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Quantum oplics
Bundles

Thermal radiation
[uminescence

[dial radiator

[dial gas

Cavity radiation

Or black body radiation
Stefan-Boltzman [aw
Radiant intensity I (T)
Or power density wim’
Stefan-Boltzman constant
Emissivity

Spectral radiancy

Wien displacement law
luminusity

Planck’s radiation law
Quantazition of energy
Heat capacity

Molar heat capacity

Quantum theory of heat capacity

Internal energy per mole

Einstein temperature

Charactenistic Debye temperature

Photo current
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photo electric effect

photo electrons

Stopping potential Vo
Contact potential difference

(Vepd)

Ematter

Collector

The intensity problem

Target arca

Einstein’s photon theory
Quant or photon

Compton effect

Scattering of radiation from atoms
Compton’s shift

X-ray

7 (Gamma) ray

[nfrared astronomical satellite
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Star Vega

The wave nature of matter
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piffraction pattern

The de broglie wavelength

Symmefry of n
qve-particle aspect

ature

Dual W
De broghlies hypothesis

Filament (F)
Dﬂuh]e-s]it interference
Thermal neutrons

Waves, wave packets
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Localizing a wave in time
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yibrational pattern
Pntcmiai well
Mccha.nical standing waves

| anguage of wave mechanics

Quantum pumber,n=1,2,3, ...

The allowed energy levels
The lowest energy state

Ground state

Barrier tunneling

Tunnel

Standing waves
Transmited waves
Reflected waves
Reflection coefficient R

Transmission coefficient T

Structure of atomic hydrogen
Bohr theory

Series limit

Spectral series

Balmer series

Rydberg constant
Balmer-Rydberg formula
Quantum states

Planet Bohr’s model

The postulate of stationary states

The frequency postulate

Table 1, the hydrogen spectrum
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Name of series

Lyman series
paschen series

Lower state

Upper state
[imiting casc
Quantaziliﬂn of circular orbits
Phase plané

Phase trajectory

The semiaxes of ellipse

Stationary orbit
The coordinate plane p; 4
The correspondence principle

Applications of schrodinger

equation
Continuous function

Boundary conditions

Sinusoidal function of X

Potential-energy function UX)

Square-well potential

Work function

Bound state

The harmonic oscillator
Boundary points

Tail of function

Classically forbidden regions
Hermite functions

Vibration in a sodium crystal
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Fquiiibrium posilion

ar frequency

Angd!

Ngmunian f
ility curves in quantum:

nechames

probab!
mechanics -
Nﬂﬁnﬁiﬂl’l pﬂ’:dlcm'tm

Newionian analysis

Diatomic molecule

The mnImum point
T’hm’e—dimt‘:ﬁtiﬂl problems
ﬂu-ee»dimentiai schrodinger
equation

Spherical symmetry
Spherical coordinates
Separation of variable method
Complex partial differential
equation

Angular function

Periodic function

Fine atomic structure
Principal quantum number (n)

Q?Lmnﬁzaﬁnn of angular
momenium
Orbital quantum number (<)

Space quantization

Magnetic quantum number (me)
Probobility distributions

Zeeman effect

Magnetic field
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W'n lines
Magnetic mome
Electron spin

Gpin quantum nUMPET
Spin-orbit coupling
Degeneracy

Radial distributions
Plane current loop

Vector arca

Average current
Magnetic dipole moment
Eenergy of interaction
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amiliar doublet

Effective magnetic field

Supﬂfﬁnﬂ structurc

Many-electron atoms and the
exclusion principle

Atomic number (Z)

Hydrogen like function

Charge cloud
Exclusion principle
Gradual changes

Noble gas

Alkali metal
Quantum-mﬂchanical state
Quantum state

Shell

Subshell

Gauss law

Loosely bound
Beryllium (Z = 4)
Vacancy in the L shell
Affimty

Electron configuration
Periodic table

Ground-state electron
configurations
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Ran’:-earﬂl elements

“Fi ilﬂd-shell-plus-ﬂne”

configurations |
Filled-subshell configurations

Gereening
Qﬂnc-tntai charge
Peak

¥-ray spectra
X-ray diffracti
Or Bragg diffraction
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on techniques

Accelerating yoltage X-12
Optical spectra

Excited states

X-ray energy levels

k-ray energy level

Line spectrum

Vacancy

Electrical conduction 1n solid
Pn junction

Diode rectifier

Ligh emitting diode (LED)
Permeable membrane
Diffusion current (jdiff)

Drift current (jdrift)

Base current

Space-charge region
Depletion zone
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7ero resistance

[nfinite resistance
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gine wave input potential
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Contact potential

Eg, gap width Eg

Diode laser

Population INVEersion
Active materials

Active media

Amplifier media
Stimulated emission
Switching time

Junction diodes

Resistively

Classical free electron gas model

Conduction electrons
Standing matier wave
Density of states

Valiable states
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Fermi level, fermi energy

Drift velocity
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[ ase’ light can be sharply focused

iphly ! ity and
paser light is highly intensity ait

duration
[aser action

Ground statc
Decay
Continuous
Pulsed system
Separated impulses

Pulse duration

Free generation system

wave system (CW)

Free generalor

Qutput power

Photons and energy levels

principle _
Light-matter interaction

Pumping

Pumping medium
Lasing medium
Metastable states
Laser arrangement
Amplification

Optical resonant cavity Or resonator
Threshold
Luminescence
Radiation
Spontaneous emission
Mean life time 7

Excited states
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Excited system
Thermal excitation

[ asing operation
Einstein’s coefficients
Absorption power
Visible band

Thermal agitation
Temporal mode pulse
Temporal mode [CW]

Input energy
Qutput energy
Beam aperlure
Diffuse surface
Optical resonators
Stable resonator
Unstable resonator

Laser resonator or optical cavity

Confocal resonator
Confocal arrangment
Qutput mirror
Convex mirtor
Concave mirtor
Synthetic ruby crystal
Scraper mirror
Gaussian beams$
Gaussian mode

Qutput beam
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januiar rng
piffracton fIG
Naar-ﬁeld
Far-field

Far-field pattern
Focusing element
Divergence angle
Transversé modes

Transverse electromagnetic

mﬂde(TEM}
Axial [lﬂnglmd

Mirror waveguide

Optical path length

inal] modes

Frequency difference
Frequency spacing
Circular modes
Rectangular modes
Fresnel number
Controlling aperture
Higher-order operation
Multimode operation
Butt welding

Wider gap tolerance
Beam parameters
Limiting apertvre
Hard aperture

Size of walst

Waist of beam

Correction factor
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Mode quality factor, M2
Aberration effects
Off-axis

Parabolic

Overfilling lens

Safe rule-of thumb
Ragleigh range

Pattern 1n acrylic

Depth of focus [DOF)
Depth-of- penetration
Gantry systems

Focal point

Coupler

Enhance reflection [ER]

Minimize reflection or
antireflection [AR]
Copper substrates

Bending mirrors
Focusing mirror

Qutput windows
Plano-convex eenses
Turned-diamond lenses
Focal spot

Parabola

Off-axis parabolic mirrors
Index of refraction gradient
Thermal lensing

Devices

Beam expanders

378

Laqi)) e g Jole
ole 45l
A ) pas
S X
i slas 3. s
AigaY) - ale¥) 52cl5
w2 s
SV Z 334
5030 Gac
Y e
SIEY) ) Aokl
5_5a! Adagil)
(AL e L 3 5
2]y jas
olSadl aa ol St a5

(galas gl 3 M g

[o geall 5] Aalh U

5 3% 53 31 ya

zo> Sl

dns — 4 ghus il
Lina = 3 pdis Olae
A3 %1 dady

EOPSE
awall ) gadll 3 £ abadl U e
ol LSV doles
A sl dguaaall
:.".ﬂjatx'i



Dye lasers
Dye solutions
Diffraction grating
Monochromatic
Working materials
Generation
Generator
Semiconductor laser
Doped material
Infrared light
Visible light
Ultraviolet light
Wavelength in nm
Frequency In H,

Excimers
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Light connections

iy Y sl
Registration systems Jinis AR
Gas discharge device S o i 31
Electric excitation 18l € 5 L0
Radio frequency excitation el 335100 5 L
Pumping transition sually Jii
Quantum efficiencies Ase Sl il i)

Thermodynamic efficiency
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Heat exchange s s Jols
Heat exchanger s Joke
Chip A3l
Bit rates Gl &Y e
Deep vertical etching e s i
Single-photon emission el edal ¢lasi
Energy exchange collision kbl ;[_,]I__,ﬂi ads
Highly coherent light Ll Bl
Xenon atoms s ol d
Xenon lamp O3 7 leas
Parallel processing 4 3 gia dallae

(Nd: YAG) laser: Neodymium-

+ saa¥) Bl ol ogpari W5
doped ytriwm aluminum garnet
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Rare earth elements
Inner electron shells
Nonradiative mechanism
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Contour cutting

ENORE
Diode laser Pt
Amplifier cavity S Ly gat
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Flash lamp
Continuos arc lamp
Pulse repetition rates
Laser pulse duration
Internal shutter
Feedback

Peak power
Multimode outputs
Matrix

Inner electrons
Valance electrons
Dimer

Thermal transitions

Laser-material interaction
Nonlinear crystal

Forced vibrations
Incoming wave

Phase shift {Ag]

Phase velocity [v]
P-polarization
S-polarization

Brewser’'s angle
Broad-band absorbers
Absorbing dielectric coating
Region of forbidden energy
Gallium arsenide [Ga As]

Impurities
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Level of doping
Heat transfer

Laser melting of materials
Interaction during welding
Spatter

Vapor pressure

Keyhole laser welding

Keyhole welding

Cloud

Shield

Plasma interactions
Assist gas

Linearly polarized beam
Circular polarized beam
Cross-section of work piece
Reflectance [n]
Reflecting surface
Reflection angle
Reflection factor
Reflection gain
Reflectivity

Shield gas
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Thermal conductivity i) s b ge

Gas jets 4y 5le il
Transmissive optics A8l ol e
Edge-cooled 53 jia Adla
Thermal gradiant Sl asdl
Shape of the optic 5 padl JS&
Thermal lensing S L
Total internal reflection-face sl Syt 13 seall Gy
e 4oy Sl <yl
pumped laser [TIR-FPL] e - S
Or ‘SLAR’ laser AL o5
Focusing Prets

Sever focus shifts dajlea 45 y% claly 3

Zinc selenide
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Thermal runaway B> A
Opaque medum aina Jai g
The absorptivity of material Aad e 5 g ddiad B3l el Ay caliaial
depends strongly on its o o
temperature and level of doping Lesl (s fan (o 100
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ghiclded joint

Shicld line

Shiclded metal-arc welding
Shiclding gas

Applications of lasers
\vutation factor

Mutation by laser

Chemical mutation
Radar lasers

Ladars

Ladar airplanes
Troposphere
Microwave
Reconstructed image
Silhouctte airplanc
Range finders

Geodesy

Gratography
Focusing-receiving lens
Photo-detector
Oscilloscope

Signal processor

Beam splitter
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Techniques for modulating the  aodl 2 595 bt et
frequency 0f amplitude of laser ;

beam G
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