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Essential Topics in Optics 1.4 
 

Concepts for comprehension
And

Mathematics for application



3 June 2008 © L-A-Omega 2

Course Description

● Morning Session
Emission
Electromagnetic waves 
Refractive index
Reflection & Transmission
Fourier optics
Paraxial optics
Contrast

● Afternoon Session
Detectors
Noise
Filters
Aberration 
Resolution
Depth-of-focus
Glass materials
ISO specification
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Learning Outcomes

● Appreciate the complexity of optical design
● Comprehend formulae of optical design
● Identify important optical issues
● Specify metrics for an optical instrument

After completion of this course the students may…
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Dipole current creates EM Wave

No radiation

Strong radiation

No radiation
Irradiance % cos22

Strong radiation



3 June 2008 © L-A-Omega 31

Mathematical Expression of Wave

● An EM wave requires acceleration of charge
● Current density J, is product of

Charge density, ρ
Velocity, x-dot

● Acceleration of current density, J-dot, is product of
Charge density, ρ
Acceleration of charge, x-double-dot

● Spatial curvature of electric field, del-squared E, depends upon
Temporal curvature of E, double-dot E
Acceleration of current density, J-dot

xJ

xJ
&&&

&

ρ

ρ

=

=

( )JEE &&& +=∇ 0
2 εμ



3 June 2008 © L-A-Omega 53

Reflectance approximations

● Reflection coefficients at normal
Flip polarity with polarization
Flip polarity with direction

● As thin film thickness approaches zero
Summation of equal but opposite occurs
Yields zero reflection coefficient
True for all angles

● Reflectance R
Same for both polarizations
Same for both directions
Valid up to Brewster window
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Evanescent field

● Ordinary spatial frequency kN

temporal frequency ω
Refractive index N = n + iκ

● Extraordinary spatial frequency kx > k0

● Creates evanescent decay αz > 0
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Thick lens separates PP

● Principle planes 
Front principle plane FPP
Back principle plane BPP
Transformation between planes at right m
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Angular distribution of plane waves

● Different kx waves are summed ● same k at different directions θ
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Space-angle product of waves

Cannot be made smaller 
without 

creation of evanescent field
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Hemispherical Collection Efficiency hHC

NA / n OFN HCE
0.00 >10 0.0%
0.05 10.0 0.1%
0.10 5.0 0.5%
0.15 3.3 1.1%
0.20 2.5 2.0%
0.25 2.0 3.2%
0.30 1.7 4.6%
0.35 1.4 6.3%
0.40 1.3 8.3%
0.45 1.1 10.7%
0.50 1.0 13.4%
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Buried Channel & Deep Well

P+ substrate
Deep N+ 

Channel or well

Shallow 
P+ Barrier 

Forbidden

Band Gap
Fermi Level

FRONT BACK

Thinned

Surface States

ωh ωh
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Holographic filters

● planar sinusoidal index profile
Creates grating vector kG

● Exit wave vector, k2 equals
incident wave vector, k1

plus grating wave vector, kG

● Strong wavelength dependence

k12 k2 = kG

2 k2 = kG cosθ
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Filter doublet
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Spherical aberration

● Marginal rays
Bend too much
Focus early

● Cubic dependency P3

Error E upon pupil location P
● Due to spherical shape

1000μm

50 EFL 
0.24 NA
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Periodic Table for optical glass

soda lime

borosilicate

lead crystal

low dispersion

Environmentally
Safe

Trace elements
www.periodic.lanl.gov
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Fabrication drawing


