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Light! What is it really?

Pawet Fiertek
Gdansk University of Technology/Faculty of Applied Piggsand Mathematics/Insitute of Solid State Physics

.My first error was to suppose that the path of pienet is a perfect circle, a supposition that was
all the more noxious a thief of time the more itsveandowed with the authority of all philosophers,
and the more convenient it was for metaphysicsaniqular.” - 1609r, Johannes Kepler [1].

The story which | am about to tell begins in a knorly equipped students' laboratory,
which whereabouts seem to be quite symbolic. ¢bisnected to the fact, that it is located under a
big auditorium in which for many decades now oneg imave been hearing physics lectures for the
students of Gdesk University of Technology. As if some unknownrpiars through the symbolic
value of this place wanted to convey that above légtured knowledge empiricism prevails, which
is the final instance of what is and what is ndie Tbeginning of the academic year 2006 began
without any interesting occurrences, however thike llaboratory started to fill up with students.
One of them was a very shy and, it seemed, ordigatynamed Kamila. One day the seminar
which she attended was given by the same profélsabtectured her. She sat hesitantly in her seat
and quickly began to study an instruction left mont of her entitled: ,Young's experiment”,
nervously peeking around to see if the profess@ a@proaching. She did not have to wait long.
After throwing out some unprepared students andtgpreng the luckier ones who did not have to
leave the laboratory, the time came for Kamila.n§ethe last one to be questioned, the professor
made up his mind to do it more accurately. He sedrbeside her and began:
- Good morning.
- Good morning, professor.
- What kind of experiment will you deal with at yoatation?
- From what | have read it will be Young's expennhe
- Read? Let us see what you have read. Could yeaseltell me about the essence of this
experiment?
- It is about light interference. {Kamila answermgaickly}
- Alright, could you please elaborate?
- Yes, professor. We have here a diffraction ggatimough which we transmit a laser beam, next
we observe interference pictures on the screeer Alfis, we have to measure the distance between
the net and the screen, as well as the distaneeebptspots of light on the screen, and use those in
the formula to gain the diffraction grating congtan
- But Ms! The question | asked was about the egsehthe experiment, not the way to convey it
and what needs to be measured. That being saigds &iart from the beginning. Do you remember
what light is from my lecture?
- Yes, but | do not fully grasp this concept. Theses something about wave-particle duality at the
lecture. | remember that light is an electromagnetive in some length range of the wave.
- That is right, now please tell me what kind opesment did Thomas Young convey almost two
hundred years ago in 1801 and why it was such aoiitant experiment?
- Thomas Young transmitted light through a diaphrag which there were two holes. Next, he
observed interference fringes on a screen set nmesdistance from the diaphragm. That is, he
bravely determined them as interferential becaustha time Newton's hypothesis, which only
assumed particle interpretation of light effectaswdominant. Even though in Newton's times a man
named Hook had already postulated the wave nafurght. That is why, it was such an important
experiment, because it allowed scientists to qoedtlewton's authority and draw attention to the
wave aspect of light effects, which are diffractaond interference.



- Bravo! | see that you paid attention during mygtlees. As you mentioned, Young used a
diaphragm with two closely made holes in his expent. What happens to light when it goes
through such gaps?

- If light is a wave, then like any other wave rdfracts at the edge. A gap is nothing other tiaam
closely placed edges. That is why the light bedsath edges of the hole, to then propagate as if
from a source point. That reminds me of Huygeng, lahich states that every point of the wave-
front is treated as a source for a new waveldtutiderstand it correctly, the vibration phasehsf t
wave coming out of the gap should be the same tteohcoming one?

- That is correct. {The professor stated with gatiBon, knowing that at least one person in the
laboratory knew something more than just facts fibm instructions he landed out. Being very
pleased with the answer to his question, he coatirthe dialogue}

- As you mentioned before, the light interfereshwitelf creating a pattern, which we then call an
interference pattern. Could you please elaborathisrtopic?

- About interference? As | remember from the leesurinterference is a phenomenon in which
different waves of the same type overlap at onatpthis also occurs with electromagnetic waves.
That's why, at least two different waves shouldra@smitted to the screen to make an interference
pattern, and why there was a diaphragm with twesoised in the original experiment. However,
what we have is a diffraction grating. Are ther® toles in it?

- Ms Kamila! | do not think you know what a diffi@an grating is? At the very beginning of our
conversation, you mentioned that you would be datmg the diffraction grating constant. But it
seems that you have no idea what a diffractionrggas, and even further you do not know what its
constant is?

- The instruction didn’t mention that. What is {&he asked quietly under her breath}

- Ms Kamila, a diffraction grating is nothing mattean, for example, a plain piece of glass with
many small slots cut out very closely to each gtiwaich acts as a diaphragm. It can also be a...

- Yes! | know now! {Kamila shouted with enthusiasmpt acknowledging the hint of
embarrassment on the face of the professor, whonwtsised to being interrupted} The unfilled
area are the gaps in our diaphragm and the diststeeeen them is the diffraction grating constant.
But then, why did Young use two diaphragms in kigeziment?

- You see, the best way to explain this is on avarg (Fig.1).



Young's original experiment
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Fig. 1 A diagram of Young's original experiment.

- As you remember Young conducted his experimert two hundred years ago, in an age where
the views on light were dominated by Newton's adesitions on the topic, in which he clearly
objected to light being a wave. That is why, Yosngroof of the wave nature of light had to be
efficiently convincing so that he was not laughé@rd suspected of heresy. Having that in mind,
he paid more attention to the details which enalblisdfurther considerations in a way that his
listeners would have nothing to object to. Basedhendrawing, can you see what detail | have in
mind?

- I think so. As | mentioned before, the phas¢hefwave coming out of the gap must be the same
as the one transmitted to the diaphragm. From wée¢ on the drawing, the wave-front transmitted
through the two gaps on the second diaphragm leasaime phase. That means, that the phases of
the waves coming out of the gaps must be the sBaies that really important?

- Yes, that is very important because what happenthe screen depends on the phase differences
between two light beams that are transmitted tcstiieen. Young explained the creation of fringes
on the screen through the difference in the ligh#iths when coming out from the first and the
second gap. If the screen and diaphragm are mesisnthen we must assume that at every moment
in time the path which light takes from the diagmato the point on the screen does not alterelf th
pattern is to remain motionless, the differencevieen light wave phases coming out of particular
gaps may not change in time. To accomplish thisingohad to use another diaphragm, which he
needed only to make sure that the light transmittetboth gaps had the same phase (with the
assumption that we do not have accidental shifth@fphase in time. That is when waves arriving
at the screen were transmitted in different momémtsme.). Without that additional gap, his
listeners would rightly accuse him of falsehoodtlb@ assumption that daylight as a wave is fully
incoherent. In the modern version of his experiméimé¢ first diaphragm is not used. Do you



remember how this problem is dealt with at present?

- The instruction mentions that interference pagenay not be created with incoherent light, that i
why the use of laser light is needed to condud é&xperiment, which is coherent. | think that is
how this inconvenience was solved. (Fig.2).
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Fig. 2 Modern take on Young's experiment diagram.

- That is right. Could you please tell me what gehelight is?

- In the light of those mentioned facts, it is ayweimple question professor. It must be such a
feature of light that when we take a random iniiea of a light beam perpendicular to its
propagation, then at every point of the intersectiee phase of the light wave must be the same.
Then such light falling on the diaphragm with mpié apertures will result in a number of
outcoming wave sources from each separate apebuteyith the same phase or constant phase
shift (e.g. rotation of the lattice against theeditron of laser light).

- You are really clever indeed! That's exactlyliko hundred years ago people knew nothing about
the sources of coherent light and therefore Youagtience could easily claim that the light he
used for his experiments was deprived of the ssatife. You could even go further. Thermal light
produced by well-heated objects such as a light bula glowing piece of metal is characterized
not only by a non-uniform phase of the light beaxtersection, but also the phase of a given wave
changes randomly at different points in time. Thae one can say that such source of light is
completely incoherent both in time and space.

It results from the fact that every atom of a heaibject emits a quantum of light independently
and in a random direction.

- So, it's my understanding that in the case obtecent light from each aperture of the diffraction
grating there is a light wave released at a rangbase in relation to others and, what is more,
randomly variable in time?

If the light from a number of apertures with randphase shift fell on the screen, almost all of the
waves would add up in such a way that a vast nmgjofi them would cancel themselves out
resulting in a dark image, i.e. no image at all.



- That's exactly it. Therefore, no image can beate@ in Young's experiment with the use of
incoherent light. Right, Ms. Kamila, we are runniogt of time, and we still need to conduct the
following experiment. Here we have got a laser fimvhich will serve as the source of coherent
light with the wavelength of 632.8nm, diffractiomagjng, a set of thin wires, adaptable single
diaphragm and a screen safety grating consistimgaofy thin wires crossing at right angles.

First of all, you will have to calculate the latticonstant, then come up with wire thickness bhad t
distance between edges of a single aperture. Wdhrds to the wire and the aperture provided
formulas are similar. Later, if there is still tirtedt, you can also familiarize yourself with thereen
safety grating, which makes it possible to obtgmdal clearly visible interference patterns in the
form of the network of points.

- Yes, professor.

Once the conversation came to an end, Kamila posxk swiftly to set up the laboratory
equipment, and soon after, she could carry oualniheasurements. Having transmitted the laser
light through the diffraction grating, she measuiteel distance between the grating from the screen,
as well as the distance between the first andebersl light spot from the centre of the image.
Having taken into consideration all measured qtiastishe presented the lattice constant as:
4,87+0,02um and proceeded with other measurements. Littleskiedknow what awaited her during
the experiment with a single aperture. To her ssepshe realized that the single aperture produces
the same fringes as the diffraction grating, howewvgh much smaller displacement from the
centre of the image and a larger number of spatsnfer recent conversation with the professor,
she remembered that in order to create an imagheoacreen in Young's experiment, at least two
sources of light were needed in order to achieterference.

- It's in contradiction with theory! {She shoutedintentionally. Having heard that, the professor
approached her}

- Stop screaming, please! What happened Ms Kamila?

- Professor. At first, we concluded that in Yosngkperiment there must be present at least two
sources of light with the same phase in order toeae the stable interference image on the screen.
Here, we have got only one aperture, and withltkeatg said only one source of light, and we still
see interference fringes. Surely, there must beeiang wrong with Young's conclusions?

{She said confidently, proudly raising her head}

- Not necessarily. The answer to the question deg@rinterference fringes produced after the
transmission of light through the single apertueguires more complex explanation. Do you
remember Huygens' principle?

- Yes, every point on a wave-front may be consid@rsource of new wavelets.

- So, the front of a light wave falling on a sieagiperture may be divided into many wavelets of
new point waves, which are present between thdwpeedges. Then, the light from those sources
continues to interfere on the screen. If we areag@do gradually reduce the distance between those
sources of light until it reaches zero, and thaimber to infinity, then after summation (i.e.
integration) in the scope between the first andsteond edge for those waves, we will receive a
fringe image on the screen. So, the wave theorg doepoint to any contradictions in that regard.

- | guess that the light must still be coherent?

- | think that we can safely assume that.

- You see, professor. Please, forgive me but thespretation seems to be far-fetched.

- Why is that?

- Because I'm trying to figure out why Young useadyotwo apertures and also why did he refer
only to the distance between those apertures iarfadysis? If the image appears on the screen also
in the case of a single aperture, then such fast fpe taken into consideration in the analysis of
two apertures. However, he didn't do that. Moregvased on the formula introduced by Young, the
image, having been transmitted through the apestutepends only on the distance between the
apertures, and not their size. Because the siape@ftures and the distance between them do not
have to be the same, and as a rule aren'’t, thdrapgmwe should expect two separate overlapping



images, which | haven't noticed. Moreover, pleastca that the design of Young's experiment is
faulty (Fig.1) because it works on the assumptiwat,thaving been transmitted through the first
diaphragm, the light will react like the wave andl Wluminate the second diaphragm uniformly.
However, the second diaphragm will not be uniforiiiyminated within the scope of the apertures,
because it is just there that the fringes fronfitisé aperture should appear!

- Yes, you're right. For now, please assume tharetlare no faults whatsoever, and later | will try
dispel your doubts.

The professor, puzzled with a troublesome questief, hurriedly towards the other group of
students, who at that very moment were in needssifstance, leaving Kamila alone with new
doubts forming in her head. The student, not kngwithat to do, started to play with the monitor
safety grating putting it in and out of the lasght beam and at the same time watching the
interference images appearing and disappearing thenscreen. At one point, she realized that a
similar problem, however on a much larger scaleabse it was more visible, occurs in this
instance. She summoned the professor again.

- Professor, can | speak with you? | have some danlat | am not sure how to deal with.

- Yes, what seems to be the problem? {The profemsproached the student in a composed manner,
hoping that this time the problem was much easisotve}

- Professor, | started to play with that big mongoating. | reckon, that it is made of parallahth
metal wires stretched over a frame.

- Yes, in two perpendicular directions, and therefgou should be able to see a more complex
image than the one produced with the use of diffsagrating or a single aperture (Fig.3).

Fig.3 The image of fringes produced by transmitarigser beam through the screen grating.

- That's right, the fringe image arranged itself moone but in two directions. Anyway, | was
wondering what calculations can be made based emthge? In the case of the experiment with
diffraction grating, | had to calculate the distarmetween apertures. In this case, it would be the
distance between the wires of the grating. In ttpeament with single wires, we could observe the
creation of interference fringes, which, accordiogthe script, depends on the wire thickness.
Whereas the experiment with the single aperture maant to allow me to calculate the distance
between the edges, which, in this case, would tegreted as the distance between the edges of
the wires in this grating. So, | was wonderingfessor, what can be calculated based on this
image? Each of the presented quantities is of réifiie physical dimension and should produce



different images on the screen, whereas what weesiag is just a single image.

- You know what? {He continued with a trembling eeiafter a short pause} — | don’t know. What
you are saying is really interesting. Please letim&k about it for a while. Could you tell me what
the diffraction grating constant is?

- Of course, professor. It's 4,87+0,04.

- You have clearly forgotten about two significahgits! { The professor has slightly reproached
Kamila for the incorrect final notation} You seé&sialmost time to submit your report. Have you
come up with all your conclusions yet?

- Not yet, professor, however everything is in noyes.

Having browsed through the student’s notes and afiefirming the validity of other calculations,
the professor gave the final grade for the repodt greatly relieved ran from further questions that
he did not know answers to at the time. He foureddsicape because after a moment a different
group of students approached him with the intenabsubmitting their report. At the end of the
day, he came back to the laboratory and repeatesf #ie experiments related to diffraction and
interference, however finding now explanation te tdjuestions posed by Kamila. Beginning to
doubt the validity of the theory taught by him amithers, he decided to at least find out if the
formula introduced by Young, and applied in thecakltion of the diffraction grating constant, is
correct. To that end, he took the grating to thmtatory where he was able to take photos of it at
different magnifications under a photon microscaopieich he then compared with the photos of the
standard version taken with the same equipment4Hiig.5).
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Fig. 4 The photo of the diffraction grating Fig. 5 The photo of the diffraction grafin
under the photon microscope with a markednder the photon microscope with a marked
standard version scale. standard version scal

Based on the photographs, the professor deterntimetdevery 0.1 mm of the standard
version is matched with 20 lines of the diffractigiating on both photographs. He concluded that
the distance between the apertures for the labgratdfraction grating equals approx.uf.
Bearing in mind that the result of the student’pexkment was below this quantity, he came back to
the laboratory and took his own measurements ogagaThe result he got was slightly lowered,
however close enough to the measurements taken théthuse of the microscope. This slight
discrepancy between the results might have beemdalaon a relatively low accuracy of the
measuring equipment in the student laboratory. A®salt, he assumed the obtained result is
consistent with the distance between cracks iritfi@ction grating.

Then, the professor took a closer look at the noomgtating. After all, he did not know the
answer to Kamila’s question. What physical quantitpy be determined based on Young's
deliberations with regard to the screen grating?dtéd the photo of the grating and the standard
version as before, but with the use of a diffe@nject lens (Fig. 6). The photograph revealed that



the grating consists of fibers ~4&f in diameter in both directions. Whereas the dstabetween
the fibers in the photograph would change dependimthe measured direction. In the first instance
it equaled ~200m, while in the second ~1ifth. So, the distance between the fiber edges was als
different and depended on the direction of the measent: ~140m and ~12(m respectively.

Fig. 6 The photograph of the grating in two differgpositions. The standard version scale is in
[mm].

Having determined the dimension of the grating ngsihe microscope, it was now time for
measuring the positions of interference fringese phofessor measured the distance between the
diffraction grating and the screen. He also took mtheasurements of the location of five closest
fringes (rows from k=1 to k=5). He then calculatee distances between the apertures using the
formula based on the premises of Young’s wave pné&tation, while also estimating the uncertainty
of obtained results (Tab.1l). The length of theedakght wave was determined based on the
measurements of the position of interference fenf@ the diffraction grating with a known
distance between the apertures (600 lines per 1mm).

Tab. 1 Fringe calculations for the screen gratorgwo perpendicular directions.

A= 639,6 + 1,1nm L= 1575 = 2mm Sx =2mm
Horizontal position relative Vertical position rélee
k X d Sd error k X d Sd error
[mm]  [mm] [mm]  [%] [mm] _ [mm] [mm]  [%]
1 13 0,155| 0,024 15,5 1 11,9 0,175 0,034 19,4
2 25 0,1612| 0,0067 4,2 2 22" 0,1791| 0,0092 51
3 37 0,1634| 0,0033 2,0 3 33 0,1832| 0,0045 2,5
4 50 0,1612| 0,0023 1.4 4 44 0,1791| 0,0028 1,6
5 62 0,1625| 0,0023 1,4 5 55,1 0,1815| 0,0025 1,4

The obtained results, despite slight disparitiee (esults were lowered compared to those obtained
on the basis of the photograph), are the most atewith regard to the distances between the wires
in the grating.

The distance in question equals the distance betwlee apertures (holes in the grating). The
professor was very satisfied with the result, beeatiwas close to what might have been expected
based on the premises of the wave interpretati@wener, the interference image on the screen



also portrays variations in the amplitude of cerfainges, which reveals the existence of additiona
somewhat ‘bigger’ fringes (Fig. 3).

The location of the centre of those ‘fringes’ ibtée harder to determine, because it pertainghé
maximum location of the amplitude related to thargjes in intensity of regular fringes, and not the
location of the interference fringe per se. Themfdhe professor assumed that the accuracy of
location of such quantity should equal $+5mm and determined this quantity as: ~55mm and
~100mm in both directions (vertically and horizdiyda for the first and second row (k=1 and k=2)
respectively. Based on such parameters derived ¥oung’s wave deliberations the following
distances between ‘the apertures’ are presented @,03664 + 0,00088mm,d= 0,04032 *
0,00084mm respectively, for k=1 and k=2 respecyivé$ a result, the calculated quantity obtained
in this way is most relevant the thickness of theeywhich is the same for both directions. At that
point, the professor was struck by two matterst fof all, ‘big fringes’ are not fringes at all but
determine the maximum location of the variable mmpitude of the regular fringes. Under those
circumstances, the deliberations based on Yountgsgretation do not necessarily have to provide
an explanation for those additional effects inititerference picture. Secondly, the obtained result
of ~4Qum, and even more so ~37 significantly differs from the wire diameter, whiequals ~50
um (based on the measurements taken with the mape3¥c

Not being entirely sure of the validity of applica of Young's wave deliberations for the
purposes of drawing conclusions regarding the looaif ‘big fringes’, the professor assumed that
the disparity does not pose a problem, becausdotation of ‘big fringes’ requires a different
explanation and does not have to depend on theetigraf the wires in the grating. Whereas other
results, even though differing slightly from the optgraphs obtained with the use of the
microscope, overlap with Young’s theoretical daldimns. In this case, the location of the fringes
is contingent upon the distance between the apartur the grating. Both the screen and the
diffraction one. Then, having rightly concludedthhe slight disparities in the measurement of
distances between the apertures might result fromredty low accuracy of the laboratory
equipment, he went home for a moment of deservgateenot thinking twice about the matter.

A week passed during which Kamila, while swampeith Wer other commitments, had no
time for careful deliberations regarding the mattehich had been on her mind since the previous
class. This time her exercise was very easy and tdiing only a short while to complete. Being
about to leave the room, she took one more loofoahg's experiment and noticed that there was
no-one there. | guess they weren’t prepared, sbegtit to herself. She sat beside the stand and,
having switched on the laser, she started to pl#ly tlve screen grating. As before, the image kept
appearing and disappearing whenever she would exgus then remove the grating from the laser
light beam. At some point, while she was focusingassingle fleck of laser light diffused across the
wall, she waved the grating before her eyes andteawmage that was very surprising to her. It
was something, not discussed in the manual, arndsal®ething that the professor did not mention
during last week’s classes. Watching a fleck diftlign the screen through the grating, one could see
the same image as in the regular experiment (frig. 7



Fig. 7 The image of a laboratory table with an cgdtrail and a mounted laser seen through the
computer safety grating. On the right hand, thevelp of the photograph.

This instance made Kamila decide to get more imsigo the matter as she began to take a
closer look at the produced images not only inti@hato the screen grating, but also the diffractio
grating. She realized soon enough that the diffvagjrating gives the same effect. Due to the fact
that the human eye is not the same as a big soreanwvall on which she previously observed the
same images, she was wondering if she was dealthghe same phenomenon. Is the similarity of
observed images only a matter of random selec#@She continued to play with the gratings she
realized that the integrity of light in not requdréor the creation of the so-called “interference
picture.” In the original experiment the light falj on the wall was emitted directly from the laser
and only then onto the screen. It was then eagydee the existence of the requirement related to
the integrity of light. Kamila’s train of though¢vealed itself as followed: Whereas the light fayli
on the wall is coherent (since it leaves the laberctly), while being diffused across an uneven
wall with the unevenness far in excess of the lemgtthe light wave it cannot retain its coherence.
Since the images observed through the grating weeetly the same as those in the original
experiment, Kamila assumed it was the proof that lthht coherence is not required for the
occurrence of observed phenomena.



That day Kamila could not fall asleep. Too mangsjions and thoughts were stuck in her
head. She decided to approach the professor tosvilog day and tell him about her discovery.
After all, it was not without reason that Young dighe first diaphragm with a single aperture
{Which does not provide the light diffusion (diffeon) in accordance with his assumptions,
because a single aperture also produces fringekeoacreen!). Also, it is unequivocally stated in
books that the source of coherent light (e.g. Jasarst be used so as to obtain the ‘interference
image.’ Besides, the professor explicitly explainedher during classes why this premise was so
important. Meanwhile, she is observing images whichher opinion, are produced with the use of
incoherent light.

The professor listened to Kamila with considerabterest, however he did not find her
theory credible. Finally, he asked her to accomganyto the laboratory, where it was possible for
them to take a closer look at the matter in quast@nce they got there, Kamila hurriedly switched
on the laser and a shining red spot appeared onatie

- Professor, please take a look. If we cut therlasam with the screen grating, then we will reeeiv
the interference image (Fig.3) Based on what yqulagxed to me last time, we can assume the a
coherent beam of laser light falls on the gratinbere it is subject to diffraction in the apertures
and subsequently interference takes place on tleerscSo, if we move past all of the previous
reservations regarding the case of a single imég®, everything seems to be in place regarding
Young’'s wave interpretation. The main premise gliticohesion is met by the use of laser light in
the experiment.

After moving the grating away from the laser beansingle point from the diffused light
reappeared on the screen. Kamila continued theecsation.

- We should first ask the following question: witah be said about the light falling on the wall?
- It's monochromatic (one colour — a certain wasmgth or frequency) and coherent.

- And what can be said about the light that reache®ye?

- It’s still monochromatic, but is it coherent? @enly not.

- Exactly, so please take a look at the shiningkflef light through the screen grating.

The professor held the grating befoseface. At that moment he saw the same image as the
one characteristic of the original experiment (FigThe image was less intense, but that however
was of no surprise because it was possible thatliglt could reach his eyes due to the longer
distance. It was rather the following question vkhigas vital: why at all is he able to see ‘the
interference image’ if the light, which passed tigb the grating, was not coherent? Is it possible
that the observed phenomenon does not requiragttecoherence? Of course, he could not admit
that. He knew well enough what consequences it dvbialve regarding the commonly accepted
theory of light.

- Maybe the light diffused across the wall is palyi coherent? { He suggested and thought that
what he had just seen could still be explained #ighwave interpretation}

- | didn’t realize that the light diffused acrosetwall might retain part of its original coherence
Then of course, the problem wouldn’t exist. Andirifstead of the laser spot, we could watch other
sources of light through the grating. | mean thwdech are certainly incoherent. {Suggested
Kamila}

- Actually, that’s not a bad idea. | think that w@uld use a regular light-bulb. Thermal light eeitt

by the light-bulb would certainly be incoherent. ts instance, certain atoms of a heated fibre
separately emit light quanta in different direcioand at different moments in time. | have
mentioned that before.

- | know! {Exclaimed Kamila} Yesterday during class| was doing the experiment regarding the
examination of a photoresistor and photodiodehia &xercise one uses a light-bulb as the source
of white light which is then transmitted througle ttotating prism. This way, we changed the wave
length which was falling on the examined photottesss etc. Because in this experiment we used a
high-intensity light-bulb, then after being transted almost monochromatically through the prism
the light should retain its intensity.



- Let’s do it and see what transpires!
They have prepared the stand as presented indhee(Fig. 8).

source of
incoherent
light

rotated prism

Fig. 8 The experiment diagram showing the creatioininge-patterned images for the entirely
incoherent light (light-bulb).

Because the stand preparation requirdyg the connection of the light-bulb power supply
and the removal of the photoresistor, it took themy a moment. Kamila swiftly set up the red
colour of light so as to make it look as the spoidpiced by the diffused light visible in the prawo
experiment.

The professor lifted the grating dmeld it before his face. He did not try to hide his
surprise when he realised that he could see the saage as before but in a much clearer way — all
due to the fact that the light that reached hisvege much more intense. Now, it was clear that even
if previous assumptions regarding partial cohesuane correct, they were irrelevant because the
observed image was the result of the incohereht (igght-bulb). It could only mean one thing. The
need for light cohesion in this instance did ngilgbKamila, seeing the surprise on the professor’s
face, quickly realised that he was seeing somethteresting. She approached him swiftly and
asked for the grating so as to take a look her$éky both realised the volume of the discovery,
however did not know what to think of it. In the améme, Kamila rushed to the prism and started
to rotate it asking the professor to take one noo& through the grating. This time, the colours
changed, however the image remained the same.rihasgpect that would change slightly was its
size, which was related to the fact that the lighdifferent colours is diffused across the gratatg
different angles.

- What would happen if we looked at the gratingdily through the light-bulb? {Asked Kamila}
- Let's see (Fig. 9). {Responded the professor}.



Fig. 9 The light-bulb image seen through the gratin

- These images are so beautiful! {Kamila exclaimeth excitement} Now all the colors create a
cohesive and extremely vivid image {Which givesanazing visual effect for highly intensive
light} However, even with the use of a small bulhis possible to notice highly visible colorful
fringes.

- There is no doubt about that. {The professorest@ a hushed voice}The phenomenon described
by Young does not require coherent light and tlast fis of tremendous significance for the
explanation of this occurrence.

- Wouldn't it be possible to explain this occurreneithout the stipulations of the coherent light
theory?

- | am afraid that it won't be possible to do theith the use of the wave interpretation. The
interpretation of this occurrence nowadays is iot faurely geometrical and is based on the
calculation of the differences in distance covdrgdertain beams of light. If the observed images
remain stable, and the arrangement is not subjeeny changes, then we must assume that the
differences in distance are also not subject toxgban time. Then, the initial conditions for light
must also be accurately defined. It means that w&t mssume that the light is coherent. If it wasn’t
the case and the phases of light beams leavingicexpertures would change randomly, then also
on the screen we would be able to see a randone [#éf$, regardless of the actual differences in
distance. Then, it will be no longer possible t@lam the existence of minimum and maximum
light intensity on the screen based on interferefidee discovery of the fact that in Young’s
experiment light coherence is not required doesofh@ourse mean that this occurrence is not in
existence. It, however, shows that we must bidwealeto the wave interpretation based on
interference. Or at least the interpretation whilhased on calculating the distances between the
‘sources of light and the point on the screemhfi observation point). I'm afraid that the
explanation of this phenomenon is not possible withuse of present methods, without referring to
the main premises of light coherence. However,gaértain, I'll consult a few books to see what
exactly has been written on that subject.

- Right now, | understand that | might ask any pssbr, e.g. during the lecture, to explain this
phenomenon and they would eventually have to refehe premise of light coherence so as to
make use of the wave interpretation. Then, | wgudd have to make sure that they won'’t be able to
apply the premise in question. As a result, they'moe able to come up with the explanation for
the phenomenon. They would have to try to explaim & completely different way.

- If one has to assume that the initial phase Bingle aperture or multiple apertures (or phase
distribution, when the phase is transformed intedain quantity while being transmitted from one
aperture to the other) is well defined, then ofreseuhere might be a problem with explaining this
occurrence on the basis of the wave theory. It ditwel, in fact, in contradiction with the premise of



light coherence, because the experiment would ptioaethe light doesn’'t need to be coherent at
all. So, we mustn’t assume that we know the digtrdm of the light wave phases at the entrance to
the apertures. What's more, we are obliged to agsarthat case that the initial phase is random in
space and that it may be subject to random alterain time. However, we must keep in mind that
light may be coherent to a certain extent. E.gnaly be assumed that for the beam of incoherent
light leaving the incoherent source a certain sreatfact of such beam could be regarded as
coherent. Then, even if we assume that the sodrtight is not entirely coherent ,we will be at
least able to venture a theory revealing that éstain apertures light may be coherent and based on
that we could still try to apply Young’s delibeats.

- With all due respect professor, | am afraid | 'dagree with you. {After a while Kamila decided
to continue}

- First of all, the source of light of thermal dngs emitted in the form of single photons, with n
cohesion between them. So, the cohesion of alligai leaving such source would be applied only
to one photon.

Having said that, please tell me what is the csags$ion of a single photon and is it really subject
change depending on the distance from the lightcegul find it really hard to believe that because
it would be completely ludicrous and in total caaliction with the experiments, where single
photons are received regardless of the distanaeebetthe light source and the detector as well as
the latter’s size. Individual photons are not ie #ame phase and should in part cancel themselves
out. That would be true if their cross sectionsriamwed and were of significant size. In the cdse o
multiple photons overlapping, we shouldn’t be ablesee anything for incoherent sources of light,
which is in contradiction with the experiment, besa the light coming from the incoherent source
is visible even when it is very intensive. Whichaiben a significant number of incoherent protons
should overlap. Secondly, the size of aperturdb@fcreen grating is quite considerable in refatio
to the wavelength (The wavelength is not the sasnthe photon cross quantity!). To follow up on
that, we would certainly have to assume that sewfit phase for certain apertures would occur
when it comes to the screen grating. In fact, the ef apertures is so significant that between the
edges of the aperture a considerable number obpkatould certainly fit in. Therefore, even for a
single aperture, it must be assumed that betweenedges there are many wave sources
characterized by a random phase. It is randorharsame way as the phase of emitted photons on
individual atoms of the incoherent light sources @&result professor, | can’t agree with you that i
is still possible to assume in this case thatityig is coherent. If the source of light is incadrarin

its entirety, then it is incoherent with regardaib of the aspects. Otherwise, we could endlessly
argue trying to define the cross section of a simqioton. Even if we assume that the size of the
aperture is so small that only one photon can fhassigh it, then, such photon, upon reaching the
screen and running into another photon from a iiffeaperture, will be characterised by a random
shift of phase in relation to its counterpart. Bidimg the waves of such photons one would get a
result of a random quantity regardless of the iocabf the fall of the photons on the screen. What
is more, such photons would have to be emittedfferent times. That would be the case especially
with regard to the fringes located further from teatre of the image and more distant apertures.

- Indeed, it could be subject to a long discussiame attempted to establish for which part of the
incoherent beam cross section we would get a coheeam. Recently, | have checked under the
microscope the size of the grating used in thisegrment. | have got the following results: the
distance between edges was 120um and 140um degemdithe measurement’s direction. The
distance between apertures was 170um and 200pme. dissume that the size of the cross section
of a single photon is directly related to the léngt its wave, then the light used in this expenie
would pass between the edges of 130um/640nm(Talte width of 200 photons. So, the figure is
high enough so as to rule out any suggestionsvilthin the area of one aperture we could have
only one phase! Even more so, we mustn’t assuntetlieaphase remains the same for separate
apertures. We really seem to have a problem becagsean’t refer to the premises of light
coherence!

- Professor, | must say that assuming that theseestion of the photon is equal to the wavelength



is rather naive. We have already concluded thatigine emitted in the light-bulb is considered a
thermal source, whereby each separate atom egfitsiti a random direction and phase. That is to
suggest that the cross section of the photon shHmilcither reflecting the size of the atom. ks
very sensible assumption if we take into considemathe absorption of photons by individual
atoms, or complex particles, e.g. colouring agents.

- Indeed, | must admit that it didn’t cross my mifthe absorption of photons by coloring agents or
other absorption centers suggests that the photoitdvihave to be more spatially located than what
is suggested by such parameter as the wave lengtihis case, we would have to assume that the
cross quantity of the photon would at most assumesize of a single large particle of a coloring
agent. If not smaller, in fact.

It means that, even more so, we mustn’t assumettispossible to get a coherent beam of light
following its transmission through a single apegtuet alone many of them. This is because the
number of non- overlapping incoherent photonsditbetween the edges of the aperture would be
even greater than | previously anticipated. To beelst, | can't really imagine the existence of a
mechanism whereby the photon would be fully absbitiethe atom or a chemical compound and
where the cross section of the absorbed photondudoeilmuch larger than the size of the particle
absorbing it. Of course, that is a problem if wesusmse a purely mechanical approach to the
discussed matters and stick to the premises oivétwe interpretation with regards to the nature of
light. Quantum mechanics allows that, however withproviding any sensible mechanism. Of
course, | mean the mechanism from a classical gtant] i.e. one that can be fully conceived.

{After a moment of silence, Kamila, looking nervbusat her watch, decided to end the
conversation}

- Can | work in the laboratory after the classesisTissue is like a really compelling mystery,
maybe | would manage to find some other inaccusatiwould appreciate that a lot, professor.

- Of course, please check when the laboratory aslahe. You can take the keys from the porter’s
lodge. If you encounter any problems, please mentiy name. Then, you will get the keys. I,
meanwhile, will browse through specialist liter&@and will try to find some explanations. Maybe
someone has already explained an occurrence ofasinature. As for now, | must carefully think
through what has happened today.

- Right, professor. Whenever | find a moment, Ilwibme to the laboratory and carry out the
experiments again. Maybe | will come up with newdasions.

For the next couple of days Kamila Higite time for deliberations. Nonetheless, while
preparing for the next classes, she came acrogsersting discovery. If it had not been for her
last visit to the laboratory, she probably would have thought too much of it. However, the events
from the recent past had made her more cautioust &xperiments related to light. Now, she was
carrying out an experiment consisting in the exatmm of the emission spectrum of gases. To her
surprise, she realized that there was a formulatHer diffraction grating constant, which was
identical to the one used in Young’s experimente THifference was that this time there was no
mention of any assumption related to light cohegeincthe text. Meanwhile, the diagram of the
laboratory stand included in the laboratory notéy assured her that this was in fact the same
experiment (Fig.10)
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Fig.10 The diagram of the experiment related toetkeemination of the emission spectrum of gases
with the use of a diffraction grating.

The diagram of the experiment did not include t@met as the source of coherent light, but
only a fluorescent bulb, which emitted incohereght. Therefore, she was not surprised that there
was no need for the assumption (of light coheremcejder to derive the applied formula. Anyway,
the note did not include any derivation for thdrdiftion grating constant formula. It would be in
blunt contradiction with the conducted experimeft. the same time, she realized that the
experiment she was going to carry out would esaslyntonfirm her previous observations, namely
that in Young’s experiment the coherence of lighhot necessary. Yet, she started to have some
doubts; to what extent is the formula she was gtingse in the experiment correct? After all, in
order to derive the formula one must make an assamphich in this case is not met. It can mean
only two things: the formula is incorrect and itlyneflects approximate geometrical dependence
measured in this experiment or it is only accidéntaorrect, but its derivation requires a
completely different interpretation, whereby theswaaption of coherent light is not necessary.
Based on her previous conversation with the profeshe knew that the images visible under the
microscope produce similar results with regardsho grating constant as those derived from the
measurements of the location of the fringes angaued with the calculations based on Young’s
deliberations. But was it the correct formula ddsog the existing geometrical dependence present
in this experiment, or only a random similarity kvihe results of the experiment? Kamila did not
know the answer to that question. The following,dagking use of a long break between classes,
she decided to spend some time in the laboratosganch of new discoveries. She conducted all of
the previous experiment once again and she evameehthe darkroom where the examination of
the emission spectrum of gases is carried out.cbineucted experiments did not tell her anything
she would not already know, only confirming hervyiwes conclusions. At some point, while she
was in the process of watching the ‘interferendages through the screen grating, she again asked
herself the returning question. Why is the imaggble on the screen grating the same as the one on
the wall? After all, my eyes are not a wall on whiccould see light diffused in several places.
What | do see, is an image same as the one thauldvwsee on the screen, but, | can see it on the
grating. She realized that what she was seeinghvealgght, which was diffused across various parts
of the grating, and which was reaching her eyas fite various areas. Being familiarized, based on
the previous diagram (Fig.10), with the charactiessof light passing through the grating she soon
found out how to explain the observed images (Fig.
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Fig.11 The diagram presenting the mechanism of éwagation on the grating.

With regard to those deliberations, one may coreltltht the creation of this image is
accompanied by the exact same occurrence that beusgen during Young’s initial experiment (a
subtle decomposition of a light beam falling ortte grating). When the grating is close to the light
diffused across the wall, then the light falls ombe grating at different angles. From Young’s
experiment with the rotating grating, Kamila alrgddew that if light falls on the grating at an
angle other than right angle, then it is diffuseédr@re acute angles (fringes diffused sideways).
This may explain why, with the short distance bemvthe spot and the grating, the image begins to
blur into one, as it is also the case when theadcs#t between the grating and the screen is reduced
in Young's original experiment. The applied intefation also explains why the observed image
changes with the reduction of distance betweeryeeand the grating. The increase in the distance
results in the increased size of the image.

In an attempt to confirm her conclusions, Kamilpraached the laboratory table an picked
up the diffraction grating, which she was now hotdiat an arm’s length, and not, as previously,
close to her eye. Looking through it at a spot tligburce she could see just one spot. She
understood that if the diffraction grating diffustbe light at a more acute angle than the monitor
grating and is much smaller, then as a result sm®i able to see the other fringes. In order ¢ se
them, one would need to have a bigger diffracticatigg or to move the one held in the hand a bit
to the side. What is interesting, she could sedight on the diffraction grating even though she
was not looking directly at the fleck of light dmetwall. She realized that her previous conclusions
were correct, and the conducted experiment onlyeseas a confirmation. Light is diffused on the
grating in certain directions and that is the reaBw the observed occurrence. Playing with the
diffraction grating did not reveal anything newrglation to the computer grating. Kamila found
out about it while shifting the large grating inchua way so as to see the central fringe not in the
middle of it, but close to its edge. Then, she alale to see part of the image. She could not see th
part where there was no grating. Within this afeer¢é were no edges, which could alter the
trajectory of photons. The occurrences observed tlay only strengthened Kamila's belief
regarding the lack of need for the use of cohelight, however they also did not bring about
anything new. So, she again put together the stémele she would be attempting to examine
Young’s theory and subsequently started to playradowith the diffraction grating, moving it
closer and further from the screen. Watching onsitreen clearly visible flecks of diffused light,
moving closer and further away from one anotheg sbticed that their level of brightness
remained constant.

In accordance with a widely accepted wave integbiat, the brightness of a fleck of light
must be interpreted as the intensity of a light eva&he then assumed that within a short distance
from the apertures, there is an area where lightes@oming from separate apertures overlap in
such a way that the summation is constructive &edefore a bright fleck might be discerned.
However, the final amplitude of such summation aeigedirectly on the amplitudes (intensity) of



separate waves. Because the fringes come inteeagistat a large angle, Kamila assumed that the
wave coming from each aperture would also propaga large angle. It means that its energy
would also have to cover a continually growing areganding in proportion to the increased
distance from the apertures. Such effect is inbriaonnected to the decrease in wave intensity as
the distance grows and it becomes the more signifithe larger the angle of wave propagation is.

The described occurrence should result in a vepidrdecrease in the brightness level of
existing ‘interference’ fringes, however that seemo$ to be the case. A magical shift of energy
from one area of the screen where the decreasesottcihe other, where the increase might be
observed, is out of the question! Excited aboutriesy discovery, she decided to visit the professor.

In the meantime, the professor had browsed thrahghguantum mechanics textbook and
recalled the assumptions put forward therein. Whanore, bearing in mind Kamila’s previous
doubts regarding the deliberations over a singlertape, he decided to monitor the wave
calculations in the case where light from many sesirffalls on the screen (the infinite number of
apertures at a distance heading towards zero). Hawé would be much easier to initiate the
calculations for the definite number of aperturesuch a way as to set their number and distance
between them as parameters and monitor the sol(itieaige on the screen) depending on the
alterations to those parameters. As a result, imellated the mechanics of a diffraction grating,
where one could assume that the number of apemuaregich the light falls is significant, whereas
the distances between them are small. The bookekhss the laboratory note, contained an already
derived formula for the diffraction grating condtégistance between the apertures).

e KA
sina (1)

where: k is a number of the consecutive fririge, wavelength, and — equals the angle at which

the observed beam of light deflects on the diffearcgrating (Fig. 10).

However, the applied formula does not consideuralver of apertures, but only the distance
between them. What is more, based on the formula, may assume that when the distance
between the apertures heads towards zero, ther) sim(ld have to head towards infinity. So, the
explanation he provided during his conversatiomwiamila, and based on the very formula, made
no sense at all. After a moment’s deliberationydwalled that that was only a rough formula and
that it was deduced with only two apertures in mindt many. On a piece of paper, he drew a
diagram used for the purposes of deducing the camtyrapplied formula so as to take a closer
look at the matter (Fig.12).
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Fig. 12 Diffraction of light on two apertures.



While looking at the drawing one could clearly gbat the ABC triangle is a rough
imitation of a right-angled triangle. In order te bertain about it, one would have to assume that
the distance equalgt>a.

Then the straight lines AE and CE would be alma@stlel. For this assumption si)(may be
defined as:

sina= 44
a 2)

sina= X
L, 3)

Then, the professor decided to substithiewith ki as a condition upon which the phase shift
produces constructive interference (strengthenang) he was able to deduce formula 1 from
formula 2. After a while, he recalled that it wée tformula used in the process of defining the
diffraction grating constant during the examinatiohthe emission spectrum of gases. Having
recalled his previous conversation with Kamilaagtso noticed that in this experiment the condition
of coherent light was not met and therefore thgliap formula had no longer any theoretical
grounding. Nonetheless, he still had some resemstibecause in the experiment in question one
also made use of the aperture. So, before reathendiffraction grating, light first passes thrbug
the aperture, whereby it may be assumed, basecerwave interpretation, that it leaves as
coherent light. Having observed that, the professmided to carry out more accurate calculations
for the wave model, without worrying too much abmeéeting the condition of light coherence.

Of course, he could also attempt to combine foan® and 3 and, with the use of the
Pythagoras theorem, deduce a well-known diffractgrating constant dependence, which is
commonly used in the laboratory seminars devotdtiécsubject. But, being aware of the assumed
approx. quantities, he decided to carry out nurakraalculations. The computer may as well
calculate the accurate route covered in relatiomudtiple apertures. {He thought} Then, it would
be possible to accurately sum up all of the waeeshing the screen, while bearing in mind the
phase shift calculated separately for each apertmitbout having to resort to approximations.
Creating a relevant application did not take Iddgving derived the following data:

L; = 1,5m, a = bm andA = 632,8nm (corresponding with the diffraction grgtexperiment), he
got the following result (Fig.13).
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Fig. 13 The decomposition of light for the wave glation of Young’s experiment for two apertures
(seen from above). The horizontal axis reflectsdiseance from the diffraction grating.



Based on the conducted simulation,dwddcclearly see that the beams of light leaving th
grating are much wider than what was observechénexperiment. However, knowing that the
simulation had been carried out for only two apedythe professor was not surprised with the
result. After all, the real image for two apertuoestains fringes located close to one another. The
professor explained the excess of side fringeshendimulation with the fact that in the actual
diffraction the intensity of light does not decomspan the same way in all directions and is subject
to change proportionately to the distance. Howelrverdid not take that into consideration in his
simulation. Had he done that, {he thought}, he nhiphve expected a decreasing intensity of
brightness for the distant fringes. Satisfied wiila results, he conducted further simulations for a
growing number of apertures (Fig.14).

Fig. 14 The decomposition of light for the wave sglation of Young’s experiment for five and ten
apertures (seen from above). The horizontal aXiscts the distance from the diffraction grating.

After analyzing the conducted simulas, the professor realized that the position of
individual fringes does not depend on the numberapértures. However, the width of the
interference fringes seen on the screen shoulctgelly dependent on this parameter. The more
apertures involved in the transmission of lighg tlarrower should the fringes become. Professor’s
further deliberations were disrupted by the souhdomneone knocking at the door. It was Kamila
who entered the office with confidence, and annednihat she had been to the laboratory and
found yet another inconsistency between the thandythe actual experiment.

The professor gave out a little smile and greetedjhest.

- Good morning, Ms Kamila.

- Good morning, professor. That, right there! lvesy similar to the diagram from the laboratory
note. Is the depiction of Young's experiment? { $hst a quick look at the screen}

- Yes, | have prepared a simulation, and at the embnt almost completely reflects the experiment.
What brings you here today?

- | have recently visited the laboratory and condda few experiments. I've come to ask a few
guestions regarding them. But first, | would likerhention that while | was preparing the stand to
conduct the experiment entitiethe examination of the emission spectrum of ghsesced that it
was exactly the same experiment as the one cauelly Young. The only difference being that in
this experiment one makes use of a fluorescent asilthe source of light instead of a laser. The
formula applied in this experiment is exactly ttmg as the one used in Young's experiment,
however the condition of light coherence is not.n&d, | am not entirely sure to what extent |
might rely on the dependence, assumed in the exrpat] between the grating constant and the
angle at which a certain color can be seen. Notextbeit confirms the previous conclusion that
coherent light is not required in the case of Ydsiegperiment.

- But Ms, maybe you didn’t notice that there isiaptiragm on the diagram of this experiment. Of
course, the source of light used in the experiner@ompletely incoherent in all of the aspects



discussed previously, but before it reaches thiadifon grating it must first pass through the
aperture. Therefore, in essence, there is no prollecause light, in accordance with Young’s
deliberations, becomes coherent after passing ghrthe aperture.
- However, professor, | kept all of the above imdhand | have already not only thought it through,
but also checked it. First of all, following Yousgnterpretation, light, after passing through the
aperture, produces a spherical wave, not fringeswé have discussed, this stands in contradiction
with the experiment. Second of all, in order todoerect (obtaining a coherent beam of light after
passing through a single aperture) the formal siz¢he aperture would have to be at least
comparable to the wavelength. It is exactly at et that | can't agree with your reasoning,
because during my previous visit to the laboratargnducted the experiment in question, altering
the size of the aperture placed behind the sourlighd. Of course, in the case of a narrow apertur
one can discern colourful fringes seen at diffeeergles. But, those fringes are very narrow. While
| was turning the knob adjusting the aperture,ftimges were becoming wider. Finally, | increased
the size of the aperture to the max. It was appboxn. The fringes seen through “the telescope”
also became wider, reaching approx. 5-6mm. Sdfyitges | could see were as wide as the opening
of the aperture. The fringes are also present withioe aperture, however they are respectively
wider, because the light falling on the grating nh@ycharacterized by an even larger section. As a
result, | concluded that the width of the obserfratbe in the mentioned experiment depends on
the width of a light beam falling on the gratindn€n, it is safe to say that the clearly visiblades
may be observed even when the aperture is so Wadattis no longer viewed as such and can'’t be
regarded as the source of coherent wave. Parlizwehen we realize that the ‘fringes’ are also
visible when the aperture does not exist in thenfdrsense! As a matter of fact, you have also
forgotten about our previous discussion on the remald incoherent photons present between the
edges of a single aperture, when incoherent ligltg 6n it. And in this case, | am talking abou th
aperture as wide as 5mm! Thirdly, even if we asstna¢ light becomes coherent after passing
through the aperture, then it is still coherentyanlspace, not in time! We need to keep in mirat th
certain areas of the screen (eye) are simultangwaached by a number of photons emitted at
different points in time.
- If what you are saying is really true, then theeriment related to the examination of the
emission spectrum of gases constitutes yet anptioerf that there is no need to use coherent light
in Young'’s experiments. Then, the formula appliethis experiment would have to be derived with
different theoretical assumptions in mind. Addiatly, the assumption of at least local coherence
of light for the incoherent light beam would notidhout against the argument of time incoherence.
In such case, both temporal and spatial coherefd¢keolight beam falling onto the diffraction
grating is required.
- I thought so. Of course, at the moment | havédea how to come up with a different explanation,
and following up on that, how to derive the depemgedescribed in textbooks. As for now, |
assume that the mentioned dependence (1) is coegatding the quantitative aspect. However, it
does not change the fact that at some point infuh&e it would have to be derived for the
assumptions that, as | imagine, would not be sityeamtested.

Kamila, while looking around the roonmticed an open physics book, which was lying on
the table.
- Here! This book describes the experiment simdathe one | was conducting during the classes.
What is this book, professor?
- This is the quantum mechanics textbook. | am awlaat you have not yet been introduced to this
subject during the course of your studies. Infttliewing terms you will become familiarised with
this subject in depth, as it constitutes the gdotor understanding the premises of present day
physics.
They sat at the table, where the open book, prelydarowsed by the professor, was lying.
- Would it be possible for me to borrow this book?
- | can’'t see why not. However, it would be goodfitst acquire some basic knowledge of the
subject. Especially mathematics. Without that, il Wwe almost impossible to pass this physics



course.
- I understand.

- The introduction, where Young’s experiment iscdssed, does not contain any advanced concepts
in the area of mathematics. The chapter entitledti®les and waves’ is devoted to the theory of the
so-called wave-corpuscular duality. In quantum raeats, it is assumed that each solid particle
may be assigned to a wave, i.e. a matter waveckiorethat you are well aware that in classical
physics one assumes that matter consists of wkledbsolid particles. Those have defined mass,
location, momentum and energy.

- Yes, | remember. In the mechanics class we wieenpting to establish the momentum, location
and trajectory of a bullet which was representea Isplid point. The lecturer mentioned that all of
those parameters are always well defined in clakgicysics and, at least in theory, they may be
defined with any accuracy. What is a matter wavie&ve never come across this concept.

- Of course, that’s true for classical physics, bear not in the case of quantum mechanics. Before
we begin to discuss the concept of matter waves, good to first take a look at some historical
facts. As you remember, James Maxwell describeut B an electromagnetic wave. Before him,
other prominent scientists, such as Young or Figats® thought of light in the category of wave,
however it was Christian Huygens and Robert Hooke first challenged Newton about the nature
of light. Newton’s prominence was so great that,&dong period of time, only his point of view
was widely accepted, whereby the assumption wa®rtad light is a type of particle viewed in a
similar way as other solid objects. At the time,nywa&imple occurrences could be interpreted by
referring to both wave and particle interpretati@mly the attempts to measure the speed of light
swayed the scientists towards wave interpretafithomas Young’s experiment served as another
significant factor which facilitated the assumptiofiwave interpretation as a reflection on the
nature of light. It was because Young interpretisdettperiment by referring to the phenomenon of
diffraction and interference, which are presentvawve occurrences, and then combined different
geometric quantities present in this experiment.oNe at the time knew how to explain Newton’s
‘particle’ interference. Therefore, his wave-capular hypothesis was forgotten until the arrivial o
Max Planck. Planck, while looking for a formula theould rightly explain the emission spectrum
of a blackbody, had to make very bold assumptionkis deliberations at the time. Namely, he
assumed that light is emitted in portions, eactnsgecific energy. It would all be alright if natrf
the fact that his hypothesis implied the existeoickght in the form of separate portions of energy
(which was closer to wave-corpuscular hypothesig)abso resulted in the derivation of a formula
which described experimental data. So, it wasitisedeparture from the dominant position of light
wave interpretation. Planck’s hypothesis was igddrg his contemporaries and treated mainly as
an inconvenient mathematical trick useful for trexivhtion of a correct formula but having no
impact whatsoever on a commonly accepted interpoetaf light as a wave. Maxwell's wave
interpretation was still intact. However, only & tater, in 1905, Albert Einstein proved in his
photoelectric experiment that Planck was right rafik and that light is in fact comprised of
accurately defined portions of energy. Then, it waslonger just a mathematical trick, but a
concrete, almost parallel experiment, which in @asfble way could be reconciled with Maxwell's
theory. Later on, it was Arthur Holly Compton whaused similar turmoil by concluding, in the
process of examining X-rays decomposing at diffeeegles, that light may be characterized not
only by a defined portion of energy, as proposedPlanck and Einstein, but, as is the case with
solid particles, also momentum. At present, itdsuemed that light is made of the so-called photons
(light particles).

- Why then do we still learn at school that lightiwave?

- The experiments conducted by the mentioned ssterdould have completely undermined wave
interpretation as early as the beginning of the ¢&dtury if it hadn’t been for Young’s experiment
and others of a similar nature, e.g. Fresnel’s exyant, which is still said to focus on diffraction
and interference. Moreover, the problem also liethe existence of the so-called electromagnetic
waves (radio, microwaves, etc.), which seem tcheesame as visible light and which, however, are
much harder to explain based on the concept oicpeart



- That’s true. It is impossible to claim that radiaves don't exist. After all, radio, tv (not cable
television), cell phones, etc. are in use nowadays.

- That’s the point. What's more, most deliberatioagarding light are based on the assumption that
it has no mass, which also fits in perfectly witte twave standpoint. Only Einstein’s theory of
relativity makes it possible to assign relativisigs, related to the photon energy, to photons. hVhic
may serve as a perfect explanation for the sedallompton’s effect, i.e. the fact that photons
have momentum (and therefore should also have jnass!

- So, | understand that wave-corpuscular dualiigted to light means that light is a wave and at th
same time isn’t. It makes no sense!

- Not only for you. In reality, it is very diffictlto find common ground between the wave
interpretation and the wave-corpuscular one sooamsdke it into a theoretically and logically
coherent argument. In truth, | don’t even knowhieitts possible. At the moment, it is commonly
accepted to refer to both wave and wave-corpusadntarpretation depending on the situation.
Here, it is common to refer to the concept of fdisma in mathematics which allows us to shift
between both interpretations.

- But | still can’'t wrap my head around this ide&.recollect from our classes that the wave is
nothing else but disruption of the medium moving space. Whereas wave-corpuscular
interpretation is all about ‘light’ bullets moving space. Let’s call them photons. Those two make
no sense together.

- Exactly. As you have already mentioned, a waveiesved as a disruption to the medium that
moves in space. In the case of a well-known oetize, such as sound propagation, it is the gas or
solid body atoms that constitute a disruption te thedium. In the case of light, which travels
easily in a vacuum, it was however almost imposstbl define the medium. Therefore, Maxwell
and previous scientists assumed the existencehypathetical medium, which they then called
ether.Maxwell’'s theory came to life as an attempt to defthe compressibility of that hypothetical
medium and is based on the premise of its existi&gjte

Then, as part of the research regarding the corafegiher, Albert Michelson and Edward Morley
carried out a series of experiments which dispelbenl illusions regarding that hypothetical
medium. At the moment, the conceptatheris not taught at schools because it is deemectto b
incorrect.

- With all due respect, if Maxwell's theory assuntee existence oéther for the purposes of
electromagnetic waves propagation, then why isllitcensidered to be correct?

- Of course, initially Maxwell's theory was depentleon that assumption and, to be perfectly
honest, it still is. Nowadays, it is believed thadgardless of matter, there might be electric and
magnetic fields in space, which then have an efbecit. Therefore, it is possible for a so-called
electromagnetic wave to travel through a vacuumMexwell’s theory it was different states
(mechanical) oktherseen through stress and movement of the mediumthathee would see it
as magnetic and electric field describing the eteotagnetic state of a certain point in spacedfiel
theory), or the mechanical stateather, then, from a mathematical standpoint, it woulll lsé the
same. The only variation would be visible in apgplterminology. Maxwell’s theory has survived
only thanks to the usefulness of the formulas eelahereto. By the way, most of the formulas
applied there were not derived by Maxwell himsklis main achievement was the fact that he was
able combine the work of other scientists andsfieim it into a coherent concept.

- All of that is really interesting, however attheginning of our conversation you said something
about the waves of matter. | still don’t understaridat those are.

- Right, | have already forgotten what | have st@nvith. As you have probably already realized the
guestion ofwhat is light? has not been solved yet, because it is difficoltcomprehend that
something may be seen both as a wave and mattemanme to the point, that it might have no mass
(at present interpreted as rest mass). But, to rttakgs even more interesting, George Thomson
made an amazing discovery proving that interferénoges exist also for such objects as electrons.
- How is that even possible? Electrons can inte#feiKamila twitched with surprise} What did
those experiments consist in?



- As you know, in Young's experiment, a beam ohtigs transmitted through a diaphragm with two
apertures.

Then, specific fringe images appear on the screleichware interpreted as interference images.
When instead of photons one transmitted molecwdanis (ions, electrons, protons, etc. travelling
in one direction) through crystal glass, then omsbreen comprised of special detectors one could
also notice structures similar to interferencedes. Of course, the observed occurrence was of
great surprise to the scientists who were not &bleome up with a rational explanation for the
observed effect in relation to objects which couldt be treated as waves from a classical
standpoint.

- | think 1 am beginning to understand. Since it h@een assumed that light is a wave, which
sometimes must be treated as particles, thenotpeiscular matter is on occasions also treated as a
wave. As a result, the matter interpreted as a wsawéien described as a wave of matter.

- Exactly. Moreover, this interpretation was algywconvenient. One may say almost essential for
the newly rising concepts of quantum mechanicieatitne. Niels Bohr posited that the moment of
momentum for separate electrons in the atom istqeah Such assumption allows for an accurate
reconstruction of the emission spectrum of gasegchwlyou have recently examined in the
laboratory.

- How so?

- It results from the fact that the electron maylmved as a wave which on individual orbits must
create a standing wave so as not to reach themzaro. It was discovered that such condition can’t
be met in the case of random distances betweeald¢lson and a positively-charged nucleus. On
application of a few additional postulates, the gatigts managed to relatively accurately describe
various energy levels that the electron may asswitheregard to various atoms. Assuming that the
energy of both emitted and absorbed photons depmmdise difference between calculated energy
levels, it is possible to define the wavelengthldgothat would have to be emitted by, e.g. a
hydrogen atom. The Bohr model was not initially gguted on the basis of its exaggerated
simplicity, but the principal postulate to view reatas the wave of matter became the foundation of
guantum mechanics.

- That's amazing! {Kamila gasped with excitementgdn’t wait to read this book. Would it be
possible for you to lend me the book, professoeasy.

- Ms, please, don't get carried away. At first,dwld recommend that you read about the history of
physics. It will be as compelling. Once you havetipgated in a more advanced mathematics
course, then you can familiarize yourself with mohallenging concepts.

- At the beginning, you mentioned that you’ll telle how quantum mechanics explains Young’s
experiment.

- Right. As usual, | got sidetracked. What was éwthto tell you? Oh, yes. In the chapter entitled
‘Particles and waves’ one may find an experimenictvlallows physicists to believe that wave-
corpuscular duality really exists. Since Young'pesment turns out to be successful with regard to
matter particles, and that is to say in relatioraltdeings of the corpuscular nature instead ef th
wave one, then one could also attempt to dismissvive interpretation with regard to the original
experiment with light. Throughout history, it wousdmetimes happen that first fringe images were
observed in the experiment with light. So, as ailtest was easier to acknowledge the wave
interpretation. Only after a while was it discowkrnat the same occurrence exists for matter
particles. Therefore, the previous interpretaticsswsed so as to explain the newly discovered
experiment. And what would have happened if theood those discoveries was different?

- Interesting, | haven’t thought about that. | assuhat regarding the experiment with a stream of
electrons diffused in the apertures, a purely cacplar explanation would be found. Then, Young’s
experiment with light would be regarded as a pribat light also possesses only corpuscular
characteristics.

- Exactly. You can see now how important the ofediscoveries and the ideas that follow really
are. The way we perceive what we see shifts arsthapes the way in which we interpret new
discoveries. So, to substantiate the claim thatteral object might be both a particle and a wave,



the following experiment is presented in varioushks The professor took out a pencil and copied
a diagram from a quantum mechanics textbook, skgpuhe results of light being transmitted
through a diaphragm with two apertures (Fig.15).
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Fig. 15 Diagram of two diffraction and interferer®geriments on two narrow apertures meant to
prove the validity of wave-corpuscular duality dissed in the quantum mechanics textbook [2].

- What are those curves, professor? This sinusatd variable amplitude surely represents the
fringes seen on the screen in Young’s experiment.

- That’s true. But what's most interesting abous thxperiment is the image created after passing
through the single aperture. The centre image ptedeht intensity curves, or the molecular
stream falling on the screen (in the experimenh wlectrons, etc.), coming not from two but from a
single aperture. The continuous curve represergsptbpagation of light coming from the top
aperture, whereas the dotted curve, the same @boesn relation to the bottom one.

- I understand that such propagation is explairseal @nsequence of light's corpuscular nature.

- Indeed. It is assumed, that photons passing g¢fwrae aperture hit the side of the edge. Then,
such randomly propagated photons continue to mowaestightly different angle, creating a broad
image of the aperture on the screen. Of coursanthge for the second aperture is slightly shifted
with regards to the image created for the first one

- And what would happen if both apertures were @deguess, then we would get a classic example
of Young’s experiment and a fringe image on thd ,wahich may be seen on the graph to the right.

- Exactly. One wide, blurred image is seen as éisealt of the corpuscular nature of a stream, é.g. o
light, used in the experiment. If we assumed thmesline of reasoning with regards to two open
apertures (corpuscular view), then we should exjpeget the image similar to the dotted line in the
centre. However, the experiment shows that it ésftinge image that is created, just as the one
presented in the graph on the right-hand side. rélalt may be conveniently explained as the
aspect of the wave nature of applied beams: ot lgghmatter, e.g. electrons. It stems from the
simple fact that in order to substantiate the olat@diresult, we refer to the phenomena of diffrarctio
and interference.

- So, we will get the same result as the one lmgtite laboratory while carrying out the experiment



with two apertures and a laser?

- Yes, indeed. Because, while examining light, & stage we must draw on the premises of the
wave nature of light, whereas at other one is Yikiel refer to its corpuscular characteristics.
Therefore, it is viewed as a proof for the validitfythe wave-corpuscular duality. Moreover, it is
also true for material particles, which are sometimiewed as waves.

- That seems to be pretty complicated. | still tamagine how material particles could be viewed
as waves. Can | take one more look at the picture?

- Of course, here you go.

Looking at the diagram drawn by the professor, Hamias trying to recollect what she saw in the
laboratory while she was conducting similar expernits on her own. Suddenly, it struck her and
she let out an unintentional scream.

- It's all a pack of lies!

- Excuse me?! {Responded the disgusted professor}

-Oh, I'm really sorry. Please, forgive me for myhbgior. There is something | don’t understand,
though. Please, take a look at the centre of thgrdim. Light passing through a single aperture does
not create the same image as the one that carehehsee. | am certain that while 1 was letting a
beam of laser light through a single aperture lagbinge image as a result. It was around the same
time you were, rather puzzlingly, trying to expldirat to me by referring to the infinite number of
apertures located at zero distance.

- Hm..., yes, that’s true. Today, | have even pregpharsimulation to see how the image would react
if I changed the parameters such as the numbepetuaes and the distance between them. Why
didn't | see that before?! {He shouted excitinghfpw could | be so blind that | didn’t notice it
before! Indeed, light passing through a single tapercreates a fringe image, contradicting
everything that is said in the textbook [2]!

In the laboratory classes | show my students ight passing through a single aperture creates a
fringe image. And here | am, contradicting myseifshying something completely different!

- If light does not react in the way presentedhia textbook, then the conclusions drawn from those
deliberations are false. Aren’t they?

- Yes, of course. But why at the very beginningadiighly renowned textbook one comes across
such a significant error?

Is it possible to obtain the exact same imagéherstreen as the one presented in the diagram?
After all, quantum mechanics is not researchedugldpeople who wouldn’t notice such a glaring
error! Why don’t we refer to a different physicgttaook entitledThe Feynman lectures on physics
\Vol. 1.2. In the chapter entitleQuantum effect®ne comes across a description of three similar
experiments: with bullets, waves, and electronghinfirst experiment, Feynman describes the test
(never carried out according to the author) withnachine gun shooting bullets towards an armor
plate with two apertures. On the screen, behindotistacle, the bullets reaching a given point on
the screen at a certain time are counted.

Next to the diagram, Feynman presents the hypetiie®sult of such experiment (Fig. 16) [3].
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Fig.16 The experiment with bullets passing throagharmor plate with two apertures that the
bullets pass through [3].

- I understand that such reactions may be expdotegulrely material objects?
- Indeed. Then, Feynman presents the second exgerinith waves (Fig. 17).
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Fig. 17 The experiment with water waves pas#ingugh a diaphragm with two apertures [3].

- Right, but in this case the author assumed Heatave source is selected in such a way as to have
the same phases on both apertures. Anyway, | reerefrdim our lectures that there was a similar
experiment showing that a mechanical wave reacth®apertures in the same way as presented in
the textbook [3]. Therefore, the results of the haetcal wave experiment presented here are in



line with that experiment. Of course, it's only ma to assume that in relation to different and
randomly changing phases on both apertures we \Wergle to get the same image as presented in
the diagram on the right-hand side.

By the way, the presented image related to ligl isontradiction with the experiment, because a
single aperture would be enough to obtain fringethe screen!

- Indeed, light reacts in a different manner. Hogrein his textbook, Feynman describes the case of
light passing through a single aperture. Later,wile check more carefully what explanation he
provides. Right now, let’s take a look at the nexgperiment. This time with electrons (Fig.18).
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Fig. 18 Experiment with electrons passing througleghragm with two apertures [3].

- In fact, it’s in line with the theory that Mr Ksgewski puts forward in his textbook [2]. In thesea

of a single aperture, one gets a flat wide imagbei#as, with regards to two apertures, one gets a
fringe image. However, in this instance Feynmansdoet mention light but goes straight to the
description of electrons.

For instance:

The first thing we notice with our electron expegnt is that we hear sharp “clicks” from
the detector (that is, from the loudspeaker). Alld‘dicks” are the same. There ameo “half-
clicks.”

We would also notice that the “clicks” come veryagically. Something like: click ..... click-
click ... click ........ click .... click-click ...... click etc., just as you have, no doubt, heard a geiger
counter operating.

- So, one may conclude that only entire electroag be measured, but then, how can they interfere
on the screen? There must be a different reasonitgmbably has something to do with the
apertures.

- Not necessarily, Ms Kamila. Feynman describegdisalts of the experiment where the electrons
pass through a single aperture, which is very sintib what we can see in relation to material
particles and does not seem to raise any doubtselhss the results for the passing of electrons
through two apertures. In the second case, whajewés a fringe image which corresponds with a
wave image and leads us towards the interpretaaged on wave interference:

Let's now try to analyze the curve in fig. 37.3gEB) and find out if we can really



understand the reactions of electrons. Particulaolye is tempted to say that...

- This is why one refers to the concept of wavepascular duality that I mentioned before.
Especially, when we realize that, with regardsdbt| we are also able to get ‘entire’ photonsdor
particular colour, and not just half of a photon, 8s it was in relation to electrons, the entiieke
click, and not just a half click.

- | am sorry, professor, but what kind of clickets is he writing about? What electron reactions
with regard to this particular experiment is Feynnwiting about, if right next to it, in his own
book, he states that:

We should say right away that you should not trgdb up this experiment (as you could
have done with the two we have already describEais experiment has never been done in just
this way. The trouble is that the apparatus wowldénto be made on an impossibly small scale to
show the effects we are interested in. We are daifthought experiment,” which we have chosen
because it is easy to think about. We know the Iteestinat would be obtained because
therearemany experiments that have been done, in whickdalke and the proportions have been
chosen to show the effects we shall describe.

{Indignant at what she has read, Kamila continued}

- If the author claims that the experiment has néeen carried out, then what right does he have to
discuss the results of such experiment and, evesejyassume that the course of such experiment
would be just that? As though he was the one cdmdud. Based on the provided results of the
experiment, he draws controversial conclusions robgg the nature of electrons, even though
[The] experiment has never been done in just tlaig Wo make things even worse, the author states
that should not try to set up this experime8b, according to Feynman, it is not only that one
shouldn’t carry out this experiment, but that ohewdn’t even try! However, he is the one who
forces on us the only correct interpretation of éxperiment that has never been carried out. The
one that, incidentally, sits well with his delibeoas. Of course, the author also refers to other
experiments (though, he doesn’t name them), bugethoust certainly be indirectly linked to the
matter and therefore less credible in attempts rvep the thesis behind the wave nature of
electrons, and, as result, his point of view.

- Please, Ms Kamila, stay calm! Mr Feynman wrotelbook a while ago. It is possible that while
he was working on his book, the experiment hadoeen carried out yet. It's been a while since the
book was published and it’s likely that this patnot valid anymore. It needs to be confirmed,
though. Then we would get a clearer view of thetemah question. However, | must admit that the
author’s line of reasoning is hardly factual andh@s his name into disrepute. Describing the
experiment that has never been carried out ashddtbeen done by the author himself, as well as
qguoting the results of the said experiment in ordesubstantiate one’s doubtful conclusions is
rather reprehensible and unacceptable. Therefoig even more surprising that the author admits
that in his own book. It's surprising really tha didn’t exercise more self-control over his wigtin
After all, we are talking about a highly intelligeperson. It might be that he was so certain of the
validity of his assumptions that he decided to hgkreputation.

- Strange, indeed. After all, this part of his bpbkcause of the mentioned excerpt, could make
many readers smile pitifully. At least, with regai@ this man’s intentions. It is possible that
Feynman deeply believed in what he was doing aadhiag. Even though a strong belief of a
renowned specialist in his convictions may lead ynpaople towards them, sheer belief per se
doesn’t make those convictions true. And refertmghe experiments that have never been carried
out should always set off an alarm in our headtoaccept the author’s convictions at face value
and based only on his alleged position of authority

- That’s the right approach, Ms Kamila. Howeverslget back to the beginning. The experiment in
guestion was meant to depict the behavior of nbt particles (electrons in this case), but also of



photons after passing through a single aperturaielisas two apertures. All in such a way as if the
electron or photon could pass simultaneously thnowgp apertures. You have noticed previously
that, in the case of light, we will not get the gaimage as the one presented in the textbook. Why
then do the books contain information that is imtcadiction with what can be observed in the
laboratory? Once light has passed through a siagégture, is it possible to obtain a single wide
image without side fringes?

- Maybe, we should first ask what is the feasibiféecence between the aperture found in our
‘school’ experiment and the one characteristic pfaessional experiment since both results are so
different?

- The aperture will always be viewed as one anthftiee standpoint of wave deliberations one does
not refer to the shape and material that it is nedd&o0, there is no difference, it there?

- I guess not. {Kamila responded hesitantly} If gsteape of the aperture is not taken into account in
other discussions, then the reason for discrepamest be found somewhere else. In what other
way can our aperture differ from others? There setnbe no significant difference. {She stated
after a while}. The environment around the apertiranges, though!

- How so? {Said the surprised professor}.

- In the experiment that you’ve described therens more diaphragm with two apertures. In order
to obtain a good interference image, one must ptad apertures as close as possible to each
other. So, if we want to carry out the experimeithwa single aperture, then we must first cover the
second one. Therefore, in the vicinity of the uresed aperture there is an additional edge which
may have an impact on the created image. In ougrerpnt, there is no additional edge close to the
aperture.

- Brilliant! {The professor burst out with excitem It's that simple! Let’s go to the laboratorydn
test your idea.

The stand preparation did not take lang they soon obtained the result that was nall at
surprising to them (Fig. 19).
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Fig. 19 The propagation of light after passing tigio a single aperture.



That is how they made sure that the book contamegrious error. A single aperture creates a
fringe image. Then, Kamila held a thick piece gb@atowards the aperture in an attempt to cover it
with an additional diaphragm (Fig.20).
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Fig. 20 Young’s experiment with a single apertusgupting the path of photons with the additional
edge. In this case, the fringes are flattened hiitéd sideways.

What they saw was new to them. When the edge @ f paper was getting closer to the
aperture, the fringes on the screen would shigwsals and become blurred at the same time (the
width of individual fringes would grow, Fig.21).



Fig. 21 The images from a single aperture oncetlitional edge has been moved closer to it.

- Right, it is all clear now! {Shouted Kamila}

- When the edge is close enough to the apertutehtsmn’t been covered yet, the side fringes are
located sideways and blurred to the extent trettectors don’t register them. Now, the brightest
central fringe was also blurred, creating the tgpdight propagation that might be visible in the
picture from the book. {The professor noticed}

- So, the image presented in the book is real,itaisdfair to suppose that other researchers might
have really got the same effect as the one destcnibéne book?

- Indeed, however the drawn conclusions are totallpng because a single blurred image
appearing on the screen doesn't result from thegggsof light through a single aperture, but is the
effect related to the introduction of the additibedge. Therefore, the described experiment doesn’t
give us evidence for the existence of the wave+soplar duality and the conclusions drawn from
it are simply incorrect.

- Is it that based on the experiment that was @araut poorly one drew incorrect and totally
absurd conclusions?

- | am afraid that this was the case, Ms Kamila.

- Since we are in the laboratory, | would like tto® you one more inconsistency, which | have
noticed earlier.

- There is something else? Oh yes, | remember Mdwen you entered the room you mentioned
some new discovery of yours. Please, carry on.

- When | was here the last time, | carried outekperiments that we had done together before. |
double-checked the validity of our previous conduos that light coherence wasn'’t required in
Young’s experiment.

Then, | did the basic experiment with the diffrantigrating, concluding that the brightness level of



side ‘interference’ fringes barely changes in refato the fluctuations in distance from the grgtin
(Fig. 22).

Fig. 22 Images received from Young's experimenthwirious distances applied from the
diffraction grating.

At first | did not observe that, however when Ilizzd that the last seen fringe is at a high amgle
assumed that something wasn’t right. In the wawuerpmetation fringes are interpreted as a
constructive interference of waves coming from mapgrtures. If that is the case, then the waves
from each aperture must propagate at a high alsgileat right?

- Of course.

- Nonetheless, from the mechanics of waves in ghysiontinuum | remember that a propagating
wave must visibly (a relatively wide angle of lighopagation) diminish its intensity and distance,
because its energy is spread across a wider spaidade). Of course, | do not have a precise device
to measure the intensity of light. However, | plheey hand near the diffraction grating, at about
five centimeters, and next | placed it at a distaottwo meters. | didn’t observe any significant
changes in the brightness of the spot on my hagghite such a distance variation.

- Hmm. Let us see how this matter is addressedumbook. According to Mr. Kryszewski's
textbook on quantum mechanics, the intensity oheadividual side fringe in Young's experiment
depends on the distance between the fringe andapleetures. More specifically:Af is an x
dependent, that is so because the energy of therisphwave diminishes with the square of the
distance from the source ( in this case the am®ftuwhere A is an amplitude of the wave
transmitted to the screen from an “i” of the apezfunowever “x” is the placed axis on the screen
along the “interference” image (Fig.15) [2]. Thalesifringes lay somewhat further from the
apertures and have a smaller light intensity, fogless in your description the distance changed
almost forty times! Having this distance in mintjs impossible that the light intensity has not
visibly changed for individual fringes, when thght propagates in an arc from the aperture and at a



relatively high angle. Where our assumptions alim@ifpropagation of light from the aperture false?

Surprised by this conclusion, the professor plabeddiffraction grating on the optical axis
and repeated the experiment Kamila referred tohi$ceven greater surprise, he had to admit that
the result was just as she said. The spot of tighindeed enlarge its diameter with the change in
distance, however the brightness did not visiblgrdje.

- How is it possible that the brightness of thetspblight does not change? Especially that,

according to the mentioned wave description [dhges placed closer to the optical axis should
rather quickly diminish their intensity even withvary small change in the distance between the
screen and the aperture, if of course we wouldtlkexplain the loss of intensity by the change in

distance (Fig. 23). Have you thought about waysxiaain the discrepancy between the theory and
the experiment?
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Fig. 23 Diagram showing the change of the intensithose fringes which are placed closer to the
middle of the image with a small displacement ie thistance between the screen and the
diffraction grating. Diagram detailed in accordanggh the wave interpretation shown in the
textbook [2].

- Well, | thought about it professor. However, heato an absurd assumption that the energy would
have to be magically transmitted from the destweciinterference areas to the constructive ones.

- 1 am not sure about that Ms, because the scregint s well be placed one kilometer further and
what then? The energy is transmitted in the blih&roeye to only a few points? No! This is absurd!
There has to be a more rational explanation.

- Yes, indeed, there must be. Later | came to theclasion that maybe the change in the light's
intensity for individual fringes doesn’'t come frdire difference in distances from the apertures, as
you quoted from the textbook, because that defjnitmntradicts the experiment (Fig. 23).
Nonetheless, what you quoted from the quantum nméchdextbook is closer to the truth. The
intensity of light for each individual fringe (se@as a single fringe on the screen) really decreases
with the square of the distance when the distarara the source is measured. Because we assume



that light is a wave, we talk about the changeth&amplitude of the wave and the distance. This
assumption is also true for the corpuscular condapivhich the intensity of light is equal to the
number of photons per unit of light beam crossisectf the light moved in the form of a cone, the
section of the beam would increase with the distainom the source, as well as a number of
photons decomposing on a larger area would rasaltdecrease in the light intensity. Nonetheless,
we agreed on the assumption that the number obpkah a section unit does not depend on the
angle in which the photons come out of the aperflibere would be no other possibility for this
assumption, than to wrongly assume that the deergaghe intensity of individual fringes in
Young's experiment depends on the differences legiwee fringe on the screen and the diffraction
grating. It is then more reasonable to assumeth®iaperture does not react as a source point,
contradicting Huygens' law. We may then assume ititahsity of the light transmitted from the
aperture varies depending on the angle at whichighe beam bends from the optical axis. What
does Feynman say on this subject?

- | think Feynman's thoughts were similar. Let agki it up in his book. O! Got it! In chapter 29-5
the author dwells upon interference from a mathamlapoint of view, just as we dwelled upon the
instruction for Young's experiment. That is, heuasss sinusoidal wave interference displaced at a
certain phase at some point in space. Next, he shoultiple mathematical approaches to the
search for the final wave, which is the result k¢ sinusoidal wave interference [3]. The most
interesting one is the geometrical method. In thisthod the functions: RA;cos@t+¢;) and
Ro=A,cos(t+@y) can be presented on the coordinate axis (Fig. 24)
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Fig. 24 Geometrical method of combining two cosireves. One must imagine that the diagram
rotates with an angular frequeneycounterclockwise [3].

For this geometrical presentation, functiong aRd R should be considered as a result of vector
projection from the diagram (Fig. 24) to the x akmssuch view, the relative position of the vestor
does not change because both rotate with the sagutaa speed. The final result might be obtained
by the adding of both vectors; Bnd R and the projection of the resultant vector to trexis. This
approach is convenient when we take a larger amoluhtarmonic oscillators into consideration
(Fig. 25) [3].
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Fig. 25 Resultant amplitude n=6 of equidistant sesy for which the difference between
neighboring phases equal$3].

- That's an interesting mathematical approach.

- Indeed, with the use of this method we may grigudiscover the true sense of Feynman's
thought process. Do you remember when | mentiohed for an individual aperture we may
assume that we have an infinite amount of wavecssutlistant from each other by an infinitesimal
distance? We then stumble upon a problem, whi¢hesadding of multiple cosine type functions
displaced out of phase to one another. It will kacdy the same as in the diagram (Fig. 25), but
with the length A of the vector approaching zero, the differencevben neighboring sources
approaching zero (the sum of all phase displacesmdoeés not approach zero) and the number of
vectors (harmonic oscillator) approaching infinitypy practice we are talking about such a
summation of the vectors for which we imagine géanumber of n vectors like in the diagram
(Fig. 25). Here we come to the crux of Feynmarfgadition idea. Which is that diffraction and
interference are the same phenomenon, but we halkt anterference when we come across a small
number of light wave sources. However, diffractisrtonnected with the result of the overlapping
of waves from many sources.

- Then, what was Feynman's final result of addimyes coming from different sources but from a
single aperture?

- The author doesn’t describe a single aperturé, thm situation resulting in the overlapping of
many linearly placed harmonic oscillators. Befoprdsent Feynman's final result | would like us to
look closer onto the diagram (Fig.25).

- The quantity & of the vector placed on an arc and outlined hwdéctors, depends on the
displacement of phasg, which then depends on the angle from which weeodgsour linearly
placed oscillators. The full angle at which thet kasctor A, will rotate is mp. This is the phase
displacement for the last oscillator. The full taia is 2t. Then the measure of the direction in
which our observation continues i¢/8r. Also the intensity of the resultant wave can besented

as a quantity referred to the overall value ofnstty which is the sum of all oscillators' intenest
without phase displacement. This way Feynman redea/relationship for wave intensity coming
out of a single aperture (diffraction) in the funatof the direction of wave propagation (Fig. 26).
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Fig. 26 Intensity as a phase angle function fargd number of oscillators with an equal intensity

3].

- This is remarkable, he was able to achieve twgthat one go. That is the appearance of fringes
for a single aperture and variable light intengay individual fringes. However, you still didn’t
clarify how Feynman determined individual maxims.

- Well, this is not so hard Ms Kamila. Please labkhe diagram (Fig.25). If we assume that all A
vectors are equal, we may accept that the n of gectors outlines part of a circle. Then it is easy
for us to deduce a relationship for the vector gtair. We simply use the QOS triangle to
determine the r length, next we use the QMT triarigldetermine half of the gAength. Thus:

_sin(ng/2)
R sin(g/2) and (4)
_, sin’(ng/2)
| I°sinz(¢/2) ©

- Now | understand! For various fringes we haveffei@nt ¢ phase displacement. Because i)
changes slower than sin(t2) for a high n value. For another, where sif{ng/2)=1, the
denominator sing/2) only changed slightly. That is why the next ditage will be approximately
¢=3n/n. When we substitute the denominator with thigl@mve will receive sif(3n/2n). For a high

n value it is a sine of a very small angle. Thatvisy we can substitute the denominator with
(3n/2n¥. Then the intensity in approximation will be §&n?/9r?), because hy=n?l, the next peak
on the diagram (Fig. 26) will approximately be ®/&hat is 0,047. The next fringes will be even
smaller [3].

- So you see, Feynman correctly described liglkstions to a single aperture. He did not only
describe the appearance of fringes, but also tbeedse in amplitude.

- Indeed, it seems he explained the problem veny Wewever, is the decrease in amplitude for
individual fringes exactly as Feynman foretold,tthdon’t know. Nonetheless, let us pay attention
to another important matter. Young was also colreassuming where the fringes would be placed.
Sadly his assumptions require reasoning which dabeodeemed to be correct in the light of
preview experiments (light coherence). What type redsoning did Feynman apply in his
assumptions? Let us look at this closely.

- Right, let us do that: [3]

Thus we shall now discuss the situation where thezan equally spaced oscillators, all of equal
amplitude but different from one another in phasigher because they are driven differently in
phase, or because we are looking at them at aneasigth that there is a difference in time delay.
For one reason or another, we have to add sometlikeghis:



R=A[coswt+cos(mt+@)+cos(wt+24)+ --+cos(wt+(n—1)4)],(30.1)

where¢ is the phase difference between one oscillatorthachext one, as seen in a particular
direction. Specificallyp=a+2zdsind/A. Now we must add all the terms together. We stalhis
geometrically. The first one is of lenghh and it has zero phase. The next is also of leAgihd it
has a phase equal th The next one is again of lengitand it has a phase equal 2g, and so on.
- That is what | feared. You see professor, Feynamsumed that outgoing phases must be well
defined at the beginning. He also assumed thatrevel@aling with the source of a coherent wave,
both in time and space. This means that Feynmareatty conducted diffraction with a single
aperture, but it was only possible in very goodiahconditions, that is a coherent wave sourcs. Hi
explanations would be completely worthless if heswanducting a real experiment where there
was room for incoherent light. That is why he trdlgin’t explain anything.
- Indeed. This may cause a serious problem. Evesgarcher referring to your experiments with
fringes regarding incoherent light, will be abledigcard the assumptions of Feynman and Young,
as well as others thinking along the same lines.
- Finally, | think that this whole phenomenon talpdsce in the area of the aperture and only there.
There is something interesting in that area thatlds the light beam into a few individual beams
under different angles. The divided light travetsef from interference until it reaches the screen,
detector or any other object. Then it does notenathere one places the screen, because always
the same amount of photons that are transmittedidthr the aperture under a certain angle will be
displayed. However, the intensity of individuahfyes depends solely on how many photons will be
shifted in the aperture or the edge in a certai@ction.

Kamila, not knowing what to think on the matterlight, started to pace up and down the
laboratory. She was trying to think of an explam@tior the division of light in the apertures. Deep
down, she knew there was a rational explanatiawllidg along a different laboratory station, she
took an optical lens and returned to the professor.

- Maybe we should see what will happen with théitligzhen we transmit it through an optical
lens?

- Nothing of significance. {The professor repliedlhe light will simply be focused in one place
from which it will travel onwards creating a bigatn the wall.

Kamila turned on the laser and placed the oplara. Instead of a spot of light there was a
big rectangle on the screen (Fig. 27).

Fig. 27 Depiction of a laser light beam propagadtedugh an optical lens.



- | thought we will receive a big round spot on thereen. Why does the shape resemble a
rectangle?
-Because this light comes from a laser diode.Hegpe in rectangular and the light comes from the
side which has that kind of shape.
- | understand. So the shape of the light beamhenentire length must have the same shape.
However, the lens after the propagation showshlapes of that beam, that is a rectangle.
- That's right. Since we are playing with the lefes, us see what will happen when we add a
diffraction grating.

Kamila took the diffraction grating into her haadd placed it closely behind the lens. They
saw a duplicated image of the light beam crossisedhat differed from the original only in
brightness (Fig.28).

Fig. 28 Image depicting a laser beam propagateditfir an optical lens and diffraction grating.

- Well, the image multiplied. {Kamila said in a honeus manner} Also the brightness of the lateral
images is lower like in the original experimenis Mery interesting that we have similarly shaped
images to the original.

- Why would they be different?

- 1 don’t know. How can this experiment be diffetrérom the original? Maybe it depends on the
number of apertures the light is transmitted thhksu@f course, the number of apertures through
which the light is transmitted is equal to the tigheam cross section divided by the grating
constant. When we have a beam cross section a®sdbe screen, it means that in different parts
of the diffraction grating light is transmitted ttugh a various number of apertures. Does the image
on the screen depend on the number of aperturasginiwhich light is transmitted?

- Yes. The more apertures the light is transmittedugh, the thinner the fringes on the screen are
and vice versa.

- I understand that this refers to wave interpretain this experiment?

- Of course, why do you ask?

- Because something is not right about this imégbe width of the image depends on the number
of apertures included in calculations, as statedantemporary theories, then it is impossible to
obtain the exact same shape of the image afteas#gs through the diffraction grating. However,
we saw the same without the grating!

- Hmm. In fact if it were as | said, the middle thfe light beam transmitted through a lot of
apertures would result in a very thin image. Howewat the top and bottom of the light cross
section the number of apertures lessens and thgeisteould grow wider.

- But this doesn’'t happen. Additionally, we havbaake in the middle of the image presumably as a
result of the lens in the laser being dirty, it sige change its place or shape but has an impact on
the number of apertures through which the lighhbéatransmitted at the center of the image.

- Exactly.



- So, once again the assumptions of wave theoryaxdint the actual experiment.
- Seems like it. This morning when | did a simudati was certain that everything was intact, | see
now that | was wrong.
- If the use of the lens and diffraction gratingie@s new inconsistencies within the theory, then
maybe we should try to use a monitor grating?
- That’s a very good idea.

After the removal of the diffraction grating, Kdmplaced the monitor grating in the same
place, that is behind the lens. The image theywasvof the same size but, also, it was made out of
many points (Fig. 29).

Fig. 29 Image on the screen obtained from the ingson of a beam through an optical lens and
monitor grating.

- Excellent! Something new. {Kamila cried out}

- | have not seen this before. Let us consider wieaatsee before us. The shape and size of the
envelope stayed unchanged to that obtained witth@eugrating (Fig. 27). What may the points on
the screen indicate?

- | think that maybe the apertures in the gratifige grating is nothing more than crisscrossed
perpendicular fibers. Light may be transmitted lestav the fibers and that is probably what we are
observing right now.

- But how can we be certain? Can you please mavgridting back and forth?

- Yes, of course.

When Kamila moved the grating the number of pogg#sn changed, however there was a
place for which the number was the smallest. Adddlly, by increasing and decreasing the
distance between the lens and grating, the nunfi@iots grew. The spotted image, however, still
had a rectangular shape, which was connected atBhape of the laser beam cross section.

- | know! {cried Kamila} When we have the smallegstmber of points, the grating is placed at the
focal length of the lens. By moving the gratingsedoand further from the lens, we enlarge the area
through which the light is transmitted. Thus, we olbserve changes in the number of points on the
screen.

- It is possible that you are right. Let us confithns by rotating the grating. If the points on the
screen are truly the reflection of the grating'srapes, then by rotating it at a vertical axis the
number of points on the screen will increase iroaziontal direction and the width of the spots of
light in this direction will decrease (Fig. 30).
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Fig. 30 Diagram depicting changes in light propageatiuring the rotation of a grating in one axis.

Kamila rotated the grating as the professor askbd.image on the screen changed in line
with the expectations voiced.
- You were right. The image truly represents thertypes of the grating in enlargement.
- Let us see what happens when we place the letiseasther side.

Kamila repositioned the grating so it was placeghtrin front of the lens (between the
source of the laser light and the lens). ThenJdker light was transmitted through the gratingtfir
and then through the lens (Fig. 31).

Fig. 31 Laboratory table with a laser, monitor grgtand lens placed behind the grating.

Initially, the image on the screen did not diffeorh the previous one. The rotation of the grating
also resulted in the rotation of points on the egreand the rotation in a vertical axis changed the
number of points seen in the horizontal directisrbafore. A difference occurred only after Kamila

started to change the distance between the lenghandrating. No matter how far the lens was

placed from the grating, they always saw the same&uat of points on the screen.

- Interesting! {Kamila said surprised and, aftewlale, added} The number of points on the screen
doesn’t change, in spite of the distance beingesitip change. But this may be easily explained.
As we concluded before, the number of points dep@mdthe amount of apertures through which
light is transmitted, this means that this time tihuenber of apertures in the grating lit by the tase

didn’t change substantially.

- Of course! This time the light is transmittedaibgh the grating first and has a specified cross
section. Because the light of the laser travelsoatnm parallel, in case of a slight displacement o



the grating on the optical axis, the area of tregigg lit by the laser almost does not changelat al
Behind the grating the light is already dividediimdividual beams transmitted from each aperture
and thereafter deflected by the lens. That's wheycan see the cross section the light beam creates
behind the grating in an enlargement.
- Great, but where are the 'interference’ frind&stila asked}

The professor relocated the grating to the otlter of the lens and placed it in such a way
so that one saw the smallest number of apertures.
- They are here. {He continued} Each brighter sediects an aperture of the grating as we noticed
before. If we take a closer look, and in this positone may see most clearly (grating in the focal
length of the lens), each aperture of the gratangits own interference image.
- Yes, | see now. At the previous placement of itietruments (the grating placed between the
source of light and the lens) one could also seiadal fringes (Fig. 32). Maybe if we moved the
lens further in the direction of the screen, itl\lwg more visible (Rys. 33.).

Fig. 32 Image on the screen created from the tressgon of the beam through the grating and lens.
Brighter points define the placing of the gratingfgertures. Less brighter points on both sides are
'interference’ fringes.



Fig. 33 Image on the screen created by the trasgmif a laser beam through a grating and
propagating lens placed at some distance from thgéng. On the right, one may see a wider
displacement of the lateral fringes as a resuth@éincrease of distance between the lens and the

grating.



While moving the lens away from the grating, thrage began to divide into separate fields
depicting the rest of the fringes. At a significdigtance, the image resembled that from the algin
experiment (without the use of a lens, Fig. 3). ldoer, before the image from the fringes merged
into one, one could observe that it was also madeobpoints, which simply corresponded to the
grating's apertures. This surprised both Kamilathedorofessor.

- Now | see where our fringes hid. {Kamila saicaimumorous way}

- Yes, but the interesting part is that they as® ahade of points corresponding to the apertures in
the grating and create a rectangular shape frontighebeam transmitted through the grating, just
as the main image did.

- | think this can only be explained in such a wayfew light beams must be individually
transmitted from each aperture, and those transanét a certain angle travel in a parallel manner
(Fig. 34). {Kamila added with pride, knowing thatig is a complete contradiction to wave
interpretation}
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Fig. 34 Schematic depiction of the mechanics adridtfringe image creation consisting of light
points corresponding to the grating's aperturesthedghape of the light beam transmitted through
the grating.

- This requires an assumption in which light iscdetely propagated at certain angles in each
aperture (edge) independently for each photontH# interaction of the edge on the light has a
wider range than the distances between apertimes,dne must expect that the deflection of light
in every aperture won't be totally independent. Téwperiment with a single aperture and
diaphragm (Fig. 21) showed that such an interadagquite significant in relation to the length of
the light wave. This may be observed when one casdhe mentioned experiment}

- That’s right. However, such an assumption exglaimy the image depicts the apertures of the
grating. The lens only enlarges the beam's crososeimage, which already exists behind the



grating. That’s why, we can see how it really lotike, and not only individual diffused spots. This
also explains why the shape of individual fringeamswthe same for the diffraction grating and the
main beam (Fig. 28).

- Yes, well, wave theory is not successful in p@dg the right shape of the lateral fringes in this
experiment.

- Also, with this, one may explain another incotesigy in wave interpretation.

- Which is?

- The behavior of the brightness of lateral fringekich doesn't differ with the change in distance
from the diffraction grating. For such an interptein, it doesn’t matter where the screen is placed
We should still be able to obtain a fringe withuarchanged brightness.

- It is hard to agree with this, especially when agsume that the light deflected in the apertures
travels free in a straight line from interferenetowever, the existence of fringes would depend
solely on what would happen to them in the areth®fapertures.

- Choosing this assumption, explaining the follogvia not a problem anymore: Why is the fringe
image created for a single aperture or edge? Ore dot have to contrive what interferes with
what and create absurd conceptions.

- But Ms Kamila, what is wrong with an image crebtem a single aperture?

- 1 will tell you what is wrong: the image of therges is symmetrical and is also created on the
shadow side. Even more, the fringes are placedrwige the width of the light beam which is
transmitted onto the edge. What do you think ietes$ there? The answer is that nothing has to
interfere there at all. One must only find the @atlight's (or particle) discrete division intdeav
beams and the problem is solved.

- Well it seems like it, but for many physicistsstiwill be quite hard to digest. However, in thghli

of our recent experiments, there is no doubt trainwst rethink this idea. Maybe we should find
other experiments which will enable us to find odution. Aha! Please, note that there is one more
consequence of this explanation of the observesttsfiwhich is derived from your drawing (Fig.
34). If the lateral fringes are made out of poititat represent apertures in the grating (what the
experiment shows!), it is obvious that the lighinfr each aperture must travel in a parallel manner.
However, then the light from each aperture thecaii never meets on the screen!

- So, this completely dismisses the idea of interiee in this experiment.

- Anyway, the concept referring to the propagatidrthe beam into many others, on each edge
independently, is coherent with the concept expigirihe appearance of a fringed image on the
grating (Fig.11).

- So, we are getting a more clear and coherent enafgthe processes occurring in Young's
experiment. The photons are discretely propagateeach edge. If we have many identical edges
placed closely to each other (equal conditionsptoston propagation), then there will be enough
deflected photons in some directions to observiherscreen as an individual fringe.

Such an explanation does not require a light caotoeréheory, because in each aperture the photons
are propagated independently. Then, the causeeobltBerved phenomenon has its source in the
area of the aperture, not on the screen and tgbt“Wave” coherence is irrelevant. We must also
research if the photon behavior in the area ofaperture depends on: geometrical shape of the
aperture (not only the distance between apertuttes)naterial from which the aperture is made and
the temperature of the aperture.

- A very clever remark Ms Kamila, but we must fimenore detailed description of the occurrences
in the area of the aperture and explain why ligthdves in such a way. Additionally, it is very
interesting to see at what point does the closeoésapertures relate to the propagation of
individual photons. The behavior of each apertwenot necessarily so independent, but this
requires a closer study. | wonder if we shouldtficarry out a simulation based on wave
interpretation or try to obtain an image reflectthg placing of individual apertures of the grafing
as presented in the experiment (Fig.33).

- | think it is a good idea, but | have my doubtsfpssor whether we will not stumble upon the
same problems as we did with Feynman's assumptiom&&n, wave interpretations are based on



interference, as we concluded before, and aretsens initial conditions. More specifically, the
differences in phases resulting from the differemcthe paths of individual light beams. Such an
approach needs a very good definition of the ihitianditions, that is making an assumption
regarding the coherence of light used in the erpami. We already proved in earlier experiments
that the phenomenon also occurs for incoherent.ligmot for this limitation, | could easily say
that Feynman already showed that there are frifigea single aperture. If | assume that every
aperture behaves completely independently, thelyang each aperture in turn we will have the
same situation as seen in the drawing (Fig.34)h\bfitly one reservation, that in the analysis of a
single aperture as an independent creation fromr @pertures, we should obtain the placement of
fringes dependent on the size of the aperture abdhe distance between apertures. Meanwhile,
the comparison of the size of the grating, caledain the basis of the placement of fringes on the
screen and the removal of the grating under mios¢Fig. 6 and Table 1) showed, that the result
is closer to the distance between aperture notdetwedges.

If we discard the assumption of light coherenary will always have a problem in defining
the true initial conditions for your simulation. Withat said, | assume as sensible such initial
conditions, where the phase is accidental and @saimgtime for individual light beams come into
the simulated system for each aperture independdrfiéar, professor, that nothing sensible will
come out of a simulation based on the interferefchfferent waves.

- Sadly, you are right. As always everything comewn to the basic assumption of light coherence.
| think this will be all for today. It is gettingate, time to go. If you come up with more intemegti
remarks on the subject, please let me know.

- Of course professor. {Said Kamila proudly and}lef

For many days, the professor found himself to denmmusly tired. There were so many thoughts in
his head that resulted in the development of insanthe had to sort everything out in his head. His
widespread knowledge, however, did not make itegdsr him. On the contrary, it was harder for
him to accept that so many matters, till now obsita him, would need to be verified in light of
recent experiments. Suddenly, he had an idea tsidena thought experiment, which would
consist in the closing of a source of light in aclwaith only a small hole. The light would then
travel through that hole as a thin beam. Then kedakimself a question: What can be said about
this light and what kind experiments would be neaeg? The first thing that came to his mind
referred to the color of light. To establish tr@te needs a piece of white paper which would cut th
light beam and result in the showing of the coliothe spot of light.

- Is that really so? {He thought} - Of course,stnot. Even Newton already observed that light can
have many colors (seen), it depends on the mixdtiedlors it is made of. One must do what an
English scholar did ages ago. That is to cut tilet beam with a prism. Because light composed of
various colors refracts on glass, it will then sapa into all the colors it is made of. The
contemporary name of this phenomenon is spectsalugon and it allows to establish the length of
light waves from the researched source. One mayuale a diffraction grating.

Is there more to determine for such a hypothetiggdt beam? Of course, light can also be
polarized. To do this, one must take a polarizén wne’s hand and place it on the optical axis.
{Pure simplicity - he thought} Next, one needs i the light to the wall and by rotating the
polarizer check if the brightness of the spot clesndf it turns out that only some colors are
polarized, then not only would the brightness cleabgt also the color. So, the polarization of
individual colors of the light beam is such a pmypewhich can be also easily established by an
experiment. In a more complex pattern of individoalor polarization, one may also use a prism
and then check each color with a polarizer.

As for now, he did not find any difficulties in sleribing such qualities as color pattern and
their polarization. What other quality may a liggjgam have? Of course, it can also be coherent or
incoherent. The obvious choice is coherent ligltemvone uses a laser as the source of light, but in
his experiment he did not know anything about gpeto light he considered. He then wondered:
What kind of experiment must one use to estabfishel light is coherent or incoherent? The first
thing that came to his mind was Young's experimiems. clearly stated in the laboratory instruction



for this experiment that it is a necessary conditmconduct the experiment. Unfortunately not! He
clearly remembered the “interference” images he &awncoherent light. So, irrespective of the
reason for the creation of such images, the meati@xperiment may not be conducted to verify
the light beam coherence. What other experimentaldvde suitable to verify this quality?
{Wondered the professor}

Looking for the answer to his own question, he eap with an additional question. In what
experiments is light coherence important? He quyieldsumed that the kind of experiments which
directly relate to interference. The results ardamed in the same manner as in Young's
experiment. He decided to think about a few of treamd check if they are suitable to verify the
coherence of light. He started with Newton ringd anlors created on thin layers. That was not a
good choice. He quickly remembered that one maysusdight for both experiments, which is
definitely not coherent. Colors on thin layers wseen by anyone who ever saw a thin layer of oil
spilled on the concrete or puddle. Colorful soaptbes are also interpreted as light interference on
thin layers, and almost everyone enjoyed them @sld in incoherent daylight. (I will leave it to
the reader to prove that regarding recent expetsnamd in light of accepted interpretations, light
coherence is essential. The fact that is not ofisnussed! This is a result of the “interference”
between the light reflected by the top surfacethatlcoming from a different part of the light beam
section, which was reflected from the bottom swefata thin layer. Therefore, the whole section of
the beam should have the same phase - coherett}.ligh

He also did not do well with Newton rings, becalms®e himself remembered showing
colorful concentric circles, which are created witaylight is transmitted through a lens with a
high angle of curvature, during his lectures. At &md he thought about another idea with the use of
an interferometer. At first, he was very happy when remembered that the workings of an
interferometer are based on the overlapping ofdalterent waves, which results in the creation of
guenching areas and the intensification of vibregioHowever, after a while, he also reminded
himself, that this would be a dead end, becausam mamed Michelson, whom he mentioned to
Kamila earlier, invented and built his own intedereter about a hundred years ago. That was a
very long while before anyone invented a laserchalso meant that Michelson must have worked
on incoherent light.

The professor began to doubt if he were able nd fany experiment, which would be
suitable to verify the coherence of light. Thenramembered Kamila's words:“[t]he interpretation
of this occurrence nowadays is in fact purely geoiced and is based on the calculation of the
differences in distance so as to explain the ajgpearof constructive (strengthening) or destructive
(weakening) interferenceAnd what is more, for such an interpretation theik always be the
need to establish initial conditions (initial lighave). In practice, there is a need for the assiomp
that the light used in the experiment must be caiterboth spatially and in time, or one or the
other. In that moment, the professor understootlitharactice, in every phenomenon related to the
interference of light or wave of matter, revealthgt it also occurs for incoherent light can dislcar
wave interpretation. Because he was at a lossnolinfy an experiment which would in fact (in
practice) need such an assumption, he felt vergpg@inted. Am | not able to prove in an
experiment: Is the light given coherent or incon&?df so, then the concept of coherence is totally
useless, only theoretical and impossible to vdrifyan experiment. Maybe the notion of coherent
light does not exist at all, if | cannot verifyly experiment!

After coming to such conclusions, he decided tkloloser at the workings of a laser, as it
is commonly known to be the source of coherentlifhe heart of every laser is an active medium,
which enables the strengthening of light intengitye to its excitation. In short, there is an
assumption which states that in such a medium taereplaces (crystal lattice additives, or O
particles in a gas laser), which are able to cappart of the external energy (go into an excited
state), and release this energy in the form ofraited photon. The energy needed to excite such
places comes from a light that has more energglectrical discharge or other phenomena (like
chemical reactions) (Fig. 35).



Fig. 35 The laser core based on a solid body avitltound ultraviolet lamp.

In order for light to be emitted, tlaser core must be additionally intensively coolEaen,
one may observe the so-called population inversishich, based on the understanding of
occurrences taking place in the process, leadsetoadial release of energy in the form of light of
certain colour — illumination (Fig. 36). Otherwigbe medium just gets warmer.
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Fig. 36 Radial release of energy accumulated inatber core.

In such a way, one will not obtainager beam but only a shining glow of the crystal,
which may be easily compared to the operationlafrg with filter (one color) or the phenomenon
of luminescence. After a while, excited atoms wdlease their energy, however in a random
direction and phase. In order to create a lasempeae must insert two mirrors into the system,
including one that is semi-transparent (Fig. 37).
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Fig. The laser core surrounded by two mirrors wlaltbw the release of radiant energy in one
direction.

Under such circumstances, the excited medium wdldily release its energy ahead of time on
condition that the photon that falls onto it woldear the same energy as the one that would have
been generated. It is assumed that the additioaalijted photon has the same energy and direction
as the one which initiated its emission. Becausarihirors are placed in such a way as to allow the
photons travelling in one direction to turn backl ae-enter the space of the laser core, they also
induce other photons, whose direction is determibgdthe mirrors, and which becomes the
dominant direction of light emission. After a shosthile, the intensity of light travelling
perpendicularly to the mirrors grows to such areeiithat light emitted in other directions is
considered negligible.

It is this assumption, whereby the emitted phdtasa the direction and phase of the incident



photon, that serves as the main argument to taset light as coherent. But is it really the case?
{The professor pondered over the subject for a @ymind what if atoms emit light of the same
energy (color) and direction as the photon intigtillumination, however at different times? What
if there is a slight delay? Then, the assumptia light is coherent is unfounded. However, being
in possession of no valid arguments that that cdwddthe case, he assumed that the official
interpretation was correct and set out to searcbtfeer possible inaccuracies.

At some point, he realized that every laser gaasrancoherent light during the start-up
phase. After all, the first stage consists in indgdhe active medium which initially emits light i
random directions and different places of the lasme independently (incoherently). Only by
strengthening the photons which were emitted petigalarly to the mirrors, one is able to
strengthen the course of light in the desired dimacand witness the disappearance of emission in
the opposing direction. However, it so happens #hahe initial stage many photons could have
been emitted separately towards the mirrors anchirgp from different parts of the core, could
have created a common initial beam. There is nsoredo believe that any one of the photons is
better than the rest. They are equal and in theach of them can be further duplicated. It would
mean that the final beam leaving the laser woulccdraprised of a large number of duplicated
original photons with no past or present coherandeetween them. Finally, it is safe to say that
there is no theoretical claim to assume that teerlbeam is coherent. Since it was not coherent
from the outset, it will still remain so despitevivey been strengthened. That is because multiple
incoherent beams that are strengthened in a cahmeemer would still create an incoherent beam.
The result of theoretical deliberations did not syahe professor too much, since he had already
established the there was not a single experimdnthwwould enable him to scrutinize the
coherence of any examined beam of light. In thaegahis conclusions were purely academic and
had no bearing on further deliberations.

Next day, the professor ran into Kamila in theway leading to the auditorium.

- Good morning professor! {Shouted Kamila cleartgited about the encounter}
- Good morning, did you get a good night’s sleep@ Mok exhausted.
- | am, indeed. | spent the whole night on therimge searching for new materials related to light
and interference. | was wondering what other irgtieng experiments can be carried out.
- Did you find anything interesting?
- | guess so. | was browsing through data reladadterferometers and | found out that they require
coherent light. Can we examine the necessity ofyagpcoherent light in this experiment?
- There is no need for that, Ms Kamila. | also vaatla lot last night and | managed to find out that,
in the case of interferometers, light coherenaeisrequired.
- | expected that, however | really wanted to chemkething else.
- And what would that be?

Kamila took out her notebook and drew a small diagportraying Michelson’s interferometer.
It consisted of a laser as the source of light walweave interpretation), two mirrors, including a
mobile one, as well as a semi-transparent diaphi&ggn 38).
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Fig. 38 The diagram of Michelson’s interferometaght passes through a semi-transparent surface,
where it is divided into two beams of equal intensihen, after being reflected by the mirrors and
having been combined again, those return to imergth each other.

- As we know {She continued}, the semi-transparéi@phragm is supposed to divide the light
beam into two beams of equal wave amplitude. THenseparated beams follow different optical
paths and, having been combined again, interfete @ach other. Depending on the phase shift
between the beams that are combined again, thevelbseay, or may not, see the light. If the
relative phase does not change, then we will havdot with constructive interference and the
observer will be able to see a spot. If the ph&sie Isetween the beams takes place out of phase,
then the beams cancel themselves out and the @pskresn’t see any light.

- In order for that to make sense, light must bdeecent.

- Of course. At the moment, | assume that the viatespretation is correct.

- I understand, please carry on.

- We can also consider the case in which light Wweél put out partially. If we try to change the
location of one of the interferometer’s arms, th®m path of one of the light beams will also change
and, as a result, one will be able to witness tianges in the spot brightness visible on the screen
Right up to the point of total light quenching. $wat’s theory.

- Exactly, that’s one of the premises of wave iptetation.

- As can be seen in the diagram (Fig. 38), the Iseafrtight reflected in the mirrors return towasls
semi-transparent diaphragm. Each of those lightrisecarries the energy which may be used to,
e.g. fill a hole in a piece of paper. If we deathwconstructive interference, then there is no
problem. The entire energy travels in the obsesvdirection and the observer may also burn the
hole (let’s say twice as fast as in the case dhgles beam). Where, however, is the energy in the
case of destructive interference? Then, on therebss side, the piece of paper remains intact.

- Indeed, that is a very valid question, Ms Kamila.

- Is it then that in this case the law of conseoradf energy doesn’t apply?

- No, no, that is absurd! This law must apply dttahes. One must rather look for some
explanations. In the past, various scientists omarous occasions would assume that they
witnessed unexplainable decline or excess of enegtgyever, having conducted more precise
examinations and upon thorough deliberations, #we of conservation of energy would always



prevail. Therefore, Ms Kamila, | recommend thatnather try to find that missing energy. Do you
know where it might be?
- Yes, | do. First, | attempted to answer the felloy question; is energy generated where it is
detected, across the entire area of interferingnisear on the semi-transparent diaphragm? Then, |
realized that, from the formal point of view, itnst important how far the observer is. If we assum
that the observer may be anywhere, then it is plesshat their location will be just behind the
semi-transparent diaphragm. When we deal with deste interpretation, the observer should not
be able to see the light beam. Therefore, | deciddohd the answer to yet another question; does
the semi-transparent diaphragm heat up more du@styuctive interference than it is the case in
the process of constructive interference, wherehttaing comes only from a slight absorption of
light by a material medium?
- It won't be easy to determine in an experimeRt.ofessor interrupted}
- | am aware of that. It would require somethingrenthan a student laboratory. Because the
hypothesis of the semi-transparent diaphragm hgaginseemed to me a bit far-fetched, or at least
difficult to prove in an experiment, | decided twk for a different explanation.

Kamila added the second semi-transparent diagrahilee additional observer to the initial
diagram (Fig. 39).
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Fig. 39 Diagram of Michelson’s interferometer wiim additional semi-transparent diaphragm.
Light passes through a semi-transparent surfacerevh is divided into two beams of equal
intensity. Then, having been reflected in the mgrat returns and, having reached the semi-
transparent diaphragm, travels towards the souffcdight. The additional semi-transparent
diaphragm reveals the beam of light returning talsahe laser.



- Now | understand what you are trying to do. Unfoately, the laboratory where you have classes
is not equipped with interferometers. We will haeeask someone else to let us conduct the
experiment or to do it themselves. | must admit, Kemila, that your idea is genius in its
simplicity. It is enough to add a single semi-ty@ar®nt diaphragm in order to conclude whether
during “destructive interference” the photons da just return towards the source of light. Then,
there would also be no problem with the disappezraf photon energy.
- Please note, however, that the experiment may imalny more answers. If we are talking about
the phase shift, the general requirement for olrtgifringes based on the wave interpretation is the
same for beams reaching the top and bottom obserVée process takes place regardless of
whether we deal with constructive or destructiveriference.
- That’s right, but what is the meaning behind?his
- If the wave interpretation is correct, then botiservers should be able to see intensification or
guenching at once.
- But that would mean that the problem of disapipgaenergy remained unsolved.
- Exactly! That’s why | suppose that light, deperglon the conditions at the entrance to the semi-
transparent diaphragm, sometimes heads towardsghebserver, whereas on other occasions it is
directed towards the second one. Then, as you &lagady noticed, there should be no problem
with the law of conservation of energy.
- However, it would then signify the need to seai@ha completely different explanation, rather
than interference, to explain the occurrences tpgiace there.
- You shouldn’t sound so surprised professor aliethose experiments. {Kamila said jokingly}
- That was not funny Ms Kamila. | have completetyidea how to explain that in a different way.
- Don’t worry, me neither.
- Have you been able to find anything else on titernet, apart from inaccuracies regarding the
interferometer?
- Not on the internet, however during my recentstaljography class, we were deducing Bragg’s
formula for the purposes of explaining X-ray peakse professor was referring to the interference
of X-ray beams. Shouldn’t the X-ray beam be coharethis experiment?
- Hmm. All in all, the Bragg interpretation is tlsame as intensification and quenching of colors,
with light reflected by thin surfaces. It consistdefining the difference in distances coveredabhy
X-ray wave between beams reflected by differenstaliographic layers. Depending on the angle at
which the X-ray beam falls, the difference in rauighanges accordingly. Therefore, for some
glancing angles one may see peaks, whereas faisotbe
- Indeed, however X-ray beams interfering aftevileg the crystal come from various depths and,
as a result, from different areas of the incidesdrb section. So, across the entire section of the
incident beam there should be the same phase. diition of temporal and spatial coherence
must be met.
- Indeed. The exact same situation may be sedreiexperience with thin layers.
- So, Bragg must have assumed that the X-ray bsawfinitely coherent.
- There is no doubt about that.
- How does one obtain the X-ray beam? Could yoagdeell me about it?
- Of course. Didn’t you talk about it in your leots?
- No, unfortunately not.
- Please pass me your notebook, then.

The professor took Kamila’s notebook and carefditgw the diagram of an X-ray tube,
using it as an example to explain the tube’s opmrdFig. 40).
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Fig. 40 The diagram of the X-ray tube’s operation.

- The X-ray tube is nothing else but a vacuum bebbith two electrodes inside. Beside the
negative electrode, there is a small spiral simitathe filament in Edison’s light-bulb with an
electric current passing through. When the tempegatf the filament rises substantially, then, as a
result of thermionic emission, an intensive cloddree electrons appears, which are intensively
accelerated in the direction of the positive cathbg means of applied voltage. Rushing electrons
give away part of their energy to electrons locatedhe cathode’s atoms (usually copper). This
leads to the local excitation of electrons in atansl the emission of photons, when their state
reaches the initial level.

- | understand that the cathode’s atoms don't psieir energy right after being excited.

- No, but the period of time between excitation #melemission of light is very short.

- Despite all that, however, the electrons in tigjge of lamp collide with the cathode surface at
random moments in time and space.

- Of course, that’s true. The electrons in the anadea appear spontaneously as a result of
thermionic emission and begin to accelerate aeudifit random moments in time, as well as with
different initial speed.

So, they reach the cathode in a manner that is ledetpuncoordinated.

- Does the electron have any effect on itself @y between the anode and cathode?

- Yes. The electrons push themselves away. Thexefbeir speed and location in the process of
passing between the electrodes will be subjedhémge in a way that is difficult to predict, andlwi
depend on the location and mutual velocity of tleeteons.

- In that case, the randomness of excitement arttengathode’s atoms will be even greater.

- Not necessarily, because faster electrons caalyinwith the slower ones are then slowed down
by them and vice versa. Faster electrons caussldlaer ones to accelerate. So, the velocities of
electrons during their movement should be levelttmvever, here, we are far from the situation in
which electrons would reach the cathode in a cotalyleorganized way. Even if the interaction
between electrons would level up their velocitigen individual collisions between electrons and
the cathode would still be fairly random.

- | understand that we cannot then assume tha{-tlag beam is the beam of coherent wave.

- If we are talking about the X-ray tube, then vedimitely cannot state that we are dealing with the
source of coherent waves.

- If so, then why is it that in books Bragg's caiwh is being deduced in the application of the
wave interpretation, i.e. interference? After ek application of the said interpretation requites
condition of incident wave coherence to be met. e\ev, the condition can't be observed.



- 1 don’t really know. It seems that some of th@kauthors did not really pay too much attention to
their contents.

- So | assume that this could only mean one thiing formula deduced by Bragg was incorrect
because it had no theoretical grounding.

- Not necessarily. It might be correct, howeveryanl a random manner at best. We have already
seen in the past that on occasions flawed hypahesmed as a basis for correct conclusions that
were proved through experiments. It is hard tordfiy say what is correct. | think that many
scientists will not agree with your assertion tBaagg’'s condition could be incorrect. The entire
concept of crystallography is based on that comwlitas well as solid-state physics and many other
theories which seem to rather exceptionally cogh ptioviding the description of all that surrounds
us. The rejection of Bragg’s condition would beneattroublesome.

- | understand, however the fact remains that tla¢ten in question will have to be rethought
thoroughly so as to find a proper explanation efshrrounding phenomena. One, which would not
be so easily discredited as the present one.

- I'm afraid that it won’t be so easy as you mititk, however you are completely right.

Filled with pride at being able to find yet anotiv@ccuracy in the theory, Kamila raised her
head. Suddenly, she caught a glimpse of the cladging over the entrance to the room, realizing
that she was late for her next classes.

- | am really sorry professor, but | have alreaaliked too much and I've got to go now! Would it be
possible for me to pick your brains should | hamg aore questions?

- Yes, of course { Both departed hurriedly in opposlirections. The professor was also in a great
hurry, however for a completely different reason}.

In the meantime, Kamila was off to her physics ueet where the subject of discussion
revolved around the movement of charged partiaegléctric and magnetic fields, as well as
Faraday'’s law of induction.

As part of the lecture, students became familiarizgth the formula for Faraday’s electromotive
forceg, created as a result of a shift in time of the nedig flux ®:

_d
==t 6)
o= gSS B-S 7)

During the lecture, the discussion focused on grmoislin which a closed electric circuit of surface
S was located within a homogenous magnetic fietth widuction B directed perpendicularly to the
circuit in question. Then, one would obtain thikolwing simplified formula (7)

p=8-S ®)

The change in the magnetic flux occurred, dependingthe discussed problem, via uniform
change: in the value of magnetic induction B(tjia cross section of the electric circuit S(t), ethi
was easily determined in all discussed problems.

(t)=B(1)-S(t) 9)

For the magnetic flux defined in such a way it waly necessary to determine its time derivative in
order to easily establish the value of electronetierce from magnetic induction. Kamila was

quick to grasp the concepts discussed during tbeirks, that is why she decided to solve the
remaining problems, ones that had not been touaped during the lecture, at home. When she
found a moment of free time, she sat down and tteadigh the first problemA metal bar of length

L spins in a homogenous magnetic field of inducBgmerpendicular to the surface of the bar spin.



Calculate the difference in potential between thdseof the bar, if it spins uniformly in relatioo t
its end with angular velocity.

Right away she thought that there must have bemistake. During the lecture, in the discussed
problems, it was easy to determine a closed etexticuit and it was in relation to such circuitsit
the change in the magnetic flux was calculateds Time, however, there was no closed electric
circuit (Fig. 41).
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Fig. 41 Diagram related to the problem withbaductive bar spinning in the magnetic field.

She knew that the difference in potential to bewaked was nothing but voltage. Therefore, she
expected that electromotive fore€formula 6) needs to be established, which matydmed as
regular voltage in Ohm’s law. So:

ANV=U=¢g= ——- (10)

Unfortunately, she did not really know how to cddta the shift in the magnetic flux since she
could not fathom how to go about calculating thegnaic flux itself. After all, formula 7 contains
the value of the closed circuit surface, and hbezet was no mention of any closed circuit. As a
result, she decided to meet the professor theviollp day to find out how to solve the encountered
problem. The professor was surprised that Kamdeided to come to him with such an easy
problem. He approached the desk, where a piecamdrpwas lying, and drew a simple diagram
(Fig. 42).
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Fig. 42 The depictiontloé surface marked by a spinning bar within time dt

- Please, take a look. We may assume that wittma tt the bar will move aidangle. Then, the
surface marked within this period of time will bgual to the one presented in the diagram. That is:

2 do_ L*da

dS=z-L o > (11)

At the same time, we know that:

o
dt (12)

Therefore:da= w [dt, Applying d to formula 9 one obtains:

dS==— (13)

- Now | understand! {Exclaimed Kamila} The magnefliax will depend only on the shift in section
dS, since magnetic induction B is constant ingiablem, therefore:

p(t)=B-S(t) (14)
When we calculate the flux time derivative, thenwitk obtain electromotive force:

d ds d, L% dt 1
== = (=5 —)=—5B L% (15)
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dt dt dt

- That was the exact point. Would you say that dificult, Ms Kamila?

- No, it wasn't. It looks like a mathematical trigkhich allows you to calculate something, but you
end up not knowing what it is all really for.

- Ms Kamila, what on earth are you talking about?

- 1 think I'm right, professor. You see, how doés said solution relate to the theory stating that
shift in the magnetic flux within a closed circgiénerates electromotive force? By looking at this
problem, | can clearly see that there might beauthss in other cases as well. When the electric
circuit is not closed, as is the case in this mohlbut the shift may be seen only with regardfi¢o
value of magnetic induction B, or the electric systis not located on a flat surface, how do we
then determine section S in formula 7? Moreovean also see a problem with trying to determine
where exactly the voltage appears and what mightsbealue. Faraday’s law (formula 6) only



determines the appearance value of electromotiree flust as if it was induced within the entire
electric circuit in a miraculous way. It does nadtetrmine the value of voltage that would be
generated in any given area of the circuit. Witbhsdoubts in mind, | didn’t really know how to go
about solving this problem. Therefore, | came ta.ydnfortunately, your solution doesn't dispel
my doubts.

- Did you try to solve this problem in a differemay?

- Yes, indeed. That’s why | came to you. To seuyfline of reasoning was correct and what would
come out of it.

- | am all ears, then.

- Let’s start with the premise that the bar cossist free electrons which may move with ease
within the bar as well as other parts of the atdmsll treat the latter as immobile positive cores

Is it the correct assumption?

- You can safely accept it as correct. It is irelmith the present commonly accepted understanding
of conductors. Please, carry on.

- So, | assumed that, since the bar moves witrenntiagnetic field, then other free electrons and
positive atom cores must also be able to move tineaesimilar manner. Based on my assumption,
their velocity in relation to the magnetic fieldegual to the tangential velocity of the bar. 3@ t
further it is from the rotation axis, the biggeb@comes.

VS:a)‘r (16)

- That’s not entirely true. From a theoretical samoint, it is assumed that atoms oscillate around
their average position and the higher the temperaitithe body, the more intense the oscillation.
This motion will overlap with the tangential velocobf atomic cores. What is more, the velocity of

free atoms is even greater. We can assume thatamiage velocity at a given point will be equal

to the tangential velocity of the bar.

- I understand. {Kamila pondered over the subject}

- Please, carry on Ms Kamila. Your assumption egldab the velocity of free electrons, as well as
atomic cores, is highly acceptable.

- Since free electrons and positive cores moveiwitie magnetic field, | assumed that the Lorentz
force affects them. At the same time, | will set tuconsider only the motion of electrons because
the motion of cores would result in the alteratidrihe bar’s shape.

- Good point.

- When electrons are affected by the Lorentz fancene direction, they then try to accumulate at
one end of the bar. At the opposite end, one maigandeficiency in that regard. This is how the

difference in potential is created, i.e. voltage.

- If we factored in only the Lorentz force, theh@nduction electrons would be stored at one end,
wouldn’t they?

- That is true. However, shifted electrons creaaeemagnetic field in the bar, which subsequently
generates the second force that pushes them awpy &}.
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Fig. 43 The diagram of forces affectireg electrons in Kamila’s solution.

Kamila continued:

- So, electrons are in motion until the net foreaches zero. When it happens, equilibrium is
created and static electrons are not in motionraose. The above diagram (Fig. 43) presents a bar
piece with length dr located at an r distancenfritie axis of rotation. Electrons move with v
velocity within the said distance (formula 16) ard affected by the Lorentz force:

FL=e~VS-B (17)

At the same time, as a result of heterogeneousnagasition of electrons within dr distance, dU
voltage is generated which then enables the creafithe electric field defined as:

_du
B=ar (18)

The created electric field generates electric force

—E.e=e.9Y
FE—E e=e dr (19)

- That's very clever, Ms Kamila. Now | understarmly point of view. You intend to compare both
forces and deduce a formula that would enable galtulate dU:

dU=v_B-dr=c-r-B-dr (20)

- Exactly, electrons will be in motion until thetrferce reaches zero. Then, every dr section will
have a corresponding dU voltage value. If we adidi@dl values together, we will obtain U total
voltage. So, we will get the following:

L L 1 1
U=ZdU:de:J;erdr:wBJ; =§w|3(|_2—02):§w|3|_2 21)

- You see! That is exactly what | got in my solatidormula 15). {The professor seemed surprised}
It seems that your way of thinking is also correct.

- Not necessarily.

- What do you mean?



- Only now have | realized that there might be abjgm. Both solutions provide the same results,
however from a physics standpoint they are notlegirat of all, however, | would like to point out
that my solution copes really well with the doultentioned before. For every section of the
electric circuit, even the smallest one, one cdmédeelative movement between the magnetic field
and a conductor and, based on that, determinedhentz force that has an effect on free electrons.
Then, having defined the force, one can calculaddcal rise in dU voltage that should occur in a
steady state.
- We would then be able to establish where and wbéihge will be induced, instead of only
generally defined electromotive force. That's reallever, Ms Kamila. | must admit that I'm
impressed. It must be said that your solution hgtéster value than mine.
- It's not about the value at all, professor. #lsout the meaning defined from a physics standpoint
Your solution only refers to the concept definedHayaday and it's based on attempts to establish
the shift in the magnetic flux which induces vokagds if the shift in the magnetic field created
voltage, which would subsequently put charges itiono
- Indeed, that really happens. Varying magnetikd fezeates the electric field, which then faciksit
the flow of current providing that the electricauiit is closed.
- And that is how you were applying Faraday’s lawbur reasoning (formula 6). However, this
approach required you to come up with a trick basedefining the shift in dS section. Now, there
is no shift in the electric circuit section in thpsoblem. By the way, there is no closed electric
section at all. So, from a physics standpoint, y&alution is extremely far-fetched, and therefore
doubtful. Regarding my solution, however, one dadsve to refer to things that are non-existent.
- Hmmm. From a physics viewpoint, your solutionragedo be much more feasible as it goes right
to the root of the subject.
- | am glad that you appreciate that. However,nklthat the issue of interpretation related to the
acceptance of my reasoning is far greater. Havenpdised where the problem might be yet?
-The professor took a closer look at Kamila’s dolutand, after a moment of deliberation,
concluded:
- Indeed, there is the difference in the causerasdlt order in your line of reasoning
- Exactly! The relative movement between the chaagd the magnetic field caused by the
movement of the conductor or magnetic field linesuits in the occurrence of the Lorentz force
that affects electrical charges (The change inevaflumagnetic induction B creates the local sHift o
magnetic field lines!). The force is the reasonibeétihe movement of charges, which, only after
the shift, create voltage.
- So, in your reasoning voltage is a consequencen@fed electric charges influenced by the
Lorentz force. The vital premise of my assumptiooyever, focuses on the movement of charges
as a consequence of the creation of voltage indogdthraday’s law.
- Indeed! And what would happen if there were narghs within the space of the varying magnetic
field?
- Following your line of reasoning, there will be mduced voltage either, since there will be no
charges which could be moved and could therefonergeée voltage or the electric field.

The professor pondered over the consequences gjugstion posed in such a way and after
a long pause exclaimed:
- But that’s absurd! It cannot be true. If that clmsion were to be true, then the electromagnetic
wave could not exist, which, after all, moves iwvacuum. In the modern version of Maxwell's
theory a varying magnetic field induces the eleclield, whereas a varying electric field induces
the magnetic field, etc. All of that takes placeainacuum! This way, the electromagnetic wave is
created which is propagated with constant velodg are talking about the speed of light for
which the vacuum is no obstacle whatsoever.
- | understand that the waves you are talking alaoetthe same as radio, radar and microwave
waves, etc.? Something, we have already discussed.
- Yes, also now the concept of light is explainedne same vein as electromagnetic waves. It is a
classic approach to the problem related to thereatfilight. Only after the experiments conducted



at the turn of XIX and XX centuries were the satstforced to accept its present dual nature.

- | remember that you spoke about it before. Howebe experiments carried out in the laboratory
did not hold any proof that light has wave propstinot to mention, dual ones. If we want to treat
the so-called electromagnetic waves as equal wgtht,|then they must be something else. If,
however, they turned out to be something else, yloen doubt would be unfounded.

- Indeed, that would not be the best counterexanaptbe conclusions derived from your solution.
Nonetheless, with present experimental facts, ildite ludicrous to state that the so-called radio,
microwaves, etc. do not exist. Are they really #lmoagnetic waves as posited by Maxwell?
{Maxwell’s theory related to the stress and movetm&nether, so it is safe to assume that those
would not be the same waves as they are describ@desent!} Unfortunately, we are at the
moment unable to explain those phenomena in a natydbes not involve referring to the existence
of electromagnetic waves.

- Then, is my way of thinking incorrect with regar this problem?

- Your solution seems to be very thorough and wellight. What is more, it touches upon the
essence of the problem. Much more so than the geassumption that the change in the value of
the magnetic flux induces the electric field (&lemotive force) at an unspecified location within
the electric circuit.

- This reminds me of the words spoken by my previmacher, who said thphysics is comprised
of many laws of nature. Some are very general aethingly mysterious but are easily solved and
understood based on more basic and elementary land.it is those laws that are the real reason
behind the observed phenomena.

- That is true, Ms Kamila. Let’s take Archimedeshgiple. What does it describe?

- Everybody knows that, professor. Archimedes’ giple describes the upward buoyant force that
is exerted on a body immersed in water. It is etuéhe weight of the fluid that the body displaces

- Right, doesn't this principle sound too mystes@u

- Hmmm. If one were to think about it for a whiiewould be safe to assume that for someone who
is not familiar with Pascal’s law and is not abtedalculate the force of pressure, Archimedes’
principle may really seem fairly mysterious.

- Please note that in this instance we may be fagédsimilar dilemmas, as was the case with the
direct application of Faraday’s law.

- The professor turned around a piece of papeglgimthe table and proceeded to draw a diagram
(Fig. 44).

Fig. 44 Diagram presenting Archiméd@<se exerted on a body immersed in water.

- Archimedes’ principle, as you mentioned, desaithee force exerted on a body immersed in fluid
whose value is equal to the weight of the fluid tih@ body displaces. In example ‘a’ the volume of
displaced fluid will be part of the case’s voluméjich should be easy to determine. Whereas, in
examples ‘b’, ‘c’ and ‘d’ the matter of the volunoé displaced fluid is very easy and equals the
volume of the entire case. With regards to exangle the volume of displaced fluid is a moot
point, especially if the wall, through which theseayoes, was not vertical.

- Similar to trying to define surface S while cditing the value of the magnetic flux in the cate o



open circuit, or the one not located on the samiacer?

- Exactly. Meanwhile, Archimedes’ principle (Fi#4¢4) does not describe the actual behaviour of the
case in examples ‘c’, ‘d’and ‘e’.

- How so?

- The professor drew a similar layout of cases.sTiine, however, instead of Archimedes’
principle, he marked the point of exerted presdasged on Pascal’s law and changing in proportion
to hydrostatic pressure (Fig. 45).
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Fig. 45 Diagram presenting pressure exerted orscaseersed in fluid.

- Now | understand what you meant. In the casexafrples ‘a’, ‘b’ or ‘c’, it is easy to calculate
the buoyant force, which is applied upwards, byiragidp all of the forces to be found on the case’s
surface. Because the pressure below the bottonheottase is higher, therefore the hydrostatic
pressure exerted on the bottom surface is highar the corresponding one exerted on the top
surface. As a result of all the forces the netdasccreated, which is also known as Archimedes’
force. However, in the case of ‘c’ and ‘e’, the gmare exerted on the side surface is not
compensated with the pressure from a differenctor. Therefore, the case will be pressed against
the wall of the container, the fact that is notyided for in Archimedes’principle.

- Indeed, but that is not everything. Example &really interesting. Let’'s imagine that we have a
case with average density lower than the densityvater. If we wanted to immerse it in an
aquarium filled with water, then we would have &kd steps to counteract the buoyancy force
which, in this case, would make it difficult foreltase to be moved, while also pushing it upwards.
The buoyancy force will be present all the way ddwrthe bottom. There, a seemingly magical
thing happens. If the case is smooth, just as gnaraum, it can then be placed in such a way that
there will no longer be any liquid under it. Theme would see that the case would not only stop
moving upwards, but, more significantly, that itwle be pressed downwards.

- Interesting. | didn’t pay attention to that befphowever, it really seems impossible to solvs thi
matter based on Archimedes’ principle. This cagevshhow deceptive some of the principles might
really be. Only by going deeper to the core ofghenomenon, i.e. forces which are really pushing
against the immersed case, is one able to sedgberlpicture, portraying all nuances that seemed
so mysterious before. However, the same could lik adaout Faraday's law. His law is equally
broad in nature as Archimedes’ principle and it eéso be explained by referring to the original
cause of observed phenomena, i.e. the Lorentzdpheing a direct impact on charges.

Whereas Archimedes’ principle may be regarded a®ressequence of pressure forces exerted
directly on the surface of the object immersed iquitl, Faraday's law is nothing else but a
consequence of the exertion of the Lorentz foreceslectrical charges.

- Well, following this line of reasoning | would honly have to admit that you were right regarding
the problem with a conductive bar spinning in thagmetic field, which | have already done, but |
would also have to admit that it is a completelyrect solution, which refers to the actual cause of
the difference in potential observed in such aregrpent. However, it is in contradiction with the
concept of electromagnetic waves travelling ingbesalled vacuum!

- Given that, we must now try to decide whetherdh@re any other inconsistencies in Faraday’s
law such as those in Archimedes’ principle that yacalled? In the commonly accepted



interpretation of Faraday’s law, a varying magnégtd causes the emergence of the electric field
(voltage). The faster the change in value of thaldfiflux, the bigger the field becomes.
Subsequently, voltage is generated which cause$othef current.

Ohm'’s law gives us the following:

U
R (22)

Therefore, current which will run in the conductlmcated in a varying magnetic field, will be
dependent on the value of electrical resistancet then that in superconductors, where the
electrical resistance equals zero, critical curneiit be induced at all times, regardless of the
volume of change in the magnetic field? (In thedhg current would be infinitely substantial,
however such currents do not exist in supercondasi¢to

- No, it would be absurd! If it were the case, thesgardless of the speed at which the magnet
would be brought closer to the superconductor,atileé always generate the same magnetic field.
This field would be dependent only on the geomeiirthe superconductor and density of the
critical current, and not on the distance or spaedahich the magnet would be drawn closer to the
superconductor. You may not know this, but the sup®luctors are characterized by a low
electrical resistance in the case of alternatintjage. The higher the frequency of the varying
electric field, the higher it becomes. Thereforthihk that the critical current won’t necessariy

in the superconductor straightaway.

- And yet, you might be wrong, professor. Duringe @t our lectures, we discussed the problem in
which a conductive ring was located in the magnigicd whose value would change linearly in
time. This means that the magnetic flux would alsange linearly in time (formula 9). According
to Faraday'’s law, the induced voltage would be taisAs a result, one would be able to bring the
magnet closer to the superconductor so as to,cordance with the theory, induce constant voltage
whose value would be dependent on, e.g. magnete.fdhen, the superconductor would continue
to be characterized by zero electrical resistamcenay previous remark regarding the induction of
critical currents would still be valid.

- Indeed, my remark has not been thought out. th stase, | am wondering whether a varying
magnetic field acts as a voltage source the wayas reflected in your calculations based on
Faraday’s law. Or maybe, it should be viewed asuwsce of current, which would serve as a better
way to describe its behavior in superconductors?eller, were it to be a source of current, then
the concept of the Lorentz force being respondiniehe movement of charges would seem to be a
more plausible explanation of the phenomenon tharassumption that it was electromotive force,
generated by induced electric field, which influeti¢che movement thereof. Superconductors have
a certain quality which means that current is irdu them in such a way as to generate a zero
magnetic field within each superconductor, or dma tvould enter it in the form of the so called
vortexes (type-ll superconductor). So, your examplgh the induction of voltage in the
superconductor might not be the best because tpercgnductor is a uniqgue material and it
behaves uncharacteristically, while reacting toekiernal magnetic field.

Meanwhile, in the case of regular conductors, assumed that conduction electrons move
in random directions determined by each collisigvithin that period of time, they move at
considerable speed and cover distances that stibtaexceed those between the conductor’s
atoms. The average velocity of electron movementlsgzero. In the case of appearance of an
additional electric field within the conductor, additional external electric force is exerted on
charge carriers. The force in question alters trerame values of the velocity of free electrons,
providing them with resultant velocity in the ditien of a charge moving within the conductor,
which is observed as current flow. A similar effetdy be obtained in the event of appearance of an
additional magnetic force having an effect on chacgrriers. The Lorentz force replaces the
electric force under such circumstances, whileptteenises of Ohm’s law are still retained.



So, attempts to differentiate whether in thisanse we are dealing with voltage causing the
appearance of current, or the Lorentz force causiiegmovement of charges, may be hard to
determine experimentally.

- Finally, we always end up with the same conclusiprofessor. Faraday’s law of induction
(formula 6) is basically the same as the Lorentzd@nd if we attempted to consider them as both
having a simultaneous effect on free charges, dhermssumptions would be wrong.

- Of course! It would be the same as trying to diemeously take into account Archimedes’ force
and pressure force in one’s calculations. It i® al®rth noticing that the pressure resultant force
determines exactly at which point and what foroes exerted on the object immersed in liquid.
Contrary to the Archimedes’ force formula. Sinmyatio the Lorentz force in your line of reasoning
which enables us to accurately determine the locand the volume of voltage generated in the
analyzed electric circuit. However, such line cagening will force us to re-examine the actual
nature of waves, e.g. radio waves, microwaves,Edpecially, since we assume that those are the
phenomena of the same nature as light.

- Even more so, when we keep in mind that the emxyens that | conducted in the laboratory
undermined the wave interpretation in some of thestnessential experiments related to light.
{Added Kamila}

- Indeed, your experiments put a question mark thewidely accepted interpretation of light as a
wave. However, | must remind you that such aspesthe lack of mass and a precisely determined
significant speed of light in a vacuum become aenegreater mystery, when we reject the wave
nature of those phenomena. That is exactly whyg #0 hard, if at all possible, to abandon the
current wave interpretation of light. I'm not sufethe scientists are prepared to reject the wave
interpretation altogether? | don’t really know hosvcome up with a suitable replacement for the
theory in question. At the moment, the only solatiacan think of is continuing to look for further
experimental evidence and other inaccuracies celatdight, as well as other accepted theories,
which would give us some additional clues in tharsle for correct explanations of the observed
phenomena.

- All in all, it seems that there are no contradias in relation to my solution of the problem?

- No, however, it contradicts the idea of an elmtiagnetic wave (more specifically, the inducement
of electric field in vacuum caused only by an al&ging magnetic field without moved charges). |
do not know how to explain this, but | cannot prgee are wrong.

- | understand. In that case | will consult thisuson with my lecturer ;-). | think it is time tgo, it

is getting late.

- Till our next meeting Ms Kamila.

- Goodbye professor.

The professor stood up and while pacing the roagab to wonder about the conversation
that had just ended. He knew that the conclusioom fKamila's experiments contradict the
contemporary comprehension of micro-world phenomeétgaunderstood that these hypotheses of:
light duality, wave of matter and even more so, fnebability wave, are highly absurd and
indirectly result from the wave-corpuscle interptain of the nature of light. He remembered
hearing a theory from many authority figures, tsath phenomena may not be explained by
classical (mechanistic) physics.

- Is it indeed so? {He thought}

He knew that in Young's experiment with single imst or electrons, one obtains individual, it
seems chaotic, points on the screen, which onér affonger exposition time become well-known
fringe images (Fig. 46).



Fig. 46 Result of plate exposure to single photmmalectrons in accordance with Young's
experiment [4, 5].

Such a result may not be explained by interfereSo®gle photons projected on the screen may not
interfere with other photons projected onto a ddfe place on the screen and at a different time!
That is why, the current wave interpretation ostekperiment could have been discarded long ago,
if only physicists were able to admit they were mgolnstead, an absurd theory was created, that
every photon or e.g. electron interferes with fteel the basis of ,wave probability” interference
[5] - and such a statement is sheer gibberish tw@s not explain anything! Meanwhile,
experiments with single photons or electrons alsove that there is no interference in this
experiment!

Nonetheless, the professor reminded himself alyouhg's experiment with the use of
single particles, because it shows that the fingdlamation of this phenomenon must have a
probabilistic description. However, it may also deterministic in nature. {No matter how many
times Young's experiment would be conducted, owayd obtains the same results. The exact same
thing may be observed in heat theory, althougk & ideterministic phenomenon from a classical
point of view.}

- But how to explain the creation of fringes on #oeeen in this experiment from a classical point
of view? {He asked himself}

While pondering on the answer to his question,piftdessor paced around his study. Then, in the
corner of the room, he noticed a triangle useddoalize Gaussian's curve (Fig. 47).

Fig. 47 Probabilistic arrangement of balls in thartgle

He quickly realized that the balls at the bottontlef triangle may represent light intensity for an
individual fringe in Young's experiment. At eactage, the change in the direction of the balls
movement, no matter left or right, is random frome's point of view However, in fact, it is a
deterministic process. The same may occur wheringealith light. From previous experiments,
one may conclude that light, while travelling besilvery single edge, interacts with matter and



divides into a few beams, which we then observériages on the screen. At that moment, the
professor assumed that on the surface of each kotig there is an electric field. It would be a
local field that came from averaging the interatsiof external electrons with a positive atom core
and, perhaps, one that would possess a high eldli intensity or gradient of that field. The
mentioned electric field possesses a certain agegiagngement along the surface, which probably
fluctuates randomly. Next, he assumed that wheht ligavels through a local electric field
fluctuation, then depending on its phase, it candedflected from its movement direction
perpendicularly to the edge (Fig. 48). Assuming thech a deflection is a constant for each photon
movement disruption, we should be able to obtaiglsiphoton fringes on the screen (Fig. 49).
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Fig. 48 Photon behavior diagram close to the edghy @ hypothesis!)
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Fig. 49 Probabilistic mechanism of the change readion of photon movement at the edge, which
leads to the creation of fringe images.

The intensity of these fringes would have a sinjattern to that proposed by Gauss, which serves
as a better explanation of the change in brightoégsdividual fringes than the statement in which
the change is allegedly due to the difference statice from the apertures [2]; an assumption
clearly contradicting the experiment!

- Is the image of the phenomenon that | have adetmtee? That | do not know, but time will tell.
{The professor wondered on} Nonetheless, this mademore suitable for the assumption of



brightness for individual fringes than the inteeiece theory. What also results from this, is a
dependency in the placement of the fringes on thenal the edge is made of. The edge on which
light is divided. One may assume, that for différeraterials the fluctuation of magnetic fields on
the edge can have a different intensity of occueesnd size. Also, it is easy to imagine, that the
curvature of a surface would have an impact onamount and strength of the electric field
disturbance near the surface. It is also possitaethe image seen on the screen would depend on
the temperature of the edge or aperture! Nonetheths interpretation was also problematic for
the professor. Although it is easy to imagine tkistence of a local voltage on the surface of every
solid body, he did not know of an experiment in evhlight would have to directly interact with an
electric field. If something like this were to happ then light would have to interact with bigger
electric fields than ever researched. Maybe a highadient of the field is more essential than the
size.

However, in physics an absurd theory of a proligbivave is most commonly accepted.
Just as we are now amazed at the way it was pedsildbelieve in an electrical or heat fluid, or
other such naive theories, next generations magigH at our comprehension of the micro-world.
Especially that so many “well established” resedaaits concerning light turned out to be false, as
it was shown in recent experiments. An acceptedthgsis of the existence of waves of matter and
other assumptions led to the creation of a theahich is sometimes astonishingly true to the
experiments. (At least this is something writtentéxtbooks, that the assumptions of quantum
mechanics are true to the experiments!??)
- How is it possible, with such absurd assumptmmsvhich this theory is based!?
The professor shouted out loud and continued te pasund the room pondering over the history
of physics. Then, he remembered that the theo§apfernicus was less accurate in predicting the
placing of celestial bodies than that of Ptolemyg &gether with its updated versions [6]. Even if
the second one in our view is absurd and falsecoDfse, Ptolemy's theory did not cope well with
the prediction of changes in obscurity of celedbiatlies, such as the moon. Astronomers of that
time were mostly interested in the placement ptextis of objects they saw (where do they see
them?), at the same time ignoring how they coukimthin Ptolemy's model, “celestial” bodies
moved in circles in a uniform motion, because due¢he beliefs of that time, this was the only
motion acceptable for godly objects. Copernicus whshe same persuasion and therefore his
model did not predict the placement of planetsestily and was less accurate than that of Ptolemy.
So Ptolemy's model was not discarded because lasurements were not precise. On the contrary!
The fact that, at that time, he was able to prettlietplacement of celestial bodies more accurately
than Copernicus was an argument in favor of hisriheHowever, the less accurate prediction of
Copernicus was an argument against his theoryemios theory was discarded with a lot of
hesitation because of Galileo and Kepler's disdeseilhe main problem was Aristotle's authority
and his vision of how the world worked, were Eanths the natural centre of everything and
towards which everything material naturally grasgth However, cosmic objects moved
continuously in a uniform motion, not influenced Bgrth. New theories were hard to accept for the
elites of that time, because they forced them $oald their whole outlook on life. The same went
for “infallible” church doctrines, which resulted understandable resistance.
- And how is it today? {The professor stopped tmkhfor a moment, but then went back to his
remaining thoughts}
If Ptolemy's theory was incorrect, and we now dbheve any doubts whatsoever about that, then
how was it so good with measurement data? Thenedlezed that Ptolemy's system is a flat one,
just the same as Copernicus'. With regards to susistem, an observer being in the centre, on
Earth, has no opportunity to observe the move®lgstial bodies from “above”. He only sees them
as projections in Earth's direction (Fig. 50).
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Fig. 50 Movement of celestial bodies in Ptolemytsded

The projection of a circle uniform motion onto eagght line placed on the surface of this motion is
a sinusoid function. However, the composition aflsuaircle motion projections results in a sum of
the same functions. Finally, it creates the Fourgaw, which has the capability to match every
periodical function. Undoubtedly, the movement otlestial bodies seen from Earth is
approximately a periodical one and may be quiteii@tely described by Fourier's row. However,
the observer located on planet Earth does notheeerbjection onto the straight line directly, he
sees a projection towards a point represented bth.E&his finally creates a description of
placements in the form of angle changes, &), not x(t). That is why, the function receiveded

not exactly correspond with Fourier's row, but hasequal ability to match the experiment results
with the choice of such parameters as: radiusesaagte velocity for individual circle motions.
Although in this case one does not use Fouriersdioectly, the more circular motions present in
the description of a celestial body in Ptolemy'sdeipthe more accurate measurement data can be
matched. The professor understood, that for amgsidered theory, the compatibility to the
experiment is not proof enough of it being trueoiiie uses such mathematic mechanisms, as e.g.
Fourier's row, then the “perfect” compatibility the experiment would not be the result of the
correctness of considered hypothesis, but the piiepef the used mathematical apparatus.

-So how is it now? Can a sophisticated quantum ard@ch mathematical apparatus perfectly match
the results received in the experiment? Is thebto# declaration of experiment compatibility a
result of the adopted hypotheses, even if they illogical? How sensitive is the model of
mathematical quantum mechanics to the discardinfpetypothesis concerning the existence of
waves of matter, when the conducted experimentggbhshowed that such a hypothesis should be
discarded? Is the treatment of e.g. electrons agsvaf matter (sinusoid functions), and next the
“addition” of such waves in order to obtain one coom quantum state, tantamount to creating
something very similar to Fourier's row? Maybe tilisthe main cause allowing the “perfect
compatibility” with the experiment!

- And what of electromagnetic waves? {The professwoitinued} Do they really exist? Especially
when they are treated as the same construct as Hghvever, can light be just a particle? If so,
then what of its mass? This would contradict treotii of relativity, in which there is no material



object which can reach the speed of light. ThelBinstein's theory true? It seems well established

with the use of experiments. Nonetheless, wherethee such blatant discrepancies between the
experiments and light theory, which is the coretbier assumptions, then where else could one also
find such surprises?

The professor, overwhelmed with so many doubtsj@an and felt really worried, because,
in the end, he did not know what was to be belieydd could not discard the conducted
experiments in the laboratory, while he did not wndwow to fully explain them either.
Understanding the significance of these discovehedelt even more worried.
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The presented work does not generate answersulotsilgconcerning quantum mechanics
and the postulates on which this theory is basedth® contrary, it is more than certain that more
doubts surfaced after reading it. These doubtz@aneerned a wider specter of problems than only
those related to quantum mechanics. They are ceadewith such questions as: What is light
really?

Nowadays, almost every intellectual human actiwstysubject to the risk of going astray.
That is why, the presented work was checked bypvelphysicists at various times and stages of
realization. Among those, there were some hightpwen or less renown physicists, as well as very
talented students. There were also two seminarstel@évo the subject in question at Gsla
University of Technology, so that the drawn conidas could be exposed to scientific criticism.
During those seminars many doubts as well as ditegasurfaced, answers to which one may find
in the presented work. The feedback was a greati@ado this work. Finally, to this day the work
has not been factually discredited and met witlh Ipatsitive and passive reception.

This work may be freely disseminated, however no eémges may be applied without the

author’s consent.
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