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PREFACE.

This little volume is intended to supplement existing

field books. Consequently the usual theoretical discussions

have been omitted and the book reduced in size as much as

possible. It is believed, however, that these tables will

prove amply sufficient to meet the demands of the field

engineer.

The correction quantities are original in that they are

applicable to any function of a curve and are independent

of the central angle. The rectangular co-ordinates, X and

Y, are believed to be entirely new. The appendix, "Field

Engineering Without a Field Book," is here presented for

the first time.

The computations have been made with extreme care.

The approximation of 5,730 feet for the radius of a one-

degree curve, used in several previous books, has not been

permitted in the preparation of the present volume.

While every effort has been made to secure absolute

accuracy in the tables, the author makes no claim to infalli-

bility. Should any errors be discovered, however slight, a

favor will be conferred by reporting the same to the pub-

lishers.

Chicago, July, 1906. R. S. Henderson.
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RAILROAD CURVE TABLES

EXPLANATfON OF TERMS.

FORMULAS FOR A I CURVE.

Rjdfus = R = jiTo^o' =S7Z9.b5

5ob-tangent = T = Rfcff/iA

Externa/ Secant = £" = Ff exsec;^ A

Long C/jord =C = 2RsiV)44

Mi'ddle Ordinote = M= Rvers^A

f?ecton9ular Co-ordinate X = Rsin A

Rectangular Co-ordinate Y= RverjA

Lengtt? of Curve =L = IOOA



RAILROAD CURVE TABLES

U5E or TABLES.

I. To fiVid ffce funchons of a C° curve if & =^7-35.

(tMfs I, II anJ III.)

For



RAILROAD CURVE TABLES

?. Buom^e ^ho^mg opplicafton of ihe /* curve fvncTton^ !r) poss^

ing ohtocles. ' (Tables i, II one/ III)

GiVe/J Two fongenii intersectmg opposife. fo onJ Z4-7' from a
bullJing. &=r9-43'. 5tot>off of Rl- =48+11.6

Required To run in ihe fioffesf curve of even degree or

half degree ihof v/iH char ihe bvilding bu naf less fhtrff So'.

Moxi'mum allowohle walue oi E = Z'f-y-^o " 197'.

For h =S^°-43' r, = JZ99.Z , E= 876.^^ and L, ~S97I.7

~^ = AA5 Hence use 4'-3o' curve. §—'= '94.9 =£;.,„ .

247 -/94.S = S£.l' = clearance

.

1

'



RAILROAD CURVE TABLES

Tor A = 9'-«' X, = 981. SI ^^ = g/9.2 = y<.

84.7SY= 84.75 ^= 18.83 =r.,.

Qollfn^ PC. sfaf'ion^O sef o panf A o^ 2-f /8.2 o/> svhtongent^

5e.i iiaiion 4-3 hy measuring I9.SZ irom A oW /oo' from sia-

ton 42

.

Central angJe % sfof/o/7 *4 = (s'-Sz) -l.(4'-3o') " l4-'-Zz'

For C, = I4'-ZZ X, = /42^7 -^^^ = 3IS.3 = V«.,„

Y= /79./8 '-^X^~ 39.B2-\.i„

5ei a point' B o't sfa^/o/r 7-f-/S.9 on suhfongenf. Sei bfotion

44- bv measor'ing J9.gz' from 3 and /oo' from station 4-3.

5imllarlij for station 4-S, d,=/e°-ss\ X, =/8Sas , >'4.,„= 4;;.7

,

Yi =30783 J X-„'~ ^^-*' -Se/ o po'/nf F at station 4-HI.7 on jub-fonjeiit.

27S93
For iiaV.on 47, & = Z7-fe' C, = Z7S9.3 -^^-g^ = (,/ 3. 1

8

Cor.=O.IS

SM.ISf o./S - 6(3. 33 = C.J.30 . Sef station 47 bt/ chord Jhfanc^
6/3.}}' from P.C. and deflection I3°-S6'.

Obstacles on f'in& pre^^ent sef'f'in^ station i^S b« meoivnna froip

sia+ion 44 or 46. VV/VA transif of F set sfofion 45 bij mens-

urinq OS.4-1' at r/qht o/Jg/es to sub-tong^nf . «

W/rt transit at station 4^ set sfatro/JS 46 and 48 Ay deflec-

tions. On account' of obsfoc/es on //he stations 49 one/ SO or^

invisible front stah'on 47. Central angle sfohon 47 fb St ~ /8'-0'.

FbrA=/e°-o' C,=I79Z.6 '-^|^=:?9R36 Cor.=-0.IO J9S.36t-O./0

= 398.4<, =c^.,„. at; = pv.fif ^7- = /i:6g = /v;.,„

5et station S/ 6u chord 398.4(,' from stof'icit 4-7 and Jeflecfion

S'-d from foif^erit' at Nation 47.

Set a 00/17/ H on the cJtord 100 {mm station 4-7 onj measvre

distance from hi to station 4-6. Set o poi/jt K on We
chord 100 from station SI. Set station SO bu measurina /oo'



RAILROAD CURVE TABLES

rroni sfafioit SI aaj ihe same Jisfance from K as H /5 from s^f-

i/on 48- 5e.f a ooini G at cen/er of chorj. Set station 4'3hii

measuring /S:68 from O and /od' from station SO-

VV/tt transit at P. T. sef sfatio/is SS, S3 a»<t S4- hf defhch'oos

and checK on sfaticn St.

In tie Torejoin^ example the correcTions are used oithl where

necessaru.- A /itt/e prqcfice v/ill indicate where 1heij shoulj be

used and where "tneii mail ie omiffej.

4. Use of co-ora\'nates X onj Y as app\ie.d fe reversed corves.

Given tno tangents moKin^ an a/yle of I0°-I4 With each otief-

Heauired 1a connect ihem with an S° reversed cures. Tie curve

is to leave the first tangent at a point U, the perpendicvlor

distance. MF being 97.3S'

If 'Wie curve Hz 'S produced beyonc/ H tb B increasing tie.

central angle iij /0-/4' Hie tangent i the curve at B will be.

parallel tb tie second tangent FN.

For4=/0-/4 Y,=ioi7.9
/0I79—^ =IZ7.Zt- Cor. = 0.10 ;e724+ 0.10

91.14
=m7.34=9q.X = 9U4 ^i^= 11.39 =qH 97-3Si-//.39 = /OB.7*=QF=KV.

^2^*i=S4.37 = KZ =ZV ' S4.37XS =43A.'3t Cor=.04xZ=3Z

434-.%-.32 = 4M.64=X -for central angle a. Hence a = SB'-ZS'.

b=^ir-i9)-0o'-/4) = IZ°-I4'
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For A = 22-28 X, = 2/S9.fc £73 70 Cor ~ 0.22

0,ZZ =273 92 =\/N=BK. Z.73.SZ-ia7.i4 =/46 5B =C)K = Fl/'.

LenjHi of curve ZN . gZ46.67 = £80 8

S- Use of middle orJinates in pfattiM a curv^ of lanie. centrol

G/Ve/i a .5'°curve. 4 = *9V'/'.

Bisect chorj 0G o/ W

Canned H and F.

KF='.S1^ = 243.3

Draw PZ perperx/i'tular to chord KG at miJdIe

po'ifff- P. Draw QS psroepaicular h c}nori BK
af miMIe polni" Q.

QS = PZ . 256.6/ =Sl.i

Thui hu successive bisection aau number of points mau be

plotted on the curve.

6. Use of X, Y and C in plotting a curve of small central anjle.

Given a 3° curve. & = E'-/7'.

ReouireJ to plot poinJi on ihe curve. So oparf'

Calling P.C. station qlves the folloviing valves of X.YaoJ
C for one half of 1he curve:

sfot;.™
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Z Vsm of (ong choros in plot+inj a "Transif line.

PeooiPeJ ib plo^" the followfno notes:

Tongenf

T
3
h
k
_E_

Length

ssoo'
397?
2800
5631.

378A-

Angle

28-32 R.
IS-19 L.
38-44 L.
40.5-4 R
47-16 L.

ToAj/ Angle

Z8-3Z R.
12-13 R.
26-31 L.

32-F3 L.

C. for,
Tbfaf Anjte

2824.0
/2 19.4-
£628.1
/A?*. 6
3243.4.

T/ie lenglfc oo^ angle, of fte var/oos

Tangents are measured y ttie fotal Ofl-

g/es computed ond C, taKen froir?

table n.

At a conyenienf point on Ifce map
ao<^ ^o /er^e scale «/row o circle

w/tt radlvs of S7e9.es'

Through #e center z of ^ circ/e

rfrow o A/ie. jsarolle.! to tongen'f' b,

mtersectina we circomference ot poiot b.

Usin^ scale "fo wliich circle yvos drawn lav off chords ai follows:

hf = 2824.0' A ^e r/y/,t of 6

bq = 12(9.4

bh = 2628./ • •• lef+ •

tK = 14-34.6 .. ngW • -

6f>
= 3243.4 left . ..

Dron longerif' f parallBl to xf , tangent -g paro/le.1 to x.g, to/jgenf

h parallel A zh etc.

. Draw lenglis of fangenti to ,scale of mop.
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8. Use of faUes VI and VII

.

Table v/ qives natural sines ana cosines ana toh/e WW nafurol

Bfigenis and coWngenfs to seven decimals for angles \iorulng

oij Ten mi'nofes •

Tie maximum error resulfinq from direct inTerpoloTion or

inTermedio'te angles is one uniT in ihe sixth decn/nol place

for tab^e. V/ and four units for table VH. Hence liese tables

are more occurate. won live -place tables \arijing iu single

minutes.

Tangents are qiven onig for angles under 45° and cofongeiiti

for angles over 45" since dire.ci' inlerPo/ation is not per-

m/ssahle outside of itiese- /imfs.

To find the tangent of an ong/e greater Viatt 4-S° /o^e

the reciprocal of ihe cofUnQenf of nie an^le.

To find the cotangent of on angle less thoo 45"° tof^e.

tie reciprocol of Hie tangent of 1he angle.



TABLES.

TABLE I.—MINUTES IN DECIMALS OF A DEGREE, AND LENGTH OF A

ONE-DEGREE CURVE.



TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE
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13 TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE
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18"
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TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE

22°
1



TABLE II.—FUNCTIONS OF A ONE-DEGEEF. CUR\'E
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26"
1



TAr.LE II.—FUNCTIONS OF A ONE-DEGREE CURVE
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TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE

30"
1
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TADLE II.—FUNCTIONS OF A ONE-DEGREE CURVE

34°



28 TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE
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38°
, 1
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TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE
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46°
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/



TABLE IL—FUNCTIONS OF A ONE-DEGREE CURVE
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ep"



TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE
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TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE

68°
1



43 TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE

/



TAllLE II.—FUNCTIONS OF A ONIi-DEGREE CURVE

74°



TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE
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80°



TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE
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86"



48 TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE

r



TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE 49

92°



50 TABLE II.—FUNCTIONS OF A ONE-DEGREE CURVE

/



TABLE TI.—FUNCTIONS OF A ONE-DEGREE CURVE

A



63 TABLE III.—CORREQTIONS (TO BE ADDED)

VALUE

FBR A
JOCURVE



TABLE III.—CORRECTIONS (TO BE ADDED)

WALUf



TABLE III.—CORRECTIONS (TO BE ADDED)

VALUe



TABLE IV.—CURVES DESIGNATED BY RADIUS

RADIUS



TABLE v.—RADII

/
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TABLE VI.—NATURAL SINES AND COSINES

SINES-

DEGREES

—6D-
(

2
3
*

5
6
7
8
9

lO
II

IZ
13
14.

IS

;?
19

ZO
zr
2Z
23
Z4

25
ze
Z7
28
29

30
3/
3Z
33
34-

35
36
3/
38
39

4.0
4/
42
43
44

MINUTES
o' lO'

.0029089

.ozoaeos

.03780(>S

.0S5^'^o6

.O7265S0

,0900532
.IO7«-2l0
.ivi-rno

.1593069

1765-121
.1936636
1107561
.2177844
24*7433

26 16277
27*4324
.Z9515E2
.3117822
.3283172

.3447«(

.3610821

.377302I

.3934071

.40939Z3

.4252528

.4409838

.4365804

.4720380

.4873.5/7

.SOISI70

.5175293

.5323839

.5470763

.56/6021

.S7S9S6S

.5901361

.bOA-liSk

.bnasn

.63/5784

.6450132

.65825/6

.67IZ89S

.6841229
6967479

20' 50^ 4-0'' JO' 60'
.ooooooo
0/74524
0348995'
,0523360
,0697JSJ'

.087/SS7
/045Z85
,12/8693
.139/73/
./i6434S-

.1736482

.1908(590

.Z079II7

.ZZ.43SII

.24/9219

,2S«8/90
.Z7S6374-
.29237/7
.^090/7O
.3255682

MiOZO I

3583679
.3746066
.3907311
.4067366

4226183
:43837//

.46947/6

.4848096

.5000000

.5/50381

.5299193
J446390
.53-9/929

.5735-764
,5877ffi-3
HOIZISO
f, 1566 IS
6293204

6427876
.6560590
.669/ 3o6
.68/9984
.694fe584

.0058177

.0232690
,0407/31
05-8/448
.0755S89

.09294-99

.1103(26

.1276416

.I4A93I9

.162/77.9

.1793746

.196J/ 66

.2135988
,2306/59
.2475627

.Z644342

.2812251

.2979303

.33/0634

.3474812

.3637932
,3799944
.3960798
(1-120445

427»838
.4435927
5)-59/665
.4746004
.4898897

.S050Z38

.5200/6 1

.5348440

.5495-090

.5640066

.57^323
,S9Z4SI9
.60645/ /

.6Z0Z35J
,63383 /O

.6472334

.6604386

.6734427

.68624/6

.69883/5

.0O97Z65
,0261769
.0436/94
.06/0485
.0784591

0958458
.II3Z03Z
.1305262
I478094
.1650476

I8ZZ3S5
1993679
.2164396
.2334454
.2503800

2672384
2840153
.300705-8
.3173047
.3338069

,3502074
,3665012
.3826834
.3987491
.4146932

4305/ / /

4461978
•!MI7486
.477/588
.4924236

.S07.3-384

.5224986

.5372996

.55/9370
,5664062

.S9O7030

.5948228

.60876/4

.6225/46

.636078Z

.6494480

.66Z62P0
h7SS90Z
.6883546
.7009093

.OII63S3

.OZ90847

.0465253

.06395/7

.08/35-87

.0937^08

.II609Z9

.1334-096
1506857
(679/5-9

,/850949
2022176
,2192786
.2362729
.2531952

,2700403
Z868032
,3034788
.3200619
.336S4.7S

.3529306

.3692061

.3853693
(WJI4-I50
.4173385

.433/548

.4487992
4-643269
.4797/3/
.4949532

.S(Oo426

.5249766

.53975-07
:S543603
.568801

1

.5830687

.597/586

.611066b

.6247885

.638320/

.65/6572

.66479.5^

.6777320

.69046(7

.70298/

(

.0145439
0319922
.0494308
.0668544
.08^2576

IOI635I
./I898I6
,13629/9
.1535607
I7078Z9

.ie795ZS
Z05065S
,2221158
,2390984
,2560082

2728400
2895887
.3062492
.3228 /64
.3392852

.3556508
,37/9079
.38805/8
AOH-0775
.419980/

4357'548
4513967
46690/Z
*g22634
.4974787

.5/25425
5274S02
.542197/
.5567790
.57/19 IZ

.5854294

.5994893

.6133666

.627057/

.6405566

.6538609

.666966/
,6798681
.69256 30
.70J-0469

.0/74524

.0348995
0523360
0697565
.087ISS7

.lOA-SZSS
./ 21 8693
J 391 73

1

/564-345
./736482

/908O9O
Z079/I7
,22495/1
,24192/9
,2588(90

Z756374-
.29237/7
,3090/70
.3255682
342020/

,3583679
.3746066
39073//
.4067366
.4226(83

.43837//
*539905
.4694-7/6
.4848096
.5000000

.SI5038I
S299I93
,5446390
.559/929
.5735764

.5877853

.60/8150

.6/566/5

.6293204

.6427876

.656O590

.669/306

.68/9984

.6946584

.707/068
60' JO' 40 50' ?0 /O' O' DEGREES

MINUTES
COSINES
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AS°
46
4-7

48
4-9

SO
SI
52
S3
S4-

5S
56
57
58
SS

eo
61
ez
63
64

65
66
67
68
69

70
7/
7Z
7?
74-

7S
76
77
7?
79

SO
81
82

m
86
87
88
89

MINUTES
O' \o' 20" lO" "40" 50' "eo^

.707I06S
7/93598
73I3S37
743/448

.766044A

.777/460

.7880/08

.7986355-
S09OI7O

SISISiO
8290376
.8386706
.SASO/I-SI
.iS7l673

.8660254

.8746/97

.8829476

.89/0065

.8987940

.9063O7S

.91354.55

.«oro49

.9271839
,9335804

93969^6
9455/86
9S'/0565
'9563048
96/2617

.9659258
9702957
37*370/
.978/476
.98/62 72

9848078
9876883
990268

/

9925462
.99452 /9

996/947
'997564/
'9986295
99939l»S
:9998477

.709/ So7
72/357>*
7333345
.7450881
7566/48

.7679/ /O

.7789733

.7897983
:g003827
SI07Z34

SZ0BI70
.8306607
,84025/3
.8495860
.85866/9

567476Z
.8760263
,8843095
,8923234
.9000654

907S333
.914.7247
92I637J
,9282696
.9346/89

9406835
94646/6
95/95/4
'9S7/S-IZ.
,9620594

9666746
.9709953
97/"02O3
'9787*83
.982/781

9853087
9881392
9906687
.99^8965
.9948217

9964440
'9977627
998777^
999488/
9998942

.7most
yZ33690
73S30S0
.747025/
.7585/36

76977/O
.7807940
.79/5792
.802/232
S/24-229

.822475'/

.8322768

.8418249

.851 //67

.860/49/

.8689/96

.8774254

.8856639

.8936326

.90/3292

.90S7SII

.9158963
,9227624-
.9Z93475-
,9356495

94I666S
.9473966
.9528382
.9579895
.9628490

.9674/52

.97/6867

.9756623

.9793406

.9827206

,9958013
.9S858/7
99/06/O
9932384
.995/ /32

.9966849

.9979530
9989/7/
9 995770
.9999323

7I3ZSOA-
.7253744
.7372773
.7489SS7
760AJlbO

.77/6246
78e608e.
.7933533
,8038569
i/4/ 155

.824/262
,8338858
.84339/4
8526402
.86/6292

S703SS7
S78BI7I
i870/08
S 94934-4
.9025853

,90996/3
.9/7060I
.9238795
.9304176
.9366722

94264/5
.9483237
.9537/70
.9S88I97
,9636305

.9«g/47(6

.9723699

.9762960

.9799247

.9832549

.9862856
9890/59
.99/4449
.99357/9
.9953962

9969/73
998/348
9990482
.9996573
.99996/9

.7/52863

.7273736

.7392394

.7508800

.76229/9

.77347/6

.7844157

.795/208
,8055837
.8/580/3

8257703
.8354878
.8449508
,854/564
.863/0/9

i 7/7844
8802O/4
£883503
;8962285
.9038338

9//I637
.9>8ZI6I
.9249888
.9314797
.93768S9

.9436085

.9492426
9545876
9596418
9644037

36987/9
9730449
9769ZIS
.9805005
.983 7808

.98676/5

.98944./6
99/ff204
'9938969
;9956708

997/4-/3
.99S308Z
999/709
.9997^92
.999983/

717316 I

.7293668

.74// 953

.7527980

.76417/4

77S-3ll\
.7862/65
.79688 /5
^073OlS
,817480/

5274074
.8370827
.9465030
,8556655
.8645673

,8732058
.8815782
.8896822
,8975/5/
9050746

.9123584

.9/93644

.9260902

.9325340

.9386938

.9445675

.950/536

.9554502

.9604558

.965/689

.9695879

.9737//6

.977S387

.98/0680

.9842985

.9872291
9398^90
.992/874
.9942/36
.99593 70

9973569
998473/
999285/
,9997927
.9999958

7193398
73/3537
743/448
.7547096
.7660444

J77/460
.7880/08
.7986353
.8090/70
.8I9ISZO

SZ90376
.8386706
.8480481
.857/673
.8660254

3746197
S8Z9476
89/0065
.8987940
906307*

.9135455
9205049
.927/839
.9335804
.9396926

9455/86
.9S/0565
.9563048
.96/2617
.9653258

9702957
.974370/
.978/476
.98/6272
.9848078

.9876883

.9902681

.992 5462

.99452/9

.996/947

.9975641

.9986295

.9993908

.9998477
/.OOOOOO

SO' 50' 40 ?0' 20' JO O'

IV4/NUTES

cos/Nrs



TABLE VII.—NATURAL TANGENTS AND COTANGENTS

TANGENTS

MINUTES
o' 20' 30' 40' 50 60'

5
6
r
8
9

/O
/•;

17.

13
14

IS-

le
17
18
IS

Zo
zi
it
z?

es
26
27
Z8
29

3o
31
32
33
34

3S
36
37
38
39

40
41
4z
A-3
44

.0000000

.01745-5/

.0349Z08

.0524078

.0659268

.0874-887
:ior/o4a
.I2Z7546
.I405408
.1583844

.1763270

.I943803

.^l^5566

.•Z308682

.24931.BO

.2679492

.-2867454
3057307
.3249/97
.3443276

.3639702

.3B3S6II-0

.4040261

.4244748

.4452287

4663077
.4877^26
.5095254
.53/7094
.5J4309/

.577J50?

.(,00860b

.6248694-

.6494076

.6745085

.7002075

.7265425

.753554-1

.78/2856
S037B40

.8390996

.9692867

.9O0A0AO

.932515'/
96y6888

.0O29089

.02O3650

.0378335
PFS3SSI
07Z.SS0S

.O904-Z06
.1080462
.125-7584
.1435084
.16/3677

.\793Z79

.\974oo8

.2155988

.Z33934Z

.^524200

.^7/0694

.2898961

.3089/4-3

.3281387

.3475846

3672680
.387iOS3
.4074139
4279 /^/
.4487/87

4698539
4913386
.5I3I950
.5354465
SS8II79

.58/2353

.6048266

.6289214

.6S3SSII

.6787492

rroASSris
.7309963
.758(248
.7859808
.8/46(18

.S440688

.8744067

.^osessi

.9379683
97/3262

.0058178

.0232753

.0407469

.0582434
07S77SS

P933S40
.II09899
.1286943
. 1464784
.1643537

.IS233/9

.2004248

.2)86448

.2370044

.2555/65

Z74-I94S
.293052 I

3I2/036
3313639
.350848J

370S7Z8
.330SS4I
4108097
43/3579
.4522179

4734098
4949549
,516875.5
.539/952
,5619391

,5851335
.6088067
.6329883
.657710 3
,6830066

,7089133
,735469 I

.7627/57

.79069 7J"
,8/94625

J8490624
.8795528
.9)09340
.94345/3
,9769956

.0087Z69

.O261 855

.0436609
f)€ll6Z6
.07870/7

.09tZ890
,1139356
,13/6525
.1494510
.I67J4Z6

.I953390

.2034523

.2216947

.2400788

.2586176

.2773245
.2962(35
.3/52988
.3345553
,354/ (86

?73984-7
?9i9loS
.4/42136
.4348/24
.4557263

^7697SS
.49858)6
.520567/
.5429557
.5657728

.5890450

.6/28008

.6370703
,66/8856
.68728(0

.7)32931

.7399611

.7673270

.7954359

.9243364

.8540807

.8847253

.9I633IZ

.9489646
9826973

,0116361
.029O97O
.046S757
.0640829
ja8l6Z93

.0952257

.(168832

.1346/29

.1524262

.1703344

.(883495

.2064834

.2247485

.243(5/5"

.26)7234

2S04597
.2993803
.^ 1 84998
3378330
35739S6

.3772038
3972746
.4)76257
,4382 75-6
,4592439

48055/2
5022/89
.5242698
546728

1

.5696/91

.5929699

.6)68092

.6411675

.6660769

.69)5725

7176911
.7444724
.77/9589
.800(963
,8292337

.859)240

.8899244

.92/6963

.9545083
,98843/6

,0145454
.O320O86
.04949/3
067O043
0845S83

.[02\64\

.1(98329
,)37J757
.1554040
,1733292

.19136^2
,209518)
,2278063
,2462405
,2648339

2835999
,3025527
.3217067
34)077/
,3606795

3805302
4006465
42)0460
.4417477
.46277/0

.484\368

.5058668

.527983 9

.5505/25

.5734783

.5969084

.6208320

.6452797

.670284-5

.6958813

.722/075

.7490033
7766/(8
.8049790
.834/547

.864(926

.895/506
,92709/4
,9600829
,994199 I

.017455/
,0349208
.0SZ4078
.0699268
0874-88 7

/05-/042
(227846

./ 405408
ISS3844
I763270

I943S03
.212556e
.2 308682
2493Z80
.2679492

.2867454
3057307
.3249)97
3443276
,3639702

,3838640
4040262
.4244748
.4452287
,4663077

.4-877326

.5095254
53/7094
,554309)
5773503

,6008606
.6243694
.6494076
.6745085
.700Z07S

.7265425

.753554)

.78/2856

.8097840

.8390996

.8692867
9004-O4O
.9^25(5)
.9656888
(.000000

SO' JO' 40' 3D ao 10' o'
D£6)!Ef5

MINUTES
COTANGENTS



TABLE VIII.— FROGS AND SWITCHES

GUAGE=*'-84"

FKOS
NO.



TRIGONOMETRICAL FORMULAS

SOLUTJON OF RIGHT TRIANGLES.

I. si"nA =^==«8 2. <iosA = 4=Sin8 3. toiiA = ^ = coiB

4. co+A = ^-= ionB 5. sEcA = f- =.cosecB s. cosecA=-^= secB

VenA=4 =^ 8. exsec 4 = -5

SOLUTION OF OBLIQUE TRIANGLES.

9.
SinA sin A,

II
^=-^" am C csinS ~ b

'"• jinC ~ c

It. A +B+C = /80° 13. ^('A+Sj=90°-iC

15. A = ^(A*B)ii(A-B) 16. B=i(A-i-B)-^(A-B)

17. area = J tc SinA Let s = ^(a+!>+c)

18. sin^A ='\|S3^3 19. oreo=Vs(s-o)(s-y(s-c)

2(7. sin'A + cos'A = I

22. verjA=l-co5A

GENERAL FORMULAS.

Sin A
2'- S7X=^'"'A

23. exsec A = sec A- 1 =
vers A
cosA



-MISCELLANEOUS FORMULAS AND THEIR APPLICATION

1. Extra VVi'd+h of Q\ioqe on Curves.

The (juoge should be widened /^^ for each degree. cT curve.

2. E]evotion of outer Roil on Curves.

For a speed of 55 miles per hour Me elevation = Z /(degree of curve).

The Gievafiort varies OS %e square of the speed. Thus for a 4°

curve and <j speed of 40 miles per hovr elevat/on =2y4Xh==j = 4^.

3. Middle Orc/inates for curvinj Roils.

'for a so' roil Hie ordinate = .OZ /.(^degree, of curv^ . The ordinate

varies os We square of the length of rail. Thus for on 8' curve

and a 26' roil ordinate =.02x3 xl^j = 12

4. Rule for Keeping Joinfe souore on a Curve.

Cut" a, rail of any lengm at a point distant from center of nail

|i-X^-jjyDj inches. In this formula L = length of curve in feef

and D = degree of curve. Use the longer piece on me outer

rail ana tne shorter piece on the inner rail.

S". E.xpansion of o Ste&l Rod.

Steel expands .01 per 100 for each IS° F. rise in ttmperoture.

Thus if rte temperature, changes tram 0° ib 90° a 30 rail will

^%pand (olX^gX^) =.0/8'

€. 7b determine the Degree of Curve of a IrocK wimout o Troffsir.

First Method. On standard guage frock the degree of curve = f-^,

in vvhioh C = long chord oT outer guage line tangent lb inner guage

line, the middle ordinate temg Hie qua^e of the tracK.

Second MeHiod. If Ine long cfiord of outer (guaqe line = 6Z the

middle ordinate in incnes = degree of curve..



MISCELLANEOUS FORMULAS AND THEIR APPLICATION

7 Compensation for Cvirvature.

To make, r-esistooce on o curve eauof A resistance on a tonqerit

decrease 1fie grade on the curve .OS'Z K(degree of Curve).

8. Tons of Rail per Mile of TracK.

The number of tons of B£40 }bs. in a mile of track'=^Y(vie'i^ki

per ijardj. Thus for a S6 lbs. rail tons per mile = -^xS6=88.

9. formula qiyinq the Radius of o Reversed Curve between

Parallel Tangents.

Let p = perpendicular distance befweea tanysnts,

and d= length of chord from RC. lb P.T.

ji

Then Radius = ^— (sxocf' formula)

10. Approximate Values of E, C and M for o curve of

Radius R and Degree D. (Wee totle W)

If A is less than Zo°,

I. £'=44'<§- (°pp'-°-^)

II. M='^X^X^ {opf"-'"'')

'"• '"^ " 8^ (appron)

IV. C -llBRM (approx)

As A mcreoses bsijond Eo' fie error in using Wese Tormulos

increases more ropidlij, forffiu/os I and '" qiving values

foo sma// and formulas l\ oftd IV qiving values foo large.

11. Correction For Curvo^ufe m choining Tracts.

The correction for fl Wo' station = .04 X {degree of curve). Fach
station should be shortened hif this amount when chaining on inner

rail and lengtnenec/ bij we same atnouni when chaminy on outer rail.



IIISCELLANEOUS FORMULAS AND THEIR APPLICATION

IZ. Correction -for Grade in choininq TracK.

In choming on u qrode each too' stolon shoulii be le/rgih&je.^ b^
an amount eaual t> fie sijuore of the qrae/e dtvi'd&d by Zoo . Thus
on a^ 3X groi/e tie cMi-rettton per stof/'oa /s 555 -.04-s' and
the correct/on per mile SZ.S x.oAS = e.376 .

I" its jenera/ form ihi's formula becomes l^~TZ' '" ^hich b =
me base of o ri'qht Trionqle and h ihe ol^'ifude,, h bsi'nj small

In comparison wlfh o. f( = the omourif ihe hifpofhenuse is (onjer

lhon the. base. Thus 10 \aij'in<j off a right-ong/e<l disTa/ice of
66' suppose an oSsiac/e /'s encountered but o poi/ti' ^^^ ^^ sot
S.s' off of ^he r.i'ghi-on^/ed line • The distance on me. hifpolhe-

Cuse w,// be 66+2;^ = €,t.o4'

13. M<;1Uoi cf locating a Curve hij Offsets winoi/f a Transii.

Aaproniwote offset from tonjent -^f-^J O , in yvhich L = len^ilt of

curve a<yi D = decree of curve

Ciien a E°-3o' curve. station of RC,= /76/32. fj'e<fu!rej ii

sef points at each station on ihe curve.

Point a = PC. of curve.

Extend the tanqent from a to d maKi'nq aa = 63 •

cd = ^(/^) XIS = /.ol' Measuring GS' from a and l.ol' from d

/oca/es station m oi «.

.

/-oco/e point h iu measuring 68 from c and I.OI from a . be is

tongenf to me curve at '^
. r t/ \i

Extend Ac * e rnoKing ce = 100'. ef = ff!^jK2.5 =Z.09

Measuring lOO' from c and 2.09' -from e locates STation 178 af f.

Ef.tend chord cf fe h moKing fh''oo'. ZXi.os = 4.l8'=i^g.

Meosur'inq loo' from f and 4.18' from h locates station 179 at ^.

Locate the Tewa'ininq stations same as station 179. If fte 1st

station is near t^e P.O. set the tna sJoJion irom original forijeiit.



6S APPENDIX.—FIELD ENGINEERING WITHOUT A FIELD BOOK

Let A = any onq/e exyoresserf in degrees and decimals of o Jeqree.
rai? - /foTvro/ tanqenf of A.
Tf- radius of a curve wAose degree = D.

A moi/ he expressed in terms of fan t>if Me fjlonmg formulas:

(\) A^S7.i(tan-^J for values of tot from Olk^S

(2.) A=[60-!^(l-oil-^ti),)-.&+1an f<:^ -lalue^ of ten from.ZBh.SO

(3) -A= l6o~l^(t,t-.l)Jfaff-^(.7S--fai!f for waives of hn from .50 lo.ys-

(fir) A "jeo- '^(io„-.f)jfoii -.01 for yokes of fan from.7Sfo Iflo

For approTf.>ma1e. Tssolfs fhe ohove formulas mou be simplified
OS follows:

(S) A =S7.ZTdn for solves of ton "frar O fo.SS

(e) A'[60-^(h»-.^l/on for values of tan frvm .ZS t, LOO

f? moif he expressed in terms of O as follows:

(7) R= -0^-^.07^0

ERROR IM USING F0;?MIILAS 5 AND 6.

Tat\qer&



APPENDIX.—FIELD ENGINEERING WITHOUT A FIELD BOOK 67

ERffOR IN USING FORMULAS 1, a., 3 AND 4-.

Tongert



APPENDIX.—FIELD ENGINEERING WITHOUT A FIELD BOOK

Use of Formulas.

Given a A^ curve. A = 57-° -^4'. To ^tnt/ TT

^A = /S'-fZ'. Bu trial tiin ^1^ is -found Ih be betiveen .3 onaA
sines if isn = .4 in formu/o (6) A = 22"-

o'

onJ if "tan - -^ in form via (6) A - 17-0

Qnanae of ./ in Ian chanoes A fcy S'-O'

la'-sz ill

r-sa'

To/?ji4 /pes tetvveeo .Z? and .SO Therefore use formula (z)

If -tcin=.3A- in formula (a) A = IS.r8°= l8'-46.%'

If ton = .35' in formula (z) A - /9.S9i= /9-I7.S

Chonfe of .01 in tw changes A by o'-soy'

le'-sz'

'''-°^
. -Y-{.i)~.04 .5+.0/l.=.3'^ = appro^firnafe tonjl^-

I8-46.S £L(x)l) =00169 .34 +.00169 =.dA^\69 = ion i^.

Sy fhrmvia (7) ff=~~ +.073(4.) = 14-32.69

T=/?i>i?^i = J43Z.69 X.3A-I69 = 4-85. 54-

Exocf len /e-SZ'= .34/73, Error .00004
£xacf T = 489.S3, Error .OS''

Sin^A and cos^A mou ie aerived from te/r-gA bif combining

J^e two formulas,

_^ fsi/)'-^& + coj'J:/! = ton'^A
_ j_— ^ ^ '"T^^^l^^

and f_ =257/7/4.
cosJ A

Al^ vers^a = /-cos^il. fxsecjA = Sec^A-/ =^^^-' .

E^/fexsec^A. C = ZF^5'in^&. M=lfveri^A. X^Rsina, Y=lfver5A.

Thus anu fund/on of a curve maij be found h'f first

hnjinq tan A or ton^ & •



APPENDIX.—FIELD ENGINEERING WITHOUT A FIELD BOOK

7b find an angle whose tangent' is greater Hian AOO f/na

lie anj/e corresponding ^ jr- and suhfraci fro/n 9o'.

Given tan = /.Z4-& To find A .

-—! = .802J682.
/.Z4.6

This number //ei between .7S oa</ /.Oo Therefore use form-

ula (4-).

Sobsfituting ton = .^0Z568z in iormula (4) gives 38'- 44.8'

90°- (is'-M.i') =jy'-/S.z' = A .

Exact A = S/-/f.o', errror o'-o.i

.To find the tangent of op angle t^reafer than ^S' ZbKe.

He reciprocal of ihe fangenf of \9o'- the angle:).

fpeauired the tanqent of J6'-4-3

.

90°-(s6-4i') = 33'- '7'

If ton - .7 in formula (e) A= ^f-d

If fan = _^ in formula (ej A = ?/-o

Change of ./ in tan chanjei A bj 4°-0

33°- 17' ^17.

l'~ ° , -^ (.1) = .06 .6^.0(, = .66 = approximate tan 3i'-i7

Tan 33°-
n' lies between .SO and .7S' Therefore, use formula (3)

If tan = .66 in formoia (3) A = 33-^5.6'

If tan =^ in formula {}) A= 3i- 0K^_

Change of .01 m tan cVianges A b^ (?-?4.l

33°-;7' ,, „ ,
33-0/.5' ILL/oi) =.0064-3 .<1>S tOOb'H =.(,i64i = tan 3i-l7

-^5^3 = ;._5E339 = fez? S6°-4-3'

fTxacf tan S6'-43' = I.SeiBS, BTrrar . 0000

7
















