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After looking about for a wubje t uit 1le for
experimentrl work to ohbtain raterisl for & thesis it wa
decided to investigate the relation between the energy
libernted by a motsl going into solution, and ths poten~
tial di1fferencc resulting.

Fro theoreti 1 considerations Thomeon deduced
the following eguation for the leotro-~ otive for e of
a o 1l1.

E= J
where 18 the eleotro- hem al eguivalont of
H 18 the heat of chemical cordbination of cne grem of the
met 1 entering into the electrolyte, and the me h n-~

equivalent of heat

Later a more expression was developed
by Helmholt 4n the form

E

where k represeonts the net a ocunt of energy of

¢otion which re ults from the pa of one .g.8 unit
of 1le tri ¢y through the cell. The la t term expre es
the dependence: of the electro-: for e upon the te -~

perature of the ell.



The object of this ork is to test Thorson's
formula experimentally.

Ordinarily there would be a certain definite
amount of energy released as a result of a pure etal
forming & salt. If, however, the retal i1s put under some
kind of a uniform stress whi h inocreases its potential
energy, necessarily, more energy must be released when it
enters into the combination.

The stress ould be obtained either by stretching
or twisting, the latter method was for this work.
To ake theoretical determination of the inocrease of
ele tro- otive for e it should cause, the amount of poten-
tial energy added muet be known, and since the metal goes
into ocormbination only at the surface, it is the energy in
the surface layers which must be determined.

In order that the energy at the surface might be
as uniformly distributed as possible, I chose to use round

rods of as pure etal as was obtainable.



On the theoretical side the first step is to
obtain aon expression for the potential energy added to
the surface layer per gram of the metal since it is this
value which must be used in the formula.

Let n be the coefficient of si ple rigidity of

the metal. 1Its va ue is given by the forrmula

n = Shearing stress
Shearing strain .

The increase of potential energy per unit

volume when a body is strained is

Pe .= Work =% -.stress . strain

The morent a ting upon a twisted rod nay be ob
tained by integrating, over the whole cross
the roment acting upon a circular lamina.

That 1

R R 4
M= fzﬂ"m.g.rsdrz?.ﬁ'n% r dr
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where 1 represents the length of the rod, © the angle
through which one end is twisted from its original position,

r the distence. from the center to any rarticular lemine,

and R the rasdius of the rod.

RT - gurface strain = [(8surface stress)
1 -

* © - (surface stress)

L ) l i

Substituting in the equation for the moment

u = M (surface stress) x npt :ji.(surface s’cress)R5
2 Rn 2

. 2M
«s Burfece stress =_-—3,
¥R

Substituting this in the equation for the

potential energy per unit volune

2 o owd
PE(in surface)= § aps - ZM7

This is the energy per unit volume. The value

per grem is desired. Let 4@ be the density of the metel.



Then

X u®

PE(per grem) =

72R%n q

This now gives the vslue of the potential
energy per gram added to the surface layer of the retal,
in terms of the totsl moment applied.

This value can now be substituted in Thomson's
equation, dropping the term J, if the moment is already
expressed in absolute units.

E==20-_X
PR nd

The experimental side of the work will now
be considered.

The apparatus used was very simple, but its
final forr was reached only after much experimenting.

Two copper rods as nearly alike as 1t was
possible to obtain (exoept in length) were placed in a
glass vessel conteining an unsaturated solution of copper
sulphate. The longer rod passed through a rubber stopper
in the bottom of the vessel and was firmly fastened with
a clamp. To the upper end of this rod was fazstened a wheel



of ¢ centireters rad By means of two cords
fastened to the oiroumforenoce of thie wheel end passing
over zuitably arranged pulleys and terminated with light
soulo pans, the tortion of the rod could de varied at
pleasure hy the use of weirhts It 80 arranged that
the weisht oould be changed without opening up the box
containing the cell A therro eter wa inserted through
the oide of the box. The lead ires were conneoted to the
topa of the rode and the junctions wrapped with ootton

It wa at ¢ planned to connect the ocell up
direotly with a sensitive galvanometer but thie could not
be done 8 the ell gave too great a " tray” eleotro
rotive force, that 4a, the two apparently similar rodse,
neither under strain, were at different potentinls when
imrersed in the copper emlphate. 70 neutralize this "stray"
electro~-motive for e, a counter electro-motive forve wa
placed in the cirouit by the potentiometer rethod. The
terminomls of cell and galvanoreter cirocuit were soldered
perranently to the potentiometer wire and then wrapped
with otton, the velue of the counter electro-motive force be~
inz varied at will by varying the ourrent tarough the wire.

pricrry o lls were n th ircuite.



The gelvenoroter was cerefully calibrated over
it entire range and the ourrent required to produce one
millimeter defl +tion et the distance used wa found to be
1.7 X 10" Amperes In celibrating the galvanometer, the
electro-motive force of an Edison cell was first carefully
measured by means of a sensitive potentiometer and a stan~
dard Cadmium cell. A high known resistrnce wes then con-
nected to the Kdilson cell and the potential drop across a
few ohms of this resistance furnished the electro-motive
force for the galvanometer oircuit in which another known
(and variable) resistance was placed. It was diffiocult to
ad Just the galvanometer but when f nally ad) it wor ed

perfectly

Many preceutions were necessary in using the ap
paratus to obtain results since the electro-motive force to be
measured was such a quantity

1t was found that sunlight had a very unsteady ng ef
fect upon the electrorotive foroce of the oell and so it was
necessary to keep the cell c~refully enclosed, and even then the

effeot was not entirely eliminated.
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As far as possible, all connections were care-
fully wrapped in cotton to prevent thermal effects.

It was a8t first planned to stir the copper sul-
phate continuously so that there could be no differences of
temperature in the cell itself, but the stirring caused
such great variations that it was discontinued. The
causes of this variation were not determined but may have
been due to difference of concentration in the copper

sulphate.

The method of operation wss as follows

With both irouits open the reading of gal-
Yanoreter was noted. The potentiometer~wire circuit was
then closed and the current regulated until upon closing
the galvanometer circuit{which in luded the test cell)
1ittle or no deflection of the galvanometer was obtained.
Then everything was left gquiet for some minutes until the
readings of galvanometer became steady or varied with a
slow steady drift.

When everything was working steadily the
adding and taking off of weights was begun and the



corresponding deflections noted, the operations taking
place at regular time intervals whioh were made suf
fiolently long to allow the galvanometer to become steady
again before th next move w 8 made. The gulvanometer
readings were taken just before the chenge.

It will be noted that the plan used is a com
bination of the potentioreter method and the direct de
fleotion rethod, and it was adopted because neither one
of the methods was sufficient in itself. The plan used
has its 4draw~backs but seemed to be the best posasible
oconsidering the relatively large "stray" electro-motive
foroce with which it was necessary to deal.

The following table sho 8 the most oonsistent
data that was obtained. These were consecutive readings
taken n the middle of long runs when everything was
working smoothlye.



Weight on ea h pan 900 grams 1200 grems
on off on off
7.70 8.60 9.45 10.90
6.10 9., b 11.56 10.15

Deflections
6.45 «86 10.00 11.756

in oms.

6.30 8.90 9.856 11.15
5.36 8.156 9.00 9,90
5.65 8.45 7.36 10.456
8.60 9.80
9. 0 10.60

The figures in the "on" ol 8 indicate the
number of centimeters deflection whi h resulted from
pla ing the indicated weights on the previously empty
pans. Those in the "off" colu 8 indicate the deflections
(in the opposite dire tion) resulting when the weights were
taken off. It will be noted that the readings in the "on"
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colu.ne are usually less than those in the others. Where
this o curs it indicates thet there wes a steadily changing
velue of electro-motive force either of the cell {(aside from
the change due to the strain and release) or of the counter
electro- otive force, or a combination of the two. This
causes little inconvenience howe er, because where the drift
lowers the resulting defle tion in the one case 1t increases
the reading by & similer amount (if the drift is steady) in
the other. Thus an average of all the readings both on and
off gives the deflection to be used in computation.

The direction of the deflections was in each case
such as to indicate that the strmined rod was the mnegative
element of ths cell. This is in agreement with theoretical
indications.

The average deflection for 900 grams on each pan
i8 7.52 oms. That for 1200 grams is 9.98 cms. The resistance
of the ircuit was 35 ohmms. One mm. deflection of galvan-
ometer indicates a current of 1.7 X 10-9 Anmperes.

The ocnangs in eleotromotive force due to 900 grems
on each pan is 75.2 X 1.7 x 10™°x 36  0.00000447 volt.

That for 1200 grams on each pan 1is

-9 _
99.8 X 1.7 X100 %

0,00000694 voltis.
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The theoretical values may now be determined
from the equation previously dsveloped.

E = -.._E____.x Hg abvolts
. R°n 4

or 8 volts.

" ¥%n 4. 10
n=4.564 X 10"

Radius of rod 0.326 oms. = R.

Redius of wheel 15 oms.

Z = .003281

d = 8.92

Substituting the various values and solving,
the results are; for 900 grars on each pan, 0.000,000,958
volts; for 1200 grams, 0.00000170 volts.

Experimental value. " Theoretical value.
900 grams on each pan 0.00000447 volts 0.000000968 volts.
1200 " " " * 0.00000694 " 0.00000170 volts.
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A comparison of the experimental and theoretical
values shows a decided lack of agrsement between the two.
As a result of these experiments then, the only conclusion
which can be reached is that the theoretical and experimental
determinations of the values from Thomeon's eguation do not
agree.

It may be that this discrepancy is due to the
omission of the term which Helmholtz incinded in his equation;

this was not determined.

It is interesting to note that while the theoretical
value of the electro-notive force varies as the square of the
moment applied, the experimental value seems to bear & linear
relation to the rioment. Three-fourths of the value for 1200
grams gives 0.00000444 as compered with a value 0.00000447 ao-
tuslly determined. This close agreement was not noted until
sometime after tLe representative values chosen for the two

moments was determined.

In connection with these experiments h other
data was taken, ut the defle tions resulting from the use

of the smaller whights varied over such a range that it was
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thought advieable not to u e them. An average was rnade of
all values obtained from weights of 300 grems on ea h pan,
however, and thie value fell de below that wh h a
linerr relation w uld indionte T™h - 1s no agrecment
howvever with the results found in Gotermining the coefficient
of rigidity of the sopper rod It wva found that the angular
twist per 100 gren & was deoidedly lere when the total

weizht applied w+ small, than what it was when the total

weight wa greater.

Too muoch weight should prod bly not be given to
the resulte thue far obtained until they are verified bY
ruch more extensive end thorourh investigation. Tesnta
8i~4lar to the ones rade but covorins a lerger nurber of
intermediate values would pive a better basie for concluaions.

doreover a deterrination of the valne

the Helmholts ejuation would bde desirable. If the reeulte
thue obtained wore then corpsred with reeulte obtaindd by
using rode of other materisle e h in , iron and steel,

the oconoclusions drawn from them probably be given
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considerable weight. For obvious reasons this more

elaborate investigation was impossible at the time.



