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ℑ = (5.034x1015𝑝ℎ/𝑠𝑒𝑐)𝑃[𝑊]𝜆[𝑛𝑚] 
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NA = 6.022 x 1023 molecules/mole 

NL = 2.686 x 1019 molecules/cc @ 0°C 

Electric Fields, Intensity, Scattering: 
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Refractive Effects: 
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mλ = 2dsinθ    (Bragg’s Law) 

 



Coherence: 

 Δτ∙Δω ≥ ½  ;   ΔEFWHM ∙ΔτFWHM ≥ 1.825 eV∙fsec  

 

Δx∙Δp ≥ ħ/2 ;  Δx∙Δk ≥ ½ 
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d∙ θ = λ/2π   (Gaussian) 

d FWHM  ∙ 2𝜃FWHM   ≅  λ/2  (Gaussian) 

d∙θnull =1.22λ  (Sharp edge) 

Gaussian: 

I/I0 = exp(−r2/2r0
2)  

 

ZR = πᵲ2/λ , DOF = 2ZR 

(Rayleigh range; Gaussian area doubles) 

DOF = ± πᵲ2/λ = ± 4πr0
2/ λ 

Synchrotron Radiation 

Bending Magnet: 
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Undulator: 
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FELS:  
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HHG: 
Return energy 

ħωmax = 3.17 Up+ Ip    

Up ≡ KE = e2E0
2/4mω2 = reIλ

2/2πc 

Up = 9.337x10-14I[W/cm2]λ2[μm] eV  
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Bohr atom (n = 1) 
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Bandwidth limited pulse 

1.825eV fsecFWHM FWHME t      

Tunneling 
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Plasmas: 
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 c eB m   ; v/ eBLr m  ; [3.7 μm for 9 Tesla, 100 eV e-] 

expv eZ T M   = (0.28 nm/fsec)[for Z=10, 1keV, 10mp] 
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EUV/SXR Lasers: 
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Laser lines: 

Ne like: 3p → 3s, Ar 46.86 nm (26.46 eV) 

Ni like: 4d → 4p , Mo 18.9 nm, Ag 13.9 nm, Cd 13.2 nm 

Ne Kα:  1.46 nm (849 eV) 

Cu Kα:  1.541 Å (8.048 eV), 1.544 Å (8.028 eV) 

 

Optics: 

θc = 2    

sinθ = λ/d    (grating equation)  

m λ = 2d sinθ (Bragg’s equation) 

Airy Pattern (Resolution): 
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DFWHM, Airy = 0.515 λ/NA 

z ≫ d2/λ   (Fraunhofer region) 

NA = sinθ = λ/2∆r    (zp) 

D = 4N∆r                 (zp)   

f = 4N(∆r)2/ λ           (zp)  



N < λ /∆ λ                (zp) 
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Imaging: 

Rayleigh dip = 26.5% (15.3 % contrast)      
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