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‘Résults obtained in other electrolytes are aleo given,

Merecury drsps falling vertieelly through an eleetrolyte
may be deflected from their course by sppliecation of a

horizontal field in the electrolyte. A method of :
photographing the cuife falléwed by any drop is described,
and- it 1s‘shGWn possible to deduce the ienic charge on the ;L
drep from & study of the shape of the curve. In Sulphuric '11,]
acid of fixed concentration the drop charge is found to be

proportional to its volume, Results are also given for the

echarzes in various ecid concentrations between 0,1N and Q,OOIN,V"

All chafges'are found to be reduced when the acid is saturated
with mercursus sulphete., This seems to afford -evidence that,
in acid, the charges are due to hydrogen ions, and not to e

mereurous ions as had been assumed by several invesgtigators. .

éﬁme regults for drop charges, measured by & ballistic

— -

galvanometer methed, are included for comparison., The
method ia,lesé accurate vut confirms the original resul ts.
A deseription is given of similar experiments with

amalgaﬁ drops, Silver amalgem is similar in behaviour to

pure mercury, but Cadmium and Zinc amelgams show a curious Yl

phenomeénon . The dropg are naturally positive, but their ;ﬂﬁﬁ
charge may be reversed in sign by epplication of & i

.(’,«LL < fw

{
gufficiently stromg”field. A possible explanation of this;

effect is diseussed. Some sttention is given to the fact‘!
|

that Zinc and Cadmium appesr naturally pogitive. Beveral

results showing charges in varieus potential gradients, ani

!
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for amalgens of various compositions, are included.,
A Tew final pages are devoted to sinilar experiments
uging air bubbles and the posgivilities of the method for
cataphoresis experiments.
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CHAPTER I.

INTRODUCTION and APPARATUS.




INTRODUGTION.

The research described here was undertaken as a
continuation of some preéious work'by Professor Wagstaff,
In thls previous work(l)the values“of the charges on
mercury dr0p$ were obtained from observations on the
variation of their velocity of motion slong a glass
tube, whieh was slightly 1nolined to the horizontal,
when potentisl gradients of vanyiﬁg‘magnitudes were
epplied in the solution. It was found that with a
suitable potential gradiént the drops moved in an
upwerd direction, against ﬁhe force of gravity, and
their velacitﬁ of motion increased directly with the
potential gradient, By extrapolaetion of the veloclty-
potential gradlent lines the gradient which would just %
keep a drop in a stationary position, against the
influence of gravity, was obtailned. By equation of
the forces on the drop Wagétaff was able to deduce the
charge on the drop. He also made obqervations on drops
of varying size, and found, rather surprisingly, that
the charge on these droplets was proportional to their
volume, and not to their surface area.

These observatlions were restricted to mercury

drops in 0.1N Sulphuric Acid. The method used, while
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novel, was not of great accuracy, especlally as the drops
did not move centrally in the glass tube, but rested on
its lower wall, so that distortion from the spherical
shape of the drop was inevitable, and rolling motlon

glong the tube was also unavoidable. The usual 6Tuav

law of foree due to viscosity could not hold at all

acocurately under this comblnation of circumstances.

It was theréfbre decided to attempt some further
detérmiﬁatlons of the charges on mercury drops, using
an entirely different experimentsl arrangement, by
whidh these difficulties ﬁould be obviated. The apparatus
was only éimilﬁr in that the motion under a’pétential
gradient was still being observed. In this new method
the drops were allowed to fall in an unrestricted fashion
within the liquid, and were deflected from thelr
vertical course by the application of a horizontal
potential gradient of sultable magnlitude. The shape of
the resulting curve was studied, and was used as a means
of deducing the horizontal force on the drop, from which
the drop charge was readlly obteined when the potential
gradient applied was known, |

It was slso thought that a method such as this
would be of greater versatillty than the previous

method, and so an additional aim of the research was
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that of obtaining the charges in acid of varying
concentration, and alsoiin such other.electrolytes
as were consldered to be of interest. Some
Vexperiments on amalgam drops were cerried out at a
later astage of the 1nvestigatioﬁ;

The fact that a mereury surface is charged
électrically when in contact with an electrolyte had
been observed by several experimenters, eysn prior to
~ the abové mentioned experiments by Wagstaff. As early

(2) described some experiments showing

as 1887 Appleyard
changes of coherence of mercury drops when potentlials
were applied to them, and when electric fields exiated
in the media surroundiné them, ‘Christiansen (3)(1QO3)
carried out some experiments of a similar nature,

noting the changes in shape of a mercury globule held on
@ watch glass which was lmmersed in .01N KNO3 solution,
when curfents of increasing megnitudes were made to

flow in the solution., He also observed the phenomenon
of which this thesis 1s a detailed account, the deflect-
ion from the vertical when a stream of mercury falls
between parallel vertical electrodes between which a
~potential gradlent exists. Experiments on Cataphoresis,
the majority of which have been performed by McTaggart' %)

and later by Alty(s)and hls collaborators, are of omendiads
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roloans _
similar 4ype- and maeke use of the velocity attained under

an electric field as & means of meesuring the charges on
the small bubbles of ges used in thqﬁg'experiments. The
charges on these gas bubbles are much smaller than those
attained by mercury droplets, so ‘that the veloclities
attéined by the gas bubbles are very small, even when

a comparatively large potential gradient 1s used. A
measurement by microscope was used in these experiments,
and eas the time involved for any apprecisble motlon was
long, the velocity obtalned was accurate, Such a method
would not be extremely successful with mercury since a
very small field would be required to give a reasonsbly
slow motion of the drops, and measurement of velocity
by microscope would still be out of the questlon. Also
unless a rotating tube were used, the difficulty of the
drop touching the tube would still be to solve. On the
other hand, the relatively high velocitles attained when
the flelds used wereilarger were found easy to measure
when the timing device and method of illumination to be
described later were employed. Actud 1y the shape of
the curve gave the horizontalivelocity relative to the
‘vertical velocity under gravity, from which the horiz-
ontal force was found as a fraction of the mmss. Hence, -

except'ih the first few experiments in which it was
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rnantalig oo dz‘,péw 3 cesardpce
necessary to(prove the nature of the fluid motion

involveqk it was not found necessary to deduce the
absolute veloclity set up. Thus the motlon in a
vertical direction provided a useful standard to which
the horizontal veloclty could be related.

| The chafges on these drops of mercury, in
various solutions and under various experimental,
conditions, are due to ilons from the solutions and will
be inter-related with electrode-potential phenomena,
in fact the drops will attain the natural potential of
mercury, and the sign of thelr charge given by the
direction of deflection will be the same as that of
the absolute potential, relative to the solution only.
A brief review of work done on electrode-potential
phenomena relevant to the present problem, will not
therefore be out of place here.

The earliest theories of electrode potentials
were those of Helmholtz, Werburg and Nernst. Palmaer
gives a review of these theorles in one of his papersgs)
Nernst's theory gave the most satisfactory explanation
of most observed phenomena at the time, and consisted
of an applicatlion of the theory of sclutlon pressure.
When the osmotic pressure qf.mercury ions in solution

is greater than the solutlion pressure of mercury the



mercury surface would attain a positive charge, and a
'negat1Ve one in the opposite case. Upon this theory
a gradual diminution in the concentration of mercury
ions should reduce the potential difference between
the mercury and the solution,}and.it should be posslble
to obtain null solutions irn which mercury has zero
potential, Using a cell of the following type -

Hg | null solution | KC1 and HgaClp | Hg - Billitzerl™)
and Palmaer(a) made attempts to measure the absolute
potential of the calomel electrode. Palmaer admits
the possibllity of condensatlon of salt on the mercury
surface, but thinks the correction for this would be
small,  Smith and Moss'?) later showed that the
potential differences between different null solutions
and mercury are not all the same. They also showed
that the polarising E.M,F, for maximum surface tension
in the capillary electrometer was in many cases equal
to that of the corresponding dropping electrode circuit,
a fact predicted much earlier by Nernst.(lo) In no
case, however, was the potential difference for
meximum surface tension necessarily equal to zero, so
that it is doubtful whether the method of null solutions
does really give absolute values.

More recently the drop welght method of
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measuring surface tension has been employed. At
firat therc appeared to be some diserepancy between

the results 23529 by thils method, and those obtalned
by polarisation. Bennewltz and Delijannis(ll) were
the first to attempt this method and obtained maxima
‘of surface tension when the potentiel on the suﬁface of
' the mercury was approximstely +0.5 volt.

Frumkin and Obrutschewka(lz) pointed out their error
in assuming the drop potentlel to be equal to the
potential of the lower mercury electrode, and measuring
the latter, Rosenberg and Stegeman(ls) having shown
that quite 'a large difference could exist between the

(14)repeated thelr previous

two. . Bennewitz and Kuchler
experiménts this time connecting the dropping and
stationary electrodes,and in most cases the new curves
agreed with those obtaiﬁed by polarisation, Craxford(ls)
performed further experiments of similar type, actually
measuring the potential on the drops just prior to thelr
breaking away. He found no trace of a maiimum at +0.5
volt but obtained curves superposeable upon the poler-
isation curves. The drop potentials were varled by
alteration of the mercurous ion concentration in the
splution, but 1t should be noted that acld solutions

were used throughout, 1t being impossible to make a



neutral solution of mercurous sulphate or nitrate.
If the latter 1s attempted an insoluble basic salt
is formed.

Modern theories bear surprising resemblance to
the older theorles, especlally that of Nernst. A
sumnary of these 1z given in a recent publicatlon by
Gﬁrney(la);' ‘Metals are now considered to be space
lattices of positively charged ions with electrons

free to Wove, Aqueous electrolytes consist of

hydrated ions, When s metal is inserted in an
electrolyte positive ions deposit on it from the
solution and leave 1t for the solution. The metal
acquires a negative or positive charge depending on
whether the rate of deposition is less or more fhan
that of leaving the metal for the solution. Assuming
that in a particular case ions are deposited on the
metal at a slower rate than that at which they leave
it for the solution, the metal acquires a negatlve |
charge and the solution a poslitlve one. This process
continues until the double layer produeced is of
sufficient strength to raise the energy level of the
hydrated ions and lowef that of the positive ions in
the metal until these becoms equal, The double layer

i1s, in thls case, an esccumulation of electrons inslde
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the metal near 1ts surface, and an accumulation of
positive ions in the solution around. If originally
the deposition of positive ions 1s greater than the
rate at which they leave, the double layer is reversed.
IrY represgnts the difference‘in energy level
between & free lon and one bound to the metal surface,
and W the difference in energy level between e free ion
and a hydrated one, then the difference in energy level
between a hydrated ion and one in the metal is W - Y.
The electrodeé potential will depend on this quantity.
Y depends on the concentration of the ions in solution.
Gurney glves the difference in potential between a

c.
metal « andLsolution s as

In the previous equation z is the valency of the lon
which crosses the boundary, k is the gas constant per

molecule, ¢ the concentration, and f the activity

ol

——

coefficlent of the lon. Wy is the energy level 1nﬂ§f9Hﬂ
infinitely dilute solution, i equale.

" This equation is of the same form as the usual
eqn.i- -

V « Vg & Vo + —= logglfe)

and throws some light on the meaning of V,. 'Solution
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Pressure' can now be replaced by the difference in
energy levels between the positive ions in the metal
eand in the solution.

Only in high concentrations 1s the effect of
‘concentration on the electrode potential at all
appreciable, HMcAulay and Spooner(lv)have shown that
an electrode potential is constent in all strengths
of solution below a.éertaln fixed value, which varies
with the nature of the solution, and conclude that
electroie potentisl has its origin fundamentally in
an action between water and the metal only. They
suggésted that polar water molecules bombard the metal
as a result of'their heat motion, and as a result a
streem of ions 1s abstracted to a certeln mean
distance. Equilibrium 1s reached when the removal
of ilons in this way is balanced by thelr migration
back under the field produced by their ebstraction.
Heyrovsky(le) also suggested that the fundemental
reactioﬁ whereby any electrode becomes charged 1s

Me + OH' = MeOH + ©)
where Me represents the métal, end concluded that all
metals should therefore be negative with respect to
the.solution. In support of this he clted some of
the above evidence éhowing that absolute zero from

capillary phenomena is probably 1illusory. He showed
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that the two methods are in reality the sams, and
suggested a bétter position for absolute zero to

be between Silver and Chlorine, making all metals
negative in agreement with his theory. Both McAulay
end Spooner and also Heyrovsky seem to have over-
looked the fact that a drop of mercury measured
relative to the solutlon alone, by an actual deflect-
lon of  the drop in a potential gradlent, is found to
be positive, ‘

Al) the arguments advanced would apply equally
well toi a theory that all metals are positive, and
while 1t 1s agreed that electrode potential must be
caused fundementally by a'reaction between the metal
and water alone, a theory by which all metals (at
least between sllver and zinc) attain a positive
charge by adsorpfion of hydrogen or other positive
ions at their surfaces might possibly be in better
agreemont with the facts. It 1s belleved that it 1s
towards such a theory that the following experlments

point,
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DESCRIPTION OF APPARATUS.

(1) The Glass Vessel.

. The deéign of glass vessel deé?ribed here
was found to be the most sultable after several
preliminary trisl experiments, and the difficulties
which were obviated by the use of this particular |
design'will be explained in turn during the description.
The same vessel was used throughout all the experiments,
and it 1s shown in several of the diagrams (figs. 1,
3&56)., It was_madé-from a short length of glass
tubing of wide.bore (approximately 3" dlameter), held
1n‘such a way that its axls was horizontal. Above
and below were sealed in vertical tubes each of 1"
diameter (A & B in fig. 1.), for the introduction and
removal of the-ﬁercurj drops respectively. While
falling scross the space between fhese two tubes, the
drops were subjected to the influence of the electric
field and observations upon their behaviour were made.
The 3" diameter tube was also fitted with narrower
horizontal tubes (C), which would accommodate the
electrodes to be used in the production of the

potential gradlent.
The tube A was of length sufficlent to emsure
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that each of the following necessary condltlons was
observed: -
() Drops forming within the 1liquid could fall
s distance large enough for them to acquire
their terminal velocity in the liquid before
reaching the space betwseen the electrodes.
(v) Drops formed outside the liquld could have
a sufficlent period within the liquid before
reaching the space in which the fleld was
gpplied, so that the full dfop charge would
be attalned.

The tube B narrowed at its lower end, and could
be connected at will to a U-tube (D, in fig. 3,), which
contained sufficient mercury to balance the vessel
when full of liquid.  Each drop of mercury, having
traversed the field, coalesced with the lower mercury;
the far limb of the U-tube was provided with a jet
(see fig. 3.), and as drops entered from the vessel,
sn equivalent emount of mercury was displaced from the
jet, and could be collected as desired. The mercury-
acid surface, which would be charged,was at least 6"
below the lowest part of the electrodes, a distance
great enough to ensure that 1t could have no notice-
able effect upon the paths of ensuing drops, by
repulsion of them; trial experiments having shown that
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a pool of mercury, 1f allowed to colléct immediately
below the electrodes, could have quite an appreciable

effect upon the paths of following drops.

(2) The Electrodes. .

Eaéh electrode consisted of a piece of stiff
platinum of size 2" x 1", having the longest dimension
in the vertlcal direction. Electrical connections to
the outside of the vessel were made in the following
manner. To the exact centre back of each electrods
was soldered a very small brass nut, and two stiff
copper rods were tapped to fit the nuts. One of thess
rods was screwed into each nut until it made connection
with the electrode back. Each rod and nut was enclosed
in a glass tube of dlameter just large enough to fit
over the nut, and the glass tubes were sealed to the
backs of the electrodes by means of vacuum wax. Each
rod and 1ts glass covering extended outwards through
its corresponding side tube C on the vessel, and a
stout tubber tube was bound down to f£it tightly on
both the side tube C and the narrower glass tube
containing the electrode, Pig. 2 shows an electrode
assembled. The advantages of such a jJoint were that

it was watertight, and that it could easily be dis-
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connected and the electrode would then slide in or out
to any désired position, Also the copper connections
and the brass nuts were éompletely‘protected from
contact with the liquid within the vessel, so that no
risk of contamination of the latter was entailed.
Since there was a Copper-Platinum Junction at each
side, the potential between the platinum plates was
the same as that applied across the copper terminals.

After these electrodes had been fitted within
the .vessel the assembly was completed by seéling plane
glasé ends over the open ends of .the 3" tube, by means
of vacuum wax. These glass ends were necessarlly plane,
in order that photographs of the drop movements within
the field space might be obtained without distortion.

. An acid-resisting vacuum wax was used for sealing
puUrposes. .

The vessel could now be filled with acld or
any other liquld as desired. Arrangements were made
whereby the liquid in use could be continually re-

- pleced by a fresh supply, as it was found 1n some
‘cases that results were considerably altered by using
ecid whilch had been in contact with the mercury surface
- for some time. Accordingly, a steady influx of fresh

acid, through a narrow tube entering tube A, was
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balanced by a slow draining away through a capillary
tube. (connected also to tube B, fig.3.). By ralsing
or lowering the end of this capillary tube, the rate
at which the acid flowed away was adjusted until 1t
Just balanced the rate of renewal, an adjustment com-
paratively easy to meke under the slow rates involved,

the acid level in the vessel finally remaining constant,

(3) The Dropper.

Pure mercury ﬁas gsupplied from a reservolr
connected to a dropper, which consisted of a very fine
glass cepillary. This was made by drawlng out some
glass tubing already of capillary form, thé drawn out
portion being bent at right angles and the connection
to the reservoir mads in a horizontal direétion, so
that the head of mercury waes as small as possible, the
drops then forming slowly end evenly. Several droppers
were used, according to the required size of drop. In
some cases drops were formed within the liquid, and in
others just sbove its surface - larger drops belng
obteined more easily by the latter method. The
precaution mentioned previously, i.e., the ensuring that
the full charge had grown before the drop entered the

llfield, must be observed strictly in these cases since,
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when formed outslde, the drop had no charge on leaving
the dropper. The results however did show that the
curves were those expected to be traced out by a drop
of constant charge, and some experiments in which drops
entered the acld and the potential simultsneously (the
acld was level with the tops of the electrodes) showed -
that a full charge could be obtained within the first
inch of fall, so that the precaution taken by having
tube A of length 4" and full of acld was quite
sufficlent for the purpose. A disadvantage of the

. method usling drops formed outside was that drop
oscillations were set up as the drop passed the surface,
80 that the curves were not so continuous and smooth.
But in falling down tube A these osclllations were
damped to some extent, amd in most cases a smooth curve
was still obtalnable.  In the experiments with amalgams
which were performed later, a new Gropper was used for
each experiment as 1t was not found possible to remove
all traces of the previous amalgam from the used

dropper in readiness for a new experiment,

(4) Method of Drop Illumination.

The drops were illuminated by means of a

very highly concentrated beam of light. This beam was
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reflected by means of a mirror (at'fzfng.the vertical)
8o that 1t fell in a vertical direction. By using
suitable lenses the beam, ofiginally about 3" wide,

was concentrated to e dlemeter rather less than that

of the vertical tubes A and B, and when the mirror

was sultably adjusted the space between the electrodes
was evenly 1lluminated without any part of the apparatus
being in the direct light (see Fig. 5). When a drop

of mercury fell between the electrodes a stfeak of
light reflected from its surface lndicated its path.
These streaks were found to be sufficlently bright to
be photographed completely. ~In order to obtain
sufficient density in the photographs 1t was necessary .
to use an aperture of £/3.5 in addition to high speed
panchromatic (sensitive to half-watt light) negative
material, ‘A double extension camera was employed so
that about actual sizé photographs were obtained.

By keeping open the shutter while the drop photographed
was traversing the fleld, the complete path between the
- electrodes was regiatered as a continuous line 1n the
final negative, Apart from the use of a clnematograph
cémera, the above was the only.practicable ﬁethod of
recording the drop paths and the photographs were
certainly much more easy to interpret then a length of
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cine film, showing the drop in various positions, would
have been, QGreat care had to be exercised to see
that es far as possible nothing in thé camera field of
.View was’ llluminated, apart from the drop; any such

- object, directly 11luminated, would be exposed for the
. .full time of passage of .the drop, and hence would be
- very dense when developed. Backed plates were employed

. in order to minimigze this difficulty.

(8) The Timing of the Drops.

To obtain the varlation of drop position with
time, the introduction of the timing device described
here was necessary. The mothod found to be most
sultable was that of intermittent illumination of the
drop at a cénstant known frequency. The direct drive
of an A,C. synchronous motor was used to rotate a disc
with vanes, in such a way that the vanes interrupted
the light beam, The vanes were four in number, and
- the spaces between them were each the same shape and
area as the vanes, The moto: spindle revolved at a
- constant rate of 50 revs/sec. - so that the drop was
- alternately illuminated and in darkness for periods of
1/400th sec. each, The path of the drop, indiecated

by a streak under continuous illumination, was now



‘indlcated by a succession of bright dashes, spaced
apart by dlstances equal to the lengths of the dashes
themselves, - Thus the time taken by the drop to reach
-any poslition from the instant of entering the field
could be determined easily from the number of dashes
-and spaces between the two positions, Four vanes

was found to be the most suitable number to give short
enough intervals of 1llumination. An average sized
drop took about 1/10th sec. (indicated by the dashes)
to traverse the reglon of the electric fleld between
the plates.,

The fact that drops had attained their terminal
veloclities could be ﬁerified in all cases from the
equallity, or otherwisg of all the dashes (measured in
a vertical direction), and this terminal veloclty could
"be deduced, if required, from a simple measurement of &
known number of dashes., The timing device is shown in
Fig. 4. In addition to the accuracy with which the
‘drop was timed by this method, another advantage was
evident - the fact that while the bright portions of
the path were exposed as in the continuous 1llumination,
‘all other parts of the apparatus which were unavoidably
partially illuminated received only half the exposure
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which they received under continuous 11lumination
experiments, and were correspondingly less assertive

in the developed negative,
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EXPERIMENTAL METHOD.

" The fbllowing is a description of the method
of experlmenf to which strict adherence was made
throughout the whole series of observations,

The vessel was filled to a known level with
the liquid deslred far the particular experiment under-
taken, and a dropper furnishing drops of the required
slze was inserted into the top tube A, in such a position
that the drobs fell exactly centfally between the elec-
trodes. The level of meroury in the reservoir was
adjuéted untilbthe drops were formed at quite a slow
rate - in most cases a time of more than 1 second
separated successlve drops, The illuminating beam
was next adjusted to fail vertically in the space between
the electrodes, thils being done by alteration of the
angle of fhe plane mirror4above the yessel. The camera
was fixed in position at the correct distance and was
focussed}carafully untll the movements of the drop
were vlsible on the fééussing sefeen, the image of the
streék being a sharply defined line. The apparatus
was then drained and fresh solutlion was introduced, the
* tap from the reservolr of fresh acid was opened and the

height of the end of the caplllary tube, through which
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the used liquild dreined away, was adjusted until the
liquid level remained constant, 1,e. balance between
the 1nf1ux,of liquid and fhe leakage was attained. The
. synchronoﬁs motor drivingnthe timing'device was now
éfarted, and after méking ceftain that the vanes were
intercepting the light beem in the correct manner, all
was in readiness for the actual recording of the drop
pétﬁ} ‘Tﬁe voltage which was required was applied
| directly by tapping off from & storage battery. The key
éloaihg the circult was depressed, and the shutter of
the éamgra was opened just prior to the falling of the
drop to be observed. As soon as the drop had traversed
therfiéld of fiew the shutter was released, so that un-
neceséary extra exposure.of otﬁer parts of the apparatus,
which were unavoidably partly in the light, was
eliminated. After some practice it wags found possible
- to have -the shutter open only very 1little longer than
the actual time teken by the drop'in,crossing the fleld.
As In most cases the drop was deflected in a
horlizontal directlon, towards one or other of the
electrodes and aé the magnitudes of these drop deflec-
tions were to be measured, 1t was nécessary also to have
some zero line from which to measure them. For this

there were two alternatives, the first to take a photo-
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graph of a drop fallling vertically on the same plate,
aad the second to reverse the potentlial gradient and
obtain'twe curves; symretricai about the vertical, on
the same plate. The eeednd alternative was employed

in almoat ell cases, 1t having been found possible to
obtain the photogreph of the revereed deflecticn very
ehortly after the first, by the inclusion of a reversing
key across the electrodes, The aoplled voltage wae

measured on an accureate voltmeter connected directly

-aoross the electrodes. Thils was necessary since &

'reading at the battery would have given the fall in

potential aoroes both battery and the electrodes, and}
eepecially in the ‘more concentrated solutions the
resistance of the latter becomes low senough to be come
parable with that of the battery. Also in some of the
experiments a rheostat was 1nc1uded in the cireult,
the value of 1ts resistance being varied as a msans of
altering the potential drop across the cell, In such
a case the method of eonnecting the voltmeter direotly
acrose the cell was the only practicable one. The
electrical connections ere shown in Fig. 6, |

In order to ellminate all unnecessary detaile
in the photograph; 8 nmask was placed over the plene end
through which the photographs were taken. This mask
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was of such size as to allow only the electrodes and
the space'between them to be visible. All other parts
of the vessel were shielded from the light, and the
photogrephs were taken in darkness except for the one
111uminatihg beam. The distance between the plates
was measured by travelling micr@sédpe after each
experiment. | 4

e Drop sizes were obtained from the ieighing of
a known number of drops, When drops were formed within
the solution this was done by collecting the mercury
displaced over from a U-tube below the apparatus. By
weighlﬂg,the amount displaced during the fall of a
known number of drops, the weight of one drop, and hence
1té radius, was obtained, This method was found to be
accurate when a large number of drops were counted.’
Usually a number of drops were counted prior to the
taking of a photograph, and‘a second lot done immedlately
following 1t When a serles of photographs was being
taken, a number of drops were counted in the middle of
the series as well as before and after, In order to
minimize the change in the drop size during the time
required for an experiment, & reservoir wes used in
which the surface area of the mercury was large. The

removael of a number of small drops resulted in a very
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gmall dimiﬁution of the height of this surface, and
therefors in the pressure controlling the drop formation.
TrialvexPérimaﬁts showed that the difference in sige of .
drops was negligible for even theilongest-aerles of
experiménté undertaken.

. The exposed plates were developed, as soon as
pbasible efter exposure, in a developer giving strong
contrast, and after fi#ing were washed thoroughly and
dried, before any attempt at measurement was mede., .'
Photographs which were doubtful in character were always
rebeated, At times,obéerVations were repeated in order
to estimate the 1imits of accuracy to which a result
could be obtained. The variation in the measurements
on plates exposed under identical conditions was ususally
iﬁappreeiable. |

| o As the measuring up of numbers of plates by
travelling microscope was extremély tedious, the
following method which proved to be equally as
accurate, was preferred. The plates were in turn
inserted in the slide carriage of a lantern, and were
projected and focussed upon a large fized soreen.
Measurements of the deflections were now made by means
of set squarés and rulers, The exact magnification

from'the actual size was obtalned from the enlarged
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dlstence between the electrodes as compared with the

actual distance between them, As the magnification
was usugllyAabout 25 to 30 times, measurements to 1/4
cm hy thls method corresponded to 1less than .01 cm on
the photographs, Actually measurements to within 2 mms
were easily obtainable. |
Figures 10 ~ 15 are a selection of actual
photographs, showing deflactions of various magnltudes.
Thq effect of the timing device wlll readily be seen by

comparison of the broken and the unbroken traces.



CHAPTER 1I.

INTERPRETATION of PHOTOGRAPHS

with
CNE TYPICAL SET of

DEDUCTIONS .
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DEDUCTION OF CHARGES,FROB

PHOTOGRAPH MEASUREMENTS.

‘ In order to deduce the eufve expected to be t aken
up by the drops from theory,it was first neceassary to
know the type of fluid motion involved. For some time
unsuccesasful attempts yere~made to correlate the
experimental curves with ﬁhose obtained theoretically
assuming.laiﬁnar flow of the liquid around the drop.

The equation of motlon in the horizontal direction under
& constant deflectling force F would be
m& - F Gﬂ}gav
where m = maas of drop
a = radius of drop
M = viscosity of the liquid

v & horizontal velocity at time t
Integrating with respect to t, putting v = 0 when t = 0,

i.e. no sideways velocity on entering the field of force,
~ — Gl ana .
— | — ex 222 t)
v (ﬂr/v\q [ P ( m ]
Now v = 4% , where y ls the horizontel displacement, so

that on integration again, now putting y = O when t = 0

\ _ F — ™Mo — ___(oTr a
J = :mr/m[b ‘ (;@M{l erp (- & *)ﬂ
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The x variation with t 1s given by :-

X . & vxt-
where v, 1s the vertlcal terminal veloclty.
The experimental curves did not follow a form simllar
to that”given by the two equafions above, Also, 1f the
drop was allowed to fall from a point of zero velocity
in the x direction also, 1,e. if it was formed at a
point in the acid within the field, the x variation with
t would be similar to the y variation,vexcept that P |

would be replaced by the vertical force mg.

X = i&’—[ —?—{I—Q*P(-@f)ﬂ

end under these circumstances the curve would be expected
to degenerate into a straight line :-

y/x = F/ug
This experiment was attempted, the only change being that
a droepper of such length that drops could form within the
field 1tself, was employed. Fig., 18, was the photograph
obtained, being different from the rest in the fact thgt
the drop accelerates vertically as well as horizontdlly,
shown by the increase in vertical length of the dashes
until the meximum 1s reached, . The curve was atill
pronounced although a stralght line was expected, and

it was this experiment which made it necessary to check



~up on the actual terminal velocitles, to determine
whether the motion was really laminar...If the motion
were not laminar this would make a vital difference to
~ the shape of the curve, so that 1t was necessary to prove
beyond doubt the actual character of the flui@ motion
involved, The terminal velocities were obtained from
measﬁrements of numbers of dashes upon the photographs,
~ for several sizes.of drop. Thesg are given in Table I,
on the followlng page. A caléulat'ion of IA,using the
equation:- %TT(F~>)GS}- = (Muav |
gives a value much different from the accepted value,
For example, using the result stated for photograph 48
a value of about .25 - while ihe probably correct
value is about .01 .

The table glves more informeation than the fact
ﬁhat the motion is not leminar. It gives the variation
of terminal velocity with radlus. Supposing now that the
resistance‘to the motion'is proportional to some power .
of the veloclty. If the motlon was extremely turbulent
the effect of viscosity would be comparatively un- '
importent, end the density would become of chief
impcar tances  The theory of dimensions then gives the
resistance to motlion to be >\a2v2, so that at the

terminal veloclty



TABLE 1.

Photograph Drop | Magnific- Length Vx v§
Number Radius} atlon. | 1/25th| sL/Mx25
(cms) M sec.
48 .0812 | 52/1.915 75.5 69.6 4850
49 ,0812 | 52/1.915 75.8 69.8 4870
50 .0812 | 52/1.916 75.4 68.8 ~ | 4740
51 .0703 | 53.51.926| 72.6 65.1 4240
52 0703 | 53.54.925| 72.1 64.9 4220
63 0703 | 53.51.925| 72.6 | 65.1 | 4240
54 0946 | 54.51.925| 84.7 73.5 5410
55 .0946 | 54.5/1.925| 82.1 72,6 5280
56 .0946 | 54.5/1.926 | 86.1 74,0 5490
77 .0620 | 55/1,926 68.6 60.2 3630
78 +0620 | 55/1.925 71,1 | 62.3 3880
79 .0620 | 55/1.925 70.4 61.7 3800
80 .0620 | 55/1.925 71.4 62.6 3910
81 0620 | 55/1.926 | 68.2 59.8 3580
132 .0570 | 54/2,00 64.2 59.4 3520
134 0670 | 54/2.00 66.5 60.5 3650
135 0570 | 54/2,00 65.4 60.4 3640
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A2

M3 = %W(f’—?ﬁqsa,} oC )\va;
' 2

1., ' Vk oC A

whefeas, in the case of laminar motion, at the terminal

— 3 L] o
mg = %Hﬁ—ﬂo%,cﬁ G pmav,
2

‘e, V'x oC Q

Alternatively to either of the above possibilitles, thé

rate of fall may be such that the motion was of some

intérmedlate stége, but this could be decided directly
from the felation between vx and a, Fig. 8. shows the
graph relating vg and a,:which is a good straight line,
and which amply proves that at the particular order of
speed involved the law of resisfance proportfonal to

the square of the velocity holds. The fact that the
drop is liquid and therefore subject to small oscill-
ations about a mean sphericel position, would seem to be
conducive to a turbulent state of the liquid around the
drop. It is difficult to imagine a smooth flow past
the drop even when it is oscillating only very slightly.
The stralght line obtained also gave the éonstant of

proportionality between forde and (velocity)z.

If the resistence at velocity v is k a?vZ,

then at the terminal velocity %ﬁﬁu%)asg sk azvi

If © 1s the slope of the graph,tanf= vi/a z %TT«-h)g/k
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Thus the graph gives k directly, the value obtained

being - : 3
k= 1,007g x 107

The true equation for the horizontal motion under the

force P now becomes =«

m%.‘E’.-‘: ¥ - Kv2

where K is substituted for ka2,

Integrating, putting v = 0 vhen't = O,

d - [F FK
Thls represents the horigontal velocity at time t after
entering(intd the influence of the force. Integrating
agaln and putting y = 0 when t = 0, the displacement y

in time t 1s obtained,

Yy = ¥ loae(Coskh‘—%‘t)

Also, X F vt x being the vertical co-ordinate.
Hence the form of the curve, obtained by elimination

of t, is ¢~

y = _}"‘%. |oje(cos‘\‘/§—\ix)

This curve assumes the asymptotlic form -

y =‘/§:\X7x L ]_'%JojeZ ”\__\(see Fed)

Thus the drop eventually follows a straight line when
the terminal velocity 1s reached in the y directlion as
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‘well as in the x direction. The slope of the line

y/x 13.equal to‘jé,l , which becomes the expected value
) ‘A Vx

j.l-':

‘Vmg when substitutlon for vy is made from the relstionship

| Kve = ng .
The form of the curve 1s perhaps best written
as two equations relating both y and x to a parameter

z, as follows - - :

y = % Ioje(cosh 2)
x mVye , 2 since 2 = VKF .x
JKF m vy
— [mg. ‘
Since Vy = ,/y? | |
z may be written equal to ]"-f‘/%-x
. X. ' '
l.e. ;Z_C = W '/:'E‘:S
2
) m _ Z _
or, ma (K X/ e e Eqn (n
J ‘

It was next necessary to make certain that the .
curves obtained experimentally agreed with this
theoretioaily predicted form; This was done in the.
following manner. For a drop of radius a the value

of % could be found by calculation thus -

4TS  _ 4TlNa
Sk

m =
X k a?
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For any photograph let the megnification be
denoted by M« By plotting the magnified measurements
the graph of Ey against Mx was obtalned. Now certain
spécifié values of z were taken, and the value of
ldgecosh % computed for each. Values increasing
rggularly ffom 0.1 tp 0;7 in atagés.of 0.05 were used,
and m%logécosh z was obtained for each. The values of

’&x corresponding on the curve to these values of Ny

should also 1ncrease 1n equal stages. This follows
since x is proporticnal to z. In the majority of caaes
the values of ix so obtained increased uniformly.

This proves that the experimentai curve follows the

. theoretically deduced one. The increase of Mx (denoted

by L), corresponding to a z increase of 05, was found
for every photograph, and used in the determination of

the horizontal force in each case in the following

manner -

Z_= 405 3 1.6, 2z = LOSM

MNx L ' X L

From thls value of'g , F was determined using
X mg .
equation (1)
| E =(m, 2,2
mg K x
2

or | F = Fl.ﬁéﬁ].lnj
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As the method can be followed mare readily from
an actual numerical calculation, one complete set of
results « i,e. those with mercury in 0.001 N sulphuric
acld, the drop sige and potential gradient being varied -
is included at the end of this chapter. The values of
F were obtained from all other photographs in a simllap
fashion, so that to include the photographic details
and the calculations from these would be useless repet-
ition. The final results aloné are stated

Having obtalned the value of the horizontal force
on the drop (I*) the valué of the charge must be deduced
therefrom, The force may be expected to increase with
drop charge, and also with potential gradient, For a
point charge or volume distribution of charge the force
would be the product of charge and field, but the
charges considered here are probably distributed upon
the surface of the drops. Assuming that the drop
collects positive charge on its surface, it will also
attract an atmosphere of negative ions into its
immediate vielnity in the solution, so that a double
layer is formed. Assuming a potential V, (equal to
the natural potential of msrcury with respect to the
solution) across this double layer, of thickness 4,

Wagstaff(l) showed by integration of the forces on an
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elemental zone of the drop surface that the force on

the drop under these circumstances would be given by:-

F a1 &%y, av 4V being the

5 oa a0 W
potential gradient

o .
Now % is the capacity of a spherical condenser of inside
radius a, emd of thickness d. . The drop and its
atmosphere amounts to a condenser o:’ this typé, the

2

potentlal across which is V . That is , Ea!o is the
charge on either plate, which is the positive charge on

the drop (E).

‘ F = l1g, &
. 3 dy

This‘equation was used in the: charge deduction,
but the fact was always borne in mind that if for any
reason it should be suépectad that the charges were not

totally upon the surface,; but existed as a volume dis-

tribution, then F = E.AY would hold amd the charges
‘ ay .
deduced from the first equation would be three times

their true wvalues. )
Back-E.M,.F, Difficuities,

A difficulty which arose in experiments using

the more concentrated solutions was that the actual
potential gradient'existing within the solution was not
necessarily equal to the voltage applied divided by the
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distance between the plates,  In sulphuric acid a back-
E.¥.F. of the order of 1 volt is set up, and also the
potential gradlent across any bubbles of gas on the
electrodes would be greater than that across the solution,
When it is consldered that with plates about 2 cm apart
in 1N ascid 1/4 volt per ecm is sufficient potential
gradient in the solution to deflect drops nearly to

the plates, whille about 2 volts must be applied to over-
come this back - E.M.Fkbigﬁwfgj effect due to the bubbles,
to obtain the 1/4 volt per cm in the solution, - it
becomes obvious that if the potential gradient is simply
taken as 2 volts/2cms instead of 1/4 volt pér cm as it
should be, in thls extreme case the charge deduced will
be Incorrect by a factor of 4 times, In the weaker
solutions the charges were less, and the potentials
required to glve reasonable deflections becahe greater
compared with the back - E.M.F., but even so it was

8till desirable to allow for the back - E,M,F, if
possible,

The difflculty was surmounted by actual measure-
ment of the Back—E.M.F.. and‘also by taeking a series of
photographs with various voltages applied. For each
one of these a current measuwement was taken, and the

current increased uniformly with voltage, By plotting
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the ocurrent « voltage 6tra15ht line and sxtrapoleting
it ﬁo‘cpt the voltage axis, the back-E.M.P., i.e, the
E.X.P, at which no current flowed, was obtained, Since
no current flowed there could be no force on the drop
~at this voltage, so that when the force on the drop was
lﬁlotted against the applied voltage, the point « back
E;Q.F; vqltage. zero force - was used in addition to
those points obtained from the photographs.

This latter graph was a straight line, showing
that the force was proportional to the potential
gradient. Usual 1y gg was plotted against voltage
insteed of F alone. The slope of this line gave a

value to E, as follows =~

I = %‘Eii-’\-; ——————— V tn esu
: T - LAV x 1 - — _—__ VY in velts.
or k = 3 E dy 300

& Pnz [{] " (1] " " " n (dv)2
dy
Then
= E [(& 4V
Fy - Fz ~ 900 [(&Y 1 (&y)z]
_ E IVi-A _ V%-A
= o551 45t - %52

where A = Back E,M¥,F.
D = Plate distance
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Slope of graph, tan - E-®Y _ _E
o ’ I (V, V) mq 900.D.mq

'E = 90p.D. Tnj.t'QnY/‘




TABLE II.

- Results in ,001N HoS04.

Photographs 64-69, & = .0629 em,

\//v“((:tu > ’O'L"""f‘j;‘ﬁ“"

Photograph 64. V = 10.4v, M = 53,5/1.925, l1g= 68.0cm.
My H.QB 1775 | 2.95 [4.76 [ 7,00 [9.70 [12.95 [16.6 |20.6
t H o | & 8 |12 | 16 {2 |24 |28 |32
Photograph 65. V = 8.35v, M = 53,5/1.925, 134= 69.7cm.
My | .55 |1.10 |1.90 | 3.25 | 5,05 [7.35 | 9.70 [12.5 [15.6
t 0 4 8 12 16 20 {24 | 28 32
Photograph 66. V = 6.25v, M = 53,5/1.925, ljg= 71.0 cm.
My [ .45| .75 ]1.45 2.5 |3.95 [5.70 | 7.80|10.2 |12.6
t ¢] 4 8 12 16 20 |24 28 32
Photograph 67. V = 4,20v, K = 53.,5/1.925, 1j5= 71.5 Cm
Wy [ .10 | .50 | 1.20 | 2.00 | 3.05, |2.55 | 6.00[7.55 I
t [ o | ¢ 8 12 | 16 | 20 | 24 |28 |32 |
Photograph 68. V = 2,10v, M= 53.5/1,925, 1l1= 720 cm.
My 0 * .25 .45 ‘ .80 1025 1.75 2020 2.70 3015
t 0 |.4 8 12 16 20 24 | 28 32
Photograph 69. V = 7.20v, M = 53.5/1,925, 174 70.0 cm.
My f| .35 .90 1.70 | 3.00| 4.50 | 6.35| 8.50|10.95 [13.65
t 0 4 8 12 16 20 24 | 28 32




TABLE II. (continued)

Photographs 70-75, a = .0922c¢m.

Photograph 70. V = 10.7v, M = 55/1.925, ljg= 82.5 cms.

My ||.40 | .65] 1.95 |3.70 | 6.05 | 8.80 |11.95]15.45] =

tlo| 4| 8 |12 |16 | 20| 24| 28| 32

Photograph 7l. V = 8.5v, M = 54,5/1,925, 1y4= 81.4 cms.

My ]| o [1.00] 2.25 |3.55 | 6.50 | 7.70 10.20(12.30] -

t |l o 4 8 |12 | 16| 20| 24| 28| 32

Photograph 72, V = 6.30v, M = 54,6/1.925, 1;5= 81.0 cms.

My ||.45|1.00{ 1.80 |3.05 [4.75 | 6.65] 8.60]10.20] -

t o | 4| 8 |12 |16 |2 | 24| 28] 32

Photograph 73, V = 4,20v, M = 54,5/1,925, 1;5= 84.5 cms.

My | 0 | 0.] 0 ] .10] .25 .60] 1.30] 2.35] 3.4

t 0 4 8 12 -} 16 | 20 24 28 32

4.20v, M =54,5/1,925, 1155 83.7 cms.

i}

Photograph 74. v

My l 0 | .10] .15 | .50 |1.05 2,00 ]| 3.25] 4.60] -

t | o 4 8 12 16 20 24 28 32

Photograph 75. V = 2.10v, M = 55/1,925, 1;4= 86.0 cms.

My |l 0 | .50 .90 |1.45 {1.75 |[2.20 ] 2.50] 3.00] -

t 1| 0 4| 8 |12 |16 | 20 | 24 | 28 | =32




Each of the photographs in Table II was re-
plotted on squared paper (see ﬁhe following pages).
Table III gives the values of M%logecosh.z , plus
the appropriate zeros, for values of 2z ranging between
0 and ,7, for each of the ph§tographs_64-69; Taking
these values for ﬁy; the values of t corresponding
to these on the photographs were found and hence F
was deduced, for each photograph. Table IV glves
yélues.of M%logecosh.z for the second set of photo-
graphs, and the values of F for theae'were deduced in
a similar fashion, and are shown in the pages

lmmediately following.



T

@5 - Prorocrapy 64

s
X N
| .
;
R & 1
PO to .AH.A”. |
*A,N 1 H ! i
! _w Lo ' Q T
T IR =
AOERESEERE =
4o T ' = - i
' [ 6- -4
4 ¥ ! .
' + ot
i P Lt <9 .
IR 3
‘thip_ﬁn.,k uﬁnwh..,.ﬁh
; — < ] |
. + M R
; > > ! _
C S ..
. [ M. _ |
I g
— t N n L
. A‘_v [ ; = ;
b ¢ __ _N ! s i
o T . |
N B - ;
J - !
H .,ﬁ_ A_ |
' _ [ ! o .
B P! _ _
, \ v ' :
I I ; : §
I b ' A,‘. .
} m— j . |
X — ;
S N I R
SENEEE RN
i to . s v
3 I S b
! N T
; ;
HINIR ” o
! S o N
P Sl i 1 i
. C P i B Py
oy ! ' ! I A .
BRER U RESSESEE
. . . .
I —— — , " F —— -0 .
: - - ——ad) A .
f _ ﬁ‘ .‘_ 4 ‘ ; R lmv+ 1 .Mk T e e G - + Iﬁ\ '
! 1 foi : — [ ,TH# O\ + ~+ + LA B o . P + - A b
— = 4 e T T..r#;r D1 o e g e — -
L |y¢,r#4‘_, B P d R n .lﬂx‘ 1 -1t ! T¢,_ - I N ! I _
;l*.,._.fvl,.H;JL. LT ~,+4;+¢,H L +Alm. q T SR e .
+ o i IR R S . ,H.;;x\ S e RN SEANEE T BN R T § ' .
[ .*.‘ R L Ll +—t t S t Tt o+ T oo D B A Tt
= # . ,. ,_ 1 ! L Pl * ey ~ i _<H .., 4,'., P4, - 1 e - 4 1 . !
—r_ ! ,.Tw w.wlr:l? R e e ;.‘W M‘v_ ?b..l»A‘,.w I -
Coad 1T T P IO Cr , —— — I pot
) 3 o 4 [N L { - o | .., + |
—or oo by B ML IJT++‘+4A” :
—+ e ! " . ! ; | 1 o |
; ; J . t [ _
4 - [ BRI ! [
A.‘_ «“; +o- W o H |
L ..




o
: <I_.®
it
(Y
uA |
WR_. :
, =TT
PR | | 4 ; ¢_v
I “ SRR
A - : _ . : |
. | , . ‘ .
; h : , 9 .
| , . , H PR +
) vt D ) N ' ”I. . m
R ! = . ) | ] _ y, ; . | .
-+ 1 | . ”, . S
= . _ - . ; - 9)
... .y.k o _ | ; ~ “ <
L Caa _ . _ O |
; ! ” ‘ . _ .
_ — | SN iy ) | H, : 4,
. + 4 . ' ., ¢,. w " ? . _
M © et , | | : ., . “
[ ' + Lo , . h .‘_% .
vl Lo — 00 N ' i i _.” , | , ,
. , . v« ’ * *
V.,_ | w* ‘.‘_ ! _.‘ + . _ ”
B .ﬁ‘ﬂ .W_* ! 3 ,A
- j s ] A :
B RN ; e
“_ 8
HMM : ;
_,V_, H"m‘ _.., . . . ?um
o P ~ : _ _
., T e , __v_, ‘
V ,<4 — 4 .
IR R
oy .
I - \ ,
] ' » »
— .4,4 T h
SRR :_ . 'A
oo .
RERENRRE RS :
_., i " N ” w
L ~_ A_I _,._
h L) w
. | ; , P .
| |
.__ Lo | ”
R s | ..
| | SERE RS
n, &
. [ 4. .|y|r“1.xnl,i
, _ U | "1" D1~ |1 R
ot ! i _ I ﬂl‘ &IT.« I =
I i R foe e S SR
N
, _ .
¥ P (- _ . ‘
... “_ _ i R Y
P A " .r. » ,Volf _ ‘
;. _k_ ! ~+ ).,4_
— | bopos .,_ m , ‘ .
[ A B ; : :
EE e e A . ‘ , :
,_ 1 - 4 v .; V t n 7
“v_ _P ' . 44 - : il ,
‘,.Vﬂ —te _lJr#., H‘. Mylﬁ. H :
i HEE *rq, e -+
T ;é :L,w , L " g
[ #* | | , |
f+_ . * h*‘_. H M _.ﬁ *ﬂ.k
1 ,.‘f co ,
S i * :
NN I - |
ré ,.‘. v?,l.— ! |
SRRIE . _
——— — .
S BN A
" 4w‘_ N
. :




. _ e e
. , I U N . e % |
| | O . | : o I P
;0+|.PL I.wl : . | | — 4. + N -y
, I R oo +‘.
. IV | -~ o R . S ERE o H
B , . B - . \ v N : e e :
T | | | | _ L : [ SO b Sl
- '.I|~ i B PO . . ] 4 v “ _ V : | o | | | _ ﬁ
o . - [ , _. : 4 , _
. - — _ . 4 SRS R PSR RN F
. i . o w..‘ . &,l_ | | 3
) o - | | 3 “. P ..aw
i _ | | 3 3 | e | L
Sy . _ . _ SR i
_ . , v o f R 1. i
) ! ) K i e 1
_ C o . S 5 SRSORS
X , N ! . : . . Pt b ,
R I [ . b ﬂ ) ot A= S _w
: [ , ! o v‘ 4 . -
. ! ' f t f T . 7. ! | | ﬁ*,4
T _ s ! ! . ~ ! . | 1
| | 1 + _v | _ >_
il _4 j HAW_ o ___T
Pl BT < ) =1 L |
S ) - : ] Mi,,d ,.w+ hwhu
| o P = +| ,
I | _V — m.A##l fw# vl!wﬁ*v
. ; T
_ ‘ b= Vol -
| , i o
! _ $I”.~ M | 4__
P ‘ .k m/n — w k h,_
- i o il , ]
A ' 4 i
t 1 ,h i P, ,,_h;
. , 3 WAL ,rwj
, ] R i ‘
Vo e . .
. 1 A
u oo
i itk
_ _ o s
N T |
uA ' o t ,._, *‘ ﬁ._
o m,h: I *L__
, ‘ ' . [
.- [ w“, A,. _‘,..
, u Lo
o
S T L L_yw r__ ,f__.
_ - - | ' I F
;.. ' o _,' i q_k ‘._
A 1T N o
ERNEERE 1 | “ fi __v_j:_
) | ' e , | _ = th = T
P - ! . i - iy A8 _ﬁq R
. | Cot PR 1 [ IR : i M»,&.-ﬁ -~ R A.
Tt AN I s BEEEERRERSRY N
SRR e A TG a Aasail L]
. A M N ., _ ++ — I~ AN R N E ﬂ.‘ﬂ_ -
- by - b Dnny < R . |
I - »h—_ " L o T ' “ b ] . ; a
q_ﬁs _.“. . . qu« . c 4+ , SR T ..HA# | »+A/b ‘A, ‘ *
T ",,hp . bk g l—.“.b F_W r H+ -0 ﬁ_# _qﬁ. _*4, _._ | |
A I :; ; b b ﬁ_m T — S e
o i L ; _ - : — ~
’ N i ._* N h T L. Foe oo +- . + -+ T L .
[ | H N Lo " f——1 B . ' e T Tt S O I, _ B SR Y - ¢|ﬁd . i
o P . I B - h A et B L T s L Pt 4 v VHI - b + — ] i +.ﬁ AT<
o s S e . R Rl B o SRR ESENEN NN I M i nai s B ,
e e SRR R R S St MDD S B O : SSREGEREE RPN I Tni =
IR R AT S T S I -1 ' - ) . . L 1 NS DeE R SO ~
. | ) » l . + o AR T LY T . - ~ :
- t N I e — : ;‘“ H w o B R EEEES . | ;
T L + - P e S _ . _
Lo I ECE S i DU I |
v V._, o ol T ) i
[ e




i )
- R T - -t — R S i T R SUU N G U . - -
. . ; - . .
)
. ) [ ! ; . .
+ ] . I . ' + H . . '
. o . . . j (R - C ; [ Lo . . |
| ! .
- - - - + ————— [ SRR S, s —
- " il _>— i 1 - + e + g —mw‘Q - - +
. - ' .. - . . . ' ' vy - I (R h¢¢ [ +
' - . PR ; . . ! . H f ' ' - I B o B Y L f
' ' b ' ' ! T | ! 1
) ) - i I I C C . [ : e R NEERE BERE !
; . :
o T == i e . j [ ! L
N _ 'y N , . . , & - [ Ll ‘
v o . - . ;r - . P . . i ‘ ' - Bt - PRI P '
! N ' ' ' o [
. , [N S C . . - . N o . ,
. . PN i R N ' . ' I i ! . . + . + m o o
. + o
Lo . i P . , . . . ' . _ oy - N . v ﬂA . . b Dl PR
v B t ’ . o I+ ¢ (IS B vt (Y ' A | oo - +
i . ! ! 1 ! ; ! .
: Phy _ B o RERRREE A il _ cheb
o B + . i . ' . i by f i | H H N P T Vo v ‘
L L : N ! 4 : . w & A
NN _ _ NN R i I B~y ;
ST IR R RO BT . . P y R A ' [ R c-r [IEEEEE B _H.Yi '
! . + i v
N . o . : I "y S I I . w74 i
3 N L 44 N Vo . ' + 4o F b o d v cor ot '
: - e P ,q , — & !
! ] : N
PO i N J B -1 - PO £ ||.f;_h‘er._ 4,.4._,*, ,qlh f B R ALOTJIW + s
Coe ﬁ M . - 4 : I el ey [ | ! ot [ boe g i =T
! - PN . ) N - - N w.,. t [N, Lo »,;.__ t v + O 17
R A . - . ) . - : - A I BT A S b = R
R ND — — " ; F\Jﬁ
, ‘ e | . co Lo
- IR . . . i | [ ! P ' ! AWA q
t ' f ' o +
. _v.m ! qu, “4
A " v ! | |
L [ P : ' q i
+ 1 -
, o ) | b
| v B
(214
; .
|
vl .
. .
" - S -
1 T v
! . ! : I -1}
i toe Lo . . .4
. A . .
[ N . , [
; : . ! :
t =t H ] m
+ voe [ . ' . -
; RN |
vt : : Pty
_ . ;
SEEE K ERSANE
C. il.i i
- P [ btk )
| . N . + T~*+\_,
C e e - TN b v
| L
’ 1 T
4. - - . PR, IS . +— [ \f,.—yf .
1 . . . <D TR : ol
Lo s Ly . (VAN Y N ._,,_,., vﬂ.A; -
[ ¢1~. 4 i . . o {_.‘ ~ ,_,f_ﬁ e 4o '
M- Ll ] : _A_; ; m*_A . !
- . I T TS O Soi ok el -
. PRRNPUSES R FR— P, —_— R e e Rt RPN ST A N S +-e o+ b :
.- b4 1 + A - s - P - . - + - 3o .. a_|4. - = - - e —+
- s ...T B + P .. + e+ ‘._,I+. »y_rlthllqv,o¢ wq.W.
' _ ) _ 1
o IR [ - N . . CR R = T P 4
nnn SRR s ndlIE REECE R e b T REREE
. PR PO PR -




- .o ' 4w\, ‘w\.<1 | ' | f \14 ot i - '
: Co . + . ' ,
! . f Vo P v '
[ DR S, + —— B T NS W R SN + 4 - + +—t } +
. R . . B *\ - . i ,. DI Y A S .
. , . v v b Ve RFOIN .
, . . . e i IR IR AT el ol
. ; ! — | : — A ._" _"_ } ot |
_ L A o N AN O B BN RN
B . . i ' ‘ . .o . . + i I ooy + 4
\ R A . N "y s B o . - P PRI .*#. ﬂ
‘ f ' f . ' f 4+ ' | HEN i + P f -
H i ”.&h ' t 4 i o : _1 . 1 7_, _~d “ﬁ, [
- ' L [ Lo | ' : ‘= ; . v t
: . . . : | ' B M.._ 5 »1_“ 4o
f } * [ ‘ ; + ‘ + PR
+ bt | [ ‘ .n.._u\;_w ._. b _d
, ] S I : -
B L , , = ‘ . )
RN , 2!, .: j
i+ PR ¥ ¥ ?.m. +
B L [ v v
B J ,‘ i
.- e b oa- - 4 -
AERES oo ST
. 4o e oo A.Hq;_
. P PR [ ‘.‘ﬂ|, .
T + =
' ¢ [T . | B |
_ i L _M__ — M,
' i by t -
Lo ; ! v w_,, | v
; ! .
RN R R
i . i P P _..
N i m PR i ., ".0$
mERRN N N L
' ,* . [T w,h
, . s ' Vo NN w
S . P peooa
' P m,. - “m ~¢_ ,
: . T ; —
P . . . 4 [ !
, | : . '
Lo RN ERREE R R
N SRR ARRA RN SR
| -
= ' IR I [ . .
REREE by A_ L Piv o
IR 1 _ | t P
4».“. + ] *T ._.Aﬁ
HE , I _
! i " - — t
: by i | [T }
SAREEN | J LRl T
_ﬁ‘mwbk 4 ﬁ' I N Coe b e ﬁ;,.,¢ -
Lol i L ] i IREMR I IR IR i A_I perd |
- by | . , et .; T RN
I H - L Py R R R .
o ,7¢. 4 o + [ N -t .V.ﬁ ,.+$< +
A 1 . . * ,;.ﬁ . ! ! F o )
et _ , ﬁ_,ﬁm [ L] !

+ LR - | e - + ».&%1.,«.l_h‘bl‘fw.‘ gu_ M -
1 : . - SSUURED TN WD B A N A .
et -t v WJ . . . - e .. PO P Pt o+ v e 1 , FRESNENES S iwll e * ot .
i DR BERRE RIS Sl i Ratl | RS RERRE R SRl S AN AN RERR AR R Rl .
N [ - - . - - - - .- . . [RS BN . . . . . M AN i .. .
S - ot I - LR : . _ -y ' MAM,] ._+I..r -

P T . .. - P P + R B ! 13 - (S




41.

TABLE I1I.
.%----‘r ------- - ;—-_----.---‘—ﬂc(----' S D WP U R as W e Wb G0 o o O-—.--“--:‘
x |64 65 66 67 68 69
z ldg,coshz Jlog, Jerc gero gpero gero %ero pero
C,OSTX Zz :L’Q;Oﬂ N:) .,5 .1 0 b35

410 20043 240 1.40 1,00 .90 |.50 .40 |.75

415 |.0120 [l.13 ‘2,13 1.73 (.63 1.25 1.13 ?.4é
Joo |.0191 h.so £.80 P.40 P.30 1.90 1.80 B.16

Jes |.0315 p.96 $.96 B.56 .46 5,06 £.96 [.31
{30 |.0400 h.a3 b.13 ?.éa k.63 1,23 $.15 (.48
Iss |.0601 [5.65 .65 p.25 .15 .75 $.65 p.00
{90 |.0m7 W.29 B.29 [r.89 p.79 7.3 Y.29 [.64

4]
O
L d

fo
0
o
<O
i

1.58 1p.58 1p,18 1p.08 101.68 1}.58 11.93

60 1706 16.05 1f.05 1B8.65 16.556 15.15 1$.05 16.40

70 |.2280 d1.44 2p.44 | - - - - -

----- oo - o -

-l ed gt o o oGP G AP S G WD D, o e ----,-J--—OC-‘_-_-Q--- o om0 40 oo w Yo

Photquaph 64.

Values of t marked off from the graph correspond-
1ng.to the above values of My:- .

2,8, 5.7, 8.2, 10.5, 12,9, 15.4, 17,9, 23.2, 28. 4
Differences:=2.9, 2.5, 2.3, 2.4, 2.5, 2.5, 5.3, 5.2
The last two correspond to a z difference of ,1 and are
thus double the rest. The equality of these shows‘ that

the experimental curve has a true log cosh form,
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- 28-4 - 2.8

Mean change in t for a change in z of .05 To

: = 2,56
E of 16 = Mx of 68.0 = x of (80x 192§
53§

E of 25 = 2 of .05.

2 . .127
X

m = % T (12.6)ad

K = 1,007 x 10°% a2g

m =z 53.6a = 3.38 (this applies to all

X. the photographs 64 - 69)
' 2

F = (2x2)'ng
X K

i,e. F =  ,180 mg.

Pho tograph 65.
Values of t
39 ,67,96, 126,156,185 , 212, 274
20,7

Mean difference corresponding to z increase of .05 = ==

2 of .05 = b of 207 = Mx of 69.5x 207

—_—

6 7
= X o 464
2 = ,1075
X
F = 0132 mg.

Photograph 66.

Values of t
51 .89, 120, 150,180 201,241,310,
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Mean difference corresponding to z increase of .05 = __—23'1
2 of .05 = tof 3.17 = Mx of 71.0 x:'.’.il_(_}
= x of .503
Z . « 100
X
F = 0112 mg
Photograph 67.
Values of €
4.0 81,117, 160,202,244
Mean difference corresponding to z Increase of ,05 = 20.4
S
z of 05 = b of 408 = Mx of 7|.sx‘}|;g§
x of .658
Z = , o078
X.
P s ,066 mg
Photograph 68, .
"~ Values of t
68 146, 6 20.8,29.8
Mean differences corresponding to g lncrease of .05 = %‘-Q
2 of 05§5= tof 767 = Mx of 72.0x%’-
= x o 124
]
X = 00403
F = 019 mg

PRI Y R S
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Photograph 69.
Values o t
32 ,68,98 130,160,192 223.

Mean difference corresponding to z increasse of .05 = 18.5
' 5]

z of 05 =t 31 = Mx of T00x3)

= x o .488
, 5 = 01026
x
F = .120 mg
TABLE IV,

Photograph 'gpplied Voltage Force/mg
R R S ) P 2
64 10, 4v .180
65 . 8435 132
66 ‘ 6.25 «112
67 4,20 066
68 2,10 «019
69 7.20 «120
P an b ar s R GRS S NP B e e S D G D AR WD M D oD PG GRER EP e SRR D D J
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TABLE V.,
-r‘n—— o ov @0 am G W G D SO NP D G o [P S A AP G AP W g = e Q--qr ———————————————————————————
B x 70 71 72 73 74 75
z |jloggoshzj, - .Z6ro | 2€ro| Zeroj zero| zeroj .zero
logg .40 45| 0 0 0 0
coshz |M as - M=
in 75 56’1.925
FL T T rr e re 2 LY YL Y L U L Ly X 2 g 2 g h-—¢01 P TP Y YL Y T X L X X ]
a0 ) o043 | .e0 | 1.00| 1,08 .60] .60 .60] 0.61

15 | L0120 | 1.68 | 2.08 | 2.13] 1.68] 1.68] 1.68] 1.70
20 | o101 | 2.68 | 3,08 3.13| 2.68| 2.68] 2.68] 2.70
.25 | 0315 | 4.43 | 4.83| 4.88] 4.43| 4.43] 4.43] 4.47
.30 | .0440 | 6.18 | 6.58 | 6.63| 6.18| 6.18] 6.18] 6.23
.35 | .0601 | 8.44 | 8.84| 8.89] 8,44| 8,44 8.44 8.52
.40 | .0777 |10.93 |11.33 |11.38/10.93]10,93]10.03] 11.03

.50 | .1200 }16.85 |17.25|17.30 16.85J16,85 16.85| 17.02

L YO R )

Photogreph 70.
Values of t _ .
so , 81 108, 140, 170, 202 232,

Mean difference corresponding to z increase of 05 = 12.4
. : . 4.
e of 05 = t of31=Mx o 82.5x;|5—é'
_ ' = x of .§7
z » 288 . B . 53,6a= 4.955
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Photograph 71.
V Q].UQS 0? t i
2.8, I4 .99 138,174, 21.2,25° 1,

' Mean difference corresponding to z increase of .05 = 3.8

.- 7z of 05 = Eop' 38 = Mx of 81.4 x :?_'S
' = x..of 683
;2‘;_- = ,0736; F = ,133 mg

PHOTOCRAPH 72.
‘ \Jﬂlues Jqt-

40,84 122, 162,204 248

Mean difference correspohding to

2z increase of .05 = 4.3

Mx of 81.0 % ?3
x-of 770

2z of 05 = t'o-F 4.3

¥

il

F & 4103 mg

Photograph 73.
V-O\]UQS OP t .
6., 8.8 04,275

Mean difference corresponding to z increase of .05 = 14,9/3
5 of 05 = tof 497 =Mx F 837« %7
' x o 930

Il

F = 070 mg

P —



I

47,

Photograph 74.
' Volues 0{] t
..20.0. 25.0 29.5..

2z of 05 = tof 475 = Mx f 84—5x4‘75
= x of .887.

F =» ,076 mg

. Photograph 75.

Vokluesb of t A
7, 1§89 ,25.0

Very little curvature 1s visible on this curve; the

deductlions from such amall deflections become only

' éppreximate.

- Mean difference corresponding to z increase of .05 = 9.5/2

Mean difference corresponding to z increase of ,05 = 19.3
2 of 08§ = C.of 9.65 = Mx of 8L0 ¥ 9|_(‘:5 e
a = x of 182
F = 20187 mg
TABLE VI,
[ e o > B W W ED e WY B e L L E L 2 X L L X 1 o AR D G e aS W O B un 0D 1
Photograph | Applied Voltage Force /pg
70 10¢7 .188 W
71 8.5 «133
72 6.3 .103
73 4.2 076
74 4,2 Q070



CHAPTER III,

RESULTS using PURE MERCURY.
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PURE MERCURY DROPS.

This Chapter deala exclusively with the

results obtained ueing pure mercury in various solutlons.

S8everal strengths of Sulphuric Acld were used, and
following this various concentrations of sulphuric
acid satureted with mercurous sulphate were thought of
sufficlent interest to employ, Then other solutions,
all of‘concentration 0.001N were used. The charges
in these solutions are gliven in the tables in the
following pages. Por each solution the charge is
deduced from a straight line graph relating horizontal
force and applied voltage, the force being obtained 1n
each case from the corresponding photograph in the

manner described at the close of the previous chapter.
Prior to these results the cases in which

drops of widely varying radii were used are stated, and
the propor tionaldély between dharge and drop radius is

deduced,



4G

@ariation,offChargé

with Radlius.

O.OOIN.HQSOA solution

See Tables IV and VI  (previous chapter).
. 0+025N Ho,S80,4 solution
TABLE VII,
P“-‘-—‘?--‘---’,--—--"-‘-r ..... ‘------.‘-P -----------
Photograph Drop Applied Force
‘Number, Radlus, Voltage. on Drop.
48 .081cms 2,78volts | .118 mg
49 «08lcms 2.57volts 094 mg
Bl +070cms 2.19volts 044 mg
52 .070cms 2,77volts | .131 mg
53 .070cms 2.63volts | .092 mg
55 .0945¢ms 2,25 volts | .045 mg
56 .0945cms - 2.97 volts 091 mg
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These two sets of results show that the force on
| the drop incfeases uniformly with the potentisl which
is applied between the plates. These results are most
convenlently expressed as graphs relating Force/mg
- and Voltage.
‘Flgure: 16 shows this graph for 0,001N
sulphuric acid solution. |

" The most interesting result indicated by these
_Brephs 1s the fact that, not only is F/mg proportional
to V for drops of any one size, but the points for
different sized drops all come on the same straight
line, Thus 1n'a conatant poﬁgntial gradient F/mg is
constant, whatever the size of the drop. Thua the
forcé in the potentiel gradient is proportional to the
mass of the drop. As the force 1s only dependent on
the drop charge and the potential, this means that
. the drop charge 1s proportional to the mass of the
drop, 1.e. to the cube of the radius.

The stralght lines of F/mg against V are good
in both cases, and as the two sets of experiments were
conducted in acld of widely different strengths, they
provide ample confirmation of each other, and seem to

establish beyond reasonable doubt the result previously
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'found by Wagstaff, vigz:-
The Drob Charge 1s Proportional to the

Cube of the Radlus,

" In the following experiments, in which solutions
.of various other strengths were used, only one sized
drop was used in one solutlon, and from the slopes of
the grephs relating F/mg and V the values of E/mg, and
hence E/aa,.were deduced, and are included after their
respectlve tables, The whole of the graphs are not

included, Fig, 16 is a typicél éxample.
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Charge variation with
Acid Strength.

0.,001N H2_8_9I golution.

See Tables IV and VI. (previous chapter).
Mean Value of'E/asdeduced'= 0,16 x 107 €48 ¢U. /om"

0.003N H,S0, solution.

TABLE VIII,

" Photograph|  Drop | Applied | Force on |
Number Radius Voltage. ~ Drop.
100 .06235cms|  10.2v .416mg
101 .062350ms ‘ 8.1v . « 356mg
102 «06235cms 6.15v «230mg
103 .06235¢cms 4,1v «154mg
104 .06235¢cms 2,1v .052mg
105 +06235¢cms 5.3v «169mg
ISP U UL S |

Mean Value of E/a® deduced = 0.427 x 107 e,s.u. /cmd




Q.01 N EpS04

53.

Photograph
Number.

. o A w0 Y DD

77
78
79
80
81

. T T R PR Y R

solution.

TABLE IX.

O S
Drop Applied Force on
Radius ‘ Voltage. Drop. .

‘.0626 cms 2.53 v «100 mg
.0620 cms 2.18 v. 061 mg
+0620 cms | 2,07 v. .055 mg
.»0620 cms 1.53 V. 027 mg
0620 cms | 4.20 v, 291 mg

A RS S SRR

Mean Value of E/a° deduced =

0..98

X IOVGoB’sﬁ./Cn13

10,033 N H,S0, solution,

L_,- e w wres e wn - -

Photograph
Number.

s o an o as o0 P on o ow an .

106
107
108

- - - - o o o

X.

Forcée on
Drop.

TABLE
Drop Applied
Radius Voltage.
.0618 cms 4,00 Ve
L0618 cma | 2.79 v,
20618 cms | 2444 v.
L .0618 cns 2.00 v, J
1.68

X 107 e.éou./tm3

Mean Value of E/a® deduced =
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0.08 N HoS80, solution,

1 Photograph
Number

82
83
85
86
87

TABLE _XI.

et St et -
Drop Applied Voltage{ Force
Radlus on Drop

------------- ) Subabaietuiuiiebeitdedabeindy Sntuiatdabatatdd ety
0626 cms | 4.1 V. +536 mg
.0626 cms 2,60 V. .161 mg
+0626 cms 2.21 v, . 065 mg
.0626 cms 2,01 v, 2036 mg
.0626 cms 2.27 v. 081 mg

Mean Yalng”of,E/as deduced = 2.23 x 107 e.s.u./,3

0,067 N H.S0, solution.

TABLE XII,
'Photograph Drop Applied Force
~ Number, Radius. Voltage. on drop.
LA R X R T 2 X X X X T - X ¥ X ¥ X N J 2 2 2 X 2 T P-.‘---‘----.‘ ---------------- -
88 +0620 cms 4,0 v «547 mg
89 .0620 cms 2,78 v, .202 mg
90.. .0620 cms 2.47 v. .151 mg
91 +0620 cms 2.29 v, +105 mg
92 00620 cms 1.98 Ve 0033 mg
93 Q620 cms 2,09 v, 0563 mg
Mean Value of E/a® deduced = 2,32 x 107 e.s.u. /. 3
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0,10 N nggg solutions

TABLE XIII,

Photograph Drop . : Applied Force on
Number. 'Radius., Voltage. Drop.
1!‘-9..----.-—U--“-‘ﬁ-’-----“Lﬁ—ﬂ L add ol b E X X X X 2 ¥ ¥ K L R X X J
94 , 0610 ems - 3495 Vs 736 mg
96 "+0610 ems | . 2,02 v, <036 mg
97 | .0610 cms 2,62 v. | .216 mg
98 - | .0610 cms 2.34 vo | ,149 ng
99 L0610 ems 2.21 Vv, | +104 mg
S0 eh 40w e o w» “-JL‘----------— -d----‘o--nd--ln--nﬂ ........ J

. 7
Moan Value ofE/a® deduced = 3.05 x 107 6.8sls/cind
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Variation o’fE(a3 and E/mg

with Concentration of HoS04 solutlon.,

TABLE XIV.
R rtabuiniaieh Artateiabrinbebdtpaitetdal; Rttt r
COndeggigtion. ‘ o E‘/215 E‘/ms
AEiat=iabrtriaindeiba Rbvirtadtbatetttubutvts eiiadetebiedeield
0.001 N 0,16 x 107 | 0.31 x 10°
0,003 N 0,43 x 107 | 0.83 x 10°
0,010 N 0,98 x 107| 1.90 x 10°
0.025 N 1.40 x 107 | 2.72 x 102
0.033 N 1,68 x 107 | 3.24 x 102
0.050 N 2,23 x 107| 4.30 x 102
0,067 N 2,32 x 107 | 4.48 x 10%
L0 N | 308 x 107 | 5.89 x 10° ]

The above set of results 1s also glven in graph
form in Fig: 17.

Thé charge increases with‘concéntration of acid
but not in direct proportion. The potential, and
hence the charge, on the drop is ususlly held to be
due to the mercury ions which have already come into
the solution from the drop. As the following
experlments using acld saturated with mercurous

sulphate, seem to throw some doubt on this, it would
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seem desirsble to defer discussion of the form of
this curve until aftef tﬁe inclusion of these latter
results,

The saturated solutlons of ‘mercurous sulphate
in the varibus‘strengths'of-acid~used~were,prepared
by shaking the acid with a generous excess of powdered
mercurous sulphate. The process of solution was
extended over several weeks so that complete saturation
was made portain. The exeeés of mercurous sulphate
was then removed by filtration and the resulting clear
solution wag used in the apﬁaratus.

The solublllity of mercurous sulphate in acid 1s
very small and does not vary a great deal with acid

strength.,
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ACID SATURATED WITH MERCUROUS SULPEATE.
. 2001 N HoS04 solution (saturated with HgoSO4).

TABLE XV,

| Photcgraph "~ Drop Applied - Foree on

.|., Number.. I - Radlus, - Voltage. Drop.

“b-‘ﬂ---‘--d -G en et 0t ws W ----baq-----.‘-‘.—-—- o o o w0 @ > = 0w o= e = oo oo
18 | .057lems | 11.7 v. ,0930 mg
132 0571 cms | 11.7 v. 0937 mg
133  .0571 cms 6.1 v, 0560 mg
134 ] 0571 cms | 4.0 v. «045 mg
135 ) +0571 cums 2.1 v. 014 mg

Eean’Vélue of B/ad deduced = ,0762 x 107 €s8eUs /o3

4005 N HoSO4 solution (saturated with HgsS0,).

DTABLE XVI,
meme e er e ——-—— cmesegeecne et ——— e e e e o o, -
Photograph | Drop : Applied Force on
.--?ET??P:----_-_EE?EEE:--4---YSEEE%E:-W----Pf??:---
114 056 ecms 8,65 v, 143 mg
115 056 cms 8;00 Ve «133 mg
117 0566 cms ‘5.80 Ve «0945 mg
118 ,056 cms 4,30 v. 069 mg
119 +056 cms 2.20 Ve «019 mg

Mean Value of E/a3 deduced s ,202 x 107 ess.u,/zma
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030 N Ho80, solution (saturated with Hg,S0,).

Number.
P

127
126
129
130

Photograph [

- S W . w ws w» - - ab am wv o»

TABLE XVII.

Mean Value of E/e® deduced

“brop | Applied
Radius.~ ~ Voltage.
0587 -cms 4,10 v.
.,0587 cms 6.05 v,
.0587 cms 2,90 v,
.05687 cms ] 2,10 v,

Drop.

966 x 107 e.3.u./cm3

.10 N H SO, solution (saturated with Hgz,SO0,).

S G P WD G GEan MB AP WS @8 W =

Mean Value of Ej/a3 deduced = 2.20 x 107 ©.8 .U, /Cm?

TABLE XVIII,

D SD G OR AD AN W A5 P WS 4D S A5 GE TR GD G5 65 GV G B EP W G0 W WRED D WS GF P WD P b G WD WD

mbEﬁSES;;;;i' Drop
| Yomper. | Bedlus.
- 120 0576 cms
121 | 0576 oms
122 «0876 cms
123 «0676 cms
124 . +0576 cms’
125 205676 cms

Applied
Voltage.

4.20 v.

274 Ve

2.56 v,
2.45

2,92

Force on
Drop.




Relation between Charges in

Pure Sulphuric Acid Solution

-and.Charges in Acld saturated..

o wiﬁh Mercurous Sulphate,

TABLE .XIX..
r'.——--—- --;--q- —————————————— - e av o o e op an ws > on w - @ o an > a0
Acid E/a5 in E/a3 in
Concentrationd Fresh Acid.]| Saturated Ratlo.
' Acid.

natadoadiada s X2 ¥ T A TR TR --‘ﬂ------- - p-ﬁ—q--c‘--nntqrﬁ-------—
.001 N W16 x 107 076 x 107] 2.11
.0C5 N .60 x 107 | .z02 x 107] 2.98
030 N 1.66 x 107 97 x 107 1.7
10 N 3.02 x 107 | 2.20 x 107| 1.36

- - - —-»-—'-—-o---! ;-----o---;--h
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These results In acld saturated with mercurous
sulphate show very clearly that the effect of the
~mercurous sulphate 1is, in everﬁ easé, to reduce the
value of_the charge. Many of the theories of the
mechanism of formation of charge on these drops (see
introduction) attribute 1t to ‘the return of dissolved
| mergurous lons into the drop, Acdordlng to this
theory the drops will attain higher charges the higher
the concentration of mercurous lons in the solutlon
surrounding them, Now a drop of mercury falling in
acid attains 1its charge from those mercurous ions
dissolving, or aelready present, in the solution, In
éolutions saturated with mercurous sulphate the maximum
. possible concentration of these ions 1s present, while
in fresh acid only a small fraction of the saturation
will dissolve, and go to form the~chargebon the drop.
It follows that the drop charges should be greater in
acid soiutions saturated with mercurous sulphate than
they afe in the fresh acid solutions of the same
strength, Experimentally it was found that exactly
the reverse takes place. On the mercurous lon theory
the charge could never be greater, in a certain acld
strength, than 1ts value when that acid 1s saturated

with mercurous sulphate, whereas actually the charge
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1s observed to be greater in pure acid. - It seems
highly improbable, therefore, that the msrcurous ions
are responsible for the charge.

After mercurous ions, there can only be hydrogen
ions respomsible for positive charges in these solutions.
Assuming that the hydrogen ions cause the charge on
the drop, then a possible. explanation of the reduction
of this charge by saturation of the acid with msrcurous
sulphate becomes evident, .. The addition of more sul-
phate lons to the acld will suppress the lonisation of
the latter, so that fewer hydrogen lons will be
available, and the chafge correspondingly less, The
mercurous sulphate saturated acid 1s équivalent, in
hydrogen ion concentration, to a iess concentrated
solution of pure acid, and gives a charge corresponding
to thils latter acld strength - this charge being less.
In less concentrated acid solutions the amount of
sulphate ion added is greater in relation to that
already present (from the scid) and the suppression of
the lonisation wlll be comparatively greater. The

number of free hydrogen ions will thus be diminished by

a greater proportion so that the ratio Charge in pure acid
& prop : : Chargein acid HgoS0,

will increase as the acid strength diminishes, This
is precisely what was found in the preceding experiments.
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At the higher concentrations the amount of

additional sulphate lon, limited by the solubillity
oflﬁércurous aulphate, is small-compared with that
‘present in the acid, so that ver& 1ittle effect on
‘the charge is noticed. At the lower concentrations
thé-sulphate ion concentration is altered considerably
by saturation with mercurous sulphate, so that reduc-

tions in the charge of more than 50% were recorded,
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SOLUTIOHS OTHER THAN H2804i

.001 Zn S0, -solution

TABLE _XX.

P Photograph Drop =~ Appliad' | Force on
1. Humber. s Radius¢ " - Voltage, Drop.
200 0671 cms 4,2 v, 034 mg
201 0671 cms 8.4 v, 074 mg
- B02 0571 cms 12,4 v. 2102 mg
203 0571 cms 16.9 v. 122 ug

204 0571 ems 21,4 v, <175 mg
205 J .0571 cms 8.4 v. 062 mg

Mean Value of E deduced = ,081 x 107 2% e.s.u, fem™

001 N N82§94’801ut10nf

TABLE XXI,.
Photograph Drop Radius| Applied Force on
§o_ Number. e eeooocoj Yolbege. | Drop.
243 0650 cms 17.2 v. «178 mg.
244 0650 cms J 17.2 v 164 mg,
b cmam e - s e a2 e i o e e e 2 e e s o B oo o

Mean Value of E deduced = 093 x 107 a3 e.8.u. /4@
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001 N AZL,,(SO4_Lz solution.,

PQSES;;aph
- Number,
206
207
208
| 209

210.

D e ok o - —--4 L X W 22y XY

TAELE XXII.

N e Ty - o
Drop Applied Force on
e Totteee L

0585 cms 4.2 v. .051 mg
0585 cmaj 8.4 v. 111 mg
.0585 cms 12,2 v .141 mg
;0585 cms 16.7 v.. ..210 hg
.0585 cms 21,2 v, +236 ng

Mean Value of E deduced = ,116 x 107 a3 Q.484U. Lo

.001 N HgNos_in

003 N HNO=z solution.

TABLE XXIII.

T L T T T TPy T PP T TR Y —--—-{ ---------------
Photograph Drop Applied Force on
Number. - Radius Voltage. Drop.

D M MOEE b SN WS G ED SR WD GNP GE P G B W -----L- ------------ e oo o ar o o o an o o
222 +061 cms 842 V. .212 mg
223 «061 cms 6.2 Ve .146 mg
224 .06l cms 4.2 v. 087 mg
Mean Value of E deduced = ,298 x 107 85 e.s.u. /.3
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.001 N NaOH solution.

Photograph DProp Applied
Number ., -Radius. Voltsage,
..225 . .0674 cms| T . 17.4 v,

226 0674 cms 11.2 v. -
227 «0674 cms 6.2 v,

TARLE XXIV.

Mean Vealus

of E deduced

0106 X 107 as Ce3sU, l&m%

L001 N Pb(NQ3lgsolution.

TABLE XXV,
Photograph Drop Applied Force on
- --?Exgbgz.— ----599-’:2’2 - wnes me - --Ye%gegg.‘.-- --n-——-P{.SE-‘- ......
228 .0661 cms 17.6 v. 163 mg
229 30661 cuis 1107 Ve 0116 ng
230 .0661 cms 6.5 v, 070 mg
Mean Value of E deduced = ,095 x 107 a° ©.8.U,ferm>
.001 N Ba(N0z)o, solution,
TABLE XXVI,
Photograph Drop ‘Applied Force on
Number. Radius. Voltage. Drop.
---------- P T P P PR e L 2L L L R E Y P E L L L L L L L Lt
231 .0659 cms 17.3 v. «156 mg
232 00658 cms 11.3 v, ,095 mg
233 .0658 cms 6.5 V. 038 mg
. Mean Value of E deduced = ,093 x 107 ad e.s.u. fea

o ot ot A > B e > Gr o " -
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+001 Zn(Noslg-solutionw

Photograph
Number.
234
235
236

L X T X 2 2 Py N XL X

TABLE

Drop |
Radius-.

o R e 0 S e U w4 b i W b e o s i O a

~+0650 cms
«0650 cms

Appliéd B Force on

Voltage. Dropg
11.2 V'c 0090 mg
6‘.2 Ve 0041 mg

.0650 ems

Se 8w

Mean Value of E deduced

+001 HNO= solution.

e L08]l x 107 a3

TABLE XXVIII,
Photograph Drop Applied Force on
Number.. Radius. Voltage. Drops
SR R L X L L X T Y YR g ‘o 4 4GP 4P OF G0 WP 46 G0 e E> a LY Py g v ¥ ¥ T ¥ g
237 +0642 ons 17.2 v. 271 mg
238 .0642 cms 11.2 v, +183 mg
239 0642 cms 6.2 V. 072 mg

Mean Value of E deduced

= «163 x 10

7 a%e.s.u.

.001 NaCl solution..

jo o e O ermcscecacheonee e cnse ee Ldnd AL Ll 2 X et o, Lo e b an wn e = o
Photograph Drop Applied Force on
. Number. 1 . Redlus. .| [Toltege. | __ Droe. ...
240 662 cms 6.2 V. .066 mg
241 0662 cms 11.2 v. +106 mg
242 .0662 cms 17.2 v, «145 mg

TABLE XXIX.

Mean Valuevof E deduced

= .094 =

107 a% e.s.u.
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Charges in Various Solutlions.
of the same Concentretion.

TABLE _ XXX.
Solution. Charge {e.s.u.).
------‘“---"-—----P ----- LA X X N X R X X X N 2 N X K N X X

.001 N HNOg .163 x 10" @
.001 N H,S0, 4160 x 107 &°
| 7 3

.001 § NaCl 4094 x.10" a
.001 N KayS0, 093 x 107 a°
.001 N NaOH .106 x 10" a°
001 N ZnSOy4- 081 x 10" a°
001 N Zn(NOg), .081 x 107 &°
7 3

.001 N Ba(NOgz), .093 x 10 a
.001 N Pb(N0Ogz), 095 x 10" a°
.01 N Alp(804) 5  .116 x 207 &




CHAPTER 1IV.

CONFIRMATORY RESULTS.
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Charge Measurements by
Galvanometer Deflections.

The charges obtained by the previous method
were of sufficient magnitude to give measureable
deflections on a sensitive ballistic galvanometer.
Some time was spent examining the possibilities of this
method of measurement of the drop charges, with a view
to obtaining useful confirmation of the results furn-
ished by the original method.

The main difficulty in a method such as this 1s
to ensure that no additional effect, other than the
charge on the drop, influences the galvanometer
deflection., Also, the whole of the drop charge must
paess instantaneously, so that the correct ballistic
deflection 1s registered. |

In the first experiments of this type, a simple
glags cell was used. This conaisted of a vertical
tube down which the drops of mercury fell, the drops
forming beneath the surface of the acid. Connectlons
ﬁere made to the mercury ln thé dropper, and also to
the lower mercury which collected at the base of the
cell, by means of copper wires dipping into fine
caplllary tubes containing mercury, and having platinum

wires sealed through their closed ends. In this way
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only the mercury within the capillarj tubes was 1n
‘contact with the copper, and risk of contamination of
the mercury in use was avolded.: It was found later
that the current set up between the dropping and
stationary mercury electrodes was made up of two parts.
Each time a drop falls a new mercury surface 1s exposed
to the liquid, ard ;he natufal potential of mercury in

solution
the, grows rapidly on it. ~ The lower mercury was con-

(19) found that

tinually at this potential. Bernstein
the rate of growth of potential on the new surface was
such that it reached 84 % of 1ts final value in ,015
secs. Thus each time a drop fell there was a potentlal
difference, diminishing at this rate, between the two
electrodes, and a corresponding current flowed through
the outside cireult, In addition to this current, the
charged drop fell down into the lower mercury and gave
up its charge, which flowed round the circult also.

The existence of these two components of the resultant
current, was shown best when the drops ran at a slow
rate end a dead-beat galvanometer was included across
the electrodes. The deflectlons of the latter were
registered by means of a moving-plate camera. As the
drop grew the spot moved suddenly at first and then
approached a limitihg position. As the drop fell off
the dropper the spot fell back suddenly, and as the new
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drop began to grow the deflection mounted up again,

but was interrupted in its growth when the previous
drbp entered the lower mercury, and its charge passed
round the elrcult, It thus became obvious that, if the
charge were to be obtained from deflections due to
‘sihgle drops, the two effects mﬁst be separated, pref-
erably by elimination of the new surface effect
altogether., Experiments in which 1t was sought to
obtain the charges from a constant deflection, obtained
when the drops followed sach other in quick succession,
were found to be neither consistent nor repeatable,
probably because the meximum speed of dropping which
could be used (i.e, the maximum speed at which the
individual drops could be counted) was not sufficient
to prevent the tendency to return to gero between
impulses.

Accordingly, a new apparatus was designed, in
which the current due to the exposure of the new
surface at the dropper was eliminated, and that due
to the drop charge studled alone.. This necessitated
the introduction of a third mefcury electrode in
contact with the solution, but free from the effect
of drops entering it, The design of the apparatus
finally used 1is shbwn in Fig. 7. The drops fell from
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-ﬁhe tip of the dropper down the wide tube in to the
stationary mercury below. The column of acid in the
tube was balanced by the mercury in a U-tube, and as
drops entered the mercury they displaced an equal
emount of mercury from a jet at the end of the U-tube, .
'in a manner similar to that described under weighing
of drops in'Chapter I, The wide tube had a U-tube
sealed in at a level higher than the mercury surface
‘and this tube contained the new mercury electrode.
Tubes for allowing the acld to circulate were also
supplied. The acid entered at a level jJust above the
mereury surface into which the drops fell, and left
the vessel by a tube just above the mercury éurface
in the side U-tube. The flow of acid prevented the
formation of mercurous sulphate at these surfaces, or
rather cgrried away any sulphate that was formed.
Thus the charge was not too low by reason of its being
measured in acid containing mercurous sulphate rather
than in pure acild, That acid containling mercurous
sulphate digsolved in it gives a lower charge than pure
acid is show amd expléined in the previoua chapter.
In one of the trisl piedes of apparatus, in
which there was no flow of acid, the &eflections were

observed when the dropper and the lower mercury were
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connébted,-and were found to diminish with leagth of‘
time of dropping. If the drops were left falling
overnight the deflections were found_éo be reduced to

a fraction of their original values. . As the charge

is flowing from the drops it is replaced by ions from
the solution, SO_that we may expect a weakening of these
ions in the solution around the dropper, and the charge
. in the wesker solution will be less, There will also
be a supply of lons from the stationary mercury surface
since the current 1s continuous. The decrease of the'
charge is probably due to thls effect and also the
production of mercurous sulphate in the solution. 1If
the charges are to be measured in a particular strength
of pure.acid continual  supply of fresh acid 1s a
necessity, and it is also preferable that 1t should

be supplied as near as possible to the surface of the
mereury. In the case where the charges were to be
measured as they combined with the lower mercury, the
other electrode being the stationary undisturbed
mercury, it seemed advisable to have the acld entering
- Just above the former mercury surface, hence the design
of the new apparatus. | It was found that the deflec-
tions, elthough not aiways cons tant, now maintained

a fixed average valuse.
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The galvanometer was callbrated by means of an
additional circuit, in which a condenser of sultable
capaclty was charged by application of 2 volts, and
then discharged through the galvanometer. To make
this discharge take place in conditions simllar to
those of discharge of the drop, the condenser was dis-
charged through the galvenometer via the vesgsel, which
was included in the cirouif. The drops were cut off
when calibration deflectlions were being observed. For
the drop deflections Key K was kept closed. The gal-
vanometer was short-circuited until imnedlately before
the drop fo be measured entered the lower mercury, so
that the charges due to previous drops had all flowed
away, so that the deflectlon corresponded to the
effect of the one drop only. In spite of these pre-
cautions, the method suffered from the dlsadvantage
that the galvanometer wandered slightly from its zero
position during the short interval between the removal
of the short and the recording of the deflection.
Also, when coalescence was not quite instantaneous, a
slight deflection (usuelly in the opposite direction
to the true deflection) was given on impact and the
galvanometer had no time to return to rest before the

actual deflection on coalescence. The wandering from
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zefo and deflection on impact were, in most cases,
amall.obmparediwith the deflection on coalescence, so
that the latter wasstlll of the same order of magnltude
as 1t would have been under ideal conditions.

. Several deflections were taken in each case, .
and the limits were observed. The largest deflection
took place when the coalescence was the nearest to
instantaneous, l.e. the slight kick in the opposite
direction was the smallest, and hence the largest -
deflections are likely to give the best values to the
drop charges.

Seth, Anand and Mahajan(zo) performed some
experiments in which the delay of coaleacence when
drops of various lliguids were allowed to fall upon a
surface of the same liquid, and found that the time of
delay depsnded on the height from which the drop fell,
there belng a certain range of helghts giving no delay,
l.e. immediate coslescencs, Presumably, a change in
height of the dropper meant a change in velocity of.
impact in these experiments. It was unfortunétely -
impossible to alter the velocity of impact in the
present experiments, as the drops, already falling in
acid, had reached thelr terminal velocity in every

case, Some experiments were performed, however, 1n
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which other factors were altered. Several pieces of
' apparatus were made, all similar to that already
desdribed‘except that glass‘tubés of different dlemeters
were employed for the construction of the main vertical
tube, = When mercury was introduced into these the
shaped of the meniscil into whieh the drops fell varied
fromalwost an inverted hemisphere in the narrowest tube,
to & broad flat surface in thei widest. Coalescence
was found to be lncreasinglyAgood'iith the use of a
narrower tube, 1.6, a non-flat meniscus. Coalescence
also improved in the weagker concentrations of acid.
The readings of deflections mentioned previously were
all taken in the vessel having the narrowest vertical
tube . |

In all except the strongest acid concentrations
used it was found possible to obtain perfect coal-
escence by having the drops striking the exact centre
of the narrow meniscus. Small drops could be made to
coalesce almost instantaneously even in the mbst con-
centrated acid used., With large drops, however, a
considerable delay took place except in weak acld.
If an examination 1s made of the results shown in the
Table on the following page it will be seen that.the
charges deduced by this method agree with the previousiy
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Results for E[as by Galvanometer
Deflection Method.

TABLE XXXI.
Large Limits of E/a3| E/a% vy
A Acid or by the
Concentration. { Small Galvanometer Original
"~ | Drops Method Method,
L or S ( x10°7) | ( x10-7)
o an e vhen o e Lo b @ = o N Y L L. L L L T T PR Ty - - -
001 N L »145 to .175 .16
003 N S e40 to .46 .42
L «44 to .47 .42
2010 N L .67 to .78 .98
S «89 to .96 .98
S «86 to .94 .98
033 N S 1.68 101,80 1.68
S 1.20 t01.60 1.68
L less than .8 l1.68
«10 N S 2.52 to 3.04 3.02
S 2.69 to 2.89 3.02
e I i I S
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determined values in all cases,whére coalescence was
goods - The letters L end S in column two indicate
large and small drops respectively. Serious difference
between charges obtained by the two methods only

_ ocours in cases where large drops were used in the

- higher concentrations of acld, the very cases in which
emnlescence was not satisfactory, In these cases the
charge deduced by the galvanometer method 1s too small,
the effect of delay In coalescence being to reduce

- the deflections. _

The agreement between the two methods 1s in most
cases quite good. The lack of agreement in one or
two cases 1s easlly explained, Hence while this.method
is not suffieclently accﬁrate as a method of determina-

" tion of drop charge in itself, owing to the coalescence
difficulty, 1t seems to afford ample confirmation of
the results obtained by the former, more accurate,

me thod,



CHAPTER V.

AMAL.GAMS .
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Zing Amalgems.

Pure Zinc was added to pure mercury in such a
quantity that provided both were totally mixed the
resulting amalgam would contain about 2% by weight of
Zinc. The two metals were placed 1n a lightly
etoppered flask and heated together 1n a nater-bath.
The flask was periodioally removed and well shaken,
Thie procees was continued for ten or twelve days when '
the whole mass seemed to be of even conetitution,
except:for the scum which had formed on the surface,
Ae.it wee uncertain what aﬁount of the Zinc was con-
tained in the ecum it was not sufficiently accurate to
take the original welghts of Zine and Mercury in order
to.ealeulate the percentage composition of the amalgam.
Inetead, a known quantity of the amalgam was drawn off
from below, and analysed'for Zinc, The sample drawn
off was boiled with normal sulphuric acid solution for
eeveralbdays. Passage of HoS gas through the acld
liquid gave no precipitate showlng that none of the
Mercury had been affected by the acid, which had there-
fore dissolved the Zinc alone. The Mercury remaining
was that which had been present in the original amalgam.
This mercury was carefully washed and after pipetting

dff the excess water the last traces were removed by
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¢

thorough drying in a degSigator. Welghlng of this
mercury gave a determination of the exact composition
of the amalgam which was called Amﬁlgam.A.. This
amalgam was used ag the basic amalgem, others belng
made when required, by dilution with mercury.

‘Experiments were performed‘ln which drops of
amalgam were substituted for pure mercury drops, and
photographs of the deflections suffered by these drops,
when horizdntal fields were applied, in preclsely the
same mamer as the pure mercury photographs were.
obtained. These experiments were restricted to
.001 N HyS0, and .001 N Nap80, solutions only.  In
most cases two photographs were taken with the applled
voltege about the seme in each case, one photograph
being used as a check on the other., From each photo-
graph the force on the drop was determined in the usual
way, and from it a value for the charge on the drop
under those particular circumstances,

It was found that for the more concentrated
amelgams (A, B & C) about 40 v gave a conslderable
deflection towards the posltive electrode, indicating
thet the drop‘was negatively charged, Charges deduced
from these photographs werse about -0.1 x 107 a3 €e8els,

but decreased a little with weakening of the amalgam.
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-In -sodium sulphate soluéion‘the negative charge
appeared to be much less, and 90 < 130 volts were
needed to give a reasonable deflection, Charges
deduced from these deflectlions were about -0.1 x 10883
6s8sU,, 1lees roughly'one tenth of  those -in acld.

With the change from Amalgam C to D it was found
that quite & small voltage applied now gave a deflection
ﬁowards‘the nsgative electrode, showing that the charge
was now positive, and the magnitude deduced from the
deflection was, in acid, about .17 x 10783 €.3.,u,, and
~in sodium sulphate about 07 x 107 ad e s«u., The
charges had thus become posiéive end of an order
approaching those obtained on pure mercury drops.
Further dilution of the amalgam with pure mercury (to
amalgam E and further) gave but little change in these
results.

As no reason could dbe imagined for the sudden
change at this amalgam strength, return was made to
Amalgam B, and a point which had been overlooked et
first was notlced, In the experiments described abové
about 40v had been applied in easch case as 1t gave a
sultable deflectlon for photographing in the first cases.
Arrangements were now made by which it was possible'to.

graduelly increase the applied voltage from zero up to
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100 volts; this being done simply by inclusion of a
fheosfat‘ih gseries with the cell containing the
soclution, As the voltage was made to increase from
zéro the dfop seemed to be affected very little, but
at 25;30;volts slight deflections towards the negative
electrodé were observed,  As this deflectlion was very
s8light it may possibly have 1ncréased uniformly from
zero, only reaching an amount observable visually at
thé'abbvé-mentibned voltage. PFurther increase in
voltage céused the deflection toward the negative to
disappéar, the drop'being agaln undeflected at 34
volts. Above this voltage 1ﬁcréa91ng deflections
toward the positive were observed, these belng the
deflections which had been noticed in the first
experiménts with a fixed potential of 40v. The above
results were teaken with drops of radius .065 cms, the

plate distance being 2,035 cms,
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Effect of Potential Gradient
on Amalgam Drop Charge. '

The observations described on the last few pages
seem to 1ndicate that the existence of the potentlal
}gradientlin the solution around the drop-must have
aoméeffect'on the potential or charge acquired by the
drop. .VThe only changes between successive experiments
were those ﬁade in the applied voltage, and hence the
.altérati9n in the charge can only be due to this., The
charges measured are therefore not the true charges
acqﬁired by fhe drops in the solution, but in applying

the potéﬁtial gradient to determine the drop charge,
the létter was altered as g result, A high potential
gradlent would seem to cause the drops to become
negatively charged, whereas they would seem to be
‘poslitive when the gradient 1s small, This indicates
that the true charge in solution in which no potential
gradient exists would be positive, the negative charge
belng cauSéd by the potential gradient only,

If we imagine h}drogen lons (in acid, or sodium
fons in sédium sulphate solution) being attracted to
the negative electrode, this attraction will be greater
in larger flelds and hence fewer lons will be attracted

to the drop, causing less addition of positive chérge
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~to the drop.A Also this removal of positive ions from
the'surrOUndings of the drop will make 1t more easy for
zinc to come out of the drop into the solution, and as
some of these zinc ions will themselves be removed
under the influence of the fleld thelr place can be
taken by more gzinc from the drop. - Under the higher:
potentialé therefore, we might expect a less proportion
of hydrogen ilons golng to form posltive charge on the
drop, and.a greater proportion of éiuc coming into
solution, leaving the drop more negatlively charged.

The higher the applled poteantlal the greater this effect,
whlich may become of such magnitude as to reverse the
drop.charge, as noted in practice.

If any comparative results with varlious amalgams
were to be obteined, 1t seemed ohvious that they must
be done under the same conditions, l.e. deflections
and deduced values of charge must be compared only
when the potential gradient wes the same. The value
most near the true value (in the absence of potential)
was probebly that obtained from the lower gradients,
1,6, from the deflectiqns obtained towards the negative
at potentials less than that required for reversal.

A new get of obaservations were made on the series
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‘of amalgams B, By, 83, 34... etc., each of which was
‘made by dilution of amalgam B with mercury. Photo-
graphs were taken with each strength of amalgam, under
~ an applled voltége of 24v, the distance between the
plétes being the same throughout. 'Drops of about the
-same size were used, a new dropper being employed for
each amalgém'as 1t was found impossible to thoroughly
élgan a dropper once 1t had contained amalgam, The
amalgam, unlike mercury, clings to the glass walls of
- the fine caplllary and cannot e removed.

24v was found to be & sultable voltage giving the
posi tive deflectlion prior to reversal in most cases.
By having a photograph of the path traced by each
amalgam under the same applled potential, a basis of
comparison was obtained, : Where necessary, photographs
with other applied voltages were taken, and when
reversals occurred, the approximate voltage at which
the change over took place was noted.

In the following pages are given most of the zinc

amalgam results, which are followed by a summary.



ZINC AMALGAM RESULTS.
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Amalgam A, - Table XXXII, -
YD e O an o S Y T T I T Y YT T XY P SOPPEPU PRy
Photograph Drop Applied | Force
Number. Radius Voltage.| on Drop
-*“-.---b‘.-‘.dﬁv‘-"--oﬂ--ﬁ-d;------------'—------
346 0.0651 emq 16 v | 0.144
o047 0.0651 cmg 24 v 0,041 mg

L X X 2 ¥ ¥ ¥ ¥ ¥ ]

E/a under Potential Gradient of 7.85 v/em = 0.085 x107e.s.u.

001 N 32§g4
solutlon.

£/aSunder Potential Gradient of 11.75 v/cm.= 0.016 x 107cm®

Photograph Drop Applied | Force
Number. Radius Voltage.} on Drop
--—---n---—4 ...... L T X ¥ 3 X R ¥ ¥ F N T ¥ B ¥ PP PR Yoy R
_ .| .001 N HS0,4
312 0.0544 cms| 36 v |-0.363 mg | solublon.

E/e°under Potentisl Gradient of 17.6 v/em = -0,097 x 107 6.5

. W+ K 3
cm

P e G G o o> = - o g

Number.

s > 20 0 2o > > o -

- 305

| Photograph |

- e e e e e

Drop
Radius.

- e S e e e e

0.0505 cms
0.0505 cms

0.0544 cms

LA X T 2 X X 2 1 - oo

P @ we a @D @ sin = o

Applied
Voltage.

36 Vv
_ 28 v

> D Un GPon OO @ *™ g T =

Force
on Drop.

~0,393 mg
“0,31 mg

1.001 N HNO=
solution,

E/e® under Potential Gradient of 17.8v/cm=-.0103 x 107

E/a® under Potential Gradient of 13.9 vm= -0,105 x 107
E/a3 under Potentlal Gradisnt of 43.1 v/cm= -0,090 x 1107
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Amalgam A T&ble XXXII (Contd).
Photographr Drop Applied ‘Force on
. Number.. ., Radius. | Voltage. Drop.

C X A T 2 R F ¥ T 3 X J

- 309 ~ 0.0544 cm| 204.v,
310 0..0544 em 97 V.

..EZ

v o wn on o - - iy

_-ﬁ-nob-u

e - - - - oo ]
-0m222mg
:~03112mg

+001 N NaoS04
solution,

under Potential Gradient of 97.5v/cm = -.102 x 106aesu

E_under Potentlal Gradient of 46.3v/em ¥ -.112 x 105a%su

Amalgam By -

Table XXXIII.

+Q01 N H2304 solution.

E under Potential Gradient

of 19.6v/cm

Jd—--—————&--o-‘---~a—----—r:frf—fpu-r----—--
rPhotograplq. Drop 1 Applied | Force on
Number . Radlus. | Voltage. Drop. .

L e o o o e - - e - 0 e 0 e O O 2 e 0 0

313 10,0585 cm S 41 v, ~0.,38 mg
314 0.0685 cm| 32 v | =0.235mg
334 0.0639 cm 18 v.
335 0.0639 cm 24 v, 0.096mg
315 0,0542 cm 85 v. -0.12 mg
216 10,0542 cm| 109 v. | -0.16 mg
R L R - e e b My e G D WS W an W ol G SD BF G WD SN TR W O e oL

,001 N HoS04
solution.

+001 N Nay80,
solution.

-0.0905 x 107a%esu.

'E.under Potentiasl Gradient

of 15.3v/cm

-0,071

x 107a%esu.,

E under Potential Gradient

of 11l.7v/cem -

+0.037

X 107asesu.

- 2001 N Nap30, solution.

E under Potential Gradient

of 40.2v/cm

-0,139

X 106a3 esu,

of 51.6v/cm

-0.,144

x 106a3 esu.

E under Potential Gradient
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+001 N HoS04 solution.-

Amalgam €., <« Table XXXIV.. f
O i G A ik o B D P D G S N> e e BB B W U ED U W T DA W - - - 4
§ Photograph ‘Drop - Applied V Force on
{--- Number - “Radius - Voltage.| Drop.
ot s s s s e s v e o e e > 0t = - - s i 0 = " o i of —-—-'—'----0-
317 0.062lcm | 40 v | -0.37 mg
5318 |- 0.,062lem | 40 v.| -0.369mg
319 0.0621cm 135 ve | ~0.137mg
320 0.062lcm | 135 v. | -0.155mg

001 N HoS04

solution.

" 4001 N N&9864

solution,

E under Potential Gradlent of 19.4 g/cm 2 00.087 x 107a%su.

v JOO0L'N Hao304 solution. -

E _under Potential Gradient of 65 5 v/em ==.0.105 x 106a9e3u,

Aualgam D.- - Table XXV,
Photograph Drop Applied Farce on
Number, - "Radius Voltage. Drop.
‘h;‘---q'—'n--‘#‘ .......... s > o a ?  W on Dl = @ w6 - o
321 0.0684cm 10.2 v, 0.268mg
322 - 0.0684cm 10,4 v. | 0.268mg
323 0.0684 cm | 13.6 v, | 0,155mg
324 0.,0684 cm | 13.6 v. | 0.158mg.

001 N HQSO4*s§lution.~

‘E under Potential Gradlent of 6.9 v/cm

+0,

.001 N HySQ

solution,

.001 N Na,SO0,4

solution,

175 x 10723 esu,

E under Potentiasl Gradient of 9.1 v/cm

LIS 1

+0

080 x 1079 esu,

in ,001 N NaoSO4 solution,
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| Amalgam'E, - Table XXXVI,

Photograph Drop Applied Force on
| Number. ~ Radlus, | Voltage.| Drop.

0001 N HQSO4 solution.

325 0,0642 cmf 10.2 v,]|10,239 mg

326 10,0642 cmf 9.9 V.[+0.264 mg

327 0.0642 cm| 13,3 v, {10,137 mg
e8| 10,0842 cm| 13.2 v.|+0,108 mg
329 0.0642 cm| 13.2 v, |+0.119 mg

N R X T Y X SRR R T Y 4 LA L L X A L L 2 2 B X & L X T J

. .001 N H_SO0,

solution,

4001 N Na,S0,

Solution.

E under Potential Gradient of 6.7 v/cm = +0, 175 x 107a° esu.

001 N NaQSO4 solution,

E under Potential Gradient of 8.8 v/em = +0.63 x 10%a3 e.s.u

.001 N HoSO4 solution.

Amalgam P. - Table XXXVII.
prren e cevaas > 1 e o o 4 om0 6 e o e o
Photograph! Drop Applied Force on
Number., Radius Voltage. Drop.
_ﬁ-‘--g"---—p-c---‘--d---lL-O--O-‘ -------------- -
- 330 0.0700 cmjy 10,4 v,| t0,232mg
331 0.0700 cm| 108 v, +(} 219mg

2001 N HoS04

solution.

- E under Potential Gradient of 5.1 v/em = t0,198 x lovasesu.
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Amalgam Bo - Table XXXVIII. .

'rPhotograph Drop - Applied Force on
Number.. | Radius. oltage. . Drop.
r-n— - o oo ol -u—-.‘-»- - A e --noc‘-"‘u--’-oq ..... -
336 | 0.,0639cm | 23.5 V. +D.085mg
_ ' , ' . <001 N HoS04
337 ] 0.0639%¢cm 23.0 v. &3.085mg “solution,

“Reversal Gradlent 15.3-16.3 v/cm,
- ,001 .N HpS04 solution.

E under Potential Gradlent of 11.3 v/cm = +0,035 x 10 a%su.

Amalggm Bz « -Table XXXIX.

;---—‘ D WD WS WS G T M GBS ED ED IP NG WS GR ) P WS SO A S D B D P W WP SR O aen o S0
Photograph Drop RadiJs Applied Force on
Number. Voltage.] Drop.
O o G - -n----{p ----- D P G W TP W P D AR A S GO D YR gn S W S G Gy -
338 0.0645¢cm | 24.0 v, [t0.41mg
o ' ' .001 N HoSO4
339 0,0645cm 24,0 v. {0.41mg solution,

No Reversal

<001 N H SO solutlon, 73
E unaer PotenEial Gradient of 11 7 v/cm = +0.163 x 10 'a’esu.

Amalgam By = Table XL.

Photograph Drop Applied [Force on
- -Number. | - Radius. Voltage.| Drop.
60&-’-—--’-—-——o--u--—-n--ﬁ—nonn—--— - ap us w» OB ab o8 w- L.}
c 542 00,0658 cm 19.0 v [+0,15 mg
. .001 N HoSO4
e | 00ees em | B0 T Ji0:1%] - sowutton,

001 N HoS04 solution.
E under Potential Gradient of 9.3 v/cm = +0.057 x 107a%esu.
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Amalgam Bg = TableVXLI.

D = N D S S P WD R P P P P NP AP Y AR D G S S R S 4P OB GP W D G D WS T L G G D R B0 D G S o e =

Photograph Drop -Applied | Force on
Number. Radius. VOItage. Drop.
e atatetedatutattuiedy fadabete el bl Edabel bl -

544 0,0609 em, | 24.0 v, +0.,49 mg.

..001 N H2§Q4
solution.

No Reversal.,

2001 ¥ HoS04 solution,

E under Potentlal Gradient of 11.4 v/cm =+0.197 x 107a%esu,
E under Potential Gradient of a 55 v/cm=+0 155 x 107adesu.

Percentage Composi tion of Zinc Amalgams.

Amalgem A - 1,595% Zinc (by analysis)

Amalgam B} - 0,180% Zinec (by dilution of Amalgam A)
Amalgem Bp - 0,062% Zinc do.

Amalgem B3z - 0.012% Zinc do.

Amalgam Bg - 0.040% Zinc do.

Amalgam Bg - 0,021% Zinc do.

Amslgam ¢ - 0,030% Zinc do.

Amalgam D - 0.002% Zinc do.

Amglgem E -~ 0,003% Zinc do.

Amplgem F -

00,0119 Zinc do.
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COLLECTED ZINC AMALGAM RESULTS.
‘ TABLE XLIII.

- im0 > G O D o T P o D o = - oo - -—- - ---1 --------------

Amalgam| % Zinc.| Charge/ad £3Uzl Gradient | Reversal
N A | Gradient.

A ~.1.595 -0.097 x 107 17.6 v/em|12,7-14.7v/cm.
+0.,085 x 107 7.8 v/cm
40;6ié‘i‘107‘-'“ll}a-v/cm

B1 0.1902 | -.091 x 107 | 19.6 v/cm|13.7 - 16.3v/
- =0.071 x 107 | 15.3 v/em
40,037 x 107 | 11.7 v/cmq

Bo | 0.0619 | +0.035 x 107 | 11.3 v/em|15.3-163 v/cm

By 0..0397 about zero 11.8 v/em{11.8-147v/cm
1 40,057 x 107 9.3 v/em

C 0..0288 -0..0865 x107 19.4 v/cm| Reversal.

Bg | 0.0211 | +0,197 x 107 | 11.5 v/cm| No Reversal
+0.155 x 107 | 8.6 v/cm

Bz | 0.0118 | +0.163 x 107 | 11.7 v/cm| No Reversal.

F 0.0107 | +0.197 x 107 | 5.15v/em| No Reversal.

E 0.0030 | 40,174 x 10’ | 6.7 v/cm| No Reversal.

R X PASREY TR --———-—--J ---—n--—----—--“- ------------------------
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- Cadmlum Amalgenms.

Cadmium Amalgems wWere employéd'after silver emalgams,
but as they resemble zinc émalgams in behaviour they will
be déscribed'first. _Pure Cadmium, in the form of thin
discs of the metal, was a&ded'to sufficient mercury to
make an amalgam containing epproximately 2%, in a lightly
stoppered vessel which was kept at a temperature just
below 70° C‘by a thermbstaf airangément. As cadmium 1s
more soluble than zinc, the whole of it dissolved in a
éémbarativély short period, More dilute amalgams were
made as reqﬁired by addition of mercury to portions of
this amalgam. |

Experiments on drops of these amalgams were per-
formed as before. As in the case of zinc amalgams,
slight poéitive deflectioné (1.0, deflections correspond-
ing to.positive charge) were obtained at low voltages,
and increasing negative defléctions were obtained above
a dertéin applied vdltage, et which no deflectlon was
obtalned., Again, a minimum concentration, below which
no reversal was obtalnable, was observed. LbBelow this
concentration the effect of voitage increase was merely
to increase the original positive deflection.

The Cadmium amalgam results are detalled in the

pages followling.



94

Cadmium Amalgam Results.

Each Amalgem in 001 N H,80, solution only.

Amalgam A, - Table XLIII,
Photograph Drop Applied Force on
Number. Radius. Voltage. Drop.
R . P L L T T B el -
360 0.0685¢cm 31,0 v. | -0.237 mg
361 0.0685em 24,0 v, -0.,144 mg
362 040685¢m 18.0 v, | +0.12-0.16ng
363 0+0685cm 12.0 v. | +0,10-0,15mg
364 0.,0685cm 12.0.v, 40 09—Qlémg
Charge in Potentisl Gradient of 15.lv/cm s -0.063 x 107adesu

Charge in Potential Gradient of 11,7v/cm =

~0.047 x 107a%esu

Maximum Chargs.

in Potential Gradlient of 8.765v/cm =

in Potential Gradient of 5.85v/cm =

+0.96 x 107adesu

+0.112x 10 a esu.

Photograph
Number.

- e e -

365
- 366
367
368

Amalgam J, -

Table XLIV,

!

T Y- ter- Yoy

b’ e wn” i e’ on’ A in W

- e > G a»  an W - >

Drop Applied
seuhedius, | Voltage.
0:0649cm 23.0 v.
0.0649¢cm - 23.0 V.
0.0649cm 34.0 v,
0.0649¢cm 3640 Ve

Porce on
Drop.

40,058 mg
+0,061 mg
-0.234 mg
-0.360 mg

Charge 1n Potentlsl Gradient of 11.2v/cm = +0.026 x 107a%su.
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Amalgem J, - ( contd) .

Charge in Potentlal Gradient of 16.5v/cm 3 -0,066 x 107adesu
Charge in Potential Gradient of 17.5v/cm = -0.095 x107a%m

Amalgem K. - Teble XIV.

o G aban e s 08 OB G A 40 O @ on db.---iﬂ D e NS D W S G M oo G D O D WS W 4 s O o)

Photograph}{ - Drop Applied ‘Force on
Number. Radius. Voltage. Drop.
369 0.40650¢m 19.0 v. | 40,092 mg
A370 ,0.06500m 36.0 v“ 70}082 mg
371 0.,0650¢cm 43,0 vo | =0,195 mg

G e e G O A D G G A G AP SR A D G U WD P S PO W D G W W U D 43 B0 0 S

Charge in Potentlal Gradient of 9.26v/cm=+0.046 x107a%esu
Charge in Potential Gradient of 17.6v/cm = -0,022 xlome_su
Charge in Potential Gradient of 21.0v/cme-0,043 x107a%su

Amalgam M, = Table XLVI.

f-q---—---‘-q----—-_--‘qb ----- - e au 40 GF wp 0 @ W0 Go DD W o> = o

Photograph| Drop Applied Force on
Number. | - Radius. Voltage. Drop-

O-f—ﬁv---équ --------- 1- ------- DGR G P U S &P P A D e
- 375 0.,0626cm 16.5 ve | +0.30 mg
376 0.0626cm 11.0 v, | +0.2]1 mg

No Reversal,

Charge in Potential Gradient of 8.2v/cm 540,174 x 107adesu,
Charge in Potential Gradient of 5.3v/cm =+0,178 x 107adesu.
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CQLLECTED CADMIUM AMALGAM RESULTS.

Amalgem

H

L. S G WG GD S SR RO W W e e

Cadmium

- e - ]

0,199

0,015

0,004

Table XLVII,

YT e r e Y X Y L oy Yy X -,

Charge
as

PrppRpE T L. T T Y-

10,096
0,112

1 -0.,047

-0,063
+0,025

. =0.066

-0,095
+0,046
-0.022
-0.,043
+0,174

140,178

.. O e S wp G G e 2

D N L L L T T

(Eﬁﬁi’ Potential] Reversal

cm® Gradient. Gradient.

x 10| 5.85v/en 10,7«11.7v/cm
x 1d| * 8.75v/cn

x 100 11,7 v/en

x 10] 16.1 v/ex

x 107 11.2:v/cm 12,7-15.6v/cm
x 10/ 16.5 v/cm

x 10 17,5jv/cm

x 10 .9,25v/cd 9.76-14.6v/cm
x 10| 17.6 v/ex

x 10l 21.0 v/en

x 10/l 16.5 v/em Ko Reversal.
x 107 11.0-v/cm

Amalgem L, containing 0,010% Cadmium, gave slight

deflections 1in the positive direction and the
reversal effect at higher voltages.
negative deflections were also comparatively

small.

The

No photographs were taken as an in-

sufficlent supply of emalgam was made.




97.

Silver Amalgams.

Although silﬁer amalgamates Vvery repidly with
small quantities of mercury, the making of an amalgem
‘ ‘ ﬁﬁieh Qohtains only a small percentage of silver
~e§enly dispersed thfoughout.theim@rcury is a slow
process., 1n order to make a l1iqu id amalgam contalning
a reasonsble quantity of silver was used. After
about three weeks of continuel heating at 700 amd
periodical shaking, the undissolved silver was removed,
ard the remaining amﬁlgam retained for experiment.

The charges were all positive, and the values of the
charge deduced were so simlilar to that on pure mercury

that repetition with weaker amalgams was not warranted.

Silver Amalgem G .00l N HoS0, solution.

“ Pable XLVIII.

T R S Wt B e S S G B R G g - o wr D w0 o] et e G Y W a P T T YR L kg

’Photograph  ~ Drop Appliea Force on
;;153?9931;;;.-;;--539335:._-;AYQEEE§E:-._---PSEE:---.

30 |  0.0644cm 11.0 v. 0.205 mg

351 0..0644cm 10.6 v. 0.198 mg

352 0,0644cm 10.5 v, 0.198 mg

353' . 0..0644cm 23.0 V. 0,405 mg

364 0.0630cm 13.9 v. |  0.241 mg
%8 | 0.0s%0em] W s v.|  2EBR]




98,

Mean Value of Charge(a3~for Amal gam G 73
in «Q01 N, 2804 solution, = 0.179 x 10 'aY esu.

Théée‘silver’aﬁalgam drops appear to attain

ﬁoéitiﬁb'chargéé slightly larger than those on pure
mercury drops under,eimilar condi tions, - +0,18§\x 107
as comﬁared with *6&16 x 107a3, sSilver 1s usually
considered slightly more positive than mercury in
"‘the electro-potential series, and this would be con-
firmed by fhe abové"feéult, Silver'resembles mercur&
in several respectﬁ; so that 1t 1s not surprising

that in this instence its amalgam behaved like
mercury, - The amalgam was probably sufficiently
concehtrated tp give the natural p.d. of silver, as
there is reason to believe that even fairly weak
‘amalgams give the silver potential, The following
table of results by Lindeck (see 21) gives the potential
be tweern silver amalgams and amalgamated zinc, and shows
that a ,05% amalgam gives almost the same potential

-, 88 oneé which 1s saturated, |

Per cent | Potential
Silver, Difference,

saturated 1,32 v,
2’0 1.30 Ve
0,57 . 1,33 v,
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The amalgem used must have contained at least
0.5% silver, Several experimenters have dlssolved
2 « 6% silver by heating in an open vessel, so that it
is within reason to assume that a good percentage
dissolved in the I esent case,

Cadmium and Zino.Amalgams behave in a manner
totally different from Mercury or Silver Amalgam.
Cadmium and zinc are both negative with respect to
hydrogen while mercury énd silver afe positive. The
charges acquired would therefore be expected to be
less than those obtained with mercury, - elther less
positive or even negative, depending on the magnitudes
of the varlous factors involved. Actually, while both
positive and negative charges could be obtained,
depending on the value of the applied potential gradient,
1t seems thet in the absence of potential gradients
the drops would naturallj attain a positive charge.

The artificial change due to voltége application causes
the increasingly negativé charges.,

The charges‘cannot be assumed fully grown in
these experiments. Those obtained from the lower parts
of the curves were found to be slightly larger, and
~ therefore nearer the maximum value, vIn low potential

gradients the charges are positive but.much less than
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those faripure mercury.“ Eﬁén if they were completely

.- grown it”seemsahighly impfobable that they wouid be as
high es the pure mercury drop éharées. If we assume

- that the chafge on mercuéy is‘due to hydrogen 16ns,

zine and cadmlum must thorefore be less positive than
hydrogen, but still positive. The effect of potential
gradient must be to increase the rate of transference

" of zinc or cadmium lons into the solution, this
eventually meking the charge negative, alﬁhoﬁgh it would
" naturdl 1y be positive, This is proved in some photo=-
graphs in which the voltage was jJust above the reversal
voltage, Before entering the fleld the drop was slightly
poaitiﬁe,'not being uhder the influence of‘the fileld.
Hencé at the beglnning of 1ts passage across the fleld

of view it was attracted fowafds the negative electrode,

' Phe drop, now being affected by the potential gradient,

. rapldly lost its positive charge and attained a

negative one, ‘finelly being attracted to the positive
electrode, The path of the drop, although originally .
directed toward the negative electrode, was concave
toward the positive, showlng that thé drop was con-
tinually losing positive charge while crossing the

" fleld. Two tracks are shown in the dlagram overleaf.{ i
This effect could only be noticed with gradients slightly

in excess of the reversal gradient.
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If gradlients which were
too high'wére used, the positive
charge was lost too quickly for
the SIight.motIOn at first to-

wards the negative electrode to

be visibles .
| 'Thevdrop charge can be influenced by two factors:-
(1) the tendency of the drop to attain a potential
such as it would attain in acid in which no
potential gradlent existed.
(2) the tendency of zinc (or cadmium) ions to leave
the drop under the influence of potential
gradient,
The zinc coming into the solution as a result of
the ‘second -effect will appear as positive lons, and
the second effect therefore causes a diminution of the
positive drop charge, which will increase with increase
of the gradient, When the gradient is still less than .
that required for reversal, there will be an addltion
" of charge due to the first effect and a removal due
to the second, the former being the greater. Whatever
charge is removed by the latter 1s more than replaeed.
bj the former. The total effect is therefore a
slowing of the rate of growth of the natural charge,3
and if this slowing is sufficlent the drop will not

acquire the full charge before reaching the lower plate
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level, The charge deduced will therefore be @
fraction of the full charge, the fractlon being small
in the case of a posi tive deflection in a gradient
" Just short of the reversai gradient, when the rate of
growth would be extremelj'slow. |

. :'.At.gradients above the-reversal gradient, the
effect due to voltage outweighs the natural effect,
andﬁbhe'charge now grows negatively against the natural
effect. : The higher the gradient ﬁhe greater the
difference in magnitude befween the two effects. The
negative charge will increase unfil a quantity of
positive charge, sufficient to prevent any further loss
of positive charge by the drop, 1s retained by attmac-
tion in the drop surroundings, This poaltive éharge
will be retained in splte of the draining influenee of
the field.
Let E, be the finml negatlve charge attained.

Retaining force on a positive lon,
~proportional to E, = Kk'E

Draining force on a ﬁositive ion,
- proportional to field X - = KX

Final negativé charge is reached when these balance.

¥' 1,ea k'E, = KX
or, the negative charge attained 1s proporticnal to the
rield, At any other instant, before the finsl charge 1s
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regched, the resultant force on a positive lon isi-

KX - K'E or k'(E, - E)

Thls force causés the ion to drift away to the
negative electrode. - Its velocity of drift will be
proportional to the resultant force on it, and hence
the rate of removal of charge from the drop vicinity
is proportional to this force. = The rate of removal -
of positive charge 1s equivalent to the rate at which
it can be replaced from the drop, i.e. the rate of
growth of the negative charge on the drop.

a %% = k(E; = E) E, and E are negative.

Teking t = 0 as the point at>which the drop enters
the fleld, the charge at this 1n§tant will be a sertain
fraction of the natural positive charge E, this amount
having grown while the drop was falling in the liquid
above the electrodes. This will remain constant 1if

the drops all fall from the same level.

dE
Jdem - fre

-loge(Eg=E) &kt - loge (EgE)
EO-E = e-kt
Eo+€
E = Ey(1 - e-kb) . go-kt
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The charge therefore
changeﬁ in the mamer
indicated by the lower
g:aph,’uhich is obtalned
by combination of the two

E,(1-€%)

e

=t

upper ones, When the reversal voltage was just exceeded,

| By, depend;ng on the mag-
nitude of the gradient,

wvas smill, and the aslight
att:action to the negative

was visible, corresponding

E‘e-kt ¢

+

—tF— _

to AB where the charge was positive but rapildly dimin-

ishing. With increase of potential gradient E, may

be expected to increase
rapidly so that the curve,
while still retaining the
same value of k, crosses

the time axls earllier, i.e.
the drops are positive for
shorter periods, and the
effect of thelr commencing
the passage across the fleld

+

L - ™M — —>

with positive charges becomes negliglble, or at most

reglaters 1itself as a délay in ﬁbe commencement of
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the negativé charge to deflect: The diagram shows
how the périod during which the drop is positlve‘
becomes rapldly shorter as

the gradi ent above reverssal,

end hence E,, s increased.

Tncrease of
Gradient above
"Reversal

It thus seems to be highly
probable that the rates of

interchange of ions be tween
the dropé and the solution' l/////////,,—f

—E-

can be altered by application

of potential gradients in
&

the solution, 1.e, that the

Drop poslitive
. for much
can be varied artificielly in shorter perlods

drop chafgés and potentiais

thié way. B& assuming an attraction of ions toward
the electrodes, thé attraction being proportional to
the gradient, a satlsfactory explanatlion of the
observed phenomena can be obtalned.

At the lower gradiénts the former of the two
factors mentioned'previbusly is of most importance in
the determination of the drop charge, and it seems that
the drop shows a natural tendency to acquire a positive

.charge, Since this charge 1s measured relative to the
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. solution only, it would appear that drops of this

: éomposition attain a potential which is positive relative
- to the solution, yet not so highly positive as mercury
alone, Zinc amalgams containing 1% zinc approach the
potentisl of zinc itself, a fact waich has been estab-
1lished by several workerss The most accurate work on
.relative potentials of amalgams of various concentra-
" tlons has been done by Richards and his co-workers' 2L},
B Thus the emalgam of highest zinc content (1.5%)
méy be assumed to be very nearly at the true zinc
poteﬁtial,'which has been shown to be positive relative
to the solution. In a similar fashion the cadmium
.amalgam'results indicate that cadmium is also positive
in this acild of low concentration., That they should
‘be leps positive than mercury 1s to bs expected, but
tﬁe fact that they are atlll positive seems to indicate
that ebsolute zero 1s at least beyond cadmium and zinc
towérd the sodium end of the serles. Any result taken
from the magnitudes of the charges would be untrust-
worthy, as 1t would be neeéssary to assume the absolute
. potential proportional to the charge (E = azvo/d ) for
drops of both pure mercury and its amalgam, in order to
deduce a value for the poasition in the series at which

the charge would be zZero. This assumption msy not be
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true since the ions involved in eaéh case are not the
same, so that d, the thiekness of the double layer,
may be different in the two cases. The experiments

- do show that even zinc and cadmium may be positive,



CHAPTER VI.
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ADDITIONAL EXPERIMENTS.
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' CHARGES ON AIR BUBBLES, .

Bubbles of air in water can be made to move
under the 1nr1uence of a potential gradient., The
experiments of Alty‘s) and his colleagues, in which
bubbles were made to move along the axls of a rotating
tubular cell, have shown thet the bubbles move very
slowly even in flelds of conslderable magnitude. It
was thought that this effect might be obtainable by
a mothod similar to that desoribed for mercury drops,
éxcept‘thatlin this case“the bubblés would rise between
the plates. As only a short time was avallable
before completion of the research perlod, the original
apparatus, employed fbr'marcury drops; was utilised.
Although it became évident that an improved‘design of
apparatus would be preferable, these experiments at
least seemed to indicate the possibllities of the
method, In his earliest papers on the subject Alty
used water twice_distilled in glass and employed a
soft glass cell, Later he took mére elaborate
precautions 1ﬁ obtalning very pure water, and found
that the charges on the bubbles were small but still
finite, As the veséel used in the experiments
described ﬁeré was made of glass it seemed that we
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must be content with experiments using water of the
same order of purity as that which Alty used in his
first experiments. To obtain this purity it was
necessafy to compleyely dismentle the vﬁssel, removing
the ends and the electrodes, and to stéam it out for
goveral days after a good preliminary washing in
‘distilled‘water. This was the only really effectual
mé;hbd_of-renbving all tracgs‘of acid and other solutlons
.previously used. In an apparatus of this type the
water ﬁust come into contact with the vacuum wax used
for sealing purposes., It 15 questionable whether
this will affect the purlity of the water, but it seems
improbable 51n¢e the conductivities obtained were of
similar’ order to those obfained by Alty.

The water used was made in a condensing apparatus
consisting of hard glass flasks and a copper condenser.
Each of the components of this}apparatus had been
steamed out for sqveral déys before use. The water
was twice distilled through this apparatus and then
filled into the vessel, which had been reassembled.

A convenient plate dlstance for these eiperiments was
approximately 1/2 cm, ‘This allowed higher gradients
to be' obtained, and in addition had the advantage of

steadying the mofion of the bubbles. The rise of
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the bubbles in unrestricted: l1iquld was found to bs
‘yrather erratic, but this effect of the plates on the
motion of the bubbles helped to overcome this diffloulty.

| The bubbles were formed at a fine jet connected
by a tube passing up the vessel (outside the electrodes)
ﬂj‘énd'out at the neck, to an aspirétor, The applied

"L?ressure was adjusted until bubbles escaped from the

- jet at & reasonably slow rate. -The jet position was

i adjusted'until the bubbles rose centrally between the
plates when no field was applied, |
' Potentlals up to 700 wolts were avallable for
gppliéétibn between the eieetrodes‘ High tension
‘batteries were used as the source of potentlal.
Contact was only made instantaneously, because at the
higher voltages rather more current was taken from the
'.batteries than was desirable, The timing device was
employed, the dashes corresponding to 1/400 sec now
being much shorter, the bubbles travelling at velocities
‘which were slow in comparison to those of mercury drops.
| ‘It was found that potentiasl gradients of 200
volts per cm. and higher caused visible deflections
from thé normal vertical path. At 200 volt/cm the
deflection was small but it increased regulaerly with
botential gradient as was expected. Although the
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undeflected paths were quite straight the deflected
ones showed spome irregularities. This waa probably
due to the 11quld motlon. . As drop follows drop in
the undeflected path, the liquid between the plates
must settle into a steady form of e¢irculation., When
a drop is suddenly caused to follow a path deviating
from that of former drops, the effect of the liquid on
the path will vary at different points, so that this
probably explains the slightly wavy line obtelned.
The drop being light, 1t 1s affected by the liquid
motion much more than in the case of the heavy mereury
drops. ,This erratic path eliminated the possibility
of.obtaining a curved path when the velocity in the
horiszontal direction was still growing. The dashes
indicated that the terminal velocitles were qulckly
set up in both directions, as might be expected since
the velocities attalned (especially in the horizontal
direction) were small, Results for the horigontal
velocity.were obtained by using the mean straight
line of the curve, 1gnor1ng the short portion during
which the horigontal velocity was still growing, at
the commeéencement of passage through the field. A

correction was applied for the fact that in their

deflected paths the drops did not move so fast in the




Distance moved in time corresponding

to a vertical distence of x = 'y
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vertical direction as they had done in thelr un-

deflected paths, If 1,,1s the length of 40 time
~divisions in the vertieal path,

~ Slope of stralght line portion = tanS

y & X tan®

x tan® moved in % »40 time dlvns. — —

in x ., 1 '
I40» Jo Secs..

: kg
Horizontal
" Velocity(uncorrected) = 10,1,,.ten® cms/sec.

If in the saeme vertical distence there are:n time_divns
in the undeflected line, and n' divisions in the

deflected line. n' > n .

Corrected Horizontal Velocity = 1B ,,1,,tand.l10 cms/sec.
n

Horizontal Veloelty
.per Unit Potentlal Gradient,

... 100-?1' .14O.ta,'na‘% CES/BQCO

V s . Applled Voltage, and 4 = Plate Distance.
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: The following table gives the velocitles deduced
from the serles of photographs taken,_thé corresponding

potentials also being shown.

~ TABLE XLIX.
Photograph | Veloelty | Plate Potential
Number. - (corrected) ,|  Distance, Applied.
B o > - - - + - s W w w onon PUPpUE guges W o - > o = oo o o e wo an 9w o0 o o o o0 - o
504 | 0.28 cms/sec | 0,550 cms 122 v,
502 0.59 cms/sec:| 0,550 cms 243 v.
500 ©.86 cms/sec | 0.550 c¢ms | 366 V..
501 - 0.74 cms/sec 0,550 ¢ms 366 V.
506 0.87 cms/sec | 0.550 cms | 486 v.
| 505 { 1.05 ems/sec 0,550 cms J 609 v.
s e ot o v " - o e A - w> on S o - -o-‘in----n -------------------

The mean slope of this line isi-
Velocity/Potential = 0.20 x 10-2

Veloci_IZUnit Potential Gradient.

= 0,20 x 10”7 -2 X 0,55
= 11.0 x 10~% cms/sec.

The velocitles involved are small and the motlon
ig probabiy laminar. In this method 1t is difficult
to.estimate the bubble size in order to make certain of
the type of fluld motion. The following table gives
the‘velocity in the verticsal direétion, taken from the
- undeflected path, for éach of the above photographs.



114,

1,, 1s thé length equivalent to 40 time divisions, 1,e.

equivalent to 1/10th second.

TABLE‘ﬂ.

140 Actual Distance ' Veloclty
- Koved, (cms/sec).
14 X /M | o
bﬂﬂ”‘-?ﬂb--ddtc----------P OOOOO -----——-r
| 38,6 |  1.26 12.6
38,0 1,24 12,4
39.0 1,23 12.3
39,7 1,25 . 12.5
39,0 - 1.24 12,4
39,0 | = 1,24 1 12,4
e o0 o e e o W B o A on o O O W - e - - - oo

For laminar motion, the uplift on the bubble must be
equated to the visecous resistance

(4/3)7 a5g = 6Tmavy,
If the above motion were laminar:-

al = BV x
g
a = 0,024 cms taking 4= .01

Under the conditions of the experiment the bubbles
cannot be assumed to be moving in unrestricted liquid.
The effect of the plates would be to oramp the

11quid motion and this may be assumed to be equivalent
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to sn incerease in viscosity.  This introduces a
multiplying factor slightly greater than unity into
the right hand side of the above equation. Hence,
the value of a may possibly be eipeoted to be slightly
greater théﬁ 0,024 cms;. - o

.This value of the radius was tésted appfoximately
as fbllows;. The camera wﬁs_fitte& with a supplement-
ary lens so that as large a magnification‘as possible
was obtained with full eitension‘ It was necessary
to stop down the lens to‘retain sharpness in the image,
the depth of focus being.very amall undervthese
conditions, High speedAplates were used and
silhouettes of the drops were obtained when they were
1lluminated from behind by an intense beam of light,
and the shortest possible exposure was given, A
slight motion in the vertical direction was still
apparent on the developed negatives, but the widths
of the elongeted strealts were fairly definite and
gave the magnified drop d;ameters.

The limiting values of the radius obtained by
this method were 0,024 to 0,030 ems, this radius belng
almost exactly that expected from the velocity, when
laminar motion is assumed.

The veloclty per unit potential gradlent is of
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the éaﬁé‘brder aé that oﬁtéined by.the rotating cell
method, although 1t 1s aoinewhat' higher than any of the
results obtalned by Alty. It may perhaps be
expected that the charges at these-pufities of water
.may largely depend on the nature of the residual
impurities that remain, so that it~is not surprising
that idenﬁical results are not obtained.
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SUMMARY , - _ |

(1). The greater part of the thesls 1is an
accounf of the lonic charges acquired by droplets of
mercury in an electrotypea' Iﬁ the axperiments des-
cribed first sulphuric Acideas used as the electrolyte.
Results for the varilation of cherge with drop size in
a golution of fixed coﬁcentration show that the charge
is broportional to the volume. Resulté for the
variation of the charge with concentratlon of electro-
lyte are also given, the charge increasing with
concentration, but ﬁotvin direct proportion., A graph
showing the charge at aﬁy concentration between 1N
and .001N is included.

Experiments using sulphuric acid solutions
~saturated with mercurous sulphate show that thls cagses
™11 velues of the charges to be reduced (the decrease
being most evident in the weaker acld solutions) and

seem to afford evidence that, in acld the charges on
the drops are due to hydrogen lons, and not mercurous
ions as has been assumed by several lnvestigators.
Results obtasined in several electrolytes other than
sulphuric acid are also given. Some results obtalned
by an entirely different method are Included for
comparison. In this method the charges were measured

by & ballistic galvanometer. The results, though
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less accurate, afford good confirmation of those
obtained by the original method..

(2) A description 1s glven of some experiments
in which amalgam drops were employed in the place of
purs mercury, Silver amalgam behaved in a manner
very:simiiar to pure mercury, but,ziné and cadmium
amalgams both showed a curious phenomenon, The drop
charges were found to be naturally positive, but their
charge could be reversed in sign by application of a
sufficiently strong fleld in the electrolyte, The
probable explanation of this effect is discussed.
Several results showing charges in various potential
gradients, and for amalgems of various compositions
are included. Some attention 1s devoted to the
significance of the fact that zinc and cadmium appear to
be naturally positive,

(3). A few results with air bubbles in water, the
charges on which were deduced in a simllar menner, are

described. These experiments show the posaibilitiles
of the method for cataphoresls experiments.
(4). I wish, in conclusion, to expresé my sincere

thanks to Professor J.E.P. Wagstaff M.A, D.Sc., for
his continual help, advice, and encouragement throughout

the period of research, and to all others who showed

interest in the work, :
4%
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