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1. The Utility of Desiccants in Electrostatic
Measurements.

By V. H. Jackson, M.A., and A. T. MugERJEE, M.A.

Preliminary tests on the relative efficiency of Calcium
chloride and strong Sulphuric acid in protecting from the
influence of moisture in the surrounding air the insulators
used in physical apparatus for accurate Electrostatic measure-
ments were described in a paper published by us in 1914.!
These tests were however open to the objection that the
sealing of the case within which the insulators of the electro-
meter and other apparatus used for the measurements were
enclosed was not hermetical. In the following series the mea -
surements have been made with an improved form of appara-
tus,? in which the Dolezalek electrometer and the insulators
were enclosed in a case from which the moist external air is
absolutely excluded, so that the comparisons between the
various desiccants used were carried out under strictly uni-
form conditions. As before, we consider that the maximum
rate of leak which is permissible with a satisfactory degree
of insulation of the quadrants is 0'01 volt per minute, when
the quadrants are initially charged to about one volt.

I. Carcium CHLORIDE.

A solid and easily procurable desiccant being desirable,
Calcium chloride was again the first substance examined but,
in confirmation of the earlier results, proved quite unsatisfac-

! Journal and Proceedings A.8.B., Vol. X, 1914, pages 227-240.
2 This Journal Vol. XVI, page 15.
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tory. The Calcium chloride, obtained from Merck in granular
form was spread on three dishes and introduced quickly in the
case which was then sealed up. It will be noticed (Diagram I
and Table I, Column III) that the rate of leak on the aver-
age was more than double the maximum value. After about
140 hours, on opening the case, it was found that the Calcium
chloride had hardly changed in appearance, though on keep-
ing it exposed to the moist air it changed rapidly and ab-
sorbed a large amount of moisture. That this substance is
inefficient as a desiccant for electrostatic work has already
been noticed in Glazebrook’s Report ! of 1891 on the Muirhead
standard air-condenser (capacity about 0:02 M.F.) as the
following passage will show:—‘The amount of leakage was
very ditferent . ... and depended on the dryness of the air
and ebonite pillars. Thus on March 11, when strong acid had
been enclosed for some time, the leak per minute amounted
to ‘1 per cent. of the whole charge. The sulphuric acid was

Diacram 1.
Calcium chloride (12.11.14—-18.11.14).

=1
@

[
[

=]
—

— Leakage in volts/min.

° 30 80 90 120 150
— Time in hours

removed during the Easter vacation and replaced by Calcium
chloride, and after this the leak rose to about 1 per cent. per
minute or ten times its former value. With the Calcium
chloride inside the leak was never reduced to ‘8 per cent. per
minute.”’

It seems worthwhile to draw special attention to the
unsatisfactory behaviour of Calcium chloride, as this sub-
stance still seems to be occasionally employed under the im-
pression that it improves electrical insulation.?

II. MrraLLIC SoDIUM.
Metallic sodium is extensively used as a desiccant in

" 1 B.A. Reports on Electrical standards, page 376.
2 For instance, Richardson, Proc. Roy. Soc., Vol. XCII, page 42.
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electrostatic work, especially in Germany, as for instance by
Gerdien,! Ebert,” Hochheim.? Elster and Geitel,* Daunderer,®
and it is the only means provided for drying the air in the
most modern quartz fibre electrometers such as the Wulf?®
and the Lutz 7 patterns, as well as in the insulators, specially
designed for high insulation, such as those of Gockel ® and
others. Nevertheless. we have not been able to trace any
published measurement which justifies the supposed eﬂ"lclencv
of sodium as a desiccant for accurate electrostatic work ; and
our own observations, which have been carefully verified in
several ways, lead us to the unexpected conclusion that for
this purpose metallic sodium is either ineffective or even worse
than useless.

In our preliminary measurements we used this substance

Diacram IT1,

Top—Sodium blts (17.10.14—29.10.14).
Bottom—Effect of glass stirrer, details in Table IT.
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cut in small pieces and spread on several dishes, which were
introduced quickly into the electrometer case. It was natural-
ly impossible to prevent a certain amount of deterioration
of the surface before the case was sealed. In these tests,
the leak never fell below 0015 volt per minute, and usually
varied between two and three times the maximum permissible
value. Diagram II and Table I, Column IV, giving the values
obtained, show that even after 300 hours no improvement was
produced On the ﬁrst occasion when this surprising result

Phyq Zelt Vol. 5, 1904, page 295.
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was noticed it was thought that the insulation of the quad-
rants had been temporarily spoilt by a spider thread or some
other conducting fibre. To test this point the case was
opened, and without disturbing any fittings the sodium driers
were replaced by strong sulphuric acid. This immediately
reduced the leak to the usual very low and constant value
obtainable with sulphuric acid, as shown on the last portion
of Diagram II (top curve).

Hardly any improvement even for the first few hours was
obtained by using freshly drawn sodium wire. The sodium
press was brought very near the electrometer case, and fairly
long lengths of wire 0'5 mm. in diameter were quickly drawn
into dry beakers, which were then immediately introduced

Dracgram ITI.

Top—Sodium wire (18.11.14—23.11.14).
Bottom—Quicklime.
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into the case and sealed up. This operation was done so
quickly that the brightness of the surface was scarcely af-
fected. The results are shown in Diagram III, and Table I,
Column V, from which it may be seen that the leak never fell
as low as the standard maximum value.

The cause of this anomalous behaviour of metallic sodium
is still obscure. It may be pointed out, however, that the
action of sodium on the amount of moisture present in the
volume of air treated must be accompanied by chemical
change. Whether sodium is slightly radio-active or not, a
certain amount of increased ionisation may result from the
process.

III. ProspHORUS PENTOXIDE.
’
Phosphorus Pentoxide is so rapidly affected by any mois-

ture present in the air that it has probably not occurred to
any physicist to use it in order to improve electrostatic insula-
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tion. We have found no record of its use for the purpose, but
as our arrangement admits of hermetical sealing we desired
to test its efficiency on the limited volume of moist air thus
concerned. In the preliminary measurements the substance

Disgram IV,

Top—Phosphorus Pentoxide on dishes (23.11.14—2.12.14).
Bottom—Strong Sulphuric acid, the best desiccant.
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was, as with sodium, spread out on several dishes and quickly
introduced into the case. Diagram IV and Table I, Column
VI, show that the leak of the quadrants, which was initially a
little below the permissible value, began steadily increasing on

Diagram V.

Effect of repeated doses of Phosphorus Pentoxide (3 doses)
(17.11.15—25.11.15).
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sealing up the case, and reached double the maximum value in
20 hours. No improvement was noticed even after 200 hours,
as the leak remained between twice and three times the stan-
dard permissible value. It might naturally be thought that



6 Journal of the Asiatic Soctety of Bengal. [N.S., XVI,

the value of this powerfully hygroscopic substance as a desic-
cant was destroyed during the time taken inspreading it onthe
dishes and introducing it inside the case. To avoid this objec-
tion, and also to test the effect of repeated doses of the desic-
cant, the following arrangement was made :—A piece of steel
tubing of about half an inch bore was pressed down into the
large bottle containing anhydrous phosphorus pentoxide, and
then quickly introduced into the electrometer case through the
opening on its top. By means of a steel rod the phosphorus
pentoxide was pushed out of the tube into a wide dish suppor-
ted in the interior of the case which was then immediately and
hermetically sealed by replacing the cover in the groove round
the opening. In this way the substance hardly came into
contact with the external air at all. This method gave results

Diagram VI.

Effect of introducing fresh charge of Phosphorus Pentoxide (A) or of
stirring the mass already inside (B). (6.12.15—23.12.16).
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of considerable interest, which are shown in Diagram V and
Column VII of Table I. Immediately after its introduction a
certain amount of desiccation was manifest, as the leak fell
slightly below half the maximum permissible value. It then,
however, immediately commenced to increase, and before
becoming after 50 hours approximately constant, reached over
double the standard value. A second charge of the desiccant
produced almost exactly similar effects, which were again
reproduced by a third charge. The results of a further trial
with this substance extending over a period of 400 hours are
given in Diagram VI. They show that the effect of stirring
the quantity already introduced in the case, so as to expose
fresh surfaces to the air, resembled that of adding fresh charges
in temporarily reducing the leak. On opening the case at the
end of the last set of measurements it was observed that there



1920.] Desiccants in Electrostatic Measurements. 7

was only a slight change on the surface of the phosphorus
pentoxide.

It seems clear that moisture could not have been the
cause of the increase of leak which was invariably observed.
As in the case of metallic sodium, any drying action due to
this substance is accompanied by chemical change, which may
similarly be accompanied by increased ionisation. It is also
possible that the abnormal increase of leak in this case is due
to the presence of vellow phosphorus in the sample of phospho-
rus pentoxide which was used. The chemical action of mois-
ture on yellow phosphorus was found by Schenck' to produce
an increase of ionisation.

IV. QUickLIME.

Solid desiccants are obviously so much more convenient
for use with many electrostatic instruments than strong sul-
phuric acid that it was considered worthwhile to investigate
the matter further. Professors Caldwell of Patna College and
Bellars of Rangoon College have suggested to us that other
solid desiccants with which there are less chances of complica-
tions due to chemical action might be more suitable for our
purpose. Oune of these is Quicklime, and we have examined
the action of a sample of this substance kindly prepared for
us at temperature about 600° C by Professor Bellars. The
general conclusion is that though quicklime does not resemble
metallic sodium and phosphorus pentoxide in producing an
abnormal increase of leak after a short time, the improvement
in insulation caused by it is only temporary. This is probably
due to the great difficulty in keeping this substance absolutely
anhydrous, but it also appears as if its efficiency as a drying
agent is entirely confined to the surface layer, which is rapidly
affected by any moisture present. Diagram III shows that
when the quicklime was first introduced into the case it
brought down the leak to 0'0025 volt per minute, but the
effect did not last long, and after 30 hours reached the value
0-006, which is the usual leak during the dry season when desic-
cants are not used. A larger amount of the substance tested
subsequently did not bring down the leak at all, although the
tin containing the quicklime was after opening again sealed
by paraffin and kept in a sulphuric acid desiccator.

Further tests on this substance, freshly prepared, and on
others such as anhydrous Copper sulphate and sodium ethox-
ide carried out during the dampest season of the year would
be interesting, but it seems likely that the surface layers of
all of them will prove to deteriorate so rapidly on exposure
that for all ordinary purposes they cannot compete with strong
sulphuric acid.

I Science Abstracts, Vol. XVI1I, 1915, No. 1581.
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Y. SuvpHURrIC ACID.

Sulphuric acid of density about its maximum, 1-840, cor-
responding to 909, of pure’ H,SO, prepared by boiling with
the usual precautions, is the only desiccant which we have
found suitable for use with sensitive quadrant electrometers
and similar instruments, and even with this substance the best
results can only be obtained when, as in our arrangements, the
insulators which are to be kept dry by it are enclosed in a
hermetically sealed case. As soon as we had succeeded in
making the sealing of the older type of case used by us
hermetical, we introduced or removed the sulphuric acid
without opening the case itself. To do this, we employed a
glass siphon passing through a sealed opening in the bottom
of the case and dipping into the beaker. By means of a two-
way tap outside, the acid could be introduced under pressure
or siphoned off. The acid contained in the beaker could be
stirred by means of an open spiral, of glass tubing, which
could be either lowered entirely underneath the surface of the
acid, or pulled completely out of it, by a thread working
air-tight through a U tube filled with mercury and oil and
sealed into the case. As noticed with all the solid desiccants
which have been examined, the action of the surface layer of
this substance is weakened by the absorption of moisture, and
in order to obtain the full improvement possible it is necessary
to renew the surface by stirring the acid. By this means the
period of useful action of the sulphuric acid in a sealed case
can be prolonged almost indefinitely.

A curious and unexpected effect which was invariably
noticed, however, was that if the glass stirrer was left hanging
in the air after being pulled out of the acid the leak of the
electrometer immediately began to increase, reaching values
about fifty to seventy per cent. in excess of the normal value.
The original low value (about 0004, as the acid used was only
of 90 per cent. strength) was immediately restored by stirring
again and leaving the stirrer entirely underneath the surface
of the acid. The cause of this behaviour is obscure. It is
probably due to adsorption of water on the glass, the acid
dropping off the stirrer being more concentrated than the
original. Diagram 11 and Table I1 show clearly this effect in
a long set of measurements which was performed in order to
confirm the conclusions arrived at in previous work. The first
part, up to 60 hours, shows the normal leak with the glass
stirrer completely immersed in the acid; the stirrer was then
pulled out and left partly exposed, and the leak began to
increase. Stirring brought this down to the usual value.
Again after 110 hours, the stirrer was left exposed for a long
period to see the maximum increase of leak possible. The
leak increased to double the usual value and then began vary-
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ing between the limits 0°010 and 0'015 volt per minute.
Finally, after 220 hours, the acid was again stirred and the
stirrer left underneath the surface. The leak of the quadrants
regained the usual value and remained as satisfactory as
before.

Though these arrangements for introducing the acid
without opening the case, and for stirring the acid, worked
quite satisfactorily, they are too complicated for ordinary use.
By means of the simple arrangement described in detail in a
previous paper,! the acid can be so easily drawn off and
replaced by a fresh quantity that it is unnecessary to provide
any special arrangements for stirring it.

The superiority of sulphuric acid, when properly used,
over other desiccants for accurate electrostatic work is clearly
established by measurements made with either arrangement.
Using acid of strength 959%,, the leak, as shown in Table I,
Column IT and in Diagram IV, can be reduced below one-fifth
of the standard maximum permissible value, and can be kept
practically constant for more than a week, without stirring or
renewing the acid.

| ITmprovements in measurements in Quadrant Electrometers, part
II, 1920.
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TABLE II

Showing the abnormal effect observed on leaving the glass stirrer
exposed to the air.

No. of hours under Circumstances. Leak in Volts

test. per minute.
0 | Stirrer fully immersed in acid 0-0042
12 ve 0-0044
24 ve 0'0048
36 . 0:0040
60 . 0:0050

Stirrer left partly out
70 ’s 0:0084
Stirred end stirrer left in 0-0150
100 Stirrer in 0-00565
110 v 0-0051
Stirrer left out

125 00090
150 v 0-010
170 v 0014
195 ’ 0:013
200 vs 0-011
220 ’s 0014
Stirred and stirrer left in 0-0061
222 ’ 0-0060

224 v 0-0046

R
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2. Improvements in Measurements with Quadrant
Electrometers.

Part 1I. Simplified arrangements for accurate and
continuous work.

By V. H. JacksoN, M.A,, and A. T. MurERJIEE, M.A.

In a previous paper ! we discussed the difficulties connec-
ted with the use of sensitive quadrant electrometers in India,
and described arrangements which we had found adequate at
Patna to give quite satisfactory results during the dampest
weather. The principles underlying these improvements
were :—

(1) The elimination of all unessential insulators. By
attaching a special key direct to the amber insula-
tors of ome pair of quadrants we reduced the
number of insulators required for all the ordinary
operations in electrometer work to two. namely, (a}
the insulation of these quadrants; and (b) the in-
sulation of the wire connecting the electrometer to
any apparatus outside.

(2) Protection from the effects of moisture and electro-
static disturbances in the atmosphere. We enclosed
the electrometer and attached key in an outer
earth-connected metal case, and operated the key
connections from the outside, the air inside the
case being kept drv by strong sulphuric acid.

In the actual arrangements then in use, the electrometer
was enclosed in a square zinc case fitted on a wooden frame-
work. The connections with the mercury cups of the key
were made in the usual manner, by letting down cylindrical
pieces of brass with amalgamated points by means of silk loops
attached to cotton threads passing through small holes in the
case. Drying was effected by soldering up one side of the
case after the strong sulphuric acid was introduced, but com-
munication with the outside air was still possible through the
four small holes for the threads. These arrangements were
evidently open to considerable improvement. The operation
of soldering alone took several minutes, during which the acid
necessarilvy deteriorated. As the sealing was not hermetical,
moisture gradually entered the case owing to diffusion or tem-
perature differences. For these reasons, as we pointed out,

I Journal and Proceedings, A.5.B., Vol. X, No. 6, 1914, pages 227-240.
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the effect of the sulphuric acid could only be relied on to keep
the leak in wet weather below the standard value for some-
thing like 200 to 300 hours. It was also found that the effect
of the moisture absorbed by the wooden framework of the case
could not be neglected. With proper hermetical sealing and
better arrangements for introducing drying materials into the
case, it was thought possible that better results could be ob-
tained by substituting for strong sulphuric acid other desic-
cants such as Phosphorus Pentoxide or metallic sodium.

All these problems have since been investigated. A square
brass case, free from wood, was constructed, and after much
difficulty rendered absolutely air-tight by soldering all edges
and stopping the minute leaks with coatings of Canada Balsam
in ether. The threads operating the key were led in through
small U tubes containing mercury, the communication being
rendered perfectly air-tight by the addition of oil. Since the
oil increased friction when cotton threads were used, these
were replaced by human hair, as experiment showed that this
was the material which worked most smoothly. The sulphuric
acid was introduced or removed by a double siphon without
disturbing the sealing of the case. To eliminate all possibility
of the entry of moist air by leakage a slight additional ‘pres-
sure was maintained inside the case. Drying agents other
than sulphuric acid were introduced from the top of the case,
which could be immediately re-sealed by iron covers dipping
in grooves containing mercury and oil. During these investi-
gations several interesting results were obtained, both as
regards the superiority of suiphuric acid over other desmcants
and the best. method of using sulphuric acid as a desiccant.
Most of these were described at the third session of the Indian
Science Congress at Lucknow, but have not hitherto been
published.

As a result of the experience obtained during these investi-
gations, the whole apparatus has now been re-designed and
simplified. Several Dolezalek electrometers fitted with the
improved arrangements, including one for continuous self-
recording registration of the Earth-air current, have been in
constant use in our laboratory for nearly three years, and no
further difficulties have been met with. Discussions with
other workers in physical laboratories in India have convinced
us that a detailed description of the final arrangements now
adopted would be useful. These are as follows:—

No alterations have been made as regards the connections
operated by means of the key, but the modifications in the
methods of working and general arrangements, as shown in the
diagram, require explanation.

The outer case is now made cylindrical instead of square,
thus avoiding many difficulties in construction, especially by
reducing the number of joints, all of which are possible sources
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of leakage of moist air. The upper part (4) is made of light
brass, about 05 mm. thick, 22 cms. in diameter, and 40 cms.
high. This is removable, and fits into a groove 1 cm. wide by 2
cms. deep turned on the rim of a heavy cast-iron or brass base
(C). Tron is on the whole preferable, as brass even when
protected by paint is liable sooner or later to be attacked by
the mercury. The groove is partly filled with mercury and
oil, so that hermetical sealing is at once obtained with this

G

-

arrangement when the cover is placed in position. The
fittings on the removable case are :—

(D) A microscope slide sealed with Canada Balsam into a
metal frame soldered to the case. These slides when of good
quality are plane enough to give a sharp image when light
passing through them is reflected from the mirror of the electro-
meter, as in the ordinary lamp and scale arrangement.

(E) A lantern-slide or a piece of ordinary window glass
about 8 cms. square, similarly sealed into the case, which serves
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to watch the level of the sulphuric acid contained in the funnel
(H) inside.

(F) is an iron ring, soldered on the case with its centre
immediately over the funnel. Through this opening, which is
ordinarily kept closed and air-tight by an iron cover (@) dip-
ping in a mercury and oil groove, fresh sulphuric acid can be
introduced into the funnel whenever necessary.

The lower portion (C) of the outer case carries the
following fittings :—

(H) A glass funnel, provided with a tap underneath the
base. This funnel passes through a hole (/) and is sealed air-
tight with pitch composition

In order to make room for the acid funnel, the electro-
meter is not placed symmetrically inside the outer case. Its
levelling screws rest on brass brackets (K) 120° apart, each of
which is screwed on the inner side of the base (C). One of the
brackets is 12 cm. and the others 5 ecm. in length. When the
electrometer i3 placed in position on these brackets a gap of
about 10 cm. is left beneath it and the base and it is possible
to get at the key and other fittings underneath the electro-
meter without disturbing its adjustment.

(M) is a sulphur or amber insulator carrying the wire
which connects any apparatus outside the case to the mercury
cup (N), and (P) is another mercury cup connected directly to
the case, which is of course kept earthed.

(@) is a brass plate about 8 cms. square, soldered over an
opening cut in the base. Four soft iron rods 8 mm. in diameter
and 18 cms. long (two of which are shown in the diagram) pass
through circular holes in the brass plate, each of which is 3%
cms. from the intersections of the diagonals of a square. The
level of their ends is adjusted until each attracts the corres-
ponding armature over it sufficiently strongly, and then they
are fixed by solder on the brass plate. On the portion of each
rod which projects outside the base is wound a high resistance
magnetizing coil about 7 cms. long, consisting of 7 layers of
No. 36 double silk covered copper wire. The resistance of
these coils is made high, about 50 ohms, in order to reduce the
current necessary for continuous working to about 0-2 ampere.
Unless the heating effect is made as small as possible con-
vexion currents may be set up inside the electrometer case,
which cause a drift of the zero of the needle in one or other
direction. Owing to the frequent interruptions of the current
in the electromagnets, the insulation is severely tested, espe-
cially in damp weather and it is essential that each layer
should be protected by tissue paper soaked in a solution of
celluloid in amylacetate.

The key (R), which is the only additional fitting to the
electrometer iteelf, has been considerably simplified and im-
proved. It consists of a vertical wire screwed directly to one
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of the quadrants through its amber support, carrying four
hinged soft iron armatures about 3'5 cms. long by 0'5 cms.
wide. Each armature has a well-amalgamated copper point
rivetted at its end which makes connexion when necessary with
the corresponding mercury cup placed underneath it. The
armatures are suspended by short brass spirals from four hori-
zontal wires attached to the central vertical wire, and as these
spirals are soldered at both ends they also serve to establish
good electrical connexions between the amalgamated points
and the central wire. To prevent the armatures from being
pulled too far down and thus touch the cores of the electro-
magnets suitable stops are carried from the end of the vertical
wire. When necessary, one electrometer together with its key
can be lifted from the brackets and replaced by another,
without any further adjustments.

One of the two mercury cups not shown in the diagram is
connected to a cylindrical air-condenser, with amber insulation,
supported vertically inside the case, the outer cylinder being
earthed. This air-condenser is used for determining the capa-
city of the electrometer at any time. The fourth cup is
supported by a wire through a sulphur or amber plug on the
side of the lower part of the case (C) and is used to charge the
quadrants to the potential of one or more cadmium cells placed
outside the case.

It is necessary to have one more sulphur or amber plug
passing through the side of the base (C) in order to lead in the
potential for charglng the electrometer needle to a suitable
voltage. The wire passing through this plug is connected
either to the binding screw (S) when a conducting suspension
is employed, or to the binding screw (7') on the charging
arrangement supplied by the makers for use with quartz fibre.
In the latter case the additional arrangement for charging the
needle from outside the hermetically sealed case, mentioned in
our previous paper, is used. Alignment marks are put on both
portions of the outer case, so that the upper cover can be
lifted up to examine the internal fittings and replaced in a
few seconds with hermetical sealing as before.

In order that the arrangements described may work satis-
factorily a few important points require attention.

(1) Should the material of the electrometer needle be
slightly magnetic, the comparatively strong magnetic fields
set up when one or other of the electromagnets is excited
would alter the zero. We have found, however, that when
a needle of aluminium foil is used, even with a quartz fibre
and a fair degree of sensitiveness (about 300 mm. at one
metre for one volt on the quadrants) there is no appreciable
disturbance of zero due to this cause.

(2) Another possible source of zero shift is the vibration
which takes place in this arrangement when contact between
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the point and its mercury cup is broken. If the amalgamation
of the point is not satlsfactory, or the mercury surface not
clean, a slight coherer effect is noticeable at the contact, and
the zero of the electrometer is liable to small shifts even when
the point is pulled slowly out of the mercury as in the origi-
nal arrangement. These effects are made all the more pro-
bable by any vibrations which occur. but with clean mercury
and properly amalgamated points no trouble of this kind is
experienced.

(3) The acid used should be boiled with a small quantity
of ammonium sulphate, as recommended for Kelvin electro-
meters. Its specific gravity is thus usually about 1-840
indicating a proportion of about 95%, of pure sulphuric acid.

(4) By means of a standardised sliding condenser attached
to (M) the external connection, the capacities of each part of
the instrument may be determined with very considerable
accuracy by a method similar to that of Gerdien,! which has
been worked out independently by Mr. K. N. Bannerjee, M.Se.,
Senior Lecturer in this laboratory. As an example of the
magnitudes which may be expected, we give the values for one
of the electrometers now in use in our laboratorv. The capa-
city of the quadrants with the key, using a 6u quartz fibre
giving sensitiveness 250 mm. per volt when the needle is charged
to 14 volts, is 285 E.S.U. ; that of the external connector M
with its mercury cup is 76 E.S.U. The capacity of the
cylindrical air-condenser as calculated from its dimensions,
and neglecting end-corrections, was 80°3; but when determined
by this method its true value, including its connection to the
mercury cup, is obtained and is 83:8+0'5 E.S.U.

{5) All the insulators which remain inside the case, and are
therefore protected from moisture, retain a very high and
almost constant degree of insulation; but the problem of
maintaining a sufficiently low or sufficiently constant value of
the leak on the portion of the insulator (M) outside the case
which cannot be completely shielded from ordinary moist air
has proved to be a very difficult one, especially during very
damp weather. The arrangement used by Gockel? or Scherring,®
consisting of a corrugated ebonite insulator with external metal
protection and sodium drying, was designed specw,lly for useas
an external insulator under such conditions, but it is quite use-
lesa for electrometer measurements of any considerable degree
of accuracy, except in very dry weather when simple insulators
work at least equally satisfactorily. Ebonite is so sensitive to
moisture that its use in connection with electrostatic measure-
ments when exposod to ordina.ry air should be avoided, when-

1 Phys Zeit., Vol. 5, 1904, pages 294-296.
2 ., . . 6,1905, page 328.
8 . e . 51904, ,, 452.
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ever possible, and as shown in another paper,! sodium used as a
drying agent tends to increase rather than diminish the natural
leak of the insulator which it is intended to protect. After
trving numerous modifications of this type of insulator, using
amber, sulphur or paraffin for the insulating material, with
elaborate protection of the insulator from any currents of
moist air. and with either strong sulphuric acid as a drying
agent or with slight heating of the surface of the insulator,

= N
-1

none of these have proved satisfactory in practice for work of
the highest degree of accuracy, either as regards the degree of
insulation secured or the constancy of the leak. This may be
seen from the following measurements, typical of a large
number of similar observations on the behaviour of insulators
protected as shown in Fig. 2. These insulators were of exactly
the same size except that the surface of the paraffin was not
grooved.

I Utility of desiccants in electrostatic work.
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Protected insulator. No desiccant used.

Time after ex- . ,
posure to air. Ebonite. i Amber. Paraffin.
!
| _
0 ‘0067 i 21 0075
16 hours 014 ! .. -008
18 . . -009
20 . 013 017
36 ‘0090 ! -015 ..
50 . ‘ -014
656 ’ -023

Same insulators. Sulphuric acid drying.

Initial 0:0090 0013 0017
Immediately after. 0-0038 0-0097 ..
2 hours .o .. 0-0087
4 0:0064 0-0079 ..
10 0-015 .. 0020
15 .. 0-0097 ‘e

The arrangement for these purposes which we have found
most satisfactory up to the present is a much more simple one.
Concentric with the connecting wire which passes through the
sulphur plug (8), Fig. 3, along its axis, a brass cylinder @ is also
imbedded in the sulphur, thus serving as a guard ring. By
means of a connection soldered to a small projection P on the
outer rim of the guard cylinder this can be charged to any po-
tential either positive or negative. The diameter of the sul-

' - Y7777
VLT, t

P

phur plug is reduced to about 12 mm., that of the cylinder
being 8 mm. The external and internal surfaces of the
sulphur plug, as well as the ends of the brass cylinder, are
made flush with the corresponding surfaces of the case itself.
The object of this is partly to reduce surface creep of electrifica-
tion over the insulator, and partly to prevent dust from collect-
ing on the surfaces exposed to the outer air. By applying to
the guard cylinder a potential exactly equal to that of the wire
passing through the sulphur plug, the effect of any leakage
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due to moisture on the surface of the latter as well as conduc-
tion would be entirely eliminated. By reversing the potential
of the guard cylinder this leakage effect should be doubled,
thus giving an estimate of its amount. In practice, the guard
ring is kept at the potential of the cadmium cell used to charge
the quadrants, and since the potential of the wire passing
through the sulphur plug is never higher than this and is
usually lower, the leakage due to moisture and conduction is
employed to reduce the leak of the whole system consisting of
the quadrants connected to the wire.

The following table, showing result of observations taken
with the guard-ring, indicates the very great improvement
effected in the insulation of the sulphur plug even during the
monsoon. Of the observations taken on the 21st of August,
1919, Column D shows the rates of leakage of the quadrants
alone. Column C shows that the rates of leakage of the
quadrants with the sulphur plug having its guard-ring properly
charged are almost equal to those of the quadrants alone.
Columns A and B show the increase in the leak by earthing the
guard-ring or by putting the opposite potential on it. Similar
results were obtained on the next day with a positive charge
on the quadrants, and the agreement between the Columns
D and B is as satisfactory as before.
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3. A Loom used by the Gaodar (Herdsmen) of Seistan.
By N. AxNaNDALE, D.Sc., F.AS.B.
(With Plates I—II.)

The loom here described was seen in use in a Gaodar
encampment on the shores of the Hamun-i-Helmand by Mr.
S. W. Kemp and myself in December, 1918. The figure is
reproduced from a drawing baced on photographs taken for
the purpose by Mr. Kemp. I have to thank Mr. H. G. Graves
for much assistance in drawing up the description; the techni-
cal terms in which are those employed by Ling Roth, Journ.
Anthrop. Inst., XLVI. p. 284, fig. 1 (1916).

The loom is of the horizontal tvpe but is fitted with a
vertical apparatus for the suspension of a shed-stick and
heddle-rod. The threads of the warp are stretched on the
ground between two sticks of tree-tamarisk. The stick (a) at
the end at which weaving commences (the cloth-beam) is se-
cured in position by being placed behind two pegs driven into
the ground, while the other stick or warp-beam (b) is fastened
by a loop of rope at either end to two other pegs. The warp
can be drawn taught by tightening these ropes. A vertical
tripod consisting of three sticks (¢, ¢, ¢) six feet or more in
length is used to suspend the shed-stick and heddle-rod. These
sticks are tied together above; two of the legs are inserted into
the ground one on each side of the warp near its middle and
the other near the warp-beam in front but also at one side.
As the weaving proceeds the position of the tripod must be
altered. From its apex a stick about two and a half feet long
is suspended across and a considerable distance above the
warp. It is also lashed to the two hinder legs of the tripod in
such a way as to be practically immovable. A shorter stick (e)
rests on the upper suspender at vight angles and supports the
shed-stick (/) and heddle-rod (g), to which it is fastened, at one
end to each, by ropes about three feet long. 1t is freely mov-
able backwards and forwards, and when the end near the
cloth-beam is pulled down the shed-stick is raised and the
odd and even threads separated; when it is pushed up the
heddle-rod pulls the odd threads (i) up between the even
threads of the warp (k). Both the shed-stick and the heddle-
rod are roughly-shaped tamarisk twigs between two and a half
and three feet long, each a little longer than the width of the
warp. The odd threads are fastened to the heddle-rod
between the even threads by separate Joops of wool, one for
each thread, and the loops are fixed to a transverse thread
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which runs along the front of the heddle-rod and is there
firmly tied in position.

As a rule two women work together at this kind of loom,
both squatting on the web (k) and one inserting the thread of
the woof, which she holds roughly bundled together without a
shuttle, by hand, while the other wields the beater-in and
manipulates the heddle-rod and shed-stick. A single woman
can, however, work alone.

The beater-in (fig. 2, pl. II) resembles the specimen, pro-
bably from Persia, figured by Ling Roth in Journ. Anthrop.
Inst., XLVIII, p. 130, fig. 195A, except that the handle and
body are in a straight line. They are carved out of a single
piece of wood and on the back of the body there is a metal
shield, sometimes of brass, sometimes of iron and often partly
of one metal and partly of the other. It is fixed on by nails.
The other surface is not protected but is often ornamented
by crude carving (see figure). The metal shield not only
strengthens the implement but also helps to keep in posi-
tion the raw hide by means of which the teeth of the comb
are fixed to the body. These teeth are abruptly curved copper
blades, seven in number. Their bases are inserted into the
wood and covered by a piece of raw hide in which slits are
cut for the protrusion of the teeth. This has evidently been
applied wet and allowed to dry in position before the metal
shield has been fastened on. The straightness of the beater-
in is probably correlated with the fact that the weaver sits on
the web and strikes downwards with it. Compare the figure
of a Lycian weaver working at an upright loom with a curved
or bent beater-in reproduced by Ling Roth in the paper cited
above (Journ. Anthrop. Inst., XLVIII, p. 123, fig. 12).

The whole apparatus is probably degenerate rather than
primitive, its peculiarities depending on the difficulty experi-
enced by the Gaodar in obtaining timber. A minimum of wood
is used in its construction and the crooked branches of the tree-
tamarisk are utilized perforce. Even these have to be brought
from Miankangi, a remote district situated between the main
effluents of the Helmand. The tripods and suspenders are
thus valued possessions and may always be seen when not in
use leaning against the walls of the reed huts of the Gaodar
(plate I).

The woollen cloth made with this loom is a coarse blanket-
like material, as a rule black with white or grey transverse
stripes but without other pattern. It is produced in long
strips not more than two and a half feet wide. A similar
type of loom is used by Baluchi women in Seistan for weaving
carpets. See Tate’s Seistan, part 1V, plate opposite page
323. This plate is, however, not quite clear as to details and
I did not see the carpet-loom myself.
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EXPLANATION OF PLATES.

Prate 1.

Gaodar encampment at the edge of the Hamun-i-Hel-
mand, showing loom-frames resting against the huts of reed-
matting.

PraTe 1I.

F1c. 1.—Gaodar loom, Seistan.

a=cloth-beam ; b =warp-beam; c=stick support-
ing suspensorium; d=transverse rod of suspen-
sorium ; e =rod supporting shed-stick (f) and heddle-
rod (g) ; »=even threads of warp; =0dd threads of
warp ; k= web of cloth.

F1g. 2.—Beater-in or weaver’s comb; much reduced.
F1a. 3.—Two Gaodar women weaving at the loom.
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4. Further Notes on the Genus Camptoceras
(Mollusca Pulmonata).

By N. Axxanpare, D.Sc., F.AS.B., and BaiNi PrasHAD,
D.Sc. (Zoological Survey of India).

Since we submitted to this Society last vear our notes on
the genus Camgptoceras, Benson, two events have occurred that
cast further light on its taxonomic position. These are the
publication by Walker (a few days earlier than our paper) of a
description of the Japanese species and the discovery by one
of us of specimens of a new species from Kashmir, closely allied
to C. lineatum, in the collection of St. Xavier's College, Bombay.
We are thus placed in a better position to estimate the exact
status and relationships of the genus. Before discussing these
points we will give a few notes on the two species C. hirases,
Walker. and C. subspinosum, sp. nov.

Camptoceras hirasei, Walker.

1919. Camptoceras hirasei, Walker, Occ. Papers Mus.
Zool. Univ. Michigan, No. 64, pp. 1-6, pl. i
(March 17th).

1919. Camptoceras sp , Annandale & Prashad, Journ. As.
Soc. Bengal (n.s.) XIV, p. 458, pl. xii, fig. 2.

Walker discusses not only the shell of his new species but
also the external anatomy, the radula and certain of the
internal organs. His material was, however, defective, and he
was unable to give any account of the genitalia. His figures
of the shell and radula do not altogether conform with our
own and we are not able to accept his description of the radula
as accurate.

So far as the shell is concerned we believe that the dis-
crepancies are probably due to the fact that his specimens
were not so mature as ours. It is true that they were slight-
ly larger than those we examined, but considerable varia-
tion in size must always be expected in aquatic pulmonates
and the mouth and adjacent parts of the shell he figured
were, to judge from his plate, less perfectly developed than
those of the specimen figured by us. In our specimen there
was a vertical ridge or varix on the outer aspect of the body-
whorl that seemed to indicate that the animal had under-
gone at least one period of arrested growth. No such ridge is
shown in Mr. Walker’s figures. Our specimen was killed in
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October and possibly the difference is due to the two series
having been collected at different seasons.

In the dried material we examined we were unable to find
any trace of the horny jaw, but Mr. Clapp’s description of it is
confirmed by an examination of the same region in our new
species. The jaw is evidently very like that of Planorbis, con-
sisting of a slender transverse centre-piece and two still more
slender lateral pieces.

As to the radula, Mr. Walker states that the central tooth
is bicuspid and that the bases of all the teeth are quadrate.
In our preparation of two radule of the Japanese species we
find some difference in respect of the central tooth. In one it
is tricuspid, in the other quadricuspid, the two middle cusps
being much the longest. 1In this tooth, therefore, it is possible
that the apparent discrepancies between the two descriptions
are due merely to individual variation. This is not so, how-
ever, with the form of the base of the laterals and marginals.
A re-examination of our preparations and a comparison with
others of the radula of C. subspinosum convince us that we
were right in figuring these teeth as produced and bluntly
pointed at the base. Radular teeth so minute as those of the
aquatic pulmonates are always difficult to examine in detail,
and Mr. Walker’s figures can only be described as somewhat
crude.

We do not think that there can be any doubt that the
American malacologist and we ourselves were dealing with the
same species. To prevent any misconception as to the ap-
pearance of rivalry due to the practically simultaneous publi-
cation of our papers on the subject, we wish to state that we
had invited Mr Walker to publish his description first and that
he had agreed to do so in a most courteous manner.

Camptoceras subspinosum sp. nov.

This species (fig. 1) is, as we have said, closely allied
to C.lineatum, Blanford,! but differs in the following charac-
ters . —

(1) The shell is considerably larger and more elongate
and bas 4 instead of 2} whorls.

(2) Its whorls are more convex and less oblique and the
suture is less well defined, not so deep and broader.

(3) The mouth of the shell is longer in proportion to its
breadth and narrower above.

(4) The sculpture consists of spiral lines of minute sub-

1 See Blanford, Journ. As. Soo. Bengal XL, p. 40, pl. ii, fig. 3 (1871).
The description is reprmted in Gude’s volume on the Mollusca. (II) in the
Faun. Brit. Ind., p. 464, fig. 144 (1914).
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spinose tubercles ! with very fine longitudinal and
transverse striae between them.

So far as shell-characters are concerned this species pro-
vides a link not only between C. lineatum and C. hiraser but
also between the genus as a whole and the Malayan and
Australian species of Bullinus.

F1a. 1.—Type specimen of Camptoceras subspinosum, sp. nov.

The radula (fig. 2) is very similar to that of C. hirasei, but
the teeth are distinctly longer and the central differs in having
larger cusps. In one radula the cusps of this tooth are dis-
tinct, two in number, while in another they are fused together

SPEdE GE

Fra, 2.—Radular teeth of Camptoceras subspinosum sp. nov.
a=central ; b, b=laterals ; c=marginals.

so that the tooth is really unicuspid. In our preparations of
this species it is clear that the extremity of the cusps of all
the teeth is produced into a sharp spine-like process as in
Planorbis and allied genera, but this process is extremely

I This character is better seen in specimens in spirit than in dry
shells and may not be differential.
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minute and delicate. The approximate dental formula is
7. 11. 1. 11. 7, the laterals being more numerous than in C.
hirase:.

The jaw closely resembles that of C. hirases as figured by
Japp in Walker’s paper.

Qur specimens are preserved in spirit but appear to have
been completely desiccated at some period. It is impossible
to make out much of their anatomy, but we have succeeded
in extracting the penis-sheath, which is elongate as in Planorbis
and its allies. The tissues are badly preserved and it is impos-
sible to see details of the structure, but there is certainly no
penial stylet.

The external anatomy is evidently closely similar to that
of C. terebra and C. hirases.

Measurements of Shells (in millimetres).

1 11 111
Length .. .. 53 52 55
Diameter .. .. 25 2:5 26
Length of Mouth .. 34 36 36
Diameter of Mouth 17 17 19

Type-specimen. No. M 1151 in the collection of the Zoo-
logical Survey of India (Indian Museum).

Habitat. The series we have examined was collected by
Prof. F. Hallberg of St. Xavier’s College, Bombay, on the road
between Khanabal and Islamabad in Kashmir (alt. between
4,000 and 5,000 ft.) on April 15th, 1916. A young specimen
was also found by the same collector in the Chenar Bagh at Sri-
nagar (alt. 5,250 ft.) on March 23rd of the same year.

The adults were found in a small, very shallow pool, ap-
parently recently dug, without vegetation and with an area of
only about 12 square yards. They were attached to the lower
surface of small submerged stones. The young individual was
on the under surface of a dead plane-leaf in a small canal.

TAXONOMIC POSITION OF THE GENUS CAMPTOCERAS.

We are now in a better position to estimate the taxono-
mic status of Camptoceras correctly than we were when writing
our former note. We accept Walker’s view that the genus
belongs to the Planorbidae, not to the Ancylidae as we for-
merly thought. The structure of the jaw and of the form of
the penial sheath affords strong evidence in favour of this
view, as does also the minute structure of the radular teeth.
The shell-form of our new species, moreover, is less different
from that of Bullinus, Adanson, than that of any species of
Camptoceras previously described. As we have already pointed
out, this species closely resembles C. lineatum. In describing
the latter the late Dr. Blanford expressed a doubt as to its
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being congeneric with C. terebra and C. austeni. Here again,
however, C. subspinosum is an annectant form, the more
elongate shape of its shell and less contiguous whorls bringing
it distinctly nearer to the extreme species of the genus than is
C. lineatum.

Considering the four species of Camptoceras now known
together, the propriety of separating them from the genus
Bullinus may possibly be doubted. The shells of such species
as B. aliciae (Sowerby) and B. acutispira (Tryon) are not very
different from those of C. subspinosum in general structure and
the radulae of the two genera have a somewhat similar facies.
In no species of Bullinus, however, are the whorls so oblique
or so angulate, or the suture so broad and canal-like as in
Camptoceras. The radular teeth,! moreover, are much fewer
in each transverse row in Camploceras and have the sharp
point of the cusps much less well developed and the gill is not
lobose. We are of the opinion, therefore, that Camptoceras
should be placed provisionally in the subfamily Bullininae but
not in the genus Bullinus.

We give here, to facilitate recognition of the subfamily,
genera and species, a brief synopsis.

Subfamily BULLININAE.

Planorbidae in which the shells are ovoid or elongate and
acuminate, never disc-shaped.

Key to the genera of Bullininae.

1. Shell with the whorls more or less swollen,

the suture linear or almost so .. .. Bullinus.
2. Shell with the whorls angular or subangular

and extremely oblique, the suture very

broad and deep .. . .. Camptoceras.

Genus Camptoceras, Benson.

1843. Benson, Calcutta Journ. Nat. Hist. 111, p. 465.

1855. id., Ann. Mag. Nat. Hist. (2) XV, p. 10.

1871. Blanford, Journ. As. Soc. Bengal XL, p. 40.

1014. Gude, Faun. Brit. Ind. Moll. 11, p. 460.

1919. Walker, Occ. Papers Mus. Zool. Univ. Michigan
No. 64, p. 1.

1919. Annandale and Prashad, Journ. As. Soc. Bengal
(n.s.) X1V, p. 458.

M

Key to the species of Camploceras.

1. Shell extremely elongate, at least 3 times as high as
broad, without strong spiral sculpture.

| Bee Cook, Proc. Zool. Soc. London 1899, Pp. 136-143.
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A. Shell less than 4 mm. long, with 2

whorls; its mouth with narrow

attenuated peristome, regularly

oval or ovate, at least 13 times

as high as broad .. .. C. austeni.
B. Shell at least 6 mm. long, with 31

whorls ; its mouth with a broad

attenuated peristome, narrowly

ovate, a little more than twice

as high as broad .. .. C. hirases.
C. Shell at least 8 mm. long, with 4

whorls; its mouth with an in-

complete, narrow attenuated per-

istome, irregularly ovate, more

elongate than in the other species C. ferébra.

II. Shell irregularly ovate, less than 3 times as high as
broad, sculptured with strong, sometimes subspi-
nose spiral lines.

A. Shell not more than 4:5 mm. long,
with 24 whorls; the suture well-
defined and angulate at its mar-
gins; the mouth irregularly oval C. lineatum.
B. Shell over 5 mm. long, with 4
whorls; the suture much less
well defined and not so angular
at the margins ; the mouth ovoid,
narrowed above .. .. C. subspinosum.

ADDENDUM.

Since this paper was written I have found Campfoceras
lineatum living on the lower side of grass-stems in a small
muddy channel of sluggish water running into the north end
of the Loktak Lake in Manipur, Assam.

The spiral lines on the shell are subspinose, but not so
distinctly so as in C. subspinosum. .

The animal resembles that of Gyraulus except in possessing
a curious epipodial siphon on the left side instead of a simple
V-shaped process. The foot is narrowly tongue-shaped, blunt-
ly pointed behind and not extending much beyond the apex
of the mouth of the shell when fully expanded. The snout 18
broad and blunt. The tentacles are long, filiform and slight-
ly clavate; externally they are somewhat expanded at the
base, while internally they bear the small, black, sessile eyes
in the same position. The mantle does not extend over the
shell and has simple margins. On the left side the qplpodlal
lobe arises posteriorly as a short, simple expanded ridge and
then grows out into a relatively long, broad, leaf-like process,
which can be folded spirally on itself in such a way as to form
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a stout conical siphon about as long as the tentacles when fully
expanded. A large oval, downwardly directed aperture re-
mains open at the extremity, and the faecal pellets are emitted
through this. The branchial cavity is ample and patent when
the animal is expanded.

Manipur, 20-11-20. N. ANNANDALE.
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5. The Tigari—a primitive type of boat used in
Eastern Bengal.

By B. Prasuap, D.Sc., Offg. Director of Fisheries,
Bengal, Bihar and Orissa.

The principle of the adaptation of very simple structures
to very complex purposes, is, I believe, very well brought out

M

in‘_g. 1.

in the case of-the peculiar type of boat of Eastern Bengal,
known as the tigari or gamla.

This peculiar structure is made of baked clay and is a
circular tub-shaped structure (fig. 1) measuring two feet and
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a half in transverse diameter in a typical specimen. ]
tom is not flat, but owing to the sides curving down re
it has almost the form of a hemisphere : the height, o
the depth, of a tigar: is fifteen inches.

Tigaries are prepared on the ordinary turning-w
potters in the usual way and, after drying. are bal
ordinary pottery. The colour of a tigari from Dacca i

ish though others of brick-red colour are found there
other parts. This difference of colour is due to the ¢
tion of the clay. A tigari is ordinarily sold for about

As shown in fig. 2, which is the reproduction of a
graph of a tigari in use in the river Padma near Tar)
Eastern Bengal, the structure is not used as a float
inverted position, like pitchers and earthenware chati
in practically all parts of India. It is, on the othe
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used as a true boat. in the upright position with the con-
cavity upwards A little more than six inches of the upper
margin remains above the surface of the water when the tigard
isin use. The conical lower portion serves as a keel, displacing
a large quantity of water and thus helping in making it a much
more steadv structure than the flat-bottomed coracle. For
the seat a small wooden plank is mostly placed a little above
the bottom ; in some cases, however, quantities of grass and
other cattle-fodder fill up the concavity of the vessel and serve
as a fairly comfortable seat Only a single paddle, of the type
(fig. 1, a) ordinarily used by boatmen in Bengal, is used. both for
paddling and as a rudder. The course of movement is altered
by the use of the paddle on alternate sides, and for progression
the paddle is used in the ordinary way. When paddling is
carried on, the tigar: travels in a fairly straight course, but
when allowed to drift with the current it turns round and
round in a whirligig fashion. The rate of movement is quite
fast, and in many cases fairly long distances are covered in
these frail structures.

At the present day, the tigari is in use in various parts of
Eastern Bengal, particularly in the districts of Dacca and Raj-
shahi. Tt is used by men, women and even children for cross-
ing streams and for going from place to place. In the various
districts of Eastern Bengal, where the lands are for a large
part of the year covered over with water, and where movement
from place to place, and even from one house to another, is
impossible except by the use of some type of boat, nothing
less costly and more useful as a handy type of craft could have
been devised. Originally the tigart was nothing more than
the basin for feeding the cattle, a purpose for which it is nsed
even to-day. Probably by chance it was found that it could be
used as a boat also, and was thereupon adopted by all classes,
and particularly the poorer people who can barely afford
the luxury of a boat or even a dugout. It is of interest to
mention in this connection that practically all the inhabitants
of Eastern Bengal are good swimmers, and all they require is
some sort of a craft for fording streams and moving from place
to place.

The words tigari and gamla are both very significant.
Tigari is derived from tigar, which is the name of a somewhat
oval structure made of dry earth for the purpose of making
clay-mortar by mixing water and earth. The word tigars,
therefore, signifies something made of clay and is really a very
general term. The term gamla means a flower-pot or the
basin used in feeding cattle. Both these names are rather
inappropriate, c¢xcept iu so far as one is descriptive of the
material of which the structure is made, and the other throws .
some light on the original nature of the tigar: or gamla.

This peculiar type of boat has the same circular form as a
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coracle, but differs, as has been mentioned already, in having a
conical instead of a flat bottom. The two structures seem to
have been evolved quite independently of one another, and
it is impossible to find any near relationship between them.
Just as the coracle is very suitable for rapidly running
mountain streams, so the figar: is well adapted for rivers and
bhils in the plains. Here owing to the clay-like nature of the
soil and the absence of stones and boulders on the banks, the
chances of a tigar: breaking to pieces are very few. The only
danger is the upsetting of the whole craft, if it is not properly
managed ; but people using these tigaries are very clever in
managing them. It may be mentioned in this connection that
a “tligars race”’ nowadays forms an interesting event in
various athletic tournaments in Eastern Bengal. The skill
required in managing the craft is undoubtedly very great, even
the least excitement or the smallest mistake is quite enough to
overturn it, still the usefulness of these structures for the
poorer classes cannot be ignored.
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6. The word ‘‘Taghar’” explained.

By Mavravi ‘ABpU’L WALL

In the March Monthly General Meeting of the Society
Dr. B. Prashad read a paper entitled, ‘‘ The Tigari—a primitive
type of boat used in Eastern Bengal > He tried to explain the
word, but apparently without success. I have since discussed
the subject with various persons, and consulted a large
number of lexicons.! The following is the result of my in-

uiry :—

! S”I‘he correct word as written and pronounced is Taghar
()W) ; it is also written as Taghara (»&). The illiterate
Indians often drop the aspirate and pronounce it as Tagar.
The form Tigari, so far as I understand, is never used, even in
Eastern Bengal. Philologically the word is Turki, used in-
differently in Persian and Hindustani. The root meaning of
Taghar is an earthen dish or bowl (tasht-i-gilin), tub, bucket,
pail, platter. The secondary meaning of the word is any-
thing put into it for eating, drinking and for other purposes:
hence it means also any certain allowance of provisions or
stipends on which a person depends; also a measure for
barley, wheat, etc., a wash-tub; a provision bag hung by a
person at each side of his horse.

The word is commonly used in India, especially in Bengal
by masons as mud or lime