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PREFACT.

Tar metd ode desenlus] i this book are ehicfly Imsed on the actml experience of Rogal
Tnoiiecr OMeers who are, o hoe been enaged o oewrying out geograplueal and
top graphn Al cunveve

Chapter IV on Troverses, s munhy wotten by Ciptarn W I Johnston  Captain
1D Paron ! Cptan C 7 Head

Chap er VI sumvey under Mitne Sure Comdbions,’ 1s from the wratings of
Celnd s Thanae Bkl KOVMG KCTE Colind Goe CST, e Sunveyor
Gererd f Inlie Golndd the Hin M G Tt Director of Survess i the Sudin, and
Calenel Wahah ( TL

Chapter VIOT, ¢ Lovelling,” 18 due to Captun Il L Crosthwat d Ciptan C Russell
Brown

Y portien of Chapter N the ue of the thewlohite for contourtng s taken from = report
W Mygor P H o du I Cigrun

Chiypter NI The Heproduction of Maps o the Fild  has been wntten by
Cijtun B A G Shdls with some wldittons by Licutenant B 'V Thomp-on

Chapter NIV Brctl Astrowmy s el on the Notes on Astronomy, written
for the School of Mibtiry Tugnecning by Celond A € MuDonnell, re arranged by
Captamn C 7 Heuth

In Chyjter NVI the desenption of  Photolngitades 15 taken from the account
putished 1y Muyor T 1 Hilly, € MG, the Memours of the Royal Astronomicel
Santety ' Vol LIIT 1897

The s ttven O cultatimy his een wiatten by Ciptamn ¢ H Toulkes

The  Graplic Method of pradicung the arcumstances of m Oceultation’ 15 due to
Colonel S C N Grint C MG and permission to nse the dingrams eaplinatory of this method
has Veen Jandly grinted 1y the Royal Geogriphic! Soaety  Appendix VIIT 15 also due to
Colonel Grant

T'he extension of the * Griphie Method 1 from 2 paper by Mr A € D Crommehn

Ies I, 11 IN, A1 md AIT were computed by Mrjor G H I nthoven

Tables XVII nd AVIID were computed by Locutenant G I' Thans

The diagrims for rapdly detarmunng the Lime wd Altitnde of 4 star on the Prime
Vertieal were devised by Captun & J Heath

Lhe Star Charts were drawn Ly Captun X T' Winsloc

Mr A R Hinks, M A, of Cumbndge Observatory, has very kindly read and enticised
the chapters which deal with field astronomical methods, these chapters hive benefited
greatly i consequence

Ihe reproductions of British vl Foreign Topographieal Maps were exectited under the
crection of Colonel D A Johnston, C B, Dircctor Generl of the Ordnance Survey  Most of
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the othor plites were driwn an the Topagraphiteal Section of the War Office under the
dirceti noof Maper o 0 Hills, CM G, o few, however, hue been produced 1y
N Stationery Otfhee

Phite V 1< from 2 plaetdle shect of Kroonstad by Laeut Colonel H M Jackson,
Qurveyer Generil of the Transy al

Phate VI s from o plane talle survey exeented in Somahilwcd under Captam GG A Beazeley

Tlie VT a5 from an onaml ficld <heet lent by Lient Colonel } B Longe, Surscyor
Guenersd of Incin

The fiel 1 methods de enbedd are, for the most part, those i use by the Survey of India,
bt ulvintie B leen tihen of recent evperience m mapping and exploring vanous
turntors s Afrien uxl elsewlere to anclude useful methods which are not commonly
enplovad m Indi
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TEXT BOOK OF TOPOGRAPHICAL
SURVEYING.

CHAITIR 1

INTRODUCTION GENERAL PRINCIPLES

Surveying 14 the process of 1 curstely determning the relitive posttions of the features of
tprrtinof the Larth e surls -
Topography (~ - 3/3 2 ~de nptim of 1 phice) v the dlineation of the natural and
At Tl festres of 1 1w ity
Topographical Surveying 1s thus the provess of wurately detcrminmg the relitne
porstie wef thepurface featurcs of the Corth and of dedingting them on v map  The surfice
fodurcs wre of two dan s artificdd el s to say chose produced by the rgeney of man, such
avtns readaor ralwins ! natand fotnres snch oas rvers, Ik forests, hill features
an 1 le un lnlatsony of the gronnd
A Topographical Map shoul{ depnet (Il the surfice fustures which can be legibly
drown, ) the scadanty of the sarfie shont ] bo shown which distignish 1t from a level,
futardos phin The monnt of mforanton presunted ot 1 topogriphicd map 1s thus
conditrned 1y two prinapad factors, the complonity of the surfuwe features, wd the scilo of
the map
Stnc s ot anstomiry to construct maps e the fiddd on sedes smaller than about
coo'vue thrc wall be tehen s the Iver hnnt for topogtiphicsl maps Maps on sciles
enaller tha iy aee compiiions o1 aths maps
It 13 not the primary mtantion of 1topogr iphicslnnp to show property bhound ies, thia wm
e favtiow of 4 bwgesode Culo ol Sl Nor o the other hand, bas o Lopoyraphical
survey for ity objuct the mvestigition of iy saenufic questions connected with the sh ipe naed
damenaons f the carth thi g the donun of o Geol fie Surtey
Ihe production of o g, s the ordiry sense of the word, B, 1 fict, the mm of
togr geaphical suvey
e s of wpogrplucd mups my vy from G anehes to 1 mle to ! el o 1 mile,
orfrom b a6 ', but for nubitary id wdminist 6vo purposcs, the most g ful
scales e 2 indhes Fandk, *asch, wnd ] omcheo 1onle, or sty from 454, to a0 000 and th
book 15 to b comsiderad s de b mamdy with maps on such sciles
Topogriphcd mups punrdly vy moweenracy, weording to the eonditiony el r sylgels
they Joove been producad Lhus 2 plane tible survey mude ripully on etrye Ve will e,
w tting 1 that retinement of wenricy which is to he exproted of 1+ map dthbcnuly txeentecd

mopeie tme Jnou biowd suns, cven o mbtuwy sketch my be consulered o pon s
I3
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topearpoed map, but ey shetches will not b convderad i tles book, wlieh wall
dolwith —

(1) Ihliberite topographieal surveys,

(2) Topagrphicil aurveys exceunted on service,

(3) Geogriphienl survens, such s are required for the dehinuttton of an intermtionsl
1oundary

(4) Faplortors samvays

Topographicil gugrmphical and exploratory surveys merge 1nto one another, md there
1 no vary defimte dinding Iine between them  Generilly speakung, there should be no
deteetil le crror 1n v toposraphieal mip, whikt geographieal surseys are somewhat rough and
rcwly  The s ddue of o survey on active <erviee depends on the extent to which 1t assists the
optritions m progre 3 and minute wenracy must often, m such 1 ease, Le sterificed

‘Ihe extent of the fiehl before the topogripher may he reilsed from the fact that,
exduding Canubr Awstrihy New Zcaland and Inda, the total numipped wrea of the Bratish
T mpiee amounts to bout 3,700 000 square anles

My Prinars 1o Opskivk 1y Garnyine Our A Toroararmictl HSuivm

The mun prinaple to obserse ma map miking 1s to work from the whole to the part,
and n ot i mthe part to the whele It wonld he entrely wrong for mstance, to map  block
«f four FoZhsh counties By mohang independent survey s of eich county ind then jomng tho
survers togther Ttwsnll more inaorrect to tttempt to comprle 1 map of v Targe conntry
Ty pieoamng toether farmosursevs Such o procceding, whach his several times heen ttompted,
roults mow th rou bly untrustworthy map The techmes] rewons for this will he hettar
undee<toxd Taer ot memslile 1t mose be sceepted 8w vxsom thit howeser learge or
howover smadl ms be the e to e survayved, it must be trewted 15 o whole, and that «ll
orer the ey v number of arefully deternumed pownts must be fived, formang, as 1t were, n
accurte frimeserk o shdetan n which the detnl 1s to depend It s dewr that sach
method pravents the woamulition of iy system of errors except that of the tccurite
framew rh

The woursey of o mop will thus ultimatedy depend on the wearicy of the frimework, which
will wnast f ponts frxc Ly one of the followang methods —

i1y Triangulation,

(2) Traverses,

(3) Astronomical determinations, or
4y Combinations of the above

Of these tnangabtam 1 dw s to Lo profrred, and should be adopted whenaver pesable

Trinngulation —It s i dementiry propeation m trigonometry thit, given the mgles
£strim ] indthe ) ngth of Owside, the lungths of the other sades ¢ be ceutatet

Hotbo, wo e cahunof tnmlee s bedow, wnd koew 1l the urgdes and the length of
eremtl we Cmaompute the kngthe Of all the other sulus

~

Fig 1



The ame clven hoapphies to anctwerl o to iy fmre Inale up of tunngles

o

hg 2
New mrane that these ponta are objeetz on the errth’s surfiee and that at cich aljeet
Temzant b andos hnd becn oh erved to the e surroundinz st and suppose that the honzont
Aiston e bwtwean un twe of those potnts Tos Beon mosarad at s dew that the dista
Betwern iy twe onne tal pomnts wccvah computed aed phetted on paper
T mcsured s e s Clled the fase

Crasses or THANCULATION

<1} Pnincipal Triangulation or Geodetic Triangulation 13 the mun tnmguhen
o vaumtny erned ont waith ceny rcfinament of eairc of which the sides vars an length from
untt 10 ) 30 unle« (thongh rive well over 100 mles e Teen nsed) i which no preewtion
e negeeted and of which the computims wre most oxact wd hibotions The trningnir
crror of «oprinapd tenn e e the dgon e sum of the cerors of the three ingles of the
troagde wonl Lot e csp dted to e cel ] seomd

(2) Secondary Triangulation —TIn 11 ululy surveyed countiy thas would breih up
the prmaapal termgles into sdes of 5 to 10 nales m lengtl, or cdse Te cwnrd out m the foom
of tceon luy chuns connectng, the punapd dims Inmgndu error su, 2 to 3 seconds

Fhe ab crvinons e not wandly reduced so ngorously s m prineipal work

(+) Tertiary Triangulation e munor trimgnlation «f viegulirly sunveyed conntry
conenng the whole surf e of the hinid with tnangles the sides of which are from 140 5 nales
i longth Tnmanlar aror s 9 to 19 scwonds

In the Ordnanee Surses of the Umtal Rangdom—

Lhie exdes of the Prinapal Liningles wet yge 353 nulex
Second iy 5,
lertiony , 1}

T the Smvey of Indie the wange longth of the wmdes of the prnerpal triwgles 15
2 unles

4) Topographical Triangulation —Ihough 1t wmay he censidered eertun thit m
conmwe of time the whole Tl swifice of the world will 1e sy stematteally surveyed ind covered
with prmoy i, seconduy, and tartiary tringles still fm some time to come there will be, an
muny cwes, the need for topographieal mips produced rapully and with » mwmam of
expense without the ud of ngorous trmgultion  As i example of 1 geogn iphical srvey
cumed ont vpdly withont wuting fa 1 gl frimework, the survey of Burmu mu 1o

(545%) E



mentioned  This conntry, which wis annesed 2t the end of 1885 was rapulhy surveyed on
the scile of 4 miles to 1 meh  The triangnlation for this survey was carned ont during the
execution of the topogt iphy the sxdes were of very virying lengths the points observed were
munly prgo s or well defined hill fops, the sole object was to provide pomts for the plane
tablers to work on, and prosided there was no plotable error on the pirticulir seale nsed, no
further accurey was demanded  This sort of trrngulation, of w hch the sole mntention 1s to
protade 1 framew ork suffieiently aceurate for the setle mn use, and which w1l never be used
for geodetie or ewdnstral work or for Iwrger seale topogriphicd maps, may be culled
fopograpl wal tnangulation

(5) Rapid Triangulation —A topographical triangulation etwrried out during an
expeditton, or when marching with a column on active service, 1n this many devices, which
would he ol jectionable 1n more deliberate trrangulatton are used to expedite the work

OtnEF \ETHODS OF FORMINC THE FRAMEW ORK

As has heen mentioned on p 2 the other methods of forming 1 framework of acenritely
fixed points on which the detul of the map 15 to depend e Trav s e fshoropnedd 1)1
s ensde s or combmations of these methods with eich other or with trimgniation

Traverses are desera) el m Chapter TV

Astronomical Determinations ue dealt wath m Ghapters XTIV, \V, and \V]

N\OTE

The framenork should alw 3y s be trigonometrienl where the arcumstances permt  The
two chief hmdraces to triingulition are the absence of lulls or the existence of forest, and the
mo t difficult country to trangulate 15 o flat forest clad region  In such 4 region the
expenss of triingulation may render 1 necessary to execute @ framework of teaverses

Generully speaking, istronomical determinations are to ¢ avaded 2 map of which the
fi amework 1s entirely stronomueal falls fur short of the standard of 1 good topographieal mip

In exploratory ind geographieal surieys howerer 1t may e necessiny to make a free use of
wtronomie dl methods



CHAPLEL 1T
BASES

Tt the angles of o trnmanltion we Onectly charved wny coot e the mewswoment of the
Luse will e meproduce ! m the tnan ulwion Thus af the mewsarcment mihes the bie
U lnger thn ot redlv s the furthe topoint of « trrmgulition s 1udly H00 nudes
dr tant from the T the tmmgnhitien wall phwce that jomt b c distuee «fF 01 miles @
1T mile to fir
Bases e of vanensdearees o oy w whing tothe dis of toomgulan nowhich s
ol penlen tham vz
(1) Bl of cteodene Lmulae wwath bl loar pof —'—10
) ba b for v amteseenlovw rhowith vpe Pdbear o, ' te '—
O Dasthres for U opegeaphid work wad s prod gl aeee of Y
(1) Tengh b hee

The measurement f 4 Gec lene Base imcas cvany speand o eration which ocaapies some
wethe ol conts mnch menoy Thaoas slage hieentme on the subject which wall not fe
further referred ) m ths hook

Topographical Bases —lh /4 of «topuniphical hise will depend on the streteh
of el or avendy sbpung, ground waltle Sudi Tees e v e Lan length from ! omale to
berdmle Mo ettt et e 10 b Ty Heontercd tnnngles T
£ oa gt leglay

The h o ot Ml imcsured w1886 for the Tope gy nad Smvey «f Upper Bana
wood b g

The buodn the T anf utan 2 B Survey m 100 w5 300 fuet

Luse for Jermudn ws 2890 feat

ba o Orbuern aowe 3165 fut

Bue for the Sterrleene Friban Boun Ly was 3043 fuct

Site for a Base Ihe tlad atens ne o Jued even groumd fron which good views
of the surrcanding comtiy ¢ le dtuned

Measurement of Base \ toperphical T oo xhould dways 1uome wwed wath vstedd
e D ehould be cafully comprral with o stusdad sted tape bofore and dter vy

Ihe vt of thestindu Lt v onven tempatire shenld 1o Tuown Ihs e o weertamed
it home 1t the Ordnue Swves Othee Southmpton e Indin it the off ces of the Survey
of Indie in Sonth Africe it the Cipe Obsery etony

The standand tupe atsedf shoul oot 1o wsed

Steed tapes cn be bonght of the £llwin,, fongths 100 300 o1 400 fct o1 oy or
107 muties

The hine of the buo shankl bt To douward of trees Bushes o ol grues, it heyg s

wnd aich s dbm unds should 1o tamine

Lach ternund pant of the Tase shontd af time dlows 1o mukad by buying 1 mar
stone 2 foet undet grounl, wanitely contre ! over this shoult Te built 1 small masonry

pilu, swfe o flush wath the ground A e nork <hould Te mude m v metal plug suuk nto
the rurface of the pillir

Iaving muhe 1 the termnd pownts of the 14se set v theodolite over one of them unl
dineet 1toon the ctha and ova whidi a pole should hue 1o xed  with the d of the

theadohte dign 1 u luroles b utervals of Jout 100 yuds By wmewms of ths Wigrment

(2155) 12
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Tiammier mso the geound sguare he wled prekets wemately e the line of the liee, and at tye
lengths from cach other, stuting from one end of the bise  The tops of the uchets
should e yust fush wath the ground, on these pickets n ul strips of wood or 2mc
Tn mewunng the buse, stretch the tape from termumil pomt to first puchet, wid from
prcket to picket , the tension shondd Ve tahen on = spring halwice and shonld Te ahout 15 1
The end of the tipc should he marhed by a fine pencil lme on the wood strup, or by 4 cut
with « kmfe  Tike the tunperiture of the tape at frequent mtervals by letting the Tull
of the thermometet come it contact With the under side of the tipe
At the other tewmunid the amfl space etween the last gradwation wd the end of the
Tse should be me ured with v pur of dnaders
Now mewsnre the mclintions to horizont it from peg to peg with level vt theodohite
Tf the section conststs (f one ot two fuly umform slopes 1t 15 sufheent to tihe the
mehnitions of these onby noting where the chinges of slope oecnr
Ao undulitions crowed 14 the tipe ate to hie disreg wded
The hase should b thus me wured of Tt # nee tn cack duectr n onvdall daw, f possable,
o1 m euly motning or te fternoon
Base Computations —The meastucd length of the hise 15 subject to hue cortections® —
1 For tunlud
w o, temjadhne,
w, chuabhion
N, oy,
N, kgt e ot
Che fullowing cse may be tiken as wmexample —
Onc tape w s hept s vrefaence tipe ind not wed for measutng  This when tested
Sonth vaptor, Bl boen found 1o be 0 05 feet shory w 62°
The bise tape (supposed to he 100 feet long) wed wis 002 feet long, on reference tape
w7tk
The tunper st of bise tipe duensg me smement wis 82 1
Length v mesuted 5301 24 feet
Height of e Tine thove ser 4,520 feet
For 2 300 fect, lse Ind ¢ slope of 1 13, 1um under level
1 Sahod —
Referenen tipe w s 007 shoit 1w 62
Now sted expands 00000623 of 1ts Tensth for 1 ¥

4 x 100 x 62

Iherdorg, 71 1t was 10,600 000 2 natl, 01 V006 feel Jonges

Refuome tage w s therefore 00444 <hort 1t 51 ¥

B N B 00200 long on refaence tape L 71

) 00244 short at 71 ()
n femperature —

I
emperiture of b ¢ tay ¢ during mesurement was 82, when compuud wis 71

fueren e of longth 11 % 100 x 625

K \GGoB.000 * O © 0069 [O]

(1) from @) we tind thit the hase t e durimg mersurement w s 0 0173
» ecrrection for standard awd temperature 15 thercfore

173 . 301

100

® Thef s u e w correhion | fa ©
o el eaeneon wahons e diercgarded 1 ¢ ta i alwans trotel o

Subtracting
shert

— = 002 fuct



m Inchwtttn —
For 2300 fet the b o nd wdepoof 11
Correction — = 2300(1 ~cos1 13) - 030
Sy —

i the mesurcment of 11 et s den le that the whole length of the tape shonld
1< far 1 possible he supported Iy the ground, <o thit no correctin 1s necessiry
for the sagg of the tape - Where the ground as uneven, it 15 custom s to support
the tpe at mteends Iy pachets, but At may happen m the mewsurement of
Tase that amlhibor rvane bs to be crossed Tnsudh g casthe sy @ the
Aitfirence botween the length when suspendul wd the Tugth whien Tad on o
plane surfac must T determaned id cotrected for

I the corruction for i

1 the dongth of the tipe angpen lol hetseen b saports (n feot)
~ — the weaaght of the tipe o s
1~ the taon g phedan s

=1 " ipproximatihy
P M
Scc Apprepdin b
Heirtdheoe e —
A mecnranents s pe o Te made tscdoed I the T s meswral at

cmean haght & dove <celesd it will require correction of x length of

t
iy

bast wherd Lo the ulins of the earth many be tihen 1 20 900 000 feet

/—\v/
- 1

Inthis ce / fo.U
1,520 x o 0t

[hen cntectun 20 900 000 114y
Collecting these cortectins
Feet
1 owdn Studad wd tonpeatiare 0926
1w Indlution 03550
" St ~0000
v Heght dove sy ~-1146
Lot sl cortection 2624
Mcwured length 3401 240
Redueed Jungth of buse 5205 62

Ttos dew that coreecuons momd nomust dw ys b negitne, 1oued 1oy 1o
athet outng ot negitine



hnmer mto the ground s mire headed mckets wear wely 1 the Iine of the ! st and 1t tye
lengths from cach other, stitmg from oue end of the st lhie tops of the prhets
should 1¢ ust flush with the ground, on these pickets nal strips of wood or 71mc

Tn mewwnng the Inse streteh the tape from terminal pomt to first pichet and from
pichet to picket, the tension should e taken on 4 spring bilance nd should le dout 15 Th
Ihe end of the tape should e marked T 4 fine penail Iine on the wood stup, o1 by 1 cut
with « hmfe  Tnhe the temperitwe of the tipe 2t ficquent mterals by letting the Tulh
of the thermometer come 1 contict with the under side of the tipe

At the other tetmun o, the smil spree Tetween the last gridution wnd the ewd of the
Trse should be me wured with 1 pur of dnders

Now m¢wure the mclinations to horzont il from pe, to peg with level or theodohte

If the <ection consists of one or two fauly umform slopes 1t 15 suthaent to tihe the
ichinations of these only noting where the chinges of slope oceur

Mmor nndul wi s crossed by the tipe we to Fe disregarded

The hise should V¢ thus mexsuecd af fee fene an cad 0 Lo on vdall day, of posstl ke
o ¢ aly motnttg ot Dite dtetnoon

Base Computations — Lhe me wred length of the hise 13 subject to nve cortections™ —

1 ko tedad

u le yuahor
m o, elmadon
" i,

N, hegltab i e
The f Howmg <1 e may e tihen as i example —
O tage was heptow vacference tape nd not wsed for messutng — Lhis when tested
S nthumpton hul buen fountto 1e 005 feet shott 1662 1
L bise trpe (supp s to Te 100 feet long) wsed w s 002 feot long on referonce tipe
3

il
The temperatine of by ¢ tape dwimng me wurement wis 52 k
Length wmeswed 5301 24 fect
e ht § hie ine 0 ne ver 4520 feet
Lot 2300 fect Dasc hul vslope £1 15 remunder level
1 Sl 1 —

heforenct tige wis ¢ 0o short 6 6.2 1
New steed expunds 00000625 of ats length for 1k

D x 100 % 65
I
10000 00g MMttt 0006 feed lenger

Lefae wotape wis thaefore 0 0444 shott 1t 71 1
B 002001 ng on1cfuonce tape ot 71

Mudue w7l twes

00244 short 1t 71 ()
w e peatur —

Lempenwute of bice tape dnrm, measurement was 82 when compred wis 71

Increrse of 1 11 % 100 x 620 9
e of lanth 15030 000 or 0 0069 ()
Sl tiacting (/) from (1) we find that the bse tipe dunn,g measmument w s 0 0475
shurt, ecreection for standard i temper sture 15 therefore

~ 019 x '11)%1 =~ 09n fect

.
Ver s arncorr ction for dla e eatems on wIich s ms be d regurded of tl tage 1o olwars stretel oof

thew  Awraon
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expanann of v metal or alloy, e ) thit of phtimm or } thit of hriss (Less thn
yoo' o for 1 Contrgrule )

Tapes of this metal are now v alible, 23 metres long, or of speeril len,ths if required

The agent for the ale of Twvar i Tnghnd 1s NMr T 1T A Bangh, 92, Hatton Garden,
London  The metal requures specaal treatment m mumficture wd 13 Il le to slow residunl
vanatione of length, 1813 therefore necessary thit tipes used for the measurement of acenrate
Tases should be tested I exiet <tandanls before uil after meisurement

The use of Imr for the measurement of good typogriphiel bases rawders negligihle the
errors caneed Iy nncertunts of tape temperatures
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1t
~honld be come 1 or 5 anchies aput on paper Thus for tnangahtion for v Linch map the sidus
woull e 1 or % miles long for a Linch map some 16 to 20 miles lonz  Bat so mueh wlf
dipend on the wature of the conntry thit this rula must only be traated ws rongh gude
Chain or Net —When the extenvion of the Inee 13 completed w a lirge countrs, such
w« Inlia ar Sonth Anics, the geadetic trimngulation 1s earried ont an the form of chuns of
tringles vanming for proferance N oand S, and Fond W thie —

Single Nerres

7

Double Series

3T

Seconday chuns are run to fill up the <piees hetween the prmeipil chans

Tn emall countries such a« the Umted Mangdom, the conntry 15 conerent with
of pnnapal triangles

Tramgulation exevnted raprdly dunng v mach or long + fionta, dunng 8 legpg
sirvey will usnally tihe the form of 1 cham, Tnt of comtac Tew mmmnctrread g | wliny
conditioned thn 1 prinapad or seconday hean e owel]

A topegraplaal trragalnon which s csentidly ae purdd o ovide
detal surveyors will necesanly cover with ¢ nct the wlhole conntry to Iy KRV ey 4]

Intersected Points —In trtiuy, toporiphied ad yapud tiengnt ity
aften ol erved to abjccta which we not viated , such olyects ne culld wtgrpregen
should alw iys be fixed by st leet threc 1 s the cxtension of the gl gepny
except 1n the cise of ripid tirmgultion, depend on these pomts, whyely
often most wxcful to the detul survcyorsanch hjects will Te sy gl
ot maccessthle rochs o1 trees

The Theodolite —The angles of ¢ tnmgulwon we 1y
theodolite, wlich 15 i mstrument devised for the newsmement of Loriz
mgles

‘Theodolites ae designated by the dimeter 1w inches of thay

In times pa<t n geodetic tongulition theodolites have been used with ¢
36 mches n diameter, but improvement« 1 graduation of the arcles by, O g b
to obtun even Detter results with fir smaller mstruments [In Burm Wit posable
geodetic triangulation was executed with + 12meh, nd South ‘\fr.' for Itanee, the
theodolite W with 4 10 snch

(5455)

CTYNIN

ponite for ).

angl a4
I# 0t wed
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For vrdinry topogiapliend work 1t my e 4saumed that the tangulition will be cueried
it itk one of the following instruments —
(1) 51mch marometet transit theodolite
() 6mch vermer N "
{3) ek, N 1
A trwat theodolite 16 one 1 which the tolescope tan ho rotated vertieally end for end
and m wineh the vertieal eircle 14 gr ulnaterd throughout 1ts arenmfetence
Yermers i micrometers are different means of rewhing @ aduated arcles
Vernters—
Preneiple of 1 1 smaer 11 the Yongth of s, thee dvisons of 1 prmary suile be taken
wd draded anto fonr (g %) 1615 etddent thit the length of eeh of the iter 1 Sthitof ¢
primary divson and that the difference between the length of one of the four divisions imd

e s et s st

=

Yig b
tho length of 1 pramry dvision s § of 4 primary division and, generally af (n ~ 1) promuy
hviaions e diided mto » divisons to form «yermer, then the difference m length hetween
vprimary ukd tyermer dingsion s M of prmary division
»

Ihe sume resalt obtuns if we tike sw, fivo diasions of 4 prmary scale ad divade st
into four for 1+ vermar (g ) cach of the vermier dnvisions 15 then | of v promuy dinimen,

s o e, mam e s

=5

e 6

2

yink the (hffirence izt cen thei lengths is 13 before, Tof 1 pumuy division wnd gene ally af

¢ +1 primuy divisions be divided 1to » vermer divisons the difference between the len, th
'~

1
«f vprmary and «serner divison 13 ~th of « primy division
]

Tuu the pphmition of tas punaple see fig 7 below  wlich 1epresents v portion <f the
srulmted are of ¢ theodohte

T 7

T this cvunple the lower it of numburs rope ents degrece, these m tun ate div led
wto s diviaenz cach ropre enting 10 mmntes
" il u:lnr'cl of fignres represnts nonates, these e also divaded 1nto siy thvisions encl
LR RE.S g

e it to 10 secrnds To reud the present cxample ot will be seen that the wrrow of the

verter Phite comes Ietwecn the
second and third divisions of the lower pl.
at 1
the e Dng to be letneen 20 wid 30 e, nhiehmdents
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WIRLS

(o)

fay &

(it % age the Dvwmpo o f the hmd the numbes ue degiens, nd the imb oty exuple
Bided it 10t 5 wes AL the Dottom of the field w 1Ml be seen 1 shped notch m
e founu of the sdnaphrgm Tt s the pomtron of this nutel whielt st s requied to me sare
Tt will be at ubre scen Ut the noteh e sobewha teewear 27320 ad 273 30
these e he moved Dierally Ty turnmys the

Dwo goo sertidd Do will 1o notied
Lhese should

greliated mocomctes hod, of wlich Crgpate shetch s Jhowu an fig s ()
B moved Laerdly untl they otenpy o fpoution onc o vk sde of 1 gadition on the
fih, oo (1) wed thy grduition selected shiould Te the wiich as neuest to the notch, 1t 1
tan e which mde Lhe mumtes ind secands cov now he re ul off the griduated b of
the tmctometer () thy oxunple the grdaitol ioul reds 4 4 hetwern 10 md 20, by

Gtmnanan 3 17 The complete tewding 3¢ therdore 273 2437

(h477)

[
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Taking Runs ~It 1 part of the prmaple of this ppuatus thit 1+ hitetal movement of
the preatlel wores from one dnsien of the limh to the next should be wcomphshed 1w 1
complete revolution of the muctometer hewd  [his should be tested occsionally hefore
hegmning work , the tost 15 called « tihing runs  If the mem of two or three runs does not
dhffe from the propet wmount b mote than 2 or 3 reconrds, the crror for topogrypluenl work
muv Jeneglected  Should there be 1 Iirge uror, 1t mens thit the microscope 1s not properly
1ljusted

Adjustment for “Run”~The wljustment will be descrilel s applie 130 25 Mre
mictoscope theodohite b Messrs 1ronghton & Smims — (See Phate 111)

T'tke run~ four tunes tich on cath micrestope  Determine the erron of the muan of the
two mucroscopus, Wl coriect this by altering ome nuerostope twiee the wmount  Thu
suppostng thit the mew of two microscopes, mste wl of reubing 10 1 truersing the wires
from onc division of the hmb to the next, rcads 10 5, correct one of the mrcroscopes so thit
it shll read 10 Jess than ot id mov run e the e of the lmb m the field of the
miro cope must be dinuntshed in size

Now f 1t 15 wished to meieise o1 dimnash the power of the micrescope 16 wall Je
neeessany to mere wse on dectense the di tance betwecn the oliject glass wd the wires

The micr~cope his it the end v seten o the Jody, 7, o dunping ring cmbrwang the

big 9

object gliss el ¢ and A cell  canving the object-glis the cefl having 1 long seiew cut on
1t for the purpose <f adjustment
First relewse the ring ¢ than move  tonards the hm! af 1t 19 desired to me1eise the
1o uhings then take care to make fast agun
A hetle adjustment for focus will Te neeessuy after every alterition, this 1s deune Ty
relersing the kerew m the aluminium rochet vl sding the whole microscope towards or fiom
the gruduitions as mw Ve necessiry
Tn prictice 3t s found that the mietoscupes very tately need adjustment  Instruments
t this Jdiss huse reeenthy huen much used on hounduy comnussions ind even on whve
erviee Lhar advantaes oser vermer mstiuments wg, thit they e more acurite awd
nere qu bl rewd  vo ot et med to micrometers wonld satlingh 5o bk to vermus
Examination of Theodolite —On recining t theodohte extming at to see tf 1t 1210
rooulorder
[uspect the stan 1 nd sec thit there 1s no e s iy part of it When the fuet ue
b wath metdd st somctimes b ppens thit shankage of the wood Allows o little pliv am one
ef the feet whic 1o quite cnough to vitite the obsers sttt ns
The theadohite Bon show 1 b opund, the postiens of the objat md ave endds of the
tlose e markad on tle Tux, and the Lhiees of the ta,

ont seeews of the upper al
It Gty soted © it fa



Setting up at a Statlon —Suppesing new, that the obeaver his toichad e statien
of doman cwirh bemstrnwent * 0 The bt thieg to dots to pluc the stand withats logs
v le et st pve 1 tem Tase and wath it centre oty over the station dog ats head
Teong oo narh Jeved ae the v Gl Duet the grooves of the tibrad, md having
tahencuttle ]l wer petr nef the thewd hte romamnrtng als ncto holibat by the stiongest
frerte —plaec st penth on the stan Do L dbanpoat to the tnbrch

Toae well ot thie strse o v the upper plite approvimatds, s oats quite possible that
1ta oneecars foalter the pootin of the ke smoarder to ol Tangng wadue strun
antbe fort e one I the Joas rcmoved cire st b then to hegp the instrument centrerd
avertbostan nd t

Havar zantred a1 oagproamady losdled the dowar portion of the theadolite, open the
dote ar Tduet the Y ampperts o f the tramet ovs of the tlescape Dike out the telescope
wape th e tmnsit ants ond fower it aonth oo the Yoo dne the doats ind sacw them down
Cabe the ap ot the ol pectgiss ] fins the whe ope Dust wath csoft s b binsh
e bozatd anl serty b andes Ser the sorme of nacrese pe losee Mike gate s
that thercae no sl cm o part of the thosdalite ot <tued il that the foes ot che Datta
tet g e Crenn ] mte wh bothere eono o of thor anking dazimg the absery ations
T L en o marshy sk Banan v g hets on whe bode foct of the theedolite s st

Sec thiat the tangent = tows are moabent the contre of the en

By Anrespwas o i Ty ores

Adjustments of the Telescops, Focus and Parallax  Ee tocus the telescope tust
temove the aap from the olguct gl 1 thes m ves on chge notamauk s necessuy , hut
o at padls oF e must Te thean todim wowath L saewing ap motion: te wod iy ehan e
of the object gl b partindly uns rewe |

The telescope rhout Laow Te ponted to the <ky upel the eve prece pushed o pulled
cut ol wath eaesang upsoeten mtl the wies we seen wath patect distictness

Lhe tedes ape 1 now directed en to some distint auel wedldehned object nd the object
glisamoved mor ont unt! distinet v s o tuaned . When ths b been done  the four
«f the (bjeet ghiss and the ave prece shonld comuade on the plang of the wires

To teet the focs, more the (3o shightly to one side wd note af thy ohjet ppears to
mone reditndy to the wires I 1t doce not nuve the foons 13 perfect but af there 1
worvenent, 1t s due tompatet £ awm gandle , which st he ciminated before observng
s~ cammencad  Fodlleet this note whither the objut moves with the ¢3¢ 1 ogunst b—ee
if when the (ye 1~ moved to the Teft the obpet moaes o the left or to the 1rght of the
wires  IF the forma, it shows thet the focus of the objuct glassos Tevond the wines and the
obgeut glass must thaecfore b bronght ncua to the «fsava It the Litter the focns 1= too
ner, and the object gl must b move 1 finthu out

From what hus heen sud above, 1t wall e scun that the propu position of the eye prece
vanies with the ¢yesight of the idivadudd obswrsa, but not with the distue of the object
while the poation of the object gliss 15 wnficeted Ty the cyesight of the observa It vutes
with the distinee of the ubyect

The object gliss, howevar will bo et 1t the sume position lled (e o cle fo, for

Al objects #5 fur dstint that the 11ys fdling on 1t fiom them muy he tthen as practieally
pardld to one another

In the cise of 1 theodolite of the cliss descibed this ipplies o all uljects not less than
hif « nnle from the observer  but for neuar objects 1t my distuee over 230 y uds the
chnge required 15 vary slight

® Lorvery acewrate work with Luge sty ients 1 olated 1illary wr bl T this case 1t 1 nvermed t1 1t
the Jige of the et i d rost upon the witurt sol or 1ok
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Talang Runs —1t s part of the prnaple of this ppatatus that  litenal movement of
the paridlel wires from one divasion of the imh to the next should Te tccomplished m
complete resolution of the micremcter hewl  Iins should be testad ocersionilly Tefore
heginming work , the test 19 clled  tdang runs If the mean of two or three rums docs not
iffet from the proper amount In moie than 2 or 3 sceonds, the crror, for topograplieal work
mu he neglected  Should there be v large error 1t means that the mieroscope 13 not propurly
wljustud

Adjustment for “ Run”—1lhe adjustment will be descatbel s apphed to v5 Micro
mcroscope theodolite by Messts Lronghton & Simms  (See Phite 1IT)

Cuke tunw fown tines cieh on cwh nuctoseope  Detetnume the ciror of the mew of the
two microscopes, wd cortect this by altering one mucroscope twiee the amount  Thas
supposing thit the mewn of two mictoscopes, mstead of revding 10 1 traversing the wies
frem one dinvson of the limb to the next reils 10 5 , cotrect onc of the microseopes so thut
2t <kl 1oad 10 less then it bd o rnn 2¢ the muge of the limh m the field of the
imcrosee pe must be dmunishod 1 sz

Now f 1813 wished to nerewse or dummsh the power of the mcroscop, 1t will Fo
peees iy to mercwse on dectese the distuee between the object gl s aned the wies

The micro «pe hs ot the end « seren m the Vodh, 7 ¢ ddunpiag ring umlwang the

kg 9

olject gl el and v cell d eurving the object pliss the cell hiving v long scew cut on
1t for the pmapose of djustment
First relerse the ring ¢ then move ¢ tow uds the hmb af 1t 13 desired to ncrese the
reading  then tahe cue ty mihe f1at agun
A el adjustment for focus will Te neces uy after every nltertion, this 15 done bt
rederamg the serew 1 the Aluminum socket il <liding the whole microscope tow ards or from
the grideitions ay may Te necessary
In prictice e found that the mieroscopes very 1uedy need adjustment  Instruments
f this chiss huve reconthy been much wed on boundary comnnssions and even on rwtnve
eraee Thar advantiges oser vermer instruments ae, that thay are mae sweurwe wl
more qun kv rewd noone acanstomed to nucrometers would willingly go bick to vermex
Examination of Theodolite —On recning U theodolite, exqmme 1t to seeaf 1t 35 m
aoewdonder
Tnepect the stin L and see thit there 19 no #ldane 10 any put (it Whon the fuct we
st wath metil at xunctimes happuns that shrank iz of the weod allows v hatle play woone
ofthe fuat which st an b te vitnte the of s tticns
The thadolite Tu whenl 11 openud the pouttens of the ohpet mnd ye umds of gl

telews ponyehed o the )
X, b the plices of the tingent serews of th >
ites Carcfully o ted i e b



1n

Setting up at a Station —Suppreang now that the obsavar s roehed the stitwon
il van mwath hestrunent * The et thing o do ss to plue the stnd with ats Jogs
wrdcapurt, s vas e e Tuse an b wathats contre ety over the stition dot s head
Borgasroeh fowd o the avc an prbse Dut the qrooves of the tnibroch, und havang
tshenout the baver promta o the thesl Iite rememboring abw vwz to hold ot by the strongest
et —ptaecat ooty on the stand an Ldhmp e tho mbradh

Tt wel st s etanc to D e apper plite approvimintdy, as at s gate possihle thae
N b secsary toodta the poston of the ks onler to word banging undue <tiam
srethe foota rewe I the Do arcmoned cire mnst 1o than to heep the anstrunens centred
e ot nd oy

Haoanz aontred o d g prosmnatdy loveled the 1w portion of the thewdohte, open the
o e Pduat the Y sappertsoof the tanot s of the tedescope Drihe ont the tdeseope
sape the tmar et vus ol Doverat Genthvante the Yo e the dos aud sorew them down
Folhe the cap oft Coby st ples el foons the tdoaepe Dust wath ceeft condds b brash
b b oz ) b overtiad ar e Se the vernier o madescope donses Mihe quite sare
hartborc e n Jahom o prt ot the dweslohte o sted el that the et ot dhe hitta
[aring the obsery stions

rest npen irm Crcnnd o whihothadc s ne e of thar anking
To 4 weme or myarshy <l B ron o hets cnswhn hothe foctof the theedelite moy rest
Sev ! atthe taeant crowsar o bt the ventre ot thar uns

It Noesiwests b ook burononne

Adjustments of the Telescops, Focus and Parallax Lo tocus the telescope finst
rumove the cap frony the vhyjectgliss IF thismnes oo clinge no tamuk s necessary , hu
ot palls off carc nuet be Cihen o Ihw e wath o sooungnp motion to vl any chatce

faheod g Cplos Pan, partedby mesaonal

Hetdes epe bl e ponted to the sky ol the oye prece pushed moor pulled
cut abaewith csorewang g metion antil the wies uc cen wath petect distinctness

Ihe tdescope s e dhnccted onte some distint ant wedlddfined object ind the ohject
glecmoved moor out untl distinet sty ol taneed - When this he Teen done  the fou
of the object ghies wd the Gve prece should coinade on the plane of the wires

Fo tost the founs move the eve shighth to onc side ud note ot the objes ppes to
mac reditnndy o the wies 1t does ot meve the focns 8 pufect but af theie
movement 1t duc tompatect bocas or g onalle which it be diminated bhefore obeervang
s ccmmenced Foflut this nate whetha the abject moves with the eye or qgunst it—v ¢
f whan the v s moved o the Titt e object e ves £ the It e te the tght of the
wires 1§ the Garmet, < we that the foons of the o Ject Jlssos heyond the wines and the
o ject gliss must thetefore e bronght noua €5 the slsaser 1t the htta the focs 1= tno
near, and the object glass must he moved furthear out

From whut ey been suel thnve, 1t will he scen that the propu position of the eye pleo
saries with the eyeught of the mdividunl obwrver hut not wath the distance of the object ,
shile the potion «f the object gluss 1o unftected by the ¢yesight of the observer, but vazies
with the distance of the objeet

The olject glasy, howerer will e set b the sume position, cdled &l o ol Joun, for
Al ohjects o fu distint thit the 1igs tdling on 1t fiom tham muyy be tahen as practically
prallet to one snother

In the casc of + thevdolite of the clss descrabed, this apphes to all ohjects not less thin
half u nnle from the obsetver, but for neuer oljects 1t my distince over 230 yards the
change vupured 13 very shight

* Lor sy ucewrute work with Lirge tnstrumcnts solated pillare urc bult Tn this case 1t b9 useumed Ut
A1 ks of t1Cstand rel wpon the btumi soil or rock
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When the proper adjustment of the ese-prece wnd of the object glass for the <olar focus
huve bean found 1t 15 comemient to mark the tubes, so that on <ubsequent oceasions foens may
e found 1t once

Adjustment for Collimation 1n Azimuth—4 theodohte 15 sud to be colhmated
sy zmuth wha the i f cdlierte wy 1oy the maginary strught hine joming the nter
suction of the wires ind the eptieal contie of the ol Je t glise cats the transit anis o1 axis of
restical motion 1t 1120t wigles

Tnfig 10 let # denoto the trwsit vas, then when the lme of collmation, which for
“hortness aall ¢ comades with the perpendiculir to #y, o1 the line yp, the mstrument 13 1n
collimition  wd if the telescope e mde to desenibe v senmeircle i 1ts Y w, 1ts lme of
collmtwn produced wall piss through the semth, descriling v grew arcle  But 1f ¢ he
reprosented Dy oy then the sumarde traced ont wall Te represented In oy the fuse zentth
Temg 3 while the ue desrabed wall Fe thu of ©small arde Inother words, Tn dinging
Fue, the ohjeet end or vy will atme w oo, while the wates, o, will desailie 2 <milu amall
arcde med e b Wlence i wy obiject an the hotzon gue « hotizontal teling b face
left «f @ el than the prvots of the istiument T changed nd the teleope be turned
«nthaently m wmuth to mteiseet the olject the twe 1cwlings thus obtuned will asterd of
ceieth comuding disgree by oy

vi
Ihe ensor m collmsition wall, therefore, be —' — o *

I reyglion of the Dy litgin —Befote entering into the methods of collimating, = short
de~eription of the diwphiagm 1s necessiry

The wires the ringement of winch vines in diffierent theodohtes, ate attiched to a
metd ring o1 diaphrtgm, whose powition m the tute of the telescope can be regulited hy

Yipo

X!
g 10

mewms of fowr <t badad saens, 6,1, ¢ d (e ig 11), which pass loosels thiough slots,
S, an the tnle o s toallow the diphigm te be moved s requued  kach «f these slots +
Cnared by vl phite to cvdade dit

Tt s nleessary to move the dnphrigm tow uds 1, loosen the serew v uud sluhen th
saews cand 4 than Tn strowmg bt the tud ¢, the drphrigm < drown i oats diecction
Whenat s Teen moval suthaotiy, tighten up the thiee saews ¢ ¢ o

I mordimnwy eve proe s used wath the wanl pnating tddescope with the realt that
the am e s seen upade down, it must be rememboed that, of the object that e to e

mtersected appows 10 the It of the wire the wire nst 1o slufted to the deft and the
dnphrga mosad acordimgly

S Athoablterrnttobofucleftor f cemlt wlu 11 vertinl cnle won the obr riers left or mtt
Facerscluegal 1 ens g b tele cop through %) deprucs vertiealhy e s to bring the ol jeet ghies where
Meevepuees wie Bl re I row the ar trunart is tumed mowzimuth so vs to 1 _ the eve Jtece totl e

olwerery eve the vertinl cinde will be founltotewun th (e e sl to 1! Lt oocuy ol prevt by sl
et U Veituryer



Methods of Collimating in Azimuth —licre ue thice nthuds of colliiting

azrrth

M Py Qg poete Thie proess wonhl Te wsed for il et theodohtes  the
telesnpe of whach cum t novalve throngh 1 eomplite vartieat erde

() T amzng friee Thicas applialle to these theodslites only whoee telescope ean
revchic thro b acomplets vortial arde (e transat theodolines)

(0 Py G cmethod Tlos s applichde to dll thead shites Tt @t tequines two otha
theope tucd with roes wircoat s comparatndy sokdom voulibde and will,
th o ~fome not b treaed of further

Ch oatrglothamme s Fact Throw apen the dows wd ee thag the elip serns of the

oy amn ate Tandy Ty thar b abder ind o morc Interseet the ohject wzmuthally,
vine b reulme thang care tha the dumps re holding irmly  Neat, release the chip
< rens rarethetelescepe gently and revolve the trinset ws throngh 180 degrees, so that the level
e unlenesth, lowans the mdey arm and chip screws upwards  Itephice the telescope
~enthwith the pucte changed an with the ohject gliss sull pointing tow s the object  If
the wires i this ke v | postion of the teleccape still intersect the ohject, the instrument 1s 11
cllmnten af net eomplote the mterseetim by the tgent serew of the upper plite and note
the & ond readine St othe metrum nt to the mewn of the two readings, and then, loohing
wter the tdeseope mmne the diphragin by at vollanining srews ¢ 7o 4, fig 13, unol the

e 11

wites zunantersc tothe olge t Hepow the proces mnul the terscetion ren uns const it
wdimang pvets romend cong ot hof die ipparantas the icil enon *
Cf ot plytbpey oo —Intasect und actc tho reuling of oy fived object chunge

faee mrercct nd rcud igam The two e langs should dhffer by exactly 180 dences  If they

do ot the trior 18 corrected s ko

In collmnting by chinging fiec vy anons that may oust i the gridnaton of the bl
e imvolved an the process

In collimting w nstrument at 1+ desrable that the object slected for miterwccnon should
Tt such distanee that the ol ject s e set to the focns whidi will e employ ed duning the
il «cquent obsers iions, 14 the hne of callmyation 14 hable to he distorted when the focus s altered

To make the Vertical and Hornzontal Wirss respectively Vertical and
Horizontal — \s the correct pautims £t thest wires ue cut on the diaphrigm Iy the maket
ro that the Lines cut cach other at nght mgles 1t follows this to awdjust me wirc 15 to wljuse
Toth, and this mas e donc Iy the following mcthd —

Leved the mstoument with g, intarsect my smul well dehned object with the vertietl
wite, md see 1 3t continmes Tnsected adong the wire when the telescope 18 moved in v vertical
pluie  If this s not the cuse, the colimeting strews must be shichened sufhaently to allow
the duaphrigm to he revolvedt until this condition 13 secured when they st be agun

# The sume resull cun le obtoned by estumatirg halt tle enor as it appews jn the telencove and

dispesine with the readings
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tightened Tt will now lie found thit the houzontal wive, 1f properly pliced Iy the muker,
will contime to Tieect wn alyeet on which 1t has heen placeil when the m-trument 15 turned
m wamuth
Levelling the Theodolite —Tlus consists e miking the vertieal s tealy perpen
healar to the horizon
Place the longer of the levels o, of the horizontal plate prrallel to wy two fuot serews, ¢, ¢
wd 1y amtibly turmng these Ditter hring the hubble mto the centre of 1its tnbe  In dong
this the ohserter must remember tways to turn the foot serews 1w opposite directions, that i«
to #1y to work hoth hands either towards or w1y from lmself  Then turn the uppa
plite 120 degrees i wzimuth  Supposing the bubible to occups 4 dufferent plice from what it did
hefore, move 1t Iy mewns of the stme two foot screws mnto the mewn of these two plices, and it
15 evudens thit of the upper plite be turned another 180 degrees until 1t occupies 1ts origmal
position, the bubble will continue to occupy that mean place, called the ser0 of the leeel Now
turn the upper plate 90 degrees m azimuth, and by mens only of the third nd hitherto
nnused foot serews bring the hubble 1nto its mewn place
Ihe mstrument 18 now pproximately level, and the above described process must be
continued until the level remains steady 1n whateser dircetion the telescope may be pomnted
The mean plice 1s not necessariky i the centre of the tube, Lut 1f the deviation 15 consder\hle
the hubble cin he Trought nto the centre hy mews of the two driwing screws whieh
ecure the level to the hotizont:l plite  The length of the hmblle vires inversely as the
temperature nd consequently the positions of the ends of the hubble alter with a change of
tempetature It 13 conventent to h1ve one end of the lesel murked and to watch that end
uly while levelling
The levelling 15 now 13 perfect s 3t cwn e made by the body level s the level
wttiched to the mioseope ums s usually more deheate the finil levelling cwn be completed
with this by bringing the bubble approximitely nto the centre of its Tun by the chp screws,
and then proceeding cxactly s al ove described
Level on Microscope Arms —If the level 15 on the vernter or microscope arms, 1t 15
neeesaary to hueat well wdjusted
o do this level the mstrument  bimg the Tubble mt) the centre by means of the ehip
~crews /7 mterseet the of Juct id note the texding  chinge faee nd set the bublle by the
«hips w Tefore and mtersect 1gun The mean of the two readings will he the tiue eles wtion
Set the vertieat atdde to thas 1erding nd mter ect the objees by the cip sercws  wnd, heepingz
the metinment (hampe 1 bung the Tubble of the level mto the centre by mens of its driwung
wrews It clow thig where the error 15 small the discrepwney hetween the two fices may
Te ehmumate Lin vamnlu wis to that nec b for colbmationain itk But the method pnst
desenl e 13 better
When vl s cunad mthovamia ams of the vertied hmb at s desirable to kaow the
vatue of the lesel sle £ the purpose of correetinyg the ohserved veruclan les  See p 19
T Tee bt [radt fns Tevel the upper plite  Plice the striding level on the priots
wl Ty tappmz it ganth wdew s Tnng the hulble of the Gows level into the centre of
"L ran
When the bnd T1C of the strelng loved 13 stoady, eend md eegister the number of the lesel
setde at which one wnd of 1t stands <2y the end nearer to the cross Jevel
Now reverse the luel end for end, eross level read wd regeter the same end of the
Jabtle as beforc I the trinst asas 1s level the sunc end of the hubble will re  the <ame
onbethoccisims I st does it rewd the sime, half the apy wrent 13 the reul ervor, which cw
be ecrrected 1y the eapstan heuled serew, £, wiich 1 uces or lowers the Y hovet
Unle 3 the error of collmition wnd the dislescIment of the tranat ans re very uge, it
15 better not o try ta correct them, as therr effcct can he eltmmated By 2 stitble method of
(beervats n
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DrTirvnaTion o Vatur o1 Osr Diviston or Lmivrr Seur

The level 1s wnally graduated, Vut, af not, make a paper seile of equal puts, reading
ontwards from the centre towards hoth ends, e piste 1t on to the sule of the level, so that
the centre of the senle carrcsponds with the centre of the run of the Iml ble, assuming that the
Tevel 1~ on the vermier s (151t 15 onby an that position that 1t affords « mews of comecting
the vertieal anzk), by mens of the chp serews move the Tubble np to one end of 1ts run,
~av towanls the alject end, so that the objet end of the hulible corresponds approximately
with the extrcme retlng of the reale  Inter et with the hartzout d wire some conement
ohyeet for o erving Reud nd recoud one end of the hullle, siv the alject end, wd the
vertieil e Now Ly mems of the chp serews hring the bal ble bick towards the eye as
fir Wy e, tthing care that it s rodhy flnting wl sathim the qwdmtions of the scile
b ontersect the <ame wljeet 1s Vfore, el record the sertial wile aned the reding of the
ol ject e of the Tubble it~ new postuon The diffiaunce between the two readings of the
ohje tend of the Tublle mes the didevelment n terms of divisons of the seile, nd the
diffirence between the twa vertie d angles (nves the sune disleselment i mmutes ind seconds
of e Duahns this an_ular med uronent by the vumber of divistons of dislevelment yon
oht un the vilue i are of one divison «f the sede

I'tms —
1lev ation Olyjeet end of
1 ubble
i
{ 1<t ob ervation 7 28 18
[ ond T 0 o 5
\ Difference 0 3 28 13
208

13

. Vilue of one diniston = = 16

This operation mnst 1 ¢ repeated severd times 1 order to get 1 good mew value  The
Lutble of 4 lavd 13 very susceptible to changes of tumperiture so ewe must he tiken thuwat
19 wot exprecd to such chges wlade this operation 13 bung puforme ! Should there ba any
chance of the 1ubl le alterng 1ts length while you ue diterming the value of the dinisions
of the se e, 1t will 1o neecssary to read and record Toth wnds of the Tubble  In ohsersing, s
desenibed prestonsly for cich vertiod] an le tihen, the 1adings of hoth ends of the hul ble
must be recorded  foapply i1 oo ¢ fiw the tule 15 15 follms —

Diude the diffironce Fetween the sums of the 1ewdings of the o] ject end nd eye end
by the total number of readimgs wnd the result will Te the distevedmunt an terms of dinasions
of the scile  Multiply this resnlt by the angulu value of one division of the scale i you
oltun the wgulir correction for diderclment to Je apphed th the mew vertical wgle
Suppostng two obsers tions e tken to 3 point oue fiue left md one fue right and the
resdings are s follows —

\ 0 1
15 5 b
FI ; 7 6

12 1

(6455) D
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Bhtened Tt will now he found that the henzontal wire af properly phwed 1 the malker,
will contnme to Wi ¢ object on wlich st has heen plicel when the m-trament 1~ turned
- vmith

Levelling the Theodolite ~Thie conaists 1 making the verncil axis truly porpen
dunlar to the horizon

Plce the Ienger of the liely, g, of the honzontal plate parille] to any two foot serews, e, ¢,

wiel by sutably turnung these itter bring the hubble anto the centre of ats tube  In doms
e the ebsorver mn t remomber Always to tirn the faot screws tn opposite directions, that s
to #1y, to work both hands ether towards or wy from himself  Then turn the upper
phte 180 ddc rees in zmmuth  Supposing the bubble to oecupy 2 different place from what it dul
Defore, move 1t by means of the same two foot <crews mto the mean of these two places, ind it
1e (vident thaitof the upper plite be turned another 150 degrees until 1t occupres ats originid
position, the bubble will continue to occup) that mean place, called the ero of th lorel  Now
turn the upper plite 90 degrees n azimuth, and by meins only of the third and hitherto
unused foot serews bring the hubble wnto 1ts mean place

‘The instrument 13 now approxamately level, and the above described process must le
eontinued nntil the leved remuns steads m whatever direction the telescope may be pomted
T'he men place 13 not necessartly n the centre of the tube, but if the deviation 15 conaderile
the hubble can be Trought nto the centre 1y mens of the two driwing screws which
rernre the lovel to the horizontdl plate  The length of the hubhle vares inversely s the
temperaturc i consequently the positions of the ends of the bubble alter with a change of
temper iture Tt s consentent to hue one end of the level marked, and to watch that end

uly while Yovelling,
The devedling 1s now w pufue s 16 e he made Dy the body level  As the level
wtuhed to the microscope arms 4 usanlly more delicate, the final levclbng can be completed
with this ¥+ bringing the bubble wpproximately nto the centre of its run hy the clip serews,
anel then preceeding cxaetly s abose described
Level on Microscope Arms —If the level 13 on the vetruer or nueroscope arms, it
necessiry to huve it well wdjusted
Lo by thie loved the tstoumant brng the hubble wto the eentre 1y wewns of the ehip
sreowe /7 mterse tothe o jut and note the 1eading  chnge fiee andd sct the Imbble by the
cips o T dfore mdantosect agun The meawn of the two readings wall he the true elevation
Set the varnab arde te this revding and anterseet she object by the elip serews ind, heeprng
the mstiument (himped btng the babhle of the level to the centre 1y mews of 1ts drawang
wrews Jts dou tht where the aror 15 small the diserepancy hetween the two fiees may
Tochmmuad me camdu wn b that weed for collimation in zamuth - Bat the methed just
deseril e s hetter
When v leved o cunc b mthe sama ans of the vertie d imb g as desiihle to know the
salue of the Jovd sy, £ the puipose of correcting, the observed vernical angles  See p 19
T Le 14f dvrst dis Tevel the npper plite Place the stnding level on the pivots,
wl by nappeng st ety sideway s b, the bl Ve of the aow level mto the contre of
AL RITE

When the Tuld e of the serihng Jedd gs st wly, 1ead e register the number f the level
= e at which ane ond of 1t stands gy the end neirer to the cross level

Now reverse the Toadd ond for ond, eress lovel sead wd teginter the same vl of the
Pl ble ns Before TF the tranat v Tevel, the same end of the Iubble walt re d the same
ot both sceons Tt does not roul the game, half the ipy went 13 the redd error, which ean
be Curre ted By the eapstan hie Ted seres, &, which 1 uses or lowera the Y dove st

Unlees the error of collimation and the dislevelment of the transt avis are very large, ot

w better et to try to ocrrect thun as thae oficet e Te chminted 1y a swtable method of
«laervatim
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Drorvinamos of Vatt) ofF Oz Diniaw or Tovgr w oo

The level 1 tually gruduated, but, of notumake a4 pajen o Inof o) 0y w0 e .
outwands from the centre towards bath ends, and juste it ot the o Taeg 1ot ., o
the centre of the <cile corresponds with the centre of the run of thel 140 -t .
Tevdd 1s on the vernser srms (11t 1s only i that poutton that 1 A7 « V4 50 ¢ ..
the vertical anzles}, by mens of the clip ccrews move the 1111, Tpter re tad
<ar towanls the objeet end, <o that the objeet end of the Tuble coevraps 1. P
with the extrame roding of the ccale Interscet wath the hortz ntsl wire o 4 4 5,
obyect for olwerving Beoud and recond ane end «of the 1uM i, aay the o3 v, v
verticil angle Now In mewns of the hip cerews, brng the Tl by x.‘-- t oy, .,
far wyonan tiking cire that st radle Goting and wathin the srulneg 006, ,
Be mtersect the came abyeet s Tefare, md recond the vartt dand b g o, .t
ohyeet end of the bubble mats new postion [he diffiran © between the e, o0 1
ohpect end «f the Iubble gives the dislovelment i torme of diva neef ey 5y«
Aifference betwean the tvosernol males g the same didosdment 1 gy Weaa |
of are Divding tas ancnda mosuramant by the number of divieong fd 10
ot tun the value w are of one diviaon of the sade

1
3 .

e,

sy

Thiuzs —
Hes Oljcet nd of
[ENAN
1st olservation T3 In
2nd N T 0 0 5 |
1 Infference 0 3 I8 13 |
‘ Valne of one diviston — 2?‘: -6

This operation must be repeated severil times i order to get v good mean vlwe 1y,
bublle of tlevdd 1very susceptible to chinges of tampea g, <o cure must b, Cihen th
15 not cxposed to such chnges while this operatton 15 bang pafomed  Should there by, "
chnee of the bubl Lo dicimg ats length while yon ue determinng the s ilue of the diny "
of the se e, 1t will be necessary to rewd wd record Dot ands of tht bubblc Hons
deseribed prestonsly for eich vericd an le taken, the yevdngs of Loth end
st be recorded  Joagpply e easeey nothe rule as s follows —

Diade the difference Detween the sums of the rewdimgs of the ohjeet end eyc rnd
Ty the total number of rculings and the result will be the dislevelment 1 temms of xh\m.,:(
of thu sedle  Muluply this result by the ignla yvalue of one division ¢f the s de, il 'Il\s
olitain the wgulir correction for duslevedment to be wpplicd t the man vertic o] mi. |: 1
Supposing wo observations e tiken to  pomt one fue left ind one fuce nght, g the
redmgs are s fullows —

In olservng,
> of the L

1y
e

o L
'L 5 N
FR 7 G
12 14

(6455) >
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In this case the sum of the readings of the eye endsexceeds that of the olject end
Ly 2 The number of revlings of ends of the bubble s 4 So to get the disleselment m
terms of diviston of the scale we must dnade 2 by 4 =1 Suppose the value of one division
of the level scale1s 16 seconds, then to get the correction we must maltiply 2 by 16 seconds
— B<cconds  The 8 seconds of are nmst be applied to the mean of the two observed angles
Wath regard to 1ts sign, the eye end hemng i excess, the correetion must he subtracted from
w clevatton and added to 4 depression  If the ohject end were 1 excess, the process woukd
of conrse, be reversed

O-TL

number of redings

1f the level grudnations read from one end and not outwards from the centre, book the
redings of the zero end a3 neitive, and then apply the above rule

Method of Observing Horizontal Angles —Olsersations taken to clesated objects are
subject to two grei sources of error, viz, disleselment of the tranait avis wd w it of ljust
ment of the line of eolimation  These ewses of error are generally lrge i small instruments,
md dthough Qpible of rectifieation, adjustments do not long remun perfect, henee the s stem
of ohsers iion shonld be such 15 to (ineel these errors  This 1s attamed by chinging fiee, te,
Ty ol serving the sme angle with the svertieal arele or face alternately to the left and to the
n it This system should he wdopted in all theodolite ohsers itions, for 1t 1s as effeetnal 2s 1t
1 simple

The wgles wt 1station are tthen thus  supposing the ohserver to he at B, and thatat s
requirad to ob erve the igles to the aamils at G, D, T

Generilly correction to altitude — + % valne of 1 division

D

B

g 12

Clunp the npper phite to the lower huwing set A vermer or microscope to hout 0° on the
honzontd b Toosen the lower dunp ind turn the whele mstrument till station G comes
into the fichlof the tele cope, now tighten the lower cdunp, wd mterseet C with the lower
tangent seres , see that the sermer still raads abont 0 Now loosen the upper clunp wid turn
the npur plite wd telesecope completely round tll C comes 1nto the feld of view, tiking eire
wet Gy overshoot i, chimp the upper phite ind mtersect

e 11 off both vcrmers or mterescopes and enter 1 wgle Took  The rewhing of A vermer
b ull be thontiedd with the scang IE the diffirence 13 greter thn cin be accounted for by
a shht ddforence m the interseetion, there must Te ¢ defeet 1n the instrument, which shonld he
wumine!

New e the upper climp, and turn the telescope on to DD, elamp intersect with the
upper tngent & eew wathout overshooting  Heud the vermcrs or mieroseopes, and 100k the
reulings Tt the same [rocess wath 1, and so on, with 4 contin s moy ement from left
to rpht thios tormed “swanging right”

1t s ponenally desimtle to interseet the scero station agun at the end of the swing, so as
trdetect any movcment of the mstrument which miy have ocenered 1§ such has occnrrerd,
the ubervaty ss mnat e then azon Inosome survey s the starting pomt s allad the RO,
er Doforming O ject, there 1m0 necesity to nse this term i tope geag hicd work
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Suppose that during these obeery stions the vertreal ercde hid heen to the 11 ht of the
tele cope, this set would he descrihed a3 one round of wigles, face right swing right, on
7en 00 The zero or arc s the setting of the first statton or signil rad during 2 round of
andes  In the geoditic trimgulstion of Burmy, for mstanee, the suceessivo rounds of mles
were taken on the followme zeros 0°0, 20° 1, 40° 2, 60 3, and o on, 9 zerosan all  The
ohject of hunguiz 7ero 18 to mimmize the effeets of errors of grulaition unl to prevent my
s due to reading the same angle const witly on the <ame portion of the are

The numbcr of chinges of faee, of swings, and the number of zeros will depend on the
cliss of the work

In geoditic tnangulation the numbcr of zeros wall probably ho b lewst 6, with 2 fiees on
each zero, 2 swinzs on ewch face

In secondiry work prolally 2or 3 zcros cich of 2 fices ind 2 swins

In tertiiny, 2 reros, 2 fiees, 1 swng on Crch frec

in topogmiplicil work the numbers wall asturdly viry with the tme wulible The
followang svstem s generlly smt ible —

Zero 05 FR,swimg i,
. OFL, |, L,
, 3»,FL, |, L,
. BLER, R
or 4 rounds of m_les at eich statiom
But of ime does nat dlow of so many then

Zero O, FI, swine R,
. FL o, L

The reason for tahing 33 1w the sccond zero s that, whether there ue 2 or 3 mrcscopes
or sernry, they will not fall on chingng sero over the smme put of the we  But oy
wlitrry chinge—not 60 nor 180 —will do

Method of Observing Vertical Angles —To sbsuse sertical mgles sie thit the
mstrument 15 perfectly lovellld  Dircet the telescope on the object fewing the honzontil
damp free, (himp the vertieal urele when the object comes mte the ickl ind mtersect with
the tangent screw It 13 generdly convemunt to antasect wath v portion of the hotizont il
wire 1t one side of the mterscctim of the aosswnes  If this s done cie must be tiken to
mtersect with exactly the same spot on the wire when the telescope 1s 1eversed on ch mging
face, remembening that if the spot appewed to be on the left of the centie B L1t wall be on
the nght when the object 15 observed B R

Read and record both the vernters, noting 1f the ngle 13 m ey stion o1 1 depression  If
there 15 1+ levcl on the yermer armis, enter the readings of heth nds of the bublle under the
headings of O or object end, wmd I o1 ¢ye end

If the object wis mtersected from of »  the first ume 1t shonld le intersected fiom
below when 1 second obseryation 14 tiken

Now change face wd observe the object F I mnexaetly the sime mumer The me w of
the FL and TR olsery itioms should give the tiue cevition or depression  If howerar,
there 15 2 level on the verma wms and the swmn of the readings of the two ¢nds do nnt
exactly igree, 1 correction will huve to be wpplied  See p 20

The hetght Whove thar stition dots of the istiument el of the objects observed shou) |
De entered

A vertical angle 3s of very small value it 1t has not heen observed on both faces

Generally, when taking horizontd angles lewvo tho verticd e unclamped, and when
taking verticil angles leive the horizontal irc unclunped  This imphes that the borsont 0
and vertical angles should not e taken simultineously, and that the olject should poy T

(5155) b2
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ob erved on intersection of the cross wires hut sepiweately on vertiedl ind horizontdl wires
If time presses, however, this restriction may be ignored, wd verticld ind horizontl ingles
my be tihen together

General Remarks on Observations —It 1s « generi! rule of all regulir surveys that
Wil the obscrs itions should be entered 1k hefore the observer leaves Ins station A deserp
tion of each station should ilso be entered m the angle Took, m order to enble wiy other
obsurver or the det ul sursovor to recogmse 1t without difficulty

This desenption should coutun not ouly such wformation as would emble wyone to
wentify hoth the generil locality nd the exact spot nsed s 1 station but should lso state
the most consement ¢impung ground m the neighhourhood, wnd the best direction from which
to seend the Ialln the case of 3 Wl statton  The nuture of tho muk left should Jso he
gven md ats height tove the stition dot

Satellite Stations It sometimes hippens that wgles are required from some pomt
stich 18 v tree eteeple temple, or pigodr where 1t 1s 1mpossible to erect the theodohte This
«wse never xeurs 1n geo letic ot good secondary triwngulation, 1ut 1615 not very uncommon in
rynd work where the stitions huve not heen lud out leforehind, imd the obscrver s
dependent on nitural objects for lis marhs  In such cises the theodohte 1s sub up 2t the
nearust conventent pomt called v dellite fatwn, 2t 1 <hort distanco from the object, wnd

A B

s T

Iig 13

the ngles tiken from this stiton (o afterwards Ve rudiced to the true vilues at the
abject el

St posng, now thie the trrmgulitor s observed the teunk of 1 tree on the summt of
il ) that on by armd he finds that it s imposaible for him to ol erve with his
the e lite noarar to the tree thn severd foet, he woull put up s theodolite 1 the mest
cmvement phce s nca to the tree s posalle uxd observe s round of ngles s wal,
tihing are e mdule the wntre of the trunk of the tree

the distan ¢ from hi< station to the trunk of the tree
fine waow —

He must 1l o mesare weurately
He ¢ now correct s i les m esther

(1) 1 cnumbor of andes Tone Tean tihen fram the station ind enly two or three hve

Bwen tihen t the trog, el af 1t 18 pesatle to ruse upen the stition + murk
suftacnthy consprnens to to vt e from future stations, ot 1s preferble to correct
thu two or three wales dredy tihen to the trec

(2) 1 enothe other hand enly 4 few angles hue Teen e 1t the statien, and of it
mposatle toerc tomatasu dul ©onark as the treg, than it s wbiasalle to reduce
the i des tiken t the statien to whnt they would Iowe heen b they Fen taken on

the spet occupned Iy the tree This s clled reducty nto the antre

Lot AR be two stat ne from which the teee, T, s Veen o) served, and Tet & bo the
st ner spot wherd the theed Litc was put up
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(1) Tn the first caee the wales SAB and ADS are reqund, the wingles TAD nd A
BLemzx hnown  Dadently SAB = TAD + SAT wid atn SAT = sm TSA i’['i‘ AT cm

computed approcim ity or mesured wath sutheient aecuricy from the workmg chart of
trinmlation
(2) Tt the second eise, which 13 the wand one, ATB s requited  Produce TS to P

Then BSP = B1S + SBT .
ASP — ATS + SAT
Sultracting (2) from (1)
ASDE - ATBE + SBT ~ SAT, whuee ATB = ASB 4 SAT - SBT

Now e SAT ~ s ISy \\’11 + AT buns fourl m wy pprovmite w1y, such o me sy

SE

ment from the et of g wen, ol smSBE an1sB i’ BT hemng found m a
3

tpprouniite was

CoMItTATIONS

Lengths of the Sides Suppose \B to To the moswed bisc © & point 1
sramgalivon the e A B C homes heen b aned

Now etee the suefo o of the carth s cammvad sinfwe the bonzontal mgles at A, B, wc
b Been ob orved an plancs which are very shightly indined to cwh otha wd, of petfec
ob erved, the rumof A, B, aind Cwall excend 180 Ty v <nnldl quuntaty known s the sphery
excess In godcte wid woondus trnngaditton this quatiey s ds ooy computed
subtruted from the sum of the three wgles ind iy 1onunmng vuwess or defuet on 1807 15
wrror to b uljusted by an dlibor e process which will not bee he desctabed

But wm tertiry md topognphicd tnagulwnn the procaluie 15 very simple vig
dnade the oxeess or defut on 180 cqually botwewn the three uigles The mgles th
corrected e the corveet Dangle

By elamentary plane trigonometty, we hue

j_ B md am\
s G s C
e hemg the known Vo
The mo tocomvenent uringenent for loguithmie comput won 1s shownonp 24, t
ends of the haowi sede Tong wntten fitst unl the sttions cnterad m order i the direction
motion of the hands of 4 watch
The other titngles we solved msuecesston m the sime w
It 18 sonictsmis, though not often nuessuy to compute the thud ade of + tiangle
which two sades o, 4, wd the induded inle G vo known  The tollowing fornul 15 used

tn® B~ /‘coh(‘,

2 + b 2
whenee * A By, found and
A+B [
TP

Trom these A il B ue foun 1 ind the tiningle cin be solsed 1 the ordimary way
Te 13 ddestr able, whencva possthle to obtun mote than one value for the length of ~ sic
the metn being tiken in subsequent comput stions



torvt A —(® ML Topographicil Survey, Torm I)

Computation of Sides of Triangles

)
Formuly SmA _SmB_ fmC
a b ¢
g Mean of
2 observed
= Name gl | 8 | Comeaul Loganthme Sides
%, K of station ’:l‘“g,u H ungles computation (log fect)
il 2 reduced to | E
=R centre S
lo, AB 4 1037724
A | Vuenet Dot u6_5) 20 + 3| 950 .9 Tsn 996807 1 1833018 (BO)
it B | tallun 001 29 1% 20 + 3] 933 .) Ian= 9 CHUTO | 4 1827247 (AL)
Stoke Ch 53 30 w) + 3| 5331 2 | Leusec—-10 0047247
‘17“1'951 + 91180 0 0
lo DB~ $ 5323724
D | Noabll st | 56 .8 6 | —10| 56 23 26 Lun— 9 040741 { 3 4854040 (IC)
15 B | Calluny 101l bo 16 20 — 9 851t 17 1eamn= 0 9147170 + 4702277 (CD)
’ C | Btle th 81520 | =0 651517 | Levee=100320,80

’ 1~ 02 =24 tIn0 0 O
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Co-ordinates or Latitudes and Longitudes —The next step 1 the computations 1s
to pat the re<ults i« form which pernute of wceurate plotting, wnd which entbles 2 record to
e hept ¢f the position of each trigonometrieal pomt

Thic ¢an be done In tho wivs —

T By rectangular co-ordinates,
11 Br htitndes and longitudes

1 Rectangnlar Co ordinates —If the distince o1t or west of the stirting pont is not
Iikels to exeeexd 100 mules aned thire i no probalibity of geospliaal positions heme requred
A curitely, nor o f there hung wy fither extension of the tinwmanlion ind 1f the \zimuths
of the <1 1c~ wre not hkely to be wanted, praceed 1 fullows —

(1) Cilenlate by pline trgonometry the lengths of M) the «ades of tho trangles

(1) Sdect e stitn e the munl stition urd the meridiin through that station s the

imtnd merrli, then, treiting the ewrths surfwe 1w 3 pline caleulste the fo-ordinates
«f 1l the stitions, the coondimates buing mewsured long md b nght ingles to the
i) men o thus—

1f 2 15 the azimmth, or true hearing of the firt side AR A the mmtnd pomt, then »y (the
cocnhimate at kit angdes of the mendian) — ABan 2

= Al cosa

s = BCan g8

7 =PCusg

Then coordinites of A e O, 0

}\\huelf ABC =z

» w B, oA "
» wC wontr y-y,8&
All these pomnts e now be plitted with reference to the ymtil pomnt, A and 1ts mendinn

] X 1
) 3~ _3ip

g 14

It 13 ymportant to note thit once the mitid mendim hns been left the angles B, y, &,
farmed Dy the siles with lines parillel to the meridim, e no longer the true bearings of these
Itnes, and shonld never 1 e used 1s such

Tt s clear that 164 chum «f tringles 1ins moan obl jue direction 1t may be conyement to



20

plot along, and at right angles to, 1 hine of known beirnng, runmng generally n the <ime
dhrection

11 Latitudes and Longitudes *—If the distance east or west of the starting pont 1s
Tikels to exceed 100 miles, or 1f the geagraphical positions of the stations are of mportance,
o 1f the azmmuths of tho sides are Bihely to be wanted, or of the trringulation 1s likely to Le
extended i the future then caleulte the hititude and lonemtude of each trwonnmctnml
staitton hving regard to the true shape of the carth, s follons —

It s first necessary to know the Ititude and lonaitude of some trigonometrieal station
and the amuth (1¢, tre beanng) of some vy from that stiton  The Nititude, longitude
and azimuth e either determmed astronomieally (see Chapter NIV ) or have heen brought up
In former trimgubition In the cise of astronomienl determunation there 1s no difheulty
obtaming the required latitude wd azimuth, but the longitude may present some drfficulty,
and w approximate vilue may huie to be assumed  This wall not, mn any was, ffect the
w oy of the work moatself

Suppose now thit A md B ire two stations and that we know —

A~ hintwede of A,
L = longatude of A,
A - imuth of B from A,
¢ distince 1n feet at mean sen level between A and B,
then we require Ay — lwitude of B,
Ly — lonatwle of B,
B -~ azimuth of A from B
Ifweput Ay =X+ 32

Ly = L + AL
B=-4+A+3A
wndf AN - &M+ 8 A,

Al - L+ 8L
AA - oA+ SA,

then it ¢ bo shown that

=Pes A ¢ SA-8A R smA ¢
o= A Q sccdtwm A, | SL=8X &5 cot i,
WA= §Lsin A, SA-8L T,

which ire the expressions used i the form for computition

It will e noticed] that each term ts found conseentively from the prepeding one

The quintiies I Q, I}, 5, T wall be found In mterpolation from Table I The proper
wgns to be gven to oA, oL, &y will be foun ain Tubles IT (4) ind (8)

Examples of the Computation of Latitnde, Longitude, and Reverse Azimuth —
This 13 shown on Form B In this example Sugir Loaf 15 the stition of which the htitude
w ! lon tude are hnown Blorenge that of which they are requred  The distance Sugar
Tosf  Blorange 11 known ind alvo the 1zimuth of the r1v Sugar Lovi—Blorenge o 1avth
frthee praty noacaliays b be reelane ] frors soth g e t

In the example gmven, the longitu le of the known station was we t of Greenwich, and was
thercfore boaked a¢ 4 nestne quantity , etst lonatude 13 booked as 71 positne gquantity
The mmaof the quintities A, &4, 81, R L, &A, & 4 1re to be Looked exietly s found sn
Tallea 11 (1) anl ()

Suppose that we sturt with 2t le ABC, of which the latitude and longitude of A are
Roown, the anmnth of AT, an 1 the longths of all the sides —

Biret compute the Tatatude and longtu e of 13 ind reverse nzmuth BA - Then, In adding

¢ Seoalor Ap e lx U1



Foirxw B—(SVME. Topographieal Survey Form IIT)
Latitudes, Longitudes, and Reverse Azimuths

Statr n A

| Lat of A ()
Long of 4 (1)
“tation B

| 2 BinmA (Y
1 1z AB () i fect
]

r % 9919181
LIRTSIIY 1 98701
loz e 4 303028)
Teda 2 3191127
! Q T pissert
| Dase a 0 29124
. Iptan o 3 3870104
| g5 L 09015 8
Iygeand 1 6907112
Ted d 0 811208)
I 5 37b8
tTasnt 3 3877
i 1.¢ 1 3hub2
f 1o8 A - 06317
’ o 22
1zcot & 1 (1204
- - - .
logd T 208447
T 0 01.v7
log3; & 2 00711
_— = . _
\ N 5L L1 400
3, — 0 3 4308
EIRY -0 0 0w
Tat of B 51 48 042 ¢
2 W3 23 00 ¢
81 - 0 0 882
81 001
Long of B ~ & 3 a8l °
A 181 23 68 °
s A -0 0 69
5 A + 0 0 oot
Az of A from B 161 23 61 ¢ ‘
- ® Wln AW of Greenmacd gine L the negntune mgn
L

(3453)

Suge Lort
3151 4100

W1 o323
Blor nge

IS
+ 3056210
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the angle at B to this last obtam the izimuth of BC, and, hnowing now the hititude and
lonatude of B and nzimuth BC, ealeulite the latitude <nd longitude of C

Now, as 1 chech, ¢ denlate the lntitude and longitude of C direet from A

And generlly, to woid anthmetienl errors, compute the latitude wnd lonmtude of cach
pomt from at least two riys

Litrtudes and longitudes should be worked out to two places of decimals of a second

The Ntitndes ind lonntudes of ll the stations of a triangulation are thus computed
sticee sively from those of previously computed stations  These latitudes nd longitudes e
defimte and suthcient records of the po 1tions of the stations, and the positions ¢ w he plotted
oty scale required

Trigonometrical Heights —Hung computed the lengths of the sides and the
to-ondimites or lititudes and lonntudes, the next step 1s to ealeulate the heights of the
stations ubove mean seilevel  For this purpose some imtnl height 1s necessiry, which mny
have been determined Iy former tringulition or mey be determined by direct observation of
the mew seilevel or by eareful birometer readings 1t seilevel aud at the pont 1 question
(sce p 87)

We wall wsume thit the hught wWove mein sealevel of one stiton of the tringulition
18 known, wd that vertical an_les have been tihen ab cach stition to all stitions visble
therefrom and that these vertieal angles hve been ol served with a theodolite on both faces,
wd that the means hue been corrected for level error

All sertieal angles require 4 correction for refraction The 11y of light from a distant
object hes, as a rule, i such 1 curve as to muke the object apper lgher thin 1t really 1s
The vmount of this deflectron varies with the place, season and time of day  Sometimes, but
rarely 1t mihes in object apper lower thun it really 13

In iz 150 A and B wre the summits of two hills, AR, BR the apparent directions of the
distant stations (due to refriction)  As AR BR are portions of «n are of smill curs wture,
BAR and ABR ro sensibly equil  Make OC = O\ Then 1t 15 required to find BC tho
difference of height of A and B

Let the obscrved depressions at A ind B be D; and Dy,

BAC = OCA - ABO and
BAC = BAO - C\0, wndsince OCA = CAO,
BAC = ' (BAO ~ ABO) = ! (RA\O - RBO) (since BAR = ABR) = ' (D, - Dg}
Now as \C 13 a very small part of the carth’s surfaee,
BC = AC tan BAC (sensaibly), or

D, ~ D,

h=Ctan o —» or1f ono angle 18 an elevation

k= Ctan ks '(: D", or Ctan E, ': Da A
wher - -
/18 the required difference in haght
C the distance between the stations
Dy Dy the angles of depression at A und B
Tt bas been avtined above that the reaprocil ol scrvations were tahen simultancously
THaas uoually 1imj ricticat e, 50 10 order to attan the same result as far as posaitle, vertieal

angdes sloull be then (when time allows) about the same time of day, that time hewn 3
between nxn and 3 pum, when tefraction 1s fairly eonstant

® NeeFori € § 31



Where reciproenl angles huve not Nicen observed, 1t 15 necessary to adopt some approx:

mate value for the nfriction (BAR)
Trom fig 1751t 15 elear that, ealling the refriction 4,
PSS UER U

where ¢ 1< the are of the eurth's surfiee betneen L and B
Ra that whenever reciprocal angles have heen ohsersed the amount of the refraction can

he found
The result of 1 very Iarge number of olrersations Al over the world 15 to show that the

[o]
Fig 15

quantity 2, called the coefficient of refraction s furly constint for 4 given country and

climate
The men coefficient of refraction for South Africa 1s 064
" " ”» » Burma 087
" ,, " » the United Kingdom (for riys
not crossing the sew) 075
" s ” » the Umited hingdom (for riys
crossing the se1) 081

Giener:lly the coutlicient of refraction may le tiken as 070
Having adopted 1 switable coeffierent of vefraction, 1t 15 clearly ensy to compute the effect
(6455) EQ
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produced by curvature and refraction comlined  The labour saving table on p 31 has been
computed for a coefficrent of 070  Its use 1s as follows —

It 2 vertieal angle has been observed at only one of the stations, if this 1s « depression eall
1t D, 1f an elevation ¥

Then lock out the vatlue of h in the Table, corresponding to the distance between the
stations

Tet

§=K-D or K+E,

then the difference i height hetween the stations
=t § x distance Letw cen the stations

To get the exact height, a correction must e apphed for the heichts 1n feet sl ove thar
staticn dots of the instruments at A and B 2, and 2, and of the sigmils it A and BB gq aud g,
This correction, to be 1pplied to the alrendy ol tuned difference of heiht,

M tig-1
=+L:L‘

Two exumples of the computation of heights are given on Form C, one where reciprocal
angles hive heen ol served and the other where only one angle has been oheerved

Datum Level —All heights on 2 map should be referred to mean se. level  The mem
sealevel for the Ordnance Survey of the Umted hangdom was determined at Liverpool  The
datum level of the Survey of Indin s the mean sea level at hareh

Mean Sea Level —This 13 the mean height of the surfiee of the sea dunng an
indefinitely long period  As determined by the Survey of Indir the men sealevel s the
mean «f the hourly heights extending over « period of 5 years  Five jears 13 chosen 50 13 to
cover the cvcle of reenrrence of nstronomlml phenomena producing tidal effcet  This 1s the
mean sen lesel which should be ueed in a1l ervilized countries having an organized sursey

1t will often howerver, be impossttle on a topographical survey to determune mean gea
level so aeenriteh I such a ease, of there are any tidal records at the port chosen, the mem
«f ugh and low water heights throughont a year will give a good value

1f thero are no 111l records fix a griduated pole i the sen and obeerve the heights of
high andlow wter duning the progress of the suriey, the penod to extend over a defimte
number of lunations

Unler any arcumstances the period must extend over at least one lunition

This Litter method will give only a rough value for mean sea level

T11CONOMFTPICAT INTFFTOLATION

In rj11 trangulation duning military operations or on an expedition or with a boundary
commiest nomany arufices hive to 1e emploved whichat would be improper to use on 1 regunlir
t e graptial euney an the exeention of which ripudity 19 not 1 goverming condition A very
wlutle expehient in such cases 13 interpolation, or the dcmrmmmon of the ol servers
peitt 1y mens of o) seraticns tahen to previously fived pomnts

Theve are three mett wle of interpolats n —

() Iy leenng tte honz ntal angles from 1 nnficed pont to 3 hnown ponta
) f ' ' 2 points to 2 \
) i 1

B pownt to 2
with the help rf an azmmnth
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Foryt C—(SN\[T  Topogriphieal Survey Form 1II)

Comp ion of Trigi ical Heights
ars Geserat Foryvrr
l‘ wlestatin fwhichthe heglt e ‘:\‘l‘::n\l Hewght of == Hesght of A + ¢ tan S + a.—qnn,—;,
¢ = IMrarecan fort between Anri D D, D
Py - Vertisbangle f fepres1nat o (T) Where S or Subtended Angle = —2——¢
D= B
Y, = eletat o \ If eitler angle 1 an cleration at 1 to le trrn!ed as e
} b . o .
1, = Hoglt ofanstrum ent abore pround at A ‘ .
. B
e = H ot T agmal \ )
9 = 3 } red
K = rmeunfrormt renrdrefm tin (1) If ene nng]e only 13 observed—
{ree Tablo bel ) =K-D or E+F
M Dars
Sat o (4) Tatin L St n (Y Clultan
hn wnhopltof o = G122 Known heigl t of 4 = 433
Sat n (I Sung Statn (B) AMundah
Length  (in foet) = 50540 Length ¢ (n feet) = 53 420
1 efer-D, =117 2 T +Teor-D, =
+ D= = + 0 57 30 + Dyor —Ep =
2 0 19 0
PAldru sm (£ %) =—0 0 &3 } \gebruie sum (4 §) -
Mo +T,or—Dy - I+ Foor =94 - 8 510
K (frcm Tatle) = R (from Table) = 0 3 43
A o oum (£ <) - Algel raie sum (o 8) = +0 8 58
Ligtan'§ - 1 4600910 Togtan s 3 1163581
lige = 4 7036352 Toge 7277039
Ligh = 21057282 Tog = 2 144000
h(x) = =143 40 A(x) = +139 93
fe=mitiu® =+ B3 ez rt et -+ 425
haoown heigl tof & = 0§22 Rnown heigltof L = 4330
Ddueed 1 eiglt of B = 60t D taced height of B = 59 61
TaprT —Valne of K
These 1 1lues are obtuned by usmng 4 coefliczent of refraction of 07
Distance (¢} in feet i h ‘ Distance () 1n feet S ‘ Distance () tn feet b
1000 0 4 800 & 3% 60000 4 fo
200 [ 0003 o 38 70000 4 5h
1000 0 13 10000 o 43 80 5 40
4000 [y 20000 12 90000 623
5000 0 21 | 30000 2 8 100 000 7 5
4000 0 28 40000 270
7,000 0 30 1 50000 3 33 ‘

® Y01 ere only one angle 13 obeerved ut A to the grown 7 fine at B the correction will be + 1,
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produced by curvature and refraction combined  The labour sting table on p 31 his been
computed for  coefficient of 070  Its use 1s 15 follows —

If 4 vertieal angle has been observed at only one of the stations af this 11 4 depression eall
1t D 1f an elevation E

Then look out the value of I m the Table, corresponding to the distance between the
stations

Let

§=K-D or K+E

then the difference m height 1etween the stations
=t 8 x distance Letween the stitions

To get the exact height = correction must 1 ¢ 1ppled for the herghts 1n fect 1tove thew
station dots of the instruments at A and B 2, and 4 nd of the signals at A and B g4 and g,
This correetion 1o bo applied to the alrewdy of tuncd difference of height

eyl Btuzn

Two examples of the computation of heights are given on Form €, one whero reciprocal
angles htve been ol served and the other where only one angle has been oheers ed

Datum Level —All heights on « map should be referred to mean <c level The mewn
sea level for the Ordnance Survey of the Umited Iangdom was determined at Liverpool  The
datum level of the Survey of Indri1s the mean sealevel at harach

Mean Sea Level —lhis 13 the mean height of the surfice of the sea dunng an
indefimitely long period  As determined by the Survey of India the mean sealevel 13 the
menn of the hourly heights extending over = period of 5 years Five jears 1s chosen so0 1s to
cover the cyele of recurrence of astronomical phenomena producng tidal effect  This 1s the
menn sea level which should be used n all ervilized countries hving an orgamzed survey

It will often however bo 1mpossille on a topographical survey to determuine mean se
level 5o tecurately  In such 4 case 1f there are any tadal records at the port chosen, the mean
of Ingh and low wter heights throughout a year will give & good value

If there nre no tidal recordy fix a graduated pole 1n the sea and observe the heights of
migh and low water during the progress of the survey the pertod to extend over & defimito
number of lunations

Under any circumstances the period must extend oser at least one lunation

This latter method will give only « rough value for mean sea level

TRIGONOMETPICAL INTERPOLATION

In ripid triingulation during military operations or on an expeditton or with 2 boundary
commussion many Artifices huve to be employ ed which 1t would be 1mproper to use on a regulr
topographienl survey n the executron of which rapidity 1s not a goverming condition A very
valuatle expedient 1n such cases 1s interpolat: or tho deter of the observers
position by means of obsers ations taken to previonsly fixed points

There are three methods of nterpolition —

(@) By observing the honzontal angles from 1 unfixed pomt to 3 known points
) 2 ponts to 2

© ' 1 pont to 2
with the help of an azmmuth
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Forvw C—(SME. Topngriphical Survey Form II)
Computation of Trigonometrical Helghts

Nica
LutteSaum el shrhttelngttisiown
B

-

requined

= Dratanee in feet between A anl B

1% = Verioal ancle of dep reast nat \

D o=
lo=

1, =

'
.v, = ]lngl tofs emal’

cdeta

\
n

« He o1t of imatr ment above grunint ]\

Ay

Genemar Fomtrre
Heil tof B=Height of L +.¢ tan 5.4 L9 ¥ a3

(I) Wiere S or Subtended Sngle = Doz De

B =€ ret 0 f reurvature anreles b 1 (n) Tone nngh only 15 ob cr\cd—-
(ree Tatle bel n} =h—D or h+F
Dits Dita
“ah u (V) Fatns “tation (1) Cliltan
ko wafasdtof 4 - 612 2 Rn wnlagltof t 103
I Gty n () une “tation (13) Muntoh
Lenzth o (i foct) = sarin Length e (n'f et} = 0
| ~- _—
T Nior=-0. =~ 1 17 2 I +F,or-D =
+1 or = a + 0 57 30 + D or -k =
. 0 1 & s
IRURPTIT Y S) - ~0 95 / 1 Ag breu eum (£ 8) -
U sF,er =1 - ° I +1,0r 0 = % s
K (frc n Tatle) = W (frot Table) = 0 34
Vgl sum (%) - ‘ Ug b s (2 9) — +0 8 08 \
legtans - 7 460099 Lgtus - 3 4163091 ‘
Lioe = 4 503102 Log e = 47277039
Lewh = 21000 Tgl = zlo00 I
k() = ~14,7) A(s) = +139 93
Ta— st ia—ta ® -+ 83 ‘ Pa—q + a— ¢ -+ 12 ‘
2 3
hynownleghtof A = ciz2 Rn snhegltof L 230 |
Doduced leiglt £1 = w1 D ixeilataf B = 59 61
L - — |
Taur —Vdue «f K
These + ilues are obtuned by using 2 coefficient of refraction of 07
1 stanee () mn fect I [ D stance () i feet \ I H D stance () tn feet ‘ 1
1000 0t 8 00 0 3t 60000 4 15
-0 [V ) 000 0 38 70 000 4+ o8
300) o I3 10000 0 43 /0 000 LIS
4000 o 1~ L000) 12 000 6 o3
000 [ | 30 L00 2 8 100000 " s
1 000 o 2 40000 2 50
7000 | ° 0 50000 3 33 l

@\ here only one angle y ohservelat Ltotl e gron 700

eat B tle correction will be + ¢
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(a) Fixing the pomtion of a pomnt by angles taken from 1t to 3 previously
fized points, 1n this there are three cises as Velow,

»n ¢

Fig 16

Let S be the observer’s position, a aind 8 observed angles, then
x4y =360 — (2 + B + C)m (1) md(2),

z+y=C-(z+ ()

Let
sne &
ta = X
n ¢ sn B’

then
Y tan (¢ - 45 tm Y

x
tan

5
NotF —In ense (1)1f S, A, B, C, wre on the crcumference of the same circle the problem

18 msoluble
() Fixing the position of 2 points by angles taken from them to 2 previcusly

fixed points
8

Fig 17

A wnd B aro hnown ponts  The ingles 2, 3, 4, 5 are oheerved 1 6 wre deduced

Then f
p_snlsn3smnb

sm2sm4ant

tan (7 - 2y =twmd(3 + 4) }%g
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(¢} Fixing the position ot a point by angles taken from it to 2 known points
and an nzimuth

A B

S
I'g 1s

Let A and B be 2 known pomts At S observe the ngle ASB and the wamuth of SA or
SB (I the sunwalldo Seep 149)

Get somc appronumate valag for the poition of S from the plune table, or by truerse

Then compute rovers azmuths of AS and BS, 13 helow

dy - dLan A,
where 1A = merement of wzimuth o scconds,
dl, = difference of longitnde m seconds of are,
A = mewm htitude

The way te apply the quanuty dA ¢ castly bo scen by conadertng in which direction the
mendians comverpe  Then hnowing the 1zimuths of AS, B, wnd thit of AB (which 15 1
huown Iing) the diffrences give the ingles A ind B, and i the trangle ASB we know the
three augles and one side (AD)

NotE—\Mcthod (¢) and method (/) we nmch strengthened 1f wn wzimuth 15 ohserved
The u~v of n azimuth cnibles two solutions to he found 1n cich case and + cheek 15 thus
obtuned It 15 1 generd maxim 1 nterpobition that zimuths should be observed when
possible
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CHAPTER IV
TRAVERSES

Defimtion —A traverse consists of 4 connected series of strught lines (on the earth’s surface)
of wluch the lengths ~nd bearings have been determined

Different Forms of Traverse —Traverses muy be carried out i different ways,
according to the accuracy required

W here great precision 15 umed at, the linear measurements are made with a chun orsteel
tap~ and the meluded angles wre measured with 1 theodolite

Where rapid work 18 desired and where accuracy 15 not so mmportint, the angles
m1y be measured with 1 prismatic compise, and the distanee erther chamed, paced, or tihen
by means of 1 perimbulator, or by time

These two classes of traverses are hnown as —

(1) Theodolite traserses,
(2) Compass traverses

The 1tter are dealt with 1n Appendic VII
Theodolite Traverses —The principal varicties of thecdolite traserses are —

A Iaverses between points alreaay fixed tngonometrieally
, used on the lino of mwich during n expedition
¢ " 18 a substitate for triangulation m & country unsmited to the latter

A TravERsts BETWEEN TrigovoMETPICAL Ponvis *
Thus elass of traverse 1s used —

() On the Ordnance Surv¢y of the United Kwngdom, for large seale town survey s

() In India for ¢adastral surveys

(¢} For certamn large scale engineering suiyeys

(d) For forest surveys

(¢) For the detuled survey of special routes, roads, rulways, nver banks, &e¢, &e¢

(f) To fix pownts for detul survey which cannot be provided by tinngulation

The starting and fimshing pownts of these traserses are trigonometrical points already
fixed

Errors —Travetses are Hable to errors of two kinds —

(1) Errors of direction  These are due partly to maccurate observations of the angles,
and partly to bad centoring of the theodolite, and also of the signnls over the points
marking the trayerse stations

{2) Lanear errors, duo to faulty chanmg

Traverse Stations ~These stations should be as fur aput as possible consistent with

the ultimate object of the traverse, that i to say, m the ¢ase of tiaverses along winding rods
the positions of the stations re governed to a great extent by tle fact that off sets from the
traverse hne to detal wlong the road should not exceed « certun length

All stitions shoull be carefally marked, and where possible a picket of about 2 x 2

section should he driven m flush with the ground A tintack should then be drrven into the
picket to show the exact centre point  The further the stations are part, the less will be the
tfect produced by bid centerng of the theodobite, or signnl over these ponts

® Tn luding tl ¢ case where there are o trgonometrical powate but th e teserse closcs on t] ¢ starting pomnt
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Signals —The sight 1ane commonly 1n use consists of a staff about 6 feet long and about
3 x 1 ccetion, hwving a crose vane {3 black cross on a white ground) which ean bo el imped
at am height  The difficulty 1= to hold this staff vertietlly over tho centre pomt Tt 1s best
theefore 1n onder to nummuse the errors m direetion when tahing horzontil readings, to
mike the erosawires of the theodolite Tisect the bottom of the staff it the grounil level  In
this case the homrontal resding <houll first e tyken uxl recorded, after which the vertical
an_le to the cross vane elmmped to the height of the mctrument may le rexd  Where the
distance Tetween the traverse pomte 13 small, 1t mereases the accuriey of the woil, if the
}onzontal rea hings ave taken on the tntack atself, 1f visible, or else on wn artow or nul held
over the <ame

There 12 1n excellont sight vine 1 ne on the Ordnance Survey, consisting of 2 tripocd
anl staff with cross vane attiched  This Tist can be adjusted so s to be vertial over the
centre IW?H“‘

Observations —W ¢ will 1« ume that we have to ran a traverse long @ certun defined
1o1te, starting at A and finshing 1t B where A ind B are statrons mutudly visible (fig 19)

Proceeding to A the thead hite 15 exreinlly centred over the station muk m the ground,
anthen levelled  The homzontsl plates we now clumped together <o that the reading on the
Avermer s amtlong iaiwecn 0 0 0 and 0 10 0 (1t 1s Test net to try to set it to 1n exact
realing) anl wath the plates so dumperd the theod hte 1s directed on pomnt B (the LO) wnd
the sigual 13 ected by the eross hurs The bottom plate 15 elimped and the horizontal verniers
are rea ] amd re onded

Now releise the tep plite and direct the theodd hite on to traverse station Do T whither
a man has Teen mnt on wath 1 sight vane dhymped to the height of the theodolite  The
wtersection of the eross hurs must then he carefully direeted on the syght vime  The
Yonzontal vermers are now rewl and the verniers of the vertictl we also the vertienl level

A complete of ervtion has now been tahen on one fce of the mstrument

Now reverse the mstrument ind setting the A vermer W about 35 0  proceed m
preascly the sime manner 1s Just descnl ed

This ecmplctes the ob ervations «t point A The theordolite 15 then taken to traverse
pont T where after carcful centering and leveling 2 wmulw set of of servations 18 made
ere the trigonometrical pant A hecomes the RO Lach traverse station 15 then visited 1
turn the stttion the ol scryver his just left becoming the R O 1n ench exse On arnving b the
pomnt B the RO will be the last triverse station and forward rewdings taken on pomnt A (21 le
fig 19)

Form D shows how the readings at traverse point VI would be recorded 1n the field book
It 1s unnecessary to olserve the vertieal angles to the hack station  The detuls at VI
correspond with those on Form I'

Linear Measurements —The linear measnrements are made with 1 cham or steel tipe,
preferatly the litter The distance hetween traverse stations shoukl be taped twice, to
ensure rccuraey A pull of 12 1bs 15 to be wpplied when taping  this 13 done by means of «
spring Inlance

Vhere the slpe  hetween stations are practically contmuous, surfice chumng should 10
cmployed  The reduction to the hortzontal 1s mde afters ards by means of the vertieal angles
o served

Where the ground 1s Troken horizontal chaimng must be resorted to  In this care the
obeervation of vertical ingles 19 unnecessary

Computations of Co ordinates —In order to plot « traverse correctly 1t 1s nececeary
to work cut the co-ordimates «f the station pownts referred to some origmn For the clase
of truverre tider censilerition rectungulir co ordimates are alwyys used It 13 found
cemvenient to calenlate the ordinates (/) for nerth and south, and the absassm () for east
nd west

[SI)) F



36

Fory D

Traverse Book.

(Honzontal )

A B
v 0> 3 207 3 30
FR
VII| 1222 15 207 15’ 207

v 35° 5 10" 5 107
F.L
VII| 1877 5 16 55°

(Vertical )

[s] D

4230 07 | 30" 10

320

19¢

163
150

Q

175° 20" 407 f 29 507

Theodohte No 101
Bubble Value 11w

E

20
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Form 1 14 the form used fir the computation of these co-ordinites  The trwverse 19 that
<howen i fiz 19, the tarting and fim hing pomnts A and B, beng mutually visible  The
obsrvatins taken at point VEaee shawn on Form D

Now A anl B lang points of 4 trnuhon, the honzontdl distince AB wid also the
trie beanng of A1 will be known

The lez «f the traverse together wath the Tine AB form an enclosed figare, and the sum
of 2l the mtin £ angles shonl 1 he equal to twiee s many riht an dos s the fiure hns sides
less faur i bt angles . W thus huve v ehedh on the observed homzont 1l angles

T +heuld be errefullh note 1 that the mduded an ks at the stations are dwayvs measured,
either afl to the nght or all to the left of the hack station

Thiz s an mvand e mle Inthe eace of fig 19 they we all metsured to the left of the
bick statim Tike pownt VI foranstinee Form 1 shows thie the mean of the differences
of the revhirzs on Vand VIl 122 11 52 5 Lhe honizont:l plite of « theodolite however,
12wy gradiated i the came dincction s vwateh Henee we minst deduet our result from

Fig 19

360°, which gves 237 48 7 5 Fhe same must be done with all the angles before entering
them in eolumn 2 Form L It 13 obvious thit this list oporition 15 umnceessary where the
required angles are 21l measured to the right of the hack station

Anguolar Error —The sum of ul these wnter: v ingles then should be equul to
(21 x 90 - 360) degrces where a1y the number of sides to the foure  Any diserepiney
hetneen these two g ealled the  total angular ¢ror’  This error must then be distnbuted
equally among the obaerverd angles  For exumple, if there wre 6 sides to the fignre wnd the
sum of the observed angles comes out to 718 59 0, then the error to be distributed 1s 1
Hence 10 muct he wlded to ewch of served angle

Columns 2, 3, and 4, Form 1, wre sclf-explinitory

In this chiss of truerse 1t 13 quite unnecessary to take mto acconnt the convergence of the
meridi s, owlug to the distince AB bemyg short  Hence the bewring of eich leg 1s 4 “filse
Teanmng,” as compttted m column 5

It may here e stated that, before making wny computations i all, 1t 1s best to driw a
rough diagram of the traverse, such w1 fig 19

Column % is computed thus —the bearing A toT1s 360° — (249° 17 14 2) + (59° ¢ 33)

(6155) F2
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o103 47 18 & The nent Yeanng s got 1y 21ling 180 to this lst, and then subtracting
the o rrected angle at 11, anlamlarly foeall the rest An oxmunation of the figure wall
almave el the corneet meth xd of computing the hearing

Chimn 6 mves the aartienl ks of elevitien or dopre sion column 7 the distance

darel Trgthe surfiee The horniz ntal db tinees m column 8 wre ol tuned thus —
Hrdit =curficcdist x come 1 {r Dy

The cocntimates Form 1 are eomputed with A tahen as the ongin - From the tnanguly
tio 1 data we know the lenith AB to 12 1993 35 foct and the tarmg of AB 59 4 33 The
coonhimates of Bwall thon be 1903 TS % ¢s 59 ¢ 33, or 1 north co-ordinnte of 1025 64 nd
19959~ x sin 59 4 13 or an et coandimite of 171208

Tle next stup 16 U comy tte i this manner by wang the bewngs i column 5 and the
distan ¢s o dumn &, the coondinted of wach pont of the tewerse rederred to the 1ist pont
asonann

We tave now aret of dedue @ erordinites vdferred to pardle] aves throughout m
elomia® 10 11 an112 Thus the coordmates of T are 12580 N ind 53152 L referred
I w nan Al o the cronbinates «f THare 10757 N uid 41906 W, referred to I as
rign

It 15 craly se~n that where the b anng of the line lies between cortun values, the deduced
eronli nites mu t be moasured from the 1ves i certun dircetions thus —

Buanngs e luce 1 co-ordmates
5T
Oto "0 North and Last
90 180 South and Last
10 270 South and West
290 360 North ind West

Wow we see from the form thit the coondinates of I rederred to A are 4224 § and
7609 T , and the co-ordimtes of I referred to T we 16787 N wd 44906 W Hence the
co-ordinates of 1T teferred to A wre—

4224 44906
157 87 7609
—_— and _
26403 S 37201 W

Thus 1t 1s evident that the coordmates of any pant referred to the primary origin (n
this case A) re obtammed by takin, the 1l ebraic sum of the deduced northings ind southings
and of the eastings and westings up to the point 1 question

These ¢o-ordinates from the origm are entered 1n columns 14, 15 16 and 17 with certain
corrections to be now described

On computing the co ordinates of B by the algchiuie sum of the deduced co ordinates of
the pomts throughout the traverse we find that they come to 102688 N and 1709 22
Now, from the drta the coorthmtes of B are 102564 N wmd 171208 E, hence the totn]
northing at B 1s too large by 124 and the totl casting too small by 2 86

In this cliss of traverse 1 mgorous adjustment of such errors 1 unnccessary  The
sy leet Wy to distribute the errors of the cc ordinates 1s as follows —

If

n — number of legs of traserse,
y — crror to be adjusted N and §,
% = error to be adpsd E and W,
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then the several corrections to be apphed to the points of the traver<e 1n order will be

y 2y 3y ay
2’ n’on n’
r 2r 3r nr
n' e’ w n

In the example on Form E the corrections to northings are all negative, and thercfore,
to southings all positne Sumlarly the corrections to all eiwstings are positive, and to
Westings negatrve

For example the corrections to be apphed to the computed co-ordinates of VI are

4 x 124 = 93 on northing,
and
4 % 286 — 215 on easting

The tlgebraie sum of the deduced co ordinates up to this pomnt gives 876 44 N and
81846 F  The corrcctions are entered m the columns provided on the left of columns 14
and 16, wnd appled to bove results Tho corrected co-ordmates re then entered 1n
columns 14 and 16

Thus the computed traverse co-ordinates of B huwe been mule to agree with the
trigonometrieil values, ind those of the other points have heen adjusted m proportion

I

It oftens happen that the traverse crosses and re crosses the line joimng the tvo terminal
pomnts s fig 20

In such a cise, where the traverse 1 started at C, the angle required 2t C must to
under 180°  In fig 20 this angle 15 mewsured to the left of the back statton D As stated
hefore nll the other angles must be ro measured

Then, s hefore

26 — 2n x 90" ~ 360°

if the traverse crosses CD an eien number of times

Where, howerer, the traverse crosses CD an uneren number of times

S0 = 20 x 90°
The co-ordinates are computed 1n the manner already explamned
Where 1t 13 desired to start and fimsh 4 traverse on the same point, the method 1s 1dentical

with that desenibed, care being taken that ouly the mnterior angles of the figure are used 1n
the comy utation, and that at the starting pont the angle between the first and last legs of the



traveme e aleerved T the starting poant be Cihen s ongin whote co-ordinates we 0, 0,
tten the covonlinates earned throughout the triverse ronund to this pont agun must 1e 0, 0
If they dy not Cyme et to this value, the final co-orlinates must he made to hwve this vabue,
] the remaming painta 4 Jjusted e shannm borm 1

Chninage Errors —In roduing the surfice mewnranents to the homzontal, the
cmpates ¢h a1 bear an il the errors myvolved tn chumng The luger the seale to
which e traeme 1 pltted the emnller must be the chanze error

Thic for th e Ondnance Sarsey maps of scales o5 and 4, the error in ordinary chuning
AMowed 16 110 1,000 Ferthe 54, map an error of 11n 00 13 pormtted

oy
In traverses moveaned wath oteel tapes mneh groter wenmey 13 to be expeeted

B Trartses o8 it Liny or Masann (Suntesae T avkisrs)
(S ko p 1)

Often duang an oxpeditton i« trojucal country, the natare of the ground wd the time
avalitle rendcs it ampeaatle to exeate 1 chun trwerse Lnder these errcumstances,
£ 11 tenee methode may be emplined

Faen watl ut propes enltense mstrmments and sultaee bars httad wath dises to be
O el ta aeny fara care vy an e ol taned wath the ordinary 5 e micrometer theodolite
andimy ovied nands pheed o nght mgle o the forwand ea

With cabter ¢ work the suttended angde should e frm s to 12 muates, the ase would
terefore e e me "Ofeet for 4 rn § 10000 frct s very mmportant that the exiet mter
section of the rand posts wath the ground should o mosured  md 1615 consequently
neecsaary that the groun T round the siand posts shonl 11 eony stamaticatly elewred of 1l grass,
f the turkernound s dak 1 white sheet or prece of eloth will be found very useful to show
up the dirkened s1nal post Where 1t 1 amposable to ob erve the tetunl ground hine, great
care shoull I exerased e sdocting sl posts 1s strught s posable and earefully plumling
them befme mosnrement s made

It 1o immaternd what the exicr distince Tatween the posts v so log s the subtended
male o remeswhore sl the hmits speafied bove ind wy swgdle il ground or mounds
shenlt b el ted e the viamty of the triverse stition cuce of course, being taken that the
hase s truly it right unles to the required ray

Ios method of triverse wis dmost oxdusnedy usad e the Anglo-Laberiin: Bound iy
Commis 1on 0 f 1902 03 ats whintages Lang thit the computtions were of the simplest nd
onld be reulily werhed cat i the hd 1 enabiling the necessay Vowons to be put up w ence
‘The procedure 1« 1 follows —
An s ptant wath el dewng, puty ind Ccompass 15 sent on tiead to vsmtable hull
o near the hbne of moarch as posaible sl proceeds to dear the il md fix lns subtense posts
at nght angles to the direction «f the pest he Tow gust left this 1s done by any elementary
method A httle practice will enble lum to qudge the distance wpart the signils should be
i o relect b suitable plice with a good bickground  He muy or may not put up t separate
sigial 18 the truwerse stition proper but 1t 13 prefurable perhaps, 19 on the appended sheteh, to
have a third mignal travase (theodolite) st tion

As soon 18 his mgnils are fixed he goes on to the next hll sclecting 2 il by his compass
as noir the hne as he cm judge  He should he kept econstantly mformed how much he 1s
istant from the required direction so that he myy seleet switable hulls

The observer hehind will take, sy, three sets of 10 rexdings to the subteuse Dise,
see p 42, and 1f they iccord, hiving tiken the ungle hetween fornard and back stations, and
altered the subtense signals 1t Jus own station so as to be at right angles to the new tay, and
carefully mewsured the distance in hetween them, will proceed to the forward station Here
he will o onee, Vefore there 15wy chince of the sgnils being disturbed, measure the lensth
of b he has obeerved to Ho wall ther set up the instriment over the new traverse stition
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and take the subtense angle on the traverse station he has justleft so that ho will have two
values for the length of each rvy, and 1f the two rexding, haie been taken under equal
conditions of light and clea ness the mean o° the two should be his accepted length for
the ray

Owing to the dafficulty of measuring the exact distanee between the «ignals without the
help of nother whito man and to the shimmer cuused by the sun and heat except b certan
times of the duy gretb nceuraey with smnll instruments cinnot be expected  To metsure the
histance m between the posts 1t was found thut the best method ws to dnive 1 naul into the
muddle of one of the posts and fix the ring 1t the end of the steel tape oun 1t pulling the tape
taght to th~ maddle ot ¢ peneil mark on the other signal post  This was more satisfactory than
trusting the other en1 of the tape to n nitive

The posts shonld be mvariably guyel with rope or wire to make them as firm s possible

As regwds the tccurney of the work 1t miy be noted that during the Anglo Liberimn
Boundnry Delimitation wbove quoted a difference of 20 feet 1n 2 ry of 10 000 feet was thought
good z¢ o discrepaney of 1 m 500 At the end of the march when riys as long a5 10 miles
had to be tiken the discrepaney 1n 2 length of 21 miles 1 etween the amplitudes of the ltita les
deduced respectively from the tryerse and from astronomienl obsersyations was 1

With these long r1ys 15 many a5 60 or cven 100 reiwdings were taken of the subtended
angle

As regards rate of working from 2 to 3 legs cun lo measured 1n a day euch leg beng
20 3 mles long

s
si s

Tig 21 Subtense Statron

Computations —In the instance quoted the ltitude and longitude of each station of
truverse was computed from the known length and azimuth of the ry by mewns of Form B,
p o

C TrAVFRSES AS A SUBSTITUTF FOR TRUANCULATION IN Countrics UNSUTTCD TO THT
T \TTER AND WHERE SUBTENSE TRAVEPSES ARF \OT SUFFICIENTI1 ACCUPATE

Tt 13 not suggeste | that traverses shonll ever be substitute 1 for trangulation where the
Iatter 13 possible tut there are lo alities such as a dense forest or v flat giass covered
country where the difficulties and expense of trsangulition are such s to render 1t practically
mmpossitle  In these circumstances long traverses will he found extremely useful in
o' taming & framew ork of « hagh degree of 1ccuraes on which topographical work ean he based

In conuidering the relative 1ceuracy of these two forms of survey, 16 must bs remembere |
that after the triingles have heen subjected to 1 ngorous trestment for the ehmination of
errors no sade of 1 geodetic tnangulation 1s ikely to huse an error of ygoooy

The unsurmount-ble difficulty with regard to traverses in countries unfnrmished with a
Geodetic Survey 13 th e impossal ihity of arrvng at an wecurate conclusm > to wh cerrorshue

wetually oceurred  In the absence of fixe 1 geodetic pomnts we are obliged to £1l bick or 7stro
nomicl latitides and telegray ue longatn les s 1 pos 1Hle means of cheching our me surements
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Local Attraction —Unf rtmnatdy, sl stronomie ] observations are ffceted by *loeal
attraction " Tle dffict of this 13 that the pland bob wd the noumd to thoe wssumed geo
rmetrel s rface of the earth do not comade  The determmation of the valne of “loeal
attracth n" s one of the protlems of 4 grodetic survyy

Tty eantemested ain the aubject are ruforrad to the * Aeconnt of the Prinapal Tnangula
U on, Odnance Sunves * Vel T ¢ Grat Prgonomctried Sursey of Indiy, or « Geodesy,” by
Gt Chrke OB 1 RS, RE - Chapter \ of the Account of the Prinaapal Trimguiation,
Onlnance Survey, paves an acconnt of the deflections produced iy masses of different denaity
anlf . Ttman I tihen that ¢ the protuble error of an ol erved latitude s due to local
dretrlance of ety 1 crtunly ot ks thin 13 Severd mstinees, however, exist
wlere ' Taalattricnen far exceeds this amount At < station i Liginshire, determinations
thow 1t to e« methig bhe v and at v station i the pluns of Lombardy —a fact a1l the more
reriarhatle owing to the alvence of amy Lirge vange of hills—it s over 20

D j te the mo t eanful ob trvations we cinnot, therefore, =1y with any certunty that
an astrenom 1 Ianta de 3= correct within At out 2

Thie repre ents 200 fect on the erths surfice and, deahng with 2 hitude stations, the
error f amphtu le prolably amonnts to 2 4/2, or a1y 300 feet

Weemnet therd re put conhidence in hitatu 13 o3 4 check on tecurate traserses

Weray, peebap by down the rulg, that the Litieado stations ehll Do so fir apart, that
the erems «f the tmver ¢ and Lititude amphtudes <hall be about equal

Distance Apart of Astronomical Stations —Suppose thit 3 truversing error of oy
ma b expeeted We have seen love that 300 feet 1s the probuatle error of two hititude
etations duc to local attriction”  The distince 1t windh hitude obsery itions shounld bo
made should, therefere, not be clo et thin 300 % 1000 feet—sny 60 nuldes (of latitude) The
di tances between lonaeude stations determined telegraphicdly an ¢ triverse ranning east and
we tsh ullle even graater

Latitude Observations — L titude obsiry wzonsshould be minde with a zemth telescope*
~—the mein of two m hts work, 6 purs on ewh mght, beiny tiken  This should give a
probal I error dug to observing of thout ¢ 2

Cleanngs —The pnineipal um of long traserses 1s to estiblish pomnts wathin the area to
e survered on which topcgraphicd surveys can be basedl  In most countries where traverses
will be used tlus imolves dewing the bush or forest 10 order to obtun as long legs as possible

and the preparation of the rurface of the ground for the chun mesurcment
It 13 yrol atle that native [ our only will he walile for tlus s of work, hut 1t 1s
dearatlg, 1E pos bl to put o Duropomn mn chrge of the “elewrng party The truwverse
direction hwing b deadad on 1t18 est to keep 28 much s possible i the sime strught
line, and 1t 35 wvrable to let the traverse touch the villiges falling ner the proposed line
These form good closing, powts for further top g iphical work
Rate of Clearing —The rute of cleuing depends on the nature of the bush and the
number of men employed  On the Anglo German Boundary Commussion on the Gold Coast
of 1901, 16 men, under o natnve derk, clewed on the average about 2 mules & day  The
country was, however, not very difficult for dening and differed totally from that mn the
Ashant1 fore t, where the Gold Coist Survey cxperienced the greatest difficulty in gettng long
straight clearings
Th  tools 1equired for 4 party of, 81y, 20 natiyes for six months would be—
50 mutchets or Inllhooks,
G shovels,
3 cross cut B s,
2 tapes
1 magnetic compse
* Or o theodohte switably ftted
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Tt 1s Vest, where possible, to make the dearng furly wide This permuts of 4 fur scope
for the <election of the theodolite stations  Ahout- 10 to 12 feet 15 1 useful wadth
The * cleaning party’ should always be 4 mie thewd of the surver party which follows 1t
Detail of Traverse —The detul in evrrving out these traverses 15 generilly stmilir to
that alre1ly deseribed for traver<es between fixed pomts  Owing however, to the impossibility
of obtauung amy chech on the results, 1t 15 important to w.e the greatest eare in the metsure-
ment of the distance between stitions  The angulsr metsurements, too, must be made with
every possible care aithough they wre to o certmn extent cheched by means of azimuth
observations tahen 1t every 30 or 3o statons npart
Causes of Error—The chief ¢ es of errors in truverses are given in the 1ecount on
Tngonometrieal Triverses, Lut mav 1e repeated here  They are duo to—
(1) Inacenrate centering of the 1 trument over the station mrk,
(2) Inicenricy wn reading the termiers or micrometers and i the br ection of the
station marhs ,
(3) Chunnge errors ,
{3) Insufficieny Yength of traverse Yegs

Of these (1) has 1 een dealt with and re qures no further explanation beyond emphisizing the
fict that, hiving no fixed points to work between 1t1s of even greter mmportance in these
long truverses to see that the centenns 1s Accurate

(2) This ean best he muntm ed by trking + sufficient number of wres. The probable error
of 4 mean varies unersely 1s the square root of the numter of ol ervations af all are cqually
gond  As regwrds the Tisection of the station mirks 1t must be borne m mind thit the
shorter the leg the more refined must te the method of bisection

When the leg 1s over 1000 fect 1t 1s cufficient to hisect a flag (2t 1ts junction with the
ground)

When the l¢, 15 short =av under 200 fert 1 nul or even a fine needle deven intoa
wonden picket forms the best station mark  Between these distanees an rrow stuch in the
ground cin be ol scrved to

(3) Chuning showid he done 1y steel tajes esther of 100-feet or 300-feet lengths  All
steu] tapes should le ewrefully standirdized Lefore thes lene Englind and it 13 adviable to
have thum tested 1t the same  pull  say 12 lbs. with which 1t 1s mtended to use them m
the field  The mean coefficient of exp nsion of steel* m1y be used wnd temperatures should
be taken about every hour

T wal e Imvar tipes <houll be used on account of their low coefficient of expansion
wd of thewr smaller latilty to rust  See p 8 The distance between stations <hould Le
meneured twiee once 1 ewh direction  One tape should te hept solely for comparson
purposes

The mewsured lengths must be corrected for expansion of the tape 1s expluned m
Trigonometricil T erses

(4) The length of « traverse leg should not be le s thwm 300 vards, but 1t 18 not always
n e1sy matter to arrange this—depending 15 1t does on the nature of the country and
charicter of the Lusk  On the An_lo-German Gold Coast Boundiry Commis 1on the average
length s corsiderbly over 2000 feet whereas 1n the Gold Coast Survey an wverage of
500 feet was extremely difheult to get

Azimuth Stations —\lention has been made of azimuth observations and these must

te tihen frequently in order to check amy errors of angulir measurement  They should be
taken, with short legs at every 30th or 35th station  Mueh howeier depends on loeal
cireumstances  In the Gold Coast Survey 1t 1s found lmost imposuible to adhere to this
owing, to the amount of elearing 1t would involve 1n order to <ee the sun or stars - conyement

® 00000623 of ats Tength for 1° Fahrenheit
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preition new the prime vertill - Under these eirenmstances one has to he contented with
tahing 1 ervatiyie for anmuth as native el irings i the vamty of villazes present themselver

As g mile stz enf sent to take the mown of three <cts of obseryations to the san The
prtatle e s sl Al et cveeed L0 VWhen however, at 13 found 1mposalle, for reasons
above dated to Jt v armth stitiens a2 do o tegether s 3o leas, precautions shonld be
takan tocrenre A hihor dogrec of weenries and ewst and west stars, or hetter still, arcum
e daratd nom it b oned

The dhiferen e f und to exist betwcen an observed azimuth and the azimuth deduced
thron b the triveree sheul 1 e groportionally divaled amongat the angles This Aifference 15
cerypen o] partly of the ingular errers of the troerce and partly of the convergeney of the
mehiane e proportwonal adpostint s sntheently exact for practienl purposes

Example Ao cvimploscman on p 18 of 1 portion of < traverse ewrned out by the
Panh Perty of tte Teoo Goll Cont Toundery Commisaon The hewdings 1t the top of
eh cclumn oyplun sufta ntly what 14 roqurad n adjesting the varions errors - order
trclrunate fimd true bonmgof ¢ hlo

Computations  The computanons of the co-ordinates are siular to those alrewdy
expluned an the Trgoncmtr Al Traorse, but m this case the sine and cosine of the true
Tearma are u e to compute the coendimtes

Latitude Deduced through Traverse —Hasing now obtaumed the value of the
coomhinate~ o f ench poant it 18 an easy matter to deduce the Iatitnde corresponding to the
value ¢ f the coombhinates i the north and » mth dhrection

In doing £0 1t 1% twer to cilaulite this for ewh wzimuth stition and to add the
amphtules i ender to <l tun the fimil difference of hutude

To determine the Iatitn les w1 Jonatudes of the azimuth stittons of 2 long trnverse —

Ti the legs are shert—

Lt b the total nerthings or seuthings Letween two ad)eent azmmuth stations i feet,
Tet M be the viluein fect e f 1 «f are 1t the men lititude then the difference of the htitudes
of the two stations 18 ('l weconds «f e

The sum of 1l the wmyhtudey of the tres hetween the rzimuth stitions will give the
amplitude «f the are Tetsoen the terminl stateons of the triverse

Siibrly # 7 15 the tot ] westings or ctings hetween two tljicent truerse stitions in
feet, P the v duean feet <81 of irc of 1 ngitude 0 the mean htatude the difference of the

'
Tongitutes of the tw rtitions s v econds of are

Ifthe Ieps e Lo, (ovar 1 omle) the hitstudes and longitudes should he determmed by
the mctholdesenled enp 6

When the finl it le hey Feen edealsted 1t cn be compared wath that obtuned
astronomically , but, 18 previonsdy temarked owing to onr ignotance of the value of  loeal
attraction ’ this 1s but i indifferent test of the wecuracy of the traverse

To gve 4 comparison lictween two Lintnde stations, wnd to show the method of deducing
Tatitu le through truverses, the following table 13 taken from the results of the British Party of
the Togo-Grald Cotst Boundary Commussion (sce p 47) —

€ Terin 1 gives the numes of the azimuth st itions

Cihonn 2 the dist nce i feet Vitneen the o stations mexsured along the mendian These
sre the summation of the ¢o ordimates m the north md south direction

€ lumn 3 gives the mnphtudes <f e corresponding to these di tinees

¢ Lume 4 gives the values of the ititudes obtuned astronomieally at the two stations

Column B gives the hititudes deducut theongh the tray erse

It will be o) served thit the diffirence hetween the final observed and dednced latitndes
15084

(545,) o2
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The men of the deduced and obseryed values 18 taken s the true latitude

Form H, p 49, gives 7 further tllustration of work of this nature It 1s taken from the
swme Boundary Commission and shows the tot1l differences between 4l the latitude stations
ohseryed and deduced 1n the two independent traverses carried out by both divisions of the
Commission

Errors to be expected —To recapitulate, we sce that the errors to which  traverse 1s
subject wre —

Errors of chunage and ingular measurement, called traverse errors

Frrors of obsersed latitude, longitude, and azimuth

Of these, traverse errors vary considerably (from 1555 t0 so9ag) depending chuefly on
the charaeter of the country

On the Boundary Commssion already quoted the foll g results were ot d ns tho
measurement betw een two co-neident pomnts by two quite independent tray erses

Fect N Feet W

Bntish 279 335 24698
German 279 347 24,679
Difference 12 19

If the first of these be taken as representing principally the chunage errors (the treyerses
runming most due north) the resulting discrepancy w1s 3355
Astronomucal observation errars (omitting “loel attraction ') should not execed —

Latitude by zemth telescope + 03
Longitude by telegraphic exchange of signals +30
Aznmuth +920"

Reduction to Mean Sea Level —When the length of cich traverse line his been
finlly computed (but not adjusted), 1t remains to reduce 1t to mean senlevel  This s done
by the same method as used 1n the reduction of measured brses —

Correction to length of traverse = length x it,,
4

IR 13 the men radius of the earth,
k15 the men herght of the line

General Scheme for carrying out a Traverse Survey.—The following 15 | general

scheme —
r
Dﬁ
A B ¢

Fig 22

Each of the lines here represents a truerse of Whout 60 to 70 nules
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Observations for lititude re mrde 1t ench of the stitions A, B, C, D, E, .nd F, wnd,
wherever possible, telegraphic signals are used s « means of obtuning differences of lonatude

Approximate Adjustment —For any two stations such 18 A and D, we hwe n
amphtude m hiitude from the truverse, nd o1 ftom the obseried Iititudes at A and D
Take the mom of the amphitudes «s the true amphtude and take s the true yalaes of the
latitwddes 1t A wnd D, values which differ by the same ~mount from the observed hititudcs,
i opposte directions  Treit the longitndes (if any have been determined telegraphically)
m 2 sibr way  For « more rigorous method of adjustment, sec Chapter AV II

Recapitulation —To recaypitulite, the prinapl pomnts to be observed we —

(1) The clewrings should be as strught as possible,,

(2)*The longer the legs of the traverse the better the result and the more ripid the work,

(3) Great eare must be taken i centering the instrument ,

(4) The shorter the leg the greater must be the care n ecntering, observing nd bisectng ,

(5) An azimuth should be observed at every 30 stations, 1f possible ,

(6) Cham or tape exch distance twice,

(7) Rend b least two ares i taking the ncluded angle,

(8) Compute as you go along, the clearing generally delays the observing =nd an

opportumty then presents itself for computing

* Tlus does not spply to subfent traverses



CHAPTER YV
SUBTENSE METHODS AND TACHEOMETRY

Tur general prinaiple of subtense work and tacheometry 13 the measurement of the angle
sul tended at the ol server by 4 short meacured length 1t t distance  In the simplest caso
suppose AB to he 2 lar pliced honzontally, € the centre of the 11r, O the position of the
o erver  Let AB e at night wngles to OC  Let AOB =2, AB-!

A
0 ¢
B
1z 23
Then 0C - AC cot AOC
! a
=, cot 2

Tlunee 1f the length of the Tar AD 13 knows the measurement of the horizontal angle
AOB 1s suffiient to determine the horizont 1l distance of the 1 u from the observer
The wngle AOB may 1¢ mesured —
(1) On the are of 1 theodohite
{7y By 2 mor 1l 1o micremeter wire i the dipliragm of 1 theodolite
() Py fined wires w the dighriam of v theylohte m wiich cwe AB must Tc
sruduate1 1 i nd the grudnations intersected by the fived wires must be rexd

The dt tance AB may be —
(1) A bar with 2 fixed dises on 1t at 4 hnown distance aprt
(¢) The length between 2 signals the distance between which must be measured ench
time they ave set up,
{f) A graduated 1ar, such a3 a level staff,
() and (f) may be erther vertieal or horizontal

Tlhmimating the com! mations ) (1) and () (¢} which are impossitle wnd (a) (1) () (/)
which re unsatisfactory 1113 seen that there are cight practieable and useful methods of deter
msung, distances 1y measuring the angle subten le 1 at the ehserver Ty 2 known shott length
To this 1t may le 11ded that 1 regards () there re two distinet ty pes of mstrument which
ol ¢ different computations

Avnenel uwre

Tacheometry (elled also in Americin books Tachymetry or Tichyometry) 1s 4 system
of * rapid measuring  as above desenitel and includes all the eight vanations just mentioned
The system w s first largely employed i Italy 1n 1820 but hid been used 1n the eighteenth
century in England  These vartous metho Is are clearly diisible into two mamn clisses —

A Those 1n which the angle at the wnstrument 15 a variable one and the distant base
15 constant or specially measured—those we shall el subtence m #ods,
B Those in which the angle at the instrument 1s constant and the bise 15 varable
e, mesured on 1 graduted bar—the®e we <hall call facl somefer metl ods
(3455 "
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A Subtense Methods —() / uh an ordinary Theodolite and e 10 o1 20 foo! Bar

Let 1 bar over 10 feet long he supported horizontally on a tripod or on trestles, the hir
heing 1t right angles to the line Jorming 1ts centre to the observer’s theodohte Let there he
two dises on the bar whose centres are exactly 10 feet apart  Intersect the left dise with the
vertical wire of the theodolite, record the horizontal readings Now move the upper plate
with the slow motion screw and mtersect the right dise

Lewving the upper plate clamped move both plites with the slow motion screw of the
lower plate till the wire agun ntersects the left dise  The right disc 1s then gun ntersected
by means of the slow motion screw of the upper plite  This process should be repeated s
10 umes nd the final reading of the nght dise 15 recorded  Lhe obsexver then his the imitial
redny of the left dise and the final reading of the right disc, the difference between these two
reulings divided by 10 will grve him  fair messure of the angle sul tended by the bar

The two reulings menttoned 1re the only ones really required , but is & precautionary

Ig 24
Puan
u! 1= T = = Iu
; 2R O ;
Disc
[
PerspecTive View oF CeNTRAL PorTioN
g d
ck ) P
o4
& X
8¢

Ly, 2»* Subtense Bar used on the Survey of Indin

mesure to give 1 check, 1t 18 @ ood plan to record tlso the reding of the right hand end of
the har the first time 1t 15 t then

The difference between the readings of the two ends of the bir will gne 2 rough yalue
for the subtendul wgle sufficiently near to expose any error in counting the number of times
the process his 1eun 1eperted

This method wis mtroduced mto the Indian durvey by Colonel Tanner, who used it
lugely m the Himaly s Celonel G Strahan also employ ed 1t exclusively for the traverscs
of the Nicol vt Ihinds  The men hinenr error in the Intter eise which wasyery unfis ourahle,
wis dout !

Bus hue ! o nsed in India of 2 feet 10 feet and 20 feet  In the Himlayas the 20 foot
har w13 10 gener d use  this had 17 nch aircular discs, and wnder favourble conditions 1 ray
3 miles long ecull he mersnred with reasontlle aceuracy A 10 foot har with 8 inch discs
will give good 1esults up to 14 nules

Descniption of fig 24 —The 14r1s made of hard wood 1n three sections  The centri]
section 18 quire 1 crossseetion 1, x 13, with 1ron sockets 6 inches long ¢ g 1t evch end
tuto which the enter portions of the bar fit being pinned mto plice by the pins ¢ Lhe outer
cnds of the 1ar carey 1ron sochets 7 &, which hue the reces esin them accurttely michmed
ent Into these suchets the dises 2 it by mens of cirefnlly fitted hooks on their 1achs  The

S Txtrct o Uy jum as o frm 1 atety Dravellers
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iees are of wond 10 mnches 1 dinmeter, punted white wath 2 1lack eentre Black cloth covers
are al o carmed to fit tightlv over the dises 10 ease of working with 1 hzht back ground

In the centre of the har 1s a hirwss <ochet plate, 1y means of which the 11r e be attached
to 2 tripod

The sighting arringument coneists of 1 hght wron frame hinged at ¢, 7, and X The pn of
the hinze 7 earnc 4 pomnt on the top uxt 4 stle met1l point 18 fined 1t @, the centre of
the har and the other end 1s fixed Iy 2 thumb-screw, ¢, tn such < josition that the line joiming
a1~ it nght angles to the hne jonng the dises For truellng the thumb serew ¢ 15
nnecrewed nd the frame i ela ed up 1runst the Iar, m which position the thumb serew screws
to the hole o 1n 1 metal phite affined to the Inr - The bar 1s fixed in position by i aswistangy
Tw hang along the <i_hts o, & ind Tiang them on to the theodolite

Fig 25 represents wother form of ol and one more Cisily mude, though not eluulited to
avesuch wceurate reults A L arctwo haards 1 foot squire pantad white wath 1 black cross
oncth Theeare futencd on « hambio B B i snch « munner thit the centres of the
cro es shall e 1 known distinee ipart

When usng the rod movertical po ttion 1t will often be found consement to fisten 1
stich toat, extending bout 2 feet hoyond one of the Voards This when pliced on the ground
takes the war ht off the rod amnd hdps the wsstint to keepat steuls

@) Wtk i Ot wy eadoltte an £1 6 Syl
(Ste o p 41)

Thbe Line jomng the mgmals must be 2t right agles to the line jommg the observer nd
the centril pomt between than  The sinids may Te poles ived verticelly into the ground and
stayed with rope or wire guys It 35 de<arable that the ground hine should De visible from the
olerver otherwise the poles must e very carefully plumbed  In fixing the poles the right
angle muy be detenmined by compuss «r by tipe, thus

3
N\
s\ 4

Fig 27

or, 1f avulidle by o thendohte  The spice Petweun the poles should subtend it the
ohserver 1 wngle of from 8 to 12 mmutcs  The tewson 1 ey, that 1f we adnat the possibility
of an error of 1 1lus will m 4 totd meisurement of 8 be equisalent to n error of
about ghg, whi b should not le exceeded The distance letween the centres of the poles
should be arefully measmied with o tipe  this distence wall vary from 10 feet to 100 feet,
ccording to the length of the r1y  For long riys wonspicuons marks must be fixed 1t the top
of the poles to attrict ittention 1in Indin and W Afrin wicker baskets bout 3 feet m

* Litracted by perwismon from Hunts to Travellers
(B439) u2
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Mnmeter, have heen found useful for the purpose  The poles will he from 10 to 30 fect long
One of the longest rays thus determmed was one of 113 miles, measured on the Sierra Leone
T1hena Boundary Commission of 1903, the hase (which on aceount of loeal conditions was
somew h1t small) subtended an angle of 5 47 and was 101 fect long, 5 sets of 10 repetitions
of the angle were observed  Iixperience shows that in such long r1ys 1t 15 desiralle to use
dark poles agunst 4 white hack ground
Tle 0b eriahons —As v rule 3 sets of 10 repetitions should he tiken for ordinary rys of
2 or 3 mules, for longer riys ¢ larger number 1s necessary  Each new set should begm on 1
ifferent part of the are, te,af the left signal reads about 0° on the first set, 1t should read
about 33° on the next set and soon  Vertieal angles should be taken lso, 2on FR, 2 on
FI, (Requred for determination of herghts )
The Computations —If 15 the mean observed wngle,
b the length of the bnse
« tho required distanee,

1] E3
= oot ,

(1) Il a Theolohte filted wall an F je jiece Mirrumeler, anl @ Bu of Fured Lengih

The eye piece micrometer screw moies v wire 1 the diphrigm  The wire 1s made to
nterseet the dises or mirks at each end of the bar, and the Qifference between the two
readings of the micrometer head gies the subtended angle 1n terms of the divsions of the
hewd This process ean be repexted many times with great rapiity and the mean, sy, of 10
rewhings, will give 1 good value of the angle

A table should huve heen previously prepared piang the distances corresponding to 4
series of intery s of the mucromcter hetd This table should be determined by acfual
erperim nt The reason 13 thit owing to opticdl principles, the angles measured cannot be
tahen a3 those subtended at the vertical ans of the instrument, but at a pomnt m front of th
{sco also p 55) It 1s cisy to show, 1f the focus his not been altered,* that af M 1s tho
micrometer rexling of o staff of fived length, A and B constauts to be determned d the

A
required distance from the terlical axis of the wnstrwment, d = nt B A few expenments 1t

vamons distinces will be sufficent to determime the constants A and B A table should then
1e prepred
This metharl 19 sometimes very « dushle ind was used w the traxarse e Abysani, the
honzontal ingles being measmed with the same theodolite, where the route followed was an
mmy places so rongh nd 1loched with troops and biggage antmals, that any other system of
measurement would have heen 1mpossible  The raprdity with which such « truverse ein be
curnie ! on depends upon mny consideritions but chiefly upon the length of the shots that
anlbetihen  Tn the Abyssinin expedition of 1868, a trucrse was carricd with one of these
mstruments from Adigerit to Magdila withont any Lrenh of contimuty, the daly rite of
progress avertaing 5 mles, and being ocesionlly 1s much 1s 8 males  After this run of some
400 mules newrly due north nd south, the obsersed Iititude differed from that guven by the
traverse by about § of « mile
The ¥ v muy e smlir to those desctibed on p 52 For preference the bir should be
bonzontd  Tnys 4 nule or two long re convement
The lorizontal angles between the stations should be ohserved 15 m a chum or tape
teaerae
Ihe sutten ¢ mothols just deseribed are more generally weful to the topogeapher than
the tacheometer methods, wlneh will be next dedt with

* Tl e Instrumcr ¢ muat b wsed at solir fo us
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B Tacheometer Methods —(1) .fn eidin vy Theodolile, 1wtk Tro Freed Whes an the
Ihayheam and & Gralnalnd Py

The theodolite 13 provided with two homzental waes fined m the dupliragm at equal
i tances from the auis of the telescope  The stafl1s held vertically, the divisons of the bar
itersected by the fived wires are read i these are sufficient to deternnune the distance of the
bar from the ob-emver

Now, an ordiniry theodohte his + lncomvex object gliss wd an eye preee wnd 1t 18 easy
to <how that the point at wlich the angle subtended by the fixed wires 13 constint 15 not on
the vertical s of the instriunent, but at 1 distance f+ ¢ i front of the vertied 1xas measured
tow wrd  the bar, where

# 14 the focal length of the tde cope (ut <ol it focus),
€13 the dist wee of the centre of the olject glass from the vertien] axs

£ can be measured by foen «ing the tele cope on a dt tant object and measuring the distance
from the centre of the olject glss to the dinphrigm

Heuce, if d 15 the required i tance from vertical avis of theodolite to centre of bar, the
tar buang held vertialhy, the tdescope being horizontl, af

@15 the distinee mtereept & on the bar by the wires,
I veonstnt,
d-1 a +(f1+0)
7 ¢hiould he determuned Iy expariment by tikang sevural seadings of the staff w 100, 200 and
300 feet distint, mersuring from 1 pownt £ + ¢ 1 front of the vertical g
Tf the rod 15 held vertienlls, but on « diffurent leved from the telescope, so that the litter
15 inclined 1t an angle z to the horizon hun pomting at the centre of the rod, using the srme
notation as hefore,
del acos 2+ (f+ )wsz

an 1 the diffirence of height (F) between the vas of the theodolite nd the mew rendin, of the

st {13 gnen by the expression
A 2z

h~(f+)sma+al

The rim ! nd ¢ffective wse of tichcometer methods thus ceirly involves the employ ment
of tables  There are severil such tibles in enistence * It will Te seen that the method 1s nut
0 strughtforward s might at first sight yppeat

Amcrican expurments appear t0 <how thit the linnting length of the rays should he about
800 fect  In Engliwh pructice this hmut 15 usaully abont 600 fect, 1ut in exceptiomal cases
rays of 1,200 feet muy be measured  On weount of the shortness of the rivs this method 13
morc suitable for large sciles thu fur snudl and generally 1t 13 more yppliewble to engimeenng
thin to topographical surveys  Rods from 10 to 1o feet long should he uscd~they may b
epcenally griduated or mey e luved staves

()

B, the mtuduction of o converging leus Letween the ebject gliss wd the duiphrgm of 4
theodolite, measurcnients cin ho read ducetly from the verticil was without the necesaity of
considering the quuntity f + The term tacheometer 7 1s best confined to mstruments
which hae tlus optal rrmgoment If thae oo two fived wires i the diaphrigm of
such  n wnstrument and © graduated st s ol setved the distanee fiom the verticil s

* “ce Theors anllractice of Sur yin, ~ B Jolnon New York VWiler ard Sons
Meoers Lror lter wisnpwet b otz stw entof th s ty]
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to the stuf vares directly as the number of graduttions ntercepted  If the central 1
of vis10n mikes an angle = with the horizon, 1f d 1s the required horizontal distance of the st
from the vertieal axis, 1f 413 the height of the point at which the central line of vision strihes t
staff, let 72 be the number of dnsions betw een the wires,

d =1 m eos"z, when/ 1s a constant,

h=dtana

Tt 13 desirttle 1n this case also to use tihles  The mstrument 15 more generally swtable
for large scde surveys thin for topogtaphic il work

‘Lhere 15 considerahle hterature on the subject of sultense methods and tacheometry
Amongst othcr books muy he mentioned —

“The Tacheometer,” N Kennedy, I ICE

“Ihints to Truvellers ”

“I neyclopudia Bratanmey,’ vol XAXIIT

“Theory and Prictice of Surveving S B Johnson  New York  Wiley and Sons
“A Lratise on Surveymg,” Muddleton and Chadwick, Spon, London

There we muiny speaal mstruments depending on the sune principles, but they are not
generdly of mach value 1n topographical surveying
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CHAPTIR ‘1
PLANE TABLING

Tt plane table 1s merely 4 portible table  The table or bhoard ewn e earned separately
from the stanlor legs the stind 13 wsudlly v folding triped  For greater compactness, the
stand 12 sometimes made of 1 collipaillc pattern The adguncts to tho plane table are the
aghtyane, called aleo the aixhtrule or alkhde and the lov or trough compass, the
plane table sheuld (1 o 1c provided with a waterproof cover

A comvoment wize 18 the Serstec pattern of which the boud 15 18 x 24 (sce Plate IV)

The sight vane* <hould be ihout as long 15 the shortest side of the tible, and the fittings
<houl 1 I «f gunmetil or brass not wron or stecd A common defect of stxbuyvnes s that the
sl the rear vane s too smabll When working, in lully conntry the centies of the tops of
the vanes should Le jouned by 1 string tun ¢ when the v mies e upright, to enible rags to be
taken on steep <lopes It as comvenient 15 10 the Susice puttern for the sizht vane to he
gradiated with neeful seales notatly 2 nches to 1 mile

The trough compass <hould not be combined with the sight vine  Iho 6 much trough
compass 1 mho_any boy with elding b1 wlich throws the compass off 1ts prvot 13 the best
‘Troush comp vses shonkl be stored honzontally  They e bo wdjusted for  dip’ hy tymg
string round the clevated end wd droppins «cihing wx on to the string

Mounting a Plane table —\ith an ordinry pline talle which his v plun Toud (wned
all arrangements <[ clips should be ¢ chewed) 1f time presses the only thing to do 13 to pin the
papir on to the boird with drawing pans andaf the paper1s Tinen bacl ed <o mucl the tetter

Butaf time allows, © mount  the pline talle 1 follows —

Get somc fine s dent 8 ncies luger wecxch direction than the Towd dunp this
<hghtly, and pa tet on the underaide of the bowd only  The paste should 1¢ made of the
finest flour v ulitle coruflour s the Fest New tihe 1 prece of Irving prpar the sime stze
as the linen, dmp 1t o the wrong side paste the hinen tll over el smocth the paje down
cutothc hnen pote o the overbip of pipa on the underside of the tible Put w1 fow
pins temporanly on the underside the ¢ con Te semnad i dhout 12 huurs when the t e
will e rirdy thy work en

When the work s fimshed and the field shect 1s removed from the boird ats edges shonld
Fo hound wath tape

The rearons { 1 monnting paper on linen ue that 1t gives « good surfice to work cn wnd
renders the paper less Indle to e torn ind scmewh ot Iess Tuble to 1o affected Ty expansion
cutsed by wet and dump

SUTVEYING AND SKRETCITING WITIT JHE PTANT TARI

1le planc table1s by fir the most useful mstramens cmploy ed i filling i detard

The fllowing are general maxims which shonl1alw iy be obsuved —

(1) See that the leg <crews at elimping screws are tg Fefore 1 cganming work

2y Spreud the legs widcly cspeaally wath collypsible patteins  the stifiness of the tu b
largely depends on the <precl of the legs  Insoft soil the Jo s Boukd Ve well presscd
into the greunl  Lhe Foud shoul T o hotiront it

(3) Alwags keep the penal sharp, thete should be no error m e~sentiil festures greater
than the thichness of vpenal line With wcute interscetions winch must sometimes
Te used, fineness of linu 1 ihsolutcdy neces vy Ponts required afters srds for

*1 0w 1 mgltvare s 1 osel n Amenea L slthough 1l ey tike away from e sumph 1ty of t14
Jatr e ent ey undout te lly tncre e the ace iracs of 11 e work



terpolation should be fine dots surrounded by n circle  No good results can be
expected with = blunt peneil
(4) When 1t 1s required to drww a ray from 2 pomnt, put the peneil upright on the table
with the edge of the base just touching the pomt, and lay the sight-vane agunst
the peneal  Oranstead of a peneil some expert plane tablers use the finger  Puns
Joild neter be usel
(5) When drawing v ray from < dot, set the pont of the pencil into the dot first, so
15 to get the correct angle at which the peneil should be held when drawing 1t
long the mght vaine  Without this precaution large errors creep 1n
{6) Whenever the planetable has to De =et up or orented by = previously drewn short
ry 1t 1s important that the ray, when 1t 1s first drawn, should be extended by
marking short lengths of 1t at or near the edges of the hoard These are ealled
¢ repere’ marks and give 1 good hine ~long which to lay the sight vane
(") When druving 4 ray to 1 distinet object markts approximate position, 1s estimated,
by a smil arcle on the riy  Wrte the nime of the object along the ray,
to assist 1dentafiertion 1t 1s sometimes nseful to draw a small sketch of the object 1t
the end of the ray
The steps to be tahen in making 4 plane table survey are the following —
1 Plot the Graticule —The method of dong this 1s fully deseribed i Chapter NI
Seales of lntitude and longitude should be drawn on the howrd
2 Plot the Trigonometrical Points —The latitudes and longindes of the trigono
metrica] pomts hwing been computed 1s deseribed 1 Chapter 111, the points are plotted with
reference to the graticule hues and by means of the seales of latitude and longitude At the
outset wnd before the griticule has had time to get distorted by expansion or contraction of
the paper, 1t 1s perhaps somewhat more aceurite to plot the points from the seale of inches
used 1n constructing the gratienle, by conserting into mnches the mtersals in Iatitude and
longitude from the gratienle hine
3 Test the Plotting by going to 1 trigonometrical station, Ity the sight rule along the
hine jowung this station and any distant visible station  Move the board until the distunt
station 19 intersected by the vertieal wire of the sight-rule, then clamp the table  Seeif the
other points are in their correct positions by aligmng the sight rule on them  Any pomt
meorrectly plotted wall easily be detected
Now place the Tox compiss on the table (away from the area to be surseyed) move the
compass until the needle pomts to the centre graduation, and draw a penall hine along each
sude of the compass hox  These fines wiil murk the magnetic north, and by therr means the
tible cn subsequently be set up approximately Remove the compass
4 Fiz Points by Intersection —At this station, wnd at every other point where the
pline table 15 aceurately set up r1ys should Lo drawn to all pownts which e lo enaly
Vientified or are bikely to nssist in the exceution of the work  Along all such rays should be
written 2 brief deseription  oceasionally 1t 12 useful to draw 2 small sketch of the olject at thoe
end of the riy and 1 small eiecle should be drawn on the ray m the supposed position of the
ol ject
A position fixed by ntersection of 3 raiys may be rehed on  1f 2 point ks heen fixed by
onhv 2 riys 1t should be considered doultful, and should not be used afterwards for
terpolation
% Fill in the Detall, mainly by Interpolation —Interpolition, or fixing by resection
from three hnown points, sounds a very formuditle process, but 1s mn reihity very sumple It
lic‘;hc trmapal mens by which the butk of the detul should be fixed The method 1s s
nE —
Set up the y1ne table 2t any pont from which iree presously fixed pomts e be seen
These shout{ e tngonematrieal yomts af po~sitle  Orieat the tible roughly 1y the trou h
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compass, and from the three fixed points draw back rays  If these three 38 piss through
pomt, thie point 13 the requred position  If they do not pass through 2 point, the rays will
form a emnll triwngle clled the “tnangle of error ™ The true position 15 how to be determined
Ly the following riles —
1 I the “tringle of error” 19 maide the tnangle formed by the three fived ponts,
the positton 14 insde the tringle of error, and if outside, outside
I1* In the latter case the position will be such thit it 15 either to the left of all the
ry & when facmng the fixed points, or to the nght of them all  Of the siv sectors
formed by the rys, there are only two i whieh tls condition cn e fulfilled
TT Fimilly the exact positton 1s determuned by the condition that ats distances from
the ray= must be proportional to the lungths of the rys
In the attached exumple, for instanee —
By conditton I the pomnt must be outside the triangle of error ,
" ,. i, " » 1 sector § or m seetor 3,
“ " I, " s 10 sector G, since the (istinces frot it to the rys
must he proportiontl to the lengths of the riys,
wd by estimation 1t will be where shown

Huing thus determined the position plice the wight 1ule iloag the line jormng this and
the most distant of the punts used, “et the «ight rule on the pomnt by shifting the pline talle,
climp and test on the two other points It there 1y still an error (which should, however be
much smaller) go through the process agun

The hest postion 13 inade the triangle formed by the three fived points, of which two are
near and one 15 distint  Aeruriey of p i 1s enswcd by two points hang newr, 1ecuriey of
setling 19 ensured by iging on the distnt pomt  And 1 generd, fix from near pomts, set
by a distant pont

1t 18 very necessary to be ible to interpalite by this method both riprdly and wenrately
It 15 the essential forndtion of all god topographical ple t Wbling  The plane tabler 1n open
country need not pace or measte 1y wrd Wter e his fived lus hise  In wdition to the speed
wlich results from a free use of mterpolition there 15 4150 1 gun an wcews ey, smce there 1s no
pthng up of errory and ewch fixing 15 depundent only on the mun mtersected ot other well
fixed ponts

Thire 1 one cose n whiek 1 metho? fwrls, viz, that in which the observer’s position wnd
the three points lie on or newr the arcumifercnce of 4 arele  [he plane tabler should be on
lic look out for this, and not wterpolite from pomnts so situated

* Rule 1L obviously meludes Rule T
(515%) - 1






compuaes, and from the three fived points draw haek rye I thear thrm pva g b o4 5
pornt, this pomt 15 the requred poation  IF they donot pass thrim ha e rt, e rva vyt
form 1 small triangle culled the ¢ tnanglecferror The true pocti nacn w b dovrer af
by the following rales —
T If the *tringle of error " 1w anade the trangle formed Ty the thrce fore! feore
the position 12 menle the trngle of error, and if outs I, ot e
11* In the Itter case the poation wall he such thit 1t s etber tothe Lft of all iV
e whon freing the fived patnts o to the nght ef themall Of thewx e v =
formed Ty the rive, there are only twoan which the conditien ean te 41711 |
T Finally the exact pomitien 1< detcemmad by the condition that stalitan oo fon
the rays must be proportional to the lanaths of the rava
In the attached eximple, for metine —
By condition T the pont must be outside the tnangle of errer
" » I . N , meccter 6of moscctor 3
" ” o, » o 0 rector 6, mince the distanees fromat tatle pyye
must be proportional to the langtha of the pyya
and by csimaticnt will be where showp o

4

11 wing thus determned the positton plrce the wight rule along the hne Jomng thig qp
thie mont distant of the points used, <et the sight rule on the pomt by shifting the pline tay,
clamp and test on the two other points 1If therc 13 still an error (which should however, IL.
much rm tller} go through the process igun e

The best pouition 15 side the truingle formed by the three fixed pomts of which two ar
near aned one 1s dhstnt  ecuriey of 72 ¢ #1s ensured by two powts bang near, tecurtey (,“[
sotteng 13 ensured by thignng on the distwt pemt  And o generl, fix from new pouts, get
1y +distant point

It 13 very neecssury to Le able to wterpolite by this method hoth 1 yudly and recurately
It 15 the vssentiad found ition of all good tepographic il plue tihling  1he plune tibley an open
country need not pace or measwie 1y ud after he has hvad his base  In addition to the speed
wlhich results from 1 frec nse of interpulition there 15 2o L gan m weuricy, suce there 1 yq
pthng up of errors el ek fixing 15 dependent only on the mun mtersectad or other wel
fixed ponts

There 15 one sase an whih h method farls, viz, that m which the obeerver’s position ang
the three pownts e on or neur the cucumference of 1 wrele  The plwe tabler should be on
the look out for this, wd not mterpolite from pomts so situited

# Rule IT obyiously melules Rule I

(5455)
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Tt wll have leen noticed that the trongh compnss 1s only used to orient the pline-table
roughly, the finl fiuing does not 2t all depend on the compiss It 15 important that this
rhould be remembered

Resection from Two Points —It will however, sometimes happen that only two fixed
pomnts or stations are visihle , 1 this case the pline-table must he orented by the compass,
and rays must e drinn back from the two fived stations intersecting m 4 pont which must
he taken s the requred positton It 1s clear thit such v fiuing dupends entirely on the
compiss and muy, therefore, be very maccurite  In parts of S Afrien such 2 fixing would,
on account of local magnetic attraction, be entirely woithless, nrd 1t 1s ohvions that 13
general rule compiss fivings showld be v owded

This method should, 1f possible, onty be nsed for putting n detal, and not for throwing
out points on which future work will depend

Wheneer 2 fixing has heen made the local detail should he drawn in, a combnation of
measurement and estrmation should he used, the wmount of estimation permussible will depend
on the scale  Thus on sciles of 2 mches to 1 mle and smaller scales 1t 1s not necessary to
pree the width of rowds o1 size of houses, these are put in comsentionally  On a seale of
2 inches to 1 mile  distance of 8 yards 1s less than 1; mch, so thit any distwee muy to
estimated which 1s not lthel, to be 8 yards m error, and so on  When time presses, minute
accurncy must 1 ¢ saenficed

6 Traverse Detail which cannot be Fixed by Interpolation —It will somctimes
happen even m open country that there are parts of the work, such as valleys and woods,
in which plne table fivings cannot be mude, 1t 1s then necessary to have recourso to pline
tible traversing  Pline-table traversing has to be much nsed 1n flat country unprovided with
prominent lind marks and was so used n the mapping eurriod out during the operations in
Chinin 1901

The method 1s as follows —Set up the plane tablo at some hnown pownt and orient at,
draw a T1y 1n the directron of some vistl o objeet (and the farther off ths 1s the better), chun
t) this secomd pomnt et up the plnetible there, place the sicht rule along the r1y prestously
diwn id tarn the tal lo nntil the sight-rule 1s on the first pont, clmp, metsure the chuned
@ tue ilon, the riy wxd mark the sceond pomt on the pline table, drw 2 riy to some thard
p ot chun toat nd go on s before  Continne the truverse nntil 1t 15 possible to pinhe wm
waurite frang by nterpolition, and then adjust the truverse between this fiung nd the
starting point  Lrrors are mevitahly generited n this sort of trwersing which should therefore
1e pasaled m quite lightly, 13 1t will have to be tal bed ont when adjusted

The ~djustment 1s to Te crnied out as follows —

[
Fig 29

11 21 1 5are the stitions of 2 truerse, 2 fising was male at 5, and the true poation of
this finan, wis e draw hines through 2, 3, 4 parallel to e, and mike 27, 3¢, 47 bear the <ume
Irepertion to 1—2, 1—3 that §r does to 15 Then the travcrse as corrected will Ve 1,1, ¢, ¢

Or, 1sterd of onenting by back r1ys 18 1hove deserihed, the pline tible m1y be oriented
by compass done  But 1t 1s not wlvisable to uee thes method where 1t e bo voided asa
httle conadertim will show, for 4 ecmpa s vy Caly be 3 ont, which 19 equinalunt to o
hterl errirof 315, now, m algung 1y 2 back v, 1t 13 very unlihedy that the «1 bt rule
ma e 1200 yards Ding weuld Ve 10 yards ¢ff the ol jeet  Howeser, where the r1ys are viry
shert, o the triverse 14 long or objeets to hin hack on'cunot 1 e fornd, or where tine 19 short
1tmy he ne esary to traverse wath 1 compass
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Tt a< < metimes envoment to pletthe traase it the side of the Towd nd subscquently
to tmeder 3t to e g ooper poaticn when correctad

© Contouring —In the precedmz dusenption of plng talilg no mention his been
e of contoming A des nibed i Chaptar \, contonirs vary 1 ceuriey according to the
matod W ped for tle survey  Thay oy he hined Iy levd), theodolite, water level, or
eln neer o ma e shdteindan B eve The method wlopted dopends on the seale of the
g the tme and monav walat e and the purpese of the map

Spokane cenemilly, so far a< the raale s concernd, contonss wonld Te determined as
fillowe —

4anches to 1 mite an L hrger lind, theodohite, or water level,
2 1, water leved or elhinometer,
1wch 10}, " "

1 1, . +Imometer or shetch contours,
1 \ 1 ., and cmiller shetch contowre

Whert vontars are daomaned 1y leved or theadobite, the det ul shonld be snmveyed Defore
the wntoanng v commen e Where the contours ire approumate contours put m by
i mader or shet b ocontours or form lines put m by ye, the ontounng <hould he cured out
dunnz the sunvey of the detul

To fix the 1lon we will now suppo o tht s tadad o contowr 1 1inch field <heet
with the ulof the Tndian pattorn dimomceer

The Indian Clinometer i+ 10 hes bong and has tvo v e which src upinght when i
neg, there o sght o i the rar v md the front s e s geduated m degrees on the
Jefe ade s f s cantrl shit and an nuarad tingonts on the nshe The sight holo 15 ought to
Tad wath the zeroof the front vine by vserew Fohund the ron vang a level attwhed to the
bonz ntal arm showang the posti n The sl of nuad tmgents cm be cud by estimtion
03 s of donmals, the extrone e of dey e depresaon s 23

Stppees now that the pline Gbder hs e T hus prositien Tnomcws of rescction from three
huown pomnts of which the hoghts are known e scts e dmometen on the table, levels i,
anl direts 1t en one of the hnown ponts, profurily the ncuest o looks thiongh the
bt hole and notes agunst which roading on the saile of watwl tangents the pont ppears
He nom me vurey the di tance from s ivng, to the powt, multiphies the distance i feet by
the naturd tmgent cbtundd, ued the realt as the approumate dificence of height 1n feet
botween the pline table and the fived poant

Thus, of the naturd tingent 1 04 3 dopression, the dist inee 2000 3 ads, dufturence of level
= 013 x GUOO fuet = 298 feer, md af the haght of the dist it pomnt w15 401, wd the plane
table board wis 3 foet thove ground, the haght of the ground aw the pline table 15 cleuty
238 4+ 401 3 - 656, wied tus haght ;s m uhed agunst the ixing It 1s uot desir iblo to use
this methaod for long vy s on dueonnt of 1ts compar e roughngss, shout 2 mitles 18 a s itisf wctory
it 1f valucs for the huglt ¢ bo gt from more than one fixed pomt, 1t 15 advisible to
tahe thun wil use the mean

In plice of actually computing the haght v dingt i may be used (snch 1« Colonel Wahal's
hoght i bicater), from whic the difference of heght muy be mesured off

Having now the herght of the ground at the fang, the next step 1 to determine the
porition of the newest contour  Suppose that m the case quoted the fixing 1s on the top of 2
guntle a1 ¢, and thae the ground glopes dawn umformly m one direetion at an ingle of 4 s
mested by the dinometer Now o 1te that ! topogriphas should remember 1s thay o
slops of 1 15 cquivalent tu v rse or fullof 1an 073 for 1 tlis1s 1m 1146, o= 1 fiot
38 2 yanly

“Lhe haght of the fixng 15 636 fect, and 1f the contour mtervals e 50 feet the neatest
contour will Lo 650, G feet below the fixing, ot a distmce of 6x 382 yards or 229 yards

.
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awyy  Trms powt 1s marked on the tible, and so wre other surronnding points on the same
contour

We must now define the terms vertieal mterval and hornizontal equuyalent

The Vertical Interval 1s the vertical distince between any two successive contours, wnd
13 usully given m fect

The Honzontal Equivalent 1s the distance on plan or on tho map between any two
siues ne contours, wd s usuedly given m y wds

Lhe jlwne tibler should prepare a4 serle of horizontl equiv dents for the pirticular mters il
muse Thus suppose the <cile to be 1 mch, and the vertical mnterval to be 50 feet, the scile
would be prepired as follows —

1 15 equivalent to v nse of 1 foot i 191 yards,

roo, » s B0feet , 955
2, " w50, , 478
&e, &e

We hue thercfore, this list of hortzontal equis alents for & vertical interval of 50 fect

t
Digrees Yarls Degres | Yands Degrees Tards Degrees Yarl
1 935 6 159 n 87 16 60
2 478 7 L 12 80 17 56
3 318 8 ‘ 120 13 74 18 53
4 230 9 106 14 08 19 50
By 191 10 96 15 | 61 <0 48

If the slope 1s uniform, the positions of the other contours will he found by stepping off
the honzontal equivalent for the particul ir slope mn question, from the first fived contour, 1long
the rav down which the slope w1s taken

Bat sl pes, a3 2 rale are not wmform throughout and this method should only bo used
{1 the dstue up to wiich the slopes muy e considered sensilly the sume, tho plane-tiblo
1Tung then moved to the next chinge of slope and the sxme procedure ewrned out agun there
In mount unous country 1t 13 1 est to contour the top of a rdge or hill first, then when the
Valley s reached the lower contours ean 1e put in

But af time presses, and the bottom ¢f the valley 18 visille, the difference of level, and
hence the numl er of contours, Fetween the fixing wd the bottom may he determined, and the
conteurs spaced by ey e, closer on the steep portions of the slope than elsewhere  This 1s rapnd
Approximate contounng

Generdly i approximate contouring 1t 1s desirible to work i the first wmstance dong
rilges spurs and tops of lnlls putting i the valley contours subsequently
Ecr 4 more Jdiborate method of contouring with the dinometer, sce Chaptu X
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CHARIER VI
SURVEYS UNDER ACTIVE SERVICE CONDITIONS

Rapid Triampulation - Wher ¢ Fegreare Gl on to wn lotike surveys, either on wtne
HUC ot ed Y et e a bt or whon asexplorers they wp conntey with 4
Teet 0w L Lofwetn s spaent tah any operiime the <cene of therr [hours
MARC eV e s mruret Y eed ¢ mtn anlewten] over A con wderible rea On such
@ e e gttt {0 morc 1 urte work tha s obtunable by mere
e o

Tt drev ooty sarea vy ot exeouted map of i ostended
aren t

) Tromr e il theod Dt from v meosarad s
G Ve =% b gl o osath wtroncmod ob o itions,
(I A v v b ety e

Tn (1t v s aran Auded s onhy st e for nooronshy weurate smyveys
o hd e ot oot ofvat wuh o Iharaten ft T howavar Teen proved on
e Pt acu e Lt neef 4 tve )onvace 1t s po aiblg na Enourible
Com e e D oangabwn oo s bothagh faling, short of the werugy to bo
At edbceemter s rvens can otdl B £ immense v dimn wing arors id i fah
Uoabviexs o nddtbe tgpng nl the aal cquent compihoen of dilfirent men’s
wak Ty vty g tand 1 nteon to whih to hing the detul sunveys

Thedd £40 du v s des of werk e want of e uncert unty 1s to when wnd
mwbadieor nt retm v widl Temade the po abilit tht gronnd once pissed may
PO boren ted ardens me s s the b b of qomt far from Cump without 1 strong
et

Tot o theso it ultr e th provedare £ be Pllowed thongh generidly sl to that
of rolim bt 0 pejaires oot un medific ions i pricice of which the chief are —

1 e asc o rmadler and more port Do mstrumaonsts

{2) Le s retinoment momosunmng, the Bs

s oad § rwvmmary i the tnnles

(4 Ine o ard of the rule of Jlw w4 ol survan, b thice agles of mun tinngles,

) The rdection of nturd mahs to obsune to pwang to the mipossibility, s 1
rule of mking v prcimimary reconn s ico sl aecting wuhaal maks

(1) Tt as by whvirable to Cary the Dphtest istrument th will gnve sufficientdy

urite re s
Frediont smdl nacroscope theodolites wte now mude o
haatsns on the hmbs are rea Thy miciometers msted of vermers  time 15 saved 1n reading

the xlolites . which the

andthe renlings e more accurate

Wath 4 b amch mcroscope theodohite the micrometer heads we giadmated to 10 seconds
amlreud e b recon)  These instraments wre especilly valuible when stronomieal work has
to Ve done Ihey will stanl o good deal of 1ough wage  [f this type of mstrument 1s
commlere Tt hewy o Vamer theodolite must be tiken Thesmadlest th it hasbeen used 15 1
S bothtodobie s uling to myntes m two smull buxes with cimetustand  Weight wath
stand and Voxes 194 I

(2) lhe ba e would be mesured a3 deserabed 1n Chapter 11

In relecting 1 mite for v lhase 1t 39 ne essary to consder the faalities afforded by the
nitural fowutes of the surrounding ground for the extensiou of the trangulation A streteh
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of perfectly flat open ground, thongh admuirably suited for the 1ctuil measurement, may he
most unfnouribly situated s regards extension, and, ns 1 general rule, m sureys of tho
chiss now described, 1t 15 better to lny out the trangles symmetrically, ind to run the nshof an
error of a foot or so per mile 1n the mewurement of the bise, than to hne 2 more aceurately
measured base and badly shaped tnangles

In the first cise the error will be earried through the work consistently, and may -bo
chmmted 1iter by mewsuring 1 check base on more favourtble ground , m the second cise,
1t 13 probable that still Lirger and diseordant errors wall be introdueed, which will ¢ mse endless
trouble to the computer nd, pethaps throw out the detwul surveyors

Tses of this description are seldom more than one or two nules m length, and time
rarely allows of the mesurement hang made more than twice

As lovel ground 15 nuturally selected for the base, and as high natural features e, 1f
possible, chosen for the first stations fixed from 1t, 1t follows that the survoyor, when
observing back from those stations to the ends of the brse, will see them gaumst 1 baek
ground of the surrounding plun or hills  The result 15 that any artificinl marks erected on
the ends of the buse will be very hard to see unless they e flishing mstruments, such
s hiogriphs  Whencver  therefore, it 15 hikely that 2 base mey huve to be mesured, 1t 1
desirible that the surveyor should hise 4 couple of heliogriphers with their mstruments 1t
s desposil (N B—Cump looking glasses ¢an be made very useful )

Tt mw eccasiontlly hippen that there 1s no ground smtable for mesuring 4 bise at the
sturting pont of 1 tuangulition  In such 1 ease, 1f 1t 15 comement to stirt fiom a long
base, runnming neurly north and sonth, and if there are switable lnlls some 10 or more miles
apart and nerly on the sime mendin W approximate value for the distince between thur
sumnuts ¢ be ol tuned by tahang 1 ewreful series of latitude obsers itions at eich, wd by
observing the true bounng of one from the other  See Chapter LV

stll, on weonnt of mstrumentl errors and ¢ loeal attraetion,’ the resulting distatee ean
be regarded 1s only approuimate, and, although this methed gets rid of the troublesome I ise
measurement and cxtension of the tringulation from the lase, the result obtuncd can never
be regirded with confidence, wnd the eirliest favourable opportumty should be tahen of
measuting t check T1se with a steel trpe

(3) As mentioned prestously, the denl shape for a triangle 1s the cqmliterd  Such
triangles we unfortunately, seldom obtunable 1 ripid work, and though 1t 13 worth wlile
expending rome lnbour to avoud having any angle of the mun trngulition less than 20°,
stall the work must not be regrded 18 v ilueless 1f anles of 15°, or even 10°, oceur occision ally
Distant mtersceted points ean often be fined within 200 or 300 feet by triwnles whose apices
do not ¢xeeed 4° or 5°

(4) Ihe more rynd the work the less chince there 1s of the surveyor hemyg able to
obscrve all the angles of hus principal triangles  This need not, howeves, scrously impuar the
value of hus work, 1f he mukes a shilful use of his intersected points as desenibed on p 69

The fact of all three angles not bung imvarnbly obscrved renders 1t fir more necesary
n rapad thanon re b trnngahiton to fix ech point by more than one trimgle

(%) Whanover ume and arcumstanecs permt, a prebimunary reconnussance shoul 1 cer

runly bo made for the purpese of selecting and marhing all the stitions and nterseetud
ot Unfortunatedy moeynd work at s seddem pesaible to do so, and consequently natural
b jects mnstan the mun be rdied on In thoe arettmst s the me sure of suceess with
which mpud trrmlas m e rrred cut st depend encrmousty upen the nature of the
conntry  The gronter part of Afphonstan, Posiy, wd Baluchistan, ab cunding s 1t docs wath
1 foy, wellmarked poks, which, owing to the doirness of the wmospher, aro visille from
very praat distances offirs an ool fild o for this dass of work Fhe forest dd Hells of
Upper Burma and the Shan States and of parts of tropiod Afney, on the other hand, roent
very much greater, but not insupenible diticultics, and cxecdlent work of this (lies has been

w
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donen these remons, thoteh with less rapidity than i the first mentioned conntries  When,
however, the survevor 12 ealled on ta work 1 the forests of the (rold Coast, or on the rolling velt
of parte o f South \fnes, ripued trangnlition hecomes r 1mpossilnhty  Though at the first start,
m A fuourtle country, 3t may be pos ihle to make 1+ enill preliminary reconntuss e, and
to ecet marhs on the firt stations that are to be observed, stll as « rule, the trngulator
will be compeiled to nubse for lus oheervin stations and antersceted pomts any natural
marhs that «Mir themeelves uch 19 tops of lulls trees reehs, &, wd 1t 1910 the sclection of
these and in thar 1 leatificats n from dedlerent pomts of view, thit s shilf and forethought
will In moet <everels tned  fhaey o v foand frontle kel o<t ot of @ hatl only

Genernd Sketech of the Method of carrying out a Rapid Triangulation —
Accunnng that the survevor with 4 melitaey expeditton his arrved, with his instruments
at the nearcet pomt to the scene of operitons to wlich he e proceed, wnd thit he has
A certun number «f divs i which to start s work before the foree adsances, he would
profally proceed as follows —

Havins taken v general look round from the nearest switable eles wion, he would proceed
to scdeet 4 ate for his base and mark the two ends provisiomilly  He would then mewsure
1ts di tanee approxaamatedy 1y pieing, or vy other ronsh method  wind plot the two ends
on 1 jlme talle on any swmtable sele, 1 or 2 anches to the mile for cholee From the two
s of s huse he wonl b antersect 1l the surrounding pomnts that appear switable for the
first stitions «f lus trimgilatton If time permutted he would extend hns reconnussance tall
hie had embriced a1l the ipprrenthy smtd le points 1 tho required direction that he could fix
approximatcly without moving Jus cunp, unlt he would it the sume time have ewrns of stones
or peles crected wherever the nuuril feitures were not sutheiently cleirly marhed for
ol erving purpn e= As 1 general rule, these carns should he of the smullest size compitable
with ther bemg dearly visitle throngh the telescope 6 the required distince At very short
i tinces 1 pole 1s better thin 2 cum, but f the litter 1> buwlt, 1t need not be more than
2 feet hagh, il ghoull hue t <harp-pointed stone stiching up on 1ts top

It 15 now possable to deeide where to plice the fitst stitions nd w wmspection of the
figures on the pline-tal le muy show that wn alterxtion 135 adviable i the length or position of
the base, n ordder to mike the tringles more symmetncl  The ends of the hise are now
findly chosen, wnd murke 1 with wonden pes covered with small cutns of stones ot mounds
of earth, 50 15 to be c1stly recogmsalle

The next ctep 1s to mersure the bise s 1ceurately as possible under the ciecumstances,
and to obscrve the inles from 1oth ends of 1t If time permits, these obsei itrons shonld be
compute, i the dengthy of the sudes of the trimgles S, the fast staons should be
obtanel  The true hewring of the lase wnl the lititude of (ne end of 1t should also e
determned astrenomically
*  Next, the projection should te drawn on the planetible (p 93) The ltitudes and
longttudes of the pomnts should Lo computed wnd plotted o1 i time does not low tlus, the
pomts must be plotted by Tewrng nd dist ince *

On arriving it one of the near points thit he his alrewdy observed the curn must be
then down and the theodolite pliced over the spot  In order to make sure of finding this
spot when the stones e rtemoved, 1t 15 well to 1yy 1 couple of sticks or lines of stones so thit
therr prolon,, tions cut the highest pomt of the curn 1 rght wngles  When the caen 1¢
removed, there will then be no difheulty n finding the exact powmt where the theodohte
should stand  When the obscrving 1s eoncluded, ssmilu referring m urhs should be placed, to
ensure that, when the ¢ urnas rebuilt, 1ts top 13 exietly over the spot where the theodohte stood

I addition to olmerving the ends of the bice ind the points vheerved from the nase,
fresh objects must 1 ¢ sclected for obscevation m the duection 1 which the surveyor expects
to move, with 1 view to their uso us theodohite stations  All natural features, too, which are

® The trtangilal on chart slould mot as a rule be on a larger scale than 4 mules — Ianch (say
7o sws) or the trangulator will run out of 1t much too soon  Lhe topography may be on any seale




Itkely to ¥e of service s intersected points must be observed, in order that, when fived, they
may facilitate the delinettion of the topography

In a regular survey, when the trimgulttor starts work he 1s provided with 4 plane table,
on which All the pomts he has to ohserve are plotted with sufficient exactness to render 1t
mpossible for him to mustake or omit one of them In rapd work, on the other hand
owing to the absence of a prestous reconnussance, the trangulator hes to construet the
dinzram of hus trangulation on his plane table as he goes 1long

Oncee the triingulition gets started cleiwr of the hise lme and 1ts surrounding stations—
which, being necessirily rither close together are comparatnely e1sy to recogtuse—the work
of wentificition becomes more diffienlt, and to effect 1t wath suecess the tnangalitor must
trust to v shilful use of s plane table m the following manner —

Hawing onented Ins plane table correetly, and having ascertuned by etleulation, nter
section or rescction the spot on 1t corresponding to the station from which he 1s observing
the triangulator draws lines to cach of the natural features that he has observed, and wntes
agunst eich of them the name that he has given 1t in tho angle booh  To this he adds an outhne
shetch of the hills s they appear to the naked eye and their estrmated distanees, together
with any desenptie remarks that are hikely to @il i thew recogmtion from other pomnts of
view  When the telescope diseloses any peculinnties of shape that are mvisible to the tnuded
eje, a sheteh of the hull top as seen through the telescope should he made 1 the angle book

At the next observing stition the same process would he repeated

From these two tmtial stations (the line joimng them bemg as nearly 2t right angles to
the line of probable route as possible), severnl hlls that appear likely to serve as tho next
observing stations besides other ol Jects to be used «s intersceted pownts will prolally he
furly well fixed but others will remun still undetermined erther on account of the acuteness
of the two rits or heewmse they have been ob erved from only onoe of the two stitions

The foree «f cirenmstinces, such s the directzon of the next wbiawce durmg miitiry
operations or the position of water the direction of the route, or the best sito for 1+ cumpn
other cices will generally decide which of the powts ol served to 13 to be made the next
ol erving stattion  When this pomt 18 t conspicnous hill there will Te no difficulty
recogmsing 1t but the task 1s far from ersy when, a3 often happens i mountunous conntry,
on deseending from the mitnil stations on to the low ground along whick the hiue of march
runs the ob erver finds thit most if not all of the ponts to which the observations have
Ticen tiken have drappeared from view

It 13 1n such 1 ¢1se that the pline tatle becomes «f the greatest value By i< means the
position of the ot server on the line of march with rference to all pomts previously fived,
whether vtable of invisitle may always e ascertaned by re ection provided two of these are
v191tlo an 1 snfhciently well situited to admut of therr 1 eing nsed for ths purpose  Irom such
rescctie ns vy s shenld he deawn to other ponte and by this meina a new series of pants s
obtuned by the help of which the ohserver will Te able to continue his advance without Dring
tho mens of finding his poutun

At the same time 1t will Te necessary to aseend some sufierently commanding Il near
the line «f march the poaticn of which ¢n e resected, i order to tike sccond rivs to su b
Jemts as hne not yet Teen suficrently well fixed hefore the altered pont of view ehinges
their ap pewrinee bovon 1 recemtien

Suppeang men that a bl hie been ren hed which 19 Teheval to be 4 pomnt previcndy
darvel te mifrom which stis now ntended to o] crve the wecuriey of the surmise ean 1
tested ae f 1w —

I pline e bavang been set np ate pesatien 19 reaceted from the fived pownts thit are
m st smtall smtaate ] B the fiving thus O tuned falla upen the pro us mtomeetien or
upenthe mnde ry o should only ene have been taken there 14 httle deutt that the il hae
leen nightly alontified  Once all d ult a5 to thie hae been remaved all the cther alrer Ty
sntersected ponts can b exaly reecnised, of viall, by directing the ruler ¢n them m turn
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Tor the 1 lantification of the actual spot oheerved (the ghest pont of the hull for choice),
with the thead hite the oheerver must trust to lus recollection, nded by such notes and sketches
78 hve been previoushy made

It wall b~ <cen from these obeervattons how lirge 1 part of the diffieulty in executing 1
mpul or reconnussinee trngulition consists - selecting swtahle pomnts, and 1 recogmsing
them from difftrent pomnts of view , and how necessary practice with the plwe table 15, m
arder to make 1 proper nse (f ats aul

This proce s will Te much facthtated af ercenmstinees allow of the surveyor visiting 1
hill svre two to four miles on the rzht or left (with ruference to dircction of route) of his
oh-erving station, and of approuimately the sime herght, from which he e get second plino
tlle rivs to s newly-observed ponts  As the pomnt of view will be so simalar, he should
huve Tutke dify ulty n recogmsing them  and thongh the intersections will be very tcute 1f
the ponts are distant sull the ipprosimate posations they wall guve will be most useful in ading
Lam to reec 2m o has pownte

The «ime prineryIe ean be very adv intageously apj hed to trimgulition (see Frg 30)

Here the statins € and D have been finved from A wmd B On visting D, the
tnangnltor scleets B and G as Ins neat forward stations, and observes to them  There 1s

F

B A
kg 30

however, a considerable risk that when he visits G he m y not he able o recogmse these points
with certanty  He thercfore makes @ station on E, 1 hall new D, which he should have
observed from A and B, wd from it he obscives wath the theodolite to F and G If these
Ills are at Al dearly mourked, the tingles DIF and DI G, though very budly shaped, will
suffice to enable him to fix the positions of 1 and G so nearly to the truth that, when they
are plotted by their computed distances along the planc tatle ry s from D, he cannot possibly
have any ditheulty n recogmsing them from C

In this way, too 4 second triangle 1s secmed to fix each of the pomts I and G Shoula
circumstances not allow of the theodolite being used at L, the mterseetton of plane table rays
drawn thence with those driwn from D will probbly fix the posttions of F and G sufficently
aceurately for subsequent wdentafication from €

‘Lhe length of sides permissible m the triingles depends upon the height of the stations
and the extent of view from them, the nature of the objects obsersed, the clearness of the

(5155) I



amosphere, unil the mantennce of suflicient symmetry  In some countries, 3 fu as view 13
concerned tringles ean be Iud out of 30 and 40 mie sides, wnd mtersected ponts s fir
distant as 100 miles may be fixed
‘The difhienlties connected with this dass of work, however, generilly mike 1t advisable
to heep the sides of the triwngles between 10 ind 20 mules m length
Theodolhite Observations —Unless the points to be observed are extremely well
defined 1t 1s useless to muloapls repetitions of the same angle  When observing to natural
oh)ects under Service conditions, one ohseryation on each fice 13 s much 1 ewm generdly be
ot tuned, but the trnngulator should satisfy himself, before taking down his theodolite, that
the oheery itions on the two faces 1gree within small hmits  If only one ohservation 1s tthen
to an ohject, no great relince ¢an be pliced on 1t i view of tho many possilnhties of error
1 the ohservation, the reading of the vermers, and 1n the recording  When, however, two
accordint values hue been obtamed on different faces, 1t 13 extremely unbikely that there 18
anything wrong  With regard to the selection of objects 1t 15 1 good rule to obscrve every
thing thit1s obseryible (e, cvery pomt that 1s suflicaently lofty to appenr smtable for o
station, ind sharp enough to be intersected with aceuricy), whether 1t lies in the probible
dircctom of wdvince or not It constantly happens that ohsury itions to pomts fir awqy
from the direction i which the triwngulitor expected to move turn onut not only useful hut
dispensal le
In choosing mitersected points, the groat olject 1s to fix anch 1s will 1o usefnl for the
topogriphers  As they do not always require to te fixed with the sume weurwy 8 the
stitions, 1t 1s not necessary thit they should be so sharply defined, but they should he
conspicnous points, about which, when seen with the naked cye there e le no mustahe
Many 1 Inll \ppeirs to be an admuratle point to ol serve to untal 1t 18 examined through a
telescope when 1t may turn out to have - flat, rounded top  Such « hill, unless previously
markud with 2 pillar or pole, would make 2 bad station, but n excellent mtersected pownt for
plane tabling purposes
Generlly speaking,«the lughest pomt of a hull should 2lways bu observed , 1s « rule, there
1< little chaneo of making 1 mustake s to which of 1 group 1s the highest, but when there are
severil close together of apparently equal height, they should all 1¢ ohsersed  Occasionally
1t hsppens that the highest pownt, though smtable for the theodolite to stand on, wnd easily
marhe 11y 1 earn when visited offers no pomnt, when first seen, that can Ve ntersected with
wy ac urv v Insuch 4 c e, if 2 hittle below the top there 1s « conspicnous roch or bush, it
shenld be ob erved to and the angle ean be correeted afterwards to the actual position of the
theods e
V¢ cich pomt 13 observed for the first time, 1ts outhne, #8 scen m tho theadohte, 13
cirdfully ghetehe Dan the angle-book  If peasible 1t 1s entered under 1ts raal name but 18 ths
19 et lom cbtumibile for a distant hall ot 13 usual to give 1t some deseriptive name, such as
Pk roch, Jugad perh &e, or else to gine it 4 distingmshing letter or number  Whiteser
desantn 13 given should bo wdhered to thronghout the an le-l ook and computitions  If
aentwilly a rdulle name 13 obtained, all the entries ¢in be changed tr gether
Computations —The methed of computing ripid tringulitn 1s smulir to thit droady
deared coggt bt the computer must allow himself more htitude e doling with iy
e arddfect on 160, when the three angles of atrongle are ob arved, a9 at 13 schlom the
e b all thiree are epually trustwerthy, owang 1o the virnving natare of the marks
temved T0 the computer 1s familiae sath the mothod of edanliting the latitnd 3 and
Vogtud s of the trngulited ponts, he will probably find wt best to nuhe it bis prictice
tr ¢ mpnte them s spite of the ad btiomil Lieur aimohed  Plitung by hotude and
Togtul s e mere accurate than b ling up teongles by distances, and the ady wita L for
¢ mpihticn of hawingall the topegmphieal shetches properly Tocated e rognds Lt le and
1 ngitule 1 al ne sufhcient to ripay the libour of edenlition The distance lictween points
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not directly connected ean be readily ealenlated, see Appendix IIT - This 1s particularly useful
for interpolations  The advantage 15 perhips most appavent when 1t 13 the tnangulator’s
bu inees to provade fixed pomnts for seseral shetchers more particularly 1f they e working
some 1 tance apart

If Jus only mens of commumestion with his assistants 1s by letter or helograph, 1t 1s no
ey matter to anhieite to one of them how same nenly fined pomt should e plotted by
i tanecs suppo me s mav well hippen that the stattons from whieh 1t has 1een fived he of
his burd - On the cther hand af the hotnde and lonaitude have been computed nd sent to
the phine taller e e have no difhcults whatever 1 plotting them correctly on his projected
plane tatle shect,

It kas been mentioned previowsh (p 64, tht m rapd work 6 mry ho sometimes
mmpos 11 le to o erve all three angles of the trixngle  and that by 4 shilful use of intersected

G

A
Fi, 31

pornts triangulation may still e carmed on without appreciable loss of accurney  Instances of
this wwe gnenn fi s 31 3°

In these 1t 13 assume 1 tht the observer finds 1t ympossible from the mature of the country
ot for otler rexscns to vt wy ponts Jetter sitmated than ABCDT and that AB1s the last
side that he his Feen able t) fix in the ordiniry way 1y observing 1l three ngles

A glince t the figures shows that BODF are ton neirly i 1 hine for it to be po <itle to
ctlaulate with aceuricy the tmangles they form  If there we no well marked points on either
sde rapid triangulition of @ contimo 18 nature hecomes impossille  Tut 1f there are well
mirhe Ip ints anene lwk sieh 131 3 5 the difficulty can be surmounted  If such points
cw D¢ found mopars w1 . 3 4 % 6 the situation 1ecomes much mproved and the
toangulitin would 1e computed 1s follows —

Compute the side CB ot tne trangle ACB

Ihen with BC as base compute the triangles BC1 and BC2 the angles 4t 1 and 21 ang
the supj lements « f the angles at B and C

[ED)] x2
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With the hase 1G compute the viiuo of the sido CD  Repott the same operation with
the hace 2C

Take the mein value of CD as base, and computo D3 and Df  T'rom these two bases
ohtun DF, and from DF caleulate ¥5,1 6, and so on

The most fuvonral le cace for this sort of triangulition 1s when pownts ean bo oltamerd on
both mdes of the line of stations s 1n Fig 32 Iere the method of computing would le
exaetly aimtir, two values being obtuned for each of the sides CD and DI

Inspite of il tho suricyor's foresight and energy cases may anse, even 4 fuourable
country, where continuous triangulation becomes impossible  For nstance, after fixing one or
more peiks on 4 ringe of lnlls, over which his ronte passes, ho m1y be obliged to cross to the
other sile without having an opportumty of visiting any of theso pots  In such 1 cuse, 3f
circumstances allow, the best courso 18 to start 2 fresh trangulitton on the further wde wmd

kg 32

from 1t te wntersect the peak or peihs alrendy el led in the previous tringulon I this
14 ne the vilues of Ititude and lonitude of the new tngmlition ean 1o compmted from
the (11 one amd a1l the points fixed 1y Loth en be flotted correctly relatively to one another

In this c1ee aleo the metheds of trigonometrical mterpolation may be of great asustance
(scp 1)

T the march 19 vary bariad indedd even this ma be ampossible, aned of the route lus
etandweet the nlitne longtu s of the difurent pointe dong the hine e be seertanad
cobhy Iy astrenomicd ob ervatins, or Ty a traverse . Which «F thase two mathods was the
m re rdind o would depened upon the eircumst imecs wnder which they were earnied ont

H however, the route runs approamatdy north and eouth, o combination of oh erved
Titstules with the aznnthe of conepren us pomts an 1 the moveurement of 1+ fon base Lines will
etlle the airveyer to muntun a pood saluy of 1t le a1 ng as the country 14 of 1
sutatle chareter  For, where the ititn les f two pomtsan | the wimuth of the line y ntny,
therare known, the difl rence betscenthar ! 1 atndescne aily Tece mputed(see Chapter WV )







CHART suewine THE TRIANGULATION As EXECUTED ON THE MARCH oF
THE AFGHAN BOUNDARY COMMISSION BETWEEN [BRAHIMABAD anp
KUHSAN, FOR THE PURPOSE OF FIXING THE LONGITUDE OF KUHSAN

Th s portion of the March was 310 Miles fong and took 19 days
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For purehy topagraphien] purposes the sume result could be obtuned by plotting the
mtnl point A and the azmuth from 1t to the <ccond pomnt, B Then tho pont B will be at
the epot where the amimuth ents the parilld drawn through the observed latitude of B A
good mctance of both this methe ! and that above deserihied, of starting a fresh tringulition
when 1t 15 imposable to cury on the old one, 15 to lo found 1n the march of the Afghan
Boundary Commuscion to Herat in Iant whenat wis conadered of great importanee to earry
the true longitn e from Indiv up to the A\f_hw frontier (see Plate VIIT)

Br vanous methods the lonaitude hid baen earricd wath fur accuriey s fir as Ibrahmn
Tad At thie pont the route turned north and 4 lofty hnll, Bibehr Baran, beeame vistble on
the horizon 1n the diretion of the hine of march

At Thrhmadd 1 Laitede was oleerved and an astronomiesl azimuth teken to
the Bibeln Barwm poak come %5 mules distant almost due north  The column then marched
through Puydih Ko hrud il lan at which pliees Ltitudes were observed and azimuths
tihen to the same Bit cu Barin Il these were afterwards used to fix the positons of these
three plices At Zakin 2 7mle 1 we was mewured with 4 perambulator along the line of
march, and oheriations were tihen to Bibcht Barwn and other peahs from each end, the
true azimuth of the Jase line 1~d htitu le of Zakin bring ulso observed

From theee daty the distance from Zalin to Bibchr Baran peal, the difference of
longitude hetween the two places, and the lataitude of the Iatter, were computed  Then from
the Iatitudes of Ibralimabad and Bibeht Baran peth, and the observed wzimuth of the ryy
Ihralumabnd to Bibels Baran the true longitude of Biheln Barin peak, and thence that of
Zakan were obtuned  From Zikin onwards to Singbwr Karez Dasht, and Mandal, short
bises were duly metsured on vl 1 exmp, wnd tringulition exeeuted, Ty means of which
eich duy pomts were fixed on ahead, which were observed bick to frum the next etmp

At mght zimuths and Iititndes were observed, the hitter serving merely s checks on
the tringulition By these mens the hiitudes ind lonitndes vwere computed or from Zikan
to Mandal At Mindal au azamaith w s observed to © Peak West,' 4 Il some GO mules to the
NNE The march wis then continned throngh yvanons places to Luhsan, bises Lemng
mersured dmest daly and triangulition exeeuted as before It was found afternards to be
unnecessary to util e these litter hases for the purpnse of bringing up the longitude, Lut
they served their purpo ¢ 13 uds to the topogripby 1t the time At Kubsin 4 base was
carefully measured, and 4 comprchensne system of sriangulition commenced based on
observed lititude  This trugulition which was afterwards extended to Mashhad m
one direetion i to Bamin an the other, included, mong other points fized, that called
“Peak West  which had been olwerved from Mandy  The lntitude of this “Peak West? and
1ts difference cf longitude from the huhsan base were then computed  With the latitudes of

‘Perh West” and Mudal and the observed azimnth of the ine Mandal to “ Peak West,” the
diffcrence of longitude hetween these two ponts was now calenhited, wnd the true Tongatude
thus brought np from Mndal throngh * Pewk West’ to Kuhsan

A check was also obtuned by an azimuth ttken from Marpich Hill Station—n station of
observition of the huhstn mun triangulation—to Mahomnd Ismul Penk, 2 pomt that had
Leen fixed from the Karez Dsht bise  The result on the whole was most satisfactory, the
work stinding ngoronsly any check pphed to 1t hy observations taken to v irious alternitne
ponts

Whule on the march 16 w 15 impossible to compute tl the obsersations, m fict only those
that were of immediste use to the topogriphers, such 1s the htitudes of the cxmps and the
distinces of kome of the prommnent peiks, were computed duly  Stll, even with this
Timitation, the wotk could niot huse heen curred through unless there hid heen « very strong
party employ cd tipon 1t, wnd 3t w18 found that the tigonometrieal and 1stronomical obsers wtsons,
together with 2 plane table and perumbulator truverse, on the scale of 1 1mch to 4 mlcs,
provided full employ ment for three officers and thr e 1atnve survegors
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As a measure of the rapidity with which this method cnr be conducted 1n a very favour
le country, such 1s this w1s, 1t may be noticed that the whole distance from Ibrahimabad to
Kuhsan, some 310 miles, was covered in 19 days mcluding halts, during which the connection
m longitude was kept unbrohen In the diagram of the trangulition, Plite VIII, many of the
duly loeal triangulations are omitted, as 1t was found unnecessary to use them when the
tongulition was subsequently extended from huhsan  As regards the accuracy, 1t was
estimited that the error m the longitude of Kuhsn reltively to Tbrahimabad, eomputed s
describerd 2boye, probably did not oxeeed 5 seconds of are, that 13 less than 200 yards  If there
had been no opportunmity of stirting tn extensive tritnguliion from Kuhswn and working
back, and the duly work of the march had been alone tvwlable, 1t 1s probable that the error
1 the longitude of Kuhsan would not have exceeded half 4 rule

Interpolations (See also p 30) —In rapid work interpolations play a more important
part than they do m regular swrveys By means of this method useful stations can sometimes
bo made 1n the mddle of a valley where there 13 no marked spot to which 1t would be possible
to ohserve

In nterpolating a statron 1t 15 1lways tdvisable and sometimes mndispensable to observe
the azimuth of one of the pomts from which the station 1s to be fixed

For wstance, suppostng thit the surveyor finds, that, owing to the configuration of the
country ind the exigencies of the occasion, his trangulation ends mn an intersected pomnt A

@
=]

A
Fig 33

and a hill statton B mitnated on a ringe of hills runmng parallel to the direction in which he
proposes to travel, and that from B he has observed to C, wnother pont on the same range
The survey or hving crossed the ringe ABC 13 encamped at D on flat ground

Now, 1f 1 third fined point were visible 1n 7 suitable position, 1t would be possible for him
to wterpolite the position of 1) 48 deseribed on p 32, but s there are only two fixed ponts
viable he must obserte at D the azimuth of either A or Bas well a5 the angle between them,
as desemted on p 33

Tn the same way the position of the next camp, F, ¢an be wterpolated, and if the observer
viats C nd observes T from 1t the position of 11 ewn be fixed, and so on

Tn this way 1t wonld bo possible to carry 1 tmangulation along « singlo ridge of Inlls
without ever obserymg from 1t to any pomts on a flank, and though the work would not
be of vers grow wceuraey, still, of the triangles were furly well conditioned, the points on the
lls were well marked, and the azimuth observed with aceuracy, no great error could ereep

In all mpud trianeulwion, where 1t 1s alwavs an object to ohserve from 2s few stations as
posatle, the important thing to remember 19 to keep 1 continuons series of azimuths Mg
woattrned by cnsunng that from cach station st least one Pack station 18 obwerved, from
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which st has steelf been obsetved . Whan 1t 13 impossible to do this, as in the mstance just
de emiberd, the azmnth mnst be olsarved astronomieally

Of cour ¢, the use of 1muthamvdyes the ellenlition of the hiitudes and longitudes of
all the <tations aned astersicted ponts of the trangnhition, « procedure which has been
advovated alw ve onether crounds

Porhaps the mis t snecessfnd apphicatson of the method of mterpolition ever utilized m a
new country: was made when tonenlwon wis curried aeross the “snowy ringe’ of the
Himalwwcmto the Pamie for the Boundary Conmmisaon of 1895 The wnterpolation was
male from pothe of one «f the scondary cenics of the Himaly w trimgulition

‘When Tnangulation 1s impossible, owing to the niture of the country or the extreme
rapacity of the march 1f north to sonth or digonl rys can be obtuned the next hest thing
15 to provide 4 framewerh of ponts Ty means of Lititndes ind azimuths (see Chapter \V')

I, on an expeditt n, Gven this s mmpossible, positions must be fived by rough compass
traverses eentrolled Iy ast oncmiedd o} sorvations This s the explorer s methold of mapping,
and 3s neceseanty of 2 Dw standard of acenriey I the march 1s generdly north to south,
hsemvas! latitu des wall serve o cheek the distnees traversed, if eist to west, they will check
the boanngs obwnvad, of the mardh s a digoml direetion, the obseeved latitudes will
serve to check Ioth boarmgs ind distanees Tor the methods of determimng laitndes see
Chapter A1V



CHAPTER VIII
LEVELLING

Levellns 1s the =t of determnmg the relative heights of vaneus powts referred to o
hy pothettenl surfree which euts the direction of gruvity everywhere at nght angles  This
surface 15 consequently slihtly wrregular where the direction of grity 18 mfluenced by loeul
and bnormal 1ttractions

Men sealevel, 1t some selected station on + coast 1s the usul datum to which such
hesghts are referred thongh other wrhitrary levels may be ssumed 1f necessury

There are three praneip u methods by winch relative heights my be determined

(1) The fitst and most wecurate method 13 by spart levelling

(1) The sceond 1 order of aceuracy 1s by trigonometricnl ot angular snewsurement  This
method has the advantage that 1t enables the relative heights of inaceessible pomnts to bo
determined

(m) The thied method 1s by the comparison of the barometne or atmospheric pressure at
the requred points -

The lst two are mdirect methods of lesellng, and are described elsewhere m this book
The first 15 the only method whick 1 techmenlly spething, mncluded in the term “levelling’

By Ieveling 15 meant the dircet determmation of the differences of height of various
points from the reacings of the heights at which graduated staves held serticnlly over theso
potnts e cut 1y the horizontal plane which passes through the ¢ye of the observer

Direet lovellmg myy be subdivided mto —

() Geodetae, or precise levelling
(1) Ordinary, or engineering levelling

These two clusses of lovelling ave stmilar 1n general principles, but differ chiefly 10 tho
detuls of thar execution particularly as regards the degree of accuracy to which persond
and mstrument il errors we clinunated

Goodotic or Precise Levelling has for its ohject the determunation of the herghta
alove mean scilevel of 1 number of fixed powts nown as  bench muks) serttered
over the country  The mun abject 1s to fford relalle pomts of reforence for mapping and
engincering purposes consequently every precaution should be taken to mike these heights
ws aeeurite s posible  Geodetic lines of levels are run so as to cross and recross ech
other, fo ming 4 network over the country  The crossing points, where there are bench
marks common to two o1 more lines, fford & means of checking the accuracy of the work
This 11ss of levelling 1s of « speetal character and of 4 high order of aceuracy

We are here only concerned with Ordinary or Engineering levelling such as s
reqired for generl engimeering purpo-es, a8 the construction wnd laymng owt of wngation
worhs, Tords ruluaye, ewnls, bldings, &¢ , also for the accurate contouring of maps

InsTi UMENTS

The instrument generilly employed 15 known a a level, though any theodohte which
earnes a spint level attached to1ts telescone may be wsed for this purpose, and 1s, at tumes,
mcre expeditons thowh le s neenrate than the regular level

The cesentinl past of all levels 15 o telescape provided with o long spunt level and
contwining a daphragm carrying o horzontal and (usually) two vertreal wires






PLATL IX

CooxF~ REACPotnrs Letvrr.
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The telescope 15 eapable of hemg revolied m azimmth about o vertieal axg, wnd 18
secured to the wnal trpod stand It 1s supplied with three foot screws for the purpose of
mikins the aus roupd which the telescope revolves traly vertieal

Same old pattern levdds are mounted on four nstewd of three foot screws, this 15 a
mechamenlly nncound method of support

L level 1s desenbed Iy the foeal length* of 1ts telescope and sometimes, m wldition, by
the aperture of the ol Ject ghiss

Fourteen mches foeal lingth is the «ize w most common use  Tennch levels re used
for rough carver s, wnd 16 to 26 mch levels for very exict work

Patterns of Levels—There are severil hinds of levels, of which the Dumpy, Cooles
Tleveraible nd the “Y  pattern are the ones most frequently nsed  The two hiter are more
rewhh adpusted than the Dumps and are generilly used for ordinary leyelling operations

It will Le sutficient here to desenibe Cooke’s reversible level, which 1s the pattern most
generlly ued 1 the Serviee and to explun the adjustments of all three ahove named
patterns

CoOonF's RrvrrsIpIrT LEvrr

An tllustration of this mstrument 15 given on Plate IX

Its construction 15 <hown helow, where fig 34 15 the telescope (1n longitudinal cley ation)
Ths tele cope has two cquil eyhndrical flanges, I' and F, turned on 1t concentriclly with
the tuhe

The cross wires, consisting of one honzental wid two subsichary vertieal wires, are lines
ruled npon parallel gliss, carred by a perforited block m the ey end which 13 adjustible
vertically to correct for collimation by the two wntrgomsing diphragm screws d and d

‘The ey e-prcee 13 foeus el by pushang 1t m or ont - The objeet-ghiss 1s focussed by turmng
the mlled head M

The two flinges ¥ and F fit closely mwide two corresponding collars 8 and 8, ufe
fige 3o wnd 36

When the cover of the object glss and the screw Sc are removed, the telescope ¢ be
mtroduced induffrently from either end of the socket 85 (fig 35) w1 pushed home untal tho
stop flange St (fiz 34) comes i contact with the socket end S o1 &

Great eare gloukd le used 1 reversing the nstrument, not to dlow ny gt to enter
the sockets

Onie end S of the socket ts farnr hed wich « chreaded bolt which passes through 1 hale in
the base plate P (fig 3G), ind s djustable verticadly 1y means of the two lock nuts
Nand N

1 Adjustment for Parallax — o m ke the focus of the eye piece il the imrge formed
by the object glics comaxde on the phne of the aoss wites

First adjust the eye preee 1y wrcfully puslung 18w o1 out m ats tube, until the cre s
wires ire seen 19 distinctly s posaible, dter which there shoudd be o nere sity to uljust the
eye prece agun, then focus the telescope on some well defined 1 ject 1t the worne distince
which the levelling staff may bu expected to he hel 1 (svy 200 feet)

If, when the eye 13 moved gently up and down hehind the eye-picce the imnge of the
object does not move m the shghtest degree with respect to the horizontal ross wire then the
telescope 13 corructly foenssed Tut af the 1y e seems to follow the moivements of the cye,
that 1%, to tend to muve hove the cross wue when the eyc s rused uxd ta move Telow 1t when

* 1) ¢ focsl Loy gth of n level 18 usu lly measre 1 fr m tl e front sl o 11 ler of t1e object Llass to the cross
wires when 4 e teles opt 1s focussed for yarallel raye It woull b sufl cies tly accurate to focrs on an ohjuct
2amles Wtant  Ll1s1s1carcrorgl for most purposes 11014k not 11 orcheally correct the true focal lengtle

bung mesure 1 frora the cross wires to the o) tieal centre of the object ghiss and the latter point 1s a varyng
ditance (acoording to size) b lund th e front st oul ler

(5155) L



the eve 13 Iowered, then the mrge 1s not focussed exactly npon the eross wire, hut hies on the
<1de tow wds the object gliss, which must consequently be made to approich the eross wires hy
mews of the milled hexd M (1 /- fig 36) The reverse 13 the ease when the image tends to
move 1elow the cross wire when the eye 13 rused and wxe 2o, that 13, the error of parallix
must be eorrected hy moving the object glaiss farther away from the cross wares

The nhove adjustment for partllix 18 the sime for 1l levels ind theodolites, and must be
carried out before any correct observations et he tahen  This adjustment should precede afl
others, mcluding even the lev elhing of m wnstrument, for ordmry use

i 36

Generlly, when onee set for the day, thero 13 no ocession for altering the foens of the
eye prece 1ut the frus of the « bject glass will ol viously require alteration 15 the distince of
the ohjcet varies

2 Adjustment for Collimation.—To mike the hue of o limation* comerdent with
the 1wy of rotation «f the tele cope in 1ts sochets

® Thelwe ¢f coll nal om 1s the lirc Joming the of tical cettre of tle of Ject glass an the intersects u f
e croes Tury
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Having set the teleecope oser 1 foat screw, direct 16 on wnt object s 1 the st wljustment
and Viseet this ol jeet with the honzontil eross wue, then clwmp the mstrument, withdraw
the fininx scren S (127+ fig 36) ind tw1 tor rotate the teleseope half w1y round in 1ts socket, so
that the screw hole, through which Se pis od, 15 bronght to the top and the cross wire 15 1gun
horizontal Yut reversed I the olject 15 not still I ected, the crror of collmution 15
corrected hulf by mewms of the foot serew Iving under the telescope, wd half by the
mtagomaing diphrigm screns  and 4

3 Adjustment for making the “ Horizontal Axis of the Reversible Socket
exactly at Right Angles to the “Vertical” Axts —The terms ‘horizentil’ nd
“xertial™ are here used o explamatory sense, 1s the two wes are not mule truly
honzental and verties] until the finyd adjustment ts cuued out  Referring to fig 36, this
adjustment 1~ to nke the “ vas of hgure  of the reversille soctet 85 evaetly 1t nght
angles to the ‘vertienl ni B

Tir t remove the cover of the ohject gliss il the surew Se (w2le hig 36), then set the
tele cope over 1 foot serew, direet on and biseet w obect, s 1 the liwst wdjustment  With
drws the telescope carefully from ats sochet %S then turn the soclet round end for ¢nd
and cwrefully wsert the telescope ygun heeping the screw holo m the stop flinge St thro gl
which the screw Se pas o vertially ddow the contrc of the tube when the telescope 15 pushed
home  The sochet S5 will now e raversad with rcfuence to the tlescope Ygun dicect on
the alect, ndaf 1t be not now Iisccted by the hotizentd ess wie cotrect baf the creon Iy
the foot screw Teluw the tele cope md half by the lock nuts N N

This operiion of rover mg the sochet on the tedescope i the werrection of the crror
hdf 14 the foot serew ind half by the lock nuts, should 1e repeated untrl the bisection of the
mmge remuns undisturbed by the teversil of the socket  When the wljustment 1s complete
the tele cope ought to lie i 3ts socket with ats stop flusge St wgunst the end S of the collur
o thit it may T e secured by the scren be

Care should Le taken that no dust s lowed to scttle on the flinges of the telescope
duns?ats 10 ertion i the <ocket

4 Adjustment of Vertical Axis of Rotation —That 15, to mike the verticd vs
of rotation truly verticil, uxl to meke the telescope lescl it right i les to 1t

This is the same adjustment which 15 gone through for levelling 2 theodolite on first
setting up

Place the telescope pariblel to two fost s tews wd with them done bring the ulble
ipproximitely to the centre of 1ts tun, noting the 1cding ¢ cue end of the bultle (s1y the
end near the ¢ipst in headed screws)

Turn the telescope through 180 degrees wntil 1t 13 igun pardlel to the sume two foat
serews, and agun note the reuling of the sumo enlnf the Jublle By means of the twa fot
screws, bring this end of the bubble to the mewn of the two rcadings Now turn the
telescope until 1t 18 over the third fy0t screw  ind 1y 16 1lone bring the sime und of the Tubble
to this mean reading

Repeat unttl one end of the bubble reads the syme m wy position, when the upright
vag will Le truly vertical  The Fubble can then he brought to the centre of its 1un by mens
of the two lock nuts R R «t one vnd of the level (11l iy 36)

It 15 obvions thitaf the thud adjustment 13 carnied out and 1oth 1xes of the wmstrument
we thereby nuule exictly at nght igles to cach other then the list adjustment necess wrly
makes the horizontal axis of the reversible sochet truly hotizontal

All the above adjustinunts should e 1epeited uutil the required degree of weurey 15
attamed

Shht errors 1 Wjustment may 1w niwny cises be chimmated as expluned Iater in the
procedure for levelling

(5455) [
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THE “Y’ PATTFPN Liikr

Anallustr tion of this mstrument 1s grven i Phite X
1he following e the neces wry 1djustments —

1 Parilax,

2 Collmation,

3 Telescope level ,

4 Vertical s of rotation

Tho first and list djustments are the sume as those lready deseribed for the Cooke's
pattern level

Adjustment for Collimation —Huwing set the telescope over o foot screw, turn the
tulescope by v rotary motion m the Y's until one parr of diphrigm screws 1s vertreal and
drcet the ntersection of the cross wires on some cistant and well defined ohject  Now turn
the telescope Ilf round n the ¥’s and if the horizontal wire his moved vertically from the
ol ject brmg 1t bk hlf Ty the foot serew and hlf by the verticil dinphrigm serews

Adjustment of Telescope Level —To make tho telescope level parnllel to tho vas of
1volution of the telescope m the Ys and therefore parilel to the lme of colhmatton bung
the hubl le of the telescope Jevel to the centre of its run by means of two foot screws, reverse
the telescope end for end 1 the Y s and 1f the bubble does not still remun 1n the centre,
adjust by mewns of the screws gnung vertical motion 1t the other end of the telescope level
Repert until perfeet

Tie DuMry LEVEL

This 15 the uswal pattern of nonreversible level  An 1llustration 1s given 1 Plate XT
The adjustments of the Dumpy level are for —

1 P,

2 Yertieal 1s of rotation

3 Collmwion

[he first two wljustments ue the sune 15 the first and Lt wjustments of the Cooke s
rover il lavel aleedy desernled Tat, owing to the Dumpy leved not Yemng 1eversible 1t s
mmpo=al le to correct for collmation 1n the sime way

B<  ICHAIN ><  [CHAIN  —>A

Lig 37

Ihercfore mster of this the line of ecllimation (2 e, the hno jomm,, the optic sl centre of
the oty t hesand themt recson of the erc wires) 13 mude st right ingles to the vertical
axs f ratan o

Ihe m thod of carryimg cut thns adjustment for collimation of o Dumpy level 13 as
fUws —

S leet vtavd preee of ground st up the mstrument s the eentre, awl ewery out the first
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Y Levrn
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13 50 adjusted that the staff 15 perpendrcular 1 all d when the pendulum pont hangs
1 the centre of the ring
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Fig 39

CurvaTul B

By mens of the level + line c1n be traced tangenttul to the surfice of the eurth it the
pomt where the instrument 1> set up Owimng to the spheneity of the eirth 1t 15 evident

A d P

i, 40

that the further this tangentinl line 18 produced the further 1t moves from the centre f

the curth
In g 40 representing a serticd ecetion through the contre of the carth, kt A Lo the
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ohsenvor’s position, ' that of the distant ohject, sitnated m the plane tangentil to the surface
of the earth 2t A Tet € be the centreof the earth  Jom CP, eutting the circumference 1t B
CAl B, x and AP, 4, and AC and BG, each repre enfing the radws of the erth r
Then
(r+sY—2+1 or (Ir+a)r=d
But the diameter of the exrth 2 1cng <o geert m compant on with the quantity z
all di tanees to whi b a levdling operation u milh cxtends 20 may te tiken for % +
without sen 1l I error
Then
e —d and z— <
2

The mean diumeter of the eirth nny 1e taken as 7 916 miles therefore af 4 — 1 nule the
exce s 7 of the apparent over the true level = ), of « mile or 4 little over 8 inches 1t
2 miles 1t 18 four times thit quantits, or 32 inches nd so on ncrewsing m proportion to the
square of the di tanee  Uenge the somple formuby s deduced that the conection for curiafwe 1
Seet vet cotharls of U1 » square of the distance tn mules That1s to s13 3f 2 man were swimming
1n 2 perfectly smooth se1 with his eves on 2 level with the surfice of the water he would be
Ju t ahle as regands cumvature to see the top of an object floatn, 1n the sev a mule off i 1t
protruded 8 mches shove the surfice

CtivaTirr AND RFFPACTION

The distince at which objects tre visible 1= however, wugmented by the effects of
refraction, which mthes objects as 4 rule appear ngher than they really are

Taking the normal 1mount of refriction in the mddle of the day, 1t would merease the
distance 1t which w ol Ject of + certun her ht could be seen tihing curvature only nto
eonsideration by about

This gives the approximate fornul for hoth curvatme ind refraction that the height
feet of the distant object cquals * of the squire of the numler of miles that 1t 1s Qistant from
the observer,or/ 4 d

The effect of refriction however 1anes so much with the plice season and time of dny
that 1t 15 necessary to wdopt some method of ohserving thit will ehmmnate 1t Ths 1s attamed
by plicing the instrument at 1 equal distance from iy two points to which obsery wions are
tahen  If thisis done the errors in the 1ewlings of toth staves will he equal i amount even
if the telescope 1s not perfectly collimated wid conse puently the diffiirentru rewding will be
correct

This methol also ol viates the necessity of changing the focus of the telescope and so
wods the possilility of mtroducing an mstrumental erior eamse 11y the foc sy tube mt
moving truly parillel to the s1sul axas of the mstrument >n 4 change of focus

Feocipurr wies IRVITIING

Suppose the spinit level to 1¢ <ct up nd adjusted 2t A (fig 41) dueeted on the levelling
staft 2t 1 and the fignre noted which 15 eut 1y the orizont1l wire  This fizure would I e the
diffcrence of level Tetween 1 wd A, minus the ha bt of the horizontu cross wire of the
nstrument above the ground +t A (which might Je meisured and deducted) Suppose the
stafl was now held 26 5 and the tele cope d rected on 1t thy difference between the readings at
1 and 5 would evidently he the differenco of level between these two pomts, and 13 independent
of the haight of the instrument above the ground which 15 common to both, assuming that
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ponts 1 and 5 are equidistant from the instrument at A, they would he equally affected hy
curyature,* refraction, and instrumental errors, which might thereforo be 1gnored

The levelling staff mught also be h#ld at intermedrate pomnts 2, 3, 4, &¢, and the readings
noted It would then only be necessiry to mevsure the horizontal distance between these
pomts 1 order to obtun the datn for drawing a section of the ground hetween them, 1s shown
n fig 41

Tt 13 evadent that, unless the intermediate pomts 2, 3, and 4 are the swme distance from
the wstrument 4t A as 1 and 5, the acenrwy of the determination of their heghts will Ie
shghtly affected by curvatare, refraction, and mstrumental errors

These errors will not be ecumulatnne 1f entries of lesel readings are made as shown mn
the form of field book described on the next page, i winch the levels of successive sets of
readings depend only on the heights of the forward and back stations

If 1t were required to contmue the lesellng heyond 5, the spirtt level would be carried
fornard and set up i such a position B and at such a height that 1t might mtersect some part
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of the stall at 5, care bemng taken not to alter the posttion of the staff meanw lule, hut merely
to turn the required fiee towards the lesvel

As regurds the lensth of sights, 1t 13 advisible not to execed 100 yards for aceurate work
with a 11meh level  For relatively ummportant work, the length 15 only lnuted by the
power of the telescope wseil

In the operation represented in fig 11, whero the levelling commenced at 1 nd proceeded
fors inil to the nght, the reading of the s*aF at 1 wonld be clled the * hack readig ™ and the
rewding of the stul at 5 the “forwird rexding®” The roudmgs av 2, 3, ad 4 are ellad
“mtermudite rewlings”

On scttng np the level at B, the pomnt 5 hecomes the buk statim and pomt € the

® Ttis m only strutly correct when *he reilings on tle stdT an tiken ot the sime hoght ahore
homog nevus groun ae n fractron vanes wath the altitudoof the ray and 1 also mBucnced Uy the natur it
teis e mtar of the s}
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forw wd stition  Simtlarly each forward statton hecomes 4 hack station when the instrnment
15 moved forwrd  The stations are erlled ¢ back” and “forward’ with reference to ther
relation to each other on the hine of levels, and not 1s regirds the instrument which mght he
to the side and hefore or hehind loth

For ordinary levelling operitions the form of field hook on p 83 will he found generlly
consement the entries refer to fig 41 —

In this ewse two readings have been taken at every picket one on etch side of
Ordnance Sirvey puttern stoff - Thas insures greater acem icy , 1s the difference of tworeadings
at any prcket must 16 4 constant if the rewhings are correetly trken and af the staff holder 15
careful not to hnock the pichet or press 1t into the ground winle swaying the staff on 1t

For rough work 1t 1s snfficient to tahe single readings on « staff, hut when 1t 1s gradanted
on hoth sides, great care must be trken to ensure that the sxme side 15 2lways made to face
the instrument

In the thove field book form the “ reduced level” of prchet No 113 assumed s 100 feet
and the heights of all the pomts along the hne of levels are referred to « hy pothetieal datum
plane passing 100 feet helow picket No 1

Tt 15 comement that the ditum level should he lower than any part of the section <o that
all messurements mwy he tiken ahove 1t

The horizontal distance of exch el et from the staurting pomt 1s entered mn column 2 of
the field hook form, and 15 mersured 1y chwm or tape the deduction for the degree of <lope
1eing made by holding the chun horizontally when measuring up or down hill

The entries 1n columns 3, 4, nd 5 are the rendings of the levelling staff at the ¢ Inek,’
< mtermediate, and  forward  stations respectnely

The height of the instrument’ 15 entered 1 column 6 and 13 obtuned by ddmyg the

Tack rexding to the reduced level’ of the back station or stirting pownt thus the height
of the mstrument at A — 10000 + 598 = 10098 and 2t B = 96 38 + 061 = 96 99

The reduced level  of an ntermediate or of + forward station 1s entered m column 7,
and 1s found by adin, the  bach reading’ to the *reduced level of the station on which
the hack verdiys 1s taken (shown m column 6 s ¢ Herght of instrument ’) and subtricting the
mtermedinte or forw wd reling from this  Fhus the “ reduced level  of pichet No 4 would e
1039% 3 83~102 75 feet nd of pichet No 5, 10 98 — 9 60=96 3% feet <hove datum level

When 1t 18 only required to find the difference of level hetween two terminal pomnts, 1t 1
only neeessairy to record the hick wnd forward readings at the vous stations, and the
dfferonee f then sums will gne the requred difference of kel 1f the sum of the Lick

1Cading s 18 greater than the sum of the forward readings, then the diffrence of level 15 1 misc
anli < Tf the levelling operation 18 earnud bach to the starting pomnt, 3t 13 clew that
the xum « f the haek readings will Te equal to the sum of the forward readimgs, 1f the work 1s
w uritdy verformed

Tl method of finding the difference of heiht between two terminal pots 1s nsually
ellct he Klaelling  and 1s neeful for cheching + series of levels tihen m greater detarl or
m it et wle sertes on to the starting point or en to the neirest hnown lescd such
as v hen bmo koof the Ordnance Survey

In xtenand Iovedling opertions 1t 18 usmal to lewe permanent marks, Gillel “1ench
narha onchjeets sieh s milestones nd walls, ind to record their oxact herghts for futnre
referanc

In Ordnance Survey maps the levels of varous heneh marks are fignred with their hes ht
w fect and deamals o f fret atose men sevlevel at Liverpo ! which 1s the datum to wineh all
altitudesan thcsnrvey are referred

THe Ondpance Surves hunch marks are of ths pattern X, cnt hont huf an ancle deep
wmty e vertical fare ¢f Trieh or atone structures the cxaet pont of refcrence bein,, the contre
of the V «f iyl ent a0 the honrontal Iy
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Scetion of Lround muy he tihen wath the theodohte more expuditionsly, though less
aceurately, than wath the re alw kel Thus —

Let the theodolite Te «ot up 1 shown i the fmre nd 1ts todescope direeted puallel to
the general <lope of the Wll  Obwerse this verticil angle with all precwtions for aceurney
proper to the ¢} erition

Keeping the tede wop Jdumped i this postion: note the steee s 1ewlings of o Jevelling
staff hel 1Ty an sy tant at the vinous pomts witdi will be t defime the areguluties of the
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scctton, the hught of the theodelite w1 the henzontad dist e Tetween these ponts being
mestred a4 section cn be drwn thus

Draw the horizontal hine prs my through the telescope  Frotio o the obsenved wigle of
melimitron (13 shown ne the fighre)  On the horizontal ine st off the me sured distunces to
~cale Draw verticd hmes from the ¢ puints cntting the hypotenwse  Benewh ewh pomt
thus found sct off the staff rewdin, Tomg the level of the ground where the foot of the staff
stoud for cach ob ¢y ition

Shoull the «taff Te o vhat it thit the mukmgs wealleghle « system f signals cn le
rereed upon, <o thit the wastint (i move + vsible muk dong the tae of the st until
mmled correct, the wsistut can then note the 1e wing

(315%) M2
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CHAPTER IV
HEIGHTS

it dutum to swhich dl hughts should he referred s mewn sevlesdd  For the determin
tion of MST, scep 30
Herghts myy be determaned by wny one of the methods 1 the following hist, the methods
are given i order of thar wourwy —
(1) By levelling

(n) Trigonometrically (13 vertieal w,les with 1 theodolite)

() By chinometer (fur short dist wces)

(v ) By Luomcter (metcuniil or werond)

() By hypsometer (bl point thermometer)

As tequels wenriey (1) e of good (not grodetic) levels should not produce w error
of 01 foot per mile o1 1 foot 1 100 mules or 2 feet an 400 mules  (Lhe crter my be
tsumed to inetese 13 the s juae root of the distance )

(n) In prinapd md secondiry tnwmgulation 1t 15 found thit for wy guen ruv of
30 mules or 50 w error of sy 1 or 2 feet may be cxpected, hence we mught expect
wenmulated crror of about + to 8 feet s 500 mules  In topogriphicil trrngulition the
wauriey of the heights will Lirgely depend on the nature of the signils used  In rpid
tiangul iwon under fivourable comhitions the error nught e 10 fect in 200 miles

(u1) Chnometer heights wre only used for shirt 1135 up to 2 mules wmd depend on
neighbourtng  trigonometricl heights, each clinometer height will e corrcet withm
2or 3 fect

(1v ) Buromcter heihts should be used m dependence on level or trigonometnied herghts,
judiciously used her hts muy 1 determmed with w nerord birometer within 10 or 20 feet
¢ Alsolute  determmntions with v birometer will g1ve hirge errors smulir to those resulting
from the use «f the hy psometer

(+) Hypsomcter herghts depemid on the ictwal ur pressure 1t the moment, the
hyp ometer 15 necessih 1 rowgh instrument, w error of 4%° ihrenheit correspondy
roughly to i crror m her bt of 55 feet  When every precntion ks been tiken, we may

wstme thit o by psomcter Taht tahen inlind inoa new country 15 lnble to b at lewt
100 fuet 1n crror
Lor determmatu ns of level ha hts see Chapter VI
tri onometricd hughts, se¢ Chupter 111
dinomcter heights, sce Chapter VI

Barometer Heights Buromcter herghts are frequently of grot use m places where
no trigonometrieal statiom ¢ To fived such as i forests, vallevs wd deep ravims
Burometer hughts shenld dlw s, where posaible, 1o 1 sed on Jeved or tr onometried her hte
Thus suppe ¢ vt onometnical station to he on the top of a 2,000 foot ll, suppost, as often
occurs thit the wjoming vallevs are thichly wooded 1t 13 nevertheless very desirible to fix
some bkt the v llas Thisis best done by raading the taromcter and thermometer on
the tepef the hll then reding them at varous pomts 1 the villey, and then af posatf I
rouhng tham o un on the top  Ancroid 1 irometers are most comenint for the purpose

Use of the Anerold Barometer —Burometers should not he uscd near the limt of thare
rance thus s baromcter gruliated to 5,000 fect shoul 1 not Te nsed much above 4,000 feet

Barcmeters shoul Lo tipped genth with the nl or n penerl before roehing



N

Raromcters take <ome httle time to rword the correet reudmg if o change of Jtitude
has been rapn 1y made thes <honld therefore e gaven trest of o few minutes

They shond 1 ads ays Te reud in the <ame po ation ather when horizontil, or vertiel with
the needle on a dovd wath the tve, which ~hould 1o always in the <ime relitne position to
the needle to worl the effect of pardin

The tharmomcter (in the slhivle) shoul e road ot the sime time s the huometer

Hopo able gt v Res certiticate for cuwd Taromicter n use or compare with 1 meraunil
hur meter to 1 certun mndoy crrer

For determumng differen e~ of haght with an inerond burometer sce 1aibles Voand V]

Use of Tables —

I£ 8 b the rovbing ot Darcnietar o lower station moanches,

" uppet f
1 b shrenbat thermonzetar it lowar station,
! » » uppet
A the mumber m B le Vo cortesponding to £ md £,
C . PUEAY | N htatucle,
nithe D logf logp,
than be D+ L+ C = log diffrence of altatwdde 1n feut

Foorgl —Intae o1 31 the werod brrometer at the lower station road 29 81 mches
« the upper station 2035 The roudigs of the thermomcters 1n the shide were 63°
wd 50 3 F
Whit was the difference of ltitude T
Tog29 81 =1 47436
Loz 25 55 — 1 40739

D — 0 06697
Log D = Z 82585
A 480339
C -1 99978

Log h = 3 62900
h— 4256 the required duffcrence of height (i fect)

When time docs not dlow of this computation & good werond will give fa wmdicvtions
of differential haghts tdhen within o short mtors il of time, 1f the scile of heghts given m
fect 13 used

Hypsometer Heights —The hypsometer, ot hohing point apparatus, consists of a
thermometer g wlnated from 180° to 215°, 1 spint lamp hoiler, and a telescopic tube which
screws on to the top of the boiler, and 1n which the thermometer, supported by a rubber
# 1sher, 15 placed when i use  The boiler should be thout a quurter full, ind the telescopic
tube so adjusted that the bulb of the tharmometer ts Just clear of the water  When the
waler boils the steam iscends through the tube and cwses the mercury to rise  When the
mereury Lecomes stationary, read the thermometer, and 1t the sime tmme tike the air
temperatare with an ordinary thermometer

To compute the diflerence 1 dtitude between two stations by bothng point obseryvations,
tike from Tible VII the numbes opposite to the boiling pomnts at the two stations The
hfference between these numbers 1s the difference m height when the mean temperature of
termediate wiris 32 B Whun the temperature differs from 32°, the difference hetween th.
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numbers obt uned from Tible VIT must be multiplied by the multiplier given m Table VIIT
fo1 the j1ven temper it

The third column of Tible VII gives & rewdy means of compirng the 1c1dings of the
anerord with those of the hy psoneter

When observations are only taken 4t the uppu station and 1ts ibsolute +ltitude has
to be determmed the mean bhirometrie reading for the time of the vear reduced to the sev
levcl in the locality must be taken as the reading of the lowcr station  The best tpproxima
tions to the true values will be found in the 1sobrrie charts grven m ¢ Hints to Trvellers

Whenever the observations 1t the two stations under compinson are not simultaneous,
or when the mean birometer 15 t1hen n plice of the lower station, the correction for the
dinal v ariation must not be omitted  In the tropres there 13 a regulwr dmrnl osallation
unountmg to one tenth of an inch approximately, the mwamum datly readings oceuring
wout 9 vm and 9 pm, wd the nammum readings about 3 am wd 3 pm  In other
1espects the birometer 15 very steady

Determunations of height by the hypsometer can only be looked upon 1> very touh
wproxmutions  The  determimnion 1s affected by atmospheric chinges by errots i
griduition of the thormometer, by errors m readmng, by the punity of the water used,
wd by other factors

As an allustrition of the diserepancies to 1¢ expected 1 the determination of the height
of m mland stition by this me s, the followmg hst of hypsometric values of the height of
Like Tugmytka1s ginen —

Baumunn 2 886 feet
Stanley 2,755 ,
Heore 2,749

Cameron 2709 ,
Strs 2,690 ,
Wissmann 2,670 ,,
Popelin 2,663 ,,
Rewchard 2,558

the mean value bemng 2,713 md the range 328 feet It 1s not known what the true value 13
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CHAPTIER \
CONTOURING AND HILL SKETCHING

A Contour 1 the representition on 1 map of w amaginiry lime on the ground jorming
dlimmediately adyacent ponts which wre the <uime herght ahove metn sevlevel  For small
arets 1 contour may he considered to 1 the outhne of the mtersection of the surface of the
ground with 1 honzontal plane

Contours vary 1 accuries from deliheritely surveved contours determmed by mstin
mental levelling to <ketch-contours drawn m by ese, such sheteh contours are eulled form
lines

Tn determiming the aceuraey nece sary for the contonring of v map the prinetprl fietor 15
the seile of the mp  Suppace, for nstnce, that 1t i requured to show the hill features m 2
plane talle eurves on 1 seale of §inch to 1 mile, 1t wordd he swaste of time to attempt any
instrumental contonnng Hll features on <uieh 1 seale must Tie generabized, nd 1t 13 sufficient
to show them In finm hines contiolled by seuttered heights on the Iulls and n the valleys
On the other hand 1 I'inch map =nch s the Ordnance Sursey Tmeh map can show contowrs
with great exactness and they mny Te fixel 1y mstrumental leveling or by using the water
level or may he approumate contours determuned Iy ehinometer

Methods of Contouring —The prneipil methods of contourm, nen,, the term 1n 1ts
wide t sense are —

(1) With theodolite or Jevel
(2) Wath water level

(3) With chinometer

(4) Wath aneroid harometer
(7) By eye (shetch contouring)

(1) A small Theodolite (useel as 1 level) and 1 contourmg staft 8 feet long provided
with 2 shdmng vane are reqqured ind pichets 1 1 the operation of levelln,

The contourer hegins by choosing 1 heneh mark of known height as near the required
ltitude as posuble and levelling from 1t up or down till he has estiblished « pomt on the
contonr wn l marked 1t )3 2 picket driven in the graund 2t the correct height  The mstrument
15 then et up nearly on the sume level as the picket and it a2 distance of 1l out 10 chuns,
Yeyond which 2 correction would be required for the cury iture f the earth the staff 1s held
on the micket and the vuine 1ased or lowered till 1t 1s intersected by the cross hurs of the
telescope , 3415 then chimped, and the staff with the vine fxed at this height 1s then moved
along the contonr and set up u every change 1n the form of the ground the 1ssistant who
holds 1t ) eing directed anto position by + signl from the contourer 1t the mstrument = mark
15 made at each station, and when 4 point 13 reached at 1bout 10 chams from the instrument
(or neuly the sume distance as the first pichet) wother picket 1s driven, ind carefally adjusted
to the correct height  The instritment 15 now moved and set up gun n 4 simlr position to
the second pichet 43 1t was to the first  the v ine of the stuff 15 re adjusted on the new pichet,
and the process of marking out the contour continued

Where the vertical intersal 1s small more than one contour muy often he marhed nut
withont shifting the poution of the instrumentf the staff 1s long enough  Too much shenl 1
not, however, be attempted 2t one time

In marlang out 1t often happens that “isolations, or small detached contonrs on the
Jevel of the mun contour, are pasced, wnd eare shonld Te tahen thit they do not escpe
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obgersation  exummation of the honzon m all directions with the telescope will pomnt out
ground where 1solitions will probably be found  Should this be close to the mamn contour
the 1solation may be marked from one of the ordnary positions of the mstrament, but when 1t
15 distant a pomnt on 1t must be found by levellng 1t 1 the ordinary way

When 2 sufficient length of the contour 1s marked the contourer plots 1t on the map and
fies the ponts marked on the ground erther by trayverse or by chumng 1s m ordmmary chun
survey or on 2 plinetalle 13 intersection and rescetion, the latter method being more
switable for the smaller <eales

(2) The Water Level 15 wn mstrument of great simpheity whieh never requires any
adjustment  As it has no telescove 1t 18 1mpossible to tihe long sights with 1t and 1t 15 of
course, not susceptible of minute accuracy  On the other hand, ro gross errors can ereep mto
work with this mstrument It 1s easy to improvise a water level

Plate XII shows the pattern of waterlesel m use on the Ordnance Survey The
distance between the hottles 15 1 foot the length of tripod when closed 1s 3 feet 1 nch
The tripod has one leg which can be lengthened for setting up on a hill ide A prismatic
compass can be fitted to ~ projection between the bottles The bottles are parhally filled wath
eoloured water through - small opeming at the top of the tube frime, a cap fits over the
opeming  The bottles wre conneeted above and helow with hollow tuhes Weght of level
41s 2 oz

To use the instrument 1t 13 best to look diagonally across the two bottles say from the
right edge of the ner bottle to the left edge of the far bottle, and get the bottles 1n such 2
position that the distant ol ject comes } etw een the two edges

The level 15 to be placed t the starting pomt of the contour which has been determmed
previonsly ty leveling or 1y careful clinometer work The sight vane on a staff 15 to he
adjusted to the height of the water in the bottles, and the staff man sent on with 1t some 400
or 500 feet or to any change in direction of the contour, the level man aligns him right or left
until the vane 15 on a level with the top of the coloured water in the bottles A picket miy
now te driven 1 by the staff man and the position of the picket 13 deterruined exther—

On 1 plane talle ty forward | eanngs and resection
Ly the prismatic compass and chuning or prem,,

The level mwn now moves up to the pichet and proceeds as Jefore  In contourmng round
il w excellent chec] 1s obtuned by closing on the starting pont
(3) Deliberate Method of Contouring with the Indian Clinometer and Plane
Table —To curry ot this method two men are requirel viz one plwetaller nd one
flagman and 1t 15 necessary that three fixed pownts should generally be m sight and that the
pline tal fer shouid always set up hus tatle at the same height whove the ground
\ comventent w1y of doing this 15 for the plane tabler to always set up his table to the
level of some pomt on his person say, for instance one of the huttons of his coat, but af this1s
not const lered snfficiently necurite he can carry a plumb line of fixed length  The fligman
carries 1 small disc or ) oard and notes the height of the talle <o s to hold up hus dise always
1t that height
The plane tabler sets up his table at station 0 the starting pomnt of the contour, and
mterpolites s posation  He then levels lns elimometer wnd sends on the flygman wpproa
mately along the contour hne and wlen the latter has gone sufheiently far ahead 1 nligns
Tum 1y means of Tus ehinometer until he 15 on the same level as himself
The pline tabler t1kes 1 ray on the flagman and moves up to him  He sets up us pline
tal le at that point and aguin mterpolates lis position, while the flagman goes on vbead 13 tefore
anl 5o the work proceeds  Thus will be fonnd 2 very conventent method on large setles
Rapid Method of Approximate Contouring with Indian Clinometer and Plane
Table —This 1s desent ed in Chapter VI
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(4) Contouring with Anerold Barometer —Where the v ertical inters 1 of the contours
15 Targe eay at least 23 feet, approsimnate contours ean he put 1w by means of the anerad
larometer  This 1s 4 particularly comvement method of approxamate contouring for seiles of
1 inch to 3 mile, and 2 vertieal interval of 100 fect, or 1nch and an mterval of 50 feet  In
vanalle weather this method cannot he used
The larometer shenld he carned loase w the pocket
Defore reading st <hould Te hohitly tanped , m readies 1t <hould be held with the face
vertieal, the eve <honll alwavs lie n the sime posttion 1citive to the needle to wvoud the
effect of parllan
A 2lanch laroweter 15 1 comement «iz¢ The seile of feot should be used  Fhe
tarometer shanld not Te used near i3 extrume range, thus 1 harometer graduated to 5000 feet
should not e used much above 4000 foet
In uang the larometer to determne the approvimate positions of contours, 1t 18 necessary
1o work between pomnts of which the hei hts have heen prevtously fived  Thus suppostug the
herght of the top of 1 hull 1s known and a1 o « herght 1 the valley below , at the lower station
£ct the mstrument to the proper herght, move up along any conventent spur, stopping where
the barometer reding shows the required contour levels, fix thewo points on the plane t3hle
£hetch 1 the neighbonnng fuatures, and close on the top of the Wl If the reading differs
from the known her_ht of the top of the luil, » proportionate correction must be made to all
the contours drawn in Tt 1s deairtble that the distmce between the fived heights should not,
18 4 rule, exceed a fow malee i at s clearly necessary that the elpsed trme Letw een
ftarting and ¢losng should be s ghort as po sible
Aneraid harometers do not at once tahe up the rexding of 2 new height 1f v change of
altatude has been rapdly made, a for nunutes rest 13 necess ey
{5) Sketch Contouring or Hill Sketching —As has heen expluned, on v small scale
such 45 1 inch to 1 mle, 1t wonld be waste of trme il money to determine contours mstiu
mentally
The hill feitures are, therefore, shetched m hy eye by means of form lines  Form
Iimes serve to show the shape of the ground rither than 1ts exact height at wy point, and on
«m1ll scales 3t 15 obnjons that the loll forms must be generilized In fact hll sketching
on small seales 15 net 1 mechuenl suenee with exuet rules but putkes somewhat of the
nature of an 1rt, the Wl sketcher mnst of course show the mun foitures with aecurtey, but
1t 1s mmposst le to show all the mnar fextures
The summits of the Inlls, the ridges spurs, vallev lines and streams will be accurately
fived, and the shetcling will e controlled by o fow trigonometricd (and m some eases
Tarometnie ) hei hits
In dr g the form haes 1t 15 desirhle that the sketcher should observe 1 rule s to the
number of hines to fit 1 for a gien diffctence of level L very convement rule 1s thit the
nterial (in feet) between two wdjacent form hnes = 50 x number of mules to the wnch  Thus
on the Jinch seale the vertical mtery Jd letween snecessive form lines would he 200 feet
Supposing for mstance, that the sketcler was at + pant which he knew or judged to be
1000 feet above the + ley, e should draw five form hes below the one representing the crest
of the ]l
In il sketehung 1t 15 maportmt to get on to the tops of hills ndges, wnd spius  The
positions of these tops ridges nd promnent pomts are fived 1y pluetibhng i the usunl
way, and the sketching of the hull fe ttures s cartied on at the same time s the fiving of the detaul
The form Lines need not Lu contmuous  Plues YI wd VIT are examples of Il shetching
with form lines

(5455) . »



CHAPTER AT
MAP PROJECTIONS AND GRATICULES

A map projection is the system on which the terrestrial mendians and parallels are
represented on paper

o grafwcule 15 the net work of lines representing mendiwns and parallels on piper, the
term 15 usually applied to the net work of merdians and parallels plotted for topographical
work 1n the field

The term projection though sanctioned by long usage, 1s an unfortunate one It gives the
Teginner the 1dea that map projections are arrned at i the <ume way as the projections
trewted of 1 sohd geometry Now the great mrjonty of wseful map projections are not
obtamned 1n any geometrical way A map projection 1s to te treited 1s the representation on
2 plne hy any lws of the terrestrial men lians and parullels 1n fact any defimte system of
drawing the meridians and parallels 15 2« map projection

Before dealing with the generi subject of mwp projections 2 subject which every
topographer should have some requaintince with we will deseribe the projections used m the
field

Tt 15 ohvious that since the surfice of the erth 15 curved no portion can be represented
on 2 plwne with entre truthfulness It 1s evident also thit the smaller the portion to De
represented the more neirly will 1t be represented truthfully If for instance we represent

4 8 &

Fig 43 %

on paper 1 portion of the earths surface extending 30 from north to south and 30 from
e1st to west and draw mendians and parallels s strught lines, then the portion ABCD of
the earth s surface 15 represented bv the trapezium abe? 1n which ab le, ad cd are the rectified
lengths of AB BC AD CD

Now 1t can be shown that if AB BC CD AD do not exceed 30 then the surface
ABCD ¢ n De represented by the rectilinear figure abed on scales of % mnch to a mule and
under without ewusing the topographer to make sensible errors  If the parallels were drawn
on paper as portions of ewrcular ares cutting the meridians at right angles, the result would 1 e
stall more accurite  But 1 the field 1t 1s inconvement to plot cireular ares and the topo
gripher must as a rule he content to plot hus griticules with struight lines

A grwenle should he drawn on exery srallscale map which as a rule, shoull le
bounlel 1y 1 ¢ thns and jardlels The object of the graticule 1s to 1dentify positions to
enable new pomts to be plotted to enable maps to be compared with exch other, and to
freilitate Jorming maps of the same scale together

It 15 not very important what the intervals are  The following would be suitable —

On senle of 1nch toa mle the mendians and parallels should be drawn for every 4 degree
On 4 seale of 1 inch to 2 mile the meridins and parallels should be drawn for every  degree
On ascale of 11nch to 2 mile the mertdans and parallels should be drawn for every } degree

* The convergen e of the mendins 15 much exaggerated iz this Sgure
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Example of Plotting a Graticule —Tt 1s required to plot the graticule of a map on
a scile of 1 tuch to 1 nule, between 10° wnd 11° N it and 25° and 26° 1) long

From Tible X, by simple proportion, take the values i wides of the 30° lengths of
merrdans and pamllels Divade these Iy 4 to get the lorgthe i mehes

The divzomals of the squares ire obtaned as shottn 1t the foot of Tible X

Thus

BE ~ (839 4551 x 8§30)
= 1209 mches

Now, hning all the neeessary dity, tike the plne table or map and drw the straight
Ime A (fiz 44) for the centril merudin
Merure AC CB the langths of 30 of hititude, then with centre B and radis BL

- 5 49 A 849 D
" p
p
.
I,’
s &
2 & 2
- [ ©
-
L
8 50 c 550 e
1030 ;
0" &
F,"‘ . /; :q
<« v @
10 8 5t Bl 88 F
257 25'30 26

Iy 41

(hagon ) ntursect Larde wath centie C wd 1, CL (30 of longitude)  Smululy for the
other 1 peziums

The rondt widl bo vogniteule meowhidh the manhms comage, wd the pinatlds ue
concnve to the pole

Second Example of Plotting a Plane Table Graticule —Suppose 1t 1s requted to
plot 1 graticle on vecilo ot Jchto Tmale Limts 30 md vl S 20 wmd 20 L

Proceed as follows (i 1) —

Diaw a straght hine ABC duswg the nuddle of the piper to represent the eential mendim
25° 30 L

Look out in Tible X the length of 30 of Liitude from 30 to 30° 30°  This 1 34 40
yules, o1 on this scile 561 mches, muk this kngth CB - From 30° 30" to vl 15 found n the
same way to be 8 61 inches, mirk this BA

(5455) N
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Next look out the length of 30 longiude on parallels -30° and 30° 30, viz, 750 and
7 46 inches
Then the length of the dingonal of the northern quadrliterals
= J{(8 61)° + 750 x 7 46} = 11 41 inches

In 2 siular way 1t 1s found that the diagonal of the southern quadrilateral 1s 11 37 inches

Plane Table Graticule
Dhmensions i wnches for « scale of 4 mles to 1 mech
¢ f
K 25tc 750 %3 32 750 %6
s 305
s S R
3 \\I 3| ’,’ ©
«| s @
s
3036 748 B 246 3030
N 4
A N
< K = ©
b4 3 N - M
’
3 242 7942 3 s
5 30 %L
6B A °
Fig 15

Now with centre C descnte a arcle of 1141 inches mtersect 1 arcle with centre B
and redms 7 46 inches thus fivmg Fand so on for the other vomts F, D G H, h

This methed ean by used for graticules on all topographicdl scales and for my intery ils
bhetween the mendins or par dlels

Ent to save Niour in jlotting gritreules on the setle of 2 nules to 1 meh (a very
useful top  riplucal seale) [ille TN has been prepared aud from this the lengths of 15
spaces on merihang and § anllels an ] the lengths of the diagon ils can Te taken direetly  This
tablo 13 not to 1 ¢ used for other scales or other mteryals

The field projeetion abose desented 13 to be considered as a rectihmear approximation to
veomel yrejection It 1s all thit < topographer ibsolutely requires m the field, but if 1t 15
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po sitle 1t s Tetter (though not actalhy e entnl) to plot the parallels s portions of ewrculae
ares I abour saving tatles for the purpo ¢ we  The Construction and use of Murginal Lines
for \Iape’ J OFarrell 1862, + War Office pumphlet < On the Projection of Maps by
Ayor L Darwm 1 Lo anl ¢Talles for 1 Polycome Projection of Maps pul lished by
the Umted States Coast and Geodetie Survey

We now proceed to the general discussion of the subject of mep projections The
remun ler of this chapter need not 1o read by the Teginner

Grairat Discuss0Y 0oF TIF SUBIFCT OF MAP ProJecTions

The term map projection 1s sometimes msunderstood to mean 2 projection hy means of
stru ht Iines from the cuths surfice on to + plne cylinducil or comenl surfwe It 15
actmally 1 term of much wider meamng,  Any 1epre entition on 1 plwe by any hw of the
network of terre trid mentdiins ainl parddleds 13 4 map projectton and the grew majonity of
u eful map projections are not arrive 1 at 1n wny obvious geometrieal wry

It 1> necesary to Tewr i munl thit,in generil, v map projection 15 not + simple
geometrieal [ rojection but the result of any definite system of drawing the ewths mendiwns
and parallels

There 15 v common 1der that because there can be no perfect pline projection, all
projections arc equally bal or _ool 1n wder enconrrged hy the customry geometrieal way
of lookang 1t the que tion  \rw the chowce of 1 projection for 1 mtp 15 m general by no
means 1 mitter of mdiflerence  Projections may ndeed 1e considered s griphic representt
tions of certan properties of the curved surfice, and 1if we know the specnyl purpose of the
map we al o hnow the specral property or quahty which 1t 1s most important to represent
truthfully

Uzeful theories of map | rojeetion are based on this fact that although 1t 1s impossible to
represent ou 1 pline surftce wny portion of a spherical or spheroidil surface with entire
truthfulness yct we muy select some quility or property of the curved surface and represent
that 1ecurately

For mstance, there 15 7 whole group of projections n which areis are correctly repre
sented, another group 1n which there 13 no loeal distortron another group which preserves the
azimuths from 1 cents ] por 1t one projecton which preserves distunces wd azimuths fiom a
centril pou t one projection m which ardes are still representel 1y careles whilst 1 most
projections we ¢ represent t le st one line correctly in uddition o other properties

There 15 uso v clwss of projection m which no genern property 18 ccurately ropresented

but 11l properties are represented furly well 1 sort of golden mean

F1ELD ProsrctioNs

All map muang 1s divided mto two purts—work 1n the field and work mndoors The
former mcludes surveys exploriions wnd recomuassances the Iatter 1s o matter of diawmg
reducin,, or compiling

Faell I rgections

First  Lurge scule cudastral surveys such 1 % maps of the Ordnance Survey or the
16 nch 1o the mule myps of the Swivey of Indiv ue dways based or « trrwnguhtion plitted
by rectmgulir coor inste Lt le wd longitnde are not us wlly marhed if they were the
resulting projectton would Te thit Tnown 1s Cissuns  Lich hest represents such a very
small part of the ¢arths swifae 1 the Fow dutes are so near the centi il meridin that the
matter need not 1o gone nto fartl w

Secondly  Lapi1 exjloritions usually result tn maps of a rough and ready order, most
nteresting but not most weurte  The mtrepid explorer draws a thin red lLine across u
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continent, and there 1s little on each side of 1t If his march 15 east and west, he should use a
simple comeal projection,, 1f north and south, a polycomesl, and if 1n 1 diagonat direction, a
<o-called =ecant comcal projection

Thirdly What projection should be used m the field by the topographer who worhs on
seales varying from gl to oo ! As the dufficulties evidently werease s the seale
decreases, we can deal with the smaller scale

When the plane-tibler looks along the sight rule, any pomts which are bisected by the
central vertical thread are considered to be on the same strught lme  Thats, great eircles
are represented by strught hnes  Hence, conudenng this conditton only, the plane-table 1 on
the gnomome projection

But the plane-tabler also expects that the scale shall be the ame all over the map

If we only consider one point, and sct up the pline table at this powt, all rags from this
point are to represent great circles, and the scales of all the riys are to be the same Tlis
gives the equidistant zemthal projection

If the plane-table 1s set up at other pornts, we get conflicting conditions, w hich, 1n theory,
are best reconciled by Airy’s projection, but m practice re approxmately satisfied by some
form of comeal projection, provided that the arex of the pline table does not exceed about
1 square degree

In the field 1t 1s mconvenient to plot such flag ares as are required for the parallels, 1t 13
therefore customary to substitute for them rectilinear mscribed polygons, or, whick comes to
much the same thing, to plot, mstead of a small portion of the curved parallel, a straight line
of the same length

The resulting projection may be known as the field rectilinear projection, 1t should not
be used where the extent. of latitude 15 more than 2 degrees

There 1s a case on record mn which a survey party ¢ d worh on Mercator’s
projection, whuch 15, of course, entirely unswted for land surveys

List oF ProJecTions

We can row deal with the more general and interesting question of the projections used
to represent much larger portions of the earth’s surface, or even the whole of 1t

Projections have been termed —

o Orthomorphic (or conform, or conformalle) —In these the scale 15 the same 1n all
directions round a pownt n 1ts 1mmediate neighbourhood. It follows that very small arex
are stmilar 1n outline to the ongals on the earth's surface It al<o follows that the mendians
and parallels ntersect At nght angles, though the fact that they ntersect at right angles
does not show that a projection 1s orthomorphic  Mercator's 1s a projection which belongs
to this group, so does the stereographie

4 Equal Area (or equiralent, or surfacefruc) —In these, equal areas on the map represent
equal arens mn resbity, 1, arens ave eorrectly represented, though distances and angles are not
Bonne s modified conical projection belongs to this group

+ Perspective, 1 name whieh expluns itself  The eye may be mmagined to be mside,
outside, or on the surftce of the earth  The gnomomc projection 1s perspective

4 Zemithal—In the ¢ the wzimuths round - central pomt to 4ll other pomnts are correctly
rgre ented ind equal distances from this pownt represent equal di tances m reality  Per
spective projections are zemthal theugh all zemthal projectrons are not perspectve  The
cquidist it projection hidony, to thie group

¢ Comcal, which can b 1mag ned zs drawn on the surface of a cone (not necessaniy
3 rejret 4 on to the cone)

Cylindnical, which can ve imagined as driwn on the surface of 1 cylinder, Mereator's
18 eylindnical
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+ Conventional —Tho ¢ which are projected by arhitrary rules for convonience of
druning The glof ular projection 15 carn entional, so are poly conies
The ¢ terme dlo not <tnietly represent elisses of projections s they are not all mutually
exedn e nor db they comprt ¢ all po aille projections nd to trett them s classes would be
to fill into ls error who diviled the human race into Frenchmen red hured people, wd
canmbile
Thus we mas have w orthomorphie ey lidereal projection (Mereator ) or an equal are
eylindn 1l jrojection (Lamlerts) or an equil arex zemthal projection (Iorgnis), and so an
(Bt a projects n cann t he be 1oth orthomorphic wid ¢ pual wet which would mply « perfect
repre entation ) The seven terms given are wn faet ust descriptive terms
The Dllowinza 1 list of the thurty prinapal projections, + description of ech 1s given
on pp 100 to 111
Orthomorphic —
1 Mercator s (evlmdrical orthomorphie) ,
2 Transver<e Mereator's (Iimbert s first) ,
3 Comcal orthomorphie (Lambert s second) ,
4 Cirenlar orthomorplie (Lagrange’s)  Also the stereographic (17)
Equal Area —
Cihindnieal equal wrea (Lambert s thied) ,
Trwsverse cqual ey (Lambert s fourth)
Mothified comcal cquil res (Bonne sy* |
Sinusord «d equal wrer (Stuson Flemsteed) ,
Polir equal arer (Werners),
10 Stmple comeal equal area (Lambert’s fifth) ,
11 Conieal equal arer (Albers"),
12 Zemthal equal-ares (Lambert s sixth—called Lorgntis)
13 Pectibinerr equal e (Collignons),
14 Homlogriphie equal-area (Mollweide’s)

o,

oo

Perspective —
15 Orthogripine
16 Central or gnomomc,
17 Stereographie,
18 Munmum error (Cluwhes),
19 Jiumess,
20 Ln Iires
Zenithal —
21 Lawedistant zenithal
22 Projection 1y balwce of errors (Ary s)
Also the zemthul equil aren (12)
And perspective mojections (15 20)
Conical —
23 “Simple comxcal ,
24 Comcal with reetified mendians wd two standuird parallels sometimes wrongly
eilled ‘sceant conteal
25 Simple poly comenl
26 Tcetangular polyconxal ,
Also Nos 3,7, 10, and 11

* Sometimes 1) ough wrongly called ¥ lamuteed s Modified
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Cylindrical —
27 Simple ¢y lindrieal ,
Also Nos 1, 2,5, 6 and 29
Conventional —
28 Globular
29 Projection by rectangular co ordmates (Casam’s),
30 Field rectilinear
Also Nos 25 el 26

This 13 not a complete list of all the projections which hase been 1n use, there are a
number of others (espeennily perspective wnd conventional projections) which have been pro-
posed or used, but thoy are not now of any importanee, and their mterest 15 only historical

Those mterested m the subject will find a very complete account, both techmeal and
Iistorcal, 1n an admirible work, entitled “ Traité des Projections des Cartes Géogriphigues,”
A Germam, Pwis A Bertrand, Editeur, Librure de 1y Société de Géographie

TrE Cnoicc oF PPoTECTIONS

The chotee of 2 projection falls under gne of the following cases —
(1) For fiell work  This has been discussed
(2) For a suingle sheet map ,
(3) For a series, which w to be eapalle of being accurately fitted tngcther ,
(4) For a series uithout the last con bition

(2) Single sheet maps —

This second case includes any map, though 1t may he mtde up of several parts, which s
meant to he used as a umt The Capo Colony gpgsor map 13 an example This case also
mcludes all atlas maps  All possible projectrons wre availible though all arc not equally
swtable for the speeinl purpose 1 view  For instance, statistical maps should be on equal
aren projections great eircle charts on gnomonie projections wd so on

A smglesheet mip of Africx may be taken s wn example and the following s
preliminary seleetion —

Equal area Sanson Flamsteed or
Zevithal Mendian (L ymbert’s)
Zemthal Balan ¢ of Errors (Any’s) or
Equdistant meridian
Comenl Smmple polyconenl or
Reetangular polycon al
Orthomorphie Aereator s or
Stercographe merxdin
Perspective Mwmtmum error (Clirhe's) or

Orthographie meridian

Of these Mercator s 1s out of the question for any land purpose

If the map 1s 1+ pohticl or stutisticil map, one of tho equal wen projections should he
tihen and of these the zemthal 13 the best, a1nd Sanson Flamsteed the casiest to draw

1§ the map 13 for general purposes we may reject equal aren and orthomorphic projeetions
s bem,, extreme e~ses and the polyconic projections 18 eonventional, ind finally choose from

Balance of errors (Airy’s) No 22
Mimimum error perspeetnve {Glathes) No 18
Zemtkal equidistant No 21

These are all good projections for the purpose
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(3} o O Prject n Serirs —

The thind cise 1s that of 1 series of waps which are to e expille of bemg aeenrately
fitt~] tozcther, 12 which are to 1o on one projection This cise which 19 pricticuly very
conventent, ¢ only le used 2 compiritnedy small put of the earths surfice and on
medim seales (1 smaller than tog oaraphical and not so small s aths sciles)

Womn tike 1 vivpeat country for this tewtment Afric sonth of the Zimbest and s
a tipicd seale ,, "~ It not al olutely mece ary, Iutat 15 comvement, to 1ound the
sheets 1y men hans and paralleds Al this pomnts t the use of 1 conteal projection  wnd one
of the he t for the urpo e+ that form of comel projection 1 which the merxhans are then
true lengths and m wlich the errors of seile along tle extieme pwrllels wnd parallel of
maunum error are mulc equil  In the case of S Afric the errors on the parallels mentioned
are less thin 2 per cent wiul t the < ale along the meridiw 1s ¢ erect thie aghout

() 1T pograghieal ~ v —

The fourth ea e 1 that of 1 series of waps of whih exch <heet 15 dependent the sheets
are nct meant to fit aceurately to.ether, wid the teenrney of cuch sheet 13 the pineipal
censr leration ve the e e of crdimry topr iy al map

Lach sheet will e constructed onats own eentril mert ltan and the projection (vs for the
field) wall bie v comel projection Fut on tecomnt «f the smalliess of the aveu deals with
sample or rectancular polvcome g sensibly the sime ro ulte The present W Office
sy stem 15 the tect i ulir pohvcome p 110 i1 1 s vay well for top giapl J scales

\ te —When the country 15 of smudl extent i eithe histade 1 1 natule topogiaphieal
mags may le Jrojceted on one projeets n s Cae 3 1 ve  Ordminee Susey one mch maps
of I'n land, f5r cximple 1re 2 <eries on Ciesinis projection i the extreme crion due to the
projection dots not amount to 3, 1o less con wlerbly thm myy Te expected from the
distortion of the paper

s o 1P —

The question of the projection to 1 ¢ chosen for the unmersal | 45, M 18 mMterestng
and Africy mas 1e tiken s an example

Furst, 1t 15 clear that a1 general prejection for the whole of Africi1 out of the question on
euch « scale

N\ext we may construct ewch <heet mdependently anl thrs may sometimes le the best
system  but some difficulties would Te founi n fitt g the sheets to_cther smee each will
represent some 24 square degrees

Perhaps the ! est system 1s « compromise  speeril veas such as Igypt \agenr S Afrier,
&c, shoulil T e treated as units each on the syeatl projection hest swited for 1ts particulir case
This course would have the 1 dince of local a1y intage which s tl e chicf thin, to consider
and the projection can te so chosen thit the tesilting eizor 13 neghitle  The only ol jection
to this oceurs when 1t 15 1equire 1 to it on sheets of w adjoimmng Tloel  This e he obvted
by arranging that the sheets st Al vell overlap the Foun lary

Prosections UseEp rop SoME IMPOPTANT Mars

Conical Orthon mphie (Lambert s second)  Generally hnown s Causss  (No 3)
Used for a map of Russia pubhshed 13 the Geogriphicil Socety of St Petersburg in
1862
Modifel Comenl Lqral area known as Bonnes (Do 7)
Adopted 1n 1803 by the Depét de la Guerre for the map of France
Ordnanee Survey 1mch } inch, § inch of Scotland and Ireland
(6455) v
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Ordnance Survey 10 nule maps of Seotland and Ireland
Indinn Atlas 4 miles to | mch
Cape Colony 55550
Orthopraphic (No 15)
French map of Africa 159550, 1895, Where 1ts defects are very muked
Central o1 Gnomome  (No 16)
Some charts have been published on this projection by the U & Hydrographie
Department
Zenthal Projection by Balance of Firors  (Airy’s) (No 22)
Ordnance Survey 10 mile map of England
Coneeal walh vectified Mert bans and tuo Standard Paralllls (No 21)
Ordnance Survey 1550550 1904
Survey of India Indinv ind Adjacent Countries, ot oty 1904
Sumple Poljess (No 25) U S Coast Survey maps
Pertan jular Polycome (Do 26) Intelhgence Divrsion, W ir Office maps
Projection ty Peclungular Co-ordimates or Cassms  (No 29)
Ordnance Survey 11nch, 3 1mnch, and Jnch of England
» w 6 o of The United kingdom
560 » »

» »

Briel Description of the Thirty Prineipal Projections
Or1HOMOPTHIC ProJECIIONS

1 Mercator s,* or ¢y hindrical orthomorphe

In this projection the mendians wd purallels are strught hnes st might angles to one
another

The mendians are spaced at their equatoriul distances

The distance of any parallel from the equator 15 —

“ AR ¢ sm? ] }
M {log tan(45 + 2) ¢ sl G ,

where 1 and b are the sem: axes,

M the modulus of common logarithms, {1s the latitude

The scile 1t any pont 1s the same 1n all directions, and small outhines are represented
without distortion A strught hne represents 4 loxodrome or line of constant true bearmg,
the projection 1s therefore ummversuly used at sea, 1t 15 of no value for land surveys A
lovodrome continuously pursued descrabes an endless spiral round the pole

2 Transverse Mercator's, or transyerse cylindrieal orthomorphic (Lumbert’s first)

Mercator's projection may he considered as developed on a ¢yhinder touching the curth
along the equator , imigine this ¢ylinder turned round so as to touch some chosen meriditn
The lines which formerly represented meriditns now represent great circles at might angles to
the chosen metidian, and the lines which represented parallels now represent small circles
parallel to that menhian It 1s not necessary to consider this further

3 Conical Orthomorphie Projection (Lambert's second), generally called Gauss's

* fercator, born 4 1012, d ed 1601
+ Lambert (fcrman mathematinan born 1728 died 1777
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In this j rojection the parallels are reprecented Iy concenttic arcles wnd the mendians by
their radn Iwo zelieted parallels are of their proper lengths, but the lengths of the other
parallels and of the mendians wre deternmuned by the following 1w, treating the earth ns a
sphere —

If 23, - e the colatitudes of the selected parallels
log sin ; - log sin

Tet A = o
log tan 3= log tan 5

then the angle two mendins make with exch other
= true difference of longitude x A,

then 1f r s the required ridius of 1 given parallel (of colatitude ) 7 1 constant which defines
the seale
A
r=1 (('m 2>

This 15 4 remarkable wd useful projection*  Small outhnes re correctly represented,
and the scale 1s the =ime 1w 1ll directions round any powt  The scale along two parallels 15
correet 1nd 15 consequently correet m thawr na hlourhood m every direction  between the
selected parallels the sele 13 vary shightly too small entade them 1t 1s too Iwrge It has been
used for ¢ mip of Lus1v and 15 very switatle for luge uens haing 1 grew extent m
longitude

4 Circular Orthomorphic Projection (I agiunges)

In this both merihans and parallels ire represented 1y errenlar ares  More nteresting to
the mathematieian than useful to the map mker

The stereographte projection 15 orthomarphie  See No 17

EQuaL-\REA P10OJECTIONS

5 Cylindrical Equal area Projection (Lamlcrts thurd)

1f the earth 1s conswdeted v spherc this 1s the simplest of 1l projections  Imagine a
cylider to arcumsenl e the earth touchng it 1t the cquator and fiom cvery jomt on the
earth lct 4 stra ht hine e drawn b nght wles to the carths vas w i produee 1 Tackwards
to mntersect the cylnder When the ¢yhindar 15 umolled the menddims ind pirallels we
clearly straiglit lines at right wles to one mother wd the distance of any parallld from the
equator 1s equil to @ ein lat when @ 15 The radiu

Tt follows from the clementuy geometry of spherc 1nd ¢yhnder thut the projection 1
equal area

This projection 1s only nseful for maps which do not extensl more than  few degrees from
the equator

¢ Transverse Cylindrical Equal area Projection (Lamberts fourth)

If the cyhinder touches the carth along \ mendian ind ponts are projectcd as thove then,
treating the earth 15 a sphere if  ; arc the co-ordinates of 4 pomt I, ¢ 1ts lintude and
longitude

4~ 50 ¢ cosl,
tan y ~ tan / =ec a

‘Lhe merihans and parallels ean be divwn 1y giving a and ¢ respectively constant v alue
This projection can be used for countries having 1 great eatent n latitude and but httle
1o longitude It 1s not, however, the best for the purpose

* Tlus last expression may be taken as giving the wlole group of orthomorpbie cvnical | rojectivns of + Fich
thus 10 & particular case  Mercstor 8 15 auother

(5455) 02
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7 Modified Conical Equal area Projection (Boune's), sometimes cilled the modified
conteal ot Bonne’s projection and known 1n Frince as “ projection du dépot de In guerre
This, with 1ts two modifications (8 and 9), 1s an 1mport it projection

Imagine @ cone having the same axis as the carth to touch 1t along iny seleeted parallel,
1magne the cone spread ont and a radius of this parallel taken as the eentral mendian  Along
thrs central mendian on each side of the parillel, measure the true rectified distances to the
other parallels Through these pomts descrilie eircles hnving the same centre as the chosen
parillel and along exch parallel measure the true distances to the successive meridians

The projeetion 15 clearly equal aren, since all of the small elements between any two
parallels Lounded by two nfimtely close mendians are equal to each other, nd to the
corresponding elements on the earth s surfice

The true spheroxlil shape of the earth has been taken account of

If 715 the Iatunde of the scleeted parallel, and I of any other parallel, the radws of the

Iatter 13 r cosec &y + the rectified are of mendian between ! and /; Where 2 = 180 x length
-

of 1 of chosen parallel  This ean Le found from geodetic tables
The projection has the following properties —

(1) Tt represents are1s correctly
(2) Prallels are thewr true lengths
(3) The merichitns cross the chosen parallel at mght angles

The mendiwns are not simple curves, though so easily constiucted

The projection his been much nsed m France, and the ,gg%5g map of Cipe Colony
published by the Surveyor General 1s also on this projection also the Ordnance Survey 1inch
mps of Scotlind and Irelwnd

The less 1ts extent 1 longitude the better It 1s frequently used m ordinary atlases for
countries for which 1t 1s not stuted-—Asia, for example

8 Sinusoidal Equal area Proj (Sanson’s) —Sometimes, though wrongly culled
Flamsteed s or Sanson Flimstecd

If Bonnes cone (Mo 7) touches the equator, 1t hecomes 1 ¢ylinder, nd each parillel
becomes a strught Line it right angles to the central mendian cutting 1t 2t the true distince
from the e pmator  Along each parallel distances are measured from the central meridun equil
to the portion of the e of the parallel represented

Assuming, the etth a sphere each meridin hecomes « sine eurve, hence the nime of the
projection  But 1t 15 clearly equally cisy to plot the true spheroudal fengths  The generid
remiths on the st projection apply to this It 18 a good equ il arex projection for the whole
of Africa

9 Polar Equal area Projection (W erner’s)

It Bonnes cone touches the pole, the cone becomes a pline  The parallels are then
niomplete concentrie etrenlar ares with the pole as centre, the entral mendian 1s still &
strught lne, which 1s eut by the pirilels at true distances The meridrins a3 before pss
thronh points on the parillels at true distinces from the centril meridiin measured along
the e

1ins projeetion thongh mnteresting 1s of Iittle use It 15 not possille to use 1t for Polar
regtons and ts clewrdy inferior to the two previous projections for other parts of the earth's
surfwee

10 Simple Conical Equal area Projection (Laml ert's fifth)

In this projection the parillels we concentnie aircles of which the pole 13 the centre the
mendims are ridn [he radis of exch parallel 18

o 20
2a sec ) ming,
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when « 1v the earth'’s ridins, ~ the co lititude, wnd ) the colatitude of ~ seleeted parnllel,
which 12 then correctly represented  The wglo any two menidins make with each other
15 2 cos” o when =15 the diffirence of longitude

The ey hndrieal e puad-arey projection s mof 1 partienlir cuso of this becwse here we hwe
the condition that the pole 13 the centre of the ereulwr parillels

The praperties of this projuetion we —

(1) It repre ents areis correctly ,

{2) The menidians eut the parallels 1t nght angles,
(3) The seleeted parallel 1s correetly represented
) Itiserss todrw

The ol Jection to 1t 1s that 1t nusrepre ents distances both along the parillels wul along the
mendiin It eannot be used near the poles nor for countries having 1 gret extent in Lititude

If m the wbove we put 1 — v the ridws of each parallel s 2e sin _, the mendiwns we

then melined at their true angles to exch other  (See No 12)

11 Conical Equal area Projection {Albers)

In this projeetion wy two selected pirddlels e correctly represented  The jrojection
consists «f concentrie arcles with ridu for the mendins but the pole 15 not now the centre

If 1, 1 e the chosen hntudes 1 the rdn on ppur, put/ ~ — !

sm ot

l"—; ! cos
@ bemng the earth s radius
Then 1y =lrcos )y

r =Jlacos!

gulu differe
the mcluntion of two meridimns MY renco of longitude wd 1f 7 13 the 1adis of any

other parllel of itstude / 2 = 26/ (sm iy -~ sm 1) + 1,

The pole 15 now represented Ty the weof a arcle Iwo puleds re conectly 1wpe
rented nd the properties are otherwise the syme 15 those of the preceding projection  Except
for very lirge arcisat does not differ maternlly from No 24 where representation of reis
1 important 1t should 1e used i preference It should not he used ner the pole It would
mike t jood projection for Centril Asn

12 Zemthal Equal area Projection (Lumberts sixth) bomctimes thougl wiongly
culled Jorgnay

This s a puticulir cise of 10 Mertdtans are represented by stt ught Ines 1t then true
angles to cich other  Ihe pu dlels we encles »f which the nemndiws we vidn If 1 the
cohititwle of ny pomnt wd e the earths radius or hetter the rudins £ cury wture ot the pole
the radius of my parillel 1s

2¢ 80
2

As des il ed 1t miy be called the polur e gzl arer projection

The swme projectron ctn howener Te ippled to wny part of the euths surfice if e
mmigme grew arcles to rudinte from some sclected pomt m the sume way s the mendims
ridute from the pole  The mendius wd puallels em be drawn by ot msformition of
spherical coordimates In the speaal cise where the central powt 1s on the equator we hive
(assuming the earth spterical)—

If ¢ 1s the wngulir distance of any pomnt from the centre, I = the Lititude and lonnitude
of ths point,

cos 6 = cos « cos |
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If A 1s the nzimuth of this point 14 the centre, tan A = «in « cot /, A 1s then truly drann
and the distance 8 1s represented by

[
2aem

The propertes of this projection (which 15 on the sphencal assumption) wre—

(1) 1t 1s zemthal, 2 ¢ azimuths =re correct at the central pownt and equal distances are
represented by equal distances ,

(2) It 1s equal area

(3) There 1s but httle deformation for 30° from equator or central mendin

It 18 1 very good projection for a single sheet equal 1rea map of Afrien

13 Rectilinear Equal area Projection (Collignon’s)

The meridians are straight limes which ridrate from the pole 1nd the pirallels are purilel
strught lines euttmg the centril merdin at nght angles

Interesting but of little use

14 Homalographic Equal area (Mollwerde’s) Sometimes crlled Bibinet’s

The parallels are parallel strught Imes and the mendians e ellipses, the central menidinn
hang v strught line it ght ingles to the equitor whch 1s equally divided

The distance of any pirilel from the equator 15 +/2 sin 8 where 7 sm it — 28 + s 28

The whole sphere ¢ be represented m an ellipse of which the major 1ws 15 twice the
mmor

PERSPECTIVE PROJECTIONS

Generally sperkang these projections are of no value for land surveys

The principad considerntion 1s the position of the pomnt of sight  The projection plwne
18 alnays supposed to be 1t 11ght angles to the lme jommng this and the earth’s centre, the
distance of this plane from the centre only affucts the scale

15 Orthographic Projection —In this the point of sight 1s supposed to be mfinitely
distant, and the perspectrse ray s eonsequently 1t nght angles to the projection plane  If the
plane of projection 1s the equator, the result 1s the poliwr orthogriphic, if a mendnn, 1
meridin ortho tiphie andaf any other plane, 1 horizontal orthogr iphic

In the latter case which 1s the most general, 1t 1s clear that the central mendian 1s 1
strught lme and 11l other meridians and par:llels are ellpses, obviously only 2 hemsphere
can be icpresented  krom the nature of the case 1t 1s 1 pretornil projection, ind from its
simpheity 1t 15 a good deal used 1n popuhir works It 15 not the best perspectne projection
for 1o Arens and for practial purposes 1s of Dttle use  The laws of 1ts construction wre
very obvious

LTt hns been used for the French wggyggg map of Africa  The distortion on the extreme
sheets, ¢ 7 5t Towms, 1s very mirhed It 1s 2 projection to be avorded

16 Central or Gnomomec Projection —In this projection the eye 1s imagined to he
at the entre of the carth  As before we may hwe polir, merdian, or horizontal, central
projections  In the litter case, which 13 the most general, the mendians are straight lues
which meet at the pole, the parillels are come sections  The term gnomonic was applied tn
ancient d1ys to this projection 1ecause the projietion of the mernliws 1s exidently a sumilr
problem to the graduation of 4 sun dil  If 6 15 the angle any mendian makes on paper
with the centril mernhian,

A the mehnation of the projection plane to the earth's axis,
= the diff m longrtude of the d

tan 0 =smAtinz,
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andaf 113 the gencentrie Ititude of any other point, the distance from the equator along the
mendin s

sgc a sl
n , where tan » — cot A cos z, anel 1215 4 constant defiming the sevle
an{l + 0 g

The equator 1 «f course 1 struzht hine it right ansles to the eentral mendian

The specil property of the proje tion 13 that all great e1 cles on the sphere (¢ shortest
hnes) are repre ented 1y <trusht e [here 15 no projiction which 1ceurately possesses
this property for the spheror ] but one which does so vers nearly 1s that which results from
the inter~ection of terre trril normals with a phme  In tlis exce the notmal sectrons between
two pomnts, either on the <wme pirddicd or the sxme mendnn are strictly represented by
struzht hnes

The eentral projectien 15 neeful tt sen for star charts ind for the study of direet 1outes
m great countnes

An cxample 18 here given of part «of the Athntie Ocewn on 4 mendim gnomonie pro
Jection  (Plie NIV )

17 Stereographic Projection —In this the eve 15 imagined to hie on the surfice of
the sphere whi Toas supp sued to be hollow tnd the swifice tepresented 1s thit of the opposite
portion of the sphire  The projuction 15 orthomorphie, nd his the remurkible property
{cn the spherical »sumytion) that aacdes ue 1epresented by arcles It has of course, three
a pects, polar mendiin il horizontd  In the Litter (ise whah 1s the most general, the
central mer hun 13 4 <tia ht hne the athers awe arcles intersectm: w the pole  The
pudleds are arcle bat uc not concentsie  The griphie constinction 15 1mple  As 1t s
onlv wed for generd maps of the homsphere on very small seales wmd not much for these,
there 1> no nee 1 to ccnsler the compre 10m of the earth

18 Mummum Error Perspective Projection (Clukes) *—In this projection (due ta
Colonel Clurhe) the pont of « ht 13 autade the sphere and the distint surfue 1s that to be
represented  The po 1tim of the pant of a1 ht 13 chesen en that at ewh pont the sum of
the squares of the crra1s of scile m two duections b 1nght angles to ewch other shall he 2
mimmum over the wholc surfice  In other words the totl misiepresenttion 13  mummum
The surfce to be repre entrd s that cut off by « plune parillel to the projection pline, and
the houndars 13 therefore » arcle

If u 15 the sphericid ¢ Fetween wny pomt wnd the adopted centie, & the distance of the
pont of sight from the centre / a constans defining the scale, then the distance at this point
from the centre (on the map) s

Lsmu
Lt cos

The follow1ng t1ble shows the value of & for <everal values of A (the sphetical radius of

the map) —

B i

£ 1 625
i 161
90 147
108 140
113! 1367

19 Sir Henry Jamess Projection —This 15 1 partinhir case of Clarkes projection
1n which the sphetied] raduts of the area to Te represented 1s 113} , an this case £ 1367

® Coloncl & R Clarke, CB,R¥,FRE
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{As ongnlly deserbed by Sir H James, b was taken =5 15, whick does not grie the
mimmum error ) The total area represented 15 Whont two-theds of the etrth’s surface
20 La Hire's Projection —A perspective projection m which the pomt of view 1s

outside the sphere 2t 4 cistance from the centre equil to <1 + j0> x ruhus  The ruddle

pomnt of the ridius of the map of 1 hemisphere, thercfore, represents the muddle pomt of the
opposite quadrant It 15 used for maps of 2 hemsphere, but has no great memt It 15 some
times confused with the glol ular projection, which 1s a comventionalone  (No 25)

ZENITHAT PROJECTIONS

21 Equdistant Zemthal Projection —In thrs projection, any pomnt on the sphere
Lemg taken as the centre of the map, great arcles throngh this pont are represented In
strught lines of the true length to seale, ind mtersect cach other at the true angles
There may thus he polar, menidian and horizontal equidistant zemthal projectsons

The position of the mtersection of 1ny mendian with any parallel 15 gien (on the
spherienl wssumption) by the solution of a mmple spherical triangle

Thus of 113 the co latitude of tho centre of the map (longitude 0),

» ,, any other pont
z , longitude of » "
A, requred azimuth

e, »  spherieal distance

Let tin @ — tan | cos o, then cos ¢ = cos ~ sec @ cos (~ ~ f) and sm A —smzsmna
cosee ¢

The projection 1s neither orthomorphic nor equal area, the scale 1n the dircction of the
centre 18 always correet ind at right angles 1s less than 5 per cent n error at 30° from the
centte It wonld mike 1 good projection for a single sheet map of Afries, and 1s especinlly
useful for polar maps *

22 Zenithal Projection by Balance of Errors (Airys) —At any pomnt of a zemthal
projection we may constder two seales one wlong the radiating strught line which represents
A great arcle and one at night angles to this

1i these two seales are equl at each pomt, though they differ from point to pomt, the
result 1s an orthomorphie projection—the stereographie  (No 17)

If the product of the two scales 13 constint, the result 15 the zemithal eqml arer pro-
Jection—Lamberts sixth  (No 12)

But we may deal with them n a different way, and mrke the sum of the squares of the
errors of the two <cales 2t each point « mimimum over the whole surfice to be represented
1ho result 15 Airy s projection, which we are now dealing with, m tlus the tot] nusrepre
sent «tiofi 18 4 miniotum

If 819 the spherical arc from proposed centre to proposed cireumference, u the sphercal
are of any pomnt from the centre, then the distance of this pont from the centre on the map 1s

2 cot '2_’ log, sec ?': + Ct’m%‘,
where
C = 2cot? g log, se¢ g
All this 1s on the assumption that the earth 1s spherical

® Tle esrliest kuown anstance of the use of 11 e Polar Tquidistant Zemt] sl Projection occurs in & treatise
by Glareanus wntten shout 4 b 1510
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Ths prajection 1+, =0 to spe ik, the golden mew Detween an orthomorplie and an-equil
it projestion Tt las leen used for the Ordnance Surver 10 male map of Eoglnd
The remthal epualairca projestion, Lamlert’s (No 12), and perspective projections (16 to
19) huve been disiissed
(Nt Prorrerions

These are rlly devdlopments on 4 comod surfiee 1t prajections on to the surfue

27 Simple Conical Projection —Imagine «conc to touch the cuth along any chosen
parallel the cone ind the carth hovng the <ime aas - Unroll the cone then the radius of the
Losen parllel 1= 3 cot Tat where s o~ the normal termunited by the miner axis— Along this
parallel mewnre the true lensths of the degrees of longitide (for the parllel 1n question),
and gom the apey of the cone el these pomnts In strught Tines —these e the mendius
The other parallels are arculir arcs, concentnie with the chosen purallel, and distant from 1t
the true lenzths of the rectified are of the mendian

Tlus prajection 15 nnswited for a countrv having a great extent n latitnde, hut 1t may
streteh any extent tn lonmude  When the chosen parallel 15 the equator, the projection
hecomes the «ymrfe fand wltn Inead pro echan (27), @ projection of wo vidue  When the chosen
Pl s the pele the progc ton becomes the gelte squudntant ewthal projestion, a very
s laable progection drewdy deserthed (No 21

Vefe —It as posable thongh ot has never Lieen ddone  to constract transyerse comel
projections an whih the cone towdes some pudld o o mendnn In the vame nay it »
posstble to huve trinsverse ~ <t comasl projeciions

Azun, thest wanes may be dngenal the pole of the smdl irdes heng nether 1t the
curth s pole nor on the ¢qutor

24 Conical Projection, with 2 Standard Parallels* 1t 15 one of the most
tt~eful of ufl projections (It 1s some mres wrongly called  ~cownt comudd )

Two selected pirallls are sepresented by concentrre cnolu ues of therr tiue lengths
the mendims are thar 1wdn The degrees dong the menduns e tepresented by then
propur lengths, md the otha pudllels ue arculir s through pomts <o determned,
comventiic with the chosen pardlels

This construction evidently fises the position of the centie of the puallds, for if pp
are the trie lengths of the dwsen pu dlds w the length of the mtervemng mendiw (all of
which ¢ b tiken from geodotne tables) then k£~ /' x ’:O where h = ratio between

the mdwation of two munidims on paper, and thar tiue diference of longitade

The pudlels may Le chosen ubittanly fiom 1 consulaation of the countis to he
mapped  hut atas betear to adopt one of the following methnds  —

24a¢ The heolute errors for 1 given diflirence of longatude along the centie and extreme
prallcds may be mnle equal  This 1s Talet s projection  For the purpose ot choostug the
projection 1t wall be sufficent to teat the cirth w e sphere md m the tonstiuetion to plot
the true sphermdul tungths of the mendiu ares

Or (246) the ctiors of wale on these pulliels may be mude the <wme s follows —if ¢, 2
ve the colititndes of the extieme puallels  the distusce 1 degrees of the centre of the
paralleds from the pole 4 the 1atio hetween the wchnation of two mendnns and ther

difference w longaudc
cra
N T (1)

Al o -

fiom wloch b and e esly fonnd

* lkeenrle thn wnmetimeesf th uedf <necf the o1 es of thie prajeetian occur i map< of the two
homsspheres by Ruysch dated a D 13605,

(3455) 3
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Applying this to South Africa south of the Zambes, tiking the extreme punallels

18° wmd 34° 8, /= 439, =52°7, nd the ortor of scale on the dxtreme and mean parallels
1500049 2¢ lessthn ! per cent or less than may be expected from ordinary coutraction of
paper

O1 (24) s suggested by Colonel Clurhe, the mean length of all the parallels mey be
made correct still keeping the meridiwns their true length

Tns 13 equy dlent to equating the total arers of the rones, wnd must be combmed with
another conditton for example, that the errors of scale on the extreme parallels shall be eqmal
(This 1s not the stme s Al ers’ projection Xo 11 n which the merhians are not kept their
true length ) Ve then hue

tsine — ¢sm el s ¢ — ¢os ¢!

7= smel-aqme ’z(‘_c)( (c+C‘)>

n the case of South Africa, s above,

re prictienlly the sume result as 245

It 1s e1sy to 1magine other sariations, for mstance, wo m1y consider the ma‘amum error
mastead of that of the mein parallel (24¢)  This projection w1s used for the 1o Ordnance
Map of the British Isles There 15 no difficults mn working out the projection for the
spherod

As nn example of the choce of a conicnl projection we may tike the caso of South Afrien,
<onth of the Zambesy the ltmits heing 15° S ht to 35° S lat

To swie labour, 1n the prelimimnary ealeulations the earth wall be treated as a sphere

o T et r be the co ltitude of any parallel which 1s represented by em, let

P correspond to the pole let OP = and the wngle com  Ju, where « 13 the
true difference of longitnde of the mendiws er om, Pr pin are thar true
lengths

P P Then the error of sexle along any parallel . 1 - A S“i’ D This s

m miximum when tanc — ¢
Now, let 1t be 1« eondition that the seale errors on the extreme parallcls
shall e equal, then the lirgest error wall he o mumnmm when these two
errors e equtited to that on the pirdlel of miamum error

Then

o

W s
Tem 75 sin 5% - T oA

lr(+7axl> B /r( +55x ) )

where

From these equations we get

= =56"62
1 — 64 66
b~ 124,

wil the miximun error of seale ta lese than 07 per cent It ocours on the parallels of 157,
25 20 wd 33 & The errorless parillels, to the newest degree, ave thowe of 18 wd 12 S

Ta plit the projection of which the elements hive heen thus determined we <hull nse the
true spherowhil lengths, makmng the paradlels of 18" wnd 327 & crrorless, this will shghtly
Mter the value of 4 as follows —

The trne length of the menidinn between 18° and 32 S 13 963 70 nulcs

The trne Iongth of 1° on the parallel of 187 S 15 65 808 miles

, 125858720,

whence h - 4“1 which doeu not d)ﬂlr materially from that found above
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The ralims £ e purdld 32 1@ now Coaly found to be 9837 nules

The Fhius £ urllel 15 10 thie—td o lencth of the manbin Fameen 32° wel $3,
TONIT -2 T TETy nalee

Trelensthenthemapof T of U npalo on 39S v uow

T A |:o 5T U3

The true sphers Bl densthias 55 725 marr of dont 07 per cent

The vl of the e her purallels arc ol tune 1t the same v n

Neat th aal wlate the coanbmates for pl tung Tahe the paadld £ 3 S

The ra hmeof this o alled 1 §557 0 mnkes

Tahett menbm of O hoowtho mased vomd the nterseatien ot thas men o watl
theopartld of % S wtby oo

Fodetomme the evenhnates vt the et 355 30 1 Wflaan Cot Epatude

e bt s enn g lx s 20 In
Iten
KRR T £ S 65 s
LTI At COR) Dl
wivien

Tre foll wu 1] pies the e nlts
Com dyroge tvn for s Ao
Comordmstean pules
Ongm pant 33 S 5 1

Torptitat
Tt ——
Lo e
1, - “ -~ T 7u|“l..m|ll>n~.n.\. wl sl e
’ «i [ —'.x‘ _.m’ W1y ules
X —
" x o ] 2 w2
v 112 01 l RN 120
T s 0 ] 310 9 ru15 | wed Thate LVS
= ' (hgF ‘ ST “39
N . 0 150 Gz U gt emn i et e e tsan
2 Yol ot | sk | s ot le w1t o ts W of 5 1
170 - 4 336 L t72 0
’ 7 1476 5 1370 3 1351 8

25 Simple Polycomical Projection— In this projection which 1 4 comentiontl one
Wy paralled 15 represcuted by carenlu ucot rrlins +cot It whae s thenoymal tammate |
Ihe centrd mendin 15 o strught hne thiough the contres of the paallels
The othar mendians yo
Thus the

by the nunor axiy
which ue then true dist inees aput mewared long this mendia
uirves which cat the parallds at the true distinces, mewsarmg Along the padleds
meridians do not cut the pu dley it nght wles

The projection 13 1 est stuted for countries huing a gttt extentan Lititude ald httle i
Imgiule  The mendim anves un sometimes for womentence seplued by the rectihnear
meahed poly gons

(5455)
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Lhe ,reat uscfulness of this prejection wd of the 1ectmulu Tolyeomcdd Trojction
unststs 1 the fict that ot 13 gy to construet unners:l tables smce cwh putiealn prrallel
his alw 1vs the same radins (¢ cot nt)

Single sheets not exceeding 1n hirtude four degree when plotted on uther system do
mot matennddly differ o my of the prmapd quilities from shects plotted on speertlly devised
comenl projections such 15 3 11, ot 24 (7) () or (/) But this only wplies to small arers
wd mdependently plotted sheets  The est t1tles to use ate those published by the Unnte 1
States Corst ind Geodetic Survey -~ Tibles for 1 Polyconic Projection of Map 1900

Poly comcl projections should not 1e used for large wews md are espeanlly unswited for
maps havng 4 great extent m longitude

26 Rectangular polycomcal projection sometunes culled the rectangular tan
gential The pullels ue formed s 1 the lwst p ojection but the meridiins m this cise
wre curves which cut the parallels at mght angles  Lhe lengths ilong the parallels we
eonsequently not true

This projection 1s desertled i the W ar Office pumphlet  On the 1 rojectton of Myp
Ty Myor L Duwin B} 1890 A geomectrical construction (due to the Inte Mr O F urredl
of the Ordnmce Surver) determunes the mtersection of the mendiws wd pudlds  (Scee
W ur Office punphlet which cont uns the necessiey titles or  Encyclopudie Frtnien )

Lor sl wesat ctoes not differ ippreenlly from the simple poly comeal It 1s best swted
for countries having ~ grert extent i Iatitude tnd not much 1n longrtnde It will 2l o do well
for + topogriphrcl scrres each shewt teng plotted 1ndependently

The comel orthomorphi, Iamlerts (\o 3)

Ihe modified comaal ¢quel wrer Bonnes (No T)

The simple comeal e pual are T underts (No 10)

The comerd ¢l wrer Atas (Vo 11) have Veen desaid el

Cyinottest Troroioss

-7 Smmple Cylmdrical Projection —Ihe pulleds nd mendims e stight hines at
n bt angles to cach other  Lhe lengths along tle mendiws e correct nd those 1lon,, some
sele tud patallel A projection of no value

Mercator w1,
Lrwisverse Mercator s (2)
L3 lndrca) equal aren ) ambert s (o)
Transverse ditto (6)
Fave Veen described

CONVENTION AL PPogFeTions

It 1s rether difficult to draw the line Jetween tegulir md conmventionyl projections, hut
the dist_wshing, mark «f the Litter 15 that they are devised for amphiaty of driwing and
not fo spradd geometrieal or amilitied properties. The glifnlar projection 1y certunh
convention ] andat as prolally fur to ¢all p 1y comel projections convention il

\naunt comantomal g rojections arc often more wlitrirs thun the e, thougk sometimes
of histernal mnterest they are of no practical importince  An sccount of tham will Te found
m  Gormun

-% Globular Projection — \ convintional projeeticn of a henmsphore m which the
epuiterand the antrd menhie wc two straght mes b nglt e thar intersecion i
the antre of the araddar bow fav The mendims et the ¢ uator at ¢ b tances ad are
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ares of cirddes pueomng through the ¢ points and the poles  The parallels are ares of arcles
whad cut the eentril and extreme mendims el dist e

Tt name = sometimes mcorreetly ven to I Hires puspective projection (20) wd
Al o equally muorrecethy to the polwr equ hstunt zemthl projection (21)

Tt diffirs howeser, hut hittle from IuIlires It 15 wsed i populu atlises but has no
Jdum to Ix treated senon Iy

24 Projection by Rectangular Co ordinates —Sometimes ealled Cissims ot Casstn
Soldnere Ay pownt on the carth v finedaf we hnow toe length of 4+ perpendicul ir fiom 1t
cu to some five L mendim anl the distanee of the foot of this perpendiculu from <ome fixed
post on themendian - Ontlus projection these spher ndal co ordinstes e plotted s ordiaary
11ane rectmauie co-orde ates

The perpendicalar spohen «fivraally vpline ection of the surf wce through the given pomnt
1t it anddes t the o en manidtw ind ma Te Tnefly cudled ¢ grew cede Sach v reat
arde dewrly diveroes frem the panalldd The divergence of hititude i seconds 15 approxmatels

otm Ao D where s fongth ¢ that of the 1ids of cursatwre to the mendiw 1 the
-r

nortel termunited by the mmor ous A the Lititude of the foct of the perpendiculu
Ihe Dtference of 1 noatwle from the merxlim an seconds 1s sec A cose 1

Ihe re nlting crror conaists prmapally of i ex g eration of scile north ind south, and
1o proauntdy wqud to se 1t s pra ticdly mdependent of the xtent i Lititnde

This projection shuul L not Te wsed when the map extends mote thn sy, 200 nules tiom
the centril mendin Tt as en thus projection thit Ordnance Survey 1ach mups of Fuglnd
e drawn and albbo the 6 mch Ordininee Survey mups of the Umited hangdom  ind for the ¢
cmpirincdy small arcas the projection 1s viery smtble onc

30 Graticules and Field Rectilinear Projections —Ilhese hue Teen desathel
(ceep 93)



CHAPILR \IT

THE REPRODUCTION OF MAPS IN THE FIELD

It 15 mpottant that the Intellience Diision «f m atmy n the held should po <ess the
me1ns of teproduang maps and sketches  The most swtvble methods where large numbers of
copres e requred are hthogriphy ind zmcogiaphy  In the former, the prmting surface 1
1ts nime amphes 1s stone, mn the litter znc

Tsery officer employed with tsurey wd mipping sectron should possess some knowledge
of these methods of the equpment and peisonndd which would he avulule wd of the time
whieh would be re puired for the work, though 1t may not Te essentnl for him to Te w expert
hth otpha

In the South Afncm W of 1¥99 1902 the Surviy wd Mippng Sections supphed
them clves with stones wd hthogr (phuc pie ses which worke! wWdmiribly it Oringe River
Bloemfontun and Pretorny

Ihe caperiunce guned m this war ha resulte D o new cpupment  Tn the hewier
¢ puipment stone 15 curied an preference £y zne

The former 15 of course much hevvier than zine, nd 15 lso fragile but thrs diswdvant e
i~ o mpensited for 1y the greter ewse with which 1t 15 worked espeaally under service
condlitions

It 15 cons leted thit iy photographic [rocess except sun primting 1s unswtal le for use
m the feld

The recently wpproved Field Iathogriphic 1 qupment consists of 2 port tble press, wnd the
nueessary stores ts well 1s v tent Four double faced stones are carred, wd the whole equip-
ment with the exception of the tent 1s carned m six boxes detuls ¢f which are given mn the
following table —

Detists or 11kl Irmio Eeuudtnt (No 1)

Nt Cotens Mewmer orts Weylt
! | 0w
1 Il gl e 18 oxee x1 PO
- i 1abl el tos [P I TR 1) ()
i Dt ~ [ - « |
' 1aer) L0 x1H X1 0713
Voo oesra Lo P10 x1 noog
‘ Bu Al oxut o x) [T
' ——

LIS B L T 1201 o,

This equipmant which ¢ be reduced o anergenues, 19 mten dad 6 1o carrred oy
crdinary et or wagm and will i roduce maps up to 18 x 23

A Ught fid 1 htho pros weighimg alwout 190 1b<, cpalle of reproduam, miyg < up ty
doble for baypmze e, 13 x 16, 1w ados boen dostgned and approved



LR

Torp [rmpraae Press (1 Carr FLansio1T)






111

Zue phitcz will he u el with this press whieh i intende 1 for mnle teinsport

The personnel required for the hthog iphic e pupment 13 two lithogriplne dringhts
men and two hthosmphie prnters

The drn_htsmen are <pecrally truned n the it of drawing resersed on stone or zine bug
hue nothing to do with the actwi] printing of the plins which 1s done iy the printer

Rates of Work —\ <hilful drwzhtsman should be lile to trice m trwnsfer ink, 1 map
of enclveed eomntry wath 4 fur imonnt of letturing wid detatl, at 2 seale of 11nch to 1 mile
at the rate of 10 minutes puer < puire meh  If requred to draw direet on to the stone o
phite, double this langth of time wonld be necesary

A\ printer shonld he able to prnt abent 40 copies of the sime map m an hour under
onlinary errcum tanues

Lithography and zincography ire methods of reproducing maps or plans in greasy mk,
m large numl ers 11 mech el means from stone or zine Both methods depend on the fact
that stone and zine ire to L certamn extent porous al capable of Absorhing hoth water wnd
grease Where 2 greise spot ciste water 1s repelled and e rerst

If 2 drawang i greasy mk, or tewsfer s at 15 ealled, Te 1ud free down on 1 clean stone
an  subjectedt to pressure the grease lewes the paper, wd 15 alsorbed by or takes on to the
stone cr e I the stone or 2m¢ plate he then dymped and 1 roller chirged wath v grev s
ik be pusse 1 to aml fro over 1ts surface the mk will onls uthere on the hnes of the draving
Should 1 prece of clewn paper 1e pliced on the <tone or plite and pissed through the mess 1t
will Ift some of the 1k and 1 reprodiction of the ongmal pictmee wall be obtuned By
dampn,, and relling up alternately 1 very Lirge number of copies can he produed

PRreat wTioN or TRANSFEIs

The first step 1n the reproduction of 1 map wnless 1t 1 to 1e drawn direct on to the stone
or plate 1= the preparition of 1 transfer thit 1 to sy a copy of the pln or map in
sreasy inh

The mk used for this purp e 15 known s hth wnting mk wnd 1s apphed with ordinary
pen rbng pen or Trush Tt 1s chruned n stihs nd prepared for use In wirming the
Tottom of & sancer rubbang the nk on 1 1lng watar wlstnrmg up  Its chief constituent 1=
some form f soap ¢ 1 sul stance of 1 gresy nature which his been teted wpon by an ikl
nd which cin Le subsequently rendered greasy 13 the apphication of an aeid

The trunsfer would wanlly he trwed m v specnlly prepared paper known 1s tracing
transfer paper

Where i dterition m scile from thuit of the ongma) 1s required the enlirgement or
reductton wonld first Ye drawn on ordinary paper v penal wd then tiacel m ditho writing
wk on traang transfer paper

Drawings m ithe wnting mk <hould not 1 ¢ blotted or 1ullc1

Prr1ARATION OF STONE

The Stone used i hithogtaphy 13 1 kand of e stone wnd comes from B una

Tt s ground with «levigat s and stver sand pussc 1 thtongh v 10 mesh sieve Thi gives
1 Jevel surfiee, and removes old work

Polish with pumce stoune and w ter

Polish with snake stone and wate

Wash with cold water
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Ceasskkerine Timio Writine INk TeansTer Mapk on Oppinary Puir
TO STONF

The stone 1s placed in front of - fire to warm
The transfer, which should be freshly prepared, 13 plweed face downwards on  clean prece
of paper uul dumped from the bk with 4 sponge wetted with dilute mtric terd (1 n 80)
wout 4 trmes 2t mters als of 2 o1 3 minutes  The object of the 11 1s to convert the 1nk from
the soluble to the msoluble form 1t 1lso renders the pipet more pliable  The acul mnst not
e strong, o1 1t will rot the paper If the mh were soluble 1t would wash off the stone
Ihe mpresston would probably roll up but 1t would not e so stion., and the lines possil hy
totten, 1, hroken
The warmed stone 1s then pliced 1n the press and the transfer face down onat  Grewse
tihes more readily on a warm than on 1 cold stone
The transfer 1s pulled through the press half @ dozen trmes with light pressure, trunsfot
damped scraper or stone reversed 1n ctse pressure 1s not equally distributed over the surfiee
of the stone wnd pulled through another siv times
These operitions re repeated till tiansfer 1s dump throughout  Transfer 13 remosed
composition W shed off with cold water nd the stone gummed m
T1.ht pressure has to ho used as the compositton on the paper 13 <oft and might ¢ smash
The transfer 15 then carefully removed from the stone, which 15 then gummed 1 with a
«mm solution of the consistency of thick trewcle  The stone 1s then allowed to dry and cool
Ihe gum fills up the pores of the stone where clear of mk, when once dred cannot 1¢
rumoved with water It prevents the lines from sprendin,, wid lessens the chanco of scum,
that 1s t) sy 1t presents the printing inh from the roller takmg all over the stone  I'he gum
15 then washed oft from the surface of the stone with 1 sponge and the ik s strengthened by
rolling up ind dimping ~ltermtely  1f 2 hot stone 13 rolled up the ik nury spread m spite
of the gum nd as 1t dries quichls seum nught appear A stone should alwavs he damp
while hemg rolled up
The stone 15 then gnmme 1 a un demed np where necessuy ath the pomt of 1 hife ex
pece of snihe stone nd etche!
Lhe etching rolution 13 dilute mtric aeid (1bout 1 to 80), such 15 wall grve 4 hittle 10ughness
1 the tecth but no cffervescenee «n the stone Tt 13 applied with 2 sponge followed up with
vscee nd «ponge with water  Lhe stone 15 then clewned with 2 damping cloth gummed 4,0n
to teplice iy gum destroved by the seid and allowed to dry
The objeet of etchingas

1 lo prevent the work from spreaing
2 To prevent scum appearing on the wlate portions

3 Tolewe the work i sheht relicE and to prevent fine work from filling up with mh

PRINTING

The ink n ! fir punting < compascd ¢f brent Ineeed 0 famp Thek imde pal v nnsh

s i)

Teas bt rendy groumd Tat for use 13 theered down with hithogeiplie v irnsh

Chalk prenting wik 1s a supersor himd «f litho prnting ik u ed for fine work

The anh 15 apghied with arcller This s made of calf «hin fle<h aude ontseirds over tuo
Tavers f flans el fastened «n to a wooden evlnder

When uamg, 11wk ank the roller need not Te wished Tnt 1t should be seraped about

three times & rhay
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The stone 1+ w ivhed to raune swfue gum, wd of the wk hs bl tme to get had
(2 or @ dys with avarige k) ot 1> aamovad with tups The stone 1 thon dunped with
doth, il rolled mp with the tolla ehirged with mh ot fine work the ik should
be thak

The paper 1~ put down to * lays,” ¢ ¢, muks o lines drawn as 2 gmde on the stone with
prnters’ lowd vt of dewd imd mtimonmy These lays do not wash out, wnd, not being
graasy, do ndt tike the pnnting ik The stone <hould be dunp when the lysare drwn

Only papur of wnferior quility requites dampaing to soften at, nd allow 1t to press better
mto the werk

The right <ule (r¢ smooth siele) <houkd Tie used

The paper havmz been hd on the mhed stme 15 pulled thiowgh press onee, with
moder e pressure, ad removed

The stone s dunped usd teblad wp g un dter ey mpression s tiken

If work 1~ ~topped ddthou b onb for Ushort time the stone shondd dw ws be gummcd i

DE e oy b1y Dineer

Todiw onstine ducet neals speal tranmg s the drvmg b to e reversed

The cuthne w lewst would he wsadly tud down from o triang by mems of wud didk
paper oy sl mannc to thu anploy ol for duplicatmg Talls, ¢ with cathon pipu
The wrong side of the twmz would howeser, b uppermost  1his outhme 15 Cilled
offsct or funt

The stone <hould he clewr e free from ~cruches

The vuthune 1~ mhed i with htho wnting k, all, except the 1wkl puitton hong inked
m, should b cove od over to prevent the chidk dust from buang 1abbed oft by the hand or wrm

Wlen the drwing s been completed the stone s tlovded with 1« muxture of gum md
didute mtrc 4 1) (1 n 6Y)

Solution wshed off - stenc gummed wd edized Lhon anled, wowhe T with tarps damped,
tolled up, deaned etchal w vhed, snmmal and doed 1t 1s the 1eudy tor punting from

ALTEL ATIONS ON STONE

Wk off the g wack witer Take out any jut to bu removed s Dightly 8 posstble
with «nhe stone o1 hwte and w whowath water - Bt Make the correction i itho wnting
mwk  Allew mktc diy Gum Washoft gun Rollbap Pt Gumom oy un nd dry

It modditien hs te he mude on v put whae mthing s yet heen drown the process
1y —w whooft g with watee Wash with atine wd (110 80) to ¢t gune out of stoine, wash
with witer md dios amnew wonk s efore

Proviese oy e geas o Cototn

When + mp by th he pimted 1m0 moue than one colow 1 keystone has fust to he
prepated for prmtang wel onat s Tud down I the detnls of the complete Ty

Two hines ot lays ae divwn wross the plate o nght angles ty ewh other, to mak
where tno wlywent «1des of the paper 10 to et

These Liys wre marhed s follows —

Whare the Tivs will come, wsh off gum stk water  Apphy atnc dexd (1 20), dry
with bluttmg piper - D Liys wath htho witing ik 1w the mwnet just deseribed for
ulditions on stone

(i37) «
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In punting the oft et the heystone 1s thwed to dry after hung rolled np so as to lessen
the chunee «f the paper stretcing or contricting For the <ume rewon ghwe howd or
enumdlled puper shonld be used  If the ¢ aro not procurible use a it of stout piper which
has just heen pulled throu,h the press

Ihe offset 15 then dusted vver wath red chilk powder md the surphus shiken oft

The oft ¢t 13 then 1ud on 1 stone prepued m the usutl way to recene v transfer, wd
pulled theough the press  Ilus lenves the chilk on the stone  The portions required m one
colour wre then driwn i itho writing mk, s described 1 draning on stone

The marks of the Ivvs ue cut with 1 kmfe and filled m with common k

A colour stone 1 prepared for each separite eolour, o fresh offset !eing requred for
cach stone

Vhen this 15 done the 1 ey stone s prepared for work by removing all the detul whidh 1
not requured 1 blaek n the manner desent ed for alteration

Before printing from the colour stones the blich ik must hrst 1o washed oft with
twpentine nd the stone rolled up with the coloured ink

The roller used 1s sinlar to the blrek htho roller except the smooth stde of the shims
outw wrds s this makes it eser to dean

The lightest colonr 1s printecd first wul the print 13 plued weurttedy on the net stone,
unl 50 on untit il the eolottrs hanve been printed

Register  Greit cuo s necessiry thit the pyor 1s layed wceurtely to the Iyys on eich
~tone or the colours will overhp

/1veoc A1In

The preparation and putting down of transfers on to zmc 1s done i the sime w1y
Woon ) stone

Ihe plates we w milly of tuned with ¢ ~mooth sutfice (termed plun hed)  Before use
they we gruned with fine sand the phite Tong hept wet wd the jrumng done with  muller

Printing  Onumov il of the trufer the plite 15 ctehied with a solutton of gum, gl
w1 phosphoric tad  [he solutton 1y illoved to wt for U to 1! minutes, producmg 1 fing
Tna of plesphate «f e It 1y then washel oft and v gum solution, to which } oz of
ctehmy, solution to 1 pat hes been wdded  This solution 1s shghtly thiner shw tha
wsed fu ostone The plite s funed dry, dumpud, sprinkled with ol followed 1y
turpentine md tmbled with + prece f flannel It 13 then rubbed over with 4 turpentine
dth il ollal up wath ordwory hiths ko which tikes dl over the plite owing to
tie presence fothe tmrpentine Water 1s then sprnkled e the phite wlach s rdTad
with v dath Ll Gees the ank to hene the phite exeept on the Jmes  The plhite 1+
o ndled vy qumime Dain ool funed drv - Gunwoashed off md plue relled up - Teos then
ey otk the first mopression Plhites shoukd dw s 1o goumed o and fumed dry
whinvar it s nceesary th stop worh wvan fior @ short time

The number of impressions which cin ¢ obtuned from «ane phite deponds on a
vinets b onaumstiee It wsmadly from 500 £ 1,000 <honl b e of tunad From stone the
numbar woutlsur o theusads

Sty Prismine

Wlen the Iithomaplue cquipment 13 net w ulble for the multy ieation of mips 1n the
£l ] recourse mnst be had to sun printing,

There are scveral papers now on the marhet which are statatle for this purpese anl
alth u b meth ol as et nely so satsfictery or cxpeditteus sy Ithooeiphy, there 1 cvery
srostadvant e i the o om the obtnes f the aquip mont reguired
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The most «mtible paper for thas purpose 1s Bemrose No 5, Brown Progess, to be hl
from Bemrose wnd Sons, 1, Snow Thil, Lomton It 1s made m three quilities, viz —

1101 thiek

" 100 thin tough
3 102 hinen

—

The Prints produced by this method are either white on a decp chocolate ground, or
chocolate on 4 white ground  Lhe former would be produced by printing from 2 tricing, the
itter hy printing from 1 negatise print made on the thin paper (£ 100}

\ triang on trwmg cdoth or paper should he made fiom the oryznal It shoukl he
druwn with Tndin ik, mude s thich and opique s possihle  Creses and folds should be
warded It s posable to pring direct from w onigund, unless made on vers thick paper, but
the printing 15 of course slower than with a traemg

The traang 15 pliced 1 a prnting frame, fice to the glias and the senaiized paper la
over at, prepared side next to the trang, the felt pud and buk of frime next n succession,
care bang taken that the paper 1s 1 petfect contict with the triemg

The frume <hould Te pliced 1 the <un »f possible for } to 8 mmtes  The print shoukl
he exinnned at anters s ind removed from the frume as soon as the detul 15 completels
siable

The print 15 next phced 11 water for 3 to 5 munutes, d then m « bath of hy posulphite
of soda, 10z to 3} pints of water, for § to 1 nute or,2f preferred, the hy posulphite can be
apphed with 1 brush or sponge

The print 15 then well washed and dried

The paper 15 suppherd m rolls of 11 yards, wadth 26, 30 wul 40 inches, sufficient
developer 1~ supplied with exch roll

For quich work two men would lie requred, one to expost the prints, wid the other to
develop md w ich them

The followin, appu s ol be required (cost hout £3) —

1 printiyg frume 26 x 21

2 zmn¢ baths, 26 x 21

1 devcloping brush

1 tin cae tor son ative paper 26 lenyg,
1 hucket or can for wtel ,

1 pot for descloping solution ,

1 roll of oidhnuy trwang ppa

The price «f the ppet porroll of 11 vards 1s 1 under —

Thick T 07 30 wide, 9,40 wide
Thin 53/ T .
Tmen 21 ”
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CH\PTER 1\III
BRITISH AND FOREIGN GOVERNMENT MAPS AND SURVEYS

National Surveys— \ good topogriphical map 15 such a1 vital rulitary necesaty, that
the imtintne in the matter of nattownl suriey < has 1n nearly every conntrs, heen tthen by the
wmy  This 15 the eise mn the Umited hingdom India, France, Germany, Italy, Spam,
An triy Ru w11 and other countries
Mapping ¢ Sketching —The necessity for ¢ topographieal map having heen realised,
the method of its formation would hecome the next pont for consideration It would oceur
to ny officer 1ceustomed to shetching (as are the officers of most armues) that 1 workable map
mi ht te formed by combining military shetches  As an instwnce of the effect of such
~ystem we m1y quote the state of the maps of Indix hefore the vear 1802 These maps were
compile] from shetches and were subsequently tested by the results of the accurate surved
In the short distance 1cross Tndin 1 the lititude of Mysore the maps <o comprled were found
to e 40 mules 1n error
A~ wother mstince may be quoted the compilations made 1n Burm« after the annexatton
m Isse A vast amount of shetching was carned out by ofhicers during the operations, these
shetches were compiled  the result though hetter than nothing at all, was ghly
unsatisfatory
Akin to the e were the compilations made from firm surveys during the South Afmcan
Wir of 1899 1902 Thes¢ vere reported hy manv generils to be worse than useless  They
~ue howerer m ibundmee of nimes and served to show the location of farms and the lines
of rulwine  lhe bl features shown on them were quite unreliable, which will not surprice
those who have <een the ongmal firm surveyvs from which they were compiled
Another instance «f the futibty of combiming shetehes to mahe maps 13 the present
ecnition of the maps of most Brttsh posse 1ons m Troprenl Afrien  Indeed all expenence
demenstrates the fret that v st mof edelang 10 conlinalion of letche , anl o coriprlation «f
4 Ironenoeetel o i pid ol ether Jetelr | vl ttel suriey or form plwns, w2l ve wll an a
tutey bl 1y g
The Ordnance Survey —In the Umted Kingdom the first step tonwards the productinn
of a top rpln 1 mip wis taken i 1747, two years after the rebellon mn the Ihghlinds
General Wats n D QMG to the Duke of Camlirlind's forces, concened the tley of makmng
a mip «f the Iighlinds this was »01 equently extended to the rest of Scothud  Vanons
<chemes were mew 1 voeated for the acenrite mapying of the whole Lang lom, it 1t was not
nntl 1753 that the Ordiance Survey may 1e sud to have eome mto exastence by the mensure
ment Py Generadl Bon of 4 1ase hre on Houn low Heath, and 1t 13 to Te noticed that the
whole w vk w e un lortakhen Iy =oldiers the working party bemg furm hed Ty the 12th Reg
ment the row n aven Ty Ry bemg that, © not only was this olvimsly the mo t fru il
mthuat dut dev becwme ¢ okbiers would be mere attentne to crders than countrs
Dibonrers
The ab Cquent i tery of the Ordnance Sunvey 131 Frdd —Until 1824 work was almeet
enuredy etmed tothe Dinch sexle At that date the Gineh mup of Irelwnd was ecmmenced ,
i 1a 40 the same seile was commenced for Great Brtun The map ¢f Groat Brtun ona
salief ' appreamutdy 25 mches to the mile, wasecmmenealin 1854 Thisis perindically
rovssed wothat no<heet 1< mere than 1% years cut of date The second rov1n o an
treare o Togdnd and Secttu T The <ime sedde was ecmmeneed 11 Trehin Tin 187 alant
PACIndim e nplaat Th oanterc tof the 23meh map £ r sl her lies i the fet that
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The Sarvey of Indsn 1 4 e Otnn ¢ Survey the Sunvay of Indiowesats ongm
Tave TN | . 1 Pl ment Ater the fillef Dippon Myor Lumliton sul-

ol o T e Al sevay o the Ponmaaly Wit work was cem
Tt e
Mot VU 1a0 was s ewded Ty Sir Geore Lverest the whale
3o fa1 1 . 1 ot v osraey sateew onsts wis the cronen of Laerests bran,’
e oy 1 . 1 . troroamgnt M bra attempt o topoagriplie:d saney

Woernd ot C L Mokorne whe cnaed some 40000 squire mles wthe Decen
Tetwee 1540 1 3s00 by ast moan e o de D by S Andrew Wangh an 1843, and from
tied to e oatenst n f tope niphy b carvevs ook plice - The wimes of Cipt Rolanson
gt Mo men st sdly o he romembered s topographers

Tt ¢ Gt Tatinsen that we o the prosnt sevurate methad of wang the plne tible

Tt mpes Hleovon tomontion the vast numbars of toposraphicd mps of the Survey of
Tbe 1y v e £ ut 2000000 squire miles ind yvary m <aale from ! inch to
i de toth rul o Goncndl spodang nes provinc s sarveyal first on the }aneh seale,
m 1 st athy of ropurel a the Daeh The systom of sunovg on setviee has been
Vot gk dearcc of exadlon o Porbips tho most mucrestan, <f recent svey s 1s the
Tanel werk and ot g the oposts nsm Chine A prdinnnary alition of this was
e th 031 The spaonl mone f the Inhn top 2iphy hes i ats fronter work  no

mity utnn ut wh oo Lol owste mops under such diffonls conditions
South Africa —Jn Soath Afnce the only teposphici] mip wlich existed on the
owlrc k£ w IS we s Lindimp of vsmll uer north of Ludysmith  This map hd
Leen tyn il mol we veus before Joth the tme wd means allowed for ats con

striction wae n ol quat
Foreign Maps *— Ll puin ipil topegr e d mps of other conntries e —

)
At 75 il uc shown by contowrs il verticd hwhmes, the hiter wre couse

and ey Nab b ool ex mple of « topugr phictl mays
L Iqnis, vy, e colonrs, - hull fextures shown by contours g, military map of

lelgium  The hill features wre hadly defined 1y fechle contours m biown which are difheult
to fallow

Franee " Carte de PRt Mygm,’ the stxff map of Fiwce, engrived on copper ,
lulls shown by verticl hachnres Sl to but nferior to the Wk editron of the Ordnance
Survey 1 mch (Plate \XIIT)

The coloured 5 map of \lgenv ind Inms, prepued by the Suvice Geogriphique de

YArmee  IDN fertures shown Iy contours 1t 10 metre mtervd  wd by shubng with 1o
W hgue bt These wo encellent mps (Plato \\)

¢ Sew Pamphlet 13 G S Toln Frrqularon KC T on Toragn Tepogry In al Map
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The yogaws “Cute Viemle” 1O feitures shown onbs by stump, diffieult to rewl

exeept i nlly country

fiermany, T556s5, engrned on copper, printed m blick, somewhat inferor to the
Ordnnce Survoy 1 mch

_«boyy “Positions Karte,” the maps of Prussia, Buden, Sixony nd Wurtemberg on this
seale e good clear maps

Italy, 175°67p contours at 50 metres with vertseal hachures (Plite XA\ V)

Pus i, 57, or #9 verst’ map, engrued on copper, prnted 1 Mack  Hills shown
by vertieal hachnres when there e wy o7y oF 3 verst m s of the Balhan Ponnsult
Hills shown Ty contonrs m hrown, i the contours ue somewh ¢ dose, otherwise n good

ear map

Spain, w3455, 1n colours, contours 1t 20 metre mters Us

Smiterland, 555, and 35550, contours brown, detul bhck, hewtrful maps

Unmtel States, vx¥os, 5555, Wl ~55%55, wecording to population of conntry  In
colour, contours in bronn, water, blue  Very excellent maps (Plte X\I)

Analyus of Scales of Foreign Maps —We cn now analyse the scales nsed  Where
two maps of 4 country re of equil tmportnee they are both put down in the accompany ing

hat —

SOATES
The Uwted hngdom 1y 63,360
B 126,720
Indin 63,360
" 253,440
Austrin 73,000
Belgium 10,000
. . 160,000
Iruce 80,000
" 50,000
Germany ' 100,000
N 25,000
Ttaly , 100,000
Lusan 126,000
Spain 0 000
Switzerld 23,000
., "0 000
Tmted States y 123000
Mew, hout 1y 90,000

Th bt f the seilos of the prnerpal topograpluedd maps of the world, most ¢f which

F v s s anthacnt to show how important 1t s that oflieers shoul 1 wcen tom them

Voue f smallacdes The <ame opumon would have leen arm ed at on the ments

n‘) Vo 'y nsileang thwe nstances m wineh maps are nsed 1 war, nd the |uur[~,<lp<

Trecn oy l‘[’ WOt s Faan m the cise of 1osmll country Dk Foglad gt s ssmply

Foout : ““l, woartay eonld moke amy gonerl e of Ganeh maps—the 6 mch man of
B 15000 square foet ot
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Uses of Maps 13 War —The u~cs to which niips are put i war are —

(1) Yor stratesich pmposes,

(2) For finding the way ,

(3) To give the Commnder of a foree topogi iphieal mform tion concermng toads,
sllages, woods, hulls, steeung, bridges, fertes, talys s, and w iter supples, &c ,

(4) To emble 1 generil outpost, offensnve or defensive position to be taken up,

(5) And generlly to conves informution which cannot be given 1t the moment In
the e3¢ alone

It 1s dear that, 15 1 general rule, lirge scalus are not required

Analysts of methods of showing hill features —It 1s worth notmg thu most
goternment mps represent bl foatures Ty o combintion of contours and shude, contours
md vertical huchures, ot v contours one On very smll scides the ontowrs hecome
aunerilized form hines which noy be replued by verticd bachmes  As 1egurds the mtery s
of the contours, the following hat gives the number found by multiplymg the contour mtery g
feet by the sorle mn inches to the nule *

Trim, T 41
. T 32
Trust, o 4
Baden
B ury, — 51
Wurtemherg,
taly, oo 20
w o, o5 102
Span, 6o o 51
18y, - w
”» 20
05 Lih o0
. Colonsd 50
s lmch 100
Mcm 57

Wemn thadae s thit the waght of wthoney s m taom of e ntom mtas d of
thout w0 et o1 v e sale and for other scdes i proportion, thus 100 teet tor @ 2 mdch
mp, S¢

These sume resules ikt hue Tea uved b on the ments of the caose Al pructs ol
topogriphers hnow that i erdimy wuntry the contours on the Ordnwnce Swvey unshuded
11nch map wre not suthacntly dose ts show the ground It <houkl be wkled that the 1ule of
50 fuet for ¢ Linch acde s 1 taat 1ule on which the form hnes of the small ~cde Swivey of
Indie maps a1¢ made ¢ 7, on the transfrontier § mch maps the form lit = may he conidered
to be 200 feet wpart

Thee considerations huve led to the deasion to adopt the <ame rule for nuhituy
rketching, both on 1t own merits, and hecso sketches will necessanily he used 1 conunction
with Government maps  The rule may be stated thus —The contour mters o 1n feet 1 found
Ty dividing 50 by the number of nches to 3 mule a the scile

Lo sum up the wly s of this hist of maps —

¢ Surty rlant (anoxe bl o ncoumt OF e omountu w o b ter) Jastla oy i atarvals

Torthe 453 Joy W0owtreg fortlo 5 p Woctres



"Lhe modern topr grpheeal map watl be on vacile of Whout | g% ot from Thinehi to 1 mch

to 1 mle
Ihe halls wall e repre ented Iy« combmation of contonrs nd shade
The mitery s of the contours will be enven by the wle*

5o
Mo of mches to the mile

The nyp will be printed i ccloms
The Layer System —Anothe: mews of showing the relief or Iull furtures of 1 truct
of countryasTy Tiyers or tts Inthissystem thehaght thove scrleved Detween any two
schucted contowrs, 15 mdicited by vapeensl tint ot colour Thus 1 hght tmt <n of yvellow,
will repre ent b the grcund Tetweon <evlevel ind the 200 ft contour, 1 sonten hat dwrher tint
will slow the ground Petween the 200 nd 400 ft euntours el so on Mr Butholomew™
oxeelont timee Thndfanch mps of the Umted hangdom (Ised on the Ordninee Survay) ane
well hnown
A few othad map on this system huwe leen published  Amongst thom muy le
mentioned
Awstiny, gy 11 tints 9 of brown 2 of green
Sweden —goor 13 tints, okt vellow to dark hrown

Mo system can rrval thes s @ meins of showing broadly on small seddes the nolute unl
red v herghts of the mun features  Tts disuly intages are, thit 1t gives 1 stepped ipperanee
to the mup that the darher shades olseure the detul, and thit 1t grves very hittle 1dea of the
steepness of the lall slopes

Medium  onntey on ¢ scile of 2 nules to 1 anch muv perhape be considered to be (qually
well tepresented Iy contours wnd shude or 14 Iyers nd the effeetivenc s of the Ditter method
mereses s the el deercses

“Metric Seales —In the Titish Impue the question sometimes arises s to whether
the scide <l Teannches to the nule or shadl 1o v metnc scide m which the den mnntor
of the £t wctsen 18 some defimte nuud or of thou wle Foromstmee shlb we cho o

'
Cainchito Toule (4 o _e) Wy st

Ihe wwer may e uule be grven m fuour of 4 omch to the mle  Lus statement
woned Frings up 4 defimte mental peture f the reitionstap between the length on the map
wnd £hag on the groun § o torms of two fost fontedese anres Ihe ather wvolies & consirder
alle dtart to ralize md 13 mdecd only Justifnd le where the metric syxtem s mu o When
we alopt 1« metric s <teman Thae got mto the Tt of thinkmg i eentimetres a Thlmctre
then amd ot tall than should our maps be drawn i vmetric <«ale

Phies NV o ANY are cvimgles of s of the more important smull ~ do mape
of the Uste T hang lom, Ermee Germony, the Umited States, Swatzeelhn 1 oaud Tt

@ Qracomwde ntenal f rasnl o

a0 hrrary
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CHAITIL NIV
FICLD ASTRONOMY
SHOTION T GENFE AL CONSIDITATIONS
The Heaveme 10 wowradate Feaserenn 2] ar bt ae that of A vast conewie

Yol vy oy T e e 3ot u letre Tl gre coneve sphere s ealled
1 o N

™ P o 4 leddaaam prwdn o dathe revolution ¢ f the car ik on an
Tyt eN ISt b b e doanansare onthe gt binatim of this tas
Fta L0 v v aten e b oavene v concne sphere mmqime At ats
AER T nooas Wagboe £ ogprenltle dimensons amd while the clestit aphere 18
[ Tt ovtl mon b s biroaae Now ddthach ppeanng 1o Tie atout the
o ! ¢ th b v oo the celestia] Todics sany enormonsly Thus, the
' Bty o f 3 th cnth Dthe moaonoas 235 518 nules of the sun 13 92 900 000 miles and.
f1h 0t taele s a1 000 000 000 000 milcs winle the i tances to the plinets
A Pojartn 1 peebmoup noour mutiad po itions i our sever orfats
Reduction of Observation to o Common Datum point —A second 1 are 1s
Cualot ' ther § ety pomt on the moon the igle snl tended by two pomts

vl apart on the Grths enrfice may be s mudh s one sceond of are

Hence the neressity an ol cervations of the sun moon wid plinets—stars are tuo fur off to
te afiected—of redu ing the o servations tiken to what they wonkd hie at the centre of the
carth, ko that astronomien] takles may be of nnnersal use while they are av the sume timo hept
within reasonible hounds i size, and s imvolves 1 know ledgo of the shape nd size of the
darth

Besides the fturnal 1t n there 1s the arnwal motion of the carth to be taken mto account,
anl this leads us to the considerition of the Sclar Sy stem

Tur Sorar SusTEM

The Solar System 13 composed of the sun, the planets (of which there are 1bout 600
very emudl ones and 8 lirge ones) ind therr aecompany ing satelhtes

Some of the plinets are wecompansed 13 secondary flinets or Lodies ealled salellites which
revolve ronnd therr particnlir plnets just as the system of plinets resolves round the sun
The planets and thar satellites are opiwgue non lunmnous hodies and only shime by the hght
of the cun bemg reflected from them wnd thus they en ondy he <cen when this retlected hght
cn e seen, or when they come hetwecen qn obseryer and some luminous body Iike the sun

The &l System m1y be more partienlarly described 18 eonsisting of —

The Sun the central hody

The §rur mner plnets~—\ercury Venus Curth and Mars

The small plinets or asterowds of which newrly €00 we known to be revolving
etwcen the orbats of Mars aind Jupiter

4 The four onter phinets—Jupiter, Swtwrn Urinus and Neptune

The satelhtes of the plwnets, the Farth hts one exlled the Yoon  Mars has two,
Jupter his si¢, Saturn, mne, Uranus four, wnid Neptune, one

1
2
3



2

Kepler s Laws —The 1w of plinctiry motion wre three 1 numbeor s fillows —
I The orlat of each planet 13 m ellipsc hnvang the sunin cne focns
2 As the plinct moves round the sun 1ts rudins vector (e, the hne Jomng it to the
sunY passes over equal arc s an equal trmes
3 Ihe synare of the time of revolntion of e1h phinet 15 proportion ! to the cuibe of
1ts men distanee from the snn
When 1+ plinet 1s furthest from the sun ot 15 sud to he 1 alola when noirest n
prerihelt n

The major axis of a plinet s orlut 15 ealled the apse hins, or line of ap 1 les, and thit of the

Pisces
127 Ponr

Aurumnat
Eauinox

ARIUG

Arneiron

s‘cnn

ki, 46

carths orl it as known to beorovelong o spa e 1179 annuadly (o mesural 2t e sun s
contn) mthe it b the cathacehitlm tom

Motion of Planets in the Solar System —\All tt i te rovelie 1 unl the sunn
7 s dinetin iz, oty tothon el the Yol o wit howl onosiowel o}
toethmledftt plhineeftleaarthaerhit Noethi g eatunchy wonof i oy ttenof
M oreuey, Verns Urantie Noptung or the v phnete oot £ phm s mtat antbor
avecintle mme dhrete noas thes revilu roand the s The satellitea moso reandler
rreje tine phanctean e mme et o evopt thesatdlitescf Travuetl atdbit of Nejrure
Attt pewle d eeovered methoastedlite of Satuen th o neef thes avepetrora ]
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The v~ of cxch plinet 15 mehmed to the phine of ats orlnt at a nearly constint angle,
1t has 4 proper secnlir motion, but pricticlly remumns for a considerable mterval of timo
paralled to tteelf duning the motion of the bordy throngh space

The orlats of all the plinets ire not in the same pline, but those of the prineipal plnets
Bie m phines wathan 9 on exther «xde of the pline of the earth’s orlng, which pline s called se
ecliyhic

T Moov
Motion of the Moon —The moon moves round the earth 1n 4 pith inclined at 5° & 40°
to the ecliptie, and tahes 27d 7h 10m to mthe 4 complete resolution with reference to a star

The movement of the moon n the hewens 13 from west to st

DirecTion of Sun

o
Fure OMam«

g 47

The Phases of the Moon arc shown in hg 47, where the unshadowed portion of the
outer tow of monns show 1ts snecessn e ppernee 1> seen from the ewth

Tm S1ats

The great number of stars visible even to the nihed eye renders 1t impossible to distinguish
eich by « particulir nume, and thus the stirs hive been wrranged in groups, called constellutions,
for the purpose of more rcwhily distingushing them, and each group or constellition 13 gren
< nime

An idev of the position of the various constellations c¢an be best obtuned by
ruference to v celestial glole, map or *stu chut *

To distingmsh the stars of 1 constelhition from one another, Bayer, m 1603, saigned to
each of the stirs 1n every constellition a letter of the Greek alphibet, the brightest Lemns z,
the next B, nd so on  The nime of the constellition was put after ench letter  When the
Greck letters wero exhausted recourse wis hud to the Roman alphibet and these two alphibets
fully answered the purposc at the time  The order of the letters uas ntended to indicite the
relitive brillianey of the stars w1 the same constell ttion, wathout reference to those wt other
purts of the howvens, thus « A jrari 1s 2 stur of the sime magmtude as y F arginas Since thes

(5455) P2
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rystem was introducad some of the stars hue chauged m hnghtness  Sometimes when there
e two netr stars f nerly e il magmitule, the numerids 1 and 2 are affixad to them
thar order «f nght aseen ton as 2 and 2° T

Flunsteed gove numbers £y the stars ob erved by i in exeh constellition , the numlors
were given ecortding to the order «f their nght wseenston |, and huve nothing to do wath their
ballnney  This method «f numng stars 13 often used

Proper Names of Principal Stars —Sime of the prinopal stars (f the fint two
manttules have ol o recenve § partienhr name , thus —

x  Cuns Minons 15 ealled Preceyon,

2 I » o Ve,

2 Totis , Arcturu

2 Cuns My nis ) Sinus,

2 Aungu ) Chpudly

a T Aldebur
e

The Pole Star —The stir newre t the north pole «f the heavens 1z hnown s the nerth
pehwstie Tl noreh polar star st present 15 2 Ly e Minerre wdas about 117 from they I,
which distin o will dimumsh e about 150 sears to alout 3%, il thanat willinerease azun
unti] the pre ont pole star will 1¢ too fir from the yole to serve ns such  Thus the pole star
vines 1600 vars a0 2 I o1 ms fulfilled this ofhiee and in 12000 vers z Tyree wall become
the jole st This chanze of the [ole atar 13 due to prece wn

Distance of Stars —We cu Fest form anaden of the immence distances of the st 13
1y cenal ning the time whach licht tikes to travdd from them to the carth  Thu, the timo
the ! 74 ef the sun fafect 0 110 the Ot 8 minute whalst Vet 1s i tant 30 Light
vearsand Tohvs 7O L htyvears

The annual parallax «f a star 15 the ingle sultenled at the star 1y the mean radus of
the carthis orlat

Tor the nuarest star the annual pariblhwas lo a thaw 1Y
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SCCTION II —DEF INITIONS, ETC

Celestial Sphere —In the sume w1y as aircles e male use of 13 2 means of mewsuring
an_le, <0 1n sphenieal tnymometry 1 sphete 15 emplovel  Lhercfore we may concene the
concive Towl of the henvens 15 « mewsnring sphere with the earth it the centre  [hus sphere
15 eilled the eele feel glere, and ats dimeter muy be wny size (see ALY, fig 49)

The Axis of the Earth 15 that dumeter round wlrchat rotites duly — Tts extremitics are
clle]\ mel S pole  This s produced cuts the celestnil sphere i the N and 8 poles of
the henvvens ( ec PV fig 49)

The Terrestrial Equator 15 1 great ardle of the earth whose pline passing through the
centre 1s perpendienlar to the s This plane produced ents the celestial sphero n the
celr ixl equt v The terre triil and celestid equators are m the swme pline referred to
generally as the phne of the equator (sce IRQ fig 49)

The Zenith 15 the pownt 1 the celestiel sphere vertieddly 2hove the observer s position
(e Z fig 45)

The Horizon 13 1 [lane cutting the eclestr 1 sphere at 90 from the zemith (see HLR
fig 49)

The Meridian pline of 17 ltee 15 the pline passing through the poles nd that phce

The Celestial Meridian s 1 gret circle formed 1n the celestitl sphere by the extensicn
of the mendnin plane It dlearly passes throngh the poles of the hewens and the zemth (see
HZPLN, fig 45), Iuand H are the N and S ponts of the horizon

The Prime Vertical 1s the pline through the zemth at riht ingles to the mend an, wnd
cuts the horizon 1n L and W points

The Elevated Pole 1s thit pole which 1s abosve the horizon

The Longitude (L) of 4 plice 1 the ire of the equator ntoreepted betw cen the merrdian
of 4 place and iny stindird mendin such s Greenwich fiom wlich I longitudes tre
measured L. or W up to 1£0 of wre or 12 hours of time

The Latitude (¢ or £) of 1 plice 15 the mndmation of the normul (ur plumb bob) to the
tlane of the cputor ind 13 N or b (+ om =) 1wcording s the plice 13 N or S of the
cquator

The Ecliptic 1s the grent aarcdde i which the celistinl sphere 19 cut by the pline of tha
earth’s orlat It s therefore the apparent path of the sun amony the sturs

The Obhquuty of the Eoliptic 1s the angle which the pline of the echptic m kes with
the plane of the ¢ juator and 1mounts te 23 24 st present

Ihe pomnts where the ecliptic and equator mtersect are called the equinoxes and the
wter cetion of their plines 1s ¢ led the hime of equinoxes

The Vernal Equinox is the pont 1t which the sun croswses the celestial equator from
south to north (alout March 21st)

Ths Autumnal Equmox 1s the pomt at wlich the sun descends—about Septeml er
23rd —from the northern to the svuthern swde of the cqutor

The Bolstices 1re the points of the echiptic 90 from the cqmnoxes, wnd wre distingwished
as summe= and winter (svwde fig 46)



ASTRONOMICAT COOI DINATE S

T order to fix the poation of any hevenly by 2t v gven mstng, 1t 13 necesany 1o
employ some ystem of conrhinates For fichl wstronomy two such ss~tems are cmployel —

)y { Altrtnde

Arath

@) Deehimtion, } or Deelimtim

Hour Angle, T bt Asecnsion
(1) AriTen: aovp Azivuti

The Altitude (1) of « hewenly body 15 the are of 1 grewt arcle throngh the zouh
unl the honenhy body antercepted between that body and the homzon (se SBan fig 1)

z
S
wbe
]
N
The tline of tor paper e igpow U e snenle anilh e glans of Ve fon
Fre 4%

Tt 30 cloar that the ancle SOB woull also ropresent the altitude aned thas anglg cin whenever
the beavenly body soviatly, be ob onvad sath the theodubite
Groat and < gusang throngh the 7 mth anc ealled vertieal cireles
The Zenith Distance ({) 1¢ ttr ¢ mplement of the alttule, ar, 00 = A (v 45
te N
In working ent artuncong st newhichmseave rends sl 7 mith abstanes, care mu ¢
vt henwththoal, Yro sl el b zashibiearer Rl toeall
o+ IS
Menrt mal zenthdivan e (¢) ¥ whentte Feavarly bealy 1o o frenth
\ Culmlnation —Wienad avenhy bl attunc ate Bt alutn e 1t s anltole atare
Wy per alrratin Asbat s b wer alan? g seatite bmer cilmuntun TH Litter an
riar () Eaen e Wlrer e vtatle avitwe loe we el wtbe d nzen

%
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A star 1s sl to be at elongation when 1t 18 m <uch 7 position thit the ngle 1t S n the
astronomil trimgle PS/Z 1ecomes 4 rizht angle, 17 when the plhne of tho vertieal citele 79
becomes tangential to the dmrnil path «r arele of the star

The Azimuth (1) of 1 hewenly hady 15 the wgle between the menidian pline of the
o erver nlthe vortt af pline passm throu ki the Tody  For astronomienl purposes wzimuth
1x mewure ] the nowrest wn from the maxlon pline  Thus m fig 48 the 1zamuth of
S = .l LOL wzde I'/7S

(2) Drarnnation v Hool ANaI P

The Declination (5) of 1+ hevvenly bady 15 the are of + greit awrcle through the poles
ndthe Indy ntaeepted hetween the plute of the equitor md the hewenly body It 1s

M;R‘”"”ICWQE

N

The pline of t1e pajer 1 supposed fo comer le wnth the plone of Mendin
s 49

measured from the cquator to the poles m degrees 0 to 90" und tamed N or S (+ or )
wcordmg as the Fody lies north or sonth of the equtor (see SK, fig 49)

The dechntion of the sun 15 grven for every dyy of the yew on piges Iand I of erch
month m the ‘N wtierl Almanic” and thit of the prineipel stues (pp 324 to 452) for every 10th
A1y of the verr

An mspection of these tables will show thtt the sun’s dechnation vires from vpproxs
mately 234 N t0 231°S hut that the stars 3 ary very shehtly duning the yeur

The Polar Distancz (7) of & hewenly hody 15 the complement of 1te dechnitton 1 e
(90 = o) atasatylad N oot S polit dituce (NP D) or (SPDY wccording it 1s me wured
from the N or S pole (w0 P San iz 49)

The Hour Angle (¢) of « hewenly 1 uly 13 the anglL at the pole hutween the mert fran
of 2 plice il the dechination errcle through the hewenly body (sce gle IPS, fig 49) Ieas
usitddly mewnred westward from the mendian from 0° to 360°, or Ok to 24h , one hour
beang e furs tent to 15° of re E:rnm fig 49 1t 15 clear thit this angle 1 the same 15 the
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are of the equator intercopted botween the “mendiam and declination crcle, Also mesured
westward

In this system 1n place of the hour angla the right 1seasion of the hewvenly body may
he used

RIGHT ASCENSION

Right Ascension (RA or /R) of a hewenly body 1s the are of the equator intorcepted
between the first pont of Aries and 2 dechinition circle through the lody (see T K, fig 49)
It 1s reckoned 10 time enstwards from 0 to 24 hours

The R A wd dechnition (8) of Il tho prnerpal hewenly Dodies are tbulated m the
¢ Nautical Almantc,” which gives thewr valuos b particalir anstants of time for the Greenwich
mendinn a3 of they 2 ere seen from the centre of the earth

ASTRONOMICAL. TRIANGLE

A heaenly hody at Any moment forms 4 tmangle with tho zemth and clevated pole
(sce fig 50) the sides beng ares of the meridian ZP, the vertienl airle ZS, and the declnation
arcle PS

Fig 50

Now 1n fig 49 the are F4 15 the hitatude ¢ of tho observer, henee PZ 1s equl to 80— 4,
ot codatitude  The ltitude 15 2lw 1ys hnown approximately, or ean be found from one of the
m*bods deseribed Inter

The side P'S, or polar distance, 13 equal to 90 - dechmation, ~nd 1ts value can be found
from the ¢ Nauticrl Almane”

The side ZS or zemth distance, 15 equal to 90° —altstude, and A the altitude can alwavs be
observed, whenever the hewenly body 1s visible, wath the theodolite

The angle 2t Z 18 the 1zimuth

The angle 2t I 15 the hour ngle (£) *

The angle 1t S 1s the pirallactie ngle

Given any three of these, the others ean he deduced  For formalw, &e, sce Section 11T

NoTE—TIt will 1¢ easily seen from fig 49 that the latitude of 2 plce is equal to the
dechination of the zenith or the altitude of the polo

® 3ore corrtetle as drann 360° ~ hour angle
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Hour ANGLF AND TiME (1)

When any pomt of the celestial sphere 15 on the meridian of an observer, that mstaut 1s
de 1gnated the fran of of that pomt over the mendim lso the meriban passage and eulmi
nifin In one complete revolution of the <phere wbout its 1x1s every celestial hody crosses
the menidian twice It 15 therefore neceseary to distingish 1ctween the two trinats  The
menidin 15 Tnsected by the poles of the hewven  Thoe trinsit over that portion which contains
the obeerier's zemith 1+ the UPPFR T1 ANGIT, and the transit over the other portion s the lower
trnat At the upper tranat the hour angle (expressed in time) of 1 hexvenly body 15 0 hours,
at the lower transit 1ts hour ingle 1s 12 hours (sce fig 49) A knowledge of the honr angle of
4 heavenly body 1t any moment will on tccount of the umform rite at which 1t vries, ¢
once give the time that 1t will tihe to rewh the meridinn af 1t be on the cist side of 1t
or the time elip ed «ince 1t crossed the mendiwn if 1t he on the west side  In other words,
1f 4 elock be <o regulited s to go 24 hours between two successive trnsits of any hewenly
Lody and to rexd 0% On O atats upper trnsit, the how angle of the hearenly Tod y (1) woul L be
{1» time showen Uy the elocl

A sidereal day 1> the interval of time hetween two succes 1ve (upper) trinsits of the first
point of Ares, 1¢, the true sermi equnox over the same mendiwn It 1v dmaded into
924 hours, each hour 1into 60 mnmtes, urd each minute nto 60 seconds  VWhen v 15 on the
mendin the 1 lered] time 1504 0+ 0 nd 1t 15 thesced noon 1t that plice, wd the sidereal
time At ny nstant is the hour angle of 1 1w that mstint rechoned from the meridi west
ward, 0 to 24 hours

From the defimtion of right ascension it 1s clear that il stars will succeed each other
across the meridian 1n the order of their night wcenstons

An apparent or solar day is the mteri 2] between tno successiie transits of the sun's
centre 1cross the same mendin and apparent time (AT) 2t any nstant 1s the howr angle of
the sun measured westw uds throughout the arcle expressed n time (15°—1 hour)

Now af the orbut of the eirth were « arcle with the sun m the pline of the equitor and
the centre, this apparent diy would give us 1 constant interval of time, but since the orlnt
15 an ellipse and since 1t 15 inchined to the equator these mtervals wre continwally varying day
hy day, 1nd to ol tain 1 measure of the day thit 1s umform =nd ¢ the same time corresponds
farly well with the recurrence of dyy ind mght the werage length of 21l the solwr days of
the yeur 13 taken nd wsed 13 the mean solar day  1his 15 the day to which ordinuy clocks
and watches re regulatud, w1t 18 adjusted so as to bring 12 noon s near to the time when
Toe sax s on the mertm s possibie for every &) of the yer

Mean Time —The v m ol dayis thus regulated by a fictitions or mean sun and s the
nterial hetween two successive trinsits of the rwan wuns eortre across the same meridian, the
mterval bemng dinide ! into 24h Om 0 Mean tume (MT) af any wnstant t the hour angl of the
yiegn sun’s centre ab t al st id

Astronomical Time —Smce the ordinary division of the avil day mto two periods of
12 hours each 1s somewhit 1mbignous and wnconiement for astronomieal purposes, the dy
{apparent mean, or audereal) 13 concenved by astronomers to eommence 1t noon, and s dnaded
nto 24 hours the hours heing subdn ided 1s usual 1nto minutes wnd seconds

Equation of Time —As the mean sun 15 1n entirely fictitious 1ssumption, we hve no
phenomenon by which we e directly observe its progress We are therefore reduced to
oheerving the motion of the reil sun, and by hnowing the interval between the real and
fictitious sun 2t any mstant, we 1re enibled to armve at the mean time vt that mnstant  This
nteryal 1s ealled the equation of fune (L), and 1s defined 1s the difference betwcen apparent and

mean time, or the angle at the pole between the bour erveles pissing throngh the centres of the
true and mein <un, expressed in time
(5455)
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The varnation m the equation of time 1s due to the two following cwses —

(1) The obltgtuty of the ccliptic,
(2) The eccentrieity of the earth’s orbit

Furstly —Neglecting the effect of the eccentrimaty of the etrth’s orbut (¢ ¢, supposing the
orbit v cirele, and therefore by Kepler's Luws, that the earth moves umformly along 1t) and for
comyenzence imgining the sun to move round the euth with a umform veloaty, then (see
fig 51) let « mewn sun, M be mule to move along the equator with the same velocity as the
true sun T moves m the ecliptic, the two passmg through 1 (the 1ernal equinox) 1t the same
wstwnt  Now when the true sun s at T the mean sun will be at M, where ¥ T= 1M and
if T! be the pomt where the hour cirele through T cuts the plane of the equator, then TN
will mewsure the ingle between the hour circles of T and M, and therefore the equation of
time

A httle consideration will show that T and M will comneide (2 e, will lie 1n the same hour
carele) only 2t the equinoxes and solstices and that from equinox to solstice M wall be therd
of T, and behind 1t from solstice to equinox

The maximum difference hetween the true and mean suns, on 1ccount of the obliquty of

Sousr ceR,

Fig 51

the echiptic 1s about 10 mnutes and occurs about the 5tk February, 7th May, 8th August,
and 8th November

Secon Il —Neglecting the obliquity of tho ecliptic, Kepler's second law tells us that the
sun would appear to move fastest when the earth 1s 4t perthelion (soe fig 46) and slowest whon
At aphelion.  Hence 2 true sun would be theid of 2 mean sun from penihelion to aphelion, and
¢ terst on the return journey

Any pont of the orbit may be taken as the starting pomnt of the two suns, but one has
Deen chosen which mill ciuse the equation of time at any perrod of the year to be nearly 2
mimmum  With the point s0 chosen, the greatest dufterenco due to the elliptical form of the
earths orbit 13 about 7 minutes

A combmation of the above two causes of vamition gnves the followng dita —The
cquation of time yvimishes (te, the hour cireles pussing through the mean <nd true suns,
comeide) four times in the year, and one of them having been fixed on the 24th December,
the others fall necessanly on the 16th Apnl 15th June, and 31st August, its maximum
positive and negitive yalues 13 apphed to AT, and their respective amounts are 1s shown
below, and occur about the dates given 1gunst them

minutes
10th February +1¢ 26
14th May - 351
26th July + 616

2nd Movember -16 21
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‘The value of F s grvenm the * Nantieal Almante? for every day of the yewr at ipparent
and mean noon at Greenwich
We have seen (p 131) that the suns hour angle (¢) 2t wny particular mstant and plico 1s
the apparent time 1t that plice
Now the dufference of the hour wgles of nny celestial Tody at two plces at the same
mstant 1s equal to the difference of longitude etneen those 1hee It follows therefore that
the difference of the solwr times of two plices t one nstant 1s egundent 1o thewr difference of
longitude
Thus 3f
Ty=Greenwich time
T —loeal time
L —longitude of plice,

then To=T#L(4 or according 15 longitule 1s west or e1 t) this equation Jung trie
srhaterer funre 1s w # L whether solir or sileril s long 1s Ty wl T e botk of one hinl of time

MEAN AND Arrat PNT T

In com ertmg apparent mto mean time Or ¢z 1er ¢ we use the formmln —
MT-AT %,
where M T =the mewn time
AT the apparent time
L —the equation of time (+ or - according as 1t 15 wWdditive to or subtractive from
the apparent trme)
Ezample 1 —In longitude 30° 45 W on December Tth cvil date the LM T chronometer
marks 3h 14m 1353 (A3} andisfast 2om 187s what1sthe GMT ?

h m s
LMT chronometer— 3 14 135aAmM
Chronometer correction= — °5 187
Loc1l mean time Dec 7th— 2h 48m 548s aM

h m 5
LMT,De 6th= 14 48 548

Longitude (m trme 30_40 ) 4+ . 3 0

15
the GMT =Dcc €th 16k 5lm 54 8s
And the eral time 1s Dec 7th 4h 5lm 54 8os an*

Esy ple 2 —In longitude 60 W, local wppurent time Muy 24th 1903 3h 1'm 102
what 15 the local men timeo §

h m 5
LAT =May 24th 3 12 10
Longtude m time — + 4+ 0 0

GAT Muy2ith 7h 1°m 10s

The v1lue of F here requirel s thit of the Greenwich instant corresponding to the locil
timo wstant 3h I12m 10s

* In the further exan ) les urless 43 or P 3 12 incerted sstronor cul t e will always be understood
(5455) 5 -



134

T'rom the ¢ Nautical Almanie’ of 1903 we get £ 1t G AN, May 24th, =3m 27 64s, and
the hourly varation = +0 2 seconds
Hence at the given G AT mstant

E 3m 2764s +(02x721)—3m 29085 and 1s subtrictne

h m s
Thus since LAT —My 24th 3 12 10
and E= 3 2908

LMT —May 24th 3h  8m 4092s

Tne YEAR

The unit of mersurement for lirge intervals of time 1s the year

The solar yeur (sometimes culled Tropieal or Equinoctral) 1s mewsured between two succes
sive tensits of the sun through the mean vernal equinox, that s to say, the terval mn time
tiken by the cirth m descrilnng the whole of 1ts orbit around the sun

There we not, however, an exact number of mean solar days 1 the year, the followmng
bemng given by Bessel, the aceepted authority —

One solar yenr — 365 2422 mean solar days

MEAN AND SIDEREAL Trues

Since 1 the timeo the earth has described the whole of 1ts orbit round the sun the Itter
115 mude one trnsit less over any given menidian than the first pont of Anes—

366 2422 s1d dvys =365 2422 mean solr days
1 — 099726957 "
or 24 hours ST =23h 56m 4091s MT
lhour ST —1h MT -98296s MT Q)
and1hour MT =1k ST +98565s ST )
Lquation (1) shows the refardation of M'T on 8T and (1) the acceleralion of ST on M T
Tables to faeilitate the conversion of the tnferials of one species of time mto enferzals of
the other o given in the ¢ Nqutical Almanac
Eramyle —Comvert 18k 4m 51s ST wuts imto M T umts

h m

5

By ‘Nautied Almanwe p 576, 18h ST = 17 57 30TMT
s, = 3 5931
51s , = 5086

MT equnlent requred= 18k 1m 5327s

ConviisioN o MEAN 1nTo SIDEFDAL Tt AND Piee Pensd

In prictieal astronomy we are tonstantly requiring to compute the ST corresponding
to v gien MT, or vice ters¢

Insnch 4 conversion, 1t 1s necessary to refer to some epock which 13 given 1n terms both
«f men time and of smdereal time

Two such epochs are giien m the * Nantiel Almanae,) viz —The ST of mewn noon

(t 1) md the M'T of s1iderel noon (p 1I1),re,tho MT of transit of the first pomt of Ares
both at Greenwich
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The wleroal of the known time, whieh has elapsed smce the epoch, 1s then to be converted
mto an raferval of the other time by mews of the tibles {see example), wnd the resnlt added
to the trme of the epoch (gnven m ¢ Nuutieal Almanac ')y will complete the computation

Now, ns the cpochs in the ¢ Nautteal Almune’ are given for Greenwich time and date, 2f
the mstant we wish to convert 15 gnven in loel time, 1t 18 necessiry to reduco the given loeal
time to 1ts equivalent Greenwich mstant

This process thus depends on the valwe of LST of LMN, and this can always
be obtuned from the G ST of GMN (given on prge IT, N wtieal Almanac’) by correcting
the Iatter for the divergence 1n time hetween the M T clock nd the ST clock, which has
oceurred m the mterval elapsed between the M N at Greenwich and the M N at the loeality

The difference 1n rafes hetween the two times (MT wnd 8 T) may be tihen at 9 86 sees

per hour {sce equition (1t ) p 134), wnd the elpseantery ilin trme 1s the diffirence 1n longitude,
therefore the thoye correction = 9 66 secs x longitude 1 hours wnd s additive 1n W longitude
md subtrictine m L longtude

Example I —ConyFrsion or SILEERAL Tk 18v10 Mean TIME

On the lst of My, 1695, 1n longitude 15 L the LST 15 20k 4Im 1263 What 13

the LMT 1t h m s
Sidereal time to be comerted - 20 41 1265
h m 8
GST of GMN = 2 37 4458
Correction for accelerttion
at 9 86s per howr of long } = - ges(LSTofLMN = 2 37 3472
+for W - for L .
Sidereal mtersal from LMN  ~ 18 3 37903
hours = 1Y B7 307
ming -~ 2 5951
MT equnalents s6cs _ 36 90
93 = 93

MT interval from L M N, or locu M time 18 0 4041

Lx-mple IT —CoNVERsIoN OF MeAN TIME INTO MIDEREAL TIMF

On the lst June, 1898, in longitude 60 W the LM T 1s 10h 15m 2073y What 1s

the LST ¢ h m s
Mean tume to be converted -~ 10 15 2073
10 hours 10 1 3856
15 ming - 15 246
ST equnalents 20 secs _ 2003
73 = 73
Sudercal mters ! from L M N -~ 10 17 180
“Eom s -
GST of GMN, Ist June =4 39 5781
Correction for acceleration b .
986s per hour of long } - + 8944 (LST of LMX 440 3725
+ for W = for
Locil sidereal time  — 14 57 JSE

—_—
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SIDEREAL AND APPARENT TIMES

In computing sidereal time from apparent time, the A T may be first converted mto MT
and from this the ST computed, or a more direct way may be used hy meins of the suns
apparent R A

Thus

Jor thesun ST = RA + ¢ = RA + AT,

where 215 the hour angle

SECTION III —THE APPLICATION OF SPHFRICAL TRIGONOMETRY
TO PRACTICAL ASTRONOMY

It will be seen that at any moment the sun or star i question wll form with the zemth
an 1 elevated pole 1 spherical triangle of which the sides will be portions of great circles of the
celestial sphere

The sides of the triangle have wlrexdy been shown to have yvalues as follows —PZ the

colatitude (¢) = 90 — ¢, ZS, the zemth distance ({) = 90 ~ %, and PS the polar distance
(py=90-3
Also the angle at P = hour angle () requred for time and the anglo 1t Z — azimuth
Knowing any three of the 1bove elements the remunder ¢in be deduced
Then by the genernl formula for 4 sphencal tnangle wo get

3 sin (5 - pyamn (S - ¢)
tang = \/jmnﬁ an (S - {)

A /sin (8 - ¢) s (3 y
tan 3 = sn o an (s —p)

S—-l""""{
2

where
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Put for e 1ts value (90 ~ ¢} wnd for § (90 ~ 7), thenf S = b+ w, we ohtain the
following —

{1) For time hn% = Vsin (S - A) see (S = p) cosee (S — ¢) cos 8,

(u) For nztmuth  tan % = am (S - 7ysin (5 = ¢) sec (S ~ 7) soc &

Solution of Right angled Spherical Tnangles —The formule for tho solution of
nght-angled spherieal triangles aro very ewaly wmtten down by ‘Napier's Rules of Circular
Parte!

In a nghtangled spheneal triinglo there are 5 so-called ¢ areular parts ’ viz, 2 sides,
the complements of the two angles, ind the complement of the hypotenuse, the nght angle
being left out of consideration

Thewe are wntten down in the 5 divisions of 4 arele in the order m which they occur n
the triangle, any one maj be taken =3 the ruddle part, then the two on etther side tre ealled
the ndjacent parts, and the other two the opposite parts , then the rules 1re—

Swne middle part = product of tangents of the adjicent parts,
nooow o» = f cosines of the opposite parts

Thus in 1 tnangle ABC where C 13 the nght angle, we hvyo the followng figure —

Tig 63

Star at Elongation —Another method of obtumng azimuth 1s to observe a star at
“TLlongation * ¢ ¢, when the angle 8 of the tnangle PZS 1s 1 right angle
In this ease we have
cosf =t peote,
or (1)
eos ! = tan p tan ¢
Agun
snp = sm csm A,
=cos ¢ A,
whence (u)
sinA = sec ¢ sinp

From (1) the tume of elongation can be computed and (n) gnes the azmuth of the
star
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Sun or Star on the Prime Vertical —It 1s sometimes desirable to observe 1 hew enly
body when 1t 15 on or near the Prime Verticil In this cise the angle at Z will be a nght
angle

cosf{=cotptne,

or (1)

€03 £ = tan § cot ¢,
also

cosp =cos { tose,
or

snd — <k sin ¢,
whenee (n)
sinkh = sin 8 cosec ¢

Here (1) gives the time of crossing the Prime Vertical and () gives the altitude of the
body at that mnstant  See plues XX\III, XXXIV

SECTION IV —ELEMENTS FROM THE ‘NAUTICAL ALMANAC’

The Nautical Almanac’™ supphes us with the data necessary for the solution of problems
field Astronomy

When the tume of observation, for which the quantities are required, 1s exactly one of the
mstants for which the required quantity 1s put down i the < Nautteal Almanac ’ then we have
only to take out this quantity , but s  rule this time falls between two of the instants in the
¢Nautienl Almnte nd, 1s & mere mspection of this book shows thit the quanttties m it are
continully chinging we see that « reduction 1s necessary when the data are required for any
wstant of time Qiffering from that for which the quantities are registered  This reduction 15
done by tnterpolation nd to facilate this mterpolation, the * Nauticul Almanac’ contarns the
rite of change or alteration of the quintitres

When deiling with with the sun and stars, wterpolition by first diffcrences, called sunple
tnterpolation, 13 generally sufficient

Esample —Let 1t be required to find the dechnrtion of the sun 1t 6 oclock pm on 1
certain diy, when at noon 8 = + 12°10 0, and 1s ncrerstng at the rate of 9 seconds
an hour

The result will be 12°10 0 + (9 x 6) — 12° 10 54

We huve seen that dufference of longitude corresponds with difference of time » therefore
5 the dita given 1 the Nautieal Alvmanic” wre for Greenwich noon they huve to be corrected
for any other plice according to 1ts longitude

Generally for obtumng  quantity for ~ certun local fume we reduce that tume to 1ts
corresponding Greentich time and take out the quantity aecordingly

The following should be specially noted —

For cach month page I, ¢ Nautieal Alminae,’ gives ditn for GA N
w o» pagell, " ” " GMN
The R A of a star does not prictically alter m 24 hours, therefore theR & of 1 star given

in the *Nautieal Almanae’ for any date 13 neceptedasats R A at any other locality on the same
date, or wmathun 24 howrs of 1t

* The_ “autical Umanne’ s sometin es called t}e ¢ Astronomical Fpl emeris® (pnuepor duils)y sn
€} bemens t\orgperls a table of dmly positions of th ¢ heavenly bodies
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The data commonly required 1n field astronomy are 1s follons —

(1) Sun’s RA and & at time of observation To find either of these assume your
lonatude 1s nearly as possibly, turn 16 nto time and wddat to vour LT 1f youare W of
Gr cnwieh, subtrictataf 1

Ths result 13 the G MT of obsers ition for which R A o1 8 en ho found 1 the  Noutieal
Almanae,’ page IT of eich month

Erungle —In 1 naitude 15° 1 required the R A of sun 1t 10 hours on M1y 1s, 19¢3

LMT = 10 hours
Correetion for longitude = ~ 1,

GMT = 9 ,

h m s
R ofcunat GMN My 1wt =2 30 623
Correction due to GN[T 1¢ 9 hours ftcrnoon = 9 x 95% = 1 2006

It \ at tame of obser tion

31 3191

Thes wntions i L honr for R A 8 and E uweonly ginenon pige I “Nuutreal Almanie for
appirent time quintities  These figures howeser e vquuly apphaible to the men timo
quantities on pge 17

(2) Equation of Time Find G T of obseryition 13 above 1l take out E, 1y sumple
mtcrpolition, from the column on pige I or IT of the month m N wticl Almaurie  aceording 1s
1t 13 regitrel for AT or M I Partienlar attention must Te pud to the heading of the
colnmns of the Nwutrcil Almante from which the sign + or ~ will be of tuned

(3) Onpage ITan the hst column 1s GST of G MN  ats hourly v unition 1s 9 86 soconds
{se~p 131)

On page IT of the monthin Nauticl Almanac 15 2 column he ded Lran of of fle Tu t
Icrtof Ares Ilasisidenticll with G M T of GSN  ate Lourly variition 1s 9 83 seconds
(cce p 134)

(4) The R A and 8 of the stars These ue given for 1l the moie importwnt stirs
nnler the head  {ppurent Plies of Stu They we wruged m the order f thur mght
nscen 10n3 for every ten diys of the vewr, il eight stirs neiwr to ewh pole are further
detaile 1 for evcry diy of the your  Cure must be tihen to notice the sign N or S gunst
the head of the column for dechiniion It signif es north or south of the equitor

Tt sometimes hippens that there tre two transits of a star in one day since the sidereal
s 33 sherter thun the sohir Ay When this occurs on wy diy on which the B 4 and § e
guen i the Nautical Almanae both ire given 1 small figures and when the double transit
o curs op an wnf 1 wdiafe diy the date ione on which it tahes plice 1s grven 1n small figures
In the litter case the procedure for mterpolation 1s fully described in the  Eeplinations at
the end of the Niutial Almanac

The quantities given for R A and 810 the Nautieal Almanac under the heading  Vean
1ures of Slars  shod ln ¢ be usel in compr lalions

The Tables I II, and III (ncwr the end of Nwtical Almanac ) for determimng the
Tahtale Vy obsertal noof tle Tol Sty ot of e s enhan may De used to derne quintitieg
from by simple iterpclition

The comput itron 19 15 follows —

From the ol served ltitudo of Pol iz corected for refraction e s sultricted 0 1 0

To this reluced alutude the further correetions are applied (1) Tible I with wrgument
TST of ol sers wion, () Tible II with wrgument LST and alatude (3) Table 11T LST anl
dite

(3453) T
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Sun or Star on the Prime Vertical —It 1s sometimes desirtble to obserie 1 hewvenly
body when 1t 1s on or near the Prime Vertieal In this cise the angle at Z will bo & night
angle

cost=cotptine,

or {1}

cos { — tan & cot ¢,
also

cosp —cos { o3¢,
or

sind — sma s ¢,
whenee (n)
sink = sm & cosec ¢

Here (1) gives the time of crossing tho Prime Vertieal and (1) gives the altitude of the
Dody at that instant ~ See plates XXAIIL, AXXIV

SLCTION IV —ELEMENTS FROM THE ¢NAUTICAL ALMANAC’

The ¢ Nautieal Almanac’* supplies us with the data necessary for the solution of problems in
field Astronomy

When the time of observation, for which tho quantities are required, 18 extetly one of the
1nstants for which the required quantity 15 put down 1n the * Nautical Almrnte,” then we hive
only to tahe out this quantity , but s 2 rule this time falls between two of the mstants mn the
¢« Nautteal Almwie and, 1s 4 mere mnspeetion of this book shows that the quantities in 1t e
continmlly changing we see that « reduction 1s necessiry when the data are required for nny
mstant of time differmg from that for which the quantities aro registered  This reduction 1s
done by snterpulation, and to frchtate this wnterpolition, the ¢ Nautical Almanac’ contans the
rate of change or nlterwion of the quantities

When deing with with the sun and strs, mterpolation by first dufferences, enlled sunple
wnlerpolation 15 generally sufficient

Lrample —Let 1t be requred to find the dechnation of the sun 1t G oclock pm onn
certun day, when 1t noon o — + 12°10 0, and 15 1nerensing 1t the rte of 9 seconds
an hoar

The result will be 12° 10 0 + (9 x 6) = 12°10 5¢

We have seen that difference of longitude corresponds with difference of time, therefore
A3 the data given in the Nautreal Almanae” are for Greenwich noon they haie to be corrected
for any other plice necording to 1ts longitude

Generlly for obtunmng 4 quantity for 2 certun locel fime we reduce that time to its
corresponding Greentich time and take out the quantity accordingly

The following shotld be speannlly noted —

For cach month page I, * Nautieal Almante” gives datn for GAN
woowo opgell, ” » » GMN
The R A of a star does not practically tter in 24 hours, therefore thoR A of 4 star gnven

in the “Nautieal Atmanae’ for any date 13 acceptedas 1ts R At any other locality on the sime
dite, or within 24 hours of it

. h Nautical Almanac* s cnlled the ¢4 Tplemens' (& dails); an
< 2 prmep
o Bemens 13 ...\mh u table of dauly positions of the heavenly bodies
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Appronimate Detatls of Certun Theodolites

! Woglt | Weglt Telowo, | Renl1gs | tverze
Intrament | of witl | of | Tree | Tlewol ; Bubit fo D tule

[ Bx | Stmd " Verniers Value

1 Toe It L e d

I3 mch Trnst Tleo 11 5 2210 0| about 12 1 Tdiv 1
d ite (¥ erner)

5 inch Tranat Tl eo 20 10 |31 0 0| 12t01% 0 T 30
d Lte (¥ ermer)

*3nch Tranat Tl ey 3% 12 42 0 0} 1Ctooy 0 Vert bubble | Watl trars §axiy
4 lte with Miero {estimite | 1div 5 level and alu
meter Mierose pes tol )} [jlitc bubtle [ mumum  star
to Torizontal anl 1div =30 | malts
vertieal eireles

€m b Trn st Tlew 35 10 310 of 12¢ 18 20 Tdn —20 |With  tranat
d hte (Vernier) axis lev 1

A transit theodolite hs alrewdy heen deserihed and nstructrons given for its adjustment
and <etting up (p 15)
Notes on the Theodolite when used in Field Astronomy —

1 All nltitudes should be tthen on hoth fices

2 Note whether the eye prece used reverces horizont1lly or vertially or hoth

3 When ob erving the sun the dark gliss should he nsed

4 For observations to stars 1t 1s necessary to hight up the field of the telescope
This may be done in two wys (1) By nang the vas lunp which fits on to
small bracket, wd reflecting through the axis of the theodohte lights up the
field  The result generally 1s fir from sitisfutory A more certun method 1«
as follons (2) A prece of whito paper out 1 tnch wide 15 fitted to the
object endd of the tclescope by mews of an elistic 11nd and hent shghtly over
the olject gliss  On this paper is dnected the hght from any smudl lanp held
it the side of the theodolite  The reflection from the | per then hights up the
terior of the telescope A biyele limp inswers very well for the purpose

Care must be taken to throw just enough light on the fiekl to show up the erows wires
without, ob~curing the stir

The 3inch trmsit theo loite gisen m the hst 15 v very good little mstinment hut s
recommended more for ripid tonngulton than for wstionomict worh  Howaver for rapul
cxplorition  zimmths and hitttndes may with cue be of tuned to withm 30

Li3te KEFILERS

The time kecpers used i field istronomy e erther box chr or chr
watches

A hox chronometer 1s invaluable for stitionuy work or work on ships, but 1s not susted
for land journeys

* Where weight sa not & con deration of the first importance a 61nclt Transit Micrometer Theodolite
costing abor t £40 11 d weig) b g nbout 70Ibs 13 to bs prefericd ey carally fur astror omzeal work

(5455) .
o



A keyless half chr ter watch 15 re led for work 1in the field These watches
are less expenstye than pocket chronometers are less liable to get out of order, wnd more re
easily repured  They may be carrted 1n the pocket under conditions of rough usage short of
actwl violence  The watches used by the RS haue backs and faces to screw off, and exps
fo fit on the winding button ~ Such 4 watch costs from £20 to £30

Both hox chronometers and chronometer watches may be regulated to heep exther siderenl
or mean time

STAr ATIAS MAPS s\D CHAPTS

A sct of star chirts 1s given at the end of th.s 1ook

From these or sumilar charts, the 2elafie positions of the varous stirs wre scen b once,
wd then thewr positions m the heavens ¢in be found by referring these positions to imiginiry
Tines yomng well defined stars or groups of stars and following these Iines 1 the hewens

In using v star chart the observer may be supposed to be stinding (as he 1s 1 rethty)
at the centre of the celestial sphere, in which e1se the chart pproximately represents the
stars s seen when looking upwards  When the chart 15 therefore pliced on the tible the
stare mill appear m their proper relatne positions but the E and W points will be resersed
with regard to the e B and W

All ebseryations should be worked out on set forms < sufficiency of which 15 an mmport nt
aud to the topographer  Tho following books are required for working out obseryations —

An Angle Book (for booking obsersations n the field)

The * Nautieal Almanae  or other Ephemens for eurrent nd nexf y ears
Book of Jogarithms *

Astronomica] Tables (refraction L¢ —see Tables XIV -AVI)
Computation forms (seo Forms I P)

Star Charts (see Plates YA\ -X\NIIT)

SECTION VI—OBSTRVATIONS

Obscrvations 1n field astronom) consist of determrnations of the altitudo of the sun or
star for hwtitude and time or for azimuth the horzontal angle between some * refernng
ol ject and the sun or star, i addition, at the same mstant

A Star through the theodolite appears as 2 bright pomt It 15 only necessary there-
foro to liscct the star with the centre horizontal cross wiro of the theodolite when tihing
titwdes and with the vertienl wire when taking honizontal angles  Use the syme put of the
wne on each fce

The Sun however 1s 1 lrge lody, wnd henee, mn order to mihe all obsers wions
po sitle of companson the eentre mwst te olserved  As howerver we cnnat tell the jrea ¢
mstant the wire of the theodolite erosses the centre we are reduced to ol <erving one edge or
¢ limb  as 1t 15 ealled  lor altitudes, the time of contaet of the horizonts] wire with the
upptr or lower imb as seen through the theodolite 1s noted  In the same way, when takin,,
tho honzontal angle hetween <ome * referring olject * and the sun the nght or Icft hmb 1s
«lierved 1y making a contact with the vertical wire

*® It eaves an enarn ous an ount of t me an 1 trouble t use a loant] m book which g vea the lagnr thms of
tletr mnou ctrisnl tarctions for each s conltof are ¢ 9 Shortredes] g tatl =
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In order to doawy with the necesty for ipplying ¢ correction for the sun's sem divmeter,
in equal number of ohseryations on oppoate hmbs are made, that 1s, “upper” and “lower”
for altutndes, md “nght ” and “left * for azmuth angles

1t 15 advisable to record the himbs in the Angle Book s they appear through the telescope,
and state which way the eve pece reverses  Tlus Iast, howeter, 13 not alway s necessary, of the
“purnng  of ohservations 1s stnetly adhered to

As lreds exvpluned, collimation errors are elimnated Iy trhing wn equal number of
oh ery thons on eich “fice’ of the theedolte  No titude ot uned from « theodolite on one
“fice” only 1~ of wmy vilue

DETERMINATION OF TIME
Time by Single Altitudes

Ve hue <eun that time, either sidereal or solir, 15 dependent on the hour angle of the
Tst pomt of Aries or of the sun  Smce we are able Iy means of astronomcil obsers 1tions of
the sun, to compute 1ts hour angle, the s lir time 15 readily found, and <o with 1 star

¢ =06

50-1
hg 54

Time 13 hnown when we huve determmmed the hour angle of the sun or astar  If we
adjust 2 theodolite so that the centre wire deserthes the pline of the meriliam, the determmt
tion of the mstant of pissige of sun or star (with « hnowledge of the R 4 ) gives the simplest
w1y of computing the time Tut this 1s rurely posaible 1n the ficdd  However since we ue
alle Iy an observation of altitude of sun or star, when some distance from the meridian to
deduce 1ts hour angle, we huve 1 rewdy means of determuung the time at the nstnt of
ol servation

An caammition of the wstronomical trimgle PSZ (see fig 5¢) shows us thut the value of
the hour angle ZPS depends to 1 great extent upon the sile 28 for of the other sides P2 1
constant, aud PS v ries only shightly with the change of dechination during the time taken m
making an observation  Now ZS 15 the complement of the alutude and thus in 1 position of
the hewenly body such ts 1s expressed m the thove figure the hour angle changes 1 accord nce
with the chinges of the altitude

Olnzously, so far as concerns accwacy of obseryiton the most fuontthle perod to
ol sers ¢ altitnddes for time will Ye when they are chinging s rapidly s po sitle 1¢, when for
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1 given change of nltitude the corresponding alteration 1n time 1s as small as possible, for
23 1n 111 obsert ttions certain mmperfections and nrceuracies are to be expected, we must chooss
a pertod for our ohservations when these errors will have the least mmjurtous effect on our
results
Selection of Stars —*In selecting a star for the determination of tme by
single altitudes choose one on or newr the Prime Vertieal (re, nesrly E or W) It
1 ¢15y to show that small errors in the observed altitude, or in the assumed litatude
produce the least effect upon the computed time when the star 1s on the Prime Vertical See
Talle on p 160
Tor comvemence «f obseriation, and to avoid excessive refriction, the star should hnve
more then 15 md less than 457 altitude
When a star 15 on the Prime Vertienl, 1t necessarsly follows that 1ts dechnation must Le of
the sime nume (12 additise for N and subtractine for S Int ), and less than the liitude of
the ple of ohser ttien
The dingrams on Plates XXNIV and NXAV show at < glance the Hour Angle of 2
hewenly body when on the Prime Vertieal and its Altiude at that mnstant  The posttion
of \star 1t any instant ean be found from a hnowledge of its RA (2e, LST, of trinsit)
imd deelimation The Nuutieal Alminac  and star charts should therefore ~lways be
consulted
Exwmple —It 18 required to tike observations at about 8 r™ m It 40° N Now on
looking up the GST of GM N (p IT, ‘N A’) and correcting 1t at the rate of 986 sees per
hour of longitude (W additnne T¥ subtractive), we find the LS T of L M N to be 10h 25m 30s
At therefore the sidereil time of 81 31 15 18h 25m 30s  Tho star chart shows 1 largo star
with dechnation 25 N nd R A 14h 55m 30s
Referring to Plite XXAIV 1t will he seen that with this dechnation and m Iititude
40 & star will cross the PV 3k 46m before and after mendian trwmsit  The star will
therefore be on the PV i the west 1t 18h 40m 30s LST that st 815 Par loctl watch
tame
The tine 1t which the obseryation should be made 18 thus esily found and 1t 18 seen from
Piite \N\\III that the star has 4 smtable altitude 4t that instant, i this cise 41°
At or mear the equator, tho 1bove rales eannot bo pplied, but any star who<e merdional
zemth distance (£ $) — (+ ) does not exceed 15° mvy be used
Pairing Observations —W hen taking observations for time (and 4lso for azmuth), one
set showt 11 tiken on an ewst star, and one on 1 west stir  Stars should therefore le selected
1 cforehind to entble the observer to mihe the obsersations conseeutnvely
Time should bo found by either of the methods hereafter deseribed to W ceuriey of less
thn one sccond of time
Chronometer Error —The ohject of the obsery tion 13 to obtain and record the enor of
U e ehr noreter, wineh for any instant 1s the difference between the time 1t shows and the time
1t shoul 1 show, this error Tung styled fu £ when 1t 1s therd of proper time, and slox when 1t 19
Fehmad
Tl error of the dironometer thus ol tamed 18 thit af e jwean of t1e du es of of wwrrali n
1113 moment should te noted to the neirest minute
Data Required.—For this purpose, besides our obscrved altitude, we must know two
otlar ddements on of theso must bu PZ, the co-lititude, the other P the polar distance,
whiclt ¢ he derved from the ¢ Nantieal Almanae
A small error 10 the issumed lititude, and even 1 considerible error in the assnmed
longitude would produce no prictical error n the result

® Tleselection of a star near the I nme Verts al 1s 8 counsel of perf ction  Practacally all t1 at 14 req ured
1strel macnstir well trthe Fast or West nn | batween 15°an1 45 14 ol 1
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The following eqution 1s used m the comput ition for time (sce p 136) —

t I, = JeosSam (5 = 7) cosee (5 = ) see (S - 7)
where
8= b+ ;{: +p

Lat ¢ always positive and p rechoned from the efer rfed pole
NoTE—If 2 numter of observitions of the sime star at the same plice we to he
wdnidually computed 1t will e mo t readily dove by the fun lumental equition

sink - <ing smé

cost
€os> o3 d

here ¢ and § are constint for all the obsery itions wndl 1t only rematns to compute sm /

Instructions for Observing (freneral) —kor precision severd altitudes wall be taken
and the mean of these with the corresponding mewn of the times noted will be tiken for
computation  If the time assumed 1s much out the computation must be repeted with new
functions ol tamed by mens of the corrected time

The most fuouritle position for the obsemver for tiking this obseryition 1s on the
equator, the worst at either of the poles

When the lantu le 15 undetermuncd a4 small error 1n 1ts assumed value has no appreciable
effiet on the results of the ol seryaticn1f the stus taken wre neu the pume vertical (see p 160)

To chiminate mstrumental errors ertos of refriction and issumed functions, observa
tions must be taken 1n pans on either side of the zenith, mn the case of the sun by morning
and afternoon ohservations n that of the stars by two stars one est il one west of the
meridiin

T ath Theod It —When ob erving the snn djust the instrument twin the telescope on
the sun and make contict with the upper or lower limb on the centre horizontal wire noting
the time of obsery ttion nd the reudings of 1oth ends of the level und of the vertieal ercle,
next change f1ce and mike contict with the other mb, noting 1ewlings 15 before

The procedure for ol serving 1 stir 13 the same except that the obseisations o taken
by allowng the stir to mike its own pissige wross the centie h rizontd wire near to the
verticil wire  Tow* o} v wions complute vset hadf on ewh fue of instowment, thus FR

FL,FL kL
Time by Equal Altitudes

If a star, the declination of which 15 const int during the observation be observed at the
same iltitude before and dter trinsit over the metxdian 1t 1s ol vious that the hour angles
of the star at 1oth mstints of obscrvation must Pe cquil to ewch other though on opposite
siles of the meridiun, wnd that the mean of these nstunts will give the wtual time that
the star 15 on the meradiin

is a star rses in altutede we may record anmstint (sty /) which by out time heeper
correspon Is to the time that the stat reiwches a certam alutude then ty wuting till the
st has crossel the mendian and descends to the sume titude and agun recording the

mstut {s1y ¢) we can find the moment of trmat which should hue cen ¢ t{ v com

pinson of this time with the R\ of star would determune for us the erzor of our time-
keeper

This method of equal altitudes 15 1ndependert of un accurate knosledge of latitude or
declimation or of errors in the gradnation of the mstrument It 1s (with = star) very sumple

® Clearly sl t}at1s absolutely nect vary sFR ¥ L
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mats procedure but requires 4 clear shy for 1 consider wble nterval of time, and for altitndes
less than about 45° 1t 1s Lablo to varntions on account of chinges in temperature, nd,
therefore, of refriction
When the sun 13 used with this method, 2 correction has to Le made for the chinge
of de lination that occurs betweon the times of observation before and nfter the prssage over
the mendiin
Huing obtamed the mean of the two times of obsersation, 1t may be correeted to the
trme of apparent noon ¢ e, time of transit by the following formula —
ELXTE (tan ¢ cosec ¢ ~ tan 8 cot £),
J
where
t — half the mters 1l between the two obseriations,
d & = the change of declination 1n one hour,
8 — the dechin ttion of the sun when on the meridian

This correction 15 positine when the sun 15 lenang the elevated pole, negatne when it 1
approaching 1t

In obseryation by equal altitudes of both stirs ind sun, mnstead of one obseryation only
bemng made each side of the mendian 1t 19 neeessary, for preetsion to obtam 4 set 9 m
observing for absolute alutudes The nstrument must be set furward and rewdings trhen
at mtervals of 10, 20, or 30 nunutes of are, on the upward journcy of the hesvenly body,
and to these rendings the vermer ewn le eastly adjusted on the downward journey of the
sun or stir  The mean time of etch set of ob ervations will then bo used asif they were
the stants corresponding to one pur of altitudes only

CovrarisoN oF W yrcnrs

Suppose 1t 13 mtended to compare 1 chronometer watch («) and 2 chronometer  wch
(7) The observer A watches the seconds hand of (a), while B watches (f)  When the seconds
hand of (@) ippears to cross o defimite division, A mikes 4 rip on the table, B notes the trme
of this by (7) to the nearest 5th second

B then signals n 1 smulae manuer to A, vho notes the time of the signil

They then chinge wrtches and go thron h the sume procedure

The mean of these four determmnations will give a very fair companson

CoMpirI~oN oF Box Cirr oNOMLTI Rty

In order to gt a good eomparnon, 1t 1s desirable that at leist one of the chronometers
should be sidereal, if the others are mean, and rice terns

Box chronometers alw 138 tich hilf scconds

As the differenee of the two times, sidereal and mean, 13 1pproximately 10 seconds an
hour wnd the clochs tick half seconds, 1 comerdence will oceur every 3 minutes

Phice the two chronometers on the same table, and tike up the time on one counting
one half two hilf three, Se When the comexdinee ppoirs exet, while still counting, note
the tume shown 1) the other chronometer

CoMi A1 150N oF WATLIE \\D ClIONOMFTIT

Owmgto the fict thit 2 witch beuts five times 1 2 sceonds, 1t 13 1mpossitle to get 1
stisfictors ecomerlence Tt s thorefore Test to compare than m the sime way as two
watches
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DETERMINATION OF AZIMUTH

To determune the direction of the mendian lime or the szimuths of 1ny number of points
from a4 station, 1t 15 uswal to sclect some well defined terrestriil object switably sinated to

Porr

o

Station

Mearora .

M

hig S0
which 1l azimuth angles e Lo referred  Such an oljgect s called “The Referring
Object” (RO)

In a1l astronomical observations for azumuth the proceduro adopted 13, by means
of an ohserved altitude, to compute the 1zimuth (A) of the sun or stir (8) (sce fig 55) and
to obrite, at the same time, the azimuthal angle DLetween the RO and the sun or star
From these two angles (one compufed and the other obseree 7) 1t 15 sumple to deduce the azifauth
of the RO

The computed azimuth 15 1lw 1y s mercured from the eleyitod pole, the shortest way

If wo can determune the prease mstant 1 hewvenly body 1s on the meridun the deter
mination of azimuth 13 simple, and ean be done by mesuung the horzontal angle at that
nstant between the heavenly hody and the RO

But, when on the mendian, » heavenly body 1s moving at the greatest possible rate n
azimuth, so this method 15 impossible and 1t 15 necessary to select a time for observing
when « small error 1n altaitude or tune will have the lenst posible effect on the resuls

Stars should he observed for azimuth at or near elongation, and sun or stars on or near
the prime verticnl  As regards the Intter practically all thit 1s required 1s to choose 1 star
well to the east or west and hetween 15° ind 45° in altitnde

* A7omutl < nselfor tle purposes of trangulition as desenibed 1 (lapter IIF are mesured frr t1e

South by the We t  Thus 1f tle deduced anmuth of e RO i fig 7> were 15) the nzimuth u 1 f,e
triu gulition woul 11¢ 330 (the Nort) } ing the elevate 1 pale in tl 1= ease)

(3439)
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AZIMUTH BY OBSERVATION OF SUN OR STAR EAST OR WEST

As regards the selection of stars for observation by this method the conditton that
they 1re to be well to the E or W necessitates their selection being made 1n the same way as
those required for the determination of time (7 )

kg 56

For the purposes of the determmation of azmuth the theodolite having two eircles =
horrzontal {or \zimuthal) and a vertical (or altitude) circle hts particultr advantages

In fig 56 S represents the sun or star O the referring object and P the pole

We can ob erte the angle SZ0O with the theodohte nd there only remuns for us to
compute the angle SZP te A or the 1zimuth of the sun or star

In the astronomten! triangle we have the following quantities —

PS = 90 - 5,

PZ =90 -¢

75 =90 -k
Angle SPZ = ¢

Tt 15 required to compute the value of the angle SZP, this can be done with esther of the
twofollowing sets of data —

(a) The three sides as ~bove
{4) The two sides (90 <) (90 — ¢) and included angle * ¢

Astronoicar Fory 3 unbises the data (a) in the following equation and ean be employ ed
with either sun or star observations —

tin : = v/sec Ssee (S5 - pyam (5 - 9) s (S — Ay
where -

S =t H T AT a0a At angle S2P
Instructions for Observing for Azimuth —The RO selccted should be suitalle for
intercction with the cross wires and as far off as possitle, 8o that zolir focus may be used
At might the RO wall be a light not less than 400 yards off



149

In all cases cwre must be taken that the lower plate remains clumped throughout the set
of ahservations

It 15 not advisable or necessary that the R O should read exactly zero

In all azzmnth observations n endeiwvow should be mide to take as many ohservations
on one “swing” s on the other “swing’

The oberved altitudes and azimuths <re simultaneously recorded

‘The times are not absolutely neeessary except for sun observations (to correct §) but ave
usully recorded, s then a fur value for time (which 1s always useful) can be computed on
Astronomical Forms 1 or 2 from the observed altitndes

‘The procedure 1 ob~erving a star for azimuth 1s s follows —

Note the reading of the RO on the homzonttl are and turn the telescope on the star ,
take 1n observation with the mntersection of the centre eross wires and note the time, the
readings of both ends of the bubble, and of the vertical and horzontal ares  Now reverse
the telescope, nd tike another observation of the same stir, noting time bubhle readings and
vertical and horizontal ares, s hefore, then read the RO  This completes one set of
ol servations on a single star

The procedure for obtuning wmulfancows azimuth nd altitude readings with the sun 15
as follows —

Place the hors onftl wire in adrance of the limh to e observed and allow 1t to make its
own contact just before the moment of contact heep the su/e imb to he ohserved in contact
with the terfical wire hy means of the slow motion screw, just as the contact with the
horizontal wire 15 completed remove the hand from the vertical wire slow motion screw note
the time and then rewd level error, vertical and horizontal angles

The following order of ohservations should be followed —

Read RO

Obrerve {as above) the mght upper hmb
Reverse the telescope

Observe (as above) the left lower him!
Read R O

This completes one set of ol<cryations

A rough diagram should always be drawn 1n the angle book, showing the relative positions
of the observer sun or star and referning object, and also the mernidiwn hine

In rapid triangulation it 1s frequently of the greatest importance to determine the azmuth
of some side of the triangulation In such cases 1t 15 often conyement to determimne this by
observations of the sun in the afternoon Three sets should be taken, wnd each set worked
ont independently, o as to obtan a check

Azimvth by Circum Polar Star at Elongation

A Circum polar Star useful for this observation is one with a polar distance of less
than 10°  As alresdy explamed a stir 1s 1t elongation when the wngle 2t S 1 the tnangle PZS
13 a right angle

The time of elongation 1s computed from the formula cosf —tan ¢ tanp Then the
angle between the RO and the star 1s observed at this time

The 1zmmuth of the star ean be computed for the same moment from the formula
sin A = sec psinp

It 18 sufficient to take an observation on each face within a few munutes of the
computed time of elongation  Only the times and horizontal angles need be recorded Thus
the observations would be —Face nght, RO, star Face left, star, RO With a quich
observer these might be repeated

(5465) L2
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The means of the angles between the RO and the star can then be taken, provided that
m ordinary latitudes no time differs from that of clongation by 5 minutes either way  This
gives 1 range of 10 minutes for observing

The angle A 1s then added to or subtracted from this obsers ed anglo to obtan the azimuth
of the RO A rough dingram shkould be drawn

The altitude of the star at elongation 15 given by, sin & = sin ¢ sec p

The method 13 an casy one, both as regards observing and compating and gives good
results provided the time limts re not exceeded

The computation 13 so sumple that no example 1s thought necessary

RoveH MrTiI0DS

The foregong observations oceupy considerable time i both obseriing and computing,
and 1 shorter and sumpler method of obtumng azimuth 1s sometimes necessary

There are two such methods of obtuning an approximate azimuth by eweum polr stars,
at eulmimation and at elongation  these are as follows —

€ yennpolar Star at Culmanation (1ough)

Compute the chronometer time of upper or lower transit of Poliris, or some other known
circum polar star  As this time approaches, lnsect, with the central wire of the telescope, the
1O and read the honizontil are  Then at the computed instant of the star s culmnation biseet
the star with the central wire and read the arc Observe the RO agamn  The difference
between the reading of the star ind the mean of readings of RO will gno the 1zimuth of
RO L oW

Repeat the process with other cireum polir stars 1f requured

Cireum polar Star at Elongahwn (1ough) —Assume the elongation to be abouf G hours from
the time of transit castly found from the R A grven in the * Nautical Almtnee’

As nearly as possitle af thes fune take 4 set of obseryations to obtun the horizontal angle
Tctween the RO and the star

Now the azimuth of 4 star 1t elongation 1s obtamed from the relation sin A = s p sec ¢

A fur value for the nzimuth of the R O 1s obtned, therefore, by adding or subtracting
the ingle A from the greafest of the obsersed angles, according as the elongation1s E or W

In the northern hemsphere there are two stars, 2 and §, Urse Minorre, which come to
clongation 2t intervals of approximately 6 hours from each other  One of these ean therefore

w1y s be found at elongation 1 the first half of the mght  In the southern hemisphere there
wre two swtable stars B Ifylr and B O7 wiwleontis ench 2Jout 12 from the pole, and of the
thir 1 wd fourth ma,mtude respectively

A pln of the constellition Lrewa Minor 15 given wn fig 87 which muy assist 1 the
1 lentafication of the seyeral stary

B
* ”

Eid
a~
Wi )

h,

Usst Mivor

prs
L, T

The clements «f all these seven stars, except » which 15 1 double star, are given in the
N mtied Almnae
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DETERMINATION OF LATITUDE.
GENERAL RFMARARS

In fig 5%, i whick the phwe of the paper 1s supposed to comncrde with the pline of the
meridin —

Tt 15 evadent that the lattude of a place 1s equal to the dr lination of the zemth TOZ

It 1s al o the altitule of the pole NOV, for m fig 5, ZE — latitude of the pliwce — ¢, nd

Fig 58

therefore PZ = 90 ~ ¢, but PN =90 - PZ Hence PN or PON, which 1s cleurly the
altitude of the pole, 15 equal to ¢

Let & = altitnde of a heas enly body

¢ = mendian zemth distance  This 1 2= when the hewenly body 1s % of zemth
8 = dechimtion

+ N
& = hntude of plce } Theseare ™ when | of equitor

Then 1t 13 clear from the figure thit ¢ = { + &
If the hexvenly boly be—

wS {15 4 S 4
HarS 15+, 81 —1r
oS s —16,818 41
wH {18~ nd 815 180—true §

In the first two cases the altitude (%) 15 ohsersed while facing sonth
5 last " " ” » »  morth
Now suppose the observations are made m <outh htitude (see fig 59) Then if the
hewenly body be at 8 we hue ¢ = ¢ + § whence gnang ¢ and & ther proper sigas, ¢ if
south must come out negative
From the above results 1t will ho seen we get the following general formuly gnang ¢, ¢,
nnd §, their proper s1igns —
p={+38 L 3]
* 513 hero mensured from T through t) e zemth and elevated pole, and 19 equivalent to the angle S O,
H s

Wt 13 to say when o star bs taken &t sts fower tranit the & 1+ obtmmned by taking the wapplen
g 13
gven 1n the * Nautical Almanac* PRicmient of the valge
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We have thus an eagy method of determumng the htitude, iz —by measuring the
altitude of any celestral hody 4t the exact moment when 1t 1s on the mendian, & hemng obtamn
able from the ¢ Nautieal Almanae,” if we hnow the approuimate Greenwich time of obsersation

P /PaL:/

Fig 59

Latitude by Meridian Altitudes

This 15 the stmplest way of determimng Iatitude though not the most aceurate

First calenlate the Zame of fransit of the sun or star (see p 1563)

Then, having adjusted the theodolite, commence observing 1 minute or so before the time
of transit and take « series of altudes FR, FL,FL,FR,FR, FL, &¢, notng the
times  Tho mean of the parr of obseriations (I' R and F L) nerest to the time of trnsit 13
to be tiken 18 the observed menidian altitude  Or, if the error of the watch 1s not accurately
known the pair which gives the greafest altituae must he taken  (In the case of the sun, the
eorrection for semr-diuneter must first be applied 1n order to ascertan this) .

Correct the mendian observed altitude so obtuned, for level error, refraction (and
parallix in ense of the sun) and from this ol tamn the tine mendian zemth distince () Then,
as lefore —

p=(+8 (taking care of the signs)
To get good results from meridian altatudes, the following rules shoul 1 be obsersed —
(1) No altitude should bo less than 40°
(2) 1quil numbers of North stars and South stars should he obseryed
(3) The North and South stars should be balinced, eg, 1f 1 North star of altitu le
40 13 observed, try and find a South star of the same altitude
It 1s clear that 1 sun altitude will bo unbilinced and that a Iatitude by menduin altitnde
of the sun ¢an only be an approvimation

Latitude by Circum Mendian Altitudes

When a number of altitudes arc olserved very near the menduan, they are ealled errenm
mert fian altitiules

This method 15 an 1ccurate and sats factory one

Fach altitnde reduced to the menhan gives nearly ns acenrate a reenlt asaf the oheerva
tton wero taken on the mendian -
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Tt e Y e shown by mvestiziting the formuls that near the mendian, the correction varies
as the geare of the hour angle and not simply m proportion to the time  Hence 1t 18 that
neir the menidiin we eannot reduce 2 number of altitudes by taking their mean to correspond
to the mean of the times 1313 done (in most caces without sensible error) when the ohserva
tions are remote from the merihan  We are obhged therefore to reduce each altitude
separately and take the mewn of 11l the results

(a) The zenith distance should not 1o greater than 50° and under no circumstances less
than 10°

(b) The hour angles should not as 1 rule, exceed 10 minutes

(¢) The closer the mendian {and therefore the more rapidly the observations are taken)
the | etter wall e the re ults

(1) Equal numbers of North stirs and of South stars should be observed

{¢) The North and Sonth stars should he balanced

Selection of Stars - hen selecting stars eire must 1 tiken to choose those which
trinsit 1t a convenlent ttime  The stars chosen should have zemth distances less than 50°, and
greater than 10°  This ¢an he found from the equition

(=¢-8

by grang ¢ an approximate value wd cwrefully looking to the signs of ¢, 8 and ¢ The
altitude () of the star at trinsit wall be 90 ¢

Time of Transit —The time of meridian transit 15 obtained n the case of « star, from
the RA gnven n the Nmtical Almwae which 1s the sume thing as the LS T of transit
Ths last can be reduced to LA T from 1 knowledge of the GST of GMN p IT ‘Nautical
Almame (see Astronomical Form 1)

Viath the sun the L M1 of tranait 13 ohtune! from the ejuttion ¢f fame (p I, Nautrenl
Almanac’) corrected for longitnde  If 1 sudereal clock 13 used the LST of trinsit will le
the XA of the sun 1s given 1o the Nuutical Alminwe corrected for longitude (see
Astronomici] Form 5)

PracTicat Hints 0N OBSEIVING FOR LATITUDE

Programme of Work —Before commencing ol servations for htitude an observer
should make out a progrimme of the observations he intends to take deternimng the
approximate time of each by s wateh ind selecting such stars 1s will enable hum to carry
out his programime at convement hours

As the travelling rate of the chronometer cun rirely be depended on observations for
time should always form put of the programme  these can be tiken at any convement time
while waiting for the culminition of hititude stars

For example 1n latitade 40 N on the 1st Janurry obsers ations are required for latitude
The sdereal time 4t mean noon on thu diy 15 18 h 50 m nd supposmg we wish to
begin at dark ind complete the observitions before 1030 1 M we must choose stars for
latitude which enlminate between O b and 5 h 30 m sidererl time

The zemth distance of 1 star at culmination 1s found from the equation { — ¢ & wherc
the mgns of the several quantities must be crefully attended to

Ihen knowing that the latitude 13 tpproximately 40 0 and looking out the dechinition
of « Cassiopers from the *Nauticil Almurie we ol tun the 1pproximate zemith distance of
this star thus —

¢ +40 0
3 +55 8

¢ —o0=¢ - - 156 58 north of the zemth
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& palaely we <kall 1 for—
2 inen {=~17 3 =omd
«Casropee {— - 23 9 novth
= Tran {=+23 42 couth
Polams (- < ¢~ 43 nomth
BOnoms ¢ — + 4~ 19 somth

formne theee par~ of approximatelv equal no—th and soath zemth &1 tancew.

As rexwds the tmes of tminat —If the watch 1s T look out 1n the * Nautieal
Almama the GST of G\ and ccmerr thy for lonmrude 2t the rate of 9 %6 seconls per
borr (W « E -)  Thiz mill mve the LST of LM\ Now the RLA of the <tar 15
> LET of trars ., hence the difference of the Il A and the LST of LM gmres the

feveal inteval from LM whi b can then be reduced to 2 MT 1nverval and need watha
MT watch (comected for anv known emo~) If the wareh <hows €T, no computation 1
neesaT excep to applt snv known emmor

The prozmimme e then be drivm up ac below entenng alutndes instead of zemth
d. "ances —

Tize ~a Mar Aspect Limle Pems ka.
{

P n

v $1 aCa am Yar A b s P bt oede enum

£ 3y P ar 22 N 41 1a ssemduane l

6 24 ¢ Cacnper 36 N & ol

- & Aneas 0 - 2 W8

a3 aTin 10 ~ o 1%

019 BOa=s._ 03 < 4 41

E 121 W cam enablv plaived fo- time obesmanons ean be otmemved bwtween the otsevr
t e to 2 Anetis and 2 Taun

Tpstructions for Obs>rving Latitude —The oleerve- <shoall commence oheerving
sltitudes aboat 15 panutes Lefore the tranat, reverang the telescope afte~ the £r< ob-ermt on
and then aftes e1 % pair of observat ons

In the case of the <un alutn les a%e talen 1o the nppe- and lowe~ limbs alternatels

The obevanons sheald be contirued till 1t1s quite evilent that the <an o= <ty s falling
ar 1 that <orze 10 @ na es kas elagred since tmat

is the altitn?es are ¢l anmng vemv slow's contacts kave tobe r 27 by the <low motion
crew

At the time of ob eving then <¢ the vertiral arcle to the prope altitude (A) and tam
the telescope al tlato the ewt of the meamlian, tke car shaall then lean the field of the
teleecope  The altitules of the star on bn b face ame recorded 1 the dr7e 7 L, ant the
ftam 13 ¢n Iv forr I v erting the veruaal arcle to these alty 2 les approximatelr

Tte 3 # favoaral e gettes of (Vmemva 10rs can af erwands b» selected to compa e from,
At ro gre1 ¢* accamacy @n s tirally e ot ained 1v computing from a lirge number ¢ '\
o'~evat oms 1n preference 10 £ x or 1.t we'l « trated, 14 rear the mendnn

1 mwno reresan tnkaveane, sl namber of *—=— “~-=~githe~ «1le of the men lun,
Turthete etrevareIt'mmvithe b emwill le the resatis e —aample, theee olwervations
onones 'aof the trarat and fre on the cthem mav be «arl to b well balanced

Tte Chronometer Ermor o cotert Ixal time at the rean of the olnerved times ronst
Tehrown anlur allecd anallvaniniepenlert cer of cheerva one (see p 149
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The chronometer exror has to be applicd to the frue fims of transit to ohtain the chionn
wieler tume of fransd

The Rafe of chronometer is practically only requred when the chronometer or watch used
1s unrelinble, or when the 1akoral Letween the time of transit and the time at which the
chronometer error was determined exceeds one or two hours

Erample —Error of wateh determined by set of observations for time 4t 20k Sm 0« was
found to he 2m 203 o

Rate of wateh ascertuned to aver wze whout 1 3s per hour, ganing

Mean of times of transit 26l 10m O- on the same day

We have therefore —

Watch gamed m elipsed mtersal 4 1h x1 33 =535

Watch rrzen af fune of ranal =2m 20s less 5 3s
=2m 1478 <lon

In observation with a star the chronometer error 15 generally obttined by an mndependent
set of oliccryations, withi one honr or less of the erreum merrhan altitnde observations, and
any good ordiniry watch may be rehied on to heep sufficiently aceurate time for such a small
mnterval without any correction for rat, but 1t 15 advisable to ascertam the rate mn cise 1t
should be unusmilly lgh  No good ordinary watch should gain or lose more than 12 seconds
per diem

The notation and formulse employed 1n the eomputations for Intitude by circum
mendian altitudes are as follons —

$é=latitnde N or & ¢ =mean zen dist 8=dee 1t mean of times of obsn
¢n=approx it & =approx mer zen dist
*2 512
2

m= Zy=correct do do do

sinl

m,=mean of the values of m (computed separately for each hour angle)

¢r=8+¢ and ¢=38+Z,
A R G
sy

As regards signs, treit A and g as +ve  Zy must be less than §

In this method of redueing circum menidian dtitudes the computtion of the conection
Aug ean be repeated o sceonil time with the computed values for the latitudo and zemith
distance, nste1d of the approrzmate vnes & and ¢, and a closer result obtained

Astronomical Forms 4 and 5 provide for the computation of Iatitude from arenm
merxdian altitudes of the star and sun respectrvely

Latitude by Pole Star

When the correct local time and the pproxamate longitude are known the latitude may
be found from observations of the rluitude of the Pole Sfr at any trme
To obtan the correet locl time 1t 1s usnal to t1he an independent <et of obseryttions for
frme, erther immedintely before or after the observations for latitude
The following formula 15 employ e —
$p=h-pcost+lp sml sain’ftanh
The hour angle /15 to be deduced from the sidereal time, and the star’s night ascension
by the formula—
f=ST -RA
Calculation Form 8 provides for the reduction of obsersations by these formula, and also
by Tables I, I, and TII at the end of the ¢ Nautieal Almanac’ The Jatter tables are useful
when great accuracy 1s not required , but when preasion 1s necessary 1t 13 hest to work out the
¢ S Qable AVI,

(5455) N
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formuly gen above, as interpolation i the tables can only be accurately done hy me s of
second differences—a somew hat lengthy caleulation

Latitude by Rough Methods

A useful method of finding latitude which does not entul 2 knowledge of the declmation
of any celestial body 15 the following —

The Iatitude of 2 plrce 15 equal to the altaitude of the pole at that plwe  Hence 1f we
take 1 cicum polar star and observe 1ty altitude ot both upper and lower transit the mean
of these altitudes (corrected for refraction, &¢ ) will give at once 1 value for the Iatitude of
the plice  Sinee however two such oheersations at upper and lower tiansit must necessarily
lie separated hy 2 peried of 12 hours, 1t 18 not 2lw =y s pricticible to make them

A single observation of the ltitude of « star 1t time of 1ts transit gives the latitude
readily by the formuln—

$-{+8,
hut 1t must be recollected that when the star 1s observed at its lower tranait, § then 1 tihen
s the supplement of the dechnation gnen 1n the ¢ Nmtieal Almanre
Another rough method has already heen described on p 152

STCTION VIIN—GEFNTRAL PRACTICAL HINTS IN FITLD ASTRONOMY

(t) Buore tikm, observations for #ime or a imufh switatle stars one ¥, and one W,
muy le selected from the star chart or else stirs m1y le picked up e1st and west of the
olserver 1n the shy It 15 necessary of course to hnow the nimes of the stars used  In every
et e where observations for fime are taken, comparison of witches should be made, either
hefore or fter ol sersation

(b) For latifules the altitude and chron time of transit of the star must he worked out
previous to observation (see p 153 and Ex Form 6)

() Before commencing work n ol server should make out 2 progrimme of the obseryt
tions he intends to take determiming the approxuimate time of each by Jus wateh, and
selecting <uch stars as will enable him to ewrry out his programme at conyenient hours

(1) Observitions should dlwavs te made m pairs, with free nght and left alternately, so
\ to ehinate colhmation and lesel errors

The syme prinerple should he adopted 1 selecting stars for ol sersation, thus for et le,
pars of stars «f opposite ind approximate equal zemth distance should 1¢ of served and for
tir7 anl @ imuth purs of stars est ind west

(#) A looker should alwnys 1e cmployed if possible

(f) Ol=ervations shonld be mado in the following se juence —

15t The ohserver carefully sets up and adjusts the theodolite

2nd The o) erver informs the hooker what the obseryation 1s for and the name of
the star used  The booker enters these in the angle book and al o the followmg
daty  the pproximite watch correction, the thermometer and barometer
revhingz the value of one divtsion of the vertical eircle level the phee date
and referring ol ject when required

3rd - 1he obeerver gets the star nto the field of the telescope telling the bosher to

stand 117 On making 1 contact the ot server says ¢ up *

$th The booher t1hes the tune and records 1t

Sth The of server r uls ont the level readings alwavs giving that at the eyoen 1 of
the theodolite first Thus* R, 74, 0 527

6th The oh erver reads out the vertical inles, € and D yvermers

Tth The o erver reads ont the herizontal angles A i I vernters

® B oneobeerveraecrs | rat better to uce m w nl beg on tg with s dental « neonant aacl as t p*
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(1) The looker must alw 1y~ repeat the rewdings after he his wntten them down to show
thit he has got them correctly

The Yooker shonld remunl the of crver eich time he 1s about to ol serve what ¢ fice
<hould Fe wed il for sun ol sumvations what limb (upper, lower miglt or left) he s to take
To amphfy thie the limls md fice to be nsud shoukl te written down 1n the angle took m
their proper onder for the particular of survatton before ol serving

(&) The «nly occasion where loth verticil and ho 1zontal angles are simultineously
recorded 15 for nzimuth obsurvitions Computition Form 4 The method of mahing the
cont icts has alrewdy Teen eapluned p 149

(1) \fter observing evervthung required by the ingle ) ook form should e mhked m and
the took ugned  Ths 1s to ensure that no neees ary dita tre omtted

IDENTIFICATION OF STARS

When mihing ol sarvitions of the stars for time Iatitude or azimuth 1t 1s very helpful
tole atle 11 1 mere mspection of the henvens to pch out the stir previously determined on
for observation or 1t any rate the constellition in which that star exasts

This 1mvolves 2 hnowledge of the rehitive positions of the lirger stars i the different
constellations

Star charts ire 15 1 rale on sterec graplie or globulir projections and do not represent
<ats factonly the relative positu ns of stirs

For this rewson 1 short description of the positions of some of the primeipul stars 19

Lhen
N)
Capetla
. * * Pole Star *
*
E) (™
GREAT BEAR
* o
- * * *
«f3
*
# Arcturus
(s)
g 0

It must be unlerstood thit when spodan, of « strught line letween two stara
whit 1s memt 15 the | ntion of 1 greww ancle of the celestsal sphere intercepted etween and
passin, through those stars A little consilerizon will stow thit owing to the joatirn
of the of server lemg 1t the centre of the sphere 1 dirgrim of whit 1s seen will hue the
L. md W points mnterchange 1

15455) xe



158

The angular distance Vetween two stars can be very furly weurately estimated, 1f one
compares 1t with haif the distance from the pomt 1n the hewens 1hove the heid to the
horizon which of course represents 45°

(1) Peferning first to the constellation * Ursy Major or “Great Bear,” the two stars
o wd B pont nearly to Polares or the POLL STAR  The Pole Star itself forms the end of
the tul of the “Lattle Bear or *“Ursa Minor’

(N)
¥ Deneb * lega
¥*
~ * *
») . (u
%
* Markab
GREAT SQUARE or PEGASUS »4:,41, .
]
*
(s)
Fig 61
™
* Capella
x The Plerades
# Aldebaran
(E) Betelguese a
# Frocyon * .
*
o
. * Regel
¥ Sertus

(s)

hyg 62
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The stars z and 8 of the # Gret Bewr ” are generally known as the pointers

(2) 1f the curve formed by the tal of the * Great Bear™ be continwed away from tho
pomters, the huight star ARGTURUS or o Kuatts will lie seen at about 30° from the end of
the tail

{3) A line drawn from the Pole Star perpendiculir to the hine from the Pointers passes
throngh CAPELL\ or 2 .fur1qt, whnch 1s distint about 50° from the Pole Star

(4) A hine from the Pole Stir throngh the 1ist star but ane of the tul of the Great Bear
will, of produced, pass through SPICA or & Jugqus This star will be found to be about 30°
hevond Arcturns

{6) Ina hne with the pomnters, on the opposite side of the Pole Star, and distant about
§0° from 1t, will be seen the *“Great Squire of Pegisus” formed by three stars of that
vonstellation, and one, nearest the Pole, belongtng to “Andromed:” The star at the
opposite corner 1s cilled MARKAB

(6) Madway etween the “squire” al the Pole Star wall be noticed the constellation
“ Cissiopers,” formed by five stars 1n the shipe of a W

(N

¥ Arcturus

* Castor
E) *Denebola * Pollux
* Sprea

% Requlus

% Procyon

(s)

Iy 63

(7) A dingomal dewwn triom the SL to the NW corner of the square, 1f produced, will
poss through DEXEB or o Cyne 1t about 10 distance from the square

(8) 1f thit line e continued wother 25 stll further, and ¢ 107 to the nght of 1t, VEGA
or o Lype, \ 1uge white stur in the Lyre, wall he seen

(9) At about 35° to the outh of Dench and Vegu will he «een ALTAIR or a Aquile
Tlns star 13 situated between two smaller stars, and forms, with Denel and Vegy, what 15 very
neurly wn 1sosceles trigle, with Altur at the apex

(10) A line from the Pole Stur through Capells will touch RIGEL, v star 1n “Oron,”
distant about 65° from Capdli  This hne also passes hetween two other bright stars,
ALDEBARAN or « Tewrs, 10 to the west, 1 about 30 from Cipella, wd BETELGULSE 1
Orion, 10° to the east, at about 40 from Cipelln
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(11) A line from Aldebaran through * Orion’s Belt” passes close to SIRIUS or « Cunes
Myores the hrightest star m the hesvens, and at about an equal distance on the other side of
the belt  This star, with Rigel, Betelgnese, and Aldebaran, forms a trapenium, having ¢ Onion’s
Bdt” in the centre of 1t

(12) At about 50 to the cast of Betelguese will be seen PROCYON or & Canrs Minorts
‘This star, with Betelguese and Sirius, forms 2 very neuly equilateral trangle

(13) About 30° due north of Procyon will be seen CASTOR, which, together with
POLLUX, 5 to the SII of Castor, are the two well known second magmtude stars m
“ Gemm ”

(14) At a distance of 45° eastwards 1s seen REGULUS or @ Leomss  This star forms the
apex of an 1sosceles triangle with Castor and Procyon

(15 ) Contimung the line from Procyon to Regulus, at about 30° heyond the litter will he
~uwun DENEBOLAY, a second magmtude star also m Leo

(16 ) It will be noticed that Dencholr forms an equiliteral triangle with Arcturns and
Sprct The positions of these list two have alrewly heen referred to

(17) 30° from the Southern celestil pele s the well known constellition the Southern
Cross, the ¢ross hemng formed of 4 stars (2 first mag, 1 second, 1 third)  The star neirest to
the pole 1s «, thit furthest away 13y When the hine e, y 15 1 a sertical plane these stars are
uppruoximately on the mcricdian

(18) 40° south of Sirms 15 & Argls (CANOPUS), a first nigmitude star

(19) Cinopus, the Southern Cross, and ACHLRNAR (2 Endani), form a nght angled
tinngle with the night angle at Canopus  Achernar 1s about 40° distant from, and transits
about 5 hours before, Canopns

(20) CANOPUS, ACHERNAR, and FOMALHAUT (a Pisas Anstrahs) are 1n a ling and
nearly equ distant, bemg about 40> apurt

Effect on determination of Time (by single altitudes) of error of 10"
in observed Altitude Seep 144

} Anmuth from N 90° | 757 or 105° [ 60° or 120”
' —
seconds secondn { reconds
Lattude 60° 133 1438 15t
40° 0 87 09 100
20° - 071 07 0 82
[ on7 069 077

Effect on determination of Time (by single altitndes) of error of 10°
1in assumed Latitude.

J— ; ; |
L T8 cr 105 €0 or 120
Anmuth from N 57 '
secends eerncs pecon ts
Iatituile ¢ 0 v AL 07
w0 000 oz [0
20 400 019 0

ow -0 0N 03
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OF
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Trvr by Altitudes of Sun

From Page 1 Angle Dok

° 1 m s

Vert Ang'es 23 26 15 Times 20 18 45
24 27 30 20 35 20

27 5 30 2 17 15

2 0 0 20 18 34

Totals 99 59 15 81 4 54
Means 24 59 49 20 16 13}

i —— —_—

Tevel Correction *

¥ o Correction
s 7
0 10 (36;9 x 20
4 7
C o, Zixm
0 12 3
- - =+1 75
Totala 9 38
.
24 50 40
+ o 1 8

26 0 57 Correct mean obverved altitude

* With micrometer theodohites the level should be vead to o1 e place of decimals
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Iy K — (S

Astronomicil Lorm 1)

Time by Altitudes of the Sun

Al ware nlvawosanm

1 ntleClr ner eter heeps S lereal T ¢

1 ' l
e LA e T
: Qrn o ! Bar ?7
i

Pae ) Voo B
] " LIRS

e nAn Asne Uone Foarw " A)ex Clren € r

Pz on Pox in n v, L“T} Ther

FORMULA AND COMPUTATION

ELEMENTS - \/ro«um (r—1)coce(s—¢) ecls—1)
4
- M Ve Weres Eet)
borten s P w v ur Bos TicLat {31y alinuepo 2 veand p < reckoned
the
“ $3n 10 < Tmes W s |
o ) how
AT ST O e 2y 08 n
Nwt b
LeTa LU . Frow ArctE Doox
Ler (Ayrox o 8 dean 5 0.
—_ CLsTa [ MY wed
POLAR DISTANCE SUIt w I MA Refraton = 0 2 41
| (B pmrag tom e —_—dam dm £
E W
* " Py -+ 0 8L
DCozoattme ! wr
"l on e e % T E . TreAl () =
.. -
&mu [T o Jrup g ar e
LM T of Olery
mon e} b o
— Lng W (+ ofF (=) & o N * - b 128 TJogeos i U uty
r — ¢ p 14 Logsee 19 0ul 1y
[ )lT of M on f
== " dher “trmes '} '
£ § = 993 Logcoeeld M1
If the Lat (4 and D 6 aTe ot N f —
nfthe ame name & nt nto e from - - as 13
e PG et e | 3 } ’ * : Tegen 9N T
adl Lt —_— 3
—_— Lgtan== 1 011
DECLINATION | EQUATION OF
TIME e
pe @ Lo ey
(Pagelt " paes
age ane tnare = 814
AtGeeenw t Nwn NwrR {40 71 ML) 4 T4 L Ny N slars s
hms
Hourly Yagat n tintime = 3 1
(Pagel N 1)
+~= 0 11 40 i Itd fore noon subtract from 700
!Innrvﬂ nto rs
frmCMN L AT of Ob ervat on = M 24y
— Fquat on of Time & =+ 031
At mean of © 8l Y —_— ]
Tmes } e 4 383 LM T of Obervation = 0 1as
Hes o, )
=z
T srm o Mo
REFRACTION PARALLAX re .
. . iz .
Petn dueto Alf I Ttor Par 2ol stdatre rua - ]
(Prel NA) £ !
Corr torB T +00 * Rl epeasrerrarn
w —_—]
Core trTIc + 00 o~ 7 LST of 0
Clyon T of Obs =
Retract n - 41 Par in Al 081 ' wn
bhm s
—_ —_ Chron. Slowseast +
ond-Fder LM T = 313
—
(545%) z
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Tie by Altitudes of an B Star

¥rom Page 2, Angle Book

Vert, Angles

Totals

Totals

Means

Times 10 46 12

Correction
(57 — 61) x &
8

_ _1xs
- ®

- -

15 41 49
0o 0 4

35 41 45 Correct mean obsersed altitwde
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Astronomict} korm 2)

Time by East and West Stars

Lat @1\ ses

sTan E onliy ’
m s g
me T Approx Long E andl. 2 qrer 4
1ac .
Iaae 1 dng e B K ey M T Chron *n } Tate Approx Carr -
Tan N TR T )
ware AT 4 ngale stsXenp  ive and p reckoned from tho £ rated Pol
& mude ¢ Bl e
COMPUTATION REFRACTION
. pefn dacoo ue v
s =
Frow Avare Boog Comr A5 * =7 o b
b 20|
Monod - oo Rt a tion e
ot frletn - N —————
_ T
POLAR DISTANCE
™oy o s
Ia &) - 1 30 Deel (8) Nt + =
Part g = s 1o —
ot dist )ora0 2 & - P

CAT ot Ny -
et 1 15

€ ¢r fur Lopg Bt 9 8¢
Pt A

SLST of LMT = 1%

Frou AvGEE Boox

ix_reckoned frot ] ¢ X
i) ne Tnt 'and Dee are of the ea ¢ maner o %,

names
Jo and foldy ¢ tnomes aditggoe T StItract
Log cos = o g
Lig vec =
Log ¢ see =
Log sin =  gaang
2lneas
Log tan ! IR
2
L = LIRS

emarcs [ 0t 4y

B

m s
fntmex o~ 14 M)
[~
R 1 of Star 1 Al a
LSTof Ol v 1 1”1
(PLST of LMK 1
- —_—
ﬁ’q st 1t fomLWUN 10 E
ot de 0 % 1on
22 a7 by aute {)Ilm 0 35 48
- 5 LG B
-° v oo
™ Azarrof oun T
Chron T me of Ob.nt 19 3
cn st bl
mon g owony P
—————



Azimvuri by the Sun.

Trom Page 3 Angle Book

o ¢ » Em s
Yort Angles 31 41 17 Times 19 51 21
8 M 14 19 5¢ 9
Means 3211 155 19 52 45
hom s
Chron watch 1s approx 0 3 29 slow
LM T of observation 1s 19 56 1t

Level Correction

r 0 Correction
35 3
N 7 (11 5-11) x 10”
75 40 —5
— =41
lutals 11 11 5

8 11 165
+ o o 13
- ——

32 11 16 8 Correct mean obscrved altitude
S
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Torvw M —( ML Astronomucil Form 3)

Azimuth by Sun or Star with the Theodolite

LN T A Ly ¢ Newni L3y xu S acar |
N Uow e Tty
Paze nAr B X Afex Lot Frmedt a
Pam Y Tar .
Ise T M B ting .
— -
tan b LN Cnecdsng hale Hrety

 Drnsnalingebetweent e F oot {7 amithe Sunor S ar

By trmaars wedee Selitetskenw b he por olgn whether N or§ and Folw D tance ) is then tobs
nifrmt e m

ELEMENTS
hom o
(QSTELANN (gell N &) -
Corr £ Lang ot
£ | S R L
Il duct AL - 1 3 < —_—
Crrt Far * 0 14 e [aTof I M\ =
CmtrTe 2 o s E1LST of Omn =
Lefract o 1o =484 Int from LN T
—_— s —
- - — 7z 1irs
°l% MT Eq valeots s
By Gl S AE e )
Cos 1t 4 ——
SV 13T eto 1
faraiiag o Al - v gl s Cl\'vx\ et ths £ taken en
2 from ‘tngle Bock)
- ung}.()or +) & I
S1 6MT of Oban TN
COMPUTATION F | Int from GMN am Hrs 2 an
e a——
Viox aKGLE moOX
Mean { bpd Ale s el @ GNN N ors) £+ 145,
Carr for) frat n - u o 1 N
rr £ e bara Lux + 0 6 74 mgl\u)}"‘““"‘"“""* -+ 0 0
Trae Al 1 v 3 Dec (£ of Sun or % att me of Obsn £ ~+ B eh
1a tude ¢ Yoy %0 0
Jolard t g - BRI —
——— Pot D ¢ (or9)-(28) - o
133 45 11
e Nere— 2, Inre koned from e elovated po
dar aTi e enems o'n gt o¢ Rty m 90 4 1
- - 3 Log sec 10 641900%
1 s Log feo aenns
pat . Logsn
Y - si4 W Tegsn NET
1wy
Leston Y= 10 050 S ——
V=i ro

A
Ab Tiw iROAN K (rSa (fon Auy Busk) Sima
—_— H
+ AZINUTIC of RO from Erv 1 8 por y

$ Motz —Azm th for trigonometn a1 purpose mea.ured from the Soutt (by West) It is beat ascerts ned
Shove ern by aone dFar an o1 8 B re 6100 N the Tolstioe pog ¢ are nE I Lol et G
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LATITUDE by Circum mendian Altitude of Star

h m
October 7th, 1807, “e Pegasr,” R A = 21 39
GSTof GMN =13 6
8 33
Chron Correction + 0 4
Approx Chron Time of Transit 8 a7

NoTE ~Tlus computation 15 made before obeervation und guarded in the angle book

h m =

From Form 4 Chron Time of Transit (Tg) = 8 36 37 5

From Angle Book Page + Hour Angles Values of m Fee From Angle Book,
Ohiron Times (L) —Ty) (Vide Table XVI) t Poge 4, Vert Angles
h m s m 8 . ° ro»

8 20 12 —6 535 941 R 48 1 33
8 31 58 4 305 426 L 48 0 315
33 39 2 B85 17 4 48 1 145
36 26 0 115 01 8 2 Bl
38 5 +1 275 41 R 48 2 515
40 49 4 115 345 L 48 0 46
42 39 6 15 713 L 48 0 6
46 10 9 325 1787 43 0 305

Totals 428 10 24
Means 553 48 1 18
Tevel Correction
F o Correctron
4 G
8 4 =(42—5!)x15"___u,2
16
8 4
s kd
5 7
o 4
8 4 48 118
8 + - 0 o0m-2
6 G
_ _ 48 1 6 8 Corrcet mean observed alutude
Totals G} 42
-




Fory N (S ML Astronomual Form £)
Latitude by Circum Mendian Altitudes of Star

[ Page in \ngle Book
S 2% Apprvx B on F ot "
o
tar e MT e {L P
rror &
tate e AT € Clron
\Bate %

NOTE—Clrn T of Transt and mean val e of
3 v

COMPUTED CHRON ’{XME OF TRANSIT (T» ' . "o
e Ne “e .
1noe " *
10 Isa =t Tm of Tran 1 1
i - )
Vm >
FEES SN ' Wl |
Bpooman [ ST
N N NOTATION AND FORMULZE
sl R S i & —lst N\ orS ¢ MeanZen Lit
« = § Approx Lat Ty = \Fprox Mer Zen Dnt
<. . —_— Lec at Mewn of
si froo ¥ v wmlW Tmesoltbn 2 Correct S r Zen Dust
N e . 26int ¢ .
- T Se
: NI ma {;L‘" vy (Valies fouad in Tubte X o
T Tut ————‘——-‘ % Mesnof Valu o for v

Curn Frror n&-‘-r)l'l’ Fat 4 Mow— . $=3+¢ and ¢=8+2,

| Thew Eqns }old good n all cases if tie s gnsof
Chrn Tm f Tramet T, the fun tions ¢ & and ¢ ara carefully attended to as

—_—] o
Lat and Pe are X wt cn? of kquator

Zenth Dist s 2 whenthe Starts §- ot Zeat

MEAN ZEN DIST ¢ w
Zy 4=t gamd Am=

Retrartt ngue 1y Oiad Mean A1 = =
G by _
CorfrTier =+ 5
a1 Crrected = APPROX LATITUDE (¢}
| raox asor Book
° Greum Otsd \lt - £
Ob«d Mean At brox Avore lloox) - a4 1 ea | Mefractonfaethatt r¢) = - 01
Iofract nose abs ve) = -
Approx Mer At = 45 2
True Mean AN (% - %0 0
e — {(Appmx M Zen Dst) + 41 W
GMeanZen Dxt (0 —1) =4 Mo ) = 49 45

ApPY Lat ¢ =84¢

COMPUTATION FOR TRUE LATITUDE ($
Log cos
Log con
Log cosec § -
LogA
Togwglia= 1)
Log A mg
Ao

Aig
G of Mean 2 n Dist

Zyor i, = A np)
Tee (&) D onh

Lat =842
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LATITUDE by Cireum mendian Altitudes of Sun

Equ of Tame, 15th July, 1897

Chron Correction

Approx Chron Time of Transit

hom
+ 0 6 (Pagel,N 1)

=4+ 0 1

o7

Note —This computation 13 mide before observation and guarded m the angle book

* hmos

From Form 5 Chron Tlime of Tranut (Tp) = 0 6 10 7

From Angle Dook Page 5

Hour Angles

Valucs of From ingle Book,

Totals

l81 6 o0 o o v a awo

[l g oo

hron Tunes (T) (L= Ty (Vide Table AVI) | Pige 5, Vert Angles
homos m s . o 4 om o
21 59 145 -7 262 108 6 5 18 105
21 62 35 4+ 57 330 0 9 475
65 1 1297 14 o o0 36
v o + 0 243 03 60 20 19
s s 2 73 a8 59 48 ©
o2 4 213 w2 6 19 g0
72 18 5 833 606 59 47 5t
74 23 7 423 116 5 60 17 50
Totals 193 0 825 369 4 450 31 7
Means 0 7 3t 16 2 0 3 54
)
Level Correction
E Correction
7 ’
A = (ﬂ%"_‘i= ~13%1
3
7
[

o 4w

60 3534
- 0 0131

60 3 40 3 Correct mean observed altiturle
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Latitude by Circum Menidian Altitudes of Sun___

17

T Astrononucdl Lorm o)

e tage n ingleB k
tomoy N
M bog Ferw L) srorsy (N0
1 Frroe £ 0 0 56 8last
fate Ter Ciron Rate £
(HAOTE <ean
COMPUTED CHARON TIME OF TRANSIT T
Pdc'ﬂly <0 nput
| Hos 1 ae ney o1 oo eate et of
tmoe paper
((\:nlll\ll.:l\\ LA too Nt ‘e
orr e T o X el
W M g L, LT et 40 8431 | f omdi Tlelst
Wh g b W J *on f1 -0 0 0w fasl Ire
CtrnTr ¢ ~1 1 —— —! & deome of t ¢ THo ¢
| TNT LA Ange Ints ore g ea
— m—e———  MT [Tran iy 0 849 ay 10 m19)al
Cnn1  tT n 1 MTCAR  Bror £ —+ 0 OBud | of them tould & gt tu
——— haiAslw verted into Seat
— —_ Ints hefo ¢
nn 1 taking our valuo cf
Tran t T, D G0T from t1 e tables

MEAN OF HOUR ANGLES (T-T,

¢ This Cr —Long w3 vexIl sy ¢ oof Egn of Time
A

I:An 1
# Eqn of Th neems  munereally ths Cor
outt glven m"mrmyum folVatof tte Lyn of T and . ¢ sersd
‘an

7 bumer a1y the Corr
W Rine teaaslx 89the Egn of F and ¥ ot e st

v Asee Boox T n
Mean & Tine T
Tot T
Mexn I8 ringe T T, 4 *
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Lavtuoe by Alttudes of Polaris

From Page 6, Angle Book

Vet Angles 51 g7

Tot1ls

—
1]
e

51 39 395

51 40 29

o

31 49 555
88 17

———
51 89 342
—_—

Totals 206

Mens

Levdl Corection

-
o % o

Times 7 38 6%

-
—
1Y
e
&

28 39 39

51 8

Correction

1
N
~
@

o v o
51 30 312
00 73

51 39 417 Correct mean observed altitude
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CHAPTEFR \Y
LATITUDES AND AZIMUTHS

O\ vxpeditions and boundary commussions 1t 1s frequently 1mpossible to keep up « regular
triangulition  Recourse mty then he hd to the device known as ¢ latitudes and azamuths’

Suppose A and B to he the two mutually visible ponts  If a lititude 13 observed at A
an1 the azmuth AB 1s determmed and then subsequentls the latitude of B 1s determmed 1t
15 elear that provided that there 1s 4 considerable amount of northing and southing in the line
AB vilues can bo obtuned for the length AB and the difference of longitude between A and
B ather griphically by draning on 1 plne table or better, by mewns of 1 caleulation

Degree of Accuracy —Obviously no very great degree of refinement can he ohtuned
by this method  We will analyse the error which wall result 1 a4 furly fuvourable case  Let
the azimuth of AB Ve alout 45 let Iatitudes be ol served 2t \ and B with 4 probable error of
3 Then the probatle error n the ringe of hititule 15 3 v/2 and the probable error i the
length of \B =32 x /2 = 6 or 600 feet Now suppose AB to be about 40 mules the

Fig 64

600

ritio of error 1n the length of AB = 10x5280° " .3+ Now, nlthough this 1s a Tirge error

a3 compared with trigonometricul errors 1t 13 smaller than would usunlly resnlt from any
ripud system of truersing

The most favourable case 13 that of a journey nearly north and south with long
rus  Lattudes and azmuths should ruely 1¢ attempted with rivs of a greater ammuth
thin 43° from N or &

Supj osing the exploter on 4 ryjd nuarch 1s fining his framework by this mewns when he
«Ieerves 4 ntitude wnd azimuth he shonld tike t round of ngles to 1ll hkely Iulls amy where
near to his probable hine of ntarch  very often he ewnmot predict the hill which he 1s hikely to
vist next  Tven with this precwntion he may find erther that he cannot viat or ot
wdentafy with sufhiorent teeurtey my il included 1 Jus round of angles from lus fitst station
He must then gne up the adar of wlentifving the hills provionsh otserved to wd must
<1 erve 2 hititude T tihe an azimuth from any comvement Il & el to his first <tition, on
which he shonl 1 af povsit I have erceted some curn or pole o1 mark

Tatitudes and azmuths ware frady msel on the march of the Af ke Bounliry
Commussien as s shovn on Plate VIIT

They were 1l much emplovesd i the oxpliration of the southern frot tier of Abvsanta
m 1002 03
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Computation —I«t L inl Bl twa ~titions b which hititades hue huen olaaved
and 4 the muth of AR s Teon detcrmined

Tet the diffircnce of the two Bittades i scconds A

Tetthe ymmthof ARt v\

Tt s regrrred to hind

) The dongth fthe e AB
() The T ren « of loncstude of A amd Banse onds of we AL
L

Let the wzimath 1t the mddle pomt of A A , —z

Tet the mew hintaede f Va1 B2

Tet the diffiren e of longtude determme 1 spproxanately (from 1 plute talle, or rough
method) AT

Then L

A‘:\ - A" mud, 1y
A

Now apph this valneof 77 to A {rumembering which way the merdins con orge)
ind thns ol ton 7

Then for the requircd diffirence of longitude

AL P tinasec A, AX o
v ),

where lnglﬁ 15 the value of Q 1n Tible T (for the mean Itttuds)

Al o, for the length B,
¢=AOXA secx panl )

where log psm 1 13 the anthmetieal complement of P an Table I (for the mean lntitude)
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CHAPTITR AVI
LONGITUDE

The Longitude of a plie 1s the angle miwde by its mendiin plne with some one fived
mendian plane arlntrandy chosen and 1s measured by the are of the equitor ntercepted
hetween these two meridims

Longttudes are reckoned east or west of the fixed mendian up to 180

The fixed mendin 1n use 1n all British terntories 1s that of Greenweh

Since the earth makes 1 complete revolution once 1 24 hours 1t 1s clewr that ewch
meridiwn 1 moving round at the rate of 15° 1 hour we may therefore desctibe the rchitve
positions of two mendians 1 are or n time  We may suy, for mstance that the longiude of
A plice1s 30 ¥ or 2 hours T

Now s histeen expluned in Chapter XIV , the locul time 1s mewured by the ngle 1t
the celestil pole hetween the local mendian nd the mean sun  wnd the local sidereal time 15
the angle 1 etween the local meridim and the Farst Pomnt of Aries

It follows that the dafference 1n longitude of two pliees 1s the difference it Any instant,
of their local times mean or suderenl

The longitude of 1 plice may he determined by any one of the following methods —

(1) Triaugulation

{2) Lxchange of telegraphic signals
(3) Latitndes 1nd azimuths

(4) Transport of chronometers J

L Relative methods

(5) Occultations of stars by the moon |
(6) Moon photographs

(O] enlminations

(8) titudes

(9) Lunar distances
{10) Echpses of Jupiters satellites

Absolute methods

TRIANGULATION

(1) Triangulation s by far the best of a1l these methods, not only on account of 1its
wenracy  but also Tecurse the process 1s atself necessary for the detml survey Tven m
wooded conntries such 13 prts of Burma 1t 13 still usnally possitle to triangulate, and the
acenmulated error even when 1t 18 1mpossil le to ercet mgnals will only amount perhaps to
some f sceonls of arc m 100 mles  The method has Teen fully expluned n Chapter 11T
If Yowever the longitude of the starting rownt 13 not hnown 1t must 1o determined 1y
tcde ryph chronometers or 1y some 1l solute method

A good example of the combined use of several methods 1s fforded by the Ny v Langwm
yihy Boundary Survey of 1898 The had ¢f the trinscontmental telegraph hine had, at that
time reached 4 pont (Nhata) near the shore of Lake Nyasa alout 140 wnles south of the
starting pomnt of the boundiry (which was on the Ike) ind some 1900 nules from Cipe Town

The diffrence of longatile Vetween Cape Town ob ervatory and Nhat was determaned
13y cxchango of telegriplie signals on three mghts and a good value of tamed

1 onrteen chronometers were now transported hachwards and forw irds Letween Nkata and
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Rambwe near the <tarting pomt of the bonndiry 1 rom this poit 1 continuous tiangalition
was carned ont heng the whole length of the omdary zone (over 200 males) to Lake
Tangntiha

EXCHANGT OF TIHEGRAPHIC SIGN ALS

{2y Exchange of Telegraphic Signals —Yor a description of the refined determunation
of diff ren o 1 naitude ot nph for JOvlene purposes by means of chranographs, the
rerlem s rfored st hind work on eodutte methads we shll here descrthe the stmple
mewms um e Ttun tehooryg b diforences of lonzinde with sufhereat tecuriey for map
makin,

Let v anl I8 e owo statiens which are connected by telegriph ind of which 1t 1s
required ta decrming th Diffcrence of lonatude

Arring ments must firt be mule to ansure direct commumention hetween A and B, thas
may aneche tho o of mdivs, The hne must be free of ll trafie duning certun hours of the
mht e thore must 1o tedegraph opeetor at cich end

At cich o thare must Te gocd Tox chronometer, one of these should he 1 mean time
chren meter md the vther v osiderel time chronometer The reason for this1s, that 1f hoth
were sulereal or both mom time chronometers, the wteryils hetween the beats of the chrono
meter womld be constant i there wonld be no comeadences

Ihe  hrononieter <honld Yo on the same table (in tent, hut, or house) s the telegraph
kvl dose teat s that the porson sending stanals e easily rewl the chronometer

Bufere ommenang the exchinge of spmals, v programme should hue Teen wuringed
tween L nd B

A omvement progrimme 14 s follows —

S1gnily to be exchngud on three nights

Lach m bt s work to conaist of 1t lewst one sct of signals sent m each dircetion

Uaate fretony scts to Te reputed

Fach <t of sigls shonld e prece Ie 1 by 1 sattle on the key abonut 30 <ceonds hefore
the st Teans Lach «et shonld end with 2 rattle L message shoull he sent
it the cnd of 1 set to 1k af 16 w1s recervedd all nght

Each «t of signals to Lt 5 minutes

Lach st to hegm it 0 seconds  Sueceeding signals to be sent at 10 scconds,
20 seconls, 30 secondds 40 seconds 0 secondls 10 scconds, Se, onmtting the
50th seeond

W hen the hey 15 depres el to send = stgntl 1t should he kept down for 2 sceonds

Recewving — Che chronometers should beat half seconds, md m recenmg signals 1t 18

neeessary to count mentally the Teats of the chronometer, thus  one, half two, hilf, three,
hif &e  If now the signal from tho other end should arrnye, sy, between half wd two,
the person recenving must yudge whether 1t was 16,17, 18, 0r 19, 1f he 1s doubtful he should
~ay 18 It requires 1 Little prictice to jud e the mters als

If the chronometers heat half scconds 1 comendence will occur every three mntes,

comnadence the chronometer Feit id the signal will sound together, the recemver will then say
up’, the beat wed sigual will senably corende wwo or three times running

Buore and after exchwging signils, ohsury ions for time should be taken  These

obsery itions shoulit be mude exther with  portable trunsit mstrument or with 2 theodolite , 1f
with the former, two N stirs and two S stirs hefore and the same number after, if with a
theodolite, two k. i two W stars before and the sume number fter

The hox chronometer should not he moved from the tible on which 1t rests dunag the

oper tions , any moieient will tend to grve st an irrcguhe rate

Tes error should Lo determined by transit instrument or theodolite s Lud down, each
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moment of transit ar 1ntersection heing referred to the chronometer m one of the followmg
wiys —
By hwving 1 recorder t the chronometer, and
(1) Intting up 1 temporary telegriph hine 4 few yards long from mstrument to hut
wd sending signals by key,
(n) By shouting up to recorder or .
{m) The time may be trinsferred by stop watch  this s only swmtible for use with «
theodohte whieh must e near the hut
The next mormn,, fter i nterchange of signals each station should send \ message to
the other station —
My loeal men (or sidereal) time of first siznal sent wis (to tenths of seconds)
My local mew (or stdereal) time of first signal recaived wis !
The hist of 1ecenned signils should now be nspected there should be 1 slow progressive
merease or decrease m the deeimals iny obvious mistake should he corrected
I'he difference Letween the mens of the corrected local times of recenving and sending 1s
the difference of longitude 1n trme  This 1s burdened with two errors mn ddition to mstru
mental errors (1) Rate of trinsmussion of signil along the wire this 1s ehminited by sending
the same number of times 1 exch direction and 15 very small  (2) Personal equation  Dvery
observer records v transit antersection or signal ¢ little too early or too Iate  This error 15 best
elimuated 1y exchange of obsersers from one end of the hne to the other when half the work
his 1een completed  This 15 not usurlly prictieal le in topographical work
Tn view of the exstence of personil equation 1t must be expected thit 1 telegraphic
lifference of longitule determined 1s whove deserited will te m error 3 to o of 1 second of
time o1 1 equitonal regions 150 to 200 3 wds
(%) Latitudes and Azimuths —Sce Chapter \V

IRANSPORT OF CHRONOMF RS

(4) T port of Chr 17 Supp that 1t 1s req 1 to iscertun the differ
e ot Dhugitule Tetween two plices A nd B Determme the error of 1 chronometer it 4
«n lovd time md also deternune the rite  of the chronometer te, the wmount which 1t
guns ot losesm vdun Now trwnsport the chronometer to B and determane 1ts crror on Jocal
time 1t P Smee we know the error at A and the rite we cwn alto at any st nt find the
loctl ime tt A compare this with the local time at B at the same mstant the difference of
these two loc1l times 1s the dufference of longitude hetween A and B *

As an exmiple —

At A at 91 % November 3 1903 the chronometer w1z 2 minutes 5 6 secouds fist
punmng 14 seconds 1 day

Ath 2t 104513 Novemler | 1903 the sume chronometcr wis 4 2 seconds slow
whit 13 the difierence of longitude ?

Ihe intersal in time ) etween the two determinations 1a 1 <y 175 hours = 107 dn

Thorite = 1 4 scconds the chronometer his therefore g, uned 1 4 secor ds x 1 07 seconds
= 10 seconds

Ihe difference of longitude 15 therefore —

no.
2 6
+0 42
+0 1,
2113

anlbascwstof VO 32 495
# Itisclaritattlc ifference of tlelornl tn ¢ 1s tle sam netledifra ottlemn 1 ota toftle
eenmoftlen e lront etorsun foaltne o
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In practice §t 13 found that for lard journeys bov chronometers give nnsatisfactory results
for such work goxl 1evless Tnlf chronomcter watehe  costing fiom £24 to £30, e the hest

Taperience shows that the rate of 1 witeh 1t rest 15 not the sume st rate when hem,
transported 1t 15 thercfore desirille when possible to wscertun the  truelling rite  of the
witch  Thismu le done by <ending the wateh out for @ murch every duy, the march to Ins
18 long a1t as espected narches wall he on the et journey  After 3 or 4 dus 2 fu
rite will Te (btuned  The truelling vate v this sense ncludes the rate when at res
it m bt

When «ery precintion has Jeen tihen 1t will Tie found thit v single wateh s very
vamalde moats rate Tt is thus necessary to cury several five 15 1 good number T ich watet
should Te hnown by some distinetnv ¢ letteror number  One w atch should be used for the time
ol ervitions uxl compart ons with Al the others should be made hefore wnd after the
ol ervition

Watch Comparisons —W itches nsuilly beit 5 times in 2 seconds, wd the comprisor
of two watches by e as ditheult  the followig 1s v useful methol —Iet A ind B be twe
oberver X md Y two watches Tet A tzhe wateh N and B witch Y A shonld make
sharp tip on the t1ble when the seconds hind of X 13 exactly Iy eye on some definite second
3 <houl I record the posttion of Y to the newrest tenth B now signils to A m the same w1y
wmd A rccords A and Bnow chnge wtches md repet the operttions  There are now fou
values £ the diffcrence between the witches and the personal equitions of the ebservers ire
i onstant chmuited

Return Journeys —If « witch he transported from « place A to v plwee B and ther
mmmediitdy Grnied bach to A Laf ats errors on local time before stutmg at 3, on st
B3 unl on return to A be determmed @ very goo by alue of the diftcrence of Jongitwde A to
m be found

Foraf no halt 1s mude 16 B beyond the ordinuy might s rest, the truvelling rite cn be
found by dividin, the difference between the errors 1t A (starting and returmng) by the numl ¢
of days which elapsd

If vhaltismule it b the rite 1t ress <hould ¢ determmed and apphed for the period of
the hut

Chronometer Journeys by Sea-—Sometimes 1t 13 necessiry to determine the difference
of longitude of two plices on the sea coast or connected by 1 nwigable myer, or on one of the
great Afriein lakes  Tnsuch 1 case s many hox chr 3 16 ¢n ] ¢ obtained should ¢
curnied ind the metho 1 of return journeys as 1l ove deseribed, should le wlopted

Veanations W Rate —Natch rates wo varlble, md the only wiy to dimme the
effects of such vamahility 15 to carry 1+ Iarge number of witches  The attiched table (p 188
will rerve to show the virations which may be expected 19 yndged by comparsons of four
wtches on A journcy i 1 Afrien

LONGITUDE BY OCCULTATION OF A STAR

(5) L tude by the O of a Star —V ¢ now come to the determination
of longitude by absolufe methads  The ripid movement of the moon amongst the fixed stars
gries the moms of determimng By therr relatine positions the Greenwich tme 1t the
moment of ob ersition, nd the difference at the sume instant, tetween the Greenwich time
and the lacal time 1s the longstude, 1t time, I or W of Greenwich

These al olufe deternunations of lon.ttude depend only upon obseryations made on the
spot ned the hese of all al solute methods 15 undoubtedly the occultation of « star

The apparenl movement of the moon 1n the heavens from eist to west does not take
plee at the sume tate s that of the stars, but 1s slower, n other words the reltfire

(5455) LEA
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Tarer of Duly Comparisons of four watches earried from Rnver Stbi to River Lampopo and

back, hetireen September 8th and September 28th, 1892

Differences between Watches

|
1and 2 A 1and 3 A \ 1and 4 A Dates
mos m e m s
+0 29 +0 13 +0 345 8th Sept
12 4 115
17 9 23 9th
6 85 1356
9 5 95 10th ,,
8 14 75
0 _0 145 -0 17 11tk
12 10 6 16
-0 12 25 33 19h
116 11 195
23 6 36 52 5 13th ,,
12 115 195
355 475 1 12 14th ,,
135 95 15
49 57 a7 16th ,,
105 105 18
9 5 1 75 1 16th
10 o 17
1 95 18 5 2 2 17th ,,
10 5 8 16
20 265 8 18th
1 8 12 5
7 345 30 5 19th
15 35 1056
16 38 41 20th ,,
T 16 5 30
53 54 5 3 1 20t
9 65 13
2 2 2 1 24 2ond ,,
6 10 5 30
8 115 54 2ed ,,
15 35 30
95 25 4+ u agth
115 4 16 5
21 29 40 6 25th ,,
105 75 145
) 36 5 35 26th
3 16 6 285
5 b3 5 235 27th
10 8 15
445 1 2 8 b5 28th ,,

Comparizons on this Journey were only mule to the nearcst half secon i
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movement* of the moot amang the stirs 1s from west to cist it 1 11te of bout one diimeter
per hour
Tt follows therefore thit 1 the course of s menthly revolutions round the cirth the
moon <huts out for 2 time from the view of w ohserver on the curths surfiee certamn of the
fiveld stars The disappewrinee of 1 star elund the moons dis 15 called 1ts immersion nd
the reappearinee its emersion, and 1t follows from whit his heen saud that the immersion
will alnys take plice on the eastern himh of the moon and the cmersion on the western
hta for these phenomenn we gnven m the Nwmticd Almanie under the hewdmy
1lements of Ocenltations’ toether with the & M T «f their oceurrence s they would he
~eun froni the earth’s centre The G MT of the phenomena s observed from any stition on
the earth’s surfice ctn be computed having given the htatnde nd 1ppronmue longitude of
the <tation, nd thus In observing the LMT at which the phenomer v actually occur
the difference of time, and therefore of Jongitude, hetween the station wd Greenwich 1s
determined
To ob erve an occultation 1t 15 de wrable to know heforchand the approximate LM T 1t
which it wall take plice t the oheeryer's station
This ean be done roughly by applymy the approsimate longitude of the station (in time)
to the G MT of conjunction in R\ of the moon and the star (which 1s given m the  Nautieal
Almanae ), allmg the longtade f 1618 east e el bracfin g af west
Two hours efore the tume so found the tulescope shonld be direeted et the exstern imh
of the moon ind «cireh <hould e mule for any star (the mi mtude bemg hnown 1s 1 great
15 1 tince) approaching 1t from 1 distance e jual to one or two dinmeters of the moon
There ¢in be little athenlty i identify g the star, owing to the ratty with which these
phenoment ocenr, wid a star chart 1s nunecessary for the purpose
Piradlax i R AL will hve o consilerible effect on the time at which the ocenltations will
take phice, ind with tlittle prietice the of server will be able to swve himself 1 good deat of
wating 1y studymgits probble effects
Thus he will be 4 le to say whether the hour found from the ¢ Nautieal Almurae’ will he
accelerated or retarded, md rou hly how much simply by ascertuning whether the moon will
Tie to the east or west of the mendin respectively, and how fir
It 13 evident, however, that this system of wuting considerable periods of time for m
occultation (the actual oecurrence of which will mn miny cises te donbtful up to the last
moment) will not commend itself to the skilled oheerver
A preferable method 13 to predict beforehmd the cireumstinces of we oceultition  This
can be done suffiesently correetly, the weuracy of the prediction depencing on the exictness of
the position of the of server’s station assumed 1 the ealeulation
Thus 1t can he ascertamed—1st, whether the ocenltation will take place 2t All, 2nd, the
LMT of immersion wnd emersion, 3rd, the exict position of the moon at these mstnts,
4th, the ponts on the moon’s dise {measured 1 degrees of are from the moon’s vertex or from
1ts north point) tt which the star wll disapperr 2ud re appear, and 5th, whether the immersion
1n 1 emersion wall ocenr n the moon’s braght or dark limb—n most important consideration m
actnal practice
A method for predicting the areumstanees of i oceultation 1s grven m the “explanation
of the ‘Nautseal Almunac,” and there 15 also a graphieal method devised by Colonel & C N
Grant, CM G, R¥ , which s explatned further on
Tn 1896 several quantities (g, 2", 41) were added to the “Elements of Ocenltations’
the *Nautieal Almanie,’ ind Mr A C D Crommehn uses these quantiies graphcally m w

* Of course tle moon ) as a tecon 1 relative mover ent among tie stars from N to S and eice versd
corresponding toits ¢l a1 ges of dechination  the Jatter ¢ use 13 alio res) onmble for the eircumstance ]t the
range of £'xod stars which are at 01 ¢ tume or snotl er vett Ited 18 su h a wide one

(5455) Jpe
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ulipt etion of Grints metho 1 (p blishe 1in pimphlet for n by the Roy 11 Geogr iphied Society)
ind thereby conaideribly reduces the lihour requnred 1 applying the Intter
One ¢ now, with 1 little prictice predict the whole of the crreumstances of an oceultr
tion m + quirter of wm hour, wd the times of immersion and emersion w1l be found to e
correct within 2 or 3 manuntes  An examplo of such 2 prediction 1s tppended
Tongitude by the ol sers 1tion of 2 single oceultation einnot ordmanly be depended upen
to within less than about 1 sccond of time (15 seconds of wre or a guarter of « mile on the
tquator) nd therefore whenever possible, more than one phenomenon should be ob erved at
the sume plice  To get full benefit from the aceuracy of the method 1t 1s necessary to
obtun from some fived ohsers ttory the of erte ! dechnation and right ascension of the moon
durin, the mght i question so s to correct the co-ordinites gnen (by prediction) mn the
‘Nutwal Almane  differences even m the second plice of decimals of seconds m these
guantities wppreeytbly affeet the result of the enlenlrtion
Another disady wtr e possessed 1y this method of ascertainng longitudes consists in the
scareity of stutible ocenltitions that are visible 2t any one plice during the yeir, and 1 hirge
percentage of thse that tike place m every climate cannot be observed owing to the state of
the weather
Thus 1 Inglnd during the winter months the hewens re generally obscured by clouds,
wd m the troprcs cimatic ¢t es such 1s clouds the dust haze wcompanving the Harmttan
wid (which mikes small stars ciffienls to sce when 1 close proximity to the full moon), hring
thott mwy disappeintments
In the Nautieal \lmanie dont 150 stus are given for ¢ich month, the occult iion of
which s visible 16 some pornt or other of the etrths surfice
It const Terng iy one station howeser alont half of the ¢ must he struch out owing to
the stiion bemg outade the hmits* of hititwde (lst column) within which, only, the
occultatrm will T¢ viable
Fryen now 1t by no meuns follons thit hecuse the stition s within the stated limts of
htitude  the oecnltation will 1e visille there fnom mny eases among the stirs that still
ramamn the cecultitions will tike phice either i duhight or when the meon 15 helow the loctl
horizon tr s1y nothing of the mstanees 1 which the occultations will he ¢ spoiled’ by the
effcts of paridlie both e dechnation nd m op ht scension more particulerly the luter
Generallh ihont five satisfictory occultations onlv will 1o found to be visible it wy one
staittm Cich month, anl in ietual prietice, with ficld mstruments, dependenee ¢ only 1e
pliced on i awerie of two of these Feng observed
In Northern Nijcrin, 1 1803 the Anglo French Boundiry Commussiotiers (huvtag two
~cts of nstyuments at their disjo al) wuted two months 1t one plice before 1 aet of three
occultations w1a oht uned
The Dingitwdes when worhed ont hnl i outade varntion from onc another f only
9reconls of ime A\t another phec <n the other hand, with the <econd telescope m use
duning the same peniod of time, three oceultitions were ol sery ed a1 fortnr bty the resulting
Tongitn fes having 1 muamnm sarntion of three seconds
It should te stated however, that in b siv crees the aalanlitions were worked out
withont uang the o erte? co-crdinates ¢ f the moon those predicted an the * N utrcal Almne?
only bhemg woabible at the time
Occultation of & Planet —This «b ers thion i Te e wath fidd Danstruments, Tut at
cmmnot b expeete 1 that the re wdt wall be s acerrte wn the ciseof 1 fixel stu owing to
the apprentle tme tihen ¥y the disc of the glnet to disappear into or amerge from the
moxn anlthe con vquent difhults of Jud ang the moment at which the e tfre of the plnet
comes 1 contact with the m v s hmb
In mabang this (lacnvaten scursteds the times sheald Vo ten of the ¢ mer o g of the

® Umigt ab posatlesa~u ulat wofrepletel juart i sthese hnata sl ullbeextenlalbe 1®
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fir t imb «f the plaect wto wed the err s rm of the second lunb from the moon’s dise, and v
corrcetien n then be apphed for the apparcnt senudiimcter of the phnet

In the il nhinen sy the tamtions of nght scnsion wd dechintion of the plingt g
well asats partllin hve to be considere 1 id further comphieations wrise (espeertlly when
conaiderte, o calt wons of Fupiter Swturn and Saturns ring) o determimng the uxtent of
Mluminatien of the phinet ~ elhptical outling

I wetre TITnt For ficdd wark ctdes ope with v 3an or 33 object glss wall be found
smtatle Tut eare shaull be taken that the stind on which 1tas fived 13 firm wdaf possible
15 an enter preciution agunst vil ration the object enid of the telescope should be secured to
the stin1 1n anarm workime e conpunety m with that attached to the eve end of thy mstra
ment fr the parpn e of devation

Durm, ol servatien the tcdescope shoul 1 of ecurse Ve protected 1s much s possille from
the wn ! by plaong it msade vr offe hat or b e within 1 Twldi humg «door or window
fiemng the moon It will he frumd too thit m eve pece of wompuatively low power 15
prefinible forne —

(a) For letter defimtion
(7'} To mmmuse the effcets of il ratton on the mstiument

A dingomil eveprece v more comvenient than v direct one st end les the ob iser Iy
dju tment of the less of the tde cope to remun sewtad while wuting  but at <hld he
remenihered that the yme thus seen althonzh npui ht s imverted i vamath, und atlow ance
shoull he made accordingly, when oxpeeting an emersion

Stars of which the ovcnltations re predicted e nearly Wl msaable to the maked eve
ez of the 5th Gth or Tth mautude, for the most part

The ¢ are =0 el that even when scen throngh 1 powerfnl telescope it iy he taken s 1
ceneril rule thit an immersion nto o1 an emersion from the fr2/4¢ liml of the moon cven
when observed, cinnot 1o depended npon for grewt wenracy of result  Ner, of course can
olsernations mnto or from the duk lunh he made until <ome time after sunset or lefore
wnnnise, especilly of the moon 13w the west or et respectrsely —though 15 @ mutter of
mtere tit muy e stated that aceultations of lirge stars ire often observed 1n obseryatories m
broad sunlight  Generally speikang also 3f the moon 1 only 13° 01 Iess 2hove the horizon,
the observation will be impeded by huze

So mnch stress has been alreuds 1ud on the searerty of smtable occultations at any one
plice that at need hardly te sud, when i opportumty occurs of observing one ey oy
precaution should e tahen to ensure success, for example, ohservations for time should he
made as shortly s possible Lefore anl after exch phenomenon, so that the error of the
chronometer on LT may be known as nearly as possible

Also every timckeeper, however exy 1, 13 41w 1ys hiable to make mistakes 1 booking
times, when possible, therefote, there should o twoe timekeepers, with separte chronometers,
which Dtter should be compired immedintely aftcr the observation

If this canuot be done the obseryer shoukl e & stop watch 15 1 check on the timeheeper,
i the procedure wonld he g follows —

At the moment that the signal 13 given by the olicerser, he should stut the stopwatch,
then after the time has been hooked 1y the tiwheeput, tho ohserser should go to the chrono-
metcr and ntop Ins witch when the sceonds lind of the chronometer his exactly reiched some
minute or hilf minute, the time indieated Ty the chronometer should then he wrtten down,
wul the number of seconds shown by the stop w tch subtricted from 1t

If the time thus :wrived at 1s the simo, within one or two tenths of 1 second, as thit
1aoked by the timekeeper, the ltter may bu wceepte 1 a8 correct

It should be borne m mind that an ordinary stop watch cnnot be rehed upon fter 1t h (s
heen going severil mmutes
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If wm oacenrite stopwatch 15 v ulible, 1t wonld perhaps he smpler to start 1t from the
chronometer 1t some exact minute shortly hefore the phenomenon 1s due to tike plice, ind to
then stop 1t 1t the moment the signil 1s grven

Ihe hours unl mnutes (in then he hooked from the chronometer, and the seconds wnd
frictions of \ second from the stop watch

As regards the calenlition of longitudes from ocenltations there we severi ways of domg
thas, all depending on the sune prinaple

‘The method deseribed m the ¢ Connassance des Temps? for example, 1s different i form
{rom that given mthe  Hints to Truvellers,’ whichis taken from Raper, and mexample of which
1s appended  the hiter wall e found to give good results—although formudible 1 wpperwce
118 not <o 1 retlity, wnd depends fmost entirely on aceurate anthmetie

In wangat 1t should be noted that st 1s preferable to use five plices of decinils 1 the
lo,s nstend of four only, ternary proportional logs to five plices bemng given m Chamhers’
tables

In conclusion the attention of the begimner might with advautage he drawn to two
ponts m this caleulstion —

(1) Cure should he taken to 7 duce fo date the nssumed plices of stars gnen in the
Mewm Plices of Ocenltition Stars  m the  Nautiell Almane, by adding
(anthmetieilly) the quantities Az AS (eolumns 4 and 5 i “Elements of Occul
tations  Nwtierd Almante ) to the I 4wl dechnttion respectively given
under ¢ Mewn Places of Ocenltation Stars, M wticnl Almnac’
It will be noticed that Az 1s given m seconds of time wnd A8 1n seconds
of ue
(u) Table NVIIT for reducing the of scrved Iatitude to geocentnie htatude 1s 1 wsed
on Clrkes first figare (1858) the 1lue for compression bung ;22

\ wompresson of 43, his been used m the following eximple, the 1 tue adopted makes
w appreent le differenee m the resulting longitude

In the ealonl sron of longitude 14 occultations the yvilue for the moons semn diimeter
gnenonp I Nutied Almmnag, should be dimimshed m the proportion of 15 34’09 to
1) 32 63 o1 93409 93265  The former 3 tlue 1s the main semi-diameter wlopted for trinuts,
wul the hitter thit wdoptad for oceultations '
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If w wenrite stop-watch 1s w ulible, 1t would perhaps b
chronometer 1t some exict mmute shortly hefore the phenomer
then stop 1t 1t the moment the signal 15 gaven

The hours and mnutes can then 1e¢ hooked from the ehr
frictions of 1 second from the stop-w itch

As regards the ealeulition of longitudes from oceultations {
thus, il dej ending on the sume principle

The method deseribed i the ¢ Connussince des Temps,’ fo
from that given m the “Hints to Trnvellers ' whichis taken from
1s ippended , the Itter will be found to give good results—lth
119 not so m raality, and depends tmost entirely on wecurate

In wsing 1t, 1t shonld be noted that 1t 13 preferable to us
los msteul of four only, ternary proportional logs to five pl
tihles

In conclusion, the attention of the lLegmner might witl
pomnts 1n this ealenlition —

(1) Cire should be taken to 1d we o dafe the rssun
“Mewm Phees of Ocenltition Stats  m the
(anthmetieally ) the quantities Az, A8 {columns ¢
tations, fNwtietd Almanac’) to the RA
under ¢ Ve Places of Ocenltation Stars, *Nau

Tt wall be noticed that Az 13 gien m seco
of ue

(u) Tible YVIIT for rednaing the ol served latitude
on Chirkes first figure (1858) the 1value for comy

A compression of 115 his been used i the following ex
w ppreei] le difference in the resulting longitude

In the erlcultion of longitude Wy occultations, the valu
givenon p T *Nwmtienl Almne, shonld he dinumshed i
15 32765 or 93109 93265  The former v ilue 1s the men ser
wd the Litter thut wdopted for ocenltations
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*Laavnn or Prepietion or OcCLITATION 11 G snhe MyTiop

Let us exumine the errcumstinees of the occultation of 76 Leoms on M 1y 6th, 1903, 1
Buw (1 Freneh mulitary post m the Western Soudin)
Latitude = 14° 25" 24 N (by olervation)
Approx Longitude = 24m 735< T' of Greenwich (in time)
Dty —
76 Leoms, Magnitude 6 5
[o GMT of comunction in A — 9h 26m %8s

Linnts of Intitude, 44 N to 253 5 AN mticd Almangg,
0= +0 1736 “Tlementsof Oceult itions
F= bR
7 =- 1815 )

h m s
Assumed R A 1003 = 11 13 56 16 Natical Al
Assumed Dechintion, 1903 = + 2 10 56 ¢ “Mewn Phees of Oceult
(1e,N) tron Stars ™
Reduction to Dite —
Az 4 18 90 «NXwtieal Almame,
A= -1 9 “} lementsof Ouenltations ”

There e two dirgrams to boused  Phite NAVIT 1 tGrnts, wd from 1t we obtun the
parallaxes n declimtion nd B A of the moon, wlich e trneferred to Plhie N\VII
(Crommelin s} this «econd diigmm bemng drann on such 4 <eale that the paritlines found on
Plite NN VIT ¢ be entered onat mmltered (It 1510 thiy that the ady wtage of Crommelins
whptation «f Grnts method 15 to be found ) On the sccord disrim the remunder of the
work 15 d ne

Plie XNVIT represents m orthogriphic projection of cwrth (00, Tang the cquator)
‘The horizontsl lines e pardlels of hititnde and the up wnd down hines hour aircles

In Phite NNVIIT the arele i the centre represents the moon, the rudins of which 1s tihen
2 hemg onetint ad 0 2725 of the carth’s rdims

Latitude —It will ho «con that Busa 1s atuatal well within the hnuts of htitnede given
n the daty

Moon Fram p IV of the *Nutical Almwae for May, 1903, 1t will he seen that the
mendim pasarge of the moon 13 W dh 1Tm M4 GMT

Now G AT of ocenltation — 8h 26m 5%s, from which 1t wall du sen that the moon
will be weld up above the Tool hurizon —in fiet near, nd to the W of, the merchn

The dfeet of the mocn bung to the W of the mer o will e to del oy the occultation

Jwhimoy e expectal to o orr thont 101 %

Sunbight 1 yudently € 101y the snn will not mterfere with the olmeration

Parallax  Ihe dfes of pamlhe im dedimstion sl an B A hse now to e considerad,
anlwe come tothe nec o the diggrm

On 1Tae NAVIT dew oy bonzentd hine DD, 20 pepre ant the htitnde of Bus
2 28 N (0f the Pl had e ath Dititude, DD would be dessn llw 00)

D sostra bt Ine throwod G the wntre of the digrim to F, the pomt on the
arumfeun o of the ard rgpreantng the moeon’s dedimtion at Y or 10 1y on My 6th
(F wentDhe Bl OO f the mown bl v S dalimtion)

Parallax in Declination —Now from I3, inwands towands 1), sct off the moon’s hour
and st Il Dare,at e GV of erngun onan RA, one beur iter and two hours

PITANMA T M A€ D Gn ey utied sl e Lyale Dol Gaang sl S
ertalal A Vet 5 of May rOrrts Grapd s 3et] slof 1omht 2 Occultatt 1ot 0 Bl s erton w

greniitle Nl Alarae
+Takntr ndugma i Ol el > €N Grant CM G, RE
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lates  (Note —If the moon had heen near the western horizon, the effects of parllaxin A
wonll e been mnel growter, anl we woud? hoe «dicted the hour wngles at Ty, T 'l
m teul of the above Sy af tho meon b heen shiily to the ca 7 of the mendim we
wonlThae sl titutesd the hour anlles it 1 4 1 oad I, An mdection of wlich Tours to
1o s soon o} tuned wath httle Cvperionce m prodictions )

From the e ponts en the Iime DD drw perpendientars to CF, id el thur lengths o, 7, ¢

Thus a I, ¢ are the salues of the pardlin g de lmion b L Pypoand 1 and will le
transferrad direet 2 hittle hater, to Phite NNV

Parallax in RA —bor the vilus of parillye m RA sct off the <ame hour ingles
along the hititude hne, but this time from D towards D, then DI D and Df will be the
valnes of pardlic i R A to b trnsferred to Phte X\

We have now done with Phe NNYIT It bt Te noted here, that af the hour angle
exceads G hour , m plotuing the pardli i B A an the hititnde line we first move outw wrds
to the aircumference of the arde wlthen ount snw ards 1 zun from that pomt, for the exeess
on 6 hours Al o the fut of the porpendicalies o 7/, wall 1o to the a2 /7 of Caf the moon
1< ahove the horizon wud to the &7 if 1t o5 bedow

Hour Angles —To find the hour ingles at T,, Ty d T we proceed as follons —

h m s
oh 26m "8« (Ty) 9 26 5%
accelerated for Sh — 1 28171
accelerited for 26m = [
weelerited for 58s 16
9 28 31 14
Stleredl time it GMN (M Gethy - 2 52 1013
Sulercl tune it Grecnwich 12 21 1127
Last lontnude i time + 24 75
Sulereal time 1t Busy 12 45 1877
12 4 0 {ncarly)

1s recon Is Cnot Ve plotted on Phite XNVIT

Moons BA o T 11 14 0 (nearly)
(p V1 Nt Almune )
»'s how anle ¢ T 1 31 0OW of the mendim
Now the varntion m A of the moon m 10 mmutes o T 21 59 (Whont)

Yormtonn Thour -~ 129 5is 2m U

Whence B lowr igle it 1 (b 3lm) 4 (1h)* - (2m 95)  2h 29m (neuly)

Simlurly bwhowr wgle it 1 3h 27m (nealy)

Next ot Plate XXVIIT —

Mike OG o gF on the vertrwal hne throu,h O

Draw GoM honzontdly £ 1f1of G wd equil ta )

Then plot MG, 1

Jun G Gy wnd produce it both ways muking off equal mtenals G Gy GG wd G G
Then G Gi G %o e the goentin plies of the moon 1t the mternils T Iy T &«
respectinely

€ —tc we » W ol b 4af pasl
+Whng 1w+ Ggisal ve
be 2

1 » el M
(5455) 2

of men lim
O wleng 15— Gy belos O
AL . -
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Next, to ger the azparsd po-1tion of the monn's centme at the e tumes as scen from the
st unle wonlentmwe ply 0 G, G G the pamllices i deehmition awnd 1A
oVt d m Phte NNV

When the et marhel of on the hititwde Iine 1 Plate ANVIT are afore the “moon
hne' the purdloces an dedlimation are pl ttel @ snvarls from G . Gy Ge, when bl the
porllixes nee plotted upw inds

Smmburdy, af the hoar angles at To, Ty, Ts wre ea f, the paridlaxes i B.AL are plotted to
the left of G, G, G, of v 1, to the nzhe

Then Loa Ly, L 1w the apparent path of the moon's centre, s seen at the station

B thes hoe euts the arde mn the centr of Plite XXVIIT, the ocenltation sall take place,
st the pants 1, |, corre pod to the immer-ion and cmerson of the ~tar respectively

o find the times at the ¢ m tants, «lect that part of the =ede (fig 2, Plite X\VIH) on
wluch 1 di tance equal to Lo, Ly corresponds to 1 hour

It wall Fe ecen that the i tance LT corresponds to about 22m 20: Vhence

B m s
G, ume of immersion = 9 26 58
+ 22 20
9 49 18
+ 24 75

and LMT of immersion = 10 13 25 5 (Long E)

(Note the 1wl LMT of 1mmeraion was ob erved to he 10h 14m. 21 8 )

Tratmg Ly Lot Ly Losumilarly, we get the LM T of emersion = 11h 2m 20+

Angles from Moons Vertex—The 20 _les on the grduated are in Plate XXVIIT, au
TanlL, wre the in les from the moon’s north pomnt (1lways rechoned to the /ff) of mmmer-ton
w1 emerson, (i the exunple 68° and 349 ) respectnvely

Tt will be easer o the ob envation to judae thewe angles 1y cye, howeser, if they are
rechoned from the moon’s vertex

Now, at the time T the hine LGy ja <cs throush the zemth of the ob erver, and so by
drawing 1 e throngh O, panlled to LG we find thiy the vertex of the moon at Ty 13 60
to the It of the north pont

Ler exactniss the Ime G Gy <hould be disiled propartionally (1t g) 23 L Ly 15 by the
pent Lanlahing shon!l Le then driwm throngh O punild to 7 We thus get the moon's
sertex @t 1o n fent o £ oo orton whichn the example 13 64° to the Jff of the moon’s north pont

Whened the i de of immeraon of the star 12 65" — 64° = 4° to the ldt of the moon's
remtex

serrlardy, the o) of cmerston 12 319 = 70 = 279 to the 1ft of the moon's vertex

Thus the o ultatn wall eccur as <shown i fiz 65 It wall of coure appear, 1f scen
throulh the dnund ove preg, shownan fig 66

Moons Limb—Illumination —Further, wi can forete !« immer 1on anl
err s onowll take plicean er from the baght or dark hmbocf thor

On p AL Nautiedd Amuae® for M, 19073, under ¢ 1 Jowe tid
e the men w4 full vuthe 1 Then? e cu the 6th < o ma de wall
remun untllunmmatel, the cotern imb bar 07 % om

Mieoamm ~ om0l themfo o take 37 dak bmd, from the
ot Foeadl pmued purpees this s nt, but 1t} o the
pth el thearmaealn ¢ ol 1o tt w1
e attake ph omtho e b, b o b

Intteferl et han oo ultatt nwanlts sl o

Oaly pulewidlllbe s T~xtolls eoroonin tl ¥
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method 18 here gyven be wiich the wngle that the ternunator (e the hine yoinmg the ends of
the Yracht hmt) wihe wath thcrorth pamt e 1o dateenmed

< lmmcas o
»Verrex

sEmension

Intle Iyhemens for Phy<icil Ol=eryitions of the Moon Iy Mr Crommeln pubhshed
annually mthe Monthly Noties of the Loyl Astronomucal boaiety the ngle 1 etween the

Iy, G6

north goat nlthenorth yol of the moon 1s given If this ephemens 1s 2 ailable wo could
entcr o Elate XXVIIL the hr e yoimng the moons poles whneh for alt practieal purposes could
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be taken a3 the ‘terminator’, for as the inchnation of the moon's axis to the phne of the
ccliptic 13 smll, the junctions ¢f the brizht Iimb and dark hmb will i generad be near the
poles, el it may Te tihen that the ingle between tham will mever exeedd 5% exeept when the
moan 13 very youny ot old, or almost full

An exact sclutton cin be arrved at by the following computation —

P

Tig 67

M 19 the moon, I' the earth, S the sun, ' the pole, and TT the termintor, 1t night angles
to MS

Requered to find the angle PMT —

Now, mthe A PMS, tho twe sides PM and P> (the north polar distances of the moon
and sun) and the meluded angle MPb (difference of thar IR A ) are hnown

Henee the tnangle can be rolved and PMS, wd therefore PMT found  (Note —N 13 the

mnon's north pont )
Tonsert the amount of the alluminmated dise on Phite XAVIIT, nee must be made of

Crommeln's ephemens which gves the Jonntude of the termumator, or 1 drstance From the

centre of the dix
Moon's Altitude —Plite N\VII can also bo utilised to ascertun the altet 1le of the

moon, at the inetants of immur<ion and emersion as foll iy —=
Meraure a ddistince cqual to Ly, Gy sertieally upwards from C, an Pliee NNV,
and note what parslld of Iatitude 19 rewched (267 1n the example)
This gaves us the zemth distance «f the mor i, and the altitule
™ 90" - zeith distance
= 00 — 26° a G4 for ymmerstion
aml = 80 - 351" = 51} for ameracn

Tte freg nung oxplinatyin s mther a long one, ax the itention hes Icen to prona e for
cven example that may ocens
Summary,—In 1 nef, the [ rocedure toas fillms —
O Thte NNV draw tle “monn line ™ and the htstude hne anl st off on the
Litte~ the samous bour anglee
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Dran the perpendicndirs for the parillves m dechimition
On Plite NNVHT plot g g, ¢, nd the paeillines i dechimtion, md RA , i we
thus gt Lw Lo L
The comprtation for longitude, from the o reed ymmerston of the st dedt with i the
prediction, 18 appended (N ep 1904)

TONGITUDL BY PHOTOGRAPHS OF [HL MOON

(6) Longitudes by Photographs of the Moon —A phatosriphic cimery on 1 stable
anlngmd standis <t np wo that the image of the wmoon 1 dout e the centre of the plate,
md a4 eres oF anstmtineons cyposures s mde, Mowing sk moantary il hetween the
expo ures that the moon mizes will not overlip 1o, from 12 mimutes to 21 nuuutes accord
. to the moon's 2z

After 4 sct of sy, seven moon (yporures the Gmera as it untonched untal hraght stars
of apprumatedy the <ime decimition s the moon hve urned at the sime pomt n the
honvens The camertas then apened for perirds of 13 to 30 rcconls med the stars dlowdd to
ympress their truls on the phte T Ctar ovpe wres chondd Te repeatad fow ot five times

There shonld 1o at least the truls of two stars on the plite The loudl time of vk
moon and tar expe ure must be hnown

From <n h v onegtne at s dar that the might wonaom of cwh moon miyge cin be
detcrmunesd, wihence the GM T md Jonatu e The postttons of the wnties of the moon
mges and of the st cypo ures e mcearad by anaometer nd e refured to two
coonlmite s pproumatds pardld aed perpendieatin to the meridim thronsh the centre

The methd ot pre ont form s due o Mygor L1E Ihlls, CM G, RT - Somew hat
emuler, thoush kees practicil, methods Tad been prevously suggested by Dr Schlichter i
Pughind, md Dr Rung m Goamy lor o complete discusion see the Memors of the
Ttoval Astronomucil Soaety Vol LI, 1897, or  Wakons Lopogiiplne Swiveying” Wiley
] Sons, New Yerk

The weuris of the method i the 1 has not been < wasfuctonly determined, 1t 15
perhips fur to ssume thit umder ordiniry conditions the pobible aror of longitude by one
plate would Te le > thin v nonute of e 1 ume permitted the Jmblding of an 1ohited
mller, ths could be reduced  The wond arn of the mean of five plites wis found at
Chutham (1n 1894, 1535) to 10 071 ~crond o1 ihout 10 recomds of we  The measurements
md caleulitions sre Jiborions, wel e not reully piede dang wmexpudition

TOMGITUDL BY MOON CULMINATIRG STARS

(7) Longitude by Moon Culminating Stars —1he moon moves so ruyndly

. night weension that, af o am tint we o determine ats nght seenaon we cm from this

deternunc the Groeenwadh et tht st and lenee the fomatude Tts nght enson 1w

mendioe bt e he most wenrtedy tound by the anteryab e iderc ] timg hetween 1ts
transat and that of some nagbonting well known stu

Such st e cdlal moon culmingiyg stas el we those which hve nuuly the sume
it aecension mid decingt m s the moun A It of these will be found for ¢ach dey of the
yorrmthe Nutical Almnw (p 436 £« g)

The observation must be mude with « t1mst mstrument or tr st theodohte, sot
the plane of the mendin Lhe diiphr gm of the nstrument shonld be fitted with 1t leist
three vertio] wiree .

To prepue for the obsarytion sedect o sty from those given i the st of moon
ailmmating stars ind noty 1ts RA - Nuxt determine the moons R A at the moment of
triat Use wapproxam e v lue tor the longatade ind multiply the differenco - longitude
from Greeswich in hours by the v iration i moons RA , of longitude 1s L, subtrct this
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from B At Greenwach, of W wld The result wall be the approximate R'A of the hinght
himb at tocd tranat Hsang the nolit ascensions of stir and moon 2t trnst {te, the local
wlerc il times) the wean times ean be computed f worling wath a M1 chronometcr

Noxt compate the setting for zemth distinee of the star i the usual way (= ¢ - 8)

Mg prepared this anformation hedorchand, note carcfully the suleretd times to the
noirest tenth of 1 sceond of the trinsits of star and braght mb of the moon over cach ware
From the ¢ deduee the silereal anters il betnecn the star’s tranat ul that of the moon’s
bright mb

Computation —In the * Nantieil Almanae,’ the R A of the bright hmb only 13 guen,
the I \ of the other Iimb muy be of tuned by ulding or subtricting twice the “sideres] time
of pasage of sumihimcter” Tt may be necessiry to do this, smee near full moon the hmb
changes from T to 1T (these figares i the *Niutieal Almnae’ mdicato the imbs wlich come
first or lt to the mendim), and the R A% tiken from the ‘ Nantieal Alminne’ must he
tho ¢ of the himb ol served

Tike the KA 'S of the observed limb from the ¢ Nwtieal Alminie,” put them 1 order
w i take thar diffcrences 15 far s the fourth differenee, thus —

l Differences
RA D’ hoght hmb -
Tst | 2nd | 3rd | dth
Upper passage preceding diy A
a_.
Lower » Ay I
ey [
Upper prsage eorrespondm,g dy Ao b do
ay o
Lower following Ar 2
«
Upper " A
The fiest diffcrancee,
@ a= Ay~ Als
Ay =Ao- A e
The second diffirence,
[ R R
Ty=dap ~a,, &
The B A «f the moon’s bryght hmb st tenat in W lonztude L wall be
nin - 1) R+ 1)(n)(n - 1 n 4+ D(a)(r - 1)(n - 2
PR TELTICES O UED IR O PR
where n = ]" L hang oxpressed i hours

1
1 the Dingatn 1o Ee, 1 e the same formuty It tihe the followmg Bst of B A 5 of moon's
togtt hmt —

Lower pueagr tvoslns nfom P
Uy e = s preceding LA,
Lower . . A
Upper [ R \
Lawer 0w, A

12

Tenaftbe Ll natule Wl » =
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An pproumate vilne for the Dngtuwde will he known, assume two vilues for the
Imatule onc 2 fow (1 to ) maumtes groter than the approvnnite vilug and one o fow
runntes s Wark ont the R A of moon’s hright hmb for these two v dues el find by
poepertn mal parts what altertion mmst be pphied to the snnller longatide moorder that the
r bt v cnoon by farmuls may agree wath the night iscension by obsers ation

The smaller lngtude <o vorrected 15 the longitade required  Greaf care wmnst 1 faken £
appluth om retly weer bupt e rules of alfIra

s resinds the wairaey of o+ longatude 14 moon aaltmn tions i erior of 1 second of
tme proddu e~ abeut 30 sceends error an the longtude We miy aesune m the ordinry e
merror {1 second and 4 realting error of 10 seconds of longitude  As 4 rule, only hout
aght ob crvatiens cin be tiken i a month <o it after 2 month’s work the man of the
reendts wonld be shout 3 or 4 seconds m arror or v narly 1 nunnte of are

{~) Longitude by Altatudes of the Moon —\ fur method, hut one not often used
Forothe detarls sec Mamud of Survavng for Tndin An ervor of a0 second of time m i
dutr e wall produce at ot 30 scconds of time - longitude sometimes consider sy more
An error of 1 seconl an zemth distinee produces at lewst 2 scconds of time m longtude
Wath ¢ small theodolite we niay expect i crror m time of 4 second wnd n are (after four
duti e on tno faces) of 3 seconds, so that the resttlting crror will be ahout J10 + 103 &y
14 reconds of ime

(9) Lunar Distances —A rough method, the observations cinnot be tiken with o
thedolite

(10) Eclipses of Jupiter's Satellites —A very rough method

These List two methods ehonll neer be nsed by the topogriphicd! surveyor or explorer

Note.—It 15 of groat mportance that the explorer nd surveyor should hwe elew wders
on the eulject of the relstne scenries of the diffirent miethods v ulible for determming
Lingitule

Tt thond 1 be understood thit where longttude can Fo cerried dong By o trningulition this
should ilw s te done  Lacellent results also ¢an be got Iy telegriphie sygnils, the longitude
of Mandaln was thus determined by Colonel Hohdyy, wath an crror of only 12 seconds of
e (Such acenray ennot, however, be alw iys expected )

Table showing the Terminal Error in Longitude which might be expected after a
March of 300 miles in a Hilly Tropical Country

Vethod Probable errorin longitude
1 Trangultion \ 100 3 wrds to § nule
Relatrve 2 Telegraph Itodmle
Methods 3 Latitudes and wmuths (N wnd $) }mile
4 Chronometcrs (5) 1 mle
5 Ouultatron ! 1 mile
G Moon photographs (1 plite) | I mile
Absolute 7 Moon culnuntions (8 nights) 1 mle
Methods & Voon alttudes (1 mght) ! 4 mles
| 9 Lunir dhstance 10 miles
{10 Felipses of Jupmtcr’s Sitellites over 10 miles

(51455) 2



CIIAPTER AVII
THE THEORY OF ERRORS AS APPLIED TO TOPOGRAPHICAL WORK

An error of observation 1s the result of subtracting the true vilue from the measured
value of 1 quantity  Errors are of three kinds

(1) Mistahes as for example that which results from reading 2 mrerometer head
the wrong way, wnd booking siy 38 msted of 22 seconds

(2) Systematic or constant errors s for example that which results from nsing
a steel tape without applying the correction for temperture, or the eonstant
personal error of an observer in estimating the moment when o star crosses
wire 1n 1 theodohte

(3) Trrots which we neither mistakes nor systematic hut which wre the com! ined
result of 1 number of small eanses beyond the control of the observer, and
which are subject to the laws of jrotability  Thus in mterseeting 1+ lununous
trigonometrien] signil the olserver at cich intersection tries to put the wire
through the centre of the hight but the centre 1s n mndefimte spot ind no two
mtersections wall Te in preasely the samo plice

Or, to tihe another exaumple suppose 1 1o two miles long to Te mersured with 2
steel tape reading to hunlredths of 1 foot 1t 13 clewr thit 1t 15 exceedmngly
unlikely thit » sertes of mensurements will gne exactly the sime vilues even
when all the proper corrections have been appled

It 13 to this thard chiss that the name error 1s strictly to be apphed, and the
followmg remarks deal only with such errors

Froquency of errors —The following will be found on considerition to be the laws
which govern the frequency of errors —

(1) Smrll errors are more frequent than large ones
(2) Poative and negatnve errors are equally likely
(3) Vury lnrge errors do not oceur

Thus w mewsunng © topogriphicel Tase wath 1 steel tape 18 15 10 o oxpeeted thit =
mesurcment will e some hundredths of 4 foot 1n error, 1t 13 somewhat less likely that 1t will
T tunths of  foot i error nd fir less likely that 1t will he feet m error, abo wmy mersure-
ment 19 Just 15 likely tote m excess 1s in defect, and 1t 15 excecdingly unlihely that iy
miesurement will 1e gay, ten yards wm error

From the sccond hw 1t 13 cleir that any expression giving the probability of an error of
A given mize will involve only even powners of the error

Tt 13 a1 oy elewr from the first ind third Tiws that of venrve 15 drawn of which the 1 sasst
regrosent the sres of the errore i1 the ordinates the prol dnlity of sueh errors occurring tho
f rm of the curve wenlble that shownn f, 68

If we amname vy fite error to le compesed of an mfimtely gret number of very
sl cpul Jementary crrors which are cpually hhely to le e itive 18 regitive, st en 1o
shown that v the prohalility of the occurrence of w error 7, can 1o represented 1y the

CXPFN 1 —

7

B e=M s ()
Jr

where A 13 a constant
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This expre 10n gves 2 smll probability for any error howeser large, nd fo this extent
diffirs from expenience This prol althty of 1 large error dernvel from this eqmitin s <o

ProsasiLiTIcy
ProgapiLiTIES

Earcas

Fiz 68

amall vt Le negliatl il re ults from the hypothe i that fite errors are the result ¢f
A led 1 um oo cimtely hirge numter of very small elementry errors
The proabilits thit i error es hetween two hmits ¢ 1s*

hofn o
J= ’l' Ir ()

Residuals —If 1 numler of mewsurements are made of the samo quintity, the sum cf
the m wenred v adues divuded Ty the numler of meisrements 13 the mean il 4 residunal yg
the v ult f nltm ting, the mon from 2 masired salee

Wath 1 Lire numbar of ol servatims the mewn tends to become the true salue, and the
restlind © Yee me crrors

Probable Error —In i mdcfinitely Dirge series of errors the probable error s that
ereor thun why b there are a3 many crrors greater as there are smaller, 14, the chance that
any oroor then it rmlom s grevter than the probnble error s the rame s that at g
smaller

The Probable Error of the Arithmetic Mean of « scries of obseryations

. —
-0 674 ,\/_~_’
! o1

when n 15 the numler «f ob ervation ind 2 13 the sum of the sytares of the residuils

The probatle crror1s 4 v dunl le mewns of comparing the accuracy of sets of olseryats iy
of the sunc <lts Thus suppo e two ol criers L anl B hive measured the same mgle with
the same 1n trnment wel have of tuned the following results (scconds only are given) —

A 7 7 B r 2
47 0 0 8 3 9
19 2 1 46 1 1
50 3 9 19 4 16
42 ] 25 41 4 16
48 1 1 47 2 4
46 1 1 39 6 36

Mean 47 27~ 10 5 3 =82

The probal Je errer of the mewn of A’s set 13
67 33 = 18 wnd of Bssct1s 67 VI, =111
A’s set 18 thus the most relinl le

* NoTE —For the myestigation of this expression and of the Theory of T
£ ¥ of Trrors generally, seo * Text I3,
on the Met] od of Least Squares’ Mernman —F W iley & Sons New York ’ Bk

(5455) 2p
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The mens wonld be expressed a8
4772078 amd 45 £ 111

Owing to the fict that 1t 15 very difficnlt to free obser :tions of any kind from constant or
systematie errors, the prohible error obtamed mn this way 1s hetter considered s 1 test of the
relitive value of similar obseryations than as a4 statement of the amount by which the mean
of 2 <enies 13 probally n error  Thus the probable error of angles in 4 geodetic tnangnlation
dernved from the mter agreement of ohserved valnes of the angles 15 generally smaller than
that dernved from 2 consideration of the triangular errors

Law of the Propagation of Error —The prolalle error of the sum or difference of
{0 quanhties s e pual o the square 100l of the sum of the square of #eir prolalle errors, and <o
on for any numter of quantities  This rule 1s of frequent use in all kindls of survey work

As an example suppose that the prolable error of 1 carcfully mevsured lase 13
+ 12 anches and that subsequently n extension 313 measured with 2 probible error of
+ 0 71nch then tho probable error of the whole 1wse will he J(12° + 7°) =14

The proballe crror of the arithmetic mewn = probable error of 1 single obseryation
dnaded by the square root of the number of ohsersations

The polalle erior of the mean therefe 1qries mersely as the square 100t f the numler of
ol rrahions

Thus suppose the probable crror of 1 determimation of longitude by 1 smgle moon
culmination 13 3 males, the probable error of the mean of the result of 9 eulmmations will
be 1 mile

If the prohable error of longitude from 1 lunir distance 15 10 mles 1t will requre
100 lunar distances to obtaun a result with a prol able error of 1 mmle

Exsmples —

(1) Laftul ~ and A-umuths —Suppose that 1t 1s found 1mposuble to mesure 1 base
dureetly, md 1t 1s deaded to use one determined 1y htitudes at two stations
and the otcerved 1zimuth of the riy between them It 15 requred that this
base shall have 2 protal le error not greater than ;45 The 1zimuth of the ry 15
ahont 45°, how long must the ray le?

The probable crror of cach observed Iatitude 1s about 1, <1y the prohable
error due to locil attraction 1« ahout 2 , the probable error of the difference of
the two lititnides w1l therefore ¢

J+1+44+4) =3 16— 316 fect (bout),

ind 13 the azimuth of the riy 13 45°, this will produce 1 ptobible error 1n the
length of the rw of 316 x /7 fect = 442 fect, wnd 1f the probible error of
the length of the ry 13 not to exceed yi5, the ray must not be less than
700 » 442 fect long or say 40 nulea
(2) Lr1 g Fraterses — American avperience shows that the Jongitudinal error of « long

trwerse under fuouritle conditions 18 not greater than yofy  Assunung thit
this crror in the unfavourable conditions of the Gold Coast myy amount to 45,
and thit a triverse s run approximately north and zouth, how Jong should the
trierse te i order to oltun 1 chech from htitude ohsers itionst  The
protulle error «f an ot arvation for Jititude with 4 zemth telescope iy Te put
dovnas0 1

The prohable error due to local attraction 1s about 2 0

Toutal protable error in difference of lititude

= J(O1 + 01 + 40 + 40) = 283 or 283 feet.



207

If the lautudes are te be any check on the trwerse, the prolnble error
«f therr diffirence must not exceed thit of the truerse, and the traverso must
thercfore not be «borter than 243,000 fuct or 54 miles
Probable Errors of a Triangulation —If the proluble error of eich angle of 1 tiiangle
1eg thanthe prctatle orer of the sum of the three gl p /s
.

J3

If the tmanamlir ernovas the prohal le error of i wgle 18
/>
In \ targles the prohuble orror of anange s 67y _l\ , «ince the prol ihle 3 ne of ¢

T N TV 44

= AN

Iay The following were the triangnlie errors of v chun of ~ceondiry tenngles
Whito ey badleon fonale?

Tt eme i)

2 H
5 Ryl
1 9
4 16
6 36
1 1
4 16
3 9
2 4
6 36
4 16
0 0
% 2%
7 49

ot

The prol alle value of v trangmhir error = 67 ’\/-)14-10' unl the probidfo ertor of

angle - G7 /\/‘?f’ =1 62

Adjustment of the Errors in a Net work of Long Traverses

3 . 4 5 6

|

(2 '
|

2 4 8 7
I f ¢

[

1 0 11 12

Fig 69

Let fig 69 be a diagrammatic sketch of a net-work

wles long. of traversos, ech line heing 50 to 70
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Each traverse ciremit 13 given 4 letter, @ 1, ¢ &e

Each latitude station has v numler, 1, 2, 3, &e

Including the effect of loeal attriction cach observed latitude has a probable error of
about1 8

Fur t alpu t {10 traver o errors, leating onl of conaderation the ol seried latindes

Thus —

For cach truerse oirewt such s @, wo have, hy computing round to the starting
pornt, 2 closmg error mn the northings and southings, and one m the estings and
westings

Gne ech portion of the triverse from one Junction pomt to the next an error e
the northings and southings, thus, o1y 5 ¢ o, &¢

Then m each ease such 13 q,

fla—adf _atri_1o=m, L hnown quantity,

and so on for each traverse eirewit, so that there will be f equations of this form, and by tho
ordinary methord of lewst squires solve o thet ¢"lg_o4-¢% s+ 13 2 TumMmum

Do the sume with the eistings e westings

The result will Te the most prohnlle consistent solution of the problem, so far only s
concerns the triverse wyustment leaving out of consideration the ohserved lititndes

N sty v otk wome amihal lahtr e, say of 1, delice latt les of all the guiction ponts  Compare
these with the astronomieal (observed) ntitudes  Now, by mspeetion ne can probahly tell —

(1) Whether there are any lirge local attractions shown by abrupt diseordance at 1
pont surrounded by concordinces
(2) Whether 2 northing m an E to W truverss 13 more or less accurate than
anorthmgma N to S traverse
It should now le possitle to weiht tho truverse amphtudes 1= compared with the
astronomzc sl amphtndes
Then starting afresh we have for any line, such as 9-10
Error of oheerved lititude 9 — error of ol served latitude 10
- Irrorn traverse notthing 9-10 — 2 known quantaty,
and <o on for the other lines, added to the condition that the sum of the *weighted squires’
of the crrors 13 to e 1 nnmmnm
Norr —It 1s prof whlc that this brief sheteli of 4 pirticudr case of in adyustment of errors
1+ the method of least « mires will not be very nteligible to those who have not studied
the subject lefore It 15 howcver imposalle, even 1 2 look devoted to topographical
surveving to omut all mention of the subject which enters largely mnto the highest fiell
of surviying, viz, geodesy  Aned at s very desiralle that at lenst some of the man principles
of the theory of errors should L apprecinted by the toposrapher
The following hooks my te studied —
“Treatr ¢ on the Adpnstment of Ob erv ttions ™ VW ht  New York 18]}
“Meth wl of I cast Syunares Mernman  J YWaley & Sons New York 1854
tGeadess  Col A R Clarhe, CBL,RE,FRS  Clarendon Prews 1880

T xamples of the appheation of the theory will be found in—

The sanous volumes of the * G T Survey of Indin ”
Veport on the Geodetie Survey of § Afner "1y Sr DIl KCBLF RS, 1406
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Summary of Constants for Tables I II IX to XIIT, XVII and XVIII
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The e differences
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TABLE 1 -Logarithms for facilitating the Computation of Terrestrial

Latitudes, Longitudes, and Reverse Azimuths
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TABLE I.—Logarithms for facihitating the Computation of
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TABLE I-—Loganthms for facilitating the Computation of
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Terrestnal Latitudes, Longitudes, and Reverse Azimuths
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TABLE I.—Logarithms for facilitating the Computation of
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and Reverse Azimuths,
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Terrestrial Latitudes, Longitudes, and Reverse Azimuths.
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142
361 o1802
142
! 01839
113
b 01827
15
9 | 01706
141
0 19133 01303
146
0 15241 001713
147
129 701
147
575 573
119
T 613
149
7% a1
150
0 iz s
151
0 19171 0 01536
152
326 528
152
478 501
154
632 ! T3
155
797 47
155
912 121
136
0 50708 00195
1]
2,6 362
159
111 3t
159
57 19
160
733 205
161
01 71
w2

W

0
33
3t
34

33
i

11
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TABLE I —Logarthms for facilitating the Computation of

|

— |

Dsff |
+

83

T
TopF P | Q
s v Dit
52 0 3 0939380 1 0089769
126
10 0204 5802
120
20 212) 8036
124
50 9005 9019
125
40 8580 9102
125
50 8755 0185
- 128 | —
53 0 3 9933631 1 9088268
¢
10 8007 9320
124
20 8383 9133
123
30 8760 9la
124
0 8136 9,93
123
2y #0123 9630
- hioy | =
54 0 3 9937800 1 0089702
10 5769 9314
12
20 7615 | 9025
1122 -
30 ~523 1 9990007
1123
10 7101 0089
12
: °, 7209 oo
- =
BB U DSOS 1 S
12
10 036 a3
121
-0 6015 | o112
120
30 67do 0192
121
) 607t 072
120
20 6 54 0603
| - o0 | —
56 3 0036134 1 9990733
0
10 6114 o312
e
20 619, 082
129
30 6076 0971
1o
10 507 1050
118
50, 330 1129
118

R

—E 37841
40
38
a7
36

ke

8 37833
32
31
30
29

S T
Daft ity mi
- + -
0 51056 0 01247
163 24
219 | 223
1 164 23
383 200
1 162 23
548 7
2 165 22
714 155
1 167 22
i 881 183
i 163 21
0 52049 | 0-0L112
1 169 22
218 000
2 170 21
338 069
1 171 21
559 018
1 172 20
731 028
1 17¢ 20
900 ong
1
2 174 19
0 23079 0 00989
1 175 20
254 909
1 176 19
430 950
1 178 10
£08 031
1 178 18
786 a3
2 150 18
96 8%
1 150 17
© 03148 0 WBTB
1 182 18
3.8 860
1 183 18
511 842
2 184 17
695 825
1 185 17
830 808
1 187 16
0 25067 792
1 187 13
0 5525+ 0 00776
1 189 16
443 760
2 190 16
633 74
1 191 16
824 728
1 2 15
0 26016 713
193 15
209 o8
192 14
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Ty
87 0
10
il
30
H
W
58

|

|
|

P

M
L83
5364
6201

5134

3«01y

02

Sool

_3 AR h

4213
1
387
578

761

it

- nuz
eo DI 3033 1)

[\

o

Q

1131208
1257
1105

1411

1384

207

_1 A M2137
w3
25D
2374
2139

514

1410532559

|

|
+

-l

R

S 3rs1e
1
[}
g
U4

on

4 37505

8 amo ‘

Terrestrial Latitudes, Longitudes and Reverse Azimuths

S
\
| it
- +
| ‘
0 56104 [
1 19
€03
2 107
07 !
1 199
895
1 199
| us705
1 l 1201
3%
1 203
0 57399
1 203
502
2 205
0 39007 |
1 .07
214
1 207
421
1 200
630
1 210
0 15840 |
1 212
0 507 |
1 .13
2a
2 215
450
1 216
696
1 217
913
1 1219
0 60132

000684

Init
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TABLE II (4)
Directions for applying the signs to the terms of the Latitude, Longitude, and
Azimuth formul®, when the fixed station A lies North of the Equator

[he ‘amuth 1s tecd oucd from Sonth by West  The Lititnde North, and Longitude East,
should ways e eonsidered e e

‘aaNiTUDE OF THE GIVEV ismMOTH A
1erms oF e Forwisy
0 1 90° a0 to 180° 180 to 270 2707 to 3¢
A - + + -
5L - - + +
A - - + +
BA - - - -
5L . — . -
XY + _ . _

For ust 1n Distance and Aaumuth Comy utation —

As B8R 1t ond 3rd 4tk Quadremt
when &2 are _- * s —
AL - = ¥ +

TABLE II (1)
Directions for applying the signs to the terms of the Latitude, Longitude, and
Azimuth formul, when the fized station A lies to the South of the Equator,

Ihe Latitude South, wnd the Longitude E ist, should be considered ;o iue

VAGNITLDE OF THE GIVEN AJIMUTH A

lexws or THE Forurey

T
0 to 90 W to 180 180° to 270 «70 to 360

L RS + - 3
3L - - +
5A + + -
5 - - —
3L - + +
3 A + - -

k ruscin Dstanceard \z auth Computition —

FE A 1t 2nd 3rd 4th Qua trant
when 22 ure + - - +
aL - - + +




TABLE III

Computation of Heights from Vertical Angles

et ance betneen Sations
| m feed

10

20om

30m

\ 1003
5000

\ com
Tom

S

| aom
| 100
I

| F o0y
o

ANteny

| W
| e
~ KN

1 P
10000

1N
0 3
(U
¢ 13
o 17
[T
0 %6
o 3
(U]
0on
013
1N
2 B
R
3 i
L 113
FR)
o W
6 23
7 &

fndl Kyt U O npuling Hetahts when onliy One A fle brs been O creed

Tho v due of the o cthaont of rufrwton fis been found on the wer e to be about 07

1t 15 with this v ilue that the ahove table has becn computed

TABLE IV

Computation of Heights

Lo faahitste finding the Subtended Angle when only one Angie hs buen observed

ApoiTen RereaeTion Bainrssed 1v Drorvars vl CoNIANVED Ane

Isminioe
0 wilo  wey  Ga8 | GO o0 | Gu | oyt g 0g
o 2500 [ 24027 2300 23815 | 28718 23618 | 2 15 | 2 3120 3327
s 77 aw T e oL | Tl 86ig | 3ab | 4120 3327
0 5277 | 02 a2 16 | 714 Bulb|  dolu | 4 3327
t 4278 0.9 d122 17 3715 3616 3al7 322 3328
o 525 4030 023 181 | 4716 ot duld | 32 1330
25 oIl g052 s, g sis 3as o B2 3425 3352
| 40 JE BT TR LY. a2z | W20 Jc20 | 3623 | 4127 3434
5 A2 ane 4e.8 seas|oayea 3gay | 35 | 3430 383
1 5249 4039 3032 4R2T 3720 3625 | 3527 | 3132 3333
1 2240 112 3085 JH30 | 3724 3na8 | 3530 | 3135 3302
| 50 o0t 45 3037 SuB | BTSL| 36a | 8sdd | auds 3341
55 W07 40K 3 3330 | 87131 3n3s | Bxdo | sbi0 3347
3039 | 3m2 3310

o 5209 413 $942 ‘ 3839 3736 3636

o1 —If nothug 1s known of the Liufr wetion, adopt 0 0T s the v ulue of 1t



TABLES V., and VI
For Deterriming Differences of Height with the Barometer.

(Baiy )

TABLE ¥V —Par7 I Trermomese~in ke Open Aur 1n Dezrees Fabrenkent

t-r EY e EY ter 1

1 4 T35 [ 43 13 4113
3 435I o 53 125 o
1 ke o 92 140 N5
15 = “ <0 145 wr
- ~~~ < 4 T 10 “Ies
2 4 Tols1 a an 155 258
B3l a2 LTI 32 167 ¥5
EY [ 100 e 165 o
4 way 105 o 150 3
45 4TI 110 4 5 43115
0 a8 ns ey 120

5 © = o5

o <1 12 M3

—v B —r L -
| i
% 1
o [0 1 23 1 [T o ooelr
N = AR 12 3y =
n +3 j 35 152 o 259
1o £ » 174
B o7 i 5 1% !

TABLE VI —Latuude of the place.

1
i 2 ! o
)

» ~ R 5

Lat (8 Lat C Lot C
|
o [y 5 [LRLTYIN 0 | 1 <oy
5 | 15 0 = o o
n 110 45 oD @ | 1 o)
135 101 » 1=xav) £ 5
3 o 55 o P <3
42
1
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Tames Voand VI (eonfinned)

1f 3 e the rending of harometer at lower station

Ao » " upper

t . detached thermometer m air at lower station
LA ” , ' npper

s . attached N " loner "

v, " " » upper .
{, the number 1n the t e correspouding to 1 + ¢
'.) . " . -
Make ) =log g - (log g + 1)
then
log D + 4 + ¢ =log of the difference in altitude

Lraryls —In lat 51730 the birometer at upper stition read 25 85 1n and 28 81 at lower
station  The rewdings of the detached thermometers were 50° 5 and 63, and those of the
attached thermometers 52 and 62° at the upper and lower stations respectively  What was
the diffcrence of ltitude ¥

Log 2981 - 1 47436
“Log 25% - 1 40730
B - 000013

D 0 06631

Lot 1 2 #2308

A § ~03%9

C 1 99973

Logi ~ 362670

ho—-

1234 feet the required diflezence

Notr —In the cice of wcronds the term B1s O s they are compensated for change of
temperture of the wdremer!  The term A, however, which depends on the an temperatures,
must always be mcluded m the comput ition
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TABLES VII and VIII

For Determiming Heights with the Boiling Point Thermometer

Tapre VII

Approximate Height* m feet Corresponding to the Observed Boling Pownt in Degrees
Fahrenhet and Corresponding Birometer Readings

|

Bohng Burometer | Approsmate Boiling Darometer  Approximate
Pomt Renduag i Pont Reading erght
‘ | 1
a o 1
212 29 921 ‘ — ‘ wo | oz | goss
211 29 329 522 194 {20690 9638
210 28 716 1016 193 20 205 10193
209 28 174 1571 102 19 828 10750
208 27 613 2007 191 | a0 | 10
207 27 062 2624 190 18 998 11807
206 26 521 3161 189 f 18 5% 12 42¢
20, 2o 989 | 3 680 188 18 199 12988
2 25 4G6 I 4210 187 17 sn9 13 5-6
203 24 02 4741 186 17 176 l 13124
202 24 447 5218 18 17 050 14694
201 3 950 5815 184 e | 15200
200 23 461 630t 181 18 319 15 839
199 2. 980 6890 182 15 064 16 412
198 22 507 7439 181 15 616 16987
107 22 042 798¢ W mzms | wwse
100 21 584 8533 | ‘

* Accurately ~this table gives the alt ti le above level at which water boils at 212° temperitare of inter

me linte arr bang 32° F

Tante VIIT

Correct on for lemperature of Intermediate A

Mean Temy erat re l

Multiphier

\lean Temperature

Multip} er

097 |

55
0 98g i 60
0 996 €1
1 oot ‘ 70
1017 Ta
1027 8
1034 \ 8o

—
o
2
&

Frumpl —The 1 ling pownt 1t upper station was 20

the respectie r temperatures were 75 and 83°

Temperature at upper station,

Mean tempernture

lonex

And difference of herght = 2381 x 1 044 = 20628 feet

Tabular num) er for 204 2 = 4107
208 7 = 172
2331
]

79, mnlupher, 11044

£°2 and at lower station 20%° 7, nd



BLE IX —Graticules of Maps Sides and Diagonals of Squares of a quarter
of a degree of Liat.and Long on the scale of 1inch to 2 miles

Trvotn v Inenrs
™ n » a
"
Laxireor on mer 124 A;:lmo”:lr ‘;:':I]‘]l ‘l“' on d agonal
- ’ - yeonr —
1o o ‘nl\)l‘x o Jm +p
.

From 0 0 to 0 1 LR LAY B Cu7 12 187
o1 o0 ¥ NS e i 18;
0 3 S - cH e ¥
[ 1 o - Gl rL. 18
1 0 1 <~ Gt th 186
11 1w o cH cit 18
1w 14 - TH uil 164
1 - s €13 (3% 183
2 0 -1 LR LN} 80 1218

1 a w h o 181
" s w~ 8 07 18)
-1 1 ~ 1 5 19
T I - o 13 18
31 o s 33 o 176
AT (3 - o [ L
(SN t o ~s s [N 13
40 11 5o 80 503 12171
41 Fa ) ~ [ ) 19
40 4 ~ (] (7 w7
43 ' N} a7 %) 16
. u 1 “) g o 103
1 T ) (B33 cw 1rr
2 1 “) or o3 18
o 4 [T ws) (3] oR 15
€ v €1 8 o0 B 00 B 9} .11
61 PR 0yl o o 1u0
[EET] [ 4 i A 147
6 4 ~ 0 ~) 8 543 14
7 0 -1 ohb o1 578 111
71 1 | N0 oy 73 137
~ o -4 s) 51 o8 134
- 5 0 ‘ w9 568 53 131
B0 4 8y 8 1 L) 12 127
5 1 30 @) CR T 123
Ko 8 4 £9) 5w 547 119
8 1 0 0 63 o7 tu ur
L) [ i1 &} 111
' oW 3 1 ) 17
[ [ | 9 ) rg 13
4 uoa Y o3 B 00y
0 ) M1 5 9 8 16 8 2
10 1 o | 591 51) on o
10 30 1) 4 591 | 51 i 04y
1) 4 i o 9t 'y 4K o81
oo n1 | a1 440 Ee [
1 % 591 4% {4 o0
n o3 o4 ) I
n ot . v i e o
. [ a4t ) o)
(3455)
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TABLE IX.—Graticules of Maps. Sides and Diagonals of Squares of

Lexorn 1¥ Ixcnes.

Latnvpe. ( m i n P f Q

|
on mendinn | potind il on tagonal
o v o » .
From12 0 to 12 15 8-502 8439 8451 12058

12 15, 12 30 592 451 413 049
12 30 ,, 12 45 592 3 435 043
12 4, 13 v 592 435 426 037
13 0 . 13 15 592 426 418 031
13 15 , 13 30 593 418 409 026
13 30 , 13 45 593 400 400 020
13 45, 14 © 593 400 391 01
10, 1415 . 8598 8301 8 382 124007
15 14 30 593 ) 382 373 ! 001
30, 144 554 373 | 264 11-945
14 45 , 15 © 504 b4 354 989
B 0, 15 15 694 354 344 982
15 15 , 15 30 591 34t 334 4
15 30 . 15 43 594 334 324 963
15 45 . 16 0 595 324 314 952
% 0, 16 15 8505 8314 8 303 11954
15 15, 16 30 595 303 293 917
16 30 , 16 595 293 282 910
16 45 , 17 0 505 283 271 932
17 W 17 16 596 271 260 925
7 15, 17 80 5% 280 249 918
17 30 . 17 438 596 243 238 910
17 45, 18 0 5.6 238 226 902

15 8 596 8296 8214 11894

30 597 215 203

43 507 203 101 78

0 507 191 179 870

15 597 178 168 861

30 598 166 164 853

5 598 151 141

0 508 M 128 836
2 0, 20 15 8 508 8128 8 115 11 827
20 15 , 20 30 599 115 102 - 1
20 30 ,, 20 45 599 102 089 810
20 45 ,, 21 O 5§90 089 076
21 05 215 592 076 062 792
21 1§, 21 600 062 049 783
21 30 , 21 45 600 049 035 774
21 43, 22 o 600 035 021 765
22 0, 22 15 8600 8021 8 007 11755
2: 15 . 22 %0 601 007 7 992
22 30, 22 45 601 7 902 8 736
22 45 , 23 0 601 978 963 726
23 0, 23 15 601 963 949 . e
23 15 ,, 23 30 602 049 934 707
23 30 ,, 23 45 602 . 934 919 697
2% 45 , 28 0 . 602 919 687
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a quarter of a degree of Lat and Long on the scale of 1:inch to 2 miles

Leverne xv Incnps

Iarireee m n P a
anwerrhian e platie on dingona)
From 2% O to 24 15 § U0 708 7 85 11 677
24015 Y Pl 589 873 667
28 31, .1 45 | o 873 8,7 66
2043 .25 0 [ 8aT 81t 646
2 0" L, 15 o &1 8.3 636
N e M £o 8§09 6.6
2003, L 4w o 800 793 615
25 40 500 [N 703 7T 00
24 0 615 810 77 77 11 493
> 15 2 M o G} 743 582
M L 4 o0 3 727 571
0 45 2 0 [ | 7.7 7 559
27 0, 2715 06 7 692 518
27 1 27 B &% 1 2 672 537
2 3, 27 45 o7 65 6o 520
e .30 g 608 vio 515
28 0 2815 8607 7610 7623 11 503
315 28 W 003 6.3 600 102
28 20 .3 43 U] o 587 180
23 4, Moy oM i 587 50) 168
=0 215 (] i 500 457
15 20 oM Gl 532 5
233, 45 [ 532 513 413
245 3 0 010 I 613 400 121
\
30 0 30 1, 8 610 71k 7 476 11 100
30 15 30 3 610 476 457 97
0 0 30 35 611 157 438 395
0 4 31 0 e 438 419 132
31 0 315 a1l 419 399 10
FT VO 1O Y 612 399 379 aur
3l 30 31 15 612 79 360 31
31 45 32 0 \ 612 360 310 302
32 0 3215 ! 861 7310 .
32 15 32 30 618 320 T u e
az 30 2 4 613 300 250 o
o 4o 3 0 el 20 iy P
3 0 41 1s ’ (1 i T34 a1
43 10 43 B0 c1s I e -o%
330 8L 015 28 o7 R
33 4 o0 615 1 -;"-;’
34 0 St 15 4 5 -
3115 3 30 8o 7};; 7155 11 200
3430 3 4, 610 134 134 1
3t 4, 3, 0 a7 1 1 17
3 0 3 15 017 ot on 166
3 15 3> 20 a7 069 o) 13
B 34 618 o1 o 139
P 618 2 1
0.6 003 1
(5455)
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TABLE IX,—Graticules of Maps.

Sides and Diagonals of Squares of

Levern v Incmes

Lartrone m n r a
on lowy nppe:
on mendinn Nmnc‘i’ "I:‘u:d‘”’; % on diagonal

P o

From36 0 to 36 15 8 318 7003 6 951 11-098
36 15 , 36 0 619 G 981 950 085
36 40 ,, 6 43 619 950 037 071
b 45, 37 0 62 937 ol4 037
37 0, 37 15 620 014 &L 043
3715, 87 30 20 891 868 029
47 30, 37 45 621 B6S 816 015
37 45 ,, 8 O 62; 816 522 001
3 0, 38 15 8 621 6 822 6 799 10 087
115 , 33 30 622 799 776 973
48 30, 33 45 2 7o 752 9.8
48 43 , 31 0 23 752 729 045
M 0, 9 15 623 729 703 9790
9 15, 39 39 623 705 681 916
3% a0, 39 45 b2t €81 6,7 902
30 43 , 40 0 623 657 633 887
o o, 40 15 8 623 G 63} 6309 10 873
90 15 , 40 30 625 o800 5Ky £58
40 30 ,, 40 45 623 594 560 813
40 45 , 41 0 620 560 513 820
41 0, 41 16 626 533 510 814
41 15, 41 30 626 510 486 800
41 30 ,, 41 45 627 456 401 78,
4145 , 42 O 627 461 435 770
42 o0, 42 15 8 627 6 435 6+410 10 753
42 15 ,, 42 30 628 410 385 H
42 90, 42 45 628 383 359 26
42 45 , 43 O 629 329 434 712
43 0, 43 15 629 33t 696
1315, 43 30 629 308 282 as1
43 30 | 43 43 630 282 208 €67
43 45, 4 0 630 20 230 651
4 0, 4t 15 5 631 & 230 6 204 10 637
4415, 41 A0 631 204 77 621
430, 41 45 631 177 151 606
4 45 5 45 O 632 1ol 124 591
45 0, 45 15 €12 123 098 576
43 15 . 45 W0 632 093 071 561
4530, 45 45 633 071 044 516
45 4, 16 O 633 044 017 531
46 0, 48 15 8 0 6 017 5 990 10 516
46 15 | 46 30 €34 & 990 963 501
44 30 , 46 45 034 963 033 485
4G 45 ,, 47 O 635 935 008 470
47 0, 47 15 835 908 880 455
47 15, 47 30 033 8RO 852 439
47 30, 47 45 636 852 B2 124
47 45 ,, 48 O 636 824 797 409
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8 quarier of a degre2 of Lat. and Long on the scale of 1inch to 2 miles

Lrvarn t¥ Ixcnxe

Lanrror m n J a
on mendian o i o de on diagoal
Fromds 0 to 4~ 15 8637 5 7CY 10 39%
15 L, 48 W 17 ki34 378
"“" » L a7 T 363
FO o0 s t 38
90, a0 i 653 133
4 1 4 ™ (B3] 27 kit
LIRS 445 o~ 598 2
WG o o 20 e
v w15 R GI? 5 o0 651 10 271
LN ) W o 64 53 [} 206
BT 2 6w 1) 2 210
) 1w o 2 48 25
SR 1ol o 14 123 10
o 315 Iy 423 1 19,
1o 51 4% . L [ 179
51 4, o0 i 88 13 164
L3 5 3% 10 149
" 613 u 133
" (xS 27 18
a1 24 103
i -1 ORR
Tis 1h, o013
43 1, 07
(2N 124 012
40 4ol &0t 5 004 5 063 10 027
B T I o053 012 oz
o 44 [t 32 o2 0 %96
o ru 017 a2 41071 a51
o0 L oy 1071 a0 %66
E P 07 BK o 91
o B P 1 (o] a78 036
wr 4 6 0 618 HIR 81 21
BN 51 5 6310 1816 4815 9 906
051 o3 €49 815 784 891
oW, I8 4, [£%) 78t 752 876
T 70 ) 752 21 861
w0 7T 1 €N Tl (80 847
7T 1 7w () [ 07 832
[ ST b 61 57 [ 817
w1 4 % 0 4oL [ 513 802
59 0 58 15 8 (51 4593 4 661 0 787
85 15 o I [ 501 529 773
&3 3) 5K 4 052 529 497 758
58 4> 59 0 €52 497 46¢ 713
69 0 59 15 €53 444 432 720
50 15 , 59 80 €53 432 400 715
53 30 53 45 633 400 367 700
50 43 @ 0 143 367 334 686




TABLE X —Length 1n Miles of

Lengthof | Length of Length of Length of
Latitude 15 of 15 of Latitude 15 of 15 of
Tatitude Longitude Latitude Longitude

- . o

o o 1w | 6% 0 16 628
to 0 15 17 176 to 16 15 17 190

10 . +200 17 0 . 542
to 115 176 to 17 16 ‘191

3 *283 18 152
to 2 15 176 to 18 15 192

3 o . 270 19 o . 356
to 3 15 16 | to19 15 104

4 0 252 20 o0 256
to 4 15 176 to 20 15 196

5 0 . 2 | 21 o . 152
to 5 15 178 | to2l 15 198

6 0 - w0 | 2 0 . 042
to 6 15 18 to 22 16 200

7 0 66 | 23 0 15 926
to 7 15 178 to 23 15 202

8 o 126 21 0 808
to 8 15 180 to 24 16 206

9 0 82 25 0 . 682
to 9 15 180 to 25 15 208

10 o 032 26 0 . 554
010 15 182 to 26 15 210

n o . 16978 27 o . 418
to11 15 182 to 27 15 212

2 0 . as | 8 0 -280
to 12 15 183 | to 25 15 214

13 0 . 852 20 0 .- 138
013 16 184 | o2 15 218

4 0 782 0 o 14 990
to 14 15 186 to 30 15 220

L o . 708 a0 538
to 15 15 188 to 81 15 223
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a quarter of o degree (15') of Latitude and Longitude.

203 i‘ |

lrnmh of 1+ Lengthof | Tength of Lenpth of
Tatitude of 15 of Latitude ol | 160t
! IAmude Longitude Latitude Longitude.
I
QPO . | oMo 170 . « 11816
t0 32 1% 17 20 to 47 15 17 270
- I
0 .- } 518 48 0 . 501
103 1% 2 to 48 15 bl
ar a . 330 0 0 ans
t0 30 1% 22 to 49 15
an 0 | 12 50 0 . 138
EECIR I 7t to 60 15 290
1 o | 0o 61 0 - 10906
to 36 15 =3 | to 61 15 282 |
37 0 13 824 2 0 670
1037 15 240 to 62 15 285
0 . 618 53 o ’ ‘ 410
o3 13| 212 to 63 15 ( sy
39 0 . 158 58 0 . 188
037 15 25 ! to 54 15 ' 202
0 6 L | 266 55 0 | \ 9 92
to 40 15 250 to 65 16 204
a0 . 070 8 0 . [ 602
to 41 15 22 to 56 15 208
40 . , 12870 &7 0 . ‘ 2
to 42 15 254 to 67 15 a0 |
43 0© . ) 668 8 0 ™ 186
to 43 15 278 to 58 16 303
4 0 *460 59 0 o
to 43 18 262 to 69 15 ! 8028
45 0 218 © o 60
to 45 15 204 to €0 15 308 |
45 0 013
046 16 |

The length of the d)agonn] 2 o( a spnce boumled by meridians and pan;c]s m, m, p,
= Jnl’ + np
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TABLE X1 —Linear value in feet of one second of Arc

Formula: Length'an feet = p s 17
Larrrene Lc?f::‘ w Logsrithm D, {Littrooe I’“‘;egel:’ M Loganthm bolt:d
o s » o s ¥
[} 100 7654 2 0033115 2 30 100 7674 20033199
0 [
5 7634 115 35 7675 205
1 [
10 7654 116 L4 7676 21
[} [
15 7654 116 43 7678 217
1 G
20 7654 u7 5 7679 22
1 [
25 7654 118 55 7681 229
1 7
30 7655 19 3 0 100 7682 2 0033236 .
1
33 7633 120 5 7684 243 "
1
49 7656 121 10 7685 230 .
1
45 7656 122 15 687 27
2 8
59 7636 12t 20 7089 263
2 7
53 7657 126 23 5690 272
3 8
10 1007657 2 0033129 30 7692 280
2 8
5 7638 13t 35 7694 248
2 8
10 7638 134 49 7696 296 s
2
15 %629 136 45 7698 204 0
3
20 7660 139 50 7700 313
3 8
25 7660 142 [H 7702 az1
3 9
30 7661 145 4 0 100 7704 20033330
4
335 7662 149 5 7706 339
4 9
4 7663 153 10 08 318
3 9
15 7664 156 16 7710 3a7
4 10
50 7665 160 20 s 367
4 10
55 7666 164 25 7715 arn
5 10
2 0 100 7667 2 0033169 30 it 387 10
4
& T668 173 35 719 897
5 1
10 7669 118 10 7522 408
5 10
15 7670 183 45 24 418
5 n
20 7671 188 50 7727 12
5 1
25 5672 192 55 1729 o
6 n
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and Hs Logarithm, weasured along the NMcridisn.

Lartreer h';f:!: m Logsnithm
5 0 100 32 2003345
5 4n2

1 474
15 wn EAN]
2 Tt 107
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» kbl &
as T 13
47 brad | G
4% ket a0
- kil vl
53 7763 553
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5 on
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23 TIR2 7
20 TG <2
23 T80 €06
£ Fr02 T
13 T T2
o | 7790 T
53 \ 7503 750

7 0 107 7806 2 00337v2
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TABLE XI—Linear value in feet of one second of Arc

Daros | 2980 | ponmm | Dt [Larcooe | TR | peubn | D
. . . .
10 0| 1007964 | 2003148 12 30 | 1008185 | 2 0035186

22 27
5 7969 20 35 141 o 1
22 2
10 7974 492 10 8143 21
22 27
15 7979 514 £ 8154 268
33 28
20 7984 537 50 8160 205
23 28
2 7990 560 53 8167 324
23 28
2 9% 583 13 0| 100873 | 20035352
23 23
35 5000 606 5 8180 380
2 29
e 8006 630 10 8187 400
23 28
45 so1t 633 15 8193 37
24 20
50 so17 677 - 8200 466
24 2
5% 8022 701 25 8206 493
24 20
0 | 1008028 | 2 0034723 30 8213 524
24 29
5 80314 749 35 8220 553
24 30
10 8039 3 » 8227 583
24 2
15 8045 91 55 8231 613
25 30
20 8050 822 50 8241 643
2 30
25 8056 847 55 8248 78
23 30
20 8062 w72 1 o | 100825 | 2-003570
23 30
% 8068 807 5 g262 733
26 30
49 BOTH 0923 10 269 783
25 a1
45 [/OR0 918 15 8276 793
26 31
50 8086 71 20 8283 825
26 a
5 8092 | 2 0035000 25 8290 836
2 31
12 0 100 80908 2 003,026 30 8207 887
2 31
8104 032 35 8305 018
21 31
10 8110 079 40 8312 919
2 32
I 8116 105 45 8310 o1
27 32
20 siz2 182 50 s327 | 2 onseors
27 32
23 8120 139 53 5334 015
27 32
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and its Logarithm, measured along the Meridian,

1
Lasttrre i 1"}2}{ ® i Jogamthm | I | Lamreor "“"‘::‘ i
P . o .
15 0 100 <352 20036077 I R N B DR
: 5 3 8317 ‘ 1m ::: % S
| 10 w357 341 © 0 ‘ [N
15 8364 173 45 Nim
1 o, &7 207 i‘ 0 w17
23 20 210 3; 23 e
n BT 1 b - 8. o 100 taay
| 35 373 a0 & 5 i
4 s ] 339 10 2
45 ~110 \ a2 ::: 15 pry
oW 8418 06 n 20 i)
55 5126 \ 410 a 23 P
1@ 0 100 8533 20030473 ! a ® e
5 sH2 508 | = 5 | w7
10 w10 | 513 10 ! AT
i 3t
15 (3303 577 t ) 53 8715
20 8166 } 612 \ Jj 50 ' 724
| 25 bi74 \ 647 j: [+3 ‘ 8731
; 30 8is2 | 682 - 19 o J 200 K712
\ 23 8150 ‘ k34 = & 8752
10 \ 5199 752 i 10 8761
k 45 ] B.006 ' 7 2; 15 8770
50 8315 23 20 8779
| 55 #3523 5,9 :z 2 B780
17 0 \ 1008531 2 0U30ROS 20 H708
| 5 8540 911 ;z 5 8507
10 418 907 0 8817
i1 8557 2 0037003 o 5 8520
20 8365 040 & 50 8836
25 8574 076 :j 55 o845
(5455)
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ot
12

1

022

062
2 0034003

ne
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TABLE XI—Linear value in fest of one second of Are

Lywrope | TR0 ) fogentim | D |Lavmoos | TN ) topnam | Da
o . o .
20 o 100 8855 | 2 0038288 22 30 loooas | zoosssz |

4 5
5 5865 | 320 3 9169 637
42 6
10 8874 371 ) o179 633
B 6
15 538k i1z 5 9190 729
42 3
20 8304 401 50 9200 775
42 46
25 8903 190 5o o1 821
42 16
30 813 538 23 o 1009222 | 2 0039567
42 16
N 8923 50) 5 023 013 |
1 47
0 8938 623 10 0244 060
42 16
15 5013 660 15 924 | 2 0040006
, 43 &
i 50 89,3 708 20 926> 008
43 W
5 8003 7ol 25 9276 100
\ 143 ]
21 o 100 8078 | 2 0035794 20 287 1w
13 41
5 853 837 33 9208 194
14 a7
10 8003 881 10 9309 28
43 Fa
15 9003 024 s 9320 258
44 18
By 9013 968 50 9331 336
43 48
25 2023 | =2 ooasow 55 9342 384
m 18
| 9033 [ 22 o0 100 933 | 2 0010132
e i)
EN 0143 009 5 0364 80
I 48
o 9204 143 10 o375 523
I 18
% 961 187 15 0187 576
‘ s 18
50 0971 2a2 2 093 624
| 44 3
50 2095 276 25 9109 672
\ 45 40
22 o 100 995 | 2 0030321 30 0120 721
| 1o 43
5 o106 366 N o112 760
| 43 49
10 o116 411 0 0443 818
| rs 10
b 127 436 4 9454 867
I 13 19
20 otar 501 ) 2166 016
| 5 1
25 0147 516 53 omy 965
| l 46 0
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and its Logarithm, measured along ths Meridian,

Lanrepr

26

27

Lengthin
fect.

19
M
512
L
w35

o

358
v
0.1
.
Uy

1002
FCRY)
52
06501
VTG

0687

9N
o711
923
7353
o747
476)

12

2
S
x

9796
0958
9R20
0832

|
Iogarthm

2 013

i

PR 13 (1 54

s
a7
| Toh
K19

N7O

921

072
‘ 2 012028

uTb

D | Tanneps | Teagthon | Loganihm | Duff
P .
27 3 10 9515 2 02515
53
33 owr | 50 .
4 5
%) N6 32
1 53
13 o2 () "
5
6} fauTY ‘ s
S 53
% 05 811
5 ‘ 51
28 0 10) 991 20012565 3
1 5
5 931 08
5 51
10 oS 92
%) 53
13 950 2 0043023
A 51
2 26 079
'.n 5
5 Ay 143
3 33
40 0N 187
5t 51
33 pIUFEEN 21t
5t 51
40 0019 205
51 51
15 0031 319
51 51
50 0014 03
51 . o § 51
53 0356 457
sl 55
29 0 W10y | 2 20laGLL
51 55
3 o052 567
4] 55
10 0093 622
52 | 53
15 0107 677
52 55
20 ol 732
82 55
26 0133 757
Bu | 55
30 0116 812
52 55
35 0159 a7
52 55
0 o172 902
o2 %
45 0183 2 0041007
53 56
50 0 9% 063
52 56
55 0210 119
53 55
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TABLE XI-—Lnear value in feet of

one second of Arc

Larrops | U8R Torngm | D |Laworoos | DOERIR | pogamghm | Dit
feet feet
o 4 " o N
30 0 101 0223 | 2 0044175 s 3z 8 Torosez | 2ooisess |
5 0286 231 35 0635 916
56 59
10 0240 287 0 0619 | 2 0046005
- 56 58
15 0262 313 45 o6b3 063
56 59
20 0275 399 50 0677 122
56 59
25 0289 455 55 0630 181
56 59
30 0302 511 a3 0 101 0703 | 2 0016240 )
56 5
35 0315 567 5 on18 299
57 59
40 0328 624 10 0731 358
56 59
45 0341 680 15 0715 417
Ed 59
50 0354 737 20 0750 410
57 59
55 0367 794 25 0773 535
57 59
a0 1010881 | 2 0044851 30 orer 501
57 59
G 0391 208 35 0800 603
57 60
10 0407 963 0 o814 73
57 5
15 o2l | = ooss022 5 0328 772
o7 60
20 0434 079 B0 0842 832
Eg 59
25 o147 136 55 0856 81
57 60
30 0461 193 34 0 101 0870 | 2 0046951
57 60
35 o474 250 5 0883 | 2-0047011
58 6o
° 0187 308 10 0897 o71
8 o
45 0.0l 366 15 0911 131
8 6
50 031 428 20 0020 101
57 60
53 0027 481 25 0939 251
58 60
32 0 101 0541 | 2 0045539 30 0953 1L
58 0
3 0554 507 30 0967 371
8 w0
10 0368 o5 | 0 0081 431
15 0,81 713 43 9> 401
59 61
Y 0593 772 50 1009 552
8 60
25 0608 810 55 1023 612
8 [
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and its Logarithm, measured along the Meridian.

wrerr | b e | D | Lerrope | TSR | popnihm | Dir
o v . o +
35 0 101 1038 20MI6TY 87 0 101 1467 2 0049516
© 62
5 102 533 33 1481 578
61 63
1 1004 ! 40 1476 G41
61 62
13 1080 3 15 1510 703
c1 63
k) 1 [t 50 1523 766
a1 62
Ead 108 o7 55 1530 823
6l 63
L3 1122 200501 88 0 101 1554 2 0019391
1 [i33
3% nir " 5 1569 053
c1 63
0 151 163 10 1583 20000016
61 62
45 1165 2 15 1593 078
61 63
& 17 o8 20 1612 141
61 63
"5 193 317 a3 1627 204
al (4]
38 o 101 120% 20018404 0 1642 267
61 62
5 1222 465 a5 1626 329
62 63
10 1236 527 10 1871 392
o1 63
15 125 o8 45 1686 455
62 63
20 1263 630 50 1700 518
ol 63
25 179 711 &5 1715 551
I 62 63
20 129 713 89 0 101 1730 2 0050644
61 &
30 1208 831 5 1744 707 3
l 62 64
40 1322 ] 10 1759 7L
2 ] [
45 1337 938 15 o 834
02
50 1351 ' 2 0049020 20 1788 807 o
02
& 1260 oz 2 1803 oo | ©
. 62 1 61
37 0 101 1380 2 0010143 N 30 1818 2 0051023
2
5 1305 206 - 35 1832 086 6
2
10 1409 20R 40 1847 150 64
62
15 1423 330 1 1862 213 6
62
20 1438 392 50 1877 277 6
62
25 1452 451 50 1691 340 o
62 "
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TABLE XI.—Lmear value in feet of one second of Arc

Larrrop | Lenstlon ‘ Loganthm Diff |Larizops | Tengthin Leganthm Dur
foet feet
! {
| e | . o .
40 o 101 1905 | 2 0051408 42 80 101 2353 | 2 0C53321
63 64
I 5 1921 467 35 238 385
61 [
10 1036 531 0 2383 149
63 6t
15 1951 504 45 2398 513
64 65
20 1966 658 50 2413 578
I 63 | )
2 1080 i1 55 2428 612
‘ | | 64 I 63
30 1993 785 43 © 101 2443 2 0033707
[ 61
35 2010 | 819 | 5 2158 7l
| i | et i
0 2025 013 10 2473 835
| | e 61
4 2010 976 15 2188 899
[ | [ G 65
50 2055 | 2 0052010 20 2503 961
| | 6 i
55 2070 | 104 2 2518 | 2 0031028
| | o ’ 63
| a1 0 101 2085 2 0032168 30 2533 003
‘ | 64 | 61
5 2100 232 35 2548 | 157 |
| | I 61 | | &
10 2114 206 10 2363 222
63 | 61
15 2120 | 350 15 2578 £86
| 64 | 65
20 \ 2141 423 50 2593 351
6 6t
25 2139 187 55 2608 415
‘ (3] ‘ [i13
! 20 2174 551 4 o 101 2623 | 2 9058470
! [ 6l
3 2189 615 5 2638 513 \
\ 61 o
| 0 2201 &9 10 2653 608
{ 13 | 64
13 2210 | 713 15 2665 672
I 6 | 6
50 2234 508 20 2684 ( 787
61 [i23
! 55 2219 o2 | 25 2609 801 ‘
[ &
42 0 | 101204 | 2 o0s0ns 30 271 w6 |
6t
s | 2279 200533000 o 2720 930
1 61 65
10 2294 064 1 40 2731 95
(49 61
16 2308 128 t 4 2759 20035050
e 8
20 2323 192 50 2774 144
64 [ ]
25 2918 2356 53 2789 16%
I 63 &3
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and its Logarithm, measured along the Meridian,

Lanizere "',“"' m Lomertm | InT. |Litiree I'",'f":: m Logar thm g,
1
. . > ° ’ N
4 0 1012 ¢ 2o 47 » 101 3253 257188
3 61
3 =1 ar a 2270 250
[ s
10 N1 ase a0 355 s
6 o1
15 o 4 43 3300 am
L 6
Bl B an 0 3315 411
o oL
23 29 55 3330 so7
[ o5
M > o 48 o 101 3385 20057572
o4 61
Y san 5 Q60 636
w o
4 E 1 3375 500
G 1]
4 R3] 15 33%0 764
o 64
tal L0 o 3103 R29
e | 64
55 s 2 310 892
[ 5
| 48 o 10] ey LRV L4 0 3138 036
o o 61
H P ™1 45 3110 2 0055020
[ [
1n 315 125 # 3t 083
61 . ' ol
1 30 P 5 3179 149 o
P
» P e ' o 3104 219
i 3.00 276 o
=3 I ) N o 2
5 61
L4 35 411 49 0 101 3524 2 0035340 o
6 -
33 3re 478 5 35330 404 o
o
“ 2105 513 . 0 3554 ww
vh "
43 31 o 15 3369 532 o
[ .
2] 3143 53 20 3581 | 596 o
[ N
2] 31 7a & 3593 609 o
, 6
723
47 o 191 3165 2 07365, o 30 3613 g o
5 87
G a1k N 45 3628 ‘ 64
43 "
10 arms o “ 0 3613 851 o
6 -
1 a0 o3 ’ " 3659 os |
o o3 .. 978
o 325 2 o030y , 50 3673 0
0 =
23 1) 122 ' 55 3683 2 0059041 o
6t

(5153)
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TABLE XI—ILinear value 1 feet of one second of Are

Lacirooe | D9800 | popnhen | D {Damwroos | Tenstim ) popenihm | D
. . . .
& 0 101 3703 2 0059103 52 30 101 4144 20060995
63 62
5 anrT 168 3a 4158 2-0061037
(13 63
10 3732 232 40 4173 .20
63 62
15 3747 205 45 4187 182
64 63
3762 359 50 4202 245
63 62
25 3776 422 55 4217 307
61 62
30 3791 486 5 0 101 4231 20061369 o2
03
35 3806 549 5 4216 431
(33 62
40 3821 613 10 4260 403
63 62
45 3836 876 15 4275 565
63 62
50 3851 739 20 4289 617
63 61
565 3865 802 25 4303 678
64 62
51 0 101 3880 2 0059866 6 30 4318 740
3 62
1 3805 029 35 4332 802
63 62
10 3909 992 40 4347 864
63 61
15 3924 2 0060035 45 4361 925
©3 62
20 3930 118 &0 4375 087
63 61
25 3054 181 55 4390 2 0062048
63 62
30 3968 24 B4 o 101 44104 2 0062110
62 &1
B35 3982 306 & 18 pi)
63 61
40 3098 369 1o 4133 232
63 61
45 4012 432 15 4447 293
63 62
50 4027 495 20 1161 355
62 61
55 4041 557 25 4476 416
63 61
52 0 101 1056 2-0060620 30 4190 477
63 61
4071 683 3 +o04 538
63 61
10 4085 7468 40 4518 599
62 61
16 4100 808 45 4232 660
63 61
- 20 4115 B71 50 4047 721
62 60~
25 4120 033 55 4261 781
62 6l
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and its Logarithm, measured along the Meridian,

'
“lanmer I"}‘:Lh m 1 Loganthm bolf N B Y14 3 Lﬂ;ﬁ:' " Logwnthm
| )
‘ .. L .
35 0 101 4375 22 57 W 101 3993 20001632
61 58
5 449 g L] 5007 690
8} 59
10 1013 g 40 5021 T4
oo 58
1 s 2w 45 5074 807
| 1 59
E) ‘ 4512 o, [ 5048 8063
ur 58
23 416 145 55 5002 921
w0 ! &9
\ n a0 o 58 O 101 5075 2 0064932
! o 58
oo 7 5 5059 20060040 N
61 58
0! e 24 10 102 098
© &8
15 4 5 15 5116 156
7 58
o 4516 415 D 5120 214
o t 57
55 47 Ly 2o 5143 271
(1} | 58
o 1 5156 329
88 o 101 1743 263300 i 57
[ 35 5170 256
5 4759 626 f 53
6 0 5183 Hi
10 4732 [ 57
&9 40 5197 501
15 45796 Y 57
[} 50 5201 538
20 ERT0) "y &7
59 55 5223 615
25 4514 s 58
60
5 o 101 5237 2 0065673
» 4423 024 657
5) f 5200 730
EN 12 993 57
©0 Y 5203 787
" 4506 2 0001043 56
&9 15 5276 813
45 4869 102 57
59 20 5299 200
@0 4983 161 56
2] 25 5303 956
55 4597 220 . 57
5
30 5316 2 0066013
56
67 o0 101 4911 2 0064279 30 5320 )
69
5 4925 338 40 5343 126 5
5 56
10 4938 307 45 5356 182
15 4952 456 & 57
5 50 5369 239
59 56
20 4960 515 55 5382 205
58
25 1980 573 58
59 60 o 101 5395 2 0060351
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TABLE XII—Linear value in feet of one second of Arc

. 7
Formula: Length in feet = 180 %3600 ¥ ©% A

Larr. | Lengthin | " Tatt | Lengthin | g, ;
sopr. | Tea ™ | DA | Zogenthm. | Dt | pon Tehin | pitt | Logantim. | D
- _ _ 1. _ —
© o | s | |2 000203 N EEARLE 2 0038576 .
5 65 271
1 14537 2078 | 33 8514 8207
+ 13 67 287
10 4533 2663 20 3417 8010
[ 23 [ 207
15 4528 2612 % 3378 [t
7 1 w2 306
20 4s21 2611 50 3306 407
10 42 74 316
25 4511 2569 53 3202 7001
1 l 50 75 321
30 4500 2510 | 3 o0 | 1o1-3137 20056767
14 | @ 78 333
S 4186 2160 5 3079 6134
16 o 59 342
) 440 2801 10 3000 6002
18 kid 83 353
5 4152 2314 15 2017 5730
21 ‘ 87 84 360
50 4131 2227 20 2833 5379
22 96 86 370
55 4w | 2131 25 2747 5000
24 | s 88 379
1 o | oresmss | 2 0062026 30 2059 1630
| 27 \ 114 o1 288
5 4358 \ w2 35 2568 1242
20 13 03 308
10 4329 1789 40 2475 3814
an 133 0 g
15 4208 1656 15 2380 3437
33 [ 11 96 415
20 4265 1515 | 50 2281 3022
33 1561 99 425
23 4230 : 1364 o5 2185 2507
37 | 150 102 43¢
|
30 4193 | 1205 4 0 { 1012083 2 0052163
40 169 | 103 443
33 4153 | 1036 5 1080 1720
41 | 178 105 433
20 sz 058 | 10 1875 1207
4 i 187 108 462
45 4068 0671 15 e 0805
46 {110 471
Ho | 022 047 4 20 1657 0333
EL] t e 430
55 l 3974 | 0270 23 1545 ’ 2 0049854
1 50 215 13 480
|2 o | 101302 | 20060053 30 132 \‘ 9363
52 224 116 498
[ s872 2 0050831 35 116 | 8967
t n 233 | 119 . 507
10 3518 0599 40 197 | 8360
&7 252 120 518
15 3761 9356 45 1077 kt-1%4
58 251 | 122 525
20 2703 o105 Lo 0735 a7
o1 260 125 530
25 3612 8345 53 0830 o781
63 267 127 - 544
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and ity Logarithm, measurad along Parallels of Latitude.

Ter Leneton v | Tare | Tenathin .
Tl D Leganthm | | Jame | TRy | Legunnt <
¢ ° .
5 0 1 1010703 2oy T» 100 oMy 22T
124 51 11
M nesy 33 e o)
171 0 m
1" w121 0 4t L)
{ 1 572 107
3% o1y 4510 tH 6333 £
| LY 2N m
E3) 0ss i3 [N 5198 220t
17 M an
2% (U] asve & 4978 Hi 1Y
™ 50 2n
ED Loty 8 0o 1 pEu T
152 ] 2
s 2170 & 201Nan
! 111 (L] 7
0! o1y 1352 1 1y e
" 624 on
IS o1 oy 15 1 Tom
184 631 om
» a1 o 2 390 o
190 o5 ny
A1 o170 20139513 2% LTS 1
14 @0 arg
e 0o 17 2 OINT an 21
15 thd n oy
3 ssG3 w24 a 2251 -
156 fizd n haddd
10 sT07 7630 10 01
| 159 ou2 222 s
15 2318 [ 43 2546} 2lh2
‘ 160 o2 o £k
B 159 €6 60 238, e
} 164 701 20 e
8223 5373 35 2330 ns
1063 10 o) 0232
2 6000 93 9 0 1002170 2 o0
07 loen 20 2y
o8 793 4185 5 1900 "
169 728 2 24
» 7128 3117 10 1668 "
] 171 748 235 2y
43 7533 2679 15 1113
| | 173 78 m 622
0 780 1932 20 110906 &
| 17y 751 21 01
L5 7251 | ur ! 23 0933 415
178 766 m 57
7 0 | 107026 2 0030199 30 0717 a
| 179 77 213 2
[ es17 2 029634 £ oL 205
t o] 182 783 215 =056
10 6663 8810 10 0220 o8
‘ 181 503 21 %3
15 6181 8956 45 99 0991
| 186 803 219 |+ 22010
20 €295 7253 50 9782
| 188 811 251 883g
23 o107 | 8112 53 9181 P
190 822 2351 Rt
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TABLE XII.—Linear value in feet of one second ot Arc

Latt- | Lengthm Lart. | Lengthan
ToDE foet Duf | Loganthm Duff. TCDE foet Inff | Loganthm Inft
o - — o v - -
10 © ! 99 9227 1 9906642 12 30 99 0647 1 9959118
25! 1l 319 1396
5 BaT2 5531 35 0328 57792
238 1121 320 1405
10 8714 410 40 0008 56387
269 1129 323 1415
15 8434 3281 45 93 9685 54972
262 1140 24 1425
20 8192 2141 50 9361 53547
264 1149 327 1435
25 7928 0992 53 9034 52123
266 1159 329 1444
feog 7662 1 9589833 18 0 98 8705 1 9950668
268 1167 331 1454
35 7394 8666 5 8374 49214
271 177 333 1463
40 7123 7489 10 8041 47751
272 1187 335 1473
45 6851 6302 15 7706 46278
215 1196 337 1482
650 6576 5106 20 7369 44796
276 2203 339 1493
55 6300 3901 25 7030 43303
279 1215 341 1602
1mno 99 6021 1 9982686 30 6683 41801
281 1225 344 1511
5 5740 81461 35 6345 40290
283 1234 345 1521
10 5457 80227 40 6000 38769
285 1243 347 1531
15 5172 78983 45 5653 37238
287 1253 350 1541
20 4883 77730 50 6303 35697
289 1263 352 1550
25 4596 76167 65 4951 34147
291 1271 854 1560
30 4705 15196 14 0 98 4597 1 9932587
291 I 1282 835 1670
55 4011 w3914 5 1212 31017
205 1200 35! 1579
4 ans 72624 10 3884 29438
297 1301 360 1589
435 319 71323 15 3524 27849
300 1310 362 1600
&0 3119 70013 20 3162 26219
302 1320 304 1607
55 2817 83692 25 2798 21642
304 1329 366 1618
12 0 99 2513 19967364 30 2432 23023
305 1338, 369 1629
14 2208 60026 35 2063 21394
308 1349 370 1637
10 1000 81677 0 1693 19757
811 1338 373 1648
16 1589 63319 45 1320 18109
312 1367 T4 1637
20 1217 61852 50 016 16452
314 1377 376 1667
25 0963 60575 55 0570 14785
316 1387 379 1677
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and Its Logarithm, measured along Parallels of Latitude.

{ | |
Lint | Lergthn Latt | Lengthin
I s | et ™ Legpwnttm l mr | AT i o it | Logamthwm | Duf
t L3
t 1
e f ) e _ R
150 030101 1911103 17 30 06 3870 1 9838211
| os 1657 1 1085
) 5 EreS U | 35 T 5226
™ ‘ 1 44 199
10 a8 o 4 (Rt 65232
. ! 1700 416 2005
1% ou e 45 [ 52228
i ! 1716 419 2016
o | i PR 50 093 50213
-8 150 400 2024
o By Lt 55 6618 49189
‘; w1 1530 452 2036
3 e [UNA 18 0 o 519 1 9846153
sy 1788 453 2044
as Y o1ens s 741 44100
1735 456 20355
4 T 1 10 4283 42004
kg 17t 39 2066
45 oo 0isTe | 15 ™20 39988
! m 1575 O 2075
& o v 20 3eH 37013
[ 1783 462 2080
1A 1201 v 2908 35828
i i 1395 a5 2005
18 0 07N 1 %0219 2 2339 33733
' v 1% 466 2106
.5 w13 [Ty Iy 1971 31627
8 11 469 2116
{1 Elrt 7] 0 1504 20511
l 40 182 471 2126
, B 4203 8770 1 1033 27385
112 1833 472 2136
20 3554 g1l 0 0061 20249
113 1815 475 2147
[ 3151 834 53 0086 23102
416 1504 476 2156
) 3025 81212 1% 0 95 9610 1 9820046
97 1864 479 2166
35 2608 59778 5 9131 16750
420 1873 481 2178
0 2184 77501 0 8050 16602
122 1845 433 2188
o 1766 75018 15 8107 14414
123 1894 481 2107
[ 1313 T2l 20 7683 12217
2 108 487 2208
141 w17 71820 26 7156 10009
23 | 1914 ‘ 489 2218
17 o | w100 1 9569906 30 6707 07791
1928 190 2208
H 0059 17982 33 6217 03563
432 1031 493 2239
10 | 059627 60018 10 5724 03324
43 1945 495 2249
15 291 63103 45 5229 01075
436 1954 497 2260
20 8757 2149 50 4732 1 9798815
438 1963 499 2370
25 8319 60185 55 4233 96545
40 1974 501 22
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TABLE XII _Linear value in feet of one second of Arc

Latr ength 1n Latt- | Lengthin
Liw | Lesgthin | o | Toganthm | Do [ Zami | Tensthan | pg | ropunthm | Dt
.
- _ _ o _ _
20 0 93 8732 1 9704265 22 30 93 7717 1 9720903
502 2200 56 2006
5 3230 91075 35 7214 18380
503 2301 564 2618
10 2725 50674 40 6650 15771
507 2311 567 2627
15 2218 67363 45 6083 18141
500 2321 563 2639
20 1769 85012 50 6514 10305
511 2332 570 2650
25 1198 82710 55 4934 07855
513 2313 573 2660
30 0685 80367 23 0 03 4371 1 9705195
51 2333 574 2672
35 o170 78014 5 3797 02523
51! 2363 577 2081
0 94 9653 75651 10 3220 1 9699842
519 2374 578 2691
5 9134 78277 15 2642 97148
520 2381 581 2703
50 8614 70893 20 2061 914445
523 2301 582 2715
55 8001 68100 25 1479 91730
\ 25 2406 584 2725
21 0 91 7566 1 9766093 30 0895 89003
527 2116 687 2736
5 7039 63677 a6 0308 86269
529 725 5o8 2748
10 | 6310 61202 0 92 9720 83521
| 631 2437 590 2758
15 5079 58815 45 9130 80763
| £33 2417 593 2760
20 | 5416 56368 50 8537 77994
533 2158 594 2780
2 4011 53910 53 7943 76214
537 2468 596 2790
30 4371 51442 24 0 92 7347 1 0672424
538 2478 508 2802
35 3836 18064 5 6740 o062
541 2491 600 2813
40 3205 46473 10 614y 66809
| 513 2199 602 2824
43 2752 43074 15 G547 63985
| 515 2511 04 2835
50 ‘ 2207 41463 20 4013 61150
547 2521 606 2846
(85 1660 3012 25 4337 | 530t
518 2531 608 2857
22 0 | ps1l2 1 0736411 30 3120 55447
551 2343 600 367
5 0361 33568 51 3120 52530
533 2533 612 2879
10 0008 31315 40 2508 49701
555 2564 614 2891
15 01 0153 24751 43 1824 46810
536 2574 G15 2001
21 RSO7 20077 oo 1279 43900
530 235 vl8 2012
2 8338 23301 [+ 0661 40207
561 2300 620 2028
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and its Logarithm, measured along Parallels of Latitude,

- enpthin ATI- ngth 1o
Line | Leacthn |y | Loganthm, | D, | FATE | Testhon | pg { poganim | D
25 0 | e2ton 10635073 2730 | 000533 19545116
61 2034 679 357
5| ;o 33130 85 | 600N 31839
62 2016 1 X
iy $786 anm © 919 a5y
¢S 257 643 axn
15 s151 206 15 8515 33252
[ 2903 5 3312
B A8 20208 50 FE) 31010
2] 2070 [ 332
25 15 23250 55 113 2.817
€32 2091 60 3113
» { €253 2n208 28 0 | 59 6158 10525243
€33 3002 ) 240
35 2630 15290 5 5764 210%
635 3013 o2 318
10 5015 11283 10 5072 1857
I 637 a2y 5 3172
5 4375 11250 15 4377 15200
638 035 690 3101
» 3740 05223 20 3651 11825
o1 3018 693 3
5 3mo M176 25 2053 08131
613 3028 700 P
26 0 25 1 o8 30 2233 03025
o8 70 02 .
5 1611 1 9300043 35 1581 01607
| 2] 3080 701 3120
10 1165 93968 10 o477 1 918158 -
c1 3093 o st
15 w316 02875 43 0171 01737
60 3101 707 ans
20 By G0l L0772 ] 59 0164 g ’
33 5116 00 S
- 013 V0G0 55 8703 7810 "
651 3126 712 .
I
an £500 81030 20 0 | w8 FOLT 19181102
636 N7 s 2t
33 003 50393 5 7330 somsy |
50 3150 253 N e
P 7218 T2 10 6615 s | O
) 3161 7 -
45 6358 71032 15 5609 aay | oo
62 atrz 719 g
50 5922 70910 20 5179 70319 ot
663 2183 [ a5
53 5259 67727 25 1459 6715 318
oot 195 728 .
a5ty
27 0 | 90493 1 0564531 3 2736 Gazz
668 3207 724 a ”
5 2025 [HEN 35 3012 soogs | 0
070 3218 720 ..
10 3255 53106 0 2286 so02 | BT
671 8231 728 < o
15 258t 51875 15 1038 s20p | O
674 3281 730 "
20 1910 5163t 50 0828 wony | ™
615 3253 732
25 123 | 13381 55 0096 anz0q | M
0T 3263 fan P
.
(3455) ERY
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TABLE XII —Linear value in feet of one second of Arc

Tnm Lengtli 1n Latt Lengthin
Tooe ot Dt | Logimthm | D | 7% ot Duff | Loganthm
o - . o 4 _
30 o 87 Moz 1 9111676 32 20 83 6192 1 9327233
730 633 791
5 8526 4011 k5 5701 23221
737 616 792
10 7859 31393 40 1009 10198
730 3638 795
15 7150 20737 45 4114 15160
742 3072 796
20 6105 27065 50 3318 11111
T4 368t 793
2 5665 23391 a5 2520 07048
74+ 3695 799
30 4921 19686 33 0 83 1721 1 9302972
™ 3708 802
35 4174 15978 5 0919 1 9208883
740 3721 803
40 23 12207 10 0116 91781
750 3738 805
45 273 08524 15 8% 9311 00666
752 3745 807
50 1923 04770 20 8304 86338
755 3758 809
53 1168 01021 22 769 8239
736 3770 811
a o 87 0412 1 9397251 30 6884 78242
7ol 3783 812
5 £ 9005 93163 35 6072 71074
"o 3793 814
10 -5 89673 4 5258 69393
782 2608 816
15 8131 83860 45 4412 6569
763 3420 817
20 7370 82045 50 3620 61492
03 3913 821
23 6673 78212 55 2805 57271
767 3815 821
30 G838 74367 34 0 8% 1984 1 4233037
769 2938 823
3 500 1 70500 5 1161 43700
770 3471 825
40 429 6o638 10 0336 320
77 3842 827
3 0220 4235 15 83 .00 20255
T 7 528
5) 2752 55507 20 8651 34008
7 3009 830
53 1976 54050 23 Thol 31667
778 3921 832
az o S 114 1 951029 0 019 2302
™ 2374 834
5 ons 47073 33 6183 23024
T 7 ]1,
1 83 ™0 1y 4+ 530 18653
™3 90 8%
1w NG 0184 1, 12 14327
kCH 72 81
2 #3 152160 50 w73 09959
™7 85 84l
2, 7231 313 55 2932 03577
T 398 £12

D

4089
4102
4115
4128
4142

4154

4129
ELit]
A5G
48

A2
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and its Loganthm, measured along Parallels of Latitude

I Tan | Lenethin
TCIE foet

33 o w3 19
’ 5 14
[T} 0¥
] 1% ‘ STt
= ! oo
25 | -1
|
L reos
15 15
; 40 w1sG
45 FEEN
oy THN
I 206

1 5 [iirrd
I 10 01
} 1% #1141
ER 8270
| 23 7999
i
' B 628
35 61
{ 4 770
| 3501
[ 3011
[ 1 2128

37 0 81 1243

5 0357
10 809160
15 8550
20 7089
25 6796

(5455)

i

T ogsnilin

1920141

\ul
(UM

SN

191%:571
s
wan
3101

TR,

TH17
T2
6519
7RIS
S 14

[

PR TA Y
12750
18100
330
M08

21336

19649
15020
10354
03603
00962
1 0096214

1 9091512
BOTCG
82005
71230
72110

67635

m

4110
21
T
11,0
31

I

4370
1300
#O4
1018
32

W7

1680
4703
4718
4732

1746
1761
4775
1790
4305
4518

TLDF

38

29

& &

8

a

50
55

!
o | Teghon | o | Losettin | Dt
feet
’, MY 31 1-9% 2517
w7 3
5004 51983
293 [N
4100 57138
L) 68
1200 48272
w1 877
235 3
" w0l
K2 w501
| w3 107
) 0197 19033396
‘ a7 1921
T 0 2NT5
s 403
Non2 23759
910 1051
T2 15788
mz 1960
06500 13822
013 102
5947 oSS
s 1990
FAH NSy
07 o1
1115 1 8908533
"y 8020
3196 0807
a0 5611
2276 PSS
022 00
1351 83710
a3 5072
0131 TROIS
2 5086
™ 9,06 L 8073552
927 5102
8579 6310 -
a29 5
o~ - 5117
7650 65143
w0 5132
6720 ssan | O
932 514
3788 53061 7
T34 5
4851 agy |
930 5178
1910 42713
937 5
2582 37520 a3
w8 2
2041 san | 00
910 s
1104 2586 i
2 52
o162 21a | 29
LI5S 523
7 om8 16590 256
M3 6211
Zhe




TABLE XII—Lmear value 1n feet of one second of Arc

Latr | Lemgt! n Lamx
TULE fstt Dt | Logartim | DI TUDE
40 © 7873 1 8911319 42 30
047 6°87
5 39 0603 3
918 530
10 638 00730 49
91 0319
15 57 1889 #11 4
[ 5334
20 410 90077 50
93 530
% 307 847 7 11
9 366
30 2067 79361 43 0
907 2381
30 1610 73080 5
98 5307
49 06 © 68083 10
960 54
40 76 369° £3160 15
96° 5130
50 8730 5 30 °0
963 54t
5o 767 5 291 25
965 5461
41 o 6 630> 1 8846833 0
966 178
5 1876 H3ou 30
968 5193
10 4508 3 86° 10
90 woll
1a 3898 3081 +
9° 5276
20 26 218% 5
93 0013
“ 19,3 19 5° 50
070 5029
30 09 8 137°3 44 0
96 50 0
3o 000> 08148 o
98 509
3} 90 0a0 10
99 5608
4 8015 18 96918 15
osL of
50 ~ors 913 3 0
983 5610
o3 €031 8 t83 -
[R5 ofoB
42 « o W07 158000 30
[ of o
3881 130 32
%8 seaL
1 o3 s 9 0
249 2 0%
1s o131 6 Jul 4o
o [
.y 1143 5 " o0
) o
LN sl 5119 5o
293 (%]

Lengthn | g | Lo arthn | Dt
ect <
74 0157 1874 797
096 v 3
8161 399
997 o190
164 34160
999 8%
616 28301
1000 w876
wlfa 2%4%
1007 5844
4163 10081
1003 0829
"4 3160 1 8 10827
100> 58 8
2lva 04914
1007 £891
1148 1 86092,0
1008 0013
0110 93137
1010 5978
o 9130 8 209
1011 2047
8119 81267
1013 5964
7106 75208
1015 08
6001 69316
1016 5698
507 63318
1018 6017
4997 5 301
1019 603%
3038 51767
1070 600
2018 40710
1073 600
"3 9090 1 863014
10°4 G087
7 01 33008
10 o G610u
8016 26903
107 6123
919 20830
10 9 G141
6890 14089
1030 [ 3]
5360 08431
1031 o1 7
4870 0 3ud
1033 6190
396G 1 85361.%
103 613
2761 80916
1036 G 31
1 0 83715
1038 [
05687 Ti6o
1039 667
7 2643 71108
108 €86
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and its Logarithm, measured along Parallels of Latitude.

i

Laxt | Tenethn | gy iLoganlllm | o Mo | Lengthon | g | Loganthm | Tu.
. [ PO ‘ _

45 0 718007 ’ 1 361012 47 30 65 G679 1 8367540
11013 630 1087 6882

5 T4 \ 35 5502 | oo
[Bum a1 1080 6002

19 a&sm t +) 4303 | G3756
5 6311 1000 0922

13 5135 435 3513 | 16534
1047 6360 1001 | €043

Al FTEN 50 2322 | wsn
1018 0378 | | 1003 co62

2 x50 55 1220 32020
10 ony 1005 6083

3] 2130 265 48 o 630134 1 8325044
1032 6115 1006 700t

3 20791 ! 5 67 9038 18940
1033 6133 1008 7025

¥ 13939 10 7910 11915
1055 [153] 1099 7016

45 700170 07506 15 511 04569
1056 G172 1100 7065

» 8114 [CUNY 20 5711 1 8207804
1055 6191 1102 7087

s 7057 1 5191513 23 4630 | 00717
1058 ‘ 6310 | 1103 ‘ 7108

48 0 0314 1 8153713 30 3536 ‘ 83609
1001 6320 105 120

5 1017 8131 35 2131 76450
12 6313 1106 7119

10 as7s 74936 | 4 1325 | 69331
1064 6363 ‘ no7 Tl

13 2411 653 45 0218 62160
1065 6u56 1100 Ti92

20 1746 61502 50 66 3109 | ses |

1006 005 1110 7212

25 oo | 65107 | o5 4099 47756
1008 6026 112 72°6

o | eoen2 48,71 4 o | oo ossT 1 8240622
xom‘ [7n 1113 ‘ 7265

35 €512 027 5 6774 | 33265
1071 \ 6064 | | 1115 T2v7

% 7171 25203 10 1630 20068 !

1072 6633 | 1116 | 7200

13 (25 25580 15 3543 | s
1074 6708 ‘ 118 7320

50 6325 ‘ 21876 ‘ 2420 11369
1076 0722 LY 7312

55 4219 15154 1300 01027
1077 G713 1120 7dU4

47 0 69 3172 1 8405411 f 30 ‘ 0166 1 8196663
1078 6761 1122 | 3%

5 2004 01650 % 05 9064 | s
1080 6783 123 7407

10 1014 1 8394807 20 7941 81871
1081 6501 112t 7420

15 €8 2913 83060 15 ga17 Tiz
1083 632 12 7452

EJ] £830 81214 50 8691 066990
1095 0842 1127 7472

25 7765 72102 55 4364 50018
1086 6362 1129 l 7496
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TABLE XIIL—Linear value in feet of one second of Arc

Latr Length m
TULE feet
o 4
40 0 7T 82T
& 7326
10 6378
15 BT
20 4475
23 3322
30 2567
23 1610
49 0632
45 76 3602
50 8730
53 ieT
a1 0 76 6802
3 £836
10 4568
13 3808
20 2326
25 1953
30 0978
33 0002
9 7R-9024
45 8013
50 7064
55 6091
42 o 75 w07
5 F3308
0 3123
15 2131
2) 143
25 0151

w76
078

979

Loganthen, | Dift. | LT | Desgthun |y | pogantin
— e . -
1 8011319 azz0 | 740187 1 smszr
5287 096
06032 35 8161 39952
5302 097
01730 47 164 34162
5319 909
1 8893111 43 6163 28351
533 1000
00077 50 5165 22525
5350 1002
84727 55 4163 16681
5366 1vo3
79361 43 O 74 3160 1 8710822
B3BL 1005
73980 5 2135 04044
5307 3007
68383 10 1148 1 8609150
Gilt 1008
63169 15 0140 93137
5430 1010
wr 2 | 7585 87208
5415 1011
52204 25 8119 81262
118 1013
1 8815833 30 7106 75208
3478 1015
41833 33 60N 69316
56493 1016
33862 40 5075 63318
5511 1018
30351 45 4957 57301
5326 1019
24825 59 8038 61267
5543 1020
19282 55 2018 45215
5639 1023
13723 4 0 73 3995 1 8639145
5575 1024
08148 5 72 0971 33038
5592 1023
02356 10 6016 26933
5608 1027
1 8796918 15 7919 20830
5625 1029
01323 20 6890 14689
5610 1030
83693 25 BRLO 08331
GRIR 1031
1 6780025 30 4820 02354
ohTs 1033
74330 35 3796 1 8596139
5691 1035
63550 10 2761 83916
5708 1036
62031 45 1725 B35
5725 1038
57226 50 0,87 77463
571l 1039
5193 65 713613 11198
5558 1011

5878
589t
5013
5928
5047
5964

6087
6103
6123
6141
G138
6177
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o

and its Logarithm, measured along Parallels of Latitude,

Lami.
mwr

Tepthn | g | Losonton Ui | I | Benethom e | g | D
i
{ _ I P ‘ -
1M 1 56iM2 47 3 68 6670 1 8367549
1043 [ET 1057 6382
Tk 55008 35 3302 | 60638
1044 6321 1080 6002
AT 40 1303 3756
145 o311 10% 6022
(it 13054 5 a3 ‘ 46834
1043 6360 1001 6913
41 go3st 50 2322 39801
1088 3K 1003 6962
ey 33200 55 1229 32029
105 ey 1095 6985
237 awm 48 ¢ 650131 1 8325014
152 ui5 1006 00t
potd amm | 5 67 9238 18940
1053 6173 1008 7025
({5 1130 10 7910 11915
1035 6153 1099 7016
50-M5 073 15 811 01869
1056 Gir2 [ 1100 7065
8114 N 20 5711 1 8207804
% 6101 1102 7087
057 1 8391543 25 4039 00717
150 G310 J 1103 ‘ 7108
|
50 570 1 8145733 30 3156 | 83609
1061 6520 105 7129
4137 81534 33 2131 16150
1002 6519 | 1106 | T80
.73 | Te 3] 12 | ‘ 69331
1064 G,h8 1107 ‘ 7L
21 633 13 oxs | 62160
1065 0456 | 100 7192
1540 o1b02 5 | 663109 siocs |
1006 0603 1110 7212
0550 62107 5 7909 17736 ‘
1008 6626 2 7236
63 9n12 171 49 0 | 66 OxoT J 1 8240520
mru} e %Y nia 7255
€612 oy | 5 o 23265
1671 [P 1115 277
T 35203 10 4600 | 25088
1072 53 I 1116 209
€30 25580 15 3013 18689
| 1074 670t ms 7320
w2 | 21876 20 2425 [ 11369
107 o722 | 7312
4219 15154 25 1306 01027
1077 6743 | 1120 7364
69 3172 1 sz | 30 ’ 0166 1 8196663
W8 6761 112 7383
20 01600 | 35 63 9061 80278
1080 6783 1123 v107
1014 1 8304507 | 0 041 81671
1031 ‘ 6301 1124 2400
€8 3013 83066 43 6817 favees =
1083 6322 12 .
€630 81214 50 5691 6090 ~
1095 o842 127 vi2
7763 74402 53 4504 0318 -
1086 6862 1129 7106
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TABLE XIIL—Linear value in feet

of one second of Arc

Latt  Lengthin Latt | Lengthin
zoe | o ME | Loganthm | Dt i) feget Diff | Logamthm | Dif
!
. _ I - -
50 0 | 653133 1 8152022 52 20 | 6189 17916447
1130 7518 171 8223
5 2305 | 14504 35 764 os22s
usz | 7510 172 8218
10 173 36964 0 650: 1 7809976
| 1133 7503 1174 8273
5 o | 20101 15 548 91703
’ 1134 4585 175 8200
20 | 6t 8906 21816 50 1213 83104
| 136 7607 176 8321
25 7770 14209 55 3067 75080
[ 37 70 It 8319
50 | 6633 06578 83 0 | 611890 1 7866731
1 | 1138 7652 179 8374
35 5195 | 1 8098026 5 o1 56357
1140 7075 1180 8100
10 4355 ‘ 91251 10 60 9531 49957
141 769 1181 8123
45 321 83552 15 8330 41532
1143 iz 1183 8151
50 2071 75830 20 7167 33081
| 1144 T8 1184 8478
55 0027 } 4BOSH 25 5983 21603
‘ 1145 Ti68 1185 8502
51 0 | 639782 1 8060318 30 4798 16101
[BPF) 7791 1187 8520
5 8035 | 52597 a5 3611 o757z
148 812 1188 8555
10 7487 44013 I 2123 17799017
1149 7838 1189 8381
15 6338 86875 15 1234 90436
| 1251 7801 1190 8607
20 5187 20014 50 0014 81829
1152 7684 1192 8634
25 403 | 21130 55 59 8552 73195
s 3908 1193 8660
30 2881 | 13022 51 0 | 597659 1 7761535
135 7942 1194 8687
35 1726 05200 & H165 B5R18
1156 7036 1196 8718
40 os70 | 1 7997331 10 5269 47135
| 16 7079 107 87l
45 | e2oms 89355 15 1072 38394
1159 8004 1198 8767
50 B254 81351 20 2874 29627
1160 8027 1199 8793
65 7004 73323 25 16756 20832
162 8053 1201 f822
52 0 62 5932 17965271 30 074 12010
1163 8076 1202 8310
& 6D 57195 s 58 9272 03101
1164 8100 120: 8975
10 3605 49005 40 BOGY 17694256
1168 8123 1201 5004
15 2130 40070 45 6565 85352
007 810 | - 1206 K03
20 1272 32821 &0 5669 76451
1168 8174 1207 8037
25 0104 24647 55 4452 67492
1102 8200 1208 BOST
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and its Logarithm, measured nlong Parallels of Latitude,

|
Latt Lengthan
TUIF feet ne
!
|
Ve
55 0 A
’
| o 2wy
121
1 24
1212
1% 57 m12
121
ol 3
(X1
‘ 23 TN
! 2210
1 v iy
1217
33
1218
H
1219
45 215
1220
2 15
1222
a5 560873
20
58 0 L2V
122
5 T
1280
1o 2
12
13 1974
| 1224
29 i
1229
23 517
12%
30 1257
21
15 0 b
1244
E%) 53 23
121
[t 7580
123,
50 03k
123
55 B
| 129
57 0 >y %)
12
l 5 242
121)
10 1412
121
| 15 0161
1242
E2 54 8919
243
25 7670
1243

Logarithm

1INV
nm
s
ki
277

22257

113

[Eh s

173088

bt

52

TNy

L T5158)
Wn)
29701
2243
1k

01350

1 TH91R8
H2310
7274)
63141
33511

357

17431109
24436
11082
01508

T 7305082

85234

|
i

0300y
9349
oy
LI
017y

2508

9,34
0370
9209
9630
9001

J 9641
| 0723
M5k
9784
9816

RS
( 9830

T

Latt Lengthiin
oo | Tt Dt 1 Lozarthm | Inff.
- | -
57 30 54 Ga3t 1 7373388
1216 2912
35 5185 [ esue
1216 013
10 3939 | 6319
1213 916
15 21 5523
121 10097
50 1142 35510 |
151 10041
53 [JU G |
12351 10073
58 0 53830 1 7315402 }
1233 10105
5 7687 | ou07
125t I 10139
10 6133 1 7205158
1235 | rou72
13 5178 81056
1236 10205
20 922 | 478 (
1257 10237
2663 6158
1758 | | 10272
w0 L7 s1272
1259 10303
%3 ouy | | 067 ‘
1201 10340
0 52 8887 21
- o | | 10973
025 232
1203 ‘ 17193
0 0362 | 12816
1204 10410
53 3008 021)6
| [ 1205 10477
5 0 52 3833 1 7101929 ‘
‘ 1206 | 10511
5 2067 81118
1267 } 10545
10 ' 100 | | 70873
1269 10081
15 0031 60202
1270 | 10617
20 | 518761 19675
e | 20031
25 7495 | 30021
171 10656
0 €219 ‘ 17128338
127, w728
ES 1946 17615
12 10758
0 3672 06957
1275 10701
15 2197 ‘ 1 70%003 |
77 i 10831
50 1120 85232
[ a7 | 10307
55 | 509343 74363
1273 10003
60 0 50 8363 1 7063462
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TABLE XII —Linear value 1n feet of one second of Are

gt 1
Lazt | Tenethan | pig | Loganthm | Daff | LATL | Lengbbin | pig | Logartiim
) - - ° -
50 0 63 3133 1 8152022 52 0 61 8935 1 7916447
1140 7518 171
4 2305 11504 35 764 08224
1132 7510 1172
10 nys 309G 40 6292 1 7699976
133 Tob3 174
15 0010 29101 45 5418 91705
113t 7585 \ 175
20 64 6906 21816 50 4243 83104
1136 7607 176
2 7770 14209 55 3007 75080
137 7631 nr
30 6633 00578 53 0 61 18%0 1 7866731
1138 7652 1179
35 5195 1 8098926 o711 58357
1140 7670 1180
10 4305 91251 10 60 9531 40027
1141 7659 181
15 3214 83552 15 83:0 41532
1143 122 1183
50 2071 75830 20 7167 83081
1144 7744 1184
55 27 04086 25 5983 21603
1145 7108 118
5 0 630782 1 8060218 30 4798 16101
1147 7791 1187
5 8635 52527 35 3611 07072
1148 7814 1168
10 7487 44713 40 2123 17799017
1149 7838 1189
15 6338 #6875 45 1238 90436
1151 78u1 1190
20 5187 20014 50 0044 81829
1152 7884 1192
25 4035 21130 55 59 8S52 73195
154 7908 1193
30 2981 13222 2] 59 76,9 1 7763535
1155 7932 1194
£ 1725 05290 5 605 655818
1156 7956 1196
0 0570 17907333 10 5269 47135
157 7979 1197
15 62 0413 89345 15 4072 38393
1159 5004 1198
50 8254 81351 20 2874 20627
1160 8027 1199
s 7094 73324 25 1675 20832
1162 80,3 1201
82 © 62 512 177560271 30 Ty 22010
1163 8076 1202
5 760 57193 35 58 9272 o161
1164 8100 1203
10 3603 49003 10 B0CO 17694256
168 8124 1204
1o 2139 10970 45 6565 85352
167 8119 1206
20 1272 42921 50 5659 76451
108 8174 1207
25 o104 21647 85 4152 G780z
109 8200 1208

Duff

8529
8555
881
8607
8634
8660
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and {ts Logarnthm, measured along Parallels of Latitude.

Tant
TCLE

Leagthin g Loganthm | Iuff

82

205

(LS

U M%)
T2
620
197
T

2517

1257
[
53 h423
T
o1k

SN

5y N
2082
12
13)

51 KO1O

7670

17659
mn
FR1% 0]

NN

M

o
JIAUTUS B
#5703

T2

om0

17,8850
LT
29701
20243
pURESY

(R

1 TH49IHES
LES I
72712
€141
551l

| 1400

1 7435109
24136
14082
01998

1 770,042

l 8a23¢

[
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9848
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&9
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oD

0

s
Lepgthom | pyyr | Lognthm | it
S L3 ‘ 17375354 |
1216 9912
5185 63142
1246 0913
303 ‘ 55199
1218 a7
200 43523
10 1017
1113 \ 35510
1201 [ 100m
o1 2,175
12,1 10073
GIR | 1735802 |
12 10103
THe7 05297
12, 10139
0133 1 7295154
125 10172
3154 £1986
L 10205
3022 74781
| 1257 10237
2665 G154t
1238 10772
1407 | sz
| 120 | 10503
0148 13067
1361 10340
284887 31027
1262 ‘ 0372
702 20254 |
1203 MR
0362 12546
1204 10810
5008 02136
1260 10877
B2 3433 1 7191929
1266 [ 10011
2,67 81418
1207 ) 10545
1300 T057%
1269 10081
on31 oz |
1270 10617
ol 8761 19675
1271 10651
7491 39024 ‘
‘ 171 10686
0219 1 7128338 |
L7 10723
1916 17615
174 \ 10758
3672 06857
1275 Ioros
2307 1 7090063
e 10831
1120 Br232
T 10507
50 9313 7435
1278 ‘10903
50 8565 1 7063162
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TABLE XII—Ianear value in feet of one second of Are

Tart | Lengthin Latr | Lengthin
Toay ( e DE | Togantim | Diff oo oot D | Logar thm
o _ - ° ~
50 0 6o 313 \ 1 81 2022 52 10 €1 89% 1701 17
1140 no18 1171
5 | 2300 14204 % 7764 08921
132 7040 172
10 ‘ 173 36904 40 B9 1 78999:6
1133 7063 117
15 0010 | 29401 15 548 91705
| 184 7585 n7s
2y | 618906 1816 w0 1243 83104
1136 7607 1176
2 7o 14°09 50 2067 75080
| 1187 7631 7
5 | 6638 0678 52 o { 611850 1 7866731
1138 7602 1179
EN 5195 180089 6 5 or1t 58307
1140 7670 1180
10 4305 912,1 10 | 60 9531 4997
1141 7699 1181
1o 314 83,52 15 83 0 41532
1143 (-] 183
¥ un 75830 20 7167 33081
1144 7741 1184
65 ooz7 68086 .5 5083 24603
114, 168 118>
8L 0 630 87 1 8060318 30 4798 16101
1147 7791 1187
B 8635 52527 35 3611 o772
1148 814 1188
10 7487 ‘ 4713 10 2423 1 7799017
149 7838 1189
15 €338 <6875 45 1934 00436
1151 7861 1190
0 5187 20014 50 0045 81829
| 1152 7661 1192
a5 W | 21130 55 | 59 852 73195
114 7908 1103
hivl 2881 \ 13722 s 0 59 "629 17764535
1150 932 1194
% 1796 0,790 5 6165 50818
1156 7006 1196
n 0a"0 1-799 334 10 5769 4135
| 157 779 197
is €2-011% B33uu 15 072 38394
159 5004 1108
w 8204 81301 20 ~874 20627
1160 8027 1199
1 094 733 ¢ 20 1676 20832
116. £053 1°01
52 0 62 w03 1796271 30 0374 1010
163 BO6 120.
5 400 5719, 3o 589272 03101
1164 8100 1°03
10 1602 4909, 40 5060 1594780
1nes 8120 1204
1o 11 400 0 40 £RCa R5392
1167 8140 1°06
x 172 3oa_1 50 5659 76301
104 8174 1°07
v 0104 21647 143 4452 £7492
1169 8200 1208

8374
8400
B42o
841
8478

8570
8055
8081
8607
8634
8o

8819
8R 5
£004
89131
8959
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TABLE XIV.—Astronomical Refraction

The Mean Refraction 19 for Barometer 30 mches and Tosnparature 50° Tahr
7
e e R DO s | | B B D
Alutule Pefactin 04, | Taro I Temp \titude Ilufrmlmn T'Alt Baro | Temp
o 0o ma urlwn 81 4 0|11 62| 22, 201 | 190
5 a3 u3s % 76 10 P11 a0 b a1 layy | 16
131 gy 100 | ™ i3 20 1 lof 20,227 (138
oW 5 104 )6 7o 2 w60 ! 19 220 | 15
m N1 w16 o7 s w3 18 (23|18
B oman erlm 6 0 1015 | 17 ' 7|18
A mssoar 94 w161 5 o‘ ons‘ 1o | 201 | 188
35 45l %0 50 59 10 912 15 196 | 131
02 s 87 8 66 20 9 2 15‘191 130
5 =020 B3 o 3 %0 911 | 14180612
5 2% 80 5 1 8| 13, 181 | 12
55 25 3 77 8 } 19 8 15 | 13 ‘ 176 | 110
- x . 6 o sax| 12| we | 115
1o Mmoo 34 8 i 10‘ 8 20 12‘168 111
5oxes 71O 14 w8 ol 11 164 | 109
oo 2 60 b ra w 7| 11160 | 1ee
LI B A N Y w 74l 10 171103
Mm@ s L3 W 12 s} 7 a7 | 10] 13| 100
B w61 b 10 o [ ‘
woa 7 9o 32 7 0 7u | 10150 00
% 2088 57 0w 3y RO A SO b
4 ) 7 0
2010 &5 3 36 wl 78| o 1s3 93
O B B 13 o 669 8‘141 91
s 1917 51 3 3% ]
RO O S A B 05L| 8|us8 89
35 2 | w | 6w s | 135 87
!
2 0 12 48 3 |32 8 0| 64 07 | 133 | 08
B 5 16 31 0| 62 7] 131 8
117 41 4t 3 | 3O W em | 7128 82
1! s 290 30 | 6 11 7| 126 80
W 17 6 31 3 28 BoowT| o T 79
25 16 40 10 3 1 28 50 6 0 6 | 121 77
oo 39 W | 27 o ol se) ogmolom
no1e 2 sl A 27 w54 o | 17 74
4y 15 13 36 32 26 L0 5 41 [ 11 6 73
5 16 23 35 | a2 ‘ 26 30 ‘ 5 36 | 6| 113 n
w13 8 11 3l z w5 w0 5 | 111 71
5 118 53 0 E w5z sfuo 70
a0 15| 32‘% 23 oo gm0z ws|om
56 14 1) 31| 2 22 0| 515 6| 106 o7
10 1+ 4 30 20 22 20 5 10 & 10 4 65
%o 1350 | 2o ‘ o5 21 30 ‘ 5 6 | 12 61
o 13 33 | 28 | 28 :1 0| 5 o 5 101 63
25 13 8l | 27 | 2 ‘ to 5 | 4 66 | 99 e
I
w a3 o7 | 27 | 20 o) 451 ] 03] 98] 060
| 35 12 53 26 | 26 [ 20 10 4 47 4 96 59
» 120! 25 2 19 w0 | a4 1| os &
45 1228 24 B 19 0 | 4 30 4| 04 o
o |1z 18| 24 ‘ 25 19 0| 4% 1] a2 6
e |1z 3 23 | 23 18 50 4 2 4 91 55

Note 1 the T sramcter 18 over 30 1uches the Biromctor correction 18 additsre to the Mean Refraction
Tf the Tliermometcr 1a less than 60° the Lhermometer correction 13 addifure to the Mcn Refraction
And vice rerae
(5465) . 2L
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TABLE XIIt

Spherical Excess

{
Aren of Area of Ares of
Tranglew | Sperical Tranglom | Spherieal Trangle 1 Spherical
§)uaro Miles Square Miles oS Squaro Miles
|
|
‘ “
5 007 60 070 400 637
10 13 7 92 590 6 59
15 20 87 105 60 7901
20 26 9 119 700 923
30 49 107 1132 800 10 54
| 40 » 200 2 61 900 11 86
| ¥ 0 300 395 1000 13 1

Computed from formuls, spherical excess = ) s;: 1

where A = are1 of tnangle, 7 = e
radis of eurvature

The table his heen made out for htitude 30°, but may bo used for all ltitudes for
topographical, tertiary, and secondary work



TABLE XIV.—Astronomical Refraction

Tle Mean Refraction 1 for Barometer 30 inche« and Tem) crature 50° Tahr

Amant Ve 1 I”"’{ for] Dt Aprarent 1| tfem ot [Dﬂ oD o
Alutale  Refractin 4 74, | Taro i Temp titu le ) fefrctont 1740 Baro Temp
o e b ’ - . o 4 “ | "
o o 'mumluyln 81 4 o0 f 1 62 22 201 | 170

5w ualqa 76 10 | 11 30 21 [ 233 | 168
%1 58 109 | 73 20 11 10 20 227 | 158
1% N5 myg g 70 30 1v 50 19 230 153
2 W11 191G | 6T 10 32 18 213|148
23 M = 97 | 63 bl 50 | 10 15 ' 17 [ 207 | 143
P, 01 6l 61 5 0 9 68 1v 201 | 138
as 276l 90 50 59 10 9 42 15 196 | 134
P I ST 5 g 20 o o7 13 191 [ 13
45 o2 61 56 5t ™ 911 ‘ 141 186 | 126
W 25 43 A0 63 51 0 8 68 13 181 | 122
35 23 8 77 53 10 8 8 & 13 176 | 119

o s
too o2m Ts g2 vy 8 01 882, 12| w2115
I 10 8 20 12 168 [ 111
21 48 T1 o 46 o 8 n 17 Bilie
10 2113 G0 19 1o H .
w0 T 11 160 106

L A H 07w 10 157 |13
™ os 63 s G | 78 | 10 133 | 100
23 w3 61 % 10 ‘ ‘

@ oA o4 30 7 ol 7om 10l 150 | 098
% 20 o3 57 © 38 T 8
10 7 17 09 146 95

» 20 10 55 a2 16 M [ L4 5

519 4 53w 1o 3 b
0 G 0 8§ | 111 91

Lo 1917 Bl 30 44 10 | 6 5l 8 | 138 8

5 13 19 33 | s )
41 18 o2 oo ‘ G 43 8 135 87

2 0o 182 48 % |a= 8 0 6 3 o7 | 133 | oss

6 18 & 16 47 31 10 6 8 7 (131 83
b 17 43 4+ 3% | 30 -0 ‘ o2 | 7|18 82
15 | 17 2 PR 29 0 ! 614 71126 80
0 17 o il 3 28 10 6 7 7 128 7
25 16 4 1o 3 28 w0 6 0 6 121 77
n 10 21 39 kil ‘ 27 2 0 ’ 6 Gt ‘ 06 ‘ 19 07
33 2 37 43 27 10 5 47 6 n7 74
) LI 53 36 32 26 20 5 41 6 115 7
45 15 2, 35 32 25 30 5 36 6 113 71
W 1 8 110N | 24 10 5 30 5 | 111 7
65 14 6 43 20 PR 50 -7 5| 1o 70

I 3 o 133 32‘3n 21 10 0| 52| 05 108 | 0co

5 141 31 | 20 22 10 5 15 5| 106 67
v 13 4 30 2 22 20 | 5 10 5 | 104 65
15 13 60 | 29| o8 21 a0 1 5 & 6 | 102 64
20 13 1 28 [ 23 | 21 w0 ! & o 5[ 101 63
25 ' 13 21 27| 27 ) 20 50 4 66 1 99 o2
w13 7 27 | 21 20 u o 4 51 03 98| og
33 12 53 20 26 20 10 4 47 4 96 &9

| 0 134l | 25 | 26 19 20 4 43 4| o5 o

45 | 12 o8 s | 25 19 o | 4 g9 4| 94 o7

% | 1216 | 24 | 2 19 420 | 4 5 1] a2 56
| 5 12 03 213 | 23 18 50 4 3 4| 91 53
!

Norz —If the Biromeicr 1a over 30 mehes t1¢ Birumcter correetion 13- rddutice to the Mean Refrction
If the Thermometer 13 loss than 507 the Lhermon cter corrction 13 addefire to the Mean Refraction
And vice versa

(0455) 2y,
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TABLE XIII

Sphencal Excess

\
Ares of Aren of Area of Spherical
Tranglewn | Sphorid Teunglem | Sphencal Thangle m pheries
Square Milee | Sauare Miles Bquare Miles

5 007 69 079 400 627

10 13 70 92 502 6 59

15 20 87 103 60 701

20 20 2 119 700 923

0 40 plig] 1132 8no 10 5¢

! 40 3 200 2 64 900 11 86
) 53 GG 370 3 9% 1000 1318

Computed from formula spherical excess = /sA N where A = arey of ¢rrngle, 7 = mem
7 s

ridius of enrs atare
The table has been made out for lititude 30°, but may be used for all latitudes for
topogiaphical, tertiary, and secondary work
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TABLE XV

Parallax of the Sun

Ut tule ! Pamllax Alttale Tarallax
[ |
N ! R |
i R & 1 w0 57
% | 88 55 51
10 R 60 44
15 85 63 37
" 83 w0 30
- D, . 1
2, 50 5 23
wn 7T &0 15
1 72 8, 08
4 68 9,0 6o
13 [
1

Computed from the formul1

Parall e altitude = honizontal paallin x cos altitude
The sun's honzontal parulax v iries during the year from 8 95to & 63
The above 1s 4 mean v .lue, sufficiently exact for 1l topographied purposes

(5455) 212
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TABLE XIV.—Astronomiecal Refraction.

|

The Mean Refraction s for Barometer 30 inchies and Temperature 50° Falr

|
Apparent | Meam DI Dillfor] D 1 gorgrent | pfean DIE (Dl for)

Altitude | Refraction 195 [ 30 | B =] Atatude | Refraction| (5, | 5’ ["Remp

. . N .

12 04281 o3 | ooo| oss6| a2 o |1 46| cos| 216 (0130
104218 37| 88| s8] 43 ol 1 24] o036 200 | 12

20 | 4 208 86| 87s] sa1| 44 o |1 03[ o34| 2oz | 120

3 | 4w3 3| sa| ow| 4 oloesl| oslres| w
4139 33| 8s1| su| 46 o 561( 03| 18 | Lz

| 0 4 07| 82| Ba| 67| 47 o st2| o032 18 | lo08
j 138 0 4 735 o3| 830l oso0{ 48 o | 0 23| 003| 145 |o010s
10 4 43 31 ] 82| 503| 49 o0 505 030| 160 | 101

2 4+ 11 30| s, 4w) s0 o 48| o2 163 | 097

| 30 8884 30| sool 490 51 0 1] om) 15 | 094
X 4 3655 20| 78| 482 52 o© a54] ox| 152 | 000
0| 3626 20| vm' aw| 8 o 38| o6 147 | 088

T R 770‘ o40| 54 o0 | 0 422| 002! 141 [0085
1003 471] 28| 7a! 45s] 55 0 s8] o| 136 | 082

| 20 | 3418\ 27| 752 am| B8 0 a3l o3| 13 | om
30 ' 3 418| 2| 743, 43| 57 0 s75] o25] 126 | 076

| w0 3 3z| 20| rval as| s 0 34| o028 1322 | o1
o swTn | fd k| w0 350] o24] 117 ] o070

1 0 331302 | 718 0s0| 60 o s3¢| oo2| 112 | 0007

30 3 273 22 6 95 424 61 0 323 022 108 065

18 0 3 26| 2 7 62 0 s1o{ o2z| 104 | o002

0 314 20| 6 39| 63 o 297! ox| 09s | o000

7 ol s sa| 19| 6m; s 64 o© 54| om| o5 | o

® |3 29 1) 61z M| & o zra| ow| o | 0%

| 18 ojz20676 o | sos omz] es o 25-9] 0020| 087 002
19 0 2 477| 16| s61| sw| er o 217| o20| 83| 080

1 20 0o 2 387 15 531 322 68 0 235 020 79 o7
| 20 z2s 3| sokl a5 e o 224|  c 75 | o5
22 o 2z 22| 12| 459l 20! 70 o frel ow) T o8

i 23 0 2 165 1 4 57 276 71 0 199 020 67 040
24 0 2 101 010 4 30 0 264 72 0 18 8 0019 063 0038

25 o |2 12| o | s18| 2| 73 o 77| o8| 59 | 0w

26 0 1 588 09 397 £ 4 0 16 6 018 68 033

27 o ! 1638 o3| 38| 20| 75 o 5| o 2 | o3l

28 0 101l o3| 3@, af 7 oo pil os| @l o

as0] 28l 77 o 1w v 5 2

0 o ‘ 1 105 007 | as| ozn| w8 o 123l oozl o4 |00

a1 o | 1366 oo | 32l sl 7 o nel ar| ;| o8

2 0 1 330 o5 31 186 8¢ 0 10 2 017 M 021

83 o 1 205! o5 299 179 8l 0 02 o017 31 018

84 0 1 261 03 2 88 173 82 0 832 017 27 016

3 0 1m0l 0| i) Wl e o 7Y o] = | o

a8 0 1 200 005 263 0161 84 0 61 0 017 020 0012

37 0 1171 05 258 165 85 © 51 017 17 o1

9 0 1 9144 05 249 119 86 ¢ 41 017 14 004

80 0 1 118 04 24 41 87 0 31 017 10 004

40 0 1 01 | 133 232 | 1 88 0 20 017 07 004

41 0 1 69 | (113 22 | 134 8 0 10 oy 03 o

Nore 1t} @ Barvmeter 19 0vcr 30 31 ches the Birometer correction 14 addifive to the Mean Refraction
It)e Tlermor eterasless than 50 the Therm v (torcorrection s o { Lifire to 11 o Mean Refraction

And rice gersa
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TABLE XVI
Latitude by Cirenm Mendian Observations

Reduction to Mendian

————

)
=
e

.

Sl

2 5m

WO A DEHAFD OMEDO ARNGN BNO®®D
. 2gcaz anmes gaadn nARSR BAREE
z g39an answs gasas nAReN SASLR
[ RERERE FrbRE- RERRE HERER BEES
QOO T OO RBONY DOONTF
Phnos Laane hogad maenn Sanes
E 25282 53338 2852 53959 83833
- VIDY OOVOY I2V0DS SVVED OO
[ RN -] DO - HmR-o O~ T cwao*l
- nmas o o on
a 5R9RN NRSRk 2RSEY ABEE3 89583
£ 58885 GESEL 5G33% 28883 28H88
. eSO mEBeo OoMmn POwBE SkN®o
AmEns mpecn aimon id
8 23202 5EESD 2329y 2Sg4n graRy
g 33388 5883% 43235 3588 834s%
. 25509 ©ane mosoe mones meoo
3 1Ty SLE2QY HUNEE YRR Hmm
232318 S522R RUgR 80
3 3232 24223 23838 85838 333
roond MHNAO GOOND GHmbAn BHeH0
El A OO=MD BFRO NDOAN BHFESE
2358 22358 2
2 4358 285S% B288%F £38g% 8§88k
= SOHMM DARODT AORE OB HNM OOV
E el o
2 E3353 22598 23333 22332 23853
£3433 Z35BE 23388 223
= 19D VHENOW DFENO® CANSH OWNO®D
3 N7123 35290 Snmos sroch BEood
& 27722 B52%
5444 BRIER BEEES ZRREE E888g
B MRS HCOM AN RUMOI NG 016 S T
= l\:’\a’\g - £ b g ¥ ) - R -Red 4
E BR22S FEYSY 22ssh PEr
= 53388 SSEEE F855T% BER3% 383
) noone secon aonase snoae CEPeo
=1 LEEAL 28R3N uRAEY Ol
E 25x2z 2283 Szoa
85588 8538 HRAFE 85358 88458
SonnLF OWN W DOMOF oW oW MW
: 2255 Snams coaes o Siaanm
E 32885 33882 38885 22338 SREEE
32883 32882 33888 EEE
) e Gmnoe oo Gammm Hoaow
] D Dt DHOD I3 . r no
H 15555 BES58 SHOED 23288 53523
33355 BBS88 85388 33338 83528
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: £2553 229P8 SIINT 83228 B3ESE
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TABLE XVIII

Longitude by Occultations

heoterio¥ oF Lirirror

\
Conpression ,, \—

ot s £
- 2. —
LTy e {1 L} el
N
\

N

Lat | Red Lat | Rl T

o o o 0 10 7 60
1 0 24 N 10 1) oL
2 o 4 32 10 30 62
3 113 13 10 10 63
4 13 3t 10 50 [
5 2t kN 10 59 6o
6 2 2 3u 11 66
T 2 43 37 14 67
5 3 13 2 FYIY €
3 3 ar Ell m ot 69
' _
v 3 5 40 1 3 70
11 - 41 1 3, ‘ 7
12 4 4 i i 3 72
13 5 7 43 1 73
13 5 .3 n 14 | 74
1o & o 4) 1N 4. 75
16 6 1 16 142 ‘ 76
17 ¢ a1 17 141 77
18 G 5! 15 1o 78
19 K §3 4) 1 36 79
20 7 320 50 | 1 32 80
.1 7 43 51 u o2z 81
.2 & K 52 122 82
23 8 23 63 ’ 115 [ 83
24 8 4l 5 1 s 8t
P 8 57 va 1 o §a
26 9 12 &b 10 w2 | 8¢
27 9 7 57 ‘ 10 42 | 87
24 9 41 68 10 3> 8Y
29 ‘ 9 6% 5 ‘ 10 21 h 80
Formula

B

=

bROGOGEONT Nroooeooed

CORMIIND GG



TABLE XVII

Longitude by Occultations

Courgctiov of the Moov s EQuatoriar Pararrax for the figure of the Earrm

i)

1
04

{Compression

Horizontal Parallax

62’

s CNOVOBB A
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EEREGO N
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. Caovonea~a
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CNGHP I =T~
—-oIAl e W s

ononawaCH o
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APPEXDIN T
TABLE I —-LATITUDES, LONGITUDES AND REVERSE AZIMUTHS

This Tatle gines the keganthms of the quantine P, Q, R 5, T used m ths rorms
«mplned fo- the computition of Terrestrud Lantudes Longitudes, and Reverse Azmuths
(rie borm 2)

Suppoce that A and B are two stitions ind thit we hnoe gnen—

A Lattulecf A
L = Longtnde of A,
A - \zimuth of B from A (mussured from S to W)

e = Distance in feet 1t mean sealevel Letween A i B,
and we requite
A - Lattude of B

L, - Tenptude of B
3 - Azimuth of A from B
I we put
A A+ar L, L+aLl, wmd B~7+ A+aA
3t will be ecen thit we re puire the deflerences
Ax AL wd aA
The v alues of these quantities e fornd s follows —
Tating AA o BA + oA
Al oL +oL
AA gVl +0A

then
ok Pus o oA §ALsmA
&L HAQrc Atan A 5L oAbcotA
54 ol and &4 SLT

which tre the cxpresions used m the form for computation
It will be noticed thit each term s fornd conseeutivedy from the preceding one
The proper signs to he given to the quantities will be found m 1 whles IT (A) and JT (B)
For latitudes othui than those gnem m the Tuble the quintities must be found by
nterpolation

(5455) oy
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APPFADIN 1

TABLE I—LATITUDES, LONGITUDES AND REVERSE AZIMUTHS

This Talle gnes the loznthms of the qutiies P, @ R, S T used m ths rorms
emplned for the computition of Terrestrnl Latitudes Longitudes, ind Reverse Azimuths

(ridr Yorm 2)

Sappese that A anl B are two stitions wd thit we hive guen—

A
1
A

.
anlwe requine

If ne put

— Lantde (f A
= Langutule of A

= Azmuth of B from A (meisurad from S to W)

= Inetance o feet ot mom <o Jovel butween A ind B

— Latitude of B
- longmtuleof B
- \zmuth «f A frcm B

A+ar I,-L+al, md B

1t will be scen thit we re pmre the differences

Ak AL md aa

The v adues of the ¢ quimtitics ue found s follows —

T'utung

then
Py
&L
&\

AL HA w0

AL - oL + oL

Ay A +8 A
Permto# LS
SAQ s Atan A oL
alan LAY

which are the expressions n ed m the form fur comput ition
Tt will be noticed thit ewch term 1s found censecutnyly from the preceding one
The proper migns to ¢ given to the quintities will e found 1 Libles II (A) md IT (BY
For latitudes other than thost given m the Tible the yuntitics must be found hy

nterpolation

(5455)

~ 4+ A+ AA

o AhsinA o
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APPINDIX 1
TABLE L—LATITUDES, LONGITUDES AND REVERSE AZIMUTHS

This Talle gives the lozinthms of the quintittes D, Q, B, S, T used m ths rorms
emplael for the computation of Terrestrnil Lantudes, Longitudes, wnd Reverse Azimuths
{rn1-lorm2)

Suppose that A and B are two stitions wnd that we huve gnen—

A = Lautude of A
L = Lonaitule of A,
A — \nmuth of B from A (metsural from S to W)

e = Iictance m feet it mem selovel betneen A md B,
and we roquire
Ay = Latitude of B

Ly = Lonmtude of B
" B - Azmuth of A from B

TEwe put
A —A+3x Ly=L+aAL, wl B-r+ A+aA,

1t will e faen thit we require the defferences
AX, AL md MM
The v lues of the ¢ quantities e found s follows —
Putting AL HA 40X
AL oL+ 0oL
AL A +38A

then
onA — Pum A ¢ A - SAksm A
&L = §AQrc Atan A 8L 4AScot \
§iA = il a 8\ SLT,

which ure the oxpressions used i the form 51 computtion
It will he noticud that each term 1s found conseeutnvely from the preceding one
The proper signs to he guen to the quintities wall he founst i 'L bles IT (A) ind 1T (BY
For lititudes other thin thosc gien m the Tible the quintities must Le found by
nterpolstion

(5455) PN
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APPFNDIN 1T

COMPUTATION OF DISTANCES AND AZIMUTHS

Grven the hiatudes ind longitudes of two pomts A wd B

Azimuths B from & (A) wd A from B (= + A + AA) wd
QUKD length 1n feet hetween Station A nd Station B (r)
Dita Tatatude Longitude
Stitton A Ae — Lq —
Stition B Ay L, —
o | _ L _

AX * AL - %
AX 4 al +
2 - 2 -

Aa— Wiilled \ut\\du(}\,, + ﬁ?)

AX When A wm!Barehoth N or S of the Fquitor

Ars b owhen Ay s 1""1" R hin Ae nd Ay — (s + Ap)
- eas

If the ry crasses the Lauator

AXasals wanestne wd — Xy + A anl A, = 4 il Tetweun Mg and Xy

Al Whan Aand Barc both W of Greensich

less

aLas ¥ whn Iyas thn L,
- greater

When A nnl Barc heth b of Greenwach
ALae Y when 1y P (b T,
- I¢ss

1 the Fy crowse< the mon ban of Greanwmich —

Al e Lo+ Dyanlie P af Ty "‘~ of Greenwich
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Formmule

Loganthms Results
To 6 plices of Decimals
EA
loz A,l' (nsecs) - 2
| ay Al : . [(When Ay s N of
- an 1 - >
» > oz s A,
-~ - equitor AA  nis  the
sime
lox Ay W‘f age 1s AL ]
o
D Talle \IT
tmi s AL, [ORP RN A dh
VaTa NIt dr Dealme <)
Title N1t + log sl. [Quidi nt ot tamned

toz a2

log e = log rx
aA
{1+ Tt |
LaloNTE + 1, 3R

e pured Azmnthe

|

‘ T+ A+ 8A

Col | ar

At

)}

bztang 4+

D (A + 3}

ko Tl N -

1h2 AA (it ses )

Al
A+ )
ah + m
2
Infl .
T + Sum

an
4+ Values for mil1lo hhtitule, 1 ¢ tora + 2

from Iible 11 (A) or
1T (B) with given signs
of AA d AL s hove ]

wzimuth of B from A

1zmnith of A fiom B

22




APPFNDIX III
ALTERNATIVE FORMULZ FOR DETERMINING LATITUDE, LONGI
TUDE, AND REVERSE AZIMUTH IN TRIANGULATION, ALSO THOSE
FOR THE REVERSE PROCESS

Inrect Process —

AL:& = ATL(sm A+ ATA) (1)_
AN - ~ % cos (A + A?)cosec 1 2)
am [ A+ %‘)
aL- - f 2\ T cosec 1 {3)
v cos(/\ + A)

where A, A T are the mitnl wzimnth Tatitude and lonmtude and AA AX AL, are the
mcrements t) he added to the mmtial vilies to ol tun those of the distant stition tt the end of
the line of which ¢ 1s the length 1n feet
Now
log 22 L _ p (Table 1)
P

and
g%l _p 4 Q(TableT)
v

To obtun a value for A:\ the pproximate position of the end of the hne must 1o known by

meisurement from 4 pline-table or approximito computation, and the rough 1 dues for Al ind
AX thus obtained are sul stituted 1 (1) The rest 15 obvious

The Feterss Process, te the htatwedes nd longitudes of the two stattons hetng known,
to compute the 1ziouths and distance —

ffere we hnow 8T &, imf 32 and ean therefore compute the value of A4 from (1)

Divading (%) In (2) ;
Al AA ax
_M—c’nn(‘\+ _;)sw(z\+ _)) “)
where

log (’ = Q (Talle 1)

From this (A + A‘)\ ) can be comyputed and then from (2) ¢ ean he found

Nomt —Bothm the Direct Process and in the Reverre P'rocesa the values of P and Qtole
wsed At those for the o ¢ on latit e (A + 3
=/



APPENDIX IV
TABLE IV _COMPUTATION OF HEIGHTS

The t3le 1w 4 f41lnate fin fing the suttended angle when only onc angle has been
AT |
Db e (B
}','} L do B
‘. ~ dictan e n feet hetween A and B
1 mv When reaproal angdes base bevn ot sersed—

1) 1w th anle< are depres 1one tike half the difference
¢y Hene wncdc ondy tem ey it Gk lf the snim

The 1¢ ult 3 4 sl angle called the sut tended an_le (9)—

oaa e De g Les Dy

Snle v When one angde onls (D or Lg) has teen ohsersed we must first find the
rutten lad angle

I 1 —Sud it the quantits an Table IV from log e The naturyl number corresponding
10 the re ulting, tosanthm 14 an angle K i seconds of are, then—

Seh D, or K+l

Having now found S in erther case the diiference i berght 1 feet (5) between A and B
14 ol taned from the formula—
b —ctan
Fxasirs ar 250 Cask—
Given log ¢ = 4 8907
and D =0"14 25,

to find 5 1n It 20° with coeflictent of refraction 07—
logr = 4 8907
Number m Tatle IV | _
under 07 forlat 20 [ 7 2 3716
log h = 2 5191

K=330 =0 530
D —014 35

Henceb=K-D=0 9 b

SeeForm 11, p 31
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APPENDIX III
ALTERNATIVE FORMULZ FOR DETERMINING LATITUDE, LONGI-
TUDE, AND REVERSE AZIMUTH IN TRIANGULATION, ALSO THOSE
FOR THE REVERSE PROCESS

Durect Proce s —

aA_ AL (sm re 3 .
AN = %cos (A n A;‘)mecl . ©

. stn (A + ‘fﬁ‘)
e U~cosec 1 e (3
cos(A + )

where A, A, L are the mitial wzmuth hititude, and longitude, and AA, A}, AL, are the
merements to be added to the smtial values to ohtan those of the distant station 1t the end of
the, line, of which r 15 the length n feet

Now

Al

1o cosec 1
8 P

- P (Table T)
and
log®ee L~ P 4 Q (Table T)

To obtun 4 value for A‘;\ the appronimate position of the end of the line must be known by

measurement from a pline table or approximate computation, ind the rough values for AL nd
AX thus obtaned are substituted 1n (1) The rest 15 obvious

The Rererse Process, 1e  the latitudes and longitudes of the two stations being known,
to compute the aztmuths and distinge —

Here we know aL, A, wnd AA, and ean therefore computo the value of AA from (1)

Diading (3) by (2), AL A
= £t (A + A2 ) e (,\ + AT)A) ),

AX
where

log ’: = Q(Table I)
From this, (A + AA:\) ean bo computed, and then from (2) ¢ ew he found

NoTF —Both 1n the Direct Process and mn the Reverse Process the vilues of P wnd Q to be

used are those for the mean lufifude (}\ + %)‘
/



APPENDIX IV
TABLE IV —~COMPUTATION OF HEIGHTS

Thie tatle 1c te faalitate fir ling the sulten led angle when onhy (nc angle ke lovn

hemed—
D. Ihp-cssion
PO {Hlevanen VA
l“} N to B
| %
. distan en feet Iitween A ani B

b riw — When reap wal angles have been of sermvald—

ta) H I« th angles are depresmons tihe Walf the difforen o
o) If ene angle only 1oan devatsen ke Tdf the s

The re ult 1 an anxthary angle called the sut tonded angle (S)—

mon. Lo+ D,
.

nlare Whon ne o de il (g or L) Bas Lo obwervad, wo mnet fest find the
cubtended aingde

22l —Sultrs g tbe quantits m Tallo IV from log e The mtnrd pumd or eorreap ndiny
to the re ulting Denthin woan angle Ko seconds of arg, thon—

S=h D o K+F

Hvang now foun 1 S erther crse the difference m baght an feet (A) hetween A anl B
15 o] Laned from the formmla—
ko= etans
Faastins of 230 Cav —
Gnenlog e v 1 8907
and D =0"14 2%,
to find San Iae 20° wath cecthicent of refraction 07—
log e = 3 8907
Number m T hle I} -
under 07 forhy 20 f =2 e

log I = 2 5191

K=330 =0 630
n =014 35

Henco5 =K ~D=0 9 b
See Fonu 11, p 31
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Rope, 3mnch
Saws
Shovels

Thes. shonld be supplemented by the tools
use 1n the country

CAMP LQUIPMENT

Baths, canvas

Beds, camp

Bedding ind v<lises
Boxes for sml] stores

Buckets

Canteens and messing kit

Candle lnmps

Charrs, camp

Curtuns, mosqmto

Hurncane limps

Indiarubber sheets

Lamps, Lord s

Mess boxes and cooking utensils

Stoves, eamp and coolang (for cold clim ites)
Tbles, camp

Tents, Willesden canvas, double roof, ridge
Washing lat



STEENIIN v

Tte oo rm fdettuom Tre fna b onontin ded fr mthe  Mamal of Freld
Sheed LT Tie v W Dot fur o il o re s oypedooms ml mny
Proeree e r by b de t o wak o el o oman tre ks Jdwan pants moae
e ahfa )

SKETCHING IN DENSE FOREST*

Tem v wn v jate f A e peadly ot s e aible on vecount of dense msh,

1 aror o eamas o fotes s ther than thc lme of the rewlor trak As the paths
MU W taerv it bl ders o< hove U I tihen it short intorvals, and sueh surveys
v pce Mom teowbl o the shat hor s marchinz wath o column or euwvian 16 15

oot d et wom nteagrcit 4 by s of tme to plot the beanngs and dr tances on
Ton b T e Al thenfer te onter thum w4 notelook and to plot them on
T b oy 11 boarmes are botter tiken waith 1 pri matie eempiss af avaulible, at
dor ottt o el sy ek ompass D tan coare st aemed 1y nating the tunes b
whib o b mon tdene by arpaes d and c g the rate of narclung during the
ne ol A emvem ot form oof not book s formeld Ty ruling fonr lines lout half an
Wb ot dwe e comt e of o hopaa (s B, T0) 0 Supposing the dus trwverse
bl omioncsd from Yoamdde vl stat by dtumng @ bk bewmg to the st
it e Thie s eontered BB (Lick Tamma) to vilhige 205°, and 4 forward hearing to the
vt ullige i frent antersd s 1B ullage (forward bearnng) Yolu 71 In the thiekest
Fad country + nunne hie penerally avers good 1lesof the relitive postions of the vallages
rond b own ol the  bengs from vllige to alhge are very weful 15 chechs on the
Nreets moef the traverse

If o ittt vaew 15 ol tunible it as advisible to tike Tack reudings to any maurhed
1hvercdd fecture o5 firoan s 18 posable and near which the track b passed, also to any
pomnts i uly i ¢ ucr which at appers prodableat may ps These long beuings of pomts
£33 WD er 40 mles apart, e more nseful thw those from wllge tavillaye m checking and
corrccting the direction of the traverse

In the ovumple (g 70) hermgs were ol tuned to two ils about 30 miles thead
The be iz of the track smmedittcdy aheul 15 then tiken and entered e the centre column,
and the time n the first or left hnd column

It 1 often imposstble to ree the general direction of the teack, which prol ably disappears
m the bush v fen yards aliewd, an this eise 16 39 neeessary to huwe a nitne to show the
direction, Tut constant w stching 18 necess iy, 18 many natives e very slow undersnndmg
what 13 requirad, ind seem unille to strike 1 mean betwecn the direction of the pith just o
fow vards n front and its goation tno or threo miles thewd  To get « general dhreetion of
Alout hilf + mle of road, 50 25 to tike 1 Teanng every ten minutes,1s very consement
mew, and will give fur results  On arrnad 6 the punt where the direetion changes nd
tnew Fuinng s to Lie tiken the estimated rate of marching 1s entered 1n the third column

I3t Tommprsaible from v w it of grades ot othur ecwise, to get swisfictortly the forward
dircction of the trick, the Test w v of proceeding 1s to take the heaning wpon which one
happens to Te muching at fived mtervals, sy evcry five mmutes of time, which my e

* 11 metlol Ture desenl d 3 nleo best for lomg eor tinuous sketches from

hnates  If tle beanngs are losg 1t 19 belter to dismount front (he 1orse when taky
frontlecas el) Tleytottingind ne o1 armral in ¢a n

(3432)
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Rope 3-inch Buckets
Bws Canteens wnd messing lat
Shovels Candle xmps

Chairs camp

Curtuns mosqmto
i H wricane 1umps

Tt diarubler sheets

Thes shoull be supplemented by the tools i
use 10 the country

CAMP EQUIPMENT Lamps Lords
Mess boxes ind cooking utensils
Buths ¢mvas Stoves camp and cookmg (for cold chmates)
Beds carmp Tl les camp
Beddmng and +lises Tor ts Willesden ¢wnv1s double roof ridge

Boxes for small stores ‘ Washing Jat



nete at and ke lbwane for 1t the plottng
at the sput and 6 3 that of <tirtinz off 12un

It
torbow what e mtomded

The ditinees e plotted < strught lines
“rate of marduns for the wawhings of the puth

In the example, 6 1415 the time of vl
1< sutherent tebrichee the two tmes together

1t s therefote neeessary te allow pe the

The v rite entered s 2§ mles w

X
s
g
[y
N
g
3
§3§§
288
253
———
YOLu VILLACE
20 wUTS
RIVER 40 WIDE
3 orep
SLecIsH
.
‘v
o
= raacx
T 2 . .
K}
=
5
s
¥
RIVER DRY
BED 20 WiDE
<™ MAGHELIE,

SCALE 2 INS TO ONEMILE

, YANDAHU
# £ Fisse . fomurs
DL,
=, %,
e, 2%,
e
2P

Fig 71 —Drorune oF 11 Compsss Tivvpnse

(Shown on fir 70)

hour, and the 13 25 much 1w most cuavany of purters will wecomplish on an African hush

(5455)

trick TF the trick goes up wd down hill, o1 15 very stony or otherwise Ind, 1t 15 necessry
to sudnce the rite entaral tecordimgly

282
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After v Iittle prictice the error m length of traverses of this niture done with ordinuwy
cre should not exceed thout wght miles m 2 hundred, and this 15 caused generally hy
persistunt over or under estimtion of the rite of marching  In direction the result 13, 13 1
rule very good 1t 1s monderful how the number of sml errors 1n bearings neutralize one
another

The trick meluded in fig 70 1s plotted on fig 71

For plotting 1t 15 convement to make one or two seales showing the distances to be
plotted in minutes of nurehing 1t the different rates

Try to start wnd end up traverses of this natute on pomts of which the positions we
known

When murchin, with 1 column or ciravan 1t 15 1 good thing to work, if posaible, for 1
mile or s0 heyonl the cwmping gound 1t the end of the much 50 18 to le <ble m the
normng to start off thewd and elear of the evrevan

It 1s wdusible to carry the waitch by some mewms which enables the time to be rewdily
noted L leather case, of the pattern used i South Afriea, on the helt, or v hund on the
winst are both convement methods

It 15 1 good thing to prictise 1t first 1 1 country of which therc exists an 1ceurite
sutvey s this pives 1 mewns of cheching the work and shows the topo"rwpher how much
rchun ¢ he can plice npon it

Facellent truverses hue been executed in 4 simihie wiy durmng canoe voy iges down
mvers e Afney und el ewhere



APPINDIN VI
PHOTOGRAPHIC SURVEYING

At ot et f untny mn beocon tig tad from photagriphs of at, wd, under
Qejuul 1l wh o | =« ma te 2 nsefnl unl cconomieal one Bt sutillo
o dtre anc o re nd the e alung map s necanly less ecurate than one made by
thoratd el whih hod een do abad i this ook

Thowaplo samvevimg s protiadby o dent to constrneting & map by interseetion
the nahng the me cfantajolitien tracrang and loeidl mosmement As 1 osung
sstom b st fundimantal defuts the ground 14 not walked over, md the map s
not mude woth G Tae gt tted moan othce

The <«enhts ns favourdlc to the ue of photo tepozriplue methods e —

uo Il of the trat of cantry to by sungyud, which may De, for mst iner,
the upper pertt noof vl snow ringe

1) Wl nierhed fatures The method woukl, 1t 13 olaions, e useless on the rollng
vadt on plons or e forests

) A vy short fiekd sewson sneh s mu cceur mosub aretic regions

(v ) The want of ehilicd topographers

The mos truc ¢ ful i tanccof the u o of photo-topo riphy 1s to be found in the Canading
suniav s of the Lochs Mount uns

My troat e e boan published on the subject, of those 1 ¥ nglish, the reuler 15
rferred to

Plostogniphic Smiveyang, by 1 Dewlly, Sarveyor General of Dommton Lands,
Ottt Government Printins Burewm, 1895 . !

Thote griphe Methods and Instruments,’” 13 J A Ilemer, 1w the United States
Covt ind Geordetie Sarvey Report for 1897

Pheteqeiphe Smvgang, 1y 7 Brdges Tee, methe Loy d Geogt iphical Socicty’s
“Hints to Travellus’ Tighth 1dition, 1901

Ihie use of phitotopography 13 s0 1irdy necessuy that 1t 1s not considered desn Wle
to merease the bulk of this book by the mclusion of o detuled deseription



APPUNDIN IX
USEFUL TRIGONOMETRICAL FORMULZA

{1) Plane Triangles—

Gnven three sides, ¢, b, ¢,

s - 1') (s
\/ ¢ ]73),

s=3+b+0)

where

Gaven two sides wnd meluded wngle o, 7, C,

A-B a-b
tm_.} a4

Given angles wd vade, A, B, G, o,
e _ b _ ¢
smA smB  smC
Guyen two sides and ngle opposite one of them, ¢, 7, A,
sin B = i st A
2
(u) Spherical Triangles—
Given three sides, a, &, ¢,

sm[: - I\/s)n (s~ Bysm( -},

s bsing

sin (s ~ §) s n (> — c)
twm - Sl R s
i 2 ,\/ anssn (. 4)
wherc

s Ale+b+o)

tiven two sides wed mncduded mgle, o, 1, G,

tl"4\+B cos ,(rt—l)( . C'
ws Y+ h) 2
pn AT B s s‘, (e-0 C
2 s i@ + 1) 2
Given tuo rdes and angle oppocite one of theny, o, b, 4,
let
tw @ =tanl cos A,
cos g = Cosfcoa
03 h
then

r =6+ & (tvo solutions)
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A

Gaven three il e A R

s\ + )
sl a4

oy

wlor
PIRCH LRI §
~in o\

e

Guontw w e ndatergy entsule A B

[RCN WNTTRS S )

an
wier
IR LTI RN Y
ot
B
PRI
tn 1 ot
2 v+ B s
[
- B
an b L
. .
tan =t
2 V4l
N

Coven two andes aml st b oppostte ong of them, A, B oo,



APPINDIX X
LENGTH OF THE METRE

In 2 hook published by the Ordnance Swmiey entitled “Comparison of Stindards of
Length,” by Cawptun A R Chrhe, RE, FR'S, 1866, will be found wn elaborate weouns
of the methods employed to determmne the values of the prineipal nitional umts of length

m terms of each other  The most important relation 13 the following —

AHT, MITRL = 1 093623 yard
= 39 37043 mches

THE YARD = 0 914392 metre



REEVESS TANGENT MICROMETER.

At roncter wiich ean be readihy fitted to any theo lolite by
tcans of which angles can be read with much greater accuracy than
th 8 Vernter, has T o recentty designed by Mr B A Reoves of the
1 oval Geographieal Socicty

The  Tangent micrometer will bo saluatle when arcumstances

revent the nw of mcrometer microscopea (and sometunes the extra
ulh and largo rize of the boxcs 15 o diffenlty) A theodolito fitted
with tangent micrometers 19 cheaper than one fitted with micrometer-
mierosenpes,

By meana of the ad litton of a micrometer drum combined with an
wdieator, a carefully constructo! tanpent screw scrves also as &
R LT T B £ar - [N “t ~aqngider-

to the

! i of ths
micrometer

(e w 1515 5300 Tl0s-H4&s n210) 2



APPIWDIX X
LENGTH OF THE METRE

In a book published 1y the Ordnance Survey, entitled, “Comparison of Standards of
Length, Iy Captun A I Cluke, RE, FIi'S, 1866, will he found an elvhorite tecouns
of the methods employed to determme the values of the principal nitionil umts of length
m tenws of eich other  The most important relation 18 the following —

1HT MLTRL = 1 093623 yard
= 39 37043 inches

THTI" YARD = 0 914392 metre



REEVES S TANGENT-MICROMETER.

8 13 ot which ean to raadily fitted to any theo folte by
eans of which angloa can e rond with modh greatcr aceuracy than
Ly a Vermer, has beon recontly dosgned by Me B A Reeves of the
Eoval Geographieal Ssouty

The  Tannt-micrometar will bo snduable when cirenmatancesy
present the use of micromator-untroscopes (and somotimes thn extrn
tulh and farge sze of the boxea 12 a dificulty) A theodohite fitted
“ith tangent-ne ronn ters 1 chiaaper than ono fitted With imerometers
TUCTOO0pReS,

18y moana of the adition of a micrometer drum combined with an
wdieator, a carcfully constructed taugent screw serves also as a

. et ’ s ' " sssdor-
= to the

: ’ of thiy
micrometer,

(We w 1615 5000 7] 05-I0 &S 7219) £’7-£“






STAR CHART
SHOWING ALL N A STARS (1904,
up to 45 mg 1n four plates













STAR CHART
SHOWING ALL NA STARS \1904)

.+ NA STARS
up to #5 mag i four plates
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INDEX.

i Ax of eartl lefinton 17
Ar ] el omof 19
Acc raevof van u metlod of Lten nngl s leter nt not 147
& tato  nlong traverses 44
Accurne of tanous 1 tlod of Tten nnglo for trigono ctrc 1 comp tat on
t le o03
LtreSerr ¢ rve <on 03 "
Aam Mr CW nenure ent wil teeltape 8
Aljnt entoferrore nln Irverses ™ B ro eterle 113 86
Ad) tmea ofler 1 [ Brlolone o1 1§ 1 p 12
Alut o tofl etrver approx ste o) Bae o
for run 11 Beopt n6
of leat 1 ¢ 1o e 1 to
Afd nD 1r Co o 1 lne £ re &
Aroapng to J 1X T 1ot
Al L leors 1twane ofjr o 8
Al rmat e forr la for 11t Je lo at le anl int Ueerror of o
re erenzm tl 70 gtefr
Alttul otwersed orrectonstol ajjledto 110 stanlarl for o
Alt ule of star 178 ter n mal po nt
Alber spro) ton 9 103 ofve £ o 8
A rodtaro cter letern atonoflegltsiy & B lets gnl 1o
A parent Ly 131 B rosep jer 117
places of star 130 Ben ] nark 74 84
Aypend x T—Explanat on of Table I anl Topo Bolngpont ] ermometer leter natonof le )t
grap] cal Form ® 96 by 87
11 —Computaton of d ances anl az tubles 2 b
mutts 08 Bonme s proj ton 97 10°
IIT —Alternnt re formule for determ n ng Bounds v Comns ons 4% 43 71 73 184 190
lnttule Jongt le anl revere Box hrono er 141
armtl 20
IV —Conp onof leg t explm  u ¢

of 1 leIV 71
NV —lle ,of eeltupe 7 Cilomigl 1
YI—L tof tra n tel unl Cojeq] t T4
equj ent 78 C 1 emesplotoure ngn 9
VII—Fke 1 nlenefore t 7o 3 proy t m 9% 111
[ 8

VI —1lotogray! surve n_ ° @ *

IX —Useful tr ono ¢ al forn ult 750 Cletalspler 13
X —Leng} of tlc netre 98 Th on f 12
A} eLne 174 C noftr ngls 11
Are ar zero 21 Clu nage error 41
A tronom cal computat ons 169 Clech Yevell n, Bt
o-ord nate 198 C) ronon eter  ompanson of 146
statons  longtrav re 43 Clt oneer error 141
trangle 170 143 wa 1 131
(5455)
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Clarke Colonel 43,105 282
Chirke's figure of the earth 20
projection 97, 103
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»  projections, 93
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Ganss’a method of eolimating 17, 70
Geotetre survey, 1
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Germain, on projections, 93
Geograplucal surveys, 3
Gall, Sir Davnd, 208
Qlarcanus, treatise of, 106
Globular projections, 9%, 110
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Gold Conct Boundary, 4343
Grant, Colonel, duagram for occultations, 160
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Graticules, tables for constructing, 227, 212
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