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Why Scientists Love Science

If you’re reading this, I’ll bet you’ve got an assignment to do a science fair project and you’re looking around for something to get you started. Well, you’ve come to the right place! But I want to do more than help you make the grade with your project. I want you to have the kind of experience that hooks people on science. Scientists love science. They think, breathe, eat, talk, and do science because they love it so much. Yet many people find science difficult and challenging and quit before they have even given themselves and science half a chance. Did you know that science can be beautiful? It can give you a whole new way to look at something you think is quite ordinary until you suddenly see it in a whole new light.

For example, Archimedes, who lived in Egypt more than two thousand years ago, was one of the first to think as a scientist. He, too, had a problem to solve. He had to figure out if the metal in his king’s crown was pure gold. Now he knew that pure gold was a very heavy metal. He could measure the weight of the crown and compare it to an equal weight of a block of pure gold. But to make sure the crown’s metal wasn’t gold mixed with some lighter, less valuable metals, the volume of the crown also had to be equal to the volume of the block. But how could he measure the volume of the crown without melting it down and destroying it? Simply stated, Archimedes’s problem was to figure out a way to measure the volume of the crown, an irregularly shaped object. He was thinking about this as he lowered himself into the bathtub. He noticed that the water level rose. He figured that the volume of water that rose was equal to the volume of his body (definitely an irregular shape) that was underwater. All he had to do was to collect the water displaced by the submerged crown and measure its volume by pouring it into a container like a measuring cup! “Eureka!” (Greek for “I’ve got it!”) he shouted and went leaping out the door, so enthralled with his insight that he forgot to put his clothes on. The word “eureka” has come to stand for that rush you get when you make a discovery. It is so powerful that people will work hard and make lots of mistakes to earn that one little moment of triumph. It is my hope that this book is a key to your own “eureka” experiences.

There are other reasons for scientists loving science. Let us count the ways:



	❶ There’s no such thing as a “dumb” question. What do you think of these questions? Why do rolling balls stop rolling? How do we know that the sun is the center of our solar system? How do we know that the earth is moving? That the earth is a sphere? That there is light we can’t see? Scientists love to look at things and wonder. One question leads to another. Discovering the answers to questions like these becomes an adventure.

	❷ No one has to tell you the answers to your questions. Science works step by step by doing something to get the answer. Take this example: You ask, “Can I always trust my senses to tell me what’s real?” I say, “No, your senses can be fooled.” You reply, “How do you know?” I say, “Do as I say. If you do as I say, you’ll know what I know.” In other words, by doing something you will see for yourself! Not only that, you share the experiences of countless other people who do science, often by repeating experiments done by others.

	❸ It doesn’t matter if you guess right or wrong. Sometimes you ask a question when you think you know the answer. You ask because you want to see if you’re right. When you take a test, you have to come up with the right answer. But when you do science, it doesn’t matter if you’re wrong. All that matters is that you learn something, and often you can learn as much, if not more, by making mistakes. Some of the greatest scientific discoveries of all time, like penicillin, were mistakes.

	❹ It gives you an excuse to play. Remember when you were a little kid how much fun you had just trying stuff out for the fun of it? There’s a kind of freedom in play. Well, scientists don’t forget how to play when they grow up. And there are a lot of opportunities to try stuff out in this book, not because you need a project for a science fair, but because it’s just fun to try.

	❺ You learn something new about yourself. Since science is in everything, you can start out doing science on something you’re already interested in. But science may make you think about it in a whole new way—a way that is unique to you. People like to give you a formula for doing science called “The Scientific Method.” While there are some things that all scientists do, they all do them in their own way. There are as many different ways of being a scientist as there are for being an artist or a writer. The only way you can find out about you, and science, is to start doing it.

	❻ It opens up the world in a whole new way. Once you’ve done some science, the world never looks the same. The subject matter of this book is the world in which you live. It takes inspirations from some very familiar places—the supermarket, toy store, hardware store, stationary store, and drugstore. Start doing some of these experiments and you’re in for some surprises. We live in a world that is increasingly impacted by science. When you understand science, it’s like entering a special club. You and some other well-educated people are the ones who are in the know.



Science is full of surprises. What happens when you spin a Ping-Pong ball with ice in it or try to grow yeast in dandruff shampoo? You can make ink from tea and iron pills, extract DNA from onions in your kitchen, and make paper from lint from your dryer. These are some of the fun projects in this book. So, as you begin your quest for your assignment, this book is your ticket to adventure.
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How to Use This Book

Begin by browsing. Think about the things that interest you. I’ve grouped experiments together by topics. Several experiments around a single topic can be grouped to be a substantial project. I’ve left a lot of things open-ended. Mostly I’ve tried to give you lots of procedures—methods of investigation—that can lead to indepth studies.

Each experiment also has a challenge level. Quick and easy experiments are rated low on the scale next to the name of the experiment. Particularly challenging experiments are rated high. Most are in the middle range.

Materials for each procedure are listed in the order they are to be used. The “Observations and Suggestions” sections may contain my results from the experiment as well as other activities that may require additional materials. If you need to find an experiment for a particular discipline, or kind of science, look at the Index by Discipline. I’ve listed experiments in the following subject areas: the human body, life sciences, chemistry and earth science, physical science, and technology.

If you are planning to enter a science fair, there should be several stages to your project. First, give yourself plenty of time. Start thinking about what you want to do as soon as possible, not at the last minute. Pick an area that interests you. Make some notes about what you already know about the subject. Do a procedure from this book. See what ideas you get. Don’t be afraid to experiment and fail. If you want to learn more about your experiment, I’ve listed key words for Internet research at the bottom of each experiment. Type a key word or phrase into a search engine. Some of the information may be extremely technical, but there may be some articles that give you even more ideas.

A word about safety. Use common sense! Don’t eat or drink or inhale anything in these projects unless you know that it is a food. Have an adult present when you use the stove or matches, or are dealing with household chemicals.

After you’ve made some discoveries, think about how to communicate what you’ve learned with other people. Your exhibit should answer the following questions:

1. Why did the subject of the project interest you? What do most people already know about it? How does it affect your daily life?

2. What questions did you ask about the subject? If there is an outcome to an experiment, what are the things that affect the outcome?

3. How was your experiment designed to answer your question? Give a detailed description of your procedure. It is very important to explain exactly what you did.

4. What are the results of your experiment? How did they answer your questions?

5. What is the significance of the result? What other experiments does your result suggest? How could you apply your discoveries to a technology? What doors do they open?

Be inventive in how you display your project. If possible, set up a learning station so that fair-goers can see for themselves what happens. Use photography, computer graphics, and plenty of color. Be prepared to answer questions about your project. You’ll be surprised at how much you know because you have done the procedures. The best way to learn anything is by doing something, not just sitting in an armchair and thinking about it.

And now, let’s begin.





CHAPTER 1

Yourself and Other Humans

You and your friends are fascinating subjects for scientists. Human beings are the most complicated of all living things with the most highly developed nervous systems, including our amazing brains. How we get information about the world we live in, how we process that information, and how we respond to it makes us who we are. But if we are so complicated, how can we gain understanding of how we tick?

Fortunately for scientists, we have weaknesses. Our senses are limited and can be fooled. Illusions are clues that can reveal ways your nervous system works. It’s fun and enlightening to test the limits of your perceptions. You’ve got plenty. In this chapter you’ll discover some peculiarly odd and interesting things about yourself and your friends. Get ready for some amazing yet humbling experiences.


THE TRIANGLE TEST


MATERIALS AND EQUIPMENT


	scissors

	coffee filter paper

	ruler

	sharp knife

	lemon

	lime

	spoon

	pencil

	a blindfolded friend without a cold





Do you have a talented nose? Can you tell the difference between two closely related smells? Can you remember what you smell? The “triangle test” is given to job applicants in the perfume and fragrance industry to see how well they smell. Test yourself and your friends.


Method of Instigation


	❶Cut the coffee filter paper into strips about ¼ inch wide and 3 inches long. You need three strips for each test. That’s why it’s called the “triangle” test.

	❷ Transfer the oils, which contain the molecules you smell, from the citrus fruit to the end of the test strips. To do this, cut a piece of lemon peel and a piece of lime peel. Place the peel, outside skin side down, on the end of a strip of filter paper. Press the peel over the strip with the back of a spoon to squeeze its oil onto the filter paper. Make one lemon oil strip, one lime oil strip, and either one for the third strip. Number the ends of the strips so you know which is which.

	❸ Tell a blindfolded friend that you are going to present three smells and to tell you which two are alike. As you hold a strip under your friend’s nose, state the number. Do three trials for the test, alternating the order in which you present the strips. To refresh the nose between sniffs, have your friend sniff a tissue or a sleeve.






Observations & Suggestions

Have your friend try the triangle test on you. Do the triangle test on lots of people: Are females more talented smellers than males? Are adults better smellers than children? Test two brands of coffee, two different perfumes, apricots and nectarines, almond extract and cherry extract, or the cooking water of broccoli and cauliflower.
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YOUR INTERNAL SENSE OF TOUCH

Meeting Fingertips (pg. 11) • Mirror Writing (pg. 12) • Do You Want to Be a
 Helicopter Pilot? (pg. 12) • Zeroing In (pg. 13)



Close your eyes and imagine the position of your body at this moment. You know where your legs and arms and hands are. You know if you are sitting or standing. Your ability to sense your body and its motions is called proprioception. Talented athletes and dancers have a heightened proprioceptive sense. Learning to dance, to type, or to play a musical instrument or a sport, for example, involves practice. Repeated motions train your proprioceptive nerves so that eventually you have a muscle ‟memory.” You can repeat the motion without thinking about it.

Here are some simple activities that investigate your proprioceptive sense.








MEETING FINGERTIPS


MATERIALS AND EQUIPMENT


	2 pencils





How good are you at touching your index fingers together? Here are a few tests that make a challenge out of a no-brainer.



Method of Investigation



	❶ Stand up and extend your arms sideways. Rotate your extended arms from your shoulders three times. Now close your eyes and try to get your fingertips to meet without going past each other.

	❷ With your eyes open, try this again using pencils pointing directly at each other. Are you more or less accurate with the pencil points than with your fingers? Try again, this time keeping one eye closed. Then try with both eyes closed.

	❸ Close your eyes and raise both hands over your head. Keep your left hand perfectly still. Touch the tip of your nose with the index fingertip of your right hand. Quickly try and touch the thumb of your left hand (which is still over your head) with your right index fingertip. Try this motion several times, first touching your nose and then attempting to touch your left thumb.






Observations & Suggestions

Do you improve with practice? Does it make a difference when you switch hands? What happens when you wiggle your fingers? Does wiggling help your proprioceptive sense to locate your thumb in space?






MIRROR WRITING


MATERIAL AND EQUIPMENT


	paper

	pencil

	light

	mirror





Can you write backward? Try writing a sentence while looking at your writing hand in a mirror. This is nearly impossible because vision dominates your proprioceptive sense. Moving your hand from left to right is difficult because you’re seeing it in reverse in the mirror.


Method of Investigation

You can actually fool your proprioceptive sense into doing mirror writing. Place a half sheet of paper on your forehead. Hold it in place with your nonwriting hand. Holding a pencil with your other hand, place the point on the left side of your forehead. Then write your name or a word such as hello in cursive script going from left to right across your forehead. Imagine the page is in front of you and that you are writing normally. Don’t think too hard about what you’re doing. When you look at what you’ve written, it appears illegible. But if you look at it in a mirror, or if you turn the paper over and hold it up to the light, it can be easily read.






DO YOU WANT TO BE A HELICOPTER PILOT?


MATERIALS AND EQUIPMENT


	several friends





How good is your sense of balance? Helicopter pilots must have a great sense of balance because instruments alone will not keep a helicopter oriented properly in the air. Aspiring helicopter pilots must pass a test of balance. Not many people can do this, perhaps one in twenty. Test yourself and your friends:


Method of Investigation

Stand at attention. Make two fists and extend your arms straight down by your sides. Close your eyes. Bend one leg back at the knee so your lower leg is parallel to the floor and you are standing on one foot. Keep your eyes closed and hold this position for ninety seconds.






ZEROING IN


MATERIALS AND EQUIPMENT


	pencil or pen

	paper





If you were blind, how quickly would you learn to feel your way around? Would it be easier to do some things than others?

Here are some tests to help you find out.


Method of Investigation


	❶ Make a zero about ½ inch in diameter on a sheet of paper that is lying on a tabletop. Raise your pen or pencil above your head, close your eyes and make a dot on the paper as close as possible to the center of the zero. How close did you zero in on the zero? Try again. Any better luck? Now try with your eyes open.

	❷ On a lined sheet of paper, sign your name. Place your pen or pencil after the signature on the same line, close your eyes, and sign your name again. Try writing other words. Can you tell the difference between what you wrote with your eyes closed and what you wrote with your eyes open?
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[image: e9781616080839_i0005.jpg]Most people find that looking at the zero between trials improves their performance. Practice also improves performance. Vision seems to be essential for real accuracy. However, Vision is not necessary for reproducing written words, we are used to the “feel” of writing from the proprioceptors in our hands and fingers.







THIRD-HAND LEARNING


MATERIALS AND EQUIPMENT


	a friend

	a table

	a life-sized rubber model of a human hand (you can get one from a party store around Halloween or from a costume specialty shop at other times of the year)

	some kind of screen or barrier—a big piece of oak tag or a pile of books works well—so that your subject cannot see his or her own hand when resting on a table.

	a large black trash bag

	2 identical small paintbrushes

	timer (optional)





You know your body and its parts. Do you think you can be fooled into feeling as if a fake rubber hand belongs to you?


Method of Investigation


	❶ Have your subject sit facing you at a table. Since I obtained a rubber right hand, my subject had his right arm on the table with his palm up. If you get a left hand, your subject’s left arm should rest on the table.

	❷ Position the barrier so that your subject’s arm and hand are out of the sight of your subject. Place the rubber hand in front of your subject with the palm up. Drape the plastic bag over the barrier and the wrist of the rubber hand.

	❸ Hold a paintbrush in each hand. Instruct your subject to watch the rubber hand. Simultaneously stroke both the rubber hand and the subject’s hand. Keep it up for about five minutes. Afterward, give your subject the questionnaire in the box on page 15.



[image: e9781616080839_i0006.jpg]





Observations & Suggestions

This illusion is really about where the subject feels the touch is occurring. The subject’s sense of the location of his or her real hand is distorted so that she feels as if her real hand is closer to the rubber hand than it actually is. You can check this out with another experiment. Both before and after the experiment, ask your subject to close her eyes and line up her index finger that is under the table with her index finger that is resting on the table. You may find that your subject’s finger is closer to the rubber hand after the illusion than it was before.


[image: e9781616080839_i0007.jpg]There are two types of receptor cells in the skin. One type is simply a free nerve ending. Scientists believe that these cells are responsible for feeling pain. The other type has a cell body close to the nerve end.

These have been associated with feeling pressure and temperature and sometimes with pain. All of the nerves send messages to the brain, which interprets the messages. This interpretation is called perception.




QUESTIONNAIRE

Rate your answer from 1 to 6 where 6 means you agree strongly and 1 means you disagree strongly.

During the experiment there were times when:



	_____ It seemed as if I were feeling the touch of the paintbrush in the location where I saw the rubber hand touched.

	_____It seemed as though the touch I felt was caused by the paintbrush touching the rubber hand.

	_____I felt as if the rubber hand were my hand.







 You will also find that some people experience the illusion more quickly than others. The majority of those who experience the illusion feel the touch of the brush on the rubber hand that they’re watching, not on their own hand that’s hidden from them. The brain adjusts by assuming that the subject’s real hand is in the position of the rubber hand. Weird!
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TEMPERATURE ILLUSIONS

Hot or Cold? (pg. 16) • Cool Fooler (pg. 17) • A Very Hot Illusion (pg. 18)

One of the jobs of your skin is to maintain a constant body temperature of 98.6°F. When you feel neutral—neither warm nor cold—you are not aware of temperature. Keeping comfortable depends on your skin being able to sense a temperature change.








HOT OR COLD?


MATERIALS AND EQUIPMENT

3 large bowls of water:



	1 bowl of cold water

	1 bowl of very warm water (not too hot to touch)

	1 bowl of water at room temperature





How can the temperature of a bowl of water be both warm and cool? It depends on where you’re coming from.


Method of Investigation

Place one hand in the cold water and one in the very warm water until you are no longer aware of the coldness or warmth of the water. This may take several minutes. Then plunge both hands into the water at room temperature.




Observations & Suggestions

The first stage of the experiment lets your heat and cold receptors adapt to the temperature of the water. Adaptation means that you are no longer sensitive to a temperature that at first felt warm or cold. That’s why you can swim in cool water and you can soak in a very hot tub.

The water at room temperature will feel cool to the hand that’s been in hot water and warm to the hand that’s been in cold water. That’s because the sensation of warmth or coldness is determined largely by the temperature to which the skin has adapted before the hands are plunged into the same room-temperature water.
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COOL FOOLER


MATERIALS AND EQUIPMENT


	3 pennies

	a refrigerator





Which is more accurate: your ability to sense temperature or your ability to sense pressure? The next illusion is one answer to this question.

[image: e9781616080839_i0010.jpg]



Method of Investigation


	❶ Put two pennies in the refrigerator for about five minutes.

	❷ Hold the third penny for the same amount of time so that it becomes the temperature of your hand.

	❸ Quickly place the two pennies from the refrigerator on a counter in a line with the “neutral” penny in the middle. Place the first three fingers of one hand on each of the three pennies. What temperature is perceived by the middle finger?






Observations & Suggestions

Amazingly, all three pennies feel cold, including the one in the middle. This is because your sense of pressure is more accurate than your temperature sense. Your brain assumes that a temperature stimulation that comes from the same place as a pressure stimulation is caused by the pressure stimulation. Since there is pressure on all three fingers, the middle finger is fooled into feeling cold, just like the two outer fingers, although the penny is the same temperature as the finger.



 Do you get the same effect when the two outer pennies have been warmed up by putting them in hot water and the middle penny is neutral?

[image: e9781616080839_i0011.jpg]Your skin has receptor cells that are sensitive to either hot or cold but not to both. The heat receptors respond to warmth with an increase in the number of messages sent to the brain, or firing rate. They react when the temperature is between 73°F and 117°F with the most nerves firing at 100°F, just above body temperature. Above 117°F they stop reacting, and heat-sensitive pain receptors begin to fire. Cold receptors fire as the skin gets cooler between the temperatures of about 95°F and 55°F. Remember, the skin is only a few degrees cooler than the interior body temperature of 98.6°F.) The largest amount of firing occurs around 77°F. They also fire when things get very hot from 113°F to 122°F. At higher temperatures, the receptors are too damaged to fire.







A VERY HOT ILLUSION


MATERIALS AND EQUIPMENT


	21-foot-long pipe cleaners (known as chenille stems in craft stores)

	2 small bowls

	hot and cold water





What happens when very warm and cool temperature stimulation are close to each other in a way you don’t normally experience?


Method of Investigation


	❶ Lay the pipe cleaners flat and bend them back and forth so that they look like an S. Nest the pipe cleaners together and put them on the counter.

	❷ Fill one bowl with cold tap water and the other with very warm but not overly hot tap water. Put a pipe cleaner in each bowl.

	❸ Working quickly, remove the pipe cleaners and fit them together again on the counter. Put your forearm gently on top of the pipe cleaners. Surprise! The sensation is not what you’d expect!






Observations & Suggestions

Instead of feeling warm, or warm and cool, the combined stimulation produces a feeling of intense heat. Some people find it so hot that they have to remove their arm from the pipe cleaners. The temperatures of the pipe cleaners stimulate both cold and warm receptors in the same area of the arm. In this case, the brain interprets this as a single, very hot sensation.
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THE STROOP EFFECT: MEMORY VS. COLOR PERCEPTION


MATERIALS AND EQUIPMENT


	white paper

	a set of colored marking pens

	a stopwatch





What happens when two activities compete for attention in your brain? J. R. Stroop, an English psychologist, made an interesting discovery in 1935. You can, too.


Method of Investigation


	❶ On a sheet of white paper, write the first list of words in the color indicated in the parentheses.

	❷ On another sheet of white paper, write the second list of meaningless words in the color indicated in the parentheses.

	❸ Using the first sheet of words, ask a friend to name the colors of the words, not what the words say, as quickly as possible. Time the test with a stopwatch.

	❹ Ask your friend to name the colors of the meaningless words. Time the test. Which test was faster?






Observations & Suggestions

In the first example, you will find that most people can’t ignore the words. Their ability to read is so ingrained in their memory that it is difficult to suppress the urge to read and just name the color without making an extra effort. Stroop demonstrated that it takes longer to name the color when the words are the names of colors than when the words have nothing to do with color. In this case, there is a mental competition between the normal response to a written word—reading—and the one required by the test—naming the color of the letters.



 What happens when you try the test using color-related words like sky, rose, grass, sun, pumpkin, written in random colors? Are the results different than when you used words that are names of colors or nonsense words?


List I

red (red) 
orange (orange) 
blue (green) 
orange (blue) 
green (orange) 
orange (purple) 
blue (blue) 
blue (blue) 
purple (red) 
blue (red) 
red (blue) 
blue (green) 
orange (orange) 
green (green) 
green (purple) 
red (green) 
blue (purple) 
red (orange) 
purple (purple) 
red (red) 
red (blue) 
blue (purple) 
purple (green) 
green (red)




List 2

ngfy (red) 
mhedyh (orange) 
fsbfkv (blue) 
nglkcd (red) 
lxndyf (orange) 
olftcs (purple) 
xbts (blue) 
bhfe (blue) 
lgbf (red) 
vyhfrd (green) 
hou (blue) 
frjs (green) 
ndhire (orange) 
pjeyl (green) 
fwa (green) 
cft (orange) 
mlcg (purple) 
lvd (orange) 
cnhdes (purple) 
njf (red) 
zjdcv (orange) 
mkgl (purple) 
noudgt (green) 
uhths (red)




A VISION OF VISION

Discover Your Blind Spot (p9. 20) • Filling-In Illusions (pg. 22) •
 Fading Away Illusions (pg. 23) • Light (pg. 24) • Dark (pg. 25) •
 Ambiguous Figures (pg. 26) • Reading the Blobs (pg. 27) •



 Vision is the dominant sense in human beings. You have more nerve receptors in your eyes than in all your other senses combined. You are also more susceptible to visual illusions than to illusions in your other senses. There are many books of optical illusions. Here are a few less well known illusions that shed some light on the way you see.








DISCOVER YOUR BLIND SPOT


MATERIALS AND EQUIPMENT


	clown diagram (see below)

	tape measure

	calculator





Do you know where your blind spot is? Everyone’s got two—one in each eye! You can easily discover where yours are located.


Method of Investigation

Close one eye and look steadily at the X between the two clowns. Don’t shift your gaze to either clown. Move the page forward and back. The clown on the right will disappear when you look with your right eye and the left clown will disappear when you look with your left eye.




Observations & Suggestions

Scientists locate the blind spot by measuring the angle of your line of sight. You can measure it, too. Have a friend measure the distance between your eye and the X when the page is the right distance away from your face for the clown to be in your blind spot. Now you can make a calculation that will let you compare the angle of your blind spot with those of other people.

You know the distance between your eye and the X, and you know the distance between the X and the clown. The angle between these two measurements is a right angle of 90°. A triangle with a right angle in it is called a right triangle. You can find the angle in a right triangle if you know the lengths of the sides by using the formula for the tangent of the angle. All you have to do is divide the side opposite the mystery angle (the one nearest the eye) by the side adjacent to the mystery angle.

[image: e9781616080839_i0013.jpg]


[image: e9781616080839_i0014.jpg]Light enters the eye through the pupil, a hole in the iris—the colored part of the eye (see the diagram on page 25). Just behind the pupil is the lens, which focuses the image onto the retina, a circular area at the back of the eyeball that is full of blood vessels and light receptor cells. The receptor cells fire in a pattern, which depends on the image, and send a message to the brain through the optic nerve. The only part of the retina that doesn’t contain any receptors is the place where the optic nerve attaches to the eyeball. This is your blind spot. Notice that your blind spot is not in the middle of your line of sight, but off to one side.


In other words, the length of the distance from X to the clown is divided by the distance from the eye to the X.


The formula is:


[image: e9781616080839_i0015.jpg]




If you do this on a calculator, you will end up with a number that can be carried to four decimal places. This is the tangent. To find your mystery angle (in degrees), you just find the angle whose tangent is equal to the number you calculated. Many calculators will do this for you. (Since there are many ways of doing this on a calculator, ask someone who’s familiar with your particular calculator to help you.) You can also look for your angle on trigonometry tables of tangent.

Once you have a measurement for the angle of vision for your blind spot, you can see if other people have the same angle or different angles. Are all human eyeballs pretty much alike? You have to do research to find out.
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FILLING-IN ILLUSIONS


MATERIALS AND EQUIPMENT


	red pen

	fixation point boxes (see below)

	sheet of white paper





Do you see everything you look at? Can your brain edit out some of what you see? Do this test to find out.


Method of Investigation


	❶ Use a red pen to color in the two white squares in each figure.

	❷ Cover Figure 2 and Figure 3 with a sheet of white paper.

	❸ Stare at the small red block in the corner marked fixation point in Figure 1. Hold your gaze as steady as possible.



After ten or fifteen seconds, the larger red square in the center should start to fade from view until it finally disappears. The pattern now fills in where the larger square exists and you see an unbroken background in your peripheral vision.




Observations & Suggestions

What happens when you make the red square in the center larger as in Figure 2? What happens when you make the background smaller as in Figure 3?

This illusion is called a filling-in illusion because your brain replaces the red square with the background pattern. If your brain didn’t fill in for your eyes, you would always see a gap where your blind spot is.


[image: e9781616080839_i0017.jpg]

Figure 1
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Figure 2
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Figure 3









FADING AWAY ILLUSIONS


MATERIALS AND EQUIPMENT


	focus circles (see below)

	sheet of white paper





What happens to your vision when you stare? Try gazing steadily at a blob to find out.


Method of Investigation


	❶ Cover Figure 2 with a sheet of white paper.

	❷ Close one eye and stare at the dark dot in the center of the circular smudge in Figure 1. What happens after about 10 seconds? What happens when you look away and quickly look back?






Observations & Suggestions

The smudge fades and disappears as the white background fills in. The gradual change from dark to white is too subtle for your eye to be able to maintain the distinction. When you focus on the dot, you are holding your gaze as steady as possible. Your eyeball, however, can never hold perfectly still. It will make tiny tremors. These tiny movements are not enough to keep the image “alive” for your brain. Any larger motion would make the image reappear before it disappeared again.

If you put a circle of dark broken lines around the outer limit of the smudge as in Figure 2, the area is defined and there is enough contrast to prevent the background from completely fading away.


[image: e9781616080839_i0020.jpg]

Figure 1
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Figure 2









LIGHT


MATERIALS AND EQUIPMENT


	computer screen





How does your eye adjust to light? Do the following experiment to find out.


Method of Investigation

Stand by a light switch while looking at a computer monitor. You need to be at least 6 feet away from the computer. Turn off the lights and stare at the screen, trying not to blink. Keep watching while you switch on the light. Notice that the screen appears to get dimmer.




Observations & Suggestions

The screen does not change in brightness. The difference is in your eyes! The irises in your eyes open and close your pupils to let in different amounts of light. When things are very bright, your pupils become very small. In dim light or in the dark, your pupils expand to let in more light.

In this experiment, you start off in a dim room, so your pupils are enlarged to let in as much light as possible. The light from the screen makes it look quite bright. When you turn on the lights, the increase in light causes your pupils to contract. As a result, less light from the computer screen comes into your eyes and the screen appears to become dimmer than it was.

[image: e9781616080839_i0022.jpg]







DARK

How different is your vision in bright light compared to dim light? Look like a pirate to discover the answer. Do this experiment in the evening.


MATERIALS AND EQUIPMENT


	black construction paper or cloth

	masking tape






Method of Investigation

Fashion an eye patch out of black construction paper or cloth. Attach it over one eye with masking tape. Wear it for twenty minutes in a well-lit room while you go about your normal activities. Then turn off the lights and remove the eye patch. Look around the room. Notice the difference in vision between your eyes. While you still notice the difference, turn the lights on again. How long does it take before both eyes are equally adapted to the light?




Observations & Suggestions

This experiment shows the difference between an eye that is adapted for bright light and an eye that is adapted to dim light or darkness. We have two kinds of vision—light adapted and dark adapted. This is because there are two kinds of nerve cells at the back of the retina. Only cones are located in the center of the back of the eye in an area called the fovea. Cones require bright light and are necessary for color vision. Rods and fewer cones surround the fovea and are responsible for night vision.


[image: e9781616080839_i0023.jpg]The way your eyes change when they are exposed to bright light and then darkness has been measured extensively by scientists. You experience the first stage when you enter a movie theater after being out in the sunshine. At first, you can’t see guiding lights in the aisles unless you look directly at them. This stage lasts about three or four minutes until it levels off. Ten minutes after you first enter the theater, the second stage begins. Then you begin to make out where the seats are. When you are fully dark adapted, a process that takes about twenty-eight minutes, you are seeing as well as you can possibly see in dim light.

Your eyes are now thousands of times more sensitive to light than they are in the sunshine. However, your Vision is more limited because rods don’t distinguish details as well as cones.



 When you enter bright light after being fully dark adapted, you experience pain. Your pupils are wide-open and your eyes are extremely sensitive to light. Most of us squint to cut down on the amount of light reaching our eyes, Within twenty seconds, your sensitivity decreases (after a considerable amount of blinking). After three minutes you are fully light adapted,








AMBIGUOUS FIGURES


MATERIALS AND EQUIPMENT


	ambiguous diagrams (see below)

	watch





What happens when you look at something that is ambiguous? After the image on the retina reaches your brain, your brain has to make sense of it. This is called perception. Perceptual illusions shed light on how your brain organizes visual information.


Method of Investigation

Can you tell if a diagram of a box or cylinder is thrusting toward you or away from you? Look at the diagrams below to find out.



 Spontaneously, the images switch back and forth from one position to another. You have no control over the switching images. You can time the rate it switches for other people. Have your subject say “now” every time he or she sees the image change. Note how quickly the image changes for several subjects. Do people have different rates for seeing alternating images?




Observations & Suggestions

Some people have suggested that the rate at which an image switches back and forth is a measure of creativity. Can you design an experiment to test this hypothesis?
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READING THE BLOBS


MATERIALS AND EQUIPMENT


	blobs (see below)

	watch or stopwatch





What happens when you look at an abstract pattern with a hidden meaning? The perceptual interpretation of a visual stimulus is very rapid if you have experience with the stimulus. This is especially true with reading. You can’t help reading words when you see them. The Stroop illusion demonstrates this (see page 19). But what if you could slow down the perceptual process? That’s what the blobs are designed to do.


Method of Investigation

Examine the blobs. As you look at them, four words will emerge. Don’t try to figure them out. Your brain will do the work without any effort on your part. Once you’ve figured out the blobs, you will never see them as blobs again.




Observations & suggestions

Show the blobs to other people. See how long it takes for them to see the words. Do all people organize the visual image at the same rate? Do you think a visually creative person, like an artist, will see the words more quickly than someone who reads all the time? Experiment to find out.
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REACTION TIME


MATERIALS AND EQUIPMENT


	pencil

	tracing or copy machine paper

	scissors

	paste

	oak tag or cardboard

	a friend or two





How fast do your eye and hand react? Maybe you’ve tried this fun activity. A friend holds a dollar bill vertically. You keep your thumb and forefinger open at the bottom of the bill. Your friend drops the bill and you try to catch it by closing your fingers. The next experiment is a variation on this activity, and you can actually measure reaction time.


Method of Investigation


	❶ Trace or copy the drawing of the bat with its number scale from page 29. Cut it out and paste it onto stiff cardboard or oaktag and cut it out again.

	❷ Hold the end of the bat so that it is hanging vertically. Have your friend put his or her forefinger and thumb around, but not touching, the other end of the bat.

	❸ Instruct your friend to catch the bat when you drop it. The scale on the bat shows the number of seconds it takes for the bat to fall through a certain distance. Where your friend’s fingers land on the bat is a measure of his or her reaction time.






Observations & Suggestions

Compare your reaction time with your friends. Do a study of the reaction times of older people. In general, do people seem to lose quickness of reaction time as they get older?

[image: e9781616080839_i0026.jpg]You can’t do this test on yourself. Your proprioceptive sense is too much of a giveaway. You don’t even need to keep your eyes open to successfully catch a bat you’ve dropped.
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[image: e9781616080839_i0029.jpg]A 90-mile-an-hour fastball travels to home plate in just .46 seconds. It takes a good batter about .28 seconds to swing and make contact with the ball. This means that in order to hit the ball, the batter must see the ball coming and decide whether or not to swing after just 13 seconds of the ball’s flight. Is your reaction time that good?)
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