
Sign Rules:
1.Object distance s: When the object is on the same side of the reflecting or refracting 
surface as the incoming light, the object distance s is positive; otherwise, it is negative
2.Image distance s’: When the image is on the same side of the reflecting or refracting 
surface as the outgoing light, the image distance s’ is positive; otherwise, it is negative.
3.Radius of curvature R: When the center of curvature R is on the same side as the 
outgoing (reflected) light, the radius of curvature R is positive otherwise, it is negative. 

y

y

s

s
m






m is the magnification, y’ is the height of the image, y is the height 
of the object and s’ and s are the distances between the mirror or 
lens and the image and object respectively. 
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The paraxial approximation where f  is the focal length of the mirror and 
f = R/2 the radius of curvature of the mirror divided by 2. 

The paraxial approximation for a 
complex lens with index of refraction 
n and radii of curvature R1 and R2.

f #  is the fstop, f is the focal length and D is the 
diameter of the aperture The intensity I is 
proportional to the square of the aperture diameter 
and the exposure time 
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Telescope

Chapter 24
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Chapter 25

Chapter 23
The index of refraction, the speed of light and 
wavelength in vacuum, c and 

Law of reflection and Snell’s Law, a and b
correspond to different media

The critical angle corresponds the angle at 
which total internal reflection occurs

The intensity through polarizer for incident light that 
is polarized at angle 

The intensity through polarizer for incident unpolarized light2
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Microscope

For a Normal eye: 
Near point is 25 cm
Far point is ∞

Camera
In all devices below  1/s + 1/s’ = 1/f applies

The paraxial approximation and magnification relation 
when incident and outgoing rays are in media with 
different indices of refraction na and nb outgoing ray
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Chapter 26

Double slit

a is the width of the single slit 
which is much larger than 
the wavelength of light

d is the separation btw the slits and applies when d is of similar size as 
the wavelength . 

For thin films the path 
difference is 2t. The 
conditions for constructive 
or destructive interference 

Single slit

For thin films there is a phase shift (p.s.) of ½ ’ 
when light reflects from a surface if the incident ray 
is in media of lower na than refracted ray nb.  No p.s. 
occurs if the convers ie., na > nb . An odd number of 
p.s. will have the effect of swapping the constructive 
destructive interference criteria for the path 
difference.
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Thin films

Diffraction from a Single slit

Multiple slit diffraction: 

The multiple slit problem the 
conditions found in the double slit 
exist similarly. The main 
difference is that the maxima 
(bright) band get narrower while 
the dark bands get small bright 
regions as shown in figure to the 
left. 

 
   ...2,1,0,sin

...2,1,0,sin

sindifferencePath 

2
1 




mmd

mmd

d






X-ray Diffraction The Bragg conditions are (where the bright spots lie)
1. a = r

2.2d sina = m

The minimum separation of two 
object (Rayleigh’s criterion)
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