Lecture 3 . The Compton Effect. De Broglie
Waves. The Theory of Wave-Particle Duality.



Glossary 3

wave -particle duality - kopnyckynapHO-BONMHOBOW Ayannam
wave function - BonHoBas yHKLUSA
Incident photon - nagatoLunn PoToH
scattered photon- paccesHHbIN POTOH
Plain wave —nnockas BosiHa
Probability — BeposTHOCTb
Density of probability — nnoTHOCTE BEpOATHOCTU



The Compton effect

Scattered radiation ;]“O ’ l
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Figure 40,11 Diagram representing Compton scattering of a photon by an electron. The scat-
tered photon has less energy (or longer wavelength) than the incident photon.

ho, +mc® = ho+ \/ p°c’ +mZc*
hK, = hk+p.

[ A=Ay =N (1~ cosO). Ac = h/(mc) = 0,0242631 A. ]




We have seen that experiments such as blackbody radiation, the
photoelectric effect, and Compton scattering can be explained
using the photon picture of light, but not with the wave picture.
However, it Is important to realize that experiments such as
diffraction and interference all need the wave picture, as a photon
(particle) picture fails in these cases. Both pictures are needed In
different circumstances; one says that light exhibits a wave-
particle duality: Light has a dual nature; in some cases it behaves
as a wave, and in other cases It behaves as a photon. This wave-
particle duality is the basis of the quantum theory of light, and has
some profound physical and philosophical implications which are

still being debated today.



de Broglie Waves
In 1924 a young physicist, de Broglie, speculated that nature did not single out
light as being the only matter which exhibits a wave-particle duality. He proposed
that ordinary " particles” such as electrons, protons, or bowling balls could also
exhibit wave characteristics in certain circumstances.

The de Broglie relations

The de Broglie equations relate the wavelength A and frequencyftn the momentum I and energy F. respectively, as

h E
A= —andf -
p h
where fy is Planck's constant. The two equations are also written as
p=hk
E=hw

wavelength of a particle with mass m moving at speed v
a h )
\_ mV J

because the momentum of such a particle is p = mv
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Ondpakums aneKTPoHOB, KakK W PEHTreHOBCKME Iy4u, MPOUCXOAUT B
onpeaenéHHbIX MNpPeanoYTUTENbHbIX HamnpaBneHusaxX, npegnonaratoLmx
y4yacTue HEeCKONbKMX CIOEB MaparnmnenbHbIX MIOCKOCTEN aTOMOB HUKENs
BHYTPU KpucTanna. WM3-3a ero manow AnuHbl PEHTTEHOBCKUE Nyyu

obnapatoT Xopowen npoHukarLwien crnocobHocTbo. Popmyna bparra
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KuHeTHieckas 3Heprui JIeKTPOHOB,
VCKOPEHHBIX Pa3sHOCThIO noTeHIHaaoB U paeHa eU.
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Tl1a ameKkTpoHa e=1,6-10"" Kia, m=9,1.10"" kr.

A= JIED 107°M=1.2 JC_ HM.

c1e1veT, 4TO NMPH SHEPrHAX 3 TeKTPOHOB MOPAIKA HEeCKOIBKHX
3B / 1e bpo#.asa umeeT nopAnoK 1HM. TO eCTh MOPAIOK aTOMHEIX PacCTOAHHUH B
KpucTaL1ax. [103ToMy BOJHOBBIE CBOMCTBA VIGKTPOHOB IIPH TaKUX 3HEPIHAX
MOKHO OOHapPY:KHTh B OMBITaX 110 AH(PaKIIH Ha KpHCTaLIax.




Experimental confirmation [edit]

Elementary particles [edit]

In 19248 at Bell Labs, Clinton Davisson and Lester Germer fired slow-maving electrons at a crystalline nickel target. The angular dependence
of the reflected electron intensity was measured, and was determined to have the same difraction patter as those predicted by Bragg for x-
rays. Before the acceptance of the de Broglie hypothesis, difraction was a property that was thought to be only exhibited by waves.
Therefore, the presence of any diffraction effects by matter demanstrated the wave-like nature of matter. When the de Broglie wavelength was
inserted into the Bragq condition, the observed diffraction pattem was predicted, thereby expenmentally confirming the de Broglie hypathesis
for electrons.

This was a pivotal result in the development of quantum mechanics. Just as Arthur Compton demanstrated the particle nature of light, the
Davsson-Germer experiment showed the wave-nature of matter, and completed the theary of wave-particle duality. For physicists this idea
was Important because it means that nat anly can any particle exhibit wave characteristics, but that one can use wave equations to describe
phenomena in matter if one uses the de Broglie wavelength.

Since the original Davisson-Germer experiment for electrons, the de Broglie hypothesis has been confirmed for other elementary particles.
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de Broglie wave

According Born square of absolute value of psi-function
denotes the probability dp that the particle will be found

In element dV:

4 2
dp = ‘W‘ dVv

dP = HW‘Z AV = Juormalization condition
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X, Y,2)

v (xy.2)

2
‘l// ( X y VA )‘ - Probability density of particle to be found il
s - point (

2
dxdydz Probability of particle to be found in volume
element (dX .dy - dZ)



Conclusion

From sense of Psi- functions follows that the quantum
mechanics has a statistical property. She doesn't allow
to define a particle displacement in space. So, with
reference to a microparticle concept of a trajectory
loses sense. With the help of psi- functions can be
predicted only, with what probability the particle can be
found out in various points of space. The quantum
mechanics opens true behavior of microparticles much

more deeply.
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