AP Physics  -  More Dadgum Interference 

Single Slit Diffraction:  A single slit will also form an interference pattern when light passes through it.  

Each part of the slit acts as source of waves.   This is described in Huygen’s principle. 

Huygen’s principle ( Every point on a wave front acts as a source of tiny wavelets that move forward with the same speed as the wave.  The wave front at a later instant of time is the surface that is tangent to the wavelets.
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You can imagine that across the width of the slit, little wavelets originate and travel through the slit.  These waves pass through the slit and form a bright central fringe on the screen, which is at a far distance from the slit.  This distance is so far that all the waves are essentially parallel to one other.  All the wavelets travel the same distance and arrive at the screen in phase with each other and we get constructive interference.  This creates a bright central fringe at the center of the screen directly opposite the slit.

The wavelets that originate in the slit can also interfere destructively.  Here’s a drawing that shows the very thing.
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Light from one part of slit interferes with light from another part of slit, forming the patterns.  Again the cause of the interference is the path difference for the waves (wavelets in this case).

The patterns that form can be described in this way:

There will be a bright central fringe surrounded by two dark fringes, then a set of weaker bright fringes, a set of dark fringes, a set of weaker (than the central fringe) bright fringes, and so on.
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Let’s look at the geometry of the thing.

The same equation is used with single slit diffraction as with the double slit diffraction, except that the angle we get, (, is the angle from the center of the slit to the center of the dark fringe.  
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This equation describes destructive interference.

d is the width of the slit, ( is the angle to the  center of the dark fringe,  m is the integer order number, and ( is the wavelength of the light.

We can analyze it the same way we did the double slit deal to find the spacings between the central fringe and the dark fringes.
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This general case is:
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While this is the same equation as for a double slit deal,  for a single slit it gives you the distance from the center of the bright central fringe to the desired dark fringe.
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575 nm light passes through a slit of width 0.250 mm.  An observing screen is set up 3.00 m away.  (a) Find the position of the first dark fringe.  (b) What is the width of the central maxima?

(a)  This is the first minima, so m = 1.  The spacing is given by:
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Diffraction Grating:

Diffraction gratings are a recent invention (well, a lot more recent than the old double slit deal).  Basically, a diffraction grating is a piece of transparent material that has parallel cuts scribed in it.  The scribings are so small that you can’t really see them.  At any rate, the grating has a very large number of equally spaced parallel slits cut into it.  This would be on the order of hundreds to several thousand lines per centimeter.
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The grating acts like a double slit setup.  It produces a large number of very bright, sharp fringes separated from one another by fairly wide minima.

Maxima are given by the same equation as we have seen before:
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m  is the order number, d  is the spacing between the slits, 


[image: image10.wmf]l

 is the wavelength of the light, and 
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is the angle formed by a normal to the grating to a line at the center of the fringe.

· Light from a distant star enters a telescope and then passes through a diffraction grating onto a screen.  A first order red line appears on the screen at an angle of 25.93(.  The lines of the grating are separated by 1.50 x 10 –6 m.  What is the wavelength of the light?
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· 632.8 nm laser beam passes through a diffraction grating that has 6 000.0 lines per centimeter.   An observing screen is set up 3.00 m away.  Find separation of the maxima.  

The slit separation is the inverse of slit density.
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The angle 
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 is not small and we cannot make the assumption that the sine of  
[image: image20.wmf]q

 is equal to the tangent.

We can find 
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 from the equation and then use the tangent to find y.
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The pattern of maxima from a diffraction grating looks like this:
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The maxima are very bright and sharp, they are also widely separated from one another.  For this reason, the diffraction grating is preferred to double slits. So diffraction gratings are better because:

· Get very sharp maxima

· Get very wide dark areas
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With a few easy to make measurements, one can easily calculate the wavelength of the light.

Newton’s Rings:  The last thing we want to talk about in our lovely discussion of light and optics are Newton’s rings.  These are not the ugly lines he had under his eyeballs, nor are they the fabulous finger wear he sported.  This is an optic effect thingee.

To the right you can see a drawing of the thing.  A rectangular glass plate lies on a table top.  Lying atop the plate is a circular lens that is flat on top and has a constant radius curvature on its lower surface.  It’s your basic half of a lens.

Ray 1 is reflected from the surface of the plate.  It undergoes a 180( phase change.

Ray 2 is reflected from bottom of lens.  Because air has a smaller index of refraction than glass there is no phase change on the reflected ray.  Because of this, there exists a path difference between the two rays.  This will give us interference patterns – minima and maxima.  These will appear in the lens when you look down into it.  You will see dark and bright concentric circles – they look like rings, hence the name.  Newton was the dude who discovered them.

Dispersion:  

The index of refraction, n, is a function of wavelength.  The angle of refraction is varies for different wavelengths of light.  The index of refraction generally decreases with increasing wavelength.  The means that red light (( = 600 nm) bends less than does blue light (( = 470 nm).
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This phenomenon is called dispersion.  It was discovered by Isaac Newton.  He built a prism and used it to separate out or disperse all the visible colors from white light. Prisms are especially valuable in devices called spectrometers.  The prism separates light into a spectrum of colors which can then be focused onto a screen with a system of lenses.  Light from distant stars can be analyzed in this way to determine the star’s chemical composition.
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Dispersion is responsible for rainbows.  Little droplets of water act like prisms hanging in the sky and disperse the sun’s light, forming a spectrum, which we call a rainbow.

Here’s an interesting thing – how do rainbows work?  Ever wonder about that?

Okay, here’s the deal with rainbows.  You see rainbow right before, after, during rain, right?  You also see them around sprinklers, waterfalls. &tc.

The basic idea is that they are around water sprays.  This is where you get water drops floating in the air.  The rainbow is the result of light undergoing dispersion in these tiny drops of water suspended in the atmosphere.







The water drops act like prisms.  Light enters near the top of the drop on one side, is reflected (total internal reflection), which means it undergoes two refractions.  (Refraction as it enters the water drop and refraction when it leaves the water drop.)   The colors are therefore dispersed .  Violet light is refracted the most (since it goes through the water at a slower speed, recall the higher the frequency of light, the greater the refraction) and red light is bent the least.  The angle between the sunlight entering the drop and the red light leaving the drop is forty two degrees (maybe that's the real question for the ultimate answer).  The angle for the violet light is 40(.  The other colors are somewhere in between.  This dispersion does not happen with just one raindrop.  It happens with gazillions of the little devils.

Therefore one sees colors everywhere along a 40 ( - 42 ( arc.  We call this effect a rainbow.




To see the rainbow, you must have your back to the sun.  It appears as a circle, but roughly half the circle is in the ground so you don't notice the lower half of the circle.  You only see the upper half. If you see a rainbow from the air, like when you are flying in a plane, you will see a raincircle instead of a rainbow.

You can see only one color from each raindrop.  So if violet light enters your eye from a drop, the red light travels in a path from a drop that is actually a bit higher than the drop that provided you with the red color.  So when you see a rainbow, red light is the color that is at the top of the rainbow and violet light is below.  All the other colors fall in between - red, orange, yellow, green, blue, and violet.
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You see the colors directly overhead (at 42 (), but you also see them in an arc that is 42 ( on either side of you.

Sometimes you not only see one rainbow but a bonus, extra one as well.  The first rainbow is a regular one - red light on top; violet light on bottom.  The second rainbow is above this one, but the colors are reversed.  Violet is on top and red is on the bottom.

This second rainbow is caused by light being reflected twice in the water drops.  It enters the bottom of a drop, is reflected upward, reflected yet again, and then leaves the drop. The second reflection of the light is not at the critical angle, so some of the light escapes, so the second rainbow is dimmer and not as bright.
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Rainbows appears as cones that extends from your eyes.  Your view of the rainbow is unique - no one else can see it in the same way.  It's your own personal, private rainbow!  As you move, the rainbow moves with you.  This is why chasing after the end of a rainbow is a no win deal - you can never get there because as you move towards it, it moves with you.  So chasing after the gold pot at the end of a rainbow is a foolish task.  Sort of the ultimate wild goose chase.  Our ancestors knew this, hence the stories of gold at the end of a rainbow - they were cruel jokers on occasion.

Another related effect that one can see is the classic "ring around the moon".  This is caused by the refraction of light through ice crystals.  There is no internal reflection within the ice crystals, so there is no dispersion, so no rainbow. 















The Owl Critic 


"WHO stuffed that white owl?" No one spoke in the shop: 


The barber was busy, and he couldn't stop; 


The customers, waiting their turns, were all reading 


The "Daily," the "Herald," the "Post," little heeding 


The young man who blurted out such a blunt question; 


Not one raised a head, or even made a suggestion; 


And the barber kept on shaving. 


"Don't you see, Mister Brown," 


Cried the youth, with a frown, 


"How wrong the whole thing is, 


How preposterous each wing is, 


How flattened the head is, how jammed down the neck is-- 


In short, the whole owl, what an ignorant wreck 't is! 


I make no apology; 











All languages contain terms for white and black.





If a language contains three terms, then it contains a term for red.





If a language contains four terms, then it contains a term for either green or yellow (but not both).





If a language contains five terms, then it contains terms for both green and yellow.





If a language contains six terms, then it contains a term for blue.





If a language contains seven terms, then it contains a term for brown.





If a language contains eight or more terms, then it contains a term for purple, pink, orange, grey, or some combination of these.





Berlin and Kay also found that the number of basic color terms tends to increase with the complexity of the civilization. They speculated that this explains the relative poverty of color terminology among the ancients--e.g., the Greeks had terms only for black, white, yellow, and red because theirs was a relatively uncomplicated culture, at least from a technological standpoint. But Berlin and Kay admit they don't know why the "rules" should operate as they do. For more detail, check out their book.��--CECIL ADAMS





impressions were but partially developed among the Greeks of the heroic age"--i.e., the Greeks were physiologically incapable of perceiving color.��Lazarus Geiger, a naturalist, expanded on Gladstone's ideas. Based on his examination of Greek literature, the Vedic hymns, and other ancient writings, he claimed that man's color sense had developed only gradually, in fairly recent times. He thought that man had become aware of colors in the order that they appear in the spectrum, starting with the longest wavelengths. First, he said, people dimly realized that something was "colored," then they could distinguish black and red, then black and red plus yellow, then white, then green, and finally blue. (I realize white is not a "color" of the spectrum, but this is Geiger's theory, not mine.) He pointed out that "Democritus and the Pythagoreans assumed four fundamental colours, black, white, red, and yellow.... Nay, ancient writers (Cicero, Pliny, and Quintilian) state it as a positive fact that the Greek painters, down to the time of Alexander, employed only these four colours."





Later writers conceded the relative poverty of color terminology among ancient peoples, but denied that it reflected a physical inability to distinguish color. A major breakthrough on the question occurred in 1880 when an opthalmologist named Hugo Magnus organized a study involving missionaries working with primitive tribes around the world. Using standardized color samples and a rigorous testing procedure devised by Magnus, the missionaries found that primitive peoples with a limited color vocabulary nonetheless could distinguish colors every bit as well as persons from highly developed cultures--they just didn't have _names_ for all the colors.��Not everybody bought this conclusion. As late as 1901 one researcher was arguing that the members of one primitive culture literally could not see any difference between blue and green because their retinas were more strongly pigmented than those of Europeans. But in general anthropologists came to accept the view that physiological differences did not explain the variations in color vocabulary among cultures.





So what does explain the variations? That's still a matter of dispute. The majority view, I would venture to say, is that the designation of colors in different cultures is totally arbitrary. For instance, H.A. Gleason notes, "There is a continuous gradation of color from one end of the spectrum to the other. Yet an American describing it will list the hues as red, orange, yellow, green, blue, purple, or something of the kind. There is nothing inherent either in the spectrum or the human perception of it which would compel its division in this way" (An Introduction to Descriptive Linguistics, 1961). Similarly, Verne Ray says "there is no such thing as a natural division of the spectrum. Each culture has taken the spectral continuum and has divided it up on a basis which is quite arbitrary" ("Techniques and Problems in the Study of Human Color Perception," Southwestern Journal of Anthropology, 1952).��More recent research, however, suggests that color terminology may not be so arbitrary after all. Brent Berlin and Paul Kay (Basic Color Terms: Their Universality and Evolution, 1969), to whom Cecil is indebted for much of the preceding discussion, suggest that there is a remarkable degree of uniformity in the way different cultures assign color names. In a study of 98 languages from a variety of linguistic families, they found the following "rules" seem to apply:














And the barber kept on shaving.


"With some sawdust and bark 


I could stuff in the dark 


An owl better than that. 


I could make an old hat 


Look more like an owl 


Than that horrid fowl, 


Stuck up there so stiff like a side of coarse leather. 


In fact, about him there's not one natural feather." 


Just then, with a wink and a sly normal lurch, 


The owl, very gravely, got down from his perch, 


Walked round, and regarded his fault-finding critic 


(Who thought he was stuffed) with a glance analytic, 


And then fairly hooted, as if he should say: 


"Your learning's at fault this time, any way; 


Don't waste it again on a live bird, I pray. 


I'm an owl; you're another. Sir Critic, good-day!" 


And the barber kept on shaving. 


James T. Fields














I've learned owl-eology.


I've passed days and nights in a hundred collections, 


And cannot be blinded to any deflections 


Arising from unskilful fingers that fail 


To stuff a bird right, from his beak to his tail. 


Mister Brown! Mister Brown! 


Do take that bird down, 


Or you'll soon be the laughing-stock all over town!" 


And the barber kept on shaving. 


"I've studied owls, 


And other night fowls, 


And I tell you 


What I know to be true: 


An owl cannot roost 


With his limbs so unloosed; 


No owl in this world 


Ever had his claws curled, 


Ever had his legs slanted, 


Ever had his bill canted, 


Ever had his neck screwed 


Into that attitude.


He can't do it, because 


'T is against all bird-laws. 


Anatomy teaches, 


Ornithology preaches 


An owl has a toe 


That can't turn out so! 


I've made the white owl my study for years, 


And to see such a job almost moves me to tears! 


Mister Brown, I'm amazed 


You should be so gone crazed 


As to put up a bird 


In that posture absurd! 


To look at that owl really brings on a dizziness; 


The man who stuffed him don't half know his business!" 


And the barber kept on shaving. 


"Examine those eyes.


I'm filled with surprise 


Taxidermists should pass 


Off on you such poor glass; 


So unnatural they seem 


They'd make Audubon scream, 


And John Burroughs laugh 


To encounter such chaff. 


Do take that bird down;


Have him stuffed again, Brown!" 











Dear Cecil:�I've been told that thousands of years ago mankind recognized the existence of only three colors. For obvious reasons I'm rather skeptical about this piece of historical wisdom. When were additional colors recognized? Did someone "discover" them--e.g., William of Orange? Eric the Red? You just can't find this out in the World Book. 


--Cary C., Santa Monica, California





Cecil replies:�In the restaurant of knowledge, Cary, remember this: the World Book is a snack, the Straight Dope is a meal.  But enough of this folderol. Anthropologists and classicists have been arguing about color terminology since the nineteenth century, and it's only recently that the situation has begun to clarify. The opening shot was fired by William Gladstone, the British politician and Homeric scholar. He pointed out that abstract color terminology was virtually absent from Homer's work, and claimed that the Greeks had no sense of color at all, having only the ability to distinguish light from dark. He believed "... that the organ of color and its
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