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RRIDGING WITH THE BLUIRIA SAFPERS.
Ae By Algoe RBOLL MoeClinrock, pose, HIE

o the avtemn ol 1910 2 {orce of wbout o0 Mililary Police, supportedl
b o regmenl of aalive sifuntoy, wies despaleled Lo investigale il
previcle e Heffective oaceupation " of the distrie! of Hpimaw, an
inconstlesithle Kachin village near the Barmo-Chines: Joonticr, sone
T40 wmiles noethecast of Myithving feee Plate T The Batker hacd
previously heen entively nuadotnisterad, and very ey visited by a
European,

WLl the sedvimced guand, wlich lefe for Hpimaw wbont the end of
November, went Licat, Harels, RUE., and 23 rank aud fle of the
Buinua Sappers and aliners,

Will the weveotnres of this # Hpimaw Colimn ™ it i not my
husmiess to trsat, bul the villuge fu guestion baving evenumtly Lizen
reached amd wecupisd by 0L the authorilies finally decided o with-
draw the foree again to Myitkying, leaving a pelice post at o place
ciled Ruckehong in the vicinity,

T nueiebiin comunmication with this post diming the  rains,
witich are both earby and torrential in these Kachin hills, it became
mecessary 1o provide 4 road, The pative terck D owhich Lhe
cotnmn bad lnboriowsly  advenced to Hpimaw had proved very
izl for transport s 8 oran divect front crest to crest of the
sucressive mousldin renges, soietinws ol gradiocots of © g, and
ns the surirce was mainly ¢lay it becuie tolally impassable in wet
wenthern

Acvonlingly tee JTmnewy, eget, the Bumaa P, was colled ijpon
Lo consteact o good 77 wide mule track with a roling sradient of 1 in
15, froen Mrithylua 1o the mew post, This 1ok was Lo iy e
vallev al the XN mollkha Iver, thes stirting round the worst of the
hills, "Fhe viver in question & the Iarger of the two slieors whicls,
unting seme wiles worth of M yvithyian, form the loawaddy, aud cven
il edey seasan s o furions, unfordalide, annavigable torrent,  The
conntry tirough wlich it tedrs its way is nothing bul 2 succession of
steep moustain s covered wilh donsa bash, roniing more or less
paraliel to cach other down to the N'mmbkba,  Those who have
served in West Afrien amd on the Nooth-Wesl Frontier can best
picture it by inagining the bush of the middle Niger transplunted
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o to Lhe khads of Wisiristern,  The junghe G5 so Uk that ic i
rnpossible to camp withour fiest cleaeing 2 pateh of ground, and
the slopes so steep that it is usially alse accoessany to level o site for
caely teut.

Ax he moantain spurs alutting on the N'maikba altenate witl
tributaries feeding it, the lutter had to b bridged to give passase 1o
the new road, The Toeal maine (the Riaehin, & wikl but harmiloss
race of diminutive stature) i nncammonly mood 2t the metion ol
temiprasy Dawhoo bridzes over these steams which serve well
eronueh i the dry sceason, mal by these the colun bl moved out.
The rains, howover, Tigd (o be tnken bale ageeant, wsad ieothe rdns
these rivers rise 2o’ or 507 Jna few lows, and bBecome vaghngy tortents
whitling loey forest trees and relling downo Lontilers as fupe as
“ousea in their wikd carcer. For the purpose of this brideing warl:
the services of e ronzinder of the Buoma 30 aud M. were placed at
the digposul af the PAV.T),

As tlie whoie af the oporstions cornected with Hpimaw were being
comdlucted by the Civil Government wad ot by the military autharitics,
the Govermuent of Indiz would not sunction the 5 and 3, poing on
orthinaey feld sorvice canditios (Lo all their expenses beng debite:d
to wilitary grines) bag had recourse Looo syslow poecubiar Lo Taddi, in
whieh & company of S, amd 3. is ¢ permitted ¥ to take up work lor o
prevate emplover or another Govermseot departent, Uhis svstem,
briefly, is Lk the military authoritivs cut the 5,oamd 3 Compame the
working ey of the men (mml make certain other disallowauces
affeering both the rank and Ale and the officoes) while the 00, of
the unit has o wake a hargain with lis smplover—Dbe it private firm,
Covernment ratlways, POWTYL, ehe, cle—to secure such tetms as
will o jeast ensure Lis men sgpingt lons in the trngackion. T e can
i owddition make o Htte peodil, b ousoally s devoted to giving the
rank und file a pile extra worling pay.

This sestetn 35 wsually ap excellout one as Hoprovides most
neeful teclimical brings g of all sorts or the men combined with a
suveng to wilitary }Lm‘h., Lat Jow dks swceess i 05 esseatial that e
O shonld be allewed o -perfect]y dree band inomaking his bargain
with hiz givil emplover, I certain cases, bowoever, when the work
B oof an wyent and scod-miliary sature, be 35 oapt o fid him-
self strongly wrged by Dis mililary sapeniors te lose no tine 1
getting Lo worly, witle bis prospective depastmental employer {being
welveally anxious 1o gel e services of the 5 amd Mooas cheaply og
poseible ) exhilits o certain ecoviess sbout coming te what the GLC,
conmsidars fnir terms,  Such was the present cise, il considerable
corespondence teak place before the VWU agreed to such
conditions as the €., considered woukl place all ranks iu the sane
et position as i the work hind beer an erdinary Aeld serviee
job,  The position of an OLC. between the Scylla of appearing to
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delay or shick vselut and urgent work, and the Charyladis of kting
his unit in for a hoewvy peeuniary boss @ neither o plensint nor a
dienificd ane,

However, satisfuctory terms having ab lenxth been concedid Ly
heic civil emplovers, Lhe gompany al the strength of 1 British
and 3 native officers, 2 Dritish sergeants and oo rnk mwd file,
Feit Mandatay on the 15th Felnoary am! arrived &t Tumpang Kha
on the 24th of the same montll,. This was abont the lurthest
point of the then adwinistered teiritory, aml all the bridging work
lav n romt,

[t was oleenedy inte in Hee yenr to bemin 2o large o woell, a3 the
ceins wore reported to be due sbout the toth Alay, after which no
work iz possible owineg to the excessvely walarious uature of the
jnngles, and wiso o the extreme difficulty of moving about the
comntry,  Consilerable delay in getting to work was, however,
experienced at this poivt, a3 wob only was U aclual aliganent
af the road still wasettled, but all tools and material for the bridyes
Wl vel 1o be obtwined from Bangoon,  Alse, the colwma had
whosorbed practically the whols of the availille tanspost ol e
districl, mnl there was very little means of moving the Sappers and
et ralions to the sile of thelr work,  PFortuuately the alignment
was decided on shortly after the arriend of the 5 ownd Mot Tompog
Fha, s that the actual carthwork of the trace could be pat in hand,
but the lack of tools and meterind, Lo osay nedling of taaspoit,
defuyiel the commencement of the big bridges for nearly thres
weelis mura,

The distribution of the work between the POW.Th aad the Soanl M,
arcanzed during this balt at ‘Tumpang Kha, wos briefly as fmllaws,
The PR was to omey ool zlb the carthwork of the aew truce
with coohe labour, and to undertake al? winor ridges of fo’ clear
span and wnder. There is an excellent standazd type gieder (made af
wond and wire calie) emploved by the POW.LDL in the Myitkvina
district which will cover spaps up to 607, bt bas not so far been
priapted to anvthing preater. The S0 and M. wers censeguently
alloited the fob of all bridres I exvess of fo’ chur span, There were
four af these, Ehe 7o Mu, Heawmaw, Ritney and Norzar Kis,  In
ackelition there were three ek rgey lvecs, T Tumpang, Shingaw
wl Clhipwd Kims, wirich it was decided were too biz te be
tackied this vesr.  To sregotiate these “fHying lewries” were enl-
ploved, made frow 37 wire cable strelchad ligh above ihe oo,
il sustaining a it of bwe large ¥ dug-out " buats bearing a
platfornr, Lhe S el 31 took part only in the construction of that
ai Twmpareg Kha,

Trmirug Whis wsiorced wait the Sappers did not remain idle but
executed o oquantity of minor eideing worlk, constroctod the dog-
vuts fou the Tumpasg RKha lerry, and supervised and assisted the
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luge zangs of I WD, coolies, now rapidly sweonmlating and repre-
sentieg almost cvery tace from Pathuas to Chinese, emploved on D
cartivwork of the ew tond tince,

Lieut. Harris amel bis 23 men rejoined leadquarkers frons the [ront
v Sth Mareh, bringing the strength up to 2 Diitish and 3 pative
cllficers, @ Dritish swrsrcants, and 23 ek and Hie,

It weg ol natil oygh March- 0 month alter leavicg Mandalay—
that the QL0 was enabled to wove with e dght-lalf L'ump;m'r 11
the site af w Gk big bridoe, the Ta 30 Kha ( Phetes 1 and 2), and
Legin preparing Lhe anelorazes for o suspension bridze ol 160 mail-
way span. The steel cables toi thia bridge aived on glephants on
aedd Agnil, and the irdee was feally comnleted on the Egth dchem,

In the meantime Liext, Hlardes aud the lelt-hall comoany hiud Taen
ilke to move on past them Lo e Huowoww Kha {suspension, 132/
sjrue) szl bad arrived there on st Apnil,

On completion of the Ta Mu Kha hridge, the righi-ledf company
fiwl moved p:h‘t Lhent s ane the rgth Apeid to the Naesar Kha
Eampnigion tog” spany S 35 and baving Hnishied this by 2ad Moy,
moveld back arain to ndsrtake the sy Kl 2 sunspension beidye
ol similur spai. As e fefi-ball company was just at that moment
ab oo standstilt for want of woodwork, the Lutk ol ihe eompany
was able to concentrate on dhie Ribsey brideme, completing i by
the gth May, the Huoawmaw brides adse con ng bt cnd the
llowing day. A these four suspenmon bridges campleizd the
special task assignod Lo the 30oand AL the lalt-hall compaty started
dawn countey at ouge. Fhie work had ooly just been finislual ia
fioue, £s between their deportuie amed thal of 1he nght-ball company,
delived ahout a weelr Jor wanl ob transpost, the sins actaally come-
merced, rendening the six davs march wo Myitdoving anvthineg but
pleasant expuricioe. The mulasions opotation af the disinict also
vecaved Al fustitication, as, on reteen o Mondalay, practicallv e
whole company-—European g native—wenl down with fever af
the mulignant Tertiar Lype,

The company Liad thus cowmpleted jowr suspension  bridacs of
Letwecn boo wnd wao’ span bebween vl dareh amed 1oth :'I-]ﬁ_\.' (57
davs), besides having executed o frge amownt of gencral beiilning
and read work prior to e fenner date,

Thizs cutput of work may ot seetn very great to thowe who are
aeoustonied ko operations on the lekdworks ground, where i is ooly
neCesATy 16 setrd nortss Lo the stere o elkainanvthung wanired fram
ioaiws toox 3 oables  In the jungle, however, where not ouly hael
appreaches to De dug md huge stone sbubinenis 1o be crected D the
shove emls of il Tridae, ot whiese cvuny solitaty sondbeaser ad
chiess reguired dnits coustrection hnd o e suwn fron @ tree felled on
the spot, and where nat even 2 nmd was procuiable within o weells
nnekely, tilngs porforee moved niore slowly,
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The vatural difficuities, too, were cousidesable, The banks of the
rivers ab the bridge sies stopod as & roke from 30% to 53° and were
covermt with dense bush, which hoad to be completely eluared befors
the site could even be fnally chosen.  Forcing one's way through
such bush, i whicl every member of the vegetuble world svems
armedd with fsh-hook or spear, and fn which every fnsect sthizs or
bites, is iy 1o weans plensint work, %o venomous, i fact, were the
flies thai » bnge pereentage of the daily sick wll was contributed by
el sullering fromy severe aleers cnwsed by fiv-bite, and the sensation
of getiing 2 handiul of red breesnts down the peck is one that will
linger “ wlile memory holds her seqe” ] iy here ek thad the
working dress of the company had hitherto been © shorts” Dot these
were Tound quite unseialle for wear i such a fly couatry, aud the
en were gl to ent the arms off their jorsevs and make o sort of
mitren out of i to protect their bare kinees,

e steep stopes of the banks weie great)y to our alvantze i that
they enabled vs to dispense entiiely with artificial piers Jor gll the
suspension bridges sl anchor the cables directly to the banks al
suthalle Tieipht instead, On the other band, lesvsiling o sufficient
platcan for an anchiorage (and place for the men to stand to woils,
for whicl wt lenst 13" 20 s required) on such slopes, wsuadly meaunt
shifting over 2,000 oubic feet of earlll for cach :vnd of the Lridge.
woz were the luanks as s rule either of sound rock, in which crowimr
ancliniges coudd be nsed, o of good earth casy 1o pot out for the lng
poteerie of anchorage. "\mrmfl} they wore found to be either a
compost of Douldes hedded o clay, or o omass of solt Jisintegrating
piaibe, foo 10dl of feeures (o bh.,;,but extrenely Lenblezome 10 chip
oub will the pici, s o resualt, more than half the time (aken over
edcas Iridye wenl i the preparation of the anchorges.

The main canse of delay, however, was the fet that Wl the
transomms, vondbenrers ol Clueses had to Be mpde af ste rowm trees
fellerd sncd ool up by the compapy sawyers,  Owing to e system of
“laungva T cultivation i wse by the Kaching {which Lriefly consists
i felling ad hurming o pordon of the jungle every year, the whole
Bing dealt with once i pbout ffteen voeurs) aithouwah bush was only
too plentilul, good trees swiluble for the saw-pit were scaree, and the
stantlings bad afien 19 be carvied over a mile from Lhe it to their
destination,  The company could only muster enongl siwyers to
e dive saws at onge anl the services of some civilian sawrers ol
to be calkal in o dend o hend with the rerdway of the Eaawmaw
liridlize,

TRCHNICAL NOUTES ON THE WORK.
pe uf Dridge Emploved.
Thren ont of the fowr sespension bridees were made on the

lhall-loop,” or as wo owore wont to call i, the sitpgele-cneder
priseiple,
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This syatem: lends itself spesiaily Lo cases where the banks are so
steen thol il s possible (o dispense enlirely with atificial prers by
anchoting the cables direct Lo the slopes at a swituble height for ibe
i sl Sk

As ¢ “single-ender iz culenlated as being balf w * dooble-ciele ™
(ie ordingry pattern with twe plersy of twice the span, it will las
pvident tlat for any particalar bwidge the height of Lhe single pier will
Bz clauble the height of the phers of 2 # doulle-gder,”  Coussquently,
if the piers are dispensed with and busk anchorneges ased insted, the
archorage of the # simde-cider " will Le twice os high ap the bank as
that ior & donbie-ender would T Comsequentiv, also, it will T
proportinstely fo e back frota the shore sud of the bridge, Thus
tlere widl e considersbly mure roma for the rowmd to reach the share
el of the biidge without dangeronsty wndercutting thie anchorame up
above iU the Dank. O couerse an alternative to malting the road
out of the slope 35 to bring it wr U dhe hoidge on a stone abutnenl
buile ap aains. tho cdge of the gap, but this is abways tedivus, and, in
the case of decp gaps, impracticable,

To take we exanpie (e Fige 1 oal =) suppose & gap of 1o,
dip of 1 in 10, and the banls Lo stope at 43%

J

.
\'r ———
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Fre. 1 —* Poubdn Koeafer™ Swagansion Bk clvefond. fenfl Brais

If o double-ender s constracted, cach “abchor platenn ™ will came
12" above the horizongal, and itz eettiyg Yine next the bridge will be
12" bacl: from the edge of the gap. 3o voadway 12" wide has to he
Bulean Lo fhe shore cisd of the bidge by custing back inlo the slope,
e wack wiull of this rowd wil) {even if bt verticald comue divectly
beacath this calting lne. Uk wwans thal the ®eable transom ™
must either De token still Torilier hack (which means very greully
extending the cut of the “anchor platea "), or be put almost over
the top of the bacis wall of Ehe toad, which 13 2 very wnsafe positian,
as 1l pressure of the cables on the “oable Lepraont ™ nibarally tends
Lex Drends dosn this wall
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If, however, the Taidae was constructed oz o snghe-epder,” the
anchor platean at the high etd comey 2" wbave the horiznotad, s
consenuently =4’ back from the cdge of the gap. Thues the fnmer
oitting fine of the anchor phitenn comes 12° back from the back wall
of the road, instead of just over the top of it, a mech saler position for
thes ealile Lo,
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Fri. @—" Sivearde Ewder? Swapension Honk Anthored,  Harli: Baeks,

As regards the anclor platean at Lhe ¥ kew 7 end of the hridge there
F alen s suving, as the one excavation does duty both for the road and
for the ancior platean,

Modriication of Calundulions due fo Unlvaded Spans,

Ciwing o the sloping banks, the span betwesn incheeayes (that is,
span betweet iinaginary pier headsy was always greater tlmn tha seleend
relway span.  [nthe epse of the Hnwwmaw bridge these were 230"
and 157 revpectively.  Lliz meant that abont four bays ateach eod of
the bricgs remained nnluaded,  As the loaded portion naturaily took &
lower position i these chroumstances than it would have done tnd the
wholz cable besn anifmudy Ipaded, this upset the ordinmry cufim-
lations Tor the sling lengths consideratdy.  However, a method of
cuteulation was cvolved which gave the correction in Lhe cuse of
a ¢ double-ender " with an equal nuimber of unlpaded spans at exch
sl The yuestion of a “shple-ender”™ with three or tourr spans at the
“high end siloadal was more complex, and, though a graplie
solution was fnzlly evelved whick pave approxinte results, the slings
ar tlat ewd useally required adjustment to bring thom the correct
lengtl

This s a potat which requires sttention i thess bank-anchored
Lridges.



13 THE ROYAL EXGINEERS TOURNAT, [Serraunie

3. dAunchorsprs

Lwo sars only were emploved @ crowbar anchoragss wlaen sonnd
rock could be tound, and e ardimary hred logp unclorase when It
wid i case ul saft rocl: or earll,

OF the Litter vanety 1 have nothing Lo say, exespt that it owas
wiiortunate that they wee wvoidable, owing to their Jack ol por-
wmpeney. 2o informed by the tocal POWLIL thit in the Kuwhin
Hills wood rots so quickly underpround that o connle of veurs i3 all
the Life it cun e expeered from any Dridye thes constiueted.  Logs
of reinfiresd concrete and bundies of short lengths of milway metals
were both considered us alicomtives, Tnal proved equally jmpracticable
for want of temasport to feteh the coment of rails to sitc.

As regards erawhar anchorages, §atlach osketeh (Plate 11 and a
photograph (Fhotr 33 of the iype fountdt by experience 10 e most
suitable. sy remark that the Afaxual of Mifitary Fupiweoring,
Voo TIL, does not supply o very preat dead of infonmation on this
most Iapartaat suiject. From MALE, Plée 1, Fgoo7, aud
pati. 32, iU might be imagined that two crowbars, of % dinmeter
placed ane bebind the othor, are seflicenl for anv stress which a
30 wire vable will stand.  Inomy experience this is not the ase, T
helicve e anelorayge as sbove illustrated {5 just about strong enough
for & o0’ bridge devised for Touded pack avimals,

In conclusion I may rennek that in the course of the tour bridpus
the company erected about 11,725 cubic feet of dry stone aboiments
and exeavated soe 17,300 el el of sarth and rock, Lesides
undertaking a good deal of blusting to assist the toad work enolic,
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CIRDER BRIDGES FOR MILITARY ENGIVEERS,

Er Laet, 10X, Moz, BE,

PART I,
CRITICISM AND RECOMMENTATIONS

AL GEnEwal CONSINNRATIONS

L Reasons for Snfropeent Lo —T5 i not often that the picdec
brilge or toess i wsed by militery engioeers. The el rensons fr
this negleet Mave probably heen the foltowing —

(). Lhe limitation of gpan over which #irders can be gsed, aud Uie
fel thal zaps of wlond for whicl seither trestic nar fouting bridees
are possible do not oftes cocar in nalure,

(8 Alicend complexity of destan, exicubidion al werknnnship,

o). THffieuity of lnunching.

Llrese objections rugoire consitlenetion,

(n). Linidation of Span-—As reguods the first :—0 iy al coce be
eid that where interinetiate foumslations can he made use of, either
o lukd of water, mo bypes of bridge, other than thowe curvizd o
tresthes o floating prers, would be adepted. Aol dhis we e ot once
conlined te a small minorily of siles for which o single span type is
suitatle.  Thun aguin, for spans over oo’ the suspension laidae is
slone possibie  the Seld, a2 tindar bridues over s single span are
practicatly comfined koo Blae Tt dnowir tise, el the extersive nsc
of dnew, cesential in long spang, is possitide for the soldier only in the
form of suspension cables.

Ametber canese whieh Miniks givders o 100" I3 this :—The Teasl
proportion of deptle to span ina girder 1o ensure ressanalile stiffess
may Lo tnket as o0y Now tis depth of feld ovders ctneat mueh
exceed 7 the Ginit of reach of b owan standing 5 Dy grenter depth
15 attemaphel 1L s 2 natter of nowhivete dilflenliy fo edee the gindlers
front the growet ot w verlics] plane and keeps thie top flanges trowm
tistocting, - Finaliy ginlers longer than roa bevease very heavy, ued
the preparations for lasnching wre so estensive 1ot the chief adyvan-
iage of these bridees, viz, their secreey and the speed of i ry of
their construction wlhel is in view of the enemy, s 1ost,

CE). Lwmpinvdly af Desipn--Fhe fivst objection is thorefine con-
ceded,  DBut the secomd is lers reasonabde. No engineer should be
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alaried ot the prospect of having to design and caloulate a0 girder,
aned, mercnsar, 30 those Deklzes wern wwee Tregquuntly prictized,
stancard types would be chosen, the sowndness of design of which
lisd Bovi fosted by e exporfence of olhos Nor is there any el
reusen to hesitate ou oecoumt of the cureful waorlinenship invalved
It will be found that tho Lype of gieler advocated o this article ws the
nwssk gervicenble, s analogous to the plate girder, ond reguires anly
sabls for fstenisgs. Bven the open truss patterns, requiring boits
aiml nule or ook trenails ot dthe penel paisty, nead Lut littde skilled
Labwrem, anned sirr 887 Leteice rivder bridoe, of whick a description s given
celow, was gusity put together Dy untrained cadets wnder the super-
intendeses of w IS N0, whose toele was thel of a paintern,

I s o doubt tise cuse that gisder bridges reguire & great dead more
care in the constrection of Ehe gislers, thas do cantilever oF even
susluisions hridzes at ouny stage of thelr erection. Tl the gt
argument in favour of pieder bridges  Meir speed of consirctan once
flie ey o wee meltere M eressing iz b bealteampled —will generaliy
wllone plenty of tiine in Duilding the sirders, prior to Bringing thom ap
Lo the .

(o), fHffendty of Lawnchimg —Thene venaing the Wiad oljection—
the ditficulty of launching,  This by perhaps been salved v the
adoption of Lie suspension wabbe wethed of which an account is given
bilenwr,

1

2. ddvaniages of tiis Type of Bridge—"The preat advantage which
the pider bridge possasses 12 seercey, {0 alone of alt Lridges exeept
those on Hoating piers can be built elsawhere than @b the sike it s o
spann  ownd tuacfore, abthoush the feded time of construction ol a
pirdler bridge nt a given site b2 as Treat as that dor other Lypes, yet the
e tluzing which thw work bz uader the view of o possible ensmy %
verw moeh less L i any other single span bridee, I miey be re-
duced to three bours or cven less dor o 4o” or oo’ spa i
fevenralle cireinsbaucees, where o cantilever, suspension, tension or
frame bridge could uot be budlt tn less thas 1z boars. This advan-
tage mav be of supreme importance when the crossing nl o il
tiver or deep mp, watehed by the ehuny, ia to be attempted, and
sives to this type of Lridge o definite place i aslitany cogineering

The other advantazes of girder Dridges we

{13 Steaddiness wid stiffiuss,

{23 fmall size of materinl required.

{31 Tndepuidence of thoe ground at the site,

(4} Tlat accurate workmnnsbip venler fiaeis not vequired.

As compared with suspension hridees, givder Dridzes ars steadier,
potuire Do cables asd Hetle # oany wire except for lanching, and are
indepeident of anchorsges or of a careful adjosbment an the site.

As compared with cunlitever Lridges they are stewdier, require no
sucl quintity of lirge thmbers and ore fadepentkent of wiechorages.
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As compared with fune bridges they tequite 1o long spars, s
independent of accurstely cut footivgs and of accuiaie seetion tiking
amd e ocking on the site. They e also suitable for lonaer
SpAnE,

It may Le said ot ones that it i west difficult Lo Bakd aad Tuosch
erimder Dridees sirony crough to ooy infantyy i fours or cavalry in
Lalf-sections, except for comparatively short spans, ar accowwt of
their weight,  IEis better to huild several hght bridges close to ol
akier Tor traffc sech sy cuvaity o single e or perbaps faetey tao
deep, thus abeuining the nadoubted advantige of not putting all your
eges into one basket wad also saving mach time in lomehing,

B, Rescrierioss OF Bripgrs CoNSTRUCTED,

The: writer's experience 0 bubldhg girder leidues inchudes the
fellewing exainples i —

(e A 5" lafelpe Lo earcy eavalrs [ single e,

{23 An 8, . infantry in foura (This Yridee ineluded
a central trestle and wwo ditferent types of girders).

(g A 40" ridoe locaery covabey tsmgle fle. {Including 2 fypes).

(4} A 57 " ” ’

{‘_IJ &g n " i

(&), An 33 " " "

A detpiled description ol these bridges is given in Part Th il a
tatwslat statemenl of thesiv detaits ot the end of the article,

£, TveE RECOMMENDED FOR Gunemal UsE.

From an analysis of these bridges it s sirgmested that the best by pe
of girder is the * plate,” as i {3} and {2), (the bridge ta consist of two
supremtte givders jamed Dedbre laonchine), amd the best method of
lavnching 15 by tmeans of roblers and Hight suspenzion cables as in (8.

1. Rewsons for Choce—The plate type with the welsecured to tie
s b longr wire nadls 1s preferced Lo open besses for $e Ballowing
TRy i —

ey, Theoks of sl innd cven thickness are crsier wo obtain than
those of lavger and of vizions seantlings. The former e nevesauy
for plate oirdors, the tatter for open gicders.  Nails ave ensier o
obtaim han ol and noets {exeupt oo lines of communication or
where {orges are plentiful ).

(&3 Nails age sider than bolts aud nuts, as 0F alse o continnoss
euries of plonks than o tross, 0 ewch case on U priaecipie tal oo
single tail or plaait o the plate wieder wilt weeek the hridge if it fails,
whurens i Lies opan type, stresses are carthed salong chaing of phlanks
and bokts amd the failure of a single plank or boit may destroy the
bridge. 1 &5 in faet the woll-knows superionty of dveled ginders
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evet  pinged trusses.  Good  workmamship s therclore nat zn
easetiil dn the plate {ype.

(o) Plate girders are shapler and quicker to put topether than open
vleduts, A certain complesite snrecazimeds The assemidieon of Tudice or
even Wirren givders, md U iy senerally fowned that some forcing has
1o be cinploved e U Bolls or rearils £hvongl wll the olaoks al
H E:IEIT'IL'_'] |}U|‘:|'|_L

(. Naals are quicker and easier to work with than holis amd nuts,
arrel Lhus tioe 35 saved and shilled labour rendered less necessary,

(). Tinothe plate type the wetght of the bridge during Iaunehing can
be reduced by omitting every alterpate plank from the web, This
cantinl b ddone with apen givders,

2o Frampde, The following design {07 o 100’ girder bridge, which
i probably the Bmil of span v iz Lepey, 35 given s oo sineple
imskzence of the plate vivder :—(Fig 1 shiows the cross section),
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Giridge 1o carry cavaly in single file. Roadwiy o s, pur [Dot-ian,

Weight of both giders zid wisl il_}r;in;;inr.r estimated at 12,000 s

Rouadway carried by two plite ginders, § centre W contre.

Dhpth of girders, 77 6%, centie (o ountie {hl Tunges,

Dlaxitnoan cisiriberted losd on one wvirder, : {196 x4 G0+ §20)
top=z3700 lus

Maxuomuig sabe stress of thuber taken s 1,200 ibs n conpuession
aanth 2ok Thse dn toasdom, per square inel.

I'.II*‘I*‘_“E :q,,-:u:::nc 1co

h 5

=zphaz0 fﬂua-pmmds=lh:md
¥ ‘"'r;.r.r.!;‘h casine Hange 12099 % REE 1
[ Fosesion flgic 2000 K 0 ®

coarel of top hinge must be 32 square inches,
w ol bottou fapre st be 2o squitee inchos,
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The: depth of the timbers of the lower flange shoull e consider-
zhle to prevent them luing croshed by handspikes while inwching,
anc also in order Liat Lhe wel planks showtd sot protrwde heiow the
Loy flange,

Make the depuds 3" ane the width =7,

Thes apper Range shovkd be sguare—say 8% x 6"

The ipwer fange will then he 3" sarrower than the upper linge ; i
the cover plunks for the lower flange be 1) phanks, placed at ench
side of the joints, and having a cambined cross section vgual to the
lange, they will give to the Bange n total wide of 6 (The cover
plates should b comlinued the whole length of the Tower Brayes),

The vover plates of the upper Banre will be placed above and
below the juints aml may be 6% 2" planks & long, extemdime ¢
citele sicke af the joint,

Stiffeners. Every 8 afowy the girder will be placed a vertienl
6" 2 0F plank, perpendicnli to the Manges and helll iw Place Ty fillely
g in Fige o2 Thise stiflepers patially sopport the road transoms
aned should not thescfore open out towards the centre as a iron
bridges. The hmension puraliel to the axis of the lridge conld pro-
Dby be reduced do 3" or 4%

Ihe stiffoners will butt oo the dower Nauges amd on the wpper
fanee, o its cover plates,

IF the roncway Is varried an the fower flanges, the end stileocis
niy Le 68" 10t s carried on tie upper e the ends of the
gieders must be shaped as in Mg 10 Tnosueh eases the end web
Panks st be voery siont,

Flia, 5

The shearing stress on each girder at the abutment, if a gon were
close to that abutment aml the est of e bridge wore coowded with
cavalry, would Tie abowt 13,000 s, and, since the web s 7' 67 deep,
the vartted and horizontal shearing stresses jer foot-run are in cach
cise 1,733 1bs. Maw each sivder Lo bave lwo systems of web planks
(running disganaliy at 43°, in opposite divections), sach of which
systums therefore sosiaing n horizonial shenrin stress of 866 s, per
faot-run. A 6" wire nail, connecting 1 17 plank to 4 spar, draws at
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doc lbs.s  Therefore if we war 8 wel planks and nan each end of
caclt plank 1o the flange with three wire nails we shall have & tactor
of =alety of aboue 3.

Wel planks will be adjacent to esch oilier ab the abutments and
will open out graduadiy to 3 centval intervals in the midle of the
pivdder, fu aceordinnes with the decreasing sheartng stresses.

Cover Miates betivern Party of Loaer Flange —These have 1o
Lansfer a stress, varying from gg,soe lwe at the ¢outre to aluml
2s.000 lbs, at the joint nearest the abutmenl. Thaere are three alter-
tative methods of lacsferdng this stress aeross the juints 1—

(e} By means of g wire shing of 1he requisite number ol reduris
pussingr tleongh baverse auger boles 187 from the jolut, or prefer-
wbly through several awger holes Bevween 1 aud 37 from the juinl oo
rach side, since A single suger hole mets bitden inlo, 300t hiks 10 cunry
the whaole stress,

(A3 The requisite nember of dargn wire wails deiven through eaeh
cover plate fute the flange on both sides of the joint.

(). The requizite pamber of bolts aud nuts passing through aager
lieles Bared Lhirough both cover plates amd finge on both sides of the
Joint,

Aney one of these nethode involves @ considerable amounnt af o
work, e 1he weight of nafls or wire (o frissfer the shess acress the
ceatre joint of the lower lange of e gimder under eousidemtion
wanld be 13 s, and 20 lbs, respectively.

The second wethod G galy be employed 36 the tinher s suumd,
as Lhe large wamber of maiks suquired 15 liable to split it

Tha: fiest method [as the disadvanbome dhal whos the doed comes
on the bridee the wire stretches, the joints open o liklle sed the
bridpe leses its cimbern .

Thes thised method trkes longest aud belis and zuis we oot always
abtasable,

The shart cover plates to the jowts of lhe op danges may be
nailed to the Danges,

The alignnient of every fap flunge juint would be preserved by
mewiss ol o baid wood dowet, placed I oaxiad Tudes bored it the
ends of tiwe (o et tiwlers, The dowed should Te o Tidle shoiter
i the sum of the deptiis of the boles ul the joint to allow the
surtaces 1o fongi

it Bracing—Tap Flawge--Iu adidition to the oress brnsons
(picees 1673 6% % 67 ab every panel poial}, there woulldl be o giyins
of iotizonta) dimral bracing, paced lattice-wise, nailud Lo the top
surlaces of the Manges,  Planks 3% 1" or 67 x 117 may be used.

The button fanges wodd be temporarfly braced Logether alurimg
launching by cross planks mailed to the Henges,  Subscquently a

u Frong the weiter's exporiments.
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systemy ol horizontal dingoual Lracing similn to thatl of the upper
fange would be natlod on abiuwve or befow the lower flanges,

The vaad trunzoms would be notehed across the Mnges aud spited
to thew, They need not be tixed i the Doidee iz in site, i it s
elesired to savn weight fn mocling,

#ig, 3 shows the diagonal web biacing on v side of o givder by
continnous lines and that oo the opposite side dotted.  Verliend
slifieners also shinwn dotted,

The web must Te dovbled on both sithes of exch mivder far a sharl
distange from each abutment.  Eni—Tn Fieo 3 there will be a sories
ol planks paratlel fo A3 on each side of each girder for perbaps 1o,
the series parlle]l to CD being natled i cach cuse on the outside
of the series paralie! 1o AB. AU the other end of the ginders the
pesitaon is of cogres reveesed,

Susystemy of mansverse vertical diagonal Taacing, from the top of
each siifencr of ouw ider 1o the ottom of each stitfener of the other,
und mige wersd, woulil be nailed n pairs at intervals along the length:
of the mirder to prevent the buidpe being mcked or distorted during
Javcluny (sbenwie dalted i Fig 1.

[, TPLaciyg THE Roamway ov SIRDER SRIDGTS.

Girder Dridges have a great advantage over al? okhers in that the
vaadway can be laid much meore quickly,  The top flanges of the
girders supply 2 garemwity abong which the material can be carried,
The road Lransoms are placed at pancl points {or over the stiffeners
i plate givdersy, e o & to & apatt. Each bay nf roadway
(tEnsem Lo truasam) will be made ap wider cover, the chesses heing
sailed ke the readbearers and the dlbands 1o the chesses, I possiblc
the roadway shoubl be @ narrower than the central interval Lobween
the gicders.  Fach complete tay will then becairied on o the brides
hy four to eight vien, who hold Leshings underneath it and walk along
the flanges, and will Ly it in He place. 17 necessary 1he bays may
be cenrected by nailing strips of wood [rone sihanid to riband on the
autside.  “The whole aporation {excinsive of pulting the buys
together wieler cover) should not take more than 1o oF 15 mirntes
for ot go o 100" bridge i plenty of amen are wvailable. This 15 an
Important seving of e iTueder the eremy’s observation aud fre,

B, POSSIELE ARRANGEMENT FOR STRERGTHENING A GIRDNESR
Brincr arier IMLAcisG IT 19 Posiriow,

Flg. 4 represents u uinder bridge of gof span.  As soon ax (e
bidge is across and the roadway Initl, procced as follows :——{Tha pro-
cess Tere described s carded on simullaneowsiy from each bauk)
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et two poles AR s fong s possilde {6 o 15 or jo'), the diameater
neath uol b overy Lege. To the Bwe Bips I olash a clos-osicee e
tips Deing as far apart v the clear as the width of the bridge out to
cub. o cacl aad of ths cross-piece {outside of the pale ALY make
Bist o chain or wire feventoaily CEIY, doublad s Ut the Digit
Langa towaras 13 and the two single ends towands G

e —= ..
e, ——_ Tl -
?A"‘-"".-;J.-'-"zr.':-—.a;r,’ﬂhIM"qz;:_-,-..-‘f-"r.-"—"‘"'

Fue. )

Cirry Lhis 3-pede framie o to the bridge. Lower Lhe Dutts A until
e gob pood sertiors ol tiee, T meens of pike poles and Lhe
chains CD hawl up the frame until AL3 is at o slope of not less than
437 Make fwst the bight of the chain at [¥ rownd a previcusly
placed] cross-piece wnden Lhe Tnwer Banges, 3ake Gt C oo hold-
bl anel windlass up ClE and BD. I8 Iong enough mpterial iz avail-
hivles, Toamd 19wz e dothed by plauks oo pobes on eaeh side {shown
tlotter in the fgure) and braced to the givder o GH, Finally the
poles Al should e lashed to the girders

{ T de romtiened ),
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A SIMPLE APPARATIS FOR SCUNDING: RIVERS
AND PONDS OF NOLERATE WIDTHL

Ay Gewe-Gexo € Pexrase, o, WE

TuE appactns desceibed below was used by the writer in New
South Wales many vears ago to soimnd, and ke seclions of, ingn
multie water tanks 01 sheep and stock v the @ back-biocks ™ of the
calony.

Tl apparatus acted so well and enabled the work to be done
s quicsly, that i 0« thougiet it might very Nkely be usefut to officers
who have to rapidly sound and get sections of moderate wishhs of
waler-way, eveh when buats are avaidable,

A, Floar,
KRE'. Froot Liowes,
C. dewnding Line,
i, . Tocad.
B, Memsuring Seall ar Tapse.

{Fip—CGut one man acriss the water with Ene B, by wwimming or
atherwise, rlom X to Y. Tasg sounding ling 1.!11’01!;_{11 oot A on bank
X and attach planmet.

Pay emt Tine B awd baul on B3 and falie soundings every 3, 1c 0f

15" gerting width of stream at saine {ime.

l'* taking the soundings haul the sounding line up smartly until
thu: lead hits the float and then lnwer away sharply, measaring the
avnount Tet ont with o ved warked in feet and inches. 1lus can e
dane two or threo times for each sounding very rapidly.

I[ the cursunt i5 very rapid it will be necessary 1o hold the ands of
tie lines BB some dislanee apsteeam 5o as 1o get the foal on tho
cection line,
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The soanding line wust be fine and ran vesy cinily thyougl: the
heddes i the oas, and o heavier lead will be required in tocp and
rapid watcer.

Thie Moat lines BB must of courss he very welt stretehed hefore
they are marked off and vsed.

<l form and misteriat of the float for rapid stroums is prabably
of inportance.

The: sounding Sue shoukd be kept on a fsbing rec) and be treated
wilh the care givon to o fishing line,

The distance ram the surface of the water to boltom of Pluaneeries,
must be mbded to cach sounding a3 vacorded on the mensuring nad,
wrdese wlowed Lo in sarking the rod.
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A METHOD OF BUILDING SEA WIALLS
Ay Laer. T, B Keesarr, RUE,

i foilowing waethod of Luilding o sea wall an shalow water i3
belivved 1o be new.  Itowas suggested by Slal-Sergt. Henry, RUE.,
MW, and veceatly carmied wut socosssfully ol Ragped Stdf
veclamation, Gibraltnr.

A reinforend conerete retaining wall lad te be built aloag the sex
fzoe of the reclatuntion, Owinr to the nrosence of haring mussels,
and also ta enswe sound work, it was considered advisable 1o keep
this reinforced warle above low-water wark by building it on a
foumdation of solid concrets, This oundation Tued Lo o " to 5" of
witer al bow tide. At frst concrete was deposited in the water
hehind sheating, heinr lipped on Lo the boliom through o timber
tube placed vertically in the water and reaching nemrly (o the
Botbor. Tk was boped by tus neans to gzt the concrete o the
bottom in sulficiently good cowdition 1o seb preperly, Dot the results
were unsatisfactory.,

Fhe new method refuresd o was then adopied. It consisted
wakier concrete boxes and floming them Lo the requised pesition,
whers thoey were sunk by Blling with congrete,

The hoxes were 10f loan, 57 wide, aml 4" deep, with sides abowt
2' thiclk, The fArst one wrade was not reinforced, bot whan fQoaled,
i wiier pressine broke i the bottom.  Subsequent boxes therelore
lad the bottom reinforced with boop irea off cement barrels, and
thies: praved swiliciently strong.  They were made in tinher cosings
plteed an an exigting level sorface, which at low tide was about
6" aliove waler tevel bt ar high tide was covered by about 37 67 of
water, A swadl hole teft in the skie of the box at floor leve] ailowed
tha water to enler @z thwe tide tose. Hal this not Been dote the
waler outside would have lorced iks way throngh the vosel comrete,
which would have been speilt. After twe duss the sheeting was
removed, the hole plugred at low Gde, and s the water rose the box
foated.

The ling of bandation was dredped to the required depth by
wionns of a large tookhed scoep, worked by o windlass rom o staging.
As the Tabtone consisted of stones of various sives, a level Bed had to
e formed of zn average deptle of about 17 by depositing conerete in
bags.  Lhese were ramuned from abeve water, their nished surface
being alrout 47 bulow low-waker fevel,
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The boxes wete then Ooated so as fo e with their lengsth in the
line of 1he wall, snd each having been 2ot into its correct position in
plan, wis sunk oit to tie level bed by liling with conorote. Sheat-
tg taving hesn crectad, anolther foot of concrete was added on top
at low tide.

i raugd sketel bolow illostrates the method,

Kornforsed oot tede

{haF ol 5 m y.

i s

L. kA
CHo0fE  FECTioA.

Drnaresi Fox,

Carcress il 1y

LomErel 1A dagr
Hnhn oy’ PArres

Oue box Iad a ' concrete pipe through it to forn the outk for a
drade. This pipe was fixed after the box was made bai hefore it
was oited,

Tt s mtended shottly to try an exlension of the above methnd in
couuertinn with the uprights for 2 relnforced conmete pisr in teeper
waler. The diffieulties [n this case witl hu considesably prewker, aund
It will be interesting to see if they can be successiully overcome
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THE ABRITISH MILITARY MJIRSfON [V FGFFET
Irod—ifoz.

{Lone fudfed),

I the August monber of the £ F, Fornrnad cortain instroctions mad
letters were given, referring to the Miitary Mission in Egypt between
the years 17gi—i12oz. o these are now adided Major Holleway's
oot of the Tarkish operations from December, 1800, to their
completion it July, tSor, and a report by Major Hope, 1.4, un the
Phecbacides, giving o dutaited deseription of [he frtificabions inoapgn

(7}
Report af Lol Hellmeay, RE on the Cperations af the
Sudscsme Vizter boleean Hie jed Decepibor, 1800, wnd the
thrle Frdy, rfon,

Oraxn Caiko, Eavrr,
ped A ngesd, 3,

Aoconeise Stalement of the operations of His Highness Yanssouft
Zie Parla The Supreme YVizker, (eom e e Deovmber, 1800, e
e 1le received Poformation of a British Foree eing in the
Mediterranean for the purpose of co-operatimg with His Highness tu
the expulsion of the Commen Bneany from Kgypt, wnlil the o6tk
Jubv, 1801, when He mnde His Puintick Entry into Cairg, as extracted
b Lictenant Coloiel Holloway fram his own Jonrnal

Tl Diflieslides necossariy uttondint on the March of a0 Army In
a Country like that thro' which the Ottoman Troops have lately
passed, luve Loer comsiderally tnerensed by a vanely of undorsesn
Circrimstances which Tave ocouved peculiarly mifivorable to (heir
Trromress ;o and could ooy have been overcome by that Energy and
Persevetance, which have Boce wuaifested on the oeension,

Towursds the end of tast Year the Armyof His 1Tialness The Grand
Vieier, which had repined encaped at Jaffa from wthe dme of jta
Fetseat to that Placs from Ryept, wis in g Couwdilien very anfit for
seeond Expedition.  The Plague, which bad prevailed duzing the
Suumer sl Autuom, awd was stild taghg with great violoace, had
very materially reduced its nwmboos g o dreadf! Mortality aiificted
the Cattle belonging to it ; the Magaxines of Sores, Provisions, and
pm‘ticu]ar]y of Fotage, were by na dacans ahondant ;o and the great
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Seaveity of Money had created Discontents wong the Troeps, which
al B Lacalened {he msl abesoeing Commsgquences, D Lo which
that the teuipestbous Weather of that Season of the Year, and the
utisheltered Aneletars a Jafa, vemboed wll Supples by See (from
which quarter they were chietly to be expected) exiremsly precurious.

Sush owias the State of the Ottossen Aoy, (when on the
il Drecwmbery advices weee bronght to vhe Grand Vider by
Lt Colovel Mureay  Assistant Cwarler 3Master Genetal, ol tho
Apquesch of o consithazble Bertish Paoce for the purpase of nesisting
1 Uierks o the BExplsion of Bho comsmoen Enemy from Eovpt ;oand
such conbitieed to be the State of that Army, when M. General
Mo (o Bl gthe Jubree., a8a0) camx 2o e haperkn] Caong frong
Murmnrin, wiers the Britizh Foree bad areived, io ander to concert
with His Highaess o Plaa Jor the Co-aporation of the Qoo
Aruy 5 oand itowas areened dhae this Avayy shoutd lenve Taffa on the
recaipt of an Intimation o that effect from the Beitish Comnnnsder
w-Cliel

After the deparmre of AL Geeerwl Moors {on the 13th Janmvld
Preparations tor Marcliogy were bBegun @ The Conunander of v
Artiflury wis direcled to fbllow the soorestion: previoushe given by
Major Hope of the Royal Artillery and evers means of ussistuuee
whiel dle adjucent Cowutry oodd peessthily alfird, wis ohiliined
williowi deiay.  The wane of Vorage for the Cattle was however o
serious evil, as the Cowntry offerad ne Roemeds; but o temwpaery
shatsisnt i the wean Ll ab hoeetd sabled same Vesaels Taden with
that Article, to Jaud part of their Ciargoes as weli as some [tesh troops
broaglbt froon Allaiiz.

T Grand Vivier perceivior the uneeerainty of fitare Supplies
during the Sloney Seisoen, now beciune anxivns te avail himscil of
that which bre lind Just obtadecd, fooseess b v re KT Addsl, where
i Tl been determined for some time before to form Magnzines.
[Te accordingly ondered sech Vessels as ooght in Totbre areive witly
HStorew, to ba oseet to thal place, mird, without favieg heard fram the
Covmnanger-in-Chief, Teit JaBa on the zzth Febory,, aud encangpned
that dwy 12 wiles Mo eenes eoar thee Vidkeme of Sooa. The same
day howaver the Feemrggeaf Sloop of War arrived, bringing ime=lli-
gence wal the British Fleet was prepuries to leonve Mammora for the
Coash of #ospl, and also the expected Inthmation for the Ottoman
;‘JL]"I'IJ:I' ey 111w !‘.‘UF“'ElT(j.

In spite of the Resoiutions with which The Grand Vizier hapd
guitted Jaify, he found Linsel mable Lo prozecd fuether than Zaboa.
The beavy rung had revdered the Rouds in many places dupassalle
to Artillery. The Phgus, wiiel after having earded off more Usan
stvett thovsand of bis Troops at Jaffu, had cewsed in that Neighbour-
fivod, was now raging with redoubled vieolenws amonp the Troops
composing By advanced Army ar ¥l Arish ;) the discontents owing to
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the Seacdty of Money azain sppeared ;oo Jasthy s Soeply of
darfey beeame sxpanded during this unavoidable detention, and
uecasionad grend distress

Fostimutely at this period Money wrived from Consbantiiwsle,
aud a further Supply of Badey. His Highness cansed the Reoods o
e vepaired, and on the 12th Mareh, was suain enablod 1o proceed
tha' on that das's march Ile fost upwards of Twe bundred Cimels
owing to the Soveriy of the Waeadher,

Wikile ot Zapna the SHeoman Arvoyy wies joined by abonl (Ive
Bucred Men well armed and provided, being part of 5000 oridercd
oy Iiizzar Facha, who bod enterad into an Accomadation with the
Lorte, sl wos do grant this Reidnforooment, as a el of 1w Boeecify
of fis Intentious.

Ohiv the ek Moreh the Army arrived at Gaza, 14 was here thougit
prudent to pemgin gt the Magee shondd eubeide ot 351 Arigh, IL
consed A few days, alber having o dess than o Menth reduced the
Force b (hat Flace from gpvards of Four thowseal teaboal 1,300
Among s principal Victims were Isuwel Prein whe Commanded
L1 Arish aned severn] Porsons of dlistingtion, particularhy Ilassan Bey
Middn-ou, frean whose zeal and epterprismg Spnnit The Grand Viaier
znd the Oltoman Ministry had lormed very high Expectations.

His Highness availed himeell of tus delay at Goe to setlle an
Arrmngement with Lt Colonet Iollowny wihe Counmumled the
British Military Mission, for the fitere Murch of lis Ariny across the
Desert. It was accordingly determined that the Arnuy should March
in theee divisions; the {ficst uneler Takir Pacha, as an advasped
Chumrdd, toy comsist of zhoed theoe thousand Cavaley withy 5 light Guns
the second under the jmmedizte Comommd of dehennoed Macha,
lately appointed Seraskier of the Aray, to consist of abont aight
themsand Cavaley and Fufitntry with @ pieces of light Ordrapcs ;) and
the third under the Grand Vizier himself, 1o be conposet of the
{Hlonean Ministers aned their Smites, with the remaining purt of the
Army and Artillery,

It was futles aranged that o British Officer from the Military
Miszion should be selectod fo sceompany each of the two first
divisions with Instructions from Lt Coloncl Holloway, and t¢ give
suzh Assistanee and Advios as from their profiesional Indgzmenl they
mght be enabled o afford the Pacha's, whe in thelr tutn were
Sirected to comsall with these Officers respectively on all Military
Oreurences,

O the zznd March the divieion usder Tohie Pacha proceaded to
Ll Arish accompanied by Capti. Leake of the Royal Avtllery, On
e 28th The Grand Vider wilh Lhe Remainder of the Army advauced
for that Mace, and on the Mateh received the aeeonnd of the lauding
of the British Troos ut Aloulin, and of the three suceessive Yicturieg
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gaied by them over the Eoewy s which fnspired mniversal Joy and
wias nnoneced o the Ottoman Army by o Salute of a1 Guns from
the Amillery.

Fis Highnesy avrived al LI Arish the zoth Marchy ond in con-
tormicy to the Arrangersents made at Gaw, segain sent forward (on
Lhe 2ml April) the division nnder Talir Pacha, accompanied by
Captain Lealke, and on the sth, the division wnmber Melenuned Facka,
who was acemnpauied by Caplain Laey of the Rovai Enginesrs.

By Captain Leake, Lisut. Colonel Holloway seni with the
Authorty of the Grand Vizier Sumimanz for tu: Garrizons of Tenaih
and Zaloheik, whicl: were however evacuated by (he Enemy oo tle
Approach of Tahir Pacha ; tho” not until they had destroved some of
the works, and the Darrachs of the iatler, whicl was a2 Fort of
vousiderabbe sirengtln

While the Ships were unlodding at E1 Awish, i viedent Storm came
ouy Ly whicl they were driven oul Lo Sea, and the freatest part of
their Cargoes, particulariy the Barley, whick had heen landed or the
Deaclh, wos washed avway.  The distress oocnsioned by this mistorlune
is soarecly o b desorlined 3 for Towe davs the Awimals which wore
very nuwmerous in the Camp, were withoul Foage or Foud of any
kiud, being situated 1wo days warel {nearly o Milesy in o barren
Bogerd, which afforded nol tie smallest wisans of Sustenance for then.
O the sthoand 4ch days Biscuit and Rive were ool for the, afer
whick some of the Vissels rederned, Bhe’ foo late to smvw st
nunbers, wiich lad parished with hunger.

To thiz Calamity succcedud ancther equully wexpected and
disistrons. Tle Arabs, in consequence of some discontents suddonly
deserted with their Cumels, aud deprived the Grand Vizier of the means
af wmeving forward 5 eor conshd ald Uhe Brertions of 23s [ighness aidel
by the Influence of (he Sheikl of I Agish, procure Camuls suffcient
for wore thiu o very small part of the divivan which remained with
fiim. With Lhese however He procecded, accommpaniul Ly His
Excellency The Kes Lffendi, o few of their Miendonts and some of
the Trawps.  Those of e Military Mission who were of ihis
Party were Lt. Colonet Holloway who Commanded the Mission,
Major Eope, Connuanding the Boval Artillery, Doctor WWiknes,
A Wightenzn, Seeretary, and Mr Pinle, Thraftsman,

Irrow the searcity of Beasts ot Durthen, such Artiches only, az were
indispensabiv necessary were taken by Land 3 and consisted chiefty of
Barley mit Water for the Cutile, Rust and Water far the Mea, heing
the sole fomdl allowed to every desoription of Pemsons from the
highest tor the Lwwusd, and @ very rednced Proportion of Tent Lijui-
pize lagether with some Amnunition for the Field Ploces which His
Higliness toale with bhap the Romzinler of Lhe Baggige, Stores,
ele., hnd Deen previously embnrked on board Vessels at 11 Avish Lo
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Le comveved by water to Tenislh. ‘The Ofcers of e Pote, wills the
Troops, Attendants, ele, and ako those of the Military Misston, who
were left helind in conseguence of the Ciromesianees alove stated,
had directions Lo follaw His Highuess as soon as a sufiicien). manbor
of Beasts of Burthen could be procured for (he.

The (inmd Vider with the small Party which sceowpanial him,
arived at Catiel after fonr doys” marel, u distance of aboat 7o Miles.
This misy eertainly be considered the worel paut of the Desert, from
the dmpessibility of procwieg Water, after leaving the Wells of
Alessnddier, 2] howrs (8 miles) bevond Kl Anish, unti) arriving st Catiel,
where 1t is but very dodifferent, the' it way answer in Cases ol weges-
sity,  The Roud is for the most part hard and level the' oo some
places the Sund is very deep wad wicsan ad extremely Jifficult net
anly for Artillery but even for Horses, efe, 1L was mawked by the
Carcusses of Beasts and hore and there of Men, whe had drop frvin
Txcess of heat and Farigne added o the Misery of extreme Thiest :
many were wlio observal hying on the buraing Sanl, wnd to all
appeatitces expiring froan the s Lauses.

Urnelut these truly distressing circwomstinces The Visier afforded an
Teample of Firmoess and hunaniey wovthy of his exalted Station,
being almost always seen on hwschack sharing the general Tatigues
and Handships, aod relieving as vouch ns possible Gow his e few
Comlores the miserable Objuats that presented themsuelves,

While at Catiely {on the 23rd Apnil) LL-Celonel Holloway sent
by Lhe Anthority of the Grand Vizer, a Summons for The Fort ot
Leshe et Damietta which was corverad by M, Pink accompanied by
a Tirkish Seerctary front the Reis Effendt who boosght Dack wn
Answer from the Commuelant, refusing the Terms offered,

Having halted at Catieh two davs Lo give the Uroops rest, amd {o
allow time for Pe Stragglers to come up, His Highmess continted lis
Marely, and on 27th April, arrteed at Salahich, being 18 hours (shoul
54 Milesh finn Catielr. The Road between Catieh sud Satahish 15 in
general more diffienld tum thit to the former Plage, tho’ pedaps Jos
oy b alreanled, as wader is to be procured i the second davs Alarel,
T4 s intersected by asmiadl Branch of twe Xile, over which Dad Teen
it & hatge Stone Bridge 3 tes the Enemy destroved on hearing o
the Approach of the Ottoman Avmy e ovder to dmpolde its Progress.
The Grand Vizier an being iformed of this halted the Night of the
bl Al witlin a shore destance of the Place 5 aned seat on a party of
Dheblis ko mgle it paszable, which they effecied in adew hours. By
this azeans the Tarty was ot stopped a moment ou its Mareh, iwad
arrivied at Selaluickiin less time by one dav U the advanced divisions
under Talir and Melenmed Vacha, sl bad taken o civenilins
Boute Lo mvoid this ebsticte.  These Thyvisions had quitted Salakieb
before the wrrival of His Highoess, and proceeded to Belbeis,
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L the 3oth Apil, baving been duly anthorised by the Crind Vigier,
Lo Celonel HoMoway sent Majer Hope of the Ropat Artillury
accermpanied by Aiiteli Effendr the Seoetary to the Sublioe Porte,
with i propesid to the Gurrison of Cairg fot antering inta o Trenty for
Lhe surieerler of that Place to the combined British and Otteman Armsg
which was rejected by General Beliard the French Commandan:,

COn the sth May that part of the Otbonm Army and af e
Militry Mission which had been lefl bebind wr T vrish arrived at
Salahied.

On the 6 Mav, in conseusnce of the Refusil of the Garrison of
the Fort of Taesbe at Damierta o siercider, 51 the advics of T4, Cal
Holloway The Grand Vieer detached it il Muce Ibrabin
Pachia of Aleppo, with three thousand Men, whe when on e ving
of attacking that Fort, discoverad tat it bad beay alsailbmad Ly the
Enemy during e night, which give hins possession of it on s
alorning of the 1.th,

On the 71h May The Grand Vider advanced io Covin & Loy
(18 Miles) from Swbubicl upd Bavioy understond that somue dis-
contenly  pevailed wwong the Troops muder Melwnuned  Pachs
iending 1o Insabordination, He progecded the folkiwipg morning to
Belieis where they wene encsaped, acconpiict v His Exeeleney
The Keis Effadi, Le. Cal, Holleewny, Major Iope, and Mr, Wirhtman,
Seeretary, witl: 4 fow Attendants, bis Prescoce immattintely restonl
Uraber and Tranguillily among the Men.

The Camps at Belbzis had been intrepched, aud 0 Redowit buli
widler the direction of Captain Laey of ilie Roval Engincers, sl
further precantions were Bkewise token xgatist supiise, by pashing
Fatrols 1o the Neighbowboad of Cairo 1o obsorve the Lnemy's
Mertinns,

Chy the esth May that part of the Otlonum Ay and of e
Militey Mission lelt ut Corin, joined the Grand Vizier at Belbels.

Cinthe 12th May Intelligence arrived ot the Civp of the Capture
of Rabsanic, and the Botew of the Laemy e Caira, and ap th
Atoening of the 15:% Information was bronght that e was appranch-
g o attack e Viger, whicl being afterwards conbrmed I
Highness whe had frequently during the Ify consalted Lt Col.
Haolloway, tawinds the Evening ordored Tabiv Pacha with three
thousand Cavalry amd three Pieces of Avtillery Lo ropaiv to meet the
Enemy, awl i @ [avorable epportunty should avewr during e
Olscurity of the Night to attack i Tahir Tacha met the Enemy
abaut three Leagues from Belbeis, who, on perecying him Lalted
as dicd also the Pacha,  In this stute bowk Parties remine! diering
the Night and until § o'cleck the sest morning, when Tahir Pacha,
having becn  reintorcar! with 1,300 more Covalry, attached the
Eoemy.  Mohemmed Uachiz seon after eame up to his assistanes,
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with about 3002 Men mird 5 Pieczs of Camnon, anrk Tasdly the Gl
Vizier himeeld, whow poscires had the happiest Biffects, The Enemy
harenssed ap all sides (v the Tudey, gnitted Position alter Position,
al lenptle seemed determined or a Rebreat o tie Tudks folowed o
clasely and W uboot seven hoars {tom the Comumenceent of the
Battle had driven hine as wany Miles fom the Spol wheie it took
plice,  Fis Highaess then thought it prodent to [k bis Troops
and the enemyreturned close to Cabre that Might, Tl Tuss on either
side was inconsiderable, the Nunber of the Enemy in the Fiehd, Tus
sinen peen kKnown to ameunt to more than 3,200 incwling foo
Cavalry, with 24 Ficces of Antillary,

On the o8th day the Grand Vigier with the whole of hiz Army
eft Belheis and balted it Night at the Village of Musbioul, o fitthe
10 the Westward of T Hanka,  On the followimr oy His Highness
meves] to Beodiasser, situated on the Eastern Banl of the Themietta
Grancit ol dhe Nie, abond & howrs Goee Sk, (o8 tlhe Comvenience of
commnunicesing with Genersl Hutebizon, The Cowmander-in-Chicf
of the Brilish Anne, and s Bxcebeuey The Captain Pach, then
gucmuped nt Allam on the Westars Band of the Roscrw Hronch.

Cho b zoth Mav Fhe Gramd Vizter was joined by o detachmest of
British Troops sent Wimas a Covps of Resenve, under the Commannd
cf Tolonel Stewart, constating of 1he golh aud 8yih Rewments, with
soene Cavabey and Actillery,

On the 2qtl May The Capraine Pucha amd Gessral IThachinson
arsived at the Dmperial Ottoman Camp ol Bensllasser Lo concert
with His Highness The Grand Vigier the {utwre operations of the
Carvgrugn, whep it wis gltipustely decided tiamt the Combined Torees
skl fimmediately advance to attack Cairo. The Captain Pacha
and Ceneral Hadehinson loft the Gy on the 25th May w carey
mto Effect the Resolutions thal bad been agreed upon, and ot the
request of the latter Fis Highuess ordered o Reinforcement. of o0 of
s Cavaley ta join the British Armo,

i the st June The Cemd Vigier morehesd B Bennbbasser,
keeping the Masiers Brancl of the Nile; the Forces under General
Mutchinsar and the Captain Paoha advancmd along the Westerp
Branch. Feon this period the Combined Armies proceeded, by slow
Marches, halting for somu deys on the way, to give time for com-
ploting the pecessary Arrangements, such as poltng wp L heavy
Anillery and besicging Stores; and daving a Bridge of Bouts across
the Mie for on epsy Combonncalion between the two Armies. At
length on the 2oth of Tune Geweral BHutehinsos asd the Caplain
Paclze eneamged before Gizé, and The Vidier on the opposite side of
the Wiver bofore Cairo, the advanced Dhvisions Being within Gunshot
of several of the Forts, Dy these Movements the Hoemys Works
Lecanis irvested.
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At this Lnne 3t s supposed the Army ol His Higliess The
(mnd Vigier conststed of about zoo0n Mop, 17,000 of which were
Cavalry, noco Adtiilery wmd 7000 Infantey, with 4o Deces of
Ordigee,

O the zard Juse the Keomy demanded @ sespeoston of Ans
which was granted by the Combined Armies for 48 Howrs, diring
witign thee o Comventinn was soselvad on Letween the respective
Cowmmnders, by which the Enaesny was to somender the City of
Cairo it ite Dependencies to the Combined Forces, and o evacaate
Lgypi, The Treaty was ratified on the 280h, and Hostages given on
Lath siedes. The Foot Shal Mowski on the Bust Jonk of the Nie
wig given up oand one of the Gates of Gizd on the West Bank to the
Combined Foroes; aud the B aewy were enabed oo fimily evacuate
Criro an the 1500 July and procesded towards the Comsl aeomapinied
b post of the British Troeps from Caire and by those of the Captam
Pacla reinforesd e x Detachiment from the Viger's dmv, The Day
fullowing Iz Higliness The Grand Vigier miule his puvlic Eniry into
the City wider 1 Geuernd Discharge of Astillery, and amidst the
acelbmations of the Tnlabitants,

Qg View of the toregoing Statemuent, the Efeoty produced by the
cildeavours af His Higless Tho Oremed Vizier and the Sttoman
Army under His Compand durbng the Campaige: will appear as
iullows,

That, Lz Aveny hag perlomied w March of 240 3les, 160 of them
across o Desert pnd that wonder a Combinatioo of e mos wnlbor-
able Circenmslapeees 3 el i Las deiven the Bxeew from Lenich,
sodubuell el Diwietka, and lon possession of those Posts  that it
Biag et ih the Fed 2 considerable owndier of Feench Treaps having
womugeous iz ol Asrtilleny and abded by ol the advantages which
militory Science and Iiszipline coukl give theo, that 5 s enamed
then For several Homs, s compoeiled them Lo abandou ther Oliject
aned Lo vandae ooretvend ot o Mowent tow, wihen the contriny Freal
wonlh bave Lad the wost disastious Conscquences ot the Comnmeon
Cuose Uik it bz lecn apobiled from shese Soeceszes W ellvet a1
Junction with the Britishy Anny, and by varous means (o condribirte
Lv oo efbectusl Co-opention towirds The regaintrr of Calvo ) and o
the removal of the greatest pat of the Bnenn's Ferce from e
DMovines ol Eovpt,

Li Colonel Hellowuy would fecl himael wanting i oan Act of
Juslice, were le to pags aver vrokiged gl Bxertions ot Bis Exelloney
Mabnoud Raif The Reis Diend doring the Evouls of 1he Campaisn,
His knowlodge of Ruropean Castoms and of a2 Langeage generslly
ancgerigond, added o Qs Dederstiyable attention 1o Foblic Hopsiness
Lus oreated a facility of Commosicalion which has been ol the
greatest Ciilice,
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(5.
Bepore by Magrr Fiope, RoA., an the Defences of the Dordanivifes.

BUYURDERE,
ed Sepidwder, B9
To DBrigaDiun GENEMAL KOEHTEE,
Comunanding His Heitlanic Majeste’s Forees, ote, et oo
S,

fn gomplianee with your Onders, 1 have i conjunction with Major
Helloway, Commanding Moval Kegmaeers ) visited aud examtned the
Deafences, Batteries, Mlagazines, ek, #d the Dandanelie.,

When we consider the hepottant and geeat National object they
rave L perrform, notling bess thap the proveniing ar Enemy's Fleet,
from forcing a Passage to the Capita? of the Outoman mpirc; which
would never e atiempted, of undeitaken, Lt by o Force of great
mageitude, we do wob thind the prosent Werke, wore caleatated upon
so cxtensive a [Mun, ws the mementons olject entitles them to, wmd
sl Jer, wunldd oty under the present miproved State of the Art of
War, be found adequate to L great purpose for which Lhey were
beuli.

T Costles oL Dhe Eutrance of the Dardunctles, (Coealli, on the
Asin Sde o and Setilinbar on the Burope) are as woell giluatod we Lhe
wicdth ol the Channed will admit o, being 4,087 vards ccross, a distanoe
rather too groal for Arfilters te oact wilh preciston, sovcelloles, an
Enery should De met as early as possibie, and impeded Step by Step,
wa! Lheselure think i was Jadicious io take up these Lwo points,

The next puind taken up, is for o Batlery of Nieleen Gues, cilled
Fskisar, on a high Cliff on the Durope skde, to the Sastward of the
Condley el wlthougl & Toerg wnd plusging range, will bring on with the
Costle of Setilbabur, an infersecting fire npon the sotrones of the
Sicaits it shouid therelove be madetinived and Aomed with Ten or
Twelve poenl Gung, 2g Poueders, Thie Claunue? frem this wildens so
wach, that no (urther opposition can be made, until the poit da
Erelaicr prosents sell, where o Battery for Six heayy Ouns shaahi be
tiade ; a5 weli as one of the samieg number, and sature on the opposite
Shote ; these two Datteries woubl establish a good and cottain intur-
secting Fine s amd Letug preparad foe Seing red ot Shot, which alt Sea
Tatteries should be; would impede the progres: of an Bremy’s Bleet,
and mndte themy verv camtions how they approached the Lpper
Castles Sullania aml Reletbabar,  These Castles are sitaated vpen the
narrowest port of the Dardaneiles, but the position of the Castle of
Hetetbahar, is not so well ehiosen as ik might Giave beeu, had it been
phaeed o the poiat to the Westwind of i where Bt wonld dave Tand
aounuel Better command of the Channed,

1 Bedaoves the Twrlish Governmenl seeionsly Looexerl every cflor,
and nieans in their power o improve wnd strengthen these Castles, by
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all the power of Avtand Science,  Tor, if an Hoemy ouee passes the
Grimd Harrier there would remain no chsinele whntever of sullicicat
lnpostance to clievk or prevent his accomplishing the object of his
Dusign andd making s way to Coastantinople.

lu obedience to vour diverdions, T shall state the variods Geferts at
present. existing iu the four Chsties and Batteries, and reeommend
such alerations, and improvemcnts it Arlillery Departmant, us
wolld bu st advisable iy my opinion to be mdoptad for the better
seenricy and defenoe of the Liardanells.,

The Guos, a few excepied, appew Lo me unserviceable, Lacing
fawewd, 10l of cavitics, some cracked, nnd pieces dlown oul of otliers,
The Metal dizes not appear to e of o goed queality, weld purilied,
propedy proporuoned, bueing very beictde, and Hable o comsiong
rechlonts wpua fving, an instavce of which we weie witnesses to
o the Istand of Tenedos, Lhe Guos, are most of them at preseat plamed
i front of the {uveat Gens, or Pierriers, whers i case of o adtck, they
would hie perfectty useless. The Gun Castiagus aru in geneval too laige,
fur the Gues arounted upon theer, very heavy, ond 11 constrocted for
mrow Raenperls o owithont Beds, Quaing, Spuages, Ladles, ete, The
Shot Tuy sdout iy att divections, mixed and wopiled, are 0ld, corroded,
very rugged and rowgh. The Magazines I bave seen, require an
athmissicn: af Aie, and Copper Doors, otherwise are goad, Powder,
andd every deseniption of Ordounce Storus axhamsly deiieient,

The eliet oppositiae, fid upon wiich groat dependence seons to be
placed at prosent to an Enemy's pissing the Castles, are the enormous
lurge Guns or Plerriers, somw of winell are nearly thivey Inches in
Dieter; they by upon Skids, under Arvchways, omle o Hw Curiains
andt Baghons 3 canuot eonsequentdy b traversed, and only fred LD
meving ebject, when it happens 1o come opposite to their dircetion,
it musl however be altowed that if One of tiese lupe Stone Shot,
which they project, was to strike o Vessel 8 would prebably he her
dustouction ; but us many of them break inte pieces alicr lewine the
(uns, they are of course, very uncertain i their effesl, and not to Le
wione depended upon ; bl as 1L may e advizable to wake use of
thent it is proposed to et as many remain under the Archways, in
the Curtaing next the Chanvel, with the alterutions propossd Dy
Majur Holloway as there may be places for them; bul s, ulwerve
that Hhe principles approved amd adopted of late years, for Sea
Batteriug, has Deen to endedvour by every possible means o move
the: Guns with facility hy Taversing Carriages, or Platfoning, so a5 to
b encbled to follow the direction of a Vessed az she sails, and 1o fire
i the sainie object as often as posailils

A Mixture of 2 variety of different Watires of Crdnancs, being even
among the Dest established Actillery liable to vreate confusion, and
pezisinn mistalies, partienfurty ot 2 Bme when every precantion shoukl
L takien to guard against 3, that of an autack, 1o avoid which, 1 beg
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leave to recommend to the Turkish Government, to Arm the Old and
New proposed Works in the four Castles, with only three kinds of
Ordnance, Viz., 24, 18, and 12 Pounders, or Guns nearly answering
to those Calibers, in the Number and Manner stated in the returns
numbered 1, 2, 3, and 4; to which I have added a list of the requisite
quantity of Ordnance Stores for each nature of Ordnance, calculating
upon 150 Roud Shot and 20 Case or Grape per Gun for the 24 and
18 Pounders, and 30 Round Shot, and 20 of Case or Grape for the
12 Pounders Gun. The Guns should be mounted upon Carriages
constructed on the principle of our Garrison Carriage ; they will be
hetter adapted to their narrow Ramparts, require fewer Men to serve
them, and be easier worked.

Such Howitzers as are in my return proposed for the Castles, should
he mounted upon proper Carriages, made expressly for them. The
Ammunition proposed for them, is at the rate of zoo Shells per
Howitzer, and the same mnnber of Shells, ete., are proposed for the
Sea Service Mortar, two of which should be in each Castie,

As it is not to be supposed that these Castles will at any thne be
attacked botlr by Sea and Land together, I have regulated the pro-
posed number of Artillery Men, by the number and nature of the
heavy Ordnance, which if kept up in time of War, will I should
suppose be fully adequate to the service of the Guns on the Castles
at all times.

The Number of Non Commissioned Officers, and Gunners, required
for the different Castles, and Batteries will be as follows. Viz. :

XNon Comd,

{Officers, Gunners, Total.
Camealli 20 203 223
Setilbabar 27 270 297
Suitania 30 334 364
Kiletbahar ... 15 156 171
Equisar Battery 6 60 66

Point de Barbier, andy 6

. e 60 6
opposite Battery  ...f 6

104 1033 1187

The Number of Artillery Men, and quantity of Ammunition, etc,,
for the Plerriers are not Included in this Statement as, their exact
nuntber is not yet fixed upon,

The next object of great importance, and strongly to be recom-
mended for the Delence and Security of the Dardanelles, is the
Establishment of a Regular Corps of Artillery for the service of the
above mentioned Ordnance, properly Officered, with a sufficient
nuntber of Non-Commissioned Officers.  This Corps should be well
trained in the Exercises of the Guns, Howitzers, and Mortars; as
well as instructed in every Branch of Astillery, necessary to make
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them good and expert Gumners.  They should be paid and cloathed
by the Govermment, and that regalarly.  Barracks or Quarters shounld
be provided for them, and their daily rate of subsistence should be
sufficient to maintain them. The pay of the Non Commissioned
Officers should be more than that of the Private or Guuner,

The Ordnance Stores should be put under the charge of a Store-
keeper, who is to be answerable and accountable to the Government
for the Stores, he should have a Clerk and be allowed a sufficient
number of Labourers to enable him to keep the Stores in good
regular Order.  He should keep an exact account of all the Stores he
receives and Issues on account of the Service, and send a Monthly
state of them to the Government. A Second Person as a Check
upon- the Storekecper should also be appointed, as Clerk of the
Cheque, who is to have at all times free access to the Magazines and
Stores 5 1s also to keep an account of aill Stores received and issued
jointly with the Storekeeper, and to report to the Government any
misapplication of them that may come to his knowledge. Thirty
rounds of Amnunition per Gun should be kept constantly ready and
lodged in Expense Magazines near the several Batteries, Kilns, or
Furnaces for heating of Shot should be erceted.

As Iron Ordnance is infinitely preferable to Brass, and generally
used in our Garrisons, being more durable and not liable to be injured
by firing in the ianner that Brass is ; particulariy if the Metal is not
sufficiently hard and tenacious. I therefore recommmend Iron Guns
for the Castles and DBatteries; Should the Sublime Porte judge it
proper to adopt any part of the proposed alterations and improve-
wents.

About a Mile and a Dhalf to the Westward of the Castle of
Setilbahar, is a Battery for Nine Guns, in which there are at present
5 Light Tield Pieces; these should be removed, and the Battery
armed with heavy Guns, if it is intended that this Battery should
remain ; one placed on a point between it and the Castle, would
answer the double purpose of forcing an Enemy’s Fleet to keep a
respectable Offing, and be a greater protection to the Castle.

When Mgjor Holloway has compleated his plans and projects, for
the intended Works in the year of the Castles of Setilbahar, and
Riletbabar; I shall have the honour of laying before you some
further Remarks, and Observations, as well as the necessary Returns
of the Ordnance and Stores for them and the Batteries,

I have the honor to be,
Sir,
Your most obedient
humble Servant,
R. Horg,
Commdg. British Roval Ariitlery
and Major.
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BONYOUKDERE,
218t Septemiber, 1799,
7o BRIGADIER GEXERAL KOEHLER, etc., etc., etc.
SIR,

The undermentioned Articles will be required for examining, and
removing the different Natuwres of Ordnance in the Castles at the
Dardanelles, etc., Viz. ;—

Gins compleat
Siing Carts ...
Truck Carts ...
Sledge Carts ...
Searchers
Relievers
Prickers
Iron Crows ...
Crab Capstans...
Spars ...
Skids large ...
Do, small ...
Shot Gauges sets ...
Men's Harness sets ...
Coils of different sized Rope...
Blocks and Tackles,
3 In. Planks ...
Handspikes, large ...
small

te to b fa

]

3

L A L= N -

by -
P R I O]

1"
Such Pickaxes, Shovels, etc, as may be wanted can be borrowed

from the Engineer's Department.
I have the Honor to be,
Sir,
Your most obedient
Humble Servant,
R. Horg,
Comdg. Royal Artillery
) and Sagor.
7o BRIGADIER GENERAL KOEHLER,
Commanding H.IB3.M. Torces, etc, ete, ete.

Return of the Number and Nature of Ordnance for the preposed
Tower and Battery on the small Island off Tenedos.

24 Pounders mounted on Garrison Car-}

riages Compleat ... ... .. § 5
Stores for Ditto.

Handspikes ... 60

Spunges 13

Ladles 8
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Wadhooks 8
Linstocks 8
Tampeons 13
Aprons of Lead 15
Powder Horns and wires 8
Punches for Vents 8
Spikes ... 13
Claw Hammers 6
Round 1,500

Shot {Casc or Grape 300
Cartridges empty 1,900
Wads 3,800
5} In. Shells fixed 100
Tongs and Bearers 4
Water Buckets 3
Portfires, dozens 2
Portfire sticks 4
Powder Barrels, go b, 170
Bridge Barrels H
Powder Measures from 1 1b. to 4, sets 1
Slow Match, cwt. 2
Tubes ... 500
Tube Boxes 1
Tanned Hides 2
Hair Cloths 2
Wadmill Tilts... 2
Muscovy 2

Lanthorns { Dark .
Sheepskins 6
Spunge Tacks ... 6o
Tarred dMarline, skeins 6
Gins Compleat 2
Portlire Clippers 4
R. Horg,

Comdg. Royl. B. Arty.
and Major.



Colonel Gee. Strahan, R.E.



1911.] ' 163

MEMOIR.

COLONEL GEORGE STRAIIAN, RUE.
By Cor. S, G. Burrarp, r.8.5, R.E,, OrrG, SURVEYOR-(JENERAL OF INDIA,

GEORGE STRAHAN, the son of William Strahan, was born at Ashurst
in Surrey in 1839. He was educated at Eton, and in 1857 he entered
the Military College of the Honourable Last India Company at
Addiscombe. He obtained his commission in the Bengal Engineers
in 1838,

His eldest brother, William, was in the Artillery and died many
vears ago. His three younger brothers survive him ; Aubrey entered
the Geological Survey of Great Britain and is now a distinguished
geologist.  Henry is the Mayor of Hythe, and Charles, following his
elder brother's example, cbtained a commission in the Bengal Engi-
neers, and afier being Survevor-General of India has now retired
from the Government service.

The subject of this memoir won the sword of honour and the prizes
{for mathematics and drawing at Addiscombe, and his name is on the
old boating cup in the Chatham Mess, This cup was competed for
in an annual four-cared race by crews of the Royal and Indian
Engineers.  When the Indian Engineers were amalgamated with the
Roval, the competition ceased. The Jast race was rowed in 1861, and
on the cup at Chatham he is named as having rowed number three
in the Indian boat in 1859 and as having been stroke in 1360,

Strahan went te India in 1860 and jomed at Caleutta, He was
first posted to the Bengal Sappers and Miners at Roorkee, and sub-
sequently to the Irrigation Branch of the Public Works Department
at Hardwar, the head works of the Ganges Canal. He remained in
Irrigation for 15 months and in July, 1862, was appointed to the Topo-
graphical Survey of India. He entered this branch at an important
turning point in its lustory. From 18co to 1825 the Topographical
Survey of Indin had been based on military route sketches. From 1825
to 1850 topographical maps had been mainly derived by reductions from
large scale revenue surveys. No Indian maps of an earlier date than
18350 give any idea of vertical relief, It was between 1850 and 1860
that topography in India made its first stride in advance, Talking of
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this advance Strahan used to say in his enthusiastic way : “ It was all
due to Dan Robinson.”*  He would acknowledge that the introduction
of the plane table had proved of great advantage to topographers,
and that the publication of Waugl's Tnstructions and Thuillier's
Manual in 1853 had had considerable effects, but he always insisted
that Robinson was the originator of the modern system of delineating
ground. If we now look back upon the old maps of India we are
struck at once with Licut. Daniel Robinson’s (1 inch=1 mile) maps of
the intricate country between the Indus and the Jhelum, which were
made between 1851 and 18359, and which are immensely superior to
all others of that date. It is no exaggeration to say that these maps
constitute an epoch in the history of topographical surveying.
Robinson's maps of the Indus-Jhelum country (185:1—1839), and
Montgomerie’s maps of Kashmir {1855—18635) were the only good
topographical maps of India that were in existence when Straban
joined the Survey. Lven these maps fall below the modern standard
1 that they furnish so few values of height.

In 1862 there were four topographical parties, and on his appoint-
ment to the Survey Strahan was posted to No. 1 Party (Gwalior and
Central Indin), In 1857-38 the absence of all maps of Central India
had proved very embarrassing daring the advance of Sir Hugh Rose's
colunms, and in 1860 Capt. Daniel Robinson, who had just completed
his survevs in the Northern Punjab, was directed to initiate the topo-
graphical survey of Gwalior, Central India and Rajputana on the
1inch=1 milescale. This was a vast undertaking, the arca embraced
exceeding 200,000 square miles,

In 1860-61 Capt. Robinson commenced the triangulation and
extended it over 3,300 square miles, and in 1861-62 he started the
topographical work. The records of 1861-62 give the names of the
military officers with the Central India Topographical Party thus :—
Capt. I). G. Robinson, R.E., Superintendent ; Lieut, G. Strahan, R.E,
Assistant Surveyvor,

The expenditure on the party m 1861-62 was 55,000 rupees. In
1862-63 there were three military officers with this party and they
are shown in the records thus (—Licut.-Colonel D. G. Robinsen, R.I5.,
Superintendent ; Lieut. G. Straban, R.E., and Lieut. R. V. Riddell,
R.E., Assistaut Surveyors,

In 1862 Robinson reported to the Surveyor-General as follows :—

“ My instructions to Lieut. Strahan were to carry the triangulation
down to latitude 237 remeasuring the great triangles if weather
would permit ; il not to confine himself to covering the ground with
secondary triangles based on the old stations of the Great Arc. The
weather became too hazy to admit of Lieut. Strahan doing more than

% (General Daniel Robinson, c.p., R.E., joined the Survey of India in
1345, He was Director-General of Telegraphs from 1863 to 1847,
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fulfilling the second part of my ivstructions, and that he did wikh 0
il cbiffienlty and he soffored sa much from cxposure that his heaith
has been in a very bad state ever since.”

In 1863 the SBurveyer-General {5t Henry Thuilller; reported as
folfows to Goverinent = Lisut, Strabat’s practical koowledpe i3 of
great value. i am happy to be able to state thiat he as improvesd in
leghtls sond is likely Lo vemais sl Dis pest. He és an offticor af the
highest promise and merit, Liewt, C, Strahan, R, joined early in
Novenibor In time to aceompany the Centeal Indin Marty into the
field, where he v nowe wnderpotng mstraction and takieg an active
part it Ene operations ueder his brother's excellent mudance.”

I t862-G3 the topographical out-turn of the party was 3,437 sguare
muiles s Geore Strebiane himsae T oompleted all the Giangulation, esides
200 square ntiles of plane Eabling,

The Bwvepor-leneral wow representad to Government that the
topographical survew of the fnmense aren ailotted to Ne, o Party
would not De compieted for éo or 7o years, and in 1863 0 new pacty,
Mooy (Rajputana, was created. Both No. 1 (Centrnl Indiz) and
Moo 7 (Kaipuiona} were ol frst placed noder one Superintendent.
Un Cotonel D, Woldnson belng appotnted 10 act for Genera! Walker
as Swperinfedeot af the Trigonomelvicat Survey, Capl, AL B Maelville
ol the Kashmir Survey wias appointed to take his place in Centyal
Lzl the military officers of the two pavties were distributed as
[eilows :

Capt. A. I Melville in charge of Nos. 1 and 7 [trties,

W 1 Party {Gwalior and Central India)—Licut. {3 Strabun,
Assistant Sarveyor,

Mooy PMarty (Rajputana)—Lisut, . Straban, Assislant Surveyor,

T 1865 Moo 7 Party (Rujpatzna) was fonsally sepnabed from
wo. 1 (Qentral india), and was placed neder the suparintendenca of
Licut. 4. Strahan.  In wporting te Govermment ol his intention Lo
zeparice the two parlics, the Snrveyor-General wrobe 1 —

i Licut. o Strahan is an officer of great abiity and exceilent
Pusiness habits.  He baz received bis toveng i a goeod school.
When inspecling the work ezecuted by him nst field senson, T was
fully satisbed with aii that has been dore. This officer excels av a
clraftemnn.”

In 1864 Alr. W, Stotesbury, who was for moany years to come one
ol Guorge Strahan's principtd assistaats, joined the Sorvey sed was
pusted 1o No. 7 Party,

In 1864-05 Stralian moved bis parky to its new aren (Jatpur and
Abwary, e, as no tdangatation was ready, he conlincd the opemtions
for this senson fo trinngelation. 7,300 square miles were tripngulated
hutween November and Aptil: of these Strahan bimself ded g 288
snuree iles,

The advent of railways has so revolulionized procedure that i may
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Les of furerest now o recall how survey paniies usial frmerly Lo take
the tield. Ihwuing ithe summer of 1863 Strabian had his office a1l
Mussoorie.  Fariv b Ocrober be recalled s native sarveyors and
kliadasis (rom deave aud assensbled s pacdy ot Debra Bun, Hu thes
shivted with 2 fow eleplunis wwl o huodred camels on bis long
journey to Kajputamt,  For twe mantlis the eurdy rotnings were
spent i amarelime o casep offics wied o be opencd daily and during
affice hones the triangulstion of the previous senson was compuled,
points were plolted on plae tables and wl preparations for ield work
were e, The waoaeh continesd 18] November wlen the pany
veucied its cestination.  Tield work was carried on L Aecil, wieu
the scattercd metabers of the paty et again for their long mieh
Teecds tor Lie Diills which Lhey reached towieds the cad of May”

I after vecrs 1 once heasd ous of Strahan’s assistants Jah WOW
Macuiir} say Haer e the Rajpetann Swmvey Coloas] Srahan usiil €0
do everything ot o gallop. O hovseback the only pace b recegmized
wits i gallop. His coanels svese noloatled and Lis camyp was pitched
at [l speed ;) theodobites were erected, and abservalion taken with-
ol piusz,  He was 5o conetiluted, that e pever wanted fuisure nor
rest expeprl daving glesp”

Theve ix litie cdoube thar the serenuous Hie e Rajpates aml the
coltslint neewsaity e felt of working spamst ime and of pressing and
wieine others, fonmed b hise Dabite tlaal sade f0difTienlt fod hime in
later lile to tike kindly to the pitient awd accurale melhods of
jreenlesy,

Tdo not dhink that George Surahan served wder Deneral Roldeson
alter 1363, but to ehe emd of Straban's life Hoblusen was engravad
upen his omenwry ssoa hevee T oreemennder o few veses ago Strabas
being delighted oue day af Coming wcross Robinsow's alid shilaree,
¥ ust faney,” leosabd, o weeting that ofd chap again, T used to
see bim often in Dan Robinsen's howdal jo vears mo.”

The Survey of Jaipwi and Abwes was continued throughowt the
windor season of (565-06 and (36657, The followivy extract is (fom
Strabadi's vepott Tor 1806-47 1—

#The camp lell Dhebre on Gdobers the 164 ol e who'e party were
agsemblad ab Drelhi wn Ootoler the 1310 Five davs' masel beowye bt it to the
Fromumer of Alwar where the ooowed allgtted o 81e, Tod oy, Onothe 1ith
iy Alussrs, Thaness and Stateshury were detached totheis gronnd and an
the i day Alesass Tapsel and Hussey wore detachad, reucked Jaipur
o tha ith dos's macch fram Delld [ then cemmeaeed the triangrulation
o the city preparatory to the survay on s seale of 5000 1 Tho
traversine and compuatation were sufliciently advanced In o Jorteich foc
me to aommence 4 detailed survey, The Sorvey of Jaipor comprises cight
poane-table sections ; twe of these T eompleted mysell, s a sort of paliern

' Colonel Bythell's artiele on Surveys —Juper il €razertoer,
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of what [ wished done. 1 then left Mr, Kitchen to complete the rest.
Much delay was occasioned by the necessity of sending word to the
authorities every evening of the exact spots which we wished to visit next
day. The first day on which I approached one of the forts in Jaipur,
without having any authorized official with me, they threatened to fire
unless 1 immediately withdrew. I had several interviews with the
Maharaja, as I considered an explanation of the uses of an accurate plan
of his city and territory in person, would do more to secure his co-opera-
tion than any amount of writing. He took great interest in the theodolites
and other iastruments which I showed him.”

During the winter season of 1866-67 the Surveyor-General received
an urgent request from Govermment to make fimuinediate arrange-
ments for the survey of the site of the new cantonments for Kuropean
troops, which were to be erected at Pokri in the Himalayas. Sir
Henry Thuillier thereupon directed Lieut. Strahan to close his
tegular operations and to proceed to Pokrt with all his assistants as
quickly as possible. At Pokrei the operations consisted of making a
survey of the crest of a range, 5 miles in length, scale 1"=200',
contoured at 10’ intervals. Sir H. Thuillier subsequently reported to
Governnient as {ollows :—* Lieut. Strahan is entitled to much credit
for the manmer in which he carried out this survey., He had no
assistant with him who understood levelling. The map of Pokriis
interesting as being the resuit of the first contoured survey which has
ever been made in the Himalaya Mountains.”

The following extract is from: Strahan’s own report (dated 1867) on
the Survey of Chakrata 1—

“We were compelied to leave the field in Rajputana ¢one month earljer
than usual having been called upon to execute the survey of the site of
the new cantonment at Pokri.  The party were all assembled at Delhion
April 1st and proceeded without delay to Pokri. This change has most
unforlunately delayed the out-turn of my maps. This is the more to be
regretted as on reaching Pokei I found that we were there before we
were required. From your letter 1 concluded that the site for the
cantonments was fixed and nothing remained but to make a contoured
survey of it. General Wheeler must have been strangely misinformed
on this matter, for I found that the Commiitee wished me to contour
the range for 8 miles to enable them 1o select! a sife, a task impossible’to
complete under four or five months. Under these circumstances I recom-
mended a reconnaissance first, and then when the site was determined
a contoured survey of it. This did not however meet with approval, and
I commenced the contouring of Chilmeri Hill at Capt. Peile's request, [
had completed two-thirds of this when the President of the Committee
wished me to survey a ridge beyond, called Chakrata. This [ com-
pleted, and was then requested to go back to Pokri and complete Chilmeri
Hill, the latter being the site still in favour with Capt. Peile. This
vacillation induced me to refer the matter to you.
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“ As this is the first contoured survey executed in the Himalayas T shall
enter somewhat fully into the methods employed. 1 adopted two
systems, one at Chilmeri and one at Chakrata. First, at Chilmeri I
selected a central point and with a theodolite I marked out from it two
lines at right angles. 'This I intended to be the basis of the survey. |
then proceeded to level these lines having large pegs at every 20
vertical rise or fall. I then measured the horizontal distances between
the pegs by means of wooden rods. Secondly, at Chakrata instead of
having straight lines I followed the winding of the summit of the range,
and 1 laid out cross-lines at intervals corresponding to conspicuous
watersheds. This change necessitated the traversing and plotting of the
central and cross lines.  On the other hand keeping to the summit of the
ridge diminished the labour of levelling, and is, I think, best adapted to
this style of survey.”

On November the oth, 1867, Strahan left India on furlough on
medical certificate.  He had then been in charge of the Rajputana
Survey DParty f{or 3] years. In his report for 1867 the Surveyor-
General wrote as follows 1 —

“All the maps of No. 7 Party (Rajputana Survey) are admirably
executed and are decidedly the best of the season. I have much
pleasure in testifving to the very creditable manner in which Lieut.
G. Strahan has performed his duties. I much regret that the failing
health of this taleuted officer has deprived the Department of his
services for the time.”

In July, 1869, Strahan returned from England and resumed charge
of his former party, No. 7 (Rajputana). 8ir Henry Thuillier wrote to
Government :—

“ 1 have personally discussed the new Rajputana programme with
Lieut. Straban whose return to the Department I gladly hail.”

In 1869-70 Strahan took up the Survey of Jodhpur, Udaipur,
Sirohi* and Ajmere, and he made a large scale survey (6 inches=1
mile) of the great hill of Mount Abu.

In his report for 1870 Strahan pointed out that there was too large
a gap in the principal triangulation of the desert and that his own
secondary triangles could not be extended over such an enormous
area without risk of undue accumulation of error. At Strahan's
representations General Walker decided to run two more principal
series of triangles across the desert,

Straban himself observed great numbers of secondary series of
triangles across the gaps between the principal series, and he always
eliminated the errors of observation by the method of least squares,

@ Long after Colonel Strabhan had retired from the Service, the Sirohi
Durbar wrote and asked him to return, and see whether their state
boundary pillars had not been moved. He returned then to his old
haunts in Rajputana after an absence of 35 years.
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polygon by polygon, and at the close of each series he would
distribute the closing errors by the rigorous methods of geodesy.
The scientific way in which he adjusted his errors has given his
triangulation a high and permanent reputation.

In his report for 1870 the Surveyor-General wrote to Government
as follows 1 —

“It gives me the greatest satisfaction to bear testimony to the
zeal, ability and systematic regularity with which Capt. G. Strahan
has conducted all the duties entrusted to him. I have repeatedly
in my reports to Government drawn special attention to the excellent
services of this able officer.”

In 1870-71 the Rajputana Survey was extended over Udaipur,
Kotah, Indore and the Aravalli Mountains, The topographical out-
turn for this year was 3,551 square miles. The triangulation done by
Strahan himself was 2,493 square miles,

In 1871 the Surveyor-General reported :—

“ Further important employment has been found for this party,
which is peculiarly qualified to undertake surveys of difficult ground
of an intricate character. The sanitarium of Simla has long needed a
careful survey on a large scale. It is therefore proposed to withdraw
the party from Rajputana by the end of March to Simla, where they
will be able to prosecute the new survey in the hills, In this way I
hope to obtain good plans of the several military stations of Jutogh,
Kasauli, Dagshai, Sabathy, in addition to Simla.”

Capt. Strahan was thus in the field in Rajputana from October to
April ; and during May, June and September he was employed on the
triangulation of Bimla,

In 137:-72 the topographical programme of his party was as
follows :—(q). Survey on 1”scale, Jodhpur in the winter, (&), Survey
on 24" scale, Simla, in the summer,

The Surveyor-General's report on the maps of the vear
was —

Rajputana—* Delineation of the ground, good and effective.”

Simla—* The six Simla sheets completed, of which three have been
fair drawn by Capt. G. Straban and three by Mr. Stotesbury, are
admirably finished specimens of hill-drawing on a large scale and
faithfully represent the ground,

“The Iabour of drawing these sheeis is very great and demands
first-rate artistic ability.”

in the Simla sheets an attempt was made to follow the KEnglish
scale of shade. This scale of shade had been found of use in indica-
ting the relative steepness of slopes when troops were manceuvring
over the downs of South England but Strahan regarded it as unsuit-
able to the Himalayas.

In 1872-73 Strahan’s party was employed from November to April
in the Marwar State of Rajputana and {rom May to September on
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the Survey of Simla. The party was in the field and engaged upon
outdoor worlk for 9 months out of the 12, The Survevor-General in
1873 reported to Government 1 —

“1 find it difficult adequately to express again the high sense 1
entertain of Capt. G, Strahan's attainments and management. The
Survey Department owes this talented officer much for his successiul
prosecution of surveys of varied character of the highest order of
merit.”

In 1873-75 the Survey of Rajputana was continued in the winter
and that of Simla was completed in the summer. In Rajputana the
sarvey was extended from Ajmere to the borders of the Bikanir
Desert.  Of this desert Straban reported :(—

“Water is brackishi and only found at great depths. I measured
one well over joo' deep.  According to the inhabitants the sandhills
do not shift their positions to any great extent and I hope that some
of the principal triangulation stations which I had to build at great
expense will prove permanent. I was surprised to find that a system
of telegraphy by looking-glasses flashed in the sun was I usc across
the desert to Bikanir. It is employed by the opium merchants to
ascertain whether opinm is selling at a cheap or high rate at
Calcutta.”

The year's out-turn of topographical survey in Ryjputana was 3,170
square niles; Strahan himself completed 2,160 square miles of
triangulation.

In 1874 the Swvevor-General reported to Government :—*The
Simla Survey has been satisfactorly finished.  Inaddition to the
elaborate lurge scale sheet plans, 20 in number for the Simia
Survey, Capt. G. Straban has drawn a most artistic general plan of
Simla and Jutogh in brush shading, § inches=1mile. Itis a matter of
congratulation that the double object of the survey in Rajputana
and of the laborious farge scale survey of Simla has thus been success-
fully and efticiently accomplished. Au admirable out-turn has been
effected in both cases at a most moderate cost.” :

The month of December, 1874, is memorable in astronomical
annals for the transit of Venus. This was the first transit of Venus
that had occurred since 176¢, and as it was to be visible from India,
the Government decided to have it observed from four places. The
distanice of the earth from the sun was less accurately known in 1874
than it is now, and the passage of Venus across the sun's disc was ex-
pected to vield important data.  There were six observers in all and
they were distributed as follows :—

General J. T, Walker at Dehra Dun, Mr, Hennessev at Mussoorie,
Colonel Tennant, Capt, W. 3. Campbell, Lieut. Waterhouse at
Roorkee, Capt. G. Strahan at Lahore,

The following is an extract from Strahan's letter to Colonel
Tennant, dated December the t7th, 1874 :—
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“The instrument I used for the transit was a 6" refractor.  The transit
instrument used for time is one belonging to the Great Trigonometrical
Survey of 30” focal length, I commenced observing transits of stars on
November the 21st and continued without the exception of a single night
until December the foth, There can be little doubt that the times
recorded during the transit of Venus when reduced for error and rate
are true within a few hundredths of a second. Having satisfied myself as
to the best position of the chronometer and having made experiments on
cye-pieces and apertures, I awaited the phenomenon without anxiety.
The weather on the morning of the gth was all that could be wished.
Ingress was not visibie so far up country as Lahore, and for about an
hour after sunrise the sun’s limb and the planet were trembling a good
deal, but as the sun got hizher the definition became better, till about
15 minutes before contact the edges of the two bodies were sharply
defined. As the planet moved towards the suns limb she appeared to
push out the edge of the sun before her, the cause of which phenomenon
became evident in a few seconds, The planet’s edyge was encircled
by a ring of light nearly as bright as the sun’s disc which prevented
any contact from ever taking place at all. There was no appearance
whatever of a black drop or ligament.  An elaborate discussion of my
observations would be out of place, but I am tempted to make a few
remarks upon appearances so unexpected. There can be little question
that they point to the existence of an atmosphere on the planet. The
ring was visible up to the time of external contact and from this a4 rough
estimate of the refractive power of the planet’s atmosphere may be
made, The deviation of a solar ray amounts to 1 minute, 27 seconds
of are. During the transit, [ kept a careful lock-out for a sateliite of
Venus and also for any peculiar appearances in the planet’s shape but [
never detected the slightest deviation from a clear hard circular edge.”

In 1874-75 the Rajputana Purty had to take up the Survey of
Kishengarh and Shekawati. Strahan being away for the transit of
Venus, the party was taken into the field from Simia by Lieut, E, P,
Leach (now General Sir Edmund leach, v.c, K.c.r). Strabhan
rejoined the party in Rajputana in January and commenced a large
scale swrvey of the towns of Ajmere and Kishengarh. The totad
topographical out-turn for the vear was 3,741 square miles. The total
annual cost of the party was Rs.64,000.

In 1875 Capt. Strahan was transferred from Rajputana to Mysore.
The following extract from the Surveyor-General's report of 1876
explains the transfer ; —* The services of an experienced officer having
been required to start & new topographical survey of the Mysore
State, Capt, G. Strahan, R.E., who had nost successfully condueted
the operations of the Rajputana Party for 11 years was recommended
for this duty and with the sanction of Government was transferred to
the charge of No. 8 Topographical Party, from October the 1st,
1875

Lieut. Leach succeeded Capt. Strahan in charge of the Rajputana
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arty and the latter's connection with Rajputana terminated. The
Survey of Rajputana was continued till 1885, by which time the whole
area had been mapped, with the exception of the interior of the
desert.

Strahan had spent 13 years on the Survey of Rajputana, and had
been in charge of the Rajputana Party for 11 vears. In after-life he
used to refer to his time in Rajputana with enthusiasm.  “ It is,” he
used to say, the healthiest country in the world. In 13 years ]
never lost a man.”  Speaking of the rocky conical hills that protrude
at intervals of 10 miles out of the flat sandy wastes of Marwar he
used to say “ Marwar was created for triangulation.  The absence of
water makes it useless for any other purpose. It must have been
created for triangulation only.”

In 1900 the topographical maps of India were subjected to a
rigorous exantination by Colonel Gore, Surveyor-General, who was
reporting to Government upon the topographical requirements of the
country. Of Bengal he reporfed that, out of 433 sheets, “ 285 were
useless 5 of Northern India he reported that “ the surveyors had had
little idea of surveving hill features.” Referring to the Central
Provinces he said, that * the maps did not satisfv modern require-
ments.”  In Madras, he said, “no attention had been paid to accuracy
of details.” With regard to Hyderabad, he reported, that the surveys
had been commenced in 1816 and that nothing was known as to how
they were executed, that they were sketchy reconnaissances. His
report on the Rajputana maps was :—

“The Rajputana maps are good, sound, topographical maps of an
excellently even quality, and were all published within one vear of
the date of the field surveys.”

In 1875 the Government of India directed that hmmediate steps
should be taken to commence the topographical survey of the Native
State of Mysore. Mysore is a rocky triangular table-land, containing
large areas of mountain and forest and studded with vast numbers of
tanks, The topographical party was formed under Capt. G. Strahan,
and as a nucleus three of lus most ellicient assistants, Messrs. Kitchen,
Stotesbury and Macnalr were trapsferred with him from No. 7
{Rajputana} Party to the new No. § Party (Mysore), The annual
cost of the Mysore Survey was estinated at So,000 rupees ; the scale
of survey was to be 1 inch=r1 mile.

As there was no triangulation ready for the topographers, the party
for the first ficld season, 1875-76, was limited to the lour officers
only, and all these were emploved on trinngulation.  The ouvt-turn of
triangulation was :(—Capt. G, Strahan, 1,740 square wmiles; Mr. I,
Kitchen, 1,160 square miles ; Mr. W, Stotesbury, 1,160 square miles;
Mr, W, W, Macuair, 1,520 square miles. Total, 5,582 square miles.

In his first report on the Mysore Survey, Strahan wrote :—

* So far the appearances of the ground lead me to suppose that both



1911.] COLONEL GEORGE STRAHAN, R.E. 173

triangulation and plane tabling can be accomplished without diffi-
culty. There are plenty of low rocky hills suitable for stations.
There may be a little trouble here and there in fixing the plane
table, where cocoanut plantations abound; considerable care wiil
have to be exercised in the delineation of the undulations of the
ground.”

In the following year, 1876~77, it was fully expected that the area
trinngulated would have been surveyed in detail, and the Mysore
Party was raised to its full strength ; but a great famine and drought
prevailed throughout Mysore and stopped the survey operations.
The Surveyor-General reported to Government 1 —

“ Capt. Strahan much fears that very little of the ground specially
prepared for topographical delineation can be visited, and it will be
difficult to carry on any connected operations whether of skeleton
trianguluation or of topography, in any part of the province. The
accounts received up to date of the state of the province are exceed-
ingly gloomy. The usual out-turn cannot now be expected, but
Capt. Strahan is making every endeavour to utilize his establishment
al to feed them by judicious connmnissariat arrangements.”

At the close of the field work the Swveyor-General reported to
Government :— :

“ Famine prevailed throughout the Southern Peninsula; Capt,
Strahan’s party had to be scattered and could not carry on their
work in a compact block ; they could not enter the greater part
of the country that had been triangulated and prepared for detail
survey. Capt, Strahan selected certain localities in which it was
possible to obtain water, provisions and forage. The out-turn of
work for the year was 1,463 square miles of topography, 3,280 square
miles of triangulation.”

At the close of field work in April, 1377, Capt. Strahan took
furfough and the Survey of Mysore was placed under the charge of
Major {now Sir H. R.) Thuillier. In the winter of 1877-78 Major
Thuillier reported :—“The prospects of Mysore are much better
than could have been expected; the fumnine and pestilence have
disappeared, pasturage and cultivation are everywhere and suffering
is nowhere visible. The survey worl is progressing {avourably.”

In 1879 Major Thuillier went on furlough and Straban resumed
charge of the Survey of Mysore. During the winter of 187¢-80 the
survey was extended over the Western Ghats. The rugged nature
of these mountains, the density of the jungles and the absence of
roads and supplies were obstacles to progress. Strahan wrote :
“Ordinary methods of working with the plane table are in many
places impracticable ; resort has to be had to special methods,
especially to that lkmown as plane-table traversing, in which the
plane table supplies the place of an angular instrument and the
measurements are made by chain.  This is always stow, and when
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chain lines have to be cleared through forests, progress is slow
indeed.”

In 1880 Mr. Chew, the senior assistant, died of malaria.

Between 1875—1881 there had been surveyed in Mysore 12,754
square miles, and according to the original estimate of aven there
remzined for survey 14,250 square miles. But in 1881 Strahan
reported that the anticipated area of 27,004 square miles was too
small, and that the true area of Mysore exceeded 30,000 square
miles.

In 1880-81 he carried the triangulation along the Bababun Hills,
which he described as being covered by a dense mass of bamboo
jungle, inhabited by elephant and bison.  No greater contrast to the
bare hills and plains of Rajputana can be imagined than that presented
by the forests of Mysore,

In 1880 the question of a clinometer, which could be used by
pliaue tablers, was first raised.  Before that date all heights on maps
were obtained from levelling or from the vertical angles of trianguia-
tion or from barometers, It had become evident to topographers
that no improvement in the representation of vertical relief upon
maps could be expected until the numbers of observed heights were
largely increased.

In 1880 General J. T. Walker issued his clinometric shade scale,
This was the first clinometer tried in India; it consisted of a card-
board quadrant with plumbline attached. Walker estimated that
vertical angles could be measured by means of it within 15 minutes of
arc, so that the error in height should not exceed o'cozx (distance
in feet).

At 2z miles distance the error would be 50'. ¥ It is much better,”
Walker wrote, “in hilly country to have a height in error by 50/
than to have no height at all,”

Strahan tested Walker's clinometer in Mysore throughout the field
scason 1880-81. He reported as follows :—

“The results are disappointing ; high winds are prevalent in
Mysore and I found by my own experience that a very gentle breeze
was sufficient to render the results so wild as to be little better than
what an experienced eye could obtain by guess.”

Strahan then designed a new clinometer of his own, and this was
tried by his assistants and found to give results better than those
obtained by Walker's instrument.  The following cbservations of a
licight are typical of many, which were obtained with one of Capt.
Strahan’s clinometers (—

Distance of Point Resulting 1ieight Dilference from Mean
in feet. in {ect. in feet,
41,270 2,360 + 34
29,850 2,531 +5

30,200 2,488 —38
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The discrepancics were considered too large ; but i we may judge
from subsequent experiences Strahan was expecting too much.  The
distances, at which the instrument was tested, were excessive. Even
the modern clinometer could not be trusted to give correct heights at
a distance of 41,000 (7} miles).

In 1880-81 General Walker reported to Government :—¢ In
accordance with my instructions systematic attempts were made
throughont the whole work to obtain a greater number of heights
than had previously been attempted and these heights were of great
assistance to Major Strahan in the delineation of the fair maps.  This
officer who is an accomplished draftsinan has produced some sheets,
specially Nos. 27 and 29, in a style very superior to that of previous
work.”

In his report for 1881-82 Major H. R, Thuillier, who had again taken
over the Mysore Survey from Strahan, wrote as follows :—

“ All the surveyors were furnished with the clinometer designed by
Major G. Strahan, and observed their heights therewith throughout
the work, but the results were more or less unsatisfactory, especially
in ground where variations of height were small. I have endeavoured
to adhere to 50" vertical intervals for the contour lines, and to follow
out the method of keeping the contours closer to the streams, as
introduced by Major Strahain Jast year in sheets 27 and 29.”

In 1383 General Walker issued an order, in whicli he explained that
a want had been felt of something better than a cardboard clinometer,
and that this had led to the invention of six different patterns of
clinometer.

Pattern T was intended to be placed on the surface of the plane
table, Patterns S and R were to be held in the haud, elbows being
rested on the plane table. Patterns B, W and X were intended to be
screwed fo (e side of the plane table. It is delieved that the letter T
denotes “ Thuillier’s pattern,” that S denotes “G. Strahan's " and that
W denotes “ Wahab's,”  This is the tradition, but there is nothing on
record in any report to explain the origin of these letters. In his
report for 1882 Major H. R. Thuillier refers to George Strahan's
pattern but not to his own. Thuillier's pattern was found to be the
most suitable and was introduced into the Survey. It is liable to an
error of 20’ at a distance of 2z miles.

In October, 1881, General Walker asked Major Strahan to take
Colounel Campbell's place in the geodetic party, and Strahan’s con-
nection with Mysore ceased.  As Strahan was in charge of the Mysore
Survey for four or five years it Is interesting now to follow the
criticisms that were passed upon the Mysore maps by the Survey
Conumnittee, which was appointed in 1903 to report upon the condition
of maps in India.

In his exhaustive report on the Indian maps, dated rgoo, the
Surveyor-General, Colonel Gore, had expressed himself as follows :—
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“In the vear 1874 the topographical survey of Mysore was com-
menced and was carried through to completion being finished in 1836,
It consisted of a survey of the whole country on a scale of 1 inch=1
mile. The Mysore maps are a most excellent series, and except that
they must naturally be getting out of date, they leave nothing to be
desired.”

The Survey Committee of 1903 condemned large numbers of the
maps of India.  Of Bengal it wrote that no part of India was worse
off. Of Assam it wrote * the maps of Cachar and Sylhet are admitted
on all sides to be useless.” But of the maps of Mysore the Committee
wrote as follows :—“ Mysore is more fortunate in its maps than any
other province of India ; the survey was conymenced in 1874-75 and
was completed in 1886, The Public Works Department have given
a most favourable account of the accuracy and utility of these maps.
Thev found it possible to lay out a new railway line by the maps.
The maps in their opinion could hardly be improved.”*

In any community and in anv age Strahan would have been in the
front rank of map draftsmen. But the specimens of his work, that he
has left behind, do not hold their own against modern drawings.
Their inferiority is due to three causes ; firstly, in Straban's day, colour
printing had not been introduced, and his maps of Rajputana, Simla
and Mysore show outlining, lettering and hill-shading all in black ;
secondly, Strahan’s maps were reproduced by the inferior process
known as photozincography ; thirdly, Strahan never had a sufficient
number of values of height at Lis disposal to enable him to show the
forms of hill masses.

Strahan f{elt rather bitterly about photozincography. <A drafts-
man,” he used to say, “is not allowed to draw what locks well, e
has to draw at the bidding of a zincographer. How in the world
could I draw a Himalayan map to suit a zincographer? If you
look at my hachures through a microscope, vou will see that in my
drawing they are sharp crisp lines, but the zincographer has squeezed
them out and given them hairy edges.”

In 1875 the city of Ajmere was surveved on the scale of 12 inches=1
mile. One sheet of this survey, covered entirely with hills rising
to 3,000, was drawn by Strahan himself, Horizontal hachures accord-
ing to the scale of shade were used.  The map is artistic and shows
the hill details well. It was specially published for the instruction and
use of draltsmen of the Survey of India, as a specimen of nit-shading.

After the 24" sheets of Simla and Jutogh, 1872-74, had been com-
pleted, Strahan reduced them and made from them his well-known
drawing of Simla on the scale of 3 inclies=1 mile. This plan is an artis-
tic delineation of a complex Himalavan area. Strahan and Stotesbury

¢ The Survey Committee, however, reported that the maps of Burma
and Baluchistan were the most up to date of the whole country,
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erew the origieal Bamla 2" sheets with honzonta) hachores according
e osede of shade: but I bis 37 plan of Simin, Strahan depicted
the wountains by mexns of vuition] bachvres,  He threw over e
soale of slode and obtzined effects of relie] by side-light.  Tle muel
prefesrad verbical bactres to orzontal. * Hoczontal haciunes,” he
used to say, “do nel reprosent any actual markings on the sarface of
the groul, bug verlien? Bachares indicate the directions 1o which rain
g off)”

One day, afier be had redived, e came over o the Swvey Office at
Dehra Dun Lo see a lerge number of Flimaiavan shaeets that had been
joined  fogether.  The hLills Dud buen depicted by approximats
conlour dines (form lines}, snd the whole drawing hid assumed one
fat monstennns shade diee to the wnitormity of ihese conlours, Wo
menntain relies wis apparent, sad i wans ondy possible to discover the
varkations i heipht by labonouwsty following oul parbicelar coptour
lines, The sarvers bad Deen adwsirable, the dmaswings had fafled,
Straban's  eriticiso s wopressed o1y memory beciuse of his
relerenee o Genen) Robimzon, “To make these hills stand ont,”
Slrhan said, © vou must dathen the saticon pointe” Howag pointed
ot to i that the contorr lines showed the auerage stopes of Use
growd, @l thet the stepes round the salieot points were nol in
painre steeper than elsewhere, “ S0L" hesid,  vou must emphasize
sHimE points ; otherwise the bills we mieaningless.  13an Rolimson
alwiys dusisked on this, You will find that cven in his published
Pistructions be nsisted on the acernlaasion of salient points.”

Now the monwnt we werepl the system advocatud by Robingon
ikl Slralian, we throw overboard Lie principe of indicaling shinepilchs
ar slepe by deptl ol shade.  But 3eadun’s argminents were couvining.
“Whe wiits Lo know angles of slope in the Hitralayas 27 e would
gk, His view was that we wore sureadering the power of wnking
maps realiztic in onder to show average slopes, whicl 0o ono winted
Lir Hrow,

fn 188x the principal geodetic winrk being undertaken in lindin was
the chservation of astromomical aves of iongitude.  These mensure-
mands had been initiated by General Walker, and the vesults obtainzd
Ly Colonel Campbell and Major Heaviside had been atilized iy
Colonel Claike o hiz Bamows determinztion of he fisure of the
carth, Tne indidn arcs of longitude rem Bombay to Viswmpatam
and fom Maugalore to "'-.ddmx hemyg near the equator, hu largely
influeuced Clarke's deterntination,  The flainess of their curvature
had led Clarke, Grstly, o incvease the cgoatorial radius of the e wrtln,
anel, secondiy, 1o wssume that the equator was wa cllipse of :,nmil
cosnLrivity with irg miner axis tevmimting in Cevion,  Walker now
wankedD o weasure the are of tongritudde fram Naraeli on the weost of
Indix to Mouimein in Burma and to extend the network of arcs over
Lthe whole of India, In 3880 Major Strahan succeedsil Colone]
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W, M. Campbell in charge of onc al the astranemical partivs, amd in
the winter of (531-82 Majors Strahon and Heaviside carried the
fungitude operations ueross North-Eastern India from Agra Lo Calesiti.
In 1#%2-85 they extended tleir ares Lo Chittagoug, and in 185 fo
Montmein.

During the sunmmer of 1885 Major Stauidee was i Kngland ot six
montls on duty lor the cowmmation of the longiade dstrunents.
He cavzicd out (he examination ab Greeawich Observatery. e
Agtranomer Raval provided hin with a site and allowed him electrizal
conteumation with the standard sideveal clock.,  Stiaban cempleted
Lis tasl in tine o admit of Lhe insbiuments being sent out ta bdia in
Serpteandaer.

In Oecrober, 1883, 1he astionmaical parties assemiled muler Strahan
anit Heaviside at Agra, A3 Heaviside was contemplating hirdongt: 1
was rrnsivered from L Computing Gitee 1o Agra as assistont 10
the Jongitude observers. Throughont the winter and spring 1 was
canploved with them o extewding the arcs of laapitude 1o Muliin,
eslhnwar, Auritsar aned Dalos 1o,

My tive cliefs lind Deen trained o difforent sehoals.  Colond
Heavisitke hat been o peodetic observer from Lhe stk aud T been
gromided i the geodetic sehoul of pavience amd acewracy.  Mr
Homnessey Used 1o say > *0Observers are bovg, not made,
[Teaviside is a Love olecever”  Colone! Strahan had jrssed muny
vears ol by il v rapidly extending ulanguation and toporoplly
over Rujputans, whore lie had never becn able Lo slacken speed.  He
wg an able ustronomics] ohacrver, Lot he brouglt Uhe sndowr of the
Rujputana trianguiater o the astronomical observatory, ail Teis
fmpetuosity was i cosstant source of perturlution o the aged
aabtoswmicel recorder, Balin Harsebai,

Hewviside oserto lile to arrange his staes three nuneies apart soax
ta have plenty of time. Steahan thought that one mimike wis ample.
Whow we were working at what Stodu ealled ©a slow programme:,”
with three minutes’ {nterval between stats, e so disliked wabing tha
e would keep some compniatines Dy him and take them ap winile
sitting? al the telescope durmg eacl paase.

Dne of e privcipal difficulties of Jonzbude work was the
Jealiliny of the electrical apparius to stop working, owing 1o smne
tuterruption on Hhe telegraph lne counecting the two tongitucy
statious.  Whilst the observer was engaged wpon stur obsenvations i
his tent, spmething would go wrong with the line wire or tsralays ov
with Lhe recomling apparatug, and all the star absereations woultt Le:
wasled,  Breh of the observers Lad tradued an intelligeal thadal 1o
watch Uhe peas of the electric recorder naul 1o rush from the welegmph
oflice to the observatory ot (o give nstaat swarping when amything
W WTEI. Heaviside used to instront me to receive these warnings
surenely, to avoid boing Husterud i the observalory, and not to be
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pat out by the thought that the stars would not wait till the electric
connections had been restored. Strahan used to deal with these
interruptions differently. He would dash at 2o miles an hour from
the observatory tent to the telegraph office, rapidly test the connec-
tions, signal along the line and dash back in order to save as many
stars as possible. His tindal was an excellent Malratta named Ethu.
It was Ethu's business to run to the observatory tent and to wam
Strahan whenever the electric recorder was failing. Ethuhowever used
to hesitate to break his bad news, although time was everything. He
would stand outside the observatory tent and cough gently. Strahan
had got to know the meaning of this cough and directly it occurred
he would vanish from the tent.

During the winter of 1885-86 Strahan introduced a new method of
computing azimuths, and he designed a new computation form. He
showed the form to me at Multan, and asked me to test it. Colonel
Heaviside said to me, “Strahan will be so pleased with this new form
that he will insist on doing all the computations himself. He will
not let us touch them. He will be made very happy.” This proved
to be true. I used to see Strahan computing away for hours at his
azimuth [orm, and he would at intervals say :(—* This form answers
splendidly,” or “this form saves nine-tenths of the work,” remarks
with which his colleagues agreed,

In 1886 the Government decided to have a topographical survey
made of the Nicobar Islands, and Major Strahan had to abandon the
longitude measurements in which he delighted and to undertake the
Nicobar Survey. During 1884-86 Capt. Hobday had made asurvey of
the Andaman Islands, and on bis departure for furlough in May, 1886, he
handed over charge of the Andaman Survey Party to Strahan. During
the summer of 1886 Strahan had charge of both the longitude work
and of the Andaman mapping. In November, 1886, Strahan embarked
with his party for the Nicobars. Two of the Indian marine steamers,
the Kwangtung and the Nankaurs, with all their boats were placed at
Strahan’s disposal, and a large number of convicts were attached to
lns party. As the survey operations were sanctioned for one season
only, and as all work had to be completed within six months, some
departures from the usval practice of surveying were necessary.
There was no triangulation ready, and there was no astronomical
elements, upon which to base triangulation. Strahan had therefore
to arrange to carry out the defail survey, the triangulation and the
astronomical basis for the triangulation, all simultaneously. Before
Major Strahan left for the Nicobars, I happened to be living with
him. [ was particularly impressed with his complete independence of
textbooks. He was aware that in the Nicobars he would have to
observe for longitude, latitude and azimuth, to measure base lines, to
make tidal determinations, but I never knew him consult a book.
He had so intimate a knowledge of all the various operations, that a
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textbook was unnecessary. The work required to Le done in six
months was the following :—

{1}. An accurate survey of the coast lines.

(2). A correct determination of the positions of the several
Nicobar Islands on the earth’s surface.

(3). As much topographical detail of the interior of the islands
as could be obtamed.

{(4)- A large scale survey of the convict settlement at Kamorta,

Strahan found that there were in all 2o islands ; of these the area
of Great Nicobar was 376 square miles ; nine of the islands had areas
less than 1 square mile.

The longitude of Port Blair in the Andaman Islands had been
determined from lunar observations in 1861, This deternmination
Strahan now accepted, and he measured the difference of longitude
between Port Blair and his Nicobar station by means of chrono-
meters, which he tested himself by star transits. He observed also
for latitude and azimuth, and he measured base lines with bars of teak.
He thought it best not to level his base-line bars but to measwre their
inclinations, and he invented a special device for doing this. He
carried traverses round the coasts of all the islands by means of the
subtense bar method which had recently been invented by Colone]
Tanner. Strahan’s theodolite and subtense bar had frequently to be
set up in the sea with the spray dashing over them, and the bar was
often partially obscured by the breakers of the never-ending swell,
The following extracts are taken from Strahan’s report :—

“ On December the gth, heavy rains set in, and it was impossible to
proceed with the verificatory measurcment of the base. [ therefore
commenced the traverse of the island of Nankaurt. By December the
13th, the swamps had sufficiently dried up to enable me to carry out the
second measurcment of the base.  On Docember the 15th, T left Kamorta
for the Island of Kar Nicobar with Mr. Keating, to start him on the
coast traverse. I left him there on the 17th, and then steamed round the
island of Batti Malv to ascertain, if it were possible to land on it, as it
would be necessary to fix its position by astronomical cbservations. 1
then returned to Kamorta and finding the observatory ready, T erected
and adjusted the transit instrument.  Oa the following day [ completed
the coast traversc of Nankauri Island. From December the 28th to
January the 5th, I was engaged in observing transits at Port Blair and at
Kamorta with a view to determining their diffcrensce of longitude. The
rest of January was ovcupied, partly, in observing the latitude at Kamorta
and partly 1n traversing the coast of the island, which proved a difficult
job, It was rarely possible to land from the boats direct. The only
practicable method was to anchor the boat outside the surf, and then either
to swim or wade ashore. Except when the rollers came in, the waler
was only 3 deep and the men could stagger along, but the surf went
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often over their heads to the detriment of my theodolites and plane tables.
This process had often to be repeated 10 or 12 times a day, and for days
together not one of the party ever had a dry thread on him.  Five times
my boat was completely capsized in the breakers,

“1 carried the triungulation across St George’s Channel which divides
the Great and Little Nicobars, [ succeeded in landing on Batti Maly
Island and observed the sun there for Iatitude, I then proceeded to Kar
Nicobar and secured star observations for latitude the same night.  In
order to get mean sca level [ made a series of tidal observations at
Kamorta.

“The Nicobar Islands are at such distances apart, that their shores
are concealed from one another by the curvature of the earth; this
necessitated more astronomical work than would otherwise have been
required, as in many instances the triangulation could not be extended
from one island to another.”

The following extract is {from the Survevor-General's (Sir H. R.
Thuillier's} report for 1887 (—

“ The survey of the Nicobar Islands presented exceptional difficulties.
Much credit is due to Colonel Strahan for the ability, readiness and
resource, which he brought to bear on the undertaking, the conditions of
which were entirely different from those met with in India”

The following inscription was subsequently erected on a stone at
Kamorta :—

“ Great Triyonometrical Survey.—The position of this stone was found
from observations made by Colonel G. Strahan In 1887 to be north
latitude 8° 2’ 2103 and east longitude 3° 31/ 557°03.”

On the completion of the Nicobar Survey in 1387 Strauhan resumed
the longitwde operations, and in conjunction with Colouel Heaviside
observed the Cape Comorinarcs.  In 1388 he succeeded General Haig,
as the Deputy Surveyor-General in charge of tlre Trigonometrical
Branch of the Survey. Haig did not retire till 1889, but he did not
return to duty after taking furlough in 1888.

Straban never took kindly to administrative work, even when he
was officiating as Surveyor-General. He was essentially 2 man of
action. His temperament compelled him to constant action. He
liked to be taking observations or to be improving instrumental
designs, He had not the patience to study and classify resuits, or to
discuss their meanings as Walker had done. His idea of work was
construction, observation, and drawing. As an adinistrator he
seldom went round the observatories without taking some share in the
practical work going on. He could not stand by and look on at
others. His assistance was always welcomed, never resented ; he
joined in, not to put others right, but because he loved the work.
When an explorer came in from Tibet, Straban liked to get hold of
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him and to draw the map himself.  He rarely went into s
drawing office without turning draltsmen out of their seats and
adding to their maps himself, and he would spend hours together
in the workshops watching the construction of some new
instrumental attachment of his own design.

Strahan was the 7th Superintendent of the Great Trigonometrical
Survey. His predecessors bad been

Colonel Lambton,™ 23rd Regiment ... oo 1798—1818
Colonel  Sir  George ILverest,

Bengal Artillery . 18181840
General  Sir  Aundrew  Waugh,

Bengal Engineers ... o IBjo—1861
General J. T. \\"tll\er, C.B, R. L. ... 1861-—1883
Mr. Hennessey ... ... 1834
General C. T H'ugr RE ... 1884—1889

'The characteristic feature of the Trigonometrical Survey has been
the unbroken continuity of its policy. Its methods, though approved
by Airy, Stekes, Clarke, Helmert and Darwin, have been at times
derided as hiyper-accurate, unpractical and stow. But nothing bas
turned it from its course. The Superintendents before Strahan had
been professional geodesists. It had been no effort to them to
maintain a policy with which they were in hearty sympathy ; but
Strahan with all his jove and Lnowlcdfre of astronomy was first of
all a man of action. It could not have been otherwise.

All the early vears of his professional career had been passed in
strenuous and rapid topographical work.  They bad impressed upon
his mind a practical bent, which led him occasionally into conflict
with the old geodetic traditions. Geodetic observers will spend much
time in order to avoid remote risks of error.  They will argue that
the degree of accuracy cannot be judged from present requirements
only, for future discoveries may at any time add {resh interests to old
dJeterminations ; and they will miake their observations very refined,
in order to have a reserve of accuracy, in order to have a geodf.tm
equivalent for what engineers call their factor of safety. These were
points on which Colonel Strahan was not always in agreement with
his executive officers. What degree of accuracy is necessary, what
degree is desirable > Some of his 1de'13 were forugn tothe Computing
Office at Dehra Dun. He would at times give vent to opinions
expressing doubts, not only of the utility of geodetic accuracy, but
even of the reality ofit (—

“« Walker and Hennessey,” I have heard him say, when he was

* Selected, when a junior officer, an account of his knowledge of the
stars, to lead Sir David Baird’s column during the night precadmg the
assauit on Seringapatam,



1911.] COLONEL GEORGE STRAHAN, R.E. 183

speaking of his predecessors, “ were always fighting over the ninth
place of decimals, and they were both probably wrong in the seventh.”

Although Strahan was not in accord with the old school, whose
motte had been, ‘ accuracy before speed,” and although his im-
petuosity occasionally led him into difficulties, he was an enthusiastic
Superintendent and most loval to his predecessors. No one could
have been more strict in maintaining the traditional accuracy of the
work ; whatever may have been his personal opinions he relaxed no
rule of his predecessors. When in 1888 Upper Burma was annexed
to India he cordially supported the policy of Sir Henry R. Thuillier
and of General Haig to cover the newly-acquired territories with a
gridiron of first-class triangulation, a policy that had met with
unexpected opposition.

As a computer Strahan was accurate and rapid, but his mpetuous
temperament led him te carry out computations on odds and ends
of paper instead of the recognized forms, and far from having each
computation done in duplicate by an independent computer, he wouid
complete his own computations and then check them all himseif,

W. H. Cole, the Cambridge Mathematician, was in charge of the
Computing Office at Dehra Dun, and having for years been the
colleague of Walker, he had great influence with Strahan.  One day,
alter Cole had retived, Strahan received a copy of a paper by a
Prussian geodesist on the subject of the retardation of the electric
current in telegraphic longitude observations. This was a subject
which Strahan had studied, and he took exception to the Prussian
paper. With Stralinn a paper was either right or it was wrong. 1
once heard a friend of his say * George Strahan only deals in super-
latives”” Straban wrote a note to refute the Prussian formul, and
dealt in it with great numbers of figures. Although he had a Com-
puting Office at his elbow, he did all the computations himself, and
in his own impetnous way he checked them himself and published
his paper. The Prussian Institute made no reply, but years after-
wards when Colonel Leuox-Conyngham and I were at Potsdam, the
Director of the International Geodetic Association took us into his
library and solemnly pointed to Strahan’s paper.® Strahan had made
a slip in his caleulations which had vitiated his results.  On s being
pointed out he at once recognized his mistake and it was a great blow
to him. It was more than a personal blow, for 1t was a vindication
of the old geodetic school of Walker,

As Deputy Swrvevor-General at Dehra Dun, he tool up again the
investigation of the errors of the longitude arcs, and he designed
and made a vertical collimator consisting of a telescope floating in
mercury. He also designed a new pattern of sundial for use at our

# Tt had been published by Colonel Strahan in Vol. XV, of the Hiyzory
af the Great Trigonometrical Survey of fudia.
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tidal observatorics.  He had studied the subject of sundials, and
there s a stone sundial of his construction now standing in the
compound of the Survey Office at Delra Dun,  Strahan’s pattern of
wmetal sundial was specially designed for tudal observatories at places
like Minicoy, Mergui and Muscat, where no reliable time is obtain-
able. The difficulty with the sundials of the usual pattern was that
the shadows they cast were not sharp; there was a penumbra, and
it was not possible to say exactly where the edge of the shadow
really began.  This penumbra is of course due to the sun being a
disc instead of a point of light ; the uncertainty in time mnounted to
two nrinutes, and this was too large for the tidal observations.
Straban et the difficulty by introducing a gnomon with & narrow
slit. The sun shone through the shit and caused a thin line of light
to fall on to the dial plate instead of the usual shadow. The centie
of this line of light could, in spite of its penumbral edges, be estimated
with considerable precision,  Strahan's pattern of tidal sundial is
still In use.

In 1894 Colone!l Strahan retired from the service of Government.
To the Survey of India his enthusiasm has proved ol permanent value,
for it has caused enthusiasm n others,

Not having known many professional artists 1 feel difiident in
referring to Strahan's powers as a landscape painter, but thev were
certainly extraordinary.,  He told me that when he was fifteen, his
mother gave him Ruskin's Modern Painters.  His [ather thought
that the book was too old for a boy. The gift, however, proved »
happy idea, for it remained his inseparable compauion for life.  * That
boeok,” he would say, “has taught me to see nature; all 1 know of
nature and art I have learnt from it.”

Strahan vsed to make rapid sketches from nature and then convert
them into larger pictures in his studio.  When out of doors, he would
alwayvs be studying nature. “One’s memory,” hie used to say, “ought
to be a storehouse of facts.”  He would trv and learn by heart the
intricate forms of clouds and hills and trees in fleeting effects of light.
In the rains, he would watch mists for minutes at a time, and would
then close his cyes to test whether he could remember their forins
and gradations.  When once they were fixed upon his memory they
were always available for insertion in subsequent pictures.

Although he was a fine draftsmun and could use his colours with
skill, he excelled mostly in composition.  His powers of composition
were wonderful. 1 have walked aiong Himalavan paths with
amateur and prolessional artists, and I have always heard from them
the same complaint ;—* This scenery is magnificent, buat [ can find no
subject for a landscape @ either theve is no suitable {oreground, or the
foreground is too sharply detached from the distance. I can get no
lines that lead into the picture.”  Strahan alone never made such a
complaint, and never found any difficulty.  He would see subjects for
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Tandscape evervwhere, @ once acted as the secretary to a painting
exhibition in India and I came to know the exhibitors.  Among the
latter were two professionals, a My and Mrs. W, who had studied in
Paris and had exhibited at the Salon. These professionals pointed
out to me how tull of faults Strahan’s pictures were, how conventional
they were, and how carelessly the foregrounds were drawn, I said to
the tady professional one day :—* You and your husband are always
finding favlt with Colone! Strahan's work, and vet whenever I come
into this exhibition vou are both looking at his pictures.”  She said
to me:—“That is true.  The reason is this; although Colonel
Strahan is no draftsman, and no colourist, yet he is a poet 1 all s
paintings are poetry,”  One morning Strahan came into my office and
said 1~ “ Who do vou think have come to my studio this morning and
asked me to give them lessons 7 Mr. and Mrs. W.! They say they
want me to teach them composition.”

For 48 years Strahan exhibited at the annual exhibition at Simla.
I do not think that he ever failed to win a prize.  On three occasions
he won the Viceroy's prize, and on other occasions he won the
Commander-in-Chief’s medal.  He took a great deal of trouble in
forining sketching clubs for instruction and in getting up picture
exhibitions, and many successful amateur artists owe their initiation
in landscape painting to him.

Strahan’s great power lay in the choice and arrangement of his
subjects.  In my desire to learn the principles of composition I have
noted questions down to put to Strahan. He answered me always
with characteristic readiness and clearness, but I never learmt his
secret from hum. It was the secret of genius, and he could not
impart it. I never discovered how it was that he could always find
an endless number of poetic subjects, not only among Himalayan
snows, but in the deserts of Rajputana, in the jungles of Mysore, on
the banks of the Hooghly, in Devonshire, Norway and the New
Forest.

His wonderful powers of composition were to some extent his un-
doing as a painter. His mind was an unfailing well of artistic ideas,
that he could not repress.  While at his easel painting a landscape of
snowy mountains, an idea would strike him of mists clinging to hill-
sides and partially obscuring the deodars.  He would hastily finish off
the foreground of his picture in order to commence ou another.

Strahan’s pictures were criticized, but they sold readily and they
fetched high prices, Other artists may have been more aceurate and
more careful, but no painter has touched the Anglo-Indian public so
profoundly as George Strahan. DBy means of his paintings he has
taught that public to appreciate the poetic beauties of Indian scenery.
He has handed on to them the lessons he learnt himself from
Ruskin.

Strahan was an enthusiastic violoncellist and he was the promoter
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of the Philharmonic Society of Mussoorie and for many vears its
president and manager.

After Strahan retived in 1894 he settled in Delira Dun and used to
spend his sunimers in Kashmir, in mountain climbing and in exploring
the snows. Mrs. Strahan shared his fondness for mountain scenery
and for camp life, and their enthusiasim for Kashmir seemed to increase
after every trip.  Although he was retired from the Service his life
was one of ceaseless activity. In 1898 he went to Bengal to observe
the total eclipse of the suu, and some years later he joined a party of
the Roval Astronomical Society, and went to Norway for another
solar eclipse. In March, 1910, Colonel and Mrs. Straban left India
for good ; he was then hale and hearty.  He died at Hampstead on
January the 7th, 1911, at the age of 71, He leaves a widow, two
sons and tweo daughters,
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REVIEW.

MANEUVRE ORDERS.

By Coroxyr F. Trexcu, cvo, pso. Tenth revised edition (1911},
by Major B. M. Bareuax, R.G.A—{W. Clowes & Sons, Ltd, 23,
Cockspur Street, S.\W.  Pp. vi.+ 113, and 1§ pp. on pocket card.
3¥ % 5" Price, 253

Tue first edition of this little book was published in 18g8. What to the
British Army were then new ideas, requiring quotations from German
sources to recommend them, are now embodied in our own regulations,
and subscquent editions have accordingly been revised to bring them into
conformity with the official books. Such revision is rarely enlirely
satisfactory ; had the first cdition appeared after, instcad of before, our
present Field Service Regulatiens and been based on them, various points
would probably have been put differently and some crrors avoided in the
examples.

The first chapter deals with *General Principles,” #z. remarks on
orders, points to be considered in writing them, etc., the main points of
which are now embodied in Freld Service Kegulations. The second
chapter describes a method of obtaining practice in writing orders by
means of “* Map Staff Rides.” Chapter I1L contains tables and data of
establishments, transport, road spaces, camps and billets, and the official
abbreviated titles of regiments. These data are taken from Var Asiad-
{ishments, the Freld Service Regulations, the Field Serpice Pocket Book, and
other official publications. Chapters IV. to VIIL give outlines and
examples of orders for marches, attack, defence, convoys, halts, bivouacs,
etc. Chapters IX. and X. contain specimen orders for the defence
of a locality by an extemporized volunteer force, and Martial Law
Regulations. The eleventh chapter gives outline orders for the passage
of a river and for a landing., Chapter XII. gives examples of the standing
orders required at manceuvres and on service, Accompanying the book
is a waistcoat-pocket card of outlines for use at manceuvres and war
games.

‘The principal point that strikes one on looking through a book of this
kind is, of what use is it? If the reader knows the contents already, is
the book of any use to him? If he does not, would he not do better to
study the official hooks on the subjects dealt with?  To the first question
it may be answered that the book contains, in a form handy for reference,
information scattered in varowus places in several different books. To
the second the reply is that the book does not profess to be a substitute
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for the official books, but only to illustrate them, The Field Serpice
Regulations give excellent instructions on writing orders, but they are all
in general terms; the practical application of the instructions to definite
conditions can best be shown by examples.  Without examples to illus-
trate the regulations a beginner finds many minor, but none the less real,
difficulties, The fact that the book has reached its tenth edition shows
that there is a considerable demand for it.

While examples are undoubtedly of great assistance, the ones given
do not entirely agree with the precepts they are intended to illustrate.
It is surely superfluons to put in orders that an advanced guard “ will
protect the advance of the main body,” that the main body * will follow
the advanced guard,” and that the « Brigade Signal Officer wiil establish
and maintain signalling communication between units and G.O.C." Al
these appear in a single example of march orders (p. 47). When the
commander of an advanced guard or column is named, the troops allotted
to him should be detailed in order of seniority of arms, not in order of
march {pp. 49, 54); the words “the head of ” should not be used when
naming the time at which a body of troops should reach or pass a given
poiat (pp. 47, 30, 5.4}; an officer to command the transport should alwvass
be named {Freld Serviee Regulations, |, 28, g

In both the examples of attack orders, also, the author after detailing
the artillery adds ¢ Target: the cnemy's artillery.”  Frld Service fegula-
rions say  Artidlery commanders must closely wateh the advance of the
infantry, and direct their fire against what is, for the time beiny, the most
important target, always remembering that the object of their fire is to
assist the infantry advance” If the defender withholds his artillery fire
{as the author evidently expects he will—see his examples of defence
orders), to name the target thus in attack orders reduces the attacker's
artillery to the position of spectators.

The above arc only some of the more obvious points to which the
author might well ture his attention; and it is to be hoped that in the
next edition they may receive consideration, so that the officers who find
the book useful may be able to rely upon the examples as being in
accordance with accepted practice, based upon the official books.
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NOTICE OF JMAGAZINE.

Rivista Bi ARTIGLIERIA E (RENIO,
Aprd, 1gU1.

Ox e MosiLity or Excivexr Troors axo or Tur AMeTnon or
Licutexineg 1uEIR To0LS axd EQUIPMENT SO A5 TO RENDER THEM MORE
FiT FOR SERVICE I¥ THE Fiene,—\Whilst in France the question of the
reorganization of engineer troops is being discussed, Capt. Winkler,
of the zoth Battalion of French Engineers, has published in the Alarch
and April numbers of the Fewrnal des Sedences Militatres a valuable article
on the above-mentioned subject, '

Taking into consideration the present state of the organization of the
French Engineers, and after examining the causes which do not fulfil the
exigencies of modern warfare, the author points out certain improvements
in the instruction of the troops, in the employment of officers and men,
and especially in the formatien of the engineer parks and equipment
with a2 view to increasing the rapidity and efficacy of this arm on the
field of battie.

Capt. Winkler commences his article with some general considerations
on the duties of sappers in the field, and on the tactical instruction of
engineers. \Vith regard to the first of these points he premises that the
means at the disposal of the artillery and infantry for removing obstacies
to their advance are generally insofficient, and the author dwells on the
necessity for special troops having special technical training and beinyg
equipped with suitable tools, instruments, and material.

With regard to the technical instruction of the engincers, the author
says that it should be such as to teach them at all times to be conversant
with the requirements of the troops In their vicinity, to act in accordance
with the intentions of the officer in command, and to render deveted
assistance to the other arms in the shortest ime and with the greatest
efficacy.

The simple instruction in fortification, which it is necessary to give to
the officers and troeps, is not sufficient to qualify them for those concrete
situations which occur in acteal war and for which there is need to find a
true and ready solution. In addition to the instruction in fortification,
there should be exercises of such a nature as to render them proficient
not only in technical instruction but especially in tactics,

The author then proceeds to examine these questions, and to consider
separately those that refer to the organization and persenmel of the
engineers, or relate to the material and parks of the companies.

Orgamization and Personnel—The duties of companies of engineers
attached to divisions are always very numerous, complicated, and
invested generally with a character of urgency, so much so that one
company is net sufficient to assure a continuous and efficacious service,
and 1t s necessary Lo assign Jwo companies of engineers lo each division af
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fnfuntry.  In all great modern armies the tendency is to increase the
ploneer troops; the Japanese have a battalion of pioncer troops for cach
infantry division; in the German Army the new law brings the proportion
of cngineer troops from 45 battalions of pioneers to 100 infantry
battalions.

In view of the breaking up of engineer companies, either for the execu-
tion of work or for tactical reasons, it is necessary that there should be
an adequate nuraber of subalterns for cach company of engineers. These
should in the author's opinion be not less than four, all mounted. The
necessity of sufficient means for the transmission of orders and reports
also requires that there should be shres cyclists amd one mownted sapper.

For carrying out certain duties at short distances from its own unit
also, such as reconnaissances, passages of rivers, etc., a4 small group of
cyelists should be assigned to the mounted sappers under the command
of a non-commissioned officer, so as to co-operate not caly with the
officers of the reconnoitring parties, but also to execute any works
preparatory to the arrival of the main body of the company.

In view of the companies Leing broken up for various works, the
officers and nen-commissioned officers of engineers should also all be
trained as signallers, and each section should have two sapper signallers,
The telephone should alse be used and this can be done by means of
four telephonists per company, equipped with two micro-telephonic stations
and 3 or 4 k.m. of Hne,

The following dispesitions are recommended :—

(1), Zn Co-operation with Iufantry.—(a). The infantry should themselves
excavate the treaches, which they are charged to defend, with their own
tools aided by those from the engineer parks, and should organize the
resources and the obstacles at their disposal. The engineer troops should
co-operate with the infantry in coastructing the trenches with strong pro-
files, and in undertaking all works that require special technical knowledge.

(8). With the precision and rapidity of fire that now obtains, the con-
centration of fire becomes exceedingly damaging to works with large
superficial arca and strong profiles, as these offer an excellent target to
the fire of explosive shells, while lightly constructed trenches are far
less exposed.

(). Engineer troops should assist in the construction of defences at
supporting peints of a position, but it cannot be admitted that this is onc
of their chief duties, The duty of defending a point of support rests
mainly with the infantry to whom the engineers bring their technical
TesSources,

{d). In the attack of villages, woods, salient points of ground, etc., if
obstacles impede the assault, it is necessary to have resource to the
enginzer detachment equipped with explosives and proper tools, to open
a passage for the infantry.

{2). Jn Co-operation with Arfitlery.—The co-operation of artillery and
engineers on the battlefield is less frequently required than that of the
enginecrs and infantry, and would only happen in the destruction of
obstacles that may impede the march, in the passage through woods,
and the felling of trees to take up a position.  Such co-operation is only
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useful when the work can be done with the greatest rapidity, and in such
cases the light groups of cyclists and mounted sappers would be of
great service.

Dispositions for Material and Company Perks.—Dortable spades or
shovels should be used by the infantry for the excavation of trenches
which have not a greater depth or profile than these required for fire
when kneeling. For greater depths, the French infantry use portable
tools of the same pattern as those used by the enyineers, and which are
carried on light wagons in the proportion of two to each regiment. For
more important works the troops make use of the tools from the engineer
companies or those of the engineer parks of the army corps.

The portable tools of the French engineers are allotted to each com-
pany as follows :—128 excavating tools (04 picks, 64 shovels), 72 cuiting
tools (billhooks, saws, small picks, seissors, etc.). These are distributed
among the sections so that sach can be employed independently on
various works., This allotment of tools both as regards quantity, etc.,
is sufficient for all works of the first urgency likely to be required by a
company on the battlefield,

The park of the sappers and miner companies of the French Engineers
comprises 239 tools, of which 94 are excavating tools {61 shovels, 30 pick-
axes), and 14§ are cutting tools {knives, billhooks, scissors, etc.}. This is
a sufficient allotment for fortification work, and demolitions which may
occur in a campaign, but the patterns of tools for the park are too
heavy. WVith regard to explosives the park for a company containg
194 k.g. of mélinite, 2 quantity which is much less than the yoo kg
carried in the German parks of pioneer companies,

The author goes on to say that the wagons for the company parks in
the French Engincers are too heavy. [t would be advisable to lighten
these wagons, and also to distribute the material in these carriages so
that each company of engineers can perform its duties in the least
possible time. The adoption of light carriages with two wheels is recom-
mended, to allow of the breasking up of the engineer companies into
detachments, a question intimately connected with that of the distribution
of material. Arrangements should be made for the breaking up of the
companies into four sections or subdivisions, se that four wagons would
be requisite, cach containing the necessary tools for the men of the
sections.

With regard 1o explosives, as their use varies in many cases they can
conveniently be divided into two allotments—one of sufhcient quantity for
the small demolitions which are commonly required on the battlefield,
the other forming the load for a special carriage for more important
demaolitions. This latter carriage should contain from 120 to 130 k.g. of
mélinite and the miners’ tools.

With regard to the tools for bridging purposes, he recommends that
one special carriage should be retained for each company. There would
then be six wagons per company—four fur the section, one for the explo-
sives, and one for bridging materials.

The wagons should not have a greater weight than 1,100 R.g. each,
thev should bave two wheels, and be drawn by two horses, made up as
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follows :—Empty wagons, 470 k.g.; tools and materials, 360 k.g.; 30 bags
feach $ ke 240 kg total, 1,070 ko,

The wagon for explosives should weigh 1,020 k.., and that for bridg-
ing material 1,170 kg

The following would be the advantares of a park for a company of
engineers so arranged :—(1). It would always be able to follow the
company and with the assistance of a few men could be taken over small
ditches or embankments. {2}, The carriages could always proceed
aquickly to any given locality, and in case of being left behind they could
be used singly with the sections of companies for urgent works. (3). With
the aid of the section carriages it is possible to lighten the haversacks
carried by the men of the company, leaving them frec to work as sappers.
{4). In whatever manner the companies mirht be broken up, the various
sections could be followed by the carriages,

Finally the author treats of the question of ligdt bridyiny parks for sapper
companies, and states that, notwithstanding the willingness of the men, it
i not always possible to construct useful bridees across rivers or water-
courses by local resources, 1t is necessary that the engineers should have
with them the requisite materials for bridying, and such as can readily be
uscd on the battiefield.  This material should be such that it would be
possible to construct with it a bridge of about 20 m. in length and that
with two such units a bridge of 40 m. could be made. The wagons for
this bridging material should be sufficieatly light and mobile to be able
to run qguickly on any kind of roads.

For the various parts of the bridges, boats of metal divisible into two
parts are recommended of a length of 4 m. to 45 m. each, and the lengih
of the planks for the boat bridges should be 3 m. The wagons for the
transport of this material should have four wheels and should be drawn
by four horses, they should not weigh more than 300 k.g, when empty, or
L300 K.g. when loaded.  Nine wagons with four horses each would be
required for the whole. The weight of each wagon would amount to
L3530 Ky, viz. :—Empty carrlage, 500 kg ; load of material, 750 kg
3 men with cauipage, 280 k.. total, 1,530 k.o

With this park material 21 metres of bridge for the passage of troops
can be constructed, for infantry in file, cavalry in single file, and for
sections of mitrailleuses, A division having then two companies of
engineers will then have the means of crossing for 42 m. of bridge.

The strength in men and horses for a sapper company of engineers
assigned to an infantry division is then given as follows :—

(.2). Companies: —1 caplain and 4 subalterns mounted, and 245 N.C.Os
and men, viz,, (1), 16 sergeants, 10 corporals, 16 head workmen (caps
aperar), 165 sappers, 8§ signallers, 4 telephonists, 3 cyclists; {2), 1 sergeant,
t corporal, § head workman, 14 sapper eyclists and mounted men forming
a light detachment.

{¢). Company park commanded by an officer:

8§ drivers; t4 horses (1 saddle and € reserve}; 6 wagons,
er. Park for Yight bridging
23 drivers; 41 horses (3 saddle and 2 reserve); g wagons,

. U, THackERAY.



BRIDGING WITH THE BURMA SAPPERS. PLATE 1.
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BRIDGING WITH THE BURMA SAPPERS. PLATE I
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