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IITRODUCT ION 

The free electron theoiy of metals, as originally 
proposed by Lorentz, postulates an electron gas which 

exists in the interspaces between the atoms of the 

conducting solid or liquid. The motion of the electron 
gas dueto an electric field constitutes an electric 
current; while the increased activity associated 
with a rise of temperature causes an increase in 

the esure of tne gas, with a resulting movement 

of the electrons towards colder regions, which cons 

titutes a flow of heat. An extension of this tììeory 

gives qualitiative, but not quantative, descriptions 
of the Peltier and Thomson effects. 

Free Electron TflofConductn 

Several difficulties confront the electron gas 

or the free electron theory of conduction: 

(i) As the pressure on a metallic crystal is increased 
the resistance in general decreases. This is not 

explained by the assumption of free electrons, for 
the crowding tends to increase the number of collisions 
between an electron and the atoms, with at least a 

resulting increase in the resistance. 
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( 2) In general the dielectric constant increases as 

the conductivity increases, that is to say, as tne 

resistare increases. 

( 3) When a wire in which an electric current is flowing 

is sibjected to a magnetic field, the wire experiences 

a force erendicuiz to beth itself and to the component 

of the magnetic field erpendicu1ar to the wire. This 

force is soìTetimes very gre, and if the electrons were 

compBratively free within the metal, it would give them 

a tendency to leave the wire in a lateral direction, the 

stréam of electrons bending out away from the wire in 

much the seme manner that a ribbon discharge in a 

moderate vacuum bends out when approached by a bar 

magnet. The fact that electrons never leave a wire 

in this manner and that their concentration at the 

sides of a conductor is so small that it is observab1e 

only in a thin flat plate of considerable width indi- 

cates that they do not drift to tne side of tne wire in 

any considerable quantities, as does the electron 

stream in an evacua:ed tube. This difficulty, so 

apparent in the Hall effect, is in itself evidence that 

the electrons are not free to drift. The indication 

is that the electrons present are restrained in their 

rotions by the individual atome with which they happen 
to be associated. Not only is the Hall effect much 
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smaller than indicated by the free electron theory, but 

it xTay even be in the opposite direction to that expected. 

It may also be added that the explanation of' the lia1 

effect forms one of the major difficulties encountered 

by the wave mechanics of Pauli, Schrodinger and 

Heisenberg. 

( 4) It is necessary for the free electrons to have 

interspaces in which to fly about. The modern atom model 

with its rings of electrons out to a radius of about 

centimeters adequately fills all the space that can be 

alotted to it. In other words1 it is necessary to 

picture unit atoms rather than ions in an electron gas. 

The atoms are so closely packed together in solid and 

liquid structures that the shells associated with the 

valence electrons virtually intersect. A valence 

electron is consequently under the influence not only 

of its own atomic nucleus but also of neighboring nuclei. 

To leave its own atom a valence electron must pass out 

of this double field directly into another of like 

magnitude, unless indeed it should be trapped in the 

little box-like space between adjacent atTms. As the 

atoms almost completely block the exits frcm this space, 

even here the electron is not really free. It seems 

obvious that any electron is constantly in a field of 

force , a strong field of force due toone, or to several 

atoms. It is essentially a bound electron. 



(5) The caesium on the surface of a caesiuw-coated. 

dathode is deposited in a layer one atom thick. if the 

electron cloud theory were corect, tuis single layer of 

caesiurn atoms would have lit.t.le effect in determinirit the 

characteristic emisaion of the film. This type of 

cathode, however emits electrons as easily as pure 

caesium rather than as pure tungBteri. The electrons pass 

ffeely from the tungsten to trie caesiu atoms and their 

fina). escape into the surrounding space is conditioned 

by the work function of caesiwn. 

The theory here proposed assumes that there are no 

free electrons in the metallic crystal lattice, that is 

to say, free in the sense that they may be visulized 
as drifting through the atomic interspaces ìndepende of 

the fields of force set up by the atoms of tñe crystalline 
lattice. it is further postulated that the conduction 

of electricity and the transmissin of heat are both 

accomplished through the agency of the valence electrons 

of the atoes. 
In the Bohr atom the nucleus is supposed to take 

up a space, approximately spherical in shape, with a 

radius of ir12 centimeters. The inner ring of revolving 

electrons has a radius of ic9 centimeters. The question 

arises whether or not the rings of planetary electrons 
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are all in one pLane or in several planes. Tue Lan'xiuir 

aton requires that the electrons be distributed in differ- 

ent planes, the planes being so orlen ted as to give 

approximately uniform distribution of negative charge. 

Thus eight electrons, at a given instant of time, may be 

located at the eight corners of a cube. How can these 

electrons he at the eight corners of a cubical structure 

and still rotate about the nucleus? It will be of 

advantage to sonsider the nature of the electron. 

Experiments on cathode rays indicate that it has 

inertia as well as negative charge. Its charge and mass 

have been measured. Nothing is known about it shape 

or size, or even it has size. 

The work of De Brogue and of Davisson and Germer 

indicates tha.t the electron pa thces of the nature of 

a wave . Assuming that tne electron follows a path 

about the nucleus such that the length of the path is 

an integral multiple of the wave length of the electron 

wave, the Bohr atom condition follows immediately. 

Instead of following Bohr by picturing the electron as a 

particle moving in an orbit whose size is restricted by 

the length of the electron wave, it is proposed in the 

present theory to regard the electron as a pulsating 

anghor ring or toroid, the pulse travelling with the 

definite velocity, u. It is reasonable to regard the 

charge and inertia of the electron as distributed 



throughout the length of the electron wave rather than 

concentrated at one point. This distribution of charge 

and mass does not effect the energy relationships of 

the Bohr tom and has the advantse of fitting better 

into the save picture. This atom wodel seems to be a 

stsh.e configuration and consequently one that does not 

lose energy by radiation except when disturbed. 

The Wave Electron and the Atom 

The two electrons outside of the nucleus of the 

helium atom may be visualized as rings perpendicular to 

each other. At a given moment of time a given inter- 

section of the electron rings may be a maximum of the 

vibration of one ring and a minimum for the others the 

result being a steady state relationship of zero 

ampi itude or a node for the intersection. This phase 

relationship may be assumed to account for the 

stability of the doube electron-wave orbite. 

Similar conditions appear to hold in the case of the 

heavier monatiomic gases, neon, argon, etc, where the 

number cf electrons in a given orbit is always two or a 

multiple of two. 

The atomic structure just described requires that 

the electron charge, but not necessarily the electron 

inertial mass, be distributed around the circumference of 

the orbit This assumption has two desirable con sequ- 

2 - - - 



erices: the charge for any shell of el . ectrons is evenly 

distriiuted; and secondly the atorra becoxies virtually a 

sphericul irech&nis on account of the distribution of 

tne electrons. In tfle case of the he1iun atom two 

intersectìng chargea rings cannot be regarded rigorously 

a uniformly charged sphere; nevertneless even in this 

case the approximation to such a sphere is close. 

In more complete atonis the successive electron shells 

evidently still more approximates the behavior cf 

uniformly chsrged bpkeres. Hence for each shell its 
own internal find aoproximates zero. With the nucleus 

inside, each shell is virtually a negative shell about 

a positive nucleus with a definite internal field. The 

field internal to any shell is very approximately 'that 

due to the net charge of the shell and its contents 

located at the center of the shell. 
Consider for a moment a very specific example, the 

element copper. In the copper atom the electron distribu- 

tion among the shells is as follows: K, 2; L, 8; M, 18; 

N, 1; 0, 0. For a very small volume at the center 

consider that the two K-eJectrons approximate a small 

negatively charged sphere. The eight L-eiectrons maIte 

up a more nearly uniformly charged sphere. It is 

iediateiy evident that the positively charged nucleus 

is in a weak field of force die to the outer shells and. 

especially to the inner two electron shell. These 



conditions make it possible for the nucleus to vibrate 

back and forth with very little constraint imposed by its 

three surrounding shells of electrons. The relation 

between the nucleus and the single valence electron, 

however, are very different, for tnese form a fairly close- 

coupled system, somewhat modified by the presence of the 

shells, and conditioned by radiations hat are probably 

of very long wavelengths. 

In a crystal of uniform temperature each electron- 

nucleus system is preserving the condition of equilibrium 

with its neighboring oms in the crystal by an inter- 

change of photons. 

Conduction of Electrifl 

Assuming a crystal in temperature equilibrium, the 
nucleus of each of its atoms is oscillating continuously 

and its valence electrons respond to these oscillations 

within the limits imposed by the electron sheilsof the 
atom itself and those of its immediate neighbors. These 

vibrations must have frequencies characteristic of the 

atom, and the crystal structure. There will also be 

associated with this vibration a material wave character- 

istic of this system. These vibrations are subject to 

quantuum conditions. 

The direction of the nuclear vibration will be 

governed by the position of the plane of the ring electron. 
The position of the plane of the valence ring electron, 



or electrons, will depend upon the structure of tue 

crystal which, conversely, takes its form froc the 

arrangement of these electrons. It is certain, however, 

that these planes will have definite orientations in 

the crystal structure, and therefore the nuclear oscilla- 

tions will have correspondingly oriented axes. 

The conduction of electricity by the mechanism just 

described is somewhat similar to the process suggested 

at one time by J. J. Thomson. If there is a potential 

difference between two sides of a crystal, there will be 

a concentration of electrons on the one side and a 

deficiency on the other. An electron on the side of 

greatest concentration will approach one of the atoms in 

the direction of the potential gradient. The valence 

electron in this atom will be forced away from the 

nucleus in the direction of the gradient, and will tend 

to draw the oscillating nucleus with it. The nucleus can 

go only so far and then it will o ane in contact with the 

electron shells, or the field of force set up by them, 

aiid its progress will be stopped. During this inter- 

change of electrons, energy will be transferred from 

the electrons to the nucleus. 

The energy taken up by tue nucleus in such an 

energy and electron transfer corresponds to the 12r loss 

in the electric circuit. As the crystal temperature 

increases, the amplitude of the nuclear oscillation will 
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become greater and greater. The surrounding electron 

sheDs absorb a part of this energy. Thus it transpires 

that an electron in its departure from the atom will give 

up energy not only to the nucleus but also by way of the 

nucleus to the electron ehelis the amount given up to 

the shells being proportional to the wnplitude of 

vibration ofthe nucleus. The enerr lost will thus be 

proportional to the temperature of the crystal; therfore 

the resistance offered by the crystal will be proportional 

to its temperature. 

The Conduction of Eeat 

Let us now consider a crystal for which there is 

a temperature difference between two opposite sides. In 

this case a nucleus in the heated fane will be oscillating 

with a relatively large amplitude. As the temperature 

increases the valence electron will he jerked bak and 
forth in ever widening oscillations until the bond 

between it and the nucleus becomes broken. In this 

case it will be hurled among the neighboring atoms, where 

it will force some electron out of its orbit and lose 

a portion of its enerr to the associated nucleus. There 

will result a transfer of heat, and with it a random curr- 
ent of electrons. The electron shells will be in an 

oscillating condition, and as the temperature increases 
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the amplitude of these oscillations will increase. 

Consequently more and more heat will be transferred 

directly from electron shell to electron shell. The 

quantity, k, the coefficient of theat conduction, thus 

depends bth on the electron transfer and the electron 

shell oscillations. As the temperature increases the 

number of electrons shot out will increase; as will 

also the heat transferred by the shells, the ration 

corresponding to the relationship described by the law 

of Wiedmann and Franz. 

It is significant that the Wiedmann-Pranz ratio 

increases with the atomic number. This is illustrated 

by table I. 

At omic Number Element WiedmannFranz Ratio 

28 1'ì 6.71 

3c Zn 6.72 

47 Ag 6.86 

5() Sn 7.3 

78 Pt 7.53 

79 AU 

82 
. Pb 7.15 

83 Bi 9.64 

TABLE I. 

It is clear that as the nucleus and electron shells 
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increase in rnae, more and more heat is conducted directly 

from shell to shell, and less and lese, proportionally, 

by the electron interchange. 

Hall Effect in Metals 

As long as there is no magnetic field superposed 

on a conductor, the flow of current will be in the 

direction of the electric field, In a sheet of metal 
composed of a great number of crystals the orienting 

effect of the nuclear vibrations on the directiob of 

electron flow will be negligible because for a large 

nurber of electrons the average orientation will be the 

sanie in any direction. 

When a magnetic field is applied perpendiculat to 

the direction of cu rent flow, two things happen; the 

electrons themselves will change their direction of 

motion, and the oscillating nuclei will ehange their 

direction of oscillation. Both of these effects will in 

general be proportional to the steady strength of the 

magnetic field. If the bond between the electron and 

nucleus is not very tight, the effect of the changing 

direction of nuclear oscillation will be negligible, and 

the tendency of the electron stream to turn with t 

magnetic field will. predominate. Again if the reverse is 

true, the throwing effect of the nucleus will predominate, 
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and the tendency will be for the electron to travel 

in a direction opposite to that in which it would normally 

go under the action of the magnetic field. The direct 

aòtion of the magnetic field upon the valence electrons 

results in what has been disignated as a negative Hall 

coefficient, while the action of the nucleus under a 

magnetic constraint results in a positive Hall coefficient. 

Let us now consider the elements in the first 

column of the periodic table. They are listed ir table II, 

together with some of their properties. 

Element At. No. Res. Hall C. Char. Preq 

Li 3 8.5 -0.0017 

Na 11 4.3 -0.0021 

K 19 6 . i ----- - - - - - - 

Rb 37 --- -0.0042 

Cs 55 19.0 -0.0078 

TABLE II 

Suso. x 

0.0 

0.51 

0.52 

0 .09 

-0.10 

In the table the symbol At. No. designates the 

atomic number; Res. the resistivity x i3 ; Hall C. 

the Hall coefficient; Char. Freq. the characteristic 

frequency x io12; and suso., susceptibility. 

It should be noted that as the number of positive 

charges in the nucleus increases, the resistivity 

generally increases because of trie increase in the amount 

of work required to get the electron away from the nucleus. 
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periodic table. 

Element At. No. Res. Hall C. Cxiar. Freq,. Susc.x 106 

Cu 29 1.7 -.00C)54 4.7 ö.o86 

Ag 47 1.5 _e.r'o83 3.2 -0.20 
Au 79 2.44 -0.000oó --- -0.15 

TABLE LII 

These Hall coefficients are all very small. The 

negative susceptibility of silver is greater than that 
of couper3 the resistivity being about the sie. The 

Hall coefficient is, as expected, correspondingly larger. 
The neative s'2sceptibility of copper is much smaller 
than that of gold. This factor cocbined with a smaller 
characteristic fre1uency results in a correspondingly 
smaller negative Hall coefficient, even though the 
resistivity and the aciated nuclear control are 
considrably greater. 

Table IV contains the significant properties of 
the elements in the second column of the periodic table. 
It should be noticed that the resistivities of the second 
co1un as compared to the reistivities of trie first 
column are systematically higher. This is due to the 
greater stability of the two valence electrons of the 
atoms of the second column. It takes more ener to 
get an electron out of the atom having two vaence electrons 



than it does where the atom has only one valence electron. 

Element At. No. Res. Hall C. Char. Freg. Suec. X iO6 

Be 4 1.0 

12 4.6 -0.00094 5.4 O55 

Ca 20 4.6 4.7 1.10 

Sr 36 24.8 -0.02 

Ba 56 ------- 0.9 

Zn 30 5.75 -0.00094 3.1 -0.157 

Cd 48 7.5 -o.00055 2.1 -o.i8 

8o 95.0 0.000000 -0.19 

rABLE III 

It should be noticed that the Hall coefficient of 

magnesium is negative even though its susceptibility is 

large and positive. This cannot be entirely accounted for 

by the ne,ative electron tendency, because the suscep- 

tibility is large and positive. 

A Prosed eorof Susceptibility 

So far nothing has been said regarding the character 

of the nuclear oscillation. In the case of the elements 

with only one electron in the valence ring, the alkali 

metals, it is evident that the circular motion of the 

electron must impart a motion to the nucleus that is not 

linear, probably circular or elliptical. The nucleus will 

tend to follow the electron around, and this circ4iar 
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will give the atom a positive magnetic moment and a 

positive magnetic susceptibility. 

Table V shows a few susceptibilities for a number 

of the elements. 

Na Iíg Al Si P 
0.51 o.5 o.6o -0.13 -0.9 

K Ca Sc Ti V 
0.52 1.10 --- 1.25 1.4 

D 

Co Ni Cu Zn 
ferro. ferro. -o.o86 -0.157 

D D 

Br As Se Kr 
-0.39 -0.31 -0.32 

TABLE V 

S Cl A K 
-0.5 -o.6 -0.45 

Cr Fe 
3.6 9.9 ferro. 
D 

Ga Ge 
-0.26 -0.12 
D D 

It will be noticed that the elements of the second 

row of the periodic table that have from one to three 

electrons in the outer shell have positive values of 

susceptibility which increâses with the number of 

electrons. With the aidition of a f:;rth electron by 

8ìi)icon, the electron configuration becomes balanced and 

the teridency of the nucleus to otate is to a great 

extent lost, so that the negative suscetibi1ity of the 

electrons thernselve predominates. 

In the next rwo the electron unbalance continues 

throughout the row, euiding with the very large suscep- 

tibilities of iron, cobalt and nickel. With copper in 



the next row of the periodic tle the balance is again 

good, the susceptibility being slightly negative, with a 

decided increase for the remaining elements of the row. 

li He Li Be B C N O 
-1.97 -0.47 -Ö.0 -1.0 -0.69 -2.0 -0.34 106.2 

D U 
P Ne 

-0.33 

TABIE VI 

The susceptibility values for the atoms in the first 

two rows of tbe periodic table are listed in table V. 

Helium and diatomic hydrogen can both be expected to 

have negative susceptibilities because they are well 

balanced structures. Litium has a single electron and 

a corresponding positive susceptibility. Beryllium, 

like helium, has two electrons in the outer orbit The 

double ring structure is guite well balanced, and it is 

not surprising that the negative magnetic moment of the 

electrons predominates. Carbon is a four electron 

structure, and is tierefore wéll balanced, but oxjgen 

in its bivalent form has twn electrons. This constitutes 

a serious condition of unbalance, and so this element has 

a positive susceptibility of over iö6 x io6. The 

ruonatomic element neon is a balanced mechanism atomically, ari 

and behaves normally. 

It will be noticed that certain elements in both of 

the preceding tables are followed by either a W' or a 
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"U" For negative ssceti'oilities the sIilDOl "D" 

indicates the vaTh..e of the neative ceptibiiity 
is approaching zero as the temperature of the crystal 
thcreases. The sanie syirLbol for a positive susceptibility 
means that the value is increasing oiLive1y, that is, 

varying in the sanie direction as the negative suscep 

tibility when its absolute value is decreasing. The 

symbol "U" indicates that the susceptibility decreases 
ar4 then increases. 

Relation of hai]. Effect to .toric Structure 

Both zinc and cadmium have decreasing negative 
susceptibilities. This indicates that the nuclei he 
appreciable magnetic moments. Since action of the 
nuclei directs the motion of the electrons, it is clear 
that the electron will be thrown in a positive direction. 
tercury has a slower moving nucleus that does not posees 

much circular motion. Therefore its susceptibility is 
negative. 

The only two elements in the third column bout 

which tbere is any information are aluminum and indium. 
Aluminum has a low resistivity of 2.ó3xlCr6 oìims and 

a correspondingly low ilall coefficient of -0.00038. This 
would be larger if the susceptibility were not positive. 
Indium has a siall negative susceptibility of -0.11x10 
and a small resistivity of 8.37x106. The nucleus exerts 
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sorne influence, however, because the Hall coefficient, 
while negative, is very small, only -o0000l73. 

Element At No. Res. Hall C. Chai. 1"reg. Suse x 

C amorp. 6 3500 -0.176 19.8 -2.0 D 

Si 14 8 87 to 206 7,0 -0.13 

Sn O 13 -0.00002 --- -0.25 

Pb 82 22 0.00009 1.4 .0.12 D 

Th 90 18 0.00024 --- 0.13 D 

TABLE VII 

Table VII includes al]. t. lcii ts of the fourth 
coluiin of the peridic table. Carbor hz a high negative 
susceptibility, a high resistivity, and a high character- 

istic frequency. The four electrons in the valence 
orbits are probably distributed in a manner such that 
the nucleus will have a very small angular moment. The 

result is that its oscillation is linear. The magnetic 

moment of the electron rings themselves will become the 
determining factor, and the outcome will be a highly 
negative susceptibility and a relatively large Hall 
c'oefficient. 

The balanced condition of tne loua' electrons with 
the associated linear oscillatic.r ie nucleus shows 

up in all the elements of the fourth column of the 

periodic table. The susceptibilities of tin and lead are 
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both blightly negative, the resistivity small. The result 

is that tin and lead both have small hail coefficients, 

the fornier slightly negative, the latter slightly 

positive. 

Thorium has a positive susceptibility, a aller 

characteristic freq.-uency than either lead or tin, arid 

a small restivity the result is a comparatively large 

Hall coefficient of O.CCO24. 

Element At. No. Res. Hall C. Char. Preq Susc.x io6 

Sb 51 13 0.192 2.3 -0.87 

T Ta 73 15.5 O.010l --- 0.87 U 

Bi 83 119 -10.27 1.4 -1.38 D 

TABLE VIII 

Table VIII includes elements of the fifth column 

of the periodic t-ble for which there are sufficient 

data. The effect of tne po3itive nuclear action in 

antimony is evidenced by the variation of the 

susceptibi"ity teiriperature curve for this element. 

Antimony has a positive Hall coefficient in spite of 

the negative susceptibility. Tantalum is in the top 

row of the sixth period and has a correspondingly 

positive susceptibility and a varying susceptibility- 

temperature curve. Its small resistivity decreases the 

directive influence of the nucleus, and this is evidenced 

by the small, although still positive, Hall coefficient. 



22 

Bismuth has long been one of the main difficuties 

in the theoretical treatment of the hail effect. It has 

a high negative susceptibility and a correspondingly 

high resistivity. These two factors, coupled with a sìaall 

characteri8tic frequency, result in a large negative Hall 

coefficient. At room temperatures the presence of the 

positive nuclear effect is only iaied. For higher 

temperatures the susceptibility drops to a lower value of 

-l.02x106. There is a corresponding drop in the value 

of the Hall coefficient to -0.25 at the melting point. 

At very low temperatures the effect of the nuclear 

action will be very small. Here we have a negative 

susceptibility of -1.55 with a corresponding high Hall 

coefficient of -863. 

Element At. No. Res. Hall C. Susc.xlO° 

42 5.7 0.0012b ---- 0.04 

Te 52 200,000 530 ---- -0.31 

w 74 5.51 o.00ii8 ---- 0.28 

TAI IX 

Table IX lists the elements from the sixth column of 

the periodic table for which there are available data. 

Molybdenum has a small positive susceptibility, 

a small resistivity, and a correspondingly small and 

positive Hall coefficient. 

Tellurium, in the bottom of the fifth group of 

the periodic table, has the corres-condingy small 
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neative susceptibility. The nuclear condition must be 

unbalanced because at higher temperatures the suscep- 

tiility falle away to a tenth of its tabulated value. 

The influence of the nucleus will be considerable. 

Since the Hall coefficient depends upon the hurling 

power of the nucleus, which is believed to be in this 
case fairly great) it is not surprising that the Hall 

coefficient is positive. Then it is reeìnbered that 
tellurium has an extremely high resistivity, it becomes 

evident why the Hall coefficient of tellurium is larger 
than any other element in the periodic table. 

Tungsten with its small positive susceptibility and 

its sraall resistance also evidences the usual tendency 

with a relatively small and positive Hall coefficient. 

Element At. No. Res. Hall C. 2rFr Susc.x106 

Mn 25 5.o -(C93 5.9 9.9 D 

Fe 26 10.0 0.00785 Ferro 

Co 27 97 o.cci6i Ferro 
Ni 28 6.9 -0.0125 --- Perro 

TABI X 

In Table IX are listed tne remaining elements of 
the top row of the periodic table. All of these elemente 

will have a high positive nuclear moment, with the 
nucleus contributing only a small portion of the total 
susceptibility. The electron configuration for these 
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elements is very nearly balanced as far as the nuclear 

motion is concerned. The nuclear oscillation will 

undoubtedly be linear in nature. In the case of iron 

and cobalt its influence is evidenced by a small positive 

Hall coefficient; arid its lack of influence for the two 

atoms having a smaller resistivity coefficient is 

expressed in the two small regative Hall coefficients 

of manganese and nickel. 
Palladium in the top row of tue fifth group of trie 

periodic table is in a position similar to that of 

nickel. It has a resistivity of 10x10-b obms) together 

with a small ssceptihility. The combination of the small 

positive and the small negative tendencies results in 

a negative Hall coefficient of -0.or'C769. 

In the top row of the sixth group are iridium, 78, 

and platinum, 79; iridium having a positive suscep-. 

tibility which increases with increasing temperature, 

has a correspondingly positive Hall coefficient of 0.0004. 

The almost perfectly balanced platinum atom has a 

positive susceptibility which decreases with increasing 

temperature. This will bring the negative tendency of 

the electron into prominence, and there results a 

hail cùefficjent of -0.00024. 
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Suggested. Explanation of Related Phenomena 

Several difficulties confront the free electron 

theory of conduction. When placed. under pressure 

most of the elements evidence a decrease of resistance 

with increasing pressure. This is perfectly under- 

standable from the viewpoint of tne proposed theory 

because as the atoms get closer together under pressure, 

the distored electron rings will cause the force between 

the atom and the electron to decrease. For this reason 

arad for the additional reason that the potential hill 

oeteen the two atom centers will be high, the energy 

ta1<en up by the nucleus during the transfer of an electron 

from one atom to the next will be smaller. Therefore 

as the resistance is a measure of the energy of transfer, 

a wnalier resistance coefficient will result. 

The five exceptions to this rule are lithium, 

calcium, strontium, antimony, and bismuth. With the 

possible exception of strontium these are the elements 

in which the electron rings are so distributed as to 

give the nucleus a considerable portion of angluar 

rotation, with a result ingly high influence of nucleus 

ever electron. Therefore it seems possible that when 

the electron is leaving tne nucleus, the nucleus will 

tend to follow, thus absorbing more of the energy of 

transfer then it otherwise would. 
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Strontium is in a position that ou1d norniaiJ-y 

give it considerable unbalance, but for some reason it 

does not have it. However it is possible that this 

tendency to unbalance might manifest itself when this 

atom is distcrted by pressure. 
In genera]. the dielectric constant increases as the 

conductivity increases, that is, as the resistance 

decreases. The better the hold of the nucleus on the 

electron, the smaller the conductivity. Since the value 

of the dielectric constant depends on the amount 

of displacement of the electrn rings, it is reasonable 

that the greater the force between the nucleus arid the 

valence ring, the smaller will, be the displacement, 

and hence the smaller will be the value of the dielectric 

constant. 

Electrcns do not drift outside a conduction path 

that is £metallic in nature because they are bcund up 

to the individual atoms that are associated with them. 

Their forces e exerted on these atoms. 

imental Study of the Hall Effect 

In 1926, T. . Hargitt measured the Hall coefficient 

for thin metallic films of around 5x1c6 centimeters in 

thickness. These films were obtained by sputtering 

bismuth on glass s] ides. 
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During the present project bismuth films as thin as 

1.4 x irr6 centimeters have been obtained. The Hall 

coefficient has been measured for these film8 and it 

has been found that the coefficient foi' bismuth continues 

to decrease for this lower range, as found by Mr. Hargitt. 

graph I shows the results that have been obtained, 

together with the results of Mr. Hargitt for the thinner 

films reported in his paper. It appears that the Hall 

coefficient for bismuth will approach zero for films 

having a thickness of about six at layers. This 

can be explained on the basis that the directive effect 

of the nucleus on the valence electron rings will be 

lost because of the crystalline deformation of the 

surfaces so that the electron tendency alone predominates. 

An interesting phenomena was observed during the 

progress of the investigation. Then the sputtering 

chamber was not well outgassed, or whenever there was 

a small leak in the vacuum systeme a peculiar black 
amorphous bismuth deposit was obtained. The Hall 

coefficient for these amorphous films was too small to 

be measured with available equipment; the resistance 

of the filins was comparable with the resistance of 

normal films. 

The normal films are good. reflectors, while the 

amorphous films absorb most of the visible light, with 
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the exception of blue. It develops that the reflecti.ag 
films are crystalline in character, while the amorphous 

are not. This leads directly to the COIC1 usion that 

the Hall effect is a property of crystalline substances, 

but not for amorphous substances. Such a conclusion is 
in complete agreement with the proposed. theory. 
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