
Focusing	  a	  
Camera	  



A	  digital	  image	  is	  made	  up	  of	  
millions	  of	  pixels.	  

Digital	  Cameras	  

A	  CCD	  (charge-‐coupled	  
device)	  chip	  records	  the	  
digital	  image.	  

Use red, green or  
blue filters to get 
color information 



The	  Human	  Eye	  

Your eye is like a camera with a converging lens but instead of 
changing the distance between the lens and the retina to get an 
image in focus the shape of the lens is changed by relaxing or 

contracting the ciliary muscles (called accommodation). 
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Apparent	  Size	  



Apparent	  Size	  



Largest	  angular	  size	  
without	  a	  magnifier	  is 	


θ0 ≈
h

25 cm

The	  Magnifying	  Lens	  



Parts	  of	  the	  Eye	  



The	  Thin-‐Lens	  EquaHon	  

Thin-‐lens	  equaHon	  (also	  works	  for	  
mirrors)	  relaHng	  object	  and	  image	  

distance	  to	  focal	  length	  

D =
1
f

Refractive power P is the 
measure of the ability of a 

lens to bend rays.  

Unit is Diopter D:   
1 D = 1 m-1 

Thin	  Lens	  Equa-on	  
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Gullstrand	  Eye	  Model	  

Diopters	  

D =
1
f
[m−1]



ReHna	  –	  Cones	  and	  Rods	  

Current	  understanding	  is	  that	  the	  6	  to	  7	  million	  cones	  can	  be	  
divided	  into	  "red"	  cones	  (64%),	  "green"	  cones	  (32%),	  and	  
"blue"	  cones	  (2%)	  based	  on	  measured	  response	  curves.	  



Scotopic	  Vision	  (vision	  in	  dim	  light)	   Why	  is	  a	  candle	  flame	  yellow?	  

Red	  rose	  at	  twilight:	  In	  bright	  light,	  the	  color-‐sensiHve	  cones	  are	  predominant	  and	  we	  see	  a	  
brilliant	  red	  rose	  with	  somewhat	  more	  subdued	  green	  leaves.	  But	  at	  twilight,	  the	  less-‐
sensiHve	  cones	  begin	  to	  shut	  down	  for	  the	  night,	  and	  most	  of	  the	  vision	  comes	  from	  the	  rods.	  
The	  rods	  pick	  up	  the	  green	  from	  the	  leaves	  much	  more	  strongly	  than	  the	  red	  from	  the	  petals,	  
so	  the	  green	  leaves	  become	  brighter	  than	  the	  red	  petals!	  



    The picture shows a healthy eye focusing on a shell at a 
distance 30 cm. Suppose the shell is then moved to a distance 
of 3 m. Choose the scenario that will keep the object in focus: 

Question 

A.  The ciliary muscles will 
relax, causing the lens to 
be less curved. 

B.  The ciliary muscles will 
contract, causing the lens 
to be more curved. 

C.  The eye cannot 
accommodate; the object 
will be blurry. 

Answer: A, The reduced curvature increases the focal 
length of the lens, allowing the shell to stay in focus. 



AccommodaHon	  



Focusing	  and	  AccommodaHon	  

Far point: 
Normal vision 
is at infinity ∞ 

Near point: 
Normal vision 

is ~25 cm 



Myopia	  and	  Hyperopia	  
(Nearsightedness	  and	  Farsightedness)	  



Myopia	  (Nearsightedness)	   Hyperopia	  (Farsightedness)	  



Myopia	  =	  Nearsightedness	  	  

The nearsighted eye 
cannot focus on objects 
beyond their “Far 
point”.  Far point is < 
infinity. 

D =
1
f
=
1
s
+
1
!s

s = ∞ so 1/s = 0 
s’ = eye’s far point (negative value 
because it’s a virtual image) 
 f  and D are negative for a diverging lens 



Hyperopia	  =	  Farsightedness	  	  

The farsighted eye 
cannot focus on 
objects nearer then 
their “near point”.  
Near point is >25 cm 

s = 25 cm 
s’ = eye’s near point (negative value  
because it’s a virtual image) 
f  and P are positive for converging lens 

D =
1
f
=
1
s
+
1
!s



Modern	  Eye	  Models	  



Abbe	  number	  Vd=nd-‐1/nF-‐nC	  
VYellow=nYellow-‐1/nBlue-‐nRed	  
	  
f1dV1d+f2dV2d=0	  Average	  chromaHsm:	  	  

0.5D	  or	  	  
1/120	  of	  the	  eye’s	  focal	  length	  
	  
~16-‐20	  Hmes	  more	  than	  in	  a	  
doublet	  achromat	  



DiffracHon	  Limited?	  	  

hep://www.telescope-‐opHcs.net/eye_aberraHons.htm	  



Visual	  Acuity	  (VA)	  

1	  minute	  of	  arc	  ~	  0.3	  mrad	  

20mm× 3×10−4 ≈ 6µm





Presbyopia	  

Eye	  as	  an	  opHcal	  device:	  hep://extraphysics.com/java/models/eye.html	  	  


