
Introduction to Optics 
The first three problems illustrate that the characteristics of light change depending on where it is traveling. 

1) The wavelength of sodium (Na) in a vacuum is 589nm. What is the frequency of the same source in a vacuum?  ( Recall that frequency is the number of cycles (completion of a regular, periodic event) of a wave that pass a reference position in a certain period of time. The frequency of a wave never changes.)
Known: wavelength in vacuum = 589nm,   velocity of light in vacuum 3x108m/s

Unknown: frequency

Equations:  v=f  Just solve for frequency.
Solution

f=3x108m/s/5.89x10-9nm- must make units the same!
f=3x108m/s/589x10-9m=5.09x1014 c/s or Hz

2) Light from the same sodium source enters a material where it travels at 2x108m/s . What is the wavelength of light in the material?
Known: wavelength in vaccuum = 589nm, velocity 2x108m/s, frequency 5.09x1014 c/s

Unknown: wavelength in media

Equations/concepts: v=f anddecreases in media other than vacuum or air. Frequency is always constant.

Solution:
2x108m/s/5.09x1014= 392x10-9nm.  So wavelength decreased from 589 to 392.
This illustrates that wavelength changes depending on the media in which light travels.  Note also that the velocity changes in the material.  If the velocity decreases, so will the wavelength. 
3)  Red light, with a wavelength of 600 nm in a vacuum, enters a block of glass whereupon the wavelength reduces to 380 nm.  What is the velocity of light in the block of glass?  What is the period of light in the block of glass?
Known: Wavelength in vacuum: 600nm,Wavelength in glass= 380 nm, velocity in vacuum 3.0x108m/s.
Unknown:  Velocity in glass, frequency, period in glass
Equations/concepts: Period is the reciprocal of frequency, Frequency is ALWAYS constant,  v=f 

Solution: first, you just have to solve for frequency with initial velocity and wavelength:

f=v/3.0x108m/s/600x10-9 = 5.00x10 14  Hz or cycles/s

Now that you have this, plug it into the same equation to see how the velocity changes in the glass. 

v=f5.00x10 14  Hz)( 380x10-9) = 1.9x108m/s.  So the velocity and wavelength both decreased when the light traveled from air into the block of glass.  You will see later that this has to do with something called the INDEX OF REFRACTION of a material.
The period in the glass is just the reciprocal of the frequency (which never changes), so T(period) = 1/5.00x10 14  Hz = 2.0x10-15 sec

The next problem will introduce you to thinking about rays and wavefronts without any math.
4)  In the figure below, identify the type of wavefront and pencil for positions a,b and c.  Identify the rays in the system.  Draw a couple of rays through the system. Measure and record the radius of each wavefront, using the proper sign. 
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First, look at wavefront (a), which originates from the object source on the far left.  If you put a compass at this point, you could draw an infinite number of wavefronts between the source and wavefront (a). Note that you draw the wavefronts in the direction of propagation of light (i.e., by convention, to the right).  Since the radii of the wavefronts increase as you move away from the source, the wavefront is DIVERGENT, and since the rays travel away from the source and each other, they are components of a DIVERGENT PENCIL.
Note the “wavefront changer” (really, a lens) makes some dramatic changes to the light.  The light emerging from the wavefront changer is now heading toward a point image as you go from left to right.  If the pointed end of a compass is placed on the point, the radii of wavefronts will progressively decrease  as they approach the point until they reach zero. Note you always have to “travel” in the same dirction of light (left to right).  Thus this wavefront is now CONVERGENT and the rays making up the pencil are also CONVERGENT.  Finally, the image point acts as another source to make up a  divergent wavefront that ends at (c).

When you draw more rays, just recall they must be perpendicular to the wavefront.

Radii measurements have to include the right sign.  Measure the first wavefront from point (a) to the original source on the left and that will be a NEGATIVE value.  Then measure from (b) to the next point source and that is a POSITIVE value.  The distance from wavefront (c) to the point source (which was the image for (b) is also NEGATIVE.

This problem is just meant to illustrate some of the conventions which we must use when solving problems later. 

The next problems illustrate the concept of vergence, which is central to understanding the nature of optics.  Recall that Vergence is the reciprocal of the radius of the wavefront (R) in meters.  VD=1/Rm.   It is critical to obey sign conventions to get the right answers.  Convergent pencils have positive vergence and divergent pencils have negative vergence. 
5)  Determine the vergence of a wavefront with a radius of - .03meters.  
Solution:  VD=1/Rm.   So, V=1/.03 =  -33.33D

Note that if the emergent wavefront is parallel, then the wavefront is infinite and the vergence is zero.

6) Calculate the vergence for the following pencils.  How much does the lens change the vergence?
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Known: 




            Unknown:


Formula:
Lens to object -20cm (.2m)                                Vergence                                VD=1/Rm
Lens to image +40cm (.4m)

.   

So, object vergence is 1/-.2 = -5.0D and image vergence is 1/+.4 = +2.5D

Since the incident vergence of -5D changes to a vergence of +2.50 after passing through the lens, the lens power is +7.50D  (Lens power = image vergence- object vergence)

7) A pencil of rays leaves a lens and converges towards a point 140cm from the lens.  What is the vergence at a pont 60cm to the right of the lens? 
[image: image3]
Solution:
Rays emerging from this lens are converging toward a point 140 cm to the right of the lens, and so this position represents the ORIGIN of the wavefront.  Then the distance from the point at which the vergence is to be determined is 140-60=80cm.  The radius of the wavefront is + because it is measured from left to right, and the vergence is V=1/.8m=+1.25D.
8) Light is incident on a wavefront changer (lens)  with a vergence of +3.00.  The light emerges with a vergence of -4.00D. Where are the object and image located? What is the power of the lens?  Draw the corresponding figure. 
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Solution:

Since VD=1/Rm.   you can just solve for the unknown, R. so R=1/V.  The location of the object is then 1/+3.00 or +33.3 cm and the object location is 1/-4, or -25cm from the lens.  The power of the lens is the difference between the two, or -7D. 
Finally, here is a problem with the pinhole camera.  These same principles will come in handy with more complex problems later.
9) At what distance from a pinhole camera must a 3cm object be placed so that the image will be five times the size of the object and be located 2 meters behind the pinhole?

Solution:

Known: 
Unknown: 

Object size h=3cm                                                           object position
Image size h’=3xh=15cm

Image position a’=2m

Make a diagram and solve for similar triangles (like in grammer school!!!)

3cm/a = 15cm/200cm solve for the unknown (a)

a=(3)(200)/15= 40cm
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10)
What is refractive index?

It is the ratio of the speed of light in a vacuum to the speed of light in a material  n=c/v
11)  Find the refractive index of a material given that the velocity of light in that material is 4.8x105m/s

A.  Just solve for the n:  n=3.0x106/4.8x105

12)  Red light, with a wavelength of 700nm in a vacuum, enters a lens so that the wavelength reduces to 450nm.  What is the velocity of the light in the block of  glass? 

Solve for frequency 3x108m/s /700x10-9 = 4.28x1014

Use this to solve for the second velocity

V= 4.28x1014 x 450 x 10-9

So, you see as the wavelength decreased, so did the speed at which light travels.
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14)  Determine the vergence of a wavefront with a radius of -0.5meters 
  V=1/rm, so V=1/.5=.2D

15)  A PH camera is used to photograph an object. Where must the object be placed so the image formed on film which is 10 cm behind the ph is 2 times the size of the object?
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Object vergence 1/-.3 = -3.3D


Image vergence 1/.9 = +1.11D





Total change by the lens is 4.41D
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13)  What is the power of the following lens?





h/? = 2(h)/.10  solve for ? And you get 20 cm.
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Problems adapted from: Loshin DS. The Geometric Optics Workbook , 1991. Butterworth –Heinemann and MEEI Review Manual for Ophthalmology, 3rd ed, 2006, Lippincott Williams and Wilkins


