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PREFACE.

'l'H• present volume and Vol. VII, were put in hand together, but
as the latter volume was entirely devoted to Permanent Fortification, and as it was most desirable that no further time than was

absolutely necessary should be allowed to elapse in b,iuging it out,
precedence was gi,-en to it and Vol. VIII. somewhat delayed in
consequence.

It may be some compensation, however, for the

delay that Officers receive for last year two volumes instead of one,
while those pape1·s in the present volume which were likely to be of
immediate pr,,cti cal use were printed separately in pamphlet form
au<l issued to Officers who wished for them.
Wuile, we helium, all tlie papers in the present volume will be
found to be valuable contributions to our knowledge, tbere

jg

one

on "Railways fur :Military Communications in the Field/' by

Colonel J. P. Maqnay, R.E., which, at the present time, when railway work in the field has been brought into such prominence, is of

peculiar interest.

'l'he present paper has been entirely recast and

revised from a report that he made in 1881 to the Inspector
General of Fortifications, who submitted it to the Secretary of State
for War and to H.R.H. the Field l\forsbal C,,mmanding-in-Cl,ief,

'I
That tbero will be some who will differ from Colonel llfaquay's
I

'

conclusions wo do not doubt, and wo tru•t that his paper will lead

1,

to other contributions, so that the subject may be thoroughly investigated in the R.E. P;-ofessional Papers.

ROBT. H. VETCH,

MAJOR,

R.E.,

Secretary, R.E. Institute, a11d Editor.
December, 1882.
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PAPER I.

PROVISIONAL FORTIFICATION.
(211d Pape1')

BY

CAP'l'AIN

G.

s.

CLARKE,

R.E.

IN a preyious paper* it was sought to direct attention to a branch of
fortification, which is at present receiving considerable development
at the hands of continental ·Military Engineers, has won enhanced
importance from the experiences of the Russo-Turkish War, and
which appears in some respects particularly adapted to our own
defensive 1·equirements.
The term 'provisional ' was deliberate1y chosen, in preference to
its competitors 'position' and 'semi-permanent,' to distinguish the
branch in question. The first of the two latter terms was rejected
as being insufficiently comprehensive, a.ud rather referring to a
special use than affording a tJ'ue technical distinction. Tbe second
appeared inadmissible as being somewhat unmeaning. 'Permanent'
being assumed to mean work the destruction of which by natural
agencies is not ta.ken into consideration, 'sem,i-permanent' would
seem to possess no very clearly defined significance. On the other
hand, 'provisional,' which denotes work as efficient and highly
fini shed as time allows, but capable of improvement and development to any extent compatible with contemporary possibilities,
appears to he just the word to express the su hject of this and the
previous paper.
While the ordinary fortification of the field of battle might almost
be evolved on the spot from first principles, it is evident that on the
design of a provisional work much labo ur and thought would have
to l,e bestowed. An icleal prnvisional fort must in fact be ful ly
~huught out at leisure, and it seems of ~~at im~rtance tlHt,t we
• PnperXIII., \rolumc III. (pagt! 253), Profe1111itnwl P«pt r8 of the C'u.-p, of Roy"! .E'u.qiiirer,,
R. E. [u:,tituto 0CC3.$1iom\l P1ipen
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should possess some 1•e11,lly goo•l stn,ndard designs, with comp~ete
estimates of time, Jabour, and material. Colonel Schaw, R.E., ma
lecture delivered at Chatham on the 6th September, 1876, states
"the question of a really efficient field redoubt, is one which may
well engage tbe attention of the Corps, at present we have no
good type" and though the typical examples_ given in. Part I. of
Inslr'llction in Military E nginPe1•1'.n g meet the ord1na,r y requirements of
the field, there bas, it is believed, been no attempt to give us a well
considered and fully worked out design for a provisional work of a
much higher class. Such a work, requit-ing perhaps for its execution more than as many weeks as the field redoubt would need days,
may, nevertheless, come into play in the wars of the future, and may
even in some_cases supersede permanent fortification.
Broadly speaking, pro,-isional works may be divided into two
classes according to the conditions under which they may be expected to be employed .
1st. Works constructed after the beginning of a campaign on
sites not previously strategically considered, or which have become
important in consequence of strategic developments not anticipa.ted.
In such cases neither the topographical nor geologic.] conditions
might be fully known and, which is also of much importance, the
extent of tbe resources of the neighbourhood in lnbour and material
might be more or less undetermined.
2nd. Works constructed at the declaration of war, or its approach,
for a well defined and previously considered object, on sites perfectly well known, and under conditions accurately ascertained
beforehand.
As an instance of works of the first class, Plevna may be cited;
as instances of the second, Adrianople and Tschataldscha; as an instance of the possible demand for the second class, London.
The former class would usually have to be carried out by Military
Engineers capable of adapting standard designs to varying conditions and full of resource, so as to be able to make the best use of
the time available, and the material and labour forthcoming. On
the other hand, works of the latter class could be designed in the
fullest sense during the calm of peace. Their requirements in
labour and material would be exactly known. The resources of the
neighbourhood would have been accurately gauged, and the how
and the whence to supply deficience~ would have been comddered.
Moreover, if a properly elab01·ated df'sign existed, the execution
might safely be left to civil labour under civil supervision.
In the defence of Engla11d, both classes of fortification would pro.
1

3
bably come into play. Certain strategic, commercial, or manufacturing centres would appear to need protection under any circumstances, others would call for fortification as soon as tbe landing
place of the invader, or his subsequent plan of operations, had
declared itself .
.A. method of fortification, in which forethought and brain power
applied in advance may save enormous and possibly useless, because
misdirected, expenditure, appears to be worth very careful study.
And there are circumsta.nces which make provisional fortification
particularly applicable to our own country. The sea secnres us
time and a fair warning. Our resources in Jabour and the very
ordinary materials required are practically unlimited. Our great
railway system facilitates the rapid concentration at any spot of
labour and material. Moreover, England possesses in her Civil
Engineers a very powerful force, which could at a time of need be
applied to the defence of the country. There is a very considerable
body of young and able Engineers who, if provided with proper
designs, are perfectly well able to carry out all the work necessary
to fortify a position, and who have great experience in dealing with,
and organising civil labour on a large scale. In any time of real
necessity the p ersonnel of the Corps would have demands made upon
it which its strength could scarcely meet, and it is no small advantage to have this very real 'reserve force' to fall back upon. The
same may be said of many of our colonies, and it remains for us to
prepare in peace time a complete system of provisional defence, and
by modifying it from time to time to keep it abreast of the advancing
power of the attack. .A. paper army is rightly held up to contempt
as a species of deception, which no great nation, jealous of the
management of its affairs, should tolerate ; but a paper system of
Only
fortification may, it is contended, form a very real defence.
this paper system must be thorough, and the brain power applied
to it nnstinted .
.A. very little reflection serves to shew that the design of a provisional work is a task of considerably greater difficulty than that of
a field redoubt. The restriction to two or three days, or less, in the
case of the latter, introduces a very sharp limitation to the possibilities of design. Extend the time to three or four weeks, or
even longer, postulate an ample supply of timber, of railway bars,
and even perhaps of brjcks and cement, and it will be evident
that these possibilities have enormously widened, and that very
considerable variations of trace, profile, and general arrangement
will present themselves for consideration. It is even contended
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that the design of a good provisiona.J work is more_ difficult than
that of an analagous permanent stt-ucture, and that 1t affords more
scope for clever and resourceful engine~r~ng. Granting _the importance of the whole question of prov1s10nal defence, 1t becomes
desirable to consider carefully what has been already eithet· proposed, or actually carried out, in other countri_es,_ and it is believed
that from the designs now selected for descr1pt10n some valuable
suggestions may be gleaned.
1u the previons paper a provisional fort for Infantry defence, designed by Captain von Wittenburg of the Pr □ ssian Engineers was
described. Plate, I. and II., accompanying the present paper, give
the plan and sections of a work for Infantry and Artillery designed
by the same Officer. This work is unprovided with caponiers, but
the ditches are all more or less defended; that of the right flank by
fire from the parapet; that of the left flank by fire from an exterior
trench; those of the gorge by fire from the gorge parapet which is
broken outwards to form a species of tarubour, as shewn on plan.
The flanking of the ditches of the front faces is secured by a special
arrangement. Tbe salient is flattened off, its crest having a command of 14' 9'', and in front of the main parapet a second line of fire
is obtained over a crest whose command is 51 61' . The trace of this
lower parapet is of the form of a bastioned front reversed, and it
provides a fire line of about 160' O'' run-say 53 rifles. 'l'he ditches
of the front faces are swept by the fire from the flanks of this lower
line of parapet, and the front line of the latter brings a fire to bear
on tbe glacis-like escarp (section on AB, Plate II.), and the ground
beyond. The defenders of this species of outwork are protected
from enfilade fire on the front face and reverse fire on the flanks by
a long traverse carried ou the line of the capital nearly the whole
depth of the work, and affording a covered communication, or pastern, from the casemates under the two large interior traverses.
(See sections on.A.Band CD, Plate II.).
A ditch of the usual form is not p1·ovidecl round the outwork at
the salient, nor on the right flank. In these cases the escarp slopes
gently down, terminating in a steep counterscarp coverino- an
abattis. The glacis-like escarp is swept by Infantry fire fro: the
crest of the main parapet on the flank, (section on E F, Plate II.),
and at the salient by fire from the parapet of the outwork, (section
on .A.B, Plate II.). At the foot of the exterior slope of the right
flank there 1s a very broad berm, and on it a second or interior line
of abattis (section on E F, Plate II.). The escarp at the salient and
on the left flank, together with the bottom of the gorge ditch, are
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covered with wire entanglement, or strewn with obstacles of the
usual cla~s.
This form of profile, by which the exterior line of abattis and the
obstacles on the escarp are well covered, while the latter are swept
by fire from the work, seems good, but on the other hand the abattis
on the berm is particularly exposed, and extremely liable to damage
from the distant Artillery fire of the attack.
The outward spfay of tlie exterior line of the berm of the right
flank (Plate I.), whereby the line of tbe ditch is not parallel to that
of the flank, appears to be designed so as to give a greater length to
the flanked ditch of the right front face, and also to ensure the
escarp of the flank towards its front end being swept by fire from
the parapet, which here has a greater command than at the rear end .
.A. different profile (probably intended to be alternative) is given
to the ditch of the left front face :.nd left flank, which, though not
shewn in the drawing, is easily recognised from the plan.
The prii,ciple by which a species of glacis is substituted for an
escarp, is adopted in roost of Captain van Wittenburg's designs.
It seems based on a tendency to trust at the last stage of the attack
maiuly to the deadly effect of breach-loader fire over an obstacle.
strewu field, and less to the ditch, and particularly the escarp as a
physical obstacle. It appears to be assumed that an attack can
thus be effectually stopped. .A.ud on the whole the experiences
of Plevna go to prove that, even if this view is not wholly correct,
a work of this class properly defended could only be taken at a ,ery
heavy sacrifice. The Germans distinguish between woi·ks which
are sfll.rm-frei, and those which are not, me~1,Uing by the word works
which require special appliances-such as scaling ladders-to enable
their actual physical obsiacles to be surmounted-works in short
which could 1wt be carried by a rush even if there were no active
defence. Provisional works can rarely be made absolutely stu,rnl-frei,
but modern breecbloaders in the hands of steady troops very largely
compensate for the want of storm-freedom.
Turning to the interior an·angements, it wil1 be noticed that an
Infantry banquette runs completely round the work, intcrruptecl only
by the eight lateral traverses. It is of great importance tbat, at the
moment preparatory to the final rush, it should be possible to man
the pa,rapet e,erywbere with Infantry; but it is by no means clear
that, as is sometimes stated, the action of this arm would commence
only when the .Artillery was silenced. Under easil y conceivable
circumstau.::es, long range Infantry fire, up to at least 2 500 yards,
might be employed with effect e1t an eadicr period.
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The standing Infantry garrison-200 meu-would of course be
quite insufficient to man a line of parapet of about 310 yards, but
supposing the fort to belong to a line of defences, there ;vould be
of
towards the closing stages of the attack, a gradual drawmg
men from intervening shelter trenches to the closed works, wlnch,
independently of reinforcement from the rear, would render a dearth
of men at the last moment unlikely to occur.
In rear of the Infantry banquette, the gunbank also runs round
the work except at the gorge. The space between two adjacent
traverses is supposed to contain on1yone gun, except at the Rhoulders
where two might be employed, by which means the whole armament12 guns-can be brought into action. In rear of the gun bank a slope
leads down to the terreplein. This facilitates the withd rawal and
interchange of guns according to requirement. It may be assumed
that if the enemy had established batteries bringing an overwhelming
converging fire upon the work, the guns of the latter would have to
be withdrawn under cover, and only brought into action again when
a favourable opportunity occurred. It might even be advisable in
some cases to withdraw the guns temporarily out of the work altogether, and employ them behind epaulments in the line of adjacent
shelter trenches. In fact a considerable amount of movement of
guns may be expected to take place, affording scope for much skill
and judgment in the direction of the Artillery defence.
The construction of the shell-proof casemates under the traverses,
and of the main pastern, or covered central communication, calls for
no special remark, but it may be noticed that brickwork is employed
in the walls of the main magazine (section on .A. B, Plate II.) ,
and also, apparently, in a few other cases where a traverse cut off
short to afford communication needs steep revetment. A more
extended use of brickwork might in some cases be both possible
and desirable. Since bricklayers, placed 4 feet apart, and working
continuously, could build about 6 feet in height of 4-brick wall in
24 hours, it is not unreasonable to expect in pr~visional works ~he
employment of bricks for many purposes. It may, in fact, be laid
down as a general rule that, if by the use of brickwork for any
purpose the ~regress of the earth-movement is not delayed, bricks

m

whenever av~1lable sh~uld m~hesitatingly be employed.
The work 1s unprov1cled with a covered way, which, if practicable,
s~ould always be constr~cted, b~t the value of such a covered way
will depend on whether it can give a real second line of £re-a line
~£ fire, ~imultaneous, at moderate ranges, with that from the work

itself.

Whether this can be secu,·ed will usually depend

011

the lie
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of the ground, since the command which can be given to the crest
of the parapet of a provisional work will rarely be great.
In Plates III. and IV., the plan and section of a fort (B) designed
for a similar garrison and armament are given. In this work the
ditches are all unflanked (by the work itself at least) except that at
the gorge which is defended as in fort A, Plate I.
The gunhank is interrupted at the shoulders, which are prepared
only for Infantry defence. There are a few other points of difference
apparent from the drawing. For the front faces and flanks alter•
native sections (A B aud CD, Plate IV.) are proposed, of which the
latter would seem preferable, since it not only presents no exposed
ahattis, but provides a covered way with a line of fire.
Captain von Wittenberg estimates the time required for these
works at about six weeks, employing an 11verage working party of
Night work does not
500 'day labourers,' and 100 carpenters.
seem to be taken into consideration and the work might probably
be carried out in little more than four weeks by continuous labour.
It is proposed now to turn to some examples of design actually
carried into practice during the course of the Russo-Turkish war.
The credit of the works surrounding Adrianople, and those forming
the lines of Tschataldscha, is very l"enerally ascribed to Bluhm
Pasha, a Turkish Engineer officer of Prussian extraction, but he was
probably not without very able assistance.
These works would fall into the second category. It was sufficiently
clear that Constantinople would need land defence and strategic
and geographical conditions alike indicated Adrianople and the
Tschatalclscha position-the former as what may be termed a
strategic adYancetl. work, the latter as a main line of defence. The
precise time of commencement of the work cannot be stated, but the
latter probably received its first real impetus at the time of Gourko's
crossing the Balkans a.nd subsequent exploration of the Tundscha
Valley. The first appearance of the Russians across the Balkans
took place on the 14th July, 1877, and the arrival of their cavalry
in front of Adrianople on the 20th January, 1878; there was, therefore, a period of 27 weeks, which the 'l'urks could devote to the
work of fortification.
Adrianople is situated at the confluence of the Maritza, the
Tundscha and the Arda (or Arta) (Plate V.), three considerable
rivers. The railway lines from Jamboli and Philippopolis, uniting at
Tirnova, pass less than three miles from the town and, branching
near Dimotika, lead to Constantioople and to Dedeagatch on the
Marmora, near the mouth oftbe Maritza. Roads lead North-West to

Philippopo1is, North along the Tundscha Valley to Jamboli, North.
East to Burgas, East to Kirk-Kilissa, South-East to Constantinople,
South aloug the lllaritza Valley to Dimotika and Peridjik, and West
along the Arda Valley.
Thus commanding the railway and numerous roads, and placed
nearly midway between the two seas, AclrianopJe is a position which,
if fortified and strongly held, no invader advancing on Constantinople,
and not possessing the command of the sea, could ignore. Unfortunately for the Turks Suleiman Pasha's force was drawn juto a series
of engagements nea? Philippopolis, as the result of which the last
'l'urkish army was pradically dispersed, ancl on tbe 20th January
Stroukoff's Carnlry occupied the town, followed on the 22nd by
Skobeleff's Infantry Division. Tbe TUl'kish garrison of about 4,000
men-10,000 according to some accounts-retired on Constantinople
without firing a shot. Had Suleiman, who early in January disposed of an army of 50,000 to 60,000 men with more thau 100 guns,
retired in time ou Adrianople, the strength of the new works would
probably have been thoroughly tested.
The defences consist of a chain of redoubts, 24 in number (Plate V.),
situated on heights surrounding the town. This chain complel,ely encloses the latter, its suburb Ilclerim, the villages of
Karagatch aud Arnanlkioy, and I.be Railway Station . The perimeter of the whole line of rlefence is about 28 miles, and tbe
average interval between the works about 2,200 yards.
In Plate VI. details of two of the most considerable of the redoubts
(Nos. 1 and 22) are given. No. 1 on a well defined hill top h:1s a
commanding position. It consists of an elliptical main parapet with
an interior elliptical cavalier, but no ditch, and a large ravelin-lik:e
outwork. Cavalier, ravelin, and main parapet mount guns, the two
former being designed for o>"erbank fire: the latter bas three embra.
sures at eacb side. The major axis of the trace of the redoubt at the
crest is 88 yards : tbe minor axis 66 yards. The parapet is 26' 3''
thick? r~duced to 19' 9" at tl,e gorge. The length of side of tbe
ravelm is about 98 yards and the salient is rounded off forruinO' a
gunbauk raised above those of the sides. 'l'he ravelin has :iso
provision for six overbank guns, protected by four lateral tra,erses.
The gorge of tbe ravelin is nearly closed by the head of a large
T -shaped traverse, the body of w bich protects the sides of the
ravel~n from re~erse fire. This traverse also covers a large casemate,
the sides of which, and the steps which lead down to the floor are
formed in brickwork, and which is roofed ovei· by railway slee~ers
covernd by a layer of fascines, and about 16' ti'of earth. The roof is

furthr, supported by intermediate uprights of squared oak, each
canying a transverse sill . The redoubt itself has folU' lateral
traverses, two of whjch contain casernates. A banquette for Infantry
rnnsronncl the work and is interrupted only at the gorge, the traverses,
and the gun port.ions. The gorge is covered by a tra-verse of elliptic tra,co, providecl with an Iufantry banquette. About 55 yards in
rear of the work ancl on the l'everse slope of the hill, tliere is a sunken
covered banack, with brick encl and rear walls and staircnse. The
roof is supp01·ted as describerl above, and has about 6' 6'' of earth
over it. Jlfost of the Adrianople works had barracks of t,bis desci-iptiou built in sheltered positions in rear, and usually linked to them
by CO\erecl communication. The principle of keeping the Infanti•y
garrisons of their works well sheltered in rear and bringing them
up only when actually required was largely acted upon by the Turks
at P!erna.
Redoubt No. 22 ( Plate V.) also presents some distinctive features.
The trace of the crest is the segment of a circle (diameter 70 yards),
but that of the ditch is polygonal, a very usual arrangement in the
works attributed to Bluhm Pasha. This work mouuts 12 guns,
firing through embrasures and protected by six ~mall tra~erses and
one large traverse. The latter and two of the former contain
casemates with brick side-walls. The parapet is 26' 3" thick except
at the gorge, where it is 19' 9" only . The trace of the ditch is an
irregular pentagon: at the shoulders the nng·les are thrown outwards,
There is a glacis and covered way for
as Rhown in the plan.
Infantry fire running round the work, aud the two flauk faces l1ave
small bonnettes (see section ou C D, Plate VI.) wl,ich afford
Two steps, cut in the
some protection against enfilade fire.
countersc-arp, sen·e to give a resting place to men not actually
manning the co,ered way. The gorge is covered by a semi-circular
defensible traverse, with an Infantry banquette and oue gunbank.
'There is a covered communication leading to a barrack in rear.
The Adrianople trench-work, was carried out mainly by Bulgarian
peas.ants, and, at the time of their evacuation, the works are said to
have been nearly all completed and to ha,,e been partially connected by a line of tdegrapll. About 2CO guus were mounted and
a large stock of provisions and ammunition bad been collected. In
tactical featurel$ the gronn<l. resembles that of Plevna, but the soil
is somewhat lighter. The works were far more solidly built than
those of Plevna, and were capable of much greater individual
defence. Supplemented as they could have been by any ouU1ber
of dependent trenches and rifle pits, the Adrianoplc works might
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easily Lave repelled better planned and bette1· executed attacks than
those directed a.o-ainst Plevna.
The more celebrated lines of Tschataldscha, or Boyuk Tchekm edje,
areabout25 mi1es from Constantinople. Thu P eninsular is here about
24 miles from sea to sea, bnt the hroad lake of Derkos on the North,
and a deeply indented bay on the So oth, narrow this distanc~ to
about 12 miles. A nearly continuous rid ge, about 700 feet high,
running almost North and Sout h spans t hi s distance (Plr£te VIL),
and the ground slopes thence gently to t he West. The ridge was
intended to be defended by 37 closed wnrks, of which the greater
number were finished at the time of the armistice. They were
disposed, roughly speaking, in two lines and may be classified
according to their trace as follows-large, medium, and small,
circular, elliptic and segmental elliptic. The ridge was almost
without tree growth; the ground in front afforded little cover and
the soil was very favourable. The position was in fact admirably
fitted for defence, but the garrison at the end of January, about
30,000 men, was hardly sufficient. With the dispersion of Suleiman's
army and the loss of the Scbipka fo1·ce, the Turkish resistance completely collapsed, and by the terms of the armistice signed on the
31st January the Tschataldscba lines were evacuated.
The works were all constructed on the general principles ascribed
to Bluhm, and are alike in their main features. R edoubt No. IV.
(Plate VIII.) has an elliptic trace, major axis about 8 7 yards, minor
axis 55. The work has six gun-banks, protected by eight lateral
traverses. There is also one gun bank in the elliptic traverse covering the gorge. The Infantry banquette runs round the work bat is
interrupted at the gun portions. Five of the traverses contain casemates with brick side and end walls. Those used as barracks have
a brick chimney and a ventilating shaft, as shown in the section.
There is an unflanked polygonal ditch surrounding the work ( except
at the gorge-traverse), with a glncis and a covered way for Infantry
fire. The terreplein of the work is drained into the ditch, and the
latter is drained on to lower ground in front.
Redoubt No. V. (Plate VIII.) is very similar in general features.
The trace of the work is the seg-ment of an ellipse, major axis at the
crest about 65 yards, minor axis about ,54 yards. The chord of the
segment forms the gorge and is broken up, forming a bastioned front
covered by a semi-elliptic defensible traverse. There are five lateral
traverses protecting the gun-banks and three of them contain case ..
mates.
At the time of the armist.ice almost the whole of the works in first
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line wel'e co111pleted and at'med. Nearly all the earth and brickwork of these redoubts, as of those around Adrianople, was carried
out by civil labour,and the execution and general finish are universally
pronounced to have been excellent. In all, nearly 300 guns are said
to have been eithet' mounted or in readiness; of these from 70 to
80 were Krupp siege guns of 5·91" and 5·12". Here also, as at
Adrianople, the works were connected by a line of telegraph, and provisions and ammunition in la.rge quantities had been accumulated.

The Tschataldscha lines would have been attacked by Skobeleff
if the armistice bad not been signed. It is certain that after the
many experiences gained at Plevna and more recently at Shenovo,
the attack would have been well planned and probably no finer body
of men than the seasoned Russians of that period could have been
found to undertake it, so that as a test of the relative powers of
attack and provisional defence the operation would have been
almost crucial.
Since the peace, the original works have been completed and
new ones added. Lieut. Greene is probably not beyond the mark
in stating of the Constantinople of to-day, "no other capital iu the
world posseses such a line of defence."
Unless turned by an
enemy possessing command of the sea, the Tschataldscha lines
would seem to be almost impreguable.
In Plates IX. and X., the plan and sections of a typical pt'ovisional
work for the defence of a hill-top are gi\•en.

'J.lhis design was

furnished by Bluhm Pasha to Colonel Ott of the Swiss Engineers,
from whose report these and the four preceding plates have been
taken.
The work is in trace a circular segment ( diameter about 60
ya,.ds) and four sides of the polygonal ditch are flanked by
caponiers ( a, a, a, a,) with two tiers of fire, formed in the counterscarp at its front ends. These caponiers are well placed for
protection from distant Artillet'y fire, but in the event of the
enemy gaining and maintaining possession of the ditch their defenders would be sacrificed. Accommodation is provided for eight overbank guns in the work and one in the go,.ge traverse. The latter
is really a segmental lunette partially enclosing a traverse contruning a shell proof casemate. A covered way affording a line of
Infantry fire runs round the work, and the front line is broken so
as to form two bastioned fronts and also two places of arms at the
shoulders, defiladed by four traverses (c, c, c, c) containing casemates.
Brick work is employed in all the casematcs and also in the steps
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leading from the ditch down into the caponiers aud up lo tl1c
covered way.
The total length of the line of fire is about 650 yards run, and to
man it, therefore, at ]east an eqaal number of men wo~ld be needed.
Casemate cover for 200 men is provided, and magazine accommodation to the extent of about 645 square feet.
The most salient features of t,he works attributed to Bluhm are
thus:1. The curved trace of the crest of the main work.
2. The polygonal trace of the ditch; the latter usually unflankecl.
3. The combinrttiou of Artillery and Infantry fire fr0m the work
itself; the employment of the latter only from the covered way.
4. The curved defensible traverse to cover the gorge; the large
lateral traverses containing casemates for men and magazines.
5. The employment of brickwork as much as possible for the
walls of the casemates and for stepped approaches ..
The works appear to have several merits.
The circular, or
elliptic trace cannot well be enfiladed: it affords a rnaxj mum of
interior space with a minimum of parapet: there are no undefended
angles. The old objection to circular redoubts-that they tend
to too great a dispersion of fire-has now less weight, since a smaller
number of breachloaders is as effective as a comparati'rely large
number of the old rifles . N 01· has the otber objection-that tl1e
circular trace is suited only to direct defence, and that works so
designed have no self-flanking power-quite its old force, since the
increased range of Artillery enables works belonging to a line to
a:tfo1·<l each other more eflective mutual flank defence tban formerly.
Moreover redoubts would frequently he flanked by detacbed batteries
in rear of the general line of their positions.
On the other hand, it may perhaps be said that the works above
described provide insufficient cover for tlieir garrisons, that the broad
be1·m at the ang·les of tbe ditch affords a good resting place for an
assaulting party to accumulate prior to the -final rush for the
JXtra11et, and ~hat there is on tbe whole too little sto1·m-freeclom.
The latter objection may however be partially met by a liberal
use of obstacles. It will be noticed that none of the works above
described have any reduits, since the cavalier in redoubt No. 1
( /'/,./e VI.) can hardly be so regarded .
In conclusion, and in connection with tbe qnestion of the im ..
~)ortance of prov'.d:ing good type drawings, it i~ suggf'sted that there
rn a want (easily suppliecl) of a son,cwhcit different field "11,/e
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Mtimoire from those nt present existing. Few can securely commit
to memory a mass of dimensions, although broad principles once
mastered are rarely 1ost. What is needed is, it seems, a book of
type drawings only, letter press to be omitted and all necessary
notes wri tten on the drawings themselves. The latter should be
prlnted on waterproof calico, and with a limp waterproof cover
should form a small roll easily carried in the pocket and available
for reference on th e grou,ncl ,[11, any weather. The drawings should
be perfect in execution and in convenience for purposes of reference.
In the selection of subjects, care should be taken to include nothing
superfluous. 'l'lrns, while a text book should include everything
needful and should presuppose no knowledge, the field Aide J1emoire
should assume a previous engineering education. Such a matter
as t he preparation of a hedge, or wall, for defence might therefore
safely be omitted. It could not be necessary to give to a trained
Engineer a picture of a banquette on planks and casks, since to
suppose that, casks and planks being at hand, it would not occur to
him to use them, is surely to condemn him as destitute of elementary
engineering resource, '£he same might be said of a considerable
number of other maHers which find their proper place in a text
book.
On the lines above indicated an eminently handy and
portable book, embodying typical profiles, traces and general details
of field , siege, and provisional works might be compiled which
would, it is believed, prove a real boon in the field.

G. S. C.

PAPER II.

GRADUATED ARCS

FOR HEAVY GUNS.
BY

CAPTAIN M. H. G. GOLDIE, R.E.

ERRORS in length have been discovered in the graduated arcs
supplied for heavy guns. If the centre of gun pivot be also the
centre of a graduated arc of erroneous length, the angles through
which the gun passes will differ from the angles given on the arc :
thus, if it were desired to traverse the gun through a.n angle, A,
and accordingly the gun were traversed until the pointer reached
A, then since the arc length is erroneous, the gun will not really
have been traversed through the angle A, and conversely if the
gun be actually traversed through A, the pointer will not indicate
A, but a greater or less angle.
Let P (Plate I., Fig. 1), be the gnu pivot, A" D" the grn,duated
arc with centre P. Let L A" P D"
0; 0 is the greatest angle
the arc ought to read. This, however, is not always the case, al::! the
arcs sometimes read greater angles, and may also read less. Let
D'' PA be the greatest reading of the arc, = a, suppose. Produce
D"P to 0. Make D"OA = 0.
Draw A"A parallel to D"O.
With radius O A
PA''
r, describe the arc A D. Then the
arcs AD, A" D'' are precisely similar: since each has the same
radius, and subtends an angle e. In this position of the arc errors
in length almost disappear, but it can be shown that they are not
wholly compensated.
Manifestly there is no error at D or A, for at these points the
arc reads 0, a, and the angles of traverse are 0, D P A, that is 0, a.
Let P C bisect the angle DP A; then if all error has disappeared
throughout the arc, D C would be equal to CA. Join AD, AC,

=

=

=
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CD, C O. Suppose C A equal to CD; then in the triangles C P A,
C p D, si nce t,he sides AC, C P al'e equal to tbe sides DC, C P, and
the angle C PA is by constl'nction equal to the angle C PD, the
angles CAP, CD P must be equal or supplementary. But they
are not sup plemental'y, for if, as before supposed, CA be equal to
C D, the triangles A C 0 , D C O are equal in every respect,
thel'efore L C O D = {·

But O C = 0 D, therefore L O C D

= L OD C; therefore L O C D =
=

~
2

-

; therefore
!!...
4

i - ¾; similarly
7r

O CA

J_ ; therefore the angles

L A CD = " -

AC D, AO D are togethel' equal to

L

2

+{-, that is, the angles

A C D, A O D are together greater th1tn two right angles, and,
therefore, the angles C A 0, C D O are togethel' less than two right
angles; a fortiori, the angles C A P, C D P are t.ogether less than
two l'ight angles, that is C A P, CD P are not supplementary as
long as CA is supposed equal to CD.
Nor are they equal; for since A P, PO are gl'eatel' than A 0,
they are greater than D O; that is, A P is greater than D P;
thel'efore L AD P is greater than L D A P. But if CA be equal
to CD, L C D A is equal to L C A D ; and therefore, L CD P is
greater than L CAP. Therefore, if C A be equal to CD, the
angles CAP, CD P are neither equal nor supplementary, which
is an absul'dity; therefore CA and CD are unequal, that is the arcs
CA, CD are unequal, and all error has not disappeared throughout the arc. The amount of error remaining has not here been indicated, but there is no difficulty in finding a general expression for
it, nor in determining its maximum amount.
Suppose C PD = "• any angle through which it is desired to
traverse the gun. In order to traverse the gun through a:, the
pointer would be brought to some point B, where B reads a, clegrees.
Evidently B O would represent the amount of error corresponding
to re. Assume, for the present, that B D is greater than OD, and
let B O = ", A D = l, the length of the arc.
Then " = B D - CD.
By hypothesis, whatever fraction L OP D is of A PD, that
fraction B D is of A D ;
that is, B D

=

::7:__
a
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=

Also, CD : AD
Therefore,

L C OD : L A O D.

,.=:>J!__j_OOD

0

a

= xl-;;: - Ol (o,

- 0 0 P)

=.d(~-})
= o,l

+{sin-'(sinmOrP)

(_!_ - _!_) +

8

a

j_ sin- I ( sin m sin ( a

sin a

l

0

0) 1

(I)

J

an expression for the error at any point in A D.
In order to determine the value of ru which makes u a maximum,
differentiate (1), then
cos :,: sin ( a - 0)
sin a
_!_)+ j_
l
sin 2 ( a - 0)1 ¼
. 2
0 · j'
0
a
cl re
5.
sin2 a
(. 1 - sin ro

,z,. = (I_ _

1 )
( 1 _
cos"' sin (a - 0)
l
1_
-a
Put - 0 { sin2 a-sin2 a, sin2 (a - 0) } .• - l -0
sin2 (a - 0) - sin 2 a: sin 2 (a - 0) _ (a - 0)'
h
- ----;;y.-sin 2 a - sin 2 .v sin2 (a - 0)
t en,
a2 sin2 ( a - 0) - sin2 a ( a - 0) 2
sin2 x sin2 ( a - 0) (2 0a - 0')
a 2 sin 2 (a - 0) - sin 2 a (a - 0) 2
_
• 2
8tn a, sin 2 ( a - 0) (2 0a - 02)

=

a2 sin2 (a - 0) - sin2 a (a - 0) 2 }
sin re =± {
sin (a - 0) (2 0a z =sin- 1
cl'" _
clm2 -

l [

7f -

+ cos x

{ a2

±
{l

½

02)½

sin2 (a - 0) - sin' a (a - 0) 2

5H

sin (a - 0) (2 0a - 02)½
sin ( a - 0)
. 0 sin 2 ( a - 0) } ½ .
sin a
sin m
sin2 a
-sin" ~
sin m cos m

s_in~(~~---0~)
SID a

sin2 (a -

{ 1-sin2 ro sin2 ~a<)- 0)
Btn"'

{1 _

• • )
_ sm :t: -sm 3 ,c
= 7il 1-(

0)

~2---;-a

-1
2½

S-

- 0) }
, "
sm~a
sin ( a - 0)
.
sin' ( a - 0)
i □-q-~
- sin m -~8 ssins a

•

Slil

2 , sin2 ( a
W
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2
siu 2 ru sin _( a

0

Slll"

.
Z

0
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ru

8)

-

a

1-1
-

{ sin 3 ( a - 8)
sin3 a
-

{1

-

. " sin2 (a - 8)}½
+ { 1 - sm
.. m
sin2 a
sin ( a - 8) }
~

. "N.v sin2• ( a-8)
}¼
"'
..

Slll

Slll,..,

(2)

a

Now, for arcs too short, a is always gren.ter than 0, hence a is
greater than a - 8, that is sin a than sin ( a - 8) ; therefore
sin ( a - 8)
.
sin3 ( a - 8)
sin a - 8
sin a
is a proper fraction, and - -81 3 •a- ~

n

is negative. Therefore, the numerator of (2) is negative if sin x is
positive: but the denominator of (2) is always necessarily a
positive proper fraction, hence (2) is negative when sin re is
positive ; that is, u is a maximum wheu sin :r, and therefore a·, takes
the positive sign. That is 'll- is a maximum when

8)2}

. _ 1 { a 2 sin 2 ( a 8) - sin2 a ( a ½
sm
sin (a - 8) (2 8a - 8° )½
·
(a)
An assumption has been made that in this case B D is greater than
C D : this must be examined. It is true, so Jong as a is not greater
than a right angle, that is, if the whole arc be less than 180°, and
truly divided so that the gun reads correctly on its central line of
fire. To greater arcs the following investigation would not apply.
Call an error at any point in the arc positive when the actual
angle traversed by the gun in reacbiug that point is greater than
the arc-reading at that point; and negative when the angle traversed is less than the arc-reading. Then in the position A" D"
(see P late I., Fig. 2) all errors are clearly negative, and the
maximum is A'' K' = D" K' - l = ~ - l = la - 8
(4)

"' =

4

&

8

Throughout A'' D" then B D is less than CD; but in AD the error
at A has vanished, and a little consideration will show that negative
errors have become positive, that is, in AD, B D is greater than
CD, which may be proved thus:-

=

= b, sin a sin x
sin ~ .
But when a: is
sin b
b
diminished, since the sines of angles diminish less rapidly than
the angles themselves, where those angles are less tlrnn 90°,
th D sin a sin x .
. a x
a
x
ere ore ~ 1s greater than sm -,; so long as b and Tare

As long as x

proper fractions: that is
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. - 1

sm

(sin a sin

:i:) 1s.

~

aru
greater than ,;-·

Now, as long as a is greater than (), a

therefore, if ., he less than a, sin - I

0 () is a proper fraction ;
J sin

l

ill

sin ( a - O) )
sin a
)

is

greater than m·a - O
a

But in the case under consideration, a is al ways greater than () ;
therefore, in this case the right hand term of (1), which is positive,
is greater than the left hand term, which is negative; therefore (1)
is positive, th11t is B D is greater than CD.
Since in passing from A'' D'' to AD, it is found that negative
errors have become positive, the error at each point in the arc has
changed its sign and must have passed through zero. Hence the
maximum negative error in A" D'' is greater than any negative
error to the right; the maximum positive error in .A. D is greater
than any positive error to the left. For the maximum negative
error is al ways the intercept between A A'' and A K' of the arc
produced, and this can never be greater than A'' K'.
Let A' D' be any third position of the arc in which take a point,
B'. Make B D = B' D', and let re' be the angle of traverse corres.
poncling to the reading at B'.
Th
"'
BD
B' D'
.,, th f
I
d C' D' .
en ~
D A = D, A'
~
ere ore a,
ru an
1s

=

=

=

greater than OD, that is BO than B' O'. But the position of B
is unrestricted so long as it lies :in the arc, and is so placed that
the error is positive; and the position of the arc A 1 D 1 is unrestricted so Jong as it lies between AD and A 11 D'' ; therefore,
wherever B' may be, the positive error at B' is less than the positive
enor at a point B in A D. Tbere must then be some position of
the arc, such as A' D', where the maximum error, whether positive
or negative is the least possible. In A1 D 1 the maximum positive
and negative errors are equal to each other, for in any position of
the arc to the left of A' D', the maximum negative error is greater,
and in any position to the right the maximum positive error is
gl'eater. Therefore, the best possible position of the arc is A' D'
where the maximum positive error is equal to the maximum
negative error.
Produce D' A' to K. A' K is the maximum negative error

,!
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'l'n.ke C' p D' so tha.t B' C' lR th e maximum positive error in A' D'.
'l'ben A' K
B' C'.
But A' K = D' K - A' D'.

=

=-¾=

And B' C'

~

D'0'K-l=

l "-

}:__

l

rl

(<>-PKO')- l

(O', .p sin<>)

sin-1

} - l . • . . . (4•)

= B' D' - C' D'
x'
l ( , _ 0' C' P)
= l---;;.,, - l -C' -0'8-,-D' -_ l~
- 7T x
P . ')
= lx' ( ;:1 - (j11 ) + lfl sin. (0'
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-1
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r

1 =lx ( ~

1
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Therefore
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l
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(

.

,

0' P)

SlDXr

But the right hand side of this equality is a maximum when
.
~

=

. -1 { ,,2 O' p2 _ ,. 2(" _ 8')2}

½

Slll

O' P (2 8' " - 8'2)½

Therefore,
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1)

-

a - ---m
8
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8'

a,2 •

. _1
Slll
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{ a,2

·

·
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a

= 0' -

+
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~

+
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.

sin a )

8'
.

.

.
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An awkward expression, but less so than it seems, for 0' P
cannot be greater than OP, that is than r sin (~ - 8) nor can it be
Slll

less than ___
r_ sin {" BID

a

(8

+ J__l BC)} (Fig.

a.

2).

These values

lie close together, and leave little choice in finding O' P by trial :
moreover the separate terms of ( 5) being to a great extent constant,
can be found by logarithms and tabulated, so that not much additional labour is involved in tri11ls after the first.

Thus

(2- - -1,)
"

8

'
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r• (a - 0')•, (2 O'a - ()'2)½ •.

can be found once for all and
tabulated.
From the above expressions can be found : I. The error at any point in the arc.
II. The maximum error in any position of the arc from AD to
A 11 D''.
III. The best general position of the arc.
IV. Also, having determined the error in the best general
position, these expressions give a means of determining in what
arcs, however placed, the maximum errors aL'e appreciable, and,
therefore, of deciding what arcs to reject. It will be found that to
cause an appreciable maximum error in its best position an arc
must be very considerably out in its length.
It might be desired to place an arc so that at any particular
reading there should be no error at all in the angle of traverse.
Thus, suppose the readlng y on the arc is to be precisely correct,
so tb~t the gun with pointer at y shall have exactly passed through
an angle y. To secure this O' P must be laid clown with the value
sin (y -

f

y)

- - ~ - - a__ as may he easily shown.
sin !I

Case H. ( see Plate I., Fig. 3).-Arcs too long, and not greater than
180° Using the same nomenclature, let A" D'' be the arc with
centre at P, the pivot of the gun: .A" PD" = 0; let A PD = a
the highest reading of the arc.
As before, let the arc be symmetrically placed about DP, so that
the gun reads correctly on its central line of fire. Then the errors
in A'1 D'' are evidently positive, and the maximum error A." K
greater than any positive error to the left. Take the arc to the
position AD ; then the errors have become negative-that is, CD
is always greater than B D, as may be shown in precisely the same
way as before.
Therefore,

" = BC

=a;l

_
( .!._
0

_l) +-;,
a

sin- 1

u

l sin"' sin
(

(_0 -

srn a

a)}

An<l this is a maximum when

.
re = sin- 1

l a2 sin2 (0 l sin (0 -

a) -

(0-a)2 sin2

a}½

a) (2 0a - 02)1
and is then greater than any negative enor to the right. There
must, therefore, be an intermediate position, such as A' D', where

the maximum error is the least possible. In this vosition A' K
= B' C', that is
l - }, { a + sin - 1 ( 0 :.p sin

a)} =

{

1) .
1
Slll
l( - - "
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0'
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- r• (0' - a) 2 } ½from which O' P
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{ a2 O' P 2

½

+

j

0'

s,·n
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can be found as

before.
Finally, if it be desired to place the arc so as to make both arc
reading and angle of traverse correct at any angle, as y', then the
arc must be placed so that
,._, sin (1!..!. - y' )
O' P = ___
Slll

Y

a.

Case III. Arcs of 180°, (see Plate I., Figs. 4 and 5).-This is a
a, =f O C P .v =f sin- 1
a particular case. Here L COD
~
=f sin- 1 ± (cos 0 sin a,): therefore CD
a,
sin a,)
( Op
0
r

=

=

=

=

=f

= ~l'"
0 .
- 0
. 900
A s 1ong as m = a = 900, sm
sm
~ x = cos
i_ sin- 1 ± (cos 0 sin m).
0

And B D

B ut

x.

·r

1

goo - 0
.
0 .
h
. . . h d . goo - 0 . l
x b e d 1m1ms e , s1n ~ x 1s ess t an cos sm .11, since ~
is a proper fraction, and the sines of smaller angles diminish more

rapidly than those of greater angles.
never so great as

1

Therefore a: (

~

~) is

-

sin -I (cos 0 sin x) and CD is less than B D.

Conversely, when the arc is too long, B D is less than CD. The
general expressions can be easily found. Thus in Fig. 4 'l£ is a
{ a2 cos2 0 - (a - 0)2 }
.
srn- 1 ---~~~-=~
cos 0 (2 0a - 02)•
best position of the arc is fon!ld from

•
maximum when

:i,

( !,__ 1

+1

a

• 1)
0 sm- l

=

sin-'){a

,.

2

and the

-r (a-0)•}~

2
0'P2
O' P (2 0a - 0')'
O' P
0)' } 1. 1
- ,a ( a 2
+ 0 sin-I,.
(2 0a - 02 )\

8
a 2 O' P 2

½

a

= 7J-

I.

23
Case IV. Arcs exceeding 180°. Arc too short (see Pl«te II.
Fig. 6).-A" D" is the arc, Pits centre. The error at any point

=

¾.,

if!

x, that is, the error is always negative and a

{

maximum when .:e

=

a; whence u

=

A'' K'

=D

11

K1

-

l

la
= O

l = l ( a - ()) as before. 1'his is the greatest negative error in
0
any position up to A D. AD is a second position of the arc, so
that AP D = a.
1/ w { CO D.
Error in AD
B D oo CD

=
= 70 w

=

l {:,: - sin-I sin x
a
0
To ascertain which of these terms is the
h. h . tl
w 10 1s 1e great er of re ( 1() - 1a ) an d 1
()

sin (~ - 8) 1
Slll

thatis,ofz~(Jand sin- 1 sin rosin~a-B)_
a

(7r

Slll

.

-

(0 -

a), and as long as a: 1s >

1r -

a

5

greater is to ascertain
. I s1. n x sin sin
( a -a 0)
sin-

a

But sin a = sin

sin ,, si11 ( a - 0) .
a,
sin (1r _ a)
1s > sin

a), while m being < a, sin~ (a -

0.) is < sin (a -

0). In

this case,
sin- 1 sin ro sin (u.-O) is> ;Ca - 0.
sin a
a
\Vhen "'
a - 0 is
a

=

11

< siu

-

0), since a

\a -

when m is = , or >

sin x sin ( a - 0)
sin (r. _ a)

a,

1:

>

,r -

=

. (
s1n a -

0) and sin "'

a by hypothesis; therefore

a,

-

sin- 1 siu :r sin (_a - ()) is > re a - 8 .
Slll a
a
But .< may be less than rr - a. In that case

sin a - () w is always < s~n (a - O) sin
a
Slll (rr - a)
8 1s
- · a proper f rac t·10u 1 re 1·s lea s tb d,n 2,
rr and therebecause a- a
fore sines o.f fractional values of .v di.wlnish more rapidly than
sines of x. Hence in all cases

siu-1 siu

.ea -

sm a

0) siu .vii:;> a - 0 :v;
a

,!
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therefore C D is < B D, ancl the error is positive. The maximum
values of x, and therefore of u, are the same as before, and the
position of the arc corresponding to least error is found from the
same formula as for arcs less than 180°.
Case V. Arcs exceeding 180°. Arc too long (see Plate II.,
Fig. 7.)-The figure is given. From it it is evident that the errors
in A11 D" are positive, and that the maximum is A'' K'' = l 8 -;; a.
Also, it ran be shown that t,he errors in A D are negative, and
xl
+ !_ sin-1 l sin sin (0 0
a
8
l
sin a

(_!_- _J.)

re

a)}

=

the maxim um being as before.

Likewise the best position of the arc may be found as in Case II.
The following practical example illustrates the application of the
above expressions:Chord of arc of 120° measures
8'·277
Versin...
2'·3
Whence, by calculation, ,.
4'·873, l
4·944, 0
58° 7' 32"·6 or
58·1257, a= 60°, a - 0 = 1° 52' 27"·4 or 1·8743.
I. To find w, the angle giving maximum error in AD (l!'ig. 2).
2 log sin a
= 19·8750612
2 log (a - 0) =
·5456782

=

=

=

20-4207394
20
log 2·6347497
sin2 a (a - 0) 2 = 2·6347497.
2 log a
2 log sin (a - 0)

=

·4207394

=

3·5563026
17·0292586
20·5855612
20

And

f

a2

log 3·8508903
3·8508903.

a2 sin2 ( a - 0)

=

= {3·8508903 = 1·10£8.

sin 2 (a-8)-siu'a(a-0/} !

·5855612

2·6347497}

½
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Again,

½=

(2 0a - 02)

59·96237.

log (2 0a - 02)½

1-7778788

log sin (a - 0)

8·5146293
10·2925081
10

=
= ]·9611378.

log l ·9611378

·2925081

sin ( a - 0) (2 0a - 0') ½

By (<l)

" = sin-I

l-~·6l10123B78

log 1-1028
log 1·9611378

= sin-1 ·5623266

·0424968
·292.5081

=

iog ·5623266 = 1-7499887

= 34° 13'.

II. 'l'o find the maximum error in AD (Fig. 2).

~ =

~ =

2·81945;

2·91037.

log sin m
log sin ( a - 0)

9·7499866
8·5146293

=

18·2646159
9·9375306

log sin a

8·3270853
10

=

:. sin- 1

(_a = l( sin " sin Slll

=

log ·0212366
73270853
6) } = siu-1 ·0212366

Ct

1° 13'

01'

1·2167.
log l
log l ·2667
log 0

:. by (1) max'" e1Tor in AD

=

=

=

=

·6940785
·0841835

=

·7782620
l ·7643683

log ·10325 = 1·0138937
0·10325 + 2·8]945-\l'fll037
0'·01233
0"·14796

:W
III. To find the best po•ition of the arc.
0 p = ,. sin a - 0) = O' ·184.
Slll a

siu la - (0+ 0 X ·0123)} =0'·16984.
sin a
(
l
Therefore O' P lies between 0' ·1698.J, and 0'·184, and it is a
question what actual number to use for a -first trial. The mean is
rather less than 0·177 : probably this would be usecl for a trial, and
on being found too great, either ·176 or ·175 in the next instance.
'l'o save space, 0· 175 will be tried at once. Those expressions
which invol'Ce O' P are placed on the left; those which do not on
the right.
2 log ·175
l ·3755928
2·4860760
2 log r
2 log (a - 0)
2 log a
·5456782
3·5563026
,.

log 110·25

log 83·42

2·0423786

O' P 2 a 2

=

ll0·25

,-2

1·92Ul710

(a - 0) 2 = 83·42

( 2 0a - 02 )

{ O' P2a2 - r2(a - 0)2}

½

½=

59·96237.

5·18
59·96237 = ·08639 ·

(20a - 02) '
Whence,

0
....=.:!: sin-1
a

) O'P2a2 _ ,.2(a - 0)'}½
t -----------< =
O' P ( 2 0a - 0') ½

0:::.'!: sin-I
a

·08639

~

= 0 - a siu- 1 ·49365 71 = 0- a 29·581 = - U-~24.
sin-I

{0';

2 a 2 - ,-2 (a-0)2}
--,-----~---'
r(20a - 02)½

=

½

a

= sm- 1 · 08639 = sin- 1 ·0177283
4·873

1·016.
. 1 (O'P
) = sin- ~ sin 60 = sin-I ·0311008
sm- , - . sin a
4·873
1·782.

=

27

= 1·782 + 1·016 = 1·874.
The true number is l ·8743, so that
O'P = 0'·175
Therefore by (5) a - 0

•I

U·924

is correct to the third place of decimals, and is as accurate as any
actual work laid out would ever be.
IV. To find the maximum error in this position. It is

f(

a-sin-1

·l;5

sin

a) - l.

By (4•)

4 ·944 58·218 - 4·944
58·1257
0'·007846
0"·094152.
By ( 4) the maximum error in A" D"

=

=
=
=

l

a- 8 .

a

4-944 1·8743
58·1257
0'·15942
1"·!11304.
'l'he three errors then areArc centre at gun pivot,
Maximum error
1"·91804
Extreme readings correct,
ditto
0"·14796
In best position,
ditto
0"·09415
V. Suppose it be desired that when the gun is traversed to 40°
on t,he arc, the actual angle shall also be precisely 40°; then
sin ( 40-40 {)

O'P=r

sin 40

_ . _ sin { 40 - ¾(58° 7' 32''·6)}
- 4 813
sin 40

=
=

4 .873 sin 1° 14' 58"·3
sin40
0'·16532.
CONTINUOUS ARCS.

Suppose a number of guns mounted in a circular fort as A B
(Plate II., Fig. 8), the pivots p, p, p, . . . being equally spaced
along A B. Then 1' 0 p is a constant angle
A, soppose. The
number of guns that can be mounted in a fort completely circular is

=
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!

3 0·

(In what follows, for the sake of brevity, "trail left" will

mean that the gun spoken of is traversed to fire as far as possible
Take a as the common
to the right, "trail right" the opposite.)
greatest angle of traverse: then if gun No. 1 be "trail right,"
L

O pO=

f·

If as many guns as possible be trained parallel to

gun No. 1, then Op D

=

½- A: Op E = T - 2 A; and so on.

The arcs must be laid to read accordingly, in order that the guns
brought to a common arc reading may fire at the same object. If
a be an exact multiple of A, then obviously the greatest number of
guns which can be trained parallel to gun No. 1, "trail right," is

-i-; if

a

be not a multiple of A, this greatest number will be

i- l.

Call the number of guns trained together a group. No. 1 (Fig. 8)
will be the first gun of the first group. No. 8 will be considered
the last, for No. 9 gun belongs rather to the next group, being the
gun traversed "trail right," in order to advance to that next group:
it is the connecting link between the two groups, and heuce it is
If then a be an
convenient to estimate it in the second group.
exact multiple of A, the number of groups in a complete cll·cular
360
a
360
.
battery will be A + A = ---;;:-· If a be 60°, the number of
groups will be 6; if a = 58° the number of groups will be 7, thus
360 = 6 ~58
58
As it does not affect the principle, suppose a an exact multiple
of A. Suppose arc No. 1 too short; theu guu No. 1, when" trail
right," will fire to the right of an object the direction of which
makes an aogle a with Z B, the zero line of the fort. Gun No. 9,
when trained parallel to gun No. 1, will also fire as much to the
right of this objeot. In other words, the error in gun No. 1 is
carried on to group 2. Sim-ilarly an error in gun No. 9 may, in
addition to the former error, be carried on to group 3. In a battery
of six groups an error of only half a degree in group 1 may become
3° or more in group 6.
The jmportaut question is how to mitigate this evil without reject-

ing all the arcs. It has been shown that, though an arc error may
be much reduced, it can never be wholly eliminated. '!.'he following
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table shows the deviation from the intended path of a shot due to
various arc errors.
Deviation corresponding for

Arc Error.

10 .........
30' ... .....
15' .........
10' .........
5' .........
4' ·········
3' .........
2' .........
1.. .......
30" ...
15" ...... ..

"

Range
6000 yards.

Range
5000 yards.

Range
4000 yards.

Feet.
314
153
79
52
26
21
16
10
5
2i

Feet.
261
127
66
43
22
17½
13
8
4
2
1

Feet.
209
102
53
35
17
14
11
7
3

l¼'

F3

¾

The mean error, therefore, should not in general exceed 4'. Now,
it is clear that in a battery of one group there is no difficulty, No. 1
gun would be traversed" trail right," and laid on a distant object as
nearly as possible on this bearing; the arc would then be laid so as
to be exactly correct for this angle of traverse. The remaining
guns being laid parallel to No. 1, the corresponding readings of
their respective arcs would be treated (for the purpose of laying
the arcs only) as zero, and the arcs would be laid in the best position
and correct at their temporary zero. A second group being added,
the difficulty begins, but it can be mitigated thus :-The No. 1
gun of a group is to be laid parallel to the No. 1 gun of the preceding group, when in the zero position of that group, as No. 9 gun in
position F p, parallel to C B, in Fig. 8. The gun is then to be
traversed, and laid on a distant object. when as nearly as possible
"trail right." In these two positions the arc must read correctly,
and there is no difficulty in placing it accordingly, as shown in the
investigation of independent arcs. The remaining arcs of the
group will be placed in the best positions, treating as a temporary

zero tl,e reading when the guns are laid pamllel to No. 1 of the
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group. The cumulative erro1• is thus got rid of, and the individual
arc errors are reduceU as much as possible, or rather as much as the
method permits. It would be still better, and would reduce the
individual errors to the lowest possible amounts, to treat the second,
thit'd, &c., groups, thus :-Having fixed zero ]ine of fort, and
laid arc No. 1 in its best position hy previous rules, traverse No. 1
g un of first group to point of no error on the arc. Bring gun No. 1
of second group parallel to No. 1 of first group, by means of a distant
object, chosen or placed. We must now have the same arc reading
at pointers of both No. 1 guns.
Consider this reading temporarily
zero in the case of No. 1 of second group, tl'eat the longer ai·m of the
arc thus divided, and ascertain accordingly its best position. Now
finJ point of no error in tills longer arm as placed, traverse gun to
that point, train the other guns of the group (second) parallel to their
No. 1. ; place arcs of group so that all now read same as No. 1 of
the group at gun pointers, and are also in best position. Thus
treat group No. 3, 4.
Example.
Let A B (Fig. 8) be an arc through the pivots p, p, p,
Let p Op = 7½ 0 , a= 60°. Suppose arc No. 1 to be an arc of 59°.
and radius 10'. Length of arc
l
10·2974. Then the distance
of proper centre of arc from pivot in best position lies between

= =

lQ-~!

10 s~:n 6~ 0 and si! O6O0 sin { 60° - ( 59° +
74 x ·01886) }
that is, between ·20152 and· 18551. A sufficiently accurate rnlue is, in
fact, ·191. 'l'he arc would, therefore, be thus placed:-The maximum
10·2974 ( 6O-sm. 1 ·191
. 60 ) - 10·2974
error would be ~
Tosm

=

0'·0087 or 0"·1044, corresponding to about 3'. The reading at which
there is no error at all is = 48°, as nearly as possible. On being tra
versed to 48°, then, gun No. 1 would rnad the true angle, and if an
object at some distance could be found 01· placed to lay the gun on
4

when at 48° there would be no error to carry forward. No. 2 gun
being laid parallel to No. 1 gun, No. 2 arc would be placed with the
reauing 48° at the gun pointer, and the best position would be ascertained just as if -::lS0 were temporarily zero, and the length of the
arc were the length of its longer arm: in thjs case 48- 7½ = 40¼
Suppose, fo1· instance, the arc were actually an arc of 58° 30'; th;

:J

portion to be considered would be an a.re of 5

of 40½ 0 of ra,clius
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=

10'; where a
40½. The true position would then be found as
before. Similarly all tbe arcs would be treated up to the seventh.
As the eighth bas no reading 48°, the seventh must be made the
No. 1 of tbe second group. The placing of this arc bas then to be
considered, and is most important, as on its correctness depends the
correctness of the second group as a w bole, and of all the groups to
the left. We have then the readi11g 48° on the line p G, and this
is to be temporarily treated as zero; the longer arm is .57°, and the
problem is to place an arc of this length in its best position. Suppose the arc to be an a,rc of 58°, so that the longer arm is an arc of

~

of 58° = 55° 6' or 55· 1. Then a = 57°, r = 10, l =
60
'
9·6168. The distance of proper centre of arc from pivot in best
pos1·t·ion 1·ies b et wecn 10

( 55° 6'
·36875.

6'
+ 955°
.6168

X

l.J

570 -

·022744 ) } that is, between ·39533 and

A sufficiently accurate value is ·378.

error would be \ 6;.~ 8

=

sin 10 54'
d
.
sin 570
an sin10570 sm

{ 57 - sin- 1

( • 3: :

The maximum

sin. 57) } - 9 6168

0'·0l 1 b-1, or 0"·1728, corresponding to 5½'. The reading at which
there is no error is 4n° 9 1 20'1 from the temporary zero, or 97° 9' 20'',
as marked on the arc. If at this reading the first gun of the
second group be laid on a distant object, and the other guns be
brought parallel to it, the position of their 97° 9' 20" can be marked.
They are tben to be treated like the intermediate _guns of No. 1
group, with the difference tbat they are laid from 97° 9' 20", as if
zero, instead of from 48°. Enough bas now been given to show
how the whole battery would be treated. There wonld be no cumulative error at all, and the indi~idual errors would be inappreciable.
The difficulty in the way is a practical one.
'11here would almost
always be great difficulty in finding the required objects to lay on.
Errors creep in as soon as there is a deviation from the group zero
liues in choosing objects. It is evident tbat as far as No. l gun of
the battery is concerned, no object to lay on ii:i ueeded, the whole
question being one of measurement, calculation, and accurate work~
mansbip. But distant objects are used to ensure the parallelism of
the guns. If the means are at band, distant objects on the required
line may be dispensed with, very carefully made trammels and

,!
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straight-edges being nsed instead ; but it would appear safest to
choose, if possible, or even to place objects as required.
An error of 2° in an arc of 60° is extreme, yet by careful placing
of the arc such an error can apparently be reduced to one of 5½', so
that it is probable there would seldom be any necessity to reject
arcs if the above method were followed. The labour of working
out the corrections appea1·s great; in practice, however, it is not
so, or need not be so. '!.'he question really is whether sufficiently
careful workmanship could be obtained for laying the arcs.

M. H. G. G.

GUNS.

Plate I.
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PAPER III.
THE

OAMPAIG~S OF LORD LAKE
AGAINisT THE MAHA.TH.AS, 1804-G.

A course of Leclnres llelicered nt the S.U.E., in lhe Spring of 1881,
BY MAJOll

H.

HeLSIIrn JoNES,

R.E.

I HAVE chosen the campaigns of Lord Lake against the Marathas
n.s the 1'ubject of a. short course of lectures, partly because they arc
now but little knowi;i, partly because they seem very good illnstratiorn, of the way in whlch warfare should be carried on against
AsiaticK. :Moreover, the MarUthUs wern our immeJiate predecessors
in Pmpire in India, ancl ce1·tain 1Iar:.ith:i. Rtates which are still independent are rega,rded by many as the scene of very possible
op~rations in the future.
Tbei=;e campaigns weL·e conducted against certain of the Mar1ith.i.
chid':~, but in alliance with the Peshwa, wl1ilst the Musa.lm.in
Nizam of Haiclaraln\d (or S(1baclar of the Dakhan) ,ms ,u, ally of
the British. In order to make the subject intelligible, itisneces~ai·y
to give a Khort account of the 1"Iarl:ltluls1 and of the way in which
the tenitories belonging to them were dis tributed amongst the
diffn·eut cLiefs at the times of wLich we are trea,ting. The
geogi-a,J.Jhy of the Indian Peninsula is one of the first t,hings
we have to coni,i1ler in connect.ion with the subjec-t, not only ns
1lirt!ctly bearing on the place of campn.,ign, but also, because
withl)ut some a.cqnnintance with it the distribution of territory
ca11not be made intelligible. As I am nddrc-ssiug an a.mlience
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which is probably only imperfectly acquainted with Indian names
and places, I shall make no apology for what those of you who
ha--re been in Iudia ruay, perhaps, think rather elementary.
Evel'y one bas a general idea of the geogl'aphy of India as a
great triangular promontory, drained by large rivers, and fenced on
the nol'thern side by the Himalayas, but it is probably not so
genera.Hy known that the ground in the peninsula rises in many
p1aces to a very considera,ble altitude, such as sonie of the peaks of
the Nil~iris which rise to over 8000 ft., while an altitude of nearly
6000 ft is reached in the Aravali range near }fount .Ab{1 (G(m1
Sikkar 5653).
The latest authorities on its physical geography divide India intc
three distinct regions, namely : 1. The Peninsular area;
2 . rrhe Extra-Peninsular area;
and,
3. The Indo-Gangetic plaiu, which separates the two first.
This Indo-Gangetic plain is of vast extent, and forms an immense
expanse of flat country stretching from sea to sea. .A. traveller
might disembark at the mouths of the Inclus and might travel
thence over a country to all appearance perfectly flat, until, after a
journey of ovel' ~000 miles, he again took ship at the mouths of the
Ganges. In the whole of this journey he need only have reached
an elevation of 9U0 ft. above the sea. 'l'he highest point on the.
water-parting of the Indus and Ganges (between Saharanpur and
Ludifoa) is 924 ft. The level of the gro1md at the junction of the
Panjab and the Indus is 369 ft., at a distance of 4.SO miles from the
Arabian sea, whilst that at the junctions of Jarnna and Ganges,
abo,,t 600 miles from the Bay of Bengal, is 340 ft. only.
'l'his great plain contains not less than 300,000 square miles, and
in it lie the 1·ichest and most populous districts of India.
The regions separated by this plain nre of totally different geo1ogical
character, the Extra-Peninsular area being remarkable for the
effects produced hy great clisturb,1nces in late geological times,
whilst in the Peninsular area (that with which we a.re at present
chiefly concerued) precisely the reverse is thE· case; there ~ppeari:to have been very liUle contortion or alteration of its strata since
a very early period. Owing to this circumstance the drainage
systems of the Peninsular area are ,ery clearly defined and easily
understood.

InPl,,te I. tbese drainage systems are shown in different colours. It
is seen that by far the larger part of the Peninsular area is drained
eaatwards into the Bay of Bengal. Besides some minor ones, the
principal basins are those of the Mahanadi, the Godarnri, the
Krishna or Kistnah, and the Kavari. To the west into the Arabian
Sea we find only the Narbadcla (or Narmada) and the Tapti basins,
and a narrow strip of country along the western coast which is
drained by a g-reat number of small streams.
The water-partings which define these drainage systems arelst. 'l'he Sahyaclri or Western Ghats, which extend from Cape
Komorin in a direction somewhat west of north, to a point about
150 miles north-east of Bombay. From this line the drainage flows
eastwards, to join the Gochivari and other rivers to the south of it;
westwards to form the small streams already mentioned, which flow
into the Arabian Sea.
2nd. An elevation which breaks off from the Western Ghats,
near Chandar (!at. 20° 25', long. 74° 10'), and runs by Baithalwadi
to Amrawati. F1·om thence it joins the S3.tpura range near Deo·
ga1·h, aml then passes by Chindwarn (broken through by the Wain
Ganga) to the l\Iekal Hills (22° to 22°30', long. ~1° to 82° 30'), and
then by Hazarihagh (2.J,0 0', long. 85° 30'), till it meets the Ganges
near R(tjnu1.h,U.
Tlris parting line separates ihe basins of the
God,,~ari ancl rivers to the north of it, from those of the Tapti and
Narbadcla flowing west, and the Son ancl its confluents flowing
northwards to the Ganges. rhe part of it south of the Tapti is
called the N orthem Ghats.
'rhe :3rcl of the great water-partings is the S,itpura range, which
runs nearly east and west between the N arbaclcla and the 'l'aptL and
separates the basins of those rivers.
4th. The escarpment of the great Vinclhiyan plateau. This is
often called the Viuclhiyan range, but it is not, propm·]y speaking,
a range. It is the southel'n scarp or outcrop of the Vindhiyan or
Malwa plateau which comprises Inclur, Bhopal, Bunclelkbaud, &c.
The Kaimlll· Hills a.re a continuation of the same scarp along the
left or northern hank of the Son.
Fr11m the Viuclhiyan water-parting there is a great drop into tl1e
valley of the Narbadda. to the south, but on ibe north a gentle
slope. The drainage of this slope pas~es to the Gauges through the
Chamhal, Sind 1 Betwa, and Ken rivers. all of whieh have a course
nearly uorth at tirst, all(l graclna1ly wm·k round eastwn,rcl to tlw
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Jamua.
011ly a very small part of the plateau on tbe southwest is drained by the :M,\hi river into the gulf of Khambayat.
5th. TheAravaliHills, which strikenem·lysouth-westand north-east
through Raj plttina nnrl shut in the Pell insular are::t to the north -west.
The City of Deh1i and its famous " Ridge " are at the extreme north
end of this range, while the sanatarium of Mount A.b{1 (now the head
quarters of the Rlijp{,taua Agency) is near tbe southern.
The
peculiarity of all these main cliviclin!! rirlges is, the A.ravali only
being an exception, that they fll'e merely plateaus that ha.Ye escaped
denudation. "Peninsular InLlia ( says :Mr. Bhmfot d) is in fact a
table-land worn away by subat'ri::i.) deunclation, and perhaps to a
minor extent on its margins by the sea ; the mountain chains are
merely the cli,~icling lines left undenuded between different drainage
areas.''*
'l1he Aravali differs from the ot,her ranges in being entll'ely compoee<l of disturbed rocks, the axis of disturbance corresponding
witb tbe direction of tbe chain. Of the drainage of the westerr;.
slopes of these hills part is lost in tbe Indian Desert, part forms
the Bnnas and T...lmi r ivers which flow into the Rann of Kachh.
The whole operations of the campaigns with whirh we are
dealing extended over a great part of the Penin~ula, as well as of
the Gaugetic plain, for while General Lake opemtecl for the most
part in tbe Doab (as the country between the Ganges and Ja,nna is
called) or its immediate neighbourhood, the plan of the GovernorGeneral included both tbe i\Iadras and Bombay armies.
'l'he
fot·mer concentrated a large force at Hn.rihar, on the 'rau£;a.bhadro
(a confluent of the Krishna) in the north-west corner of JHaisllr,
whilst the la.ttcr operated in G{1jad.t. It, is obvious that in couutries
so different as the Gangetic plain, to which the operations of JJord
Lake were almost entirel \-:" coutinecl, and the broken countr1 of the
upper basins of tbe Gocl,\vari and Tapti in which lay tbe' field of
Gt•neral \Vclle~ley's opemtions, different methods of nrn1·ching and
supply must be adopted, and we slrn.n :::;ee late,· that this wn~ tbe case.
The communications in an unbridged countn- mnst of conr~e be
gre,;tly affected by the drainage. Thus we fi~d that, thou"h the
railway now-a-days takes a more direct line, the old road from
1In,lras to Bombay makes a great sweep tn the Wl'St, to fl.Yoi(l the
rivt:•rs, and passes through Ba11gallll·, Ha.rihn.r, Belgaum, KolnplLr,
• "Ueolog-y of Imlin," Part I., IutrOlluC'tion, p:igc v,
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nnd Ratt,\ra, to P(ma and Bombay. The campaign of 1R03 opened
in the beginning of August, thn.t is to say ju the middle of the
rainy seu:so11, a time which both the Uommauder-in-Olrief and
Major-General Wellesley con,idereu suit<tble for operatio11s against
the Marnth,is, because they would be unable to freely cross the
r.i.n~r, aud the incur~ions for which they were 80 famous woulc.l be
greatly resti-icteu.
.
Of the water-partiug lines which baYe been enumerated the
Sabyadri or v\7 estem Gbats consist to the northward of horizontal or
IH.'Urly ho1·izontal strata of basalt or similar rocks, cut into a steep
starp on the west; the summits are fiat, and the highest uf them
(as Mahableshwar) rise to 4500 ft.
The geueral height of tl,c
summits is about 2000. Further south the ho1·izontal igneous rucks
are nut found, and the ele,;,ation is greater; 8ome of the peaks in the
Nilgiris rise to over 80v0 it.
Tlie 8U.tpuras are in their wei.;tern part, as far as .Asirgarh, of
basaltic trap. Further east they consist partly of horizontal traps
and partly of sandstone, the higbest peaks, those of Pachmarhi,
rise to about 4400 ft.
The Vindbiyan escarpmeut consists of hard red sandstone, and its
summit levels are about 2VOU ft. above the sea. The clip is towards
the r:orth aud is very graduaL The dra.inage lines run in deep
groo,~es having a geueral direction north. rl'his sandstone formation is of great thickness and seems to correspo11d with our ulcl red
saudstone. It forms the great plateau of Malwa.
The rocks of the Arav,di beloug to the trausition period, and the
Viudh-ivan rocks are found almost horizontal c,n both sides of the
chain ... '1.1be rauge has a width of :W miles. Its highest points are
Jargo (43:30 ft.). and Gfo·u-Sikra (5650 ft.), uear J\Iuuut .Abtt. The
heights dec]iue towards the north.
Having UO\Y given some account of tLe configuratiun of the theatre
of war, I mm,t proceed to the political distribution of the country a.t
tLe time. And here I haYe been fortunate in obtaining (throug h
the kindness of the authorities ut the Indian Office) a map whivh
was se11t home with the reports of the Goveruor-Geuerul (TLe
Marquess VYellesley) and shows the British possessions iu lb'.U3, aud
t~ose of the native princes and cliiefs.*
• "ilt:ugal, Fort St. George, a1L£l Bombuypo.pere, relative to Mtu-bnt.t.a War in 181,);j," P1'inted
hy order of Huuse of Comu1on:;, 5Lh am.I .!_uJ Juve, 11:!l~l.
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I need scarcely tell you that in those days the present magnificent
Survey of India was not even begun, and the map has, therefore,
no gl'eat preteus-ion to geographical accuracy. Bes-ides this, the
boundaries of the nati,e states between themselves were scarcely
known to the British. From this map I bave transferred the
bounda1·ies as nearly as I can to a modern map (see Plate II.) ancl it
shows (neo,rly enough for practical purposes) the various territories
of the time.
The State of Ber:\r comprises the whole basin of the Mahanadi
above tbe Gh,,ts, part of tbe basin of the Godavari, together with
the mouths of the Mab,rnadi, and the smaller basins between it and
Sindia and Holkar divide between them tbe
tbe Sabanrika.
Vindbiyan plateau, whilst the former holds, in addition, a largo
part of the Doab, both above and below Dehli, and tbe country as
far up as L(1dil-1na.
The Peshwa.'s territories comprise a stretch of country extending
nearly 300 miles south, and for a considerable distance north, of
Bombay, and north of them we find G(,jantt, the territory of tbe
Gaikwar of Baroda. All these, the Peshwa, tbe Gaikw:\r, the Raja
of :Ser:\r (sometimes called from his capital Raja of Nagpur, and
sometimes from his family name known as "The Bhonsla "),
Sindia and Holkar, were llfaritb,\s. The other great state of tbo
time was that coloured green, the llfosalman state ruled by the
Subadas· of the Dakhan, commonly (but erroneously) called by
Anglo-Indians" 'rhe NizUm."
The various l\Iaratb{, states are all oolomed yellow, tbe different
states being distinguished by different shades of that colour. This
shows at a glance what an enormous development tbe l\Iar<.ltb:i power
had reached at this time, and how strong their position would have
been if the various chiefs could ba.ve agreed to act together ;

fortunately for the British supremacy this is just "·hat they never
could do.
Next we are struck by tbe dangerous military position of the
Bengal Presidency; with an undefined frontier, "marching'' for
600 miles with the llfarathas of Berar, ancl the long narrow projecting piece of the Do,,b and Robilkband, separated from the rest of
the presidency by the independent territOl'y of Oudh, and approached•
by a sort of narrow passagP, which near K,ll rnpll.r ii:: only 30 miles
wide, between the Gange:-; aud the Jamna. ']'he insignitic::u:t ~ize
of the Bombay Presidency at that time next cal li::~ for not.ice, con-

sisting of very little beyond the island of Bombay. The narrow
tract of country round the Gulf of Khambayat liarl only been ceded
to t.be Company two years befo1·e. Burt.her, the importance ,vhich
the :t-In,h·as Presidency eujoyed in 1803 is brought out by this map.
It presents an almost homogeneous Briti8h territory. True, a pol'tion of ll!aisur was (and still is) independent. but the power of the
:Thiai:,ln· State had been completely broken clown on the capture of

Seringapatam by General Harris (afterwards Lord Harris) in 1788.
The Sultan Tipp11 had been killed and his territory partitioned.
The small state of Tra,ancor on tl1e west coast is the only other
exception in this direction to the pre\ai1ing red which denotes
British territory. The frontier of the Madras Presidency was also
far more secure than that of Bengal. For about 400 miles it runs
with that of the Nizam, whose constant dread of the l\IaratM
made him a tolerably good ally, and though for oYer 300
miles it joins the Marathas of Berai·, still the narrowness of this
part of the territory, and the consequen t nearness of the frontier tn
the sea base, made it much easier to defend than the corresponding
frontier of Bengal.
The remainiug portion of the Madras frontier bet"·een that of
the Nizain aod the sea to the west, is common with a llladth,i
state, which you will observe is marked as belonging to the Peshwa.
Follo\ving out the colour you see that th is extends over a very large
extent of country, comprising about 700 mi1es of the western coast

line, from 40 miles south of Go" to the Gulf of Kachh (w ith the
small exceptions of the Island of Bombay, and the lately ceded
territory in the Gulf of Khambayat) ancl with a width inland of
1-50 miles and upwards, which increases up the vaJley of the

Narbadda to as much as 400 miles. All this belonged to certain
1Iar:it.hci chiefs, who, under recent arrangements were bound to
subsidj se troops of the Company, aud it makes a deduction from the
tota] fighting power of a possible :Marcltha confederacy which was
of the greatest importance.
We have now reached a point where a. short notice of ]}Iar{tthit
h-istory, and some account of t.be rise and growth of the various
1Iad.thl.t states, and their relations with the British Government,
seems essential to a clear understanding of the military position. I
sliall endeavour to put this before you as shortly as possible.
India, in native parlance, is separated into two grand divisions,
known as Hindlrnt:ln and the Da.khan. The Dakhan in its most,
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comprehensive sense includes the whole country south of the Vindhiy,in-Kaimll.r range, whilst Hindll.stau is the country draining to
the lndtlS and Ganges north of that line. Neither Gujarat nor
Bengal proper are considm·ed by native authorities to belong to
to either of t,bese divisions.
Although at the time we are den.tin~ with the J\[n.rAthfls held a
large part of Hiud{LSt.in, their original country, called :Martlshtra,
lies entirely in the Dakhan
Beginning at the north-west it is
approximately defined by a line starting from the ,;yestern extremity
of the S.itpura range, and following that range as far as tlieneighbonrhoocl of Deog-.1rh and Cbinclwal'a.
From thence the eastern
boundary follows the course of the W,wda (or Varada) river to
Chanda, and the continence of the Wain Ganga a,nd Warda. The
southern limit is marked by an irregular line from near Chanda.,
through Bidar and Kolapllr, to Goa on the west coast, while the sea
forms the western boundary. IU the irreguhtr quadrilateral thus
defined i\1aratha. is the prevailing language.
Its extension to
the neighbourhood of NU.gpltr is said* to be due to the establishment of a :Maratba government at that pface.
This district is b1·oadly divided into the Konkan, and the Desh, the
country above the Ghats, or S,ihyadri range, which I have already
described. 1,he Konkan is the long nanow tract between t.he
Gbats and the sea. Accor<ling to native legend it was 1·ecoverecl in
a miraculous mnuner from the sea. Pureshrllm, a Hindl1 De1uigod,
after extirpating the opp1·essors of the upper country, and making
it over to the Brahmans, \Yas by them ungratefully refused the
privilege of residing there. He then repaired to the western
coasts nnd petitioned the sea for a. ph1ce of residence. His request
was not at once granted, whereupon he drew his bow and let fly an
arrow from the top of the Ghllts, at which the ocean was intimidated, and receding before the arrow to the point at which it
fell, left dry for the hero's residence the tract now known as the
Konkant.
'rhe Dcsh, or cnuut,-y .above the Ghats, is open and though
diversified is (I believe) nowhere difficult to tra,,erse, but between
it and the Konkan the Ghats ( or Ghat-Mahta as it is called by the
natives) is a difficult tract about 20 to 25 miles in width, full of
steep, rugged, rocky hiHs, which n,re easily turned into forts, such
• Sec El1Jbim;t011e, L, p. \II, 11ole.

t

Gr1l11t Duff, I., Jl. J.

H
as iu old days wcl'c able to clefy attack. Th ese hills arc inte1·sectecl
by deep winding valleys covered with brushwood. During the
rains the full force of the south-west monsoon bursts upon the Ghats,
the valleys are filled with torrents, and the roost magnificent
cnscadei-; are £01·med on the £aces of the hills. These, combined
with tropica.l vegetation, form views, the beauty of which those who
luiYe the goocl fortune to ascend the GL!i,ts d-ul'ing the rains are not
likely to forget.
'l'be :;\fan\tbas are ,Je, cribed by Elphinstone '· as small, sturJy, wellmade men, bnt not handsome.
'l'hey are all active, laborious,
hanly, and perseT"ering. If they Lave none of the pride and
dignity of the Rcljp1Hs, they have none of their indolence and want
of worldly wisdom. A R:ijpll.t wa,rrjor, as long as he does not di:;honour his race, seems a.lmost indifferent to the result of any
contest be is engaged in. .A l\Iaratha thinks of nothi11g but the
l'L"Snlt, ancl cares lit.t1e for the means if he ca,n attain hls object.
For this purpose be will strain his wits, renounce his pleasures, and
hazard bis person ; but be has not a conception of sacrificing hls
life, or even his interests, for a point of honour. This difference
of sentiment affects the outward nppearance of the two nations;
there is something noble in the carriage of even an ordinary
Rajp{1t ; and something vulgar in that of the most distinguished
llfaratM.
" The RiijpUt is the 1nore ·u:orthy antagonist i the ~Iar~tthcl the more
funnirlable enemy; for he will not fail in boldness and enterprise
when they are indispensable, and will always support them, or
supply their place, by stratagem, activity, and perse,erancc. .All
this applies chiefly to the soldiery to whom worse qualities might
fairly be ascribed. rrhe mere husbandmen are soLer, frnga.1, and
industrious; and though they ha,e a dash of the national cunning
are neither turbulent nor insincere."*
Of tbe eitrly history of the l\Iaratbas little or nothiug is known,
until t.be establishmeut of a l\Iusalmau dynasty in tlte Dakhan,
cnlled fr01u the name assumed by the· first king, the Bahmiui
dynasty.t This dynasty existed from 13,J,7 to 15~6, but during its

• mphim;tone, II., };)7.
t'£he Uui,;11lmUns fin;t, inv111led the Oakh:m in A.D. l:!0.1,, 1111(\cr iiht-lHl-Dln, nephew, i111d
uft-erwanls nm•ce~,!Or, of J:il:il-ul\-Din, the tir11t ol" the Kbilji king-8 of Dehli. He atuieked
nco~iri (n<1w Dnulat.ahll.d) the capitfl,! of RUm_d co. Mtid hy J-)lµbini:sLouc LO h,wo botu Rujit of
~farashtm, uud reduced him to sulJmiis,;ion. f:lphinst.ouo, II., 29,

decline five other Musalmfo states had been formed. Of these
states three, established at Bijapur, 01· .Adil Sbahi, Ahmadnagar,
or Niz<im Sbahi, and Golkonda, or Kutub SMbi, respecti,ely, )1 ad
most to do with the Marathas. The Bijapur house was called Adil
Shabi because its king always bore (with other names) that of
.Adil, while the Ahmadnagar house was called Nizam Shahi, and
the Golkonda, Kutub Shahi, for like reasons.
In 1573 lllarashtra was subject to the kings of Bijapur and Abmadnagar, wit!, the exceptions of a part of Khandesh held by the Sultan
of Btlxh:iupur, tb e northern Konkan which belonged to GU.jarat, and
the poss':.!ssions of the Portuguese. Bijapl1r extended from the
Nfra rinr ( north of Satara) to the Tangahhadro, from Cape Bankot
to Cape Ram.as along the western coast (nearly 200 miles), and on the

east it was divided from Ahmadnagar by a line somewhere about
the course of the Bima river.
Ahmadnagar bad the greate1· part of Berar, parts of Khandesh,
and the northern Konkan, whilst the kingdom of Golkonda
extended east from the territories of the other two to the eastern
coast.
Under these dynasties as well as under that of the Balunimi kings,
the Maratbas generally held the bill forts, and rank corresponding
to the number of horsemen und er the command of an individual

( called by th~ :Moharnmedans mansub) w,is given to the Man\tha
Of these, early in the 16th century one of the most
chiefs.
important was the Maratha family of Jadu, Desbmukh* of Sindkir,
who was in the service of the N izam Shah of Ahmaclnagar. Lukji
Jadu RA,o held a jagir for the support of 10,000 horse.
N car Daulatab:id there residecl a respectable 1Iaratha family
suruamed Bhonsla, of which one 11:ilaji Bbonsla obtaiued by the
favour of Lukji Jad11 the command of a small body of horse in the
service of Murtiza Nizam Shah of Abmadnag-ar. This 1Ialaji
Bhonsla had a son Sbahji, who in 1604, mitrried Jiji Ba,i, daughter
of L11kji Jadt1 R,\,o. By her he had two sons, Sambaji and the
famous Sivaji1 who was born in 1\1:ay, 1627.
Sh;ihji subsequently rose to a considerabJe position in the service
of :M:alik Ambar (au A.bysinnian who was mini3ter of the Nizclm

Shahi dynasty of Abmadnagar) and when that ki1Jgdom was finally
• Desbmukh, (Bee Wellington Despatches, II., 1'70,)
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extinguished. and its territory portioned hy Shah J eban of Dchli.
in 163i, he entered, with Sh3.h J ehltn's consent, the service of the
king of Bijapfo·. His father Maloji had acquired, for his services
to the Ahmadnagar dynasty, a brge j(tgir, the chief place of which
wa~ Pt'ma, and Shcl.bji on entering tbe service of Bijapur was confiemed in this j3.gir, and received in addition a large one in 1ilais1ir.*
The rise of Si vaji was very extraordinary. His father left him
as a boy at Pl1na in the charge of a Brahman, who was the manager
of the P{rna jagi1\ Shclhji himself with his elder son being in 1Caislu·.
Shaji grew up among his father's horsemen, and associated much
in bunting excursions with the wild inhabitants of the neighbouring
Ghats. Over these men he obtained, as he grew up, great personal
influence, and by the time he was sixteen he was already suspected of
joining them in extensi.e robberies in the Konkan. In 1646 (that
is to say when only 19) he obtained possession of the hill fort of
'rorna (20 miles south-west of P{ma), and a year later he fortified
another hill about three miles from Trn·na, and gave it the name of
R\jgarh.t
About this time the Brahman died, and Sivaji assumed charge of
the jagir.
A little later he gained possession by treachery of
another strong fort called Purandhar, about 20 miles south-east of
Pllna, ancl managed to increa8e his power in the district round PU.na
without e>:citing the anger of the Bijapur government, by which
Sh>\hji was looked on as the responsible jagirdar.t
Soou after this (in 16~8) ~ivaji plundered a royal convoy in the
Konkan, which led to bis incurring the displeasure of the king of
Bijapll.r. It was vented however, not on him but on his father
Sbllbji, who was held responsible for Sivaji's misdeeds, thrown into
prison and informed that, if Sivaji did not submit, the entrance to
the prison would be walled up. As an earnest of this intention part
was actually built up. Simji thereupon offered his services to the
emperor Sh.ih Jeh3n, who accepted them, appointed him a commall(ler of 5,000, ancl probably used his influence for Shahji's release,

• Elphiustone, IL, 450-60.
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Thus cfol S!Ynji obtilin posReefiion of tbe trnct hetween Cb_n.ka~ and the. Nir_a, and t~e
manner in which be established himself, wn.tchm.z aud crouchmg like the wdy t1g-er of his
own mountain valleys, until he hr11l E1tolen into a situn.tion [rom '':!ere.he could _nt once
spring upon bi11 prey, nccounte both for the difficulty found in tl'n~mg his eat·ly rise, and
the a1;to11ikbin~ n1p1dit.r with which he extended bii:,; power, when bis pro~resi;hada.U,rncted
notice, and longer co1,ccalmeut was impoi,;i:,;iblc. l~rant Duff, I., 136.

which soon followed. During font· YL'fl.rs Sl-u'd,ji was kept a prisoner
at large at Bij:iplu·, but. on his bei11g sent Uack to the Karuatak in
1653, Sivaji was again at liberty to push on his ambitions schemes.
Siv:1ji now renewed bis e11crvacl11neut.i:1, procured tlie a~sas~iuation
of a Hiudll R.ija south of PUna and seized his territ,o,·y. For two
years he continued to extend bis authority until Aurangzib was
sent by Shah J eban to the Dakhan, in 165,5 . Aurangzib was
engag~d in war with the king of Go1konda, and Sl\~aji fancied he
might venture to attack the tenitoeies. of the J\logbals. Finding be
had made a mistake in this, aucl that the sttcc~sses of Auran~zib
were much more rapid than he expected, he endeavoured 1 when
Anrangzib proceeded to attack Bij··1plll·, to make terms with him by
offering assistance.*
Very soon t,he sickness of ShJ.h Jehcln
recalled Anrangzib to Dehli and Sivaji was left exposed to the
wrath of the Bijapll.r Government. An army, under a chief called
Afznl KbU.u was sent against him. It aLlvance<l to the neigh bonrhood
of Partahgarh, a hill fort 45 miles south-west of Puna, where Sfraji
was residiag, and threatened to overwhelm him, but Sivaji extricated
himself from bis difficulties with characteristic c raftiness and
address. Re pretended to he overawed by the power and reputation
of Afznl Khan, and sent a Brahman agent who persnadecl Afzul
Kb8.n that Sivaji only required to be assured in a persoual interview
of his own safety, and would then submit. An iuterview was
arl'auged, and Afzul Kb.in, who was attired in a thin wuslin robe
and carried only a straight sword, was mur<lered by Si vaji who had
armed his left hand wit,h a w1.lgnakht which, when pretending to
embrace the Kh1.in, he struek into liis bowels. Partiibgarh is situate
in a country which is (or was tit that day) very difficult of access,
and much 0\7 ergrown witb wood . The murder of Afzu1 Klil:l,n was
followed by an attack on his troops, who, taken by surprise, we1·e
easily slaughtered or dispersed, (October, 1G~9).
DLll'ing the
following year, though shut up for some time in the fort of
Pamila (near Kolbapllr), Sl\'aji further extended his power so much
that in the beginning of 1661 the king of Bijapiu· found it necessary
to take the field in person. Si-raji was beaten and lost most of his
possessions, but (the king being obliged in the next year to proceed
to the Karuat.ak) he recovered them all, and about the beginning of
t

• Grflllt Duff, I., 161.
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1063 :i peace w:1s arrange(l with Bijapltr throu~h tbe merlia.tion of
his father ShibjL Sivaji at this t.ime removed his residence from
R..ljgarh to a stronger fort called Raigarh, about 40 miles southwest of Plma.
At this time Sivaji's territory extended along the coast, from
Koliy:\n to Go,; (abnnt 250 miles), and included all the Konkan along
that Jenp:t h, and the Gh,\t l',fohta from the Bima to the Warda, a
dishnce of ove1· 150 miles. rrhc gre·1test breadth was between
Jinji)·:t and Supeh, where it was under 100 miles.
In this territory he was able, owing to his predatory ha.bits, to
maint<>in a force wh'ch is stated at ,50,000 infantry and 7,000 horse.
He alt'eady pos,-:esse,-1 some ship.-:., so that bis robberies were not
confined to land. Thus we see th~t by the age of 3J this extrnordiuary mnn had from ver_v small beginnings actnal1y raised himself
to the position of an independent sovereign, though be as yet assumed
no title.
HP now felt himself strong enough to act against the Moghals, and
with his horse ravaged the country near Aurang3blld and Junnar.
Hi,-: tenitory was invarlecl ancl Pllna occupied, but the inva~ion
-wa." repelled, the ~Ioglrn.l force retiring to Aurangibl:ld, while Sivaji
with 4,0IJO horse set off for Sura,t, 'l'hough repulsed from the
Engfo;h and Dutch fodories he plundered the native city and
carried off a.n immense l1ooty. rrhis waR in lGti-:t.
~Tust after this Sbt'ihji. who lrnd greatly extended bis origim1l
posRessions in the Dakha11 1 died, aud Sfraji soon afttr a~sumed the
title of R:'tja nnd began to coin mnuey. Immediately after tbfs he
was ngnin at wrtr with Bija.pln', and by meElns of a fleet made an
excur:-.in1t into Hie tel'l'itor1 of that state sout-lt of Goa.
In 166.5, a large force w·aR Hent by Anrangzih to reduce Sivaji
to i-;ubmis!-;ion. It ,-ras nuder lhe command of Rl.lja Jai Singh of
Amlwr 01· .Tni1nh, ri g-ene1·al nf great reputation. Sivaji 1 though his
forlH of Si11ghar and Purandlu-ll· ha<l not been taken, resoh-ed to
submit. It cloetoi not n ppear whether he wa:'! rnoYed to this resolution
hy the hnpeleRsnes.;, of ref.istance, by superstitioll, by the hope of
indemnifying himself at, the expense of Bijap{u·, or hy tbe ach·antage
which he expe']ted to obtain fr01u becoming a vasHa.l of the emperor.
Whate,·e1· may have liecn his motive lw came to te. ms wit}1 Ja1
Singh, and agrl·ed to gi,e up 20 ont of his 32 forts with the territory
belonging to them. HP was to 1101<1 the rem:tincler as a j..igir from
the emperor, and hiH son Sambaji (thL'll 8 years olcl) was appointed
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a commander of 5,000 in the imperial service. But the most
important concession w bich h e obtained was the grnnt of a foul'th
of the revenue of certain districts belong ing to Bijapur with the
privilege of collecting it himself. This was the origin of the
famous Marithc\. claim for chauth, chauth meaning, in Sanscrit,
the fourth part. .A.urangzib agr~ed to these terms* on condition
that Sivaji should accompany Jai S ingh in his campaign against
Bijap(1r with 2,000 horse and 8,000 foot, and pay a pesbkash (or
instalment) of 40,000 pagodas (equa l to about £80,000) to the
emperor.

After assisting Jai Singh in Bijap(1r, Sirnji ,rns invited by
Aurangzib to Dehli, and, having given offence by his behaviour at
court, was placed un der surveillance. He escaped wit.h difficulty,
and made his way south in disguise, which be die! n ot throw off
until he was safe at Raigarh, in December, 1666 .
In the following year , things having gone badly with the llfoghals
in Bijapll.r, Sivaji was able to make a most advantageous peace
with the emperor. He received back most of bis former possessions
and in addition a j,igir in Benll-, which laid the foundation of
l\Iar:.lth[t power in that country. ~Ioreover t.he emperor recognized
his title of Raja.
The years 1668 and 1669 were spent by Sivaji in internal
organisation and reform, and a very intereRting accouut of bis
institutions is given by Captain Grant Duff.t
Sivaji's power was originally founded on his infantry, which wrrs
of two classes ea.Heel 1'if1.lwalis and Hetkuris, the ~Jawalis were
natives of the Ghat J\Iahta, the Hetkaris of the Koukau . The arms
of the infantry were a sword, shi eld, aud match-lock. Some of the
Betkaris had fire-locks, having obtained flint-locks from the
Portuguese.
Every tenth man carried a bow a~d arrows, for night attacks mid
surprises. The H etkaris were the best 111arksruen, while the
Mawalis excelled as swordsmen . There was a n8ik (or corporal)
over every ten men, a ham\ldar (Anglice havildar) over ever_v fifty,
an officer called a jliml ad.i t· o-rel' every hundred. 'l' be commander
of a thousand was st.ylerl Ek-haz,lri, and there were al:-o officers of
five thousand. The chief commander of infantry was callcJ a
senapati (Anglice Sarnobat) .
• Grant Duff, J., 210, quotes original letter of Aurangzib,
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The cava,lry was of two kinds, known as Bargir ancl Silahdar."
A Bfrgir is a ma,n 1Yho is supplied with ,, borse by tl,e state or by
some individuals, while a. SilU.hdc.h· is a man who p1·ovides a horse
at his Olvn expensf', ]ike the greatel' part of the Bengal cavalry at
the present time. Consequently a Sil3ihd{tr is considered a much
more respectable person tbau a Bargir. Sh•aji had a body of Bargirs,
mounted entirely on lrn,·ses prnviJed by the state, and c&lled Paga.
On the,e he placed great reliance, and with every body of ordinary
B:irgll' or of 8iltlhd,ir hor:,e be mixed detachments of the Paga, to
act as spies, pre,-ent embezzlement or treachery, and to overawe
the discontented.
1'he !\Iarath{t weapon was th~ spear,t in the use of which they
were very dexterous. Tile spearmeu carried in addition a sword
and a shield, in case the spear should be broken. Part of their
horse carried matchlocks which they must of course have clismuunted
to use. Thus the i\Iarath:is possessed, according to old European
nomenclature, both lancers and dragoons.
Every :!5 horsemen were under a havild~lr, over 125 (~ay a
squadron) there was a jumladar, and every 5 jumlas (say 500
effecti,e) wern commanded by a suba<lar. At the head of every 10
i;n'1bas was a.n officer called Panch-hazU.ri.
Everyone of these
officers, fr(lm the the jurnlad:ir upwards, bad one or more Brahman
accountants, and the '· intel1igence department" was largely represented by a regular establishment of news-writers, with spies and
others to gain infol'mation. All plunder was the property of the
state and had to be rigidly accounted for.
'fhe Dussera (Dusahra) festival of the Hindus, which falls at
the end of the monsoon, was observed by Shnji with great pomp,
anrl was the time for a, general muster and review of the troops
befor..-:, taking the field. At this time men, hol'ses, arms, and equipmfmt WL'l'f\ i.nr,;pertecl, and an account exacted of any plunder which
bad uot been given up. Account8 were closed aud settled, either
in cash or by ol'ders on revenue officers, never by direct orders on
villages.
In regard to plunder " tbe only exceptions were in favour of
cows (the sacred animal), cultivators, and women;'' these were
ne9'er to be molesteJ, "nor were any bnt rich 1.Iusalmllns, or
• Silitb, nrms, urmour, Arabic. Blirgir, Perr1inu.
(woodrut) Ill,, 537,-Kit, .tc,, L, 22G,
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Hindiis in their service who co11ld pay a ransom, to b e made
prisonars." No soldier was permit.tcd to carry a female follower
with him in the field on pain of cleath."
Sivaji's head managet\ or prime minister, was a Brahman named
Moro Panth,t and was styled Peshwa. The same method and
strictness that characterises his military arrangements appears to
have existed, theoretically at least,t in the fiscal and judicial
departments, but the constant w:;n•s in which he was engaged can
have left Sivaji hut little time for the supervision of cicil affairs.
When we compare all this orJet· and system with what we know
of the generality of the native state.:., which were administered
under a. sort of feudal ~ystem, the e:s:traorcliua.1·y rise and spreacl of
S·fvaji'i-; power is to fL certain extent accounted for.
I have gone into the details of Sivaji's administration at a length
which the time at my disposal would not justify, were it not that
his system m::ty be taken a.s a type of n1arAth3. organization, ancl
that by studying it in some detail we are eur.bled to understand the
rapid rise of other Mat·{tthi chiefs t.o wide dominion at a later date i
since they doubtless followecl, to some extent at least, the system of
thejr illustrious predecPssm·. ,ve now revert to Sivaji's history.
Tranqnility did uot Jong reign in the Dakhan. In 1670 .Aura11g•
zib sent an owler to his lieutenants in the :-;onth to arrest Sivaji,
who retaliated by seizing the strong forts of Singarh and Purancllrnr.
rl'he escalade of the former is descrihecl by Gr:iut Duff, arnl appears
a da1·ing feat worthy to be classed with Captain Popham ·s f,mrprise
of Gwt\.11,lr. In October of the same year Sivaji was a.ga,in a.t Surat
and n.ttacked the British factory, which ma.de a successful defence.
After the plnndering of Surat, Sl\'nji rav.'tgecl Khan<lesh. and
exercisecl for the fin,t time the power of collecting <.:hauth, which
he bad obtained from the emperor. rl.1his system of obtaining
charters from the Emperor of Dehli, which were held (by those
interested) to be valid over all India, -is one of wh-ich some of our
early Governor-Generals well understood l1ow to take advantage.§
'l1he fo·st field action against the }tlng-lials wfts fought in 1G7:!,
and gained hy :Moro Pa nth, Pt•ohw:1., who eomnumded the .i\ladthtls.

• Gnrnt Duft', I., :!:Jo.
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I do not propose to follow the rest of Sivaji's career in much detail,
as it might he found tedious and would certainly take up more
time than can be given to it. It must suffice to mention the
different steps of his further rise, and describe the exteut of his
dominions.
In June, 1674, he was crowned at Rajgarh with the ceremonies of
a Mogbal coronation, thus indicating that be threw off the
suzerainty of the emperor. Part of this ceremony consisted in
being weighed with gold, about 10 stone of gold pagodas being
required.
In 1675 he for the first time sent his troops across the Narbadda
into Moghal territory, and at the end of 1676 made a great expedition to the Karnatak, for the purpose of recovering his father
Sbahji's jagir. This expedition ended successfully in a compromise
with his brother Venkaji, who had held the jagir since the death of
Shabji. In 1679 we find him in alliance with the regent of Bijapur
against the Moghals, one of the conditions of the alliance being the
cession to him of the sovereign rights over the jagirs of Shahji,
thus making him the master de jwre as be already was de fa cto.
Sivaji died at Raigarh on 5th April, 1680, in his fifty -third year.*
The possessions of Sivaji at the time of his deatbt included the
whole of the Konkan, except Goa, Cbawal, Sa1lsette, and Bassain,
which belonged to the Portuguese; Jinjira to the .Abysinnians, aud
the English settlement on the Island of Bombay. He occupied the
tract of Marasbtra from the Harnkassi (Gokak) river, on the south,
to lndlirani, between Pl1na and J unnar, on the north. He hB]d, as
we have seen, large j3.girs in the Dakban, a number of outlying
possessions, and at the time of his death had in bis treasury a sum
of money which, Grant Duff says, after a large allowance for
exaggeration, cannot have been less than several millions sterling.
More than all he bad introduced a system of Government, a sentiment of nationality, and had set an example of zeal for the Hindu
religion, which, in spite of the comparative feebleness of his
successors, held the Maratba power together until it attained a
development which made the nation for a long while supreme over
the greater part of Iudia.t
• Grant Duff, I., 295 .
t Grant Duff, I., 299.
Grant Duff, I., SOO,

t Elphinst,one, II., lilO.
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With the successors of Sivaji I clo not propose to trouble you in
detail, but I hope that the tables* I have prepared, and a abort
description of the extent of the llfaratha power at particular epochs,
will render the rest tolerably clear.
'l.'he immediate successors of Sivaji, his sons Samhaji and Raja
R,\m, continued for twenty years, though in a comparatively feeble
manner, the personal government of their father. The first was
defeated and made prisoner by Aurangzib, who put him barbarouslyt
to death. Raja Ram does not appear to have been ever generally
regarded as the rightful raja, but as regent for his nephew Sivsji,
better known as Sabo, or Shao, a nickname given him by Aurangzib.
After the death of Raja Ram his infant son Si.aji was proclaimed,
and his widow TU.ra BU,i made regent. Some time later Shao was
released by the Moghals, and a contest for power ensued which ended
in the establishment of Shao on the musnad of Satara, mainly hy the
aid of Ba,laji Wiswanatb, who was consequently appointed Peshwa
by Shao. Shao's weak character (partly due probably to his
having been brought up a prisoner) led to the real power getting by
degrees into the hands of the Peshwa. Shao became quite imbecile
some years before his death, so that when that occurred in 1749 the
then Peshwa, Baji Balaji Ra,o, had the power entirely in his own
hands. I ought not to omit to mention that Raja Ram created a
new office (in 1690) with the title of Prithi Nidhi, which took
precedence of that of Peshwa, but though readers of llfaratba
history will find frequent mentions of the holder of this office, it
need not be taken much account of in a short sketch like the present,
since the holders never appear to have attained for any length of
time to the real power enjoyed by the Peshwa.
Returning to Baji Balaji, Peshwa, we find that on the death of
Shao in 1749, he produced a deed from that Raja which formally
transferred aU the powers of government to the Peshwa, while it
reserved the title ancl dignities of Raja to the supposed grandsont
of Raja Ram, son of Sivaji II., whose name was Ram Raja.
From this time till the then representative was released by the
Brit1sh Government in 1Rl8, the Rajas of Satara were, with their
• See Appenclix I.
I., 301, eyes burn~ 9ut, then tongue cut out, then beheaded. Raja Rlim's
mm1atr;v, Grant Duff, I. 370,
Grnnt Duff and Elphinstoue are of opposite opinions ns to Rim RAja's Jegitimncv1 •
Gmut Duff, II. ,33. ~lphiruitone, II., 645,
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families, practically prisoners in their capitnl. They were, however,
treated with great veneration and respect, and the great object of
every contending Maratha chief was to obtain grants ( sannads) from
the Raja, or the dress of honour investiture with which was the
symbol of the conferring of an office. The Pesh was were invariably
invested with their office in this way, and until they were so, did
not receive recognition from their compatriots. This transfer of
power from the Raja to his Peshwa reminds one of the position of
the Capets as Mayors of the palace under the Merovignian dynasty;
or of the relative positions, which till lately existed in Ja pan, of the
Mikado and Tycoon.
Rising upon the rapid decay of the Moghal empire after the death
of Aurangzib, and held together and controlled by the single hand of
the Peshwa, the Maratha power reached its greatest development in
-about 1760. It is true that the collective possessions of the
Marathas at the opening of the present century were as large, if not
larger, than at that time, but they were no longer ruled by one
man. "At the time of which we now speak their frontier extended
on the north to the Indus and the Himalaya, on the south nearly to
the extremity of the peninsula; all territ01~ty that was not their
own paid tribute. The whole of this power was wielded by one
hand; a settlement had been made with Tara Ba,i by which the person
of the Raja had been consigned to his nominal minister, and all pretensions of every description were centred in the Peshwa.*"
This great power was, however, destined to have but a short
duration. In 1761 the Marathas came in contact with the Afghans.
Ahmad Shah, Abdali, invaded India for the first time in 1759,
defeated and killed Dataji Sindia and occupied Dehli. This led to
a great effort on the part of the Marat.has and the decisive battle
occurred at Panipat on 6th January 1761. It resulted in the total
defeat of the Marathas with enormous loss, the whole number of the
slain amounting, it is said, (o near 200,000. The Peshwa (Baji
Balaji Ra,o) never recovered the shock, and soon after died.
Dissensions broke out after his death, and the power of the Pesbwas,
though the office continued for 60 years, never regained its vigour.
The Mar3.tb3. nation ceased to exist as a political unit, and there
arose on the decay of the central power a number of independent

• Elphinatone, II., 673; also Grnnt Duff, 11. 126.

52

!

'

•

Maratha chiefs who, though they played (as some of their repre.
sentatives still do) an important part in the history of India, yet
none of them ever reached the position of Sivaji or of the early
Pesbwas.
The four most important chiefs were:1. The Raja of Nagpur or Berar. Sometimes called "the
Bhonsla."
2. Sindia.
3. Holkar.*
4. The G:iekwar.t
The Nagpur State was the earliest of these, being founded by
Parsaji Bhonsla, a Silabdar who rose to be administrator of Ber:ir
under Raja Ram in 169G. Sindia, Holkar and the Gaekwar rose
later to power; the first chief of each name having served in ·
the Maratba armies under Baji Ra,o Ballal, Peshwa.
The Rajas of N agpur ceased (by the extinction of the family) in
1853, but the other three, as you are aware, are still represented by
the Chiefs of Gwaliar, Indt1r and Baroda, and His Highness Jaioji
R3.,o Sindia of Gw3.1iar holds a commission as the senior General
in Her Majesty's Service.
Tbe aggrandisement of Sindia and Holkar had been very rapid
about 1750, owing to the necessity the Peshwa, Baji Balaji Ra,o,
was under of conciliating supporters after his co1.q_J d'etat, and the
two received a grant of nearly the whole of M,(lwa,! the revenue,
150 lakhs of rupees (£1,500,000), being divided between them;
Sindia getting somewhat the larger share.
Rugoji Bhonsla
received at the same time new sannads (or grants) for Berar and
Bengal. Nagpur became the capital of Berar, Sindia and Holkar
fixed their governments at 1Ijain and lndurrespectively (places which
arc not more than 30 miles apart), while the Gaekwar appears to
have made Abmadab>ld his capital.
The most brilliant of the Sindias was Madhoji, who succeeded
to the jagirs of his father Ranoji in 1759, two years before the
battle of Panipat. War was waged between the Marathas and
the British from 1778 to 1781, tbe Gaekwar being an ally of the
British, and Madboji Sindia their most prominent opponent.
Tlns war was marked by the shameful convention of Wargfion,
• Holkar is from Hal a plough,
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co11c!nded with Sindia by a Field Committee. The Bombay
Government, being jealous of their military comma11cler, had
adopted the notable plan of sending two members of council into
the field with him, the natural result being disaster; though it rnt1 st
be owned the commander, Colonel Egerton, appears to have beeu
singularly incompetent. On the other hand it was ma,r ked by the
brilliant surprise of the Fort of Gwaliar (on 4th August, 1780)
under Captain Popham, and by a march across Central India uocler
Colonel Goddard, (with only 5000 men) worthy of all praise, and
remarkable as the first occasion of direct combination between the
forces of Bengal and Bombay."
The war was termin»ted by the treaty of Salba,i in May, 1781,
some of the provisions of which were directed against Haidar Ali of
Maisur, who had made himself master of the Maratha country
south of the Krishna (or Kistnah), and became by his alliance with
the Frencbt an object of dread to the British.
Haidar Ali had shortly before this endeavoured to form a confederacy against the British of all the Maratha chiefs and the
Niz8.m.
"The Nizam," as he is called by the English, was originally the
S{,badar (or Viceroy) of the Dakhan under the Moghal emperors
of Dehli. The whole of the territory of the Moghals was divided
into a number of provinces, each called a Suba. The way in which
we have come to call the Subadar of the Dakhan "the Nizam"
is this. In 1712 a man called Mir Kammar-ud-Din (son of Gh{iziud-Din a favourite officer of Aurangzib) was appointed by
Aurangzib to the SubadAri of the Dakban. This Mir Kammarucl-Din, received from Aurangzib the title of Chain Kl1lich Kb{tn,
and later from the emperor Farukh-Sir that of Nizam-ul-Mulk h,
which means lord or chief of the country. In addition to these
he assumed himself a title of Asuf Jah, and as he is named indifferently in history by aoy one of the former names, as well as by

his title of Subadar of the Dakhan, it is slightly perplexing at first.
This Chain Kulich Khan assumed independence on the downfall of
the monarchy of Dehli, and died in 1749 at the age of 103. His
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desceudants have retained the snccession, and he is represented at
the present time by the chief of Haidarabad, whom we call the
Nizl:lm.
Nizam Ali, Subadar of the Dakhan (son of Mir Kammar-ud-Din),
was a great rival of the Peshwa, Baji Balaji Ra,o. Being the head
of a Musalman power nearly surrounded by Marathi states, an
alliance with him was natnrally courted by the British, when anxious
to curb the power of tbe Marathas.
It was not long after the treaty of Salbai before Madhoji Sindia
began to push his schemes for re-establishing Maratha supremacy
in Hindustan. In 1784 he recovered the fortress of Gwaliar, which the
English bad made over to their ally the Raja of Gohad,andin October
of the same year he was invited (ostensibly) by the Emperor,
Shah Alam* to meet him at Agra. The invitation came in reality
from Afrasiab Khan, Amir ul U mara, who was struggling for supreme ·
power with a rival. Almost immediately afterwards, Afrasiab Khan
was assassinated, and Sindia became the real minister. He declined
the title of Amir ul Umara, but sagaciously obtained for the Peshwa
that of Wakil-i-Mutlak,t and got himself appointed deputy. The
Emperor conferred on him the command of his army, and assigned
to him the provinces of Agra and Dehli, on consideration of an
allowance of 65,000 rupees monthly.
By this transaction the
Emperor became in fact a pensioner of Sindia ( as he later was of
the Company), and Sindia acquired the territory stretching from
Agra to Ludiana, which you see included in his dominions in Plate II.
Not long after this, Sindia had the audacity to raise a claim for
cbautb against the British in Benga( and although he soon withdrew it. this led to a rapproche»umt between the British and
Mudaji Bbonsla Raja of Nagpur.
Soon afte,- the treaty of Salbai, Sindia raised a body of regular
troops undev JI/I. Benoit de Boigne,t a Savoyard count who had
served in the service of France in the famous Irish Brigade. De
Boigne began by raising two battalions of 850 men, which by degrees were officered for the most part by Europeans of various
nations. Thus was formed the nucleus of the force against which
General Lake had to contend in 1803.
• Blinde<l by Gholllm Khnd:ir, Grant Duff, III., 30.

t Wakil-i-Mutlak, Plenipotentiary, Vice-Regent wiLh full powerti:,
i Grant Duff', II,, 466, note.
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In 1790 this force was further developed.* The infantry was
augmented, first to two and later to three brigades; each brigade
containing 8 battalions of 700 men. Each brigade had 500 horse,
and each battalion five guns. Thus the force of a brigade was about
2800 infantry, 500 horse, 25 guns. Sindia's g=s were cast for
him by Mr Sangster, a Scotchman, who hacl been in the service of
the Rana of Go bad. The infantry carried match-locks and bayonets,
and the officers were many of them British, and very respectable by
birth and education.
Later, about 1792, De Boigne's force was further augmented to
18,000 regular infantry, ti,000 irregulars,t 2,000 irregular horse,
and 600 Persiau cavalry. The fort of Agra was made a depot for
guns and small arms.
About this time Holkar, too, began to establish regular infantry,
and raised 4 battalions under the command of a Frenchman, the
Chevalier Dudrenec.
Madhaji Sindia died in 1794, and was succeeded by bis greatnephew Daulat Ra,o Sindia, who was our opponent in 1803.
The power of the l\Iaratbas in 1794, if we were to look only to the
extent of their territory, to the amount of their revenues, and to the
number of their troops, would be found equal or even superior to
that in 1760. But the causes which excited them to conquest no
longer existed, nor was there any one chief with sufficient authority
to unite them.: A temporary union was brought about, however,
by claims upon Nizam Ali, from the settlement of which all tbe
Marathi chiefs hoped to profit. The English, under Sir J obn
Shore's Governor-Generalship, held aloof, Nizam Ali followecl tbe
example of Sindia and Holkar, and set on foot a disciplined force of
23 battalions under a French officer, M. Raymond, and in Jan., 1795,
war ensuecl between Nizaru Ali and the Marathi confederacy. An
indecisive battle took place at Kru·dla (about 60 miles south-east of
Ahmadnagar), but the Moglia! army dispersed from a panic in tbe
night, and Nizam Ali was forced to make terms. This led to great
cessions of territory and large payments of arrears and indemnities
by Nizam Ali.
It must not be supposed that British politics in India were at
that day, any more than they are at the present time, wholly
• Gl'ant Duff, III., 35.
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independent of and distinct from European. In those days it was
France wbich was what om· German f:t~ends call an important
"factor" in Indian politics. France still held the Mauritius, and
Pondicheri was a far more important place than at the present day,
and the French .Republic had sent envoys to Seringapatam and concluded an alliance with "Citoyen" Tippl1. When Lord lfornington
(afterwards and better known as Marquess Wellesley) arrived in
India, in May, 1798, his first measures bad been directed to the
abatement of French influence. His views were what in the
political slang of the present day would be called "imperial," and
the change on his succeeding Sir John Shore was not unlike tbat
which recently occurred when Lord Lytton succeeded the Earl of
Northbrook. The first care of the new Governor-General was to
negociate with the Court of Haidarabad, and the Nizam agreed to
receive a corps of subsidized British troops numbering 6,000 men,
with a proper complement of artillery; to disband his French troops,
numbering 14,000 men; and to assign 24 lakbs of rupees a year, for
the support of the British contingent.*
This successful stroke of diplomacy was immediately foJlowed by
a campaign against Tippu Sultan of Maisur. Seringapatam was
taken in May, 1799, by General (afterwards Lord) Harris, the Sultan
being killed in the storm. This event consolidated British power
in the South, and enabled the British authorities to assume, towards
the Maratbas and the Nizam, a position wbicb they bad never before
been able to venture on. Meanwhile Lord Mornington bad endeavoured, in 1798, to make with the Peshwa an alliance similar to
that with the Nizam, but was unsuccessful. Nor did his efforts
meet with any better success at the Court of Nagpur.
The French invasion of Egypt which took place in 1798, had
caused the home authorities, in alarm for their Indian possessions,
to approve of the war against Tippu as an ally of the French
Republic. In 1800, General Baird, who had borne a leading part
in the capture of Seringapatam, was sent to Egypt with a force of
4,000 Europeans and 5,000 Sepoys to co-operate with General Sir
John Hutchinson (Sir R. Abercromby's successor) against the
~"'rench. The report of bis approach a.ided Sir J. Hutchinson in
concluding an arrangement for the capitulation of the French army
under General Roche.
• Mnrshman, 11., 78; or, Grnnt Du.ff, llI., 173.
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Although the Peshwa B:iji Ra,o Rugonath refused in 1798 to come
to terms with the Governor General, it was not long before he saw
reason to change his views. In March, 1800, died Nana Farnavfs•
who had long been the moving spirit in the Mar:itha government,
and had supported the Peshwa's authority against the growing
tyranny of Sindia. The Peshwa was £or a time relieved by the
rise of Jaswant Ra,o Holkar which led to a war in Malwa, between
Holkar and Sindia, in which the rival capitals of Ojain and Indur
were sacked in their turn. Holkar in 1802 moved on Puna, intending
either to capture the Peshwa and make use of his authority, or
perhaps to avenge on Baji Ra,o the barbarous murder of his father
Witoji. On 25th October, 1802, a great battle, in which no less
than 84,000 men are said to have been engaged, was fought under
the walls of Punat and resulted in the total defeat of Sindia, with
the loss of all his baggage, stores and ammunition.
The Peshwa (who was greatly wanting in personal courage) fled
early in the day, and sent a message to Colonel Close, the GovernorGeneral's Agent, agreeing to all the terms he had previously
refused, and binding himself to subsidize 6 battalions of Sepoys, and
to cede revenue to the amount of 25 lakhs of rupees for their
support. He not long after took refuge at Bassain where, on the
31st December 1802!, was concluded the treaty of Bassain by which
the Peshwa sacrificed his independence in return for the protection
of the British.
This treaty is one of the most important e,er concluded in India.
It declared itself to be "for the purpose of general defensive alliance
and reciprocal protection of the territories of the Pesh wa and the
Company." A subsidiary force of not less than 6,000 regular
infantry, with artillery and European artillerymen, was to be maintained in the Peshwa's dominions. The Peshwa nndertook not to
ha,e in his service any European of a nation hostile to the English,
a promion aimed directly against the French . Districts yielding
a revenue of 26 lal<hs of rupees were ceded for the support of the
troops the Peshwa; relinquished his claims on Surat, and agreed to
submit to British arbitration his difference with the Nizam and the
G:iek:war. Further, he was neither to engage in hostilities, nor
even to enter into any negotiations, with any other power without
• Gr1lDt.. Duff,

m .. 167.

t

Grant. Duff,

m., !00.

i

Grant Duff.

m., !:!5.
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the concurrence of the British Government. Baji Ra,o had no
sooner concluded the treaty than he began to intrigue with Sindia
and the Bhonsla to render it nugat0ry. No efforts of his were
needed, however, to render both of these chiefs intensely hostile to
the treaty. They could not fail to perceive that it struck at the
very root of Maratha power, and they soon formed a league to
oppose it. The Raja of Nagpur did all he could to induce Holkar
to lay aside bis hostility to Sindia and join the league, but Holkar
with characteristic perfidy, though be pretended to do so and
obtained important cessions as the price of his consent, not only
left the confederates without his support, but also availed himself
of the embarrassments of bis rival to plunder Sindia's territory.
The Governor-General lost no time iu fullfilling his engagement
to replace the Peshwa on his masnad at Puna. How this was
done I will endeavour to shew in my next lecture.
CAMPAIGN AGAINST SINDIA AND THE RAJA OF

NAGPUR.

Before proceeding to describe the measures taken by the Governor
General to fulfil his engagement with the Peshwa, let us briefly
examine the force which could be arrayed on either side .
.According to a statement for which I am indebt,ed to Colonel
T. K. Wilson, C.B., Military Secretary at the India Office, the
regular forces of the three Presidencies on 30th .April, 1803, were
as follows :NA.TlVB TROOPS.

Bengal ...

40

Madras

38

Bombay

17

EUROPJIA.l(
TROOPS.

KllfG'S
TROO!'S.

e• *Perhaps more. Theso
were in GUjart'it.

-------I·------~ -1--1--1------Totals ..

13

05

16
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In addition to these there were a few battalions of garrison troops
and irregulars.
The strength of the native cavalry regiments was about 450
sabres, that of the Bengal battalions of native infantry 800 bayonets,
while those of the other two presidencies averaged rather more.
The Bengal Artillery battalions had 7 companies each. There do
not appear to have been any field batteries regularly organised, and
only an " experimental " troop of Horse Artillery in Bengal, commanded by Capt. Clement Brown.
The King's Cavalry Regiments (all Light Dragoons), averaged
something under 500 sabres, and the Infantry battalions somewhat
under 800 men.
The Native Infantry regiments had each two battalions, but they
were worked by battalions, not by regiments .
Thus the regular forces of the three Presidencies made up about;
2,880.
British Cavalry, 6 x 480
Infantry, 16 X 800 + 3 X 700 = 14,500.
,,
5,850.
Native Cavalry, 13 x 450
= 81,480.
Infantry, 97 X 840
or a total of 104,710 cavalry and infantry, with 2,400 artillerymen.
Of this total about 60,000 were made available for field service
after deducting garrisons, &c.
It is not possible to ascertain with any approach to accuracy
what the forces of the confederates were. A tabular statement is
given by Major Thorn, which be says was considered accurate, of
Sindia's organised force under the French officers, which shows
72 battalions, numbering 39,000 men, with 4,600 irregulars attached
to the battalions, apparently as skirmishers, and 464 guns. The
field guns, as was ascertained when most of them were captured
by the British, were not greatly inferior to our own. In one of
Major-General Wellesley's letters, he says he found them good,
and was able to make use of them, which he could never do with
Tippu'a.

=
=
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SINDIA'S DISCIPLINED FORCE.
From Thom, p. 78," Table drawn up on accurnte!information, particularly that given by Mr,
Stuart a. British Officer who quitted Sindia soon after the commencement of hostilities.''

No.of Men.
Stations.

Description.

1st Brigade-

No.
of

Total.

Batns. R , g , . ~
Infy. gools.

No.
of

Dehli.

8

6000

1000

7000

50

2nd BrigadeM. Hessing

Bekandra.

7

4000

1600

6600

60

3rd BrigadeM. Pohlam

Dakhan
with Sindia.

8

5000

1000

6000

80

Do.

1000

5000

70

M. Louis Bourquin

4th BrigadeM. Dudernaigue

7

4000

Aligarh, 2}
{ Dehli, 2

7

4000 known 4000

Corps under M. Dupon t with Sinclia.

4

2000

6th Brigade-

Corps

under Major

Brownrigg
Begum Sum.roo's force
Late Filoze's Brigade,
now commanded by
Jean Baptiste

Ambaji Inglia'a
Brigade

A(<"',

a

not

Do.

Remarks,

Guns.

-

Aligoole wore irreguJars armed with match
locks, sword & shield.

1st and 2nd Brigades
were in battleofDehli,
3rd at Assye, 4th in
battle of Agra.

M. Dupont's Corps

2000 ab't20 at Assye, also the Be-

gum's.

Do.

5

2250

Do.

2250

30

Do,

•

2-1-00

Do.

uoo

20

Ujain.

6

3000

Do.

3000

60

withSindia . aaidto 6400
bel6

Do.

6400

81

43,660

484

72

39,050 4600
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We must now go back a little in order to complete our view of
events prior to the opening of the campaign in 1803.
In 1802, in consequence of the disturbances in the Maratha terri.
tory, and with a view to the eventual establishment of a subsidiary
force at P{ma, a considerable portion of the Army of the Madra
Presidency had been collected, by order of the second Lord Clive ·
Governor of Madras, i.t Harihar, on the Tangabhadro (Tumbudra)
and a return of 29th November, 1802, shows this force to have bee
just over 20,000 men with 70 guns. Harihar is on the nortb.westi
frontier of Maisllr, and on the old main road from Madras to Pllna 1,
which, as I have already been pointed out, sweeps round by th
west to avoid the great rivers. At the same time that Lord Cli v
took thie step, in anticipation of the Governor-General's approval
the Governor of Bombay, llfr. Duncan, prepai·ed his force to tak
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the field, and tbe subsidiary force at Haidarabad was, at the request
of Lieut.-Col. Close, Resident at Puna, also held in readiness for
field operations.
When therefore, at the beginning of 1803, the necessity for
moving a force on Puna to carry out the engagements of the
Treaty of Bassain arose, the actual dispositions was perfectly suited
to the object in view.
In February, the Governor-General directed Lord Clive to send
an advanced detachment from Harihar to Miraj, or any other
stations where the Peshwa could join it, and Lord Clive requested
Lieut.-General Sir J. Stuart (the Commander in Chief) to send
not less than 7,000 men forward under the command of MajorGeneral the Hon. A. Wellesley, who was then administering I.he
Government of Mais{1r. Sir J. Stuart placed-an adrnnced division
of 10,000 men under Major-General Wellesley's command, and on
9th March General Wellesley left Harihar, and reached Miraj on
3rd or 4th .April. When in camp on 19th April, 40 miles from
Pl1na, he learned that Holkar's General, Amrit R3.,o, who was in
possession of Puna, intended to burn the city on the approach of the
British. He therefore marched with bis cavalry in the night, and
arriving early on the 20th at Puna, saved the city, Amrit Ra,o
marching off precipitately.
Major-General Wellesley, after restoring the Peshwa to his seat
at Puna, marched again on 4th June, and on 15th •reached Agar, a
short distance from Ahmadnagat, then a fortress belonging to Sindia.
General Stuart had shortly before moved into the country between
the Krishna and Tangabbadro, ancl encamped at Mudgal. The force
remaining with General Stuart was somewhat under 8,000 men.
Before detailing the disposition of the other parts of the British
force at the opening of the campaign of 1803, it will be advisable to
describe the plan of operations framed by the Commander-in-Chief,
in communication with the Governor-General.*
In those days the actual Head Quarters of the Bengal Army were
at Kanhpur, t and there the Commander-in-Chief was residing in
the hot weather of 1803, the Governor-General being at Calcutta.
Au active correspondence was carried on between them, and on the
• I am indebted to Colonel Allen Johnflon, C,B., Military Secretary to the Government of
India, for a. copy of Goneral Lake's plan of campaign, which is in the records at Cn.lcutta.
t Calcuttn was nominally Arroy Head Quarters.
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28th June the Governor-General wrote to General Lake, and described the object of operations in the event of war with Sindia, • as
being four in number, viz.:
1st. To seize all his possessions between the Ganges and Jamna.
2nd. To take the person of the Mogbal Shah A.lam under our
protection.
3rd. To form alliances with the Rajputs, and other inferior states
beyond the J amna, for the purpose of excluding Sindia from the
northern districts of Hindustan.
4th. To occupy Bundelkband, and thus strengthen the frontier of
the province of Banaras against Sindia or the Raja of Berar.
At the same time, the 27th June, the Governor-General wrote to
Major-General Wellesley directing him to obtain a final answer as
to peace or war from Sindia and the Raja of Berar, and informed
him of the arrangements which should be made with Sindfa, in the
event of the wa, not leading to the entire reduction of his power.
In addition to the objects to be pursued in Northern India, as just
mentioned, these included the cession of Bharuch, then a seaport of
Sindia's, and all his maritime possessions, his rights in Glljarat, and
all bis possessions south of the N arbadda. The last mentioned were
to be divided between the Peshwa and the Nizam, some part to be
exchanged with the Peshwa for his territory in Bundelkband.
From the Raja of Berar was to be obtained the cession of Katak,
either absolutely or on payment, in order to give the British the
whole coast of the Bay of Bengal. This, together with the seizure
of Gujarat, would place the whole of the littoral provinces in
British hands, and shut the door to the much dreaded intercourse
with the French.
Major-General Wellesley had full powers to treat for peace, of
course with a view to the fact that both Sindia and the Bhonsla
were in the Dakban, and would probably be opposed to him in person. In the event of Sir J. Stuart taking the fi°'"d in person, he
was to assume the powers entrusted to General Wellesley.
General Lake was likewise invested with full political powers, and
with reference to military details, the Governor-General, well un-

.l

1

• ..duthol"iti~a:1. Governor-General to Commander-in-

C~i-efb~:i~cfe~~i!1:(;~i~tf~G~~e1:i;!Q~!:
ral, (n,bout 8th) July, MSS.
M~-8 ~overnor-Genoral'a remarks, 18th July.

4. Governor-General's additional noWs,
23rd July, MSS.
6. Commander-in-Chief in reply to additional notes about 30th July, MSB., (!Jefore
7th August, when he took t.he field),
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dersl;,'tnmng the principle that every man should do his own work,
explicitly stated that he purposely avoided interfereuee in all questions as to the strength of the main army or the different constituent
parts, while he promised to His Excellency the most effectual sup-

port.•
Acting upon these general instructions, the Commander-in-Chief
made his plan for attacking in the first place " the French State "
in the Doab. I have already mentioned De Boigne as having
formed a large disciplined force for Sindia. Count de Boigne retired to Europe in 1796, and was succeeded by M. Perron, a Frenchman who, assisted by a number of his compatriots, exercise@ an
authority at Dehli which, though really in subordination to Sinilia,
appeared almost independent.
In the first instance the Governor-General had been inclined to
open the campaign by attacking .Agra, and had feared that
M. Perron would abandon the Doab and, retiring across the Jamna,
carry on a war of posts. Moreover he was greatly apprehensive
that the Marathas might follow their old game and enter Hindustan
with a mass of marauding horsemen, and, with a view to preventing
this, was somewhat in favour of an early occupation of Gw3,li8.r.
General Lake pointed out that it would be impossible for M. Perron
to abandon the Doab, because if be did so he would lose his
principal magazines, and the means of paying his army, and further
that his retreat would prove bis inferiority, and lead to the defection
of his Sikh and other allies. Also that during the rains it was
difficult, if not impossible, for Perron or the Marathas to cross the
Jamna, and further that to attack Gwali{.r would compel Ambaji
Inglia and his brother Kandraji, who held it and other forts in that
country, to take an active part against the British ; while it was
not impossible that if left to themselves they would remain quiet,
owing to their being on ill terms with Sindia and his minister
Jadu Ra,o.
Seeing the force of the Commander-in -Chief's reasoning, the
Governor-General wrote on the 18th July, "I am now convinced
that the primary object of the campaign ought to be the defeat of
Pe1Ton's regular corpfl,'' and the Comn1ander-in-Chief, assured of
the confidence and support of Lord Wellesley, Jost no time in proceeding to carry his plans into execution.
• Bonga.l Papers, 161.

64

)
4

•

l

To carry out the extensive programme of the Governor-General,
troops were assemblecl, besides the army of the Comma.nder-in-Chief
at Kanhpur, and that of Sir J. Stuart at Harihar: 1
a. .At .Allahabad under Lieut.-Colonel Powell, to operate in
Bundelkhand, about 3500 men. 2
b. At Mirzapur, a corps of observation under Major-General
Deare, about 2000 men. 3
c. .At Fort William under Lieut.-Col. Harcourt, for the capture
of Katak, about 5,000 men and 8 guns. •
d. At Baroda under Lieut.-Col. Woodington, for the seizure of
Gujarat,, about 4200 men. 5
General Lake's arrangements were as follows :
The main army was assembled at Kanhpur. It consisted of four
brigades of infantry, and three of cavalry (see order of battle~), with
71 guns. It was to move under the personal command of His
Excellency. All the infantry brigades had three battalions, the
first and second having half a battalion more. The only European
infantry regiment was the King's 76th. The first and second
cavalry brigades had one European and two native regiments ; the
third only one of each. The King's regiments were the 8th Light
Dragoons (now Hussars) and the 27th and 29th Light Dragoons.
Each battalion had two six-pounders attached to it, and each cavalry
regiment two galloper guns, as they were called. They appear
to have been mostly three-pounders ; besides these there were three
or four pieces of artillery, (12-pounders, 6-pounders, and 5-½-inch
howitzers) attached to each brigade of infantry.
The second infantry brigade, and the 6th Native Cavalry were not
at Kanhpur, however: they were cantoned at Anupshahar on the
Ganges to watch the frontier, but, as no invasion was apprehended
during the rains, were to be drawn towards the army on its advance . .
The 8th Light Dragoons were not yet ready to march, having recently
arrived from the Cape, and being busy with remounts at Kanbpur.
General Lake marched from Kanbpur on 7th August, and on
the following day, Major-General Wellesley opened the campaign in .
the Dakhan by attacking Ahmadnagar ; capturing the town on that
day, and obtaining possession of the fort by capituiation on 12th.
1 Bonga.I Papers, p. 307.

' Bengn.l Papers, p. 238, s Idem, p, 238.
5 Thorn, p, 71.
Bengal Papers, p. 2-J.t
• l'h1te IV,

., See Thorn, p. 72,
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It is not my intention to follow the campaign of General Wellesley
in detail, but only to give its chief features as they acted upon the
general combined plan.
General Lake crossed the frontier near the town of Koe! on 29th
August, and immediately attacked a large body of Marath,, Horse,
which he found clTawn up near the fort of Aligrah, and numbering,
it was supposed, nearly 15,000 of all sorts. 'l'he fort of Aligrah
is 3½ miles north of Koel, and has given its name to the present
civil station (formerly a cantoument) and station of the East Indian
Railway. General Lake determined to att.ack with his carnlry, and
to turn the enemy's left. Their front was covered by a swamp, and
their right supported by the fort. General Lake, as was his wont,
led the attack in person, and the imposing aspect of the British
cavalry was such that the enemy did not wait for the collision but
abandoned the field.
The moral effect of this affair seems to have
been very great, though the Commander-in-Chief did not succeed
in bringing on a general action.
The next thing to be done was to capture the fort, and this appeared a formidable undertaking. The fort is of a rectangular plan,
and had at that time circular bastions.* 1rhe rampart was covered
by a fausse-brai with a wide terreplein, and was surrounded by a
ditch oYer 100 feet wide, and with 10 feet of water in it. It was
armed with 99 guns of various calibres, and 180 wall-pieces, and
was well supplied with ammunition,
It is situated on a perfectly open and level plain which at that time
of yeal' was, in those dn.ys, so much inundated that regular siege
operations could scarcely have beea carried 011. The General therefore determined on a coit,p cle main, a determination in which he was,
no doubt, influenced by an offer from Mr. Lucan (who had just deserted from the enemy) to point out the way into the fortress.
It was decided to make au attempt at 4.30 a.m. on the 4Lh September, and a force consisting of 4 compauies of the 7Uth, 1½
battalions of Native Infantry, with anothei· battalion of N.I. iu
support, was told off for the duty. Lieut.-Col. the Hou. W. 111ouson,
of the 76th Regiment was in command. To cover the attack, two
batteries of four 11:l-pounders each were placed in position during
the night.t
t

• It ha.a since been modified; P-Ce plRn in Thorn.
One of thc11e battorie11 wa11 at Ueueral Porrou'i,; hou,;e (which i8 still standing), the other

at a villiage t.o t.l.Le cu.i.L of

it,
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The assault was delivered at the time fixed and, after a severe
struggle which lasted nearly an hour, the fort was captured with a
loss of 6 European and 6 Native Officers, and 43 men killed, and
180 of all ranks wounded. The entrance was forced through a ,
winding passage, about WO yards long, commanded for the most
part by musketry, and delay was caused by tbe necessity of bring.
ing up first a 6-pounder, and tl1en a !~-pounder, to blow open one
of the gates. This gate resisted the attempt, but Major McLeod of
the 7uth forced his way in through the wicket, and led the men on
the ramparts. The enemy's loss was great, at least 2,000 killed, 1
many of whom were drowned in attempting to escape and others,
refusing to surrender, were cut up by the cavalry outside. Gen.
Wellesley said, " I think that Gen. Lake's capture of Aligarh,
is one of the most extraordinary feats that I have heard of in this
country."*

While these events were passing before Aligarh, the British line
of communications had been attacked on 2nd Sept., at Sbikobabad,
by a large body of Maratba horse under M. Fleury.
The attack on 2nd was beaten off but was renewed on 4th with
more success, the garrison being forced to retire under a convention.

A brigade of cavalry detached from Aligarb arrived too late to do
more than drive the enemy back across the Ji,mua.
On 7th September General Lake renewed bis march, leaving a
battalion of N.I. to garrison AligarL, which now formed a valuable
link in his line of communications, and a pivot for further opera-·
tions. His troops seem} however, to have carried with them an
enormous amount of supplies, and to have been to a great extent
independent. I will revert to this subject by-and-hye.
On the 11th September the army crossed the Hindan River, and
bad, after a march of 78 miles, scarcely settled into camp about
noon, near the village of Gejuht (about a mile beyond the
river), when the enemy appeared in force. General Lake immediately proceeded with the cavalry brigade! to reconnoitre. He
found the enemy (16 battalions of regular infantry, 6,000 cavalry,
and a large train of artillery under M. Louis Bourquen) strongly
posted between two villages,§ with bis flanks each covered by a
swamp. The front was intrencbed and garnished with artillery,
t Or Gbejnplll-.
• Wellington Despatches, I., •J.16.
! Only 3 Re~iments prosent: 27th Dragoons, 2nd und 3rd Native Cavalry.
§ Probably SuddurpU.r and AgnbpU.r.
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and was concealed by grass jungle. Orders were instantly sent for
the infantry and artillery to come up, and meanwhile the cavalry
remained in front of the e □ emy, suffering considerable loss in men
and horses.
In this battle General Lake did not attempt any extended
mano.m vring, but the details of it are interesting, as shewing the
formations then used.
The army still followed the tactics of Frederick. It encamped
in order of battle, and preserved the same general formation on the
march. Plate IV. shows "the order of bat/le, m,a,.ch and encampm.ent
of the army," and, allowing for detachments, also represents the
actual order of battle on llth September, except that the post of
honour on the right was given to the King's 76th Regt.
The line fell-in in front of the camp (which was left standing),
and each battalion moved to the front in column of grand divisions,
(which were much the same as what we now call double co1npanies).
In this order, the force, consisting of eight battalions only, advanced
about two miles until it came up with the cavalry. The General
' (who in the mean time had had his horse shot nuder him) determined to retire the cavalry with a view to drawing the enemy from
his strong intrenched position.
When, therefore, the infantry were near enough he ordered the
cavalry to retire, which it did in perfect order until the infantry
line was reached. It then opened out from the centre and cleared
the front of the infantry. The feigned retreat had produced the
desired effect. The enemy advancing from his posit.ion, with his
artillery, amidst loud shouts and cries, was met by the British
infantry formed on one line. The cavalry formed up in second line
only about 40 yards in rear of the right wing and detached a party
to the right with two" galloper" guns, lo hold in check a large body
of Sikh cavalry which was massed on the enemy's left. The
·" British left was covered by the l-2nd Native Infantry with four
guns. The whole force then moved on (the Commander-in-Chief
at the head of the 76th Regiment) under a heavy fire of artillery,
the infantry with shouldered arms uutil their line was within a
hundred paces of the enemy. Then the infantry fired a volley and
eharged with the bayonet, and with such impetuosity that the enemy
gave way and fled. The line was then halted and broken into
columns of companies, the cavalry with its guns passed through the
intervals and took up the pursuit to the front and right, and con-
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tinued it as far as the passage over the Jamna. General Lake with
the infant.ry pursued the enemy towards the le~ into the ravines
near the river, capturing all tbeir artillery aud stores.
The losses in this battle were considerable, amounting to 461
killed and wounded, or 10 per cent. of the force eng•ged. Of this
the 76th alone lost 137. The enemy's loss was estimated at not
less than 3,000. His army was dispersed. The number of guns
taken was 03.
At the present time it would be probably objected to General
Lake's arrangements that he ought not to have ma.de a, frontal attack. But the1·e seems to b»ve been good reasons against the turning movement which has been so often decisive in actions against
Asiatics. In t.he first place, the force present was very small, only
4,800 men. Then the camp with all its encumbrances had been left
standing, and the enemy's flanks were well secured. Auy turning
movement would therefore have had t.o make a considerable circuit',
and could not have escaped the notice of the enemy. The hostile
army was 19,000 strong, and the Commander-in-Chief coulcl not have
divided his force without exposing the part left to perform the duty
of "retaining" the enemy t.o almost certain destruction, which would
have involved also tlie loss of his camp. The actual course adopted
shows that the troops must have been very well trained, and of high
morale, and that the General must have possessed their confidence in
a very complete degree. The scouting duties seem however tu have
been imperfectly performed by the cavalry, as we are told that the'
grand guard and piqnets had to turn out on the unexpected
appearance of the enemy, and this although intelligence had been
received of his having left Dehli to attack the British.
After the battle the camp was moved 3 miles nearer to Dehli, and
formed east of the village of Chalera.* On the 12th, the army
marched to Patparganj, and on the 14th crossed the Jamna and
entered Deb Ii. On the same day M. Louis Bonrquint and four
other French officers surrendered to General Lake.
The power of the French State, as it had been called by the
Governor General, and now completely broken, its army beaten and
dis~ers_ed and its chief officers in British hands.
The Emperor,
Shah Albm gladly accepted British protection, and a British resident
was to be appoi11tcll.
• See Nute 011 poaitiou of tbe bnttlc. t Varioni;1\y spolt, Bourquin, 13oun 1ueu,
Bourqyein, Bourquieu.
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General Lake remained 10 days et Dclili, after which he moved
on Agra. Before proceeding with the description of the campaign
it may be well to glance at the manner in which an Indian army
marched in those days. Without some knowledge of that sort it is
impossihle to appreciate the difficulties which a commander had to
contend with.
Major Thorn, in his memoir, gives a vivid sketch of the camp.
He says that no regular supplies could be reckoned on, especially
when operating against the Marathas, who were in the habit of
devastating the country as they retired. All necessaries had to be
supplied hefore hand, or obtained from followers whose desire of
gain attached them to the army.
The chief purveyors of grain were the Birinj8,ris, * a pecu]iar class
of Hind{ts. The army was accompanied by a num her of these
people, who had from eighty to a hundred thousand bullocks laden
with grain. The men were armed with matchlocks, spears, scima~
tars, and shields, and were in the habit, when their stock was
exhausted, of setting out to procure fresh supplies either by purchase or by plunder.
Of followers, Major Thorn states, there would be about ten to
This, since Gc>neral Lake's force numbered
every fighting man.
when nil united about 10,000 men, gives a hundred thousand
fo1!owers. Of elephants there were several hundreds, and some
thousands of camels. Tent lascars were prnsent in large numbers.
Palanquins and doolies for the sick and wounded required a great
number of bearers. Horses, as is st,ill the case, required most of
them two attendants each, a sais (or groom) and a grass cutter to
collect forage. Tlie officers in those days received no rations, and
each had to provide his own live and dead stock, including goats to
supply them with milk for their tea.
Their se,·vants are reckoned at 10 for a subaltern, 20 for a
captain and 30 for a field officer. Besides what may be termed the
legitimate followers, there were a multitude of women and other
ad,-enturers.
ri'be army encamped in the same order in which it marched,

Plate IV., the infantry and cavalry forming the outside, and thus
protecting all within the enclosure. As soon as the camp waEs
formed long streets of shops might be seen springing up. He1·e
· Birinji'i.ri, a grain mercbnnt,
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we,·e to he found shroffs 01· money-changers, confect.ioners,
Europe~tn merclrnnts selling wines, liquor~, or groceries; traders
in cloths, muslins and shawls; gold and silver smiths were there, as
well as quacks, jugglers, and dancing girls.
"The march had the appearance of a moving citadel in the form
of an oblong, the ramparts defended by glittering swords and
bayonets." On one side marched the infantry on the other the
cavalry, in parallel lines preserving as nearly as possible their
encamping distance. The front was covered by the advanced guard,
composed of all the picquets coming on duty, the rear by all i.he
piquets coming off duty forming a rear guard. The parks and
artillery moved inside and along the road and next to the infantry,
which moved at a short distance from it. The remainder of the
space was occupied by the haggage cattle and followers of the camp.
Notwithstanding the immen~e size of this moving mass, nothing,
says Major Thorn, could exceed the regularity of the troops in preserving their distances. The Commander-in-Chief was careful to
impress on officers and men the necessity of preventing any undue
lengthening out of the line of march, and that they were on no
account to be provoked to leave their ranks and thus give the
numerous cavalry of the M8.ratb8-s, which would hover round, an
opening to break into the square.
When the difficulties of conducting such a march as this are considered, we shall be ready to give due credit to a general who, in
spite of them, could move his army 15, 16, and 18 miles in the day. ·
It is obvious that such a method of marching could be adopted
only in a very open country, such as t,be great Ganget.ic plain, and
in a country which was not. obstructed by cultivation; and doubtless
in 1803 the Doab was far less cultivated than it bas now become
under the settled government it has so long enjoyed.
Such a "moving citadel,, was impossible in the Dakban, and a
different formation bad to be adopted by Major-General Wellesley.
Itis thus described iu lbe journal of Sir Jasper Nicolls: "Marched
by the left in the following order which is the usual one. A body
of MaisU.r Horse, about four hundred, leads the column of march ;
this, at some distance, is followed hy the cavalry ; the new piquets
of infantry march in their rear,. then the line of infantry, followed
by the park, store, and provision carts; the guns of the allies close
the line of carriages, the ammunition and park bullocks follow
tliem, n.ud the rear gnar<l., consisting of the old piquets; a squadron
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of cavalry, which moves on the rever~e fla11k, and another body
of 400 Mysoreans close the line. Detachments of pioneers attend
the leading divisions of the cavalry, advanced guard, the line,
Guides are sent every morning before the
and the park.
assembly beating, to the heads of the cavalry advanced and rear
guard. The baggage is ordered to be kept on the reverse flank
entirely, and in a great measure it is so. Tbe horsemen, etc., of
the allies march on either flank, as is most agreeable to their
leaders. The Brigadier of Cavalry is ordered to halt wherever he
may exceed the distance of three quarters of a mile in front of
the infantry; the long roll for a halt is beat by any corps which
may by any accident be so long stopped as to occasion a break of
one hundred yards; this is to be repeated from front to rear by
every corps; and when ready to move again, the taps are passed,
as before, along the 1ine, which proceeds."*
Whilst the Commanrler-in-Chief with the Bengal Army is enjoying a few days of hardly earned repose at Dehli, let us glance at
the proceedings of the subsidiary forces, and of the Madras force
nnder Major-General Wellesley. Into the details of those operations
I do not propose to enter.
We left General Wellesley on 15th June, at Agar, threatening
Colonel Collinst was carrying
Sindia's fortress of Ahmadnagar.
on negotiations with Sindia who was in camp at Chikli near Burhanpur on the Tapti, where he was joined by the Raja of Berar on
the 4th June. The negociations led to no result. On the 8th
August, Major-General Wellesley took the town of Ahruadnagar,
and the capitulation of the fort fullowed on the 12th. Whilst engaged in establishing authority in the district he detached Colonel
Stevenson, with the Niz.i.m's subsidiary force aud native troops,
towards Aurangabad. That place was occupied on 29th August.
On 24th August, Siudia and the Raja entered the territories of the
Nizam by the Ajanta Ghat (one of the openings in the Northern
Ghats) with a view to marching Oll Haidarabad, but were compelled
by the manceuvres of the Major-General to withdraw. At the
Ajanta Ghat they were joined by a detachment of 16 battalions
of regular iufantry, and a large train of artillery, under M.M.
Pohlman and Dupont, aud then proceeded to take up a position
• -Tournnl of Sir Jl\sper Nicolli., K.C.R., IJUOted in Wullington DeRpl\t('hCJi, I., -l:i5.

t Resident with the Peohwa.
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between Bokerdun and Jaffir:'lbad. On 21st Sept., Major-General
Wellesley was joined by Colonel Stevenson's force at Budnapur,
and he decided to attack the enemy on the morning of the 24th.
On the 22nd• the force was again divided, and Colonel Stevenson
marched by a western, the Major-General by an eastern, road through
the hills.
On the 23rd, Major-General Wellesley, after marching 14 miles
to Naulnair, learned that the enemy were only 6 miles off (instead
of 15 or 16, as bis information had led him to believe) and near the
village of Assaye. He determined to attack without waiting for the
other division. The force at his disposal consisted of two battalions
of King's Troops (the 74th and 78th Foot) and parts of 6 battalions
of Native infantry, the 19th Light Dragoons, and 3 Regiments of
Native Cavalry. It numbered in all about 8,000 men and only 17
guns, with some }11alsllr cavalry and cavalry of the Peshwa in
addition. On the other side were, besides upwards of 10,000 regular
troops from Debli, a large mass of Maratl,a cavalry and iufantry,
belonging both to Sindia and the Raja of Berar. The whole numbered 50,000 men, strongly posted and having upwa,·ds of 100 guns.
In the battle which ensued the British, in spite of severe loss,t
were successful. The army of the confederate Rajas was driven off,
a large number killed and wounded, and of their artillery 98 guns
were taken. The British percentage of loss was nearly 20.
This occurred on the day before General Lake marched from
Debli.
In Gujarat, Lient.-Colonel Woodington marched on 21st August
from Baroda with about 1,000 men.t On the 29th (tbe same day
on whi_cb General Lake crossed the frontier near Koe!) he took
Bharuch, at the mouth of the N arbadda, by storm, with
trifling loss. On the 17th September the almost inaccessible fort
of Powangarh (20 miles north-west of Baroda) capitulated to Col.
Woodington, after a breach ha<l been formed in the walls. These
successes made the British masters of the whole of Gujarat.
A little later, Katak and Bundelkband were occupied. The main
force intended to occupy Katak§ was assembled at Ganjam, and
• Wellington Despatches, I., 400. AtlAs of India, Sheets 88 and 65.
1666 killed and ,vounded, or nearly 20 per cent. of force engaged. See Returns Bengal
Papers, 281. Thorn, p. 280.
t The King's 86t.h contributed 600 men, See Bengal Papers, p. 274.
l Thorn, eh. vii., 263-265.
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smaHer det.'tchments were employed, one of them to seize Bal:isur,
and another to move from Jalasu1· to unite with this. Colonel
Harcourt, commanding the main force, occupieil J :igannath on 18th
September. On the 14th October he took the Fort of Barabatti,
near the town of Katak, and this success was followed by the submission of the whole province. Tbe resistance met with had not
been serious, and the difficulties of the undertaking were such as
were caused by the nature of the country, which is the delta of the
Mahanadi, rather than by the numbers or valour of the enemy.
After completing the settlement the Katak force prepared to enter
the i.::tatc of Berllr, but the conclusic1n of peace rendered this movement unnecessary.
The operations in Bundelkhancl were not less successful. By the
treaty of Bassain, the Peshwa made over tl1is province to the British
in lieu of payment of subsidies. The possession of Bundelkband
,rns of great -rnlue to the Company as it lay along the flank of
territories ceded by Oudh in 1801, and whilst it remained in
Maratha hands they were exposed to irruptions.
Lieut.-Colonel Powell marched from Allahabad on 6th September.
A chief named Sbamshir Bahadhar resisted the transfer of the
province, but was easily defeated by Col. Powell, on 10th October,
west of the Ken River near Kapsah . Shamshir Bahadhar then
offered to submit, but be protracted negociations for so long that
Colonel Powell at last resumed operations, and, on 4th December,
captured Kalpi.
We now revert to the proceedings of the Commander-in-Chief.
Arrived at Dehli on 14th, he was received on 16th September in
darbar by the Emperor Shih Alam. The emperor was old and
blind (his eyes having been put out by the infamous Ghol:im Kadir
in 1788), and so low had the once powerful Mogbals fallen that their
representative, though still inhabiting his magnificent palacei was
found reduced to poverty, and seated under a tattered canopy. 'l'his
was not the first time that Shah Alam had been in the power of the
Engl ish. He had in his earlier clays resided at Allahabad under
British protection, but had quitted it in 1771 to take up his residence in the imperial city. At Dehli he had undergone many misfortunes during the subsequent thirty years, being sometimes in the

• Thorn, p. 241.

t

Thorn, p. 2-JA.,
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power of the Marathas, and sometimes in that of rebellious subjects
like Gholam Kadir. He lived three years after the time of which
we are now speaking, dying in December, 1806. His son and successor, Akbar, was father of Muhammad Bahadur Shah.•
General Lake marched on 24th September for Agra, leaving
Lieut.-Colonel Ochterlony at Dehli as Resident, supported by l½
battalions of N.I., and some irregular troops. The character of the
country traversed in this march differs considerably from that of
the Doab, or country between the Ganges and Jamna, through which
he had marched on Dehli. In my first lecture, I mentioned the
Indo-Gangetic plain, of which the Doab is a part. In the Doab the
plain appears interminable. Except where some village of very
ancient date bas made for itself a t,rifling mound out of the accumulated mud bricks of ages (brought from the plain below), there is
nothing to break the universal flat which extends as far as the eye can
reach. But at Dehli we are in sight of hills. The famous ridge
held hy the British in 1854, is the extremity of the Aravali HiUs,
which I described in my first lecture as running south-west
and north-east through fu\.jputana. In marching from Dehli
to Agra on the left bank of the Jamna the outlying spurs of these
bills are always within sight, and afford a most agreeable variety
in the views. The nature of this country, so close on the flank
of his march, must have led to additional precautions on the part
of the general, and must certainly, in some places, have rendered
absolutely necessary a departure from the order of march which
I have described.
Passing, on the 2nd October, within 20 miles of Dig, which was
to beco~e famous in the campaign against Holkar, the army an-ived
before Agra withoul opposition on the 4th, and encamped near the
village of Sbabganj. t
Agra is still partially a walled city, and in 1803 the walls were,
no doubt, intact. The fort of Akbar, situated on the banks of the
Jamna, commands the town . It has lofty walls and flanking
towers, with a deep ditch and a fa<<Sse urai. It lies to the southwest of the city, and the city walls abutted on the fort on two •ides,
where the Rajputana Railway Station now stands. To the south
and south~west of the fort are a number of ravines running to the
• The 17th nnd last of the Moghnl Emperors, who died nt Rllllgoon, 7th November, 1862,
t Apparently on the site of present cantonments.
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Jamnit. About 250 yards from the fort, and to the north-west of
it, and therefore inside the city, stands the Jamma Masjid, or Great
Mosque, on an ele,ated site.
When General Lake arrived he found the city and the fort
occupied by the enemy, and a camp of regular troops with a large
number of guns on the glacis. 'l.'his movable force rendered it
impossible for the Commander-in-Chief to open the siege of the fort,
and therefore, after investing the place as far as possible with his
cavalry on the 7th, he decided to make an attack ou the 10th
October upon the town and the force outside. For this purpose
Brigadier-General Clarke, with the 2nd Brigade, was directed to
attack the town, whilst, three Native Infantry battalions, under
Lieut.-Colonel lllcCulloch of the 14th Native Infantry, were sent to
occupy the ravines. 'l'his attack was subsequently supported by
another battalion of Native Infantry (the 2-2nd Native Infantry).
Both attacks succeeded. The city was, after a sharp struggle,
cleared of the enemy and the ravines were occupied. The enemy
were pursued upon the g]acis, where 26 fine brass field-guns were
captured, in spite of a fire of musketry and grape from the fort.
'l.'be losses were 229 of all ranks killed and wounded ; probably
about 5 per cent. of the force engaged.
Ou the 12th, the remainder of the enemy's troops outside the fort
agreed to desert, and on 13th (to the number of2500) marched into the
British camp. The ground being thus cleared, the Commander-inChief lost no time in making approachea through the ravines, and
erected a breaching battery of eight 18-pounders, and four howitzers,
350 yards from the fort.* On the morning of 17th October, fire
was opened on the south-western bastiou, and a breach would soon
have been made had not the garrison capitulated the same night. It
numbered nearly 5,000 men. ln the fort were found 164 guns of
different natures, n large quantity of ammunition, and over a
quarter of a million of money. One of the guns was a. very remarkable piece. It was almost cylindrical in sbape,t 14ft. 2ins.
Jong, with a calibre of 23 inches. 'l.'he bore was 8ft. Sins. in length,
and had a powder chamber 4ft. 4ins. long, and only 10 inches in
• In throwing up this battery, volunteers from 8th, 27th, nnd 29th Dragoons were em•
played. 'rhere wore also an enfilading battery of four 12-pounders on the left, nnd a two•
gun battery (12-pouuder) at the bank of the nver to the right.

t Stubbs, I., p. 219 and 243; Thorn, 188.
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diameter. The gun was c:ilcnlated to weigh 54 tous, and throw nn
A marble shot ( which it was probably
iron shot of 1500 lbs.
intended to use) would weigh 567 lbs. only.
The capture of Agra secured the conquest of the territory in the
Doab. The British now held Aligarh, Dehli, Matbra, and with
Agra in their hands, not only were their communications with
Debli protected, but also an important base was gained for further
operations against Central India. All this had been accomplished
in 50 days*.
During the operations against Agra, a considerable force of the
enemy (including 15 regular battalions which had been sent by
Sindia from the Dakhan, and two which had escaped from Dehli)
had been encamped at a distance of about HO miles from the place
to the westward, somewhere near Bhartp(1t·. Although this force
had not made any attempt to disturb the siege operations, yet, as it
possessed a formidable artillery, and was believed to be threatening
Debli, the Commander-in-Chief determined to break it up. Having
determined on this, General Lake acted with his usual vigour. He
left Agra on 27th October. His infanti-y bad been reduced by detachments left at Aligarh, Debli, Mathra, and Agra to St battalions,
but the three cavalry brigades were still complete. On the 27th
he marclied 16 miles to Karauli ki Sarai.t There he was detained
by a very heavy fall of rain, very unusual at that season, on the
29th. On the 30th, he marched 12 miles, passing Fatebpur Sikri.
During this day a cannonade was heard, which proved to be the
bombardment of Khat(1mbar by the llfarathas. On the 30th, the
C'ommander-in-Chiefleft bis baggage and heavy guns under the protection of two battalions of Native Infantry,§ and marched 16 miles,
to Sinfini. !Next day, after a march of 20 miles to Museri ' near
Khatumbar, tbe Commander-in-Chief found himself close to the
camping ground quitted that morning by the enemy. This
information determined General Lake to make an effort to overtake
them the same night, and accordingly he marched with tbe whole
of his cavalry at 11 p.m., having given orders that the infantry
should march at 3 a. m. After a night march of 23 miles, he found

• Crossed frontier at Koel, 29th August. Fall of Agro, 17th October.

t 2-12tb, 1-16th, 2-15th, 2-16th, N.I.; H.M'a. 76th; 2-Stb, 2-9th, and 1-12th N.I.
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himself, at sunrise (5 a,.m.), on the 1st November, in presence of
the enemy. They numbered about 14,000 men ancl 72 guns.
The battle field of Laswari lies on the north bank of the Ruperat,
Badi or Baraki, Nullah, which comes from the hills south and west
of the towu of Alwar, and flows eastward. The banks of the Nullah
are very steep and difficult of access. On the north bank, and close
to it, is the village of Naswari! and about 2,000 yards west by north
tbe village of Miilpur.t Just above the village of Laswari is a
clam across the Nnllah from which a canal is carried to Govindgarh,
When General Lake arrived near
a small town to the eastward.
the passage of the Nullah, he saw tbe enemy in confusion about
Malp6r, ancl judged that they were retreating. He therefore decided to attack immediately with the cavalry alone. But the enemy
was not really retreating. He hacl cut the bank of the canal and
flooded the road, and bis movements we1·e covered by the dust
raised by bis cavalry, so that hy the time the British force had overcome the difficulties of the crossing, he bad had time to complete
His position was then seen to be a formidable one.
his formation.
Its right rested on Laswari and the Nullah, and left on llfalpur,
whilst the front was concealed by high grass, ancl covered by a
powerful artillery. Nevertheless tbe attack was delivered. The
1st Brigade (8th Light Dragoons, 1st and 3rcl Native Cavalry)
passed along the wbole front of the position, and attacked 111:alpur,
where it penetrated the enemy's line, and captured some guns
which, however it had no means of carrying away. On the enemy's
right, the 3rd Brigade (29th Dragoons, and 4th N.C.) charged. three
times through their line, but with no more lasting effect than the
first. Then the Commander-in-Chief, finding nothing could be ef_
fectecl, withdrew the cavalry from the attack, and forme.d them up
between Sahajp6r and Singraka, to await the arrival of the infantry.
He had not very long to wait. The infantry marched at 3 a.m.
It had to cover 24 miles under a sun which, on 1st N ovembcr, is
still hot, but about 11 o'clock it appeared upon the fielcl. General
Lake gave the men a short time for repose and refreshment, during
which the enemy proposed on terms to surrencler their artillery.
Nothing came of this negociation, however, and after the cavalry
attack had ceased, the enemy had taken ad vantage of the pause to
• Or LRR,\'ari in the dcspntch. t Gm1crnl Lake c:1lled thill village Laswii.ri, and hence t,be
name b.r which tho botUc ii; known. Laud N uro interchangeuLlo; Laswll-ri or Nmswii..ri,
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change bis grouud. His position now faced east, with the i;-illagc
of Malpur behind the left and left centre, and the right extending
towards the Nullah (DDD in Plate VII.), but not reaching it by a considerable distance (probably 3 or 4 hundred yards). .A. second line
was formed, parallel to the first and in rear of tbe village.
The Commander-in-Chief's plan was to force bis way between the
enemy's right "nd the N ullah, and then assault the village of Malpur. For this purpose, the right wing of the infantry,• 76th Regt.,
2-12th N.l., l-15th and ~-15th and part of 16th N.I. was formed
in column under Major-General Ware. It was followed by the left
wing,t also in column, under :l.faj.-Gen. the Hon. Fredk. St. John.
Of the cavalry, the 3rd brigade (29th Light Dragoons and 4th
N.C.) was to support tbe infantry; the 2nd Brigade was sent to
threaten the enemy's left and cut off bis retreat, whilst the 1st
Brigade formed the only reserve of the army. The "galloper"
guns belonging to tbe cavalry, with a~ many other field-pieces as
could be brought up, were formed into four batteries for the
occasion. Three of these were distributed along the front, and the
other moved with the infantry to take up an enfilading position
near the N ullah. (See Plaid VII.)
The leading column, which had to march nearly a mile to gain
the enemy's flank, escaped notice at first in the high grass and in.
equalities of the ground neflr the Nullab, while the 29th Light Dragoons appear to have marched in the hollow below the bank. As
soon as the enemy perceived the column he opened a heavy fire of
artillery on it, and at the same time threw back bis 1~ght, pivotting
on the village of Malpur, to frustrate the attack. The Commanderin-Cbief, who, as usual, was in the thickest of the fight, thereupon
determined not to await the deployment of the whole column, but
as soon as the 76th bad formed led it, with as many of the Native
Infantry as bad closed to the front, direct to the attack. The artillery came iuto action at the intended point, and the 29th Light
Dragoons were in the low ground to the left of the bead of the
column, and unfortunately so placed that the enemy's shot which
weut over the artillery foll into their ranks.
As soon as the 76th (" this handful of heroes," as the General
calls them in bis despatch)! came within canister range of the enemy,

• Thorn, p, 220.
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a teniblo fire was opened upon the regiment, which chocked its
advance. At the same moment, a hody of the enemy's horse attempted to charge, but was repulsed by the regime1Jt. It however
rallied, and maintained so threatening an attitude that the 29th
Dragoons were ordered to charge it. The Dragoons had to come
out by files from the ravine, and formed up on the left of the 76th,
amidst cheers from their ranks. They immediately charged, and
passed through both lines of the enemy in a manner which earned
for them the warmest acknowledgments of the General. He followed with his infantry, the native battalions of the leading column
having now formed up, and led them to the attack of the enemy's
second line. An obstinate struggle ensued, lliajor-General Ware
was killed, his head being carried off by a round shot., and tlie
enemy continued to resist until all his guns had been captured.
Even then their left wing attempted to retreat in good order, but
the 27th Light Dragoons and 6th Native Cavalry, under Lieut.-Col.
Vandeleur, broke their column, and after killing many, forced the
rest to surrender. By four o'clock the battle was over, and the
enemy's force had been, for practical purposes, annihilated. The
17 regular battalions had been destroyed. 2,000 prisoners were
taken. 7,000 men are said to have remained on the field. The
whole of the artillery, 72 pieces; the camp equipage, stores, elephants, camels, 1600 bullocks, and a great many colours, became
the prize of the victors. The British loss was 17~ killed, and 652
wounded, total 822 out of a force of about 8,000 men; or upwards
of 10 per cent.
By this victory the work of the Commander-in-Chief's army was
completed ; Sindia's trained and organised force being entirely
destroyed, and the territories assigned to him by the Emperor
conquered.
The army halted at Laswari until 8th November, when it resumed
its march, and moved leisurely to Pahesar, 13 miles west of Bhartpur, and there halted from 14th to 26th November. Whilst there,
treaties were concluded with the Raja of Macheri or Alwar, with
the Rajas of Jaipur and Johdpur, and with t),e Begum Sumru.
The Raja of Bhartpur, from whom the British arms we1·e destined
in the following year to receive so severe a check, had already concluded a treaty in September, while the army was on the march
from Dehli to Agra.
Ou 27th November, a move was made to Halena on the B3.nganga,
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and after some ma.rching and countermarching along the BU.nganga
( or Utangan) River, the reasons for which are not now apparent,
the army arrived at Bifoa on the Gum bhir. This choice of a winter
camp was due to the necessity for watching Holkar.
vVhilst there the Commander-in-Chief became aware that Sindia
and the Raja of Bcrar had signed peace in the Dakhan; but before
proceecling to describe briefly the operations of Jliajor-Geueral
Wellesley, which combined with General Lake's successes to produce that result, it will be well to complete our review of the subsidiary operations in Northern India.
Nothing further of any importance occuned in Katak, the complete occupation of which province has already been described.
But in Bundelkhand we left Col. Powell at Kalpi, which he had
just captured ( 4th Dec.). Shortly after that, Shamsbir Bahadhar
submitted, and his submission was soon followed by overtures from
the Subadhar of Jhansi (who was ancestor of the Rani who fell
gallantly fighting against us at Gwaliar* in June '58). Still more
important was the defection from Sindia of A.mbaji Ra,o Inglia,
leading as it did to the capture of Gwaliar. A.mbaji Inglia exercised the authority of Sindia over a considerable territory, which
included Gwaliar and Gohad. He agreed to deliver the fortress of
Gwaliar and territory north of it to the Britisb,t and, accordingly,
Lieut.-Col. White was detached by Gen. Lake, on the 21st December,
with a force of Native Infantry to occupy the place. But when the
colonel arrived, the Killadar ( or Govemor) refused to surrender.
The Commander-in-Chief then reinforced Lieut.-Col. White, bringing his strength up tot ahout four-and-a-half battalions of Native
Infantry, and the flank CO!ljpanies of the 76th Regt., together with
a company of artillery, and some heavy gnus.
The forkess of Gwaliar (I have here a very beautiful plan macle
by Captain C. Strahan in 1876) is a place of great natural strength.
A narrow rock, lf miles long and nowhere more than 600 yards wide,
rises abmptly ahove the plain to a height of o-ver 300 feet. The top
is nearly level and the sides are in mauy places formed in natural
precipices towards the top, with a long slope be]ow. These natural
escarpments have been improved, so that a great part is absolutely
• Malleson, History of Indian Mutiny, I., 181,
t In this A.mba.ji wa1:1 acting a. treu.cberotis part, as be wa1:1 a servant of Sindia.
l l ,'U N.I., 2;0 N.I., 2/11 N.I., 2,H:l N. I. Det. of Hi N .I. Flank Companies 76th Rcgt,
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imwcessible. A rough wall of dry s'.one- ,vork follows the contoul'
of the hill, which has a total perimeter of nearly five miles. On
the north-west is a curious valley which runs up into the hill, and
contains an ample sopply of water in "-ells. Inside the fort are
several Jain temples, and on the eastern face a ve ry curious old Hindu
palace, which served the Ji!oghal emperors as a state pris011. All
round t.Jie rock are c"aves in which al'e figures, ma.ny of them of a
gigantic size, cut out of the solid ro0k. The fortress fil'st fell into
our hands in 1779, when it was surprised iu a very g1,1lant manner
by i\Iajor Popham, who escaladcd the western face during the
night.
Colonel White opened a regular attack. He est.ablished batteries
and breachecl the walls, close to the place which Popham escaladed,
11otwithstanling their great elevation above the level of the batteries,
and was 0,bout to storm on the 4th February, 1804, when the
a.rrison surrendered.*
The possession of this fortr0ss was of great importance, not onJy
n account of its actual strength and its position covering .Agra,
but also on account of tLe reputation for impregnability which it
hacl with the natives.
The long line of frontier which bad before been so much exposed
see Plate II.) was now secured. With Gwaliar and Bundelkband
cupied by British troops, the pa.-ses through Rewa held by
a.jor-Gener.~l Deare's force (whose Head Quarters were at
hun,ir), the line from the Son River t,o Pach it by Lieut.-Colooel
roughton, and from Pachit to the sea. by Colonel Fenv;;·ick (who
acl bis Head Qu·1rters at l\Iidnapu.1·), there w:is no longer any
round to fear an irruption of the hlad.thas.
IuJeed Colonel Broughton was able to take the offensi,e. In
ecember be ma1'l.:heU into Ber!tr and on the 3rd ,Jau11ary, 1804,
btained possession of Sambbalplu· on the ~Ialtinadi.
,Ye now revert to the Da.k han, where we 1eft General W f'llcsley
n the field of Assaye. Though successful in that battle he was not
ble to follow jt up by A. \·igourous pu.r~nit because his cavalryt bad
cen used in the action. Cou::.equently the anny of the co1tfcLlera.te
'jas, though beaten and dl·ivcn off tho field, soon reco\·crecl

• A copy of the origiu:il ,mncy of 1;rn is in the Qr.-1fr. Geucnd",; office nt- Gwii.lilir. 'l'he
aiW of Pvphmn'is e,-ca,a!le :\ml o[ White's brench are murkei.l onCt1ptnin Str1iluu_;'~ pl:111,
t Wellington Despatches, 4--15,
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consistc11cy enough to be ag:1in formidable, although it had ab[ln-

doned a great many guns in its flight.
During the months of October and November, some very extraordinary maL·ches were made by General Wellesley,• but unfortunately he does not give the names of the places at which he encamped,
most of his letters aurl despatches are dated merely "Camp" and
day of the month, and therefore it is not possible to lay down his
route on the map. Uo,·eover he formed no exception to the general
rule that Euglishmen show a supreme contempt for the spelliug
of native names; and consequently only a part of the few names
given can be identified.
[It may not he out of place to give you a practical hint as to
names in India. It is this, never put a 11,(1,ine into a 1nan's mouth.
Politeness, sometimes lazines::;, inattention or inability to understand
your pronnuciation, all are in favour of his acquiescing. The only
safe way is to get the worJ spelt for yon by some head- man of the
village, and to transliteL·ate it carefully. It can then a]ways be
identified with certainty.]
That these marches were extraol'dinary there can be no doubt.
General Wellesley, who never exagger:1ited, writes on 26th October
to Major Shawe as follows:" Since the battle of Assaye, I have been like a man who fights
with on<> hancl, and <lefeocls himself with the other. With Colonel
Stevenson's Corps I ha.ve acted offensively, and have taken Asserghul'; and with my own, I have covereJ his operations, and defendetl
the territories of the Nizi1m and the Peshwa. In doing this, I have
made some terrible marohes'.'t Again be writes in a private
letter, to his brother Henry Wellesley, on 24th J auuary, 1804,.
"~'.larches, such as I have made in tliis war, were never known
or thought of befoi-e. In the last 8 days of the month of October,
I mai-ched above 12J miles and passed through two ghats with
heavy guns i and in the few d;tys previons to tbe battle of Arga.um
I never moved less than Letween 17 and 20 miles, aud I marched
26 miles on the day on which it was fought."!
'l.'he object of these long and continued marches wa.s to keep
Sindia and the R<.tja of BerAr frum entering the clomiujons of
the Nizcl,m, or advancing on the Peshwa 's capital of Pllna. General
t Wellington De.3p.,tches, I., 1i3.
• Wellin~ton Desp:1.tche_s, I., 103 a.nd .UO.
l Wellington De,;patchas, U., 75., or Owen 333.
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Wellesley w"s not able to move after the battle of Assaye until 8th
October, because he could not p1·ovide for the security of his
wounded. Having then placed them in the Fort of Ajanta, he moved
southward to anticipate the confederates who had gone west along
the Tapti, and seemed to aim at Puna through the Ka~abari Ghat
or pass. At the same time he sent Colonel Stevenson with his
He gives as his
division and some siege guns to Burh8,npUr.
reasons why this detachment could be safely made, that two out of
the three campos (or regular brigades) opposed to him at Assaye bad
been destroyed." Colonel Stevenson occupied Burhanpur on 16th
October, aud on 21st opened his batteries against Assirgarh which
l\Iean while lliajor-General Wellesley had returned
sorreudered.
northwards as far as Farclapur, but on the 25th October he again
moved south wards to "turn" the Raja of Berar, who had left
Sindia on the T,.pti, and gone south to plunder.t
Raving succeeded in this the llfajor-Genernl again moved northward, and on 11th November, while in camp at Jaum, received au
emissary from Sindia, with propositions for peace. At that time
Sindia had only lately heard of the capture of Dehli by the
Commander-in-Chief.t
On the 23rd the negociations were formulated into an agreement
for an armistice, one of the conditions of which was that Sindia
should withclraw his army to a point 40 miles east of Ellichpur.
J\feanw bile Colonel Stevenson bad been preparing for the siege
of Gliwilgarh, a strong place belonging to the R::Lja of Berar, and
on the 24th November the Major-General descended the Ghats by
the Rajura pass§ to co-uperat,e with him.II On the 29th tl,e whole
force concentrated at Patbalda, in the valley of the 'l'apti, and
found the Raja of Perar in force at Argaum. Sindia had not
fnlfilled the conditions of the armistice by withdrawing eastward,
and a large force of his cavalry was with the Riij:1. of Ber3r.
The BritiRh troops had made a long and fatiguing- march to their
camping ground at Patha1da, but nevertheless the General, finding·
the enemy i:rl sight at a distance of about six miles, determinerl to
attack. He, therefore, marched in the afternoon in one column,
the cavalry leading, and then formed to the right the in fantry in
front line, the cavalry in rear and supporting the right. In this
t Well)ngton
t Wellington Despatches, 475.
• Wellington Despalches, 432 nn<l 4:H.
I) Quei;tionable strategy; see Wellingtol!
§ \Vhere is this?
Deijpatcbes, I., 497.
Despatebes, I., 533-" It is a. curious circumsta~ce," &c., also II., 74,
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order the enemy's line, which extended for five miles, was attacked
and put to flight, with a loss of 46 killed and 293 wounded. Sixtyeight pieces of artillery, with nll the enemy's ammunition, were
taken ; and the carnlry continued the pursuit by moonlight. In
this action success was endangered by the panic of three Native
Infantry battalions, which had behaved well at Assai, but
fortunately the General himself happened to be close at hand and
restored the fight.
General Wellesley's next operation was the siege of Gawilgarh,
for which Colonel Stevenson had been some time equipping his
corps at Assirgarh. On 6th December he wa~ at Ellichpur, and,
after arranging there for the comfort of the men wounded at
Argaum, he marched on the 7th.
The fort stands just within the southern sh.-irt of the bills which
divide the Purna from the upper Tapti, 14 miles north-west of
Ellichpur, and at au elevation of 3,601) feet above the sea.
It has three approaches, one of which, to the south, is long and
steep and only for foot people; one to the 11ortb-west passes round
the western side of the fort, and is exposed to its fire; whilst only
the third, on the north, is suitable for a siege attack, the ground on
that side being level wilh the fort.
To reach this last, a ciretlit of 30 miles had to be made from
Ellicbp1'.lr, through tbe hills, over a country devoid of roads except
such as the troops could make for themselves. The duty of opening siege works was assigned to Colonel Stevenson's division,
whilst the Genera,! oovered the siege to the south, his camp being
at Deogaon. ..When once the natural difficulties had been overcome the garrison speedily gave way. Colonel Stevenson opened
his batteries on the 12th DecemLcr, and on the 14th the fort was
stormed with little loss.
The road to the capital of Berar, which is just 100 miles east of
Ellichpur, now lay open to General W cllesley. 'l'he Raja saw the
necessity of submission.
He opened, with General Wt'::lles1ey,
negociations for peace on the 16th Deccmbor, and a tren.ty was
concluded on !,be following day. He ceded to tl,e British all his territory west of the river Warda, aud south of Narualla f-rnd GUwi1garh.
He a1so ceded the provi11cc of K:it:.lk and district of B:113.sl.l.1·, and
undertook to havl:l no French111en iu bis service, or subjects of any
otlu:r power bo::.tile to the Briti.::.L Go\'ernmeut.
At the same time General Wellesley g,we notice to Sindia tbat
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the suspension of hostilities would be terminated on the 27th
Decembe,·, if he did not make peace at once. The result was that
Sindia followed the example of the Bhonsla, and a treaty of peace
was signed at Surji Aujangaon (a Yillage 15 miles west by south of
Ellichpur), on 30th December, 1803.
By this treaty, Sindia ceded to the Company all his territory in
in the Doab, including Dehli and Agra, and the fort of Aligarh, as
well as all other territory north of Jodhpur and Gohad, except some
family estates; the fort and territo1y of Bharuch; the fort and
territory of Ahmadnagar; and all his territory south of the Ajanli
hills about Jaulnapfo· and Gunclapur. He made engagements as to
the employment of Frenchmen or other foreigners similar to those
exacted f1·om the Bhonsla. Both chiefs abttndonecl all claims on the
territories of the Company and the Nizam, thus putting an end to
cbanth. Out of the ceded territories the country westward of the
Warda river, and south of the hills between Pllrna aud Tapti, was
given to the S(1badar of the Dakhan. So was the country about
Aurangaba,l, between the Ajanti Hills and the upper God,\val'i .
.Ahmadnagar arnl its territory was given to the Peshwa.
Thus the campaign against the allied Rajas really ended with the
year 1803, though of course in those clays the news of the treaties
concluded in the valley of the P(1rna could not have reached the
bead quarters of the Bengal army at Bi:ina until the middle of
January at the earliest. Still, with the exception of the operations
of Colonel White at GwUlillr, no actual hostilities were carried on
after the conclusion of peace in the Dakhan.
One of the most admirable features of this campaign is the skill
and forethought with which operatlons covering so large an extent
of country were, in those days when communications were so
inferior to what they now are, combined into an almost simultaneous attack on all sides upon the confedel'ate chiefs. It has been
objected, especially by fol'eigu critics,* that the plan of campaign
direct.eel against an enemy in a central position, ·would have
brought ruin upon the British if they had bad to deal with chiefs
of experience. But abstract criticism, not based on the actual £acts
of each case, is of little value. Not to mention the difficulty
which Sindia and the Bhonsla would have had in massing all their
heterogeneous troops, and moving them rapidly o~er the enorruous
• Bri almunt quoting ll. Petit de Baro11cow·t.

Gleig's Bl"iulmout, I., 97,

distances which would have bad to be covered; if, for instance, their
plan bad been to overwhelm General Lake in the Doab, while
"retaining" General 'N ellesley's force in the Dakhan ; the
Governor-Genera.l could sa.fely reckon that the Bhonsla would not
consent to leave his territories in the Dakhan exposed to attack, in
order to join in any strategical movement in the DoAb.
'l.'be chronological table which I have prepr.red, shows the
sequence of events, and the admirable way in which the operations
of so mauy distinct and widely separated forces were combined to
the common end.*

CAMPAIGN AGAINST

.,

HOLKAR.

We now come to the campaign ag-ainst Jaswant Rll,o Holkar;
which may be almost said to bave begun as the other terminated,
though it was not actively prosecuted at first. Holkar's movements
all through the campaign of 1803 were the cause of anxiety to the
British, and it is indeed surprising that be did not cast in his lot
with his b1·other chieftains, in a combined struggle against British
supremacy.
Just before the end oftbe war with Sindia he marched north and
threatened the territories of Jaipur. Checked by Geneial Lake's
movement in that direction, after the battle of Lasw8ri, he returned
southwards and plundered Muhesar, a wealthy city on the Narbadda.
It is said that he obtained in this way as much as a crore of rupees,
or one million sterling. Holkar had, as you may remember, defeated Sindia under tbe walls of Puna in 1802 (25t,h October), and
now that bis army had been augmented by large numbers both of
horse and foot, which bad been disbanded bv Sindia after his
defeats, and which the pluuder of J\Iuhesar enabled him to "entertain" (as it is called iu India), he deemed himself singly a match
for the English. The Governor-General was desirous of avoiding
war, and so late as the 10th February 1804, sent assurances to
Holka,r , that so long as he refrained from attacking the territorities
of his Company or its allies be would not he molested. Ou the
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:Wth J;_11rna1·y the Comtrrtnclcl'-in-Chief, in conformity with these

assurances, had invited Holkar to se11d wakils (agents) to his camp
for the purpose of accommodation, and to ·withdraw his army from

the threatening position it occupied; but though Holkar responded
with fair words it ,Yas discoYered that he was at the same time
trying to excite revolts in the British provinces, and also to detach
the Rajor of Macheri ( Al war) from bis alliance* with the British.
Besides this he vented bis spleen by the barbarous murder of three
British subjects who were officers in his service. Holkar appears
at this time to have been enr::tmped somewhere near Tonk, and on

14th February Ge11eral Lake ad vancecl to Hinclan to co,er the
roads leading into the British tenitories from that direction.
On l Gth l\Iarcb two wakils arrived from Hulkar in General Lake's
camp, and on the 18th propounded Holkar's claims. These comprised demands for cha.nth, for certain ces;:iions of territory in the
Dot.lb and Bundelkhand, and for a guai·autee of the territories

actually in bis possession. Further, he desired that a treaty should
be concluded with him on the same terms as that with Sindia. t
Holkar was informed that these demands could not be entertained,
but nogociations were not broken ofl\ the Commander-in-Chief
still trying to induce him to come to reasonable terms.
Holkar in the mean time intrigued with Sinclia, eodeayourin~ to
induce him to join in a league against the British. But Ho\ki,r's conduct during the late campaign had not been calculated to encourap-e

Siudia to join him, and Sinclia bad no doubt leamed that even their
combined efforts were not likely to meet with success.

At the same

time he was not sorry to see Holkar attacking the Briti,h.

Any

successes he might obtain could not but be gratify ing to Sindia, who

had just been beaten by them, ,~bilst on the other hand as Holkar
was his rival he would be equally pleased to see him worsted.
Some time in February Holkar also adclressed General w·ellcsley
by letter, makiug the same demands 1:1s he did on the Corumauderin-Chief and accompanying them with threaLs.

At the end of :!IIarch he moved into Ajmir, then belonging to
Sindia, where in the first clays of April he levied contributions,
From thence depl"edations were also committed on JaipUr territory.

About this time General Lake wrote to the Governor-General,

•

Note11 on the War in Indin, Vol. II., 4.
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"1f Rnlkar should break into Hind{t.;;t,ln, he will be joined by the
Rohillas. I never was so phgued as I am wit,b this devil. We are
obliued to remain in the field at an enormous cost. If ,Ye retire he
willr:)come down upon Jaip1h, and exact a crore from the R8.ja, and
thus pay his army and render it more formiclitble than ever. If I
advance and lea.Ye an opening, he will give me the slip, and get into
our territories ,v-ith his horse and burn and destroy."*
The Governor-General now became convinced that there was no
hope of maintaining peace with Holkar. On the lGth April he
wrote both to General Lake and Jllajo1·-General Wellesley to take
action against him.
He desired His Excellency to adopt measures to undertake active
operations in the manner ho might deem most advisable, without
awaiting further orders. t He on the same day ordered :Major
General Wellesley to co-operate with the Coromancler-in-Chief, and
desired the Resident with Sinclia to prepare that chieftain to act
in concert with the B,·itish forces both in Hindustan and the
Dakhan. The orders for l\Iajor-General Wellesley were sent
through the Resident at HaiclaraMd, and were received by l\IajorGeneral Wellesley on 7th May at Bombay. He had written a
fortnight before to General Laket giving the Commander-in-Chief
accounts of the strength and position of the troops in the Dakhan,
in case the necessity of attacking Holkar should arise.
The force in the Dakhan was 1 Regiment of European and 5 of
Native Cavalry, 3 Battalions of European ancl lG of Native Infantry,
besides Artillery and Pioneers. In Gujarat (under Col. Murray)
were:-Th~ King's 65th and 8Gth Regiments, and six Battalions
of Native Infantry (one 1600 strong), and two more Native
Infantry Battalions just joining.
The bulk of this Gujarat force WRS in camp about 70 miles north of
Baroda. Holkar's possessions in the Dakhan comprised only the
district of Amber, north of the Godavari, half of auotl,er which he
shared with Sindia, Sieugaum§ south of that river, the strong fort of
Chandur on the Northern Ghats and a few districts in Khandesh.
General Wellesley said that he should have had no doubt of beinoable to ohtain ea.r]y possession of n,11 llf these, were it not for tb:
state of the country through which the troops must march. Owing

to the disturbances of previous yrars great scarcity prevailed in
the Dakhan, which had become actual famine. Even at P{ma the
horses of the clrngoons were being fed on rice, the only grain obtain~
able, and General Wellesley 1"ory much dnubted his ability to move
from Pllna until a ln.te pel'iod of the rains, when new grass and new
crops would ham appeared. Beyond Cbanclur the country was, he
said, a desert as far as the Tapti, having been the scene of the
depredation of Sindia and Holkar for some years.
General Wellesley proceeded to girn the Commander-in-Chief
bis views on tlie plan of campaign, and it is curious to observ-e, as
an indication of t,he then state of geographical know·]eclge o-f India,
that so accurate a man shoulll believe that the distance from Pllna
to fodur (the enemy's capital) was six hundred miles.*
Ho goes on to state that even if it were possible to reach anil
capture Chanch'lr imm ediately, it would not be proper to move tho
British troops out of the Dakhan, ,is au army of freebooters would
immediately take advantage of their absence to ravage t.be country.
His suggestions were :-lst, That Sindia's army, strengthened
by the subsidiary force attached to him, should be placed in a
forward position llOl'thward of ujain; 2nd, 'rhat the Corps in
Gujarat under Col. Murray should be mornd forward re-inforced by
the Gaekwar's cavalry, and be concluded:" rl1bese two armies upon Holkar's l'ear, while your Excellency
would push him in front, must destroy him in a short space of
time." But if the operations are not to be active, till I can a.rrive in
Hindt,stan to take pa rt in them, ancl if it sl10uld be decided tbat
the British troops are to quit the Dakl,an, it would be best to delay
the commencement of the war, if tbat should be possible, at least till
the month of August.
This letter would probably reach General Lake about tbe 10th
l-fa.y, or a few clays Jnter than the Governor-General's orders, and
would show the Commander-in-Chief that he could hope for no very
active co-operation on tl1e side of the Dakhan.
Immediately on receipt of the Governor-Genera1's instructions,
Major-General Wellesley sent orders to Col. l\Iurray, t thus; He
assumed that General Lake's operat,ions would be directed to defeat
Holkar in the field, or if he should avoid an action, to press upon

• Actunlly obout three hundred nnd twenty.
t Wellington Despatches, ll., 232.
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him 80 clot:1ely ns to oblige his troops to di~pcrse. This operation
could be materially aicled frvw Gujarat.
For this purpose Col. i\Iurray, after providing for the defence of
GU.jad.t, was to move forward ,;rith the two King's rC'giments and four
battalions of N. I., and to post himself in such a manner as to stop
and embarrass Holkar in bis flight before the Commander-in-Chief
as much as possible, and endeavour to bring him to action. General
Wellesley assumed that Holkar would not retire towards G(,jarat
for fear of entangling himself amongst rivers wb-icl 1 would become
impassable iu June, hut rather fall hack to,vards Ujain. If be should
do so Colonel i\Inrray was to join Sindia's army with all speed.
Major General Wellesley suggests as points on which to march in
the first instance, either by LUnawlll"a on DongapU.r to cm·er
Gujarat, or by Dohad or Rutlam to be nearer Ujain. He adds that
Col. Murray's local knowledge may suggest some central point in
the Banswada district.~ Further be informed Colonel l\Iurray that
he would suggest to the Resident with Sindia, that the troops of
that chief sbo,1\d take possession of In<lur without loss of time.
At t.he time the Go,ernor-General's orders reached him General
Lake was in camp at Saolia, a village about 2,5 miles N.E. of Tank.
A few clays befol'e (on 18th April) General Lake bad detached
from his camp near Dosa a force of 3 battalions of N. I., t towards
the city of Jaipur to prol ect that place, as it was threatened by
This detachment was
Holkar who had l'etumed from Ajmir.
commanded by Lieut.-Colonel Hon. W. :Monson, and it aJTived
near JaipU.r on 21st Ap1·il. The consequence of this movement was
that Holkar, who had previously sent his guns, an<l apparently his
infantry also, away towards .MUlwa, began to retire rapidly southwards. General Lake advanced ou 27th April and, moving slowly,
During
was on 8th 1\Iay at Nawai about 15 miles N .E. of Tonk.
this advance the C'ommauclcr-in-Ch,ef was preceded by Colonel
llfouson's detachment, whilst Holkar was watched by parties of
In a few days Holkar
irregular horse under European officers.
had fled as fal' as Kotab, 120 miles South of Jaipi'.tr.
The general situatiou, then, about the encl of the first ,veek in l\Iay
was this; Holkar at Kotab, much harrassed by a hasty retreat

• Notltl on the War in India, etc., Vol. III. 22.
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through a line of country which afforded a scanty subsistence to his
people, because it had been desolated by his own former outrages.*
The Commander-in-Chief at Nawai, 15 miles N.E. of Tonk, with
what remaiaecl of his army after losses and detachments. Lieut.Colonel ].1:onson a march or so in front of the Commander-in- Chief,
probably on the Banas near Tonk. Colonel Murray so"1ewbere
uortb <,nd east of Baroda, on the Mahi ri,er, preparing to aclYance
to about Banswach
Sindia's array and the subsidiary force were not yet ready to move,
Sindia bad indeed agreed to act as desired, bat of this General
Lake could not yet have been informed.t
General Lake's force must have been much in need of some repose,
aud it is not surprising that he desired, equally with General
'<Vellesley, to postpone further active operations until after the rains.
'fhe bot winds iu that country are extremely severe, and his troops
were no doubt already beginning to feel their effects.
From Nawai, His Excellency, on 10th May, detached Lieut.-Col.
Don with three Battalions of N. Infantry,!some artilJery ancl
cavalry, to capture the Fort of Bampura which lies twenty three
miles S.E. of Tonk. Lieut.-Col. Don stormed the place on 16th
May. Whilst the storm was going on a battalion of tbe enemy from
Tonk was posted outside the fort on the glacis, and took part in
the defence. Some military stores and a small quantity of grain
were found in tbc place, which General Lake in his report to the
Governor-General, calls an importaut fortress. He adds that the
capture of the Fort "puts us in possession of the whole of the
territories of Jas-want R.i,o Holkar on th:is side of India."§
Holkar now Lastily recrossed the Cbambal, ancl his rapid retreat,
together with the distance he bad placed between himself and the
Commander-in-Chief, led General Lake to believe it highly improbable that any force acting from the side of Hincl11stan could bring
him to action . The news he received of the prepatations in
Glljar11t and on the part of Sindia, for combined operations from
the southward, offered the only prospect of effecting anything
• Notes on the War in India, Vol. !IT., 23.
t In my le.st lecture I referred to criticisms of General Brialmont_ nnd others on the
campaign against Sindia nnd the l3bonsltt. The plan of the campaign of 1804-5 eeeme
much more open to criticism, because Hol.kor, having no nJly to consult, waa freo to move
jn any direction which might seP.m best to him.
t 3rd N. CJ . 2,8, 2, 21 (a new Regt.) Liout.-Col. Don·1:1 report, Note11 on the Wur in India,
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Consequently the
against H(Jlkar's dominions at that seas,m.
Commander-in-Chief <ldtH'llliue<l. to withdraw his main force into
cantonments for the hot season, le:tYing Col. J\Ionson "·vith a strong
detachment of Native Troops* to prevent the return of Holkar
to the northward. Ou 18th Jlfay, Genernl Lake marched from
Niwcli and reached .Agra on 7th June, after suffering greatly from
tlie hot winds. On one day, 30th May, as many as rn EUl'opeans
died from the beat out of his four weak regiments; and on the 2nd
June even a larger number, whih-t 250 native followers were said to
h,ive died on the same day.
Anivecl at Agra the army was broken up; the three regiments
of British mvalry going ·on to Kahnpur and the rest to various
stations.
Without questioning the soundness of General Lake's decision to
withdraw his main force from the field during the hot weather, it
can hardly be denied that his entire dispersion of it was a mistake,
ancl we shall shortly see tbat it led to serious consequences, since it
left him unable to prevent an irruption of the llfarathas into the
Doab.
In llfay there occurred a disaster in Bundelkhaud. Lieut.-Col.
Fawcett ("·ho wns successor of Lieut.-Uolonel Powell in command)
wa~ iu camp at Klmch, and hacl detached a force of 7 companies
N. I., and 50 artillerymen, to reduce the small fort of Bela, about
8 miles off. This little force was further broken up, ancl the result
was that Amir Khan, a freebooter who liacl been incited by Holkar
to invade Bunde1kband, and of whom we shall presently bear more,
fell upon two companies and destroyed tl1en1, as well as the artiUerymen who were carrying on the siege 0£ the fort, and captured 5
guns. 'l'bis so much alarmed Col. Fawcett that be retired up the
He was conseBetwa, leaving Bunclelkhand open to the enemy.
quently removed from bis c~mmand and Lieut.-Colonel J\Iartinclell
appointed to succeed him ; Bundelkhancl was not finally subdued
until 1R09.
We now revert to Lieut.-Col. ~fonson's operations. On the 2nd
June be was joined at Kotah by Lieut. Col. Don, who left a
A detachment of Sindia 1 a cM-alry under
garrison in Rampura.
Bapuji Sindia joined him about the same time.
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What t he precise instructions given to CoL Monson were I have
not been able to ascertain. The narrative in the "Notes relative,
etc., etc." (III., 25,) merely says thu Commander-in-Chief
"directed hin1 to form such a dispositiou of his force as sboulU
completely obstruct the retm:n of Holkar to Hindustan." Sindia,
whose force should, as well as that of Col. Murray, ham co-operated
We hear
with 1'.Ionsou 's, does not appear to have clone much.
nothing of him until a body of his troops under Sadasheo Ra,o
appears on the scene at Khushyal Ga1·h. Col. Murray does indeed
appear to have made some forward mo\ement, but how far it went
I cannot ascertain. It is probable that, finlling Siu<l.ia was in.
active, he hesitated to carry out General ·Wellesley's orders.
Napier sa.ys he was remarkable for indecision.* 1\fr•anwhiJe CoL
:Monson was moving South.
On 2nd July he captured, by escalade, the strong fort of Hinglazgarh, about 40 miles south of Kotah. His camp was then at Samira,
and he stated in his report th"t Holkar, ,vith the whole of his ea.airy,
infantry and guns, was wit,hin about 40 miles. Holkar was in fact
ne,r Rampura a small town west of the Chambal, not more than ;10
miles cff. In the clays following the capture of Hinglazgarh, Col.
Monson moved on, and on the 7th July, heing then probably <tt
Bhanpura, he heard that Holkar had crossed the Chamhal with his
infant.ry and guns.
Colonel Monson was now in a critical position. He had about
3000 infantry with 10 or 12 guns, and a body of irregular horse,
• I n jnstice to Col. :Murrny it ought to be ndded that hiR orders were pe11llexing. Gen.

Wellesley wrote as above mcnt.ionci.1 ,,n 7th l\fay, but vn 13th he wrote ngnin Ruying thnthis
ndviccs from Gen. Lrtke'g c1trop indicated :m inte11tion to tlelay the attack upon Rolkar

until the rrrins; anrl therefore nt present Col. :..Iurray was not to pass the frontier le,1t he
"i,,.honld be exposed singly to Holknr·s openitions." On 17th he is still ,mahle to g~ve 11n,\'
positive instructions, bnt 1rn;n1 Col. Murrft,\' ,viii "do well t() h1n·e nn eye towar•ls t' j11iu."

It was not till 22nd M11y thnt he write-" '' you may now proceed to cn.rry into exccuti, ,u, ns
soon ns you plen.ie, my instructiOHS of 7th inst. It ill JJrobnlJle that this letter woul1l not
reach Col. Mun'fl.y before 2it,h :\fo,y.
8upno;;in~ )lurra:-, to hn'\"e heen nlrearl:v 11ear Hanswil.rln h:• wonlrl he u1rn·n11.l~ of 1M miles
from Ujiun . Gen. W.-.lle~ley recoounenrls him to join Bli.puji Sinrlia B.8 sonn A.-. pos~lble. if
he hacl n11t gone townnls Gen. Lake. Now Hollrnr:s force woulrl be on the fl:1nk 1,f hill Hue
of ru•nt:'h, if Col. Murm:v hail mo\·ed direct tow:;r<ls l'jain, nnil it is not, su111risin~ tlwt under
Lbe circumstances he .'\honlrl ba\"e IJeen c:mtiouR. He occupiNl Indur on 2-Hh Anp-u!>t,

n~i[11:::rn~~ftiS~~~~'l~,:~~0~:a~0~~~~1n~~~~))~~1\~t~lG~!~ ~~·~N:~1~~.e~A~~ 1 t~~

not much like his 8itn:1tio11.·•

Di>>'p. lI, 21'\!S.

~71~~1~~f1~ ~~\~-1:~r:1;~,l~t~rl_\~~~=:

~\;;g!:~·n.: ~~~~

1 t~~;~:11~~~)~~~{\:?j!1~~~~~1;'. 18 ' 'l~~~d):1~-~~ti:
ai1~1•1~':?~v
a letter to :1ln.jor '.\falcolm, 21th .A11gne.t, rt>mn.rks, "I <l'l unt tbrnk the C'omm:rnrlfi'_r•m•Cb1ef
"or 1 hnve carrier] on the w,1.r f!O wdl J,y rle11uties :is l\"C ili<l ()UrseJ\-es." '!'he f:nlnre does
have bf'en 11ltogf't.he1· ctiie to the deputies. Mnrrny commanded in South
not appen.r
Napier, Bk. XX., Oh. IV.
Valeacia in 1813,

to see
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with six "gallopers," whili:;t Holkar was in front of him with a large
force of horse, foot, and artillery. l\fonson's first impulse was to
attack, and there is no doubt that this would have been his wiser
course. He at first mo,ed forward, but then lost confidence and
decided to retreat to the Mokandara Pass. The Mokandara Pass is
a narrow winding passage, through a treble line of hills about two
miles wide, which is formed by the outcrop of some of the sandstone
beds iu the M:ilwa Plateau. The direction of the strike is northwest and south-east. The pass is about 30 miles south of Kotab, and
Colonel l\Ionson's camp on 7th July was at about the same distance
beyond the pass.
Havlng decided to retreat, ~M~onson sent off his baggage and stores
at 4. a.m . on 8th July to Sonara, and remained in order of battle
on his ground till 11 a.m,, awaiting attack. H e then marched, leaving
his cavalry under Lieut Lucan t,o cover his retreat to Sornll'a. Lieut.
Lucan's force was soon attacked by Holkar's cavalry, and dispersed

owing to the treachery of Bapuji. At 4. a.m. on 9th be again
marched, and reached the pass at noon unmolested.

.,

Tt is worthy of notice that Hinglazgarh, the capture of which bad
been represented as so important, does not seem to have been of any
value as a point of suppoTt or pivot of operation.

Ou the 10th, Holkar made several ineffectual attacks on the pass
with a large force of cava!t-y. Shortly after these attacks had been
repulsed, Holkai· was joined by bis iufantry and g un s, and l\1onson
fea,ring to be cut off from Kotah (by another pass at Ghatoli, 8 or
9 miles to his right) determined to retreat furth er. He marched
on 11 th, and reached Kotab early on 12th July, but the Raja refused
either to admit him into the town or to give him any provisions.
To aclcl to Lis difficulties, the rains, which had set in with violence
on 10th, now became incessant, and the country became ~o heavy
that the Garnacb Gb,,t on the Chambal river (only 7 miles from
Kotab) was not reached till the morning of the 13th. Ou tl,at
clay the river was in flood, and thongh it was crossed next day a
halt bad to be ma,Je to obtain supplies from Patan .
On 15tb Jul y, Mo nson was ready to march, but the rain rendered
it impossible to move the guns so that he was forced to halt, and by
the morning of the l G.th they were so imbedded in the mu<l that it
wns impossible to move tliem. No provi~ions were left, and Col.
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~Ion~on was therefore obliged to spike the guns a,nd aban<lon tl1em.*
On reaching the :Mej River next day, near the e1itra11ce to the Lakeri
Pass, it was impassable, and though Col. :Monson was able to send the
European artillerymen oYer upon elephants on the 18t h, it was not
until the 26th that be got the whole of his force ornr the stream.
(9 days delny.) It is surprising tl1atHolkardid not take achantage
of this obstacle to destroy the whole detachment. .A. large body of
bis cavalry did indeed attack on 24th July, but was beaten off.
Tbe Lakeri Pass is somewhat similar to that of l\Iolrnndara and its
northern outlet is about 18 miles from Rampura of Tonk. By the
29th July the force was collected at Rampura, but without guns,
and having lost nearly all its camp equipage.
At R::i.mpura Col. :Mon:son rccei,ecl orders from General Lake not
to fall back beyond Kotah, which he had already left45 miles behind.
Even if he had receit"ecl these orders sooner it would have been to
no pru·pose, but now he was not in a positiou to maintain himself
even at Rampura. He had no provisions, and bis force was uo
longer able to keep the field. Everything pointed to the necessity
of retiring, say to BiAna, where be 1"'ould have found a strong position anll could have receired support from .A.gl'a. Posted there he
might still have fulfilled the task a-signed to him (of excluding
Twenty miles from
Holkar from Hindustan) to some extent.
Rampura his ruacl crossed the Barn'is, now a formidable river, and
his first care should have been to provide for passing the river, and
to take ad~·antage of Holkar's neg1iµ-ent pursuit to do so while still
unmolested. Instead of this Colonel 1\fouRon remained at Rampura
for more than three weeks, aud when he at length moved it was
without any preparation for crossing the Ban.is.
He bad, on 14th August, rf-'cei,ed a re-inforcernent of two battalions
N.I., and six guns. He left in Rampura. a garrison of a battalion-anda-half of N.I. and four of the guns. With the remainder of bis force,
5½ battalions and two gnnR, t he marched on the 21st August for
Khushy{tlgarh, aucl on the murning of the 2~nd wa::; stopped by the
Bam'is. Holkar ha.d now come up in force, and the operation of
crossing the river became very critical. On the 2:3rd -it wns impassable, bnt by g,Jod luck three boats were found in which the
treasure aud an escort of six compa.uies was sent over. Next day

t

• Ile sent tCl the R&ja of BUndi to tnke chnrge of them.
2·2, I 9, 1_1u, 1. 12, 2 12, G compn.nios 21st N.I., and 2 howitzers.
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the ri,er was fordable, and the enemy began to cross right and left,
whle j\fouson was crossing in the centre. Th e result w f1s that the
British had to abandon their two howitzers and all their baggage,
and retreat to Khm;hy:.llgarh, ha.nas:-ied by the enemy.
It is not necessa,ry to pursue tbe retreat of :Monson in further
detail. Suffice it to say that on 27th and 28th August be moved in
a hollow square, and fo1·tunately produced so mucl1 moral effect by
repulsing tbe Marathi attacks, that, though all order was lost on
leaving B-i:ina in the night of 28th, the enemy were so much awed
that no attacks of importance were afterwards made; and the
survi,ors were able to straggle i nto Agra on 31st August. In this
retreat twenty two European officers were killed, and a large
number of sepoys. The prisoners were shocl..7.n gly treated by
Holkar; many who refused to enter h is service bad their noses aud
right hands cut off.
Whilst all this was going on, Colonel Murray on 24th August
(on which day Mauson was at the Banis) occupied Indul' without
opposition.*
Bo far however, the failure of 1\1onson more th an Lalanced any
succei,s achieved by 1\-Iunay. Holkm-, flushed with success, was
ready to inYacle the newly conqu ered territory and the Cummanderin -Cbief with his army distributed in coutonments was in no
position to hinde1· him. Moreover the Jat R,\ja of Bbartpur forsook
our alliance, and joined with Holkar.
Gcnern.l Lnke now collected his army .in haste, and on 27th
September it was assembled in camp at the Sikandra, ncnr .A.grat. It
consisted of 11 battalions (the 76th being still the only European
one except two companies of the 22-nd) and seven reg-iments of
cavalry inc1udlng as before the 8th , ~7th and 20th Light Dragoons.
It was organised in four infa,ntry brigades ( one in reserv e) and two
brigades of cavalry.
At this time Holkar was at l\Iathra, wLich he occupied on the
15th September.
On 1st October Geneml Lake marched from the Sikarnlrn towards
~Ia.th i·a. Ilolk:u· designed to seize Deh1i before the Comrnan<ler-inCl1icf could arrive,! ,md wit h this object he despatched thitbc•r his
• See Wcllcslcr on )Jonson, Welling-ton De~pntclles, II., 38,J,, to Lieut.-Col. Wallace.
t Sec order of Brigatling. Stubbs, T. 2J!).
t The force in Dchli w.'l.~ 31 battalions of" Nati,e Infantry, 1,200 Matchlock men.
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infantry and guns, while with his cavalry ,·emttined to amuse the
British. On the first day's march no enemy was seen, but after
that the Maratha horse hung about the columns of march. From
the 4th to the 12th the army was at Mathra, on the 7th October
and again on the 10th, attempts were made to bring the enemy to
action near Aring, about 7 miles from Mathra, but without success.
The mar~h was resumed on the 12th October, and Dehli reached on
the 18th.
Meantime the Resident, Lt.-Col. Ochterlony, and Lieut.-Col. Burn
who commanded the troops, had been making a good resistance.
On the news of Holkar's approach Ochterlony called in Lieut.-Col.
Burn from Saharanpur. He arrived with Ids battalion on 7th. On
the 9th the l\Iarathas erected a four-gun battery to breach the south
west* angle of the city wall. A breach threatened soon to become
practicable, and Col. Burn therefore made a sortie on 10th, and
succeeded in spiking the guns. The enemy then threw up another
battery and breached the curtain below the Turkrnan and .A.jmir
gates. This breach was retrenched on the 12th. On 14th October,
a general cannonade wat:\ opened, under cover of which an attempt
was made to escalade the city wall near the Labor gate, but it was
repulsed nod the enemy had to leave his ladders behind. Before
morning of the 15th the enemy had withdrawn, and made a circutions retreat to the southwards through the bills of Gurgaon.
Although no very systematic attack was made, still the enormous
extent of the walls (7 miles in circumference) and their ruinous
sta,te at that time, together with the very small force at the disposal
of Col. Burn, combined to render this defence of Dehli a memorable
one. The name of tbe gallant :commander is perpetuated to the
present day in the Burn basi/1.on.
During the month of October certain successes were obtaiued
against Holkar in the Dakhan. Lieut.-Col. Wallace took Chandur on
the 12th, and on the lith, having Jeftagan~son there, ho marched for
Galna, which he took on 25th ; some smaJ\er forts were taken about
the sa,me time.t These successes placed the whole of Holkar's
territories in the Dakhan in British bands, as Colonel ?\lunay's
capture of Indur bad previously done for the most important part of
his Malwa territory.
• S.E. in original report. But. this is evident.ally a mistake.

t ChandUr, Notes III., App. D, p. 12. Ga.lna., No~a, p. 24-5,
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Reve1·ting now to Dehli. On the 29th October, Holkar, who had
been hovering about with his cavalry, suddenly crossed the Jamna
between Panipat and Dehli into the Doab. Lieut.-Col. Burn had
left Dehli on 26th to return with his battalion to Sabaranpur.
Holkar overtook him and blockaded him in the fort of Shamli, a town
about 64 miles north by east of Debli.
On the 31st October General Lake crossed the Jamna in pursuit,
with 6 regiments of cavalry and the reserve brigade of infantry
under Lieut.-Col. Don, and commenced one of the most remarkable
marches on record.

Major-General Fraser was to march with the rest of the army in
persuit of the enemy's infantry and guns, which had retu:ed towards
Dig.
General Lake reached Shamli on 3rd, having marched 30 miles
on t,he previous day, and relieved Colonel Burn, His subsequent
march through Mahmadpur, Barnawa, Khatauli, Mirat, Hapar,
Khasganj to Farakbabad, is laid down on t,he map which I have
here.* The enemy always kept 25 or 30 miles ahead, burning and
destroying as he went along.
Ou the 16th however .Aliganj was
reached and found still burning, whilst Holkar was said to be at
Fara,khabad 26 miles ahead. Upon this information General Lake
determined to make a night march to surprise the enemy, He
accordingly marched at 9. p.m. with his two cavalry brigades and
Horse .Artillery.t Just as they were mounting news was received
of a viotory at Dig gained by Major-General Fraser over the infantry
who had retired from Dehli.
Encouraged by this good news the cavalry pushed cheerfully on,
and at sunrise on the 17th November reached the enemy's camp.
They found the horses still picketed while the men, wrapped in
their blankets, slept beside them. No outposts of any sort seem to
have been posted, and the sleepers were rudely awakened by the
grape of the Horse .Artillery and the "galloper" guns. The first
brigade then charged under Lieut.-Colonel Vandeleur, the 8th
Light Dragoons leading, and a party of the 8th completely destroyed
a body of the enemy's infantry. Unfortunately an ammunition
• Plate VI.

_t Notes on the _war in India, A~>p. D. 23·}, 1st Bris-ado Lieut.-Colonol Vandeleur 8th
Light pragoons, 1st and 6th ~at_ive Uavalry. 2ncl Brigade Lieut.-Colonel Need, 21th and
91,h Light Dragoons nnd 4.th Native Cavalry, Hor&e AJ·tillery, Captain C. Brown.
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tumbrill had explotlecl, just as the attack took place, and alarmed
Holkar, who galloped off with a small party of horse and escaped
in the direction of Mainpuri. The British cavalry continued the
pursuit for 10 miles, cutting up great numbers of the enemy. The
march of the previous day and night having been just 50 miles, this
made a total of 70 miles within 24 hours. Considering that this
feat was performed at the end of eighteen days in which 324 miles*
had been covered,and under the sun of India, which even in the middle
cf November is still powerful, it must be held to he a very ex
traordinary performance. All ;Holkar's cattle and baggage were
taken, and 3000 men killed, whilst the completeness of the panic is
shown by the absurdly small loss of the British; 2 killed and 18
wounded. The number of the Maratha Horse has been estimated at
mauy thousand, by some as high as 60,000. The enemy's force was
completely dispersed and fled across the J amna towards Bhartpur.
Farakhahad was already at this time a British military station,
and the inhabitants, on the approach of the Marathas, took refuge
in the fort of Fatehgarh.
After this success General Lake halted for two days before continuing his march to Dig.
The victory gained by Major-Ueneral Fraser bas been already
alluded to. He marched from Dehli on 5th November. On the
10th he arrived at Goval'Clhan, about 8 miles from Dig, where
he was joined by the 1st Bengal European Regiment. t
Dig is a fortified town standing on a rocky site 20 miles east of
Mathra, it then belonged, as it still does, to the Raja of Bhadpur.
To the south lies, at a distance of about 2½ miles, the large village
of Kasha Au, standing on a somewhat elevated site, and l{ miles
east of Kasba Au is the village of Umrah. General Fraser's camp
on the night of the 11th was near the village of Bbeij, 2½ miles
east of Dig. Between Dig and Bheij was a marsh extending iu a
south-east clirection between Bheij and Umrah. 'l'be enemy,
24 battalions and a considerable mass of horse with a large train of
powerful artillery, was encamped between tbe fortress and the
village of Au, which protected his left.
Major-General Fraser had only 7½ battalions of infantry (two of
• Average 18 miles e. day including the day hnlted at Sbii.mll. 'l'his is measured from tlle
Atlas sheets, and is no doubt less than the truLb.

t Now tho 101st, The detachment numbel'ed 281, see Notes on I.he War in Jnclia, &c., III., 5,
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them European), two regiments of native cavalry, in all less tLan
6,000 men, with 20 light guns, yet he did not hesitate to attack.
He formed in two columns, infantry on the right, cavalry on the
left, with the artillery belonging to it on the reverse of each column,
and in this order marched rouud the marsh by the south of Umrah.
Arrived at Au, he formed up his infantry in two brigade lines. He
placed the cavalry ou his left to protect that flank against the
enemy's horse. The ground betweeu U mrah and Au was covered
with high crops, which sheltered the advance to some extent, but
neverthelPss the co1umns were observed and fired into. As soon as
the lines were formed the villnge was aLtacked and carried.
A part of the enemy's artillery had been posted within the
swamp in a sort of cul-de-sac, from which they bad fired on the
British camp. These guns, with those in the ma.in line, now
brought a convergent fire to bear on the British force as it issued
from the village of Au, and caused considerable loss. General
Fraser fe\1 here severely wounded. Brigadier-General :hfonson,
howevei·, took the command, drove the enemy from all his positions,
and pursued him under the guns of the fortress. The results of
the action were that about ~000 of the enemy were killed, and a
large number driven into the marshes and drowned, while 87 guns
of various calibre were taken. The victory was not achieved without considerable lo-s, showing that the enemy fought well. It
amounted to 651 killecl and wounded. This is about 11 per cent.
of the force engaged ; more if we deduct for two battalions left t.o
guard the bsggage. Majol'-General Fraser died at Mathm on the
24th November, from the effects of bis wounds.
General Lake marched from Farakhabad ou the 20th November,
and arrived before Dig on the 11th December.* The remains of
Holkar's army had taken refuge in the town after their defeat by
General Fraser, and Holkar himself bad fled thither from Farakhll,b3.d. It was therefore necessary to reduce the place.
You will recollect tbat a treaty had been made with tl,e Bhartp{u·
R.ija, but the defeat of J\Ionson caused his clefectiun, n.1Hl in tLu
battle of Dig, not ouly did a body of his horse take pm·t against us,
but the guns of the furt fired 011 om· troops, kflling officers a.nd
men.
• He pas,;crl Ht1.tbr:u,, then u btrongl.r fortifietl town bclougiug to R.Tat Rii.j:1, D-.nr Rii.m
'
ond.Mudsan, another strong plllcc belonging to Bngwlln Sing of Sa1·bru. •
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General Lake spent some days in reconnoitering and waiting for
~olonel Don's brigade to come up with a battering train from
Agra.
The town of Dig is of considerable size, about 1½ruiles by 1 mile
and the circuit of the walls is 4¾ miles. It is surrounded by lofty
walls with round bastions connected by earthen ramparts. Within
the town is a citadel about 150 yards square, with ramparts 70 to 100
feet high and 20 to 50 feet thick, surrounded by a wet ditch.
At the time of the attack the town walls mounted 31 guns of all
sizes, from 74-ponnders to 4-pounders.
The point chosen for attack was the south-west angle which is
formed by a small enclosed w0t·k called the Shah Burj, about 50
yards square, having an exposed masonry wall 36 feet high which
could be breached from a distance. Five hundred yards south of
this is a detached work called Go pal Garb.
Ou 13th December, General Lake took up a position west of
the fortress, and the same night trenches were opened. The work
does not appear to have been very skilfolly conducted,* and the
enemy was in sufficient force outside the place to cause loss and
annoyance and impede progress. However, by the night of 23rd
December a practicable breach had been formed and was successfully stormed.
During the night of the 24th December the enemy evacuated the
citadel, thus leaving the whole place in the hands of the British.
The loss in the siege amouuted to 43 killed and 184 wounded,
2 European officers amongst the former, and 13 amongst the latter.
It was fortunate for General Lake that the wall of the Shah
Burj was capable of being breacheu from a distance. His batteries
were 800 yards froru the place. He was totally wanting in proper
equipment for a regular siege.t l\Ioreo,er t.be enemy neglected the
simplest precautions, neither making any attempt to repair the
breach nor to stockade or retreuch it in any way. It is probable
that the ease with which success was obtained at Dig had a 8hare in
bringing about the serious defeat which the General was shortly to
experience before the virgin fortress of Bhartpltr.
Having made some arrangements for the security of Dig, in

which he left the 1/.J,tb Native Infantry as garrison, General Lake
• The outwork cnlled G-op!ll-garh, which prolonged the line of fort attacked, should have
been first captured.
t Ajoi1rnnl of the siege is in the Brit,iP.b lnQ.inn Military Ftpository, Vpl.
(1823), P, 462.
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marched for Bhartpur on 28th December, and prepared to attack
it. He was joined on the way by the 75th Regiment, and a supply
of stores.
Tbe general situation at the end of 1804 was this:Holkar, though defeated whenever he could be brought to action,
still had a large force with him, principally or almost entirely
horse. His capital, Iudur, and the adjoining territory in Malwa,
were occupied by the Bombay force, formerly under Colonel
Murray, aud now commanded by Major-General Richard Jones.
The garrison left by General Lake in Rampura, had been well commanded* and had kept open the line of approach of the Bombay
force, which was now moving north to join the Commander-inChief.t
The Raja of Bhartpur having joined Holkar, his fortified capital,
as well as his other forts, such as Khumber, W er, &c., served
Holkar as pivots for his marauding operations and refuges in
case of defeat.t
Major-General Wellesley, in bis instructions to Colonel Murray,
had forbidden him to engage in sieges whilst Holkar was still in
the field, and in a letter to the Commander-in-Chief himself, dated
27th May, 1804, General Wellesley strongly urges the necessity
of giving "this description of freebooter" no rest, but pressing
him with one or two light corps until his force melted away.
If the circumstances of the case justified a siege of Bhartpur at
all, it should at least have been undertaken with sufficient force and
a proper equipment. The town has a perimeter of about five miles;
it is surrounded by a great mound, rather than by walls, of mud;
it has a wet ditch, and it stands in a plain which at that time was
covered with pools of water.
It contained a numerous garrison, about 50,000 men, mounted a
large number of guns on earthen bastions, and Holkar was under the
walls witb a large force.
The Commander-in-Chief commenced tbe siege on 2nd January,
1805 with 7,800 men, all told. He had only six 18-pounders and
eight 5½ inch and 8-inch mortars.§ It was not till the 17th that
he was re-inforced by three battalions of Native Infantry.II
t It arrived at Bba.rtpUr 11th Februaey.
• By Ca.pt. Hutchinson, Bengnl Artillery.
t Wellington Despatches, Owen's selection, 423.
§ Two 2i-pounclers and a. scanty supply of ammunition were brought from Dig on 14th Ja.n.
II The Bombay column did not arrive till 11th February, by which time the siege 01t9lt.t t.o

}la.ve been over,

i
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There was scarcely any engineering equipment at >ill, and the
engineer branch of the service was represented at first by three
officers only," and those not of sufficient rank and experience to
carry the necessary weight. .Attached to the Engineers were
three companies of pioneers.
Into the details of the siege time does not permit me to enter,t I
can only briefly mention the principal facts.
The army encamped near Bhartpur on 2nd January, 1805; a
battery was begun on the 5th, 700 yards from the .A.nab gate.t On
the 8th a breach in the curtain, about 350 yards north of the gate,
was pronounced practicable, having been viewecl through telescopes.
On the 9th the enemy stockaded and built up the breach, and that
night a storm was attempted and repulsed with a loss of 5 officers
and 64 men killed, 23 officers and 364 men wounded. No approaches
of any sort had been made. On the 16th a second breach was
made, about 150 yards eouth of the same gate. From the 17th the
enemy were busy stockading this breach till the 20th, when a storm
was attempted. This attempt cost the British 3 officers and 53 men
killed, 15 officers and 477 men wounded. On this occasion it was
intended to pass the wet ditch by portable bridges. The notable
expedient had been adopted of sending three native troopers to
ascertain the width of the ditch. They gallopped to the edge,
pretending to desert, viewed it, and reported it to be 28 feet wide.
The bridges naturally turned out to be much too short and, the
water being 8 feet deep, the stormers were helplessly massacred on
the counterscarp.
On the 4th February, a month after the begining of tbe siege, a
parallel was at last opened. On the 6th, the camp was shifted ;
partly for sanitary reasons, partly because it was now intended to
make a breach in another place. On the llth a new breach was
formed, about 150 yards south of the .A.nah gate, but no trenches
had as yet, been made to conduct the stormers from the battery,
which w~s 430 yards from the breach. By the 20th February,
when the trenches had been made and the assault was delivered, the
breach had naturally been strongly retrenched.
• Liouts. Thomas Robertson, Thomas Wood, H. W. Carmichael Smyth. Lieuts. Richard
Tickell and William Cowper (Bombay) joined later.
t Plan ofBhartpUr, surveyed in 1867-58, under Surveyor General of India; scale, 8 inches

i Journal of the siege is

to a mile.

in the British Indian Military Repos1li0ry, vol, V. (1827), p. 1-811:
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One1 was to storm
Ou this occasion three columns were formed.
the Bhim Narayan Gate, a mile to the right of tbe breach, which
was reported easy of access. Anotber2 was to drive the enemy from
the glacis ou tbe right of tbe breach (be bad made a sortie in the
morning and held the advanced trench some time) ; while the third
was the real column of assault on the left3•
Of these the centre column, under Captain Grant of the 86t,h,
alone performed its task. It drove in the enemy and took his guns,
eleven in number. The right column failed even to reach the
point of attack. The assault by the left column failed disgracefully.
Of all the European troops con tamed in it the companies of tbe l!l!nd
.Regunent alone responded to the order to advance. The other
regiments, panic-struck by some idea of a mine, refused to advance,
and not even the gallant example of the 12th Native Infantry
which, led by Colonel Don, planted its colours on a tower to the
right of the breach, would induce them-to move. This failure cost
1 officer and 156 men killed, 22 officers and 692 men wounded.
Next day the Commander-in-Chief addressed the troops on parade,
in terms of affectionate right, expressing his sorrow that by not
following their officers they had lost the laurels which they bad
gained on so many occasions. He gave them an opportunity of
retrieving their reputation by volunteering. Upon this every man
stepped forward. Lieut. Templeton of the 86th offered to lead the
forlorn hope, for which 200 men were selected, and a fresh storming
party was organized for ·the same afternoon.* But though this
renewed attack was made with determined gallantry, it met with no
better success than the last; and, after a prolonged effort, had to
withdraw with a loss of six officers and 101 non-commissioned
officers and men killed, 25 officers and 730 men wounded.
Losses in t.he four assaults of Bhartp'Ur, not including the trench1i·ork.
OJi'F1C:BB8,

1st Assaul~
2nd ,.
s,d
4th

.

,.

Totals

M:EN,

Wounded.

Killed.

Wounded.

53
156
101

477

l
6

15
22
25

15

85

Killed.
5

s

,.

...

,,.

....

ti92

730
2263

1 65th_Regiment 300 men, 1st Bnt~nlion Bo. Grenncliers, I/8 Bo. , 86th Regiment 200 men,
3 His Ma.1ei.ty'a 22nd Regiment (2 companies), 75th and 76th
Reg1men1,.;, the Bengal European Regiment, l /12th N. I., 2/12th N. I., and 115th N. I.
• His Majesty's 65th, 76th, 86th thned B~:~;e!~:;:C{!~~2nd, 2/15tb Native Infantry and

1/8 ~11t1ve Infantry.
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With this attempt ended the active operations against Bhartpur.
On the night of the 22nd and 23rd the guns were withdrawn and
the trenches abandoned. Next day the enemy triumphantly fired
the batteries. On the 24th the army withdrew to a position 6
miles north west of the city, covering the roads to Agra, Mathra

and Dig.
The causes of this disastrous failure, by which the army lost the
service of more than 100 officers and 3,000 men, out of a total
effective of not more than 12,100 men, are sufficiently obvious.
General Lake complained that" neither the abilities, knowledge, nor
experience" of his engineers "were adequate to the occasion JI""
thus condemning himself for want of judgment in selecting them.
The journal of the siege records that on the 2nd January, as the
Commanding Officers of Artillery and Engineers were on their way
to a first reconnaissance, they were overtaken by General Lake, who
asked "will the battery be. ready to-night ? "t and this impatient
question gives the clue to the whole causes of the failure. The
general was evidently totally ignorant of the 1·equirements of a
successful siege, and, having no officer of sufficient authority to
obtain a hearing, wasted the lives of bis men in attempting what,
under the conditions, wRs impossible.
Whilst the siege was going on, a remarkable cavalry operation
took place in Bundelkhand. On the 7th February, Amir Khan
(the freebooter who opposed Colonel Powell in Bundelkhand)
quitted Holkar's camp and crossed the J'1mna with a large body of
horse. Next day General Lake despatched Major-General Smith,
with 1,800 men (the bulk of his ca.valry) in pursuit. The pursuit
was so active that Amir Khan (though be burnt the cantonments
at Morad,1bad) h'1d not time to do much mischief in the country,
He was at last overtaken on the 2nd March at Afzalgarb, near
Sherkot on the R.amganga.
His cavalry were dispersed, and a small body of infantry destroyed.
In this action Skinuer's Horse (now the 1st Bengal Cavalry) took
part. On the 11 th March, Amir Khan was again surprised at
lJhanclpur near Amroha, by Captain Murray. He fled back to
Bbartpur, and shortly after into Bundelkhand. Major-General

• Commnn<kr-in-Chief to Go\'Cnor General, 1st July, 1805, Repository, V. 158.
tThe officer's reply was" how i8 it pcssible P" to which the genernl rejnined "then it shAll
lie rea1ly to-morrow night, and you must work harder, and get m_o~e mon." ~eo Owen's
Selections, 435, for Major-General Wellesley's opl.Illon.
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Smith rejoined the Commander-in-Chief on the 23rd March, having
covered 700 miles in 43 days.
General Lake's defeat before Bhartpur, added to Monson'•
disaster, bore the usnal fruit of defeat.s in Asia. Every one began
to think that the Company's ikbal was gone." The Raja of Bhartpur did indeed still dread Lake's determination, which was evinced
by continued (though tardy) preparations to resume tbe siege with
a proper p,:ovision of stores.t
Early in March the news of the
GeneraJ. having been raised to the peerage was received, and the
Raja took advantage of this opportunity to open negociations. It
is probable that he was rather tired of his Maratha allies, who lived
ou his country, and, as shewn by Holkar when his camp was occasionally beat up by the British, as well as by Amir Khan, could
do nothing but run away when attacked. But Sindia, who bad
never agreed to the arrangements about the cession of Gw:i.li.ir,
which were demanded from him as part of the treaty of Surji
Anjang8.on,! was now emboldened to assume a threatening attitude.
Soon after Monson's disaster he, instigated by his minister RO..,o
Ghatkai, addressed a defiant letter to I-he Governor-General. This
letter was intrnsted to a wakil who kept it for several months, until
he was encouraged by our disaster before BhartpU.r to present it.
Early in January, 1805, Sindia, who had been at Burhanpur, and
had promised to go to Ujain, with a view to co-operating against
Holkar, moved instead towards Bhopal, much to the alarm of that
friendly state. On 22nd March, he announced to his Resident his
intention of marching to Bhartpur with the view of mediating, at
the head of his army, between the Raja and the British Government.

On the 29th March, he was actually at Sabalgarh, south of the
Charnbal River, only about 45 miles south-west of Dholpur.
The position of affairs was therefore serious. Sind.ia was ap~
parently on the point of becoming actively hostile, Holkar was still
in the field, and the Raja of Bbart,pur still unsubdued. Lord Lake,
however, with characteristic determination, showed no signs of haste
to treat with Bhartpur, but on the. contrary " thought proper to
• See Gen . Wellesley, on 13th January, 1805. Owen, 43J..

t See journal as above "Making faacines," 26th February to Qtb April, daily entry.
oJe~:
9~ s;~s to have been rig4~. See Mn.jor-Gcnernl Wellesley to Major Malcolm,

::J: f
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"witho1d every encouragement to his advances * * * until he
should be well assured of his compliance with every concession "
req aired of him.
On the 8th April, a new battering train and snpply of stores
having arrived, Lord Lake took up a fresh position to resume the
siege. The Raja then submitted to the terms required, and a new
treaty was signed on the 11 th.
A few days before this (2nd April) Lord Lake with his cavalry
surprised Holkar in his camp near Bhartpur, and killed a large
number of bis men in a pursuit of 7 miles. Holkar now ret.ired
across the Chambal with the remnant of his army, about 13,000
men and twenty or thirty guns. On 15th April, he joined Sindia
in his camp at Sahalgarh. Bapuji Sindia and Amir Khan arrived
there on llth and 14th respectively.
On 21 st April, Lord Lake left Bhartpur, and marched to Dholpur.
He crossed the Chambal on the 30th April, and joined Colonel
Martindale,* who had been ordered fromBundelkhand with over8,000
men to watch Sindia, and was in camp at Jatawhar, about 8 miles
S.S.E. of the present Chamhal Railway Bridge. At the news of
Lord Lake's approach Sindia retired towards Kotah, and several of
his lesser confederates deserted to the British. Lord Lake's army,
which now contained nearly 18,000 regulars, was brought up by this
means to nearly 30,000 men.
On the 10th May, the Bombay force marched for Rampura, and
on the 20th, Colonel Martindale's detachment moved off for Bundelkhand.
In the beginning of June, Lord Laket got his army into cantonments. The 75th and 76th Regts., with the Company's Europeans,
went to Fatehpur Sikri. and the rest of the army to Agra and
Mathra. The three regiments of dragoons! occupied the Sika.ndra.
Cantot>ed in this position, the army was ready to take the field at
very short notice. Had a similar disposition been made in the previous year, it would probably have enabled Lord Lake to rescue
Monson's detachment, and to prevent Holkar's irruption into the
Doab.
• Colonel Martindale hn.d arrived here from Bnndelkhand on 5th April. He had 10 battalions, 3½ squndrons, 20 gnns, and some irregulnrs.
t He left Jatu.whar on 26th May.
t A change of numbers occutTed about this time. The former 27th and 29th Dragoons
became ~tb and 25th. Thorn, 461.
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The camp of Mr. Jenkins, the Resident at Sindia's court, had
been assailed and plundered early in 1805 by some of Sindia's
people, and the Resident had been unable to obtain redress. He
had requested his conge in vain, Sindia being no doubt afraid that
his departure would he tbe signal for war. In June, Lord Lake
wrote t,o Siudia demanding the dismissal of :Ofr. Jenkins within 10
days, under a threat of war should he refuse. Sinilia replied that
he only awaited tbe arrival of a successor. Holkar and Sindia had
about the same time moved west, towartls Ajmir. Shortly after,
advances were made by Sindia which enabled Lord Lake to reply
tlrn,t no nei(ociations could go on until the Resident was permitted
to leave. Mr. Jenkins was then permitted to take his departure
with suitable honours. '1 Everything was now in a fair way towards
adjustment, when an event occut'l'ed which frustrated Lord Lake's
plans.
Tbis was the recall of the Marquess Wellesley, aud the arrival of
the Msrquess Cornwallis, with a peace-at-any-price policy.
Lord Cornwallis bad held the office of Governor-General with
distinction from 1786-93. He now returned to India, broken in
health, and pledged to the Directors to overturn the policy of his
predecessor.

On the 19th September, he wrote to Lord Lake to the following
effect. He was prepared to compromise, or even abandon, the demand wbicb bad beeu so repeatedly and urg-ently made on Sindia,
for the release of the British Residency.* He was prepared, as bis
predecessor had been, to restore Go bad and Gw.ili3.r, Sindia giving
up bis pensions and j3.ghirs under the treaty of Surji Anjangcion.
He considered the possession of Oehli very unfortunate and would
restore it to Sindia, wbo was to be allowed to re-establish Maratha
power in Hindustan. Lord Wellesley bad made the Chambal our
frontier tmvards Central India. He was prepared to witQclraw to
the line of the Jarunn., and to abandon all the minor chiefs between
these rivers, with wbom defensive alliances had been lately formed.
Dbolpur and other districts were to be given b,wk to Sindia, and the
Rija of Jaipur was to be left to settle with him as best he could.
In sending this letter to Lord Lake, the Governor-General enclosed
one for Siudia to the same effect. Lord Lake witheld this letter,
* Lord Wellesley b:id now m11de up bis mind to restore Gobad antl Gwiili6.r.
t Mill, VI., 525. Marshman, JI., 187.
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pending the reply to a remonstrance* which he addressed to Lord
Cornwallis. Before it could reach him the Governor-General was
dead.t
On the death of Lord Cornwallis, Sir George Barlow, a Bengal
civilian of mediocre abilities, became acting Governor-General.
He had energetically assisted Lorcl Wellesley in his policy, but now,
having found that it was unacceptable in Leadenhall Street, was just
as eager to undo it. He even went beyond anything that Lord
Cornwallis would have sanctioned, for be held that anarchy in the
native states was a guR,rantee of the security of British India .. t
Fortunately Lord Lake's negocin.tions with Si11dia were so far
advanced, that they were not very materially influeucecl in their
conclusion by the change of policy.II With Holkar it was diffe~ent.
Holkar and Amir Khan having quitted Sindia, proceeded to
.Ajmir. Bolkar collected an army of ahout 12,000 horse, 3,000 foot,
and BO guns, and marched northward in September (after vainly
trying to induce the Raja of Jaipur to join him), with a view of
gaining the Sikh chieftains of Sirhind (Patiala, N abba, Jhind, &c.,)
over to bis side. His line of march was through Shekawatti, skirting Alwar and Rewari to Dadri, in Jhajbar, where he left his
infantry, guns, and 1,000 horse to harry the British territories. H e
himself went on towards Patiala.
Lord Lake was instantly in motion. On 10th October, the troops
at .Agra and Fatehp{1r marched for llfatbra. The Bombay Division
from Rampura was directed on Sbekawatti, a force was seL t towards
Saharanpur, and another to Rewari to protect the Doab, whilst
Lord Lake himself started in direct pursuit, with 5 regiments, (18
squadrons) of cavalry, the reserve bdgade of infantry, and the
Horse Artillery.
There is little more to be said about this part of the campaign.
The march was not very rapid, except for two or three days at the
end. It is remarkable chiefly as being the first occasion on which
the Satlaj was crossed by a British force. The spectacle of Holkar
flying before the British was not one calculated to enlist the Sikhs
on his side. Holkar was therefore obliged to sue for peace. Very
favourable terms were granted. He renounced all claims on the
territory north of the Chambal and on Bundelkhand and, like Sindia,
• Abatrnct, see Mill, VI. 52!!,
t Dietl at Ghlizipur, 5th October, 1805. t Mill, VI., 531.
\1 The renunciation of right to contmct t.reutico with Rajpi1t chieft1 w::tt1 a serious exception.
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agreed not to employ Europeans without the cousent of the British
Government. He was to relinquish all rights to &mpura ( of
Tonk) and all claims on the Raja of Bundi, and he was to return
to his own territories by a defined route, without injuring the territories of the Company or its allies. On the other hand he was to
receive hack the forts and territories taken from him south of the
Tapti and Godavari.
Sir G. Barlow altered this treaty when ratifying it, and alledging
that they would he tLe cause of troubles and expense, left to Holkar
the territories north of Chamhal.* But he did worse. In spite of
the remonstrances of Lord Lake, he deliberately made over to
Holkar's vengeance the friendly Rajas of Bundit and Jaipur. It
was not long in falling on them. Holkar should have been ordered
to accompany, or precede, the British .A.rmy on return to Hindustan.
Instead of this he was left to follow, and no sooner was the Commander-in-Chief across the Satlaj, than he began to pillage the Sikhs.
Harriana had been granter\ to one .A.hdul Sanad for his services.
Holkar ravaged the country, and levied contributions on it. Lord
Lake requested Sir G. Barlow to defer his renunciation of the Jaipur
alliance until Holkar should have gone home. But Sir George
insisted on declaring the renunciation immediately, for fear the
British Government might have to resent Bolkar's proceedings.
Holkar responded by extorting 18 Jakhs of rupees from the unfortunate Raja, after which he proceeded to punish the Raja of Bundi for
the assistance he had given to Colonel Monson.
Thus were the advantage gained by so much exertions and hard
fighting frittered away by the weakness of Lord Wellesley's successor. Worse stil1, the good name of England was stained, and
confidence in British good faith rudely shaken. Lord Lake had
shortly after to receive at Dehli,t from the month of one of his
ageuts, the bitter reproaches of the Raja of Jaipur, reproaches
rendered all the more hitter by the consciousness that they
were well deserved.
Central India was abandoned to a state of anarchy, and when at
last Lord Hastings had to re-settle ajfairs in 1817, an army of
100,000 men was required for the purpose.

• He did the same with Sindia.

t

Who bad helped Monson in hi1:1 d.i1:1lross,

t :um, Book VI., on.
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No·rE.-The events of 1805 have certain points of resemblance to
those of 1881. In 1805, as in 1881, we had just closed a series of
successful military operations and greatly extended our influence
and obligations. In both cases we hastened to withdraw, as if
alarmed at our own daring. In 1805 Dehli was considered an embarrassment, though we did not absolutely throw it away, like
Kandahar in 1881. Then, as in 1881, it was asserted that we could
not find a more advantageous frontier than a river, and the Jamna
was the prototype of the Indus. Then, as of late, arguments for
withdrawal were sought in finance, and page upon page of figures
may be found purporting to prove that, far from being a source
of strength, the acquisitions of the lliarquess Wellesley were no
better than a positive loss. *
H. H.J.
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• Mill, Book VI., Cba}l, US,
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Appendix II.
CHRONOLOGY :JF THE CAMPAIGNS.
1802.

Dec. 31 Treaty of Ba.asain.
1803.
February .Madras force concentrated at Harihar under Lient .. General Stuart,
Commanrler-in-Chief in Madras.
April 20 Major-General Wellesley enters PU.na..
CAMPAIGN AGAINST SINDIA AND THE BHONSLA,

Aug. 7 General Lake marches from K!lhnp'Ul'.
8 Major-General Wellesley takes Ahmarlnagar.
21 Lient.-Colonel Murray marches from Baroda..
29 General Lake's action before .A.ligarh.
Lieut.-Colonel Murray takes Bharuch.
Sept. '4, General Lake captures Alig:arb.
gains the battle of Dehli.
11
,, enters Dehli
,,
14
17 Lieut.-Colonel Wooilington takes Powangarh.
18 Colonel Harcourt takes J agannith.
21
u BalUsUr.
,,
,,
23 Major-General Wellesley gains Battle Assaye.
24 General Lake Marches from De1li for Agra.
arrives before Agra.
Oct. 4
10
,, wins action before ,1-\.gra.
"
Colonel Powell defeats Shamshir Bah&dhar in Bundelkband.
Colonel Powell takes Barabatti.
17 Fort of Agra capitulates to Generol Lake.
21 Assirgarh surrenJers to Colonel Stevenson.
27 General Lake leaves Agra.
,, gains Battle of Lasw:iri.
,,
Nov. 1
2 Colonel Harcourt occupies the 1lefile of Bermuth,
marches fr(1m LaswU.ri.
.,
,,
8
14 General Lake concludes treaties with JaipUr, .A.lwar, anrl JohdpUr.
23 Suspension of hostilities in the Da.khan agreed to between Si.ndio
allfl Major-General Wellesley.
28 Major-General Wellesley gains battle of Argiion.
Dec. 4 Colonel Powell takes Kiilpi.
14 Major-General Wellesley takes G.iwilgarh.

i4

2i

L::;~ctr~~:~ ;~~::t~G~!ti;::.•

7
Gener~l Lake detrtghes
reaches Bitina.
,,
,,
27
30 Major-General Wellesley makes peace with Sindia at Sutjf Anjanga.Qn.

t:i ·41

4
Fot of Gw8.1ilir aurrendereil to Lieut.-Colonel White.
27 Sindia. becomes a party to a treaty of alliance between British
Government, the PeshwB, and the Nizam.
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OAMPAIGN J.GAINSr RoLIAB,

1804
Feb. 9
April 17

l

May i's
June 2
6

July 2

8
9

General Lake moves from Bi6.na,
at Dosa.
"
11
detaches Monson to Jaipur.
"
11
Lieut.-Colonel Dou takes Rampura. of Tonk.
Holkar retires beLinrl the Chambal.
Lieut.-Colunol Don joins Monson at Kotah.
General Lake reaches ,-\.gra, and his army goes into oantonmente.
Monson takes Hinglasgarh.
moYes to Pipla.
Gurrats.
,,
r etreats through Son8.ra.
at Mokandara,

ll

10 Holkar attacks Monson.
30 Monson r eaches Rampura.
Aug. 21
leaves Rampnra.
"
24 Murray occupies JudUr.
31 Monson r eaches Agra.
Sept. 27 General Lake at Sikandra.
Oct. 1
marches for Dehli.
"
"
14 Attempted storm of Dehli by Holkar.
31 General La.ke crosses the Jamna in pursuit of Holkar.
Nov. 5 Major-General Fraser leaves Dehli.
ga.ins the Battle of Dig.
13
17 General Lake r ontes Holkar a.t Faruk&bti.d.
Dec. 24 Capture of Dig.
,,

•I

•
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1805.
Jan. 2 Siege of BhartpUr opened.
9 First assault of BhartpU.r.
20 Second ,,
Feb. 20 Third
11
21 Fourth ,,
23 Siege raised.
:March 2 Amir Kh&n defeated by Major-General Smith at Afzalgarh .
April 11 P eace signed with RU.ja of BhartplJ.r.
30 Lord Lake in camp at Jat8.whar.
,, cantons his army at Agra and Mathra.
,,
June
,, marches for Mathra.
Oct. 10
Dec. 2
r eache s Lndi&na.
u
9
" at the Be8.a.
,,
25 Holkar makes peace.
31 Review of Lord Lake's army on the banks of the Be8.s.
1806.
Jan. 9 Lord Lake begins his return march.

Appendix III.

NOTE ON THE BATTLE OF DEHL!.
I have bad some difficulty in ascertaining the actual position of the battlefield. The name given to it is mislear'ling, and there is actually a pillar not
far below Patparganj, with an inscription to the effect that it marks the
field of battle, which would seem at first sight to be , ery strong e-r-idence.
But this did not agree with the mileage gi-en in the itineraries of the marcb.
The original despatch of the Commander-in-Chief (printed in Bengal Papers)
does not mention the name of any of the villages on the battlefield, nor does
the accompanying sketch of the action give any names. Moreover, this sketch

is not to any scale.

/

The narrative of the Governor-General (Bengal Papers, page 248) states
that the a.rmy made a short march to the west of Sikandribad on the 10th,
&nd that on the 11th it marle a march of 18 miles to its encampment near
the Jehnah nullah (about sill miles froni Dehli) before the action. The
Governor-General arlds that the battle was fought within view of the minarets
of Dehli. Major Thorn, who was not present at the battle-his regiment, the
29th Light Dragoons, having been detached as mentioned in the text-also
mentions the minarets, and says that after t,he battle the whole army encamped
on the banks of the Jamna, opposite to Debli.
But the ''Survey of the Route of General Lake's Army," by Lieut. Carmichael Smyth (see list of a uth orities), shows that neither the GovernorGeneral nor Major Thorn is correct. On this snrvey each halting-place is
marked by a sketch of a double-poled tent and a Union Jack with date of the
camp. The distances, as measured from this map, have been compared with
those on the modern maps of the same country, and with the table of marches
in Henley's Code.
These all agree very well together. What was the main road of that day
runs in this part much nenrer the J amna than the present Grand Trunk road,
and the crossing of the Hindan was at a point about nine miles below GhBziud-din•nagar. This old road runs through Sikancl1·&blld and SUrajpur, and by
Satldarpllr and Chalera to Patparganj and Dehli. The crossing of the Hindan
or Jenab nullah was about eleven miles from Dehli, instead of si:r only.
From a careful comparison of the Jnaps and dista.nces, I am led to believe
that the actual position of the battle was as shewn in Plate V., anrl that the
villages on the Mar3-tbU line of battle were Saddarpllr, A.g&pfu and Baraula,
while a viHage with square enclosure (shewn on the sketch) in front of the
enemy's line, and where the Commander-in-Chief formed up his infantry line,
WU Sarai.

't
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The survey of the route shows the distance from the halting.ground of the
10th to the first camp of the 11th, on the Hindan, to have been a good twenty
miles, and the camp, after the action between Cha.lera and Hoshigarpnr,
about threo miles further on. This second camp was still nearly six miles
distant from Patparganj, and nearly niue from Dehli.
No doubt the minarets would be visible, as the intervening country is per.
factly flat. They are visible from near the present Grand Trrmk Road crossing,
and the distance is about the same.
I am at a loss how to account for the pillar near Patparganj. Perhaps some
one of my brother-officers, who may be serving in that pa.rt of India, would
send me some information about it. I have been disappointed in my endeavours to get the matter investigated on t,he spot, owing to the freqnent moves
of offioers in India.,

,,

Appendix IV.
NOTE ON MARCHES IN THE MARATHA CAMPAIGNS.
The late Sir George Pomeroy-Colley, in a lecture on Marches, delivered on
31st January, 1873, at the Royal United Service Institution, spoke as follows:u I believe that the records of our Indian wars, of Lord Lake's Mar&th8.
11 campaigns, and, more recently, of some of the
flying columns dm·ing the
11 mutiny, contain the most remarkable examples
of such fen.ta. Unfortunately,
u from the difficulty of finding the places on the map, and identifying names,
Hit is often impossible to verify them.''
It seems, therefore, thr..t a more particular notice of some of theRe marches
than the limits of the text would admit of may not be devoid of interest.
The three really remarkable marches in the campaigns are:1. Major-General Wellesley's in October and November, 1803.
2. General Lake's, in pursuit of Holkar, in November, 1804.
3. Major-General Smith's, in pursuit of Amfr K.hU.n, in February and the
beginning of March, 1805.
The first of these is probably the most remarkable, as it was performed by a
whole army, with guns and impedimenta; but I regret to say, I have not been
able, e,en with the assistance kindly afforded to me by Mr. Saunders, to lay
down its course on the map. As stated in the text, the names are 'very inaccurately given in the despatches of the Major-General, and ma,ny despatches
have no local date at all. But, in the hope that some of my brother officers,
who may be employed in that part of the Dakhan, may be inclined to look the
route up on the ground, a table is annexed of such halting-places as are given,
together with references.
The second march is shown on the diagram (Plate VI.), which gives the
sheets of the Indian Atlas on which it can be traced. The distances in the
annexed table have been measured from the Atlas sheets, on a Reale of 4 miles
to 1 inch, and are, therefore, less than the actual distances covered.
The force consisted of three brigades of cavalry and the reserve brigade of
infantry, under Lient.-Colonel P. Don.
The third march was performed by cavalry only, with horse artilJery.• Its
course can be traced with tolerable accuracy on the sheets of the Indian Atla:1,
Noa. 49, 58, 66, 67, and 68, ancl from them the distances given in the following
table have been taken. They are, therefore, somewhat under the actual distances covered.

• 8th, 27th, a.nd 29th Light Dragoons; 1st, 3rd, nnd 6th Bengal Cavalry, and Horoe
Artillery.
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TABLE

I.

MARCH OF l\IAJOR-GENERAL HON. A. WELLESLEY,

BETWEEN THE BATTLES OF

AssA YE A~D A.RGAUM,

Remarks and References

l

Place of Camp.

1803.

Authority.

Sept. 23 Assaye.

Defeated the Confederate RU.jas.
Well. Deap. I.,
24 Halt at Aseaye.
Ditto.
25
Ditto.
26
References to We11. Desp.
Ditto.
27
are to Edition of 1834.
Ditto.
28
29
30
Oct. 1
2
8 50 miles N, of Aurangabad Do., Page 419
4
5
6
7 Waukory.
429
"
8 Ajanti.
433 Sheet. 38.

"

9

10 30 miles N. of Anrangabad

434
438
441 Poolmnrree.-Sheet 38.
314
Ditto.
13
Well. Desp. I.,
Page 443
Ditto.
14
446 "Halted on 14th & 15th,
"
15
Ditto.
and marched on 16th."
16 16 miles N. of Phoolmnrry
458
Well. Deep. I., 454.
"
17 Pahlood,
454
"
18 Adjuntee.
456
"
1D
"Descended the Gb&-t. "
20
Well. Deep. I., 469.
21 Ferdapoor.
458
"
22
Ditto.
23
462
Ditto.
" 468
24
"
25 Adjuntee.
466
"
26 Pahlood.
472
"
27
28 Phoolmurry
475
"
29 Au.rang-a.bad?
477 "Passed Aarangabarl on
"
30
29th.-W.D. I., 481.
31 Naunda.ir Wa.rry, 4 kos)
11 This is my second halt
477
N .E. of Puttrm.
from the bottom of the
"
Fer<lapoor Ghant; the
distance is, I beliere,
nearly 100 miles."
Well. Desp. I., 477.

Birkenholey.
11 Phoolmurry.
Ditto.
12

•t
'I

to Sheet of Indian
Atlas.

p

s

"
"
d~en,
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TABLE
MilCH OP MAJOB·GENER.U

I (Contini1ed).

HoN. A.

WELLESLEY, BETWEEN THE BATTLBS OP

(Continued).
Remarks and References
to Sheet of Indian
Authority.
Atlas.I

Ass.AYE AND ARGAUM.

1803.

Place of Camp,
Cheesekair.

Nov.

Ditto.

2
8
4

Well. Desp. I.,
Page 400
Do., 481

5
6

7
8
9 Chitchooly.
10
11 Jaum.

491 Sheet 55.
494 Sheet 65.

12

13
14
15
16
17
18
19 Iwankoad on the Payn
Gn.nga.

611

20
21
22

23 Ra.joora.h.

514 Sheet 55 P

24

"Descended the Ghants."
Well. Desp. I., 628.

25
26

;11

Battle of Argaum.Sheet 54.

29 Parter!y.

30

Ditto,

528

The halting places are taken from the dates of letters and reports in the
Wellington Despatches.
Suggestions by Mr. Saunders.
Parter1y is Patoolla on Indian Atlas; now called Pnthnlda.
Ferdapoor eeems to be Farbadpur in sheet 38, latitude 30° 35', at foot of

Ajanta Pass.
Nanndair is Nandoor on sheet 38; 4 kos N.E. of Put.tun.
Pahlood is Pilode on Scott's map of the Peniusula, and corresponds with
Podwuth on the Indian Atlas, sheet 38.
Cheesekai.r. Scott has Cheetchkaira on the road between Poohnnrrce and
Ajanta.
Chitchooly and Jaum are on the northern edge of the hills Sf')uth of
Ballapoor.
Rajoorah Pass is said in the Berar Gazetteer to be the Gh:it south of
Pathoor, S.E. of Ballapoor, but is differently placed on Scott's map.
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II.

MARCH OP GENERAL LAKE IN PURSUIT OJ HotKAB,

l

To

]from

1804.

Miles.

Oct. 31 Dehli

...

Loni

...

10

Nov. 1 Loni

...

Baghpat

.. .

14

2 B&ghpat

Kiindla.

...

27

3 Kindla

Sb&mll

...

11

4

Halt.

6 ShamH

-

MahmadpUr

6 Ma.hmadpU.r Barn&wa.

7 Barn&wa
8 Khatauli

9 Mirat
10 H.i.par
11 M8.l&garh

•I

...

12 Shikllrpur ... Pill1annah.

12

25
21

19
18

Crossed the K!lli Na.di.

20

Passed Fort of Komona.

18

...

23

...

• Became a. cantonment in 1809.

20

13 Pilhannah , , . Koriya Ganj

15 Khasganj

Relieved Colonel Burn.

19

...
... Mirat• ...
... H:ipar ...
... Mtiltlgarh ...
... Shik:i.rpnr ...
Khatanli

14 Koriya Ganj Khnsganj

Remarks.

Sirpura

19

16 Sirpura

Aliganj

23

17 Aliganj

Farakh3,biid

26

In addition, pursuit 10 miles on
(Thorn, 891), making 46 miles

Total 325 miles in eighteen days, or avernge of 18 miles a day, including the
halt. The Infantry Brigade was at Aliganj on 16th.
FoRCE.-His Majesty's 8th, 27th, and 29th Light Dragoons; 1st, 4th, and
6th Native Cavalry, and the Horse Artillery. Also the Reserve Brigade of
Infantry under Licut .. Colonc] Don, consisting of 2 companies of His Majesty's
22nd Regiment, and 3 battalions of Native Infantry, viz. :- Jet an,1 2nd
battalions of 12th Native Infantry, a.:nd 2nd battalion of 21st Native Infantry.
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TABLE

MARCH OF MAJOR-GENERAL SMITH IN PURSUIT OJ' AlifiB

1805.

From

To

-----,------...
Feb. 8 BhartpUr ... Mathra ...
... Camp in the DoSb
9 Mathra
... 7 miles N.E, Jolir
10 Camp
Aligarh ...
11
12 Aligarh ... Near Komona ...
...
13 Komona. ... Pl1nagarh
14 Panagarh ... PUth
. ..
15 Pllth
. .. Garmaktesar and
Komadlina. Ghat
16
Halt.

17 Komad&na .. · 1 Amroha...
18 Amroha . . . Moradabad
Halt.
19
20 Morada.bad R8-mpllr .. ,
21

Ril,mpUI'

...
...

I

Distance
Miles.

26
3
18
20
16
22
24

13 ? Where is KomadBna

I

23
34
21
-

23

...
. ..
...

Skerkot defeated
Amir Khan, and returned
JPassed
to Skerkot.

19 ?
19 ?
9
34
23
20
14

83
22

17 Bahtl,t1urganj JebU,IlgfrU.b.id ::: } 35

22

r

25
21

23

. .. Chappara

22 Chappara . . . Shergarh
23
Halt.
Do.
24
25 Shergarh
Milak , ..
Halt.
26
27 Milak
...
... , Moradabad
.. .
, ..
28 :Moradabad K.i.nt
March I Kint
...
. . . Badllli ...
... Afzal garh and
2 Bad&li
...
Skerkot
Halt.
3
.,,
Sher gnrh
4 Sherkot
...
MoraUabad
6 Shergarh
6 :Moradabad Ganahan river . ..
.. .
7 Ganahan riv. Chandana6
8 Chaudaua6. . R.imganga river
9 Rii.mgnnga... On Chandausi rd.
.. . 3 kos from
10 Camp
...
Sambhal
Halt .
ll
12 Camp
... I Amroba ...
Halt.
13
...
Komaclclna
14 Amroha
15 & JG Komadina . Bab!t1lnrganj
18 Jeh.i.ngid,b:i.U Ko.mona. .
Koel
19 Koruona
20 Koel
Beyond Joar
21 Joar
Mathra ...

K.BAN.

See Thorn, p.431, and
Stubbs I., 297.

Crossing the Ganges.

22
21
26
16

~:!~~2nci" :~;~(!:given:::} 26

FoacE.-8Lb, 27th, anrl 20th Light Dragoons ; 1st, 3rd, and 6th Bengal
Cavalry; Horse Artillery.-About 1,800 men in all.
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Appendix V.

AUTHORITIES CONSULTED.
In many oases the a.nthority is indicated in the foot notes, and a. list of the
full titles of the various works is given below. I must specially acknowledge
the assistance I have received in the topography from Mr. Trelawny Saunders,
Geographer to the India Office.
LIST OP AUTHOBITll9,

Wellington Despatches, Vole. I. and II.
Thornton's Gazetteer of India.
Mill's History of British India, third edition, Vol. VI.
History of the Mahxattas, by James Grant Duff, Esq., 3 Vole., London, 1826.
Geology of India,, Medlicott and Blanford.
A Sketch of the Mountains and River Basins of India, by Trela.wny Saunders,
Geographer, India Office.

•I

Elphinstone's History of India, original edition, 1841.
History of the Bengal Artillery, by Major Francis Stubbs.

'

Military Repository, No. 2 and No. 3. (This book is in the India Office Library).
Thorn's Memoir of the War in India, (India Office Library, No. 11)., from 1803
to 1806.

Notes relative to the late Transactions in the Marhatta Empire. (3 volnmes
in red Morocco ; in Political Department of India, Office; presented to the
Court of Directors by the Marquess Wellesley.)
Bengal, also Fort St. George and Bombay Papers, presented to the House of .
Commons. Printed by order of the Honse of Commons, 5th and 22nd of
June, 1804. (Record Department, India Office, No. 32.)

Accounts and Papers, X. of 1805, XVI. of 1806. (House of Commons Library). ·
Marshman's History of India.
A Selection from the Wellil1gton Despatches, by Sidney J . Owen.
Survey of the Route of H.E. General Lake's Army in 1803 and 180.t..
Lieut. Carmichael Smyth ; original forwarded to Court of DirectorB.
Geographical Department of India Office).

By

(In
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Plan of Campaign proposed by H.E. General Lake, with Remarks by the
Governor-General, and Explanations by the Commander-in-Chief. Manuscript
in Military Department, Calcutta. {Referred to in the printed Bengal Papers,
at pages 156 and 159.)
Siege of Bhartpur. Creighton. (India Office.)
Maloolm'e History of India. (India. Office.)
Despatches of the Marquess Wellesley, Vole. III. and IV.
Text-book of Indian History, with Geographical N otes 1 Genealogical Tables,
eto. The Rev. G. A.. Pope, London, 1880.
Memoirs of John Shipp, late a Lieutenant in H.M. 87th Regiment, 3 Vols.
(in R.U.S.I. Libraxy)
Route March of the Army under the personal command of the Commander-inChief. Appendix: to Abstract of General Orders and Regulations in force in
H. E. I. C. army on the Bengal Establishment to 1st February, 1812.
(Thie book ia in Military Department of India. Office).

Appen dix VI.

TABLE OF LOSSES IN THE DIFFERENT ACTIONS.

Force Engaged.

Name of Action.
Battle of Dehli

...
...

Killed and Wounded, Per-centage
of Losses.
and Missing.

abon"t 4,500

461

,, 8,000

1,566

10

,,

A.ssaye

.,
,,

Agra

,,

4,600

229

5

Lasw&ri

,,

8,000

822

over 10

,, 13,000

339

under 3

uncler6,000

651

11

8,000

25

,,

Arganm

,,

Dig

Four Assaults

BhartpU.r

I

of }

I

12,100

nearly 20
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.Appendix

LIST OF MAPS, &c.
1.-Map of India, ahewing river systems, &o.
II.-Map of India, shewing political divisions in 1803.
IIJ.-Tbeatre of War, 1804-6.
IV.-Order of battle, march and encampment of H.E. Genera.I Gerard
Lake.
V.-Battle of Dehli.
VI.-Inde:r. to sheets of Indian Atlas for Lord Lake's mo.rchee.
VIL-Battle of Lasw&ri.
, , VIII.-Route Map.

Plate

•

1.-Table of the chief Marith& families.
II.-Chronology of the Campaigns.
111.-Note on the battle of Dehli.
IV.-Note on marches in the Mariith8, Campaigns.
V.-Authorities consulted.
VI.-Table of losses in the different actions.

GNS OF LORD LAKE A 1804-6.

INDIA,
SYSTEMS, &c.

Plate I.

PAPER IV.

BLASTING OPERATION8
A'f

TIMLIN'S NARROWS, BERMUDA,
IN 1879-81,
BY LIEU'rENAN'r

C. K. WooD, R.E.

(Communicated by the Oom,nancling Royal Engineer, Ber,nucla.)

1879.
THE work was first started on the 9th of September, 1879, in
accordance with the wishes expressed by bis Excellency the Governor.
Owing to ·unavoidable reasons the work bad to be carried on at
first from Boaz ; and the men and boats were taken to and fro daily
to the work at Timlin's Narrows, by the steam launch. 'l.'he distance
was great and much time and money was tbus spent on the journey.
In addition to this it was very hard work for the men, as we
paraded at 7 a.m., and often did not get back to Boaz until 6 p.m.,
breaking off for about half-an-hour in the middle of the day for
lunch, which they took with them; storms of rain were frequent, and
the men had often to come home a long journey wet through to the
skin. This was obviated, however, about the middle of October by
the men being moved to Agar's Island, which is only about half-amile from Timlin's Narrows.
Owing to the late season of the year I received orders not to
make any preliminary survey of the narrows channel and the reefs
that bordered it, as it then existed, previous to blasting, but to
commence blasting at once, as there was little time to spare. Accordingly the actual work done in 1879 cannot be recorded on any
chart. I may, however, here remark that the soundings on Hinson's
Island were almost identically the same as those on Plate I., which

l:!G
now accompanies this report, made from a survey taken in Octuber
1880, the reason being that little or no work was done upon that
side in 1879.
The reef, however, on the N.W. side of the channel bad a sheer
face on tbe channel side, there being only 3 or 4 feet over it at low
water quite close to the buoy, aud being in portions actually uncovered at low water. The rock on this reef was very hard, but
being under-cut and full of holes on the channel side, it was very
favourable for blasting, and the work progressed very rapidly. A
single charge of 20 lbs. of gun-cotton often brought away three or
four solid blocks of stone, weighing 3, 4, 5 and sometimes as much
as 8 tons. Later on, however, we came on a softer vein, 1nore 1ike
hard clay and shells; this was bard to work in, as not only did the
charges not work to such good effect, but what wo1·k they did do
was all broken into small rubble and sand instead of large blocks.
On weighing we found that about 15 cubic feet of this rock went to
1 ton.
Tbe boats used on the work were as follows :-1 cutter, 1 gig,
1 dinghy, l lighter. The cutter, a submarine mining boat, was used
as a diving boat. The lighter, lent by the Admi,-alty, was fitted
with a joggle in the stern and a strong winch ami<lships i she was
used to haul up the deb,-is and then remove it into deep water. The
gig and dinghy were used to run the warps out to the buoy, and for
general purposes ; they were both submarine mining boats.
The first thing done in the way of work was to lay out three
strong moorings, with 7-cwt. sinkers attached, in deep water, in
different directions, clear of the channel but adjacent to it, about 200
yards off. The object of these was to have three places to warp the
lighter to, where she might lower away the debris well clear of the
channel. The particular mooring, chosen to warp the lighter to, depended on the direction of the wind and tide. Other moorings, with
only 5-cwt. sinkers, were also laid down, and used for getting and
keeping in position the diving boat and lighter when at work, by
means of warps leading to them.
The moorings being laid down and all stores collected, the blasting
and removal of the debn'.s commenced.
The charge cases were made of zinc cylincleni manufactured for
the purpose; the zinc stood well at such small depths of water. The
charges were in three sizes, viz. :-5 lbs., 10 lbs., 20 lbs. The explosive used was gun-cotton, with platinum wire detonators. The
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reasons why such small charges were used was that, owing to the
rock being full of holes, as above described, and much shaken by
hlasting in former years, these charges were more econom.ical, and
had the additional advantage of not shattering the rock into small
fragments as larger charges did. The largest charge used was one
of 50 lbs., and this only once, when it broke the rock into such small
pieces that I did not again attempt a large charge while the rock
possessed tl10 cha.racter and form above mentioned. Of course the
best posit.ions for the charges were chosen either in holes or cracks,
or better still under overhanging projections. In the latter case
they were placed by the diver in correct position; but often they
could be lowered away from a boat and directed into correct position
by tbe aid of a water-glass, without the assistance of a cliver at all.
The charges were invariably fired by 10 cells of a firing Leclanche
battery.
The plan adopted for the removal of the large blocks of stone
loosened by the blasting was as follows : The lighter was warped into position alongside the diving boat,
only end on to it, with her stern next to the diving boat, and with a
wnrp leading from the bow to the mooring buoy, as shown in
Fig. l., Plate II. The chain wbich leads from the winch over the
stern joggle was then passed to the diver, down below, who placed
it round the block of stone to be removed; when secure, the winch
was worked till the stone was raised sufficiently from the bottom,
then the lighter was warped away into deep water and tbe block
was lowered; this being done the lighter was warped back into
position for another stone.
In order to allow of the stone being lowered away without the
assistance of divers the chain was arranged as follows : .A.t the end of the chain was a large ring, through which the standing part was brougbt so as to form a loop; in the middle of tbis loop
another chain was fastened on by a ring, which was called the tripping chain, see Fig. 2., Plate II.
By a glance at the figure it will he seen that when the loop is
put round a block of stone, and tbe strain taken on the standing part
which leads over the joggle to the winch, the loop is tightened and
the stone held securely, and thus the stone may be raised by working the winch to a level with the top of the water, or, as was
generally the case, to a level with the keel of the lighter.
To lower away the stone you have merely to take up the slack of
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the tripping chain and make it fast inboard, then walk back on
the winch; this loosens the standing part, and the strain coming
on the tripping chain gradually pulls the standing part through the
ring, till the loop is large enough for the stone to fall out. This
plan was never found to fail. Care, however, must be takeu that
the distance from the ring at the encl of the chain to the tripping
chain be less than the diameter of the stone, else the loop cannot be
tightened on the stone.
In cases where the rock was mere rubble, a box holding about 22
cubic feet of stuff was lowered away and the diver filled it with
rubble; the larger rubble being hoisted off the ground by the aid of
a hook-rope, the hook of which was moused and a loop formed by
passing the standing part through it, and guided into the box by
the diver. The box was filled with very small stuff by the diver,
using a galvanized iron bucket aud ordinary garden hoe ; he put the
bucket between his knees, scraped the small stuff into it with the
hoe, and then emptied it into the box. The box when full was raised
by a winch, warped away, and emptied by a tripping chain attached
to the bottom.
Owing however to the hard nature of the rock little or no box
and bucket work was done in 1879.
Not only did the work progress very rapidly for the reason stated
in the last paragraph, but, also, at first, owing to the shallowness of
the water, I employed, simultaneously with the divers in proper
dresses, two very excellent divers out of the Company, who worked
without dresses oi· apparatus, putting chains round blocks and laying
charges. These men could put the smaller chain round blocks of
stone at a depth of 10 feet, and one of them could lay charges very
satisfactory at about 15 feet.
The greatest number of cubic feet of deb.-is ever removed in one
day of eight hours work was 750 cubic feet. The average was about
270 cubic feet; when it came to box work with one diver at work,
6 boxes or 132 cubic feet could be removed uaily. With two
divers at work at once, 9 boxes or 198 cubic feet.
The daily average of men employed was : Making up charges ...
:3
Steam launch
5
Timlin's Narrows ...
17
Total

25
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When the party was moved to Agar's Island this number was
reduced to 20 men, as the launch was not then required.
The number of days on w bich work was actually done at Timlin's
Narrows was 50.
The amount of deb,·is which was actually removed during this
period and l owered away into deep water was 12,250 cubic feet.
It is estimated that about 7,750 cubic feet were loosened by blast.
ing, but not removed, being left at tbe bottom as small stuff.
The amount of gun-cotton expended in 1879 was 550 lbs., the
work done by this gun-cotton, as shewn above, was 22,000 cubic feet.
The average work done by every pound of gun -cotton was 40 cubic

feet of rock. This is large, but it is accounted for by the fact of
the favourable condition of the rock, and also that from the previous
work, years ago, many blocks of stone remained which had only to

be removed, not blasted.
Owing to the detachment being required at Head-quarters, to go
through the annual practice in submarine mining, the work was

st 0 pped on 29th November, 1879.
1880-1.
In accordance with General Order of the 27th September, 1880,
the proposed detachment of the 28th Company, RE., required for
carrying on the w01·k at Timlin's Narrows, was moved to Agar's
Island on the 29th September.
The detachment of Royal Engineers consisted of:1 lieutenant, 1 sergeant, 1 first corporal, 1 bugler, 15 men. Total
1 officer and 18 men.
The men were quartered in a building called tbe cooper's shop,

kindly lent by the Commissary General of Ordnance.

The officer

was quartered in a tent.

The boats employed were :-1 pinnace, 1 launch (pulling), 1 gig,
1 dinghy. The pinnace, a submarine mining boat, was used as a
diving boat. The launch was lent by the Admiralty, and used as n
lighter for rc-moviDg the debris; she was fitted with a 3uitable
joggle, and a winch amidships; this was the on]y boat they could

lend us, hut being very high out of the water and very large
she was nut so handy as the lighter lent in 1879; in strong breezes
she was somewhat unmanageable, nwing to her holding a good dea1
of wind. The gig was a submarine mi Ding boat, used to take the
party to and from Agar's to work, also in laying warps. The dinghy
was hiTed by the late Colonia] Surveyor, as there wns no sn bmarine
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mining boat available, and the work could not proceed without one;
she was used for the same purposes as the gig. Most of the moorings having been ]aid down in 1879, a few new ones only were
required.
Tl.te launch and pinnace were kept moored in a
sheltered position at Timlin's, the gig and dinghy at Agar's.
For the fir·st few days the men were employed getting stones
together and making an accurate i-urvey of the reefs at Timlin's,
snuurlings being t,nken evc-ry fise feet.
A plau on n scale of 20 feet to one inch ( Plate I.) is attached to
this report, showing the soundings as taken in October, 1880, before
commencing to blast.
This year we ~tn.rted on the N.W. side of the channel, ·where we
had left off in 1879, bat finding that all tbe hard rock had been
removed as far back as it was intended to widen the channel, after
firing a few charges I settled to commence work on the Hinson
Island side.
Tbe reason for abandoning the work on the N.W. side was
twofold:lst.-Owing to the soft nature of the rock-a sort of hard clay and
shells-it was all smnll staff when blasted.
2ncl.-As there was only a slight face of but three feet to work on
the charges were not effective .
Accordingly I came to the conclusion that it was best to leave
it till the last, then fii·e seyeral charges ove1· its surface to break it
up, and then let the dredge cut through aud remove it.
Having settled to start blasting on the Hinson Island side and to
take off a corner of that shoal, it was necessary to determine the
best spot at which to start. After a careful examination a very
favourable spot was found, where the first charge might be laid.
This was at a snrn,11 re-entering angle of t he shoal, about eighteen
feet to tbe south of tbe White Channel buov; the reasons for
choosing this spot, were very numet"ous, the chief of which were :l st.-It was the most projecting point of the shoal.
2ad.-Iu addition to there beiug a slight re -eHtering angle, there
"as a sheer face at that point of about three feet, a fall from fifteen
feet on shoal to eighteen feet in channel.
3rd.-This was evldeutly a portion of hard rock jutting out, and
a deep narrow crack rnn up from the angle intn the Rboal.
We first put in a small charge nf l U ll.J:,1, 1 ·which widened the crack
sufficiently to euable as to puL in a 5-lb. charge at about five feet from
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the end, and, following the crack up in this way, we eventually put
in a large charge of 40 lbs., which turnecl a large portion of the rock
into the channel in large blocks, leaving a face on the shoal of about
fiye feet in cleptb, ancl a depth of water at its foot of eighteen feet at
least; we then workecl aloug the shoal to the south, being careful to
keep a goocl face all the time, as in surface blasting with gun-cotton
it is most essential to get a face to work on, other,,·ise a good cleAil of
the force of the gun-cotton is cxpenclecl uselessly.
In tbe-se operations the c.liffert:ncP of work done by a charge against
a face or on a slope was very marked.
In this way we worked along till we came out into deep water,
about 85 feet from the White buoy, ba,ing taken a strip of shoal away
about 15 feet in width, and that to a least depth of 1,5 feet H.W.
We now started to work back again to the White bnoy, taking it
back at starting only another five feet, but _gradually getting broader,
up to nearly 20 feet at the White buoy; in returning we were careful
to put the charges so that we had always a re-entering angle, and in
this ,,•ay the charges worked to great advantage; indeed, ·we often
cut in behind the rock, which gave better rt.•sults still, as the next
charge had three sides to work on. What is meant 1\rjll he better
understood by a glance at Fiy. 3., Plate II.
The piece A.CD, hatched from left to right in Fig. 3, shows the
portion alrPady deepened, the piece ha.tcl1ecl from right t o left shows
that to be remo'i•ed. 0 is the charge, and the tlark batching <_;hows the
probable crater; .AB is a face ,arying in depth, rmLl from Bit runs
out to nothing at D, whic-h is the etlge of t.he channel.
By putting the charge thus iu the re-entering angle at the foot of
the face we kept a face of about six or seven feet.
After firing a charge all the del,ris was remoYed to a depth of at
least 15 feet before firing auother charge; subsequent charge~1
however, often co,·ereJ up Olll' previous ·work with a foot or so of
small debris, which we <lid not remove, as it. wot1ld base been mere
waste of time and money to clear this a.way by Jiycrs with box and
bucket when the dredge was expected.
By this method we made cerlnin that the rock was blasted and
broken up all o,cr to at least a depth uf 1~ feet, antl it was intended
that the dredge shoulll, at the corn.:lnsio11 of the wo;:k, dl'ccL;e thiR
debris up.
rrhe character of the rod.: ahing- thiR sl10al was on the ,,-hole of n.
soi:t nature, like that p•·eviously Llescribed, with veins of hard ruck
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cropping up every 110w and then. The proportion of bard rock being
very small, the chain described in the report on the operations in
1879, was very little used, aud the deb,·is was chiefly removed by the
divers putting it into a box and then warping it awn.y, as described
in the report above r eferred to.
As in 187~, two divers could remove about 198 cubic feet, and
when only one diver was at work six boxes 01· 182 cubic feet was
about the aveTage day's wol'k. Owing to the removal of one of our
dive1·s for employment on the'' Carolina Z,"and his subsequent death,
we had not a sufficient number to work two simultaneously, except
just at first, and thus the work did not progress as fast as it might
have done.
For this tolerably soft rock charges of 50 lbs. of gun -cottou were
found most effective, t.hey generally cutalongthe face about eight feet.
The cases for these charges were at first made of zinc, but latterly,
having procured some empty six gallon oil en.us, they were adapted
as cba1·ge cascc;, and much time and money was thus saved. A tin
plate was carefully soldered over the bung hole, cnre being taken to
clean the iron well, in order that the solder migbt take on it. A
circular hole, about five inches in diameter, was cut in the same end
of the dl'um, to which was soldered securely a tin cylinder about six
inches in diameter and fonr inches long, thus leaving a shoulder of
half-an-inch all round at a, see Fig. 4., Plate II.
The primer was made as follows :-A tin tube was made about
ten inches long and one and a half inch in diameter; about two
inches from one end a flange plate was soldered on to this, and again
about four inches from that another flange, also circular, was soldered;
each flange was about six inches in diameter, so that it conld just
fit into the tin cylinder soldered on to the drum 1 see Fiy. 5., Pl,de II.
The flange B was not, however, slipped or soldered on till the very
last thiug. rrhrougb this tube two electric wires were led i these
were held in position and the whole made ·water-tight by running a
coropositiun into the tube in a molten state; the composition c.:onsisted of pitch, parafiu and tallo,Y. The fuze and 2-lb. dry primer,
all in a water-tight. bag, were connected on to these wires with a
water-tight joint at O The charge-case having been packed with
gun-cottnn discs and the primer above 1nentioned inserted, th e flauge
A rf:'sted on the shoulder a of the drmu; the tin c,-Iiuder was then
pac-ked tightly with damp clay, which forced the flange .J 011 to the
shou lder a, and preyented any fear of the solder touching and firing
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the charge. The flange B was then soldered on to t.h e small tube
containing the wires, the edges of the cylinder were tm·ned over,
the whole well soldered, and the charge was complete. This description of charge case worked very well.
Old chain or pieces of scrap iron were attached to tbe charge in
order to sink it. The charges were sometimes fired by ten cells of a
firing Leclanche battery, and at others by a quantity-dynamo.
The average number of men daily employed on the work up to the
12th of December was 20, made up as follows :-17 at Timliu's Narrows, 8 at Boaz making charges.
From tbe 12th Decem ber the average was 18, made up as
follows :-16 at 1'imlin's Narrowr.;, 2 at Bo;1z making clrnrg( s
J<'rom tbe 19th October to 31st J\Ia,·ch the total n umbe, o! days
lost, owing to bad weather, was ahout 30.
The actual number of hours of work <lone on the job was 17,430.
The nurn her of cubic feet of deb,.is actually removed iuto deep
water was ll,7U0.
The amount estimated as blasted but not removed, being left at
the bottom as small rubble and sand, was 11,300 cubic feet. This is
tbe amount that could be removed by dredge without any further
blasting.
The amount of gun-cotton expended upon the work up to the alst
lliarch, 1881, was J 3tl3 lbs. 'rhus tbe work done by l lb. of gun-cotton
averaged i,t-t,Pa°, or nearly 17 cubic feet.
Plate I. shows clearly the work dooe in 1880-1, the port.ion removed
haring a wash of yellow over it; as stated on the Plute, the sounUings
shown over the portion removed are not now probabJy correct, as
debris has fallen upon jt by successive charges. This was intended
to be rapidly and cheaply removed to a depth of at least 17 or 18 feet
by the dockya1·d dredge, but owing to her having been condemned
by the Aclmiralty and broken up she was not available.
Very little work has been done on the N.W. side uf the cbanuel this
year, and the weather has not permitted of a survey being madt:: in
time to show on Plate I. the work done.
In conclusion, seeing that G77 lbs. of gun-cotton arc unexpended,
I would propose to complete the blasting operations as originally
intended, which the recent bad weather has pr~vented, viz., to cut
away to a depth of 15 feet the Temaining portion on Hinson Island,
also as shown by red tint on Plate I., and also the corners of the
reef' on the N.W. side, as shown by reel tint.
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It ls e~tima.ted the amount of cubic feet, to be removed to carry
this proposition out would he rtbont 2,000 cubic feet..
Taking a day's work from prC\TiliUH data. as 13:l cubic feet, this
wonhl take nibout lG working ditys.
As the Rtores a,·e nh·C'ady in haurl the onl.; cost wnnld be that of
working pay; taking this as Gd. n.. foot the cost would be £;j0 .
Af"!, a dredge cannot b,~ obtained it might be worth while to try
and remove the debris o"e1' the work all'ea(ly done with a spoon aud
bag, this would cei·tainly be quicker than using a diver, and much
less expensive if it could be managed.

0. K. WOOD,

R.E .,
O,ffecer in 07,a,-ge .

LIEUT.

.Agm·'s Island,
12th April, 1881.

APPENDIX I.
i:lHOWING TOTAL

OoS'r

111

1870.

The total cost in 1879 was as follows

£ s. d.
120 18 3
15 12 9

Working Pay
Local Bills
Admiralty Stores
Gun-cotton and Fuzes

19

0

0

75

0

0

£230 11 0
The loco] bills included tin, zinc and solder for making the charge
cases, chain, aurl smnll stores generally.
The Admiralty stores con~i8tecl of ropes £or t.he warps used.
All the abo,e sums of n1ouey were paid by the Colonial GoYe rnment in 18(9, with the exeeption of the gun-cotton antl fuzes, which
were lent from the submarine mining stores for the ,,·ork at Timli11's
Narrows m1U baYe been ~ettled for in tl1e accounts of 1880-1.
rrhe aYerage cost per cuLic foot -of debl'is actuall y rem oT"ed into
deep water wasWorking Pa,y
2¼,l. p er cubic foot.
Stores
2d .
'l'otal

s,¼,1.

The avernge cost per cubic foot removed and blasted was :l¼d. per cubic foot
Workiog Pay
ltd.
Stores
Total
C.K.W.

APPENDIX II.
SHOWING TOTAL CosT rn 1880-81.
The total cost of work done in 1880-81 was : £ s. d.
Working Pay
284 5 10
Local Bills
13 15 8
Stores, Ordnance Store Department 259 6 2
Total

£557

7 8

The local bills were for small stores, such as zinc, tin, solder, etc.,
purchased from lir. Black.
The total of the bills for stores from Ordnance Store Department,
paid for by the Colonial Go,ernmcnt in 1880-81, was £430 8s. 4d.
But of these, 550 lbs. of gun-cotton and 143 fuzes, amounting to
£75 0s. 0d. come against and are included in the expenditure for 1879.
677 lbs. of gun-cotton and 100 fuzes, amounting to £96 2s. 2cl.,
are still in hand unexpended, makiog a total of £171 2s. 2d., which
has to be deducted from £430 8s. 4d. io calculating the value of
Ordnance Store Department Stores consumed up to 31st March,
1881.
The cost per cubic foot of debris actually removed was:5¾d. per cubic foot
Working Pay
5¾
Stores
,,
ls.
Total say
The cost per cubic foot of stuff removed and blasted was:3d. per cubic foot
Working Pay
3d.
Stores

Total

6d.
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This increase of cost per cubic foot is due, as previously stated, to
the character of the rock having changed from hard rock, with
favourable cracks and holes, to solid rock of a soft nature, causinglst.-A greater expenditure of gun-cotton per cubic foot removed.
2nd.-A much greater time and, consequently, expense in
removing the debris.

C. K. W.
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PAPER V.

DEMOLITION OF THE BARQUE "CAROLINA Z,"
IN THE

HARBOUR OF ST. GEORGE'S, BERMUDA, 1880-1,
BY Lrnu·r. C.

PENROSE,

R.E.

(Oom,nw,nicatecl by the Oom,r,u1,ndiny R oya,l Eng1'neer, Bennucla.)

THE barque " Carolina Z " was of the following dimensions ;154 feet.
Length ( over all)
32 ,,
Breadth.
24 ,,
Depth of hold
She had been scuttled, when on fire, aud run aground on a clean
hal'd bottom, out of the channel and anchorage of St. George's
Harbour.
The following were the depths (at high water):29 feet.
At her bow
32 ,,
Amidships
35
Astern
The bowsprit, catheacls, and a small portion of the forecastle
showed above water at low tide.

Tbe vcsi,:;eJ was Jaclen with Indian

corn, in bulk, of which she contained from four hundred to fi\~e
hundred tons at the time of her destruction.
The vessel was in good condition, very strong1y bnilt, and little
injured by the fire which caused her to be scuttled.
She bad been lying at the bottom for over a year. Ou the 2nd
November, 1880, the milita.-1·y authorities were requestP,d to destroy
the vessel in accordance with the dcci13ion arrived at by the General

i (

I

Board of Health. All expeuses conuected with the operations to be
borne by the Colonial Government.
On t he 4th November, the C.R.E., by t he request of His Excelleucy the :Major-General Comma.nding 1 undertook the work, and
ordered a detachment of the 28th Submarine lllining Company, R.E.,
to proceed forthwith.
rrhe services of a civilian diver having been engaged, owing to the
R.E. divers being employed on the operations at 'l1imlln's Narrows,
on the 15th November an examination aud survey of the vessel Wl~re
made. In making this examination it was found necessary to blow
in the after-hatch with a small charge, the explosion of which
liberated a very large quantity of foul gas from all parts of the
vessel, but chiefly from the forecastle, from which gas escaped for
about ten minutes.
It. was decided to destroy the sides of the vessel throughout those
po~·tions which enclosed the grain, eudeavouring at the same time to
disturb and blow away as much of the corn as possible. With this
object, on t he 30th November, 1880, two mines, each consisting of
270 lbs. of guncotton, in service mine cases, were placed, with the
assistance of a diver, one in the wain-holcl (b), the other in thea£terhold (")- (See Figs. 1, 2, 3, in accolllpanying sketches.)
These charges were 35 feet apart, this distance being regulated by
the distance apart of the hatches, the depth of water, and the
estimated effect of the ahon• mentioned amount of guncotton. The
centre of each charge was 27 feet below high water.
A third charge of 270 lbs, which would otherwise have been
similarly placed in the fore-holcl (see c, Figs. 1 and 3), was omitted
on accou nt of the liability of damaging houses and vessels in the
neighbourhood,
The explosion was postponed nntil the wind should blow from the
N. or N.E ., and this delayed it until the 7th January, when it was
decided to wait no longer.
The result of the simultaneous ex plosion of these two charges was
to blow out the centre portion of the sides of the vessel and of the
main and upper decks. The main and mizzen masts were brought
down, the lanyards of the rigging having heen cut away previously
by the diver.
The diver reported that the corn was blown out of the .esscl, and
that she was opened right through from side to side for about HO
feet amidships. (See Fiy. 4.)
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The forepart of the wssel and part of t,he stem stood, although
much shaken, the decks, up to the foremast, being heaved up.
The forepart of the vessel being now so much blocked up with
wreckage it was impo1'sib1e t.o place the next charges inside, so that
two chn.rges, each of 130 lbs., were, 011 the 13th J anuary, placed under
the bilge with a view of destroying that portion of the vessel which
still contained a good deal of the rotting grnin. These two charges
(see Fig. 4) were at a depth of 30 feet, aud 20 feet apart.
'I'his explosion (14th January) carried the destruction of the sides
and bottom as far as the bitts-20 feet from the stem, and brought
down the foremast. (Fig. 5.)
On the 18th January, a charge of 100 lbs. guncotton ( Fig. 4) was
placed iu the stern of the vessel, at a depth of 18 feet, and 15 feet
from the stern-post, in order to complete the destruction oE the
after-run of the vessel.
This charge, which was fired the same day, destroyed the after-run
and cleared away the decks right aft, only a small portion of the
rail and bulwarks being left.
The foregoing explosions effectually destroyed the vessel as a focus
of foul and unhealthy gases, but the forecastle and a small portion
of the stern, as well as some loose detached pieces of wreckage, still
remainecl to block the water-way.
Instructions having been received to clear away these portions of
the vessel, on the 3rd February, one charge of 200 lbs. , was placed in
20 feet of ,rnter just aft of the bitts, 20 feet from the stem, room for
the placing of this charge having been cleared by the explosion of a
small charge of 25 lbs. (Fig. 5.)
The explosion of the 200 lb. charge, together with that of a second
small charge of 25 lbs. placed close to the stem in the strongest part
of the ship, effectually cleared away the bows of the vessel, as well
as n, large quantity of wreckage which had collected there,-the
results of former explosions.
On the 15th February, five small charges, amounting to 90 lbs.
guucot.ton, were fired with a view of clearing away the Wl'eckage of
the three masts which had sunk head downwards e.nd become
entangled in the wreckage, and a,Jso to blow away some loose pieces
of wreckage which were visible 6 feet or 8 feet below the water.
The stump of the main-mast anchored by the wire rigging was
left to buoy the site of the vessel. (F'ig. 6.)

l-J,\J

The foregoiug explosions completed the work asked for by the
Colonial Government. The work was much delayed throngh having
to wait for wind from certain quarters as well as on account of bad
weather.

COOPER PENROSE,

18th April, 1881.

)

LIEUT.,

R.E.

APPENDIX I.
NOTES ON THE OPERA1'IONS CONNECTED WITH 'fHE
THE BARQUE " CAROLINA

DE8TRUC'fION

OF

Z."

The first two charges were contained iu the service 250-lb. mine
cases. 270 lbs. were placed in each case, the loading-hole end of the
case not being concreted as on service. The primers were contained
in primer envelopes, service pattei·u. The two 130-lb. charges used
in the second explosion were made up in the service 100-lb. waterproof bags, the primers being enclosed in the now obsolete waterproof primer bags.
All the remaining charges were made up on the fo11owing plan,
which has the recommendation of being extremely cheap.
The
charges moreover take a very short time to make up, and their effect
seemed to be just as great as if they had been enclosed in more
costly cases. 'rhe discs are made up in strings of from 8 to 14 in
each string, according to the size of the charge (25 lbs. to 200 lbs.)
required. These cyliuders of discs are then arranged round the dry
priming charge, wLich is enclosed in a water-tight case. Tliis waterproof envelope was composed of two of the old water-proof priming
bags well rendered with pitch, the unpitched bags being found to
leak at any consiclerable depU1. The charge takes the fo1·m of an
hexagonal prism when built up in the manner just described. This
prism stands on a small square platform of wood, and a similar platform is placed on the other end. Four iron bolts with nub~ au<l
washers holJ the charge together in a compacL mass, enough pressure
being applied by means of the screw nuts to squeeze sowe of the
moisture out of the wet guncotton.
The discs cannot now absorb
any more water when placed in the sea, and the charge rernaills
effective as long as the primer remains dry. The detonators used
were those suppl ied for submarine mining service-No. 1~, Low
Tension.
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'l1he large charges were fired from a. distance of 400 yards, a pjece
of cable being laid just beforl:' tLe explosiou. Short ends were connected to the mines when laid, and these were Urought np to the
Au earth-plate was also
surface n,nd fastened to the 1·iggit1g.
connecteLl to the forward 270-lb. mine, so that we were able to test
eaL:h miue separately for condudi vity and in:mlation. This testing
was carried out twice a week during the six weeks that elap~ed
between the laying and firing of the ch::u·ges. 'The smaller charges
were not test.ell, as they wel'e fire,l as so(_)n as laid. The effoct of the
charges of 270 lbs. was ,e,-y great. These charges were place L just
a little deepe,· (27 feet) than the most favourable depth for ateral
effect, as obtained from Capt. Abney's formula:-

D

=

,

6·7 lbs. (charge in lbs.) ''

in t,bis case, 23½ feet.

It mav be assumed from these operations, that a 270-lb. charge in
27 feet ~f w<tter will destrny the side of a wooden ship at 23 feet
distance horizont.al, besides shaking the vessel's timbers within a
radius of 35 feet.
The mines were fired with FL battery of Firing Lecla.nchO cells,
20 being used with long cables and 10 with the short ooes (small
charges).

APPENDIX IT.
S·rA'l'E~rnN'r

SHOWING NUMBER oF 1IEN E\IPLOYED, AND GuNCOT'fON

AND ~IoNmY ExPEND1<;D ON 'fRE DEsTRucnoN OF '!'HE "CAROLINA

'rl1e work was commenced on the 4th November, 1880.
The work was oompletecl on the 15th Febrnary, 1881.
Total number of working clays-25.
1 Officer,
7 N.-_C. Offi_cers and men,
Strength of working party
1 c1nha1_1 Ll1ver employed on four
...
averaged daily...

~

OCC'ft810D.S.

Amount of gun-cotton usecl-1320 lbs.

Z.''
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Cost of operations:£ s.
Working payOfficer
Military working party .. .
*Civilian diver
Value of Ordnance stores
Local stores ..

d.

£

s.

12 10 0
19 2 l½
9 18 0
41 10

d.

112

219 1 11
6 5 10
225

7 9

Total...£266 17 10½

• The civilinn diver wflS a. remarka.h\y good one, and as he ha.<1 alrcA.dy bl·en employed in
some attempts to raisc this vessel he ,'l'"fl~ well acquainted with her state inside, so that much
time was sa.ved at the prolimi.na1·y examination.
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PAPER VI.
ACCOUNT OF THE CONSTRUCTION OF

BRIDGES OVER THE KABUL RIVER,
NEAR JALALABAD,

DURING THE OPERATIONS IN AFGHANISTAN, 1880,
B, CAPTAIN

R. H.

BROWN,

R.E.

Object nj the b1·iclge.-During /.he operations in Afghanistan, of
1879-80, it was considel'ecl desirable to construct a bridge over the
Kabul River at Jalalabad, for the purpose of facilitating the collection of supplies, and for certain political reasons.
Desc,-iption of ri1Je1" at site of uriclge.-The site chosen for the
Bridge was the same as that of the preceding year,* where the
Kabul River is made up of three channels, and divided by sandy
islands more or less covered with boulders. (Plate I.).
The channel under the right bank was 167 feet wide, with a
greatest depth of 3 ft. 9 in., and a current of nearly 5 feet a second,
surface velocit_v . (Ph,te II., Fig. 1).
The centre channel was 70 feet wide, ~ ft 9 in. deep at the centre,
with a sluggis h cunent of about 1 foot a second. (Plllte II., Fig. 2).
The third and most considerable channel, under the left bank,
was 263 feet wiJe, with a greatest depth of 6 feet, and a current of
rather more than 4 feet a second, surface velocity, in the deepest
part of the channel at the site of the b,·idge. (Plate III.).
'l'he bed of each channel was coverecl with boulders, the largest
being above the size of a mn.u's head.
f:Jilite of bddge on 28th Janucuy.-Previous to tbe 28th January,
1880 (the date 011 which I received orclers to carry on the construe• See Paper VIII., Vol. I\T., R.E. P1·qfeuicmal Paper, (Occasional Series).
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tion of the bridge), the first channel liad been bridged by the !ate
Lieutenant Dobson, R.E., with the aid of bis Company of Madras
Sappers and :Miners, fonr-leggerl trestles being used for the piers i
but for want of sufficient and suitable limber ( all of which bad to
be arranged for lucnlly, no assistance having been asked from the
Attock workshops) roaclbearers were wanting in some bays, and
a ternpomry roadway only, of any planks that were available, had
been laid to pass the Sappers a.croRs for work on the second
channel, where two abutments had, by the 28th January, been
nearly completecl with boulders. The sleep ramp of the preceding
year, leading on to the bridge, ha.cl been made much less steep by a
heavy bit of excavation executed by the Sappers, assisteu by local
labour.
During the construction of the first portion of the bridge, an
attempt was made to form the pier, of the deepest part, of a cage,
to be filled with boulders similar to those desr-ribed below, but
strength wns sacrificed to lightness, and in the operation of moving
the cage in to position, it proved too weak to r esist the force of the
current and was swept away in small pieces. A four-legged trestle
was then substituted for the cage.
Lieutenant Dobson, R . BJ., with bnlf of his Company of Queens'
Own Sappers nnd Ji.liners, being ordered to joiu the expedition into
the Lughman Valley, the bridge came to a standstill till orders
were sent to me on tho 28th January to go on with it.
Timb er supply.-l\Ieanwhile ::i, raft of 1::30 timbers, averaging 22
feet long, aucl of sections varying from a mean breadth of J ft. 3 in .,
by a depth of 1 foot, to a mean breadth of 8 iucbes, by a depth of
7 inches, had been diRcovererl stranded about two miles down the
river. Tbis raft was forthwith broken up and tbe pieces towed up
tbe river, singly, by nntives of an adjoining village, who contracted
to bring the wood to site n.t so much a log.
Nafu,-e of 11ier arlo1Jted.-After making an Pxamination of the
two branches of the 1·iver to be bridged, and fa.king sections of the
channels, it was decideu to form the piers of cages tilled with
boulders.
TT7idth of mnd11 1ay.-Aa the planking aT"a.ila.blc for the road way
was barely 10 feet long, the wi,ltb of the hritlge was now fixed at
9 feet in the clen.r lwtween the riband!;;, this witlth being sufficient
for the requirements, though the fii·st part of the b 1·idge bad bL·en
designed to allow of a g1·eater width of roadway.
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Numbe,· nf roailbea-m·s.-The thickness of the available planking
(half trees roughly squ:1rl'cl) determineJ thu numb <:! I' of roatlbeare1·s
necessary to support the planks at tLe proper intervals to enable
them to carry a 12.pounder gun and wago11. It was fonud, by
the rough calculations following-, t\1at, allowing 21 feet from centre
to centre of pier, or 17 feet span in the clear, five roa.dbearers of the
timber brought. from down the rivet· would be amply strong enough
tu support a clisorgani/.ed unarmed crowd.
Oalc1dnliun.1?.-TLe p1ankir1g ava1lahle being 7 inches broad, and
2½ inches thick, it was required to find at what inter\·als it must be
supported to enable it to cany a !~-pounder B.L.R. ammuuitiuu
wagl>D.

=

26 cwt, or 13
Weight on hind wheels of ammunition wagon
cwt. on one wht>el.
H ence the weight to be supporteLl by tl1e planking was a live
load of 1-3 cwt., acting- at the centre.
Allowing a factor of safety of 4,

!,,_ _ 2. where l is to be found.
Yo
4
loaded at the centre.
fir.
for
:
6600
J0
175
7x'-'
bd•
I
24
6
!/0
2912 lbs.
13 x 112 X 2
w
Substituting in the equation We have lOw =

¼when

0 =

=

=T

=

=

=¼--i:

Ww
We get l

X

¼X

175
2912 = 1650 X

24
Whence != 16½ inches, or 1 ft. 4½ in.
Thert'fore, with a 9.ft. roadway, and a b ea ring surface of road.
bearer of 8 inches, it \'~ould be necessary to hM~e five roadbearers,
2 feet apart from centre to centre, to obtain 1 ft. 4 in. betwt::en the
roadbearers in the clear.
Hence, assuming five roadbearers 8½ inches broad, 17 feet span,
and 9 feet roadway in the clear, we have
Weight of bridge= 17 x 100 = 1700 !Ls.
Disorganized unarmed crowd = 133 x 17 x ~ = 203.J,9 ,,

Total.. ........................................ 22049 lbs.
Or say 200 cwts.

I

I
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Then

bd'

200

T = 4

= 50

8~d'

17 = 50

Whence d = 10 inches.
Therefore beams 8½ inches wide, and 10 inches deep, will suit
for the inner roadbearers.
Assume for the outer be,.,ms (wbich take only half the weight of
the inner) also a width of 8½ inches.
Then 8½x cl' = 25
Whence d = I inches.
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The arrangement of roadbearers, shewn on Plate VI., Fig. 3,
beini;: suitable to tbe material at hand, was therefore adopted, the
roadbearers actually used exceeding in almost all cases the sectional dimensions given in the drawing.
Height of roadway.-The height of the underside of the road.
bearers above water level wa~ fixed at 4 feet, that being the height
of roadway in the trestle bridge.
Description of cages.-The cages for the centre channel were
made 3 feet wide at the top, and 4 feet at the bottom, with a
cutwater up.stream, and a batter of 1 foot in the down.stream
face, and of varying heights to suit the different depths of water.
The main 01· side frames, A B O D, Plcde IV., Fig. 1, we1·e composed of timbers of section about 7 inches by 2½ inches, secnred to
one another by two iron spikes at each joint. The clotted lines
in the drawings on Plate IV., represent light pieces of wood,
about 3 inches by 3 inches section, nailed inside the main frames
to subdivide the spaces and confine the stones in the cage. Where
necessary, the spaces were further reduced by lathes placed vertically, or in any position required.
The two side frames were held together and kept apart by
notched cross pieces a a, two to each upright, passing from
side to side, projecting 9 inches outside the frames, and kept in
place against the upri,;hts by an iron spike. The 9-inch projections were most useful helps in lifting the cages, and were further
convenient for fastening on ropes, serving also as steps on which
to stand in the course of the construction of the bridge.
The nose piece of the cutwater was held back by pieces of wood
b b (Plate IV., Figs. 1 and 3), fastened to it and to the cross
pieces a of the up-stream uprights.
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Cages of left cliannel.-The width of the cages of the left
channel were increased by ,1, feet nt the top, the bottom width
yarying from 5 feet in the shortest to 6 feet in t,he tallest cage,
and the base of the batter of the down-stream face being increased
up to a maximum of 2 feet. (Plate V.).
The i:-nmller cages were not braced diagonally from sitle to side,
as the stl'ucture proved to be sufficiently stiff withont doing so,
and it was supposed that if tbe cages W8re made too rigid in all
directions the footings would be less likely to take a firm bearing
on the bed of the river. In the largee cages, however, there was
added diagonal bracing vertically, horizontally, and from the bot lorn
corners of the cages to the opposite top corner, making the last of
rope that would gi\·e to a certain extent, and thereby allow the
footings to take a bearing. (See Plnle V.). 'l'J,e number of cross
pieces a were also inc1·eased to tht'ee to each pair of uprights,
and were doubled in the case of the centre upl'ights, oue on each
side, and clamped togethel" by hoop-iron. (See Pl,,te V., Fig. 3).
Iu the larger frames, in order to reduce the weight of the cage,
the intermediate pieces added to lesRon the sµaccs, with a view to
con6ning the stones, were at first fixeJ on only up to the height to
which the water level would come, those above water level being
fixed aftf'r the cage had been got into position and weighted.
Nit,mbe1· of ~Ja11s.-Tbe centre channel bridge was built in four
spans, and that of the left channel in thiI"teen spans (See Plates
II. and III.). I should have stated above that the reason for
adopting cage pit->rS instead of trestles, in the ceutre b1·iclge, was to
practice the workmen (who were natives either of Peshawur or
or Jalalabarl) in the construction and handling of the cages, and
also to asce1·tain what was the best form of cage to be made out of
the materials at hand, before commencing work on the most formidable portion of the bridge in the left channel, which was considered to have too great a depth ancl cuI"rent to allow of the
adoption of wooden trestles with timber of inconvenient dimensions
for t.heir formation.
Methocl ndopt,d of gelti11_q wges into position.-.A.s the depth of
water in the centre channe l originally did not exceed 3 foet, and as
this had moreover been reduced nea.r]y a foot by diverting, into the
right and left channels, some of the sm}11ler channels feeding it,
there was no difficulty experienced in getting in the piers of tl)iA
portion. .A.bout 3U coolies carried each cage in by hand and placed
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nppoared to be fast, it was decided to haul the ca~e up as it was and
take the ch,rnce of the timbers g g g cl aring t,hemselves. R ipe:-3 were
accordingly fastened to the top of the ca~e ancl haule l on, the result
being that, the binges at h Ii gave, and the mlge wa'> swept away
dowu sti-e:.:tm clear of the be1m a b, wh·ch wa:;; stiil k ept in positt0n
by the rop es A, B, C, nnd D. The failure was due to the jamming
of the pieces g g g, anrl to the hinges h h not being strong enough
to stand the extr;i strain which w:1s thereby brought upon them. It
would und,,ubtedly have been better to have had no portion of the
raft projecting beyond the foot,ln,Q"s of the cage, but to have given
the necessary btwyaucy to this side b_y an extra number of inflated
skins; the pieces g could then have been easily remove,! as they
would not have got jammed.
The cage was caught by the rope on which the boat travelled, and
was then hauled on its slde into the shallower and comparatively
still water below pier No. 4, in which situation ropes were fastened
on to t,he tDp of the cages by coolies, wading ln the wate!', and the
cage hauled into a vertical position. This done, the ropes A, B 0and D, which were befo1·e tied to the beam a b, wer'.! now fastened
to the cage at its four corners about half.way do~vn. Eight pal'tially
inflated skins were then fastened round the cage j11st below the
water-level, hut as it was too late in the day to attempt to get t,he
cage intn position and load it, it was left in this st~1te till the next
morning, when by iL,flating the skins, and }muling on and paying
off the ropes, the ca.ge came without any difficulty into positi,1n.
The skins were untied or spiked to empty them of air, stones were
passed n.crnss in the boat and the cage partiaUy weighted with them.
The cage having slipped a little out cf its proper alignment with
the other piers, its position was corrected by rocking the cage by
means of the side-ropes, and haulinf! on the up-stream shore ropes.
Temporary baulks WBl'e then run across from the adjacent piers,
and stones passed over from hand to hand by lines of coolies
seated on the baulks.
Cage No. 6.-In consequence of the experience gained ,·v ith cage
No. 5, it was decided to endeavour t.o get cage No. 6 into position
by floating it erect, with inflated skins tit•d round it to give jt
sufficient buosancy. Thl'ee large skins were tied on ea.eh i-.ide, a
seve11th at the back outside the cage, a.nd an eighth was jam rued
unch. r tl1e lower front cro.;s.piece inside thP cage. As man.r coolies
Lau,) as could fincl holding room, then attempted to cai·ry
0
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the cttge in lt vertical position to the edge of the deep water, but
it was too heavy to be so moved. Ropes had alrea<ly been fixed to
the foul' corners of the cage and two of them passed act'oss the
l'iver. Two shol'tel' ropes, fastened to eithel' side, and coiled on
the top of the cage, were intended for hauling on from the adjacent
piel's (after getting the cage appl'oximately into position), with a
view to bringing it erect should it not come so of itself. As the
cage could not be carried el'ect, pl'otecting pieces to protect the
inflatecl skins wet'e nailed to the ends of the cross pieces on one
side, and the cage was laid on that side on baulks, ancl hauled and
pushed into the deep water where it righted itself, coming into a
nearly vertical position, and floated away down stream with two
carpenters (either confiding or taken by surp1·ise) till brought up
by the shore ropes being hauled taut. .A.s in No. 5 cage, string
netting had been fastened across the base of No. 6 cage, and a few
stones as ballast had been thrown in. These got to one side-,vben
the cage was laid on its side-which accounted for the cage not,
floating properly vertical. 'l'his, however, mattered little; the
cage was quietly floated down into its proper position and worked
by the ropes into place, the skins untied, baulks run across, a 1ine
of coolies formed on them, and the cage loaded with boulders.
Duralionofwork.-This last pier was placed on the 17th February,
19 days after the commencement of work, on the cent.re channel.
Tbe roadbearers 1vere all in place on the 20th February, and the
planking finished throughout the centre aud left bridges on the
21 st February. On the 22nd Feb ruary small fascines made of
long rushes were laid ornr both bl'idges (centre and left channel)
and securecl by ribands.
Tbe work wa~ delayed, as the Jocal labourers, on whom I was
depeudent, took holidays on all their saints' days and whenever
they considered it too windy or cold, besides coming late to work
on the clays that tbey came at all. As coercion was not the order
of t,be day this state of things bad to be put up with, no military
labour being ruade available for the work.
Roaclbecirers.-'l'he roaclbeal'ers of a few hays were got into place
by floating them above the piers on which they were to rest, and
then hauling up first one end on to the pier and then the other
end on to the adjacent pier, and moving the bearer into position
acros8 the piers; but the ma.jority of the roadbearers were drawn
obliquely along the roadbearers of the previously laid bay, till tbey

l!i2
reached the bay fo,· which t.hey were intended, over which the
leading e11d of the tit-st r11adbearer was slid al1 ng on the temporary
baulks p1·e,~iously laid to enable the l·age to be loaded .
PLwd.-in.1,-Every 7 feet a. pl 1,nk was sp keel to the roaUbea.l'ers,
but the rest of the pla.nking was laid loose and secured by a riba.nd
spiked to the fixed plank aud to the loose planks, at 4 or 5 feet
intervals.
B,-id1e ovet ri;1ht channel. -On the 23rd February work was
recommenrecl on t.110 right channel bridge . The trestles were
strengthened to support a l.eavier roadway than was apparently
at first intended; ad liti ,nal roadhearPrs were adde I, the original
ones re.a1THnged and planking la.id over them.
Oanse1vllys.-During the const,ruetion of the bridge<::, the cause~
ways n.nd ramps con11ecting the thl'ee b1·iclges were constructed
from the adjacent sa.ud and boulders, and covered with fascines of
rushes laid across the direction of tile roadway, contin uous to one
another. 11 his w.-1s sub-:equently covered with the litter from the
cattle lines and became a g-ood road.
D,ite of fin ,l completion.-On the 27th February the bridge
was reported complete and fit for traffic throughout.
1

Sngqe.::t/ons.-From the experience ,g·tirierl in the constrllction of
this bridge, I would, in a similar case, be inclined to proceed as
follows:'fhe form of cage adopted seems to have been suitable, as the
cages were in many inst:tnce~ subjected to very Sl"'Vere strains, and
underwent a good dca.l of bauling and tumbling about without any
of them giving way.
Those cages which could be ca.nied in by hn.nJ, it would, of
course, be best to build as near to the position fo1· which they are
intended as possible.
Those which have to be fl oated would be best built on a tern.
porary platforrn, formed iu the most convenient position for getting
the cages into <lL'ep waler. In the case of this bridge, the platform
might have been made of boul<lers, with rough planks on the top,
on the edge of the deep water, and a pathw:iy of boulders thrown
up to connect the platform with the shore, or a small foot bridge
of any descl'iption might have been made for the w01·kmen to cross
by. (See Pla'e VU., Fiy. 3.) S lides should be ananged, and the
cage so built over theru that it could be rnu <luwu them iuto deep
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water in an erect position, inflated skins having first been tied on
round the c11ge a.r. the hei~ht most suitable to the depth of water in
which it is intended the cae;e should float. Before entel'ing the
deep water, stones for ballast should be thrown into the cages,
being held in by string netting across the base. It would be best
to divide the base into four compartments by the addition of
vertica.1 nett,ing do,vn the centre, 1ongitudinally, and acro~s tbe
centre from side to 1-1ide, so that if the cage tilted it could be made
to tloat \'ert,ically by throwing stones intu the proper compartment. Tbe1·e should he ropes fastened to each corner of the cage,
one for either side of the 1·iver up-:-.kenm, nnd one for either side
dow11-stt·ea.m, by which the cage wonld be guided into correct
position and kt'pt, there until the skins were untit:"d, or spikeri, and
the cage loaded, when the ropes could he untied. These ropes
must be tied at, or above, what will be thl' water line on the cage
wh en in pusition, otherwise it will be found difficult to untie them
afterwards; hut, in order to bring the pull lower clown on the cage,
the ropes mm be pas.,ed ro11nd a part of the frames below, and
fastened at some place abnve wa.ter line, as shewn in Pl,tte VII.,
Fiq. 4. They could then be ,1,fterwa1·ds untied and cl1·awn away,
The ropes must not, of cout·se, be cast off or slackened at all till
the cage is sufficiently weighted to ensure no further movement,
but they must be cast off before the p:ll't of the rope below water
gets jammed by the stones thrown in.
L,ibou,,· emµloyeil.-The ca,·pe11ters employed were Peshawur men
for the most part, a few uf them only bein_g- natives of Jalahtbad.
The rest of the labour, which was plentiful, but of very inferior
quality, was collected from J;dalabad itself rrnd surrounding
villages.
Lieutenant Langley, R.E., with half a company of
}.ladrns Sa.pp~rs, assisted for a short time only. during which half
uf the Cf'utre bridge was planked by the Sappers, and planks
prepared for the other ha lf, at which stAge they were ordered
away to other wurk. Sergeant M'Dowell (Ovel'see,., D. P. Works)
was put under my orders after the left channel bridise bad been
commenced, and assisted in the superintendence of the labour.
Snbsequent history of the bridge.-From the date of the completion
of the bridge up to the 22nd March the river rose from 1 to 6
inches. From ~2nd .March gauge readings were taken daily.
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Nothing reliable could be ascertained concerning the hei~ht to
which the floods rose, but it was not contemplated tbat the bridge
should withstand the river in high flood, and it was therefore
necessary to watch the rise of the river in order to ascertain
whether it would be necessary to dismantle the bridge.
During the last week in :March the river rose 2 inches. On the
1st and 2nd April the rise was 7 inches, aud, on the 3rd April, No. G
pier of the left cbanuel bridge was observed to have sunk 1 foot
at the nose and something less at the tail of the pier, due, no
doubt, to the bed being scoured away in the contracted waterway,
a small rise in a river, with a bed as steep as that of the Kabul
River, producing a great increase of velocity and discharge.
'11he river, aft.er remaining at the same level for four days, fell
6 inches between the 6tli and 13th Apl'il. Ou the llth April, as
pier No. 6 shewed no signs of further subsidence, the roadway was
brought level by packing up the roadbearers over the pier, the
cage being further weighted with stones packed in up to and
between the roadbearers.
There was no further rise in the river till the 29th April, when
it rose 6 inches, aucl again G inches on the 30th April.
l\ieanwhile it had become evident that to prolong the life of the
bridge it would be necessary to provide more waterway in the
centre channel, n.s a rise i•the river produced most effect in this
channel on account of the small waterway and tbe low level of the
channel itself, compnred wit.h the right channel, which wa~ higher
than either of the other two. Another b1·idge of four spans, in con tinuation of the centre bridge, wa:s put in hand. The wol'k consisted
of sinking in the sand th1ec cage pier~, aud cutting a channel between
them to carry off some of the water of the centre channel. The
cages were in position and partly sunk on the 1st 1\Iay, but in consequence of the rapid rise of the river the right pier of the centre
channel subsided at 7.30 a.m., and half-an-h our after,vards was
carried away. Communication was kept np between the t,vo sides
of the river by menus of a ford higher up across the centre channel,
and so connecting the t,Yo side bridges.
The river kept nearly steady at the lernl it reached on the 1st :May
t,ill the 4th. On thelatler date it was noticed that pier No. 7 of the
left channel ha.cl suuk about a foot at the nose, and picl' No. 6 about 3
irn:hes at the tail. The up-stream roadbeal'ers on pier No. 7 were
thus brought down to nearly a level with the water above the pier,
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On the 5th May the river ttgain rose, and I ordered the dismantling of the centre and left channel bridges, which were more
effeded by an.v rise th·tn the right ehauuel, for the reason given
above, viz.:-that these channels were on a lower ]evel thn.n the
right channel.
By the evening of the 6th May the roadway of the centre and
about half of the left bridge Ind been collected on the island
between the two bridges, bnt on accnuut of the rise in the river
the furcl bad bacome impt"<lcticable, and work on the left bridge had
to be suspended.
By the 7th J\Iay water was flowing over the whole length of the
raised roadway behYeen the right and centre bridges, at the place
whel'c the additional wa.terway w,i-; to have been provided, and was
finding its 1\"H-Y a.long high level channels lnto the deeper ones.
The water was flowiag over the t-iYo reun,ining pier.:; of the centre
channel bridge, so that their p).-;ition wa,s only marked by the
backing np of the watel'. rrhe three new cages which had been
placed in position had been fillel with boulders and left, more
cages having been formed read.v to restore the centro portion if
snch shoulcl become p1·act,ic:1ble throngh the snbsideuce of the flood.
I had been in hopes on t,he :;J'Cl ]',fay that the Aood had reached its
highest,, an<l that the bridges might be restored, bnt the rise on the
night of the 4th decicleJ me to dismantle (he roadways of the centre
and left bridges, and to !'-top the preparations for restoration.
On the 6th .May the wa.ter could bt) seen flowing over the centre
bays of the l eft bricbe, whel'e the pie,·s liacl subsided, the roadway
of which part had not been dismantled. 011 the 7th, 8tb, and 9th
1\In.y rafts of inflated skins ,Yere foi·med, and the remaining portion
of the left bridge clismnntled and the materia ls conveyed across to
a place of safety near the l'ight bl'idg:e, as wpr e a1s• • all the n ew
coge~ and other timber d ismantled before. Eight beams only in
t hP left bt'idge, over which thf' water was flow ing, could not be
mo,ed and had to be aband1,ned.
At 7 a. m. on the 10th l\Iay tb e centre pier of the centre bridge
was Crtl'riccl away, and the right side ti·estle of the right bridge sank
about 4 inches rat the nose.
On the 1 1th May it was noticed that the 7th and 8th piers of the
left b ,·iclg·e had di.;appeared.
'rhe r i,·e1· continued to ri::;e till f-110 12th lti ay. The total rise
since the construction uf tlrn bridlie in the righ t channe] was 2 feet
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8 inches as shown by the gauge readings; while in the centre and
left channels t,he rise must have heen over 4 feet, as was shown by
the piers being completely under water.
It was remarked from the gauge readings that the river, ns a
rule, rose at night and commenced falling after noon, a fact probably
clue to the melting of the snows during the day-time higher up the
river.
Tbe river fell again from the 12th to 15th l\fay, and rose again
from the 15th to the 22nd May, when it was found that No. 12 pier
of tl,e left bridge was missing. At 8 11.m. on the 22nd pier No. 9
was_also seen to float away. The first trestle of the ri)-'ht bridge
bad still further slightly subsided, and the water was flowing over
the top of the tresrle cutwaters. Some of the troops who had
taken part in the Besud expedition being still across the river, the
Brigadier-General requested me to ]eave this portion of the bridge
standing till the last moment, and the dismantling was accordingly
put off, but on the 23rd May, as the river car.tinned to rise, and the
abi;tment on the right bank had washed away, the dismantling was
commenced. About 11 a.m, while the men were at work on the
bridge, and three bays had been dismantled, the ri1•er rose suddenly
to the underside of the planking and carried away the complete
structure, workmen and all, leaving nothing to mark the site of the
last bridge. The worklllen were all got out safely and most of the
timher recovered lower duwn the river.
The ri1•er remained steadily high (about 6 inches below the mark
of the wave which carried away the right bridge) till the middle of
June, when it began to fall. On the 25th July the river appeared
to be lower than it had been dnring t,he preceding cold weather.
When l left Jalalabad, in the middle of August, 1880, one pier
in the centre channel, the three new piers for the additional water•
way, and se\~en piers in tbfl left channel, were still in their original
positions, tbougb two of the latter were tilted to one side.
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STAKING OUT CURVES.

curves are generally set out by the method of tangential
angles, with a theodolite.
Let TAt be a tangent to the curve at the point A; 0 he the
centre of the circle of which the curve forms part; and AB, BC,
CD, DE, &c., a number of equal chords. Join OA, 0B, OCT, &c.,
and AC, AD, AM, &c. Draw OF, perpendicular to and bisecting
AB. Let AOF =a= half the angle subtended at the centre of the
circle by each of the equal chords.
By Euclid III. 32 and III. 20.
Tangential angle IAB = angle in alternate segment.
= half the angle at the centre BOA.
AOF.
RAILWAY

=

=a

tAC = half the angle COA.
=BOA.

= 2 a.

tAD = half the angle DOA.

= 3 a.

tAE = half the angle AOE.
= 4a.
By measuring successive chords AB, BC, CD, &c., and by setting
out successi\·e tangential ang]es with a theodolite at A, the position
of the points BCD, &c., is fixed. As it is seldom possible to set out
more than a few cha.ins £rum one point, it becomes necessary to shift
the theodolite. Suppose the theodolite to be removed from A and
set up at C. Produce the chord BC to b.

Then tbe angle bCD = 180-BCD.

= 180-(BCO + DCO).
= 180-(BCO + CBO).
=BOC.
= 2 a.

Sight back on the last peg B, turn the telescope over in altitude,
and set off twice the primary tangential a.n,glc. This will detei·minc
tbe forward peg D.
If the sight bad been directed back upon A, it would b:ive been
necessary to set off 3 a to obtain the direction of the forward peg D.
If with the theodolite at C, we sight back 011 B and set off a, or
sight back on A and set off 2 a , the teJcscope of the i.nstrnment will
point in the direction of the tange11t to tbe curye at the point C,
hence it is easy to set out a cornpou ud or a, reverse cmTe by changing
the tangential angle, or the direction of setting out, or both.
1.'he tangential angle in any particular case depends upon the
radius of the curve a11d the length of tlie chord which it is desired
to set out. In England, curves are classified according to their
radii of curvature; in Amel'ica, according to the angle which each
chord subtends at the centre of the circle of which the ctuve forms
part. This angle has been already shown to be double the tangential anl'le. Thus, in England, we speak of a curve of 2,000 feet
radius 1 and we calculate its tangential angle for chords of 100 feet
to be 1°-25'-57"·16. ln America, they would use a 2° - 52' curve,
and would calculate its radins to be about 1,999 feet.
To calculate the tangential angle for any particular radius and
chord is very simple. Referring to l?ig. (1).
Sin .A. OF=!~
Sin a= ½chord = chord
... (l).
radius
2 X radius
The following table gives the tang·ential angles of l 00 and 50 feet
chords to the radii most likely to be used. The necessity for maintaining the chainage of a railway unbroken causes an odd distance, or
a chord less t,han l UO feet, at the beginning and at the end of every curve .
To avoid the labour of calculating the tangential angles of these odd
chords by formula (I) it will be sufficiently accurate to interpolate
them from the table. 'l.1 hus we may assuruc the angle for a 'i5 feet
chord to he half that for a 50 feet chord, and 11 feet chord to be
H-ths of the tabnlatccl angle for 50 feet and so on in proportion.

To facilitate these calculations, the value of the tangential angle
has also been given in mmutes. This will be found much the most
convenient method of staking out curves, as it reduces to a minimum
the calculations in the field, while it is absolutely rigorous except
as regards the two odd chords. The e1Tor arising from assuming
the tangential angles of these odd chords lo vary as the length of
the chords is not carried on, and can never be appreciable in
practice.
The American system is very much the best. It shortens and
simplifies the calculations to have no odd seconds in the tangential
angle, while in cases where it is not necessary fa weasure the
tangents, no ca1culations wha te,Te r is required beyond adding
together the tangential angles, and interpolating those for the odd
chords. English engineers, however, are very conservative, and it
is improbable that the present practice of reckoning curves according to their radii will be changed.

,JOO
·150
500
650
60()

050
700
750
800

850
000
950
10()0
1100
12CH_l
1300
1'-00
1500
1600
1700
18-00
1900
2000
2500
3000
4-000
5000
6000
7-000
8000
0000
10,000

7 10 50'86
6 22 45•91
21'06
57·30
48'il
.J.2·22
45 70
21·20
69·07
20·24
3 11 5·06
3 1 1'06
2 51 57·5-1,
2 36 18'90
2 23 16·86
2 12 15 ·22
2 2 48·17
l 6.1. 36·77
1 47 26'83
l •U 7·35
l 35 30·31
1 so ·29·65
l 25 57"16
1 8 45•57
0 57 17·90
0 '12 68·38
0 34 22·69
0 28 38·89
0 2-i. 33-33
0 21 20·10
0 19 s•&J
0 17 11·23

44
12
46
24
5
3 49
3 M
3 22

6
6
4
4

•

430"848
382·703
3-M':.-151
a.2·9n5
286·812
26.J. 7n.1,
2-UVi03
229'353
214·999
202·337
191'084
1s1·01s
171 "959
166"315
143 281
132·254,
]22"803
IH,613
107·,147
101·122
95"506
90·447
95-953
68·i59
57·298
-12'973

a.i·:ns
28'6-18
24·555
2hlR6
19·099
l'i'l89

31,
11
51
86
23
12
2 2
1 6.J.
1 47
141
1 36
1 30
1 25
1 18
1 11
1 8

3
3
2
2
2
2

59,97

214'999

5"06

191"084
1 il ·959
166'315
1·13"281
132'25-t
122·803
lH, 613
10741-7
101·122
96·505
oo·.J,i7
85·953
'i8"137
71'625
66·ll5
61"39~
57·298

57-54
18'90
16 86
15·22
48' 17
36"77
26'83
7"35
80'31
28'66
57·10
9·2,.1,
37·49
6'88
1 1 23"60
0 67 11·00
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Railways are first laid out in straight line~, and curves are afterwarcls inserted. Thus the cnsP. which most freqnently occul'B in
practice is that of ,; cmve that bas to be pt,t in to connect two
straight lines inclined to one another at a certain angle, called the
intersection angle.
Let AT, BT, be two straighL portions of the centre line of railway
meeting in T, then it is manifest that any number of curies will
connect AT, and BT, since any number of circles can be drawn
touching these two lines.
Various considerations determine the proper curve to employ in
any pflrticular instance.
(1.) A mininum radius is generally laid dowu for each particular railway,
depending upon the nature oftbeground, on the nature and on the gauge of the
railway.
(2.) Ocr:teris paribus, the larger the radius of the curve the better.
(3.) The natm·e of tbe ground and the buildings or the obstacles upon it may
necessitate the curve passir,g through certain points, or avoiding certain
localities.

Let R be the radius of the curve.
,, 8 be half the angle of intersection.
,, TA= TB= T, the tangent.
DC = V, the versed sine.
,, TD= S.
Then OA = A'r, tan A'l'O.
R= T, tan 8.
:. T = R, cot 8 ...
Again OT = OD + D'l'.
R cnsec 8 = R -,- S.
:. S = R (cosec 8-1)

. .. (2).

... (3).

Also the angle OAC = 90-CAT.
=ATC.

=8.
:. DC= OD-OC.
V = R-R ,in OAC.
R (1-siu 8)

=

... (J),

From Fig. 1 it is manifest thflt the angle sul tended at the
centre by each chord is double the primary taugential angle.
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Hence Fig. 3 the number of chords in the entire curve_Angle AOB
l!a

AOB
-2a

.A.OT
90-0

... (5).

a

If 0 and a be expressed in minutes this formula will become
... (6).
number of chords= 5,40 o- 9
a

From Fig. 3 we have
Length of curve
2 1r R

AOB
360
_180-2 0

-360
-

:. length of curve=

90-0
lHIJ
,r

R(909~ 8)

... (7).

If 0 and a be expressed in minutes this formula will become :. .. (8).
length of curve = ·0005817 R ( 5,400--0)
These eight equations and the table of tangential angles suffice
to meet all ordinary cases of •taking out. One of the following
three methods may be adopted, according to ciroumstances.
1st. Method.
Meaau.re the intersection angle carefnlly; determine on the rad.ins of the
curve ; calculate the length of the tangents by equation (2); measure off these
ta.ngente; set up the theodolite over one tangent point, and strike out the
,curve till it joins in with the other tangent point. Where the curve i1
tolerably short, this method will generally suffice.

2nd. Method.
Do the same ; but stake out from both tangent points and join in the
middle of the curve.

3rd. Method.
Calculate the tangents as before, the length of the curve by equation {8),
the number of chords by equation (6), and the distance S by equation (3); set
out TD = 8 bisecting the angle of intersection, and from the middle point of
the curve thus found set out the odd distances to the whole chain, pegs on
~aob aide. Stake out the rest of the curve, working from the centre of the
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curve to the tangent points at each end. Half the leugth of the curve added
to the chainage of the first tangent point gives the chainage of the middle
point of the curve. The odd number of feet in this chainage must be set
back and its defect from 100 feet set forward to obtain the two whole
obain-pegs nearest to the middle point of the curve. The tangent to the curve
at D is of course perpendicular to TD.
OBSTACLES,

&c.

If obs.tacles occur which render part of the cnrve inaccessible
sny number of pegs may be left out, and the remainder proceeded

with by measuring long chords.
In Fig. 1, suppose that B and C are inaccessible. Set out the
2R sin 3a
3a0 and measure the chord AD
tangential angle AD
(equation 1).
If the intersection point be inaccessible make use of one or more
transversals.
Let BA, CA (Fig. 4) be two str1tight portions of the centre line of
a railway, meeting in the intersection point A, which is inaccessible.
Take any convenient points D and E in AB and AC; measure
DE, and the angles at D and E.•
... (9).
180- (D + E)
then A
Compute the length of the tangents by equation (2).
In the triangle ADE,
(lO).
DE sin E
AD
sin A

=

=

=

=
and AE = DE sin D
sin A

(11).

The difference between AD and AB gives the position of the
tangent point B, and that between AC and AE gives the position of
the other tangent point C. We can now stake out the curve by
the first or by the second method, To employ the third method
we must find the middle point of the curve. Suppose AF to be a
line from the intersection point to the centre of the circle ,:,f which
180 - (II+ D) and
the curve forms part, then the angle AFD
180- (II+ E).t
AFE

=

=

• Unless anything to the contrary ia stated,
point D.

, t 8 = half the int.eraection angle.

11

the angle D" means the acute angle at th•
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In the triangle AFD,
DF= AD sin6
sin AFD

(12) .

AF= AD sin D
sinAFD

(13) .

Compute AG by equation (3).
The difference between AF and AG gives FG.
Measure DF (already found), set up the theodolite on F, lay off
the angle DFA, and measure the distance FG. The centre of the
curve being G the third method of staking out can now be
proceeded with.
The transversal may cut the curve (as in the figure), touch it, or
fail to meet it. It may be on the opposite side of the tangent points
from the intersection point, and the AD and AE will be greater
than AB and AC. li the transversal does not meet tbe curve, but
lies between the tangent points and the intersection point, AG wi!l
be greater than AF.
With two transversals (Fig. 5) the procedure is the same.
Measure DE and EL, and the angles D, E, and L; calculate GE and
EF, then DF and LG are known. The angles at E and L having
been measured, the angles at F may be inferred, and DF having been
found the case becomes that of a single transversal already
described.
Any number of transversals may be used, and the case reduced
The angles
at the points of intersection of the transversals should be measured
accumulatively, in the same direction as is done in traversing.
The defect of their sum, thus obtained, from 360 degrees, will
be equal to the intersection angle.

to that of a single one in the manner above described.

COMPOUND CURVES.

Let BT and CT(Fig. 6) be two straight portions of the centre line
of a railway intersecting at T, and let O be the centre of a circle
touching BT in A. It is required to find the radius of a second curve,
which shall connect the curve AFE with the straight line OT and
be tangential to both .
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AFE FALLS SHORT OF i 'HE SECOND TANGENT CT,
Draw the radius OA and OD perpendicular to OT cutting the

WHERE THE CURVE

curve in E.

It is manifest that a tangent to the curve at any point between A
and E will, if produced, cut OT. Hence the required curve must
leave AFE somewhere between thPse points.
From A, a curve might be drawn to touch OT ; but this wonld
dispense altogether with the curve AFE, and would simply amount
to increasing the radius AO. At J!;, a tangent to the curve A~'E
would be parallel to CT, that is to say a curve, even of infinite ro,dius,
would never meet OT.
On the curve AFE, between the points A and E, select any point
F from which it is convenient for the second curve to commence.
The nearer F is to A the smaller will be the radius of the required
auxiliary curve; and the nearer to E, the greater will this radius be.
Let the angle BTO be 2 0.
AOF ,, 2 q,.
,, T be the length of the tangent AT.
,, r be the radius of the given curve.
,, R
auxiliary curve.
Draw a tangent to the curve at the point F, intersecting BT and
CT in G and H. Make HK
HF, and through K draw KQ, perpendicular to OT, cutting FO produced in Q. Then, since the
angles at K and F are right angles, and FR equal to HK, it follows
that FQ
KQ. Hence a curve drawn with centre Q and radius
QK or QF will touch OT in K, and have the same tangent and the
same normal as the curve AFE at the point F.
The angle TGH
180-AGH.

=

=

=
= 2 q,.
also THG = 180-GTD-TGH.
= 180-2 (0 + q,).
and TG = AT-AG.
= T-r tan q,.
Therefore in the triangle TGH.
GH = TG sin 2 0

sin2(0+q,)
(T-r tan q,) sin 2 0
sin 2 (0 + q,)
:. FR= GH-GF = (T-r tan q,) sin 2 0 -•tan
sin 2(/1 + q,)

q,

... (14).
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Now the angle AOD = lRO-ATD

= 180-2 0
= 180-2 0-2 </>
= 180-2 (0 + </>)

:.FQK = FOD

(15).

FQK
H once FH=R tan2=R cot ( 0 + </>)=sin 2 0(T-,· tan</>) ,. tan</>
sin 2 (0+</>)
rtancp
:.R= sin20(T-rtancp)
(16).
cot (0+</>)
cot (0 +</>)sin 2 (0 + </>)
WHEN THE CURVE

AFE

PASSES BEYOND THE TANGENT

IT IN THE POINTS

L

AND

CT

AND CUTS

M.

In this case (Fig. 7) the construction is the same and the value
of R is the same.
The tangent point F of the two curves must be between A and L.
The nearer F is to A the greater will be the radius of the auxiliary
curve; and the nearer t,o L the smaller will this radius be.
Comparing figures (3), (6) and (7), it is manifest that the primary
cu.rve will intersect the second tangent or not &ccording as ,. is
either greater or less than T tan 0.
If the two branches of a curve, for any reason, do not meet
correctly they may be connected by an auxiliary curve of smaller
radius. This is eq11ivalent to finding a circle which shall touch two
given equal circles internally. The arcs, (Fig. 8) of equal radius,
GBD, HBA, having been found to intersect in B, instead of coinciding
their tangent at the point B are inclined to one another at a
certain angle.
Let O and P be the centres of the two circles.
,, OB = PB = R, the radius of the given curves.
Join OP, OB, BP. The inclination of tl1e normals OB and BP
is equal to the inclination of the tangents ; hence the angle
OBP=a. Bisect the angle OBP by the straight line BF.
It is manifest that the centre of the required auxiliary circle must
lie in the straight line BF.
Now OF= FP

= R sin':ll

(17),

llili

'l'herefore the radius of the required circle must lie between zero
at the point B and R ( 1-sin ;) at the point F.

Take any con-

venient radius r for the auxiliary curve; and from O and P as
centres describe arcs intersecting one another, and the line BF, in
E such that OE= EP = (R- r). Join PE, OE and produce them
to meet the branches of the primary curve A and D. Then E A=
and E is the centre of curvature of the required auxiliary
ED
arc.

= ,. ;

. OEF

Bill

=

Length of arc BD

. BED

Sill

OF R sin ;
= OE = R-r

... (18)

(BOD)
= BA == " R 180
2
= rr R (BED-~)

... (19).
180
l',Ieasure BA and BD, to find the points of departure of the new
curve. To find the length of the auxiliary arc AD we have Length of arc AD= 2 x "•·(BED)
180
1r ,· (BED)
_
-

~

... (20).

When the ground is difficult and the surveys have been made
hur1·iedly, it may happen that in re-staking out the centre line,
after the earthwork is finished, some of the curves clo not fit the
straight portions correctly. When this is the case it is too late to
alter the radius of the curve, as the latter would leave the centre ·
line of the banks and cuttings ; the proper procedure is to employ
an auxiliary curve in the manner just described.
Compound curves should never be used to patch up incorrect
work which can be rectified. At any time before the earth work is
far advanced, or in any situation where it is possible to do so, if
any thing wrong is discovered in a curve, carefully measure the
intersection angle and tangAnts, and try it over again.
Reverse curves, ca1led S or surpentine curves, should never be
permitted in the main line of a railway, as they involve a sudden
change of cant from one side to the other. Curves in opposite
dit·ections shottld always have a piccu of straight between them.
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EXTRACTS FROM A REPORT TO THE SURVEYORGENERAL 01? INDIA
\le\ 1'HE

TRIANGULATION OF NORTHERN AFGHANISTAN.
B,

JIIAJOR

'l'.

H. HOLDICII,

R.E.

THROUGHOUT Northern Afglmnistan, the triangulation bas been
hased on points (consisting entirely of mountain pe"'ks) fixed from
within the limits of the frontier of India, by obser,ations taken at,
long distances from the ends of short b_ases. These bases had in
mn.ny instances been purposely selected, so as to be short enough to
render the i<lentification of the trans.frontier peaks more certain.
Hitherto these points had served the purposes of geography sufficiently
well by defining the backbone aucl direction of some of the principal
Afghan mountain ranges, but from the commencement of the last war
they became the initial points of a system of triangulation, wbic h
gradually deyeloped into two or three fairly distinct series, extcndin g
from east to west into the lJCart of the country. It was clne to these
points that anything like exact survoying beca.me possib1e durir1g the
early phases of the first campaign of 1878-79, as surveyors could take
immediate ad yantage of the opportunities offered by the opening of
the campaign to carl'y on p1ane tabling and triangu1ation haucl in
forncl, without the rneasure1ncnt of bases or the Jabour of preliminary
computations.
The great mnjority of these points bad been fixed by Lieutenant
Walker, R.E. (now Surveyor-General of India), about 30 years ago,
when the frontier was in a far more unsettled condition than it is :cit,
present, :-incl when c,ery observation involved runch personal risk nn<l
great labour. Some of his oh~ervations were taken across distances 11f
upw:-inls of 100 miles, wit.h nn instrnment of no better· class tltnn an
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oltl p:tH,rrn 3~-in. theodolite; so it was not n, mntter of much surprise
that they were of R01newhnt unequal '\"'aloe for n. trigonometrical basis,
Ctltbo □ gh sufficiently goocl for geographic,il data; nor was it until the
fin::tl reduction of all obsen-atious was undertaken, that it was possible
to define exactly which could he accepted for the purposes of initial
data, and which should be refixccl for the basis of topography.
I clo not think that at the commencement of the ca1npaign
triangu1ating officers started with a. full appreciation of what might be
elfectecl with the G-ft. subtenso theodolites, which provccl to he
spcci:1lly adapted lo the rough work of mihtary surveys, not only as
triangulating instruments of a very high class, but for tra.versingpurposes wlien used with a i:.ubtensc pob oncler such conditious as
precluded tlie possibility of carrying- on trianglllatiou. Certainly the
opportunity of using those instruments was at first far more restricted
in North Afghanistan tl1an it was in the south, where there was alwn.ys
a fo.ir ch:1nec for survey enterprise. rrhe use of heliotrope signals was
a1most an impossibility, part1y owing to the introduction of heliography
for army-signalling purposes, and part1y to the 1·isk of det:1cl1ing
signallers; the hills were peculiarly rough and difficult of access, while
they ra.rely offered any special ma.rk or prominent peak for obsernttion,
and the operations of surveyors were of course limited by military
exigencies which pressed upon l.hem particularly hardly at first,, in the
preliminary steps of the triangulation, where it was all-important that
they should work on a wide front.. Under these circumstances it is
hardly snrprising that a well-connected series of triangles connecting
Kabul with India was barclly thought of either along the line of the
Khyber or the Ku ram. Auel yet the final results have resolved themselves into such a series along the line of the Kuram, and ( with a
weak link or two in the chain) along tl1e line of the Khyber n.lso;
and in spite of the absence of definite sur,ey markstones or poles the
genera.l triangulation is not far -inferior to the ordinary tertiary work
of Indian topographical sur~eys.
\Vhen the trianguJating officer was working from peak to peak,
with only an approximate idea of the final direction of his work,
bound all the time by the neces.c;ity of remaining close to one line of
ronte, which prevented the latera1 extension necessary to form a seriei,.,
it was not easy for him to foresee the exact valne of the work he had
in hand, or into what shape it might resolve itself when taken in
c:onjunction with that of other officers working f:tr away on totally
distinct lines.
This has been peculiarly the case with regard to the work alonpthe two routes to Kabul, viz., the Khyber and the Knram. On the
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more northern route the tria.ngu1ation, which was commenced by
Lient.-Colonel Tanner, and completed by Major C. Strnban, R.E., was
based entirely on trans-frontier peaks fixed from the great Inclus series.
No continued chain of triangulation was kept up, and no bases wero
measured. 'I1bo western extremity of this branch terminn,tes in three
or four conspicuous peaks, fixed by intersection, overlooking the plain
of Kabul, which peaks :Major Strahan had determined to convert into
trigonometrical stations as the Khyber column progressed towards
But the work was snddeuly suspended by the treaty of
Kabul.
Gandanmk, and on the second outbreak of the war, Major Strahan
was unable to resume it. The positions of these final pealeo were still
nucomputed, owing to the dangerous illness of :Major Strahan after
his return to India, when the thread of the work "·as again taken up,
in October 1879, and although his triangulation was connected with
Kabul by myself when the Kbyber route was opened up, and sufficient
points for topography were laid clown, yet, as I did not hnppen to
utilize the exact peaks he had fixed on as trigonometrical stn.tions,
t.he junction was better effected subsequently when Lieut.-Colonel
Woodthorpe brought the K uram series round to close on those peaks.
'J..1he Kuram triangulation was also based on trans-frontier peaks;
but not by interpolation from tbree or more of them (as was the
case with the Khyber series), but by direct extension from two, of
which the values were given in the Indus Series Volume. 'l.'bc
two points were "Sangar" and "Khadirnakt,," both of which bad
been fixed by intersection from stations in the Kobat :Minor Series.
Last season's triangulation in the Kobat district, howe,er, Jed to
these points being visited and well fixed as trigonometricn.1 stations,
when it was found that the G. T. valne of Khadimakt needed revision,
n.nd n, fresh computation of the entire series became necessary. From
the initial base for a distance of about 100 miles, the series is carried
pretty regularly to the north-west, and includes as one of its northerly
~tations the peak of Sikaram, on the Snfed Koh range of .mountains.
Sikaram being about the most strongly fixed of all the G. T. transfrontier peaks in this ne-igbbourhood, and being common both to the
Khyber and the Kuram series, bas been of great impork'lnce i □ connecting tbe two systems, and in furnishing to a certain extent n. fresh
point of departure for the !Curam triangulation. Unforhrnntcly the
I(ur:tm series nm-rows to n, single point on the Shutn.rgnrdnn pass.
No permission could be obtained from the military aathorit-ies to \"isit
peaks either to the right or left, n.nd couseqncntly the Karam Rcrics
from this point depends on its extension from one 01· two nnvi,.;;ited
laternl point:-:, fornisl1in g hia.nglr::. of whi<'h two nng-lf'R only have hf'f'I:!
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obsen•ed , and they are all of them apparently penks of an iuditfore11t
class for recognition. In each case there is room for doubt whether
the points observed north ancl south from Shutargardan are absolutely
identical with the points on the same hills observed east and west
before and after reachi11g Shutargardau. It is prob,,hly duo to the
shape and direction of the ridges (which apparently ran east ancl west)
that this slight clifferenco in tl1e point observecl introduces no appreciable error in the linear values of the common sides, computed both
by the points north and those south of Shntn,rgardan. The agreement
between the two values is fairly good, hut the triangles being comparatively small, ancl the sides short, the non-identification of the exact
point probably introduces an error in azimuth, which here becomes
apparent for the first time, and which it is difficult to account for in
any other way. After passing the Shutargardan the series emerges into
the open plains again at Kushi, and from there to Kahal there exists
a. strong net-work of triangles, based on peaks of great altitude, which
fa as good n.s any minor series in ordinary topographical work. Fron1
Kabul the triangulation extends eastwards till it joins on to the Khyber
series, Lieut.-Colonel Woodthorpe having succeeded in reaching one of
those peaks overlooking the Kabul plain which :Major Strahan had
observed and fixed as a forward station, bnt which, of course, he never
himself reached. Here, then, a strong junction could have been effected,
which would have turned the difficulty at Sbutargardan, had Lieut.Colonel Wooclthorpe been able to iclentify Major Strah:1n's Khyber
stations. Bnt the means were wanting; no chart of llfajor Straban's
triangulation which would at once have indicated the peaks in question
was then forthcoming, and the opportunity never occurred again.
Such is the nature of the Afghan hiils, that prominent peaks are most
difficult to find. Indeed, there is no one peak throughout the country
t.lrn,t offers a point for trigonometrical observation such as ea~ always
be recognised. Lieut.-Colonel Woodthorpe multiplied his observations
to the greatest extent that time would allow, sparing no pains to hit
off the exact spot (unmarked in the distance) on which be had stood
before, or which might be another surveyor's station.
It is indeed
owing to the multiplicity of his observations, and their ca.reful minuteness, that such results have bE:en obtained as are now included in the
general report; but yet, where he lmd no plane table chart to narrow
down the Jimit of his observations, hC' sometimes failed (as in this
instance he failed) to recognise the exact position uf :.Uajor Stm.l1an'R
stations; and unfortunately n.t the Ramo time 110 wns prevented br
clouds from identifying Sikararn. Thus the junction with the Khyber
sel'ies was coni-iderably wc:1kC'nC'll. 'l'hC' trinngnlnt.ion tlrnt, I ra.rrinl
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through hotwccu 11Iajot• Strahan's stations near Gandamak and Kabul
was insufficient for the main purpose 0£ connecting tho two systems;
for exactly the same reason I failed to identify Major Strahan's stations.
This difficulty in triangulation of t.his nature is one which must be
speciaHy noted in future. With the assistance of a chart there is no
gl'cat difficulty; without it, the whole experience of these surveys
shows that it is only by a rarB chance that any surveyor picks up an.
other surveyor's station from mere description only in such a monotony
of mountains as exists in Afghanistan.
The computation of the Kuram series (accepting the values of
tho Khyber triangulation as final) from Kohat to its junction with the
Khyber line bas occupied much care and time, many tentative computations having been made with a view to test values of initial azimuths
and bases by the results given on closing with a fixed G.T. point. With a
series of irregular triangles, where in nearly all cases a triangular en-or
can be traced with far more probability to one angle than to a general
error between the three, any exact and rigid method of apportioning
final error seems out of place. The adjustment in this case has consisted rather of a careful exmninatiou of angle books, and of the
balancing of possible influences of time, opportunity, atmosphere, and
position, th,;n of the "djustmcnt of errors in gmduation and level.
The final results are fairly satisfactory, more exact, indeed, than anything that was contemplated "t the outset of the survey. The Kuram
series was computed up to a long side between Kurd-Kabul and
Korogh stations, and the Khyber series was extended from Major
Strahan's bases so as to close on the same side. The agreement of the
common side (which was to a single foot) was closer than the nature
of the survey could warrant, but it was a fairly satisfactory check on
the coincidence of linear values in the two series.
But although the linear agreement was satisfactory, the computation of latitudes and longitudes of tbc final points of each series
did not lead to quite such accordant results. This, of course, was due
either to the accumu1at.ion of small angular errors affecting the value
in azimuth of the sides of triangles composing one or both of the
series; or, more probably, to one considerable error of two or three
minutes, so applied in the course of computation as to have little or no
effect on linear values, while its own wejght was perceptible in
azimuth. Major Strahan's fin:il va.lnes in azimuth were implicitly to
be trusted, as be had taken a most elaborately careful series of observations for azimuth so near to the end of his work as to leave no room
for errors to creep in. If similar observations could havo been ta.ken
anywlicrc between Shutarga.rdan and Chara-sia, the adjastment of the
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difficulty would have been easy enough; but Urn opportunity for such
observations was wanting, and the position of the error can only be
surmised.
The 1iue::ir values of tl10 two series being in accord, and the poinls

Sikaram and Kurd-Kabul being common to both of thAm, and furnishing the means of proving that azimuthal values agreed on both sides
up to that point, angular values for determining all azimuths west of
Sikaram were obtained hy means of the quadrilateral formed by Kurd.
Kabul, Sikaram, Slrntargarchtn, and a well-defined peak in the heart
of the Logar country, called Logar Hisarak. In this quadrilateral
tbo linear values of all four sides, with the two angles observed
at Sikaram and Logar Hisarak (which were of unusual strength
from the repetition of observations on both faces of the instrument),
were accepted as t.be data for determining the remaining quantities;
and the value in latitude and longitude of Logar Hisarak thus
obtained, with its azimuthal value from Kurd-Kabul and Shutargardan,
respectively supply the data for computing out all tbe values of points
on the Hindoo Kush, Koh-i-Baba, and Paghman ranges west of Kabul.
Of course these positions are but approximations after all; but the
probable error in absolute position of any one of them is not more thau
ten seconds, either in latitude or longitude, which, considering that
the actual r,umrnit is often difficult to define within those limits, is quite

near enough for all practical purposes of future topography. Relatively,
of course, the error would be much less.

With tlie computations of the N orthem Afghanistan triangu.
htion, tbc reduction of the observat.ions in Waziristan has been corn~
pletecl; and these have an important bearing on much of the Ku ram
and Khost surveys, and, to a certn.in extent., form a connecting liuk

between the triaognlation of the north and that of the south.

The

westerly peaks of\"'{aziristan overlooked a. large tract in the heart of

Afghanistan, which is at present but a blank in the maps of the
country. Between western \Vaziristan and the great high road joining
K.abul a.nd Kandahar there a.re 110 very important ranges, and the
topographical features 0£ tbe country generally may be described
rather as billy than as mountainous, so that there was some difficulty
in fixing points of sufficient prominence to be readily recognisable,
especially within the very 11arrow limits of time that could be allowed

for the observations.

'l'he altitnc1e of tl,e peaks which were reached by

the survey officers waR either such as to leave very little time for
observation when the summits were reached, or they were situated in
ground occupied by the Ma.hsud \Yaziris in force, and time was Jost
in the necessary disposition of troops to support the survey parties.
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Pirghal (11,,500 feet above sea) is the highest peak in India south of
the Himalayas, and Sbuidar (ll ,000) was held by the
aziris, who
attacked the survey party at the very summit of the peak. But in
spite of these difficulties a certain number of points within that blank
space have been laid down, and valuable observations have been taken
from this southerly point of "iew, which check the position of many
important peaks of the Northern Afghanistan triaugnlation, which
would otherwise have been indifferently fixed. To the south-west
observations were taken across the intervening space of 200 miles to the
grer,t southern peaks of Kund, the central poiut of the Kojak mountain
system, and many bearings were recorded which will be useful checks
on the t.raverse carried by Lieut. Gore from Kandahar to Kabul, and on
the exploration line of the Bozdar, along the Zhob and Gomnl to Lako
Abistada.
This combination of tbe ,~ork of different surveyors working
over a ,ast extent of territory on entirely separate lines-such as the
Khyber, the Kuram, the Kbaisor (Waziristan), and the Bolan, all more
or less parallel to each other, and consequent,ly bearing more or less
on common points intermediate to them-has been useful in pointing
to certain deductions which may serve as guides in concluctiug such
smTeys in future. The results of computations so far seem rather to
point to the following conclusions:Although the system of starting triangnfation by means of interpolation has been used with great success in Afghanistan, yet it should
be noted that the value, for a series, of such n, starting-point as cau
be gained by interpolation from intersected peaks only, is an exceedingly troublesome value to arri·vc at by computation. }for if the same
weight is to be given in the first instance to er-cry one visible of tl1c
surrounding fixed peaks, they sbonld be taken in corn binations of
three for the purpose of computation, each combination resulting in a
definite but possibly fictitious result, differing from the others in proportion to the inaccurate value of one or more of the three peaks. If
there were many such peaks, a11 the various results of these combinations would form a small figure, of which the centre of gravity vrnuld
he the best approximation to the true position of the interpolator.
But the position of the peaks with regard to the obscr,-01· has also to be
taken into account, and the angles of intersection at the point of iutcrpolation, so that it becomes a yery difficult matter to regulate tbo
weights of each fixed peak in tbe computation. The final result, after
all, is probably frequently no better than that joined by ordinary
interpolation on a carefully-projectecl plane table, when the value ol'
each peak can be rcadilv estimated, and the final avernrtr- result
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measured off by co•on1ina.tcs from the graticule lines. Indeed, so
long as the survey is carried on only within the limits of country over
which a certain number of such intersected points arc laid down, the
necessity for triangulation and computation almost vanishes. The
plane table may be trnstccl for all that is necessary. It is only when it
is necessary to establish the utmoso possible accuracy in the linear and
n,zimuthal values of the sides connecting several peaks, for the purpose
of using those sides as bases to fix the position of far-off mountain
ranges by extremely fine intersections, that systematic trianguh,tion
with good instruments is a necessity.
Each surveyor working along a lino of his own in an unsurveyed country, where all information is of importance, and where his
work may in future be combined with that of others, o,· be continued
by others, should, if be can possibly manage it, carry on a plane table
chart of triangulation, iu combination with bio observations. The
assistance that this affords to the officer who succeeds him, or who has
to close on his work, or who has to compute his observations, is incalcnlable. In the two first cases it is absolutely essential. In the
last case it has been found that the plane table furnishes a most rnluable record of approximate distances, leading to the idenuite;tltc,1011 of
many points which would otherwise remain uncompnted. It is often
exceedingly difficult to estimate the distance of a peak in miles from
the observer, if it is a matter only of judging n,u abstract distance in
varying conditions of atmosphere. But it is simple enough to pnt
down an indication of the shape and nature of the peak on the
approximate spot on the chart which it should occupy relative to other
points already known, and which can be seen by the observer. Se,eral
points of great rnlne thus estimated and sketched on the plane table,
as well as observed with the theodolite, have been recognisecl without
difficulty by their indicated position and shape amongst similar
records by other obserYers, observing froni other points; and so□c
few indeed have been fixed by the intersection of two rays only, tbc
observations being by different observers, but the plane table 1·ccord
leaving no reasonable doubt as to the identity of the object of intersection.
Another point of evident importance is that obser,ations should
be taken from and to the l1ighcst point of the peak or hill. This has
always, of course, been a recognised rule with trigonometrical surveyors,
but it wau not always recognised qnito so reacliJy by the military commanders who had to arrange for the support of the survey party. No
othor po.int can possibly be made of the sa,mo value to other observcrf:.
111 fa.et., wlicre it was impossible to obscrvt from consn-icnously the
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highest point of a hill, iu a great majority of cases tho station was
seldom recognised again even by the same observer.
In tho combination of the work of separate observers, observations for altitude have proved exceedingly useful. The computation
of heights does not involve such very minute accuracy as to length of
base, but that the result is generally near enough to indicate whether
the point is the same as that observed by another sur,,eyor or not. A
very rough approximation to the distance will generally decide this.
Consequently, the most important of the far-off geograpl1ical peaks
that occur in a round of observations should be those most carefully
observed for altitude. Coincidence in the value of heights is almost
a better check on an intersection by two rays than coincidence in the
matter of estimated distance.
With regard to astronomical observations, those for the determination of azimuth have proved by far the most important in reducing the Northern Afghanistan computations. One particular application of azimuthal observations should not be lost sight of. Two
observers may take observations -to the same peak from points very far
distant from each other on perfectly separate systems of triangulation.
There may be no doubt whatever about the identity of the point from
the coincidence of estimated distances or heights, but the final value of
its position may depend on computation from these two points alone.
Under these circumstances there is no difficulty in getting a value to
the base between the two points, and to the azimuth of eitJrnr one of
them from the other, by reduction from the differential values of their
latitudes aud longitudes as determined in each series. But if .AB
be the two points from which C is observed, and A and B are
not intervisible, the only way of arriving at the values of the angles
CAB OBA, on which the whole computation depends, is by the
difference between the values of azimuth of A and C from B for
the angle ABO, and of B and C from A for the angle BAO. Tho
azimuth of B from A and of A from B has already been determined
from these differential latitudes and longitudes, but the value of
the azimuth of C from either of them depends entirely on the
accnracy of the triangulation and the correctness of origin for the
azimuths in the two series to which A and B belong. A minute
or so of error in either series would not grcat]y afl€'ct its Yaluc~, but
this minute applied to the computation of a for-away peak C woulcl
affect its position in proportion to its distance and the acutenei:is of ~he
intersecting rays; so that azimuthal values may be of fal' greater 1~portancc tl1an would be suggested by any weaknesses discovcl'cd in
the course of compntiug a series only.
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Another matter to which it seems well to draw attention is the
combination of the work of surveyors as far as possible with that of
signallers. '.l'be use of the heliograph in the field to a certain extent
prohibits the nse of the ordinary heliotrope of the Survey department,
because of the confusion that might possibly arise between the flashes
of the two instruments. But it almost always happens that points
suitable to a survey station are suitable also for signalling purposes ;
the conditions which the surveyor hopes to find fulfilled by ascending
a commanding point being just those most valuable to the signaller
also. Signalling can best be car1,jed on by means of long rays and the
use of large glasses, because fewer men can thus keep up commnnica-tion along any given line, the chief difficulty in maintaining signalling
operations ahrnys being the necessity of guarding each post. But long
rays can only be secured from the highest and most commanding
peaks, just the points which the surveyor must ever be striving to
reach. When two surveyors have signal1ing communication between
them, and are observing at the same time from far distant points, tbe
advantage of being able to define to each other what points are being
observed is so great that no opportunity of combining work in this way
should be lost.
The general results of the computation for altitude are such
as tend very much to shake confidence in aneroidal observations.
From the Indus Valley series to Kabul a double line of reciprocal
trigonometrical observations was taken from peak to peak along the
entire length of the Ku ram series, and the finally computed result of
the height of the Kabul Hill Station ( on the Sher-Darwaza Hill above
the Bala Hissar) differs by only two feet from that computed by :Major
C. Strahan, This value also agrees with those determined barometrically (with a mercurial barometer) by Lieut. Gore along the Kandahar
to Kabul route, but it has the effect of lowering previous estimates considerably. Indeed, the whole face of Afghanistan about Kabul,
including the peaks of the Hindu Kush, bas diminished in its altitude
above sea level from the Yalues previously determined by about 50U
feet. About Jalalabad the values remain much the same. The best
previous values were determined with a measured ba,rometer by Dr.
Griffiths, about 40 years ago, but Dr. Griffiths, unfortunately, did not
live to compute his own observations. The value of refraction was
found on the whole to be somewhat greater than that usual in tho
plains of India. Expressed in decimal of the arc contained between
any two points it amounts in Afghanistan to about ·OS, thus slightly
exceeding the normal 1 '.:r or ·067, contrary to the usual rule whereby
refraction diminishes with increasing altitude.
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The wLolo season having been so far occupied in 1·educing aU
tbc computations of the different series and Hncs to common terms
with those of the Great Indus series, in which all those of Southcm
Afghanistan are recorded, I have but little to report about the topo.
graphy. This does not, of course, cover all the ground that has been
covered by triangulation, and although it has all of it been worked
throughout on the piano-tabling system, it cannot all be regarded as
of equal value. The great mass of the topography (which roughly
covers about 35,000 square miles, including Southern Afghanistan and
\Vaziristan) in and round Kabul and Kandahar, along the lines of route,
and in Waziristan, is 0f a class much higher than mere military reconnaissance, though not, of course, of the value of exact surveys on tbo
same scale as usually turned out by the Indian Snr,·ey. But beyond
all this, there is a good wide fringe of reconnaissance pure and simple
tb,tt has yet to be compiled on the trigonometrical basis, and that may
hereaJter be checked aud improved by further exploration.
A narrative of the exploration conducted by the Bozdar in the
valleys of the Zhob and Gomul has been carefully recorded by Lieut.
Hon. }.I. G. Ta,lbot, R.E. Much of the information supplied by the
Bozdar is of value, ancl the whole of his work will probably find "
place in the ¾-inch map of Northern Afghanistan, which will bu
completed ucxt season.

T. H. H.
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PAPER IX.

ORGANIC COMPOUNDS IN THE SUN.
A Leclttre clelitJerecl at the Roycil Engineers' Institute, Chatham,
December 7, 1881.

BY CAPT.

W.

DE

w.

ABNEY,

R.E., F.R.S.

IT is with extreme diffidence that I venture to give a lecture to my
brother officers; but still I could not resist the request made by the
Secret:iry of the Institute, who wrote and asked me to address yon on
this subject, which he thought might have some degree of interest
for you.
The object I have in view to-night is first to show you a new
method of analysis by means of the spectroscope as applied by
Colonel Festing and myself, and also to show you the connection
between physical astronomy and physical chemistry.
It may be objected that I have called certain substances, which will
be found in the sun, 'organic' substances. What I mean hy this
term 'organic ' is thi!!: that these particular substances, viz. carbon
compounds, which we find in the sun are those which on this en.rth arc
us □ ally derived from organic matt.er. Of course we cannot pretend for
un instant that this same matter which is found in the sun is due to
living matter there; first of all because it is in quantity so enormous;
and, secondly, as I need hardly point out, the transcendental temperature which exists there renders such a theory quite out of the question.
At the end of 1878 or the beginning of 1879 I bad the honour of
giving a lecture here on the subject of 'the so-called tl1ermal spectrum,'
in which I showed the means I harl adopted to photograph the da1·k
mys which lie beyond the visible spectrum. In the diagram before
you, 'K,' is the extreme visible limit of the spectrum at the violet end;
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'A' is the c:drcme v i::;iLlc limit at t110 red end oft.he spectl'um; but
lil'low 'A' lie nn enormous qnant-it,y of rays, which can be disintegrated

out the prism, and mapped. Such a map of necessity shows the
spectrum as white, marked by certain absorption lines in black. Had
110 I

/

I completed that diagram of the spectrum, which, by means of photo.
graphy, I have been ahle to investigate, I should have had to bnn•
taken a length stretching to the far end of the room. However, the
part which we are chiefly interested in to.night lies between the line
'A' and the other line, a-bout wn.ve~length 1,200.
In the lecture to which I have referred I endeavoured to show
that the so~called beat rays n.re miscalled. 'l,here are no such things
as heat rays; there is no such thing as ' radiant heat' ; but that
'mdiant heat' should be called 'radiant energy,' and the effect of the
'energy' is shown either by its chemical effect or else by a beating
effect on the body on which it falls.
It may not be out of place to show you a very simple example of
the effect of the dark rays upon a photographic plate: it will enable
you perhaps to see better how it is we rire able to photograph those
d:1rk lines which lie below the 'A' line.
It may be in the recollection of you all that not very long ago
Pt'ofessor Gr:1bam Bell brought out an instrument called a 'photophone.'
The action of the photophone briefly w:,,s this: a ray of light was caused
to impinge upon a selenium cell, to which was attached a telephone;
and when the impact of the ray of light was intermitteut, caused by
turning a rotating wheel between it and the cell, you then got a musical
note higher or lower, according to the velocity with which the slits
of the rotating disc passed before the ray of light. Professor Bell placed
various substances between the light and the selenium cell, and amongst
other things he found to his astonishment that when ebonite intervened
he still beard a musical note; in other words, that through perfectly
opaque matter radin..tiou passed from the source of light to the selenium
cell. This created a great/urote in scientific circles in London, and all
kinds of wonderful actions were attributed to this ebonite-that it ah•
sorbed the rays and then gave them out, and a variety of other suggestions were made regarding it. It struck me that the best way to t est
this property would be to see if we could photograph throngh a tbicknei-s
of ebon-ite. Accordingly we arranged the electric light so as to throw the
ima.gc of the points upon the focussing screen of the camera, and then
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interposed between the electric light and the sensitive phtc rt screen of
ebonitc. If the ebonit,c was transparent to the dark rays, then, of
course, we ought to be able to photograph the carbon points when
using a silver salt sensitive to dark radiation; a.ncl it is such a photograph that is now on the screen, which shows that ebonite is transparent to the dark rays below the line 'A.' That is a very good
example of what can be done by this means of photography.
I p1·opose now to show you the character of the solar spectrum
which we get below 'A.' It is much more open and freer from ab.
sorption lines than is the visible spectrum.
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Most of yon are aware of the meaning of the black Jines in the
solar spectrum. rrhey are due to metallic or other vapours either in
t.he solar atmosphere or in our own atmosphere. For instance, if we
Yo.porise calcium, the bright lines in the spectrum of the vapour arc
found to be coincident with certain dark lines in the solar spectrum.
I will now show yon the 'iron' spectrum, in which you will sec :i..
great many coincidences given, bnt not so many as n.re obtained by
photographic means. [Shown,1
,vhen we come to photograph the spectra of different metals
in the infra red region of the spectrum, we fincl very few which
give any lines at all. At present, out of twenty metals that
I have e~amined, I firrcl only two which give any lines wbate,er
below the visible part of the spectrum, viz., sodium and calcinm.
Potassium also has a line, but that is '1bsolutely visible though with
extreme difficnlty. Sodium, potassium, ancl calcium have all very low
fusing points, and metals which have ,ery high fosiug points have
very few lines even in the red region. rrherefore we may expect that
only a very few nietals-viz., those which have very low fusing pointswill have lines corresponding with the absorption lines in the infra rrd
of the solar spectrum.
This, then, made it prob'1ble that we should have to look to some
other bodies for the explanation of these dark lines in the :infra red
region; and instead of elementary bodies they must probably be due to
compounds. The heavier a body is, the more probable will it be that
it will vibrate with long wave 1£,ngths, and at longer intervals of time.
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Suppose a violin string to give a certain note: if you load that string,
or make it heavier, -it will given. ]ower note. If you have a moleculR
which will yibmte at a certain wave-length, if you weight it, it will
vibrate at a greater wave.length. On this account, then, Colonel
Festiug and myself thought very naturally that the dark lines we saw
iu the solar spectrum must be due to compound bodies rather than to
elemeufary bodies with the spcctr:. of which spcctroscopists :.re so well
acq nainted.

I h:.ve here a table of absorptions copied from one of Professor
Tyndall's works, 'Heat as a Mode of Motion.'
ABSORPTION OF TI.ADIANT ENERGY BY LIQUIDS.

Svurce of lieat, a platinwn spiral 'raised to b1·ight nd,iess by a voltaic Cll1'1'ent.
Thickness of Liquid in parts of un inch

Carbon disulphide
Chloroform
1\[ethyl-iodide
Ethyl-iodide
Benzine
Amyline
Ether
Alcohol

,vater

•02

·'27

6·5
16·6
36·1
38·2
43-4
58·3
G3·:l
G7-:1
80·7

17"3
44·8
68·6
71·5
73·G
St·3
8;)·2

8~-1
91·0

Professor Tyndall examined the absorption of these different compound bodies by placing a certain thickness of the liquid between a
thermo-pile and the source of heat which he used to cause a deflection
of the ueedle in the attached gah•anometer; and lie found, when he
used a red-hot platinum spiral, that for every ·2 parts of an inch of
bi-sulphide of carbon he got 5·5 parts of tl1e energy absorbecl; cl1 loroform, 16·6; of iodide of ethyl, 36·1, and so on. Suffice itto say he found,
the more complex the molecule of the liquid, the more absorption he got.
'11 his method of examining the absorption of liquids is very much a!-1
if I were to tell yon that, if so much light from a candle was cut off by
a coloured g1ass, without saying what colour it was. It is valuable
as to the amount of energy absorbed, but it does not localise the place
in the spectrum in which this absorption takes place.
l~or this reason, we determined to see whether the spectroscope
,rnul<l throw <111y light upon the locality of the <1bsorptions shown by
these different compounds which Professor 'l'yndall lmcl examined. A
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tube, 6 inches in length, having glass eads, was filled with the liquid
to be tried, and placed in front of the photo.spectroscope.
We commenced with water, and, after the first photograph, we were
astonished to find that water gave a very definite spectrum-that is to
say, tbat it had absorption bands which I do not think anybody ever
suspected before. We went on to other compound bodies-alcohol ,
ether, and ethyl-iodide-all belonging to the same series. I must point
out these diagrams to you in order that you may nnderstaud the argument which I shall bring before you presently. Chemists consider that
a molecule is made up of different atoms, and these atoms are bonded
together in different ways. Carbon can take up a certain amount of
hydrogen and oxygen, and they are in the habit of portraying these
combinations by lines. The first substance we took was alcohol, which
has a formula of C 2 • H,. 0, but chemists show that one carbon is
bonded with another carbon, and the other different atoms are bonded
together in the following way :
ALCOilOL,

ETHF.r:,

H

ETIIYL-IODTDE.

H

/ 0~

H-C-H

I

H-C-H

H-C-H

I

I

H -C-H

I

H-0-H

I

I

H-C-H

6
I

H

H

I

H-C-H

I

H-C-H

I

I

H

So with ether we see here another form of molecular grouping,
which I may say, until our paper was published, was really based more
upon theory than knowledge, but which really from analogy turns out
to be absolutely correct in the analysis we have made. Again, ethyliodide has two carbons, with hydrogen atoms on each side, combiued
with one of iodine.
So I might go on with the rest, and show the constitution of all
these different bodies in the table.
On trying alcohol and ether and ethyl.iodide, we found most re.
markable spectra; and I have two of the first photographs which we
took, which I will show you. [Shown.]
The alcohol spectrum and the ether spectrum both show very
definite Lands. The ethyl.iodide shows a very fine series of sharp
bands and lines.
On examining the different photographs we remarked a _variety_ of
different kinds of absorption. First we found the absorption wh10h
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ran in bands with sharp edges; then absorptions which ran in bands
with one edge sharp and the other slightly diffused; then we had lines,
and then we had general absorption at the lower end of the spectrum,
creeping up gradually. The lighter the molecule was, the more the
general absorption crept up from 120 up towards 900. I will show
you the character
of the' bands we
obtained.
Here is methylalcohol-an alcohol
we are not in the
habit of discussing
in England, though
there is some of
it in claret. Here
we have the ordinary alcohol of commerce.
When we measured these absorption bands, we very
soon found that the
edges of the bands
coincided
always
with certain lines in
other spectra : thus
the edge of the
ethyl-iodide band
coincided with cert.ain lines in the
methyl-iodide, and
we also found that
the edge of the ether
band coincided with
Fig. a.
certain lines to be found in the ethyl-iodide, and so on. This could
not be a mere matter of coincidence; there must be some law regardmg
it, and that law we determined to find out.
You will see by the diagram that the bodies which we have tried
are excessively complicated. The next body we tried was one which
had less complication about it, in which we had one carbon combined
with only one hydrogen and three atoms of chlorine, which is chloroform
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CHLOROFORM.

CARBON TETRA-CHLORIDE.

H

Cl

I

I

Cl-C-Cl

I

Cl

Cl-C-Cl

I
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On putting chloroform before tbe slit and photographing it, we
were delighted to find that all those b:1nds had entirely vanished, and
instead of bands we got nothing but a spectrum of lines. Having
got rid of two hydrogens from the carbon compound, we next
tried the effect of taking away the last hydrogen. This was done by
spectroscoping tetra-chloride of carbon, which is one atom of carbon
combined with four chlorines. On photographing that, we found that
not a vestige of absorption took place : in other words, there were
no lines and no bands, but only the general darkening at the lower
end of the spectrum. We thus knew that it was not carbon to
which these absorption bands and lines were due. To confirm this,
we tried bi-sulphide of carbon-a combination between carbon and
sulphur-and in this case we found no lines again ; and, as you will
notice in Professor Tyndall's table, there is very little absorption
at all shown by bi-sulphide of carbon, and very little by chloroform.
What were these bands and lines due to? It struck us they must
arise from the hydrogen present, and if we conld get hydrogen combined with something else without carbon, probably we might get
lines also. So we took hydrochloric acid, which is hydrogen and
chlorine, placed that in front of the slit, and were rewarded by
getting a spectrum with lines coinciding with some lines which we had
mapped, in chloroform and ethyl-iodide, and a variety of organic
compounds which we previously tried. Then, again, we tried ammonia,
which is a combination between one nitrogen and three hydrogen
atoms; there we found the lines again. Then we tried sulphuric acid,
which is SO, and H 2 ; there we found the lines again and no bands.
In water we found bands, but bounded by lines, which coincided with
lines in the chloroform spectrum ; so th,a t you see by a process of
elimination we were able to show that the lines, at all events, in the
different spectra were due to the vibrations of hydrogen in these
different molecules, n.nd not to the carbon or the chlorine or the iodine.
What was the effect on oxygen when mixed with other substances?
All the oxygen compounds we found had absorption lines and shaded
bands, which always lay between two hydrogen lines. The meaning of
this was clearly, that the oxygen simply blocked out the radiation
between two hydrogen Jines, and gave the absorption bands, and the
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shading was simply due to the step by step gradation between the
different hydrogen lines as they were carried down the spectrum.
I have here a table showing the tabulated results of our investigations in regard to absorption :
Sharp bands and fine lines.
Shaded bands and fine lines.

Carbon, hydrogen, and a halogen
Carbon, hydrogen, and oxygen
Carbon and chlorine }
Carbon and nitrogen
Carbon and sulphur
Hydrogen and oxygen
Hydrogen and chlorine }
Hydrogen and nitrogen

No bands or lines.
Bands and lines.
Lines.

I will now show you another series of the Benzine group.
Benzine is 0 6 H 6 (Fig. 3), the carbon and hydrogen being combined together in very carious forms. From a series of experiments
with different derivatives of a group, we came to the conclusion
that the absorption of every derivative contains what is called the
Radical band; that is to say, you could tell what substance it
was derived from by its having a particular band in a particular part
of the spectrum. For instance, if I was to analyse any compound
and find a band in the spectrum coincident with wave-length 866,
I should know that I bad some derivative of b~nzine. So with ethylalcohol : if I found I had a hand about 900, I could immediately tell
I had got the radical band of alcohol present, and that it must be
some derivative of alcohol. So with all these different compoundsthoy all have their radical bands ; and if you find in a spectrum that particular radical band present, you may be quite sure that you have either
that sub~tance present itself or else some derivative from it. Thus,
then, by this method of spectrum analysis we are able to state absolutely whether we have got the derivati,e of some body present or not.
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I want to digress for a moment, and show you the effect that a
different cong1omeration of definite molecules has on a spectrum.
In this map we have the spectrum of aldehyde, which chemists tell
us is a combi~ation be~ween carbon, hydrogen, and oxygen; and par
aldehyde, which contains exactly the same proportion of the three
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elementary bodies, but differs in that three molecules aldehyde are
combined to form its one molecul~. You will see there are certain
common lines, but tbe molecular difference is shown by the difference
in tbe absorption spectra of the two. Here we have two substances
of identically the same chemical composition, and yet they give yon
perfectly different absorption spectra .
.A.bout a fortnight ago Professor Tyndall gave a lecture in which be
showed that, when you put a millimetre of liquid ether in front of the
thermo-pile, it absorbed exactly the same amount as it did when that
same thickness was expanded into vapour ; and from this he adduced
the fact that the absorption took place in the molecules of the organic
compound, and not in the ether in which these molecules were placeda fact which he told as a novelty, but which we had published in
January last. It was hardly a deduction to make from such slender
evidence, but it is confirmatory of the evidence which I have the
honour to bring before you to-night; for I think you will see that
all absorptions which take place must take place inside the molecules.
It may be the molecule, itself vibrating, gives the continuous absorption, but that point I do not enter into now .
.A.fter these researches bad been finished, we compared what we bad
obtained in the absorptions of liquids with the linear absorptions with
the solar spectrum. We found a variety of coincidences between the
two. When we took ethy I-iodide and placed the solar spectrum
above it, we found that there were lines at X 2 and also tl at the very
broad line at 900 corresponded. .A.Isa, when we examined benzine,
we found we had X 3, and X 3 was the exact position of that broad
band of benzine which you saw upon the screen. .A.Isa we found that
there were some other lines in the group l: with which the benzine
absorption spectrum was coincident, and therefore we were driven
to the inevitable conclusion that we must have some derivative or
another of benzine and ethyl present either in our atmosphere or in
the sun.
Now, how were we to distinguish whether this absorption takes
place in our atmosphere or in the solar atmosphere?
The method is very simple. If you take the spectrum of the sun
at a high altitude at mid-day, and also in the evening at sunset, there
is always a greater absorption of certain lines cansed by the atmosphere at sunset than at mid-day. We found that certain lines
in the sunset photograph were blackened, and others were not, and
amongst those which were not were the 1ine8 which coincided with
benzine and ethyl. So that you see we were inevitably fixed to this,
that we have a derivative of benzine and ethyl present, and that it was
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not present in our atmosphere; therefore, the only locality in which
we could place it was in the solar atmosphere."
A very curions remark wa~ also made with regard to cert.ain lines,
that when you throw the image of the sun upon the slit of the spectroscope, so that the radiation from the limb and the centre of the sun
were dispersed by the prisms, some lines were very much darker at the
limb than at the centre. That tells us that at the limb of the sun there
was a greater thickness of hydro-carbon present than at the centre.
How could that be ? I have a very rough diagram here which will
explain to you how it is.
This ring is supposed to be a hydro-carbon
ring. You will see at the top of the spectroscope
it has to pass through a greater thickness of this
ring than the centre, and the.probable fact is that
the absorption of this hydro-carbon is due to this.
Mr. Lockyer made another suggestion, namely,
that really when we were spectroscoping, that we
were spectroscoping the corona. The corona is
the solar halo of glory seen round the moon at an
eclipse, and he supposes that you get the image
of a thick layer of this halo of glory at one part
of the slit, and only a very thin layer of it at
another part.
There are two very remarkable lines, the A
and B. Both have one particular form. They
have a black nucleus and shaded bands on one
F;y. •·
side-that is to say, a fluted spectrum on one side ·of the black band.
These lines have never been allotted to any substances. I am not
going to allot them to any substance absolutely now, but I am going
to show yon the probability as to what they do belong. The A and B
lines are very nearly alike, looked at in the spectroscope.
In the figure we have a drawing of the A line-a very beautiful
line it is ; and hero we have a photograph of a drawing of that benzine
band. I ask you to remark that
they are drawn to the same scale,
aud also to note the coincidence there
is between the two, the only difference being that the one is shaded,
and in the other the shade is broken
up into lines. The probability is
that that remarkable A line, which
F,,. G.
* Since this lf'cture wns delivored, tho author has ma.de expnimeuts which ea.use
him to belieYc thnt it mRy also exist in spn.('e.

189
is the crux of spectroscopists, is due to some benzine derivative
or some derivative which contains the same quantity of carbon and
hydrogen.
What can that be ? Wben you come to examine different combinations, yon find there is a certain snbstance ca11ed acetylene, containing

two atoms of carbon and two of hydrogen. Benzine is H 6 • 0 6 ; so that
one has three times the weight of the other, and oue has three times
the amount of carbon and hydrogen in the molecules. It is curious
that when you heat acetylene, it is converted immediately into benzine.
As you diminish tbe atomic weight of the molecules in these different
organic bodies, so tbe radical band mounts up towards the blue end of the
spectrum. I bave shown you that tbe benzine radical band is coincident
witb the X line, and therefore it is very highly probable-it being a
very much lighter molecule-that the same species of radical band
would be found only nearer the blue end of the spectrum, and probably that A line is due to acetylene instead of benzine. The Bline
bas been proved to be an atir.ospheric line; and if so, and if it is due
to a similar organic sub8tance, it must be something lighter than
acetylene. We do not know w bat it is, but it is said to be atmospheric,
and, being so, must lie very near the limits of our atmosphere.
I have made a rough sketch to show you bow acetylene and benzine
can exist together.
The dark disc is snpposed to be
the sun, and the light shaded ring to
be a ring of acety Jene. The nearer
you get to the sun the hotter it is; and
therefore at a certain temperature
three molecules of acetylene will be
combined to form benzine; and, there-

fore, you may have the existence botb
of benzine and acetylene in the same
ring, one forming tbe sbo.llow part,
and the other the deeper part; and
from tbe evidence we have, from the
Fig. 1.
excessive sharpness of the benzine
baud, we are inclined to think the benzine band is not very deep, and
from the fluted spectrum of the A line we are inclined to think the
acety Jene is of very great thickness.
I will, in conclusion, show you a photograph of the spectrum of
the comet of this year, which Dr. Huggins has kindly lent me in
order to bring before you. Long ago Dr. Huggins suspected tbat the
spectrum of the comets was due to the light of a hydro.carbon. Hero
we have the spectrum of the comet as obt<>incd by Dr. Huggins,
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photographed on a very sensitive plate. What he saw was this: he
saw part of the solar spectra.m as it were reflected, and then be saw
bright lines which did not belong to the solar spectrum, but to the
comet itself. Now, when you come to put things together, it is quite
evident that the comet must be, comparatively speaking, a cool body,
then how could it give rays which we have here in the violet part
of the spectrum ? Comets are supposed to be a conglomeration of
meteors, and these meteors, knocking about one against another, there
is a generation of vapour and also of electricity. Now, these bright
lines, seen in the comet's spectrum, coincide with the bright lines seen
from certain hydro-carbons when the spark is passed through them in
a very attenuated atmosphere. Not only, then, do we have hydro.
carbons in the sun, but it is also proved that we have hydro-carbon in
cometary matter; it remains to be seen whether in the fixed stars we
can also trace hydro-carbon.* There is no doubt whatever in my mind
that, as spectroscopic science advances, so we shall be able to place
more and more compounds in the stars, in the sun, and in cometary
matter.

* Since tllis lecture was deliYered, Dr. Huggins has shown the presence of carbon
compounds in certain nebuhe.
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PAPER X.

RAILWAYS FOR MILITARY COMMUNICATIONS
IN THE FIELD.
BY COLONEL

J. P.

lllAQUAY,

R.E.

Tms Paper treats on the nature of plant to employ, and the most suitable method of making railways, for the supply of an army engaged in
war in a conntry where such means of communication do not exist.
In most of the wars that England has undertaken during the past
thirty years, attempts have been made to construct railways for the
transport of stores and materials from the base of operations. This
base must necessarily be on the sea coast, for a country situated as
England is. These railways have not been successful, chiefly because,
when war had broken out, such material was hastily got together as
seemed most suitable to the occasion ; aud further, the construction of
these lines was not carried on with any system. It is not surprising,
therefore, that our military railways were never completed in time to
be of much use to the troops they were intended to serve.
In looking for the quickest and simplest method to make a railway
for military communications in a strange country, and for the most
suitable material and plant to use in its construction, it is well to have
a description of the various gauges of which railways are usually made;
to study the powers and capacity of different locomotives and rolling
stock for these lines ; and to consider the time, labour, and cost of
making a railway.
Before commencing a study of these three subjects, a statement
wi ll be given of what has been done in making railways in war time,
excluding any account of their construction for the same purpose in
civilised countries, such as the case of the Prussians, who made a
railway round the fortress of llletz, and at the destroyed tunnel of
N anteuil; or the railways made by the Russians from Bender to
Galatz, and from Fratesi to Zirnnitza.
RATLWAlS THAT HAVE BEEN MADE IN WAR TIME,

After a season of great suffering to the troops engaged _in ~be si~ge
of Sebastopol, caused partly by the difficulty of commumcatmg with
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their base at Balaclava, a railway was constructed of the ordinary gauge
of4ft. 8¼in. About 21 miles of track were made of single line; civil
engineer; with a working staff of navvies were employed in its construction. The rolling stock consisted of five locomotives of 12 to 18
tons weight, and about 40 ordinary side-tip ballast trucks; one of the
locomotives was worked as a stationary engine to haul trains up a short
incline.
This railway never had the capacity for transporting all the
supplies required by an army engaged in a siege. It did a fair amount
of work at the re-embarkation of the troops on the conclusion of peace,
but it would have been of no use if hostilities had been continued on a
different line of operations.
It must not be attributed to any failing of the Army Works Corps
that better results were not obtained from this line, for it was composed of a staff thoroughly practised in railway construction; the
mistake was in having only one line of rails instead of a double line,
which is indispensable to ensure uninterrupted traffic; and in the plant
being cumbersome and quite unsuited for military requirements.
For the Abyssinian campaign materials for a railway were collected
in India from the public works and other sources, and a works corps of
natives for laying the line was raised in Bombay. In the month of
November Government came to the decision of sending railway plant
to Abyssinia ; in the following January work was commenced at the
landing place in the Red Sea, at Zoulla; and about the end of March
12 miles of the line were opened for traffic, giving a rate of progress
iu constructing of one mile a week. As the railway took so long to
make it was not of much use to the expedition. The chief causes of
delay in making this railway may be attributed to the materials having
been shipped from India without any system, any transport vessel that
could afford space being employed. The plant was all for the Indian
standarcl gauge of 5 ft. 6 in., which was heavy and difficult to handle
under unfavourable conditions of landing appliances; the rails were
also of different sizes and weights, giving much additional labour and
loss of time in laying. For rolling stock four contractors' tank locomotives, which had been much used, were supplied ; half of them were
constantly under repairs. The material for making bridges consisted
of rolled-iron floor-joists for barrack buildings, which were procured
from Aden.
One great advantage of a railway at a point of debarkation was
noticed on this occasion-the saving of labour that was effected by
being able to run the trucks on rails into the water, so that boats with
stores from the transport vessels could be unloaded directly into the
trucks,
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For the war in Ashantee, where the objective was to force our
troops over many miles of the wildest African bush country, some
steam-sappers (road traction engines), adapted for running on rails,
were sent from England, and light rails were shipped for making a
railway of 4 ft. 8½in. gauge. This plant could not be utilised for the
following reasons : it was difficult to land heavy stores on a beach that
had a surf constantly rolling on it ; the amount of labour required
to clear a track for so wide a gauge through the bush would
have been excessive ; and the period of fair season at the disposal of
the General for the accomplishment of his enterprise was too limited
for making a field railway of the full gauge of 4 ft. 8} in.
A light portable surface tramway (such as is hereafter described),
with light trucks that could have been pushed by manual labour,
might have answered in Ashantee for transporting stores and provisions better than the swarms of carriers that had to be employed for
supplying the force that went on to Coomassie. A tramway of this
class could have been laid quite as fast as the troops cut their path
through the bush.
These are the attempts that have been made by England to construct and utilise railways for troops in the field . They have not
been very successful, owing to the plant used for them being unsuited
for military requirements, and being hastily got together.
DESCRIPTION OF DIFFERENT GAUGES FOR RAILWAYS (PLATE

I.) .

The 4 ft. 8½ in. gauge of the ordinary permanent railways is
adapted specially to heavy and rapid traffic ; its carrying capacity is
greatly in excess of what is likely to he required for a force operating
in an enemy's country. The plant is heavy, and it takes a long time to
make a line of this gauge, which must be well and truly laid to take
the rolling stock adapted for it. The rails should be 78 lbs. to the
yard ; a mile of line of single rails weighs 272 tons, and costs about
£1,700. The ordinary platelaying gang of three superintendents,
thirty platelayers, and forty labourers, can only lay a mile of this track
in thirty hours.
A field railway is only a similar line to the above, with lighter
rails of about 42 lbs. to the yard; it weighs 131 tons, and costs £737
to the mile. The same platelaying party can make a mile of field
railway in twelve hours. In its construction nearly the same curves
of large radius are required, and the gradients cannot be ma.de steeper,
while the rate of travelling on it is much slower than on a permanent
line of the same gauge.
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In India a metre.gauge has been adopted on some of the Govern.
ment lines ; it is 3 ft. 3! in. wide ; rails 36 lbs. to the yard may be used
for it; the line weighs about 106 tons, and costs £590 to the mile.
Railways of this gauge are made for quick traffic, and require to be
laid nearly as well as wider lines. The rolling stock which is made in
Englanil and sent out to India, is of a heavy nature; the locomotives
weigh 16 tons, and the ca1Tiages, which are iron-framed, weigh about
3½ tons.
The U nitecl States have lately adopted the 3-ft. gauge in a great
many lines, which answer their purposes just as well as the wider
permanent railway. They can construct these lines with great rapidity,
progressing as much as four miles in one day, including forming the
earthwork. The Americans carry these light railways over the most
difficult country, and up ravines and over mountain passes where it
seems almost impracticable to make any sort of road.
There are p01·table railways made in England as well as in France,
which possess all the requirements for a military line. They are of
various gauges, but the 2 ft. 6 in. wide has advantages over the
narrower gauges-such as the power and speed of the locomotives,
the capacity of rolling stock, and the great simplicity of parts. These
seem to point to this gauge being more suitable for military purposes
than the narrower ones. The rails are of steel, of 30 lbs. to the yard,
fixed in lengths of 12 ft. to the sleepers ; the sleepers are also of
steel, made of various sections. The most convenient seems to be the
U shaped (Fig. 5, Pl. I.); these can be placed at any distance apart
to suit the nature of soil. One section of rails of this tramway of
12 ft. weighs 310 lbs., and forms an easy load for four men to handle
in laying the line, which is intended to be a surface line. It can be
laid very fast by inexperienced men-about nine miles in a day. It is
easily taken up, removed, and relaid in another situation. The plant
for the track is complete in all its p»rts, such as curves, points, and
crossings; it is also very compact for shipment.
Some very narrow gauge railways have been made in North
Wales; the line to Festiniog is 1 ft. 11½ in. wide; passenger and
mineral traffic have been running on it regularly for some time. This
railway is 13± miles long and rises 700 ft.; the gradients are from
1 in 70 to 1 in 180, and the curves of 2 to 30 chains radius; the loco·
motives, which ru·o of Farlic's pattern, weigh about 8 tons, and can
draw trains of 120 tons at an average speed of 12 miles an hour; the
rails aro 30 lbs. to the yard, and the sleepers are of wood.
At Dinas there is a similar railway, but with 35-lh. rails, and
Cleminsou's llexible wheel base to the carriages, which admits of their
going round very sharp curves.
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Railways of this very narrow gauge work well enough when the
line is laid with care, and the rolling stock for these lines runs safely
on an even road-bed; it would require modification to run on a roughlylaid surface line to this gauge.
Railways are made Qf an even narrower gauge-18 in.; they are
much used in H.M. Dockyards and the Royal Arsenal. This gange
bas been adopted in the service, for a tram way to run along trenches
and parallels to supply the artillery and engineer reqllirements at
sieges. There are two types of this tramway; one with rails on
wooden sleepers, and the other of a portable description. The first is
that which has been taken for the service ; it is designed for laying
down without noise at night, this being a necessary requirement in
making a tramway in siege trenches; the sleepers are of wood, 3 ft. 6 in.
long, 7 in. wide, by 3 in. deep ; the rails are fixed to these sleepers by
T-headed coach-screws (Fig. 4, Pl. I.). With rails of 24 lbs. to the
yard, 14 men can lay 100 yards of trench tramway, in the dark, in
an hour.
The other description of portable tramway of the same gauge*
is made of steel rails, 18 lbs. to the yard, secured in lengths of 10 ft. to
steel-plate sleepers (Fig. 6, Pl. I.); it is a handy line for laying on the
surface of the ground, and is much used for agricultural and manufacturing purposes. Each section of 10 ft. of rails, with the sleepers
attached, weighs about 180 lbs., so that two men can easily carry it;
a party of 14 men can lay 400 yards of this nature of tramway in an
hour. The end sleepers are made to lock, so that the joint at the
rail ends is quite secure ; with wooden sleepers, fishplates should be
used to fasten the ends of the rails ; this is very necessary on all
roughly-laid lines.
It would be thought that this gauge of tramway would be suitable
for all military requirements besides siege work; but it is only applicable on very flat sites, and the engines for it have so little power
that they would not be equal to the wants of keeping uninterrupted
communication for an army. They answer perfectly in the Dockyards
and the Arsenal, and are admirably adapted for laying in a trench ; the
engines would, however, fail in the event of a long line being required,
or one over a rough country.
Table I. gives the prices and weights of one mile of track plant for
different gauges,.and in Table V. will be found a comparison of the time
it takes to lay a mile of these various gauges.

* Patent ot M. Decouville Ain8, of Petit Bourg; the plant is procurable in
England from Messrs. Fowler & Co., of Leeds,
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TABLE I.
PLANT FOR ONE llfILE OF SINGLE TRACK OF DIFFERENT GAUGES.

Gauge

ft
i:i=

1(

8:;
.:!~

5";;

i~If;;(;:~:~1:~:jl:
Cast-iron chairs, 32lbs. each

i:i

~-

Quantity

Description of Material

I
l

Oak charr ke)s •

.

Sleepers,fircreosoted, I Oft. long,
!Orn. x 5m.

Oak trenails and spikes

3,520 yards
603 pairs
2,012 No.
3,520
3,520 "

"

"

Total
Flanged rails, 42 lbs. to yard
Fisbplat.es, 15lbs, a pair .

Tons
122½

,

llb.each
.
,
.
.
Sleepers, fir creosoted, 8ft. long,
9in. x 4in . .
,
Dog spikes, 4 in. x ½in.

3,520 yards
503 pairs

Sleepers, fir, 6 ~- long, 9il1, x 4in.
Dog spike!!, 4in. x iln.

1,760,,
7,040 .,

'•

'"t

15

90j

133

308

183

1,700

1

2

Flnngecl rails, 30lbs. to yard
ilb.each .
.
.
.
Sieepers,fir,5ft,long,9in.x3in.
Dog spikes, 4 in. x ½in.
.
.

66

3¼

¼

17
402

,,

i

•

46

13½
1

462

88

220

30
14

60

¾

1

II

131

3fl6

3,520 yards
587 pairs
2,348 No.

1,rno,,
7,040 ,,

Total

Fisbplates 6lbs. n pair
,
.
Bolts and nuts (cup-beaded),

£
857
48

2,012 No.

Total
Flanged rails, 86Ibs. to yard
Fisllplates, 9 lbs. a pair
.
.
Bolts and nuts (square-liended),
llb. each .
,
.
.

Cost

-

83
1

272

Bolts and nuts (cup-Leaded),

Meas\lrement
40ft. c.

----

1,760
7,040

•

Weight

21

15
147

1

"j
106

11
77

f:1!)0

3,520 yarclR
587 pairs

47!

'i

330

2,348 No.
1,760 .,
7,040 ,,

28¾

l

l
41
l

11
132
11

Total

JJ

14

f
-79- -60- - - 498-

Flanged s~lrails, 24 lbs, to yard,
in sectt0ns of 12ft., fixed to
O st.ccl-plate sleepers .

1,760 yards

5U
- - - - -17= ~ ~

Finnµe<l st~l rails, 18 lbs. to yard,
w sections of 12 a., fixed to
5 steel-plate sleepers

1,760 ,,

45
12
460
=
~
=

F langed rnils, 241bs. to yards
Fishplntes, 4lbs.npair
.
Bolts and nuts,¼ lb. each .
T-headed conch screws .
.
Sleepers, fir, 3 ft. 6 in. ],)1i g-,
iin. x 3in . .
Total

3,520,,
503 pairs
2,0l2No.
;l,520,.

1,760 .,

61

37
I

i
13

H

!

20

==----62

30

300

17
10
:!l
:);!

370

Remarks
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Systems of light tramways on structures raised from the ground
have been suggested for the use of the army. One of these tramways,
designed by Mr. Fell (F'ig. ], Pl. IV.), has been experimented with
at Aldershot. It consists of rails on the edges of beams supported on
trestles of various heights to overcome the inequalities of ground, the
principle being to dispense with cuttings and embankments as far as
possible, and to use trestles whenever the earthwork exceeds 3 or 4
feet in height. Mr. Fell has worked his scheme out still fnrtber, and
suggests the adoption of iron lattice-girders on posts of similar construction for raising the track over hollows, or wherever the rails cannot be
laid on the surface of the ground. There are advantages in this method
of making a railway; the raised portions of the work keep the line
above the influence of rains, and make the least disturbance of natural
watercourses.. It requires time, however, to put together elevated iron
or wooden structures, and a great deal of material is necessary ; for
instance, one mile of wooden structure for this railway, with an average
height of trestles of 3 ft. 9 in., takes 250 tons weight of material.
The results of the trials of Mr. Fell's railway, which was erected at
Aldershot, were as follows: an engine, weighing 4½ tons, took 25 tons
of load up an incline of 1 in 50; at a speed of 25 miles an hour trestles,
20 feet high, were quite steady. It was found that 500 soldiers could
lay two miles of this class of tramway, after a little practice, in a day
of 10 hours.
Another style of raised tramway has been designed by Mr, Hadden
(Fig. 2, Pl. IV.). The structure can be made of wood or iron; it consists of a single upper rail or beam, fixed on posts 7 feet high, let into
the ground 3 feet ; there are also lower or grip rails made of wood,
which are halved and let into the posts. These have saw cuts in them
to admit of their bending to take curves in the line of 100 ft. radius.
The breaking strength of the structure is estimated to be 20 tons.
The materials for one mile of this tramway are stated to measure 40
cubic ft. and to weigh 80 tons. The rolling stock consists of pairs of
boxes or panniers suspended on the upper rail or beam by means of
central wheels or rollers with V-shaped tyres; they also bave horizontal
wheels acting on the lower or grip rail. These boxes are ingeniously
contrived to take stores, horses, and passengers, and may be used as
pontoons for taking loads across rivers. By employing long ropes,
trains may be drawn by animals towing alongside of the raised
tramway.
The locomotives to be used on tbis raised tramway are reported by
Mr. Hadden to be capable of drawing a load of 100 tone up an incline
of 1 in 10; they are said to gain the necessary power by acting on the
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grip principle instead of by gravity and traction like ordinary locomotives. The driving machinery is on a carriage by itself, and the
power is applied to one pair of the horizontal wheels on one side of the
grip rail; the steam is generated in two boilers, in front and behind the
engine truck. It is further stated by the inventor that an endless rope
or chain attachment can be applied to all the wheels on one side of a
train, giving continuous grip power for ascending gradients and break
power for descending steep inclines. The draw-bars connecting the
trucks of a train are devised to work automatically on the driving
action of the wheels, increasing or diminishing their grip or break
power according as the strain on the draw-bar is augmented or decreased
by variations in the gradients the train is travelling over. Whether the
engine and the draw-bars can be perfected and made to perform these
various duties remains to be proved by experiment.
With regard to raised railways, it should be observed that they
obstruct traffic crossing them-this is objectionable in a military point
of view; they do not lend themselves to the drawing of loads by
manual labour or by animal power as favourably as surface lines ;
sidings are not easily managed on raised structures ; separate bridges
are required for the passage of rivers, when the carriages cannot be
run on rails on the roadway of pontoon or other field bridges; they
require a great deal of time to construct, and take much material;
and they are not so easy to take up and relay as surface lines, and are
more destructible.
LOCO!,IOTIVES (PLATE

II.).

In treating of linei of railway for military purposes, the use of
locomotives upon them must be taken into consideration; for although
the line may at first be worked by horse or other means of draught, it
must eventually be adapted to engines to make it of any use for keeping up the supplies of an army in the field.
It will be advisable to look at the different natures of locomotives,
and to see which appear to give the best results of work under the
special conditions of service in a strange country. A reference to
Plate II. will show the sizes of the locomotives made for various
gauges with their relative weights and dimensions.
. Taking the ordinary passenger or goods engine of permanent lines,
it will be seen to be a very heavy machine to handle, particularly in
They
sitnations deficient of appliances for landing such engines.
possess great powtir and speed, but are too cumbersome to be used on a
light line; they require the railway to be laid with care and to be
nearly level, that is with gradients not exceeding 1 in 70; and they

-·
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cannot work round sharp curves, 15 chains being the maximum that
can be safely got round with engines of this class. The weight on
each pair of driving wheels is so great, l 0 to 15 tons, that the rails
require to be heavy to stand the traffic.
There are contractor's and tank engines which are very suitable to
roughly-laid lines; they weigh about 16 or 18 tons; they seem, however,
beyond the limit of weight that should be adopted for military lines.
The same remarks apply to the class of engines that are used for
the metre-gauge lines; they weigh about 16 tons, giving 6 tons on
each pair of wheels, and, like the others, are constructed for quick
speed ; they are also not easy to handle under difficulties.
The small engines made by Manning, Wardle, & Co., and which
are extensively used in H.M. Dockyards and the Royal Arsenal, are
not powerful enough to take a load up a steep gradient; they are very
well adapted for the 18-in. gauge of rails on level sites ; they will take
sharp curves and have good speed; but the line for these locomotives
must be well laid and almost level; that is the reason why such good
results have been obtained from these engines in our Dockyards and
the Arsenal, where the rails are generally cast in solid iron plates and
the sites are perfectly level.
The Royal Engineer Committee designed an engine for the 18-in.
trench tramway, which has some advantages over the locomotives
last described. It possesses the following characteristics. The working weight of the locomotive is 8 tons (Fig. 7, Pl. II.); the driving
wheels are on a rigid base of only 3 ft. , admitting of its travelling
on very sharp curves ; the engine is furnished with a ' rail.clip ' on
the Haudyside principle, and has a winding drum on the front part,
with 400 yds. of steel wire rope worked by a distinct pair of engines
to the ones required for driving the locomotive; the last two appliances
enable it to get up a very steep gradient; by sending the engine up
by itself, and then, by clipping the rails, it can draw the train after it
by means of the rope.
In trials made with this locomotive, 25 tons were drawn on the
level on a very roughly-laid surface line ; up a slope of 1 in 25, 7 tons
could be drawn by the engine attached in the ordinary way; th,s
incline had a curve in it of 2/i ft. radius; the engine could just steam
up a slope of 1 in 11, and draw 10 tons up the same slope by means
of the ' rail-clip ' and the winding drum.
These trials were certainly satisfactory, and showed that the Royal
Engineer Committee were working in the right direc~ion in tryin_g to
design an engine that could run safely over roughly-laid surface hn~s,
could take very shai·p cur..-es, and was capable of getting a loaded tram
up a steep incline.
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The boiler of the first locomotive of this class that was made was
too small, and placed too high from the rails, and there was not
sufficient allowance made for carrying fuel and water; for instance,
this engine could only carry fo.el for five hours' steaming, and water
for a four hours' run. The clips acted well on the rails, but the length
of wire rope gives a limited power of ascent for the engine to get
over.
There is, however, another method of applying winding power to
an engine ; it is a suggestion of Mr. Russell Shaw, C.E., and consists
of a chain securely fixed at the top of an incline, and the locomotive
is furnished with a clip-drum that can catch up the chain. The steam
power generated in the boiler will serve to wind up a loaded train by
means of this chain and drum, and, by reversing the action, the chain
can be made to break the descent of the train down the same incline.
It would be well to convert one of the Royal Engineer Committee
locomotives to this system of haulage, so as to test the appliance.
The 'steam sappers,' or road traction engines, which have been
adopted in H.M. service (chiefly used by the Royal Engineers), are
made by the firm of .A.veling & Porter, of Rochester. They can be
used as locomotives on rails by changing their road driving wheels.
There are two sizes of these engines in the service, one 6 tons and the
other 8 tons weight; 80 per cent. of the weight is borne on the driving
wheels.
The ' steam sapper ' is specially made for drawing loads on roads
and across country; on good roads they will draw three times their
own weight up a slope of 1 in 12; when nsed on rails (at 4 ft. 8½ in.
gauge), they can ascend a gradient of 1 in 20 with a load equal to
their own weight; and they can go round curves of 2 chains radius.
They are constructed to travel on road or on rails at two speeds, four
miles and eight miles an hour.
Some of these 'steam sappers' have been provided with a crane equal
to lifting and moving about with 5 tons weight; there are also some
with a winding drum and 400 yards of steel wire rope, which enable
them to draw loads up a slope of 1 in 2; the ones fitted with the
crane are invaluable in Artillery Parks, being able to move about
with a load suspended, and to deposit it in a freah site.
These road traction engines are a valuable auxiliary to an army in
the field. In the event of a railway having to be constructed for a
military expedition, they can be advantageously employed in hauling
the materials for the line to where they may be required over the open
coun~ry, or~• steam cran~s at tbf! point of disembarkation to land the
heavier port10n of the railway 6lant. ' Steain sappers ' can also be
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used as winding stations at the tops of inclines, where the trains cannot
be drawn up either by animal or steam power.
Road traction engines, made by the fi 1·m previously mentioned, and
of almost exactly the same pattern as bas been adopted in H.JIL
service, are nsed by France, Russia, and Italy in their army transport
trains.
It is, however, desirable to confine these useful machines to the
work they are specially designed for, that is, drawing good loads on a
road or in open country, and for lifting weights; locomotives for
traction on rails require particular construction to get all the work
possible out of them.
Table II. gives details of locomotives for different ganges, with the
weight and cost of each. By reference to this table it will be seen
that a tank-engine for a 2 ft. 6 in. gauge railway puts only 4 tons on
each pair of driving wheels, and therefore will work on much lighter
rails than the passenger engines of either ordinary lines or the metre
gauge; it is also of one-half the cost.
An engine with superior traction power, having a moderate speed,
and capable of going up steep gradients and round sharp curves, could
very well be designed and be made suitable to the special wants of
military service. It is worth studying how such a locomotive could be
made, chiefly with steel and malleable cast iron.

TABLE II.
DETAILS OF LOCOMOTIVF.S FOR DIFFERENT GAUGES.
Weight on Pafr of \Yheels

----

Weight

Gauge

Nature of Engine

DriTing

ft.

iu.

tons

ton s

4

8;

31

15
6¼

1

16

~Ietre

Passenger Engine

Steam Sappers'.

4

8½

2

6

I

.

.

Royal Arsenal Pattern

1

6

feet

feet

£

9

7

16

660

3,.;oo

Tender wei~hs 18 tons

...

3½

11¼

330

2,000

Tender weighs 11 tons.

7¼

132

430

30

1,000

2½

11

4

.. .

3
on four
bogie wheels

3

l½

I½

3

20

...

...

3¼

20

on each
p,tir
2½

6

6

3

on each

pair
I

--

--- -

tom

tons

...

8

Remarks

Cost

Radius

8½

on each
pair
1

Minimum
Curve

Base

11

R. E. Committee, Handyside
Pattern .

Rigicl
Wheel

-

on each
pair

Tank Engine

Trailing

- - -

Passf'nger Locomoti\·e,

Ordinary Railway.

Leading

8-horse powe-r.

Special construction for
MilitaryService-, £ 1,500.

,veigbt, 10 tons.

I

860

480

i
I

I

'"'0
'"'
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ROLLING STOCK (PLATE

III.).

The rolling stock for a light railway mnst be of such a nature that
it is easily drawn on the line either by animals or by steam power.
In Plate III. are shown ' various passenger carriages for different
gauges drawn to the same scale, so as to be able to make a comparison
of their bulk. It will be readily seen that the 4 ft. 8½ in. gauge carriage, which is built to stand the heavy wear and tear of a permanent
line traffic, is much too heavy for drawing by horses, except for short
distances, as in shunting. The metre-gauge carriages are built with
iron frames for India; they are heavy and could not be taken any very
great distance by horses or mules. The permanent line passenger
carriages weigh about 3½ tons, and the metre-gauge ones about 2½
tons.
Tbe simplest description of wagons for transporting military supplies
on rails to an army in the field are long platforms fitted on bogie
trucks; they are capable of taking almost any sort of load; they
require to be furnished with movable sides, so as to make these
platforms into box trucks at pleasure. For the transport of men and
horses regular passenger and goods vans would have to be supplied,
but it is for the stores chiefly tbat a military railway would have to be
constructed.
For a gauge of 2 ft. 6 in. the width of the passenger carriages
would be 5 ft. 9 in.; they could be made 24 feet long, or even longer,
without difficulty, if fitted to bogie trucks; they would weigh about 2
tons, and take loads of 6 tons dead weight, or 80 cubic feet by measurement; this gives a working load on the rails of 2 tons on each pair of
truck wheels. S,wh wagons, with freight, conld be drawn by horses
or mules at a speed of 4 miles an hour; the draught animals should be
worked by stages or relays of 8 or 10 miles.
'Ambulance' wagons for a 2 ft. 6 in. gauge railway can be made
30 feet long (Fig. 5, Pl. III.), divided into two end compartments for six
patients sitting in each, and a centre compartment for five patients
lying down on stretchers, leaving a passage in the middle of this compartment for the attendants. Railway communication with au aTmy
operating in the field affords a ready means for taking to the hospitals
established at the base all men falling sick and the wounded ; the
trains returning from taking forward supplies to the troops would be
available for bringing to the hospitals the non-effective men from the
front.
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Well-appointed ambulance wagons on springs and bogie trucks
reduce the sufferings of the patients in removal to a minimum; and the

advantage of railways for transporting the wounded and sick is that
they save a great number of effective soldiers being taken from the
front to be employed in attendance on these sick men, to escort them
and remove them in stretchers and wheeled ambulance wagons along

roads and by short stages.
To afford means of crossing wide rivers with a tramway, steel boats
of the same description as were advocated by General Sir Lintorn
Simmons, G.C.B., could be employed as pontoons for a floating bridge.
The locomotives would have to be taken over the water on rafts made
of these steel boats, for use with trains on the opposite side of the
stream, as it is doubtful whether they could be steamed across a river
on any sort of floating structure. As floating bridges for a double line
of rails would have to remain some time in position, the steel pontoons

advocated would be more suitable than the service pontoon bridge,
and besides, the pontoon train would have their own functions to
perform in the front with the troops. An idea of the sort of steel
pontoon tramway wagon on bogies is given in Fig. 4, Pl. IV. The
boats are made to rest on the frame which forms the longitudinal
bearers or superstructure of the bridge for the rails of the tramway;
when the boats are not required to form a bridge, they would thus be
available for freight wagons.
Whatever kind of rolling stock is adopted for military service, it
is absolutely necessary that every carriage should have its break to
render perfectly safe the drawing of wagons individually by animal
draught, and also to have complete control over a train descending
inclines. The 'Heberlein' continuous break is well suited for this
purpose. It can be applied by the engine driver of the train or by
the guard, and can also be put on by a person on the side of the
wagons.

It should be observed that, though the hogie-trnck system is recommended for military rolling stock as heing the safest to travel on
roughly-laid lines, and as giving the power to make sharp curves on
a railway, there is another plan of 'flexihle wheel base,' invented by
Mr. James Cleminson, which has all the advantages of bogies. By
this method the defects of a rigid wheel base are overcome, the carriages travel smoothly and safely round sharp curves, and the rolling
stock mn bo made much lighter in weight than ordinary railway
carriages. They have been constructed to take ten passengers, or
three tons to every ton weight of the carriage, giving about two tons
on each pair of wheels on the rails.
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The rolling stock that has been approved for the trench tramway
is on the same principle as is advocated for military railways; it consists
of platform wagons 18 feet long, which are well suited for transporting the requirements of troops at sieges, such as fascines, rails,
and timber for gun platforms and splinter proofs. These platform
wagons run on hogie trucks, they are easily drawn by men and by a
horse pulling at the side of the wagon, and are made low so as not to
be seen by the enemy over the earth work of the parallels. Trucks for
siege purposes have been made for the transport of artillery to the
batteries; they are particularly suitable for this work, saving the very
heavy labour to the artillery of arming their batteries by transporting
the guns over the open country during the night. The weights of the
siege guns of the present day would make this operation one of great
difficulty if a tramway in the parallels were not available.
The ammunition, too, can be readily supplied to the magazines on
these platform wagons; and now that the main artillery magazines
have to be established at a much greater distance from a fortress than
formerly was the case, a very great saving of labour is made by moving
the heavy shot and shell on tram-trucks, instead of the old trench cart.
Wagons also for siege work have been designed that make ambulances for wounded men, and can take them from the trenches to the
rear with ease and comfort; the platforms that are used for general
work are capable of being converted into ambulances so as to utilise
the empty return trucks. These trench tramway wagons weigh only
1½ton, and are equal to a load of 3 tons.
In Figs. 6 to 8, Pl. III., are shown the three sorts of trench wagons,
one for ammunition, for transporting the wounded and sick, and for
carrying guns in arming the batteries.
Table III. gives the weight and cost of carriages and the number
of passengers they will accommodate ; the 2 ft. G in. gauge here bas
advantages in price and weight on the rails.

TABLE III.
DETAILS

I

f'l3~:; of c.'atTIBge

Pas~cnger Carriagt.,

1

·

I
I

Gange

·1'· 8,,,
~

Load

rI

~

[
Conre(l Good!-Opeu (foods
Pa~st'nger C:.Lrriage

Cm·ered Goods
Open Goods
Pasf:'enger Carri,1ge

Open Goods
Passenger Carrihg"t'

!.,;,{!
:I
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STOCK FOR DlFFERENT GAUGES.
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2

4
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4
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l
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J
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J
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RELATIVE

Coin

OF PLANT FOR DTFFBREN'r GATH1E~.

In considering any special applin.nce for military service, itR original cost must, be studied, as well as the expense of working it, Jn
comparison to other means of transport. Taking, as an example, a
force of 20,000 fighting men of all arms, in the field in a strange
conntry, and having to oper1tte a distance from its base, in many circumstances a rajlway woulcl be of the greatest possible assistance to
place on the communications of this force. If a light rail way of 2 ft
G in. gauge were sent out with the expedition, it would probably cost
the following sum for 100 miles of ,lo1tble track, with rolling stock,
for that distance :

TRACK PLANT.
£

100 miles of nonm,E LINE of portable tramway plant of 2 ft. G in. gauge
Sidings and points for ditto.

Tons

108,200
5,410

12,200
610

113,610

12,810

18,000
4,000
4,000
3,000
200

150
50
1-50
75
50

29,200

430

2,,580
1,920
2,200
1,000
2,000
400

66
48
40
10
10

10,100

190

ROLLING STOCK.
15 Locomotives of special make
20 Wagons fitted up as ambulances
100 P latform wagons on bogie trucks
30 Steel pontoon trucks
20 Spare bogies
WORKING PLANT,
6 ' Steam Sappers' of 8 h .p.
24 Roar-tenders
Machinery for 2 complete workshops
Materials for ditto.
Station accessories
P latelayers' tools, 40 sets

lG

Making the total cost of 100 miles of double railway, of 2 ft. 6 in.
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gauge line, with rolling stock suitable for the length of the line, and
with workshop plant for its construction and maintenance, £152,910,
and the weight 13,430 tons, say £1,530, and 135 tons to the mile. It
would cost £4,500 a mile for plant to suit the 4 ft. 8~ in. gauge, and
for metre-gauge plant the cost of one mile would be £1,850.
It is almost impossible to give an estimate of what the ordinary
transport for an army in the field costs the country; its expense is
influenced by the price at which transport animals can be procured
and despatched to the scene of action; the distance which the transport has to cover tells upon its cost, and further the climate and season,
whether a good one or disastrous to baggage animals, materially
affects the expense.
Taking the case of the quantities given in Table IV., where
different means of transport for lOJ tons of stores are noted, wagons and
horses for this amount of stores would cost £15,000, and pack animals
for about the same weight, £30,000, presuming they cost £25 a head
to get them to the field. Now, tramway plant for the same load would
only cost £10,760; besides, the railway would be capable of doing
twelve times the amount of work that the ordinary means of transport
can perform ; that is, if the load of 100 tons had to be taken 200 miles,
the train would do it in 16 hours, while the animals, whether dranght
or pack, would be 10andl3days respectively at least over the journey.
Looking at it in this light, £1,530 a mile would provide railway
plant capable of moving 600 tons a day if necessary ( exclusive of
freight to the site, and the cost of laying the line) ; the same snm
would purchase 60 pack animals a mile (not including the expense of
making the roads, establishing forage depots, or the cost of their
attendants), and they would not be able to take more than about 6
tons.
In making a comparison between transport by wheeled wagons
and by means of a railway, the quantity of forage and fuel for the two
systems must be taken into account. The conditions under which
forage may be procured vary greatly with the different localities; but
in most cases transport columns must move with a certain number of
days' forage for the draught or pack animals employed, and in the same
way a locomotive must take its fuel along with it. The forage may be
collected in the country in which an army is operating, or it may have
to be sent from England; the steam coal will certainly have to come
from home.
Taking, as an example, the transport of 100 tons of stores for 200
miles, the following Table shews approximately the quantity of fuel,
forage, and time that would be required. The calculations of this
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table are based on the employment of general service wagons, taking
2½ tons, 4 horses to draw, and 2 drivers to each wagon, with proportion
of non-commissioned officers; for the pack animals the load is taken
at 200 lbs. for good horses, with one attendant to 6 horses, and noncommissioned officers in proportion. The trucks for the railway are
loaded to 6 tons, and the road wagons of the ' steam sappers ' to
4 tons.
The column of gross weight is estim·a ted on the load of 100 tons
with the weight of the wagons, the horses, the locomotives, the trucks,
and the forage or fuel, according to the numbers and quantities
in each case. To the railway means of transport has been added
the weight of the plant that is necessary for making the railway;
if 2 ft.. 6 in. gauge is employed, the weight of 100 miles of single line
is 6,100 tons.

TABLE IV.
QuANi'ITY OF STORES 1'0

BE

Means of
Transport

~m

~;

=
""'
~1

TONS-A

Time

0

Wagons or
Trucks

Days'
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-
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40G.S. Wagons

8

2

10

220

..

10

3
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Steam Traction
on Railways

Steam Sapper~

}--

..

8{

2 Locomotives
18 Trucks

5 Steam Sa11pers
26 { 25 Road Wagons

}
}

~-

2!t

..

Weightof
Forage or
Fuel

t

Tone
Forage
30
Forage
120
Steam
coal

j

'

Steam con!

2!

20

Remarke

1l

i;

- - - -- Tot.al

~riles

Pack Animals 1,200

Horse draught

DJSTANCE O>'

OR FUEL 'fO BE STORED AT STATIONS

;s!
"' ------- o:S

100

CARRIED,

200 M1LES. THE FORAGE
20 OR 23 MILES APART.

----

tns

252 25-mile march,
820 20.mile march,

6290

{ •At 15 milea
an hour .

4 mlles
225 { tAt
an hour.

Table V. gives the conditions for the construction of railways
of different gauges ; by reference to this table will be seen at once the
great advantages that a 2 ft. 6 in. line has over others, and more
particularly the portable class of line of this gauge.

TABLE V.
C0Nnrr10xs OF CoNsTnuc·rio~ OF RAILWAYS OF D1FFEREN'l' GA.ucEs.
One :lJ:ile of Plant for
Track
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CONDITIONS POR A JliIILITAR¥ RAILWAY AND 'l'HE 11081' S Ul'fABLE PLAN'L

Having now stndiecl the various descriptions of plant that are
made for different gauges of railway, it is easy to select from these
detailed accounts what will answer best the purposes of a military railway. First, let the conditions required for such a line be distinctly
stated.
A double line should be laid, as a single line is worse than useless
if any check on it occurs.
The material must be simple, so that any ,mskillecl labour can lay
the line.
The sleepers should be of il'on or steel, without any fastenings.
The rails should not exceed 30 lbs. to the yard in weight.
Each length of pair of rails and sleepers should not exceed 440
lbs., to be carried by four or six men .
The carriages should all be of the same type, that is, on bogie
trucks.
Powerful and simple breaks to all rolling stock.
The line to be for traction by horses, loconw tives, and men,.
The bridges to be of the same construction as are used in the
field on service for the passage of rivers.
The following are the chief points that must be attended to in
selecting a serviceable plant for military purposes:
Simplicity.-In order to dispense with skilled and civil labour in
laying out and working the line.
St«bility.-In order that a great amount of work may be done,
therefore, it would not be prudent to have too light or too narrow a
line.
Portability.-In order that the maximum quantity of railway may
be transported in the minimum quantity of space, and that it may be
easily moved from place to place.
E.fficiency.-So that the line may answer fully and in all respects
the purposes for which it is designed.
The above conditions would be fulfilled by a railway of which the
following is a short description.
Gauge.-The gauge to be 2 ft. 6 in. ; the best authorities on
narrow.gauge lines agree that a more efficient engine can be made for
a 2 ft. 6 in. line than for smaller gauges ; further, the trucks could be
made with more overhang when carrying the same load as a 2-ft. or
18-inch line, and the curves would be equally sharp.
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Rails.-These should be of steel, and not exceeding 30 lbs. to the
yard, as this weight in 3, 4, or 5-yard lengths is most convenient for
handling by two, four, or six men. Such rails are sufficiently strong for
their purpose, and present every advantage for freight, landing, &c.,
while nothing would be more cumbersome than too heavy a rail.
Sleepers.-Tbese also should be of iron or steel, and be attached to
the rail. 'Lcgrand's' * patent (Pl. I.) seems the best suited of all plant
made with iron sleepers, as the sleepers require no keys, spikes, or
chairs, ancl have no loose parts ; they can be taken off the raila for
shipment and can be again attached to the rails, being interchangeable
in all their parts. They have the great advantage of establishing the
gauge permanently, that is, they fix the rails to the true distance apart
and avoid constant use of the ' gauge' to test the work of laying.
Wooden sleepers take up too much room to transport, and take time to
prepare; they are always liable to be used as fuel.
Points and Crossings.-To be of the simplest kind, and be put
together in one piece, and made all to the same angle, as nearly as
possible. Thus the permanent way consists of two parts only, and the
work of laying would never be stopped in consequence of the want of
some part being left behind and not coming to the front where the
line was being laid.
D oiible Line.-A military railway from any base of operations must
be a double line. A single line is no line at, all ; the slightest hitch on
the latter and the whole of the traffic is stopped. If double, both lines
can be used in either direction, as was done in the Franco-German
war. The movement being mostly in one direction, it would go on
night and day. With a proper system of signals two lines can be worked
in any way one wishe•, and any quantity of materials be brought
forward; whereas: with a single line, the limit is at once reached, and
this is one of the principal reasons why military railways have never
been a success.
L ayi11g the Line.-Tbe rails and sleepers being landed and the
rolling stock ready, in order to lay the line it should be traced by
engineers without any elaborate survey, and the line carried forward
as fast as possible, fo11owing a contour line, with gradual maximum
ascents, say 1 in 30. When crossing mountains all the steep gradients
should be gathered in one place, so as to reduce the difficulties to that
one spot, instead of distributing them over the whole line, entailing
thereby cuttings, embankments, b1~dges, &c.
The great point to be aimed at is to get the line through, leaving
• Messrs. Shaw Brothers , Cambridge Street Buildings, Birmingham, are the
agents for thi s patent in England.
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all improvements such its gradients, curves, and ballasting for afterwards.
Rollimg Stock.-The whole of this should be on the bogie system ;
they should be platform wagons capable of being made into box
waggons. If a better description of carriage is required according to
the circumstances, the carriages to be made so as to be easi]y and
readily converted into ambulance wagons. Every carriage mnst have
its own break; the ' Heberlein' break is well adapted for trucks that
may be used for draught by animals or steam. The principle of this
break is that the rotation of the wheels themselves is the power which
is used to stop a carriage, and that the breaks are al ways on unless
purposely taken off, thus preventing such a thing occurring as a runitway train or single carriage breaking loose. Letting go a cord puts
the break on and winding it up takes it off'.
Lowmotives.-These should be specially designed for military service; they should be of the greatest possible power in proportion to
the gauge and the weight of rail. An arrangement might be applied
to them to enable heavy loads to be taken up steep inclines, either by
'Handyside's' system of clipping the rails and winding the train
up-hill, or by Mr. Russell Shaw's suggestion of having a chain
anchored at the top of the incline that would be clipped by a special
drum on the engine and hauled upon, or paid out for descending steep
gradients.
Such a line could be worked by horses, mules, bullocks, or even
men, for limited distances, and wou lei be equally adapted to traction
by steam-power. Practically there is no limit to the work that can
be got out of this line. .As stated before, the great point is to have a
railway plant that will enable communication to be established in the
shortest time possible, and that, if necessity requires it, can be removed
to a fresh site and worked there.
Another advantage of the nature of plant here advocated is that
the whole of the railway can be laid by wnskilled labo1<r. This cannot
be done with full gauge railway plant of 4 ft. 8½ in., or with metregauge lines. And again, theBe heavy railways cannot be nsed with
horses or mules for drawing the trucks.
Had light railway plant been readily procurable, and lines laid
where practicable during the Afl'ghan war, we would not have lost
tens of thousands of baggage animals. They would probably have
been saved to have done good work in advance of the lines of railway.
The troops which had to hold an advanced post at the termination of
the first stage of that campaign would have been better supplied
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if they bad hacl railways to the foot of the passes, or part of the wny
from the base; and when the forces bad to push forward a second
time, they would have done so more readily and with greater security
had their communications been established by t,hat means, instead of
having to delay for the purpose of organising fresh transport.
In South Africa, 200 miles of portable railway would have given
two sepitrate lines of reliable communication for the supply of our
troops i and would have saved the immense cost of hiring country
wagons and spans of oxen. Snob a light railway could have been
constructed quite as fast as onr troops were able to get over the
country. The tramway woulcl have been useful to the colony at tlie
termination of the war.
It is generally thought that metre-gauge plant can be procured in
the open market; this is not the case : there is no reserve kept by any
firms for a sudden call of rails or rolling stock. The ll ft. 6 in.
gauge has been laid in several places in Europe, so that the nature of
plant is well known and made to order by several firms.
It is in peace time that we should study what is best suited to our
army in war ; thus one of the requirements for our troops is plant for
a light railway, and this wants thinking out. When we have made
experiments with the view of finding the most efficient locomotive,
and made patterns for it, the rolling stock and other plant, it is
simple enough to get what we want from our manufacturers; it is
merely a matter of time and money.
Troops, however, should be accustomed to the use of railways,
their construction, and maintenance; for this purpose lines of t.be sort
that would be used in the field should be laid where onr troops would
see themconstautly at work; for instance, between all our dep6ts of
stores and at onr great camps ; they should also be employed on our
fortifications that are completed or in progress at home and abroad;
and in our colonies, where light railways would be a financial success
as against the cost of making fnll-gange railways, the adoption of
the plant selected for military service should be encouraged as much
as possible.
By these means a quantity of the plant that is suitable for military
pu'l'poseA would alw:ty A he 1TI hand, and when wanted 1 might at once
be collected and APnt to accompn.ny any military expedition in any
part of the world .
J.P. M.
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