Photon - Quantum of Light
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Thermal radiation
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Radiant flux CDe = 7 Power emitted, reflected, transmitted, absorbed
[
Radiant exitance ~ M, = do, , [M,]=W-m”
7AY
Stefan-Boltzmann law M, =eoT*
c=5,67-10°"W-m~>-K™*
Me T
sivity & = ,
emisivity M,

Black body — all electromagnetic radiation is absorbed

level of radiation equals to absorption (e =a = 1)

M,=cT"
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Spectral exitance

Spectral energy density / kJ/m? nm

1 3 1 L
0 500 1000 1500 2000

Wavelength / nm

AT=b Wien's displacement law
b=2,8978-10"m-K
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Thermal radiation laws - summary

Stefan-Boltzmann law T

M, =¢eoT* Wm?
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Photoelectric effect
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Electrons can escape only The escaping electron’s
if the light frequency kinetic energy is greater
exceeds a certain value. for a greater light frequency.
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1eV=1,60217733-10"1°J



Electrons and matter waves
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Wave of the particle

Electromagnetic waves exhibit duality:

every particle or quantum entity can be described as particle or wave
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electron beam

Auger Electrons [AE) Secondary Electrons (SE]
ik eI Do Lo mpographcs informalian (SER

Backocatlpred Electrons (SE)
aricambo numibeer and phoss diferonces

Characteristic X-ray (EDX)
Ihiekrsies alafe omgaaion
Comntinuwm X-ray
Cathodoluminescence (CL} {Bremsstraklung)
alecironks satas inlomation

{

SAMPLE

Inalastic Scattering
oo pasiion and bonc stetes (EELS)

Insoherant Elastiic
Scattering

Elastic Scattoring
alruchral anabyils and HA inagag [dileactioe)

Transmittad Elochrons

https://blog.phenom-world.com/sem-electrons

Electron diffraction patterns of the icosahedral Zn-Mg-Ho quasicrystals
http://sato.issp.u-tokyo.ac.jp/topics.html
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Electron diffraction — double slit experiment

diffraction of waves "

Two-slit experiment with light waves.




Electron diffraction — double slit experiment

macroscopic particles

(a)

A1 w5l iy & havim et

Two=slit experiment with gun’s bullets.

(k)
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Electron diffraction — double slit experiment

diffraction of electrons
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Two-5Slit experiment with electrons
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Complementarity principle

Diffraction of electrons or photon-electron scattering
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no electron detection — diffraction of electrons
electron detection — loss of wave diffraction

Objects have certain pairs of complementary properties which
cannot all be observed or measured simultaneously.
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E |9Ctr0 nm i Crosco py _./;_ '*-\l Source of illumination Q
. . NP ~— _
Electron-matter interaction  -9™ Sglaencr;rlgg

o ) microscope E®
magnlflCatlon 103 — 10° (LM) microscope

] ] ] Condenser lens . s fSEM)
resolution limit at 0.1 nm 3
K m Focusing lens
Objective lens U U/
Specimen ’

Electron detector

Projection lens U

Eye Stage

Heisenberg’s Uncertainty Principle

It is not possible to measure the position and the momentum
(speed) of a particle simultaneously with unlimited precision.

AxApZ%h AxAp =T
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Wave function and Schrodinger’s equation

Wave function  W(x,v,z,t) =w(x,y,z)e"” E=hw
—
27

The probability of detecting a particle in a small volume dV = dx
dy dz centered on a given point in a matter wave is proportional to
the value of |P|? at that point.

P2 = Py [|¥[ dxdydz =1 probability condition

v

one-dimensional time-independent Schrodinger’s equation

ndy
2m dx’

+E (x)y = Ey  solution — stationary states of particle



HRW: Ch38
Untrapped (free) particle

2 d2 2 2 d2

P w sm| p _ Vo2

E-E =% ¥ =0 F k=0
o o R (mj‘” R

The probability density is a constant for any point along the x axis.

No particle position is preferred.

Energies of trapped particle

2 % o0
f{x‘z” + 2;;’6 [E -E, (x)]gu =0 ] /
The probability density is dependent on position. fj //
solution leads to quantization — existence of discrete //. /(j

states with discrete energies. s
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quantum number E - E =hv
ground state n =1 mo Ienerlgy
excited state L, -k =ho eVels

Wave functions and probability states for electron
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