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ABSTRACT: Physics describes the electric current as a flow of charge,  in electric 
circuits electrons carry this charge. However, a simple thought experiment 
excludes electrons as charge carries. A new particle is required to model the 
electromagnetic phenomenon. Einstein predicted the photoelectric effect and 
Millikan’s research confirmed it; re-interpreting Millikan’s results gives support 
to such a new particle, and simultaneously introduce a new concept into 
quantum mechanics of borrowing and banking energy. This would enable 
quantum reactions to take place even when the required quanta is not fulfilled 
or exceeded.  

 

The ancient Greek, seemingly, first observed that after rubbing amber with a cloth it attracts 
small pieces of lint, as we now know, by electrostatic forces. In this lies the origin of the 
word electric as o   (electro) is the Greek word for amber. In 1785, Coulomb first 

published the inverse square law governing the forces of charged point-like bodies. Twenty 
years after Volta discovered the battery and for the first time electric current could be 
studied, Oersted in 1820 was first to demonstrate the link between electric current and 
magnetism. Inspired by this, Ampere was quick to announce a few months later the force 
between conductors carrying a current.  This force is the basis that defines the electric 
current, the ampere1. After that, one ampere second defined the coulomb, the unit for 
electric charge. 

The 19th century natural philosophers conceptualised of an electric fluid. With the discovery 
of the electron by  J.J. Thomson in 1897 the electric fluid had now physical meaning.  In 
1900, Drude [1] published his explanation for electric currents in solids, his electron drift 
(and ion drift)  is still the accepted explanation for the electric current (see Appendix A). The 

                                                       

1 The ampere is that constant current which, if maintained in two straight parallel 
conductors of infinite length, of negligible circular cross-section, and placed 1 meter apart in 

vacuum, would produce between these conductors a force equal to 72 10  newton per 
meter of length. 



migration or drift of charged particles, be it electrons, protons, or molecular ions is the 
accepted explanation to physically explain electric current.  

An alternative description for electric current does exist: Maxwell in 1865 introduced the 
displacement current to predict that light is an electromagnetic wave.  The displacement 
current flows in vacuum, and is defined as the derivative of the electric field with respect to 
time, enclosed by surface through which it flows.  

Both these explanations for electric current support theories ranging from superconductors 
to plasma physics. 

1.  A thought experiment. 

Thought experiments are powerful tools to scientists. They allow developing new theories; 
for example, Einstein used an accelerating elevator and imagined reality within it to derive 
the general theory of relativity.  Similarly, thought experiments can falsify a theory if the 
path of reasoning ends in a conflict. This is a known tool for mathematicians: Reductio ad 
absurdum (Latin: "reduction to absurdity is a common form of argument which seeks to 
demonstrate that a statement is true by showing that a false, untenable, or absurd result 
follows from its denial.  Or, in turn to demonstrate that a statement is false by showing that 
a false, untenable, or absurd result follows from its acceptance. 

We accept: An electric current is a flow of electric charge. We design an experiment to test 
the statement: In electric circuits, this charge is carried by moving electrons in a wire. 

Assume a capacitor having a capacitance of C  farad, consisting of two parallel plates some 
distance apart and placed in vacuum. We connect the capacitor to a voltage source; monitor 

the current CI  with an ammeter while the capacitor charges to the voltage V  of the source.  

By integrating CI  over the time it took to charge the capacitor, we get the total charge Q  

that flowed through the ammeter and, by necessity, amassed on the plate of the capacitor. 
This charge defines the voltage on the capacitor by the relation Q VC .  We infer the 

number of electrons flowing through the ammeter is given by / eN Q q  where eq  is the 

elementary charge of an electron.  These electrons cannot pass the vacuous gap;  Kirchhoff’s 
current law2 is satisfied by modelling a displacement current (as defined by Maxwell) in the 
vacuous gap. The electron current continues to flow from the opposing plate.  We conclude 
the charge of the capacitor is defined by an excess, and equal shortfall, of electrons on the 
opposing capacitor plates. 

We continue the experiment by introducing a particle beam of charged particles, say 
protons. As shown in Fig-1. The beam initially parallel to the plate surfaces has a particle 
density P  particles per second with a particle velocity  

y , each particle has a mass 
pm . 

This beam is drawn to the negatively charged plate and gains velocity perpendicular to 

plates x . Momentum preservation dictates that 
p ym   remains constant. Each particle gains 

                                                       

2 At any node (junction) in an electrical circuit, the sum of currents flowing into that node is equal to the sum 
of currents flowing out of that node 



kinetic energy K ½ 2

p ym  .  The particle beam 

exits the confines of the capacitor, without a 
particle ever colliding with one of the plates of the 
capacitor.  The product of the particle density and 
the gain in kinetic energy gives the power 
required to deflect the beam: W PK  and is 
supplied by the electric circuit. Therefore, a 

current KI  defined by the relation KW VI PK   

now flows in the circuit. 

Electrons cannot cross the vacuous gap, 

Therefore, it is absurd to think that current KI  is 

describable as an electron drift! Drude’s model for 
electric current would suggest amassing an 
indefinite quantity of electrons on the capacitor 
plate; not only a physical impossibility but also a 
contradiction to the definition of charge on a 
capacitor Q CV . 

 

2. The photoelectric effect. 

Einstein theorised in 1905 [2] that light consists of a finite number of energy quanta 
localised at points in space, moving without dividing and capable of being absorbed or 
generated only as entities3.  The energy in each light-quanta is assumed equal to hf where h  

is Planck's constant and f  the frequency of the light.  Illuminating a material and on 

absorption of a light-unit an electron can be dislodged with kinetic energy ½ 2

em hf w   , 

where w  is the work necessary to separate electron from the atomic lattice. A current will 
flow in form of ``Cathode Rays'' (moving electrons) from the illuminated surface to a nearby 

neutral conductor. This current can be stopped by applying a positive voltage sV  to the 

material. The magnitude of this stopping voltage is given by the relation s eV q hf w  .   

Millikan over a ten-year period [3, 4] verified experimentally Einstein's all-important 
photoelectric equation, and made the first direct photoelectric determination of Planck's 
constant h  to a 0.5% accuracy. 

Millikan’s and Einstein’s work seem to confirm Drude’s theory. We need to re-evaluate 
Millikan’s experimental results with a new theory for electric current that satisfies our 
thought experiment, Einstein’s quantised light prediction and Millikan’s experimental result. 

                                                       

3 This idea was motivated by Max Planck's earlier derivation of the law of black body radiation. 

 

 

Figure 1:  Particle beam deflected 
between capacitor plates 
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3. Proposition. 

Quantum mechanical reactions, or interactions, only considers mechanical energy (mass and 
kinetic) and photon energy, and the momenta of both. At all times, energy conservation and 
momentum conservation laws are obeyed.  All atomic interactions and reactions are in fixed 
energy quanta. For the case if the exact quantum is not fulfilled, but for the interaction to 
take place, it is proposed that a mechanism should exist that allows borrowing, and storing 
energy. Banking4 with electric energy could be such a mechanism. 

To explain the electric phenomena I propose a massless particle, the scintilla (Latin: spark) 
as the medium to transport energy qV  where q  is the charge in coulombs and V  the 

potential in volts. The scintilla is either stationary or propagates as a wave at the speed of 
light; and it is instrumental in setting up the electric and magnetic fields.   

Electrons do not interact with the scintilla directly, but do react with the electric energy 
stored in the electric field that the scintilla sets up.  

This proposition needs to be developed fully, but in the limited extend described above can 
satisfy our thought experiment, Einstein’s quantised light prediction and Millikan’s 
experimental result without using electrons as charge carriers. 

4. Explaining the thought experiment 

As the scintilla has both charge and energy, the electric current flowing in a conductive 
material is equally explained by the scintilla. The rate of charge-flow remains as a measure 
of electric current. As the scintilla is massless, it either is stationary or propagates at the 
speed of light, indeed this is exactly what is observed.  

If the scintilla is stationary it has charge but cannot convey energy, hence the energy needs 
to be transferred. The conveyed energy is converted into electric field energy. In vacuum a 

unit volume of space in an electric field E  has energy E ½ 2

0 | | AdE , where 0  is the 

electric constant, the volume Ad  is defined by A  an area and d  a distance perpendicular to 
A  and parallel to the electric field E , and V dE  being the potential difference across the 

distance d . Let an energy quanta 
Q

be defined by an electric field in defined quantum of 

space, i.e. a defined volume of space.  

Applying above charging a capacitor C   to V  volts. In the charging process, an electric 

current CI  flows made up of scintillae each transporting a defined quanta of energy qV . 

When the current reaches the capacitor plates, the scintillae set up an electric field E , the 
energy of the scintillae is converted to electric-field energy. The rate that E  increases is 
proportional to the rate of the scintillae that make up the electric current, confirming 
Maxwell's definition of the displacement current  

                                                       

4 By banking is meant the process of borrowing and storing.  
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We introduce a charged particle (electron or proton) into the field; at a rate proportional to 
the charge of the particle the electric energy quanta 

Q
 is converted to kinetic energy of 

the particle. This explains the underlying principle behind the electric force F q E  that a 

charged particle experiences in an electric field. 

As the energy quanta 
Q

 are consumed, the electric field lines are broken, and need to 

reconnect resulting in a partial change E  in the electric field, which means that a particle 
accelerating in an electric field give rise to a displacement current 
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 which is the cause of the current KI  discussed in the earlier thought experiment. 

5.  Re-interpreting Millikan’s result. 

In Fig.-2 we extracted the graphs for the measured photocurrents observed when lithium is 
illuminated with light of various wavelength. Of interest is the point where the photocurrent 
just becomes zero, this is the stopping voltage for the particular wavelength of light. The 
plot of stopping voltage versus light frequency is a straight line with a slope equal to 
Planck’s constant divided by the elementary charge of an electron, this confirms Einstein’s 

 

Figure 2:  Photocurrents vs Stopping Voltages at various light wavelengths for lithium 
as presented by Millikan [4]. 



s eV q hf w  . Indeed this is what Millikan found and he was the first to calculate Planck’s 

constant from photoelectric experiments. 

Einstein predicted that the stopping voltages should all be positive, however Millikan’s  
results range from negative to positive. Millikan introduced the contact EMF into Einstein’s 
prediction (see Appendix B), thereby explaining the negative offset. What confounds the 
situation is that Millikan successfully measured the stopping voltage, not by optical means 
but by electromechanical means. (also explained in Appendix B)  

For reason that a voltage obtained electromechanically, we will ignore the contact EMF in 
trying to explain the photoelectric effect. In the table below we extract from Millikan the 
wavelength and stopping voltages. We calculate the energy of the light in electron volts and 
add it to the table. The difference between second and third line is a constant, which we can 
interpret as a photo-ionisation energy. 

Wavelength 4339  4047  3650  3125  2535  Ångström 

Stopping voltage sV  -1.02  -0.83  -0.48  +0.10  +1.00  Volt 

hf   2.86  3.07  3.40  3.97  4.89  Electron volts 

Photo-ionisation energy  3.88  3.90  3.88  3.87  3.89  Electron volts 

The product of the elementary electron charge and stopping voltage is energy; we thus can 
interpret the results of Millikan and explain the photoelectric effect as follows:  

The energy in each light-unit is assumed equal to hf  in which h  is Planck's constant and f  

the frequency of the light.  The energy of the light is absorbed recoilless (Mössbauer effect) 
and ionises an atom in the lattice, thereby freeing an electron that remains stationary. This 
can only happen if the energy of each light-unit hf is equal to the material's photo-

ionisation energy 
phion

. However, hf can be plus minus an allowable tolerance for this 

interaction to take place, the excess or deficit is either stored or borrowed as electric 
energy. The illuminated material will be charged, or discharged, to a potential of 
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If connected in a circuit, a  current will flow only if the electric field between the illuminated 
surface and the nearby conductor is such that it can accelerate the freed, and stationary, 
electron. Therefore: 

o If radiation energy R hf  is below a certain threshold minR  , or above a certain 

threshold maxR  , then no photo electric effect takes place. 

o If 
phionR   the material is ionised and an electron is set free with no additional kinetic 

energy (Mössbauer effect) and the surface voltage of the material remains zero. 

o If min phionR   a stationary electron is set free, but for this to happen energy needs 

to be borrowed, hence the negative surface voltage. 



o If 
phion maxR   an  electron is set free that can be either stationary or moving, 

however there is excess energy, hence the positive surface voltage. 

The borrowing and storing of energy in the form of an electric potential is mediated by the 
scintilla; a process that was unbeknown to science. 

Furthermore, the explanation given in Section-4 regarding the displacement current flowing 
in an electric field that accelerates charged particles, compliments above description and is 
in line with the results presented by Millikan. 

6. Concluding Discussion 

The thought experiment, in Section 1, is conclusive; the argument that electric current is a 
drift of electrons in the direction of current flow is no longer admissible. 

The groundbreaking theory of Einstein’s photoelectric effect and light quanta remains valid 
now as before, albeit with a slight modification.  Millikan’s experimental results still confirm 
Einstein’s theory, but reveal the borrowing and storing of electric energy by the quantum 
reactions.   

We presented an ansatz to a new theory for the electric phenomena that extends the 
capabilities of quantum mechanics. Huge amount of work is still required to bring this 
theory to modern mathematical levels.  

The implications are enormous; all theories that model an electric effect using electron 
motion to account for the electric current need to be rethought. Undoubted 

The author is of the opinion that quantum mechanics without electric energy is incomplete. 

APPENDIX 

A. Drude’s model for electric current 

Soon after the JJ Thomson’s discovery of the electron in 1897, Paul Drude in 1900 proposed 
a model for electric conduction [1] using free electrons. Quoting Poole [5]: 

In this model it is assumed that the conduction electrons  

1. do not interact with the cations (“free electron approximation”) except when one of 
them collides elastically with a cation which happens, on average, 1/  times per second, 
with the result that the velocity of the electron abruptly and randomly changes its 
direction (“relaxation-time approximation”); 

2. maintain thermal equilibrium through collisions, in accordance with Maxwell–Boltzmann 
statistics (“classical-statistics approximation”); 

3. do not interact with each other (“independent-electron approximation”). 

This model explains electric current as follows:  

When a potential difference exists between two points along a conducting wire, a uniform 
electric field E  is established along the axis of the wire. This field exerts a force F qE   

that accelerates the electrons: 



 
d

d
qE m

t


   

and in the time dt  that is on the order of the collision time   the electrons attain a velocity 

 .
qE

m
    

The electron motion consists of successive periods of acceleration interrupted by collisions, 
and, on average, each collision reduces the electron velocity to zero before the start of the 
next acceleration. 

To obtain an expression for the current density J , 

 ,avJ nq  

we assume that the average velocity av  of the electrons is given by Eq. (1.17), so we obtain 

 
2nq

J E
m

 
  
 

. 

This model was later ‘quantised’ leading to the Drude-Sommerfield model. 

B  Millikan and contact EMF 

Quoting Millikan [4]: 

The energy in each light-unit was assumed equal to hf , in which h   is Planck's 'wirkungs-

quantum' and f  is the frequency of the oscillator which emits the light. Upon absorption 

this energy was assumed to be transformed into the kinetic energy of an escaping negative 
electron whose energy of escape from a metal illuminated by light of frequency f  was thus 

given by ½ 2

em hf w   , in which w  was the work necessary to separate the electron from 

the surface of the metal. The maximum energy of escape is measured by 0( )V K e  in which 

e  is the electronic charge, K  the contract EMF between the emitting plate and the opposed 

Faraday cylinder which catches the electron, and 0V  the potential difference which must be 

externally applied just to stop the photocurrent to this cylinder. The assertions contained in 

½ 2

em hf w   ,  are that: 

1. There is a definite maximum energy of electronic emission under the stimulation of a 
given frequency .f  

2. There is a linear relation between 0V  and .f   

3. The slope of the 0V f  line multiplied by e   is exactly Planck's .h   

4. The intercept of this 0V f  line on the f  axis is the frequency 0f   at which the illuminated 

substance first becomes photo-sensitive 
5. The contact EMF between the illuminated plate and the Faraday cylinder is given by,  



 0 0
0 0Contact EMF ( ),

hf hf
V V

e




    

 in which 0f  and 
0f
  are the frequencies at which the cylinder and the plate respectively 

first become photo-sensitive, and 0V  and 
0V   are the respective maximum potentials 

necessary to stop discharge into the cylinder from the plate and from another plate 
made from the substance of the cylinder. 

Quoting Millikan [3]: 

At any desired time the freshly cut sodium or lithium surface was rotated until it was 
opposite the test plate S, which was of copper treated as to oxidizing, washing, drying, etc., 
exactly as was the copper cylinder, so that the contact E.M.F. between the sodium and S 
should be the same as that between the sodium and the gauze cylinder. This contact E.M.F. 
was measured by the Kelvin method, i.e., by applying, with a potentiometer system, just such 
a P.D. between the sodium and the plate S that lifting S from a position say two tenths 
millimeter above the face of the sodium caused no motion in an electrometer needle 
connected to W. The accuracy of this determination was better than ½ per cent. 

What Millikan describes here is similar to the workings of a capacitor microphone.  VPHION 
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