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INTRODUCTION.
———

HE progress of scientific discovery and invention
during the last 15 years has been extraordi-
narily rapid and the aspect of many industrial

and agricultural problems in India has been materi-
ally changed by the advances which have been
effected. As yet, the importance of these new deve-
lopments is hardly recogaized and most of the papers
collected in this little volume have been written at
odd times in the hope that they would contribute to
the gradual diffusion of knowledge on such matters
and that, thereby, they would lead to definite action
on the part of those who possess facilities for initiat-
ing changes in the desired directions, It cannot, how-
ever, be said that much has been accomplished in
this way; though at the same time it is satisfactory
to be able to record that the results, obtained from
what has been done, justify the conclusions which
have been drawn in the several papers.

The agricultural experiments still in progress at
Melrosapuram promise brilliant financial results and
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the work which has there been accomplished by the
Rev. A. Andrew is deserving of the highest encomi-
ums. The Irrigation Commission, in' their recently
published report lay great stress on the importance
of extending cultivation under wells and they specifi-
cally recommend experiments with engines and
pumps. Unless Government act as pioneers in this
direction, very little is ever likely to be done; but,
on the other hand, if the initiative is taken by
Government, and the anticipated results are actually
obtained, there is every reason to suppose that private
individuals will vigorously continue to-develop the
use of mechanical appliances and motors for raising
water. :

The recent trials of wind pumping engines
carried out by the Royal Agricultural Society of
England at Park Royal, have drawn attention to
the growing importance of these motors and have
revealed the immense advances which have been
made in recent years under the stimulus of a ready
demand for a cheap and reliable engine. In India
we cannot afford to neglect these thingsand, the
poorer the country, the greater is the necessity that
its capital expenditure should be carefully made with
a view to obtaining the highest possible return.
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In industrial matters it is satisfactory to record
that the Aluminium Department of the School of
Arts has been closed after 5} years’ existence and the
industry transferred to private enterprise. The whole
expenditure on this experiment has been more than
recouped and the result justifies the action of Govern-.
ment in putting an old indigenous industry on a new
footing and in line with the most advanced practice
of Europe.

In regard to the proposals for the Chrome Tan-
ning, sufficient time has not yet elapsed for any definite
conclusions to have been established, but the matter
has been seriously taken up and the Madras Govern-
ment have placed at my disposal, sufficient funds for
preliminary experiments. Expert tanners regard the
idea with favour and it is not unlikely that some of
them will not be above adopting the suggestxons of
an outsider.

Inhand weaving but little progress is being made
in the extension of the use of the fly shuttle loom and,
though it is fairly well known to the weaving commu-
nity, it is not regarded by them with any favour,
There is no doubt that it is a better machine than
the native hand loom, and the cost of the most recent-
Iy devised patterns is small enough; but, neverthe-
less, it is not popular with native weavers in the South
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of India and it is hard to say whether they are aware
. of any real objection to its use or whether the abso-
lute indifference to its advantages, which is displayed,
is merely native prejudice. To improve the warping
is still the unsolved problem of hand weaving and, if
that can be satisfactorily done, the gradual extinction
of the community may be postponed to a very distant
date. The survival of hand weaving up to the present
day, in spite of the most intense competition from the
machine-loom, is due in some degree to its own merits,
but in the main it may be attributed to the proverbial
inertia of the people of this land.
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WATER-LIFTS.*
et

In 1595 the Government of Madras approinted a special
committee to report on the merits of certain machines for rais-
ing water from wells, to which their attention had been drawn
by the inventors. Of this committee I was a member, and our
reoorte were officially published as Bulletin No. 32 of the Agri-
cultural Branch of the Department of Land Records and Agricul-
ture. Our enquiries revealed the paucity of accurate scientific
data regarding the working and efficiency of the ordinary water-
lifts of the country, and disclosed the fact that until such data
were collected and carefully studied, it wae hardly likely that any
material improvement could be effected in the modes of lifting
water from wells. Recognising the importance of well irrigation
in India I have, during the past twelve months, endeavoured to
supply this deficiency and with the assistance of the Board of
Revenue, represented by Mr. C. Benson, whose cordial co-opera-
tion I have to acknowledge, experiments on a number of typical
water-lifts have been made, and results obtained which, it is
hoped, will show the direction in which improvement is most
Lkely to be obtained, and the available margin which exists for
inventors to work upon.

In the Statistical Atlas of India, the total irrigated area is stat-
ed to be 28,334,000 acres, of which 10,140,000 acres, or mcre than
one-third, are entirely dependent upon water drawn from wells,
In the Madras Presidency, excluding feudatory and tributary

* Orginally poblished ae Bulletin No. 35 of the Agricultural Branch of
the Departmens of Land Records and Agriculture, Madras 1897,
-
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States and Zemindari lands, the area under irrigation amounted to
5,303,937 acres in 1894-95, and of this area 1,084,060 acres were
supplied with water from 427,539 wells, wbilst the lands under
other systems of irrigation derived a supplementary supply from
139,136 wells. These figures will serve to indicate the magnitude
of the interests involved in irrigation from wells, but possibly a
clearer idea may be gained from the calculations given below,
which, though based on admittedly approximate data, show in
greater detail what well irrigation in India means. In Madras,
the average area under each well is 21 acres, but ia other Provin-
ces it is larger, and for the whole of India probably averages 4
acres per well, so that the total number of wells must be about
two and-a-half million. The cost of constructing 13,337 wells is
given as Rs. 16,88,753 in certain returns furnished by the Board
of Revenue, Maidras, or an average of Rs. 126 each, and asin
many places the wells are much deeper than they are in Madras,
we may assume, without fear of exaggerating, that the average
value of a well in India is Rs. 150, and that therefore the total
capital invested in wells amounts to the very large sum of 37}
crores of rupees.

Taking the duty of water for garden or well cultivation at
250 acres per cubic foot per second, the quantity required for
over 10 million acres would be 40,000 cubic feet per second, and
if we assume that the average depth from which the water is
lifted is 30 feet, the work which bas to be done amounts to
136,000 horse-power. Cattle, bowever, do not work more than
8 hours a day, and the efficiency of native water-lifts certainly
does not exceed 50 per cent., so that the aggregate horse-power
derived from cattle in Indin and employed in lifting water
amonnts to §16,000. Assuming that throughout the cultivation
season there is an average of two bullocks at work every day at
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each well, thers would be about 5 million cattle so employed, and
each would be doing work equal to one-sixth of one horse-power,
a result which is undoubtedly not very far from the truth.

The average quantity of water yielded by each well is, upon
the above assumptions, 8,640 gallons per day, a volume so small
as to entirely preclude the use of any, but the simplest possible
appliances for lifting the water to the surface. Steam-pumping
machinery js utterly beyond the means of the ryots, and the force
of the wind is too uncertain, and, in general in India, it ir too
wesk to be profitably utilized by wind-mills even of the most mo-
dern type. Animale are therefore the only source of power avail-
sble, and water-lifts in the future must continue to be, as they
always have been, worked by cattle, Moreover the lndian agri-
cultural population are eo singularly deveid of even the most ru-
dimentary mechanical skill that it is absolutely necessary that
machines, intended for their use, should be designed to work
without complicated gearing of any kind. As will be ecen in the
eequel, rative methods of lifting water comply with these condi-
tions and possess at the same time, under favourable circumstan-
ces, a fairly high efficiency which renders the task of endeavour-
ing to improve upon what is already in vse exceedingly difficult,

The enormous amount of energy which is expended on rais-
ing water from wells has naturslly attracted much attention, and
from time to time, in different parts of India, attempts have been
made to introduce what were coneidered improved appliances, but
80 far no great amount of success bas been achieved, and the
opinien is now gunerally held that little or nothing can be done.
Of the apecial reports, which have been prepared on the subject,
two at least may be cited. The firet is & volume published in
1883 by the Department of Agriculture and Commerce in the
North-West Provinces and Oudh, of which the most important
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section is a report by Captain Ciibborn, B.Sc., an Executive
Engineer, who was placed on special duty in connection with the
matter, and who, after collecting a vast amount of information
regarding existing practices in the North-West Provinces and
carrying out a very large number of experiments on the perfor-
mances of the various types of water-lift in use, expressed in
unequivocal terms the opinion the Government could do little or
nothing to improve or extend well irrigation in the Provinces.
The second report was prepared in Bombay by an Executive
Engineer, Mr. F. D. Campbell, after spending three months on
special duty, and as the final result of his enquiries he formulated
the opinion that nothing can be done to introduce * new or
cheaper systems of well constraction or of lifts than those which
the ryot is already familiar with.”

In recent years, in Madras especially, these conclusions have
not been accepted by a certain number of practical men who have
devoted much time and ingenuity to the production of improved
water-lifts and their efforts bave at any rate resulted in drawing
public attention once more to the water-Jift question. The trials
conducted by the “Water-lift Comamittee” showed the necessity of
stadying the problem scientifically and of taking into account a
factor whick had hitherto been entirely neglected, viz., the mode
of applying animal power. Notwithetanding the number of
experiments, the results of which bave been published, it was
found impossible to compare the performances of the new machi-
nes with those obtained from native water-lifts owing to the in-
sufficiency of the data recorded, and though it did not fall within
the scope of the reference to the committee to obtain the neces-
sary figures, it was considered highly desirable that a fresh set of
experiments should be undertaken, 8o as to render it possible to
make fairly exact comparative statements on the merits of totally
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different forms of water-lift, after trials which should be neither
tedious nor difficult to carry out.

The fact that animal power is employed in all forms of water-
lift renders it exceedingly difficult to make comparative trials of
machines, some worked by one class of bullock in a certain manner
and others worked by another, and possibly inferior, class of cattle
in a totally different way. Not only have we to take account of the
mechanical efficiency of the machine, but also the method by
which the animal is made to work must be considered, since the
smount of useful energy which can be obtained from an animsl
depends very largely upon the way in which the muscalar efforts
are made. The work done by an animal in motion may be conve-
niently divided into two parts, which we may term internal work
and external work, respectively. The latter only is available for
useful employment, and, as the sum of the two is probably a cons-
tant quantity, it is evident that the more we can reduce the ex-
penditure of energy oo internal work, the greater will be the
amount svailable externally. For instance, a bullock walking
along & level road expends the whole of his strength on intetnal
work, which simply results in the transportation of his body from
one place to another but if we yoke him to a cart the work which
he does ia partly internal and used in his own movement and
partly external and employed in drawing the cart.

What ratio the internal bears to the external work cannot be
accurately determined, but there are some facts which enable us
to form an approximate estimate, A bullock dc;ing no work can
be mede to march only a certain number of miles in a day with-
out experiencing undue fatigue, The sddition of a moderate
amount of external work diminishes the distance which can be
travelled, but only to such an extent as to indicate, that of the
total muscular exertion the greater part is expended internally.
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On a horizontal road and walking at his natural gait, a bullock
can exert a draught of one-tenth of his weight for a period of 8
or 3 hours a day, That is to say, he can do work in drawing a
cart or a plough along the level equivalent to what he would have
to do if he walked up s gradient of 1in 10. No animal is strong
enougi to exert a continuous draught equal to one-fifth of his
weight, for any length of time, without injury, and a draught
equal to one-third of the weight can only be exerted spasmodically
and for very short periods, yet 8 man or a bullock when in train-
ing can, with comparative ease, walk up agradient of 1 in 3 and
continue to do o for a very long time if the pace be not too great
and if the surface walked on be suitably prepared. It is evident,
therefore, that when an animal raises his own weight against the
action of gravity, the external work, represected by the potential
energy stored in the animal’s body, bears a greater proportion to
the internal work, which is uselessly expended, than is the case
when the external work is due to a pull exerted through a certain
distance. For instance, a bullock will walk, along the level, twoe
miles in one hour against a draught equal to pne-tenth of his
weight and will do, what we may term, & unit of work, equal to
raising his own weight one-fifth of a mile; up a gradient of 1 in
3 he would probably walk 1% miles in one hour and raise his own
weight vertically through half a mile, doing 23 times as much
work, Even if he could only do one mile per hour up the slope,
the potential energy stored in his body would still be 13 times as
great a8 if he had been employed in drawing & weight up a verti-
cal shaft by a rope passing over a pulley.

Practically we may assume, then, that an animal, with the
same ultimate expenditure of energy, can do twice 88 much work
in raising his own weight against the action of gravity as he can
in the only other way it is feasible to employ him. This fact has
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long been vaguely known, but has not been made much use of,
owing to the difficulty which hae been experienced in designing
suitable mechanism to embody the ides, without producing a
machine both cumbrous and costly. This the Hindu cultivator
has recognised, and with more than characteristic ingenuity has
devised a compromise between the two methods of working in an
exceedingly simple manner, as exemplified in the ordinary country
mhbote, in which he partially obtains the advantage of the bullocks’
weight, by making them run down a steep incline when drawing
from the well the bucket full of water, whilst in the picottah, which
ha himself has to work, the principle has been fully carried out
with'the result that it is capable of bat little improvement, except
in the direction of making it a less hazardous machine to work.

A pair of bullocks is a vague term ; they may be worth Rs. 40
or Ra. 250, and one pair may easily be capable of doing more than
twice as much work as another; yet in previous accounts of
experiments on water-lifts no more definite information than this
has been forthcoming as to the power employed. Dealing with
water-works, engineers are accustomed to state the results of the
trial of & pump io:netbing in this wap. The engine driving the
pump indicated * x’ horse power snd ¢ Y’ gallone of water were
lifted against a head of * 2’ feet in a certain time. Unfortnnately
we cannot measure the work done by cattle in absolutely definite
units as in the case of a steam-engine, but it is a generally ac-
cepted fact that the strength of well-conditioned animals of the
same species i3 roughly proportional to their weight, and it would
therefore have added enormously to the value of former experi-
ments on water-lifta if the weight of the cattle used had been ascer-
tained.

The value of 8 water-lift depends partly upon its mechanical
efficiency, and partly upon the efficiency of the method by which
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the strength of the animal 1s utilized when working it. The
mechanical efficiency can usually be determined without difficulty,
_ but it does not seem possible to express in numerical terms the
ratio which the internal work of the animal bears to that done
externally. For praétical purposes, however, a constant involving
both terms is what is required, and this can be obtained without
difficulty. The amount of useful work done in one hour, expressed
in foot-pounds, divided by the weight of the animal in pounds,
represents the vertical height in feet, to which, by the expenditure
of a similar amount of work, the animal’s body would be raised.
The magnitude of this coustant, which may be couveniently
termed the co-gfficient of utility, offers a simple means of stating
concisely the value of a water-lifv as a machine for getting work
done by the agency of animal power. The determination of this
constant has therefore been one of the most important objects of
the trials recorded in this paper.

In trials of water-lifts, there is liability to a serious error in
estimating the out-turn of work from the fact that animals can be
made to work at a much faster rate for a short time than they can
sustain for a prolonged period. With experience it is possible to
judge if animals are seriously over-driven ; or, if sxperiments can be
extended over a sufficient number of hours, over-driving at the start
will be revealed by a gradual slakening of the rate of doing work.
In the present series of trials, every effort was made to secure
that the animals should be driven at their normal speed, and i is
believed with success, but as in most cases there was only a
limited time for experiments, the rate of working was checked
against the rnimal’s weight. Agricultural suthorities, in calculat-
ing the rations for draught cattle, assume the working day to be
eight hours and the rate of doing external work to be 0-25
foot-tons per . of weight per hour, This is considered to be the



© WATER-LIEFTS. 11

maximum amount of work which can be obtained, without affect-
ing the health of cattle, and an increase, either in the rate or in
the total quantity of work done, soon produces deterioration and
sickness, There appear. to be no data available as to the amount
of work which can be got from cattle in India, but it is probably
rather less than in temperate climates, and the value of the figures
obtained in these trials lies chiefly in the fact that they enable us
to judge at what rate the cattle were worked. Tt will of course
be understood that the more the weight of the animal used,
the greater should be the rate at which work can be done, and
that the highest rate should be obtained for lifts in which the
animal exerts no draught, but simply raises himself up an inclined
plane till it overbalances the resistance to be overcome, and use-
ful work is done by the steady descent of the animal under the
action of gravity. In this case the rate of working ought to be
about 0'5 foot-tons per th. of weight per hour.

More shan 50 years ago a Mr. F, W. Simms communicated
to the Institution of Civil Engineers the results of some observa-
tions which he had made on the amount of work which horses
can do at various rates of working. The average weight of the
horses was 1,1761bs. and the results are concisely stated in Table I

TanLs I.
Woring dy in | ¥gokpoundsof werk | Teladne amont of |
hours pe pe

) minute. day.
8 23,412 100
6 .. .. . 24,360 78
4 .. .. .. 27,056 65
3 .. oo . 32,943 53
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In Captain Clibborn’s report on well irrigation in the North
West Provinces are given the results of an extensive series o
experiments made on the quantity of water raised from wells o
different depths by various methods, from which it appears tha
the work done by cattle varies very greatly, depending on con
ditions not explicitly stated, but of which the most important
evidently were, the size and strengih of the animals, the deptt
of the wells and the type of water-lift employed. 1n Table 11,1
few of the results have been extracted and the capacity of the
bucket is given to serve as an indication of the size and strengtt
of the cattle as it is evident that only big, powerful beasts coulc
exert & draught of over 500 Ibs.

Tazie IL
Work done per head
Depth to water- | Capacity of bucket p;‘;u‘?]g)su;?;unmﬁz?-
surface in feet in gallons, efficiency of lift
to be 50 per cent.
57 16-2 9,384
37 28-7 7,426
17 252 3,136
12 21-8 2,490
53 477 11,678

In the same report, it is stated that with men working the
dhenkli the useful effect obtained averaged 1,120 foot-pounds per
minute, which would mean that, after due allowance had been
made for the imperfect efficiency of the machine, the men were
doing about 12 foot-pounds of work per . of weight per
micute.
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In Table II1 the resulte of the experiments made in Madras
are collected together, and sufficient details given, to show that
the variatious in the out-put of work are mainly due to the
different methods of making use of animal power, and it will be
seon that they occur exactly as one would be led to expect from
the conclusions arrived at when discussing this point.

Tasre 11I.
Foot- | Foot-
pounds | pounds
Weight of work | of work |
Name of lift. Nataure of work. of No. |done per| done per
cattle, minute | minute
per per lb.
animal. [ weight.
1b. 10-52
i (1146 | 11 12,060
| Draught in aji
Stoney's  double |{ circle, inter-{{ 1,438 | 2| 5410 752
mhote, |  mittent. .
: \ l 1146 | 1| 10,308 900
Single mhote by {Draught down an| 1348 | 2| 12,180 ( 1807
Subba Row. inclined plane. ]
Sce-saw water-lift. Walking up an in- 700 1§ 9625] 1375
clined piane and
reversing.
Sultan Mobideen, [Drsught in a| 1596 | 2| 6425 . 808
straight live and
reversing.
Andrew's Persian |Draught in a circle, 985 ( 2 6695] 1358
wheel continaous.
Single mhote, Bel- | ( 2688 | 4| 12225} 1820
lary. 2058| 4| 6762 1121
Draught down an
Single mhove. inclined plane. 741 2| 81801 1599
Coimbatore.
Do. 1320 | 2] 9,430| ‘1429
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The figures obtained with picottahs worked by men ate- very
striking, especially when it is borne in mind that the work of one
man is almost entirely confined to guiding the bucket rod and
emptying the bucket, and that only the two men perched on the
see-saw lever are employed in lifting the water. Compared with
the dhenkli, in which the water is raised by pulling with the
arms at the end of a balanced lever, the resultant effect is more
than twice as great.

Tasre IV,

Foot- Foot-
. pounds

: pounds | £ "
. Nature of No. Welghb of work of work
Name of lift. of | of men done per

- work. . done per| .

wen.] in ibs. man per minute

minute. | 2T B

weight

Picottah .. W:ll;ff;»n 3 308 2,610 954

léver 31 331 2,737 2481

With the exception of the Persian wheel and modifications
such as the chain pump, all the water-lifts used on wells in India
consist essentially of a combination of two distinct parts. They
are (1) a bucket or buckets for holding the water and (2) an ar-
rangement of some kind by which animal power can be conveni-
ently applied to do the work of raising the full buckets from the
well. The buckets are usually made vither of leather or iron and
may be divided into three classes : (1) a simple leather bag such as
is used very largely in Northern India,which requires a man to be
specially stationed at the mouth of the well to tilt it over to
discharge its contents, or a plain iron bucket or dish of the type
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generally used with picottahs; (2) cylindrical iron buckets sus-
pended from stirrups so ss to automatically tilt over and fill when
Jowered into the water, but which require a tilting bar or some
equivalent device to empty them, (3) leather or iron buckets
fitted with valves. The most ingenions and simple of all these is
the common leather mhote, used all over the South of Iandia
which coneists of & roughly hemispherical leathern bag, suspended
from an iron ring and fitted at the bottom with a leather trunk
or discharge pipe, the end of which is held by a separate rope
above the level of the water in the bag, whilet the latter is being
drawn up the well. The ropes are so adjusted that on reaching
the top of the well the bag continues to rise whilst the trunk is
drawn inwards, with the result that the water is rapidly and
completely discharged. Of iron buckets fitted with valves various
forms have been proposed, but the only une, that has so far
obtained any vogue, is that used with the Sultan water-lift ; it is
eylindrical in form with a flat bottom, in which is placed a large
flap valve opening upwards when the bucket enters the water,
and kept closed by the pressure of the water on it during the
ascent, till at the top the valve is rajsed by a system of levers,
which are depressed by coming into contact with a fixed stop.

Of possible mechanical srrangements for applying animal
power to raiee the buckets sn indefinite number could be devised,
but, owing to the neceesity for extreme simplicity and cheapness,
there are few that can be considered of any practical importance.
A single bucket, suspended by a rope passing over a pulley, fixed
over the mouth of the well, and attacbed directly to a bullock’s
yoke is the simplest and almost universal way of working through-
out India and when the details are arranged to suit the local
conditions the siugle mhote, as it is called, can hardly be surpass-
ed by any more elaborate method. W ben two buckets are use



16 - AGRICULTURAL PROBLEMS.

they can be made to balance one another by carrying the ropes
round the drum of a gin or whim in opposite directions, so that
when one ascends, the other descends, as exemplified in the ordi-
nary double mhote. Reversing gear, to obviate the necessity of
making the cattle turn round after each bucket is emptied, could
easily be provided, but would seldom be used as it would render
the whim too costly to construct. By the use of bevil wheels, the
whim can easily be adapted to work Persian wheels and allied
types of water-lift, which continuously revolve in the same direc-
tion. In the Sultan water-lift, the buckets are balanced by
being suspended at the ends of a rope which is carried over
a series of pulleys so arranged that a pair of bullocks can be
yoked .directly to the rope, which when pulled in one direction
raises one bucket and when pualled in the reverse direction raises
the other bucket. TLastly there is the picottab with its balanced
lever worked by men and the various modifications of it which
have been proposed to render it suitable for. employment with
cattle, ,

Experiments have been carried out either by the water-lift
committee or by Mr. Bensen and myself since the submission of
its repori on all the types of water-lift enumerated above, but no
attempt was made, nor was it deemed desirable, to experiment with
pumps and other devices of modern mechanical engineering, as
the investigation has been purposely confined to appliances used
by ryots or likely to come within the scope of their very restrict-
ed resources. ‘

Methods of measurement employed in the ewperiments:—All
weights were determined and draughts measured with a Salter’s
Spring Balance, recording to 500 ibs. and indicating differences of
half a pound, which, previous to the commencement of the
experiments, was tested with dead weights. Measurements of
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draught and friction were made by inserting the spring balance
which was used as a dynamometer in the line of action of the
forces exerted by the bullocks, and employing a number of coolies
to work the lifts in their place. In machines like water-lifts
which of necessity are somewhat roughly constructed, no
great amount of labour is expended on fitting the moving parts
together ; and, in consequence, the working is not perfectly
smooth and the friction varies considerably in a single operation
of the machine. The measurement of draught is, therefore, not
very easy and the results are, in every case, the mean values ob-
tained from a large number of observations. In most instances
the average quantity of water brought up by a bucket was measur-
ed by passing the water into a tank of known dimensions and
counting the number of buckets required to raise the water-level to
an amount which was carefully measured. The tank was always
filled and emptied several times and the mean result was un-
doubtedly very accurate, In one or two instances no tank could
be procured and the water was measured in'a rectangular trough
dug in the ground, and, with proper precautions taken to asceptain
the loss due to percolation, it was found a satisfactory method.
The cattle employed during the trials were in every instance
weighed on platform weighing machines, the wells chosen for the
experiments being specially selected with reference to the facilities
for weighing in the neighbourhood. ]

Stovey’s water-lifi :—The principal feature in this lift
is the employment of buckets of wrought iron suspended in
a stirrup by two adjustable pivots attached to the bucket very
slightly above the certre of gravity of the bucket when full of
water. The mouth of the bucket is inclined and the lower ends
of the stirrup are turned outwards and formed into rings sliding
on steel wires which are suspended in the well from screwed eye-

2
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bolts attached to the framing above. The wires are fastened by
some convenient means to the bottom of the well and act as
guides to the bucket ascending and descending and prevent it
from either turning round or swaying to and fro, and thus strik-
ing the sides of the well or the second bucket. On the bucket
being lowered into the water it turns horizontal and as it sinks
fills with water. On being drawn up it assumes a vertical
positicn and rises steadily till the discharging level is reached,
when the upper side of 'the inclined mouth comes into contact
with an iron bar fixed across the framing of the lift and
the stirrup continuing its upward motion causes the bucket to
revolve about the point of contact of the bucket with the iron rod,
and thus diecharges its contents into the delivery trough. The
lift was worked by carrying the ropes which hold the buckets over
guide pulleys to a whim. Two buckets were attached and the
ropes arranged so that as one bucket ascended the other descended.,
and the dead weight of the buckets was balanced. The whim
consisted of a drums built of wood and was carried by an iron
spindle on the top of & post firmly built into the ground. The
bullocks worked at the end of an arm whicih was 3:85 times
the radius of the drum. The whim was worked alternately in
one direction and the other, the cattle being made to turn round
whilst the bucket was discharging its contents. '

Improved Single Mhote of M.R.Ry Subba Rao -~

The improvement on the ordinary single mhote is effected
by attaching a rope to the draught rope and carrying it on te
the large drum of a kind of windlass erected at the end of
the inclined plane and at a considerable height above the level
of the end of the run., Ropes wound round two smaller drums,
one on each side of the large drumn, carry weights which balance
the weight of the empty bucket so that at the end of a lift
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as soon as the bucket is emptied the draught rope automatically
vises in the air and the bullocks are able to turn round and walk
up the inclined plane in a natural easy manner instead of being
forced backwards as with the common plan. The improvement
effected is undoubtedly very considerable as not only is the
weight of the empty bucket balanced but the animals are also
spared the cramped und unnatural backward walk up a steep
incline which probably tires them more than their exertionsin
drawing the bucket out of the well.

See-saw Water-lift of M. R. Ry Subba Rao :—

In this form of water-lift the bullock is made to walk
along s platform supported on a roller and by his weight it
is caused to oscillate up and down. Two ropes are attached
to one end of the platform and wound round two small drums
forming part of a windlass, ronnd the large drum of which
» rope working an ordinary eingle whote is paseed. The plat-
from is not supported in the middle but at some distance there-
from, eo that the working end of the platform greatly preponder-
ates and the bullock has to walk to the free end of the plat-
furin to tilt the longer seginent up and lower the bucket into
the well. To diminish the shock, when the free end falls and the
bucket is lowered into the water, iron rails are fastened
underneath the platform by a short chain o that just before this
end of the platform reaches its lowest position the rails rest on
the ground and their weight ceases to sct and thereby the
platiorm comos to rest more gently than would be the case if
the velocity of descent continued to accelerate to the very end,

Single mhotes.—Experiments with single whotes were made
at Palladam in the Coimbatore District, where they are worked
with a single pair of cattle, which are trained to walk backwards
up the ramp. The slope of the run is therefore limited to 1 in 5
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which is about the maximum that the cattle can be backed up.
At Bellary, where experiments were also made, the lift is asually
worked with two pairs of cattle, each pair drawing up alternate
buckets of water. At the end of the run, the rope and bucket
~ are detached from the yoke and fall back into the well, assisting
- the driver, who grasps the end of the rope.to return up the
steep slope, whilst the bullocks turn round and walk up a side
path, which is usually not quite so steep as the ramp. When the
bucket is again in the water, the second pair of ballocks are
hitched on to the rope and drop another bucket full of water
whilst the first pair are leisurely walking up the incline, so as to
be ready at the top by the time the driver returns with the rope.
With this system of working, it is possible to make the slope ot
the ramps very steep and the gradient is usually from 1in 2%
to 1 in 3. The weight of the bullocks is therefore more
effcetively utilized, and a much larger bucket can be used than in
the Coimbatore District.

The modification of the single mhote invented by M. R. Ry.
Subba Row enables most of the advantages of ihis system
of working to be obtained with one pair of bullocks. Moreover,
the bucket is balanced, but it is doubtful if this contributes any
real increase to the efficiency of the lift, as the friciion of the
extra pulleys absorbs power and more work is thrown on the
driver since the unbalanced bucket materially assits the driver in
climbing the steep ramp.

The Persian wheel.—Mr. Andrews, a missionary of the Free
Church of Scotland stationed at Chingleput, has erected a form of
Persian wheel at the Christian Pariah Settlement of Melrosapuram
which he invited me to test. 1t is built on a framing of old rail-
way rails over a circuler well about 24 feet 6 inches in diameter.
The rotating drum- was 6 feet in diameter and 3 feet 8 inches
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WATER-LIFTS,

wide and carried a doable chain of sheet iron buckets each holding
I's) gallons. The axis was prolonged on one side and driven
through a pair of bevil wheels by a whim of the ordinary type.
Each bucket was provided with a leather flap valve to permit of the
escape of sir from the descending buckets as they entered the
water, The design was carefully worked out and the water-lift
was very strongly made, so that it worked very eatisfactorily
during the trial.

The Sultan water lift. ~This is a direct draught water-ift
with balanced buckets, the details of which have been very
ingenioualy worked out, but the paramount necessity for keeping
the cost down has resulted in the use of an unsatisfactory system
of consteuction, which prevents to some extent the full advant-
uges of the design being realized. The buckete are fitted with valves,
ay already described, which when new are water-tight; butin
ordinary daily use they soon get slightly out of order and then
leak considersbly, Trials were made on one which had been put
up in 8 gerden in Tondiarpett to the north of Madras by M.R.Ry.
Sundaram Sastri and on one, which has recently bren erected
near Bellary, in a garden belonging to M.R.Ry. Acrada Rudrappa.
The only important difference betweon the two lifts was that the
former was fitted with bemp ropes and the Jatter with wir.e ropes,
I should bave preferred to bave tested a water-lift under the
management of the makers but, though 1 offered to do so, they
duclined to place one st my disporal.

In the following tabular statement (Table V) are given the
results of all the trials which I have made. None of the trinls
wavery prolunged, but they were all made under normal work-
ing conditions,and the results are only so much better than would
ordinarily be obtained in practice as may be fairly ascribed to the
fact that care was taken to have the water-lifts in good working
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order and the cattle in good condition and that no time was
wasted whilst the trials were in progress. The results are strictly
comparable and represent the performances of each water-lift
"under favourable conditions.

The calculation of the efficiency of avme of the water-lifts
was a very simple matter since the work done by the animals
could be measured just as easily as the energy which was storved
in the water lifted ; but in other cases, which will now be dis-
cussed, considerable difficulty has been experienced and the
values tabulated are only approximate. In the see-saw water-lift
of M.R.Ry. Subba Row, the efficiency when moving very slowly
was found to be 596 per cent., but at the working speed it was
impossible to determine it, and it bas therefore been assumed as
50 per cent. which cannot be very far wrong. In the various
forms of single mhote, the energy ‘ expended by the bullocks has
been estimated by adding to the work done on the bucket rope,
the work done by the bullocks in lifting their own weight up the
incline during the return journey. About the latter quantity
there can be no question, but about the former there is some
ambiguity due to the fact that the tension in the draught rope
is partly caused by the muscuiar exertion of the animals and
partly by a portion of their weight being thrown on to the yoke
during the descent of the incline. The importance of the latter
quantity increases with the gradient of the rum and on a very
steep incline enables a pair of bullocks to exert a draught much
in excess of what they are capable of on the level. If allowance -

" were made for this, the efficiencies would work out somewhat
better; as a portion of the work done, whilst the bucket is
hauled up, is due to utilizing some of the energy stored in the
animals’ bodies when they stand at the head of the incline; but
this potential energy only represents part of the muscular energ y
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developed in the return journey and it is in fact impossible to
accurately calculate the efficiency of this lift.

Compared with the co-¢fficient of utility the actual efficiency is
a matter of no great importance and it has been thought better to
adopt the method given, which is an approximation to the truth,
rather than a more complicated one based cn assumptions which
are not capable of experimestal proof. The efficiency of the
picotiah is very difficult to estimate owing to the rapid movements
of the men on the oscillating lever and to the fact that the third
man, whose duty is chiefly to guide the bucket rod and empty
the buciet, doea very littls of the work of lifting the water. It
is usually stated to be 80 per cent., which is probably correct it
only the energy given out by the men who work the lever be ta-
ken into the account, but it is certainly much lees (about 60
per cent.), if it be considered to be a machine worked by three
men, '

From the experimental results presented in Table V, it seems
justifiable to draw certain conclusions, of which the most impor-
tant is undoubtedly that the native methods of lifting water
under favourable conditiona bave not not yet been surpassed by the
best and most improved inventions of recent years. The me-
chanical efficiency of modern water-iifts is higher, but the mode
of applying snimal power, to which sufficient attention has not
been paid, is distinctly inferior, save in one case, and the final
result is, that as yet, no advance has been made which will in any
degree compensate for the increased cost of the new water-lifts.
The see-saw water-lift of M. R, Ry. Subba Row alone seems to
offer prospects of being developed into eomething which will be
materially better than anything at present in existence. The
mechine examined by the water-lift committee was mechanically

very imperfect, yet the eo-efficient of wtility obtained was very
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high, and as it demonstrated clearly the possibility of using cattle
to work oscillating platforms, it must be regarded as the first step
in what will probably ultimately prove the direction in which the
greatest improvement can be made,

Stoney’s improved double mhote is undoubtedly, from a
mechanical point of view, the best water-lift that has yet been
constructed and it has accordingly been made the subject of more
extensive experiment than any other. The efficiency is very high
and does not appear to be capable of any further improvement,
but the animal or animals bave to walkin a circular path and are
in cousequence unable to exert as powerful a draught ss when
walking straightforward. This is particularly the case if two bul-
locks are yoked to the revolving arm when the inside bulloci
works under great disadvantages and most of his energy appears to
be consumed in internal work. Probably the best results would be
obtained with two comparatively small bullocks yoked to separate
arms, radiating from opposite sides of the drum so as to balance
one another ; but if this would necessitats two drivers the increas-
ed cost would more than counterbalance the improvement in the
conditions of working, ' The time wasted whilst the bullocks are
turning round- at the end of each lift is a serious defect espesi-
ally on low lifts when it occupies a'very coasiderable portion of
the working cyele and it materially increases the amount of energy
wasted in internal friction. With a single bullock of exceptional
size, the co-¢fficient of utility is the highest that bas been recorded
but, with a paic of animals of average size, the figure is reduced
by more than one-third, clearly demonstrating, if proof, indeed,
be needed, that they were working under unfavourable conditions.

The Sultan water-lifs was the subject of experiment on two
occasions, once in Tondiarpett under very favouroble circumstan-
ces as it had been in use for eight months and the animals were
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a very fine pair of bullocks that had been thoroughly trained to
the work, and once near Bellary on the most recent type of lift,
but with animals which were apparently scarcely strong enough
and in consequence worked unsatisfactorily.  Unfortunately
their weight could not be determined as the owner was unable to
sllow them to be {marcked into Bellary to be weighed and tbe
observations have therefore not been included in the tabular state-
ment. The lift posscswes two very serious defects which are
rendered more apparent by the light construction of the parts:
(1) The buckets are filled and emnptied by means of a valve,
which is liable to get out of arder and leak, and which at all times
requires a strong pull to depress the lever which opens it when
the full bucket is drawn up to the discharging point. (2) The
draught is direct and is exceedingly heavy, being equal to the
weight of water lifted, the weight of the bucket and the force
necessary to overcome the resistance of the rope passing over a
number of small iron guide pulleys. The buckets are supposed
to be balanced and are so except near the end of each lift when
the empty bucket sinks into the water, but the friction of the
ropes is 80 great that the weight of the empty bucket is not more.
than sufficient to drag the length of slack roce to which it is
attached back into the well. The lift near Bellary was supplied
with 30-gallon buckete and I worked it with twelve coolies
through the dynamometer. The buckets discharged about 27
gallons and the pull averaged 370 hs. towarde the well and 350tbs,
away from it, and at the end of each lift rose to 500 he. due to
the force which had to be exerted to hold the bucket of water
in the air and depress the levera which open the valve against
the pressure of water on it. Similar results were obtained in
Tondiarpett, though the figures were smaller, as 25-gallon buckets
were in use, Only the very highest clgss of catile can exert such
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heavy draughts and even upon them the work tells very severely
and they rapidly deteriorate. The draught could cf course be
lessened by the use of smaller buckets, but the out-turn of water
would be correspondingly decreased and the percentage of power
wasted in friction would rise so much ss to make patent the
defects of this method of raising water. The use of larger guide
pulleys, a more rigid system of construction and the introduction
of a simple system of pulley blocks to diminish the draught by
one-half, would increase the efficiency of this water-lift very
materially, but at the same time would add so largely to the cost
88 to render it prohibitive,

The Rev. Mr. Andrew’s Persian wheel, which was the first
be had made, pussesses the great advantage that the cattle do not
have to reverse the direction of motion of the whim at frequent
intervals, and that consequently no time is lost or energy wasted
in useless work. It was well constructed and though capable of
minor improvements it may be taker to represent fairly the
capabilities of this class of water-lift. The continuity of action
renders it extremely suitable for shallow wells in which the water-
level varies but little and for such conditious a smaller wheel and.
smaller, but more numerous, buckets would undoubtedly increase
the efficiency. ¥rom a ryot’s point of view it is tvo custly, and
contains too many working parts, to ever have a chance of being
extensively used in this country in any other than the crude form
already in use in the north. .

The double mhote is inferior to Stoney’s modification which
has already been discussed and its defects are most conspicuous
on deep wells as the motion is so slow that the leakage from the
leather discharging trunks—and they always do leak more or
less—becomes a serious matter, and a bucket which starts on its
upward journey full of watgr often arrives more than half empty.
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It has been extensively tried in certain districts and has answered
well when care was taken to keep the buckets in very goed order,
but that they should be so maintained for any long period is more
than could be expected from the ryots of this country and the
troubles from leakage bave therefore caused the double mhote to
be regarded with disfavour.

The two systems of working the single mhote as practised in
Coimbatore and Bellary, and known iu Northern India by the
terms Lagor and Kili, respectively, have already been described.
It is difficult to say what circumstances have determined the ryots
in their choice between these two systems as they are often to be
‘found working on apparently the wrong syatem, but it is easy to
seo that for shallow wells and small cattle the time lost; in deta-
ching the cattle at the end of each lift and attaching snother
pair, is not compensated for by getting rid of the necessity for
backing the cattle up the incline. With a shallow well and a
small bucket or bag, each lift represents the expenditure of
only a small amount of work whilst with a deep welland a
big bucket, a large umount of work is done in each cycle of
operations. With the heavy cattle, which must necessarily be
employed where buckets of large capacity are used, there is
probably greater difficulty experienced in getting them to back up
the inclines and therefors more time wasted and more fatigue in-
curred than is usual with small cattle. Where the ryots are poor
and the cattle undersized the Lagor method of working is often
only adopted, becau~e they cannot sfford to work Kili, and it may
be generally laid down that the first system is best suited to shal-
low wells, probably under 25 feet in depth, and the second system
to deep wells espicially when they are worked by heavy cattle.
The modification in working due to M. R. Ry. Subba. Row will
probably be found tn be of the greatest use in places where the
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Kili system is not used,either from want of a sufficient number of
cattle on the part of the ryots, ur because the wells are of small
capacity and too rapidly exbausted when more thas a single pair
of cattle are worked on:them. To obtain good results with the
single mhote, it is ‘necessary that the capacity of the bucket
- should be suited to the size of the cattle and the gradient of the
run, and it is evident that in many cases this is not so, with the
result that the external work done bears a small ratio to the total
muscular energy developed: - Where the proper system of work-
ing is adopted and the capacity of the bucket is suited to the
weight of the cattle, the single mhote is an exceedingly simple,
cheap and effective water-lift and is especially convenient from
the fact that a varying depth of water in the well causes absolute-
ly no trouble whatever in working. Yet it is not without its
disadvantages, and the ryots would gladly welcome any suitable
substitute for leather in the discharging trunk, so as to be able to
dispense with the necessity of employing chucklers to repair it,
Stout canvas has been used in some instances with great success,
both in respect to durability and cheapness, and if a knowledge of
this fact was widely diffused, it would confer no small benefit
upon the ryots of Southern India. So far as I am aware self-fli-
ing iron buckets have not been tried with the single mhote though
there seems to be no reason why on Stoney’s system, at any rate,
they ghould not be a success. : )
In conclusion, it seems desirable to attempt some estimate of the
cost of raising water by means of cattle, A careful study of the
figaves given in Table V leads me to the conclusion that under
favourable circumstances Indian cattle wiil do about 1-75foot-tons
of useful work per pound-weight per day of 8 hours, so
that to develope one sixth of one horse-power tbe sznimal
would have to weigh 653 lbs. and this is probably -above
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the average weight of cattle employed on water-lifts ; but
assuming that these figures are approximately correct,
it is not difficult to calculate the cost of lifting water. A pair of
animals, each doing effective work to the extent of vne-sixth of a
borse-power, will raise 64,000 gallons one foot high per hour:
or, from a depth of 25 ft. will raise 20,480 gallons per day of 8
hours. A pair of such bullocks would be worth Rs. 100, the
cost of feedinz them would be at least Rs. 10 & month, and the
wages of 8 man to look after them, Rs 5. The renewals of water
buckets, ropes and the gear at the head of a well would amount to
Ks. 2 a wonth and the depreciation in the value of the cattle to
vne ropee 8 month, making a total of Rs. 18. per month, Assuming
that there are 24 working days in the month,the cost per working
day amounts to 12 annaa and, for this sum, 20,480 gallons of water
can be lifted 25 feut, or 42,600 gallons one foot high for one anna.
Or, put in rRnother way, it will cost 13 annas 3 pies to raise enough
water from a depth of 25 feet to cover an acre of land with one
inch of water, This estimate is undoubtedly a low onws and in
many cases the cost is considerably greater, whilst when cattle
food i cheap it may be slightly less. Broadly, therefore, we may
take it that the cost of a one-inch watering per acre for a lift of
25 feet varies between 12 annas and Re. 1. It is seldom however
that these expenses are defrayed in cash, The ryot breeds his own
cattle and from the land cultivated their food is wholely or
partly obtained. whilst the servant who looks after them
receives the greater part of bis wages in kind. Any considerable
extension of well cultivation in a few years would materially change
thiy primitive state of affairs, for there is neither capital nor
labour svailable to allow of any rapid increase in area and both
capital and labour will bave to be provided. If the former is forth-
coming mechanical appliances may be confidently counted upon
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as efficient substitutes for both animal and human labour. To pro-
vide the data to demonstrate this, has been the object of this
investigation since at a very early stage in the enquiry it became
evident that little could be done to improve existing methods of
applying animal power to raising water.
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UNDERGROUND WATER-SUPPLY."
i

During the past faw years India bas been visited by two
famines over widespread areas and several severe droughts
which have affected smaller but still very considerable tracts of
country. The agricultural population, and those directly depend-
ent on them, have been thrown out of employment and their
slender resources being soon exhausted, in enormous numbers
they have been forced to seek for the means of subsistence on
the relief works which Government have opened. In good or
even sverage years the exports of wheat and other food stuffs
from the country prove that the area under cultivation is still in
_excess of the reqénents of the rapidly-growing population. In
famine vears the surplus produce of the non-affected parts of the
country is diverted from the export trade and clrried‘by the
railways to places where there is a local deficiency, so that in the
worst years there is enough food for all and it is simply the
poverty of the people that puts it beyond their reach. A succes-
sion of favourable sensons would materially improve the condition
of the land-owning classes but it would lead to no accumulation
of grain in the villages and the labouring claeses during these
years of plenty will simply increase in numbers and the next
failure cf the rains will find themn as now—only more of them—
in complete destitution.

The problems which Indian Administrators are called upon
to face in the immediate future, to combat with this deplorable

® Indian Review, June 1900.
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state of affairs, are very difficult and the solution of them will
make as heary demands upon the energy and resources of the
executive as have ever been made in the past. It is generally
agreed that the most pressing necessity is the development of in-
dustrial occupations whereby new sources of wealth may be open-
ed out and the land relieved of the excessive proportion of the
population which is now entirely dependent on it. The mineral
wealth of the country must be utilized to supply its own require-
ments, new industries must be introduced and old ones resuscitat-
ed. Instead of exporting nothing but raw materials, it will be
necessary to send them out in a wanufactured state and the in-
ternal trade of the empire will have to be worked up with some
semblance of the energy and perseverance which the Japanese
have displayed in rendering themselves independent of foreign
manufacturers, The difficulties are greatly enhanced by the ina-
bility of the Government to impose protective duties, and other
means of assisting nascent industries will have to be devised.
Work of this kind, however, proceeds very slowly and it will
bs many years, if ever, beforé India can be justly ranked among
the manufacturing countries of the world, and in the meuntime
.more attention must be paid to the great work which has been
going on all this century, that of rendering the work of the cul-
tivator as far as possible independent of the variations of the
seasons. By anicats and canals we have practically made use of
all the water in our gréat rivers which can be relied on to flow
continaously through the cultivation season. By huge reservoirs
or tanks many irregular sources of supply have beea turned to
accouut and nearly all the obvious sites for storing water on bave
been occupied. In the future, therefore, the work will be more
difficult and wore costly than it has been hitherto and it is hope-
less to expect that the splendid financial results of the past will
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be again repeated. Yet in the South of India, at any rate, much
can be done to economize water by improving the means of distri-
bution and preventing the ryots from using it with actually harm-
tul extravagance. The whole question of what is technically
kuown as the “duty of water” requires years of careful study
and experiment, and it can hardly be doubted that the time has
come when a special branch of the Public Works Department
should be established for the ecientific investigation of this and
uther problems pequlinr' to Indian eungineering. The work that
i» guing on now at Assouan on the river Nile where 8 huge dam
in being constructed to store up part of the flood waters in a long
narrow reservoir will probably be repeated on some of our Indian
rivers end the investigation and designing of projects of this kind
will call for the highest possible ingecuity and ekill to render
thum at all feasible and within the limits of our financial rosources.

In fact, the storage of water is likely to become the great
Iudian engineering problem and attention will doubtless be paid
to that portion of the rainfall which is absorbed by the earth and
disappears from sight, to find its way by deep and tortuous pass-
ages to the ses. Two and one-half million wells irrigating fully
ten million acres of land attest the importance of the subterranean
supplies of water and indicate that in this direction there are
immense possibilities. Underground water has never in India,
been studied properly by engineers or geologists and wells are
sunk, in & bappy-go-lucky manner to a haphazard depth. They
are constructed with primitive sppliances and at small cost.
Expectations are not usually great and as they are generally
realized the people are content. Some wells dry up in the
bot weather, some wells always respond to the demands that
sre made upon them and nothing is really kuown about
- their capacity to supply water. A few elementary calculations
3
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bowever will show that the quantity of water drawn from most
wells is but an insignificant fraction of the stores that must
be below and which are continuously passing away through
permeable strata till they ultimately reach the sea, Where the
average rainfall is 30 inches per annum we may assume that one-
third of this sinks below the surface and that therefore each
square mile of land receives 640,000 tons of water. Lf but one-
half of this quantity could be extracted from the earth by pump-
ing from wells it would yield a continuous supply of one cubic
foot per second for 136 days, which, with economical nse, would
fully suffice for the irrigation of 250 acres. Twenty one mhotes .
and twenty one pairs of bullocks working steadily for eight hours
a day would draw out this quantity of water from a depth of 20
feet, Now there are no data available as to the number of
wells per square mile, In parts of such districts as Coimba-
tore they are very numerous and the total yield of water
from them may exceed one cubic foot per second per square mile,
but over the greater part of India nothing approaching this
quantity is obtained. From such data as are available, I estimate
that wells in India yield about 40,000 cubic feet per second, a
very large quantity of water but equal to only one-thirty-fifth of
a cubic foot per secoud from the 1,400,000 square miles of total
superficial area. Over a great part of India the rainfall is more
than 30 inches a year and we know nothing as to what becomes
of the vast quantity of water which annually sinks into the earth.
We know that in some districts there are many wells with a good
supply of water, in others few wells and the yield very precarious.
Sometimes the reason is obvious from the nature of the surface
and the configuration of the ground but in most cases it is just
the reverse and many wells have been sunk by engineers in what
were considered likely spots and have turned out useless,
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The great majority of wells in this Presidency range from
20 to 40 feet in depth. They therefors derive their supply of
water, with the exception of such wells as actually tap under-
ground springs, from an inverted conical mass of earth, the axis
of which is the well and the vertex the water-level. Each well
in the centre of a certain mass of earth which absorbs water from
the surface percolation until it is saturated and any excess slowly
moves along the lines of least resistance. The well alters the
direction of these lines and some water flows into it, but the
greater part of the water sinks vertically till it reaches impervious
strats, The deeper the wells the greater is their action in
deflecting the lines of sub-soil flow and in some cases there is no
doubt that vigorous pumping after heavy rain would materially
increase the volume of the cone #influenced by the well. This of
course is the time when wells are left alone and advantage is not
taken of such opportunities to form lines of sub-soil flow towards
the well,

Artesian wells bave been carefully studied in many lands but
wells of the types found in India have been neglected and we
know practically very little about them., Isolated experiments
will not teach us much owing to our inability to see what is going
on inside the cone of influence round the well, The intelligent
ryots of the country have probably a good deal of information
about the behaviour of their own wells and of those belonging to
their neighbours and skilful examination of villagers in well-irri-
gation districts might lead to the collection of some useful
preliminary data which wight serve as the starting point for
further enquiries. Very few wells exist which are know= to
yield enough water to offer any inducement to employ mechanical
arrangements for pumping water from them, It is easy to sce
why this is so, The depth of the well is limited by the fact that
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the primitive methods of sinking in vogue among the ryots pre-
vent them going more than a few feet below the hot weather
level of the water. With an engine and pump to ‘keep the well
dry much greater depths might be attained and possibly the
supply of water enormously increased.

It is generally considered tha mechanical methods of pump-
ing water for irrigation are too expensive to be employed and it
is generally supposed that animal power is the only means avail-
able. Let us consider an imaginary cace and then see how far
the conditions are likely to be realized in practice. The well is a
deep one and yields balf a cubic foot per second, with a water-
level about 40 feet below the ground. It is provided with an cil
engine and & pump. The engine is only worked for 16 hours per
day and therefore has o lift 250 gallons per minute throughout
that period.

Allowing an efficiency of 40 per cent. for the gearing and
centrifugal pump, the engine would have to develop)f 7} bruke-
horse-power and would consuine one gallon of kerosine oil, cost-
ing 7 annas, per hour. The monthly expense which such an
engine would entail may be taken as follows :

: Rs.

Fuel for 24 days at Re, 7 per day .. 168
‘Wages for 2 drivers at Rs. 12 & 10 per

month . .. .ooo22

Lubricating ©il, waste and stores .. 15

Interest and depreciation on capital
outlay, cost of repairs etc. at 20 per
cent per annum on Rs. 4000 .. 67

Rs. 272
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Compare this with the cost of working with cattle. In the
paper on * Water-Lifts * we obtained the result that to work a
mbote for 8 hours a day required one pair of cattle worth Rs. 100
and that they would do effective work equivalent to one-third of
s horse-power. In this case the oil engine developes 71 horse-
power of which 40 per cent.is used effectively so that the
work done by the engine in any given time is equal to that of 9
pairs of cattle but the engine works twice as many hours per day
as do the cattle and is therefore equivalent to 18 pairs of cattle.
The cost of keeping each pair of cattle was found to be
Ra. 18 per month or for 18 pairs Rs. 324 per month. With the
oil engine and pump therefore a saving of Re. 52 per month can
be effected and the cost of raising water diminished to the extent
of 18 per cent. Till comparatively recently this was the best
result that could be put forward in favour of mechanbical methods
of raiaing water but now it is possible to make out a much lower
estimate of the cost of generating power with il engines owing
to the feasibility of using crade petroleum instead of kerosine oil.
At the present time the former costs as. 3 per gallon in Madras
as compared with as. 7 per gallon for kerosine oil, and from care-
ful experimenta on sn 8} horse-power Hornsby-Ackroyd oil engine
at the School of Arts it was found that 8 gallons of liquid fuel did
as much work as 9 gallons of kerosine oil ro that the reduction in
coat of fuel ia in the ratio of 24 to 63. Applying this to the esti-
mate given above of the working expenses of the oil engine the
cost of fuel is reduced from Rs. 163 to Rs. 68 per month and
the entire cost of ruaning the engine is reduced to Rs. 170
per month 8s ‘compared with Rs. 324 for cattle. It can
therefore be fairly claimed that by the use of oil engines and
pumps the cost of raising water can be reduced to one-half
the present rates.
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It would be useless to follow up the comparison between the
two methods of pumping any further. It is sufficiently demons-
trated that the employment of oil engines for pumping water
is a perfectly practical method and can be employed with advan-
tage whenever the quantity of water to be dealt with amounts
to half a cubic foot per second. The initial capital outlay is
beyond the means of the ordinary ryot, but it is not beyond those
of many land owners and if only sufficient interest could be
aroused among them in the improvement of their estates the
. ultimate benefit to the country at large would be incalculable.

The two and one-half million wells in India represent a
capital outlay not far short of forty crores of rupees and what is
wanted almost as much as new wells is the systematic improve-
ment of those already in existence. Many are probably far
too shallow and others are too small and do not present a suffi-
cient area for percolation. To jump holes from 10 to 30 feet in
depth and a few inches in diameter at the bottom of some
wells is not a very difficult iatter and the value of the tube
would probably be greatly evhanced if the rock at the bottem
were loosened by the explosion of two or three small charges of
dynamite. To run short adits in the hot weather from the bot-
toms of many wells is perfectly feasible and both methods if tried
would yield results far in excess of the cost. Yet these things
are not done because the ryots do not know of their value ; and
even if they did, they would regard them with suspicion as inno-
vations to be classed with many other attempts, by Europeans,
at agricultural improvements. These are suggestions which have
been tried in other places with success but so little do we know’
about this subject that I put them forward with diffidence and
simply with a view to drawing attention to the urgent
necessity which now exists for a systematic attempt to in-
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vestigate the conditions under which the stores of subterranean
water exist. :

The matter is one surrounded with difficulties and it is only
by sn intelligent co-operation of wealthy land-owners, who can
afford to install engines and pumps for the irrigation of their lands
or the cultivation of their gardens, with persons possessing a
sufficient knowledge of enginecring and geology that anything
can be done. In this country we rely too much upon official efforts
and too little is done by the enterprise of educated and enlightened
private individuals. In England, the late Mr. G. J. Symonds
enlisted the services of thousands of meteorological observers and
established s system of recording data connected with rainfall in
the British Isles which bas proved of national importance. The
agricuitural experiments carried out on the Rothamsted farm by
Sir John Lawes and Sir Henry Gilbert for more than half a cen-
tury is another instance of private work which has done much to
convert rule of thumb practice into a scientific procedure and
farming all over the world has greatly benefited from their dis-
interested labours. Nothing of this kind bas ever been attempted
in India and T venture to think that the problems presented by
well irrigation would be s fitting subject for investigation and one
in which many workers might profitably engage themselves. .I
have endeavoured to show how littls is really known and how
mucb is left to chance and I cannot doubt that if the work were
started and the arcas under observation gradually enlarged it would
result in additions to our knowledge which would prove of great
benefit to the whole community.
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In June 1900 I contributed a short article to this Review
on the very important subject of * Underground Water-
supply ” in which I endeavoured to show that the information
available regarding the ultimate disposal of the rainfall in India
was very limited, and that consequently it was desirable to
scientifically study the question with a view to utilizing a much
larger proportion of the subterranean water for irrigation than is
at present dene. As a preliminary etep it was obvious that mors
powerful and cheaper methods of lifting water than by water-lifts
worked by cattle were essential and I showed that the oil engine
when employed to pump from a well yielding on an aversge
throughout the day half a cubic foot per second or 190 guallons
per minute was considerably cheaper and more convenient than
any form of water-lift worked by means of animal-power, .

The importance of well irrigation was fully recognized by
the Irrigation Commission and a large amount of evidence was
tendered by many witnesses. The report of the Commission
may be expected to contain practically a complete summary of all
the information available and will serve as a starting point for
further investigations. Funds have already been .placed at the
disposal of the Madras Government for experimental work in
this direction and during the next few years there is no doubt
that a serious effort will be made to render available for agricul-
ture a very large quantity of the water which now runs to waste
beneath the surface of the earth.

* Indian Review, Angust 1902.
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In the year 1900-01, there were in the Madras Presidency
615,520 wells from which water is drawn for irrigation and the
ares of cultivated land partially or entirely dependent upon them
wae 1,171,348 acres of first erop and 498,878 acres of second crop.
Each well on the average supplied water to only 2 acres of land
and naturally the question arises—Is full use made of the stores
ot water below the 80il ? In many cases, possibly in a numerical
majority of the cases, there is little doubt that ull the available
supply is utilized but in what may perhaps be a comparatively in-
significant miuority of wella the available supply is enormously
greater than the present demand and vast quantities of water
remain unused. It must be within the personal knowledge of
most prople that there are wella which yield a good supply of
water throughout the year and never dry up even in years of
revere draught. Such wells should be examined and attempts
should be made to pump them dry. Many wells are only made
use of to the axtent that tanks would be, if they were only pro-
vided with bigh level sluices through which the upper water in
the tank, and that only, could pass through the bund into the irri-
gation channels. In the south of India well-sinking is a very
primitive business and the hetter the supply of water, generally
the shallower the well. A ryot wanta a well and, having selected
a spot which he thinks suvitable, he sets to work and either rinke
a hollow cylinder of brickwork into the ground till water in suffi-
cient quantity to eatisfy his expectations is reached, or he exca-
vates a big rectangular hole in the disintegrated rock which forme
the sub-soil and goes on deepening it till the inflow of water ie
greater than can be dealt with by the modest water-lifting appli-
ances at his disposal, Year after year in the hot weather when
the water Jevel is low, he may increase the depth by adding to the
number of mhotes on the well and in this way many valuable water.
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yielding wells bave been sunk. Let us suppose however that the
unwatering of the well in the hot weather is accomplished by a
powerful engine and pump, the work of excavating will be easy and
the depth way be rapidly increased till either the inflow is
greater than cat be dealt with or practical considerations
clearly indicate that it is not worth while to go any deeper.
For water to flow into a well the level in the well must be
lower than in the sub-soil and the greater the difference in level
the greater is the force tending to make the water flow into
the well. But the lower the level in the well the greater is
the amount of work which bas to be dene to raise the water
above the surtace and ryots prefer numerous shallow wells to
a few deep ones. The number of cattle employed in lifting
water is enormous and it is imprubable that any great exten-
sion of well cultivation can take place under the present sys-
tem for lack of animal power to do the pecessary work of
extracting the water. A ryot must have cattle and while the
crops are growing they-can be profitably employed in raising
water, but directly he has to keep cattle specinlly for the pur-
pose, well irrigation becomes expensive and unprofitable. A pasir
of good serviceable bullocks in constant work cannot be kept for
less than Rs, 18 per month including the wages of a driver and
the work they do can be far more cheaply performed by a good oil
engine or steam engine. But thess machines, even when of the
smallest size practicable, are far too big for the work of drawing
water from ordinary wells and they can only be employed when
the conditions are unusual in respect to the volume of water to
be obtained from a well. A 3} horse-power oil engine, which
is the smallest size it is advisable to employ, can be worked for 16
Lours a day at a cost of 23 rupees and will do as much work in
lifting water as 8 pairs of good bullocks costing Rs. 144 a month.
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Allowing for repairs, depreciation and interest I have no hesita-
tion in stating that the cost of pumping by un oil engine of this
size, driving a centrifugsl pump, is almost exactly one-half what
it is when bullocks are used, provided only that there is sufficient
work to keep the engine fully employed,

Bufore developing furtber the idea of employing oil engines
for well irrigation I propose to briefly describe an experiment
now in progress. About 6 miles from Chingleput is a small
pariah settlement founded by Mr. Andrew of the Free Church of
Scotland Mission. About 50 acres of land are under cultivation
and the crops are watered by 5 wells which have been sunk since
the settlement was started about eight years ago. Greatly in-
terested in the question of well irrigation Mr. Andrew offered to
allow me to conduct experiments on his wells and with the
assistance of funds placed at my disposal by the Madras Govern-
ment, at the instance of the Chiéf Engineer for Irrigation,
Colonel Smart, R.E., I bave been uble to put to the test of prac-
tical working the idea of using oil engines. I selected what was
supposed to be the best well on the settlement and at the begin-
ning of March I tried to unwater it by working a Pereian wheel
continuosly night and day by means of relays of bullocks. I
soon found it desirable to increase the pumping power and
accordingly a picottah was set up and worked by gangs of coolies
night and day. The draught on the well amounted to about
2,500 gallons per hour or allowing for irregularities to between
fifty and sixty thousand gallons per day. This resulted in'a gradual
lowering of the water-level till the depression smounted to 53
feet, when the level became stationary and the inflow was equal to
the amount withdrawn. Arrangements were then made with
Messra, Massey & Co. of Madras to supply a 3} horse-power
Hornsby-Ackroyd oil engine and & 3-inch centrifugal pump, the
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combination being capable of lifting 170 gallons of water per
minute to a height of 30 feet. Pumping was started at the end of
March and in a few hours the well was emptied. An attemps
was then made to deepen the well and a central hole 15 feet in
diameter was sunk 7 feet when hard rock was met with. To
increase the area through which percolation could take place adits
were run horizontally from ‘the bottom of the well through
the partially disintegraied rock. Four were started, but two of
them had to be given up before they had been run out 10 feet on
account of boulders, tbe other two were carried outwards about
25 feet and 20 feet respectively, and the percolation through their
sides forms the main source of inflow to the well. The cost of the
adits was Re. 1 per foot run,and they were stopped as soon as the
rate for excavating them rose above that amount. The result of
the operations was to increase the inflow from 40 to 66 gallons
per minute or from 60,000 to nearly 100,000 gallons per day.
Puamping has continued all through the hot weather and the inflow
has somewhat decreased. On the 20th July it was measured and
found to be about 67,000 gallons per day. With the advent of
the rains it is expected that the inflow will materially increase
but how much is quite uncertain. At present the engine runs
nine hours a day,in three periods of from two to three hours each.
When pumping ceases, the flow of water accumulates in the well
and at the beginning of each working interval there is about 5
feet of water to be removed. The average lift is 25 feet and the
engine consumes about 2 gallons of oil per day costing as. 12.
The wages of the driver are Rs.. 12 per month, 8o that the total
cost of running the engine including the cost of stores amounts
to only Rs. 40 per month. Later on with longer running hours it
may amount to Rs. 60 per month and for this sum 50 acres of dry
cultivation will be fully supplied with water. The capital outlay
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on the engine and pump and the cost of fixing the same amounted
to Rs. 2,500 and an allowance of Rs. 40 per month for interest,
repsirs and depreciation will be & very liberal provision, making
the total monthly charges Rs. 100 when running and ‘about
Rs 50 when standing. Assuming that water is required for eight
months in the year, the total coet of this engine and pump will
be Rs. 1,000 per annum. For this seum 50 acres of dry crop will
be watered and I am inclined to think that possibly, with the
supply of water to be expected, the area may be much larger but
only a continuance of the experiment over scveral years will en-
ahle this to be definitely determined. The conditions under which
this experiment is being conducted are by no means faveurable
and much better results could be obtained in many places. The well
yivlds  fair eupply of water, but there are undoubtedly very many
which would give double the supply. The engine and pump worked
to their maximum capacity would raise 250,000 gsllons a day to
a height of 30 feet, or nearly half a cubic foot per second, suffi-
cient for from 100 to 125 acres of dry cultivation. Under such
circumstances, the cnst of supplying water to the land would not
amount to more than Rs. 12 per acre per annum. This is a result
so very satisfactory that when it becomes known and fully realiz-
ed it vught to lead to an immense employment of these modern
methods of lifting water.

It is well known to engineers that the cost of generating a
unit of power rapidly decreases as the amount of power generated
by a single engine increases. In view, therefore, of the fact that
the great majority of wells are unable to yieid sufficient water to
give adequate employment to even the smallest engines, it has
occurred to me that possibly large tracts of land could be supplied
with water from wells by electrically driven centrifugal pumps,
the power being generated at a central station and distributed by
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a net work of overhead conductors. From an engineering point
of view the problem is a comparatively simple one and its practi-
cability simply depends upon the cost of the installation both as
regards capital outlay and working expenses. I have therefore
obtained estimates of the cost of the machivery from well-known
firws in England and with the information thus obtained "I have
worked out two imaginary schemes assuming conditions tbat
could be realized in many places in this Presidency. The first
scheme is a comparatively small one for the irrigation of five or
six hundred acres. All the land is assumed to be situated within
a rectangle 2 miles long and 1 mile wide. The water-supply is
derived from twelve wells scattered over the area. Each well
may be assumed to cost Rs. 500 though under favourable condi-
tions, they would not cost more than half this amount as the
depth is not to exceed 35 feet. The water would be lifted by a -
3" centrifugal pump driven by a direct coupled 3% horse-power
electromotor, the puinp and motor complete and fixed in the well
costing Rs. 750. The current would be supplied from a generat-
ing station situated near the centre of the area and 5 miles of
overhead conductors costing abcut Rs. 650 per mile, would be re-
quired for distributing the energy. The generating station might
be supplied with 2 steam engine and boiler costing Re. 4,000 or with
an oil engine,in which liquid fael could be used,of the same power
costing Rs. 3,600, driving a dynamo costing Rs. 1.800 which
would give out a current of 27 ampdres at 550 volts pressure
equivalent to 20 electrical horse-power and capable of driving 4
of the pumps under full load, or 5 under the average load which
would come upon them. Each pump would dischaige 150 gallone
per minute, so that with 5 pumps going the supply of water would
be 2 cubic feet per second or sufficient for 500 acres of land.
The method of working would be to run a motor till the well was
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emptied and then shut off the current and allow it to fill up by
percolation, whilst the current was employed in driving another
motor in auother well, With 5 motors running out of 12, water
would be drawn from each well an average of 10 hours per day.

Including all items, the total cost of the installation would be as
follows :—

Rs.
Engine house . . .. 4,000
Engine and dynamo .. .. .. 5400
Switch board, ete. .. .. .. 800
12 Wells at 500/ .. .. .. 6,000
12 Pumps and motors at 750/ .. 9,000
5 Miles of line at 650/ per mile .. 3,250
Contingencies 10 9/, .. .. 2,850

Total .. 31,000

The working expenses would be as follows :—

Ba.
Repairs, interest and depreciation at 12} °/, .. 3875
Liquid fuel at As. 3 per gallon at 2 gallons per hour
fcr 5,000 hours .. . .. . .. 1,875
Superintendence and labour Rs. 130 per mensem
for 12 nonths .o .o .. 1,560

Miscellaneous stores .e .e .. 200

Totzl .. 7,510

That is the cost of watering 500 acres of land would amount
to Rs. 15 per acre perannum, the land being under cultivation
practically the whole time, This ia far too high a charge for
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ordinary wet crops, but it is by no means excessive for garden
cultivation, such as is practised in agriculturally advanced districts
like Coimbatore. For projects of this kind to pay, it naturally
follows that when all the resources of modern engineering are
devoted to the problem of supplying water and a cousiderable
outlay in machinery and plans is involved, the agricultural opera-
tions must be of a similar character and the cultivators must be
prepared to put capital and labour into their fields to obtain the
best possible results. The selection and rotation of crops
must be judicious, the lands must be well manured and in
geteral terms what is known as intense cultivation must be
practised.

Let us now consider the possibilities of operating on a much
larger scale and for this purpose we will assume that there is a
strip of land about 10 miles long and frowmn one to two miles wide
lying alongside a river channel. Such a piece of country actually
exists on the Palar not far from Chinglepus. The land near the
river will probably be at a slightly higher level than further away
and as the wells will draw their water-supply mainly from the
subterranean flow of the river they will all be situated near the
river bank. The wells will be sunk near the river bank at an
average distance apart of one-fourth of a mile. In all, there will
be 40 such wells and the power station will be situated in the
middle, with 20 wells on either side,b the most distant well being
47 miles off. Assuming that the average inflow into each well is
hall a cubic- foot per second and that the average lift is 30 feet
the total actual work which will have to be done by the pumps
will be 68 horse-power. To determine the power required at the
generating station, we may make the following assumptions
regarding the efficiency of each part of the system of power

distribution :— , -
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Etticiency ofdynamo .. .. .. 90 per cent.

Efficiency of transmission .« .. 90 per cent.
Do. - motor v .. .. 80 »
Do. pump . 45 7

Combined efficiency of whole system 30 per cent. so that the
engines will have to furnish 227 borse-power. The following
estimate of the cost of the plant may be taken as approximately

accurate :—
Ra.
Engines .. .. . .. 45,000
Dynamo .. .o .. .. 9,000
Engine house .o .. .o 7,500
Switch board and fittings . .. 2,000
40 wells at Rs. 500 each .. .. 20,000

40 motors and pumps at Re. 750 each .. 30,000
Overhead conductors 10 miles at Rs. 1,500

a Mile .e .o .+ 15,000
Contingencies, 10 per cent. .. .. 13,700

Total .. 1,42,200

The working expenses on an sssumed running of 5,000

hours per annum would be:— -
Bas.
Fuel for engines .o . .. 11,250
Superintendence and labour .. .. 3,600
Repairs, interest and depreciation at 12}
per ceat. .o . . 12,775
Miecellaneous stores .. .. e 1,000

Total *s oo 33,625

4
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The area that could be irrigated would be between four and
five thousand acres and the annual charge for pumping would
amount to not more than Rs. 8 per acre. The case considered is
perhaps a favourable one, but without doubt a careful examination
of the country would reveal many such, and it is eminently desir-
able that advantage should be taken of the natural facilities where
such exist. .

So far we have only considered the question of well irrigation
when the power is supplied by oil or liquid fuel engines, but it is
open to us to go one step further and consider what use can be
made of water-power which in certain districts is available in
vast quantities throughout the greater part of the year. Without
going into details, one or two general facts may be noted which
tend to show that there is a wide field open to engineers in India
in utilizing the power of water falls to lift water from wells over
very extended areas. For industrial operations a continuous
supply of water all the year through is generally essential, and
expensive storage works bave to be constructed to tide over the
period of scarcity of water during the hot months of the year.
When the water-power is to be used for pumping water from
wells the failure of the supply of power during the hot weather
is of little or no importance as the cultivation can be so arranged
that the land requires no water at that season. Water-power
can therefore be provided at much lers expense for euch
schemes as we' are now' discussing, and if it be a profitable
undertaking to génerate power at the Cauvery falls and carry it
over 90 miles to the Kolar mines, under onerous conditions
regarding failure of the “supply, it-is obvious that it will be
still more profitable to utilize water-power ander the much
less exacting conditions which would prevail in irrigation

pumping.
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The report of the committee on utilization of water-power at
Periyar stated that electric enmergy could be delivered in Madura
80 miles away for Re. 22-8-0 per horse-power per annum and in
Madras for double that sum or Rs. 45. It is more thaa doubt-
ful however if this result could under any circumstances be attain-
ed and it would be safer to sssume that the actual cost would be
about three times as much but even then it would appear to be
practicable to lift water from wells or rivers by the agency of
electrically transmitted energy over the greater part of the South
of India. The minimum power available at the Periysr during
ten months of the year is officially stated to be 30,000 horse-
power and there is resson to suppose that the efliciency of the
whole system of generation, transmission and utilization would be
one fourth, so that 7300 borse-power would be the work actually
accounted for by the water lifted. On an average lift of 40 feet
this would be equivalent to 1,850 cubic feet per second or suffi-
cient for 412,500 acres of land. At Rs. 10 per acre for annual
charges this would amount to 41} lakhs and would permit of a
capitel expenditure of at least 3 crores of rupees, probably a
much larger sum than would actually be needed.

1 bave drawn attention to the possibilities attendant on the
utilization of water-pawer for pumping purposes becauee ulti-
mately 1 think they will be realized on an exceedingly big ecale,
but that day is yet distant and the business of immediate practical
importance is the smaller schemes which I bave outlined in this
note, They involve but small expenditure, each one started and
proving succeesful adds to the store of information we must
gather about underground water and places us in a position to
ensure that in enbeequent undertakings the risk of failure will be s
constantly diminishing quantity. The exceeding simplicity of
working, characteristic of good oil engines and their remarkable
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economy in the matter of fuel has changed the conditions under
which water-lifting can be undertaken. It is necessary to recon
sider the position and demonstrate by practical working that the
primitive appliances of the ryot can be superseded by methods of
water-lifting so greatly superior as to open out entirely new
possibilities regarding the utilization of subterranean water.

R



THE COST OF POWER.
— ot —

Engineers are beginning to recognize the fact that after a
century of development the steam-engine has been brought to the
highest degree of perfection that is attainable, and to confess in
despair that now, even under the most favourable conditions, it is
a very imperfect machine for converting beat generated by the
combustion of fuel into work. The efficiency of a heat-engine
depends upon the temperature with which the working fluid enters
the engine and the temperature at which it is ejected. In the case
of the steam-engine the range is comparatively small and at the
outside does not amount to more than 300°F. under which con-
ditions the theoretical eficiency of a perfect heat engine cannot
be more than 33 per cent. and in praciice not more than 20 per
cent. has been actually realised. The vast majority of small steam-
engines do not attain more than a fraction of even this meagre
dugres of success and we shall probably be right in stating that
the average thermal efficiency of engines in this country excluding
a few large condensing mill engines is under 5 per cent. That is
to say that of the heat generated by the burning of 10 1hs. of coal
in the boilers which sunply steam, we obtain less than the equi-
valent energy of one-balf of a pound of coal in the effective work
done by our steam-engines. This extremely unsatisfactory result
has long engaged the attention of Physicists and Engineers and
enormous sums of money have been expended in endeavouring
to obtain some process of converting heat into work which will

* Indian Heview for November 1902.
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yield more favourable results. The introduction of the gas-engine
with its immensely greater range of temperature in the working,
cylinder, about 30 years ago marked the commencement of & new
eta in our methods of obtaining power and in the case of small
engines remarkably good results were soon obtained; but for a
long time the difficulties connected with the working of large gas-
engines seemed insuperable. Within the last few years, however,
they have been overcome and at the present time there seems to
be no practical limit to the eize of gas-engines. 1In & paper read
before the British Association at Belfast Mr, H. A. Huinphrey
stated—* The deveiopment of gas-engines which has taken place
during the last few years has but few parallels in the history of
engineering enterprise. Gas-engines of 1,200 H. P. and 1,500
H. P. are already working and others of 2,000 H. P. to 4,000 H.
P. are being constructed. In the Paris Exhibition of 1900, a 600
H. P. Cockerill gas-engine created much surprise, but now the
makers have in hand an engine of 2,500 H. P. and are quite pre-
pared to build a 5,000 H. P. gas-engine.” The main secret of the
success which has been obtained, is improved mechanical constrac-
tion, the provision of efficient arrangements for keeping the work-
ing parts cool and the adoption of much higher pressures at the
end of the compression stroke in the cylinder whereby the use of
& very much poorer quality of gas is possible. The waste gases
escaping from blast furnaces have been found admirably adapted for
producing power in large gas-engines and as much as 1,000 H. P-
can be obtained from every ton of coke'that is-consumed per hour
in the manufacture of iron in blast furnaces, so that there is no
doubt that the combination of a blast furnace and a gas-engine is
the most efficient thermal process which has yet been devised.
There are many processes suitable for the mianufacture of gas of &
poor quality in large quantities which can with advantage be used
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in large gas-engines but of these we need only mention one, the,
results of which are remarkably promising. Dr, Ludwig Mond of,
the great Cheshire Chemical Works owned by Messrs. Brunner,
Mond and Company has devised a process of manufacturing
producer gas which from bituminous coal yields from 140,000 to
160,000 cubic feet of gas per ton of fuel fed into the producer
and et the same time recovers as much as 90 Ths. of sulphate of
ammonis, the value of which is about Rs. 160 per ton. Using
this gas, one H. P. hour per pound of fuel can be obtained,—a
result which is mach superior to that obtained in the largest and
best type of steam engine.

Concurrently with the development of the gas engine as one
form of internal combustion engine, we have to record the pro-
gress made along parallel lines by a ‘similar type of engine in
which kerosine oil or crude petroleum is used. In the latest form
of oil-engine one H. P. hour can be obtained from 0.75 Ibs. of
kerosine oil, but kerosine oil costs Rs. 90/- a ton and the oil-
engine can only successfully compete against the steam engine
when the power required is small and then the steam-engine is
notoriously at a disadvantage. Crude petroleum can however be
obtained at about Rs. 30 per ton in Madras and the efforts which
have been made to utilise this liquid fuel in internal combustion
engines have resulted in no small measure of success. By slight
modifications in their constructibn, most forms cf oil-engine will
work with liquid fuel, and engines of small size can be
nbtained which do not consume more than one pound
of liquid fuel per hour. Excellent as this result may be, it is
entirely put into tha shade by an oil-engine of German origin,
known as the Diesel oil-engine, which consumes as little as 0-41
pounds of crude petroleum -per H. P. indicating that the
thermal efficiency is well over 30 per cent. or about the same
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value as the meximum thermal efficiency of a perfect steaw
engine. ’

This very brief summary of recent progress in methods of
developing power is put forward in the }:ope of drawing attention
in India to the subject. Our resources are so limited that we
cannot afford to waste them and the users of power, whether in
small or large quantities, must keep abreast of modern progress
in this direction if they wish to successfully face the competition
of progressive countries. Where water-power can be obtained
the cost of production is generally much lower than by any of the
means we have hitherto mentioned ; but unfortunately in this
country it is only available in places where it is of no use and
to convey it by electricity to any distant point is only feasible
on a scale which, with one sirgle exception, is at present far
beyond industrial needs of the country. There are a few in-
stances such as those at Gokak and Ambasamudram where water-
power has been successfully used to drive cotton mills but the
only case of the generation of a large amount of power and its
successful transmission over a long distance ie that which has
recently been carried out in the Mysore Province.

The successful completion of the Cauvery Falls Power
Scheme has naturally attracted a large awount of attention in
India, not only because it is the first work of its kind that has
been carriedjout in this country, but also because of the extremely
eatisfactory financial results that are expected to attend its
operation. The circumstances were unique and are not likely
to repeat themselves, so that the bare statement of the facts of
the case does not afford much information that is likely to be of
use elsewhere and it is recessary to carefully examine the details
of the scheme and elimirate from.it all the exceptional items
before we can obtain data which may prove of use in the
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consideration of other projects for the development of large
amounts of power.

The scheme, as carried out, provided for the generation of
sufficient power at the Falls to yield 4,000 H. P. at the Kolar gold
field, distant by the transmission line 93 miles. For the power
that is being made use of, the Cauvery Falls offer good facilities
for its production at a moderate capital outlay. The supply of
weter may be regarded as reasonably certain all the year round.
the fall is a very convenient height and the hydraulic works
praner;'ted no features necessitating excessive expenditure on their
construction. The tranamission line is a long one but thisis to a
large extent compensated for by the compactness of the dietribu-
tory works, where the power is employed in comparatively large
units and in most inatances continuously night and day. All
things coneidered, these works may be regarded as a favourable
instance of the utilization of water power. In round figures the
expenditure has been £300,000 or forty five lakhs of rupees,
equivalent to a capital outlay of £ 75 or Re. 1,125 per horse-
power available,

At the present time the total amount of power generated, at
the Kolzr mines is probably not far short of 10,000 horse-power
and careful calculationa showed that the annual cost to the mines
was over £30 or Ra. 450 per horse-power per annum. This
expenditure on power is undoubtedly very heavy and is largely
due to the gradual growth of the demand for power and the
utter impossibility, during the opening up of the mines, of making
provision for subsequent requirements, As we shull eve later on
it would now be posaiblé to provide 10,000 horse-power for 8
“very much smaller annual charge than has been, and in fact still
is paid. The sgreement between the Mysore Government and
the General Managers of the mines provides for the very early
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recoupment of the capital expenditure as the life of the mines is
& somewbat uncertain quantity. During the 1st year, the charge
“per horse-power is to be £ 29, during the next 8 years, £ 18,
during the fifth year £ 24 and for all subsequent years £ 10+
The returns to the Mgysore Government in 5 years will be
£ 380,000 on & capital outlay of £ 300,000 and after that they
will receive practicallay 10 per cent. on their investment. On
the other hand the mines, without incarring any outlay, will
after the first year, save £ 50,000 a year except during the fifth
year when they will have to pay an extra rate which will
reduce the saving to £ 26,000. In the sixth and following
years they will save as much as £ 80,000 a vear on the preseut
rates for power. For both parties the results are magnificent
and it would be difficult to overestimate the credit due to those
who have conceived and carried to a successful issue a scheme
possessing 50 many novel features in Indian engineering and
holding out promise of such exceptioral financial results.

Having thus briefly examined the Cauvery Power Scheme
as it is actually working let us now eliminate ail the special
features dus to its connection with mining ventures of uncertain
duration. We may assume that such a scheme would cost what
it ap‘proximately actually did cost viz,, £ 300,000 and that the
expenditure has been divided under the following heads.

Hydraulic works .. £ 65,000
Turbines etc. .. 35,000
Generating station .. 40,000
Transmission line _ .. 9,500
Distributing plant .. 65,000

Total £ 300,000



THE COST OF POWER, 59

The workinz expenses may be estimated as fcllows:
Rental for water power (@ 10/-per H. P. per annum £ 2,000

Interest on eapital @ 5%, .. 15,000
Working expenses .. 6,000
Sicking fund for Machinery @ 74 ¢/,

on £ 110,000 ; 8,250

Sinking fund for other works @ 11¢/, on £ 190,000 2,850
Total .. £ 34,100
Of the above items the most diflicult to estimate is that due
to depreciation, probably, if anything, the rates allowed are exces-
sive but a liberal allowance of contingencies is nécessary. Out of
date electrical machinery is only worth scrap heap prices and it
would be somewhat rash to aseume that within the next twenty
years there will be no material improvement effected on a three
phase transmission plant working at 30,000 volts. Accepting the
above figures we obtain the result that to generate one horse power
continuously costs £3-10-0 per annum. Under extremely favou-
rable circumstances as for instance with a short transmission line
it might not amount to more than £ 6, and under less favourable
conditions say with a transmission line 200 miles in length it
might amount to £10. These figures are much higher than the
estimates generally framed regarding the cost of utilizing water
power but as the data they are based upon are taken from actual
results they are less open to criticism and moreover they do pro-
vide for an adequate return to every interest involved which is
not always the caee with projects which bave been carried out in
the past in other countries.
Tbe average cost of one horse-power per annum at the
mines is authoritatively stated to be fully £30 and the reason for
this excessive charge has been briefly alluded to. The engines
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which generate this power are scattered all over the field, some
are large, some are small, but-in almost every casa the conditions
under which they work are not favourable tc fuel economy. The
bulk of the power is absorbed in driving the mills, working air
compressors and in the winding engines which work the hoists
at each sbaft. The success of the Cauvery Electrical Scheme
demonstrates the possibility of generating all the power in a
central station and distributing it to the places whers it is wanted
by electricity. The question is what would such a scheme cost
and at what rate could power be supplied.

Practically there are available two sources of fuel supply,
(1) coal from Bengal or Singareni costing about Rs. 20 per ton
and possessing a calorific value of rather less than four-fifths that
of good Welsh coal, (2) Liquid fuel imported from Borneo by the
Shell Transport and trading Company, costing, about Rs. 36 per
ton and of a calorific value 70 per cent. greater than that of coun-
try coal. The coal must be burned in boilers, and its energy
converted into work by the agency of steam, but the liquid fue]
can either be burned as coal or used in a suitable form of internal
combustion engine. With the best type of steam engine the
consumption of fuel in boilers may be taken as 2 ibs, of _country
“¢oal per horse-power per hour or 1} lbs. of liquid fuel so that
the cost of power is not materially different whichever of these
fuels be employed. But if the liquid fuel be used in an oil-engine
the consumption varies from 0-80 Ibs.in an engine of the Hornsby-
Ackroyd type to as low as 041 tbs. in the latest form of Diesel
engine. Obviously the extremely remarksble economy of the
latter type of engine presumes far it a great future and we pro-
pose to compare the cost of supplying 10,000 horse-power from
a central station by means of alternators driven by (1) Steam
engines and the country coal and (2) Diesel oil engines and liquid
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fuel. To allow for losses of energy ia the alternators, transmission
line and motors we shall assume that 100 brake horse-power at the
engine will give 663 brake horse-power at the motors and there-
fore to obtain 10,000 horse-power at the motors it will be neces-
sary to generate 15,000 horse-power at the engines. As the
engines will have to run day and night it wil® be desirable to pro-
vide § more power than will be actually required to allow each en-
gine to be shut down for examination or repasirs. The central
station would therefore be provided with twenty, 1,000 horse-
power engines and an equal number of alternators. Whether
steam-engines and boilers be used or Diesel oil-engines the capital
expenditure will not bea materially different. The preparation
of detailed estimates of the cost of either of these two instal-
lations is & work of some magnitude and could only be pro-
perly done after extensive enquiries among machinery makere
all over the world. Instead of doing this, I have carefully
examined the expenditure on a number of large power sta-
tions in England and bave gone through the estimates for
ths work which bae already been done in Mysore and asa
result I bave come to the cenclusion that to carry out this
scheme in its entirety would cost about £ 500,000 or £50 per
horse-power, just two thirds the rate of the capital expenditure
already incurred to supply the Gold fields with power. Now
as to the annasl working expenses, the msin item would be the
cost of fuel. Assuming that 2 Bbs. of coal or 0.41 B. of liquid fue
is consumed for each brake borse-power hour of the engines, the
quantity of coal required per snnum would be 116,000 tons
which at Rs. 20 per ton would coet Bs. 23,20,000 whilst of liquid
fuel the quantity would be 24,360 tons costing st Re. 36 per ton
Ras. 8,76,960. Stores of various kinds would cost about one lakh,
per annum and the expenses for superintendence, labour and
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management would fall within 2} lackhs, so that the working
expenses of the scheme would be
By steam power about
Rs. 27,00,000 or . £ 180,000
liquid fuel engines '
Rs. 12,50,000 . £ 83,400
To these charges we must add interest on capital at 5°/, and
a sufficient charge to form a sinking fund to extinguish the capi.
tal expenditure in a reasonable time. The life of the mines is an
uncertain quantity but to assume that they will last another 15
years is not a very sanguine estimate and if the interest on the
sinking fund be taken at 5°/4 the annual charge on a capital out-
lay of £ 500,000 will be £ 25,000 a year.
The total cost of 10,000 horse- power then works out as

follows:
-Steam  Liquid Fuel
Working expenses £ 180,000 £ 83,400
Interest on capital 25,000 25,000
Sioking fund 25,000 25,000

Total £230,000  £133,400

That is to say the charge now estimated at over £30 per
horse-power would be reduced to £23 in the-one case and
£13-10-0 in the other, and an annual saving in working expen.
ses would be effected of £ 70,000 or £ 166,600 according as the
old or the nmew methods of generating power were adopted.
These rates cannot of course compare with those which the
mines will u timately pay for the water power of the Cauvery
falle, but the gquantity of that power is limited if a continuous
supply is essential. Possibly the Falls may be able to yield another
4,000 H. P. continuously, but that is the maximum that can be
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obtained without expensive storage works. It would therefore
seem that there is ample room on the mines for some such project
ss has just been outlined and there is no doubt that if advantage
is taken of the recent rapid progress that bas been made in the
development of the internal combustion engine a very material
economy can be effected in the working of the mines.

The Kolar minee are an instance of a large amount of power
being required in a place where ccal and liquid fuel can compete
with one another on approximately equal terms but there are
many places where the price of coal is so low that it possesses an
immense advantage over liquid fuel as an heating agent. We have
seen that the Diesel oil-engines use but slightly over } the weight
of liquid fuel that the best steam-engines require of Indian coal
but we can place coal on much more equal terms with liquid fuel
if we abandon the steam engine and first of all convert our coal
into producer gas and then use this producer gas in a gas engine_
In this way we can obtain 1 brake horse-power from 1 . of coal
and although this doubling of the efficiency of coal as a source of
power would etill leave to liquid fuel the premier position at
Kolar on account of the high cost of coal, yet in Calcutta
where liquid fuel cost from 34 to 4 times as much as coal the
position is reversed. There the marvellously economical Diesel
oil-engine would use about jrd the weight of fuel that would
be consumed by a producer gas plant but the fuel costs 4 times
as much and hence in Bengal, and in every other plece where
coal is equally cheap, no form of engine can compete with the
large gas engine working on producer gas.

So far as can be foreseen after a century of continuous im-
provement the steam engine bas reached its ultimate limit of
development and already it has been hopelessly beaten by the
internal eombustion engine, a product of the last 30 years. For
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the generation of large amounts of power the day of the steam-
engine should have passed but that it has certainly not so
vanished is simply due to its immense prestige and to the reluct-
ance of engineers to commit their clients to a large expenditure
on machinery which i« still in a transition stage and which still has
to earn a reputation for endurance and reliability which can only
be acquired in course of years. Where fuel is cheap there power
is most largely generated, and as the cost of the fuel is but one
item in the working costs of an installation, whether it be a mill,
a central power station or an electric light plant, consequently
engineers are slow to rick their reputations on new ideas with
which they have no personal experiencv. Hence the steam-
engine flourishes and will probably long continue to flourish.
Except in the neighbourhood of the mining districts coal
is by no means a cheap commodity in India and a poor
country can only hope to improve its material position by
utilizing its resousces in the most econowical way possible.
Of mechanical power we make little use outside a few big mills
and factories. Industrial undertakings are few and scattered
over wide areas so that the advantages which can be obtained
from concentration in a limited area are entirely lost. Central
power stations are an impossibility and each little user of engine
power works his small plant at great expense. A small steam
engine is very wasteful of fuel yet it is almost invariably employed.
The advantages of small oil engines are however beginning
to be appreciated and it is certain that their use will rapidly ex-
tend when the fact is realized that those of the Hornsby-Ackroyd
type can be run equally well with either kerosine oil or liquid
fuel. The former costs at the present time Rs. 122-8-0 per ton,
whilst the latter is only Rs. 45 per ton in Madras and would be
but Rs. 30 & ton if the consumption were on a sufficiently large
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scale to justify the importing of it in bulk oil steamers direct from
the oil districts. For intermittent running the economy effected
by generating power with keroeine oil is considerable, but for
steady work all dsy it is only in places where coal or wood is
expensive and oil fairly cheap that the latter can be used with
advantage. With liquid fuel however the oil engine becomes a very
econorrcical motor and the following figures obtained fromn the
8chool of Arts Madras may be of interest. Theengine there
used is an 8} B. H. P. Hornsby-Ackroyd and was run for
several years with kerosine oil. Liquid fuel is now used and
the engine runs for 9 hours & day on an average consumption
of 8 gallons of liquid fuel, which costs as. 3 per gallon delivered at
the engine shed. The average B. H. P. of the engine is pro-
bably over 7 as the load is fairly constant and practically as
much as the engine can do. Taking it at 64 B. H. P. hours
per day the cost of running amounts to
Liquid fuel .. .. . .. 1 80
Wages .. . .. .. .. 080
Interest, depreciation and repairs at 12} °/, per-

annum on Re. 3,000 allowing 300 workingdays. 1 4 0
Lubricating oil and stores .. . .. 0 80
312 0

Practically this ie” equal to 11 pies per brake horse-power
hour. At the Gun Carriage Factory Madras there is a similar
oil engine but much larger and capable of developing over 40
B. H. P. From information kindly supplied to me by Major C. C.
Townsend R. A., the superintendent, it appears that the engine
is heavily loaded and during the working day of 74 bours proba-
bly an average of more than 40 B. H. P. is developed as the
indicative disgrams show that as much as 55 H. P. is developed

3
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in the cylinder. The consumption of kerosine oil was 34 gal-
lons per day and that of liquid fuel is now 30 gallons per day.
Taking the average B. H. P as 40 and the working day as 73
bours, 300 B. H. P. hours are obtained from 30 gallons of
fuel or 10 B. H. P. hours per gallon.

The cost of power in this case may be estimated as follows :
30 gallons of fuel at as. 3 per gallon .. .. 510
‘Wages ‘. . .. 180
Interest, depreciation and repairs on Rs. 8,000

<

for 124 per cent. allowing 300 working days... 3 5 4
Lubricating Oil, Stores ete. .. ... 100
Total .11 7 4

Or 7} pies per brake horse power hour.

In the paper on Water Lifts the conclusion arrived at was
that, under favourable circumstances, animal power would yield
4 H. P. for 8 hours per day or 2 H. P. hours per day foran
expenditure of Rs. 18 per month. The 64 H. P, hours obtained
with the School of- Arts engine, if supplied by animal power,
would cost 24 x 18=432 rupees per month whilst actually it costs
Rs. 93-12-0 or less than one fourth. For agricultural opera-
tions a pair of bullocks is an inconveniently small unit of
power and the smallest size of oil engine is somewhat too
large for the existing methods of culture; but for lifting water-
driving oil" mills or sugsr cane mills it should be possible to
gradually introduce co-operation among ryots and land bolders
to secure to themselves the benefits of cheap . power. For
lifting water the oil engine possesses the advantage thai if
necessary it can be run almost continuously but it is unfortu-
nate that the centrifugal pumps which are the only convenient
means of spplying that power are so inefficient that their
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efficiency falls below 50 per cent. and often below 40 per cent.
In consequence, the enormous superiority of the oil engine is
in part lost and there ie wothing that would prove of greater
ben=fit to Indian agriculture than the introduction of an im-
proved centrifugal pump with s much greater efficiency.

=g



THE VALUE OF WIND-MILLS IN INDIA.
—r——ai——

Previous to the advent of the steam-engine the wind-mill
was held in high repute as a means of obtaining motive power,
and it was largely used for grinding corn and for raising water
for the drainage of low lands. The old-fashioned mill was
cumbrous and expensive, and, as a rule, it was so heavily loaded
that it only worked in strong winds. The disadvantages attend-
ant on its use were many and serious and it is not surprising that
it fell into disrepute. Subsequently the invention of the dynamo
and the electrical accumulator again drew the attention of Engi.
neers to the wind as a source of energy and the modern aermotor
or wind-engine was gradually developed. The expectations based
upon the conversion of the power of wind into electrical energy
and its storage in accumulators have not been realized mainly
because of the large capital outlay involved in the plant. But a
very large field for the use of wind-engines has been found in
employing them to pump water either for domestic purposes, for
drainage or for irrigation, and"at the present day many thousands
are doing useful work in these directions. In no part of the
world is there more scope for them than in 1ndia where millions
of cattle are daily employed in raising water from wells for
the irrigation of land but unfortunetely they are too expensive
for the individual ryot and there is a generally prevalent idea
that the wind-currents in India are too light to make the amount
of energy derivable from them of any material value.

About two years ago I was asked by the Board of B@venue
to furnish them with information regarding the utility of wind-
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mille for irrigation work, and, as there was no trustworthy
information available, I proposed to Messrs, Parry & Co., the
Madras Agents of the Chicago Aermotor Company, that, if they
would place an aermotor at my dispoeal for purely experimental
work, I would undertake to collect and place on record the
observations. After consultation with their principals in America,
it waa settled that a 18 ft. aermotor mounted on a 70 ft. tower
should be handed over to me to experiment with and the Board
of Revenue agreed to furnish the necessary funds.

A new aermotor was accordingly sent out, and I had it put
up in the compound of the School of Arts, Madras. An attempt
was made to sink & well, but the sub-soil proved 80 unsatisfactory
that the well was abandoned and a masonry tank 10 ft. square
sud 5 ft. deep was constructed under the aermotor tower. It
was originally intended that the aermotor should drive a rocking
lever at the ground level, to which lever two pumps rods were to
be attached, one working an 8” pump, the other a 6" pump, both
to be fixed 25 ft. below ground level in the well. But when the
well had to be given up it was found impracticable to arrange for
driving two pumps except at & greater expense tban was
warranted and only the 8” pump was fixed in the taak.

The object of the experiment was to ascertain the quantity
of water which the wind-mill would lift to a certain height every
day in the year, end as there was no necessity to use the water
for any purpose it was decided that the pump should be arranged
to lift the water 25 ft. and allow it to fall back into the tank. To
obtain the information required, a tacheometer was fitted to
the pump to record every stroke, and to obtain the quantities of
water lifted, it was only necessary to ascertain, as accurately
ns possible, the delivery of water per stroke. To do this, another
tank 10 ft, square and 5 ft. deep was built above the level of the
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ground and the water discharged from the delivery pipe was
carried to it by a two-inch main fitted to the bottom of a wooden
funnel into which the water lifted by the pump was discharged.
The aermotor and tower were bolted together horizontally
on the ground and were then lifted into a vertical position by
means of a derrick. The plan followed was the very ingenious
one devised by the Aermotor Company, but it gave us a great
deal of trouble, as the tower, though it has proved to be amply
strong enough in the erect position, was not well adapted to
resist the strains brought upon it during the process of lifting,
notwithstanding the fact that the instructions of the Aermotor
Company were carefully carried out in regard to the addition of
temporary bracing to resist the bending stresses. The wind-
wheel was geareﬂ down to work the pump in the ratio of 3} to
1. The diameter of the pump was 8 inches and the length of the
stroke 16 inches, so that the theoretic discharge of the pump was
2:9 gallons per stroke. Careful experiments repeated a great
number of times by recording the number of strokes required to
fill the measuring tank showed that the average quantity of
water delivered by each stroke of the pump was 2'5 gallons or 86
per cent. of the theoretic delivery. After preliminary experi
ments a daily record of the work done by the wind-mill was
kept from the end of March 1902, and readings of the tacheo-
meter were taken every morning at 8 A.M., at mid-day and at
4 pM. It was at first intended to set up an anemometer to
record wind velocities, but after careful consideration of the
matter it was finally decided to dispense with the anemometer
l‘eédings and to obtain all the information regarding the wind
movements from the Observatory in Madras which is situated not
much more than & mile away. The aermotor was 70 ft. above
the ground and well above the influence of obstructions to the
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wind caused by buildings and trees, and as the whole country
for miles round, is 8 practically dead level plain, it was thought
that, considering the observations were to be extended over a
long period of time, it would be better to accept the Observatory
anemometric determinations than to admit 8 new set with instru-
ments not so carefully calibrated as those of the Government
Observatory.

The aermotor hasa now been in operation for more than one
year and sufficient information has been obtained to decide the
question ss to the suitability of these machines for irrigation
work in India. Mr. B. Ll Jones, the Deputy Director in charge
of the Madras Observatory, has been kind eaough to furnish me
with a copy of the Obeervatory wind records for the whole year,
and this statement gives not only the daily wind velocity in
miles but also the movement of the wind in wiles for every hour
throughout the year, He has also been kind enough to furnish
me with other data regarding wind movements in Indis of which,
as will be subsequently seen, considerable use has been made in
this paper and I am greatly indebted to him for his courtesy in
this matter. Mr, J. Cook of the Central College, Bangalore, and
Director of Meteorology in Mysore, has also been kind enough to
send me valuable extracts from the records of his Observatories
and I am glad to acknowledge my indebtedness to him for the
same.

It seems unnecessary to publish the whole of the data which
have been collected, but aa a eample of the records for the whole
year Table 1 summarizes the results of the observations made
during the month of June.

To determine the ratio betweeu the work done by the wind-
mill and the daily velocity of the wind in miles was the main
object of the experiments and this was easily done by plotting
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the observations on section paper, taking as ordinates the num-
ber of gallons of water lifted 25 ft. per day and as abacissae the
wind movement in miles per day. When the observations bad
all been plotted, it was found that a straight line baving the
equation ’
X=175 (Y—53) _

represented the results very satisfactorily, where X is equal to
the number of gallons of water lifted 25 ft. per day and Y is the
daily movement of the wind in miles.

General observations of the working of the wind-mill show
that the strongest and steadiest winds generally blow in Madras
from noon till about 5 o’clock in the afternoon, and from an
examination of the Observatory records, it was found that, on a
considerable number of afternoons during the year the wind blew
with an almost constant bourly velocity, and from a eslection of
such days, a second curve was plotted having as ordinates the
work done by.the wind-mill from 12 to 4 =».mM. and as
abscissae the total wind movement during that period. The
equation

X=15687 Y
represents these results with very great accuracy whenever the
wind velocity averages more than 8 miles per Lour during the
period. Careful observations on several days with an anemometer
fixed to the wind-mill tower showed that it required a steady
breeze of about 7} miles per hour to keep the wind-mill in
continnous motion, but that, when the wind velocity exceeded
3 miles per hour, a certain amount of work was done as the
result of puffs of wind. From the first equation it will be
geen that, when the daily wind velocity is below 53 miles per
day, the amount of work done by the wind-mill is pegligible
but that above that velocity it steadily increases in direct
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proportion to the increased rate of the movement of the wind.
This same result is also obtained from the second equation,
snd it is one of extreme importance because makers of wind-
mills invarisbly claim that the work done by a wind-mill is
proportional to the cube of the wind velocity ; and in their
catalogues and price liets they publish fictitious tables showing
the work done by the wind at various velocities.

Table II has been compiled frowm the average wind velocities
measured at the Observatory in Madras during the 30 years
1564-1894, using equation (1) to determine the average amount
of water which the wind-mill can lift.

The other columns in this table show (1) the depth to
which an acre of Jand would be covered during the month by
the water lifted by the wind-mill ; (2) the average monthly rain-
fall ; and (3) the depth of water which would be supplied to 10
acres of lsnd by adding to the natural rainfall the quantity of
water lifted by the pump. The months of February and October
are the least windy in the year but during the former the
harvest is in general progress whilst during the latter the rain-
fall is usually heavy. In March and April there is practically no
rain, but the water delivered by the wind-mill would be more
tban sufficient for the eeed-bede required for an area of over 10
acres. During May, June and July strong winds are prevalent
and the water lifted by the wind-mill added to the average
rainfall would cover a ficld of 10 acres to s depth of over
8 inches. This is sufficient with careful use for the irrigation
of almost any crop, and I am therefore of opinion that a 16 ft.
sermotor will do sufficient work in Madras to irrigate 10 acres of
Iand when the water bas to be lLifted 25 ft.
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Tasrw II.
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January .0 144 089 15920 | 218 3:07
February L) 122 028 { 12,070 | 1-49 177
March el 152 0:39 | 17,318 | 2:37 2:76
April U191 062 | 24,140 | 3-20 382
May .| o227 2112 { 30,450 | 409 621
June : ..1220 211 | 29,215 | 387 598
July .. 198 387 | 25,380 | 2-47 7'34
August .| 174 |- 456 | 21,180 | 2-89 7-45
September ..l 156 469 | 18,020 | 2-39 7-08
October .. 123 11100 | 12,240 | 1-62 1262
November ..| 1865 1321} 19,600 | 260 1581
December .. 183 528 | 22,740 | 311 8-39

Before discussing these resulta further, it will be well to
give a brief resume of the results of experiments on wind-mills
which have been made in other parts of the world, *“The
Water-supply and Irrigation Papers” published by the United
States Geological Survey No. 20, give an account of an extensive
sories of experiments with wind-mills made by Mr. Thomas
Perry. The experiments were carried out with extreme accuracy
and with very elaborate apparatus and the results of them may
be summarized as follow. :

(1) The maximum work which can be done by a wind-mill
is proportional to the cube of the wind velocity.

(2) The starting power of a wind-mill is proportional to
the square of the wind velocity.
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(3) The speed of an unloaded wheel increases in a some-
what greater ratio than the velocity of the wind, but for practical
purposes there will be but little error i assuming that the unload-
ed wheel revolves at a speed proportional to the wind velocity.

(4) The best speed for a wind-mill is from 0'55 to 0°70
the speed at which it runs when unloaded.

(5) The best load for a wind-mill at any given velocity of
the wind is from one-half to two-thirds the maximum starting
force ut that velocity of the wind.

A large number of experiments were made to determine the
beat form for the vanes of s windmill and the best result obtain-
ed showed that a 12-ft. wheel having an area of 113 sq. ft
developed 6,836 foot-pounds of work in a ten-mile wind, or,in
other words, that & 12 ft. wind-mill could be made to develop
0-207 1L P. in a ten-mile wind. This result ie corroborated by
experiments conducted in Denmark at the Government Experi-
mental wind-mill erected at Askov. There it was found that the
beat result that could be obtained, when applied to a 12-ft. wind-
mill would give 0'234 H. P. in a ten-mile wind. These results
can be very approximately expressed in the following way. The
magzimum work which can le done by a wind-mill in a ten-mile
breese is equal to one foot-pound per second per square foot of wind
surface. A 16-ft. wind-wbeel has an ares of 201 eq. ft. and
sbould therefore supply in & ten-mile wind 201 foot-pounds of
work per second equivalent to 0:373 H. P. From the equation
X =156'87 Y, it is found that the actual work represented by
the water lifted is 0-198 H. P. or 53 per cect. of the maximum
work that can be obtsined from the wind. Allowing for the
friction of the gearing and the loss of energy in the pump, the
efficiency is satisfactory and the load on the pump is evidently
suitable.
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A careful consideration of these results leads to several very
important conclusions which are entirely confirmed by the
experiments on the aermotor. Although the maximum work
which can be done by a wind-mill is proportional to the cube of
the wind velocity the actual amount of work which it does when
pumping water is proportional to the wind velocity, because the
work done depends upon tl:e number of strokes of the pump, and
* the number of strokss of the pump depends upon the velocity
of rotation of the wind-mill, ar? this, we kave seen, is approxima-
tely proportional ‘to the wind velocity. This result is fully
borne out by these experiments since the work done by the
aermotor is found to be exactly proportional to the wind velocity.
A similar result was obtained by Mr. W. H. Moreland, I. C. 8.,
the Director of the Department of Land Records and Agriculture
in the United Provinces, who, in “ A Note on Triale of an
Aermator in Well Irrigation” published as bulletin No. II of the
Agricaltural Series of his Department, gives a table on page 3
which shows that the quantity of water raised at different veloci-
ties of wind was approximately proportional to the wind velocity
The practical meaning of this is that wind-mill works with the
greatest efficiency when the velocity of the wind is just sufficient
to keep it in steady motion, and, that at any other higher velocity
of the wind only a portion of the useful work which the wind-mil
could do is utilized. If a convenient arrangement conld be
divised whereby the ioad put upon the wind-mill varied with the
square of thke wind velocity the work done by these machines
would be much greater. An attempt to realize this is made by
the Chicago Aermotor Company who provide means whereby
three different lengths of stroke of pump can (be obtained, but
in practice, it is found inconvenient to alter 'the length of the
stroke. The most satisfactory way to vary the load ona wind-
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mill is to provide it with two pumps worked thcough a rocking
lever fizxed at ground level. One pump can be permanently
attached to the rocking lever and the other whenever the wind
velocity is sufficient to justify doing so.

Table II has been compiled from the results obtained with a
single pump of 8 inches diameter and 16 inches stroke, but it is
certain that for the greater part of the year for several hours
each day the aermotor would have been capable of working two
such pumps with practically no loss of speed.

Table II1 gives the mean hourly movement of wind at
Madras irrespective of direction and by using this table we can
approximately estimate what extra work would have been done if
it had been possible to attach a second 8-inch pump to the wind-
mill whenever the velocity of the wind was sufficient to drive two
pumps, With a wind velocity of 8 miles per hour and one 8-inch
pump the wind-mill works steadily ; with double the load, since
the power of the wiud-mill is porportional to the cube of the
velocity of the wind, 8 wind velocity of 10-08 miles per hour would
be required.

From Table 111, Table 1V has been compiled by taking out for
each month the sverage number of hours in the month during
which the wind velocity was over 8 miles per hour, and also the
number of hours in each month during which the wind velocity
averaged over 10°08 milee per hour. From the totals it will be
seen that the wind was strong enough during 3,791 hours to drive
one pump and sufficiently strong during 1,985 hours to drive two
pumps. This means, that, neglecting any work done by the wind
when the average velocity was below 8 miles per hour, the total
quantity of water raised by the wind-mill during the year would
have been increased by 52-4 per cent. if another pump could bave
been attached when the wind was favourable. To drive three
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pumps the wind velocity would have to be 11:54 miles per hour
and the table shows that this velocity was exceeded during 917
hours in tha year, so that the additior of a third pump would have
increased the work done by a further 24:3 per cent. If a 16-inch
pump bad been attached to the wind-mill instead of an 8-inch
pump, a wind velocity of 9-28 miles per hour would have been
required.

Table IV shows that during the year the wind exceeded this
velocity during 2,795 hours and the quantity of water which
would have been lifted by the 10-inch pump would bave been
almost exactly equal to that which was lifted by the 8-inch pump,
as when the 10-inch pump is working, it will in any given time
lift 1-345 times as much water as the 8-inch pump. An examina-
tion of the figures given in Table IV shows that with the 8-inch
pump the volume of water lifted is more uniformly distributed
throughout the year than would be the case if the larger pump
were used, and we may fairly assume that an 8-inch pump is more
suitable for work with a 16-feet aermotor in Madras than a 10-
inch pump would be. It is important to notice, however, that
the difference is not very material and that, in places where the
wind distribution is anything like that at Madras, the size of the
pump may vary within considerable limits without materially
affecting the quantity of water which would be lifted. '
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Tasie IV,

Number of hours in each month the wind movement per hour

egoceded 8 miles (A).

exceeded 11-54 miles (C), ezceeded 9-28 miles (D).

ezcoeded 10-08 miles (B),

Month. A |{B|]c|D

January 248 | 186{ ... 217
February 196 56| .. 140
March 28| 186 93| 217
April 360 240 180| 360
May 558 | 341 | 217 496
June 630 | 300 210 360
July 372 217| e2{ 279
Angust 279 62| .. | 188
September 240 | ... 120
October 120 1 ...
November 270! 1807 ... | 283
December ) 20! 217 155) 363
Total .. {3,701 /1,885 | 917 ,2.795

Tasrz VI,

Number of hours in each month the wind movement per hour
ccroeded 8:28 milés (A), exceeded 1043 miles (B),
exceeded 1194 miles (C), exceeded 950 miles (D).

—_— AlB|cip
January 620 | 279 | .. 310
February a8 | 3081 ... 364
March . 434 166 | .. 310
April . 240 90} .. 155
May -~ 651 | ... - 341
June 720 | 720! 540 720
Jaly 794 | 744| 651 | 744
Angust 744 | 403 | 279, 744
September 300 o 150
October a7 ..
November 270 301 .. 180
December 651 2719} 217§ 310
Total ... {6,039 |3,008 1,687 |4328
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Table V extracted from the Mysore Meteorological papers
gives the mean heurly wind velocity daring the four years (1895
to 1898) at Bangalore, and from this table we have constructed
Table VI, similar to Table IV, in order to frame an estimate of
what wonld be the work done by a similar sermotor in that
locality. As the station is over 3,000 feet above the level of the
gea, the density of the air is less and may be assumed to be 09 of
that at sea level. As the work done by the wind is proportional
to the mass multiplied by the cube of the velocity, a wind of 8
miles per hour at sea level will be as effective as one of 8:28 miles
per hour at 3,000 feet elevation. The totals of the columns of
Table V show, that a single 8-inch pump could be worked for
6,039 hours and that two pumps could be worked for 3,008 hours,
whilst three pumps could be worked for 1,687 hours, giving an
increase to the amount of water lifted of 50 per cent. for two
pumps and a further increase of 28 per cent. for a third pump,
If a 10-inch pump were used, it would work for 4,328 hours; this
number multiplied by 1-:35, the ratio of the work done by the .
two pumps in any given wind shows that the 10-inch pump would
only lift 967 per cent. of the water liftted by an 8-inch pump,
and an examination of the table shows that the greater part of
this work would be done during the three monsoon months and
that during the rest of the year the 8-inch pump would be
immensely more effective than a 10-inch pump. From these
figures, it would appear that the wind movements in Bangalore
are so much stronger than in Madras that tho work which a 16-ft
aermotor would do would be 60 per cent. greater. It would be
interesting to extend this method of investigating the prospects
of a wind-mill to & number of other places in lndia, but the
hourly data are not available, and we must content ourselves with
the duily returns published by the Meteorological Department.
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* The figures in this table are taken from the Memoirs of the Mysore Meteorological Depax tment and are no
compamble with the ﬁgmes for Bangalore in Table VII. .
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[n Table VII the average daily wind velocity for each month
n the year for some 28 stations fairly, evenly distributed over
India is given. . :
We have scen that the work done by the sermotor in Madras
s proportional to the daily velocity of the wind, the equation
seing X=175(Y—>53). Applying this equation to the figures
siving the average daily velocity throughout the year we. obtain

. . M- . .
-be ratio given in the horizontal line ( 165_—:%) This method is based

ipon the sssumption that an 8-inch pump is in use. But in
slaces of low-wind velocity it would be advisable to use a smaller
ump, and in plages ‘of much higher wind velocity better
esulte will be obtained with a larger pump. 'We bave seen that
e energy of the wind is preportional to the cube of the velocity
ind that the starting power of the wind is proportional to the
wquare of the velocity, and it therefore seems not uareasonable
.0 assume that the energy which can be derived from the wind
nay be taken as approximately equal to the square of the daily
#ind velocity. In Table VII is given the ratio of the average
vind velocity st each place to the average wind velocity in Madras

3 2
—1%5‘) and the equares of theee numbers (1—2%) - A comparison

M- M
of the two sets of figures, E‘,’_—:g“"d (-1—6—5_) shows that only in

daces of extremely low or extremely high wind velocity there is
2y very waterial difference, and for this reason, I am inclined to
hink that the latter method of estimating the probable amount of
sork which can be vbtained from a wind-mill in any locality is
he more accurate.

It will be seen that at the great majority of stations the wind
orces are 0 slight that we may unhesitatingly say that wing-
aills are of no value. There remsin, however, a certain numher
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of .stations where the conditions are favourable, and as these
represent the wind conditions prevailing over an enormous tract
of country, we arrive at this result: that though over the greater
part of India including the whole of Northern India, the energy
of the wind is of no practical value, yet there are many places in
peninsular India where it should be profitable to make use of
- wind-mills for irrigation. Along the sea coast from Karachee to
Bombay and from Diamond Harbour to Negapatam over a large
tract of the Deccan, over the Mysore Plateau and probably in
most of the hill stations, - it will be found that wind-inills if not
absolutely ideal machines for lifting water, are by far the cheapest
and most convenient of mechanical devices available. From the
equation which bas been obtained as the result of observations
in Madras, it 'is easy to calculate the effective horse-power
obtained from a wind-mill, and it will be seen that when the load
is fixed, as it is by the size of the pump and the height over
which the water is lifted, the actual horse-power of the wind-
mill is not very large even when strong breezes are blowing. On
the other hand, it must be remewbered that a wind-wheel of
from 12 to 20 ft. in diameter would be sufficiently large to
extract all. the water that can be obtained from the majority of
wells sunk in this country, and that, as it is most effective in hot
dry weather, it is a more convenient aid to irrigation than at first
sight might be expected. We have ecen that the amount of
effective work which a wind-mill can do is increased 50 per cent.
by the uddition of a second pump, and us the cost of this addition
is comparatively small compared with the cost of a wind-mill
tower and one pump, I strongly recommend that all wind-mills
erected for lifting water should be arranged so as to be able to
drive two pumps during periods when the wind velocity is
sufficiently hich. Taken as 2 whole, the movements of the wind;
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in India, though very muoch feebler than in temperate climates;
are fairly relisble and conveniently distributed, the maximum
wind force usually occurring in the afternoon when the water in
the well will probably be at its lowest level and the work of
lifting it out therefore greatest. It may also be noted that, as a
rule, during rainy weatber the wind movements are fecble, but
water for irrigation is not wanted then; whilst hot dry weather,
when water ia most wanted, is usually accompanied by strong
winds. The actual results of irrigation with aermotors should
therefore be somewhat more favourable than calculations based
on average returns indicate.

As the result of experience with the working of the aermotor
supplied by the Chicago Company, I am of opinion that these
machines are not sufficiently strongly constructed for work in
Indis. A good many minor breskages have occurred during the
course of the experiments, but the most serious defects were due
to the bad fitting of the valves in the pump chamber. The
design seems to be excellent but the execution was bad and much
trouble might have been obviated if the pivots on which the flap
valves turn had been made larger and fitted into better designed
sockets. A wind-engine und pump cannot be placed in inex-
perienced bands ; they require carefully looking after, and the
slightest defect or damage should be remedied immediately it
occurs. It will not pay to keep an experienced fitter to look
ofter a single wind-mill, but the man could esasily look after a
doten mills and where euch colonies of wind-mills can be
establised they will prove extremely remunerative investments,

A 16-fect aermotor mounted on a 40-ft. tower and fitted
with an 8-inch pump will cost, when erected over & well, about
Rs. 1,500, and we nay assume that the cost of maintaining the
same in good order will be about RBs. 5 a month. Such invest-
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wents should yield about. 6 -per cent. interest on. the capital
expended, or Rs..7-8-0 a month. - Ten per cent. for depreciation
is.perhaps an excessive amount to sllow, but it will be well on
the safe side if we do so. This comes to Rs. 12-8-0 a month,
makipg the total cost of the wind-mill Bs. 25 a month. Now,
this wind-mill will do as much work as at least 2 pairs of good
cattle, and if fitted with two pumps it will be equivalent to 3
pairs of cattle and the.cost of lifting water with them will
amount to from Rs. 45 to Rs. 67 a month, showing a margin in
favour of the wind-mill of from Rs. 20 to Rs. 40 a month. This
is the result that can be obtained in Madras, but there are
thousands of square miles of country in- India where much more
favourable. results can be obtained, and ‘I therefore conclude this
brief account of my . observations on a wind-mill in Madras with
the statement that there is a wide field in India open for the
profitable employment of wind-mills in lifting  water for

irrigation.*

* Reprinted from the Indian Review for June 1903.
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In Indis the state owns the greater part of the soil 'and its
revenues are mainly dependent upon the agricultural prospenty-
of the people. It might therefors be expected, that in any
schemes for technical or industrial education, the cldims of
agriculture would be considered of paramount importance and
that every effort would be made to bring to its aid all the resour-
ces. which modern progress in Science and Engineering has
placed at the disposal of the tiller of the soil. Tnder the direc-
tion of the Departments of Land Records and Agricalture in the
different Provinces much desultory work has been done in the
past and comparatively recently, the Government of India have
taken up the matter seriously and by the appointment of a
Director-General of Agriculture and an Agricultural Chemist,
have initiated s movement which, in the future, may be expected
to yield valuable results. It is generally admitted that the
condition of agriculture is far from uniform thmughout the
country. Whilst in eome places it is in & very backward and,
primitive condition, in others it is highly developed and capable
of but little improvement. Dr. J. A. Voelcker, the Consulting
Chemist to the Royal Agricultural Society, England, in his report
in tho year 1893 to the Government of India on the “Improve-
ment of Indian Agricalture” referring to the garden cultivation
in Coimbatore, wrote, * There is nothing or, at all events,

*

very little that can be bettered bere.” And the general opinion

* Reprinted from the Irdian Rev'ero for August 1903.
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formed by that expert is not unfairly represented by the following
extracts from his report:— “ At his best the Indian ryot or
cultivator is quite as good as, and in some respects the superior
of, the average British farmer, whilst at his worst it can only be
said that this state is brought about largely by an absence of
facilities for improvement which is probably unequalled in any
other country, and that the ryot will struggle on patiently and
uncomplainingly in the face of difficulties in a way that no one
else would. What does however prevent them from growing
larger crops is the limited facilities to which" they have access
such as the supply of water and manure. But to take the
ordinary acts of husbandry, nowhere would one find better
instances of keeping land scrupulously clean from weeds, of
ingenuity in device of water-raising appliances, of the knowledge
of the soils and their capabilities, as well as of the exact time to
sow and to reap, as one would in Indian agriculture; and this,
not at its best alone but at its ordinary level. It is wonderful,
too, .how much is known of rotation, the system of mixed crops
and of fallowing. Certain it is that I at least have never seena
more perfect picture of careful cultivation combined with hard
labour,perseverance and fertility of resource than I have seen
at many of the halting places in my tour.” Practically, this
definitely expressed opinion hss long been intuitively felt by
those in charge of the agricultural interests of the country and
s0 little has been done because so little was possible. Before
we can teach the ryot we have to learn ourselves and the
knowledge that is necessary can only come from a long course of
carefully devised experimental work at farms suitably arranged
for the purpose. But, whilst we may freely concede that the ryo!
'at his best has evolved a system of sgriculture’ which is but
little short of perfect, few, I think, will gainsay the fact that



Tasie 11I.

Mean hourly air movement at Madras (irrespective of direction.) To face p. 77.

N H £ | g

—_— AR B EERERE

. § E ERREE Py ] 5, 5 3 3 2 8

£ a. ] =1 s = Ry 8 o b
Alals i<l =e |3 1813ty 18 12 ]4&
Mid—1 370 268 | 334 494 | 845 | 837 | 764 | 719 | 588 | 3'ig | 478 | 462
1-2 337| 248 ) 293 | 410} 790 | 842 | 756 | 725 6°00 | 320 { 4'59 | 4'49
2-3 322 230 258 | 362 | 745 | 809 | 723 | 661 | 60L | 340 | 447 | 428
3-4 315 | 228 ) 262 34L ] 7211 801 | 666 | 651 | 602 | 355 473 | 404
4-5 303 | 215 267 | 329 697 | 764 | 670! 6'08 | 583 | 333 | 4'70.{ 3'99
5—6 300| 220 | 253 | 3'16| 684 | 717 | 633 | 677 | 553 | 324 | 452 | 408
6—7 300 | 221 ( 255 | 387 | 752 | 7564 | 626 | 568 | 568 | 345 | 464 | 415
7--8 343 | 282 | 416 | 6'92 | 982 934 | 802 | 685| 7708 | 4'60 | 559 | 515
8—9 551 7 467 | 641 | 892 (1062 {11'14 | 983 | 844 | 864 | 568 | 713 | 737
9—10 766 | 638 | 778 | 9'86 [10'78 }1228 [11'21 | 951 | 954 | 643 | 872 | 972
10—-11 . 927} 745 | 877 (1091 [10'80 [12'63 {1190 [10°10 | 954 | 7"18 | 996 1111
11—Noon. ... (1011 | 843 [10°14 | 1253 |11'76 |12'72 |11'97 | 10°12 | 9'56 | 759 {10'77 | 1201
Noon--13 - (1043 [ 929 110°86 | 13'41 | 1236 (12'33 | 1145 | 900 | 934 , 811 {11'20 |12'35
13-14 o [11°13 [1006 | 11'68 | 14°16 | 1331 |12°51 {1142 | 997 | 9'21 | 8°64 {1138 |12'69
14-15 . |11°14 110-22 [ 11'01 {1405 [13'44 |12'46 | 1000 | 963 , 910 | 875 [11'33 1245
15—16 - 11104 (1014 111°91 | 13'89 |13'31 11209 | 1059 | 915 | 853 | 849 1128 |12'25
186—-17 «. |10:37 1 981 |11'24 (1307 ]1248 (1118 | 9'64 | 802 | 766 { 776 |1014 [11'24
17—18 875 | 850 970 |11'41 [11'59 | 1018 | 877 | 735 | 626 | 684 ( 821 | 903
18—19 e 657 | 637 | 743 | 941 11040 | 942 | 794 | 627 | 506 | 458 | 7705 | 728
19--20 686 | 6543 | 6563 | 840 {1003 | 900 | 7786 | 595 | 513 | 407 | 658 | 674
2021 5341 487 | 589 | 783 | 981 | 890 | 789 | 610 | 498 | 366 | 598 | 634
2122 e 491 | 448 | 541 ) 722 | 970 | 880 | 809 | 671 | 491 | 3a4 | 568 | 592
2223 443 | 368 ) 478 | €48 | 933 | 867 769 | 701 | 530 | 322 | 533 550
23—Mid. . 4071 330 | 409 | 586 | 886 | 843 | 757 | 726 | 6565 | 324 | 495 511




To face p. 81.

3 £
g & i 5
|8 Sis 0 21 st
sl EV ) slEt S | Bl 5] Bl
IR IR R R A
el =2l a|=|{a |=2|2|a]|s

—

Do a0 Liis | 1sa | 21 s | nar D aos 81]153_6
86 Lyuo pus 1175 | 18s] 98 119 | 122 92 | T
96 98 | 128 | 168 | 1920 91 | 150 | 163 | 109 | 283
9% . 861110 {158 | 195 96 | 185 | 211 | 127 | 348
1251 89 | 98| 176 | 249] 144 | 219 | 214 | 201 | 319

12N P15 108 | 263 | 3580 22) | 212 | 226 | 251 | 278
123 1 110, 108 | 267 | 348 238 | 191 | 233 | 282 | 271
87| 89 93237 | 3120 197 | 166 | 187 [ 263 | 218

SODS L sz w2078 | 2400 170 | 149 | 154 | 223 | 173

; >4 70 60| 139 {176 91 | 118 | 108 | 104 | 151
604 91! 741167 | 206 1011 156|132 | 77 168
66 118 ) 92| 195 ) 256] 120|178 || 137 | 76 | 166

i
§S{ Qoo 100 (192 | 244 140 | 165 | 167 | 157 | 231
S50 47| 47 | 139 ) 101 87 | 112 | 114 | 104 | 178
O30 Ju-g2 1042 {124 | 70} 078 | 1 {102 |093 1159
(5341 0-605 0-606/ 1:163/ 1-43/ 0848 | 1 |1-013]0-952 1-40)
rr:n lea7 a7 |195 1219 072 | 1 {105 [090 {196
’ |

¢ made.




AGRICULTURAL EDUCATION. 87

his methods of procedure are laborious, and hia equipment of tools
more distinguished for their simplicity of construction than for
the effectiveness of their operation. 1t is in this respect, I think,
that & properly devised system of industrial education might in the
immediate future effect much for the benefit of the ryot,

The poverty of India is a theme often dwelt upon and many
and varied are the proposals which have been made to- lessen it.
The establishment of technical and industrial schools has been
strungly urged and it may be accepted without cavil that a good
system of industrial education is, at any rate, one and a not
unimportant step in the right direction. We bear a great
deal about the enormous undeveloped natural resources of the
country but the area over which they are scattered is equally
enormous and the population dependent upon them is one-fifth
of the human race. Relatively to other countries we must accept
the fact that India is very poor but, except during periods of
famine, the climate is euch that the hardship and suffering,
experienced by the\poorest 'classes in much wealthier countries,
is bardly known in India. The great wealth and luxury of the
present day is, in the main, due to the fact that the toil of
production and manufacture has been to a large extent eliminated
by the extensive use of machinery, and nations are rick in
proportion to the extent to which they have been able to avail
themselves of such aide. Compared with Western nations India
is still & courtry of manual labour, yet, there has been s consi-
derable increase in wealth, going on during the past balf century
and, it is largely due to the introduction of machinery to supple-
ment band labour. Railways bave enormouely decreased the
cost of transportation and the steam power and machinery
employed in the cotton mills, jute mills, flour mills and other
factories have added to the productive power of the country
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without, increasing the number of consumers. Manual labour and
animal power are feeble things compared -with inodern machines
and modern motors; and the more we can displace or supplement:
the former by the latter, the more readily will wealth increase.
Obviously, therefore, one of the functions of industrial schools
should:.be .to encourage the use and development of mechavica]
appliances, and, - though from ‘want of f:apital and other causes
it may be a long.while before any great progress is made in this
direction, yet. it is clearly the direction in which our work
. ehould tend..

‘What should be the aime and oblects of mdustrlal schools has
never been quite clearly stated and as there is much confusion of
ideas on, the subject even amongst those who are concerned in
the management of them, it may be convenient to briefly enu-
merate them now. . They are, (1) the substitution of machinery
for, manual labour ; (2) the improvement of the band-working
tools and appliances at present in.use and the introduction of
entlrely new ones; (3) the. teaching of accurate methods of
working and the demonstration of the advantages to be derived
‘from production on a large scale; (4) the introduction of new
materials and new methods of working ; and (5) the introduction
of entirely new trades. ' ¥

Accepting these principles for our guldance in estabhshmg
and developing industrial schools, it remains for us to enquire how
they may be applied so as to render assistance to the agricultural
community. The main requirement of the ryot is water and if we
can assist him to obtain water on more favourable terms than at
ptesent, we materially improve his position. Under the Perennial
Irrigation Works constructed by Government, there are large
tracts of country with a more than adequate water supply whilst.
there-are equally- large. tracts which' derive their water supply
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from tanks which fail only when the seasons are extremely.
uvnfavourable. The ryots under these irrigation works obtain their
water with practically no trouble, but there is a large area of land -
under cultivation -with water derived from wells which yields

probably the most valuable cropsin the countey.. The water

supply is fairly certain but it can. only: be.obtained by the

exercise of patient unremitting toil. In Fasli 1310 there were in

the Bladras Presidency 468,342 wells irrigating nearly a million

and & quarter acres of land and a further extensive area of land

was partially dependent for its supply of water npon 149,373

additional wells. These figures are very large but compared

with the whole of the cultivated area of the Presidency which

in the same Fasli amounted to 22,835,000 acres the percentage

is not very large. Inthe future the ares protected by major
irrigation works will doubtless continue to increase but, in the

main, if Indian sgriculture is to be materially improved, we must
look to a coneiderable extension of well-cultivation for the same.

In previous articles contributed to this Review and in

Bulletins of the Department of Land Records and Agriculture,

1 have discuesed certain questions intimately connected with the

extension of well-cultivation in this country and I bave arrived at

some conclusions which it will here be pecessary to briefly’
re-state, in order that what follows may be clearly understood.

. (1) For lifting water from wells, rivers or streams, the
ryots are dependent upon sppliances of exceedingly simple con-

struction "which are either worked by thems¢lves and their

labourers or by cattle. From careful measurements of the out-turn

of work with these machines for lifting water, it appears to me

that there ia no prospect of being able to effect any such improve-

wents as would materially affect the conditions of Indian agricul-

ture. The cost of lifting water has been determined with ns great
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an amount of accuracy as is possible, and data have been obtained
to enable a fair comparison to be made between, what I may
term, native methods of lifting water and those which are depen-
dent upon mechbanisma and motors of modern origin,

(2) I have drawn attention to the comparatively small
volume of water made use of in well and garden cultivation and
bave adduced evidence to show that there is probably a much
larger quantity available within the reach of more powerful
pumps. Lack of capital and inability to understand and keep in
working order mechanical appliances have hitherto proved in-
superable obstacles to any progrees in the adoption of such means
whereby the toil of the "cultivator might be lightened and his
energy directed to the more profitable channels. ‘

' (3) The cost of generating power by oil-engines has been
determined from data collected in the course of practical working
with a numper of such motors and it has been conslusively
proved that under suitable conditions the cost of lifting water
with oil engines and centrifugal pumps is not more than one-half
the cost with cattle, working under the most favourable conditions.
The experience of other countries is exclusively in favour of the
the employment of mechanical rather than animal sources of
motive power and no satisfactory facts have ever been brought
forward to show that the circumstances in India are different.

(4) It has been generally held that the wind velocities in
India are too small to permit of the profitable utilisation of the
wind power, The results’ obtained by experiments in Madras
carried on throughout the whole year have led to an important
modification in this opinion and from an examination of the wind
velocities recorded by the Meteorological Department it has been
proved that thers are very extensive tracts of country, mainly in
peninsular India, over which the wind-movements are sufficiently
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strong to make it worth while to employ wind-mills for raising
water. Further information corroborating these results has been’
obtained since they were first publiched, and it is now established
beyond reaeconable doubs that, where the circumstances ars favour-
able, wind-mills will prove economical substitutes for cattle in the
lifting of water from wells for irrigation.

Ten years ago tbere seemed to be very little prospect of the
antiquated methods of the ryots being improved upon, but within
the last decade enormous improvements have been effected in the
methods of generating power and it is desirable that in India, the
most should be made of them as early as poesible. The difficulties
in the way of bringing mechanical methods of lifting water to the
assistance of the agriculturist are undoubtedly very great and are
probably so great that for svmetime to come it must rest with
the Provincial Government, the District Boards and possibly the
Court of Wards to carry on the work which has already been
initiated by Government and for which certain funds have
been provided at the inatance of the Irrigation Commiseion.
Viewed from our present stand-point, however, the agricultural
problem is by no means solved when we bave provided
motors and pumps for lifting water. We must go a great deal
furtber than this. We must endeavour to get the ryot out of
his present state of mechanical inaptitude and give him suchs
training as will evable him, not only to appreciate the advan-
tages of labour eaving appliances, but put him in a position to
be able to take advantage of them bimself. It seems to me that
properly constituted rural industrial schools will best meet the
neceesities of the case, but if much good is to be derived from
them it is necessary that they sbould be numerous, and evenly
distributed throughout the country. Thers are probably but few
Taluks in this Presidency which would not be immensely bene-
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fitted by thé establishmeént of such. schools in suitible localities,
where they will servé both as demonstration farms for the benefit
of the adult ryot community and as schools in which their children
can be trained in the best practices of ‘modern agriculture, 150
such schools would be one to nearly every Taluk in the Presidency
and one to every 150,000 acres of cultivated' Jand.. Probably
these schools, When completely:equipped, would "cost, on an
average Re.. 10,000 each or Rs. 15 lakhs for the whole Presidency.
The interests involved are very large and adequate merans must be
employed if really important results are to be achieved.: In the
main, I think, it would be desirable to place these schools under
the management of District Committees who would be guided, or
perbaps it would be better to say directed, by an experienced
officer appointed by Government. In-part,- no doubt, the funds
could be raised . by-local subscriptions and possibly Government
might be able to’' make considerable advances' under the Agricul-
tural Loans Improvement Act.” Several years would necessarily
be occupied-in the establishment of these schonls and if the initial
outlay were provided, I think it is quite possible that the District
Boards would be able to find the money to maintain them. It
mast be remembered that they are to be practical institutions and
that their object is to deeply influence, in a beneficial way, the
agriculture of the districts. If they achieve their objects, the
expenditure on them will be but small compared with the benefits,
that will be obtained, and the most impecunious District Boards
may well consider that they are laying out the funds at their dis-
posal to. the best possible advantage, when they are expending
them in a direction which is'likely to bring abont a material
increase in the wealth and resources of the districts. .
The rural industrial school. will bear but little resemblance
Yo existing institutions which are all situated in urban localities.
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The head of it should be an agriculturist, a man well versed in
the best methods of cultivation that ure possible in the district,
not necessarily a- graduate of the University or even a failed
matriculate. His qualifications should be of a practical order and
he should understand, not merely how to farm, but how to do so
with profit. He would be provided with a house :and entitled
to a share in the produce of the farm se that .his. actual
remuneration in money would be comparatively small.  Similarly
with the assistants, farm labourers, and pupils. Each and all of
ttem would live on the farm, would enjoy the wusual luxuries
of an sgricultural life and would receive their psy or remunera-
tion almost entdirely in kind. At the outset, at any rate, it will
be extremely undesirable for either the farm Superintendents or
the other employees attached to these agricultural schools, that
any- of the provisions of the Educational Department should be
made to apply. Later on, when they have become firmly
established and their value recognised throughout the country,
it will be wise no doubt to try and incresse- their efficiency
by ineisting upon the possession of general educational qualifica-
tions both by the staff and the students. But at the beginning the
main object will be to influence the ryot, and that can only be
dune by practical demonstrations which can be clearly understood
and eppreciated by unlearned and ignorant people. -

In selecting-a site for one of these rural industrial schools, I
regard an ample supply of water asthe prime necessity of the case,
and it must therefore be in a place where there is eitber & good
supply of well-water or s water course from the sandy bed of which
an ample supply can be obtained. Forraising this water the school
should be equipped with an oil engine and centrifugal pump and,
in places where the meteorological conditions sre favourable
with 8 wind-mill and reciprocating pump. Round the school
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there should be a sufficient area of land to utilise in the most
profitable manner .possible all. the water raised by both the
engine and the wind-mill. As the smallest sized engine which
can be recommended for pumping purposes is one which is capable
_of irrigating at least 35 acres of land, this practically fixes the
minimum requirements of the school bothas toland and water
supply. But wheze an.ample water supply exists there is no rea-
son why the school should not be equipped with a much larger
engine or. in. some cases with more than one engine and if the
area of theland which can be cultivated by the water raised
by this engine is larger than can be conveniently managed by
the. school authorities, it will be extremely desirable to sell the
surplus water to neighbouring cultivators if they are willing to
pay for the same. The land attached to the school should be
cultivated as far as possible by the pupils of the school. It
should be treated as a farm working on commercial lines and ex:
perimental - cultivation should be considered quite a secondary
matter. The object should be, not to improve cultivation so much
a3 to demonstrate the possibilities of the best known systems of
cultivation. Besides the agricultural class, there should only be
one industrial class in the school and all the pupils should go
through the same course of training. Tbe object of this class
should be to turn out mechanics or artizans who will be capable
of managing all the improved implements of agriculture which
by experience it has been found may be profitably introduced.
There should be instruction both in carpentry and iron work
and the object should beto turn out carpentera and smiths ard not
cabinet makers or: fitters. . In the wood shop, the boys should
be taught house building, construction of carts, wheels, ploughs,
seed-drills, water-lifts, and any other appliances which will be
useful to the agricultural community, In the blacksmith’s
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shop they would undertake all kinds of miscellaneous repairs,
They would make axles for carts, tires for wheels, mamotees,
jumpers, ploughs, reaping knives and hoes and, would be familiar-
ised with the use of machinery, The boys would also be taught
to manage all kinds of machinery which are likely to proveot any
use in the furtherance of agriculturs,

And though no two schools would be equipped exactly alike,
in the majority of them it would probably be desirable to place such
machines ar an oil-prees, 8 sugar-cane mill, vacuum pans for the
extraction of sugar, 8 winnowing machine, s chaff cutter, and 4
cotton gin, besides other appliances which might be considered to
be epecially suited to locul agricultural requ?irements. The wind-mill
sbould be regurded as a supplemental source of power to the oil
engine and the latter might easily be arranged to drive such of
these muchines as require more than a small amount of power.
I would not only allow, but would distinctly encourage, the
ryots in the district to make use of these machines; to
bring their oil seeds to the press to bave the oil extracted ;
their sugar-cane, to the will to be ecrushed or their cotton
to be ginned; and I would charge them just enough
to cover the actual cost of these operations, so that they
might lesrn by practical experience the advantages of these
machines, For instance, 1 would extract castor oil from the seed
and receive the poonac or oil cake iz payment for the work. This
seed cake I would use as manure for the land probably where
sugar-cane was cultivated and when the same reached matuarity I
would crosh the cane and return everything to the land except
the actual sugar. The elements entering into the compositions
of il and sugar are ultimately derived from the atmosphere and
such a system of culiivation would therefore deprive the soil of
nune of the constituent elements essential to the healtby growth
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of the crops.. In some cases the schools would be in localities
where wells are numerous, and as- the first step towards the im-
provement of - the. means of raising. water 'the school might
undertake to maintain in order water-lifting appliances belonging
to the adjacent ryots. Under such a system it would be possible
to give the double mhote a proper trial and many. improvements
could be introduced into the water bags which are now such a
fruitful scurce of worry and trouble to the owners.

Either by growing them on the farm or by supplies derived
from the immediate neighbourhood it would be possible to obtain all
the more valuable Indian fibres, and in the schoul the machines for
extracting them could be made and the methods of nsing them de-
monstrated. In some districts it would be desirable to go in for silly
culture, to grow the mulberry leaves or other food suitable for silk
worms, to rear the worms and to introduce better processes of silk
winding. Mr. Tata of Bombay has established an experimental
silk farm at Bangalore and a good deal of valuable experience and
information has been gathered by the Japs employed there to look
after the work. He has introduced Japanese methods of culture
with results which are, I understand, very satisfactory in many
respects and {from a personal inspection of the processes, I am
certain that there is nothing in the systemn adopted there, which
could not be easily carried out in any place favourable to the cul-
ture of silk worms. It will thus be seen that these schools will
be places for demonstrating the best practical methods of
obtainfng the proceeds of the soil and of manufacturing these
products into commercial commodities with as liitle waste both of
raw material and energy as is possible.

More directly connected with the agricultural side of the
school than th,h the workshops, would be the gardens, orchards,
poultry yards and, stockyards which I should like to see establish-
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ed and in nearly every case I think it would be desirable to run a
small dairy for the purposs of manufacturing butter and ghee any
surplus of which might be exported to places where it would com-
mand 8 fairly ready sale. ‘

I do not presume to suppose that it would be possible
to carry out sll the suggeetions which I have made, in any
one place, nor do I consider that it would be feasible to
start them all at once. I would commence operations by
providing tle water supply and selecting the site of the farm and
it is in thie matter that our experience is the least and the chances
of mistakes the greatest. At the outset there would be consider:
able difficulty in obtaining suitable persons to manage the farmsd
and control the workshops, but those are difficulties by no means
insuperable and would greatly decrease as experience accumulated
and the success of one venture after another becameo assured. I
have already stated that the establishment of such schools would
require on an average s capital outlay of Rs. 10,000, but if they
were properly worked the returns from the farm and from the
workshops would meet, -if not tho whole, yet & very.considerable
portion of the working expenses. ~ Herein really lies the root of
the whole matter. For, if, when these schools are properly
wutablished, they cannot be mede to pay their way, they must be
regarded as failures. No ambitious agricultural programme is to
bo attempted. All that is to be taught is good farming and the
management of sgricultural machinery and of only such sagricul: -
tural machines s, with fairly skilled mechanical labour, an advan-
tageous use can be made of in thie country.’ In garden cultiva-
tion, in fact in all cultivation under wells, the cost of raising
water and of applying it te the ecil is, by far the heaviest item of
~xpenditure and since in these schools this item would he at least
one-half of what it now is to the ordinary ryot, the margin for

7
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successful working is a fairly wide one. Under proper manage-
"ment no difficulties should be experienced in making both ends
meet. Such schools will, I am sure, attract the attention of the
larger landholders and men of wealth in the districts, and I am
pretty certain that if suitable accommodation is provided for them
at or near the schools, they will visit them in large numbers for
the purpose of gaining practical information regarding the work-
ing of the various appliances which it will be one of the objecte
of the  school to introduce. In this matter it seems to me not
improbable that they might be induced to subscribe among
themselves the necessary funds to provide for their own accom-
modation, - ‘ :
Now, what will be the result of all this expenditure?  And
will the ultimate results justify the application of so large an
amount of capital? It must be remembered that the interests
affected are the most important in -the country and represent by
far the greater part of the wealth of the people. One hundred
and fitty farms with an average area of 40 acres each would cover,
but 6,000 acres of land and would be but approximately 1/4000th
part of the total area under cultivation. Fifty wind-iills
and one hundred and ffty oil-engines may seem a fairly
large number but their total horse-power would be less than
thousand as compared. with about a quarter of a million
horse-power which expresses the total capacity for work of all the
cattle now employed in this Presidency in lifting water, Thbus it
will be seen that, though I advocate a large expenditure when
measured in absolute figures, yet, relatively to the interests
involved it is comparatively small, and it may therefore be fairly
assumed that even comparatively trivial results may become
of importance when spread over so wide an area. In the
‘first place, I think, that not a few of the ryots will eend their
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sons to the schools to go through a course of practical training
on the farms and to pick up a little mechanical knowledge -in
the workshops. In the second place, the schools will be able to
supply the districts or taluks in which they are situated with im-
proved tools of local manufacture and of snch design as experienca
has proved, will suit the requirements of the ryots. If the
results of lifting-water by mechanical means -prove eatisfactory
and they can bardly fail to-do so if the site. in the first
instance is carefully selected it will induce some of the wealthier
landed proprietors and zemindars to set up similar installations
on their own property, and they will the more. readily do
this when they find that without difficulty they can secure the
services of competent men to look after them. Gradually the
number of these installations will increase and though it may
be taking s somewhat sanguine view, it does not. seem to me to.be
utterly beyond the bounds of poasibility later on to imagine that
combinations of ryots may be formed to provide themselves with
these means of extending their cultivation for which, individually,
their capital is insufficient,

Now that power can be had so cheaply and can be dlsmbuted
by electrical means with such great facility, there are not a few
localities in which, even at the present time, 1 think a properly
organized power distribution scheme would pay. Where wells
sre very numerous and garden cultivation extensive, the
electrical distribution of power to drive centrifugal pumps
by e«lectro-motors seemes quite fessible and all that is
required is to educate the people of -the country up to
realising the advantages which may be derived from such
methods. From all I can learn, itis the want of capital that
prevents the extension of well cultivation and it is the lack of
wells and of the means of reising water from them, that renders
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it necessary to leave so large a proportion of the cultivated area
under dry crops. There is but little doubt that the area under
well cultivation might easily be doubled, possibly trebled, and the
attainment of any such result as this would be of enormous
practical importance. With a sufficient supply of water the cattle
can be used, as in other countries for farm work and with the
greater amount of cattle labour available, a more perfect system
of tillage can be followed. I am not an agricultural expert and
therefore I can offer no vpinion upon such vexed questions as
deep-ploughing versus surface scratching of the soil. But I am
inclined to think that if more cattle were available, in many parts
of the country the soil is such, that deep ploughing might
probably be adopted with advantage. At any rate, if the ryotbe
relieved of the drudgery of water-lifting under existing conditions
" and provided with better implements and taught in the industrial
schools to handle them properly, then, there can scarcely be any
doubt but that there will be some breaking away from the hide-
bound traditions of the past and that such disruption will mark
the dawn of a new era in Indian agriculture in which Nature will
be assisted by Science and the land will yield us fruit abundantly
in response to the intelligent demands which are made upon it.

==
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THE MADRAS PRESIDENCY.
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Tbe manufacture of inferior kinda of leather was an indige-
nous industry which existed in thie country from probably very
early times and, in an extremely primitive condition, it remained
till nearly the middle of the 19th century when the initial steps
were taken to improve the tanning of skins, which have led to
the establishment of an export trade which is now of immense
importance. Thae average value of the hides und skins exported
from this Presidency, either in & raw or manufactured state, bas
during recent years averaged nearly three crores of rupees and
forms about one-fifth of the total value of the exports. In the
year 1847 they smounted to only Rs. 70,000, to which tanued
skins contributed less than Rs. 1,500 eo that the whole of this
trade bas been developed within the last 65 years.

The first attemptas to introduce improved processes of tarning
were made by s French.Eurasian of Pondichery named Charles
De Susa who visited the Isle do Bourbon in the forties and there
acquired s practical knowledge of tanning. On his return to
Pondichery about the end of the forties he started a tannery there,
snd a little later, ho came to Madras and eet up tannerics, the
products of which were probably exported to England. At that
date he is said to have been able to purchase goat skine at Rs. 14
per hundred and of avaram bark there was then, as now, abund-
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ance, so that with raw materials at such a low price, it is not
surprising that he soon acquired a large business connection and
his success led many otbers to embark in the trade. He intro-
duced many important improvements ia the native processes of
tanning and he was probably the first tanner who succeeded in
turning out a leather which preserved its colour after exposure to
the air, and this be did by completing the tanning processss with
a bath of myrobalam extract. At first the tanning trade was
largely in the hands of Eurasians buts they were very soon cut
out by Muhammadan and native tann.ers.'

In the report of the Madras Exhibition of 1855 it is stated,
* The ‘manufacture of leather in this Presidency is, by no means,
o thriving as it might be, considering the great abundance of
tanning materials 9t command. This is probably owing to the
very low rank of the artizans, for the art of leather production is
well understood and successfully practised by the European tan-
ners at Pondichery, Hoonsur, Guntur, Bangalore and Madras,
the leather being séarcely inferior to that made in Europe. Goat-
skins, sheep-skins, buffalo and bullock hides are much used and
are generally procurable but are very badly dressed ; currying
the Jeather being the province of the shoe-maker’s wife, whilst
manufacturing it for the market belongs to the husband. Inferi-
ority ,of Indian leather may, therefore, be ascribed to want of
skill on the part of the currier and to the use of quicklime.”

About the time that Charles De Susa was starting tanneries
in Madras and Pondichery, the Military authorities established a
tannery at Hoonsur for the purppse of manufacturing leather
suitable for harness and .other military equipments, At the
Madras Exhibition of 1857 the importance of this growing indus-
try was fully recognized and. the report of the Jury, who made
awards in this class, contains a large amount of information and
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eome critical remarks of considerable value. The tanning trade
continued to be steadily developed till nearly the middle of the
seventies when various causes operating at the same time led to
a very rapid expansion. Up till that date the ekins were con-
signed to dealers in England who disposed of them privately ;
but then, a change was made and public auctions were established.
The conclueion of the Franco-Pruseian war was followed by greas
industrial activity on the part of Germany and about 1875
German tanners commenced buying East-Indian ,skins in large
quantitie, In August of that year the export duty on skins wae
repesled and, followed se this was, almost immediately, by the
great famine of 1876 and 1877, which was attended with immense
mortality among the livestock, an enormous expansion in the
export trade in hides and skins took place, which has ever since
been maintained. Lastly and perbaps of the greatest importance
was the completion of the main trunk lines of railways which
enabled the Madrse tanners to obtain supplies of raw material
frum a greatly extended area.

From sll the grest seaports of India—Calcutta, Bombay,
Madras, Karachi and Rangoon—there is & considerable export
trade in hides and skins ; but it is only from Madras and Bombay,
aid chiefly from the former, that these articles are sent out of the
country in & partly manufactured state. As regurds Madras, the
exports of raw hides have always been very small and previous to
the year 1899 there were no exports of raw skins. But in the
latter part of that year the export of raw skina commenced on a
very large scale and still continues. The tanned hides are exported
in & half-manufactured state to be re-tanned and caurried by the
leather manufacturers of England and the Continent. Up to the
present time there has been no material change in the condition
of this trade bot it ie not impossible that the causes which have led -
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to the export of raw skins in such enormous quantities during the .
last four years may also, at some later date, affect the business
now carried on in Madras in tanned hides. It must be remembered
that, large as the Madras business is in hides aud skins, that of
Calcutta is much larger and nearly the whole of the Bengal trade
has always been in raw hides and skins. The export trade from
‘Madras being mainly in tanned. skins has never been entirely
dependent upon. local supplies, as large quantities of skins are
brought down to Madras, to be tanned, from the Punjab, United
Provinces, Central India and parts of the Bombay Presidency. It
is, therefore, not unlikely that if the demand from Europe and
America continues to. increase for raw skins the total volume
of exports from Madras will decrease owing to the shipment of
raw skins from other and mora favourably situated ports ; those of
the Punjab being sent to Karachi, those of the United Provinces
to Calcutta and the skins of Central India and the Bombay Presi-
dency to Bombay. So far, there are no indications of a shrinkage
in the total number of skins exported and the change effected
seems to be simply that the skins are exported in a raw, instead
of a tanned condition. i

~ The cause of the demand for raw skins is entirely due to the
popularity of a new kind of leather which is now largely produced
in America and on the Continent by one or other of what are
known as the chrome processes. Chrome tanning was first experi-
mented with fully 50 years ago, but no great progress was made
with it till within the last ten years and it was only in 1895, that
chrome tanning was thoroughly established in America on a firm
commercial basis, The process may be described as a purely
chemical one requiring a considerable knowledge of chemistry and
an accuracy in manipulation which can only be expected from,
specially trained men.
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The product, chrome-tanned, or more properly speaking,
¢ tawed’ leather is, in many respects, superior to leather made by
any other process and for certain purpoees it has probably dis-
placed vegetable tanned leathers permanently. Compared with
other tannages, chrome produces a leather which, whilst exceed-
ingly soft and plisble, possesses great strength and is practically
unaffected by water. Moreover, it is less liable to stretch than
other leathers and thie important property makes it specially
suitahle for the manufacture of boots and shoes. Chrome-tanned
leather may be boiled for several minutes with impunity or exposed
to strong heat for eome time without risk of injury; and these
valuable propertics add greatly to ita wearing qualities. Once
chrome tanned leatber is thoroughly dried, it is exceedingly diffi-
cult to wet it aguin and it is therefore necessary that the fiuish-
iug processes should be undertaken as svon after the tanning as
possible, This is a matter of great importancd to this Presidency
becsuse hitherto the tanners have not attempted to produce for
the export trade anything more than half-tanned goods and it is
practically impossible to intraduce chrome tanning unless at the
same time arrangements are made to complete the process of
converting the skins into marketable articles. The opinion is
slmost universally held amongst those engaged in trade in Madras
that it is impracticable to produce finished goods cheap enough
and, at the same time, of sufficiently good quality to enable them
to oe exported at a profit. Attempta have certainly been made
both in Madras and Bombay and there is no doubt that they have
ended in. failure, although one Pareee tanner claims to have
succeeded ; but as yet he has furnished no evidence that he is
able to carry on operations at & profit.

At any rate, there is no doubt that the successful establishment
of an export trade in chrome leather from India can only be
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accomplished in the face of great difficulties which may be briefly
classified under three heads :— }

(1) Want of capital: A chrome tannery with the accom-
peaying leather-dressing shops requires a large amount of machi-
nery and, apparently, can only be successfully worked on an
extremely large seale. In America one firm is said to be capable
of turning out 3,000 dozen finished skine a day snd another to
have a capacity of fully 2,500 dozen skins, so that these two firms
alone could easily deal with all the exports of this Presidency.
Of course it will not be necessary to establish tanneries in this
country on that gigantic scale; but it will be necessary to invest a
large amount of capital with dubious prospects of success, and
under such circumstances it is quite hopeless to think that the
capital will be. fortocoming,

\2) Want of intelligent labour: The modern tannery very
largely employs machinery in all its processes in place of hand
labour. In Indis, undoubtedly, so much machinery would not be
of any advantage provided that skilled band labour were availeble
at reasonable rates. For certain kinds of work machines are
absolutely essential s they turn out work far better and far
cheaper than any hand labour can possibly do. But, on the
other hand, in countries like America where labour is expensive,
machines often supersede hand labour with a very much narrower
margin of advantage and when those machines are introduced into
Eastern countries where labour is cheap, the advantages, derived
from their employment, entirely disappear. It would therefore
seem probable that a judicious combination of machinery and
hand labour would enable tanning and ‘leather dressing to be
carried on with advantage; but the difficulty is, to obtain a suffi-

- cient amount of skilled hand labour. Only the very lowest castes
will do manual work in a tannery and even. they as a rule only
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take it up when they cannot obtain employment elsewhere. At
the present time the general complaint of Madras tanners is that
Iabour is very scarce owing to the fact that the season has been a
guod one and there is plenty of agricultural work to be obtained.
In bad eeasons labour is plentiful, but at other times it is
ivsuflicient. Practically, tanning is monopolised by poor Muham-
madans and Pariahe and if any improvements are to be introdu-
ced or changes ade, either these people must be educated and
their intelligence developed, or a supply of labour must be obtained
frow other suurces ; neither of which alternatives seems practica-
ble on s large scale at the present time.

(3) The third cause which it is said would prevent success--
ful chrome tanning in this country is the bot climate. But the
evidence offered in favour of this statement is, by no means, con-
clusive. So far as I have been able to mscertain it is entirely
based upon tbe fact that in America chrome tanners find it diffi-
cult to secure uniform results in the hot weather and they bhave
had to eitber give np work or us- artificial means for cooling their
eolutions. This may be perfectly true in the huge American
tanneries and with the methods of working there employed and
yet bave no bearing whatever upon the conditions which prevail
in this country. In a small way, chrome-tanned lesther has been
produced in India and the failure to turn outa marketable article
seems to be dus to defects in finishing rather than to anything
inberently wrong with the tanning processes.

Even supposing that all these difficultics were successfully
overcome, there yet remains the difficulty of finding & market for
the finished skins, It is abeolutely certain that the tariffs imposed
by continental nations and by America, if not already sufficiently
bigh to exclude Indian manufactured leather, will be immediately
raised 20 a3 to prevent the possibility of finding s market in any
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of these countries, The only open: market is in London which

is already fully supplied, and competition is practically impossible

g0 long as foreign nations can ship their surplus productions for

disposal there, at any price they will fetch,  There only remains the

local market in Indis and that ab the present time is too insigni.-
ficant to be of any account, though, as we shall presently see, it is

in the development of the home market that the most promising

results may be expected,

The export' of raw skins. from Madras which commenced
in May 1899 is a matter of such great importance to this Presi-
dency that it seems desirable to bring together all the statistics '
available and these are summarised in the following table, in which
the numbers given relate to bales and in the case of pickled skins

to casks,

Taoned  Taoned Raw Raw Pickled |
- Year. Goat Sheep Goat Sheep slck ®
Skins,  Skins.  Skins, ' Skins. 1ns.
1808 ... 21417 7,633 - nil nil nil
1899 .. 19903 8,042 996 2,347
- 1900 .. 19986 10,457 3,397 257 1,730
1801 . 12,135 9,501 6,507 404 4,312
1902 - 12,982 8,173 5,732 280 1.540
1903, till 1st September 1.752 203 1,334

From this table it will be seen that so far chrome tanning
has only affected the goat skin trade as the export of tanned
sheep skins und tanned hides of all classes still remains about the
same. The various brands of Msdraa skins are well-k‘nown in the
.London market and all the prime tannages, especially those pro-’
pared from. slaughter-house pelts, have a high reputation and
command good prices.. They are chiefly used for expensive book-
binding and fancy leather-work ; and, jalthough the Committee
apppointed by . the Society of Arts to report upon the deteriora-
tion of leather used in book-binding pronounced a very unfavour-
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able verdict upon East Indian skins, yet, it does no seem to have
affected their market value, and it is unlikely that chrome tanning
will in any way affect the demand for these skins, as chrome-
tanned leather is unsuitable for conversion into highly priced
fancy leathers. The great bulk of the trade, however, is in what
ie known ss ‘up-country tannages’ and as these will only take
a black dye they are almost entirely employed in the boot and
~hoe trade and here, they come into competition directly with
chrome-tanned skins. It has been wvatablished beyond doubt that
chrome tanning produces a superior leather and it is, therefore,
merely 8 matter of time before the whole of the trade in tanned
goat skine except those of euperior quality will disappear. So
far, only trial consignments of raw sheep skins have been
sent to America, and as there is 8 much greater difference be-
twean the freight on tanned eheep skins and dry eheep skina
tban there is between tanned and raw goat skins, and ae the
value of sheep skins is only abont one-half that of goat skins, the
margin to cover the cost of tanning in America is much smaller
snd it is therefore probable that Madras tanned sheep ekins
will etill continue to hold their own in foreign markets,
Concurrently with the demand for raw ekins there has been
a certain amount of demand for pickled skins. The process
of pickling involves carrying out on the skins all the processes
of tanning preliminary to the immersion of the skina in the.
tanniog pits. That is to eay, the skins are unhaired and fleshed
and got ready for conversion into leather, but instead of being
tanned in this country they are pickled in solutions, the
composition of which the several firtas engaged in the trade
endeavour to keep strictly secret but which are, nevertheless,
pretty generally known.® If the fanning trade is doomed the

* Prof. H.R. Proctor in the Principles of Leather Manufacture, pp. §8—91.



Value in Rupees of Hides and ‘Skins raw and manufactured exported froin
India and from Madras in the years 1899—1903.

1899-00. 1900-01. 1901-02. 1902-03;

; Al India. { Madras. | All India. | Madrds. | All India. Madras. | All India. | Madras.
Raw Skins 1.9624,070/ ~ 16,17,018| 1,72,10,710| 20,00,123} 2,69,65,037 59,68 643: 2,5177 192' 39,45,615
Dressed Skins 2,66.01,037| 2,00,55,198| 2.90,05,058 2,14,53,836, 1.84,71,359 136 31 098| 2,19,40,294| 1,68,97,997
Raw Hides 4,84.64,930 619/ 5,19.21,044 2,693 2.78.04.718 93, 045l 2,87,74,924/ 51,150
Dressed Hides .. 84,88,992) 67,43,592] 145,05,637) 1,23,85,516 76,05.869. 66,85, 078j 61,74,496|  54,43,237

Total ...|10,31,79,029| 2,84,16,227 11,27.32,449i 3,68.41,968 8,08,47,883| 2,63,77,864| 8,20,66,906 2.63,37,999
e 1,
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export of pickled skins would be preferable to the.export
of dry skins as the operations involved in pickling require
the employment of a considerable amount of labour and the
value of the pickled skias is, therefore, somewhat greater than
that of the raw skins. There seeins to be, however, but little
prospect of any further extension ian the pickling trade and it is
much more likely that it will eventually die out altogether as the
majority of American tanners greatly prefer to deal with skins
in the chrome baths, the provious treatment of wkich they are
perfoctly acquainted. with.

From the foregoing table showing the value of the exports
from India in hides and skins for the last four years for which
the figures are available, it will be seen that the bulk of the
ladian trade is, as it always has been, mainly in raw material,
snd owing to causes beyond the toutrol of the mercantile commu-
nity in this Presidency, it seems likely that there will be
in the future & still greater preponderance of raw. as compared
with manufactured exports. In all discussions which bave
hitherto taken place regarding the decadence of the tanning
industry in this Presidency, the home market for leather has been
entirely neglected and it secems to me that this omission is one of
great importance and has led to an unnecesearily gloomy view of
the situation being taken. In a report which was submitted to
the Government of Madras in February laet, I remarked :—* It
appesrs to me very undesirable and practically impossible that
Government should take any sctive steps to establish a factory
for either leather dreesing or chrome tanning in Madras. Some
years ago it was proposed to start a leather-trade school on the
lines of the well-known institutions at Leeds and Bermondsey ;
but as the tanners of this Presidency are practically an illiterate

class of people, I fail to see that any advantage would be derived
8
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£rom it, and in:fact I doubt very much if any bond fide students
could be induced to work in its laboratories, . It has been
suggested that Government should place an export duty on skins,
but beyond recording the suggestion I have nothing to advance
in its favour, As India enjoys mo monopoly iu the supply of
skins ‘it is obvious that the only effect of the duty would be to
depreciate the price of skins in this Presidency and this would
paturally lead to a falling off in the supply.” Further enquiries
wade since the publication of the above mentioned report only
confirm the opinion expressed therein and one is forced to the
conclusion that if anything is to be done to raise the status of
‘the Madras tanning industry, it must be in the direction of
improving the manufacture of leather to be used in the country.
‘Whilst elaborate statistics are availuble concerning the export
trade, practically nothing is -accurately known regarding the
internal trade, and it is necessary to estimate the volume of that
trade. by very indirect methods. From the returns of the last
Census I find that in the Madras Piesidency no.Jess than 476,558
persons were dependent upon one or other of the leather trades
for means of subsistence. Of these, over 100,000 males are
returned as being employed in the manufacture of shoes, boots
and sandals and over 45,000 males in the manufacture of water-
bags, well-bags, buckets and ghee-pots. "What amount of leather
passes through their hands in the course of a year it is impossible
to accurately estimats, but we may get some idea of the magnitude
of the home industry if we assume that there are 150,000 people
earning.on an average of Rs. 4 2 month or Rs. 72 lakhs a year.
1f we further assume that the value ‘of the leather converted into
manufactured goods by them:is donble the value of their wages
we arrive at figures not far short of one and & half crores of rupees.
This is probably an underestimate but it is sufficient for my pur-

“
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pose, as all' I want to show is that the home trade is by
no incans a negligible quantity. It is well-known that the bulk
of the leather used in the country i¢ of & very inferior quality and
the consumption is much larger than would be necessary if
the leather were more durable.

It seems to me, then, that any efforts to improve tanning in
the South of India should first be directed to improving the
supply of leather for local consumption. I propose now to
only deal with one class of leather goods which, are in very
large demand, namely, buckets for lifting water from welle.
Probably not far short of a million hides are used every year for
these articles alone. Generally, they are good hides which would
command ready sale if they were available for export. The life
of a leather bucket at a well is not a very long one, and, if the
buckes is in use every day, does not average much more than six
months and probably all through the Presidency it is elways
neoessary to provide a new bucket for each water-lift, once a year,
The buckets are made of well-tanned leather, but constant immer-
sion in water and exposure to & hot sun cause them to
deteriorate very rapidly and they are a constant source of trouble
and annoyance to the ryots.

The introduction of chrome-tanned leather for thesa buckets
promises to be s great improvement and at the risk of repeating
what I bave already eaid, I propose to quote, from *The Manu-
facture of Leather ” by Mr. C. T. Davis, a paragraph in which
Le describes the charscteristice of chroue leather. He eays,
« chrome leather has special and peculiar - gualities which
distinguish it from all other kinds of leather, and these- special
features cause it to be 8 superior fabric for all the purposes for
which leather is used. It bas often buen stated that chrome
leather is water-proof, but this is not a proper.term to use in
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connection with it :-it should more properly be called ‘non-absor-
bent.- All kinds of leather produced with tannin absorb water
readily, like a sponge, while chrome leather does not absorb water
but resists it or sheds it, like the feathers of a duck. In faet, it
is a difficult matter to thoroughly wet chrome leather when it is
once dry. Again, water and air are the agencies in -Nature
which promote decomposition and decay, and as tannin and hide
substance are both organic. materials, and when combined, as is
the.case in bark tanned leather, and subjected to the process of
wetting and drying, such leather will, eventually but surely,
deteriorate and become rotten. Chrome leather, on theother hand,
being’ a combination - of an. inorganic material with the hide
substance -and subjected to the same process of wetting and
drying, shows no effect whatever. In fact, the oftener chrome
leather i3 wet and dried, the softer and more flexible it becomes.
Even subjecting it to boiling water apparently has no effect upon
it, while any sort of leather produced with tannin and placed in
boiling water is utterly destroyed. Moreover, chrome leather is
of much lighter weight .than bark leatber and this is.a decided
advantage for almost all purposes for which leather is used.”
Accepting this as a fair statement of .the properties..of
chrome leather, it is evident that as compared with bark-tanned
leather it is an almost ideal substance for water-bags. Chrome
tanning must be introduced, or eventually, our tanning trade will
largely disappesr, and as we have alrendy seen that it ie practically
hopeless at .the presént time to try and manufacture finished
Jeathers suitable for foreign markets, it seems. to me that we
might - well commence by endeavouring to turn out.a chrome
leather suitable for these water-bags. The chrome leather, at
first, might wot. be of the highest possible quality but it. would
be so much better than the leather in use at the present time.that
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it ought to find a reddy sale even at considerably enhanced prices:
In this Presidency where tanning materials can be procured at
extremely low prices and where the chemicals used in chrome
tanning will bave to be imported, it is probable that the cost of
chrome taaning will slways be somewhat greater than that of the
tanning now in vogue. But if the material turned out is much
superior .and more durable, this is not likely to prove a great
difficulty in the way of making chrome tanning a success. From
the very outeet it should be ‘possible to produce marketable goods
and, in course of time, as experience sccumulates, the quality may
improve and ultimately it may be found possible to manufacture
leather of sufficiently high quality to enable it to be used for
many other purposes. As the first step therefore in any attempt
to bring Madras tanning once more on a level with that of the
rest of the world, I would suggest that attention be directed to
the manufacture of goods for the local market and that the
mauufacture of leather for water-bags promises the most success-
ful results. The innate conservatism of the.ryot may at firet
prejudice him against any new material, but he is so thoroughly well
acquainted with the unsatisfactory character of the ounly leather he
can st present obtain that I do not anticipate that there will be
much difficulty in getting him to use chrome-tanned leather bags
when their advantages have been satisfactorily demonstrated.
It would be poseible to enumerate many other purposes for
which chrome-tanned leather might be used with advantage in
this country but at the outset I think it is desirable to limit the
range of experiment as much as possible and the field opened out
by the water-bag industry is quite large enough to begin with,
Chrome-tanned watsr-bags may ressonably be expected to last
two to three times as long se the ordinary bark-tanned bags now
einployed, and if they come into general use there is no donbt, that
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the consumption ‘of hides for water-bags will be greatly reduced.
This would mean a donsiderable saving to the ryots erigaged in
well-cultivation, and would throw a large number of first class
hides on the market for export and will probably increase the
external trade- of the country by an amount which may be vaguely
estimated at something over ten lakhs of rupees per annum.

The opinion is strongly held, and rightly so I think, that the
best’ Madras bark-tanning of skins is capable of little or ne
improvement, but much might be done to raise the quality of the
up-country tannages which at present are over-limed and far too
heavily weighted with oil.” The tanning of hides is carried on in
much the same way as with skins. The results are not nearly o
satisfactory and the buyers of East Indian kips usually re-tan
them before putting them on the market. Sole leather is not
produced in the Madras Presidency but large quantities are made
in Bombay and Cawnpore, and there is no reason why thoroughly
satisfactory zole leather should not be produced in Madras from
the best quality of hides. Probably for this purpose it will be
desirable to use divi divi which has been grown with success in
various parts in India including Madras but the supply is at
present precarious and steps wonld have to be taken to encour-
age the cultivation of the shrub.

" “'With Avaram bark and Myrobalains and a properly devised
process of tanning it should be possible to produce an extremely
white sole leather which would meet with a large demand in
Europe for the manufacture of soles for ladies” shoes and boots.
These are' probably the most important -directions in which
improvements could be made in the tanning trade of this Presi-
dency. The actusl _industria;l operatione are almost entirely in
. the hands of ignorant and uneducated people and the initiative
will certainly have to be taken by those who are not in immedi-
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ate touch with the tanneries. Tae merchants and dealers, who
finance the industry and export hides and ekins, seems to be
fairly content with the profits they are making at present and it
is perhaps unfortunate for the country at large that in the
financing of the raw skins, in their collection and export, as much
or even more profit can be made with much less trouble than in
the export of tanued skins. The lack of eaterprise on the part
of the educated commercisl community who deal in this businesa
is largely due to the fact that they anticipate much trouble. and
poesibly very considerable outlay before they can introduce any
successful innovations, and when the success of any new
ventures seems sure they have no means of securing a monopoly
of the business for even a limited time, as experience in the past
has taugbt them that they will not be able to realise the just re-
ward due to their enterprise. Rivals will benefit by their
wxperience and will compste with them in their own linee and
bring down the profits, which they might otherwise have
expected, tn the irreducible minimum. Whbether any remedy
can be found for this it is impussible to say but, if it could be
demonstrated that the matter was of sufficient importance,
it wight be possible for Government to modify the existing laws
in this country to such an extent as to reader it possible to grant
patent rights or monopolies for s limited term of yeara to persons
introducing industries or proceeses which are new to. Indis
though well-known in other parts of the world. The industries.
of India have to face the open cvmpetition of the world, and

capital is bardly likely to be largely invested in them, unless
special means are takea to foster new ventures during the early
stages of their working and unless privileges and rights are se-
cured which will afford capitalists some prospect of an adequate
return on their investments.®

* Reprinted from the Indian Review for September 1903.
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Of the indigenous industries of India hand weaving remains
the chief, but its importance is graduully dwindling and it seems
hardly likely that anything can be done to prevent it sinking into
comparative insignificance. From the. Census returns of 1891 it
would -appear that there were then upwards of nine and one-
third millions, more or less, dependent upon it for a livelihood.
The bulk of these people were women and children and at a guess
one might set down the number of haud-looms at about two mil-
lions; -Competition with the products of machine loome and a
radical change in the tastes of the wealthier classes, in regard to
clothing, have reduced the weavers to an extremely impoverished
condition. Though to a large extent inhabitants of towns, in
which educational facilities abound, they have been unable to give
their children even the most elementary education, and their only
menans of meeting the competition, they have had to face, was by
selling their labour at lower and lower rates till at length a bare
subsistence is all they can command. Their appliances are extre-
mely simple and yet with patient labour are capable of turning ou¢
products which bave. hitherto baffled the skill of weaving mecha-
nicians, But the difficulty of making bordered cloths by machi-
nery, till recently insuperable has now been overcome and it is
only s questnbn of time before-the weavers of thuse cloths; and
they form a very Iarge proportion, if not the. bulk, of the hand
weaving community, will find that they have to face a keen com-

* Reprinted from the Indian Review, June 1902,
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petition for the market in which they have for so long enjoyed
an absolute monopoly. In the long run machinery must win, if
the prize is worth winning, and a trads which, in all its branches,
gives employment to many bundred thousand looms is worth
capturing.

Tbe progreee of the machine border loom is 8 danger threaten-
ing to disturb the well-being of a large section of the weaving .
commonity, but no one tskes any notice of it and no one in
authority makes the least sttempt to ascertsin the real facts of
the case and warn the artizans likely to be affected. In indus-
trial matters the rulers of Indis bave followed too much the
precedents of the West. The interests and rights of the working
classes are caretully looked after in certain directions.by various
experts such as an Inspector of Mines, Factory Inspectore, Boiler
Inspectors and »o forth. But the great bulk of the artizans work
by themselves or in very small associations which do not come
within the purview of these expert inspectors and they are left to
themselves to wallow in their ignorance and coneervatism and to
be gradually wiped out of existence by the pressure of imports
from Europe and factory-made goods in India. In 18668 the
Secretary of State for India deputed Mr. J. Forbee Watson to
examine the products of the hand-looms of India and to collvct
information for the benefit of the power-loom weavers in
England. No vorresponding assistance has ever been rendered to
the hand-loom weavers by the State and euch.changes as have
taken place in their methods of working have been initiated
sither by the philanthropic efforts of missionaries o by private
enterprise in its endeavours tv foster traede. The spinning ‘wheel
ban practically vanished, vegetabie dyes are scarcely ever: used
«ave the now direly threatened indigo, and hand-weaving is on the
decline. Thero is a great deal of false sentiment about much that
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bas besn written on the decline of hand weaving and admiration
for the picturesqueness and simplicity of the weaver’s craft has
led to neglect of the other side of the account—of the poverty
and ‘ceaseless toil of the weaver's life, of his damp and dismal
workshop and of the general insanitary conditions with.which he
is suercunded. In truth the docline of hand-weaving is only to
be regretted because of the misery and suffering which millions
must endure owing to the loss of their livelihood, poor as it is,
and their utter inability to take up any new industrial occupation.
The problem presented by the weavers igin truth a very serious
oné and we propose to briefly discuss what messures may be
taken by the State to help this section of the artizan community -
over their difficulties. '

In the full belief, that in a purely mechanical operation like
weaving, the machine must ultimately triumph over the hand-
loom, no matter how cheap may be the labour of the worker, all
that we can hope to suggest are palliative measures by which the
period of transition may be bridged without any violent industrial
dislocation. ~ First and foremost we should place at the weaver's
disposal the best technical skill available to enable him to improve
his methods of production and th:s enable him to hold out for a
longer period against the inroads of machine-made goods in- his
markets. Secondly instead of leaving him to the mercy of the
middlemen he should be given assistance in commercial matters
and as far as possible the producer should be placed in direct
communication ‘with the purchaser. Lastly special attention
should be devoted to the education of the commuaity so as to
enable them toavail themselves of other outlets for their energies.

It will be convenient to discuss these suggestions at length and
. to dea! with. them .in the ordec given, Practically the first
suggestion amounts, to stating. that facilities for industrial or
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technical education should be provided for hand-weavers. At the
outsel we may frankly admit that there is probably not in the
country any one capable of stating what can be done to help the
weaver. If we knew how to procesd the matter would be
cumparatively simple and would' resolve itself mainly into a
queetion of providing funds. 1t is easy enough to obtain the
sssistance of expert weavers from outside but they are not
scquainted with the weaving problem as it is presented
here and though they might givo valuable advice yet they can do
nothing more than indicate the general lines nupon which experi-
ments may be conducted. The weavers are exceedingly poor and in
the main rely on middlemen for the sinall amount of capital actually
employed in their trade—they are ignorant and narrow-minded and
averse to enquiries regarding the detail of their trade. Each man
worke for himeelf and shere is little or no co-operation among
them. There is no chance that any weaver may arise with an
iutimate knowledge of the technique of the trade and with a mind
sufficiently wide to grasp the general trend of the economic forces
which are gradually driving his fellow castemen to misery and
despair. The only hope lies in the conduct of experimental weav-
ing by the State with the object of working out by degrees a
better system of production. This course we have embarked upon
in the School of Arts, Madras, and we have established 8 weaving
shed for the purpose of ascertaining by experiment what can be
done. For about a year work bas been in progress and without
entering into minute technical details it is proposed to briefly
state what are the tentative conclusions arrived at. These are
that the native method of preparing the yarn for the loom is ex-
tremely laborious and very defective and that in consequence the
outturn of the looms is much smaller than it would be if a better
system were in vogue—that the native loom is capable of
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improvement at small expense by a slight modification of the slay
whereby a *flying shattle” can te used. To this, however, an
exception must be made in respect to *bordered cloths” and so
far, for thie class of goods, it must be confessed that no practical
improvements have suggested themsclves. The “introduction of
the “ flying shuttle ” converts  the native hand-locm into a Euro-
pean hand-loom and the more perfect the conversion the better is
the result. A self-contained frame loom can be made for about
Rs. 60 aund with exjert weavers there is nio doubt that the outturn
of cloth can be doubled provided the warp is good. This is an impor-
tant proviso because the warp as ordinarily prepared by native
methods is not good enongh. Native warps are not sufficiently
well-sized, they are not long encugh and the threads are not per-
fectly parallel to one another. In the native hand-loom these
defects are not so obvious, but directly the fly shattle is
used the weaver’s troubles begin and more than half his time )
is spent in niending threads. By great care in the preparation
of warps these difficulties have been to some extent got over
but' the extra expenditure on the warps counterbalances the
saving on the loom., In tha School of Arts weaving shed,
we have come to the conclusion that some system of warping mwa-
chinery of the type that is in use in power weaving sheds is neces-
sary but at present no system that has been ezamined meets the
requirements of the case. - The crux of the whole matter appears
to be “ sizing ¥ and nothing but the * slasher ” sizing machine
seems suitable. Yet it cannot be adopted because it is too big for
the business required of it. One machine would easily supply
1,000 looms and the time has not yet arrived when it would be
posmble to set up so large a hacd weaving factory. It is thought
that, at the most, factaries or asscciations of 100 hand-looms could
be formed and the problem is to obtain a warping mill and sizing
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machine that will turn ont from 1,000 to 2,000 yards of warp a
day. Hand-power is probably all that can be counted upon
and the drying of the warps after sizing must be. done without
the aid of steam. Investigations are in progress with hank sizing*
and it iz hoped that ultimately they may prove sufficiectly satis-
factory for practical purposes in which case the rest is easy. If
wuccess is attained in this direction it will be possible to provide
buildings and plant for proparing warps at a cost of about
Rs. 9,000 which will supply from 100 to 150 looms and ‘such
looms working with these warps may be expected to turn out
twice as much cloth a corresponding number of native looms.
Assuming then tbat hank sizing is 8 solution of the difficulty
s simple calculation shows us that a capital outlsy of Rs. 150
per loom will enable double the output to be obtained. The
total cost of preparing warps with machinery will probably not be
reduced but better warps will be obtained and the advantages of
the fly shuttle loom will have to pay for the capital employed
and provide better wages for the weaver., At the present time the
weaver does not earn more than As. 4 per day and if his output
were doubled be would ger, other things remaining the rame,
As, 8 per day. Of this we may allow him As, 6 and take As, 2
for interest on his capital, depreciation of his plant and so forth.
As. 2 perday may be taken as Rs. 30 a year or Rs. 3000 for 100
looms invclving s total capital outlay of say Rs. 15,000 made up as
follows:— . '
Warping and sizing machinery Ba. 5000.
100 looms at Ra. 80 each Rs. 6,000.

® Hank Sising is now invarinblg employed in the experimental weav-
iog shed inthe Bchool of Arts, and is quite satisfactory. The improve-
ment of the warping machinery has however been delayed pending orders
from the Government of India as to the desirability of continuing these
experiments in Madras.




126 INDUSTRIAL PROBLEMS,

. Shed. for warping. mill, godowns and offices Rs. 4000.

The weaver it will be seep is still supposed to work in
his own house and where no weavers can be got within a reason-
able distance it would seem possible that a capital outlay of
Rs. 150 per loom would find & remunerative return. If these re-
sults_can be obtained in practice, and it is the ultimate object of
the experimental work at the School of Arts to demonstrate that
they cau be accomplished, the question of raising the capital
should not prove insuperable. Should the comparatively simple
system of hank eizing prove unsatisfactory and should it not
be possible to devise any simple equivalent then we shall have t¢
fall back upon the slasher sizing machine with its much greater
<cost and much greater output and instead of dealing with groups of
100 weavers we may have to attempt the problem of starting hand-
weaving factories on a very much larger scale and with conzequent-
1y much greater risks and a much more expensive system of con-
trol. The weavers of bordered cloths ara entirely outside any such
scheme as outlined above and enquiries indicate that between the
methods they now employ and the highly complex muchine
border loom there is no intermediate stage. The more intricate
and difficult the weaving process and the longer. the time it
occupies, the less linportant becomes .the preliminary work ol
warping and dressing, and consequently the smaller is the
scope for improvement in the trade sa a whole. '

Dealing now with the second suggested line along which as-
sistance may be rendered to the hand-weaver it becomes obviou:
at the outset that the association of weavers in groups of 100 o1
wore all deriving thieir warps from a central warping mill totally
changes the conditions under which the trade would be carried
on. It will not e difficult to imagine that the capitalist who sets
ap the dressing machinery will purchase the yarn, supply warp:
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to the weavers, take back the finished goods end dispose of t\h}m
to the market. He will be able to buy yarn in large quéntities
on favoursble terms and obtain it from theé epiuning mills in suit-
able forms for his preliminary operations and will be able to intro-
duce minor economies that in the long run become important. The
management will bave to possess business knowledge and acumen
and will therefore be in & position to ascertain what goods are most.
likely abtany given time to be in profitable demand. From the
weaver’s point of view the difficulty will be to prevent the warping
mill owners from sweating their dependent weavers and to sscure
that a fair share of the profite falls to the lot of the weaver. So
far as one can foresee the proposed cbanges will throw out of em-
ployment the vast mass oi the women and children who now per-
form the greater part of the preliminary work. There will be still
work for some of them and each weaver ‘will find one assistant at
the loom useful to mend occasional broken threads and perform s
variety of small operations which would otherwise take up a con-
siderable part of the weaver’s tine. Women work hand-looms in
most countries, in the future they may perhaps do s0 in India. At
any rate none can gainsay the fact that it would be an immense
advantage tc the weaving community if their women and children
were in the main relieved from the drudgery of industrial work and
thus the women better ensbled w attend to their domestic
dutien and the children in & positiou to avail themselves of such
educational advantages sa may be within their reach. The Indian
band-loom has made » prolonged struggle againsé machinery and
. there 18 but little doubt that there will aiways be a limited field in
which it can comzew on ievel terms with inschinery.' ‘Probably
any weaving operation can be carried out in & power loom if the
machine can be given a eufficiently long run of work but it is not
always feasible to provide enongh work of a certain kind to make
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the business commercialiy profitable and such work naturally falls
to hand-loom weavers. It is very desirable that there should be
instituted some kind of association of weavers and ‘that funds
should be subscribed to be devoted to making commercial enqui-
ries, to diffusing useful trade information, to opening mew markets
and generally supplying the ignorant hand weavers, -through say»
the managers of their warping mills, with all such information re- -
lating to their trade as will enable them to keep abreast of the times.
Iu the first instance there is no doubt that Governmett would
have to-initiate the organization and supply the necessary funds-
but if it proved of real assistance to the trade it would probably
svon become self-supporting. -

Lastly we come to the question of‘educating the weaving
community, and this we regard as of great importancs, for in thé
first place it is almost inevitadle that a great proportion of the
weaving castes will have to abandon their hereditary calling snd-
seek a livelihood in other pursnits. It requires no demonstration
to accept the statement that the better educated they are the
better they will be able to take care of themselves and the less
they will be dependent on the State. And secondly assuming that
the schemes just outlined prove practicable and the weaving cow-
munity is reorganizad on a modified factory system it will require
a more intelligent class of men at the looms $o make it a complete
success and in no way can we raise the standard of intelligence
but by diffusing education smongst them.

The wages of the weaver have sunk to the lowest limit com-
patible with earning a livelihood because the community 2s a
whole are ignorant and unintelligent. No new processes will
better them unless in the working of them greater skill and more
. intelligence is required. Cloth may become cheaper, the outturn
of the weaver may be greatér but his position ‘will be unchangad.
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This is but natural since whutever changes arve effected he has no
hand in them and coneequently no claim to be rewarded. If new
prucesses demand greater skill and iotelligence it is but a common
place to ubserve that for these qualities payment must be made.
Herein we think is the root of the whole matter—if hand weavers
are to be putin & better position their trade must be puc ona
higher level und in its operations thers must be a demand for
more skill and mors intelligence than is necessary at present.

» oo dp o—



MANUAL TRAINING.

In addressing the members of the Teachers’ Gruild of Madras
on the subject of Manual Training it appears to me unnecessary
that I should occupy your time with a history of the - movenient
in other lands, or with & resume cf the discussions, which have
been in progress for the last quarter of a century, on the position
which should be assigned to Hand and Eye culture in a general
scheme of education. It will suffice to say that, in the changed
conditions of modern times, a purely literary education has been
generally recognized as an inadequate means of developicg the
latent powers of the mind, and of stimulating into vigorous
activity those faculties which are most frequently exercised in the
exigencies of ordinary practical life. A revolution in pedagogic
methods has swept over the world and a classical training is no
longer deemed the only, or the best, preparation for the great
majority of people, who have to look to scientific, commercial
or industrial pursuits for a subsequent career. The enormous
extension of the bounds of human knowledge and the macvellous
increase in the facilities for transportation has rendered the
struggle for existence intense in the highest degree, and bas .
compelled us to abandon all Platonic notions of education and to
adopt as subjects of instruction those which will not only
develop the jintellect but which will also be of material use
afterwards. The study of languages, literature, history, mathe-
matics and philosophy leads possibly to the highest forms of
mental culture, but not to all, and it leaves many of those

* Read at a Meeting of the Teachers' Ghild, Madras, August 1896.
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faculties, which are of the greatest importance in everyday life,
untrained and neglocted. Fortunately, the processes of educs-
tion sre not confined to the teaching of schools  and universities,
but sre largely carried on, unsystematically and insensibly
periaps, in the play-grounds and in the homes of children, and
later in life by the experience acquired by contact with s busy
snd unsympathetic world. The gene'rul result is fairly satisfactory
and the dcfects of the scholastic training sre to a certain extent
remedied, but much valuable time is lost and much trouble is
caused which might have been avoided, if education bhad from the
outset been conducted on lines which brought it into intimate
contact with the necessities of our daily existence.

Probably the most important difference between old and new
methode of education lies in the recognition which the latter bas
accorded to the necessity for manusl training, and the provision
which it has made for the cultivation of those facolties which
depend on other than purely mentsl processes for their proper
development. It would have becu an interesting and not unpro-
fitable task to have described to you whut has been done in
Europe and America in this respect, but our time is limited, and
nearly all that I could have told you is to be found set forth in
grest detail in numerous and readily acceesible publications, which
have appeared in recent ysars, and I therefore propose to confine
myeelf this evening to the purely Indian side of the question
which is, after all, that in which you are most interested.-

In Madras the University is the centre of higher education,
and exercises s virtual control over it by the courses of study
which it prescribes for those who wish ta obtain ita B.A. degree.
Though I bave no wish to under-estimate the efforts which have
been made to promote the study of physical and experimental
science, I think I am justified in saying that, in the msin, the
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possession of a university degree indicates that the holder bas
received a literary training. For the administration of the
country, for the conduct of ite ‘legal husiuess, for the develop-
men$ of education and for numerous minor services there was
for.many years a demand for graduates, which was in excess of
the supply, and the market value of a university degree wae kigh,
but year by year the supply has increased, whilst the demand has
remained practically stationary, till at the present time the yonng
graduate has often to start life on wages less than 4 good artifin
€an earn. o o ﬁ

Twelve years ago the late Mr, Grigg who was then the Director
of Puablic Instruction in Madras wrate “ there is a growing feeling
that the literary market is overstocked, and consequently that
if educated men, Hindus especially, are to obtain a provisinn for
life, they must turp their atteniion to non-literary branches of
knowledge.” TFor this reason technical education bas been en-
couraged and greatly increased facilities provided for the study of
applied scisnce. Judged from the were stand-point of numbers, the
mensires which have been taken in this direction have met with
considerable success, but those, who are in 8 position to pronounce
an -opinion on the quality of the work done, are compelled to
admit that it is far from satisfactory, and are generally agreed
that it is so, because the students lack those menta] qualities,
which elsewhere, it has been discovered, can best be cultivated by
thorough and systematic manual training. That this vesult was
to some extent, anticipated, is evident from the fact that the
educational authorities in this Presidency nearly ten years ago
recognized the desirability of introducing manual training into
High Schools and Colieges, anrd the Managers of & number of
these institutions were'persuaded to open carpentry classes, at
which aftendance was voluntary; but presumabiy on account -of



MANUAL TRAINING, 133

the expeuss involvad, and the entire absence ot suitable teachers,
02 attempt was made Lo introduce an organized syster: of working,
and no immediata results being apparent, most of the claxses were
soon closed, and st the present time only two or three in the
Noctharn Circars are still maintained. In the first-grade colleges,
where the natural sciences are taught, the laboratory work afforde
a certain amount of manual training, butit is commenced too
late in student life to be ot much vajae snd there is no doubt .
that the inaptitude for experimental work, which is only too
apparent, is in the main due to want of previous training.

Educated pecple of this country are singularly deficient in
powera of observation snd evince a fatal readiness to accept
stutsments of facts, without sny attempt at verification for their
own satisfaccion, which renders them incapable of achiaving
marked success in practical matters. Thie is partly due to
inherited tendeucies and to the eimple nature of their surround-
ing in eacly life, but is probably still more jargely due to the
bent which iheir minds have received by the purely bookish
studies of their school days. ’

So far as I am aware the oaly institution, which is not an
industrial school, in which manual training forme an important
part of the work of the students, is the College of Engineering,
where it bas been found of great value in counteracting the effect
uf this early training and in introducing them to the region of
tbings and realities in which they have cloctad to work. [tisa
radical changs in methods of stady and modes of acquiring
infosmation which they encoanter, but the change is effected too
late for the highest results to be obtained, and there is no donbt®
that if they came to us with the manual ekill and dexterity they
pow acquire before leaving, and with all those faculties cultivated,
whioh the possession of manual skill and dexterity denotes, we
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should be able to produce quite a different stamp of engineer, and
our students would soon wipe out the stigma which attaches to
native engineers, on account of their deficisncy in resource, want
of originality and inability to sustain the heavy responsibility,
which great engineering works always entail on those in charge
of them.

Although there are no schools in this Presidency in which
& manual training is avowédly given, there are certain philanthro-
pic institutions for the education of European and Eurasian boys
in which industrial work is carried on in the hope that the boys
may be able to acquire sufficient knowledge of a trade, to be able to
earn their own living by working at the trade, when they lcave
school. - Quite recently, I have inspected several of theser schaols
znd my attention has been forcibly drawn to the fact, that the ori-
ginal object has not been achieved, and the opinion I have long
entertained, that it is not possible for European and Eurasian lade
to make a respectable living in competition with tbe ordinary
native ar:}z/gns, is fully confirmed. I find from an examination of
the registers of past pupils that the bays when they leave, seldom
follow the trade they have learned in the echool unless under
exceptionally favourable circumstances, in which it is evident
that their knowledge of English, and their ability to read and
write have been important factors in determining their selection
for employment as artizans at remunerative wages, and in fact
that the so-called industrial departmenzs have, by force of
circumstances, become manual training schools, in which, how-
ever, there is much that requires to be improved. To some
extent this is admitted by those connected with the management
of these institutions, 'but it would be better if they would opealy
acknowledge the fact that the main use of the workshops is to
develop the boys’ brains, and make them bandy Iand dexterous,
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so that they can take an active and intelligent interest in
whatever work they may chance to be engaged on, thus becom-
ing useful members of eocioty and able to learn a living in a
great variety of waye. It would then be desirable to re-model
these echools, to iatroduce courses of practical work, better
calculated to attain the avowed end, and tu abandon the
teaching of such trades as tailoring snd bootmaking, which are
not well adapted to develop either mind or body, but which at
preseot ace favourite trades, because the boys can be profitably
employed in making their own clothes, and because they do not
entail too much physical exertion on the unfortunately by ne
meane small number of boys, who are in weak health or deficient
in bodily strength. At the aatne time I would suggest an
improvement in the general education given to these boys, so
that tuey may be sent ou’ into the world better equipped, than
thoy ace at preeent, 0 combat with the peculiarly unfortunate
and difficult circumstances in which they are placed.

Although it does not atrictly fall within the limits of my
subject this evening, { cannot aitogetber avoid alluding to the Iu-
dustrial Schools, pure and simple, of which there are & considera-
ble number in existence, if only to point out the essential differ-
ence petween their objacts and the methods by which they may be
attained, and thosa of the advocates of the introduction of manual
training into schools solely on account of its educational value.
The Industrial achool is intended to be a substitute for the wys-
tem of spprenticeship, and it has been tried in many countries
and ander varied conditions, but has se'domn besn found te wock
statisfactorily. In it, yoo undertske to teach a trade better and
quicker than it can be taught in the ordinary workshop, where
it is carried vn for commercial reasons, and there is no doubt that
in many instances it is possible to do so, when unfettered by
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pecuniary ‘considerations, but unfoctunately .these are nearly
always dominant factors, and it is now geuerally agreed that,
only under a peculiar and usually not permanent condition of
things, there is any advantage in establishing such schools.

In India, at the present time, the indigenous trades are prac-
tically in the hands of certain castes, each of which enjoys the
monopoly of a trade, and its members form a very exclusive trades
union. The system is a great evil, as it prevents competition and
restricts progress, and there is a wide field for industrial schools
in. breaking down these artificial restraints and raieing the stan-
dard of skill.  So far, however, thoss that have been established
have not met with any great umount of success, owing chiefly to
the difficulties which surrounded their inception through lack
of. experience on the part of the Managers, insufficient funds to
properly carry on the work and an entire absence of suitable
instructors. Progress, nevertheless, has been made and the future
prospects of several schools are very promising..

To quote from the last report on Public Instruction in this
Presidency *the aim of manual training is not to afford inetruc-
tion in & trade. The constant repetition of some single operation
with the view of acquiring mechanical dexterity, is the business
of a trade schooi. To go through a systematic course of hand
work purposely designed to bring into play some faculty of the
mind and to form some intellectual or moral habit, is the true
function of manual traiming. Manual training does not seek to
turn out carpentera or blacksmiths or fitters, but to educate the
hand and eye, to form habits of observation, judgment and ac-
curacy, to cultivate the sense of proportion, to make the pupil
ready, resourceful and self-reliant.” - The failure of the carpentry
classes, already alluded to, is accounted for by Dr. Duncan, in
the game report, -in the follwing terms: * the reason for their
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almost total dissppearance is that they wers ‘afflicted from the
first with the inherent weakness that they were taught by the
ordinary bazaar artizan or rsistry instead of by a trained teacher.
Besides the fact that such an -instructor was skilled only in
the antiquated ways of doing things, there was the further
drawback that he could only instruct by example. Young people
like to understand the reasons for the various procesees and not
merely to have the processes shown them, But the ordinary .
artifan is bimeelf unacquainted with principles, and is therefore
quiCumble to explain why one way of doing a thing is betier
than another. It consequently, svon came to be seen that the
cost of maintenance was incommensurable with the small amount
of benefit received.”

For the industrial echool, the instructor should be a highly
skilled artizan, with & practicsl knowledge of the most modern
processes smployed in his trade, able to draw, to sketch and to’
work from drawinge and competant not merely to work with his
own hand, but aleo to explain in an intelligent manner to others
how and why he dces a tbing in & particular way ; whilst in a
school,whers manual ¢raining forms part of the process of education,
it aeeme tn me unnecessary for the instructor to be a trada expert
but rather that he should be u trained pedagogue, who bas mada
s special etudy of some branch of neanual work, just as one of his
colleaguss might have taken up mathematics und another English
literature. Of course, to be s successful teacher, he must take
mure than ordinary interest in the work and the natural bent of his
mind must be towards mechanical matters, but it is no sine qua non
that heshould have devoted years to a=quiring the ekill and perfect
manipulation which characterizes the best workmen, If working
in wood be the particular form of bandicraft taught, and there
is none more suitable, the instructor should be fully acquainted’
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with the principles underlying the action of each cutting
tool and should possess the knack of readily explaining abstruse
or intricate points with neat sketches and suitable illustrations.
‘With the proper use and correct handling of eack tool he should
be familiar and, though he may be by no means a first-rate carpen-
ter, he should be able to teach a boy to make a wooden box or
carve a model yacht just as well as he could teack the Elements
of Buclid or simple equations though his knowledge of mathema-
tics may not extend to Co-ordinate Geometry or the Differential
Calculue,

If manual training is to form part of the course of instruc-
ticn in our schools and if one of the objects, which is to be accom-
plished thereby, be to implant in the minds of the youth of this
country the idea that labour with the hands is equally elevating
and dignified as is purely mental work, I do not think the school-
master will be successful if he has to confess that it formed no
part of his awn education, and that he has perforce to hand his -
pupils- over to an uneducated artizan under whoase tuition, if it
can be so termed, the reat end for which the work is imposed wil!
be almost entirely lost. ' :

The firat step, therafore, towards the introduction of manual
training must be the provision of euitable teachers. Either we
- must educate selected artizans till they are fit to be instructors,
or we must make manual work a voluntary part of the cuurse of
training in such institutions as the Teachers’ College. It wiil be
no use to attempt to force such work on students of the age they
are.at Saidapet, as they are toc old and the time available for
traicing them is too short, tc make it worth while to do so unless
they are keenly interested and exceedingly anxious to make the
most of their opportunicies. The difficulties in the way of either
alternative are very real and progresa at the outeet must be slow
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snd unsatisfactory. The mental capacity of the artizan classes is
very limited, except slong special lines, and the castes, to which the
great bulk of the educated people belong, are by nature indolent
and disinclined to physical exertion. In other countries there has
been a demand for manual training, in India there is apparently
none and probably never will be, till it has been clearly demons-
trated that time speat in the acquisition of manusl skill is as
likely to directly lead to success in after.iife, as is the time now
#pent in preparing for University or Government examinations.

In Europe snd America the schools, which have added manual
training to their curriculum, bave as a rule provided what according
to Indian ideas wouid be contidered elaborately equipped work-
shops, and each boy goes through a carefully arranged course of
work. specially designed to achieve the object -in view with the
minimum expenditure of time aand material. It will be a long
time ere in Madras, I fear, we shall be able to incur, in more
than a few isolated instances the expense of setting up even -the
simplest and cheapest type of workshop, of the etyle that has
been adopted in the poorest of Western countries, and either
things must remain as they are, or we wust at first be con-
tented with something less perfect than the aystetas which have
found favour among richer nations.

At the outset our resources and energies must be mainly
devoted to providing teachers, not specialiste remember, but men
who, in addition to the work they now ordinarily do, should be
able to superintend, possibly at first with the assistance of trained
miAno, workshops in which the boys would be taught varions
simple kinds of manual work. Of trained tachers there is no lack, ‘
and the question is, can they now scquire the necessary special
knowledge and skil! that are required to fit them for conducting
manual training classes. To this, nndoubtedly an affirmative answer
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can be given though it is probable that the teachers will find
the task the more arduous the later in lifs they take to it. Assum-
ing this, and making the further aséumpbiou that there is a
desire on the pert of some teachers to qualify themselves, we may
enquire what lacilities exist to enable them to carry out their
wieh. For this purpose it would be perfectly feasible to make
uge of the plant and equipment which is already installed in the
College' of Engineering and in the varions industrial schools,
which are scattered’ over the Presidency, either during thuse
bours of the day when the workshops are not used, or during vaca-
tions and holiday times when no work at all is going on. Speaking
entirely on my own' responsibility and without having consulted
those higher authorities before whom any such propossls would
bave to be brought, I ses no reason why during the hot weather
mnonths of May, Jure and possibly July the workshops of
the College of Engineering should not be available for training
teachers at a comparatively trivial expense, either on the lines we
have adopted for our own students or on a form of Sloyd system
modified, as it could easily be done, to suit Indian requirements.
A course of manual work, lasting from 6 to 10 weeks each hot
weather and spread over two or three years, would be I think
regarded as an interesting recreation and an agreeable change
from the monotony of school work, rather than as an additional
burden on the shoulders of the possibly somewhat hard worked
schoolmaster., In the intervals between each period of training
much might b done by the teachers, in their homes or schools
to-keep up the skill that has already beeu acquired and to improve
upon it, with comparatively simple means and with an expendi-
ture on tools and materials that would not be serious.

In the College of Engineering we follow very closely the
system of manual training which 1 first saw in operation in the
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Finsoury Technical College, and which is wider and more varied
than the Sloyd or other continental systemns, which are adapted
for children rather tban for young wen.  Our course of instruc-
tion may be divided conveniently into three sections, (1) Carpen-
try. (2) Fitters’ work, (3) Machine tool work.

At Carpentry the studente usually begin with the saw and
plane and are 8t & very early period ect to construct & wooden
box, wiich necessitates making the acquaintance of most of the
comuwoner tools, after which follow exercises in tenoning, which
introduce themn to the various forms of chisel. Then followa s
series of exercises on the difforent forms of joints employed in
wood work which, if sstiefectorily executed, indicate that the
studeut Lias acquired 8 fair amount of skill and is fit to be entrust-
ed with work in which Le bas to deal with material, of some
value and toat be is not likely to spoil it. As far as poesible we
use 2oft woods, such as white fir, which we get from old packing
ceses, or white cedar and red cedar from the West Coast and teak
and other fairly hard woods, are only used when & certain amount
of facility in bandling tools bas been acquired. Wood turning is
practised to omne extent but as a rule time does not permit of
much being done.

At fitters’ work a start is made with the bamamer and cold
chisel and the first exercise is to chip a surface of cast iron fairly
smooth, and then to file it quite flat and true to an ordinary square.
This is by no means easy and genenﬂy takes a long time to
accomplish ratisfactorily. The third and fourth exercises are s
repetition of the first two, the material used hoing wrought in<
gtead of cast iron, and the final product a rectangular block of
cube, in making whick the callipers, marking ous table and scrib-
ing block are first used and the student obtains some idea of the
precision and sccaracy with which it is poesible to work in metals.
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At this stage the student begins lathe work and. from a rough
forging has te turn a one-inch bolt and cut & screw on the shank,
either-in the lathe or: with dies, tap the nut to fit it, and file up
the nut and head of the bolt so a8 to form in outline regular
hexagons and finally finish them off in the lathe to the conven-
tional form. The next piece of work is one which takes a.long
time and may be regarded as the last of the exercises which bave
to be gone through as a preliminary to being set on the con-
struction of tovls or machines, It is to prepare a true surface of
cast iron to s Whitworth standard surface plate. For this pur-
pose a rectangular plate of cast iron-9 inches long and 6 inches
wide and about 3ths of an inch thick, with deep heavy ribs, on
the back is supplied. The tablete at the ends are chipped and filed
flat, hnles are bored and tapped ‘and wrought.iron handles are
turned in the lathe and screwed in, The edgee of the plate are
chipped and field square with the top, aud dressed so as to leave
the upper surface an exact rectangle. The plate is then fixed in
the planing. machine and the outside skin removed and a fine
finishing cut taken, so a8 to leave every part of the top as nearly
as possible in the same mathematical plane. - That it is however
far from perfection the student sonn discovers when, after baving
lightly filed out the tool marks, ha proceeds to test it on the stand-
ard surface. Into the details of the subsequent process of scrap-
ing it true, I cannot now enter but 1 may tell you that is a very
Inborious operation and requires the exercise of a vast amount of
care and patience to successfully accomplish. - The result, how-
ever, is worth the trouble, as it is the finest ‘work a fitter can do,
and as the plate is 8 copy of a standard surface it is a valuable
addition to the workshop tools. From this stsge onwards the
student is 'genel,'_ally employed on whatever iron work ‘may .be
gqing/ on in the shop, such as the ,mnking\ of . lathes or small
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launch engines, attachmernts to existing ols

paration of epecimens for the testing m :nd

work is generally so arranged that he shall be abe giﬁre%
perience in the working of all the machine toals and in the modes
of marking out, setting up and fixing articles which requu'e\
machining.

At the time he leaves the college he is by no means a good
workman but he is un the way towaeds becoming one, and he
has learned what work mears and the care, skill and intelligence
that are required to produce good work. The originators of
Sloyd, ss a means of education, have made a great many exveri-
ments on various forms of manual work and bave come to the
conclusior:, which they are puiting into practice, that wood Sloyd
alone is not only sufficient for the ends they'bsve in view, but
that in every way it is better adapted to accomplish them than
any other form of hand labour. They have ntroduced manual
training at an esrlier educational period than is done in the
schoole of Enghind and America and its character is mainly
determined by that fact. Wood Sloyd is preferable on account
of the possibility of doing accurate work which is ot the case
with rattan work, tsiloring or even blacksmithe’ work, whilst
fitting as I bave just described it to you, although it permits
of “even greater accuracy in its execution, is too dirty, in-
volves too much hard work and oceupies too much time to form
part of & school training. This is all quite true and I am fully of
opinion that in this country carpentry or wood Sloyd is amply suf-
ficient and can most easily be taken ap, but for our own particular
requirements in the College of Enginecring, it is inferior in some
respects to fitters’ work. The latter is dirty and it is well that
engineers should not be afraid of dirt, it requires greater cere and
imposes more reponsibility than wood working and above all
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things it more frequently calls for the exercise cf.dogged perseve-
rance and hard manual work which develops those qualities which
are most essential to success in the engineering profession. * For
these reasons, and for others which do not now concern us, we
have adopted fitters’ work rather than carpentry for the manual
training of our students.
I bave dwelt at what yon may perhaps consider undue length,
on the work and methods of the College of Engineering because I
bave felt that it is desirable that you should understand why we
have made a speciality of manual training, and how through a wise
liberality on the part of Government we have Leen able to provide
facilities for it equal to those possessed by any Inetitution in
any part of the world. Considering the limited resources at the
command. of the educational authorities I think it is a pity thag
these workshops shonld ever be standing still, and I bave no
doubt that if the members of the Teachers’ Guild express any
étrong desire for epecial courses of instruction in manual training,
the Director of Public Instruction will, when he learns that it is
possible, do his best to give effect to your wishes. I have men-
tioned also that the workshops of industrial schools could be
made available as they are seldom used during the whole day and
the benches and tools would suffer no harm if used by persons
desirous of going through a course of manual training. Instruc-.
tion of the proper kind you would probably bave to do without
to. alarge extent, but with the help of books and an occasional
hint or demonstration from the artizans in charge of the work-
shops, you could do much and there is no doubt that if in the end
you succeeded, the very difficulties you would have overcome would
bave materially increased the benefit you will derive from such work,
- . Paesing from the question of how it is possible, in the courss
of a few years, to provide a fair number of teachers, capable of



. MANUAL TRAINING. : 145

giving instruction in manual work, to that of making use of them
sfteewards I feel that I am not altogether on as certain ground
83 I was before. With the wmanual training’ of persons whose
school daye are over we have had some experience in India, but
with thosa of younger age none at all arid any remarks which 1
can offer must be of 8 very genersl nature.

Dr. Woldemar Goetze, an eminent German Educationalist,
says, * Manual trsining is an extension of the meaus hitherto
employed for the education of tbe young: it seeks to utilise
a child’s innate desire of sactivity to the developing of its
bodily and mental powers by systematic exercise.” Bat hers in
India I am doubtful if children are as active and restless as they-
are in more temperste climates and if they will take so kindly to’
a regularly preparud programme of manual work. The advucates
of Sloyd maintain that uulike other subjects of study it is
*enjored on account of its own intrinsic merits and need no
estraordinary incentives to urge the scholar to pursue it.” With-
out experience it is impossible to say how Indian children would
taka to manual work—it is practically certain that they do not
«xhibit the same eagerness to be always making sumething which
is characteristic of European children, which feature undoubtedly
is at the bottom of the pedagogic success of Sloyd and otber
metbods of manual training.

1t will therefore be necessary at the outset to make the
‘work interesting, extremely simple and to involve eompnraiively
littla pbysical esertion. Probably the best way to ultimate
success will be to begin with occupatious for the training of the
fingers, such as card basrd work,” paper weaving and string work,
combined with freechand and simple geometrical drawing and
modelling in clay. None of these forms of manual work involve
much expense for apparatus or materials, and graduated exercisel

10
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in each bave been most . carefully prepared and publisbed .in
England, with illustrations and fuli instructions, so that there
will be no preliminary difficulty in arranging a suitable coarse of
work. Intermediate between these elementary forms of manual
work and wood Sloyd or: carpentry comes fretwork, which is by
no means to be despised, especially, if the boy.is encouraged or.
made to drawout his-own patterns, acd it might I think well
serve as an introduction to wood work.

Swedish wood Sloyd or English modifications-of it are unsuit.
able for India and it would be undoubtedly necessary, if the Sloyd
principles of teaching were adopted in their entirety, to design an
almost entirely new set of modals. The advantages of Sloyd, how-
ever, mainly if not entirely, depeud on. the efficiency of the tea-
cher and with a bad tescher the undoubted merit of the gradu-
ated series of exercises, which are provided in the High Sckool
gerieg of Models of wood Sloyd, is to a large extent lost and any
series of exercises would do nearly as well. Students in this
country are eo utterly deficient in manual skill that not one per
cent. can handle a penknife or sharpen a pencil properly, and uader
such conditions it really matters little at first whab system of
manual training be adopted, so long as something is done. Any
of the courses, which have béen worked out at Niis, Berlin,
Leipsic, Osnabriick, Straseburg, Vienna or St. Louis, could be
edapted to Indian requirements, though those, which allow of
the production of objects of utility from the beginning, ace-
undoubtedly better suited to the poverty.of the country and the
ideas of the people. The Sloyd principle, thas the articles wade
should be the property of the boy who makes them, is-an uxcel-
lent one and no. idea of selling the productions of a manual
training class should. be entertained at any time, though thers is
little or no objection to enlisting the services of che older boys in



MANUAL TRAINING, 147

the manufactore of articles, whetber furniture, models or appara-
tas for the »chool nse. : ‘ !

To confine manual training to wood work, as is now done in
Sloyd, seems to be setting unnecessary limitations on the neeful-
ness of the course and it would be preferable out here to give in-
struction in metal plata work, possibly not so much for educa-
tional as utilitarian reasons. Manual training and elementary
science teaching should be much more intimately associated than
bas hitherto been done in say school that I know of, and for this
reason, if for no other, it appears to me desirable that boys should
learn metal plate work, 80 as to be able to make simple articles out
of bent wire and tin plate, and then they will be able to manufac-
ture nearly sll the apparatus required for elementary experimental
science at a surprieingly small cost. To show what can be done
in this direction I have lately had a few things made in my own
workshop, which 1 bave brought bere this evening and I think
you will sgree with me, after insgecting them, that there is
nothing in these models and machines which conld not be made at
s very small exponse by persons of but slight manual skill, and
that for practical purposes they are just as good as the elaborate
costly apparatus which it is nsual to import from home,

Tken again, in another direction, the introduction of manual
training would enable boya to make things for their own amuse-
ment, and it would be well I think to encourage them to do so.
As illustrations of what I mean I have brought one or two ex-
samples which 1 have had lately made. In the most rudimentary
type of lathe the turning of these pug tops is not a difficult mat-
ter, whilst a very little ingenuity is required to make these
draughtsmen. The construction of a chessboard of dark wood
with the alternate equares inlaid with wood of a lighter colour is
a nice viece of eimple carpentry. Chessmen sre s little more
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difficult than draughtsmen but not beyond _t_l,e scope of the boys
who have been taught to use their hands. ~Cricket stumpe and
bails are easily made, but I awm sorry that to make satisfactory
bats is beyond the ekill of any but specialists and moreover in
this country it is impossible to obtain suitable wood. As a last
example let me bring this model yacht to your notice. Model
yachting is a sport which has not been introduced into this
Presidency, though it possesses many alluring :features and
during at any rate part of the year thers is an aburedance
of small tanks and ponds which are suitable for sailing these
small craft on. As an exercise in manual training no other
example, that 1 am acquainted with, offers so much scope for
the display of a wide range of knowledge of practical mwatters,
and for the cultivation of a s=nse of form and beauty and far ‘the
development of originality, for so small an expenditure of mate-
rials as the carving or building of a model yacht from properly
prepared plans. The drawings which must be first made are
excellent pieces of projaction, then templates should be made to
the curved lines, suitable timber selected and marked out. In
small boats 8 knife may be freely and conveniently used for
the external carving, aud a gouge for cutting out the interior.
The fitting of the deck and the adjustinent of the keel are pieces
of work which offer opportunities for the display of ingenuity and
skill, whilst the work connected with the sails, rigging and steer-
ing gear requires general handiness in a variety of ways and
demands experiment and vbservation and frequently considerable
modification of the original plans before the best results can

be obtained.
In oonclusion let me briefly indicate the points which I

think may be most profitably taken up in your discussion of the :
romarks I have addressed to you this evening. Let us assume
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that our present system of education, though it possesses many
good points, is admittedly imperfect and that it does not produce
the stamp of man that is required at the present day outside
certain narrow circles, admittance into which is gradually becom-
ing more sud more difficult. The intzoduction ot manual training
{ bave suggested as s remedy, which Western nations have found
efficacious under similar circumstances and I ask you to seriously
consider whether or not it is applicable to this Presidency,
whather the defects in the character of the modern educated
Hindus are due to the unpractical nature of their education, or
whether they are racial and only to be removed by a process of
svolution which will take genorations to effect. If you answer,
that manual training will do much, then I ask you to consider the,
great difficulties that bave to be faced, snd the action that
the Teachers’ Guild aa a Society may take to overcome them, and
tbe duty that lies upon each of you as individuals, who have
chosen .the teaching profession fora career and are therefore
morslly reaponsible that every effort, that can be made, i» made,
to give the children of this land the educstion that will best fit
them for their work in the future.

=
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Your Secretary was kind enough to invite me to contribute to
the proceedings of this Conference a paper on Technical Education,
but the term is such a vague one and in its widest and most accu-
rate sense embraces such a vast field of educational labour that
I felt compelled to ask per:nissipn‘to be allowed to limit the scope

“of ‘my remarks to one phase of the question and even with the
restrictious that I myself bave imposed it seems hopeless in &
sihgle paper to try to pui before you st all a clear view of the
problems presented by Indusirial Education in India. In Madras
one sst of solations may be found practicable, in Bombay another.
whilst in Bengal a third: may be better suited to deal with the
local situation. I therefore think that we shall be able to spend
.our time this afternoon more profitably and elicit a more practica,
discussion it I confine myself to the leading features of the
problem as presented in“our own Presidency, and though nuch of
what I shall have to say hly be applicable to other parts of India’
yet at the outset I should like to state that the case as I shall
present it to you and the suggestions which I shall have to make
are intended, in the first instance, to apply to the Madras Presi-
dency and only so far ag local conditions are similar to other parts
of India. At the beginning of the twentisth century the indus-
trial position of the Madras Presidency is one which it would be
difficult to paint in roseate hues, yet it can hardly be considered
very grave, and there are hopeful features abou$ it which [ am
v * Read at a Meeting of the Teachers’ Guild, Madras, December 1901.
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ranzuine enough to think can be effectively developed £ only a
working plan can be devised and carried out on a scale adequate
to the magnitude of the interests involved.

Just & bundred years ago the Pag Brittanica was established
snd tbrough the whole period since then law and order have pre-
vailed and life and property have been secured. Population has
increased at a marvellously repid rute aod long since the food
supply would have proved insufficient but for the magnificent
operstions of the engineers both in the Irrigation and Railway
branches of that profession. Millions of acres bave been supplied
with fertilizing water and thousands of miles of railway provide
means of transport. Seasons are. no better, perhaps worse than
formerly, but famines have been wsuccessfully met and conquered.
Tiere is still much bardship, much privation, snd many unavuid-
uble deatis when the rains fail, but millions are not swept away and
whole districts are not depopulated. Steady progress has beeu
made in developing tha agricultural resources of the country and
the area ander cultivation is ever oxpandirg, but the srea of the
land is limited and the opening up of new tracts is now becoming
an incressingly difficult matter. Adverse seasons affect wider
areas and agricultural distrass, if less intense than formerly, is
more widely diffused and occurs at more frequent intervale. To
some the future appears full of difficulty, but to others these
difficulties wear s rather benign aspect as -carryinig- with them
their own solution. They will force iis to a more energetic course
of action which will resuls in the more extencive application of
improved methods of cultivation. in the more careful conservancy
of water and 8 more perfect utilization of the reésources of the soil.
Tbe ryot has managed to maintain his position practising methods
which are the result of the accumaulated experience of s hundred
generations,—valuable experience it is true, but of very limited
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‘range, and it requires no great amount of optimism to expect that
if modern- science and modern engineering skill are intelligently
brought to his assistance’ an imnproved condition of things will
result which will indefinitely postpone the evil day.

. The better education of the agricultural classes is a primary.
necessity if. they-are to be put into a. position to avail themslves
of improvements and the Zamindars and big landholders must
‘be taught to realize that their wealth and power and influence
must be much more extensively devoted to the service of the peo-
ple .around them. The average ryot works on too small a scale
and lacks the capital necessary for experiments and improvements
and it is to the wealthy classes, whose craving for the acquisition
.of land is well-Enown, that we must look for pioneers in. progress:
-Agriculture is the- occupation. of the great mass of the pecple,
and is of such vast importance that it is entitled to be considered
‘by itself when industrial matters are discussed. I have only allu-
ded to it here because the main lines of advance are likely to be
-such as can only be made when the ryot can reckon on being
able to secure the assistance of ayt‘ans and artificers of a class
‘that are now only to be found in lgrge towns. '

There are few who would dispute the statement that during
:the nineteenth century the condition of the agricultural popu-
Istion had, on the whole, materially improved, and that it was
‘mainly. due to enlightened expenditure on public works of all
kinds, bu$ chiefly on roads, railways and irrigation works. These
increased facilities for communication and transport internally
combined with a similar improvement in the methuds of inter-
.oceanic traffic which have so much encouraged the export trade in
.raw materials bave however given an equal impulee to the import
trade in manufactured goods from the West, and these goods have
'gradually displaced . indigenous manufactures- and reduced the
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artizans of the country to s very impoverished condition. Im
Europe and America there has.been a wonderful increase in
.manufacturing activity which is but faintly reflected in the cottop
mills of Western India, the ieather trade of Cawnpore, ‘and
the jute mills of Bengal. The bazaars of our towns and cities are
full of imported wares, and year by year the tastes and needs of
the people are becoming mwore and more Europeanized. The
tiade of the country ie mainly ia the hands of middlemen whose
object is to export raw produce to the greatest extent possible and
pay for it by importing manufactured goods. Obviously there is
no other way—importe and esports must balance one another or
the difference be paid for in specie or represent service of some
kind; either administrative charges or interest op borrowed money.
The estsblishmeant of modern industrial undertakings requires
co-operation on mn extensive scele ; except in a comparatively
feeble way the natives of India do not place much faith io such
commercial combinations, and it is only when -the conditicns are
exceptionally favourable that capital flows freely from the West
to the East. Consequently mercbants in this country have found
it easier and more profitable to be middlemmen than manufactun-
ers, and the whole of their energy and ability bas been devoted
to vusting the products of the indigenous artifan and driving him
aut of the trade that has been his livelihood and that of bis family
for many centuriee. On a small scalg, it is true, that something -
bas been done to encourage the production of art wares for sale
in" Europs and America, but the business, though it bulks largely
in the papers, ir really an sbeolutely insignificant one, and the
attempts to make it expand bave only resulted in a sad falling off
in the quality of the works produced. _ ,
The cry has been raised that the old artistic industries of Indis
haye been killed, but I have recently bad opportunities of observing



154 'INDUSTRIAL PROBLEMS,

that this is not so,—that they are only dormant, aud that they
flourish in a most unmistakable manner when circumstances are
favourable to their- development. .The matter -is very important,
and it is perhaps desirable that I should adduce evidenes in support
of this statement. In the North Western Provinces at the instance
of the Viceroy and with the support of the late Lieutenant-Gover-.
‘nor, Sir Antony MacDonnell, a good deal of money has been spent
in restoring the magnificent remains of Mogul srchitecture. The
work has been done in a most creditable manner, and the Lieut-
enant-Governor has quite recentiy remarked, It is noticeable thab
in all kinds of restorative work the Archmological Surveyor has’
tapped & vein of latent natural talent which has given excellent
results. In fact the department has called izto activity a school
of artizans expert in this style of work. Many of them clsim to
be the descendants of the. artificers who worksd under the
Emperors Akbar and Sbahjaban.”

In Mysore the new palace now in course of construction in
the Fort finds empioyment for more than one thousand of the
most skilled stone carvers, metal workers and wood carvers to be
found in India,and the work turned out by them is equal to anything
to be found in the country. Again, what is perhaps well-known to
raost of you, through the munificence of the Nattukottai Chettys
the old - Sivaite teraples of Southern Indiaare undergoing restor-
ation, Many Jlakhs of rupees-have -been spent on the work
which is being carried out in the old medimval manuer, and in all
that has been done there are no signs -of the deterioration so
greatly deplored by those whose acquaintance with Indiau art and
artworkers is confined to curios in dealers’ shops and ladies’ draw-
ing-rooms. JIn fact when good work is wanted it is always forth-
coming, but unfortunately the demard for it is slight and fluctuat-
ing. The old native patrons bave disappeared and any revival of



INDUSTRIAL EDUCATION. 155

the old art industries resolves itselt almost entirely into a ques-
tion of finding new patrons. There is reason to belicve that it
would not be dificult to divert some smail -portion of the golden
showers, under which art flourishes in the West, to revivify and
stimulate into renewed activity the neglected and impoverished
workers of India.

Some months ago I submitted a echeme® for the considera-
tion of those gentlemen who control the funds that have been
raised to commemorate the Jubilee, and the Memory of Her late
{mperial Majesty the Queen-Empress, but I have not beard that
the very practical questiun of what they are going to do with the
monsy has yct come before them. I hope presently to show that,
with the very limited resources ab their disposal, they cannot bope
to launch with success any very grand -project for develuping
Technical Education in this Presidency ; but I think, and o do
several other people whose opinion is more than ordinarily valua-
ble, that the creation of an intermediate agency between the art
workera and those who desire to possess their works and are wil-
ling to pay for them, would be an extremely useful and very
practical wey of sssisting an interesting section of the community,
whose suppaeed extinetion or at any rate hopeluss decadence has
been somewbat prematurely mourned.

The persistence of hereditary skill through long penods
adverse to its dieplay is an interesting psychological phenomena
and a factor which, I think, i of great izportance in the general
question of Jadustrigl Education which ‘we ars now discussing.
Assuming its existence, the rational procedure sveme to be to
afford as much encouragement as possible to its growth. 1f we are

* Bince this paper was written, the scheme lias been adopted by thg
Joiot Committee of the $wo funds and the plans for a suxtable Exhlbmon
Hall bave been prepared and approved of.
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to have Schools of Art and of Art Industries, let them be places
where the hereditary craftsmen congregate, where the talents of
the more gifted are utilizéd to instruct the pupils and where every
opportunity is given for latent sparks of genius to be fanned into
flame. I would not absolutely restrict them to caste men, but I
would not specially encourage the admission of outaiders, as wy
experience, so far as it goes, is not favourable to the utility of
giving or attempting to give an artistic training to every one
who, from some accidental cause or other, finds it convanieut to
become a student of a School of Arts. Such an institution should
have for its object the production of works of art and that it may
not be a burden on the commnr.ir-y.and- that it may go cn produc-
ing indefinitely ; it ie absolutely essential that it should be run on
intelligent business lines. I do not think it is necessary to go to
Europe for art instructors—South Kensington will do India very
little good and may do much harm. The old art was very beautiful
because it was of spontaneous growth—inevitably it must undergo
change through the contact of West with East, but let the
influence be gentle and insensibly exercised. The result may be
inbarmonious and grotesque for atime, but sooner or later the
natural geniue will be produced who will found a School of Art ex-
pressing naturally and simply the ideals of the people from whom
he has sprung..” Art can only really flourish when it mests with
local recognition, and though, I think, it is quite poseible to work
up & not inconsiderakle foreign demand for the products of Indian

Art industries, yet it will be an unestisfactory condition of things.

#0 long as it rests on such a basie. What is wanted more than any-.
thing is ‘to educate our. wealthy classes to a true appreciation of
the worth of the artistie produetions of their fellow countrymen—
to an abhorrence of French mirrors, musical boxes, glass chandel-
iers and gilt gimeracks. We ought to bave a permanent exhibi-

T
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tion of native art industries in suitable surroundings, acd it should
be a place which should attract, and attracting, educate those
people in this Presidency who are fortunate enough to be able to
indulge in luxuries, but who at present are filled with childish
admiration for what is bright and glittering.

The example that bas been set in Mysore is an excellent
one, and it is to be hoped that, when the work is finished thers,
the art workers and artizans may find others wanting their
services. Our educational system is sadly deficient in the way in
whicb it completely and entirely ignorea the influence of art and
artietic surroundings, and I venture to suggest to the Victuria
Jubilee and Memorial Committee that it is within their power to
do not s little to remedy thia evil if they -vill apply their funds to
rendering better known the latent artistic skill which yet exists
and which lies Jormant simply for want of opporturity. It is
ideas such as these that we are trying to give practical expression
to in the School of Arts in Madras, and I am glad of the
opportunity of publicly explaining them because progress is neces-
sarily very slow and because to the casual visitor the art work
that is heing done there is somewhat obscured by the prominence
of certain purely industrial experiments which bave been going on
for some years past.

1 have already briefly alluded to the way in which during the
past century the indigenous industries of the country have been
crushed by the competition of importe, and I must now ask you
to consider with me bow far by means of State institutions steps
can be taken to remedy the exigting state of things. The evils
are fully recognised, and for the past 15 years a cry hus arisens
constantly incressing in volume snd intensity, for a State-gided:
system of Technical Education to remedy them. In the words
of Lord Curzon’s address to the Educationsl Conference sat’
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Simla, “ Here in Indis there seems to be a general idea that
in Technical Education will be found the regeneration of the
country. Technical Education is to resuscitate our native
induetries, to find for them new markets, and to recover old, to.
relieve agriculture, to develop the latent resources of the soil, to
reduce the rush of our youths to literary courses and pursuits, to
solve the economic problem and generally to revive & Saturnian
age. The imagination has been struck by the ulleged triumphs of
Germany, and by the unquestionable enterprise of the youth of
Japan,” .Ia Madras, I think, we must plead guilty to this indict-
ment and to the fatuous folly, with 15 years’ pxperience barren of
all result, of still thinking that it is possible some deus en machina
may arite who will with the meagre funds that have been raised
' to commemorate the life and reign of . the late Queen-Empress,
devise & scheme of Technical Education which will introduce an
era of industrial prosperity. That nothing has been done is.
not surprising, byt it is surprising to find how many people still
think that it is the fault of Government and the State Depart-
ment of Education that the industries of the Presidency are not
flourishing and that profitable employment hae not been found
for the congested  population: secking a scanty and precarions
livelihnod on a barren soil. . .
‘What are our natural résources, out of what materials are
industries to be created, have we neglected them, or is it the
poverty, of our surroundings which prevents us from doing
anything ? . Into a detailed reply to these questions it is impossible
for me to enter, but broadly speaking the. plains of the South of
India may be described as a puor country—fertile where it is
artificially watered,,buf. barren elsewhera, Tta ircn ores are its
only mineral we;ltﬁ snd their tantalizing abundance is rendered
of no avail by the absence of fuel. The climate enubles existence
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to be dregged out on very little and the necessaries cf life are tew
and simple. Consequently labour is cheap and it is with this
asret, and this only that we can hope to achieve anything. The
artifans sre intslligent, skilful and when properly instructed
capble in well-organized factories of holding their own in some
directions against the utmost efforts of machine producers. Nearly
all the raw material they use has to be imported and the protection
that they get in competition with imports due to the 65 per cent:
duty and the cost of treigbt is practically very small. The weavers
form the bulk of the srtigan commuaity, but the workers in wood’
and metal are also very important. With the artigans of the/
building trades we need not concern ourselves as they suffer from
no direct competition, and their prosperity is dependent entirely
on the well-being of the whole community. These art.i;ans
belong to well-defined castes and their occupations are in the main
bereditary, though the son of a blacksmith may become a carpen-
ter or 8 coppersmith and vies versa, but the son of a weaver is
ganerally a weaver. It is difficult, if not impossible, for outriders
to become apprentices %o these trades in the bazaars, and what is
in reality a healtby trades union has preverted internal competi-
tion in the country from reducing the lrtfkuo to the Jevel of the
pourest agricultural population.

Such attempts at Lndustrial Education. as have been made,
and in what follows I must specially exclude the School of Arts.
which, from ite foundation 50 years ago, has occupied an alto-
gether exceptional pusition, have bad for their main object the
training of peopls belonging to the non-artizau classes. The
earlizst schools were started by missionaries for the training of
their protegées and they bave met with a certain limited measure
of succees, but the total number of Native Christian artifans.
ouuide the special establishments of - the Basel Mission ig
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extremely small and is not a factor of importznce in th
industrial poeition of the Presidency. Certain District Board
and’ Municipalities have devoted part of their funds to th
advancement of Industrial Education, but the method
pursued have been extremely crude and the results in
commenaurate, except in one single case, with the ex
penditure that has been incurred. The usval procedurs was a
follows : A Headmaster or Superintendent was appointed withou
any regard to his fitness for the position, but chiefly because hi
was willing to accept the modest pay offered him—pupils wer
gathered in from the highways and byeways by the offer of attrac
tive scholarships. Maistries were appointed to teach certair
trades, usually carpeotry,- blacksmith’s work and rattan work
Efforts were made to get orders for work and the European anc
official element of the population appealed to for support. ~ So fai
ag I am aware no attempt was ever made unti] recently to trair
the boys in these industrial schools on work otker than thal
required by Europeans —the huge native markets eround then
were cutirely neglected and the schools langunished for want of ar
outlet for their productions. It would serve no useful purpose tc
unduly dilate on the imperfections of thess experiments in Indus-
trial Education. They did not achieve the objects with which
they were started, but they attracted attention to themselves and
offered opportunities for- experiment and enquiries and in thm’
way soms good has come from them. : :

The- Industrial School of the future has yet to be evolved
but in Madras we have accepted, at any rate tentatively, certain
general principles regarding their functions and the way they
should be worked. The schools may be divided into three main
classes: (1) Those established “for the purpose of training boy:
as artifans who are not artiyans: by caste and who cunsequently
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have no opportunity of picking up a trade in any other way. Thé
bulk of these achools will be of a sectarian character, such as the
Anjuman Industrial School for Muhammadans or the various
Mission Scboo's. They will follow along established lines and if
efficiently conducted should supply a useful stimulus to the artizan
classes by the introduction of an element of oompemlon which
should have s beneficial effect.

(2) Central Industrial- Schools primarily intended for tho
benefit of the recognized industrisl clasees and working with the
ohject of improving the industriea of the country. These
schools are never likely to be very pumerous sud they will be of
neccesity mainly in the hands of European experts. - The object
is not s0 much tp train buys, though that of course will be. dene,
as to provids s supplementary course of inatructicn to. .the train-
ing which artizans now receive in their own homee. In them
8 large amount, of experimental work will siways. be in progrese,
new ideas will be tested, new provesses tried, new teols brought
to the notice of the trades and gecerally the endeavour will- be
made to frster private enterprise by help .in any direction that
may be feasible, Tbere is no intention to gredually build them
up into important manufacturing establishmenta, but they will be
conducted on a scale just large enough to render them thoroughly
efficient training institutions not only for workmen, but also for
poeple who will afterwards become foremen and managers of
works, Witk vested intereste there is no intention that they
+bould compete, and the policy to be adopted in their management
will be to bring them into as intimate association as possible with
exisiing undertakings, -Of necessity they must have a business
side for the disposal of their outturn and that will be conducted
on rational business principles baving in.view that the end and
ol\)ject of the Schools is. nok s dividend on the eapital invested in

11



162 . INDUSTRIAL PROBLEMS,

them but the promotion of the industrial prosperity of the country.
The industrial side” of the -Madras School of Arts is at present
the only representative institution of this kind in India and so
far its operations have been mainly confined to the establishment
-of 8 school of metsl work which conductéd on the lines I have
indicated above has met with sufficient success: to justify us in
thinking that a development of the sawe policy in regard to other
industries may be of great assistance to the struggling artizan
communities. luto the details of the work that has been done in
the past or that is contemplated in the future this ia hardly a fit-
ting occasion for me to enter, but those of you who are sufficiently
-interested in the matter may easily pursue your enquires at the
School where information.can be freely obtained. It will suffice
to say that, during next year I bope to be able develop the weaving
section that has been recently started. From the experimental
work that has been done and is now in progress, it is evident
that there is great room for expert assistance, but whether we
shall be able to' materially improve the condition of the great
weaving population of India is 8 matter which is influenced by so
many and such very complex factors entirely beyond our control
that it is.only the very urgent necessity for doing something
that has Jed us to contemplate attacking such & series of difficult
problems. .

(3) The third class of schools will be to & large extent off-
shoots of the second. It is not desirable: that we should set up,
as has hitherto been done, Industrial Schools to tedch what ie
already taught in the bazaars, but there are many places where
industrial knowledge and skill in certain trades is in a backward
gondition, and it is important that the artizans should everywhere
be taught to work .on the most advantageous ‘lines and that the
most should be. mede .of their cheap labour. The Central
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Industrial Schocls can only come into contact with a comparatively:
small namber of artizans and when by experience it is ascertained:
that in any branch of industry a.feasible improvement has been'
effected, branch inatitutions are required to diffuse the knowledge
swong all who are affected thereby. A typical ‘achool of this'
class exists at Madurs and is maintained by the District Board in’ -
s very efficient condition. The superintendence and management
of these schools should invariably be in native bands, and it will
be one of the functions of the Central Schools to train the science
gradustes of the University and the passed pupils of the Higher.
Technical Colleges and Schools, so that they may be able to under-:
tako this work. ;

The cost of uublubmg these schools will be considerable as
they will bave to be provided with worksbops and equipped with
good machinery to sssist and supplement band labour. The
scale on which they will operate will be as small as is compatible
with the attainment of the end for which they -will be started.
Yet the turnover must in all cases be considerable and the work-
ing expéueeﬁ fairly beary as it will only be in exceptional cases and
for short periods that the schools will be able even with the
most skilful mansgement to fully pay.their way. The majority
of these schools will only deal with one industry or with one
sssociated group of industries, so that their whole resources may
be enncentrated on a definite object and not, as haa hitherto been
the case, frittered away in sttempting to deal with too much.
There are many questions connected with the orgsnization and
mansgement of these schools which have been the subject of
much discussion and it ia not, I think, advisable that any hard
and fast rules should be drawn up to deal with them, It js
essentisl at any rate for the present that the schools ehould
have a8 elastic 8 cohstitution ss is consistent with proper control
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and that each: should be placed in a position so that its superin-
teudent may take full advantage. of any favourable local
circumstances that may arise. . The most essential requisite '
is tbat they should be looked up to by the artizan community
thraughout the country as .places where work is being visibly
carried on for their benefit, and the msasure of success which they
achieve should be largely gauged by the voluntary support which
they receive from the working classes. So long as the attendance
of pupils can only be secured by the grant of stipends and
scholarships, so long we may take it for granted that they
are not supplying & recognized want in a way which is
uesful to those for whose benefit the institutions have been
started. The artizans, however, are very poor and it is obvious
that they must earn sufficient to enable them to live, and the
gradual ebolition of scholarships should be accompanied by the
introduction of & system of paying wages, which wages should
represent the actual value of tha labour expended. It is not
young children 8o much as young workmen that the schools
should attract and the instruction and practice in trade opera-
tions which the schools must supply should ba such as to give the
pupils valuable experience which will readiiy find a warket. -

The question as to the best means of disposing of the fin-
ished productions of these schouls is not such a serious one as is
generally supposed, since the main objection which has been
raised—interference with private trade—will be easily avoided if
the fundamental principles which have hitherte guided our work
are strictly adhered to, The object cf these schools is to create new
industries, to improve old ones, to extend the range of industrial
operations and indicate the possibilities of new markets. Import-
, ers of foreign manufactures may suffer, but it is to be hoped
that the creation of an export trade in hand manufactures may
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compensate them for auy loes they may sustain, and it is certain
that if the mercantile community can be brought to see the
possibilities of export business and will proceed to develop them
with the same energy and ability that has been displayed in their
business operations in the past, there will result an immense
improvement in the industrial condition of the country.

~{=—t—l
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GENTLEMEN,—I am sure that you will all .agree with me
that the report we have received this afternoon from Mr, G. Sub-
buswami Aiyar, the Superintendent of this school, is a record
of much excellent work, done undsr circumstances the difficulties
of which few are able to appreciate exnept those who are connect-
ed with the work of such au institution as this. Industrial
Schools are of comparatively recent date in India and each step
that we take in the development of them has to be done with care
and consideration and to a certain extent tentatively. There has
been in the past and there will be, T am sure, for a considerable time
in the future much difficulcy in getting suitable teachers, and in
addition through want of funds the difficulties of such institutions
in the beginning are very great. We have heard how from the
amalgamation of two comparatively small classeg, the old Munici-
pal Indusirial School and the Board Normal School, Mr.
Subbuswami Aiyar six years ago commenced work in this place and
the result of it we see to-day. From 18 students in the Indus-
trial Classes the numbers bave gradually increased to 88, and 1
have no doubt they will increase to a still larger number when the .
funds are much larger and the accommodation mora ample.

Occasionally I am deputed to visit aud report on Institutions

" of this class and generally I find the task a very easy ore. For in .

. *B8peech delivered at the distribution of prizes to the pupils of the
Madura Teghnioa.l School, July 1896.
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most vases there is seldom much difficulty in finding out faults and
in suggesting matarial improvements which will occupy the atten-
tion of the responsible Managers for some time to cone. But here
1 am very glad to aay it has been othe.wise. During the last
thece days I have had ample opportunities to inspect the work
which is going on in this school, and I think I can tell you without
any exaggeration that I have no fault to find with what is being
done. '

It seldlom happens te me to have an opportunity of
addressing any very large number of educated native gentle-
men who are intorested in educational matters, and I think
vour presence here shows your interest in the subject. 1
therefore propase to occupy your attention for & few minates
with some ideas which have been suggested by the working of this
institution. I am asked in’'connection with these industrial classes
whether they sre doing sny real good in the country, whether
the training that is given in them is better than can be got in the
bazasr, and whether, if the training is better, there is any real
demand for artisans who are better workmen than the ordinary
bazaar artisans. Now, in other parts of the world such as in
Europe and America, Industrial Schuols bave been tried on a very
large scale, and those of you who are acquainted with their history
will know that they hsve been regarded more or less as failures.
But in India the circumstances are entirely different and
for several reasons the Industriai Schools, such se this insti-
tution here, have & very wide field in front of them. In the first
place, I think most of you will admit that you want work done at
times which you cannot ges done satisfactorily in the bazaar. As
far as [ am able to judge the bazaar artisans have not been keep-
ing pace with the development which is going on in moat other
respects in this country. Each'trade belongs to s particular
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casto and these -trade castes are perhaps' more than any
others consvrvative in- the extreme degree, so ‘they still carry
on their work to e large extent with the tools and in the
_manner of their forefathers and they are not altogether  able
to.meet the demands which the mcdern social and material
development of the country requires. In this connection,
1 masy ‘perhaps be allowed to -give you an example. For soms
time past I have been more or less interested in the ques-
tion of improving the means of raising water for irrigation-
from wells and in the extension of garden cultivation. It bas
been my duty on several occasions to .examine the machines which
were supposed to be, and in some cases were, a distiuct improve-
ment upow these that are at present in use, but they are
too complicated for ordinary ryots to deal with, and the country
does not possess the necessary artisan’s labour to keep them in
order and to repair them. There is no doubt that, if thers were
8 competent body of blacksmiths and carpenters such as are
trained in this institation, very ‘much might be done to improve
the agricultural prospects of greater part of the country by the
introduction of improved means of lifting water, as the ryots
would ther find no difficulty in getting slight repairs done and
they would readily adopt them. I have already wentioned that
the trades are confined tu particular caatea of men, .and those
outside these trade castes have few opportunities of learnirg a
trade, -whilst those of one trads are similarly situated if they
want to change to another trade. For instance, there are a very
large number of poor Brabmins in this part of India who are’
more or less ashamed 'to‘work,, but I am afraid they are not
ashamed to beg. It would undoubtedly be an immense advantaga
to tham if they could throw away their old ideas of the unworthi-
ness of manua! labour and send theis children to thess schools and
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give them an opportunity of learning a trade ‘whereby they
dould earn an bonest. livelihood. - Many - ryots have large
families and eomparatively small . holdings of land and they
must be put to very great difficulty in providing suitably
for their. children. In some cases, they sacrifice their family
acres to send & son to School and College in the hope
be will get 8 Government .appointment, a clerkship, or rise to be
s Pleader or Vakil in s Court. But many of them meet with
failure and the whole of the money apent on their education is
practically wasted. If they do not meet with 8 certain
amount of sucoess, the training they get is of very little value to
them, and enly unfits them for and makee them despise the quist
life of their native villages. - In many eases it would be far better
if those ryots were to send their sons to Industrial Schools to
give them an opportunity of learning a- trade or business. The
prospects of skilful artisans are by no means emall ; -if they have
a good education in addition to being good workmen there is no
reason why they should not rise to be masters of emall industrial
establishments such as exist in other countries.

Then, again, Industrial - Schools eerve the very useful
purpose in promoting the diffusion of mechanical skill through-
out the ocountry. In Bellary they have very good- black:
smniths, on the West Const and in Madras there are very good
carpenters, and in Kumbakonum metal workers sare eeleb-
rated for their skill. -But in other parts they are wery
wmuch below the level of the work done in these particular places,
and it will be the duty of Industrial Schools to try and raise the
standard of manusl skill to the same high level ail over the coun-
try, and for this reason I am glad to see in the report that the
number of artisans in the .school is slowly but gndually
increasing. . . . . .
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 Although the industrial side of the school is, as I have
already said, doing very good work, tbere is an Agricultural Depart-
ment attached to it in a very loose kind of way which is undoubt-
edly in a very unsatisfactory condition, and it is so for reasons
over which the Superintendent has no control whatever.- Now it
seems to me at the present time that the development of this
Agricultural . Department is one which is needed more than any
other. - It is only quite recuntly that the waters of the Periyar
valley “have been turned into the Madura District and the
country to the north of Madura blessed with the presence of a
bountiful and - certain supply- of water; .and the change
which . haa been introduced must necessarily be followed
to a very large extent by changes in the methods of cultivation
by the ryots. It therefore seems to me that it is a great pity
that in Madura there is no-model farm—1I do not mean an experi-
mental farm, but one in which the ryots who are changing their
methods of cultivation can see what is being done “in other Dis-
tricts.- 1t would be a very. good thing indeed if arrangements
could be made to follow and practise the method of cultivation
adopted in Coimbatore and Tanjore. »

I believe there are several members of the Dlstmct Board
present, and as the maintenance of the school depends upon the
funds which they have under their control, they will be glad to
hear from me ~my'opini0|i in 8 non-official way on the various de-
partments of the school. ~But first I should like to draw your
sttention to the fact I bhave frequently obssrved that there
is 8 tendency after a few years to grudge meeting the gradually
increasing expenditure for the proper development of cuch insti-
tutions as this, and especially so when a long time must riecessari-
]y“,eﬁla'pse before any very ‘definite results can be seen. You may
take it from me that it requires from 5 to 7 years to train an’
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artisau to be & master craftsman, and it iv utterly impossible for
yon to sxpect that any very great results should be visible for
soine years to come ; and as the institution has only been in exis*
tence some six years it will take 3 or 4 yvars more before you can
perceive any marked distinction between the artisans which are
turned out in this Industrial School and those which “are trained.
in ordinary way in the bazaars,

There is one point about this institution that I do not exacily
like, and that is ite name. It is called a Technical School s
whereas it is really an Industrial School, and I think it would
be better to recognize the fact that from beginuing it is an
Industrial School snd intende to remain as such. The humbler
the name you give to this institution the less perhaps is expected
fror it and the more likelihood there is that what you expect will
be attained. A Tecinical School is one in which something more
than the mere teaching of a tradb is undertaken, and at present and
very wisely too, the efforts of this institution are entirely confined
to the teaching of trades in the way they ought to be taught, and
it would be beiter to leave things which are truly technical to
other institutions which are better situated and have larger funds
at taeir dispoeal for carrying them out.

Now, in connection with the Carpentry class, those of you
who are able to appreciate the difference between good and bad
joinery will undoubtedly admit that most of the wood work done
bere ie a very grest deal butter than can be obtained in the differ-
ent bazaars of Madura; and there is no doubt whatever that the
training which the boys are receiving is far better and iz far
more likely to turn out good workmen than that which they
would obtain under the old methods in the bezaar. Yery fre-
quently the complaint is raised that the boys are taught to use
tools in ways which they are not iikely to keep up afterwards.
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“That is not altogether 2 fact. Even in the bazaars i% has been
found by experience that Englich tools are often cheaper in the

long run than pative articles, and there is & gradually increasing

- tendency on the part of artisans to adopt such English tools as
they can get. In Industrial Schools like this the boys-are taught:
regular habits from the beginning and are subjected to a
salutary system of discipline thbat enables them to turn out
better work in much lese time, and the coneequence is
that when they lsave the school there is a demand for their
services ‘as they do more and better work, and consequently
they earn more wages than men who have mot enjoyed
such advantages. In the Blacksmith’s class they are doing
very -good work, but the differencs, however, is possibly not so
great as it is with the carpentry class. In Industrial Schools it
18 very difficult to really turn out first class blacksmiths because
of the few opportunities they get for heavy work, -

In thé metal working department, I understand from the
Superintendent that they have turned out a large amount of
work suitable to the market in Madura itself. And in this
connection I should like to suggest to those connected with the
institution, that they should ruske some smal! experiments
in.introducing a new metal for this class of work, which, as far
a8 I kaow, hae not yet been-tried in India, but which would
be well snited to native requirements. I believa that you nes
silver plates, when you can afford them, and thet when you
cannot get them you content vourselves with plantain leaves,
Most of your covking vessels are made of sheet brass and are not
altogether satisfactory as they require, I' think, frequent
calloying, and it would. be a very good opportunity for an

. Industrial School like this to try and see whether Aluminium
would not euit the requirements of the weslthier clasees of
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natives who can afford to pay s little more for their household
utensils than they do for the brass and copper ones which they use
at present. I think if an opportunity is given to the Superin-
tendent to procure a- small quantity of this metal be might be
able to intruduce s new industry—sluminium working—into the
District, end it is not improbsble that once its. many vajuable
properties are sppreciated, its use will increase to an extent you
can at present bhardly conceive.® L

The oniy class in the institution which is not altogether a
satisfactory one ie the rattan class, thav vartly for this reason that
the ekilled rattan workers cannot command very high wages. In
this connection I should like to point out that it is more euitable
for boys suffering from slight physical infirmities than for good,
strong and healthy boys. Arnd if as ought to be done the boys
are not admitted at too early an sge to discriminate between those_
who sre physically wesk and those who are physically strong, the
policy should be adopted of putting those beys who enjoy good
health to trades in which they can command high wages after-
wards and in which they have an opportunity of utilising their
muscles.

I bave noticed with coneidershle pleasure the prizes and 1
commend the judgment which has been shown by Mr. Subbuswamy
Iyer in selecting thew. It ia & good idea which should be followed
in all such cares to sward prizes of such things as tuols, with
which the recipients can siterwards work and they should be
in every case tools of the best quality that can be procure.sd so that
they may prove satisfactory. I thini it is a matter for congratu-
lation to see that 8 very large number of gentlemen have given
prizes to the boys, and the example, I hope, will be followed in

* The experiments here suggested were snbsequently carried out in
the §chool of Arts, Madras, and the Madura School was the firs$ mofussit
Institution to establish an Aluminium Department.
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future years. An inetitution like this is capable of doing an
incalculable amount of good to this District if it js worked on.
proper lines and if time is given for its’ full development.
I am perfectly aware that the District funds are limited, and
that there are urgent calls vpon them, and that those who have -
control over them have to discriminate -in the manner in which
they are disposed of. Educational institutions can get only a certain
sbare, This opens to the wealthier people in the Town or District
a valuable opportunity ‘to "display their public-spiritedness by
helping on a work which is so likely to materially develop and
increase the prosperity -of the District. It would be, I am sure,
a source of very considerable satisfaction to all concerned in the
management of this institution, if from time to time they received
liberal aseistance from private persons in various ways, such as
presents of new tools or new apparatus.:

It only remains for me to congratulate Mr, Subbuswami Iyer
and his subordinates who have co-operated with him, on the very
admirable work they have done, and I wish them a continuance
of prosperity and success which they have deservedly earned.

—t ol WP —
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The Vedanta—Some Rensons for its Btudy : ‘The late Mr,
N.Vvthinutha Aiynr, M.A. The Vedanta Religion : Prof. H
M. Hangachariar, M.A, ‘The Kthics of the Vedauta:
The Late Mr. N. Vythinathn Afyar, m.A. The Vedantic
Doctrine of Future Life: Pandit Sitanath Tattvabbu-
shan, The Vedanta: Itn Theory and Practice: Swami
Saradananda. The Vedanta for the World: Bwami Vive-
knonotn.  Veda snd Vedanta: The Late Prof. Max
Muller, The bouvk also contains the opnions of Max
3t  Muller, Dr Goldstucker, Schopenkaner, Victor Cousin and
z Dr. P. Deussen on the Vedantsa. The book is dedicated
t 1o Max Mulier and contajns an excellent likeness of his,
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AGRICULTURAL AND INDUSTRIAL PRO-
BLEMS IN INDIA.—- By Aifred Chatterton, B. 8c. Pro.
fessor of Enyineering, on 8pecial Duty, Madrss. Contenta:
Agriraitural :—Water-Lifts, Undergronnd Water-Supply,
¢ Well-Irrigntion, The Cost of Power, The Value of Wind-
Mills in India, Aericultural Edueation, Industrial :—
Tanuing in the Madraa Presidency, Hand Weaving,
Manual Training. Indnstrial Edocation. District Board
Industrial 8chools. (Cloth Bound.) RS. 2, To Sub-
sciibers of the Jadiun Keriew RS, 1.8. only.

SRI SANKARACHARYA. 1. His Life and Timee.
t By C. N. Krirhinaami Awvar, M4, LT. 1I. His Philo-
z} <ophy. By Pandit 8ivanath Tattvabhnehan, It is hoped

thnt the resders of this vulume will find therein such
materinls of thonght and  history as will ensble them
to know accumtely she position of Sankara tn the evo-
lution of the national religious life of the Hindu people,
and ennble them also at the same timeto ertimate cor-
rectly the great value of this work ju life ax viewefl from
the standpnint of kistory, Both in one Volume. Cloth
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Shakespeare’s Chaxt of Life.

BEING STUDIES OF
KING LEAR, MACBETH, HAMLET & OTHELLO.

"By Rev. WILLIAM MILLER, LL.D., C.l.E.,

Prinoipal of the Madras Christian Colleye,
and Vicg-Chanoellor of the University of Madvas,

CONTENTS.

1. KING LEAR AND INDIAN POLITICS,
2 MACBETH AND THE RUIN OF BQULS.
3. HAMLET . AND THE WASTE OF LIFE.
4. OTHELLO AND THE CRASH OF CHARACIER.

SELECT OPINIQNS.

The - Madras Muil.—-'The book is a contribution to
Shakespearsan stady not unworthy of it author, And
in its higher aims it '8 stimulatitg and inspiring. The
lessons it teaches are loseons of wisdom ur:d. nobility.

The Civil and Military Gazetts.—Dr. Miller’s book is
full of sugrestive thonght,

The Hindu,~— * * Erzery Indian and every European
should carefully read through and think over the wise
observations with which the book is replete.

. The Christian Patriot.—Dr. Miller's experience of
India uud his knowledge of the people is seen in this
volume, which we hope every educated Indian will read
and ponder over,

gound in one Yolume. Price Rs. 4.
To Subscribers of * The Indian Review” Rs. 3
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AVAILABLE FOR SALE SEPARATELY.
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constant stress on the fact that the central idea in all
Shakespeare’s greater dramas is moral, and that great
moral benefit will accrue to any one who studies them
with care. Dr. Miller says that his is an attempt to make
the wisdom which Shakespeare’s dramas contain available
for practical guidance, in not a few of the difficulties that
beset individual, and especially social life. To Indian
readers the study of the plays of Shakespeare will be of
considerable valne as a help to those - who feel their
need of help in dealing with some problems upon the
right solution of which the well-being of this country .
in coming years will to a large extent depend.” .

He fixes his students’ attention especially on the ethical
side of Shakespeare’s teaching. According to him, the
plays of Shakespeare, whether designedly or not, are not
calculated merely to amuse. They have each *an inner
meaning,” a * central idea,” which it does the student
good to search out and assimilate And Dr, Miller'’s aim,
4s he points out in his latest book, is * to point out such
as will accept me as a guide the route along which, as it
seems to me, they may see most of the beauties of that
portion of hvman lifq and experience of which each of
these works is a presentation so wouoderfully true.”

BY WILLIAM MILLER, C.L.E, D.D., L.L.D.

Principal of the Madras Christian College, and
Fellow of the University of Madras.

e /

1. King Lear and Indian Politics.
2. Macbeth and the Ruin of Souls.
3. Hamlet and the Waste of Life.
4. Othello and the Grash of Character.

el at e’ V¥V 3
In his four instructive monographs, Dr. Miller lays

De, Miller, does not appear a& an annotator or critic.

FOUR UNIFORM AND HANDSOME VOLUMES
- BOUND IN CLOTH.

PRICE OF EACH VOLUME :—ONE RUPEE. 2/
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KING LEAR AND INDIAN POLITICS
By WILLIAM MILLER, CLE., D.D., LL.D.

FTER preliminary remarks on the date and sources
of the play Dr. Miller sets himself to determine
the point of view from which it ought to be
regarded as a whole. He finds two great thoughts

ranoing through the tragedy, and traces. at considerable
length, how these find expression in the history of each
of the principal personages, He goes on to show how
the thoughts thus transiated into action un the stage
cast light on the chief problems of human life, and
especially on the right conatitution and bealthy growth
of humap society. The book closes with a discussion of
the way in which the principles exemplified in King
Lear bear on the present state and future progress of
socisl and political life in India.

EXTRACTS ¥ROM THE PREFACE.

HIS is not an annotated edition of a play. It isa
serions atady of what is probably the greatest of
Shakespeare’s work. Itis an attempt to make

}  the wisdom, which King Lear admittedly con-

tairs, available for practical guidance in not a

few of the ditficulties that beset individual, and especially
sooial life,

I hope that the little volume ® * * will be welcome not
only to former students of this college but to those who
have studied in other colleges aund universities in India,
and in fact to sll who take an intelligent interest in the
healthy progress of the Indian community. It may be of
cousiderable value asa belp to those who feel their need
of help in dealing with some problems upon the right
salution of whnich the well-being of this country in
coming years wiil to a large extent depend. Mock
modesty does not hinder me from saying this ; for though
the words of the book are mine, all the thonghts in it
are Shakespeare's. 1 claim no credit but that of waking
an honest attempt to show how his great thoughts may
serve the permanent veeds of men and the present
needs of India. Crown 8 Vo."115 pp. Cloth Bonod,

Price ONE Rupee. 2/-
G. A. NATESAN & CO.. ESPLANADE, MADRAS
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MACBETH AND THE RUIN OF -SOULS [

By WILLIAM MILLER, C.LE, D.D., LLD.,

Principal of the Modras Christian Collcge, and
Vice-Chanoellor of the University of Madras. '

HE book starts with -a discussion of the materials. ||
on'which the tragedy is based. It states the two
{  great principles which the writer regards as deter«
mining the general outline of Shakespeare’s plan
in 'his pictures of life and gharacter. It regards the
-bistory of Mucbeth ss being in the main a study of how
evil when once yielded to gradually induces total moral
ruin. 1t shows how the central “ business of the play
is to mark the steps by which, and the inflaences under
which, a man who at first appears worthy of admiration
becomes all that a man ought not to be.” After tracing
‘the moral ruin of Macbeth, it shows how by a different
process Lady Macbeth arrives at an equally lamertable
end. . It then discusses each of the other charactersin
sufficient detail to show how the assaults of evil upoit
each of them are baflled on the one hand or successful
on the other. The book arrives at the conclusion that
it is “as a supreme example of the strife which rages
endlessly and everywhere on earth between the kingdom
of heaven and the kingdom of hell that Macbeth holds
the place of the most solemnly instructive of the gifts
of Literature to the generations of weak humanity.”

Crown 8§ .Vo., 12€ pp. Cloth .Boundt.
Price ONE Rupee. 2/-
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HAMLET AND THE WASTE OF LIFE

By WILLIAM MILLRR, C.L.E,, D,D., LL.D..

Principal, Madras Christian College and Vice-Chancel-
lov of the Madras University. '

l N this new oriticism of & much-criticized play,

Dr. Miller, after sbme introductory observation,

re-states his views asto the central idea in all
[ 8hakespeare's greater dramas being moral, and

as to the moral benefit which ought to accrue to one
who stadies them with care. In this light he examines the
charactar of Hamlet and discusses some of the warmly
debated questions which cannot be avoided by one who
tries L0 understand it. 8o far as it goes, Goethe's well
known dictum is accepted viz,, that, Hamlet being what
he ia, his appoirted task is 00 hard for him, so that he
may be compared 1o a costly vase oraucked by the growth
of s great tree that has bren plunted in it. Dr, Miller
contends, however, that for a full understanding of the
play itis pecessary to inquire what constitutes the
greatness of the tree, and what special weaknese results
in the oracking of the vase. To this inquiry a Inrge sec-
tion of the work is given.

After treating of the characters of the sabordinate
personages in the play, especially of those who serve
as foils to Hamlet, Dr, Miller draws a comparison bet-
ween the Prinve of Denmark and Indian students, of
whom he says that * if they have something of Hamlet's
strenytn, they have lameuntably much of Hamlet's weak-
ness.” He closes with a brief statement of the main
lesson which he thinks Young India may learn from
the nost widely known of all the works of Shakespeare.

Crown 8 Va. p,p, 105, Cloth Bound,
Price ONE Rupes. 2-

G. A. NATESAN & €0, ESPLANADE, MADRAS'
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OTHELLO AND THE CRASH OF CHARACTER

By WILLIAM MILLER, CLE. D.D., LLD, .
Principal of the Madras ‘Christian (,alleqe and
Vice- Uham'ellm of the Madras University,

N this mohograph, as in his earher studies of King
Leaa', Macbeth and Hamlet, Dr. Miller directs
attention mainly to the moral truths illustrated
in the Drama, maintaining these to be its proper

ceutre from the artistic as well as the practical
pomb of view.  In delineating Othello and Desdemona,
he points out that, along with much that was good and
noble, fthere were defects and faults in both which
opened the way for all ‘the calamities ‘that came on
them, He describes at considerable length the organic
.conpection' between these defects and faults and the
terrible catastrophe of the play. ' At'the same time,
he denies that in the ordinary meaning of the word,
" the sufferers can be said to deserve their fate, Iago he
regards as the .willing mstrument of those evil powers
which are always rendy to take advantage of the
openings which the waut of watchful care on the part
even of the best too often yield. Dr. Miller looks upon
*Othello” as a revelation of forces which * more or
less strongly affect the inner life of every man,” and
maintains that t.he way in which those forces are dis-
entangled in' it *from all that is accidental or super-

‘ficial will be held by those who read wisely to be
full compensation for the pain wlnch the study of so
unrelieved a tragedy must cause.’

Crown 8 Vo. 108 pp. Cioth Bound.
PRICE,.ONE RUPEE. . 2/-

G. A. NATESAN & C0., ESPLANADE, MADRAS.
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The Least of All Lands,

Seven Chapters on the Topography of Palestine iu
Relation to its History,

< (SECOND EDITION REVISED.)

By WILLIAM MILLER, C.LE., D.D, LLD,

Principal of the Madras Christian College, and Viee-
' Chancellor of the University of Madras.

A few Opinions of the Press.

T is not an ordinary book of travels and its teaching

! is as fresh as it was when first given to the world.
Dr. Miller shows that, althcugh Palestine in the
Leaat of All Lands, there is much thatis inspiring

even in its outward aspect--that it is well fitted to |
promote the moral training of itx inhabitants—and that
in its history it bas been the * home of freedom.” But
the chief part of the book is devoted to » review of the
wars of Israel and the Philistines, in describing which }
the author shows that he possesses the eye of a general, |

* ® « The work is not in its nature geographical, 8s migh*
be thought, but is an interesting contribution to the his.
torical exposition of the Old Testament."— United Fret
{4  Chwrck Missionary Record.

" Interesting and suggestive readiné.”——&utmau.

Price TWO Rupees.

G. A, NATESAN. & CO. ESPLANADE, MADRAS
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SECOND EDITION.

Eales of Eennaltrama

THR FAMOUS COURT JESTER OF SOUTHEEN INDIA.
By PANDIT S. M. NATESA SASTRI, B.A, M.F.L.S.

CONTENTS.

Becoming a Professional Jester. Escaping from the
punishment of being trampled by an elepbant. Escap-
ing from the pnnishment of being cut off by the sword,
Appearing with his head concealed. Getting the sentries
whipped. Obtaining absolute license to make jokes.
Cauterization of Brahmans. Rearing a colt. Reiring a
kitten. Profiting by the labour of thieves. A great doc-
tor overfhrown. An unsuccessful conversion. A grea$
poet disgraced. - Deceiving the wrestler. Converting a

black dog into a white dog. Executing the paintings:

Requesting to protect his family.

Select Press Opinions. *

Civil and Military Garzette.—The tales are amusing and

to the folklorist may be of special interest.

_The West Coast Spectator.—Delightfnl readiog.

Lucknow Advocate.—The stories which resemble our own
Birbal anecdotes are really amysing.

Madras Times.—Highly i;xterest.ing and amusing.

- India.—* Curious and interesting.”

Arya Patrika.—The tales gre foll of hnmour, very amus-
ing and calculated to brighten up a sad courtenance
© atonce.

Price Hs. 8 (Bight) 1/-

‘G. A, NATESAN & C0., ESPLANADE, MADRAS
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Tales of Mariada Raman,

By PRAMACHANDRA RAU AvVERGAL,
. Retired Btatutory Civilian.

CONTENTS.

Introductory—The thieves out-witted. The child maur-
deress detected. The Cotton merchants and their pet cat.
The pearls recovered. Iron-eating rats and man-eating .
kites, Thrilty and Thriftless. A modern 8hylock and
how he was out-witted. The thief betrayed by his own
words. The Kalse-witnesses exposed by their own
conduct. The broken crockery set off against the pro-
ceasional elephant. The lying debtor convicted out of
bis own mouth. The dishonest brother exposed by his
sympathy with the thief. A would-be-wife-stealer foiled.
The right Dromio discovered by artifice.. The extor-
tionate Inn-keeper. 'The ring restored. The fowl thief
betrays herself. The dishonest Komati entrapped. The
grain-vendor brought to his sensea. The ear-ring thief
uomasked. The cattle-thief detected.

Select Press Opinions.

The Madras Mail:—A delightful collection of witty
tales and anecdotes, The 21 stories are quaint and clever.

The Madras Standard:—Popular Tales abounding in
fun and humour . . . . Ought to be of great interest
and amusement especially to the foreign reader and the
folklorist, The book is well-suited to while awny agree-
ably enough aa idle half-hour during a Railway journey.

The Cheristian Patriot:-—-The skilful narration of
amusing incideots is excellent.

PRICE As. 8 (EIGHT). 1/-

G. A. NATESAN & CO., ESPLANADE, MADRAS,
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SRI SANKARACHARYA,

l. HIS LIFE AND TIMES
BY C. N, KRISHNASAMI AIYAR, MA,, L.T,
. - HIS PHILOSQPHY.
BY PANDIT SITANATH TATTVABHUSHAN.
—oPoamaf—e
EXTRACTS FROM THE PREFACE.

-In the religious 'history of India, perhaps no
one’'aas, at any rate during the last one thousand
years, plaved a more prominent part than San-
kara, & connected account of whose life and
teachings is presented briefly in English in this
volume, It is hoped that the readers of this
volume will find therein such materials of thought
and -history as will enable them to know accu-
rately the position of Sankara in the evolution
of the national religious life of the Hindu people,
and enable them also at the eame time to
estimate correctly the great value of his work
in life as viewed from the stand-point of history.
How be was' thé product of the age in which
he was born, how he in his turn impressed
% hia personality on the -unity of Hindu life
and civilisation, how his work. as a scholar and
reformer has been in harmony with the historic
genius of the Hindu nation, and how lastly this
work of his has, owing to this very harmony,
become fully assimilated into the life of the living
India of tu-day, are all things which are sure to
strike the observant reader of Sankara’s Life and
Times. . Price ONE Rupee. 2/-

& G A NATESAN & CO, ESPLANADE, MADRAS.
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& SRI SANKARACHARYA,
@ CONTENTS.
g_g L. Lite and Times of Sankara.

CHAPTER 1. InTrRODUCTION, 1. Sources of Informa-
@
@

tion snd sheir value, p. 1. 2, Hinduism before Sankara :
Budhism p. 4. 3. Revived Hinduism: Its defects p. 8.

CHAPTER II. BIRTH aND FARLY YEARe, 1. The
% Time and Place of hisbirth, p. 11. 2. Farly years ard
Education, p. 18. 3. Renupciation, p. 21.
CHAPTER III. PREPARATION FOR THE GREAT Mis-
810N, 1. Lifent Benares: The Commentaries and other
@ works, p. 25. 2. Commencemect of the Triumphal Tour
29. 3. The Episode of Kumarila Bhatta. p 30 4.
ﬁhum and Sankara, p. 37.

CHAPTER IV. THrR MiastuN ACCOMPLISHED. 1.
Mu;dana Miare, p. 41. 2. Bharati, p, 3. 3. Sankara's
Adventures, p. 46. 4. The conversion of Mandana
fm.ed The Real Bharati, p, 49. 5. Tbe Yogic Miracle
cxlmined p- 52. 6. Tour through the Dakkaan Districts
p.54. 7. The Sringeri Mutt, p. 67. 8. The Gloss of
P-dmapada, p. 58. |

CHAPTER V. Last Days. 1. Sankara’s Mother :
Her feath and the Funeral Rites, p. 62. 2. Remarks
thereon, p 64. 3. Toar through the East Coast Dix-
lricu;.p 67.°4. Fioal Tour through Hindustan, p. 68
5. Abhinava Gupta—Sankara’s End, p. 70.

CHAPTER VI. TH® WORK oF SANKARA. 1. The
Mutta, p. 72. 2. The Cardinal Doctrine of Sankara and
ite Greoenis, p. 73. 3. The end and the Means, p. 75.
4. bBis Method, p. 79. 5. Hia chiet Practical Reforms,
v. 81. 8. Sankarite Mcnks, p. 84. 7. The Results:
The Futare, p. 86.

11. Tbe Pbilosopbp of Sankaracbarpa p.o1
Cloth Bound— pPrice:—One Rupee. [2/-
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. apdalabar anb its ;lfolk.,' ;2

4
%‘g J systemaltic deqcnptmn 0f the aocml cumms S
%:2 : and institutions of Halabar. ?;
@% BY T. K. GOPAL PANIKKAR. B.A. ,z{é
:\'\,'I—_,‘ WITHE AN INTRODUCTION BY THE VA
§‘5\>’,‘§ REV. F, W. KELLETT. M.A., F.M.U. . 5;‘;;‘
3  CONTENTS. ‘ 3
\é;;% 1. Thoughts on Malabar. 2. A Malabar Nair Tarawad. _‘i‘t‘«"
“3 3. Marumakkatbayam. 4. Local Traditions and Supersti- 28
‘g\% tions. 5. The Malabar Drama. 6. The Onam Festival. §§‘E
‘5{\4 7. The Vishu Festival. 8. The Thiruvathira Festival. ;{8&:'\;
‘g\ffl 9. Feudalism in Malabar, 10, Cock-Festival at Cranga- ;:’gz:;

%3 pore, 1l1. The Kettu Kallianam. 13. Serpent-Worship, i‘,‘q’—\!
%4 13. Some Depressed Classes, 14. Village Life, 15, Some Eg;'g
Y 3

2 Phases of Religious Life, 16. Glossary. 2
5 - 3
A FROM THE INTRODUCTION. ,
g?\}lé Malabar is no ordinary Indian district. Both district

Y and people are clearly marked off from the rest of India
%4 and bave features all their own. As even a glance at
S the contents of this book will show they have a social
% organisation, marriage customs, a law of inheritance,
0% festivals and religious rites that distinguish them from
W their neighbours. Mr. Panikkar's book is well adapted
3 to open up lines.along which new modes of thonght may
54 pass to the minds of thinking men. * * * And so his book
ﬁ‘iﬁ should have for them the value of mterpretmg to them
Y3 some of the practices whose meaning they have wholly
A or partially lost.—~Rev. . W, KELLETT.

o Price ONE Rupes. 2/-

N o3

4§ G- A. NATESAN & CO, ESPLANADE, MADRAS. @34
A%
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Malabar and its Folk.

SELECT OPINIONS.

c

NS

\..

A

A MR. A. H. KEANE writes to Mr. Gopala Panikkar : tﬁ‘

Bir,—1 write to you as a fellow worker in the wide field (

of ethnology and basten to thank’ you for the great

leasure you have given me by the gift of your rhalmmg
ﬁme book on Malabar and its Folk 7 We, that is, myself
and wife, bave read it with delight and profit, and much
adinire your graceful style, tinged as it is by a delicate
flavour of eastern warmth. We were struck aleo with
your grasp of the subject, which you bave brought
into relation, both with evolutionary teachings, and
with snalogous ibstances in other perts of the world,
Those references to Beotch and Irish Jand and peoples
were very plensant reading. You have the true scien-
tific spirit without its driness, and 1 therefore trust you
will continue to cultivate the great tield of Indisn

~) Anthropnlogy, where there is still 80 much to be done.

MR. EDWARD B. TAYLOR writes :—The little
book on Malabar which you bave been good enongh to
send me containg a very interesting account of the

1) present state of the country.

)
-3

9

MR. ALFRED C. HADDON writes :—The book is a
most excellent one, and 1 hope you will continne to
record all the anthropological lore you already know
and collect in future,

THEE "MADRAS MAIL,” writes ;—As revealing the
effect of Western studies on Hinda minda and opening
up lines along which new modes of thought may pass
to the minds of Malayalies, the book is valuable and
interesting. Indeed it is full of curious matter.

THE “BOMBAY GAZETTE " writes .—* An ins-
tructive little book” that should be sure of & warm
weloome from students of ethnograpby and primitive

institutions.
Price one Rupee. 2/-

G. A. NATESAN & CO., ESPLANADE, MADRAS.
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*. LAND PROBLEMS IN INDIA,

The Indian Land Question. By Mr. Romesh Clunder &5
Dutt, C. I. E. Reply to the Government of Iodia. By &S
ia - Mr, Romesh Chunder Dutt, C. T. E. Madras Land &&

CONTENTS. - oS

Revenue BSystem since 1885. By Dewan Bahkadur 3
R. Ragoonatha Rav. The Madras Land Revenue System.
By Mr. Ganjam Vencataratnam. The Bombay Land
Revenue System. By the Hon. My. Guculdas Parekh. Z3
The Central Provinces Land Revenue System. By the Gk
iy Hon. Mr. B. K. Bose. Proposai of a Permanent Settle-
b’:' ments, .By Mr. Romesh Uh_un..lzr Dutt, C. I. K.

APPENDIX.

Memorial of Retired Indian Officials. Kull Text of .
toe Resolntion of the Government of India, Opiniops Y&
of Local Governments, 'The Central Provinces, Madras, &2
The Panjab, The N. 'W. Provinces and Oudh and Bengal. g-‘_ﬁ
Sir Louis Mallet's Minute~on Indian Land Revenue. :{‘_v
Lord Sé.lisbnry‘s Minute on Indian Land Revenue. Sir &3
James Caird on the condition of India. Mr. H.‘E.' g\:\?
Sullivan on Indian Laud Revenue. Proposal of a Perma- ¢
nent Settlement in the Central Provinces. Proposal of ::,1‘:
a Permanent Settlement in Madras. Proposal of a :’}:«‘
Permanent Settlement in Bombay. Land Revenue under ?’}f\_-
Hindu Rule. Land Revenue under Mohamedan Rule. P28

Price Oné Rupee. 2/~ . h 3

G A. NATESAN & CO., ESPLANADE MADRAS. tj’«‘

3 o - - XN
N N NS s ESNUAN G O S A SO M MU BN
EXHRZI 47-\",\47‘\24)47‘\"\‘17'\? N N TN NN ;j:[\g;); %ﬁ%ﬁqm,\_‘




HAND-BOOK OF CRIMINAL LAW.
By N. K. RAMASAM] IYER, B. A, B. L.
THE BOOK CONTAINS:—

INTRODUCTION,—(i) Bcience of Law.  (ii) Principies of
Law, (iii) Tabular scheme of the Divisions of Law

ParT 1. -8unsranNTive Law.--Tabular scheme of the
Indian Penal Code. The Indian Penal Code giving
ciearly the defivitions and elements of the severnl
offences and closely and analytically following the
langunge of the Code.

ParT Hl.—ADJECTIVE Law—Object and scope of
Evidence and Procedure. Tabuiar scheme of vhe Indian
Evidence Act. Clear analysis of the Evidence Act, with

tables of the more difficult portione following closely,

the Act. Tabular scheme of the Criminal Procedure
Code. Clear analysis of the provisions of the Code.

APPENDIX A.—Tabular statements of the offences
under the Indisn Penal Code with punishment and
other particulars, B & C.—Ordinary and additional
powers of Magistrates under the Criminal Procedure
Code D.—~General Legal Maxima. E.—Foreign Legal
maxims specially relating 8o Evidence with English

Equivalents,
PRICE BS. 2. TWO.

BY THE BAME AUTHOR
HAND-BOOK OF CiVIL LAW,

The General Introduction gives a short exposition of
the Ncience and Principles of Law. The first part
of Book 1 treats of tha Transfer of Property, Easements,
Contracts, Negotiable Instruments, Trustsend Bpecific
Relief. The importans Principles of Torts are given at

- the end of this part. The second part treats of Evi-

depce. Civil Procedure and Limitation. Book II deals
with the essential Principles of Hindu Law. The impor-
tant Lega! Marims appear in the Appendix. A short and
clear introduction is prefixed to each sabject.

Price Re one.
G. A. NATESAN & CO.. ESPLANADE, MADRAS
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1 Tbe Indian Review. |
O . A HIGH CLASS MONTHLY *
_: EDITED BY G. A. NATESAN, BA." 4

, HAS AN EMINENT Lle OF CONTRIBUTORS.
o . . . <

’ . India... ... Rs. 6.

ANNUAL SUBSCRIPTION s
Ry e e T
T - Special Features. N4
+ SHORT notes 2a the Topics of the Day. -About five' *'

original ‘contributions on a variety of subjects in-
- cluding commerce and manufactures. Criiical ¢
Reviews of the latest Books, Summary of noteworthy

Y articles in leading Erglish, American and Indian periodi- T

s cals. Selections from the notable Utterances of the Day. |
[ Industrial Section. Educational Section. Departmental

< Reviews and Notes. h o
o Contributions.

.r L& Coutributions are invited on all subjects of general

& -interest, especially on indastrial, economic and 4;
, ~commercial topics relating to India.

v Rates of Advertisement.. ‘ v
L The Indian Revuew has a large bona fide circulation JL
and our list is open to inspection.

), Per page per msettxon—ludm Rs. 10 and Foreign £1. 4L

Pr oporblonane rates for balf and quarter pages.
Contract rates on application. L

APPLY T0—G. A. NATESAN & CO., ESPLANADE, MADRAS.
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THE DURBARALBUM.

PUBLISHED BY WIELE AKD KLIENE, PHOTOGRAPHERS-
L 22 22 22 4

Vi ', permanent Photographic Record of the chief evevts

A which took place during the Coronation Durbar
containing Potraits of the Chief Personages who took a
leading part in the same. The book containa over 120
different views executed in best style of photographic
Engravirg. Portraits of their Majesties the King-Emperor
and the Queen, His Excellency the Viceroy, the Gover-
nars of Madras, Bombay, and other Provinces, and Lord
Kitchoer, and Ruling Princes and Nobles {o fuil Dazbar
Costeme ku. &c.

PICTURES OF PRINCIPAL EVENTS.

Elephant Processions, Durbar proclamation, Opening
of exbibition, Church Service, Polo Pictures, Groups,
Principal Camps, Reviews, Sports, Fireworks, Presen-
tation of Prizes, etc., etc., something of everything for-
ming a handsome Souvenir of the Durbar.

IN FACT AS COMPLETE A PHOTOGRAPHIC

RECORD OF THE DURBAR AS POSSIBLE.

Bize of the Album about 10 x 7 inches,
Size of Pictures 74 x 5§ inches,

Price Rs. 10. Ten.
To subscribers of the Indian Review Rs 8-8.

H®™ Subscribers who are ip arrears muast remit the
subscription to have the advantage of the reduced rate.
Those who are not enbscribers can have the album at the
redaced rate if they remit Rs. 5. (Five) one year's subs-
cription to the Indian Review.

G. A.NATESAN & C0.. ESPLANADE, MADRAS.
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> Jhe \Ipumshads «4’

. With Text in Devanagiri Sankara's Commentary
» . and English Translntlon : Q@

» Published by V. C. SESHACHARRI, B A, B L M.R.A.S, %

» "Vols. I, II & V. Translated by SITARAMA SASTRIAR. ( )
» Vols. III&IV Translated by PANDIT GANGA'NATHJHA. «
», . Bclon:' :ape;
UM oun
g ) . ) . ‘Rs.A. Rs. A, 2
> 1—ISA, KENA AND MUNDAKA 2 0 1 8 <
S IL—THE KATHA & PRASNA . 1 8 10 &
. %2 [I1L-THE CHHANDOGYA—- S

£> "PART 1L—THE FIRST 4 ADHYAYAS 2 o 18 é:

IV—THE CHHANDOGYA—
PART IL-THELAST 4 ADHYAYAS 8§ 10 &
V.—~AITAREYA & TAITTIRIYA -1 4 1 0 &
. Five Uniform and Handsome volumes, o @
Available for sale separstely. @

SELECT OPINIONS. «

PROF T.W.RHYS DAVIDS.— ¢ secms ver y well done.,

» MR BAL GUNGADHAR - TILAK,—Zke work ap- <
pears to be carefully executed and I have no doubt that )
your books will prove to be of great use to the public, @

) especlally to the English-reading class. 2

» LT. COL. A W, SMART,—I have in paris compared 2
with the original and Find it a good and faithful trans-

£ lation, «

2> MADRAS MAIL —Sankara)s commentaries on these «

-2y Upnnishads are translated in t‘hls book inan accurate g
and clear style. (/

2> G. A, NATESAN & C0., ESPLANADE, MADRAS. (g
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The Sri=Bhashya

OF RAMANUJACHARYA
TRANSLATED INTO ENGQLISH,
BY
Professor M. RANUGACHARYAK AvVERrGAL, M.A.and
MR M. B. VARADARAJA AIYANGAR, BA, BL.
VOL. §,
With an Analytical outline of Contents.
Priee Rs. ;5. (Five). Postage, Etc. Egtra.

Trax Mapras MaiL SaY8:—Professor Rangachariar is,
we believe, the first among ladian scholars to have

. attempted this work of produciog an accurate and

authoritative translation in English of the Bri Bbashya
of Ramaonuja Chariar,

Pro¥ESSOR TIRTH Rad GoswaMi, M.A, oF LAHoRK, .
WiiTEa :(—The book i8 very ably trauslated. The
analytical outline of contents given in the beginning well
prepares a reader for the perasal of the Acharya's work.
Everything about the book is excellent—the paper,
binding and printing,

* ProFkssor CowgLL, CAMBRIDGE SAYs :—The Transla-
tion seems to me to be very carefully done, and I am
astonished to see into what good Eanglish the difficult
original has been put. ’

DR. THIBAUT, ALLAHABAD, SAYs:—It gives me great
pleasare to say that your translation is in my opinion, a
very scholarly and meritorious performance, .

ProF. Max MULLER, OXFORD, BAY8:—I feel very
grateful to you and proud to accept your translation of
the Sri-Bhashya. As faras I have been able to judge,
it is correct. .

G. A. NATESAN & CO., ESPLANADE. MADRAS,
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Jhe Chronology of
Sﬁmelent India

BY VELANDAI GOPALA AIYAR B.A., B.L.
Pleader, Chittoor,

FinsT The Beymmng of the Kali Yuga °
SERIES. The Date of the Mahabharata War
* The Four Yugas

SELECT PRESS OPINIONS.

THE MADRAS MAIL:—Mr. Gopala Aiyar bas
brought to bear on his really patriotic uodertaking a
vast amount of patience and scholarship, and has made
a substantial contribution to the literature on the subject
of Indian Chronology, for which he deserves the thanks
of his countrymen.

THE HINDU PATRIOT.—A x’emarkﬂble volume.
We congratulate the author on the ability and erudition
he has shown in writing his' book.

THE HINDU :—A very interesting book. The volume
before us displays considerable original research.

PRABUDHA BHARATA —The work before us is
another milestone in this path, It is a reprint of papers
originally contributed to Mr. Natesan's excellent maga-

zine THE INDIAN REVIEW ; and its issue in book

form has been a service to educated India.

- THE MAHRATTA—He has broaght to bear upon
the question important and bitherto unthought of
evxdence from many different sources.

Price Re. 1-4
G. A. NATESAN & €O, ESPLANADE MADRAS.
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H//VD[{ FEASTS, FASTS AND CEREMONIES.

BY PANDIT 8. M. NATESA SASTRI, B,A.. M.F.LS,

WITH AN INTRODUCTION BY
lenry K. Beauchamp, C.LE., M.B.A8,, F.R.18..
Editor, the Madras Mail.

Contents.

The Arndra—Avani Avittam—The Mahalaya Amavasya
—The Bhogi and the Pongal—Thbe Dipavali—The Hindus
snd the Eclipse—Hinda Funeral Rites—Holi and
Kamaodi—Kalakshejas, old and new.—The Mukkoti or
Vaikunta Ekadasi—The Krittika—The Mahamakha—
The Arddhodaya and the Mohodaya—The Sarasvati
Puja—The Mahasiveratri—The Srijayanti or Krishnash-
tawi-—~The Varalaksbmi Worship—The Vinayaka Cha-
turthi—The Hinda New Year's Day- The Opam Keast
in Malabar. Appendix A, The Kaliyoga, Appendix
B. Glossary. '

select Opinions,

MBR. H. K. BEAUCHAMP:~Kor a general work-
a-iay knowledge of the Mindus, there is no more
useful and at the same time more interesting study than
that of current beliefs and practices such as are described
by Pandit Natesa 8astri in this little volome.

DR. EDGAR THURSTON :—Europeans would do

well to acquire the book.

THE CHRISTIAN PATRIOT :—We cordially re-

commend to missioparies...n reliable book of reference.
THE HINDU :—Sare to afford interesting readiog.
THE EDUCATIONAL REVIEW :—There should

no longer be any mysufication about the various feasts...

THE MADRAS MAIL :—European officials of all
grades, missionsries and merchants will find the book
particularly useful.

INDIAN DAILY NEWS:~The Pandit has done

his work well.
PRICE Re. 1-8 as,
G. A. NATESEN & C0., ESPLANADE, MADRAS.
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HISTROY OF

THE TAMIL LANGUAGE

{(IN TAMIL)

R

. BY V. G SURYANARAYANA SASTRIAR, B A.

I[m(l Tamil Pandit, Madras Christian College and Chief
. Lxaminer in Tamil to the bmw'r.nty of Madras. -

‘ . WITH AN INTRODUCTION
- BY THE REV ¥.W. hELLETT M A, FMU.

SELECT PRESS NOTICES

The Hindu.—What Trench Morris, Skeat,

and . others did for -English a generation or
mors ago,” Mr. Suryanarayana Sastriar has'
attempted to do now for Tamil, 'and he has
" already established his competency to the task
by his numerous wmmgs and varied researches.
The book is original in its nature and leads
the way for further work in the line. .

The Madras_Standar'd — Whether taken as
a contribution to Philology or History this little

book  is valuable as. giving an interesting
sketch of the growth of the Tamil Language.

e j Cloth Bound Rs. TWO.
PRICE{Wrapper " Re. ONE,

%%*%********%*****%****#**%**%

*****#**

€. A-NATESAN & €0, ESPLANADE, MADRAS,
*******4«***** %**a:«*****e:
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23T EETEEE L L LS F LT L ETE

TEEEEFEEFEFFFTEEEEEREEEIRERELESEETREE

Fnofan Social Reform.

EDITED BY :
C. Y. CHINTAMANL

The book coatains fourteen original articles on the
most important S8ocidl Reform subjects by some of the
best writers and thinkers in Todia ; all the addressee of
Mr. Justice Ranade and a)l Presidential addresses at the
Indian Bocial Conference and other useful things.

So far as we know, no such volume on Social Reform
treating of such a variety of subjects, contsining such

lamjinous matter, and written by such able men was in
exjstonce belore the appearance of this book. Men and -

womenp in search of knowledge oo the movement of social
progress in India sought in vain for a volume which
would give them all the information they needed. But
pow, they can obtain all they want from the edition under
review. The subjects contained in the book are eruditely
treated, impartially discussed and criticised and form
mine of information. They deal with almost all the topics
which aoy one interested in the subject seeks to know,
The arravgement of the volume is good —The Advacate
of India.

Hus brought together in one volume, ail that is best in
the writings of the most reasonable and most distinguish-
ed of Indian Social Reformers.— Bomday Gazettc.

800 pp. demy octavo, beautifully printed on ,

good glazed paper und handsomely bound
in full cloth, with gilt lettering.

Price Rs. 3-8.
G. A. NATESAN & CO., ESPLANADE, MADRAS.
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NOBLE LIVING

Being Essays on Religious and Moral Subjects
COMPILED BY

' P. V. SESHAGIRI RAO.

Select Press Opinions. '
Madras Standard.—The compilation contains,
amongst other things, masterpieces from such men as
Dr, Martinean, Dr. Channing, Theodore Parker, Emerson,
Carlyle, Ruskin, Tennyson, Johnson and Addison.

The Mindu:—The book consists of 127 essays culled
and clipped from the masterpieces of the English-
language, containing some of the greatest thoughts of
some of the greatest minds and forms a most interesting
and instructive study for the young as well as the .old.

The Theosophist.—A choice collection of valuable
extracts on moral subjects from the world’s best writers.

The Christian Patriot.—The book will do admirably
as a book of reference for those who wish' to seek for
information or advice. _

The Christian College Magazine :—Mr. Seshagiri

- Rao has here collected a number of extracts on such sub-
Jjects as Simplicity, the Reality of Sir, XEarly RBising,
Success. Sympathy, Bbakti. His range is from the Imi-
tation of Christ to the Gita, and from Ruskin and
‘Addison to the unknown ocontributors to Indian news-
papers. The extracts are not long and are ususlly
suggestive, and we can well believe that men of in-
determinate religion might find moral stimulvs in read-

-ing them. .

Mysore Standard,—The compiler of this exceedingly
well got up publication has done a service to the rising
generation in this country by placing before them guota-
tions from the writings of eastern and western thinkers
ancient and modern. As a moral Text Book in our

. schools it ought to be of great value.

PRICE Rr. 1-4 s,
G. A. NATESAN & CO., ESPf..ANADE. MADRAS.
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FHamala's Letters

Jo Fter Fusbhand,

BY R. VENKATASUBBA RAU, B. A, B. L.
PRESS OPINIONS.
The LONDON TIMES:—* It is a remarkable book.

The higiiest praise is due to the author.”

The DAILY CHRONICLE (London)—"Full of agree-
able aitde-lights on Hinda society.”

The GLASGOW HERALD—" An exceedingily mtere-
sting book.

The DUNDEE ADVERTISER—* Delightful product '

of the iinagination.”

The HOME AND COLO‘IIAL MAIL—* A revelation
%o the Englixh reade

The ENGLISHMAN (Calcatta)—* A literary achieve-
ment of the rarest kind.”

The MADRAS MAIL—" Quite a remarkable book
(Kamala's) passionate love find expression in passages
that seem Lo come straight from a heart of gold. The
letiers are full of ehrewd and illuminating refiections ;
of clever, rprightly sallies and amusing description of
mep apd thiogs.” )

The MADRAS TIMES—* One of the best and most
delightful parodies ever written.”

The HINDU (Madras)—* Delightful reading...at once
charming and edifying...The style is racy, flowing and
graphic—oftea rising to the dignity and grace of poetry.
Wit and humour sparkle in almost every page.”

Price Rs. 2-8-0:
G. A, NATESAN & CO., ESPLANADE, MADRA
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The Economic history ]
of British Jndia. |

.  BY ROMESH CHUNDER DUTT, C.IE., 1.CS.

TRHIS is a clear and succinct History of Indian Agri-
@ culture, Land Settlements, Trade and Commerce. 4§
the tinancial policy of the East India Company and lat- ¢
terly of the Governmens of India. The book will be Y
fonnd to be a valuable guide to the study of the economic &
condition of India, as Mnr Datt bae had free access to _ '
the voluminous State Documents, Blue Buoks, Minutes,
Despatches as well as Reports of Parlinxmentary Commit-
ties on Indian affairs from the middle of the 18th century. T+

Price Rs. 5-8-0. 4

Other Books By Mr. DUTT. 4

S

X
: THE LAEKE OF PALMS:—~Being the author’s
social novel, Musar, enlarged and adapted idto English. s
and paoblished in hngland With oue illustration, Rs. 3. ]

OPEN LETTERS TO LORD CURZON on Famines &

and Land Assessmeants in India, Rs. 4-8-0.

SPEECHES AND PAPERS. First Beries contain.- &
ing Congress Bpeech of 1899, and speeches in England. .
1897-1900 ; Second Series oontaxmng Speecbes in En- &
wland, 1901. & Replies to Lord Curzon’s Land Resolutﬂon
Ra. 2, each volume.,

CIVILISATION IN ANCIENT INDIA- complete

in one volume Rs. b-0-

EPICS AND LAYS OF ANCIENT INDIA con- |
densed into Eoglish verse with an introduction by the
Righs. Hon. ¥. Max Muller. New cheaper Edition. Re. 5. §
G. A NATESAN & CO., ESPLANADE. ‘ MADRAS. ¢
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Poverty and Un-British

- Rule In India.
BY DADABHAI NAOROJI.

J I \BIS is a compendium and reprint of all that the
l authior has uttered on this, and on kindred sub-
jects, during a long apd busy life. These consist
of & paper read before the East Iudia Associaiion in 1876,
correspondence with the [ndia Office 1883, a memoran-
dom on the moral poverty of India of 1880, papers of
1887 refuting articles by Sir Moantataart Grant Duff, the
author's speeches in the House of Commons in 1894 and
1895, his contributions written in 1895 to the Royal
Commission on Indian Expenditare: a paper on the simul-
taneous examinstion question, his statements sobmitted
to the lodian Currency Committee in 1898, select.lons
from his addresses, and 8 paper on the State 'and Gov-
ernment of [udia under its navive rulers.

SELECT PRESS OPINIONS.

" Mr., Naoroji's labours on bebalf of India richly deserve
& permanent record and thie volume is therefore to be
heartily welcomed, It is m storehouse of information
for etudents of Indian economics and it j# something
more than that, Mr. Naoroji is an unfaltering friend of
England. The England tbat he admires is the couatry
whose sentimenie were clothed in mnoble ianguage in
the proclamation of 1858...the England that be criti-
cises is the country that has insisted on ruling India as
a conqueror instead of a trustee.”— Daily News.

+ It gives a large mumber of incontrovertible facts as

" to the terrible state to which India has been reduced

by Imperialistic greed."— Hwmane Review.
“ There is no gainsaying the great value of it."—Neotsman.

Reduced from Rs. 6. (Six.) ta Rs. 4.

G. A. NATESAN & CO., ESPLANADE, MADRAS.
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“Prosperous ”’ British .’anmg
L3
A REVELATION FROM OFFICIAL RECORDN *c
By William Digby, C. J. €. *t‘ ,
AUTHOR ON MANY 'Ul;xl ON INDIAS COYNDITIONS, o

Thls Work, relying ‘en official facts alone, exbibiis a

deplorable stats of thi <

CONTENTS.

Proem. Y

1. India. ruled by pre-conceived ideas, not in accord. - 4
ance with facts. 2. India at the beginning of the cen-

_ turr. 3. Whose is the agricaultural and icdustriai, 4
wealth of Indial 4. Famines: their present frequency,
and the cause of that frequenay. 5. 'The extraordinary? .1
amount of the precious metals absorbed by the people
6. The *Tribate': what it is, how it works. 7. The 1
+drain ": its extent, its cousequences. 8. Notrade with .
$wo huntired millions of the Indian people--with the ex-
ception of one article.. 8. Is lndia distressed ? We see L
no distress. 10. The condition of the people. 11. The
alleged incressed agricultural and non-agricaltural in- 1

" come. 12, The present economic condition of India.
The Remedy. )
No one who is desirons of Jenrning why India is now
continually Famine-striken_ or who wishes to do India
service, can afford to miss this book.

Reduced from Rs. 7-8. to Rs. 4. ,
G. A. NATESAN & CO, ESPLANADE, MADRAS, |
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A HISTORY OF
HINDU CHEMISTRY.

From the eartiest times to the middle of the
Sinteenth Uentury A, D. with Sanskrit Tewts.

By Dr. P. C. ROY.

Professor of Chemistry, Presidency College, Calcutta.
. 00006004000 .
* It is a completely original production, the subject it

treats of having never before been dealt with by any
Oriental scholar, Dr. Roy has for years been engaged
in bis researches, and has thoroughly mastered the
details about the svientific knowledge of the Indo-Aryans,
to be found in the TVedas, the Puranas, the Tantras and
such Sanskrit medical works.as Charek and Swusruta.
The author is of opinion that during the widdle ages
the Hindus knew more of chemistry than the Europeans
of that age. The book is illustrated with- interestivg
drawings and altogether it promises to commaund the
attention of Orientalists and Scientists alike.”—The
Pionerr.
Opinion of Sir Henry Roscoe.
I consider that the same is a most interesting and valu-

able contribution to Chemical History and exhibits an

amount of learning and research which does the author

the greatest credit. I hope that the volume will be fully

and favourably reviewed in...... the scientific periodicals
PN VPN PN M P Ny N N

1 have gone through it with approval and admiration.

Prof. E. D, Divers, F. R.S., Vice-President, Chemical

Society. :
. Price Rs. 8-4.
) G. A. NATESAN & CO., ESPLANADE, MADRAS.
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Studies in Shakespeare.

B8Y WILLIAM MILLER.C1.E, 0D, LLD,

Prin~psl of the Madeas thristian Colicge, and
Felloww of the [wicevasty of Madrar

|

F¥OUR UNIPOKNM
AND

HANDSOMEB

VOLUMBS
ROUND
IN CLOTH.
PRICE OF
BACH
VOLUME
ONE RUPES.

2.

1. King Lear and Indian Politics.
2. Macbeth and the Ruin of Souls.
3. Hamlet and the Waste of life.
4. Othello and the Crash of Character.

G. A. NATESAN & CO. ESPLANADE, MADRAS.
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