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PREFACE.

—p———

Tis report deals chiefly with the results of a laboratory inves-
tigation of the vegetable fibres exhibited in the Indian Section
of the recent Colonial and Indian Exhibition. In order to
explain the circumstances under which the work was undertaken
we cannot do better than quote from the official minutes of the
Conference at which the matter was decided. The following is
an extract from the Report of a Conference held in the com-
mercial room of the Imperial Indian Court of the Colonial and
Tndian Exhibition, 16th June, 1886.

«ir B. C. Buck believed that the Government would be
prepared to furnish any samples that might be required for
the purpose of chemical examination and procure most of the
information likely to be called for. He could not undertake
to say that the funds would be forthcoming for scientific

examination.
« Mr. Oross (of Messrs. Cross and Bevan) with Mr. Joynson,

then made 2 liberal offer to make scientific and practical ex-
periments on the whole series of fibres in the Indian Courts,
and promised to send an official letter the following day to
that effect. All that these two gentlemen asked for was, that
the results of their investigations might be published by the
Government of India, and that samples in reasonable bulk
should be supplied, accompanied with any information which
might be obtained as to the available quantity and probable
price.”

Perhaps the atmost that we can hope to do in publishing
the results of this investigation is to indicate the scope of &
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more adequate treatment of the subject. So long as the con-
duct of such work is left to the enterprise of private individuals,
progress, in so vast a field of inquiry, must necessarily be slow.
When the vegetable fibres come to be recognised as constituting
a special field for research, and worthy the attention of those
who have command of the necessary resources, we venture
to predict a considerable gain to science in the results of the
systematic and sustained investigations which would follow.
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PART L

To those who are familiar with the subject of vegetable fibres,
with the extensive literature of the natural history of fibre-
yielding plants and of the technology of the fibres which they.
yield, it may seem at first sight presumptuous to express the
opinion that our knowledge rests upon insufticient foundations,
With those engaged in research in this department, on the
other hand, the opinion soon becomes conviction: the subject
calls for reinvestigation. The exceptional opportunity afforded
by the exhibit of fibres in the Indian Court of the Colonial
and Indian Exhibition—so extensive a collection of well authen-
ticated specimens—could scarcely fail to attract the authors of
this report, who have been now for some years engaged in the
investigation of vegetable fibrous substances. The opportunity
appeared to offer itself, first, of testing, by a wider range of appli-
cations than had hitherto been possible, the method adopted in
the examination of thesc substances, which had been built up by
selection from those of previous investigators, as well as from the
results of original work ; and secondly, presuaming the method to
be satisfactory, of classifying the various fibres according to the
results— the classification being itself a test of the method—and
0 redace to a preliminary ovder what has certainly proved a
somewhat refractory group of natural phenomena. T'his, our
primary object, was the purely scientific; side by side was the
collateral and, in its way, equally interesting search for ¢ prac-
tical ” results. On this side of the question nothing strikes one
so much as the smallness of the number of the many available

_ fibres which are actually employced in Kuropean manufietures;

this restricted application of raw materials, virtually unlimited
B
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in number and variety, introduces a very impertant issue, a
farther direction of inquiry, into its causes; whether they lie
in the propertics of the fibres themsclves, or rather in the
incidents of distribution and commerce ; and whether, therefore,
we are to endorse the present exclusion of the greater number
of available fibres, or can show cause for their more extended
application. We are aware that we are not the first to enter®
upon such an inquiry, and we would more particularly instance
amongst those who have preceded us, Dr. Hugo Miiller, whose
treatise on the vegetable fibres, published in the Vienna
Exhibition reports (1878), is a valuable contribution to the
chemistry of the subject, to which we ourselves are not a little
idebted; and the late M. Vétillart, whose © Efudes sur les
JSibres végdlules tewtiles’ * s of espeeial importance in elucidating
the minute structure of these substances, and in correlating
structnral features with practical applications. These authors
have Lkept in the main to a distinct line of investigation,
chemical o7 microscopical, only incidentally introducing the
other, its essential complement, A method compounded of
the two lines of inquiry wust necessarily give a more com-
plete account of the subject-matter, and this we think will be
found to result from the method about to be described. At
the sameo time we do not desive In any way to contrast it
with the foregoing, of which it is the natural outcome and
development.

We think it necessary to enter into a somewhat detailed
description, considering the establishment of a standard method
to be of first importance. Systematic inquiry, based upon
uniform method, must contribute more than anything to the
scientific development of the subject, and consequently to
sound practical results,

It will not be necessary to treat at any length the chemstry
of the fibre substances, but for the better explanation®of the
analytical method, it will be well to recall briefly the main
outlines of the subject. The prototype of the celluloses is the
cotton fbre in its bleached state. The bleaching process con-
sists in a treatment with boiling alkaline solutions (hydrolysis),
fullowed by immersion in a bleaching solution, the whitening
action of which is due to an oxidation of the discolouring sub-

* Paris, 1876.
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stances and tkeir conversion into colourl-ess Qerivatives, which
are dissolved by the solution. This resnlue.ls pure celh.llo.se;
and generally, every fibrous substance sgbmltteq to a snpllur
treatment, or succession of treatments, ylglds.a, similar l‘e..Sl(.hIO.
While these more resistant residues or derivatives have sufhcl.ent
resemblance to one another and to the prototype to entitle

- them to description under this same term cellulose, a closer

investigation shows them to be differentiated 'in. va{‘ious ways,
chemical as well as structural. Into these d1§t1nct1011s we do
not here propose to enter further than to _point out that the
term cellulose does not designate a chemical individual, any
more than sugar or alcohol, buif is a group name,.an(ll is
applicable in this case to an empirical aggregate obtained as
ready Indicated.
ahe’z‘(lll}é 21)(:111-00011111088 constituents of the several‘ﬁbres arc, on
the other hand, so entirely distinet, tha.t a chem%cal classifica-
tion, according to the characteristics which they impart to the
fibre substanee, is possible. There are thlzee well-marked divi-
sions in this classification. Viewing the fibre substance rather
as a compound, than a mixture of f;he cellulose an'd non-
cellulose—without entering into the evidence upon which this
view is based—the three groups of compopnd celluloses are
the pecto-celluloses, ligno-cellulos?s, and a(hpo—ce‘llulosf'es. of
these, the latter has only an in01d011’eal connection w1t!1 our
subject, its distribution being copﬁned to the cutlcul}ar
and protective tissues of plants, wluch‘ are never ﬁbrousf but
cellular. The pecto-celluloses are easily resolvgd by boiling
with dilute alkaline solutions, the non-cellulose being con.vortcid
into hydrated pectic derivatives: h.ence 'tlle term. Chlorine, in
presence of water, does not combine with the fibre substance,
but oxidises and bleaches. The hgn‘o'-ccllulose.s are SIQ\vly
hydrated and partially dissolved by l')0111ng alkaline SOlllthl.lS,
but. not resolved except at very lf]gh temperatures. Moist,
chlorine attacks these compounds in an altogether different
way, entering into combination and forming yellow or orange-
coloured derivatives which have been .Sllf)\VI.] to be 1‘elat'ed to
the trihydric phenols. Most characterlst.lc is the reaction of
these chlorinated compounds with. sodium .sulphlto, 'b(?lng
dissolved by solutions of this salt with formation of a brilliant

magenta colouring matter. The ligno-celluloses have a
B 2
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number of other well-known and distinguishing colour reac-
tions. By treatment with a mixture of concentrated nitrie
and sulphurie acids they are converted into bright yellow
derivatives, which may be described as ethereal nitrates, allied
to the pyroxylins. The ligno-celluloses are further dis-
tinguished from the preceding  group by higher carbon
percentage (16-49), exceeding that of ordinary (cotton) cellu-
lose (44'4) by as much as the pecto-celluloses contain less
(40-42). The adipo-cclluloses, as the term indicates, are
distinguislied by the fatty nature of the non-cellulose consti-
tuent, which, in fact, conditions their protective action. The
non-cellulose is not a fat or wax in respeet of such physieal
properties as fusibility and solubility in the ordinary solvents
of these bodies, though there is a resemblance in tonch, and
in the power of these compound celluloses of resisting water :
1t is rather in the products of their various decompositions
that the similarity of constitution is traced. By boiling dilute
nitrie acid, for instance, they are resolved into eellulose, and
produets of oxidation, such ag adipic and suberie acid, &e.,
similar to those obtuined from the fats by similar treatment,
This group of compound celluloses is further distinguished by
high carbon percentage (65-75), and by being with difficulty
attacked by hydrolytic agents.  As before stated, however, this
latter group does not come to Le considered in the analytical
method as applied to the isolated fibres: in the processes of
1solation, however, from the plant, the separation of the fibres
from such ecuticular tissues is usnally an important clement,
and will therefore require to be noticed.

We may now deseribe the method of chemically investi-
gating the fibres, and take the opportunity, in giving the
rationale of each process, of further elucidating general
prineiples. .

Moisture.~—All the celluloses hold, in their ordinary state,
a certain proportion of moisture, or as we may term it, water of
condition, which within the limits of variation (1-2 per cent.) due
to atmospheric changes, is definite, and characteristic of each
fibre. 1t is noteworthy that the proportion of hygroscopic
moisture is an index of susceptibility of attack by hydrolytic
agents: 1t is certuinly true that the textile fibres of the highest
class are distinguished by their relatively low moisture. The

(5)

extent to whieh this condition is applicable will be seen by an
examination of the table of analytical results. ' ' '

It is scarcely necessary to say that the moxstu.re 13 ditef—
mined by drying a weighed quantity of .the fibre. It is necet.?b:lll y
to raise the temperature to 110° to ('11'1ve off the \vllf)1e ? . :
water: at 100° a fibre will often retain 1 per cent. of its weight.

. Owing to the variations in this constituent, it is expedient to
ta)

express all the results of analysis as percentages of the dry
ﬁbl%ﬁneml Constituents.—The ash left on iucinerating the
fibre is determined in the usual way.  The proportloln is lo}yllln
the ligno-celluloses, higher in the pecto-'cell}lloses, émltl IO.SI.)etCiI;IS ui
when the proportion of non—collulogz is ]llg].l. ellu tfi't s e
further contains a higher proportion of mm'eml cons 1-ufu‘

than the fibres, and an admixturc of the former, therefore,

i rcentage. o

mlsefsfyt]l]follé)/iis.——'l‘ﬁere are two classes of 1'eagentfs }Vhlbchlini-
tensify that resolving action of wat.er upon vorgam((:) . tolicsz,
known as hydrolysis; they are the acids and alkalis. Of the 1;
the former, for the most part, exert a very dcstru.ctll:f: la(?t{on
upon the vegetable fibres, and thoyg]l the .stud.y of t is taAbel(e)n
would, doubtless, afford mlualgle ‘lllfOI'Illﬂ,thll, it ha; no et
found expedient to include it in our scheme o aflfl’ais .
The action of boiling dilute alkz?hh', on th.o other ]mnd', e.‘c.( ,11112
a simpler resolution, and invol}vmg very important H)t?l‘llltilll'lt e
practical applications of th.c ﬁbl'?s, gives 1'csul§s W }1@1 ! (?:lm z;
necessary part in their diagnosis, A COIIYCl]l&‘llt?‘ t l(illnf%b(‘))
-course arbitrary method, has l.)ecn selec.ted, as follo.\\s‘. ;c 1011 u:
is boiled («) for five minutes in & so_lutlon of‘caustm: wbo(fd,m‘(l:]();
cent. Na 0, washed, dried, and wclghe.d. l‘he loss ]0\ \\.],1? 1t
presents the proportion of "[he fibre which y%elds to t L(, %lo ven

action of the alkali; (b) In a secqnd .[)Ol‘tl.()ll th‘e boiling 1;
contirued for one hour. The loss of '\\'clght is an 1}1d]1011t1011 0
the «degrading ” action of the. alkali. In 'nmny otlt 1e.11_)ect(?-
celluloses the hydrolytic action of the prulunge( boiling is
such that the non-cellulose is al'most ({omplctely dlSSOIVG.d away ;
generally, in this class, the loss is considerable, and the dlfferenc.e
between the loss in (a) and. () also. Ij’urther, the hydrolytic
effect is extended to the undlssolved'p'or‘tlon or f:ell.ulose, aufl the
evidence of the hydrating and gelatinising action is the stiffen-
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ing of the fibres on drying, and when the action is very pro-
nounced, re-agglutination into bundles which dry to wiry strands.
This latter effect is minimised by dehydrating the boiled
specimen with aleohol, and drying at a gentle heat. The hydro-
cclluloses, as alrcady stated, are not so readily attacked by the
dilute alkalis, and it is only when digested at very high

temperatures that the resolution into cellulose and non-cellulose °

is effected.  Tn either group, it will be found that whatever the
condition of the hydrolysis it is always more or less incompleto,
and requires, for the isolution of the cellulose, to be supplemented
by the treatment about to be deseribed.

Ccllulose—~A fresh specimen, having been boiled in the
dilute alkali (1 per cent, Na,0), is well washed and exposed for
onc hour, at the ordinary temperature, to an atmosphere of
chlorine gas. It is then removed, washed, and treated with a
solution of sodium sulphite, which is slowly raised to the boil.
After two or threce minutes’ boiling, it is washed, on a filter
when necessary, thongh in most cases it may be so placed in a
funnel as to act as its own filter; lastly, treated with dilute acetic
acid, washed, dried, and weighed.  The percentage yicld on the
raw fibre is the most important eriterion of its composition and
value.  We have already pointed out that these celluloses,
although similar in external characteristics, are of widely
different chemical constitution, and consequently vary con-
siderably in their power of resisting the further action of
oxidising and hydrolytic agents. To follow up these cellulosic
products into the region of specific variations, is a special study

in itself, and further Investigation must, thercefore, be reserved :.

it is sufficient here to have indicated that the various celluloses
are not identical, and that the term is applied to an aggrecate
of unknown components, obtained as the residue from the
treatment above described, '
Mercerising.—The action of concentrated salutions of the
alkalis upon the vegetable fibres is an important feature in the
diagnosis of their composition, The structural modification
which the cotton fibre undergoes under this treatment was
originally studied by Mercer, and hence the termn  merceris-
ing,” by which the process is known. 1In the compound fibres,
1, e, those which are made up of a number of fibrils aggregated

7))

into a bundle, and of such bundles, as we shall 'preS(lalntly‘ tsii(:;
the greater proportion of the vegetable fibres consxst,‘t1 e licn”e
of tltie alkali often causes a very pl‘ofqund structura c fo ﬁl;
not only dissecting the bundles, but altering 1:/116 contour o b
ils.  So far as the chemistry of the actlon.has bcep made
glll)’zl tl'le hydration changes which it sets up are in the dllrlecltlon.
o solvine the fibre substance into cellulose and non-cellulose.

1 (])5{1'6 ;3;)18 )1Zsent however, the action has been stud;ed empiri-
(ﬁ f\n}l if has, not been further investiga‘ged thap in I‘Gg‘z}l‘d tg
:ﬁey]’(:ss of weicht sustained. The fibre is thoroughly W 1elttc1.
with a concentr;ted solutio? (33 porh((',)(;I:t. h;?ﬁg) f;)lf)rihei 3 tj]?e]l;

; i , ac *one ", ;

yhich 1 ﬂll?‘Y}i:}ld tilr?é(ﬁ ;):1(1 weighed. It is of interc§t to
N z;ction of the alkali under the micro-
ted in the concentrated solu-

thoroughly |
study the progress of t he
scope, the specimen being moun

i Qee Fig. 24. . .
tlonl.\fito';tibn iD—Cot’con, when treated with concentrated nitric

‘1. is converted into explosive compounds, which are now
e 1to be nitrates of cellulose. All the cclluloses are
il jc‘oo 1?1 on ‘and the study of the resulting compounds
_sumlarly a(/-e(fea]‘curé of the diagnosis of the fibre substances.

N 3«In°f3855mys ary, for the purpose of a more exact comparison,
e, itrar [ treatment: we
D el umforfmé\{:gl")llltrlc;u?‘rorni)elf(]alolc}oﬁi ;;O’:l?e ordinary
e &‘d;) Prto»: dtllt:{‘l‘tn?tratilllg ” acid being composed of a letU‘l.‘e
o 1’ f concentrated nitric (s. g. 1-42) and sulplm'uc
A ; 1(‘) Thé differences to be observed in the ac.tlon
¢ g-l"74)'f{‘31( N the various fibres are considerable, and form
O (f)n ture in their comparative investigation.  Most
i 't tmits :ie increase :of weight oc *asic.me'd, by umop
IIY.lPOltdll il molecule. In some cases this is more than
e drll)] loss due to conversion into seluble products ;
cqunterb&lance wt?onq however, and they are few, tl'fe nett
e ‘Suc!l excel” 55")er cent. The weights obtained, in per-
e fr(])am (!i)r fil%re substance, will be found to be in inti-
oeBtnge o ith the other chemical constants of the
001‘1‘6‘13'510% wxfhe sresent we have confined onr attention
3 j " leaving to future

an import:

mate

veral fibres. ' wve conf
:e this increase of weight under “nitration,
0 B

S o i ios of
investigation the determination of the special characteristics
nyv <
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the several nitrates. A general external characteristic of these
products is worthy of note herc, that is colour: the ligno-cellu-
lose give bright orange-colowred nitrates, the pecto-cellulose, on
the other haud, colourless derivatives. Generally it will be
found that a great deal of information eoncerning the constitu-
tion of a fibre is obtained by the study of its “nitration,” and
wo lay more especial stress upon it, as we have not seen it any-
where recommended to be included as a necessary part of the
investigation of the vegetable fibres.

Combustzon. Curbon Percentoges—The vegetable fibres are
composed of carbon, hydrogen, and oxygen as ultimate con-
stituents, the latter being present in the atomic ratio 2:1 and
the carbon appearing as some multiple of G; the general
formula for the composition of the fibre substance is therefore
C,M,,0,. The quantity of hydrogen in percentage of the
substance varies from 5:5 to 63, and therefore within such
Limits that particular estimations of this constituent are un-
necessary. The determination of the carbon by the ordinary
process of combustion is an claborate process, and we have
therefore substituted a rapid method, of which a preliminary
account was given in the ‘Chemical News” The process
consists in burning the substance with chromic anhydride in
presence of sulphuric acid, and leading over the gaseous pro-
ducts (CO and CO,) into an apparatus in which their volume
can be exaetly measured.  The two oxides of carbon having
the same volume, the quantity of carbon in wnit volume is
independent of the composition of the gas, which therefore
only requires to be measured. As a further account of this
method and apparatus will shortly be published, we need not
enter into further detail here. The carbon in the typical
(cotton) cellulose is 444 per cent.; the compound celluloses,
on the other hand, range themselves for the most part into two
groups: (1) of lower carbon percentage (40-43), (2) of higher
(#5-50) 5 in the former the pecto-celluloses are included, the
ligno-cclluloses in the latter. As one of the prominent chemical
constants of the fibre substance, therefore, we have included it
n our scheme of investigation.

Acid Purification,. —The object of this treatment is to clean
the fibre and remove aceidental impurities, while occwswmng
the minimuwm loss of weight and therefore alteration in com-
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position. For this purpose acetic acid (20 per cent.) was chosen,
the fibre being heated with the acid to the boiling-point, then
removed and washed first with alcohol and lastly with water ;
dried and weighed. The loss in weight sustained is thus deter-
mined. It was in the fibre thus purified that the carbon
percentages were determined.

- ®  Having thus described the method, it only remains to point
out in what more important respects it differs from those of
other investigators. It is based upon the principle of selecting
for comparative estimation only the prominent gemeral points
of similarity and distinction. These are:—(1) Hydrolysis,

(2) cellulose by chlorination (or oxidation) and solution of the
In regard to

¥ preparation

all cases considerably

p (D), is explained by the fault

ain, would have been in

Z . .
£ 5 products, (3) “nitration,” (4) Ci),l'bOI.l percentages. :
=4 the details of treatment, our selection is necessarily arbitrary,
+ “ - . .

255 but, we venture to think, not mercly empirical. The proof of
Es2 this, and an attestation of the soundness of the method, is to be
S e . ’ . ’

ERE found in the correlations which are brought out in the tabulated
= E o Q9 (o]

523 statement of results.

For the comyplete elucidation of this table and the classifica-
tion of the fibres which it introduces, we must now deal briefly
with our subject from the complementary aspect of minute
structure and the microscopical methods by means of which it

is studied.
Excepting the seed hairs, typified by cotton, which are

nerustin

r of the cellulose per
¢

g tissue and ¢
T bast tissues of dicotyl

Maoutia Puya, one of the U

5?“3: isolated elongated tubular cells, attached to the hard seed
§E% 8 envelope, the vegetable fibres are compound structures, the
sEgn . unit being the bast fibre-cell. These units are built up into
éféﬁ bundles, according to the two main types of mono- and dicoty-
éigg ledonous growth, in illustration of which we may cite the
= go‘;: g following from amongst the m1cro-phot§0graphs —

EEEE Flaz—DBast of dicotyledonous species Linuin.

isE¥ 1. Tsolated fibre-cell. Fig. 14.

27-55 2. Yibres in situ. Fig. 13.

$£38% Jute.—Bast of dicotyledonous species Coichorus.

EfEg 1. Tsolated fibre-cell. Fig. 6.

N :%;é 2. Cross section of bundle. Fig. 22.

~5:2 3. Bundles #n situ in the plant. TFig. 2.

gé;g In the. dicotyledons, therefore, the cells are built up iuto
Zi52 _ bundles, in which they are more or less firmly compacted to-
» T Zm gether, and these are aggregated together and localised in the
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plant as a fibre tissue, between the wood and the cortex. The
arrangement of the fibres and bundles is suby
variation, but these variations are
disposition such as that deseribod.

In the monocotyledons, on the other hand, the typical struc-
tare is much more complex in both respeets; (1) the bast fibres
are built up together with vessels—eells which are differentiated
altogether differently—into a composite structure known as a
fibro-vaseular bundle; (2) the disposition of these is irregular,
the bundles not being localised into a tissue.
exemplified in the following drawings.

Sugar eane (sten). 1.y, bundles of monocotyledonous species.

(1) Fovb isolated. Tig. 5.
(2) Cross scetion of stem showing bundle in situ.  Tig. 4,

Phormivim tenax (leaf).

Cross section of leaf. Tig, 3.

Before proceeding to discuss the general bearing of these
structural relationships, we will treat briefly of the microscopi-
cal methods by which they are clucidated. As regards the
preparation and mounting of the objects for examination, the
only point which needs mention, as in any way novel, is the
mode of cutting the sections of the fibres, or fibre bundles, and
of determining the Iength of the ultimate fibros.*

The fibres or bundles, after having been arranged carcfully
in orler o keep them as far as possible parallel, are thoroughly
dried in the watcr bath, saturated with asphalte varnish, and
then worked into a peneil by squeezing between the fiuger and
thumb.  On exposure to the air for two or three days, the
penceil will become hard, and may then be inserted in the
microtome and cut in the usual way.

For the determination of the length of the ultimate fibres,
the cellulose, isolated Ly the mcthod given under “estimation
of cellulose,” was taken in ecach case, thereby avoiding ah error
very likely to occur when it is attempted to obtain ultimate
fibres by teasing out from a specimen treated with alkali only,
according to Vétillart,

For the representation of the microscopic preparations, the

ject to endless
within the limits of a general

These points are

* Tt hag been suggested to linit the

for the filre-bundle the appropriate term filument ; these we have adopted.

term fibre to the nltimate fibre-coll, using

o

L
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two methods were open, viz. a camera drawing and photographic

\ i d in
reproduction We chose the latter, as more convenient, and

‘e trustworthy.
all respects more tru . . L -
( Thle following is a brief description of the micro-photo
graphic apparatus and the method of workmg.—. e
The camera A is a bellows camera of the 01‘(1131:‘3.1)7 const e
on a base-board B, 3 fect in length. The front C is
o el that 1 '11 ’ ily along a couple of slots D
9 it slides easily along s
so arranged that 1t ¢ v coup sote 1
on either side of the base-board. By adjusting a S.CISW (Th
i 1 : . e
shown in the figure) it can be firmly fixed ?t (111)1y poin - ohe
‘ lass, can also be moved ¢
Tying round gluss, can also be g
back B, carrying the g g 0 4 alon
the b-lq,c Loard by means of a rack and pmnion. {)ll.sld;} the
. - nside fhe
rack, and extending the whole length of the b.ISO. 08 ,ft]
PR, © 2 : : : k .
Sc-ll(; divided into inches and eighths, so that the position o !
ba its di b front of the camera can be
ack istance from the fro .
bddl"land o ;, ined.  The front carries a wide brass tube
readily ascertained. 1 ries a v ass
co(vcre); on the outside with black flock pnpul, 11‘1to “'111(.11 the
7 i i1 sde the microseope
i pscope passes casily.  Outside
body of the microscope | ‘ . oo
i qeally, is a wider tube of brass
itte it concentricully, is a w
tube, and fitted on to s o wiler fthe of i
insi W : ‘ming a perfeetly
side, the two tubes forming
blackened on the insic » forming ctly
i ig | sclf-fitting joint; the whole arrangement being
light-tight and sc g jomt; Arrngemont
e ed as shown in section in the accompanying sieten.
e base amera is secured by thumb-screws
The base-board of the camera 18 red | R
X hich in its turn 1s serew
to the larger base-board F, which in its
1
to the table G. ‘ N ‘ .,
The base-board T is composed of three sopallate ];‘ni]ts, I,
il iy 1 > ther; when fully ex-
F", and F", sliding smoothly into cach o ; y
1 i asur feet
ed it measures 8 feet. N
iem:ll‘he microscope is fixed by means of wooden feet and serews
N O n K -
to the platform I, which forms a part of I, By withdrawing
0 . 1 " T .i v,
F’ the distance of the microscope from the front of ﬂ'l() camera
, be varied at pleasure, the arrangement as shown in section
can

beine -sufficiently long to allow of this, without admitting
.being 3 :

licht. v ohieh i Tl
° i is place I¥, which iy furnishec
MThe source of Jight is placed upon 17,

with a pair of parallel runners I, along w]n'(:h1 ft ca\n tlrz\u'leAl.t‘ A‘n
inch scale is placed along th(? base-board to denote the (IJS (lnlce
of the microscope from the f1-911t of the camera, and also the
distance of the source of the light ?mm the object. '

The microscope itself is an ordinary monocular instrument,



d. Wider tube fastened to tub~ of Microscope.

¢. Tube of Microscope.

b. Tube fastened td front of Camera.

a. Front of Camera.
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fitted with meehanical stage, coarse and fine adjustment, sub-
stage for carrying achromatic condenser, &c.

For convenience of working, the microscope is fitted with a

nose-piece X, carrying three objeetives.

~ Before commencing the actual work of photographing, a
table is constructed, of the positions of the back of the camera
>on the base-board corresponding to different enlargements, and
marks are made upon the scale with which the base-board of
the camera is furnished.

The source of light to be recommended is for the higher
powers, an ordinary triple-wick oil lantern, and for low powers,
such as the inch or three inch, an argand gas-burner.

For certain objects the light is placed at a considerable dis-
tance (2-3 feet) from the object, as it was found that if the object
be too brightly illuminated, the photograph obtained is wanting
in detail. Each object requires a separate adjustment of the
light according to cireumstances. In certain cases the light
is concentrated on the object by an achromatic condenser L,
a small diaphragm being wsed to increase the definition. For
the lower powers no coudenser is used, a small diaphragm
being inserted in the substage.

The method of procedure is as follows :—

The object being placed in position on the stage, the front
of the camera is removed far enough to allow the operator to
observe it in the ordinary way, an eyepicce being inserted into
the microscope for the purposc. The part which it is desired
to photograph having been found and placed in position, the
eyepiece is withdrawn, and the front of the camera replaced
and tsecured in position by means of the screw provided for
the purpose.

The object is then brought into focus roughly on the
ground glass by means of the coarse adjustment. Owing to

_the disiance of the microscope from the ground glass this
operation is performed by an assistant, who also adjusts the
object by means of the mechanical stage until the image
corresponds 1n position with that occupied by tho sensitive
plate, marks being made for the purpose upon the ground
glass. The ground glass is then removed, and a piece of plain

. glass N fitted into a wooden frame, substituted. The object

i then carefully focussed with the glass O, the focus of which,
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when in contact with the outer surface of the plain glass,
exactly corresponds with the inner swrface. A number of
fine diamond marks are made on the glass for the purpose.
The foeussing is effected by means of the milled head P fixed
on the rod Q, whicl, by means of the thread R, actuates the
fine adjustment S.

This having been accomplished, the back, containing a
sensitive plate, is placed in position and the shutter withdrawn.

The exposnres vary from five to forty-five minutes, accord-
ing to the ohjective employed, the light, and the thickness
and colonr of the object.

In certain cases it is nceessary to withdraw the objective
from the position of best visual focus in order to obtain the
actinic focns. In most cases, however, the foei are found to
correspond.

The micro-photographs reproduced from the original
negatives are, we certainly hold, more trustworthy represen-
tations of strnetural details than the diagrams usually given,
for instance, by Vétillart. Tor the purposcs of records, such
as the present report, these representations are especially to
be preferred, as, if generally adopted, a strict comparison could
be made between the observations of various investigators.

We may now draw a few general and practical deductions
from this study of microscopic details.

The bearings of these structural features upon the very
important teehnical question of isolation and application of
the fibres, are both obvious and direct. In the first place, the
superiority of the dicotyledonous fibres is manifest, on the
grounds (1) of comparatively easy separation, and (2) stcuc-
tural simplicity of the fibre bundles. The separation of these
fibres from the contiguous tissues, wood and cambium on the
one side and cortical parenchyma on the other, is assisted by
the preliminary process of retting, a fermentation inddeed by
immersion in stagnant water. The purpose of this is to
weaken the surronnding cellular tissue without injury to the
fibre.  These, however, are not so dissimilar chemically that the
changes which are set up should proceed to the detriment of
the former only @ indeed, obscrvation has sufliciently shown
that the fibre substance is attacked, and that the process ..
needs most caveful regulation to reduce this to the satisfactory
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minimum, Tke retting accomplished, the separation of the
fibre is a question of a simple mechanical treatment. The
several applications of the fibres in the textile arts is con-
ditioned in the first instance by their fineness, or the degree
of fineness to which, by con paratively simple and inexpensive
means, they can be brought. Second in importance is the
-uniformity in length and diameter of the spinning unit. This
unit is not the ultimate fibre-cell (excepting of course in the
case of cotton), but a bundle of these. Consequently the
conditions in question are best fulfilled, other things being
equal, by the fibre whose bundles are the least complex. A
superficial examination of the flax and jute fibres will reveal
the structural causes of the superiority of the former. Dut
another most important factor remains to be noticed, that is,
the length of the ultimate fibre-cell; for, although not the
spinning unit, still it is in a very direct sense the essential
factor of the strength and durability of the manufactured
goods.

It has not yet been pointed out that with the removal of
the non-cellulose constituents of the several fibres the fibre
bundles are disintegrated, i.e. the cellulose of the fibre is
obtained in the form of individual cells, isolated from their
previous union. The bleaching processes practised in the
arts tend therefore to resolve the fibre bundles into the
component units, and when complete, i.e. when a pure cellu-
lose is obtained, they do so completely. On this view com-
pare the ultimate fibre of jute, with its small length of 3 mm.,

" with that of flax, with its length of 40 mm., or a length equal

to that of cotton, and it is not difficult to understand why
in the one case bleaching means “rotting,” whercas in the
other the superior length enables the mechanical effect of the
spinaing to survive the disintegration of what was the
epinningunit. It should also be pointed out that the bleach-
ing process is ounly intensifying, by achievement within a
short space of time, what the ordinary conditions of the life
of a textile fabric—the alternate atmospheric oxidation and
boiling in alkalis—will gradually accomplish: thus the
length of the ultimate fibre is of first importance from what-
ever aspect regarded. We have therefore now taken into
account the chief factors, chemical and structural, of the value
¢
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of a fibre, or what is the same thing, of the applications which
it finds in the arts. It is scarcely necessary again to revert
to the disenssion of the inferiority of the monocotyledonons
fibres 5 we need only sum up the chief points, upon the lines
of the argument just concluded : (1), the difficulty of isolation
from the plant, and (2), the extreme variations of the bundles
resulting from their heterogeneous composition. °

The eclassification under which the chemical results are
recorded, involves a further distinction. There are a number
of filbrous raw materials, both of mono- and dicotyledonous
origin, in which the fibres are built up into still more complex
aceregates, and {rom which the ultimate fibre-cells canunot be
isolated by a simple mechanical treatment.  With  these
substances, therclore, a chemical process of resolution 1is
necessitated ©  the ultimate fibres are then obtained in the
form of a heterogeneous mass or pulp, available only for paper-
making purposes. To this belong (of dicotyledonous origin)
such bast tissues as Adansonia, Linden, Sterculia, and of mono-
cotyledonous origin, esparto, and other grasses, and the stems of
cereals.

The chief structural features of the scveral classes are

therefore as follows :—

MoNOCOTYLEDONOTS. DICOTYLEDONOUS.
Amttomy. A/Wt'l/n]j.
Fibro-vascular bundles Bundles of bast fibres only.
Bast fibres and vessels, some-  Component fibres few.
. times cenelosed in ccllular
= sheath.
-2 { Fibres. { Compouent fibres very nume-
it rous. 0 e 2
K . omposition. .
= Composition. A. Pectic (sometimes slightlf‘ ligni-
g (C) Mixed  pecto, ligno fied).
:_§ (adipo) ccliulose. B. Liguified (more or less pectic).
F; Anatomy. Anutomy. N
& Wholo plauts or parts of Dast tissues. ~ .
. plants. Baast fibres, with medullary rays and
1; ibre parcnchyma.
aggre= i
gaJtes. 1 (Dgo;l[}.)ométon. ¢ I Composition,
ixe pecto igno . N
L (adipo) cellulose. ’ Pecto and ligno-cellulose,

.While we are fully sensible of the advantage we have
derived from the above classification, if only in co-ordinating
the results of our investigations, we are equally desirous of
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avoiding false estimates of its value. The lines cannot be
sharply drawn, and the grouping of the fibres which they define
are not more than typical and approximate,

The special structural features of the various fibres are
necessarily of a character requiring individual description, and
they will be dealt with seriatim, and chiefly by means of the
microphotographs. 'We may anticipate this treatment in detail
by a few gencral considerations. We have alrcady spoken of
the length of the ultimate fibre from which, with the diameter
(i. e. sectional area), the outline of form is at once known.
Generally the fibre cells are tubulated and cylindrical, though

rarions modifications of this primary form will be noticed. In
the dicotyledonous bast fibres the polygonal type prevails, and
the cell walls are in many cases thick, and the central canal con-
sequently small. Exceptional length is to be found 1 these
only, and then in but very few; it is morcover remarkable that
lignification is correlated with short length of fibre, the long
fibres appearing only in Division A. (See p. 24) In the
monocotyledonous fibres, the Dbast cells are often extremely
fine, thin walled, and generally cylindrical or oval; the length
in the several fibres varies from 1 to 12 mm.

As regards the inner structure of the fibres, the sections fre-
quently reveal the existence of concentric zones in the cell wally
and micro-chemical tests—more especially with aniline sulphate
and iodine solutions—reveal differences of chemical composition
in these zones. By rupturing the cell wall, as in the process of
“beating ” pulp for paper-making, it is decomposed into

fibrillee, which may be considered as the ultimate structural

components of the fibre wall ; the arrangement of these
follows two main types, viz. (1) parallel to the long axis of the
fibre, as in the case of flax; in the second the disposition of
the fibrillee indicates a spiral or membranous structure.

Ali these points will be found very fully discussed, both in
their scientific and techuical bearing, in M. Vétillart’s treatise
before alluded to.

We have already stated that M. Vétillart avails himself
only incidentally of chemical methods; he employs micro-
chemieal tests for the identification of the fibre substance, 1. e.
for such identification as a purely qualitative test can afford;

and he attaches, nevertheless, suflicient importance to the
¢ 2
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resglts of this micro-chemical examination, as tomake it the
basis of his classification of the fibres, On the other haund, we
find that those who have adopted a quantitative chemical
method of investigating these cellulosic products have been in
most cases chemists first and microscopists afterwards, so that
questions of minute structure have been treated by them as of
secondary importance, Further, we find that in adopting
quantitative methods, there Las been too little inquiry into
t!ie precise value of the quantities determined in throwing
light wpon the special chemistry of the fibre substances.
Thus the loss of weight on treatment with solvents, such as
aleohol and ether ; the determination of “ collulose ” by such a
process as Schultac’s, viz. digestion with nitrie acid (dil) and
potassium chlorate; the still cruder process of estimating as 2
measure of cellulose what is termed “ecrude fibre,” commonly
practised in agricultural analyses; are all of a purely empirical
character, and really of little value in regard to the information
they afford, theoretical or practical.

So long, of course, as we know so little of the actual
f:onstitution of this group of natural products, our nlethodS.Of
Investigation must be more or less empirical. Our present alil
i3 therefore to assist progress from the more to the less
atbitrary, in our chemical tests, and at the same time to insist
upon the importance of the microscopic examination ; and t0
show that the methods based upon this view are sound theo-
retically, because they lead to clussifications which are simple
and in harmony with physiological facts, and practically,
because the quantitics determined are in close correlation With
deductions from practical experience, for which, thercfore, tYcy
supply the rational basis.

© spu
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PART IL

THERE are over 300 fibre-yielding plants in leia. At least
100 of these afford strong and useful fibres, which are r(?gularly
used by the natives of Indiz}, and perhaps about thirty are
worthy of European recognition. Cotton is of course by far
the most important, and the manufactured c'ottons are the mqst
valuable articles of import trade. The Indian foreign trade in
cotton and cotton goods, during the year 1884—'5, was valued
at over 41,000,000 (the rupee, for co.nvemence,.bem‘g ealeulated
and the total foreign trade in ﬁbreg (ie. imports and
exports) amounted to over 53,5Q0,000l., being a decline from
the previous year of 1,000,000 in the export's of raw cot‘qon.
"The exports of Indian manufactureq cottons 1'mproved (l}lrmg
the year by nearly 1,000,000L; jute remmpcd, practlcalli
speaking, stationary; and the equrts of raw silk, of wo‘ol, an

the imports of paper fell off consxfierably. The Govelnlpent
imports of paper appear to be increasing; last year they

at par),

atiounted to 137,109, or 100 per cent. greater than in

51-2. .
18&;1&11;11011"11 steam machinery has driven hand-looms largely
o

out, of the market, there still survives in every \:illage the
weaver-who, with the erudest of appliances, produces fron? home-
n or power-loom yarn & .com'se.tllough very stre
durable fabric, ornamented with a S}n11)11e but ~

Of the extent of the internal trade in # s
can be learned. It should not be for __.wver, that the
above figures refer exclusively.to the foreign trade, and t!lat
over and above the amount of imports and exports th‘ere exists
an enormous trade in Indian manufuctured goods. The extent
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of _this internal trade Government has hitherto failed to deter-
mine, but large tracts of country may be found where the
Pe<)p1e are clad almost entirely in local-made garments.  In
fac.t, from the stubbornness of the British manufacturer to
Imitate native qualities, shapes, and patterns, European yarns
woven on the Iudian hand-looms have made greater prdgress
thax.l European goods.  This peculiarity has given birth to the
Indian cotton mills—mills devoted almost entirely to supplying
the native weaver with hig yarn, i

The following tabular statement of the more important
fibres will give some idea of the foreign trade :—

Tie TexTiLE INDUSTRIES For 1883-4 AND 1884-5.
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Tug TexmyLE INDUSTRIES FOR 1853-4 AND 1884-5—continued.

1883-4. 1884-5.

Rupees. Rupees.
Taper. Raw materials 3,63,650 3,70,533

fExports : { Manufactured 1,733 .

' Total 3,65,302 370,533
mems { Goveormmaent e im0
Total ..  5L17,275 48,92,121
B oy e e
Dot hicny } 96,95,749 74,75,633

1883-4. 1884-5.
Rupees. Rupees.

Cotton, raw .. .. .. { Exports .. .. 143831278 13,28,63,673
Imports . 9,95,820 16,25,980
Total .. 14,48,33,098 13,44,89,653
Cotton, manufactured .. ..¢{ BXports .. . 28531710  3,33,80,207
Tmports .. .. 25,10,83,306 245578331
Total 27,96,15,016  27,89,58,G36
Jute, raw .. .. .. { Exports 4,59,26,353 4,66,13,684
Imports 1,267 1,364
Total 4,59,27,620  4,66,15,048
Jute, manufactured .. { Exports L33,41,447  1,54,38,696
Imports 1,14,491 3,61,043
Total 1,37,55,93 1,58,00,639

(Flax and its manufacturcs { Exports . 5,457 o
Tmports . 11,15,486 10,55,2,45
Total 11,20,043 10,55745
Hemp and its manufactures { Exports 6,91,83G 5,85,808
Imports 2,09,335 2,55,474
Total 9,01,161 8,411,282
Coir and its manufactures { LExports 15,830,629 21,43,241
Imports 106,630 1,13,554
Total 16,37,259 22,56,795
\Cordage and rope { Exports 4,92,068 3,53,389
Imports 3,90,584 3,52,413
Total 8,82,652 7,05,802

Silk, raw .. ..
Total .. 1,59,71,866  121,11,.246
Fxports 98,57,336  32,85.627
Silk, manufictured { Toports 1,20,18481  1,.27.33,536
Total 1,4870,817  1,60,19,163
Tixports 75,58,400 71,385,760
Wool, raw : {Imports 651,368 6,18,212
Total ..  &2,09777  TL.53972
Exports .. .. 1207003 1183497
Wool, manufactured ' {Imports Ol 12000550 1,2318,397

Total .. 1,88,77,534 1,35,26,824

Grand total.. 514,68,80.348  53.53,97,459

In this report a classification has been adopted to suit the
particular collection of fibres presented for examination, but
for more comprchonsive investigations we would suggest a
scheme such as the following, which gives a complete survey of
che
all the vegetable products of a fibrous nature.

Group 1. Bast Fibres of Dicotyledons.

Class I. Fibres suited for higher textile uscs, by reason of
length of ultimate fibres and nbso'nce of llgmﬁ'catlon. )
Class 11. Yibres of lower textile value, owing to shortness of

ultimate fibre and lignification.
Class 11 Fibres inferior to the above, to be used only by
the rope-malker or paper-manufacturer. In this class the fibrous

wastes obtained in the working of members of Classes 1. and I1.

would be included.
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Group II. Monocotyledonous Fibres.

Class 1. Fibro-vascular bundles. Applications to textile
purposes according to degree of fineness and divisibility.

Class II. Whole stems or parts of plants, available only for
coarsest textile uses and for paper-making.

Group III Miscellaneous.

Includes seed-hairs (flosses), the tomentum from leaves,
epidermal strips (Raffia), &eo.

Within cach of the groups of the original classification
(Part L) the fibres specially examined will be discussed in the
alphabetical order of their scientific names instead of in their
supposed relative values. This course has been presumed to
be at once the simplest and the least open to error, since it
must be admitted that while chemical and microscopic pecu-
Liarities indicate the lines of possible utility, practical difficulties
often lower the value of one fibre, Jjust as experimental tests
may raise another. Thus, for example, rhea fibre has still to
be separated from the bark and the gum at a price that will
pay, and the degree to which a rhea crop exhausts the soil
would present a formidable obstruction to an extended trade in
that most valuable fibre, even were the mechanieal difficulties
overcome. So in a like manner a lower position has been
assigned to the mdlii fibve (the fibre of Bawhinia Vallii) than
it may practically be found to deserve. The ultimate fibres
are short and lignified more or less, but in spite of these oljéc-
tions the fibre possesses properties that may commend i} to
certain industries,

Division A.

Banmeria Nivea, H. & A. ; Urricacex.—Rhea grass;
China grass; Ria, Beng.

Inthe plant.—Fig.7; fig. 8. The bast is a continuous ring ;
fibres in loose contact, Ovoid to polygonal, cavity large, very
variable, mean diameter greater than flax,

Texlile ﬁlmnents.—-Average number in bundle, 3; frequently

single.  Section as in fig. 8,
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Ultimate fibre—Exceptional length, 40-200 mm. ; greatly
in excess of any fibre. o
Reaction (Vétillart).—Blue with iodine and su!phunc acid.
This yiclds one of the finest, and at the same time )strongegt,
fibres in Asia. In India there are many species 9f Behmeria,
however, and it seems probable that, in- con'centratm'g our _atten-
tion on conquering the difficulties against introducing this pér-
ticular species, we may have overlooked others of equall merit.
Nearly every province in India has ome or two mdlgel(llous
species of thea, and while most of these are regularly 1't:SOIItef : to
by the natives as sources of strong fibre, the fibres Optallle(diO;n
them are quite unknown to Europeans. .An effort was mla b‘ 0
bring to the Colonial and Indian E)'dubmon as many of these as
could be procured, but if longer time had been gn‘en‘the set
might have been much more numerous. The reader is, how-
ever, referred to Maoufia and Vz'llebmme.a as two qf the most
valuable rhea-yielding plants. The particular specimens, how-
/ ibited were very inferior. )
eyel"i‘:: X11)11‘b J. Forbes Wz{tson is due the credit of having pro-
cured an international interest in this wontle}'ful fibre. A sum-
mary of all the reports and publications \.vhlcrh I:zn"e appeared
on the subject of rhea grass will be fouud.m Watt’s qu‘tlonary
of the Economic Products of India’ (vol.i. pp. 46.8 to 4'63‘). It
is not deemed necessary to reprint here the vulummons' informa-
tion now available, but in submitting the results of our per-
sonal investigations, we feel confident the greatest hopes may
be held out regarding the plants allied to 1-1.1(3_(1.' Although the
collection of fibres shown at the late .Exhlbltlou was marvel-
Iously complete, it is belie‘ved th‘e al!xcd rhea fibres were less
perfect than many others of a far inferior c)lm)ructcr. '
CALOTROPIS GIGANTEA (AND PROCERA), R. Br.; ASCLEPIADEZ,
—_ - Hind. ; dranda, Beng.
‘q%zdat;:eiilant’.——Fig. 9. Fibre disposed in agg'regate of
50-100. Cortical parenchyma largely developed.  Iibres oval,
herent. .
1005;}2;;_?8 filaments—Short length (8-16 in.) owing to nodes of
stem ; bundles easily divided. '
Ultimate fibre.—Length, 10—30'mn.1. 5 ends tapering. - .
Reaction (Vét.).—DBlue-violet with iodine ‘and SUlphl'll‘lc acid.
A small shrub, common throughout India. The silky floss
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from the apex of the seed is used for stuffing pillows, and has
been proposed as a paper fibre.  Attempts have been made to
spin this silky floss, but it has been found too short in staple,
and too light for ordinary purposes. The bast fibre from the
bark has, however, attracted considerable attention, and is eon-
stantly spoken of as one of the best of Indian fibres. The chief
difficulty in utilising it seems to reside in the inability to rapidly
and cheaply separate and clean the fibre, and in the shortness of
the fibre when extracted.

A very great interest was shown in this fibre during the
Colonjal and Indian Lixhibition, and a summary of the action
taken is contained in the following extract :—¢The world has
licard so much of the madar ibres that it may be viewed as pre-
sumptuous on my part to desive to go back upon the unfavour-
able verdiets which experts have passed upon them. It is well
known that the stems of this plant afford one of the strongest
and finest of vegetable fibres, and one of the most beautiful.
The great difficulty is to separate this fibre from the stems, and,
indeed, so great is this difticulty that the idea has practically
been abandoned. By nitrating madar fibre, however, a sub-
stance may be produced which can with difficulty be detected
from sillk. It has all the gloss and softness of silk, and would
secem so valuable that, in this state, it could well afford to bear
an expensive process of separation.

“I desire your attention not so much, however, to the possi-
bilitics of anudar bark tibre as to the floss found attached to the
sceds.  This has been pronounced too short and too light to be
worked on machinery.  But I have begun to suspeet that we can
correct these defeets to a large extent.  The plant is wild along
country roadsides in India, luxuriating on every bit of weste
sterile Tand. . No person, as far as I am aware, has thought of
cultivating it.  An important Lancashire spinner has assured
me, however, that cven in its present state he can use any
amount of the fibre; all he requires is a uniform and steady
supply.  We have agreed that this can never be secured from a
wild plant, which has to be eolleeted by wandering along miles
of roadsides.  Through the kindness and co-operation of a mis-
sionary friend, however, T am at present having a few acres of
inferior land cultivated with madar, and we arc hopeful of being
able to prove to the poor Santals of Lengal that this crop would
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pay «nem far more than some of the things thfay a'nd their fore-
fathers have been in the habit of growing. If this can be done
uniformity and continuance in supply may not only be se'cured,'
but it may be confidently hoped that, with carefn‘l seloctlon' of
seed, after a few years we may educate the plant into Pecommg
obedient to man’s skill. Our cultivated mac“lar may yu%ld a floss
that will have none of the defects complafmed of. If this can
be done, I am satisfied my friend will do 1t., for 1 know of no
more careful and painstaking person in India ‘fhan the g?ntle-
man who has most generously undertaken to pioncer the 'mtro-
duction of this new anuual crop.”—Watt, ¢ Journal Society of

Arts’
CANNADIS saT1va, Linn, ; Urticacez.—Hemp ; DBhang,

i . 4 1 Ben .
ngs (Lsrtl;ted b§ Dr. Watt, infra, this fibre has never been sue-

roduced in India. ‘
CGSS%}}}Y gculiar microscopic features, as ‘explaining the in-
feriority of the fibre produe(?d ir} these latitudes, ate exhaus-
tively discussed by Vétillart in .lns treatise, pp. 72-75. ‘
The fibre was not included in our list for laboratory mvesti-
gatlhoﬁ;st probably a wild plant in the l.nountm'n tracts of
Northern India. It is chiefly, if not exclusively, cultivated on
account of its narcotic principle. Several attempts have Deen
made to use the stems rejected af‘Fez' the scparation of the nar-
cotic, but these have uniformly failed, It ]mg been found thn;
the narcotic-yielding plant aﬁ'qrds only.a rms‘emble fibre, anc
in the plains of India, at least, 1t seems 1n11)o§SIble to prpdnce a
profitable crop of hemp fibre. On the ?nlls}, especially at
Kumnun, the plant is often cultivated for its flbl‘(?, {L}ld COArse
cloth is made of it by the hill people. At the beginning of the
tury every effort was made Dy tl'le Government to
establish in India a hemp industry, but the idea secms to have
been abandoned in favour of .S.‘unn hemp and other 111(11{0?enol.1s
fibres. It is probable that failure wou}d {LjﬂtOlld any eﬂ(')rt in
this direction, even should a demand arise for new supph-es oi.
hemp. The climate of India secms to favour th‘e prod'uctlon.of
the narcotic at the expense of the fibre. F'ISCQI difficulties
would also have to be overcome of a very formu.lable character,
for the Government of India would never permit a greatly ex-

present cen
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tended cultivation of a plant, the leaves and flowers of which
yield so pernicious a narcotic. From the Government reports
of the forcign trade of India in 1881-83 there would appear to
have been 9092 ewt. of hemp, valued at 1R2,14,718, imported,
and 73,029 cwt., valued at 115,82,679, exported. How far these
figures allude to the true hemp it is impossible to ascertain, for
it must be recollected that a series of widely different fibres are
often spoken of as “ hemp,” such as Manilla hemp, Sunn hemp,
&e.

CroTaLARIA JUNCEA, Linn, ; LEGUMINOSA.— Ordinary
Indian names: Sunn hemp; San, Beng.; Ambidi, Bomb. ;
Jenappa-nar, Tam.; Jenapa-nara, Tel.; Paiksan, Burmese;
Tdg, West India.  Commercial names: Sunn, Indian Liemp,
brown hemyp, Bombay hemp, Wucku or Travancore flax, Jubal-
pur hemp, Konkan hemp, &e., &e.

Textile filaments—Fig. 10. Bundles of 20-50, not easily
divided.  Fibres polygonal, cavity small. Fibre substance
shows well marked concentrie rings.

Ultimate flbre—Fig. 11.  Length, 3-5 mm.; ends tapering
abruptly ; characteristic markings, spiral.

Reaction-—With iodine and sulphurie acid, mixed blue and
brown; with aniline sulphate, yellow streaks ; shows lignifica-
tion. This fibre may be regarded, both chemically and strue-
turally, as intermediate between those of Divisions A and B.

An annual plant belonging to the pea family, universally
cultivated all over India on account of the strong, uscful rope-
fibre obtained from the twigs.

This is separated by retting the stems much after the same
method as is practised with jute, only that experience has shown
that the Sunn fibre is stronger when the plant has not only*been
allowed to flower, but to ripen its fruits and seeds. Opinions
seem also to concur as to its being preferable to ret the stems
soon after cutting, instead of following the practice adopted in
some parts of South India, of drying them before retting. In-
deced, it is recommended by the most successful cultivators to
submit the thick ends of the stems to about twenty-four hours’
retting before completely submerging the whole of the twigs.
The cowmrse cloth made in Mysore from this fibre was in Dr.
Buchanan's time, as at the present day, known as Gons (Gunny),
2 name almost exelusively applied in other parts of India to jute
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cloth. Considerable ambiguity is caused by the numerous names
given to Sunn fibre, as in some parts of the north-west provinces
jute, and not Crotalaria, is known as Sunn‘ hemp. .

While Bengal is pre-eminently the jute-growing country,
Western and Southern India seem to prqduce the better
qualities of Sunn hemp, and it seems surprising that no effort

~has as yet been made in these presidencies to develope a Sunn

hemp industry. Both Roxburgh and Royle sho.wed beyond all
doubt that the Sunn was a far superior fibre to jute, a fact con-
firmed by our recent chemical and microscopic investigations.
Roxburgh showed that, while dry, a line of jute broke Wltl} a
weight of 143, and, when wet, with 146; a similar Sum'l line
sustained 160 and 209. Royle has shown that a cord, 8 inches
in size, of best Petersburg hemp, broke with 14 tons 8 cwf. and
1 qr., while a similar rope of Sunn only gave way with 15 tous
7 ewt. and 1 qr.  He further demonstrated the sl}ght deteriora-
tion of Sunn hemp as follows:—A rope made in 1803 brolice
with a weight of 6 tons O ewt. 3 qrs., whereas, when kept till
1806, it gave way with 5 tons 17 cwts. 0 qrs. '

Tt is impossible to urge too strongly the claims of this much
neglected fibre, a fibre which seems to lmv.e 511ﬁ’erecl goverely
through the immense success of jute obsg'ur]‘ng for a time the
properties of all other fibres. At the begmnu'lg of the 9@ntury
Sunn hemp held a much more important poswlon'tlmn it does
to-day, and all efforts to cultivate the true hemp in le.la were
abandoned, from the impression that the so-called‘ lndlgenf)us
hemp was, for all practical purposes, of equal merit. During

“the Colonial and Indian Exhibition numerous Inquiries were

made as to why it was that so little of the better qualities of
Sunne hemp were procurable. Mr. Collyer and several other
brokers and merchants stated that thei1.‘ o?lly QI'ﬁficulty in push-
ing the trade in Sunn hemp was their inability to procure a
uniform and large enough supply. FI‘OI]'J these and many other
considerations we strongly commend this .“:ell known fibre to
the attention of the Government authorities of Western and
Southern India. What encouragement they may be.able to
render may hopefully be anticipated to lay the toun‘datlon fora
textile industry that may yet come to bear a creditable com-
parison with the jute trade of .Bengal.' .
There are two or three allied species of plants all affording
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the Sunn hemp of commerce, but it is underftood the better
qualitics ave forms of Crotalaria  juncea, which owe their
superiority to climatic conditions and superior methods of eulti-
vating and preparing the fibre. It should never be forgotten
that while Sunn hemp may be used as a substitute for true hemp,
the plants and fibres obtained from them ave widely distinet.

GIRARDINIA HETEROI'HYLLA, Decaisne; Urricaces,—The’

Nilgiri Nettle; dwa, alla, Lichua, Hind.

An exceedingly ecommon, large, herbaceous plant of the
forests of the warm-tempoerate regions. It is common throughout
most of the hill districts of India and Burma, but especially
upon the Himdlaya.

There are two if not three distinet species, cach of whieh
yields an admirable fibve. 6. zeylunica is ‘the tiue Nilgiri
Nettle, but commercially the fibres of all three have come to
bear that name. The true Nilgiri Nettle is chicfly met with on
the mountains of South India,  G. heterophylla is the character-
istic form of the plant met with on the Himalaya.  This affords a
fine, silky fibre, used in Sikkim and the Naga hills for ropes and
coarse cloth resembling gunny. Roxburgh says of it: “The
bark abounds in fine, white, glossy, sill-like, strong fibres.”

A very serious diffienlty, preventing an extended use of these
stromg fibres, is the stinging hairs of the plant. These cause
great annoyance to the persons employed to extract the fibre, and
eveu after being manufactured into cloth, the poisonous pro-
perty has not been completely destroyed, but, on the contrary,

often causes great Irritation to the person wearing garments.

made of this eloth,

Linum usITATISSIMUM, Linn.; LaNex—Ilax. Ifigs. 12,13,
represent scetions of home-grown flax; it is introduced ds the
prototype of textile bast fibres. 1t is cultivated extensively in
India for its sced.  The attempts to produce the fibre, as in the
ase of hemp, have failed.  (See infra.) -

In the plant.—The bast is in a continuous ring ; sometimes
two concentric fibrous zones are developed, the fibres in which
Lave different features, In many cases an aggregation into
groups is noticed,  The fibres are in loose contact, the cortical
parenchyma is not largely developed.

Textile filuments—Average number of fibres in bundle
5-10; casily sub-divided.
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Ultimate fibres—Tig. 1+, Lxceptional length, 25-40 mm.
Two types: (1) the normal, small diameter, thick-walled and
polygonal; (2) large, ovoid, with large cavity resembling
rhea.

The well-known linseed oil is obtained from the sceds of
this plant, and for this purpose it is extensively cultivated
throughout India. The stems do mot appear, however, to
develope the fibre, and in no part of India is the plant
specially cultivated as a source of flax.  Whether this is due to
the abundance of other fibres discouraging any effort to produce
flax, or to the climate of India favouring the development of the
oil at the expense of the fibre, or simply to the peculiar varicty
cultivated being an oil- and not a fibre- yielding form, does not
appear to have been practically solved. We should be glml‘ of
an opportunity to thoroughly investicate this matter, and with
the approval and co-operation of the Government of India would
propose to procure a quantity of the best llax-yielding seed from
two or three Ewropean countries.  This we should simulta-
neonsly cultivate, half in India and half in Burope. If the
Indian sauwples were cultivated and carefully reported onm,
according to an agreed upon plan, the produce would enable us
to form some definite ideas. At the same time, it would be
necessary to have selected samples of Indian linsced cultivated
alongside of the European, both in India and in Kurope. Fr()l‘n
such experiments we would be in a position to judge whether it
was the effect of the climate or defect of the form of linsced
cultivated that rendered the rejected stems of the Indian oil-
yielding plant valucless as a source of flax.

At the late Colonial and Indian Iixhibition, numerous
inquirics were made as to whether India could not Le inducerl
to cultivate flax.  The large, bold linsced was much admired,
especially the white form, and several flax spinners solicited and
qhteined samples of the Indian sced, from a conviction that it
was some defect in the cultivation that prevented the Indian
plant from yielding a very superior flax. It was universally
admitted that the time had now come for the Lnglish flax-
spinners to seek a new source of supply, or some good substi-
tute for flax.

While venturing to make the suggestion that experiments
might be instituted on the subject of flax cultivation in India,
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we are fully aware that such experiments were performed from
the beginning of the century down to about 1850. It is pre-
sumed, however, that the immense advances which have since
taken place have prepared the way for the subject deserving
renewed efforts.  We are confident that just as with hemp so
with flax, the remarkable progression of the jute trade hindered
the establishment and growth of a flax industry. It is the
opinion of most experts that a re-action has now set in, and that
the demand for textiles of all kinds would justify a fresh effort
being put forth. Moreover, it is presumed that the success of
the wheat trade has abundantly demonstrated what may be done
in India towards enltivating during the cold months erops
peculiar to northern Kurope. The experiments made with flax
some half a century ago were chiefly in Dengal, whereas the
more natural regions would appear to be some parts of the
central provinces, of Bombay aud the Panjab.  That flax can be
produced in India was demonstrated beyond all doubt (although
it is probable that the fibre-yiclding plant would be found to be
of little or no valuc as a source of the oil-sced) ; indeed, so sue-
cessful were the early experimenters, that in a letter dated
November 22nd, 1841, the Government of India refused to
afford any official assistance, because “the cultivation of flax
can no longer be considered a doubtful experiment, since it
appears from your (Agri-horticultural Society’s) report to have
proved in many instances successful ; and where suceessful, to be
very fairly profitable.”  Inspite of thisapparently hopeful posi-
tion, the cultivation of flax was discontinued in India shortly
after; but, be it observed, that this was the very period at which
jute cultivation was making rapid strides.

Maovutia Puya, Wedd.; UrricacEz— Poi, Hind. 4

A shrub, with white leaves, found in the Himélaya from
Garhwal eastward to Assam, and the Khdsia Hills and Buima,
chielly in old cultivations and up to 4000 feet in altitude. _

It yiclds a strong fibre of exccllent quality, very much re-
sembling rhea ; this is made into fishing nets, net-bags, twine,
and cloth. It seems highly probable that this plant could be
more easily enltivated than the true rhea, and that the fibre
would be found quite as serviceable.

A large bale of this fibre was shown at the Colonial and
Indian Exhibition, and by experts pronounced identical with
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vhea. Tt now remains to be carefully ascertained in India
whether there would be any advantage in cultivating this plant
in place of Behmeria nivea. We can only repeat what wo
have said elsewhere, that every effort should be put forth in
India to ascertain the peculiarities of every plant allied to rhea.
Iu some respeets the true rhea is too strong, and a rhea-like fibre

" alittle inferior in point of quality, that could be more easily cul-

tivated and wore cheaply separated from the twigs, would in all
probability prove a more profitable and moreacceptable fibre than
the rhea which has oceupied, and justly occupicd, the minds of
experts for the last few years. .

The specimen of this fibre exhibited was very 111.fer1(.)1' in
many respeets. It is introduced here, as presumably its right-
ful place, when normally prepared.

Not only was the specimen inferior in point of preparation
(vide Analysis, Div. D), but it was found in the microscopic ex-
amination, impossible to isolate the ultimate fibre, by reason of
its breaking up wnder the needles.  Many of the fibres of the
Utticacese show this tendeney to brittleness; but with special
attention to cultivation and the conditions of growth, these de-
fects can in all probability be removed.

MARSDENIA TENACIsSIMA, W. & A.; AscLEpriaprex.—Ilaba,
Bombay.

Filaments.—10-13 inches in length ; 10-30 fibres in bundle.

Ultimate Fibre—5-20 mm. in length.

A climbing shrub found in Kumaon, Oudh, Behar, Bengal,

and Ava. It vields the silky fibre sometimes known as

« Rajmahal hemp,” one of the strongest and finest of all fibres,
and vet at the present day one completely negleeted.  Dr.
Roxburgh was the first to discover this plant, and to deseribe
in the Flora of India the uses to which the fibre is put. The
bill tribes of Bengal prepare a bow string with it which is
soidl.to last for years in all climates.  Dr. Royle gave a little
additional information, but for half a century nothing further
has been learned regarding it.  No experiments have as yet
been made to ascertain whether ornot this plant could be culti-
vated as a supply of fibre. Next to rhea, it must rank in point of
fincness and durability, and we cannot urge its claims to the atten-
tion of Government in too strong terms.  If it can be shown
that tle fibve could be cultivated at all, it might then become
D
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a question whether the Zaba or rhea could be produced
cheapest.

VILLEBRUNEA APPENDICULATA, Wedd.; URTICACEZ.—Bun
Rhea, Ass.; Lepie, Lipiah, Nepal.

A small tree of the north-eastern Himélaya, Khdsia hills,
and Chittagong.

It yields an extremely valuable fibre of a rich brown colour,
strong, and flexible ; this is made into ropes, nets, and coarse
cloth.

It is doubtful whether the samples shown as this fibre at the
Colonial and Indian Exhibition were correctly so named. In
India it holds a far higher reputation than the specimen we
examined would secm to justify. DMost of the Usticaces allied
to Beehmeria yield valuable fibres,

DivistoN B.—Fibres of less teatile value by reason of lignifica-
tion and shortness of the ultimate fibre-cell.

ABROMA AUGUSTA, Linn.; StErcuniacez.— Ulatkambal,
Beng. ,

Filaments.—Bundles of 10~50 fibres. Section fig. 15,

Ultimate Fibre—Fig. 16. Slender, typical form; length
1:5-2 mm.

A small bush, widely spread, native or cultivated, through-
out the hotter parts of India.

The bark of the twigs yields a much-valued fibre, which
deserves to be more generally known. The plant is a perennial,
stands coppicing, and yield three crops of fibre-twigs a year.
This fibre might be used with advantage as a substitute forsjute,
which it resembles, but is mucl more durable.

ABUTILON ASIATICUM (AND INDICUM), G. Don; MALVACER,
—Country mallow ; Petari, Beng. e

Filaments.—Seen in section fig. 17.  Very variable, usually
from 10-50 fibres in bundles ; strongly coherent.

Ultimate Fibre—Fig. 18. Length, 2-4 mm.; ends taper to
fine points. In section polygonal to ovoid, with large cavity.

These two plants are nearly allied botanically, and from
an economic point of view they may be regarded as one and the
same.
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A. asiaticim, G. Don, is chiefly met with in Western India
and Ceylon, while 4. indicum, G. Don, is widely distributed
throughout tropical India, to Prome, Pegn, and Ava (but not
found in Malacca.)

The stems contain good fibres suitable for cordage. These
exceedingly abundant wild plants deserve attention.

CORCHORUS CAPSULARIS (and oLITORIUS), Linn. : TILIACEZ.
—Jute; Paf, Beng.

This fibre being especially typical of the group and of ligni-
fied fibres generally, was more fully investigated. Plants of
either species of normal growth, raised in this country by Dr.
Watt, were cut down at the fruiting stage, and sections of the
stem were cut at intervals throughout its length. It is, per-
haps, worthy of mention that the plant of the former species
attained a height of 5 feet (unbranched). The development of
the fibre was traced in this way from its first origin in the
cambium of the growing point to the highly differentiated
triangular aggregates of the later growth. The course of
development is shown in the sections (figs. 19, 20, 21): of
these the first was taken at a point a few inches below the
growing point, the secend at about one-third of the length

" down, the third near the root. In the first the differ-

entiation of the cambium, though not evident in the photo-
graph, was perceptible to the eye, and very sharply brought
out by means of reagents such as aniline sulphate, chlorine
followed by sodium sulphite (red coloration), showing there-
fore that the chemical characteristics of this bast are manifested
from its very origin, that the lignocelluloses in fact are primary
plant constituents. Although we had previously found evidence

‘of ¢his in the uniformity of composition of the fibre-substance

from root end to tip of the ordinary commercial fibre, the
results of this histological examination of the stem affords im-
portant confirmation of this view, and throws light on the pro-
cess of lignification generally.

In the portion of which fig. 20 is a representation, forma-
tion of new bast by differentiation of the cambium is actively
proceeding. The bundles already formed are undergoing sub-
division and further differentiation with thickening of the fibre
or cell walls. In fig. 21 we have the final stage of develop-

ment.
D 2
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Filaments.—The fibre as found in commerce consists of the
fibre bundles separated from the cortical parenchyma., The
bundles contain from 6 to 20 fibres, TFig. 22 represents sections
of the filaments highly magnified. The fibres are firmly colie-
rent in the bundle, the cohesion taking the form of fusion of
contiguous walls, the line of fusion being very apparent.

Ultimate Fibres—These are seen in section, fig. 22 ; in the
length, fig. 23. They are of the normal fusiform type, 1*5-3 mm.
in length. In section, thick-walled and polygonal.

Beactions characteristic of the group: Brown with iodine;
deep yellow with aniline sulphate ; purple with phloroglucol
and hydrochloric acid ; a strong affinity for the basic colouring
matters.

Mercerised  fibre—Microscopic features.—Concentrated solu-
tions of the alkalies have a remarkable action on fibres of this
group. They resolve the bundles more or less completely, and
cause the fibre wall to swell so as to almost obliterate the cavity
(fig. 24). The filaments, in addition to being made finer, are
much softened in texture, and develop a wavy outline, giving
the fibre very much the appearance of wool.

This fibre is prepared by retting the stems of Corchorus
capsularis, Linn, and C. oliforius, Linn., two species of closely
allied plants. The former has a spherical fruit, flattened at the
top; it is the species whiich yields the fibre in Central and Fast
Bengal, The latter has an elongated fruit, and is the species
cultivated in the vicinity of Calcutta. The genus Corchorus
has representatives in all the warm, moist regions of the world—
Asia, Africa, and America. Geographical evidence cannot
therefore be resorted to in cfforts to determine the ancestral
home of the jute-yielding species. C. olitorius is the Jew’s
Mallow. It is cultivated in Egypt and in Syria as a vegetal)le,
and in many other parts of the world. By some authors it is
viewed as a native of Western India and of Kordofan. Jn
Bengal, where both C. olitorius and C. capsularis are cultivated
for the fibre, they do not appear to exist in a wild condition,

The first commercial mention of the word *jute ” is in the
custors returns of the exports for 1828. In that year 364 cwt.,
valued R620, of raw jute were exported to Europe. . The manu-

facture of gunny-bags and cloth was then entirely in the hands

of Indian peasants, but the trade must have been limited, since
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there do not'appear to have béen any foreign exports in these
jute manufactures. Jute mills were, however, early established
in Dundee, and a large export trade in raw jute sprang into
existence. Down to the year 1854 little or no effort was made
to improve the Indian jute manufactures, but in that year the
“TIshera Yarn Mills Company ” was established near Serampore.
Three years later the company, now known as the « Baranagore
Jute Mills,” was established, and in 1863-4 the “ Gouripore
Jute Factory ” was founded. Factories sprang up rapidly in
every direction around Caleutta. There are now 23 large jute
mills at work in India, and in 1884-5 the exports of raw jute
amounted to R4,66,13,684, and the exports of manufactured
jute to R1,54,38,696. Expressing these figures at par, we have
the startling fact that the value of the foreign trade in jute in
1828 was only 627 sterling, but during 1885 it was 6,205,238,
In recent years the jute trade has not been in a very flourish-
ing condition, over-production having caused a fall in prices.
During this time, however, the exports of Indian manu-
factured jutes have been steadily improving, and the exports of
raw jute apparently falling off. Little more than forty years
ago the peasant hand-looms of India met the home and also the
foreign demand for Indian-made gunny-bags, but the opening
out of steam factories in India has not only absorbed this trade,
but has greatly extended the foreign market. This is illustrated
by the fact that in 1850-51 the exports of hand-loom manufac-
tures were valued at 215978l ; in 1884-5 they were only
51,8421, There were no European factories at work in India in
1850, so that the exports of manufactured jute which appear in
the trade returns for that year must have been entirely hand-
Joom; made. DBut even with 23 large factories at work, the

" foreign trade in raw jute is four times as valuable to India as

her exports of manufactured jute. In estimating the total
value of jute to India, care must be taken not to regard the
quotations of imports and exports of jute and jute manufactures,
declared as such, as indicating the actual extent of the trade.
Leaving out of account the large quantity of jute used up
annually by the people of India themselves for agricultural and
internal trade purposes (home trade), an immense number of
gunny-bags leave India in the foreign produce trade filled with
wheat, rice, and other grains and seeds, and are therefore not
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included in the returns of exports of gunny-bags. ¢ Through the
lgmdnoss of a Caleutta jute merchant the following figures have
deel'l procured for the total Bengal trade in jute manufactures

uring t'he year 1882, The commercial year does not corre-
s;.wond with the Government financial year, so that a slight
difference exists between the figures compiled by merchants
and those published by the Government of India. There were
e)fported 41,523,607 power-loom made gunny-bags (this is
given by Government as 41,156,766); but according to the
(Jz:lcntm .brokers there were sold in Caleutta over and above
7(,51‘9,104 gunny-bags. About one-half of these are shown in
the Government reports of coasting and railway-borne trade to
have been sent from Bengal to other provinces to be used in the
home and foreign grain trade. Of the balance no record is pre-
serve('l by Government in any form. These bags were of course
used in the Bengal home and foreign grain trade. It should thus
be carlefully observed that the published figures of exports of
manutgctnrcd Jutes as such represent probably little more than
01‘1e-tlurd' the actual trade in these bags, Mr. J. E. O’Conor, in
his ‘ Review of the Trade of India,” for 18%4-5, while speaking
f’f the exports of manufactured jute, says, « the whole trade in
jute ‘mmnllfactums " was valued at R1,54,38,696 (=1,543,869L),
but in his ‘ Annual Statement of Trade and Navi’gution;’ he
shows that power-loom gunny-bags to the value of R74,44,577
(over and z}bove the forcign exports) were sent from Bengal to
otllf’r provinees. If to this we add the value of the bags used
up in Bengal itself, the whole value of the Bengal trade il jute
manufactures cannot have been far short of 3 crores of rupees

(3,000,000). Since 1882 the exports to foreign countries of

jJute manufactures have greatly improved; last years for
example, 77,841,776 gunny-bags left India, or, including hgnd-
loom bags, 82,779,207 wero exported, while nearly 40 millions
were in addition sent to other provinces, and probably “bOUt‘ﬂ.le
same number used up in Bengal itself.

The total value of the foreign jute trade during 1884-5 has
been published as 1¥6,24,15,687, and it is amusing to observe
that raw jute is actually being imported inte India, Arabia

having sent raw jute to the value of R583. The imports of
manufactured jutes were valued at R3,61,943, chiefly from,

Ceylon, Great Britain, and the Straits.
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For speciab information in regard to recent developments of
the application of jute, see Bull. Soc. Mulhouse, 1881.

GREWIA ASIATICA, Linn.; TILIACEE. — Phdlsa, Hind.
Shukri, Bengal.

A small tree cultivated throughout India, the bark is used
in rope making, and much resembles the European bast (linden)
fibre.

G opPOSITIFOLIA, Roxb.—Biul, Hind. ; Pharwa, Pb.

A small tree, wild in Northern India. The bark yields a
fibre frequently used for cordage and in paper making,

From the very short length of the ultimate fibre, 1-1*5 mm.
(fig. 25), and the inferior character of the specimen, it was not
deemed worthy of further investigation.

HIBISCUS CANNABINUS, ESCULENTUS, FICULNEUS, SABDARIFFA,
TILIACEUS, VITIFOLIUS, Linn,; MALVACEZE.

The various species of Hibiscus (infra) yield fibres elosely
resembling jute, both in chemical and structural properties.
The filaments, in section, are indistinguishable from those
of jute. The ultimate fibres also. Of these the largest are
found in the H. cannabinus, viz. 1'5-4 mm. (fig. 26), which
confirms Dr. Watt’s estimate of its relative superiority
(infra).

Hisiscus CANNABINUS, Linn. ; MaLvAcEz.—Deccani hemp;
hemp-leaved Hibiscus; Ambdrei, Hind.; Mesta-pit, Beng.;
Garnikura, Sans.

A small herbaceous shrub, with prickly stems, apparently
wild, east of the Northern Ghats. Largely cultivated, especially

in the North-west Provinces and the Panjdb, for its fibre, which
is stronger though not so good as Sunn (Crotalaria juncea). In
Sind this is considered the best fibre for nets and ropes. 1t is
the chief fibre used in the manufacture of paper in the Dacca
district, Bengal. It is also employed for this purpose in the
Madras Presidency.

A very interesting fibre, and deserves more attention. It is
sometimes met with as an “ adulterant ” of jute.

H. scuLeNTus, Linn.—The edible Hibiscus ; Ochro of West
Indies ; Gombo, Fr.; Bhinds, Hind.

A herbaceous aunual bush, naturalised in all tropical coun-
tries; only met with in a cultivated state in India.

The bark yields a strong useful fibre, deserving of more
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attention, especially by paper-makers. The plant is extensively
cultivated as a vegetable, and the fibre might therefore be pro-
cured at a reasonable rate. -

H. FICULNEUS, Linn.—Kapasiya, N.-W. P.

A patlv.e, most probably, of the Southern Provinces;
naturalised in the Panjab, Bengal, the Circars, and the Concan.
A small herbaceous and annual bush, which should be sown at
the beginning of the rains,

Like most other members of the Malvaceew, this yields a
valuable fibre.  Roxburgh says: “In none have I found so
large a quantity, equally beautiful, long, glossy, white, fine and
s.trong as in this. To these properties may be added the luxu-
riant growth and habit of the plant, 1'end.ering it an object of
every care and attention, at least until the real worth of the
material is fairly ascertained.” Like many other of Ruxburgl’s
valuable economic discoveries, this has remained for neal‘l;r a
century without having been taken any advantage of, The
nnmense success of jute has obscured not a few ffbres which
although not so easily and cheaply separated, would’be fal"
more valuable were they to be substituted for many of the pur-
poses to which jute is now put. Of these may be mentioned the
fibres of the various species of Hibiscus, Abroma, Abutilon, and
Sida. ’ ’

Hipiscus SaBDARIFFA, Linn.—The Rozelle fibre.

A small bush, cultivated in many parts of India. The
stems yield o good, strong, silky fibre. This is obtained by
retting the twigs when in flower. ‘

H. t1Liaceus, Linn.—The Bola or Chelwa of the coast of

Bengal.

This large bush is exceedingly plentiful on the coast; its
abundance, and the ease with which it might be still fur,nher
extended over tracts of country where little else will grow béing
powc:rful reasons for the utilisation of the plant being cal,'efully
considered. Tt yiclds a useful and strong jute-like fibre, exten-
sively used for cordage. Itis said to gain in strength when
tarred.

The fibre is readily scparated from the green or unsteeped‘

branches, the work of preparation Leing less tedious than with

the other fibre-yielding plants of the genus. It appears to be

well adapted for making ropes, mats, and paper.
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H. viriroraus, Linn.—Bun-kapas, Beng.

A common bush throughout India. The bark yields a
strong silvery fibre. ~

Considerable ambiguity is caused through the various species
of Hibiscus being classed together, and even the fibre of Sunn,
or brown hemp, spoken of as if it were a Hibiscus. This
has doubtless come into existence from the fact that in
Saharanpur, and many other parts of Northern India, the fibre
of H. cannabinus is called San or Sané, a name which it seems
desirable to restrict to Crofalaria. Of the fibres derived from
the genus Hibiscus, that from II cannabinus is by a long way
the best and most extensively cultivated. Were a demand to
arise for this fibre, a large trade might easily enough be
organised from Chutia Nagpur, the Central Provinces and the
Panjab. .

Hipiscus ELATUS, Sw.—Cuba bast.

This fibre, the West Indian Mahoe, is cited in the analytical
table, for purposes of comparison, by those to whom the fibre is
of possible interest, with Indian fibres. We take this opportunity
of referring to the report upon the miscellaneous fibres exhibited
in the Colonial sections, the investigations for which were
worked side by side with those of the present report. Those
specially interested in the subject may find some interest in
comparing the results of both.

Filaments—Resemble Hibiscus fibre; pale greenish-yellow
colour; somewhat encrusted.

Ultimate fibre—Yig. 27. Length, 1-1'5 mm.

PavoNIA zEYLANICA, Cav.; MALVACEa.—DBala, Sans.

A much-branched shrub, common in the North-west Pro-
vinces, Sind, the Western Peninsula and Ceylon. It yields a
ﬁbrcfof excellent quality. P. odorata affords a similar fibre, and
both these plants deserve to be more carefully cultivated and
their fibres tested.

The short length of the ultimate fibre (fig. 28), viz. 1-1+5,
places this fibre low in the scale of value.

SrpA RHOMBIFOLIA, Linn.; MaLvacEzE—Swet-berela, Beng.

Filaments.—Fig. 29. Similar to jute in all structural points.

Ultimate fibre—Yig. 30. Length, 1'5-2 mm. Similar to

jute. '
Beactions.—The same as those of jute.
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Although closely similar to jute in structurs and general
chemical characteristics, it is in appearance a superior fibre : it
is softer to the touch, and in all respects more uniform. This
superiority, moreover, is confirmed by comparative chemical

investigation, to show which we reproduce side by side analytical
numbers obtained for the two fibres.

Jute, Sida.

Moisture 103 10-7
Ash .. . 1-2 0-6
Hydrogen (a) 15-0 66
» o 18-0 12-2
Cellulose 750 830
Mereerising 16-0 G-6
Nitration . 125-0 137-0
Acid purification 1-0 0-3
Carbon pereentage 465 450

In the relatively high percentage of cellulose we have the
most important factor of superiority. It is interesting to note
the corrclations with this cardinal point of difference of all the
other quantities determined. This fibre is undoubtedly worthy
of extended investigation by practical men, on which point Dr.
Watt has already expressed himself in public (Znfra).

The plant yielding this fibre is a small gregarious bush,
abundant in many parts of India, especially so in Bengal, but
nowhere as yet cultivated.

“A beautiful silvery white fibre is obtained from the above-
named plant—a member of the mallow family. Botanically,
Sida may be said to be allied to jute, and the fibre it affordsin

many respeets resembles jute. It may be grown on the same

fields, and by the same cultivators. Tt can therefore be produced
at about the same price, for the fibre may be separated from the
stems by the swme simple process, namely, by retting and wash-
ing in water. The only fuctor that might conduce to mabe it
more expensive than jute is the fact that in its wild state it does
not attain the same length of stem as the cultivated jute; but
Sida has not been cultivated as yet, and there is no knowing but
that it may even exceed jute in its yield of fibre per acre. It
may be acoepted, however, that Sida fibre is, like jute, a cheap
fibre, and one that might be produced with great ease in immense
quantitics, the supply being as constant as that of jute. Its
claims for superiority over jute are very considerable. The fibre
is not half as coarso as jute, and it is of a much purer quality,
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and can therefore be spun into finer yarns than jgte, and‘ thl}lls
come into textile purposes which jute has totall‘y failed to 1elz)w .
It can take colour with great ease. In fact, Sida fibre hfa,s de(?;l
much admired by all the manufactu.rers who have examl(ile' 1t .
It is now being experimented with on both flax 8"8] Jute
machinery, and I am hopeful that, as one of the tan%l e out-
° comes of the late exhibition, this fibre will, in a very ?\vdy?‘:‘ars,
come to hold a distinct place amongst th’e fibres exported from
India.”—( Watt, ¢ Journal Society of Arts,’ 1887.) Bone

URENA LOBATA, Linn. ; MALVACEZE.—.—Bun-OChTa,' 'enniib-
Filaments.—Indistinguishable i;l Zectlon from Hibiscus fibre.

3 —Length, 1:5-2-0 mm, . .
glct‘,@()n;iifo.ﬁb\:ﬁd shrubgmet with all over India, especially in
the '}‘lﬁgtirzzilig;%ﬁinds in a strong useful fibre, which the natives

consider suitable for sacking and twine.

Drvision C.—Monocotyledonous Fibres.

We have not in the present paper uttqnptod ‘lcole]xamme
chemically and microscopically t_he properties of al ft o m(‘nlx:(-}
cotyledonous textile fibres of India. Most of these o zﬁl}lf va !
are obtained from introduced plants and are already Wt? L \1{1”0\;1116.
The following arc enumerated more by way of n’)’(ll'l;loh 1()
present brief review include all the fibres of India 1“ Lllj 1 . a;r >
a recognised position along with those which seem likely to be

in the future. '
bettz‘l:}lgilwn.:MEmc;xNA, Linn.; AMARYLLIDEE.—American
" aloe; vegetable silk.
o l’/'lth;ate Fibre.—Length, 2-6 mm. .
native of America but naturalised in many parts of India.
he leaves and the root yiel(?l axi excellent fibre.

' .—The bastard aloe. .

. fl‘xilix;qsll;‘ﬁ:;:eﬁner a much less robust plant than A4, amr;yl»z_
cana, and produces viviparous buds upon an ere<‘3t lsten(ll. Tlle
leaves are less fleshy, and erect 1115Fead of reflexed. e
flowering stem is less than half the height of that of A. amers-
cana, and much thinner and red-coloured. . ' }

Either or both of these plants are now w1d.e1y cultivated in
India, especially as protecting hedges to the railways. E.\'per.l-
mental cultivation as a fibre supply has also shown that this
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::ay be. remunerative.  All that is necessary at the preseﬁt day
di unlf(?rm and sufficiently extensive demand to warrant the
undertaking to make a trade of preparing the fibre.

o i Y y IACE]D. The 1me ‘.‘p ple 2

Ultimate Fibre—Length, 2-5 mm.

This and all other members of the Bromeliacez, now met

witl;F in India, were introduced from America.
done he 'l?aves, wh1c1.1 require to be steeped in water for eighteen
exi~’ 3’.16 d a beautiful fibre, which, but for the difficulty of
; dl.ac ;On’ would be largely employed. The fibre is used in
blel‘ lla é)l‘ t!le manufacture of a thread employed for threading
; 1;1( $ &, In necklaces. Since its introduction into India, the
ES z-:“.zplll)le l'ms taken hold of many extensive tracts of country,
qb%nilf y in .Burma, and the Straits. ‘It has become an
;herefant and in many .plaees an objectionable weed. Should
e ore a der;'lan(l arise for this beautiful fibre, as indeed

Is reason for anticipating, India might fai ’

. I , fi airly b ,
to afford an extensive supply.o, ¢ ¥ be expected
UriCA-RS,{S(')'TA URENS, Linn.; Paryaz.—Vern. Names. Salopa,
Mqﬁrj’ gno;g, Leptcha ;5 Bara flawar, Assam ; Bherld-mada

ahr ;- Conda-panna, Tamil ; ) se ; ,
it of Cogol 2 11l ;. Minbaw, Burmese; and the

A beautiful palm with i
; smooth stems, met with in the f

of \s,'e;stern and eastern moist zones. ’ e
N _U‘le long cordtlike threads found near the base of the
! atves.and embracmg. the stem, form the Eittil fibre, ndw so
1}‘{1«,;3“8“/01)7 emplo.yed in Europe in the brush trade. This has
ll)le ]' I;i-l to been entlrley obtained from Ceylon, the Indian people
COIDO )ﬂp-pzltrently ignorant of the fact that it possesses,any
exmum;rclm value.  The stronger fibro- vasenlar buddles
thmm_,} ed from the stem, were shown at the Exhibition, and
N llg it to .have a chance to come into use as a substitute for
W al\(I)bone in the manufacture of corsets.

USA PARADISIACA, Linn.; Scitamings—The P in ;
Rela, Hind., Bomb, ; Kela, Beng. e Hnteins

‘Ur?tzmate Fibre.—Length, 2-4 mm.
arious - species of plantain are extensively cultivated

ﬂll‘Ollgl]OUt Indiﬂ i
> and 8 D i or i
. )i nl orst, BV(,lu,l ‘Vlld fOl ms occur 1n the

©

~ hand, frequent the i
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A beautiful fibre is obtained from the stem of the Indian
plantain, though inferior to that of the Manilla-hemp. Atten-
tion has of late years been attracted to the plantain as a
raw material for paper-making. It seems probable that a
good future is before the paper industry of India, and that
amongst many other fibres the thousands of plantain stems,

®which by the natives are annually thrown away as useless,
may yet come to be used for this manufacture. The chief
difficulties consist in the low yield of fibre and in the fact that
the cultivated plantain stems would have to be collected over
a wide area, since it would scarcely pay to cultivate the plant ex-
clusively as a paper material. The wild plantains, on the other

naccessible recesses of the forests and the

question of freight to the paper mill would all but prove fatal.

Musa teatilis affords the Manilla-hemp of commerce. Large
quantities of this fibre are annually imported by Messrs.
Harton & Co., and other Indian rope manufacturers ; samples
of their ropes, made by this fibre, were ghown on the “ Rope
Trophy ” at the Colonial and Indian Exhibition. Attempts to
introduce this plant into the plains of India have been made
but with little success. An effort is now, however, being put
forth to acclimatise the plant in the Andaman Islands, and the
experiment so far seems successful.

QANSEVIERIA zZEYLANICA, Willd.; Linracez.—The Bow-
string hemp. ’

Ultimate Fibre—Length, 1-5-3 mm.

A~ stemless bush with a rosette of leaves ; common on the
coast of South India.

From the succulent leaves is extracted a beautiful, soft,
silky ,fibre, held in high estcem by the natives on account of
its eﬁzsticity and its consequent suitableness for bow-strings.
The fibre is much valued for the ropes employed in deep-sea
dredgings. It makes a very superior paper, but except for
very special qualities, is too expensive for the paper-maker.

YuccA GLORIOSA, Linn.; LILIACE.E. — Adam’s needle;

the silky grass fibre.

Ultimate Fibre.—Length, 1-5 mm.
A native of America from Carolina to Mexico and Texas.

Introduced into India, met with in gardens in Bengal, occa-
sionally naturalised in the Madras Presidency.
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The fibre which it yields resembles in mahy respects that
of the Agave, and is applicable to similar purposes. There
are several species, all of which yield excellent fibres; but
Y. gloriosa is the principal one and may be taken as the type

of the others. The root is said to be employed as a substitute
for soap.

Drviston D.—Paper and Rope-making Fibres,

The art of paper-making in India dates from the great
Emperor Akbar, and was first practised in Kashmir, Rapidly
it spread all over India, displacing the birch-bark used by the
hill tribes and the palm-leaves by the people of the plains. It
is probable, however, that the art of Nepal paper-making came
from China to the inhabitunts of the Fustern Himalaya long
anterior to the introduction of the paper industry by Akbar.
Even at the present day the paper-making of the natives of
India is very much like their glass-blowing, since it largely
consists in re-making from paper-waste,

In a country teeming with fibre-plants, it is a surprising
fact that the question of an Indian paper-fibre should still be
under consideration. European writers seem always to forget,
however, the immense size of the continent of India; while a
few hundred miles are of little consideration in many Indian
questions, the proportional railway freight upon a bulky
article often becomes prohibitive even to industries with a
larger margin of profit than paper-making. To cultivate fibre
specially for paper has many drawbacks; one only néed be.
mentioned—the cost of land near commercial centres. A
paper fibre must be, like esparto, fit almost for immediate
immersion in the vats, since paper-making can never pay
for the separation of fibre, even where land can be iot at’
a mercly nominal rent. Perhaps no fibre known to com-
merce can compete with jute in point of cheapness, yet- the
paper-maker can afford to purchase jute waste and jute
cuttings only, so that but for the demand for an altogether
different purpose, the paper-maker could never procure jute.
The two most important indigenous paper-fibres, in India, are
munj grass and bhabar grass. These are now being largely used
by our Indian paper-mills, the supply at a remunerative price
being the chief obstacle. The roots and lower stems of rice

L1
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have been suggested as a paper-fibre, and if estab.lished, that this
aterial would be worth the trouble of collecting, the ‘1‘pp11y
might be practically unlimited, but it is d01.1btful whejchel t (}
paper-maker could pay sufficient to cover freight and expense. ((1)~
collection. It has been demonstra'ted t.hat b:.xmboc.) affﬁ{ ]:
excellent paper, but it is feared practical difficulties exist whic

* for the present at least, dispel the hopes once entertained of the

jmmense tracts of bamboo forest becoming of commercial
‘alu\?ith esparto at present selling in England at ~1l ab t.on(:
there can be little or no chance for the fibres of India emb‘
exported to Kurope, to any large extent at least, as 1)1‘1]%)‘(-31
materials. Indeed, the European'manufacturer has to (:.01;11) ain
far more of a depreciation in price an'd deman.d rather than u}
any scarcity of raw material, It is curious that in the 1'etF1r11s10
the exports from India of rags and other materials, almost the
entire amount (valued at 37,0531.) appears to have begn sent ]t(;
the United States of America, a great country }vlncl} Eng) 1
naturally be expected to be independent of India, in this direc-
tlonﬁ?:(nlza\itl'lét we have said, it will bfa seen that. our remarlfs
regarding Indian paper-fibres are of interest mz}lnly to Il;d].a:
herself. The future of the Indian pnper-mlns hinges onlt weir
ability to meet the Indian market, and their power to -essel}
not merely the government but the commez:cml.lmpc(;zfs 0
European made papers. By far the best materials in India are

of cSirse cotton rags, waste jute, and old ropes of sunn-hemp,

ith bhabar and munj grass. .
togeltrll1 ecfn: jail on the North-west Himalaya, paper is made fr(')m
the bast of Desmodium tilizgfolium, a.nd throughout. the entire
lengith of the Himélaya, daphne bark is collef:ted fjor 1oca'l paper
manufacture. It seems to be an aecepted idea in India, that
one day the Broussonetia will be cultivated as a }ledge plant
throughout the greater part of the plains of Indlfl, an.d thus
becoufe the Indian paper-fibre of .the future. If it w111. ever
pay to cultivate any paper-ﬁlbre this may confidently be viewed
ainly the most hopeful.
* c'(i‘li::i‘lélgre, however, I1)nany fibres that would appear to repay
careful investigation, and our remarks undera few of the follqw-
ing may therefore be of some practical value to the Indian
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manufacturey,,, We have used an asterisk to indicate the fibres
that gge regard as of too superior quality to be employed for
paper. These may accordingly be viewed as rope-fibres.

The imports and exports of ropes and cordage to and from
India last year were valued at 70,5801, but this does not of
course include the very considerable Indian trade in Indian made
ropes. It is surprising that with the exception of cuir or cocoa-
nut fibre and of sunn-hemp, no other Indian fibre is used to any
very great extent. A very considerable import trade exists in
Manilla hemp (the long silvery fibre from Musa textilis), for
the Indian rope manufactures. At the late Colonial and
Indian Iixhibition, Messrs. Harton and Co., of Caleutta, exhibited
o very attractive trophy of ropes, in which the frame-work
consisted of Manilla hemp and coir hawsers. Efforts to in-
troduce the Manilla hemp plant into India have practically
failed, but it is surprising that none of the numerous indigenous
fibres treated of in this report have been found serviceable
for rope purposes. Indeed it would seem that this is far
more a consequence of trade prejudice than of any want of
good rope fibres in India. It would appear that colour, clean-
ness and general appearance, have a greater influence in the
rope market than ascertained strength and durability.

*ANONA RETICULATA, Linn, ; ANoNACEE.—DBullock’s heart ;
Nona, Beng.

Ultimate Fibre.—Length, 1-2 mm,

A small tree, common everywhere ; by some authors regarded
as wild in some districts, but it is chiefly met with in cultivition.

A good fibre is prepared from the bark of the young twigs.

*A. squamMosa, Linn—Custard apple; Saripha, Hind.

A small tree, the sweet-sop of the West Indies, natur:ﬂised ‘

in Bengal and the North-west Provinces.

An inferior quality of fibre may be prepared from the twigs
of this tree. .

It is improbable that either of the above fibres will ever
come to have more than a local interest.

Bamsoo. ‘

Ultimate Fibre.—Length, 2-4 mm.,

Mr. Routledge, in his pamphlet on ‘Bamboo as a Paper-
making Material,” makes the following remarks :— OF all the
fibre-yielding plants known to botanical seience, there is not

[aTTEN
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one so well calculated to meet the pressing requi
paper trade as ¢ bamboo,” both as regards facili
of production, as well as the quality of the ‘paper 3
can be manufactured therefrom.” While this is doubtless cor-
rect, there are practical difficulties which render it extremely
improbable that bamboo will ever come into use as a paper
material. The difficulty of getting a continuous supply of
young shoots without injuring, if not killing, the clgmps, a,ftfar
two or three years, the heavy charges likely to be mcu.rred in
conveying the material from malarious jungles to the mill, apd
the fact of the scales and young stems being covered with
hairs which cannot be removed, render the bamboo practically
unsuitable for paper-making. Experiments recently conducted
have proved that a clump of bamboo is killed after a very few
years if a large percentage of the shoots be systematically
removed. The natives of India, and of China, however, do
make paper from bamboo, and do not appear to regard it as
absolutely necessary to use the young shoots only. ‘

The following are the principal bamboos of India that may
come to be used in the manufacture of paper:—

BAMBUSA ARUNDINACEA.—Burma.

B. BALCOOA.—Bengal and Assam,

B. BranDISIL—Burma.

B. TuLpA.—Bengal.

B. vuraaris.—Throughout India.

DENDROCALAMUS HAMILTONIL—Bengal and Assam.

. srtrictus.—The male bamboo on the lower hills
throughout India.

Bauminia vagLi, W. and A.; LeaumiNosz—Maljan,
malu, Hind.; Chehur, Beng.; Adda, Tam.; Sihar, C.P.

Wtimate Fibre.—Length, 2-3 mm.

This is one of the most extensive, as it is one of the most
abundant and most useful of Indian climbers. It is found all
along the lower Himélaya from the Chenab eastward, in North
and Central India, and Tenasserim.

It abounds throughout all the warm lower mountainous
tracts, being most abundant in the mountainous forest ofd
the great table-land of India, and crossing the Gangetic basimf
it occurs again in all the forests which skirt the foot of thes
Himélaya. “Mr. Routledge, of Sunderland, was, I believe, the
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first person who drew prominent attention to the fibre derived
from this pla¥® Long before even Mr. Routledge’s attention
was ‘ected to it, however, the late Dr. Forbes Royle spoke
highly of it under its vernacular name, and specimens were
exhibited at the Great International Exhibition of 1851. The
fibre is universally used by the natives of India for the purpose
of rope-making, and it stands high in their esteem. Mr. Rout-
ledge has urged its use in the paper trade; but, although the
plant is sufficiently abundant to warrant the idea that it might
even pay to be thrown into the paper-maker’s vat, it seems to
possess such merits as a possible textile fibre, that it is more
likely to find a much higher place than Mr. Routledge designed
for it. The malu fibre may be gathered in immense lengths,
for the plant is one of those gigantic climbers which, by means
of its tendrils, extends its long arms from tree to tree, binding
the forest into great clumps. It is, indeed, a source of the
greatest annoyance to the forester, for it not only injures his
trees, but has such a vitality that it is next to impossible to
exterminate the plant, and a few months after it has been cut
to the ground, its long, elegant pendant boughs, laden with its
great clusters of white flowers, are seen waving in defiance from
the topmost branches of the trees. A very large and prac-
tically inexhaustible supply might be drawn from the forests
of India, at the same time I have no confidence in & large
industry depending upon a wild plant. The wide area over
which it would have to be collected, and the complete control
which the owners of the forests could exercise over the buyer,

would be dangerous to success. As a practical experiment;

a tract of country, say twenty miles, of the comparatively
useless stony hill-sides would have to be purchased and
systematically planted. A forest is not necessary féy the
plants to climb on; they would trail over the ground and form
with each other great clumpé. From such a plantation &
nucleus of supply corld be drawn and depended upon, which
would have a good mgra] effect upon the persons bringing to
th> planter supplies from the wild source. Thus it would be
possible to pave the way for a constant supply, and if this can

out be secured, the flre possesses in itself such high merit -

that it will soon make jtgelf known in the textile world. It is
one of the few vegetiple fibres that will stand to be dyed,
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bleached, and>worked up along with wool, a property which
speaks volumes in itself.”—(Watt,  Journal Sociéty of Arts’).

BROUSSONETIA PAPYRIFERA, Vent. ; URTICACER.—Th& aper
Mulberry tree.

Ultimate Fibre—~Length, 6-20 mm.

A small tree, said to be wild in the Martaban hills; more

* peculiarly a native of Japan, China, Polynesia, and Siam.

The Japanese make paper from the bark, and the Burmese
construct their curious papier-maché school slates (parabaik)
from it. The Tapa cloth of the South Sea Islands is made
from Broussonetia, and so also is the Karen paper mulberry
cloth.

Numerous experiments, both in Burma, Bengal, and the
North-west Provinces, have been carried out with the view of
discovering whether it was possible to extend the cultivation
of this most useful plant. Mr. Duthie, of Saharanpur Botanic
Gardens, reports, “ Should it ever be under consideration to
cultivate this plant on a large scale, I can safely say that there
need be no anxiety as to its not thriving to perfection in this
climate. It is easily cultivated both by seed and from cuttings.”
Dr. King, of the Caleutta Botanic Gardens, also reports, “This
climate appears to be very suitable for the paper mulberry.
Not a single seedling that germinated has died, either from
the effects of cold, damp, or in the process of transplanting.”

This plant certainly deserves to be more carefully in-
vestigated than hitherto. The experiments which bave been
made have established beyond all possible doubt that it can be

‘cultivated throughout the hotter moist parts of India. The
developmsat of the bast in the plant is very considerable, and
as the fibre felts into an exceptionally strong paper it is possible
that this substance would meet special purposes and thus pay
to be exported. Mr. Routledge says of it, “ I must admit this
fibre is even superior to bamboo. It requires very little
chemicals and gives a good yield, 62°5 per cent. in the grey
(i.e. merely boiled) and 58 per cent. bleached.”

To make the Burmese parabaik or black-board, like card-
board, the substance is pouunded into a pulp with water and
half its weight of lime. This mixture, with a sufficiency of
water added to it, is then boiled until nearly all the watcr has

evaporated and the mass reduced to a soft pulp. It is next
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first person who drew prominent attention to the ﬁ})re demfe(
from this pla#® Long before even Mr. Routledge’s attentio
was ‘ected to it, however, the late Dr. Forbes Royle spok
highly of it under its vernacular name, and specimens wer.
exhibited at the Great International Exhibition of 1851. The
fibre is universally used by the natives of India for the purpose
of rope-making, and it stands high in their esteem. Mr. Rout-
ledge has urged its use in the paper trade; but, altho'llgh'the
plant is sufficiently abundant to warrant the idea that 1t might
even pay to be thrown into the paper-maker’s vat, 1t ¢S to
possess such merits as a possible textile fibre, that it 1s 'mol’g
likely to find a much higher place than Mr. Routledge designe
for it. The malu fibre may be gathered in immense lengths,
for the plant is one of those gigantic climbers which, by }nefins
of its tendrils, extends its long arms from tree to tree, binding
the forest into great clumps. It is, indeed, a source of the
greatest annoyance to the forester, for it not only injures his
trees, but has such a vitality that it is next to impossible t:
exterminate the plant, and a few months after it has begn c};
to the ground, its long, elegant pendant bough's, laden with 1t8
great clusters of white flowers, are seen waving in defiance from
the topmost branches of the trees. A very large and Pm:'
tically inexhaustible supply might be drawn from 1:,he forests
of India, at the same time I have mo conﬁdenf:e in a large
industry depending upon a wild plant. The wide area oveli
which it would have to be collected, and the complete contro
which the owners of the forests could exercise over the P‘uye?,
would be dangerous to success. As a practical experm.lenl »
a tract of country, say twenty miles, of the co_mparatlvezl’
useless stony hill-sides would have to be purchased aIlll
systematically planted. A forest is not necessary f?‘ft e
plants to climb on; they would trail over the ground and form
with each other great clumps. From such a plantation ]i;
nuclens of supply coyld be drawn and depended upon, whic
would have a good moral effect upon the persons l.)rmgmg lt)o
th= planter supplies from the wild source. Thus l.t W01‘11d e
possible to pave the way for a constant supply, and if this can

coM&ynt be secured, the fibre possesses in itself such high merit

“that it will soon make jtgelf known in the textile world. dI}’: (i]S
one of the few vegetsple fibres that will stand to be dyed,
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bleached, and>worked up along with wool, a property which
speaks volumes in itself.”—(Wait, ‘ Journal Sociéty of Arts’).

BROUSSONETIA PAPYRIFERA, Vent. ; URTICACEZ.—Th®Paper
Mulberry tree.

Ultimate Fibre—Length, 6-20 mm.
A small tree, said to be wild in the Martaban hills; more
* peculiarly a native of Japan, China, Polynesia, and Siam.

The Japanese make paper from the bark, and the Burmese
construct their curious papier-maché school slates (parabaik)
from it. The Tapa cloth of the South Sea Islands is made
from Broussonetia, and so also is the Karen paper mulberry
cloth.

Numerous experiments, both in Burma, Bengal, and the
North-west Provinces, have been carried out with the view of
discovering whether it was possible to extend the cultivation
of this most useful plant. Mr. Duthie, of Saharanpur Botanic
Gardens, reports, “Should it ever be under consideration to
cultivate this plant on a large scale, I can safely say that there
need be no anxiety as to its not thriving to perfection in this
climate. It is easily cultivated both by seed and from cuttings.”
Dr. King, of the Calcutta Botanic Gardens, also reports, “This
climate appears to be very suitable for the paper mulberry.

Not a single seedling that germinated has died, either from
the effects of cold, damp, or in the process of transplanting.”

This plant certainly deserves to be more carefully in-
vestigated than hitherto. The experiments which have been
mads have established beyond all possible doubt that it can be
‘cultivated throughout the hotter moist parts of India. The
developmaat of the bast in the plant is very considerable, and
as the fibre felts into an exceptionally strong paper it is possible
that this substance would meet special purposes and thus pay
to be exported. Mr. Routledge says of it, “ I must admit this
fibre is even superior to bamboo. It requires very little
chemicals and gives a good yield, 62-5 per cent. in the grey
(i.e. merely boiled) and 58 per cent. bleached.”

To make the Burmese parabaik or black-board, like card-
board, the substance is pounded into a pulp with water and
half its weight of lime. This mixture, with a sufficiency of
water added to it, is then boiled until nearly all the watcr has
evaporated and the mass reduced to a soft pulp. It is next
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pO}lnded, and boiling water added until reduced %0 a consistence
su'ltabl_e to be thrown upon the frame. The edges are then
trimmed and the blocks air-dried, being afterwards polished
and varnished,

*Cocos NUCIFERA, Linn.; Parmmz—The Coir or Cocoa-
nut Fibre ; Narikel, Beng. ; Tenga, Tam.,

A pinnate-leaved palw, cultivated and wild throughout °

tropical India, particularly near the sea-coast.

The thick, fibrous pericarp (husk) yields the valuable coir
fibre of commerce. A fibre from the leaf-stalks is also pre-
pared, but compared to the coir it is unimportant. The foreign
trade in unmanufactured coir for the year 1884-85 was valuZd
at R1,20,799 and of manufactured at R21,35,996.

*DEBREGEASIA BICOLOR, Wedd ; URTICACE .

A large shrub of the Salt Range and of the North-west
Himalaya, ascending to altitude 5000 feet.

The fibre is made into twine and ropes. It is very strong
and may be viewed as allied to rhea. -

DENDROCALAMUS STRICTUS, Nees.; GRAMINEZ.~—The Male
Bamboo ; Ilyinwa, Burmese.

Ultimate Fibre—Length, 1-5-3-5 mm.

A common bamboo met with on the lower hills of India
ascending to 6000 feet altitude. ’

The stems are used by the natives for roofing, wattle and
basket-work. They are also made into fishing-rods, spear-
handles, &e. This is perhaps one of the best bamboos for the
paper-maket’s purpose. '

*EDGWORTHIA GARDNERI, Meisn.; THYMELZEACEZ.

Ultimate Fibre.—Length, 8-5 mm. .

A large elegant bush, almost leafless when covered wigh its
ch.lsters of yellow, sweet-scented flowers. Found along the
Himélaya from Nepal to Sikkim and Bhutén and Manipur.

Tlfis plant is closely allied to the Daphne, and a strong
tf;ib're’ is obtained from its long straight and partly-branched

wigs. .

Er1obENDRON ANFRACTUOSUM, DC.; MALVACEZ.— The
White Cotton tree ; Safed simal, Hind.

Ultimate Fribre.—Length, 1-2 mm.,

A tall, deciduous tree of India and Burma, found through-
out the hotter parts.
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This yields the kapok fibre of Java recently introduced to
European commerce by the Dutch. This is a soft silky floss,
obtained from the seeds. In South Canara a fibre is also
extracted from the stem which is said to be suitable for the

manufacture of paper.
*Frcus BENGALENSIS, Linn.; UrTicACEZE—The Banyan

* tree; Bar, Hind.; Bat, Beng.

Ultimate Fibre—Length, 1-3 mm.

One of the most characteristic of Indian trees.

A coarse rope is made from the bast and from the aérial
roots, and paper is also reported to have been formerly largely
prepared in Assam from the bast.

The basts of other species of fieus are used in many parts of
India in the construction of strong useful ropes.

*GUAZUMA TOMENTOSA, Kunth; STERCULIACEZE.—The
Bastard cedar.

Ultimate Fibre—Length, 1-2 mm.

A tree stellately hairy upon the young twigs. Perhaps only
introduced into India.

It yields a fibre which is very little known, but would per-
haps prove useful as a rope fibre if the plant were to be culti-

vated for that purpose.
* HARDWICKIA BINATA, Roxb. ; LEquMiNosE.—Aojan, Hind. ;

Acha, Tam.
Ultimate Fibre.~Length, 1-2 mm.
A large, deciduous tree of the dry forests of South and

Central India.
The bast yields a strong and valuable fibre, much used for
ropes by tke inhabitants of the forests where it abounds.
*[{ELICTERES ISORA, Linn.; STERCULIACEZE.—Maror-phal,
kapast, bhandu, Hind. ; Antmora, Beng.

Ultimate Fibre—Length, 1-2 mm,
A large, dense shrub of the tropical or sub-Himélayan

‘ regions; from the Panjéb to Bengal, South and Central India,

and Burma.
The fibre extracted from the bast is strong, white, and very

useful for cordage, rough sacking, and canvas.
Kypia CALYCINA, Roxb.; MALVACEZ.—Pola, pila, potart,

Hind. ; Barranga, bkoti, C.P.; Varanga, Bomb.; Kopasia, Uriya.
Ultimate Fibre.—Length, 1-3 mm.
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A small tree common 1
n the forests of all patts of Indi
Bur%a, except the more arid regions H posts of Indin aad
vopes ]lfy :EE(: tl.)ark yiel@s a strong useful fibre made into
Lo atives of India, but might be used in paper-making.
o TEA CRENULATA, Gaudich, ; UrricAorz
timate szre.—Length, 8-16 mm '

At 3110
ree of Sikkim, Assam, Eastern Bengal, the West Coast, *

Ceylon, and Burma.
This yi .
coarse ‘212’):;1 » i;tg(imd fibre, which can be made into ropes and
. s . )
fibre is very strong. more or less allied to rhea, and like that

*Mara
Bombay_ CHRA CAPITATA, L.; MALvACE®.—Vern. Ran-bhends,
A com ,
the N ortl?-l\(:vzsglant t!lroughout the hotter parts of India, from
Bengal and B I{)I'OVlnceg to the Carnatic. It thrives in
resembles the 'OT %Y When C.ultivated, and in many respects
do06s not. rons ]:]ru et 11p]ant; while it frequents marshy ground, it
mersion eSSgnt'.e 1 ¢ same amount of moisture, or rather sub-
Tndia e pontinlfor jute eultivation. ~In tho « Flora of British
intoDIndia from Southnlshf:i[i was most probably introduced
arin . .
bre, in 00%18168186-79 conmderable'attention was directed to this
The Governn?e tn C? of a_lett?r written by Dr.Gray on the subject.
institute ex it o Indm directed the Bombay Government to
sity existed Il?ertlhments with the fibre, as it was admitted a neces-
might com :te e_‘?l’estem. Presidency for some cheap fibre which
cheap Saclzn I,m the Jute of Bengal in the manufactufre of
far suceessfu]g (ir the grain trade. The experiments were 80
long might be.a t was found that a fibre seven oF <ight feet
would produce g)ggliﬁred’ and that a bigha (1600 square yards)
is about five maund s. fibre. The average yield of jute per bigha
two maunds. o aunds, or say 420 lbs, but it is often as low a8
found not t;o’exrhmay rise to 10 or even 12. The ran-bhendi was
The fibre Wh,laust the soil, and to ri p'en its fibre in four months.
superior l’ust lle pronounced harsh, was admitted to have 8
with the fork;?l to jute, but to have a defect in not breaking
It may be ends characteristic of jute.
establishol that 21 po, however, that in every point it was
jute, but th alachra could be employed as a substitute for
’ rough pressure of other more profitable commercial

. Ingia, from Bengal to Madras,
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pursuits in Bothbay, the subject was allowed to accduced, but it
planted by the much finer, softer and more silvery fibre yot.to,
there is every chance, however, that it will be introduced and
employed in manufacturing the Bombay sacks required for the
Western grain trade.

MELIA AZADIRACHTA, Linn.;
Margosa tree.

Ultimate Fibre.—Length, 1-2 mm.

A common tree, planted by road-sides all over India and
Burma.
The bark yields a fibre commonly employed in the manu-
facture (locally) of ropes. It would never pay, however, to
extract this fibre for commercial purposes, since the trees take
years to grow, and would be killed by a wholesale process of
decortication.

PARKINSONIA ACULEATA, Linn.; LEGUMINOSZ.

Ultimate Fibre.—Length, 1-2 mm.
An introduced shrub, now almost paturalised in India,

especially in the arid zones, where it grows as a hedge
plant.
It yields a short, somewhat brittle white fibre, considered
wanting in strength, which might be used for paper-making
locally when better fibres were not obtainable.
PoLLINIA ERIOPODA, Trim. (formerly known as ERIOPHORUM
coMosum), Wall. ; GRAMINEZE.—Babar or Baboi Grass.

A grass, met with throughout the central table-land of
and the North-west Provinces

arts of the country extremely

MEeLiACEE.—The Neem or

and Central India; in some p
abundzit.

As a paper material, this grass has been reported as little

inferior to esparto, and the paper made from it as of good
quality. The great drawback to the fibre is that it would not
y to cultivate the grass purely for the purpose of a paper
supply, and the wild plant has to be collected over wide and
distant areas. The question of freight is in India one of most
gerious consequence, for if a bulky substance has to be carried
for great distances by railway the price of the article is
enbanced to a prohibitive extent.
The Indian paper mills are largely using bhabar grass, and
samples of paper and paper-stuff made of it were shown at
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wnd Indian Exhibition, by the Bally Paper

A smen

The fibre is also extensively made into strings, cords, and
ropes. They have the reputation of lasting under water.

SACCHARUM SARA, Roxb. ; GRAMINEZ —Munj or Sara Grass.

This grass is very common in North India, especially in the
Panjib.

It is useful in the manufacture of strong ropes, strings,
mats, and paper. For ropes it is much valued on account of
its elasticity and strength, and a power of resisting moisture,
common to few other fibres. The flower-heads and sheaths of
this plant constitute one of the best paper grass materials in
India. For this purpose it is largely used by the Upper India
Paper Mills, near Lucknow. The bin-mainj is the flower sheath
from which the natives prepare a fine thread.

SESBANIA ACULEATA, Pers. ; LEGUMINOS & — Dhanicha, Beng.

Ultimate Fibre.—Length, 2-4 mm.

This bush is found in Bengal and South India.

A strong fibre is extracted from its stalks, and made into
ropes and fishing nets. This fibre is much valued because of its
high power of endurance under water. It is superior to jute in
strength and durability, and is best suited for the manufacture
of cordage, for which purpose it is preferred to either sunn-
hemp or jute. From the pith of the twigs curious mats are
made in Assam.

STERCULIA VILLOSA, Roxb.; StercuniAcEz.—Udal, udar,
Hind.

Ultimate Fibre~Length, 2-4 mm.

A moderate-sized tree of the sub-Himdlayan trac. &om the
Indus eastward; common in forests throughout India .and
Burma.

The tree is highly valued on account of the fibre obtained
from the inner bark, which is coarse but strong, and is made
into ropes and bags. The tree is so highly valued for its fibre
that in the more accessible forests it may be said to occur
chiefly as a bush, from the habit of constantly lopping its
branches for the fibre they contain.

In Burma it is extensively used in the manufacture of the
strong ropes required to fasten elephants. Perhaps no fibre in
Iundia deserves to be more carefully examined for the purposes
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duced, but it
f the rope trade. A strong rope could be pro » b

:)nay be (Ii)oubtful whether the colour and ]u.stre essential to
a good selling rope, could be obtained without expensive

preparation.

In so far as this report is a record of the results of joint

" jnvestigations undertaken in connection with the Colonial and

Indian Exhibition, it must be considered to gnd }.1ere. Dr.
Watt having, however, contributed an account of Indian (g)ll;tons
and flosses, as well as of some .unclassxﬁ'ed \;egetabled' .roui
products, we could not do otherms? than inelndg the ad (;tlona
matter, which will have especial interest for some readers.—

C,B. &K
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PART IIL

———

CotToN.

CorTon is the zant Imnortant of all fibres, and is extensively
cultivated in India. There are three well-known species, and
the cultivated forms are varieties or hybrids of these, In
the present state of our knowledge of the cottons of India, it
Is impossible to say how much of each species and its forms
are actually cultivated, but it may be stated that the better
cottons of the western side of India are chiefly forms of the
American (Gossypium barbadense) plant, while that from the
eastern side of India ig mainly the Asiatic species (Glossypium
herbacewm). The following extract from the ¢ Official Catalogue
of the Colonial and Indjan Exhibition” gives an abstract of all
that is known regarding Indian cotton and the Indian trade in
this most important, fibre :——

Cotton is the most valuable article of Indian export trade,
In India there are 14,000,000 acres annually under cotton, not

including Bengal and Assam; of these provinces the cgiton.

returns are not published. The following are the quantities
and values of the cotton exports for the past five yeais., —

Cwt, Rupees,

1880-81 . . . . 4,541,539 13,24,17,341
1881-82 . . . . 5,627,453 14,93,59, 595
188283 . . . . 6,168,278 16,04,90,174
1883-84 . . . . 5,979,494 14,38,37,278
1884-85

. 5,066,057 13,28,63,673

The exports for 1884-85 were about 15 per cent. smaller in
quantity and 7} per cent. less in value than those for 1883-84.

This depression, Mr. O’Conor explains, was due to a short and
inferior crop of Bombay cottons.

It is remarkable how unimportant India is as a

supply of
cotton for the English market.

Out of the whole exports for
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1884-85, the Continent imported direct 2,513,807 ewt,, ;uid

En:rland’Z 134,762, but nearly half the amount t(}:onfsu%nercop e0

. s T ' i he Continent of Europe.

d was re-exported again to t : ] -

g: gt?:: E:glish manufacturgr, therefore, Indian cotton ﬂl‘s, cc;rﬁle

paratively speaking, of secondary importance; Italy offers

t market. ‘ .

lal;%]ii fi)mllowing analysis of the exports for the year }884(1.8_5_
shows the chief markets to which Indian cottons are consigned:

try to i Value in
Presidency | ywoiottin | Valuein Country Weight in Value i
ﬂl-fm Wthi(:‘ch Cwt. Rupees. Exported. )
ixported. | .
B 1 288,976 68,82,064] United King- 2,134,762 5,58,86,29
Bombay | l4 064,609(10,88,52,143|  dom. 740,667 1.90.78.008
Shdas " e Lm0 %‘tglgce 577, 1691 152,80, 431
- o ‘ i T4l 1.55,54,20
Madras . 557,877 1,34, 8 AR 51,
British Burma] 82,935 19,10,674 ﬁ(:lls"tlr&f:n R L e
China . | 236,000 758,51,888
w .| 85,353 ,19,
gfﬁgiauéoum 181,888  47,05,210
tfries.

. |5,066,057,13,28,63,673
ToraL . |5,066,05713,28,63,673]  ToraL 1066,05713,

i f
Much confusion still exists w1tl} regarfl to tl;ﬁelf"gir‘::‘s% }?e
cotton met with in cultivation in India, and it mlayd. lore be
of service to repeat here the charactersG of the' ea v;ﬁlgc hpyield
i i ies of Gossypium . .
There are in India three species o Ty,
here are many varieties . y
ot known to the cultivator
ivi igin to the numerous forms n
Exllgnxé:]:rfugfacturer by local and technical names. The three
ies i i d:—
ecier ifay be briefly define .
N *Gossy};mm ARBOREUM, Linn. ; MALVAC;ZE. tton in Indin
is 1 or raaya
his is known as narma, manua,
n;l;aﬁy and in Mysore as deo kapds. It dqes not appea: 1:::
%: cultiv;ted to a great extent. It soxlnetfzne's atta(x;;i oy
; frequently it is a
i f a small tree; more '
t:;tglgltleccl) bush, with purple flowers, often w1t]h a yelelllow ce}ng]e.
e thi lossy than those of the
s are thicker and more g
Th;t Zes::;izies; they are three-fourths segmented, or even
nst to the base, into five to seven lobes (mostly five, never
:hree) ; the segments are contracted below, narrow ovate, linearf
acumir:ate or ovate lanceolate, not one-fourth as broad as long;
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the central lobe often has, on either side, a small Supplementary
segment or tooth in the deep rounded lateral sinus. Bracteoles
of the flowers ovate, cordate acute, toothed or entire. Seeds
free from each other, covered with a white cotton overlying a
dense green down ; cotfon not readily separable from the seed.

This is now viewed as a native of tropical Africa.

*(+. BARBADENSE, Linn,

There are many very distinct cultivated forms referred to
this species. Whether the accepted type is the original con-
dition of the plant, however, or is itself only one of the numerous
cultivated forms, can only be determined when the whole subject
of the wild cottons of America (the wild cottons which exist as
such at the present day) has been carefully worked out. At
the time of the discovery of America the forms of cotton now
referred to this species were being cultivated from the West
Indies to Peru, and from Mexico to Brazil. Accepting this as
evidence that they were the eultivated forms of an indigenous
species, the more so since, as far as can be learned, they were
not known to the Old World before the discovery of America—
we may adopt the general view and regard them collectively as
“the American cottons.” According to some botanists these
are referred to a number of distinct species, or by others are
reduced to varieties under a somewhat hypothetical species.
Parlatore relegated the numerous conditions to three species,
which answer to Gossypium Rirsutum, G. barbadense, and G.
religiosum, Linn. The authors of the “ Flora of British India’

group a number of forms, including the above, into one speoses, ,

namely, G. barbadense.

G. barbadense may be distinguished from the other species
as follows:—Leaves sub-glabrous, broader- and more cordate
than those of the preceding species, having rounded ears at the
base: blade about half cut into three to five lobes, each broad
ovate, acuminate, more than half as broad as long (often very
acuminate and then almost sub-lanceolate). Floral bracteoles,
larger and broader than in the preceding species, obtuse, deeply
laciniate. Flowers yellow with a crimson spot. Seeds black
and naked, ie. destitute of adnate pubescence (except var.
religiosum), free from each other or cohering in a kidney-shaped

mass.  Cotfon readily scparable from the seeds, white, tawny,
or almost brown.
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This may Be reduced to three varieties:—
.—BARBADENSE proper.

‘TTIB;: lgs(’)ﬁlrbon cottons anIc)l the B.arbadoes,_N ew Orleans, Sea
Island, Uplands, Egyptian, Georgian, Florlc?a, and Alabzm}a
cottons. The much-prized cotton cultivated in Western India,
and known as Dharwar, appears to be a form of New Orleans.

Var. 20d —RELIGIOsSUM, Roxb.—Nankeen cotton.

The distinguishing feature of this cotton seems to be th?,t
the seeds are clothed with tawny pubescence and lpclosed in
cotton of the same colour. Apparently this was introduced
into India at a much earlier date than the forms .refeFred to
the first variety, and as it exists at the present day it might Ze
more correctly viewed as a hybrid, hence the fact of the seeds
beln‘%}:l g:(i.cil-l:CUMINATUM, Roxb.—Perqvian or ki(ilnc.zy cotton.

The cottons which fall into this variety are dlstmguxsl}ed
chiefly by the peculiarity of the black .naked seeds cohe}ll-mg
togetber in a kidney-shaped mass. Tt is probable tha:t these
are even still earlier introductions than thg f.orms of religiosum,
and Roxburgh seemed to incline to the opinion that they were
indigenous. They are sometimes spoke.n of under the. nqme;
of Gossypium peruvianum. The following are the prmclpad
commercial forms:—DBrazilian, Pernambu.co, Mar.anha.m, an
Peruvian and the Ukan paruthi and Jadi paruz’fh.z of~ Madras,
and the long kidney cottons of the Gdro an.d Kh‘asm hills. .

Tt seems probable that instead qf Gos:‘;ypzunb lursut'avamt Willd.,
being constituted into a fourth variety, it should be viewed Ias a

“distinct hybrid between G. herbaceum and G. barbadense. It is
chiefly characterised by having greenish tomentose‘ seeds sulr-
rounde‘cyl by a fine long silky cott'on, and by having purp?
flowers with the leaves of the American forms. A good deal o
the Berar and Surat cottons, and also t!Je nudum yerra prathi,
and semparuthi of South Ind:l.[?,. are of this nature,

RBACEUM, Linn.

&;‘EZ?:PISZI:I;E no doubt about th.is .species‘s having bgen
originally a native of Asia, and of II}dm in particular. A wild
species, closely allied, is said to occur in Smd at the present day,
which may prove the parent of the cultivated fo.m.xs. Tts culti-
vation has, however, spread all over the world—.xt is common in
Europe, Asia, and the United States. To admit of comparison
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with the species described above, the diagnostic characters of
this species may be here given:—Leaves very hairy; often
quite hirsute; about half cut into three to five lobes, mostly
three ; lobes ovate, oblong, acute, or acuminate; about half as
broad as long. Floral bracteoles ovate, cordate, acute, toothed
or entire. Flowers yellow with a purple centre, or rarely wholly
yellow or white or purple. Seeds ovoid, free from each other,
covered with greyish or greenish down, cotton white or yellow.
The most characteristic features of this plant are its very hairy
leaves, half segmented, the majority having only three lobes or
five, very rarely seven. The bracteoles are those of Gossypium
arboreum, and are quite unlike the laciniated bracteoles of
G. barbadense. The purple flowers and green tomentum of
some of the forms has most probably been derived by hybridism
with G. arboreum ; some such hybrid being again crossed with
G. barbadense to produce a few of the cultivated forms, such as
G. kirsutum, which possesses the characters of all three species.

There seems to be little doubt that G. herbacewm has been
hybridised freely with both of the preceding species, and that
many of the cultivated forms of cotton met with in India are of
this nature. Efforts appear to have been made to improve the
indigenous plant by crossing it with the superior though less
hardy and introduced species. The hybrids and cultivated forms
of this species may conveniently be referred to two sections :—

Var. 1st.—HERBACEUM proper.

This includes the Bengal or Dacea cottons, and many of
the Berar and Surat—such as the Kumari hatti of South Kanara
and Punasa prafti of Ganjam, es also some of the China cottons.

Var. 2nd.—o0BTUSIFOLIUM.

This is the small blunted-leaved form met with in‘Ceylon
and on many of the hill tracts of India. '

Cotton is the principal article of export trade from Bombay.
There are cight leading kinds: Hinganghdt and dmrdoti from
the Central Provinces, Berar, Khéndesh, the Nizam’s country,
and the North Deccan; Broachk and Dholera from Gujarat,
Kathiawar, and Cutch; Saw-ginned Dharwar and Coompta from
the SBouthern Maratha Districts and Sholapur ; Westerns from
Madras; and Irdni from Persia.
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SiLg CoTTONS.

Interest has recently been taken in the subject 'of “ :sdk
cotton” and kapok. The following are '.(hﬁa plants whlxch yield
this floss, enumerated in the order of their importance :—

ERIODENDRON ANFRACTUOSUM, DC.; MAL'VACEE.———-The
Kapok, or white silk cotton; the Ela?;am paruthz of Madras. .

This tree is particularly plentlful. in the Konkm} 31}
Western India generally, but it grows in most parts oé' x; ‘1a,
and its cultivation could be extended. As a r(.)a((il-m (;a‘ t}eet,:
while affording shade, it might thus be made to yield a distine

ountry. )
rev%)::ht?nth]gncglish ind Australian tltade the word kgpok is
by some dealers used as synonymous th.h “gilk cotton, b11§ it
seems desirable that this should be avoided. Up till the }Z:ast
few years silk cotton has been accepted as the floss of Bom am;
or the semal of India. The two fibres have not only dlﬁel";ln
values, but are likely to enter widely different malfkets. hl.e
kapok of Java seems superior to the kap?k of India, 'but tltl's
may be corrected by more careful _sele.ctlon of seed in gul 1f
vation. At the present moment it is, however, doubt; & tl
a single consignment of Eapok has been sent from India to

Europe.
B%MBAX manaBaRrIicuM, DC.; MarvacEz—The Semal, or

~red silk cotton.

This is the commonest of the silk cotton trees, occurring
througiout the peninsula, but more p.artlcqlarly on the eastern
side, ascending the hills to 4000 feet in altitude. -

Hitherto this fibre has been found too short and too light
for textile purposes, and, moreover, the dirty state of all con-
signments, burdened with the seeds, has precluded the semal
from competition with the Java kapok in upholstery; -

Cocur.ospERMUM GossYPIUM, DC; BixiNEE.—The Kambi
* Ciatl(':qgrﬁmon tree of the lower hills of India from Garhwal,
Bandelkhand, Behar, Orissa, and westward to the' Deccan. ~It,
has large yellow flowers, and is not uncommon in cultivation
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throughout the country, especially in South India. The
fibre is soft and silky but very short. It could be supplied at
a much lower rate than the kapok and has a resistance about
it which prevents it from matting like the semal when used in
upholstery. With the exception of the sample shown. at the
last Exhibition in London, it is believed, this fibre has not as
yet been placed in the hands of the European manufacturer.

" CALOTROPIS GIGANTEA, R. Br. ; AscLepiapEE—The Madar.

This and other members of the Asclepiadacez and Apocy-
nacew yield silky bairs—the coma of the seeds. These are
generally classed as silk cottons, but with the exception of
madar, none of thesc have as yet been experimented with,
The natives of India regard the madar silk cotton as much
cooler than semal, and affirm that it has a soothing effect when
used in pillows.

During the Colonial and Indian Exhibition a cotton spinner
explained that he had now been able to utilise this fibre by
mechanically drawing it in with cotton in the preparation of yarn.
The difficulty he now experienced was in procuring a uniform
supply. It was agreed that the best plan to secure this neces-
sary condition towards the establishment of a new industry was
to induce the people of India to attempt its cultivation. It was
presumed moreover that by selection of seed and cultivation
the quality of the fibre might be greatly improved. With this
object in view, a gentleman in India was induced to attempt
the cultivation, and already the spinner reports his entire
satisfaction in the results of the experiment. It may thuc be
confidently hoped that in a few years madar fibre (of which so
much has been written during the past fifty years) may, at last
be viewed as an established new industry, that will greatly

benefit the poor cultivators of a large tract of the less pro-

ductive portions of India. As a wild plant it luzuriates in the
waste, almost sterile and dry tracts of India.

FIBRES EMPLOYED IN BASKET-WORK AND IN THE MANUFAC-
TURE oF Marts, &c.

This list might be greatly extended, but it has been deemed
advisable to restrict it to the more important only. The various
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species of b.amboo are everywhere in India made into baskets
mats, &c., rice straw, and the stems of many other grasses sucI;

as saccharwm munjab, also are extensively e
el mployed f
finer qualities of baskets and table mats. Y employed for the

ANDROPOGON MURICATUS, Retz. ; G i
Kivomas o , Z. ; GRAMINE &, —Khas, Hind. ;
A grass, abundant on sandy banks i i
X y banks in Bengal, Upper India,
the Coromandel Coast, and Mys it is o :
) ore, where it
planted to divide fields. e 5 commonly
.The roots are in India made into the aromatic-scented mats
}Vh;(lx‘h alll'ethung over doors and kept wet to cool the atmosphere
in the hot season, and i ing
e R are also in great demand for making
ARUNDO KAREA, Retz.; GRAMINEE.—V
: , - 6.—Vern, Names. Karka
Nal, B.engah ; Nudanur, Hindustani ; Bag, Nari, Panjabi. ’
. tghlf{ Pla,rit grolw)vs chiefly on the lower hills and outer slopes
ot the Himdlaya, but an alli ies i i
o Bongal y n allied species is found in damp places
The stems. are bronght down to the plains and sold as nal,
These, are split open and formed into the square mats known as
:Zgrmlg malalts, of which the houses in Bengal and a large part of
e North-west Provinces of India are al i
tho Mo e almost exclusively con-
These are sold very chea
er) p, and at one of the conferences
held at the late Exhlbltion, it was suggested an effort might be
made to try and mtro.duce these cheap mattings into England
Thay were thought likely to be in demand to line theoinnel:

sides of iron roofed houses or as matting f
houses of the poor. g for the floors of the

B.mBoo.

The principal bamboos employed for b i
are Bambusa arundinacea (in Cint)ral and Siﬁislﬁgi)mgt%nl
cooa ar}d B. tulda (in Bengal), and B. arundinacea and 1’? I;mo:z-
dzm. (in Burma), with Dendrocalamus strictus whereve.r tl t-;
species could be obtained. The houses of the people of th ”
fourths of .India are made almost entirely of bamboo and daxr'ee:
mats, but in Burma they are mostly of bamboo split o into
flat Islabs, neatly platted into mats. pen fhto

n some parts of Bengal, such as in Mi ;
lamus strictus is split into %xtremely fine pieégsl,],afrlll:l‘, ‘ﬁe‘:ﬁrﬁg

r

o
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clegant, though very expensive mats,  Portions are coloured in
deep red, working out graceful patterns and borders.

Cyrerus TEGETUM, Roxb.; Cyreracez.—The grass matting
of Dengal.

The subject of mat-grasses is exceedingly obscure, but it
scems probable that any large Seirpus may be used for this pur-
pose. The better qualities of Calcutta mats are made from
C. tegetum, but as this plant is not found near Caleutta (although
common in Orissa and Chutia Nagpur), the prepared mat fibre
must be imported. The commoner mats are made of C, articu-
latus, C. procerus, and C. exaltatus. The grass-mats of the
Sandwich Islands are made of C. lavigatus, a species common
in Madras, but apparently never made into mats in India.
Ceylon mats are made of a species allied to, if not identical
with C. malaccensis. Grass-mats are made in Bombay from
Seirpus subulatus.

CALAMUS ROTANG, Linn, ; PAung.—The rattan cane.

This and several allied species of cancare met with in many
of the moister parts of India, especially in Bengal, Assam,
South India, and Burma.

This yields the true rattan cane of commerce, but others are
of course used as substitutes. It is, as in Europe, split into
strips and extensively woven into baskets, chairs, and carriages,
&c. It is often twisted into ropes, and the entire cane is
frequently stretched across rivers, forming the main supports to
suspension bridges. A cane 400 to 600 feet long may cusily be
procured for this purpose, and sufficiently strong that two snch
canes arc sufficient to bear the weight of the bridge suspended
from them. The natives of the Naga hills are able to stain the
surface layer of the rattan, which they plat into the légings
and bracelets which they wear.

Ivory MarTs.

In Assam, Manipur, and onc or two other places, ivory is cut
into strips so fine that it is woven into elegant mats. These cost
as much as 50 to 1507, and have often gold platted into the
borders.

MaraNTa picHOTOMA, Wall.; ScITAMINEE.—Pati, Beng.

A reed-like plant found in Eastern Bengal, Assam, the
Coromandel Coast, and Burma. The stems are slit into strips,
and platted into the so-called Shital-pati mats. These are
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smooth mats, Which, owing to their coolness, are largely used in
the hot weather for sleeping on. Some of the finest cost about
51. each, but the ordinary kinds average from R.2 to 3.
PARROTIA JACQUEMONTIANA, Decaisne; I’IAMI.&M,ELIDE,E.
A large deciduous shrub of the North-\.ve'st Himalaya. 1
The chief use of the wood of this plant is in b:\sk‘et wor‘lf,1 @(
the bark is platted into the ropes \.\'hl(}h are made'mto br l(lgos%
The twigs are very tougl; 8(1)1% ﬂ:xilble, and the bridges made o
ay of seen ect long.
theslgl?;;gl;)fzzl;x}fsrms, Toxb.; Paryz—The wild date palm;
Khaiu;,alﬂmmwdi.th ashy-grey foliage, cultivated thr(’)ughou‘t Indha.
The fibrous leaflets and the fibre from the petlollels) m(? 1;1ta 3
into mats, ropes, and baskets. The fibre produccd by (,ltl mf
the leaves into strips may come to be used as a paper material.
v mauny species). .
’??ll\\zl‘:iwl(l‘;e\sll,yas iu}iﬂuli'ope, is largely employed in the Tl]ﬁll;l-
facture of baskets, especially the sn.mll strong bas}(ets brought
down to the plains and used for acrienltural purposes.
SESBANIA AKGYPTIACA, Pers.; LEGUBIINOS/F. e
The soft pithy stems of this plant are, 1n A_SSM?’_P bm .e:r
into curious mats, portions of which are dyed black before being

matted, so as to work out a bold pattern.

MiscELLANEOUS FIBRES.

—— ' ‘ . '
Filrous substances not ineluded in either of the foregoing groups,

sl as the tomenbuin Sfrom lewves and the hairs from scales,
e., dee., also ﬁbro-vascular bundles used as cords in place of
" -y

twisted or spun thread or string.

ARENGA SACCHARTFER4, Labill.; Parmz—The sago palm

ito palm. '
. %gﬁ{m?&n palm, cultivated in many partsof India, but met
with in a wild state in Burma and Manipur, and probably wild

in Orissa. .
also\;‘?i‘chin the leaf sheath 1s found a layer of fine reticulated

t.lSSl'le, Said tu() be ]'ll D’l‘edt dc]l]alld ill Chillﬂ,, a.nd elnp]oyed 11]\(‘,
H k]n” t]l(} se “ls~ 0 1 I rorply Y,
kllm in ca 11 i a f bOiLtS. It 18 alSO ar C( 1) 1 S(,d
04 o ( 1
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as tinder, and the Manipuris employ it in the %onstruetion of
mechanical filters. The fibre has a high reputation for lasting
under water.

Borassus FLABELLIFORMIS, Linn.; Param.—The Palmyra,
palm; Tal or tar, Hind.

A tall palm, common all over India, and extending much
further into the interior of the country than the cocoa-nut.

The tomentum from the leaf-scales and flower-buds is used
a8 a tinder. A single fibro-vascular thread is employed in
Bengal for fishing lines or traps.

‘ CaryoTA URENs, Linn.; Patmz. —Salopa, Uriya; Simong,
Lepcha; Minbaw, Burmese ; Kittul, Cinghalese.

A beautiful palm, met with in the forests of the western and
eastern moist zones,

The cord-like fibre from the sheathing petioles is made into
ropes, fishing-nets, lines, &c., and in Europe a large trade has
sprung up in the employment of this fibre in the manufacture
of brushes. A sample shown at the Colonial and Indian Ex-
hibition was much admired, and pronounced superior to the
Edttul obtained from Ceylon. It is remarkable, however, that
the entire market should be met by Ceylon, when the forests
of India might easily afford an unlimited amount of kettul,
The fibro-vascular cords from the interior of the stem of caryota
were by a corset manufacturer pronounced a hopeful substitute
for whalcbone.

GERBERA LANUGINOSA, Benth. ; CoMposIT .. ~

A common herbaceous plant found on the mountains.~f
Manipur and throughout the entire range of the Himalaya, at
an altitude of from 5000 to 8000 fect. '

The tomentum from the under surface of the leaves is
universally used as tinder. This is known as kapasiya. A
thread is sometimes spun of this curious fibre and woven into
bags, in which the natives of Kumaun carry their hookahs.
These bags are known as kupasis.

GNAPHALIUM spp.; CoMPOSITZ.

The tomentum from the under surface of the leaves of varioas
species of gnaphalium is used as tinder by the hill tribes of India.
This is removed by rubbing between the hands withered leaves.
The cellular tissue crumbles away, leaving the woolly tomentum
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in the hands. “This is easily ignited by friction. A small hole
dug in the ground is filled with the tomentum, and a pointed
sti:k rapidly rotated in it by means of a string drawn backwards

and forwards.

Conclusion.

In the classification of the vegetable fibres gccording to the
results of our investigations, we find certain points deserving of
special mention. A general resemblance of the bast fibres of
the plants constituting a natural order is perhaps to be expected.
This resemblance in structural and chemical characteristics 1s,
for instance, very marked in the Urticacez, the Malvacez, and
Asclepiadese. It is also noteworthy that the fibres which have
up to the present been recognised as of probalfle value to com-
merce, in addition to the limited number which constltgte in
such large quantities the staple of our western textile ani
dustries, are yielded by a very limited number of the natura
ordf'f[l“ius in the collection in question we find some thirty
Dicotyledonous bast fibres obtained from the following orders 1—
Linew, 1; Urtices, 8; Asclepiade®, 2; Thymelae'aceae, 4:
Moliacem, 1; Leguminose, 4; Malvacem, 8; Stercuh_aceae, ;
Tiliacew, 2; of which the last three are closely allied, con-

stitutimg the Cohort Malvales. . o .
correlation interesting to note, is that of lignification with

shortness of the ultimate fibre. We know 1o instance of a bast
fibre having this characteristic of chemical composition, oﬁ
whichsfhe length exceeds 5 mm. In regard to the t!neoryfo
lignification, commonly accepted, we .have found that in go far
as it accounts for the particular chemical composition of ligni-
fied fibre, as an overlaying of a pure ce.llulose.) with « encrusting
gubstances” of different composition, it is not in accordancg with
the facts. The evidence of the development o.f the fibre in the
jute plant would lead us to conclude that the lignocelluloses are
primary plant-constituents in the same sense that the celluloses
are; and the same is probably also true of the pectogellulo.ses.
This is a part of the subject which requires extended investiga-
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tion. Thus far we have little but indirect deductions supported
by conjecture to go upon in regard to the chemistry of the
origin and development of these plant-substances.

The evidence of these investigations confirms us in regarding
the fibre substances as compound celluloses, and in this aspect
they divide themselves into the two main groups, pectocellu-
loses, and lignocelluloses.  We have not been able to follow
Frémy in his classifications of these primary plant-constituents ;
the terms paraccllulose, vasculose, cutose, &e., appear to us to
rest upon somewhat insecure foundations ; and the distinctions
which they are stated to represent appear too special for a
subject for which the broader lines of classification are not yet
agreed upon amongst chemists. '

Coming now to more speeial points,—

The most characteristic of the celluloses isolated from the
fibres are those of Calotropis and Marsdenia,  For softness and
silky lustre they surpass all others that we have examined, and
we should be glad to see more attention paid to these fibres,
from the technical point of view.

In the jute class, Sida rhombifolia is the most conspicu-
ously deserving of notice, and of probable commercial value,

Of the Monocotyledonous fibres the only one calculated to
win a place in the higher departments of the textile industries
is, we think, the pine-apple fibre. '

In the class of fibre aggaregates, Division D. of our Classifica-
tion, certain raw materials have been included as o result of the
very imperfect preparation to which they have heen subjeciods
In such an impure condition they arve of course less interesting
subjects for Iaboratory investigations, as indeed also they are less
promising of practical applications outside the locality df their -
production. It is of interest to note that in nearly all cases
the length of the ultimate fibre is small, and where this is se,
we should, exeept on other grounds, decide that the fibre is
comparatively not deserving of attention. We fully admit
that there are other grounds, as, for instance, in the case of
Bauhinia Vahlii, upon which technical value may be deter-
mined, as against inferiority in point of length of nltimate fibre,

Still, experience has confirmed us in regarding the latter as the »-

most trustworthy eriterion of value.
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On scientifte grounds the Bauh.inia fibre is ix}terestmlg fm:
the peculiar colouring matter vghlch is assocmtt?d with th]e )?Sté
and the Stereulia bast may be cited a8 thg only instance o )'82161 ve
of a fibre yielding mucic acid by oxidation with nitric acid. }

Many other points of special interest must remain unnotice
here. Should a further opportunity present itself of E.C)I'It]nlnng
these investigations, and under more fav'oumble'conblilonz, 1vlve
may be able to embody our observations 1n & more substantially
seientific contribution to the subject.

LONDON @ PRINTED BY WILLIAM CEOWES AND =0 >
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Formulee and Tables giving the welght of Iron or Steel require _Im
Bridges from 300 feet to the limiting Spans; to \’\'l}xch are ‘add?d Ssum .15
Investizations and Tables relating to Short-span 1\:111‘\\'ay Dridges. ccson
and revised edition. By B. BAKER, Assoc. Iust, C.I.  Plaves, crown 8vo,

cloth, gs.

. >y
Llementary Theory and Calenlation of Iron )]);'m':ggs
and Koofs. By Auvcust Rirrer, Phl., Professor at the lolytﬁgl_mlc
School at Aix-la-Chapelle. Translated from the third Smrman cdition,

by II. R. Sanxey, Capt. R.E.  With 500 #/lustrations, 8vo, cloth, 15s.

The Builder's Clerfk: a Guide to the Management

i i 3y T 5 BavLus, Feap. 8 loth, Is. 6d.
of a Builder’s Business. By Tiroyas BaLes, Feap. Svo, cloth,

The Elementary Principles of Carpentry. 1 B]y
TuoMas TREDGOLD.  Revised from the original e_dmon, avnn“p)::;t)_r
re-written, by Jon~n TuoMas HursT. Contained in 3‘7?‘-1;,05 OI*‘L 051
press, and ilustrated with 43 plates and 150 wwood :/{gg;awl\)x. our
edition, reprinted from the third, crown Svo, cloth, 125, 6

il n the Ik ity o ) Forces — Scction IT Resistance  of

I th Equality and Distribution of ] S t ‘
5:}“0 S LC’L!O] I”L. ( ull struction of Floors— Section 1V, Construction of Roofs — See-
imber — S i

i . e ion VI, Construction of Partitions—
i “onsunction of Domes and Cupolus ction ; ctio artitior
o V(Iulnbgl‘lsft‘thjldx Staging, and Gautrics—Section H[.‘ (,o_munctm{y’ufd(juw]l‘n._,:j fo{'
icg;mn S -CriAon IX V,C'ofl'érd:un\', Shoring, and Strutting—Section X. Wooden Bridges
ridges—Se: X. C

d Viaducts—Section XI. Joints, Straps, and other Fastenings—Section XII. Tinber.
and Via — .

Our Factovies, Workshops, and Warchouses : their

Sanitary and Fire-Resisting Armngemcn{s. By B. HH. TuWAITE, Assoc,
i\fem Inst, C.E. Witk 183 wwood cngravings, crown 8vo, cloth, gs.

Gold : Tts Occurrence and Extraction, embracing the
Geographical and Geological Distribution and the Mineralogical Charac-

x i ks 3 the peculi ratures and modes of working
ters of Gold-bearing rocks ; the peculiar features and o I
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Shallow Placers, Rivers, and Deep Leads;

and Scpnrgti_on of Auriferous Quartz ; the treatment of complex Auriferous
ores containing other metals ; a Bibliography of the subject and a Glossary
of Technical and Foreign Terms, By Avvrip G. Lock, F.R.G.S. With

numerous ilustrations and maps, 1250 pp., super-royal 8vo, cloth,
2/, 125. 6d.

ITydraulicing ; the Reduction

A Practical Treatise on Coal Mining.,
G. ANDRE, F.G.S., Assoc. Inst. C. .
With 82 lithographic plates,

2. By GEORGE
» Member of the Socicty of Iingincers.
2 vols,, royal qto, cloth, 3/ 125,

Iron Roofs : Examples of Design, Description. Z7/us-
trated with 64 Working Drawvings of Exeented Roofs., By ArTHUR T.

WALMISLEY, Assoc, Mem. Inst, C.E, Second cdition, revised, imp. 4to,
Thalf-morocco, 32

A History of Electric T elegraphy, to the Year 18 37.

Chiefly compiled from Original Sources, and hitherto Unpublished Docu-
ments, by J. J. FAIUE, Mem. Soc. of Tel. Eugineers, and of the Inter-
national Society of Electricians, Paris. Crown 8vo, cloth, gs.

Spons’ Information for Colonial E ngineers. Edited
by J. T. HURST. Demy 8vo, sewed,

No. 1, Ceylon, By ABramAM DEeANE, C.E. 25 64,

CONTENTS :
Introductory Remarks— Natural Productions— Ay

A c chitecture and Fngineering — -
graphy, Trade, and Nawural History~Principal Station: 5 ng —Topo

s—Weights and Measures, etc., ete,

No. 2. Southern Africa, including the Cape Coloiy, Natal, and the
Dutch Republics. By HENRY HaLr, F.R.G.S,, F.R.C.I. With
Map. 3s. 6d.
CONTENTS :
General Description of South Africa—Physical Geography with refer. to Engi i
Operations—Notes on Labour and Material in Cape Culony—-chlogigﬁlceNguj:’%l:egg%
Formation in Ejuuth qulca—l“lxglnqcx'\llg Instruments for Use in South ‘\frich;Prixlcipal
Public Works in Cape Colony: Railways, Mountain Roads and Passes, Harbour Works
Bridges, _Gas \Vul:ks, Iyngmwn .jmd \Y.}ter Supply, Liglxtl\oxxse<, [)rair’mge and S:\nit:\r),'
Engineering, Public Buildings, Mines—Table of Woods i South Africa—Animals used for
Draught Purposes—Statistical Notes—Table of Distances—Rates of Carriage, etc. :

No. 3. India. By F.C. DANVERS, Assoc. Inst. C.E. With Map. 4s.64.

CONTENTS ;

Physical Geography of India=~RBuilding Materials—~Roads—Rail ays—DRri —Irriga-
tlon — River Works — Harbours — Lighthouse Buildings Liye—Dridges - lrriga

q s~ Native Lat — The Principal
- 'I'rees of India—Money—Weights and Measures—Glossary of Indian lé?llll]rs, etc.)e rneps

A Practical Treatise on Casting and Founding,
incltiding descriptions of the modern machinery employed in the art. By
N. E. SrreisoN, Engineer.  Third edition,” with 82 plates drawn 10
scale, 412 pp., demy 8vo, cloth, 18s.
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The Depreciation of Factories and therr Valuation.
By EwWING MATHESON, M. Inst. C.E. 8vo, cloth, 6s.

A Handbook of Electrical Testing. By H. R. KeMeE,

M.S.T.E. Fifth edition, revised and enlarged, crown 8vo, cloth, 16s.

Gas Works : their Arrangement, Constr.uctlon,vPlant,
and Machinery. By F. CoLYER, M. Inst. C.E. With 31 folding plates,
8vo, cloth, 24s.

T e Clerk of Works: a Vade-Mecum for all engaged

in the Superintendence of Building Operations. By G. G. HOSKINS
F.RIB.A. Third edition, fcap. 8vo, cloth, Is. 64.

American Foundry Practice: Treating of Loam,
Dry Sand, and Green Sand Moulding, and containing a Practical Trf;ltlts)e
upon the Management of Cupolas, and the Melting of Iron. (;?»yd.t: .
"WEST, Practical Iron Moulder and Foundry Foreman. Second edition,
with numerous illustrations, crown 8vo, cloth, 10s. 6d.

The Maintenance of Macadamised Roads. By T.
ConringToN, M.LLC.E, F.G.S., General Superintendent of County Roads
for South Wales. 8vo, cloth, 6s.

Hydraulic Steam and Hand Power Lifting and
Pressing Mackinery. By FreEDERICK COLYER, M. Inst. C.E., M. Inst. M.E.
With 73 plates, 8vo, cloth, 8s.

Pumps and Pumping Machinery. By F. COLYER,
M.LC.E., MLM.E. Wik 23 folding plates, 8vo, cloth, 125, 6d.

Pumps and Pumping Mackinery. By F. COLYER.

Second Yart. With 11 large plates, 8vo, cloth, 125 64d.

. . s .

The Municipal and Sanitary Engincer's ]{andégo&.
By H. PErcy BourLnors, Mem. Inst. C.E., Borough Engmser, Orise
m)c’)uﬂ{. With numerous illustrations, demy 8vo, cloth, 125 62,

CONTENTS:

. i Town Surveyor—Trafic—Macadamised Roadways—
3 The Ap'pmn"il{m'ltial{‘ﬁ:t?lu:xl:f ]%i::}\]fingo—-l’i(chcd }’av3111cl\tszsp}};«l&e—\Yooc_\ anglxxcn(s
S[c:'un Rulll-ng‘z Obd'(and é\xtlcrs—Strect Naming and Numbering-- Street ngl.mng—. ewer-
—F oot'pnll‘h—. erfSS cwers—Disposal of Sewage—House I)mmﬂ;:e'-—Dmnfecnon-——Gas and
ﬂge;vqmlmmr“-? %L B}caking up Streets—Improvement of Private Streets— Borrowing
Water (‘ump'mmh-\’, N 3.'L’lb0llrl.‘l‘5’ Dwellings—Public (,‘un\'cmcl_lces—:—Sc:\\:c‘ngmg, mclun_jmg
]3UWCI>TAru?anl?&alcr{ng and the Removing of Snow— P]aulmg btrcgl lrues_—l)cposxt of
Street Cleansing Buildings—Hoardings—Obstructions—Improving  Street Lines—Cellar
Plans'_—bangerbti‘u‘sl)le'\snre (}mund>——-Cemeterics——1\iurl\mries—Cnt!lc :\nd‘()rd.\nary Markets
Ope“”’.g"_._,hl,]l;’cr.h(;\»ls::s ete~—Giving numerous orms of Notices, Specifications, and
E‘_p“bl\‘lclm':gi%r:lion upbﬁ hese and other subjects of great importance to Municipal Engi-
n:_-Lel:r:\;md others engaged in Sanitury Work.
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7 af/:s:ﬂoj]‘ {.t/ze Przﬂzizpal Speeds occurring in Mechanical

“ngincertng, expressed in metres in a second, B (I’. KEE LFF ief

lg[echanlc of the Obouchoff Steel Works, St I’e);ersburg -R?r‘;lr;zgte%hi)ey
ERGIUS KERN, MLE, Feap. 8vo, sewcd, 64, ’

A Treatise on ¥ 07 7
Ll ;f (Zzt the Origin, Progress, Prevention, and
Sore of 'y Rot in _sz//er;‘ with Remarks on the Means of Preserving
ALOféngilii?g:ucit];)né)y Sea-Worms, Beetles, Ants, etc. By THOMAS
TON, late Surveyor to the Metropolita h
etc, cte.  With vo plates, crown 8vo, cloth, 7?.160:2 an Board of Works,

Metrical Tables. By G. L. Movreswortn, M.I.C.E.

32mo, cloth, 1, 64,

) CONTENTS.
General-=Linear Measures—Square

( t LI . S : 1
We1ghts—Combmmions—Thcrmomcters easures—Cubic Measures—Measures of Capacity—

Elements of Construction Jor Elcctro-Maonets. By -

Count T, Du MoNcer, Mem. de UInstitat de France. (’}‘ranslated from

the French by C. J. WiIARTON, Crown 8vo, cloth, 4. 6d.

Electro- Telegraphy. By Freperick S. Brrcury,

Tel h Engi : i
Sewzﬁr,agd‘ ngineer. A Book for Beginners, /Zustrated. Fcap. 8vo,

Handrailing : by the Square Cus. By Joun Jongs,

Staircase Builder, ~ Part Second, with cight Blates, 8vo, cloth, 35, 6d.

Practical Elcctyical Units Popularly Explained, with
sumerous illustrations and Remarks, By James SWNI:URNF, late of
- 3

J. W. Swan and Co., Paris, lat S tlectrie T3
US.AL 18mer ot mug;i. ate of Brush-Swan Electric Light Company,

Plalipp Reis, Inventor of the T, eleplione: A Biographical

Sketch, With Documentary Testi "
. ry Testimony, Translations of tl iginal
Papers of the Inventor, &c. By StLvanys P. TIIOMPSON(,) B.;\e. (I))lrlngnca

Professor of Experi tal ics i i i i
At X g’)’ 1C 11(1)1&1: ;J.Pézslcs in University College, Bristol. Wit

A Treatise on the Use of Belting for the Transnis-

sion of Power, 1. C iti
cIotll,jisx_ ver. By J. . Coorkr, Second edition, illustrated, 8vo,

Hints on Avchitectural Dranghtsmanship. By G. W.

Fuxvorp Ilavntar, Feap. 8vo, cloth, 1, 67
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A Pocket-Book of Useful Fovnule and Memoranda

Sor Cevil and Mechanical Enginecrs. By GUILFORD L. MOLESWORTH,
Mem. Inst. C.E., Consulting Engineer to the Government of India for
State Railways.  With numerous illustrations, 744 pp. Twenty-first
edition, revised and enlarged, 32mo, roan, 6.

SyNoprsis oF CONTENTS:

Surveying, Levelling, etc.—Strength and Weight of Materials—Earthwork, Brickwork,
Masonry, Arches, etc.—Struts, Columns, Beams, and 1russes—Flooring, Roofing, and Roof
Trusses—Girders, Bridges, etc.~—Ruilways and Roads—Hydraulic Formulzz—Canals, Sewers,
Waterworks, Docks—Irrigation and Breakwaters—Gas, Ventilation, and Warming—Heat,
Light, Colour, and Sound—Gravity: Centres, Forces, and Powers—Millwork, Tecth of
Wheels, Shafting, etc.—Workshop Recipes—Sundry Machinery—Animal Power—Steam and
the Steam Engine—Water-power, Water-wheels, Turbines, etc.—Wind and Windmills—
Steam Navigation, Ship Building, Tonnage, etc.—Gunnery, Projectilés, etc.—Weights,
Measures, and Money—{rigonometry, Conic Sections, and Curves—Telegraphy—DMensura-
tion—Tables of Areas and Circumference, and Arcs of Circles—Logarithms, Square and
Cube Roots, Powers—Reciprocals, etc.—Useful Numbers—Differential and Integral Calcu-
lus—~Algebraic Signs—Telegraphic Construction and Formule.

s .
Spons  Tables and Memoranda for Engincers;
selected and arranged by J. T. Hurst, C.E., Author of * Architectural
Surveyors’ Handbook,” ¢ Hurst’s Tredgold’s Carpentry,” etc.  Seventh
edition, 64mo, roan, gilt edges, Is. ; orin cloth case, Is. 6d.
This work is printed in a pearl type, and is so small, measuring only 24 in. by 1f in, by
} in, thick, that it may be easily carried in the waistcoat pocket.
1t is certainly an extremely rare thing for a reviewer to be called upon to notice a volume
measuring but 24 in. by 13 in., yet thesc dimensions faithfully represent the size of the handy
ittle book before us. The volume—which contains 118 printed pages, besides a few blank
»ages for memoranda—is, in fact, a true pocket-book, adapted for being carried in the waist-
soat pocket, and containing a far greater amnount and varety of information than most people
vould imagine could be compressed into so small a space, + o . . The little volume has been
ompiled with considerable care and judgment, and we can cordially recommend it to our
eaders as a useful little pocket companion,”—Engineering.

A Practical Tyeatise on Natural and Artificial
Concrete, its Varieties and Constructive Adeptations. By HENRY REID,
Author of the * Science and Art of the Manufacture of Portland Cement.
New Edition, witk 59 woodcuts and 5 plates, 8vo, cloth, 155,

Notes on Concrete and Works in Concvete; especially
written to assist those engaged upon 'ublic Works. By JoiN NEwMAN,
Assoc. Mem. Inst. C.LE., crown 8vo, cloth, 5.

Hydrodynamics : Treatise relative to the Testing of
Water-Wheels and Machinery, with various other matters pertaining to
Hydrodynamics. By Jasmus EMERSON. Witk numerous illustraiions,
360 pp. Third edition, crown 8vo, cloth, 4s. 6d.

Blectricity as a Motive Power. By Count Tu. Du
MONCEL, Membre de I'Institut de France, and FRANK GERALDY, Ingé-
nieur des Ponts et Chaussées. Translated and Edited, with Additions, by
C. J. WHARTON, Assoc. Soc. Tel. Eng. and Elec. Witk 113 engravings
and diggrams, crown Svo, cloth, 75, 6.
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Treatise on Valve-Gears, with special consideration
of the Link-Motions of Locomotive, Engines. By Dr. GustAv ZEUNER,
Professor of Applied Mechanics at the Confederated Polytechnikum of
Zurich. Translated from the Fourth German Edition, by Professor J. F.
KvLEIN, Lehigh University, Bethlehem, Pa, Zlustrated, 8vo, cloth, 12s. 6d.

The French- Polisher’s Manual. By a French-
Polisher; containing Timber Staining, Washing, Matching, Improving,
Painting, Imitations, Directions for Staining, Sizing, Embodying,
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re-
polishing.  Third edition, royal 32mo, sewed, 64.

Hops, thétr Cultivation, Cowuncerce, and Uses in
zarious Countries, By P. L. SIMMONDS. Crown 8vo, cloth, 4s. 6d.

A Practical Treatise on the Manufactuve and Distri-
dution of Coal Gas. By WILLIAM RIcHARDS. Demy 4to, with numerous
wood engravings and 20 plates, cloth, 28s.

SyNorsis OF CONTENTS :

Introduction— History of Gas Lighting— Chemistry of Gas Manufacture, by Lewis
Thompaon, s, MR.C.S.—Coal, with Analyses, by J. Paterson, Lewis Thompson, and
G. R. Hislop, bEsgrs—Retorts, Iron and Clay—Retort Sctting—Hydraulic Main—Con-
densers = Exhausters— Washers and Scrubbers— Purifiers — Purification — History of Gas
Holder = Tunks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Apnular
Wrounght-iron — Specifications — Gas Holders — Station Meter — Governor — Distribution—
Mains—Ga< Mathematics, or Formulza for the Distribution of Gas, by Lewis Thompson, Esq.—
Services-—Consnmers’ Mcters—Regulators—DBurners—Fittings—Photometer—Carburization
of Gas—Air Gas and Water Gus—Composition of Coal Gas, by Lewis Thompson, Esq.—
Analyses of Gas—Iofluence of Atmonpheric Pressure and Temperature on Gas—Residual
Products—Appendix—Description of Retort Settings, Buildings, ete., ete.

Practical Geometry, Perspective, and Engineering
Drawing; a Course of Descriptive Geometry adapted to the Require-
ments of the Fngineering Draughtsman, including the determination of
cast shadows and Isometric Projection, cach chapter being followed by
numerous examples ; to which are added rules for Shading, Shade-lining,
cte., together with practical instructions as to the Lining, Colouring,
Printing, and genceral treatment of Engincering Drawings, with a chapter
on drawing Instruments. By GEORGE S, CLarKE, Capt. R.E. Second
edition, with 21 plates. 2 vols., cloth, 10s. 6d.

The Elements of Graplic Statics. By Professor

« Kary Von Orr, translated from the German by G. S. CLARKE, Capt.
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering
College.  With 93 illustrations, crown 8vo, cloth, ss.

The Principles of Graphic Statics. By GEORGE
SYDENHAM CLARKE, Capt. Royal Engineers. With 112 illustrations.
4to, cloth, 12s5. 64,

Dynamo-I2lectric Machinery : A Manual for Students
of Electro-technics. By S1LvaNus P, TrioMrson, B.A., D.Sc., Professor
of Experimental Physics in University College, Bristol, etc., cte.  Second
edition, d/lustrated, 8vo, cloth, 12s. 6d.
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The New Formula for Mean Velocity of Discharge
of Rivers and Canals. By W. R. KuTTER. Translated from articles in
the ¢Cultur-Ingénieur,’ by Lowis D'A. Jackson, Assoc. Inst. C.E.

8vo, cloth, 12s. 6d.

Practical Hydraulics ; a Series of Rulesand Tables
for the use of Engineers, etc, etc. By THoMAs Box. Fifth edition,
numerous plales, post 8vo, cloth, 5.

A Practical Treatise on the C oﬂslmtct1071Z' of {{ ovi-
p? ] Waterwheels, specially designed for the use of opera-
Z?’gdrileac’ﬁ;’.n?s’:mﬁ; V\;tILzlAMLCUL}LEN, Millwright and Engineer. Wik
llr Pplates. Second cedition, revised and enlarged, small 4to, cloth, 125, 6d.

Zin: Describing the Chief Methods of Mining,
Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and
\/Volf:rar%, By AxTHUR G. CITARLETON, Mem. American Inst. of
Mining Engineers. Witk plates, 8vo, cloth, 125, 6J.

Perspective, Explained and Illustrated. By G. S.

CLARKE, Capt. R.E. With lustrations, 8vo, cloth, 3s. 6.

The Essential Elements of Practical Mcchanics ;
based on the Principle of Work, designed for Inginecring Students. By
OLIVER BYRNE, formerly Professor of Mathematics, College for Civil
Engincers, Third edition, wwith 148 wood engravisgs, post 8vo, cloth,
7s. 6. CONTENTS :

: ASUre a Uni h with and without reference to a Unit
Qbap. 1, How ‘Vr(f-ll-k. 'ﬁz},’f'g}lriﬂngé :\L’:::I:,b?]lll. Influence of Friction, and inlyoduccs
of 'llme—Chap.b z tf]:I Laws of Motion—~Chap. 3- The princw{cs tf)fpu\md_cd.m the first and
one of the Mot ::;::,“al pliec‘f to the Motion of Bodies—Chup. 4 The Transmission of Work by
:?rf:;?g l\(jlh:cri:i:ess—Chgp. 5. Useful Propusitions and Rules.

. -~ . s

The Practical Millwright and Engincer's Ready
Rechoner; or Tables for finding the diameter and power of cog-wheels,
diameter)weight, and power of s}}:):fts, diameter and strength of bolts, ete.
By TI{OB:(AS DixoN. Fourth edition, 12mo, cloth, 3s.

Breweries and Maltings : their Arrangement, Con-
struction, Machinery, and Plant. By G..SCAMELL, I*.R.I.B.A.M .?eéohx}d
edition, revised, enlarged, and partly rewritten. By F, CoLYER, M.LC.L.,
M.LM.E. [WVith 20 plates, 8vo, cloth, 18s.

A Practical Treatise on the Manufacture of Starch,
Glucose, Starch-Sugar, and Dextrine, Dased on the German of L. Von
\Vua:u;;' Professor in the Royal Technical School, Buda Pesth, and
tlfegr qu’thori'.ies. By Jurius FRANKEL ; edited by ‘RVOBER"I‘ HUTTER,
gropric‘ztor of the Philadelphia Starch Works. With §8 illustrations,

344 pp-» 8vo, cloth, 18s. .
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A Practical Treatise on M. il-gearing, Wheels, Shafts,

Rigoers, ete.; for the use of Engineers, By Taomas Box. Third
edition, with 11 platcs. Crown 8vo, cloth, 7s. 64,

Mining Machinery: a Descriptive Treatise on the
Machinery, Tools, and other Appliances used in Mining. By G. G,
ANDRE, F.G.S,, Assoc, Inst. C.E., Mem. of the Society of Engineers.
Royal 4to, uniform with the Author’s Treatise on Coal Mining, con-

taining 182 plates, accurately drawn to scale, with descriptive text, in
2 vols,, cloth, 3/ 12s.

CONTENTS ;

Machinery for Prospecting, Excavating, Hauling, and Hoisting—Ventil:\tion-—Pumping—
Trearment of Mineral Products, includiug Gold and Silver, Copper, Lin, and Lead, Iron
Coal, Sulphur, China Clay, Brick Earth, cte.

Tables for Setting out Curves for Railways, Canals,
Hoads, cte., varying from a radius of five chains to three miles. By A.
KENNEDY and R, W, HACKWOOD. Llustrated, 32mo, cloth, zs. 64,

The Science and Art of the Manufacture of Portland
Cement, with obscrvations on some of its constructive applications. Witk

66 iiustrations. By Hinwry Rem, C.E., Author of ‘A Practical
Treatise on Concrete,’ etc., ete. 8yo, cloth, 18s.

The Draughtsman’s Handbook of Plan and Map
Drawing; including instructions for the preparation of Engineering,
Architectural, and Mechanical Drawings.  With numerous illustrations

in the lext, and 33 plates (18 printed in colours). By G. G, ANDRE,
F.G.S., Assoc. Inst. C.E. 4to, cloth, gs,

CONTENTS :

The Drawing Office and its Furnishings—Geometrical Problems—Lines, Dots, and their
Combinations—Colours, Shading, Lettering, Bordering, and North Points—Scales—Plotting
—Civil Engineers’ and Surveyors’ Plans—Map Drawing—Mechanical and Architectural
Drawing—Copying and Reducing Trigonometrical Formula, etc., etc,

The Boiler-maker’ s and Iron Shiip-builder's Conpanion,
comprising a series of original and carcfully calenlated tables, of the
utmost utility to persons intercsted in the iron trades. By JaMEs FoDEN,

author of ¢ Mechanical Tables,” ete.  Second edition revised, witk illustra-
tons, crown 8vo, cloth, ss. '

Rock Dlasting: a Practical Treatise on the means
employed in Blasting Rocks for Industrial Purposes. By G. G. ANDRE,

F.G.S., Assoc. Inst. C.E. I¥Vih 56 illustrations and 12 Dplates, 8vo, cloth,
105, 64,

Dainting and Painters’ Manual: a Book of Facts
for Painters and those who Use or Deal in Paint Materials, By C. L.
Connrrand J. ScHELLER. Llliestrated, 8vo, cloth, 10s. 6d.
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. b1 ractised in public and
on Ropemalking as p ‘
A4 T?’mﬁ% -yards, wAﬁh a Description of thg Mar}ufactur'e,_ RM?? "11\35125
p?lz\’r({’k,'gfh”t/:e}etc ,a(hpted to the Trade, thlppmg,t Mll\?:;g;s }alluddir;
B o c v R, formerly, foreman to SIS,
i 3 APMAN, formerly.
Buéldce(r)S, eIi?r.ne}X;guslz' acn}cll late Master Ropemaker to H.M. Dpckyard,
an .y )

3 iti no, cloth, 3s.
Deptlord. Second edition, 12mo, .
Builders and Contractors Tables; for the

rveyors, Builders, Land Agents,_and
with neatly 30,000 calculations.

Laxtoir's : ‘
use of Engineers, Architects, Su oo
others. Dricklayer, containing 22 tables,
4to, cloth, 5s. , .

L t’ Vs DBuilders and Contraclors 7 ab/esv..l }j:m

“ 0711 Farth, Land, Water, and Gas, contaming 53 tables, with nearly
ator, Earth, Land, .
gz‘,’ooo,calculatious. 4to, cloth, 5s.

. ) . .On
] 7 20 ide to the Constructic

Sanitary Engineering: a Gui | the Construction
f Works of Sewerage and House Drainage, “”tIlAT:?\\[ for Tacllitaing
X wlati e Engineer. By BaLpwin L Ay, C.E., M. .
&5 Callf‘u(]}ntslonls“ (I)\fl t;}.e {;:séil-lllizlsiden{of the Society of ILl/\gn(l)ecrs. Second

S(iilfi'ém .”vz"}/z"nu’uzerﬂus plates and woodcils, Svo, cloth, 174 105,

, T

] s for Lnoineers and Machinists,
Serew C”Zhﬂg 7;1216163‘1{?;1t[;rilxzf/rff Wheels required to produce
gl‘;[erigs t)hfear‘ll;lgftscl? cafceulated by Lord Lindsay, M.P., F.R.S., F.R.A.S,,
Cr 24
etc. Cloth, oblong, 2s. | -,
] : 1e use of Mechanica
Screww Cutting Tables, for the

arrangement of Wheels for cutting the

) Oner !
Engineers, showing the prope with a Table for making the

o { any required pitch, : incer.
5}12336;15521102;}2:1;‘)}:2 ?l‘li‘e:)l,ds and Taps. By W. A. MARTIN, Engincer
n

Second edition, oblong, cloth, Is., or sewed, 6d.

4 Tyeatise on a Practical Method of Deszgmgzg)ﬁ[czizﬁis
ars by Simple Geometrical Construction, based upon the | fr ¢y >
V“ZW.G“Z”' J,E lid’s Elements, and comprising the various forms o
cnulncla,l?d in | ucand Expansion Gearing ; toge.ther with Slep‘henao.n s,
Plain ,Shde-yzl‘ll'zﬂ’s Link-Motions, as applied either to reversm% or to
Gooclt's, amansion combinations, By FDWaRD J. C06WLING WELCL,
K/}tl;}lj)leh?:tp Mechanical Engineers. Crown 8vo, cloth, 6s.

: for Dyers, Laun-
— . LyIne : a Manual r
flalzﬂlﬂgm(ngodr gng:stic l?se. By S. CHRISTOPIHER. 18mo, sewed, 6d.
dresses,

vitation ; for the use of all

1 H(lﬂ(lléOo& QfI{e{aﬁilyng;S;if A reprint of those portions of Mr.
i g aLectures on Sanitary Engineering, given bcrjore. th’c,
l?alley_l)entfpl?(mx~ Engineering, which rclated to the ¢ I?\r\‘e]]m’g,
SCIIm‘(:L(IO{md lrc;'is)t,:d by his Son, E. F, BarLev.DeENTON, C.E,, B.A.
irf‘/{:tl;hhto Lt'//u.r/ral:}ma‘, 8vo, cloth, 4. 64.

persons seeking
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A vg;lossafy of Terms wused in Coal Mining. By
w iﬁ:lgﬁ;ﬁ}(‘g}(ﬁLE\f G(;Ui‘:SLEY, Assoc. Mem, Inst. C.E,, F.G § .Mcmber
c England Institut ini Engi " Zllustr 7
numerons woodcuts and dz'agr(;”';lx,e cori)ev/[rlxnél\lfg I::rllgtlfrlleesl:rs' Hstrated with
" s ’ .

A Pocket-Book for Boiler Makers and Steam Users

comprising a variety of useful inf i

« : ormation for Employer an

Ofo\v\?(r;ll::_::l dInsS'Fi;‘;tO;‘S, Board ?er rade Surveyorg: lﬂ);lgineedrsv‘ill?rl(lﬁzrlgé
] al , Foremen o anufactories, and tl .

using Pubhc.. By MAURICE Joun SEXTON. Se:;—dgex:lqrgl S

32mo, roan, gilt edges, 5. edition, xoyal

. ’ - . .
Ekéi:géi/fzsé_l I_a. Elractu:al Treatise on Nickeling
) g, Gilding, Silvering, the Refining of Metals, and 1] atment

of Ores by means of Electricity. By IlieroLYTE FOJNTI;\(H\}I;e ttlr:;:lri’::dt

from the French b A. Be 5 3. T
G ey e y J. A. BervLy, C.E., Assoc. S.T.E. With engravings.

/ 4 {7” 7 y

taining Plans and Arran i
ining OO angements of Details for Fixed S ‘ngi
z Dl rran 1 : tos B )
Xlély;[][iﬁ;ay; Io(’nGthE 1’1}nc11)1cﬁ involved in Design and Con:l:',:x’ctil(;l:lglniis);
HUR RIGG, Engineer, Member of the Soci ngi :
the Royal Insti,tution of G ain. Dem o ropmsincers and of
¢ reat Dritain, Demy gto, copi nsty i
: ¢ . 015)) 9
:)Uflﬁh woa’mls_qnd 96 plates, in one Volume, llalf—bou;l(l /)moj'y st
v cheaper edition, cloth, 255, e, 2 2

This work is not, in 4 :

i fiEs work | (iesc;i]l:lcq?&f:n??{ nr} Lg’gmcnta‘ry xrcat.isc, or hirtory of the steam engine, }
ended Lo describe “.‘:‘rmpcm o . |xcq 'Stc:}m Lngincs without entering into fh ,e, ')(;n
G of locomtive or I}ori/)rl)::lICtl€'c. T this end illustrations will be given of th(' most
I‘fn'zub];f, Corliss, Allen, Compovltm‘d“ "u]dC(m?:l]’\i:I:Li‘lnwm,FP”'nmi”ﬁ’ \}\;’iuding, hortable, eST::;E
sreat Dritain and ien. The Jowe ot the hgines, Ly the most emi rirms §
ineat Bowin and i}}nﬂul):c‘\"“{ ],]Li {.l'\\ s relating o ll!c action :mzl [>r<-czllxziulcll~]]l:;e;)1§ o}‘lmj]s ";
ot Comtructior I\{uliun-i;lu(’;l? (]Ll. sesuch s Cylinders, Pistons, Piston-rods (,‘onn):ttr'vu
i vatahends, Motion-bloc) ﬁf'l]‘b' ,\cnl_ru:\‘, Simple, Expansion, Balaneed, and Equ ILlr ing-
i o Vires "U( f'»tv"- | L\mvmulu]y dealt with,  Tn this cmmct'li‘un wii(l“}l)l'lgrllllll
ent o i Vel Orygtm‘uu‘plm:\Ung Parts and the Maide of Appl ring the T i ('m"d
Steam Governors, and the like. It i< the wri’lci's dejﬁcnzdmllmr’
s desire to draw

illustrations from e i
IStrs very possible s ce, & ive
coireot. yp source, and give only those rules that present practice deems

Barlow's Tables of Squares, Cubes, Square Roots

Cube Roots, Reciprocal,
s of a
cloth, 65, ’ P of all Integer Numbers up to 10,000. Post 8vo,

Camus (M) T ;
. reatise on f ’

strating the best for ‘hi he TEéf/z Qf ZVJMEZS, demon-
Machinery, such as 11{‘45.11‘ lich can be given to them for the purposes of
their numl;cm 'l"' Mi ~work and Clock-work, and the art of ﬁi] ling
practice of Mm‘kjgh?}?tcd"fm.m the French, with details of the 1>I'c(s::l:1£z
SAAC . by, Engie Makers, IRV S
Isaac Hawkins,  Thind edition, m’//; I‘é“ﬂﬂ;{gdS:(L)lucrlolll\;[‘l;?uusts, by

>
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A Practical Treatise on the Science of Land and
Enginecring Surveying, Levelling, Estimating Quantilies, etc., with a
general description of the several Instruments required for Surveying,
Levelling, Plotting, etc. By H. S. MERRETT. Fourth edition, revised

by G. W. UsiLL, Assoc. Mem. Tnst. C.E. 41 plates, with illustrations
and tables, royal 8vo, cloth, 125, 6d.
PrincipAL CONTENTS :

Part 1. Introduction and the Principles of Geometry. Part 2. Land Surveying; com-
rising General Observations—The Chain—O ffsets Surveying by the Chain only—Surveying
{illy Ground—To Survey an Estate or Parish by the Chain only—Survcymg.\yilh the
“heodolite—Mining and Town Surveying—Railroad Surveying—Mapping—Division and
.aying out of Land—Observations ou Enclosures—Plane Trigonometry. Part 3. chcllgng-—
jimple and Compound Levelling—The Level Book—Parliamentary Plan and Section—
sevelling with a Theodolite—Gradients—Wooden Curves—To Lay out a Railway Curve—
ietting out Widths, Part 4. Caleulating Quantities generally for Estimates—Cuttings and
S mbankments— Tunnels— Brickwork—Ironwork—Timber Measuring.  Part 5. Description
ad Use of [nstruments in Surveying and Plotting—The Improved Dumpy Level—Troughton’s
Level — The Prismatic Compass — Proportional Compass— Box Sextant-—Vernier— Panta-
raph—DMerrett’s Improved Quadrant—Improved Computation Scale—1The Diagonal Scale—
itraight Edge and Sector, Part 6. Logarithms of Numbers — Logarithmic Sines and
l0-Sines, Tangents and Co-Tangents—Natural Sines and Co-Sines——Tables for Earthwork,
»r Setting out Curves, and for various Calculations, etc., ctc., etc.

Saws : the History, Development, Action, Classifica-
tion, and Comparison of Suwws of all kinds. By ROBERT GRIMSHAW.
With 220 illustrations, ato, cloth, 125, 6J.

A Supplement to the above; containing additional

practical matter, more especially relating to the forms of Saw Teeth for
special material and conditions, and to the behaviour of Saws under

particular conditions. IVith 120 illustrations, cloth, gs.

A Guide for the Electric Testing of 1 clegraph Cables.
By Capt. V. HOSKIER, Royal Danish Lngineers. With illustrations,
second edition, crown 8vo, cloth, 4. 64.

Laying and Repaiving E. Jectric Telegraph Cables. By
Capt. V. IHOSKUER, Royal Danish Engineers. Crown 8vo, cloth,
3s, 6d.

The Assayer's Manual: an Abridged Treatise on

f Ores and Furnace and other Artificial

the Docimastic Examination o i
Translated by W. T. BRANNT. 1Pith 65

Products. By Bruno KERL.
Hllustrations, Svo, cloth, 125, 6d.

The Steam Engine considered as a Heal Engine: a

Treatise on the Theory of the Steam Engine, illustrated by Diagrams,
Tables, and Examples from Practice. L‘y Jas. 1L COT’I‘ERILL,‘M.A.,
F.R.S., Professor of Applied Mechanics in the Royal Naval College.

8vo, cloth, r2s. 64. »

Tlectricity : its Theory, Sources, and Applications.
By J. T. SrRAGUE, M.S.T.E. Second edition, revised and enlarged, with
sentmcrous dllustrations, crown 8vo, cloth, 15
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Zhe Practice of Hand T urning in Wood, fvory, Shell,

efc., with Instructions for Turning such Work in Metal as may be required
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on

Ornamental Turning. (A book for beginners.) By Francis CAMPIN,
Third edition, witk wood engravings, crown 8vo, cloth, 6s.

CONTENTS :

On Lathes—Turning Tools—Turning Wood—Drilling—~Screw Cutting—Miscellaneous
Apparatus and Processes—Turning Particular Forms—Staming—Polishing—Spinning Metals
—Materials—O rnamental Turning, ete.

Health and Comfort in House Duilding, or Ventila-
tion with Warm Air by Self-Acting Suction 1 veer, with Review of the
mode of Caleulating the Draught in Iot-Air Flues, and with some actual
Experiments. By J. DrvspaLE, M.D., and J. W. Havwaknp, M.D,
Sccond edition, with Supplement, with plates, demy 8vo, cloth, 7s, 64

Treatisec on Watchwork, Past and Present. By the
Rev. I, L. Nevrurorr, M.A., F.S.A. Vi 32 dlustrations, crown
8vo, cloth, 6s, 64. :

CONTENTS :

Definitions of " Words and Terms used in Watchwork—Tools— Time—Historical Sum-
mary—0On Calculations of the Numbers for Wheels and Pinions 5 their Proportional Sizes,
Trains, etc.—Of Dial Wheels, or Motion Worke—Length of Time of Guing without Winding
up—"The Verge --The Forizontd—The Duplex—The Lever—TThe Clironomcter—Repeating
Watches—Keyless Watches—The Pendulum, or Spiral Spring—(jumpcnsz\liun—_[c\\'cHing of
Pivot Holes—Clerkenwell—Fallucies of the "Trade—Incapucity of Workmeun—How to Choose
and Use a Warch, etc.

Notes in Mechanical, Engineering. Compiled prin-
cipally for the use of the Students attending the Classes on this subject at
the City of London College. By IIENRY AnAMS, Mem. Inst, M.E.,
Mem. Inst. C.I.,, Mem. Soc, of Engineers.  Crown 8vo, cloth, 25, 64,

Algebra Self-Taught. By W. P, Hices, M.A.,
D.Se., LL.D., Assoc. Inst. C.E., Author of * A [andbook of the Differ-
ential Calculus,” ete.  Sccond edition, crown 8vo, cloth, 2s. 64,

CONTENTS :

Symbols and the Signs of Operation—The Equation and the Unknown Quantity—
Pusitive and Negative Quzm[itir:sfMn]tiplic:\tion—ln\-o]uLion—ICxpum;nts~ Negative Expo-
nents—Roots, and the Use of Kxponents as Logarithins--Logarithms—T:bles of Logarithis
wand Proportionate Parts — Transformation of System of Logarithus —— Common Uses of
Common  Logarithms—Compound Multiplication and the  DBinomial Theorem—Division,
Fractions, and Ratio—Continued Propurtion—"The Serics and the Summation of the Sericy—
Limit of Scric.~Synare and Cube Ruots—Fquations—~List of Formule, cte.

Spons’ Dictionary of Lngineering, Cioil, Mechanical,
© MMilitary, and Nawal ; with technical terms in French, German, Ttalian,
and Spanish, 3100 pp., and searly 8000 cngravings, in super-royal Svo,
m 8§ divisiors, g/, e, Cemplete in 3 vols., cloth, 57, 5,

Bound in
superior manner, half-moroceo, top edge gilt, 3 vols., 6/ 12s,

?
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Canoe and Boat Building: a complete Manual for

Amateurs, containing plain and (’::1omsp1.‘13.11ens]i}voeal[(siireacrtllfi)n}sI lfgtrintéleccrgg-'
i ing an ailing S
%TH%}OHPOfSSgE;eES&SROV;Wyg}Z sumerous illustrations and 24 plates of
y W. P. D .

Working Drawings. Crown 8vo, cloth, 7. 6d.

Cultural Industries for Queensland : Papers on the

i i f Queensland, their
ivati oful Plants suited to the climate o th
Culltwmslol?ogg ?ﬁtiltllle A;ts, and in_Medicing. and mcl{xod; of ﬁblté}l?'l]_];]g
:llile?rC;roducts’. By L. A, BERNATS, F.L.S, F.R.G.S. 8vo, half calf

75, 64, The same, in cloth, Gs.

Proceedings of the National Conference of Electricians,
Philadelphia, October 8th to 13th, 1884. 18mo, cloth, 3+

Dynamo - Electyicity, its Generation, Application,

Transmission, Storage, and Measurement. By G. B. PRESCOTT. With
845 lustrations.  8vo, cloth, 17 1s.

Domestic Elcctricity for A ?gf‘emf[s.“ ngiitgf}it”e%yfrco?
<ditor o N . J.
t\}\lleﬂf;?r%clg (Xss%c fé«;(s:}’gil“é'm}%;{é. Numerous tllustrations. Demy 8vo,
y . Soc.
cloth, 9+ CONTENTS:

i i Is—3. Automatic Alarms—4. Domestic
. Current—2. Electric Bel atic Al - mestic
g e Gt Hesme i 7 e, s, gtins
€ Domestic Applicati ilectric Light—9. Klectri s—1o. | el Locomo-
& Domcﬁ]‘_x‘? Qggll;;lt:én Iglfa:il::cg,}‘;‘xﬁnéildi%g—u. Electric Recreations—13. Various appli
ion—11. Ele » Plat ,al i
::I.'Strilon:-l——Workshop of the Electrician.

; ; ¢ Lights VINCENT STEPHEN.
Wrinkles in Electric ng/ztm%(.{ By
IWith illustrations. 18mo, cloth, 2s. 6d.

CONTENTS

1 e flectnic rrent & T i i — duction of Eleetric
The Electric ( t and its roduction by Chemlt;nl means-—z, Pro 1

ur.rc'nts f) A\Iccl:{uﬁc’\l‘ me‘luAls-— - I)ynmno-Elecmc Machines—4. Electric Lamps—

( s by anics 3.

5. Lead~6. Ship Lighting.

] sinner ; being a Description of
cactical Flax Spinner; g tion
The I (wl; Manipulation, and Spinning of Flax and ;I‘O}‘;v. By LEsLIE
tCh eMG::{‘svlllkLL of Belfast. With illustrations. 8vo, cloth, 13

s and Foundation Walls for all classes of
7 pile Driving, Building Stones and DBricks, Plg anél \'Zall
b’mldm\z D Mortars, Limes, Cements, Concretes, Stuccos, &c. 6(,‘" s
5on/s_m:ctlo{;,v G. T P’mvm,r, and F. BAuMan, 8vo, cloth, 105, Gd.
rations. y G L ,

Foundation
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Manual for Gas Lngincering Students. By D. LEk.

18mo, cloth 1s.

ydraulic Machinery, Past and Present. A Lecture

delivered to the London and Suburban Railway Officials’ Association.
By I1. Avams, Men, Inst. C. L, Lfolding plate, " 8vo, sewed, 1s.

Twenty Years with the Indicator.
Jun,, C.IE,, M., Member of the American §
2 vols., royal 8vo, cloth, 125, 6.

By Tiromas Pray,
ociety of Civil Engincers,

Annual Statistical Report of the Secretary to the
Blemlers of the Iron and Steel Association on the H,

e and oreign Tros
and Steel Industrics in 1884. Issucd March 1885,

8vo, sewed, 55

Bad Drains, and How to Test thene ; with Notes on

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin
and Transmission of Zymotic Disease. Dy R, [Lawwrs Resves, Crown
8vo, cloth, 3v. 64,

Standard Practical LPhunbing ;

Encycelopredia for Practical Plumbers and Guide for Architects, Builders,
Gas Fitters, Iot-water Fitters, Tronmongers, ead Burners, Sanitary
Engincers, Zine Workers, &c.  #lustrated by over 2000 cugravings, By
P. J. Davies. Vol, 1, royal 8vo, cloth, 7s. 6,

being a complete

Prcumatic Transmission of Messages and Papecls

betroeen Paris and London, vid Culais and Dover, By J. B. BEKLIER,
C.LE.  Small folio, sewed, 64.

List of Tests (Reagents), arranged in alphabetical

order, according to the names of the originators.  Designed cspecially
for the convenicnt reference of Chemists, Pharmacists, and Scicntists.
By HANs M. WILDER. Crown 8vo, cloth, 4s. 6d.

Ten Years' Lxpevience in IVorfs
Dotowward  Filtration. By 7J.
Second edition, with additions.

of Tutcrmittont
Batrry DrNTON, Mem. Inst, C.L,
Royal 8vo, sewed, 4s,

A Treatise on the Manufacture of Soap and Candles,
Lubvicants and Glycerin. By W, Lant CARYENTER, B.AL, B.Sc. (late

of Messrs. C. Thomas and Brothers, Bristol). 17 tllustralions, Crown
8vo, cloth, 105, 6.

.
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The Stabilety of Ships explained simply, and calculated

>. SpENCE, M.LN.A. 4to, sewed,
by a new Graphic mothod. By J. C. SPENCE, M.ILI 4
35 6d.

. 2 Cnarres A.
"L 2 or Practice. By
Steam Making, or b’oz/wgd
Syurh, C.E. 8vo, cloth, 10s. 64
| ’ St St bustion.—3. Externally Fired
. nd the Properties of Steam—z. Com usl me‘.-na”y xternally Fired
1. The Nature of Heat an nally Fired Stationary I}oxlcrn—d—s.s ey B
Stationary Doilers—g. l]‘fl‘:{‘r:—yﬁ Design, Construction, a 2«; gMisccl]am;ous Tk
LocummiFcll}ndl'rx\:):m;lfr{':z;Ll:lcom.)mic Evaporation, Explosions—8.
portions of Heating ace,

Choice of Boiler Fittings and Appurtenances.

] < e Care of

The F‘Z'VM”‘Z”’S Guz{{fg'; a eI;Ifi"nIdE')SS}I:OICI:P t’ll‘lanslated frorg
ilers CKNOLOG, forening 1S ! ranslated. fror
tlioe”fll;'rd Eﬁigcﬁ), and re’vised by KArL P. DAHLSTROM, 1

edition. Fcap. 8vo, cloth, 2s.

Treatisc on Modern Stean: Engines 5”113({'1 fotgolre’t’lfé
A i $ l Land Locomotive, and Marine EngmcsCaE MZ:nc, 5, for the
mChhfmS)\g lents. By FrREDERICK COLYER, M. Inst. C.I.,
se of Students. ;
\;;/%1'!/1 36 plates. 410, cloth, 25s.
CONTEN:{'S; 4. High-Pressure Beam Engines—s.
1 iginal Engines—3. Boilers—4. st
1. Introduction—2. Origina

rois; :a gines— r1z $—7 sci i X — ertical High-
1 6. H cngines scillating Engines—8. d I

( Cngl i tal lngines . (),(El \Ling \/1 ertical 1

T ‘\\i‘ h- s it 1‘“——(m kSPe’CiMU ]Li:);iucs—-lo. Portable Engines—rir. Locomotive E es—

Pressure Lingines—g. g

12, Marine Engiunes

: ise on the
; went » a Treatis
Steam  Engine ]l/mmgq/‘ ;o Treatise on the
rorking and Management of Steam
2,‘\1%! ]1’\}Igcn‘1. Tnst. M.E. 18mo, cloth, 25

vidian and Pevpendicular
L. 8vo, cloth, 8s. 6d.

] Me
Land Surveying on the

System. By WILLIAM PENMAN, C.

Jer. his Instruments and ]V[‘ct/zm?,
T e Toﬁogmz]ﬁ {74 ’f Students, Amateur Photographers, sur:r_eym(s;f
' ‘ ‘ ; ted i i on
designed for t{lellub)irsoons interested in the location ﬂ]’:ld ,Cfoni(tlr/?; 1””’/”
Engincers, an¢ & '}‘o »ography. Zllustrated with numflrﬁl {)& , ,
wo;ks l)i;g}nl‘]rgonny LE\\'IS M. Ifavpr, AM. 8vo, cloth, 18s.
and eny g5

. p) M
. ng the Preparation
’ . of Tanning, embracing the . o
A Tex [-"BooflL(e){‘ther. By 1IARKY R. l’Rocnl)RilI‘i(&bngf Low Lights
’Olf o 1;:2:1 ’ Ole't/; illustrations, Crown 8vo, cloth, 10s. 6d.
Canneries.



Ba super-royal 8vo, 1168 pp. with 2400 flustrations, in 3 Divisions, cloth, price 138, 6Z.

each ; or 1 vol,, cloth, =/ ; or half-morocco, 2/, 8s.

A SUPPLEMENT

TO

SPONS’ DICTIONARY OF ENGINEERING.

EpiTEp Y ERNEST SPON, MEMB, S0C. ENGINEERS.

Abacus, Counters, Speed! Coal Mining. Lighthouses, Buoys, and

Indicators, and Slide Coal Cutting Machines. l‘ Beacons.

Rule, ! Coke-Ovens. Copper. | Machine Tools.
Agricultural Implcments\ Docks.  Drainage. ]‘\ Materials of Construe-

and Machinery. { Dredging Machinery, |  tion.

Air Compressors. | Dynamo - Electric and’ Meters.

Animal Charcoal Ma-){ Magheto-Electric Ma-l Ores, Machinery  and
chinery. i chines, \

Antimony. ' Dynamometers. |

Axles and Axle-hoxes, l

Barn Machinery.

Belts and Belting.

Blasting. Boilers.

‘ Dress,
| Electrical Enginee\‘ing,i Piers.
Telegraphy,  Llectric; Pile Driving,

Lighting and its prac-) Pneumatic Transmis-
ticaldetails, Telephones

sion,
Brakes. i Engines, Varieties of, Pumps,
Brick Machinery. ! Explosives, Fans. Pyrometers.
Bridges.

i Founding, Moulding and; Road Locomotives.
Cages for Mines. . the practical work of! Rock Drills,

Calculus, Differentialand’  the Foundry. Rolling Stock.

Integral. Gas, Manufacture of. Sanitary Lngineering.
Canals. Hammers, Steam and; Shafting.
Carpentry. other Power. ! Steel.
Cast Iron, Heat. Horse Power.

\ Steam Navvy.
Cement, Concrete, Hydraulics. i Stone Machinery.

" Hydro-geology. i Tramways.

Indicators. Irom. \ Well Sinking,
Coal Cleansing  and Lifts, Hoists, and Eleva-!

‘Washing. © tors. '

\
v

Limes, and Mortar,
Chimney Shafts.

London: E. & F. N. SPON, 125, Strand.
New York: 35, Murray Stroet.

Processes employed to -,

With nea Tiestra 0 vo, i ivist loth.
eard 1 i - } 8vo, 10 Divistons, €
yly 1500 7 tions, in super roya. C 5 o, Vs .
iv yt 4. 13:116”(1 ea(l:h H Division §, 174 6d.;0r2 vols., clot 3 108
Divisions 110 4, , bd.
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ﬁf::(gi’ozio;g%; :’6 ggﬁ- gﬂs’ Coal, 8 pp- pigments, 9 pp. 6 figs-
] ems.

‘Alcoholicdiiquors, 13 PP-
Alkalies, 89 pp- 78 figs.
Alloys. Alum.
Asphalt. Assaym%.
everages, 89 pp- 29 1S
acks.
B}zgching Powder, 15 PP
Bleaching, 51 PP- 43 flgs.
Candles, 18 pp-9 figs.
Carbon Bisulphide.
Celluloid, 9 ppl.ay
nts. .
g?)g‘l?tar Products, 44 PP-
14 ﬁg;.
Cocoa, 8 PD-
Coffee’, 32 p;)}lg,gf;gs.
k, 8 pp. I s.
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Printing, 628 pp. 9 figs:
tuffs, 16 PP-
gi&ftro-l\ietallurgy, 13

Pottery, 46 pp: 57 figs:
GRS | v e
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1Iair, 7 PP- 2orp &
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Crown 8vo, cloth, with illustratious, 54,

WORKSHOP RECE] PTS,
FIRST SERIES.
By ERNEST SPON.
SYNOPSIS OF CoNTENTS.
Bookbinding. Freezing,

|
Bronzes and Bronzing. ‘ IFulminates,
Canedles, (

Paper,
Paper Hanging.

' Furniture Creams, Oils, Panting in Oils, in Water
Cement. ‘ Polishes, Lacquers, | Colonrs, as well as
Cleaning. | and Pastes, i Fresco, House, Trans-
Colourwashing. | Gilding. ( parency, Hgn, and
Concretes.

| Glass Cutting, Cleaning, -
Dipping Acids. | Frosting, Drilling, ' Photography.
Drawing Office Details, | Darkening, Bending, Plastering,
Drying Oils, | Staining, and Paint Polishes,”
\

4
Dynamite, ing. ‘ Pottery—(Clays, Bodies,
Llectro - Metallurgy —, Glass Making.

Carriage Painting.
g g

: Glazes, Colours, Oils,
(Cleaning, Dipping, ' Glues. I Stains, I'luxes, Lina-
Scrateh-brushing, Bat-! Gold. wels, and Lustres),
teries, Baths, and' Graining, © Scouring,

Deposits  of every | Gums. - Silvering,
description), Gun Cotton, Soap.

Enamels. Gunpowder, " Solders,

Engraving  on Wood, | TIorn Working. I Tanning,
Copper, Gold, Silver, | Indiarubher,

Taxidermy,

Tempering Metals,

Treating Tlom, Mother-
o-Pearl, and like snly-
stances,

Varnishes,  Manufacture

Steel, and Stone, Japans, Japanning, and
Ytching and Aqua Tint, kindred processes,
Firework Making — Lacquers,

(Rockets, Stars, Rains, Lathing.

Gerbes, Jets,  Tour-, Lubricants,

billons, Candles, Tires, | Marble Workin

a. and Usc of.
Lances, Lights,Wheels, | Matches, Venceringr,
Fire-balloons, and’ Mortars, N [ \\7;\>]1i“gf’
minor ireworks), | Nitro-Glycerine. | \Vatcrprooﬁng.
Fluxes. i Oils, : Welding,
Foundry Mixtures, )

I

Besides Receipts relating to the lesser Te
such as the manufacture and use ol Steneil
Patty, Wax, Siz, Alloys, Catgut,
Architectural Mouldings,
mention,

chnological matters and processes,
Plates, Blacking, Crayons, Paste,
. Tunbridge Ware, Picture Frame and
Compuos, Camcos, and oihers t0o numerous to

—_— .

London: E. & F. N. SPON, 125, Strand.
New York: 35, Murray Street.

Crown 8vo, cloth, 485 pages, with illustrations, 3s.
row ,

WORKSHOP RECEIPTS,
SECOND SERIES.
By ROBERT HALDANE.

SyNOPSIS OF CONTENTS.

kali- ! Disinfectants. | Ismglasusl.)stitutes‘

Acidimetry and Alkali-, Dyeing, Staining, and| ivo?llwsr

et | Colouring. ( Le?linoils bodies.
Friciai ! Essences. | Lun ot

. i racts i Magnesia.

AICth ‘ [ Matches.
Alkaloids, | Fireproofing. i Matches
Baking-powders. ; Gelatine, Glue, and Size. Pigceh;nent,
gi;?crﬁ'ing. ‘ 81};cerine. Derchiorie aci(%. §

ler Incrasaions ' Hyd ide. i Potassium oxalate.
gz:rlleernts and Lutes. | If:l{(drogen peroxi ! S
Cleene, i Todine. |
Confectionery. T
Copying. | .

inting : bracing the preparation
Pigments, Paint, and Painting er::l D e frorm

ding alumina lakes, blacks (ani

Pigments, inclu blues (antimony, Antwerp,

1 300t)
lamp, sight, soot), hluc
man?g’ana.te, Paris, Déligot,
hinau, sepia, sicnna, umber,

cobalt, ceruleum, Eg(){p'titnn,
i arine), browns (bistre,
Prussian, smalt, ultram : s (bis
\%::(sl;llc; grccn,s {baryta, Brlght?n? Ii];;}:;t:;lr(‘,
, - itis, mountain, sian,
hganese, mitls, ¥ e
as, emerald, mangh 'is, zi reds {Brazilwood lake,
chrome, C°’3“1t" P\(\)/E%zfu;th, titanium, verdngusl,tzuixri{(, coch(inea] hoad lake,
sap, Scheele’s, Sch rmine, Cassius purple, cob:; (Ii) ve’rmilion), e (e
carminated ]ak?f criadder’lake, red chnll]<, rled b(;a O S
A . L ili
thar, Indla‘} red, sad sulphate, white lead e i maling, and
Gemmin, Kremii kﬂdmd pPatti,nson D e, A Plrkc'i;’lstn's white, zinc white),
German, Kre}nn:,t;’m;:rcial samples——\vlntmg,t \:’:alé s o e 5 Pas
Y of ¢ imen s n, ar, | al §
composition ramboge, Naples, orp: t r o v, myine,
yellows (chrome, gz}irslb cﬁ»iérs, grinding, storing, apili]): s%r;eﬁ, ming, arying,
{vehicles, test e }(1)1 ' surface, water-colours, r.e;?ovcoé: er paint, -gold paint,
filling, coats, brus e_sicement paint for carton-pierre, ain}ip iy
miscellaneous pamtsims silicated paints, steatite })ma z e b
ot ot pi?ldo“,, paint, dne e Ilza-mcan?iag% painting—priming
tungsten pamls,» w dients, measuring paint wor k’ o the paints, oils
oportions of Ingirt Stm lour, cause of cracking, . -varnishing,
pain ty, finishing o0 o f washing vehicles, re-var g,
paint, best pull ” varnishing, importance ot wa
iers colours, Pty
gnerst,oaéxg paint ;,woodwork painting)
ow

[
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JUST PUBLISHED.

In demy 8vo, cloth, 600 pages, and 1420 llustrations, 6s.

SPONS’

MECHANICS OWN BOOK;
A MANUAL FOR HANDIGRAFTSMEN AND AMATEURS,

CONTENTS.

Mechanical Drawing-—Casting and Founding in Iron, Brass, Bronze,
and other Alloys—TForging and Finishing Iron—Shcetmetal Working
—Soldering, Brazing, and Burning—Carpentry and Joinery, embracing
descriptions of some goo Woods, over 200 Illustrations of Tools and
their uses, Explanations (with Diagrams) of 116 joints and hinges, and
Details of Construction of Workshop appliances, rough furniture,
Garden and Yard Erections, and House Building—GCabinet-Making
and Vencering — Carving and Fretcutting — Upholstery — Painting,
Graining, and Marbling — Staining Furniture, Woods, Floors, and
Fittings—Gilding, dcad and bright, on various grounds—Polishing
Marble, Metals, and Wood—Varnishing—Mechanical movements,
illustrating contrivances for transmitting motion—Turning in Wood
and Metals—Masonry, embracing Stonework, Brickwork, Terracotta,
and Concrete—Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c.—
Glazing with and without putty, and lead glazing—DPlastering and
Whitewashing— Paper-hanging — Gas-fitting—Bcll-hanging, ordinary
and electric Systems— Lighting — Warming — Ventilating — Roads,
Pavements, and Bridges — Hedges, Ditches, and Drains — Water
Supply and Sanitation —Hints on House Construction suited to new
countries. '

London: E. & F. N. SPON, 125, Strand.
New York: 35, Murray Street.
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