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TABLES AND FORMULAS.

This volume contains all the principal Tables, Rules, and
Formulas occurring in the Instruction Papers of the Course.
They have been collected and placed in this volume in
order to make them convenient for ready reference, so that
the student will not be obliged to search the Instruction
Papers to find them.

The various Rules and Formulas are here grouped under
the titles of the Instruction Papers in which they occur.
Following each rule and formula are its number and also
that of the article of the Instruction Paper in which it is
discussed. Although these numbers do not run consecu-
tively, they may be readily found in the text by noting to
what Instruction Paper they belong. Thus: on page 126 of
this volume, we see that the formula for ¢ Insulation
Resistance of a Line” is followed by ‘“Art. 2522.”
Turning back the pages, we find that this formula occurs
under the heading “‘Rules and Formulas Used in Elec-
trical Measurements.” Therefore, in Art. 2522 of the
Instruction Paper FElectrical Measurements, we shall find
the discussion of the formula referred to. =

T.G. Vol IIl.—2.



TABLES

OF

NATURAL SINES, COSINES,
TANGENTS,
AND COTANGENTS

GIVING THE VALUES OF THE FUNCTIONS FOR
ALL DEGREES AND MINUTES FROM
O° TO 9Q°



NATURAL SiNEs AND COSINES. 3
a° 1° 2° 30 40
1} !
Sine |Cosine| 8ine |Cosine|| Bine |Cosine| Sine |Cosine|| Sine |Cosine
o | .ooo0n I. -or745 | .99985 || 03490 | .09939 || .05234 | -99803 || .06976 | .99756 | Go
i | .ooozg 1. co1774 | .gooBy || 03519 | .95938 || 05203 | .9gB61L || .o7co5 | .99754 [ 59
2 | .ocoos58 o .o1Bo3 | .99084 || .03548 | .99037 || .05202 | .gg86o || .07034 | .9g7s52 | 58
3 | .o0o087 . 01832 | .99983 || .03577 | .99936 || .05321 | .998358 || .o7063 | .99750 | 57
4 | 00116 Tiis 018062 | .9gp83 || .o3000 | .99935 || .o05350 | 09857 || .o700z | .00748 | 56
5 | .00145 I. 01891 | .99982 || .03635 | .00934 || 05379 | .99855 || .o7121 | (09740 | 55
G | .oo175 1, co1g20 | 9998z || 03664 | 99933 || .05408 | .99854 || .o7150 | .99744 | 54
7 | soozog Ii 201949 | 99981 || 030603 | .99932 || .05437 | 00852 [ .o7r79 | .00742 | 53
8 | .oo233 Ty 01978 | .g99do || 03723 | .99931 || .05466 | .0o851 || .07208 | 99740 | 52
g | .cozb2 . .oz007 | .99gBu || .03752 | .99930 || .o5495 | .00849 [ .ay237 | .09738 | 5r
o | o029l T. 02036 | 99979 || -0378c | 99929 || .o5524 | 199847 || 07206 | 99736 | so
1 [ .co320 | .99999 | .020b5 | .99979 || 03810 | .0gg27 || 05553 | 99846 || .o7205 | .99734 | 49
1z | Lo0349 | -99999 || .o2094 [ .09978 || 03830 RODLEL _.1558: .0<)P§4,, 07324 | o.go7sr [ 48
13 | 00378 | coongoa || coz123 | Long77 || L03508 | o925 || cosBin | .goS42 107353 | -99720 | 47
14 | .ooqo7 | -9uyog || cozisz | .9g977 || -03897 | .99924 || .o5640 | 99841 || .o7382 | .09727 | 46
15 | 00436 | 299999 || co2181 | 99970 || .o3920 | .gg923 || .o500g | .g983y || .oz4rz | 99725 | 45
16 | 00465 | .99999 || «oz211 | .9og76 || .03935 | .99922 || .05698 | .go838 || .o7iq0 | .99723 | 44
17 | «00495 | .99999 || .0s240 | .99975 || .03984 | .000z21 || .os727 | .99836 || 07460 | .99721 | 43
18 | .cos24 | 09999 || .o2209 | .gog74 || .o40r13 [ .0991g || 05756 | 09834 || 07498 | .00710 [ 42
19 | .c0553 | 99098 || .o2298 | .goo74 || .o4o42 | gomiB || Lo5785 | 09833 || .oFse7 | .99710 | 41
20 | .oo582 | .99998 || .02327 | .99973 || .o4071 | .9oor7 || .05814 | .9983r || .o7556 | .99714 | 40
2r | .oof1x | .g95n8 || .02356 | .gog72 || 04100 | 90916 || .05844 | .go82g || 07585 | -go7r2 | 39
22 | .0ob40 | .gog98 || .02385 | .gg9gyz || .o4129 | .gggrs || 05873 | .goB27 || .o7614 | .go7i0 | 38
23 | 00669 | .95908 || .o2414 | 99971 || .04159 | .99913 || o500z | .gg8af || .op643 | .gg7a8 | 37
24 | -00608 | 99998 || .02443 | .99q70 | 04188 | .99g12 || 05931 | .99824 || .o7672 | .99795 | 36
25 | -ooy27 | .00997 || 02472 | .0oghy || .o42r7 | 9991z || .05000 | .9gB82z [[ .oy7or | .9g9703 | 35
26 | 00756 | .Qo9o7 || .oz501 | .99l ([ .oq246 | 99910 || .0508¢ | .gg821 || .07730 | .99701 | 34
27 | -00785 | .99997 || 02530 | .90g08 || .o4275 | 09909 || .oGo18 [ .g9819 || .o7759 | .99699 | 33
28 | ooz | o090y || co2500 | L9307 || .o4304 | w0990y || .oGosy | .ggBiz || .o7788 | 99090 | 32
29 [ .00844 | .99996 || .0258p | .g9gl6 || .04333 | -99906 || 06076 | .gg815 || .o7817 | .ggfq4 | 3r
30 | 00873 | 99966 || .02618 | 99960 (| .o4362 | .099c5 || o105 | 99813 || .07846 | .0g602 [ 30
3T | .00goz | 09096 |[ .o2647 | .o09fs || .oq3gr | 00904 || .o6rzs | .og8i2 || 07875 | .gu68y | 20
32 | .oog3r | .g9gu0 || w0260 | og0f || coqaze | coogoe || co6i63 | op8io || sozgoy | .0g687 | 28
33 | .00gGo | 99995 || .02705 | .009l3 || 04440 | oouoT wobitge | L9988 || .o7933 | -99085 | 27
34 | .00089 | .09995 || .02734 | .09903 || .oq478 | .g9g0o || .obz221 | .g9g806 || .oyo6z | .ggh83 | 26
35 | ~o1018 | 59095 || -02703 | .99g62 || .oq507 | .098g8 || o650 | .09804 || .o7g01 | .0g9680 | 25
36 | 01047 | 99995 || -02792 | .999Gr || 04536 | 99897 || .oG279 | .g9803 || .o8ozo | .99678 | 24
37 | 01070 | 09994 || .oz82r | .gggfio ([ .o4505 | .00Bgh || .06308 | .ggBor || .oBo4g | .0g676 | 23
38 | .o1105 | .9ood4 || .02850 | 00959 || .o4504 | -00f04 || .o6337 | .09709 || -cBo78 | .99G73 | 22
39 | -o1134 | .99994 || .2879 | 90959 || .04023 | 99893 || .06306 | .g9797 || -c8ro7 | .9967x | ar
40 | wo1164 | .99993 || «o2008 | 09958 || 04653 | .09802 || .o6395 | -90705 || .08r36 | .99668 | 20
41 | .o1193 | .09093 || .02038 | .0ags7 || .04682 | .goSgo || .ob424 | .og793 || 08165 | .g9f66 | 19
4z | .o1z22 | .9ogy3 || o2007 | 9056 || coq7rr | .9088g || .o6453 | 99702 || 08104 | .00664 | 18
43 | .o125r | .ggggz || .02090 | .999s55 || -o4740 | .gp388 || .o6482 | .ggygo || .oBz23 | .9gbGr | 17
44 | .o1280 | .q99g02 || .03025 | .00954 || .04700 | .9988G || .o6s11 | .99788 || .oB252 | .90b50 | 16
45 | 01300 | .GOgoT || L03054 | 00953 || «04798 | .9088s || .obsyn | .g9786 || LoB281 | .gobs7 | 15
46 | .o1318 | .9gggr || .03083 | .g9osz || .o4B27 | .go9883 || 06509 | .gu784 || .0B310 | .gobsq | 14
47 | -o1367 | cooo0r || co3112 | 99052 || 04856 | .gnd82 || .06s08 | .09782 || .0o8330 | .gof52 | 13
48 | 01396 | .poggo || to31qr | Loggst || 04885 | .gu88r |[ 66627 | .go780 || L08308 | .gofag | 12
40 | .or425 | .ggggo || co3170 | Lo0g50 || .oqo14 | .a087g || 06656 | .gg778 || .0B307 | .00f47 | 11
50 | .ong54 | 99980 || 03199 | 99940 || .oq943 | .op878 || .o6685 | .g9776 || (08426 | .gob44 | 10
sl o148 | Loog8g | co328 | 09048 || oqg7z [ 90870 || .ob7ry | 90774 |[ .0B455 | 99042 [ 9
52 | .o1513 | .0og8g || .o3257 | 09947 || .0s0ur | .quB7s || .abry3 | .09772 || .08484 | .gol39 8
53 | 0154z | .09g88 || 03286 | .99y4G (| .os030 [ .guB73 || .ob773 | -g9770 |[ 08513 | .99f37 [ 7
54 | 01570 | 99588 || (03316 | .99045 || .o5059 | .ouB72 || o802 | L9768 || .oBs4z | .00635 6
55 | .o16o0 | .99987 || .03345 | .99944 || .05088 | .qg870 || .c6831r | .ggy66 || .o8571 | .gg9G32 5
56 | Lo162q9 | 99687 || .03374 | -09943 || -o5117 | -99869 || 06860 | .gg764 || .oB6oo | .go630 [ 4
57 | 010658 | .00g86 || vo3403 | .gog4z || 05546 | .og867 || L0088 | .gg9762 || (08629 | .gob27 3
58 | 01687 | .g0g86 || .03432 | .g9g4r || .o5175 | .9gB66 || .cfp18 | .gg76o || .0B8638 | .gobzs [ =2
59 | 01716 | .9gg8s || .03461 | .gog4o || .os205 | .qg864 || .cboq7 | -99758 || .oB8687 | .og6z2 | x
6o | 01745 | .99085 || .03490 | 09930 || .05234 | .09863 || .obg76 | .ogys6 || .oB716 | .oo6rg [ o
Cosine| Sine |[Cosine| Sine ‘ Cosine| Sine [ Cosine| Sine |[Cosine| Sine
! !
2 P
89 88° | 85° 86° 85°




4 NaTuraL SINES AND COSINES.
Q o o o o
5 6 7 8 9
' - '
Sine |Cosine|l Sine |Cosine|| Sine |Cosine| Sine |Cosine| Sine |Cosine
z —

o | .08716 | .ggb1g || .10453 | .99452 || .12187 | .go=255 || 13017 | .ooo27 || .15043 g876g | 6o

1| .o8745 | -99617 || .10482 | .09449 12216 | .ggas5t 13946 | .ggo23 || 15672 | 08764 | 50
2 | 08774 | -99624 || -1o511 | 00440 || Jr2245 | o248 || .13975 | .ogorg || .15701 | .gS700 | 58
3| .08803 | .ggb22 || .10540 | .99443 || .12274 | 09244 || 4004 | .9oo15 || .15730 | 98755 | 57
4 | 08831 | .ggbog || .10369 | 09440 12302 | .gg240 14033 | .9gorr || .15758 | .g8751 | 56

5 | .08800 | .ggbo7 || 10507 | .09437 || .12331 | .00z37 [ .14001 | .ggoob || .15787 | .g8746 | 55
6 | .0833g | .qgg6os || . 10926 .00434 || +12300 | Qo233 || .14000 | .ogooz2 || 15816 | .q8741 | 54

7 | 08018 | .ggboz || .10655 | 00431 12389 [ .99230 14119 | .08qg8 || .15845 | 98737 | 53

8 | 08947 | 99509 | -10084 | .go428 12418 [ .goz20 14148 | 08904 || .15873 | .g8732 2
9 | 08976 | .qg500 || 10713 | 09424 12447 | .ggzez 14177 | .08gno | L1502 | LgB728 | 51
10 | .ogoes | .go504 || -10742 | .QQ421 1247 .g921g || «14205 | .9Bg86 || .15931 | .¢8723 | 50
11 | 09034 | .99591 || 10771 | wpo418 || L12504 [ Log21s 989832 || .15059 | .g8718 | 49
2 | Logoty | Logs88 || L1o8o0 | Lggg1s L9j211 .08978 || .15988 | .gBrrq | 48
13 | wogogz | Lgps86 || L1eB2g | Lggqiz Qoo 08973 1| L1017 | L98700 | 47
ry | wogr2t | 99583 || 230858 | sgoqou || o125t | sggzoq || srqs2o | cu8uby || LafogGo | LgBroq | a6
15 | 09150 | .g9g80 || .10887 | .go4ob || 12020 | .ggzoo || .14349 [ .9Bybs || .1to74 | .gByoo | 45
10 | .ogi7g 99573 || .10916 | .go4oz 12049 | .99197 || .14378 | .gBg61 || .16103 | .g86gs | 44
17 | .o0z08 | .09575 || .10045 | 09309 12678 | .99193 || .14407 | .0B057 || 16132 | .gBAgo | 43
18 Laus7e || 210073 | 099306 || v12766 | L9918 || c14430 | 98053 || 26100 | 98686 | 42
19 ) Loug7o || 11002 | 09393 12735 | 001860 || c14404 | 08048 || .1G18g | 08681 [ 41
20 | 00295 | .q9507 || -r1031 | .g9o3g0 12704 [ .00182 || .14493 | 98044 16218 | .g8676 | 4o
21 | .09324 | .99504 || 11060 | .go386 || .12793 | .99178 || .14522 | .g8go || 16240 | .g8671 | 39
22 | .o9353 | .q0s0z || .311089 | 00383 12822 | .gg175 || 14551 | .G8036 16275 | .9366G7 | 38
23 | 00382 | .ggs59 || -111e8 | .go3So 12851 [ .ggrgT || 14580 | .g93g31 16304 | 980662 | 37
24 | -o941r | L9550 || crarg7 | cgoaz7 || 12880 | c00167 ] (14608 | o827 16333 | -u8657 | 36
25 | .ogq40 | .99553 || c11176 | 00374 || -12008 | 99163 || .14637 | .98923 || .16301 | .gB80s52 | 35
26 | 09469 | .gg551 || 11205 | L0370 || 12037 | .g9gtbo || .14G66 | .g8g1g || .163g0 | .g8648 | 34
27 | -00408 | -99548 || 11234 | .90367 [ -12966 | 09156 || 14605 | .08gry || .16419 | 98643 | 33
28 | .og527 | .09545 || 11263 | .g99364 || .12005 | .ggr52 || (14723 | .98gr0 || .xb447 | 98638 | 32
29 | .oo556 | .og542 || 11291 | .go360 || .13024 | (09148 || .14752 | .9B8go6 || .16476 | .8633 | 3r
30 | .09585 | .gg540 || .11320 | .95357 || -13053 | 00144 || -14781 | .g98go2 || .16505 | 98629 [ 30
3t | .og614 | 9537 || 11349 | -00354 || -330871 | .99141 || .14810 | .9B8g7 || 16533 | .g8624 | 29
2 | wogb4z | 99534 || ~11578 | .go3s1 || .15110 | L00137 || 214838 | LoBS8g3 16502 | 98619 | 28
33 | 09671 | .9gs3r || .13407 | .9u347 || 23139 | .00133 || 14867 | L9888y || ,165g1 | Lg8G14 | 27
34 | -09700 | .og528 || .11436 | .g9344 || 13168 | .ogizg || 148906 8884 || .16620 | .g86og | 26
35 [ 09729 | 99520 || 11465 | 09341 13197 | .90125 || .14925 8880 16648 | .g86og | 25
36 | .00758 | .00523 || «11494 | .99337 || .13226 | .gg1=2 || 14954 | .08By6 16677 [ .g8Goo | 24
37 | -00787 | -99520 || .11523 | .99334 || «13254 | .go118 || .1qg82 | .g887r 16706 [ .g8595 | 23
38 [ o916 | .ggs17 || .11552 | 90331 || .13283 | .gorry || .15011 | 98867 || 16734 | 98500 | 22
39 | 00845 | 00514 || 11580 | 99327 13312 | .99nio || .i50q0 | .g8803 16703 | 98585 | =21
40 | 00874 | w995tz || 12009 | 09324 13341 | .99100 || 15009 | .g8858 16792 | .¢8580 | 20
41 | -o0g03 | .gg508 || .11638 | .gg9320 || .13370 | .goroz || (15007 | 9885y || 36320 | (48575 | 19
42 | weggsz | .ogs506 || J11607 | LGo31z 13300 | .goug8 || L2t | L8849 || (10849 | .g8570 | 18
43 | wo0g01 | o503 || 11096 [ Lgg314 || 213427 | .googs || 15155 63845 || 216878 | 08505 | 17
44 | -00900 | .0d500 || .11725 | .99310 || .13456 | .ggogr || 15184 | 198841 || .1Ggo6 | 98561 | 16
45 | 10019 | L9047 || -r1754 | 200307 || 233485 | .goo87 || 15212 | 98836 || 16935 | 98556 | 15
40 | (10048 | .o0494 || c11783 | 90303 || ~13514 | -99o83 || (15241 08832 || .16g64 | .08551 | 14
a7 | -10077 | 00491 || -11812 | 90300 || +13543 | .00079 || 15270 98827 || .16g02 | .985460 | 13
48 | c10106 | 00488 || .rx840 | .gozoy || .13572 | 09075 || 15290 | 98823 || Ligozs | LgBsyr | 12
49 | .10135 | .00485 || «11869 | .90293 || 13000 | .ogo71 || 15327 93818 || .17050 | .98536 | 11
50 | .10104 | .0g48z || .118g8 | .ggzgo || L1362 .9go07 || .15356 | 9881y || .17078 | 08531 | 10
st | J10192 | 99479 || .11927 | .9g=86 || 15658 | .ggob3 || .15385 0880g || .17107 | .08526 9
52 | -10221 | .09476 || .11056 | .99283 | .13687 | .ggos9 || (15414 | .08Bas || 17136 | .g8521 8
53 | .10250 | .99473 || .13985 | .go27g || -13716 | .9g0s5 || 15442 | .98800 || .17164 | L8516 | 7
54 | -10279 | .gg4yo |[ 12014 | .oo276 || .13744 | .09051 || 15471 | 98796 || .17193 | .g8s11 | 6
55 | «10308 | 99467 || .12043 | .g9e72 || 213773 | 99047 || 15500 | 98791 || .17222 | 98506 5
56 | ~10337 | -93464 || 12071 | .9926g || .13802 | .09043 || +15520 | .98787 || .17250 | 98501 4
57 | .10306 | .gg461 || .12100 | .g0265 || .13831 | 99039 || -15557 | .98782 || .17279 | .g8496 | 3
58 | .10395 | .99458 || 12129 | .gqz202 13860 | .ggoz5 || .15586 | .g@778 || .17308 | .q984q: 2
59 | -10424 | 99455 || 12158 | .qp258 |[ .1388g | .ggo3r || .15015 | .g8773 .17336 | .g8486 4
Go | 10453 | .gg452 || 12187 99255 || 13917 | 99927 -15643 | .0870g || .17305 | .g8481 | o

Cosine| Sine ||[Cosine| Sine ||Cosine| Sine |Cosine| Sine |Cosine| Sine ,
'
5] 1,0 2,0 2.0 )
8y 83 82 31 8o




~
NaturaL SINES axb CosiNgs, 5
) o o
10° 11° I2 13 14
) r
Sine |Cosine|l Sine |Cosine| Sine |[Cosine|| Sine [Cosine|| Sine [Cosine
e
o | .17365 | 08481 | . .g8163 || .2079r | .a781s5 || 22405 | -97437 || .24192 | 97030 | Oo
1] .17303 | 98476 .08157 || .20820 | .o780g || .2252 .07430 24220 | .g7o23 | 59
2 | .rzazz | 98471 298152 || 20848 | 97803 || .22552 | .97s24 24249 | .g7015 | 58
3 | .17450 | 08466 -g8146 || .20877 | .97797 || .22580 | 97417 || .24277 | .97008 | 57
4| -17479 | -98461 208140 | .20905 | 07701 || .220608 | 97411 || .24305 | .g7001 | 56
5| .17508 | 98435 | . 98135 || .20033 -97404 24333 | -96994 | 55
6| .17537 | -uB4s0 08129 || .200602 L07598 24362 | 06987 | 54
7| 17555 | 08445 L0812y 20000 G 53
8| .r7504 | .08540 08118 || L2019 52
g | -r7623 | 08435 | o812 [ 21047 st
10 | 7051 | LgSys0 .g81u7 || 21076 50
11 | 17680 8101 40
12 | 17708 L9806 18
13| 17737 <o 47
:j 17706 ) LgBosy 9 46
15 | «17794 | 98404 || .19509 | .g807g || .z1218 .22G20 45
16 | 17823 | 298399 || 10538 | .gBoz3 21240 22048 44
17 | «17852 | 08304 || +10566 [ .0Sab7 | 21275 -22077 | 07325 | .24672 | .oboog | 43
18 | .17880 | .0838g || 10505 | .98061 || (21303 .23005 | .07318 || .24700 | .g6002 | 42
1g | -17909 | 08383 )| c10623 | .oB0s6 21331 L23033 41
20 | 17937 | .0837 c10f6i52 | cgBogo || .a2r L0762 || 23002 40
21 | 17066 L1680 | 98044 .q7686 || .23000 39
22 | 17095 L1g7oy | 98030 .07680 (| .23118 38
23 | 18023 L08033 La7673 || L23146 a7
24 | 180352 Jg8uz7 223175 3%
2 18081 19704 | .obozr .23203 35
26 | .1810g c1g823 | o886 34
27 | 18138 0851 | oS00 = 33
28 | 18166 219880 | 9800y 6829 | 32
29 | 18195 .19008 | 07908 .g682z | 31
3o | 18224 +19037 [ .07992 -g0815 | 3o
31| 18252 J10uhs | g8y 25066 | .q0807 | 29
33 | 18281 S T Lo7uiL L2500 .g680v0 | 28
33 | 18309 «20022 | 97975 25122 | Lebro3 | 2
a4 | -18338 20051 | 07969 .25151 | .o6786 | 20
a5 | .18367 | 08299 || .2u079 | 07963 .25:79 | 06778 | 25
30 | 18395 | .0fz204 || 20108 | .o7o58 25207 | Lg6771 | 24
37 | «18424 | 08288 || (20136 | 97052 25235 | .g6704 | 23
38 | 18452 | 08283 || 20105 | .g7g46 .25203 | 06756 | 22
39 | 18481 | .o8277 || .20103 | 07040 07176 || .25201 | .g6749 | 21
40 | .18509 | .08272 || .20222 | .g97934 .9716q || .25320 | .gb742 | 20
41 | 18533 | 08207 97928 97162 || 125348 | .g6734 | 19
42 | .18507 | .08=261 .g7g22 .97155 || .25376 | .gf727 | 18
43 | 18595 | .938250 || .20307 | .97916 .g7148 || 25304 | .gf710 | 17
44 | »18624 | .g8250 || .20336 | .97910 Q7141 || 25432 | .gf71z | 16
45 | -18652 | .g8245 || .20304 | .67905 297134 || +25460 | .g6705 | 35
46 | 18681 | .g8=z40 || .20303 | 97809 .g7127 || .25488 | .qb0g7 | 14
47 | 18710 | 98234 || .2042r | .g97893 97120 || .25516 | .qgffigo | 13
48 | 18738 L2050 | 07887 .07113 || .25545 | o008z | 12
49 | 18707 .20478 | 97881 97100 || .25573 | .90075 | 11
50 | .187g5 vao507 | 97875 22212 | .g7502 .g7100 || .25601 | .g6667 | 10
51 | 1882y | .g8z12 || .20535 | 973069 97490 .g7093 || .25029 | .g06Go
52 | 18852 | .g8207 || .20503 | .97303 La7stg || - Q7086 || 25057 | .g06s3 g
53 | -18881 | .g8201 || .205092 | (97857 | . -07453 || -23005 | 97079 || .23085 | .g6G45 | 7
54 | -18g10 | .qB1g6 || L20020 | L.g7B51 2232 .97470 [| «2q023 | .g7o72 || (25713 | .g063H 6
55 | +18938 | .gS81go || .20049 | .g7845 || .2235 207470 || -24081 | 97065 || .25741 | .g0030 | §
50 | .18067 | .q8185 || .20677 | .q7839 | .2238 297403 || .24079 | .g70s58 || 25769 | .gO6z23 q
57 | .18ags | .q8199 || 20700 [ .g7833 || (2241 Q7457 || ~24708 | .g7051 || 2578 | .gGO1§ 3
58 1gozy | .g8i7y || w20734 | 97827 || v22438 | c97450 || 224136 | .97044 || .25826 | .p66OB 2
5g | .1gos52 | .gS168 || .20763 | .q782tr || (22467 | .Q7444 || -24104 | .97037 || .25854 | .gO600 ¥
6o | .1gadt | .g8163 || .z0791 | L7815 || .22495 | .97437 || 24192 | 97030 || 25882 | .g0505 | o
; Cosine | Sine |Cosine | Sine [Cosine | Sine (Cosine | Sine [Cosine | Sine
’
) 20 o o o
79 78 77 76 i5




6 NATURAL SINES aND CoOSINES.
15° 16° 157° 18° 19°
r - f
Sine |[Cosine || Sine |Cosine| Sine |Cosine| Sine [Cosine| Sine |Cosine
o | .25882 | .96503 || .27564 | .96r26 || .20237 | .95630 || .30902 | .g5106 || .32557 | .94552 [ Go
1| -25910 | 96585 || 27592 | (06118 || 20205 | .g5622 || .30929 | .q5007 || .32384 | .04542 | 59
2 25638 | .g6578 || 27620 | .g6110 || .29203 | .g95613 || .30957 | .05088 || .32612 | .gq533 [ 58
3 | -25906 | .g6570 || .27048 [ .g6102 |[ .20321 | .g56o5 || .50085 | .g5079 || .32639 | .04523 | 57
4| -25094 | .96562 || .27676 | .96o9q || 29348 | .95596 |[ .31012 [ .g5070 || .32607 | .q4514 | 56
5 | -2tozz | 96555 || .27704 | 06086 || .29376 | .05588 |[ .31040 [ .9500r || .32604 | .q4504 | 55
G| -26050 | 90547 || .27731 | .90078 || 29404 | .95579 || .31068 | .gs052 || .32722 | 04495 | 54
7 | -26079 | .96540 || .27759 | .g6o7o (| 120432 | .95571 || -31005 | 205943 || .32749 | 94485 | 53
8 | .26107 | .g0532 || -27787 | .g60bz || 20400 | 05562 || .31123 | «05033 || +32777 | Q4470 | 52
9 | -26135 | .96524 || .27815 | .gGosy || .20487 | .05554 || -3115T | 05024 || .32804 | 94406 | st
10 26103 | .965:7 || .27843 | 00040 || 20515 | .0s5545 || -31178 | .gsor5 || .32832 | 94457 | 50
¥1 | .2619r | .9fs0g || 27871 | .96037 || .20543 | -65536 || .37206 | 95006 || .32850 | 94447 | 49
12 | .26219 | 90502 || .2780g | .gGozq || .zg571 | .g5528 31233 § 94997 || -32887 | .Q4438 | 48
13 | 20247 | 96404 || -27927 | 90021 || 20500 | 95519 || +31200 | 194088 || .32014 | .g4428 | 47
14 20275 | 96486 || .27955 | .06or3 || 20626 [ .ggstt 31289 | .94979 || .32042 | 94418 | 46
15 | .26303 | .96479 || -27933 | .9Goos || .29654 | .95502 || -31316 | .9497c || 32009 | .94409 | 45
10 | 25331 [ .g471 || 28011 | .05997 [| .20682 | .g5403 || .37344 | 94001 || 32007 | 04360 | 44
77 | 26350 | .96463 || .28039 | .95980 || .20710 | .95485 || .37372 | .94952 || -33024 | .943g0 | 43
13 | 26387 | .g6456 | 28067 | .95981 || 20737 | 95476 || -31399 | -94943 | -33051 | .g4380 | 42
19 | .26415 | 96448 || .28095 | .95072 || .20765 | 05467 || +31427 | .04033 || -33079 | .94370 | 4T
20 | .26443 | .g6440 || .28123 | .95064 || .29703 | .95459 || «37454 | .94924 || .33100 | .94361 | 40
21 | 26471 | .96433 || -28150 | .05056 (| 29821 | .95450 || 51482 | .oqgrs || 33134 | 4351 | 39
22 26500 | .g6425 || -28178 | 95043 || -20840 | 95441 31510 | .q4qeb || .33101 | 94342 | 38
23 20528 | (90417 || 28206 | .g5040 || .29876G | .05433 31537 | 94897 || -33180 | .g4332 | 37
24 | 20550 | .gf410 || .28234 | .95031 || .=20994 L1888 || 33216 | 94322 | 36
25 | 26584 | .g6402 || .28202 [ .g5023 || .29932 -G1878 204313 | 35
26 26612 | .gh3gy || .28290 | 95915 || 20060 +g486g +94393 | 34
27 | .26040 | .9f336 || .28318 | .05007 (| .20087 +G486o -94293 | 33
28 | 26608 | 96379 || 28546 | 05808 || .30015 G851 94284 | 32
29 | .26696 | .9637c || 28374 | .95890 || 30043 194842 94274 | 31
30 | .26724 | .96363 || .28402 | .95882 || .30071 94832 .gj264 | 30
31 [ 26752 | .g6355 || 28429 | .05874 || 30008 2gad23 | 233408 | 94254 | 29
32 | 26780 | .g6347 || .28457 | .05865 || .30120 29480 || -33436 | .g4245 | 28
33 | .26808 | .o6340 || .28485 | .9s8s7 || 30154 -g4805 || -33403 | w4235 | 27
34 | 26836 | 96332 || -28513 | .95840 || 30182 04795 || +33490 | .94225 | 20
35 | 26864 | .gb324 || .28541 | .95841 || .30200 04786 || .3351 .g4215 | 25
36 | .26892 | .96316 || .2850g | .95832 || .30z37 94777 || +33545 | 94200 | 24
37 26g20 | .96308 || .28597 | 95824 || .30205 .04768 || 33573 | 04196 | 23
38 25948 | .g630r || .28625 | .05816 || .30202 5 Q4758 || .33 94186 | 22
39 | 26976 | .96203 | .28652 | .gs807 || .30320 | .95203 || -31979 | 94749 || -33627 | .94776 | 21
40 | .27004 | 96285 ([ .28680 | .05799 || .30348 | .65284 || -32006 | .g4740 || -33655 | .gq167 | 20
41 [ .27032 | .g6277 || .28708 | .g95707 || .30376 | .g5275 |[ -32034 | .94730 || .33682 | .g4157 [ 19
42 27000 | .g6269 || .28736 | .g5782 || .30403 95200 2 Lg472r || 33710 | .g94147 | 18
43 | 27088 | .g6261 || .28704 | .95774 || .30431 | 95257 Q4712 || 33737 | -04137 [ 17
44 | «27116 | .gbz253 || 28702 | .957G0 || .30459 | 05248 .gq702 || .33704 | .gq127 | 16
45 [ -27144 | .96246 || 28820 | .05757 || .30486 | .95240 94693 || 33792 | 04118 | 15
46 | .27172 | .96238 || .28847 | 95749 || 30514 | .0523: <968y || 33819 [ .gq08 | 1y
47 27200 | .g96230 || .28875 | .g5740 || .30542 | (95222 94074 || +33846 | Lgq008 [ 13
48 27228 | .g622z || .28903 | .g5732 || .30570 05213 94665 || +33874 | 04088 | 12
49 | .27256 | .gbzry || .28031 | 95724 || .30507 | .05204 <4650 || .33901 | .gqo78 | 1x
50 27284 | .96200 || .28959 | .g5715 || .30025 951G5 94046 || 33929 | .g4008 | 10
5t [ 27312 | 96198 || .28087 | .g5707 || .30653 | .05186 +94637 || -33956 | .q4058 | o9
52 | .27340 | .90190 || .29015 | .95693 || .30680 | .05177 .q4027 || .33083 | 4049 | B
53 | .27368 | .96182 || .2g042 | 95690 || .30708 95168 .Q4018 || .34011 | .g4039 | 7
54 | -27396 | .96174 || .2g070 [ .05681 || .30736 | .g5159 -g460g || .34038 | .g4029 [ 6
55 | +27424 | 90166 || .29008 | .95673 || .307063 | .95150 194599 || -34005 | .g4019 | §
56 | .27452 | .06158 || .29126 | .05664 || .30701 | .95142 64599 || -34003 | 9409 | 4
57 | -27480 | .g6150 || .20154 | .05656 || .30819 | .95133 -g4580 || .34120 | .93099 [ 3
58 27508 | 06142 || .29182 | .950647 || .30840 95124 .9457T || +34747 | 03080 2
59 | .27536 | .96134 || .29209 | 95639 || .30874 | .g5175 04561 || -34175 | 93979 | T
60 | .27564 | .06126 || .20237 | .05630 || .30002 g5106 .g4552 || 34202 | .03960 n_'
. Caosine | Sine |Cosine | Sine ([Cosine [ Sine |Cosine | Sine ||Cosine | Sine ,
o =] o Q Q
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NATURAL Sines AND CosINEs. 7
20° 21° 22 23° 24°
] I
Sine [Cosine |[ Sine |[Cosine || Sine [Cosine|| Sine |Cosine|| Sine |Cosine
- ~ —
o | +34202 | .93909 || -35837 | .93358 || .3746r | .92718 | .39073 | -g20s0 || 40674 | .91355 | Go
T [ 34229 | .93939 || .35854 | .93348 || .37488 | .g92707 || -30100 | .g2039 || .40700 | 91333 | 59
2 | -34257 | .93949 || -35801 | .93337 || .37515 | 92697 | -39127 | .92028 || .40727 | .01331 | 58
3| +34284 | .03930 || .35918 | .03327 ([ .37542 | .92686 | .39153 [ .92016 || .4o753 | .q1319 | 37
4 | 34311 | .93929 || -35045 | .93316 37569 | 92675 || 39180 | .gz005 || .40780 | .g1307 | 56
5| -34339 | -93979 || -35973 | .9339C (| .37505 | -20604 || .30207 | .91094 || .40806 | .01295 | 55
6 | -34360 | .q3909 || .36000 | .03295 || -37622 | 92653 || .39234 | 01082 || .40833 | .g1283 | 5y
7| +34393 | 93899 || .36027 | .93285 | .37649 | .92642 || .30200 | .q1g71 ([ .40860 | .gi272 | 53
8 [ -34421 | .3880 || 36051 [ 03274 37670 | 2031 || 30287 | .gigsq || 40886 | .grafo | 52
9| -34448 293870 || 36081 [ 93264 377093 | .92620 || 30314 | .91048 [ 40013 | .gr248 | sE
10 | -34475 | 93809 ([ .36108 | .g3253 292609 || .39341 | 01936 || 40030 | .g1236 | so
1r | -34503 | .93859 |[ .36135 | -03243 239307 | 91025 || 40066 49
12 | -34530 | .93849 || .36102 239304 | -91g04 || 40002 48
13 | +34557 | -93839 L3942 | wgigoz || L4rong 47
14 | 234584 | .g3829 230448 | Jorfior || L41045 | 91188 | 46
15 | -34012 | 93819 39474 | -91879 |[ .4ro72 | 91176 | 45
16 | 34639 | .g3809 306271 239501 | 91868 || .41008 | .16y | 44
17 | 34600 | .g3799 36258 -39528 | 1856 || 41125 | 91152 | 43
18 | 34694 | .93789 || .30325 30555 | 91845 || .41151 | .grign | 42
19 | -34721 | .93779 || .306352 239581 | L1853 || qrrz8 | Lgria8 | 4o
20 | 34748 | .93769 3506379 +39008 | .g1822 || 41204 | Q1116 | 40
21 | -34775 | 93759 || 36400 -39635 [ -91810 || 41231 | .g1104 | 39
22 | 34593 [ .93748 |[ 36434 3960t | 91799 || .41257 | .g1og2 | 38
23 | -34930 | .q3738 36401 -39088 | .91787 || 43284 | .g1o80 | 37
24 .34-‘55..7 .g3728 .3@488 +39715 | «91775 || -41310 | .g1008 | 36
25 | -34854 | .q3718 || .36515 39741 | .91764 || .41337 | 91056 | 335
26 | 34912 | .93708 || .36542 -39708 | .01752 || 41363 | .groqq | 34
27 | -34939 | .93058 || 30500 +39795 | 917471 || 41300 [ .gro32 | 33
28 | .34900 | .g93688 || .36590 239822 | 91729 || .41416 | .gr0z20 | 32
29 | 34993 | .93677 || .36023 39848 | w1718 || L4rqq3 | .grou8 | 31
30 | .3s502r | .g3667 || 360650 39875 | 91700 |[ L41469 | .gogoh | 30
31 | -35048 | .03657 || .36677 -39902 | 91694 || 41496 | .gog84 | 29
3z | 35975 | -93047 || -30704 30928 [ .g1083 || .41522 [ .gogyz | =28
33 | -35102 | .93037 || .3073! | .g3010 239955 [ 91671 || 41549 | .gogho | 2
34 | -35130 | .93626 || .36758 | 92909 .39082 | 91660 || .41575 | .gogq8 | 26
35 | -35157 | .93616 || .36785 | .q2988 cq0008 | 91648 || 41002 | .gog36 | 2
36 | 35184 | .g360G || 30812 | .g2978 40035 | 91636 || 41628 | .gogay | 24
37 | +35211 | .93590 |[ .36839 | .929G7 +q0002 | 01625 || .41655 | .gogrr | 23
38 | .35239 | .93585 || .36867 | .g2956 .40088 | .g1613 || .41681 | .goSan [ 22
39 | +35200 | .g93575 || 36804 | .92045 .40115 | .gi16or || .41707 | .qgoB87 [ 21
40 | 35293 | .93505 || .30u21 | .g2q35 J4014T | 91590 || 41734 | .go875 | 20
41 | 35320 | .93555 || -30948 | .gz024 38564 g2205 || 40168 | .g1578 || 41760 | .go863 | 19
42 [ -35347 | 93544 || 36475 [ 02013 || .38501 | .q2254 || -40195 | .g15G6 || .41787 | .qo851 | 18
43 | -35375 | 93534 || .37002 | .g2qoz || 38017 | .gza43 || .40221 | .01555 || .41813 | .g9eB83g | 17
44 | -35492 | .93524 || -37020 | .g280z2 38644 2231 || 50248 | 01543 || .41840 | .go8S26 [ 16
45 | +35429 | .93514 || .37050 | .g=288: 38671 gz220 (| .qo275 | L1531 || 41806 | .goB1y | 15
40 | 35450 | .93503 || .370B3 | .92870 || .38698 | .g22009 || .40301 | 01519 || .41892 | .0ofo2 | 13
47 | -35454¢ | .93493 || .37110 | .g28359 38725 | .92108 || .40328 | .q1508 || .41010 goyoo | 13
48| -35511 | 93483 || .37137 | 02849 (| 38752 [ .92186 || .40355 | 91490 || .s1945 [ .oo778 | 12
46 | -35538 | .g3472 || .37164 | .02848 38778 62175 || -40381 | G148y || 41972 | LQo766 | 11
50 | -35505 | .g93402 || .37191 | .g28=27 38805 | 92104 || (40408 | .o1472 || .41008 ao7583 | 19
51 | 35592 | .93452 || .37218 | .g2816 38832 92152 || 40434 | gr4br || L4202y go741 9
52 | +35019 | .93441 || -37245 | .g28035 38850 | L2141 || 40401 [ 91449 || 42051 gog2g | 8
53 | +35047 | .93433 || .37272 | .92704 38886 92130 || .40488 | .g1437 || .42077 go717 7
54 | +35674 | 93420 || 372099 | .92784 38g12 g2y || 40514 | 91425 || 42104 gojo4 | 6
55 | -3570L | .g93410 || .37320 | .92773 || .38039 | 02107 || L4054 | 91414 || .42130 | .gobgz2 | s
56 | .35728 | .93400 || .37353 | .g2762 38060 2096 || .40507 | .grq02 || .42156 | .qolBo | 4
57 | +35755 | -9338a || -37380 | .q275¢ || .38993 [ .g2085 || -40504 | -01390 || -42183 [ .goGG3 | 3
58 | 35782 | 93379 || .37407 | .q2740 39020 | .g2073 || -40021 | 91378 || .42200 | .gobs5s 2
59 | .35810 | .93368 || .37434 | .092729 39040 | .gzotiz || 40647 | .91366 || .42235 | .qoby3 I
6o | .35837 | .93358 || 37461 | .g2718 || .39073 | .az050 || .40674 | .0r3ss || .42202 | .gof31 | o
; Cosine| Sine ||Cosine| Sine [Cosine| Sine [|Cosine| Sine ||Cosine| Sine
1
69° - 68° 67° 66° 65°
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NATURAL SINES AND COSINES.

25° 26° 27° 28° 29°
!
Cosine || Sine |Cosine|| Sine [Cosine|| Sine [Cosine| Sine [Cosine

.63t || .43837 | .8u879 .8g1or 46947 | .88295 43481 | 87402 | 6o

o618 || .43803 | .89867 .BgoBy || .46973 | 88281 || 48500 | ,87448 | 50

.9afiab || 43889 [ 80854 -80074 || .46999 | .88267 || .48532 | .87434 | 58

90594 || -43910 { .3g841 .8gabr || 4702 .88254 48557 | .87420 | 57

gosSz || -43942 | .8q828 89048 || .47050 | .88240 |[ .48583 | .87400 [ 56

903569 || .43968 | .89816 .8go3s 47076 | .B8220 48608 | 87301 | 55

90557 || -43904 | .89803 .Bgoar 47101 | .8B213 || .48634 | 87377 | 54

99345 [ -44020 | .By790 89008 || 47127 | .88199 || .48650 | .87363 | 53

Go332 || 44046 | 80777 -B89gs || -47153 | 88185 || 48684 | .B7349 [ 52

go520 || 44072 | 89704 .88081 17178 | 88172 18710 § 87335 | 51

o507 || 44008 | 89752 .88g68 47204 | 88158 48735 | 87321 | 50

190005 || g4z | 897309 +88955 -B7306 | 49

2gog83 || g4151 | L8720 .88g42 87202 | 48

47 || By713 .88g28 .87278 | 47

NVSFLT g 89700 -B8qg1g 87204 | 46

sl || L gq22 .89687 .88go2 87250 | 45

Q0433 44255 | .89074 .88888 87235 | 44

~go42t || .44281 | .8gGGz 88875 B7zar | 43

200408 || -44307 | 890649 88862 Byzoz | 42

+92395 || 044333 | -80036 -88848 || 47434 -87193 | 41

+go383 || 44359 | .8ylz23 )| .q5917 | .88835 || .47400 87178 | o

«9o37t || 44385 | .896r0 || .45942 | .88822 || .47486 | .88oof 49014 | 87164 | 39

290358 || .44411 | 8osu7 || 45068 | 83868 || .47511 | 87903 49940 | 87150 | 38

<2340 | 44437 | -BosBy || L45004 | -88705 || -47537 | -87979 490605 | .S7136 | 37

U334 || -44404 | LBysr || 40020 | .B8782 || 47302 | 87905 || .49090 | .87121 | 36

2gu32E || +44490 | .8gssB || L40046 | 88768 || .47558 | .B7gst || 30116 | .87:07 | 35

+G9309 || -44516 | 80545 || 46072 | .88755 || .470r4 | 87037 . .40141 | -87oo3 | 34

<gu2gt || -44542 | 89532 || 460097 | .8874r || -47639 | -87923 49166 | 87079 | 33

o284 || -44308 | .8gs519 | 46123 | 88728 || .47665 | 87909 49192 | .87064 | 32

+43925 | «9o27L || 44594 | .80506 || 46149 | 88715 || .47600 | .87896 || .59217 | .Byose | 31
+43051 | .9025g || -44620 | .80493 || .46175 | .8870l || .47716 | .87882 || .4g242 | 87036 | 30
.43077 +44646 | .8Bg480 .B8688 || 47741 | 87868 || .49268 | .8j0z1 | 29
-43104 44672 [ . 8y467 88674 || .47707 | 87854 | 45293 87007 28
43150 -44098 | .8o.54 L88001 || 47793 | 87840 || 49318 59993 27
L43150 44724 | 8o 88047 || 47818 | .8782C || .49344 86078 | 20
L43182 | .go1gh || 44750 | 85428 88634 || «47844 | 87812 | .49309 | 866y | 25
Lgut83 |l 4778 | WBoars 88620 || 47869 | 87798 || .49304 | .86g40 [ 24

wgotgr || L44802 | (8gqo2 .88607 || .47805 | 87784 || .49419 | .86935 | 23

wgors8 || .44828 | L8938y 88593 || +47920 | 87770 || 49445 | .86g21 | 22

cgongf || .44854 | 80376 || 46407 | 88580 || 47046 | 57756 || .40470 | 86906 | 21

1133 || .44880 | 80363 | 40433 | 88566 || .a797r | -87743 || «40495 | 86892 | 20

43340 | .garzo || 44906 | .8g350 || .46458 | .88553 || .47007 | 87720 || .49521 86878 | 19
43300 | cquioB || c34932 | 89337 || 40484 | 88530 || 48022 | 87715 || L4g546 80863 | 18
243392 | 92095 | .54953 | .Bg324 || .40510 | 88526 JByyon || 49571 | .B6B4q | 17
43418 | cgoolz || 44984 | .Bgztr || .40536 [ 88512 870687 || .49596 | .86834 | 16
~43445 | -goo70 || -45010 | 89208 || 46561 [ 8840 870673 || .qgb2z 86830 | 15
43471 | .goos7 || -450306 | .8gz8s || 46587 | 88485 87659 || .49647 | .86805 | 14
+43497 | 190045 || «45062 | .Bgz2g2 || 46613 | .8By72 87645 || .q0672 | 86791 | 13
43523 | -guo32 || 45088 | .Bgaso || 46639 | .88458 87631 || Lyqbg7 86777 | 12
<43549 | .goorg || .435114 | .8gz45 (| 46604 [ 88445 87617 || L49723 | -86762 | 11
+43575 | +9o007 (| ~45140 | 89232 || .460g0 | .88431 87603 [| .49748 | .86748 | 10
-43602 | 89994 || -45166 | .8g219 -88417 87580 || .49773 [ .86733 | 9
.43628 | .8gg8r || .45102 | .83200 88404 .87575 || .49708 | .86719 | 8
43654 | -89q68 [ .45218 | .8g103 .88390 87561 || .49824 86704 3
.8g9s6 [} -45243 | .Sg180 88377 87546 || .49849 | .B66go | 6

189943 || 45209 | -8g167 -88363 .87532 || 49874 | .86675 | 5

89930 || .45205 | .8g1s53 +83349 87518 || 498q9 [ 86661 | 4

89918 || .4552¢ | .8g140 88336 87504 || ~49924 | BOOKG | 3

89905 || -45347 | -8g127 .88322 87450 || 49950 36632 2

.8g8g2 || .45373 | .8g1rg 88308 87476 || -49975 | 86617 T
89879 || -45399 | .8g101 .882g5 87462 || 50000 86603 _o|

Cosine [ Sine |[Cosine| Sine ||[Cosine| Sine |[Cosine| Sine |[Cosine| Sine .

64° 63° 62° | 61° 60°




NATURAL SINES AND COSINES. 9
o - o a ) )
g 30 31 3 33 34 ;
Sine |Cosine|| Sine |Cosine| Sine Sine |Cosine| Sine |Cosine
o | .soove | .B66o3 || .s1504 | .Bs717 || .52092 +54404 | 83807 || .55019 | .82g04 | Go
1 | .50025 | .B63588 || .51529 .Ssy.c: .53017 54488 83851 || .55043 | 82887 | 59
2 [ .50080 | 86573 || 51554 | 85087 || .53041 54513 [ -83835 | 55008 | 82871 | 58
3 | .50070 | 86559 || .51579 | 85672 || 53006 54537 | -83839 | .55052 | .B28s5 | 57
4 | .soror | 86544 || «51004 | 85657 || 53001 54501 83804 || .50016 | .8283g | 56
5 | .50126 | 86530 || (51628 | .85642 || .59115 54586 | .83788 || . 56040 55
6 | .gorgr | .80s15 || .51653 | 85627 || .53140 54610 83772 || 50004 54
7 | 50176 | 86501 || .5:678 | Bsliz || i53104 4 83756 || 56085 33
8 | .5ozo1 | .86486 || .51703 | .85597 || .53189 83740 || .56112 z
g | .soa2y | J86471 || .51728 | Bss8z || L5321y 83724 || -50136 51
10 | .50252 | 80457 || -51753 | .85507 || .53238 83708 || .56100 50
11 | .50277 | 86442 || .51778 | .85551 || 53263 k 2 | 83692 | L5018, 19
12 | .50302 | W8G427 || v51803 | 85536 || (53288 547360 | (83076 || .56208 48
13 | .g0327 | .BGyr3z || .51828 | .85521 || 53312 L5781 | 83060 || 56232 47
14 | .50352 | .BOsgB || .51852 | 83500 53337 54805 | .83045 50250 406
15 | 50377 | 86384 || .51877 | 85491 || 153361 54829 | .83629 || .50zdo 45
16 | 50403 | .BG36g || .51002 | .B5476 53386 54854 | .B3013 50305 44
17 | 50428 | L8635y || .51927 [ 85461 || 53411 -54878 | 83507 || .56320 43
18 | .50453 | .B0340 || .51952 | 85446 || .53435 .54902 | .83581 56353 42
19 | .50478 | .B6325 || .51977 | .85431 53460 54927 | 83565 || .56377 4T
20 | .50503 | .86310 || .52002 | .85416 53194 .54951 | .83549 || .56401 40
21 | .50528 | .BG=205 52026 | .85401 53500 .54975 | 83533 || 56425 39
22 | .50553 | 86281 || 52051 [ .B5385 | .53534 +54999 | -83517 | .56449 38
23 | .5u578 | .86206 || .52076 ..‘%5370 .53558 .55024 | 83501 56473 37
24 | 50003 | (86251 || 52101 | .85355 || .53583 -55048 | 83485 ([ 56497 36
25 | .50028 | (86237 || .52126 | (85340 53007 .55072 | .83460 50521 35
a0 | .gofisy | 86222 || .s2r51 [ 85325 || .53032 .55097 | .83453 || 50545 34
27 | .50679 | 86207 || .52175 [ .85310 || . 53656 .55121 | 83437 || .50569 33
28 | .50704 | .8619z || .s2200 | 85204 (| 53681 -55145 | «83421 || .50503 32
29 | .5072q | 86198 || .52225 | 85270 53705 551609 | .83405 56017 31
30 | .50754 | .BO163 || .52250 | 85204 53730 55194 | .8338y || .56641 30
31 | 50779 | 86148 || 52275 [ 85249 || .53754 .55218 | 83373 || 56605 29
32 | .50804 | 86133 || .52209 | .35234 || 53770 55242 | 83350 56689 28
33 | +5082g | .BOiig || .s52324 | .8B5218 || L5380 0] .55206 | 83340 || .50713 27
34 | +50854 | 80104 || .52349 | .85203 || .53828 i 55291 | 83324 56730 20
35 | .5087g | .86o8g || .52374 | .85188 || .53853 | .84261 || .55315 [ .83308 56760 25
36 [ .50904 | .86ozs || .52399 | .85173 || .53877 | .Byz4s5 [ -55330 | .83202 || .56784 24
37 | 'so92g | .BGosg || .s2423 | 85157 || .53902 84230 || .55303 | .83270 56808 23
38 | .50054 | 80045 || .52448 | .85142 || .53926 | 84214 || .55388 [ .83= 56832 22
39 | -5007¢ | 86030 || .52473 | .Bs127 || .53087 84198 || .55412 | .B3244 56856 21
40 | -51004 | .BGoirg || .52498 | .8s112 || ,53975 | (84182 || .55436 | 83228 56880 20
4t | 51020 | .Bfiooo || .52522 | .85006 || .54000 84167 || .55460 | .83212 56go4 | 82231 | 19
g2 | -51054 | .85085 || .52557 | .85081 || .54z B4rs1 || .55484 | .83195 5(3928 82214 | 18
43 | -51079 | .8s970 || .52572 | 85006 || .54049 | .84135 || .55509 | .83179 [ .50052 | .Be1g8 | 17
44 | «51704 | 85056 || .52597 | .85081 || .54073 | .84120 || .55533 | .83103 576 | 82181 | 16
45 | -51129 [ .Bsg41 || 52621 | 85035 || 54097 | 84104 || .55557 | -83147 || .57000 [ 82165 | 15
46| .5t154 | -85026 || .52046 | 85020 || .sq1e2 | (84088 || .5558r [ .83131 5oy | 2148 | 14
47 | «s1179 | 85011 || .52071 | .8s005 || .54146 | .Byog2 || .55005 | .83115 57047 | 82132 | 13
48 | .51204 | 858060 || (52606 | .8498q || .5q271 84057 || .55650 | 83008 || .57071 | 82115 | 12
49 | .s1229 | 85881 || .52720 | .B4n74 || .54105 84041 || .55054 | 8308z 57005 | 82008 | 1t
50 | .51254 | .85860 || .52745 | 84059 || (54220 84025 || .55078 | .83066 57119 | .82082 | 10
51 | -51279 | 85851 | 52770 [ 84043 || 54244 | 84009 || .s55702 | 83050 || 57143 | 82005 [ ©
5z | .51304 | .B5836 || -527g4 | 84028 || .54209 83994 || +55720 | .53034 57167 | .B2048 8
53 | «5332¢ | 85821 || .52819 | .84013 || .54207 83978 || .55750 | 83017 57191 | .Bz2032 7
54 | -53354 | -85806 || .52844 | 84897 || .54317 | -B3902 || 55775 | 83001 57215 | .8z015 | 6
55 | 51370 | -85792 |[ .52806g | .84882 || .54342 | 83946 || .55700 | .B2085 || .57238 | .B1990 | 5
56 | .51404 | 85777 || «52893 | .84860 || .54366 83030 || .55823 | .82009 g7262 | (81982 | 4
57 | -51429 | 85762 || .52918 | 84851 || 54391 | 83915 || -55847 | .82053 || .57286 [ .81g65 [ 3
58 | -51454 | -B5747 || .52043 | 84836 1415 | 83909 || .55871 | 82036 || .57310 | .Big49 [ 3
59 | +51479 | 85732 || 52007 [ .B4820 1440 | .83883 || .55895 | .82020 | .57334 | .8roz2 [ 1
160 | .51504 | .85717 || .52002 [ .84805 || 54404 | .B3867 | 55019 | .B2go4 || 57358 | 8rois [ o
; Cosine | Bine ||Cosine| Bine ||Cosine| Sine ||Cosine| Sine ||Cosine| Sine ,
o o o o a
59 58 57 56 55




10 NaturarL Sives AND CoSINES.
o o o o o
, 35 30 37 38 39 ,
Sine |Cosine|| Sine |Cosine|l Sine |Cosine| Sine |Cosine|l Sine |Cosine
o | .57358 | 81915 || 58779 | .Bogoz || .Gor8z2 | .7gH04 01566 | .78801 || .62932 | .77715 | Go
1| .57381 | 8189 || .58802 | .Bo885 || .Goz2o05 | .79846 || .6158q [ .78783 | 62955 | .776g6 | so
2| .57405 | -81882 || 58820 | .Bo867 [ .Goz28 | .7982q || 610612 | .78765 || .G2g977 | .77678 | 58
3| .5742q | 818065 || .5884q | .Bo8so0 || .Goz251 | .79811 61035 | .78747 || -63000 | 77660 | 57
4| -57453 | 81848 || .58873 | .80833 || .Go274 | .79793 || 01658 | .78729 | .63022 | 77641 | 56
5 | -57477 | -81832 || .58890 | .80816 || ,Go2g8 | .79776 || 62681 | .78711 || .63045 | .77623 | 55
6 | .s7501 | 81815 || .58920 | .Bojgg || .Go321 | (70758 Gr704 | 780694 || .63008 | .77605 | 54
7 | «57524 | 81798 || .58043 | .Bo782 || .Gog44 | 79741 G1726 | .78676 || .63090 | .77586 | 53
8 | .57548 | .B1782 || .58967 | .Boy6s || .60367 | .79723 || .G1749 | 78658 || .63113 | .77568 | 52
6 | -57572 | -81765 || .58qg90 | .80748 |[ .60390 | .7q706 || 63772 | 780640 || .63135 | .77550 | 51
10 | .57566 [ .81748 || .5q014 | .Boy3o || .Goqr4 | .7q088 || .G1795 | .78622 || .63158 | .77531 | 50
1t | .g761q | JBi931 || .50037 | (Bozig || .G0437 | .79671 || 61818 | .78Goq || 63180 | .77513 | 49
12 | 57043 | JBagrg || J5g001 | JBubgh || 60400 | L7053 || JGr84r 785806 || .63203 | 77404 | 48
13 | .57067 | .816Go8 || 59084 | .BoGyqg || 60483 | .79635 || G186y 78568 || .G3225 | .77470 | 47
14 | 57691 | B168x || 59108 | LBobbz2 || LGos00 | .79018 || 61887 78550 || 63248 | .77458 | 46
15 | 57715 | -B1006y4 || .50131 | .Bobyy || 60529 | 79600 Gigog 78532 || 63271 | 27430 | 45
16 | .57738 | 81647 || .50154 | .80627 || .6os53 | .79583 03293 | «77427 | 44
17 | -57762 | .81631 || .59178 | .8Bo6io || .Gos76 | 70505 63310 | 77402 | 43
18 | .57786 [ 81614 || .59201 | .Bosg3 || -Gosgg | .79547 63338 | 77384 | 42
19 | .57810 [ 81507 || .50225 | .8o576 || .6ab22 | .79530 03301 | 77360 | 41
20 | .57833 | .Bi1580 || .50248 | .8o558 || .60645 | .79512 263383 | 77347 | 40
21 | .57857 | .81563 [ .59272 | .Bosqr || .60G6B | .79494 263406 | 77329 | 39
22 | .57881 | .81546 || .50205 | .8os24 || .6obGgr | .79477 63428 | .77310 | 38
23 | -57904 | -81530 || .50338 | .Bogoz || .Go7iq | 79450 63451 | 77202 | 37
24 | +57928 | .Bisig || .59342 | .Bog8y [ 60738 | 7944t 263473 | 77273 | 30
25 | 57952 | .B14g0 || 159305 | 80472 || .Goz01 | .79424 63490 | 177255 | 35
26 | .57976 | B1y70 || .50389 | .Boyss || .Go78g | 79400 .63518 | .77230 | 34
27 | .57999 | -Bry6a || 50412 [ JBoy38 | (69807 | 79398 .63540 | 77218 | 33
28 | .58023 | .Bugys || .59436 | Bog20 || .Go830 | 79371 .63563 | 77199 | 32
29 | 58047 | 81428 || .59450 | .80403 || .60853 | .79353 .63585 | 7718t | 31
30 | .s8070 | .8rq1z || .59482 | .80380 || .60870 | .70335 63008 | 77102 | 30
31 | .58094 | 81305 || .50506 | 80368 || .6o8gg | .79318 63630 | 77144 | 29
32 | -58118 | 81378 || .50520 | .8o351 || .Gogez | .70300 .63657 | .77125 | 28
33 | -58141 | 81361 || .59552 | .Bogay || .Gogqs | .79282 63675 | 77107 | 27
34 | 58105 [ .Br3qy || .50576 | .80310 || .Gog68 | .70204 .63698 | .77088 | 26
35 | -58139 | .81327 || .50599 | .8o299 | .Goggr | .79247 -63720 | .77070 | 25
30 | -58212 | 81310 || .50022 | 80282 || .G1015 | 70229 63742 | 77051 | 24
37 | 58236 | 81203 || .56646 | .8o264 || .61038 | .79211 .03705 | 77033 | 23
38 | .58260 | 81270 || .59609 | 80247 || .61001 | .79193 .63787 | 77014 | 22
39 | -58283 | .Bi2gg (| 59003 | .Bo23o || .Gro8y [ .7gr70 -63810 | 76996 | 21
40 | .58307 | .Bizyz || .59716 | .8o212 61107 | .79158 .63832 | .76977 | 20
41 | 58330 | .81225 || .50730 | .Bo1gs || .61150 | 79140 || .Gaso2 | .7Bo6r || .G3854 | .70950 | 39
42 | .58354 | 81208 || .50703 | .Borz8 ([ 61153 | .7grz2z || (G252 | .7Bog3 || L0387 | .76ig4o | 18
43 | +58378 | .Buigr || .50786 | .BoiGo || 61176 | 79105 || .62547 | 78025 || 6389y | 76921 | 17
44 | 58401 | .Buagy || .50809 | JBorgz [ L6116 [ 79087 || J62570 | 78007 || 63922 | .70g03 | 16
45 | -s8425 | Buisy [l 5832 | LBoizg || LGrazz | .7qo6y | (O2592 | .77988 (| G344 | .7088¢ [ 15
40 | 58440 | Br1go || .50856 | JBowo8 || .Gizys | .7g90s51 2615 | 77970 || .63906 | 70866 | 14
47 | 58472 | 81123 || .50879 [ 80091 [ .G1208 | 79033 |[ 62038 | 77952 || .63989 | 70847 | 33
48 | 58496 | .Burch || .s9uoz | L8oo73 || LGrzgr | 79016 || (62600 | .77034 || 6ycrt | 70828 | 12
49 | .58519 | 81080 || .599206 | 80050 || .G1314 | (78008 || .62683 | .77016 || .64033 | -76810 | 11
50 | .58543 | .B1icpz || .59949 [ 80038 || .61337 | -78¢Y0 || 62706 | .77807 || .64056 | .707g1 | 10
st | .58567 | .Bioss || .59972 | .Boo21 || .61360 | .78q62 || .G2728 | .77879 || .64078 | 70772 g
52 | .58500 | .Bi038 || .50995 | .Boocoj || .61383 | .78944 || -G2751 | 77861 || 64100 | 76754
53 | -58614 [ .8ro21 || L6001g | .79q80 || .61400 | 78926 || 02774 | .77843 || .64123 | (70735 7
54 | .58037 | .8rooy | .Googz | 79968 || 61429 | .78qo8 || 62706 | 97823 || (64145 | 76717 | 6
55 | +58601 [ .80g87 || .600G5 | .79951 || .G1q51 | 78891 || 62819 | 77800 || .Gq167 | 76698 [ 5
50 | .58684 | .Bog7o || .6008g | 79634 || -Ov474 | 78873 || 62842 | (77788 || .G4190 | 76679 | 4
57 | 58708 [ .Bogs3 || JGoniz | 79010 ([ 61497 | .78855 || (62864 | .y776q [ .G4212 | 76601 3
58 | .58731 | .Bog36 || .6o135 | .7680¢ | .Gis20 | .78837 || (62887 | 77751 || .64234 | 70642 2
59 | -58755 | .8ogtg || .GoisB | .79881 || 61543 | 78819 || 62909 | 77733 || .64256 | 76623 1
Go | .s8770 | 8oqgoz || L6018z | (70864 || .61566 | 78801 || .62932 | .79715 || 65279 | 706604 _OJ
, Cosine| Sine | Cosine| Sine [[Cosine| Sine ||Cosine| Sine |Cosine| Sine i
< o o o o
54 53 52 51 59




Narurar SINES AND CosINEs. 11
° o o )
N 41 [ as 44 '
Sine |Cosine|| Sine |Cosine| Sine |Cosine| Sine |Cosine|| Sine |Cosine
o | .04279 | .76604 || 65606 | .7547I 66913 | .74314 || 08200 | .73135 || -69466 | .71934 6o
1 | 63301 | .763586 || .65628 | .75452 66935 | .74295 || .6822r | (73116 |[ .69487 [ .71914 | 59
2 | .64323 | 76567 || -65650 | .75433 || +06956 | .74276 || 68242 | .73096 || 69508 .71894 | 58
3 | -64340 | 76548 || .G5672 | 75414 6978 | 74256 || 08204 | .73076 || .G9520 | .73873 | 57
% | 64368 | .76330 || .65694 | .75305 || -66000 | .74237 || -68285 | .73056 || -69349 | 73853 | 56
5 | -G4300 .76s11 || .65716 | .75375 67021 | 74217 || 68306 | .73036 || .Ggs70 | 71833 | 55
6 | 64412 | .76492 || .65738 | .75356 67043 | «74108 || .G8327 | .73016 || .Ggsgr | .71813 | 54
7 | 64435 | -76473 || 05739 | 75337 || -G7004 | 74178 || -GB349 | 72696 || 69012 | 71702 | 53
§ | .64457 | -76455 || 65781 | .75318 || .67080 | .74159 || .68370 | .72976 || .66633 | .71772 | 52
9 | -64479 | .76430 || 65803 | .75209 || 67107 | .74139 || .G839r | .72057 || 69654 | 71752 | 51
10 | .G4501 | 76417 || .Os825 | .75280 67129 | 74120 || 68412 | .72G37 || -69675 | 71732 | 5O
1 | 64524 | 76398 | 65847 .75261 || 67151 | .qq100 || 08434 | (72017 |[ 0966 | L7r7in ) 49
12 | 64546 | 76380 || 65809 | 75241 || 67172 | 74080 || G3455 | 72897 || .Goji7 71691 | 48
15 | .64508 | .70361 || 65391 | 75222 67194 | +7400t || 63476 | 72877 || .Gg737 | 71671 | 47
14 | -04500 | .70342 || -035913 | .75203 67215 | 74041 || 68407 | -72857 || .G9758 | 71650 | 46
15 | 64012 | 76323 || +G5935 7518 || .G67237 | .74022 || .08518 | .72837 || -G9779 | .71630 | 45
16 | 64035 | -76304 || -05956 | 75105 67258 | .74002 || 68539 | .72817 |[ .GgSoo [ .71610 | 44
17 | -64657 | .76280 || .65978 75140 || .67280 | .73083 || -68s6t | .72707 || G982y | .71590 | 43
18 | 64679 | 76207 || .66ooa | 75126 || 67301 | 73963 || .G8s82 | .72777 || -Gg842 | .71500 | 42
19 | «G4701 | .76248 || .GGoz2 | .7s5107 67323 | 73044 || 68603 | (72757 || -Go862 [ 71549 | 41
20 | 64723 | -76229 || 66044 | 75088 || 67344 | 73924 || -G8624 | .72737 || 66383 | .71529 | 40
21 | 64746 | 76210 || 66066 | 75069 || (67366 | .73904 |[ -G864s5 | .72777 |[ .Cogos .71508 | 39
22 | 64768 | .76192 || .66088 | .75050 || 67387 | .73885 || 68666 | .72697 || .Goo=s | 71488 38
23 | 64790 | 76373 || -66109 | .75030 || 67409 | 73805 | .6BGSS 72677 || 69946 | -71468 | 37
24 | 64812 | 76154 || 66131 | 75011 || .G7430 | .73840 || .G8709 72657 || 60066 | .71447 | 36
25 | 04834 | 76135 || 66153 | 74992 || 67452 .73826 || .68730 | .72037 || -G9987 | .7r427 | 35
26 | .64856 | 76116 || .66175 | .74973 || .67473 | .73806 || .68751 | .72017 || .70008 | .j1407 | 34
27 | .64878 | .76097 || -66r97 | .74953 || -G7405 | -73787 || -GB772 | .y2597 || .jo02g | .71386 | 33
28 | JG49o1 | 76078 || .C6218 | 74934 || .G7516 | 73767 || .B793 | .72577 || -70049 | .713G6 | 32
29 | 64923 | -76059 || .COz40 | .74915 || .67538 | .73747 || -G38r4 | .72557 || 70070 | 71345 | 3T
30 | 64945 | .76041 || 662062 | .74896 || 67550 | .73728 || 08835 | .72537 || 70091 | 71325 [ 30
3t | 64967 | 70022 || .66284 | .74876 || .G7580 73708 || .68857 | 72517 || .7o112 | .71305 | 29
32 | -64989 | 76003 || 66306 | .74857 67602 73088 68578 | .72q97 || .7o132 | .71284 | 28
33 | .6s01t 75984 || 66327 | 74838 || .07623 730669 68899 | F2477 || -70153 | 71204 | 27
34 | 05033 | 75965 || 66349 | 74818 67645 | -73049 || -6B920 | .72457 || 70174 | 71243 26
35 | -63955 75046 || 66371 | 74799 [ .67606 73029 || .G8g41 | .72437 || .70195 | .71223 | 25
36 | 65077 | .75927 || 66393 | 74780 || .G7688 | .73610 || .GBgl2 [ .72417 || .70213 | .7r2c3 | 24
37| 65100 | .75908 [| 6641y | .74700 || .G7709 | .73590 || 68983 | .72307 || .7o230 | .7r282 | 23
38 | 65122 | .75889 || 65436 | 7474t || .G7730 | .73570 || 69004 | .72377 || .70257 | .7ribz | 22
39 | 65144 | .75870 || .66458 | .74722 || .G7752 | .73551 || -Ggozs | .72357 || .70277 [ .7rIsr | 2F
3o | 65160 | .75851 || .66480 | 74703 || .67773 | 73531 || -Ggo46 | .72337 || 70208 | .7rizr | %O
41 | -65188 | .75832 || .6650r | .74683 || .67795 73511 || .69067 | .723t7 || .70310 | .7ITOO [ TQ
42 | 635210 75813 || 66523 | 74004 67816 73491 || «6yoB8 | .72207 || .70330 | 71080 18
43 | 65232 | -75794 || 66545 | -746a4 || 67837 [ .73472 || .Couog [ .72277 || .703C0 | 77059 | 17
41 | 65254 | 75775 || -66566 | 74025 | 67850 | .73452 || .Go130 [ 72257 || .70381 | 71039 16
45 | -65276 75756 || 66588 | 74606 || .67880 [ .73432 || 60151 | .72236 || -70401 | 71019 [ TS5
46 | 65208 | .75738 || 66010 | .74586 || L6701 73413 || .6g172 | .72216 || .70422 | .70q98 | 14
47 | -65320 | .75719 || -66632 | 74567 || 67923 | 73393 || -Ggro3 | -72100 |[ -79443 | 70078 | 13
38| (63342 | .75700 || 60053 | 74548 || 67044 | 73373 || -Gg214 | .72876 | .70463 | 70957 [ 12
49 | 65304 | -75680 || 60675 | .74528 || 67905 | .73353 || 60235 | 72156 |[ 70485 | .70037 [ I1E
5o | -65386 | 75661 [| (66697 | 74509 [ 67987 | .73333 | G925 | .72136 || o505 | 70916 | 19
st | 65408 75642 66718 | 74489 || 68008 73314 || 69277 | 72116 || (70523 | 70896 | 9
52 | -65430 7502 66740 | 74470 || .0O8029 73204 || -09208 | 72005 || v70546 | .70875 | 8
53 | -65452 | 75604 || .G6762 [ 74450 | -G8usr | 73274 | -693iq 270567 [ .708s5 | 7
54 | 65474 | -75585 || 66783 | .74431 || -63072 | .73254 || -69340 ng8y | o70833 | 6
55 | -65490 75560 || .66805 | (74412 || 68093 73234 || -Gg361 Lqo6o8 | .7oBiz | S
56 | .65518 | .75547 || 66827 | 74392 || .G8115 73215 || .6o382 70628 | Lyo793 | 4
57 | 65540 | -75528 || .66848 | .74373 || .68136 | .73195 || .Go403 [ .71995 || .79b49 | .7o772 [ 3
58 | .65562 | .75509 || .66870 | .74353 || -GSts7 | .73175 || -Gg4z4 | 71074 || 70070 | .7o752 [ 2
59 | -65584 | -75490 || 66891 | .7433% || -68179 | .73155 || 69445 | 71954 || .70090 [ .7o73r | I
6o | .G5600 76471 || .66a13 | .g4314 || (68200 73135 || 60406 | 71034 || 70711 | 70711 <
; Cosine| Sine ||Cosine| Sine | Cosine| Sine ||Cosine| Sine |Cosine| Sine ;
a o o o o
49 48 47 46 45




12 NATURAL TANGENTS AND COTANGENTS,
0% 5] 2® 30 40
' 14
Tang |Cotang|| Tang |Cotang| TMang |Cotang|| Tang |Cotang| Tang |Cotang
o | .ooooo | Infin, || (01746 | 57.2900|| 03492 | 28.6303| 05241 | 19.0811 || L0993 | 14.3007 | Go
t | .ooozy | 3437.75|| co1775 | 56.35500|| .03521 | 28.3994 )| .05270 [18.9755|| .o7022 | 14,2401 | 59
2 | .oo038 | 1718.87| .o1804 | 55.4415|| 03550 | 28.1004|| .o5209 [ 18,8711 || .o7o51 [ 14,1821 | 58
3 | .ooo87 |1145.02| 01833 | 54.5013 | .03579 | 27.9372| .o5328 | 18.7078 || .oyolo | 14.1235 | 57
4 | coo116 | Bsg.436|| (01802 | 53.7080 || 03609 .05357 [18.6656 ] .o7110 | 14.0655 | 36
5 | .oorys | G87.549( wo1Bor | 52.8821 || 103038 05387 [ 18,5045 07139 | 14.0070 | 55
6 | .oo175 | 572.957| .omz0 | 520807 ([ 03667 c05416 [ 18,4045 co7108 [ 13,9507 | 54
7 | wooz04 | qur.106]| corg0 | sr.3032 || c03000 L05445 [ 18,3655 wo7107 [ 13.8040 | 53
8 | .o0233 | 429.718 .-||1j73 50,5495 || 03725 wo5q74 | 18,2077 || co7eay | 13.8378 | 52
9 | .co262 409.8157 || 03754 .ns5503 | 18,1708 13.7821 | 51
10 | .o0291 19.1039 || 03783 05533 | 18.0750 13,7207 | 50
1r | .oo3z20 |3 f 48121 RGIE .055h2 | 17.9802 13.6719 | 49
12 [ w0034 | 280,473 couous | a7.7a0s (] sz X .ogsgt | 17,8863 13.6174 | 48
13 | 00378 | atyggr|| cozizy | 47,0853 || 05870 [ 25,8348 | wost2o | 37,7934 13.5634 | 47
14 | .00g07 | 245.552 02153 | 46.4489 || .o3900 | 25.6418(] 05649 |17.7015 13.5008 | 46
15 | 200436 | 22g.182|| Joz182 | 45.8204 || -03920 [ 25.4517]] 05678 | 17.6106 ik 3.4500 | 45
16 | 00465 | 214.858) .ozzit | 45.2201 || .03058 | 25.2044] 05708 | 17,5205 07401 | 13,4030 | 44
17 | .o0495 | 2uz.219| Jo22q0 | 44.6386|| 03087 | 25.0708 || .03737 | 17.4314| 07490 | 13.3515 | 43 !
18 | o052 | 160,984 44,0001 || o016 | 24,8078 || .05706 | 17.3432( -07510 | 13.2006 | 42
19 | .00553 | 180.932 43.5081 || .o4046 [ 24.7185 -05795 17.2553 || +o7548 [ 13.2480 | 41
20 | .0oz82 [171.885 2.9641 || .o4075 | 24.5418 | 05824 [ 17.1693 | 07578 | 13.190¢ | 4o
at | .oobrx | 163.700 42.4335 | 04104 z|.3t’175 L05854 | 17.0837 | -o7togz [ 13,1461 | 39
22 | .oofiqo | 156,259 410153 | cogr33 L5883 [ 16,0000 |[ L0766 | 13.0058 | 38
23 | »0060y | 149465 4.0 || wop102 L05012 b 07005 37
a4 | 0068 | 143,237 400174 || copige L0504 T 07695 36 !
25 | 00727 | 137.507 404358 || cogzzo :J.n.“g L5070 LOFTR 35
26 | .00756 ljz-z-n 39-9055 23.53211 05000 16,0681 || 07753 34
27 | .0078s5 3. 5050 13| Jobozg | 16,587, || o778z 33
28 | .oo815 30.0508 Lolos8 | 16,5075 || Jo78i2 32
20 | ool w0258 | 38.6177 ; a3.0577| obaliy | 1d.4285 || 07801 3r
jo | «0ol73 | 114.58q ] 02019 |38.1885 n,‘ 366 | 22,9038 06136 | 1G. 3490 ]| 07870 30
31 | +oogoz | 110,892 37 7656 L04305 Lobiys | 1h.agaz| co730n 29
32 | .00g3c |r107.426 i .0 00175 [ 1001952 || Lo7azg 28
33 | .00g00 [ 104,171 02706 36, ()bﬁo 4 Le0z04 | 16,1190 || 07058 a7
34 [ 100089 [rot.ro7]l ce2735 [ 36.5027 || .oqq83 _ .ob235 [16.0435 | 07987 26
35 | .08 | u8.2r7g|[ L0270y [36.1776]) o512 X Lafz20z | 15.0087 | .o8otg 25
36 | .orog7 [05.4805|| .o2703 [ 35.800G] Lousqt | 2z.0217|[ Lob2gr | 15,8045 c8oy6 24
37 | .01076 |g2.0085) (02822 |3 w570 | 2188130 Lol32r | 15.82101 || 08075 2 23
38 | .orros [ogn.4633 o500 | 21.7420|| 06350 | 15,7455 [ co8roy | 12.3300 | 22
39 | or135 83,1436 o028 | 2r,6o50| woha7g | 15.0702 (| coBigy | 1202040 | 21
4o | .o1104 | 85.9398| .o2910 204058 | 2rig70q|[ L0608 [ 15,6048 | LeB103 | 12,2505 | 20
41 | .or1g3 | 83.8435] .02939 o087 | 2r.g0n] cofigar | 155000 so8iga 19
g2 | .o1zzz | B1.8470| .o2ghl o710 | 2t20gg]| co0gD7 | 1500033 || co8azt 18
43| sorase | gg.gq34|| co2007 c04745 | 210747 006496 | 35.3043 | 08251 17
44 | co1280 | 78,1203 (03026 204774 | 20.9402|| 06525 | 15.325) || 08280 | 12,0772 36
45 | -or3og | 76.3900|| .03055 204803 | 20.8188| 06554 | 15.2571 || 08309 | 12,0540 | 15
46 | 1338 | 74.7202| o308y .04533 | 20.6032|| 06584 | 15,0803 L8359 [ 11,0023 | 14
47 | -o1367 | 73.1300|| (03114 L0802 | po.56g1|| Lofbr3 | 15,0222 L8308 | 11,0504 [ 13
48 | .o1396 | 7r.6151|| 03143 04891 | 204465 o662 [ 15.0557 || 08197 [11.9087 [ 12
49 | orges | 7001533 03192 .o4020 | 20,3253 Wo0071 [ 14,9808 || L0427 | 10,8673 1
50 | .orgss | 63,7501 L0320t wag40 | 2002050 wfizoo | 1p.gz2q || ~08450 | 11,8202 | 10
st | o148y | 674019 03230 204978 | 2000872 || Lofipgo | 14.8500 | +08485 | 11.7853| 9
2 | .o1513 |Go.1055( 03250 wosong [ 1gugzon || w750 [14.7054 || 08514 | 11 a8 ] 8
53 | .o1542 | G4.8580( (03258 L5037 xg E540) 06788 [ 14,7317 08544 [ 117045 7
51 | «org7r | 63,6567 Jo3317 w5000 | 1g.403(] o8y [ 14,6685 ] .o8573 [ 116645 ©
55 | .o16o0 | G2.qgg2 ]l 03346 20. 88-1_3 o500 | 19,0273 L0687 | 14.0o59 || L0802 | 16248 [ 5
56 | or62q | Gr.g8z2g |l 03376 | 29.6245]| 05124 | 19.5156| (0tid76 .08632 [ 1r.58535] 4
57 | 01058 | Go. 3058 03405 | 29.3711 [ 205153 | 194051 .olgos L08661 | 11,5401 31
58 | 01687 03434 | 29.1220|| 05182 | 19,2050 | oGz 08000 | 11.guye | 2
59 | .o1710 03403 | 28.8771|| .o5212 [ 19.1879 (603 wo8720 |1y 085 1
6o | 01746 | 57.2000| 03402 | 28,6363 | co5241 | 10,0801 || Lofany | 1403007 [ 08740 |1y |0
— -
Cotang| Tang |[Cotang] Tang |Cotang| Tang [[Colang| Tang |Cotang| Tang ;
4 |
8g° 8g° 87° 36° 85°
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NATURAL TANGENTS AND

COTANGENTS.

13

o o o o o

, 5 6 7 3 9
Tang [Cotang| Tang Cotang| Tang |Cotangj| Tang Col.:mgl Tang [Cotang
o | 08749 [11.4301| .10510 | G.51430 8.14435|| »14054 | 7.31537( 15838 | 6.31375
1| 08778 | 11,3919 10540 | 9.48781 8.12481 || .14084 | 7.10038( .15868 {6.3018y
2 | 08807 | 11.3540] 105069 |0.46142 8.10536 || .14113 | 7.08546]| 15808 | 6,2g9007
3 | .08837 | 11.3163 (| 10599 | 9.43515 8.08600 || .14143 | 7.07050|| +15928 | 6.27829
4| 08806 | 11,278g (| .10028 | g.q0g04 8.00667.4 14173 | 7.05576( 15058 | 0.260655
5 | 08805 | 11,2417 10057 | g.38307 8.04750 (] .14202 | 7.04105] .15G88 | G.25480
6| .o8g2g [ 11,2048 (| L10687 | g.35724 S.02848 | 14232 | 7.02037]|| 10017 | G.24321
7| 08954 | 11681 || L107:6 | 9.33155 8.00048 || s1q202 | 7.01174( 16047 | 6.23160
8| o883 [ 111316 L10746 | 930500 7.99083 || 14291 |G.go718 || 16077 | 622003
g | o901 [11.0954 || 10775 | g.28058 7.97176 || .3432¢r | 6.98268 || L16107 | G.20850
16 | Jogog2 | 11,0594 || 10805 | 9.25530 7.95302 || 14351 | 6.g0823(| 16137 | 6.19703
11 | .ogojr 10834 |9.23010 14381 | 6.05385( L36167 | 618550
12 | .ogiol .108603 [ 9.2051 J1q410 | 6ig3g952 || 16166 | G.17419
13 | .09130 0803 | g-18028 ] .14440 | 6.g2525)| .10226 | 6.16283
14 | .09159 .10922 [9.15554( 12092 L1470 |G.griog|| .16256 | G.15151
15 | .0g18g .10952 | 9.13003 |l .12722 +14409 | 6.89688 || 16286 | 6.14023
16 | .09218 | 10.8483 ([ .10681 |9.10640]| 12751 .14520 [ 6.88278 || .163:6 | G.12809
17 | .09247 | 10,8139 .11011 |g.0B211|| 12781 114550 [ 6.86874( .16346 | 6.11779
18 | .09277 | 10.7797|| 11040 | 9.05784 | (12810 14598 [ 6.85475|| .16376 | 610663
19 | 09306 | 10.7457 || .11070 [ 9.03379| 12840 .14618 | 6.84082| 16405 | G.ogss2
20 | 00335 | 10.7119| 11099 | g.00g83|| .12809 L14048 | 6.82094 | 16435 | 6.08444
21 | .og365 | 10.€783|| .11128 | 8.98598 || L1289 .14678 | 6.81812 | 16465 | C.07340
22 | 09394 | 10.0452 ]| 11158 | B.gb227| . > Laq707 | 6.79936]| J16405 | 6.00240
23 | 09423 | 10.6118 || L11187 | 5.93867 12058 14737 | 6. 525 | 6.05143
24 | .09453 | 10.5789|| .r1217 | B.g1520 ([ L1288 L7ty | 6 .04051
25 | 09482 | 10.5462 || 11246 [8.89185]| L13017 L14790 6, 02902
26 | o951t | 10.5136 || .11276 | 8.8086z2 ([ .13047 14826 6.01878
27 | 09541 | 10,4813 || L11305 | 8.84551 [ .13070 .14856 G.oo7a7
28 | o570 | 10,4491 || L11335 | 8.82252] 151060 14886 L1007 | 5.00720
29 | .ogboo [ 10,4172 .11304 |8.79904 | .13136 214915 210704 | 5.08046
30 | .0g629 | 10,3854 | .11304 | 8.77689| 13105 | 7.50575 | 14945 107534 | 5.97576
31 | 09658 |ro.3538| .11423 | 8.75425( 13105 | 7.57872 || ~14075 | 6.6 16764 | 5.96510
32 | .og688 | 1o0.3224 | .11452 | 8.73172) .13224 | 7.50176| w15005 | G, L10794 | 5.95448
33 | -09737 | 10,2913 .11482 [B.70031|| 13254 15034 | 6. 16824 | 5.94300
34 | 09746 | 10.2602|| .11511 | B.68701 || (13254 .15004 | 6.6385¢t || 10854 | 5.93335
35 | -09776 | 10.2294 || .11541 | 8.66482| .13313 .15004 | 6.62523|| (10884 | 5.g2283
36 | +0g805 | 10.1988 || .11570 | 864275 L13343 «15124 | 6.61219( 16014 | 5.91236
37 | 09834 | 10,1683 .11600 | 8.62078| (13372 .15153 | G.sogz2t ([ L10g44 |5 gorar
38 | 09864 [10.1381] .11029 | 8.59803 .13402 215183 | 6.55627]| 16974 | 5.8g151
39 | .0g893 [10.1080|| .1165q | B.57718|| 23432 | 7.44500]| .15213 [ 6.57339( 17004 | 5.88114
40 | 09923 |10.0780|| .11688 | E.55555( L1340 | 7.42871 (| 215243 | G.50055| L17033 [ 5-S70fo
41 | .o9g52 | 10,0483 11718 [ 8.53402])| ,13497 | 7.51240| -15272 | G.54777 ] 17063 | 5.BGost
42 | 09081 | 10,0187 | va1747 | Bis1259( c13521 [ 739010 15302 | 6,535 7007 | 5.85024
43 | w1eo1t [g.ggar | craggy | BuagraB || L1350 | 7.37000 || 35332 (6 17123 | 584001
44 | -10040 [q.g6oo7 || 11806 [8.47007|| 13580 | 7.30389 | -35302 L1715 | 5.82082
45 | .10069 | g.93101|| 11836 [ B.44896 | .13609 | 7.34780 | 35301 7183 | 5.81966
46 | .10099 |g.qozrt || 11865 [ 8.42795 | 13630 | 7.33100]| J15427 «17213 | 5.80953
47 | .10128 | 9.87338 | .r:8035 | 8.40705 | .13664 | 751600 c15451 17243 | 5-79044
48 | 10158 | 9.94482 || Lrg2g | 8,38625 [ L1368 | 7.30018 | L1548y 217273 | 5-78938
49 | .10187 [9.81041 | .1:954 | 9.30555(| .13728 | 7.28442]| .15511 .17303 | 5.77930
50 | 10216 | 9.78817 || 11983 | 8.34496 13758 [ 7.20873| .15540 | 6.43484|| .17333 | 5-70937
st | .10246 | g.7600g | .12013 | 8.32446( ,13787 | 7.25310(| (15570 | G.y2253]| .17363 | 5.75041
52 | .10275 | g.73217 |[ c12042 [ 8.30406 || L3817 [7.23754 [ 15600 [ 6.41026|| .17303 | 5.74949
53 | 10305 | g.7og4t || .12072 | 8.28376 || .13846 | 7.22204 || 215030 | 6.39804 | 17423 |5.73000
54 | .10334 | 9.€7680|| 12101 | 8.206355| 13870 | 7.20001 || (15060 [ 6.38587( 37453 | 5.72974
55 | -10363 [ 9.64935 (| .12131 | 8.24345|| 33906 | 7.19125|| 15689 [6.37374 (| 17483 | 5.71002
56 | .10363 |g.Gz2za5 || .12100 | B.22344 || .13935 | 7.17504 || 15719 | 6.36165) 15513 [ 5. 71013
57 | +10422 | 9.50400 || 12100 | 8.20352 | 13965 | 7.16071 || 15749 [0.34901 (| 17543 | 5.70037
58 | .rog52 g.56701 | 12219 | B.18370| (13005 [7.14553 ] 15779 | 6.233761 | .17573 | 5.00004
59 | 10481 [ g.54106| 12240 | B.16398 (| 14024 | 7.13042( .15809 | 6.32560( 17003 | 5.08004
60 | 10510 | g.51436| L1227 | B.144935] L14054 | 7.0vs37 || c15838 [6.31375]| 17033 [5.67128

|

Cotang| Tang |Cotang| Tang [[Cotang| Tang |Cotang| Tang |Cotang{ Tang
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14 NaturaL TANGENTS AND COTANGENTS
r— o Q
10° \ 11° 12° 13 14°.
] I
Tang [Cotang| Tang |Cotang| Tang |Cotang| Tang |Cotang| Tang |Cotang
o | .17633 | 5.67128 || .19438 [ 5.34455(| ~21250 | 4.70463| 23087 | 4.33048 || 24933 | 4.01078 | Go
1| .17063 | 5.66165| .19468 | 5.13058 || .21286 | 4.697g1 || .=23117 | 4.32573 | 24904 | 4.005B2 | 59
2 | .17693 | 5.65205 || -10498 | 5.12862|| .21316 | 4.6g9121| 23148 | 4.32001 i -24995 4.00086 | 58
3 | -17723 [ 5.64248 || c19520 | 5.3200g (| J21347 [4.08452( .23179 |4.31430 .25026 | 3.00502 | 57
% | .17753 | 5.63205|| -19559 | 5.11279|| .21377 | 4-67780|| .23209 | 4.30800 | .25056 | 3.09009 | 56
5 | 17783 | 5.62314| .10580 | 5.10400(| .21308 |4.07121] .23240 |4-302q1|| .25087 |3.g8607 | 55
6 | .17813 | 5.61307 || .19610 | 5.09704 || .21438 [ 4.60458) .23271 | 4.29724 || .251 18 | 3.98117| 54
7 | 17843 | 5.60452 |[ .19649 | 5.089z21|| .21460 | 4.0s5707|| .23301 [4.29159 | .25149 | 3.97627| 53
8 | .17873 [5.59511|[ .196Bo | 5.08139|| .21499 |4.05138| .23332 |4-28595| .25180 | 3.97139| 53
9 | .17903 | 5.58573 || -19710 [ 5.07300|| .21529 | 4.64480(| .23363 | 4.28032 || .25211 | 3.96651 | 51
10 | .17933 | 5.57538 || .19740 | 5.00584 | 21560 | 4.63825( .23303 | 4-27471| 25242 [3.96165 | so
11 | 217963 | 5.56706 || .19770 [ 5.0580q (| .21500 |4-63171|[ .23424 [4.20921 | .25273 [3.95680] 49
12 | .17993 { 5.55777 || -19801 | 5.05037 | .21021 | 4.62518 .23455 | 4.26352 (| .25304 | 3.9510 ( 48
13 | .18023 | 5.54851 || .1o831 [ 5.04207 | .21651 | 461868 .23485 | 4.25795| 25335 [3-94713| 47
1y | 218053 | 5-53927 || .10801 | 5.03499|| -21082 | 4.61219( 23516 | 4.25230 .25300 [3.94232| 46
15 | 18083 | 5.53007 | 1981 | 5.02734 | .217:12 | 4.60572| .23547 | 4-24085 || 25397 | 3.93751 | 45
16 | 18113 [ 5.52090 | +19921 | 5.01Q7r|| .21743 | 4-50927 [ 23578 | 4.24132 .25428 |3.93271 | 44
17 | -18143 | 5.51176 (| .19952 | 5.01210( 21773 | 4.59283| .23608 | 4.23580|| .25459 | 3-92703 | 43
18 | 18173 | 5.50264 || .19982 | 5.00451]| .z1804 | 4.58641| .23639 | 4-23030( -25499 | 3.92310| 42
19 | .18203 [ 5.49350|| .20012 | 4.099095|| 21834 | 4.58001 | .23070 | 4.22481 || .25521 | 3.91830 | 47
20 | 18233 [ 5.48451 || .20042 | 4.8040( 21804 | 4.57303)| -23700 | 4-21933 .25552 | 3.91364 | 4o
21 | .18263 | 5.47548 || .20073 [4.98:88 | 21895 | 5.506726] 23731 | 4.21387 || .25583 | 3.908go | 39
22 | .16293 [ 5.46048 || .20103 | 4.07438 | .21025 [ 4.50001) L2570z | g.20842 ] (25014 [3.90417 38
23 | .18323 [ 5.45751 ]! .20133 | 4.q0000(| .21956 [.4.55458] .23793 | 4.20208 || .25045 3.80945 | 37
2 218353 | 5.44857 || 20163 | 4.95045|| -21986 | 4.54526] .23823 | 419756 .25676 | 3.8q474 | 30
25 | .18384 | 5.43906 || .20193 | 4.95200 ] 22007 [4.541096] 23854 |4 -19215 | 25707 3.8g004 | 35
26 | .18414 | 5.43977 || .20224 | 4.04460( .22047 |4.53568] .23885 | 4.38675| .25738 | 3.85536 | 3¢
27 | 18444 | §-42192 | .20254 | 4.93721|| -22078 [ 4.52041| .23916 [ 4.38137 | 25769 | 3.88068 [ 33
28 | 18474 | 5.41309| .20285 | 4.92084| .22108 | 5.52316] .23046 | 4.17600]| .25800 | 3.87601 [ 32
29 | .18504 |5.40429 | «20315 | 4.92249] .22139 |4.51053( .23077 | 4-17004 || -25851 | 3.87136] 3
30 [ .18534 | 5.39552 | .20345 [4.91510| 22169 | g.51071( .24008 | 4.36530 || 258062 3.806671 | 30
3t | 18564 | 5.38677| .20376 | 4.90785| .22200 | 4.50451( 24039 | 4-15957 || 25893 |3 86208 | 29
32 | 18504 |5.37805 20406 [4.qo056 || 22231 [4.49832[ .24009 | 4.75465| .25024 |3.85745| 28
33 | 18624 |5.30030( .20436 | 4.89330| .2220r [4.49215) .24100 | 4.14034 | .25955 | 3.85284( 2
54 | .18654 |5.30070( .20466 | 4.88605|| 2222 |4.48600( 24131 | 4-14405| 25086 | 3.84824 | 26
35 | 18684 | 5.35206 | ,20497 | 4.87882] .22322 [4.47986( .24162 | 4.13877 | (20017 [3.84364( 25
360 | .18714 | §5.34345/|| .20527 | 4.87162| .22353 [4.47374| -24703 [ 4.13350 | 206048 | 3.83900 24
37 | 18745 | 5.33487 || -20557 | 4.86444 | 22383 [ 4.46704| .24223 [ 4.12825| 20079 [3.83449 | 23
38 | 18775 | 5.32631 | .20588 [4.85727| .22414 [4.40155( .24254 | 4.12301 [[ 26110 | 3.82092 | 22
39 | .18805 |5.31778 || .20018 | 4.85013 || -22544 | 4.45548] .24285 [ 4.33778 ([ 26147 | 3.82537( =2r
40 | 18835 | 5.30028 || 20048 | 4.84300( -22475 | 4.44942( 24316 | 4.13250|| .26172 | 3.82083 | 20
41 | 18865 | 5.30080(| ,2067g |4.83500( 22505 | 4.44338( -24347 | 410730 .26203 | 3.81630| 19
42 | 18895 | 5.29235|| .20709 |4.82882| .22530 | 4.43735( -24377 | 4-10210 26235 3.81177 | 18
43 | .18g25 | 5.28303 | .20739 |4.82175| .22507 |4.43134 | +24408 | 4.06699 || 26206 | 3.80720 | 17
44 | -18955 [ 5.27553 | .z0770 |4.81471| 22597 | 4.42534 || .24439 | 4.09182 || 26207 |3.80276| 16
45 | 18986 | 5.20715|| .20800 [4.8076q | .22028 | 4.41930|| .24470 |4.08660 | .26328 | 3.79827| 15
46 | .19016 | 5.25880(| .20830 |,4.80068 | .22058 | 4.41340| .24501 | 4.08152 || 26359 | 3.70378 | 14
47 | -19946 | 5.25048 || 20861 |4.79370 (| 22080 | 4.40745 | .24532 | 4.07630 || 26390 [ 3.78g31 13
48 | 219076 | 5.24218 || 20891 | 4.78673(| 22719 | 4.40152 | 24502 | 4.07127 ] .26421 [ 3.78485( 12
49 | +19196 | 5.23391 || 20921 | 4.77973| .22750 | 4.30500| .24505 | 4-00616 || 26452 [ 3.78040 | 31
50 | .19130 | 5.22506 || 20952 | 4.77286|| +22781 | 4.3896g || (24024 | 4.00107 || .26483 | 3.77595 | 10
st | +19166 | 5.21744 | 20982 | 4-76595|| 22811 | 4.38381 '-4‘_55_2 4.05599 || .206515 | 3-77152| ©
52 | .19197 | 5.20925 || .21013 |4-75906]|| .22842 | 4.37703 ] .24686 | 4.05002 || .26546 | 3.76700| 8
53 | .1g227 |s5.20107|| .21043 | 4.75219(| 22872 | 4.37207 | .24717 | 4.04586| .26577 | 3.70268 | 7
54 | 19257 [5.19293|| 21073 | 4.74534 | -22903 [4-36623( 24747 | 4.04081 || .206008 | 3.75828| 6
55 | +19287 | 5.18480( .21104 [4.73851|| .22934 | 4.360s0| .24778 | 4.03578 || 26639 | 3-75388| 5
50 | .16317 [5.37671| .21334 [4.73170| .22964 | 4.35450 || -24809 | 4.03076 || .26670 | 3.74950| 4
57 | -19347 |5.10803( 21104 | 4.72490| -22995 [4.34879( .24840 | 4.c2574 || .26701 [3.74512( 3
58 | .19378 | 5.10058 || .21195 | 4.71813|| 23020 | 4.34300|| .24871 | 4.02074 || .26733 | 3-74075| 2
59 | .15408 |5.15256| ,21225 | 4.71137| -23050 | 4.33723| .24902 | 4.01570|| .26704 | 3.73040 I
60 | 10438 | 5.34455] (21250 | 4.70463| .23087 |4.33148| 24933 |4.01078 || 26795 | 3.73205| o |
; Cotang| Tang :Cutlng Tang ||Cotang| Tang |Cotang| Tang |Cotang| Tang ;
o 20 e o o
79° | 18 77 76 75




NaATURAL TANGENTS AND COTANGENTS. 15
-
15° 16° 17° 18° 19°
' 1
Tang |Cotang|| Tang |Cotang|[ Tang [Cotang|| Tang Cotang|| Tang |Cotang
o | .20795 | 3.73205 || .28075 |3.48741 | 30573 | 3.27085| (32402 | 3.07768 | 34433 [2.99421 | 6o
1| .26820 | 3.72771 | 28706 |3.48359( .30605 | 3.26745 | .32524 | 3.07464 | .34405 [2.90147 | 50
2 | 26857 | 3.72338 | 28738 |3.47977| -30637 | 3.20406 || .32556 | 3.07160 | 34498 |2.8¢873 | 58
3 | .26888 | 3.71907 || 28769 [3.47596 | .300609 | 3.26067]| .32588 | 3.00857 || .34530 2.8g600 | g7
4 | -26g20 | 3.71476G|| .28800- [ 3.47216]| .30700 | 3.25729 32621 | 3.06554 || .34563 [2.89327 | 56
5 | 26951 | 3.71046 || .28832 |3.46837|| .30732 | 3.25392 || 32053 | 3.00252 || -34596 | 2.8q055 | 55
G | 26982 | 3.70616| .29864 |3.46458| +30764 | 3.25055(| 32085 | 3.05950|| 34028 | 2.88783 | 5¢
7 | .27013 | 3.70188 || .28895 | 3.46080( .30790 | 3.24719 | .32717 | 3.05049 .34661 | 2.88511 | 53
8 | .27044 | 3.69761 || -28027 | 3.45703)| .30828 | 3.24383| .32749 | 3.05349 .34603 | 2.88240 | 52
g | .27076 | 3.69335 || -28058 |3.45327|| 30865 | 3.24049|| 32782 | 3.05049|| 34726 | 2-87970 | 51
10 | .27107 | 3.65905 || -28900 [3.4405t (| 30891 | 3.23714 (| 32814 | 3.04749 (| -34758 [2.87700 | S0
11 | .27138 | 3.68485 || .2g021 |3.44576 | 30023 |3.23381| .32846 | 3.04450([ 34707 [2.87430 49
12 | .2716g | 3.68061 || .2g053 | 3.44202 | 30055 |3.23948|| .32878 | 3.04152(l 34824 [2.87101 | 48
13 | .2720r | 3.67038 || .2908% |3.43823 | -30987 |3.22715|| .32971 | 3.03854 [ 34856 2.868gz2 | 47
14 | .27232 | 3.67217 || «2gr16 | 3.43450|| .31019 [3.22384| .32043 | 3.03556 | 34889 2.,86624 | 46
15 | .27203 | 3.66796 || -29147 | 343084 [ 31051 | 3.22053( 32975 [ 3-03200(| .34922 [=2.86350 | 45
16 | .a7eny | 3.60370 | .29179 | 3.42713]|| -31083 | 3.21722)| .33007 | 3.02903]| -34954 2.8608g | 44
17 | .27320 | 3-65957 || -29210 | 3.42343 || .37115 | 3.21392| .33040 3.02667 || .34087 | 2.85822 | 43
18 | .27357 | 3-65538 || .29242 | 3.41973 || 31747 | 3.21003 | .35072 | 3.02372 | .35070 2.85555 | 42
19 | 27388 [ 3.05121 | 20274 341604 || 31178 | 3.20734 || -33104 | 3.02077 | 35052 |=.8528q | 41
20 | .27419 | 3-64705 | .26305 | 3.41236| .31210 | 3.20400| .33130 | 3.01783f .35085 2.85023 | 40
21 | w2745t | 3-64289 | 29337 | 3-49869 || .31242 | 3.20079|| -33169 | 3.0148g([ .35718 [=2.84758 | 39
22 | 27482 | 3-63874|) 20308 | 3.40502 | .31274 |3.19752| -33201 (3.011gG|[ .35150 2.84494 | 38
a3 | 27513 | 3-63461 || 29400 | 3.40136|| 31300 | 3.19426 .33233 [ 3.00993 .35183 | 2.84229 | 37
24 | .27545 [ 3-63048 29432 | 3.39771 || .31 338 | 3.19100| .33206 | 3.00011 || .35216 [=2.83965 [ 36
25 | .27576 | 3.62636 || .20403 | 3.39400 || 31370 | 3-18775| 33298 [ 3.00319| .35248 |2.83702 35
26 | .27007 [ 3.62224 || .20405 | 3.39042 | .31402 | 3.18451 .33330 3.00028 || 35281 [2.83439| 34
27 | -27638 | 3-61814 || 29526 |3.38679| -31434 | 3-18127 || .33363 [ 2.99738 || -35374 [=2.83170 [ 33
28 | 27670 | 3.61405 | .20558 |3.38317|[ 31466 | 317804 33305 | 2.00447| .35340 | 2.82014 | 52
29 | .z770r | 3-60990 || 29590 |3.37955 | 31408 | 3.77481 || -33427 [2.99158 || .35379 [=.82053 31
30 | .27732 | 3.60588 || .29021 [ 3.37504 | -37530 | 3.17159 .33460 | 2.98868 || .35412 [2.82391 | 30
ar | .27764 | 3.60181 || .2q653 | 3.37234 || 31562 | 3.16838| 33492 [2.93580|| .35445 | 2.82130 29
32 | .27795 | 3-50775 || -29685 | 3.30875|| -375094 | 3.16517]| .33524 |2.98292|| 35477 2.81870 | 28
33 | .27826 | 3.59370 | .29716 | 3.36516 31026 | 3.16167|| .33557 | 2.98004 || .35510 | 2.81610 | 27
31 | 27858 | 3.58966 || .20748 | 3.36158 || 31658 | 3.15877|| .3358¢ | 2.97717| -35543 | 2-81350| 26
35 | .27889 | 3.58562 || .=0780 | 3.35800 || -376go | 3.15558 [ .33G21 | z.g7430|| 435576 | =2.8100r | 25
36 | .a7021 | 3.58160| 2981z | 3.35443 | -31722 | 3-15240|| .33054 | 2.07144 |[ -35608 | 2.80833 ] 24
37 | .27952 | 3.57758| -20843 | 3.35087 || .31754 | 3.74922 | .3368C | 2.96858 || .3504x | 2.80574 | 23
38 | .27983 | 3.57357 | -20875 | 3-38732| -31786 | 3.14605 || .33718 | 2.96573 || 35674 | 280316 22
36 | .28015 | 3.56957 || .29006 | 3.34377 || -31818 | 3.14288]| .33751 2.96288 || .35707 | 2.8oc059 | 21
40 | 29046 | 3.56557| .29938 | 3.34023 [ -31850 | 3.13972] .33783 |=2.9lo04 || .35740 2.79802 | 20
41 | .28077 | 3.56159 || .29970 | 3.33670|| -31882 [3.13656| .33816 | =.gs721T| .35772 | 2.79545 | 19
4z | .2810g | 5.5596z || .30001 |3.333t7|| -33014 |3-23341|| .33848 | 2.95437 || .35805 | 2.79289 | 18
43 | .28140 | 3.553064 || -30033 | 3-32965|| -37946 [3.13027| .23881 | 2.95155|( 35838 | 2.79033 | 17
44 | -28172 | 3.52068 || 30005 |3.32614|| .37078 |3.12713|| .33013 | 2.04872 | 35871 [=2.78778 [ 16
45 | 28253 | 3.54573(| 30007 |3.32a64|| -32010 | 3.22400|| .33945 | 2.94597 [ 35904 | 2 78523 | 15
46 | .2823% | 3.54170(| 30128 3.3r014 || .3z042 [3.12087|| .23978 | 2.94300|[ 35037 [=2-78200 | 14
47 | 28206 [ 3.53785]| 30160 | 3.31565| .32074 [3.11775|| .34010 |2.04028 | .35000 | 2.780r4 | 13
48 | .28297 | 3.53393| .30192 | 3.31236|| 32706 | 3.11464| .34043 | 2.93748 .36002 | 2.77761 | 12
46 | 23329 [ 3.53001 || .30224 | 3.30868 || .32r39 | 3.11153|| .34075 2.93408 || .36035 | 2.77507 | 11
5o | .28360 | 3.52609| .30255 | 3.30521 || .32771 | 3.70842 || .34308 | 2.93139 .36008 | 2.77254 | 10
st | .2830r | 3.52219|| 30287 | 3.30174 || .32203 | 3.10532 [ .34340 | 2.02010|| 30101 f2.77002| @
5z | .28423 | 3.51829|| .30319 | 3-29829|| .32235 | 3.30223|| .34173 2.g2032|| .36134 | 2.76750| &
53 | -28454 | 3-51441| .30351 |3.20483 [ 32207 | 3.09914|| .34205 | 2.92354 | -3607 | 2.76408 ) 7
54 | 28486 | 3.51053) -30382 | 3.20139| 32200 | 3.09006 | 34238 |=2.92076| 36199 | 2.76247| 6
55 | .28517 | 3.50066]| .30414 | 3.28795] «3233: 3.09298 || .34270 | 2.9179g]| .306232 | 2.75996 5
56 | 28549 | 3.50279 || 30446 [3'28452 | -32363 | 3.08091 | 34303 |2.g1523|| 36205 | 2.75746| 4
57 | .28580 | 3.30804| .30478 |3.2810g(| 32306 | 3.08685|| .34335 |2.91246| .36203 2.75496| 3
58 | .28612 | 3.40500| .30509 | 3.27967|| .32428 | 3.08379]| .34368 | 2.g0071 || .36331 2.75246| 2
59 | .28643 | 3.40123| +30541 | 3.27426 | 32460 | 3.08073 || .34400 [ 2.q0606|| 36364 |2.74997| X
| Go | _.28675 | 3.48747 (| 30573 [3.27085| .32402 [3.07768 | 34431 | 2.00421|| .36397 | 2.74748) o
i Cotang| Tang [[Cotang| Tang |[Cotang| Tang |[Cotang| Tang J|Cotang| Tang ;
[e] el <@ Q [+]
74 73 72 71 70
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NATURAL TANGENTS AND COTANGENTS.

:.ura-—o|

Q0 00N Ovn

-

20° 21° 22° 23° 24°
Tang |Cotang|| Tang [Cotang| Tang |Cotang)f Tang |Cotang| Tang |Cotang
-36307 2.60500 || qoao3 | 247509 || 42447 | 2. 35585 || 44523
.36430 2. fouly 247302 || 42482 44558
.36463 2.47005 || 42510 44503
30060 2. 46848 w027
30520 2.,4608z PRI
.30_-,(" cqogzz | 2040470 L 440n7
Lqoboh | 2. 46270 LT
squbgo L fbabs L hg707
.jofizy -.:..|58rm . 44802
258484 | .qo707
LazgL
+ 36700 0775
. 30703 LpoBon -
.36826 0By 44077
36859 o877 45012
.36892 wjogtt 15047
.3fig2s L0045 wj5082
-36038 +40979 45117
36001 (41013 .45152
.37024 L1047 5187
.37057 Jq1o8t 5ezz
+37000 ot -45257
HaTE LG 45202
.39150 118y 45727
L3010 g2y 453062
L39223 wp1251
.36257 aptels |z o 2,3
L 45200 13t | 2. 45467 | 2.10038
Ja7zee | 267037 (309324 41353 | 2 chssoz [ 2016760
47355 | 2 67700 30357 3y | 241620 o .45538 | 2.10500
37398 |2 6740210 39391 RUENT O PP S XT3 2.2068.4 || -45573 | 2. 10430
.37422 | 2.6722 e X L4455 | 2oqres 2.20801 || 45008 | 2. 10261
37455 | = 60g8H 2.53452 || 4490 z. 20619 || 450643 | 2. 10002
1:) 402 | 2.53217 |[ 41524 | 2.9082 2 .45078 | z.18g23
.30526 | 2.53001 || 41558 | 2.40b2g 2 45713 | 2.18755
.30550 | 2.5278 41592 | 240432 a 4574 2,18587
.30503 | 2 .41626 | 2.40235 3 45784 |z.1B410
.39626 | 2. 41660 | 2. o038 2 .45819 2.18251
.30660 | 2. L1604 | 2.3084 2 45854 |2.18uby
.306q4 |2 41728 | 2.30645 2 .45880 |2.17010
30727 |2 41763 | 2.30440 2 45624 | 2.17740
39761 | =, L1797 | 2. 2.27087 || 43000 | 2. 17582
.39795 | = FILEI AR z.27806 || 45005 |2 1716
L30Bag |2 L1805 [ 2.3 6 wgboz0 | 217240
L3980z | 2.5 ~q18go |2 L40ol3 ;:.17083
30800 | 2. 41933 | 2. Lgbror | 2.16917
30030 :. L1908 | =, L6136 | 2otlizs
30003 | 2 Lquooz |2, 46171 16585
239907 | 2 azo30 46206 10420
oozt | 2aobor || Lqzoro | 2057067 Cpbegn | @1hass
2.0 2701 || <4065 | 240507 [ 42105 [ 237504 40277 | 2. 10060
2 GasGo || qoogB | 2.40386 | 42130 [2.37311 2,200 | 46312 | 2. 15025
2.06233z2 | -40132 | 240177 ..|..l7, 2.37118 ..163|B L15700
2.02103 || 40166 | 2, 48067 -z207 2.30025 L4638 | 2. 15506
2.01874 | .qozoo | 2.48758 2.30733 46418 | 2.15432
L38zz0 | 2.61640|| 40234 | 248549 -4 2.30547 | 44340 .4645.; 2. 15208
48253 | 2.61418]| 40267 ..4"]10 2.36340] 14384 L0489 |2 15104
.38286 | z.61190|| -40301 345 L8 Labsus [ 2.14040
.383z0 |2 Goghs || -40335° .4:;79 5 L4660 | 2.14777
.38253 | 2 .60730| -40369 42413 . 4.2 46505 | = 14614
38380 | 2 .60500 || 40403 42447 | 2.35585 | -qu523 |2 24604 || 46631 [ 2. 144510
Cotang| Tang |Cotung| Tang [Cotang| Tang |[Cotang| Tang [Cotang] Tang
o

69

68°

67°

66°

65°

10-::\»:—'.»':\-: =9
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NATURAL TaANGENTS AND COTANGENTS. 17
25° l 26° 27° { 28° 29°
1 r
Tang |Cotang| Tang [Cotang| Tang [Cotang Tang [Colang| Tang |Cotang|
o | 46631 | 2.14451 || 48773 | 2.05030 || .50953 [ 1.90201 ) .53171 1.88073 | .55431 | 1.80405 | Go
1| 46606 |2.34288 || .4880p | 2.04879 | . 50680 | 1.00120 o8 [ 1.87941 )| 55469 | 1.80281 | 59
2 | 46702 |2.14125 ] 45845 | 2.04728 ) L51020 | 105979 . 3246 | 1.87809 || .55507 | 1.80158 | 58
3| 46737 | 2.13063 | 48881 | 2.04577 .51063 | 1.05838 || .53283 | 1.87677| (55545 | 1.80034 | 57
4| -46772 [ 2.33801 || .48q17 2.04426 || -51000 | 1.95608 ]| .53320 | 1.87546( .55583 | 1.7q911 | 36
5 | 46853 | 2.13630(| 48053 |2.04276 || 51130 | 1.05557 || 53358 | 1.87415 ) 55021 | 170785 | 55
G| 46843 | 2.13477 48080 |2.04125|] .5T173 | 1.05417 || -53395 1.87283 (| .55050 | 1.70665 | &g
7| 46879 | 2.13316 || .49020 | 2.03975 || .51209 | 1.95277 || +53432 1.87152 || .55607 | 1.79542 | 53
8| .4b014 |2.13154 ] -40062 [=2.03825| .51240 | 1.05137 | .53470 | 1-87021 55736 | 1.79419 | 52
g | 46052 | 2.12003 || 45098 |2.03675|| .51283 [ r.04907|| .53507 | 1.868qt || L55774 | 1.70290| 5
1o | .46985 |=2.12832 | .49134 2.03520 || -51319 | 1.94858 || .53545 | 1.86760 | .55812 | 1.79174 | so
1 | .47021 | 2.12671 || w40170 | 2.03376|| 51350 | 1.94718) .53582 1.86630 | .55850 | 1.79051 | 49
12 | 47050 | 2.12510 203227 || .51303 | 1.04579 || -53620 |1 .§g.;gq .555988 | 1.73g20 [ 48
13 | 47092 |2.12350 2.03078 || 5143 | 1.94440| -53057 | 1.86309 || 550206 | r.78807 | 47
14 | 47128 | 2.12100 2.02g29 || .51407 | 1.94301 ] 53694 | 1.86230( 55004 | 1.78685 | 46
15 | 47103 | 2.12030| .49315 | 2.02780| .51503 1.04102] .53732 1.86109| .56003 | 1.78563| 43
16 | 47199 |2.13871 || 40351 [2.02631| .51540 | r.gqo23|f .53709 | 1.85079 J5004r | 178441 | 4y
17 | .47234 [2.13700 ) L40387 2.02483| .51577 | 1.03885| .53807 | r.85850( 56079 | 1.78319| 43
38 | .47270 | 2.13552 || .q0423 | 2.02335| 51014 | 1.93740|| (53544 I.\'§5720 56117 [ 1.78198 | 42
19 | 47305 [ 2.31392 || 49459 202187 || .51651 | 1.936G08 || 53382 r.t:ssq: .56156 | 1.78077 | 4t
20 | 47341 | 211233 || -40495 | 2.02039| .51088 [ 1.03470| .53920 1.85402 || .56194 | 1.77955| 40
21 | 47377 |=-11075 || 40532 | 2.01801 | .51724 | 1.03332|| 53957 | 183333 || .s6232 | 1.77834) 39
22 | 47412 |2.10010 || 40508 | 2.01743| .5176¢ | 1.03195| .53935 | 1.85204 |} 50270 | £.777:3] 38
23 | 47448 | 2.70758 || 49004 2.015g6 || .51798 | 1.03057|| -54932 | 1-85075(| .56309 | 1.77592| 37
24 | 47483 [ 210600 49040 | 2.01449 51835 | 1.92g20]| 54070 | 1.84040 .553.!7 1.77471 | 36
25 | 47519 | 2.10442 || 40677 | 2.01302|| 51872 [ r.g2732|f .54107 1.84818 | .50385 | t.77351 | 35
26 | .47555 | 2.10284 || 240713 | 2-01155|| -51999 | 1.92045 || 54145 1.8468g || .56424 | 1.77232| 34
27 | 47590 | 2. 10126 || «49740 | 201008 || 51046 [ r.g2508 54183 | 1.84561 || .56462 | r.77110] 33
28 | .47026 [ 2.00969 |[ +49780 | 2.00862 || .51983 [ r.g2371| .54220 | T 84433 (50501 | 1.76990 | 32
29 | w47602 |2.00811 (| (49822 | 2.00715|| .52020 [ r.gR235 54258 [ 1.84305 || 56539 | 1.76809 | 31
30 | 47698 | 2.00054 || 49858 | 2.00560|| .52057 | r.gz068 || 54296 | 1.84177 )| .56577 | 1.70749 | 30
31 [ 47733 | 2.00408 || +40804 | z.00423 | 52004 | 191962 (| .54333 | 1-84049|] 56016 | 1.70629 | 29
32 | 47709 | 2.00341 || -49931 2. 1.91526 || .54371 | 1.83922| 50054 | 1.70510 28
33 | 47805 [ 2.09184 || +49907 2. 1.q1690|f .54409 | 1.83704 || .56693 | 1.76390 | 27
34 | 47340 | 2.09028 || .50004 | 1. 1.91554 || -54446 | 1.83607 || .56731 | 1.76271| 26
35 | +47876 | 2.08872 | .50040 | 1. 1.g1418 || 54484 [1.83540] 56769 | r.76151 | 25
36 | .47012 [2.08716] .50076 | 1. 1.91282 || .54522 | .83413|| .56808 | r.76032| 23
37 | -47048 | 2.08560 [ .50rT3 [1. 1.91147 || -54560 | 1.83280| .56846 | 1.75013| =23
98 | 147984 | 2.08405 || .50149 v T.qro1z || 54597 1.83159|| .56885 | r.75794 | 22
39 | .48019 | 2,08250|| .50185 1.go876 (| .54635 | 1-85033( .56023 | 1.75675 | =
40 | .4Bosg | 2.08094 || .50222 r.go741 || .54673 | 1.8206| 56962 | 1.75550 | 20
! 41 | 48001 | 2.07939 || .50258 | 1.9%072 | .52464 | r.gofo7 (| .s47rr fr .82780|| .57000 | 1.75437 | 19
42 | 48127 [ 2.07785 || .50205 | 1.98828| .sas0t | 3.g0472 254748 | 1.82054]| 57030 | 1.7531g | 18
43 | 43163 | 2.07630]|| .50331 [ 1.93684 | .52538 [1.qu337 .54786 | 1.82528 | (57078 | 1.75200| 17
44 | 48198 [ 2.07476 || 50368 | 1.98540]| .52575 | 1.90203 54824 | t.82402| 57116 | 1.75082 | 10
45 | 48234 | z.07321 || 50404 | 1.98396| 52013 | r.go06g| .54862 |1 82276|| .57155 | 1.74904 | 15
a6 | 48270 | 2.07167|| 50441 [ 1.98253][ 52650 | 1.89035| .54900 [1.82150| 57163 | 1.74840 | 1y
47 | 48396 | 2.07011 || .50477 | 198110 52687 | 1.8g80r | .549358 |1.82025(f .57232 |1 74728 | 13
a8 | 48342 [ 2.06860 || .50514 | 1.97966] .52724 | 1.89667( .54975 |1 .8189g|| .5727t | 1.74010] 12
49 | -48378 | 2.00706 || 50559 r.g7823| .5276r | 1.80533|| .55013 | 1.81774| .57309 | 1.74402 | 11
50 | 48414 | 2.006553| .50587 | 1.97681 | .527¢8 | 1.804a0(| 55051 [1.81649] 57348 | 1.74375| 10
5t | .43450 | 2.06400|[ .50623 | 1.97538| .52836 | 1.89200 .55089 | 1.81524 || .57386 | r.74257| 9
52 | 48486 | 2.06247 || .50060 | 1.97395 52873 | 1.89133|| .55127 [ 1.81399|| .57425 | 1.74140 8
53 | -48521 | 2.060g4 || 50606 | 1.97253|| .52g10 [ 1.8g000 || .55165 | r.81274 57464 | 1.74022| 7
54 | 48557 | 2z.05942 || .50733 [ 1.097111 [ .52G47 1.88867 || .55203 | r.81150( .57503 | t.73095| 6
55 | .48593 | 2.05799 (| 50700 | 1.9G96q | -52085 | 1.88734 | .55241 | r.81025) 57541 | 1.73785) 5
56 | 48629 | 2,05637 | 50800 [ 1.90827| .53022 |1 .8860z || .55279 | 1.8Bogot|| 57580 | 1.73671| 4
57 | 48665 | 2.05485 || .50B43 ] 1.06685|| 53059 | 1.88460 | 55317 | 1.80777|| .57010 | £.73555| 3
38 | -4870t | 2.05333 | 50879 [ 196544 .53000 | 1.88337| 55355 | 1.80b53|| 57657 | 1.73438| 2
50 | 48737 | 2.05182 | .50010 [ 1.9f402 || L5313 | ¥ 88205 || .55393 | 1.80529| .57606 | 1.73321 I
’E* 48773 | 2.05030|| .50053 | 1.0A261|| .53171 [ 1.88073(| 55431 | 1.80405|| .57735 | 1.73205| o
; Cotang| Tang |Cotang| Tang |[Cotang| Tang (Cotang| Tang |Cotang| Tang i
64° 63° | 62° 61° | 60°




|
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18 NaTuraL TANGENTS AND COTANGENTS.
o o o )
, 3° 31 32 33 34 ,
Tang |Cotang| Tang [Cotang| Tang |Cotang| Tang |Cotang|| Tang |Cotang
o | .57735 [ 1.73205 || -6oob6 | 1.66428 || 62487 | 1.60033]| G404t | 1.53986( .67451 | 1.48256 | 6o
1 | 57774 | t.73089 || .Gor26 | 1.663:8 | .G2527 [ 1.50930) (64082 | 1.53888 | .67403 | 1.48163 | 59
a | .57813 | 1.72973 || .60165 | 1.66200 || 62568 | 1.56826)| G024 | 1.53701|| 67536 | x.4Bogo | 58
3 | 57851 | 1.92857 || .Gozog | t.66ogg || (62608 | 1,50723]| 65065 |1.53693 | 67578 | 1.47077 | 57
4 | -57890 | t.72741 || .Go2g4s | 1.65900 | 62640 | 1.59620| 65106 | 1.53595 || -676z20 | 1.47885 | 56
5 | «57920 | 1.72625 | .6o284 | 1.6588¢ || 62689 [r1.50517| 65148 | 1.53497 | 67663 | 1.47792 | 5%
6| .57068 |1 24 | 1.65772 || 62730 | 1.50.414 65189 | 1.53400 | 67705 [ 1.47600 [ 54
7 | -58007 | 1,923 1.65063 || 62770 | 1.50311 | 65231 | 1.59302 | .Gy748 | T.47607 | 53
8 | .s8o46 | 1,72 1.6555.4 || «O2B11 | 1.56208 | 65272 | 1.53205 || 67700 [ 1.47514 | 52
o | .58085 [1.72163 (| 60443 | 1.65445 || .C2852 [ 1.59108] 5314 | 1.53007 || 67832 | t.47422 | 51
10 | 58124 | 172047 || JGoyB3 | 1.65337 G28ga | 1.59002| 65355 | 1.53010 || 67875 | 1.47330 | 50
1t | 58162 [1.71932 || .6oz22 | 1.65228 || .62033 | t.58goo]| 65307 | 1.52013] 67917 | 1.47238 | 40
12 | .58z01 | 171817 || LGoshe [ 1 65020 L6207 | 1.58707 | 65438 [ 1.52816 | .67060 | 1.47146 48
13 | .38z40 | 1.71702 (| .boboz | 1.65011|| (63014 | 1.58005| 65480 [ 1.52719| .68Booz | 1.47053 | 47
14 | 58279 | 1.71588 || 60642 | 1.64903| 63055 | 1.58503| .O55021 [ 1.52622 ([ L68oys | 1.46g62 | 46
15 | .58318 | 1.71473 || .GoG81 | 1.64705| G300 | 1.58,400 (65563 |1.52525( 68088 | 1.46870 | 45
16 | .58357 | t.71358 || JGo7ar | 1.64687| (63136 | 1.58988( .65604 | 1.52429( 68130 | 1.46778 | 44
17 | +58300 | r.71244 | .Go761 | 1.64570| 63177 | 1.58286 | 65646 [1.52332( .6Br73 | 1.46686 [ 43
18 | .58435 | 1.71120|| .60Bo1 | x.64471 | 63217 | 1.58184 65688 [1.52235( .68215 | 1.46505 [ 42
16 | -58474 | 1.7t015]| L60By1 | 1.64363| (63258 | 1.58083]| 65720 [ 1.52130( -68258 | 1.46503 | 41
20 | 58513 | 1.70901|| 60881 |1.64256( (63209 | 1.57081|| 65771 | 1.52043 | 68301 [1.46411 | 4o
21 | .58552 | 1.70787| .6ogzt [x.64148 || .G3340 | 1.57879 | .G5813 | 1.51046 || 68343 | T.46320 | 30
az | .58501 | 1.70073 | LGog6a | 164041 ) JG338o | 1.59978| 65853 [ t.51850| 68386 | 1.46229 | 48
23 | 58631 | 1.70560 )| L6rono [ 1.63034 | G342t | 1.57676] 65896 | t.51754 || 68429 | v.46137 | 37
24 | .58670 JG1ogo | 1,63826|| (63462 | 1.57575([ 65038 | 1.51658|| 68471 | 1.46046 | 36
25 | 58709 32 GroBo | 1.63719| 03503 | T.57474 05080 | 1.51562 ) 68514 [ 1.45055 [ 35
26 | .58748 | t.70z19]| .Grizo | 1.63612| 63544 | 1.57372| .G6ozt [r.51466| .068557 | 1.45864 | 34
27 | 58787 | 1.70106|| (G116o [ 1.63505) G3sh4 | 1.57271| 0663 [ r.51370| 6Bloo | 1.45773 | 33
a8 | 58820 | 1.Gogoa|[ JGizoo | 1.63398 || (03025 | 1.57170| (GG105 [1.51295| 6862 [ 1.45682 [ 32
29 | 58865 | 1.G9879([ .Grago | 1.63292| (63666 | 1.5706g( 66147 [t.51170 ) 68685 [ 1.43502 | 3t
jo | -58g05 [ 1.69766( .G1280 | 1.63:85| .63707 | 1.5606g (| 06189 [ r.51084|| 68728 [1.45501 [ 30
3t | .58044 | 1.69653 ([ 61320 | 1.63070| 63748 | 1.56868|| 66230 | t.50088(| .6877¢ | 1.45410 | 20
32 | .58983 | 1.60541]| (61360 |1 .62g7z2| 03780 | 1.56767| 06272 | 1.50803|| 68814 | 1.45320 | 28
33 | -50022 [ 1.60428 [ .Grgoo | 1.62866| 63830 | 1.56607 (| 66314 [1.50707| 68857 | 1.45229 | 27
34 | +59001 | 1.69316]| 61440 | 1.62960 | O3Byt | 1.56566( 66356 | 1.50702 || L68goo | 1.45139 | 26
35 | 50101 | 1.69203 || 61480 | r.62654 | -63012 | 1.56466(| 66398 | 1.50607 || 6894z | 1.45040 | 25
36 | .5014g [ 1.6gogt || (61520 | 1.62548 ) 63953 |1.56366| .G6440 |r.50512 68085 | 1.44058 | 24
37 | 50179 [ 1.68079 [ 61561 [1.62442] .63004 |1.56265| .66482 |r. 50417 || -6go2B | 1.44868 | 23
38 | .59218 | 1.68866| .61601 | 1.62336(| .64035 | 1.56165( .66524 |1.50322( .6go7r | 1.44778 | 22
39 | -59258 [ 1.68754|| 61641 | t.62230] .64076 | 1.56005(| 66566 | 1.50228 | 60114 | 1.44688 | 21
40 | .59207 [ 1.68643 | .6168t [r.62125| .G4117 |1.55066( 66608 | 1.50133] 69157 | 1.44508 | 20
4t | .50336 | 1.68531 | .61yzt | t.bzo01g|| 64158 | 1.55866) 66650 | 1.50038 | .6g2oo | 1.44508 | 19
42| +59376 | 1.68g1g([ (61761 | t.61gry || G199 | 155766 .6660a | 1.40044 | -60243 | 1.44418 | 18
43 | 50415 | 1.68308( .61801 | 1.61808 | .Gyz40 | 1.55666( 66734 | 1.498.40 69286 | 1.44320 | 17
44 | -50454 | 1.68106] 61842 | 1.61703]| 64281 | t.35567| 60776 | 1.49755| .Co320 | 1.44230 | 16
45 | -50404 [ 1.08085l 61882 | 1.61508 || 64322 | 1.55467| 66818 | r.4p661 (| 69372 | 1.44149 | 15
40 | 150533 | 1.67674 [ 1oz | 1.61403 | 64363 | 1.55368| 66860 | 1.40506) 60416 | 1.44000 | 14
47 | +50573 | 1.67863 ([ (61062 | 1.61388 | (G404 | 155260 G6goa | v.4g472] Ooasn | 1.43070 | 13
48 | 50012 [ 1.6y752([ (Gucoz | 1.61283] (G446 | 155170 G604y | 140378 .6os0z | r.43881 12
46 | 5005t [ 1.67641([ L6204 | 1.61179] 04487 | 155071 66086 |1.49284) 60545 | t.43702 | 11
50 | .5000t [ 1.67530( .62083 | 1.61074| 04528 | t.54072 67028 [1.4919u) 60588 | 1.43703| 10
st | .50730 | 1.67419| 62124 |1.60970( 04560 [ 1.54B73( .Gro7r | r.qgoe7| -6o631 [ r.q3614 g
52 [ .50770 | 1.67309|[ 62164 | 1,60865| G010 | 1, 54774 67123 [r.49003] (60675 [ 1.43525
53 | -508uy [ 1.67108 || 62204 | 1.60701 | 04052 | 1.54075) .07155 [1 48qog|[ .6g718 | 1.43436| 7
54 | 50840 | 1.6708B]| .62245 | 1.60657| 64003 [ 1.54576| 67197 | 1.48816| .6gy61 [r.43347| O
55 | «50888 | 1.66078|| .62285 | 1.60553| 64734 | 1.54478| .67230 |1.48722| 60804 [1.43258| 5
56 | .59928 | 1.66867 || .62325 | 1.6o440|( .64775 | 1.54379| 67282 |1.48629| .60B47 | 1.43160| 4
57 | -50067 | 1.66757]| 62366 | 1.60345| 64817 | 1.54281| 67324 [1.48536| .608g1 |1.430B0| 3
58 | .6o0o7 | 1.66647| .62406 | 1.60241 || 64858 | 1.54185(| 67366 | 2.48442| .60034 |1.4290z | 2
50 | .Googb | 1.66538( 62446 | 1.60137| 64800 | 1.54085[| 67400 | 1.48349| .Goo7y | 1.42003 | I
6o | .fooB6 | 1,66428) 62487 | 1.60033 (| 64041 | 1.53986(| .67451 | 1.48256| 70021 [1.42B15| o
Cotang| Tang |[Cotang| Tang |Cotang| Tang ||[Cotang| Tang |Cotang| Tang ,
1
) o | o o )
59 58" I 57 56 55




NATURAL TANGENTS AND COTANGENTS. 19
o ) o o o
, 35 30 37 38 39 ,
Tang [Cotangj| Tang |Cotang| Tang [Cotang|| Tang (Cotang Tang |Cotang
[ | ~7oozr |1.4zBrs | -7asq |1.37638|| 75355 [1.32704| 78129 | 127904 || Sog78 | 5.23400 | GO
1 | 70064 |1.42726| 72099 | 1-37554] -75401 [ 1.32624 .78175 | 1.27917 || .8r027 | 1.23416| 59
2 | .7ote7 | 142638 .72743 | 1.37470|| .75447 | 1-32544 | .78222 | 1.27841 | .Bro75 [ 1.23343 | 58
3| .70151 | 1.42550 | .72788 | 1.37386) .75492 [ 1.32404 78269 | 1.27764|| .81123 | 1.23270 | 57
1| 70194 [1.42402 | .72832 [ 1.37302( .75538 | 1.32384| .78316 | r.27688 (| 8rr71 |z 23196 | 56
5 | 70238 [ 1.42374| 72877 | 1.372s8([ .75584 | 1.32304| .78363 | 1.27611 81220 | 1.23123| 55
6| .70281 | 1.42286 || .72921 | v.37134]| .75629 | x.32224 | .78410 | 1.27535| -Br1208 | 1.23052 | 54
7| -70325 | 1.42198 | .72966 [1.37050| .75675 | 1.32144 || 78457 | 1.27458 || B13e6 [ 1.32977 | 53
8| .70368 | 1.42110| .73010 [ 1.36967 (| .75721 | 1.32064 | 78504 | 1.27382 81364 | 1.22904 | 52
9 | «70412 [ 1.42022 || .73055 [ 1.30883) .75767 | x.31984 78551 | 1.27306|| 81413 | 1.22831 | 51
10 | +70455 [ 1.41934 | .73100 | 1.36800( .75812 | 1.31904 78568 | 1.27230|| .B1461 | 1.22758 | s0
11 | 70400 | 1.43847 | .73144 | 1.36716| .75858 | x.31825] 78645 [ 1.27153 || .Brsio | 1,22685| 49
12 | 70542 | 1.41750 | +73180 | 1.36633 | .75004 [ x.31745|| 78602 [1.27077 | .Brss8 1.22612 48
13 | 70586 | 1.4:672 | 73234 | 1.30549| 75950 | 1.31660( 78739 | 1.27001 81606 | 1.22539 | 47
x4 | 270029 [1.41584 | .73278 | 1.3046¢ 75096 | 1.31586|| 78786 | 1,26925| .Br6ss | 1 22407 | 46
15 | 70673 | 1.41307]| 73323 | 1.36383| .76042 [ 1.31507| 78834 | 1.20849| .Biyo3 | 1.22394| 45
16 | .7o717 | 1.4340g | 73368 | 1.36300(| 76088 | 1.31427| 78881 [ 1.26774 (| 81752 | 1.22321( 44
17 | 70760 | 1.42322| 73413 | 1.36217 ] .76134 | x,31348 | -78928 | r.20698 || .BrBoo | 1.22240| 43
18 70804 | 1.41235|| .73457 | 1.36134| 76180 [ 1.31269 78975 | 1.26622 || .8184g | 1.22176| 42
rg | .70848 | 1.41148 || .73502 | 1.36051 || .76226 | 1.311g0|[ .79022 [ 1.26546 | 81898 | 1. 22104 | 41
20 | .7089t | 1.43061 || .73547 | 1.35008(| .76272 | 1.3:110|[ 79070 [ r.26471 (| .Brgy6 | 1.22031( 40
21 | .70035 | 1.40974 || -73502 | 1.35885( 76318 [ x.31031 | 79117 | ¥.26395 81995 | 1.21959 [ 39
22 70979 | 1.40887 || .73037 [ 1.3580a | .76364 | 1.30952])| .79164 | 1.20319 .8z044 | 1.21880| 38
23 | .71023 | 1.40800| .73681 [ 1.35719]f .76410 [ 1.30873] 79212 | r.26244 | 82092 | X 21814 | 37
23 | 71066 | 1.40714] 73726 | 1.35637| .76456 | 1.30705|| .79259 | 1.2616g | .Bz2141 | x.21742 ] 36
25 | .qrrv0 | 1.40627|[ .73771 [ 1.35554 76502 [ 1.30716)| .79306 | r.2t003|[ 82190 1.21670 | 35
26 | 71154 | 1.40540| 73816 | 135472 76548 [ r.30637) 79354 | 1.20018|[ 82238 | 1.21508 | 34
27 | 71198 | 140354 -73861 | 1.35380(| .76504 | 130558 .70401 | 1.25043 | .B22By | 1.21526| 33
28 71242 | 1.40367 || .73506 | 1.35307| .76040 [ 1.30480| .79449 | r.25807 82336 | 1.21454 | 32
29 | 71285 | 1.40281 || .7305¢ [ 1.35224 ) 76686 [ r.30401 | 7046 | 1.25792 82385 | 1.21382 | 31
3o 71329 | 1.40195 .73gq6 I.35142 76733 | 1.30323 ]| .79544 | £.25717 82434 | t.21310| 30
3t | .71373 | 140500 +74041 | 1.35000 | .76779 [ 1.30244 ([ .79501 | r.25042 ,82483 | 1.21238 | 29
32 | .71417 | 140022 || 74080 | t.34978 | 70825 | 1.30166] .79639 |1 .25567 || 82531 | 1.25106 | 28
33 | 71461 [ 1.30936 ]| «74131 [ 1.34806|| 70871 | 1.30087 || 79686 [1.25492 82580 | 1.21004 | 27
34 | 71505 | 1.30850 ]| J74176 | 1.34814( .76518 | 1.30009| 79734 | 1.25417 .8262q | 1.21023| 26
35 | 71549 | 1.39764|| .74221 | x.34732| 76964 | r-29931| 79781 [1.25343 .82678 | 1.20951 | 25
36 | .71503 | 1.30679 |[ .74267 | 1.34052| .77010 1.29833 | .79829 | 1.25208| .B2yz7 | 1.20879| 24
37 | -71637 | 1.30503|| 74312 | £.34568|| .77057 | x.20775| -79877 | 1.25193 ]| 82776 | 1.20808 | 23
38 | .7168c | 1.39507 || +74357 | x.34487 | 77103 | 1.20696| 79024 1.25118 || .Bzl25 | 1.20736] 22
39 | .71725 | 1.39421 || 74402 | 3.34405( .77149 [ 1.29618( .70072 | 1.25044 82874 | 1.20665 | 2ax
40 | 71769 | 1.39336 || -74447 | £.34323 | -77196 | 1.20541 | .Boozo | 1.2490 || 82923 (1.20503 | 20
41 | 71813 | r.30250 || 74402 | r.3424z|| 77242 [ 1.20463(| .8c0by | 1.24805 82g72 | 1.20522 | 19
42 71857 | 1.30165 | -74538 | 1.34: 77289 | 1.20385]| .8o115 | r.24820| .B3022 | 1.20451 | 18
43 | 71901 | 139079 || -74583 | 1.34079|[ .77335 | 1.20307|| -Bo163 | r.24746 | .B3071 | 1.20370 | 17
44 | -71046 | 1.38994 || -74628 | 1.33008 | .77382 [1.20220( .Bozrr | 1.24672 83120 | 1.20308 | 16
45 71690 | 1.38gog || .74674 | t.33016|l 77328 | 1.29152] .Bo2s8 | 1.24507| 83169 | 1.20237 | 15
40 | 72034 | 1.3882y || .75719 | £-33835|| .77475 [ 1.20074| .Bo306 | 1.24523| .83218 1.20106| 14
47 | -72078 | 1.38738 || 74764 | £.33754 ][ -77521 | 1.28007] .Bo354 | 1.24449| .B3268 | 1.20005] 13
48 | -72122 | 1.38653 ) .74810 1.33673 )] -77568 | 1.28q19|| .Bogon | 1.24375| .B3317 | 1.20024 | 12
49 | 72167 | 1.38568 || .74855 | r.33502 [ .77015 [ 5.28842| -Bogso | 1.24301 .B3366 | 1.19053 | 11
50 | .72211 | 1.38384 || 74950 | r.3351x|[ 77661 [ 1.28704| 80498 | 1.24227 .B3415 | 1.19882| 10
5t | .72255 | 1.38399 || -74046 | 133430 .77708 | 1.28687|| .Bos46 [ 1.24153| .B3465 | 1.1981z| o
52 | 72209 | 1.38214 || .740971 | 1.33349 | +77754 | 1.28610)| .Boso4 [ 1.24079 83514 | 1.19740| 8
53 72344 | £.38229 | .75037 | £.33268 | .77801 | 1.28533| .Bob4z | 1.2q005( 835064 |1 .1966g9 [ 7
54 72388 | 1.38145 || -75082 | 1.33187 | .77848 | 1.28450| .8olgo | 1.23931 .83013 [ r.19509| ©
55 | -72432 | 1.38060 || .75:28 | 1.33107 [ .77805 | 1.28379| 80738 | 1.23838( 83662 | r.19525| 5
56 | .72477 | 1.37076|| .75173 | 1.33026| .77041 | 1.28302| .Bo7E6 [ 1.23784| 83712 | 1.10457| 4
57 | 72521 | 1.37801 (| .75219 | 1.32040 77988 | 1.28225|| .8oB34 | 1.23710( 83761 | r.19387 | 3
58 | .72565 | 1.37807 || .75264 | r.32865|| .78035 | 1.28148| .80882 | 1.23637(| .8381r [r.19316] =2
59 | .720r0 | 1.37722 (| .75310 | 1.32785 || -78082 | 1.28071| .8og30 | 1 23563 .83860 [ r.19246| 1
6o | .72654 | 1.37638 || .75355 | 1.32704 | .7B129 | 1.27994|| -Bog78 | 1.23400 .83010 | 1.39178 -2
, Cotang| Tang |Cotang| Tang |Cotang| Tang |Cotang| Tang |Cotang| Tang ;
o Q o] o =]
54 53 52 51 50




20

NATURAL TANGENTS AND

COTANGENTS,

[ o o o
40 41 \ 42 43 44°
’
Tang |Cotang]| Tang |Cotang| Tang |[Cotang| Tang CoLang|
o | 83010 | 1.1g175 || -BOg2g [ t.rsug7 |l Lgoogs | 1orrou 1.07237|
o | -B3660 | torgros || -BOGHO | tLrggbo || cgoond | T.aoggl [.07t74 || -gubzs
2 | LB4o0g | 1.1goys [l JS7o3c | rLiggoz Lgotgh | 110038, 1.07112 || Lgb08:
3 | .Bsos0 [ 1.18guy | LB7uBz | 1.14834 || gorgg | T. oty 107040 || 0738
4 | -Baro8 | 1.188g. || (87133 | 1.1ag67 gu,:sl 1, ofioz 1.afighy || o670
5 | -B4rs8 | raB8ay | L8y :h; G 1.10737 1.60g25 || Lg0850
6 208 | 1.1875,) 1. 10672 1ofBOe || Lgligug
7 1 1808 Loohoy u(’-Sr.u abiyliy
8 L1861, [ RIS R Lg7oun
9 11854 PR R y L0 TINT B | RSS2 T shr’nyf: L7070 | 1ooguea
10 18474 114303 || gusho | Doty tooblny || o7y | tozgsze
i1 18404 t.ngzgb || .goubet voobsst || cg7i8g |1 (.'-qu
1z A 1orgz2g || ootz voG8g || cg72g0
13 1, 18204 i7503 | Lotz || Lgogey .q ,‘,r.: tootgay [ g7ao2
14 1.181gy || 87040 | 1. 14095 || 90781 Y TR R PR
15 o825 || 87698 | 1.14028 || LgoSay [ 1.10001 ]| cgq071 | 1obzo]|| g7l |10 »655
16 t.1Bos5 || -87740 | 1.13061 || .goBEy | 1.10027 || woqi2s | teobaqd|| Lgr4ye | 1.02503
17 1.17g86 || 87801 | 1.13894 | gogyo | 1.0yob3 || -94180 | 1.00179 || 97529 | r.0u533
18 1.17016 || 87852 | 1.13828 || .qo0gy | 1.00890|| -04235 | 1.06117 ]| 07380 | T.02474
10 1.17846 || -87004 | 1.13961 || co1046 | x.00834 || -042go | 1.06056 || .g7643 [ 1.02414
20 1.17777 || -87955 | 1.13004 |[ «0100n | £.09770 || Q4345 | 105994 || 97700 | I.02355
-1 1.17708 || .88007 | r.13627| 01153 | 1. oq;mf: .g4400 | 1.05933 || (97756 | r.oz2gs
22 1.17038 || .8Bosp | 1.135061 auf Q4455 | t.osByo]| .g7813 | 1.o2230
23 torzs0n || -88110 | 1.1 540 4sto | rosBogll 97870 | r.oziz6
12y 117500 a8 04505 | t.o3747 | co7927 | r.o2117
23 . |7 1 Lgqtizo [ 105085 co7084 | 1.o2057
=0 1. Lagh760 [ riosteg || co8o41 | Lotggl
27 it 204731 | teosstzll Lo8agh | r.o1g30
28 1, ) L4780 | 1oosson|| (oBiss | roibizg
29 1. AR [ 1orgonh ]l cpis8a [ .:n)Lul. bt | rooggag|| cg821) | tonbiza
3u 1085 || LB8473 | 1orgozg || cotbgy | teogign || <9486 | r.os378 || LgBazo |1 L01701
3t 1.17010 .g1687 [ 1.0nuby ~04052 .g8327 | r.o1702
32 110047 glzqo | t.og 08384 | 1016y
33 1.10878 D170 ) Bt | 101583
34 1.16809 L1847 [ 1 08876 1.03133 ] 98499 | 1.0152
35 | .Bs600 | 1.16741 Lgtgot | t.o88i) t.o5072 (| .G8556 | 1.01465
30 | .85710 [ 1.10672 .91g55 | t.087.49 r.osorol 98613 | 1.01406
37 | 8576t | 1.16603 .gz008 | 1.080686 1.o4049 (| 08671 | 1.01347
38 | .8581r [1.16335 .gzofia | 1,08622 1.04888|[ .98728 | 1.o1288
39 | 85862 [1.164060 Jgzr1d | 1.08550 1.04827| 08786 | r.o1zz¢
40 | .Bsgrz | 1.16398 .gz2170 | 1.08406 1.04766| 98843 | 1.01170
41 | 8503 | 1.16320 10832 95500 o8gor | 101112
2 | JBlorg | 1.10261 1.08309 | L9536z L4058 | 1.01033
43 | -BOuby | 116192 .elson || g5t Logo1h | eoogog
44 | Bt | 11012y tobuyy || co5673 o073 | tooog3s
45 | -BOLGG | 1. sbogh r.08t79 || .95720 00131 | 1.60876
46 | 806216 | 115987 Loz I()J 1.ofnb | .gs5785 .()()13(; r.oobi 8
47 1.15010 apgg7 | veobosy || cosbgt L0047
48 | . 115851 aptior | tooggoo || wgsbor 4
40 | HBO368 [ 1 rsyly wufiss | 1.07027 | 05052
50 | .BO419 | L.15715 Lgegon [ o8ty || cghond r)urm
5t | BGyzo | t.15047 | +Byshy Loag6y [ .og8ot || gfofy | T.ogog7 || w0478 | riooges
52 | 86521 | r.15579]| «Bgtuo Loy [ ozzaB || cofitao | rogogb||l L0336 | tioogby
53 | .BOs72 | 1.15511 || .Bglya cubizz | rooza76 || Lofiigh | 1.03076|| 00504 | 100408
54 | 86623 | 1,15443 | 80725 g6 [ ozt Lof 103915 09032 | 1.00350
55 | 86674 | 1.15375] Bog777 92080 | r.07550]| .96 1.03835|| .00710 | 1.002G1t
56 | .86725 | r.13308]| .8g830 L3034 | 1.07487 || .06344 | 1.03794 || -guz68 | 1.00233
57 | 80776 | 1.15240]| .B08B3 L4088 | 1.o7425 || -96400 | 103734 | JnoBeb | ooty
58 | .86827 | t.15172| .8og3s 03143 [ 1.07362 || .8457 | 1.03674| 00884 | T.00010
59 | .86878 | t.15104 | .Bgos8 L3197 | 1.07200 | .96313 | r.03613|| .go04z | 1.00058
60 | .86igag | 1.15037 || .googo | 1.1rebn || sozes2 | 1.eg237 || -g650g | r.oa533|[Heonaa | 100000
Cotang| Tang |Cotang| Tanyg |[Cotang| Tang |Cotang| Tang |Cotang| Tang
!
o ) ° o o
B 49 48 47 46" | 45
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TABLES AND FORMULAS. 21

SPECIFIC GRAVITIES AND WEIGHTS
PER CUBIC FOOT.

METALS.
Feinht mor
Substance. (Sﬂp?‘:’;?;; Elfll)i;[l,] &'531;‘:
© | in Pounds.
OSIIUI; son & son e 3 5805 bate § bl o oo s 23.00 1,437.5
Platinum ......... ... ... . ... ..... 21.50 1,343.8
Gold. ..o 19.50 1,218.8
Mercury ... 13.60 850.0
Liead [Bast): v cow awm « siom v onme i s o s 2 11.35 700. 4
{7 BUNE TS & s 5 s mam 5 owm v ps g sy 9 B 10.50 656.3
'}—' Coppet (CASE) m 5 v 5 vos o v iwn 7 ae i ¢ 8.79 549..4
i PBTESE s vve s 555 5 565 T E & e s o sumse v s 8.38 523.8
j:‘ Wrought Iron ... L. 7.68 480.0
Cast Iron ... .. 7.21 450.0
! Steel oovvii I 7.84 490.0
Thani; {eastla 5 von wwsn voms o+ somws o vas 2 s 0 ¢ 7.29 455.6
Fe (East) vown san o sae 2 nmg o s 5 0y 5 o 6.86 428.8
BAEIONY: & a5 s v ¥ 695 5 604 4 6.71 419.4
Aluminum .. ... ... oL 2.50 150.3
i_ WOODS.
5 B 77 Specific Weight per
i Substance. Gravity, Cubic l"qot
H o in Pounds.
I' A v s s v e s e v a8 s s 8 e 845 52.80
Begehl won swoss ven 3 vmp 3 s wove sen 3 s .852 53-25
COAAT: oy v o 5 wom § v £ 500 DA5S 0 & SRl 501 35.00
Cork ...t o .240 15.00
Ebeny (American).................. 1.331 83.19
Lignum-vite .. .............. PR . 313 83.30 7
WEAPIE soe = s wovmss ssai @ s v v @ wvess somm = .750 46.88
Qalke (Old)ivan v s o 7 w5 wam 6 e o 1.170 73:10
¥ DPTECEE o 5, » won v 1 oom & S 160 595 4 .500 31.25
Pine (yellow). ...t .66o 41.20
{ Pine (white)....... 5 e s e s rme 554 34.00
f Walnut ... 671 41.90
[ @
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LIQUIDS.
Weight
Specific per
Substance. Gravity. Cubic Foot
in Pounds.
Acetic Acid ... 1.062 66.4!
TEEAC BROTEL s s seme s st © omons o o s 1.217 76,1/
Sulphuric Acid .......ovvvve ciint. 1.841 115.1
Mutiatic NEEl vaws san von woss pang s 1.200 75.0
Aleohal v ¢ v sen s vans viid & wd saes & iy .800 50.0
Turpentine....... . .870 54.4
Sea Water (ordinary) ............... r.020 64.1
Mille . e e 1.032 G4.5
GASES.

At 32° I, and under a Pressure of One Atmosphere.

?

L Weight

Substance. Gravity:, |uble Bt

in Pounds.
Atmospheric Air.................... 1.0000 .08073
Carbonic Acid...................... 1.5290 12344
Carbonic OXideua.g « cuon wn v vsn swww s 9674 .07810
CRIGITIE o wam w oo v sy om 4 wes v s s 2..1400 .19700
OPEE o 5 v 1 see os & e 5 e o O9R RS | 1.10356 .03925
Nitrogen. .o i e .9736 .07860
Smoke (bituminous coal)............ .1020 .00815
Smoke (wood). ..o .09oo .00%2%
*Steam at BLR° B vun v v v wovs soosnrs wnm .4700 03790
Hydrogei: ces vawn sim s owm own s siga s aosn 0092 .00559

* The specilic gravity of steam at any temperature and pressure com-
pared with air at the same temperature and pressure is 0.622,
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MISCELLANEOUS.

Weight
Substance. .‘.%pcc?h’c Vi
) Gravity. Cubic Foot
in Pounds.
EERTGEY ) wiams w womos o vmmss w s wom s 0 ooans 5 4.00 250
Glass (average). coiovivvn i 2.80 75
ClEalle: o ovm oo van v v o s o o 8 v 3 2 2 2.78 1574
Granite....... ... o 2.0% 1006
Marble. . ... i 2.70 169
Stone (common). ... oo 2.52 158
Salt (common).. ... [ 213 133
Boil (Eomime ) rex o s o v o v o s .93 124
CIAV, o v wom 5 5 8 oo v 98 8 5 % B 6 ©1.03 121
BiiClemiaers ven s ¥ S0 ¥ 550 fed 5 S § & 1.90 118
Plaster Paris (average)............. | z2.00 125
Sand. . ... .. 1.80 113
MISCELLANEOUS TABLES.
COEFFICIENTS OF EXPANSION.
Name of Substance, . l.inuulr ‘Sur‘feu..‘e . Cuhi?:
Expansion, | Expansion, | Bxpansion.
Cast Iron............. .occool1y | .ccoc1234 | 00001850
Copper................| .o0000955| .ccooigio| .o000286,
Brass. o v s wes o o . ..| .cco01c37 | .000020%4 | .00003112
SHNVET: conn v wes o oou 5 vna .oco000go | .0o001390 | .00002070
BAT TUOT w wow v won s 990 4 00000686 | .00001372 | .00002058
Steel (untempered) .. 1| .0oo00599 | .o0oco0orrg8 | .coco17g8
Steel (tempered)....... . 00000702 | .00001404 | 00002100
Zinc......o oo .00001634 | .00003208 | 00004903
i 5w v e 5 s st o « .00001.J10 | 00002820 | 00004220
NEBET, « cae » o nam v 2 .00003334 | .000066G68 | . ccolool0
AJEBIE e 7o vev w van 5 .00019259 | 00033518 [ 00057778
Gases. ..ooone oo s e o .00203252

TG Pil 5w
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VALUES OF B, H, AND x FOR IRON AND STEEL.

Gray Cast Iron. Cast Steel—Unannealed.

B H s B H Jt
10,000 64" 1506.3 10,C00 13 535-5
20,C00 105 190.5 20,000 28 714.3
30,000 164 | 1829 39,000 35 S857.1
40,000 202 152.9 40,000 43 930.2

_ §o,000 430 110.3 50,000 54 925.9
60,000 718 83.6 6o, 000 72 833.3
65,000 | 1,030 63.1 70,000 99 707.1

80,000 146 547.3
a 90,000 223 400.0
100,000 S 266.6
110,000 730 150.7
115,000 i 1,015 113.3

Sheet Iron—Annealed. Wrought-Tron Forgings.

B H 1t B H ot
10,000 16 6z25.0 10,000 12.0 833.3
20,000 2 869.6 20,000 15.0 | 1,333-3
30,000 28 1,071.4 30,000 18.8 1,595.7
40,000 33 - 1,212.1 40,000 23.0 | 1,739.1
50,000 42 1,190..4 50,000 30.¢ | 1,666.6
60,000 33 1, L32.0 6o, 000 44.0 | 1,363.6
70,000 63 1,020.4 70,000 05.c | 1,076.9
§o,000 94 851.0 80,000 104.0 769.2
90,000 138 652.2 90,000 200.0 450.0

100,000 214 467.3 100,000 430.0 232.6
110,000 374 294. T 105,000 630.0 166.6
120,000 725 105.5 110,000 | 1,035.0 106. 3

125,0c0 | 1,075 116.3
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THE
1. Fur.
2. Flannel.
3. Ivory.
. Crystals.
5. Glass.

SPECIFIC RESISTANCE OF CONDUCTORS
INTERNATIONAL OHMS.

ELECTRIC SERIES.

6. Cotton.

7. Silk. 12
8. The body. 13.
4. Wood. 14.
10. Metals. 15.

Resin.
Sulphur.

11. Sealing-wax.

Gutta-percha,
Guncotton.

IN

Conductor.

Copper, annealed. , . .
Copper, hard-drawn, ..,
Silver, annealed | . ..
Silver, hard-drawn., ., ..
CE.B.Biron.. ...
YB.Bdrona. ...
Steel (wire).............
Aluminum. .........

Mercury................
German silver..........
Gold* ... .. ... ......

Zine,® pressed. ...
NHEIEL® o iammiviass smaan
Antimony, pressed.

Bismuth, pressed, . ... ..
Tin*, o e

Manganin®, ............ .

Reostene®. .. ... .. ......

Specific Resistance,
Microhms per

Cubic Centimeter
it 02 C

594
62y
N 5()()
.029
.750

.88g

26,380

428
35
30,
13.
10,
qr.
0.

L070
. 700
L197
Y17
. 751

323

LJoo

800
048
o3
731
053

70,468

* Determined by

Resistance
uf
1 Mil-Foot,

0° Cent,
32¢ F

e Cent, |
e F

9.59 | 10,507

Q.40 10,100 | L on38o

55,00 05.500 | 00403

78. 500

g0. 800
17.75 1.400 | .003G0
.00411

600,00 | 613.000 | 00089
12(1.00‘ 127.200 | 00040

gree Centigrade,

Temperature Coef-

.00388

003770
0030009
Longobo

Looh220

004}
L00419
L0003 T

L 00000
L0010

{

* Fleming & Dewar.

Percentage
Conductivity.

100,00
97.50
1006. 00

16,20
15. 50
11.00
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THE ELECTROMOTIVE SERIES.

4 Sodium.
Magnesium.
Zinc.

Lead.

g e e B

5. “Tin.
G. Iron.
7. Copper.

.

. Silver.

i
10,

Gold.

Platinum.
11. — Graphite (carbon).

THE PRINCIPAIL ELEMENTS.

Name of Element.

Aluminum.......
Antimony .......
Arsenic..........
Barium..........
Bismuth.........
PO s = wowes . s

Drontine .. .......

Cadmium........
Calcium..........
Carboin ..........

Chiorine . .......
Chromium.......

Cobalt ..........]

A

1/

3 4.
Atomic Valency
Weight. ’

27.00 111
120.00 V
55,00 V
137.00 11
208.90 V
11.00 ITT
po1

7‘)'()5 | ‘ \'IT
112.00 1T
40,00 1T
12.00 IV
I

3543 { SFTT
5.3 10 '3 \-[.I]
11

59:9% 1 1]
) 1
03-40 jﬂ 11
§I

19.00 14 \rqp
i1

197.30 ] I

1.00 ‘ ]7

5.
Chemical

Equiva-
lent.

9.00 |

24.00

08.50

79-95

56.00
20,00

3.00

] [
L s S
o = O
o + W

= Gy O
1D = La T
(o] =
o (e]

5
197.30
65.7

0,
Electro-
chemical
Equivalent.’
Grams per
Coulomb,

.00009 324
.00024860
.00015540
.co070pbc
.000, 3280
.00003792
.00082100
.00011340
.ooo58020
.00020720
.00003058
.00036730
.00005252
.00026090

| .oooo7708

.o0030560
.000070.16
.00065735
.00032807
.00019030
.0000206063
00204400
.000081 40

.00001025




THE PRINCIPAL ELEMENTS—Continncd.

1 Ay R o R .
| Iilectro-
L 7 ‘| Chemieal|  chemical
Name of Element. ‘-;i ::]_ \\\_1::21'::. Valeney.| Equiva- | Equivalent.
’ A : lent. Grams per
Coulomb.
. _ I |125.85  .oorj0300
TOBER csveos = 00 v & / res. s |4 3 2
e 373 tVIT 17.98 | .00018630
: ! 28.00 | . 2
TiaE s e wm s le 50,00 ) ]I_ R
h DA 14.00 | .00014500
103.48 | . 72
Lead .. ... .. cooo| D0 | 200095 : 11\[_ e 0010"(00
51.74 | .00053600
Magnesium ... ... Ay | 2430 11 12,15 | .c0012590
: 11 27.50 | .coo0z28490
Manganese. . .....| M .00 | ’
® 55 | VIT 7.86 | .0c008143
1 200.00 | ,0020%7200
Mercury......... HHy | 20000 -g !
= . 1T |100.00 | .co103600
. [ y-s 11 29.00 | .00030040
Nickel ... ... ... | A7 | 58.00 : VIII J X 0003004
| 7] 7.25 | .oocoo7510
Nitragen. . .......| N 14.03 v 2.81 | .cocozgrI
1L 3.00 | .oo0008288
OF P et ¢ van s v ) ‘ 16,00 ! -,
J8 : VI 2.67 | 00002706
Phosphoras ... ... o 31.00 \ G.20 | .000006423
. |11 7.50 | .00101000
Platinum......... £t | 195.00 : - 9{ 3 e
] A 18.75 | .ooogz0500
Potassium.. ... ... LA 30.17T I 39.1T | .00040520
5 ‘ ; S| ; ; 2
SETEHIIENE s 5 v Se 79.00 jf I 39-5¢ 000402 °
: 13.17 | .00013040
S!'/I‘z'r)l;: .......... S 28. 40 IV 7.10 | .00007355
Silvers oo Ag 107.90 1 107.9¢ | .oc111800
Sodivm oL Na o 2305 | )| 23.05 | .00023850
Strontium... ... .. v | 87.60 | 11 43.50 | .000453%0
g : LTI 6.03 | . 6610
ST s 2 en v S 32.06 | ] e L90§ | -000lfb
5:34 | -00005532
Telturiwne .. ... .. Te | 125.00 1T 62.50 | .00004750
Tin ..., S | r1g.00 ] H,. kg 'OOOGH’:LI‘O
DAY 29.75 | .oo0308z20
ZiANC s 5 wavs snains o ooy Zi | 65.30 I1 32.65 | .00033820
The names of the non-metallic elements are printed in /7alics.
& atest determination by Patterson and Guthe from neutralized

solution of silver nitrate gives (0011192 as the eleetrochemical equiva-
lent ol silver.
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HEAT OF COMBINATION WITH OXYGEN.

Compound Calories or Gram
1 Gram of iy Degrees of Heat
YomaiEd: Produced.
Hydrogen v s wos wosn s 7,0 34,000
CHEDGH . o« wan vw 4 s wonn Co, 8,000
SUIPHEL ;s ¢ won v vws ouws o SO, 2,300
PhOSPIHOTUS: o v s v 5 v PO, 5,747
/31 U AT, 1,301
Tron.......ooiii it Fe 0, 1,576
Tin. ..o, Sn0, 1,233
COPPEE sosi woia svssies swsnas smas CuQ Goz
RESISTANCES OF METALS.
Resistance
Name of Metal. in Microhms Relative
) of 1 Cu. In. Resistance.
at 32° F.

Silver, annealed............... 5921 I.000
Copper, annealed.............. .Gzg2 1.063
Silver, hard-drawn............. .6433 1.086
Copper, hard-drawn............ .6433 1.086
Gold, annealed................. .8roz2 1.369
Gold, hard-drawn.............. 8247 1.393
Aluminum, annealed..... ..... 1.1470 1.935
Zitie, pressedos s oo o sen o v 2 s 2.2150 3. 741
Platinum, annealed............ 3.5050 G.oz22
Iron, annealed ................ 3.8250 6. 460
Nickel, annealed............... 4.9070 8.285
Tin, pressed................... 5.2020 8.784
Lead, pressed................. 7.7280 13.050
German Silver ................ 8.2400 13.920
Antimony, pressed ............ 13.9800 23.600
Mercury': vows s i e SRS REH G 8 37.1500 G2.730
Bismuth, pressed.... ......... 51.6500 87.230
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SPECIFIC INDUCTIVE CAPACITIES,

L 1.000
Paraffin.................... 1.994
India rubber............... 2,220 to 2.40%
EBORIEES » v v o » g 2 v 5 2,284
Gutta-percha. . ... ., 2.402
Sulphur.........o. oL 2.580
Shellac.. ... oo L, 2.740

L 3 I o5 S R
M s w0 sumen w0 svere o s 5 5 4 & 5.5 lo8.o

Nore.—Capacity of best quality of gutta-percha compound used for
submarine cables is .0541 microfarad per cubic knot at 75° 17,

HORIZONTAL COMPONENT OF THE EARTH’S
MAGNETISM.

Value of
Component.
Locality, Lines of Force
per Square Centi-

meter.

London, England. ... .. .. .130
Paris ... ... L. .188
Berlino.................. .178
TROMUE sawn 5 sses = swmin & e 4 ¢ 240
MotitiEal s o v 0 wa 2 5 ST47
NHATATH s s svwn s s s BH 1 3 L1067
Halifax................. .159
Boston........... ... .. .170
New York .............. 184
Philadelphia............. .194
Washington............. . 200
CHhIcat0: & vus s sus 3 was 1 wa .184
Cleveland............... 184
San Francisco........... .255
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SPECIFIC RESISTANCES OF INSULATORS.

-
4

ORMULAS.

Substance.

Mica
Gutta-percha...........
Hard rubber
Paraflin

Porcelain
TFlint glass. .............
Olive oil

Lard oil

SPECIFIC RESISTANCES

Specific Resistance.

81 tregohms

‘ © 449 tregohms

28 quegohms
34 quegohms
540 quegohms
16,700 quegohms
1 tregohm
350 hegohms

OFF ELECTROLYTES

At 50” Fahrenheit.
o Specific .Hp'umhc
Liquid. Gravity Resistance.
) - | Ohms.
Copper sulphate | |
. . | 1.20 29. 30
Saturated solution § ‘! > -3
Zinc sulphate | p
. - 1.440 | 33.60
Saturated solution ) ‘ + | 2
Zinc sulphate ' "28.22
Common salt 3 ¥ . ’ Jjo
) | Solution o7
Sal ammoniac | e I 2.50
- o b
Sulphate of soda I L 11.30
" east ! 2
- Sulphuric acid : o138
L : resist- | i~
Nitric acud —_— Lo1.29
Hydrochloric acid J ! l\ 1.8
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TABLE OF CENTIGRADE AND FAHRENHEIT

DEGREES.

Deg. Deg. | Deg. Deg. Deg. Dep. I Degr, Deg.
C. 7. { C. B C. I (67 o
) 32.0 26 78.8 ’ 51 123.8 76 163.8
1 33.8 27 S0.6 | 35z 125.0 77 170.0
2 35.0 28 Sa_y 53 1274 7S 172,
3o 37 29 Sgz| 54 129.2 79 174.2
4 30.2 30 86.0 55 15150 So 176.0
5 4T1.0 31 87.8 50 132.8 b3 177.8
6 2.8 32 89.6 57 134.0 82 179.6
7o 6 33 | oraafl 38 | 1364 ] 83 | 181y
S| 464 |1 34 93.2 59 138,z S4 | 183.2
0 48,2 15 0.0 0o 140.0 S5 185.0
10 50.0 30 96,8 ‘ 61 1438 80 186.8
I 51.8 37 98,6 62 143.0 St 188.6
12 53.0 38 100..| 63 1.45..1 88 190,
3 55--4 || 39 102.2 04 .2 | 89 192.2
14 57.2 40 10.[.0 65 149.0 9o 19.4.0
15 59.0 g1 105.8 606 150.8 91 195.8
16 6o.8 2 107.06 67 152.0 3 197.0
e 62,6 43 100. 4 48 1544 93 199..4
18 04. 4 i, 11T, 2 69 156,2 94 2c1.2
19 66.2 45 113.0 70 158.0 95 203.0
20 08.0 40 114.8 71 159.8 90 204.8
2t 69.8 47 116.6 72 161.6 97 200.6
22 71.6 b 113 73 163.4 93 208, 4
23 7304 49 120.2 74 105.2 99 210.2
24 75.2 50 122.0 75 167.0 100 212.0

25 77.©
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ROUND WHITE-CEDAR POLES.
Size of Poles.
B Weight. Number to
Length. Diameterof Top. Pounds. Carload.
Feet. Inches.
25 7 335 55 Lo 7o
25 8 430
30 7 475 ?
30 8 644 40 to 45
30 9 690 s
35 7 720
35 8 930
35 9 1,020
50 8 and upwards 20 10 22

SIZES OF POLES.

Length of Circumference | Circumference Depth of Pole
Pole. at Top. 6 Ft. from Butt.] Setin Ground.
Feet. Inches. Inches. Feet.

30 22 33 5%
35 22 35 54
40 22 37 6
45 22 4r 6%
50 22 14 7
55 22 48 7
6o 22 2 b
G5 22 50 3
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NORWAY-PINE POLES.

Length Diameter of Top Weight No. to
in Feet. in Inches. in Pounds. Carload,
40 7 1,100 go
45 7 1,200 So
50 7 1,350 72
55 7 1,500 65
6o 7 1,700 55
65 7 2,000 45
70 7 2,400 50
75 7 2,800 45
8o 7 3,400 35
85 7 3,800 30
STANDARID CROSS-ARMS.

Spacings.
Number ! 5
Length. of oo — S e
Feet. Pins. End. Center. Sides.
Inches. Inches. Inches.
3 2 4 28

4 4 4 16 12

5 4 4 18 17

G 4 4 22 21

6 6 4 10 12
8 6 4 18 17 %
S 8 4 16 1214
re 8 4 17 )% 153
1o 10 4 16 Y4 123

The best sizes Lo use are as {ollows:
3Y" X a¥" % 3 feet.

For two wires,

For four wires, 34" X 44" X 6 feet.

For six wires,

3UT XK 4" X 8 feet.

TFor eight wires, 394" X 414" X 10 feet.
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SOLUTION FOR STANDARD FULLER CELL.

Sodium bichromate,.......... 6 ounces;
Sulphuric acid................ 17 ounces;
DOt Waters ¢ v v s swe vans s 56 ounces.

If bichromate of soditum is not obtainable, hichromate of
potash may be substituted for it in equal quantities.

CONCRETE FOR POLE HOLES.

part hydraulic cement;

—

(]

parts sand;
5 parts screened gravel, broken stone or broken brick.

POLE-RAISING KIT.
rz-foot pike-poles.
14-foot pike-poles.
16-foot pike-poles.
dead-men, 6 and 8 fect in length, respectively.

[ [N] ta

1]

cant-hool.

&)

tamping-bars.
short-handled shovel.
carry hooks,
iron digging bars, or crowbars, or, 1 piece of oak plank
g inches wide, 1% inches thick, and 7 feet long.

1 set of g4-inch double-sheave block and tackle with about
250 leet of Y-inch rope.

ta -

13

MATERIALS FOR CONDUIT WORK.

CONCRETE.
Good cement. .......... ... 1 part;
Cleam 8amd con 5w 5 ame w v v vws s o 2 parts;
Broken stone or screened gravel....... 5 parts.
MORTAR.
Good CEMEAL. cvaws von v s v wms s ows T part;

SIS « san v i o oot & o DRy RIS HES ¥ 4 2 parts.
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MATTHIESSEN'S STANDARD.

Dimensions of Standard

B, AL Ohms, Legal Ohms,

Meter-gram soft copper. ...... 14305 L 14200
Meter-millimeter soft copper..| .02057 .020735
Cubic centimeter soft copper..| .o00001616 | 000001563
Mil-foot soft copper........... .72 . 012

1

Resistanee at G C.

International
Ohms,

14173
02030
LOODOOTR)L

. 590

COMPARISON OF PROPERTIES OF COPPER

AND ALUMINUNML.

Aluminum. Copper.

Conductivity (for equal sizes)................ .54 to .03 1
Weight (for equal sizes)............. ST T— 5 1
Weight (for equal length and resistance).. . .. .48 1
Price—Al, 2. ; Cop., 16c. (bare line wire). . 1.81 1
Price—{IZqual resistance and length, bare

HRE Wire), coama cuams voi warve o smmase oo on e .808 ¥
Temperature coeflicient per degree ... .ooz2138 .021585
Resistance of mil-foot (0" Cyo .o 18.73 10.5
Specific gravity. ..o 2.5 to 2,05 | 8.89 Lo 8.93
Tensile strength (hard-drawn) per square inch 0,000 60,000
Coeflicient of expansion per degree F...... 1. 0000231 LUBOOOY3
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STRENGTH OF STRANDED IRON WIRE.

|
. Weight per IEstimated Break-
Diameter, ghtl . . viLE
Lo ol 100 [Feet. ing Strength.
o Pounds. Pounds.
B
4 51 8,320
1!‘3 48 7,500
TLG' 37 | 6, [s]e]e]
3 30 4,700
1 21 3,300
’_-;np_ 18 2’600
1% -
o4 15 2,250
+ 11 )4 1,750
3 834 : 15300
2 644 1,000
¥ 4% 700
9
) k3] 525
1 34 ! .375
oy z l 320

VARIOUS VALUES OF THE OHM.
The relative values of the various ohm units are given in
the following list, which is based on a report published by
the American Institute of Electrical Engincers.

1 international ohm = r.o135 British Association Units (written B.A.U.)
1 international ohm = r.co23 legal ohms.

1 legal ohm = .gg77 international ohm.
1 legal ohm = o112z B. A. U.

tBA U = .¢800 international ohm.
1 BLA U = .9889 legal ohm.

Norie.—The legal ohm has been extensively used and many Wheat-
stone bridges and standard coils still in use are calibrated in legal ohms.
However, international ohms are now legalized and are rapidly coming
into general use, and all Wheatstone bridges, standard coils, ete. made
since about 1803 are calibrated in international ohms.



TEMPERATURE COEFFICIENTS FOR
COPPER WIRE.

TABLES AND FORMULAS.

3

To correct the conductor's resistance to 75° 1., multiply
its resistance at observed temperature by the correspond-

ing constant (factor) given in the table.

£ £ e
2g| ¢ (28] = |23
55| 5 | 8&| 3 55
o, 5 & a ¥ & g, B
En| & £a B ‘EQ
B.E B . B
100 | .048. 82 9853 | 61
99 | .9504 || 81 | .o874 | 63
98 | .9524 So .9895 G2
97 | -9544 | 79 9916 ‘ 61
96 | .95G4 | 78 0937 || bo
95 | -9585 || 77 9958 59
94 | -9605 | 76 9979 || 5%
93 | .9020 75 1.0000 59
2 | .90640 74 1.0021 56
g1 | .9666 73 1.0042 55
go | .9G87 7a 1.0064 | 54
39 | .97c8 7 1.0085 || 53
38 | .97=28 70 1.0100 | 52
87 | .9749 69 1.0128 51
86 | .9769 68 1.01 49 ’ 50
85 | .9790 67 1.0160 49
84 | .9811 66 1.0193 48
83 | -9832 | 65 | 1.0214 || 47

g \ ES| &

i 2wl g

= EA ¥

e

1.0230 ' 46 1.0034
1.0258 || 45 | 1.0657
1.0280 44 1.0079
1.030T1 } 43 1.0%702
r.o323 || 4z 1.0725
1.0345 || 41 1.0748
1.036% ‘ Jo | 1.0771
1.0389 39 1.0793
1.0411T 38 1.08106
1.0433 | 37 | 10839
T.0455 ! 36 1.08062
1.0478 35 | 1.0883
1.0500 34 | 1.0908
T.0522 33 | T.c932
1.0544 32 | T.0954
1.05067
1.0589
1.0612
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TESTS OF IRON WIRE.

Mechanical. Llectrical.

& : .
< = w g L
P % . £z i & g = o
= = 8 == = = B
gz = S| B S E = g il
=T = gl ez : Z 8 . S| &=
o i B 5% i 2R 2§ Hos I
2B St |E§ |tk Ep ip af | &4
a2 s c [T I o 2= T 5 £ =
== == e g = 1 e = =
& o sE | 23 4 5 3
’ 0] e 5 5 £ 2 -
= = .=

= = T L 5 e
E. B B.1z | 190.83 | 11.50 | 15.00 J17.50 | 11,55%.20 | 1].40 | 30.50
5. B. B. 8§ | 381.00 | 17.70 | 20.50 037.50 | 12,930.50 | 17.30 | 12.67
1. B. B.o1t | 222,63 | 17.20 | 21.50 577.50 { 13,039.40 | 15.00 | 24.20
e 94 282.80 | 10,00 | 20.50 770.00 | 14,375.90 | 21.90 [ 16.10
L. B. B. 1o | 254,49 ]| 17.70 | 28.50 097.50 | 14,475.10 | 17.80 [ 18,42
s 9 287.50 | 10.00 | 29.00 832.30 | 15,288,806 | 21.g0 | 10.10
BB B 6 608.88 1140 | 21,50 | 1,28%.50 | 16,402.00 | 1750 | g.21
E BB o 318.05 | 19.30 | 17.50 | 1,007.50 | 10,725.10 | 10.90 | 15.5.4
Nas \

Nashua 8 | 581,66 | 15.10| 26.50 | 1,535.00 | 21,183.00 | 14.70 | 15.00
M. 5. plain 6 525.00 | 10.40 | 1g.50 | 2,137.50 | 21,375.00 | 13.50 | 11.78
e 8 375.10 | 10.00 | 31.00 | 1,0535.00 | =22,3501.40 | 10.50 | 16.10
A H.ogx 203.50 | 16.00 | 27.50 | I,257.50 | 22,0635,00 | 15.10 | 22.70

COST OF WIRE.

COST (IN CENTS PER 1"OUND) O WIRES OFF EQUAL

CONDUCTIVITY.

Equivalent Price

Price of Copper.

of Aluminum.

12 25.00
3 27.10
14 209.15
13 31.20
16 | 33+8
ty w 3535
18 37-35
19 | 39.40
20 [1.50




TABLES AND FORMULAS,

39

SAG IN COPPER AND IRON LINE WIRES.

Span in Feet.

Temperature in - .
Degrees Fahrenheit, s oo 1S 139 150 o
Sag in Inches,
— 30 ] 2 214 334 414 8
— 10 v | 2| o3 3% | s 9
MR ARTARN IR
30 | 3 4 56| 6% | 12
6o 2 | 44 | sk 7 9 1534
8o 34 534 i 854 | 11} | 1834
100 434 7 9 T 14 221

CAPACITY OF WIRES.
The electrostatic capacity of overhead copper wires, sus-
pended at a height of about 3o feet above the ground, is

approximately as follows:

No.
(B. & 8. Gauge.)

Capacity in Microfarads per Mile.

To IBarth.

o o s~ O

I
- 12
14
16

.0156
.0154
L0151
L0150
L0148
.0T44
.o142
LOT4T

Wire to Wire.

.00930
.00918
.0000gy
.00QOo0
.00880
,008060
.00840
.cc830

Where there are a number of grounded circuits on the
same pole line, the electrostatic capacity will be about 5 per

cent. higher,

T.G. Val, 11 —s5.
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TENSILE STRENGTH OF COPPER WIRE.

Breaking Weight : Breaking Weipht
Numbers. in Pounds. | Numbers. in Pounds,
B &S B &S |
Gauge, ey Gauge. 1
° Hard Annealed. ‘ Hard Annealed.
Drawn. ‘ Drawn.
0000 8,310 5,050 9 617 349
oco 6,580 4,480 | 10 489 277
- 00 ,220 3,553 11 | 388 219
) 4,558 2,818 12 | 307 174
[
I 3,740 2,234 | 13 244 138
2 3,127 1,772 ‘ 14 193 109
3 2,489 1,405 } 15 153 8y
4 1,907 1,114 ‘ 16 1133 69
5 1,559 833 ;T 97 55
0 15287 700 ‘ 18 77 43
7 980 555 . 19 | O1 34
3 778 4q0o I 20 ‘ 138 27

DATA ON DOUBLE SILK-COVERED COPPER

WIRE.

B & 5. o = Ohms PPounds
Gauge Number, Per Cubic Inch. ” Per Cubic Inch,
20 .76 .79 .24
a2 2,0 .6y .23
24 5.0 G2 21
26 12,0 .55 .19
28 25.0 .49 1)
30 54.0 43 il
32 105.0 3 12
34 195.0 .31 .03
30 355.0 .25 075
38 630.0 19 ab
40 1,050.0 13 .05

Nowri.— is the portion of the total volume that is occupied by the
copper alone, the difference T — ¢ being the portion occupied by the
insulation,
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RESISTANCE OF PURE ALUMINUM WIRE.®
Pure aluminum weighs 167.111 pounds per cubic foot.
The conductivity of pure aluminum is 6o% of the conduc-

tivity ol pure copper.

g3 RESISTANCE AT 730 7,

27

A

mg R ‘ Ohms Feet Ohms

= Ohms per per per

_;:: 1,000 Feet. | Alile. Ohm, Pound.

e ! | ! S

VOCO 08177 3172 12,229. 3000 L00042714
000 L10510 J L5440 | 9,099.0000 .ouobhyozz
1] .1300r | (8045 7,692.0000 00108110
0 L16385 | 806515 0,245.4000 00107390
1 Laohyo | 1.09T 50 ‘ 4,037.3500 L00272720
a .a6o77 1.37037 3,830, 2200 L00434910
3 32872 | 1.75579 3,030, 1200 .000gO570
4 Jrg48 ! 2.18850 2,412, 6000 AUL0YT 730
5. .32208 2,75970 | 1,913.2200 .01745000
6 .03910 ‘ 3.48020 | 1,517.2200 027755800
7 83118 4.39850 203, 1200 .04413500
8 1.00802 ‘ 5.535850 ‘ 964. 1500 .OT01 70O
9 1.32135 | G.g7670 ! 750.7800 .11150100
10 1.60667 5. 80000 0600.0000 .17467000
11 2, 10120 ‘ 11.09470 ‘ 475.9080 28211000
12 2.63970 13.09000 377.4120 . 44856000
13 3.34120 | 17.64200 209.2980 71478000
I 4-31800 | 22, 80000 231.5820 1.16225000
15 5.19170 27.46200 192.0120 1. 76000000
16 6.60850 | 35.36800 | 149.2860 2.86670000
1y 8.44720 4. 00200 118.3800 3.55880000
18 10.05180 | 56.24200 93.8520 7.24900000
19 13.81480 | 72.94200 | 72,3840 12, 19160000
20 16.93800 Sg.43000 30.0400 18.32800000
21 21.35800 | iz, 76700 | 40,8222 20). 1) 200000
L] 20.92000 23800 | 37.1400 6. 31600000
23 33.90200 179, 32000 20.4322 73- 65600000
2 42.82500 200, 12000 | 23.3508 117.17000000
25 | 54.00000 285, 12000 | 18.518] 180. 28000000
26 | 65. 11300 | 3509. 65000 | 14.0814 200, 32000000
a7 | 85.80500 | 453.37000 | 11.6400 485, 50000000
28 108.27700 | 571.70000 | 9.2558 74902000000
29 ‘ 136.53500 720.90000 ‘ 7-3242 1, 1G0. Q7000000
30 | 172.17000 yo8.98a00 | 5.8087 1,593.0000000
3L 212.12000 I,1 l(_}.t)StJ(JU J.7044 2,04 1. 50000000
3 ‘ 275.97000 1,445, 45000 3.0528 ‘ 4,788.gooooooo
33 345. 13000 1,522, 30000 2.8974 | 7,010. 70000000
34 ‘ 435. 38000 2,298, §oooo 2.290g 12, 10¢. 0000000
35 | 348.92000 2,898, 20000 1.8218 19, 251.00000000
30 (:92.0;000 3,054, 20000 1.4449 30, 000. 00000000
37 §72.93000 4,004, 20000 1.1456 48,6061, 00000000
38 1, 100.62000 5,911.20000 .9oS6 76,0658, 00000000
39 1,357.47000 7,325. 50000 . 7207 121,881, 00000000
Jqo 1,740, 50000 9,230, 80000 L5710 | 1973, 8135, 00000000

|

#Calenlated on the basis of D, Matthiessen's standard, viz.: 1 omile of pure

copper wire of & inch dinmeter equals 159 ohms at 15.5° Cooor gg.° 19,
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TABLES AND FORMULARS. 4

DIFFERENT STANDARDS FOR WIRE GAUGES.

DIMENSIONS OF WIRES IN DECIMAL PARTS OF AN INCH.

= £Cdy | BEEE | ESSE| =2, FE0 o=
oo g E L T ERR SR ca= L@ . B8
€5 | 2239 | 2Rk [E=T0| SR TR | gR
Eeg | 852 | BL |8Edg| 557 2ix | BB
] sl D=ea) =S5 n g Ayl R
i 5= 202 | ZRCE | £ C W g
= ] [} = o =0 ko
DUOVVO l L4000 | 000DV
00000 L4300 L4500 | QOO0
0000 . 466000 454 . 3930 . Jooo QOO
000 LJoghgo ~§25 .53020 L3000 | 3580 000
00 304800 .3%0 L3310 . 3300 .3282 | 00
o .329560 L340 L3070 . 3030 2904 0
T .289300 L300 | L2830 | 2850 | L2777 1
2 257630 .28 L2030 .algo . 2591 2
3 .220420 .259 L2040 . 2450 L2401 1
4 .204310 .238 . 2250 ,2250 ‘ 2230 | .2320 4
5 L181940 .220 L2070 2030 .2047 | .2120 5
0 .162020 .203 | L1920 | LTgoo 1885 | 1920 6
7 .144280 .180 R i) L1730 L1758 | 1700 =
3 .128490 L1035 L1020 L1600 L1005 | . 1600 8
9 L11430 s148 L1430 L1450 L1471 I 1340 9
10 L 101 890 L1349 L1350 L1300 L1351 L1280 115]
11 L0Y0 742 L120 L1200 ATT5 L1205 L1100 I
12 .050808 L10g L1080 L1050 | L1005 L1840 T2
13 L071901 095 L D20 125 L0928 020 15
14 004084 L083 L0800 L0800 L0810 L08300 |, 0800 14
15 .057008 Rolrid L0720 L0700 | L0720 .07200 0720 15
16 .050820 L0635 .oh30 .0ubh10 | L0627 Lobson L obgo 16
17 .045257 .058 L0540 L0525 L0540 .05300 L0500 L7
19 .0]0303 .04gy L0470 L0450 L0458 .04900 0480 18
19 .()355()0 .042 L0410 L0400 L0411 L 04000 L0300 19
20 L031901 033 L0350 L0330 L0351 L03500 0300 20
21 .025462 052 0320 L0310 L0321 LO3150 L0320 21
22 \0253.47 ,028 L0280 | o280 L0260 .02950 L0280 ag
23 L022571 025 L0250 | ,0250 L0201 L02700 | L0240 23
24 L020100 .022 L0230 L0225 L0231 L02500 | L0220 24
2 L017900 .020 L0200 L0200 L0212 L02300 L0200 25
26 | .o15040 015 | Lo18o | Lo180 | .olgy .02050  _oI80 20
27 LO1J1g5 L0106 | Lorjo | Lor7o | o182 01875 Lo1lyg 27
28 L012041 RITNE L0100 L0160 L0170 01050 0 Lorgs 2§
29 011257 L013 L0150 L0150 0103 ‘ .01550 0130 209
30 010028 .012 L0140 01jo | LoIsh 1 01375 o124 30
3r .008g28 .010 L0135 ,0130 L0140 .n1225 | L0110 31
3z .D07G50 .00g o130 | o120 { L0130 01125 | L0108 52
33 007080 . 003 L0110 .0ra | L0130 L0I025 | L0TO0 33
34 .0003085 .007 L0100 L0TOO LOT15 L00950 \ .00G2 34
35 .005015 005 0095 L00n5 .010g L00guo |, 008 35
36 005000 L0031 | L00go | 009D | L 0T00 .00750 | L0070 30
37 L004353 .0085 L0085 .00g35 .00050 0008 37
38 .003g05 L0080 | .00Su | Loogo .00575 L0000 35
39 .00353T1 L0075 L0075 L0083 LO0500) L0052 30
40 .0031.45 L0070 L0070 | L0078 L00430 | L0048 Ju
41 ‘ ‘ ) -004 q1
2 L0040 3
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48 TABLES ANIY FORMULAS.

COPPER WIRE—BIRMINGHAM WIRE GAUGE.

|
a ‘ Resistances in International
e - »E Weights, Ohms, Based Upon Matthies-
o) aF ! sen's Standard at e I,
% | 3%2
3. EE,'.—
o 2= 1,000 Feot. | Mile. ff;;*;‘g.gg{ gpum e
o000 454 200,110 Goy. 000 |3,204.000 .050273 .0000805T
000 25 180,025 547.000 (2,887,000 LO5732 .00010480
Qo 380 144,400 || 437.c00 (2,308,000 LO7L70 L0001 6400
[} 340 115,000 || 330,000 |1,847.000 .08957 00025600
I 300 0,000 272,000 1,438.000 .TI500 .00042230
2 284 80,050 || 244.000 |1,289.000 .12840 .00052580
3 259 67,081 203.000 |1,072,000 .15430 .00076010
4 23§ 50,044 171,000 g05.000 .18280 0010060600
5 220 45,400 || 146.000 773.000 . 21390 00140000
0 203 41,209 125.000 659 . 000 .25I130 .00201 400
7 180 32,400 08.000 518.000 .31900 .00325800
8 165 27,225 82.000 | 435.000 .38030 00401500
9 148 21,904 606, 000 350.000 47270 0071200
10 134 17,950 54.000 | 287,000 . 57660 L01061000
Ir 120 14,400 44.000 | 230 000 . 71900 01650000
12 109 11,881 46,000 | T190.000 .§87150 , 02423000
13 Q95 0,025 27.300 T44.000 1.14700 .04 19H0O00
14 83 0,889 20.800 | T10.000 1.50300 07207000
15 72 5184 || 15.700 83.000 1.9Q700 . 12730000
16 6s 22 12. 800 68 .000 2.45100 . 19160000
17 55 3,304 10,200 5.4.000 3.07800 . 30230000
15 49 2,401 7.300 35. 400 J.31200 . 50330000
19 2 1,704 5. 300 28, 200 5. 87000 1.0gyooouoo
20 35 1,22 3. 500 19. 600 8. 45200 2. 27000000
21 2 1,024 3. 100 16, qu0 10, 11000 3. 26200000
22 28 784 2,400 12,500 13, 21000 5. 50500000
23 | 2 025 1.900 10,000 16, 57000 8. 75000000
24 2y 454 1.500 7.700 21, 39000 14 . 6000000
25 20 400 1.200 6.400 25.588000 21 . 38000000
20 &) 324 .80 5.200 3I.96000 32. 58000000
27 6 250 .770 4.100 40..45000 52, 1GO000CO
28 T4 196 . 590 3.100 52, 83000 8. 04000000
29 13 169 .5I0 " z.700 | O71.27000 11g. 80000000
30 12 Ty} 440 2,300 || 71,0000 165 . 0C000000
31 10 100 . 300 1.600 || 103. 50000 342 . 00000009
92 9 S1 .250 1.300 || 127.80000 5271 . 30000000
33 8 Gy 190 1.020 || 161, 80000 835. 10000000
34 7 49 150 ,780 || 211.30000 | I,425.00000000
35 5 25 L0706 .4oo || 414.20000 | §,473.00000000
30 4 10 048 2506 || 047. 10000 [135,300,00000000




TABLES AND FORMULAS.

49
PROPERTIES OF IRON WIRE, B. W. G.
L.? E Weight | Breaking Resistance per Mile
= E ~d b leugnl‘;:sm Strengths in (International Ohms)
o % i S ? 4 Pounds. atcge F.
g g2 g4 =
E g b= 5 'é 1,000 One . . .
',F:' :: Feet. | Mile. Iron. | Steel, | K. B B B. 3. Steel.
o| 340 | 115,600 | 304.0 | 1,607 | 4,821 | 9,079 2.93 3.42 4.0%
1| 300 90,000 | 237.0 | 1,251 | 3,753 | 7,008 3.70 440 5.20
2| 284 80,656 | 212.0 | 1,121 | 3,303 | 6,335 4.19 491 5.80
3| 2359 | 67081 |177.0| 9322790 | 5,268 | 5.04 5.90 | 0.97
4| 233 | 50,644 |149.0| 787 |2,30L | 4,449 | 597 6.99 8.26
5| 220 48,400 | 127.0| 073! 2,019 3,801 6.99 8.18 9.66
6| =zo3 41,209 | 109.0 573 | 1,719 | 3,237 8.21 9.60 | I1I.35
7| 1Bo 32,400 | 835.0 450 | 1,350 | 2,545 | 10.44 12.21 14.43
3| 165 27,225 72.0 378 | 1,154 | 2,138 | 12.42 14.53 17.18
9| 148 21,904 | 58.0 305 915 | 1,720 15.44 18.00 21,35
10| 134 17,050 | 47.0| 2350 750 | 1,410 [ 18.83 | 22,04 | 206.04
11 120 14,400 18.0 200 Goo | 1,131 | 23.43 27.48 32.47
12| 109 11,881 | 3r.0 165 495 933 | 28.46 | 33.30 | 39-36
13 95 9,025 | 24.0 125 375 709 | 37.47 | 43.85 | 51.82
I 83 6,88 | 18.0 90 288 541 | 49.08 | 57.44 | 67.88
15 72 5,184 | 13.7 2 216 | go7| 05.23 76,33 | go.2r
10 65 4,225 11.1 ) 177 332 | Bo.03 93.66 | 110.70
17 58 3,364 8.9 47 141 204 | T00.50 | 120.40 | 139.00
18 49 2,401 6.5 13 99 18g | 140.80 | 164.80 | 194.80

IRON AND STEEL WIRE.

Name of Wire.

Weight per Mile-Olun.

Roebling'

5 | Washburn

Sons Co. & Moen.
Extra Best Best ........ 4,700 5,000
Best Best .....ocvvan. 5,500 6,200
BEEE . s e o0 % s 2 Um0 § s 6,000
Steel.......... oo 6,500 6,500




50 TABLIES AND FORMUILAS.

INSULATED COPPER WIRE.

Bguare
of
Diameter.
Bare (7*).

Num- Dinmeter in Inches,
het., |— . . I S —
B. & 5.
Gauge,| Bare(Zn [ S, C.Co | DG C | Toa e [ S 8.0 | DS ¢
| 1
I .28 303 307
2 258 272 270
3 .22 243 247
4 204 210 220
5 182 g4 198
4] L1062 LI74 178
7 L1 .I150 .100
8 128 .140 SL4d
9 LIL4 126 .130
10 TR .108 SIS L1106
11 L0507 .097 10T .105
12 0808 087 .01 .0g5
13 L0720 073 082 L0806
14 ! Lohyr L0OT0 L074 079
15 L0571 .o03 007 L071
16 L0508 L0835 .050) 003 L0528 L0548
7 L0453 049 053 057 10473 0493
15 L0403 044 048 .052 0423 04473
19 -0354 .04 .04 047 0379 -0399
20 L0320 030 .0J0 odd | 0340 | -0360
21 L0285 032 L0360 040 .0305 .0325
22 | .o253 029 .033 037 | 0273 | 0203
23 | .o2z0 027 051 035 | w0246 | L0200
24 L0201 .02 .028 .032 0221 L0241
ag 017y 53k 020 030 L0199 L0210
20 L0159 .20 024 L0179 .0IGg
27 | S92 .18 022 0162 L0182
28 0120 017 021 0140 L0160
24 L0113 015 L0Lg L0138 L0158
30 L0100 .01 0r8 .0rzo L0140
a1 .003G3 L0124 .010g L012¢
2 L0005 L0115 .00gg5 L0120
13 .00708 L0108 00908 | Lor1r
34 00031 0098 .00831 | .0T03I
15 00562 0086 .00702 | .00g02
36 00500 0080 .00700 | .00g00
37 L0445 L0075 00045 | .00835
38 .00397 L00597 | 00767
39 .00353 00551 | 00753
40 00315 L0015 | L0071

083000
L000370
052030
.041740
033100
.020250
.020820
.016520
.0130g0
.010380
008234
006530
L005178
L004107
\003257
002583
0020483
0010624
007288
001022
.oo0810T
0000424
0003005
0004040
0003204
.00025841
.0002015
000158
00012067
0001005
L00007G7
L00000521
00005013
00003975
L00003152
00002500
000019383
LO000L572
LQO00T 247
.00n00y 888
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TABLES AND FORMULAS.

LEAD-COVERED TELEGRAPH CABLES.

o 14 B &S 16 B. & 5. i8S B & S,
E Insulated to 4", Insulated to.f," Insulated to 4%"
o
E s | 84 | o, | 84 | ¢, | Bu
O £ & s E &8 - g £ & T2
2 2t | 32 A% | sE | A | 13
s 2 L= A . 8 e o5 e
= 2 3 = £ T o = 3 T o
s |l zs | g3 | 28|38 |28 | 58
i = s e L = = = = =
1 3 308 i 299 # 291
2 T 438 1 421 3 356
3 } 573 4 546 1 ‘ER
+f 3 310 o 670 i 486
5 i 972 | & 793 Y| 55
6 | 4b sz | 1| oa6 | 3F | 66
i % 1,295 & 903 P 681
10 18 1,512 13 1,155 2 820
12 Ty 1,873 § 1,327 kS 978
P BT S P I R L I IO TT S I B R T
18 \[ 1} 2,523 1% 1,980 I 1,318
20 | T4 2,756 14 2,070 14 1,477
a5 | 14% 3,250 14% 2,496 1 1,090
3o | iy 3,515 1§ 2,708 % 1,003
35 Vi 3910 Ty 3,c40 1y 2,116
4o 14 4,175 Tk 3,312 1) 2,330
45 | 444t | ey | 3,533 | Ta | 247
50 g | 4835 | 1d 3,755 | 14y | 2,628
55 2 5,100 11 3,078 13 ‘I 2,866
6o 2+ 5,305 14 4,200 | 1% 0 3,104
65 | 2% | 563 | F | 4422 | dE | 3245
70 29% | 5,897 1% 4044 | 1} 3,402
So 24 06,408 2 5,087 18 3,798
9o 2 6,916 2 S,402 | 13} 4,027
100 2 7,375 2} 5,720 : 13 4.275




2 TABLES AND FORMULAS.

AERIAL CABLES WITH RUBBER-COVERED

WIRES.
14 B &S | 16 B & 5. 18 B & S
Insulated to 4. Insulated to . Insulated to 4.

b= ) o 5]

é é g % g—t" ui 2 % lgg o 2 a g‘“—-“ 5}
o £ 523 e =& B o £ =0
= CEM 5 2SR 2T | 2SR
z s i 3 g =
E |2 g

I 3 102 4 92 3 32
3 | 4 r49 ks 126 33 ro4
+ 5 | 183 3 155 i 127
5 1 220 ol 193 3 151
6 i 260 14 ‘ 222 16 175
7 1 297 i 251 H 200
1o | 4o & 335 1 256
12 ! 405 14 393 i 296
15 1 563 1 468 i 355
18 B 651 Y 541 ¥ 413
20 1} 714 1 593 is 452
25 14 863 1% 708 14 541
30 1% | 1,008 1 82 | 633
35 1} 1,147 oy 938 L 723
40 1% | 1,208 13 1,053 14 813
45 12 1,431 1} 1,182 903
50 13| 1,577 | L3 14 994

|
|
i
|




TABLES AND FORMULAS. 53

SUPPORTING CAPACITY OF ORDINARY GAL-
VANIZED IRON-WIRE STRANDED CABLE.

Span in Feet.

100 110 140 150 175 200

125 ’ 130

Inches.

Weight in Pounds of 1,000 Feet of Telegraph Cable That
the Strands Will Support.

Diameter of
Stranded Cable.

¥ 2,818 2,516 2,263 2,152 |2,050 (1,807 |1,700 |1,391 15154
5 |2,520 2,247 2,020(1,920 1,827 1,003 (1:520(1,234 1,130
T |2,e30[1,812 1,630(1,550 (1,456 1,344 (1,230 1,001 | goo
4 1,580 (1,409 1,200 1,204 1,146 [1,043| 953 774 0O4c
{5 1,110 S9g| Sgo| 846 8Sos| 733 0670| 544 450
P S6o| 7065| 680 0O52| G20 3563 513| 474| 340
¥ 585| 52| 408| 445] 423 385| 352| 285| 233
32 433 385] 346| 329| 313| 284| 200| 210 172
i 337| 80o| =270 257| 245 223 =204 165| 137

Nori.—This table allows a dip of 1 per cent. and a factor of safety
of 2.

COILS ON STANDARD INSTRUMENTS.

Standard telegraph magnets are wound with silk-covered
wire as follows:

4-ohm sounder: 10 layers of 47 turns each; total number
of turns, 940; size wire, No. 24 B, & 5.

Sometimes this size sounder is wound with No, 23 B, & 8.
wire.

20-ohm sounder: i4 layers of 67 turns each; total num-
ber of turns, 1,876; size wire, No. 25 B, & S.

150-ohm relay: 30 layers of 144 turns cach; total number
of turns, 8,640; size wire, No. 30 B. & 5. This relay is fre-
quently wound as high as 300 ohms.

4-ohm ink and embossing registers are wound with about
No. 22 B. W. G. wire.

Main-line sounders and registers, for use on line circuits
not over 20 miles long, are often wound with No. 30 B. & 5.
wire.



o4 TABLES AND FORMULAS.
CURRENT STRENGTH REQUIRED BY TELE-
GRAPH INSTRUMENTS.

The following are the current strengths best adapted for
the telegraph instruments named:

-0l SOMIACE & . .o v cos v v wun v ves 5 b .25 ampere.
20-ohm sounder, depending upon size.. .o098 to .18 ampere,
4o-ohm main-line sounder......... ... .01 to Lob6 ampere.
2oo-ohm seunder.. ... oo L L0206 ampere.
3o-ohm pony relay about. ... .. LLampere,
oo 0] 00 0 B 'l S o188 Lo o2 ampere,
goo-olini relay: o s vun v wen s sen s ass v .01 Lo .o15 ampere,
Postal Telegraph quadruplex relay. ... .02 ampere.
200-0ohm Wheatstone relay (used with

acondenser). .. ... o 008 Lo .01z ampere.
Western Union polar relays on quadru-

PIes CIECHIG. « s on v vowrn 7 a3 w0 22 0 2 2 .015 Lo .a18 ampere,
Western Union neutral relays on quad-

ruplex circuits. .............. .. ... 0435 Lo o6 ampere.

fn the case of instruments connected ina line from which

e is more or less leakage, the figures given above repre-
ﬁ eflective currents. By effective current is meant the
difference between the maximum current that flows when
all the keys are closed and the minimum current that flows
when a distant key is opened.

ln.cstim:lting the current required for various circuits,
when installing dynamos or storage batteries, allow 50 mil-
liamperes for each main line having 150-0ohm relays, 100 mil-
liamperes for each quadruplex circuit, about 50 milliamperes
for each polar duplex, and from 230 to 330 milliamperes for
each local 4-ohm instrument, :

VA

S §
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NEW TYPE POSTAL TELEGRAPH SWITCHBOARD.
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62 TABLES AND FORMULAS.

SOUNDERS CONNECTED ACROSS MAINS OF A DYNAMO.

3 otma’:f

CONNECTIONS OF A MOTOR-DYNAMO FOR OPERATING

SOUNDERS.
A 1
i ’1¢V
i
Man
B
L 2 3]
D F MF
J ! =
R b idjm] SO 1]
sz s 3 e EZ Da M A
S 7 | x




TABLES AND FORMULAS, (53

STORAGE BATTERIES CHARGED FROM 220-VOLT CIRCUI'T
BY MEANS OF A CONVERTER.

et

1
R | nr [
: S R TT. L_J.h'r Arrnarure e
T T l 5# J—'

SN = storage batteries.
a a = adjustable rhcostats.

STORAGE BATTERY CHARGED FROM LIGHTING CIRCULI'T
FOR OPLERATING SOUNDERS.

i

T —=

=4 z
Chrariplq (' et .l o

_i*_fm;]f o

-

Lamp Bank




G4 TABLES AND FORMUILAS.

THE WOOD BUTTON REPEATER.

\ »,
ﬁlﬁ!lllll!r{‘

iy

HORTON REPEATER.




65

AND FORMULAS.
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POLAR DUPLEX (BATTERY ARRANGLEMENT).
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POLAR DUPLEX (DYNAMO ARRANGEMENT OF MAIN CIRCUITS).

Flitadefptia
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LOCAL CONNECTIONS OF DUPLEX, OR ONE SIDE OF QUAD-
RUPLEX, ON CANADIAN PACIFIC RAILROAD.
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DBRANCH OFFICE SINGLE OR DUPLEX ARRANGEMENT.
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RULES AND FORMULAS.

RULES FOR MENSURATION.

THE PARALLELOGRAM.
To find the area of any parallelogram:
Rule.—Wultiply the base by the altitude,  Art, 375.
Norie.—Before multiplying, the base and altitude must be reduced
to the same kind of units; that is, if the base should be given in feet
and the altitude in inches, they could not be multiplied together until

either the altitude had been reduced to feet or the base to inches.
This principle holds throughout the subject of mensuration.

Given the area of a parallelogram and one dimension, to
find the other dimension:

Rule.—Divide the area by the given dimension. Art. 377.

THE TRAPEZOID.
To find the area of a trapezoid:

Rule.—ultiply one-lalf the swne of the paraliel sides by
the altitude,  Art. 376.

THE TRIANGLE,

Given two angles of a triangle, to find the third angle:

Rule.—Add together the two given angles, and subtract
their suue from 18G°; the vesult will be the third awngle.
Art. 382. '

Given one acute angle of a right triangle, to find the
other acute angle:

Rule.—Subtract the Fuown acute angle from 90°; the
vesult will be the other acute angie. Art. 383.

Given the two sides forming the right angle in a right
triangle, to find the hypotenuse:
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Rule.—Sguare cacl of the sides forming the vight angle ;
add the squares together, and take the square rool of the s,
Art. 385.

Given the hypotenuse and one side, to find the other side:

Rule.—Subiract the squarc of the given side frowve the
square of the lypotenuse, and cxtract the squarce root of the
remamnder.  Art. 3885.

To find the area of any triangle:

Rule.—Aultiply the base by the altitude, and divide the
product by 2. Art. 386.

To find the altitude or base of a triangle, having given
the area and the base or altitude:

Rule.—Multiply the area by 2, and divide by the gioen
dimension, Art. 386.

THE POLYGON.
To find the size of any one of the interior angles of a regu-
lar polygon:

Regular Polygons.

Rule.—ATuliiply 180° by the nnmber of sides less tewvo, and
divide the resuwlt by the mimber of sides ; the quoticnt will be
the number of degrees in cack interior angle.  Art. 389.

To find the area of any regular polygon:

Rule.—0ultiply the length of a side by half the distance
Jrow the side to the conter, and that product by the wiember
of sides.  The last product will be the area of the figure.
Art. 390.

Irregular Polygons.

To obtain the area of any irregular polygon:

Rule.— Draw diagenals dividing the polvgon into triangles
and guadrilaterals, and compute the arcas of these scparately
thedr sum will be the arca of the figure. Art. 391.
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THE CIRCLE.

To find the circumference of a circle, the diameter being
givei:

Rule.—Multiply the diamecter by 3.1416.  Art. 402.

To find the diameter of a circle, the circumference heing
given;

Rule.—/vide e circumference by 8.1416.  Art. 403.

To find the length of an arc of a circle:

Rule.—MWuliiply the length of the circuinfercice of the
ctrele of which the arc s a part by the nwnber of degrecs in
the are, and divide by 560.  Art. 404.

To find the area of a circle:

Rule.—Sguare the diameter, and multiply by 785}
Art. 405.

Given the area of a circle, to find its diameter:

Rule. -Divide the arca by 7854, and extract the square
rool of the quotient.  Art, 406.

To find the area of a sector of a circle:

Rule.—Divide the number of degrecs in the arc of the
sector by 360,  Multiply the resuit by the arvea of the cirele
of whick the sector ts a part.  Art. 407.

To find the area of a segment of a circle:

Rule.—ivide the diameter by the leight of the segient )
subtract .GO8 from the quoticut, and exivact the square root
of the vemainder.  This vesult wudtiplicd by 4 tivies he
square of the lheight of the scgment, and lhen divided by 8,
will give the arca, very nearly.  Art. 408,

The rule, expressed as a formula, is as follows, where
D = the diameter of the circle, and / = the height of the
segment:

Area of sector = 4—;— 1/?- — .608.

.G Vol ITT.—o.



10 TABLES AND FORMULAS.

THE PRISM AND CYLINDER.
.To find the area of the convex surface of a prism or
cylinder:
Rule.
Art, 416.

Aultiply the perimeter of the base by the altitude,

To find the volume of a prism or a cylinder:

Rule.—1uliiply the arca of the base by the altitude,
Art. 417.

THE PYRAMID AND CONE.

To find the canvex arca of a pyramid or cone:

Rule.— Aultiply the perimeter of the base by one-lalf
the slant heiglit.  Art. 422,

To find the volume of a pyramid or cone:

Rule.—A/ultiply the arca of the basc by oene-tlidrd of ihe
altitude,  Art. 423.

To find the convex surface of a frustum of a pyramid or
cone;

Rule.—17ultiply one-kalf the sine of the perimeters of the
wo Oases by the slant licight of the frustum.  Art. 426.
To find the volume of the frustum of a pyramid or cone:

Rule.—Add tovether he areas of the upper and lower
hases, and the square voot of the product of the tivo arcas;
amnltiply the swne by one-third of the altitude, Art. 427,

THI: SPHERE.
To find the area of the surface of a sphere:
Rule.—Sguare the diamcter and multiply the result by

81160 Art, 429.

To And the volume of a sphere:

Rule. —Cube the diccietcr and inltiply the vesult by 5236.

Art, 430,
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THE CYLINDRICAL RING.
To find the convex area of a cylindrical ring:
Rule.— M ultiply the circumiference of cross-section by the
mean circumfercnce of ring.  Art. 431.
To find the volume of a cylindrical ring:

Rule.—uliiply the area of cross-section by the mcan
circumference of ring.  Art. 432.

FORMULAS USED IN ELEMENTARY ALGEBRA
AND TRIGONOMETRIC FUNCTIONS.

IMPORTANT ALGEBRAIC IDENTITIES.
(@ 4+ 0)* = a* 4- 2ab 4- &°. (1.)
(@ — b)) = a* — 2ab 4 b (2.) r Art. 497.
(a4-0) (a — b)) =a* — &~ (3.)

TRIGONOMETRICAL RELATIONS,.

The trigonometric functions are defined as follows:

side opposite the angle

Sine = Art. 4.
leypotennse S99
. sStdle adyacent
Cosineg — 220 AGIn Art. 595.
feppotenitse
siede r)/) pr?.\‘?"/(,’

Art. 596.

Tanoent = —— L7 .
= stele rm}'jm‘z.‘ﬁf

side adjacent
side opposite’

Cotangent = Art. 597.

The following relations between the sides and angles of a
right triangle are derived directly from the definitions of
the trigonomertric functions.  Art. 609.
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1. Side opposite an angle = liypotenuse X sine of angle.
11, Side adjacent = liypotenuse X cosiie.
I11.  Side opposite = side adjacent X tangent.
IV. Side adjacent = side opposite X cotangent.
; siéde opposiite
V. Hyppotenuse = ii&:{: rostie
S

; ; side adjacent
VI. Ilypotoinse == CAjacent
- CONTHE
Let a, &, and ¢ denote the sides and A, 5, and C the
angles of any oblique-angled triangle, the angle A being
opposite the side a, angle 5 opposite side 4, etc.

a sinA . .
Then = ora:b=sins :sinB;
! b sin S 1
b sin B . .
— ="l ord:c=sinf:sinC;
c sin C
¢  sin(C

— = —— or ¢ a=sin £ sin A
a  sin A
Rule.—/i any iriaugle, the sides are proportional to the
sines of the opposite angles.  Art. GLS.

FORMULAS USED IN ELEMENTARY
MECHANICS.

UNIFORM MOTION.
Let S = the length of space passed over uniformly ;
¢ = the time occupied in passing over the space S ;
V' = the velocity.
A - -
V= 7 (Z.) Art. 859.
S=Te (8.) Art. 859.

S
t=3. (9. Art 859,
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MASS, WEIGHT, AND GRAVITY.

If the mass of the body be represented by sz, its weight

by MW, and the force of gravity at the place where the body
was weighed by ¢, we have

mass = welght_(?f hO(.ly or = H/ (10.) Art. 888.

force of gravity’ g

FORMULAS FOR GRAVITY PROBLEMS.

Let 7= weight of body at the surface;
w = weight of a body at a given distance above or
below the surface;
d = distance between the center of the earth and the
center of the body;
A =radius of the carth = 4,000 miles.

Formula for weight when the body is below the surface:
whR=d]ll" (11.) Art. 891.
Formula for weight when the body is above the surface:

wd = IR (12.) Art. 891.

FALLING BODIES.
Let ¢ = force of gravity = constant accelerating force due
to the attraction of the earth;
7 = number of scconds the body falls;
o == velocity at the end of the time #;
/= distance that a body falls during the time 7.

=g (13.) Art. 896.

That is, the velocity acquired by a frecly falling body at the
end of t scconds cquals 32,16 nadtiplied by the tinee i scconds.,

T

f= (14 Art. 896..

U |
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That is, the nunber of seconds during whickh a body st
hawe fallen to acquive a given velocity equals the given velocity
in fect per sccond divided by 32. 16,

h= (15.) Art. 896.

.) a...
S

That s, the height from wihich a body must fall 1o acquire
a grocn velocity cquals the square of the given velocity divided
by 2 X 3210,

gli= ‘W (1(3.) Art. 896.

That 15, the velocity that a body will acquirc in falling
througl a given height cquals the square root of the product
of twice 32,16 and the given leight.

h=Yer.  (17.) Art. 896.

That is, the distance a body will fall in a given time cquals
3216 == 2 amultiplicd by the square of the wuniber of seconds.

t=¢/2% (18 Art. 896.
lg’

That s, the tine 1t will take a body to fall through a given
height equals the square root of twice the height divided by
32,10,

CENTRIFUGAL FORCE.

The value of the centrifugal force of any revolving body,

expressed in pounds, is

/= 00034 TV R N*; (19.) Art, 903.

in which /° = centrifugal force;

II"= total weight of body in pounds;

A = radins, usually taken as the distance he-
tween the center of motion and the cen-
ter of gravity of the revolving body, in
feet:

N = number of revolutions per mzinute.
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THE CENTER OF GRAVITY OF TWO BODIES.
Let / = the distance between the centers of the bodies;
/= the short arm;
7w = weight of small body;
"= weight of large body.
w /

'm'. (2'0.) Art. O911.

l, =

WORK.

Tf the force necessary to overcome the resistance be repre-
sented by /) the space through which the resistance acts by
S, and the work done by {7, then (7= /775,

11 "= the weight of a body, and /4 = the height through
which it is raised, (7= 1"/, Hence the work done

U=rS=1% (23.) Art. 953.

POWER.
The power of a machine may always be determined by
dividing the work done in feot-pounds by e tinic in niinites
required to do the work, i. e.,
ARy

Power = —5 - (24.) Art. 954,

KINETIC ENERGY.
Let 117= the weight of the body in pounds;
= its veloeity in feet per sceond;
/== the height in feet through which the body must
fall to produce the velocity o

) 1" .
#e = the mass of the body = . (See formula 1)
s
The work necessary to raise a body througch a height
- = o

e is 1174, The velocity produced in falling a height 72 is

fr=o— and =R ¢k (See formulas 15 and 16.)

B

P _,!:-
. . . ST L B .
Therefore, work = A=W — =1 X- - X =4 me or
Qo = o %
=S o

Wh=1} ma (25.) Art. 957.
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RULES AND FORMULAS USED IN PRINCIPLES
OF ELECTRICITY AND MAGNETISM.
OHM'S LAW.

Thestrengtle of an clectrie current in any circuit is directly
proportional to the clectromotive force developed i that cir-
cilt and tiversely proportional to the resistance of the cii-
cutl ;oioe, s cqual to the quoticnt arising froue dividing
the electroniotive force by the resistance.

Let /7 = clectromotive foree;

= current;
A = resistance of circuit.
E
Then, G = Vo

= CR, and X = g‘ Art. 2253.

STRENGTH OF CURRENT DETERMINED BY DECOMPOSI-
TION OF WATER.

By universal agreement, 1 awmpere is that strength of
current which will decompose .00009324+ gram or .0014:388
grain of water in 1 sccond.

Rule.— 7o find the strengtle of an clectric current in -
peres by the deconmposition of water, divide the wocight of the
quanlily of waler deconrposed by thie (e i scconds required
to decompose 11, 1f the mass of wwaler is cxpressed 11 grans,
divide the quoticnt by 000045324 but if cxpressed in grains,
divide by (0014588,

Let JI"= weight of water decomposed in grams;
o= weight of water decomposad in grains;

= time in seconds required for decomposition;

~

7
"= current in amyperes.
Then the strength of the current in amperes is given by
the formulas:
i

= 7% 0000032 (401.)
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w w -
C = m (402-) JXI i 221 6.
Rule.— 7o find the quantity of water witicl an clectric
curventd of a given strength can decompose v a given i,
multiply the strengthe of the current in amperes by the time in
seconds during whick the current flows ;o if the quantity of
walcr is lo be cxpressed in grams, multiply the product by
000009824 » buet TfF i grains, wmultiply by 0014388,
Let ¢ = quantity of water in grams;
¢ = quantity of water in grains;
{ = time in seconds of current flow;
C = current in amperes.
Then the quantity of water which can be decomposed by
a current of ¢ amperes in ¢ seconds is given by the for-
mulas:

g =.00000324 C 7. (403.)
g’ = .0014383 7. (404:) Art. 2277.

RELATION OF AMPERE AND COULOMDB.

T..LL () = quantity of clectricity in conlombs ;
C = strength of current in amperes;
/ = time in seconds.

Then, O=Cu. (405.)

,.r'

rt. 2281.

<‘_1 2

o .0
3y transposition, ¢ = ; and 7 =

RESISTANCE OF CONDUCTORS.

The resistance of a given conductor is afways constanl at
the same tomperature, trrespective of the strength of currond
Howoing through it or the clectromotive force. Art. 2291.

The reststance of a given conductor increases as the length
of the conductor fncreases; that is, the resistaince of a con-
ductor is directly proportional to its length.  Art. 2293,



112 TABLES AND FORMULAS.

Let = the original resistance;
7, = the required or changed resistance:
/. = the original lengtih;
/, = the changed length,
They, # (2= 84, ov o= il/ 2 (406.)
’ Art. 2292.
Lhe resistance of a conductor varics inversely as 115 sce-
tional area.
Let 7, = the original resistance;
7, = the required resistance;
a, = the original scetional area;
a, = the changed sectional area.
Then, 7, :7,::a,:a,, orr, =% (407.)
= Art. 2296.
The vesistance of a conductor of circular cross-section is in-
versely proportional to the square of its diamicicr.
Let 7, = the original resistance;
7, = the required resistance ;
1) = the original diameter:
« = the changed diameter,

Then, » 17, 00d%: 0% ory,= 7—’1,]) (408.)
‘ Art. 2298,

OAM'S LAW APPLIED TO CLOSED CIRCUITS.

Ohm's law expresses the relation between the three
fundamental units of resistance, clectrical pressure, and
current.  If any two of these values are known, the third is
found by solving the simple equation of their relation.
Before applying this law, however, the following four facts
should be carclfully noted:

V— The strength of a current (C) is the same in all parts
of @ closed circuit, exeept in the case of divided circnits.

W.—7u the case of a divided civcuit, the sum of the cur-
rents i the scparale branches is always equal 1o the curvent
i the main oF undivided circuit.
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VE—Te vesistence (R) is the total vesistance of the cir-
enil, that is, the sune of the resistances of the niicrial ctrcuat
and of e cxternal circuit, or its equivalent. =

IN.—T7he clectromotive force (£ i a closed circuit is the
total gencrated difference of potential in that circuit.

The law may new be stated by the following rules and
formulas:

Rule L—7%e strengti in amperes of a current (C) floweing
G a closed civcuil, when the clectromotioe force (£) and the
total resistance (R) are Lnotwn, is fownd by dividive the
clectromotive foree it volts by the total resistance in ols ;
that is,
clectromotive force )

yor C=25. " (409.)

Current =

resistance
Rule M.—Te total resistance (R) in okins of a closcd cir-
cuit, when the clectronotive force ([2) and the current (C)
arc kuown, 1s fownd by dividing the electromotive force in
volts by the current in amiperes; that is, ’
clectromotive force v
: - , or R ==
current C
Rule IIL.—7%e total clectromotive force () in volts
developed in a closed circuit, when the current (C) and the
total resistance (R) are Lwotwie, s found by waltiplving the
current in quperes by the total resistance in ofies ; that is,

Resistance =

(410.)

Llectromotive force = current X resistance,

or T = C A (41 ]_.) Art. 2310.

TOTAL AND AVAILABLE E.M.F. IN VOLTAIC CELL.
Let /¢ = total generated 15, AL 17 ;
[ =available 12, M. TR

¢ = current flowing when the circuit is closed;

7, = internal resistance of the cell;
7, = an cxternal resistance.
Then, £rh=C#,

E=C(r+4r),
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and the drop or loss of potential is

== Cr, Art. 2318.

OHM'S LAW APPLIED TO DERIVED CIRCUITS.

Let 7, 7, 7, cle. = the separate resistances of the several
branches, respectively;
¢, ¢, ¢, cle, = the currents in each branch, respect-
ively;

("= the current in the main circuit;
¥
A" = joint resistance of two branches;
A" = joint resistance of three branches.

For a derived circuit of two branches

& = G, .
1 |
§iG =23, Art. 2323.

) .

_ o 1 e

Joint conductivity = — I = '——L*‘
7‘| ?'1 ?‘u
” o :
J e 0 (412.) Art. 2325.

e

The joint vesistance of twvo conductors in parallel is equal
2o the product of their scparale resistances divided by the sim
of their scparate resisiances.

For a derived circuit of three hranches :

g e, Fey=0,

(#13.)
Art. 2326.
The joint resistance of three or wore conductors 1 paraliel

s cqual to the reciprocal of their joind conductivity.
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ELECTRICAL WORK.

Rule.— 70 find 2he aniount of clectrical work accomplisicd

in joiles duving @ given (inw, multiply the quantity of clec-

tricity i conlombs wiiel has passed in the cireuit during that
fime by the loss or diop of potential.  Art. 2334,

This rule may be expressed by the following formulas, for

the three cases occurring in practical work:
Let / = electrical work in joules;
€ = current in amperes;
¢ = time in seconds during which current flows;
F=E. M. F. of circuit;
R = resistance of circuit.

Then, /=C*"AR¢ (414.) Art. 23385.

‘/- e (:]1‘ e (-—115.) 1\1‘[;. 2336.
e ]‘];,f_ (416.) Art. 2337.

If . P. denotes the electrical work in foot-pounds,

B. P =183 . (417.) Art. 2338.

JOULE’S LAW.
Let /A= B.T. U. developed in the circuit ;
¢ = current in amperes ;
A = resistance in ohms
/ = time in seconds,

Then, /7= .0000477 C* R ¢ (418.) Art. 2343.

ELECTRICAL POWER.

L cvery electrical cirenit the potoer in walis is equal to the
product obiained by wltiplying the curvent in anperes by the
clectroniotive force iz volis,

D cvery electrical civeunit tie power in walls is cqial to
the product obtained by nucdtiplving the square of the curvent
strengtle i @uiperes by the resistance of the civcuit in olns.
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T every clectrical civeuit the potoer in watls is cqual to
the quoticnl obtaincd by dividing the square of the clectro-
motive force v volts by the resistance in ols.

Let )7 = total watts exerted in the circuit;
£ = volts of clectromotive force;
{ = current in amperes;
R = resistance in ohms.
Then, W =ZLC (419.) Are. 2350.
V= C*R. (420.) Art. 2352.
s Ae? ;
1= R (421.) Art. 2353.
Let T1. . == horsepower,
1 .
Then, I D= T (423.) Art. 2356.
11
rC —
IL P = i (424.) Art. 2356,
¢ 2
i =& 'I{,E. (425.) Art. 2356.
[ ]
iy - -
H,.P. e (426.) Art. 2356.
I

MAGNETIC DENSITY AND MAGNETIC LINES PER
UNIT PPOLE,

Let AV = total number of lines of foree;

=scetional area of magnetic circuit in square

s

inches;

B = magnetic density per square inch.

Then, B = % (427.) Art. 2377.
N = _1B. (428.) Art. 2378.

Livery aagnel pole of wnil strengitl has 125664 (= 4 =)
magnctic lines.  Art. 2380.

Uit density of magnetisne is a density of 6,452 lines of
Jorce per square inch,  Art. 2381.
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TO DETERMINE THE POLARITY OF A SOLENOID.
Rule.—7n lookiny al the cud of the heliv, i it 0s so wound
that the curvent flotos aronnd in the divection of the lrands of
a watcl, that ced will be a south pole; if in the other
direction, it will be a worth pole.  Art. 2390.

MAGNETOMOTIVE FORCE.

Let & = current in amperes;

! = number of turns;

a-? = ampere-Lturns;

{ = length of magnetic circuit;

H = intensity of magnetomotive force.
Then, magnetomotive force
= 1.257 X a-f,
= 3.192 X a-¢ for English units,  (429.) Art. 2391.
3.192 X a-t

H= 7

(43G.) Art. 2392.

CALCULATION OF THE MAGNETIC CIRCUIT.

Let 7 = length of magnetic circuit in inches:

<l = sectional area of circuit in square inches;
= permeability;
AT = induction;

a-{ = ampere-turns;
, R = reluctance of magnetic circuit;
R, R, cte. = reluctances of various substances in compound
circuit,

Then, R (431.) Art. 2409.

=L
N= BT (432 A 2409.
at=-1_ xR Art 2409.
at= o B4R b ). (433.) Art. 2409,
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POWER EXPENDED BY HYSTERESIS.
Let 20 = power in watts expended per cubic inch per cycle;
7 = volume in cubic inches;
# = cycles per second;;
IV = total watts expended,
Then, W=z (434.) Art. 2414
Rule.—7v find the potcer cxpended by lysteresis in sheet
fron at a given stage of maguctization, multiply the woatis
cxpended at that stage, as given by the curve, by the wwntber
120000
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TABLES AND FORMULAS. 1149

of cubic inches of dron in the wmagnet and the nwwinber of
cyeles per second.

Various corresponding readings of B and w are plotted
on a sheet of cross-section paper, and the various points arc
connected by a curved line. The ordinates represent the
different densities B, and the abscissas the corresponding
number of watts expended in one cubic inch of iron for one
cycle per second. By referring to the curve, all the interme-
diate values of B and the corresponding watts expended
can be determined.

MAGNETIC LEAKAGE.

If the total number of lines of force produced by the
magnetizing coils and the useful number are known, the
magnetic leakage can be expressed by a per cent, of the
total number producéd. Thus,

Let / = total number of lines of force;
/, = useful number of lines of forece;
l, = stray lines of force;
/= per cent. leakage.

Then, /L =/7/-—1, (435.) Art. 2418.
The percentage of leakage is found from the formula
100/,

7 (436.) Art. 2419.

To find the total number of lines of force when the per-
centage of leakage and the number of useful lines of force
are known, use the following formula:

100/
e Al 437.) Art. % i
T (437.) 2420
CALCULATION FOR LIFTING MAGNET,
Let A = total area of contact surface;
B = density in lines of force per square inch;
I’ = total tractive force in pounds;
/ = tractive force in pounds per square inch;
N = induction, or total number of lines of force.

T.G. 1Mol T —r0.
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B*A :
Then, = —p——. . Art. 2424,
T 72, 154,000 (438.) _42
That is, the 2ractive force of(z magnet tncreases dircctly as
the total arca of the surface in contact with the arinature,
and as the squarve of the density of the lines of force in the
magnctic circuit where it passes across that surface.

2
B = 8,493 1} (439.) Art. 2426.
j) ;
N = 72,134,000 B (440.) Art. 2427.
A A
ﬁ = m (-—L-.tl-) 1t. 2*:':2*8-
82
p = m (442.) Art. 2429-
AT
e, B (443.) Art. 2430,

T2, 184,000 P

To find the number of ampere-turns required to energize
a magnet for a given traction when the permeability of the
iron or steel used is known and the dimensions of the arma-
ture and magnet have been established:

Let [ =tractive force of one contact surface; then,
2 Pis the total tractive force of the magnet;
/ and /, = the Tengths of the magnetic circuit in magnet
and armature, respectively;
A, and A, = sectional areas of magnetic circuit in magnet
and armature, respectively;
#, and p, = permeabilities of the iron or steel used in the
magnet and armature, respectively;
B = magnetic density at contact surface.

Then, the ampere-turns
r / /
a-7 = 22,598,370 X —- e e L} 444,
B810 % g (i Fomi) (44l
Art. 2431.
af au clectromagnet intended to develop
a given tractive power, the ampere-turns are equal o the




TABLES AND FORMULAS, 121

tractive force of onc conlact surjace multiplicd by the re-
luctance of the circuit and by 822,508,870, and divided by
the magnetic denstly at the contact surface.

To find the ampere-turns required to energize a magnet
for a given tractive force when the armature and magnet
are made of the same quality of iron or steel and the sec-
tional area of the magnetic circuit is the same in the
magnet, and contact surfaces:

armature,

Tet /= total length of magnetic circuit in inches;
P = tractive force at one surface;
p == permeability of iron or stecl used;
A = cross-sectional area of magnetic circuit;
N = total number of lines of force in the magnetic
circuit,

! /P
Then, a-# = 2,661 X w X ¥ T (445.) Art. 2432.

As showing the relation between formulas 439 and 445,
the latter may be written:

8,44.)31//—,1 / B /
- X L= g X (446.) Art. 2432

S T TR TP

ELECTROMAGNETIC INDUCTION.

To determine the direction of motion of a con-

ductor carrying a current of

electricity when placed in a
magnetic field :

Rule.—/Place  thmb, forefinger,

= and wniddle finger of the left Tand

Elﬁ Y& cack at right angles to the other two ;

RIS~ " if the forefinger shows the direction

® of the lines of force and the middie

Jinger shows the direction of the current, then e b will

shotw the direction of wmwtion given to ihe conductor, Art,

2439.
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To determine the direction of induced currents:

Rule.—/ace thumd, forefinger, and middle finger of the
right hand cack at right angles to
the other t(wo; if the jorefinger
shows the divection of the lines of
Jorce and the thimb showes the di-
vection of wiotion of conductor, the
middle finger will showo the diree-
tion of the induced current.  Art.
2442,

To determine the direction of induced currents

in a closed coil:

Rule.—/f the cffect of the smovenmcit is to diminish the
winiher of lines of foree that pass througle the coil, the cur-
vent will flow around i the conductor in the divection of the
hands of a watch as wicwed by a pevson looking along the
magnetic field in the direction of the lines of force; but if
the effvet is to vncrease the wionber of lines of force that pass
througl the cotl, the current will fow around 1 the opposite
direction.  Art. 2446,

DETERMINATION OF E. M. I,

One absolute unit of potential is generated in a conductor
when it is cutting lines of force at the rate of one line of
Jorce por sceond.

By definition, one wodt is equal to 100,000,000 (10%) absolutc
units ; consequently, in order to generate an electromotive
force of one volt, the rate of cutting must be 10° lines of
force per second,  This can also be expressed algebraically.

Let /¢ = the electromotive force in volts;

AN = the total number of lines of force cut by the con-
ductor;
/ = time in seconds taken to cut the lines of force.

N
10" x &

That is, the clectromotive force in volts gencrated in a mov-
wng conductor is jound by dividing the tetal number of lincs
of force cut by the conductor by the ime taken and by
100,000,000, '

Then, /= (447.) Art. 2449,
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AND FORMULAS USED IN ELECTRICAL
MEASUREMENTS.

THE GALVANOMETER.

= force in dynes exerted on magnet pole;

= radius to which conductor is bent, centimeters:

= number of turns in the coil;

= current expressed in C, G. S, units;

= horizontal component of the earth’s field;

= angle between magnet and direction of carth's
field;

= current in amperes;

= quantity of electricity in coulombs passing
through the coils of the galvanometer;

= deflection in divisions on scale (reflecting galva-
nometer);

= galvanometer constant, which is determined for
cach individual instrument.
2rAt
Ll P »
S =" s (448.) Art. 2461.

For a tangent galvanometer,

=77 tan w°. (449.) Art. 2463.
€= A tan m:°, (450.) Art. 2468.
For a sine galvanometer,
= A sin w. (451.) Art. 2473.
In the ballistic galvanometer,
0= Ksin L. (452.) Art. 2478.
0= AKd. (453.) Art. 2478,

Let C,

GALVANOMETER SHUNTS.
= current in galvanometer;
= current in shunt;
= total current;
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R, = resistance in galvanometer;
R, = resistance in shunt;
n = ratio R”.
R,
Then, C=(,4C.
. T (454.) Art. 2488.

MEASUREMENT OF CURRENT.
By decomposition of water:
Let w, = the original weight of apparatus;
7, = the weight after the current has passed;
¢/ = time in seconds during which the current flows;
C = strength of current in amperes.

Then, if the weights are taken in gras,

- W, =W, y t, e
ST 000082 (pRIRCiy s LA

If the weights arc in grains,

W, — 1, ’ -
B (456.) Art. 2495.

Rule.— 7o determine the strength of a current by decon-
position of waler, subtract from the original weight of the
apparatus its weight after the current has passed throwgh ;
drvide this result, caxpressed in grams or graius, by the lengih
of time the current was passing, in scconds, mnltiplicd by the
nwmber af grams or grains of water wiich can be decomposed
by I ampere in 1 sccond.

By deposition of copper :

Let z¢, = the original weight of gain plate;
7w, = the weight after the current has passed;
7 = time in seconds during which the current flows;
C = strength of current in amperes,

Then, if the weights are in grams,

w, — 10, |
= 0003236 7 (457.) Art. 2501.
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If the weights are in grains,

w, —

Rule.—/u order 1o determine the strengtlh of current by
wreasureniont of copper deposited, subtract the original weight
of the gain plate, in grams, from the weight as found after
e cxperiment; divide this resudt by the lengthe of time the
current was flowing tn scconds nwatltiplicd by the nuniber of
graws of copper which can be deposited by I ampere in 1 second.

" EFFECT OF TEMPERATURE ON RESISTANCE.

The formulas representing the effects of the increase of
temperature upon the conductivity of a substance may be
written as follows:

Let 7, = original resistance;

7, = resistance after rise of temperature;

a = temperature coefficient for each degree Cen-
tigrade;

& = temperature coefficient for each degree Fih-
renheit:

C° = rise of temperature degrees Centigrade (sce
table of Centigrade and Fahrenheit De-
grees);

£ = rise of temperature degrees Fahrenheit.

Then, », =7, (L4 a C°), (460.) Art. 2517.
and 7, =7 (14 67°). (461.) Art. 2517.

The formulas for the decrease of resistance with decrease
of temperature are as follows:

Let 7 = original resistance;
7, = resistance after Jowering of temperature;
@« = temperature coefficient for each degree Centi-
grade;
# = temperature coefficient for each degree Fah-
renheit ;
C* = fall of temperature degrees Centigrade;

£7° = fall of temperature degrees Fahrenheit,
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he -__77"17 3y A ¥
Then, r, = e (462.) Art. 2518.
7y A3 7
= W. (—l:(')da) Art. 2518.

The values of ¢ and 4 used in formulas 460 to 463 may
be found in the table of Temperature Coefficients for Vari-
ous Metals.

INSULATION RESISTANCE OF A LINE.
Tangent Galvanometer Aethod.
Let A = known resistance;

/I = insulation resistance;

« = the angle of deflection when R is in circuit;
& = the angle of deflection when /7 is in circuit.
R tan o
tan o,

Then, /= (464.) Art. 2522,

L

That is, the tuswlation resistance of a line s cqual to a
given resistance multiplicd by the guotient obtained by divi-
ding the tangent of the angle of galvanometer deflection when
that resistance is in eircuit by the tangent of the angle of
deflection when the cirenit Is herough the line,

HIGH RESISTANCE MEASURED BY VOLTMETER.
Let » = resistance of voltmeter;
R = resistance to be measured;
« = deflection of voltmeter with &R nof in circuit;
«, = deflection of voltmeter with X in circuit.
Then, R =» (i,i — 1). (466.) Art. 2546.
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INSULATION RESISTANCE MEASURED BY VOLTMETER.

Connect voltmeter as shown in this figure and call the
reading of voltmeter &, then connect the voltmeter directly
across the two line wires /4 and € and call the reading 4,

i ! DR
N G

then the insulation resistance of the line 75, or the resistance
of a ground on that line, is given by the above formula
(466). Art. 2547.

FORMULAS USED IN BATTERIES.

ELECTROCHEMICAL CALCULATIONS.
z = electrochemical equivalent of any substance;
W = weight of substance liberated by electrochemical
action in grams;
2 = heat evolved per gram of substance in calories;
I = total heat evolved in calories;
/£ = electromotive force in volts;
) = quantity in coulombs;
/ = work in joules.

Then, W=Qsz. (467.) Art. 2583.
CH=1k=Qzh (1G8.) Art. 2584,
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JS=420z0 (469.) Art. 2585.
J=FE {(470.) Art. 25886.
E=4 / ; (471.) Art. 2587.

E. M. F. OF THE LATIMER-CLARK CELL.
Let 7 = temperature in degrees Centigrade at which
measurement is made;
/2 = electromotive force of cell.
Then, /2 = 1.4333 [1—.00077 (+ — 15) ] volts. (472.)
Art. 2693.

2. M. F. OF CARHART-CLARIK CELL.
£ =1.4333[1—.00038 (¢ — 15) ] volts.

FORMULAS USED IN TELEGRAPHY.

WINDING FOR SOUNDERS AND RELAYS.

Let A be the resistance, # the number of turns, and & the
diameter of the wire with which one given spool is filled.
If this same spool is refilled with other wire whose diameter is
', then the resistance &' and the number of turns »' will
have such values that the following formulas will be approx-
imately satisfied.  These formulas are hardly approximately
correct, except between wires of very nearly the same size.

R (u)

Ry (1.) Art. 105. §2.
% - ((f/; (2.) Art. 105. §2.
ﬁt = E:;’)) . (3.) Art. 105. §2.
If the ampere-turns remain constant, then
¢ w

- (4.) Art. 105. §2.
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B
! {l 2 .
f _G{l (5.) Art.105. §2.
Ef)) ﬁ‘,, (6.) Art.105. §2.

The diameter of a copper wire, in inches, that will fill a
bobhin or spool of given dimensions and offer a given resist-
ance can be found approximately by the following formula:

,/,,,:.ozss\//(‘—’lugﬂ, (7.) Art. 106. §2.

in which

d, = diameter of the bare copper wire;

!/ = length of the winding space on the spool;

d, = outside diameter of the coil;

«, = inside diameter of the coil and, generally in telegraph
magnets, practically the same as the diameter of the
iron core.  (The above must all be expressed in inches.)

7 = resistance of the coil in ohms. In telegraph electro-
magnets having two coils, 7 is the resistance of one
coil only.

CURRENT IN A CIRCUIT.
The current ¢ that will flow in a circuit may be calcu-
lated from the formula:
se : . .
C‘:JT il (1 1-) A.l-t. 1\37. §2¢
i
/ -7
in which 5= number of cells in series in one row;
¢c=E. M. T. of one cell;
b = internul resistance of one cell;
# = number of rows of cells in parallel;
» = resistance of all relays in the circuit;
= resistance of the line wire.
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/s
[

MAXIMUM CURRENT.

The maximum current  that can be obtained through a

given external circuit having a resistance of A ohms from a
given number of cells NV is given by the formula

s N
g — = A - 29
) \ s (15.) Art. 143. §2

In this case the cells must be arranged in series-parallel

=

groups so as to satisfy one of the following two formulas:

5:.\/:”‘_ (13.) Art. 143. §2

b

p=A/ (14.) Art. 143. §2

COEFFICIENT OF SELF-INDUCTION.
Let & = number of lines threading through the coil;
7= number of turns;
/1. = coefficient of self-induction.

Then, /. {expressed in henrys) = EL

Sl (1) A8 g

IMPEDANCE OF CIRCUIT.

Let R = simple resistance of circuit, in ohms;

L = coefficient of self-induction, in henrys;

2 = number of complete periods per second;

Z = impedance;

¢ = current;

/7 = electromotive force;

(O = electrostatic capacity, in farads.
Then,

For a circuit possessing resistance and self-induction,

Z=yR+Q=nl) (2.) Art. 29, §3.

£ VR (Rru L)

C
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For a circuit possessing resistance and capacity,

1 * L8 o o
Z= \/]’ +(~)_II 0) (4.) Art.31. §5.

A s (5.) Art.31. §3.

C= —
\/f‘ (- u 0)

For a circuit possessing resistance, self-induction, and
capacity,

— ,\/]\_‘-‘ _|_ (2 =nl — % _*17—-(-)) . ((")-) Art. 33. § 3.

/L — (7.) "ELI‘T.. :;3- :S" 3.

1 3
/j (‘,.ﬂ/ )x;f;ua)

AREA OF CIRCLE IN CIRCULAR MILS.

Let « = diameter of circle, expressed in mils;
A = area of circle, expressed in circular mils,

Then, A=a" (1.) Art.71. §4

RELATIVE RESISTANCE OF WIRES OF DIFFERENT SIZES.

The ratios of resistance of wires of given sizes may be
determined by the following rules:

Rule.—7he ratio detaveen the vesistance of any wire in the
D& S, gange and that of the newt higher wuniber is that of
It 1.26. Art. 75, §4.

Rule.—7The ratio between the resistance of any wire in the
D& S, gange and that of the next lower wientber is that of
1.26 70 1. Art. 75. §4.

WEIGHT AND RESISTANCE OF IRON AND COPPER WIRE.
Let & = diameter of wire, in mils;
[17 = weight per mile, in pounds;
K = resistance per mile, in ohms.
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Then,
For galvanized-iron wire,
W =d*x .0139. (Z.) Art. 98. §4
For galvanized-steel wire,
W=d"x .014. (8.) Art. 98. §4.
For galvanized-steel wire,
467,000
R = —1’1,7 (6.) Art.97. §4i
For E. B. B. galvanized-iron wire,
338,000
N = # (4.) Art. 97. §4
TFor B. B. galvanized-iron wire,
396,000
&= 2000 (5.) Art.97. §4
Nore.—The above are the values given by Roebling.
TFor copper wire,
g - .
W= 'ii) : (2.) Art. 87. §4
56,970
% = %;l (3.) Art.87. §4

TESTS.

LINE RESISTANCE.

A method for measuring the resistance of a line wire
where there are three or more line wires, or two line wires
and a ground circuit, between the same two offices, is as
follows: Let the resistance of three line wires be a, y, and
5, respectively. At the distant station have the ends of
a and y joined together. Then, by means of a Wheatstone
bridge at the home station, measure the resistance of the
loop so formed and let it be 2 ohms. Then have the dis-
tant ends of 2 and = joined and measure the resistance of
this loop, calling it 4 ohms. Similarly, have the distant
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ends of y and 5 joined, measure the resistance of this loop,
and call it ¢ ohms.

Then,
v %_—_ﬂ (4.) Art. 280. §7.
gorslotib—d, (5.) Art. 280. §7.
P ; i | (6.) Art. 280. §7.

Evidently the resistance of a ground return 5 may be ob-
tained by this method if there are two good line wires x
and y between the same two offices.

TAKING THE CONSTANT IN INSULATION TESTS.
Let A = resistance, expressed in megohms (see Fig. 1);
« = deflection of galvanometer;
» = multiplying power of shunt;
K = constant.

G

e

———

T I

B
|l| 50 Ceus.llll————
FIG, 1.
Then, K=~Rmd (7.) Arc. 288. §7.

INSULATION RESISTANCE.
K = constant of galvanometer;
' = deflection at the end of one minute;
' = multiplying power of shunt;
A = insulation resistance.
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Then Y= A (8.) Art. 290. §°%
Lo . d " X PR e

CAPACITY OF CABLL.

Let ¢ = capacity in standard condenser € (see Fig. 2);
(" = capacity of cable (see Fig. 3);

# = deflection abtained with standard condenser:
" = deflection obtained with cable.

L4
L—|||]f]: =

IM16G. 2.

FIG. 3.

_od

Then, Q' (9.) Art. 292, §W
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CAPACITY TEST FOR LOCATING A BREAK.

Let 2 = throw on the broken wire;
L' = throw on the good wire;
L = distance to the break;

L"=total length of the good wire.
Then,
= Dg,[’ (10.) Art. 295. §7

TESTS FOR LOCATING GROUNDS.

TEST WITHOUT AN AVAILABLE GOOD WIRE.

(SEE FIG. 4.)

B ” — -

~

Let »

T

J!

(3

I

e

= resistance frem one end through fault to the
ground from test made at one end;

= resistance from other end through fault to the
ground from test made at other end:

=resistance of line wire from first end to the
fault;

= resistance from other end of wire to the fault:

= resistance of fault itself,

= resistance of the whole line (known or caleulated
from its length and size). -

. Vol Hi—rr.
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Then,
Pt ’, L (11.) Ar. 297, §%
=l (2 An 2070 §7
PO e i idhone. (13.) Art. 297.° §7.

TEST FROM ONE END ONLY AND WITHOUT AN
AVAILABLE GOOD WIRE.

Let the normal resistance of the line be @ ohms. This
must either be known or calculated from the length, size,
and resistance of the line per unit length. Measure the
resistance of the line /5 A’ with the distant end grounded as

=
T
B

-IIH

i

IF1G6. 5.

shown in Fig. 4, and call this 4. Also, measure the resist-
ance with the distant end open, as in Fig. 4, and call this
¢ ohms. Then the resistance 1 to the partial ground from
the testing station is given by the following formula:

r=c—/(b—¢) (a—7). (14.) Art. 298. §7.

By dividing & by the resistance per unit length of the
wire, the distance to the partial ground is obtained.

VARLEY LOOP TEST.
Join the distant ends of a good and faulty wire together,
measure the resistance with a Wheatstone bridge, as shown
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e][}]]%———-———-

F1a. 6.

in Fig. 6, and call it R ohms. Then connect as shown in
Fig. 7 and balance the bridge again. Then x, the resistance

B

>33__

|||l|1 e

F1G. 7.

along the faulty wire to the fault, is given by the formula:

__n/\’—mﬁ < s :
= f”-i':” : (16.) Art. 300. §1.

MURRAY LOOP TEST.

First have the distant ends of a good and faulty wire
joined together and measure, by connecting, as shown in
Fig. 6 for the Varley loop test, the resistance of the loop.
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o
-z

Let this resistance be A Then connect as shown in Fig. §
and balance the bridge.

—-—-:r}—-—«—-—n—?-u—— —_—
£ \) L
——y =
NG, 4,
Then,
1w N - .
= .} Art, G o 9%
* m-n - p (17.) t. 301. §7

ALLEN LOOP TEST.
Connect as shown in Fig. 9 and balance the bridge,
wy,on, and p being the resistances in the bridge arms.

Fi16. 9,
Now, reverse the connections of the loop with the bridge,
joining the bad wire to 5 and the good wire te /2. Obtain
a new balance on the bridge, #/', #'; and p' being the resist-
ances in the bridge arms,
Then,
! ' ’
wen’ A= plan erine ;
r=" £ : ! -/-,-—). (18.) Art, 302. §7.
Wi — pp
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o
-3

LOCATING CROSSES.

In the following two methods the resistance of the cross
should remain constant while making the test, but it need
not be negligible.

VARLEY LOOP METHOD.

Connect as shown in Fig. 10 and balance bridge. Let A
be the resistance so found. Now connect as shown in

—

AWV
3
=]

IFig. 11 and let w2, #, and g be the resistances in the arms of
the bridge when balanced as indicated in the figure.

Then, = %ﬂ” (16-) See Art. 306, § 7.

IF1G6. 11.

METHOD REQUIRING THREE MEASUREMENTS.
Connect as in Fig. 10, balance the bridge, and let a be
the resistance of the loop so found.  Connect as in Fig, 12,
balance the bridee, and let & be the resistance so found.
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. B

N e e

?l il
UL
Fla. 12.
Finally connect as in Fig. 13, balance the bridge, and let ¢
be the resistance so found.

L F
B~ B —a g

N, AL
) .

ot

Y

FiG, 1L

Then, 1 == s i o (21.) Art. 307. §V.

<)
~

METHOD IN WHICH RESISTANCE OF CROSS XEED NOT
BE NEGLIGIBLE NOR CONSTANT.

Connect as shown in Fig. 12, balance the bridge, and let

a be the resistance so found. Then connect as shown in

y ol
B—————— iy i

W

m

D
— =] n

A=

|
|
|
)
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Tig. 14, balance the bridge, and let 2 and p be the resistances
in the two arms of the bridge, as indicated in Fig. 14, when

balanced.

Then, 2= (22.) Art. 308. § 7.

INTERNAL RESISTANCE AND ELECTROMOTIVE
FORCE OF BATTERIES.

YVOLT AND AMMETER METHOD.

Connect as in Fig. 15 and let % be the reading of the
voltmeter when the switch A is open, and 7 the reading
when A is closed and € amperes are flowing as indicated by
the reading of the ammeter »{. Then the internal resist-
ance of the battery is given by the formula

B:LE—T“. (25.) Art. 319. §7.
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TESTS WITH KEY AND RELAY.

STATIC TEST FOR AN OPEN LINE.

At a terminal station, arranged as in Fig. 16, the operation
consists in alternately charging and discharging the line by
removing the battery peg from its regular place and tapping

B it alternately in the
IR connecting holes f
i

B

and 2 of the positive
and negative bat-
tery disks, so as to
connect the line al-
ternately to the pos-
itive and negative
batteries /5 and A"
The higherthe volt-
ageused forthis test
the better. Con-
tinue the reversal of
the battery as rap-

Friz; 16. idly as possible, and
at the same time adjust the relay, lower, if necessary, until

LINE

it responds by a momentary kick at each reversal. | The
strength of the kick depends on the capacity of the wire.
The longer the line to the point where the wire is open, the
stronger will be the kick and the higher may the relay be
adjusted; and the shorter the line, the more feeble the kick
and the lower must the relay be adjusted in order to detect
it. If the wire happens to be open near by, there will be no
perceptible kick. Art. 106. § 3.

STATIC TEST FOR AN OPEN LINE WITH ONE BATTERY.

A very convenient arrangement, requiring only one bat-
tery, is shown in Fig. 17. Place a plug firmly in the hole ¢
so as to connect the battery to the vertical strap of the line
to be tested, and in the spring jack of the same line insert
the wedge of an office set. The lever /2 of a special key 47
should he made to touch both contacts & and ¢ in rapid
succession.  Thus, the line may be rapidly and repeatedly
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§

charged to the potential of 5 and discharged to the ground
potential.  The strength of the kick made by the relay

il

116G, 17,

will depend on the capacity of the line wire and hence the
distance to the break may be estimated.  Art. 107. § 3.
STATIC TEST AT AN INTERMEDIATE OFFICE.

At an intermediate office, this same test can be made,
provided the interme-
diate office is not too
far from the main
battery. Suppose that
the east line is open.
Then, with the relay
and key connected in
the line circuit as
usual, and as shown
in Fig. 18, the test is
made by rapidly con-
necting and discon-
necting the ground
dislt on the battery
side of the circuit with Fig. 18,

EAST LINEOPEN,
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a plug at the hole #. If the capacity of the open end is
sufficient and the voltage of the main battery not too low,
the relay will respond each time the ground & is connected
and disconnected. Art. 108. § 3.

TO LOCATE A CROSS FROM A TERMINAL OFFICE.

Suppose there are two lines running through four offices,
as in Ifig. 19, with a cross somewhere between 4 and 2, and
that the test is to be made at «I. The A office should re-
quest the most distant office, in this case [, to open line I
and to make dots on line 2. A will then open his key on
line 2, and if dots are received on line 7, there is a cross
somewhere between A4 and D. A will then request /) to
leave his line I open and close line 2, and A will then open

|1 —— ﬁ.:—&“”f' Allll
1 Lﬁf\ wee o)

= Fig. 19. =

line I at his own office and call up office € over line 2, re-
questing C to open line 7 and send dots on line 2. A closes
both his keys one at a time, and if the dots sent from C on
line 2 are received on both lines 7 and 2, then the cross is
between A and (' if received only on line 2, then the cross
is between D and €. If the cross is between A and C, the
process described is repeated with /5, alter requesting C to
leave line 7 open and close line 2, Art. 109. § 3.

TO LOCATE A CROSS FROM AN INTERMEDIATE bFFICE.

In this case, the first thing to do is to determine toward
which terminal office the cross occurs. The test is prac-
tically the same as given above, except that some interme-
diate office, as 5, is now making it. /5 would request the
most distant office on one side, say 4, to open line 7 and to
make dots on line 2, and il with ]mc open at 5, dots are
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received on line 7 at /4, then there is a cross somewhere he-
tween 5 and 4. Tf there is no cross on the 4 side of /5, the
same process is repeated between 5 and 7.

Having determined the side on which the cross occurs,
the two offices between which it is located may be found as
follows : Suppose the cross is between /' and 72 5 will
open one of his lines, say line 2, and then request cach office
in succession, beginning with /), to open line 7 and send on
line 2. The cross will then lie between the two consecutive
offices, the dots from the first of which are received, but the

;a9

dots from the next office are not received.  Art. 110. §3.

TO LOCATE A BAD LEAIL

Where the leaking current is so large at some one point
that it is almost impossible to work past it, the fault may
be located in the following manner: Suppose, in Fig. 20,
that there is a bad leak or escape to ground between 5 and
C, as indicated by the dotted line, and that office A desires
to locate it. A will request each office in turn, commencing
with 7, to open his key. IEvidently, opening the keys at
D and C will not cut off the current leaking away between
B and €, although it may weaken the current through I
more or less. DBut if 5 opens his key, this leakage current
will be entirely cut off and there will be little or no current
through the A relay, assuming the line between 4 and 5
to be in good condition. Hence, the leak is between two
consecutive offices, the opening of the key at one of which
may somewhat weaken but does not entirely stop the cur-
rent through 1, while the opening of the key at the next

Euuwﬁ_ﬁ—% Bl

P16, 20.

office does entirely stop or very perceptibly weaken the
current through 4. Art. 112. § 3. ’
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LOCATING A PARTIAL DISCONNECTION.

Where there are two lines running through the same
offices, on one of which there is a fault, such as a partial
disconnection, the fault may be located in the following
manner: Commencing at some station on the home side of
the fault, have the two lines cross-connected at each station
in succession toward the fault, and have an operator at
some station heyvond the fault make dots all the time an the
same line, say on the good line, or he may make dots,
always in the same order, first on one wire, then on the
other.  Then to the operator at the testing station, the
fault will remain on the same line, as the various stations
on the test-station side of the fault cross-connect the lines,
but, as soon as the station just beyvond the fault cross-
connects, the fault will change to the other line. After
a station cross-connects the lines, they should be restored to
their original position bhefore the next station is directed to
cross-connect.  In this manner, the two stations between
which the fault occurs may be determined.  Art. 105. § 3.
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