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o/ | CURVE TABLES.

‘ | Published by KEUFFEL & ESSER CO.
f il ‘ f ‘ “ HOW TO USE CURVE TABLES.
P 7 i Table I. contains Tangents and Externals to a 1° curve. Tan. and

{8 Ext. toany other radius may be found nearly enough, by dividing the Tan.
or Ext. opposite the given Central Angle by the given degree of curve.

\
w To find Deg. of Curve, having the Central Angle and Tangent:
Divide Tan. opposite the given Central Angle by the given Tangent.

To find Deg. of Curve, having the Central Angle and Tangent:
| Divide Ext. opposite the given Central Angle by the given External.
| To find Nat. Tan. and Nat. Ex. Sec. for any angle by Table I.: Tan.
‘ | 1 or Ext. of twice the given angle divided by the radius of a 1° curve will
i be the Nat. Tan. or Nat. Ex. Sec.

EXAMPLE.

1]
Il
‘1 Wanted a Curve with an Ext. of about 12 ft. Angle
] of Intersection or I. P.=23° 20’ to the R. at Station
i

{ 542+72.
, Ext. in Tab. I opposite 23° 20" =120.87
‘ i 120.87 +-12=10.07. Say a 10° Curve.
' : ‘ | Tan. in Tab. I opp. 23° 20'=1183.1
| ‘ ‘ 1 1183.1-+10=118.31.
|
|
|
\

il ; | Correction for A. 23° 20’ for a 10° Cur.=0.16
i 118.31+0.16 = 118.47 =corrected Tangent.

i . . .
‘ ! (If corrected Ext. is required find in same way)

100 —53.53 =46.47 X 3’(def. for 1 ft. of 10° Cur.) =139.41'=
2° 193’ =def. for sta. 542.

i 4‘ i Ang. 23° 20’ =23.33°+10=2.3333=L. C
Al | | it
| i i ‘ ‘!h 2° 193’ =def. for sta. 542 | 1. P.=sta. 542472
b 1 ‘ l , il Lag N +50 | Tan.= 1.18.47
Y J | | | i 70 19l =k & & 543 o s
i | | | | | . o { I3 VL5 =stg = 53.5¢
ke | ‘ \ \ : i 9o 491/ = « « « +50 B. (: sta. 041:— )?03
R} } | ‘ 2 “ [ s} ‘ y r: 110 40/ sl “« “ [ 5_13_}_ L- (./ = & 30.33
, | ‘ | | il 86.86 | E. C.=Sta. 54386 86
l ! |
| ‘ i
" ' o | L Del. for 50 ft. =2° 30’ for a 10° Curve.
‘ 1 | - "1 Def. for 36.86 ft.=1° 503’ for a 10° Curve.

10° Curve




- Chord =100 ft.

TABLE I. — Tangents and Externals to a 1° Curve.

AII:]gt].C Tangent | External 15::‘“- Tangent | External ‘,\];;L,t]'c ‘ Tangent| External
|
1° 50.00 .22 89 15°
10/ 58,34 .30 107 107
20 66.67 39 20 20
30 75.01 .49 30 30
40 83.34 L 40 40
50 91,68 .73 50 50
2 100.01 .87 9 450.93 17.72 16 e &
10 108.35 1.02 10 459.32 18.38 10 v
20 116.68 1.19 20 467.71 19. 06 20 {
30 125.02 1.36 30 476.10 19.75 30 g
40 133.36 1.0 40 484.49 20.45 40 . 14
50 141.70 1,75 50 492,88 21.16 50 847.78 62.38
1.96 10 501,28 21.89 17 856.30 63.63
2,19 10 509.68 22.62 10 864 64.90
2.43 20 518,08 23.38 20 873.35 66,18
2.67 30 26.48 24.14 30 881.88 67.47
40 9 24.91 40 890.41 68.77
3.21 50 .)Ld 29 25.70 a0 898.95 70.09
3.49 | 11 551.70 | 26.50 | 18 907.49 | 71.42
3.79 10 560.11 27.31 10 72.76
4.10 20 568,53 28.14 20 74.12
4.42 30 576.9¢ 28.97 30 933.13 75.49
4.76 40 585.36 29.82 40 941.69 '76.86
5.10 50 593.79 30.68 50 950,25 78.26
5.46 | 12 602.21 19
5.83 10 |6 10
6.2 20 20
6.61 30 30
7.01 40 40 )9 :
7.43 50 50 10“1 b«. 90
7.86 13 37.07 20 1010.3 88.39
8.31 10 38.03 10 [1018.9 89.89
8.76 20 39.01 20 10275 91.40
9.23 30 39.99 30 [1036.1 92,92
9.71 40 40.99 40 (1044.7 94.46
10.20 50 42.00 50 [1053.3 96.01
7 10.71 | 14 703.51 | 43.03 | 21 1061.9 | 97.57
10 22 10 711.97 44,07 10 1070.6 99.16
20 11.75 20 720.44 45,12 20 1079.2 100.75
30 12.29 30 728.90 46.18 30 1087.8 102,35
40 2.85 40 737.37 47.25 40 [1096.4 103.97
50 41 50 745.85 48.34 50 |1105.1 105.60
Corrections to be Added (T = Tangent. E=External.)
Int. Curve 5° ° | 150 | 20° | 250 zno | mzo o | gzo [ =no
Angle Jurve 5 10° | 15° 172 2 50° | 55° | 60° | 65° | 70
.02 |03 |05 | .06 | .08 .16 |18 |20 | w21 | .23
.000( .001| .001| .002 -004| .004| .004| .605| .005
.06 | .00 | 137 .16 31| .84 | .38 | .42 | .46
.003) .00%] .006] .007 .014| 015 (114 .UUi 020
10 |14 (10 (.24 .58 |63 | .68
-007( .010| .014| .018 013 .047| .051
19 y % 79 | .84 90
006 01 'l .063) .070| .076| .083
08 .16 24 7 .00 | .99 (1.06 [1.14
=.009 -018( .027] .036| .016 L106( .120] .127] .135

III
Tanre 1. — Tangents and Externals to a 1° Curve.
Chord = 100 ft.
Int. Int. ! ¥ Int. Tonb ot ey
Angle |Tangent|Externall Apoje |Tungent|External Angle angen xterna
22° 8. )7.24 | 29° 36° 1861.7 | 294.9
i 107 Héil 1(7. 107 100 | 1870.9 | 297.7
20 | 1131.0 20 20 880, 300.6
30 | 1189.7 30 30 303.5
40 | 1148.4 40 40 306.4
50 | 11570 50 50 309.3
i o 2.9
23 1165.7 30 37 312.:
10 | 1174.4 10 10 315.2
20 | 1183.1 20 20 318.1
30 | 1191.8 30 30 0| s21.1
40 | 1200.5 40 40 3| 324.1
50 | 1209.2 50 50 1%3.() 327.1
y 1217.9 31 1589.07 216.3 | 38 1972.9 0.2
o 10 1225.0 10 | 1598.0 | 218.7 10 | 1982.2 .2
20 | 1235.3 20 | 1606.9 i 20 | 1991.5 v
30 | 1244.0 30 | 1615.9 30 | 2000.9 9.3
40 | 1252.8 | 13 40 | 1624.9 ; 40 | 2010.2 2.4
50 | 1261.5 | 137.23 50 | 1633.9 50 | 2019.6 5.5
25 1270.2 | 139.11 | 32 1643.0 | 230.9 | 39 2029.0 | 348.6
® 10 1239.0 141.01 10 | 1652.0 33. 4 10 | 2088.4 | 351.8
20 | 1287.7 | 142.93 20 | 1661.0 .9 20 |2047.8 | 354.9
30 | 1296.5 | 144.85 30 | 1670.0 | 238.4 30 | 2057.2 | 358.1
40 | 1305.3 | 146.79 40 | 1679.1 | 241.0 40 | 2066.6 | 361.3
30 | 1314.0 | 148.75 50 | 1688.1 | 243.5 50 | 2076.0 | 364.5
26 150.71 | 88 1()07 2 40 5.4 7.7
10 152. 69 10 706. ¢ 10 .9 0
20 154,69 20 20 3 .2
30 156.70 30 30 8 .5
40 158.72 40 40 3 0.8
50 160.76 50 50 JI-4 4,1
2 5 | 162.81 | 84 41 2142.2 | 387.4
10 | 1384.4 | 164.86 10 10 |2151.7 | 890.7
20 | 1393.2 | 166.95 20 20 | 2161.2 | 394.1
30 | 1402.0 | 169.04 30 69.9 30 | 2170.8 | 397.4
40 | 1410.9 | 171.15 40 272.6 40 | 2180.3 | 400.8
50 | 1419.7 | 173.27 50 275.3 50 | 2189.9 | 404.2
28 1428.6 | 175. 35 42 4| 407.6
G 10 | 1437.4 | 177 10 10 0] 4111
20 | 1446.3 | 179 20 20 .6 | 414.5
30 | 1455.1 | 181. 30 30 1] 418.0
40 | 1464.0 | 184.08 40 40 7| 4214
50 | 1472.9 | 186.29 50 50 .3 | 425.0
Corrections to be Added (T =Tangent. E =Ixternal.)
\'“Ll' Curve 5° | 10° | 15° [ 20° | 25° [ 30° | 35° | 40° | 45° [ 50° | 55° | 60° | 65° | 70°
Angle povo 0 N G| 1L
45 79 | -84 (90
o : 2070 -076| .083
.5 200 (1.06 | 1.14
25° ] 135
.69 1.39
30° .300 1188
.80 1.66
35° 131 1264
03 1.94
40° 172 341
1.06 2.21
45 9% 445




TapLe I. — Tangents and Externals to a 1° Curve. TasLe I. — Tangents and Externals to a 1° Curve,
Chord =100 ft. 1 Chord =100 ft.

| Int. Int. 2 i r L al Inte T t |External e Tangent |External
'mwmwmmmm Angle Tangent | External | Apgle Tangent |External Tangent |External|  Apgle |Tangent |External | Apgle g 3 2

4086.
4099. ¢

78° 1643,
1651.
1660.
1669.
1678.
1686.

50° 2671.8 92.¢ 57° Jlll).
2681 . ¢ 596.6 1 :

Ot T
OO N
=-JooNn
WNoWs o0
Bl MG R L]

1057.

1695, §
1704.
1713.
1722.
1731.
1740.

1063.
1070.
10766

) DO

N O = D
W

51. { X
464, 2773.9
468 . 4 5 2784.2

ISTCRS TN
o~

o O

472.1 ‘77‘)4 5
475.
479.6
483 . 4
487.2
491.

wa~No

O wWN
bwmﬂﬂq
0020 00 20 © o

b

494,
498,

2?\‘)8 4
2908.9

Lol (e eic=3
DR WO

> 12 =
N =2

AN oW~
O CTO W

4966,

-

2919.4
2029.9
2040.4
2051.0
2061.5
2072.1

4980. 1862.
5 1871.
1581.
1891.
1900.
1910.

3 2
2 2
2 1
iy 1
i 2
0 2

3 o
CHwooD

o 3 Ot
Bt o
30 10 U100 D

1920.
3 1930.
5099 . 1940.
5113.¢ 1950.
5128.9 1960.
5143. 1970.

20827
2003. ¢ ¢
3003, 3 3962
3087 .
3009,

~oocooco
P S
uu;max
th\‘l”«:‘;uo‘o

10000 B = N1
[FoR SRVERVERTES

5159.
5174, £
5189.¢ 2000,
4049 . 5204. 2010.
4061.8 203. 4612.2 5219. 2021.1
4074.4 300. 46206, 534:. b 5234.9 | 2031.4

4011.
4024.
4036.

3046.5
3057.2
3067.9
3078.7
3089.4
3100.2

S-S
B o

WWE O

STk wioN
-~ G0t O
(S IVUEVEE SF )

~

(T =Tangent. E=External) Corrections to be Added (T =Tangent. F =External.

10° 30° 45° 60° | 65° T Gurve 5° 50 20° | 42 60°

36| 00| 57 | 7| 80 | 03 | 106130 |13 |40 |68 170 . Sovn i o I il ey o o el o T A N G
~046| .070| -093 - 1172| .203| .234| .265| .2 315| . O e 2 Bt B e e ot e i O e L

30 | .44 | .60 | 76 | .01 |1.06 (1.2 137 |1.52 |L.7 221 | T || 0 | 98|16 |40 |68 (188 (.13 (5,38 (308 (2.8 (5
060/ 098] 119 1153) 184 b 2| . "4 , : ; ] e R

=046
T=21
B=.056
E=.067 ‘07| 343| l412| .483| .554| .625| .697| .711| .845| .922|1. i : ; e M M e M




TasLE I. — Tangents and Externals to a 1° Curve.
Chord =100 £t.

Tasre 1. — Tangents and Externals to a 1° Curve.
Chord =100 ft.
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VIII [
TaprLe II. — Radii, Ordinates and Deflections. Chord =100 ft. : CURVE FORMULAS

. j A 1 2
.| Mid. | Tan. .| Mid. | Tan. | Def. ’ T =Rtan } 1 u 1 Chord def. = chord
Deg. | Radivs | 04" | Disi, | Dist. Deg. l‘“*‘“‘ﬁ Ord. | Dist. | Dist. j T =50tan 31 R=Loine! R
: " 7 m T i, 2 Sin. 3 1) R =50
0°10'(34377. | .086| .145| . 0.05 | 70 |819.0(1.598| 6.105| 12.21 Sin. Sin T : iy
20 9. | .073| .2 .582] 0. 20’| 781. 5,395 12.79 Sin. § D = Sin. 3 D No. chords
; : = Rex. secilI D

30 | 764.
= Titani 1 Tan. def. = % chord def.

40 | 747.
716.
688,
:;'7’;‘ The square of any distance, divided by twice the radius, will equal the
: distance from tangent to curve, very nearly.
To find angle for a given distance and deflection.
Rule 1. Multiply the given distance by .01745 (def. for 1° for 1 ft. see
Table I1.), and divide given deflection by the product.

Rule 2. Multiply given deflection by 57.3, and divide the product by
the given distance.

To find deflection for a given angle and distance. Multiply the angle
by .01745, and the product by the distance.

GENERAL DATA

RicaT ANGLE TRiANGLES. Square the altitude, divide by twice the base.
Add quotient to base for hypotenuse.

Given Base 100, Alt. 10 102°+200=.5. 100-.5=100.5 hyp.

Given Hyp. 100, Alt. 25 252-+200=3.125. 100—3.125=96.875=Base.

Error in first example, .002; in last, .045.
To find Tons of Rail in one mile of track: multiply weight per yard
by =1, and divide by 7.

LeveLING. The correction for curvature and refraction, in feet and
decimals of feet is equal to 0.5774d?, where d is the distance in miles. The
correction for curvature alone is closely, #d*. Both corrections are negative.

ProsasLE Error. If d,,d,, d;, ete. are the discrepancies of various re-
sults from the mean, and if Zd?—the sum of the squares of these differences
and n=the number of observations, then the probable error of the mean
60 = 0.6745 | =d*

Bl i n (n-1) h
The middle ordinate in inches for any cord of length (C) is equ‘tl to .0012 C* - SoLArR EpueMEeRIs. Attention is called to the Solar Ephemeris for the
multiplied by the middle ordinate t zl]l\(‘lrl from the ahmTut,L 1|(‘1 lhuri 1t11% ! current year, published hy Keuffel & Esser Co., and furnished free of charge
ﬂgbl(l)(‘)‘,ll’ii)‘)ll;b‘l:])'isl?élt 1:\;1}111:)ct1:$ a 10 degree curve, its middle ordinate should upon request, which is 81x5% in., with about 90 pages of data very useful to
il v ! the Surveyor; such as the adjustmonts of transits, levels and solar attach-
TaBLE IIL.  Deflections for Sub Chords for Short Radius Curves. ments; directions and tables for determining the meridian and the latitude
TR leius S SEbichord Tength fl'on} observations on the sun and I—:olmjis; stadia measurements; magnetic
;f‘e -1{— sin of § def. angle pi il ] declination; arithmetic constants; Lr}ghsh and Metric conversions; trigono-
Cutve >m = 15 FL. 30 TE. 25 FL. for 100 ft. r{}etr\g formulas; Natural and Logarithmic Functions; and Logarithms of
o 193‘1(.) 058/ 30 43/ T0I.15 Numbers. , i 3 ! i el b il
32° i;; :')? i ?:i :81 ig 1 Tasre IV. — Minutes in Decimals of a Dogree.
161. 80 26’ 101.66
153.58 40’ 101.
146.19 54’ 102.
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133.47 22/ 102. ¢
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122.92 so FOR!
;iigé (I); ;gg = TasrLe V. — Inches in Decimals of a Foot.
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Natural Trigonometrical Functions Natural Trigonometrical- Functions

Tan. Sec. Cosec. Cotg. Cosin Angle. Sin. Tan. Sec. Cosec. Cotg. Angle. Sin. Tan. Sec. Cosec. Cotg. Cosin. Angle. Sin. Tan. Sec. Cosec. Colg.

|

1. i .1405(1.0098 99027 2756/.2867(1.0403(3.628/3.487/.96126|74 |.4067|.4452/1,0046|2
i, .1435(1.0102|7. .968|.98086 2784/ .2809(1.0412/3.592|3.450|.96046| 50 ,u)u-ﬂ.usrl,omn 2
90998 1449/ 1465[1.0107|6.900(6. 827 98944 2812| .2931/1.042: 412).05064) 40| 20/.4120].4522]1.0075/2.427]2. 211 91116| 4o
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Natural Trigonometrical Functions

Angle. Sin. Tan. Sec. Cosec. Cotg. Cosin. Angle. Sin. Tan. Sec. Cosec. Cotg.
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Right Triangle

For Angle A. sin 1
d

Given Require
b A, B ,c

A, B, b sin A = =cos B, b=/ (c+a)(c—a) =c\/1- :
Bt GOPE TR ookt o e

¢ sin A.
2Ll
cos A.
B=90°—A,a =c¢sinA,b=ccos 4,
Solution of Oblique Triangles
Given Required asin B asin O

A B,al|ld ¢ O b= —, 0 =180°—(4 + B), ¢ =

sin A

B=90°—A4,a = btan 4, c=

sin A
[ 4, a B ; sin B = ’%( = 18pceod Luppggiesao
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REDUCTION TO HORIZONTAL

Horizontal distance = Slope distanee multiplied by the
cosine of the vertical angle. Thus: slope distance =319. 4 ft.
Vert. angle=5° 10'. From Table, Page IX. cos 5° 10/'=
9 Horizontal distance=319.4x.9¢ 318.09 ft.
Horizontal distance s0= Slope distance minus slope
distance times (1—cosine of vertical angle). With the
same figures as in the preceding example, the 'fo](ljn)“i-
Horizontal distance ing result,is obtained. Cosine 5° 107=,9959. 1—.9959=.0041,

S T 319.4>¢.0041=1.31, 319.4—1.31-=318.09 ft.

When the rise is known, the horizontal distanee is approximately:—the slope dist-
|lance less the square of the rise divided by twice the slope distance. Thus: rise=14 ft.,
’nx*l(mt distance=302.6 ft. Horizontal distance=302,6— 22X 1% —g0p.60.32—302.28 1t.

area =

22X 802.6
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