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PREFACE.

The object pi'oposed in the compilation of this volume will be readily acknowledged
by every Officer of the Corps to be one of universal and permanent interest—that of
provxdmg a record, for the benefit of all, of the experience of its several members, and
thus preventing the fruits of costly expeuence, or anxious study, being lost with the in-
dividuals by whose exertions they have been obtained.

It was under this impression, added to the feeling that the establishment of a free
communication on scientific’ subjects would tend to encourage and keep up a more
lively interest in our duties, and promote the real efficiency of the Department, that the
commencement of a first volume was attempted ; and the result of thé experiment
has I hope been such, as to hold out every encouragement for the future.

The arguments which apply in recommendation of such & work as this in’ Europe;
plead with tenfold force in this country. Cut offas we are, both from examples for imi-
tation, and auth011t1es for reference, the practlcal Enmneel is at this remote dlstance
thrown entu'ely upon his own resources in regard to every new’ undertakmg ; and in
the direction of a difficult enterprise, wherein he alone is called upon to supply informa-
tlon, from the most important principles in theory, down to the minutest particulars in,
detail, must often feel the want of that readiness of invention, or fertility of resource,
which can be acquired only in the hackneyed paths of familiar practice and long accus-
tomed routine. :

In the absence of a mutual interchange of the expenence which each may labori-
ously acqulre on these occasions, and while a record is still “wanting of such in-
formation as new circumstances give blrth to, or new opportunities of observation dis-
cover, it cannot fail to be a source of regret to all, that the same obstacles should _op-
pose themselves with fresh hindrance to each in turn, and that each should have to tread,
the same path of dlﬂiculty and doubt, to arrive at the  region already explored by the
many who have gone before him .

Instead of enlarging the boundaries of our practical knowledge by our united la-
bours, we have, in fact, all to set out from the same point, and toil up the same rugged
ascent often mastered before ; and the waste of time and opportunities thus lost in'the
unnecessary ac_qmmtmn of known truths puts a complete check to the extension of
our labours, and damps the energies which might have been devoted to higher and
more important research.
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The proposition, therefore, which calls upon every individual member of our service
to perform his part in a work of this kind, by communicating the results which his op-
portunities of experience afford, for the benefit of the rest, meets him in the shape of a
duty which he owes to bis brother Officers, followed by a recompense which be himself
reaps in return; whence it may be confidently assumed, that the emulation which
prompts each to aim at the most satisfactory discharge of his own peculiar duties, will
stimulate him also to lend his aid, to the utmost of his ability,' in raising the standard of
professional knowledge, by which may be regulated the generalefliciency'of the Corps.

1t will be observed that a change has taken place during the progress of the volume,
in the selection which has been made for its contents. In first commencing to print
for private circulation, it appeared to me, that it would have been sufficient to have
collected together such public documents as would have given a complete history of
the undertakings to be described, and would have embodied all the opinions and facts
collected respecting it ; but on proceeding to carry this into execution, I found, that
so much irrelevant matter was thus necessarily included, and the papers were thus
rendered so bulky and tedious, that a perseverance in that principle ouly, would have
defeated both the usefulness, as well the interest of the volume. ) '

With the exception of two or three subjects, therefore, that feature of the original
plan has been modified by the substitution of papers expressly written for the occasion ;
and I am glad to have an opportunity of here expressing my sincere thanks to those
friends, by whose kind exertions I have been enabled ?ilcc_fisﬁ_fu!!)_r to make a change in-
volving so much additional labour.

An advantage attends this substitution which more especially marks it as the most
suitable course for a collection of this kind—an opportunity is thus afforded for the in-
sertion of minor details which it is the chief object of the yolume to record; and the
minutiee of practical difficulties, with the methods of surmounting them, which, though
. perhaps not the most interesting, are by far the most useful results of experience, can
thus be communicated along with the accounts of the difficulties themselves. It is
with a view to the encourageme'nt of such detail, and with the desire also, that the au-
thors should aim more at making their communications practically instructive, than
popularly pleasing, that it has been judged expedient to make the present circulation
a private one ; and thus, while none may be restricted by any fear of deficiency from free
contribution, those who have any further objects may still preserve the copy right of
their communications, and after subjecting them by this ** rehearsal’’ to the indul-
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gent criticism of their brother Officers, make such further use of them as they may af-
terwards think proper.

In regard to the nature of the papers of which the work ought to consist, one rule
only has been assumed, which it is hoped will be found a sufficient guide in all cases;
and this is, that the communications submitted shall be the results of real experience,
ami therefore relate to some work or experiment actually executed ; by this means it is
hoped that the statements submitted will contain a valuable collection of facfs, and
that whatever information may be offered will be free from those delusive errors, which
are too apt to pervade mere opinions, however carefully formed.

It has also been considered advisable that no definite periods should be fixed for the
successive appearance of different volumes. In fact, the necessary advantages of posi-
tion and opportunity are t00 rarely enjoyed by any member of the Corps, and the fre-
quent mutations in our service render the liabilities to deprivation of them too numerous
and sudden, to admit of the possibility of any prospective pledge being undertaken or
fulfilled ; moreover, the unremitted and overwhelming demand which almost all are
subject to in their professional lahours, leaves to but few the capability of assisting in
a work of this nature, except by occasional efforts.

‘While, however, a desire shall continue to be felt by all for the encouragement of this
endeavour towards our mutual improvement, it may be trusted that individual exer-
tions will not be relaxed; and as long as the supply from the original sources shall
continue steady and coplous, we need not fear that their united streams will ever be long
retarded by the want of an appropriate channel *

J. T. S.

® 1t is requested that eontributions for an ensuing volume may be addressed to the Secretary to the Engluu‘smnry.
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APPENDIX A.

General Summary of Vessels of different descriptions that passed the Paumban Channel during the years 1843 and 1844.

1843. ‘ - 1844,
|
. : g é . g ||Total number of ves-| Total amount of Tonnage
:‘-: g . g . 4 § | g é. % ‘ g ) g g Ec': _sels for_two yeara. | foxf two years.
SlelB|2 525 |23 Bt |B2|E18 81213
B e o
Fla|ldigia|ld|A |&|& |g|d|&|a|8|(8|A & &
ol 1) 185] 201] 13 17| 1,290 1,639'98,238i of of 230] 263 13| 6| 1645 2,159(115939 3,798 L ou4,177

A correct Statement of export and import duties connected with the Sea Customs at Paumban, during the years 1843 and 1844,

1843. 1844. o . : 1843 and 1844,

Rs. [|A.P.] : L Rs. [A|P. . Rs. [A.[P.

ExXportes ceenevaeeans s, eeieeeena 908 | 2| HExport.......... ara e aaae eesrrens .| 1072 | 6{10(Export for 2 years..............] 1980 | 8|11
Temport..... voiiviniiins cereeina 612 | 8| 2!Import....... bevessinieaneayaaeys| 3821 3| 7{Import...... errrraaren « anae-] 994 | 9| 9
SEATIP« + v wv v eenrnanrannns cannannns 184 | 4| O[Stemp...,... e eeiniines en| 464 | B| OStamp....... s veure.e.| 684 (12| 0
Anchorage........ Wenes P 2405 | O] 0 Anchorage... v eveeiaivdionnnnns 2824 | 8) OlAnchorage....cucvvn.uns PR 5229 { 8/ 0
Pilotage.... ..., e e vrvscvan| 9677 | 4] OPilotage. sosisnns srnsvacarin e, | 6402 | 8 O[Pilotage......l......... 0. ucs- 12,079(12| 0
Tolal Company’s Rupees. .|| 9787 | 0| 3 Total Company’s Rupees..{11,146] 2| 5 Total Company's Rupees. . [20,933| 2| 8

Pilot Establishment Per Mensem.

Head Pilot &c. &e. Rupees permonth. ... ... o0t iviicnseercaannnnns P Ceasrana ceiiraerereaanes N L 100 O O
1 Native Head Pilot., . ...cuiviin i iiiiiiinien cerennnncnnnesnionna e anaraaaea s e et ara s e, 51 0] 0
4 Native Assistant Pilots at 12each.........cciiiiiii s rii e, fhtacesastarsrresns et a ety 48 |0 0O
4 Do. do. do. at 10 ., ..., vat o eeenaen b es e tmencaaenaaaa st e et ettt iareaarreaaaaa. 40 | 0} O
1 Gomastah @ 7 Rupees Per MOnth. L . ..o .t ittt it tee e e e e neaa et e edaa e ey rar ey 7 0} 0
6 Custom House Peons @ 3} Rupees per maonth each.. et e ee e eeen et e ta e da e ettt e ntr e e atarae b 21 |0lo
For oil, paper, ink &c. &, vunr v i ceieiier e Creeaeiarreneeaa Cear et aene e N, 0 (140

Total Company's Rupees. . i

NJ
L
—
—
£

i

X~

ol



APPENDIX B.

The following are the dates of the sanction received from Government for the charges incurred from the year 1837.

Vide Chief Engra. letter to
Govt. dated 24th December
1840 Page 137.
4th & 6th Jan, 1841. p, 1-10.
Vide letter to Government
24 April 1842

Do, do 18th June 1842,

Do, do [Oth Jan. 1844.
Do. do 27th Aug. 1844,

May 9th,
» 27th,

Expenses incurred during the year 1837......., Sesesteraesatiatssesesannen sere cu-eu. Re.
Do. do, 1838, . ..viviennnnien. crerseas . tetesennnsruvaanas
Do. do. 1838, ..veiinnnns bitesnr tieceariinsans treesrsensaans
Do. do. 1840, . i iviicer s rirarar e nararaaraanarcnrannranns
} Do. from December 1840 to October 1841 ............ CatssEEsia et et e e
Do. from November 1841 to April 1842..,.................. Ceseeuenns cerees
Do, from July 1842 to February 1843....... Ber s rreratesianaetiarenaanns
Do. for May and June 1842, ..... ..00iiiiinnn sesesss Presesreraeteemnenas
Do. from March 1843 to January 1844.............. Cateadseevatrsnn crmaiees
Do. from February 1844 to June 1844............ Crheatearsraerriransranann
Total....
The following are the amounts disbursed but not sanctioned.

Expenses incurred for July 1844 by the Superintendent........ Ebtetaasattiinnenrrrranrasannsn
Do, 0. AUuBt. . uvrrraciiiinir st s iatearae ey tersssaasarsanns
Do. Q0. Seplember. . oo it n it i riraiariiea s riaenreaar e e e e
Do. T 0
Do. do. November ..... BN a e ataanaiaereas e s as e a e s
Do. do. December. . ..o viineieiiniiiee i ititrenanaans craiiae steartanaeas
Do. do. January 1840, . oot ittt i ittt irieeee s e ae eaean Ceee

Do. do. February...eooveve ver cevnnnnn serrensannanse. ceanes Vesawr canas
Do. do. March...... «cvnvnens Brr s easenrenners attEsetun snestormasen Araane
Do. T N 1
Cash remaiping in the hands of Superintendent............... N
Do. Authorized by Government. . o..uuveenueniiniiirtuersassoarroasannnaeenassss
Do. Remaining atill 10 be drawn. . oottt iaininiiiiiieet i siia it aaans
Total. ...

5.527(15
6,919 5
10,860|12
14,08| 8

12,0971 3

4,233)11
3,987]12
1,153 3
5794} 3
3,158} 0

21( 23,308

|
ol 14,098
12,007

5’ 4,233
o 3.987
ol 1.153
07 5,794
8| 3,158

——
OLaw =~ W

SO0ty O O W

Rs|| 67,830

it 5,121

2
hopo00

Al 3000

== ]

10

— 77,30

tn!

ial ocown

991
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APPENDIX C..

k]
Commencing Janu Sand and}’ Sand and . -

. ]8481' ) ary Mud. |. St,onesl_. . Coral. Shmgle Cubic feet REMARKS.
J anuary. - = = = = o= 21 !920 :s. ”» ” ]
February. - - - - - . 20,40 . 611 ” w »
March, - - - - - - - 5,630 19,939 9,450| 4170} »
April. - - -2 . - - » 21,968] 14,239 8,983 »
May. - - - - - .- » 5,963 7,829 10,644 »»
June. - - - - - - - o 5,355 2,751 12,730 »
July, - - o7 . » 3,834 12,306) -11,983 -
August. - - - - - - " 9,915 24.819; 187214 »»
September.- - - - - - " 1,988 10,020 28,033 ”
October, - - - - - - - ' 4 485 7,772 27,394 ”»
November,- - - - - -} 35988 ” w » »
December. - - - - - .| 66423 " " ” »

Total for 1841. -| 156,401 74,058] 89,186(122,151} »
January 1842| - - - - 48;073 » a9 " 3
Febroary. - - - .- - . 62484 n » »
March. - . Il e - 105)070 ’” " ” »
Apﬁl- - - - e e - 68:622 ” » ” ”
May. - - - - - - . 28352 , . "
Jupe, - - - - - <« . 46,456 » ”» 1) »
Ju}y. - a = e a4 44 052 » » " »
August. - - - . - | 29,088 » . 61,488 '
September. - - - . - | 78412 » » » _—
October, - - - - - .| B88051 » . » T
November. - - - - - 4 81,963 - ¢ » »
December, - - - - .| 93234 » » .

. Total for 1842, -| 773,857 I » 61,488 -

Japvary 1843. - . - - .| 99,534 » » . »
Februa-r,y- - - e e - ” » » ” Lo
Mareh, - - - - - - - ' » 1 N ” ”
April, - - - - - - - ”» » . 8 »
May.- - - - - - - - " n - 14,811 » ‘ ”
Jue. - - - - o - o] T m ” 25584 - ,,
July, -+ - - « - - . " " " 37410 .,
Auvgust. - - - - - - TR 3,043 55,917 » »
September. - - - - - A . 3,680 51,040( ,, -
October. - - - - - - 72315 2,440 9,891 ” »
November. - - - - - -| 94475 ., » o » »
December. - e = = w.= ._ 52,920 2 ” w n

Total for 1843. -| 319,244 9,163 131,659] 62,944 ,,
January 1844, - - . .| 65340 - . ” ”
Februnry. - - .- - - - 75a198 » [T ”» n
March, - - - . . 89,410 » - 4,199 » »
April. - - - - . . J 41,392) 3630 5382 ‘»
May. - - - - - - . 42261 2,007 19,951 . »
June. - - . . . . . 43,001 2,984] 17271 a 5
July. = - - - - . .| 22,842 7,035 18,088 » ”
August. - - . . - | 38442 7.960| 923,512 " »
Beptember. - - - - - .| 36281 5569 13,299 i »
October. - - . . . .. 17,650 9,789 " " »

Total for 1844. -] 471,818 44.974] 107,712 » »

Total in cubie feet of mud, sand, stone, co-
1,721,319) 128,105| 328,557) 246,633}24247043) { FRIand 2 aj:;‘]sg'u’;;ﬁ}; iﬁgﬂ;:g ;'g;‘i‘j {;:“:.;:
and 44.
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APPENDIX D.
Nature of soil in channel, commencing at the Buoy,—MMarked A.

From A. to B; a distance of 300 yards, the bottom is a coarse sand having detached masses of dead coral (brain
coral) in it. )

From B. to C. 2 distance of 100 yards has also coarse sand and masses of dead coral, together with s very hard
conglomerate of sand and shells, occurring in masses of from 10 to 20 yardslong and broad, and about 8 feet thick,
under which there is again coarse red sand. .

From C. to D. the bottom is similar to that from B, to C. but in this part some exceedingly hard masees of Ma.
drepore were found, (they are now removed.)

From D. to E. red sand stone grit, 11 to 12} feet thick—(from 2} to 4 feet remaining to be cut through.)

From E. to F. Do. Do. Deo. Do. Deo.

F. to G. fine grained (compact) sand stone, very hard—11 to 12} feet thick (from 2] to 4 feet remaining to be
removed.)

From G. to H. the same, but having a good deal of shingle over lying it (this has been removed.)

From H. to the end, soft sand stone, lying in layers of about 8 to 10 inches thick, much broken up, and full of
fissures filled with sand, pieces of coral, shingle &c.

APPENDIX E.
Method of carrying on the works.

The work in the channel consists of removing sand and mud ; and sand and masses of dead coral, and between
the reefs, of blasting and removing sand stone. )

.? hand dredge of rather a rude construction® worked by prisoners, has been uced hitherto for removing the sand
and mud, and notwithstanding its many imperfections, it has done a great deal of work ; it cannot be exactly stated
what quantity of work is done by it a day, but it may be said on an average to bring up about 1800 cubic feet in
a day of 12 hours, worked by two gangs of prisoners, at an expense including 3 boats for removing the soil, (exclu-
sive of prisoners) of Rs. 111:9:0 per mensem.

There were also two spoon dredges used for removing shingle, but they are now dismantled.

The boulders of coral are first cleared from the circumjacent sand, by working round then} with the dredge,
when a rope is attached to them by a diver, and from their lightness, they are then easily raised by a8 common
derrick placed in a boat of about 15 tons, called a weighing Dhony—these boats are hired at 6 ahnas per diem, they
generally make one trip a day, the expense of raising the coral is 3 pie a foot for divers /the boat and bostmen
are excluded.) When these weighing Dhonies are used for raising the stone blasted out of the reefs, they have »
large thick rope net, kept open at top by a hoop attached to the derrick tackle, (the expense of one of these nets ia
one anna a day), they are filled by the divers who receive 8 pie & foot for ﬁl]ini. For blasting the tock, the ho!el
are bored by jumpers, about 1 inch in diameter, having chissel shaped ends, of about 6 inches broad, tempered with
steel—two canoes are lashed together, (forming a jungar) with cross pieces, and the holes are bored by four men,
and a diver who guides the end. Sometimes a fifth man is required, it takes from 1} to 2} hours to bore a hole of
from 2’ 10" to 8’ deep, the diver clears out the sand from the hole, and when prepared, inserts the charge of pow-
der for blasting it, he then tamps it by filling up the hole to the top with sand, which he takes down with him in
a leather bucket. The charges formerely used were of from 5 to 10 lbs. of powder, inserted in tin cases, with long
tin tubes, this was found expensive, and not to answer so well as those now used, which are composed of leather,
with bamboo tubes, the leather is formed into a bag, of the diameter of the hole, and sufficiently large to hold from
1 to 2 Ibs. of powder, which has been found the best size of charge, (the line of least resistance in feet cubed for
the number of ounces of powder), they are made wet, and then filled with sand, when dry the sand is poured out, and
the charge filled, a long reed of the bamboo kind, called {(Coorukke) is then inserted, which is ﬁlled’fo.r t}lc priming
with coarse powder ground and mixed with conjee water, and rubbed into cotton thread, after this it is carefully
bound at the junction of the reed and leather with twine, and served over with country cloth, and dammered, each
costs thus prepared, exclusive of powder 6 annas and 1 pice—as follows, skins (sheep) cotton, bees wax, 1 anna and
6 pie, coorukke 2 annas 9 pie, dammer and oil 1 anna 4 pie, country cloth and chatties 1 anna. It has been sug-
gested that a diving bell might be used with advantage. 1 think perhaps a diving dress might, which would en-
able the Superintendent to do all that he could with a diving bell, at less trouble and expense,.for the currents ars
so strong, that it could not often be used, moreover the method now used viz. by tying a quantity of boats together,
and sounding all across at short distances, and wherever there is a stone or projection, putting down a small buoy,
is more speedy, less trouble, and as efficacious a way of ascertaining the nature of the bottom. B

* The teeth of the whecls are not properly constructed, the proper way to make the tecth of wheels, is to st off  of tho pitch below the pitch Line, fur
the length of tooth, and ¥ above the pitch Une thua, o
The ladder should be made with three, instead of two longitudinal timbers, and the friction roliers. of mneh Lryer
2e,

dismeter, and of cast iron,—the barre} also over which the buckets turn, shouldbe 4 sided, inatead of 8rided, a» the y
are in this, by making them 4 sided the buckets are less likely to slip, and clear themsiven better, and the barrel
being lem, there is more leveraga—the wheels and rollers in this are brass, which is a greet waste—hy seliing thene,
and getting cast iren ones from Porto Novo, o saving would be effectcd, and a better machine obtained,
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DESCRIPTION OF AN ASSORTER'S SCALE, AND WEIGHING MACHINE OF ANEW
KIND, CONSTRUCTED FQR THE USE OF THE MADRAS MINT.
BY CAPTAIN J. T. SMITH, F. R. 8. F. R. S. N. A. &c. &c. &c.

1. In the peculiar system of adjusting coins to the
correct standard weight, which has been practised in
the Madras Mint for the last four years, and which will
be fully described hereafter, it is necessary that all the
pieces on first being cut should be accurately weighed,
and separated into classes of equal weight, varying from
one another by differences which are suited to the
particular description of coin under execution, being
for instance, with rupee pieces } a grain, and for 2 anna
pieces the }th of a grain. This operation is required
to be done with considerable accuracy, but at the same
time with as much expedition as possible, and it has
been therefore a matter of great interest to investigate
the form of apparatus best adapted to the fulfilment of
the necessary conditions ; and a number of experiments
having been made with that object, the result has been
the adoption of the contrivances, which it is the object
of the following paper to describe.

~ 2. On first commencing business, we had no alter-
native but to use the common hand scales with move.
able weights, and the rupee pieces which we were
then engaged in fabricating, had to be separated into
12 distinct classes. This as will be readily imagined,
was a work requiring no little time and attention,
and I was apprehensive at first that mistakes and im-.
pediments to business would have ensued, upon the
endeavour to separate numerous successive batches of
coins into so many classes, by ordinary means; but after a
little practice, the steady and experienced sorters soon
got into the way of shortening the process, and with
very tolerable accuracy avoided the confusion which
such a system is liable to; sothatin time an expert
hand was able in a day of 9 ox 10 hours work, to com-
plete the sorting of 1500 pieces ; those who were less
skiiful, smaller numbers, varying from that to 1000,

3. The plan they adopted was, to weigh the whole
of a lot approximately first, in a rough and quick man-
ner, and with the use of a single standard weight,
separating the pieces into their supposed classes by a
guess, founded upon the rapidity and extent of the
vibrations with that weight. Adfter this, all the classes

were separately gone through, beginning with the.

* standard” one, and on taking up each classsuccessively
adding the fraction necessary to make up the coun-

terpoise to the proper weight; setting aside each piece
which was found unsuited to the class it was tempora-
rily placed in, for a fresh examination. in whatever
other class appeared to suit it,

4. In this manner, whatever skill and judgment the
sorter might possess, he could not avoid the necessity of
weighing all the pieces twice, and mtany of them four
or five tmes ; and it thus happened, that the same men
who, in examining finished coins, against a fixed weight
and remedy,” could complete 6000 a day, failed to do
more than one fourth that number, under the conditions
particularised above.

5. The advantages which accompanied the system
with which this method of weighing the pieces was
connected; were sufficient to overbalance the inconve-
nience_of this peculiari?‘ in the sorting, but we were
from the first desirous to diminish it as much as possible.
It soon occurred to me to try the bent lever balance,
as a means of obviating the repetition of weigh ings
above spoken of, and after one or two experiments we
succeeded in contriving a beam of this, description
which was admirably adapted toour purpose. QOur first
attempts were however made with a beam of the shape

iven in the sannexed

gure, and we were led
to abandon the scheme as
hopeless, after trial of an
instrument of this form,
in consequence of finding
that for the very minute
differences which we had
to discriminate, the indi-
. : cations were too small te

| : admit of being practically
L———-—-" distinguished with accu-
. racy.

6. It was not till some time after the failure of our
first attempt, that I was led to try the influence of the
bend of the beam upon the sensibility of the scale, for
given differences of weight ; or in other words, upon the
dimensions of the scale which would indicate given
additions to, and subtractions from the standard.” This
enquiry removed all the difficulties we had previously
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experienced, for we immediately discovered, what in-
deed might have been anticipated from the theory of
this instrument, that we bad nothing to do but to re-
gulate the scale to suit our convenience, by the easy
method of altering the inclination of the two arms, s
small angle between the two parts of the beam giving a
larger, or very semsible scale, and a larger angle the

contrary.

7. The instroments now in use, therefore, for this
discriminate sorting are represented by the annexed
figure, in which it will be observed that the beam is
almost a straight line. The amount of flexure, or

ey

il

the distance of the centre of suspension above a line
. 10} inches long, joining the centre of the counterpoise

weight and the suspension point of the pan, being ouly
&ths, or about ith of an ineh. One very great recom-
mendation of them’ is the great ease with which they
are constructed, and the diagram represents one of a

number made up in & hurry. The beam is merely a -

piece of steel forged and filed to the proper shape, and
the end tapped to receive the weight, with a couple of
adjusting nuts, one in front and one behind it. The
stand and scale are made altogether of deal wood, the
planks of a rejected packing case, and the centre of
suspension is a fine sewing needle.

8. TIn respect to the suspension just spoken of, it is
remarkable that the simplest and easiest of execution
proved also to be the best. As it was an important
object to make these instruments as accurate as possible,
a trial was made of a knife edge suspension, similar to
what is used for the most delicate scales, but we were
at once met by the difficulty which is inseparable from
all accurate weighing of this kind, viz. the tendency of
the beam to vibrate, and the very great delay occasioned
thereby. In the common hand scales which are used
for examining finished pieces, and in the use of which
the system o? weighing is different, this pecaliarity
forms no objection, because the question required to
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be solved by them in regard to each piece, is merely
whether it corresponds with the * standard,” or not, and
the weighing-men or sorters who perform this office,
acquire by habit the power of instantaneously judging,
by the first movement of the index of the beam, whether
the piece is sufficiently true, or otherwise; and if the
latter, it is set aside for re-examination against a fresh
standard of greater or less weight, corresponding with
the utmost deviation, either way, which can be sllowed.
But in the peculiar method of assortment required by
us, wherein not only a knowledge of the truth or error
of the blank, but the exact amount of its deviation is
sought for, it is evidently Deceseary to wait till the
beam is brought to rest in equilibrio, and this wi'h
ordinary instruments, if of delicate construction, would
be altogether unsuited to the despatch of business. On
this account I found that some retarding agent, such as
friction, was indispensable, and after experimenting
upon a variety of different means of effecting this, we
at last found that a simple neecdle, passing through »
circular hole drilled in the beam, was the most practi-
cally useful. With it, the beam was sufficiently sensible
to answer all the purposes we required, and it vibrated
very little, if at all. In the course of work, in order to
bring the index to its point more quickly, and to obviate
any error arising from the friction of the pivot, the
sorter tapa the foot of the stand with the piece next to
be tried, and in this way gets through his business with
considerable expedition.

9, The extreme simplicity of these instroments has
constituted their greatest value for our purposes, for
the construction of them is so very easy, that a
dozen of them may be made by @ carpenter and «
blackemith in two or three days. When finished, the
scales are marked off, and the beams adjusted to them
by the Superintendent of the sorting department, and
before beginning each day’s work it is proper to ex-
amine each beam by testing it with pieces of the highest
and lowest denominations comprised by the scale, to

ard against any accidental injury or alteration of the

eam.

10. By the adoption of this form of instrument we
were enabled very much to simplify our system, and
in consequence of this a twofold economy ensued. As
the index points at once to the trme weight of the
piece, it was easy also to make it designate the class
to which it belonged ; and thus marking off the uscale
into divisions of classes, instead of weights, we at once
freed the operation from a part of its difficulties and
chances of error. Accordinglv, the divisions were
merely distinguished numerically, and all that the
sorter has to do in separating pieces (or disks as we
call them) is to note the number the index points to,
and remove the disk to the corresponding division of »
series of compartments chalked on the floor close be-
neath the low table on which the weighing instrument
stands, whence they are removed for use by other
parties.
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11. The operation thus carried on is so intelligible
and easy, that the number of disks assorted has been
increased from 1500, the greatest number above stated
to have been accomplished previously, to 4000, per
working day of 8} hours; and what is of more
importance, we have been enabled to employ upon
it young apprentice boys, whose salaries are only one
half of what it was necessary to pay to experienced
weighing men. On our first beginning work the ex-
pence of assorting every lac of pieces was -upwards of
20 rupees, the pay of each sorter being 7§ rupees per
month ; but by the introduction of the beam above
described, this charge has been reduced to 4 rupees,
boys upon that salary being quite competent to do the
business, and easily completing a lac of pieces within
the month.

12. It will be seen by the description which will be
presently given of a mechanism for doing the work of
the sorters, that this charge is capable of being further
reduced, but before closing the account of these com-
peratively humble, but most useful little instruments,
I must observe, that in the absence of the more elabo-
rate apparatus just alluded to, the Mint has derived
the greatest benefit from the use of the bent lever
balances, and the whole of the work of the department
since September 1842, has been performed by them,
with the- exception of that of rupee pieces, which,
since the construction of the larger machine have been
assorted by it. v . . '

13. As the operation of these instruments 1s peculiar,
they may perhaps be of less interest where the system.
of manufacture is diffetent from what itisin this Mint.*
They are however available for one species of work
which is common to all Mints, and may probably be
found to be of great 'advantage in it. I refer to the
examination of finished coins previous to issue. Iam
not quite certain that this duty is always performed
elsewhere, but in Madras, not = single piece is issued
without examination after stamping, and as the re-
medies are very small in some coins (Vsths of a grain in
# anna pieces), and are rigidly adhered to, it would be
impossible to carry on business without it.

14. We have lately made some experiments as to
their adaptation to this duty, but have not brought them
to a final issue. It was found that a boy could ex-
amine 6000 pieces daily with one of these beams, when
the object was merely to ascertain whether they were
within certain limits or not, but although this result
affords a very satisfactory prospect of future success,
we have not had sufficient time since the experiment
was made to obtain data whereon to speak with cer-
tainty. Should the result just mentioned be confirmed
on the large scale, the expence would be reduced nearly
60 per cent ; the same duty being performed by boys
s would be otherwise executed by men on double their

‘the finishing mill is furnished
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pay. The only doubt which suggests itself as to the
general introduction of the plan 1s, whether in making
the alteration, it would not be best at once to proceed
to the construction of the larger instrument about to be
described, by which the expence would be reduced to
the minimum.

15. There is another use for which the bent lever
beams are peculiarly suited,and for whichthey have been
exclusively employed in this Mint ever since they were
first successfully tried, and this purpose is one in res-
pect to which they will be found equally valuable in all
Mints. This is in the examination of the test pieces
cut from the straps after the last rolling in the finishing
mill, which, &as will be readily understood, it is a very
great convenience to weigh by an instrument which at
once indicates the exact amount of deviation, either way,
without the troublesome addition or subtraction of
fractional weights.

16. We have found it most conducive to accuracy in
rolling, not merely to test the straps by . single pieces,
but to judge of their average condition by the average
weight of three pieces cut out of different parts; and
with a couple of instru-
ments of the accom-
panying form,finished
'.1n brass, one of them
" supplied with a coun-
| terpoise suited to the
" 'weight of three pieces,
and the other suited
' to the weight of one.
The beam ir swung
between .two ‘cheeks,
one of which.is move-
able round the pil-
lar, which *supporty
the: beam, by means’
of the collar ¢ which
1] is fixed by the thumb:

—= - | screw d. The needle
s passed through holes drilled through the two cheeks
and secured in one by a deal wedge, andin consequence
of one of the cheeks being moveable, the needle is
easily adjusted to a position exactly at right angles with
the plane of the face of the instrument, and the beam
can be made to travel at a greater or less distance from
the surface of the scale.

17. ' The same scale suits any description of coin,
but a different beam and counterpoise is required for
each. It is necessary therefore to have a beam suited
to each different deseription of coins, and to make use of
thern as required. It is also advisable, upon every oc-
casion of mounting a new beam, to test the accuracy of
the scale at its medium and extreme points, to make
sure that mo change or injury of its shape has occur-
red, which has affected its accuracy.

* Even where the file is used for adjustment, I should think these instruments would be very voluable, for an expeditious olassi-

fication in a rough way, of the picces to be operated on.
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18. When this preliminary has been settled, the
pieces as they are banded from the blank cutting machine
are successively weighed in one or both of the instru-
ments. If the average deviation of three pieces be
required, then the three blanks are placed in the larger
scale, and the index will point to the average difference
at once ; If the discrepancy of only one is to be
tested, the smaller instrument is used, which shows the
same result as applied to it.

19. Sorting Machine. This instrument was made up
in oxder to test the possibility of performing the weigh-
ing and sorting of coins by machinery, and the result
has been completely successful ; nearly the whole of the
rupee disks being now assorted by it. The principle
is that of arranging a number of beams side by side,
and attaching to them an apparatus by which the pieces
are mechanically placed upon the pan swung from
the end of each, and after equilibrium has been attained,
removing each piece to its proper compartment in &
series of cells, which are appropriated to the different
clasees into which the pieces are to be aseorted. The

- P
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idea naturally suggested itsclf in conpection with the
use of the simple bent lever beams, before desciib-
ed, in considering the possibility of obviating any
chance of the pieces, after their true classes had been
pointed out by the index, being misplaced by the
sorter. It occurred to me, that as the pan is raised by
the end of the beam to s different height for each class,
and it was in our power to regulate the distances be-
tween the different marks on the scale to any dimension
mont convenient, b‘vJ altering the length and flexure of
the beam, it might be possible to arrange a series of
shelves at the exact heights marked by the divirions ;
and then, hy merely giving the pieces a sudden hon-
zontal movement, they would be at once carried to
their proper places, and might be conveyed by means of
partitions, down to any receptacles most convenient for
the accommodation of large numbers. '

20. Defore proceeding to make any experiments
upon a large scale, it was first thought advisable to test
the main principles of the scheme, and this having been
done by a rude model, with a satisfactory result, the

T ;
: A
'l N i i

model of 2 single beam of the full size was accurately made,
and the following description of this will be the best in-
troduction to the study of the compound machine.

21. Inthe above figure the letters A, B, C. show the
beam, which was made of a piece of seasoned fir, which
had been baked to thorough dryness, and varnished. It
was altogether 30 inches long, the arm A C being 24,
and 4 B, 6 inches. This was poised upon the ordinary
knife edge suspension pivots, in the usual way, the
only difference being, that they were placed rather
widely apast, in order to ensure steadiness in the direc-
tion of the beam, and to obviate any lateral vibration.

The points C and B are also provided with pivots, in
the manner represented in the figure, the former a knife
edge for the support of the pan for the reception of the
peices, the latter a silken loop passing through two holes
in a steel plate holding the weight, which will be pre-
sently described. Great pains were taken in making
the edges of the three suspension pivots in exact line,
in order that the equilibrium of the beam might not be
1n any way affected by the amount of the weights opposed
to one another ; and equal care was bestowed in adjust-
ing the centre of gravity of the beam itself, to the point
marking the position of the edge of the central pivot,
to effect which it was found necessary to attach counter-
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poise weights D). D. on opposite sides of the short
arm A B, to balance the weight of the larger arm
A €. 'These counterpoises were made of lead, and
fixed in the manner represented.

22. These conditions having been attained, the test
of accuracy was, that the beam rested in any position in
which it might be placed ; or to speak more correctly,
it had no tendency to assume any particular posi-
tion, for although it was in perfect equilibrium at every
angle, the finéness of the pivots, and the length of the
arm A C totally prevented its assuming a state of rest;
the mere motion of the atmosphere being quite sufficient
to keep it in constant oscillation. This circumstance
was one of the reasons which induced me to make an
alteration, which will already have attracted notice viz.
the adoption of a new kind of weight. It has already

"been mentioned, that in the small bent lever scales it
was found absolutely necessary to sacrifice in a small
degree their sensibility, to get over the difficulty of
their constant motion, and that this had been done by
making use of a pivot which was not without a very
trifling degree of friction. In constructing the model
now under description, the idea suggested itself of in.
troducing a reterding agency, which might be effective
in preventing motion, but incapable of exerting any
influence when the beam was at rest. This condition
naturally poirts to the use of a fluid, and it being at
the same time very desirable to devise a plan by which
the spaces between the different -shelves intended for
the classes of * disks” might be made equal to one
another, those of the bent lever balance being rather
smaller at the limits of the scale above and below the
zero point,it was determined to attempt the combination
of a retarding plate with a fixed wire, on the principle
of the hydrometer, the whole weight of the plate and
wire being so adjusted in the first instance, as to ex-
actly balance a disk of the medium weight, when the
beam was horizontal, and the pan opposite to the middle
opening G P.

23 The annexed -
gure represents this part
of the apparatus, as it
was constructed on that
occasion. A B is the end
of the short arm of the
beam, to which tke plate
B C was attached. In
this platea couple of very
small holes were drilled,
through which passed
the two ends of a silken
thread, which form a
loop at d, in which the
eircular stem d e is sus-
pended by means of the
hook d. The ends of

.<

this thread are secured by means of the pin s round

which they are wrapped, and by screwing or unscrew-
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ing which, an adjustment of the distance of the plate
below the point B may, to a small extent, be made.
The bottom of the stem 1is fixed to the circular brass
plate ¢ f g, and by the motion of the beam the plate
rises and falls in the cylindrical vessel H I K L in
which it is placed. The diameter of the cylinder was
32 inches, and of the plate 2'9, thus leaving an inter-
val of about 1}tenths of an inch all round, between the
edge of the plate and the inner surface of the cylinder ;
that is, when the former is in the middle of its track
as regards height ; for as the motion of the end B of
the beam is circular, it follows that at the highest and
lowest points of its rise and fall, the edge g of the plate
is drawp/mearer to the side J L of the cylinder, and
the edge f further from theside H K. The level of the
surface of the water is shown by the letters P B Q
the wire passing through it at the point 2. mnoisa
light cup of thin brass, supported by a couple of thin
wires hent into the form of the letter Y, and attached
to the upper partof the stem d e, the object of the
cup being to contain the fractional }rain weights which
might be required in finally adjusting the weight of
the stem and retarding plate &c. to perfect equilibrium
with the standard disk, in relation to which all the
remainder of a series were to be assorted.

24 The other end of the beam merely carries a pan
suspended to it in a manner very similar to that of a let-
/ ter balance, the width e &
— { of the frame upon which
- ithe disk is supported
i being much less than
'the width of the piece,
to allow the two cheeks
which are employed to
remove the piece, to
pass freely without car-
rying the panwith them.
The same object is in-
tended by the skeleton
plate € D, whichis a
continuation of the pan
frame a, &, at right an-
gles to its face, and
—— — — sexves as a stop to pre-
vent the latter being carried into the inside of the
shelves, within which the piece is to be projected.

25 It has already been stated that the whole beam is
poised upon knife edge suspension pivots in the ordi-
nary manner, the only thing at all unusnal in the
arrangement, being, that the pivots are sharpened to a
point outwards, the point being on a line with the knife
edge, and a plate being attached outside beyond the
circular cups in which ghe knife edges work, and touch-
tng these points on each side, so that any lateral motion
of the pivots is prevented, and they are thus kept in
their proper places.

26 If we now consider the action of the beam, we shall
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sce that the principle of its operation is different from
that of balances in general. It has been remarked above,
that great pains having been taken to bring the three
points of suspension into exact line, and also to cause the
centre of gravity to coincide with the centreof suspension,
the result was, that previous to the introduction of
the fluid in the cylinder, the beam would rest equally
in any position in which it was placed, whether bear-
ing weights or not, excepting as regards the motion
produced in it by the currents of the air. As the
suspension pivots were delicate, a very trifling weight
would disturb the equilibrium, and thus the sensibility
of the instrument and ita capability of marking slight
differences was secured, i:resgective of any difference
in its action brought about by the use of water.

27 When one of the weights consists of a plate sus-
pended in water by a wire or stem af any given thick-
ness, two changes take place. The first of these is
the resistance of the water to the surface of the plate,
and the difficulty of its motion, in consequence of the
inability of the water to pass quickly from the lower
to the upper side of it, and vice versd, owing to the
plate nearly filling the area of the cylinder, and also
the friction of the fluid, these being the retarding effects
which were aimed atby the use of the plate; The se-
cond, that even supposing these resistances to be over-
come, the beam once being in equilibrium, can not
change its position without destroying that equilibrium.
Indeed, it will be evident on a little reflection, that if
the piece at the other end of the beam were exactly
balanced againstany solid body, part only of which was im-
mersed in water, any movement which caused a further
portion of the body to rise out of the water, would add
to the effective weight of the whole mass, by a difference
equal to the weight of the mass of water which was
previously displaced by the part now raised out of it.
In other words, the increase of weight which would be
required to hift it out of the fluid, and by which it would
act against the disk in the opposite scale, wounld be
equal to the buoyancy of the part lifted out of the
water, supposing it to be itself intrinsically of no
weight. And this last supposition is true in regard to
the parts of the stem and retarding plate now under
consideration, because, as their actual weight is coun-
terbalanced, and neutralised by the equilibrium pre-
viously existing, it ceases to have any power of inter-
ference in respect to the differences in that equi-
librium effected by alterations of the position of the
-beam.

28 If we could poseibly conceive that the stem attach-
ed to the retarding plate were, like the mathematicians
definition of a line, abeolutely devoid of the dimensions
of breadth and thickness, then the above conditions
would not arise, till the retarding plate itself came to
be lifted out of the fluid. If the wire stem could be
supposed to displace no Auid at all, the equilibrium
would not be distarbed by any change which did not
effect the uncovering of the plate. As had been ascer-
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tained with respect to the action of the beam in air,
80 in the water, the equilibrium would be perfect ; and,
owing 1o the resistance to the plate, more stable, in every
position in which it might be placed ; and the plate
would act simply by preventing the vibrations, which
have been above spoken of as occasioning so much delay
in delicate weighing.

29. In the above case, we slinuld require a series of
weights, to counterbalance the differences in the vari-
oua disks to be arsorted ; and then, as before, the beam
would rest equally in any point in which it might be
placed (the plate not being exposed) Lut the re-
quired conditions would not have been attained, one
of these being, that each position should be one of
equilibrium for a different weight, which should rest
stable at that point and no other. It thus appears that
apart from the influence of a sensible dimension in the
wire stem carrying the retarding Elalc, the neccssary
conditions are not fulfilled; but the moment we take
into consideration the conscquences of a certain thick-
ness of it, we perceive that its motion into and out of
the fluid has precisely the effect which is desired, by its
requiring a different weight at every point to bring
about equilibrium.

30. One of the first ideas which suggested itself
in connection with the attempt to weigh mechanieally,
was that of attaching to the pan containing the counter-
poise weight, a silken thread, having fixed to it, at
regular distances, weights corresponding to the difle-
rences which should exist between the different classes
of disks ; so that, as aheavy disk descendcd on the one
side, it might, one by one, raise the successive weights
on the other, until equilibrium was established.  After
the use of water was resolved upon, this idea waa
superseded, because it will be perceived that a balan-
ced stem rising and falling in the way the retardin
plate stem does, has the very same effect, thougg
in an infinitely more regular and perfect manner,
as the gradual addition or subtraction of weights ;
its operation being indeed precisely similar to that of
the hydrometer, with this exception, that the latter is
sustained by its own buoyancy, and the former by the
counterbalancing effect of the disk upholding the stem.

31. The most important advantage, however, which
was gained by the use of the water and the stem was,
that it enabled me to fix upon any size most convenient
for the openings between the sherveu or partitions for
the reception of the coins, without any reference to the
length of the beam, and without diminishing its accu-
racy, by merely regulating the dimensions at my own
convenience. Like the hydrometer, the sensibility of
the instrument, that is, as affected by the immersion of
the stem, is obviously dependent altogether upon its
sectional area. If the immersion to any given depth,
say an inch, of a wire of £ tenths of an inch diameter,
caused an effective diminution of the weight at the
short end of the beam of 8 grains, corresponding with
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a difference in the weight of the disk of 2 grains, any
other wire of greater or less sectional area would pro-
duce a greater or less difference with the same degree
of immersion, or an equal effect with a greater or less
immersion, and consequent rise of the longer arm
through a larger or smaller space.

32 Henceit followed, that after the adoption of any
given height as that most convenient for a series of
shelves, it was merely necessary to regulate the thick-
ness of the stem of the retarding plate, to suit the dif-
ference of weight which it might be desired should
exist between the different classes of disks to be assort-
ed into the distinet compartments. In the model, we
determined upon having a set of 12 shelves, each one
inch above the next below it, and it was determined
also, that the difference of weight between the disks
belonging to each shelf or compartment should be half
a grain. 'T'o fulfil these conditions, a wire of the above
mentioned diameter, viz, ¥sths of an inch, was found to
e necessary, and the beam thus fitted up answered
every expectation. After the weight of the whole
counterpoise, stem, plate, &c. had been adjusted to the
weight of one of the disks in any position, for instance
at the top of the series of shelves, the addition of any
number of half grain weights, successively, would carry
the piece down with great regularity, from partition to
partition, in exact accordance with the weight applied to
the piece, which on their -removal would with equal
regularity rise to the proper height, bringing the disk
opposite to the compartment suited to the weight which
belonged to it. Thus, so much of the contrivance had
been fully realized, and the only remaining steps were
to adapt to the beam instruments for the laying on and
removing the disks, as they were successively weighed.

33. The removal of the pieces was effected by
means of the apparatas shown in the figure given at
para 20 E F and B’ I” and G represent a sliding
frame composed of two upright brass cheeks E, F and
E*, F* curved to suit the form of the face of the shelves,
(which is mecessarily circular to adapt it to the motion
of the pan H), standing on, and firmly fixed to a bed
plate sliding in groves cut in a plate of brass, secur-
ed to the floor of the stand, and moved backwards
and forwards by the pin K. When the disengaging
frame is moved forward to the utmost, the face of the
two cheeks coincides with the front face of the shelves,
and the disk is separated from the pan, and projected to
within the interior of the shelves, whence it is carried,
by the partitions represented in the figure, down to its
appropriate compartment in a drawer L. M, The
beam on being released, rises quickly, (but not too sud-
denly, on account of the retarding plate) till it is
arrested by the stop o, #, which is so adjusted, that when
the beam is held in that position, the pan H is exactly
suited to receive a fresh disk, which is carried forward
and lodged upon it by means of a tongue, or feeder,
working beneath the hopper P, Q, which is kept filled
with = supply of the disks to be assorted.
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84 It will be observed, that at the point F F”, the up-

per part of the upright cheeks of the disengaging frame 1s

filed flat and horizontal ; and after a disk has been pro-

jected into its partition, the frame remains in the forward

position close to the face of the shelves, the horizontal

surfaces at F' lying immediately undet, and in the middle
of, the circular opening where the disk is delivered ; and
they support it until, after the delivery has been effect-
ed, the disengaging frame is withdrawn, and the disk is

left upon the pan H, and descends by the force of gra-

vity till it finds a suitable position of equilibrum corres-
ponding with its weight; and thus having been brought
to rest, it is in its turn removed by the frame, and the

feeder is made to supply another, and so on.

85 The working of this model is carried on asfollows.
First the disengaging frame is advanced close to the
shelves, the feeder is next made to deposit a piece, the
frame is withdrawn, and in a short time, when the beam
has become quite steady, the frame is quickly broughs
forward again, by the pin X ; after this a new piece is
delivered, and so the operation continues. The time
taken for the beam to come to rest, is found, with an in-
strument constructed of the above stated dimensions, to
be about 20 seconds; so that three pieces could be weigh-
ed per minute, in a single machine. In working a number
together, a longer time is allowed, in order to make sure
that the slowest shall have quite settled. It is worthy
of notice in connection with this point, that a curious
fact was observed in the use of this model, which seems
to depend upon the friction of the fluid, as distinguish-
ed from its resistance to the retarding plate; and this
was, that there was found to be a trifling difference be-
tween the position of equilibrium at which the beam
gettled, when it descended from a high elevation, or
when it ascended from a lower point, (although in each
case it vibrated backward and forward past the settling
point) being in the former case always a trifle higher
than the latter. This difference is small, and it has
no effect whatever upon the accuracy of the indications
i}f t{le beam, as the pieces all descend from the same
evel,

86, TInassorting aseries of disks by this model appa-
ratus, the middle cell of the series was appropriated to
the medium or “standard” weight, in reference to which
ell the pieces were to be classified. A disk of that
weight having been selected and placed in the scale, the
weight of the counterpoise was adjusted until the disk
hung opposite the middle of this cell, and the whole
were then worked off. In case a second series of disks
should be brought for assortment, and another standard,
slightly varying from the first ; then an adjustment re-
quired to be made in the first instance, by adding frac-
tional weights to the counterpoise at B, till it balanced
the standard disk opposite to the middle compartment,
as before. '

3T When a new species of disks or coins, not only
varying in weight, but requiring to be classedin a series
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varying by a new set of differences from one another,
require to be assorted, it is necessary to apply a new
stem, of a thickness corresponding with the difference of
weight required between each class; and in some cases
a new pan at the other extremity of the beam, and in
almost all a new hopper are necessary. This will be
remarked upon more at length, in speaking of the con-
struction of a compound machine on the principle of
this model, for as this was found to have completely an-
swered its intended object, in proving the correctness of
the principle upon which coins or other pieces might
be mechanically assorted, it was not considered neces-
sary to do more than apply it to those it was first pre-
pared for, and the next step was the construction of the
compound machine itself.

38. It will have been observed on reading the de-
scription of the mode of using this model, that after it
has been once adjusted to any given series of pieces,
which are intended for classification, all the remaining
work to be performed is merely mechanical. Nothing
whalever is to be done, but at certain regular intervals,
to move backwards and forwards the two pins R, and
K, as follows; first, R forward and back again, 2d K
backwards; then, after an interval of 20 seconds, K
forwards, then R forwards and back again, them K
back, and so on. JIn all these movements no discretion,
or intelligent operation of the mind is necessary, and
if alittle longer allowance of time be made, to avoid the
necessity of observing when the beam comes to rest, the
whole of the motions could as efficiently and well be
performed by a steam engine as a man’s hand.

39. Upon the encouragement afforded by the satis-
factory performance of the model above described, I
resolved upon attempting the construction of a ¢om-
pound apparatus consisting of a number of them, to be
worked by one man. To avoid the length of time which
a large set would consume in construction, and in con-
sequence of the uncertainty which existed as to the
amount of mechanical force which would be called for,
it was resolved to restrict the first attempt to a set of
20 beams, and after some time, this was accomplished. A
general idea of the apparatus will be obtained by con-
sulting plates 18 and 19, and if it be borne in mind that
the whole apparatus consists simply of a set of 20 of the
instruments which have been above described, arranged
side by side, with some few additional parts necessary
for working and adjusting them together, the drawings
will be found, I trust, not unintelligible.

40 It was the fear of some derangement happening
to any one of the beams, the repair of which might be
an impediment in the use of the whole, on actual duty,
which led to the plan of their being constructed quite
independently of one another, and afterwards placed
together upon a frame suited to accommodate the whole ;
but the lengthened experience we have now had of it
bas proved that there was no necessity whatever for
this precaution, and that in the construction of others,

Weighing Mackines.

it will be quite safe, as it will also be much more con-
venient and economical, to frame the whole of the largest
series in one system ; as the beams are not liable to any
derangement, after once being properly made and ad-
Jjusted.

41, For greater convenience of reference, the two
plates above referred to have the same letters attached
to the same parts in each. The only parts which it
will be necessary now to describe particularly, are those
which are added to enable & number of the motions
which were stated to be necessary to work the simple
machine, to be united in the compound one, #0 a3 to be
effected by one effort. Those motions it will be recol-
lected were merely of the two pins K and . It will
be observed, then, that in order to vaite the serics of
motions of all the pins A into one, they are all joincil
by means of connecting rods s, #, ¢, to a wooden bar, of
which only one end, marked 7, is visible, in cither plate ;
which bar is suspended by means of three stirrups of
iron T, U, W, and ¥, to a long arbor which turna in
sockets at the pointsa U, 7', and V. These stirrup
frames are firmly rivetted to the arbor, and cannot he
moved without carrying it round with them. 'The con-
sequence is, that any small motion given to any one of
them is communicated to the others by means of the
arbor, and all the three frames, being thus made to
move simultaneously, the bar I is carnied forward in a
direction always parallel with itsclf, and by means of
the connecting rods, or couples s, #, #, the whole of the
pine K, K, K &c. are moved uniformly together,

42 As it would not be convenient to move the bar
T by the hand applied to it, a rod passcs from itto an
upright lever Z Y which turns upon a pivet Y, attach-
ed to an arm projecting from the body of the frame. Thix
rod is seen in p{ate 18 joining the lever at the point X
where the handle Z by which it is worked is also clrarly
shown. Before quitting the notice of this part of the
apparatus, it may be useful to explain what is the use
of the connecting couples &, 8, s, and why it would
not answer to have simplified the machine by applying
the moving power directly to a bar fixed upon the tops
of the pins K, K, K, themselves. The reason is, that
in 2ll machinery of this kind, it is indispensably neccs-
sary to provide against the risk of any obstruction acci-
dentally occurring to prevent the movement of one of
the series of parts, which in default of such provision
might be injured. In these beams, fpr instance, it
occasionally happens that the piece is carried by the
disengaging machine precisely upon the edge of the
partition, and though this accident very rarely pro-
duces a stoppage, owing to 2 contrivance which was
made use of for the purpose of preventing it, still it
even now does occur, and but for the use of the con-
necting rods would most probably occasion the fracture
of some parts, an accident which by their intervention
is entirely prevented.

43 This is done by making the rods of two parts
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Description by Captain J. T. Smith.

joined together longitudinally, like a split cane, and
connecting them together by a sliding ferule, moving
along the rod with sufficient friction to prevent its be-
coming accidentally displaced, when once fixed. The
two parts of the rod are made of steel, with a slight tem-
per, and they are joined at the end T and fitted, by
means of a hole drilled through it, upon the pin which
rises out of the bar 7% The loop which fits upon the
pin K is of course drilled through the junction of the
two halves of the connecting couple, and as these are
not united together at this end, they are free to separate
and. release the pin, on the occasion of any jirk or
violent movement, or in the event of any obstruction,
such as the striking of u piece against the partition, in
which case -the pin remains unmoved, and the two
halves of the couple open out from one another and
pass on without it. The use of the ferule is to adjust
the degree of force which shall be required to detach
the couple from the pin, which is of course eazily ef-
fected by passing it closer to, or removing it further
from the point X. By this means the adhesion of the
two jaws is increased till it is just sufficient to move the
pin backwards and forwards and perform its work with
certainty, and a little more.

44, The other row of pins R, R, R, &c. is moved
in & manner very similar to what has just been describ-
ed, with the exception only, that the bar 4 to which all
their connecting couples are linked, instead of being
suspended by three stirrup frames, in this case stands
upon them ; but exactly as in the former case, the motions
of all the three frames are connected together by an ar-
bor B, to which they are firmly joined. The bar A is
moved backwards and forwards by a plain rod passing
from the back of the machine to the front, where the as-
sorter stands who works the machine, and it is there pro-
vided with a handle C in a convenient position for use
in reference to the other one Z before described. 1Itis
almost needless to mention, that the connecting rods,lare
precisely similar in this set to those just described, and
the necessity for it is much greater in this part of the
apparatus ; asit not unfrequently happens that amongst
the feeders pushed forwards by the motion of the bar 4
one may be prevented from doing its duty by the pieces
contained in the hopper sticking fast, and being im-
movable for the moment,

45. The mere handle which is shown in the plates
as attached to this movement is sufficient for the limit-
ed number of 20 assorting beams, working with rupee
disks, but as it performs the work at no mechanical ad-
vantage, the force required in the way of a direct pull
would be too great were that number much increased ;
for although there is generally no actual obstruction
whatever, and it therefore ought, theoretically, to
take little or no power, to move the feedeys, still prac-
tically it is found that the friction of even twenty,
when all the hoppers are loaded with 100 disks each,
becomes something considerable ; and when the work-
mau has to apply this force a thousand or twelve hundred
times a day, is quite as much as he can manage. It

would be therefore necessary in constructing a machine |
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combining a larger number, to make this handle dif-
ferently, and to give it a mechanical aid by means of a
lever, in a manner somewhat similar to the arrange-
ment of the handle Y Z, which would be very easily
done; for the space through which the handle € now
moves is only about 2 inches, and this, if Decessary,
might with ease be increased to 10 or 12, thus diminish-
ing the force necessary to be applied in the ratio of
5 or 6 to one.

46. I before mentioned that 2 contrivance had been
applied to obviate the risk of the pieces under assortment,
on being disengaged by the frame, striking against the
edge of the partition adjoining the cell into which they
were to be thrown. This was effected by merely arm-
ing the edge of each partition with a roller, and thereby
presenting to the piece about to be projected a circular
and moveable, instead of a fixed obstacle to strike
against. These rollers are about a quarter of an inch
diameter, and accurately fixed upon steel pivots; and the
slightest force is sufficient to turn them, so that nothing
but the circumstance of the piece striking it with the
etmost truth in the direction of its centre, can pre-
vent its turning round and giving it admission into
one or other of the compartments above and below. It
comparatively seldom happens that the piece strikes
it with so much truth as to fix it, but when this does
oceur, it is rectified by the workman drawing back his
hand and repeating the stroke, by causing the disengag-
ing frames to recede partially and advance again. This
liberates the piece, which by the vibration of the
beam assumes a new position, whence it is sure to be
carried into its proper place by the forward movement.

47, The section given in plate 19 will show very
distinctly the partitions, by means of which the pieces,
after being thrown into the proper cells, are carried
down to the drawers where they are kept separate from
one another, and removed from time to time as they
are required. Each single beam is, as before stated,
mounted separately, and standing on the horizontal
platform B G may (with the exception of its water
cylinder) be removed and separated from the rest.
Thus the upper haif of the series of partitions is dis-
tinct from the lower, the junction being at the horizon-
tal line, where they meet at a considerable angle. This
is no doubt a defect, which will be remedied on the
occasion of constructing a second machine of this kind,
as it would be obviously so much better that the par-
tition guides should be formed in continuous curve
lines instead of meeting at an acute angle, which is apt
to occasion a lodgement of the pieces, if they should be
very large in comparison with the breadth of the
spaces. We have not, however, been troubled with this
accident since the first construction of the machine,
although we at first met with it from another cause,
namely owing to the upper and lower partitions not
being fitted exactly to one another, and a projection,
being left which caught the pieces as they fell.

48. Asthelarge machine, was merely experimental,
it was constructed as economically as possible, and
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owing to that, the upper partitions were made of tin
plate from old packing cases, the lower partitions were
of wood. The pieces fall into drawers, of which there
is & double set of three, opening on each side of the
bottom of the frame, each set of drawers thus answering
toten beams. Each drawer is divided into four partitions,
so that the three drawers which belong to ten beams,
afford 12 spaces for the accommodation of the 12 classes
into which all the disks assorted by them are separated.

49. The only parts which now appear to require
description, are the cisterns containg the water, and the
apparatus for regulating the height at which it stands
in them. In regard to theformer, it was found advisa-
ble to alter the system of using a separate cylinder for
each beam, partly on account of the greater neatness
and substantiality of larger reservoirs, and partly also
for the purpose of regulating them with greater facility,
according to the plan which will be presently describ-
ed ; but it was necessary still to retain the cylinder, for
after a varie? of changes and experiments upon diffe.
rent forms of retarding plates and cisterns, no plan
was upon the whole found to be so good as the simple
vertical cylinder and circular plate. In order to retain
the advantage of this form, therefore, and still to unite
the cisterns together, troughs were made of sufficient
size to hold five cylinders, and the latter were fixed in
their proper places in them, but were not provided with
bottoms ; there was therefore a free communication
between the fluid belonging to all the five cylinders
contained in each trough, and the two troughs on each
side of the centre Z X were also made to communicate
freely with each other by means of a syphon, so that the
water should always stand at the same level in each. By
this arrangement, the height of the fluid in all the ten
cylinders belonging to the beams on one eide could be
regulated at once ; a point of some importance.

50. The circumstance v Xxh made it desirable to
effect. with facility a uniform change in the level of
duid in the whole series of cylinders, was the frequent
necessity for very slight changes in the weight of the
 standard” disk, in comparison with which the whole of
a large number were to be classified. In the course of
business, the disks are usually brought in bags contain-
ing about 1000 or 1200, and each bagis provided
with its own standard piece, which forms the middle or
zero point of the scale, above and below which, all the
rest are regulated. I have before stated, that on first
construction of the beams, the counterpoise at the
end of them is adjusted by the addition of fractional
weights, till the standard pieee is made to rest opposite
to the centre of the middle shelf, or zero point in the
system, and this must of course be done for each beam
individually. Butif, in the course of business, this had
to be done for every new bag of pieces, and all the
ten beams had to be accurately adjusted individually,
it would not only occupy a great deal of time, but would
introduce great risk of ervor,in consequence of the
probability that delicate adjustments so frequently and
hastily made would have but little accuracy, a difficulty

which is completely surmounted by adjusting by means
of the fluid. ' ey

Machines.

51. How this is done will be easily understood. It
has been before explained, that the weights on both
sides of the beam having been seted, the piece will
cause its end of the beam to sink till s0 much of the
wire stem attached to the retarding plate has been drawn
up out of the water, as by its additional weight to
balance it. If we suppose cquilibrium to have been ob-
tained, at the time that one inch of the stem is uncover-
ed and 5 inches are immersed, it is proved by that cir-
cumstance, that the weight of the counterpoisve minus
the buoyancy of the immersed part is exactly sufficient.
And the same would be the case, with the same degree
of immersion, at every inclination of the beam, which it
will be remembered was tested and proved to show the
same results in every position. If therefore & standard
piece on coming to equilibrium should be higher or low-
er than the zero point, nothing more would be ncces-
sary to rectify this, than to raise or lower the cistern con-
taining the water, which would immediately produce
the desired effect.

52. The same end would be attained also, of eourre,
by allowing the cylinder to remain fixed, and altering
the height of the water in it; and as this, within certain
limits, can be so much more easily done to the whole
series at once, this plan of regulating the gero point for
different weights was the one decided on, and it was
carried into effect by establishing & communication be-.
tween one of the troughs and a rather large rescrvoir
marked I in the drawings, by means of a s¥phon, and
fixing the reservoir in such & manner that it could he
easily elevated and lowered at pleasure. Jt will be ob-
served that in plates 18 and 19, the two reservoirs be-
longing to the troughs of the two sets of beams, are re-
presented as standing upon circular wooden trays, which
are supported by acentral stem which istapped to enable
it to fit into a female screw held by an arm projecting
from the body of the frame of the machine. Near the
position of each of these reservoirs there is 8 projection
in the side of the trough next to it, a circular well of
about an iuch diameter, and of a depth equal 1o the
depth of the trough, having been made and attached to
it 1n free communication with its contenta, This well
is for the purpose of holding one arm of a syphon, the
other being inserted in the reservoir ; and os the latter
is cylindrical, and moves round a centre coinciding with
its axis, whenever the reservoir bas to be raised or de-
pressed by means of the screw, no change takes place
in the position of the syphon, which continues to act un-
interruptedly whatever height the reservoir msy be
set to.

53. By this means, on every occasion when it is
found that the standard piece belonging to a new set of
disks does not exactly correspond in weight with that
which preceded it, the necessary alteration to bring the
whole of the beams on one side to point to zeio is
made in a moment, by raising or lowering the rerervoir
H to such a height as to make a compensation ; which it
does by the immediate alteration in the level of the fluid
in the troughs attached to it, by the agency of the syphon.
‘The reservoire are kept steady in their places, and im-
movably fixed in the positions assigned to them, by the
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Description by Captain J. T. Smith.

pressure of an arm J which turns upon the pivot L, and
1s kept in constant contact with the circular tray by the
action of a weight M attached to it. Itis usual to as-
sort two sets of disksat once, by allowing each half of the
machine to be occupied with work distinct from the
other, so that the adjustments in the two halves are made
separately, and have no connection with one another,
though all the beams are worked at once.

54. The only thing which now remains to be men-
tioned is, that during the hot weather, to avoid the dis-
turbance which might be caused by flies settling upon
the beams, the whole apparatus is enclosed by a light
frame with mosquito curtain gauze stretched upon it, the
upper part of which is exhibited in plate 18, the lower
parts having been broken off to prevent their interrnp-
tion of the view of other parts. In this form, the ma-
chine has now been in use formany monthsin this Mint,

and during that time has performed nearlyall the sorting’

work in regard to rupees which has been executed.
Had it not been constracted in parts, for the reason
above stated, so that each beam is separate, carrying its
own hopper and feeding apparatus, it would have
been easy to have made it do more duty, by applying
it to sort other coins. As it was however, as this would
have required the removal of the twenty feeders, and
addition of new ones, it was determined that it would
be best instead of undertaking that work, to reserve this
machine for large coins only, and hereafter make a new
one capable of being used for every description of coins.

55. The quantity of work whiclrmay be executed in
aday by the use of even this machine has of course been
much angmented. It has been found thatasa general ave-

rageof all the work done, the proper days duty is 20,000

pieces. This is a large increase upon the best pexform-

ance which had ever been attained previously, but far
short, it-may be presumed, of the utmost that may be’
It has been before remarked, thatin conse--

done.
quence of the doubt whichattached tothe whole scheme,
and the uncertainty as to the number which could

be conveniently managed by one man, only twenty
were at first arranged together : but from the experience
we have had of the very easy and satisfactory working:

of this, ] have little doubt but that with the improve-
ments which may be made, it will be possible to com-

bine from 50 to 80 or perhaps even 100 so as to be’

within the power of a single assorter,

66. TUntil the above experiment has been tried, it is’

not possible to form a certain judgment as to the econo-
my which is attainable by the use of the instrument, be-
cause what has already been done is quite an insufficient
criterion. We find it best to employ a man and boy
together, the former to work the machine, and the
latter to feed the tubes or hoppers containing the pieces.
The first of these receives the pay of an experienced
assorter viz. 7 Rs. 14 As. per month. The boys who
are entertained in this department receive from 2 to
4 rupees per month each. I therefore thjnk that
if an allowance of 11 rupees be made for bothit is
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amply sufficient. Reckoning 25 working days in the
month, the number of pieces which would be assorted
during that time would be five lacs, or at the rate of
Rs. 8 as. 2 pice per lac, with an instrument of 20 beams ;
and if the same calculation be made for sets of 50, 80,
and 100 beams, the results would be the rates of
0,, 14,, 1 in the first 0,, 8,, 9 for the second, and for the
third the trifling sum of Annas 7,, 0} per lac as the cost
of the work. We cannot of course speak with certainty
as to this last reduction until the practicability of work-
ing so many as 100 beams together shall have been test-
ed, but with the improvements which I am aware may
be made, both as. to diminuition of friction and economy
of space, I think there is reasonable ground to think it
quite feasible, and almost cextain in regard to small coins.

57. It may be useful that I should mention one al-
teration which would be necessary were any large
pumber of beams worked together, as it seems to me
the easiest method of overcoming what would be the
chief difficulty in the undertaking, viz. the difficulty
of close approximation. In the case of an instrument
of 40 or 50 beams being made, for example, it would be
desirable that some of the parts should be made for sets

" of ten, instead of for single beams, as in the one I have

described. This might with advantage be applied to
the feeding apparatus, the troughs, and the shelves.
There would be no difficulty, then, in bringing the
beams close together, so much so that I thick they need
not to occupy more than 1} inches in breadth for the
largest coins, but in this case there would be a remain-
ing difficulty, namely that of providing for the accom-
modation -of the cylinders and retarding plates, which
could not perhaps be conveniently reduced very much
below their present size. .

58. It will be recollected that the size of the cylin-
ders has above been stated to be 3'2 inches, and this
dimension applies to the interior. DBut we might safely
calculate upon such a reduction as” would make the
whole space occupied by each cylinder equal to 3
inches ; but even this would be twice too large. If
however we pay attention to the circumstance that it
is only at the surface of the fluid that the hydrometric
part of the apparatus comes into operation, and that in
go far as this is concerned, it is immaterial what the
length of the stem, or depth of immersion of the retard-
ing plate is, we shall arrive at a solution of the diffi-
culty.

59. Insuch a case as the above, where itis very
desirable to economise space as much as possible, the
breadth of room cccupied by the cylinders might be
reduced one half, by placing a double series; one over
the other. There would be a double series of cylinders
but only a single trough, and all the cylinders immersed
in the same body of fluid, the upper series of cylinders
being so placed on the tops of the lower series, that the
points of junction of the former should stand over the
centres of the latter. A small opening wounld require

. to be left between the upper cylinders, so that they
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EXTRACTS FROM LETTERS AND REPORTS BY MAJOR ARTHUR T. COTTON ON
THE SUBJECT OF THE BULWARK CONSTRUCTED FOR THE DEFENCE OF
THE TOWN OF VIZAGAPATAM.

Extract from a letler fo the

Board.

81R,

1 have the honor to transmit a rough plan, showing
the state of the Beach of Vizagapatam, which I have
prepared in reference to the orders of the Board, con-
tained in their letter No. 1238, dated 12th May last,
to consider the mode of constructing the proposed
Bulwark.

Secretary to the Military

The point therein especially referred to me was the
substitution of detached masses of bulwark for the
continuous line proposed by Captain DeButts. As this
plan shows the position and effect of a remarkable
natural bulwark of this kind, situated about 2000 yards
from the fort, it might be expected that if duly ex-
amined and considered, a very sound judgment may
be formed by that means of the effect of the artificial
works suggested.

Nothing can be more distinet and marked than the
effect of this mass of rock on the line of coast, the outer-
most point of it is about 500 feet from the general line
of the high permanent sand drifts, which are covered
with mud. But about 80 feet from the outer point,
the rocks are disconnected, so as to allow a passage
for the water, marked in the plan & & 4, which seems
to prevent the accumulation of sand beyond it.
Within it how-! 7
ever, there is a
solid bank ofsand,
level with the
wash of the surf
at high water
spring tides, and.
extending about
1100 yards. By
this the sea seema| -
to be effectually
prevented from
encroaching al
along that part of the beach.
these rocks, the town commences, and the sea is washing
quite up to the houses along its whole length, having
carried away the front line for a considerable distance
near the fort. R

HMass of Rocks sorne

This accumulation of sand is found only on the south

side of the rocks. On the north side, immediately
beyond them, the sea washes up to the high sand drifts.
¥ should account for this by supposing that the princi-
pal current is from the southward. * * * * * *

From these considerations I conclude.

ist. That projecting stone groins would certainly
cause the sand to accumulate to the southward of them.

2nd. That they would affect a great length of beach;
the rocks at A extending about 420 feet from the line
of sand hills, seem evidently to collect the sand from a
distance of 1100 yards. 1 should rather say the rocks
are situated about 420 feet from the sand drifts, for it
is not certain that they extend to them, as there are no
rocks visible above the sand. A groin extending 50
yards would, according to this proportion, affect the
bapk for 400 yards, in which case 3 would protect the
whole town. : '

3rd. That a very slight line connecting the outer
point of the groin with the shore would be sufficient, as
it would immediately collect the sand, the outer end
alone being exposed to the force of the sea, * * * * * » *

It is evident that those works, though intended only to
protect this town, will be of very considerable general
»importance, as an experiment which, if successful, may
jgreatly facilitate the protection of any other part of this
‘extensive line of coast, and on this account it is well

teet above high/water worthy of much consideration.

24th June 1843.

 Extract from a letier lo the Secretary to the Military
:  Board.
*

* * * * Lo

. The first groin now contains about 3000 cubic yards
of stone, and as it has been repeatedly exposed to very
.severe surfs while in progress, I do not think it would
Isink much more, We have on the spot and in the
quarries, about 800 or 1000 cubic yards of the largest
stones, which I think will be sufficient to complete the
groin. The outer stones will be from 8 to 15 ewt., but
by continuing the rails to the sea, we could easily convey
stones of two tons.

~ The second groin is commenced at the western
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EXTRACTS FROM LETTERS AND REPORTS BY MAJOR ARTHUR T. COTTON ON
THE SUBJECT OF THE BULWARK CONSTRUCTED FOR THE DEFENCE OF
THE TOWN OF VIZAGAPATAM.

Extract from a letter to the Secrelary to the

Board.

S:r, .

1 have the honor to transmit a rough plan, showing
the state of the Beach of Vizagapatam, which I have
prepared in reference to the orders of the Board, con-
tained in their letter No. 1238, dated 12th May last,
to comsider the mode of comstructing the proposed
Bulwark.

Military

The point therein especially referred to me was the
substitution of detached masses of bulwark for the
continuous line proposed by Captain DeButts. As this
plan shows the position and effect of a remarkable
natural bulwark of this kind, situated about 2000 yards
from the fort, it might be expected that if duly ex-
amined and considered, a very sound ‘judgment. may
be formed by that means of the effect of the artificial
works suggested.

Nothing can be more distinct and marked than the
effect of this mass of rock on the line of coast, the outer»
most point of it is about 500 feet from the general line
of the high permanent sand drifts, which are covered
with mus. But about &0 feet from the outer point,
the rocks are disconnected, so as to allow a passage
for the water, marked in the plan 3 & 5, which seems
to prevent the accumulation of sand beyond jt,
Within it how ?
ever, there is a
solid bank of sand,
level with the
wash of the surf]
at high water
spring tides, and ,
extending about] .7 oL
1100 yards. By -~ & ;
this the sea seems| -~ /-
to be effectually| ,» = . =
prevented from|"» ata
encroaching al et e TR A e b e

HMass of Rockr some.

Y

feet above high woter

‘“gink much more,

side of the rocks. On the north side, immediately
beyond them, the sea washes up to the high sand drifts.
*I should account for this by supposing that the princi-
pal current is from the southward. * * * * <« *

From these considerations I conclude.

1st. That projecting stone groins would certainly
cause the sand to accumulate to the southward of them.

2nd. That they would affect a great length of beach;
the rocks at 4 extending about 420 feet from the line
of sand hills, seem evidently to collect the sand from a
distance of 1100 yards. 1 s{lould rather say the rocks
are situated about 420 feet from the sand drifts, for it
is not certain that they extend to them, as there are no
rocks visible above the sand. A groin extending 50
yards would, according to this proportion, affect the
bank for 400 yards, in which case 3 would protect the
whole town. . '

3rd. That a very slight line connecting the outer
point of the groin with the shore would be sufficient, as
it would immediately collect the sand, the outer end
alone being exposed to the force of the sea. * »¢* * 2 »

Itis evident that those works, though intended only to
protect this town, will be of very considerable general
:importance, as an experiment which, if successful, may
jgreatly facilitate the protection of any other part of this
rextensive line of coast, and on this account it is well
worthy of much consideration.
24tk Junec 1843,

. Eztract from a letter to the Secretary to the Military

Board.
*»

» * » * L]

. The first groin now contains about 8000 cubic yards

iof stone, and as it has been repeatedly exposed to very
severe surfs while in progress, I do not think it would
‘We have on the spot and in the

along that part of the beach.” About 1200 yards Irom
these rocks, the town commences, and the sea is washing
quite up to the houses along its whole length, having
carried away the front line for a considerable distance
near the fort.

This accumulation of sand is found only on the south

quarries, about 800 or 1000 cubic yards of the largest
stones, which I think will be sufficient to complete the
groin. The outer stones will be from 8 to 15 cwt., but
by continuing the rails to the sea, we could easily convey
stones of two toms. _

The second groin is commenced at the western
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end of the Pensioners lines, 270 yards north of the first,
so that, if necessary, a third may be interposed be-
tween them. This work may be carried on more rapid-
ly than the first, as there is now a great number of
persons ready to contract for any quantities of stones.

The cost of the first groin of 70 yards will have been
almost 8500 rupees, if completed to 80 yards, including
all the preparations, viz. making roads, purchase of
stones, tools, rail-waggons, iron for rails &c. The
second will cost almost 1800 rupees if made of the same
length, which I conclude would certainly be advisable.
The second point which I beg respecifully to bring
before the Board is the effects of the first groin; I am
happy to be able to state that they are already highly
satisfactory. The last three or four spring tides have
been very high, and accompanied with very stormy
weather, producing a severe surf. The consequence
has been a great encroachment of the sea along almost
the whole line of the town (protected by the groin)
by which a great number of houses have been washed
down, both north and south of the groins, and at the
southern end of the town a very solid mass of prickly
pears forming the lastbarrier to the sea, has been almost
totally swept away. But so complete has been the
effect of the groin in accumulating sand to the southward
of it, that the sea has not touched the shore for full 150
yards, that is, from the groin to something beyond the
southern end of the parade, and its influence was so
extending, that in the last two springs the sea did not
encroach on the shore nearer the groin than about 200
yards. The residents have all expressed their assurance
that the groin has effectually stopped the encroachment
on the parade, and that but for its construction a
considerable breadth of ground there would have
been cut away by the spring tides of the last two
months, I thus felt satisfied that the first object, the
preservation of the parade, is already attained. I
transmit a section of the beach on the north side of the
groin, and also that on the south side, both taken on the
13th September, from which it will be seen that near
the inner end of the work, the sand is 63 feet higher on

the latter side than on the former. The plan contains also, -

a section taken before the work was commenced, show-
ing that while all along the outer point of the town great
encroachments have been made, there has here been a
congiderable accumulation. The full effect of the groin can
scarcely beseen yet,having been so short a time under con-
struction ; but as its influence already extends upwards of
150 yards, I should judge that it would ultimately protect
full 3 times itslength ; and hence it may be hoped, that
if the groin just begun is extended to 80 or 85 yards, it
would not be necessary to construct one between the two
now eonstructing, which are 270 yards apart. But
at present I do not feel inclined to lengthen them
beyond 70 yards, as I shall not be able to observe their
further effects for some time to come, in consequence of
the change of the monsoon, which will at all events
prevent any accumulations on the south side of these
works. I am informed that the currents in the north

Vizagapatam Bulicark.

east monsoons are so weak, thal the accumulations are
never removed from the south sides of the rocks on the
coast, nor any considerable accomulations formed on
the northern sides * * * * * ] beg to call the
attention of the Board to the great excavation of sand
immediately beyond the end of the groin, as shown by
the section, the watcr there being 6 feet deeper than
it is a few yards farther. The reflow of the surf causes
a strong current along the sides of the groin, which is
continued beyond it, so that a man cannot swim from sca-
ward to the end of the work. I think this particularly
worthy of notice,because it would seem at first to show that
a communication across the surf might be effected by a
simple groin or jetty, for if there is so strong a current
at the point of such a work, it seems probable that by
carrying the jetty beyond the break of the surf, and
sinking a short break water at right angles with it, and
little detachied from it, there would be always both deep
and smooth watcr between the end of the groin and
the break water, where boats could lie safely. This
subject seems to be worth examining, with reference to
the improvement of the port of Madras. Should it he
thought worth while to make any experiment on this
point, I would observe that mo place on the const
would be more euitable than this, where it could be
done 80 cheaply, both on account of the low cost of labour,
(14 anna for the highest rate of cooly) and also the
facilities of carrying, and the short distance from the
rocks to the beach, for the southward groin will be only
300 yards from the quarry. The cost of stone per cubic
yard at that point will not exceed 2} annaa, so that per
1000 rupees 6400 cubic yards might be added to that
groin, making 11400 cubic yards, sufficicnt to extend it
to 150 yards, and make a small break water opposite to
the end of it. I only give this calculation to show at
how small expence some experiment could be made
here, if the subject is considered worth prosecuting.
18t October 1843,

Ecxtract from a letter to the Secretary to the Military
+ Board. . . . b

1 stated ina former letter that the backwater rose
to a level of from 1§ to 2 feet above the highest spring
tides, but | had mistaken the water mark, and 1 have
since found that it rose exactly 6 feet above the level of
the highest springs ; and as the greatest height was at
2 A. M. on the 25th, the hoanr of low water, and the
tide rises nearly 5 feet at springs, it is evident that the
backwater was at that time nearly 10 feet above the
level of the sea, from which a judgment may be formed
of the vastbody of water that came From the interior. The
point of sand on the north side of the river was entirely
swept away, making its mouth much wider than it was
before.

. . . .

With respect to the effects of the hurricane on the
beach, it should be observed, that just at the previous
spring tides, there had been = severe and continued
storm, which had washed away most of the sand that



Report by Major Arthur T. Cotton.

accumulated near the groins, and this gave the hurricane
a great advantage, and caused the encroachment where
oLEerwise there would have been none. On the other
hand, most providentially, the strength of the storm was
from half ebb to half flood, had it blown in its force at
the time of high water, when the s¢a would have been
two or three feet higher, the destruction in the town
must have been far greater., As it was, an encroach-
ment of from 6 to 10 yards in breadth, took place
throughout the whole length of the ‘town, (taking
away a complete row of houses) excepting near the
groins, that is from 100 yards south of the first groin, to
100 yards north of the second, where the encroach-
ment was less, that is from 1 to 4 yards in breadth.
Since that time, there has been a very great deposit of
sand, both north and south of the groins, but especially
between them, so that at low water, a person can walk
straight from the outer end of one to that of the other
on the dry sand, that is at 70 yards from the shore. I
am therefore of opinion, that had the two groins been
completed long encugh for the sand to have collected
between them, the hurricane wounld not have cut away
the beach there. I have not yet however sure grounds
for judging of this, I feel confident that no great deposit
of sand can take place during the stormy part of the
south-west monsoon, that is, nothing like that which
occurs during the fine weather. From constant obser-
vation of the changes in the beach at this place, I have
satisfied myself of these points respecting the sands.

1st. They are always carried away as the strength
of the surf increases during stormy weather, and depo-
sited as the sea s‘_ubsides. ' '

2d. They are always carried away as the spring
tides advance, and deposited as they go off.

8rd. They are always carried away during flood
tide, and deposited during the ebb.

4th. The effect of the current upon them is very
small, probably quite insignificant in comparison of that
of the wind. In whatever direction the surf strikes
the beach, (which will almost always have some slight
degree of obliquity), in the same direction the sand
will be carried forward, even though the current may
be the opposite way ; thus if the wind is from east by
north, on a coast lying north and south, the sand will be
carried to the southward even though the current may
be running to the northward. If at any time the surf
should strike quite directly on the beach, perhaps the
sand might be carried forward in the direction of the
current, but I think it would scarcely move either up
or down the coast, because the current close in shore
is extremely slight. Just within the mouth of this river
the progress of the sand inwards by the action of the
surf is plainly seen, while there is” a strong ‘ebb tide,
until there is a large body of water coming down from
ihe country, producing a current of several miles an

our.
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I have now t_:ominenced a facing of stones along the
beach, in addition to the groims, for. the following
reasons. :

Ist. The storms of the last monsoon, and especially
the harricane, have now cut so far into the town, that
to obtain a road for conveying the stone to the groins,
a vast number of houses must be removed, and the
expense would be so great, that it seems out of the
question to carry the stones that way ; to convey them
along the sands would be a most laborions and expen-
sive work, and there therefore seems no alternative,
but to make a road outside of the town, on alevel a
few feet above high water mark, and securing it by a

‘slight facing of stones. It will not require much stone,

because the whole fine season is before us, and the
force of the surf now is nothing compared with what it
was In the south west monsoon ; and also before the
strength of the next monsoon, we may expect that a
much greater deposit of sand will have formed.

2nd. There is now no communication along the
beach at high water, and this was before one of the
principal roads from north to south of the town ; this
communication will therefore not merely answer for
conveying the stone, but it will be of great use after-
wards. '

3rd. I am nof yet certain respecting the distance
between the groins, and should they be too far apart,
I thiuk it will be as effectual and easy to make a slight
bulwark, as to interpose additional groins. It should
be observed, that I consider the groins at their present
distance, will at all events effectually resist the main
force of the sea, o that the facing of stone I am now
forming, need not be of more than an eighth of the sec-
tion that a regular bulwark would be, .and I hope that
it will always have a _large depoiiﬁ of sand outside ofit.

» »

Purt of the wooden railroad has now been worked
loads of 23
tons and under, for more than two months, and it has
thus far answered admirably, but it takes a long time
here to collect any quantity of materials, and to con-
struct the waggons &c.

A third groin has been begun 250 yards south of
the first, and & railroad is under construction from the
end of the hill south of the town to it, a distance of
only 300 yards. On this line, the waggon works with
perfect ease on a curve having a radius of only 19
yards. When the worksnow in hand are completed,
there will therefore be three groins 70 yards in length,
iucluding between them 480 yards, aund protecting, I
should hope, 800 yards of beach, along which also there
will be a road with a facing of stone. They will re-
quire about 8000 cubic yards of stones, of which 1000
are ready.

The actual expenditure about the beginning of this
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month was 5500 rupees, of which about 1700 rupees
had been expended on atorcs, railroads, waggons, the
removal of huts at the quarries &c. The quantity of
stone deposited, or ready for deposition, was about 9000
cubic yards, which gives an average of 10 annas per
cubic yard, including every thing, and deducting the
cost of preparatory work, about 7 annas per cubic yard,

including native superintendence.
L] ] L »

The length of railway already laid is 1100 yards, the
cost about 10 annas per yard of road, including laying ;
the material ia dammerwood, the waggons cost about
50 rupees each, and it requires about 2 men per ton of
load to work them on a level. From their cheapness,
I think they would often be useful in public works.
We have no difficulty in working a curve of 19 yards
radius, and one with radius of 12 yards is now ‘ton-
structing, which upon trial appears to answer. To
cover the rails with an iron plate of 1§ inch by }, would
cost § rupee per yard of road. It costs here about 2
pice to convey a cubic yard of loose stones 200 yards
on the railroad, and about 1 anna for the same if con-

veyed by coolies.
13¢th November 1843.

To the Secrelary to the Military Board.
* * * *

Since my last report I have continued to cover the
north groin with large stones and it is now nearly
completed. The 3d or south groin is also carried on,
extending 52 yards. An embankment of sand faced
with rough stone now extends along the beach from
the new quarry on the Mosque Hill at the south end
of the town to the north groin, but it requires yet to
be raised and much additional stone to be thrown
against its face, which work is in progress ; the smaller
stones being thrown on this line, while the larger ones
are taken to the groins along this embankment, the
rails are laid from the new quarry to the south groin,
and they will be continued along it to the first groin.

* * *

The deposition of stone at the south groin, has been
considerably retarded by a sudden and strong set of
the surf upon the southern point of the town, which
has obliged me to throw a large quantity of etone down
there for the protection of the railroad, and also of the
common road beyond the end of the former. This en-
croachment of the sea is very remarkable, as there is
now little surf, and also the main level of the sea is near
a foot lower than in the south-west monsoon, on which
account the sea usually makes no encroachment. All
along the remainder of the town, there has been a
continual deposit of sand since the stormy part of the
mongoon terminated ; and of late, the accumulations
have been very great between the groins, where we
had made a raised embankment 3 or 4 feet high only
a month ago, the sands are now nearly level with the
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top of the bank, and there is a prodigions deposit of
sand against the groins. Yet the set of the sca upon
the southern part of the town was so decided, that
there is no doubt it would have wwshed away all the
ground up to the Mosque Hill, and have cut off the
communication from the town to the river, had it not
been for the stones thrown down for the protection of
the railroad ; and beyond the end of those stones it cut
away the ground vritz such rapidity, that I could not
prevent it from destroying part of the common road,
though I threw down all the stone I could obtain. As
this 1s a very important point, being the ouly line of
communication from the town to the river, and the
great road to Madras, it seems absolutely necessary to
protect it by the construction of a groin of 30 or 40
yards in length. As the distance for the conveyance
of stone would be only a few yards, the cost of this
would be very small, about 8000 cubic yards at 8 cubic
yards per rupee, would probably be sufficient.
* » )

There has been no encroachment at all at any part
of the beach, excepting the sonthern point, since the
hurricane. But there are several reasons for this ; 1st,
at this season of the year there is no surf of any con-
sequence, 2nd ; from the continuance of fine weather and
hg(Ltneu of the surf for a long time, the sand has gra-
dually accumulated ; so that instead of a steep beach, as
there is towards the middle and end of the south-west
monsoon, there is now a broad flat of sand extending
to upwards of 50 yards in breadth, and :Eposite the
groins it is upwards of 100 yards in breadth, 3d ; the
mean level of the sea is nearly a foot below that in the
south-west monsoon. There 1s thus always a cessation
of encroachments during the fine part of the north-east
monsoon, and the effect of the sea upon the southern
point of the town lately seems to be quite unusual, it
may be in a great measure owing to the retention of
the sands by the groins, but it seems not to be entirel
attributable to that, because there has been no suc
encroachment immediately south of the first groin, from
which part the sand coming from the north is as much
cut off as it is cut off from the south point.

But while there is this general accumulation of sand
along the face of the town, the effect of the groins is
most distinctly seen, both in the height and breadth of
the sand in their neighbourhood.

* * * *
27th December 1843

To
W, U. ARBUTHNOT Esa.
Collector of Vizagapatam.
SiRr, )

In reply to your letter of the 27th instant, desiring
me to prepare an estimate for the extension of the
works now under execution, for the defence of the
town from the encroachments of the sea, I bhave the
honor to state that, from the experience of the progress
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of the sea of late years, and especially during the season
that I have been here, there seems no ground to expect
that it will not continue to advance and destroy any
part of the town that is left unprotected by stone work.
The original estimate was intended to provide for the
protection of 850 yards in length only, viz. the parade
and the pensioners lines, but I have reason to hope that
it will be found quite sufficient to protect the beach
from the river as far as the present northern groin, and L
have therefore prepared an estimate for the remaining
500 yards of the town lying north of that point. This
additional work can be executed at a lower rate than
was before estimated, on account of the apparatus, viz,
rails, waggons, and cranes already provided, the rails are
sufficient to reach from the quarry lately opened to the
north extremity of the town, but two or three addition-
al waggons would be desirable, that the work might be
hastened. The estimate now forwarded provides for
the construction of two additional groins, and a raised
road with a slight facing of stone between them, which
would complete a good line of communication along
the whole sea face of the town ; this is very much need-
ed, especially on account of the encroachments having
compelled the people to build in the most crowded
manner along that line. Itis of course most desirable
that this work should be done now ; besides the cost of
apparatus, it has of course cost much time and money
to get the present arrangements organized, to get the
people accustomed to the quarrying work, the rail-wag-

ong, cranes &c. and if the works are not completed,
it will cause much additional expense to begin entirely
anew at some future time. It is also of great impor-
tance to press on the work as much as possible during
the present season of the year, for two reasons; first,
because that there is now no interruption from storms,
which caused much additional expense in the south-
west monsoon ; and secondly, if the groins are construct-
ed before the stormy part of the year, the sand now
accumulated along the beach will be retained, whereas,
if they are not constructed till after May, the sand will
be carried away, and considerable encroachments will
sgain be made in the stormy months.

‘With respect to the necessity for the completion of
these defences, I should mention that about 15 yards
in breadth of the whole surface of the town, excepting
about the parade, has been washed away since I came
here, the whole of this entirely covered with houses ; and
as the cea advances the buildings that will be destroyed
by it are encreasingly valuable. At the southern end
of the town the sea has cut away part of the high road
to the landing place and to Madras, and but for the
stones lately deposited there this communication would
have been entirely cut off, considerable work will be
required to secure this point.

» . * *

28th December 1848,

Arthur T. Cotton.

Estimate of the Expense of extending the Bulwark now
construciing at Vizagapalam, for the protection of
the Town.

2 Groins 70 yards in length containing 10,000 cubic
yards.
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Facing 500 yards length of beach
north of the present northern groin
at 10 square yards of section.

5000

. Rough stone, at 3 cubic
Cubic yards 1 5,000 { yards per rupee. ... 5000
Additional apparatus, .. asecvveenenan 500
Total C. Rs. 5500

Vizagapatam, 28th December 1843.

Extract from a letler to the Secretary to the Military
Board, under date 6th May 1844.
* * * »
The bulwark has been completed to the northern end
of the pensioners lines, that 1is, so far as it can be, till
the effect of the south-west monsoon upon it can be
seen. The southern groin, at the southern part of the
town is 30 yards in length ; the other three 70 yards
each, and the facing between them isin all 800 yards
long and 7} feet above the level of the highest spring
tides. There xemains of the estimate about 750 rupees,
which would be sufficient to cover the expense of
depositing about 4000 cubic yards of stone, and this
would be available for raising the points of the groins
or any part of the facing which might sink during the
monsoor. We have already had some considerable
surfs, and a great part of the sand deposited during the
north-east monsoon along the whole face of the town
has been carried away, but much more at the northern
end than between the groins. Though the points of
the groins have been exposed to the surfs now for seve-
ral weeks, they have not yet sunk at all perceptibly .
The total quantity of stone deposited is about 24,500
cubic yards, besides some ready in the quarry, and the
cost 12,560 rupees, being at the rate of just 8 annas
per cubic yard, including railways, cranes, purchase of
houses, forming roads, and every other item.

“"We are now proceeding with the railway, and facing,
north of  the northern groin, upon the estimate sancti-
oned in the Civil Department, and have completed
nearly half of it, but the beach is there nowso steep,
and the sand still washing away eo fast, that we shall
scarcely be able to make good our line of commmuni-
cation the whole length, and secure it before the moon-
8008.

* »

L
6th May 1844,

Exztract from a letter to the Secretary of the Revenue
Board, Departmnnt of Public Works, under date
25th May 1844.

* » w» *
The bulwark however will certainly require the Su-
perintendence of an officer during the monsoon without
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intermission, to observe its effects, and be ready to
press on the work in case of any point being endanger-
ed ; the extension of the bulwark to the northern end of
the town especially, is in a very exposed state, there
being only a wesk facing, and the first of the new groine
being but just begun. During these months I suppose
a Civil Engineer cannot do much in this Division, the
rains being so constant, and the country so impassable
from want of roads, yet it is extremely desirable that
he should be at liberty to do whatever circumstances
will allow. Thave not yet beea able to see much of
the division, but from what I saw in my late tour to
Gangam and Kimedy, and all that I have learnt of
Rajabmundry, it is quite evident that three active
Officers are most urgently required in it, the expendi-
ture in it hitherto has l:leen 80 utterly inadeq;mte &c. &c.
» L]

Extract from a letler to the Secretary to the Military
Board.

[ * * »

1 have continued the roadway and facing to the
northward as fast as we could obtain stone for it, but
it proceeded very slowly on account of the great quan-
tity of sand which had been swept away by the first
surfs we had in the beginning of the month, which yet
were comparatively light, the southerly winds evidently
still blowing salong the coast only. We had continued
it 400 yards from the northern groin, when on the 24th
instant, the heavy bay swell indicating that the south-
west monsoon had commenced in the bay, setin with
considerable force, and in two days swept away all the
remaining sand from the foot of the facing, leaving
the work exposed to the full force of the sea. It was
evident now that there was no hope of continuing the
extension of the roadway, as every stone that could be
obtained would be required to secure what had been
already constructed. Since that date therefore, we have
been adding to the stone facing, and the sea every day
causing the stones to sink as %ast as we could brin
them, we have now employed coolies in addition to al
the rail bandies to convey stones to this part of the
work, by which means we are now throwing in about
200 cubic yards a day, we are now rather gaining
ground, and the surf having a little diminished in the
last two days, the sand has again risen there. No time
however must be lost in strengthening this facing as
there will be in future no complete intermission of the
heavy swell, and in the course of next month we must
expect eevere surfs.

Had the work been one month in advance of what it
is, the groin would have been carried out some distance
before the sand was washed away, and much of it would
Lave been retained. At present we cannot spare any
stone to carry on the groin which had been just begun.

It will be evident, that in this state of things, we
shall be compelled so to strengthen the facing that
much smaller groins will be required.

Vizagapatam Buhrark.

I had before come to the determination in this new
part of the work to make the groins shorter, and at
smaller intervals, for the following reasons ; first, vo far
as [ can at present judge from what [ have scen of these
works, 1 am inclined to think less favourably of the
very long groins than I did at first, that is, } think it
probable that short groins at shorter intervals would
protect the beach with less stone ; chicfly because it does
not appear that nearly so much stone would be required
at their points as I had thought; secondly, It seemed
very desirable to obtain as much information from this
work, as possible, and that therefore it would be better
to make a trial of short groins as well as long ones, if
it could be done without the probability of & waste of
stone. I had consequently commenced the two first
groins of the new work at intervals of 150 yards, pur-
posing to make them 30 or 40 yards long. As matters
however now stand, I must be guided entirely by the
effects of the surf upon the work, purposing Enweur.
that, if we get the facing well secured, I would proceed
with the groins as begun.

With respect to the effects of the groins already con-
structed at present, they are very striking, as will be
seen on inspecting the accompanying plan and section
of the beach ; throughout the whole length of that part
of the work, there is a high and broad bank of sand
outside the road-way, while north of the groins, the
sand in 14 feet below the top of the road-way, and the
surf breaks with its full force on the facing. Lhis, so
far as it goes, is highly satisfactory, but we muat wait
for the heavy and continued surfs of July and August,
before we can properly judge of the effects of the groins.
There is not yet the least appearance of any sinking
of the ends of the groine, though for the last week the
surf has broken on them very heavily,

There is every proof that the surfs would have al-
ready made a further cut into the town, and destroyed
many houses, but for the new work, so that it was of
great importance to extend that work as far as possible.
There is however still about 100 yarde of the town
exposed, beyond the end of the work, and I am afraid
it will be impossible to save it from encroachment this
season.

30th May 1843.

Eztract from a leller o the Secevetary to the Military
Board.

» » L J »

After my last report dated the 30th May, I eontinued
for some fime te struggle against the heavy surfs, which
broke upon the new work towards the northern part of
the town, but I was unable to supply stone fast enough
to maintain the whole extent of facing ; (400 yards) I
was obliged therefore to abandon 100 yards of it, and
as soon as I had sufficiently strengthened the remain-
der, for the time, I ran out & new groin at the end of
it, 300 yards from the next southern groin. This
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5th groin is only 55 yards in length measured from the
bank, that is 15 yards shorter than the other ; I left it
thus short in order to see whether it might not be
sufficient, as the other groins appear now to be longer
in proportion to their intervals than is necessary. I
also covered this groin and the new facing with large
stones. During these 3 months the sea has broken
frequently with great violence upon this new facing, as
it was quite unprotected by sand, and I have had con-
stantly to raise it in consequence of its sinking. The
surf Eas repeatedly broken over it,and thrown up
volumes of spray 7 or § feet above it, though it is 8§ feet
above high water spring tides, especially during the
late springs when we had the heaviest surfs this year;
we had then again to take up the rails in consequence
of the stones having sunk eo much. During the mon-
soon no sand of any consequence accumulated here,
some collected at times and again washed away, except-
ing in the angle formed by the next groin, where the
sand soon formed sufficiently to protect the facing ; and
its effect in this way was remarkably seen in the last
heavy surfs ; where the sand had risen to within 4 feet
of the top of the facing, not the least injury was done
to the railway, while further on, where the sand was 4
or 5 feet lower, the stone work was so deranged that it
was necessary to take up the rails.

Since the turn of the springs the sand has deposited
with extraordinary rapidity, and whereit was 14} feet
below the top of the facing about 8 weeks ago, it is now
only 4} feet. This last new moon is generally the end
of the stormy part of the south-west monsoon, so that
it is not probable that any severe surfs will break on
this work till the setting in of the north-east monsoon,
when there may be expected one or ‘twe gales, but in
the interval probably a large quantity of sand will be
deposited.

On the 14th of this month, there remaining nothing
of any consequence to do to the work slready done,
and it being impossible to extend the bulwark to the
northward from want of space to convey the stones, I
reduced the establishment to the lowest that I safely
could, keeping only one or two bandies at work, in case
of stones being required at any point. There will not
probably be sand enough to the northward till Novem-
ber, to enable us to proceed and complete the line to
the north end of the town.

I will now remark upon the state and effects of the
old work beginning at the south end. The short groin
marked No. 1 in the sketch, sunk alittle on the south
side during the monsoon, but not so as to lower the
work, some of the stones on that side only having slid-
den down a little ; it has not been necessary, nor is it
now, tondd any stones toit. The surf washed away
the sand south of it, and the facing there sunk a little.
Between Nos._ 1and 2, the sand was washed away
graduslly during the last two months, priacipally, of
course, in stormy weather and at spring tides, tilk a part
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of the facing was laid bare, to 6 or 8 feet below the
rails ; during the last springs this part sunk a little, the
surf breaking very heavily on it, and flying over the
roadway, and it Eas been necessary to add a small
quantity of stone to the facing. The difference between
the quantity of sand imrthis part of the work, and that
further to the northward is very remarkable, it is also
to be observed that the quentity is greater between the
groins Nos. 3 and 4, than between Nos. 2 and 3. There
appear to me to be two reasons combined for the sand
being so washed away between Nos, 1 and 2 viz. first,
that the surf leading round the Dolphin’s nose strikes
here nearly directly on the beach, in consequence of
which it does not carry the sand along and lodge it
against the south side of the groin No. £, but draws it
back into the sea ; 2nd, in consequence of the failure of
the monsoon, there has not been a single fresh in the
river to sweep away the bar, and all the sand that has
heen brought round the Delphin’s nose has collected in
frontofthe mouth of the river,leaving, instead of a narrow
bar 5 or 6 feet deep at low water spring tides, an ex-
tensive flat of sand covered with only 1 foot of water
at that time, and forming a most serious obstruction to
the trade, so much so that I believe the large donies
will hardly be able to leave the port this year, unless
there is a fresh in the north-east monsoon. The usual
supply of sand for the beach north of the river has thus
been almost entirely cut off. Had the usnal freshes

taken place, they would have swept the sand away from

the mouth of the river, and it wounld have been carried
on shore by the surf. If there should be a fresh at the
setting in of the north-east monsoon, it is probable thata
very large quantity of sand will be deposited along this
pert of the work. It seems probable, however, that it
will be necessary to strengthen this part of the facing a
little more. '

The groin No. 2 has also sunk a little at the end, but
far less than I had expected, and it has required no
additional stone. Between Nos. 2 and 3, there is even
now, at the end of the monsoon & large mass of sand,
and instead of the facing having been laid bare, it has
been covered with gand to within a few perches of the
roandwsy. The sand here continued to diminish in
breadth, though it was thrown up higher, till lately;
but it has now begun again to accumulate. .

The grom No. 8 has not undergone the slightest
change. At the end of it, where at this time last year
there was 11 feet of water, at low water, the sand is now
bare, asitisalso at the ends of the other groius, except-
ing the north one ; shewing I think, that there is a per-

‘manent change in the line of the beach. Between No.

8 and 4 the quantity of sand is enormous, extending
pearly to the end of No. 4, on & level with, and in some
places higher than the groin, and even than the road-
way ;no where are more than a few inches of the facing
uncovered. As this is the time of the year when the
sand is usually most swept away, or nearly so, it seems
a very satisfactory state of things. North of No. 4, and
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immediately adjoining it where there was time for sand
to accumulate between the construction of the facing
and the sctting in of the monsoon, it has mever been
swept away, being protected from the force of the surf,
in a great measure, in consequence of its striking ob-
liquely on the south side of the groin. At this time
Jast year the surf washed up on the north side of No.
4 to within the line of the battery. 1f we were now to
have a heavy gale, it would doubtless wash away & great
dea! of the sand all along the work, but I doubt whether
it would remove any part of the facing from the %roin
No. 2 to No. 4, there would be some sinking of the
"facing south of No. 2, but a littie additional stone
would probably repair the damage. Excepting u short
interval of ba(iv weather at the setting in of the morth-
east monsoon, we have now a prospect of 8 months of
smooth water, during which time the sand will accu-
mulate all along the town.

The following points seem worthy of being remark-
ed, in addition to what has been said.

Ist. It has not been nearly so stormy a season as
the last, nor have we had any decided gale, so that the
work has not had so severe a trial as it might ; but on
the other hand, as most part of the work was executed
during the fine weather, it had not had time to accumu-
late any thing like so mnch sand about it, as there will
be another year ; and also the part that was then finish-
ed stood the storm and hurricane of October without

injury.

P
2nd. The ends of the groins have scarcely sunk
at all, even No. £ and 4 which were thrown out in fine
weather, and consequently did not sink to any consi-
derable depth at the time, though they have been ex-
posed to heavy surfs almost all the monscon. Even
No. 5 which was constructed only 6 weeks ago, has not
sunk perceptibly. Thus, No. 8 the first constructed,
which was carried out 70 yards in the height of the
monsoon, has a foundation of probably about 6 yards
at the end, while Nos. 1,2 and 4 can scarcely have
more than 2 yards, showing how much stone would be
saved by carrying outthe groins immediately after the
moonsoon, or as soon as the sand is thrown up.

8rd. The surf has not the slightest effect on the
stones themselves ; not a stone has been moved at the
ends of the groin, though the slopes are not near so
great as L at first proposed. And even on_the facing,
where the water was about 7 feet deep at high water,
and the surf broke so violently as tofly 7 or 8 feet over
the top of the roadway, though the slope was quite
steep, and many of the stones were not large, the Jargest
being under } a ton, the slope was scarcely altered,
standing probably at about 1§ to 1.

4th. A slight facing seems to be nseful, at least at
first, in case of the sand being washed away, but I am
almost inclined to think that with groins extending as

Vizagapaiam Bulwark.

these do, or 65 yards beyond the line of facing, when
once the sand is accumulated, the facing stones wight
be taken away. )

5th. From an inspection of the plan, it seems as if
with this length of ?uina much larger intervals might
be allowed, especially on a straight line of coast, where
the surf breaks obliquely. Even at No. 4, the directioa
of the surf is,in consequence of the Dolphin®s nose, more
erpendicular to the beach than it would be at Madras,
For instance. It appears as if it would not make an
differcnce if the groin No. 8 were removed. There is
no doubt that where the evil had %nna 80 far as it had
done here, and no time was to be lost, s0 many groine
were useflul, sa they formed a better protection to the
beach at first, but from what yet appears, I rather think
that one groin at each eud of the town, and one in the
centre, would have been sufficient.

6th. It seems evident that & small number of long
roins, are preferable ton greater number of short ones,
in this respect, that they inclose a greater breadth of
sand, and in case of & succession of storms, it would take
so wuch longer to sweep it away. And if they are
constructed in the fine season, the quantity of stone in
them would not be very greatly disproportioned to
their length.

Tth. I have made the groin No, 6 only 40 yards
long beyond the facing, that is 15 yards shorter than
the others, and at 800 yards from No. 4, in order to see
whether a shorter groin will not be sufficient for the
intervals,

There has not been the least danger to any part of
the town behind the bulwark, but 1 regret to state that
to the northward of it, many houses have been washed
down, which I could not find any means of preventing.
The quantity of stones in the northermost part of the
facing near No. 5, is very great indeed, we have had
to add to it almost throughout the monsoon ; in conse-
quence of this, the cost of this part of the work has been
greater than its due proportion of the last estimate, on
the other hand I hope that from past experience we
shall be able to do the remaining portion of it below
the estimated cost, by postponing it till the sand is ac-

cumulated there.
. * »

In the sketch, the low water mark of the 16th'Auguat
ghows its state at spring tides, the low water marks of
the 17th and 19th are added, to show the rapid increase
of sand as the springs subsided, a greater breadth of
sand being exposed though the water on the last da
did not fall so low as the 16th. The high water mar
of the 21st is. inserted, to show how far the high part of
the sands extends towards the end of the groine, this
was an ordinary tide between the springs and the
neaps. At spring tides, with a beavy surf, the water
washes up to the facing almost throughout.
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" Report-by Major Arthur T. Cotton.

Upon the whole, the quantity of sand g’[long the work
is far greater than I at all expected; I thought that by
the end of the monsoon, the whole line of facing would
have been more or less exposed. i

I think I omitted to mention at the time of the set-
ting in of the south-west monsoon, what had been the
effect of the north-east monsoen upaon the sands,: gene-
rally, along the coast. Its effect upon the sand in
moving it to the southward was evidently quite insigni-
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ficant, in comparison of that of the south-west monsoon
in the opposite direction, At the ledge of rocks form-
ing a natural groin between the town and Waltair,
which was particularly mentioned in my first re- -
port to the Board, there was then a hollow in the beach
on the north side. This was not filled up in the north-
east monsoon, that is, the line of high water was scarce-
ly at all altered; bat it became shallower, so that the
line of low water was furtherout,in the way here shewn,
But this deposit of sand takes_place all along the

clans .y

straight line of the coast, as well as in this hollow, during
the fine weather. Hence it appears, that though there is
some little time during which there is a heavy surf from
the northward, just at the setting in of the north-east mon-
soon, which must move some sand to the southward, yet
that this effectis very slight, and that thereisconsequently
a very great balance in favour of the sand moved by the
south-west monsoon, so that upon the whole the sand is
continually carried to the northward, and consequently
wherethere isapromontory like the Dolphin’s nose, which
- in a great measure cuts off the supply of sand from the
southward, the seamust necessarily encroach on the shore
north of it, unless stonework is thrown out to prevent it.
1 have no doubt that this preponderance in the effect of
the south-west monsoon is alse found at Madras, (though
not to so great an extent) me the surfs produced by the
southerly winds continue much longer than those of the
north-east monsoon; and I am convinced that the move-
ments of the sand depend solely upon the direction and
force of the surf, and are entirely unaffected by the cur-
rent, simply because the force of the current along the
shore is nothing, when compared with that of the surf.
As respects Madras, I should draw this inference from
what I have seen here, that stone groins would protect
the beach for a considerable distance, probably 5 or 6
times their length, and that it will make an enormous
difference in the cost of such works if they are executed
during the fine season, for the reasons mentioned above.

26th August, 1844.

Eztract from a Leller to the Secrelary to the ﬁihtary
Beard, under date 18th June, 1845.

Since my last report on the progress of the bulwark
at Vizagapatam, I have several times expected to have
an opportunity of personally inspecting the work, and
on that account I have postponed sending any further
statement hitherto. I have, however, had such impor-
tant duties in this district, the works have gone on so
well, and Serjeant O'Hara’s reports have been so en-
tirely satisfactory to me, that I have not again visited
Vizagapatam. What ] have now toreport, therefore, is
merely what I have learned from the reports of Captain
Shaw, (late in charge of the division during my absence)
who inspected the work, and of Serjeant O’Hara.

The 6th or northernmost groin was completed, and
the facing carried about 100 yards to the north of it,
that is, to the western extremity of the town, before the
change of the monsoon, but not early enough for the
sand to collect about that part of the work to the ex-
tent that was desirable, though still a large quantity had
formed against it. At the first commencement of the
strong southerly winds, the sand was rapidly removed
from that end, and the extremity of the grom and the
adjoining facing sunk a good deal. A good quantity
of stone had been deposited near each groin previously,
to be ready to apply to any point that might require it,
and this was immediately used to repair the facing.
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Since then the sand has 2gain ratler increased at that
part of the works, and the late sccounte state that the
whole work is well covered with mud. ‘This is ex-
ceedingly satisfactory, as the eseason has been more
stormy and the surfs higher thar has been known for
many years. As a considerable part of the work had
not had a whole fine season to coliect sand about it, it
was to have been expected rather, that the facing
would have been laid bare, and have required addition-
al stone from time to time. ‘The mass of mud in front
of the older portion of the work is so solid, that in these
severe surfs and at the spring tides, the wash of the sca
at high water has scarcely reached the stone facings.
There are yet two stormy months, the effects of which
remain to be seen, but thus far the work has answered

Vicagapatam Dulirark.

raile, &c., but I purpose keeping the accounta epen il
towards the end of the year,in care any additional
work shouid appear necessary.

Ae I propose hereafter, when 1 have had an opper-
tunity of visiting the place, drawing up a more com.
plete report on this important experiment, I will nnly
here observe, that near & mile of coast han thus bern
protected, at an expense of about 18,000 Ra. including
-all items, such as tonstruction of raiiroads, and cranes,
cost of tools, powdct, &c!, subordinate superintendence,
and office establishment, the purchase of many houses,
&ec. I think if the necessary allownnce is made for tie
difference of distance of tranaport of stone, and of the
cost of this work with that of the Bulwark at Madras,

completely. Part of the town has now been protected
one whole season, and part of another extremely stormy
one, without a house having been endangered. There
is still a little money in hand, and the old materials are
of some value, there being upwards of a mjle of wooden

it will put in a very striking light the superiority of
loose stone groins with a light stone facing, toa solid -
continuous bulwark with a wall of masonry bekind it.

[ ] & * ] L ] [ ] ] [ ]
L

". . Ertract from & Letter from Captain G. C. Collyer, on the Sulyect of the Mode of bending Ilanka.

I suppope you are well acquainted with the method used in this country for hending planks for ship-building purpoaes. T bad
never seen it before I went to Cochin, where I was constructing & Steam Dredge. It is a simple, cheap, and very eflicient methad, anid
88 others may not have seen it, like myself, perhaps a alight description may be of assistance to some one similarly emploved. Planks
for all sizes of craft from boats to vessels of the largest class are thus bent.
The plank a to be bent is wetted all over with a solution of cow-dung in water,
tolerably thin, and mixed with sand; it is then put in between the two trans-
verse timbers b, 1" (as shewn in the accompanying sketch), attached to the
upright ¢, and is bent over 5" by attaching a weight v or any othercontrivance,
(a rope and pulley purchase) at d a chain is attached, thence a rope goes over
a pulley at e on the upright #, by which the plauk can have a little more cur-
vature given to it if required. Sometimes a peg is inserted at ¢ o as the case
may be, by which an sdditional strain upwards can be borne at a—all this time
a plentiful dose of the above mixture is applied underneath, and at top, to
prevent burning from the fire, &c. &e. It is taken down and fitted occasional-
ly to the part of the vessel to see if the curvature is right. It may sometimes
happen that the plank is too short for the frame ; when this is the case, the end
of the plank a’, fig. 2, is inserted into another piece 5", and confined by a eleat
¢'; this is perhaps a very rude way, but it is a very cheap and efficient one~-
and I have seen planks bent by its means, without a flaw being produced in them. Perhaps the above nnt very elegantly worded
description, and etill worse diagram, may, when put by your master-hand into shape, be of some use in the Transactions—a hint

sometimes helps 8 man who would otherwise be thinking about boilers, steam-boxes, and all the other contrivances Furopesa
ship-builders require.
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ABSTRACT OF SOME EXPERIMENTS ON THE STRENGTH OF WQODS TRIED AT GUN-
TOOR IN 1840, AND AT SINGAPORE IN 1843 —FURNISHED BY CAPTAIN S, BEST.
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The four first experimenta were tried by J. Goldingham, Esq. and myself. Having no other convenient weights, and he public Treasury being
closo to the spol Where we were trying them, we made use of bags contsining each 500 Rupece, and weighing with their conlents eack 121bs. 4 0z.
The pieces of wood were laid on the supports not fized. The deflexions were measured in the middle after each bag was added, bat it would not
serve any useful purposs to show them all in detnil. The remaining experiments were tried at Singapore by Lieut.C, M. Elliot, of the Engineers,
and myself, and with great care. We used as weights on this occasion bricks, of which 9 weighed 25 ths, The 11th and 12th experiments were

bdt

tried in order to test the formula W = -5

The goneral results of these sxperiments are shewn in the subjoined table, in which for the sake of comparison are entered {Nos. 14, 15, 16, 17,)
cxperiments by Professor Barlow, and (Nes, 18 and 19} by Lieut. Brown, U, 5. Engiucers, quoted in Maban's Elementary Course of Civil

Enginecring, pp- 47 and 48,
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I the above table / is the length between the supports, b the breadth, d the depth, W the breaking weight, R = W——-g '—. W isthe waght

Ted
f . akr n
answering to £ the deflexion, and B = W”-‘i—b%}--“ﬁ is the interior diameter of the bumboo, and D the eaterior, Forit, R = Wi pTga
w oD
wd & '(a.'sfx pr
—Jg = Emdl-; a= S in the table of data, page 150, in the editicr of Professor Barlow’s work, published In 1637,

The following particalars I obtained from an intelligent Chinese Carpenter at Singapore, named Ali-See-Ab.

Diboo, Dagoo, or Diwoo is uaed for beams in houses, piles, &c. It is a strong durable wood, and grows 1o » largs site.

Marbow is used for farniture, windlasses, handspikes, ship gun-eartiages. It is o very fine wood, but does pot grow o large as the preceding.

Krinji. The strength of this wood is very remarkable, being more than double that of oak. The Chinese use it for the sternpostas of their
junks and for auchors, and they export it from Singapore. A log 24 feet long and 1} foot square is worth ten dollars.

Dimal&ut and ‘Tampeenus are used for beams and poste i houses and for joists. Dimaliut cracks and shrinke, Iasta long excopt in water,
where worms destroy it. It grows to 90 feet in length by 2} feet square. Piles 24 feot long and 1 fool square, cost at Singapors four doliars ench .

The Chinese exchange the masts they bring from China for Singapore Dimaliut. A tast worth one hundred doliars at Singapors will sell fur
five hundred in China.

Tampeenus is very difficuit to saw, but is a good wood, lasting long, not injured by exposure, and not so liable to crack as Damalsut,

The Sirfya or Poon is the most abundant wood in Singapore. S8mall spars are called Bintingo. The best sort of Poon in grown on the hills
and called BitR Siriya. 1L is distinguished by white threads running lengthwise. ‘The Siriyn grows to 100 and 130 fest long squaring 3 feet at
the butt. It is easy to saw and work up, used for all building purposes, but not capsble of enduring exposure or moisture for & lung period.

Plaaks 20 feet by 1 foot by 4 inches are worth a dollar—16 feet by 11 inches by 1} inch about & quarter of & doliar each st Singapore., Masts
90 feet long and 2§ feet in dinmeter may be procured for forty doilars,
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NOTICE OF SOME FURTHER EXPERIMENTS UPON THE INFLUENCE OF JA-
GHERY IN CHUNAM, BY CAPTAIN J. T. SMITH, F. R. 8. F. R. 8. N. A,

In the first volume of our transactions an account is
given of some experiments made by me, for the purpose
of determining the value of jaghery as an ingredient in
the comnposition of chunam. The result of those expe-
riments was, that there could be no doubt of its bene-
ficial influence on its first setting at least; the strength
of a mortar composed of two of sand by measure to one
of lime, mixed with pure water, being upon the average
of a number of trials about 13th. per square inch, and
that of a precisely similar mortar mixed with a solution
containing 1Ib. of jaghery to every gallon of water
3.621bs. or more than double as much as the first.

These mortars were only a month old, and I had no
means at that time of giving any facts relative to the
influence this ingredient might have on the final indu-
ration of the compounds; that change being a tediousone,
which it might take months or years to accomplish. As
the inquiry was an interesting one, however, both with
respect to the influence of the jaghery after the cements
had undergone the hardening effect of combination with
carbounic acid, derived from the atmosphere, and the
durability of its action throughout a course of years, I
took an opportunity some time afterwards to set aside
a series for future examination, and have now the plea-
sure to give a statement of the trial of five specimens
of each kind, which have been three years exposed to all
the influences of the weather.

The esperiments given in volume 1st had been
made, as was stated in the notice given of them, with
common mortar taken from a heap prepared for a pub-
lic building, and which having been exposed to the
weather, was thereby probably much deteriorated. It
was impossible to procure any of exactly similar quality
with which to compose a new series which could be
strictly compared with them, and a different mixture
wag therefore prepared, containing a smaller proportion
of sand than before; namely, in the ratio of 14 to 1 of lime;
and with this mortar the experiments about to be des-
cribed were made, and with the exception of the differ-
ence in the quality and proportion of the ingredients,
they were in all other respects precisely similar to those
described in volume lst; the compositions prepared for
trial being common mortar made up with pure water,
on the one hand, and on the other precisely similar
mortar worked up with a solution of jaghery containing
one pound to one gallon of water. '

From the fact of the impossibility of exactly match-
ing the quality of the ingredients first experimented
upon, it is evident, that it would have only led to error
had a series of experiments of like proportions (2 to 1)
with them been set aside for trial and comparison

*a

with them ; but the truth is, that the adoption of a dif-
ferent ratio of the ingredients was accidental, and the
mistake was not found out till long afterwards, so that
although the original intention could not have been
carried out so as to have elicited the truth, and the
change of proportions was in that respect harmless, yet
on proceeding to make trial of the specimens which
had been set aside for three years, it was found that we
had no data with which to compare them, and we were
afterwards obliged to prepare and set aside a third small
series of each kind, precisely similar to the second, as far
as could be remembered, which last were operated on
after a month’s exposure only.

To make the comparison altogether satisfactory, it
would have been desirable that the whole of the two
series compared together, namely, those exposed for one
month, and those exposed for three years should have
been prepared at the same time and under the same
circumstances, so as to be, as far as possible, precisely
identical ; but this was prevented by the accident above-
mentioned. I have no reason, however, to believe
that there was any difference, as the series exposed
for the single month, though. cemented together at the
close of the three years during which the other series
had been exposed, was prepared by the same individu-
al, and with every endeavour to make them identical
in every respect.

With these observations I shall now proceed to gix;e
the tables of results. "
TABLE L
Buperiments upon the cohesive forcs of bricks cemented together with

common shell lime mortar, worked up with plain water, afler one
month's exposure to the weathor.

dA\'emi;';e
. epthof in-
No. of ox- At'.:; :{-5“:"“ "l;tmlhw:;gul;:; dul:'ationby Whether the cohe-
perimonts. i s the ecarbo.| sion or the adhs-
L Joiat. soparation. nic acid of gon failed
the air. ‘
1 36 inches, | 124} ths, ths inch {Cohesion totally
2 36 do. 152 do, ths inch |Cohesion totally
] 36 do. 128 @o. inch  |Cohesion 2 adhes. }
4 137 do. 144 do, inch  |Cobesion § adhes.
6 37 do, 128 gdo. inch  [Cohesion § rdhes.
8 86 do 17 de. inch  |Cuhesion totally
7 36 do 148 do, inch Cohesion (otally
8 36 do, 137 de. inch Cohesion totally
9 37 do. 138 do. inch  [Cohesion totally
10 37 do. 137 Qe inch  |Cohesion totally
Avernge. | 36.4 135.35 31 Cohesion .9 Adhes. .1
Nearly 4 1bs, per square inch,

* Including scale pnn, &o. &c. &0,
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TABLE IL

Use of Jaghery in Chunam,

TABLE 1IV.

Ezperiments upon the cohesive force of bricks temented fogether  Experiments wpon the cohesive foree of bricks cemented together by

with convnon shell lime mortar, worked up with jaghery lime
water, containing one pound of ’;;'aghery to each gallen of water,

common, shell lime mortar, worked tp with jaghery Wme water,
containing one pound of jaghery to eack gallon of water, after

after one month’s exposure to the weather. three years exposure fo the weather.
' i donth | Whether th Aren of sur.|Total weightldepthof
. |Aren of sur-Totalweight*|depth ofindu- ether the co- .|Area of sur-|Total weight depthofindu-;Whether the co-
Noﬂzg)en- face of the |which :;ﬁsed ration by the hesion or thead- Noﬁ;i:épe face of the |which causediration by the|hesion or th: :3-
- joint. separation. |carbonic acid| hesion failed. : joint. separation. ;carbonic acid| hesion failed,
of the air, of the air,
1 37 inches, | 193 ibs, to 7 in.jeohesion totally 1 i 39 inches. | 205 Ibs. Total, 3 eoh. 2 adhesi
i y very regular, 2 36 do. 2181 do. geoh. i adhﬁ?;ﬁﬁ
2 36 do, | 180} to 5 do.| do. do. do. 3 39 do. 263 do. coh. 1 adhesion
3 36 do. 196 to fodo.| do, do. do. 4 36 do. 123 do. dhesfon totally.
g gg go. %ggt av. gm go- gO- & 48 do. 129 do, 4 coh. 7 adhesion
0. av, 0. do. do. Y 3
8 36 do. | 204 ] av do. do. do. Terage 1 873 183 7 _ 52 438
7 37 do 906 s to fedo.| do. do. do. Nearly 5 lbs, per square inch,
8 | 81 do. | 226 § do. do. do. These two tables when studied in comnection with
10 36 do 209} I do. do. do.| the two first seem to show the unexpected result that
Average. | 38. 3 200, 6 3 {Ochesion_totally] mortars are mot improved in hardness by continu-

Nearly 6 Ibs, per square inch,

These two tables present a remarkable contrast to
those of similar character in volume L. Itis to be ob-
served that the proportions of sand and lime are differ-
ent, but thiz seems hardly sufficient to account for the
very great superiority in the ‘cohesive power of these
lately experimented upon. In the trials formerly given
the average cohesion of the plain water mortars per
square inch was about 13ib. and of the sugared ones
3. 62. In these which have been lately made, it has
been for the former nearly 41bs, and the latter nearly
61bs. for the same area.

The comparison also of these later experiments with
those upon the miortars exposed for three years pre-
sents some remarkable phenomena. I shall -there-
fore proceed to give the tables of the latter, merely re-
peating, as above explained, that as far as could be re-
membered they were precisely similar in character and
composition, and that the only difference between them

- 'was their age.

TABLE IIL

Experiments upon the cohesive force of bricks cemented together
with common shell lime mortar, worked up with plain water,
after three years exiosure o the weather. .

4 1bs. per square inch,

#* Tacluding scale pan, &, &e. &e,

K o Average :
. |Area of sur-|Totalweight*|depthofindu-] Whether the co-
No.ofexperi-{ s, o of the |which coused|ration by the/hesion or the ad-
menta. joint. | separation, [earbonic acid] hesion failed.
of the air, .
1 35 inches. 125 tbs, ' Total. zcoh. 1 adhesion
2 36 do. 20 do. $ coh, %adhesiun
3 39 do. 163 do. 4 coh. 4 adhesion
4 38 do. 123  do. %coh. i adhesion)
5 35 do. 125 do. 3 voh. § adhesion
Average, 37 1484 5.3 47

ed exposure to the air, after the first month. This
conclusion is so much opposed to the general opinion
derived from experience, that I ¢an only account for it
by supposing that there may be other influences which
materially affect the cohesion of cemented masses which
may have been overlocked. It appears by Colonel
Pasley’s experiments upon various mortars taken from
the best brick walls within the Chatham lines, that
the strength of the plain water cements contained in
Table 1. only a month old is equal to the average of
those whose age was 80 years, being about 4 lbs. per
square inch ; and the close correspondence between the
cohesive strength shown by Tables I. and I1I. seems to
corroborate this inference. On comparing Tables IT,
and 1V, still stronger evidence seems to be adduced,
for the jaghery cement of three years’ standing is
even less cohesive than the recent compound. I
can therefore only say, while presenting the facts as
they have been experienced, and which T greatly re-
gret my inability to confirm or explain by other ex-
periments, that unless there be some other elements
of cohesion which have not met with proper attention,
it seems to be shown by what we have now before us,
either that age does not improve the strength of mor-
tars after they have once been fully set and dried, or
that the experiments we have made cannot be taken
as accurategv showing the results upon the large scale. .
I am inclined to think, that if it be not true that the
effect of age upon mortars such as those referred to in
the above tables is less than it has been supposed to
be, the cause of the results which have been arriv-
ed at must be some inaccuracy in the trials which
has escaped my observation, as the bricks were
not in either instance cemented together under my
owh eye; but whatever may be the truth on this point,
it may be satisfactory to be possessed of a datum in
the way of an approximate measure of the tenacity
of mortars in this country, which when compounded
in the proportions given in the above tables, and ap-
plied with care, seem to be capable under favourable
circumstances of exhibiting a strength of 3 or 4 Iba.
per square inch with plain water, and 5 or 61bs. when.
applied with solution of jaghery of the strength before.
mentioned. J.T. 8. Nov. 1845.
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REPORT UPON A PROJECT FOR ERECTING AN ANNICUT ACROSS THE VELLAUR, FOR
THE BETTER SUPPLY OF THE LAND UNDER THE WALLAJAH, PERMAUL, AND
MANAMBATTAN TANKS, AND THE KINNANOOR AND MEERALOOR
CHANNELS IN THE SOUTH ARCOT DISTRICT... .

The waﬁt of a sufficient supply of water for the irri-
gation of the large tracts of land under the Kinnanoor
and Meraloor channels, as well as those under the large

tanks of Wallajah, Permaul, Manambattan, and others-

below them, has long been severely felt, and it was pro-
posed in some measure to remedy this deficiency, by

constructing & permanent annicut (at the spot marked .=

A in the accompanying sketch) across the Manaumoo-

tahnuddy ‘at the head of the Kinnanoor channel, for

which an estimate was transmitted to the Board of Re-

venue upwards of 4 years ago, by the Civil Engineer of

téle former 3d Division, Major &hen ‘Captain) H. C.
otton. o o

= - oo

[he Board In their letter to Government under date
the 4th of May, 1837, stated that there appeared to be

ample proof of the necessity of the work, but did not
at'that time recommend it for sanction,in consequence of

their requiring further detailed information regarding

the work from the Civil Engineer. ‘

Subsequent to this period, the then Sub Collector,
Mzr. Pycroft, in a letter to the Principal Collector un-
der date the 28th February, 1839, after remarking on
the very great advantages which would accrue from the
speedy execution of the work, and regretting the delay
which had taken place in its construction, suggested,

as an improvement, that the anmout should be thrown.

aeross the Vellaur, instead of the Mannumootabnuddy,
as by this means advantage would be taken of early
freshes in either river, and: a more copious and certain
supply obtained. _ ‘

The site selected for this work is near the village of
Audinoor, and 8,200 yards below the junction of the
Vellaur and Mannumootahnuddy, and is indicated by
the letter *B, in the accompanying sketch. The report

% The points B and €' could mot be inserted in the sketch, and they are
of no consequence for the purposes of illnstration. .



196 Vellaur Amnicut.

of Assistant Surveyor Oliver upon the relative merita
of the two sites proposed has been already laid before
o In a letter rom the® Board, the Assistant Surveyor giv-
the Acting Collec. jng g decided preference to the work
under datethezsth across the Vellaur, but the site proposed
October, 184 by him was at the point C, which is
1600 yards higher up than B, and near the village of
Arsoocondanuttum.

After Mr. Oliver had completed bis survey and re-
port, it was suggested by Major Cotton, that if it were
found practicabie for the supply of the tanks and chan-
nels above enumerated, it would be expedient to place
the annicut at the site D, which is nearly 4 miles lower
down the Vellaur than Audinocor, and a little below
where the surplas water of the large Veranum tank en-
ters that river, in order that this water might be made
available for the purposes of cultivation: by which plan
a nfuch more certain and copious supply might be ob-
. tained at a time long anterior to that in which the freshes
occur either in the Mannpumootahnuddy or Vellaar, and
the ryots, by this desirable arrangement, might com-
mence sowing-their crops at a much earlier season.

The advantages of this last plan, should it be found
practicable, are at once apparent, and are noted in a
general manner in the. letter of the Acting Civil Engi-
neer of the 5th Division, to the address of the Acting
Collector under date the 15th October last, .

' The only point of importance in the project which
was at all doubtful, was, whether the relative height of
the works would admit of the free passage of the water,
and in order to test which, as well as to consult with
Major Cotton on the expediency of the scheme gene-
rally, *T met that officer in the neighbourhood of the
_ proposed work, as directed in the proceedings of the
Board of Revenue, under date the 18th November

last, -

After a careful examination, in company with the
Acting Collector, of the localities, and ascertaining the
levels of the ground, we came to the conclusion that the .
work would be highly expedient, and agreed-upon the
following plan of operations, viz. .

»

. To throw an annicut across the Vellaur, nearly op-
posite to Shatitape, and about 250 yards below the spot
- where the surplusof the large Veranum tank discharges
ltself into that river. This work will throw the water
down a new channel, directly into the large Wallajah
tank, whence the surplus will pass off by a head sluice
to be constructed in the bank of the Wallajah tank to
the large Permaul reservoir below it.

About 13 mile below the head of the main channel,
it is proposed to take off a branch for the better supply
of the Meeraloor vaikal, where that cut intersects the
proposed new line, by which the numerous villages de-
pendent on the Meeraloor channel, as well as those
watered by the Manambattan tank, would receive an
ample supply; the surplus of the Manambattan again

passing off, as at present, to water the lands b
to several villages situated lower down.

]
The proposed position of the annicut is 1|
favourable one which could be selected, and th
on both sides are high; wells have been suni
proposed line of the work, and although mo
very stiff soil has been met with, the foundati
gav_tlﬁmble as that on which the Colleroon anni
uilt.

It is proposed to make the work 9 feet in
which will keep up an almast constant supply «
in the Wallajah tank, to a depth over the lowes
of 11 feet, certainly from June till the end of
ber, and probably even from an earlier period,
freshes sometimes occur in May, and the tank b
thus partly filled before. the north-east monsoa
on, may be supplied to any extent deemed ex
from the Vellaur freshes, by which means an
tity considered desirable, may bs furnished
Permaul and Manambattan tanks, and the M.
channel. :

It will be necessary to regulate the suppl
main channel by means of & head sluice, and to
bed of this cut free from accumulations by mea
surplus sluice, a head sluice is required to the
loor, &c. main channel, for the irrigation of
lands at present watered by the Meeraloor vaikal
branches from the Vellaur at a point much lowe:
and a small under sluice for the Kinnanoor ¢
which will then supply the two small tanks of
loor and Pinnaloor. -

‘A head sluice will also be required in the W
tank bank, as was mentioned above, for the su
the Permaul reservoir, and it will be neceasary t
a bridge over the surplus from the Veranum tan
addition to the above works, it will be necesrary :
a small earthen embankment along the norther
of the river, to widen and deepen the Meeraloo,
nel, to increase the size of the channel leading
under sluice, and to excavate a small branch cut
supply of the Meeraloor tank.

. The several positions of these warks are indic:
the sketch, and plans and estimates of them s
nexed; the latter amounting in the aggregate
pees 44,883 7 10. .

The enclosed statement will show the numb,
names of the villages, as well as the quantity o
under the several workas proposed to be ben
and the amount of the increase which may by
cipated. :

From thia it will be seen that there are nearl
cawnies of nunjah land under the Wallajah, ;e
and Manambattan tanks, and the Meeraloor an)
nanoor channels, which should, if properly s
with water, yield a revenue of no less than 1
79,208; but, on an average of the last 20 years
only realized Rupees 35,181, showing an aany
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of no less than Rupees 44027; or, after 2ll deduc-
tions for land which is of an inferior quality, of Ru-
pees 39,747.

Considering that the proposed works will bring down
the waters of the Coleroon as early as the month of
May in some years, and always in June, the tanks and
channels, instead of being dependent, as hitherto,
wholly on the local rains, which frequently do not
commence before the middle of October, will have a
certain supply for the greater part of the year, and it is
not too much to suppose, with these advantages, that
the whole sum exhibited in the column of mcrease,
will in the course of 2 few years be realized; and that
at least balf of that amount may be calculated upon as
the immediate return the works will yield.

There is more confidence in the present, anticipated
increase, from the circumstance of the quantity of water
thrown off by the lower annicut being much more than
can be made use of in the cultivation of the two T'alooks
of Manargoody and Chellumbrum, and that the main
object of the present works is to extend the Colleroon
waters, which are so certain, and abundant; so abun-
dant indeed, that the water has been passing over the
‘cilingalas of the Veranum, and out by its surplus
channel into the Vellaur, with little intermission from
the month of July to the present time, in quantities
quite equal to that required for the use of the lands’
belonging to the works under report.

I need not however allude more particularly to the
advantages to be derived from the execution of the
works proposed, as they have beer explained in com-
*in a ietter to the TMunications from Messrs. Thomas*

Principal Callector T)ent,+ Pyeroft,f Major Cotton§ and

der date the 1tk My, Jiallett,|| and recognized by the

September, 1836.
+Tothe Board under Board, of Revenue.

date the 3d March,
1837, -
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No difficulty needs be anticipated in
procuring the materials for the proposed
works, as a sufficiency of cut stone is to

be had from the ruined out-houses at-

I e il tached to the Pagoda of Gungracondah,

Tenue of the 3th and the Forts of Palamcottah and Por-

"7 yoor, distant from the proposed site 20,

7, and 3 miles, respectively ; the stones from the first

named place can be conveyed for upwards of 18 miles

of the distance by water. The other materials can be
procured with greater ease, to any extent required.

$To the Principal Col-
lector uniler date
the 28th Fely, 1839,

i To the Acting Col.
lector of South Ar-
cot under date the

I must not omit to state that I have availed myself
largely of the advice and experience of Major Cotton
in projecting and in drawing up the plans of the works
under report, and annex transcript of that Officer’s
diary on the subject. In conclusion, I have only o re-
commend that sanction may be granted at an early
period for the execution of the works, which there is
no doubt will be attended with highly beneficial results,
viz. a returh of no less than 78 per cent. on the outlay,
besides preparing the way for vastly extended improve-
ment in cultivation situated still lower down.

(Signed) STAFFORD VARDON,
Civil Engineer 4th Division.

ABSTRACT OF ESTIMATES.

No. 1 Anmieut,- - - = = - - = - - - 20217 0 10
» 2 Head Bluice to main Channel, - - - 1,768 0 4

w 3Surplus do. - - - - - - - - 1820 6 1

,, 4 Head Siuice to Meraloor Channel, - - 51913 4

» b0 UnderBluice, = - - =~ = = = = = 466 0 38

» © Head Sluice to Permaul Channel, . - 519 13 4

w 1 Bridge, - - - - - - - - . - - 149812 4
For Channels, &6, - - = = - = = - - - 10620 1 1
Superintendence, - - - - -+ - - - - - 500 0 0
46,929 15 T
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of Assistant Surveyor Oliver upon the relative merits
of the two sites proposed has been already laid before
*In & letier from Sle Board, the Assistant Surveyor giv-
B g aes ing a decided preference to the work
ander dute thodsen acrdss the Vellaur, bt the dite proposer.
Octeber, 1841 . by him was at the point €, which i
1600 yards higher up than B, and near the village of
Arsoocondanuttum. - <. - - T ¢ ‘

After Mr. Oliver had completed his survey and ze-
port, it was suggested by Major Cotton, that if it were
found practicable for the supply of the tanks and chan-
nels above enumerated, it would be expedient to place
the annicut at the site D, which is nearly 4 miles lower
down the Veéllaor than Aundinoor, and a little below
where the surplus water of the large Veranum tauk en-
ters that river; in order that this water might be made
available for the purposes of cultivation: by which plan
" a-ugch-more certain and copious supply might be ob-
. tained at atime long anterior to that in which the freshes

occur either #r thé’%hnn‘umootahnuddy or Vellaur, and
the ryots, by this desitable arrangement, might com-
merice sowing<heir crops at a much earlier season.

The advantages of this last plan, should it be found
practicable, are st once apparent, and are noted in z
general mgnner-in the. letter of the Acting Civil Engi-
neer of the 5t Division, to the address of the Acting
Coltector andef date the 15th Ocfober last. .

* The only point of importance in the project which
was at all douhtful, was, whether the relative height of

the works would admit of the free passage of the water,
and in grder to test which, ag well as to coneult with

on gmy the 4fpediency of the schéme. gene-

Jist officer iy the neighbourhoed of the
rk, Ws-directed .in the proceedings of the
evenud, under date the 18th Noveinbér

. pro
Bodr.

rd. of
tast, © . -

Eﬁar a caveful examination, in ct;Mpany with th;e-
Acting Collector, of the localities, and ascertaining the’
levels of the ground, we came to the conclusion that the .

work would be highly expedient, and agreedtupon the
foliowing plan of opeyations, viz. -

. To throw an anniout across the Vellaur, nearly op-
posite to Shatitape, and about 250 yards below the spot
_where.the surplusofthe large Veranum tank discharges
Tiself into that river, This work will throw the water
down a new channe], directly intd the large Wallgjah
tank, whence the surplus will pass off by a head sluice
to be constiucted in' the bank of the Wallajah tank @
the large Permaul reservdir below it .

Abont 13 mile below the head of ;the main channel,
it is proposed to take off a branch for the better supply
of the Meeraloor vaikal, where that cut intersects the
proposed new line, by which the numerous villages de-
pendent on the Meeraloor chanmel, as well as those
watered by the Manambattan tank, would receive an
ample supply; the surplus of the Manambattan again
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passing off, as at present, to water the lands belonging
to several villages situated lower down.

The proposed position of the annicut is the most
favourable one which could be selected, and the banks
on both sides are high; wells have been sunk in the
propoged line of the work, and although no rock or
very stiff soil has been met with, the fouudation is as
favc;urable as that on which the Colleroon annicuts are
bailt. . = : '

It is proposed to make the work 9 feet in height,
which will keep up an almoét constant supply of water
in the Wallajah tank, to a depth over the lowest sluiee,
of 11 feet, certainly from June till the end of Decem-
ber, and probably even from an earlier period, as the
freshes semetimes occur in May, and the tank by being
thus partly filled before the morth-east monsoon comes
on, may be supplied to any extent deemed expedient

- from the Vellanr freshes, by which means eny quan-

tity ‘considared desirable, may be furnicshed tp the
Permau;l and Manambattan tanks, and the Meeraloor,

It will be necessary to reggulate, the suppli of the
main channel by means of a head sluice, and to keep the -
bed of thie cut free from accuimulations by means of a
surplus sluice, a head sluice is required to.the Meera-
loor, &ec. main channel, for the irrigation of all the
landsat present w%ered by the Meeralodr vaikal, which
Jbranchesfrom the Vellaur at a point much lower down,
and a sinall under sluice for the Kinnanoor ‘channel,
which will then supply the two small tanks of Méera-
loor and Pinpaloor. - - S '
.- A head sluice will also be required in the Wallajah
tamk bavk, ds yas mentioned above, for the supply of

- the Permiul reservoir, and it will be'necessary to throw

a-bridge over the surplus from the Veranum tank. In’
additiofi to the above works, it will be necessary to raise

* a sthall earthen embankment along: the ‘northern bank

of the riyer, to widen apd deepen the Meeraloor chan-
nel, to increase the size of the channel leading to the
under sluice, and to excavate a small branch cut for the
stpply of the Meeraloor tank. :

The sevetal positions of these works are indicated in'
the sketch, and plans and estimates of them aré an-
nexed; the Miter amounting in the aggregate to Ru-
pees 44,888 7 10, . v

. The enclosed statement will show the number and
names of the villages, as well as the quantity of land
under -the several works proposed to be benefited,
and the amount of the increase which may be anti-
cipated. _

From this it will be seen that there are nearly 10,000
cawpies of nunjah land under the Wallajah, Permaul,
and Manambattan tanks, and the Meeraloor and Kin-
nanooy channels, which should, if properly supplied
with . water, yield a revenue of no less than Rupees
79,208; but, on an average of the last 20 years, have
only realized Rupees 35,181, showing an annual loss
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of no less than Rupees 44,027; or, after all deduc-
tions for land which is of an inferior quality, of Ra-
pees 39,747.

Considering that the proposed works will bring down
the waters og the Coleroon as early as the month of
May in some years, and always in June, the tanks and
channels, instead of being dependent, as hitherto,
whoily on the local rains, which frequently do not
commence before the middle of October, will have a
certain supply for the greater part of the year, and it is
not too much to suppose, with these advantages, that
the whole sum exhibited in the column of increase,
will in the course of a few years be realized ; and that
at least half of that amount may be calculated upon as
the immediate return the works will yield.

There is more confidence in the present anticipated
increase, from the circumstance of the quantity of water
thrown off by the lower annicut being much more than
can be made use of in the cultivation of the two T'alooks
of Manargoody and Chellumbrum, and that the main
object of the present works is to extend the Collercon
waters, which are so certain, and sbundant; so abun-
dant indeed, that the water has been passing over the

"calingalas of the Veranum, and out by its surplus
channel inte the Vellaur, with little intermission from
the month of July to the present time, in quantities
quite equal to that required for the use of the lands’
belonging to the works under report.

I need not however allude more particularly to the
advantages to be derived from the execution of the
works proposed, as they have been explained in com-
* In_a letter to the Munications from Messrs, Thomas,*

Principal Coltector Dent,+ Pycroft,} Major Cotton§ and
Hallett,|| and recognized by the

der d“ﬁ thleéalsd.th Mr.
Beptember, 3
Y Board of Revenue.

+ To the Board under
date the 3d Marnch,
1437, '

19%

No difficulty needs be anticipated in
procuring the materials for the proposed
works, as a sufficiency of cut stone is to

o be had from the ruined out-houses at-
| To tha ke t3is- tached to the Pagoda of Gungracondah,

Yenue of the 29th and the Forts of Palamcottah and Por-
er, 1841, . ] .
yoor, distant from the proposed site 20,
7, and 5 miles, respectively ; the stones from the first
named place can be conveyed for upwards of 18 miles
of the distance by water. The other materials can be
procured with greater ease, to any extent required.

T the Principal Col.
lector upder date
the 28th Peb. 1889,

1 Ta the Acting Col-
lector of 3outh Ar-
cot under date the

I must not omit to state that I have availed myself
largely of the advice and experience of Major Cotton
in projecting and in drawing up the plans of the works
under report, and annex tramscript of that Officer’s
diary on the subject. In conclusion, Ihaveonly to re-
commend that sanction may be granted at an early
period for the execution of the works, which there is
no doubt will be attended with highly beneficial results,
viz. a return of no less than 73 per cent. on the outlay,
besides preparing the way for vastly extended improve-
ment in cultivation situated still lower down.

(Signed) STAFFORD VARDON,
Civil Engineer 4th Division.

ABSTRACT OF ESTIMATES.

No. 1 Ammieut,~ - - = = « - = - - = 29217 0 10
» 2 Head Sluice to main Channel, - - - 1,768 0 4
» 3 8Burplus do. - - - - = - - - 1,820 6 1
,, & Head Sluice to Meraloor Channel, - - 619 13 ¢
» 0 Under Sluice, - = - =~ =« = - - - 466 O 3
» 6 Head Sluice to Permaul Channel, - - 519 13 4
w 1 Bridge, - - - - - - - - - - - 149812 4

For Channels, &e. - - = - - - - - - - 10620 1 1

Superintendence, - - - - = - + - =« - 500 0 ©

46,920 15 7
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Statemont of Tanks and Channels, &c. which may be benchitrd by the construction of em Anwicui across the Vellowr Ruwer,
near Shatiah-tope, in the Bowengherry Tolook, of the Somthern Dicisson of Arcot.

Name of Tanks, ke,

NuMRER awp Nawms
or YiLLaces.

Ayacut Hevenue,

Higheat Revenoe
realisad,

ever

Average Ro-'
renue  he-
alised dur.
imy the last
=) yearn.

Awmnoirarze incazavs or Ravinve.

From present Ayasul
h‘:m hnni.

fale

From Foo

ah
Nungah,

Fromfiunjah land
at present depen.
denl, on ruin.

Cawales.

Rupees.

Annas.

Pice.

Cawnies,

Aupees,

L

Annas,
Plee.

Annas.

Pice,

Pice.

[Cawnies.

]

apees.
Andas.
Fice,

g
&

Wallajah.

Permaul.

Manambatian.

Meeoraloor Clhiannel.

Cottavachang .
Yurthumput
Auloor Agaram
Kistnapooram .-
Cosbahalampaudy ..
Pinnaloar
Ambaupooram .
Prizinaramapooram ..
Oolootoor .
Muardoor .-
Kolacood,
Jaumcondan
Gomedemoolay
Yellacoody
Olinyoor
Boothumpaudy
Thalacolum .

Total .

Sevakolinden Peitah..
LCooppayacantoo
'II"hunnoor
'oovaunecoopuUm ..
Vaulievaday .
Agaram v
Yengatamapooram ..
Cumbelemodoo e
Yadacandauputto
Coondeyamelloor ..
Musrahkillavalle ..
Karevapeupoondy
Seeroopaulayoor
Pureyaput .
Theyagavullee .
Aundaramullepuolinm .
Theerthenagay
Angokuput

Total .

Thirkoothitla .
Bundapettah - .

Moollepullum .
Coorcamungalum ..

Tatal

Chittairy ..
Thombeckeuettsmput
Villeanelloor
Ecelamanacoody
Yullum
Chuderkellay .
Pereaput .
Aremoolathaven ..
Pareacoonmootty
10’ Munjacoozsy Nell .
11|Audevernga Nelloor,,
|g|'l"achnon:§.oor .
13 Samadim .
14;Chumacopomatty e
15| lamavadacoopum .,
1§ Yalungalumput .
17| ’auluantoovunnan ..
18| Manycollay
19; Yayepooram

-1; Total
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Eztract from the Qfficial Diary of the dActing Civil
Engineer of the 5th Division, for part of the month
of December, 1841.

SOUTH ARCOT DISTRICT.
‘ Bowengherry Talook.

“ Project for extending the benefit of the Colleroon
rnnicut to irrigate lands on the north side of the Vel-
laur river.

“In company with the Collector of South Arcot, and
the Civil Engineer of the 4th Division, | examined the
country on both sides of the Vellaur, and got such
levels, &e. taken as enabled us to make a complete plan
for carrying the surplus waters of the Veranum tank
across the Vellaur river by means of an annicut, and
carrying it by a new channel to the Wallajah Yairy.

““ The whole project proves easily feasible, all the re-
quired works will be constructed at a moderate expense,
and the effect such as to make it one of the most valua-
ble improvements undertaken since the construction of
the Colleroon annicuts. The Civil Engineer of the
4th Division has prepared and will submit the esti-
mates for the works which we have planned, with the
statement of expected increase of Revenue, and 2 gene-
ral description of the project.”

(Signed) H. COTTON, Major,
Acting Civil Engineer 5th Dipiston.

14tk to 18eh.

i ‘
The Secretary to the Board of Revenus
ecuym he Colr in the Department of Public Works.
Arcot, Irort St George.

Sig,

When the Civil Engineers of the 4th
and 5th Divisions lately met on the bank of
the Vellaur, with: the intention of examin-
ing into the merits and practicability of an
annicut, which was the subject of my letter
of the 29th October, 1841, I made a point
of accompanying them in their inspection, during seve-
ral days, of the spot proposed as suitable for the work,
as well as of the whole country which it was consider-
ed would derive advantage from the new irrigation.

I have paid great attention to the subject, and have
no hesitation in most fully concurring in the views
formed by Major Cotton and Captain Vardon, as ex-
pressed in the report forwarded by the latter officer to
your Board,

The entire cost of the annicut, and the necessary
vasparticunn- Additional works, will be fully covered by
e anCapteit the outlay of Rupees 44,883,° which it is
calcnlated will yield a return of 77 per cent.

The Bowengherry Talook will1eip the benefit of this
work if carried into execution, and its inestimable value
is strictly pointed out this very season, for in conse-
yuence of a failure in the north-east monsoon, the crops

Recommendi
that the project -
tur constructing
a0 sonicut  a-
croas theVellanr
in the Bowen-
ghorry Talook,
may be tnken
inlo eonsidera-
tion ai a0 early
date,
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have not sufficient water, whereas, had this irrigation
been in force, much land on the eastern side of the
talook wonld have been receiving ‘the water from the
Coleroon, which, as is well known, is certain,

I beg most earnestly to request the Board’s favorable
view of this project, and strong recommendation to
Government. I also have the honor to point out that
an early sanction will enable me to do so much of the
work this year, as to render its completion in time for
the season of 1848 a matter of certainty, which is of

‘course of very great importance.

I have the honor to be, &c.
: ‘ (Signed) C. HALLETT,
CUDDALORE, Lollector,
Collector’s Cutchery,

3lst January, 1842,

' G. D. Drury, Esq.
Chief Secretary to Government.
Sir,

To

Min, eons. No. 7,
Qctober, 1812,

M5 > Para. 1. I am directed by the Board of
Pars.2 % 5. Revenue, with reference to the orders of
1 Fatimate. Government, as per margin, and to the
1. Repurt 28, Extract of a letter from the Court of Di-

T s wib g Tectors accompanying the first, on the sub-
Encloguras duted ject of improvement to the irrigation of
el., 1841, ’m

with lotter and the: Western 'T'alooks of South Arcot, to
{:f.’,??"inn.,'r‘“;’m pi- forward for the purpose of being laid be-
oot fore the Most Noble the Governor in
Cous. 28th Fe- Council, the accompanying Plans and Es-
brasry. . . > A

* timates for the construction of an annicut
across the Vellaur river, and of auxiliary works de-
signed to conduct the surplus water of the Veera-
num tank across the riverto-other censiderable reser-
voirs on its morth bank, the Estimate amounting to
Rupees 56,877 1 6.

2d. The sources of the Vellaur being not affected
by the south-west monsoon, its supply of water for
irrigation is ‘precerious, and many dams are neces-
sary to retain it in different situations.. These are
commonly constructed of rough stone, and are found
only in situationd where there is a natural foundation
of rock or hard soil, high up the river, in the lower
parts of which the bed is composed urniformly of sand
or mud, in'which a permanent dam would have been
a work of immense cost to the Natives, while the
temporary dams or corumboos occasionally used are
swept away by every sudden flood, must be as often
renewed. and under the most favourable circumstances
only partially answer the required purpose.

3d. A permanent dam has been consequently pro-
posed, to collect the waters for distribution to the tanks
and lands of numerous villages now supplied partly
by channels taken off at different points inthe bank
of the river, and partly by local rains, and the project
has been strongly supported by several gentlemen
who have by turns had charge of the district.
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4ty Coniidered simply - with reference: to the. ma-
tural supply of the Vellanr, the. proposed annicut.was
thought: to be well worthy the attention of Govern-
ment, and, different sites were. suggested for its .con-
struction; but Major Cotton, then Civil Engineer
of the 5th Division, having declared his opinion that
by means of the new work, if properly placed, the
surplus watets of the Veeranum tapk might be con-
ducted across the Vellaur to the lands saffering from
the uncertain supply above described, that officer was
requested in concert with Captain Vardon, the Civil
Engineer of the 4th Division, to investigate the subject.

5th. The result of their joint labours is now sub-
mitted, and the Board cannot but believe it such as to
deserve the most favourable consideration aud eupport
of the Most Noble the Governof in Géuneil. . - -

No.ses.  6th. His Lordship in Council has been
made aware by my letter of the 26th October last, of
the greatly increased body of water poured from the
Collercon river into the Veeranum tank since the con-
struction of the lower Colleroon annicut, and enlarge-
ment of the Vuddavar, This was so ,aﬂ)arent in 1841,
immeadiately afier the execution of the latter work, that
asth Octobery . M. Hallett, the . Collector, visiting the
cont), pars- . $Chellumbram and Manargoody Talooks, so

vember 1842. late an September in that year, “‘could not
“but, romark: that the only difficulty was the superabun-
dance of water,” the Veeranum then discharging large
-quantities by both its calingalas, as well as by the north-
ern outlet into the Vellaur: and, it appears from the
report of Captain Vardoa that.this discharge had com-
menced in July and continued till December. Msjor
Cotton. further shows that this great mpily of water
was wholly independent of lacal raine, as the tank was
dry when the rivers came down, and was filled entirely
from the Coleroon, . C

7th. The levels taken by Major Cotton and Captain
Vardon show that the calingalas of -the Veeranum are
3feet 2 inches above the highest calingala of the Wal-
lajah- tank, the firet on the north bank of the Vellaur
into which it is required to throw the Veeranum sur-

plus ; and as all the othier: tanks, of which the most con- '

_giderable is the Permaul, are much lower, the question
of command is at once disposed of ; and. it culy remains
to.show how it is proposed to carry the Veeranum sur-
plus waters across the Vellaur, maintaining them at a
‘gufficient level. An agqueduct would of course effect
the desired object to a certain extent, but with less
completeness than aa-anmicut, which would aleo serve
to retain the waters of the Vellaur itself according’ to
the original projects, and is in other respects a work
_much to be preferred to an aqueduct.

8th. It is proposed, therefore, to construct an an-
nicut, the crown of which will be 9 feet above -the bed
of the Vellanr, and 4 inches above the high calin-
gala of the Wallajsh tank. Its site will be-a short dis-
tancdbelow the. junction of the Veersnum sarplus with
the Vellaur, and on the opposite or north bank of

VelBaur Awnicut,

that river a new channel will be-opened communicat-
jog directly with the Wallajah tank. It will be fur-
nished with a head-eluice baving six vents, each 2,
9, by 4, 6, and a surplus sluice for discharging water
when it can be spared at the lowest level jor the
purpose of clearing the bed of the channel from
sccumulations of soll. The Comerum Qodapoor (or
breach) affords a convenient channel for carrying the
surplus again to the Vellaur, at a point considerably be-
low the anaicut. ' -

9th. Where the new channel intersects the present
Kinnenoor- channel, it is proposed to' comstruct a
sluice; and to widen and deepen the Kinnanoor
channel for ‘the supply of that of Meraloor;and as
this mearure will make the former too deep to supply
us it does now, the small tanks of Pinnalore and Me-
raloor, a branch for théir benefit on the former level
-will be taken from it at a point above its junction with
the new channel, and, carried under the latter by a
tunnel. The only other masonry work required is a
sluice in the bund of the Wallajah tank, for the supply
of the Permaul tank.

10th. The foregoing para. briefly describes the pro-
ject as it has been submitted to the Board. It has, how-
ever, appeared to them neceséary, after careful revision:
of it in this office, to add to it seme works designed for
the security of the Veeranum tank, which might with-
out such additions be exposed to danger, from the re-
flux of the Vellaur waters in high freshes of that river.
To effect the required purpose, it will be necessary to
cut a new channel frommt-ﬁe Veeranum surplus, to be
carried to the annicut for the supply of the tanks on
the north bank of the Vellaur; and at its point of sepa-
ration from the old channel close to the new Veeranum
calingala to build a sluice which will be shut when the
freshes of the Vellaur come down. The tank surplus
will then fall into the Vellaur by the old channel
at a point below the annicut. To complete these im-
provements, it will be necessary to embank the Vellaur
on both sides above the annicut, but principally on the
south side. s

11th. The following specification will show the ex-
tent and character of the work.

12th. The length of the annicut will be 225 yards,
whith is something more than the natural breadth of
the river. The section is perpendicular in rear, and
the water falle upon an apron covered with cut-stone,
which is partly on a level with the bed of the river, and

ertly rased one foot above it, and is altogether 16
};et broad ; the rear of the apron is to be defended with
cubical blocks of brick work, which will accommodate
themselves to the natural bed and gradually form an
impregnable barrier similar to that of the loose stones
‘used at the Coleroon annicuts, but which could not be
obtained for the present work but at a disproportionate
expense. The cubes will however answer perfectly

.well, if the mortar with which they are cemented has

sufficient time to hardea before they are used.
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13th. The front of the annicut it is proposed to make
sloping towards the stream, o as to obtain & broader
base where the pressure is greatest, with the same
quantity of material that would be required for a rect-
angular section, and at the same time to facilitate the
passage of sand over the work. It is proposed to build
a set of sluices in the work, for keeping clear the head
of the new channel; an object of great importance,
and which there is no doubt from the experience deriv-
ed from the Coleroon annicuts will be fully effected by
a judicious use of these works. They are so designed
as to be accessible at all times, and it is intended to close
them when necessary with horizontal balks of wood,
which are the most easily managed. They will be de-
fended in rear by a wider apron than that of the anni-
. cut, and will have another apron in front, with wing-
walls to prevent the current, which passes through
them from first sweeping along the face of the annicut.
The foundations of the dam and apron will be laid in
the usual manner npon wells, which have answered
very well for the Coleroon annicuts, where the soil in
which they are sunk is of the same description as that
of the Vellaur.

- 14th. It will not be expedient to build the dam to
its full height at first. The safety of the work will be
placed beyond risk by proceeding gradually, and the
necessary height of water may meanwhile be easily ob-
tained by an earthen dam above the masonry ;to which,as
an expedient for one or two years, there is no objection.

15th. Asthe communication across the Vellaur in the
direction of the annicut promises to be hereafter of im-
portance, a bridge over the work has been added to the
sne.67a2 6 1. design, but the® cost of it is entered sepa-
rately in the estimate ; except that small portion of it
which provides for extending the foundations of the
pier on each side of the dam; because should the bridge
be built at any future period, it could not convenienﬁy
be connected with the annicut without such prior ar-
rangement. :

16th. The project has received the fullest support
from Mr. Hallett, the late Collector, who was present
at the consultation of Major Cotton and Captain Var-
don, and was perfectly satisfied of the great improve-
ment to the country and the revenue which would re-
sult from the introduction of an unfailing supply of
water to lands of very considerable extent.

~ 1Tth. The site of the proposed work was also visited
in December, 1842, by the professional member of the
Board, Colonel Sim, in company with the Collector of
the district, and present Civil Engineer of the dis-
trict, Captain Lawford, and the practicability and advan-
tages of the project inquired into on the spot. Lien-
tenant Colonel Sim concurs entirely in the opinion
entertained of the expediency of the annicut, and of
the extensive benefit which it would confer on the
lands lying on the north bank of the Vellaur, which
are very scantily supplied at present; while it would
at the same time prove advantageous to Manargoody

201

by relieving it of part of its superabundant water. Thus
the opinion of every one who has had an opportuaity of
examining the proposed work is highly in its favour.

18th, The expected increase of revenue ie stated at
about 40,000 Rupees. Itis evident that where a great
part of the land has been long waste, the full extent
under command of the new irrigation cannot be culti-
vated for some years ; but at the same time there is no
situation, where there is greater promise of early profit
from the construction of new works, both on account
of their being intended to support others already pro-
ductive, and of the certain dependence that may be
placed on the sufficiency of water.

19th. Detailed statements of the expected increase
of revenue accompany this report. They were pre-
pared under the directions of Mr. Hallett, after investi-
gation of the lands and resources of the several villages
dependent upon the reservoirs to which the new sup-
plies of water will be conducted, and it is expected
that landsstill farther to the eastward will in course of
time be brought under cultivation.

20th. The project above described is, as will have
been observed, of much simplicity in its character.
1t has no relation to existing works or interests, such as

‘might raise doubts as to the consequences to them of

carrying it into execution, and the Board therefore
trust that it will appear worthy of being submitted
with the strong recommendation of His Lordship in
Council to the Honorable the Court of Directors, to
whom il is hoped it will appear to present superior ad-
vantages for improving the irrigation of South Arcot. -
The amount of the estimates for which sanction is so-
licited is

Annicut without Bridge,......... Rupees 56,877 1 6

Do. with do.... ...... » 63,599 8 7

Sixty-three thousand, five hundred and ninety-nine, annas six,
and pice seven.

RevENuE DEPARTMENT.
No. 270.

Eztract from the Minwles of Consultation, under date
the 1st March, 1845,

“The Most Noble the Governor in Council pro-
ceeds to take into consideration the letter in this De~
partment from the Honorable the Court of Directors,
dated 24th December, 1844, No. 32,

Para. 1. This Dispatch will be communicated for the
information and guidance of the Board of Revenue in
the Department of Public Works, with reference to
their Acting Secretary’s letter, dated 15th February,
1844, No. 89. '

2. The Board will make all proper arrangements
for the prosecution of the work under efficient superin-
tendence, and report upon its progress periodically ta
Government. They will also instruet the Collector of
South Arcot to iive his attention, on the completion
of the work, to the state of the cultivation under the
tanks, the supply of which is contemplated in the con-
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struction. of the annicut, and to submit with his re-
ports on.the settlement, a statement showing how much
of the anticipated increase of revenue hes been rea-
lized in each year. - :

Eztract from a Letter from the Honorable Court of Di-

rectors, dated 24th December, 1844.

e In your letter dated 9th April, 1844, No. 4, in
the Department of Public Works, you solicit our sanc-

tion to an expenditure of Rupees 63,699 6 7 for the"
purpose . of constructing an annicut and bridge across:

the Vellaur river, with auxiliary works designed to
conduct the surplus water of the Veranum tank

across that river, for the supply of waste land under

the Wallajah, Permanl, and other large tauks in the
district of South Arcot. ‘

Coleroon Annicuts,

* Lieut. Col. Bim, Chief Engi-
neer; C. H. Hailett, Baq., late
Gollector and Magistrate 8, I,
Arcot.

Major H. C, Cotton, Acting
Civil Engineer 5th Division;
Captaln Lawford, Acting Civit
Engineer 5th Division,

Lieutenant 8. Vardom, Civil.
Engineer 4th Division,

2. The proposed plan has been
investigated on the spot by the
officers named-in the margin, by
all of whom it has been strongly
recommended for adoption.

3. The anticipated increase of revenue from the
construction of this work is stated at Rupees 34,480
per anhum.

‘4. Under these circumstances, and relying on the
accuracy of the statement of the officers to whom we
have referred, as to the advantages to be obtained from
the work, and to the facility and economy with which
it can be accomplished, we shall willingly comply with
your strong recommendation in its fayour.”

£

LETTER FROM CAPTAIN E. LAWFORD, CIVIL ENGINEER 5ru DIVISION, ON THE SUBJECT
OF THE EFFECT OF THE NEW REGULATING DAM TO THE CAUVERY, AND THE
‘ GENERAL BENEFIT DERIVED FROM THE COLEROON ANNICUTS.

The following very valuable paper has been prepared at my request by Captain Lawford, now Civil Engineer 5th Division, and to all
those who take an interest in these important works, I feel that I need not offer any apology for inserting it, though at a distance from

the other dotuments on this aub%ect. :
assed pérson of the actusl bona-
tion

It gives, what has long been desired, an unprejudiced and fair statement, coming from an unbi-
de results, in increase of cultivation, and money returns, which is now experienced from the construc-
‘thege works; and it is most gratifying to find that Captain Lawford estimates the latter to be not less than 2% lacs of Rupees

per annum, being at the rate of 85y,ths per cent. even upon the outside sum of 700,000 Rupees assumed 4s the aggregate cost of the

whole undertaking.,

It may bé useful that I should mention, that the regulating dam referred to by Captain Lawford is a work recently built at the
head of the Cauvery, where it separates from the Coleroon, and intended to establish its bed there upon a permanent level. It was

found after the snnicut in the Coleroon came into oﬁe
of deepening its bed; and the relative Ievels being ¢

ration, that the large body of water diverted byit into the Cauvery, had the effect
us disturbed, the whole body of the river was gradually withdrawn from the former

and thrown into the latter river, to the great danger of its banks ; while the Coleroon was subject to be filled with shoals and sand-banks.
It was expected that this evil would be obviated, the relative levels of the two rivers permanently maintained, and the supply of each

made more uhiform, bF
from Captain Lawford

‘In compliance with your request, I proceed to relate
briefly the operations at the head of the Cauvery, and
their apparent results subsequent to the last report of
Colonel 8im; and I shall then endeavour to show as
plainly as possible, the ‘actual advantages which have
followed the construction of the Coléroon annicuts, up
to the latest period.

During 1844 the enlargement of the head of the
Cauvery continued as it had done in the previous year;
the direction of the main current was altogether along
the south side, and the stream washed away upwards
of 30 yards of the land. The north bank, though
greatly relieved by the improvement of the Coleroon
annicut, yet suffered considerable injury, and demand-
ed incessant labour for its preservation.

Materials - for the Cauvery dam were under prepa-
ration during the latter part of last year, and the work
was commenced on the 9th February following, and

2 masoury dam defining the proper level of ihe bed of the Cauvery at the point of separation, and i{ appears
& statement that this object has been attained.—ED,

completed on the 20th April without the slightest ac-
cident, although the occurrence of most unusual fresh-
es in March threatened to interrupt the undertaking.
The head of the. Cauvery was kept closed until the’
middle of May, when the embankment across it was
cut, and the stream suffered to flow.

During the whole of May and the early part of
June, the river remained extremely low, but on the
25th of the latter month, the freshes suddenly com-
menced with great violence; and as the stream filled
its former deep bed, it attacked the defences of the
banks which were as usnal immediately repaired and
etrengthened. Asthe water subsided, it was evident that
a material change had commenced in the Cauvery, and
that the current had no longer that irresistible force; so
severely felt in former seasons. A deposit of sand was
formed along both sides of the river immediately be-
low the dam where the stream had been hitherto
extremely deep. This deposit has since gradually
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extended itself lower down the river, and effectuslly
secures the banks in these important parts. :

In the early part of October the local rains began to
fall, and the Cauvery was again filled, bat the stream
caused no damege to the works near the river head,
except to the exposed defences at the outlets, which
suffered some injury ; and after another subsidence the
river has again risen, without causing material injury
to any of the defences. ' o

The continuance of the favorable change ir the Cau-
very is now quite manifest in the aniformity of the
section, the regularity of the currént, and the absence
of masses of sand and deep holes. The stream, spread-
ing over the entire bed, has lost ite violence, and the
banks, no longer corroded and scarped, have assumed
a moderate slope ; and although the first burst of the
freshes caused a considerable outley in the repair of
defences, yet mot one new spot on either bank has
been attacked by the current.

- This remarkable change in the Cauvery has been

accompanied by a corresponding improvement in the
Coleroon, the bed of which is cleaver and deeper than
I have ever before seen it. A strong current sets on
the centre of the annicut, and so great has been its
effect on thie béd balow, that T am ol liged to close the
main sluices to prevent further deepening.

In 1842 the sands of the Coleroon, to the westward of

the annicut, were higher than the work itself; but where |-
that acéumulation existed, the bed is now six -feet Jow- -

er; nor have other sand banks been formed; but the
-Coleroon, like the Cauvery, has acquired much great-
er uniformity than it has had for many years.

- Tt is impossible to account for these changes other-
wise than as _the effects of recent improvements, and

especiaily of the dam at the head of the Cauvery; as

it is evident that after each suwcceeding fresh, the beds
of the rivers become improved, and their regulation
more perfect. 'The body of water which formerly pass-
ed in & deep concentrated stream into the Canvery,is
now diffused over the two beds, each receiving its just
share ; the thread of the stream is more direet, and
the banks are less exs;)sed to violent currents, circpm..
stances which establish the correctness of Colorel Sim’s
snticipations. S o o
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In the endeavour to show with precision and dis~
tinctness the actnal returns in money, which have been
realized by the State from the construction of the Col-
eroon snmicuts, I have experienced some difficulty in
consequence of the syetem, which renders the land
revenue dependent on the current prices of grain.
A succession of favorable seasons, and the improvements
effected in other districts, together with the extension
of the Arracan grain trade within the last ten years,
have had a material effect in depressing the markets,
and consequently the revenue of these 5rovincas ; and
hence the apparent effect of the annicuts ie by no means
80 great, as that which they have in reality produced.

But the annicuts have in no degree contributed to
this effect on prices, as any increase of produce within
the provinces is insufficient to cause such result, and
therefore the real amount of the profits arising from
these works must be calculated by applying the ave-
rage prices and rate of assessment which prevailed be-
fore their construction to the schsequent increase of
the extent of land in culiivation. In South Arcot the
increase of land yielding two crops has raised the rate
of assessment greatly above its-former amount..-

On the grounds above stated, I come to the conclusion
that the following is a correct summary of the retums
from the Colleroon annicuts up to the present time.

Inovease
of Land.
. Acres, Ra,
S o] 20,708 | 1,41,854
. 1,948 7,984
U ... 1,208 7 1,00,084

36,344 | 2,60,572
Aggregats of nine yoars, 13,27,096, 22,65,16%| 0

~ The aggretfata outlay which these works have occa-
sioned directly or indirectly may. be roundly stated at
7,00,000: Rupees, io that th '{!ﬁe roduced in nine
years & clear profit of Rupees 15,55,152.
: : T remain, -
" Your's sincerely,
- Epwazp Lawrorp.

Increass of
Revense.

———

o cmo?

Total for one year,.....,

. NEGAPATAN,
5tk December, 1845.]
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Statement showing the Cultivation and Revenws depondent on River  Statement showing the Cuitivation snd Revenue depondent aon (ham-

Irrigation s Tanjore, from the year 1830 fo 1844. nels influenced by the Chlerven Annicuts i the Lavigoody Taimk
y gfn-ﬁ:'.-,n:, strict from the year 1823 to 1044,
Priceof | A Trrigation of Iyen And | Avetage
e i Juadog %’;‘uﬁ:&“ tections per Yeurs. Peroovully C_':-:- ]:55.?1, (o] memans
Aete
Years. | Bemarks. Acres. | Not Revenve. | Aere | =~

R 1825 1739} 10G0RD | 4 T
Acres. | Rupees. | 23|33 RIA| P. (] Jas | 32154 190a72 1] & .
P 1827 | 32078 } 17045 l14110
- 89 | 542301 | §631437; % {303 8 1828 | 31871 | 1noacs | 4 7.
& 55 10 | osasan | Zoostzel 41 i 150 | 201" sxosso 151!
; o 830
gESE 1] 138 | sesrr2 | anraey 4 4 1091 | smasyl 198ana (10] 6
333 l }g;g 66467{ 2840659 gu 43 | 1A :a;'gg ;&w_: 132
659881 | 2660023) 2 304, 3 1833 7 .
— 18734 1T | 19RT 15 B
Total. | 3316609]16988640| 21 | 34 § (i 1836 | 33708 | 204857 Ir2 al
ey Total, | 3400133 Fi308sd™ 1|10
1440 1 k2 _— T et | | | ——
[Average.| 5526014) 28514401 3 |16} | 8} 111, Aversge.| 72710y Totsaa 8| 1 81| i
5 . 1836 | 532476 | 2869487 4 |29 3 (] 1838 | 3idee |2o0148 | 8110, |
4 | 1837 | 573170 | 2875844 3 1;11. 2 1837 | 31575 | 200268 | alio/
1838 | 578417 | 2004744] 3 N17 d 1938 | 83043 { 200601 1 910
535)| 1m |l |z o) §3 (| fam | o) poi hol
1 snnn]| 200602 | o 0
ggﬁ 1841 | 503786 | 2573458| 1 j23ly 43 1841 { 340091( 205008 |14) &
22 1842 | 592145 | 2790411| 3 |13 B 1842 | 35210} 107778 [1ef 1
55 1843 | 590440 | 2941484| 8 | 6 Sa 1843 | 33083]! 190008 |13] 3
9 | 1804 | so6o01 | B024200) 3 113 <3 1846 | 34208}| 186074 | 0| 9
Total, | 5222767]26869351| 28 {98 Total. | 30683614 1781704 |7 “1|
Average.| 580306}| 2874372 3 | 4{}] 4|15{ 33, Average. | 34062}| 107967 | 0|10, 3! T3] T AN
Deduct, | 5526014| 2831440 Deduct. a‘mg[ 194533 | 3] 1 §13] 1
27705 | 42932 o olofof o |fTRarmt 1843 | 333 13] 9) of o] o|  Arparem
g7706 | 141964) o0 | o | &[ 1)11 {‘““Iw- 1943 | 7984 wln_“]} T

——

’

tement showing the Cultivation and Revenue dependent on Channsls influenced by the Coleroon Annicuts in Chellumbrum ond .
st W T Manargoody Talooks of the South drcot District, from the yoar 1826 to 1644 LTI

Naunjah Revenuve axclusive Km:lurﬁor Reve-
Your. of Jaghir e lopionaf | Toal | Auraenter Col Remarss.
Acres. Revenus. Foonjash .
a1 1825 23644 | 1,82,998 | 3| 8 8138 1830018 4 "“'
2 1826 22634 | 1,71,478 13 8} 20 |7 1| 1,711,490 | 3| 9
5 1827 17,667 | 1,14,182 10| 7 3 | 511} 1,14,186 | 0| 6
£5 1828 15849 | 108228 | 911] 29 | 6| 4| 180258 |0 3
2.2 1820 | 16614 | 119273 |0 0‘ 108 | olirj 1,19381 | oln
OE | 1830 12,846 84,613 (15| Of 461 15' 31 85015 |14 2
PN 1831 10,283 62,769 (i1 4| 403 [13[ o} 63,172 ( 8| 8
=P 1832 14,560 85,026 14| 0| 1,633 | o[11] 97,558 |14|11
8 1833 16,808 | 1,14,189 | 0| 8] 1,898 | 8| 5] 1,16087 | 4| 1
< 1834 22,697 | 1,10968 | 3f 5[ 2,206 | 8{11] 1,73,172 ;19) 4
@ || 1836 | 25063 | 1,82670 | 8] 7| 2040 | 1|10} 184,710 ji0| b
Total. | 1,97,865 | 14,07,297 [ 9| 978,806 | 2| 3| 14,16,i03 11|11
Aversge. | 17,968 | 1,27,936 | 2 4| 800 | 6| 0] 1,28,736 |T1} 4| 7 | 3 | 64
L5 [| 1838 25150 | 1,892,706 | 4| 9 4,201 |11} 2| 1,96,707 1511
g3 1887 29,411 | 221,450 (13} 6| 4,505 | 3| 8] 226,048 | 1] 2
£z 1838 82,164 | 247,676 |14] 0| 9,851 6[ 0f 2,67.428 | 4) 0 :
< 1839 27,678 2,80,4922 | 9il 0 §0]0f 260922 911 Thene amounts include the °
Co <| 1840 21,146 | 267,374 { 0| 7 0 | 0|0 267374 |0|7 Kussur or Revenue de-
23 1841 21,810 | 203673 | 8 8 0 [of o] 303673 |88 rived from the irrigation
T 1843 19,318 | 1,75,526 { 1| 6 0 |0 o] 175526 | 1| e of Poonjuh lands. .
3a 1843 21,689 | 202,834 {12 3 0 | 0j o 202834 112} 3
«<.5 | 1844 23,189} (_2,16,593 | 3/ 4 0 10, 0] 216593 3 4 The il_|crea’u¢l rate of ool-. -
Total, | 2,37,555} | 20,08,658 | 4| 6] 18,648 | 4|10 20,27,306 | 9| 4 | { :;:;Ot; l:!z":':s 0;0 ht:;
Aversge. [ 25,388 | 223,114 | 00| 63216 | 1|7 220370 | 1|7 ¢| 1131 Fielding two crops.
Deduct. |_ 17,988 | 1,87.936 | 3{ 4| 800 |9) 0 128,736 (11} 4
7,206 95,247 i13] 8| 6,415 18] 7] 1,00633 |15 3] 61 0] © | Netincrease.

E. Lawrozo,
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MEMORANDUM REGARDING A NEW SYSTEM OF ADJUSTING COINS TO THE STAND-
ARD IN WEIGHT, BY CAPTAIN J. T. SMITH, FRS. FRS N A,

1. Some allusion was made in the description of
the weighing machines lately brought into use in the
Madras Mint, to a new system of adjusting the coins to
standard weight, to which those machines are especially
adapted, which it is there stated would be afterwards
described; a purpose which I now proceed to fulfil,
in the hopes that although the peculiar circumstances
which rendered such a departure from the ordinary
practice necessary here, may be but rarely met with
elsewhere, still that a description of the difficulties
which it was intended to overcome, and a detailed state-
ment of the results which we have met with in a four
years’ experience of its application to business on the
large scale, may not be altogether uninteresting.

2. When first the new system about to be described
was adopted, it suggested itself as the most practicable
remedy for the deficiencies in the establishment and
imperfections in the Mint machinery, which will pre-
sently be described; acd after it had been successfully
brought into operation, I long thought of it as a con-
trivance, which although it had certainly afforded us
most timely aid at a juncture of great difficulty, and
had subsequently recommended itself by its adapta-
tion to our peculiar circumstances and means, was ne-
vertheless not.suited to be brought into competition
with the more refined methods which are followed in
other Mints favoured with the advantages of the high-
est order of efficiency and completeness in their ma-
chinery, and skill in its management.

3. Further acquaintance has, however, greatly im-
proved my opinion of the system, and the slight know-
ledge which in the course of my connection with the
Mint, I have been enabled to obtain of the results of
other establishments, induces me to think that it may
perhaps not be altogether without its recommendations
elsewhere; and that its claims to regard on the scors of
being an easy and economical means of effecting a dif-
ficult operation of the coinage may be worthy of notice
at Jeast in some establishments where the machinery
may not be on & higher scale than that of Madras. The
reader, however, will be best able to form = judgment
upon this point himself, by a perusal of all the details
which I shall be able to lay before him ; in doing which
1 shall endeavour, as far as lies in my power, to guard
against the bias which might be created by my con-
nection with this system, and to represent as fully as
possible, both the defects and the advantages which the
plan to be described possesses, in contrast with others
now in general adoption.

4. When the operations of the Mint first began in
August, 1841, the means for effecting accurate lamina-

tion of the silver straps were very imperfect. Instead
of the beautiful case hardened rolls turned by steam
machinery, which are now common in modern Mints,
we liad nothing but brass, or rather bell metal, cylinders
fitted in machines worked by bullocks. These cylin-
ders were cast on the spot by the Native artificers of
the establishment, and there were no other means of
making them exact, than such as were afforded by a
turning lathe, also of country manufacture, worked by
manual labour. The whole of the laminating machine-
ry indeed was of native workmanship, and 1n addition
to the difficulties and imperfection of work arising from
the want of stability and accuracy in its adjustments, the
toftness of the rollers, and the want of power and re-
gularity in the motion, we had to contend against a
fourth difficulty arising from our inability to give suf-
ficient condensation to the straps, for want of mecha-
nical force ; which, added to the other three, fully ac-
counted for the unfavorable results which had been
previonsly experienced. -

_ 5. When we consider, indeed, what extreme pre-
cision is rendered ngcessary by the conditions of the
work to be performed, we can no longer wonder that
under circumstances such as are alluded to above, very
little success should have been met with. In laminat-
ing rupee pieces, the thickness of the strap at the time
that it is ready for the pieces to be cut from it, is very
little more than about the #th of aninch. Each of the
blanks which is cut from this ought to weigh exactly
180 greins, and the useal lLimits of allowed error are
somewhat less than § grain each way.

6. The weight of the Rupee piece heing 180 grains,
&3 above stated, a difference of fths of the tisth part
of the total thickness, would of course cause the
amount of error above mentioned. In other words,
if the strap were thinner than it ought to be, by more
than fthe of the risth of #ith, or the vwhsth of an inch,
the pieces would be unfit for use. The allowed error
or “remedy” as it is termed, being in fact less than § of
a grain, the actual deviation from truth in the thickness
of the strap, either way, may be assumed to be less than
the zdvsth of an inch, or about the #sth part of the thick-
ness of a fine hair; adegree of accuracy so minute, that
it is only wonderful that even in Mints possessing the
highest advantages of the most perfect machinery, it
should be possible to turn out a large proportion of
their work in conformity with it. The Calcutta Mint,
forinstance, in 1886 turned out no less than 87 per cent.
of their blanks within a trifle more than the above
remedy, and I believe in the Royal Mint the remedy
is the same for silver pieces, and none are filed or alter-
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ed in any way, though from what will be hereafter stated
it will appear that the general results of the work are
not materially better there than in Calcutta

7. Such résults were not obtainable in the Madras
Mint at the time the new system about to be described
was first introduced; for owing to the causes above stated,
and the general disrepair and disorganisation of all its
machinery, it is doubtful whether it would have been
possible to have turned out more than 10 or 12 per
cent. within the above remedies. It had been official-
ly stated some time previously, that about 80 per cent.
of the pieces were within the limits of 1} grain each
way, and it is probable that proportion of pieces falling
within the limits of thatlarger remedy would corres-
pond to not more than the per centage above stated for
the smaller one.

8. When the pieces as originally cut from the lami-
nated straps are lnaccurate in weight, the light ones are
returned to the melting pot, and the beavier are filed
down to correspond with “standard.” Thisinvolves an
excessive amount of toil and expense, and as the loss of
labour is greater when the pieces are light, because
then they are not only rejected, but have to go through
the processes of melting, laminating, and cutling, again
to run the risk of a second rejection, it was customary
to leave the laminated straps purposely rather heavy,
which though it increased the number of pieces to be
filed, yet upon the whole caused the least waste of
labour, a larger number of serviceable pieces being in
the end obtained. These pieces were thus operated
upon.

9.  Every individual blank which fell from the cut-
ters was singly weighed by hand, and those which were
found to be within the allowed remedies were put
aside for the forther processes of the coinage. The
heavy ones being, in the act of weighing, roughly sort-
ed into classes, by guess, were then passed to the filers
who gave them two or three strokes of the instrument
according to their supposed deviation from standard.
They were then passed back to the weighing man, and
usually found stili heavy, but nearer the mark; they
were then again touched with the instrument, and be-
ing returned to the scale, again tested; and sometimes
it happened that individual pieces had to be operated on
four or five times (especially if the working remedies
were small) before being fit for use. In other instances
the last stroke of the file having been too viclent, the
piece became too light, and after all the labour expend-
ed upon it, was obliged to be rejected.

10. The above describes the system which, to a
greater or less extent, is followed in all Mints where the
remedies are smaller than can be attained by the mere
use of the laminating machinery, and where conse-
quently, the use of the file is indispensable; but the in-
convenicnces of the system, which are great even with
the best machinery, are insupportable when it is to any
material extent defective; and it was to obviate, on the
one hand the great expense, delay, and uncertainty in

New System of adjusting Coins.

the performance of the work, and on the other to get rid
of the disfiguring marksleft upon the surface of the coins
by the file that my sttention was very earnestly direct-
ed to this subject, previously to the commencement of
the new coinage of silver by the Madrad® Mint in 1841,
The result was the adoption of the system of adjustment
now about to be described, which has ever since that
period been in constant operation.

11. Before proceeding to enter upen a description of
the method above alluded to, 1 must make a few pre-
liminary remarks, showing its connection with the pre-
vious practice, and that followed in other Minte, and
the steps which led to its adoption. In order to do
this, I muat observe, that there are two kindas of difficul-
ties to be overcome in lamination. Onae is to obtain the
ribands, or straps of precious metal, afterwards cut into
blanks, of precisely uniform thickness in every part;
andthe second is, supposing the first to be attainalle, to
hit the exact thickness required. Both these difficulties
are doubtless experienced in all Mints, a fact which will
not appear remarkable when we remember the marvel-
louscegree of hairsbreadth accuracy which is looked for,
and 8 great deal of management is necessary to obviate
the consequences of them, which is in practice effected
by various mechanical adjustments and accommodatione.
In the Royal Mint of Great Britain, which is famed for
the beauty and accuracy of its machinery, the equality
of the strap is finally brought about, within narrow
limits of error, by means of the draw bench ; but though
this instrument enables the workman to secure & tolera-
ble uniformity in every strap passed through it, it does ;
not seem possible to regulate with great minuteness -
the exact dimension in thickness to which the strap
shall be reduced. The consequence is, that a com-
pencation is frequently required, to make up for the
general excess or deficiency in the thickness, over the
whole eurface of the strap, supposing that thickness to
be uniform ; and the method of eflecting this is thus
described in e late lecture of Mr. Brande, * Imagine
“ here egain the extreme nicety of these cutters, they
‘* must be g0 adjusted as to cut out exactly the proper
‘““ weight. Supposing that the bar, or fillet, (strap)
“ whichis to be cutinto sovereigns is exactly ‘standard’,
““it goes through & particular cutter whic{l will eut it
““gtandard’; but suppose that in testing this way, it
““ should be found a shade too light, it then goes to s
“ cutter which will cut them a shade too heavy, or
‘ rather compensate for that lightness. There are in
¢ fact a number of cutters of this kind, each varying a
‘“ mere idea, or mere thought, but still producing s
“ very important result.”

12. From the above statement, it is impossible to de-
cide what the exact amount of compensation made by
the varying sizes of the different cutters above noticed
is; but 1t may be observed, that in regard to gold coins,
even after all the pains which are taken in the establish-
ment above referred to, the result is not sufficiently sa-
tisfactory to obviate the necesity for further adjust-
ment, and that the aid of s small file to bring the pieces
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to *“standard” is sometimes necessary. In regard to sil-
ver coins, the whole of the pieces are brought within
the limits of the remedy of § of & grain each way, in
half crowns, which is considered sufficiently accurate
without further adjustment.

18. The object of the above notice of the method
pursued in the Royal Mint of Great Britain, is that of
drawing attention chiefly to the use of a variety of
different sized cutters, to compensate for trifling differ-
ences in the thickness of various straps supposed to be
uniform. The same method of compensation is I doubt
not used in other Mints, and was the constant practice
at Madras, before the present system was introduced,
but the results were very indifferent, owing to the very

eat want of uniformity in the straps, without which
1t must be evident, that the mere accommodation of the
size of the cutter to the accidental thickness of one
portion of the strap, could be of no avail whatever. .

14. On thinking over this eubject, the idea which
naturelly suggested itself in connection with the use-
lessness of attempting to adjust the cutter to an irre-
gular strap, was that the real desideratum is to apply 2
different cutter, adjusted to every individual portion of
every strap ; and it also occurred to me that, as an ex-
act determination of the comparative thickness and
density of the different parts, could in no ‘way beso
well obtained as by weighing blanks cut by the same
cutter, and consequently of equal area, the true object
and intent of the above plan of using divers cutters of
various sizes would be obtained with certainty if, sup-
posing each strap to be irregular, its different portions
could be first cut. out and tested by weight, and after-
wards brought to the particular cutter exactly suited
to them. In other words, if a scheme could be con-
trived, by which the particular portions of each strap
could be first weighed, and then cut in the peculiar
cutter suited to them; a condition which it was thought
might be fulfilled by first cutting them all out by a
cutter somewhat larger than the proper size of the
coin ; and then, after weighing and separating them
into classes, cutting these in a series of different cut-
ters suited respectively, in point of size, to the various
thicknesses and densities of the different portions of the
strap grouped together.

15. It was a necessary condition of this scheme, that
pieces which after being cut with a cutter of one di-
mension, were equal to one another in weight, should,
when afterwards cut a second time with a smaller
cutter, yield blanks of equal weight also, 2nd this was
eastly proved by experimental trial. After this, the
arrangement of the practical syster was perfectly easy.
It must be observed, that when a quantity of laminated
metal has been cut up into a great number of extra sized
blanks (or as we call them *disks”” to distinguish them
from the “slanks” which are of the proper size for being
fabricated into coins), and these have been carefully
separated from one another into parcels of disks of equal
weight, we may imagine, that if it were possible to
re-combine together all the disks of each parcel,so as to
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form them again into new straps, we should then have
straps of perfect uniformity, and so exactly true
every part, that all the blanks which fell from the
cutter suited to them would be true to standard. Our
course of proceeding was therefore very obvious, and
the following is a brief outline of the present practice.

16. The laminated straps are rolled down with as
much accaracy and uniformity as the machinery is
capable of attaining, the object being to bring the
average thickness of all parts of each strap, as deter-
mined by the weight of disks cut from various parts
of it, to true standard. When this is attained in regard
0 all of the straps, the whole are cut up into disks,
that is, into blanks a little larger than the size of the
pieces required to form the coins. The next process
1s that of sorting these disks, whereby the whole mass
is separated into different parcels, according to their
several deviations asbove or below the “standard™ disk.
After this, each parcel is taken to its appropriate cut-
ting press, and one or two of the parcel having been
tried, and found to yield “standard” blanks, the whole of
the parcel is cut out by that press; and as the disks are
all of equal weight with one another, they all necessari-
ly yield blanks equally true to ** standard.”

17. The difference between the diameter of the
disks and that of the blanks is rather less than the 5 of
an inch in regard to rupee pieces, and the Jsth of an inch
in two anna pieces, and proportionably with regard to

> T ~1] other coins; and I antici-
pated some difficulty at
first in accomplishing in
practice the second cut-
ting which this system in-
volves, owing to the nicety
which would be required
in fitting the disk centri-
cally below the second cut-
ter, so a8 to admit of the
blank being punched out
of it exactly in the middle.
However, after the trial of
. a number of contrivances,
the very simple one which
is shown in the margin,
and which consists in the
use of a semicircular stop,
suited to the size of the
disk, and adjusted to the
frame so as to lie on the
top of the cutter bed, has
been found to answer the
intended object perfectly ;
and the little boys who are
employed upon this duty
| are now able to get through
i the work with perfect ac-
> = = curacy, and with as much
rapidity as in the cutting of straps in the ordinary way.
After the piece has been cut, a ring remains, which is
separated before another disk is submitted to the ope-

=
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ration. The boy removes the ring with his left hand,
while, with his right, he takes another disk from the
heap. The diagram is drawn of the full size, and re-
presents a rypee disk, with dotted lines showing the
blank to be cut from it, and also the stop which is
nsed to keep the former ir its proper position whilst
being operated upon.

-

18. I must now mention, that in speaking of the as-
sortment of the diske into parcels of equal weight, the
expression is not to be understood in all the strictness
ofliteral meaning which it is capable of. In fact, when
a laminated strap is at all irregular, the number of
parcels of disks of truly equal weight into which the
disks cut from it would be assorted, must depend
upon the nice sensibility of the scale with which they
are tested ; and if the u(most precision be aimed at, it
is quite possible that there would be no two disks pre-
cisely alike. The different parts of an irregular strap
vary by imperceptible gradations one from another, and
it is therefore only when we are understood to speak
within certain reasonable limits, that such a thing as the
assortment of a vast number into parcels of disks of
equal weight can be considered practicable. Each of
the parcels must therefore be understood as compris.
ing all within certain narrow limits each way, and in
the existing condition of the machinery of the Madras
Mint, we have found it most convenient to form the
classes or parcels of rupee disks with differences of
half a grain from one another. Of these classes it is ne-
cessary to have ten, which thus include all disks within
the limits of 2} grains heavy, and 2} grains light. In
the ordinary course of work a very fewfall even beyond
these limits, but these are not assorted. - They are,
however, not at once thrown away, but after being cut
in the largest or smellest sevond cutter, according as
they may have transgressed beyond the heaviest or
lightest boundary, the resulting blanks are examined,
and those which may by chance be within the working
remedy are secured. :

19. From the circumstance that the several parcels
contain disks which are not exactly equal in point
of weight, but vary from one angther by a trifling
quaatity, it will have been already inferred that it is
impossible that all the blanks resulting from the second
cutting can be precisely “standard.” Such of course
cannot be the case, but, as the second cutter is adapted
to produce a piece precisely “standard” from the normal
disk, and the whole parcel includes those which vary
only as far as } grain above and below it, it follows that
part of them, namely, those which were nearest to the
limit allowed by the class or parcel to which they be-
longed, would produce, on being cut the second time,
blanks } grain above or below standard ; and all the rest
of the disks would within that limit of deviation, pro-
duce blanks more or less close to “standard” in propor-
tion to their own proximity or to agreement with the
normal disk. Were the system therefore reduced to per-
fection, and carried into effect withoat those many
blunders and omissions inseparable from Native ma-
nagement, we might reasonably expect, with reference
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to the conditions which apply to the Madras Mint, to
find all the rupee pieces within quarter of a grain of *‘stan-
dard,” and I have no doubt that this is very nearly, if
not altogether, possible, Under many disad rantages,
the actual results on the large scale, ss shdwn by the re-
sult of the Assay Master's examination of the pix coins
have lately given three-fourths within the above amount
of deviation; and if, instead of an infant scheme, avery
step of which is novelty and experiment, we had been
carrying out the details of a thoroughly established
system, Ithink the proportion might have been much
increased, and very nearly the whole brought within
the remedy of } grain.

20. Bat in apeakinﬁl:f the results which have been
actually obtained by this method, I only state half the
case, if I donotatthe same time connect them with the
qua.lit{ of the lamination with which they are associat-
ed. 1 will therefore presently state them moreat large,
and at the same time give tests of the amount of the
errors of lamination, in order that & more definite opi- :
nion may be formed regarding the valne of the system
of adjustment whereby they are compensated. In the
mean time, without venturing toenter upon the question
as to the advisableness of the adoption of my scheme
where the most perfect machinery is at hand, { may ob-
serve, that in proportion as the lamination is more per- :
fect, so_are the results produced by the second cutting i
also. For instance, if the lamination effected by the
rolling machinery were so true, that very nearly the
wholeof the disks were produced within 1} grains each
way, it would be possible then to divide them into classes . -
varying from one another by } grain only; and after!
the second cutting the individual blanks would be,
only the jth grain above and below standard. If the -
lamination were so perfect as to produce nearly all the
disks within the limite of jths of a grain either way,
then the individual pieces might be irought to within
vsth of a grain of deviation from *standard.”

21. In considering, therefore, the benefits which
would ensue from the adoption of this system of adjust-
ment in any other Mint, it is necessary to compare the
relative qualities of the lamination produced by the ma~
chinery of each, and calculate upon proportionate re-
sults accordingly. Now, during the last half yearly
settlement of the Madras Mint, the out-turn of the ru-
pee pieces, as produced by double cutting, was as fol-
lows. Eighty-two per cent. were within } grain of
“standard” either way, and of the remaining eightecn,
sixteen and a half were within § grain, and the rest
within § grain; which with very rare exceptions is
the greatest deviation ever met with, and the following
statement, showing the average result of a number
of experiments made upon the whole out-turn of the
laminating mills, as tested by the accuracy of the
disks produced by the first cutting, on various days
when the mills were judged to be performing their
average quality of work, will give as nearly as pos-
sible a fair judgment of the accuracy of the lamination
with which the above results are connected.
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22. On the occasions specified, the disks, taken as:
they fell from the (first) cutters, gave the following
results: 20 per cent were within } grain each way, 54
per cent were within § grain, and 77} per cent fell
within 1} grain on either side ; three per cent being be-

yond the limits included in- the sorting for adjustment,

which as above stated takes in all within 2} graing
over and under the ¢ standard” disk. These results
it must be remembered apply to disks, which are hea-
vier than rupees by 20 grains, but making allowance
for this, they show the state of the laminating machi-
nery very well ; and with such lamination, the whole of
the pieces which by the first cutting were delivered

within the limits of 2} grains, were by the second,.

brought within the working remedy of § grain, the
greater part being within oune-third of that amount of
deviation from “ standard.”  Thus the number of ser-
viceable blanks amounted to 96 or 97 per cent.

"28. The same process is followed with the smaller
coins, and the results are equally satisfactory, but the
blanks are not brought within a degree of proximity of
standard proportionate to their weight, in consequence
of the difficulty of separating the disks with any thing
like rapidity, when the difference between the classes is
less than § grain. The following are the weights of the
disks and blanke for all the coins, of which full sized
drawings are given in the margin.

Disk. Blank. Ring.
Rupees, 200 180 24
VR, 100 do. 90 10
IR, 50de. 45 5 .
iR, 27 do. 224 4}

It will be observed here,
that the last or smallest
coin has a larger propor-
* tional ring than the rest,
and this 1s owing to the
great difficulty of correctly
} cutting out so.small a coin,
if the margin to be separat~
edfromit, weresa very nar-
row. - We have found that
it could in practice be re-
duced below 4} grains, but
the reduction has been
thought of too little conse-
quence, to make it worth
while to diminish the faci-
lity of work, to effect it.

24, Perhaps it will tend
most to the thorough eom-
prehension of all the de-
 tails of this system, if I
- enter at once upon & com-
parison of its merits and
defects with those which
& are already fully establish-

O ed; and as this will give
me an opportunity of stat-

 ing facts, which require
- to be known to judge of
-it fairly, and anticipating
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objections which might be made against it, I will at
once enter upon a fair investigation of all the chief
points of comparison, . o

'25. On first beginning business upon thisplan, T was
chiefly apprehensive that the differences in diameter
which essentially belong to the different®blanks after
adjustment, would be the occasion of some trouble
or imperfection in the pieces in the after processes;
but this is now proved not to be in the least degree the
case. My fear was, that the stamped pieces would dif-
fer from one another, but this has since been proved to
be impossible, owing, partly to the exceeding minute-
ness .of the differences in guestion, and partly to the
compensating effect of the processes subsequent to the
second cutting. Although there are ten different class-
es of rupee disks, and the difference in weight between
the heaviest and lightest is not less than 5 grains, yet,
the difference in diameter between the largest and
smallest blank produced after the second operation of
cutting has been proved by accurate measurement
to be only the #rth part of an inch.

26. The blanks, after milling, are all brought to the
precisely same diameter, and it might be supposed,
that as the difference in diameter vanishes after that
operation, the defect of metal in the smaller blank ought
to be shown in & want of elevation in the raised edge,
produced by the operation. Even this, however, is
almost imperceptible, as I have ascertained by careful
measurement that the difference in thickness of the rim
between the largest and smallest Rupee blanks milled
to the same guage is ‘only the visth part of an inch.
And I may add, that in taking up a parcel of the
mixed blanks after milling, it is mot at all perceptible.

27. It is evident, that as the pieces after milling do
not sensibly differ from one another, there can be no
difference, from the supposed cause, in the pieces after
stamping. Indeed even if such a thing were to hap-
pen,as that any of the pieces differed in a trifling degree
in their diameter, or the thickness of rim, the expansion
of the metal, and its moulding to the form of the die
must necessarily efface the defect. It is therefore un-
necessary for me to say more, than that we have ne-
ver had the slightest inconvenience on this head, even
although we have been obliged to include within the
limits of adjustment so wide a range as 5 grains of
deviation ; were our means of lamination more perfect,
so that the differences in weight to be compensated
were less, and consequently the differences between the
greatest and least diametersof the blanks less also, the
possibility of such an inconvenience being felt wounld
be still further removed.

28. But although we have had no practical difficulty
whatever on the score of the differences of size, and it
would not have occurred to myself that any such could
arise from it, a difficulty has been suggested to me, to
which we, in Madras, are not liable. All our pieces are
milled by two or three operations, which method has
been in use for many years, having arisen probably
from the circumstance that the force necessary to raise
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the edge by one process is too great tosbe done with
facility and despatch by manual labour. The rupee
pieces are milled three times in gemeral, but the
smaller sized blanks merely pass through the first
time unaffected, by the machine. When different
sized blanks are attempted to be milled by one stroke,
as is usual in Mints worked by steam, {um inform-
ed that some difficulty is experienced, from their ve-
1y various behaviour under the operation. This evil
would certainly require correction, and it would pro-
bably be most easily done by keeping distinct in three
classes the medium, large, and small blanks, and milling
them separately; but if no other plan could be found,
it is certain that the utmost extent of the inconvenience
resulting from it must be this, that to carry on the new
system with steam machinery,a threefold number of mill-
ing machines would be required. They are of so little
cost, that this would be a matter of no moment; and
the whole extent of the evil would be comprehended by
the first cost of purchasing, and the wear and tear in
working, the larger number of these machines ; for it is
not probable that the same operation of milling, if
performed in three stages, would consume more power
than when done by one.

29. Another objection was suggested to me as the
consequence of the new method of adjustment, and
this was founded upon the comsideration, that in con-
trasting its results with those of other weil known
methods of proceeding, it would be necessary to add
the weight of the rings left after cutting out the
blanks from the larger disks, to that of the rejected
blanks, in estimating the loss per cent. I think this
objection is valid, and that it would not be fair to con-
trast merely the proportion per cent of good blanks
gained, out of the number of pieces cut, without such
addition ; but the most perfect method of obtaining
a fair test of the system in this respect, is that of taking
the actual practical results on a large scale, in respect
to the proportion of good coins out of the whole weight
of bullion laminated, and coatrasting- it with similar
results obtained by other means; on doing which it will
be seen that there is no need for apprehension on this
score.

30. In the Calcutta Mint, where the plan adopted is
that of repeated lamination in a separate series of the
most exquisitely finished rollers, and where the results
are considered to be as perfect as in any Mint in the
world, the out-turn of correct blanks within the work-
ing remedy of § grain each way, has been above
stated to be 87 per cent, as ascertained by careful trial
made for the purpose. The heavy blanks which exceed
that remedy are filed down, and the lighter ones reject-
ed ; and taking the average of ten years’ work, viz. from
1833-34 to 1843-44 both inclusive, and comparing the
bullion laminated with the coins issued from the Mint,
the proportion of the latter to the former is very near-
ly 53 per cent. By comparing together the melters’
accounts of the quantities of solid bullion and scissel
melted during the same period, the proportion obtained
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rather exceeds 54 tent, as the ratio of coins to

bullion laminated. which is somewhat in excess of the

sbove. During this period the rupee pieces formed

about 94} per cent of the whole out-turn, the half ru-

peeaabout 8) per cent, and the quarter rupee picces, 8

Ket cent. The importance of noting this, will be seen
ereafter. *

31. In the Bombay Mint, which I believe is also
supplied with Euglisg machinery, kept in the highest
state of efficiency, I have no means of stating the result
from the experience of a series of years, but from

an official stat ement given by Captain McGillivray, in

a letter dated 11th November, 1835, it appears by

comparing the ‘*ingots reccived from the melter, gross
weight” with the *good coin to Mint Master, during’
one year’s work, that the Sropoﬂion per cent of good
coins to bullion laminated, was nearly 54 per cent.
I have lately received private accounts of the perform- !
ance of the same Mint, in which the result of al
few months’ work has reached as high a ratio as 62 per

cent, in rupee pieces singly ; but in other coins it was .
very much below this, and therefore taking all together:
it is probable that, though the result last mentioned

is highly favorable, atill that the general average of.
a long course of years applicable to all coins may not-
be materially in excess of the per cenu?e shown by~
Captain McGillivray’s statement above referred to.

32. In the Royal Miat of Great Britain, where i
must be supposed that the highest possible advantages of
mechanical efficiency are to be found, it appears from
Mr. Bingley’s evidence before the House of Commons,
No. 2589, by comparing the solid bullion and scissel
melted during the course of 15 years, that the propor-
tion of coins to bullion laminated is 53} per cent.

33. Taking, therefore, the whole of the above facts int
connection with one another, it seems to be pretty
clenrly indicated, that in the ordinary course of basiness
on the large scale, in the best Mints, the proportion of
the good coins issued to the bullion pusetf through the
laminating mills, may be safely assumed at about 54 per
cent, a8 applicable to all descriptions.

34. In contrasting with this the actual results on
the large scale by the new process, I must preface
the statement by an explanation, why it is impomible
with fairness to appeal to the experience of a larger pe«
riod than one half-yearly settlement. The truth is, that
the new system of adjustment was begun at a time when
the Mint was in the greatest disorder in every respect,
and until a late period, there were many serious unre-.
medied defects, which materially affected the resuls
now under inquiry, but which were in no way connect<
ed with the system to be tested by them. Thus, for
some time the department not being furrished with dies
for any other than the coinage of rupees, all the straps
which became too light for that coinage were unservice=
able, and were necessarily added to the scissel, imte.ad
of being, as usual, rolled down for smaller coin. Again,
till very lately, for want of proper implements, all the
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ingots were of one uniform breadth, no matter what
were the coine which were to be cut from them. To
this I need only add, that the use of the stop in the cut-
ting presses has been only very recently adopted, to
show, that if the experience of the Mint were to be
taken during the existence of all these drawbacks, a
very fallacious comparison would be made of it, when
placed side by side with that of other Mints in all res-
pects fully provided with implements and means, and in
perfect working order.

85. I take the results, therefore, of the latest settle-
ment, because it is the only one in which some one or
more of the above most sertous drawbacks has not been
experienced ; and it is on_this account the only one
from which even an approximately fair comparison
can be drawn, but even this I consider to be far from
just to the system, owing to the injurious effect upon
the result under inquiry which an usually large pro-
portion of small coins has, as will be seen hereafter;
and in this settlement the proportion of small to Jarge
coins very greatly exceeded that usual in most Mints,
and probably that of the Mints above mentioned, cer-
tainly that of Calcutta. '

86. The actual result on the large scale now spoken
of, a8 having been experienced during our last {8th) set-
tlement was, comparing the bullion laminated with the
good cotns issued from the Mint, 59. 4 for the rupees
taken alone, and 56. 87 for all the coins taken together ;
the whole weight of ingots worked during the settle-
ment having been §1,47,784 tolas, and the weight of
the finished coins actually remitted to the Government
Treasury being 17,90,150 tolas. During this time
the proportion of whole rupee pieces was only 73. 4
per cent, half rupees 15}, quarter rupees 7, and one-
eighth rupee, or two anra pieces, 4 per cent.

37. The importance of taking into consideration the
relative proportions of the larger and smaller coins will
be at once seen from the following statement. The out-
turn of finished good coins actually remitted to the
Government Treasury, as compared with the bullion
laminated was, as above stated, in regard to rupees 59. 4
per cent. In kalf rupees it was only 53 per cent,
in quarter rupees only 52. 65 per cent, in one-eighth
Tupees,ortwo anna pieces, only 44 percent. Combining
all these ratios in the respective proportions in which
they formed part of the remittances of the settlement, as
above stated, they will be found to come to within a
fraction of the same per centage as has been given as the
actual result of the whole, viz. about 57 per cent; but
it is evident that, had the proportion of the smaller
coins been less, the per centage would have been
nearer to 59. 4 per cent, which is that properly belong-
ing to the rupee pieces, In contrasting, therefore, the
experience of this system with that of others, an injus-
tice is done when, asin the present case, the compari-
son is made between unequal ratics of large and small
coins.

38. The results sbove given are sufficient to show
that the new system of adjustment is not Ijable to any
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objection on account of ils occasioning a Ereaber pro-
duction of scissel than is usual by other methods ; and I
do not wish at present to say more. I must obsexve,
howerver, in regard to the rupee pieces, in reference to
a contrast of the per centage of out-turn of those
coins with the superior produce of the Bombay Mint,
that a strict comparison of the two systems would only
be just were the conditions of acceptance and rejection
of the pieces the same in both. In Madras, not a sin-
gle piece was filed or altered in weight in any way, and
every piece in the smallest degree beyond the working
remedy of § grain, heavy and light, was rejected and
added to the scissel. In the Bombay Mint, the reme-
dy is,I believe, 1} grain each way; and I am of opinion,
that had the same allowance been made in Madras, a
large part, if not all of the difference would have been
done away with.

39. It is perfectly true, however, that there is an
increase in the scissel in the smallest coins, if the results
of the new system, working with very limited remedies,
be compared with the old methods and more easy. ones.
The remedies within which the whole of the above
coins were confined, were as follows:—Rupees, § grain,
each way; 3 rupees, gths grain; } rupees, 1th grain ;
3th rupees, +ths grain. If these remedies were ri-
gidly insisted upon, I am doubtful whether, even in
regard to the smallest coins, the common methods of
adjustment would be able to effect more than is above
stated, as the actual result of the new one; and it has
been seen that on a general average of all work, even
when the small coins were in an unusually large ratio,
the latter has the preference.

40. I now come to a third objection,'which is of a
practical nature more easily to be understood, and this
1s the necessity for a large number of cutting machines.
Thisis true, as an indispensable condition of the system,
for it is mecessary to have, not only the usual number
required by the old methods of coinage, but I am of
opinion that it would be desirable in every Mint adopting
the new principle of adjustment, and having a large
amount of varied business, to have aseparate set of 10
cutters for each of two, or perhaps even three of the coins
most usually in demand, to avoid the necessity of dis-
mounting snd changing the punches frequently. We
have hitherto managed with only a single series of 10 cut-
ters besides the original set of first, or *“ disk™ cutters, not
having had leisure and opportunity to provide ourselves
with others, but this has subjected us now and then to
the inconvenience of delay in dismounting one series
and mounting that belonging to a different species of
coin, which is usually a day’s work for a couple of men.
The defect will soon be remedied, and it may be here
noticed, that it is not necessary that these instruments
should involve all the cumbrous and elaborate complica-
tion to be found in Boulton’s or Hague’s Mints, much
more simple apparatus, even for steam power, having
been found perfectly efficient. In regard to the very
small coins, the series of ten second cutters, when mount-
ed in asingle machine, may be easily worked by a couple
of men,the whole forming a compact and efficient work-
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ing instrament, of a sice not exceeding that of 2 common
four foot lathe. We have lately constructed a machine of
this kind, which is not yet sufficiently advanced to have
been put to regular work, though enough has been
done to test its efficiency ; and the results have been
yery satisfactory. ‘

41. It is fortunate that in the second cutting, which
requiressuch a number of instruments, there is the great-
est facility in bringing them into work, and indeed of
making them automatic, o that the whole labour may
be transferred to the steam engine; for as the metal to
be cut is no longer in straps, but in circular disks
of uniform shape and size, nothing is easier than
to supply the cutter with a continual succession of
them, in & manner somewhat similar to that in which
the Boulton stamping press is fed, and the power being
transmitted merely in the ordinary way, by a horizon-
tal shaft working a pair of eccentrics, with another pair
to work the feeders; the only thing which is fur-
ther required is the attendance of a boy on a set of 10
cutters, to keep the hoppers holding the disks full, all
the rest being done by the machine.

42, In taking into consideration the amount of dis-
advantage entailed by the increased number of cutters, it
must be noticed, that although for the sake of comfort,
and the most luxurious facility in the execution of busi-
ness, it would be desirable to have many sets of second
cutters, say even 8 or 4 sets of 10 in addition to the
number at present allowed; still, that with the exception
of the money required for first providing these instru-
ments, and the interest upon the outlay, the expense is
not proportioned to their number, the real additional
number absolutely required for ell kinds of coins be-
ing only one series of ten, with which provision on-
ly, in fact, the whole of the business of the Madras
Mint, with a very varied coinage, has been carried on
for the last four years. The multiplication of instru-
ments is merely a facile way of providing for the ready
application of the second process to various species of
coins ; but however numerous they might be, it must be
remembered that the whole amount of * cutting is on-
ly once more, in addition to the once common to all
systems of coinage. Of the expense of this addition I
shall have to speak presently, but in the mean time I
may observe, that the cost of a machine such asthat we
are just completing, containing a set of 10 cutters, would
be 1 should judge, if executed in the best manner in
London, about £150 ; and that taking all sizes of coins
together, a Mint might be perfectly furnished with
three or four such machines for £1,000. :

438, In the same way, four weighing machines, upon
the principle of that described in a former paper in
thie volume, (page 169}, and which I should conjecture
would cost an equal sam, would render & Mint com-
pletely independent in that part of the process, and
‘thus the whole first cost of construction of the necessary
‘machinery would be represented by £2,000; or if three
or four hundred pounds be added on account of ex-
tramilling machines, say £2,500, a sum which Ishounld
-imagine was not much in excess of the cost of the
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draw benches, or finishing mills now emploved in othes
establishments. )

44. T am aware of no other peculiaritics which come
under the head of disadvantages, and | may therefore
proceed to consider the question of the current ex-
penses of the new, ss compared with the old system;
bot here I labour under a difficulty which I am alte-
gether unable to surmount. It iw impossible to make
a fair estimate of the comparative expenre by this and
other methods, except by first deciding for which part
of the former processes the new are 1o be substituted,
and it is in this that the difficulty lies. Ay belief is,
that the process above described must be comsidered
not merely as & substitute for the adjustment which
gieces require after the straps have undergone the ela-

orate rolling in the exquisite machinery of a set of
finishing mills, or have been rendered accurate and
uniform by the toilsome and difficult operation of the
draw bench; but that it is to be taken as a new means
of effecting the same object as is attained by these ope-
rations, in addition to adjustment with a file when that
is used ; because I think it probable that the condition
of the strap previous to the cutting of the * disks” which
are by the new system brought within the limits of
accuracy above stated, is not superior to what it is in
other Mints previous to the use of the finishing mills
and draw bench. Ilowever this I must leave to be
judged of by the average statement of the tests of the
lamination, which I have before given ; and it is evident
that if my supposition be correct, and if the condi-
tion of the straps usually operated on by us is not
superior to that of the straps iz other Mints, previous to
the use of finishing mills or draw bench, then the
whole of those operations are saved by our method of
adjustment.

45. From the description given by Mr. Brande of
the vast pains taken in rolling previous to the use of
the draw bench, I have no doubt that the whole of the
latter expense is saved by our methed, in which case
the difference of expense must be very great indced. 1n
other Mints where adjustment by the file is nsed, the
saving is also very considerable, putting out of consi-
deration the expense of “ finishing” the straps. T'he cost
of adjusting the cut pieces by the file has been officially
stated to be about 28 Rupees per lac, and this includes
all the cost from the time the blanke fall from the cutters
to the time that the whole lot is delivered, the pieces be-
ing singl wei%hed and adjusted to within the prescrib-
ed remedy. By the new system, the operations which
the blanks (disks) would have to undergo, would be,
weighing or assorting, and second cutting. Speaking
of rupee pieces, which are the most expensive by our
plan, the cost of the weighing, supposing it done by &
machine of only 50 beams, worked by hand, would be
as explained in art. 56, page 179, only 14 annas 1 pie,,
per Jac of pieces. The second catting, if done by coolies
and the pieces supplied by feeding boys, as has been
practised by us, would be 3 rupees 10 annas 8 pie;
a man and a boy, whose joint pay is 11 Rupees, finish-
ing 12,000 daily, or 8lacs per month of 25 working



Memorandum by Captain J. T. Smith.

days. The whole cost of adjustment ie thus shown to
be 4 rupees 8 annas 9 pie per lac of pieces; but the
estimate might be reduced to less than half that sum,
in regard to a Mint worked by steam instead of manual
labour. A trifling addition may perhaps be made to
this estimate to account for the wear and tear of a three-
fold number of milling machines, but it is doubtful whe-
ther the wear would be much increased, since the force
exerted by each would be only one-third of those with
which the comparison would be made.

46. If the comparative expense be as 4} to 28 in re-
gard to rupee pieces, it is much less in regard to the
smaller coins. The expense of assorting small coins in
a machine of 100 beams, would be less than B annas per
lac ; and it appears certain, by the experience we have
thus far had with the cutting machine before alluded to,
that the cost of that process may be reduced to about 12
annas per lac, making the total expense I} rupee. In-
deed as regards very small coins of the precious metals, I
can hardly help feeling that if they should be required
to be brought within limited remedies,suckasthose which
are required by us, viz. #:th grain for the two anna pieces;
it would be quite impossible to get through & coinage
of them in a large Mint, by any other means than those
I have above described ; for the infinite labour amd
time requisite for the individual examination and ad-
justment of the innumerable quantities comprised in an
extensive coinage, would demand such a multitude of
men as to create the greatest inconvenience to find ac-
commodation for them, and a still greater trouble to
keep them in order. )

47. It has been before stated, that the weight of the
rings is comparatively more in the emall coins, so that
the yield of the straps is less ; and I question whether
the out-turn of two anna coins can by the new process be
made to.exceed 50 per cent of the bullion laminated.
Nevertheless, I cannot help thinking that the system of
double cutting is peculiarly suited to the fabrication of
small coine, when these are required to be brought
near to standard, on eccount of the great ease and ex-
pedition with which the whole of the business of lamina-
tion, cutting,and adjustmentis effected; indeed I am con-
vinced that the regularity and certainty with which the
desired effects are arrived at, could not fail to be a great
relief to any department charged with the fabrication
of these coins, when contrasted with the confusion, un-
certainty, and disorder, not to mention also risk, involv-
ed in the employment of such a number of men as would
be required to adjust them by the ordinary means.

48. Nothing can be simpler, indeed, than the routine
followed in the adjustment of coins to the most limited
remedies by the processes above described, and it seems
to me that this is s strong argument in favour of
the system. During the four years that it has been
followed at Madras, the desired results have been at-
tained with the greatest uniformity and ease ; the num-
ber of piecea which have been rejected in consequence
of exceeding the remedies being, according to a late
average, less than § per cent. 'This is the practical de-.
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duction from the experience of a system still in its in-
fancy,and very imperfectly supplied with means; but
the § per cent refers only ta the pieces actually lost in
adjusting, and does not include the loss of pieces which
owing to bad lamination fell beyond the limits capable
of adjustment, which were about 2} per cent more.
PDuring this time the management of the processes. of
adjustment as well as the lamination of the straps was
done entirely by Natives under the direction of an East
Indian Superintendent, and though, I doubt not, that
they were conducted with utmost care and attention of
which they were able, yet there was nothing at all,even
in the most remote degree corresponding with the diffi-
culties spoken of in the following paragraph of Mr.
Brande’s lecture ; which indeed it will be évident from
the state of the straps after lamination, as shown by the
tests before given, were not attempted nor required to
be removed. ‘ ‘

49, The following is Mr. Brande’s statement regard-
ing the rolling given to the straps in the Royal Mint
previous to the use of the draw-bench. - “ The rolling
“ of the Mint is perfectly distinct from the rolling of
¢ jron, copper, or other metals commonly carried on.
“ The utmost nicety is required to proportion the
¢ edges and parts of the ribbon (strap) to the particu-
* lar thickness, which is determined by very nmice
“ guages; above all, to take care that there shall be no
% inequality in the pressure,so that one side of the bar
“ ghould become thinner than the other. It is neces-
¢ gary, further, to take care that the ribbon is perfectly
“ true, not curved or curled in any way, and that the
« edges especially are correctly squeered out. All these
# are matters of extreme difficulty in practice, but most
“ highly essential, in order to avoid a great deal of
“ trouble which must result if points of this kind are
¢ not attended to in the earlier process of manufacture.”
The points here specified are, I think, all of them at-
tended to, but most probably not with that minuteness
and precision which are necessary when any irregu-
Jarity in the stzap once created is so difficult to rectify.
According to our system, all these irregularities being
subsequently compensated for, are of little conse-
quence, provided the whole out-turn of * disks” can
be brought within the broad limits of remedy establish-
ed by us; and the only question as to the propriety of
bestowing any more care upon this part of the opera-
tion is, whether with such machinery as we have, the
additional trouble mecessary to bring the 2§ per cent
of *disks” lost by bad laminaticn within the reach of
our adjustment, would be well bestowed; a question
which the Natives have practically answered in the
negative.

50. T think I have now touched upon all the pecu-
liarities of the new system, and fully stated all its de-
fects as well as advantages. Amongst the former, in
treating of the expected difficnities, I have stated that
the minute differences in size of the various blanks are

uite imperceptible in practice, and that they are not
elt by us in the only way in which they could mani-
fest themselves, viz. in milling, in consequence of ouxr
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independently being in the habit of performing that
process by three operations, That the evil of adopting

this course, where it is not already followed, ameunts to:

the cost of purchasing a three-fold number of milling
machines, to be worked at the same expense as befors,
but that thie cost is so trifling as to be of no moment.
I have shown also, that on contrasting the new system
with the old,as to the produce of the straps, counting
the rings and rejected pieces, and every thing except

. the good blanks within the working remedies, as scissel,
the new isystem gives results upon the large scale
quite as favorable us any other at present inuse. In
othér respects, that as regards accuracy, uniformity, the
certainty with which the results are obtained, and the
ease of obtaining them, it is to the best of my judgment
suparior to any other system that Iam acquainted with ;
and lastly, that in point of expense the cost is less than
ith in regard to the large coins, and probably less
than sth in the small ones ; and that too, as determin-
ed by experience under circumstances wherein steam
power was not available, which would materially add
to the economy of the processes.

New System of adjusting Coins.

51. I might add to these recommendations, the fact
that owing to the absence of filings, and the perfect
cleanliness of the whole business, there is no possibility
of the occurrence of waste, which as it might occur to
a trifling extent by the old process, is apt to be made
an excuse for a regular allowance for loss. I shall
however only say in conclusion, that although, owing to
the incessant demands of a constantly increasing coin-
age, and the very defective state of the machinery of
the Mint in general on our first commencing work in
1841, we have never yet had leisure to provide the de-
partment with a complete set of instruments to carry
out the system, yet still, with the most inadequate
means we have found the advantages so great as to
have been constrained to follow it exclusively ever
since it was first adopted ; and every day’s experi-
ence has confirmed and added strength to the opinion,
which induces me to recommend it for trial in other
establishments placed in similar circumstances with
ourselves. ' '

December, 1845, J.T. 8,



POSTSCRIPT TO THE MEMORANDUM ON
OOINAGE, BY CAPTAIN 7.

- Sinee the paper on this sabject gﬂl.:ed through the
Press, I‘hnvagx.eensﬁvofgd'wim']thec iticism of :ﬁiend,
whose opinion I value most highly, based as it is apou
a thorough knowledge and long practical experience
of the subject. ‘The remarks which he has kindly
made, were not written with any intention that they
should be thus noticed, but as the subject iz an im-
portant one, and ae they state difficulties which might
naturall ﬁr'e;ent themselves to others as well as the
writer, 1 have taken the liberty of entering into the
explanations to which they give rise, to guard against
the miscanception which might oiherwise exist in the
minds of others. My cotrespondent writes thus: I
“ admit to the full wmost that you assert, but with re-
« ference to the loss in melting, I cannof make up my
“ mind that the quantity of silver remaining in the dross
“ is so small a fraction as you suppose it to be; it could
 only be ascertained by some most careful experi-
“ ments; for inatance, if in your assays of bullion any
« allowances are made for cupel loss, for refinage in
* muster melting, &c. &c., and that estimated ?ua.ntity
“ is ireeater than it really is, so much more silver hag
“ tp be accounted for from the dross. Itis true that

“ most of the silver in the dross is recoverable, but

“ when the quantity is very minute, it is practical-

ly out of the question, as the expense of the pro-

¢ céss becomes ter than the value of the bullion
¢ recovered.” Upon this I must explain, that my
ar, nts a8 to the absence of any essential waste in
colnage are based upon the supposition that the bul-
lion is truly and fairly debited to the department, ac-
cording to the “trade essay ;" in which case, as I have
stated, instead of a waste by the processes, there ought
necessarily to be an actual and considerable gain. If
owing to an inaccuracy in the cupel allowance, or the
allowance for refinement in muster melting, more ot less
than what is proper should be left in the dross, then,
in that case this gdin would be greater or less accord-
ing to the amount of error, but it appears to me to
be unadvisable to embarrass the question by the sup-
- position of errors in the msay, which may tell either
way, because the conditions under which the argu-
ment is stated exclude that supposition, and they are
not affected by it. -

The quantity of silver which has been stated by me
to remain in the drosa at each settlement, is not a
matter of inference or deduction, but is ascertained
by actual experiment by the Assay Master; every se-

arate dross be,lbnging to ench department of the

fint, being ground to impalpable powder, and after
being thntqhgﬁ; mixed, & sample recovered with the
utmost possihle care, as a specimen of the whole. It has,
however, been stated, in the Memorandum, (para. 62)
that-while the drossés usually contained these amounts
of bullion, the accounts of the department during seven

WASTE IN THE VARIOUS PROCESSES OF
T. SMITH, FRS. FRSN A. o

settlements had been made up, and showed a consider-
able éxcess. Ifit were possible that the drosses con-
tained more than was supposed, the same havipg es-
caped the setutiny of the Assay Master, we should
be forced to éonclude from that circumstance that had
the recoveries been made more perfectly, & larger
exoess of the deliveries beyond the acconnts wonld have
been -the consequence. R ‘ :
My friend proceeds: * Again there is a slight irre-
“ coverable loss in all the Minting processes; minusie
“ particles of silver are separated from the ingots
“ under the rolls. In annealing, very thin lamine are
« melted, and lost in the farnace: in filing, as in the
¢ yolling mill, some of the minute particles stick to the
“ workmen’'s clothes and felt; and I believe that in
% pickling, with the alloy, a small quantity of silver
“ also ie separated. Even in the coining presses, when
¢ g collar begins to wear, I have found particles of silver
< about the floor, so light as to be easily blown about
¢ with the breeze,and so small as to be scarcely worth
< collecting. It is true the quantity of all theee losses,
“ except that of melting, is so minute as to be almost
¢ inappreciable; yet it is not correct to say there is
“ not any.” Upon the whole of these items, except
the filing, in which I have admitted in the Memoran-
dum, that a very trifling amount of loss may be una-
voidable (except by adopting a new process of adf' ust-
ment.) Imust observe, that in my Memorandum [ ad-
dressed myself more to the essential characteristics of
the different operations, than to the aceidenial con-
tingencies which might accompany them); and *that
in showing, Sf:erall'y, that so far from a considerable
waste being the necessary consequence of coinage, the.
opposite onght to be the true result, I did not think
myself called upon to enter into those minutize of ex-
lanation which are required to meet these difficulties.
fmust' however now explain, that the principles already
given include all these minor exceptions. In regard to
every one of the minute losses above referred to, except
filing, a complete recovery may be made, In the
Madras Mint, the sweepings of every room, rolling
mills, &e. are carefully mﬁected together, and recovery
made of the silver as far as it is profitable to do so:
what yemaine in the dross is estimated, and is included
in the statement of the quantity of bullion eonteined
in the dross before given, and credit for i is taken in
the accounts. In to losses in the furnace, the
sweepings of it are fully searched, and there is no pos-
sibility of metal escaping, for it cannot be volatilised.

In regard to the minute quantity of silver which is dis-
solved together with the alloy in the pickling liguor,

that also is recoyered, by the simple method of inserting
cegper sheets.

t may be objected, however, that spite of all the
sweeping and gathering of drosses, particles will re-



216

main which will defy the most elaborate search and
inveatigation. This objection which I loock upon as
the very last stronghold of resistance, I feel 1t to be
hardly mecessary to meet in support of an argument
professedly directed only to the main principles of the
question ; but I believe that the doctrine I advocate
will stand to be pushed even thus far, and that even
then its truth, as applicable to the ordinary operations
of a Mint, will be vindicated. But in order to perceive
this, it will be necessary to enter into some little expla-
nation, and I trust that the following illustration wiil
show my meaning,

If & Chemist makes an analysis of a mineral 8o accu-
rately, that not a single particle of it is either dissipated
by heat, blown away in powder, or left behind in the
solutions or mixtures which may have been made of it,
we may conclude that he is able to collect every parti-
cle of it again, with the exception of such minute quan-
tities ae may adhere to the different vessels he has
used in the process. I assume that he has not dissipated
any part of it, or allowed it to escape unnoticed, min-
gled with any fluid or solid matters which may have
been used in his processes. These solid and liguid
** drosses  contain nothing whatever, and none has been
dissipated; the only deficiency therefore is that which
adheres to the vessels. Let us suppose the mineral
weighed 100 grains, and that the deficiency is } grain.

Another precisely similar mineral is treated exactly
as before in the same vessels, and its particles are
removed with precisely the same care. Can it be sup-
posed that the deficiency will again be } grain? ILet
us suppose 10 minerals successively treated, and by
the use of the same vessels and instruments, can it be
supposed that still the half grain of imperceptible
adherent matter will in each remain unaccounted for.
At the end of 20 operations, there would need to be
accumulated in the vessels 10 grains of matter undis-
coverable ; not thrown away in the drosses, not dissi-
pated, but inseparably adherent to, or absorbed by the
iustruments employed. Of course this is impossible.
‘After the first or second trial, this source of deficien
must cease; forasit is almost certain that the vessels
would be made equally clear of matter on each occa-
sion, 8o it would follow as a consequence that the amount
of imperceptible adherence and absorption would con-
stantly be the same, and that after the first few trials,
there would cease to be any further loss from that cause,

And the same is the case with regard to the sweep-
ing up of successive coinages of silver or gold. The
whole Mint may be looked upon 28 s vast laboratery,
and each successive room as a large vessel for perform.
ing certain processes upon bullion passing through
it. On the first occasion of a coinage of any metal,
we might expect the sweeping of any and all the rooms
to be partially defective, and to leave behind a certain
trifing amount of undetected particles; but after two
or three such sweepings, it may be concladed that the
room will be safurated, if T may use the term, and
have no further capacity for holding them out of
the reach of the sweeper. After this, whick must

On Waste in Coinage.

happen on the first establishment of a Mint, not even
the wifling loss from the minute particles which
have eluded search would be experienced. Al the
remaining coinages would be free from any lose, for
although it in very possible that some of the parti-
cles of each might escape discovery, yet if, as is proba-
ble, the total amount oF latent bullion *always remains
the sume, it is evident that the losses in each suceeed-
ing coinage would be replaced by recoveries from some
of the former ones.

The practical advantage of this principle may how-
ever be lost when coinages of the precious and base
metals are made to alternate frequently with one ano-
ther, and the drosses are not carefully separated. In
this case, the trifling remnant of unrecovered particles -
of gold and silver might be confounded with that of the
base metal ; but this is not the itate of things contem-.
plated by me as the ordinary routine of a well con-
ducted Mint; and even this, though certain to occasion
trouble and inconvenience, ought not to be the ncces-
sary occasion of any loss.

Moreover, if the possibility of the occurrence of
waste be pushed to suci an extreme, it would be neces-
gary to do the same in regard to the various causes of
surplus. I have shown, I trust satisfactorily, that on
general principles, in the large way, a considerable
excess ought to be met with in the operations of every
Mint; arieing from the fractional diffcrence in value be-
tween the “trade assay” and the true fineness of bullion.
As a set-off againet any minute possible exceptions
against the general principle, such as those above noti-.
ced, I might appeal to the bencfitby the trifling gain in
weight arising from a similar cause to the above, and
additional to it, viz. owing to the purchaser being given
the benefit of the **turn of the scale” in weighing as well
as assay. In Madras, merchant’s bullion is weighed in
bars of about 1,600 tolas, and the wcight is calcufatcd to
the 3th tola, the benefit of the turn of the scale being

iven to Government. The gainarising from this source,
if the practice were followed universally, would be in a
year’s coinage, suppose of 50 Iacs of Rupees, more than
200 Rupees, a sum which would, I imagine, cover more
than ten times all the minute chances of loss last refer-
red to.

Imay take this opportunity of observing, in regard
to the statement given in the Memorandum, (pars. 31)
as to the loss of weight in blanching coins, that subse-
quent experiments have shown that the process adopted
for the eeparation of the grease, also carries with it s.
considerable quantity of oxide of copper. This circum-
stance explains the reason of the apparent difference
stated in the Memorandum between the experience of
the Madras and other Mintes as to the result of the ac-:
tion of the acid; for the total losa of weight in regard to
blanks cut from straps laminated without the use of ail,.
we have found during the last settlement to amount, in-
cleding this oxide, to 11} annas per mille or 1 anna 1.8
pie per cent, a proportion which does not differ in any
remarkable degree }:om that experienced elsewhere.

December, 1845. J.T.8
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NOTES REGARDING THE EXPERIENCE OF THE NEW SYSTEM OF FIXED LIGHTS.

_ When the first volume of our transactions was pub-
lished, the experimental trial of the new system of fix-
ed lights had only recently been made, and it was
therefore not possible to appeal to the actual results de-
rived from more than one or two of them. '

Since that time, the use of the lanterns, and of Jarger
lights constructed upon the same principle has been
much extended, and already more than a dozen lights
are in actual operation. Of these the forms and dimen-
sions are diffexent according to the localities to which
they are suited, and the number of their reflectors; the
smallest being of the pattern of that which was estab-
lished at Cochin, of which a figure was formerly given ;
(vol. 1, pl. vii.) and that most commonly used, being a
lantern with two reflectors, of which a general idea
may be formed from the drawings contained in the an-
nexed plates. ' ' '

The following notes will serve to'make known the
chief particulars respecting each of the beacons at pre-
sent established, and give some idez of the mode in
which the system is applied in various situations. The
details regarding cost have been kindly furnished to me
by Captain Maitland, Superintendent of the Gun Car-
riage Manufactory, by whase department many ‘of the
lanterns have been made; the other particulars, I re-
gret my inability -to render more complete, having no
other source to apply to for them than my own me-
mory and a. partial reference to the correspondence.
The first in order as to the date of exhibition is,

Madras Temporary Light—This light has been al-
ready noticed in Volume I., it was a substitute for the

12 lamps and reflectors formerly in use in the Madras"

Light-house. It consisted of 4 lamps and reflectors
upon the new plan, and was found to answer the pur-
pose perfectly, the power of the light being increased
four-fold. The whole cost of the apparatus was about
200 Rupees. The average consumption of oil previous
to the substitution was 370 -maunds at the cost of Ru-
pees 8 ,, 2 ,, 10 per meaund, or Rupees 1,194 ,,12 ,, 8
annually. After the change, the cost was less than 8
maunds, at the costof 24 ,, 14 ,, $ per month, ox 208 ,,11
per annum. The light continued in use from the date
when it was first lighted, 19th June, 1839, till it was
superseded by the New Madras Light on the 1st Janu-
ary, 1844, ‘

Coringa Light—This was built for an insular situa-
tion, ang intended to show a light all round the whole
circle of the horizon ; it was therefore composed of a set
of nine large sized 3 feet reflectors disposed circularly,
facing outwards, secured to a strong frame, &c. The
cost of this apparatus, including all the charges of freight
from Madras to the spot, and the erection and fitting

was 1,1441 Rupees, and it was reported by the Collec-
tor of the District on completion, to be admitted by all
‘who had seen it to be  very far superior” to the old
light, for which it had been substituted. The monthly
‘cost of the latter in wicks and oil kad been 142 ,, 3 ,, %,
afterwards the ‘whole cost for these articles was 87 ,, 6 ,,

-3, but. this Jatter sum appears to: be somewhat greater

-than the amount of expenditure of former years, though,
probably the light was then very much inferior. The
lantern stands on a masonry tower 60 feet high.

Masulipatam Light—This is a flag-staff lantern of
two reflectors, of which drawings have been given in
the accompanying plates. The cost is stated to be
270,, 8,, 10, and the report on its completion stated that
1t “ perfectly dnswered the end of a light-house, being
reported: to be visible, bright. and clear 16 miles off.”
The light was first shown on the 30th. November; 1840,
and has been exhibited ever since. The consumption
of oil is 8lbs. per night, at a cost of about 27 Rupees
per month. It has been found necessary to keep a du-
plicate lantern and epparatus in store, because in the
course of years, repairs become necessary, at which time,
the lantern in-use is removed, and the spare one. sub-
stituted for it, without this precaution it might happen
that the illumination could not be continuously kept.up.

Telticheryy Light—Is similar to that at Masulips-
tam, but in order to distinguish it from other beacons
in the neighbourhood, there is in addition to the double
light above mentioned, a second lantern containing a
single lamp and reflector placed on the same mast
40 feet lower down ; by this means as a ship draws in
towards the land, she perceives an exhibition of two
lights one above the other. 'The cost of the double lan-
tern was the same as that of Masulipatam 270 ,, 8 ,, 10,
of the single one 106 ,, 10,,11, It was first shown on
the night of the 15th December, 1845,

Cannanore— Tyincomallie——Point de Galle~—Negapa-
tam—Are all supplied with lights on the same princi-
ple as the Masulipatam flag-staff light, and at the same
cost, but the supply of a duplicate lantern to each,
which is in progress if not already carried into effect,’
;vi%[l)}-aige the cost of each work to Rupees 541, Annas

, Pie 8. :

Coclin—This station was one of the first supplied
with a signal lantern of the smallest size, agreeably to
the pattern of which drawings were given in Volume 1.
The cost of 2 lantern of that description including all
the apparatus is stated to be Rupees 106 ,, 10,, 11. In-
gludliag_ the duplicate the whoie cost is Rupees 213 ,,

» 10

Calicui—Singapore, and the second light for Teldi-
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above mentioned have been supplied of similar
pattern to that of Cochin.

Mangalore—Has been supplied with an apparatus of
a large size and considerable power, consisting of three
large reflectors of § feet in height, placed side by side,
pointing in the same direction, and fitted in a substan-
tial we]g constructed lantern, which is placed upon a
wooden frame-work or stage erected on a hill 200 feet
above the level of the sea, it being unnecessary in this
case to raise it further. The cost of this apparatus is
stated to be 1,150} Rupeea, the light was first shown
on the night of the £9th October, 1842,

Tuticoreen—~-Has been snpplied with an apparatos of
equal power with the above, viz. three large sized re-
flactors at a cost of 1,283} Bupees. It was first exhi-
bited on the night of 1st August, 1845.

Paumbum.—This is the largest lantern which has yet
been made up expressly to suit periscopic reflectors, the
circumstances of the case requiring a light to be ex-
hibited all round the horizon. For this puriose four
reflectors are used pointing in directions at right angles
with one another, by which arrangement the full effect
of two reflectors is visible in every aspect, and the light
is therefore on a pat in respect to power with those on
the pattern of the Masulipatam light; which, with half
the number of lamps and reflectors illuminate only half
the circle of the horizon. The cost of this lantern
which is fitted on the top of a masonry tower about 40
. feet in height is reported to have been 2,269 Rupees,
exclusive, I believe, of the lamps and reflectors.

The best judgment which can be formed of the

eneral utility of the system upon which these lights
Eave been established, will be formed by a perusal of
the following letter from the Secretary to the Marine
Board at Madras, to the Secretary to the Superintendent
of Marine in Bengal, in answer to inquiries regarding
them ; to which it need merely be added that it has
been thought unnecessary to give the correspondence
from the Military Board referred to in it, as it onl
cgnveys information, which has been given in detail
above.

From J. R. Bovsox, Esquire,

Acting Secretary to the Marine Board.

To '
J. SurnerLA®D, Esquire,

Secretary lo the Superintendent of Marine.
Siz,

With reference to your letter of the 21at December
last, No. 2369, I have the honor, by desire of the Ma-
rine Board, to forward herewith for submission to the
Acting Superintendent of Marine, a copy of a com-
munication received by this department from the

ilitary Board at this Presidency, which affords all the
information sought for by the Commissioner of Arracan.

counterpart of the lantern constructed for Masuli-
atam was forwarded to Caleutta in December, 1841,
‘per Ship Lord William Bentinck, consigned to Captain

New System of Fired Lights.

Boileau. The drawing farnished to this department
by the Military Board is transmitted to you by this
day’s t‘plP‘l‘ The light at Masulipatam is under the
charge of the Master Attendant. I Head man at 10
Ruxees per month, and 2 Lascars at 7 Rupees per month
each, are employed to attend to it. It consumes about
8lbs, of cocoanut oil nightly, and the only other expense
is that for wick and cloth for cleansing it, which the
Board thinks may fairly be estimated at about 8 Annas
per mensem. The Board desire mie to add that the
same description of light has beea applied to many
other stations, and that to the best of tgeir belief, the
results have in every case been most safisfactory. In
all cascs the practical management of the light has been
entrusted to Natives.
Ihave the honor to be, &c.

(Signed) J. R. Bovsox.

The only additional information om the subject of
these lights which it is in my power toafford, relates to
the detailed instructions which it is necessary to give
to the parties entrusted with their erection and first
exhibition, and perhaps the best mode of conveying
8 clear idea of the various minor particulars necessary
to be attended to, will be that of inserting copies of the
instructions which actually accompanied one of the lar-
ger and one of thesmaller kinds of apparatus. 1 subjoin
therefore copies of the instructions sent with the Co-
ringa and Masulipatam lights; the former an spparatus
on & large scale fitted into a full sized lantern slready
built on the old plan, the latter a flag-staff lantern of
two reflectors as above described. ‘

Directions to aocon:npmy the Coringa Lighting
Apporatus.

“In fixing these lamps and reflectors two points are
necessary to be attended to. |

¢ First,—That when the tin reservoirs of oil are filled
and dropped into their places, every lamp must be filled
to such 2 height, that the oil shall stand touching the
front edge of the burner, or the least thing below it.
Second,—The reflectors cught to stand perpendicularly,
as nﬁmwn by & plummet bung from the upper point of
each, ‘

% If these points be not shown to have been correct-
ly attained on the erection of the apparatus, they must
be altered until the whole of the lamps and reflectors
are exactly right. ‘The lamps ought to be trimmed
once in three hours, and particular directions must be
given, and care taken, to prevent their being suffered to
smoke, which is apt to be caused by the ignorance of .
Natives who do net understand these matters, by their
raising the wicks too high. 1Ifthis is carefully attend-
ed to, and the wicks correctly elevated, the lamps wiil .
burn with a clear steady light for a longer peried than
that named above.

¢ If there be no openings made already in the floor
of the lantern for the purpose of ventilation, two or three
dozens ought to be made for the purpose through the
boards, of about 1} inches diameter, with a bent tin tube
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ACCOUNT OF EXPERIMENTS ON REVETMENTS MADE AT $INGAPORE IN NOVEMBER,
1843, BY CAPTAIN BEST, AND LIEUTENANT ELLIOT.

At the foot of a eandy bank, a space 15 feet long by
1} foot broad was made level, and 3 courses of bricks,
3 bricks thick, were built on it as a pavement with
clay.
%he bricks used in the experiments were of the
ordinary kind in Singapore, averaging 8} inches long,
4 broad, and 1} to 1} thick—9 of them weighed 25 Ibs.,
anl their specifi¢ gravity is hence about 1807—9 bricks
which in air weighed 25} 1bs. weighed in water 10} lbs,
‘When soaked in water they weighed 29} bs. in air, and
18 bs. in water. 'When dry they begin to slide on one
another with a slope of 6§ base to 5 vertical, or at an’
angle of 36 degrees with the horizon.

The sand when quite dry and loose weighed 113.4 lbs.
per cubic foot, and stood with a base of 3 to 2 ver-
tical, or at an angle of 34 degrees. 27} lbs. of dry
sand imbibed 6§ lbs. of water. When well shaken
down, the dry sand is reduced in bulk about one-
tenth, and weighs 124§ lbs. per cubic foot. When wet
and shaken down 162-8 lbs. per cubie foot.

ExperiMent 1.

Upon the pavement above mentioned, a wall of
whole bricks, half a brick, or 4 inches thick was built,
15 courses or 26} inches high, sand being used instead
of mortar. Sand from the bank was then brought
'down, and levelled behind the wall. When the sand
reached the top of the 12th course, or to a height of
204 inches, the wall .fell over forwards, leaving &
lower courses standing.

. EXPERIMENT 2.

A similar wall was built 18 courses or 22} inches
high. It fell over when the sand was-levelled up to
the back of the 11th course, and left 8 courses standing
at bottom. :

Exrerivent 3.

A wall was built with headers and stretchers alter-
nately to a height of 20 courses, or 33 inches. It fell
over when the sand rose to the 19th course, or to a
height of 31} inches, and left 7 courses standing.

ExpEriMENT 4.

A wall was built 1 brick or 84 inches thick, aud was
raised 27 courses — 44} inches. The sand upset it
when it, reached the top.

ExPrRriMENT 5,

This wall was 8} inches thick with counterforts 43
inches deep, and 8} inches long &t every 8} inches.
The height was 38 courses, ‘or 574 inches, and the wall

fell when sand reached the top. 4 courses remained
standing.

Exrerimexr 6.

A wall half & brick or 4 inches thick was built with
mortar composed of sand 1} 2nd lime 1, and plastercd |
on both sides. Its height was 25 courses at 7 courscs
to a foot. 1t was built very carcfully and allowed 20
days to dry and harden, but it rained £ days out of
3, eo that when the wall had beent upset, the mortar
was found to have but verE little consistency. The
sand was raised to the 20th course, or B43 inches,
when the wall fell over.

—————

The theory of Colonel Pasley, according to which the
part of the earth which tends to overthrow the revet-
ment is boupded by a plane having the slope of the
soil, and passing through the outer edge of the base
of the wall appears to %e confirmed by these experi-
ments ; in each of which, some courses of the wall at
the foot remained standing. The different ratios of
the thickness of these rectangular (in section) walls to
the height of soil sustained by them were as follows :—
a being the thickness of the wall, and z the height of
the earth.

ExrBriuent)l. a==4,z= 2Ut.= =4 =5 ’

l=4.u=l9}.= =Y =4j ’
saverages |, xr = 31:.5: o=yl
a:Blz.—_.“}E:H =5y,

a avarages 10}, & = 67} 2 = W = 5},

The experiments are not sufficiently numerous, per-
haps, for a safe conclusion to.be drawn from them.
The conclusion to which they point, bowever, seems to
be, that for a counterscarp wall with a rectangular
section, a thickness of one-fifth the height is sufficient,
the material of the wall mot being of less specific
gravity than 1807, and that of the soil not more than
113 lbs. per cubic foot, standing with & base of 3
te a vertical of 2.

But if the wall be built with good mortar, and at-
tached firmly to a massive foundation, the pressure of
the earth must either uproot the foundation, or break
the cement, and the power required to do either the
one or the other is to be added to the strength of
the wall supposed to be built without mortar. In the
6th experiment, the wall had no foundation, aud the
mortar was but very slightly cohesive. It nevertheless
seems to have added considerably to the strength of
the wall.

Exrenixexr 6. & —=4.7 =341. : = @ = KL

average &,
Exrenmient 2,

ExrErIMENT 3,
Experiuent 4.

ExreriMENT 5.

-
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DESCRIPTION OF THE SLUICE OF IRRIGATION,; CALLED THE MODULO MAGISTRALE;
PREFACED BY REMARKS ON THE TAXATION OF IRRIGATED-LANDS,
‘ BY CAPTAIN BEST.

However difficult it may -be for me to discover or
admit’the merits of a permanent settlement of land
revenue in this country, where the characteristic im-
providence of the people seems to preclude the hope of
their saving in seasons of abundance, a provision against
those of famine,* even in their own behalf; {and it is
still more improbable that they should do so for the
purpose of paying their taxes,) where the home trade
is but an aggregate of village monopolies, where, the
revenue being barely sufficient to meet ordinary ex<
penses, if ore order raises a new regiment in the
North-West, another puts a stop to improvements .im
the far South, where great resources are neglected
for want of eapital which none but the State will ever
furnish, and in which the State has a claim to. the first
share, a professional Memoir would not be the fittest
place to bring forward my opinions, even though they
could be supposed worthy of attention when at variance
with the standard authority of those -whose business
it has been to investigate and deliberate upon a subject
which I have only casually and cursorily noticed. But

1 do not see any reason against my making a few re--

marks upon 2 part of the land revenne management
in which objections are likely to be more obvious to an
Engineer accustomed to study the best means of irri-
gating the country, than to the Collector who looks
.chiefly to the most effectual manner of getting revenue
from it.. _ !

' Lands, under the old Governments were classed ag
dry and wet.t To these has been added garden.
Land entered as dry may be converted to wet: dr'i"lor
wet to garden, but wet can never revert to dry: while,
in defiance of theories of rotation,land ence capable of
yielding tobacco, or other exhausting crop, is held of-
cially to vetain its powers for ever.

The land and the water (from tanks, &c.) are part
of the public capitel. Since any given amount of
labour bestowed on good land will yield a greater pro-
fit than if given to soil less naturally productive, it is
fair that the best lands should be highest assessed. If
the State lends the land and the water, it has also a

® Under a permanent money settlement, the Collector comes down
upon the ryot, whoso erop has fhiled thir year, and takes the kist in vir-
tue of the profits of Zast yenr, long sivce expended; or of nest year, to
anticipate which the ryot must buy the Soucar's aid at & high discount.
Bat, if the land tax varied in ﬂ;‘wt rmpombnt.otht ercps und the prices
of the year, instead of being ftized by avernges mude up of questionable
data and incorrect arithmetie, the agreeable and easy of the Caollector
would be to look to the advantage of the ryof as the primary object, and
to trust %o the incroase or facility of collactions being the never failing re-
suit of Aix welfare,

One very eam of the correstness of an sssessment may be dednosd
from this conslderation. In ordinary circumstances, if lands have been
correctly classed, and the tax fairly rated, land of each superior class will
@li be cultivated, befors that in the lower clases will be taken up.

t Dry or Poonjay.

Wet ar Nunj“ny?
Garden or Begnyat,

fair claim to expect a proportionate return, greater
when it grants land and water too, than when it grants
the former only. .

Bat, in consequence of the permanence of the clas-
sification above mentioned, it often occurs that the
same tax is leviable when water is not given, as when,
it s given; for, land which was irrigated when it hap-

_pened to be assessed, has been saddled with the water

tux ever afte¥, upon the erroneous assumption that the
water of a tank which once sufficed to irrigate a thou-
sand acres will always continue to do so. '

- The supplies of water from the large rivers which
flow right across the Peninsula, and fill with both
monsoons, especially with the more eopious western:
rains, are tolerably regular. ‘Tanjore, now that ‘ita
works of irrigation are good, and provision is made to’
keep them so, is never likely to suffer from drought,
and its superiority to the other districts in regard to its
supplies of water makes scarcity elsewhere beneficial to
it It is, perbaps, the only district east of the Ghauts
it _which a settlement can, possibly be permanent.

Riyers filled by the drainage of the eastern eountry

“alone are very wncertain in their freshes, and thas
nothing can be more precarious than the filling

of
mandmérse tanks by the rains which fall in their imme-
diate: neighbourhood may be understood, when it is
remembered that the annuel fall of rain varies from 18
to 88 inches.® In some cases, the repairs of one tank
have lessened the supply of another: generally, tank
banks: are mended in an inefficient and slovenly man-
ner, but it may be said that almost universally, tanks
do from natural causes wear out with old age, and the
land to which they once supplied water, in process of
time, is wholly or partly deprived of it. ~ This land, rich
in alluvial deposit, is the very best in the country, but
our Collectors’ records will show, that of the Adyaecut
Nunjay,t ot three-fourths are on the average cultivated,
and that the remaining fourth which would yield better
dry crops than any ordinary dry fields,is left almost al-
ways and entirely waste, in consequence of the restric-
tions imposed on the culture of Nunjay Mél pooryay.+

To say that if Nunjay land were under any circum-
stances to pay only poonjay tax, a door to abuses would
be opened which could not be shut, is a very poor ex-
cuse for permitting the far greater actual abuses arising
from the present system.

Most tanks receive with water, large quantities of
sand, silt, and mud ; and, as from the usual form of the
wasteweirs (calingulas) the clear, surface water only
escapes, when there is 2 surplus, and very little silt

- . » [

56 66 inchen in 827, } & Modras
+ Entive wetland, .
1 Dry evops on wet lands,



222

makes way throogh the sluices which feed the fields,
the bed of a tank has a continual tendency to fill up.
There are many tanke in which the operation of this
process is very manifest to any one standing on the

Description of the Sluice of Irrigation

bank when the tank is empty. It is them perceived
that the exterior or rear of the benk is very mach
higher above the fields, than the interior ia above the
bed, the section being somewhat as follows:

- —pe -
.

. A e y — — ot W -

This section represents a tank ba!‘lr-B thrown across
a valley, of which the fall is in the direction G F.
‘When the tank is new, the water of this valley is with-
held by the bank and fills the whole space {f W W W
in section) the quantity being then sufficient to irrigate
the nunjay ground below the tank, say 1000 acres, (re-
presented by N O:) but, in the course of time, by
accumulation of silt, part of the hollow which ought to
hold water only is filled up. To remedy this, the bank
B is raised, but the accumulation still goes on; and
it is clear ‘that after a certain height has been obtained
(that of the source G whence the water flows) no
advantage can be obtained by raising the bank further.
The silt at last gains the victory, and the tank which
was once capable of holding water enough for 1000
acres { O N ) now holds water enough for 500 (O M)
and no more. Part (M N) of the ground entered
as nunfay in the accounts, and which is too highly
- taxed to yield a profit if cultivated as poomjay, be-
comes waste.

This would be bad enough; but the actual result is
still worse. The land .V M belongs to ryots who have
as good a claim to share the water of the tank as those
who cultivate O M. They, therefore, insist on having
part of the water, so long as there is any. If the sea-
son is unusually favourable, the water that is drawn off
is replaced ; but, in an unfavourable year, if the water
which, properly economized would have been sufficient
for a fair harvest from part of the ground, be distribut-
ed over the whole, no part receives enough for the
perfection of the produce, and the whole crop pe-
rishes.

. Then come the clamour for remission, the bribe
giving of the richer ryot, the ruin of the poor one,
the gain of the dishonest Tasildar.

In every important tank there should be stand-
ards by which observation of the quantity of water
in it should be made at some fired date, when rain
can no longer be reasonably expected. In all large
tanks, ‘there are long stones, buiit upright in the bed
at the head of the sluices, and it would be easy, at
such fized dates, to mark on these stones the height
of the surface of the water, and af the same time to
note the quantity of land under cultivation, and the
number of months for which it requires water.

e e ae W

il iy W T
table, given es an erample, the

TO.Howing
first three columns show what quantity of water was
supposed necessary to complete the irrigation of the
crops on the ground. The next nine show how the
water was actually distributed, and the actusl supply
of water in a tank afterwards ascertained from the

In the

record of that distribution.

State of the cultication under Tank taken on the
21st of January, 184, waler al b feet 6 incher on

the slutce.
11T 21 83 41 3 [ 9 ‘1 § ) gy
e 12, 124 012 12 R
{_:LEE. -_';5.-53,"3. c} '533 , iiia 4[
i HIER R HIcE b I *Eg ‘
E cEal.Ea)e3 yk el ad iygié-»z €8l 5% k2
S2uldol|ipy(ded(3pd|ls a3 8573 d-g|EaT
EpR(FET|\ERETIRE I JeR TR IER RS RE]
z < |z |4 (=" |& z- &7 |.
120] 5] 1sooff 1o} 16f 1seoil mo|” sof weoil of of e
60 | id00f| 30 o s M gof 800 0 0 o
e 40| wootj 3  ao| woefl 30| 30| s o o o
8of oo ss00ff o o of sof s} loou|] el 23] seo
200 lmk 165 00lje 20 ¢ vi00!| o0 3 5108
—_—] i P + 2000 —_—— !—-—4
® 80 geres atf|—— It 2100}
1 erop scta-|| 2 |—al .
al result, _ laool Total wupply of watet.

The evaporation in the hot sessom is about half
en inch a day, or from an acre (4,840 square yasds)
about 67. cubic yards of water. The quantity of
water required for the whole 300 Acres would thus
have been 67 x 10,200 or 6,943,400 cubic yards, "
but the tank yielded only 67 x 8,000 or 536,000 cubic
yards. Omitting to take into consideration the less total -
evaporation had the water been used on the crops soon-
est gathered, it appears that [had the statement existed -
beforchand] the distribution of the water might have -
been as follows :

Acres.  Days Knowing that the water -
1 ;3 }% in——tank at the endof the’
€0 5 1r00 rains would suffice for on-
4 60 2600 1y 263 Acres out of 800, the
3-Nowmer. yemaining 37 should have
300 - 8000 received no further supply,

the full crop of 263 Acres
might have been gathered in lien of what is equivalent



used in the Milanese.

to that from only 205 Acres, while the labour ‘wounld
have been bestowed to the fullest advantage on 263
Acres instead of being.in great measure thrown away
upon 140 out of 300.

In the year 1835 in a Memorandum which was
afterwards reported on by the Board of Revenue,
I endeavoured to draw. attention to the subject of

the preceding observations; but as I did, not enter’

into this or similar detail in explenation of my pro-
position, I doubt if it was understood. Some ob-
jection was made, on the score of the Natives being
well acquainted with the necessity, and well versed
ju the practice of obtaining from the water in their
tanks and channels the greatest possible benefit, and
some, on <acccount of the alleged difficulty of adopt-
ing standards or Nuometers. The proposition fell to
the ground. : ‘ .

As for the second objection, the detail above en-
tered into is sufficient to show that there is no insu-

perable nor great difficalty in making such standards ;

for, if it were known that water up to 5 feet 6 on
the stone of——sluice in——tank signified a supply
represented by 8000, as is shown by the resulting
cultivation, in any other seasom when it was at the
same height on the same date, 4 remission of revenue
on 37 cawnies might at once be given, and the re-
mainder of the crop secured: and, with similar record
made through a series of years, the standards might
by gradual additions and corrections be made nearly
perfect. ‘ ' '

Surely, it is not to be supposed that the recollec-
tions and' opinions of Native agriculturists, let their
wits have been ever so much sharpened by their
necessities, are to be compared with such records
as these. :

We are too much in the habit of supposing the
Natives of India to be beyond improvement in the
art of farming, merely, because they Lknow .more
than ourselves of growing rice and other crops of warm
climates; and we have allowed this opinion too great
influence in judging prematurely of the cotfon ex-
periments.. Though an Italian or Carolina- rice-
planter might not at once succced in farming the
swamps of Bengal or the fields of Tanjore, either,
no doubt, could give useful hints to the brightest
Vellalun that ever followed a yoke of buffaloes;
and it were absurd to suppose for an instant, that
more advantage could mot be taken of the seasons,
by men who should form their judgment from data
such as real science affords, than by those who are
guided by the occultations; conjunctions, and qua-
dratures "of Jupiter, Venus, and the Dragon that
swallows the moon. : .

. Yet, though Ibelieve that standards measuring the
water, by simple inspection showing to how much land
it can be prudently given, and from how much it i wise
to withhold it, serving to regulate remissions by better
rules than the ryots’ supposed ability to pay (the reve-
nue to the Government or the bribe to the Tasildar, as
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the case may be) can at once be adopted, and with
very considerable immediate advantage, no measure
would, in my opinion, so fully, so fairly and so benefici-

_ally remove what I have represented to be objectionable
in our land révenue system as the eutire beparation of
the land tax and the water tax, . F ‘

Instead of classing land as dry and t;et, the Zand
should be assessed as good land or bad Iand, and the
water should be s0ld to those who cultivate;the adjacent
fields and might wish to irrigate them,®whether for
paddy, sugarcane, or any other crop.

This is the system which prevails ui Lombardy,
where, instead of interfering with the agriculturist, tax-
ing him so much for growing rice, and so much for to-
bacco, &e., and driving him from all attempt at im-

»provement, by the- apparition of a Harpy which his
fancy, guided by his experience, represents to him in
the act of watching for the first fruits of his superior
intelligence and industry, the Milanese farmer is left

free to cultivate whatever he may expect the greatest
profit from. -

It would occupy too many pages, and might now be
useless, were I to suggest how such a change of sys-
tem could be introduced here. Suffice it to say, 1 am
convinced it can be eastly istroduced, and that Ishall
be glad to learn what difficulties have to be overcome
ere the change is brought about. For the present, I
will content myself with a short descriptionof the

Mobrro of SoLpaTs,
the sluice of irrigation used throughout the Milanese
for measuring the water sold to the farmers, there,
an account of which cannot fail to be interesting to my

brother Officers employed in the Civil Engineer De-
partment.

Great part of the province of Lombardy is cultivated
with rice, and the produce, as in warmer climates, de-
pends upon a sufficient supply of water. Besides the
rice fields, there are meadows called Marests which
require much ‘water during the winter months. The
frost is prevented from being injurious to these by a
gentle current of water flowing constantly over the
grass; and, the herbage continuing to grow abundant-
ly during the whole year, serves as food to numerous
cows, from whose milk is made an enormous quantity
of Parmesan® cheese.

The canal of Pavia, called Naviglio Grande, and the
Martesana, led from the Ticino and Adda, serve to con-
nect the towns on the banks of those rivers and of the
lakes Maggiore and of Como, with the city of Milan.
These canals yield a considerable revenue to the state,
derived from not only the tolls of the merchandize
which is borne on them, but from the sale of the waler
used for errigation. The Oglio, the Muzza, and other
great artificial drains ave chiefly valuable on account
of the fertilizing effects of their waters.

* Parma being n prineipal merket for it, it is nomed from that eity, but

* the reputation of this famoua productiop rather belongs to the proviucs of
Lodi, .
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However surprising such ignorance may now seem,
it is the generally received opinion that, until a period
considerably later than the construction of the first of
the Milanese channels, Engineers did not know how
much the pressure or Aead of water above an orifice
augmented the velocity with which the fluid issued
from it, and it was not till a comparatively recent period
that the method of estimating this was discovered. Yet
it could mot bave been long ere practice must have
shown the Lombards, that the quantity of water that
their fields received did not depend only on the dimen-~
sions of the orifice through which they received it.

Their measurements continued to be inaccurate for
many ¥ears, and much contention was occasioned by the
erroneous decisions of the tribunals, in cases of water
];:rivi.lege.

ngineer, Giacomo Soldati, invented the sluice called
the Modulo or Modello Magisirale, so simple yet so
admirably suited to its object, that it has been almost
ever since, and is now used throughout Lombardy;
while in other forms, on the same principle and differ-
ing only in details, it has been introduced in other Ita-
lian states, and authorized by law to be used in the
messurement of water.

The principle of the sluice of Soldati is this. The
water passes from the canal or reservoir under a shutter
into a chamber, from which it issues through a measur-
ed orifice. Were it allowed to pass directly out of the
canal, it is evident that, as the depth varied in droughts
or with the melting of the Alpine snows, the velocity
and quantity flowing through an opening of a fixed size
would vary too ; but by the intervention of the shutter
which is lowered as the water in the canal rises, and of
the chamber, in which the water is thus kept always at
one level above the holes from which it issues, the ve-
locity is easily regulated, and is in fact, kept perfectly
constant.

The shutter is made to slide up and down in two up-
right grooved stones .4 4, which are placed in the line
of the bank of the channel with an opening between
' them, the width of which is regulated by the num-
ber of ounces® for which the sluice is made. The walls
of the chamber join to these vertical stones, while a
sole of stone is pfaced below them, on or a little above
‘the level of the bed of the canal, The chamber con-
sista of two walls, O P, parallel to each other, 20 feet
long and 20 inches wider apart than the grooved stones,
A Ad. At 2 feet height above the floor of the cham-
ber, a stone, .N, is placed across from wall to wall,
and the chamber being covered by an arch which

springs from the walls O P, a gable end is built upon
the stone N, which, with the arch and another similar
gable, built upon another stone, F, at the other ead,
completely cover and close it. An interval, B, of 4
inches is left between the shutter stope and the cross

® The quantity. of water that will flow through an oblong orifice 8
inchos wide and 8 inches high under a pressure of 4 inches i¢ called an oncis
or ounce, and this quantity is the unit of measure of water in Lombardy.
According to Professor Tadini, it equals 2.1168 cubie metres per minate,
or in 24 hours 107,653, cubic feet English.

It was about A. D. 1575, that a Milanese.

Description of the Sluice of Irrgation, &e.

stone N, which allows the depth of water at the en-
trance of the chamber to be ascertuined by esunding.
Four inches above the bottoms of the stones N and }' .
s horizontal cieling or soffit, of planks or of masanry, is
fixed : and immediately below F, is the modells or ori-
fice G, through which the water issues. This is alwava
8 inches high, end its width at the rat® of 8 inches for
each ounce.of water. Its floor is formed by a wall,
G H, 16 inches high, which is usually of stone. The
sides of the arifice are also of stone, and it is gene-
rally surrounded with iron to prevent the dimensions
from being fraudulently altered. The floor of the
chamber is of brick-work, and either horizontal as T /4,
or sloping upwards as T G.

Beyond the chamber, is an open channel which baa
a masonry floor and side walla. The formerat J, istwo
inches lower than the sill of the modello G I, and it
slopes two inches more as far as L. ‘1he side walls,
R S, are vertical, 18 feet long, snd at R, fourinches on
each side from the outer edge of the modello, and they
diverge each six inches wnore, 8o s to be three feet
eight inches apart at §.

The water being admitted, by raising the shutter up-
til the depth above the floor I is exactly 28 inches,
which is ascertained by scunding in the interval B,
while the height of the top of the modello is 16 +8=24
inches above the same floor, the pressure or bead is
always equal to the difference=4 inches; and all dis-
turbance of the water is most effectually prevented by
the contrivance of the cieling in the covered chamber.

When the ‘water has passed the point L, it is at the
disposal of the buyer or renter of it, and care js taken to
let it fall freely into a hollow, or down a slope from L,
lest regurgitation there should be communicated to the
water inside the modello and diminish the supply.-

Most of the sluices are put up to suction and s0/d for
the season or for the year. In woine cases they are /et
on leases for season or year. In others sold in perpe-
taity. The buyer or renter of a sluice then disposcs
of the water to the owners of the land adjacent at so
much for one or more hours per day, per week,* &c,

The water being purchased, ita value is well known,
and of course, it is not wasted by its purchasers. The
Government derives the advantage that is its due,
from the works made at its expense for public benefit,
while the farmer pays exactly in proportion to the ad-
vantage he derives, and buys the water or not at his
own option,

® The following is a Memorandum of the sverage pricas of water leg
and sold from the canals in Lodi, Paria, and Milan, from 180¢ to 15)4.

Lire. £ [a
No. 1. Sold absolutely for the whole year, - 33628, l: 656. |3,
2. Do. for the summer ( Int April to 7th Sept.)||312x9, |==1'610, 19,
3. Do. for the winter (lst Oct. 1o i5th March, ){ 2342, |=li45. [i4.
4. Rented (livello perpetuo) stper annam, -|)710. [=i'33. |7.
5. Do. for the summer season, - t - [lﬁll. =1[34. IG-
6. Do. for the winter season, - . fi128, =13 9.
%. Do. (fittoor temporary lease) at per annum,||2164. 1=)|43. |3
8. Do. for the summer, - - {2032, 1=I139. 16.
9, Do. for the winter, . -1 f=la. b

N. B.—The prices are per oncia Milanese. The Milanese lira is eque!
to Epglish £ sterling 017,
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NOTES REGARDING THE CONSTRUCTION OF THE NEW MADRAS LIGHT HOUSE, BY -
| CAPTAIN J. T. SMITH, F. R. §. F. B. §. N. A.

1. I cannot close this volume without a few brief
remarks upon the comstruction of the new Madras
Light House, of which drawings have been prepared
for insertion, It will be out of my power to give
more than the chief particulars, but I trust that they
will be sufficient, with the assistance of the drawings, to
give 2 general idea of the nature of the work, and the
principal points of interest connected with it.

2. The excavation of the foundations was commenc-
ed on the 17th July, 1838, and carried down to a depth
of 10 feet below the surface. Beneath this, wells 8
feet deep were sunk, the insides of which were filled
in the usual way with brick jelly and sand, and laterite
jelly and sand in every other well alternately. The
intervals between the different wells were filled up
with the same materials, and the whole level surface
thue formed, well soaked with water and hardened by
beating with heavy rammers. After every part of
the area had become sufliciently compact, a platform
of laterite of 40 feet square was laid, upon which the
brick work of the foundation rested. This was a solid
block of masonry 88 feet square at the bottom,tapering

. to the dimension of a side of 30 feet at the level of the
ground, and about 8} feet high. A well of 3 feet dia-
meter was left in the middle for the purpose of increas-
ing the full to be given to the weight by which the
machinery is kept in. motion, with this exception, the
whole was one solid mass, and great attention was paid
in laying the bricks, that they should be firmly bedded
upon one another.

8. The first stona of the building was laid in the
presence of Lord Elphinstone and a number of other
Gentlemen, on the 17th September, and the foundation
was completed as far as the level of the ground, by the
15th of October following. It became then necessary
to close the work for the season on account of the mon-
soon, and before theoperations were resumed, it had
been determined to apply to the Honorable Court of
Directors for permission to add to the expense of the
work, by facing it with granite, instead of common plas-
tering, pending which reference, the work was slowly
proceeded within the early part of 1839, in the hopes
that the decision of the Court would arrive before it
would be necessary to take measures in the construction
of the building, which were contingent upon the rature
of the reply. A block of masonry of 28 feet square
stands abave the brick foundation, and above this stands
the block which is seen as the pedestal of the column.
The last is visible from outside, and therefore, as it
was necessary that, if a granite facing should be sanc-
tioned, it should be built together with the masonry ; we
were soon at a eétand for want of instructions, end thus

although the work hadonly been resumed in May, 1839,

we were not, able to continue long at it, for the utmost
beight to which it could be carried, without the use of

-the granite facing, was reached on the 20th July, and

the operations were then temporarily put a stop to.

4. In May, 1840, the instructions of the Honorable’
Court, sanctioning the uskof granite, having been receir-
ed, the work was again proceeded with, and from that
time it advanced-uninterruptedly till its conclusion,
but the use of stone greatly added to the difficulties
and. delay of the work, owing ‘to the limited number of
stone-cutters procurable for employment at the build-
ing, and the constant disappointments in the supply of
the materials, owing to the quarries being at a distance ;
and the contractors a poor and miserable race, incapa-
ble of entering upon any business with energy and
spirit, and very troublesome to deal with, owing to
their poverty rendering the advance of cash an indis-
pensable preliminary to their undertaking any work,

-and their dishonesty making it exceedingly difficult

to avoid loss by euch an arrangement.

_ 5. Tt will be observed by the figures, that the four
flanking buttresses are buildings quite independent of
the shaft, and its pedestal and foundations, and although
the foundations of these were laid at this time, it was
thought most advisable in order to expedite the com~
pletion of the column, and thus the exhibition of the
light, that the whole of the workmen procurable should
be employed upon the column only, and on this account
nothing was done either to the four buttresses, or the
steps which connect them, till after the whole of the
business of the shaft had been completed, and it had
been crowned by its capital, surmounted by the lantern.
and its machinery. :

6. The four buttresses just referred to form four con-

venient rooms for depositing the oil, stores, tackling, and

apparatus belonging to the work, &c., and as it would
have quite ruined the appearance of the edifice, in an
architectural point of view, to have had any windows
in them, visible from outside, the object of lighting-and
ventilating them was attained by sinking their roofs
below the level of the cornice, and constructing a sky
light in the middle of each, which although sufficiently
high to give abundance of light to the apartment, iw
still low enough to be quite undiscoverable from the
outside. The communication between the different
rooms is made by passages which connect every two of
them, and thus encircle the whole of the block of ma-
sonry. They are formed under the highest step or
that which adjoins the block, and are sufficiently spa-
cious to be very convenient. Light is admitted to them
by bull’s eye lenses inserted in the granite stones which

_form the roof, and besides this, at those points opposite

to the middle of each face where there are passages
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leading into the interior of the block ; larger openings,

of about 18 inches square, are made for the purpose
of admitting a larger supply of light to aid in removing
the darkness of the staircase at that part.

- 7. The entrance to the building from outside was
made, by leaving open a small part of the lowest and
middle step next adjoining one of the buttresses, in the
least. observable point, where a door is made which ad-
mits & person into one of the corner roome ; from thence
he is led into the passage above described, from the
middle of which an arched communication leads direct
to the centre of the block, whence he may ascend by a
flight of 200 stone steps to the summit of the column.
The lower part of this staircase is lighted by the rays
pdmitted partly by the opening from above, for the geo-
metrical stair does not wind round a solid newel, but
leaves a well in its centre, as & passage for the machine
weight; partly by windows pierced through the block
into the outer passage, when light is admitted to them
through the openings above-described, and partly by
light admitted by openings cut from the centre of the
building horizontally outwards towards the face of the
die or pedestal, and then continued upwards verticaily,
80 a8 to open into the air on the upper surface of the
die, the right angle formed between the vertical and
horizontal portions of the cut being replaced by an in-
clined plane at an angle of 45 degrees, by the means of
which some light is reflected into the interior,

8. By these contrivances the difficulty of supplying
light for the interior of the lower 20 feet of the column,
which is totally shut out from any direct communica-
tion with the external air, is overcome, and the staircase
is sufficiently well lighted to occasion no inconveni-
ence. Above that point there are narrow windows in
each of the four faces of the column, which give ad-
mission to more than a sufficient supply of both light
and air.

9. It required our utmost efforts in the first season
to complete the pedestal upon which the eolumn stands,
owing to the great delay in procuring, finishing, and
fitting the granite stones facing it; the first of which
did not make their appearance, even in their rough
state, till near the'end of June. Great difficulties were
also experienced with the contractors for the supply of
other articles, with whom a constant warfare was oblig-
ed to be maintained, in order to ensure any thing like
a tolerable fulfilment of their engagements. In regard
to the bricks I found it at last the best plan, while con-
structing the large solid masses of masonry, of which
the foundations, pédestal, &c. were composed, to contract
with the supplier to furnish the very best materials, and
to leave it to me to take such as suited me, and leave
what I pleased, paying, not in proportion to the num-
ber said to be delivered, but by the cubic foot of mason-
ry actually finished, and in this way a large part of the
work was built of very excellent material at the rate of
10 cubic feet for 17 annas, for bricks only. The season

closed with the completion of the pedestal, preparationa

being made and continued during the monsoon for the
commencement of the column efter the rains,

Construction of the New Light House.

10. The shaft of the column consists of 42 cournes of
cut stone, each of which contains 16 pieces, each 3 feet
by 2 feet by 1 foot. The shaping, cutting the futes,
dressing and accurately fitting these, was & work of
great labour and delay, but by keeping up a constant
succession of labour, by a Iarge number of workmen,
some increase of expedition was brovght about. The
average time of fitting each course was upon the whole -
nearly a fortnight, but under the most favourable cir-
cumstances, three and almost four courves were com-
pleted in a single month. In the first fow or lowest
courses, iron cramps were introduced for the purpose
of securing all the different stones of the course more
firmly together, but these were soon afterwards aban-
doned on account of its being observed, that in spite of
all the pains which could be taken, the Natives inserted
and fixed them so ineficiently, that they could in facs
be of but little real benefit, and it was hoped that the
sintem of bonding would be sufficiently secure withous
them.

11. The bond introduced was that of making every
fourth atone in each course of half the height of the rest,
but of such a thickness as to reach inwards towards the
centre of the building three or four feet, the deficiency
in height was made up by a false half block placed above

- or below it, so that the two combined, presented the

same appearance {excepting the horizontal joint) ne the *
rest of the single stones of the course. Ia every suc-
ceeding course,the precantion was taken of choosing for
the bond stone a block which did not lie vertically
above any other bond stone in either of the three pree
ceding courses; to effect this, the bond stone in each sue-
cessive course in height was next in advance iaterali
or rather circularly, of that beneath it, and taking all
the bond stones throughout the building, they would be
found disposed in the form of spirsls regularly winding
round the shaft of the column. By this arrangemens
it will be seen that the weight of every third courase is
supported by a complete set of thorough stones, as cer-
tainly, though mot so evidently, as if the three courses
had been constructed without a bond, and their support
derived from a complete course of bond stones inserted
beneath them.

12. Towards the neck of the capital, the brick-work
18 reduced to nothing, and the few last courses are en-
tirely of stone. Here iron cramps were again resorted
to, and the stones which form the capital are secured
together by a solid iroa ring, let into a channel cut in
the middle of the upper sarface of each courue, after it
bad been laid and fitted together, The capital was
composed of four courses ; the fillets and the ovolo of two
courses, and the abacus of two more. It was arranged
that the whole of the stones forming the capital should
be of such a length in the direction of the centre that
on their being placed in position previous to ﬁtt.ing the
inner end of them much prependerated, there is there-
fore no tendency in any of them to fall over or down-
wards, even were they not fitted to one snother, or
cramped as they afterwards were, and secured by the
insertion of the circalar iron ring,
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By Captain J. T. Smith.

13. Above the capital stands a blocking course of
larger sized stones, each of which weighed upwards of
1} tons, these were fitted and cramped together in the
form represented by the drawings. The lower carb of
the lantern serves the purpose of the bond for the
upper course of these stones, as it was let into a groove
cut into it for the purpose. The stanchions of the lan-
tern had been eriginally intended to be fitted to 2 wood-
en frame, and were provided with long bolts fitted into
the foot of each, and tapped to receive a nut, which was
jintended to be screwed home underneath the wooden
frame 50 as to bring the foot of the stanchion into
firm contact with its upper surface. ‘The same arrange-
ment was made to answer very well with the granite
blocks also by boring a hole in the proper position for
receiving the boit, and cutting out a horizontal cavity
in the side of the stone corresponding with it, and car-
ried inwards until the lower part of the bolt was clear-
ed, and there was room all round it to receive the nut
to be screwed upeon it, as well as a circular washer in-
terposed between the nut and the granite. This plan
was adopted in preference to running the stanchions
into their places with lead, on account of the great faci.
lity which it afforded in adjusting the different parts
and the lantern together on first putting it up, and alse
the case with which it might at any future period be
dismounted, in part or altogether, for repairs or any
other purpose.

14. The rest of the lantern was put together with
great facility, ample precautions having been taken by
the makers in England, to obviate any mistake; previ-
ous to fixing the last two or three stanchions, the larg-
er parts of the machinery were hoisted from below into
the lantern and fitted into their places, though the final
adjustment of the apparatus was of course postponed
till after the lantern had been closed in and glazed.
The hoisting of the machinery as well as of all the stones
used throughout the work was done by the means'of a
crane of a peculiar kind, of which a description has
elready been given at page 106, and was effected with-
out the smallest accident to any part. The whole was
completed and ready for illumination in the month of
December, 1843, and the light wag first exhibited on the
1st January, 1844, since which time it has been in un-
interrupted use.

15. The box containing the machinery of the light
Tests upon two cast iron beams placed across the build-
ing, bars of wrought iron connect them firmly together,
and form a support for the wooden flooring of the lan-.
tern room. This floor is provided with ventilators,
which can be opened or closed at pleasure.

16. It was found necessary to contrive means for
carrying off the heated air from the interior of the lan-
- tern, and some difficulty was experienced in doing this
in consequence of the apparatus having to be applied
to & machine already constructed, and to its being a re-
volving one. In England this would be easily effected
by making the central spindle of the revolving appara-
tus hollow, and leading all the conducting tubes of hot
uir into it, but as such a spindle could not be construct-
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ed in Madras, it was necessary to devise some other
means, and that was done as follows. ~ Taking the hint
from the ingenious method invented by Mr. Faraday
for the British Light Houses, the hot air of each lamp
waas carried off by a small tube dipping iato the inside
of the glass chimney and passing through the reflector,
and a number of these being led to one point, the cur-
rents of hot air carried by them were united in a tube
of larger capacity, the upper edge of which projected
about three or four inches above the highest part of the
revolving apparatus, which carried the lamps and reflec-
tors, and to which the whole was secured. Here it
dipped, or rather rose into, a circular trough which
formed the lower mouth of a funnel shaped receiver,
the bottom-of which corresponded with the circalar
track of the hot air pipe above-mentioned, and the up-
per part tapering away to the dimensions of a similar
but larger pipe reached up into the ball of the lantern.
As the motion of the reciprocating machine only extends
through a quarter of a circle, the mouth of the funnel
was shaped as a quadrant, and there were two of these
on opposite sides of the lantern, because it was found
most convenient to collect the hot air from the various
lamps in two streams on opposite sides. The two hot
air pipes were connected together by a flat circular
copper-plate, shaped like a zone, with a lip round its
outer and inner edges, and through which on opposite
diameters the hot air pipes passed, while the zone itself
being in every position of the movement in close con-
tact and correspondence with the mouth of the two fun-
nels, kept them close, and prevented the entrance of
any other air than thatconveyed by the hot air pipes, and
also precluded the exit of any hot airinto the body of the
lantern. Thisapparatus gave every satisfaction on trial.
17. A memorandum will be found in the appendix
on the subject of the conductor which was fitted to the
building to secure it against the effects of atmospherie
electricity, detailing the principal points necessary to
be attended to in applying such an apparatus, and »
description of the particulars of that which was made
use of on this occasion. It was kindly drawn up at my
request by Captain Ludlow, whose familiar acquaint-
ance with these subjects led him to take & peculiar
interest in this part of the work, and to study the prin-
ciples commected with the best methods of precaution,
and by whose design the arrangement was carried into
effect. There will also be found attached a number of
useful suggestions and memorandums of dimensions and
rices respecting the stone work, which Captain Lud-
ﬁ)w has recorded, and which are likely to be highly
valuable in any future undertaking of this kind. I have
already mentioned that I was indebted to Captain Lud-
low for his valuable assistance during the construction
of most part of the edifice, the chief superintendence
having devolved upon him almost immediately after the
commencement of the shaft of the column, and the
building haviag been completed by him ; and it is to his
close sttention and unwearied pains that we must attri-
bute the great accuracy and solidity with which the
work was put together.
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SOME REMARKS BELATING TO THE MATERIALS AND CONSTRUCTION OF THR NEW
'LIGHT HOUSE, BY CAPTAIN LUDLOW.

The granite used in the building was procured near
the four villages of Tahmurrum, Palaveram, Trichellum,
aod Treeneermuilay, all situated in the neighbour-
hood of the Palaveram cantonment. The stone found
at Tahmurrum is of a highter colour and more easy to
work than that procured elsewhere, and on account of
the latter quality is more in demand. There is also
a species of stone of a much darker colour and hard-
er grain found at Assavapooram, in the same neigh-
bourhood, but its extreme hardness renders it quite
unfit for building purposes, and it is only used for mak-
ing stone hammers, mortars for rice beating, &e.

There are not more than 40 or 50 men in these

villages, who gain their living by quarrying stone, it
is in consequence very difficult to procure a large quan-
tity of it for any work unless a long previous notice
is given. They are always in the habit of demanding
advances upon receiving an order, and being a very
drunken, dissipated, and dishonest set of fellows, will,
unless proper precautions are taken, make away with
the money without fulfilling their engagements.

. The following ie their method of quarrying. Having
selected a part of the rock where there appears to be
a sufficient depth of good stone for their purpose, the
upper crust which generally consists of stone of an in-
ferior quality is removed by blasting to the requisite
depth, about 1 or 2 feet, and the solid mass below thus
laid bare. Holes of about 4 inches square and from 3
to 4 inches deep (according to the thickness of the
stone required) are then cut at distances of from 4 to
6 inches in the line of the intended fracture. Iron
wedges are inserted, and being repeatedly struck with
& large hammer formed of the hard stone I before men-
" tioned, slung in a pliable wooden frame, a large mass
is thus detached. This mass, (except in cases where
very large stones are required) is again broken up into
smaller ones by inserting wedges along the intended
Tines of fracture as before, with this difference that the
wedges are much smaller and placed much closer to-
gether, The stone then receives two dressings with
heavy chisels, by which the greater inequalities are re-
duced and is then ready for transport to the work.

As the fracture is frequently very irregular, in order
to avoid all risk of the stone being skor? of the requisite
dimensions, they are constantly in the habit of making it
much toolarge, whereby the labour of reducing it to the
proper form is materially increased. By driving the
smaller wedges rather deeper and with more care, a
more regular fracture would be produced and indeed
it would be well worth while to run the risk of spoil-
ing many sfones rather than make those which are sent

to the work so much in excess of the requisite size.
But as affairs are mannied now, this is no businers of
the stone quarry-men who only engage to supply stones
not smaller than the required size. It would be advis-
able hereafter to have the stones finished (with the

.exception perhaps of the final dressing) on the sﬁot, by

contract, and if possible by the same parties who fur-

nish the rough stones.

As the price paid for the rough stone supplied for
the Light House included the cost of carriage to the
beach, I am not able to state how much tﬁin latter
item amounted to. ‘The mean distance from these
quarries to the beach is 14} miles, the smaller stones
were brought on bandies drawn by 1 pair and in some
cases 2 pairs of bullocks, but the largest stones were
placed on heavy carts, and dragged in by coolies.

The 12 large stones at the top of the column to which
the stanchions of the lantern are fixed, weré conveyed
in the latter manner. They measured almost’exactly one
cubic yard, each weighing about £ tons. For each of
these 25 coolies were employed. The contractors pay-
ing them 4 annas per man for the job, that is, loading,
conveying, and taking back the empty carts, thus mak-
ing the cost of carriage in this instance, 6 Rupees 4 An-
nas per cubic yard, or about 22 per cent of the price paid
for the stones. The average cost of carriage however
was doubtlese much below this. ~

The price of the rough stone (in which were includ-
ed the two dressings it receives at the quarry, and the
cost of transit to the beach), was considerably diminished
during the course of the work. At first it amounted
upon an average to as much as 1 Rupee 11 Annas 8
Pice per cubic foot. The following is a statement of
the average price of the different kinds of stone from
1842 to 1844, after the reduction was made.

Slabs 9 inches thick, »
. r.
8} to & in length.
84 to 2} in breadth, '
" ow 15 to 12 square feet Supl mensuremont.
Containing from 12 to 8} cubic feet. .
: ) R. A P
Pricepersquars foot, - - - 012 §

n o ctubic foot, - - - 1 0 6

Varying from

n »

Slabs 8 inches thick,

. RO .
“Varying from § to4 in length,
o 24 to 1} in breadth.
w o» 14 to 6 square feet,
Containing from 7 to 3) eubic fest,
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- ) R. A P
Price per squarefoot, - - - 0 8§ 4
» P:rcubic foot, - - - 1 0 8
Blocks No. 1.
Average Length P
verage Leng ="
» Breadtl.l. - - 2 9
” Thickness, - - 1

8
»  Cubie contents, - 18 cubic feet.
Varying from 6 to 3 fa length
om, to ia length.
& 34 to 2§ in bregath.
» » 2% to 1} in thickness.
" s 85 . to 16 cubio feet.

Average price 15 Annas and 2 Pice per cubie foot.

Blocks No. 2. -
) Average Length, - - - 4 E
:lg Breadth, - - - - 2 ¢
s  Thickmess, - - - "1 3
_»n - Cubic contents, - -  B-87 cubic feet.

Vi fro I;. ;L in length
arying from to 2§ in length.
§ to i in breadth.
» ”» 2} to 1 in thickness.
» n 8 to 14 cubic feet.

Average price 12 Annas and 10 Pice per cubie foot.
 BlocksNo, 8 ..

Ft. In.

Average Length, - - - 23 1}1
»  Breadth, - - 1 10
s+ Thickness, - .- 1 1

»  Cubic'contents, - 567

Varying from == -

Ft. Fe X
3} to 2 in length,
- 2 to 1} in breadth.
" # 14 to 1 in thickness,
. ”. »w - 8 to T cubic feet.
= - Averago price 8 Arnas and 3 Pice per cubio foot. -

” n

.t would 'gppea.'r from the above statement that slabs
from 6 to 9 inches in thickness are the most expensive
kind of stone (reckoning by cubical contents) which can
be used. This ariees from the difficulty of splitting off
pieces of so little thickness, without breaking the stones.
This difficulty is greatly increased as the length and
breadth of the stone become greater. Inagranite build-
ing therefore the use of such thin stones, even on
account of the expense should be avoided as much
as possible, but moreover as they are very apt to be
broken in moving there is still stronger reason for not
employing them. L '

The price per cubic foot of blocks of granite, increas«
es of course with their size, but not in so rapid a ratio as
might be supposed. The difference between No. 1 and
‘No, 2 for instance being only 2 Annas 4 Pice per cubic
foot, although that between No. 2 and No. 8 is ¢ Anpas
7 Pice. -

The objectionsto theuse of large stones are theirhigh-
er price and the difficulty of handling them. The for-
mer it appears is not a very formidable item ; with re-
gard to the latter it would be impossible to say what it
exactly amounts to; experience however hasshown that
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‘even with the defective apparatus procurable in this

country, the difficulty of managing moderately large
stones is not very great. The principal objections to

_ the use of small stones are the greater number of jointa

required, the additional surface requiring to be dressed
and the loss of material in dressing. ‘

If the surface of a stone of the form of a parallelopip-
ed,be reduced by dressing a quantity in depth represent-
ed by ;; of a foot, the quantity cut off in cubical feet
will be represented by the formula. ‘

gb+adddb  stbid - 1
— "L + e g

: x po .
ab and d being the length, breadth, and depth of the-
original stone in feet. -

Nowif we take a single stone measuring 6 feet x 24 x 2
and dress it to a depth of 2 inches. (The guantity
cut off the rough stone supplied for the Light House
exceeded this, and I believe it was nearer 3 than 2
inches,) all ways; the loss in dressing calculated by the
above rule will be 93 cubic feet out of 30, and 20}
cubic feet of finished stone will be left.

If on the other hand we take 8 stones measuring ori-
ginally 2424 %2, or in all 30 cubic feet, the loss ondress-
ing the 8 will be 12 cubic feet, and we shall only have
18 cubic feet, of finished stone left.

The price in the rough of the large block was 15
Annas 2 Pice per cubic foot,oxr 2 Annas 4 Pice per

"foot more than the small blocks. : .

The price per foot of the large block when finished is
I Rupee 6 Annas 1 Pie, that of the small block 1 Ru-

. pee b Annas and & Pice, In this case therefore by

using one large instead of § small blocks, while the price. -
of the material is only increased 8 Pice per cubic foot,

* we save £ joints and 20 equare feet of surface dressing,

matters of no small importance, besides adding both to
the strength and appearance of the building.

‘When the size of the stones increases beyond a cer-
tain point, a limit is doubtless imposed apon us by the
difficulty of handling such large masses, but I think that
no stones of less than 10 or 12 cubic feet should be
used in a granite building when it can be avoided.

* An instance of great waste both of material 2nd work-

manship, owing to want of attention to these conside-
rations, may be seen in the piers of the groined arches
of the gateways under the ramparts of the Fort, where
the stones are of a very small size, and whete not only
must the expense of the work have beern much increas<
ed but its strength is also materially diminished.

The pillars of the railing which encloses the road
round the Light House were mostly procured at a
quarry near the Seven Pagodas. They were supplied
in & finished state at 14 Rupees each—they are 6§ feet
long of which the lower 1} feet are undressed. They
contained in the rough state about 10 eubic feet, and
their dressed surface is about 24 square feet. The price
paid for them included carriage for a distance of about:
85 miles. The price paid for the carriage of each as
nearly as I could ascertain was 4 Rupees.
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Some pillars were lately supplied from the same
"quarries for some Native building in Triplicane. They
were 18 feet in length of an octagonal shape and two
feet in diameter. They had received an extra dressing
before leaving the quarry, and were therefore more than
half finished. They contained 54 cubic foet, and cost
59 Rupees 8 Anunas each including carriage. They
were conveyed a distance of 33 miles, and the carriage
of each cost 31 Rupees 8 Annas. Each stone required
two bandies and eight pairs of bullocks.

Stone may be procured at the Seven Pagodas of a
much larger size than at Palaveram, it is of a lighter
colour and much more easily dressed. 1 am credibly in-
formed that pillars of 50 feet in length and propor-
tionate thickness have been procured at these quarries,
-whereas at Palaveram they-cannot procure stones of
half the length, if that, and at a much greater expense.
If communication by water were established between the

By Captain Ludlow.

Seven Pagodas and Madrss, (a project of no very diffi-
cult execution seeing that a backwater already exists for
a considerable part of the way,) I have no doubt but
that stone of a quality and size better adapted for build-
ing might be procured and at & more reasonable rate
than that brought from Palaveram. ¢

I may here mention a circumstance which is but
little known, viz, that quarries of sand stone admirably
adapted, both in point of beauty of appearance and eco-
nomy of workmanship for building purposes, exist with.
in a distance of about 20 miles from Madras, at & place
called Coopoor. As the line of the proposed Madras
and Arcot railroad rune within a few miles of these

uarries, it may perhaps be found advisable to introduce
this stone in building which has never yet been done,
the cost of the carriage at present being the chief obe
jection.

MEMORANDUM ON THE LIGHTNING CONDUCTOR ATTACHED TO THE MADRAS LIGHT
HOUSE, BY CAPTAIN LUDLOW, MADRAS ENGINEERS.

The necessity of providing a lofty isolated building,
such as the Light House, with a conductor, in a climate
like that of Madras, so frequently visited by Thunder
Storma, of a serious nature, will be apparent when it is
stated that two ont of three of the Church spires here
(those of St. George’s and the Scotch Kirk) have, within
the last 6 years, been more or less damaged by lightning ;
the 3d, that of St. Mary’s in the Fort, having only pro-
bably escaped owing to its being provided with such a
safeguard. ’

In event of a discharge of the electric fluid taking
place on & building of this kind, it would in all proba-
bility fall on the lantern, that being the most elevated
point and possessing & large conducting surface of cop-
per. ‘To secure the machinery and building therefore
it is necessary to previde a sufficiently capacious and
direct channel for the conduction of the fluid from the
Jantern to the moist soil below, where the dischargs
would be innocuously dispersed.

The conductor is formed of a bundle of 22 copper
wires varying from § to % of an inch in diameter, stronglg
bound together, and running in a straight line, throug
holes pierced in the steps, from the top to the bottom of
the building along the inner surface of the wall. At the
top it is cannected with the frame of the lantern, the
machinery of the light and all the principal masses of
iron by broad bands of copper ; at the bottom it is join-
ed to a rod, 2 inches in diameter, sheeted with copper,
which is driven through the well in the foundation of
the building, into the wet goil below. It is connected
moreover both above and below with the iren rail of the
stairs.

This form of conductor fulfils all the conditions con-

sidered requisite by those who are supposed to be the
best authorities on this subject, such conditions being,

1st. That the metal employed ahould be copper, it
being the best conductor. _

24, The quantity of metal should not be less then
that represented by the section of & solid cylinder haif
an inch in diameter. The united sections of the 22 cop-~
per wires exceed this,

84. The metal should be placed under as great an
extent of surface as is consistent with strength, and
should be perfectly continuous. A maximum of surface
is obtained by using a number of cylinders, and the
strength of wires of the size used is amply eufficient
especially when bound together, asthese are ; each wire
runs unbroken from top to bottom of the building ; all;
these conditions are therefore fulfilled. _

4th. The conductor should involve in its course the
principal detached masses of metal in the building.
"This is the case also.

5th. It should be placed as close as possible to the
walls which are to be defended and not at a distance
from them, and be carried at once directly into the
ground ; both these points are fully attended to.

6th. Tt should be attached to the most prominent
parts of the building. This is done if being attached
to the frame work of the lantern.

7th. If the length is considerable, its dimensions
should be increased. It does exceed in some measure
the required dimensions, and moreover the iron rail
with which it is connected above and below form a sup-
plementary conductor greatly increasing the conduct-
ing channel.
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Avmauny.. .. Under the immediate tha.ﬁagemenf of GﬁVernment or applied to a settlement under which the

B

Anna. oo iiiannnn
411'"'0“‘-,-.-. enivanw
Adpron....i.in ...
Ayacttbun . oy av.
Bamboo....... areen
Bandy.veoienieains
Bazaar......ve.ieea
Beetul ............
Bervt o wiiaiiaaaian
Bund........iv00.
Cadorumbum . . .. ..
Culingula,..........

Coandy...vooneens .

Colamaran..,e, .. ...

Cmﬂey- sremyrraL Y

C"lafl-‘_![....'.-.-.;-:.
ck'mlba---..-----on

Chunam....c.cauves
CWoar, ovurion &
Codamoorty.........
Corumboo...e..u...,

Cuddaopoo. ........
Cuddoopoo-car. ..,

Celluman v ooven...
Lalwah............
Cutcherryp. .o oo ovun.
Dazewandum Tanks.

Dhomy. cerieranan

L3

Government receives its share of the produce .of the land from each cultivator, m kmd instead
of stipulating for a pecuniary commutation, (in contradistinction to Ezarah?) °

‘The sixteenth part of a Rupee, or of a yard.

A masonry or earthen dam across & river.

That part of an annicut on which the water falls after passing over the top of the work.

Total cultivable land ; also signifies the whole of the lands of a village.

A large species of reed or cane, used for making baskets, frame work of boats, mats, &c. ke

A cart, usually drawn by two bullocks or buffaloes.

A market. '

A species of the pepper viue, the leaves of which are commonly chewed by the Natives of India.

Rent, ravenue.

The artificial bank of a tnnk lake, pnnd or other reservoir for water.

Dry or waste lands.

A masonry work in the margin of u tank, or in the bank of a channel, to allow surplus water
to flow freely off.

500 1b8. avoirdupoise.

A rude mft, made usually of three logs tied together, om which fishermen s:.t l.nd paddle about
in the water.

A land measure equal to 6,400 square yards. ' T *

An earthern pot. ' ‘ * '

“The name of one of the rice crops in Southern India, the Chumba barvest begins about the nnd?-
dle of July, and ends about the end of J apuary.

Lime, or Mortar. .

The state; or Government; head of affairs. S

The name of 8 branch of the Cauvery river; also a amall xiver in the Trichimpoly district,

A temporary dam of mud or sand and grass, stretching obliquely across a river, to turn & por-
tion or the whole of ite waters into a side channel.

The name of one of the rice crops in Southern India.

A species of coarse rice—~the harvest for which begins “about the middle of Auguet, and cnds
about the beginning of December.

A dry measure, equal to about 19 gallons and 1 guart, or 12 marcalls.

. A channel.

A building in which public business in the Revenue or Judmn.l Department is carried on—also
a Court.

Tanks which are kept in repair by tha cultivators, and for wlnch they agree to- give up l-lOtix

" of the revenue. ‘

An allowance of land or rent, glven a8 a compensataon for the construction of a tank, or assignment
for making a tank,

A country coasting vessel of from 10 to 100 tons burthen, used by the Natives.

- Settlement~-literally fixed, applied to the engagement. which a ryot makes at the commencernent
of the year.

& The Orthography of these torms is nottobaltrintlyinlilwiupma varioua modes of spelling being in use, and mistakes having ume.
avoidably occurred in printing them,



