


Lecture	
  Two

• Questions?
• Please	
  commit	
  to	
  memory	
  one	
  fact	
  from	
  Monday’s	
  lecture
• Blog	
  is	
  live.	
  Please	
  confirm	
  you	
  can	
  access	
  it



Human	
  Vision	
  &	
  Microscopy
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Perception	
  and	
  Interpretation

The	
  pweor	
  of	
  the	
  hmuan	
  mnid.	
  Aoccdrnig	
  to	
  a	
  rscheearch	
  at	
  
Cmabrigde	
  Uinervtisy,	
  it	
  deosn't	
  mtta	
  in	
  waht	
  oredr	
  the	
  ltteers	
  in	
  
a	
  wrod	
  are,	
  the	
  olny	
  iprmoetnt	
  tihng	
  is	
  taht	
  the	
  frist	
  and	
  lsat	
  
ltteer	
  be	
  at	
  the	
  rghit	
  pclae.	
  The	
  rset	
  can	
  be	
  a	
  total	
  mses	
  and	
  you	
  
can	
  sitll	
  raed	
  it	
  wouthit	
  porbelm.	
  Tihs	
  is	
  bcuseae	
  the	
  huamn	
  
mnid	
  deos	
  not	
  raed	
  ervey	
  lteter	
  by	
  istlef,	
  but	
  the	
  wrod	
  as	
  a	
  
wlohe.

“you	
  see	
  what	
  you	
  are	
  looking	
  for”	
  	
  



Other	
  components	
  to	
  Human	
  Vision

Stereo
Color
Low Light
Critical and Distinct Vision
Dominant Eye
Interpretation



Adaptation

Light 
Dark
Color
Persistence of vision
Flicker
Afterimage



Microscopy	
  &	
  Aerial	
  Images

• Heisenberg	
  Uncertainty	
  Principle	
  

https://en.wikipedia.org/wiki/Quantum_fluctuation
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magnification

m	
  =	
  image	
  distance/focal	
  length
image	
  distance	
  =	
  250mm

250mm	
  was	
  adopted	
  because	
   it	
  was	
  determined	
  to	
  be	
  
the	
  location	
  of	
  highest	
  distinct	
  vision



Increasing magnification

Requires the use of a shorter focal length

photomacrography

1/f = 1/u + 1/v

U

UV

V

Magnification

Reduction
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effective sample Preparation
effective Illumination
proper Magnification

use of Optics & Resolution
optimal Image Formation

accurate Color Management
effective Digital Capture

ethical and appropriate Image Processing
effective Digital Display

Scientific Methods & Workflow



Image FORMATION

Applied Physics
Create optical and object contrast and visibility



Microscopy	
  is	
  Applied	
  Physics

• The	
  sample	
  plays	
  a	
  role	
  in	
  image	
  formation



Radiated	
  Energy	
  -­‐ photon

Wave	
  theory
Particle	
  theory
Quantum	
  theory
String	
  Theory



Wave	
  theory

Wave	
  length	
  -­‐ color
Amplitude	
  -­‐ intensity
Frequency	
  -­‐ cycles/sec
Velocity	
  -­‐ speed	
  m/sec



Light simultaneously showing spatial interference and energy quantization 
© Fabrizio Carbone/EPFL



Radiated	
  energy	
  characteristics	
  &	
  patterns

Reflection
Refraction
Dispersion
Interference
Diffraction



Optical	
  Principles



Air/glass	
  interfaces

Reflection	
  
Absorption
Refraction
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Refraction

air  n = 1.00

glass n = 1.53

n = α / α’
α

α’


