
24 51 16 032 44 86 

25 47 06 063 45 88 
26 44 8.511 7395 094 47 91 
27 40 85 125 49 94 
28 37 74 156 51 97 
29 33 64 186 53 99 

30 8.509 4130 8.511 7353 1, 12217 2, 3054 5. 8702 
31 26 43 248 56 05 
32 23 32 278 58 08 
33 19 22 309 60 10 
34 16 11 340 61 13 

35 12 01 370 63 16 
36 08 8.511 7290 401 65 19 
37 05 80 432 67 22 
38 01 69 462 69 24 
39 8.509 4098 58 493 70 27 

40 8.509 4094 8.511 7248 1. 12523 2. 3072 5. 8730 
41 91 37 554 74 33 
42 SF wil 27 584 76 35 
43 84 | 16 615 77 38 
44 80 06 646 79 41 

45 17 8.511 7195 676 81 44 
46 73 84 107 83 46 : 
47 70 =| 74 737 84 49 
48 66 63 768 86 52 
49 63 53 798 88 55 

50 8.509 4059 8.511 7142 1.12829 2. 3090 5. 8757 
51 56 31 859 91 60 
52 52 21 889 93 63 
53 49 10 920 95 66 
54 45 00 950 96 69 

55 41 8.511 7089 981 98 72 
56 38 78 1.13011 2.3100 74 
57 34 68 041 02 77 
58 31 57 072 03 80 
59 27 46 102 05 83 

60 8.509 4024 8.511 7036 1, 13132 2.3107 5. 8785 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 28°. 

log. A log. B log. € log. D log. E 
Latitude. 2 2 g z z 

diff. 1’ =—0.06 | diff. 1’——0.18 | diff. 1”=-+0.50 | diff. 1/’=+-0.03 | diff. 1’ =+40.05 

to) 1 

28 00 8.509 4024 8.511 7036 1, 13132 2.3107 5. 8785 
1+ 20 25 163 09 88 
2 17 14 193 10 91 
3 13 04 223 12 94 
4 10 8.511 6993 254 14 97 

05 06 82 284 15 99 
6 02 72 314 17 5. 8802 
7 8.509 3999 61 345 19 05 
8 95 50 375 20 08 
9 92 40 405 22 ll 

10 8.509 3988 8.511 6929 1.13435 2, 3124 5. 8813 
11 85 18 465 26 16 
12 81 08 496 27 19 
13 78 8.511 6897 526 29 22 
14 74 86 556 31 25 

15 70 75 586 32 27 
16 67 65 616 34 30 
17 63 54 646 36 33 
18 60 43 677 37 ; 36 
19 56 33 707 39 39 

20 8.509 3952 8.511 6822 1, 13737 2.3141 5. 8841 
21 49 ll 767 42 44 
22 45 00 797 44 47 
23 42 8.511 6790 827 46 50 
24 38 79 857 47 53 

25 35 68 887 49 55 
26 31 57 917 51 58 
27 27 47 947 52 61 
28 24 36 977 54 64 
29 20 25 1. 14007 56 67 

30 8.509 3917 8.511 6714 1. 14037 2. 3157 5, 8870 
31 13 04 067 59 72 
32 09 8.511 6693 097 61 75 
33 06 82 127 62 78 
34 02 71 157 64 81 

35 8.509 3899 61 187 66 84 
36 95 50 217 67 87 
37 92 39 247 69 89 
38 §8 28 277 70 92 
39 84 17 307 72 95 

40 8.509 3881 8.511 6607 * 1.14337 2.3174 5. 8898 
41 77 8.511 6596 366 75 5. 8901 
42 73 85 396 77 04 
43 70 74 426 79 06 
44 66 63 456 80 09 

45 63 52 486 82 12 
46 59 42 516 83 15 
47 55 31 545 | 85 18 
48 52 20 575 87 21 
49 48 09 605 88 23 

50 8.509 3845 8.511 6498 1.14635 2.3190 5, 8926 
Eye 41 87 664 92 29 
52 37 76 694 93 82 
53 34 66 724 95 35 
54 30 55 754 96 38 

55 26 44 783 98 40 
56 23 33 813 2. 3200 43 
57 19 22 843 01 46 
58 16 11 872 03 49 
59 12 00 902 04 52 

60 8.509 3808 8.511 6389 1, 14932 2.3206 5, 8955 

MON XxII——13 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued, 

LATITUDE 29°. 

log. A log. B log. € log. D log. E 

diff. 1’ =—0. 06 | diff. 1’ =— 0.18 | diff.1”’=++0. 49 | diff. 1”=+40. 03 | diff. 1’”=+0. 05 
Latitude. 

29 00 8.509 3808 8.511 6389 1, 14932 2. 3206 5. 8955 
1 05 78 961 08 58 
2 01 68 991 09 60 
3 8.509 3797 57 1, 15021 11 63 
4 94 46 050 12 66 

05 90 35 080 14 69 
6 86 24 109 15 72 
7 83 13 139 17 75 
8 79 02 168 19 78 
9 76 8.511 6291 198 20 80 

10 8.509 3772 8.511 6280 1, 15228 2. 3222 5. 8983 
11 68 69 257 23 86 
12 65 58 287 25 89 
13 61 47 316 26 92 
14 57 36 346 28 95 

15 54 26 375 30 98 
16 50 15 405 31 5. 9000 
17 46 04 434 33 03 
18 43 8.511 6193 464 34 06 
19 39 82 493 36 09 

20 8.509 3735 8.511 6171 1.15522 2. 3237 5. 9012 
21 32 60 552 39 15 
22 28 49 581 40 18 
23 24 38 611 42 21 
24 21 27 640 43 23 

25 17 16 670 45 26 
26 13 05 699 47 29 
27 10 8.511 6094 728 48 32 
28 06 83 758 50 35 
29 02 72 787 51 38 

30 8.509 3699 8.511 6061 1.15816 2. 3253 5. 9041 
31 95 50 846 54 43 
32 91 39 875 56 46 
33 88 28 904 57 49 
34 84 17 934 59 52 

35 80 06 963 60 55 
36 77 8. 511 5995 992 62 58 
37 73 : 84 1. 16021 63 61 
38 69 73 051 65 64 
39 66 61 080 66 67 

40 8.509 3662 8.511 5950 1.16109 2.3268 5. 9069 
41 58 39 138 69 72 
42 55 28 167 71 75 
43 51 17 197 72 78 
44 47 06 226 74 81 

45 44 8.511 5895 255 75 84 
46 40 84 284 77 87 
47 36 73 313 78 90 
48 33 62 343 80 93 
49 29 51 372 81 96 

50 8.509 3625 | 8.511 5840 1.16401 2.3283 5. 9098 
51 PAN 29 430 84 5.9101 
52 18 18 459 86 04 
53 14 06 488 87 07 
54 10 8.511 5795 517 89 10 

55 07 84 546 90 13 
| 56 03 73 575 92 16 

57 8.509 3599 62 604 93 19 
58 96 51 633 95 22 
59 92 40 663 96 25 

60 8.509 3588 | 8.511 5729 1. 16692 2. 3298 5. 9127 
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TABLE XXVI1.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 380°. 

| | log. A log. B log. C log. D log. E 
Latitude. . c | = | 2 = 

diff. 1’ = — 0.06 | diff. 1’ =—0.19 | diff. 1/’ = + 0.48) diff. 1” = + 0.02 |diff. 1” =+- 0.05 

° ‘ 

30 00 8.509 3588 8.511 5729 | 1. 16692 2.3298 5, 9127 
1 84 18 721 } 99 30 
2 81 06 | 750 2. 3301 33 
3 77 8.511 5695 778 02 36 
4 73 84 807 04 39 

05 69 73 836 05 42 
6 66 62 865 06 45 
7 62 51 894 08 48 
8 58 40 S 923 09 51 
9 55 28 952 11 54 

10 8.509 3551 8.511 5617) | 1. 16981 2.3312 5, 9157 
11 47 06 | 1.17010 14 59 
12 43 8.511 5595 039 15 62 
13 40 84 068 17 65 
14 36 73 097 18 68 

15 32 61 126 19 71 
16 29 50 155 21 74 
17 25 39 184 22 J 77 
18 21 28 212 24 80 
19 17 17 241 25 83 

20 8.509 3514 8.511 5505 1.17270 2. 3327 5. 9186 
21 10 8.511 5494 299 28 89 
22 06 83 828 380 92 
23 02 72 357 31 95 

: 24 8.509 3499 61 385 32 98 

25 95 49 414 34 5. 9200 
26 91 38 443 35 03 
27 88 27 472 87 06 
28 84 16 500 38 09 
29 80 04 529 39 12 

30 8.509 3476 8.511 5393 1. 17558 2. 3341 5. 9215 
31 72 82 587 42 18 
32 69 71 615 44 21 
83 65 - 659 644 45 24 
34 61 48 673 47 27 

35 57 37 701 48 30 
36 54 26 730 49 33 
37 50 14 759 51 36 
38 46 03 788 52 39 
39 42 8, 511 5292 816 54 42 

40 8.509 3439 8.511 5281 1. 17845 2.3355 5. 9245 
41 35 69 874 56 48 
42 31 58 902 58 51 ° 
43 27 47 931 59 53 
44 24 35 959 60 56 

45 20 24 988 62 59 
46 16 13 1.18017 63 62 
47 12 02 045 65 65 
48 09 8.511 5190 074 66 68 
49 05 79 102 67 71 

50 8.509 3401 8.511 5168 1, 18131 2. 3368 5. 9274 
51 8.509 3397 56 160 70 77 
52 94 45 188 71 80 
53 90 34 217 73 83 
54 86 22 245 74 86 

55 82 val 4 274 76 Se) 
56 78 00 302 7 92 
57 75 8.511 5088 331 78 95 
58 71 LEE | 359 80 98 
59 67 66 | 388 81 5. 9301 

60 8.509 3363 8.511 5054 | 1, 18416 2. 3382 5, 9304 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 81°. 

log. A log. B log. € log. D log. E 
Latitude. 

| diff. 1//=— 0.06 | diff. 1/’—=—0,19 | diff. 1’ —=+-0.47 | diff. 1/’/=-+-0.02 } diff. 1//=-++0.05 

De 
31 00 8.509 3363 8.511 5054 ~ 1.18416 2. 3382 5. 9304 

1 60 43 445 84 07 
2 56 32 473 85 J 10 
3 52 20 501 86 13 
4 48 09 530 88 16 

05 44 8.511 4998 558 89 19 
6 41 86 587 90 22 
7 37 75 615 92 25 
8 33 64 643 93 28 
9 29 52 672 95 31 

10 8.509 3325 8.511 4941 1. 18700 ; 2, 3396 5. 9334 
11 22 29 729 97 37 
12 18 18 757 99 39 
13 14 07 785 2. 3400 42 
14 10 8.511 4895 813 an 08 45 

15 06 84 842 02 48 
16 03 72 870 04 51 
17 8.509 3299 61 898 $ 05 54 
18 95 50 927 06 67 
19 91 38 955 08 60 

\ 20 8.509 3287 8.511 4827 1, 18983 2. 3409 5. 9363 
21 84 15 1, 19012 10 66 
22 80 04 040 12 69 
23 76 8.511 4793 068 13 72 
24 72 81 096 14 75 

| 25 68 70 125 16 78 
| 26 65 58 153 17 81 

27 61 47 181 18 84 
28 57 35 209 20 87 
29 53 24 238 21 90 

30 8.509 3249 8.511 4713 1, 19266 2. 3422 5. 9393 
31 46 01 294 23 96 
32 42 8.511 4690 322 25 99 
32 38 78 351 26 5. 9402 
34 34 67 379 27 05 

35 30 55 407 29 08 
36 26 44 435 30 11 
37 23 32 463 31 14 
38 19 21 491 33 17 
39 15 09 520 34 20 

40 8,509 3211 8.511 4598 1, 19548 2.3435 5, 9423 
41 07 86 576 36 26 
42 03 75 604 38 29 
43 00 63 632 39 32 
44 8.509 3196 52 660 40 35 

45 92 40 688 41 38 
46 88 29 716 43 41 
47 84 17 744 44 44 
48 81 06 772 45 47 
49 77 8.511 4494 800 47 50 

50 8.509 3173 8.511 4483 1. 19828 2.3448 5. 9453 
51 69 71 856 49 56 
52 65 60 884 50 59 
53 61 48 912 52 62 
54 57 37 940 53 65 

55 ~ 54 25 968 54 68 
56 50 14 996 55 72 
57 46 02 1. 20024 57 75 
58 42 8.511 4391 052 58 78 
59 38 79 080 59 81 

60 8.509 3134 8.511 4368 1. 20108 2. 3460 5. 9484 
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TaBLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 82° 

log. A log. B | + log.€ log. D log. E 
Latitude. 

diff. 1/’=—0.06 | diff. 1’——0.19 | diff. 1/=+0.46 | diff. 1/=+40.02 | diff. 1/—=+-0.05 

° ’ 

32 00 | 8.509 3134 8.511 4368 1, 20108 2. 3460 5. 9484 
1 31 56 136 62 87 
2 27 44 164 63 90 
3 23 53 192 64 93 
4 19 21 220 65 96 

05 15 10 248 67 99 
6 re 8.511 4298 276 68h 5 5.9502 
7 07 87 304 69 05 
8 o4 75 332 70 08 
9 00 63 360 7 ul 

10 | 8.509 3096 | 8.511 4252 1. 20387 2.3473 5.9514 
11 92 40 415 74 17 
12 88 29 443 75 20 
13 84 17 471 76 28 
14 80 05 499 78 26 

15 76 8.511 4194 527 79 29 
16 73 82 595 80 32 
7 67 7 582 81 35 

> 18 65 59 610 82 38 
19 61 47 638 84 41 

20 | 8,509 3057 8.511 4136 1. 20666 2. 3485 5.9544 
21 53 24 694 86 47 
22 49 13 722 87 50 
23 46 01 749 88 53 
24 42 8.511 4089 7 - 90 56 

25 38 78 805 91 60 
26 34 66 833 92 63 
27 30 5d 860 93 06 
28 26 43 888 94 69 
29 22 31 916 96 72 

30 | 8.509 3018 8.511 4020 1. 20944 2.3497 5. 9575 
31 15 08 971 98 78 
32 ul 8.511 3996 999 99 81 
33 07 85 1.21027 2. 3500 84 
34 03 73 054 02 87 

35 | 8,509 2999 61 082 03 90 
36 95 50 110 04 93 
37 91 38 137 05 96 
38 87 26 165 06 99 
39 83 15 193 07 5. 9602 

40 | 8.509 2980 8.511 3903 1. 21220 2.3509 5.9605 
41 76 8.511 3891 248 10 08 
42 72 79 276 1 11 
43 68 68 308 12 15 
44 64 56 331 13 18 

45 60 44 358 4 21 
46 56 33 386 16 24 
47 52 21 44 17 27 
48 48 09 441 18 30 
49 | 44 8.511 3798 469 19 33 

50 8.509 2940 8.511 3786 1. 21496 2. 3520 5.9636 
51 | 37 74 524 21 39 
52 | 33 63 551 23 42 
58 29 51 579 24 45 
54 25 39 607 25 48 

55 | 21 7 634 26 51 
56 7 16 - 662 Pt 54 
57 13 04 689 28 58 
58 09 8.511 3692 717 29 61 
59 05 80 744 31 64 

60 | 8.509 2901 8.511 3669 1.21772 2. 3532 5, 9667 
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TABLE XXVII.—Fuactors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 382, 

log. A log. B log. € log. D log. E 
Latitude. 

diff. 1//= — 0.07 | diff. 1’ = —0.20 | diff. 1/’=+0.45 | diff. 1’ =+0.02 | diff. 1’ =+-0.05 

° 4 

33 00 8.509 2901 8.517 3669 1. 21772 2. 3532 5. 9667 
1 8.509 2897 57 799 33 70 
2 94 45 827 34 73 
3 90 33 854 35 76 
4 86 22 882 36 79 

05 82 10 909 37 82 
6 78 8.511 3598 937 38 85 
7 74 86 964 40 88 
8 70 75 992 41 92 
9 66 63 1. 22019 42 95 

10 8.509 2862 8.511 3551 1. 22047 2. 3543 5. 9698 
1l 58 39 074 44 ‘ 5, 9701 
12 54 28 101 45 04 
13 51 16 129 46 07 
14 47 04 156 47 10 

15 43 8.511 3492 184 49 13 
16 39 80 211 50 16 
17 35 69 238 51 19 
18 31 57 266 | 52 22 * 
19 27 45 293 53 26 

20 8.509 2823 8.511 3433 1. 22321 2.3554 5.9729 
21 19 21 348 55 32 
22 15 10 375 56 35 
23 11 8.511 3398 403 57 38 
24 07 86 430 58 41 

25 03 74 457 60 44 
26 8. 609 2799 62 485 61 47 
27 95 51 512 62 50 
28 91 39 539 63 53 
29 88 27 567 64 57 

30 8.509 2784 8.511 3315 1. 22594 2.3565 5. 9760 
2. 80 03 621 66 63 
32 76 8.511 3291 648 67 66 
33 72 380 676 68 69 
34 68 68 703 69 72 

35 64 56 730 70 75 
36 60 44 757 71 78 
37 56 32 785 73 81 
38 52 20 812 74 85 
39 48 09 839 75 88 

40 8.509 2744 8.511 3197 1. 22866 2. 3576 5.9791 
41 40 85 893 7 94 
42 36 73 921 78 97 
43 32 61 948 79 5. 9800 
44 28 49 975 80 03 

45 24 37 1, 23002 81 06 
46 20 25 029 82 10 
47 16 13 057 83 13 
48 12 02 084 84 16 
49 08 8.511 3090 e 111 85 19 

50 | 8.509 2704 8.511 3078 1. 23138 2, 3586 5. 9822 
51 | OL 66 165 87 25 
52. | 8.509 2697 54 192 88 28 
53 | 93 42 220 89 31 
54 89 e 30 247 91 35 

55 | 85 18 274 92 38 
56 81 06 301 93 41 
57 77 =| ~#«28.511 2995 328 94 44 
58 73 «| 83 355 95 47 
59 | 69 | 71 382 96 50 

60 8.509 2665 | 8.511 2959 | 1. 23409 2.3597 5. 9853 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 34°. 

| . 

log. A log. B log. € | log. D log. E 
Latitude. . 2 iz 4 = 

diff. 1’——0.07 | diff. 1’ =—0.20 | diff. 1’ =+-0.45 diff. 1’ = + 0.02) diff. 1” —+ 0.05 

| 
oF | 

34 00 8.509 2665 8.511 2959 1. 23409 | 2. 3597 5. 9853 
1 61 47 437 98 57 
2 57 35 464 99 60 
3 53 23 491 2. 3600 63 
4 49 il 518 01 66 

05 45 8.511 2899 545 02 69 
6 41 87 572 03 72 
7 37 7 599 04 75 
8 33 63 626 05 79 
9 30 51 653 06 82 

10 8.509 2625 | 8.511 2840 1. 23680 2, 3607 5. 9885 
11 21 28 707 08 88 
12 17 16 734 09 91 
13 13 04 761 10 94 
14 09 8.511 2792 | 788 11 97 

15 05 80 815 12 5, 9901 
16 01 68 842 13 04 
17 8.509 2597 56 869 14 07 | 
18 93 HL 896 15 10 
19 89 32 923 16 13 

20 8.509 2585 8.511 2720 1. 23950 2. 3617 5. 9916 
21 81 08 977 18 19 
22 77 8.511 2696 | 1, 24004 19 23 
23 73 84 031 20 26 
24 69 72 058 21 29 

25 65 60 085 22 32 
26 61 48 112 23 2 
27 57 36 139 24 38 
28 53 24 165 25 42 
29 49 12 192 26 45 

3 8.509 2545 8.511 2600 1. 24219 | 2. 3627 5, 9948 
31 41 8.511 2588 246 | 28 51 
32 37 76 273 29 54 
33 33 64 300 30 57 
34 29 52 327 31 61 

35 25 40 354 32 64 
36 21 28 381 33 67 
37 17 16 408 34 70 
38 13 04 434 35 73 
39 09 8.511 2492 461 36 76 

40 8.509 2505 8.511 2480 1, 24488 2. 3637 5. 9980 
41 01 68 515 38 83 
42 8.509 2497 56 542 39 86 
43 93 44 569 40 89 
44 89 32 595 41 92 

45 85 20 622 42 96 
46 81 08 649 43 99 
47 77 8.511 2396 676 44 6. 0002 
48 73 84 703 44 05 
49 69 72 729 45 08 

50 8.509 2465 8.511 2360 1. 24756 1 2. 3646 6. 0011 
51 61 48 783 47 eG 
52 57 35 810 “48 18 
53 53 23 837 49 21 
54 49 11 863 50 24 

55 45 8.511 2299 890 51 27 
56 41 87 917 52 31 
57 37 75 944 53 34 
58 33 63 970 54 37 
59 29 51 997 55 40 

60 8.509 2425 2.511 2239 1, 25024 2. 3656 6.0043 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued 

LATITUDE 35°. 

log. A log. B log. € log. D log. E 
Latitude. 

diff. 1’=—0.07 | diff. 1’—=— 0.20 | diff. 1/= + 0.44 | diff, 1’/—=+ 0.01 | diff. 17 = + 0.05 

° i 

35 00 8.509 2425 8.511 2239 1. 25024 2. 3656 6. 0043 
1 21 27 050 57 47 
2 17 15 077 58 50 
3 13 03 104 59 53 
4 09 8.511 2191 131 59 56 

05 05 78 157 60 59 
6 01 #6 184 61 63 
7 8.509 2396 54 211 62 66 
8 93 42 237 63 69 
9 88 30 264 64 72 

10 8.509 2384 8.511 2118 1. 25291 2, 3665 6. 0075 
11 80 06 317 66 79 
12 76 8.511 2094 344 67 82 
13 72 82 371 68 85 
14 68 70 397 69 88 

15 64 57 424 70 91 
16 60 45 451 70 95 
17 56 33 477 71 98 
18 52 21 504 72 6.0101 
19 48 09 531 73 04 

20 8.509 2344 8.511 1997 1. 25557 2. 3674 6. 0107 
21 40 85 584 75 11 
22 36 72 610 76 14 
23 32 60 637 77 17 
24 28 48 664 78 20 

25 24 36 690 79 23 
26 20 24 717 79 27 
27 16 12 743 80 30 
28 12 00 770 81 33 
29 08 8.511 1887 796 82 36 

30 8.509 2304 8.511 1875 1, 25823 2. 3683 6.0140 
31 00 63 850 84 43 
32 8.509 2296 51 876 85 46 
33 92 39 903 86 49 
34 87 27 929 86 52 

35 83 15 956 87 56 
36 79 02 982 88 59 
37 75 8.511 1790 1. 26009 89 62 
38 71 78 035 90 65 
39 67 66 062 91 69 

40 8.509 2263 8.511 1754 1. 26088 2. 3692 6.0172 
4) 59 41 115 93 75 
42 55 29 141 93 78 
43 51 7 168 94 81 
44 47 05 194 95 85 

45 43 8.511 1693 221 96 88 
46 39 80 247 97 91 
47 35 68 274 98 94 
48 31 56 300 99 98 
49 27 44 327 99 6. 0201 

50 8.509 2222 8.511 1632 1. 26353 2. 3700 6. 0204 
51 18 20 380 01 07 
52 14 07 406 02 11 
53 10 8.511 1595 432 03 14 
54 06 83 459 04 17 

55 02 71 485 05 20 
56 8.509 2198 58 512 05 24 
57 94 46 538 06 27 
58 90 34 565 07 30 
59 86 22 591 08 33 

60 8.509 2182 8.511 1510 1. 26617 2.3709 6. 0237 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 386° 

log. A log. B | log. C log. D 
Latitude. 

diff. 1/’= —0.07 | diff. 1’ =—0.20 | diff. 1”’=+0.44 | diff. 1”=+0.01 

° 

36 00 8.509 2182 8.511 1510 1. 26617 2.3709 
1 78 8.511 1497 644 10 
2 74 85 670 10 
3 70 73 697 di 
4 65 61 723 12 

05 61 48 749 13 
6 57 36 776 14 
7 53 24 802 14 
8 49 12 828 15 
9 45 8.511 1399 855 16 

10 8,509 2141 8.511 1387 1. 26881 2.3717 
1 37 75 908 18 
12 33 63 934 19 
13 29 50 960 19 
4 25 38 987 20 

15 21 26 1. 27013 21 
16 16 14 039 22 
17 2) 01 066 23 
18 08 8.511 1289 | 092 23 
19 04 77 118 24 

20 8.508 2100 , 8.511 1265 1. 27145 2.3725 
21 8.509 2096 52 171 26 
22 92 40 197 27 
23 88 28 223, 27 
24 84 15 250 28 

25 80 | 03 276 29 
26 ° 75 | 8.511 1191 302 30 
27 71 79 329 31 
28 67 | 66 355 31 

. 29 63 . 54 381 32 

30 8. 509 2059 8.511 1142 1, 27407 2. 3733 
31 55 29 434 34 
32 51 7 460 35 
33 47 05 486 35 
34 43 8.511 1092 512 36 

35 39 80 539 37 
36 35 68 565 38 
37 30 56 591 38 
38 26 43 617 39 
39 22 31 644 40 

40 8.509 2018 8.511 1019 1. 27670 2.3741 
41 14 06 696 41 
42 10 8.511 0994 722, 42 
43 06 82 748 43 
44 02 69 775 44 

45 8.509 1998 57 801 45 
46 93 45 827 45 
47 89 32 853 46 
48 85 20 879 47 
49 81 08 905 48 

50 8.509 1977 8.511 0895 1. 27932 2. 3748 
51 73 83 958 49 
52 69 71 984 50 
53 65 58 1. 28010 51 
54 61 46 036 51 

55 56 34 062 52 
56 52 21 088 53 
57 48 09 114 54 
58 44 8.511 0797 141 54 
59 40 84 167 55 

60 8.509 1936 8.511 0772 1, 28193 2.3756 

log. E 

diff. 1/=+0.05 

6. 0237 
40 
43 
46 
50 

53 
56 
59 
63 
66 

6. 0269 
72 
76 
79 
82 

85 
89 
92 
95 
99 

6.0302 
05 
08 
12 
15 

18 
21 
25 
28 
31 

6. 0334 
38 
41 

6.0400 

6. 0433 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 387°. 

log. A log. B log. € log. D log. E 
Latitude. 

diff. 1’ = — 0. 07 | diff. 1’ — 0, 21 | diff. 1’ = + 0. 43 | diff. 1’ +0. 01) diff. 1’ — + 0. 06 

o 1 

37 «(00 8.509 1936 8.511 0772 1. 28193 2. 3756 6. 0433 
1 32 60 219 56 37 
2 28 47 245 57 40 
3 23 35 271 58 43 
4 19 22 297 59 46 

05 15 10 324 59 50 
6 . Ad: 8.511 0698 350 60 53 
7 07 85 376 61 56 
8 03 73 402 62 60 
9 8.509 1899 61 428 62 63 

10 8.509 1895 8.511 0648 1. 28454 2. 3763 6. 0466 
1 90 36 480 64 70 
12 86 23 506 65 73 
13 82 ll 532 65 76 
14 78 8.511 0599 558 66 80 

15 74 86 584 67 83 
16 70 74 610 67 86 
17 66 61 636 68 89 
18 62 49 662 69 93 
19 57 37 688 69 96 

20 8.509 1853 8.511 0524 1. 28715 2.3770 6. 0499 
21 49 12 741 71 6. 0503 
22 45 00 767 72 06 
23 41 8.511 0487 793 72 09 
24 37 75 819 73 13 

25 33 62 845 74 16 
26 28 50 871 74 19 
27 24 37 897 75 23 
28 20 25 923 76 26 
29 16 13 949 76 29 = 

30 8.509 1812 8.511 0400 1. 28975 2.3777 6. 0533 
31 08 8, 511 0388 1, 29001 78 36 
32 04 75 027 79 39 
33 00 63 053 79 43 
34 8.509 1795 51 079 80 46 

35 91 38 104 81 49 
36 87 26 130 81 53 
37 83 13 156 82 56 | 
38 79 01 182 83 59 | 
39 75 |* 8.511 0288 208 83 63 | 

40 8.509 1771 8.511 0276 1, 29234 2. 3784 6. 0566 
41 66 64 260 85 69 
42 62 51 286 85 73 
43 58 39 312 86 76 
44 54 26 338 87 79 

45 50 14 364 87 83 
46 46 01 390 88 86 
47 41 8.511 0189 416 89 89 
48 37 76 442 89 93 
49 33 64 468 90 96 

50 8.509 1729 8.511 0151 1, 29494 2.3791 6. 0600 
51 25 39 520 91 } 03 
52 21 26 546 92 06 
53 16 14 571 93 10 
54 12 02 597 93 13 

55 08 8.511 0089 623 94 16 
56 04 77 649 95 | 20 
57 00 64 675 95 23 
58 8.509 1696 | 52 701 96 | 26 
59 92 39 727 96 30 

60 8.509 1687 8,511 0027 1, 29753 2.3797 6. 0633 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued, 

LATITUDE 388°. 

log. A log. B | log. € log. D log. E 
Latitude. E = | 

diff. 1” —— 0.07 | diff. 1/—— 0.21 diff. 1” = + 0.43 | diff. 1’ = + 0.01 | diff. 1/— +. 0.06 
| | 

° Ul | | 

38 00 8.509 1687 8.511 0027 1. 29753 2.3797 6. 0633 
1 83 14 | 778 98 36 
2 79 02 804 98 40 
3 75 8.510 9989 830 99 | 43 
4 71 77 856 2. 3800 47 

05 67 64 882 00 50 
6 62 52 908 01 53 
7 58 39 934 02 57 
8 54 27 959 02 60 
9 50 14 985 03 63 

0 8.509 1646 8.51u 9902 1, 30011 2. 3803 6, 0667 
aot 42 8,510 9889 037 04 70 
12 37 77 063 05 73 
13 33 64 089 05 77 
14 29 52 114 06 80 

15 25 39 140 07 84 
16 21 27 166 07 87 
17 17 14 192 08 90 
18 12 02 218 08 94 
19 08 | 8.510 9789 | 243 09 97 

“2320 8.509 1604 8.510 9777 1. 30269 2. 3810 | 6. 0701 
21 | 00 64 295 10 04 
22 8.509 1596 52 | 321 11 07 
23 92 39 | 347 Weal, 11 
24 87 27 372 12 14 

25 83 | 14 398 13 17 
26 79 «| 01 424 13 21 
27 75 8.510 9689 | 450 14 24 
28 71 77 476 15 28 
29 66 64 501 15 31 

30 8.509 1562 8.510 9652 1. 30527 2. 3816 6. 0734 
31 58 | 39 553 16 38 
32 54 | 27 579 17 41 
33 50 4 604 17 44 
34 46 01 630 18 48 

35 41 8.510 9589 656 19 51 
36 37 76 682 19 55 
37 | 33 64 | 707 20 58 

. 38 0iF 51 733 20 61 
39 25 | 39 759 21 65 

40 | 8,509 1521 | 8.510 9526 1, 30785 | 2. 3822 6. 0768 
41 16 14 810 22 72 
42 0 12) ai 01 836 | 23 75 
43 | 08 | 8.510 9488 862 | 23 78 
44 04 | 76 887 | 24 82 

45 00 63 falsy | 24 85 
46 8.509 1495 51 939 | 25 89 
47 o1 38 965 26 92 
48 87 26 990 26 95 
49 | 83 13 1.31016 | 27 99 

50 8.509 1479 | 8.510 9401 1.31042 | 2. 3827 6. 0802 
51 75 | 8.510 9888 067 28 06 
52 70 76° 093 28 09 
53 | 66 63 119 29 13 
54 | 62 | 50 144 30 16 

55 58 38 170 | 30 19 . 
56 53) | 25 196 | 31 23 
57 49 13 Dotan 31 26 
58 45 00 27 32 30 

| 59 41 | 8.510 9287 273 | 32 33 

60 | 8.509 1437 8.510 9275 1.31299 | 2. 3833 6. 0836 
{ | | 
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TaBLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 39°. 

| 
log A log B | log € log D log E 

\Latitude. = | : 3 
diff. 1//=—0.07 } diff. 1’/=—0.21 diff. 1’=-+-0.43 | diff. 1’=+0.01 | diff. 1/=+0.06 

° ‘ 

39 00 8.509 1437 8.510 9275 | 1, 31299 2. 3833 6. 0836 
1 33 62 324 33 40 
2 28 50 350 34 43 
3 24 37 375 35 47 
4 20 25 401 35 50 

05 - 16 12 427 36 53 
6 12 8.510 9199 452 36 57 
7 07 87 478 37 60 
8 03 74 504 37 64 
9 8.509 1399 62 529 38 67 

10 8. 809 1395 8.510 9149 1.31555 2. 3838 6. 0871 
i 91 36 581 39 74 
12 86 24 606 39 77 
13 82 ll 632 2. 3840 81 
14 78 8.510 9098 658 40 84 

15 74 | 86 683 41 88 
16 70 73 709 41 91 
17 65 61 734 | 42 95 
18 61 48 760 | 43 98 
19 57 36 786 43 6. 0902 

’ 

20 8.509 1353 8.510 9023 1.31811 2. 3844 6. 0905 
21 49 10 837 44 08 
22 44. 8.510 8998 862 45 12 
23 40 85 888 45 15 
24 36 73 913 46 19 

25 32 60 939 46 22 
26 28 47 965 47 26 
27 23 35 990 47 29 
28 : 19 22 1, 32016 48 32 
29 15 09 041 48 36 

30 8.509 1311 8.510 8897 1, 32067 2. 3849 6. 0939 
31 07 84 092 49 43 
32 | 02 72 118 2. 3850 46 
33 8.509 1298 59 14d 50 50 
34 $4 46 169 51 53 

35 90 34 195 51 57 
36 86 21 220 52 60 
37 81 08 246 52 63 
38 77 8.510 8796 271 53 67 
39 73 83 297 53 70 

40 8.509 1269 8.510 8771 1, 32323 2. 3854 6, 0974 
41 64 58 348 54 77 

. 42 60 45 374 55 81 
43 56 33 399 55 84 
44 52 20 425 56 88 

45 48 07 450 56 91 
46 43 8.510 8695 476 57 95 
47 39 82 501 57 98 
48 35 69 527 57 6. 1002 
49 31 57 552 58 05 

50 8.509 1227 8.510 8644 1, 32578 2. 3858 6. 1008 
51 22 31 603 59 12 
52 18 19 629 59 15 
53 14 06 654 2. 3860 19 
54 | 10 8.510 8593 680 60 22 

| 
55 06 81 705 61 26 
56 01 68 731 61 29 
57 8.509 1197 55 756 62 33 
58 93 43 782 62 36 
59 89 30 807 63 40 

60 8.509 1184 8.510 8517 1, 32833 2. 3863 6.1043 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 40°. 

log A log B log € log D log E 
Latitude. | 

diff. 1’—— 0.07 | diff. 1’= —0.21 diff. 1’/—-+ 0.42 | diff. 1/=-+ 0.01 | diff. 1’= + 0.06 
| | 

fe} ‘ 

40 00 8.509 1184 8.510 8517 1. 32833 2. 3863 6. 1043 
1 80 05 858 64 47 
2 76 8.510 8492 884 64 50 
3 | 72 79 909 64 54 
4 67 67 935 65 57 

05 63 54 960 65 61 
6 59 41 986 66 64 
Th 55 29 1.33011 66 67 
8 50 16 037 67 71 
9 46 03 062 67 74 

10 8.509 1142 8.510 8391 1. 33088 2. 3868 6. 1078 
al 38 78 113 68 81 
12 34 65 139 68 85 
13 29 53 164 69 88 
14 25 40 189 69 92 

15 21 27 215 2. 3870 95 
16 17 15 240 70 99 
17 12 02 266 71 6. 1102 
18 08 8.510 8289 291 71 06 
19 04 77 317 12 09 

20 8.509 1100 8.510 8264 1. 33342 2. 3872 6.1113 
21 8.509 1096 51 368 72 16 
22 91 38 393 73 20 
23 87 26 418 73 23 
24 83 13 444 74 27 

25 79 00 469 74 30 
26 74 8.510 8188 495 74 34 
7 70 75 520 75 37 

28 66 62 546 75 41 
29 62 50 571 76 44 

30 8.509 1057 8.510 8137 1. 33596 2. 3876 6.1148 
31 | 53 24 622 Lie 51 
32 49 11 647 77 55 
33 45 8.510 8099 673 W7 58 
34 41 86 698 78 62 

35 36 73 723 78 65 
36 | 32 61 749 79 69 
37 | 28 48 774 79 72 
38 24 35 800 79 76 
39 19 23 825 2. 3880 79 

40 8.509 1015 8.510 8010 1. 33850 2.3880 6. 1183 
41 il 8.510 7997 876 81 86 
42 07 84 901 81 90 
43 02 72 926 81 93 
4 8.509 0998 59 952 82 97 

45 94 46 977 82 6. 1200 
46 90 33 1, 34003 83 04 
47 85 21 028 83 07 
48 81 08 053 83 11 
49 77 8.510 7895 079 84 15 

50 8.509 0973 8.510 7883 1.34104 2. 3884 6, 1218 
51 68 70 129 84 22 
52 64 57 155 85 25 
53 60 44 180 85 29 
54 56 32 206 86 32 

55 52 12 231 86 36 
56 47 06 256 86 39 
57 43 8.510 7793 282 87 43 

; 58 39 81 307 87 46 
59 34 68 332 87 50 

60 8.509 0930 8.510 7755 1. 34358 2. 3888 6. 1253 
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TaBLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 41°. 

log. A log. B log. C log. D log. E 
Latitude. | 

diff. 1’ =— 0.07 | diff. 1” =—0.21| diff. 1’ = + 0.42 diff. 1’ = + 0.01) diff. 1”’=+ 0.06 

Onna | 

41 00 8.509 0930 8.510 7755 1. 34358 | 2. 3888 6.1253 
1 26 42 383 88 57 
2 22 30 408 89 60 
3 18 17 434 89 64 
4 13 04 459 89 67 

05 09 8.510 7691 484 90 71 
6 05 79 510 90 75 
7 00 66 535s 90 78 
8 8.509 0896 53 560 | 91 82 
9 92 40 586 91 85 

10 8.509 0888 8.510 7628 1.34611 2.3891 6.1289 
11 83 15 636 92 92 
12 79 02 662 92 96 
13 7 8.510 7590 687 93 99 
14 71 77 712 93 6. 1303 

15 67 64 738 93 06 
16 62 51 763 94 10 
17 58 39 788 94 14 
18 54 26 814 94 17 
19 49 13 839 95 21 

20 8.509 0845 8.510 7500 1, 34864 2.3895 6. 1324 
21 41 8.510 7488 890 95 28 
22 37 75 915 96 31 
23 32 62 940 96 35 
24 28 49 965 96 * 38 

25 24 36 991 97 42 
26 20 24 1. 35016 97 46 
27 15 11 041 97 49 
28 11 8.510 7398 066 98 53 
29 07 85 092 98 56 

30 8.509 0803 8.510 7373 1.35117 2. 3898 6. 1360 
31 8.509 0798 60 142 99 63 
32 94 47 168 99 67 
33 90 34 193 99 70 - 
34 86 22 218 2. 3900 74 

35 81 09 243 00 78 
36 77 8.510 7296 269 00 81 
37 73 83 294 00 85 
38 69 70 319 01 88 
39 64 58 345 01 92 

40 8.509 0760 8.510 7245 1. 35370 2.3901 6. 1395 
41 56 32 395 02 99 
42 | 52 19 420 02 6. 1403 
43 47 07 446 02 06 
44 43 8.510 7194 71 03 10 

45 39 81 496 03 13 
46 35 68 522 03 17 
47 30 55 547 03 2 
48 26 43 | 572 04 24 
49 22 30 597 04 28 

50 8.509 0718 8.510 7117 | 1. 35623 2. 3904 6, 1431 
51 13 04 | 648 05 35 
52 09 8.510 7091 | 673 05 38 
53 05 79 698 05 42 
54 00 66 723 | 05 46 

55 8.509 0696 53 749 06 49 
56 92 40 774 06 58 
57 88 27 799 06 56 
58 83 15 824 | 07 60 
59 79 02 850 | 07 63 

60 8.509 0675 8.510 6989 1. 35875 | 2. 3907 6. 1467 
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TaBLE XXVIT.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 42° 

log. A log. B log. € | log D. | log. E 
Latitude. % 

diff. 1’ =— 0.07 |diff. 1’ =— 0.21 diff. 1’/—+0.42 | diff. 1’ =+0.00 | diff. 1’ =+0.06 

° t 

42 00 8.509 0675 8.510 6989 1. 35875 2. 3907 6. 1467 
1 71 76 900 08 71 
2 66 64 925 08 7. 
3 62 51 951 08 78 
4 58 38 976 08 81 

05 54 25 1. 36001 09 85 
6 49 12 026 09 89 
mi 45 00 052 09 92 
8 41 8.510 6887 077 09 96 
9 36 74 102 10 99 

10 8.569 0632 8.510 6861 1, 36127 2.3910 6. 1503 
11 28 48 152 10 07 
12 24 36 178 10 10 
13 19 5] 23 203 11 14 
14 15 10 228 11 17 

15 ll 8.510 6797 253 11 21 
16 07 84 278 12 25 
17 02 72 304 12 28 
18 8.509 0598 59 329 12 32 
19 94 46 354 12 35 

20 8.509 6590 | 8.510 6733 1. 36379 2.3913 6. 1539 
21 85 20 404 13 ‘ 43 
22 81 07 430 13 46 
23 77 8.510 6695 455 13 50 
24 72 82 480 13 54 

25 68 69 505 14 57 
26 64 56 530 4 61 
27 60 43 556 14 64 
28 55 31 581 14 68 
29 51 18 606 15 72 

30 8.509 0547 8.510 6605 1, 36631 2.3915 6.1575 
81 43 8.510 6592 656 15 79 
32 38 79 682 15 83 
33 34 66 707 16 86 
34 30 54 732 16 90 

35 25 41 757 16 93 
36 21 28 782 16 97 
37 17 15 808 17 6. 1601 
38 13 02 833 17 04 
39 08 8.510 6490 858 17 08 

40 8.509 0504 8.510 6477 * 1.36883 2. 3917 6.1612 
41 00 64 908 17 15 
42 8.509 0496 51 934 18 19 
43 91 38 959 18 22 
44 87 25 984 18 26 

45 83 13 1. 37009 18 30 
46 78 00 084 19 33 
47 74 8.510 6387 059 19 37 
48 70 74 085 19 41 
49 66 61 110 19 44 

50 8.509 0461 8.510 6348 1, 37135 2. 3919 6, 1648 
51 57 36 160 20 52 
52 53 23 185 20 55 
53 48 10 210 20 59 
54 44 8.510 6297 235 20 63 

55 40 84 261 20 66 
56 36 7 286 21 70 
57 31 59 311 21 73 
58 27 46 336 21 7 
59 23 33 361 21 81 

60 8.509 0419 8.510 6220 1, 37386 2. 3921 6, 1684 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITODE 43°. 

A MANUAL OF TOPOGRAPHIC METHODS. 

| log. A log. B log. € log. D log. E 
Latitude. 

diff. 1" —— 0.07 | diff. 1/=—0.21 | diff. 1/= + 0.42 diff. 1/"= 4 0.00 | diff. 1/—= + 0.06 

° UJ . 

43 00 8.509 0419 8.510 6220 1, 37386 2. 3921 6. 1684 
1 14 07 412 22 88 
2 10 8.510 6195 437 22 92 
3 06 82 462 22 95 
4 01 69 487 22 99 

05 8.509 0397 56 512 22 6.1703 
6 93 43 537 22 06 
7 89 30 563 23 10 
8 84 17 588 23 4 
9 80 05 613 23 17 

10 8.509 0376 8.510 6092 1.37638 2.3923 6.1721 
11 val 79 663 23 25 
12 67 66 688 24 28 
13 63 53 713 24 32 
14 59 40 739 24 36 

15 54 28 764 = 24 39 
16 50 15 789 4 43 
17 46 02 814 24 47 
18 41 8.510 5989 839 25 50 
19 37 76 864 25 54 

20 8.509 0333 8.510 5963 1.37889 2. 3925 6.1758 
21 29 50 915 25 61 
22 24 38 940 25 65 
23 20 25 965, 25 69 
24 16 12 990 25 “72 

25 12 8.510 5899 1.38015 26 76 
26 - 07 86 040 26 80 
27 03 73 065, 26 83 
28 8.509 0299 60 091 26 87 
29 94 48 116 26 91 

30 8.509 0290 8.510 5835 1.38141 2. 3926 6.1795 
31 86 22 166 27 98 
32 82 09 191 27 =" 6G. 180 
33 7 8.510 5796 | 216 27 06 
34 73 83 241 27 09 

35 69 71 266 27 13 
36 64 58 292 27 17 
37 60 45 317 27 20 
38 56 32 342 27 24 
39 | 52 19 367 28 28 

40 8.509 0247 8.510 5706 1. 38392 2, 3928 6.1831 
41 43 8.510 5693 417 28 35 
42 39 81 442 28 39 
43 34 68 467 28 42 
44 30 55 492 28 46 

45 26 42 518 28 50 
46 22 29 543 28 53 
47 17 16 568 29 57 
48 13 03 593 29 61 
49 09 8.510 5591 618 29 65 

50 8.509 0204 8.510 5578 1. 38643 2. 3929 6. 1868 
51 00 65 668 "29 72 
52 8.509 0196 52 693 29 76 
53 92 39 719 29 7 
54 87 26 744 29 83 

55 83 13 769 30 87 
56 79 01 794 30 91 
57 74 8.510 5488 819 30 94 
58 70 75 844 30 98 
59 66 62 869 30 6. 1902 

60 8.509 0162 8.510 5449 1. 38894 2.3930 6. 1905 
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TABLE XXVII.—Jactors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 44°. 

| 
| log. A log. B log. € | log. D log. E 

Latitude. 3 | = = 
| diff. 1/—=—0.07 diff. 1/=—0.21 | diff. 1’=+0.42) diff. 1’/—+0.00 | diff. 1’ =+0.06 

° I | 

44 00 8.509 0162 8.510 5449 | 1, 38894 2.3930 6.1905 
| 57 36 919 30 09 
2 | 53 | 23 945 30 13 
3 49 | 01 970 30 17 
4 | 44 8.510 5388 | 995 | 30 20 

| . 

05 40 75 1.39020 | 31 24 - 
6 36. | ee 045 31 28 
7 31 49 | 070 31 31 
8 27 36 | 095 al 35 | 
9 | 23 23 120 31 39 | 

} . 

10 3.509 0119 | 8.510 5311 | 1.39145 2.3931 ° 6.1943 
11 4 07 171 31 46 
12 10 | 85105295 | 196 21 50 
13 06 B20 221 31 54 
14 02 69 | 246 31 58 

15 8.509 0097 56 271 31 61 
16 93 | 43 296 | 31 6b 
17 89 | 30 | 321 32 69 
18 | S| 18 346 | 32 72 
19 80 05 | stl 32 76 

20 8.509 0076 9.510 5192 1. 39396 2. 3932 6.1980 
21 72 7! 422 32 84 
22 67 66 | 447 32 | 87 
23 GSiea| ig}. | 472 32 91 
24 59 40 497 | 52 95 

25 54 De 522 5 32 99 
26 50 | 15 547 32 6. 2002 
27 46 02 | 572 32 06 
28 42 8.510 5089 , | 597 32 10 
29 37 76 623 32 iu 

30 8.509 0033 8.510 5063 1, 39648 2. 3932 6.2017 
31 29 | 50 673 32 | 21 
32 24 | ae «| 698 32 25 
33 20 25 | 923 33 29 
34 | 16 | ee | 748 33 32 

35 11 8.510 4999 | 173 33 36 
36 07 86 | 798 33 40 | 
37 03 NB! 823 33 44 | 
38 8.508 9999 co | 848 33 47 
39 94 | 47 | 73 33 | 51 

40 8.508 9990 | 8.510 4935 | 1.39898 | 2, 3933 | 6. 2055 
41 86 22 924 33 59 
42 81 09 =| 2949) 33 62 
43 77 8.510 4896 974 33 66 
44 73 83 999 33 70 

45 69 | 70 1, 40024 33 74 
46 64 57 049 33 77 

| 47 60 44 074 33 81 
48 56 32 099 33 | 85 
49 51 | 19 124 33 | 89 

50 8.508 9947 _ 8.510 4806 1.40149 | 2.3933 6. 2092 | 
51 43 | 8.510.4793 | 174 | 33 96 
52 39 80 200 33 6, 2100 
53 34 re | 295 33 04 
54 30 | 54 250 33 08 

55 26 | 41 | 275 33 1 
56 Pals tem 300 33 15 
57 17 16 | 325 33 19 
58 13 03 350 33 23 
59 09 8.510 4690 375 33 27 

60 8.508 9904 8.510 4677 | 1. 40400 2.3933 6. 2130 

MON XxII——14 
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TABLE XXVII.—Fuetors for the computation’ of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 45°. 

| 7 
| | log. A log. B log. € log. D log. E 
Latitude. | 

| diff. 1// = — 0.07 | diff, 1" =— 0.21} diff. 1 = +0.42 | diff. 1” = 40.00 | diff. 1” —-++0.06 

te) / | 

45 00 8.508 9904 | 8.510 4677 1, 40400 2. 3933 | 6. 2130 
ay 00 64 425 33 34 
2 8.508 9896 51 450 33 38 
oa 91 39 475 34 42 
4 87 26 501 34 46 

05 83 13 526 34 49 
6 | 78 00 51 34 53 
7 74 8.510 4587 576 34 57 
8 70 74 | 601 34 61 
9 66 Cia 626 34 64 

10 | 8.508 9861 |* 8.510 4548 1.40651 2. 3934 6. 2168 
il) 57 3b 676 34 72 
12 53 | 23 701 34 76 
13. | 48 10 727 34 80 
14 | 44 8.510 4497 752 34 83 

15 | 40 84 177 = 33 87 
16 | 36 71 802 33 91 
atti 31 59 827 33 95 
18 | 27 46 852 33 99 
19 23 33 877 33 6. 2202 

20 8.508 9818 8.510 4420 1.40902 2. 3933 6. 2206 
21 | 14 07 | 927 33 10 
29) | 10 8.510 4394 952 33 14 
23 06 81 978 33 18 
24 01 68 1. 41003 33 21 

25 | 8.508 9797 56 028 33 | 25 
26 93 43 053 33 29 
27 88 30 78 33 33 
98° | 84 17 103 33 37 
29 80 04 128 33 | 40 

30 | 8.508 9776 8.510 4291 1.41153 2. 3933 6. 2244 
31 71 78 178 33 48 
32 67 65 203 33 52 
33 63 52 229 33 56 
34 58 40 254 33 60 

35 54 27 279 33 63 
36 50 14 304 33 | 67 
37 46 01 329 33 71 
38 | 41 | 8,510 4188 354 33 | 75 
39 37s 75 379 33 79 

40 8.508 9733 | 3.510 4162 1.41404 2. 3933 6. 2283 
41 pie | 49 429 33 86 
42 24 | 37 454 | 33 i 90 
43 20 | 24 479 33 94 
44 16 u 505 33 98 

45 11 | 8.510 4098 530 33 =| 6.2302 
46 07 85 555 32 06 
47 03 72 580 32 09 
48 8.508 9698 60 605 32 13 
49 94 47 630 32 17 

50 8.508 9690 8.510 4034 1.41655 2.3932 6. 2321 
51 86 21 680 32 25 
52 82 08 705 32 29 
53 78 8.510 3995 731 22 32 
54 74 82 756 32 36 

} 55 69 69 781 32 40 
56 64 57 806 32 44 
57 60 44 831 32 48 
58 55 31 856 32 52 

| 59 51 18 881 32 55 

60 8.508 9647 8.510 3905 1.41906 2. 3932 6. 2359 
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TABLE XXVII.—Fuctors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 46°. 

log. A log. B log. € log. D log. E 
Latitude. 

diff. 1’ —=—0.07 | diff. 1/’—=—0.21| diff. 1//—=+-0.42| diff. 1’——0.00 | diff. 1’ +-0.06 

o.! 
46 00 8.508 9647 8.510 3905 1. 41906 2. 3932 6. 2359 

1 43 8.510 3892 931 32 63 
2 38 79 957 31 67 
3 34 67 982 31 71 
4 30 54 1, 42007 31 75 

05 25 41 032 31 79 
6 21 28 057 31 2 
7 7 15 082 31 86 
8 13 02 107 31 90 
9 08 8.510 3789 132 31 94 

10 8.508 9604 8.510 3776 1, 42157 2, 3931 6, 2398 
1 00 64 183 31 6, 2402 
12 8.508 9595 51 208 3l 06 
13 91 38 233 30 09 
4 87 25 258 | 30 13 

15 83 12 283 30 17 
16 78 8.510 3699 - 308 30 21 
7 74 86 333 30 25 
18 70 74 358 30 29 
19 65 | 61 384 30 33 

20 8.508 9561 8.510 3648 1, 42409 2. 3930 6, 2436 
21 57 35 434 30 40 
22 53 22 459 30 44 
23 48 09 484 29 48 
24 44 8.510 3596 509 290 52 

25 40 84 534 29 56 
26 35 71 559 29 60 
27 31 58 584 29 64 
28 27 45 610 29 67 
29 23 32 635 29 71 

30 8.508 9518 8.510 3519 1. 42660 2. 3929 6. 2475 
31 14 06 685 29 79 
32 10 8.510 3494 710 28 83 
33 05 81 735 28 87 
B4 OL 68 760 28 91 

35 8.508 9497 55 786 28 95 
36 93 42 811 28 99 
37 88 29F 836 28 6. 2502 
38 | 84 7 861 28 06 
39. | 80 04 886 28 10 

40 8.508 9475 8.510 3391 1, 42911 2. 3927 6, 2514 
41 | 71 78 936 27 18 
42 67 65 961 27 22 
43 63 52 987 Lf 26 | 
44 58 39 1, 43012 27 30 

45 54 27 037 27 34 
46 50 14 062 27 38 
47 45 01 087 26 41 
48 41 8.510 3288 112 26 45 
49 37 75 137 26 49 

50 8.508 9433 8.510 3262 1, 43163 2. 3926 6. 2553 
51 28 49 188 26 57 
52 24 37 213 26 61 
53 20 24 238 26 65 
54 16 11 263 25 69 

55 11 8.510 3198 288 25 73 
56 07 85 314 25 77 
57 03 72 339 25 81 
58 8.508 9398 60 364 25 84 
59 94 47 389 25 88 

! 

60 8.508 9390 8.510 3134 1. 43414 2. 3924 6, 2592 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 47°. 

7 | | 
log. A log. B log. € log. D log. E 

Latitude. 
diff. 1/=—0.07 | dit. 1” =—0.21 | diff. 1/=+0.42 diff. 1’ =—0.00 | diff. 1740.07 

| 
° U | 

47 00 8.508 9390 8.510 3134 1.48414 | 2. 3924 | 6. 2592 
1 86 21 439 24 96 
2 81 08 465 24 6. 2600 
3 77 8.510 3095 490 24 04 
4 73 82 515 24 | 08 

05 68 70 540 24 12 
6 | 64 57 565 23 16 
yeen| 60 44 590 23 20 
8 56 31 615 23 24 
9 51 18 641 23 28 

10 8.508 9347 8.510 3005 1. 43666 2. 3923 6, 2632 
é u 43 8.510 2993 691 23 CO 35 

12 38 80 716 22 39 
13 34 67 741 22 43 
14 30 54 766 | 22 47 

15 26 41 792 | 22 51 
16 21 28 817 22 | 55 
ies) 17 1627} 842 | 21 59 
18 13 03 867 21 63 
19 09 8.510 2890 892 21 67 

20 8.508 9804 8.510 2877 | 1, 43917 2. 3921 6. 2671 
21 00 64 943 | 21 75 
22 8.508 9296 61 | 968 20 79 
23 91 39 993 20 83 
24 4 87 26 1. 44018 20 87 

} | 
25 83 13 043 20 | 91 
26 79 00 069 20 95 
27 74 8.510 2787 094 19 99 
28 70 74 119 19 6. 2702 
29 66 62 144 | 19 | 06 

30 8.508 9261 8.510 2749 1. 44169 2, 3919 6, 2710 
31 57 36 195 19 14 
32 53 23 220 | 18 18 
33 49 10 | 245 | ice 4) 22 
34 HL 8.510 2698 270 18 26 

| 
35 40 85 295 | 18 | 30 
36 36 72 321 18 | 34 
37 32 59 346 17 | 38 
38 27 46 371 7 42 
39 23 33 396 17 45 

40 8. 508 9219 8.510 2621 1. 44421 2.3917 6. 2750 
41 14 08 | 447 16 54 
42 10 8.510 2595 472 16 | 58 
43 06 82 497 16 | 62 
44 | 02 69 522 16 | 66 

45 | 8.508 9197 57 547 16 70 
46 | 93 44 73 15 74 
47 89 31 598 15 78 
48 | 84 18 623 15 82 
49 80 05 648 15 86 

50 | 8.508 9176 | 8.510 2493 1. 44673 2.3914 6. 2790 
51 72 80 699 14 94 
52 67 67 724 14 98 
53 63 54 749 14 6. 2802 
54 59 41 774 13 06 

55 55 28 800 13 10 
56 | 50 16 825 13 14 
vie} 46 03 850 13 18 
58 | 42 8.510 2390 875 12 22 
59 38 77 900 12 26 

| 

60 8.508 9133 8.510 2364 | 1. 44926 2. 3912 6. 2830 
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TaBLeE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

Latitude. 

° 

i oO = i 

CH3I]HR pwrwry 

Ree Ree S 

~ a 
16 

Ro on 

20 

no nD 

23 

www w SIA - 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 

LATITUDE 48°. 

log. A log. B log. € log. D 

| diff. 1’ =—0.07 diff. 1/’=— 0.21 diff.1”= 40.42. diff. 1” ——0.00 
| 

8.508 9133 8.510 2364 1. 44926 2.3912 
29 52 951 12 

| 25 39 976 11 
| 20 26 1, 45001 | ll 

16 Te} a] 0272 | li 

12 00 052 11 
| 08 8.510 2288 OTe | 10 

03 75 102 10 
8.508 9099 62 128 10 

95 49 153 | 10 

8.508 9091 8.510 2236 1.45178 2.3909 
86 24 203 09 
82 1] 229 09 
78 8.510 2198 254 08 
74 85 279 08 

| 

69 72 304 08 
65 60 330 08 
61 47 355 07 
57 34 380 07 
52 | 21 406 07 

| 
| 8.508 9048 8.510 2108 1.45431 | 2. 3907 

44 8.510 2096 456 06 
39 ; 83 | 481 | 06 
35 | 70 «| 507 06 
31 | 57 | 532 | 05 

ye | 45 557 05 
22) || 32 582 05 

| i) | 19 608 05 
14 06 633 04 
10 | 8.510 1993 658 | of 

8.508 9005 8.510 1981 1.45683 | 2. 3904 
ie | 68 709 03 

8.508 8997 55 734 03 
93 42 759 03 
88 | 30 785 02 

84 17 810 02 
80 | 04 835 02 
76 | 8,510 1891 861 02 
val | 78 886 01 
67 | 66 911 01 

8.508 8963 | 8.510 1853 1. 45937 2.3901 
59 | 40 962 00 
54 27 987 00 
50 15 1. 46012 00 
46 02 038 2. 3899 

41 8.510 1789 063 99 
37 Wiis | 088 99 
33 64 | 114 98 
29 51 139 98 
24 38 164 98 

8.508 8920 | 8.510 1725 1. 46190 2. 3897 
16 13 215 97 
12 00 240 97 

| 08 8.510 1687 266 96 
03 74 291 96 

8.508 8899 62 316 96 
95 49 342 95 
90 36 367 95 
86 23 392 95 
82 10 418 94 

8.508 8878 8.510 1598 1. 46443 2.3894 

log. E 

diff. 1 = +-0.07 

6. 2830 
a4 
38 
42 
46 

50 
54 
58 
62 
66 

6. 2870 
74 
78 
82 
86 

90 
94 
98 

6. 2902 
06 

6. 2910 
14 
18 
22 
26 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 49°. 

log. A log. B | log. € log. D log. E 
Latitude. 

ai eas dd leek ee diff. 1/=+-0.42 diff. 1/’——0. 01 | diff. 1’ — +0. 07 

(ee BOA! | | | 

49 00 8.508 8878 | 8.510 1598 | 1.46443 | 2. 3894 6.3071 
1 73 85 | 468 94 75 
2 69 72, | 494 | 93 79 
3 65 59 519 | 93 84 
4 61 47 544 93 88 

| 

05 57 34 570 92 92 
6 bls) 21 595 92 96 
Tl 48 | 08 621 92 6.3100 
8 44 | 8.510 1496 646 91 04 
9 39 83 671 91 08 

10 8.508 8835 8.510 1470 | 1. 46696 2. 3891 6.3112 
ll 31 58 722 90 16 
12 Oe | 45 ai, | 90 20 
13 23 32 wR? | 2.3889 24 
14 18 19 798 | 89 28 

15 ivi) || 07 824 89 32 
16 1o |! 8.510 1394 | 819 | 88 37 
17 06 | 81 874 88 41 
18 ol | 68 899 88 45 
19 8.508 8797 56 | 925 87 49 

| ? 

20 8.508 8793 | 8.510 1343 1.46950 2. 3887 6.3153 
21 Bon 0 30 976 87 57 
22 84 17 1.47001 | 86 61 
23 80 05 026 | 86 65 
24 76 8.510 1292 | 052 «=| 85 69 

25 iP} |) 79% | 077 85 73 
26 67 | 67 103 85 78 
27 . 63 54 128 84 82 
28 59 41 153 84 86 
29 55 28 179s 83 } 90 

30 8.508 8750 8.510 1216 1. 47204 2: 3883 6.3194 
31 46 03 230 83 98 
32 42 8.510 1190 255 82 | 6. 3202 
33 38 78 281 82 06 
34 33 65 306 82 10 

35 29 52 331 81 15 
36 25 39 357 81 19 
37 21 27 3382 80 23 
38 16 14 408 80 27 
39 12 01 433 80 31 

40 8.508 8708 8.510 1088 1.47459 | 2. 3879 6.3235 
41 04 76 484 79 39 
42 00 63 509 78 43 
43 | 8.508 8695 50 535 78 | 47 
44 | 91 38 560 78 52 

45 87 25 586 7 56 
46 83 12 611 17 60 
47 78 00 637 76 64 
48 74 8.510 0987 662 76 68 
49 70 74 688 75 72 

50 8.508 8666 8.510 0962 1.47713 2.3875 6. 3276 
51 61 49 738 75 81 
52 57 36 764 74 85 
53 53 23 789 74 89 
54 49 ul 815 73 93 

55 45 8.510 0898 840 73 97 
56 40 85 866 73 6.3301 
57 36 73 891 72 05 
58 32 60 917 72 09 
59 28 48 942 71 4 

60 8.508 8623 8.510 0835 1, 47968 2. 3871 6.3318 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

LATITUDE 50°. 

log. A log. B log. € log. D log. E 
Latitude. 

diff. 1/’/=—0.07 | diff. 1//=—0.21 | diff. 1”/—=% 0.43 | diff. 1’——0.01| diff. 1/=+0.07 

° ‘ 

50 0 8.508 8623 8.510 0835 1.47968 2. 3871 6, 3318 
1 19 22 993 70 22 
2 15 09 1, 48019 “70 26 
3 11 8.510 0797 044 70 30 
4 06 84 070 69 34 

05 02 71 095 69 39 
6 8.508 8598 59 121 68 43 
You! 94 46 146 68 47 
8 90 33 172 67 51 
9 85 21 197 67 55 

10 8.508 8581 8.510 0708 1, 48223 2. 3866 6. 3359 
i 77 8.510 0695 248 66 63 
12 73 83 274 66 68 
13 68 70 299 65 72 
14 64 57 325 65 76 

15 60 45 350 64 80 
16 56 32 376 64 84 
17 52 19 401 63 88 
18 47 07 427 63 93 
19 43 8.510 0594 452 62 97 

20 8.508 8539 8.510 0581 1. 48478 2. 3862 6.3401 
21 35 69 504 61 05 
22 30 56 529 61 09 
23 26 43 555 60 14 
24 22 31 580 60 18 

25 18 18 606 60 22 
26 14 05 631 59 26 
27 09 8.510 0493 657 : 59 30 
28 05 80 682 r 58 34 
29 01 67 708 58 39 

30 8.508 8497 8.510 0455 1. 48734 2. 3857 6. 3443 
31 93 42 759 57 47 

| 32 88 29 785 56 51 
33 84 17 810 56 55 
34 80 04 836 55 60 

35 76 8.510 0392 861 55 64 
36 71 79 887 54 68 
37 67 66 913 54 72 
38 63 54 938 53 76 
39 59 41 964 53 81 

40 8.508 8455 8.510 0328 1. 48989 2. 3852 6. 3485 
41 50 16 1.49015 52 89 
42 46 03 041 51 93 
43 | 42 8.510 0291 066 51 97 
44 | 38 78 092 50 6. 3502 

45 34 65 117 50 06 
46 29 53 143 49 10 
47 25 40 169 49 14 
48 21 27 194 48 18 
49 17 15 220 45 23 

50 8.508 8413 8.510 0202 1, 49246 2. 3847 6. 3527 
51 08 8.510 0190 271 47 31 
52 04 77 297 46 35 
53 00 64 322 46 40 
54 8.508 8396 52 348 45 44 

55 92 39 374 45 48 
56 87 27 399 44 52 
57 83 14 425 44 56 
58 79 01 451 43 61 
59 75 8.510 0089 476 43 65 

60 8.508 8371 8.510 0076 1. 49502 2.3842 6. 3569 
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TABLE XXVII.—Factors for the computation of geodetic latitudes, longitudes, and azimuths—Continued. 

CORRECTIONS TO LONGITUDE FOR DIFFERENCE IN ARC AND SINE. 

| | | | 

| Log. K'|+ . amano ce,| L0g-dM || Log. K ar Log.dM | Log. K hae Log.dM C) Log. CHIGHENG (+) (a Log. difference. Ceyinilleates) Log. difference. (4) 

| | 

3. 876 0.000 0001 | 2.585 4.813 0.000 0075 3.322 || 5.114 0.000 0300 3. 623 
4.026 | 02 2.535 4. 825 080 3.334 || 5.120 309 3. 629 

| 4.114 | 03 =| 2.623 4. 834 084 3.343 5. 126 318 3. 635 
4.177 | 04 2. 686 4.849 089 3. 358 5. 132 327 3. G41 

| 4.225 05 | 2.734 4. 860 094 3. 369 5.138 336 3. 647 

{ 4.265 | 06 | 2.774 4. 871 098 3. 380 5. 144 345 3. 653 
| 4.298 | 07 2. 807 4. 882 103 3.391 5.150 354 3. 659 
| 4.327 | 08 2. 836 4. 892 108 3.401 5. 156 364 3. 665 

4.353 09 2, 862 4. 903 114 3.412 5.161 373 3. 670 
4.376 | 10 2.885 || 4.913 119 3. 422 5. 167 “ 383 3. 676 

4.396 | 11) 2905 4, 922 . 124 3.431 | 5.172 392 3. 681 
4.415 12 2.924 4. 932 130 3. 441 5.178 402 3. 687 
4.433 13 | 2.942 |! 4.941 | 136 3.450 || 5. 183 412 3. 692 
4.449 14 | 2.958 4.950 142 3.459 || 5.188 422 3. 697 

| 4. 464 15 2. 973 4.959 | 147 3.468 || 5.193 433 3. 702 
| | 

4,478 16 | = 2. 987 4, 968 153 3.477 | 5.199 443 3. 708 
4,491 | 17 3. 000 4. 976 160 3.485 || 5.204 453 3.713 
4.503 | 18 3.012 4.985 166 3.494 || 5.209 464 3. 718 
4.526 20 3. 035 4.993 | 172 | 3.502 |) 5.214 474. 3. 723 
4.548 23 3. 057 5. 002 179 | 3.511 || 5.219 486 3. 728 ° 

| 
4.570 25° | 32079 5.010 | 186 3.519 5. 223 497 3. 732 
4.591 27 wal) ae 00 5.017 192 3. 526 5. 228 508 3. 737 
4.612 30 3.121 5.025 | 199 3.534 5. 233 519 3. 742 
4.631 33 3. 140 5.033 | 206 3. 542 5. 238 530 3. 747 
4. 649 36 3.158 5. 040 213 3.549 5. 242 541 3.751 

| 

4. 667 39 | «393.176 || 5.047 221 3.556 || 5.247 553 3. 756 
4. 684 42 | 3.193 || 5.054 228 3.563 || 5.251 565 3. 760 
4.701 45 | 3.210 5. 062 236 | 3.571 5. 256 577 3. 765 
4.716 48 3. 225 5. 068 243 | 38.577 5. 260 588 3. 769 
4. 732 52 3. 241 5. 075 251 3. 584 5. 265 600) | 3.774 

4. 746 56 3. 255 5. 082 259 3.591 || 5,269 613 3. 778 
4. 761 59 3. 270 5, 088 267 3.597 | 5.273 625 3. 782 
4.774 63 3. 283 5. 095 275 3. 604 5. 278 637 3. 787 
4.788 67 3. 297 5. 102 284 3. 611 5, 282 650 3.791 
4.801 71 3.310 5.108 | 292 3.617 5. 286 663 3.795 

| | 
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TABLE XXVIII.—Factors for reduction of transit observations. 

[Extracted from Appendix 14, U.S. Coast and Geodetic Survey Report for 1880.] 

5 a find A enter left-hand column with the zenith distance; its intersection with declination column gives azimuth 
actor. 

To find B enter right-hand column with the zenith distance; its intersection with declination column gives level factor. 
C is given on last line of each section of the table. 

Azimuth factor A=sin ¢ see. 6. Star's declination + J. Inclination factor B=cos ¢ see. 6. 

[arc sant | | nee ||| | ieee | 
¢ 0°} 10°} 15°]| 209) 229, 24°} 260 23° 30°| 329] 34° 36°, 38° | 409 41° 42°) 439 440 | 45° | 46° | 479 48° | 49° | 50° 

| 

| | 
|| | | | | | | 

-02] . 02! . 02/] 02) .02, . 02] . 02] . 02|/ . 02) . 02) . 02) 02) 02!) 02 - 02) . 021 .02) .021 02) .02] .03) .03) .03| .03} 899} 
04) . 04) 04) . 04) 04) .04) 04 04) . 04) 204) 04) 04) .04)) .05] .05) 05) 05.05 .05 05) 05 05) 05] .05) 88 
05) .05) .05) .06) .06 .06) .06, .06| .06) .06) . 06) .06) .07|| .07) .07, .07| .07, 07) .07| .07, .08 .08) .08) 208) 87 
.07| 07) .07) .07) .08 .08) .08) . 08) 10) .10) £10, .10| .10 10 5 

9 i cc os i 

“08) .08) .08| .09) .09) .09| .09! 509 | cats 3 
+09] :09| .09}| -09] 09} .10] .10) tol] <10) - 10) 10] <1} :a4|] <1] 13) +19) 122! °23)) ¢22} C13] faa) [43] 143] f13] 85 

| | | 

2a} aa} .a2'| .21) .11) .22} .12} .22]] . 12] .22} ,13) .13| .13}) .14| .14} . 14} . 14) . 15 
$19| 112] :13]] £13] 13]: 13) <4) © 14\| {34} 234] £15} 215) :15|| {16| < 16) .16| 17) .17 
{14} 14) <14'| <5]: 15] 15! 16) < 16|] : 16) <16| - 17! .17| -18|| .18] .18) .19] -19| . 19 
$16] . 16] .16] .17| .17| .17| .17) /18| 118) .18| .19| /19| .20|| .20] .21) /21] :21| /22 
“17| 148) /18| £19) .19] .29) 519) /20|| /20) 521) 21) {27) {29\) 523) L293! [9s | 

| .16} .16| .16] 84 
.18} .19} .19] 83 
221) 521) 29) 82 
.23] 124) .94l gt 
.26] 126] .27] 80 _ Sendo opwrwe 

par = = [= 

<21) .21) .21) ..22]] . 23 
222) 23] 23). 

| 241 25] 251 . 
3] .26| .27| .27| . 

. 28) . 28) . 29) . 

.24|| . 25] 25] . 
} .26]] .27) .27] . 
| .29]| . 29] .30) 30) 5 
,31|] .32) .32] 33] .3: 

| .33|] . 34) . 34) . 35] 
| | 

16 | .28| .28| .29| .29| .30} .30| .31) 311) .32| .33] .33) . 34 .35|| . 36] .37] .¢ 

11.19) .19 .20 
12 | .21} . 21] .22 
1B) SPRIGP ER SOR 
14 | .24] .25] .25|| . 
15 | .26] .26| .27 

17 | .29) .30) .30 +31) -31| .32) .33) .33)) .34) .34) .35) .36) .37/| .38) .39) .3 45] .45| 73 
18 | .3!| .31| .32)| .33] .33] .33] .34| . 35]! .36| .36] .37) .38) .39]| .40) .41) . 42); ft} .48) 72 
19) . 33] . 33) . 34)! .35) .35) .36) .36) .37/ .38) .38) .39) .40) .41/) .42) .43 . 50] .51) 71 | 
20 | .34| 135) .35| 36) .37| .37| .38) .39/| 40] 401 . 41) 1421 .43/| 145) 145 

| | | 
21 | 36] .36| .37)| .38) .39] .39) .40] .41)| .41] .42) 43] 44) .45|| .47) .47] . 
22, | .37| .38) .39|| 40) 40] 41) .42} .49)| .43| 44! 45] . 46) .48|| .49) .50) . 
23.39] .40| .41)| .49) 42} .43| 44! 44) 45! 46) 47! 48) .50|| .51) .52) . 5: 
24) .41| .41) .42| 43] .44| 45) 45] .46)| .47| .48) .49| 150) 52] 53) 54) 
25.42) 43) 44) 45) 46) .46) 47) 148) 49) .50) 51) 52) .54)) 59] . 56) . 

45) .45| .47| .47| .48) .49] .50|| 51) .52) .53] .54) 56] .57| . 58] . 
27 | 45) .46] .47|| .48) .49) .50) .51| .51|| .52; 54) 55] 56) .58!| .59| 60] . 
28 | 147] .48) .49)] .50| .51| .51| 52) .5al| 54] 55] 57] 58) .60]] .61) . 62] . 
29 | .48| .49] .50] .52) .59) .53) .54| .55)| .56 .57 .58] .60| .61|| . 63) . 64) . 
80 | 50) .51| .52!| .53) .54) .55) 56] .57)) .58| .59! 60] .62) 63)| .65) . 66 . 

| | | | | 
31 | .52) .52) .53) .55) 56, -56) .57| .58) .59 .61, , 62 . 64, .65)| . 67| . 68} .69) .70) .72)| .73) .74) .75) .77| .78) .80) 59 
32 | .53 - od) - 55) . 56) . 57| 58) .59) .60)| .61) .63/ . 64) .65) .67)) .69| . 70) .71) . 72) .74\| .75| .7@ .78| .79| .81) .82] 58 
33 | .54| .55) .56) .58} .59] . 60) .61) . 62 .63| .64| . 66) .67| .69!| .71| .72| .73) . 74) .76|| .77| .78| .80) .81} .83) .85| 57 
34 | .56 .57| .58)) .59) .60) . 61 - 62) . 63) . 65) - 66 - 67|..69) .71)) .73 . 74) .75) - 76) .78]| 79) .80|) .82) .84) .85| .87) 56 | 
a5 OT -58 .59} . 61) - 62) . 63) . 64) .65/| .66) .68) .69} .71) .73|| .75 .76) .77| .78) .80)) .81 «83, . 84) . 86) SEY) . 89) 55 | 

| | | | | 

36 | .59 .60| .61| .63| .63| .64) .65| .67| .68| .69 . 71 . 73) Pir) | Puy d feces leesick 80 . 82| - 83) 85 .86) .88) .90 91| 54 | 
37 | .60 .61) .62 - 64 . 65] . 65) . 67) . 68)| . 70 71 73 774) .76)| .79 . 80) . 81 . 82) .84), .85) .87) .88) .90) .92) .94) 53 | 
38 | .62 .63| .64|| .66) .66) .67| .69) .70)| .71) .73) .74! .76) .78)| .80, . 82) .83) . 84) . 86 87| .89! .90) .92) .94 96} 52 | 
39 | .63 .64| .65) .67| .68) .69) . 70) .71)| .73 74 . 76| . 78) .80)} . 82) .83) .85) . 86] .87|| .89) .91) .92) .94) .96) .98) 51 | 
40.64, .65) . 66 a - 69) 10) . 72) “73 . 74| . 76) 77) .79) 82 . 84) ..85) . 86) . 88) - 89) -91! . 93) .94 - 96) -98 1.00 50 

/ i. | | | 
41 | 66) .67| .68|| .70| .71| .72| . 73) .74|| . 76) .7| .79] .81| 83] .86| 87] .88| .90| .91]| .93| .94) 96] ..98] 1.00, 1.02| 49 
42| .67| .68) .69)) .71| .72| .73 74 .76|| .77| . 79) . 81) . 83) . 85] . 87) .89) .90) .91 93) - 95) . 96) . 98) 1,00) 1.02 1.04) 48 
43 | .68) .69] .71/| .73) . 74) .75) .76| .77|| . 79) .80 - 82) . 84) . 86) .89) .9C) .92) .93) .95)| . 96) . 981, 00 1.02) 1.04) 1.06 7 

“44 | .69] . 71) +72 . 74| 75) . 76] . 77) . 79)) . 80) . 82) . 84) . 86) .89)/ . 90 . 92} .93) .95) .96)) .98]1.00 1.02 1.04) 1.06 1.08) 46 
45 | .71| .72) .73 a ve -77| .79 ~ 80) 82) . 83] . 85) .87| .90/| . 92) . 94) .95) .97 Pelee tel 1. 06 1.08) 1.10) 45 

| | \) i | 
46) . 72) .73' .74'| .77) .'78) .79| .80] . 82)! .83| . 85) .87} .89} .91|) .94) .95 .97 . 981. 00||1. 0211 04/1. 05) 1.07} 1.10 1.12} 44 
47 | .73| .74| .76| .78| .79) .80| . 81 “83|| .84| . 86) 88] . 90 - 93}) 95} .97 . 98,1. 00/1. 02) 1. 03/1. 05/1. 07) 1.09) 1.11 1.14) 43 

| 48 | .74| .76) .77 .79| - 80) . 81) .83) .84)) . 86) .88) .90) 92) . 94) 97) .98 1, 01, 02/1. 03! 1. 05/1. 07/1. 09) 1.11) 1.13 1.16) 42 
49 | .75| .77| .78| .80) .81) . 83) . 84) . 86)) .87| .89) .91) .93) .96) .99)1.00 1. 02/1. 03/1. 05) 1. 07.1. 09/1. 11) 1.13) 1.15) 1.17) 41 
50 | .77| .78) . 79.82.83) .84) . 85) .87/| .89) . 90] .92) .95) .97| 1. 00)1. 011.0311. 051. 06 1 uo ee 1.14| 1.17, 1.19) 40 

} | | | l| | 
51 | .78| .79) .80)| .83, .84) . 85] .87| . 88) .90) .92) .94 .96) .99) 1.01/1.03 1.051.061. 08 1. 101.121.14) 1.16) 1.18 1.21) 39 

_ 52 | .79 .80| .82)| .84 .85 .86] .88) .89]/ .91) .93) .95) .97)1. 00/1. 03)1. 04 1. 06/1. 08/1 10||1. 11/1. 18/1. 15) 1.18} 1.20) 1.23) 38 
53 | .80) .81) .83)) .85 .86) .87, .89) .91)| .92) .94 96) . 991.01 1. 04/1. 06 1.07/1. 091. 11) 1. 13:1.15/1.17) 1.19) 1.22) 1.24) 37 
54 | .81) .82) .84) .86 .87 .89) .90) . 92), .93 -95) . 981.001. 03) 1. 06)1.07 1.091. 111. 12,1. 141.16 1.19 1 21| 1.23) 1.26) 36 
55 | . 82) 83) - 85)| .87 .88) .90) . 91) .93)) . 95) . 97 99/1. 01 1,05)1.0° 1.08.1. 10/1 Lay 14||1. 16)1. 18,1. 20, 1.22) 1 25) 1.27] 35, 

56 | .83] .84/ . 86) .88 .89) .91) .92) .94)| .96) .98/1. 00/1. 02:1. 05) 1. 08/1. 10 1. 12/1. 131. 15)1. 17|1. 19/1. 22 1.24) 1.26) 1.29 34 
57 | . 84) .85 .87)| .89 .20) .92) .93) .95|| .97| . 99/1. 01/1. 04.1. 06) 1. 09/1. 11.1. 13)1. 15,1. 17))1. 1911. 21/1. 23 1. 25) 1.28) 1.31) 33 
58 | .85) .86 .88 | .90 .91) .93) .94) .96, .98 1.001. 02/1. 05 1. 08 1. 11/1. 12 1. 14)1.16 1.18 1.201.221. 24 1.27) 1.29 1.32) 32 
59 | .86| .87, .89)| .91 .92 .94/ .95) .97) .99 1.011.031. 061.09 1. 12/1. 141. 151,171.19 1. 23) 1 1 1.31) 1.33) 31 
60.87) .88 .90)| .92 .93| .95} . 96} . 98) 1. 00/1. 02 1. 04.1. 07 1. 10) 1. 13)1. 15 1. 17/1. 18 1. 20/1. 25/1 1 eae 30 

| | : | \ \ {I 
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TABLE XXVIII.—factors for reduction of transit observations—Continued. 

Star’s declination + 4. Inclination factor B=cos ¢ sec. d. sin ¢ sec. 6. Azimuth factor A: 
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TABLE XXVIII.—Factors for reduction of transit observations—Continued. 

Azimuth factor A = sin ¢ sec. 6. Star's declination + 8. Inclination factor B—cos ¢ sec. d. 

an 

mi | | | 
529 | 939 | 549 | 559 | 56° | 572 | 58° | 59° |} 60° |604°/ 61° |614°/ 62° ||6249) 63° |6349) 64° |6.44°] 65° | 654 | 66° | 6640 |" 67° ¢ <= 

° 

_ Sento opwwe 

~ = 

| | 

- 03! .03) .03) .03) .03) .03 .03) .03!| .03) . 04) .04 04) .04) .04) .04) 04 .04) 204) 04) .04) .04) .04) .04) 89° 
- 06] .06) .06) .06) .06) .06 .07) .07|| .07| .07| .07 .07) .07). 08) .08) .08, .08) .08) .08|| .08) .09) .09| .09} 88 
- 08} .09)) . 09} . 09) .08} .10) . 10) .10)) . 10) .11) .11) .11) . 11!) . 11) .12) .12) 12) .12) .12)| 13] .13] 113) .13) 87 
« AL) .12)) .12) 12) .12) 18) .13] 14) .14) . 14) . 14) .15) .15)] 15) . 15) . 16) . 16) . 16) .17)| .17) .17) .18) .18) 86 
- 14; .14)| . 15) . 15) .16) .16) . 16) .17|| .17) . 18] . 18] .18) .19)) .19) .19 +19) +20) .20) .21)| .21) .21) .22) .22) 85 

-17) .17)| .18) .18) .19) .19) . 20) . 20) . 21) . 21) . 22) . 22) .22)) . 23) . 23 . 23| 24) .24) .25)| .25) 126! .26) .27| 84 
- 20) .20)) .21) .21) . 22) 22) . 23) . 24)! . 24) .25) . 25) . 26) .26) . 26) .27| .27) .28! . 28] .29)| .29| .30) .31] .31] 83 

2] . 23) .23}/ . 24) . 24) 25) . 26) . 26) . 27// .28) . 28] .29) . 29) .30)| 30) . 31} .31) .32| .32) ,33]| .34) .34) .35] .36) 82 
25] . 26)) .26) .27) . 28) .29) #29) . 30] .31) .32) .32) .33) .33|| .34] .35 ~ 35 - 36) - 36) .37|| .38] .39} .39) .40) 81 
28} .29)) .30) .30) . 31} .32) .33) .34)| .35) .35) . 36) . 36) .37)| .38] .38) .39) .40) .40) .41|/ .42) 143] .43] .44) 80 

+31) .32|/ .32) .33) . 34] .35) .36) 37] .38) 39) .39) .40) .41| .41) .42 va -44| .44) .45)| .46) .47) . 48) . 
+ 34) .35]/ . 35) .. 36) . 37) . 38) . 39) .40)/ 42) .42) .43) 44) 44) . 45) . 46 47) .47) 48) .49)) 50) 251) 152) 53) 78 
- 36) .37]| .38) .39) .40) .41) 42) .44)) .45) .46) .46) .47) .48) . 49) .50) .50) . 51) +52) - 53] .54| .55| .56| .58| 77 
. 89) .40|| .41) .42) .43] . 44) . 46] .47|| .48] .49] .50] .51/ 52) .52! .53 - 54) .55) .56) .57/| .58) .59) .61) .62) 76 
42) .43]] .44| .45) 46] . 48] . 49] .50|] .52) .53) .53] .54) .55| .56| .57| 58] .59] . 60 -61)/'.62) 64) .65) .66| 75 

-45) .46)) .47) .48) 149) . 51) 52) .54)) 255) .56) 257) 58) .59)| . 60) . 61 62.63) . 64 -65)| .66) .68) .69 .71) 74 
6) . 47) .49)| .50) 51) . 52) .54) .55) .57)) .58) .59) .60) .61) .62/ .63) . 64) .66) . 67; . 68] .69)| .70) .72) .73) .75) 73 

50) .51]/ .53) .54' .55) .57] .58] .60!| .62) .63! .64] .65] .66| .67! .68) .69! .70! . 72] .73/| .74| .76 .77| .79| 72 
53] . 54|| .56) .57) 58) .60) 61) .63|| .65| .66! .67| .68) .69} .70| .72) . 73) - 74) .76 -77|| .78) +80) .88) .83) TL 
- 56] .57|| .58, . 60| . 61) . 63) . 64) . 66/| .68] . 69] .70) .72| .73)| .74| .75| .77| . 79) .79] .81|| .83) .84 .86 .88l 7 

| | 

58] .59]/ . 61) .62' . 64) . 66) .68) .70|| . 72) . 73) . 74]. 75) . 76) . 78) .79) . 80) .82) . 83) .85|| .86) .88) .90| .92) 69 
- 61) . 62)| . 64) . 65) . 67) . 69) .71) .73|| . 75] . 76) .77) . 78) .80)| .81| . 82) . 84) . 85) .87| .89|| .90| .92) .94) .96)' 68 
- 63) .65|) .66) .68 . 70) .72) . 74) .76)| . 78) .79) . 81) . 82) .83)) - 85) . 86) . 88) .89) .91) .92)) .94) .96) .98/ 1.00 67 
+ 66) .68)) .69) . 71) .73) .75) . 77) .79)| . 81) . 83) . 84) . 85) . 87|| . 88) .90) . 91) .93) . 94) 96) .98/1.00 1.02) 1.04 66 
. 69] .70|| .72| . 74! . 76] .78| . 80] .82]] .85| 86.87] . 89 + 90)! .92) . 93 .95) .96) . 98/1. 00 1,02) 1.04, 1. 06) 1.08 65 

| | 
- 71) .73)| . 75) . 76) . 78) . 80) .83) . 85!] . 88) . 89) .90) . 92) .93)| .95) .97 98/1. 00/1, 02/1. 04 1.06 1.08) 1.10) 1.12 64 
.74| .75|| .77| .79) .81| .83| .86] .83/] .91] .92] .94! .95] .97]| - 98 1. 00/1 02.1. 04/1. 051. 07)/1.09 1.12) 1 141.16 63 
. 76] . 78)| .80) . 82) . 84) . 86) . 89) . 91] . 94) .95) . 97) . 98,1. 00). 02/1. 031. 05,1. 07/1. 09/1. 11))1. 13) 1.15) 1.18) 1.20 62 
.79| .81)| .82) . 84) . 87} . 89) . 91) .94)) .97) . 98/1. 00/1. 02'1, 05)/1. 05.1 07/1. 09 1.111, 13)1 15}/1. 17) 1.19) 1.22) 1.24 61 
81) .83)) .85) . 87) .89) . 92) .94) .97//1. 00/1. 01/1. 03/1. 05,1. 07) 1. 08)1. 10/1. 12,1. 14.1. 161. 18)|1. 21) 1.23) 1.25) 1.28 60 

. 84) . 86) 88.90) 92) .95) . 97/1. 00/1. 03)1. 05)1. 06/1. 08 1. 1, 22||1. 24) 1.97) 1.29] 1.32 59 
- 86) .88) .90 .92) . 95) . 97/1. 00/1. 03)/1. 06)1. 08/1. 09/1. 11 1. 1, 25)|1 28) 1.30| 1.33] 1.36 58 
. 88) .91|) .93 .95) 97/1. 00/1, 03,1, 06)|1. 09 1, 11/1. 121, 14.1. 1. 29/1. 31 1.34) 1.37) 1.39 57 
. 91] .93|| .95) . 97/1. 00/1. 03/1. 05/1. 09)|1. 12/1 14/1. 15)1.17 1. 19 1, 32/1. 35) 1.37] 1.40) 1.438 56 
- 93) .95)) . 98 1. 00/1. 03/1. 05/1. 08/1. 11)/1. 15)1. 16)1. 18)1. 20 1. 22 1, 36))1. 38 1.41! 1.44) 1.47, 55 

- 93} . 98) 1. 00 1. 03/1. 05/1. 08 L. 11/1. 14//1. 181. 19.1. 1.2 1.42) 1.45) 1.47) 1.51) 54 
. 98)1. 00|) 1. 02 1, 05,1, O81. 10/1, 14/1. 17)/1. 20/1. 22.1. 261.2 /1.45) 1.48} 1.51) 1.54 53 

1. 00/1, 02) 1. 05 1. 07/1. 10/1. 13/1. 16)1. 20))1. 23/1, 25.1. 1. 1,48)1.51] 1.54) 1.58 52 
1. 02)1. 05)|1. 07/1. 10)1. 12/1. 15)1. 19}1. 22//1. 26/1. 28 1. 1, 34/)1. |1.52,1.55) 1.58) 1.61 51 
1. 04/1. 07 1,091. 121 15/1, 18/1. 21/1, 25/1, 29 1.31 L: 1, 37)\L. ¢ | | )1. 55) 1.58) 1.61) 1.65 50 

1, 07/1, 09)'1. 12]1. 14/1. 17/1, 20)1. 24/1, 27//1. 31/1. 331.35 1.37\1. sol. 42/1, 45|1. 47/1. 50/1. 53/1 :55|/1. 581.61) 1.64/ 1.68 49 
1, 09)1. 11) 1. 14)1. 17/1. 20 1. 23/1. 261. 30/1. 3.4/1. 361. 38)1. 40/1. 42)/1, 45 1. 47)1. 50/1. 53 1.55/1.58) 1.61 1.64) 1.68 1.71) 48 
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FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 

TABLE XXVIII.—Factors for reduction of transit observations—Continued. 

Azimuth factor A=sin ¢ see. 6. Star’s declination + 6. Inclination factor B=cos ¢ sec. 6. 
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D2 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXVIII.—Factors for reduction of transit observations—Continued. 

Azimuth factor A = sin ¢ sec. 6. Star's declination + 6. Inclination factor B=cos ¢ sec. d. 
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71 |2. 47/2. 52|2, 58)\2. 64)2. 70)2. 7/2. 80/2. 83/2. 87||2. 90/2. 94/2. 98/3, 02/3. 063. 10)3. 14) 3.19) 5. 24) 3.28) 3.33) 3.38) 3.43) 3. 48 
72 |2.49)2. 54/2. 59)/2. 2 |2. 81/2 85)2. 88)/2 3. 00 3. 04/3. 08 3.12'3. 16) 3.21) 3.25) 3.30 3.35) 3.40) 3.45) 3.50 
73 |2. 50/2. 55/2. 61/2. 2. 83/2. 86)2. 90) 2. /3. 01/3. 05)3. 09/3. 143.18) 3.22) 3.27) 3.32) 3.37) 3.42) 3.47] 3.52) 
74 \2,51)2. 57/2. 2. 84/2. 88/2. 92) 2 13. 033. 07/3. 113 15)3. 20) 3.24) 3.29) 3.33] 3.38] 3.44] 3,49] 3.54 
75 |2. 52/2. 58/2. 2. 86/2. 89/2. 93} /2 3. 04/3. 08/3. 13)3.173.21) 3.26) 3.30) 3.35) 3.40) 3.45) 3.50) 3.56 

76 |2. 54/2. 59/2. 65]|2 2. 2. 95|/2. 99/3. 02/3. 06/3. 10/3. 15/3. 18/3. 23) 3.28) 3.32) 3.37) 3.42) 3.47) 3.53) 3.58 
77 = |2. 55)2. 60/2. 66)|2 12. 2.95) 2.99 3. 03,3. 07/3. 11/3, 15/3. 19/8. 24) 3.29) 3,33) 3.38) 3.43) 3.48) 3.54) 3.59 
78° |2. 56/2. 61/2. 67)/2 2. 89/2. 93/2. 97 3. 00 3. 04/3. 08)3. 12)3. 163. 21/3. 25) 3,30 | 3. 34) 3.39) 3.44) 3.49) 3.55) 3. 60 
79 |2. 57/2. 62/2. 68}|2 |2. 91/2. 94/2, 98)/3. 02/3. 05/3. 09/3. 13/3. 18/3. 22/3. 26] 3.31/| 3.36) 3.41) 3.46) 3.51) 3.56) 3. 62 
80 |2. 57/2. 63/2. 69))2. 2. 91/2. 95/2. 99) 3. 02:3. 06,3. 10/3. 14/3. 19)3. 23/3. 27) 3.32) 3.37) 3.42) 3.47) 3.52) 3.57) 3.63 

81 |2.58)2 \2. 76)2 2. 922. 96/3. 00) 3. 03'3. 07/3. 11/3. 15)3, 20 3. 24/3. 28) 3. 33 | 3.38) 3.43) 3.48) 3.53) 3. 58) 3. 64 
82 2. 59/2 2. 76/2 . 90/2. 93/2. 97/3. 00)|3. 04/3. 08/3. 12/3. 16]3. 20/3. 25|3. 29] 3. 34)| 3.39] 3.44) 2.49] 3,54] 3.59) 3. 65 
83 |2. 59/2 /2. 77/2. 83 2. 90/2. 94/2. 97/3, 01)/3. 053, 09/3, 13/3. 17|3. 21 3. 26/3. 30) 3.35 | 3.40) 3.45) 3.49) 3.55) 3.60) 3. 66 
84 |2. 60/2 2. 78/2. 84 2. 91.2. 94/2. 98'3. 02) 3. 06.3. 09/3. 13/3. 18)3. 223. 263.31) 3.35) 3.40) 3.45) 3.50) 3.55) 3.61) 3. 66 
85 |2. 60/2 \2. 78)2. 84/2. 91/2. 95|2. 98/3. 02)|3. 06/3. 10/3. 14)3. 18/3. 22'3. 27/3. 31) 3. 36|| 3.41) 3.46) 3. 51) 3.56/ 3.61) 3. 67 

86 |2. 61)2. 66]2. 72)/2. 78)2. 85)2. 92/2, 9/3. 03'/3, 06)3. 10/3. 14/3, 19]3. 23/3. 27/3. 32) 3. 36|) 3,41) 3.46) 3.51) 3.57] 3. 62) 3. 68 
87 |2. 61/2. 67)2. 72/|2. 792. 85/2. 92/2 8. 03)/3. 07/3. 11/3. 15|3. 19/3. 23/3. 28)3. 32) 3.37] 3.42) 3.47) 3.52) 3.57) 3. 62) 3. 68 
88 |2. 61)2. 67/2. 73)|2. 79/2. 85/2. 92/2. 3. 03/3. 07/3. 11/3. 15/3, 19/3. 23/3. 28/3. 32) 3. 37|| 3.42) 3.47] 3.52) 3.57) 3. 62) 3. 68 
89 2. 61/2. 67/2. 73/|2. 79)2. 86/2. 92/2. 3. 03/|3. 07|3. 11/8. 15)3. 19|3. 24/3. 28/3. 33] 3.37]! 3.42) 3.47] 3.52) 3.57] 3.63] 3. 68) 
90 |2. 61/2. 67|2. 73}|2. 79)2. 86/2. 92/2. 3. 03||3. 07/3. 11/3. 15)3. 19|8. 243. 28/3. 33) 3.37|) 3.42) 3.47] 3.52] 3.57) 3.63) 3.68 SCeHNrwr UAM~I00 



FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 223 

TABLE XXVIII.—Factors for reduction of transit observations—Continued. 

Azimuth factor Asin ¢ sec. 5. Star’s declination + 6. Inclination factor B—cos ¢ sec. 6. 

° 

- Sonmtasm® arrows 

if 1 | | 

TARO 7499) 75° 754° 754917599 | 76° '7630.7640 763° Ls 77497739! 78° |783° | 784° || 783° | 79° | 794° | 794°} 793°] 80° | ¢ 
| | | 

| | ical } r, 

- 06} . 07] .07) .07| 07} .07)| .07| . 07) .07] .08) . - 08) . 08) .08) .08) . 09) 09) 09 -09} .09) .10) .10} .10) 89 
- 13} .13) .13) . 14) .14) .14)) . 14) .15) .15) .15) . - 16) . 16} .16) 17 -17; .18)) .18) .18) .19) .19} .20) .20) 88 
- 20) . 20 20) . 21) . 21) .21)) . 22) 22) .22) 238) .23) 124) . 24) .25) .25) .26) .26)| .27/ .27] .28] .29] .29] .30] 87 
-26) . 27] .27; .27) .28) .28) .29) . 29) . 30) . 301 . -32| .32) .33) . 34) .34) .35)/ 136) .37) .37] .38) .39] .40) 86 
. 33) . 33) .34) .34) .35 3} - 36) .37) .37] .38) .39) .40) .40) .4]] .42) .43) .44!) 145) 246] 247) 248) .49] .50] 985 

.39) .40) .40) .41) .42) .42] .43) 44) .45) .46) . AT 49) 2 -O1] .51) .52]| .54) .55) .56) .57] .59) .60] 84 
-46) .46) .47) .48) .49] .50} .50! .51) .52) .53) . 55) . 56) -59) .60) .61|} .62) .64) .65) .67| .69] .70) &3 
- 52) .53) .54) .55) . 56] .57|| .58) .59) .60) . 61) . 63) . G4 h| .67) .68/ .70)| .71! .73| .75| .76) .78| .80] .82 
. 58) .59) .60) .61) .62) .64) .65) . 66] . 67) . 68) . Ty . 72) 75] .77| .78|| .80| .82| 1384 . 86) .88) .90) 81 
. 65) . 66) . 67) .68) . 69 7 ~ 72) .73| .74) . 76) . | .79) . 80 -84/ .85) .87|/ .89| .91) .93) .95] .98/ 1.00] 80 

. 71) . 73) .74| .75) . 76) .77|| . 79) . 80) . 82) . 83) .85| . 86) . 88] . 90} .92) .94) .96]| .98] 1.00] 1.02) 1.05] 1.07] 1.10) 79 
. 78) . 79) . 80} . 82) . 83) .85)| . 86) . 88) . 89) . 91 92 .94) .96) . 98/1. 00) 1.02) 1.04) 1.07) 1.09) 1.11) 1.14) 1.17) 1.20) 78 
. 84) . 86) . 87] . 88) .90) . 91!) .93) .95) . 96) .98'1. 00 1. 02/1. 04/1, 06/1. 08 1.10) 1.13)) 1.15) 1.18] 1.21) 1.23) 1.26) 1.30) 77 
. 91) .92) .94) .95] .97) . 98/1. 00)1, 02/1. 04/1. 06 3. 12), 14/1. 16) 1.19) 1. 21)) 1.24) 1.27] 1.30} 1.33} 1.36] 1.39} 76 
97 te et Cate do OF ost. Lz 1. 25) 1. 27) 1.30)| 1.33] 1.36] 1.39] 1.42) 1.46] 1.49] 75 

1. 03 1. 05 1. 06/1. 08 1, 10/1. 12/1. 14/1. 16,1. 18)1. 20.1, 1, 25/1. 28/1. 30/1. 33) 1. 35) 1.38}| 1.41) 1.44] 1,48) 1.51) 1.55! 1.59) 74 
1. 09)1. 11)1. 13) 1. 15)1. 17/1. 19)]1. 21)1. 23/1. 25/1 ik 1. 32/1. 35)1. 38/1. 40) 1.44) 1.47]| 1,50) 1.53) 1.57] 1.60} 1.64] 1.68) 73 
1. 16/1. 17)1. 19)1, 21/1. 23/1, 25'/1. 28/1. 30/1. 82:1. 35 1. 37 1. 40/1. 43/1. 46/1. 49 1.52) 1. 55)| 1.58] 1.62} 1.66) 1.70) 1.74) 1.78) 72 
1, 22}1. 24/1, 26/1. 28)1. 30/1, 32)/1. 35/1. 37)1. 39)1. 42)1. 45/11. 47/1. 51/1. 53/1. 57) 1. 60) 1.631! 1.67] 1.71] 1.75} 1.79] 1.83] 1.87] 71 
|. 28/1. 30)1. 32)1. 34/1. 37/1. 39//1. 41/1 44/1. 46/1. 49/1. 50) 1. 55/1. 58 1. 61/1. 65) 1. 68) 1.72!) 1.75} 1.79] 1.83] 1.88] 1.92] 1.97] 70 

| | | 
1. -41)1.43)1.46 1.481.511. /1. 62 1. 65/1. 691. 72! 1.76 1,80) 1,84) 1.88] 1.92} 1.97) 2.01) 2.06) 69 
L. 47) 1. 50/1, 52/1, 55/1. 58 1. 6 56 1. 70,1. 73/1, 7|1. 80) 1. 84) 1.88) 1.92) 1.96} 2.01) 2.06) 2.11) 2.16) 68 
Ve - 56/1. 59 1. 62/1. 64.1.6 1. 77)1. 81)1. 84/1. 88) 1. 92) 1.96) 2. 00} 2.05) 2.09) 2.14) 2.20) 2.25) 67 
1.5% )1. 63/1. 65 1. 68/1, 71 1. |1. 84/1. 88/1. 92/1. 96] 2. 00) 2.04) 2, 08} 2.13] 2.18] 2.23) 2.29) 2.34] 66 
iL. - 69 La 1.751.781. 1. 91/1, 95/1. 99)2. 03) 2. 07} 2.12)) 2.17) 2,22) 2.27) 2.32) 2.38) 2.43) 65 

| | | | 
1. 751, 78 |1. 811. 841. 1. 99/2. 02/2. 07/2. 11) 2.15} 2.20|| 2.25) 2.30) 2.35) 2.41) 2.46) 2.52) 64 
1. 811.851.881.911. 2. 06 2.102. 14 2.18) 2. 23) 2.28)| 2.33) 2.38] 2.43) 2.49) 2.55) 2.61) 63 
jl. 87/1. 91'|1. 941. 97 2. 2.13 2. 17)2. 21/2. 26 2. 31) 2.36)! 2.41) 2.46] 2.52} 2.58) 2.64) 2.70) 62 
il - 94/1. 97 |2. 00 2. 04 2. 2, 202. 24/2. 28 2. 33) 2.38) 2.43) 2.48) 2.54] 2.60) 2.66) 2.73) 2.79) 61 
1. 00/2. 03/2. 07 2. 10 2. |2. 27|2. 81)2. 36/2. 40) 2. 46) 2. a1 2.56] 2.62) 2.68) 2.74) 2.81) 2.88) 60 

| | | | | 
1.931 96/1. 99/2. 02 2. 06/2, 09 |2 . 172. }/2. 33/2. 38)2. 43/2 48) 2.53) 2.58)) 2. 64] 2.70] 2.76) 2.83) 2.89) 2.97) 59 
1. 98)2. 01)2. 05|2. 08/2. 12/2. 15)|2 2 20 2. 2, 40/2. 45)2, 2.60) 2. 66)) 2.72) 2.78) 2.84) 2.91) 2.98) 3.05) 58 
2. 042 07\2. 10/2. 14)2. 18}2. 21 |2, 29/2. 2. 47 2. 5212 . 62| 2. 67| 2.73)| 2.79] 2.85] 2.92) 2.99] 3.06) 3.14) 57 
/2. 09/2, 13/2. 16/2. 20/2. 23)2. 27 |2. 2. 35,2. 9/2. 53/2. 58/2. 64 2. 69) 2. 75) 2.80) 2.87) 2.93} 3.00) 3 07) 3.14] 3.22) 56 
2. 15/2. 18)2, 22)2. 25)2, 29/2. 33))2. 37/2. 41/2. 2. 60/2. 65 2. 70 2. 76) 2. 82 2.88 2.94) 3.01) 3.08) 3.15) 3.22) 3.30) 55 

| | 
}2. 20/2, 2427272. 31/2. 35|2. 39;|2 47 2. 52 2. 56/2. 61)/2. 66/2. 72/2. 77 2. 83) 2,89) 2.95) 3.01) 3,08) 3.15) 3, 23) 3.30) 3. 38] 54 
|2. 25)2. 29 2. 33/2. 36/2. 40)2. 44 |2. 49.2. 53 2. 58 2. 63/2. 67)/2. 73/2. 78/2. 84 2. 90| 2.95) 3.02) 3.08] 3.15) 3.23) 3.30) 3.38) 3.47) 53 
2. 30/2. 34/2. 38/2. 42.2. 46 2. 50)/2 Bei! 4/2. 69)2. 7A)|2, 79/2. 85/2. 90 2. 96) 3. 02) 3.09)| 3.16) 3.23) 3.30) 3.38) 3.46) 3.55) 52 
2. 35/2. 39\2. 43/2. 47/2. 51 2. 56)/2 (0,2. 75)2. 80 |2. 85/2. 91/2. 97 3. 03) 3. 09) 3.16} 3.23) 3.30; 3.37) 3.45) 3.53) 3.62) 51 
2. 40/2, 44/2. 48/2 52/2. 57 2. 61)/2 5/2. 80 2. 86, 2. 91)2. 97/3. 03)3. 09) 3. 16] 3. 22'| 3.29) 3.37) 3.45) 3.53) 3.61) 3.70, 50 

| 

\2. 45/2. 49 2. 53 2. 62 2. 66) 2. no. 2 92 2s 3. 16/3. 22) 3. 29) 3.36) 3.44) 3.52) 3.60) 3.69) 3.78) 40 
12. 50/2. 54,2. 58 }2. 67 2. 72) 2. 7/2. 2 [3. 3. 22) 3. 29) 3. 36) 3.43 3.51) 3.59) 3.67| 3.76) 3.85) 48 
\2. 59/2, 59 2. 63/2 #2. 72 2.77) 2. 822. 3. 3. 3. 28) 3.35) 3.42) 3.50 3.57) 3.66) 3.74) 3.83) 3.93) 47 
|2. 60/2. 64 2. 68/2. 73/2. 77 2. 82] 2. 87/2. 9/3. |B. 34/3. 41| 3.48)| 3.56, 3.64) 3.72) 3.81) 3.91) 4.00) 46 
|\2. 65 2. 69.2, 73)2. 78|2. 82 2. 87 2.92.2. 3. 3)3. 40) 3.47) 3. 34 3.62) 3.71) 3.79) 3.88) 3.97) 4.07) 45 
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TabLe XXVIII.—Factors for reduction of transit observations—Continued. 

Azimuth factor Asin ¢ sec. 6. Star's declination + 5. Inclination factor B—=cos ¢ sec. 4. 

} i} | | iT | 

é 76° |764°|763°|763°| 77° |774°)774°\7739) 78° | 784° | 784° | 783° | 79° | 794°] 793°] 7930] Boo] ¢ 
—)- lah -| | 4 -* 

i} | | 

| 460 j2, . 87 2. 92/2. 97/3. 03 3, 08/3. 14/3. 20/3, 26/3. 32.3. 39/3. 46) 3.53] 3.61) 3.69] 3.77) 3.86] 3.95| 4.04) 4.14) 440 | 47 19. 83. 13/3. 19)3. 25.3. 31/3. 38 3. 45/3. 52 3.59) 3.67) 3.75] 3.83) 3.92] 4.01) 4.11| 4.21) 43 j 48 |2, 3. 18/3. 24 3. 30 3, 37/3. 43/3. 50/3. 57| 3.65) 3.73) 3.81) 3.89) 3.98) 4.08) 4.18) 4.28) 49 
49 (2.5 3. 23/3. 29 3. 35/3. 42/3. 53. 63] 3.71) 3.79] 3.87| 3.96] 4.05) 4.14] 4.24| 4.35) 41 

| 50. 2 3.2: algae 3.47/38. 3. 68) 3.76) 3.84) 3.93) 4.02} 4.11) 4.20) 4.30) 4.41) 40 
| | | 

51 B 91/2. 95,3. 00 3. 05 3. 10 3. 16/3. 213, 27 3. 33/3. 39/3. 45 3. 52/3. 59/3. 66/3. 74| 3.82] 3.90) 3.98) 4.07] 4.17) 4.26) 4.37) 4.48) 39 
52 9: 13. 38)3. 44/3. 50/3. 57/3. 64'3. 71|3. 79) 3.87| 3.95) 4.04) 4.13) 4.22) 4,32) 4.43) 4.54) 38 
53 : 5.3, 42/3. 48 3. 553. 62/3. 69/3. 77)/3. 84) 3.92) 4.01) 4.09) 4.19] 4.28] 4.38) 4.49] 4.60, 37 
54 3. 47/3. 53/3, 60/3. 67/3. 74/3. 81/3, 89) 3.97] 4.06] 4.15) 4.24) 4.34) 4.44) 4.55] 4.66) 36 
55 3, 51/3. 57/3. 643. 71/3. 78/3. 86/8. 94) 4.02) 4.11) 4.20) 4.29) 4.39) 4.50] 4.60) 4.72) 35 

56 3. . 55/3. 62/3. 68/3. 76/3. 83)3. 91/3. 99] 4.07) 4.16] 4.25] 4.34] 4.44) 4.55] 4.66] 4.77) 34 
57 13. 59/3. 66.3. 73.3. 803. 883. 95/4. 04) 4. 12) 4. 21) 4.30) 4.39) 4.50) 4. 60| 4.72) 4.83) 33 
58 3. 3. 63/3. 70/3. 7/3. 84/3, 92/4. 00/4. 08] 4.16) 4.25) 4.35) 4.44] 4.55] 4.65) 4.77] 4.88) 32 
59 3. . 67/3. 74.3. 813. 88/3. 96 4. 04/4.12) 4.21) 4.30) 4.39) 4.49] 4.60] 4.70) 4.82] 4.94! 31 
603. 3.713. 783, 85.3. 92'4.00/4.08)4.17) 4.25 4.34) 4.44) 4.54) 4. 64) 4.75] 4.87) 4.99) 30 

| 
al 3 58 3. 75/3. 82/3. 893. 96/4. 04/4. 12/4. 21) 4.29 4.39] 4.48) 4.58) 4.69] 4.80] 4.92) 5.04! 29 
62 33. . 78/3. 85.3, 92 4. 00/4. 084. 1o\4 25) 4.34) 4.43) 4.53) 4.63) 4.73] 4,85) 4.96) 5.08) 28 
63 (3. 82/3. 89/3. 96)4. 04/4. 12/4. 20/4. 29) 4.38) 4.47) 4.57] 4.67) 4.78] 4.89] 5.01) 5.13| 27 
64 3. )3. 85)3, 92/4. 004. O74. 15/4. 24)4..32) 4.41) 4.51) 4.61) 4.71) 4.82] 4.93) 5.05) 5.18) 26 
65 3.: . 88/3. 95/4. 03/4. 11/4. 19/4. 27/4. 36) 4.45] 4.55] 4. 65] 4.75] 4.86] 4:97) 5.09] 5.22) 25 

66 (3.45 3. 91/3, 99)4. 06/4. 14/4. 92/4. 31/4. 40) 4.49] 4.58) 4.68) 4.79] 4.90) 5.01) 5.14) 5.26) 24 
67 13, 8. 94/4. 02/4. 09/4. 17/4, 26/4. 34/4. 43) 4.52) 4.62) 4.72) 4.82) 4.94) 5.05) 5.18) 5.30) 23 
68 |3. 8. 97/4. 05/4. 12/4. 20/4. 28/4. 37/4. 46) 4.55) 4.65) 4.75) 4.86) 4.97) 5.09) 5.21) 5.34) 22 
69 3. . 00/4. 07/4. 15/4. 23/4. 32/4. 40/4. 49) 4.58) 4.68) 4.79) 4.89) 5.00) 5.12) 5.25) 5.38) 21 
70 |3. 4. 03/4. 10/4. 18/4. 25/4. 34/4. 43/4. 52) 4.61) 4.71) 4.82) 4.93) 5.04| 5,16) 5.28) 5.41) 20 

| | 

71 (3 - 05/4. 13/4, 20 4, 28/4. 37/4. 46)4.55) 4. 64) 4.74) 4.85] 4.96) 5.07) 5.19) 5.32) 5.45) 19 
72 3 07/4. 15/4. 23/4. 31/4. 39|4.48/4.57| 4.67| 4.77] 4.88] 4.98] 5.10) 5.22) 5.34) 5.48] 18 
73 3 10/4. 17/4, 25,4. 33/4. 42.4. 51/4.60) 4.70) 4.80) 4.90) 5.01) 5.13] 5.25) 5.37) 5.51) 17 
74 13 -12}4. 19/4. 27 4. 36/4. 44/4. 53/4. 62) 4.72) 4.82, 4.93) 5.04) 5.15) 5.27) 5.40) 5.53) 16 
75 (3 B4. 14/4, 21/4. 4. 38}4. 46/4. 55/4. 65 4.74) 4,84) 4.95] 5.06) 5.18) 5.30) 5.48) 5.56] 15 

76 |3. 4, 23/4. 31/4, 40/4. 48/4. 57/4. 67/ 4.76) 4.87 4.97] 5.09) 5.20) 5.32) 5, 45| 5.59) 14 
77 |3.6 3.25.5. 33/4. 41/4. 9|4. 68} 4.78) 4.89] 4.90] 5.11] 5.22) 5.35) 5.47| 5.61! 13 
78 (3, 4. 27/4. 35/4. 43/4. 61/4. 70} 4.80) 4.91) 5.01) 5.13] 5.24) 5.37] 5.50] 5.63) 12 
79 13. 4,284. 36'4. 45/4. 3/4. 72) 4.82) 4.92! 5.03] 5.14) 5.26] 5.39] 5.52] 5.65] 11 
80 3. 2/4. 304. 38/4. 46/4. B4/4.74| 4,84) 4.94) 5.05) 5.16) 5.28) 5.40) 5.54) 5.67) 10 

81 3. 70): 34, 31/4, 39.4. 48/4. 56/4. 65/4. 75] 4. 85) 4.95] 5.06) 5.18) 5.30) 5.42) 5.55) 5.69) 9 
2 3.7 4. 32/4. 40 4. 49/4. 57/4. 67/4. 76] 4.86) 4.97) 5.08) 5.19) 5.31) 5.43] 5.56) 5.70) § 

83 (3.7 |4. 33/4. 414. 50/4. 59/4. 68/4: 78) 4.87) 4.98) 5.09] 5.20) 5.32) 5.45] 5.58) 5.72) 7 
843.7 4. 34/4. 42 4. 51/4. 60/4. 69/4. 79| 4. 88) 4.99] 5.10) 5.21) 5.33] 5.46) 9.59] 5.73) 6 
85 1/3. 73| . 85/4, 43 4. 51/4. 4,89) 5.00) 5.11] 5.22) 5.34) 5.47) 5.60] 5.74) 5 

86 3.7 43 4, 52/4. 4,90) 5.00) 5.11] 5.23) 5.35] 5.47) 5.61] 5.74] 4 
87 (3.7 52/4. 4.90! 5.01) 5.12] 5.23] 5.35] 5.48 5.61] 5.75] 3 
88 |3.'74I: 3l4. 4.91) 5.01) 5.12) 5.24) 5.36) 5.48] 5.61] 5.75) 2 
89 3.74); a; 4. 4.91) 5.01] 5.12 5.24) 5.36) 5.49] 5.62] 5.761 1 

| 90 3. 74): 44/4. 53 4. 4,91) 5.02) 5.13) 5.24) 5.36) 5.49] 5.62] 5.76] 0 
| | | | 

TABLE XXIX.—For reducing observations for latitude by Talcott’s method. 

{Extracted from Appendix 14. United States Coast and Geodetic Survey, Report for 1880.] 

Correction for differential refraction.—The difference of refraction for any pair of 

stars is so small that we can neglect the variation in the state of the atmosphere at the 
time of the observation from that mean state supposed in the refraction tables. The 

refraction being nearly proportional to the tangent of the zenith-distance, the differ- 

ence of refraction for the two stars will be given by— 
r 

r—r'=57".7 sin (e—2’) sec.” 2 

and since the difference of zenith-distances is measured by the micrometer, the follow- 

ing table of correction to the latitude for differential refraction has been prepared 
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for the argument 4 difference of zenith-distance, or 4 difference of micrometer-reading 

on the side, and the argument “ Zenith-distance” on the top. The sign of the cor- 

rection is the same as that of the micrometer difference. 

4 diff. in Zenith-distance. 4 diff. in Zenith-distance. 
zenith- —- —|| zenith- 

distance. ge 10° 20° 250 30° 350 distance. 0° 10° 99° 250 30° 35° 

’ ” u " ” " u ' ” “" " ”" ” ” 

0 00 - 00 00 - 00 00 00 6.5 ll 11 -12 13 14 16 
0.5 01 O01 - 01 01 01 01 7 12 12 -13 -14 15 18 
1 02 - 02 02 - 02 02 02 7.5 13 13 -l4 .15 16 19 
1.5 02 - 03 03 08 03 03 8 13 14 -15 -16 18 21 
2 03 - 03 04 04 04 05 8.5 14 15 -16 elite 19 22 
2.5 04 04 | 05 05 05 06 9 15 16 17 18 20 23. 
3 05 -C5 06 - 06 07 08 9.5 16 17 -18 +20 21 24 
3.5 . 06 - 06 07 07 08 09 10 17 18 -19 -21 23 26 
4 07 07 08 - 08 09 10 10.5 18 19 - 20 ~22 24 27 
4.5 08 - 08 +09 09 10 11 11 18 19 -21 -23 25 28 
5 08 .09 | 105) 7 510 ll 13 11.5 19 20 -22 . 24 26 30 

* 5.5 09 -10 10 -11 12 14 12 20 21 -23 25 27 31 
6 10 -10 raat 12 13 15 

| 

Reduction to the meridian.—First, when the line of collimation of the telescope is 

off the meridian, the instrument having been revolved in azimuth and the star observed 

at the hour-angle z, near the middle thread, then 

ee sin’? 4z cos pcos O 
we ile sin ¢ 

and the correction to the latitude, if the two stars are observed off the meridian 
=5(m/—m). The value of 

2 sin? 47 
sin 1” 

for every second of time up to two minutes (a star being rarely observed at a greater 

distance than this from the meridian in zenith-telescope observations) is given in the 

following table: 

7 Term.| + Term.| 7+ Term.| 7 Term.| 7 Term.| + Term. 

| re “u - ” 8 ” ie ” 8 “ 8 " 

ak 0. 00 21 0. 24 41 0.91 61 2.03 81 3. 58 101 5. 56 
2 0.00 ry 0. 26 42 0. 96 62 2.10 82 3. 67 102 5. 67 
3 0. 00 23 0. 28 43 1.01 63 2.16 83 3.76 103 5.78 
4 0. 01 24 0.31 44 1. 06 64 2.23 84 3.85 104 5. 90 
5 0. 01 25 0. 34 45 1.10 65 2.31 85 3.94 105 6. 01 
6 0. 02 26 0, 37 46 } 1.15 66 2.38 86 4.03 106 6.13 

5 7 0. 02 27 0. 40 47 1. 20 67 2.45 87 4.12 107 6. 24 
8 0. 03 28 0. 43 48 1. 26 68 2.52 88 4, 22 108 6, 36 
9 0. 04 29 0. 46 49 1.31 69 2. 60 89 4,32 109 6.48 

10 0. 05 30 0. 49 50 1.36 70 2. 67 90 4,42 110 6. 60 
11 0. 06 31 0. 52 51 1.42 71 2. 75 91 4.52 1iL 6.72 
12 0,08 32 0, 56 52 1.48 72 2. 83 92 4. 62 112 6. 84 
13 0.09 33 0.59 53 1.53 73 2.91 93 4.72 113 6. 96 
14 0.11 34 0. 63 54 1.59 74 2.99 94 4.82 114 7.09 
15 0.12 35 0, 67 55 1.65 75 3. 07 95 4,92 115 T21 
16 0. 14 36 0.71 56 aya 76 3.15 96 5. 03 116 7.34 
17 0.16 37 0.75 57 1.77 W7 3. 23 97 5.13 117 7.46 
18 0.18 38 0. 80 58 1.83 78 3.32 | 98 5, 24 118 7. 60 
19 0. 20 39 | «(0.83 59 1.89 19 3.40 | 99 5.34 119 7.72 
20 0. 22 40 0. 87 60 1.96 80 3.49 100 5. 45 | 120 7.85 

MON XxII——15 
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Secondly, when the star is observed off the line of collimation, the instrument 
remaining in the plane of the meridian, then 

2 sine ar. 2 sin? Sr 4 
m=——*-sindcosd or m=——_="- 4 sin 26 

Mt df sin 1 sin 1 a 

and the correction to the latitude is half of this quantity, whether the star be north or 

south, and if the two stars forming a pair are observed off the line of collimation, two 

such corrections, separately computed, must be added to the latitude. If the stars 

should be south, of the equator, the essential sign of the correction is negative. The 
value of m for every 5° of declination is given in the following table: 

| | | | | | 

10s. | las. 20s. 258. | 308. 35s. 40s. | 45s. 50s. | 55s. 60s. 

= = Sse | : | = 
. u | " | “ " | " u | uw ee || inte fi 5 

1b eas 00 O1un | ge 02 03 | .04 06 08 .10 SiN emee SERS Salrd | o- 
10 01 02 04 MOG | (E08; q(t het astra ite ant) . 23 -28 | .34 | 80 
15 01 | 03 05 OBI) || weal 17 ~22 . 28 -34 | .41 49 | 75 
20) O21 xOLMA ewes, | elit ee 227s 208 36 44 | .53 .63 | 70 
25 G22) 205) - 08 Bib} 19 26 | .34 | .42 52 | .63 | ari || Ga 
30 02 05 20980) tS 21 29 -58 48 .59 -71 -85 | 60 
35 -03 06 -10 | .16 23 rye Weowtil . | eGH REL Sai .92 | 55 
40 08 - 06 -u 17 24 .33 43 | 54 . 67 -81 97 | 50 
45 - 08 | SUS STF aly | 25 | . 33 44} 55 68 . 82 98 | 45 

TABLE XX X.—For facilitating the reduction of observations, on close circumpolar stars, 
made in determining the value of a revolution of the micrometer. 

[Extracted from Appendix 14. U.S. Coast and Geodetic Survey, Report for 1880.] 

Let t=difference of time of observation and elongation of the star, and 2//=num- 

ber of seconds of are in the direction of the vertical from elongation, then 

2! 008 6 sin ¢ 
sin 1” 

for which we can write 

2'‘=15 cos 6 ; t—4(15 sin 1’)? # , 

where ¢ is expressed in seconds of time. It is convenient to apply the term 4 (15 sin 

1)? # to the observed time of noting, additive to the observed time before, and sub- 
tractive after, either elongation. The following table gives the value of 4(15 sin 

1”) #, also of the additional term —« 

— 4, (15 sin 1’)‘# when sensible, for every minute of time from elongation to 65". 

. 

| 
t | Term. t |Term. || ¢ | Term t | Term t | Term. t Term 

= = | 

m. = 8. ™. Ss. | m. 8. | m. | 8. m. 8. 
6 0.0 0.8 26 3.3 36 8.9 46 | 18.5 56 33.3 
ib 0.1 0.9 27°) Bat i} 37 | 9.6 || 47 19.7 || 57 35.1 
8 0.1 1.1 || 28 4.2 38 10.¢ || 48 21.0 || 58 37.0 
9 0.1 1.3 || 29 4.6 39 11.3 || 49 22.3 || 59 39.0 

10 | 0:2 15 || 3 5.1 || 40 | 12.2 || 50 | 23.7 || 60 | 410 
il 0.2 1.8 31 | 5.7 || 41 Ase" ji) 51 25. 2 61 43.1 
12 | 0.3 2.0 || 32 | 6.2 || 42 | 14.1 | 52 | 26.7 || 62 | 45.2 
13 0.4 2.3 || 33 6.8 43 15.1 || 53 28.3 63 47.4 
14 0.5 2.6 | 34 (eee Wick! 16.2 || 54 29.9 64 49.7 
15 0.6 3.0 || 30 8.2 i 45 | 17.3 | 55 31.6 65 52.1 

i 1 
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TaBLE XXXI.—For converting intervals of sidereal into corresponding intervals of mean solar time. 

[Extracted from Lee’s Tables.] 

Hours Minutes. Seconds. 

| | 
h. Mm. 8: m. | 3. m. &. | Ss. 8. 8. 
1 0 09.830 1 | 6.164 31 | 5.079 1 | 0.003 31 0. 085 
2 0 19. 659 2 | 0.328 32 | 95,242 2 | 0.005 32 0. 087 
3 0 29. 489 3 0.491 33 5. 406 3 | 0.008 33 6. 090 
4 0 39.318 4 | 0.655 Bd 5.570 4 0. O1L 34 0. 093 

5 0 49, 148 5 0. 819 35 5. 734 5 0. 014 35 | 0.096 
6 0 58.977 6 0, 983 36 5. 898 6 0. 016 36 0. 098 
7 1 08.807 7 1. 147 37 6. 062 7 0. 019 37 0.101 
8 1 18. 636 8 1,311 38 | 6,225 8 0. 022 38 0. 104 
9 1 28. 466 9 1,474 39 6. 389 9 0, 025 39 0. 106 

10 1 38. 296 10 1. 638 40 6. 553 10 0. 027 40 0. 109 
ll 1 48.125 11 1. 802 41 6.717 11 0. 030 41 0.112 
12 1 57. 955 12 1, 966 42 6. 881 12 | 0. 0383 42 0.115 
13 2 07.784 13 2.130 43 7. 044 13° | 0.0386 43 0.118 
14 2 17.614 14 2. 294 44 7. 208 14 | 0.038 44 0.120 

15 2 27.443 15 2.457 45 7. 372 15 | 0.041 45 0,123 
16 2 37.273 16 2. 621 46 | 7.536 16 | 0. 044 46 0. 126 
17 2 47.103 7 2. 785 47 | 7.700 17 | 0.047 47 0. 128 
18 | 2 56.932 18 2.949 48 | 7.864 18 | 0. 049 48 0.131 
19 3 06.762 19 3.113 49 | 8. 027 19 0, 052 49 | 0,134 

| 
20 3 16.591 20 3.277 50 | 8.191 20 0. 055 50 0.137 
21 3 26.421 21 3.440 51 8. 355 21 0. 057 51 0.140 
22 | 3 36.250 22 3. 604 52 8.519 22 0. 060 52 0.142 
23 3 46. 080 23 3. 768 53 | 8.683 23 0. 063 53 | 0.145 
24 3 55.909 24 3. 932 54 | 8.847 24 0. 066 54. | 0.148 

25 4. 096 55 9.010 25 0. 068 55 | 0.150 
26 4. 259 56 9.174 26 0. O71 56 | 0.153 
27 | 4. 423 57 9. 338 27 | 0.074 57 | 0,156 
28 4,587 58 9. 502 28 | 0. 076 58 | 0.159 
29 | 4.751 59 9, 666 29 0.079 59 | 0,161 

30 | 4.915 60 9, 830 30 0. 082 60 | 0. 164 
| 

The quantities taken from this table must be subtracted from a sidereal interval to obtain the corresponding interval 
in mean solar time. 
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TABLE XXXII.—For converting intervals of mean solar time into corresponding intervals of sidereal time. 

{Extracted from Lee’s Tables.]} 

Hours. Minutes. Seconds. 

h Mm. 8. m. 8. m. 8. 8. 8. 8. Ss. 
1 0 09.856 1 0. 164 31 5.092 1 0, 003 sil 0. 085 
2 0 19.713 2 0.329 32 5. 257 2 0. 005 32 0. 088 
3 0 29.569 3 0. 493 33 5.421 3 0. 008 33 0. 090 
4 0 39,426 4 | 0,657 34 5. 585 4 0.011 34 | 0.093 

| | 
5 0 49. 282 5 | 07820 35 | 5.750 5 0, 014 35 | 0.096 
6 0 59.139 6 0. 986 36 | 5.914 6 0. 016 36 0. 098 
7 1 08,995 u 1, 150 37 | 6.078 7 0. 019 37 0.101 
8 1 18. 852 8 1.314 38 6. 242 8 0, 022 38 0. 104 
9 1 28.708 9 1.478 39 | 6.407 9 0. 025 39 0, 106 

| 

S 10 1 38.5657 10 | 1.643 40 | 6. 571 10 0. 027 40 0. 109 

Bi ge a tee | ema | eee a | bee 
13 2 08.134 13 2.136 43 | 7. 064 13. | 0.036 43 0.118 
14 2 17.991 14 2.300 44 | 7. 228 14 {| 0.038 44 0.120 

15 2 27.8479 15 2.464 45 7.392 15 | 0.041 45 0.123 
16 2 37.704 16 2. 628 46 7. 557 16 0. 044 46 0. 126 
7 2 47.560] 17 2. 793 47 7.721 17 0. 047 47 0.129 

18 2 57.416 18 2.957 48 7. 885 18 0. 049 48 0.131 
19 3 07.273] 19 3.121 49 8. 050 19 0. 052 49 0, 134 

20 3 20 3. 285 50 8. 214 20 0. 055 50 | 0.137 
21 3 21 | 3.450 51 | 8.378 21 0. 057 51 | 0.140 
22 3 22 3. 614 52 8. 542 22 0. 060 52 | 0.142 
23 3 23 3.778 | 53 | 8.707 23 | 0.063 53 | 0.145 
24 3 24 3. 943 54 | 8.871 24 | 0, 066 54 | 0. 148 

| | 

25 4.107 55 9. 035 25 | 0.068 55 | 0.151 
26 4.271 56 | 9.199 26 | 0.071 56 | 0.153 
27 4,436 57 9. 364 27 | 0.074 57 | 0.156 
28 4. 600 58 9.528 28 0. 077 58 | 0.159, “ 
29 4. 764 59 9. 692 29 | 0.079 59 | ~ 0.161 

30 | 4,928 60 9. 856 30 0. 082 60 | 0. 164 
| | 

The quantities taken from this table must be added to a mean interval to obtain the corresponding interval in side- 
real time. 
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TABLE XXXIII.—To convert parts of the equator in are into sidereal time, or to convert terrestrial longitude 
in are into time. 

= 
{Extracted from Lee’s Tables. ] 

: 2 

Degrees. Degrees. | Degrees. Degrees. Degrees. Degrees. 

Arc. Time. Are. Time. Are. Time. Are. Time. Are. Time. Are. Time. 

° he. m. ° he. m. i) h. m. ° h. m. ° h. m. ° h. om. 
1 0:4 61 4 4 121 8 4 181 12 4 241 16) 4 301 20 4 
2 ONS: 62 4S 28) 122 37 80) 182 | 12 8 242 16°68 302 20 8 
8 0 12 63 4 12 123 8 12 183 12 12 243 16 12 303 20 12 
4 0 16 64 4 16 124 8 16 184 12) 16 244 16 16 304 20 16 
5 0 20 65 4 20 125 8 20 185 12 20 245 16 20 305 20 20 

6 0 24 | 66 4 24 126 8 24 186 12 24 246 16 24 306 20 24 
7 0 28 || 67 4 28 | 127 8 28 || 187 12 28 247 16 28 307 20 28 
8 0 32 68 4 32 128 8 32 188 12 32 248 16 32 308 20 32 
9 0 36 69 4 36 129 8 36 189 12 36 249 16 36 309 20 36 

10 0 40 | 70 4 40 130 8 40 190 12 40 250 16 40 310 20 40 

11 0 44 71 4 44 131 8 44 191 12 44 251 16 44 311 20 44 
12 0 48 |; 72 4 48 132 8 48 192 12 48 252 16 48 312 20 48 
13 0 52 73 4 52 133 8 52 193 12 52 253 16 52 313 20 52 
14 0 56 74 4 56 134 8 56 194 12 56* 254 16 56 314 20 56 
15 Ee A 75 5 0 135 a» 10 195 13° «0 255 17 (0 315 21 #0 

16 Eee 4 76 5> 4 136 ie 196 138 (4 256 ny 316 21 4 
17 ee 7 Gy elle bye Gy is: |] 197 13. «8 257 17 8 317 | 21 8 
18 1 12 78 5 12 | 138 9. 12 198 13° 12 258 17 12 | 318 21 12 
19 1 16 79 5 16 139 9 16 199 13 16 259 17 16 319 21 16 
20 1 20 80 5 20 140 9 20 200 13 (20 260 17 20 320 21 20 

21 1 24 81 5 24 141 9 24 201 | 13 24 261 17 24 321 21 24 
22 1 28 82 5 28 142 9 28 202 | 13 28 262 17 28 322 21 28 
23 1 32 83 5 32 143 9 32 203 13 32 263 17 32 323 21 32 
24 1 36 84 5 36 144 9 36 204 13 36 264 17 36 824 21 36 
25 1 40 85 5 40 145 9 40 205 13 40 265 17 40 325 21 40 

26 1 44 86 5 44 146 9 44 206 130 44 266 17 44 326 21 44 
27 1 48 87 5 48 147 9 48 207 13 48 267 17 48 327 21 48 
28 1 52 88 5 52 145 9 52 208 13 52 268 17 52 328 | 21 52 
29 1 56 89 5 56 149 9 56 209 13° 56 269 17 56 329 21 56 
30 2a 0) 90 Gee? | 150 10 0 210 14 0 270 1 0 330 22 0 

31 2 4 91 Bact 151 | LO 211 14 4 271 18 4 331 22 «4 
32 2 8 | 92 6 8 152 10 8 | 212 14 8 272 18 8 352 22 «8 
33 2 12 jj 93 6 12 153 10 12 213 14 12 273 18 12 333 22 12 
34 2 16 94 6 16 154 10 16 214 14 16 274 18 16 334 22 16 
35 2 20 95 6 20 155 | 10 20 215 14 20 275 18 20 335 22 20 

36 2 24 96 6 24 156 10 24 216 14 24 276 18 24 336 22 24 
37 +2 28 97 6 28 157 10 28 217 14 2 277 18 28 337 22 28 
38 2 32 || 98 6 32 158 10 32 218 14 32 278 18 32 338 22, 32 
39 2 36 99 6 36 159 10 36 219 | 14 36 279 18 36 339 22) 36 
40 2 40 100 6 40 160 10 40 220 | 14 40 280 18 40 340 22 «40 

41 2 44 101 6 44 161 10 44 221 14 44 281 18 44 841 22 44 
42 2 48 102 6 48 || 162 10 48 222 14 48 |} 282 18 48 342 22 48 
43 2 52 103 6 52 163 10 52 223 14 52 283 18 52 343 22 52 
44 2 56 log 6 56 164 10 56 224 14 56 284 18 56 B44 22 56 
45 Sue, 105 MO) 165 TiO 225 1 0 285 te) 345 23° «(0 

46 3.4 106 Te rad. 166 10 226 1 4 286 LO) a 346 23 «4 
47 3) Bh) 107 * yee: | 167 ts 227 15 8 287 19 8 347 23 «8 
48 3 12 | 108 Tia) 168 ll 12 228 15 12 288 19 12 348 23 12 
49 3°16 | 109 ie <6), || 169 TSG: 229 15 16 289 19 16 349 23° «16 
50 3 20 | 110 1205 || 170 11 20 230 15 20 290 19 20 350 23 20 

51 3 24 lit 7 24 171 11 24 231 15 24 291 19 24 851 23° «24 
a2 3 28 112 7 28 172 11 28 232 15 28 292 19 28 352 23 28 
53 3 32 113 7 32 173 11 32 233 15 32 293 19 32 353 23 32 

. 54 3 36 | 114 7 36 174 11 36 234 15 36 294 19 36 354 23 36 
55 3 40. | 115 7 40 | 175 11 40 235 15 40 295 19 40 355 23 40 

56 3 44 116 7 44 | 176 11 44 236 15 44 296 19 44 356 23 44 
57 3 48 117 7 48 177 11 48 237 15 48 297 19 48 357 33 48 
58 3 52 118 7 52 178 ll 52 238 15 52 298 19 52 358 28 52 
59 3 56 119 7 56 179 ll 56 239 15 56 299 19) 56 359 23 56 
60 4 0 120 8 0 180 12 0 240 16 «(0 300 20 0 360 rah A) 
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TABLE XXXIII.—7o convert parts of the equator in are into sidereal time, or to convert terrestrial longitude 
in are into time—Continued. 

~ 

[Extracted from Lee’s Tables. ] 

| Minutes. Minutes. Minutes. Seconds. | Seconds. Seconds. 

Arc. | Time. Are. | Time. Are. | Time. Are. Time. || Arc. Time. Are. Time. 

| | | | 
4 || 9. 7a: J | m. 8&8. Y Mm. 8. iY 8. fy 3. uu 8. 

1 Os 21 | 1 24 41 | 2 44 ifs 0.067 | 21 1. 400 41 2. 733 
2 0 8 22 | 1 28 42 2 48 2 0.133 22 1. 467 42 2. 800 
Se ||| Oe 23 | 1 32 43 2 52 3 0.200 | 23 1.533 | 43 2. 867 
4 | 0 16 24 1 36 Ag | -2+ 56 4 0. 267 \| 24 1.600 | 44 2.933 
5 0 20 25 i 40 45 | 37710 5 0.333 | 25 1. 667 45 3. 000 

| 
6 0 24 26) 1 44 46 BH 6 0. 400 26 1. 733 46 3. 067 
Ti viecOpeesi all 27 1 48 || 47 ghd) 7 0. 467 27 1. 800 47 3. 133 
8 0 32 Pr Baten Mayor 48 3 12 8 0. 533 28 1. 867 48 3. 200 
9 | 0 36 20a) OLS 56a} 49 3 16 @ 0.600. || 29 1. 933 49 3. 267 

10 0 40 30 | Oy ye | 50 3 20 10 0, 667 30 2. 000 50 3, 333 
| | 

11 0 44 31 2 4 1] 51 3 24 | Tb 0,733 31 2. 067 51 3. 400 
12 0 48 32 228 Hl 52 2) 28 | 12 0.800 | 32 2.133 52 3.467 | 
13 0 52 33 2 12 I 53 3 32 | 13.0. 867 33 2. 200 53 3.533 | 
14 0 56 34 2°16 |i* 54 3 36 | 14 0. 933 B4 2. 267 54 3.600 | 
15 it) 35 2 20 || 55 3.40 — 15 1. 000 35 2, 333 55 3, 667 

OS i} ale pce 36 2 24 56 3044 | 16 1. 067 36 2.400 56 3.733 | 
Te SS 37 2 28) | 57 3 48 || 17 1,133 37 2. 467 57 3. 800 
18 1 12 38 2 32 | 58 3 52 18 1. 200 38 2. 533 58 3. 867 
19 | 1 16 |} 39° | 2 36 | 59 3 56 19 1.267 |} 39 2. 600 59 3. 933 
20 1 20 40 | 2 40 60 4 0 | 20 1. 833 | 40 2. 667 | 60 4, 000 

TaBLE XXXIV.—To convert sidereal time into parts of the equator in arc, or to convert time into terrestrial 
longitude in are. 

[Extracted from Lee's Tables. ] 

| Hours. | Minutes. | Seconds. 

Time. | Arc. || Time. | Are. | Time. | «Are. Time. | Arc. Time.| Are 
| | | 

| |} | — =a | 

h. ° || m o7 |! om. read 8. Doge 8. gO 
1 15 || 1 | 015 31 745 | 1 015 31 7 45 x 
2 30 D7 40830) |) 732 8 00 ¢ 2 0 30 32 8 00 
3 45 3 0 45 33 8 15 3 0 45 33 815 
4 60 4000) | at 8 30 4 1 00 34 8-30 
5 75 5 115 | 35 8 45 5 al sy 35 8 45 

| 
6 90 | 6 130 || 36 9 00 6 1 30 36 9 00 
7 105 | Wl) 45. 37 915 7 1 45 37 9 15 
8 120 || 8 || 2.00 38 9 30 8 | 200 38 9 30 
9 135 9 215 39 9 45 9 | 215 39 9 45 

10 150 10 230 || 40 | 10 00 10~ | 230 40 | 1000 | 
| 

11 165 Il | 2:45 41 10 15 11 2 45 41 10 15 
12 180 12 | 300 42 10 30 12 3 00 42 10 30 
13 195 13 315 43 10 45 13 315 43 10 45 

| 14 210 14 3 30 44 11 00 | 14 3 30 44 11 00 
| 15 225 15 345 || 45 11 15 15. 3 45 45 11 15 

16 240 16 4 00 46 11 30 16 4 00 46 11 30 
17 255 17 415 47 11 45 17 415 47 1l 45 
18 270 || 18 4 30 48 12 00 18 4 30 48 12 00 
19 285 |} 19 445 || 49 12 15 19 4 45 49 12 15 
20 300 | 20 500 || 50 12 30 20 5 00 50 12 30 

21 315 2 5 15 51 12 45 21 5 15 61 12 45 
| 2 330 2 530 || 52 13 00 22 5 30 52 13 00 

23 345 25 5 45 53 13 15 23 5 45 53 13 15 
24 360 || 6 00 54 13 30 24 6 00 54 13 30 

| 615 55 13 45 25 6 15 55 13 45 
| 

26 630 || 56 14 00 26 6 30 56 14 00 
27 6 45 57 1415 || 27 6 45 57 14 15 
28 7 00 58 14 30 28 7 00 58 14 30 
29 WA: 59 14 45 29 715 59 14 45 
30 7 30 60 15 00 30 7 30 60 15 00 
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Tenths of seconds. 
—_ — -— — — Thou- 

\sandths 
of sec- Are. 

Time Are, Time Are. Time Are. Time. Aro Time. Are. one of 
| | ime. 
| | | | 

— eee 
8. Mu 8. | uw 8. “a | ‘B: au” Ss. ” | 8. u 

0.01 0.15 9.21} 3.15 0.41 6.15 0. 61 9.15 0. 81 12.15 || 0.001 0.015 
0, 02 0. 30 0. 22 3.30 0.42 6.30 0. 62 9.30 0, 82 12. 30 0.002 0. 030 
0. 03 0.45 0. 23 3.45 0.43 6.45 0. 63 _ 9.45 0. 83 12.45 || 0.003 0. 045 
0. 04 0. 60 0. 24 3, 60 0. 44 6. 60 0. 64 9. 60 0, 84 412.60 || 0.004 0. 060 
0.05 0,75 0. 25 3.75 0.45 6.75 0. 65 9.75 0. 85 12. 75 0. 005 0. 075 

0. 06 0.90 0. 26 3.90 0. 46 6.90 0, 66 9. 90 0. 86 2.90 0, 006 0. 090 
0. 07 1.05 0. 27 4.05 0.47 7.05 0. 67 10. 05 0. 87 13.05 0. 007 0.105 
0. 08 1. 20 0. 28 4,20 0.48 7.20 0. 68 10, 20 0. 88 13. 20 0. 008 0.120 
0.09 1.35 0.29 | 4.3 |) 0.49 7.35 0. 69 10, 35 0.89 13.35 0. 009 0.135 
0.10 | 1.50 0.30 | 4.50 || 0.50 7.50 0.70 10.50 0.90 13. 50 0,010 0. 150 

0.11 1. 65 0.31 4.65 0.51 7.65 0.71 10. 65 0.91 13. 65 
0.12 1.80 0. 32 4.80 0. 52 7.86 || 0.72 10. 80 0. 92 13. 80 
0.13 1.95 0. 33 4.95 0.53 7.95 0.73 10.95 || 0.93 13.95 
0.14 2.10 0.34 | 5.10 0, &: 8.10 0. 74 11.10 | 0. 94 14.10 
0.15 2. 25 0, 35 | 5.25 |) 0.55 8. 25 0.75 11.25 0,95 14, 25 

0.16 2.40 0. 36 5.40 0.56 8.40 | 0. 76 11.40 | 0.96 14. 40 
0.17 2.55 | 0.37 5.55 |] (0.57 8.55 0.77 11.55 0. 97 14.55 
0.18 2.70 0. 38 5.70 || 0.58 8.70 0.78 11. 70 0.98 14.70 
0.19 2. 85 0.39 3.85 || 0.59 8.85 || 0.79 11. 85 0.99 14, 85 
0.20 3.00 0,40 6.00 0, 60 9.00 | 0. 80 12.00 1,00 15. 00 

| 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000. 

(Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

NG Log. N. Log. N. Log. N. Log. N. Log. 

=10 | = 20 | 1.30 103 40 1.60 206 60 1.77 815 80 1.90 309 

1 | 0.00 000 21 1. 32 222 41 1.61 278 61 1.78 533 81 1.90 849 
2 | 0.30 103 22 =| 1.34 242 42 1. 62 325 62 1.79 239 82 1.91 381 
3 0.47 712 23) 1° 1.36 173 43 1.63 347 63 1.79 934 83 1.91 908 
4 0. 60 206 24 1.38 021 44 1, 64 345 64 1.80 618 84 1.92 428 
5 0, 69 897 25 1.39 794 45 1.65 321 65 1.81 291 85 1.92 942 
6 0.77 815 26 1,41 497 46 1. 66 276 66 1.81 954 86 1.93 450 
7 0. 84 510 27 1.43 136 47 1. 67 210 67 1.82 607 87 1.93 952 
8 0.90 309 28 1.44 716 48 1.68 124 68 1.83 251 88 1.94 448 
9 0.95 424 29 1.46 240 49 1.69 020 69 1.83 885 89 1.94 939 

- 10 1.00 000 30 1.47 712 50 1.69 897 70 1.84 510 90 1.95 424 

11 1.04 139 31 1.49 136 51 1.70 757 val 1.85 126 91 1.95 904 
12 1.07 918 32 1.50 515 52 1.71 600 72 1.85 733 92 1.96 379 
18 1.11 394 33 1.51 851 53 1.72 428 73 1.86 332 93 1.96 848 
14 1.14 613 34 1.53 148 54 1.73 239 74 1.86 923 94 1.97 313 
15 1.17 609 385 1.54 407 55 1.74 036 75 1.87 506 95 1.97 772 
16 1.20 412 36 1.55 630 56 1.74 819 76 1.88 O81 96 1.98 227 
17 1.23 045 37 1.56 820 57 1.75 587 ah 1.88 649 97 1.98 677 
18 1.25 527 38 1.57 978 58 1.76 343 78 1.89 209 98 1.99 123 
19 “| 1.27 875 39 1.59 106 59 1.77 085 79 1.89 763 99 1.99 564 
20 1.30 103 40 1. 60 206 60 1.77 815 80 1.90 309 100 2.00 000 

TABLE XXXIV.—To convert sidereal time into parts of the equator in are, etc,—Continued. 

{Extracted trom Lee's Tables.] 



232 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

N L. 0 1 2 See, 4 5 6 7 8 9 

-0 00 000 30 103 47 712 60 206 69 897 77 815 84 510 90 309 95 424 

1 00 000 04 139 07 918 11 394 14 613 17 609 20 412 23 045 25 527 27 875 
2 30 103 32 222 34 242 36 173 38 021 39 794 41 497 43 436 44 716.) 46 240 
é 47 712 49 136 50 515 51 851 53 148 54 407 55 630 56 820 57 978 | 59 106 
4 60 206 61 278 62 325 63 347 64 345 65 321 66 276 67 210 68 124 69 020 
5 69 897 70 757 71 600 72 428 | 73 239 74 036 74 819 75 587 76 343 77 085 
6 77 815 78 533 79 239 79 934 80 618 81 291 81 954 82 607 83 251 83 885 
7 84 510 85 126 85 733 86 332 86 923 87 506 88 081 88 649 89 209 89 763 
8 90 309 90 849 91 381 91 908 92 428 2 942 93 450 93 952 94 448° 94 939 
9 95 424 95 904 96 379 96 848 97 313 97 772 98 227 98 677 99 123 99 564 

10 00 000 00 432 00 860 O1 284 01 703 02 119 02 531 02 938 03 342 03 743 

11 04 139 04 922 05 308 05 690 06 070 06 446 06 819 07 188 07 555 
12 07 918 08 636 08 991 09 342 09 691 10 037 10 380 10 721 11 059 
13 11 394 12 057 12 385 12 710 13 033 13 354 13 672 13 988 14 301 
14 14 613 15 229 15 534 15 836 16 137 16 435 16 732 17 026 17 319 
15 17 609 18 184 18 469 18 752 19 033 19 312 19 590 19 866 20 140 
16 20 412 20 952 21 219 21 484 21 748 22 011 22, 272 22 531 22 789 
17 23 045 23 553 23 805 24 055 24 304 24 551 24 797 25 042 25 285 
18 25 527 26 007 26 245 26 482 26 717 26 951 27 184 27 416 27 646 
19 27 875 28 330 28 556 28 780 29 003 29 226 29 447 29 667 29 885 
20 30 103 30 535 30 750 30 963 31 175 31 387 31 597 31 806 32 015 

21 32) 222 32 428 32 634 82 838 33 041 38 244 33 445 33 646 33 846 34 044 
7) 34 242 34 439 34 635 34 830 35 025 35 218 35 411 35 603 35 793 35 984 

23 36 173 36 361 36 549 36 736 36 922 37 107 37 291 87 475 37 658 37 840 
24 38 021° | 38 202 38 382 38 561 38 739 38 917 39 094 39 270 39 445 39 620 
25 39 794 39 967 40 140 40 312 40 483 40 654 40 824 40 993 41 162 41 330 
2 41 497 41 664 41 830 41 996 42 160 42 325 42 488 42 651 42 813 42 975 
27 43 136 43 297 43 457 43 616 43 775 43 933 44 091 44 248 44 404 44 560 
28 44 716 44 871 45 025 45 179 45 332 45 484 45 637 45 788 45 939 46 090 
29 46 240 46 389 46 538 46 687 46 835 46 982 47 129 47 276 47 422 47 567 
30 47 712 47 857 48 001 48 144 48 287 48 430 48 572 48 714 48 855 48 996 

31 49 136 49 276 49 415 49 554 49 693 49 831 49 969 50 106 50 243 50 379 
32 50 515 50 651 50 786 50 920 51 055 51 188 51 322 51 455 51 587 51 720 
33 51 851 51 983 52 114 52 244 52 375 52 504 52 634 52 763 52 892 53 020 

. 34 53 148 53 275 53 403 53 529 53 656 53 782 53 908 54 033 54 158 54 283 
35 54 407. |» 54 531 54 654 54 777 54 900 55 023 55 145 55 267 55 388 55 509 
36 55 630 55 751 55 871 55 991 56 110 56 229 56 348 56 467 56 585 56 703 
37 56 820 56 937 57 054 57 171 57 287 57 403 57 519 57 634 57 749 57 864 
38 57 978 58 092 58 206 58 320 58 433 58 546 58 659 58 771 58 883 58 995 
39 59 106 59 218 59 329 59 439 59 550 59 660 59 770 59 879 59 988 60 097 
40 60 206 60 314 60 423 60 531 60 638 60 746 60 853 60 959 61 066 61 172 

41 61 278 61 384 61 490 61 595 61 700 61 805 61 909 62 014 62 118 62 221 
42 62 325 | 62 428 62 531 62 634 62 737 62 839 62 941 63 043 63 144 62 246 
43 63 347 | 63 448 63 548 63 649 | 63 749 63 849 63 949 64 048 64147 | 64 246 
44 64.345 | 64 444 64 542 64 640 64 738 64 836 64 933 65 031 65 128 | G65 225 
45 65 321 | 65 418 65 514 65 610 65 706 65 801 65 896 65 992 66 087 66 181 
46 66 276 66 370 66 464 66 558 66 652 | 66 745 66 839 66 932 67. 025 67 117 
47 67 210 | 67 302 67 394 67 486 67 578 | 67 669 67 761 67 852 67 943 68 034 
48 68 124 68 215 68 305 68 395 68 485 | 68 574 68 664 68 753 68 842 68 931 
49 69 020 69 108 69 197 69 285 69 373 | 69 461 69 548 69 636 69 723 69 810 
50 69 897 69 484 70 070 70 157 70 243 | 70 329 70 415 70 501 70 586 70 672 

| | | | 

A H o ra we wo ~ on oa ~ ao © 



LOGARITHMS OF NUMBERS. 

TaBLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

233 

Ne L. 0 1 2 3 4 5 6 7 8 9 

50 69 897 69 984 70 070 70 157 70 243 70 329 70 415 70 501 70 586 70 672 

51 70 757 70 842 70 927 71 012 71 096 71 181 71 265 71 349 71 433 71 517 
52 71 600 71 684 71 767 71 850 TL 933 72 016 72 099 72 181 72 263 72 346 
53 72 428 72 509 72 591 72 673 72 754 72 835 72 916 72 997 73 078 73 159 
54 73 239 73 320 73 400 73 480 73 560 73 640 73 719 73 799 73 878 13 957 
55 74 036 74 115 74 194 74 278 74 351 74 429 74 507 74 586 74 663 74 741 
56 74 819 74 896 74 974 75 051 75 128 75 205 75 282 75 358 75 435 75 511 
57 75 587 75 664 75 740 75 815 75 891 75 967 76 042 76 118 76 193 76 268 
58 76 343 76 418 76 492 76 567 76 641 76 716 76 790 76 864 76 938 77 012 
59 77 085 77 159 77 232 77 305 77 379 77 452 77 525 77 597 77 670 77 743 
60 77 815 77 887 77 960 78 032 78 104 78 176 78 247 78 319 78 390 78 462 

61 78 533 78 604 78 675 78 746 78 817 78 888 78 958 79 029 79 099 79 169 
62 79 239 79 309 79 379 79 449 79 518 79 588 79 657 79 727 79 796 79 865 
63 79 934 80 003 80 072 80 140 80 209 80 277 80 346 80 414 80 482 80 550 
64 80 618 80 686 80 754 80 821 80 889 80 956 81 023 81 090 81 158 81 224 
65 81 291 81 358 81 425 81 491 81 558 81 624 81 690 81 757 81 823 81 889 
66 81 954 82 020 82 086 82 151 $2 217 82 282 82 347 82 413 82 478 82 543 
67 82 607 82 672 82 737 82 802 82 866 82 930 82 995 83 059 83 123 83 187 
68 83 251 83 315 83 378 83 442 83 506 83 569 83 632 83 696 83 759 83 822 
69 83 885 83 948 84 O11 84 073 84 136 84 198 84 261 84 323 84 386 84 448 
70 84 510 84 572 84 634 84 696 84 757 84 819 84 880 84 942 85 003 85 065 

71 85 126 85 187 85 248 85 309 85 370 85 431 85 491 85 552 85 612 85 673 
72 85 735 85 794 85 854 85 914 85 974 86 034 86 094 86 153 86 213 86 273 
73 86 332 86 392 86 451 86 510 86 570 86 629 86 688 86 747 86 806 86 864 
74 86 923 86 982 87 040 87 099 87 157 87 216 87 274 87 332 87 390 87 448 
75 87 506 87 564 87 622 87 679 87 737 87 795 87 852 87 910 87 967 88 024 
76 84 081 88 138 88 195 88 252 88 309 88 366 88 423 88 480 88 536 88 593 
77 88 649 88 705 88 762 88 818 88 874 88 930 88 986 89 042 89 098 89 154 
78 89 209 89 265 89 321 89 376 89 432 89 487 89 542 89 597 89 653 89 708 
79 89 763 89 818 89 873 89 927 89 982 90 037 90 091 90 146 90 200 90 255 
80 90 309 90 363 90 417 90 472 90 526 90 580 90 634 90 687 90 741 90 795 

81 90 849 90 902 90 956 91 009 91 062 91 116 91 169 91 222 91 275 91 328 
82 91 381 91 434 91 487 91 540 91 593 91 645 91 698 91 751 91 803 91 855 
83 91 908 91 960 92 012 92 065 92 117 92 169 92 221 92 273 92 324 92 376 
84 92 428 92 4380 92 531 92 583 92 634 92 686 92 737 92 788 92 840 92 891 
85 92 942 92 993 93 O44 93 095 93 146 9% 197 93 247 93 298 93 349 93 399 
86 93 450 93 500 93 551 93 601 93 651 93 702 93 752 93 802 93 852 93 902 
87 93 952 94 002 94 052 94 101 94 151 94 201 94 250 94 300 94 349 94 399 
88 94 448 94 498 94 547 94 596 94 645 94 694 94 743 94 792 94 841 94 890 
89 94 939 94 988 95 036 95 085 95 134 95 182 95 231 95 279 95 328 95 376 
90 95 424 95 472 95 521 95 569 95 617 95 665 95 713 95 761 95 809 95 856 

91 95 904 95 952 95 999 96 047 96 095 96 142 96 190 96 237 96 284 96 332 
92 96 379 96 426 96 473 96 520 96 567 96 614 96 661 96 708 96 755 96 802 
93 96 848 96 895 96 942 96 988 97 035 97 081 97 128 97 174 97 220 97 267 
94 97 313 97 359 97 405 97 451 97 497 97 543 97 5389 97 635 97 681 97 727 
95 97 772 97 818 97 864 97 909 97 955 98 000 98 046 98 091 98 137 98 182 
96 98 227 98 272 98 318 98 363 98 408 98 453 98 498 98 545 98 588 98 632 
97 98 677 98 722 98 767 98 811 98 856 98 900 98 945 | 98 989 99 034 99 078 
98 99 123 99 167 99 211 99 255 99 300 99 344 99 388 | 99 432 99 476 99 520 
99 99 564 99 607 99 651 99 695 99 739 99 782 99 826 | 99 870 99 913 99 957 

100 00 000 00 043 00 087 00 130 00 173 00 217 00 260 | 00 303 00 346 00 389 

N. L. 0 a 2 3 4 5 6 7 8 9 
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TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

{Extracted trom Gauss’ Logarithmic and Trigonometriec Tables.] 

~~ 
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100 | 00 000 043 087 | 130 173 217 260 308 346 389 

101 432 475 518 561 604 647 689 732 175 817 44 | 48 
102 860 903 945 988 | ,030| ,072| ,115| 4157) ,199] 242) 1] 4/4 
103 | 01 284 326 368 410 452 494 536 578 620 662] 2] 88 
104.| 703 745 | 787 828 870 912 953 995 | 036 | 078] 3} 13,2 
105 | 02 ng 160 202 243 284 325 366 407 449 490 4 16 ue 
106 31 572 612 653 694 735 776 816 857 898 
107 | 938 979| .019| 060] .100| 4141] .181| 992) 262] 302] 6| 26,4 | 25, 
108 | 03 342 383 423 463 503 543 583 623 663 703 | 7 | 30,8 
109 743 782 822 862 902 941 981| ,021| 060) 100] 8 35,2 
110 | 04 139 179 218 258 | 297 336 376 415 454 493 | 9 | 39, 

1 532 571 610 650 689 727 766 805 844 883 41 | 40 
112 922 961 999{. ,038) 077) .115| 4154) 192] 231 | 4.269] 2] 4)1 
113 | 05 308 346 385 | 423 461 500 538 576 614 652] 2) 82 
114 690 729 767 805 843 881 918 | 956 goa'| 032 | 3| 12,3 
115 | 06 070 108 145 183 221 258 296 333 371 408 | 4| 16,4 
116 446 483 | 521 558 595 633 670 707 74 7381] 5! 20,5} 20,0 
117 819 856 893 930 967] 004] ,041| ,078| 4115] 151] 6 | 24,6] 24) 
118 | 07 188 225 262 298 335 372 408 445 482 518 | 7 | 28)7| 28 
119 555 591 628 664 700 737 773 809 846 882] 8 32,8 82 
120 918 954 990| 027] 0683] 099] .135| ,171| 207] 243) 9 | 36, 

121 | 08 279 314 350 386 422 458 493 529 565 600 a8 3 
122 36 672 707 743 778 14 849 884 920 955 | 1 3 
123 991 | ,026 061 096 132 der 202 | ,237| ,272| ,307| 2] 76| 7 
124 | 09 342 377 412 | 447 482 517 552 | "587 621 656] 3| 14] 1 
125 691 726 760 795 830 864 899 934 yes | 003] 4] 15,2 | 14 
126 | 10 037 072 106 140 175 209 243 278 312 346 | 5| 19,0] 18 
127 380 415 449 483 517 551 585 619 653 687 | 6 | 22,8] 22 
128 721 755 789 823 857 890 924 958 992 | 025] 7] 26,6} 25 
128 11 059 093 126 160 193 227 261 294 327 361 8 S04 29 
1 394 428 461 494 528 561 594 628 661 694 34,2 | 33 

131 727 760 793 826 860 893 926 959 gg2 | 024 35 | 8 
132 | 12 057 090 123 156 189 209 254 | 287 320 352] 11 3/5) 8 
133 385 418 450 483 516 548 581 613 646 678 | 2| 7,0) 6 
134 710 742 775 808 840) 872 905 | 937 969} 001] 3) 10,5} 10 
135-| 13 033 066 098 130 1628} 194 226 | 258 290 322| 4| 14,0] 13 
136 354 386 418 450 |. 481 513 545 | 577 609 640 | 5 | 17,5| 17 
137 672 704 735 767 |° 799 830 862 893 925 956 | 6 | 21,0} 20 
138 988 | 019] 051) ,082| 114] 145] ,176| 208) 289] 270] 7 | 24,5 
139 | 14 301 333 364 395 426 457 489 | 520 551 582 | 8| 28,0 | 27, 
140 613 644 675 706 737 768 799 829 860 891] 9/| 31,5 

| | 

141 922 953 933 | 014) ,045| 076] 106) 137] 168] 198 $2 | 31 
142 | 15 229 259 290 320 351 381 412 | 442 | “473 503 u 3,2 a 
143 534 564 594 25 55 685 715 746 776 806 64 
14 836 866 897 927 957 987| ,017| 047} .077| 107] 3] 96| 9 
145 | 16 137 167 197 297 256 286 316 346| 376 406 | 4] 12,8) 12 
146 435 465 | 495 524 554 584 613 643 673| 702| 5| 16,0] 15 
147 732 761} 791 820 850 879 909 938 | 967 997 | 6| 19,2 | 18 
148 | 17 026 056 085 114 143 173 202 231 260| 289] 7| 22,4) 21 
149 319 348 377 406 435 464 493 | 522 551 580 | 8| 25,6 | 24 
150 609 638 | 667 696 725 754 782 811 840 869} 9 | 288) 27 

| 

N a0 1 2 3 4 5 6 7 8 9 Pp. P 



LOGARITHMS OF NUMBERS. 

TaBLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

N. L.0 1 2 3 4 5 6 7 8 9 Pe 

150 17 609 638 667 696 725 754 782 811 840 869 

151 898 926 955 984 4013 041 070 099 127 156 29 28 

152 18 184 213 241 270 298 327 355 384 412 441 1 2,9 2,8 

153 469 498 526 554 583 611 639 667 696 724 2 5,8 5,6 

154 752 780 808 837 865 893 921 949 977 005 3 8,7 8/4 

155 19 033 061 089 117 145 173 201 229 257 285 4| 11,6 | 11,2 

156 312 340 368 396 424 451 479 507 535 562 5) 14,5 14,0 

157 590 618 645 673 700 728 756 783 811 838 6 | 174 | 168 

158 866 893 S21 948 976 003 030 +058 4085 x112 7) 20,3 | 19,6 

159 20 140 167 194 222 249 276 303 330 358 385 8} 23,2 | 22,4 

160 412 439 466 493 520 548 575 602 629 656 9 | 26,1 | 25,2 

161 683 710 737 763 790 817 844 871 898 925 27 26 

162 952 978 005 032 059 ~085 112 4139 ,165 »192 1 2,7 2,6 

163 21 219 245 272 299 325 352 378 405 431 458 2 54) 5/2 

164 464 511 537 564 590 617 643 669 696 722 3] 81 7,8 

165 |. 748 775 B01 827 B54 880 906 932 958 985 4 | 10,8 | 10,4 

166 22 011 037 063 089 115 141 167 194 220 246 5 | 13,5 | 13,0 

167 272 298 324 350 376 401 427 453 479 505 6 | 16,2 | 15,6 

168 531 557 583 608 634 660 686 712 737 763 7 | 18,9 | 18,2 

169 7389 814 840 866 891 917 943 968 994 019 8 | 21,6 | 20,8 

170 23 045 070 096 121 147 172 198 223 249 274 9 | 24,3 | 23,4 

171 300 325 350 376 401 426 452 477 502 528 2 

172 553 578 603 629 654 679 704 729 754 779 1| 25 

173 805 830 855 880 905 930 955 980 005 +030 2) 5,0 

174 24 055 080 105 130 155 180 204 229 254 279 3 7,5 

175 304 329 353 378 403 428 452 477 502 527 4 | 10,0 

176 551 576 601 625 650 674 699 724 748 773 5 | 12,5 

177 797 822 846 871 895 920 944 969 993 ,018 6 15,0 

178 25 042 066 091 115 139 164 188 212 237 261 7 | 17,5 

179 285 310 334 358 382 406 431 455 479 503 8 | 20,0 

180 527 551 575 600 624 648 672 696 720 744 9 | 22,5 

181 768 792 816 840 864 888 912 935 959 983 24 ( 23 

182 26 007 031 055 079 102 126 150 174 198 221 1 2,4 2,3 

183 245 269 293 316 340 364 387 411 435 458 2) 48 4,6 

184 482 505 529 553 576 600 623 647 670 694 3] 72 6,9 

185 717 741 764 788 811 834 858 881 905 928 | 4) 96 9,2 

186 951 975 998 ,021 045 068 091 yll4 138 GL 5} 12,0} 11,5 

187 27 184 207 231 254 277 300 323 346 370 393 6} 14,4) 13,8 

188 416 439 462 485 508 531 554 577 600 623 7 | 168) 16,1 

189 646 669 692 715 738 761 784 807 830 852 8] 19,2) 18,4 

190 875 898 921 944 967 989 012 035 *058 081 9 | 21,6 | 20,7 

191 28 103 126 149 171 194 217 240 262 285 307 22 | 21 

192 330 353 375 398 421 443 | 466 488 511 533 1 2,2 2/1 

193 556 578 601 623 646 668 691 713 735 758 2] 44) 4,2 

194 780 803 825 847 870 g92 | 914 937 959 981 3 6,6 6,3 

195 29 003 026 048 070 092 115 137 159 181 203 4 88| 84 

196 226 248 270 292 314 336 358 380 403 425 5} 11,0) 105 

197 447 469 491 513 535 557 579 601 623 645 6 | 13,2) 12,6 

198 667 688 710 732 754 776 798 820 842 863 7} 15,4) 14,7 

199 885 907 929 951 973 994 O16 038 060 *081 8} 17,6) 16,8 

200 30 103 125 146 168 190 211 233 255 276 298 | 9| 19,8] 18,9 

| | 

N. L. 0 1 2 3 4 5 6 7 8 9 rae 



236 A MANUAL OF TOPOGRAPHIC METHODS. 

TaBLE XXXV.—OContaining logarithms of numbers from 1 to 11,000—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

N. ivy (hk 1 2 3 4 5 6 7 8 9 Paes 

200 30 103 | 125 146 168 190 211 233 255 276 298 

201 320 341 363 384 406 428 449 471 492 514 22 | 21 
202 535 557 578 600 621 643 664 685 707 Pst ee a ye 
203 750 771 792 814 835 856 878 899 920 942} 2] 44] 42 ‘ 
204 963 984} 006) 027) 048] 069] 091) 112] 133] 154] 3| 66] 63 
205 31175 197 218 239 260 281 302 323 345 "366 | 4/ 88 | 84 
206 387 408 429 450 471 492 513 534 555 576 | 5 | 11,0 | 10,5 
207 597 618 639 660 681 702 723 744 765 785 | 6 | 13,2 | 12,6 
208 806 827 848 869 890 911 931 952 973 994| 7 | 15,4 | 14,7 
209 32 015 035 056 077 098 118 139 160 181 201 | 8] 17,6 | 16,8 
210 299 243 2637 . 284 305 325 346 366 387 408 | 9| 19,8 | 18,9 

428 449 469 490 510 531 552 572 593 613 20 
634 654 675 695 715 736 756 717 797 818 ie 20) 
838 858 879 899 919 940 960 980 001 021 2| 40 

33 041 062 082 102 122 143 163 183 203 224 3] 6,0 
244 QW 284. 304 325 345 365 385 405 425 4| 8,0 
445 465 486 506 526 546 566 586 606 626 5 10,0 
646 666 686 706 726 746 766 736 806 826 6) 12,0 
846 866| 885 905 925 945 965 985 005 025 7) 14,0 

34 044 064) 084 104 124 143 163 183 203 223 8) 16,0 
242 262 282 301 321 341 361 380 400 420 9 | 18,0 rs = 

1 439 459 | 479 498 518 537 557 577 596 616 19 
229 635 655 674 694 713 733 753 772 792 811 T3| 50/9) 
323 830 850 869 839 908 928 947 967 986 005 21338 
204 35 025 044 064 083 102 122 141 160 180 199 8 | 5/7 
225 218 238 257 276 295 315 3334 353 372 392 4| 7,6 
226 411 430 449 468 488 507 526 545 564 583 5) 95 
227 603 622 641 660 679 698 717 736 755 774 6} 11,4 
298 793 BIS) |e soe 851 870 889 908 927 946 965 7 | 13,3 
929 984} ,003 |} 021 040 059 | 078 ~097 | 4116] 135) 154 8 | 15,2 
230 36 173 192 211 229 248 267 286 305 324 342 9| 17,1 

231 361 380 399 418 436 455 474 493 511 530 18 
232 549 568 586 605 624 642 661 630 698 717 Li 1s 
233 736 754 773 791 810 829 847 866 |" gg4 963 2| 3,6 
234 922 940 959 977 996] 014] 033] 051 070 | 088 3/54 
235 37 107 125 144 162 181 199 218 236 254 273 4) 72 
236 291 310 328 346 365 383 401 420 438 457 5} 9,0 
237 475 493 511 530 548 566 585 603 621 639 6 | 10,8 
238 658 676 694 712 731 749 767 785 803 822 7 | 12,6 
239 840 858 876 894 912 931 949 967 985 | 003 8) 14,4 
240 38 021 039 057 075 093 112 130 148 166 184 9 16,2 

241 202 220 238 256 274 292 310 328 346 364 17 
242 382 399 417 435 453 471 489 507 525 543 aly sale? 
243 561 578 596 614 632 650 668 686 703 721 2| 34 
244 739 757 7715 792 810 828 846 863 881 890 3] 51 
245 917 034 952 970 987| 005} 023] ,041| 058 076 4) 68 
246 39 094 WW 129 146 164 182 199 217 235 252 5| 85 
247 270 287 305 322 340 358 375 393 410 428 6 | 10,2 
248 445 463 480 498 515 533 550 568 585 602 7| 11,9 
249 620 637 655 672 | 690 TT 724 742 759 717 8 13,6 
250 794 811 829 846 | 863 881 | 898 915 933 950 9 | 15,3 

| 

N T3240 1 2 3 4 5 6 7 8 9 LAE, 
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LOGARITHMS OF NUMBERS. Zo 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

| | | 

N. Te lig oh 2 3 4 5 6 7 8 9 P.P 

250 39 794 811 829 846 863 881} 898 915 933 950 
} 18 | 

251 967 985) ,002| 019) 037) 054) .o71| 088) 106} 193 nl; ae | 
252 40 140 157 175 192 209 226 243 261 278 295 2| 3,6 

fs 253 312 329 346 364 381 398 415 432 449 466 3| 54 
254 483 500 518 535 552 569 586 603 620 637 4| 7,2 
255 654 671 688 705 722 739 756 773 790 807 5 | 9,0 
256 a4 S841 858 875 892 909 926 943 960 976 6 | 10,8 

, 257 993 | 010] 097] 044] 061} 078] 095] ,111] 128] 145 7 | 12,6 
258 41162 179 196 212 229 246 268 280 296 313 8 | 14,4 
259 330 347 363 380 397 414 430 447 464 481 9 | 16,2 
260 497 514 531 547 564 581 597 614 631 647 

- 17 
261 664 681 697 714 731 747 764 780 797 814 |) a7 
262 830 847 863 880 896 913 929 946 963 979 2|| 34 
263 996| 012) 020] .045/ 062] 078) 095) 111) 127) 14% NL eae | 
264 42160 177 193 210 226 243 259 275 292 308 4) 68 
265 325 341 357 374 390 406 423 439 455 472 5| 85 
266 488 504 521 537 553 570 586 602 619 635 6 | 10,2 
267 651 667 684 70 716 732 749 765 781 7197 7 | 11,9 
268 813 830 846 862 878 804 911 927 943 959 8 | 13,6 
269 975 991] 008] 024] 040] 056) 072] 088] 104) 120 9 | 15,3 
270 43.136 152 169 185 201 217 233 249 265 281 

16 
271 297 313 329 345 361 377 393 409 425 441 1] 1,6 
272 457 473 489 505 521 537 553 569 584 600 Di Bye 
273 616 632 648 664 680 696 712 727 743 759 2| 48 
274 775 791 807 823 838 854 870 886 902 917 4| 64 
275 933 949 965, 981 996] 012} 4028) 044] 059] 075 5 | 8,0 
276 44 091 107 122 138 154 170 185 201 217 232 6 | 96 

277 248 264 279 295 311 326 342 358 373 389 7| 11,2 
278 404] 420 436 451 467 483 498 514 529 545 | 8 | 13,8 
279 560 576 592 607 623 638 654 669 685 700 9 | 14,4 
280 716 731 747 762 178 793 809 824 840 855 

; 15 
281 871 886 902 917 932 948 963 979 994} 010 ee 
282 45025 | - 040 056 071 086 102 117 133 148 163 2) 3,0 
283 179 194 209 225 240 255 271 286 301 317 3] 45 
284 332 347 362 378 393 408 493 439 454 469 4] 6,0 
285 484 500 515 530 545 561 576 591 606 621 5| 7,5 
286 637 652 667 682 697 712 728 743 758 773 6) 9,0 
287 788 803 81s R34 849 864 879 804 909 924 7 | 10,5 
288 939 954 969 984 | 000] 015 | 030] 045) 060] 075 8 | 12,0 
289 46 090 105 120 | 135 150 165 180 195 210 225 9 | 13,5 
290 240 255 270 285 300 315 330 345 359 374 , 

4 
291 389 404 419 434 449 464 479 494 509 523 1) 14 
292 538 553 568 583 598 613 627 642 657 672 Dl) oe 
293 687 702 716 731 746 761 776 790 805 820 | 4,2 
204 835 850 864 879 894 909 923 938 953 967 4) 5.6 
295 982 997| 012] 026) .041| 4056) 070] 085] ,100| 114 5 | 7,0 
296 47 129 144 159 173 188 202 217 232 246 261 6| 84 
297 276 290 305 319 334 349 363 378 392 407 7| 98 
298 422 436 451 465 480 494 509 524 538 553 8 | 11,2 
299 567 582 596 611 625 640 654 669 683 698 9 | 12,6 
300 712 727 741 756 770 784 799 813 828 842 

| ws = 

N Tr. 10 1 2 3 4 5 6 7 8 9 P.P 
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238 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

N L. 0 1 2 yal ees 4 5 6 7 8 9 PP 
as =m a ee =a 

300| 47712] . 727) 741) 756] 770) 784) 799) 813) sag) 42 

301 857] 871] 885] 900) 914] 929] 943] 958] 972] 986 
302 | 48001] 015] 029) 044] 058) 073] 087} 101] 116] 130 
303 144] 159] 173| 187| 202). 216] 230] 244) 250) 278 15 
304 287/ 302] 316) 30) 344] 350) 373| 387| 401| 416 Lj) us 
305 430| 444] 458] 473) 487) 501/ 515| 530] 544] 558 2] 3,0 
306 572| 586] 601} 615| 629] 643| 657] 671| 686| 700 3] 45 
307 714) 728] 742 | 766) 770] 785; 7991 813} s27| 841 4} 6,0 
308 855 | 869] 883| 897] 911] 926| 940] 954] 968] 982 Oil ais 
309 996| 010] 024] 038] ,052| 066] 080) 094] 108] 192 6| 90 
310} 49136) 150) “164| 178) 192) 206) 220) 234] 248] “262 7 | 10,5 

8 | 12,0 
311 276| 290] 304} 318) 332] 346] 360] 374] 388] 402 9 | 13,5 
312 415 | 499) 443) 457] 471) 485) 49m) 513) 527| 541 
313 554] 568) 582) 596/ 6i0| 624| 638/ G51| 665| 679 
314 603 | 70%) 721} 734) 748) vez | 776] 7980] 03) = Btz 
315 831] 845] 859| 9872| 886/ 900] 914) 997] 941] 955 14 
316 969 | 982] 996] 010} 024) 037] .051| 065] ,079| 099 1) 14 
317 | 50108) 120')' 188) 47 ||» "aer | 174)|/ tei) 202)|) aib\s | 220 Perf 
318 243] 256] 270) 284] 997] 311| 325) 338| 352] 365 3| 42 
319 379| 393] 406] 4207 433) 447/ 461| 474] 488/ 501 4) 56 
320 515| 529] 542] 556] 569/ 583] 596| 610] 623| 637 5| 7,0 

6| 84 
321 651 664/ 678) 691) 705) 718| 732) 745| 759] 772 7| 98 
322 786| 799| 813| 826| 840] 853} 866) 880] 893] 907 8 | 112 
323 920] 934] 917| 961| 974] 987] 001] 014] 028] 041 9 | 12,6 
324} 51055| 068] 081} 095/ 108] 121| 135) 148] “1e2| 175 
325 188} 202] 215] 298] 242] 255| 268] 282] 295] 308 
326 322 |. 335] 348] 362] 375) 388] 402) 415] 498) 441 13 
327 455 | 468] 481| 495| 508] 521| 534] 548] 561) 574 eave 
328 5a7| 601] Gi4| 627} 640) 654] 667| 680] 693] 706 2] 26 
329 720| 7338| 746| 759) 772] 786| 799] 812] 9825| 938 3] 3,9 
330 851| 865) 878/ 891] 904] 917] 930| 943] 957] 970 lets 

| UG 

331 983 | 996] 009} ,022| 035] .048| ,061| 075] 088] 101 6| 78 
332] 52 10d] 427, 40) 158)" desi) “179)|) 192i 205); BIB) |= earl T| 9, 
333 244| 257| 270) 284) 297) 310| 323) 336] 349] 362 8 | 10,4 
334 375| 388] 401} 414| 497] 440/ 453| 466]  479| 402 9/117 
335 504| 517] 530| 543) 556] 569} 582) 595] 608} 621 
336 634| 647] 660} 673) 686] 699/ 711| 724] 737] 750 12 
337 763 776/ 789) 9802) 815) 827| 9840| 9853] 866| 879 sy) aU 
338 s2 | 905] 917! 930] 943] 956| 969] 982) 994] 007 2] 24 
339 | 53020) 033] 046/ 058] o71| 084| 097] 110] 192) 135 3] 3,6 
340 148] 161) 173) 186) 199/ 212| 224) 937] 250] 263 4| 48 

0 j 
341 275| 288) 301| 314] 326] 339] 352] 364] 377) 9390 6| 7,2 
342 403| 415! 428/ 441! 453! 466| 479! 4o1/ 504! 517 7| “84 
343 529 542| 555| 567| 580| 593) 605| 618| 631] 643 8} 96 
344 656 | 668) 681/ 694) 706] 719| 732) 744] 757] ‘769 9 | 10,8 
345 782| 794] 807/ 820) 932] 845| 857] 870] 882| 895 
346 908 | 920| 933] 945] 958] 970| 983] 995] 008] 020 
347/ 54 033| 045| 058| 070/ 088] 095] 108}; 120] 138| 145 
348 158| 170) 183) 195) 208| 220| 233| 245] 258] 270 
349 238| 205) 307 1320] 332) 345] 357) 870] “ 382) 394 
350 407| 419) 432) 444 456] 469) 481] 494] 506| B18 

| 

N L 0 1 2 3 4 5 6 7 Cy) 9 Pee. 
| | 



LOGARITHMS OF NUMBERS. 

TABLE XXXV.—COontaining logarithms of numbers from 1 to 11,000—Continued, 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

N L. 0 1 2 3 4 5 6 7 8 9 1nS Ve 

350 54 407 419 432 444 456 469 481 494 506 518 

351 531 543 555 568 580 593 605 617 630 642 
352 654 667 679 691 704 716 728 741 753 765 13 
353 T77 790 802 814 827 839 851 864 876 888 
354 900 913 925 937 949 962 974 986 998 ,011 1| 1,3 
355 55 023 035 O47 060 072 084 096 108 121 133 21 2,6 
356 145 157 169 182 194 206 218 230 242 255 3] 3,9 
357 267 279 291 3038 315 328 340 352 364 376 4) 5,2 
358 388 400 413 425 437 449 461 473 485 497 5 | 6,5 
359 509 522 534 546 558 570 582 594 606 618 6) 7,8 
360 630 642 654 666 678 691 703 715 727 739 7 | 91 

8 | 10,4 
361 ToL “763 775 787 799 811 823 835 847 859 9 | 11,7 
362 871 883 895 907 919 931 943 955 967 979 
363 991 4003 015 027 +038 050 062 074 «086 098 
364 56 110 122 134 146 158 170 182 194 205 217 12 
365 229 241 253 265 277 289 301 312 324 336 
366 348 360 372 384 396 407 419 431 443 455 1| 1,2 
367 467 478 490 502 514 526 538 549 561 573 2) 2/4 
368 585 597 608 620 632 644 656 667 679 691 3) 3,6 
369 703 714 726 738 750 761 773 785 797 808 4| 48 
370 820 832 844 855 867 879 891 902 914 926 5 | 6,0 

6) 7,2 
371 937 949 961 972 984 996 008 4019 031 043 7| 84 
372 57 054 066 078 089 101 113 124 136 148 159 8} 96 
373 171 183 194 206 217 229 241 252 264 276 9 | 10,8 
374 287 299 310 322 334 345 357 368 380 392 
375 403 415 426 438 449 461 473 484 496 507 
376 519 530 542 553 565 576 588 600 611 623 11 
377 634 646 657 669 680 692 703 715 726 738 
378 749 761 772 784 795 807 818 830 841 852 1) 14 
379 864 875 887 898 910 921 933 944 955 967 2 | 2,2 
380 978 990 ~091 O13 024 035 047 | 058 | 070 O81 3 | 3,3 

4 | 4/4 
381 58 092 104 115 127 138 149 161 172 184 195 5 | 5,5 
382 206 218 229 240 252 263 274 286 297 309 6 | 6,6 
383 320 331 343 354 365 377 388 399 410 422 7 | 7,7 
384 433 444 456 467 478 490 501 512 524 533 8 | 8,8 
385 546 557 569 580 591 602 614 625 636 647 9 | 9,9 
386 659 670 681 692 704 715 726 |. 737 749 760 
387 771 782 794 805 816 827 838 850 861 872 
388 883 894. 906 917 928 939 950 961 973 984 10 
389 995 006 017 028 040 051 062 073 3084 095 
390 59 106 118 129 140 151 162 173 184 195 207 u 1,0 

2 | 2,0 
391 218 229 240 251 262 273 284 295 306 318 3 | 3,0 
392 329 340 351 362 373 384 395 406 417 428 4 | 4,0 
393 439 450 461 472 483 494 506 517 528 539 5 | 5,0 
394 550 561 572 583 504 605 616 627 638 649 6 | 6,0 
395 660 671 682 693 704 715 726 737 748 759 7 | 7,0 
396 770 780 791 802 813 824 835 846 857 868 8 | 8,0 
397 879 890 901 912 923 934 945 956 966 977 9 | 9,0 
398 988 999 4910 021 032 043 O54 065 076 086 
399 60 097 108 119 130 141 152 163 173 184 195 
400 206 217 228 239 249 260 271 282 293 304 

NG: L. 0 1 2 3 4 5 6 f 8 9 isis 
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240 A MANUAL OF TOPOGRAPHIC METHODS. 

a 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

N. L. 0 1 2 3 4 5 6 7 8 9 iPeB: 

400 60 206 217 228 239 249 260 271 282 293 304 

401 314 325 336 347 358 369 379 390 401 412 
402 423 433 444 455 466 477 487 498 509 520 
403 531 541 552 563 574 584 595 606 617 627 
404 638 649 660 670 681 692 703 713 724 735 
405 746 756 767 778 788 799 810 821 831 842 il 
406 853 863 874 885 895 906 917 927] 938 949 cbf} 

| 407 959 970 981 991 002) 013} 023] 034] 045] *055 2 | 2,2 
| 408 61 066 077 087 098 109 119 130 140 151 162 3 | 3,3 
| 409 172 183 194 204 215 225 236 247 257 268 4/44 

410 278 289 300 310 321 331 342 352 363 374 : aS 
v 

411 884 395 405 416 426 437 448 458 469 479 LON 
412 490 500 511 521 532 542 553 563 574 584 8 | 8,8 
413 595 606 616 627 637 648 658 669 679 690 9| 99 
414 700 71 721 731 742 752 763 773 784 794 
415 805 815 826 836 847 857 868 878 888 899 
416 909 920 930 941 951 962 972 982 993 | 008 
417 62 014 024 034 045 055 066 076 036 097 107 
418 118 128 138 149! 159 170 180 190 201 211 
419 221 232 242 252 263 273 284 294 304 315 
420 325 335. 346 356 366 377 387 397 408 418 “A, 

421 428 439 449 459 469 480 490 500 511 521 1} 1,0 
422 531 542 552 562 572 583 593 603 613 624 2| 2,0 
423 634 644 655 665 675 685 696 706 716 726 3 3,0 424 737 747 757 767 778 788 798 808 818 829 4 | 4,0 425 839 849 859 870 880 890 900 910 921 931 5 | 5,0 426 941 951 961 972 982 992} *002} 012] 022] 033 6 | 6,0 427 63 043 053 063 073 083 094 104 114 124 134 7| 7,0 428 144 155 165 175 185 195 205 215 225 236 8 | 8,0 429 246 256 266 276 286 296 306 317 327 337 9 | 9,0 430 347 357 367 377 387 | 397 407 417 428 438 

431 448 458 468 478 488 498 508 518 528 538 432 548 558 568 579 589 599 609 619 629 639 433 649 659 669 79 689 699 709 719 729 739 434 749 759 769 779 789 799 809 819 829 839 435 849 859 869 879 889 899 909 919 929 939 9 436 949 959 969 979 988 998} 008] 018) 028] 038 1 | 0,9 437 64 048 058 068 078 088 098 108 118 128 187 2/18 438 147 157 167 177 187 197 207 217 227 237 3 | 2,7 439 246 256 266 276 286 296 306 316 326 335 4) 3,6 440 345 355 365 375 385 395 404 414 424 434 3 ea 

441 444 454 464 473 483 493 503 513 523 532 7 | 6,3 442 542 552 562 572 582 591 601 611 621 631 8 | 7,2 443 640 650 660 670 680 689 699 709 719 729 9 | 81 444 738 748 758 768 vicich 787 797 807 816 826 445 836 846 856 865 875 885 895 904 914 924 446 933 943 953 963 972 9382 992} 002} .011| ,021 447 65 031 040 050 060 070 079 089 099 108 118 448 128 137 147 157 167 176 186 196 205 215 449 225 234 244 254 263 273 283 292 302 312 450 321 331 341 | 350 360 369 379 389 398 408 

N. L. 0 1 2 3 4 5 6 7 8 9 P.P 
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LOGARITHMS OF NUMBERS. 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. | 

N. L. 0 1 2 | 3 4 5 

450 65 321 331 341 | 350 360 369 

451 418 o7| 437| 447] 456) 466 
452 54 523 533 543 552 562 
453 | 610 619 629 639 648 658 
454 706 715 725 734 744 753 
455 B01 81 820 830 839 849 
456 896 906 916 925] 935] 944 
457 992! 001 “011; 020} 030; 039 
458 66 087 096 106 115 124 134 
459 181 191 200 210 219 229 
460 276 285} 995 304 314 323 

461 370 380 | 389 398 408 417 
462 464 474) 483 492 502 511 
463 558 567 | 577 586-596 605 
464 652 661 671 680-689 699 
465 | 745 755 764) 773 | . 783 792 
466 839 848 857 867 | 876 885 
467 932 941 950 960 969 978 
468 | 67 025 034) 043 052 062 071 
469 117 127 136 | 145 154 164 
470. 210 219 228} 237 247 256 | 

471 | 302} 311 321} 330 339 348 | 
472 | 394 403 413 492) 431 440 
473 486 495 504 514) 523 532 
474 578 587 596 605 614 624 
475 669 679 688 697 | 706 715 
476 761 770 779 788 | 797 806 
477 852 861 870 879 | 888 897 
478 | 943 952 951 970 | 979 988 
479 68 034 043 052 061) 070 079 
480 124 133 142 151) 160 169 | 

481 215 224 233 242 251 260 | 
482 305, 34 323 332 341 350 
483 395, 404 413 429 431 440 
484 485 494 502 511 520 529 
485 574 583 592 601 610 619 
486 664 673 681 690 699 708 
487 753 762 771 780 789 797 
488 842 851 860 869 878 886 

_ 489 931 940 949 958 966 975 
490 | 69 020 028 037 046 055 064 

| | 

491 108 117 126 135 | 144 152 
492 197 205 214 223! 232 241 | 
493 285 2944 302 311 320 329 
494 373 381 390 399 408 417 
495 461 469 478 487 496 504 
496 548 557 566 574 583 592 
497 636 644 653 662 671 679 
498 m3 | 732| 740] 749| 758 ] 767 
499 810 819 827 836 B45 854 
500 897 906 914 923 932 940 

N. ity, 1 2 3 4 5 
| 

MON XXII——16 

on i) = 

241 

7 8 9 Pes 

389 398 408 

485 495 504 
581 591 600 
677 686 696 
772 782 792 
868 877 887 
963 973 982 10 
058 | 068 077 1/1,0 
153 162 172 2| 2,0 
247 257 266 3| 3,0 
342 351 361 4 | 4,0 

5 | 5,0 
436 445 455 6 6,0 
530 539 549 7| 7,0 
624 633 642 88,0 
717 727 736 9/90 
811 820 829 
904 913 922 
997 | 006} 015 
089 099 108 
182 191 201 
274 284 293 > 

367 376 385 0,9 
459 468 477 2} 1,8 
550 560 569 3) 2,7 
642 651 660 4 3,6 
733 742 752 5 | 4,5 
825 834 843 6 54 
916 925 934 7 63 
006 015 O24 8| 7,2 
097 106 115 9 81 
187 196 205 

278 287 296 
368 377 386 
458 467 476 
547 556 565 
637 646 655 8 
726 735 744 1) 0,8 
815 824 833 2 16 
904 913 922 3) 24 
993 002 | 011 4 3,2 
082 | ~ 090 099 5| 4,0 

6 48 
170 179 188 7 | 5,6 
258 267 276 8) 6,4 
346 355 364 9} 7,2 
434 443 452 
522 531 539 
609 618 627 
697 705 714 
784 793 801 
871 830 888 
958 966 975 

7 8 9 P.P 



242 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Coutinued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

j 
N Te 0 jal a 2 3 4 Ge ye 3G 7 8 9 PP: 

| | 

500 69, 897 906 914 923 932 940 949 958 «966 975 

501 984 992 001 010 018 +027 036 044 053 062 
502 70, 070 079 088 096 105 114} 122 131 140 148 
503 157 165 174 183 191 200 209 217 226 234 
504 243 252 260 269 278 286 295 303 312 321 
505 329 338 346 355 364 372 381 389 398 406 
506 415 424 432 441 449 458 467 475 484 492 
507 501 509 518 526 535 544 552 561 569 578 9 
508 586 595 603 612 621 629 638 646 655 663 1| 0,9 
509 672 680 689 697 706 714 723 731 740 749 2/18 
510 757 766 774 783 791 800 808 817 825 834 3. 2% 

4 | 3,6 
511 842 851 859 868 876 885 893 902 910 919 5 | 45 
512 927 935 944 952 961 969 978 986 995 003 6] 54 
513 71, 012 020 029 037 046 054 063 071 079 038 7 | 63 
514 096 105 113 122 130 139 147 155 164 172 8 | 7,2 
515 181 189 198 206 214 223 231 240 248 257 9| 81 
516 265 273 282 290 299 307 315 324 332 341 
517 349 357 366 374 383 391 399 408 416 425 
518 433 441 450 458 466 475 483 492 500 508 
519 517 25 533 542] 550 559 567 575 584 592 
520 600 609 617 625 634 642 650 659 667 675 

521 684-692 700 709 717 125 734 742 750 759 8 
522 767 775 784 792 800 809 817 825) 834 842 1) 08 
523 850 858 867 875 883 892 900 908 917 925 2/16 
524 933 | 941 950 958 966 975 | 983 991 999 008 3] 24 
525 72, 016 024 032 041 049 957 066 074) 082 090 4] 3,2 
526 099 | 107 115 123 132 140 148 156 165 173 5 | 40 
527 181 189 198 206 214 222 230 239 | 247 255 6] 48 
528 263 272 280 288 296 304 313 321 329 337 7 | 5,6 
529 346 354 362 370 378 387 395 403 | 411 419 8 | 64 
530 428 436 444 452) 460 469 477 485 493 501 9 | 7, 

531 509 518 526 534 542 550 558 567 575 583 
532 591 599 607 616 624 632 640 648 656 665 
533 673 681 689 697 705 713 722 730 738 746 
534 754 762 770 779 787 795 803 811; 9819 827 
5B5 835 843 852 860 869 876 884 892} 900 908 
536 916 925 933 941 949 957 965 973 981 989 7 
537, | 997 006 4014 | 023 +030 038 046 054 062 070 1| 0,7 
538 | 73,078 086 094 102 11 119 127 135 143 151 2)14 
539 159 167 175 | 183 191 199 207 215 223 231 3 | 2,1 
540 239 247 255! 263 272 280 288 296 304 312 4| 28 

| 5 | 35 
541 320] 328 336 344 352 360 368 376 384 392 6 | 4,2 
542 400 408 416 424 432 440 448 456 464 472 7 | 4,9 
543 480 | 488 496 504 512 520 528 536 544 552 8 | 5,6 
544 560 | 568 576 584 592 600 608 616 624 632 9 | 63 
54: 640 | 648 656 664 672 679 687 695 708) |) 711 
546 Te) | GP 735 743 731 759 767) 775 783 791 
547 799 | 807 815 823 830 838 846} 854 862 870 
548 878 886 894 902 910 91y 926 | 933 941 949 
549 957 965 973 981 989 997 *005 *013 *020 *028 
550 74, 036 044 052 060 068 076 084 092 099 107 

_ — ~~ = = ae 

N. ECO lt 2 3 4 5 6 7 8 9 ihae 



LOGARITHMS OF NUMBERS. 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

243 

N. TO: 1 2 a 4 5 6 it 8 9 Pee 

550 74 036 O44 052 060 068 076 084 092 099 107 

551 115 123 131 139 147 155 162 170} _178 186 
552 194 202 210 218 | 225 233 241 249 257 265 
553 273 280 288 296 304 312 320] 327 335 343 
554 351 359 367 374 382 390 398 406 414 421 
555 429 437 445 453 461 468 476 484 492 500 
556 507 515 523 531 539 547 554 562 570 578 
557 586 593 601 609 617 624 632 640 648 656 
558 663 671 679 687 695 702 7L0 718 726 733 
559 741 749 757 764 772 730 788 796 803 811 
560 819 827 834 842 850 858 865 873 881 889 

561 896 904 912 920 927 935 943 950 958 966 8 
562 974 981 989 997} 005} 012) 020] 028} 035] 043 1/08 
563 75 O51 059 066 074 082 089 097 105 113 120 2| 1,6 
564 128 136 143 151 159 166 174 182 189 197 3 | 2,4 
565, 205 213 220 228 236 243 251 259 266 274 4| 3,2 
566 282 289 297 305 312 320 328 | 335 343 351 5 | 4,0 
567 358 366 374 381 389 397 404} 412 420 427 6 | 48 
568 435 442 450 458 | 465 473 481 488 | 496 504 7| 5,6 
569 511] 519 526 534] 542) 549 557 565 572 580 8 | 64 
570 587 595 603 610 618 626 633 641 648 656 9 | 7,2 

571 664 671 679 686 694 702 709} 717 724 732 
572 740 747 755 762 770 778 785 | 793 800 808 
563 815 823 831 B38 | 846 853 861} 868) 876 884 
574 | $91 899 906 914 921 929 937 | 944 952 959 
575 967 974 982 989 997 005 | 012} 020] 027] 035 
576 76 042 050 057 065 072 080 087 | 095 103 110 
577 118 125+ 133 140 148 155 163) 170) 178 185 
578 193 200-208 215 223 | 230 238} 245] 253 260 
579 268 275 283 290 298 305 313 320 328 335 
580 343 350 358 365, 373 380 388} 395 403 410 p 

} | ‘ 

581 | 418 | 425 433 440 448 455 | 462 470 477 485 1| 0,7 
582 | 492, 500 507 515 522 530 537) 545 | 552 559 2) 14 
583 567 574 582 589 597 604.) 612 619 626 634 3 | 2,1 
584 641 649 656 664 671 678 | 686 693 701 708 4 | 2,8 
585 716 723 730 738 745 153 760 768 775 782 5 | 3,5 
586 790 797 805 812 819 827 834 842 849 856 6 | 4,2 
587 864 871 879 886 893 901 908 916 923 930 7| 4,9 
588 938 945, 953 960 967 975 982 989 997 | 004 8 | 5,6 
589 77012) 019 026 034 041 048 056 063 070 078 9| 63 
590 085 (0938 100 107 115 122 129 137 144 151 

| 

591 159 166 173 181 188 195 203 210 217 225 
592 232 240 247 254 262 269 276 283 291 298 
593 305 313 | _ 320 327 335 342 349 357 |, 364 371 
594 379 386 393 401 408 415 422) 430 437 444 
595 452 459 466 474 481 488 495 | 503 510 517 
596 525 532 539 546 554 561 568 576 583 590 
597 597 605 612 619 627 634 641 648 656 663 
598 670 677 685 692 699 706 714 721 728 735 
599 743 750 757 764 772 779 786 | 798 801 | 808 
600 815 822 830 837 844 851 859 866 873 880* 

N. ive 1 2 3 4 5 6 7 8 9 PP 
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TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

. 

N. lis @ 1 2 3 4 5 6 if 8 9 P. P. 

600 | 77 815 822 830 837 844 851 859 866 873 880 

601 887 895 902 909 916 924 931 938 945 952 
602 960 967 974 981 988 996| 003] 010) 017) 025 
603 | 78 032 039 046 053 061 068 075 082 089 097 
604 104 111 118 125 132 140 147 154 161 168 
605 176 183 190 197 204 211 219 226 233 240 
606 247 254 262 269 276 283 290 297 305 312 8 
607 319 326 333 340 347 355 362 369 376 383 
608 390 398 405 412 419 426 433 440 447 455 1] 08 
609 462 469 476 483 490 497 504 512 519 526 2/1,6 
610 533 540 547 554 561 569 576 583 590 597 3 24 

4 | 3, 
611 604 611 618 625 633 640 647 654 661 668 5 | 4,0 
612 675 682 639 696 704 71 718 725 732 739 6| 48 
613 746 753 760 767 774. | 781 739 796 803 810 7 | 5,6 
614 817 824 831 838 845 852 859 866 873 880 8 | 64 
615 888 895 902 909 916 23 930 937 944 951 9| 7,2 
616 958 965 972 979 986} 993] 000] 007} 014] 021 
617 | 79 029 036 043 050 057 064 071 078 085 092 
618 099 106 113 120 127 134 141 148 155 162 
619 169 176 183 190 197 204 211 218 225 232 
620 239 246 253 260 267 274 281 288 295 302 

621 | 309 316 323 330 337 344 351 358 360 372 ¢ 
622 379 386 393 400 407 414 421 428 435 442 1| 0,7 
623 449 456 463 470 | 477 434 491 498 505 511 2) 14 
624 518 525 532 539 546 553 560 567 574 581 3 | 21 
25 588 | 595 602 609 616-623 630 637 644 650 4 | 28 

626 657 664 671 678 | 685! 692 699 706 713 720 5.| 3,5 
27 727 734 741 748 | 754| 761 768 775 782*| 789 6 | 42 

628 796 803 810 817 | 824 831 837 844 851 858 7| 49 
629 865 | 872 879 886 893 900 906 913 920 927 8 | 56 
630 | 934 941 948 955 962 969 975 982 989 996 9 | 63 

631 | 80 003 010 017 024) 030 037 044 051 058 065 
632 072 079 085 092) 099 106 113 120 127 134 
633 140 147 154 161| 168 175 182 188 195 202 
634 209 216 223 229 236 243 250 257 264 271 6 
635 277 284 291 298 305 312 318 325 332 339 
636 346 353 359 366 373 380 387 393 400 407 1) 0,6 
637 414 421 428 434 441 448 455 462 468 475 2112 
638 482 489 496 502 509 516 523 530 536 543 Bis 
639 550 557 564 570 577 584 591 598 604 6u 4| 2,4 
640 618 625 632°]  638| 645 652 659 665 672 679 5 | 3,0 

| 6 | 36 
641 686} 693 699 706 | 713 720 726 733 740 747 7| 4,2 
642 754 760 767 774 781 787 794 801 808 814 8 | 48 

| 643 821 828 835 841 848 855 862 868 875 882 9| 54 
644 889 | 895 902 909 916 922 929 | 936 943 949 
645 956 | 963 969 976 983 990 996} 003 | 010; 017 
646 | 81 023 030 037 043 050 057 064 070 077 O84 
647 090 097 104 lil 117 124 131 137 144 151 
648 158 | 164 171 178 184 191! 198] 204 211 218 
649 224] 231 238 245 251 258 265 | 271! 278 285 
650 2or"| — 298 305 311/ 318 325 331 | 338 345 351 

Noy edie) 1 2 3 4 5 6 7 8 9 P. P. 



LOGARITHMS OF NUMBERS. 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

(Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

245 

| | 

N. L. 0 1 2 3 4 Al ae GE Pe 8 9 Pee: 
| | = 

650 81 291 298 305 311 318 325 331 338 345 | 351 

651 358 365 371 378 385 391 398 405 411 418 
652 425 431 438 445 451 458 465 471 478 485 
653 491 498 505 511 518 525 531 538 544 551 
654 558 564 571 578 584 591 598 604 611 617 
655 624 631 637 644 651 657 664 671 677 684 
656 690 697 74 710 717 723 730 737 743 750 
657 757 763 770 776 783 790 796 803 809 816 
658 823 829 836 842 849 856 862 869 875 882 
658 889 895 902 908 915 921 928 935 941 948 
660 954 961 968 974 981 987 994) 000 | 007] 014 

661 82 020 027 033 040 046 053 060 066 073 079 7 
662 086 092 099 105 112 119 125 132 138 145 1107 
663 151 158 164171 178 184 191 197 204 210 lll hal 
664 217. 223 230 | 236 243 249) 256 263 269 276 3 | 04 
665, 282 289] 295 302 308 315 321 328 334 341 4| 28 
666 347 B54 360-367 373 380 387 393 400 406 5135 
667 413 419 426 | 432 439 445 452 458 465 471 Pallets 
668 478 484 491 497 504 510 517 523 530 536 Tiles 
669 543 549 556 562 569 575 582 588 595 601 3 | ah 
670 607 614 620 627 633 640 646 653 659 666 9| 63 

671 672 679 685 692 698 705 711 718 724 730 
72 737 743 750 756 763 769 | 776 782 789 795 
73 802 808 814 821 827 834 840 847 853 860 

674 866 872 879 885 892 898 905 911 918 924 
675 930 937 943 950 956 963 969 975 982 988 
676 995) 001} ,008; 014} 020} .027| 033) 040) 046] 052 
677 83 059 065 072 078 985 091 097 104 110 117 
678 123 129 136 142 149 155 161 168 174 181 
679 187 193 200 206 213 219 225 232 238) 245 
680 251 257 264 270 276 283 289 | 296 302 | 308 

6 
681 315 321 327 334 340 347 853 359 366 372 4:1 016 
682 378 385 391 398 404 410 417 | 433 429 436 2| 13 
683 442 448 455 461 467 474 480 | 487 493 499 3 | 1/8 
684 506 512 518 525 531 537 544 550 556 563 1 | 24 
685 569 575 582 588 594 601 607 «613 620 626 5 | 3.0 
686 632 639 645 651 658 664 670 677 683 689 6 | 3'6 
687 £96 702 708 715 721 727 734 740 746 753 7| 42 
688 759 765 771 778 784 790 797 803 809 816 3| 4's 
689 822 828 835 841 847 853 860 866 872 879 9\54 
690 885 891 897 904 910 916 923 929 935 942 ed 

691 948 954 960 967 973 979 985 992 998 | 004 
692 84 O11 017 023 029 036 042 048 055 061 067 
693 073 080 086 092 098 105 111 117} 128 130 
694 136 142 148 155 161 167 173 180) 186 192 
695 198 205, 211 217 223 230 236 242 | 248 255 
696 261 267 273 280 286 292 298 305) 311 317 
697 323 330 336 342 348 354 361 367 373 379 
698 386 392 398 404 410 417 423 429 435 442 
699 448 454 460 466 473 479 485 491 497 504 
700 510 516 522 528 535 541 547 | 553 559 566 

| 

N. L. 0 ae aes 2 3 4 5 6 7 8 9 Paes 
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TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] « 

N. L. 0 1 2 3 4 5 6 7 8 9 Tae 

a | 
706 84 510 516 522 528 535 541 547 553 559 566 

701 572 578 584 590 597 603 609 615 621 628 
702 634 640 646 652 658 665 671 677 683 689 
703 696 702 708 714 720 726 733 739 745 751 

| 704 757 763 770 776 782 788 794 800 807 813 f 7 
| 705 819 825 831 837 844 850 856 862 868 874 

706 880 887 893 899 905 911 917 924 930 936 1/07 
707 942 948 954 960 967 973 979 985 991 997 2) 14 
708 85 003 009 016 022 028 034 040 046 052 058 3 | 2,1 
709 065 071 077 083 089 095 101 107 114 120 4/28 
710 126 132 138 144 150 156 163 169 175 181 5 | 3,5 

6 | 4,2 
711 187 193 199 205 211 217 224 230 236 242 7 | 49 
712 248 254 260 266 272 278 285 291 297 303 8 | 5,6 
713 309 315 321 327 333 339 345 352 358 364 9 | 63 
714 | 370 376 | 382 388 394 400 406 412 418 425 
715 | 431 437 443 449 455 461 467 473 479 485 

| 716 | 491 497 503 509 516 522 528 534 540 546 
717 552 | 558 564 570 576 582 588 | 594 600 606 

| 718 612 618 6§25 631 637 643 649 = 655 661 667 | 
| 719 673 | 679 685 691 697 | 703 709 715 721 (27 
| @20 733 739 745 751 757 763 769 775 781 7 6 

| 794 800 806 812 818 $24 830 836 842 848 1 | 0,6 
854 860 866 872 | 878 884 890 896 902 908 2'| 1,2 

| | 914 | 920 926 932 | 93 944 950 956 962 968 3/18 
974 980 986 | 992 998 004 010 016 022 028 4/24 

86 034 040 046 052 | 058 | 064 070 | 076 082 088 5 | 3,0 = 
094 100 106 112 | 118 124 130 136 141 147 6 | 3,6 
153 159 165 sW GUN Si trics 183 189 | 195 201 207 7 | 4,2 
213 219 225 231 | - 237 243 249 | 255 261 267 8 | 4,8 
273 | 279 285, | 291) |) 297. 303 308 314 320 | 326 9,54 
332 338 344 350 356 362 365 374 380 386 

| 

| 392 398 | 404 410 415 421 427 433 439 | 445 
| 451 457 463 469 475 481 487 493 499 504 

510 | 516 522 fe 528 | 534 540 546 552 558 | 564 
| 570 76 581 587 | 593 599 605 611 617 622 

629 635 641 | 646 | 652 658 664 670 676 682 

1 688 694 700 | 705 | 7 | 717 723 729 735 741 6 
TAT 753 759 | 764 | 770 | 776 782 788 794 800 
806 | 812 817 | 825 | 829 835 841 847 853 859 1| 0,5 
864 | 870 876 882 888 894 900 906 | 911 917 2/1,0 
923 | 929 935 941 947 953 958 | 964 | 970 976 3} 1,5 

| } 4} 2,0 
741 __ 982 988 | 994 | 999 005 O11 O17 023 029 035 5) 20 
742 87 040 046 | 052 | 058 064 070 075 081 | 087 093 6 | 3,0 
743 099 105 1 | 116 122 128 | 134 1400146 151 7 | 3,5 
744 157 | 163 169 175 181 186 |°_192 198 | 204 210 8 4,0 
745 216 221 | 227 233 239 246 251 256 | 262 268 9 | 4,5 
746 274 280 286 291 297 303 309 315 320 326 
TAT 332 338 344 349 355 361 367 373 379 | 384 
748 390 396 402 408 413 419 425 431 437 | 442 
749 448 454 460 466 471 477 483 489 | 495 500 
750 506 512 518 523 529 535 541 547 | 552 558 

We || aye | 1 | 2 | 3 4 5 6 7 8 9 P. P. 
SN a a (ee 
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TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

N. 1 i 2 3 4 5 6 7 8 9 P.P. 

| } . 

750 87 506 512 518 523 529 535 p41} 547 | 552 558 | 
751 564 570 576 581} 587 | 593 599 G04 610 616 
752 622] .628| 633 639| 645 | 651 656) 662 668 674 
153 679 685 «691 697| 703| 708 714| 720| 726 731 
754 737 743 749 754) 760 766 772 | 777 783 739 
155 795 800 806 812 818 | 823 g29| 835 841 846 
756 852 858 864 869 875 881 887} 892 898 904 
757 910 915 921 92% 933 | 938 944 950 955 961 
758 967 973) 978 984 990 996 | ~,001| 007) 013) 018 
759 88 024 030 036 | 041 047 053 058) “064 070 | “076 
760 O81 087 093 098 104 110 116 121 127| 133 

761 138 14 150|. 156) 161) 167 173! 178 184 190 6 
762 195 201 207 | 218 218 224 230 235 241| 247 1| 0,6 
763 252 258 264 270 275 281 | 287 292) 298] 304 2/12 
764 309 315 321 326 332 338 343 | 349 355 360 3/138 
765 366| 372 377 383 389 395 400 406 412 417 4| 24 
766 423 429 434 440 446 451 457| 463| 468 474 5| 3,0 
167 480 485 491 497 502 508 | 513 519 525 530 6| 3,6 
768 536 542 547 553 559 564| 570| 576 581 587 7\42 
769 593 598 604 610 615| 621 627| 632| 638 643 8/48 
770 649 655 660 666} 672 677; 683 | 689 694 | 700 9/54 

771 705 711 717 722 723 734 | 739 745| 750] 756 
172 762 767 773 779 784 790| 795] 801) 807 812 
173 818 824 829 835 840 846 | 852 857| 863| 868 
774 874 880 885 891 897 902 908 913 | 919 925 
175 930 936 941 947 953 958 964 969 975 981 
776 986 992 997 | 003] 009] ,014, ,020/ ,095| ,031| 037 
id 89 042 048 053 059 O64 070} 076) “Ost 087 * “092 
778 098 104 109 115 120 iDIs)| | eeae || MEY, 143 143 
779 154 159 165 170 176 182 187 193 198 204 
780 209 215 291 226) 932 237 243 248 | 254 260 

781 265 271 276 282 287 293} 298 304 310 315 5 
782 321 326 332 337 343 348 | 354 | 360| 365 371 1/05 
783 376 382 387 | 393 398 404-409 415 421 426 2 | 1/0 
784 432 437 443 | 448 454 459 | 465 470 476 481 31,5 
7185 487 492 498 504 509 515 520| 526) 531 537 4/20 
786 542 548 | ~ 553 559 564 570 575 581 586) 592 5| 25 
787 597 603 609 614) «620 625 631 636 642! 647 6| 3,0 
788 653 658 664 669 | 675 680 686 691 697 | 702 7 | 35 
789 708 713 719 724 730 735 741 746 752 757 8| 4,0 
790 | @ 763 768 774| 779 785 790 | 798 801 807 812 9/45 

| | | | 
791 818 g23| g29| 834 840 815 851 856 862 | 867 
792 873 878 | 883 | 889 894 900 905 911; 916) 922 
793 927 933 938 O44 949 955 960 966 971 977 
794 982 988 993 998 | .004.} ,009| 015} 020] 4026) 031 
795 90 037 042 | 048 | 053 059 064 069 075 080 | "086 
796 091 097) 102 108 113 119 124 129 135 140 
797 146 151 157| 162 168 173 179 184) 189 195 
798 200 206 211) 217 222 227 233 238 244 | 249 
799 255 260 266 | 271 276 982 287 | 298 298 | 304 
800 309 314| 320| 325 331 336 342 347 352 358 

x = | £ 

| 

N. iby iy |) al 2 3 4 5 6 7 oo P.P 
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TaBLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

|e — ts ns o a 4 t) 

90 309 314 320 825 331 336 342 347 352 358 

795 800 | 806 | 8ll 816 822 827 832 838 843 
849 | 854 | 859 865 870 875 881 886 891 897 

902 907 913 918 924 | 929 | 934 940 945 950 6 
956 961 966 72 977 982 | 988 993 998 004 1 | 0,6 

91 009 O14 020 025 030 | 036 | O41 046 052 057 2/12 
062 068 073 78 084 | 089 094 100 105 110 3/18 
16 | 121 126 132 137 142 148 153 158 164 4/24 
169 174 180 185 190 196 201 206 212 217 5 | 3,0 
222 228 233 238 243 249 254 259 265 270 6 | 3,6 
275 281 | 286 291 297 |. 302 307 312 318 323 7 | 4,2 
328 334 339 344 350 | 355 | 360 365 371 376 8/48 
381 387 392 397 403 408 413 418 424 429 9 | 5,4 

698 703 709 74 719 724 730 735 740 | 7 
751 756 761 766 772 777 782 787 793 | 798 
803 808 814 819 824 829 934 840 R45 850 
855 | 861 | 866 871 876 | 882 | 887 892 897 903 | 
908 913 918 924 929 934 | 939 944 950 955 | 

| | | | 
960 | 965 | 971 976 | 981 986 991 997 ~002 | 007 5 

92012 | 018 023 028 033 038 044 049 054 059 1] 0,5 
065 070 075 080 085 091 096 101 106 ui 2] 1,0 
117 122 127 132 137 | 143 148 153 158 | 163 | 3/15 
169 174 179 184 189 195 200 205 210 215 | 4} 2,0 
221 226 231 236 | 241 247 252 257 262 267 Wee 
273 278 283 288 | 293 298 304 309 314 319 | 6 | 3,0 
324 330 335 340 345 350 355 | 361 366 371 7| 35 
376 381 387 392 | 397 402 407 | 412 418 | 423 | 8 | 4,0 
428 433 438 443 449 454 | 459 464 469 | 474 9 | 4,5 

| | 
480 485 490 495 500 505 | 511 516 521 | 526 
531 536 | 542 547 552 557 562 567 572 578 % 
583 | 588 593 598 603 609 | 614 619 624 629 
634 639 145 650 655 660 665 670 675 681 
686 | 691 696 | 701 706 711 716 722 | 727 73: 
737 TAD eT 752 758 763 UO RN Ue 283 
788 793 | 799 804 809 814 819 | 824 829 834 
840 845 | 850 855, 860 865 870 875 881 886 
891 896 = 901 906 911 916 921 ; 927 932 937 
942 947 952 957 962 967 73 | 978 983 938 

| | 
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” 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000—Continued. 

[Extraeted from Gauss’ Logarithmic and Trigonometric Tables.] 

249 

N. 0 1 2 3 4 5 6 7 8 9 P. P. 
- | i eS 

850 | 92 942 947 952 957 962 967 973 978 983 988 

851 993 998 | ,003 | ,008 | ,013 | ,018 | .024 | ,029 | ,034 | ,039 
852 | 93 044 049 054 059 064 069 75 080 085 090 | 
853 095 100 105 110 115 120 125 131 136 141 | 
B54 146 151 156 161 166 171 176 181 186 192 
855 197 202 207 212 217 202 227 232 237 242 | 
856 247 252 258 263 268 273 278 283 288 293 | 
857 298 303 308 313 318 323 328 334 339 344 6 
858 349 354 359 364 369 374 379 384 389 394 1| 06 
859 399 404 409 414 420 425 430 435 440 445 2/12 
$60 450 455 460 465 470 475 480 485 490 495 3/18 

4| 24 
861 500 505 510 515 520 526 531 536 541 546 5 | 3,0 
862 551 556 561 566 571 576 581 586 591 596 6| 3,6 
863 601 606 611 616 621 626 631 636 | ‘641 646 7| 42 
864 651 656 661 666 671 676 682 687 692 | 697 8 | 48 
865 702 | 707 712 717 722 727 732 | * 737 742 | 747 9/54 
866 7a2 757 762 767 772 117 782 787 792 797 
867 802 807 812 817 $22 827 832 837 842 847 
868 852 857 862 867 872 877 882 887 892 | 897 
869 902 907 912 917 922 927 932 937 942 947 
870 952 957 962 967 972 977 982 987 992 997 

871 | 94 002 007 012 017 022 027 032 037 042 047 5 
872 052 057 062 067 072 077 082 086 091 096 1 | 05 
873 101 106 111 116 121 126 131 136 141 146 2/10 
874 151 156 161 166 171 176 181 186 191 196 3] 1,5 
875 201 206 211 216 221 296 231 236 240 245 4 | 2,0 
876 250 255 260 265 270 275 280 285 290 | 295 5 | 25 
877 300 305 310 315 320 325 330 335 340 | 345 6 | 3,0 
878 349 354 359 364 369 374 379 384 389 394 7 | 3,5 
879 399 404 409 414 419 424 429 433 438 443 8 4,0 
1) 448 453 458 463 468 473 478 483 488 493 | 99 / 4,5 

881 498 503 507 512 517 522 527 532 537 542 | 
882 547 552 557 562 567 571 576 581 586 591 
883 596 601 606 611 616 621 626 630 635 | 640 
884 645 650 655 660 665 670 675 680 685 | 689 
885 694 699 704 709 714 719 724 729 734 738 
886 743 748 753 758 763 768 773 778 783 787 4 
887 792 797 802 807 812 817 822 827 832 836 1 0,4 
888 841 846 851 856 861 866 871 876 880 885 | 21/038 
889 890 895 900 905 910 915 919 924 929 | 934 | | 3/12 
890 939 944 949 954 959 963 968 973 78 983 4 1,6 

5 | 2,0 
891 988 993 998 | .002 | ,007 | ,012-| ,017 | ,022 | ,027 | ,032 | 6] 24 
892 | “95 036 041 046 051 056 061 066 071 075 030 7 | 28 
893 085 090 095 100 105 109 114 119 124 129 8 | 3,2 
894 134 139 143 148 153 158 163 168 173 V7 a| 8.914 :3;6 
895 182 187 192 197 202 207 211 216 221 226 
896 231 236 240 245 250 955 260 265 270 274 
897 279 284 289 294 299 303 308 313 318 323 
898 328 332 337 342 347 352 357 361 366 371 
899 376 381 386 390 395 400 405 410 415 419 
900 424 429 434 439 444 448 453 458 463 468 

N. L. 0 1 2 3 4 5 6 7 8 9 P.P. 
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TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000.—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

N i. 10 1 | 2 3 4 5; | 6 | 7 8 | 9 1242) 

eva < Se = | | 

| 900 95 424 429 434 439 444 448 453 | 458 | 463 | 468 
| 

901 472 477 482 487 492 497 501 | 506 | 511 516 
| 902 521 525 | 530 535 540 545 550 554 559 | 564 
| 903 569 574 578 583 588 593 598 602 607 | 612 

904 617 | 622 | 626 631 | 636 641 646 650 655 660 
905 665 670 | 674 679 | 684 689 694 | 698 703 | 708 
906 713 | 718 | 722 727 | 732 737 742 | 746 751 | 756 
907 761 | 766 770 775 780 785 789 | 794 799 | 804 

| 908 809 813 818 823 828 832 837 842 | 847 | 852 
| 909 856 861 866 871, 875 880 885 840 | 895 899 

910 904 909 | 914 918 | 923 928 933 938 942 947 
| 

911 952 957 | 961 966 976 980 985 990 | 995 5 
912 999 004 009 | 014 | 023 ~028 033 038 042 1| 0,5 
913 96 047 052]; 057| 061 071 07 080 085 090 2) 1,0 
914 095 099 104 | 109 118 123 128 183 137 3/15 
915 142 147 152 156 166 U7} 175 180 #185 4 | 2,0 
916 190 194 199 204 213 218 | 223 227 232 5 | 25 
917 237 242 246 251 261 | 265 270 | 275 280 6 | 3,0 
918 284 289 294 298 308 313 317 | 322 327 7) 35 
919 332 | 336 341 346 | 355 | 360 365 369 | 374 8 | 4,0 
920 379 | 38t 388 393 | 402 407 | 412 417 421 9 | 4,5 

921 426 435 440 445 450 454 459 | 464 | 468 
922 473 483 487 | 492 497 | 501 506 | 521 515 
923 520 530 534 539 544 | 548 5a3 558 | . 562 
924 567 577 581 586 591 | 595 600 605 609 
925 614 624 | 628 | 633 638 | 642 647 652 | 656 
926 661 | 570 675 | 680 685 | 689 694 699 | 703 
927 708 | 717 722 | 727 731 | 736 | 741 745 | 750 
928 O0))| 759 764 | 769 | 774 778 | 783 788 792 | 797 
929 802 806 811 | 816 | 820 825 830 834 839 844 
9367 - 848 853 858 | 862 | 867 872 | 876 881 886 890 

| 931 895 900 904 909 914 918 923 928 932 937 4 
932 942) 946 951 956 | 960 + 965 970; 974) 979 984 1 | 0,4 
933 988 | 993 997 002 | 007 3011 016 ¥021 025 4.030 2/08 
934 97 035 039 O44 | 049 053, 058 | 063 067 072 O77 3 | 1,2 
935 O81 | O86 090 095 100 104,109 114 118 123 4) 1,6 
936 128 132 137 142 | 146 151 | 155 160 165 169 5 | 2,0 
937 174 179 183 188 | 192 197 202 206 211 216 6 | 2,4 
938 220 225 230 234 239 243 248 | 253 257 262 7 | 2,8 
39 267 271 276 280 285 290 294 | 299 | 304 308 8 | 3,2 

940 313 | 317 322 327 331 336 340 | 345 | 350 354 9 | 3,6 

941 359 364 368 373 377 382 | 387 | 391 | 396 400 
942 405 | 410 414 419 424 428 | 433 437 | 442 MAT 
943 451 | 456 460 465 470 474 479 483 | 488 | 490 
944 497 502 506 511 516 520 525 529 | 534 539 
945 543 548 552 557 562 566 571 | 575 580 | 585 
946 589 594 598 603 607 612 617 621 | 626 | 630 
947 635 640 644 649 * 653 658 663 667 | 672 | 76 
948 681 685 690 695 699 704 708 713 | 717 722 
949 727 731 736 | 740 745 749 | 754 | 759 | 763 768 
950 772 W717 782 | 786 791 795 800 804 | 809 | 813 

— _— | — = le = — 

N Ive ()} 1 2 | 3 4 Oy 0 7 8 9 PP: 



LOGARITHMS OF NUMBERS. 251 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000.—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

| { | 
N. Teo 1 Be Where 4 5 6 7 8 9 P.P, 

| | | 

950 97 772 777 782 | 786 791 795 800 804 809 813 
| | } 

| 951 gis| 923| 927| 932| 36) 841| 945| 850| 955] 859 
952 864 868 73 | 877 882 886 891 896 | 900 905 

953, 909 914 | 918 923 928 932 937 941 | 946 950 
| 954 955 959 964 968 973 978 982 987 991 996 

| 955] 98000} 005) o09| o14| 019) 023) 028) 032| 037| 041 
| 956 046} 050] 055| 059| 084) 068) 073| 078) 082] 087 

957 091} 096] 100) 105| 109) 4) 1s} 193] 1927| 132 
| 958 137| 141| 146| 150] 155) 159/ 64] 168) 173] 177 

959 182} 186] 191] 195] 200) 204] 209| 14). 218] 293 
960 207; 7a32| 236| 241| 245] 950| 254) 250] 263] 268 | 

| | ! | 

| 961 272| 277] 281| 286] 290) 295] 299] 304| 308) 318 5 
| 962 318| 392) 3297| 331| 336) 340| 345| 349| 354] 358 1 | 0,5 

963 363 367 372 376 381 385, 390 394 399 403 2 | 1,0 

964 403} 412] 417| 421] 496] 430]  435| 439) 444] 448 3| 15 
965 453| 457| 462 466) 4711 475] 480] 484| 489! 493 4| 2/0 
966 498| 502) 507] 511| 516 20 | 525| 529] 534) 538 5 | 25 
967 543 | 547| 552) 556| 561) 565| 570| 574] 579] 583 6 | 3.0 
968 588 592 597 601 605 610 | 614 619 623 | 628 7 | 3,5 
969 632| 637) 641| 646! G50] 655| 659|  661| 668| 673 8 | 40 
970 677 682 686 691 | 795 700 704 709 | 713 717 9/45 | 

971 m2| 726| 731) 735| 740) 744] 749| 753| 758| 762 
972 767 771 776 780 784 789 793 798 | 802 807 
973. 811 816 820 825 829 834 838 843 | 847 851 | 
974 856!" gs60| 865| 869| 874] 878| 883) 987) s92| 896 | 
975 900| 905| 909] o14| 918} 923| 927| 932) 936] 941 
976 945| 949] 954] 958| 9631 967! 972! 976) 981| 985 
977 989 994 998 008 4007 +012 | 016 | +021 | 025 | ,029 | 

978 99 034 038 043 O47 052 056 | 061 065 | 069 074 
| 979 o78| 083] 087) 092| 096) 100] 105) 109) 14] 118 

980 123 127 131 136 140 145 | 149 154 158 | 162 

981 167| 171| 176| 180| 185) 189| 193| 198) 202| 207 4 
982 211} 216] 220| 204] 229] 933] 938] 942) 947 | 251 1| 04 
983 255} 260) 264) 269| 273 277/ 982) 986| 291] 295 2} 0,8 
984 300| 304) 308] 313/ 317) 322) 326| 330| 335| 339 3/12 
985 344| 348) 352) 357 | 361) 366] 370| 374| 379] 383 4| 1/6 
986 3a8| 392| 396| 401} 405] 410| 414] 419] 423| 427 5 | 20 
987 432| 436, 441] 445| 4491 454| 458| 463) 467| 471 6 | 24 
988 476| 480) 484| 489] 493] 498| 502| 506/ 511| 515 7| 28 
989 520! 524| 598| 533| 537) 542; 546) 550| 555| 559 8 | 32 
990 sea} 568} 572| 577 | 5a] 585} 590] 594) 599) 608 9| 3,6 

| | | 
991 607 612 616, 621 | 625 629 634 | 638 642 
992 651| 656|. 660| 664| ceoy 673| 677)  682| 686 
993 695 | 699| 704| 7084 712) v7| 721| 726] 730 
994 739 743 747 752 756 760 | 765 — 769 774 

995 732| 787| 791| 795| 800) 804] 808) 813| 817 
996 826| 830| 935| 9839| 843] 9848] 952) 856] B61 
997 870 874 | 878 883 | 887 891 896 900 904 909 

598 913 | 917| 922) 926 | 930] 935] 939| 944} 948 | 952 
999 957 961 | 965 970 974 978 983 987 | 991 996 

1000 00 000 | 004 009 | 013 017 022 026 | 030 | 035 039 

= L | meee al —_ | e | ee ee | 

N ii 0 | ieee 3 4 5 6 7 8 9 P.P. 

- > 
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252 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXV.—Containing logarithms of numbers from 1 to 11,000.—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables-] 

N. i 0 1 2 3 4 nye || 6 7 8 9 d 

1000 } 000 WU00 0434 0869 1303 1737 2171 2605 3039 3472 8907 434 
| | | 

1001 4341 4775 | 5208 | 5642 6076 6510 | 6943 7377 | 7810 8244 f 434 
1002 8677 9111 9544 9977 | 0411 0844 xl277 1710 2143 42576 | 433 
1003 § 001 3009 3442 3875 4308 | 4741 5174 5607 6039 | 6472 6905 | 433 
1004 7337 | 7770 8202 8635 9067 9499 9932 | 0364 | .0796 | .1228] 432 
1005 | 002 1661 2093 2525 2957 3389 3821 | 4253 4685 | 5116 5548 432 
1006 5980 | 6411 | 6845 7275 7706 8138 | 8569 9001 | 9432 9863 431 
1007 f 003 0295 | 0726) 1157 1588 2019 2451 2882 3313) 3744 4174 431 
1008 4605 5036 | 5467. 5898 6328 6759 | 7190 7620 8051 8481 J 431 
1009 8912 9342 | 9772 | 0203 | 0633 1063 1493 1924 x2354 | 2784 430 
1010 | 004 3214 3644 4074 4504 4933 5363 5793 | 6223 6652 7082 | 430 

1011 7941 8371 8800 9229 9659 0088 0517 40947 41376 | 429 
1012 2234 2663 3092 | 3521 3950 4379 4808 5237 5666 1 429 
1013 6523 6952 7380 7809 8238 8666 9094 9523 9951 429 
1014 | 0808 | 1236 1664 2092 2521 2949 3377 3805 4233 428 
1015 5088 5516 5944 63872 6799 1227 7655 | 8082 8510 428 
1016 9365 9792 | ,0219| 0647 1074 | .1501 1928 | 2355 +2782 427 
1017 3637 4064 4490 4917 5344 5771 6198 | 6624 T7051 427 
1018 7904 | 8331 8757 9184 9610 0037 0463 0889 ¥ 1816 26 
1019 # 008 1742 2168 | 2594 3020 3446 3872 4298 | 4724 | 5150 5576 | 426 
1020 6002 6427 | 6853 7279 7704 8130 8556 8981 9407 9832 | 426 

1021 | 009 0257 | 0683 1108 | 1533 1959 2384 | 2809 | 3234 3659 | 4084 F 425 
1022 4509 | 4934 5359 | 5784 6208 6633 | 7058 | 7483 7907 | = 8332 425 

| 1023 8756 9181 9605 0030 0454 9878 | 13038 1727 2151 | 42575 424 
1024 | 010 3000 3424 | 3848 | 4272 4696 5120 5544 5967 6391 | 6815 4 424 
1025 7239 7662 8086 8510 8933 9357 | 9780 40204 0627 | .1050 Ff 424 
1026 J 011 1474 | 1897 2320 2743 3166 3590 4013-4436 4859 5282 423 
1027 5704 6127 6550 6973 7396 7818 8241 8664 9086 9509 423 

| 1028 9931 0854 0776 1198 1621 2043 | 2465 32887 3310 | x3732 | 422 
1029 | 012 4154 4576 4998 5420 5842 6264 6685 7107 7529 7951 422 
10380 8372 8794 | 9215 9637 0059 0480 0901 41323 1744 | ,2165 | 422 

1031 ] 013 2587 | 3008] 3429] 3850 4271 4692 5113 | 5534 5955 6376 | 421 
10382 6797 | 7218 7639 8059 8480 8901 9321 9742 0162 0583 421 
1033 | 014 1003 ? 1844 2264 2685 3105 3525 | 3945 4365 4785 | 420 
1034 5205 6045 6465 | 6885 7305 7725 8144 | 8564 | 8984 420 
1035 9403 0243 | 6662 +1082 1501 ,1920 2340 2709 +3178 420 
1036 | 015 3598 4436 4855 5274 5693 6112 6531 6950 | 7369 419 
1037 7788 8625 9044; 9462 9881 0800 | 0718 | 11387 | 1555 419 
1038 | 016 L974 2392 | 2810 3229 3647 4065 4483 | 4901; 5319| 57374 418 
1039 6155 | 6573 6991 7409 7827 8245 8663 9080 | 9498 9916 | 418 
1040 | 017 0333 0751 1168 1586 2003 2421 2838 | 3256) 3673 4090 | 417 

| | | 
1041 4507 4924; 5342 5759 | 6176 6593 7010 7427 7844 | 82609 417 

| 1042 8677 9094 | 9511 9927 | 0344 0761 Pally ¥1594 | 2010 2427 417 
{ 1043 7 018 2843 3259 | 3676 4092 | 4508 4925 fe 5841 5757 | 6173 6589 f 416 | 
| 1044 7005 7421 7837 | 8253 8669 9084 9500 9916 | 0332 0747 J 416 | 
| 1045 7 019 1163 | 1578 1994 | 2410 2825 3240 3656 4071 4486 4902 § 415 

1046 5317 5732 6147 6562 | 6977 7392 7807 222 8637 9052 8 415 
{1047 9467 9882 | 0296 xO71L | 41126 1540 <1955 | 2369 2784 | 3198 J 415 
| 1048 | 020 3613 4027 4442 4856 5270 5684 6099 | 6513 6927 | 7341 414 
| 1049 7755 8169 $583 8997 9411 9824 40238 0652 1066 1479 J 414 
| 1050 | 021 1893 | 2307 2720 | 3134 3547 3961 4374 4787 5201 5614 J 413 — 

| } | 

| 
Te 0) 1 2 3 4 5 6 7 | 9 d 



TABLE XXXV.—Containing logarithms of numbers from 7 to 11,000.—Continued. 

N. 

1050 

| 1051 
1052 

| 1053 
1054 
1055 
1056 
1057 
1058 
1059 
1060 

1061 
1062 
1063 
1064 
1065 
1066 
1067 
1068 
1069 
1070 

1071 
} 1072 

1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 

1081 
1082 
1083 
1084 
1085 
1086 
1087 
1088 
1089 
1090 

1091 
1092 
1093 
1094 
1095 
1096 
1097 
1098 
1099 
1100 

4 

021 

022 

026 

027 

028 

029 

030 

O81 

032 

034 

035 

036 

037 

038 

039 

040 

041 

LOGARITHMS OF NUMBERS, 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. | 

1893 

6027 
0157 
4284 
8406 
2525 
6639 
0750 
4857 
8960 
3059 

7154 
1245 
5333, 
9416 
3496 
7572 
1644 
5713 
9777 
3838 

7895 
1948 
5997 
0043 
4085 
8123 
2157 
6188 

3 0214 
4238 

8257 
2273 
6285 
0293 
4297 
8298 
2295 
6289 
0279 
4265 

8248 
2226 
6202 
0173 
4141 
8106 
2066 
6023 
9977 
3927 

2 3 4 
| 

| 
2307 | 2720 3134 | 3547 

6440 | 6854 | 7267 | 7680 
0570 | 0983 | 1396 1808 
4696 | 5109| 5521 5933 
8818 9230 | 9642 | 0054 
2936 | 3348, 3759| 4171 
7050} 7462 7873| 8284 
1161 1572, 1982} 2393 
5267 | 5678 6088) 6498 
9370 | 9780 0190 0600 
3468 | 3878 4288 4697 

7363 8382 | 8791 
1654 3 | 2472 | 2881 
5741 6558 | 6967 
9824 | <0641 | 1049 
3904 | 4719 | 5127 
7979 | 8794 | 9201 
2051 2865 | 3272 
6119 6932 | 7359 
0183 ~0996 | 1402 
4244 5055 | 5461 

8300. | 9111} 9516 
2353 | 3163 | 3568 
6402 | 7211 | 7616 
0447 | 1256) 1660 
4489 | 4893 5296 | 5700 
8526 | 8930 | 9333 | 9737 
2560 | 2963 | 3367 | 3770 
6590 | 6993, 7396 | 7799 
0617 | 1019) 1422) 1824 
4640 | 5042 | 5444 | 5846 

8659 | 9060 9462) 9864 
2674 3075 | 3477 3878 
6686 | 7087 | 7487 | 7888 
0693 | 1094 1495 | 1895 
4698 | 5098 5498 | 5898 
8698 | 9098 9498) 9898 
2695 | 3094 3494 | 3893 
6688 | 7087 7486) 7885 
0678 | 1076) 1475| 1874 
4663 | 5062 5460! 5858 

8646 | 9044 9442) 9839 
9624 | 3022 3419| 3817 
6599 | 6996 7393 | 7791 
0570) 0967 1364 | 1761 
4538 | 4934 5831 | 5727 
8502 | 8898 9294) 9690 
2462 | 2858 3254 3650 
6419 | 6814 7210) 7605 

20372 | 0767 | ,1162| 1557 
4322 | 4716, 5111 | 5506 

1 2 3 4 

| 
3961 

go0s | 
2291 
6345 

0466 
4582 
8695 
2804 
6909 
1010 
5107 

9200 | 
3289 
7375 

41457 
5539 
9609 
3679 
7745 
1808 
5867 

9922 
3973 
8020 
2064 
6104 | 
0140 | 
4173 
8201 
2226 | 
6248 

0265 
4279 
8289 

2296 
6298 
0297 
4293 
8284 
2972 
6257 

0237 
4214 
8188 
2158 
6124 
0086 
4045 
800i 
1952 
5900 

4374 

8506 
2634 
6758 
0878 
4994 
9106 
3214 
7319 
1419 
5516 

| 

9609 | 
3698 | 
1788 

41865 
5942 
0016 
4086 
$152 
42214 
6272 

0327 
4378 
8425 
2468 
6508 
0544 
4576 
8604 
2629 
6650 

0667 
4680 
8690 
2696 
6698 
0697 
4692 
8683 
2671 
6655 

0635 
4612 
8585 
2554 
6520 
0482 
4441 
8396 

«2547 
6295 

4787 

8919 
3046 
7170 
1289 
5405 
9517 
3625 
7729 
1829 
5926 

0018 
4107 
8192 

42273 
6350 
0423 
4492 
8558 
2620 
6678 

0732 
4783 
8830 
2872 
6912 
0947 
4979 | 
9007 
3031 
7052 

1068 
5081 
9091 
3096 
7098 
1097 
5091 
9082 
3070 
7053 

41033 
5009 
8982 
2951 
6917 
0878 
4837 
8791 

¥2742 
6690 

5614 

9745 
3871 
7994 

42413 
6228 

03839 
4446 
8549 
42649 
6744 

0836 
4924 
9008 

+3088 
7165 
1237 

* 5306 
9371 
3432 
7489 

1543 
5592 
9638 
3681 
7719 
1754 
5785 
9812 
3835 
7855 

,1871 
5884 
9892 
3897 
7898 
1896 
5890 
9880 
3867 
7849 

41829 
5804 
776 

3745 
7709 
1670 
5628 
9582 

485382 
7479 



A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents. 

[Extracted from Gauss’ Logarithmic and 'rigonometric Tables. } 

0° 

| 
| u L. Sin d. L. Tang d.c. L. Cotg. L. Cos. 

| 
0 Sere heen eee | eee oo nee 0.00 000} 60 
1 46 373 0.00 000 59 
2 30103 | 6.76 476 | 30103 0.00 000 58 
3 17609 | 6.94 085 | 17609 0.00 000 57 | 4 79 | 12494) 7.06 579 | 12494 0.00 000 56 
5 9691 |——7r16 270)| 9692 | 0.00 000 | 55 

36 7918 | 7.24188] 7918] 9° 0.00 000 54 
7 6694 | 7.30 892 | 6694 | 2.69 118] 0.00 000 53 
8 5800 | 7.36 682} 5800} 963 318] 0.00 000 52 
9 9115 | 7.41 797 | pee 2.58 203] 0.00 000 51 

I~ 10 : 4076 | “7-46 373 | 4°75 |—553-go7 | 0.00 000 | 50 
rl 3 4139 | 7.50 512 4139 | 949 488] 0.00 000 49 
12 E 3779 | 7.54 291 | 3779 | 9°45 709] 0.00 000 48 
18 5 3476 | 7.57 767) 3476) 2.42 2331 0.00. 000 47 
14 i 3218 | 7.60 986 se 2.39 014 F 0.00 000 46 
15 I 7.63 982 | 2997 | 763 og2 | 2 2.36 018} 0.00 000 | 45 

7.66 784 | 2802) 7.66 785] 2803 | 9.33 9151 0.00 000 44 
7.69 417 | 2683 7.69 418} 2633 | 930 582] 9199 go9f 43 
7.71 900 | 2483) 7.71 900 ae 2.28 100} 9.99 999 42 
7.74 248 | 2348) 7.74 248 on 2.25 752] 9.99 999 41 
7.716.475 | . 2227 | —a 76 476 ms 2.23 524] 9.99 999 40 
7.78 594) 2119 7.78 595] 2119! 9°91 405} 9.99 999 39 
7.80 615 | 2021) 7.80 615} 2020! 9.49 3859 9.99 999 38 
7.82 545 | 1930) 7.82 546| 1931) 9:17 454] 9.99 999 37 
7.84 393 | 1848 | 7,84 394 es 2.15 606} 9.99 999 36 

7.86 166) 2773 Teg q67| "8 | 943 e331 9.90 099 1 a5 
7.87 870| 1704) 7/87 a71 1704 | 9.12 129] 9.99 999 34 
7.89 509} 1639 | 7.39 510] 1639) 940 4909 9.99 999 33 
7.91 088} 1579) 7.91 089| 1579) 908 911] 9.99 999 32 
7.92 612 | 1524 | 7.99 618 ER 2.07 387] 9.99 998 31 
TAG 0BE|| pee tealrs ‘2.05 914 f 9.99 998] 30 
7.95 508 1424 | 7, 1424) 9.04 490] 9.99 998 29 7.96 887) 1379) 7, 1379 | 9.03 111 9.99 998 28 | 7.98 223 | 1336) 7, 1936 | 2.01 775] 9.99 998 27 
7.99 520 | 1207 | 7. aon | 2.00 478] 9.99 998} 26 
8.00 779 a eT 1288 1.99 219 f 9.99 998 25 
8.02 002 | 1223 | 8 0s 1223 | 4.97 9961 9.99 998 24 
8.03 192] 1190) 9g. 1190 | 1.96 806}. 9.99 997 23 
8.04 350] 1158) 9g, M59) 1.95 647] 9.99 997 = 22 
8.05 478 8 feat 1128 | 1.94 519] 9.99 997, 21 
8.06 578 | 1100 |g 1100 |7.93 419 | 9.99 997 | 20 

41 8.07 650 | 1072) 9g, 1072 | 1.92 347] 9.99 997 19 
42 8.08 696 | 1046) 1047 | 1.91 300] 9.99 997 18 43 8.09 718} 1022) g 1022 | 1.90 278] 9.99 997 17 
44 8.10 717 999 | 8. 998 | 1.89 280 9.99 996 16 
45 | 8.11 693 (ore 976 |—“T 738 304] 9.99 906 | 15 
46 8.12 647 954) 8. 995 | 1.87 349] 9.99 996 14 
47 8.13 581 934) 8 934 | 1.86 415] 9.99 996 13 
48 8.14 495 S14") 1g} 915 | 1.85 500 9.99 996 12 
49 8.15 391 BOG) ase! 895 | 1.84 605} 9.99 996 11 
50 8.16 268 Slang: 878 |—7. 83727 | 9.99 995 | 10 51 8.17 128 860) 8. 860 | 1.82 867) 9.99 995 9 52 8.17 971 et ish 843 | 1.82 024] 9.99 995 8 53 8.18 798 827) 3 828 | 1.81 196 | 9.99 995 7 54 8.19 610 he 8. 812 | 1.80 3841 9.99 895 6 55 8.20407); 87 |g 197 | 779 587 ¢ 9.99 904 5 56 8.21 189 782) 8.9 782) 1.78 8057 9.99 994 4 57 | 8.21958] 769) 769! 1.78 036 9.99 994 3 58 8.22 713 755 | 8.2 756 | 1.77 280 9.99 994 2 59 8923 456 43 | 8.9 742 | 1.76 538} 9.99 994 1 [ 60 | S2a1g6| 720 |\—¢ 730 | 4.75 808 | 9.99 995 0 

L. Cos. d. | L. Cotg. | d.c. | L. Tang. L. Sin. U 



” 

LOGARITHMS OF CIRCULAR FUNCTIONS. 

TaBLE XXX VI.—Logarithmic sines, cosines, tangents, and cotangents.—Continued. G , , i g 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

1° 

’ L. Sin. d. L. Tang. | d.c. L. Cotg. L. Cos. 

24 186 wat Fa 1.75 S08} 9.99993] 60 
24 903 cs us 1.75 090 | 9.99 993 59 

a 706 | 1.74 384] 9.99 998 58 
ea 696 | 1.73 688] 9.99 57 
Pa f85 |_1.73 004] 9.99 56 
re 1.72 331 9.99 5D 
oes 663 | 1.71 668} 9.99 5d 
pa 654) 1.71014 9.99 53 
G44 | 643170 371 J 9.99 § 52 
eer 6341.69 737} 9.99 8 51 
cf: >) | 1.69 112 | 9.99 50 
616 617 | 1.62 495} 9.99 49 
608 | 607 1.67 888 9.99 48 
599 | 599 | 1.672894 9. 47 
590 | 591 | 1.66 698 46 583 |- Ak Sara = 
575 575 | 1.65 539 44 

j 968 | 568) 1.64 971 43 
560) 561 1.64 410 42 
553 553 | 1.63 857 41 

lea 546 (“763 311) 9.99 40 
939 540) 1.62 771] 9.99 39 
933 533 | 1.62 238] 9.99 3 
panel 527) 1.61 711} 9.99 37 

me ozo} 520 1.61 191] 9.99 36 
pie 514 760 677 | 9.99 35 
508 5091.60 168} 9.99 § 34 
502 502 1.59 666} 9.99 986 33 
496 496 | 1.59170} 9.99 § 32 
491 491 | 1.58 679} 9.99 31 

8. | 28E 486 758 193 | 9.99 985 | 30 
, ABH 2 + 480) 1.57 713] 9.99 98: 29 
! ate . 42 475 | 1.57 238 9.99 28 

3. 470 43 470 | 1.56 768} 9.99 27 
: 464 wes 4641.56 304) 9.99 26 

8.44 139 | rr 460 |" 755 844] 9.99 9 25 
8,44 594 495 wil 455 1.55 389] 9.99 24 
9.45044 | 499) 8.45 450) 1.54 939 9.99 23 
8.45 489 445 45 446) 1.54 493] 9.99 9 
8.45 930 aaa | 8.45 441 | 1,54 052] 9.99 982 21 
3.46366! “| 8.46 437 | “753 615 | 9.99 982) 20 
8.46 799 433 . 46 432 | 1.531839 9.99 981 19 
8.47 226 427 AT 428 | 1.52755} 9.99 981 18 
8.47 650 dod 47 424 | 1.52 331] 9.99 981 17 
8.48 069 | 419) 8.48 420 | 1.51 9114 9.99 9805 16 
348485| 16) gas 416 | “751 495] 9.99 980] 15 
8.48 896 411 48917) 412/ 1.51 08s] 9.99 979 14 
8.49 304 408 49 408 | 1.50 675 | 9.99 979 13 
8.49 708 404 49 404} 1.50 271 9.99 979 12 
8. 400 50130 | 401 1.49 870} 9.99 978 11 
8. 396 |—g50 57) 997 | 1.49 473) 9.99 978] 10 
8. 393 50 920 393 | 1.49 080] 9.99 977 9 
8.5 390 51 310 390 1.48 690 9.99 977 8 
cs 386 .51 696 386 | 1.48 304] 9.99 977 7 
8. 382 52.079) 383] 1.47 921} 9.99 976 | 6 
8. } et) 52250 | °80|—qa7sa1y 9.99976) 5 
8.52 376 52 835 376 | 1.47 165} 9.99 975 4 
8.53 373 53 208 373 1.46 792} 9.99 975 3 
8.53 369 53 578 370 | 1.46 422] 9.99 974 2 
8.53 367 53.945 367 | 1.46 055] 9.99 974 1 
g5f082| %3|—gse308| 3 | 445 G92] 9.99 974 0 

| is | 3) ee | 

L. Cos. d. L.Cotg. | d.c. | L. Tang. L. Sin. u 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents.—Continued, 

A MANUAL OF TOPOGRAPHIC METHODS. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

20 

= = : ae 

i. Sin | d: L. Tang. | d.c L. Cotg L. Cos. 

I O] 8.54 282 360 | 8-54 308 361 | 1-45 692] 9.99 974 60 
1] 8.54 642 357 | 8-54 669 358 | 1-45 331] 9.99 973 59 
2] 8.54 999 3pq | 8-55 027 355, 144973] 9.99 973 58 
3] 8.55 354 ae, | 8-55 382 350 | 1-44 618] 9.99 972 57 D3 2 352 a 2 4] 8.55 705 | hg 734 | 349 _1.44 266 9.99 972 a 

é| 8 M6} s5o40| MS Tason| osoon| 54 y ie 344 | ut ; 
a| 8 al] Ror iia | 241) yaa en] o.oo oo | 32 
a] 8. 337 | 8.57 452| 338) 142 548] 9.99 969 51 

ey] face 3 8.57 788 ai 1.42 212 9.99 969 50 
uf 3327 3.58i21| 333) 1/41 879] 9.99 968 49 
iB) | Mee oe 8.58 451 bog | (1.41 549] 9.99 9 4 
3] 8: B28] g58770| 328) raion] 9, 99 907 iT | 
Wu] 8. 323 |__8.9 105 393 __1-40 805 9.99 967] 46 | 

a] foe) ml ise) on) Leer] tee gl 
7] 8. 3187 g'60.068| 218) 1/39 932] 9.99 966 43 
if} 8. 318] seo gad) 318 | 1°30 oie] 9.99 965 ro) 

19} 8 =| |_ Gb a 698 311 |__1-39 302} 9.99 964 41 

ale oo ee a 
By) ek OTT 8.61 626 ~ | 1.38 374] 9.99 963 38 | 

23} 8.6 305] s.61931| 392 | 1:38 069] 9.99 962) 37 | 
8.6 301 | —® 62 234 301 1-37 766 | 9.99 962 36 | 
& a9g | 8-62 535 999-187 405] 9.99 961 35 
8. con | 8.62 834 soy | 1.387166] 9.99 961 34 
8. ee | 8.63 131| 59%) 1:36 869] 9.99 960 33 
8. m 8.63 426 Son | 1.36 574] 9.99 96 32 
8. oa] 863718] 29" | 1.36 282] 9.99 959 31 
8.6 cag | 8-64 009 seg | 1-35 991] 9.99 959 300 
8. 2887 364298 | 289) 135 702] 9.99 958 29 
8, ze) 8.64 585| 387! 1:35 415] 9.99 958] 28 
pein] S| A0i8] Bt TRIB) EB Eg 
8. 28 8. a 5 nt ee 1.3 “oH eB peraon 6 a . 65 43 2 58 999 25 

8.6 279 8. 65 715 1.34: 9.99 955 24 
8. 57g | 8-65 993 | 1.34 9.99 955 23 
8. a 8.66 269 | | 1.33 9.99 954 22 | 
8. at5 |__ 8.66 543 | 1.33 9.99 954 21 

~40f 8. oT ae 5 | 1.33 184] 9.99 953 20° 
41 8. 369 | 8: 1.32 913 9.99 952 19 
QQ] 8. ser | 88 1.32 644] 9.99 952 18 
a} 8. Se 1.32 376] 9.99 951 17 
44] 8. 263 |_ 1.32 110} 9.99 951 16 
452 8.68 1 2634 85 r31 846% 9.99950) 15 
46] 8. 260) ° 1.31 583} 9.99 949 14 
47] 8. Beta) Poe 1.31 322] 9.99 949 13 
481 3. oy 1.31 0624 9.99 948 12 
49] 8.69144] S26] 8. | 1.30 804] 9.99 948] 11 | 
504} 8.69 400 o54] 8: 1.30 547 [ 9.99 947 10 
51] 8.69 654 55a} 8 1.30 292} 9.99 946 9 
5 8 a2 | 8 1.30 038} 9.99 946 8) 

8. Seal | 1.29 786] 9.99 945 7 
a9 |__®- |. 1.29 535] 9.9 9449 6 | 
au7t 8 | 1.297286 9.99 944 5 
Brin |e Eb | 1.29 038] 9.99 943 4 
pyre | at 1.28 792] 9.99 942 3 
543 | 8.7L 45% 1.28 547] 9.99 942 2 | 
dao |__ 8-71 697 1.28 303] 9.99 941 ty 
= 8.71 940° 1,28 060 f 9.99 940 0 

SEE ae |s = = _s = 

L. Cos. d. L. Cotg. d.c L. Tang L. Sin. ! 
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LOGARITHMS OF CIRCULAR FUNCTIONS. bo 
a 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. } 

3° 

: L. Sin. d. L. Tang. | d.c. LL. Cotg. L. Cos. Dobe 

= eae ie eee = — = = es 

Ol) ss: 1 60 241 | 289 | 287 | 235 | 234 | 
1 8. 240 1 59 1; 40 4,0} 4,0 3,9 39 
21 38 239 1 58) 2] 80| 80] 79| 78! 7.8 
By (a 238 1 sf s7f 3 a20} 1901118 | ae! 17 
i]s 227 1 Bb} 4| 161 | 150 | 158 | 137 | Ise b eset } 16, 5,$ 5) 7 5 
eile 235 | ji saf 5 | 201] 199) 19,8) 196 | 19,5 
6 8. 234 8 bea 54 6 24,1 | 23,9) 23,7 | 23,5 | 23,4 
7h 3 92] 8° ase Bat 7 | 282) 27,9 | 27,6 | 27,4 | 27,3 
gl os 232] 3 i ro} 3 | 321 | 81,9'| 31,6} 31,3 | 31,2 | 
9 8. : 230 8. Niet 51 9 36,2: | 35,8 | 35,6 | 35,2 | 35,1 | 

——|— 229 — 
10} 8. ; 8. 1 50 | 282 || 229) 227 | 295 | 228 | 
11 5. | Bes 8. 1 49} 1 | 39 || 38} 338] 318)! 3:7 
TS) ee aa 8. 1 48) 2) 70) 16) 76) 7,5 | TA 
13f 8. 22 8. 1 47 ]\ 3 | 11,6) 11,4} 11,4 | 11,2) 11,2] 

iy 8. oe 827590) | 2205} | 46) 4] 15,5) 15,8 | 15,1 | 15,0) 14,9 

1b) 8. Tes) GREE raul ere g99 9309) 45] 5 | 193) 191) SE lire 
16} 8 2227 8.75 6 p if 99.929} 44] Gi! 282 | 22,0 x 213 
itch] fares 220) 8.75 867. | 1.5 9.99929} 43) 7 | 271) 267 260") 
1] 8. 220) g) 1 .99 9987 42] 8 | 309) 80,5 aon 
19h 8 2195 8.76: 1 p99 27 1 41 Fg | 348) 344 | a3i4 
— = | 27 —— -- a = = —— 

209 8.76451) ~~ | 8.76 525 1.23 475] 9.99 926] 40 215 | 218 
21 |} 8.76 667 | 216} 3.76 742 1.23 25 99 92 39 3,6 | 3,6 
22} 8.76 883 | 216) 8.76 958 1.23 042 99 9251 3 2 M2 | U1 
23 8.77097 | 2149 8.77 173 | 1.2% 2 : 3 10,8 | 10,6 
244 8.77310 | 213] 8.77 387 1.22 61: 99 36] 4 | 14,3 | 14,2 

Sc Menge ee a F Tanh | 17,9 | 17,8 25 8.77 522 8.77 600 1.22 400 . 99 35) 5 oe | ais 
264 8.77733) 211] 8.77 811 1.22 189 99 99! 6 EAD | ea 
97} 8.77943 | 210] 8°78 022 1.21 978 2 3311 7 25) | 248 
23] 8.78 152) 209] 8 78 239 | it 31 9.99 920 8 28)7 | 28,4 
29] 8.78 360 | 208] 8.78 a1 | 1.21 559f 9.99920] 31] 9 Bet), BEND 
30] 8.78 568 | — 8.78 649 ih 9.99 919 211 | 208 | 206 | 203 | 201 
31] 8.78 774| 206] 8.78 855 | 1.21145] 9.99 918 1 || 93,5) -3)5'| 84) 3,4.) 734 
32 8.78 979 | 205 8.79 061 | 206) 1.20 939 9.99 917 2) 70) 69] 69 | 68| 6,7 
23 8.79183] 204% 8.79 266 | 205) 1.90 734] 9.99 917 3 | 10,6 | 10,4 | 10,3 | 10,2) 10,0 
348.79 386 | 2037 8.79 470 | 304 |__1.20 530 | 9.99 916 4 | 141 | 13,9 | 13,7 | 13,5 | 13/4 
35[ 8.79 588| -- | 8.79673 | ~ 1.20 327] 9.99915) 25) 5] 176) 17,3) 17,2) 169) 168 
36] 8.79789 | 201, 9.79 875 | 202) 150195] 9.99 914] 249 6 | 221 | 208 | 20,6 | 20,3) 20/1 
37f 8.79 990| 2017 8 80076) 201} 1.19 924] 9.99 913§ 23] 7 | 246) 243 | 260 | 237 | 23d 
38] 8.80 189| 199} 8.80277! 201] 1.19 723] 9.99913) 224 9 | 281] 27,7 | 27/5) 27,1) 268 
39} 8.80388] 199] go 476) 199) 119524] 9.99 912] 219 9 | 86) 312 | 30,9! 30,4 | 30,2 

—j- 197 J}— 198 |——— “= J}__— | 
407 8.80 585 “7 s.soo74| "| 1.19326] 9.99 9117 20 197 | 195 | 198 | 192 
41] 8.80 782 | 1977 8.80 872) 198 1.19 9.99 910 199 1 734) ekB/28 etay2a er aye 
42 8.80 978 | 196 8.81 068; 196 1.18 9.99 909 184 2 66| 65) 64) 64 | 
43} 8.81173 | 195] 881 264| 196) 1.18 7% 9.99 909 ne |P ae 98 | 98) 96) 96 | 
44] 8.81 367 | ia 8.81 459 | 105 1.18 541] 9.99 908) 16] 4 13,1 | 13,0 | 12,9 | 12,8 
45] 8.81 560| 8.81 653 1.18 347} 9.99907) 159 5 a6¢ ee 16/1 | 16,0 | 

8.81 752} 192] 81 916/ 193) 118154) 9.99 906) 14] 6 AE | I 
3 927 8.82038) 192| 1.17962] 9.99905] 13) 7 | 2510 (3 | 22,4 

190] 8.82230] 192) iz 770] 9.999047 12] 8 | Fae Meco ttaaa allenic 
190] 8.82420) 190) 117 580] 9.99 904] 1] 9 | BOP ae lenl 2a Ol 2818) 
89 J———| 19 — | 

8.82 610 | 1.17 390] 9.99 903, 10 187 | 185 | 183 | 181 | 
188 3.82 799| 189) 1.17 201 9.99 902 9} 1 Bylot eye aa OMe rsy0n| 
187 8.82 987] 188) 1.17 013 9.99 901 8] 2 62| 62) 611] 6,0 
187 8.83175) 188) 1.16 825} 9.99 900 7} 3 94) 9/2 | 92] 9,0 
tee 8.83. 363 ae 1.16 639} 9.99 899 6] 4 12,5 | 12,3 | 12,2 | 12,1 | ee re eee : 2 | ae ae | 

8.83 547 | 4.16 453} 9.99 898 5] 5 15,6) 15) L525) 15) 
184] 8.83 732| 185| 1.16968] 9199 893) 4] G Eber aerial ese 
183f 3.33916} 184) 1.160819 9.99 897) 3) 7 JI el Bae 

58} 8.83996 183} g.s¢ 100} 184| 1.15 900] 9.99 896 2] 8 et etl ae aah 
59] 8.84177 ISI 8.84 282 ee |__1.15 718 |__9.99 895 i mathew dele dias OTS | 
GO] 8.84 358 8.84 464 “| 1.15 536] 9.99 894 0 

L. Cos. a. L. Cotg d.c. | L. Tang. L. Sin i Pe 
| 
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258 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

a ee a 

a TS ee 

he? ie ee ae, 

== 

go 

je L.Sin. | a. | L.Tang. | ac.| L.Cotg. | L.Cos. P. P. 
| ~~~ 

| ery) Meer: a, | 8. 84 464 1.15536] 9.99 s94] 60 : y 
eee] port 181} gigi 66 | 182| 1715 354] 9.99 893] 59 182 | 181 | 179 | 178 | 177 

2] 8. M19} 8" 84 996 uae 1.15174] 9.99892] 58] 1) 30) 30/ 30! 30) 3,0 
3 isd is 8.85 006 at 1.14 994] 9.99 S91 57} 2, 6&1) 60) 60] 59 | 59 

eee ees 17 | 8:89. 189 | y7g |__1-14 815] 9.99 891] 56 3] “91) 90), 90) 89) 88 
a a 77) 889 381 a77| 1ifea7y 9.999907 55) F} joe] tet | Ue srr heey 
6 a on 8.85 540 ae 1.14 460 9.99 889 54] e ga f el fet at Sins 176 oe | nat <= sal 33) 6] 18,2} 181 | 17,9} 17,8 | 17,7 al ee a8] aes ri) 42) via oes o.o0 gen) Case yaa ace bovenane 
Sis ye) 885893| je | 114107} 9.99887 524 8 | oie! ort | ova | ooo | ave 
a1 3. 72] 8.86 069 | 772 | 1.13 931 | 9.90 886) 51 5 | 57'3 | S57 | see | apo | one 

10} 8. 173] 886243) 5-,| Lib 757] 9.99 B85] 50 : ear a ola ps ES 
uf} 8.sée301| 13] sae si7| Tt] 113583] 9.99 st] 49 176 | 175 | 174 | 173 | 172 
12] 8.86 474) 55 8.86 591) 575 1.13 409] 9.99883] 487 1/ 29] 29] 29] 29) 29 
134 s.so6| M1) 836763) 12) 1:13 997] 9.99 882] 47} 2] 5,9] 5,8| 58] 58) 5,7 
4} s.s6816| 11] seco35| 1) 1:13 065] 9.99881] 46] 3 | 88] 88) 87| 36) 86 

| 15] 8.86 987° "8.87 106| |- 1.12 894] 9.99880) 459 4) 17) UL7 | 116) 115) 115 
| 16) ss7ise| 289) 887 077| 11 | yio753] 999870) 42] 3| 147| 146| 145] 144 | 143 £ eae | (eee HOD| AES 99 8791 434 &| 17,6) 175 | 174 | 17,3 | 17,2 | 47) 8.87 325 87 447 12553] 9 ‘ 6 | 17,6 | 

is} s.s749¢| 189% 8.97616) 169! dio 3g4] 9.99878] 42] 7| 205| 20,4) 20,3 | 20,2 | 20,1 
| 19] s.s7 oo) 487) sez 7e5| 1 | 1.12215] 9.99 a7] 419 8 | 235 | 233 | 232 | 23,1) 22,9 
| 20] 8.87 829) jen] 88753] je, | Lizog| vores ang 9) 1 Pek 2011 26,0 | 2s 

21} 3.s7995| TP) } sss 120) te’ | 111880} 9.99875] 39 171) 170) 169) 168 167 
22] 8.88 lel] jee 8.88 287| 16,| 111 7131-999 874) 38) 1] 28] 28] 28] 38| 28 
23] 88s 326) Tey 888453) Jeo | 111547] 990873] 37] 2] 57] 57] 56] 56|-5,6 

| 25 8.88 164 |__8-88 618 | jg5 | 1.11 382] 9.99872] 36] 3| 86/ 85] 84] 84| 84 
| 257° 888. 163) 8:88 783 | j¢5 |q_ 1112177 9.99 s71f 359 4) UA) 18) 113) 112) 11 

26] 8.88 163] 8:88 948) jg3|) 1-10 9.99 870} 4 9 | 14,2) 14,2 | 141 | 14,0 | 13,9 
27} 8.88 Tal | eset ci fart || et 9.99 869 6 | 17,1| 17,0| 169} 168) 16,7 
28] 8.89 162) 8-89 274) 565} 1-10 9.99 7 | 20,0 19,8) 19,7 | 19,6} 19,5 
29] 8.89 160 |__8:89 437 | j6; |__1-10 __9.99 8 | 22,8 | 22,7 | 22,5 | 22,4 
30} 8.89 ii) £89598] j¢o| 1-10 9.99 9 | 25,6 | 52'5 | 25,4 | 25,2 
31] 8.89 61) s.s9 760, 162) 4:10 9.99 = 

| 32] s.g0 159] 389 920 | 160) 110 9.99 mG Ragin eg Eee SL E Siar 159 Fi 160 |. 2, 28 i) 2,7 
| 33 8.89 159 8.90 080 160 1.09 9.99 2) 55 5,5 5,5 5,4 

= : _ 2 is = = a5 -: 7 = 4 : a ua | 10 | age | a8 
| 36] 8.90417] 15°] s90557| 158| 1109 9.99 5| 138 | 138 | 13,7| 13,6 
| 37) 8.90574 | 187 8.90 715 | 198) 1.09 9.99 6 | 166) 165 | 164] 163 
| 38] 8.90 730 | 581) Bigg a7 )/ mF Laersonm: 9.99 8 7/194 19,2| 191 | 19,0 | 

39] 8.90 885! 722] 8.91 020/ 157 | ros om] 9.99 8 | 22,1 | 22,0 | 219| 217 
| 40] 891 020| 5. | 8.91 185 =a 1.08 815{ 9.99 9 | 249 | 248 | 246 | 244 
| q = De Q 55 2 A poriee Pree Cae an “Aa 190) 8 95 

43 8.91 502| 153] 891 650) 155 | 4.03 350] 9.99 1) 27) 2,7) 26) 26) 26 
42] 3.91655) 353] sor sos) 153 ios 197] 9.99 a Bey ee eye oe ee 

) 45) 8.91807| _..) 8.91957] | Los Oss) 9. £\ t07 | 107'| 1061 105 10's d 07 | 59 753 8 0 10,7 10,7} 10,6) 10,5} 105 
| 46 8.91 959 151 8.92 110 = 1.07 890 us 5 134) 13,3/ 132) 132] 131 
| 470 s.92110| 51] 8.92262) 192) 107 738] 9. 6| 161! 16,0] 15,9| 15,8| 15,7 
es] eee iep | 8:92 414) 182) dor sae] 9. 7 | 188| 187| 186) 184 | 183 

49] = 150 eS = | 451 ae = ee 8 8 215 213) 212) 211| 209 
: -92 716 | -° 107 28 9. 9 | 24,2 | 24,0 | 23,8 | 237 | 236 

8. 149] 3.92 366 | 150) 7/07 134] 9.99 8 9 ea he ARTE Ge 
8. 149 8.93 016 | 150 1.06 984 9.99 g 156 155 | 154) 153 | 152 
8. M87 3.93165} 149) 1.06 835] 9.99 7] 1] 26) 26] 26) 26] 2,5 
8. | HT] 8.93 313 | 148 | 1.06 687] 9.99 6} 2) se Be Be donee oe 

= ‘ SG >| ~ Aan = i; i; 7; 

Gal pee ae hae epee | RS 5) 4! 10/4 | 103| 103 | 102 | 107 8.93 609} 147) 1.06 391] 9.99 ab S| Grnibcire Teena Gabe 
146] 3.93 756 | 147 1.06 244] 9.99 31 6 | 156.) 155| 154 | 153 | 12 
146] 8.93 903) 147 1.06 097} 9.99 9) eke 183 181 | a8'0 | 17’ tr 
Ho] s.o4o19| M6 105.951] 9.99 1} 3| 308! 207} 205] 20/4 | 203 
ao 8.94195 | 146 1.05 805 9.99 Of 9) 93/4 { 23,2 23.1 | 23.0 | 22/8 

L. Cos. d. L.Cotg. |d.c. | L. Tang. L. Sin. sd 1 
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LOGARITHMS OF CIRCULAR FUNCTIONS. 

TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

259 

5° 

+ | usm | a [u.rang. |ac.| L.Cotg. | 1. Cos P.P 

0} 8.94 030 8.94 195 x 9.99 834 | 151 | 149) 148 | 147 | 146 
1} 3.94174| 144] 3.94340] 145) 9.99 833 J} 72,5, 2,6 | 2, 5nle 2,4 | 24: 
2] 8.94317) M3] 8.94 485) 149 9.99 832 2| 50| 50} 49| 49] 4,9 | 
3} 8.94461, 144] 8.94 630 1s | 9.99 831 31 76| 74| TAL TAL U3] 
4] 8.946037 12} 8.91 773 | 18 9.99 830 4] 101] 99} 99] 98] 9,7 

5] son | 2) sono) 1 9,99 829 5| 12,6) 124 | 12,3 | 12,2 | 12,2 
6 94 887 | 141] 3.95 060) MS 9.99 828 6 | 151 | 149 | 148) 14,7) 146 
%, 95.029) 142] 8.95 202) M2 9.99 827 7 | 17,6) 174 | 17,3 | 17,2) 17,0 

8 95170) 141} 3.95 344) 12 9.99 825 8 | 20,1 | 19,9 | 19,7 | 19,6 | 19,5 | 
9 95 310 | a 8.95 486 A 9.99 824 9 | 22,6 | 22,4 | 22,2 | 22,0] 21,9 

95 450 | 8.95 627 9.99 823 145 ) 144 | 143 | 142) 141 
95 589 | 189] 3.95 767 | 140 9.99 822 A a4 |S a4 |b 34) 24] "2:4 
95 728 | 139] 8.95 908 | 241 9,99 821 21 48) 48| 48) 4,7] 4,7 
95 867) 1397 8.96 047 | 189 9.99 820 Ck PAN RE vis wee A 
96 005 | 138] 3.96 187 | 140 9.99 819 4| 97) 96] 95| 9,5] 94 

96 143 | 18) g.o6 325] 18 9.99 SIT 5| 121| 20| 19) 18] 18 
96 280 | 137] 8.96 464 | 139 9.99 816 6) 145 | 144) 143) 14,2) 141 

8.96 417| 137} 3.96 602 | 188 9.99 815 7 | 16,9) 168) 16,7 | 16,6) 16,4 
8.96 553 | 136} 8.96 739 | 137 9.99 814 8 | 19,3 | 19,2) 19,1 | 18,9) 18,8 
8.96 689 ee 8.96 877 ane | 9.99 813 9 | 21,8 | 21,6! 214 | 21,3} 21,2 

BANGIN25I | =< Wi Seae Ula | se. 9.99 812 140 | 139 | 188 | 137 | 136 
8.96 960| 125] 8.97 150) 137 9.99 810 Tel S898) 9,3) 1) 2,3) 18s 
8.97 095 | 135] 8.97 285 | 135 9.99 809 2) 47) 46] 46] 4,6] 45 
8.97 229 eA 8.97 421 | me 9.99 808 3| 70| 70| 69| 68| 68 
8.97 363 = 8.97 556 | 73? | 9.99 807 4/095) 99) 92)" 91 1898 

3.07 495| 1) eo76n| 1 9.99 806 5| 11,7 | 116| 15} 14} 11,3 
8.97 629 | 133] 3.97 825 | 134 | 9.99 804 6 140) 13,9 | 13,8 | 13,7 | 13,6 

97 762 | 133] 8.97959) 134 9.99 803 7 | 163) 16,2 | 161) 16,0) 15,9 

97 394 | 182} 8.98 092 | 133 9.99 802 8 18,7 | 18,5 | 18,4 | 183 | 181 
98 026 | 132] 8.98 225 | ae 9.99 801 9 | 21,0 | 20,8 | 20,7 | 20,6 | 20,4 
og 157 | 12) a.98 308 | 355 9.99 B00 185 | 184 | 188 | 132 | 181 | 
93 288 | 131] s.o3 490) 132 9.99 798 1| 32|=29) 22) 2,2) 22 
98 419 | 131] g.93 622 | 132 9.99 797 91 451 45+ 44) 44| 44 
“98 549 | 130] 8.98 753) 131 9.99 796 3/ 68| 6,7| 66) 66] 66 
98 679 | 130] 8.98 884 | ar 9.99 795 4\_90| 89| 89| 88] 8,7 

5] 8.98 808 | 1) s.99015| |. | 9.99 793 5 | 2 | 112 | 11,1] 11,0 | 10,9 
98.937) 129] 3.99 145 | 13 9.99 792 6/135) BA 133 132) 131 

37] 8.99066 | 129] g.99 275 | 130 9.99 791 7| 158| 15,6) 155 154| 15,3 
38 99 191 | 128] 8.99 405 | 130 9.99 790 8} 180 | 17,9| 17,7 | 17,6) 17,5 

39 99 322 | 128] 8.99 534.| 129 9.99 7 9 | 20,2 | 20,1 | 20,0 | 19,8 | 19,6 

40 128 |-“g.99 662 | 1° 9.99 787 130} 129 | 128 | 127 | 126 
41 127 8.99 791 | 129 9.99 786 Ti eee | eed | EA | a al | 
2 1277; g.99 919 | 123 | 9.99 785 9) 43] 43) 43) 42) 42 
8 126] 9.00 046 ar 9.99 783 3) 65| 64) 64| 64] 63 
44 “99 126} 9.00 174 | ios 9.99 782 4] 87| 86) 85| 85) 84) 

5] 9.00 126 9.00 301 | 15, 9.99 781 5 108) 108 | 107 | 106 | 10,5 
46] 9.00 125} 9.00 497 | 126 | 9.99 780 6 | 13,0 | 12,9 | 12,8 | 12,7 | 12,6 
7] 9.00 125] 9.00 553 | 126 | 9.99 778 7 | 15,2 | 15,0 | 14,9 | 14,8 | 147 

48 ..00 124} 9.00 679 | 126 ; 9.99 777 8| 173 | 17,2| 17,1| 169 | 168 
49] 9.00 125] 9.00 805 | 128 | 0.99 195} 9.99 776 9| 19,5 | 19,4 | 19,2 | 19,0 | 18,9 

50 00 123 [9/00 930| 152 | 0.99 070] 9.99 775 125 | 124] 128 | 122) 121 
51 00 124} 9.01 055 ta | 0.98945] 9.99 73 1| 21, 21! 20| 20) 2,0 

52 00 123 9.01 179 = | 0.98 821 9.99 772 8 2 4,2 41 41) 41) 4,0 

53] 9.01 123} 9,01 303 | 136) 0.98 697} 9.99 771 7} 3] 62] 62| 62| 6g] 60 
54 01 ee 9.01 427 ras | 0.98 573 | 9.99 769 6] 4) 83| 33) 82| 81 BA 

55 01 318 | 12) 9.01 550; |5, | 0.98 450] 9.99 768 5] 5| 104 | 10,3 | 10,2} 10,2 | 10,1 

361 9.01 440| 122) 9.01673| 123| o.og 397] 9.99767} 4] 6| 125) 124) 12,3) 12,2) 121 
57 01 561 | 121] 9.01 796| 223| o.98 204] 9.99765) 3] 7) 146) 145) 14) 142) 1h) 

58 01 682 | 121} 9.01 918| 122) 0.98 C82] 9.99 764 2] 8) 167) 165) 164) 16,3 | 161 

59 01 803 | 121] 9.02 040 | ie 0.97 960 | 9.99 763 1} 9| 188 | 186 | 184 | 18,3 | 18,2 

60} 9.01 120|—9.02 162; ‘| 0.97 838| 9.99761] 0 

L. Cos d. | L. Cotg. | dc. L. Tang. | L. Sin. PP. 

s4° 



260 A MANUAL OF TOPOGRAPHIC METHODS. 

Table XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and ‘Trigonometric Tables.] 

L. Sin. d. L. Tang. | d. c.| L. Cotg. L. Cos. Pes 

MOMNOUAWDOMWE Iam 

WwUNIwsowu ISH Raw 

5 9.02 162 | _ 0.97 838 9, 

120} 9,02 283 | 121 0197) 77 \f)- Oi 121); 120), W19. 
120 9.02 404 | 121 0.97 596 9.9 1 2,0 | 2,0 2,0 
120} 9,02 525 | 121 097 475i8) 9 2) 4,0 40) 4,0 
119 9.02 645 | 120 0.97 355 9.5 3 60) 6,0 6,0 

118 F902 766| 27 | 0,97 9341 915 4 81} 80) 7,9 
119] 9.02 sg5| 119} 0.97115) 9. 5 | 10/1 10,0 9,9 
118} 9.03 005| 120] 0.96995} 9.5 8) 121) 12,0) 11/9 
U7] 9.03124) 119) 0.96 876] 9.5 Y un ao 188 
118 3 242 118 758 9.9 | yi | iy 9,03 242 | 119 0,96 758 | 9 9| 182 18,0 17,8 

= 9.03 361 0.96 639 9. 10 20,2 20,0 | 19,8 

7} 9.03 479) U8) 0.96 521} 9.98 20 40,3 40,0 | 39,7 
116 9,03 597 | 118) 0.96 403 | 9. 98 30 60,5 60,0 | 59,5 
1169 9,03 714. | 7 0.96 286] 9.95 40 | 80,7 80,0 | 79,3 
116} 9.03 832 | 118| 0.96 168] 9.99 50 | 100,8| 1000 99,2 
116 F903 048 | 28 | 9,99 
U5} 904065) 17} 0. 9.99 ; 
115] 9.04 181 | 116| 9.99 PS le ELE 
114 9.04 297 116 0. | 9.99 1 an ne ae 
115 116 | 2 : / 115] 9.04 413 | 118) 0. 9.99 3| 5e| 5| 538 

9. 04 528 SNP OE 9.99 4 7,8 NP Maree 
14} 9.04 643 | 115 0, 9.99 5 | 9,8 | 97) 96 
M4} 9.04 758 | 115) 0.95 9.99 Gal Canhy? 11,6) 11,5 
13 9.04 873 | 115) 0.95 9.99 Tw 13;6 13,5 | 13,4 
ue 9.04 987 Hn | 0.95 9.99 8} 15,6 | 15,5 | 15,3 

: 9 17,6 17,4 | 17,2 
aN ewes ale reM er pias CT) fe e19)51)|ulo)8 | 19/2 
MP) GRAS eA Heel) ope Gn 20; 39,0] 38,7) 383 
N27 905 44} U3| o.¢ 9.99 SoH oeeeile ae teres 
111 ' 3 | 112 i ; i 73 | 7 M1} 9.05 553 | 12] 0.¢ 9.99 50 o75 96.7 | 95/8 

9.05 666 | 0.94 334] 9.99 
U1} 9.05 778| 12) 0.94 222] 9.99 
1107 9.05 890 | 112) 0.94 110] 9.99 113) 112) 11 
110} 9.06 002 | 112! 06.93 998] 9.99 1 19 19 1, 
110 9.06113} Hl 0.93 887 9.99 2 3,8 3,7 3, 
110 J— 1 = (earar 3 58! 56) 5, 9.06 224 0.93 776} 9.99 ri Pt ai y 
109} 9,06 335] 111| 0.93 6054 9.99 Ble ac te eneslimcet 
109} 9.06 445) 110) 0.93 555] 9.99 AL eres ae " 
109] 906556| 111| 0.93 444] 9.99 s Bh eee aly 
108 906 666) 110] 0.93 334) 9.99 Gy eee eters as 109 |— 109 Bev ESEES : 8 15,1 14,9| 14, 

9.06 775 0.93 225 9 17,0| 168] 16, 
108 9.06 885 | 110 0.93 115 10 18,8 | 18,7] 18; 
107 9.06 994 | 109° 0,93 006 20 37,7 | 37,3.) 37, 
108 } 9.07103 | 109) 0.92 897 30 56,5 | 56,0 | 55, 
107 9.07 211 | 108 0.92 789 40 rhytme Oe) pm 
107 trem aoni| COE at = 50| 94,2 | 93,3 | 92) 

106 | 9.07 428 | 108 
107 | 9.07 536 | 108 : 
106} 9.07 6:3 | 107 109; 108} 10 
105} 9.07 751| 108 ee) 
106 : 107 |- 2 3,6 36] 3, 

_ | 9.07 858 2 3 54 54 5, 
105) 9.07 964 | 106| 0,92 036 LTB = Nally: 
105 f 9.08 071 | 107 0.91 929 5 91 90} 8; 

¢ 105f/ 9.08 177| 106] 0,91 893 8 71 6 10,9 10,8} 10, 
9.07 968 ae 9.08 283 ate |} 0.91 717 6 7 12,7} 12,6) 12 5 
08 072 | 9.08 389 | 0.91 611 rial eee Bete) he 

104} 9.08 495 | 106] 0.91 505 ri | oe ER ES atc ph 
104 9.08 600| 105) 0.91 400 3p 20) 382) 180) 17, 
103 | 9.08 705| 105) 0.91 295 2M Fe tae a ects at a 
08 9.08 810.| 105) 0.91 190 yt LF i | ea nae Bh 

3 = —. 104 at | “ ii, 
9.08 914 | 0.91 086 9.99 675 OF 50 90,8 | 90,0 89, 

j d L. Cotg. (3 er L. Tang.] L. Sin. H Pa 
[ 

WAI SWI H eno AVON ee MOOSOo w= O=1¢ 

_ _ 

SSSSOM NW ROG WO He OWN eee AGAIHONMNwOHM OME 

_ _ 

AWSOWNHSUIDOWHAAIDS CINwee eee PRADA DAPN HR ONIWE 

= — 

(1S to It Rc Oo 00 MMW Hee aSBOwWuUnnrnwonm-c1we 



LOGARITHMS OF CIRCULAR FUNCTIONS. 

Table XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

261 

zo 

l | 
, L. Sin d. L. Tang. | d.c L. Cotg. L. Cos. | | PoE. 

0} 9.08 589 E 9. 0. 9.99 675 | 60 2 ; 
1} 9,08 692 | 103] 9. 0.90 § geome pba 5) AUB 1OFE 1 
2] 9.08 795 | 108 b 0.90 877} 9.99 672— 58] 5 bike eal a 
3] 9.03 897,| 102 : 0. 3] 9.996707 S7] 3 a ad 25 
4] 9.08 999 | 102) 9. 0.90 6 9.99 669] 564 4 70 pe | | 88 

54. 9.09 101| 1°? |~9., 0.90 5664 9.99 607} 55] 5 3| a7 vets 
6} 9.09 202) TLE 9. 0.90 463] 9.99 666} 54] & 5| 104 | 40/9 
71 9.09304) 102] 9, 0. 9,99 664 534 7 | 2| 121 | 19 
8} 9.09 405} 101} 9. 0. 9.99 663] 52] 3) 0} 19 | 13,6 
9] 9.09, 506 | a 9. 0.90 155} 9.99 661] SI] g | g| 156 153 

10 9.09 606 9, Of 0.8 y 9.99 659 a0 10 5 17,2 17,0 
114 9.09 707, LOL 9. 0.89 9% 9.99 658} 394 20 35,0 : 3 34,0 
12 9,09 807, 100 9. 0.89 85 9.99 656 48] 30} 52,5 5 51,0 
13} 9.09907} 100] 9. 0.89 9.99 655 474 40 70,0 69 68,7 68,0 
144 9.10 006 | td 9. 0.89 647} 9.99 G53} 46 50, 875] 8 85,8 | 85,0 

[15] 9.10 106! 779, 0.89 546) 9.99 Gal 45 101} 100; 99; 981 
16f 9.10205| %9} 9. 0. 9.99 650} 44) 7) 17 17) 16!) 16 
171 9.10 304) 999 9. 0.89 : 9.99 648} 437 9) 34 33] 331° 33 | 
18f 9.10 402| 98] 9. 0.8! 9.99 647] 421 3/ 50| 50| 50| 49 
19} 9.10 501 a 9. 0.89 144} 9.99 G45] 41 f 4 67| 671 66| 65 

20) 9.10 599 9. 0.88 9.99 643) 40) 5 Sena eaiss|eeieatn agsie 
21f 9.10 697| %8F 9. 0.88 § 9.99 642} 394 6 101} 100} 99 938 | 
22} 9.10795| %8F 9. 0.88 8454 9.99640) 38] 7] 11,8) 11,7] 11,6) 114 
23 9.10893} %8] 9. 0. 5] 9.99638] 37% 8 Tie 133" 9 1s2))) 18 
24} 9.10 990 a 9. 0. 9.99 637] 36) 9] 15,2] 150) 148) 14,7 
2 O01 087 | «il -9. 0.83 5484 9.99 635 354 10 | 168} 16,7 | 16,5) 163 
261 9.11184) 7] 9. 0. 9,00603))) BA}, 20) 37 1) 9,3) B80) gerd 
974 9.11281| 27] 9. 0.88 35 9.99 632 33) 30!) 50,5!) 50,0 | 495 49,0 
23] 9.11377| %F 9. 0.83 25 9.99 630) 32) 40, 67,3) 66,7) 66,0 65,3 

294 9.11474| %7] 9. 0. 9.99 629) 31) 50 84,2) 83,3) 82,5 81,7 

30} 9.11570) “CF 9. 0. 9.99 627} 30 97 96} 95| 94 
31q 9.11 666| SF 9. 0. 9.99 625 29 1| 1,6 16) | Meal a,6 

32] 9.11 761) %F 9. 0. 9.99 624) 28) 2 3,2 RYO MRA East) 
33 9.11857] 27 9. 0. 9.99622) 271 3 48 48| 48) 4,7 
34] 9.11 952 | 9% 9.12 332 tel sarDs 9.99 620 26] 4 65|/ 64] 63| 63 

35( 9.12 047) 9 9.12428, “| 0.8 9.99618} 254 2 81] 80) 7,9) 78 
36} 9.12142] 99 9. 97 | 0. 9.99617] Mf &) 97 96} 95) 94 
37 9.12 236| 4] 9. |. 96} 0. 99615} 23) 7] Is) 2) IW.) 110 

. 5 | 5 5 2,9 | 28) 12,7) 12,5 38} 9.12331} 2] 9. 96} 0. 99 613) 22) 8| 129) 128 2,7 | 12, 
39] 9.12425) 94% 9.1 | 96) 0: 99 612) 21) 9| 146) 144) 142] 141 

40] 9.12 519| 9. S6) amore gonciof 204 20} 162) 16,0) 158) Ibi 
| : 93 95 = OUR 20) 32,3 32,0 31,7 31,3 

41] 9.12 612 9.1: 0. 9.99 608} 19} 3 B 
y : 95 2 0} 485) 480) 47,5] 47,0 

42] 9.12 706| 94] 9. 95} 0. .99 GOT f 18 Nie 4 naan 
a 93 . 95 7 = 40 | 64,7 64,0 63,3 | 62,7 

43} 9.12 799 9. 5} 0. 199605} 17 Ile, | aoa soo| vo2| 7383 
44] 9.12 892] 937 9. 95 | 0. 99 603 | 16 ye cee i peo aialer 

5, 9.1208 | 8) 9.1 EE 99 G01 15 93} 92) 91) 90 
46] 9.13078) 939 9.15 94) 0. 99 Goo} 14) 1] 16 15 15 15 

474 9.13 171| 9%] 9.1% 95| 0. 9.99598} 13, 2 3,1 3/1 20 | 3,0 

48]| 9.13 263) 92) 9. 4] 0. 9.99 596) 12, 3 4,6 46| 46) 45 | 
49 9.13 355) 927 9. 94] 0. 9.99 595 f 11 | : fe 6,1 ot | 60 | 

50] 9.13 447| 24 9.2: 93 |—“0.86 9.99 593} 104 2 ae ge WY 
51] 9.13 539) 924 9. 941 0.86 9.99 591 9 | aos som a06 | 10's 
521 9.13 630) fF 9. 93] 0.85 9.99 589 8 i oe sf at 

92 93 =o 7 8 12,4 12,3 12,1 12,0 
53] 9.13722) SF) 9. 93) 0.85 9.99 588 7H 81 io) wis} 136] 135 

_ 54] 9.13 813 | Of ye 9.99 5867 87 39) 155] 153] 152| 15,0 
55 9.13 904 f 9. } 5 0.85 9.99 584 54 20} 31,0 30,7 30,3 30,0 

5 9.13 994} 997 9. | 92) 0.85 9.99 582 4] 30] 465 460 | 45,5| 45,0 

57} 9.14 085| Sy 9. 92| 0.85 9,99 581 31 40] 62, 613 60,7 | 60,0 

58) 9.14175| 97 9. 93) 0.85 9. 99-579 21 50 W5 767 | 758) 75,0 

59 9.14 266| SF" 9. 91) 0.85 9.99 577} 1 ° 
G0} 9.14 350| "} "9. 92 \— 9.5 2204 9.99575] 0 

| | 2 2 mes PS. 

I. Cos. | d: || L. Cote. | dic. | L. Dang. | ©. Sin | P.P 

82° 



TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

A MANUAL OF TOPOGRAPHIC METHODS. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

so 

r L.'Sin. | d. L. Tang. | d.c. L. Cotg L. Cos Paes 
| | 

o| 9.14 356 | 9. 14 780 a) 92 91 90 
1] 9.14 445] 89] 9.14872] 92) 0, 1 15 15 5 
2] 9.14535 | 90°} 9:14 963/) 91!) 0, 2 3/1 3,0 3,0 
3] 9.14 624| 899 9.15 054}. 91) 0. 3 4,6 4,6 4/5 
4] 9.14714] 90] 9,15 145 a ler) 4 61 61 6,0 
5). 9.14 803| *°| 9.15 236 | 0,84 5 Oe 7,6 7,5 
6} 9.14 891) 88] 9.15 327) 9) o.s84 6 9,2 91 9,0 
7] 9.14980} 89] 9.15417] 99] o.84 7 10,7 10,6 10,5 
8 9.15 069 89 9.15 508 ol 0.84 49: 8 12,3 12,1 12,0 

9} 9.15 157| 88] 9.15 598 a 0. 84 a a8 apis ee 
10) 9.15245) *8) 9.15 oss | 0.84 pills mane ae soe 
lif 9.15333} 88] 9.15 777]} 89] o.84 30 na rae nae 
12} 9.15421] 88) 9,15 867] 90] 0,84 133 40 613 607 60/0 
13) 9.15 508| 87] 9.15956! 89) 0.84 5D 767 ata ae 
14 9.15 596 2 9.16 046 a 0.83 4 ’ y 
15, 9.15 683 ‘7 9.16 135 i 0.8: = 
16) 9.15770] 87] 9.16 224] 89] 0, , alee Se 
179 915357] 87] 9.16 312] 88) 0. 5 soil Be sie 
18f $9.15 944 77 9.16401} 89} 0.8: i y y i 
19 9.16 030| 86} 9.16 489| 88) 0.8: 3 44 44 44 
5 sae 86 SERGE 7 4 5,9 5,9 5.8 204 9.16 116 ~ | 9.16 577 0. 5 74 73 73 
219 9.16 203| 87] 9.16 665} 88) 0.8: 6 89 | 3'3 37 
22{ 9.16289! 867 916753) 88! 0.8: 7 10/4 103 102 
23] 9.16 374| 89) 9.16 841 | 88/ 0. 8 9 7 us 
24f 9.16 460 | et 9.16 928 | 87} 0. 9 13,4 | 132 13.0 
| 9.165) “| oarow| %8\—o. 10 148 147| 14,5 
26 9.16631} 86) 917103) 87] 0. 20 29,7 29/3 | 29,0 
274 9.16716] 85) 9.17190} 87] 0.8 30 44,5 44,0 43,5 
28) 9.16801} 85) 9.17977] 87] Oo. 40 59,3 | 58,7 58,0 
297 9.16 886 as 9.17 363} 86] 0. 50 74,2 | 73)8 | 72,5 
30 f 9.16 970 | 9.17 450 i 0.8: 
31f 9.17055} 89°] 9.17536) 86] 0.83 86 85 84 
32] 9.17139) 84) 9.17 622] 86] 0.8: 1 14 14 14 
33] 9.17293} 84% 917708] 86] og: 2 29 2/8 2/8 
34] 9.17 307| 84) 9.17 794] 86] 0.89 3 43 49 42 

84 86 gi 1 1 
35] 6.17 391 | | 9-17 880 =i =0! 4 5,7 5,7 5,6 
367 9.17 474) 837 9.17965] 85) 0, 5 72 71 7,0 
37} 9.17 558) S84) 9.18 051) 86) 0. 6 8,6 8,5 8,4 
38 9.17641) 83) 9.18136] 85] 0. 7 10,0 99 98 
39] 9.17 724 as 9.18 221 EP ane: 3 ee ae ree 
40 f 9.17 807 Si RO STS Ta0GN) | nO: 2, 2, , 
41 9.17890| 83] 9.18 391| 85] 0, 10 14,3 142 14,0 
42] 9.17973| 83) 9.18475] 84) 0. 20 28/7 28/3 28,0 
43# 9.18 055| 82] 9.18 560| 85] 96, 30 43,0 42,5 42,0 
44] 9.18137} 82] 9.18 644| 84] 0 40 57,3 56,7 56,0 

| 8 es : 50 71,7 70,8 70,0 45) 9-18220| | 918728] ®4 |~og / ¥ j 
467 9.18 302; 82) 9.18 si2| 84] 0, - 
474 9.18 383] SL) 9,18 806} 84) 0.8 83 82 81 | 
48] 9.18465) 82] 9.18979) 83) 0, i ee 14 | 14 
494 9.18 547 | 2 | 9.19 063 84} 0. : ae xu a 
50) 9.18628) 8!) 919146] %|—0.8 Ae AN a 
51 9.18 709) 81} 9.19 2299] 83] oo, 5 | 8/9 bia Aes 
24 9.18790; 81 9.19312] 88] 0, 6 83 3/9 81 

53] 9.18 871| 819 9.19395 | 83] 0, a | 97 Ae 04 
54] 9.18 952 | ED 9.19 478 | 83) 0. 8 444 109 | 10/8 
55) 9.19 033 | 9.19 561| 3 |~o. 9 12/4 12,3 12,2 56] 9.19113/ 80} 9.19 643 | 82) 0.80 10 13,8 13,7 13,5 57# 9.19193) 80) 9.19 725] 82] 0.80 20 27,7 27,3 27,0 58} 9.19 273) 80} 9.19 807] 82] 0.80 193] 9.99 30 415 41,0 | 40,5 
59 | *9.19 353 | eo 9.19 889} 82) 0.80111] 9.99 40 55,3 54,7 54,0 
60] 9.19 433} * 919971| * | 0-80 029 9.99 50 69,2 68,3 67,5 

L. Cos. da. L. Cotg. | d.c. | L. Tang L. Sin IP ek 



LOGARITHMS OF CIRCULAR FUNCTIONS. 

TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Lrigonometric Tables.] 

9° 

’ L. Sin. d. L. Tang. | d.c.| L. Cotg. L. Cos, Pee 

| Of 9.19 433 < 9.19 971 , | 0-80 029] 9.99 462 80 79 78 77 

1] 9.19513| 80] 9.20053] 8 | 0.79 947] 9.99 460 1 13 Hie 8 13 

2] 9.19 592) 7 9.20134} 81} 0.79 866} 9.99 458 2 2,7 26| 26) 26 

31 9.19672) 80} 9.20216] 8 | 0.79 784] 9.99 456 3 4,0 4,0 3,9 3,8 

| a} 9:19 751) 79 297 at 0.79 703 9.99 454 4 5,3 5,3 5,2 51 

—s| 9.19 830). 378 | 9.99 452 5| 67] 66) 65) 64 
6} 9.19 909} 79 459 | 81 j 9.99 450 6 8,0 7,9 7,8 7,7 

7] 9.19 988] 7 540 | 81 | 0.79 460] 9.99 448 a 9,3 92] 91) 9,0 
8 9,20 067 79 621 81 0.79 379 9.99 446 8 10,7 10,5 | 10,4 10,3 

78 70 80 Cnc 9| 120] 118) 11,7] 11,6 
9} 9 78 701 0 | 0.79 299] 9.99 444 te aly 4g) Ui 16 

\t0| 9.20 223| % 732 | *|\—0.79 218) 9.99 442 SRA eee | eee 
| 31] 9.20 302 g62 | 80| 0.79 138] 9.99 440 30| 400 | 39,5 | iB 

12] 9.20 380 80 | 0.79 058] 9.99 438 40 | 533) 52,7 | ate 

13] 9. a) | 0.78 978} 9.99 436 50| 667] 65,8 | 642 
14 h 30 0.78 898 9.99 434 : 4 eeu ig 

al: | 0.78 81 9.99 432 76 75 74 73 

16] 9.20 691 OS Tai 9.99 429 1 13 U2) 2 OI) ae 

17] 9.20 768 My TG 9.99 427 2 2,5 25 | 2,5| 24 
9,20 845 oss 9,99 425 3 3,8 38|  3,7| 3,6 
9,20 922 |e Os 9,99 423 ZA) ia 50] 49] 49 

9.20 999 f 0.78 422} 9.99 421 5 6,3 6,2 62) 6) 

9.21 076 79 | 0.78 343 | 9.99 419 6 7,6 75) 74) 73 

9,21 153 o 0.78 2645 9.99 417 7 8,9 8,8 8,6 8,5 

9.21 229 78| 0.78 186] 9.99 415 8] 102 |, 100) 99 | 9,7 
9.21 306 79 | 0.78 107] _9.99 413 “ i le 111} 11,0 
oe 7 ave 0 2,7 25 | 12,3] 12,2 

ga a) Suen) amam) 1B) Ba] Bt) ae| ae 
9.21 534 78 0. 77 9.99 407 30 38,0 37,5 37,0 36, 

9.21 610 18) on? 9.99 404 40 | 50,7 50,0} 493 
9.21 685 O77 9,99 402 50) 63/3: 62;5)]| Giz 

oat Ter ae I Ott 9.99 400 72) 3 2 
9.21 836 7g | O77 § 9.99 398 1 12} 12] 00] 00 

9.21 912 77 | 0-77 9.99 396 2 24 24 0,1 O1 

9.21 987 77 | 0.77 9.99 394 3 3,6 3,6 0,2 01 

7 0.7 9.99 392 4 4,8 4,7 0,2 01 

0 9.99 390 5 6,0 5,9 0.2 0,2 

Tee! 9.99 388 6 72| G1} o3| 02 
waar! 9.99 385 7| s4| 83| o4| op 
DOA ty 9,99 383 8 9,6 95| 04| 03 
Ge ia 9.99 381 9| 108] 106] 04| 03 

= 99 3751 10 | 120) 118) 05) 0,3 
alien eee 20| 2o| 23,7) 10} 07 
Wag 990 275 30| 360) 355] 15) 1,0 
NN ae 9.99 372 40} 48,0) 473) 20] 13 

78 | 0.76 565 9.99 370 50 | 60,0] 592] 251 7 | 
76 | 0-76 490] 9.99 368, oy 
ae | 0.76 414] 9.99 366 ‘ 3 

76 | 0-76 339] 9 99 364 | a7 
42 | 0.76 263} 9.99 362 ; 
45 |__0.76 188 9.99 359 ©| 132] 13,0| 128 
75 0.76 113) 9.99 357. 5 | 39,5 | 39,0 | 38,5 
72 | 0.76 038} 9.99 355 2) 65,8 | 65,0 | 64,2 
a2 | 0.75 963} 9.99 353 8 3 
| 0.75 888} 9.99 351 7 : 

3 535 75 |_0.75 814] __9.99 348 6 | 8 Sais 

607 74| 0-19 T39f 9.99 346 5 POTN Ce TICE 

679 42 | 0.75 665} 9.99 344 4 0 
752 | 0.75 590} 9.99 342 3 y | 22:7 | 12:5 | 128 

23 823 0.75 516 9.99 340 2 38,0 | 37,5 | 37,0 
74 2 feei2 

9,23 895 74 0.75 442 9.99 337 1 3 | 63,3 | 62,5 | 61,7 

9.23 967 0.75 368) 9.99 335 0 : : 

L. Cos, d.c. L. Tang L, Sin Peeks 



264 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXVI.—Logaritnmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

10° 

t T.. Sin. d. | L. Tang. | d.c.| L. Cotg. L. Cos. | d. PoP. 

———— —_—___— — =: 

| | 0 fe 0.75 368} 9.99 335 sat (be 
1 72 74! 0.75 204] 9.99 333 | 2 Faecal cr 
2 7 73) 0.75 221] 9.99 331 | 2 ene ae) 
3 7 M4} 0.75 147] 9.99 398 | 3 Sl ae Bee Be 

| 72 73 ae Pi 2 3] 3,7 3,6 3,6 | oN 2 | 0.75 07a] 9.99 326 | 2 Pata Aiea eats 
a i w | 0.75 000} 9.99 324 | 2 5| 62| 61! 60 
6 7 a 0.74 927] 9.99 322 | 2 6| 74] 73! 72 
7 a as 9.99 319 | 3 7| 86| 85| 84 
8 10 9.99 317 2 8 | 9,9 97 | 96 

“9 at b 9.99 315 | 2 9/ 11,1] 110 10,8 
10 a i 9.99 313 | “ 10 | 12,3 | 12,2 | 12,0 
11 et 7 9.99 310} 3 20 | 24,7 | 24/3 | 24,0 
12 70 b 9.99 308 | 2 30 | 37,0 | 36,5 36,0 
13 70 : 9.99 306 | 2 40 | 49,3 | 48,7) 48,0 
14 70 ’ 9.99 304} 2 50 | 61,7 | 60,8 60,0 
ial a eal 03 9.99 301 | 3 
16 0 (21 0.74 201 9.99 299 | 2 71 | 70 | 69 
17 70 72) 0.74129} 9.99 297] 2 1)'12] 12] 22 

| 38 69 0.74 057) 9.99 294] 3 2| 24] 23| 23 
} ek) 70 0.73 985 9.99 292 | 2 3 36| 35 | 34 

69 0-73 a9 5007 2 ; Pale | 20 : 9.99 290 | 4) 47] 4,7| 4,6 
| Pal 69 9.99 288 | 2 5) 59 | 5/8| 58 
| 22 69 9.99 285 | 3 Qi) ei) Gh Gi 

23 69 9.99 283 | 2 7| 83| 82] 80 
4 69 9 1} 2 8| 95} 93] 92 
5 69 ‘ B| 3 9/106 | 10,5 | 16,4 
26 69 9.99 276 | 2 10 | 118) 11,7 | 11,5 

27 68 9. 2 20 | 23,7 | 23,3 | 33,0 
| 98 69 9. 3 30 | 35,5.| 35,0 | 34,5 
| 99 68 9. 2 40 | 47,3 | 46,7 | 46,0 

| 30) ue 9.99 267 | 2 50 59/2 | 58,3 | £7,5 
1 3i 68 i ME 9.99 264] 3 
| 32 68 70 0.73 9.99 262 | 2 68 | 67 | 66 
| 33 68 71 0.72 99 260 | 2 Naot re MitabAl eabal 
| 34 68 70) _ 0.72 3 QE 2B, e272 ase 
| 35 68 70 |—9.73, 2 3\| 93/40), 13/4 19 88 
| 36 67 70} 0.72 782 .99 252 | 3 4) 459) 45] 44 
ae SIZ 68 70) 0.72 712 9.99 250] 2 5| 9,7) 5,6) 5,5 
| 38 67 69| 0.726434 9.99248] 2 6| 68| 67) 66 
| 39 7 70 0.72 573 3 7 7:91 Sell Bayt 

40 67 69 0.72 2 8 91) 89] 88 | 40 A 70| owe i 9 | 10,2 | 10,0 | 9,9 
42 67 69) 0.72 3 eH [eces pf Seel |e 
43 67 69| 0.75 2 AUC cies 22a fences 67 69 3 30 | 34,9 | 33,5.| 33,0 
“eb 66 | 69 3 40 | 45,3 | 44,7 | 44,0 

o> wv. 5 5 5 58 55 | ae 67 69 pnp aaatll 50 | 56,7 | 55,8 | 53,0 | 

| 47 66 | 69) 0.720209 9.99296] 3 
| 48 67 69! 0.71 951] 9.99 224 | 2 3 3 3 
| 49 66 68! 0.71 883.) 9.99201 | 3 = = = 
30] Bo 69 | 0.71 84] 9.99 219 | 2 Ween eee ces Pod, 
Sl] ¢ 66 68) 0.71 746 2 ‘ | 123 | 1221 120 ~ | 
52] 9.27537] 66 69 | 0.71 677 3 5 | 37,0 | 36,5) 36,0 | 
53 9.27602) 85) 9. 68) 0.71 609 2 a | 61,7 | 60,8 60,0 | 
54 9.27668) S869 9.08459) 68| 0.71 541 3 " | 
55 a | 66 “9, 28 527 68 ~ 2 3 Steiipiess a | 

5 65 9 5 5 3 s == = 

58 | 66) 9.28 730 2 ‘ 118°) 11,7 | 11,5 | 11,3 | 
59 | 65] 9,28 798 3 5 | 35,5 | 35,0 | 34,5 | 34,0 
60} 9.28 060, °° |-~9,28 865. 2 5 || 59.2] 588 | 57,5 | 56/7 

| eect i at in Rupe Tinton Aa 
| 

L. Cos. d. L. Cotg. L. Sin d. Pee 

79o° 



LOGARITHMS OF CIRCULAR FUNCTIONS. 

Taste XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

qic 

265 

I L. Sin ad. | L. Tang. | d.c.] L. Cotg. | L. Cos. | a. P.P 

0 5 0.71135] 9.99195, || 60 
1 65 : | 88) 0.71 067] 9.99 192| 3] 59 65 64 | 6: 
2 65} 9.29 000; S74 0.71 0007 9.99190) 2] 58 Ae LA 11 1,0 
3 64] 9.29 067| S87] 0.70 933] 9.99 187) 3] 57 2 22 21 21 
4 6} 9.29 134} 87] 0,70 866] 9.99 185| 2] 56 S38 3,2 32 
5 > 19.29 201 | 87 F070 799] 9.99 182 | 3] 55 4) 43 43 |° 4,2 
6 9 268| STF 0.70 732 9.99180) 2] 54 5 5,4 5,3 5,2 | 
7 9 335| ST] 0.70 665] 9.99 177] 3] 53 6) G5 64 63 
8 29 402} S87] 0,70 598] 9.99175] 2] 52 7 | 7,6 7,5 74 
9 29 468 : 70 532} 9.99172} 3] 51 ll ay oe aa 

10 29 535 70 465) 9.99170) 27 50 ; tes f “! 
1 5 29 601 a090|| 9.90 167| 3) ao] 20) 208) 10,7) 105 
12 5 29 668 332} 9.99 165| 2] 48 Gd etd a a 
13 i 29 734 DTS | Ge) ala EH | ear g PAI eI ce 
re it] 9.20 00 0 200} 9.99 160/ 2] ac} 40) $33) 42:7) 420 
1 a 9.29 866 If 9.99 167 | 3)" 45 TEED tae al a 

Oe 9.¢ 068 9599).155) |). 44 62 61 60 | 
6] os 002} 9.99152) 3} 43 1 10 10 10 
64] 9: 69 936] 9.99150] 2] 42 5) 21 2,0 2,0 

19 63 59 870} 9.99 147) SP 41 3] 34 30 3.0 
7 63 — ae || os | Nae 3 3, 3, 3, 

20 9.30 195 8050 9.99 145 | 27 40 Aa eas 41 40 
21 63 9.30 261 739 9.99 142, 3 39 5 | 5,2 5/1 5,0 
99 63 9.30 326 674 9.99 140 | 2 38 6 | 6,2 6,1 6,0 
23 63) 9.30 391 9 609} 9.99137] 3] 37 DN Mee 7,1 7,0 
24 we 9.30 457 543 9.99 135 | 2 36 8 | 83 | 81 8,0 
oF 6249.3 69 478 19,99 1321 3135 9 9,3 9/2 9,0 
26 62] 9.30: 69 413 ; 27 34 10 | 10,3 10,2 10,0 
2 63 9.30 652 69 348 9. 3 33 20 2C,7 20,3 20,0 

28 62 9.30 717 .69 283% 9.99 124} FF 32 30} 31,0 | 30,5 | 30,0 | 
29 G2) 9. .69 218 f 9.99122] 29 31 40] 41,3] 40,7] 40,0 | 
30 So liane epee Peer nawr |) GS) Pee | ts RET) se) il 
‘ 627 9. .69 089} 9.99117} 2] 29 59 é = 
30 62) 9.3 .69 025} 9.99 114] 3] 28 ‘ier al al 
3: 61} 9: 68960} 9.99112] 24 97 1 1,0 COT esa 

He CA -68 896} 9.99 109 | 3} 26 ale Baca iarkaioalle bratr 
35 al liar 68 8327 9.99106] 3 fF 25 sul) hs 02 01 
: 61 9. .68 767} 9.99 104] 2} 24 5 43 02 02 
; 62] 9: .68 703} 9.99 101} 3] 23 6 59 03 02 
t tN he .68 639} 9.99 099} 24 22 7 69 04! 02 
: 62) 9.3 68 5754 9.99 096 | Fy 21 | 8 79| oO, 03 | 
40 4 9.5 6 9.99 093 | 3] 20 9 8,8 04 0,3 
4 61 Rr 16 9.99 091| 24 49 10 9.8 05 03 | 
42 61} 9,31 616 - 6 9.99 088 | 3] 18 20 | 19,7 FON ROT} 
43 61 9,31 679 yi . 68 9.99 086 | 2 17 30 | 29,5 1,5 | 1,0 | 
44 - 9.31 743 | 6 ! 9.99 083 | 3] 16 40| 393] 20 13h 
45 SI} 9.31 806 “| 0-68 194 £9.99 080 | 37 15 50] 492) 25) 17 
46 60} 9.31 870} S47 0.681309 9.99078] 2] 14 
47 611 9.31 933 | S39 0.68 067) 9.99 075| 3] 13 
48 607 9,31 996 | 63] 0.63 004] 9.99 072] 3] 12 : P 3 

49 bit 9.82 059) $3 y 0.67 9417 9.99 070 | 25 11 a Sa ae 
50 9.32 122| —°} 0.67 878) 9.99 067]; 3} 10 0 ones 
51 Slt 9, 3 0.67 815 f 9.99 064 | BP 9 1| 2b2) 14,0) 10,8 
52 6OF 9: 63] 0.67 752] 9.99 062 | 2 8 | 33,5 33,0 | 32/5 
53 60} 9. 83} 0.67 639} 9.99 059 | 3 a 3] 558) 55,0) 54,2 
D4 a4) (oe ee 0.67 627) 9.99 056 | 3 6 € 
55 os Bes go] 0-07 S64] 9.90 054) 21S 3 : : 
56 3 9.: 21 0.67 502 9.99 051] 4 G4 ;aaa la Ga 
57 ie 607 9.32 561| S83] 0.67 439] 9.99 048 | 3 3 Reel les 
584 9.31 669] S07 9.32 623| ©] 0.67 377] 9.99 046 | 2 2 1, 107 10,5 | 10,3 | 

_ 594 9.31728} 58] 9x2 685) SY o.c7 315] 9.99 043 | 3] 1 2| 32,0 | 31/5 | 31,0 | 
60 j 9.31 788 | 9.32 747| "| 0.67253) 9.99040) 3 0 Bi, 288), b2rbiy o1/T | 

fe gE eo SI If 30 le i Se ee Sd | 

L. Cos. d L. Cotg. | d.c.} L. Tang. L. Sin d. I 112 | 
i 



266 A MANUAL OF TOPOGRAPHIC METHODS. 

TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued, 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

y30° 

d. L. Tang. | d.c.| L.Cotg. L. Cos. d. esis 

0 0.67 253} 9.99 040 
1 | 0.67190} 9.99 038 | 2 68.1% 4623) ~ 1161 
3 0.67 128} 9.99 035 | 3 1 109] 10s) ead 0 
3 0.67 067} 9.99 032| 3 2 21)  2)0/ 2,0 
4 0.67 005 9.99 030 | 2 3 3,2 31 3,0 

=i 0.66 943 | 9.99 027 | 2 4 4,2 ba 41 
6 0.66 881] 9.99 O24 | 3 5 52) 521 51 
7 0.66 820} 9.99 022) 2 6 63} 62) 61 
8 0.66 758) 9.99 019) 3 7 7,4 | 7/2 7/1 
9 0.66 697 9.99 016 | 3 8 i ae Bie 

10 0.66 635) 9.99 O13 : ra ids Fale 10.8 
11 0.66 574 9.99 O11) 2 20 a0} 207 | 20:3 
12 0.66 513 9.99 008 | 3 note ' ante 
re} 0.66 452] 9.99 005 | 3 80) 81/5}. 2731,0))" —80'5 ete 3 40 42,0 | 41,3} 40,7 14 0.66 391} 9.99 002] 3 50 525) 517 508 | 
15 0. 66 330 9.99 000 | = 
16 0.66 269] 9.98 997; 3 
17 | 0.66 208 9.98 994 | 3 60 39 58 
18 0.66 1477 9.98 991] 3 1 10 1,0) 1,0 
19 0.66 087} 9.98 989) 2 2 2,0 2,0 1,9 
20 0.66 026] 9.98 986| 2 3 3,0 3,0 2,9 
21 0.65 9667 9.98 983 | 3 4 4,0 3,9 3,9 | 
22 0.65 905 9.98 980| 3 5 5,0 4,9 | 4,8 
23 0.65 845} 9.98 978| 2 6 6,0 5,9 5,8 
24 0.65 785) 9.98 975 | 3 7 70} 69 6,8 
25 } 9.98 972 3 5 Dia Piet Pees 
26 9.98 96 1 /8 | f 
a 9. a ae 2 10 10,0 9/8 9,7 
28 9.98 964 | 3 20 20,0 19,7 19/3 
99 9.98 961 3 30 30,0 29,5 | 29/0 
30 ql —go8 oss | 3 40 40,0 39'3 | 38°7 
a1 ‘i 9.98 955 | 3 50 50,0 492 | 48°3 | 
32 0. 9.98 953 | 2 ee i: 
33 0. 9.98 950| 3 57 56 55 

| _ 34 0. 9.98 947} 3 ra 9,9 te | 
| 35 0.65 1264 9.98 944 | 3 Bil spiel eset umes 

36 0. 9.98 941| 3 at hs Bi 
| 37 0 9.98 938 | 3 il ash. <i Hel mi : : 2 5 4/8 4,7 4,6 38 0. 9.98 936 | 2 8 57 56 5/5 
+ 39 0. 9.98 933 2 7 66 65 64 
| 40 0. 9, 98 930 8 7.6 7,5 7,3 
| 41 0. 9.98 927| 3 9 86 84 82 
| 42 0. 9.98 924 3 10 95 93 92 

43 b 9.98 921} 3 20| 19,0] 18,7) 18,3 
jee _0. CBU 30 28,5 28,0 27,5 
7 45 . 6 9.98 916| ° 4c 38,0 37,3 36,7 | 

46 0.6 9.98 913 | 3 50 47,5 46,7 45,8 
47 0. 9.98 910 | 3 | a 0 9:98 907 | 3 ————— 

|__ 49 | 0. 9.98 904 3 3 3) 3 
50 0. 9.98 901) » 62 OL 60) 
51 0.6 9.98 898 | 
52 0.6 9.98 896| 2] 8 | 103] 102} 100 

| 53 0. 9.98 893 | 3 7 9| 31,0 30/5 30,0 
|_ 54 0. 9.98 890} 3 6 3| S17 50,8 50,0 

55 0. 9.98 887, ° 5 aa : 
56 0. 9.98 884 | 3 4 oie era =e 
57 0. 9.98 881} 3 3 59 58 | ba 

| 5B 0. 9.98 878 | 3 2 4 9,8 07) 95 | 
| 59) a) ‘i 9.98 875 | : a1 5 29,5 29,0 | 28/5 | 
| 60 | 0. bd 9.98 872 0 3 49,2 48,3 | 47/5 | 
| 

L. Tang. L.Sin. | d. U PP. 
| 

7° 



LOGARITHMS OF CIRCULAR FUNCTIONS. 

TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

267 

13° 

| 
Li L-Sin. | d. | L. Lang. | d.c d. Bias 

O} 9.35209) _ 9.36 336} | : 60 57 56 55 
1] 9.35 263} 4] 9.36 394| 58 i 3] 59 1 1,0 0,9 0,9 
2] 9.35318} 55] 9.36452) 58) 0. 2] 58 |e tha) |e cu nh 
3] 935 373| 55) 9.36 509 TRO: 3] 57 3 2,8 28| 28 
4] 9.35 497] 54] 9.36566) 57) 0. 3] 56 4 3/8 Falls Seri: 

si. 9-a0400| *)— oae62| 81— 0. 54 (intl 5 4,8 47| 4,6 
5] 9.35536| 558 9.36681) 57] 0. 3] 54 6 5,7 56) 5,5 
71 9.35590} 54] 9.36738] 57] 0. 3] 53 7 6,6 6b) 64 
8} 9.85644) 54] 9.36795 | 957.) 0.6 3] 52 8 7,6 7 | 73 
9] 9.35 698 a 9.36 852 | 7) 0.6: 3] 51 an ae oly ae 

1 = G af thes 50 o I)3 | 9/2 HE eS ea =o] 3] | a0) ar] ae 
2] 9.35860| 54] 9.37023) 57| 0. 3] agf 30) 285) 28,0) 2 
1) 9.35914} 54] 9.37080! 57| 0.6 alee] |e etl ie Ge re) | SL 
14} 9.35968} 54] 9.371387] 57| 0. Bf Aa) Ee et EU) eee 
1s) 9.36022) | 9.37193) 5 ee 2 2) eas Bt 58 59 
16] 9.36075) 53] 9.37250] 57| 0. 3] 44 1 09 09 09 
17] 9.36129/ 54] 9.37306] °6| 0. > 3] 43 2 18 18 17 
18} 9.36 182 or 9.37 363 ee he 98 819 42 3 27 26 26 
19} 9.36 236 | 54] 9.37 419 | 58) 0. 3) yl 4 36 315 33 
20} 9.36 289 9.37 476 {" 0. 40 5 4,5 44 4: 
21 9,36 342 | 93 9.37532] 56) 0. 3 39 6 54 5,3 | 5,2 
227 9.36395! 531 9.37588} of: 0.6 3] 38 q 63 62| 61 
23) 9.36449) 4] 9.37644] 6) 0. 3] 37 8 oN) A GS 
24] 9.36 502] 8] 9.37 700} 58.) 0. 3] 36 9 81} 80) 78 
21 9.30555| 1, 9.37756, 8! 0. 31354 10 9,0 88] 8,7 
26] 9.36608) Sf 9.37812] 56) 0. 3] 34 20 18,0} 17,7 17,3 
27} 9.36 660| 52% 9.37868] 56] 0. Bi) ||" 6F) 30}; 27,0} 26,5) 26,0 
98] 9.36713) 53} 9.37924; 56] 5.6 3] 32 40} 36,0 | 35,3) 34,7 
29] 9.36 766| 34) 9.37980] 56 6 3] 31 50 4£5,0 44/2 43,3 
30] 9.36619| °°) 9.38035) % 31 30 iti ate 
31] 9.36 871| 52} 9.38091 | 96 37 29 Tfoegs eal worotetu 
32] 9.36924] 53] 9.38 147] 56 3}. aa 2} 8) 0} 0.0.) Gy 
33] 9.36976] 52] 9.38 202| 55 BT Sal feel) A ee tuan | e 
34] 9.37 028| 52] 9.38 257| 55 | (Balk Sele Meh ee) ye 

; 58 }—5-3g-479-1 56 3}—s-) 4) 34] O38] 02] 01 
35 9.37 O81 9.38 313 25 Bleeds || er see Oo 0,2 
36] 9.37133} 529 9.38 368] 99 3] 24 6| 51] 04] 03] 0,2 52 55 3 } : 1 37 9. 37 185 2S 9.38 423 oo 3 23 7) 16\0))) 9 0)5: 0,4 02 
38] 9.37237; 528 9.38479} 56 22 8) 68] 05] 04] 03 
39] 9.37289| 527 9.38534 | 55 3] 21 9| 76] 06) 04] 03 
40] 9.33301 | ©) 9.38680) © 31 307 10 | 35! 07| 05| 03 
41] 9.37393| 52] 9.38 644) 95 3] 19} 20] 17,07 13] 1,0] 0,7 
421 9.37445| 52] 9.38699] 55 4] ig} 30] 255] 2,0] 1,5] 1,0 
43] 9.37497] 52] 9.38754} 55 3] 317] 40] 340] 2,7) 20] 1,3 
44] 9.37549] 527 9.38 808] 54 Ball | akin) Jeet) || SY ESR IN (Moray | lA) 
“4549.87 600 =} 9.38863| % 2 
46] 9.37652] 22] 9.38918] 55 3} 4 - 
71 9.37703! 51] 9.38972) 954 3] 13 4 ey NIG |) 

48} 9.37 755 me 9.39 027 ae $ 12 Atal BYE) GG eG 
49] 9.37 806 9.39 082 | 55 | 37 11 ‘ 
50| 9.3788 | 2} 9.00136| 31-70) | 40° apatlesaa lene 
51) 9.37909] S51 9.39190] 54 3 9 BU eeabal erat lleaetiertl arte 
52] 9.37960} 51] 9.39 245| 55 4] 8 gil a tcacis SIE CLG 
531 9.38011| 51] 9.39299) 54 | 3 7 He Nie? Uti Nel | eae 
54] 9.38 062 | 51} 9.39 353° re é 2G 
5549.38 1is| “| 9.39407| | 5 3 | 84 
56] 9.38164; 51} 9.39461] 4 3 4 56 4 
57] 9.38215] 5 9.39515] 54 .98 700 | 3 3 o| 
58 9.38266) S17 9.39569] 54 98 697 | 3 2 1| 28 9,0 
59] 9.38317| S51] 9.39623] 54 .98 694 | 3 1 2 fae (Ae | on 
60} 9.38368| | 9.39677} 98 690| *1 0 3.) 207 > 

L. Cos. d. L. Cotg. | d.c Sin. | d. Paes 



268 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXX VI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometrie Tables. ] 

14° 

| = | 

-_ 

San 785 | 94 
838} 93 
g92 | of 

60 215 9.98 684 
60 162 9.98 681 
60 108 9.98 678 | 

60 055 9.98 675 | 
001 9.98 671 | 

59 948 9.98 688 
59 894 9.98 665 
59 841 9.98 662 

SUI Go S no bo I OD 

al -_ 

WoOIS Oe we 
COMO NPeIH og 
eh Dende Rd 

escsiosossisssss 

= 

SNDWON AOR wt 

|ROwE Si CaNGa FEMS 

HEA C2 OES COREE SS 

wWISwI Doe wee ION SEANDIAANP OMS 

1 L.Sin. | d. | L. Tang. | d.c.| L. Cotg. L, Cos. : Pees 
| | \_ | U os ok WES. 

9.38 368 9.39 677 | | 0.60 323 9.98690) | 60 
938 418 | 50) 9.39 731 | 54 . 60 269] 9.98 687) 3] 59 
= 3 

3 
3 
4 
3 
3 

3 
- aes 
i 59 788 659 50 y , ! 
1 od 59 734 CECH fe) Pima) Wears Meter [ee SENG ie 
1 53 59 681 652] 48 3 ‘aa ; 26. 1 53 649 3 47 30 27,0 26, 26, 
fl 53 cet eoll eras 40 36,0 | 35, 34) 
J 53 SANS 50| 45,0) 44,2) 43; 
15 2 3643 | | 45 
16 53 640) yy at 51; 650; 49 
17 53 636) g} 43 ai) S|) WB) OB 

a Fi 0 9. 98 me a er ; an Gel Bao 3 : __ 9.98 630} 3] 41 Bho baie Dia 24 
20° 53 eo 9.98 627, | 40 del adore neisth maeie 
21 ‘ SHO 9.98 623) 3] 3! Buln (4,2 ened sO 
22 ‘ 52 ( 9.98 620 | 5 38 6 | 51} 50); 4,9 

I, 28 ‘ 9.40900} 3} ¢ 9.98 617 | 3] 37 7| 60) 58) 5,7 
ees 49 .40 952] 52] 0 9.98 614] {| 36 8 6/8 | 6,7 65 
| 25 F941 005| 8] 0.58995] 9.98 610] 4] 35 9 76) 7,5 i 

3G | 497 9.41057] 52] 0.58943] 9.98 3| 34 10 85) 838 2 
27 497 9.41109] 52] 0.58 8919 9.98 3) 38 ze | be | mt re 

| 28 } 49] 9.41161} 52] 0.58839] 9.98 6 4) 32 40 34/0 aut [aot 
| 29 | 49} 9.41 214] 53) 0.58 786] 9.98 § 34 3h ae ae eee cage 

30 4979.41 266) 2 | 0.58 734] 9.98 3 | 30 SB 
31 . 36 49 9.41 318 52 0.58 682 9.98 3 29 8) 47 4 3 
32] * 9.3 497 9.41370} 52] 0.58 6307 9.98 a es 1) 08) 08; 01) 00 
337 9. 48] 9.41 422 2) 0.58578} 9.98 584 | gf 27 2! tel] tel o1| o1 
34 9. 49] 9.41 474 | 52] 0.58 5269 9.98 § 3 |__26 3] 24! 94) 02] -02 
35] 9.40 4819.41 526 | ° 9.98 5 a1 25 4| 32] 31) 03] 02 
36 9.40 49} 9.41578] 52 9,98 5 3, 24 5 0} 89) .0)3) 02 
37] 9.40 48] 9.41 629] 951 9.98 £ 3 23 6] 48] 4,7] 04, 0, 
38 fy 9.40 49 9.41 681 | 52 9.98 3] 22 7| 56) 55] 05] 04 
39 9. 40 48 9.41 733 52 ne 9 i] 22 8] 64] 63] 05] 04 

404 9.40 4919.41 794| | oss 216{ 9 Alf e0 9 2} 70) 06) 04 
419 9.40 48 9.41836} 952] 0.58 164] 9. 3 ¢ 10} 8,0 78} 0,7 | 0,5 
42} 9.40 48] 9.41 987] 51) 0.581139 9. 4 . 20) 160} 15,7 |. 13) 1,0 
43] 9.40 48} 9.41939| 52) 0.55061] 9. 3 30 | 24,0 | 23,5) 2,0} 1,5 
44] 9.40 48} 9.41990] 951 0.58 010} 9. 3 40 | 32,0 | 313) 2,7 20 
45] 9.40 4819 go 041| 51 0.57959, 9.5 i 50 | 40,0 | 392) 331 25 
46} 9. 487 9.42093} 52] 0.57907] 9. 3 ee 
47] 9. 48] 9.42144] 51] 0.57 856] 9.5 3 
48] 9. 487 9.42195] 51) 0.57 805] 9. t eal bas Wane 4 
49] 9. 48] 9.42246) 51) 0.57 754] 9. 3 Sr | \haranl ttesnhase 
50] 9. 4719.42 207| *) 0.57 7034 9. 5 0) 54 | 58 | 62 | 51 
Be 48] 9.42345] 51! 0.57 652] 9. 4 1) 68) 66) 65] 6 
52] 9. 48] 9.42 3909} 51) 0.57601} 9.9 3 2 | 20,2 | 19,9 | 19,5) 19, 
53, 9. 47] 9.42 450| 51] 0.57 550] 9. 3 3 | 33,8) 83/1) 32/5 | 31 
54 9. 48 9.42 501 51 0.57 499] 9. 7e (EEG 4| 47,2 464 | 45,5 | 44 
al 4719.42 552| | 0.57 4489 9. 3) 3 Pula jure Lvee 
a 48] 9.42603) 51] 0.57 397] 9. 3 4 al (is ei 
574] 9. 47] 9.42653] 50) 0.57 347 9. 4 3 54 | 53 | 52 | 51 
58] 9. 47] 9.43704] 51) 0.57 296] 9. 3 2 UN ea ee Weebly Sos 
59 9. a7] 9.42755) 51) 0.57 245] 9. 1) ae een ape he CH ae 
60} 9 489,42 805| °° | 0.57 195] 9. 0} 3 | aso | ao| 433 | 28 

L.Cos. | d L.Cotg. | d.c. | L. Tang. L. Sin. d. ; PIE: 

73° 



LUGARITHMS OF CIRCULAR FUNCTIONS. 269 

TABLE XXX VI.—Logarithmic sines, cosines, tang ents, and colangents—Continued. , , g ? g 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

13° 

K L. Sin. d. L. Tang. | d.c. . Coty. . Cos. d. Pak: 

| = ah = 

F Cer 

q) aaa) ¢] kes 1) ae) 
9.41 304 47 9, 42 906 3 1 0,8 0,8 0,8 

5 Seah ST G1 45. 057 4 2 17 1,7 1,6 

| 3] 9.41441] G79 9.42 957 5 2 ie i Bt 

| 4] 9.41488] fo] 9.43 007 y : ay A ae 

5) 9.41 535 | 47 : - 5 9 rp} 11 

9.41 582 46 
3 6 5,1 5,05 4,9 

9.41 628) 47 ni 7 6,0 5,8 5,7 

| 9,41 675 47 3 8 6,8 6,7 6,5 

| 9.41722} 46 Fi 9 7,6 7,5 74 

9.41 768 47 
= 10 Sis 8,3 Bi 

9.41 815 
3 20 17,0 16,7 53 

9,41 861 “ 4 30 |. 25,5 | 250) 24,5 

| 9.41 908] 46 3 40 34,0 33/3 32,7 

9.41 954 | 47 
50| 42:51 41,71 40,8 

9.42 O01 46 
a 48 | 47 | 46 

| 9.42 047 | 4g i We Oiser. 08 0.2 

9.42 093 | 47 3 2 16| 1,6 15 

| 9.42 140) 46 | i gi gall) seo 23 

9.42 186 | 4g} 9 J 5 4 32| 31 3/1 

9.42232 | 46] 9 5 4,0 3,9 3,8 

9,42 278 |  4¢ . 43 4 6 48) 4,7 4,6 

9.42 324 | 4a} 9. 3 7 5,6 55 54 

9.42 370| je} 9 4 8} 64) 63 61 

| 9.42 416] je} 9. 9 tenets 0 69 

\—95 | 9.42 461° 
: 10 8,0 8 7,7 

Boa 507 46 2. 4 2 | 16,0 7| 15,3 
57 ; c 9. 3 30 24,0 | 5 23,0 

| [ee ea 46 2 0 4 40| 32,0 30,7 

99 9.42 644 9 0.55 3 50 40,0 ; 38,3 

ea j = 20h) —— 
J 

oan 600| “°) 9. 49 | 088 go. | 4 feather Win er Nits 

9.42735| 422] 9. 49 | 0:95 388 | 3 1} 08] 0,7) 01] 00 

9.42 781 5 9. 43 | 0.55 9.98 384| 4 ML abel aia) wy || lil 

9.42 826] 4a] 9.44 446 | yg] 0 55 9.98 381 | 3 3 | 9/2) 22!) 0,21), "0,2 

9.42 872 | fof 9.44495 | 49 |_ 0.55 § 9.98 377 4| 3,0] 2,9 ae 

9.42917 | 4s 9.44 544] yg | 0.55 9.98 373 5) 38) 3,7 oe 0,2 

9.42 962] fe} 9.44 592 | 4g 0.5) 9.98 370 Z . ae | a4 Oe ne 

9.43 008 9.44 641 0.55 9.98 366 y2| 5, } f 

9.43 053 a 9.44 690 a 0.55 310 9.98 363 : ah ae A He te 

9.43 098 | 42] 9.44 738 | 4g |__0- 55 262] 9.98 359 | 3 7 oe 88 eh eras 

9.43143 | 4a] 9:44 187) go] 0-85 213 | 9.98 356 Bh ties eealeRie lL sol 

9.43 188) 92 9.44836) 4Q| 0. 55 164] 9.98 352 = 30 | 925 | 220) 20| 1,5 | 

9.43 233 | $2] 9.44 884) gg | 0 55 116] 9.98 349 fol300 | 293'| 27 | 2,0| 

9.43 278 Df 9,44 933 2) 0.55 067 4 solar ger) 3a | 25 

9.43 323 | 49] 9.44 981 48 |_0.55. 019 3 Set | ees Wi SEO Me ak 

9.43 367 9.45 029 0.54 971 5 Sc ee | 

9.43 412 | 42| 9.45 078 49| 0.54 922 |p Ce Wee = Nh ele 

9.43 457 Of 9.45 126 0.54 874 : 13 alll Sell ath me wl 

9.43 502| 47] 9.45 174 48) 0.54 926 ai) 2 50 | 49 | 48 | 4 

9. 43 546_ 45 9.45 222 49 0. 54 778 4 11 6,2 6,1 | 6,0 59 

9.45 271| yg| 0-54 729 10 1) 48,8 | 18,4 | 18,0 | 17,6 

447 9.45 319| 43 | 0.54 681 3 9 2 | 31/2 | 30,6 | 30,0 | 294 

45) 9.45 367 0.54 633 7" 8 4 | 438 | 42,9 | 42,0) 411 

9.45 0.54 585] 9.98 309] ° 7 ! 

9.45 0.54 537 9.98 306 iH 6 3 f ‘ 3 

9. 4 0.54 489 f 9.98 302 a 4 ei Ss 

0.54 441 9.98 299 | 3 4 50 | 49 | 48 

0.54 394 9.98 295 | 4 3 0 eal [Sains 

0.54 346) 9.98 291 | 4 2 1 | 8,3 | 8,2 | 8,0 

0.54 298 9.98 288) 3 1 9 25,0 | 24,5 | 24,0 

9,44 034 —.54 2504 9.98 284) *) 0 3 AUT AUS AOL 

r i} 

L. Cos. L. Tang. L. Sin. | d “ Le 
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TaBLE XXXVI.—Logarithmie sines, cosines, tangents, and cotangents—Continued. 

| Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

A MANUAL OF TOPOGRAPHIC METHODS, 

16° 

U L. Sin d L. Tang. | d.c L. Cotg. L. Cos. | d. pepe 

O] 9.44 034 9.45 750 0.54 250] 9.98 284 60 
1] 9.44078] 44 9.45 797| 47]|- 0.54 203 9.98281] 34 59 48 47 46 
2] 9.44122} 449% 9.45 845] 48] 0.541559 9.98277) 4% 58] 1 0,8 08 0,8 
3] 9.44166] 447 9.45992] 47) 0.54108] 9.98273) 4] 57] 2 1,6 1,6 15 
4] 9.44210] 44] 9.45940] 48] 0.54 060] 9.98270) 3} 56] 3 24 24) 28 
5) 9.44253| 4°) 9.45 987, 47] 0.52013) 9.98 266| *) 55} 4 oe a2 on 
6] 9.44 297 44 9.46 035 48 0.53 965 9.98 262 | 4 54 8 1'3 a7 16 
7 9.44 341 44 9.46 082) 47 0.53 918 9.98 259 | 3 53 2 56 55 | 5d 
8] 9.44385] 447 9.46130] 48] 0.5: 9.98 255] 49 52 3 64 ea 61 
9] 9.44498] 43] 9.46177] 47] 0. 9.98 251) 4}--514 8 as | ne ae 

10] 9.44472) 44) 9.46004) 47|—». 9.98248 91 607 10] - so! val. 77 
1] 9.44516) 44] 9.46971) 47] oF 9.98 244] 47 497 99! a60} 157) 153 

9.44 559] 4397 9.46 319| 48] 0. 9.98 240} 47 48] 39| 94/0 2315 93/0" 
9.44 602| 43} 9.46366| 47| 0. 9.98 237 3] 47] 40| 3910) 313] 30:7 
9.44 646 447 9.46413] 47 0.53 587 9.98 233 | 4 461 50) 400, 392) 383 
9.44 689| * | 9.46460} 47 | 0.535401 9.98290] *9 a5 ne ae eG 
9.44733 | 441 9.46507) 47/ 0.53 493§ 9.98226] 3] 4a] | 08 07 07 
9.44 776 43 9.46 554 47 0.53 446 9.98 222; 4 43 3 | 15 15 V4 
9.44819| 43] 9.46 601) 47] 0.53 399] 9.98218) 4§ 42] 3 nie aS as 
9.44 862| 43] 9.46648) 47) 0.533520 9.98215) 3) 41 t 310 3/9 29 
9.41905| 41 9.46604) 4) 0.53 300f g.982| *) 401 5| 3's 37 3'6 
9.44948 | 43] 9.46 741| 47] 0.53259 9.98207} 49 307 6! 4'5 ae 43 
9.44 992] 44 9.46 788 47 0.53 212 9.98 204 | 3 38 all 52 yl 5.0 
9.45 035| 437 9.46835} 47] 0.531659 9.98 200| 4] 37 2 60 59 57 
9.45077| 42] 9.46881) 46) 0.53119] 9.98 196 4 36) 9] 68 66 64 
9.45 120| 4°} 9.46998) “47 |—~0.53 072] 9.98 192 35 | 10 75 73 72 
9.45163) 43% 9.46975) 47] 0.53025] 9.98189) 3% 34 20 15,0 14,7 14,3 
9.45 206] 43] 9.47021) 46! 0.52979} 9.98185) 4% 33] 30 22,5 | 22,0} 21,5 
9.45 249] 43) 9.47068} 47] 0.52932 9.98181} 44 32] 40 30,0 29,3 28,7 
9.45 292 | 439% 9.47 114 ae 0.52 886} 9.98 177 - 31] 50 37,5 | 36,7 | 35,8 
9.45 32 42\\Sora7 160) * 0.52 840 [9.98 174 30 49) va 3 
9. 43% 9.47207| 47] 0.52793] 9.98170] 4% 29 11 07| 07! 011 00 
9. 427 9.47 253| 46] 0.52747] 9.98166] 4] 98 OM) otUl PGs tistel) aiyat 
9. 45 437 9.47299) 46| 0.52701] 9.98162) 4] 97 3) 27] 20) 02! 02 
9. 427 9.47 346| 47 0.52 654 9.98159 | 3 26 4| 28] 27] 03] 02 
9. 4319.47 392, 46 |—o.53 9.98 155| *1- 251 5| 35] 34| o3| 02 
9. 42] 9.47438 | 46) 0.52 9.98151} 4] 24 6) 42) 41] 04) 0,3 
9. 43] 9.47 484 46) 0.52 9.98 147| 4 23 7| 49] 48] 05) 04 
9. 42) 9.47530| 46] 0.52 9.98144] 3] 22 8/ 56] 55] 05] 04 
9. 42] 9.47576) 46) 0.52 9.98 140] 4] 21 9] 63] 62) 06] 04 
9. 4250.47 22) 4°) o.52 9.98 136; *f 201 10) 70] 68) 07) 05 
9. 43] -9.47 668| 46] 0.52 9.98 132 | 4 194 20} 14,0] 13,7] 1,3] 1,0 
9. 4: 421 9.47 714| 46] 0.52 9.98 129| 3] 18} 30) 21,0} 205) 20) 1,5 
9. 42) 9.47760} 46] 0.525 9.98125] 4] 17] 40 | 280) 273] 27) 2,0 

, 42} 9.47 806| 46] 0.52 9.98121} 4] 16] 501) 350] 342!) 33) 2,5 
42 9.47 852 46 0.52 | 9.98 117 4 ns 

42] 9.47 897 45) 0.52 9.98113] 4 14 4 4 4 4 
an 9.47 943 ae 0.52 057 | 9.98 110 Z 13 

9.47 989 0.52 011] 9.98 106 12 Fe ey Mae eae | TE 
41] 9.48 035/ 45] 0.51965] 9.98102] 4] 11] 4 48 | 40 | 46 at 
“19.48 080 0.51 920 [9.98 098 1 60) 59) 58) 5) 

421 9.48126] 46] 0,51 9.98 094] 4 9 1) 18,0 | 17,6 | 17,2 | 16,9 
42) 9.48171} 45) 0.51 9.98 090 | 4 8] 3 | 300 | 294 | 28,8 | 28/1 
41] 9.48217] 46) 0.51 9.98 087| 3 T] 4} 42/0 | 411 | 40,2 | 39/4 
4279.48 262) 45) 0.51 9.98 083 | 4 6 e 
41) 9.48907) 4°] 0.51 9.93079} *] 5 Ce Ns Sel i | 
42] 9.48353} 46) 0.5 9.98 075 | 4 4 48) 470 | 46) 45 
41 9.48 398| 45) 0.51 9.98 071 | 4 3] 9! gol 78] 77) 75 
427 9.48 443] 45) 0,51 9.98 067} 4 27 1) 04/0} 93/5 | 23/0 | 29/5 
41] 9.48 489| 46] 0.51 9.98 063 | 4 1] 2] 400] 3921] 3831 375 
4219.48 534| 4° | 0.51 QiGRIOGO| seAlewGi]) Meee ee 

d L. Cotg d.c L. Tang L. Sin d. ' Pe 



LOGARITHMS OF CIRCULAR FUNCTIONS. tial 

TasLeE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss” Logarithmic and Trigonometric Tables. ] 

17° 

u L. Sin ad | L. Tang. | d.c L. Cotg. L. Cos. | d > Pee, 

| 
9.46 594 9,48 534 0.51 466} 9.98 060 | 60 Er ; 
9.46 635 | 41] 9148579) 45| 0.51421] 9.98056, f] 59 ; ae | aa ae 
9.46 676 ri 9.48 624 | z 0.51 376} 9.98052) 4p 58 1 | vel 45 eh 

eam) S| guem) | cos] seuel al SB) 3] ba) a8] 38 
OB gg pe | ag | | tbs 4} 3,0 2,9 2,9 

9.46 800} {Ff 9.48759) 7) 0.51 21] 9.98 040) yy 55 5| 38 317 3.6 
9.46 841} 41] 9.48804 | 49) 0.51 196 | 9.98 036) Gy S54 lhe 2G 4 13 
9.46 882 | 41] 4.48 849) 2) | 0. 51151} 9.98032 | 3] 53 7} 52\- oi 5,0 
9.46 923 1] 9.48 s04| 47 | 0.51 106] 9.98 029 fy 52 Bly eal! = Be BT 
9.46 964, a 9.48 939 le 0.51 061 J 9.98 025 | 4 51 9 | 68 | 6,6 64 

9.47 005 9.48 984 | 0.51 016} 9.98021, 4 | 50 Td URS) AE 72 
9.47 045 | 409° 9.49029; 45] 0.50971] 9.98017) 4} 49 90 | 15,0) 14,7 14,3 
9. 41} 9.49073| 44] 0.50927] 9.98013) yg} 48 30 22,5 | 22,0 21,5 
9. 41 9.49118) 4) 0.50 882] 9.98 009 | ai 47 40 30,0 29,3 28,7 | 

a 9.49 163 rh 0.50 837] 9.98 005 | 4 46 BOUIN eauiD 36,7 35,8 

; 9.49 207 | | 0.50 793} 9.98 001 45 : 
9. 40} 9.49252) 45) 0.50748] 9.97 997| ft] 44 42) 41 40 

) 41 9.49206) 44] 0.50 704) 9.97 993| 4] 43 1 Oa Oi 0,7 | 
E 40] 9.49 341 45 | 0.50 659] 9.97989] 3} 42 2 14 Le 13 

9. 41] 9.49 385 ae | 0.506154 9.97 986) Yt 4t 3 ee 2,0 at 

9.47 411 Fa 9.49 430 4% | 0.50570] 9.97 982 | | 40 : selWesaa aa 
9.47 452 | ff 9.49 474 | 44 | 0.50 526] 9.97 978 | 4 a 6 49 11 40 
9.47 492] 40] 9.49 519} 45 | 0.50 481) 9. a ora vil be 7 49 43 47 
9.47 533 | 40 8. ‘9 563 | 44 | 0.50 437 9. 97 a0 4 a 3 5.6 55 5 
9.47 573 | 40] 9.4 607 | 5 |_0.50 393 | 9.97 ita 9 63 82 6.0 

9.47 613 9.49 652 | 4, | 0.50 348] 9.97 962) 4 35 10) 7,0 6,8 6,7 
9.47654 | 41] 9.49 696 a 0.50 304 9.97958 | gf 34 207 14,0 13,7 13,3 | 
9.47 604) 40] 9.49740] 44 | 0.50 260} 9.97 954) gy 38 30| 21,0| 20,5} 20,0 | 
9.47 734 | 40] 9.49 784) 47 | 0.50 216] 9.37 950 | 4 32 40| 28,0] 27,3 | 26,7 | 
9.47 774 ri 9.49 828 | 77 | 0.50172] 9.97 946 | 4 31] 50! 350] 342| 33,8 

9.47 e14 of 2498) ag 0.50 128] 9.97 942 | 4] 30 
9.47 854 “ 9.49 916 | 44 | 0.50 084} 9.97 938) 4} 29 39 6 4 3 
9.47 394} 40} 9.49960) {7 | 0.50 040] 9.97 934 | 4 28 1) 061 O12) O11 0,0} 
9.47 934| 40] 9.50 004) 44 | 0.49 996] 9.97 930) 4 27 > [ims eV Yon a Ul 9 
9.47 974 as 9.50 048 | 44 | 0.49 9524 9.97 926) 4} 26 3) 20] 02/ 02] o2| 

9.48 014 9.50, 092 44 | 0-49 908 9.97 622) 4 25 4) 26) 03) 0,3) 02) 

9.48 054 | 49] 9.50136) 44 | 0.49 864] 9.97 918) yf 24 5| 32] 04] 038) 0,2 
9.48 094 | 49] 9.50 180| 43) 0.49 820] 9.97 914) yy 28 6] 39] 05) 04] 0,3 
9.48 133] 32} 9.50 223 44| 0.49777] 9.97 910 | 4 22 7] 46} 06) 0,5) 0/4 | 
9.48 173 a0 9.50 267} 44) 0.49 733] 9.97 906 | yy 21 8| 52] 07! 05! 04 

9.48 213| ao] 950311, 4, | 0.49 689] 9.97 902 | 4 20f 3 BB HS he We 
9.48 252 | 9:90. 355 ) gg) 0.49 G45 J 9.97 808 | 4 1 Leryll ceva: abcalle ntl easitad 
9.48 292 a 9.50 398 | 4, | 0.49602} 9.97 804) 4 18f 30 | i956 | 2'5| 20 | ae | 

9.48332, 49] 9.50412 | 43) 0.49558] 9.97890) 4] 171 40] a6 | a3 a7! 2 
9.48 371 | 35] 9.50485) 44 | 0.49 515 | 9.97 886 | 4 GL) ani ate epee, ale 

9. 48 a a a: 50 Be 76 0. 49 an a 7 a2 ji 50 | 32) 2 | 338 | 2 

9.48 450 | 50 572 .49 42 97 87 < 
9.48400; 49) 9.50 616| 45) 0.49 384] 9.97 874 4] 23 5 4 4 
9.48 529) 55] 9.50659} 47 | 0.49 341} 9.97 870/ 4 12 43 45 44 | 

| 94a 568! 39] 9.50 703] $3 | 0.40207] 997866) 5) UP 0) 43) 56| 55 
9.48 607 | go] 9-50 746| 45) 0.492549 9.97 BOL | 4 10 9 | 12,9] 16,9) 16,5} 
9.48 647 | gg} 9.50789) 4, | 0.49211] 9.97 857 | 4 9 3) 25] 281) 27,5 | 
9.43 686| 35] 9.50833} 45] 0.49167] 9.97 853| 4 8 4| 30, 39,4| 38,5 
9.48725 | 35] 9.50876) 453) 0.49 124] 9.97 849] 4 i 5| 387) = = 
9.48 764 | 35] 9.50919] 45 | 0.49 081) 9.97 845) 4 : - ; i 

9.48 803| go] 9.50962] 4.) 0.49 038 9.97 B41) 4 5 a 3 2) 
9.48 842| 53] 9.51005] 45 | 0.48995} 9.97 837 | 4 0 43 45 44 | 
9.48 881} 55] 9.51 048 | 4) | 0.48 952] 9.97 833 | 4 3 54 7,5 7,3 | 
9.48920] 55] 9.51092] 45 | 0.48 908] 9.97 820) 4 2 2 16,1 22,5 | 22,0 
9.48959 | 59] 9.51135] 45 | 0.48 865] 9.97 825 | 4 1 3 269 | 37,5} 36,7 

9.48 998 9.51 17 0.48 822} 9.97 821 9 Fe CHAT gles 

L. Cos. | d. | L. Cotg. | d.c. | L. Tang. | Eesing ids P.P. 

72° 



272 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXX VI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted trom Gauss’ Logarithmic and Trigonometric ‘Tables. ] 

18° 

. Sin | si L. Sin. | a. | L. Tang. | d.c | L. Cotg. | L. Cos, | d. P. P. 
| | ale BAe Sent = 

oOo} 9. | 0.48 822] 9.97 821 60 : 
it} [1 8 3 0.48779] 9.97 817| $] 59 , ae lege ra 
21 9 4 | 0.48 736] 9.97 812] 7] 58 u a NE a 
3} 9. 4j| 0-48 694] 9.97 808) Gf 57 3 SI ee a 
4) 9 43 |__0.48 651] 9.97 804] 7] 56 i parle as ae 
5 9. 43. | 0.48 608 9.97 800 | 4 55 5 3,6 | 3,5 3,4 
6] 9. 43 | 0-48 565] 9.97 796) 4] 54 6 43| 4,2 41 
7) 9. 4p | 0.48 522) 9.97 792] 7] 58 7 50| 4,9 48 
8] 9.4 43 | 0-48 480] 9.97 788] 4] 52 8 57) 5,6 5,5 | 
9] 9. 45 |__0.48 437 | 9.97 784] 5 J 51 2 os | 6,3 62 

p 7 77 5 1 i 
2 | ORES BOR Tes BRT MT 6a SONI Soy | fad a le 0) ena 
9; f 0.48 352 9.97 775 | a 45) deren a| meatier eri eel kts 30] 21,5] 21,0] 20,5 
9, 43) 0.48 266) 9.97 767| +} 47] 420] 287) 280) 27,3 
9. AP ls Oras 208 [9.97 7e3'| 4 | as ON ASPIRE BROT ee 
9. 0.48 181] 9.97 759 45 39 | 8 
9. 42) 0.48 199] 9.97 754) 3] 4a Fi i Alara 
9. 4s 0.48 097] 9.97 750 43 2 13 3 43 a ts ti 4 ; il, 12 
9. 42 0.48 054 9.97 746 | 4 42 3 2,0 19 18 

mo! 43 0.48 012 9.97 742 4 41 4| 2.6 25 2,5 

9. 4 | 9.47 969) 9.97 738} , | 40 5 3,2 3/2 3,1 
9. 42 | 0-47 927] 9.97 734] & 39 6; 39 3,8 3,7 
9. 42 | 0.47 8859 9.97 720) 4] 38 g | 28 | Ae an 
9. 45 “| 0.47 $431 9.97 725 37 | 5,2 } ‘ 
9. 43) 0.47 800] 9.97 721 | {| 36 her | ait 56 

: ae eee) ed eee 9. ‘ ATT . 97 71: 30} 19,5| 19,0] 18,5 9. “21 0.47 674} 9.97 708| 27 337 40| 260| 25/3) 24/7 

: G| SSb| same] fg] |S) Mal ail ate (ets 42 4d OW Soi ed 4 a) ; 

9. 4g | 0.47 548f 9.97 696| 5} 30 36 5 4 
9. 49| 0.47 506} 9.97 691] 4] 29 1 0,6 01 01 
9. fo | 0.47 464) 9.97 687] Gf 28 2 12 0,2 01 
9.5 do | 0.47422 9.97 683) 4G] 27 3 1,8 02 0,2 
9. “| 0.47 380 f 9.97. 679 264< 4 24 03 03 

=e 41 | 5 5 3,0 04 03 9. > arias 9.97 674 25 ; ' "e d 42 Mead ie 6 3,6 0,5 04 9. lh) 9.97 670 24 7 5 
9 sal fi 9.97 666| 4] 23 ; aie O16 we = eal ry Hace east eel Pees 8| 48 0,7 0,5 
a 42 : ONE ets e 9)|  5)4)) =" 0)8"| ~60;6 

41 0. 9.97 657 4 21 10 | 6,0 0.8 07 

Foy ae 9.97 653) ,} 20 20) 12,0 1,7 13 
: SEN 7 lll 9.97 649] Gf 19 30) 18,0 25 2,0 

9.50508} 5,1 9.52958| 45] 0. 9.97 645| =] 18 40] 24,0 3,3 2,7 
9.50 635 | 52] 9.52995) 45) 0. 9. Vezul | 2 50 | 30,0 4,2 3,3 

| 44 9. 50 | 3S 9.53 037 =| 0. 9. 16 
| a eee 37 = 41 4 ee a 
| . 9.51 s 5: ) 9. 5 

48 9. 30 fe a. : fa 0. 9. | a i 5 5 | 5 
47] 9.50 784} SS 9.5 0. 9.5 2] 13 rr 19 | ad 

| 48} 9.508 AA he pan) ios 9. alee re test Oak ess) : 2 5 49] 9.50 38 9. 41 0. 9.6 |i abl 1 ite ae oath 

50} 9.50896 | 4 | 9. ie |) ow 9. i) (ee 21 cons | | Varo cage 
51 9.50 933 A 9. =| 20: 9. 9 3 30, : ‘ ; Ball Seeaceers || ail 4 | 301 | 294] 28,7 f a .53 368 0. 98 = 8 4 the ae | STH) vues anole lang a 5 2 =| 38,7! 37,8| 36,9 

: ao 37 | 9-53 450) 3 |_0. oa Re eee 4 4 4 
55} 9.51 080 7] 9.53 492 | 6.46508} 9. 5 re rT re 
56] 9.51117] 37] 9.53533) 41] 0.46 467] 915 oat Pees Ot ee ee Me areal 
57] 9.51154) 3,4 9.58 574) 4) | 0.46 426 fF 9.5 beg 3 1 54 | 5,2 5,1 | 
5B} 9.51191| 3.) 9.58 615) 41] 0.46 3857 9. : 2 Fl) SLO ISRO ws a 
59] 9.51227) 37] 9.53 .656/ 47 | 0.46 3441 9.5 ee 1 3 | 269} 26,21 25,6 
601 9.51 26: | BO emer ar SSG =a —— 37,6 36,8 35,9 | 

. 51 264 9.53 697 | 0.46 303 j 9.97 567 0 4 | 
| 

L. Cos. d. L. Cotg. d.c. | L. Tang. | L. Sin. | d. PP. 



LOGARITHMS OF CIRCULAR FUNCTIONS. 

TaBLe XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

| 

19° 

] y 
4 L. Sin d. L. Tang. | d.c.| L, Cotg. L. Cos. | d. Lee 

O} 9.51 264 | 0.46 303] 9.97 411 401-39 
1} 9.51 301 41} 0.46 262) 9.97 4 1 07| 0,7 0,6 
2] 9.51 338 41) 0.46 221] 9.97 5 5) 14 13 | 13 
3] 9.51 374 41 0.46 180] 9.97 4 3/ 20 20 20 
4] 9.51 411 41} 0,46 139] 9.97 4 ae 27 216 
5) 9.51 447 41 | 0.46 098] 9.97 545 | ° 5 3,4 3,3 3/2 
G] 9.51 484 41 0.46 057 9.97 541 | 4 6 | 4,1 4,0 3,9 | 

7] 9.51 520 41/ 0.46 016 | 9.97 536 | 5 7] 48 4,7 4,6 
8] 9.51 557 41] 0.45 975] 9.97 532] 4 Silesbyo 5,3 5,2 | 
9] 9.51 593 A | 0.45 935} 9.97 528] 4 9 | be 60 Be 

104, 3. | > 80 = 7 593 |. 2 10 | 5,8 6, 2 | 10] 9.51 629 rr 45 804 9.97 523 | 4 Bot at Bal 130 
11 9.51 666 | 0.45 85% 9.97 519 : a = e 
12] 9.51 702 40} 0.45 813] 9.97 515| 4 BON pee 20ips eNO Leis 
13] 9.51 738 41 | 0.45 772] 9.97 510 | 5 AON peeeis eke 20/7 | 92610 
14] 9.51 774 a | 0.45 751} 9.97 506 ; 50 | 342) 33,3 | 32,5. 
15} 9.51 811 | 0.45 691 | 9.97 501 37 35 
16] 9.51 847 41) 0.45 650] 9.97 497] 4 1 Sag ma 
17] 9.51 883 40 | 0.45 G10} 9.97 492] 5 3 12 12 12 | 
18} 9.51 919 41 | 0.45 569] 9.97 488 | 4 3 138 1'8 ‘8 | 

19} 9.51 955 cH |_0.45 529] 9.97 484 | 4 4 2/5 24 23 | 
20] 9.51 991 u 0.45 488) 9.97 479} ° 5 3,1 3,0 2,9 | 
21 | 9.52 027 40} 0.45 448] 9.97 475 | 4 Gil ai7 3,6 3,5 
22] 9.52 063 41 0.45 407] 9.97 470| © TEN = a3 4,2 41 | 
23] 9.52 099 40 | 0.45 367] 9.97 466] 4 8} 49) 48 4,7 
24] 9.52 135 40 | 0.45 35 9.97 461 | 5 9 56 54 5,2 | 
25 | 9.52 171 ale lenen: 97.457 | * 10 62 60 5,8 
26] 9.52 207 40 | 0, 9. aie 20 12,3 12,0 11,7 

27] 9.52 242 40) 0.45 206] 9. 5 30 18,5 18,0 17,5 
28 9.5 41 | 0.45 165 9.9 4 40 24/7 | = 24,0 23/3 

29] 9.5: 40) 0.45125] 9. 5 50! 30,8 | 30,0] 29,2 
30] 9.52 350° 40 |-0,45 085) 9. e Py = A 
31] 9.52 385 40) 0.45 045] 9.5 5 i 06 01 Ot 
32] 9.52 421 40 | 0.45 005 9. 4 5 4 0 On 
33] 9.52 456 40 0.44 965] 9. 5 5 i 03 02 
34] 9.52 492 a | 0.44925} 9.5 4 A a5 09 ABS 
BS | 9.52 527 | 0.44 885] 9: i 5 9/8 04 03 
36] 9.52 563 40) 0.44 845] 9. 4 6 34 05 04 
37] 9.52 598 40} 0.44 805] 9.5 5 7 10 0,6 05 
38] 9.52 634 40! 0.44 765] 9. ut 8 45 0,7 05 
39] 9.52 669 40 | 0.44725] 9. 5 CV li. a 0.8 0.6 

40] 9.52 705 40 | 0.44 G85) 9. 4 10 57 | 0,8 0,7 
41] 9. 40) 0.44 645] 9. 5) 20 11,3 1,7 13 

42] 9. 40) 0.44 605] 9.9 2 30} 17,0 2,5 2,0 
43] 9. 39 | 0.44 566] 9. 5 40| 22,7 3/3 2,7 
44] 9. 40) 0.44 526] 9. 4 50 | 28,3 42 3,3 
| 9. 40 0.44 4865 9.9 2 Fi = : 
46] 9. 40 | 0.44 446] 9. 4 5 5 5 
47] 9. 39} 0.44 407] 9.8 5 — -- — | 
48] 9.5 40) 0.44 367] 9. 5 ee7 41 40 39 

Jo] 9. 40 | 0.44 327] 9. 4 Oo} 4,1 4,0 3,9 | 
ey 0.44 2 9.9 3 ds eke a OF lh ea oh ee 0’ |Meat ees 4 2! 25 | 200| 19,5 

52) 9. 39 | 0,44 209] 9.9 5 3) 28,7) 28,0) 27,3 
53] 9. 40 | 0.44 169] 9.5 4 4} 36,9}. 36,0] 35,1 
Bi] 9.5: 39) 0.44 130] 9. 5 P 4 4 4 | 
55 | 9.5: 40 | 0.44 090} 9.97 = —| — = 
56] 9. 39) 0.44 051} 9.97 § 5 . 40| 39 

57} 9.52 40} 0.44 011} 9.97 312} 5 0 5,1 5,0 4,9 
58] 9.5: 39 | 0.43 972] 9.97 308] 4 1 15,4 15,0 14,6 
59] 9.53 39 | 0.43 933} 9.97 303 | 5 2) 25,6) 25,0) 244 

60 | 9.53 405 40 |—~0.43 803 | 9.97 299 * Z| 35,9] 35,0 | . 341 

L. Cos d.c.| L. Tang. ] L.Sin. | d. P. 
; | 

MON Xx1I——18 

woo 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

A MANUAL OF TOPOGRAPHIC METHODS. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables, ] 

20° 

L. Sin a. L. Cos d. Pees 

i 40 39 38 o 

35 Se ie meGyAly -ONa\e ue 3. 5 9.97 294] 2 is ee rs 3 
39 9.97 289 | 2 & sr - a 34 9.97 285 | 4 3 2,0 28 1,9 
35 pede IG 4 27 2,6 25 
oA DOT 280u 5 33] 32]. 32 

z 9.97 276 | - 6 40 3,9 3,8 35 9.97 271] 2 7| 471 46] 4/4 
B47 9. 9.97 - 4 8 5,3 52h eb 35] 9. 9.97 = 9 G0) 8 | eeebye 34] 9. 28597 fe 10 6,7 65 63 
35 9. 9.97 20) 13j)34| 13,0 eae 
34] 9.5 9.97 4 30} 20,0] 19,5] 19,0 
34 9. 9,97 2 2 40 26,7 26,0} 25,3 
35] 9. 9.97 3 50] 333] 325| 31,7 
34] 9.5 9.97 = < 
: 5 37 | 35 | 34 
rd 9.3 9.97 : 1 06|- 06) 06 
3D 9. 9. 97 i 2 1,2 | 1,2 | 1,1 
B4 9.5 9.97 220 } 3 18 18 1,7 
34] 9.5 9.97 215 | ° a 25| 231] 23 
34 9.5 __ 9.97 210 4 FS 3,1 2,9 | 2.8 

34 19.5 9.97 206 | — 6 3,7 3,5 3,4 
34] 9. 9.97 201 | 2 7 43] 41) 4,0 
34 9. 9.97 196 | ° 8 49 4,7 45 
34] 9. 9.97 192 | 4 9 56) 5,2) 51 
34 9.97 187 | 2 10 6,2 58] 5/7 
34 |? 20) |) P1248) Fale nn, 8 b 9.97 182 | : 
34 39 ‘ 9.97178 | + 30 18,5 17,5 17,0 

34 : b 9.97173 | 2 40} 24,7) 23,3) 22/7 
34 3 ; 9.97 168 | 5 50°| 30,8] 292] 98,3 
34 : 0. 9.97 163 | 3 33 5 4 
34 : 0. 9.97 159 | - 1 06) Of 01 
33 38 | 0. 9.97 154 | 2 2 L1|- 02 01 
34 39] 0. 9.97149) ? 3 16| 0,2 02 
34 38] 0. 9.97 145 2 7 ee TEE RS (ie! 
33 ile 9.97 140 | 2 5| 28 04] 0,3 
34 ee m0: 9.97 135 | ° 6} 38| 05.) 0/4 
34 38) 0. 9.97 130, 5 ATi Se cs (Us 
33 39 | 0. 9.97 126 | + 8} 44) OF | | 05 
34 38} 9. 9.97 121| 2 9; 5,0 Wiel psa 
33 38 0. 9.97 116 | 2 10 5,5 08| 07 

Z 9a arin § Aree bey 33 38] 0. . 977 107 | coill wasp AA Se 
34 38) 0. 9.97 102 | 2 50 275 42) 3/3 
33 AE) Ue 9.97 097 | 2 ee 34 38 9.97 092 | 2 5 5 5 
33 9.97 087 = = = 
33] 9. 9.97 083 | 4 40 39 38 
34] 9: 9.97 078 0 
334 9. 9.97 073 | > ve ees liar ep late 
ee Ea 9.97 068 | 5 2| 20,0] 195] 190 
22h Fa 9.97 063 | 4 3) 980] 273| 266 
34] 9. b 9.97 059 | = 4] 360] 35,1) 342 
33 9. R 9.97 054) = 2 | 4 
33] 9. ; 9.97 049 | 2 5 t 
33] 9. f 9.97-044 | 2 at tS at 
339i 0. 9.97 039 | 4 87 | 39 | 
33] 9. 0. 9.97 035 | OP Mee Staci 
33 9. 0. 9.97 030] 2 1 11 146 
33] 9. 0 9.97 025 | 2 2 185 244 
33} 9. 0. 9.97 020 | 2 3] oso] 347 
33 9, 9.97 015 ‘ 33,3 ‘ 

a. L. Cotg d.c. | L. Tang. L. Sin d. Bike 



LOGARITHMS OF CIRCULAR FUNCTIONS. 

TaBLeE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued, 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. | 

21° 

L. Sin L. Cos. d 2a oe 

0 9.97015 | _] 60 Shee se 36 

1 9.97 010} 5] 59 1 0,6 06\ 0,6 
2 9.97 005 | 5] 58 2 1,3 125) aT 2 
3 9.97 001 f 57 3 19 18 Vs 

4 9.96 9) 56 2,5 2,5 2! 

5 . 9,96 an fe ta = 3 33 31 a0 

6] 9.55 630 9.96986} 5} 54 6 38 3,7 3,6 | 

rf 9.55 663 9. g1 | 5 53 7 4,4 | 4,3 4,2 

8 9.55 695 9. a) 52 8 | 5,1 | 49 4,8 

9 55 728 9. |} 59 51 EO), EH) Mea 5,4 "| 

eae 5|—= 10 63 62 6,0 

A e 4} SO] 2) 127) 128] 120) 
P rar 5 18 30 19,0 | 18,5 18,0 

13 om 9. 5 7 40 25,3 | 24,7 24,0 

Wu 9. 9. 5 46 50 31,7 30,8 30,0 

15 9. 9. add faery 33 32 31 

16 9.% 9, 5 1 0,6 0,5 0,5 | 

17 9. 9. 5 2 11 11 | 1,0 | 

18 9. 9.5 5 3 1,6 1,6) 1,6 

9p 9. y.¢ 5 4 22 21) 21 

20” 9.5 9.9 5 5 2,8 Ole 32)6 

21 9.: 9. 5 6 3,3 3,2 | 3,1 

27 9. 9. 5 7 3,8 37] 36 

a3) 9. 9. 4 8 did 43 41 

oe ee 9. 5 9 5,0 48| 46 

5 9. 5 10 5,5 Boe) eae 
2) 9. i | 3 | ! 

26 9. E 5 20 11,0} 10,7} 10/8 

o71 9. 9 5 30 16,5 | 16,0 15,5 

28 9. 9. 5 40 22 21,8 20,7 

29] 9. 9. 3] 5 50 a 26,7 | 25,8 

30 9.96 868 | ° 6 5 4 | 
31 9. 53 | 9 1 0/1 0,1 0,1 | 

32 386 J 9.96 8: 5 2 02) 0,2 0,1 | 

: Hare a] 8g) tel ae o Z t 2 ta "7 hz 

35 59 720 | i 9,96 843 | 2 SHPO Ors | Ls 
36 .59 762 0. 9.96 838 | > See ole O15), 04 
37 9.59 799 0. 9.96 33 | 5 7 0,7 0,6 05 

38 59 835 8) 0; 9.96 928 | 5 8 0,8 OF ae 

39 .59 872]: 0. 9.96 823} 5 9 0,9 0,8 0,6 
a, | 37 = 5 10 1,0 0,8 | 0,7 

40 9.59 909 tr! 9. g 20 a0 w7| 13 

41 9.59946} 37) 0. 9. 5 30 30 a5 3/0 | 

42 9.59 983 | 37] 0. 9. 5 40 110 gs}. 27 | 

43 9.60 019 | 36] o.: 9. 5 a) balls ay eed 

44 9.60056) 87 | 0.8 5 SOURS Meese s: 
Hs | 9.00 093; 2 \ 0,39 907 5793) > eG 5 5 

46 9.60130} 37) 0.39 870] 9.96 5 gee = 2% 
47 9.60 166| 36) 0.39 834 9.96 783] © 0 37 38 37 

48 9.60203} 37] 0.39 797] 9.96 778| 2 ith | Spal 3, 3,7 

49 9.60 240 ot 0.39 760) 9.96 772] 6 9) 92 14 1 

“50 | 9.6 0.39 724) 9.96 767| ° 3 15,4 19,0 18,5 
51 9.6 37 | 0.39 687] 9.96 762] 2 4| 21,6) 266} 25,9 

52 9.6 36] 0.39 651] 9.96 757] 2 5 27,8 34,2 33,3 
53 9. 37 | 0.39 614] 9.96 752] ? 6 33,9 

54 9. ae 0.39 5784 9.96 747 | ® 5 4 4 

55 9.60 45% 31 |, 39 541) 9.96 742 | 2 A > = 

56 9,60 495 | 36] 0.29 505% 9.96 737| 5 9 36 38 37 | 
57 9.60 532 | 387] 0.% 9.96 732'| © 1 3,6 48 4,6 | 

58 9,60 568.| 36) 0.: 9.96 727] 5 2) 108) M2) 13,9 | 
59 9.60605 | 37) O,8 54 9.96 722} 5 3 18,0 Ae8 23/1 | 

60 9.60 641} 36) U.39 459] 9:96 717) >] A 32,4 cil: BEES 

L, Cos L. Cotg d.c. | L. Tang. L, Sin. d. L 1p 



276 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Coutinued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. } 

220 

eae | | 
i L. Sin. d. | L. Tang. | d.c. | L.Cotg. L. Cos. .| d. pity ales | 

| | | ear aly a3) ate ee Le AE eee | 

0} 9.57358| | | 9.60641] | | 0.39359] 9.96 717 60 athe aae 36 | eel 
1 9.57 389 | 31 9.60 677 36 | 0.39 323 9.96 711 | 6 59 sy in a 12 
2} 9.57 420| 311 9.60 714] 37) 0.39 286] 9.96 706] 5] 58 Pali eeeen panei ers 
3] 9.57 451| 31] 9.60 750) 36) 0139 250] 9.96 701| 5] 57 Palme eOMTIE RSet | ects 
4] 9.57482] 31) 9.60 786 | 326) 0.39 214] 9.96 696] 5] 56 5 31 3/0 oy 
5) 9.57 514 219,60 823| °” | 0.39177] 9.96 601 | ©| 55 6 3'7 26 3,5 
6] 9.57 545) 31 9.60 859} 36) 0.39 141} 9.96 686] 5] 54 fel Wm arte 42 41 
7} 9.57576 | 31 9.60 895 | 36) 0.39105 9.96 681] 5] 53 8 490 |) eas 47 
S| 9.57 607| 31 9.60 931 | 36) 0.39 069] 9.96 676| 5] 52 9 56 5d 5 
9] 9.57 638} 31} 9.60967] 36) 0.39033] 9.96 670] 6] 51 10 62 60 5,8 

57 669) 81) 9,61 004 | °/ | 0.38 995] 9.96 665| 5} 50 20 123 12,0 11,7 
57 700] 31] 9.61040} 36) 0.38 960] 9.96 660] 5] 49 30 18,5 18,0 17,5 
57 731 31 9.61076) 26) o.38 924] 9.96 655] 5] 48 40] 24,7 | 24,0) 23,3 
57 762| 31] 9.61112] 36! 0.38 ss8 9.96650) 5] 47 50} 308] 30,0] 2 
57.793 | 31] 9.61148) 36) 0.38 852] 9.96 615] 5] 46 | 32 BL 
57 319.61 184| °° | oss sig] 9.95 610| >| 45 1 05 0,5 
57 31] 9.61 220| 26) 0.38 7801 9.96 G34] 61 44 2 11 1,0 
57 30] 9.61 256} 36| 0.38 744] 9.96 629] 5] 43 3 1,6 1,6 | 
57 31] 9.61 292] 35) 06.38 708] 9.96624] 5] 42 4 2/1 2,1 | 

31] 9.61 328 a 0.38 672] 9.96 619) 5] 41 5 Bai 2,6 
31) 9.61 364| °°! 0.88 636% 9.96 614! 5b 40 6 3,2 31 
307 9.61 400} 36! 0.38 Goof 9.96 608 | 6) 3 7 3,7 3,6 
31] 9.61 436| 36) 0.38 564] 9.96 603 | 5 8 43 4,1 | 
31] 9.61 472| 36) 0.38528] 9.96 598| 5 9 48| 4,6 | 
SL} 9.61 508! 38) 0.38 492] 9.96 593 5 LO sb a Be | i 

7S 5 =i =O UnRGaE ti) 0,7 ye 0, 

BY oe bi ere | ebse etay aor meciee eectleta 30) 160) 25,5) 15,0 ‘ re F 36 20 90F Ca ass 21,3 0,7 20,0 30] 9.61615} 36) 0.38385} 9.96577] 5 a a ee) ae 
31] 9.61 651| 36] 0.38 349] 9.96572] 5 SO e260 0125)8)) ee 
o 9.61 687 6 0.38 313 | 9.96 567 3 j ze ag oe 

9.61 722| °° | 0.38 278) 9.96 562 y eel Ws 
30] 9.61 758] 36] 0.38 242] 9.96 556) 6 2 TO 02 Oe 
31} 9.61 794] 36) 0.38 206] 9.96 551| 5 3 14 WEP (aes 
30} 9.61 830| 36] o.38 170] 9.96 546 | 5 4 Loh eae ni 
31] 9.61865] 35) 0.38135] 9.96 541| 5 Alls resins eit 
30 [9.61 901 0.38 099} 9.96 535 | § 7 34 07 06 
31} 9.61936] 29} 0.38 064] 9.96 530} 5 8 3'9 08 07 
30} 9.61 972]| 36] 0.38 028} 9.96525] 5 gillaeale 09 08 
30] 9.62 008| 36! 6.37 992] 9.96 520| 5 10 48 10 08 
30} 9.62 043 | 33| 0.37 957] 9.96 514 | 6 20 9,7 90 7 
ar] 9-62 079| 3. | 0.37 921] 9.96 509| > 30| 14,5 3,0 2,5 
307 9,62 114 | ng | 0-37 886 9.96 504) 5 40 19;3)|) 40 3,3 
30] 9.62150] 2 0.37 850} 9.96 498) 6 50)|) 242] 50 4,2 
30 9.6 35 0.37 815 9.96 493 5 NS 

uy eae 36 | 0.37 779 ! 9.96 488 | 2 6 6 
: 9 | 0.37 744 9.96 483 | eR ar 
30] 96: 36) 0.37 708] 9.96 477) 6 Spel wh 
30} 9.6 ee | 0.37 673 9.96 472 | 5 Oe ayo: aei0. 
30] 9 3¢ | 0-37 6387 9.96 467| 5] 12 ea De Reeth a 
307 9. 35 | 0.37 602] 9.96 461) 6] 11 3 | 15,0 | 14,6 
309 ° | _0.37 567] 9.96 456| >} 20 i | 21,0 | 20/4 
30] 9.62 468] 32) 0.37532] 9.96 451| 5 9 5 | 27,0 | 26,2 
30] 9,62 504 te 0.37 496] 9.96 445| 6] 8 6 | 33:0 | 32,1 
307 9.62 539 35 | (0.87 461 9.96 440 | 5 7 5 5 5 
30] 9.62 574 35 0.37 426] 9.96 435 | 9 6 = aad Woe 
30 19, 62 609 3¢| 0-37 391] 9.96 429| § 5 a7| 36| 35 
30] 9.62 645 | 32 | 0.37 355] 9.96 424.) & 4 0 37 | : 
29] 9. 9 | 0.37 320} 9.96419] 5] 3 1 eet DSH 315 
30] 9.6: 35 | 0.37 285] 9.96 413| 6] 2 Pol een fi SE I MS 
30] 9 | 0.37 250] 9.96 408] 5} 1 uber ecu keels 
3 = Sa S| | | 20, Dy 1 

0.37 215] 9.96 403 0 - | 33,3| 32/4 315 

d. L. Cotg. | d.c. | L. Tang. L.Sin. | d. ipa P: 

67° 



LOGARITHMS OF CIRCULAR FUNCTIONS. 

TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

23° 

l s 
i L. Sin. d. L. Tang. | d. P.P. 

O} 9.59 188 9. 62 785 86 re 

1] 9.59218 | 30] 9.62 820 6 1 a4 ae ae 
2] 9.59 247| 29] 9.62 855 5 2| 12 U2 11 
3] 9.59277] 30 5 Pll ens 18 17 
4] 9.59 307] 30 9. 6 Ci\| Senor 2,3 2,3 

5) 9.59936) 9) 9. > Bi 3,0!) 2,9) 28 
6] 9.59 366 | 309 9.6 6 6 3,6 3,5 3/4 

7} 9.59396 | 30] 9.6 5 i 4/2 41 4,0 

8} 9.59425] 27 9. 5 ; a 4/7 Be 
9.5 5 ‘ ! 5, 5/2 i 

9] 9.59 455 30 9. 6 i ae Be ae 

10] 9.59 484.) © 9. 6: 20] 12,0 Wj%\) 11,3 
11 9.59 514 30 9.63 170 6 30} 18,0 17,5 17,0 

12] 9.59543 | 29] 9.63 205 | 5 40| 24,0] 23/3 22,7 
13 9.59 573 30 9.63 240 | 5 50| 30,0 | 29,2 28,3 

uf 9.59602) 29} 9.63 275 | 6 pA IPF ae Fae CEL i 
15) 9.59632| °9} 9.63 310 2 30 | 29 28 
16] 9.59 661) 29] 9.63 345 6 1 05| 05 0,5 

7} 9.59 690 | 29] 9.63 379 | 5 2 AO) eesO 09 
30] 9.63 414 6 3 1,5 14 1,4 
29] 9.63 449 5 4 2,0 1,9 19 
‘ = 5 5 2,5 | F 2): 
29 19. 63 484 9.6 ee Pls yA lie sarsinly ats 
30] 9.63 519 f 5 7 ais ate ae 
29] 9.63 553 ; 5 8 40 3.9 3,7 
29] 9.63 588 g 6 9 4,5 44 42 
po BSD 9. 5 10 5,0 48) 4/7 
2 9.63 657 9. 20 10,0 9,7 9,3 
30] 9.63 692 9. 5 30 15,0| 14,5] 14,0 
29] 9.63 726 9. 6 40} 20,0] 19,3 18,7 

28] 9.60012} 29] 9.63 761 9. 5 BO!) -25;01 |" 24)2))) 2333 
29] 9.60 041) 29] 9.63 796 9. 5| 6 

30} 9.60 070| ~ | 9.63 830 9.96 240 | > 6 5 
31 9.60 099 | 29 9.63 865 9.96 2 6 i on Oj 

32] 9.60128} 29 9.63 899 9. 5 é 0/2 0;2 

33 9.60 157 29 9.63 934 9. 6 , eh ae 

34] 9.60186 | 299 9.63 968 9. 5 v4 i 
—— = 929 —— (3 5 | 0,5 0/4 

35] 9.60215| “| 9.64 003 9. 6| 06 0,5 
36 9.60 244 29 9. 64 037 9. 5 7 | 0,7 06° 

37] 9.60273 | 29] 9.64 072 9. 6 8 0,8 07 

38] 9.60 302] 29] 9.64 106 9,96 5 9 09 08 
39] 9.60331) 29] 9.64 140 9.96 6 10 1,0 0,8 

40] 9.60359) 8] 9.64 175 9.96 e eo ke 
41] 9.60 388] 29] 9.64 209 9.96 6 F a Be 

42] 9.60417| 29] 9.64 243 9.96 5 d 313 

43] 9.60446 | 29] 9.64 278 9.9 6 SS) Ee ee 
44] 9.60474 | 28] 9.64 312 9. 6 
|S = = ; P 

45] 9.60 503| 2) 9.64 346 9.4 © & 6b 6 
46 9. 60 532 29 9,64 381 9 6 0 86 35 34 

47] 9.60561) 29] 9.64 415 9 § 5 ‘ 3,0 29 2,8 

48] 9.60589 | 28] 9.64 449 9.4 6 1 9,0 88 85 
49] 9.60618| 29] 9.64 483 9. 5 B 15,0 14,6 14,2 

50} 9.60 646] 7] 9.64 517 9.4 : eee ya ae ere 
51} 9.60675 | 29} 9.64 552 9.5 6 9 Be ae pee been 

52 9.60 704 | 29 9. 64 586 9. 5 8 6 | 3, 32, 31,2 

531 9.60 732| 28] 9.64 620 9. 6 7 
54 9.60 761 29 9.64 654 9.6 5 6 5 5 

551 9.60 789| 78] 9.64 688 9. Giese 01 38 34 
56] 9.60818) 29] 9.64 722 9.5 6 4 H 3,5 34 
57 | 9.60 846| 28] 9.63 756 9.4 5 3 Sule 1035 10,2 
58) 9.60875 | 2 9. 64 790 9.9 6 2 - 17,5 17,0 
59] 9.60 903| 28] 9.64 824 9. 5 ‘ 24,5 23,8 

60] 9.60931] “°] 9.64 858 9. PG 5 | 315! 30,6 

L. Cos d. L. Cotg. d. 1 1e 



8 A MANUAL OF TOPOGRAPHIC METHODS. 

TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. , 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

2 

L. Sin. a L. Tang. | d.c L. Cotg. L. Cos. | a. Ie, 12% 

| 0} 9.60 931 9. 64 858 0.35 142] 9.96 073 60 : 
. If 9.60960} 29] 9.64892} 34| 0.35108} 9.96067] 8} 59 34 38 

2 9.60 988 | 28] 9.64 926 34 0.35 074] 9.96 062} 2] 58 1 06/06 
37 9.61016} 28} 9.64 960) 34) 0.35 0407 9.96 056] 8] 57 5 11/43 
4] 9.61015! 297 9.61904) 34) 0.35 006] 9.96 050] 8] 56 3 17/16 
5| 9.61073| 28) 9.65 028| °4|— 0.32972] 9.96 045| >| 55 4 23 | 99 ‘ 
6] 9.61101) 28) 9.65062] 34| 0.34938] 9.96039] 6] 54 5| 28] °28 
7] 9.61129 287 9.65096] 34! 0.34904] 9.96 034] 5 53 6 | 34) 33 
8] 9.61158) 297 9.65130] 34) 0.34870] 9.96028] 6] 52 71 40] 38- Bi 
9] 9.61 18 28] 9.65 164 es | 0.34 836} 9.96 022 | 6 f-~51 ge Seep ul vaea 

10] 9.6 2819.65 197| °° |— 0184 803] 9.96 °T 50 9 51 | 5,0 
9.61 242 2 9.65 231 34) 0.34 769] 9. 6} 49 10 5,7 | 5,5 5 
9.61 270} 28] 9.65265] 34) o.34 7357 9.5 6} 4g 20} 11,3 | 11,0 : 
9.61 298} 28] 9.65 299] 34) 0.34 701] 9.5 5] 47 30 | 17,0 |16,5 J 
9.61 326 | 28] 9.65333] 34] 0.34 667] 9. 87 46 40} 22,7 | 22.0 

5] oclse¢| “| 9.65.306| °° | 0.30 oa] 9 | ares 50 | 28,3 | 27,5 
16] 9.61382} 28] 9.65 400] 34] 0.34 600 GT 44 
WZ] 9.61 411/ 297 9.65434) 34] 0.34 566 Jit a3 - 
18] 9.61438) 27) 9.65 467| 33] 0.34 533 6] 42 29 28 27 
19] 9.61 466 | 28] 9.65 501 34 0.34 499 6] 4 1 65 05 0,4 2 
20! 9.61404! 28 o:¢g5 535! 94 | 0.34465 2140 2) 1,0 09 09 
21 9.61522] 284 9.65 568) 33)* 0.34 432 6] 39 3 14 14 14 
22] 9.61550/ 28] 9.65 602| 34] 0.34 398 6] 38 4 19 19 18 
237 9.61578| 28) 9.65636) 34] 0.34 364 6] 37 5} 2/4 2,3 2/2 
2419.61 606} 28) 9.65669! 33) 0.34 331 5 36 6 2,9 2.8 27 
25) 9.61 634! 8) 9.65 703| °4|— 0,34 207 o31| °F 35 7 3,4 3/3 32 
26] 9.61 662| 287 9.65736} 33| 0.34 264 95 925| 6] 34 8 39 | — 37 3/6 
27] 9.61689} 27] 9.65770] 34] 0.34 230 95.920) 5] 33 9 44 4,2 4,0 
28} 9.61 717| 28 3) 33) 0.34 197 95914] 6] 32 10 4,8 47 45 
29] 9.61 745} 28 7| 34] 0.341634 9.95°908| Sk 31 20 97 9,3 | 9,0 
ma Poona oe —| 33 a =| 6]— 30] 145] 14,0] 1375 30) 261773) “1 9. : 0.34 130 902} 27 30 zo| 393) 1s'7| a0 
31] 9.61800) 27 9.65 34) 0.34 096 897 | 2 29 50 249 93'3 2915 
32] 9.61828| 28] 9.65 | 33] 0.34 063 891} 6S] 938 Bs J = st 
33] 9.61856| 28) 9.65 ¢ 34] 885 | 6] 97 
34] 9.61 883] 27] 9.66 33] 0: 5.879 | 6] 26 
3] 9.61911) 78) 9.66 0: Ze 373. | P25 6 5 
36] 9.61939) 28] 9 660 33) 9, g6g | 5] 24 1) ~ 0,1 |) 0,2 
37] 9.61966; 277 9.66 83) 0.3: .95 862 | 6] 98 2) 02) 0,2 
38] 9.61994} 281 9.661: 34] 0. .95 856 | 8} 99 3} 038) 0,2 
39} 9.62021) 27] 9.66 33] 0. 5 850 | SE 21 4] O04) 03 

: 28 Isa 33 = 6 5| 05] 04 2 9.66 : : 0. 95 844 20 el oe O5 3 
27] 9.66 2: 34) 0. 95 839] 9] 19 7| o7| 06 

9. 66: 3351! 71003 5 833) SF 18 esos, cor 
9. 66 : 33) O.5 5 927| 8] 17 Pea bt ; 9/ 09] 08 9. 66 33 | 0.3: 821} 8] 16 10| vol o8 
anRA 34 sip | © l-5 Will Sh 

0. 9 815} -f 15 20 S20 meale7 
33 | 0.35 sio| Of 14 30) 3.0 25 
33 0.35 soa | 6 13 40| 40) 33 
33] 0.5 5 798,| SE 12 501 50] 42 
33°) 0.3% .95 792! 6} 19 
of 383 Sa | 
331) 0!3; 730; S| 9 6 6 é 
33) 0.35 775 | 12 8 eat us) se 
33)» 0:33 0507604 einem 0 34 33 34 
33] 0.: 9.95 763 | 6 6 1 28 28 34 : 
Bollea: 9,95 757| | 6 2 85 g2| 10,2 
33 | 0; .95 751 | § 4 3 14,2 13,8 17,0 
33] 0. 9.95 745 | 8 3 4 19,8 192} 23,8 

2 33] 0.: .95 739 | 6 2 5| 255] 248) -30,6 
27] 9.66 834] 33) 0.3 9.95 733 5 1 6] 312] 30,2 
27 one6.se7i|) ono 95 728 0 

gs sae 

d. | L. Cotg. | d.c. | L. Tang. . Sin. | d. , 1 eh : 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Ganss’ Logarithmic and Trigonometric Tables. ] 

25° 

L.Sin. | a. | L. Tang. | d.c.| L.Cotg. | L.Cos. | a. P.P. 
| | 

o} 9. | | 9.66 867 0.33133] 9. 
1 9. 27 9. 66 900 .33 100] 9. 6 33 
a) 9: 27] 9.66 933 .33 067} 9. 6 1 | 0,6 
3] 9 27] 9.66 966 | .33 O14 9. 6 2 11 
4] 9.6 27 | 9.66 999 | '33 001 9. 6 3 1,6 | 
a 27 | 9.67 032 32 968] 9. 2 4) 22 
6] 9. 27] 9.67 065 | . 2. 95 9. 6 5| 28 
7] 9 27] 9. 67 098 . 32 902 9. 6 6; 33 
8] 9.6 27] 9.67 131 | . 32 86 9. 6 7| 3,8 
9] 9.6 27 9. 67 163 . 32 83 9. 6 8 | 44 

9 27 9.67 196 32 804] 9. i 3) oo 
9. 27] 9.67 2 i 9. 5] 49 ra ae 
9. 265 9.67 + aDite 9. 6, 48 Sonleetas 
9. 6: 27] 9.67 2 ; 9. 47 olor 
a oH pace 33 B. pee 50| 37/5 
0.63 036 | 27] 9.67 3k 38 6) a4 

26 67 49 . 43 | 
9.63 070 | 27 | 9.67 32 Bk a 27) 36 
9. | 27] 9.67 . 32 508 6} 41 1) Od} 0,4 

9.05 133) 37 | 9.67 32 476 4 3| ia} 43 
tees cial eras - silinse 4 18 |) = 107 | 
nesses Bo] |. pep bye al hese a ee 
BGR eae Alf bu ioeuse Be 6 27| 26 9.63 239 | 26] 9.67 654 . 3234 ‘ [als 7 39 30 

9.63 266| “‘— 9.67 687 | 0.32 31: 35 8| 36 35 
9.63 292) 26] 9.67 0. 6] 34 9| 4/0 39 
9.63 319 | 27 9. 67 75: 0.32 2. 6) 33 it) || Ans 13 
9.63 345 | 26) 9.67 78: 0.32 2 6] 32 20} 90 87 
9.63 372) 27] 9.67 817° 0.32 183 | eeu 30} 135] 130 
9.63 398 | 20) 9.67 8 0.32 1 ey] 30 40] 18,0 | » 173 

25} 27 7 882 32 : 2 i 22,5 21, | 
9.63 431 26 9.67 915 oan ope | 9.98 537) 6] 28 : aie 
9.63478 | 20} 9.67 947 0.32 053] 9.95 531 | 6] 27 7) 6 5 

_ 9.63 504 | 26] 9.67 980 0.82 020} 9.95 525 b 26 ay Oc. e Gr lee cost 
9.63 531 | “‘f 9.68 012 0.31 988 9.95519 | PF 25 5) 02) 02 0,2 
9.63 557 | “6]) 9.68 044 0.31 956] 9.95513 | 6] 24 3 | 04 0,3 0,2 
9.63 583 | 26} 9.68 077 0.31 923} 9.95507) SF 23 rn ay LI LOE! 
9.63 610 | 27] 9.68 109 0.31 801] 9.95500) 7] 22 5| 06 05 04 
9.63 636 | 26] 9.68 142 0.31 858] 9.95.49) BY 21 6 07 a6) 05 
9.63 662| ©] 9.68 174 0.31 826] 9.95 488 PAO fe AN a(R 07|- 0,6 
9.63 689 | 27] 9.68 206 0.31 794] 9.95 482| 6] 19 8} 09} 08 0,7 
9.63 715 | 26] 9.68 239 0.31 761 9.95 476 | 6 18 9 | 1,0 0,9 0,8 
9.63 741] 265 9.68 271 0.31729] 9.95470 | 6] 17 iti) he) | 1,0 0,8 
9.63 767 | 26] 9.68 303 0.31 697 | 9.95 46 é 16 20 2,3 2,0 1,7 | 
9.63794| 7’ | 9,68 336| ° | 0.31 Gor] 9.95 42 15 30 39 | 3,0 | 
9.63 820| 26) 9.68 368| 32) 0.31632] 9. 21,6 i 40 4,7 4,0 
9.63 846 9.68 400 ee | 0.319600] 9.5 fe 13 30 0,8 5,0 
9.63 872 9.68 432 | 32) 0.31 568] 9.95 12 | 
9.63 898 ae 9.68 465 Bs | 0.31 585] 9.95 4: SO eel 

ww “ iu; oe 5 a7 ‘ ry. mj : aly} 

eet T osl hese | 32] cstanit oss an| of 9 ey gc aaa 
9.63976 | 26] 9.68561] 32) 0.31 439] 9.9: 6 8 32 32 33 | 
9.64002 | 26] 9.68593) 32] 0.31 407} 9.95 409) 6 7 0 | 
9.64 028 | 26] 9.68626} 33) 0.31 374] 9.95 40: & 6 1 23 27 3,3 | 
9.64054 | “°F oes e5a| 82) 0.31 342] 9.95: 5 2 69) 80 99 
9. 64 080 26 9.68 690 32 0.31 310 9. 6 4 3 | ya Sn 18/3 16,5 
9.64106} 26] 9.68722} 32) 0.31278] 9.¢ 7 3 4) 160] 18,7-] 23,1 
9.64132! 26] 9.68 754| 32] 0.31 2464 9. 6 2 5 20,6 | 24,0 29,7 
9.64158 | 26] 9.68786) $2| 0.31 2144 9.95 372 | § 1 6| 251 | 29,3 
9e4ist| "\oeseis) * | Osi] 9. 0 7 | 29/7 

a | = = 
., | } 'g Si d 1 PP L. Cos. d. L. Cotg. | d.c. | L. Tang. L. Sin. d. ANE 

64° 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted trom Gauss’ Logarithmic and Trigonometric Tables.] 

26° 

7 L. Sin d. L. Tang d.e L. Cotg. L. Cos d. Par 

a [2s — peers teed 2 wa 

0 9.68 818 | | 0.31182] 9.95 366 60 2 
1 26] 9.68 850 | 0.31150] 9.95 360| 6] 59 32 31 
2 26] 9.68 882 | 0.31118} 9.95 354| 6) 58 L) 0,5 0,5 
3 26] 9.68 914 0.31 086] 9.95 348) 6] 57 2) 1,1 1,0 
4 267 9.68 946 0.31 054] 9.95 341) 7) 56 3 | 1,6 16 
5 | 9.68 978 0.31 022) 9.95 335 | ° | 55 F zi a 
6 26 9.69 010 0.30 990 9.95 329} 6 54 6 | ae 31 
7 267 9.69 042 0.30 958 9.95 323] 6] 53 LE aa 
8 . 69 0.30 926 9.95 317} 8] 52 3 i Us 
9 . 6 0.30 804] 9.95 310 | 7} 51 ; ae a5 

10 0.30 862 f 9.95 304] °F 50 19 53 52 
11 0.30 830 : 6] 49 20 10.7 103 
12 0.30 798 6 48 30 16,0 155 
13 0.30 766 6] 47 40| 21.3] 20,7 
14 0.30 734 Se 50 26.7 258 
15 | 0.30 702 > 45 
16 0.30 671 OF 44 is 
17 0.30 639 6 43 26 25 | 24 
18 0.30 607 7} 49 I 04} 0,4 04 19 0.30 575 g 41 2 | 0,9 0,8 08 

; 0.30 543 40 3 1,3 U2, 1,2 
0.30 512 6] 39 4 1,7 1,7 1,6 
0.30 480 7] 38 5 2,2 21 2,0 
0.30 448 6] 37 6 2,6 2/5 2/4 
0.30 416 i 36 i ae oe ag 

E . 69 0,30 385 35 " i ae 
j 0.30 353 TH 34 9 pe ue ae 
; 6 . 6 0.30 321 Git safe 20 we aa a 
: 9 ; 0.30 290 BEY PSA euler 4 5 2; 2, 
5 26 |= es 6h] 40} 173], 167} eco 

9. 9.69 774 0.30 226 30 50) 21,7 20,8 20,0 
9. é 9.69 805 0.30 195 6] 29 
9. 9.69 837 0.30 163 > 28 
9. 9.69 868 0.30 132 27 7) ; 
9.65 054 | 25% 9.69 900 0.30 100 6] 26 oa + 
9.65 079 | 7} 9,69 932 0.30 068 8135 : 02 02 
9.65 104} 25] 9.69 963 0.30 037 7] 24 ail|\ Satara 03 
9.65 130| 26] 9.69 995 0.30 005 6} 33 1 05 0.4 
9.65 155 9.70 026 0.29 974 6) 92 Sn ag 05 
9.65 180 | 9.70 058 0.29 942 f iA fe 6] 07 0.6 
9.65 205 | 9.70 089 0. .§ 20 71 > 108 0,7 
9. 9.70121] 32 0.2 . 9 6} 19 8 0,9 0.8 
9. 9.70152] 31) 0.3 7] is 9 1,0 0,9 
9. 6: 9.70 184} 32] 0.5 f 6] 17 TONG iy eee ts) 
9. 9.70 21 31] 0. 9.95 090 i 16 20) saa 20 
9 Ty ool nok 9.95 084 15 30 35 30 
9,65 9. 31! 0 9.95 078 | 6 14 40 4,7 40 
9.6 9. 31) 9 -9.95071| 7] 13 50{ 58 | 50 
9. 65 9. 32) 0. 9.95 065| 6] 19 
9. 6 9. a1) 2052 9.95 059 4 LL (es 
9. 65 : 9. e 0.2 9.95 052) , | 10 7 7 ; 
9.6 5] 9. ‘ 0.2 9.95 046 | §& 9 cia) a Be 
9.65 506 ae 9. ey 0,29 534 9.95 039) § 8 i 3B 31 32 
9.65 531] 25] 9. 32) 0.29502} 9.95 633 | © 7 0 53 AS 27 
9.65 556 | 29] 9. 31 0.29 471 9.95 027] © 6 1 Ap le abo) ey 31 7 J y 6,9 66 8,0 
9. 65 F 9, as 0.29 440 9.95 020 5 « 11,4 11,1 13,3 
9.65 6 207 9. 32) 0,29 408] 9.95 O14 : 4 3 16,0 15,5 18,7 
9. 65 29] 9.70 65 31) 0.29 377] 9.95 007 3 4 20,6 199} 240 
9.65 65: 251 9.70 6 31) 0.29 346] 9095 001} 6 2 5} 9541 24,4 29,3 
9.65 680 | 25} 9.70 685/ 31] 0.29 315] 9 94 995 2 1 6) 597] 98:8 
9.65705| {| 9.70717) °%* | 0,29 283] 9.94 988 0 : 

L. Cos. d. L. Cotg: | dc L. Tang. L. Sin. d. U PE, 
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LOGARITHMS OF CIRCULAR FUNCTIONS. 

TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. | 

281 

27° 

2 L. Sin d. | L. Tang. | d.c.| L. Cotg. L. Cos. | d. EDN 5 

0 9.70 717 9.94 988 60 aaah ee 
1 24] 9.70 748) 31 9.94982) 2] 59 pe eee 30 
9 251 9.70 779| 31 9.94975 | “7 58 a wt alk eae 
3 25] 9.70 s10| 31 9.94 969) 8] 57 z Te UO 
4 251 9.70 841 | 31 9.94 962 | (| 56 3 16} 1,6 | 15 pi iy eat se 39 (ij (a 4 21 21 2,0 
5 9; 5 9.70 873 | 9.94956 | - 55 5 27 26} 25 
6 i 257 9.70 904} 31 9.94 949 | ¢] 54 6 39 31| 30 
TT 9.6 | 25) 9.70 935 | 31 9.94943} 2] 53 7 37 36 | 3/5 
8} 9.65 902) 247 9.70 960) 31 9.94 936) ,] 52 8 43 41) 4,0 
9 9.65 927 5a 9.70 997 al 9.94 930 | 7 51 9 £8 | 46 | 4. 

10] 9.65952) > 9.71 028| ° 9,94 922 | ,] 5 10 5,3 52| 5,0 
nu] 9.65976} 24) 9.71 059} 31 9.94 917 | 0 DON |oer WO; 7a\e L034 aL0}0 
12] 9.66001) 2] 9.71 090) 31 | 9.94 911 | & 30| 16,0] 15,5] 15,0 
13] 9.6602 | 24— 9.71121) 31) 9.94 904} 40| 21,3] 20,7] 20,0 
14] 9.66050] 23) 9.71153) 3? | 9.94 gogo 50| 26.7| 25,8] 25,0 
I5[ 9.6607%| 3] 9miss| 3 | 9.94 891) ¢ 
16] 9.66099) 229 9.71215) 31] 9.94 885 | 2 25 24 | 23 
17 9.66 124 oy 9.71 246 | 31 | 9.94 878 ue 1 04 04 | 04 
sf 9. oe | oth 2r7 31 | 9.94 871) ¢ 2 08 08 08 
19] 9.6 54 |__9- 71 308 | 31 | 9.94 865. | 7 3 | 12 12 12 
20 9.6 A 9.71 339 | 9.94 858 4 | 1,7 1,6 | TB) 
a} 9. Sa| | Secaierin | a 9.94 852 | § Sale 2H P| seat) 
2] 9.6 a 9.71 401 | 31 9.94 845 | 7 6 25 24) 2,3 
23] 9.6 ae}, 9.71 431 | 30 9.94 839 | & Tilea2/o 2,8 2,7 
24] 9.6 oo |_9.71 462 | 31 9.94 832 | 8} 33 32| 3,1 
5) 9.6 ip om 493] 9.94 826) 2 9} 38) 36) 3A 
264 9. 247 9.71 524) 31} 9.94 819 | 7 10 42 4,0 3,8 
27) 9.6 2) 9.71555 | 31 9.94 813 | 20) 83 8,0 | 77 
23] 9. 24) 9.71 586 | 31 | 9.94 806 | 7 30 | 125) 120) 115 
29] 9.6 24) oe | 31 9.94 799 | 7 40)) 16/0) 16,0.)| 19,3 
B07 9.6 2) om es) 2 9.91 793 | © 50| 208| 20,0] 19,2 
a1} 9. Sn | Wai | 9.94 786 | 7 
32] 9. | 9.71 709 30 9.94 730 | 7 6 
33] 9.66513) Sey 9.71 740] 31) 9.94 773 | | 1 0,1 0,1 

34] 9.66537! Sey 9.7 7a} 31 | 9.94 767 | §& 2 0,2 0,2 
35) 9.66 502| 5y| 97180) 2) 9.94 760 | | 3| 0/4 0/3 
36] 9.66586| 2 9.71 833 | 31 9.94 753 | 7 4 0,5 Od 
a7] 9.66610) St] 9.71 863} 30 9,94 747 | 6 5 Wid 0,5 
38] 9.66 634) Sif 9.71 sad) 31 9.94 740 | 7 8 Wid 0,6 
39] 9.66 658} 57) 9.71925 | 31 9.94 734 | 6 Ua ees On 
40[ o.00 62) Si | 971955) 3) gn 7a7| | | Hall) cas 
41] 9.66706) 52] 9.71 986) 31 9.94 720 | 7 10 12| 10 
42] 9.66731) Si] 9.72017 | 31 9.94 714 | © a0! 2/3 a0 
43] 9.66755 | 57] 9:72 048 | 3T | 9.94 707 | 7 30 35 3/0 
44] 9.66.79) Se] 9.72078 | 30 9.94 700 | 7 40 | 17 40 
457 9.65 803) 5, yp 9.72 109 ey 9.94 604; © 50 58| 5,0 
46] 9.66 827 ei 9.72 140 | 31 | 9.94 687 | 7 ; 
47] 9.66 851) Sy 9.72170) 30 9.94 680 | 7 
48] 9.66875] Si y 9.72 201 31 9.94 674) 6 
499,66 809) fot) 9.72 231,| 30 9.94 667 | 7 
BO) 9.06922) ST 9. | & 9.94 660| 7) 10 
SL] 9.66 946 STO. 31 9.94 654 | 6 9 
52] 9.66970) Sot 9. 30 9.94 647 | 7 8 
53] 9.66994) Si] 9. 31 9.94 640 | ¢ 7 
54] 9.67018 | Fr] 9.72 384 | 30 9.94 634 | 6 6 
55) 9.67 042)| 5 9.72 415| °) 9.94 027 | © 5 
56 9.67 066) 24 9.72 445 30 9.94 620} 7 4 
57) 9.67090} 249 9.72476] 31 9.94 614 | 6 3 
58] 9.67113] 23] 9.72 506] 30 9.94 607 | 7 2 
59.) 9.67 137 | i 9.72 537 | 31 9.94 600 | 7 1 
60) 9.67161, “| 9.72567] °° 9.91593| “} 0 

L. Cos. da. L. Cotg. | d.c. | L. Tang. L. Sin. a: 4 

62° 

3 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

B@so 

pr 

Ju L. Sin. d. L. Tang. | d.c.| L. Cotg. L. Cos. | d. PEP: 

od z Me es 

0 =) 9.94 593 | g] 60 
1 at 9.94 987 | 7 59 31 30 29 
2 ; 9.94 580 | / 
3 a 9.94 573 | G | 57 és aa a oe ji ao 9.94 567 | 7] 56 3 116 15 14 
5 Br 9.92 500} 7 | 55 4 21 2,0 19 
6 eZ 9.94 553) 2] 54 5 26 25 24 
7 at 9.94 546 | ¢ | 53 6 3,1 3,0 2,9 
8 30 9.94 540 7 52 ai 3,6 3,5 3,4 
9 7 9.94 533} 7) 51 8 41 40 3,9 

10) 9,94 526| | 50 9 46 45 44 
30 0,94 B19 cs 10 5)2| 5,0 4/8 
30) 0. 9.94 513| S&F 48 20) 10,3) 10,0 9,7 
31! 0.97 037] 9.94 506| 7] a7f | 155) 15,0| 14,5 
30) 0.97 007] 9.91 499] 2} 46 40 20/7 20,0 | 19/3 
30 | 0.96 977] 9.91 492 | 2 | a5 ay mie 25,0 2a. 
31) 0.26 946] 9.94 485 7) 44 

| : 0,26 916 9.94 479 43 

30] 0.96 886] 994472] 7] 4p 24) 23; 22 
2 0.26 856] 9.94 465] 7] 41 hin Ope 04 04 
© | 0.26 825! 9.94 458 40 2 0,8 0,8 0,7 
30 0 9 2 7 3 1,2 1,2 11 12 9.94 451 39 
30 9.5 9.94 445] 8] 38 4; 16 15| 15 
30) 0 9.94 488] 7] 37 5 2,0 1,9 1,8 
300170) 9.94 431] 7] 36 6] 24 23 2,2 31 |; —sarpr| 7s 7 28] 2,7 2,6 

: Ba etal (ene 8 3,2 31| 2,9 0 94417 | 7] 34 Bile ae sralle cies 
0 9.94 410 33 Tah eareae Ae ae 

i 94 404] S87 39 ie et i 
o4so7| 7] 21] wo} us| ao LET : 2, i ; 
94 390) 7] 30 40 16,0 15,3 14,7 
94 383 | 7 29 50| 90,0} 192] 18,3 

J, of a“ 

369 | i 27 
a1 25 7 6 

(94 349, 8] 94 Bale yah cis 
o4 342) 7] 98 Al ’ Rapes Wel) © oe 3| 04] 03 

ROR SEE al fs 4] 05| 0/4 94 328 | 21 ele coe eats 
osz1, - | 20 6 07 0.6 
94 314 y 19 7| 08! -0,7 

“94 307 1 
9.94 300 | 7 17 3 we he 

94 293| 7] 16 10} 12] 10 
94 286 7 15 20) 23 20 

9, 94 30| 3,5] 3,0 
. 94 6 13 40 47 | 4,0 
94 7] 12 50| 58| 5,0 
94.259] 7) at 
04 u ee 

94 7 9 - . a 

9.94 Tae Tes iN ee ee 
9.94 2 cd Fed 31 $1 ; 30 : 7 Dileere : 
eH (ees |) eOeANS) Gall weas 

94 5 ‘ = | mi shes 9.§ bs 5 P| eas ci 7,5 
4 i 4 Sie 101) |) 1239 | 12's 
. id 4|- 15,5) 181.) 17,5 
. 94 ff 2 5| 19,9 23;2,|- 22)5 
. 94 7 pal; 6 24,4 28,4 | 27,5 
mr 0 7 | 28,8 

L. Cos | ad L. Cotg Sin d. ! eked 



LOGARITHMS OF CIRCULAR FUNCTIONS. 

TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

29° 

7 L. Sin. ad. L. Tang. | d.c. | J. Cotg. L. Cos d. Bake 

| 

O} 9.68 557 “9.74 375 | ° 0.25 625 | 9.94 182 60 
1] 9.68580] 23} 9.74405] 30) 0. 9.94175 | 7} 59 
2] 9.68603] 23) 9.74 435| 30] 0. 9.94168 | 7] 58 
3] 9.68625) 22) 9.74465] 30 ; 9.94161} 7] 57 30 29; 238 
4] 9.68 648 2 9.74 494 | 29! 0 9.94154 | 7] 56 7 ema les core 
5) 9.68 671| <* 9.74 524| 39), 9.94147 | - | 55 Sil) Seeio 1,0 0,8 
6} 9.68694) 23] 9.74554] 30/ 0.2 9.94140} 7} 54 3 15 14 12 
7) 9.68 716| 22} 9.74 583| 29| 0. 9.94133 | 7] (53 4 20 19 1,5 
8] 9.68739; 23] 9.74613) 39) 0. 9.94126) 7] 52 Fay) eas 24 19 
9] 9.68 762] 23} 9.74 643) 30) 0. 9.94119 | 7] 51 oi. -30)) 9 23 

10] 9.68 784| 224 9.74073) °° | 0. 9,94 112| / | 50 Tele Sell ehh hy 
rif 9.68807} 23] 9.74 702) 29) oO. 9.94105] 7] 49 8 4,0 S000 ooh 
12] 9.68829) 22] 9.74732) 30] oO. 9.94098 | TF 48 9 45 |) 44 34 
13} 9.68852] 23) 9.74 762| 30) 0 9.94 090 | 8} 47 10 5,0 48 3,8 
14] 9.68875 | 23) 9.74 701) 29) 0.2 9.94 083 | 7] 46 20} 10,0 9,7 ai 
is| 9.68997| “2 9.7482) °9|~ 0. 9.94076| “| 45) 30) 150] 145) 115 
16] 9.68920} 23] 9.74 851} 30) 0. 9.94 069} 7] 44 40} 20,0) 19,3 15,3 
wz} 9.68942 | 22] 9.74880) 29) 0.2 9.94 062 | 7] 43 50} 25,0 | 24,2) 19,2 
ig} 9.68965} 23] 9.74910} 30) oO 9.94055} 7h 42 
19] 9.68987) 22] 9.74939/ 29! 0. 9.94 048 | TP 41 
20] 9.69010; 2°) 9.74909| °9| 0.95031] 9.940a1) {] 40 22 8 7 
af 9.69032) 229 9.74998) 29/| 0.25 002} 9.94 034] SF 39 1 0,4 01 011 
22) 9.69055} 238 9.75098] 30) 0.24972 9.94 027! SE 38 Ditae aOia 0,3 0/2 
93] 9.69077) 22] 9.75 058| 30/ 0.24942 9.94 020) 7 37 3 1,1 0,4 0/4 
24] 9.69100] 23] 9.75 087} 29| 0.24 913] 9.94012) 8] 36 4/15 0,5 0,5 
951 9.60122| 2) 9.75117) °° | o2ase39 9.92 005| (1 35 5] 18 0/7 0,6 
26} 9.69144] 22) 9.75146| 29| 0.24854 9.93998) 7] 34 6) 22 0,8 0,7 
97] 9.69167] 23] 9.75176) 30] 0.24 g24 9.93991] J] 33 CoN SSA am) 0,8 
98] 9.69199} 22] 9.75205/ 29) 0.247959 9.93984) 7] 32 8) 29) IA 0,9 
29] 9.69212) 23) 9.75235 | 30) 0.24 765] 9.93 977 a 31 9/ 3,3 1,2 1,0 
30] 9.09233| 2 97520 | 29) 0.24 736] 9.930970] 7] 80] 35] 35 | 48) 12 
31 9.69 256 2 9.75 294 30 0,24 706 9.93 963] # 29 30 11'0 ao He 
321 9.69279] 23] 9.75323] 29| 0.24 677] 9.93955] 8] 28 401° 147 | 5/3 1'7 
33] 9.69301) 22] 9.75353| 30) 0.24647] 9.93 948| 7] 27 50 18'3 | ae ah 
34] 9.69 323] 22] 9.75 382| 29) 0.24 618] 9.93 941] 7] 26 fee a ale 
35 | 9.69 345 | 22) 9.75 411| 29 0.24589] 9.93 934| 7] 25 
36) 9.69368} 239 9.75 441 | ~30) 0,: 9.93 997] 7 24 
37] 9.69390| 229 9.75470} 29! 0.2 9.93 920] 7] 23 
38] 9.69412] 229 9.75500} 30) 0.: 9.93912] 8] 22 8 8 
39] 9.69 434] 22] 9.75 529 | 29) 0.: 9.93 905 | 2} 21 30 29 
40| 9.09456) =) 9.75 500| | o.raszp 9.93 808) ‘1 20 Ohler i 
41} 9.69479| 23] 9.75588) 30| 0.244129 9.93 s91| *] 19 1 ladle era a 
42] 9.69501) 229 9.75 617 29 0.24 383 9.93 884] 7 18 2 alla ig 
43 9.69 523 22 9.75 647 30°!" 0.24 353 9.93 876) 8 17 3 wil 127 
44 9.69 545 22 9.75 676 29 | 0,24 324 9.93 869 | 7 16 4 169 163 
45) 9.60 567| 22) 9.75 705| 29 | 0.24205) 9.93 802| {| 15 5| 906] 19,9 
46) 9.69589] 22] 9.75735] 30) 0.24265] 9.93 855] 14 6) 94'4 93.6 
47 9.69 611 22] 9.75 764 29 0.24 236 9.93 847) 8 13 7 981 97'9 
48] 9.69633) 224) 9.75793! 29) 0,24 207} 9.93 840) 7] 12 8 | ; : 
49] 9.69 655] 22) 9.75 822) 29) 0.24178] 9.93 833 | Fy 1 * 3 
50] 9.69 677| 22) 9.75 852| °°) o.o¢ sas] 9.93 26| ‘1 10 = Se 
5 9.69 699} 22] 9.75881} 29| 0.24119 9.93 819] 7 9 30 20 

9.69 721| 22] 9.75910} 29) 0.240907 9.93 811) 8 8 Or) 84 21 
9.69 743 | 221 9.75939] 29] 0.24 061 9.93 804 | 7 7 Grd Nan atGies 
9.69765 | 22] 9.75969] 30) 0.24 O31} 9.93 797 u 6 2 107 10,4 
9.69 787| 22] 9.75 998| 79 | 0.24002] 9.93 739) SJ~ 5 3] 150 145 
9.69 809 | 22] 9.76027] 29] 0.23973} 9.93 782] 7 4 5| 193 18,6 
9.69 831| 22] 9.76056] 29} 0.23 944] 9.93775 | 7 3 6 | 236] 228 
9.69 853 | 224 9.76086] 30] 0.23914] 9.93 768] 7 2 7 9 26,9 
9.69 875 | 22] 9.76 115 29 | 0,23 885] 9.93 760 8 1 
9.69807| 22) 9.76144) 79! 0.23 856] 9.93 753| ‘ 0 

=] : 

L. Cos. d. L. Cotg. | d.c.} L.Tang. L. Sin. d. é Paes 

60° 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometrie Tables.) 

30° 

g L.Sin. ||) ‘d: L. Tang. | d.c.| L. Cotg.. L. Cos. | d. 125 32s 

0 9. 69 897 9.76 144 -4| 60 
1 9.69 919 22 9.76 173 7 59 30 29 28 
2] 9.69941 | 228 9,76 202 8] 58 1 0,5 0,5 05 
3 9.69 963 22 9.76 231 7 57 2 1,0 1,0 0,9 
4 9,69 984 au 9.76 261 i 56 3 1,5 14 14 

~ 5] 9.70 006| “| 9.76 290 aia 4 2,0 1,9 1,9 
6} 9.70028) 22] 9.76 319 8] 54 5] 25) 24) 28 
7] 9.70050} 22] 9.76 348 7] 53 airs en) SIEM Sze 

» 8) 9.70072} 22] 9.76 377 7] 52 7 3,9 3,4 3,3 
9] 9.70 093 | 21] 9.76 406 8]. 51 El ace en aM 

10} 9.70115) “1 9.76 435 “T 50 10 Bi as lage 
11} 9.70 137 9.76 464 7] 49 Sollesaatodl Novy lena'g 
12] 9.70 159 9.76 493 8] 48 SOU sts Manes t ena 
1) eared ee A ee 40 20,0} 19,3 | 18,7 
14 9.70 202 7 46 50 25,0 249 233 

5 
A bees 22) 21 

9.76 668 TI 42 Baleares lies 
9.76 697 | 29 fy 4 silt oun ana S:76s125 | 22 | e140 fa) Say5 lente 

ee iy 39 Bille a 8u|e ates 
ee Ss} 38 Give Ben) OFT 

a on ee 7/26 | 34 9.76 841 au 9. 7] 36 8 29) 9/8 
9.76.870| | 0.23 9. B35 9| 33] 32 
9.76 899} 29} 0.23 9. i 34. 10}! 277) | si5 
9.76 928| 29] 0.28 9. 9: Bie 20} 73] 7,0 
9.76 957] 29] 0.23 9. O32, 30 | 11,0} 10,5 
9.76 986 | 29 9. 8] 31 40} 14,7| 14,0 

~ 9.77. oo 9.9%: TP 30 50 | 183} 17,5 
29 9.9: 7 29 
a 9. 95 8] 28 8 7 
28 9.9 7] 27 Vial 0/1 

9.77 130 | 29 9. 9: 8) 26 Py aye) 
9.77 159 page f 25 3 04 04 
9.77 9. i 4 0/5 0/5 
9.77 9. ] 23 5} 0,7 0,6 
9.77 9. 8) 22 6 0,8 0,7 
9.77 9. oe 7\ 0,9 0/8 
9.77 9. ST 20 Se eciee lanais 
9.77 7 : = / 9.77 9. 77} 19 lhe a5 “165 
9.77 9. 8] 18 20| a7 | 913 
9.77 9. i 17 30 a0 3/5 
9.77 9. 16 ee ela aa 
O77 9.9: 7145 Eni) eal nete 
977 9, 8} 14 ete a 
9.77 9.9: i 
9.77 9.9: 8 

Sim 9. hese 
ONT, 9. 93 = 10 7 7 q 
9.77 9. u 9 30 39 3s 

2.77 6 eI AE || Nabe rae ede 9.77 9. 7 7 “alk bee |e ace! 2,0 
9.77 706 9. 8 6 | G26) fee 5i0) 
0.77 734 9. oH (Pir 3 | 10,7, 104, 10,0 
9.77 9, 7 4 4 | 150] 145) 14,0 
9.77 9 8 3 | 19,3 18,6 18,0 
0.77 9. val (ae 2} 23,6 | 22,8) 22,0 
9.77 849 9.93 314, 8 <s@ 7 | 27,9 26,9 26,0 

9.77 8 9.93 307) ‘ 0 

L. Cotg. | d.c. | L. Tang. L, Sin. d. u Le Ie 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

Bic 

U Be Sims | di L. Tang. | d.c. L. Cos. d. Bp gh, 

) 9.77 877 9.93 307 | | 
1 217 9.77906) 29 9.93 299 | 8 
2 21 9.77 935 | 29 9.93 291 | 8 | 

3 21] 9.77 963 | » 28 A) 9.93 284 | 7 29 28 
4 21 9.77 992 | 29 ye pe 8 1 0,5 0,5 

Seas 21,978 020 | 78 | 0.21 980 i 2 ste 
6 217 9.78049) 29] 0. 8 ‘ raat / 
se 2] iy SSE) 98 5 8 4 1,9 1,9 
7 a 9.78 O77 s 0.2 2 5 24 2/3 | 

8 27 9.78106) 29| oO i : iti 5g 
9 21] 9.78135 | 29) 0.2 8 7 34 as 

10, a Ee =| a 8 39 3/7 
9 29 9 7 ors a 

21 9, 2) 0, 21 808 f 9 4/4 4,2 | 

21 9. . 21 780 8 10 48 47 | 
oe Ie) 2 : 8 20 97 9,3 | 
oy ao) f 30| 145] 14,0 

5 Sy 9.7 .§ 40 19,3 18,7 
9, 214 9.7 .{ & 50 24/2 23,3 

‘ 20 9. 9's 7 

; a 9.7 ‘ 21 20 

g. Sih eee : 7|- 1 04 03 
- = 9. 9. : 2) Oates, 
: a : 9.9 - Bay 1,0 
\ 5 9. o 9. 4 | 1,4 1,3 | 

f 21] 9. 28 .21 4674 9.8 7 5 138 | 7 
¢ ay 9. 29) 0.21 438} 9. 8 6) 24 20 

9.7 | 5 28 )\—o.21 410) 9. 5 7| 24) 23 
9. 217 9.: 28) 0.21 382 9. 7 Fpl HN DFT: 
9. 21 9. 29) 0.21 3534 9. 8 9 BYP) ae 

9. 20) 9. 28] 0.21 3259 9. 8 10} 3/5 3/3 

9. oo 9. He 0.21 296} 9. 8 20} 7,0 6,7 
z rr 2 DT On 9 O° ‘ 30 | 10,5 10,0 

9. 9 0.21 2608} 9. D , 
9. 207 9, 28] 09.21 40} 9.93 069 | 8 40) 14,0 13,3 

9. 2179, 29/ 0,21 211] 9.93 061} 8 50 17,5 | 16,7 
9. 207 9. 28} 0.21183 9.93 053] 8 e = 
9. 217 9. 28) 0.21 155] 9.9: 7 8 ‘ 

9. 2019. 29 | ~9.21 126] 9.9 & Diligent Oy 
9. ay} 9. 28| 0.21098] 9. 8 Pics SAL aya 
9. 207 9. 28) 0.21 070] 9.9 8 ri 05 05 
9. 21) 9. 29| 0,21 041 J 9. 5 07 06 
9. 2179. 28} 0.21 013 J 9.9: if 6 ais ony 

20 28 : : 8 y 8 H 
9. BE fe 0.20 985 9! 7 09 0/8 

9. 207 9, 28) 0.20957} 9 8 8 U1 09 | 
9. 214 9. 29) 0.20928] 9. 8 9 Teh oer at) 
9, 20) 9. 28) 0.20 900] 9. 7 OM Ne eat) Sle eels 
9, 217 9. 28} 0.20 872] 9. 8 2 2,7 23 
9. 20 9. 28 9.20 844] «OO 8 30 40 35 

9. 217 9. 29} 0.20815] 9. 8 40 5,3 4,7 

9.72 157 20] 9. 28) 0.20 787] 9. 8 50 6,7 5,8 

9.72177) 20] 9. 28) 0.20 759} 9.¢ 8 en 

9.72198} 21} 9 28 | 0.20 731] 9. 7 = 
—— 20 ; 28: | ——assqn703 8 Sees ees 8 

9.72 218 9. 0.20 703 J 9.92 921| © SES Bh vera BES 
9.72 238] 20] 9, 29| 0.20674] 9.92913] & f 30 99 | 28 

9.72259 | 21) 9. 28 0.20.646] 9.92905} 8 8 aa tes ae 

9.72 27 20] 9.79 382| 28). 0.20618} 9.92 897| 8 7 1| 1 LS eae 

9.72 20} 9.79 410} 28) 0.20590] 9.92 889 | © 6 oi 8 54 5/2 

0.7 21979438 | =| 0.20502) 9.92881; (fF 5 3| 94 91} 88 
9. 20} 9.79 466| 28| 0.20534] 9.92 874 | # 4 4| 181 12,7 J22 

9. 20] 9.79495) 29} 0.20505} 9.92 366/) 8 3 = 16,9 163 | 15,8 

9. 21] 9.79523) 28| 0.20477] 9.92 858) 8 2 6] 206) 19/9) 192 
9. 20] 9.79 551| 28| 0.20 449] 9.92 850) 8] 1 Ol Reece pakor Pall heer 

9. 20)—9.79 579 78 | 0.20421] 9.92802, ST 0 Silene (eg gens 

= = peel’ ee = ; 

L. Cos d L.Cotg. | d.c.) L. Tang. L. Sin d z pais 
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TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

b2° 

d. | L. Tang. | d.c.| L. Cotg. | L. Cos. | d. P,P 
——— —~ ~ -| 

0.20 421 60 ‘ 28 27 
| 28 0. : 8 59 29 | 28] 27 

8 58 1 0,5 | 0,5 0,4 | 
. 8 BT 2 | 1,0) 09 0,9 

5B) pees 3 MA) ea lieaaT 
| tre] beets 4 1,9 | 1,9 18 

3} ® 5 24} 23) 22 
5 2 54 6 | 2 ¢ 28 | ri 99 2,9 2,8 2,7 

29) 0.20 224 By 53 7 34 3,3 3,2 28 5 8 = ve | oP | p 
38 0.20 196 8 52 8 | 3,9 | 3,7 3.6 

C fy ee hl ooe aE se ae 
| 50 10 48 4,7 45 

28} 0.20 112 8} 49 20 97) 93} %9,0 
28) 0,30 084 8f as] 30], 145) 140! 135 
28} 0.20 056 8] 47 40| 19,3] 187) 18,0 
28 | 0.20 028 S p46] 50] 242) 38) 22,5 
8 | 0.20 000 5 | 
28] 0.19 972 8] 44 

9. 28] 0.19 944 8) 43 21 20 19 
9. 28 | 0.19 916 8] 49 i 0,4 0,3 0,3 

_ 9.72 38 | 0.19 888 E 41 es uit Cie mS 
[20] 9.72 28 | 0.19 860 40 ; ‘ Se ee 

9 79 vs 9 R29 8 = 4 14 ibal ibys 214) 9.72 0.19 832 3] 39 5 viccillice arte ve 
22] 9.72 27) 0.19 8] 38 site bow etal : 
D} 72 28 | 0 8 6 21 2,0 | 1,9 23 9.72 | 0.19 37 s 5 aS 

9.72 28 | ¢ 8 7 2/4 23. | 2,2 
24) 9.72 : |. 0.19 36 5 5 ae 
——|_— a= 20 28 |—_-_~ 8 az 8 2,8 2,7 i) 
25. 9.72 } 0.19 35 9 39 3 () 2 5 98 (2 8 9 2 0 8 
26 9. - Paes 0.19 34 10 35 3,3 3,2 
27 g 28 0.19 8 33 20) 7,0 | 6,7 63 i 20 Be 8 2 0 | h i 
28] 9. : so | (0.19 32 30 105 10,0 9,5 
29] 9.7: 28) 0.19 € 8] 31] 40] 140| 133] 12,7 
30) 9. 28 0.19 “301 50] 17,5| 16,7| 4158 
31] 9. 28) 0.19 55 8] 29 
32] 9. 27 | 0.19 8} 28 
33] 9. 28 | 0.19 8] 27 9 8 7 
34] 9. 28)) 0.19 3 26 a} 02 0) 0,1 
17 =) 6 at = 5) 5 28 0.19 5} 2 0,3 0,3 0,2 | 

| 28 0.19 8 OL 3 04 0,4 04 
28 0.19 ¢ 9 23 4 0,6 0,5 0,5 
28 19 3: 8 99 5 08 0,7 | 0,6 

8 21 6 0,9 0,8 | 0,7 
8 20 7 1,0 0,9 0,8 | 
8 49 8 12 11} 09 | 
8] 18 9 14 1,2 10 
ail Ge 10 15 13 12 
8 16 20 3,0 2,7 2,3 | 
7 30 | 4,5 4,0 3,5 
5 15 40 6,0 5,3 4,7 | 
8 re 50 7,5 67 5,8 

8 : 8 
8 - 

8 9 
8 8 

ele 1 18 2,0 8 6 | 1,8 2,0 
| ta 2; 54) 52 6,0 
A 5 3) | aaeoul 8,8 10,0 
8 4 4) 12,7) 12,2) 14,0 
8 3 5 16,3| 15,8] 18,0 
A 2 6| 199! 192] 220 

SWI. Fay Bese 7| 23,6) 22,8] 260 
0.18 748 0 CE Erich ite agen 

Se) as ener. 

d. L. Cotg. |d.c.| L. Tang. L, Sin d. 0 del Ee 

- = 
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LOGARITHMS OF CIRCULAR FUNCTIONS. 

TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued, 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

B 5 te 

u L Sin | d. L. Tang. | d.c.| L. Cotg. L.Cos. | da. PP. 

Oo] 9. 
: 

ily] Pe : F 

2] 9 8 a 
3 9. 

8 1 | 0,4 

Et poe 9 2] 0,9 
9, 8 3 14 

5} 9. 6 4 18 

6] 9 
8 5 99 

i eee ; : 6 eeayzi7 

8 9, > . or | 4 7 | 3/2 

9] 9. oH 9.81 500) i ae 8 3 | 36 

10] 9. S Quaigolea ae = 2 9 | 4,0 

Wf 9. 19} 9 28 8 10 | 45 

124 9. 3| 19) 9 27 9 20 | 9,0 

131 9.73 863| 29) 9 28 8 30 | 13,5 

4] 9.73 sez] 19) a g 40 | | 18,0 

15] 9.73 901| ,, 9. eo e 50 | | 22,5 

16} 9.73921) 201 9. 27 207) 8 
i7l 9.73 940) 19] 9.171) 28 | 19| 8 20 | 18 

1g} 9.73 959) 19 9.81 748| 27 9.92 211 | 8 1 03 03 

19] 9.73978) TO] 9-81 776 28 | 0.18 224 | 9.92 202 | 2 2|' On 06 

20 8 9.73 997 9,81 803 = 0.18 197} 9.92 194 3 1,0 0,9 

oi) 9.74 017) 229 9.81 831|- 28! 0.18 169 8 4 13 12 

22] 9.74 036; 1) ] 9.81 858 27 | 0.18 142 5 ie 15 

931 9.74055; 19] 9.81886) 28) 0.18 114 8 6 2,0 | 18 

| o4| g.74074| 10] 9.81913) 55 |_ 0.18 087 . Fi) eeaeid 21 

| 2 9,74 093 .. | 9.81 941| 5, | 0.18 059 8). 2,7 | 24 

x61 9.74 113) 224) 9.81968 | 32 | 0.18 032 8 9 3,0 | 27 

9.74132) 29) 9.81996) 28) 0.18 004 2 10 3/3 | 3,0 

m4 151 | 19 3 (9% 27 977 | 9 20 6,7 | 6,0 

9.74 151 9182 023 | 2% | 0.17 977 : 

| 9.74 170) 19 9.82 051 28) 0.17 949] 5 30 | 10,0 | 9,0 

9.74 189| jo) %82078| 5,| 0-17 922 3 eres es 

9,74 208 | 18 82 106 | 28] 0.17 894 : ey > 

o74 207 | 12 | 59.82 183/54) 0-17 807 ol ee } 

9.74 246| 228) 9.82161) 57) ~ 0.17 899 Be 27 oF as: 

Bab |e 28 fe a.82i88 | 57 | 10a Ble 4) (eS 1 0,2 01 

i | Sel Ors a 2 0,3 0/3 

9. 18 | 28) 0.17 757 9] 24 3 04 v4 

9. : 27) 0.17 730 23 4 0,6 0,9 

9. Won 28 | 0.17 702 Sp 5] 08 0,7 

9. 18 5| 27 | 0147 675 | |e 6) 09) o8 

9. | te] 9-82 352 | 59 | 0-17 Gas a7 | 5) 20. Tis UE eae 

9.74 398] jo | 9-82 380 | 26'| -0.17 620 8) 31 39 é “a “: 

9.74 417| 12] 9.82407) 53 0.17 598 oo | 8} 18 iG te 13 

9.74 436 | 18) 9.82 4351 57 | 0.17 565 Pa | ete 50 sanillne espa 

9.74 455 | 12] 9.82 462) 97 | 0.17 588 ea ee 50 deo ato 

9.74 474] ig] 2% 82489) 5,| 0.17 511 Ay ee 40 Styl) ae 

9.74 493 | 18) 9.82517 | 57 | 0-27 488 a) 50 75 | 6,7 

9.74 512 | 42] 9.82 514) 57) 0.17 456 e}] 13 
9.74 531 18 9 98 0.17 429 8 12 —— 

9.74 549 | 46 3 |_0-217 401 yf 9 9° - 

9.74 568 at (i - 0.17 374 | lye el (ae a a7 27 

9.74 587| 48 : 37) 0.17 347 o34| S| 8 mn ae aH ne 

9.74 606 82 28) TOT 819 95 | 3 8 ; AGH) wel, 1,7 

9.74 625| 12] 9.82 27); 0.47 292 elt : 4,7 45 51 

9.74 644] 7g | 9-82 27 |__0.17 265 908| 2] 6| 7,8 75 84 

9.74 662 | 9:82 5 0.17 238 : 5 ‘t 10,9 10/5 11,8 

9.74 681| 42} 9.82 a4 | 0.17 210 2 4 5 / 40) 135) 152 

° 9.74 700] jo} 9-82 27) 0.17 183 3 [vg 3 Pa eg: eu | ae 

9.74 719] yg] 9-82 dy | 0-17 156 874} 9 2 7) 20:2)| 190) 21,8 

9.74 737 | 49 | _9-82 dg |__0-17 129 1 866 | 4 1 8 | BA 25,8 

9.74 756 “7 9.82 53 0.17 101 91857; | O Qilmece! 

L.Cos. | a. | L. Cotg. | dic.) L. Tang. | L.Sin. jd} ¢ pees 

36° 



288 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents —Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

34° 

ee L. Sin. d. |_L. Tang. | d.c. | L. Cotg. L. Cos. | d. PSPs 

| | 
| 0 9.82 899) || 0.17 101} 9.91 857 60 

1 19} 9.82926] 27] 0.17 074} 9.91 s49| 8 59 28 27 6 
2 19] 9.82 953 27 | 0.17 047 =9.91 840) 97 58 1 0,5 04 4 
3 18} 9.82 9380} 27 0.17 020 9.91 932 | 8] 57 2 0,9 0,9 | 9 
4 19} 9.83 008| 28) 0.16 992 9.91 823) 97 56 3 14s? scat 3 
5 19 [9,83 035 | 2 |—0.16 9654 9.91 815 | 8} 55 4) 19 18 7 
6 IS} 9.83 062) 27) 0.16 938] 9.91 806] 9 54 5} 2,8 2/2 2 

hoo) 19} 9.83 089| 27 | 0.16 911] 9.91 798) 8] 53 6) 28 2,7 2/6 
ore 197 9.93117] 28] 0.16 883] 9.91 789| 9] 52 7} 3,3 3,2 3,0 

9 1S} 9.83 144] 27) 0.16 856} 9.91 781 51 Balen a8 5 
10 19) o.s3171| >| 0.16 s29| 9.91 772 50 a AG 7k : 
abt 187 9.83 198| 27| 0.16 992] 9.91 763) 99 49 Splice ie iD : 
12 19] 9.83295] 37] 0.16775) 9.91 755| 8] 4g) 20] 981) 9,0 i : 7 2 30] 14,0] 13,5 0 13 1] 9.8; 27) 0.16 748) 9.91 746] 9] 47 t q ! : ; , 40| 18,7 | - 18,0 3 |. 14 1B] 9. 28) 0.16 720] 9.91 738 | 8} 46 | mais : 

19 27 : 9 : 50 | 23,3 22,5 7 | 15 9.8 “0.16 693 9.91 729 45 
16 IB] 9. 27) 0.16 666] 9.91720] IF 44 

lenetiy 19] 9.8: 27! 0.16 6391 9.91 712] 8] 43 191) 7 a8 
(18 18} 9.8: 27) 0.16 612 9.91 703 | 9 42 1 0,3 0,3 

| 19 19} 9.8: 27 | 0.16 585} 9:91 695 5 41 2 0,6 0,6 
20 Hee) Fay 27 |0.16 558) 9.91 686 40 3} 10) 09 
21 19} 9.8: 28) 0.16 530] 9.91 677! IF 39 ile gird 12 
22 18} 9.8: 27) 0.16 503} 9.91 669 | 8] 38 5} 16) 15 
23 WW] 9.8; 27 | 0.16 476] 9.91 660} 9] 37 6 eas 
24 | 18] 9.8 27 | 0.16 449] 9.91 651) 2] 36 i Be 3m 

| 25 oo iene: 27 |—o.1g 42) 9.91 3 | 835 5 ata Be 
26 8} 9, 27 0.16 395) 9.91 634) 5] 34 10! 32 30 
27 19} 9. 27) 0.16 368] 9.91 625] 9} 33 20 83 8, 
28 5| 18] 9. 27) 0.16 341] 9.91 617] 8] 32 30 95 oe 
29 29 IB] 9. 27 | 0.16 314] 9.91 608 ‘ 31 40| 127 2 
30] 9.75 313| 199, 3| 2! | 016 287). 9.91 599 30 50| 158| 150 
314 9.75 331| 18] 9.8: 27) 0.16 260] 9.91 591} 8] 29 
32] 9.75 350) 19] 9.8: 28) 0.16 232] 9.91582] 97 28 
33] 9.75 368; 18] 9.83 79: 27; 0.16 205} 9.91573] 9] 27 9 8 
349.75 386 | 18} 9.83 822) 27| 0.16178} 9.91565] 8} 26 1 0,2 01 
3519.75 g05 | 19 ; 27 ; ae) 9 5 2 03 03 35] 9.75 405 9.83 849 [0.16 151 f 9.91 556 25 , , 
36] 9.75 423 | 18] 9.82876] 27) 0.16124] 9.91 547| 97 24 3 0,4 04 
37 9.75 441| 18] 9.83 903] 27) 0.16 097] 9.91 538] 9F 23 4) 06 0,5 
38] 9.75 459|' 18— 9.83 930] 27) 0.16 070] 9.91530] 8] 22 5 0,8 0,7 
39] 9.75 478) 197 9.83 957) 27) 0.16 043] 9.91 521] 9] 21 ot ole Oe 
40) 9.75 1819.83 984 27 |— ote 010] 9.91 512| °| 90 g '9 le 
41] 9.75 18} 9.84 011| 27| 0.15 9399 9.91 504] 84 19 See uid 
4245 9.75 19} 9.84088) 27] 0.15 962 9.91 495; 9] 18 10! 15 13 
43} 9.75 18] 9.84 065] 27 | 0.159355 9.91 486/ 91 17 20]. 30 917 
44] 9.75 18} 9.84 092} 27] 0.15908] 9.91 477) 9] 16 30 45 1.0 
4549.75 1819.84 119 | 27 | 0.15 esl] 9.91 409) °} 15 0 60| 53 
46] 9. 18} 9.84 146} 27 | 0.15 854 9.91 460) 97 14 50 75 6,7 
47 9. 19} 9.84173 | 27] °0.15 827] 9.91 451] 9 13 
43] - 9. IS 79.84 200) 27 0.15 800 J 9.91 442 9 P12 | 
49] 9.78 18} 9.84 297) 27 | 0.15 73] 9.91 483 | 9 11 9 | 8 8 
509. 18994054 | 27 | ois 46] 9,91 4051 1 10 Sa enaR 27 
51} 9. 18 9.84 280] 26) 0.15 720] 9.91 416} 9 9 0 a = 5 
527 9. 18} 9.84307) 27) 0.15 693] 9.91 407| 9 38 i 1,6 1¢ 1,7 
53y 9. 19} 9.84 334} 27) 0.15 666] 9.91 398) 9 7 oil) ee hy 5,2 5/1 
54 18] 9.84 361] 27} 0.15 639] 9.91 389| 9 6 3) _78 88 84 
55 18) 9.84 388] 2" | 015 G12( 9.91 se1| ® | 5 4| 109) 122) 11,8 
56 18} 9.84 415 | 27 | 0.15 585] 9.91 372) 9 4 yf Seg) ane | aie 
57 18 9.84 442 27 0.15 558 9.91 363} 9 3 g| li1| 1925 18,6 
58 | 18] 9.84 469} 27) 0.15531] 9.91 354| 9 2 7 | 20,2 | 22,8) 21,9 4 469) | Z : i F 26,2 | 25,3 59 18] 9.84 496 | 27)" 0.15 5049.91 345 2 1 8 oie Were | 20, 
60 18 roreaipaei| 2! | 0.15 4774 9.91 336 0 9) [anes 

L. Cos. d. L. Cotg. | d.c. | L. Tang. L. Sin. | d. i Paks 

30° 



LOGARITHMS OF CIRCULAR FUNCTIONS. 289 

TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. | 
. 

Bee 

ed L. Sin d L. Tang. | d.c.| L. Cotg L. Cos d PSP: | 

0 75 ; adit 0} 9.91 336 | 60 
1 75 : }, 22 |, : 0: 9.91 328| 8} 59 
2 75 oat lie Uy 9.91 319| 97 5 27 26 | 18 

Haas 75 9. : ott 08 9.91 310 | 9 57 1 04 0,4 0,3 
hws. 9.75 § © . 84 Gi at NO: 9.91 301 a 56 2 0,9 0,9 06 
| 5) 9.75049) 18) oes 657 | 27 |. 9.91 292| 9) 55 3 14| 13) 0,9 

6] 9.75 967| 18} 9.84 684 271 0, 9.91 283 | 9 54 4 1,8 | 17 12 
Han 9u7b. a5: |) PBI -orsari i 27} 10; 9.91 274] 9} 53 5 2,2) 2,2 15 

8] 9.76003) 18] o.g4738] 27] 0. 9.91 266| 8] 52 6 2,7 | 2,6 1,8 
9] 9.76 021 ug 9.84 764 | 26) 0. 9.91 257 2 51 7 | 3,2} 3,0 21 

| toy 9.76039] 18) ager} =" \—o. 9.91 248| “| 50 SI ae eens 24 
| 1] 9.76057) 18} 9.84818] 27!) 0. 9.91 239| 9f 49 SN ete) 2,7 

12] 9.7607 | 18} 94845) 27) 0 9.91 230| 9] 48 ity 45) 4/3 3,0 
13] 9.76093} 18} 9.84872) 27 0 Ota SOT eee amet anally - 180 

| iw] 9.76111] 18) 9.84899) 27/ 0 ONS IN2 19 a MON ea ei Nee 9,0 
is| 9.76129| 1) —ogs925| 26 |. 9.91 203 7s (ered oaaeae i sea era 
16] 9.76146) IW} os¢o52] 27) 0 9.91 194| 9] 44 d tee bay 
17} 9.76164] 18} 9.84979) 27) 0 9.91185] 9] 43 
18} 9.76 182] 1 9.85006 | 27) 0 9.91176| 9} 42 17)}10) 9 8 
19] 9.76 200 ie 9.85 033 | 57) 0 9.91167) $9] 417 1) o3| 02] 02] o1 
20] 9.76 218 9:85 059| “| 0 9.91 158 W| 2| 06 03) 03) 03 

| 2] 9.76236) 18] 9.85086} 27) 0. 9.91149} 9] 39 3] 08) 0,5| 0,4] 0/4 
22) 9.76258! ITE oes 13! 27!) 90. 9.91 141| 83 338 4} 11] 07| 06) 05 

| 234 9.76271| 18] og5 140] 27) 0. 9,91 132) 2] 379) 5) 14) 08) 08) 07 
24] 9.76 289} 18] 9.95166) 26) 0. 9.91123} 9] 36) 6) 17] 1,0} 09] 08 
25{ 9.76307| 28% 9.85193] 2" |— 0. g9ie| >| a5] 7) 20] 12) 10] o9 
26] 9.76324) 17} 9.85220} 27) 0. 9.91105} 9] 347 8) 23) 13) 1,2) 11 

| 27} 9.76 342) 18) 9.85 247) 27) 0. 9.91096] 97 33f 9) 26) 15) 14] 12 
| 284 9.76360] 18] 9.95273) 26) 0. 9.91 087| 9] 327 10) 28) 17) 15) 13 

29} 9.76 378 e 9.85 300] 27 | 0. 9.91 078 ‘ 31 a0 ae ee Bo Br 
30 {9.76 395 OSES NS 27a eens 9.91 069 30 ees! 2} d 10 
31] 9.76413] 18] 9.85 354] 27) 0. CHEMO 21] ERY SY) TN EC) eI) te 

| 32] 9.76431| 18] 9.95380) 26) o. Cirle!) ||) Pere |e ae eecealls IEA Ch ONG 
| 33] 9.76448) 17] 9.85407] 27) 0. PECL (WER ||) | ope] ee 
| 34] 9.76 466 2 9.85 434 | 27 | 0. 9.91 033 eth 26 
| 35 9.76 484 9.85 460 a 0. 9.91 023 | “4 25 10 do 

36] 9.76501} 17} 9.85 487| 27] 0. 9.91 014 | G] 24 27 26 
37] 9.76519} 18 9.85514] 27!) 0, 9.91 005 3 0 4 is 
38] 9.76537] 18) 9.85540} 26) 0. 9.90 996 | 9] 22 Deeg Ae 
39] 9.76 554) 17] 9.85 5u7 | 37 |. 9.90 987 | 9} 21 gill or ga 
40] 9.76 572 9.85 594 iO) 9:90 978 | 5] 20 3 94 91 
41} 9.76590] 18} 9.85620} 26) 0 9.90 969| 97 19 4 wo!) 17 
42] 9.76 607| 17 9.85 647} 27) 0O 9.90 960| 9} 18 S| 44'8 143 
43} 9.76625] 18} 9.85674] 27) 0 9.90951 | 9} 17 6! a76é| 169 
44] 9.76 642 at 9.85 700) 26) 0. 9.90 942 8 16 T! 99/9] 1915 
| 9.76 660 ge5727| 2! | —o 9.90 933 | 7) 15 PAL Wee ea 
46] 9.76677) 17] 9.85 754] 27! 0. 9.90 924] 97 14 io 206)|| 24,7 
47] 9.76695| 18} 9.85 780]} 26) 0, 9.90915 | 9] 13 | 
4g] 9.76712} 17] 9.85807) 27| 0. 9.90 906 | 9] 12 9 9 
49] 9.76 730 % 9.85 834) 27) 0. 9,90 896 ao ul a sve 
50 | 9.76 747 9.85 .860| “2| 0. 9.90 887 10 rae ae 26 
51] 9.76765 | 18} 9.95 887| 27) 0. 9.90 878 | 9 9 ii) he 14 
52] 9.76 782| 17} 9.85913) 26) 0. 9.90 869 | 9 8 5) 4,5 4/3 
53] 9.76800} 18} 9.85940} 27) 0. 9.90 860] 2? 7 3 BL SP 
54] 9.76 817 | 17) 9.85967] 27) 0. 9.90 851 | 2 6 | 1 | 105} 10, | 
55{ 9.76835 | 28|— 9.85993) 26 |. 9.90 82 | ‘ 5 5| 135| 13,0 
56] 9.76852} 17} 9.86020) 27) o.1: 9.90 832 | 10 4 6| 169) 15,9 
57] 9.76870) 18} 9.36046) 26) 0, 9.90 823 | 9 3 q| 195) 188 
58] 9.76887| 17] 9.86073| 27) 0. 9.90 814 | 9 2 g| 22,5) 217 
59] 9.76 904} 17] 9.86100) 27) 0. 9.90 805] 3 1 g| 25,5) 246 
GO| 9.76 922| 38) 9.86126) ~°|—o 9.90 795| °| 0 

L.Cos. | d. | L.Cotg. |d.c.| L. Tang. | L.Sin. |a.] * P.P. | 
i 

MON XxII——19 
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290 A MANUAL OF TOPOGRAPHIC METHODS. 

TABLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued, 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. } 

36° 

| 

' L. Sin. a L. Tang. | d.c.| L. Cotg. | d. P. P. | ; 

0 76 922 | 9.86126) ._| 0,13 874 | of Go | : 
1 9, 34 1% 9.86 153 i | 0.13 847 lio} 59 27 26 | 
2] 9.76957 | 18] 9,86 179 0.13 821 9} 38 te] iO; 0,4 } 
3 . 76 VW 9.86 206} 27 | 0.13 794 9} ot PH YE 09 1 
4] 9.76991) J7] 9.86239] 2 0.13 768 ry) Sie" ad 13 | 
5] 9. | 18). 36 a7 0,13 7a o| 2 4 18 1,7 
6 77 026.) 1a 86 285 0.13 715 10) 54 5| 2,2 2,2 | 

ea ; ‘ es rs i} 0.13 688 || 358 6) 27 2/6 ’ 
Fogel Be 5 18 .86 3% : 0.13 662 5] 2 7 3/2 3,0 | 
pce [at 3, 7 ; 27 | 0.13 635 ry 8) 3,6 35 | 

10] 9.77095 | 1! 0.13 608 aryl nee? eal eae 
He af oerenae see 0.13 582 9] 49 pe ele oe eal 

12] 9.77130) 418 0.13 555 | g| 48 301 asst 13/0 * , 
13] 9.77 147 7 0.13 529 of 47 “0| “asiel as 

| 14] 9.77 164 a 0.13 502 10 |__46 50| 225| a1'7 
15] 9.77 181 f 0.13 476 lof 4 + 4 
16] 9.77199] 18 0.13 449 Nesp Ze! 5 2 
7] 9.77216) 17 0.13 423 lo] 43 187 ees , 
18} 9.77233; 17 0.13 397 104) 22 1 03 | 0,8 03 

| 19] 9.77 250 a 0.13 370 9) 41 2 0/6 0,6 0,5 
[—30) 9.77268) 28}, 0.13 344 A Se en a) Oe ce 

217 9.77 285] 17 I 0.13 317 10) 39 EMemesietll eset ne : 
22] 9.77302) 17 : 0.13 291 9) 38 4 '3 | ai7 16 
23] 9<.77319| I] 9, 0.13 264 FA (eve ¥ ae sh aH 
24} 9.77336} 17} 9. 0.13 238 36 : } 93 ey z = 17 : 9 8 24 2,3 21 
25 9.77 353 .8 0.13 211 10 35 9 27 26 24 
26] 9.77370] 17] 9. 0.13 185 o| 34 10 3.0 28 27 
a7] 9.77387] I] 9.8 | 0.13 158 of. 32 20!) 60 57 53 
28] 9. ; ae } 0.13 132 io) 22 30 9,0 8/5 8,0 
29 9. 17 . 0.13 106 9 31 40 12,0 113 10,7 

[30] 9. | Sn 0.13 079 9) 30 50| 15,0] 14,2 | 13,3 
31] 9. Wy] 9.8 0.13 053 10) 22 
324 9. Ww} 9.8 0.13 026 9) 28 10 9 
33} 9. Vit 9. 0.13 000 10) 2% 1 02 02 

| 34] 9. : ce (ae) 0.12 973 9126 5 03 03 
| 35) 9 ot ieee 0.12 947 5 | 2d 3 05 04 
| 36] 9. Wy 9.8 0,12 921 ral (ee ‘t 07 06 
| 374 9. Ww] 9.8 0.12 294 9} 23 5 08 08 
| 38] 9. Ww] 9. 0.12 868 22 6 10 09 

39] 9. WT} 9. 0.12 842 97 a1 7 12 10 
17 10 ‘ 1 1 

Of 9. g | ay ; 20 8 13 1,2 
| 41] 9. 5| It 9, 19 9 15 14 
| 42 9.77 643 17 9. 18 10 1,7 1,5 

43] 9.77660) IZ] 9. 17 20 3,3 3,0 
| 44 9.77677 | IT] 9. 16 30 5,0 4,5 

45g Smee) 2 Fo: 15 40| 67) 6,0 
46] 9.77711) 77 98 14 50 8/3 7,5 

| a7} 9.77728] 17) 9, 13 
| 48] 9.77 7 16} 9, fo | ee 

49] 9.77 761 d 9. 11 9 9 
| 50) 9.77 778 Oh ieee 10 = oa 

51] 9.77 795| 177 9, 9 nik. Poe 2 
52] 9.77812} 17] 9. 8 tals lp OS Taber 
53] 9.77 829] 177) 9, 7 2| 45 4/3 
54] 9.77 846] 17) 9. 6 3 7,5 7,2 
a (9.77 862 | 16 Fo 26 5 3] 105] 10/4 
56f 9.77 879) 177 9. ao 4 5 | 185) 13,0 ; 
57] 9.77 896] 17) 9, 27 | 3 6| 165 | 15,9 
58} 9.77913} ITT 9, 26 | 2 7| 195! 188 
59} 9.77 930] 17] 9, 2 1 g| 225 | 21,7 
owes | lien a 7 9| 255| 24,6 
2 pa - fonc"ehs : 

| L. Cos. d I. Cotg. |d.c.| L. fang. L. Sin. d. 4 Pee = Y 

53° ‘ 
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TABLE 

LOGARITHMS OF CIRCULAR FUNCTIONS. 

(Extracted from Gauss’ Logarithmic 

XXXVI.—Logarithmic sines, cosines, 

37° 

tangents, and cotangents—Continued. 

and Trigonometrie Tables. ] 

7 L. Sin d. L. Tang. | d.c L. Cotg. L. Cos d. Pee 
| 

O} 9.77946| |, | 9.87 711 | 0.12 ¢ wf 60 
1] 9.77963) 4, 9.87 738 0.12 2 91 59 27 
2] 9.77 980 17 | 9-87 764 0.12 10 f 38 1} 04] 
3] 9.77 997 18 9.87 790 0.12 § 9 57 Pel aye) 
4] 9.78013} [7] 9.87 817 0.12 18: fae Be Meaueial 

* 5] 9.78 030 7 9.87 843 0,12 157 9 55 4 | 1,8 | 
6] 9.78 047| Ti] 9.87 869 0.12 131 10} 4 5} 22 | 
7] 9.78 063 17) 9:87 89 | 57 0.12 105 9 53 6 2,7 | 
8] 9.78 080 17} 9-87.922| 56] 0.12 078 10) 2 a 3,2 | 
2} 9.78097) 34] 9.87948) 55) 0.12 052 an| bd 8 3,6 | 

10] 9.78 113| j-]| 9.87974] 5,| 0.12 026 lp ae 9 aieal 
Wy 9.78130) je} 9.88000) 57] 0.12 000 10) 49 10 aio | 
wy 978147) 1) ogsoe7| 27) 0.11 973 1 ec 20) 30 | 
13] 9.78 163| IS} 9.88053 | 23) 0.11 947 od ot BON peers 
14] 9.78 180} j7 J 9.88079) Se] 0.11 921 10 |_46 ese 
15] 9.78197] 5,4) 9-88105| 54] 0.11 895 | 2 SAN EON 
16} 9.78 213| 1? 9.88131} 5°! 0.11 860 ol 44 7 
Wf 9.78230; t7] 9.88158] 37) 0.11 842 Hy) 48 in. 08 
18 9.78 246 17 9.88 184 6 0.11 816 0 42 5 06 | 
19] 9.78263] {7} 9.88 210] 3 | 0.11 790 | el Shi) covet 
20] 9.78 280) 5,1 988236! 5, / 0.11 764 a} 40 r 11 | 
21] 9.78296) FT? | 9.98 262| 5>| 0.11 738 7] 39 5 1/4 | 
2} 9.78313) 171 ogsasg) 27) 0.11 711 oa aes 6 1'7 | 
23] 9.78329) 17} 9.88315] 55 | 0.11 685 ile 7 2/0 | 
24] 9.78 346] Ti] 9.88341] 55 | 0.11 659 10 138 8 3,3 | 
25 9.78 362 = 9, 88 367 2G 0.11 633 ¢ 5 35 9 2'6 | 
26] 9.78379) I} 9.88393] 58) 0.11 607 6 Ot | eel 10| 28 
a7] 9.78395) 17} 9.88420} 37! 0.11 580 ‘ St tk 20 5,7 | 
28] 9.78 412 ae 9.88 446] Se) 0.11 554 ( 10} 39 30) 85 
29] 9.78 428 2 9.88 472 | Se | 0.11 528 Rt Ot bang: 40| 11,3 | 
80] 9.78445] 5] 9.88498] 55) O11 soz] 9.8% , | 80. 50} 14,2 | 
31] 9.78 461} 18) osgso4] S| ose] 9.8: 101 99 
32} 9.78478} 171 og 550} 26) 0.31 450] 9.8: 105 28 10 
33] 9.78494] 16) oggs77| 2%) 0.11 493] 9.85 al ey . We 
34] 9.78 510 if 9.88 603 | 3° | 0.11 397] 9.85 eh 26 2 ne 
35) 9.78 527 988 620| 5,| O11 371] 9.89 898 2 < ie 
3G] 9.78543) 16) 9.88655] 2?) 0.11345] 9.80 888| 1] 2 5| 08| 
37] 9.78560] 17] 9, 5g | 0-11 319] 9.89 879 9] 93 $1 oo 
38] 9.78 576 9. 3g | O-11293] 9.89869] 10) 99 7! 12 
39 | 9.78 592 56 |_o-11 267] 9.80 859) 107 a1 wl ons 
40] 9.78 609 oy | Oil aif 9.80 849| ‘> 1 20 Shae cts) 
41] 9.78625] 16 ou | 0.11 214] 9.89840) 9} 19 10) 17] 
42] 9.78 642| 177 o.ggsi2) 2?) Oo. 188] 9.89 830) 10} 18 2] 331 
43] 9.78658} 16] 9.98 838] 52) 0.11162] 9.89820} IP i7 30] 5,0 | 
44] 9.78 674 6 9.88 864] 5, | 0.11136} 9.89 810} I} 16 40] 67 | 
454° 9.78 691 9.88 890} 5,| 0.11110} 9.8 F 15 50 8,3 | 
46] 9.78707} 16) 9o.gs 916] 53{ 0.11 0g4] 9.8 10 
47] 9.78723] 16] 9.88942] 52) 0.11 058] 9. 10 
48] 9.78739] 16) 9.88968] 52] 0.11 032] 9.8 10 
49] 9.78 756 | 17] 9.88904} 56) 0.11 006] 9. Hh 
50] 9.78 772| 1) 9.89020) 5.) 0.10980] 9. : 
51] 9.78788) 16) 9.89046) 52} 0.10954] 9.8 ray 
52] 9.78805} 17} 9.89073} 54 | 0.10927] 9. 10 
53] 9.78821] 16} 9.89 099) S55] 0.109017 9. 10 
54] 9.78 837] 6) 9.89125! Se] 0.10875] 9.8 ns 
55] 9.78 853| lio soil) 5, | 0.10 89] 9. : 
56] 9.78 869) 16] 9.89177) S| 0.10823] 9.88 9 
57] 9.78 886} 179 9.39203) .56| 0.10 797] 9.8% 10 
58] 9.78902] 16] 9.89229) 52) 0.10 771] 9.8: 10 
59] 9.78 918} 16) 9.890255! 56 | 0.10 745] 9.89 Hy 
60} 9.73934] 1°] 9.89 281| ~' | 0.10719] 9.89 - 

L. Cos. d. L. Cotg. | d.c. | L. Tang L. Sin d. ; 
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TaBLe XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued, 

[Extracted from Gauss’ Logarithmic and Trigonometrie Tables.] 

38° 

L.Sin. | a. | L.Tang. | d.c.| L.Cotg. | L.Cos. | a. PP, 
Lee ee Ss = = eecthy 

0} 9.78 934 | 9.89 281 _| 0.10719} 9.89 653 60 
1 9.78 950 | 16} 9.89 307 26) 0.10 693} 9.89 643 | 10] 59 26 25 
2] 9.78 967 17 9.89 333 | 26] 0.10 667] 9.89633 | 10] 58 1 04| 04 
3 9.78 983 | 16 9.89 359 26 0.10 641 9.89 624 | 9 57 2 0,9 08 
4] 9.78 999 | 167 9.89 385 | 26) 0.10 615] 9.89 614 10} 56 3 1,3 1,2 
51 9.79015, 1°) oso4m| 75) 0.10 580) 9.89 cos | 19°F” 55 4 1,7 17 = 
6] 9.79031} 16] 9.89 437) 26) 0.10563 9.89 594| 10} 54 ) 2,2 2,1 
7] 9.79047) 169 9.89 463} 26) 0.10537] 9.89 584| 10] 53 6 2/6 2.5 
8] 9.79 063| 167 989489) 26) 0.10511] 9.89574 | 10] 59 7 3,0 2,9 
9] 9.79079) 16 89.515 | 25) 0,10 485] 9.89 564 Wy 51 3 3,5 3/3 

9.79 095 | 16 89 541| 26! 0.10 4504 9.89 554 | 1°} 50 Tae ales 
9.79 111| 16} 9.89 567| 26) 0.10 433] 9.89 544] 107 49 20 37 Big 

- 9.79128) 17] 9.89593) 26] 0.10 407g 9.89 534) 10] 48 30 13'0 195 
9.79 144} 167 9.89619) 26] 0.10381] 9.89 524) 10} 47 40| 1731 467 
9.79 160 | 16] 9.89615 | 26) 0.10 3557 9.89 514. | 10] 46 501! 217| -20'8 
9.79 1619.89 671| 7) 0.10320) 9189502 | 2°, 45 as d 
9.79 16] 9.89 697| 26] 0.10303] 9.89495) 9] 44 t 
9.79 § 16} 9.89 723] 26) 0.10277] 9.89485/ 10] 43 AZ| 1G 15 
9.79 16} 9.89749} 26] 0.10 251} 9.89 475/10} 49 1 03) 08 0,2 
9.79 16] 9.89775 | 26) 0.10 225] 9.89 465/10} 41 5 us | ue ue 
9. 16 1939 801; 7° | 0.10 199} 9.89 455 | 1°} 40 i nig 8 as 
9.79 : 16} 9.89 827 | 26). 0.10173] 9.89 445 | 10} 39 5 Ud 13 19 
9.79 288} 16] 9.89853) 26] 0.10147} 9.89 435 | 10} 38 5 17 16 U5 
9.79 304| 16} 9.89879} 26) 0.10121} 9.89 425 | 10] 937 2 2'0 19 18 
9.79 319 | 1} 9.89905} 26] 0.10095] 9.89415 | 10] 36 8 33 21 sth 
9.79 335| 2°) 9.89 931| 25| 0.10 0694 9.89 405 | 1°} a5 9| 261 24] oe 
9.79 351 | 16} 9.89 957 | 26) 0.10 043] 9.89395 | 10] 34 10 28 27 25 
9.79 367} 16) 9.89983} 26] 06,10 017] 9.89385 | 109 33 20 57 53 5,0 
9.79 383| 167 9.90009) 26] 0.09991] 9.89375 | 10} 32 30 85 8,0 75 
9.79 399 | 16] 9.90035} 26| 0.09965} 9.89 364/11] 31 40 113] 10,7 10,0 
9.79 415| 1°) 9.90061} 7°) 0.09 939) 9.89354| 1°; go} 50| 142] 133| 12,5 
9.79 431 | 16% 9.90086} 25) 0.09 914] 9.89 344] 10} 29 
9.79 447} 16] 9.90112} 26] 0.09 888} 9.89334 | 10] 28 
9.79 463 16] 9.90 138 26) 0.09 862] 9.89 324 | 109 27 ll 10 9 
9.79 478 | 15} 9.90164) 26) 0.09 836] 9.89 314|10] 26 es nO 0,2 0,2 
9.79 494| 1%) 9 90190} 25! 0.09 s10} 9.89 304 | 1°] 25 2 04| 0,3 0,3 
9.79510} 16) 9.90216; 26} 0.09 784 9.89 294) 10} 24 3 0,6 0,5 0/4 
9.79 526} 16] 9.90 242} 26) 0.09 758} 9.89 284| 10} 23 4 07 0,7 0,6 
9.79 542} 16} 9.90268) 26) 0.09 732} 9.89 274/10] 92 5 0,9 0,8 0.8 
9.79 558 | 169 9,90 294| 26) 0.09 706] 9.89 264/10] 21 : | ne oe Be 
9.79 573| 2) 9,90 320| 7° | 0,09 e30} 9.89 254 | 1°} 20 g | ne He un 
9.79 589 | 16] 9.90 346| 26) 0.09 654 9.89 244) 10) 19 9 16 5 14 
9.79 605 | 16] 9.90371} 25] 0.09 629] 9.89 233 | 11 18 10 1'8 17 15 
9.79 621| 16] 9,90 397| 26] 0.09 6034 9.89 223 | 10} 17 20 3'7 33 3/0 
9.79 636} 15} 9.90423] 26) 0.09 577] 9.89 213 | 10} 16 30/ 55 50 15 
9.79 652| 16! 990449) 78) 0.00 5514 9.89 203) 199 15 40 73 67 60 
9.79 668} 16} 9.90475 | 26/ 0.09525} 9.89193} 109% 4 50! 92 83 1,5 
9.79 684 16 9.90 501 26 0.09 499 J 9.89 183 | 10 ey) ee ee 
9.79 699} 15] 9.90527) 26/ 0.09473} 9.89173 | 10] 12 10) to 9 
9.79 715 | 164 9.9 26) 0.09 447} 9.89 162) Ly aa = 56 
979 731| i> 9. 25 |~0.09 422 | 9.89 152 | 1°} 20 Ae as ae 
9.79 746} 15] 9. 26} 0.09 396 | 9.89 142 | 10 H) 1 1,3 1,2 1,4 
9.79 762} 16} 9.90630! 26) 06.09 370] 9.89 132 | 10 8 5 3,9 3,8 4,3 
9.79778 |. 16} 9.90 656 | 26] 0.09 344] 9.89 122 | 10 7 3 65 6,2 7,2 
9.79 793 | 15] 9.90682) 26) 0.09 318] 9.89 112 | 10 6 4 9,1 8,8 10/1 
9.79 809| 15] 9.90 708| 78} 0.09 292} 9.89 101| 4] 5 5| Iu7} 12) 13,0 
9.79 825| 167 9.90734] 26) 0.09 266] 9.89 O91 | 10 4 6| 143) 13,8) 15,9 
9.79 340} 15] 9.90759] 25] 0.09 241] 9.89 081 | 10 3 7 | 169) 16,2) 18,8 
9.79 856} 16} 9.90785] 26) 0.09 215} 9.89 071 | 10 2 me) RY Boh aloe 
9.79 872} 16} 9.90 811] 26) 0,09 189} 9.89 060 | 11 1 9 ity aye 24,6 
9.79 887| 1°} 9.90837; 7°} 0.09 163) 9.89050|29} of 10 d ay 

| _ 

L. Cos. d. L. Cotg d.c,| L. Tang L. Sin. d. ‘i P. PB 
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TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables. } 

39° 

4 L. Sin d. L. Tang. | d.c L, Cotg. L. Cos. d. Ve Let 

O] 9.79 8387 | 98 _| 0.09 163} 9.89 050 60 26 
1} 9.79.903| 16] 9.90863] 26) 0.09137} 9.89 040) 10} 59 1 0,4 
2 9.79 918 15 9.90 889 26 0.09 111 9.89 030 | 10 58 2 0.9 | 
3 9.79 934 16] 9.90 914 25 | 0.09 086 J 9.89 020 | 10f 57 3 1,3 
4 9.79 950 16 9.90 940 a 0.09 060 9.89 009 | 1 56 4 17 

519.79 905| 1°|—9.90 906| 7°|—0.09 034] 9.88 099 | 1°) 55 Be 
6] 9.79 981 16] 9.90 992 26} 0.09 008} 9.88 989) 10% 54 6 2,6 
7} 9.79996) 15} 9.91018] 25] 0.08 982] 9.88978] 11} 53 7 3,0 
gs} 9.80012} 167 9.91 043) 25) 0.08957} 9.88968) 19} 52 8 3,5 
9] 9.800297] 15] 991069] 26) 0.08 931] 9.88 958 | 107 51 9| 3/9 | 

10} 9.80 043) 18; 991095 | 28 | ~0.08 905] 9.88 948 | 1° 50 7 ae 
Th | es 157 9.91121} 26) 0.08 879 9.88937) 11] 49 30 Aatotl 
2] 9.8 16} 9.91147] 26) 0.08853] 9.88 927) 10) 48 iC are 
BI 9. 15} 9.91172] 25) 0.08 9298] 9.88917] 104 47 at aathe 
ud 9. 16} 9.91 198] 26) 0.08 802] 9.88 906 | 11] 46 ° au 
15] 9. 15 9.91 24! 928 |—oos 776! 9.88 806 | 1045 16 
16] 9. 16} 9.91 250] 26] 0.08 750] 9.88 886) 109 44 1 03 
aah (dees 15} 9.912976) 26| 0.08 724] 9.88 875/11] 43 2 05 | 
is} 9.8 15] 9.91 301 25 | 0.08 699} 9.88 865 | 10} * 42 3 0g | 
19] 9.8 16} 9.91 327| 26) 0.08 673] 9.88 855 | 10) 41 4 1,1 | 
20} 9. 15 |—9.91 353 | 26 |—0.08 647] 9.88 aa | 1 1 40 Bile aui3'| 
21] 9. 16} 9.91379/ 26] 0.08 621] 9.88 834| 10} 39 6} 1,6} 
22] 9. 15} 9.91 404| 25] 0.08 596} 9.88 824) 10] 38 7 1,9 | 
237 9. 16} 9.91 430] 26] 0.08570} 9.88 813 | 12 37 le OF 
24] 9.8 15] 9.91 456 | 26) 0.08 544] 9.88 803 10 36 9} 2/4 | 
2%] 9. 15 F991 482 | 75) 0.08 518] 9. 0 135 10 2,7 | 
26] 9. 16 9.91507) 29] 0.08 493] 9. Wy 34 20 | 5,3 | 

27] 9. 15} 9.91533) 26] 0.08 467] 9.88 772 | 10] 33 30 | _8'0 | 
28] 9. 15} 9.91559) 26] 0.08 441] 9.88 761| IL] 32 40 | 10,7 | 
29] 9. 16] 9.91585 | 26} 0.08415] 9.88 751| 10} 31 50 13/3 

30] 9. 15 }—9.91 c10| 2° |—o.0s 300] 9.88741 | 1°] 30 a 
31] 9. 1I5f 9.91 .636| 26) 0.08 364} 9.88730] 11} v9 02 
32] 9. 16] 9:91 662) 26] 0.08338] 9.88 720 | 10} 28 ; 014 | 
33] 9.8 15} 9.91688) 26] 0.68312] 9.88 709 | 11 27 3| 06 
34] 9. 15] 9.91713} 25] 0.08 287] 9.88 699 | 10] 26 14/07 

35 | 9. 16 |—9.91 739 | 26 |—0.08 261) 9.88 ass | 11 95 5| 09 | 
36 9. 15 9.91 765 26 0.08 235 9.88 678 | 10 24 6 1,1 | 
STA Oo 15} 9.91 791| 26] 0.05 209] 9.88 668| 10] 23 Ale mes 
38] 9. 15} 9.91816] 25} 0.08184] 9.88 657| IL] 22 g| 15 
39] 9. 16} 9.91 842] 26) 0.08 158] 9.88 647 10} 91 9 | 1,6 
40] 9. 159,91 08 | 28 |—oos 132] 9.88 636 | 1! | 20 10) 18 
41 9. 15 9.91 893 | 29 | 0.08 107 9.88 626 10 19 20 3,7 

42, 9. 157 9.91919} 26] 0.08 081 9.88 615 | U 18 30 5,5 

43} 9. 16} 9.91945) 26) 0.08055] 9.88 605 | 10} 17 40 7,3 
44] 9. 15] 9.91 971} 26) 0.08 029] 9. Bt 16 50! 92 

45" 9.80 580| 15° 9.01996) “, .0.08 004] 9. fe 
461 9.80595] 15] 9.92 022] 26| 0.07 978] 9. 11 14 " 
47] 9.80610} 15] 9.92048) 26) 0,07 952] 9. 10] 13 | 
48] 9.80 625 15] 9.92 073 25 | 0.07 927 9. 1 12 aa 
49] 9.80 641 | 16 9.92 099 | 26) 0.07 901 9. 8 10 11 0 

50] 9.89 66 | Wh 99: 26 0.07 875] 9:8 } 241" 40 1 
51) 9.80 671| 15] 9.9: 25) 0.07 8504 9. 10 9 9 
52) 9.80686| 15] 9, 26) 0.07 S24] 9. 11 8 3 2a 
53) 9.80 701 15f 94 26| 0.07 798] 9. g | ll 7 4 3 | 

54) 9.80 716| 109 9. 25 | 0.07 773 f 9.88 489 | 10 6 5 oe 

55) 9.807381 Pf 9. 26 |—o.07 47 | 9.88 478 | Ys e230 
56) 9.80746] 159 9. 26} 0.07 721 9.88 468 | 10 4 7 17:7 

57] 9.80 762| 16] 9, 25! 0,07 696 | 9.88 457 | 11 3 8] 91 | 
58] 9.80 777 19 26| 0.07 670} 9.88 447 | 10 2 9 cael 
59} 9.80 792| 15 26) 0.07 644] 9.88 436 | 1 1 10}  94'3 | 
60} 9.80 807, 1 25 |—9.07 619 | 9.88 25/2 _0 i |) | 

L. Cos. d. L. Cotg. | d.c L. Tang L. Sin d. BaP. 
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TABLE 

A MANUAL OF TOPOGRAPHIC METHODS. 

XXXVI.—Logarithmie sines, cosines, tangents, and cotangents—Continued. | 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.) 

CHM AW FONE S ooo 

s|ososo 

& os) 

Seow es PeOnnn 

% the 

40° 

P.P. 

26 25 
1| o4] 04 
2] 09) 08 
5 aie) ales 
2 ey) 
Bi 92,)) cou 
6) 26) 25 
7\ 30] 29 

| 8/35 33 
9' 39 38 

10) 43) 42 
20.) 37 | 18,3 
30 13,0. 

BI 032 
81 047 15 es 

81 061 1) 02) 02 
S1 076 2), 05) 05 
81 091 3| 08) 0,7 

2 81 106 4,10) 09 
21 $1 121 5] 221 12 
22 81 136 6] 15) 14 
33 81 151 71 18) 1,6 
24 81 166 8 20 1 
25 81 180 T yz) 2,1 
26 81 195 148 10} 25) 23 
27 81 210 137 20) 50} 4,7 
28 81 225 126 30] 7,5 | 7,0 
29 81 240 115 2 100 93 
30 BI 254 2 (17 
31 81 269 i) 10 

1) 02] 02 
2; 04] 03 
3) 06) 05 
4) 0,7) 0,7 
5 09) 08 
6| 11] 1,0 
7) 13) 1,2 
Seis) a3 | 
9 16| 15 

10| 18} 7 ] 
201-371 las 
30/ 55 | 5,0 
40 ey 67 

- 50, 92! 83 
a es 

8 il wm 10 

oe oy ame S U rt t | 

st B77 of 2) 35| 39) 38) 
87 366 | 11 8 3 5,9 6,5 6,2 
87 7 ale 288 91 88 
of ; S| 10,6) mers 112 
: e| 130) 143) 13,8 
. 87 5 So). 154] 169 | 162 
87 4 g\. 107| 195) 188 
sau Es o| 200) 220) ) ar 

| . 87 2 92,5} 24,71 238 
1 10 

14 25 | 82 al etre eae 9,93 916 | 0,06 084 0 ay | 

a. L. Cotg. | d.c. | L. ang. aes 
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TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

ate 

d.c. | L. Cotg. 4 | a. PP. 

0 26 o. 26 25 

1 a Spite 1} 04) oA 

Venere 2 Stl we 2 0,9 0,8 
3 15 = 0. 3 13 12 

4y 5 2{ 14 25 | 0.08 4 17 17 
S| 9.81767) 1 26° 0:08 Si aoe 

6] 9.81 781] 14 23:} 0: 6 2,6 25 

7) 9.81 796| 15 26) 0. 7 3,0 2,9 

8 9.81 810 14 ae 0. 8 | 3,5 3,3 

| 9 9.81 825 15 =o 0. 9 3,9 3,8 

407) 9.81 839 14 ee 0.0: 10 £3 4,2 

lif 9.81 854] 15 26 | 0.05 20 8,7 8,3 

2] 9.81368} 14 | 25) 0. 30} 13,0) 12,5 

| 13] 9.81 882] 14 26) 0.0! 40} 17,3] 16,7 

14 9.81 897 15 25 0. 50 21,7 20,8 

is! 9.81 911| 14 mi A On: ae 

16] 9.81 926| 15 r 25 | 0. ; re ue 

17] 9.81 240 - ae : ; ‘s te New ois 

1g} 9.81 955 ; 25 I = oi | iw 

} 19 s1 969 | 14 260.0 . ue wh 
| Le ri 25 z 4 1,0 09 

207 9.81 983 ah) Oe 5 Tole 52 

21] 9.81998} 15 ; 26 | 0.05 6 15 14 

|} 92) 9.82012) 14 } 25 | 0. 7 18 16 

93 | 9.82026] 14} 9.94503] 26) 0. 8 2/0 19 

9.82 041} 15] 9.94 528 an 0. 9 do) 21 

9.62055| M4) 9.94554 | 5 | 0.05 10 2,5 23 

9.82 069 = 9.94579 | 29) 0. 20 5,0 47 

9.82 084 9.94 604; 29 0. 30 7,5 7,0 

9. 82 098 14 9.94 630 26 0. 40 10,0 93 

9.82112) 4] 9.94 655 | iS 0, 05 50 pee ably 

grganeain|  s-\m0: 
9.94706 | 25) 0.0: 12 il 

| 94 73! 26 0. 1 0,2 | 02 

25| 0. 2 04 04 

| 26 0. 3 0,6 0,6 

| 25 0.05 4 08 0,7. 

26) 0. 8) i2| 14 
25 

= 

pA a ct aes) aS 
26} 9. 8 rey MTR 

| 35 : a 9 18 16 
| Peis 9. 10 | 2,0 18 

35 0. a: 20} 4,0 3,7 

ot 9. 30 6,0 5,5 
oe 0. 9. 40) 8,0 | 73 

Zo | 0. 9. 50! Wo] 92 

2 Ue 9. ——SSS 

26 0. 9. 12 12 1 

25.| 0. 9. = = 20 

| | een 0: 9.8 26 25 25 
| 25 0. 0: 9. 0 

26 [5 == i 11 11 11 

25 ; ats 5} 32 3 34 

51 ae Zs 54| 5,2 5,7 

99, 453 36 0. 9.8 4 7,6 7,3 7,9 

. 82 452 ee ig M Q ¢ | 9 

ne a7 =|. D cereale 
9,82 481 | oe eso: 9. 6) wi) B5| 148 
9.52 495 Sa U 9.8 C 16,2 15,6 17,1 

9.82 509 26) 0. 9. B 18,4 17,7 19,3 

9. 82 528 | 25) 0. 9. 9| 906] 198} 21,6 

9. 82 537. 2 9. 87 119 Wo) 998) 21,9 | 23,9 

9. 82 551 shy 1p | 24:9) 23,9 | 

L. Cos. d.c L. 
Pars 
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TABLE XXXVI.—Logarithmie sines, cosines, tangents, and cotangents—Continued. 

{Extracted from Gauss’ Logarithmic and Trigonometric Tables. ] 

4220 

| D L. Sin d. d.c.| L. Cotg. L. Cos | d ees 

ES e E | = 

| Of 9. | 0.04 556 60 | 26) 25 
1 9. 4 0.04 531 69 1| 0,4] O4 
2] 9. 14 0.04 505 58 2/ 09] 08 
3] 9. 14 0.04 480 57 Be okey, ihe: 
4] 9. 14 0.04 455 56 UN a al ey 
5] 9.8: ue 0.04 4294 9.8 55 | el) Ber By 
6] 9.8: 14 0.04 404 ; 54 6} 26) 25 
7] 9.82649] 14 0.04 3789 9. 53 7} 3,0) 2,9 
8] 9.82663| 14 0.04 353] 9. 52 8) 35) 33 
9 9.82 677 14 0.04 328 9. 51 9| 3,9] 3,8 

[9,82 691} 24 0,04 302 f 9. 50 ilbectel ce 
9.82705 | 14 0.04 277] 9. 49 30 | a3’ | 135 
9.82 719| 14 0.04 252) 9. 48 40 | 17'3| 16°7 
9. 82 733 14 0. 04 226 9.8: 47 50 | 21.7 | 2 +e 

14] 9.82 747| 14 0.04 2014 9.8 46 On Ae peae 
9.82761 | 14 0.041754 9. 5 14) 48 

9. 14 0.04 150] 9. 44 1} 021 02 
9. 13 0.04125] 9. 43 9/ 05) of 
9. 14 099} 9. 42 3| 0,7) 06 
9. 8 v1 074 9.8 41 4 09 0,9 

9. ; ry 40 Bip WEL! abil 
9. 14 i 023 9.8 39 6] 14) 13 
9. 14 5 9. 38 7| 16] 1,5 
9. i 9. § 9.8 37 8} | gD) dT 
Ly Be 9. 8 36 EE PAU) i) 

2] 9.8 14 F996 078 98 35 10| 23) 22 
26] 9. 14] 9.96 104 9.8 34 20 | 47) 43 
27] 9. 14] 9.96 129 9. 33 30; 70) 6,5 
38] 9. 14] 9.96 155 9.8 32 40 | 93) 87 
29] 9. 14} 9.96 180 9.8 31 50 | 11,7 | 10,8 
30] 9. 1s 9.96 205 9.8 30 Mes un eh 
31 9. 14 9.96 231 | 9. 29 i1|/ 02| o2 
32 9. 14 9.96 256 9.8 28 sill tga lito 
33] 9. 14] 9.96 281 | 9. 27 3/ o6| 06 
34] 9. 13] 9.96 307 g 26 Salat areel eet 

983 14 9.96 332 9.8 25 5| 10| 0% / /9 
9. 14] 9.96 357 9. 24 Gil ey | aia 
9. 4 9.96 383 9: 23 7 14 1,3 
9.5 13 9.96 408 9. 22 8| 16} 1,5 
9. 14} 9.96 433 9. 21 9| 18| 16 

[Gr 14 F996 459 9.8 20 10} 20) 1,8 
9. 14] 9.96 484 | 9. 19 20) 40) 3,7 

13 9.96 510 9.8 18 30} 60) 5,5 
14] 9.96 535 9.8 17 40) 80) 73 
14] 9.96 560 | 9.8 16 | 50! 10,0 | 9/2 
ey 9,96 586 9.8 Qh ———— ee 

9.96 611 | 9.8 14 5 
i 9.96 636 9.8 13 ib wt a 

9.96 662 9.8 12 9 9 ox 
14] 9.96 087 9. ul Ath ele HE) ee 

at gel) a2) 11 . O 2 5 / , ‘ 

14] 9.95 738 0.8 25] meee oy in” 9.96 738 . 2 5,9 5,7 14] 9.96 763 9. 8 3 as 5; 5, 
13] 9.96 788 9.8 7 |e Oi ganiea banc 
14] 9.96 sid 9.8 6 Palmer tee yl) ae 
13 F996 839 9.8 5 6 : abel Pe 1A 58 Sh SE 154 | 14,8 

9.96 S64 9.81 4 7 5 7 = 14 y 162) 17,7 171 
9.96 890 9. 3 8 18.4 20,1 | 19,3 

13] 9,96 915 9. 2 9| so6] 995) 916 
14] 9.96 940 8 ay 10 | a3 | o4'8| 939 
13 9.96 966 On pee 2a 9 | ae | = 12 | d 

d. L. Cotg d.c L. Tang. ‘ TET ey 
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TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continued. 

[Extracted from Gauss’ Logarithmic and Trigonometric Tables.] 

43° 

u L. Sin | d. L. Tang. | d.c.| L. Cotg. L. Cos. | d PoP: 

0] 9.83 378 9.96966) | 0,03 O34] 9.86 418 | yo] 60 
1] 9.83392} 14} 9. 25 | 0.03 009] 9.86 401} 45] 59 26 25 

2] 9.93405) 18] 9.9 25) 0,02 984] 9.86 389 | jo] 58 1] 04) 04 
3] 9.83419, 14] 9. 26 | 0,02 9584 9.86377) 4, ] 57 2| 09] 0,8 

4] 9.83452) 1] 9. | %|_ 0.02 933] 9.86 366 TT} 56 3] 13| 1,2 
E 2 : _ 2 ANP RAN shige 

5 9.8: Ao og | 002 GOR 9.86 354 | 15 55 aaa ae 
6] 9.8: 3] 9 | 2 0,02 882] 9.86 342 54 2/2) 2, 

7] 9. a 9.9 ‘es 0.02 857} 9.86 330 | 15] 53 aes 
3] 9. é 9. 2 02 832 . 86 3 : 52 7] 30) 2/8 

| os) ds: Ee ee 0.02 S07 | 9.86 306 ae 31 Meee) ae 

NL os: a] oe | 25] Geer | see oss | 2) 49 WW] 43) 42 
% : ae | 95 aniire pots oea (bab 20) 87 | 83 

3] 9. “| 3 26 coo 70s | ose 250 [12] 47 30 | 13,0 | 12,5 : 9.8: : ; 6 02 70! 86 259 | 5: etealllerety 

4] 9. 13] 9, 25 0,02 680} 9.86 247 | 15] 46 aul leeds 
= Vip = 20 > G55 D9F 2 5 : lar ise! 

15] 9. 9. ; 0.02 6554 9. pl ® ci AE 
16] 9. ‘ 9. 26 | 0.02 629] 9.86 223 | >] 44 AE Gan fos 

rT es wo 2) 0:02 579] 9. uy o 2) 05 | o 
19] 9.8: ag 9. 26 | 0.02 553] 9.86 188} 75] 41 fi ne Le 

20] 9. ; 9) sual 9.86 176 | 45] 40 5| 12| 11 

21] 9. By 9.4 25 | 9.86 164/45] 39 Al\ anes 
22) 9. 13] 9.97 52: 26 | 9.86 152 | 55] 38 ol) eel ae 

231 9. 14] 9,97 548 | 25-| 9.86 140 | 12} 37 CO celine 
24] 9.8: 3] 9.97573 | 2 9.86 128 | 35 |__36 9| 21) 20 
35 | 9.8; 1) 9.97 598 | 2 | 9.86116 | j} 39 10 | 23) 22 
26] 9. 13.) 9,97 624} 26 | 9,86 104) 45] 34 20| 4,7| 4,3 

97} 9.8: 13] 9.97 649 | 25 | 9.86 092 | 75] 33 30] 7,0} 65 
28] 9.8: 14] 9.97 674} 25 9,86 080 | 75] 32 40| 9,3| 8,7 

-29] 9.8: 13} 9.97 700 26 9.86 068 | 55] #1 50 | 11,7 | 10,8 

30} 9. 1319.97 725| 2 9.86 055 | 45] 30 m 1 
Sti 9: 14] 9,97 750} 25 9.86 044 | 55] 29 1] 02) 02 

32] 9. 3} 9.97 776 | 26 | 9.86 032 | 35] 28 2| 04] o4 

33] 9. 13] 9.97 801.) 25 | 9.86 020) 45] 27 3| 06| 06 
34] 9. ig 9.97 826 | 25 | 9.86 008 | 45] 26 4| 08] 07 

B5) 9.8: : 9.97 8: 9.85 § wl 2 5] 1,0] 09 
36] 9. 13} 9, 9.8 wh 2 Gi || ah al 

37] 9. 13] 9. 9. 12) 28 7| 14) 133 

38] 9. 3] 9. rig 121 22 Sule or| ass 

39 9.8: 14] 9.8 9. 12 | 22 9| 18] 1,6 

40} 9.8: 2] Oy 9.8 1) 20 10) 2,0) 1,8 
41] 9.8: 3] 9.9 9.8 si 19 20 | 40] 3,7 

42] 9.8: 37 og ‘ ely ily 30 | 60} 55 
434 9. 4] 9. ‘ al | eal 40 | 80] 7,3 
44 9. 8: 13 9.6 9. o 16 50 | 10,0 | 9,2 

—as 9-63 980 Blea; 5 -| 3’e»»—cc—ccrg 

46] 9.83993] 13] 9. 9. ee 13) 13 12 
47] 9.84 006] 18] 9. 9. | 1 ail gles = 

48] 9.84020) M4] 9. 9. pl 2 26 25 25 
49 4 9.84 038 ag 9. 9 73) 4 buy 0,9 11 

50} 9.84 046 : 9.5 9 yw} 10 Bill aH 2,9 3,1 

51 9.84 059 13} 9. 12 9 3| 50) 48 5,2 | 

52} 9.84072) 13] 9. a 8 4 TA0 || Gig 73 

53} 9.84085]| I] 9. 13 7 5 | .90 8,7 94 
SL] 9.84 098 eS 9. 1D 6 6| 11,0 10,6 11,5 | 

s5) 9.82112) ty 9. == (eal |) 480 | 125°) 15 | 
56 9.84 125 13 9.9 2 Ph 8 15,0+ 14,4 15,6 | 

57} 9.841398] 134 9. 12 3 9| 17,0 | 16,3 17,7 | 

58} 9.84151} 13] 9. ie 5) 10| 190) 183 19,8 | 

59} 9.84164] 18] 9. 2) a4} | 20] 22] 2219) 
ae = 13 13 - | 23,0 22,1 23,9 | 
GO} 9.84177 9. 0 DN oe oa i) is | 25,0 | 24,1 = 

L. Cos. d. L. Cotg. Co L. Sin. d. eet 
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TaBLE XXXVI.—Logarithmic sines, cosines, tangents, and cotangents—Continned. 

{Extracted from Gauss' Logarithmic and Trigonometric Tables.] 

440 

U L. Sin. ad. L. Tange. | d.c. L. Cos. d IPE 
| Z 

0 9, 84 177 : 9.98 484 :; 9. 26 | 25 
1 9.84 190 13 9.98 509 25 9. 12 1 04 0,4 
2] 9.84 203 3} 9,98 534 | 25 9. 87 12 2 0,9 0,8 
3] 9.84216) I3] 9.98 560| 26 9. 12 4 1,3 12 
4] 9.84 929) 13) 9.98 585] 25 9.8 12 3 U7 Li 
5) 9.8622 | loose} 7° | 9. 8% 8 5 22| 21 
6] 9184255| 18] 9.98 635| 25 9, 8 12 6 26| 25 
71 9.84269| 14] 9.98 Ger} 26) 9. 12 7 30] 2,9 
8] 9.84282) 13] 9.98 686 | 25 | 2. 12 8 35 | 3,3 
9] 9.84095] -13] 9.98 711 | 25 9. 13 9 39| 38 

10} 9.84308) | 9.08 737| 76 9. 12 10| 43] 42 
u 9, 84 3 13] 9.98 762 | 25 9.8 12 20 8,7 8,3 
12] 9.84 35 13 9.98 787 25 9. 12 30 13,0 12,5 
13] 9.84 § 13] 9,98 812 | 29 9. 13 40 17,3 | 16,7 
14] 9.84 36 13] 9.98 838 | 26 9.8 12 50 | 21,7) 20,8 
Ib] 9.84 139,98 s63| 2? | 9. 8 M8 : 
16] 9.84 12] 9.98 88 | 25) 9. 13 14 13 
iz] 9.84398) 183] 9.98913) 25 9. 8: 12 0,2 0,2 
18 9, 84 E 98 & 26 9. 12 2 0,5 04 
19 Dyin. IL 25 9. 13 3 0,7 0,6 

20 | é > O01 on} 9 me -s oe) 0,8 
21 5 ‘ 26) 0.00985} 9 12 5 /2 11 
22 53 : 25) 0.00 9605 9. 13 6 14 1,3 

| 23 h | 2 25 0.00 935] 9, 12 7 16 1,5 | 
| 24 : é 25')/ 0:00 910)} 9. 12 8 19 17 | 

25 | | 26 | 0.00 S84) 9. AS 2 1 2,0 | 
26 ; 13 25 0.00 859 9. 12 10 2,3 2,2 
27 : 25} 0,00 834] 9. 13 20 4,7 4/3 | 
oR : 25) 0.00 809 9 12 2 30) 7,0 6,5 | 

29 é ‘ 26 | 0.00 783 1__9 12), : 40 93 8,7 | 
30 | i6|| | 0-00 Te | 9. AS lars Ope ela le Be 

| 31 glk ele 25) 0.00 733 4 9. 27 99 13 fh 
) : 26) 0.00 707] 9. 13} 98 2G 35 
33 é 25° 0.00 682] 9. 1if) "27 0 = s 
34. ‘ 343 | 22 | 0.00 657] 9. 13] 26 1 10, 09 
“351 9.82 630| 22) 9.99368] = 0,00 G32) 9. t2| or 2 SA ete 
36] 9.81643) 137 9.99 394) 26 0.00 606] 9. 127 94 3 Se ous 
37 9.84 656 13 25 0.00 581 9.8 13 23 4 7,0 7 

| 38) 9.84669] 13 25} 0.00 556) 9. 12] 99 5 elie Re 
39} 9.84 682 | 13 25 0.00 531] 9. 13] 21 Geel) ae 
40] 9.st0 ? 26 “G00 505 | 9.85 200 | 2 | 90 TI Geol wate 
41] 9.84 707) 18 20 | 0.00 4804 9.85 187! 13] 19 S| 17,0] 163 
42 9.84 720 13 | 25 0.00 455 9.85 175 | 12 18 9 19.0 18,3 
435 9.84733} 18 | 25) 0.00 430} 9.85 162) 13] 17 10) o10 | 20,2 
44 | 9.84 745 | 12 | 26) 0.00 404} 9.85 150 | 12] 16 | aso | 22,1 
5) 984758] ; of) 9:80 137 2) a5 By} 25,0 | 24,1 
46] 9.84771 | 18 25 00 3% 9.85195 | 121 44 ms = Ag 
47] 9.84 78 13 .00 328 9.85112} 13] 13 : Ss 
48] 9.84796 12 25 .00 30: 9.85 100 | 129 12 26 25 
49} 9.84 805 He 25 00 2 9. 85.087 He 1 Q iil 1,0 
50] 9. D : ae 00 25: 9.85 074 | 10 eile PsP 3,1 
51 g F 13 6 ; 9.85 062 | 12 9 3 5,4 5,2 
52] 9.84847) 12 25 0,00 2 9.85 049 | 18 8 a 7,6 7,3 
5: 9.84 860 13 25 | 9.85 037 | 12 7 = 9,8 9,4 

9.84 873 18 | 224) 9.85 024 i 6 6| 19 11,5 
9.84885] 12 epee 9.85 012 | 12) 5 7| Wa] 135 

56] 9.84 898) 13 | 25 9.84 999 | 13 4 g| 162 15,6 
57 | 13 29 9.84 986 | 13 3 9| 184 17,7 
58 9.84 925 12 25 9.84 974 | 12 2 10 20,6 19,8 
59] 9.84 936 | 13 ai 9.84 961 | 13 1 | 228] 21,9 
GO} 9.845 ie 2 0,00 000 j 9.84 919 | 210) pal) 2h ck) 

| L.Cos. | d. | L.Cotg. | dc. | L.Tang. | L.Sin. | a] / P.P. 
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