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I n t , I nt ,
Ta ngeu t Ex te rna l

I nt,
Tan qeu t Ex te rnalAn ele Tanzen t Ext crunl Ane le Anele

I " bO.aO .22 8" 400 .60 13 . 00 150 7501.32 ·IO. H
lO' bS.3·' .3 U 10' ·100 . 03 101 . 58 lO' 702 . 80 50 .5 5
~U 1,0.07 . 30 2U oll7 .4I 15 . 18 2U 77 1. 20 61.08
3U 75 .01 o-H) 30 '126 . 70 15 .80 30 770 .77 52. b2
40 83 . 3 1 . 0 1 ·10 ·13·1. 17 10 . 43 ·10 788 . 20 53 .97
60 0 1.68 .7a r,Q ·H ~ . 55 17 .07 5U 700 . 75 55 . 1:.s

.. 100 . 01 .Si O 450 . 03 17 . 72 16 805.25 50 .31
10 1U8.35 1.02 10 ·159 . 32 18 . 38 10 8 13 . 75 57 . 50
2U 116. 68 1. 10 20 ·167 . 7 1 19 . 00 ~o 822.25 58 .70
::U 1 ~5. 0~ 1.30 30 470 . 10 HL 75 30 830 . 70 50 .01
l O 133. 36 1. 55 40 484 . ·10 20 .·15 ·10 830 . 27 01.1 1
50 l H . 70 1. 75 50 ·102 .88 21.10 60 847 . 78 62. 38

3 150 . 0 1 1.00 10 501.28 21.80 17 856.30 63.63
l O 1r.s . 38 2 .1 9 l O 509 . 68 22.62 lO 804.82 6·1.00
2U lGG.72 2 .4 3 20 5 18.08 23.38 20 873 .35 00 .1 8
30 175.0G 2 . 67 30 526. 48 2·1.[.1 30 881.88 67.-17
4U 183 . ·10 2.03 40 534.80 2·1.01 40 800,.jl 68 .77
50 101.7·1 3. 21 W 5·13.20 25 . 70 50 808 .05 70 .00

, 200 . 08 3. ·10 11 55 1. 70 26. 50 18 007 .4 0 7 1.42
10 208. 43 3. 70 l O fiGO . H 27. 31 l O 01 0 . 03 72 . 70
20 216 . 77 -1.10 20 508 .53 28 .[.1 20 02-1.58 74 .1 2
30 2~5 . 12 4 .4 2 30 576.05 28. 07 30 033 .1 3 75 .4 9
·10 233. 47 .1. 70 40 585 . 30 20 . 82 40 OH .60 70 . 86
5U 21 1.81 5 .1 0 50 503.70 30. 68 W 950. 25 78 . 20

5 250 .1 G 5.46 12 002.21 3 1.56 10 058 . 81 70 . 67
l O 2,)8 .51 5 .&3 lO 610.01 32.45 l O 007. 38 81.00
20 200 .80 0 .2 1 20 019 .07 33 .35 20 975.96 82 .53
30 275 .2 1 6 .61 30 627 .50 34 .26 30 08·1.53 83.07
l U 233 .57 7. 0 1 l O 635 . 93 35. 18 ·10 093.12 85 .43
50 291.02 7 . 43 50 6H .37 36.12 50 1001. 7 86 .00

G
g~:~1

7 . 86 13 652 .8 1 37 .07 20 10 10. 3 88 .3 0
l O 8 .3 1 l O 66 1. 25 38 . 03 10 1018 .9 89 .80
20 316 .90 8 .76 20 000 .70 39 .01 20 1027 . 5 0 1. 40
30 325 .35 9 .23 30 678 . 15 39.00 30 103 u . 1 92.92
lO 333 . 71 9 .71 l O 686 .60 40 . 90 40 I OH .7 04 . 46
50 34 2 . 08 10. 20 50 695 .06 42 . 00 50 1053 . 3 96 .01

7 350 .44 10 .71 H 70 3 . 51 43 .03 21 1001. 9 97. 57
l O 358 . 8 1 11. 22 10 711. 97 -1-1 . 07 10 1070. 6 99 .10
20 367 . 17 11. 75 20 720.H 45 . 12 20 1070 . 2 100.75
30 375.54 12.20 30 728. 90 ·16 .1 8 30 1087 . 8 102 . 35
40 3 33 .9 1 12.85 40 737 .37 47 . 25 40 1090.4 103 .97
~O 392 .28 13 . H 50 745 . 85 48 . 3·1 50 1105. 1 105. 60

l nt .
IT.n«nt IE 'lO",,,1

l nt .
IT a n,,: clll l Ex t cru .r!

ln t . ITaltccnl l Externa lAI1ii::lc AII&lc Ang le

22° 1113.7 107 . 2·1 29 0 \01 81. 8 188 . 51 :JG O 1801.7 20·1. O
lU' 11:!:!. ·1 I US. OO l O' I ·WO. 7 190 . 7-1 io- 1870 . 0 207 . 7
:!LJ 1131. U 11U. '-,7 20 I ,WO. fi 102. 00 20 1880 . 1 300.0so 1130. 7 112. 2j 30 1':'US. 5 105.25 3U 18S9 . ·1 303.t.
40 11·IS . ·( 113 . 95 40 1517 . ·1 ioz .sa .\0 l S98 . U 300 .·1su 1157 . 0 115 . CG 50 1 5~G .3 109 . 82 5U 1007. 0 300 .3

23 1105.7 117 .38 30 1535 . 3 202 . 12 37 1017 .1 312.2
10 117·1. .\ 110.1 2 l O 15-1-1 . 2 2IH. H 10 1020 . ·1 315.2:!o 1183 .1 120. 87 20 l t.53. 1 200 . 77 20 1935 . 7 318 . 1
30 110 1. 8 122 . 03 30 1502 . 1 200.1 2 30 19 15 . 0 32 1. 1
·lU 1200 . 5 12·1. o\l 40 1571. 0 211. ·18 ·10 1!l5·L 3 321. 1
.>u 1200.2 120 . 20 50 1580 . 0 213 .80 W 1003 .6 3~7 .1

2' 12 17.0 128 . 00 31 1589 . 0 216 .3 38 1072 . 0 330 . 2
10 1~20 .G 129 . 82 lO 1598. O 218.7 l O 1082 . 2 333. 2
20 1235 .3 131. 05 20 1606 . 9 221. 1 20 190 1. 5 336 .3
~u 1241 . 0 133. LO 30 1015.9 223 .5 30 2000 .9 330.3
·lU 1252. 8 135 . 35 ·10 102·1.9 226 .0 ·10 2010.2 3·12 . 1
50 1261. 5 137 . 23 50 1033 .o 228 . ·1 50 2019.0 3·15 . 5

25 1270 . 2 139 .11 32 16·13.0 230 .0 30 2029 .0 3·18 .6
10 1279 . 0 141. 01 lO 1052 .0 233..t 10 2038 .·1 351 .8
~o 1287 .7 142 . 93 20 1001. O 235 . 9 20 20 17.8 35·i.9
30 1296 . 5 1-14.85 30 1670 . 0 23S .·1 30 2057.2 358. 1
·10 1305 . 3 l-l0 .79 40 1679 . 1 2-11 .0 40 2006 .6 361. 3
so 1311. 0 1-1 8 .7 5 50 1088 . 1 2·13.5 50 20 70. 0 301.5

26 1322 . 8 150.71 33 1607 . 2 2 10. 1 'O 2085.·1 367. 7
10 1331. 6 152. 00 10 1706 . 3 218 .7 l O 209 1.o 371. 0
20 13·10..l 15·1.G9 20 1715. 3 251.3 20 210 1.3 37·1. 2
30 1349 .2 156.70 30 172-1. ·1 253 .0 30 2113 .8 377 . 5
40 1358 .0 158 . 72 ·10 1733 . 5 2511.5 40 2 123.3 380 . 8
50 1366 . 8 160 . 70 50 1742 . 6 259 . 1 50 2132 .7 38 ·1. 1

27 1375 .0 162. 81 31 175 1. 7 201. 8 U 2112 .2 387 . 4
lO 138·1. ·1 161. 80 lO 1700 . 8 201.5 10 2151. 7 390 . 7
~o 1393 . 2 100.95 20 1770.0 267.2 20 2 161. 2 30·1. 1
30 H 02 . O 169 . 0·1 30 1779 .1 209.0 30 2 170. 8 397 .4
40 1·110.9 171. 15 40 1788 . 2 272 .0 40 2180 .3 ·100 . 8
50 l-l10. 7 173 . 27 50 1797 . ·1 275 .3 50 2180 o 1(H. 2

28 l-l28.6 175 .4 1 35 1806 . 6 278 . 1 42 2100 .4 407 .6
10 [.137 . ·1 177 . [,5 10 1815 .7 280 . 8 10 2200. o 4 11. 1
20 1-1-1 6 . 3 17!l . 72 20 182-1 . 9 283 .0 20 2218 .6 4l-l . 5
30 1455.1 181. 50 30 183·1.1 280 .4 30 2228 . 1 oJl8. 0
·10 H 64 . 0 18·1.0 8 ·10 18·13 . 3 280 .2 ·10 2237 . 7 42 1.·1
50 [.172 . 9 180. 20 50 1852. 5 292 .0 50 2Z·17. 3 -J25 . 0

II T AllLIi I. - Tungcnts an el Ext ernnls to n 1 ° Cu rve .
Chorei = 100 f t . TAlIlo.1 r. - 'I'an gent s and Exto rnals to n 10 Curve.

Chord = 100 í t,
III

Corrections to be Added (T = Tangent. E = Externa\.)

Int,
Curve S· l O· IS° 20° 25· 30· 35· 40° 65· 70·All&le 45· SO° 55° 60·

S· 1' - .02 .03 .05 .00 .08 .10 . 11 .13 .15 .16 .18 .20 · .21 .23
E~ .OOO .000 .001 .001 .002 .002 .002 .003 .003 .00t .CO! .CO! .005 .005

10· 't ~ .Õ3 -:00' .09 .13 .16 .19 .22 .25 .28 .31 .34 .38 .t 2 -:40-
E ~ .OOI .003 .CO! .006 .007 .003 .009 .011 .012 .014 .015 .017 .018 .020

15° 't- .ill- -:10 .14 .19 .24 .29 .34 .39 .45 .51 .53 .58 .63 --:Oç
E - .OO3 .007 .010 .014 .018 .023 .027 .029 .032 .035 .039 .013~~

.OS I
1' ;;;:00 - -:13 .79-

~, -

26" .19 .26 .32 .39 .45 .51 .58 .65 .72 .84 .90
E .. .OOO .0 1 ~ ...:!l~! .022 -:028 --'-~~ .038 .045 .051 .057 .063 .070 . 07~ .053

25· 1' - .08~.1 6 .24 i-.33 .40 .49 -:58 .67 .75 .83 .90 .99 1.00 1.IT
E - .O<Xl .018 , .027 .036 .0401 .050 .065 .074 .083 .093 .100 .120 . 127 .135

Corrections to be Added (T = Tangent. E =Externa!.)

I nl~ C 5. lO· IS· 20· 250 30· 350 40· 45· 50· 55· 60· 65· 70·
~D~le _ .urve

20. 1'- .Oíl .13 .19 .26 .32 .39 .45 .51 .58 .G5 .72 .;9 .84 .90
E=.OO6 .011 .017 .022 .028 .03·1 .038 .015 .0.)1 .0.;7 .Ü'õ3 .0 i O .070 .6".3

25· 1'= .O~ . 16 .2·1 .33 .40 .49 .58 .67 .75 .83 .90 .09 1.06 I. H
E-.DOO .018 .027 .030 .016 .0.;6 .0 :)'; .0i -1 .053 . 0~3 . 10G .120 .127 .13:;

30· 1'=.10 .I ~ .29 .39 .·19 .59 .69 .;9 .89 .09 1.00 1.~0 1.29 1.39
E=.013 .025 .038 .051 .Oe..; .0,8 .OJO .103 .116 .129 .B9 .170 .179 . 188

35· l' .11 .22 .34 .47 .58 .69 .80 .93 1.05 1.1; 1. 29 1.-12 1.54 I .G6
E= .018 .035 .051 .0; 2 .080 .100 .131 .153 .1';'5 .197 .213 .230 .247 .204_ .

.80 .93 1.06 1.20 1.34 1.49 1.6-l 1.79 1.9140· T - .13 .20 .40 .53 I .67
_ E = .O: :l.... -,01~~!0 ..:ont-,l ;~~-:!EI .203 .23·1 .2G5 .277 .200 .315 .3-11- -- 1.52 1.70 1.87 2.0·C 2.2r45' T = .15 .30 I.H .00 .76 .91 1.00 1.21 11.37

E = .030 .000 .0'l3 . IJ 9 .153 .18t l .210 .25 ·1 .289 .325 .351 .3; 8 .411 .445



Inl.
Tnngcnt External

Int.
T angen t E xt er nal

Int. -Ang lo Anglo An g10 'Ta ngen t Extern..,-43· 22:;7 .0 ·128 . !j 60 · ~G71 . S 592 .3 57· 311 0. 9 790 .1
10' 22 GO .0 ·132 . 0 10' 2ü8 1. 9 soo . fi 10' 3 121. 7 795 . 2
20 2270 .2 435. 0 20 2092 . 1 000 . 9 20 3 132.0 800 .{
30 2285 . 9 139 .2 30 2702 .3 605 . 3 30 3 143 . ·1 80;;.G
·10 2295 . 0 4-12 : 8 40 2712.5 609 .0 40 315·1.2 810. 9
50 2305. 2 4-10.-1 50 27~2. 7 0 14. 0 50 3 165 . 1 810 .1

ti 23 H .0 -150 . 0 6 1 2732 . 9 618 . 4 58 3176.0 821.4
10 23 2-1.0 ·1;';3.0 10 27{3. 1 622 .8 10 3 186 . 0 826 . 7
20 2331. 3 ·1.~)7 .3 20 275 3 . 4 627 .2 20 31lJ7 . 8 832 . 0
30 231-1. 1 ·101.0 30 2763 . 7 631. 7 30 3 208 .8 837. :,
40 ~353 .8 161.6 ·10 2773 .0 630.2 40 32 10 . 7 8 12 . 7
50 23 63 .5 ·168 .·1 50 278·1.2 IHO. 7 50 3230.7 848.1

46 237 3 .3 472 .1 62 2794 .5 0·15.2 60 32-11 .7 8'; 3 .5
10 238 3 . 1 475. 8 10 2801.0 6·19. 7 10 3252.7 858 .0
20 2:192. 8 470 . 0 20 2815.2 05·1. 3 20 32G3.7 80·1.3
30 2·102.0 483.4 30 2825 . 0 6';8 . 8 30 327-1 . 8 809 .8
40 2·112.4 487 .2 40 2835.0 663.4 40 3285 .8 ~75 .a

50 2.J22.3 401.0 50 2846. 3 668 . 0 50 3206.0 880 .8

,O 2 ·1 3~ . 1 ·10·1. 8 53 2856 . 7 672. 7 60 3 308 .0 886 . 4
10 2 1-11 . 0 ·198 . 7 10 2867 . 1 G77.3 10 331lJ .I 892 .0
20 2 151.8 502 .5 20 2877 .5 682 .0 20 33 30 .3 807 .';
30 2 161. 7 ':'00 . ·1 30 2888 .0 G80.7 30 33 ·11.4 903 . 2
40 2-171.5 510.3 40 2898.4 GOI.·1 40 3352.6 008 . 8
50 2·181.·1 5 H . 3 50 2908.0 696 . 1 50 33G3 .8 014 .5

'7 2 191. 3 5 18.2 54 2919.-1 700. 0 6 1 33 75 .0 9Z0.2
10 230 1. 2 522.2 10 2920.0 705 . 7 10 3380 . 3 O:!5.D
20 2.)11. 2 520 . 1 20 20·10. '( 710 .5 20 3397 .5 lJ31. o
30 2.';21. 1 530 . 1 30 2951. O 7 15.3 30 3·108.8 937 . 3
40 2531. 1 534.2 40 2961. 5 720 . 1 40 34 20. 1 0·1 3 .1
50 25-11 . 0 538 . 2 50 2072 . 1 725.0 50 3·131A 9 ·18. 9

48 2551.0 5t2.2 55 2982 .7 720.0 62 3H2 .7 0;;4 . 8
10 2;;61.0 5·16 .3 10 2903 .3 73-1. 8 10 345-1. 1 OGO. 6
20 2;;71. 0 550 . ·1 20 3003 . 0 730 . 7 20 316 5 .4 060 . 5
30 2581. 0 554.5 30 30 1-1.5 7H .0 30 34 76 .8 972 . ·1
40 2;;91. 0 5;;8 .6 ·10 3025. 2 749 . 6 40 3·188 . 3 978 . 3
50 2601. 1 562 .8 50 3035 . 8 754.6 50 3400 . 7 984 .3

49 2611.2 566 .9 50 3046.5 759 .0 63 35 11. 1 990.2
10 2621. 2 571. 1 10 30 57 .2 701. 6 10 3522 .6 996 .2
20 2631.3 575 .3 20 30G7. 0 769 .7 20 353 4 . 1 1002.3
30 2611.4 570.5 30 3078 . 7 774 .7 30 3545.6 1008 . 3
40 205 1. 5 583.8 40 3089 .4 770 . 8 40 3 557 . 2 10 14 . ·1
50 2061. 6 588.0 50 3 100 . 2 784 .9 50 3.jGS .7 1020 . 5

vTABLE I. - Tangente nnd Extcrnnls to a 1° Curve.
Chord - 100 f t

Corrections to be Added (T =Tangen t . E =Externa!.)

-
l n l. Tangcn t IE xte rna !

lnt .
ITancen tIEx terna!

In t .
Angle Anglc Anglo T angcnt Externa !

61· 3.;80 . 3 1020 .6 71· ·1086. 0 1303 . 2 78· 4630 . 8 10 13.0
10' 3;;0 1. 9 1032 . 8 10' ·1090. 5 1315 . 0 10' ·16;;3. 6 1051. 7
20 3603 . 5 1039 . 0 20 ·1112 . 1 1322 . 0 20 ·1667 . 4 16GO. fi
30 31)1 5 . 1 10 15 . 2 30 ·1l ~ t. 8 1330 . :1 30 ·1681. 3 I G09 . 2
·10 3626 .8 10;;1. .\ ·10 ·1137.·\ 1337 .7 40 ·IG95. 2 1678 . 1
50 3638 . 5 10';7.7 50 4150 .1 13-1 5 . 1 50 ·1709 . 2 1080 . 9

65 3G;;0 . 2 10G3 .9 72 -IIG2. 8 1352 . 6 79 -17 23 .2 160;;.8
10 auor.9 1070 . 2 10 ·117':'. 0 1360 .1 10 ·1737. 2 170 1. 7
20 3073 . 7 1076 . 6 · 20 ·1188 . 5 1367 . 0 20 ·17'; 1. 2 1713 .7
30 3G85 . -I 1082 .o 30 ·1.!O1. 2 137:; . 2 30 -176';. 3 ]1 22.7
40 3G07. 2 I OSO. 3 ·10 ·1211. 0 1382 . 8 ·10 ·\770 .-1 1731. 7
50 3709 . O 1005. 7 50 ·1226 . 8 1300 . 4 50 ·1793 . 6 1740 .8

66 372 0 .9 1102 . 2 73 ·1239 . 7 1308 . 0 80 ·1807 . 7 17·10 . 0
10 3732.7 1108 . 6 10 4252. G 1·10'; . 7 10 -1 822. 0 175fL O
20 a 7H .0 1115 .1 20 ·12(j,i . G 1-1 13 . 5 20 ·1836 . 2 1708 .2
30 37:;0 .5 1121. 7 30 -1278 . 5 1-1 21. 2 30 -1 850 .5 1777 . 4
·10 37Ci8 . 5 1128. 2 ·10 ·129 1. 5 1·120 . 0 40 ·\80-1.8 1780 .7
50 37S0 .-l 113·1.8 50 ·130 1. 6 B30.8 50 ·\8 79 . 2 1796 . 0

67 3702 .4 11-11.-1 7( ·1317 . o 1H ·1. 0 81 ·1803 . 0 1805 . 3
10 380 1. 1 lH8 . 0 10 -1:130 .7 1-1 52.5 10 ·\00 8 .0 181·1. 7
20 38 IG. -1 1151. 7 20 ·13 13 . 8 BOO. ·1 20 ·1022. 5 IS2·1. 1
30 3828 .-1 1101. 3 30 ·13;;0. 0 1·108 . '\ 30 ·1037 . o 1833 . 0
·10 38 -10 .5 II G8.1 ·10 -1 370. 1 1170 . 1 ·10 ·1051. 5 18·1 3 .1
50 3S5~ . G 117·1.8 50 ·1383 . 3 B 81. 4 50 4966 . 1 1852. 6

68 3S0 I. 7 1181. 6 75 ·130G.5 B02 . ·1 82 4080. 7 1862 . 2
10 3876 .8 1188. ·1 10 ·1100 . 8 1500 . 5 10 ·1995 . 4 1871. 8
20 3880. 0 119 5 . ~ 20 ·1123. 1 1508 . G 20 5010 . 0 1881. 5

30 390 1. 2 1202 . 0 30 ·1130 . ·1 1'; 10 .7 30 502 1. 8 1801. 2

·\0 30 13 . ·1 1208 . 0 ·10 ·IH O. 7 152·1. 1) ·10 5039 . 5 1900 .9

50 3925 .6 1215. 8 50 -1-163 . 1 1533 . 1 50 505-1. 3 1910. 7

69 3037 . 0 1222 ,7 76 -1-176 . 5 15-11 . ·1 83 5069.2 1020 . 5

10 3050 .2 1220.7 10 -1\89 .9 15·19 . 7 10 5OS·1.o 1930 . 4

20 3062 . 5 1236. 7 20 ·1';03.-1 15';8. O 20 5099 . 0 19·10. 3

30 307-1 .8 1243 .7 30 ·1'; 16 . 9 1566 . 3 30 5113 . 9 1950. 3

·10 3087 . 2 1250 . 8 40 ·\;;30 . ·1 1574 .7 10 5128 . 9 1060 .2

(;0 3009.5 1257 .U 50 ·15 1-1 . 0 1 5~3 .1 50 5143 . 9 1970 . 3

70 401 1.o 1265 .0 77 ·1551.6 1501. o 84 5150.0 1080 .4

10 402·1. 4 1272 .1 10 ·1571. 2 1600. 1 10 5174. 1 1090. 5

20 '1036.8 1270.3 20 ·1584 . 8 1003 . 0 20 5189 . 3 2000. o
30 ·10 19 .3 1286 .5 30 ·1 598 .5 1617.1 30 5201 .4 2010. 8

40 ·1061. 8 1293.6 40 4012 . 2 1625 .7 40 5219.7 2021. I

50 407-1. ·1 1300.9 50 -1 626.0 163·1.4 50 523·1. 9 2031.4

TAIll.r: r. - Tangents an d ExtcrnaIs to a 1 0 Cu rve .
Cho rd = 100 ft .

Cor rect ions t o be Added (T =Tangent. E =Externa!.)

IV

1~1e Curve 5° 100 15° 20° 25° 30° 3So 40° 45° SOo 55° 60° 65° i O°

40" T- .1 ~ .26 .4Q .53 .67 .80 .93 .106 1.20 1.31 1.49 1.6! 1.79 1.91 I
__-I---ôE=,-.::;.",,0=!..~046 .0, 0~:l3 . 117 . 141 .172 .203 .231 .265 .277 .290 .315 .311 I

45. ~- . 1 5 .3õl.H .60 .76 .91 1.06 1.21 1.37 1.52 1.70 1.87 2.04 2.21 '
_ _ _ ~-.l?30 .0601.093 .119 .153 .184 .216 .254 .289 .325 .331 .378 .411 .H 5 I

50' T - .17 .34 .51 .GS .85 1.02 1.19 1.36 1.54 1.72 1.91 2. 10 2.29 2.18
_ . E - .037 .075 .116 . Iól .189 .227 .266 .305 .345 .384 .425 .467 .508 .550

55' T - .19 .38 .57 .76 .95 1.11 1.32 1.52 1.72 1.92 2.14 2.35 2.56 2.77
_ _ E - .040 .093 .112 .188 .236 .283 .332 3.81 .420 .479 .530 .582 .641 .700

~
o' T - .21 .42 .63 .81 1.05 1.27 1.·19 1.71 1.9! 2.17 2.38 2.60 2.83 3.07

_ _ E - .056 .112 .168 .225 .2S3 .340 .398 .457 .516 .575 .636 .697 .774 .851
'30 T -.23 .46 .69 .93 1.16 1.10 1.6 1 1.88 2.13 2.38 2.63 2.88 3. 13 3.39

E - .OU7 .135 .204 .273 .343 .4 12 .483 .551 .625 .697 .711 .815 .922 1.01

lnt. Curve So 10· 15° 20· 25· 30· 35· 40· 45· 50· 55· 60· 65· 70'

_ADi le
T~.2 1 .42 .63 .84 1.05 1.27 l.49 1.71 1.91 2.17 2.38 2.60 2.83 3.07

60· E = .056 . 112 .168 .225 .283 .3-10 .398 .457 .516 .575 .636 .697 .774 .851

T ~ .23 .46 .69 .93 1.16 1.40 1.61 1.88 2.13 2.38 2.63 2.88 3.13 3.39
65° E=.067 .135 .204 I .273~~ I .412 .483 .551 .625 .597 .711 .845 .922 1.01

1'-.25 .51 .76- 1.02 1.28 1.54 1.80 2.06 2.33 2.60 2.88 3.16 3.H 3.72
70· E = .080 .159 .240 .321 .403 .185 .568 .652 .735 .819 .906 .994 1.08 1.17

T - .27 .li6 .83 1.12 1.40 1.69 1.98 2.27 2.57 2.87 3.16 \3.47 3.78 4.1Y.l
75° E-.095 .182 .286 .383 .480 .578 .678 .777 .877 .977 1.07 1.18 1.29 1.39

T=.30 .61 .91 1.22 1.53 1.81 2.15 2.46 2.78 3.10 3.44 3.78 U2 4.15
80· E- .1I0 .220 .332 .4-15 .558 .671 .787 .903 1.02 l.l-ª_1.25 1.38 1.50 1.62

-- 3.05- 3.77 4.14 4.55 4.89-
T = .33 .66 1.00 1.33 1.68 2.02 2.36 2.70 3.40

85' E = .128 ..zS9 .391 .524 .657 .790, .920,1.06 1.20 1.34 l.4 7 1.62 1.76 U I



In t ,
Ex tc run l

I nt .
T art gcn t Ex terna !

I nt .
T an gem

An~lo Tnnccn t l\nc1c An ele l ~ x t c rha l

ZOl 1. 7 r1033. 2 2.')18 .5 99' 0708.0 -85° :l~.j ("j . 3 92' aoa::! .7
lO ' ij~(j5.(j ~ O,)2 . 1 10' rln.'iU.[) 25 3 1. O i o: 0728 . ·1 310 7. 7
20 ;;28 1. 0 20n2. 5 ZO 5% 7 . 9 25 13 .:1 20 07-18. 2 3 122.0
31l 5~(j .·l 20;3 .0 30 ;:'985 .3 2350. 0 30 07n8 . 1 3 138. 1
·10 [,311. 0 2083.5 ·11l nOOZ. 7 2,; 63. 0 ·10 0788 . I 3153 .3
Gil Ú3Z7 . ·1 zoa I. 1 GO 0020 .2 2:;~n. a GO 080 8 . 2 3 108.7

86 53·13. 0 ZIOI. 7 93 n037.8 2501.0 100 n8Z8 . 3 318·1. 1
10 [,358 . 6 2 11;"; ,:\ 10 0055 .,1 ZOOO.8 10 li8 18.G 3 1Oa .G
ZO [,37·1. ~ 2 t :!tl . () 20 nll73. 1 Z610. 7 ZO G8G8.8 3215. 1
30 .'J3Sn .O 21:Hi. 7 30 OOaO .8 2032.0 30 n880.2 3Z:l0. >
·10 rltot,. fi 2 117. r. ·10 GI08.0 26·1;' . 5 ·10 ( )no~ . G 32·Hi. ,;
so Ú·1Z1. ·1 2 1fiSA 5:] GI 20 . ·1 2G5S .5 50 G030.1 3:.!G2. 3

87 [..137 .2 2 1 GO .~ 91 GHI.3 207 1. o 101 G050 . 0 32 78. 1
10 :; l i l:1. I 2 1S0 . 2 10 GU"j:.? G 20 8 1. 7 10 0071. J 3~01. 1
ZO 5 1GO .0 ZIOI. I eo ,. 180 . 2 2007 .0 20 oose.o 33 10. 1
31l [, IRI . fi 2202 .2 30 OW8 .3 2711. 2 30 70 12 . 7 332G. I
40 5.'>00. 0 2213.2 ·10 O~ IG . -I 272 lo [ I 010 7033 . li 33· 1 ~ .3

GO 55 17 . 0 2221.3 GO OZ31. o Z737 .0 ÚO 7051 . 5 335 8 . ,j

8S 5533 . 1 2235 . .) 95 G2J2 . S 275 1. 3 102 7075 . 5 3374. 9
10 5,j·1O . :.? 22·10. 7 10 0271. I Z701. 8 l O 700 0 .G 339 I. 2
ZO 5.36.3. ·1 2.?j S. U eu ouso .·1 2778 .3 20 7 117 . 8 3 107.7
30 5;\81. fi ~:!G0 .3 30 G307 .0 2702 .0 30 71 30 .0 312·1.3
·10 55fJ7 .8 2280 . G ·10 G3ZG.3 2805 .G ·10 7100 . 3 3 HO.0
1:0 5GH .2 2202 . 0 ;j (J 03 H.8 2810 . ·1 ;')0 718 1. 7 3 157.G

8D 5630 . 5 2303 . ii 96 6303 ... 2833 . 2 103 7203 . 2 347·1. ·1
10 56·\6 .9 23 15 . 0 lO 0382 . I 28-17.0 10 722 ·1.7 3lD I. 3
ZO 5363 . ·1 2320 . li ZO 0 100 . 8 2301. O 20 7ZIO . 3 3:;03 .2
30 SU70 .0 2338. 2 30 GlIO .5 287:;. 0 30 72 08 .0 3.325.2
40 5GOGA 23 10 . 8 ·10 0 138 . .\ 2880 .0 ·\ 0 7280 . S 3:a 2 . ·1
ÚO 571 3 . 0 23G1. 5 50 6 157 . 3 Z003 . 1 GO 731 1. 7 3,j 59 . G

90 5729 . 7 237 3. 3 D7 0176 .2 Z017 .3 lO! 7333 .0 3570.8
l O 57·16. 3 2385 . 1 l O 6-105 . 2 203 1. o 10 7355 . G 35~H . 2
20 57G3 . 1 2307 .0 20 0:;J.I .3 20·15. 0 20 73 77 .8 30 11. 7
30 5779 . 0 210 3.0 30 ü,; 33 . ·1 2000 . 3 30 7300 .0 3G20 .2
40 5796 .7 2·IZO. 0 ·10 05G2. 6 207-\ . 7 40 7·122.2 30·IG.8
50 5813. 0 2·132 . 0 GO 0571. o 2080 .2 GO 7H ·I. G 3001. 5

91 5830 .G 2-1-14.0 D8 059 1. 2 3003. 8 105 7-107 . 0 3082. 3
10 58-17.5 2-157 . 1 10 0610 .0 30 18 . 01 10 7-I80 . G 3700 . 2
ZO 586 1. 6 2·IGO . 3 20 6ü30. 1 30 33 . 1 ZO 75 12 .2 3718 .2
30 533 1. 7 2181.G 30 0649 .6 3017 . 0 30 7:;3 ·1. 9 3730 . Z
40 5808 . 8 2 \03 . 8 ·10 0000.2 3002 . 8 010 7557 . 7 3 75·1.-1
GO 5910 .0 2:;00 . 1 50 G088 . 3 30 77. 7 50 7:>SO. ;j 3772 . G

1nt.
T ungent IExtern .1

'Int . ITangent Ex te r na!
In t ,

T an R:pnt J:xtcrnlllAngl o Anglc Ang lc

lOGO 7003 . 5 370 1. O I II' 8336 . 7 -1 380 .1 1160 9 109 . 4 5082 . 7
io- 7020.0 3800. ·1 l O' 83GZ. 7 4107 . G 10' 0 190 . 1 5 107.0
20 71l10. 7 3827 . 0 ZO 838 8 . 9 -lI 20 . Z 20 9220 .0 6133 . 3
30 7072 .0 3S·1r.. fi 30 8-115. 1 .f.I50 .0 30 9250.0 5168 . 8
·10 7696 . 3 386 6 . 2 ·10 8·141. 5 ·1-17 2 . 7 ·10 0289. 2 G18·1.6
50 7710 .7 388·1.0 50 8·168 . 0 ·1·\0 ·1.6 50 0319. 5 5210 .3

10 7 77-l3 .2 3902 .0 112 8 ·\9I. G -1 516 .0 11 7 03-10.0 5236 . 2
10 77GO. 8 3a21.0 10 8521. 3 ·1538 .8 10 0380 . ú Ú26Z. 3
ZO 77QO .5 30,10 . 0 ZO 85·18. 1 .J;j01. 1 20 9·111. 3 5288 . G
30 78 1L 3 3000 .1 30 8575 .0 . ·1 583 . ·1 30 0.J42 .2 5315. 0
·10 7838 .1 3070 . ·' ·10 8G02 . 1 ·1fjOG . O ·10 0·173. 2 ú341. 5
50 7802 . 1 3008.7 GO 8GZO .3 ·\ G28 . 6 50 050 1. 4 5368 . 2

108 7880 . 2 4018 .2 113 8050 .0 ·\ 051. 3 118 053 5 .7 5305 . 1
10 7010,0\ 4037 . 8 lO 8681. O ·107-l . 2 l O 0507 .2 5-122 . 1
ZO 703L O -1 057 . ·1 20 8711. 5 oI G97 . 2 20 0508 .o 5-140 .2
30 7050 . 0 4077 . Z 30 8730 .2 ·1720 .3 30 9630 . 7 5176 .5
·10 7983 . 5 4007 . 1 ·10 87G7.0 ·17-l3 .6 ·10 9062 . 6 5504. 0
50 8008.0 .J117. 0 GO 870L9 476 6 . 0 50 969·1. 7 5531. 7

109 8032 . 7 4137 .1 114 8822. o 0\700 . ·1 119 0727 . O 5559 . -1
10 805 7 .01 .J1ú7. 3 l O 8851. o 48 B . 1 10 07ú9 . ·1 5587 .,1
20 8082 .3 4 177 . 5 20 8870 .3 4837 . 8 20 9792 . O 5615 . ii
30 8 107.3 01107. 0 30 8007 .7 -1 861 .7 30 982·1. 8 5043 .8
·10 8132. 3 -1 218 . -1 ·10 8030 . 3 488G. 7 40 0857 .7 507 2 . :
50 8 157 .5 ·1230 .0 50 806 5 . 0 ,\Uoa . o LO 08aO.8 5700 .a

110 8 182 .8 4259 .7 115 8003. 8 493·1. 1 120 002·1. 0 5729 .7
10 8Z08 . 2 4280 . 5 10 902 2 . 7 ·la58 .G 10 0957 .5 67G8 . li
ZO 823 3 . 7 -1 301. -1 ZO 00 51. 7 4a83 i1 20 000 1. 0 5787 .7
30 8250. 3 4322 . " 30 0080 . 0 5007 .8 30 10025 .0 5817 . 0
40 8285 . o 01 3·\3 . 0 ·10 0110 . 3 5032 .0 ·10 100Ga.0 5816 .5
GO 8310 .8 ,1301.8 GO a1 3a . 8 5057 . G 50 10003 .0 5876. 1

VI T ABU; 1. - Tn ngcnts nnd E xternn ls to :l l' Curve.
Cho rd = 100 ft.

Correct ions to be Added (T = 'I'angen t, E. = E xterna!.)

TAD LE 1. - Ta ngents and External s to a l ' Curv e.
Chord = 100 ft.

Corre et ions to be Added (T = Tangent, E = Externa l.)

VII

Int,
Curve 5° l O' IS' 1 20. 25" 3D· 35' .40· I 45' 50· 55· 60· 65· 70'Angle

55° T - .33 I .66 1.00ti 1.33 1.68 2.0! 2.30 12.70 13.05 3.·10 3.77 .j,J .( 4.55 4.89
E~ . 1 28 .259 .391 .524 .657 .700 .92G I.OG 1.20 1.3·\ 1..J7 \.02 1.7G 1.91

90' I T - .36 .72 1.09 1l.4 5 1.83 2.20 2.57 2.9\ 13.32 3.70 4.10 4.50 4.01 5.32
E = .HO .290 .450 .603 .756 .910 1.07 1.22 1.38 1.54 1.70 \ .87 2.03 2.20

93° I T=.30 .79 1.19 11.55 2.00 2.40 2.80 3.20 13.61 4.02 4.·10 4.98 5.38 5.83
E= .174 .350 .522 .706 .985 1.00 1.25 l.4 3 1.62 1.80 l.99 2.18 2.38 2.53

I ~' I T - .43 .86 1.30 11.74 2. 18 2.62 3.06 3.50 13.95 4.40 4.88 5.37 5.851 6.31
E= .2CO .401 .60 1 .s oo 1.01 1.22 1.43 1.61 1.85 2.06 2.28 2.GO 2.73 2.96

l OS· I
T = .46

I
.94 1,42 11.90 2.38 2.87 13.34 3.8 ·1 14.351 -1.84 5.35 15 .87 0,.10 16•93

E- .2: 0 .rro .7COI .938 1.17 1..t2 1.65 i .co 2. 11 2.39 2.&\ 2.9 0 3. 16 3.41-

Int. Curvo So lO· 15° 20' 25° 39· 35· 40' 450 50' 55· 60' 65· 70'
Angle

T=.43 .86 1.30 J.7 -1 2.18 2.62 3.06 3.50 3.95 4.40 4.88 5.37 5.85 6.31
109'

E~ .200 .401 .601 .8ro 1.01 1.22 1.43 1.&1 1.85 2.06 2.28 2.50 2.73 2.96

T = .46 .9-1 1.42 1.00 2.38 2.87 3.34 3.84 4.35 4.84 5.35 5.87 6.40 6.93
lOS' E= .230 .4iO .700 .038 1.17 1.42 1.65 1.90 2.14 2.30 2.&1 2. 00 3. 16 3.41

T= .50 1.03 1.55 2.06 2.60 3.14 3.66 U I 4.76 5.31 5.86 6.43 7.01 7.59
110· E .200 .535 .s08 1.08 1.36 1.63 1.91 2.19 2.49 2.61 3.05 3.35 3.65 3.95

T= .51 1.13 1.70 2.29 2.86 3.45 4.03 4.63 Ü 3 5.83 6.44 7.07 7.70 8.35
115° E= .307 .624 .939 1.26 1.57 1.89 2.2 1 2.50\ 2.87 3.20 3.53 3.88 4.23 4. 68

T -.61 1.25 1.89 2.52 3.16 3.81 4.44 5.11 5.78 6.44 7.11 7.80 8.51 9.21
1200

E~ .330 ,720 I. CS 1.45 1.82 2.20 s.re 2,95 3.33 3.72 4.10 4.50 4.91 5.32



1-16 13-32 1 " 3-161 L, " "
16 I lí I JS I I; I ~, \ ~,.0052 .0078 .0IiJ.! .01;;6 .0208 .0260 .0313 .0117 .0521 .062.; . 072~

I :! 3 .f ,1 tj 7 S 9 10 II
.0833 .1667 .2500 .3:J33 A 167 .;; UUO ..1~:t :1 .li6G7 .1,,00 .S :5~3 .H1til

IXCURVE FORMULAS

L \IlI. E \ .·- lllch es. n D eCim ai s o f a I· oo \.

1' .0167 II' . 1833 21' .'1;;00 31' ..'H67 41' .6833 51' .8 500
2 .0333 12 .2000 22 .3067 32 .5333 42 .7000 52 .8667
3 .0500 13 . .2 107 23 .3833 33 .5500 43 .7167 53 .8833
4 .OG67 J.I .2333 U .4000 J4 ..)667 H .7333 54 .~OOO

5 .OS3:1 15 .25 00 25 ,4167 35 .5833 45 .7r,oo S5 .9 167
6 .1000 16 .2667 26 .-1333 36 .6000 46 .7667 56 .~a33

7 . 1107 17 .2833 27 ,4500 37 .6107 47 .7833 S7 .9;'100
8 .1333 18 . .3000 28 .·1667 38 .6333 48 .8000 58 .fl G67
9 .1500 19 .3 107 29 .·1833 39 .6500 49 .8167 S9 .0833

10 .1667 20 .3333 30 .!iOGO ·10 .6667 50 .8333 60 1.0000
,

l' I{ t an } I
t t I R = 'r COI, l I I d'T .'ia a n , Cho rd d er. = C ror

Si n o l IJ R 50 - 1{-

D 50 - Sin o I IJ I
S in o = R E R N o . chords = -0

.';0 ta n l I ex . sec
S ino J) = T E T ta n t I T a n . der. = ! chord der.

Thc squa re o f a ny d ista nce , d ivi d ed by tw icc t he rad ius , w ill equ a l
th e ~I~ tance fr om tangcnt to curve, ve ry ncarl y, .

l o find a ng le for a grven d ist ance a nd deflectio n .
. !ü l!e I. l'\'l u l t i~J }: th cgiven dis ta nce by .01i-l5 (d e r. for I ' for I It ,

sec 1a b le 11.), a nd .d lvld~ grven deflection by lhe prod uct .
I~ule 2 .. M ultiply grvcn d efl ection by 5i .3, a n d di v id e t he prodnct by

t hc grven d istance.
To find d efl ection for a g iven a n g le and di stance, i\1 ultiply l he a n gl e

by .0 1i45, a n d the product by the di st ance.

GE N E R A L DATA
RI GllT ANGL E TRIAN(óI.ES. S q ua re lhe a lt it ude di vide by twice th e

b a s e . Add quot icnt 10 base for h ypotenus e . '
(: !ven Ba se 10 0 . Al I. 10 .10'+ 200=.5. 100+.5 = 100 .5 h yp.
G ive n H y p. 100, AlI. 2 5 .2 5' +200 = 3 .125 . 100-3.1 2 5 = ')6 .8 75= Base.

Error in first exa rnplc, .00 2 ; in Iast , .0-l.'i.
T o finei :r~lI1 s o f R ai! in one m ile of tra ck : mul tiply weight pe r YMd

by I I . and divid e by i. .
LE \·!ll. ING. T he cor rect io n for curvature a n d rc íract ion, in [cct

a nd deci ma is of fe et is eq ua l t o 0.574d ', w here d is t he d islance in mil es ,
The corrcct íon for curvature a lo ne is closcly , I d ' . T he co mbined cor­
re ct io n is n egative .

PROnAlll. E ERROR. If eI I, d " d , e tc. a re th e d isc rcpa nc ics o f va rious
resul t s Ir orn t he mea n, a nd if :l:eI'=the su rn o f t he sq ua res of t hcsc d iffer­
erices a nd n = lhe n umbe r o f observat ions, the n t he proba ble error o f the

m ean= ~ :lOd '
±0.Gi '15 n (n -l)

S OLAR EPIlE~IER IS. A ttent ion is ca lled to t he Sol a r Ephe mcr is for
the c u rren t yea r, pu b lished by K e u fTel & E sser C O., a nel íurn ished upo n
req u es to T his ha ndy book let, 3~xG in . , ha s about HlO pa g es o f data very
useful t o the S u r veyor ; s uch as the adjust m e nts o f transits, leveis a nd sola r
a ttac h ments ; di re ctions a nd t ables for determin ing t he meridia n and li ",
latit u d e from observations o n t he s u n a nel Pola ri s ; stad ia m ea suremen l s ;
m a gnetic declination; arithmetic constan t s, e tc .

TA IlLE I V -i\l in utes in D ecima is of a Degree

Tho 1111<1 <1 10 ord ína to ln inch es f or I\I\V ,,0«1 oi Ieng th (O) " eq ua l to .00 12 C'
multípli ed by th o rnid dle ordinnt o tn K'on Irom th o above tablo. 'I'hua, iC·i t
desirod to b énd a ~O f t , rail to fi t 1\ l Od eeree curve, i ta m iddle ordinato should
bo .OOI2X900 X2. 183 or 2.36 i nches.

TABLE III. Deflections for Sub Chords for Short Radius C u r ves.

Mid. Tan. Dd . Dei.
Itcd iue Mid. Ta.. DeC. DeC.

D~. IUdius Ord, Dist. D ist. Cor Dez, Ord. Dlst. Dist. Cor
1 Ft. I FI.

n. u, It. I t . n, It. U. It . rr
0"1 0' 3 ·1 377. .030 . 145 . :!:lI 0 .05 7" 810.0 1.528 0 . 105 12 . 21 2. 10

20 17180. .073 •:!:lI .582 0. 10 20' 781. 8 1. 000 0.305 12 .7 0 2 . 20
30 l U M). .i oe .·131l .873 0 . 15 30 71l1. 5 1 .1l37 0 .540 13 . 08 2 .2.;
40 850 I. 4 . 1·15 .582 1.16·1 0. 20 ·10 717 . 0 I. 673 6 .1l85 13 . 37 2 . 30
so GS75.5 . 18~ . 727 I. ·IM 0 .2j 8 710 . 8 1 . 740 6 .0 70 13 . 05 2 .10

1 [,720 .0 .2 18 . 873 1 .7·15 0 . 30 20 08S.2 1 . 8111 7 . 200 1·1. 53 2 ' ~Q
10 ·1011. 2 .255 1. 018 2 .0 36 0.35 30 07·1.7 1 . 855 7 . ,\11 H . 8~ 2 ' LI ' J

20 ·1297 . 3 . :!:l1 1.1 6-1 2 .327 0 . 40 ·10 061. 7 I. BlJ2 7 .556 L;. 11 2 .GO
30 3SIn .8 .327 1. 300 2 .018 0 . ,15 9 037.3 1.965 7 . 816 1;,. 09 2 . 70
40 3 \37 .9 . 36·1 1. ·1 5·\ a.coo 0. 50 20 0 1-1 .0 2 .03 7 8 . 136 16 . 27 2 . 80
50 3 12.:i, ., . ·1 00 I.GOO 3 .200 0. 5:' 30 G03.8 2.07-\ 8.281 16 . 56 2 . 85

2 280·1. 9 .·130 1 . 7·1 5 3 . ·\90 0 . 00 ·10 503 . ·1 2 . 110 8 . ·126 16 . 85 2 .90
10 261·1.(\ .4 73 I. Blll 3.781 0. 65 lO 573 .7 2 . 183 8 . 7 16 17 . 13 3 .00
20 2 1;'5 . 7 .500 2.03(\ ·1.072 0.70 30 51G, ·1 2 .2112 0 .1 ::'0 18 . 30 3 . 1.')
30 2202 .0 .515 2 . 181 4 . 363 0 .7 5 11 52 1. 7 2 . ·102 9 . 585 19 .16 3 . 30
40 21·18.8 [,1)" 2.327 -1 .65 ·1 0 . 80 30 ·109. 1 2 . 511 10 . 02 20 .0·1 3.-15
LO 2022 .4 . 018 2 . ·172 ·1. 1H 5 0 . 85 12 -178 . 3 2 . G20 10.·15 20 .9 1 3 .GO

3 1010 .1 .05.> 2. (\18 5 .235 0 .0 0 30 ·150. 3 2 .730 10 . 89 21. 77 3. 75
10 1809 . O .GO I 2 .7 03 5.526 0 .05 13 111.7 2 .839 11 .32 22 .6·{ 3 .00
20 1710 . 1 .72 7 2 . 008 S.817 1. 00 30 425.4 2 . 040 11.75 23 .5 1 4. 05
30 1037.3 . 70 1 3 . 051 0 .108 1.05 H 1 10 .3 3 .0 58 12 .1 8 2·1. 37 .1. 20
40 1502 . o .800 3 .10 0 0 .308 1.10 30 300 . 2

f 68
12.02 25 .2·1 1 . 3.\

50 1105.0 . 836 3 .3 ·15 O.liSO 1. 15 15 383 .1 . 277 13 . 0S 20 . 11 4 . 50
( 1132.7 .873 3 . ·190 0 .9 80 1. 20 30 370 .8 ~:387 13.10 2G.07 1 .G5

10 1375.4 . 000 3 .G35 7 .271 1.25 16 350 . 3 @:406 13 .0 2 27 . 84 -I. 80
20 1322 . 5 . {H 5 3 . 718 7 . 501 1. 30 30 3-18 . ,; . 006 H . 35 28.70 -1 .95
30 1273 . 0 .082 3 .02 6 7 . 852 1. 35 17 338 .3 3 . 716 1-1 .7 8 20 . ;;0 5 . 10
40 1228 . I 1.01 8 -1.071 8 .14 3 1. 40 18 310 . 0 3 .035 15. 0·1 31. 20 5 .·10
50 !l85 . 8 1 . 055 4 .217 8. ·133 1. 45 19 302 .0 .\, 155 16 .5 1 3:1 .01 5. 70

5 lHG. 3 1 .ost -1.362 8 .72 ·1 1. 50 20 287 . 9 .1. 374 17 . 37 3·1.73 6 .00
10 1100 . 3 1.127 -1.507 0 .014 1. 55 21 271. ·1 ·i . fi\)4 18 . 22 3G. H 0 . 30
20 1074 .7 1.10·\ 4 . 653 0. 305 1. 00 22 262.0 -1.8 1·1 10 . 08 38 . 10 0 .60
30 1042 .1 1. 200 4 .708 9.59 6 1. 65 23 250 . 8 5 .035 19.0·1 30. 87 0 .00
40 1011. 5 1.237 4.043 0.880 L i a 24 2-10 .;; 5 .255 20 .7 0 ·11.58 7 . 20
50 082 .6 1. 273 5.088 10 .1 8 1.75 25 231.0 6 . 476 21. 64 '13 . 28 7 . 50

B 055 .,1 1. 300 5 .234 10.47 1. 80 26 222.3 r07 22. 50 H .90 7 . 80
10 029 . 6 1. 3·16 5 . 370 10 . 70 1. 85 27 214 .2 . 0 18 23 . 35 40 .60 8 . 10
20 90 5 .1 1.382 5.524 11.05 1.00 28 206 .7 . 130 2·\' io 48 . 38 8.40
30 881. 0 1. ·118 5.660 11. 3·1 1. 05 20 109 .7 0 . 300 25 .0-1 50 .07 8. 70
40 850 . 0 1. ·155 5.8H 11. 03 2 .00 30 103. 2 0 . 583 25 .88 51. i 6 0 .00

Dcgree Ra d ius % sub chord sin of I deí, a ng lc Length
of -;-;-~.E .R of are

Cu rve sin. l dcí, ana . 12.5 Ft. 15 FI. 20 FI . 25 F t . Cor 100 n ,

- 30 ° 193. 18 1° 51' 2° li' 2° 58' 3° 43' 101.15
32° 181. 39 1° 59' 2° 25' 3° l O' 3° 5 8' 101·33
34° lil .OI 2° 06' 2° 33' 3° 21' 4° 12' 101 .48
36° 161 . 80 2° 13' 2° 41' 3° 3 3 ' 4 ° 26 ' 101 .66
38° 153 ·5S 2° 20' 2° 49' 3 ° 4 4 ' 4° 40: 101.S5
40° 146 . 19 2° 2i' 2° 57' 3° 55' 4 ° S'! 102.06
42° 139 .52 2° 34' 3° 05' 4° 07' .'io oS 10 2 . 29
44° 133·4i 2° 41' 3° 13' -I° 18' 5° 22' 102 ·53
46° Ui ·9i 2° 4 S' 3° 21' -I° 29' 5° 36' 102 . i6
4S o 122·92 2° 55' 3° 29 ' -I° 40' 5° 50' 10 3 . 0 0
50 ° I1 S ·3 1 3° 02' 3° 3S' -10 5 J' 6° 0-1' 10 3 . 2 4
52° 1 14 · 0 6 3° 09' 3° 46' 5° 02' 6° I i' 10 3 · 5 4
54° 110. I I 3° 16' 3° 5-1' 5° 13' 6° 31' 103. 84
56° 106 ·50 3° 22' 4° 02' 5° 23' 6° 4 4 ' 10-1. I.J
58° 103 . 14 3° 29' 4° la' 5° 34' 6° Si'

I
104·43

6 0 ° 100.00 3° 35' 4° I S' 5° H' 7° 1I' ' 10-1 . i 2

VIII
TA",.~ II. - Rndii, Ordinates nnd Deflcetions. Chord ~ 100 ft.



x Natura l T riltono mct rica l F unc tions
Natural Tri/lonome trica l F unctio ns XI

Anglo. Sln. TM. SCtC. Cosec. Cargo Cnsln, Anglo. Sln. Tan. SPC. Coaec, Cotg. Cosln.

1: :) .2756 . 2567 1. 0103 3 .62' 3 .-l57 .% 12 74 2°, I 10"7 i r- r- i
:n ' '1 " li . H5~ l.O~·1G 2. 459 2.2·16 .QI35!':i 66

I;) . 2751 .2599 1.0ll a.ss: 3 .15( .96016 50 1( .-100'1 . -11 57 1. 0001 1 2 .ld 2 . 22~1 . 91 23 61 "O
2J .2512 . 2931 1. 0123 3 .55! 3. -11 2 .95961 10 20.-1120 .·15221. 0075 2. 137I'2 .ZlJ .911161 .10
3~ .284C .2962 1. 012 3 .521 3.371 .95552 30 3C . 41·17 " 1557 1 . 095~'1 2 " lI I2 . 19'1 .00990\ 30
401.2565 .29941.013 3. 45i 3 .34( .~5'99 20 ·10 . 4173 .·15921. 100·12.391 2.1 ; 7 .905; 51 20
5(11. 2591 .3026 1.0H 3 .·15' 3 . 30~ .05715 10 50 ..1200" 1628 1. 10191

12

.381 2.1 61 .907.;3 10
17 .2924 .30571.0157 3. ·1 2( 3 .271 .955:0 73 25 .·1226 .46631. 1031 2.3662 .115 . 90631 65

lOI ,:!952 .30S9 I. OI 6G 3 . 3~ 3 .237 .!J,j,j·15 SO 10 .42';3 . 4 G9~ 1.101!J12 . 3~12 . 1 2S .90:'07 so
:!0j ,2979 .3121 1.0-17 3.35. 3 .20·1 . ~,j ·15Q 40 20 . ,127Q. 473·1 1. 10C·' 2.337 2 .112 JW:;Sl 40
:0 .3007 .31531.01853 .321 3 .)i2 . 9';372 30 30. 4305 .4770 1. 1079 2. 323 2.097 . !)02~9 30
40 .3035 . 3 1 85 1. 0 1 ~5 J . 295 3. 110 .95281 20 40.4331 .-l806 1. 1005 2.3092 .081 .90133 20
';0 .3062 .3217 1.0';0'; 3 .268 3 .105 . ~5 1 ~5 10 ';0. 4358 .48-111.11102. 2952 .066 . ~OOO7 10

18 .3090 .324~ 1.0515 3 .236 3 .078 . 95100 12 26 .4381 .4877 1.1126 2.281 2.050 . 89879 64
16 .3118 .3281 1.05253. 20' 3 .048 .D';015 50 lO . -1-\ 10 .49131.1112 2.2 682 .035 . 897.;2 ';0
20 .3145.3314 1.0535 3. m 3 .015 .0·1924 10 20 .4436 .4950 I.m8 2.254 2.0 20 . 89623 ·10
30 .3173 .3316 1.0545 3 .152 2 .989 . 0·1832 30 30 .·1·162 . 4~86 1.1 17-1 2.2-11 2.006 .80·193 "O
·1 0 .3201 .3378 1,0555 3 . 12·12 .~60 .omo 20 ·10 .4-\58 .50221, 11002.2281. 001 .89363 20
50 .3225 .3·111 1.0566 3. 008 2 .~32 . 016l6 10 50. 151·1 .';050 1.1207 2.215 1. ~77 .89232 10

19 .3256 .3-14 3 1. 0';76 3.072 2.00" . 91';';2 71 27 .45·10 .5095 1, 1223 2.203 1.963.89101 63
10 . 3253 .3-176 1. 0587 3 .046 2 .877 .9·1-1.;7 50 10 .4560 .5132 1, 12·10 2.190 1.94~ .859G8 "O
20 .3311 . 3508 1.05~53 . 020 2. 850 .9·1361 40 20 .·1592 . 5 1 69 1. 1257 ~ . 1 78 1. 93 5 .85835 40
30 .3335 .3541 1. 0608 2 . ~96 2.824 . 042&1 30 30 .4617 .52061.1 274 2.166 LU21 .55701 30
lO .3365 .3574 1. 06192 .9712 . 7~8 .M1 67 20 40 .·1613 . 52 .13 1. 1 29 1. ~ . 1';·1 1. 907 .88560 20
50 . 3393 . 3607 1.053 12 .~·1 7 2. 773 .9·1068 l O 50 . 4660 .5280 1.1308,... 1421.89-1 .88431 10

20 .N 20 . 36401 . 064 2 2 . ~2 ·12 .7·17 .0306970 28 . 4 605 . 53 1 7 1. 1 326 ~. 130 . 88 1 . 882~.;a2

10.3448 .3673 1.0 053 2 . 000 2 . 723 . 93860 50 10 .4720 . 535-1 1.1 3 '1 3Ç . II ~ 1.868 .85155 ';0
20 .3475. 37061.06652 .8782.699 .93769 40 20.47-16 .5392 1.1361~ . 107 1,855 .85020 40
30 .3S02 . 3 73~ 1. 0676 2 . 856 2 . 675 .03667 30 30 .4772 .5-130 1.13i9~ .096 1.8.12 .87852 30
40 .3520 .3772 1.06882 .833 2. 6';1 . ~3565 20 40.4797 .5467 1.1 3~7 !> . 0851. 829 .877-13 20
56 .3557 . 3805 1. 0700 2. 811 2. 628 .93462 10 50 .4523 .5505 I. J.II5~ . 073 1.816 .87603 10

21 .3584 . 3830 1.0711 2.7902 .605 . 9335868 29 .4848 .55·13 1.1 ·13-1~ .063 1. 80·1.87-162 61
lO . 36 11 . 3872 1. 0723 2. 76~ 2 .553 .93253 50 10 .4874 .5581 1. 1-I52p .052 1.7n .87321 50
20 .3638.39061.07362 .7·19 2. 560 .03118 40 20 .4599 . 5 61~ 1.1171~ . O-l1 l.780 .87178 40
30 .3665 . 3930 1.0748 2.7292.';39 .930·12 30 30 . 492 ·1 . 5658 1. H90 ~ . 03 1 1.767 .87030 30
40 .3692 .30731.07602 .7092 .517 .92935 20 lO .4950 .5696 1.150*.020 1.756 .86892 20
50 .3719 .40061.0773 2 . 65~ 2.4 96 . ~2827 lO 50 .4975 .5735 1.1525p .01O l.7-14 .86743 lO

22 .3746 .40401.07852 .670 2 .475.0271868 30 .5000 .5774 I. 15l7f.!.000 1,732 .8660360
lO .3773 .407·1 1.0708 2. 650 2 .155 .92609 50 l O .5025 .5512 1.1566 I. D90 1. 720 .86·157 ';0
20 .3600 . 4108 1.08112 .5322 .43·1 . 02490 40 20 .50.;0 .5'l51 1.1556 1.980 1.i0~ .86310 40
30 .3827 . 4142 1.0824 2. 613 2 .4 14 .92358 30 30 .5075 . 55~0 1.1 606 1.070 1.695 .86163 30
41 .3854.41761.06372 .5952 .30-1. 022. 6 20 ·10 .5100 .5930 1.1626 1. 961 1. 686 .86015 20
51 .3551 . 4210 i .08S( 2.577 2 .375 .92161 ro 50 .5 125.5969 1.1&1 6 1.951 1.675 .85866 10

2J .3907 . 424~ 1.0564 2 .55! 2 .350 . ~20~ 67 31 .5180 .6000 1.1666l.9·121. 661 .85717 59
II .3934 .4270 1.08772 .54~ 2 .337 . ~ 1 ~36 SO 10 .5175 . 6018 1.16571.~321. 653 .85567 50
2 .3961 .4314 1.08912 .52~ 2 .315 .9 1822 40 20 .5200 . 60881.17071.9231.643 .85416\ 40
3 .3987 .43481.0004 2 .S01 2 .300 . ~1 706 30 30 .5225 . 6 128 1.1728 1.~H 1.632 .85261 30
·1 .4014 .4363 1.00 18 2.-l912 .282 .31590 20 40 .5250 . 6 1 68 1.174~ 1.965 1.621 .85112 20
5 .40-11 .4417 1. 0032 2"17y.2IH . 91472 10 50 .5275.62051.17701, 8961.611 .84959

1
10

_--L_....l._....l._--'--'--'_--l_--.J6~, I--'----''----'-- .L- '--'-----' 580

O

° I

Angl•. 5In. Tan, s ee. cosee. Colg. Oosln. Angl•. 5In. Tan. see . Cosoc. Cotg. Co, ln.

-~- I-~--~'--" '-'

o 0 ' 1-'- : \ 00 '\ 1. 90 aO' . 1 3n . I 'IO" 1. 00~S 7. 1 55 7 . 1 1 5\ . ~9027 82-
l O .0029 .0029 343.8 3 13.81 1. 50 10 . H 21 .H351.01027 .010a . 961 .98980 50
20 .0058 .0058 171. 91 71. 9 .00998·\0 20. 1-1-19 . H05 1.0 1070.900 0 .827 .08911 lO
30 .0057 .00S7 114.6114 .6 .0909~ 30 30 .uts .14951.01116.7666 .691 . 98062 36
40 .0110 .0110 1.000 185 .0185 .94 .09993; 20 40 . IS07 . 152·1 1.0115 0 .036 6.561 . 08855 20
80 .0 1.15.0 145 1.0001 65 .76 65.75 . 0005~ 10 50 1536. 1551 1.0 120 6 .5 120. 431 .95514 10

1 .0175 .0175 1.0002 57.30 57. 29 .0908S 89 9 . 1:'64 . 1554 1. 0125 6 .394 6 .314 .05769 81
10 .0201 .0204 1.0002 ·1 9 .1I 40.1C . 9907~ 50 10 . 1593 .1614 1. 01296 .2770 . 197 .08723 50
20 .0233 .0233 1.00034 2 .98 42 .06 .9097~1 40 20 . 1622.1614 1.0134 6 .166

16

.054.08676 10
30 .0162 .0262 1. 0003 38 .20 38. 19 '0996~ 30 30. 1050 . 1673 1.0130 6 . 059 5 .976.08620 30
40 .0201 .0291 1.000 13 1.3834.37 .0995 20 40 .1879 . li03 1.0 IH 5 .055~5. 87 1 .985SO 20
50 .0320 .0320 1.00053 1.2631.2 4.09040 10 50 . 1708 . 1733 1. 0149 5 .855 5 . 789 .08531 10

2 .0340.0349 1.0006 28 .6528. 6-1.90939,88 10 . 1736 . \703 1. 0154 5 .750 .671 .08481 80
io 0378 0378 1 0007 26 45 °6 .13 909°0' 50 10 .1765. 17031.0160

1
5 . 665 5 .576 .08430 50

20 :0107 :010711:0008 24:56ii ú 4 :000;7 40 20 .m4 . 1823 1. 010515 .57515. 485 .08378 lO
30 .0 136 .0137 1.00 10

1

122.9322 .00 .00905 30 30. 1822 . 1853 1.0 1705.4881~ .306 .98325 30
40 .0105 .0 1661.001121,0\921,0\ 7.99592 20 ·10. 1851 .1553 1.0176

16
.4031':' .300.08272 20

50.0191 .0105!1. 0012 20:23 20.21 .09878, 10 50 .1550 . 1914 1.0181 15 .320 1~ · 2 26 .08218 10
3 .0523 .0524 1. 0014

1
10. 11 19.08 .99803 87 11 .1908 . 1914 1.01 87.5.2-11[;; .145 .08163 9

lO .0552.0553 1.0015115. 10115 .07 .00847 50 lO .1037 . 1074 1.01 03:5.IM F..066 .05107 50
20 .0581.05521.0017 17.2017 . 17.00531 40 20 .1005 .20041.01005.080~.989 .95050 l O
30 .0610 .0 612 1.0019 10.38 18.35 .00813 30 30.1004 .2035 1. 0205 5. 016 .015.07092 30
40\. 0640 .0 6111.0020 15.6415 .60 .99705 20 40 .2022 .20651.02114 .045 .8-13 .07934 20
50 .0669 .0670

1

1. 0022 14.9614 .92 .00776 lO 50 .2051 .20951.0217 4 . 877i1. ii3 .97875 10
4 .0698 .06901. 002414.3414 .30 .9975686 12 .2070 .21261.02231": 8IOfl .705 .97815 8

10
1
.0727 .0729\1. 0027 13 . 71 13.73 .99731 50 lO .2 108 . 2156 1. 023014.745 fj .635 .07754 50

20.0758 .07551.002913.2313.20.99714 lO 20 .2136 . 2186 1.0236j4 .682 ~ .574 . 07692 l O
30 .0785 .0787 1. 0031 12. 75 12.71 .09692 30 30.2164 .2217 1. 02434.620 .511 . 07630 36
40 .0814 .0816r OO33 12.29 12.25 .99668 20 40 .2193 .2247 1.0249 14 .560 .449 .97560 20
50 .0843 .0846 1. 0036

111.
8711. 83 .9964 l O 50.2221 . 2278 1.0256~.502 .390.97502 10

5 .0572 .05751

11.

00381 1. 47 11.43
1
.9961 85 13 .2250 .2309 1. 0253fl .445 .331 . 07437 ~7

lO .0001 .0004 1.004 1 11. 1011.06 .09594 50 lO .2275 .2339 1.0270 4 .390 . 275 . 97371 50
20 .0029. 0934 1.00·13 10 .7610 .71.09567 40 20.2300 .23701. 0277 4.336 .210 .97304 lO
30 .0958 . 0~631. 001610 .4310 . 30 .09540 30 30 .2334 .24011.0284 .284 .1 65 .97237 30
40 .0057 .0992 1. 004010 . 131 0. 08.09511 20 40.2363 .2432 1.029 1 . 232 . lJ3 . ~7 1 69 20
50 .1016 . 10221.0052,0.539 \9.788 .99482 10 50.2391 .24621.0299 . 182 .061 .97100 10

6 . 1015 .10511.005519 .5670 .5 14 .09452\84 14 .2419 .2493 1. 0306 . 133 .011 .97030b6
io .1074 . 1050(0058

1

0 .300
1

9 . 255
1
.09421 50 l O .2447 .2524 1.03IH .0861:l.D62 . 96~59 50

20 .1103 . 1110 1.00619 .005lo .01O · .9~3!ll 40 20 .2476 . 2555 1. 0321tI.039 .014 .96587 lO
30.1132.11391. 0005,8 .834

18
.777 . 99357 30 30 .2504 .25561.032913 .994 .867 .06515 30

40 .1161.11691.0065
1
8 .614,8.558.00324 20 40.2532 .26 171.033713 .049 . 821 .96742 20

50 .1190 . 1198 1. 007218.40518.345 .99290 lO 50 .2560 .2648 1. 0345\3.906 .776.96567 10
7 .1219 .12251.00758 .206 \8. 144 .99255 83 15 .2555 .26701.0353\3.864 . 732 . 96593 5

10.1248 .12571.00795.016'17.P531.09219 50 lO .2616 . 27 11 1. 0361 ~ . 822 . 650 .06517 50
20 . 1276

1

.1287 1.0052 7 .6347 . 770 . 99182 40 20 .2644 . 2742 1. 0369 ~ . 782r.M7 .96440 l O
30 .1305 . 1317 1.00567 .6617.506.99141 30 30.2672 .27731. 0377 . 742 r .606 .06363 30
40 .1334 . 1316 1.0000 7 . 4 9 ~ 1! . 4 2~ .99106

1

20 40 . 2700 . 2805 1.038~ i~ ' 703r. .566 .96285 20
50. 1363\,13761.0094 7 .337 \7.269 .99067

82
10 50.2728 .26361.039413 .605i3 .526 . ~6206 74

10

o, o,

Co,ln. Colg. Ocsec. see, Tan. 51n. Angl. Co,ln. Colg. ücs ee, see, Tan. 51n. Anil.

-
CCsln. Colg. cceee. s ee. Tan, Sino Anglo Cosln. Cotg. cceee. see. TM. Sino Angle



XII
Natural Trigonometrical Funcrions

Angl•. Sln. T... 5ee, COl8Cw Cotg. COlln. Angl•• Sln. Tan. 5... üeeee . Cotg. CoaJo.

o , o, o, o ,

32 .5299 .62~9 1. J7{l~ 1. 887 1.600 . 84805 58 39 . 6293 .8O'J5 1. 281lS 1. 589 1. 235 . 77715 51
10 .5324 . 6~80 1. 1813 1. 878 1.590 .84650 50 10 . 63l6 .8U6 1. 2898 1. 583 1.2 28 .77531 50
20 . 53 ~ 8 .6330 1.1 83:; 1. 870 1.580 .80\495 ~O 20 .6338 .8 195 1.2 929 1.57 8 1.220 . 773-17 lO
30 .5373 .1l.171 1.1857 1. 861 1.570 .8l 339 30 30 .6.161 .8243 1. 2%9 l.57 2 1. 213 . '17J G2 30
~O .5398 . 6112 1.1 879 1.853 1. SGO .84182 20 ~O .6-153 .8292 1. 2991 1. 567 1.206 . 76977 20
50 .5l 22 .6453 1.1901 1.8H 1. 550 .84025 10 50 .6106 .8342 1 .3022 1.5 61 1. 199 . 76791 10

33 .5416 . 6194 1. 1924 1.836 1.540 .83867 57 40 .6l 28 .8391 1.3054 1. 556 1. 192 . 76604 50
10 .5471 . 11536 1.1 940 1. 828 1. 530 . \\3708 50 10 .6150 .8H I 1. 3086 1.550 1. 185 .76U 7 se
20 .519.\ .6577 1.1969 1. 820 1.520 .&1549 l O 20 .6472 .8491 1.311 8 I .M5 I. 178 .7(iZ2{) lO
30 .5:'i l O .6619 1.1 992 1. 812 1. 511 .83389 30 30 . 649 ~ .8541 1. 3151 1 540 I. 171 . 760U 30
~ O . 55~ ~ .6661 1.201 5 i.sor 1. 501 . 83228 20 ~o .6517 .8591 1.31 8~ 1. 535 1.1 6·\ . 75851 20
50 .5õ68 .6703 1 .2039 I. 706 1. ~92 . 83066 10 50 . 6539 .8642 1. 3217 1.529 1. 157 . 75661 lO

34 . 5 ,j9~ . 6745 1. 2062 1.788 1. ~83 .8290l 56 41 .6561 .8693 1.3251 1. 524 1.1 50 .75m 49

10 .5616 .6787 1.2086 I. 781 I.H3 .82741 60 10 . 6583 .87H 1. 328~ 1.51 9 I.IH . 75280 50
~O .SMO .6-830 1. 2110 I. 773 1. 464 .82577 ~O 20 .6604 .8796 1. 3318 1. 514 1.1 37 . 75088 ~O

30 .5664 .6873 1. 2134 I. 766 1.~55 .82U 3 30 30 .6626 .88H 1.3352 1. 609 1.1 30 . 7~896 30
~O .5688 .6916 1. 2158 1.7 58 I. H 6 .82248 20 ~O . 6M8 . 8899 1. 3386 1.604 I.IH . 74703 20
SO .5712 .6959 1. 2183 1. 751 1.437 . 82082 10 60 . 6670 .8952 1. 3421 1.~99 1.117 .74509 10

35 .5736 .i002 1 .220S 1.743 1.~28 .81915 55 42 . 6691 .9004 1.3~56 1.~94 Lili . 743U 48
10 .5760 .7019 1. 2233 1. 736 1. ~ 19 .8m8 60 10 .6713 .9057 1. 3492 1.~90 I.IO~ .74 120 50
20 .S7S3 . 7089 1 . 2258 1.729 1.~1I . 81580 40 20.67H .9 110 1.3527 1.485 1.098 .73924 40
30 .5507 . 7133 1. 2283 I. 722 1.402 . 81(\ 2 30 30 . 6756 .9163 1.3563 1.480 1. 091 .73728 30
~O .5531 . 7177 I. 2309 I. 715 1.3 93 . 81242 20 40 .6777 .9217 1.3600 1.476 1.085 . 73531 20
50 .5854 .7221 1.2 335 1.70 8 1.3 85 .81072 10 60 .6799 .9271 1. 3636 I.HI 1.079 . 73333 10

36 .5878 . 7265 1. 2361 I. 701 1.376 . 80902 54 43 .6820 .9325 1.3673 1.466 1.072 .73 135 47
lO .5901 . 7319 1. 2387 1.695 1.368 . 80730 50 10 . 68U .9380 1.3711 1.462 1.066 .72937 50
20 .M25 . 7355 1.2 113 1.688 1. 360 . 80SS8 40 20 . 1lS62 .9 435 1. 3748 1.457 1.060 .72737 ~O

30 .5948 . 7400 1. 2410 I. 6-81 1.351 .80386 30 30 .6884 .9490 1.3786 1.453 1.054 .72537 30
(O .5072 .7445 I. 2466 1.675 1.3~3 . 80212 20 40 . 6905 . 95~ 5 1.38 24 I.H8 1.04 8 . 72337 20
50 .5995 .7490 I. 249·1 1.668 1.335 .80038 10 60 .6926 .9601 I. 3863 I.~H 1.012 .72136 19

37 .6018 .7536 1.2521 1. 662 1.3 27 . 7986~ 63 44 .69H . 9657 1.3 902 LHO 1.036 . 71934 48
10 .6041 .7551 1. 2549 1.655 1.319 . 79688 50 10 .6967 .9713 1.3941 1.4 35 1.030 . 71732 50
~O .6065 . 76~j 1. 2577 1.649 1.311 .79512 40 20 .6988 .9 770 1. 3980 1.4 31 1.024 .71529 l O
30 .6088 . 7673 1.2605 1.6t3 1.303 .79335 30 30 .7009 .9827 1.4020 1.~27 1. 018 .7 1325 30
~ O .6111 . ; ;20 1.2633 1.636 1.295 .79158 20 ~O .7030 . 9884 1. 4061 1.422 1.012 .71121 20
50 .613,( .7i66 1.2661 1.6 30 1.288 . 78980 10 50 .7050 .9942 U101 1.~18 1.006 .70916 10

38 . 6157 . 7813 1.2690 1.624 1.280 . 78801 52 .ron 1. UI4 1.414 I. .70711 45
10 .6180 . 7860 1. 2i Hl 1. 618 1.272 . 78622 50
20 . 6~O~ . 700;-I. 2748 1.612 1.265 .7 8442 ~ O

30 .6225 .795-1 1.2; 78 1. 606 1. 257 .78261 30
40 .6~4 8 .SOO:! 1.2 805 1. 601 1.250 . 78079 20
50 .6271 .8050 U838 1.595 1.242 .77897 lO

Cosln. Colg. ce see, see, Tan. Sino Anulo Cosln. Colg. Coaec. Sec. Tan. sm, Angl.








